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“'l'he same regions do not remain always sea or always land, but all change their condition in
the course of time”.

llristotle (384-322 B.C)



PREFACE

Water is the life blood of every living creature on the earth; hence it is precious and most commonly

used resource of the world. Although about 72% of the earth’s surface is covered with water, the

freshwater including groundwater occupies a small portion of it. It is easy to understand the significance

of water in our live however; it is diflicult to understand the characteristics and movement of water

with in the eatth’s surface. The surface water resources, being exploited time to time and again, may

become short of supply or may not be easily available at site. There has been a marginal increase in

groundwater development and utilization of the country for agriculture, industry and rural water

supply schemes in last decade.

In India, more than 90% of rural and nearly 30% of urban population depends on groundwater for

meeting their requirements. In addition, it accounts for nearly 60% of the irrigation potential created

in the country. The spatio-temporal variation in rainfall and regional/local differences in geology and

geomorphology has led to an uneven distribution of groundwater in different regions across the

country.

The Palaeo-lagoon (Kole land basin) along the coast between Mathilakam and Chavakkad of

Thrissur district (North latitude 10° l 7 ’29"and 10°43 ’43", East longitude 76°0’0" and 76°33 ’33")

covers an area of 1690 km’. The basin receives sediments from Karuvannur and Kecheri rivers.

Within this basin an area of 300 kmz lies below mean sea level from 0.5 to 1 .50 m and gets water

logged during monsoon season.

The Kole lands have some similarities with Polder areas of The Netherlands. The name “Kole land”

is derived from the local word “Kole” means “Chance” due to unique method of paddy cultivation

practiced in this low lying area. As the area is waterlogged during southwest monsoon season,

cultivation is done at the end of north east monsoon season after dewatering the area. The basin is

also famous for clay mining for manufacturing of tiles and bricks.

This basin experiences serious groimdwater quality variations and water shortage during summer

months. The groundwater availability and quality vary with land fonn, physio graphy, stratigraphy

and hydrogeology. The present investigation deals with the hydrogeologic, stratigraphic characteristics,

palaeo enviromnent and evolutional history of the Palaeo-lagoon.

Major objectives of the present investigation are:

'2' To determine the groundwater potential, resource, aquifer parameters and groundwater

quality of the basin.



'2' To evaluate the vulnerability of the aquifer to sea water intrusion in coastal area and

groundwater vulnerability to pollution in the basin.

'2' To delineate the stratigraphic sequences of the area and evaluation of palaeo-environment

of deposition. .

'2' To study the evolutional history of the palaeo-lagoon

The thesis has been addressed in 8 Chapters.

Chapter l deals with general introduction. It also provides description about the study area, previous

work, physiography, climate, drainage, geological setting, soil, landuse and finally the broad objectives.

The methodology adopted for the present work is given in Chapter 2. This includes field investigation,

laboratory works and secondary data collection. The works such as ground water level collection

fi'om observation wells, sample collection from observation wells, core sample collection from different

parts of the basin, geophysical investigations, aquifer tests, and level survey are included under field

investigations. Under laboratory works chemical analysis of water samples, sieve analysis of the

core samples, pipette analysis, "‘C dating etc. are included. Secondary data such as rainfall, climatic

data, water level data of piezometers, river discharge and pumping test of bore wells were also

collected.

\.

Chapter 3 deals with hydro geology, with regards to occurrence and movement of groundwater,

water level fluctuations, evaluation of aquifer parameters and the ground water resource evaluation.

Under water level fluctuation the phreatic aquifer fluctuation, semi confined deep aquifer, recharge

and discharge areas, correlation of water level with rainfall, hydro graph analysis are discussed.

Pumping tests methods such as Slug test (ST), Step-draw down test (SDT), Aquifer performance

test (APT), Trasmissivity, Storage coefficient or Storativity, Yield, Specific capacity, drawdown and

recovery analysis are included in this chapter.

Chapter 4 deals with the geophysical investigation. Resistivity of geological fonnations, interpretation

ofVES data, and delineation of ground water potential based on resistivity data analysis, detennination

of layer parameters and its corresponding thickness are provided in this chapter.

Hydrochernistry forms the basis of Chapter 5 . Ground water contamination and sea water intrusion

and its impact are discussed in this chapter. The different hydrochemi cal parameters studied are

major anions and cations, pH, Electrical conductivity (EC), total dissolved solids (TDS), total hardness

(TH), total iron, fluoride, bacteriological quality, quality criteria for various uses, evaluation of ground

water for irrigation, Wilcox and USSL diagram, Evaluation of ground water for industrial purpose



and oorrosivity ratio. The groundwater types and hydro chemical fecies of the basin are analyzed

using Hill-Piper diagram and facies diagrams. Study of ground water contamination and vulnerability

to pollution by DRASTIC method and Saline intrusion and vulnerability of coastal aquifer to saline

intrusion by GALDIT method are described in this chapter.

Chapter 6 is pertaining to stratigraphy, different formations within the pal aeo-lagoon, sediment

characteristics of Palaeo-lagoon, texture of the sediment and mineralogy are dealt in the chapter.

Heavy and light minerals and clay mineralogy of the basin are also analyzed.

In Chapter 7 evolution of palaeo-lagoon, “‘C dating of core samples at various depth, mega and

micro fossil assemblages in different stratigraphic sequences and the palaeo-environment of the

basin are presented.

Summary of the work and major conclusions of the thesis are presented in Chapter 8.

V. B.Vinayan
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CHAPTER 1

GENERAL INTRODUCTION

Water, the elixir of life, is a prime natural resource and basic human need. Of the total water on earth

only 3%,constitutes fresh water and the rest is saline water in the oceans. An area of 37.5 million

cubic kilometer is occupied by fresh water and 1320 million cubic kilometer is occupied by saline

Water. The average annual rainfall of the country is l 170 mm. The maximum average rainfall is

11000 mm in Mawsynram (in Meghalaya) and minimum is 1 00 mm in western Raj asthan, India has

got only 4.5% of World’s water resources, though the country houses about 16 % of the global

population. This indicates that the water sector of the Nation is under severe stress. The national

figures indicate that the per capita availability of water is reduced to one third since independence.

The national water demand is ever growing and is expected to be around 1447 BCM in 2050,

which was about 600 BCM during the year 2000. Hence there is a need to conserve the soil

profile, aquifers, ponds, lakes, reservoirs and rivers, for use duling the dry periods. The situation of

Kerala State is also not an exception. Water is consequently a scarce and precious national asset,

which has to be planned, developed, conserved and managed in an integrated and eco-friendly

marmer, keeping in view of the socio economic dimension.

Growth process and the expansion of economic activities inevitably lead to increasing demand of

water for diverse purposes; domestic, industrial, agricultural, hydro-power, thermal-power, navigation,

recreation. etc. So far, the major consumptive use of water has been for irrigation. Agriculture is the

greatest user of water, accounting about 80% of all consumption. But about 70% of irrigation water

is wasted in run-off or inefficient inigation systems (World Bank, 2003). Animal husbandry and

fisheries also require abundant water. Water can as well create problems concerning human health,

it being a carrier of vectors for diseases such as typhoid, cholera, diarrhoea, malaria, filariasis, etc.,

if it is mismanaged. In addition to this, availability of fresh water is too highly uneven in both space

and time. Water has an economic value in all its competing uses and there has been growing demand

that water should be recognised as an economic good. Amaj or challenge today is to introduce

economies in agricultural, municipal and industrial water use.
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The country’s population, which was over 1027 million in 2001 at present, is expected to reach

1390 million by 2025. Consequently, food grain production will have to be raised to around 350

million tons by 2025. This necessitates development of water resources by a substantial order, if the

f00d and fibre needs of our growing population are to be met with. As per the published documents

available, the ultimate irrigation potential of the country would be of the order of 13 9 million hectares.

Some of the important statistics of water resources of the world and in India are given in

Figs. 1.1 -1.6.

The State of Kerala constitutes a narrow strip of land on the southwestern Peninsular India,

sandwiched between Western Ghats and Arabian sea. Its water regime is characterised by very high

precipitation (over 3000 mm per annum) spread over relatively few (arguably shrinking) wet days,

a long dry season (December to May) and a marked gradient from the Ghats to the sea rapidly re­

conveying the rainfall back to the sea through several short, fast, west flowing rivers. The Kerala

was considered to be very rich in groundwater resources with significant rainfall received over two

monsoon seasons. Ironically, recent studies indicate that the water resource position of Kerala is not

as rosy as it was in yester years. Due to the higher standard of living, the demands for water for all

uses are also growing many folds during the last decades.

Man has been continuously developing groundwater, being easily accessible and wide spread, for

various purposes right from the dawn ofhuman civilization. Kerala has always been overly dependent

on it, for over the centuries, human adaptation to the local water regime consisted of harvesting

nature’s bounty of abundant rainwater by excavating large number of open dug wells in homestead

plots. It is estimated that the State presently has over 4 million such wells, roughly one well for every

8 to l0 persons.

The situation ofKera1a is such that issues related with groundwater development are increasing day

by day. It is noticed that there is a considerable imbalance in the availability of groundwater resources

fiom place to place through out the State. Richly endowed with natural resources, human population

in the state has stabilized at very dense levels following the demographic revolution. This has put

2
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tremendous strain on groundwater resources during the long dry season, especially in hilly and

coastal areas, where saline intrusion is always been a problem. Since water rights in India is vested

with property owners (unlike mineral rights that vested with the State); unregulated exploitation of

groundwater through energised bore well is very common. The problem is compounded by large

scale reclamation of paddy fields; natural flesh water sinks to cultivate more lucrative plantations

like rubber, banana and coconut. The State has responded to these challenges putting in place both

land use and groundwater legislation. Public policy in the water sector over the years has also

mdeavoured to ease the pressure on groundwater by extending treated piped water supply sourced

in surface water bodies. The reliance on well water however continues, as piped water at the national

benchmark of 40 litres per capita per day is available only about 25% of Grama panchayat wards.

This dependence is recognised in the ‘ Swaj aladhara’ and ‘ J alanidhi’ initiatives, which seek to

encourage community ownership and management of primarily well based water supply schemes.

According to National Water Policy “there should be a periodical reassessment of the groundwater

potmtial on a scientific basis, taking into consideration the quality of the water available and economic

viability of its extraction”. Further, the exploitation of groundwater resource should be so regulated,

so that it does not exceed the recharge possibilities. The over exploitation of groundwater has to be

effectively prevented so as to avoid detrimental environmental consequences.

In view of the above, the Central Ground Water Board (CGWB), Ministry of Water Resources,

Government of India and State Ground Water Department (SGWD), Government of Kerala have

assessed the groundwater resources of the State block-wise as on 3 1“ March 2004 (Table 1.1).

The parameters used in the computations, as well as the vast amount of observation well data

generated regularly by National Hydrology Project, so that the reassessment is done in a rigorous

scientific manner, reflecting ground-level realities. The trends in groundwater level over the last

decade were taken into consideration along with stage of groundwater development, before

categorising the blocks. It is observed that there has been a spurt in the groundwater development

3
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during the last couple of decades. All the development blocks in the State were in safe category till

1992. The situation changed during the 1999 computations, where 3 blocks were categorized as

over exploited, 6 critical while 6 others in semi-critical stage. A total 1 5 blocks moved out of the safe

category between 1992 and 1998. However, in the year 2004, the number of such blocks has

increased from 15 to 50, which is about one third of the total Block Panchayats in the State (5 over

exploited, 15 critical and 30 semi-critical). Due to the ever increasing demand over this resource,

about one third of blocks in the State are showing the higher stage of groundwater development.

This indicates that the groundwater extraction in the State is showing an increasing trend. This

situation warrants a systematic and planned response flnough more effective groundwater regulation

and more intensive artificial recharge and conservation measures.

The Indian Peninsula has a remarkable southeastward slope, facilitating the major rivers to flow

eastward. All the west flowing rivers originating in Westem Ghats are small, but carry huge volume

of water. The western continental margin of India can be classed as Atlantic type passive margin. It

is featured by (i) a wide continental shelf extending in NW-SE direction, (ii) a remarkably straight

shelf edge limited by 200 m isobaths, (iii) a narrow continental slope bounded by 200 m and 2000

m isobaths and (iv) the oceanic basin of the Arabian sea (Biswas, 199 8). The continental shelf is 300

km wide in the Kutch-Saurashtra segment, but gradually narrows down southward to 50 km in the

Kerala offshore. It again becomes wider (~1 50 km) offKanyakuamari. A unique morphotectonic

feature of the shelf is a shelf margin arch, and ridge that traverse the entire length of the shelf (Harbinson

and Basinger, 1970). The continental shelf area of India is broadly divisible in to several sub-basins

bytraverse basement arches or fault bounded highs. These are the Kutch, Bombay offshore, Konkan

- Kerala and deep sea basins (Fig. 1.7).

The Konkan - Kerala offshore basin extends fiom Vengurla Arch in the north to Kanyakumari in the

south. The western boundary of the basin is defined by the Kori - Comorin Ridge and east by the

Westem Ghats, composed of Precambrian rocks, but devoid of Deccan traps (Rao and Talukdar,

4
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1980). The basin covers an area 77,000 km’ up to 200 m isobaths. The shelfal horst gmben complex

of Konkan - Kerala basin is differentiated into three major depressions namely, the Konkan

depression, Cochin depression and Cape Comorin depression, traversed by basement arches. The

Konkan basin is separated from Kerala basin by Tellicherry Arch basement high, both basins derive

their sediments fiom the Western Ghats (Campanile et.al, 2008) and have a sedimentary record 80

to 90 Ma. BP (Fig. 1.7).

Sedimentation: The Konkan - Kerala Basin (KKB) can be divided in to five sub-sequences of

post - rift sedimentation since the Late Cretaceous. The stratigraphic succession of Konkan - Kerala

basin begins with the continental to bathyl co arse elastic sequence of Late Cretaceous age and

continuous upward to Palaeocene. Eocene to Middle Miocene succession consists of limestone,

shale and sandstone. The inner shelf has been a closed sediment sink for the erosional products of

theWestern Ghats and hence provides an excellent record of onshore denudation. The shelf sediments

along the westem margin of India are strongly compartmentalized and show marked affinities along

the strike with their adjacent onshore areas. Thus, north of Goa, modern shelf sediments have a

basaltic source, whereas south of Goa these sediments have gneissic source. The close relationship

between onshore geology and offshore sediments reveals that there was little long shore transport of

sediments in the Konkan and Kerala basins during the Cenozoic (Campanile et al., 2008).

The Upper Cretaceous early rift phase of sedimentation (ie. Campanian) in the Konkan - Kerala

Basin (KKB) is localized in narrow grabens in the south west of Cochin. This sedimentation took

place in a shallow continental setting (i.e. fan deltas, tidal flats, and carbonate platforms), suggesting

that a major part of the stretched portion of the crust on which the basin developed had remained

above sea level until at least pre - Santonian time. Upper cretaceous sediments in the deepest wells

ofKonkan - Kerala Basin overlie altered volcanic rocks. The basal volcanic rocks are undated, but

outcrops of similar volcanic rocks near the coast (St.Mary’s Island near Mangalore) have been

dated as 85 .6 Ma, and hence that are contemporaneous with Marion hot-spot magmatism (Joseph

5
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Ind Nambiar; 1996). Accordingly, basin initiation is likely to have occurred art 88 Ma, the time of

-India-Madgascar rifting and during the peak of Morion hot spot volcanism; nevertheless, the bulk of

sediments in the Konkan-Kerala Basin appear to have been deposited during Cenozoic.

Oeczmence of marine and non-marine rocks ofTertia1y age in the on land part of Kerala sedimentary

basin was reported by King (1 882) and Foote (1883). Based on the distribution of sedimentary

formations, Paulose and Narayanaswami (1968) recognised two major basins of deposition; (i)

between Trivandrum and Ponnani in the South and Central Kerala with a maximum width of 16 km

fiom Kollam to Kundara, and (ii) between Kannur and Kasaragod in north Kerala with a maximum

width of l O k:m at Cheruvattur. The basin from Thiruvanathapuran to Ponnani is called as the South

Kerala sedimentary basin (SKS B) and the other between Kannur and Kasaragod as North Kerala

sedimentary basin (NKSB) (Nair et al., 1980). The South Kerala Sedimentaiy Basin (SKSB) is the

land ward extension of the offshore Kerala - Konkan Basin (KKB) (Nair et al., l 998).

1.1 Geologic records of Kerala

The Kerala region is an important segment of the South Indian Precambrian terrain, where major

units of the Archaean continental crust, such as granulites, granites, gneisses and green stones are

preserved. The southern part of the State, south of Achankovil shear zone, exposes an assemblage

of mi gmatised meta- sedimentary and meta-igneous rocks (khondalite-chanockite assemblage).

From north of Achankovil shear zone up to the southem flank of the Pal ghat Gap, the rocks are

predominantly charnockites. Chanockite-gneiss and a variety of other gneisses with occasional

assemblages of metasediments in Idukki-Munnar region representing the western continuation of

the Madurai block in Tamil Nadu. Northem flank of the Gap consists of meta-sedimentary sequence

ofkhondalites and calc-granulite with crystalline limestone bands. Granulites, schists and gneisses,

intruded by acid and alkaline plutones, constitute the northern most part of the State.

6
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The bulk of the rocks of Kerala, especially the granulites and associated gneisses belong to

Precambrian. Sporadic Late Precambrian-Early Palaeozoic granites and associated pegmatites,

lid Meso-Cenozoic dykes intruded these ricks. The onland sedimentary formations are confined to

Necgene period only. This indicates that the geologic column of the region is far from complete, with

hardly any representation of rocks of the great periods belonging to Palaeozoic, Mesozoic and

Early Cenozoic eras of the Geologic Time Scale.

Anumber of radiometric age determinations of rocks from the Kerala region have helped in classifying

the rocks into broad age groups (Table 1.2). The geological map of Kerala region is given in Fig.

1.8. The oldest rock so far dated in Kerala, are the chamockites (massive), which yield U-Pb zircon

age of 29301: 50 Ma. These also happen to be the most wide spread rock unit in the State. The

largest patch of khondalite group of rocks is noticed south of Achankovil shear zone in south Kerala.

Thwe rock units occur as linear belt, wedged between chanockite massifs on both sides. They have

recorded ages of ca 2100-2830 Ma, although there is whole rock model age 3070 ma reported by

Crawford (1969).

Ancient supracrustals: The oldest dated rocks in Kerala namely chamockites/chamockitic gneisses,

contain several enclaves of schistose rocks. These occur as linear en-echelon bands and enclaves

extending fi"om Sultan’s Battery, close to Karnataka border through Manathoddy in Wayanad plataue

to Thaliparamba and Payyannur, and to the eastem parts of Kasargod district, being the southward

extension of the schistose sequence in Kamataka. Lithology of the schistose rocks permits their

identification with the Sargur complex of Karantaka, which are considered as the oldest rock

assemblage there, consisting of group of sediments and associated intrusives.

Charnockite-Gneiss association: The mo st widespread rocks in Kerala are the chamockite and

associated gneisses. These are pyroxene bearing granulites and gneisses and occupy a major part of

the Westem Ghats and the midland regions of the State, especially in central and north Kerala.

