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Table 6.2 Spatial distribution of various landuse/ landcover with their
areal extent of the study area (using IRS IC, LISS Ill)

S. No Landuse type Area in km*
1 Towns/cities 6.34
2 Villages 0.16
3 Kharift 0.36
4 Khariff + Rabi 103.07
5 Fallows 4.96
6 Coconut Plantations 448
7 Rubber Plantations 843.04
8 Tea Plantations 5.42
9 Mixed Plantations 272.32
10 Evergreen Dense Forests 110.07
11 Evergreen Open Forests 0.54
12 Deciduous Dense Forests 40.26
13 Deciduous Open Forests 1.76
14 Scrub / Degraded Forests 0.34
L15 Forest Plantation 2.61
16 Mangrove Forest 0.22
217 Land with scrub 41.90
\L18 Barren Rocky / Stony Waste 17.13
19 Reservoirs / Tanks 15.04
"520 Grass Lands 18.38
, Total area 1488.41




suface materials and the landuse pattern. For instance the rate of infiltration is
directly proportional to the crown density of forest cover i.e., if the surface is
covered by dense forest, the infiltration will be more and the runoff will be less.
Due to urbanisation, the rate of infiltration may decrease (Sarkar et al., 2001).
Ih this study the landuse map is taken as one of the thematic layer for
preparing groundwater potential zones. A major portion of the basin is
characterised by rubber plantation; however, the eastern parts of the
Kothamangalam, Kaliyar and Thodupuzha sub basins are having evergreen
dense and open forests. All other landuse patterns are scattered over the entire
basin. Pratap et al., (2000) have conducted groundwater prospect zoning in
Dala-Renukoot area, Sonbhadra district, Uttar pardesh using remote sensing
and GIS and given least ranking to the mining, settlement and industrial area
while the highest one is given to river sand, river channel and water body.
Normalised Difference Vegetation Index (NDVI)

NDVI is determined to find out the health status of vegetation of the
Muvattupuzha river basin. The typical range of NDV!I is 0.1 to 0.6, with higher
values associated with greater density and greenness of plant canopy (Lillisand
and Kiefer, 1994). NDVI of the study area ranges from 0.1 to 0.7 and
accordingly five classes are identified (Table 6.3). ‘Poor and ‘moderate’
vegetations of (0.1 to 0.4) are observed in isolated patches over the basin (Fig.
6.13) and are due to the mixed vegetation containing coconut, arecanut and
plantation crops. The high NDVI (0.4 to 0.6) are observed more than 60% of

te area indicating a good vegetation status. Thus it is evident that the
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southwestern part of the basin is having very good health status than
southeastern part. ‘Very good’ vegetation is found in the southwestern side of
the basin where water bodies typically show a negative index value.

Table 6.3 Classification of NDVl-index of the study area.

NDVI- Index Health status
<0 No vegetated surface
PJ-O.Z Poor
\ 0.2-0.4 Moderate
04-0.6 Good
>0.6 Very Good

§.3.2 Delineation of groundwater potential zones

The geology, nature of the terrain, geomorphology, drainage, lineament,
iso-apparent resistivity, landuse etc. are taken into consideration in the
delineation of groundwater potential zones. Different classes are assigned with
sutable weightage, considering their importance with respect to the other
classes and are given in Table 6.4. For each thematic layer, rank and score
are given based on the criteria of movement and potentiality of groundwater.
As an example, for geomorphology a maximum weightage of 50 is given and
each class within geomorphology is assigned with a different or same rank and
score (Table 6.4). To demarcate the different groundwater potential zones, all
e thematic layers are integrated with one another according to their

mportance through GIS union concept. The sequences adopted in the present
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Table 6.4 Weightage, rank and score assigned for different groundwater controlling