Large bands ofchanockites are also observed within the south Kerala khondalite belt. The available

geochronologic data on a charnockite (massive) sample from Nedumannur in southeastern Kerala,

7
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-yielding U-Pb zircon age of 293 01:50 Ma indicates that these are the oldest rocks dated so far in

Kcrala. In many localities enclaves of mafic granulites also occur within charnockites. Textural,

mineralogical and geochemical variations are observed in chanockites from different localities. Field

relations, including association with other metamorphic rocks, mineralogical and petro graphical

features are indicative of metamorphic origin of the rocks under high P-T conditions (8-to 1 0 kb

pressure and around 800- 860°c) from a diverse source of precursors including igneous ones.

Khondalite: Garnet-sillimanite gneiss, containing varying amounts of graphite and some quartz and

orthoclase is termed as khondalite. Its occurrences are seen in various parts of the State. The largest

patch is noticed in south Kerala association with garnet-biotite gneiss and garnetifrous quartzo­

feldspathic gneiss. This occurs as linear belt; wedged between chanockite massifs. Another linear

belt is observed in northem flank of the Pal ghat Gap, where it is seen in association with cal-granulite

and crystalline limestone. Minor occurrences have been reported from Idukki-Munnar region and

fi'om southeast of Kasargod. According to available data, rocks of this group range in age from

2830 to 2100 Ma, although there is an older whole rock Rb-Sr age of 3070 Ma reported by

Crawford (1969).

Intrussive rocks: Intrusive phase within Kerala region includes sporadic occurrence of basic and

ultrabasic bodies and dykes belonging to Lower-Middle Proterozoic age, pegmatites of Middle

Proterozoic age, ahost of yoimger granites (Late Precambrian-Early Palaeozoic age) with associated

pegmatites, and later dolerite dykes, contemporaneous with Cretaceous-Palaeocene Deccan basalt

magamtism. Of these, the younger granites and associated pegamatites constitute the bulk of the

intrusive rocks, and are contemporaneous with the Pan-African tecto-magmatic event. Within the

khondalite terrain, these are white coloured garnet granites (as in south Kerala), while within the

charnockite domain; pink granite, syenite and gabbro-granophyre predominate. Pegmatite phase,

closely associated with the younger granites phase, is more prominent within the khondalite terrain

of south Kerala, where it contains gem-quality chrysoberyl mineralization. Pegmatites in north Kerala

are relatively older and known for their muscovite mineralization.

8
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Dolerite dykes, contemporaneous with the Deccan basalt magmatism are the dominant phase, and

occurwithin both charnockites and gneisses with ages ranging fi'om l4l to 61 Ma. The quartz veins,

occurring in the Wayanad region is associated with syn or post pegmatite emplacement phase. In

Nilambur valley, reef quartz is associated with gold mineralization.

Tertiary'and Quaternary sediments: Onland sedimentary fonnations, belonging essentially to

Neogene and Quaternary periods unconfonnably overlie Precambrian rocks. Both marine and non­

marine rocks of the Neogene period fringe the coastal tract in two major basins of deposition; (i)

between Thiruvanathapuram and Ponnani in the south and the central Kerala between Kollam and

Kundara and (ii) between Kannur and Kasargod in the north at Cheiuvathoor. These include rocks

of the Vaikom formation, comprising gravel, coarse to very coarse sand with greyish clay and

mrbonaceous clay and seams oflignite; fossiliferous limestone, sands and clays of the Quilon fonnation

and the overlying clays with lignite bed, sand, sandy clays and sandstone belonging to the Warkalli

beds of the Late Moicene age. Sediments of Quaternary period, consisting of sands, lagoonal clays,

shell deposits, teri sands etc. unconfonnably overlie the Neo gene sediments. The total thickness of

the sedimentary sequence exceeds 600m in the Ambalauzha-Alapuzha region (F i g. l .9). The tentative

stratigraphic succession of the Kerala basin is given in Table 1 .3.

Table 1.3 Stratigraphic sequence of Kerala (modified after Najeeb, 1999)

Period ,F9rma1i<>r\ p ,,pUt.h,0l<>9y by   it   .
i ~ i&nds, clays, mollumn shell beds, riverine
Qlaternary Vembanad formation ‘alluvium and flood plain deposits, laterite capping y

lb  pg theorystallines and Tertiary sediments g H
*  lwarlkalliformationigg Qandstonedaywithllignite seamsmw  T
s T T W   Li mestones, marl s, days! calareous clays with. Quilon formation _ _Tertlary marine fossn I s
i Va] Rom formation ?&ndstoneswith pebbles and gravel beds, days Alandilmte eidyerbonaqeousqev   i

ylntmssive y\/einsof quartz, pegnatites, granites, l
ictoj W  g pg g ygranophyres, dolenteand gabbro. W

Garnet sillimanite gieiss, hornblende-biotite r
; Oystallines gieiss, garnet biotite gneiss, quartzo-feldspathicl
l  t. r-   l9'l‘?‘$9~d‘a'="°¢l‘“e$~d‘a'"9d“F? 9"°‘$$°*.¢:.

Mesozo

Al'Ch888l'l
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Offshore sediments: The western continental margin of the Kerala coast has a 50 km wide continental

shelf, hosting the Kerala-Konkan basin. The nearshore shelf part contains a elastic sequence of

marine shale and sand with a very few limestone interbeds and Cretaceous-Palaeoeene sediments.

The offshore basin, with over 4000 m thick of Late Cretaceous to Quaternary sediments, consists

of limestone, sandstone and a pile of volcanic. The sediments display two major unconformities

during Palaeoeene -Early Eocene and Middle Eocene- Early Oligocene periods.

Laterites: Buchanan first reported Laterite from An gadipuram during his traverse to Malabar. A

weathering product of rocks, rich in secondary oxide of iron, aluminium or both, with or without

quartz and clay. It serves as a building material, ore for aluminiumf nickel/manganese/iron etc. and is

very good aquifer for groundwater. In Kerala, laterites of more than one generation are present, and

are confined to elevations of 600 m and below, over Precambrian and Tertiaiy sediments. Interface

of the coastal plain and lowlands is occupied by laterite. Vast dissected lateritic mesas are present in

parts of Malappuram, Kannur and Kasagod districts. Two lateritization cycles are known to exist in

Kerala; Pre-Warkalli and Post Warkalli cycles.

Soils: Ten broad groups of soils based on morphological features and physico-chemical properties

have been identified in Kerala. Spatial distribution and physico-chemical properties of the soils are

mostly consistent with the lithological diversities of the rocks, as well as physio graphic and vegetational

distributional patterns. The most predominant type, however, is the lateritic soil, reddish brown to

yellowish red in colour, supporting a wide range of crops such as coconut, tapioca, rubber, arecanut,

pepper, cashew etc. properties of the lateritic soil vary depending on the bedrock characteristics.

The available geological record of the State is suggestive of a protracted history for the region,

spanning from Precambrian time onwards to the present. The onland record is, however, one of

prolonged periods of erosion and non deposition. Offshore data indicate that the major geomorphic

events took place during Tertiary-Quaternary times. Foundering of estuaries, and sequential uplift of
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the coast, it is presumed, must be quite recent events in the geologic history of the region. Continued

geological and tectonic activity in the region is discernible from frequent tremors experienced in

various parts of the State from historic records of river course changes. Much more detailed efforts

are required to fully unravel the complex and protracted geological evolutional history of the state.

1.2 Structure and tectonics of Kerala basin

The Kerala region can be divided into two major tectonic provinces, namely, the Precambrian

tectonic province and the Tertiary tectonic province. The higher ranges of the Westem Ghats, the

foot hills and parts of the midland constitute the Precambrian tectonic province area, which forms

the western limb ot"NNW plunging synclinorium, the axis of which is traceable from Tuticorin in the

south to Dharwar and Bel gaum in the north (Rao, 1974). Anarrow belt mostly between coastal and

midland region extending fi'om Thiruvananthapuram in the south to Kasargod in the north constitutes

the Tertiary Tectonic province. The regional strike of the foliation of Precambrian rocks is NW-SE

to WNW-ESE with a steep dip towards SW. The Tertiary rocks are almost horizontal to sub

horizontal.

Structural trends: Rocks of the Precambrian tectonic province underwent many periods of

tectogenesis as evidenced by the presence of fold pattern. The various rock types included under

the Precambrian, except for the intrusive, dykes and pegmatites, have general foliation strike trending

NW-SE in the southern part of the State, while in the northern part, it locally swings to NE-SW

strike ofNilgiri range. In Wayanadu, to the west of Ni giris, NNW-SSE and N-S strikes of foliation

are seen but some fedlspathic schists further west show an E-W strike of foliation. The E-W strikes

possibly be westerly continuation of the strike ofNilgiris and may have a bearing on the presence of

Palghat Gap (Krishnan, 1982). Within the Pal ghat Gap, the regional strike of foliation and banding

are east - west with steep to moderate dips to the south. Local swings of strike direction from the

NW-SE trend have also been observed in the shear zones, such as the Ariankavu, Gudallur and the

Bodinayakkannur passes, as well as in the vicinity of granitic intrusions and domal structures in the
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Anairmlai and theAgasthyanralai hill ranges. In the Ariankavu pass region, local variations in foliation

trmd include NNE-SSE, E-W and ENE-WSW foliation tends are observed. Similar foliation trends

are observed in Munnar also.

Naranaswami (1976) identified two major synclines: (i) in the Palghat Gap between the Nil giris and

Anairnalai-Palani ranges and (ii) in the Munar-Thodupuzha-Muvattupuzha region extending into the

Kambam-Periakulam valley of Tamil Nadu between Palani and Varshanad hill ranges; and two

major anticlines along the Kottayam-Pirmed-Kakkiar hill ranges. Another major antiform is

discemable in the region between Kollam and Punalur, and extends for 25 to 30 km in NW-SE

direction. Disrupted NW-SE trending anti formal structures separated by synforms are also seen in

north of Chengannur. A major NW plunging antiform is diseemed in the Ottappalm region (Nair and

Nair, 1980), which has been refolded into open tlexural folds.

Although the crystalline rocks ofKerala have undergone different episodes of superposed deformation,

their nature, sequence and mutual relations attributable to different deformational events have not

been adequately established for the entire terrain, mostly due to the paucity of exposures and rarity

of marker horizons with exposure continuity. However, based on considerations of the geometry,

orientation and superposition characteristics of folds, planar and linear structures of different

generations have been identified in many regions of the State, as related to defonnational episodes.

Tectonic history: On a cursory look at the toposheet or areal photographs we can see that mo st of

the rivers in Kerala are aligned in a NW-SE direction, which is the predominant direction of fractures

or lineament. But it may be strange to note that this is one of the least productive fracture directions

as far as groundwater is concerned. Here comes the tectonic history of the area. The area has

undergone four major episodes of tectonic deformation. In each of these tensile fractures are

developed in the direction of force while shear fractures are developed on either side at about 25° to

30° angle to the direction of force (F i g. 1.10).

The major tectonic events of the area can be summarized as follows:
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(i) The first generation happened to be the compression in EW direction resulting in tensile joints

and shear fractures at 25 to 30° to it on either side.

(ii) The second generation involves compression in the NW-SE direction; incidentally it happens to

be the direction emplacement of the innumerable dolerite dykes in the peninsular India.

(iii) The third generation was the one related to the west coast faulting, which was in NNW-SSE

direction. The gabbro dyke emplacement is observed in this direction.

(iv) The fourth generation of tectonic activities resulted in the development of the NE-SW direction

and is the latest episode.

From the above it can be seen that the NE-SW and E-W oriented lineaments are likely to be most

potential for groundwater and they are tensile open joints which didn’t have a history of shearing.

The emplacements of dykes along these tensile joints are quite deep and open. Lineaments belonging

to this category are seen in both within Westem Ghats and in the coastal belt and are the youngest

(Nair, 1990). Ln order to preference the NNW-SSE comes next as they are original shear zones

opened by later tensile joints. These are a series of prominent, generally intermediate lineaments

(around 50 km in length) seen in contact zone between the steeply rising Westem Ghats and the

step-like coastal terraces. They are more prominent in southern and northern extremity of Western

Ghats. The leucogabbro dyke of this lineament from Kottayam area yields an emplacement age of

815:3 Ma and is correlated with the age of dyke from ldamalayar. The NW-SE direction happens to

be the original tensile joints sheared in a later tectonic episode and would have become more tight

and clayey. The NW-SE lineaments, ofien hosting dykes of dolerite/gabbroic composition have a

definite signature in the geological setting of the region. The available age data on these dykes from

south Kerala (61i9 Ma) suggests that they are coeval and genetically related to the Deccan trap

volcanic activity (Radhakrishanan et al., 1990). The WNW-ESE, ENE-WSW, NNE-S SW and

the N-S directions have only shear zones and they may be more clayey, tight and shallow fiactures

which maybe good sites for dug wells.
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1.3 Evolution of Kerala coast

The onland part of Kerala region, comprising highly metamorphosed Precambrian rocks as basement

does not have the full geologic column. The Neo gene formations are confined to the coastal belt of

Kerala, having a maximum width of l 6 km in Kollam district, and a maximum thickness of about

600 m in the Ambalapuzha region. Nearshore data from the west coast indicate that the thickness of

the sedimentary formations increase towards the deeper part of the shelf.

The available sedimentation data indicate that the elastic-Deccan volcanic activity stage of the basin

fonnation during Late Mesozoic was followed by a prolonged carbonate build up realm along the

Kerala offshore during Eocene to Late Oligocene, and in some segments of the Kerala offshore till

around Middle Miocene times (Ghosh and Zutshi, 1 989). This corroborates the finding of McKenzie

and Scalter (1 971 ), who based on magnetic data identified two distinct phases of spreading in the

region of Carlsberg ridge with a pause in spreading between 55 to 30 my1s.BP (i.e. between Eocene

and Late Oligocene), and of Ewing and Ewing (1967) that this pause lasted until 10 myrs.BP (i.e.

upto the end of Middle Miocene). The second phase of spreading after the pause, has been started

to be slower than the first, with a change in direction of spreading, leading to the under thrusting of

the Indian plate, that resulted in the strongest phase of the Himalayan orogeny (Gansser, 1964), the

major west coast subsidence and the resultant uplifi of the Westem Ghats. The uplift of the provenance

during Middle Miocene facilitated deposition of enormous amounts of clastics into the west coast

basin, and hindered carbonate build up in most parts.

The absence of Pre-Miocene formations in most parts of the onland region suggests either a later

submergence of the region or an uplifi/regression and subsequent erosion prior to the Upper Miocene
I

\

transgression. The reported erosion of Oligocene carbonates underlying the Miocene sediments in a

well off Cochin suggests that an uplift affected present day offshore portions also. Since the well is

located on the northwestern end of the Achankovil shear zone, it is suggested that upwarping along

Achankovil shear, coinciding with the Ariankavu pass during that time has been responsible for the
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uplift. The Neogene sedimentary fonnation of the Kerala coast might have formed in shallow basins

with well marked marine intercalations in the middle, as evidenced by the lithology.

The Quaternary formations unconfonnably overlie the Tertiaries. This indicates abreak in sedimentation

after the deposition of Warkallai (Mic-Pliocene) sediments. Towards the end of Pliocene, the basin

might have been uplifted and subjected to erosion. Transgression towards the end of Pleistocene,

coinciding with the third interglacial age, resulted in the fonnation of Quaternary sediments. In the

Alleppey-Shertallai area, palaeo strandlines belonging to two generations have been observed. These

may also have resulted fiom Late Pleistocene transgression.

In Kannur and Kozhikode districts, marine and esturine deposits have been located much above the

sea level. The Geological Survey of India (1 97 6) has indicated uplift in this area which is about 150

m. Radiocarbon dating of limeshell from Payyannur (onland) yielded ages of 43 70 i 100 and 4490

1; 90 yrs.BP. Peat from Thalasseri and Thanisseri gave ages of 7230 i 120 and 6420 i 120 yrs.BP,

mpectively. The analysis of the available “C dating from west coast falls in an age group between

S160 =l= 130 to 8820 i 120 yrs.BP. This indicates that the area in the west coast was uplifted to the

present level fi'om an estuarine enviromnent quite recently, and naturally not earlier than about 4000

to 8000 yrs.BP. Such uplifted segments during around 4000 yrs.BP are seen near Rameswaram,

Kamliyakumari etc. in the coastal tract of Southern India. This suggests that uplift 4000 yrs.BP was

very prominent neotectonic /eustatic event in the Southern coastal stretches of Peninsular India.

Root of a tree fiom a depth of 16.75 m from the Wellington Island, Cochin, gave an age of 8080 i

120 yrs.BP. Limeshell fiom the bottom of Vembanad lake yielded ages of 37 1 0 i 90 and 3 130 at

120 yrs.BP, whereas limeshell from the Ashtamudi lagoon gave an age of 1330 i 100 yrs.BP only.

In the broadest possible terms, it can be interpreted that foundering of estuaries along the Kerala

coast was sequential, with the northern estuaries being earlier than the southern ones. Offshore (off

Varkala) molluscan shells yielding radiocarbon dates of 5470 i 1 1 5 and 6120 i 1 10 yrs.BP suggest

that the configuration of the present day coast line of the South Kerala was attained not earlier than

this period (Soman, 1997). Occurrence of uplifted segments of the coastline, as in Varkala, Kannur
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etc. suggests that various segments of the coastline underwent differential uplift and subsidence. The

promontories seen along the coast are also associated with these movements. Escarpments seen

along the fiinges of the Ashtamudi, Vellayani and Sasthamkotta lagoons and Palaeo-lagoons of

Thrissur indicate that these were formed due to down faulting (Soman, 1997). Occurrence of

carbonaceous clay horizons with lateritic patches, 4.5 m above MSL near Thekkubhagam along the

periphery of Ashtarnudi lagoon indicates that the base of the lagoon was uplifted after foundering of

the lagoon (Soman, 1997).

A high gradient of the rivers in the upper reaches, and their matured behaviour towards the coast is

characteristic of most of the Kerala rivers. This is attributed to the uplift of the upper reaches,

namely the high lands. The Chalakudi and Periyar rivers have gradients of 1/ 250 or more for three

fourth of their courses. Such gradients are also observed in the upper reaches of the Karanmana and

Vamanapuram rivers in Thiruvananthapuram district; and Pampa, Bharathapuzha, Chaliyar and

Valapattanam rivers in Central and north Kerala. Behaviour of river courses in south Kerala (south

ofAchankovil shear zone) denotes an southerly veering of the river mouths, possibly due to a right­

lateral strike -slip movement of the upper reaches along the faults that separates the midland and

highlands with coupling movement along the coast line. North of Achankovil shear zone, and up to

the Palghat Gap, the sense of movements appears to be left-lateral in the upper reaches along

Idamalayar fault, resulting in the river courses close to their mouths turning northwest (Soman,

I997). Such a sequential contrast in river courses is discemible in the Mahe-Kannur stretch of the

coast with southerly shift of the river mouths. This indicates that different segments of the Kerala

region experienced non unifonn tectonic history.

In the southern Kerala, the coastal tract of the debouching point of the Karamana river shows

elevated topography compared to the northem stretch, with promontories at Kovalam and Vizhinjam

having seaward extensions of charnockite/ charnockite gneiss outcrops. Similarly, the coastal stretch

north 0fl1l'16 discharge Point ofVa.rnanapuram River also shows elevated coastal stretch. The coastal
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tractbetween the two river courses is subdued with the exception of elevated hillocks near Veli. This

suggests differential uplift of the coastal tracts along the major river courses, which generally follow

fault! lineament directions in Kerala (Soman, 1997). Although it is difficult to arrive at the chronology

of these events based on the available data, it is presumed that the sub latitudinal uplifil subsidence

along river courses including their upper reaches preceded the change in course brought about by

strike slip movements. The network of promontories, seen mostly in the northem and southern

segments might have originated due to sub-latitudinal uplift of the terrain along faults /lineaments,

coinciding with river course.

Summery of the Stratigraphic and geomorphic evolution history of India with special emphasise on

Kerala is given in Table 1 .4.

1.4 Study area

The present study deals with the hydro geolo gy, strati graphy and evolution of the palaeo-lagoon

(Kolc land basin) in the central Kerala coast, India. The palaeo-lagoon in the Central Kerala Coast

is the northem most tip of the South Kerala Sedimentary Basin (SKSB), which roughly covers a

geographic area between Ponnani and Munambam; the places in which Bharathapuzha and Periyar

debouches to sea.

The Palaeo-lagoon (Kole land basin) along the coast of Mathilakam and Chavakkad covers an area

of 1690 km’ forming part of Thrissur, Thalapalli, Chavakkad, Kodungallur and Mukundapuram

taluks of Thrissur district lies between North latitudes 10°l 7 ’29"and 1 0°43 ’43 "and East longitudes

76°0’0" and 76°33 ’33 " (Fig. 1.1 1). This basin covers the entire drainage area of the Karuvannur

and Kecheri rivers. The Conoli canal connects these rivers and allows draining via Chetwai backwaters

to Lakshadweep Sea. Within this basin, an area about 300 km’ lies 0.5 to 1.50 m below mean sea

level and is popularly known as ‘Kole land’. This low lying tract; Palaeo-lagoon, which invariably

gets waterlogged throughout the monsoon season (June to September) and separated from the sea

by a sandy belt (Plates 1 .l,1.2 & 1 .3). The study area bounded by Ponnani river basin in north and
I

north east, Chalakudi river basin in south and south east and Lakshadweep sea in the west.
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Table 1.4 Important events in Indian stratigraphy with special emphasize on Kerala from lower Cretaceous to
Recent
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These Kole lands have some similarities with Polder areas of The Netherlands. The name “Kole

land” is derived from the local word “Kole” which means “Chance” due to unique method of paddy

cultivation practiced in this low lying area. As the area is water logged during the monsoons, cultivation

is done only afier dewatering the area at the end of northeast monsoon season. One paddy crop is

grown in the dewatered fields between December and April. The pumped out water is stored in

open channels by constructing bunds. After transplantation of paddy, the water stored in the channel

is let out to the field for irrigating the crop. As the water stored in the open channel gets depleted,

water scarcity occurs in the later part of the crop period if the rainfall is also not adequate. If the

summer rain is morethan normal, there are chances for flooding in the crop area. Thus, the success

of cultivation in this area is a gamble and left to chance or “Kole” and hence the name.

The Palaeo-lagoon is famousnot only for the cultivation of paddy but for clay mining. Being thickly

populated, a substantial portion of the coastal and midland portion of the basin is utilized for residential

purposes, and hence it experiences serious groundwater quality variations and water shortage during

summer months. The groundwater availability and quality changes vary with landform, physio graphy,

stiatigraphy, hydrogeology etc of the area The tile and brick industries of the Thrissur and adjoining

areas have been using the clay deposits of this basin. The mining of sand deposits underneath the

clay layer has been started in recent years on upper reaches of the pal aeo-lagoon in Karuvannur

river basin. These mining operations have created some hydro geolo gical and ecological imbalance

in the area.

The study area covers almost 56% area of the Thrissur distri ct. The basin is well connected with

road and rail. The NH-17 is going through coastal plain region (western part) while NH-47 is

com1ecting mid land and eastem part of the basin. The district and corporation head quarters are

located in the central pat of the basin. Kunnamkulam, Chavakkad and Irinj alakuda are the

municipalities and Guruvayoor is the only township with in the study area. Wadakkancheny, Vazhani,

Peechi, Kodakara, Pudukkad, Mathilakam, Thriprayar and Chetwai are the other places of local

importance. The places like Wadakkancherry, Thrissur, Gumvayoor and Irinj alakuda are

connected by rail.
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Peechi, Chimoni and Vazhani are the reservoirs in the basin providing irrigation facility to the crops.

Apart from these, the right bank canal of the Chalakudi irrigation project is serving water in

southeastern parts of the basin dwing summer months.

The important characteristic features of the Palaeo-lagoon (Kole land basin) are as follows.

Total catchment area of the basin: 1690 Km’

Maximum altitude: 1 1 l 6 m (Pundimudi and Kammalamudi in Palapalli reseved forest)

Minimum altitude: -1.49 m (Kole land near Enamavu)

Mean altitude: 557 m

Total length of the rivers: Karuvannur: 52 km, Kecheri: 49 km

Maximum length x breadth of the basin: 62 km x 49 km

Minimmn length x breadth of the basin: 36 km x 18 km

Average length x breadth of the basin: 49 km x 33.50 km

Average rainfall: 2802 mm, Number of rainy days: 123.

A detailed hydro geological, stratigraphical and structural investigation are necessary in the basin for

its integrated planning, development, conservation and management of the natural resources in eco­

friendly sustainable manner, keeping in view the socio economic-dimension. In that sense this study

is expected to be useful to the people and Country.

1.5 Previous works in Palaeo - lagoon (Kole land basin)

The startigraphic aspects of the basin are broadly studied by Mahadevan (1964), Nair and Rao

(1980), Krishnana Nair (I996), Kumaran et al., (2004) and Nair et al. (2006). Water resource of

the area is first evaluated by Public works department, Government of Kerala (1 974). Hydrogeologic

aspect of the Palaeo-lagoon (Kole land basin) and adjoining area are studied by Menon ( 1 98 8),

CGWB (1992), Kukillaya et al. (2004) and Kukillaya (2007).
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Mahadevam (1964) has carried out systematic mapping of Thrissur district and broadly delineated

difierent geologic units. Subramaniam (1964) has conducted a study on the Tertiary sedimentaries

of Kerala coast, which include the coastal plain region of the study area. Public works department,

Government ofKera1a (1974) has carried out an investigation about the water resource of this area

in the published work “Water resources of Kerala”. The recent advances in the exploration for

groundwater in the coastal plains of Kerala has revealed that the best development of Cenozoic

sediments is in a stretch between Kollam and Kodungallur, besides the Tertiary sedimentary rocks,

there is a thick Quatemary salimentary sequence deposited in a variety of marine, marginal marine

and continental environments. Nair and Rao (1980) have studied the Quaternary sedimentation,

sea level oscillations, palaeo- climate of Kerala basin in their work” Stratigraphic analysis of Kerala

basin. The dynamic, narrow coastal plain of Kerala, unique for its diversified landfonns developing

as a result of depositional and denudational process has been studied in detail by Krishnana Nair

(1996) in his publication “Geomorphology and evolution of coastal plain ofKera1a”. He classified

Quaternary sediments into different morpho-stratigraphic units and chronological order of events

leading to the development of present landscape. Six morpho stratigraphic units/ surfaces namely,

Kadappuram, Viyyam, Periyar, Ponnani, Guruvayur and Kunnamkulam are identified based on

detailed mapping. Of these, first five are of depositional origin; while the sixth one is of erosional

origin (Table 1.5). Evidences of both emergence and submergence are noticed along the coast and

hence the Kerala coastline can be classified as a compound coastline. Nair et al. (2006) have

worked out an out line of Quatemary geology of South Kerala sedimentary basin. The south Kerala

sedimentary basin, extending along the coast ofbetween Kollam and Kodungallur is the landward

extension of the Konkan-Kerala basin. Based on sediment characteristics and tectonic setting, they

divided the South Kerala Sedimentary basin into three separate blocks. (i) Southern block (uplifted

during Pleistocene end), (ii) Central depression (undergoing subsidence from Early Miocene to

present) and (iii) Northern block (uplifted during Pleistocene — Holocene transition but under going

subsidence during Holocene).

Menon (198 8) is the pioneer of the hydrogeological studies in the Kole land basin. The groundwater

resource of the Kole land basin area has been evaluated by Central Groundwater Board in 1992

tmder SHDA assisted Coastal Kerala Groundwater project. Kukillaya et al. (2004) have studied the

occurrence of brackish groundwater in fractured hard rock aquifers along a narrow N-S fracture

zone in Puzhakkal —-Avannur area, which is more than 17 km from sea. Relative proportion of
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Table 1.5 Stratigraphic succession and morpho-stratigraphic surfaces of Quaternary
sediments of Kerala basin (Krishanan Nair, 1936).+-- ‘"* ‘ -|' *
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chloride and bicarbonate suggests intrusion of saline water into this fracture zone from low lying

U688 comrected to saline back waters. Kukillaya (2007) studied the characteristic responses to

pumping in hard rock fracture aquifers of Thrissur, Kerala and their hydro geological significance.

Pumpingtwt data in the hard rock fracture aquifer ofThrissur district has revealed certain characteristic

responses. Thirty two percent of pumping test data shows simultaneous recharge to the aquifer

during pumping. lntercomrections between phreatic and fracture aquifers and recharge from the

phreatic zone to the fracture zone are indicated. Responses similar to double- porosity model are

attributed to the probable large variations in fracture scales. Another characteristic response is that

of continuous slope increase in semi-lo g plots of draw down indicating linear fracture zone with

barrier boundaries on both sides. Geological features and good fracture comrectivity support this

inference. Similarity with the response ofhomogenous anisotropic aquifer is also seen when response

over a large area considered. Large spatial variations in specific capacity indicate heterogeneity.

Tests suggest that turbulent flow around pumped wells. The responses suggest that the fracture

aquifers in the area have only limited potential.

1.6 Physiography and slope

Based on the physiographic and slope maps of Kerala the palaeo-lagoon (Kole land basin) can be

classified into four physio graphic zones: Elevation between 0-10 m- Coastal plains and lagoons;

elevation between 10-300 m — Lowlands; elevation between 300-600 m - Midlands and the elevation

between 600-1800 m - High lands (Fig. 1 .12). The average altitude of the basin is 557 in above

mean sea level. The highest point is Pundimudi (1 116 m.a1nsl) in Palapalli reserved forest on the

eastem part of the basin. Other important peaks are Kanunalamudi (1 1 15 m), Vellimudi (928 m),

Manalkunnu (865 m) in the eastern part of Karuvannur river and Munippara (522 m), Vellani mala

(575 m) in the north eastern part of Kecheri river basin. Velengankunnu near Puzhakkal (106 m) is

an important physiographic feature (palaeo-topographic height) within palaeo-lagoon (Kole land).

Areas of different landfonn unit are given as follows.

Fig. 1.13 describes the slope distribution of the study area. All the areas except southeastern and

eastern part of the basin fall under very gentle to gentle category (slope <10 °).

Fig. l .14 displays the different geomorphic units of the study area. The major geomorphic units are

coastal plain, structural hill, denudational hill, pedeplain etc.
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Table 1.6 Physiographic units in the Palaeo-lagoon (Kole land basin)

SNo iPhysiographicunit Nam Percentage ofthetotai area J
1 iCoastal plain and lagoon 216.00 12.78
.2 Pa1ae<>Iagoon<.+<oIeIan.q) -____30@-00 17175-Mid1and    émiiii  ­Highland T’ 402.00. 23.78 .

U1-bu)

Meufliain Peak C  J"9°l°5iWJ if 5-33 2
l

1.7 Climate

The Palaeo-lagoon (Kole land basin) shows very moderate climatic variations. According to

Thomthwaite’s climatic classification the basin comes under wet rain forest type of tropical climate.

In general four seasons are identified. These are the hot summer season fiom March to May, southwest

monsoon season from June to September, the northeast monsoon season extending from October

to December and cool post monsoon period during January and February.

On an average 2802 mm rainfall occurs annually in the basin. The maximum rainfall occurs during

southwest monsoon season and nearly 72% of the total rainfall is received during this period. Out of

total 123 rainy days in a year, 84 days are accounted during southwest monsoon period. The highest

rainfall occurs in the northwestem part of the basin around Pazhanji and the lowest rainfall is recorded

in the southwestern part of the basin around lrinjalakuda (Fig. l .15).

Drought frequencies are worked out based on Agricultural definition of drought which takes into

account the negative departure of rainfall from mean rainfall. During the period 1901 to 2005 the

basin has not experienced any sever drought. However, it is observed that during the 105 year

period 41 years have recorded below normal rainfall. Continuous occurrence of mi ld and normal

drought is observed during the periods 1951 -54, 1972 -74 and 2000-03.

The December to January months registered high wind speed and it is less in July. The wind direction

is predominantly from east and west during moming and evening hours respectively. The mean wind

speed is 5 .5km/hour. The mean monthly relative humidity varies fiom 76% to 93% during J une to

September. It is about 70% in January. The surface air temperature varies from 29°C to 36°C at the

maximum and it ranges fiom 22°C to 25°C at the minimum. Evaporation is high during January to

22



/1 11 In - pé1I.“.  "'_

'I-IIQ

-' 1  . .I I I 1 nI I I I I
GEOMORPHOLOGY

Palaeo-lagoon (Kola land basin)

- Paleaq
- |'\'v‘-=.I<1l.R\

- F31."--I\ E\|_-"_|-s .II'.

- .£tr.|s1u|a H: e
- ‘Hater B30,­

'(.:*.a.=:a 3'=m

- Lk-| U3-.1? -.-ml H II-.­

- Deruzzt-oral Structxz -I-Ils

- FI:c:I I’-Ia '1 ‘- .'._.'~g-;|- \. .

-:L‘,4

II
I’

Plan: 1-PI;"¢I.I.";lI'I ) .'> J E '.I 1--._.I I I I I I I‘Yr. i ‘\| v ,1 ‘WE ‘-2:1
I _

101- \“/ I1 I
10.65- )/I?
1Q6j<\”//r;;;;j

\ . Chav
\1055f no/

Fig. 1.14 Mop showing geomorphic units of the study area

L I I HI I I I I I I I
III _

.1

­

.110.51

I

10.4% YI1o.4~ ­1o.asJ ­
10.3-I

76 76.05 76.1 76.15 76.2 76.25 76.3 76.35 76.4 76.45 76.5 76.55

Fig. 1.15 lsohyetol map of the study area for the period from 1981 to 2007

I.
;
I-__.-,

. .\— ,.-.‘.

3100

3000

2900

2800

2700

2600

2500

2400

2300

2200

2100

2000

1900

1800

1700

Y



Chapter I  General Introduction
April. The maximum is 6.7 mm /day and minimum is 1.8 mm/day is recorded during southwest

monsoon period. The annual potential of evapo-transpiration is l 744.5 mm for the basin. Rainfall

analysis data of the basin is given as follows.

Number of years of data analysed: 105

Mean annual rainfall: 2802 mm

Standard deviation: 670 mm

Highest rainfall: 4731 mm

Lowest rainfall: 1274 mm

1.8 Drainage

The Kole land basin is drained by two rivers namely the Karuvannur and Kecheri .The Karuvannur

river originates from Palapilly reserved forest and flows towards south west up to Panakulam and

then flows westward. The river bifurcates near Kuttamangalam; one of the branches flows southwards

and joins the Lakshadweep sea near Kodungallur while the other branch flows northwards and

joins the Lakshadweep Sea near Chettuvai. Manli and Kurmali are the main tributaries of Karuvannur

river which joins to fonn Karuvannur river nearArattupuza The Chonni and Mupili are the tributaries

of Kummali river. The major two dams of the Thrissur district, Peechi and Chimoni are constructed

in Manali and Chimoni rivers respectively. The total length of Karuvannur river is 52 km and the

catchment area is 1054 km’.

The Kecheri (Wadakkanchery) river originates from Machadmala in the upper reaches ofThalapl1i

taluk in the Western Ghats. The river flows in the northwesterly direction up to Nelluvai and then

takes a southwesterly course up to Choondal. There afier, the river flows south wards up to Matukara

where it empties into Palaeo-lagoon (Kole land) which are connected to back waters at Enamakkal.

Total length of the Kecheri river is 49 km and the catchment area is 402 kmz. Puzhakkal is another

minor river which empties into Palaeo-lagoon (Kole land) and has a catchment of 2 34 km’.

The drainage pattern of the area ca.n be classified as dendritic. However, some linear alignment of

streams conforming to the structural features also observed at eastern and northeastern part of the

basin. The rivers of the basin show meandering, braided pattern in palaeo-lagoon and coastal plain

regions (Fig. 1.16).
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The mean annual flow of Karuvannur river at Kamvannur bridge is 1554 MCM (1975-2005) and

that of Kecheri river at Pazhoor is 200 MCM. The drainage density and stream frequency of the

Kole land basin has been worked out to be 0.24 km/km’ and 0.06 stream/km’ respectively. The run

oficoefficient varies from 0.34 for Kururnali sub-basin to 0.71 for Karuvannur and Kecheri basins.

Since the runoff fi gures were not available due to the construction of check dams for irrigation during

December and June, the annual rainfall could not be correlated with annual runoff.The Chetwai

backwater and Muriyad lagoon are the other two water bodies in the basin. The Chetwai backwater

has 4.08 km’ water spread area and 12.24 MCM storage (Plate.1.4).

1.9 Soils

According to Soil survey department, Govemnent of Kerala (1978), Thrissur district has basically

6 types of soils (i) brown hydromolphic, (ii) hydromotphic saline, (iii) laterites, (iv) riverine

alluvim, (v) coastal alluvium and (vi) forest loam. Detailed soil map of the area showing different

soil characteristics such as drainage, texture and depth have been prepared for reference (Fi gs.

1 . 17- 1 .19).

1.10 Landuse

The landuse pattem of the basin is studied and mapped by Kerala State Land Use Board under

Panchayat level resource mapping programme (2000). Details of landuse pattem in the palaeo­

lagoon basin are given in Table 1 .7. The mixed crop covers 30.18%, paddy field 20. 14%, coconut

13.08%, forest 12.13% and rubber 7. 10% area of the basin. Land use map of the basin area has

been prepared for reference (Fig. 1 .20 & Plate 1.5).

1.11 Geological setting of the study area

The coastal belt and mid land are primarily made up of sedimentary formations of age group varying

from Recent to Sub Recent to Pleistocene. Whereas high land falls in the age of lower Precambrian

to Archaean. The surface geological feature of the coastal belt consists of mainly sand, sandy clays,

clays and laterites. The mid land and high land are characterised by laterites Lmderlain by gneisses

and primary charnockites.
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Table 1.7 Landuse pattern of Palaeo-lagoon (Kole land basin)

S.No‘ 1
Totdl dred

Ldndbse A W03 0 I at 3 3 3 3 30Arec1(km2}’ 3Pe3rcentdge of tn;

Mixed crop . 510.00 30.18

.. _  . .  _ 2A 20.41021 “Paddy field 011345.00 5‘ 3
_3Coconut é 221.00 1 3.08

4 F0rest  1 205.00 12.13

Rubber " 120.00 7.10

a 6A Reclcnmed pdddy field 2 90.00 5.33

7  Water bodes 0 K 60.00 3.55

8 Other crops (Pldntdin, Vegetables. Pulses etc.) 1—50.00 2.96

. 9 Construction dred 40.00 2.37

t to t Cultivdble wdste ldnd 13010 5.00 0.89

11  Arecd hut  3 1 2.00 0.71

? 1123 PIOHTOTIOFIS-I (Tedk, Euédlyptus etc)3 A “T?0 10.00 330.59

*7‘ __ _ -—~7 ____ _ "7 ___ . _ i _ .. * ' 7 7.
—13 * Mines (Ldterite, Rock qudny, Clay etc.) '5.21 00.31

q I112 Wdste ldnd  0 0  "3135.300 0.30

115 Bedch 1 .00 T 0.06

V 168 MQfShy|C1f'1dM K 3 1 0.8T 0.05

A

"1

Data source: Kerala State Land Use Board
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F Precambrian and Tertiary tectonic activity was prevalent in Palaeo-lagoon (Kole land basin). As a

result numerous major and minor lineaments have originated in the area. The lineaments trending

NE-SW, NW-SE, NNW-SSE, E-W and N-S are present. Majority of lineaments fall in the NW­

SE and NNW-S SE trending categories and are ofien hosting dykes of dolerite / gabbroic composition,

having a definite signature in the geological setting of the region. These linear fracture zones fonn

major aquifers in the northeastern part of the basin (Kukillaya et a1., 1 999, 2002). Next in importance

are the WNW-ESE trending lineaments. In the groundwater point of view this fracture is also

productive (Fig. 1 .21).