parameters
(1) Geomorphology (wt. 50) (5) Drainage density (m/m?) ; (wt. 30)
Class Rank | Score Class Rank | Score
Structural hill 1 50 0.008 - 4.988 1 30
Residual hill 1 50 0.003 - 0.008 2 60
Residual mount 1 50 0.001 - 0.003 3 90
Residual mount Complex 1 50 0-0.001 4 120
Lincar ridge ] 30 (6) Landuse (wt. 20)
Pediment 2 100 Class Rank | Score
Lower plateau moderately 2 100 Town/cities 1 20
dissected Villages 1 20
Valley fills 3 150 Barren rocky/stony waste 1 20
Water bodies 4| 200 g’;’lss'a“d ; ig
allows
2) Sl .40
(2) Stope (wt. 40) Coconut plantation 2 40
Class Rank | Score Rubber plal.ltatlon 2 40
YIYYYY 0 20 Tea plantation 2 40
- 2 Mixed plantation 2 40
16-24% 2 80 Evergreen dense forest 2 40
§-16% 3 120 Evergreen open forest 2 40
0-8% 4 160 Deciduous dense forest 2 40
(3) Geology (wt. 30) Deciduous open forest 2 40
Degraded forest 2 40
Class Rank | Score Forest plantation 2 40
Intrusives 1 30 Land with scrub 2 40
Hornblende biotite gneiss 1 30 Kharif 3 60
Archean charnockite 2 60 Kharif + rabi 3 60
Pleistocene Laterite 3 90 Waterlogged 4 80
Miocene formation 4 120 Reservoirs /tank — 4 80
(4) Lineament density (m /mz); (wt.30) (7) Iso - apparent resistivity (wt. 10)
Class Rank | Score Class Rank | Score
0-0.0002 1 30 500 ohm-m 1 10
0.0002 - 0.0005 2 60 | |300-500 chm-m 2 20
0.0005 - 0.0012 3 90 | [100-300 ohm-m 3 30
0.0012 - 2.0680 4 120 0-100 ohm-m 4 40

wt = weightage



exercise are as follows: (a) geomorphology, (b) slope, (c) geology, (d)
lineament density, (e) drainage density, (f) landuse and (g) iso-apparent
resistivity map. The groundwater potential zones are classified into (i) very

good (ii) good, (iii) moderate and (iv) poor (Fig. 6.14, Table 6.5).

Table 6.5 Classification of Groundwater prospect zone and their areal extent.

Groundwater prospect zone | Area in km*

Very good 608.55
Good 127.98
Moderate 504.18
Poor 247.42
Total area 1488.12

From Fig. 6.14 it is clear that the western part of the Muvattupuzha and
Kothamangalam sub basins as well as central part of the Kaliyar sub basin are
of very good groundwater prospect zone covering an area of 608.55 Some
areas in the southern end of the Muvattupuzha sub basin and the central part
of Kaliyar sub basin are of good groundwater prospecting with an areal
coverage of just 127.98 km?. Moderate prospect zones are found as small
isolated pockets in all the sub basins. Most of the eastern periphery of the
Muvattupuzha basin is having poor groundwater prospect. The poor prospect
zone is having area of 247.42 km?. A comparison of hydrogeomorphology map

(Fig. 6.4) with that of groundwater prospect map (Fig. 6.14) indicates that most
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of the valley fills are of very good-good prospect zones whereas the structural
hills are moderate- poor prospect zones. The eastern part of the Muvattupuzha
basin with steep slope and high drainage density is categorised as poor to
moderate prospect zone. The southwestern part of the Muvattupuzha sub
basin is categorised as very good zone and is also matching well with high
optimum yield and storage coefficient. The resistivity survey also substantiates
the above. The central part of the Kaliyar basin with a good groundwater
prospecting zone is also matched well with optimum yield.
6.3.3 Integration of spatial and non-spatial data

In GIS both spatial and non-spatial data can be integrated for
information extraction. In the present study large volumes of non-spatial data
have been generated by inputting hydrological, geophysical and
hydogeochemical data. With the help of GIS it is possible to retrieve the
information (hydrological, geophysical and hydrogeochemical) by selecting any
locations (Figs. 6.15a, 15b, 15¢, 156d & 15e) or all locations. This data will be

helpful for the future planning and management of the Muvattupuzha river

basin.
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CHAPTER 7

SUMMARY AND CONCLUSION

Water resources are dwindling very fast in recent years as the demand
has been steadily increasing several folds on various accounts. The growing
crisis on the availability of fresh water has been addressed in various fora
throughout the world. Recently the water problem has been discussed
simultaneously at two different international meetings held in the month of
March 2003 in Japan and Italy. The major problem discussed in both these
meetings has been about the severe shortage of adequate quantities and
qualities of clean water particularly for drinking and sanitation. One of their
suggestions has been to find out new ways for the extraction of more
groundwater safely and environment friendly. Areas far away from river
courses and in hard rock terrains, groundwater are the only source for drinking
water that leads to over exploitation.

The present investigation on the Muvattupuzha river basin is an
integrated approach based on hydrogeological, geophysical, hydrogeochemical
parameters and the results are interpreted using satellite data. GIS has also
been used to combine the various spatial and non-spatial data. The salient
findings of the present study are accounted below to provide a holistic picture
on the groundwaters of the Muvattupuzha river basin.