1.12 Objectives

The Palaeo-lagoon (Kole land basin) of the Central Kerala coast received little attention on the

hydrogeological and stratigraphical aspects. It is in this context the present work has been undertaken,

Major objectives of the present investigation are:

'2' To determine the groundwater potential, resource, aquifer parameters and groundwater

quality of the basin.

'1' To evaluate the vulnerability of the aquifer to seawater intrusion in coastal area and

groundwater vulnerability to pollution in the basin.

'2' To delineate the stratigraphic sequences of the area and evaluation of palaeo-environment

of deposition.

'3' To study the evolutional history of the palaeo-lagoon.
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CHAPTER 2

METHODOLOGY

2.1 Introduction

Groundwater plays a key role in the maintenance of our c0untry’s enviromnent and standard of

living. It is a renewable natural resource, vitally important for man and nature, its relatively shallow

circulation (tens to hundred meters) and it vulnerability due to geogenic and man made stress and

ability to transport pollutants, groundwater has been recognized to be one of the most dangerous

media, that degrade the quality of environment, with related to economic and social consequences.

Perhaps most significant enviromnental problem in the 21“ century is the threat to public health with

about 1.2 billion of global population with out adequate access to safe drinking water.

India has a very long coast line of about 7500 km, including Andaman and Nicobar islands and

Lakshadweep islands. The east coast is about 2600 km long while that of the west coast is about

3400 km the rest being the coastal length of the two island groups. About 25% of the cormtries

population is living along the coastal zone. Similarly urban centres are concentrated much more

along the coast compared to inland area. Three out of the four Metros are falling along the coast.

The coastal zone is the mo st industrialised area in the country. 14 major, 44 medium and 55 minor

rivers or streams discharge in to the sea along the entire length of the coast.

Human civilization started evolving along the riverbanks and coastal areas due to easy availability of

the water. Thus the hunt for groundwater also began along the alluvial tracts of rivers and coastal

area. The semi consolidated and unconsolidated sediments along the coastline helped the man kind

to go in for deeper groundwater exploration during the first half of the last century. As the exploration

advanced towards deeper horizons, problems like salinity hazards, salt water intrusion etc. were

faced which made the situation quite complex. One of the important features of the coastal deposits

are the occurrence of groundwater in inter- bedded alluvial and marine sands, silts, clays and carbonate

rocks deposited under beach, lagoon, estuarine and marine environments. Coarse sediments are

found to occur along the coast where youthful river discharge. Generally due to the differential

compaction and the nature of the bedrock topography, the coastal sediments attain a seaward dip.

Porosity, permeability, grain size, lithification of the sediments, sedimentary structure and texture are
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the factors controlling the storage and movement of ground water in sedimentary areas. All these

factors also have a control on the quality of the formation water.

In crystalline area fractures and discontinuities are the most important geological structures. Most

rocks posses fractures and other discontinuities which facilitate storage and movement of fluids

through them. Discontinuities like faults, dykes etc. act as barriers to groundwater flow. Main flow

paths in fracture rocks are along joints, fiactures, shear zones, fault and other discontinuities.

From the above mentioned facts it is clear that hydrogeology, stratigraphy and evolution are interrelated

as fen as an area is concerned; it is not treated as water tight compartments. Hence different scientific

methodologies have to be adopted to study the hydrogeology, stratigraphy and evolution of the

basin. This chapter deals with the various methodologies adopted to achieve the objectives of the

research work in Palaeo-lagoon (Kole land basin).
O

2.2 Field investigations

The Palaeo-lagoon consists of two minor basins namely Kecheri in the north and Karuvannur in the

south. The area includes various physio graphic units such as coastal plains, palaeo-lagoon, mid land

and high land. Scientific investigation methodologies and techniques suitable to each terrain has been

adopted for water level collection, sample collection geophysical data collection, pumping tests and

level survey in the basin area.

2.2.1 Groundwater level collection from observation wells

Twenty three observation wells were fixed in various parts of the basin for monitoring the ground

water level of the phreatic aquifer. The details such as location name, latitude, longitude, total depth,

diameter, height of parapet, formation type etc. of each observation well were recorded before

starting the monitoring (Fig. 2.1 & Table 2.1). Out of 23 observation wells, 5 were in coastal

alluvium while the remaining l 8 were in lateritic formation of mid land and high land. Observation

well density is l per 73 km’. Water level data of the observation wells have been collected every

month.

2.2.2a Ground water sample collection

Groundwater samples have been collected from 23 observation wells of the basin during the years

from 2000 to 2006 covering pre-monsoon (April) and post monsoon (December). Groundwater
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samples were collected in a pre cleaned poly ethylene bottles. Prior to sampling, the containers

were rinsed two to three times with the respective groundwater under sampling. Many of the water

quality parameters such as pH, Electrical conductivity (EC) and Total dissolved solids (TDS) were

measured in the field itself. For analysing total iron, the samples were preserved in the field by

adding concentrated HNO3 (2ml/100ml) as preservative agent and transported to the laboratory

following standard guide lines (APHA, 1 985). For bacteriological analysis the samples were collected

aseptically in sterilised bottles and transported to laboratory in icebox maintaining the temperature at

4°C. Test for total coli forms and faecal coli forms were done within l2 hours of sampling.

Bacteriological analyses were done in the year 2006 covering pre and post-monsoon periods.

2.2.2b Collection of core and lithological samples

The collection of core sample is essential for scanning sub surface geology of an area. The stratigraphic

sequences, mineralogy, grain characters, mega and micro fossil assemblages, microstructures and

textures of the sediments etc. are determined using these samples.

Core and lithological samples from 57 places, with depth varying from 2 to 300 m were collected

fi'om various parts of the basin (Table 2.2). Out 57 samples 6 were continuous undisturbed samples

collected up to a depth of 30 m bgl from palaeo-lagoon with the help of calyx drilling (Plate 2.1)

while disturbed samples were collected from 14 places of the coastal plain area at 0.30 m interval

using cable tool method. In the remaining 37 places, disturbed samples were collected at l m

intervals during the drilling ofbore well/tube well by Central Groundwater Board (CGWB) or State

Ground Water Department (SGWD) or Private drilling agencies. Samples were collected and labelled

at site for textural analysis of the sediments. Litholo gs of each location have been prepared for

reference.

2.2.3 Geophysical investigations

Geophysical exploration is the scientific measurement of physical properties of earth’s crust for

investigating mineral deposits, grormdwater, petroleum, geologic structure etc. Geophysical techniques

are generally sub divided into static and dynamic techniques. The static techniques measure the

resident physical parameters of subsurface rocks. In dynamic technique rock parameters are measured

as a response to energy fluxes injected into earth. The common static type geophysical techniques

are magnetometric, gravimeuic and telluric. The geo-electrical, electro-magnetic and seismic methods

are the usual dynamic geophysical techniques used in the field.
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Geophysical techniques are the most helpful in areas where the geology is not too complex and a

large contrast between the physical parameters of various rock fonnations exists. Geophysical field

techniques are engaged to detennine physical parameters of core, mantle and crust of the earth. The

physical parameters of the subsurface rocks such as shock wave velocities, resistivity, magnetic

susceptibilities etc. can be determined using geophysical equipments. The geophysical techniques

are most important tool in the search of natural resources including potential oil field, mineral resources

occurrences. For oil and mineral exploration the first few thousand meters of the crust may be

considered. Groundwater investigations usually do not exceed below 500m depths.

Electrical resistivity method is one of the most widely used geophysical investigation technique,

which gives good indication of the occurrence of fractured zone as well as the quantity and quality of

groundwater. If a material of resistance R has cross sectional areaA and a length L, then its resistivity

can be expressed as p= RA/L. Units of resistivity are ohm-mi/m or simply ohm-m. The resistivities

of rock formations vary over a wide range, depending on the material, density, porosity, pore size

and shape, water content and quality, and temperature. There are no fixed limits of resistivities of

various rocks; igneous and metamorphic rocks yield values in the range of 102 to 10* ohm-m;

sedimentary and unconsolidated rocks from 10° to 10‘ ohm-m. In porous formations the resistivity

is controlled more by water content and quality within the fOI‘lTl&li0I1 than by the rock resistivity. For

aquifers composed of unconsolidated materials, the resistivity decreases with degree of saturation

and salinity of groundwater. Clay minerals conduct electric current through their matrix; there for,

clay fonnations tend to display lower resistivity than do penneable alluvial aquifer. Actual resistivities

are determined from apparent resistivities, which are computed from measurements of current and

potential differences between pairs of electrodes placed in the ground surface. The procedure involves

measuring potential difference between two electrodes (P in Fi g. 2.2) resulting from an applied

current through two other electrodes (C in Fig. 2.2) out side but in the line with the potential electrodes.

If the resistivity is every where uniform in the subsurface zone beneath the electrodes, an orthogonal

network of circular arcs will be formed by the current and equipotential lines, as shown in the Fig.

2.2. The measured potential difference is a weighted value over a subsurface region controlled by

the shape of the net work. Thus, the measured current and potential differences yield an apparent
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resistivity over an unspecified depth. If the spacing between electrodes is increased, a deeper

penetration of the electric field occurs and different apparent resistivity is obtained. In general, actual

subsurface resistivities vary with depth; therefore, apparent resistivities will change as electrode

spacing are increased, but not in a like manner. Because changes of resistivity at great depths have

only a slight effect on the apparent resistivity compared to those at shallow depths, the method is

seldom effective for detemiining actual resistivities below a few hundred meters.

Electrode consists of metal stakes driven into the ground. Various standard electrode spacing

arrangements have been adopted in electrical resistivity method; most common are Wenner and

Schlumberger arrangements.

The Wemier arrangement shown in the Fig. 2.3a has potential electrodes located at third points

between current electrodes. The apparent resistivity is given by the ratio of voltage to current times

a spacing factor. For Wenner arrangement, the apparent resistivity it = Zr: a V/l, where” a” is the

distance between adjacent electrodes, Y is the potential difference between adjacent electrodes,

and I is the applied current.

The Schlumberger arrangement, shown in figure 2.3b, has the potential electrodes close together.

The apparent resistivity is given by it = at (L/2)2—(b/2)’/b x V/I where L and b are the current and

potential electrode spacing respectively. Theoretically, L >>b, but for practical applications good

results can be obtained if L3 Sb.

The apparent resistivity is plotted against the electrode separation. This resistivity curve is then

interpreted in terms ofhorizontally stratified materials, there by obtaining the number of layers, their

respective thickness and resistivity, with the help of standard curves prepared by Oreelana and

Mooney ( l 966) for Schlumberger arrays. Standard computer programme is also available for this

purpose.
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As the part of research work, there are 57 VES surveys conducted in various parts of the basin

during the years 2003 to 2006. Aquameter (CRM—20) and Schlurnberger configuration were used

inthe field for geophysical data collection. Geophysical investigation has been carried out in 45

places of the Palaeo-lagoon (Kole land basin) up to a depth of 150 m below ground level to

understand the subsurface geology, fracture pattern and groundwater quality of the basin and analysed

VES data.

2.2. 4 Pumping test and evaluation of aquifer parameters

Pumping tests are the methods used for the determination of aquifer parameters such as hydraulic

conductivity (K), coefficient of transmi ssibility or transmissivity (T), coefficient of storage or storativity

(S) and drainage factor (B). In addition to these, the important hydraulic characters of confining

layer are hydraulic resistance (c) and leakage factor (L). This is one of the most useful means in not

only for determining the aquifer hydraulic properties of aquifer and confining beds, but also the

determination of yield, drawdown, specific capacity and designing of the well. However, various

formulae, which are used for the analysis of pumping test data, are based on certain assumptions

and therefore while analysing the test data it is essential to have a clear understanding of the application

of a particular method to the prevailing field conditions.

A German scientist Adolph Theim published the first formula based on the work of Darcy and

Dupuit, for detennining aquifer characteristics from pumping tests. Since then, various workers for

determining aquifer properties under different geo hydrological condition have suggested many

formulae. Excellent accounts of these methods are given by Walton (1962, 1970), Hantush (1964),

Kruseman and De Ridder (1970). Aquifer parameter could be evaluated using classical and digital

methods. Many of the available classical pumping test analyses are mostly graphical (Cooper and

Jacob, 1946; Papadopulos and Cooper, 1967; Romani, 1987; Boultan and Stretsova, 1974; Mishra

and Chachadi, 1985; Sin gh and Gupta, 1999) which require data plotting and individual judgment

during the curve fitting procedures.
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Porosity (6): It is an important hydrological characteristic of a formation. Porosity is measure of the

interstices present in a formation. It is defined as the ratio of the volume of voids to its total volume

and can be expressed either in percentage or in decimal fraction.

6= Vp/ Vb ; where, 6= porosity, vp= volume of pore space and Vb: bulk volume

Porosity is usually of two types; primary porosity and secondary porosity. Primary porosity is the

inherent character of a rock, which is developed during the fonnation of the rock. In sedimentary

rocks and unconsolidated formations; the porosity is of primary nature due to intergranular spaces.

Secondary porosity is developed due to subsequent process such as fiacturing and jointing of i gneous

andmetamoiphic rocks and dissolution in carbonate rocks. The shape and arrangement of constituent

grains, degree of sorting, cementation and compaction, fracturing and dissolution control the porosity

of the rock. The porosity of aquifer materials is given in the Table 2.3.

The porosity of an aquifer is the sum of specific retention (Sr) and specific yield (Sy). The specific

retention is a measure of the volume of water, which is retained by the aquifer material against gravity

on account of cohesive and inter-granular forces. Specific yield is the water yielding capacity and is

also termed as effective porosity. The specific yield is expressed quantitatively as the percentage of

the total volume of rock occupied by the water, which can be drained out by gravity.

Specific yield increases with increase in grain size and sorting while specific retention increases with

decrease in grain size and assortment.

Hydraulic conductivity (K): The hydraulic conductivity, also known as permeability, is a measure

of the ease with which a fluid moves through a formation and is defined as the amount of flow per

unit cross sectional area under the influence of a unit gradient. It has the dimension of velocity (LT")

and is usually expressed in m/day. The range of hydraulic conductivity values for various types of

geological fonnafions is given in Table. 2.4.
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Transmissivity (T): Transmissivity or coefficient of transmissivity is a hydraulic characteristic of the

aquifer, which was first introduced in groundwater literature by Theis (1935). It is defined as the rate

of flow of water at the prevailing field temperature under a unit hydraulic gradient through a vertical

strip of aquifer of unit width and extending through the entire saturated thickness of the aquifer. It is

therefore, a product of the average permeability and saturated thickness of aqui fer i.e. T= Kb where

b is the thickness of aquifer. Transmissivity has the dimensions of UT" and is usually expressed in

m2/day.

Coefficient of storage or storativity (S): The storage coefficient of an aquifer is defined as the

volume of water that vertical columns of aquifer of unit cross sectional area releases from storage as

the average head within this column declines a unit distance. It is dimensionless. In confined aquifers

where water released from or taken into storage is entirely due to compressibility of aquifer and of

water, the storage coefficient (S) is given by S = (b x Ss) where b is the thickness of the aquifer and

Ss is the specific storage with dimensions of L" and is defined as the volume of water which a unit

volume of aquifer releases from storage because of expansion of water and compression of the

aquifer under a unit decline in the average head within the unit volume of the aquifer (Hantush,

1964).The storage coefficient in confined aquifers has the order of magnitude of 103 to 10‘. The

storage coefficient for water table aquifer is given by Sw = Sy + bSs, where b is the height of

watertable above the base of fiee aquifer, and Sy is the specific yield of the aquifer. Usually Sy >>>

bSs. Thus Sw for all practical purposes can be regarded as the specific yield. The specific yield is

defined as the ratio of the volume of water that a rock or soil will yield by gravity to its own volume.

In other words, it represents very closely the effective porosity (Hantush). The storage coefficient in

unconfined aquifers ranges from 0.05 to 0.30.

Hydraulic diffusivity (D): Hydraulic difiusivity is defined as the ratio of transmissivity and storativity

and is given as D = T/ S. Diffusivivty has the dimensions of UT“ and is generally expressed in

ml/day.

33



Chapter {I _ Methodology
Table 2.3 Porosity of aquifer materials (Manual of aquiler parameters, 1982 by CGWB)

S.No Aquifer material ;No.of anlaysis Hlbrosity range _ Arithmaticmn

_r—

lgneous rocks

A 1 Weathered granite 8 0.34 - 0.57 % 0.45

3 Weat hered gabbro 4 0.42 - 0.45 M 0.43 E

- 3;Basalt %_% _ 94 0.03 - 0.35 3* 0.17

Sedimentary rod<s

ili‘_—_ZJl

1 Sanclstone _ "805 0.14 - 0.49 0.34
I

i

|_L  .

l\J

Site one 7 0.21 -0.41 _0.35
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1

I

00

l 1
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F?!
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Sit 281
‘ Z3
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°_°

Oay 74 0.34 - 0.57 _ 0.42

£0

Limestone 74 0.07- 0.56 1 0.3
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L‘, .Metamorphic rocks

1 Szhist _ 18 l 0.04 - 0.49 _
Table 2.4 Some typical values of hydraulic conductivity (alter Morris and Johnson, 1975)
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_\

we (°°a'9e) -. 150 “P

1

_.r

N)

gavel (medium)    270'

OJ

Gravel (fine) 0 l‘

-II­

y§8and (coarse) W _ 45

4T

U1

. .1.§8and (medium)? y 12

CD

2.5

N

L;

§5&nd (fine):1 -4 4 |1 an » _ 0.08
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Leakage coefficient or Leakance (1/c): It is the property of the semi-confining layer and is

defined as the ratio of the vertical permeability of semi confining layer to its thickness, ie, K/b. It has

the dimension of time".

Hydraulic resistance (C): It is also called reciprocal of leakage coefli cient or resistance against

vertical flow and is a property of leaky aquifers. It is equal to b/K. It characterises the resistance the

semi-pervious layer to upward or down ward leakage. It has the dimensions of time.

Leakage factor (L): The leakage factor determines the distribution of the lekage in to leaky (semi)

confined aquifers. High value of leakage factor indicates a great resistance of the semi-pervious

strata to flow. This factor is dimensions of length and is expressed in meters.

Drainage factor (B): The drainage factor is a property of unconfined aquifers. The drainage

factor B = \/(T/ Sy). A large value of B indicates a fast drainage. The drainage factor has the

dimensions of length and expressed in meters.

Specific capacity (c): The production capacity of a well is rated by its specific capacity, which is

defined as the discharge for unit time for unit draw down. It is expressed by the relation C = Q/ s,

where C is the specific capacity, Q is the discharge and s is draw down in meters. The specific

capacity of a well depends on several factors.

Optimum yield: Optimum yield is one of the important characteristics of the aquifer, which forms

the basis for any type of pl anning and implementation. Optimum yield of a well is the volume of

water per unit time discharge by pumping and it is measured commonly as a pumping rate in cubic

meters per day (Karanth, 1 987).

2.2.4a Groundwater movement

Groundwater in its natural state is invariably moving. This movement is governed by established

hydraulic principles. A judicious exploration of groundwater resources is not possible Without the

basic knowledge of groundwater hydraulics. Therefore, a number of fundamental laws governing

the flow of groundwater through permeable formations and practical formulae for flow through

aquifer are discussed here.
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Darcy’s law: Darcy’s law states that the filtration velocity of seeping fluid depends linearly on the

loss ofhead over the given path and can be expressed by the following relation V= -Kdh/ds

where,

V= Filtration velocity or specific discharge, the discharge per unit cross sectional area of the soil

through which the water is flowing.

K= Coeflicient of permeability of soil, also termed the hydraulic conductivity or transmission constant.

h = Head of groundwater at the point in consideration, measured with respect to a given reference

level.

Dh/ds = Hydraulic gradient at that point, i.e, the loss of head dh divided by the distance ds along the

direction of flow.

The piezometric head of the groundwater or groundwater potential can be expressed as

h = P/pg+Z+V2/2g Where,

Pl pg = The pressure head of the groundwater at the point in consideration.

P = The pressure at that point.

p = The density of water.

g = The acceleration due to gravity.

Z = The elevation of the point with respect to the given reference level. It is also termed as the

elevation head or geodetic head.

V = velocity of flow at the point under consideration

The piezometric head can be therefore defined as the sum of pressure head, elevation head and

velocity head. In case of groundwater, velocity of flow is small and hence velocity head is comparatively

much smaller than other heads and hence is neglected. To simplify mathematical treatment, aquifers

will be assumed to be homogenous and isotropic.

The groundwater head h has the dimension of length, (L). The specific discharge (or the filtration

velocity) V has the dimension of velocity, (L/T) and m/day be used as unit for K.
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Da1'cy’s law is valid for laminar flows. For Reynold’s number (NR) up to 1 , the flow is fully laminar,

the flow is fully turbulent at Reynolds number greater than 1000. For l<NR <1000, the flow is in a

transition zone. The Reynolds number NR is defined as NR= Vd/ u, where V is the filtration velocity

defined by Darcy’s law, d is the characteristic grain diameter of the soil and u is the kinematic

viscosity of water.

Steady state flow: A steady flow implies that no change occurs with time. Flow conditions are

differing for confined and unconfined aquifers.

Confined aquifer: The steady radial flow to a well through the aquifer at a distance ‘r ’ from the

central axis; follow Theim’s (1906) equilibrium equation. The draw down ‘ s ’, at a radial distance ‘r

’ from the well is given as s = ho-h = Q/2nKb in ro/r.

Unconfined aquifer: Consider the case of pumped well located in an unconfined aquifer and

discharging steady discharge Q. The flow at radial distance r from the well is given by the following

equation under the simplifying assumptions made by Dupuit (1 853). Q = AV = 21tK h dh/dr where

h denotes the height of water table above the lower impermeable boundary at any distance ‘r’ from

the well (Fi g. 2.4).

Unsteady state flow: Unsteady state flow implies the decline of head as long as the pumping

continues due to the reduction of storage in the aquifer.

Confined aquifer: Consider a well fully penetrating an artesian aquifer overlain and underlain by

aquiclude pumped at constant rate Q. The aquifer is assumed to be homo genous, isotropic, infinite

in areal extend and is the same thickness through out. The flow is radial through out (Fig. 2.5). When

production well in such an aquifer is pumped, water is continuously withdrawn fiom storage within

the aquifer as the cone of depression progress radially further from the well. Because of the absence

of source of recharge in the fonn of vertical leakage or a recharge boundary, there can be no

stabilization of water levels and the head in the aquifer will continue to decline provided the aquifer

is effectively infinite in areal extend.

The unsteady state: The equation for radial flow in son leaky artesian aquifer is applied by Theis

(1936) and Jacob (1950).
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The equation may be written as s = Q/41:T W (u). Where, u = r’S/4Tt, s = drawdown (L), r =

distance fi'om pumped well to observation well (L), Q = discharge (L3/T), t = time after pumping

started (T), T = coeflicient of transmissibility (L2/T ), S = coefficient of storage and W(u) is the well

fimction for non leaky artesian aquifers fully penetrated by wells and constant discharge conditions.

Values of W(u) is obtained from the chart of Winzel (1942). When the pumping period is large or

the distance r is small, values of u will be small. When u d” 0.01 , then (Cooper and Jacob, 1946) the

equation may be written as

T = 2.30Q/4ms, wherea s = drawdown difference per log cycle (L).

The straight line plot of distance -drawdown and time-drawdown may be extrapolated to their

intersection with zero drawdown axis. At the zero drawdown intercepts, s = 0, then equation may

be written as S = 2.25Tt0/r’ and S = 2.25 Tt/r02 where to = intersection of time drawdown semi log

straight line with zero drawdown axis (T), ro = intersection of distance drawdown semi log straight

line with zero drawdown axis(L) and other terms are as defined earlier.

Unconfined aquifer: The non equilibrium equation assumes that water is released instantaneously

from storage by lowering of head. In a confined aquifer this is essentially true because the water is

released by expansion of the water and compression of the aquifer. As the water drains over a finite

time, the storage coefficient dining a pumping test vanes with time. It increases at a diminishing rate

with time and approaches the specific yield.

Because of this difference between confined and unconfined aquifers, the non equilibrium equation

can be applied to tmconfined aquifers, only if the following limitations are observed:

(i) Drawdown should be small in relation to the saturated aquifer thickness, and

(ii) A specified minimum pumping time should have elapsed so that the drainage effect is

minimized. The minimum pumping time can be determined by the equation

tmin = 5.00syh0/K where t min is the time afler pumping began in days, Sy is the specific yield, ho

is the saturated aquifer thickness in meters and K is the coefficient of permeability in meter per day

(F i g. 2.4).

Leaky confined aquifer: Consider a well fully penetrating an artesian aquifer overlain by an aquitard

and underlain by an aquiclude. The overlying aquitard are deposits in which there is water table. The
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aquiferis homo genous, isotropic, infinite in areal extent, and is of the same thickness through out.

The flow in the aquifer is radial through out and is augmented by vertical leakage through the aquitard.

The flow lines are assumed to be refracted at full right angles as they cross the aquitard aquifer

interface. The aquitard is assumed to be more or less incompressible so that water release from

storages is negligible. The water table is not influenced appreciably by pumping (Fig. 2.6). The

discharge of water from a well in such an aquifer is supplied from storage with in the aquifer, as well

as fiom leakage through the aquitard. Because of the presence of recharge in the form of leakage,

water levels will stabilize when the entire discharge of the well is derived from leakage. The rate of

vertical leakage is proportionate to the difference in head between the water table and the piezometric

surface of the aquifer. If K’ is the coefficient of permeability of the aquitard, b’ is the thickness of the

aquitard, then, L2 = (T/K’b’) where L is termed as the leakage factor. The groundwater flow

through the aquifer may be solved by the flow equations developed by Hantush-Jacob, Walton and

De Gloes.

2.2.4b Methods of analysing pumping test data: In general, the pumping test data can be

used either to detemiine the yield of the well, efficiency of the well and aquifer characteristics. In the

former case, wells are pumped at variable discharges and corresponding drawdowns are noted.

The data is analysed using various methods to determine the yield and efficiency of the well. The

pumping test conducted for determining yield and efliciency of wells is known as Well test. Step

draw down test (SDT) is an example for well test.

Pumping test is carried out to determine the aquifer characteristics which can be broadly divide into

two, viz., drawdown method and recovery method. In drawdown method, the drawdown data

since pumping started is collected while in recovery method the rate of recovery since pumping

stopped is noted. The drawdown methods are further subdivided into two types-steady state

(equilibrium) methods and the unsteady state (non equilibrium methods). All these methods are

based on certain assumptions, some of whi ch in many times do not hold well under natural conditions.

There are different methodologies adopted for conducting a pumping test. (i) Slug test (ST), (ii)

Step-drawdown test (SDT), and (iii) Aquifer performance test (APT).

Slug test: In the instantaneous discharge test, a small quantity of water is suddenly removed fi'om a

well. The resulting rate of rise of water level in the well is then measured. Alternately, a small slug of

water can be instantaneously introduced into the well and the rise and subsequent fall of water level

can be measured. The initial head (Ho) and the head after adding slug to the well (H) is measured
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with time (t) in seconds. Plotted the values of HfHo against the corresponding time‘t’ on semi log

paper. Superimposed the plotted curve on standard type curves (Cooper et al., 1967) and identified

match line for the values ‘t’ at Tt/1" = 1 .0. Computed the transmissivity (T) by the formula

T = 1.0 r’/t where r2 is the square of radius of the bore well. A small volume of aquifer in the

immediate vicinity of the well is sampled through these tests. These tests are generally conducted in

wells of low yields. The results of these tests are only approximate estimates of aquifer parameters,

when compared to the pumping test results.

Slug test was conducted in a low yielding bore well near Irinj alakuda in the study area.

Well performance test (W PT): When a well is pumped, there is lowering in its water level, which

is termed as drawdown. This drawdown is primarily caused due to decrease in water level in the

aquifer (aquifer loss). However, due to entrance resistance in the well, there is an additional drawdown

within the well itself which is the well loss. Thus, total drawdown in the pumped well comprises of

two components; the aquifer losses and well losses. Well perfonnance tests are used to determine

spexzific capacity and other well characteristics such as well loss aquifer loss etc. The classical tests

conducted for determining the well losses are the step draw down tests.

Step drawdown tests (SDT): In the step drawdown test, the well is first pumped at a low constant

discharge rate until the drawdown with in the well stabilises. The pumping rate is then increased to a

higher constant discharge rate and the well is pumped until the drawdown stabilises again. This

process is repeated for a number of steps. For analysing the step draw down test data, at least three

steps and ideally five steps are required. Each step should be in of equal duration ranging from 30

minutes to 2 hours.

The step drawdown test was first performed by Jacob (1947), in order to understand the drawdown

in the well at different discharge rates. He gave the following equations sw = BQHIQZ where B =

B|+B2 Blis the linear aquifer loss coefficient, B2 is the linear well loss coefficient and Q is the

discharge.

Aquifer performance test (APT): ln an aquifer performance test, the well is pumped at constant

rate and the drawdown caused due to pumping is noted in pumping well and in one or more

observation wells. The number of pumping tests to be performed, the site of these tests and general

set up depend on the kind of problem to be solved, the amount of infonnation, which is desired and

of course upon funds available for programme. A prior knowledge of the geohydrological conditions
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is essential before the pumping and observation wells are installed and test is carried out. Knowledge

of thickness and nature of the aquifer, boundary conditions and direction of ground water flow is

essential.

The J acob’s straight line method (Cooper and Jacob, 1946) is based on Theis’s equation. The plot

of drawdown versus logarithm of time (t) or distance (r) from the pumped well describes a

straight line.

The solved equation for this method is T= 2.30 Q/41rAs and S = 2.25 T to /1" where T = Transmissivity

in mi/day, S = storativivty, Q == well discharge in mi‘/day, to = the time intercept in days corresponding

to interception of straight line with zero drawdown axis, r = the distance of observation well in

meters and As = slope of the straight line in meters.

The Papadopulose- Cooper method (1967) is an extension of the non equilibrium formula developed

byTheis (1935). The solved equation for this method is sw = Q/4nT W (u) and 6 = 4 Tt/r’S where

sw = drawdown, Q = well discharge in m3/day, T = transmissivity in m2/ day, S = storativity, t = time

since pumping started, r = radius of the well, w (u) and 9 are well functions where u = 1/ 9. For

estimation of T and S, the field data of drawdown (sw) versus time (t) were plotted on a log-log

paper of the same scale as that of type curves. The data curve obtained for a single test was

matched with one of the type curves (Papadopulose - Cooper type curves) and a match point was

selected. An arbitrary point was chosen, for which the values of well function such as 9, 1/u sw and

twere obtained from the type curve plot and drawdown plot. The Q and r were known from field

measurements. The T and S values were computed by substituting the values in the above equations.

Lay out of the test: The following basic factors are considered before taking up a pumping test.

'2' The test is carried out at a place, which is representative of the area for which aquifer

characteristics are to be determined. Care has also to be taken that the pumped water

does not return to the aquifer.

'2' The pumping well should have full penetrations that the screen extends down to the

bottom of the aquifer.
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O0..

At least one observation well is essential to record the drawdown during pumping tests.

~I* The duration for which the test should be run depends up on the type of aquifer to be

tested and the degree of accuracy desired in detemiining aquifer characteristics. The test

may be carried out till equilibrium conditions have been reached. However, this may not

be feasible in all cases especially in unconfined aquifers.

Measurements: The measurements to be taken during pumping test fall in to three groups (i)

pre-pumpin g phase measurements such as height measuring point, well depth below measuring

point, diameter, static water level below measuring point, distance of observation wells and its static

water level etc. (ii) pumping phase measurements such as time, drawdown, discharge etc. and (iii)

Recovery phase measurements such as recuperation level, time etc.

The water levels during a pumping test are measured by using automatic water level recorders.

The slug test was carried out in 1 place, Step drawdown test in 7 places and aquifer performance

test in 7 places and yield test in 5 places of the basin. The pumping test data was analysed by using

Papadopoulos-Cooper method (1967), J acob’s straight line method (1946) and Theis’s recovery

method to determine aquifer characteristics. Romani’s method (1987) was used to determine the

yield of the dug wells at various parts of the basin. The composite computer programme developed

by UNESCO (1987) as well as graphic methods have been followed in the present study for

analyzing the pumping tests and recovery data. The secondary data of pumping tests conducted by

the Kerala Samoohya J alasechana Samithi (KSJ S) in various parts of the Thrissur district were also

used for present study.

2.2.5 Groundwater resource evaluation

The “National water policy’ ’ adopted by the Government of India in 1987 regards water as one of

the crucial elements in developmental planning. It emphasizes that the efforts to develop, conserve,

utilize and manage this resource have to be guided by national perspective. Water is a scarce and

precious national resource to be developed and conserved as such and on an integrated and

enviromnentally sound basis.

The National water policy enunciates the following guidelines for groundwater
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'2' There should be a periodic assessment on scientific basis of the groundwater potential,

taking into consideration the equality of water available and economic viability

'1' Exploration of groundwater resource should be so regulated as not to exceed the recharge

possibilities, as also to ensure social equity.

O
0.0

Groundwater recharge projects should be developed and implemented for augmenting

the available supplies.

'2' Integrated and coordinated development of surface water and groundwater and their

conjunctive use should be envisaged right from the project planning stage and should

fonn an essential part of the project.

O
0.0

Over-exploitation of groundwater should be avoided near the coast to prevent ingress of

seawater in to fresh water aquifers.

The Kerala state has varied hydrogeolo gi cal characteristics and hence the groundwater potentials

differ from place to place. lncreasin g urbanization and growing dependence on groundwater for

irrigation and indusiryin the State have called for judicious and planned exploitation of the groundwater

resources. For proper planning and management of groundwater development in a judicious and

socio-economically equitable manner, quantification of groundwater resource is one of the most

important prerequisites.

The present methodology used for groundwater resource assessment is based on the guidelines of

Groundwater Resource Estimation Committee, 1997 (GEC’ 97). Two approaches were

recommended in this methodology (i) water level fluctuation method and (ii) rainfall infiltration method.

The water level fluctuation method is based on the concept of storage change due to difference in

various input and output components. Input refers to recharge from rainfall and other sources and

subsurface flow into the unit of assessment. Output refers to groundwater draft, evapotranspiration,

base flow to stream and subsurface out flow from the unit. Since the data on subsurface inflowl

outflow are not readily available, it is advantageous to adopt the unit for groundwater assessment as

basin/sub-basin/watershed, as the inflow/outflow across these boundaries maybe taken as negligible.

Thus it is ideal to have the groundwater resource assessment unit as watershed particularly in hard

rock areas. In the case of alluvial areas, where data on watershed wise is not available, administrative

block can also be the assessment unit. In each assessment unit, hilly areas having slope more than
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20% are deleted from the total recharge area to get the area suitable for recharge. Further, areas

where the quality of groundwater is beyond the usable limits should be identified and handled

separately. The remaining area after deleting the hilly area and separating the area with poor

groundwater quality is to be delineated into command and non-command areas. Groundwater

assessment in command and non-command areas is done separately for monsoon and non-monsoon

seasons.

2.2.6 Level survey

Levelling may be defined as the art of determining the relative heights or elevations of points or

objects on earth’s surface. It deals with measurements in a vertical plain. The common technical

terms used in level survey are level surface, horizontal plain, vertical plain, datum surface,

bench mark, line of collimation, vertical axis, back sight, foresight, intermediate sight, height of the

instrument etc.

Level survey has been canied out across coastal plain areas using Theodalite and box type 4-meter

staff Survey started from the benchmark (created by State groundwater department for their

observation well in Engadiyoor) at Engadiyoor near Chetwai and recorded the station, back sight,

intermediate sight, foresight readings, rise, fall or height of collimation reduced levels and remarks in

field book (Plate 2.2). Arithmetic checking also made for the collected data. The east-west profiles

(covering coastline and eastem boundary of the palaeo-lagoon) were prepared using the above

data to know the elevation of various places in relation to mean sea level especially the

palaeo-lagoon area. The profiles were prepared across the places (i) Chavakkad, (ii) Engadiyoor,

(iii) Vatanapalli, (iv) Edamuttom and (v) Mathilakam and analysed the palaeo change in the coastal

plain area.

2.3 Laboratory works

The main laboratory works conducted with this investigation are the chemical and bacteriological

analysis of water samples, sieve and pipette analysis of the core samples.

2.3.1 Chemical analysis

The original quality of groundwater is parented by the quality of precipitation water, which is further

modified by reaction with organic matter, soils and rocks over a period time. In general groundwater

quality tends to be uniform within given aquifer system in respect oflocation and time. The constituents,
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which comprise the bulk of the chemical composition of groundwater, are calcium, magnesium,

sodium, potassium, bicarbonate, carbonate, chloride, sulphate and silica. The minor constituents in

grormdwater in general are iron, manganese, strontium, fluoride, nitrate etc. The constituents found

to occur in traces are aluminium, arsenic, cadmium, cobalt, chromium, copper, lead, mercury, nickel,

phosphate, selenitnn, silver, zinc etc.

The chemical characters of groundwater detennine its usefulness for domestic, industry and agricultural

purposes. It is also essential to ensure that various constituents are within prescribed limit in drinking

water supplies to avoid adverse impact on human health. It is widely recognized that the man, life

fonns and the domestic animals are affected by alteration in water quality due to natural or

anthropogenic reasons. Likewise, the quality of irrigation water for agricultural use should be such

that it does not impart plant growth or adversely affect the productivity of the land. Now a days

chemical data are used to study the hydro chemical environment and evolution of groundwater.

Methods of analysis: Many quantitative methods for chemical analysis of water samples are

based on standard quantitative techniques, other methods of analysis include advanced instrumental

methods. The procedures of these techniques have been standardised internationally while some

other methods are under development and evaluation.