In the Muvattupuzha river basin the groundwaters are drawn from the

weathered and fractured zones. The groundwater level fluctuations of the basin



from 1992 to 2001 reveal that the water level varies between a minimum of
0.003 m and a maximum of 3.45 m. The above water level fluctuations are
almost a constant all over the years when compared to the adjoining Periyar
river basin. Based on the water level data the basin is divided into a negative
zone or discharge area (western part of the basin), which covers more than
70% of the study area, and a positive zone or recharge area covering the rest
of the area mainly on the eastern part of the basin. The average annual rainfall
of the basin is 2677 mm. The groundwater level fluctuation and rainfall show
good relation, which means that the groundwater fluctuation is affected by
rainfall.

Various aquifer parameters like transmissivity, storage coefficient,
optimum vyield, time for full recovery and specific capacity indices are analysed.
The transmissivity values obtained from sensitivity analysis vary from 4.51m?/
day to 225.63m?% day with an average of 68.81m? day. Transmissivity shows a
general increase towards the southwestern part of the basin. Storage
coefficient obtained from sensitivity analysis ranges from 0.012 to 0.393 with an
average of 0.241. The high storativity on the southwestern part of the
Muvattupuzha sub basin is related to the occurrence of Miocene formation and
presence of large number of irrigation canals. In this basin the optimum yield
varies from 0.9m% day to 50.1m%/ day with an average value of 14. 29m?/ day.
Relatively high values are observed in the southwestern and north central parts

of the basin. These areas are suitable for well development.
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The analysis on the time required for full recovery indicates that the
maximum value of 68.55 h is recorded in the western part of the
Kothamangalam sub basin at Kozhipalli while the minimum of 2.7 h in the
southern part of the Thodupuzha sub basin at Kolani. Based on this it is found
that an increase in the radius of wells in crystalline terrain will reduce the time
for recuperation. The highest Slichter's capacity indices are recorded in the
central and the northern parts of the Thodupuzha sub basin and the
southwestern part of the Muvattupuzha sub basin. Based on the Slichter's
specific capacity indices it is found that the specific capacity indices of dug well
are controlled by the equatorial radius rather than the lithology of the basin.

Based on the VES analysis the general sequence of high resistivity is in
the first layer consisting of dry lateritic soil followed by low resistivity layer
(fractured and or weathered saturated zone) and again high resistivity layer
(massive rock). Most of the sounding curves obtained in the basin are H type
and different combinations of H type. Also resistivity contour map of the second
layer of the basin depicts hydrogeoloical condition of phreatic aquifer; a
resistivity value of below 500 ohm -m is considered as good prospective zone
for ground water.

The depth to the bedrock of the basin varies widely from 1.5 to 17 mbagl.
A ground water prospective map for phreatic aquifer has been prepared based
on thickness of the weathered zone and low resistivity values (<5600 ohm-m)
and accordingly the basin is classified into three phreatic potential zones as

good, moderate and poor. The southern part of the Muvattupuzha sub basin
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and few pockets in the Kaliyar sub basin are identified as good prospects zone
though limited in areal extent. Certain promising stations have been identified
from vertical electrical sounding analysis (st. 2, 7-9, 11, 12, 15, 16, 18, 19, 24,
29, 30- 32, 35-37 and 40) for drilling medium to deep bore wells that can be
made up to third or fourth layers in view of moderate resistivities (= 200 ohm-m)

The groundwater of the Muvattupuzha river basin is acidic in nature as
the pH value ranges from 5.5 to 8.1. A major part of the study area during pre
and post monsoon seasons show pH values less than 6.5, which is below the
values prescribed by WHO and ISI. The groundwater of the basin is having low
electrical conductivity (av. pre monsoon - 97.9 uS/cm and post monsoon - 69.2
puS/cm), low total dissolved solids (av. pre monsoon - 40.0 mg/l and post
monsoon - 61.7 mg/l) and low hardness (av. pre monsoon- 23.8 mg/l and post
monsoon- 19.3 mg/l), which are within the potable limits of WHO, 1SI and EEC.
So the water is good for other domestic consumption, irrigation practices and
industrial uses particularly for low- pressure boilers.

The total iron content in the western part of the basin is more than
0.3 mg/l indicating contamination in ground water and this is mainly due to
leaching of iron from laterite under low pH condition. The fluoride content of the
basin is very negligible; the maximum value of 0.4 mg/l has been recorded
during pre monsoon season.

Durov's diagram indicates that over two third of the pre monsoon
samples have shifted towards the mixing zone during post monsoon, however,

about 31% of the samples do no show any shifting. The trilinear diagram shows
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that the groundwater of the pre monsoon are CaCl;, Ca(HCO3),, and NaCl
types whereas in the post monsoon the water types are Ca(HCO3),, NaHCO;
and NaCl and this is due to the shift of samples towards the zone of
bicarbonate and sodium. The overall increase in bicarbonate again attributes
that the groundwater is recharged by rainfall so that it plays a vital role in the
groundwater chemistry of this basin.