Elecrtometric method: Hydrogen ion activity (pH) is analysed by this method. When a glass

membrane separates two solutions of different strength a potential is developed across the membrane

proportional to the difference in concentration of ions. pH meters employing glass-indicating electrodes

and saturated calomel reference electrodes are now commonly used for pH measurements. The

electrodes, connected to pH meters are immersed in the sample and the meter measures the potential

developed at the glass electrode due to hydrogen ion concentration in the sample and displays it

directly in pH units.

Electrical conductivity (EC): EC of natural water is due to the presence of salts, which dissociate

into cations and anions. It is the ability of a solution to conduct current. The units of EC are umhos/

cm or pS/cm and it is expressed at 25°C. The conductivity meter is used to measure EC, which

consists of a conductivity cell and a meter with three known resistivity (P, Q and R) and an unknown

resistivity (sample-S). The meter measures the resistivity of sample, which is reciprocal of conductivity

P/Q=R/S.

Numeric method: Some of the parameters are analysed by the relationship existing between

concentrations of some irons and certain factors.
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Total dissolved solids (TDS): TDS mg/l = ((HCO3 m g/1)/2.03) + all dissolved constituents in mg/I

Total hardness (TH): TH as CaCO3 meq/l = 2.497(Ca mg/1) + 4.1 l 8 (Mg mg/l)

Titration method: This is a visual end point colour method. The standard solution is added from a

graduated burette to the substance to be determined until the reaction is completed. An auxiliary

reagent or indicator is also added to the substance. After the reaction between the substance and

standard solution is practically completed, the indicator should give a clear visual change in the

solution being titrated. The point at which this occurs is called the end point of titration. The

concentration of the substance is calculated from the volume of the standard solution is used

(Table 2.5).

Spectroscopic method: In this method; the instrument works based on the principle of absorption,

emission and scattering of energy (Table 2.6).

Atomic absorption spectrometry: The parameters analysed in AAS are Cu, Zn, Fe, Mn, Cr, C0,

Pb, Al, Ca, Mg, Ni and Sr.

UV-Spectrophotometry: This is the method used for the analysis of F, Fe, NO, and P04.

Flame photometry is used for the analysis of Na, K, Li and Sr."

Nephelometer is used for the analysis of turbidity and S04.

Seasonal concentration of various anions and cations of the groundwater were chemically analysed

using standard procedures (API-IA, 1985). Major focus was given to concentrations of ions such as

Na*, K", Ca“, Mg“, HCO,‘, CO3‘, SO4—and Cl‘. Sodium and potassium in groundwater samples

were analysed using flame photometer (Systronics FPM digital model). Calcimn, magnesium and

total hardness were estimated EDTA (0.0 l M) titrimetric method, whereas chloride was determined

by argentometric titration using standard silver nitrate as reagent. Carbonate and bicarbonate

concentrations of groundwater were determined titrimetrically against standard hydrochloric acid

(0.0 1 N). Sulphate concentration was carried out following turbidity method using spectrophotometer.

The total Iron and sulphate in samples were analysed through a double beam UV-Visible

Spectrophotometer (Hitachi model 2000). The fluoride concentration was based on the colorimetric

method using SPADNS reagent. TDS, EC and pH measurements were carried out in the field by

TDS meter (CM-1 83), Conductivity meter (CM-183) and pH meter (pH scan 1) respectively. The

value of TDS and EC were validated by the relationship TDS = 0.64*EC (Table 2.7).
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Table 2.5 Standcrd solutions and indicators used for the ondysis vaious parameters

Sl.N0 i Parameter Stdnddrd y lndicdtor tSomp|ei i   EH6 point
l solution F F colour 5 colour

l l Totol hdrdness 1‘
(TH)

.; 7*  ~ ~ ~-~_ -7-—~--V--7--7---VT VN/50 EBT  \Mne red  BlightEDTA , l
2 It l Cd N/50 Murexide Pink Purple -violet 3

EDTA
3 Alkdlinity E N/50 ‘l Phenolphtholein l Pink Colourless Ill H2504 5 i
4 MCI N/50 Potassium A Yellow Red precipitate l

AQNO3 l chromote A

5 EAcidity N/50  Phenolphthdlein  Colourless pink
D f NAOH l I

Tcble 2.6 Vczious inshuments working on dilferent principles

y Sl.No Absorption of energy Emission of energy  Scattering of energy;

E I I Atomic absorption ICP-row A Turbidity
AES or OES ! l

2 c W e_e ii
UV- Speclrophotometery Home photometry Nephelometry

Tdale 2.7 Methods followed for the detemlinotion ot vclious physicd and chemicd pcranetels

of groundwater

l Sl.No Pdrometers Methods
1 l pH, TDS ond Electricol conductivity (EC) l Electrolytic

2 Not ond Kt Piiidmephotometry
l 3 Cd". Mg**,HCOa‘,CO3‘, Cl" ond total hordness iy iitrimetry

i 4 SO4—, totdl iron clnd fluoride Spectrophotometry
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Minor errors in the chemical analysis of groundwater may occur due to (i) the reagents employed,

(ii) limitations of the methods or instruments used, (iii) presence of impurities including distilled water

and (iv) the personal error of the analyst. To minimise these errors; the instruments were periodically

calibrated and analytical grade reagents were used to assure the quality and accuracy of the generated

data.

Cation - anion balance is especially important in the case of groundwater analysis. Cation-anion

balance check is a convenient technique to assess the reliability of measurements and the accuracy

of data. The accuracy in the chemical analysis of water samples can be checked by calculating the

cation-anion balance, in that sum of maj or cations should be equal to the sum of maj or anions which

is expressed in meql" . To account for source dependency an allowable error limit of 10% is

acceptable. The percentage error is termed as” ion balance error” (e), can be determined following

the equation given by Matthess (1982).

e = Z ye - E7 a/ Eye +Zya where Eye and Eva are the sum of cations and anions respectively in

meq/l.

The ionic concentration of groundwater can be expressed in two different ways; (i) the ppm (parts

permillion and (ii) epm (equivalent per million). The latertype data is used for preparing hydrochemical

facies diagrams like Hill-Piper, Durov’s diagram etc.

The evaluations of data were carried out using several standard techniques of groundwater

hydrochemistry. These techniques include (i) graphical representation of data such as bar diagram,

vector diagram, pattem diagram (Stiff diagram (1951) etc, (ii) hydrochemical isocone maps, (iii)

geochemical diagram such as Hill-Piper diagram and (iv) hydrochemical facies diagram (J ohnson’s

(1975). The suitability of groundwater for irrigation was determined by the U.S.S.L (1954) and

Wilcox diagram. Gibbs’s (1970) diagram was used to study the mechanism, which control

grotmdwater chemistry.

Bacteriological analysis: Bacteriological analyses of water samples were carried out in two seasons

and evaluated the presence of total coli forms and faecal coli fonns in the samples. For detection of

E.coli, the samples were streaked on mac conkey agar plates. The brick red bacterial colonies in the

agar plates after incubation indicate the presence of E.coli. The number of E.colis in each sample

was identified by MPN method.
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L32 Groundwater contamination and vulnerability to pollution: The demand for

lahwater is increasing rapidly all over the world as a result of rapid population growth. Yet, the

apply of flesh water is finite and threatened by pollution. Conservation, judicious management of

npply and demand and prevention of pollution have become imperative to avoid a water crisis.

Increasing demand for safe drinking water and requirements to maintain healthy ecosystem are

leading policy makers all over the world to ask complex social and scientific questions about ways

to asses and manage our precious water resources. Scientific assessment potential for groundwater

resources to become contaminated from natural as well as anthropogenic sources of pollution,

otherwise termed ‘ vulnerability of groundwater resources to contamination.

Groundwater pollution, by definition, is the phenomenon involving modification of physical, chemical

andbiological properties of groundwater, restricting and preventing its use for which it had previously

suited. It is the result of interaction between the pollutants, available moistures, subsurface materials

and groundwater flow system. The term pollution and contamination are some times interchangeable

in environmental matters to describe the introduction of a substance at a concentration sufficient to

beoifensive or l18I'l'I1fl.ll to human, animal and plant life. The word pollution is strictly used to describe

contamination caused or induced by human activities and typically measured by reference to

predetermined permissible or recommended maximum limit.

Concept of groundwater vulnerability: Groundwater vulnerability is natural intrinsic property of

the groundwater system and depends on the ability/ inability of this system to cope with natural

process and human impacts at the strategic level of groundwater protection, the vulnerability of

aquifers to pollution depends up on the interaction of several site- specific factors. The characteristics

and depth of soil and unsaturated strata that lie between the land surface and the water table are

important together with the properties of the aquifer itself. The interaction of these factors detemrines

the nature and velocity of the pathway that will route pollutants to the water table via the process of

advection and dispersion. In addition they will control the degree of attenuation that might restrict

the penetration of pollutants through the soil and unsaturated zone.

DRASTIC method (Aller et al., 1987)

This is the most widely used index method to study the groundwater contamination and its vulnerability

to pollution. The DRASTIC method incorporate major hydrogeologi cal factors that affects the
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potential for groundwater pollution, namely depth to water, net recharge, aquifer media, soil media,

topography, impact vadose zone and the hydraulic conductivity of aquifer. In this method; assign

numerical scores to various physical attributes and develop a range of vulnerability categories. The

factors considered in the method are Qepth to water level, Becharge, Aquifer media, §_oil media,

Iopography, lmpact of vadose zone and Qonductivity (hydraulic) of the aquifer. The acronym

“DRASTIC” is derived from the first letters of each parameter, which are highlighted and underlined

above. The parameters are weighed and rated according to their relative importance as per the

procedure of Aller and others (1987). The final DRASTIC score; pollution potential was computed

using the equation given below.

Pollution potential = DrDw+RrRw+ArAw+SrSw+TrTw+IrIw+CrCw; where ‘r’ is the rating and

‘w’ is the weight of the parameter.

The parameters are weighed according to their relative importance as shown in Table 2.8 and the

range and rating of each parameter are given in Table 2.9.

If the calculated DRASTIC score is less than 80, then the vulnerability to pollution is considered

as low, from 80 to 100 is moderate and more than 100 as high.

Assumptions of DRASTIC: The assessment of groundwater vulnerability using DRASTIC is

based on the following assumptions.

(i) The contaminant is introduced at the ground surface

(ii) The contaminant is flushed into the ground water by precipitation

(iii) The contaminant has the mobility of water

(iv) The area being evaluated is > 0.4 km’

(v) All geohydrological parameters of the area are well understood.

Pollution potential for 102 locations of the basin was calculated as per norms of Aller et al., (1987).

The contours map for pollution potential values along with x and y co-ordinates were prepared

using in Surfer- 7 package and identified the different areas of the basin vulnerable to groundwater

pollution as per DRASTIC method.
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Table 2.8 DRASTIC weighis for parameters
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Tcble 2.9 (continued) Range and rafing of parameters in DRASTIC method (Aller ef oI., 198-1)

‘3.Rll'f6l'fI'\8d3 :4.&ilrnecIa
(5   e=tin9<range&wpicaI> |%9e 6  Rating
Metanphic! igweous

i_rod<s A 2t05 3 *G'ave| ____ M 10

6MassiveshaTé”666M6MM“Tt6?3'* 2 Thinor absent

“Weathered igneous
/metamorphic 1 3to5 4

;§=T=‘"d 9

lama till 6 4to6 8 Y

Bedded sandstone,
limestone & shale

isequenoe

5109 6 Shrinking agegated 7

wndstone #46t6o69

CD

&ndy loam

O3

iMve limestone I 4to9

O7

Loam

U1

. 7V 7____ ..& gavel 5 4to9

C0

?SM|t—)7l0an1

-#­

Basat 210 10

(O

Gay loam

U)

Kasl limestone ‘ 9to 10

_\
CD

Muck __ QM

|\J

aggregated day
Non shrinkingor non 6 66-"

1

1

|

5- Topography (dam) 6.lnpaddvado&zone6 H  6
Tm, 77 %1ge |%tin9 Fange

Feting(Range

_ __ _ _ _ _ _ _______ _ _____ __ .___. .|_..
E < *2<3/;"'_:: 5"   "6' ._“T() 6 Cbnfining layer i

A &typical)1 1
2’[O6(yo _ 9 Slt/ly i 2to6 56

4

oa5F°.1Z?/211,6  4; 5 Swale 5 2 to 65

12to 18% 3
Metamorphic! 6
ig1eousrod<s Z 3968 4

>18% ; Limestone 2 £67 6
4to8 6

I

1

1

i7. Hydadic oondnctivity _ __ fimdstone 6
|:3nge(m/day)  Rating ;Bedded szmdstone, “

limestone, male M
4to8 6

<4

<-3

Sand, gavel with an Fand day 6_ 4to8

O

4t012 ; Sandandgavel 6 ;6—£5:B”§’

W

6'

-§\I\J

6 Basalt I 2t01O

(D

29to41

_;
Q

H 411082

@O7

jKarstIimestone o sumoA



§hapterpII _  g g p pg g pg 7 g__  Methodology
2.3.3 Seawater intrusion and aquifer vulnerability to saline ingress

Coastal area of the world is an environmentally sensitive terrain, where land and ocean meet, and

the hydro geologic regime oscillates from fluvial to marine. Groundwater is a vital component of the

coastal zone resource, which provides sustainable source of freshwater. But the coastal aquifers,

though prolific water yielders are often beset with salinity hazards due to seawater ingress in the

geological past and recent limes. Unplanned developmental activities have also taken in toll on the

enviromnent through unbridled interception of freshwater flow offsetting the natural saltwater­

freshwater balance. The salinization of the aquifers causes much harm to the coastal enviromnent

and ecology. Thus, an in-depth understanding ofhydrogeologic and hydrogeochmical aspects of the

basin is necessary for the scientific management of the aquifers of P alaeo-lagoon (Kole land basin).

Basic concepts: When an aquifer is open to the sea, there is a direct contact between continental

freshwater and marine saltwater. There are differences of viscosity and density between two fluids.

Nonnally freshwater floats over saltwater and an interface exist, which slopes landward. The saltwater

body forms a wedge resting on the aquifer floor. The interface is not generally sharp, but a transition

of mixing, diffusion and hydrodynamic dispersion. The formation of interface depends on

hydrodynamic condition of the aquifer, expressed in its simplest form by Ghyben-Herzberg principle

based on hydrostatic approach as in case ofU-tube equilibrium of two immiscible fluids. The pressure

of each side of the tube must be equal; therefore

psghs = pf g (Z+l-i 1.); Where ps is the density of saline water, pf is the density of the freshwater, g is the

acceleration due to gravity, hf is height of freshwater above msl and z is the depth of interface.

Solving for z yields z = (pt/ps-pf) hf which is the Ghyben-Herzberg relation. For typical seawater

conditions, let ps = 1 .025g/cm?’ and pf = l .00g/cm3 so that z = 40 hf. Thus the interface depth at any

point is 40 times the freshwater head (or water table elevation) above mean sea level.

In thin low penneability phreatic coastal aquifers, when fieshwater flow is high the saltwater wedge

is vey short and the penetration is limited to the vicinity of the shoreline. In thick highly permeable

water aquifers with small freshwater flow, the wedge penetration is deep. Thus the wedge penetration

is variable according to different hydrogeological circumstances.
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I11 multilayered coastal aquifer the fieshwater - salt water relationship depends up on vertical

di.*;t11'l)ution of permeability, recharge, thickness and permeability of individual layers, saltwater

wedge penetration is variable.

Table 2.10 GALDIT weights for parameters
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Seawater contains large amounts of dissolved salt such as chloride, bromide, sulphate, sodium and

magnesium. The dissolved salts include large amounts of sodium chloride, and significant quantities

of alkaline earths sulphates, transmitting high hardness. Mixing of freshwater and seawater occurs

within a transition zone, which is characterised by chloride concentration from 1000 to 10000 m g/

1. The front of the transition zone is characterised by ion exchange as discussed above. Behind the

ion exchange front, simple dilution characterizes deviation of the brackish water from seawater

composition.

The various chemical ratios and diagrams of groundwater samples were analysed to identify seawater

intrusion into the basin. They are the concentration of various ions, hydrochemical facies diagrams,

ratios of major cations and anions, time series graphs of maj or cations & anions and bivariate plots

of major cations and anions.

GALDIT method

“GALDIT” is an index method of aquifer vulnerability mapping proposed by Chachadi and Lobo

ferreira (2001) to map and identify potential area of seawater intrusion in coastal areas. This has

been derived fiom based mainly on the intrinsic aquifer properties and hence the time independent

measure of aquifer vulnerability of an area to seawater intrusion problems. The mapable factors that

control sea water intrusion considered in this method are (i) groundwater occurrence (aquifer type;

unconfined, confined and leaky confined), (ii) Qquifer hydraulic conductivity, (iii) Depth to groundwater

__I:evel above sea, (iv) Qistance from the shore (distance inland perpendicular from shore line, (v)

lmpact of existing status of sea water intrusion in the area and (vi) Ihickness of aquifer which is
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being mapped. The acronym “GALDIT “is formed from the highlighted and underlined letters of the

parameters given above for easy reference.

The GALDIT factors represent measurable parameters for which data are generally available from

a variety of sources and necessary fieldwork. The parameters are weighed and rated according to

their relative importance as per the procedure of Chachadi and Lobo Ferreira (2001 ). The weights

of parameters according to their relative importance are given in Table 2. l0 and the range and rating

of each parameter are given in Table 2. l 1 .

(i) Groundwater occurrence (aquifer type) (G): In nature groundwater generally occurs in the

geological layers and these layers may be confined, unconfined or leaky confined (semi-confined)

nature. This basic nature of groundwater ha an influence on the extent of sea water intrusion. The

ratings for unconfined, confined and leaky confined aquifers are 9, 10 and 8 respectively.

(ii) Aquifer hydraulic conductivity (A): The aquifer hydraulic conductivity is used to measure the

rate of flow of water in the aquifer. The rating and range of this parameter are given in Table 2. l l .

(iii) Depth to groundwater level above sea (L): The level of groundwater with respect to mean

sea level is an important factor in the evaluation of sea water intrusion in an area primarily because it

determines the hydraulic pressure availability to push the sea water front back. The range and rating

are given in Table 2.11.

(iv) Distance from the shore (D): The impact of seawater intrusion generally decreases as one

move inland at right angles to the shore. The rating and range are given in the Table 2.1 1 .

(v) Impact of existing status of seawater intrusion (I): The area under mapping invariably is

under stress and this has already modified the natural hydraulic balance between seawater and

freshwater. This fact should be considered while analysing aquifer vulnerability to seawater intrusion

in an area. The rating and impact status are given in Table 2.1 l .

(vi) Thickness of aquifer being mapped (T): Aquifer thickness or saturated thickness of an

unconfined aquifer plays an important role in detennining the extent and magnitude of seawater

intrusion in the coastal areas. It is well established that, larger the aquifer thickness smaller the extent

of seawater intrusion and vice versa. The range and rating are given in the Table 2. l l .
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Table 2.11 Rating and range parameters of GALDIT method (Chachadi and Lobo Ferreira,2911\'l)
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Mapping of fm al GALDIT index: According to the GALDIT method, each of the parameters

has a pre-determined fixed relative weight that reflects its relative importance to vulnerability. The

final GAI_DlT score; aquifer vulnerability index to seawater intrusion was computed using the equation

given below.

GALDITindex= lxG+3 xA+4x L+2 xD+lx l +2 xT where G,A, L, D, I andTarethe

parameters mentioned as above. Once GALDIT score has been computed, it is possible to identify

areas that are more likely to be susceptible to seawater intrusion relative to one another. The seawater

intrusion potential is increases with increasing index. GALDIT index provides only a relative tool

and is not designed to provide absolute answers.

The GALDIT score for 95 locations with in the basin was calculated as per nonns of Chachadi

and Lobo Ferreira (100 ii) and presented as table. The contour map for aquifer vulnerability index

values along with x and y co-ordinates were prepared using in Surfer.7 package and identified the

aquifer vulnerable areas to seawater intrusion in the pal aeo-lagoon.

2.3.4 Sieve analysis

The sedimentary or detrital materials are fonned by weathering, transportation and deposition of

the solid materials by the various agencies. The mineralogical, textural and structural characters of

the sediments in an area reveal the climate of deposition, nature of transportation, provenance and

other palaeo- geographical features of the period, which the rocks belong in that area. Hence, the

study of mineralogical and textural characters of the sediments in palaeo—lagoon (Kole land basin) is

essential to reveal the evolutional history of the basin.

The distribution of size of sedimentary particles with intennediate diameters in the range of 1/ 16 to

l6 mm is most commonly determined by sieving. About 1 50 samples from various places at different

depths are analyzed to know the texture and mineralogy of each stratigraphic unit and the

sedimentological properties of the palaeo-lagoon (Kole land basin). The grain size study of the

beach ridge sediments from different cores has been investigated at 30 cm to 1 m interval, which

enable to understand the grain size variations with depth.
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Sand samples were washed, dried in air and subjected to coning and quartering and a representative

portion (about I50 gm) was subjected to dry sieving. Each sample was sieved for 15 minutes on a

Ro-Tap mechanical sieve shaker using a standard set of ASTM Endecott sieves at half phi ('/2(1))

interval. The fractions left over in each sieve were carefully transferred; weighed and cumulative

weight percentages were calculated. The cumulative weight percentages of the above analyses were

plotted against the respective grain sizes (in phi units) on a probability chart. From the cumulative

frequency curve the values of l , 5, 16, 25, 50, 75, 84 and 95 percentiles were recorded. For a few

samples (with high percentage of clay), which do not attain higher percentiles, the conventional

extrapolation method suggested by Folk and Ward (1957) was adopted. The grain size parameters

such as mean size (Mz), median (Md), standard deviation (0 l ), skewness (Ski), kurtosis (kG) and

first percentile (C) were calculated by graphic method following Folk and Ward (1957).

The interrelationships existing between these parameters have also been worked out to elucidate the

hydrodynamic conditions of the depositional medium. In addition to this, the percentages of sand

(2-0.063m1n) mud (< 0.063 mm) for the swale, intertidal, mud flat, alluvial plain and mangrove

sediments were also plotted on a triangular diagram of Folk et al. (1970) to determine the

sediment types.

2.3.5 Pipette analysis

Samples, which contains significant amount ofsilt and clay particularly fi'om alluvial plains, mangroves,

intertidal flats and swales were subjected to combined sieving and pipette analyses as suggested by

Lewis (1984). Known quantities of silt and clay rich sediments were dispersed overnight in 0.025N

solution of sodium hexametaphosphate. Using a 230 (63 um) mesh coarse fraction was separated

from the dispersed sediments by wet sieving. The filtrate containing the silt and clay fi'actions were

carefully transferred to a graduated 1 litre measuring j ar and volume made up. The solution was then

stirred thoroughly to obtain a homo genous suspension. A 20 ml of the filtrate was pipette out into

previously weighed 50 ml beaker at fixed time intervals fiom depths as suggested by Lewis (1984).

All the aliquots were oven dried to constant weight at 60 4_- 3° C and weighed accurately after

cooling at room temperature. Dry sieving was carried out on sand fraction to complete the analysis.
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2.3.6 Heavy minerals: For heavy mineral separation, the already sieved samples for textural

analysis were used. Before separation the respective sand fraction of each class namely medium

sand (+45 and +60 mesh), fine sand (+80 and +120 mesh) and very fine sand (+170 and +230

mesh) were thoroughly mixed and coned and quartered. Heavy minerals were separated from the

lighter ones in three sand fiactions using tribromomethane {Bromoform (CHBr3) specific gravity is

2.89 at 20°C changing 0.0023 at 4°C} and separating funnel. The minerals thus separated were

washed with acetone, dried and weighed to find out the total heavy and light mineral contents. The

heavy minerals were then boiled for a few minutes with dilute HCl and a tinge of stannous chloride

crystals to remove Fe/Mn coating over the detrital heavy grains. A total of 3 00 to 400 grains from

each heavy residue was mounted on glass slides using Canada balsam. The individual minerals in

each slide were studied under a Leitz petrological microscope following standard methods.

2.4 Secondary data collection

The primary data collection is not an easy task in the case of rainfall data, river gauge data and

pmnping test data of deeper aquifers. These date collections are either restricted to some agencies

or time and money consuming task. In those cases; secondary data collection is the only desirable

way and are inevitable part of research work.

2.4.1 Rainfall and other climatic data

Rainfall (Table 2.12) and other climatic data such as temperature, humidity, evapotranspiration etc.

for the period 1981 to 2005 were collected from Ground water department, district oflice, Thrissur

and Kerala Agriculture University, Vellaniiakra, Thrissur.

2.4.2 Water level and chemical quality data of piezometers (bore wells)

The District office of the State groundwater department, Thrissur has been maintaining 24 peizometer

net works in Palaeo-lagoon (Kole land basin) since 1997 (Table 2.13). Water level and chemical
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quality data of these bore wells for the period 1 997-2007 were collected and analyzed to study the

seasonal groundwater fluctuations and quality variations in semi-confined deep aquifers of the basin.

2.4.3 River gaugefRiver discharge data

River gauge/River discharge data ofKan1vannur and Kecheri rivers for the period of 1995 to 2005

were collected from state irrigation department, Hydrology division, Thrissur.

2.4.4 Pumping test data of bore wells

Pumping test data of I 5 bore wells in the Kole land basin were collected from Kerala Samoohya

J alasechana Samithi (KSJS) project, Thrissur and State ground water department, District office,

Thrissur and analyzed the data for determining the aquifer parameters in the basin.
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CHAPTER 3

HYDROGEOLOGY

3.1 Introduction

Hydrogeology deals with the study of occurrence, distribution, movement and interaction of

water with various geological environments. To study the water bearing, yielding and transmissive

properties of the rock, an understanding of the nature of geological formations is necessary.

In the coastal area of Kerala, groundwater occurs in inter bedded sands, silts, clays and

carbonate rocks deposited under alluvial beach, lagoon, estuarine and marine enviromnents.

Porosity, permeability, grain size, lithification of the sediments, sedimentary structure and texture

are the factors controlling the storage and movement of groundwater in sedimentary areas.

In the crystalline area fractures and discontinuities are the most important geological structures.

Most rocks posses fractures and other discontinuities, which facilitate storage and movement

of fluids through them. Discontinuities like fault, dykes etc. act as barriers to groundwater flow.

Main flow paths in fractured rocks are along joints, fractures, shear zones, fault and other

discontinuities.

There are about 42 lakhs open wells in Kerala, of which 30 lakhs are being used to draw

drinking water. Since 1983 the Ground Water Department has drilled large number of bore

wells in the State. During this period Kerala also witnessed large scale private development of

bore wells in all the blocks and it is estimated that there are about 1.30 lakhs bore wells in the

State. In addition to the above, there are 2.20 lakhs ponds and 1.65 lakhs filter point wells in

the State. Two third of population of the State depends on these wells for drinking water and

irrigation. These wells are facing several problems such as (i) lowering of ground water table
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(ii) quality problem due to fluoride, iron, salinity etc. and (iii) pollution due to biological

contamination. Over exploitation of ground water takes place in various places of the State due

to heavy withdrawal from open and bore wells and hence more and more blocks of the State

become increasingly over exploited, critical and in certain cases semi critical. Industries, mineral

water units and multinational companies like Coca-Cola and Pepsi are indiscriminately drawing

groundwater and these results in groundwater depletion which leads to massive public protest

and it is a concern of government now. It is with this objective the State Government has

enacted groundwater legislation and ground water hydrology project for monitoring of water

levels is started in 1996.

In the present groundwater scenario of the State, hydrogeologic component is having utmost

importance and it is the most important service to be rendered to the Govemment and public.

The regular monitoring of ground water levels is having utmost importance and it is done through

the water level data collection from observation wells established in various parts of the State.

Ground water resource evaluation is done by the analysis of water levels data being collected

from these observation wells. Anriual ground water recharge, drafi and stage of development in

all the blocks in the State are estimated directly from these groundwater fluctuation studies.

Blocks are categorized into over-exploited, critical, semi-critical and safe based on these studies.

Detailed master plan for groundwater recharge and management is also to be implemented to

overcome the future ground water crisis in areas such as over exploited, critical and

semi-critical areas of the state. The palaeo-lagoon (Kole land basin) in the central Kerala coast

is a typical cross section of above mentioned facts. The hydrogological character of the area

has depicted in the Fig. 3.1.
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This chapter deals with hydrogeology, with regards to occurrence and movement of groundwater,

water level fluctuations, evaluation of aquifer parameters and the groundwater resource

evaluation.

3.2 Occurrence and movement of groundwater

Water, which occurs below the ground surface, is called subsurface water or groundwater. A

classification of subsurface water with respect to its depth of occurrence and extend to which

it saturates the soil is given in the Fig. 3.2. Depending on the degree of saturation, two depth

zones can be broadly identified, i.e. the zone of aeration (vadose zone) and zone of saturation

(phreatic or groundwater zone). In the vadoze zone, the intergranular space is only partially

filled with water and the remaining space is being occupied by air. The zone of saturation is fully

occupied with water. In an unconfined aquifer, the water table represents the upper surface of

zone of saturation. Being the main source of water supply, phreatic water is of maj or interest

for hydrogeologists.

The zone of aerati on and zone of saturation are separated by a water table or phreatic surface,

which is under atmospheric pressure. The water table may be either very close to the ground

surface in areas of intensive recharge or may be several hundred meters deep in arid regions.

Fluctuations in the water table indicate changes in groundwater storage, either due to or natural

reasons or by anthropological activity. Therefore, the monitoring of water table is of importance

for the management of water resources.

Most of the water is of meteoric type as it is a result of atmospheric precipitation being a part

of hydrologic cycle. It is the main source of water to wells and springs. The other types water,

which is more of academic interest, are connate water, juvenile or magmatic water and

metamorphic water.
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Juvenile water is also known as new water, as it is introduced into the hydrosphere for first

time. Magmatic water is mainly of juvenile origin derived from deep seated magma or may be

of shallow volcanic origin.

Coimate water is the remnant of ancient water retained in the aquifers and is not in hydraulic

continuity with the present day hydrological cycle. It is therefore also known as fossil water,

although this term for water is a misnomer. It may be either marine or fresh water oii gin.

Metamorphic water or rejuvenated water is the term used for water derived from hydrous

minerals like clays, micas etc. due to the process of metamorphism. It is more of academic

interest rather than a source of water supply. The various genetic types of water can be

distinguished on the basis of hydrochemical and isotopic data (Matthes, 1982).

3.2.1 Hydrological classification of geological formations

The occurrence and movement of groundwater depend on the geohydrological characteristics

of the subsurface formations. These natural formations vary greatly in their lithology, texture

and structure, which influence their hydrological characteristics. The geological formations are

accordingly classified into the following types depending on their relative peirneabilities.

(i) Aquifer: Aquifer is a water bearing formation or a geological structure saturated with water,

which has good hydraulic conductivity to supply a reasonable quantity of water to a well or

spring. Unconsolidated sedimentary formations like gravel and sand, form excellent aquifers.

Fractured igneous and metamorphic rocks and carbonate rocks with cavities also form good

aquifers. Generally hydraulic conductivity of an aquifer should be more than 10'“ m/ s.

(ii) Aquiclude: A formation, which has high porosity but very low permeability or impermeable

like, unfractured crystalline rock, clays and shales.
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(iii) Aquifuge: It is a formation, which is neither porous nor penneable. E. g. Massive igneous

and metamorphic rocks.

(iv) Aquitard: It is a formation having insufficient permeability to make it a source of water

supply but allows interchange of groundwater in between adjacent aquifers due to vertical

leakage. Therefore, aquitards serve as semi confining layers. Examples are those of silt, shale

and kankar.

3.2.2 Types of aquifers

The lateral continuity and vertical boundaries of aquifers are often not well defined; the aquifers

may be localized occurrence or may be extending over distances of several hundred kilometers.

Aquifers in the great Australian basin and in the Sahara desert (Nubian sandstones) have been

traced over lateral distances of several hundred kilometers.

Based on the hydraulic characteristics of confining layers, aquifers can be classified into

five types:

(i Confined aquifer: A confined aquifer is overlain and underlain by a confining layer (aquiclude

or aquifuge). Water in confined aquifers occurs under pressure, which is more than the

atmospheric pressure. The piezometric (Potentiometric) surface, which is an imaginary surface

to which water will rise in wells tapping the confined aquifer, should be above the upper surface

of the aquifer, i.e. above the base of overlying confining layer. Confined aquifers, with the

potentiometric surface above the land surface, support flowing wells (Fig. 3.3 & Plate 3.1).

Confined aquifers may be formed under the following three types of geological conditions:

(a) Stratiform multilayered formations: They occur either as gently dipping beds, monoclines

or synclines. They usually form high pressure system, viz the Cuddalore sandstones in

south India.

60



Ground surface/ “it ,44nn/,4n4/ '\i Soi|—water zone i iI iJ |'
!

Zone of aerat on

Vadose water

Intermediate
vadnse zone

lntermedioi
e vo dose
ui/minr

A C:-millarv zone Water tableK v .1/' \

aturation

dwater or

water

i

Groundwater F

Zone of s

Groun

phreatic

‘i; [phreofic\ _i _./
Impervious bed

Fig. 3.2 Classification of sub surface waier

. . .- I-la-'_='cr~ hcs'n
Ianuimu for W-:1l9r1a)l: __L r-"G5 fir bu-In ,_| F.‘ ea­_ A:|L.i‘e| B "

| Nttfiarqé

-_.1 Q

gi

Pkzcnefrlt® © ' wrffvt
‘xii, E L L 1‘ Lori-13 O 1 W R i ­\- " E _¢- 4— —I­. -. . . .- _. i _:'_;—-—. ‘. .'." ‘ I. '.= d‘-i’! "'N_;_____K, . _ _ _ _ .  _ ' _ _ =e<'7;e;"_;";:T;:3'J};/ _:w='-'I II

xée-‘Y'r ~ [f i:g;:?€,‘Q§;~ 9%;-~-»-rre.:*:ri ;;,.HAquiturd. . - Ii - ­

~>$'.'

Ac-11cr F­

_; Kbvzr lc|'.11c ‘ ’  ‘ . .- .V - :~'“c.fir:d:­_._ FiQ1¢.'|1c1|it 5!.-HCSQ (‘J Q ' ' 'Q-__- Fe.--:l-rd mm 12:11! - ‘"5: - 11 ii/ -' .. . . . ' '/C Q31--:lu:1-e /,’:,_z/.:- llcil _ ‘ . . . . . _scrccr - __ ­I ' ' l-qUlYl.'r E _ . ­
Q _ _ [fionvinecl _ _ _ I' 1 * \ Q ­

I ’  /Aquicl4d§;,//I/l:
. . '._ ' ' B F I‘; .-‘I . vv1..\flPP-"Q

@ =“'*" "1F3""€| "'"=°'“‘""’° °‘*‘?!""'- '@ "‘°"'"9 “" ""'"'° W’ “ed ccui ’ Q cgzrs-:';sqvi1=r a

Fig. 3.3 Schematic cross section illushcfing difiereni types of aquifer



¢"'“P{" 111    -:__,  A Hydrvgwlvav
(b) Fractures and joints: In igneous and metamorphic rocks groundwater may occur under

confined conditions in joints and fractures. In volcanic rocks, like the Deccan basalts of

India, vesicular horizons and interflow spaces may form confined aquifers in some places.

(c) Solution cavities: Groundwater in soluble rocks, like limestone, may also occur under

confined conditions.

(ii) Leaky or Semi-confined aquifer: In nature, truly confined aquifers are rare because the

confining layers are not completely impervious. In semi-confined or leaky aquifers, aquitards

form the semi-confining layers, through which vertical leakage takes place due to head differences

across it. The aquifer is overlain by an aquitard or semi-pervious layer through which vertical

leakage takes place due to head difference.

(iii) Unconfined aquifer: An unconfined or phreatic aquifer is exposed to the surface with out

any intervening confining layer, but it is underlain by a confining layer saturated with water, the

upper surface of saturation is termed as water table, which is under atmospheric pressure. It is

recharged directly over the entire exposed surface the aquifer and gravity drainage due to

pumping is not instantaneous; they show delayed drainage.

(iv) Perched aquifer: The perched aquifer is a type of unconfined aquifer separated from the

main regional aquifer by localized clay lens or any impervious material in the zone of aeration

(Fig.3.3). The thickness and lateral extend of the perched aquifer is controlled by the shape

and size of the clay layer. A perched aquifer can be distinguished from the main unconfined

aquifer, by a sudden fall of water level in the borehole during drilling, as it cuts across the

underlying clay layer.

(v) Double porosity aquifer: A double or dual porosity aquifer, viz. fractured rock consists

of two parts — the matrix blocks and the fractures. The blocks have low permeability but

high storativity while fiactures have high permeability but lower storativity.
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The distinction between different types of aquifers is often difficult. It is necessary to have data

about subsurface lithology, water level and hydraulic parameters of aquifer and confining layers

to identify a particular type of aquifer.

3.3 Pumping test and evaluation of aquifer parameters

Pumping tests are commonly conducted for estimating hydraulic characteristics (aquifer

parameters) such as transmissivity (T), coefficient of storage or storativity (S) and specific

capacity (C) of the crystalline as well as sedimentary rocks of the basin. Methodologies have

already explained in Chapter 2.

3.3.1 Slug test

Slug test was conducted in a low yielding bore well at Madathikkara near Irinjalakuda of

Karuvannur basin. The estimated “T” value of the borewell in the area was 1.34 ml/d.

3.3.2 Well performance test (W PT)

The step drawdown test (SDT) and aquifer performance test (APT) were used to analyse the

performance of well as well as aquifer.

3.3.2:! Step drawdown tests (SDT)

The data of step-drawdown test (SDT) from 18 locations (including 7 numbers conducted

personally) of the basin collected from State groundwater department and KSJ S were analysed.

The aquifer and well parameters such as specific capacity, specific drawdown, formation loss

coefficient, well loss coefficient, formation loss%, well loss% and total calculated drawdown

were determined. The details of aquifer, well parameters derived by analysis of step drawdown

test (SDT) of the various places of the basin are given in Table 3.1.
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The specific capacity of the semi-confined aquifer of the basin varies from 3.22 lpm/m

Koorkamattom-Kodassery G.P) to 208.90 lpm/m (Choolissery - Avannur GP). The average

specific capacity of the area is 38.98 lpm/m, while the specific drawdown varies from 0.0047

m/lpm (Choolissery - Avannur GP) to 0.4705 m/lpm (Melillam -Thekkumkara GP). The average

specific drawdown of the basin is 0.072 m/lpm. The formation loss of the area varies from

0.57 m (Parappuram - Kaipararnbu GP) to 27.22 m (Kannara-Peechi), while the well loss

shows a variation from 0.09 m (Kunnetheri - Erumapetti) to 23 m. (Kumaranellur-Mulloorkara

GP). The average formation loss and well percentage of the basin is 57.66 and 41.65

respectively. The formation loss of the basin varies from 18% (Gramela-Avannur) to 94%

(Kannara-Peechi), while the well loss varies from 6% (Kunnetheri - Erumapetti) to 82%

(Gramela-Avannur).