Hydrochemical facies diagram reveals that most of the samples in both
the seasons fall in mixing and dissolution facies and a few in static and
dynamic regimes. Indicating an overall shift of pre and post monsoon samples
from static regime to mixing and dissolution zone of the facies diagram. Thus it
is concluded that mixing and dissolution plays a vital role for shifting one facies
to another. It is clear from the facies diagram groundwater is having neither too
much in contact with the rock nor in a dynamic condition.

In general the percentage of Na in groundwater is at a bearable limit
(< 10%). However, a few pockets show high Na percent, but within the
standard limit and is attributed to the use of fertilizers. U.S.S.L. diagram clearly
indicates that most of samples fall in CISI field and a very few in C2SI
indicating low salinity/ low sodium alkali hazard. Likewise the concentration of
Residual Sodium Carbonate (RSC) in the study area is with in the limit (<1.25
meq/l). These indicate that the groundwater of Muvattupuzha river basin is
good for irrigation.

A corrosivity ratio of <1 is considered as a safe zone. During pre

monsoon more than 70% of the area comes under safe zone, but in the post
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monsoon period the areal coverage of both safe and unsafe zones are equally
distributed. It is therefore, recommended that PVC pipes will have to be used
for water transportation in those areas falling under unsafe zone.

Based on Gibb's diagram it is concluded that the groundwater chemistry
is primarily controlled by precipitation rather than lithology and the above
finding is substantiated by trilinear facies diagram in which most of the samples
fall around dissolution and mixing zone. The mixing in this basin is
characterized by high rainfall and seepages from canal network.

Hydrogeomorphological map prepared from the satellite data exhibits
nine geomorphic landforms. Among the major landforms, the valley fills are
proved to be the best landform for the occurrence of ground water
quantitatively. By the integration of various thematic maps the ground water
potential zones of the basin is classified into four categories viz., (i) very good,
(i) good, (iii) moderate and (iv) poor. The structural hills on the eastern part of
the basin are characterized by poor groundwater prospect and this is due to
steep slope and high drainage density. The southwestern part of the
Muvattupuzha sub basin comes under the category of very good and is
matched well with the high optimum yield and storage coefficient. The
groundwater prospect map indicates that the down stream part of the
Muvattupuzha river basin is good prospect zone than the upstream part.

The current landuse pattern of the study area have been demarcated
into 20 classes and the major landuse pattern in the area is rubber plantation

followed by mixed plantation, evergreen dense and open forest etc. Based on
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the NDVI analysis it is concluded that more than 60% of area is having a good
vegetative status and also it is evident that the southwestern part is in better
health status than the rest of the area.

A strong database on the hydrogeology of the Muvattupuzha river basin
is generated by integration of spatial and non-spatial data using Arc/Info. The
above data could be used for information extraction and base line inventory for
future sustainable development.

The major conclusions drawn from this study are:

e The movement of groundwater is mainly controlled by topography,
lithology and lineaments and the basin experiences a low level of water
fluctuation.

o Based on aquifer parameter analysis the southwestern part of the basin
is having very good prospect zone with high optimum yield, low time for
recuperation and high storage coefficient.

o Resistivity analysis indicates that the Muvattupuzha sub basin is having
good groundwater phreatic potential zone and certain promising zones
for medium and deep bore wells in the entire basin.

o Geochemically the groundwater is good for all domestic, irrigational and
industrial uses because of low content of EC, TDS, total hardness,
fluoride, major cations (Na*, K*, Ca™ and Mg"") and anions (HCOj,
CO5 7, SO4 " and CI’). The salinity and sodium alkali hazards are also

low.
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The significant environment, which represents the chemical
characteristics of the groundwater is dissolution and mixing rather than
static and dynamic conditions.

The prime mechanism controling the groundwater chemistry is
precipitation; lithology and evaporation play only a minor role.

Integrated study reveals that among the four sub basins, the
Muvattupuzha sub basin is having good groundwater prospect zone.
Based on various status and other integration study it is clear that the
groundwater condition of the Muvattupuzha river basin is highly

satisfactory.

Further study is needed on:

» Impact of dykes on the occurrence and movement of groundwater.

> Impact of seepages from irrigation canals on the groundwater quality

and resources of this basin.

» Influence of inter-basin transfer of surface water (from Periyar to

Muvattupuzha basin) on groundwater.
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