Fig. 3.4 shows the plot of discharge Vs specific capacity of 18 bore wells in which SDT

conducted. There is an increase in specific capacity with increase in well yield. Large difference

in specific capacity is noted in well located only a few hundred meters apart along the same

lineament, indicating heterogeneous conditions. Higher specific capacity is due to presence of

highly transmissive fracture around the well, which facilitates quick spreading of the area of

influence with limited drawdown. A larger network of minor fractures in the surrounding area

and the phreatic zone probably account for most of the groundwater storage. The high specific

capacity may suggest an unrealistically high groundwater potential in the area (Kukillaya, 2007).

Percentage of well loss for different discharges, determined from step-drawdown tests, was

plotted against the respective values of discharge (Fig. 3.9). Only those wells for which the

specicfic drawdown plots formed nearly straight line were chosen. Well loss is noted to be high

in majority of cases. It may be due to turbulant flow through open fractures around the well.

Well with similar yield have different well losses, probably due to diffemce in the scale of
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fractures (Kukillaya, 2007). Turbulant flow is likely to be more around wells which encounter

only a few major fractures than around wells tapping a large number of small scale fractures.

3.3.2b Aquifer performance test (APT)

Phreatic aquifer

The aquifer perfonnance test (APT) was conducted in phreatic aquifer (dug wells) of l 0 locations

of the basin (including 3 numbers from KSJ S and GWD) and the aquifer parameters such as

specific capacity, specific drawdown, transmissivity, storativity, hydraulic diffusivity and drainage

factor were determined. The details of aquifer parameters derived by analysing aquifer

perfonnance test data in various parts of the basin are given in Table 3.2.

The specific capacity of phreatic aquifer of the basin varies from 65.33 lpm/m (Adichira­

Chelakkara) to 521.74 lpm/m (Paluvaya-Chavakkad). The average specific capacity of the

phreatic aquifer of the basin is 247.82 lpm/m

Fig. 3.6 shows the plot of discharge Vs specific capacity of dug wells of the basin in which APT

conducted. A major increase is seen in specific capacity with increase of well yield in phreatic

aquifer of the basin.

The transmissivity (T) value of the phreatic aquifer of the basin varies from 20 in’/day

(Paruthipra-Mulloorkara) to 138 m2/day (lrinjalakuda). The average transmissivity of the basin

is 91.925 ml/day. T value ranges from 20 m2/day (Paruthipra) to 94 m’/day (Prabhathnagar­

Velur) in J acob’s -Theis’s straight line method and 92 m2/day (Prabhathnagar) to 13 8 m2 /day

(Irinj alakuda) in Papadopulos-Cooper curve matching method. The average T value of the

basin during J acob’s-Theis’s and Papadioulos-Cooper are 48.85 m2/day and 135 mi’/day

respectively (Table 3 .2).
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Fig. 3.7 shows the plot of discharge Vs transmissivity of dug wells in which APT conducted. A

marginal increase is seen in transmissivity with increase in well yield.

The storativity (S) of phreatic aquifer of the basin was determined in J acob’s-Theis’s striaght

line method and Papadopulose - Cooper curve matching method. The storativity of the basin

varies from 4.5 x 105 (Paruthipra-Mulloorkara) to 1 .1 x 10*‘ (Adichira-Chelakkara) in J acob’s­

Theis’s method and 3.4 x l0‘5(Padiyoor) to 5.9 x 10"‘ (Choolisseiy) in Papadopulose-Cooper

method respectively. The average storativity of phreatic aquifer of the basin is 1.08 x 10"

(Table 3.2).

The hydraulic diffiasivity of the phreatic aquifer of the basin varies from 3000 m2/ day (Adichira-»

Chelakkara) to 367647 mi’/day (Padiyoor). The average hydraulic diffusivity of the basin is

81491 mi/day.

The drianage factor of the basin varies from 1.37 m (Adichira-Chelakkara) to 8.83m

(Choolissery). The average drainage factor of the basin is 4.77 m. The high drianage factor

shows fast drainage of the aquifer.

The optimum yield of the phreatic aquifer (dug wells) of the basin were analysed by Roamani’s,

(1946) method. The optimum yield values of the dug wells in the phreatic aquifer vary from

500 lph to 5000 lph in coastal plain region and in mid and high land region it varies dry to

25000 lph (Table 3.4).

Semi-confined aquifer

The aquifer performance test (APT) data of 28 locations (bore wells) of the basin (including 7

numbers conducted personally) were collected from State Groundwater Department, KSJ S

and CGWB were analysed. The aquifer parameters such as specific capacity, specific drawdown,
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transmissivity and storativity were determined. The details of aquifer parameters derived by

analysing aquifer performance test data in various parts of the basin are given in the Table 3.3.

The specific capacity of Semi-confined aquifer of the basin varies from 0.99 lpn1/

(Padavaradu-Puthur) to 17.43 lpm/m (Thippallur-Erumapetti ). The average specific capacity

of the semi-confined aquifer of the basin is 34.26 lpm/m.

The Fig. 3.8 shows the plot of discharge V.s specific capacity of bore wells in which APT

conducted. There is an increase in specific capacity with increase in well yield. Large diflerences

in specific capacity are not observed like in SDT. Other characters of the aquifer are same as

mentioned in SDT.

Fi g. 3.9 shows the plot of discharge Vs specific drawdown of bore wells in which APT conducted.

There is a decrease in specific drawdown with increase in well yield. Specific drawdown shows

the inverse relation with specific capacity. The same pattern is seen in phreatic aquifer

of the basin.

The trasmissivity (T) value of thesemi-confined aquifer of the basin vary from 0.38 m2/day

(Padavaradu) to 485.05 ml/day (Choolissry). The average transmissivity of the basin is 61 .05

m’/day. T value ranges from 0.3 8m’/ day (Padavarau) to 485.05m2/day (Choolissery) during

pumping phase (J ac0b’s straight line method) and 2 m2/ day (Thuruthiparambu) to 369 m2 /day

(Choolissery) during recovery phase (Theis’s recovery method). The average T value of the

basin during pumping and recovery phase are 58.46 mi/day and 63.64 m2/day respectively

(Table 3.3).

The transmissivity values of the semi-confined deep aquifer in the sedimentary area (Tube wells)

vary from 22 m2/day (West Mathilakam) to 104 m2/day (N attika) (Table 3.3).

Fig. 3.10 shows the plot of discharge Vs transmissivity of bore wells in which APT was

conducted. There is an increase in transmissivity with increase in well yield. The high T value
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corresponding to initial flow is not only from bore well storage but also from the fractures.

Heterogeneous fracture system with well connected fracture networks can behave in a manner

similar to the ideal homogeneous aquifer; but this does not necessarily indicate the aquifer is an

equivalent porous medium (Cohen, 1996)

The storativity (S) of semi-confined aquifer of the basin was able to determine only in two

places, where the observation wells show drawdown while pumping. In other places the

observation well did not show any drawdown. The storativity of semi-confined aquifers at

Adichira-Chelakkara and Prabathnaga - Velur is 6.4 x 10" and 1.1 x 10“" respectively.

In sedimentary (tube wells) area it varies from l .07 x 103 (N attika) to 4.04 x 10"‘ (Chavakkad)

(Table 3 .3).

The optimum yield of the bore wells in the semi-confined aquifer varies from 1000 lph to

41700 lph. The yield of tube wells in the sedimentary area varies from 12000 lph to 1 15000

lph (Table 3.5 and Fig. 3.1)

3.4 Drawdown and recovery analysis

The drawdown -recovery analysis of the basin was done using the pumping test data of

both phreatic (dug wells) and semi-confined deep aquifer (bore wells). Typical

drawdown curves for phreatic and semi-confined aquifers under different scales are

given in Fig. 3.11. Drawdown-recovery curves are prepared in normal,

semi—log and log-log scale for each well and interpretations were done based on the pattem of

the curve. Some of the examples are given in Fig. 3.12 (normal curve for phreatic aquifer), Fig.

3.13 (normal curve for semi-confined aquifer), Fig. 3.14 (log-log curves for phreatic aquifer),

and Fig. 3.15 (log-log curves for semi-confined aquifer). The following interpretations are

made for semi-confined and phreatic aquifers based on the responses evolved in the

corresponding curve pattem.
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3.4.a Phreatic aquifer

The data of drawdown -recovery analysis of phreatic aquifer of the basin is given in Table 3.4.

The maximum observed drawdown in phreatic aquifer varies from 0.46 m (Paluvaya-Chavakkad)

to 3.42 m (Paruthipra-Mulloorkara). The average drawdown of the basin is 1.79 m.

The normal plot (Fig. 3.12) of drawdown-recovery data shows the percentage of drawdown

in ls‘ minute since pumping stopped varies from 0.00 (Choolissery-Avanur) to 13 (Padiyoor).

The average drawdown percentage of the basin in 1*‘ minute since pumping started is 1.79.

The percentage of recovery in ls‘ minute since pumping stopped varies from 0.00 (Choolissry,

Paluvaya) to 1 (Edamuttom, Padiyoor, Irinlalakuda and Prabhathnagar). The average percentage

recovery of the basin in 1*‘ minute since pumping stopped is 0.63.

3.4b Semi-confined aquifer

The data of drawdown -recovery analysis of semi-confined aquifer of the basin is given in

Table 3.5. The maximum observed drawdown in semi-confined aquifer vary from 0.77 m

(Thippallur-Erumapetti) to 43.05 m (Adichira-Chelakkara). The average drawdown of the

basin is 16.70 m.

The normal plot (Fig. 3.13) of drawdown-recovery data shows the percentage of drawdown

in ls‘ minute since pumping started varies from 7.2 (Padavaradu-Puthur) to 87 (Gramela-Avanur).

The average drawdown percentage of the basin in 1*‘ minute since pumping started is 38.60.

The percentage of recovery in 1*‘ minute since pumping stopped varies from 5

(Padavaradu-Puthur) to 87 (Gramela-Avanur). The average percentage recovery of the basin

in 1*‘ minute since pumping stopped is 42.29.

The other main characters of the aquifer reflected in drawdown- recovery analysis are (i)

responses similar to double porosity model, (ii) linear fracture zone with barrier (no-flow)
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Chapter III Hydrggealggy
boundaries, (iii) connectivity of semi-confined fracture aquifer with phreatic aquifer, (iv)

drawdown curve shows slope change due to heterogeneity of the aquifer (v) depth wise

interconnection between fractures and (vi) apparently homogenous response during pumping

(Kukillaya, 2007). More in-depth investigation and study about the mentioned responses are

not done in this thesis.

,4

3.5 Water level fluctuations and their long term behaviour

The water table of an area is mainly controlled by variations in groundwater recharge, discharge

and rainfall (Todd, 1980). The configuration of water table depends upon topography, geology,

climate, water yielding and water bearing rocks in the zone of aeration and saturation, which

also control the groundwater recharge. The upper surface of zone of saturation is the water

table. In case of wells penetrating confined aquifers, the water level represents the pressure

head or piezometric level at that point. Groundwater level represents the storage position of

the reservoir. The difference over a period of time in the input and output components of the

storage equation is reflected as change in storage, which is expressed as:

Groundwater inflow — Groundwater out flow = Change in storage.

The groundwater inflow includes recharge from rainfall and surface water bodies, canal seepage,

return flow of irrigation and subsurface inflow fiom adjacent areas. The groundwater outflow

accounts for groundwater discharge to streams, evaporation loss from the capillary fringe,

evapo-transpiration loss of groundwater fiom phreatophytic vegetation, extraction by pumping

and flowing wells, as also subsurface outflow. Water levels reflect the cumulative effects of

natural recharge - discharge conditions and withdrawal from pumpage. The principal factors

controlling the water level fluctuations are recharge, groundwater withdrawal and specific yield

of the aquifers.
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A total of 47 network hydrograph stations are monitored in the palaeo-lagoon (Kole land

basin). Out of these 23 are observation wells for monitoring phreatic or unconfined aquifers

and 24 are piezometers (bore wells) for monitoring deep semi-confined aquifer of the basin

(Fig. 2.1). The observation stations were monitored in every month and water level data

collected. Historical data of water levels available in State Ground Water department was also

collected and used for the analysis of long term groundwater level trend.

3.5a Phreatic or water table aquifer

The average water level in coastal plain region varies from 0.79 m bgl (N attika) to 2.46 m bgl

(Mathilakam). In midland and highland regions of the basin, the average water level varies from

2.73 m bgl (Mannuthi) to 10.83 m bgl (Cherpu). The minimum, maximtnn and average water

levels of the various places of the basin for the period 1997 to 2007 are given in Table 2.1 and

the well frequency for different ranges of depth to water level (m bgl) in pre and post monsoon

seasons are given in Figs. 3. 16a-f .

Water level contour map of the observation well stations for the pre monsoon period indicate

that the average water level in the coastal area varies from 3 to 4 m bgl, whereas in the central

part of the basin the water level varies from 8 to 10 m b gl. For the post monsoon period, the

average water level in the coastal area varies 0.5 to 3m bgl, whereas in the central part of the

basin the water level shows a variation 6 to 9 m bgl. The water table of phreatic aquifer for the

period 1997 to 2007 were analysed and prepared the contour map (Fi g. 3.17)

Long term behaviour of water levels: The water levels over a long term period, extending

to several years, are analysed to study the long term behaviour of water table. A series of wet

and dry years, in which the rainfall is above or below the normal value in an area, produce

decreasing or increasing trend of water levels. Though the rainfall is not an accurate indicator

for change in the groundwater levels, an approximate correlation can always be made between

the trends of rainfall and water level. In over developed basins where groundwater draft exceeds

recharge, a downward trend of groundwater levels may continue for many years. In areas
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where groundwater recharge component exceeds the withdrawal, an upward trend of

groundwater level will result.

Out of 23 observation wells monitored, all the dug wells except at Puthur (OW-20) show a rise

in groundwater level (Table 3.6). The long term rise of groundwater level varies from 0.22 m/

year (Chavakkad) to 0.532 m/year (Kurmamkulam (Fig. 3. 1 8a). The long tenn fall of groundwater

level in Puthur is 0.008 m /year (Fig. 3. 1 8b). The long term trend of groundwater levels of dugJ
I

wells in coastal plain and high land regions of the basin are shown in Figs. 3 . l 8c-d.

3.5b Semi-confined aquifer

A total of 24 bore well (piezometer) network stations are monitored in the basin. The piezometric

head is seen above ground level in Kaipamangalam beach, which is a flowing well (Plate 3.1).

The average piezometric surface in other places of coastal plain region varies from 0.79 m b gl

(Nattika) to 2.46 m bgl (Mathilakam). In midland and highland of the basin, the average

piezometric surface varies from 2.22 m b gl (Madakathara) to 22.58 m b gl (Kandanissery).

The minimum, maximum and average piezometric surface of the various places of the basin for

the period from 1997 to 2007 are given in the Table 2.7 and the well frequency for different

ranges of depth to water level (m bgl) in pre and post monsoon seasons are given in

Figs. 3.l9a - f.

Water level contour map of the bore well stations for the pre-monsoon period indicates that the

average water level in the coastal area varies from 3 to 4 m bgl, whereas in the central part of

the basin the water level varies from 8 to l0 m bgl. For the post monsoon period, the average

water level in the coastal area varies 0.5 to 3m bgl, whereas in the central part of the basin the

water level shows a variation 6 to 9 m b gl. The water table of semi-confined aquifer for the

period from 1997 to 2007 were analysed and prepared the contour map (Fig. 3.25)

Long-term behaviour of water levels: Out of 24 piezometers monitored, 8 bore wells shows

fall in long term groundwater level trend and remaining 16 bore wells show rise in long term

goundwater level trend (Table 3.7). The long term rise of groundwater level varies from 0.01 6m/
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year (Mattathes) to 0.352 n1/year (Athani (Fig. 3.2 1 a)). The long term fall of groundwater level

varies from 0.01 7m/year (Tholur) to 0.173 in/year (Kandanissery (Fig. 3.2 lb). '

The long term behaviour of water levels in the dug wells and bore wells of the basin are analysed.

A falling trend in water levels during pre monsoon indicates that there is an increase in

groundwater development in the area. As long as the same trend is not observed in the post

monsoon water level, it is a positive indication for optimum development. A falling trend in the

post monsoon indicates that the rainfall is not just insuffi cient to recharge the aquifer to the

required level. It may be due to a falling trend of rainfall or an increase in groundwater draft or

out flow. Studying both pre and post monsoon trends can identify the exact reason.

3.6 Recharge - discharge areas and grid deviation map

An area can be delineated into either recharge or discharge depending on whether water is

added to or withdrawn from the zone of saturation. In the case of phreatic aquifer, the natural

addition of water to the aquifer may be due to recharge from rainfall, streams, tanks, reservoirs

and other surface water bodies. The natural withdrawal of water from the aquifer may be due

to the vertically downward flow (leakage) to the deeper aquifers or lateral outflow or vertical

upward flow to the ground surface as seepage. In the case of confined aquifers, the recharge is

due to the lateral inflow frorn the intake area, where the aquifer is exposed, or due to the

vertical leakage from the upper aquifers through the confining layers. The natural discharge, in

case of confined aquifers, is the vertical flow to the upper aquifers through the confining layers

due to the difference in potential head or lateral out flow down to hydraulic gradient.

Recharge area: It is interesting to note that water levels decrease with the depth of piezometer

setting in recharge areas, whereas the observation well, open through out its length, shows the

average fluid potential (Fig. 3.22). Water level in the tube installed in the phreatic aquifer,

stands at a higher level than the piezometric level in the piezometer or bore well, installed in the

deeper aquifer. Because of this difference in the fluid potentials, groundwater is directed towards

bottom showing conditions of recharge from the shallow aquifer to the deeper aquifer. The

water level in the recharge area are characterised by deep levels, higher fluctuation range,

steep limbs in hydrograph, depth to water table increases with depth and phreatic level is

higher than piezometric level.
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1 Table 3.6 Long term trend of groundwater level in dugwells of phreatic aquifer for the
{ period f_rom 01.01.1997 to 01.01.2007 in pajlaeo-lagoon (Kole land basin) 7

F

1

Well 1 Location Number All data 1 Pre monsoon Post monsoon 1

1

'?Water Water Water Water Water Water
level rise ilevei fall ievel rise “level fall “level rise Nlevel fall
¢(m/year) (m/year) (mlyear) (m/year)1(m/year) (mlyear)

_§OW-1 _Thriss.ur H _L I _ Y5 0.000
111. '..1 0.040 0.01 %_1 -H

10W-241 I1/ian%nuthi 80 0.111 0.122 31 0.01

10w-3 Pattikkad  7 82 0.050
I I

0.007 1, ­ 1' m
111 0.00

QW-4 1Pudu1<ad _ 1_ 78 0.027 0.039 0.06

77 0.103 0.041
' 1

1 0:04QW-5_?Kodal§<ara W _ Q

OW-6 §Irinj?alakuda W 76 0.145 0.038 1

' | 0.05
‘ii

1 1

OW-7 M.G.Kavu 1 79
f 1 0.135 0.085 -0

1

0.08

10W 8j Ottupppara 79 0.017 ‘..| 0.013
1

1 0.0_¢_1

1

Chelakkara __ .ow-9 1 81 0.197 0.141
1

0.06
H

OW-10 Kunnamkqlam 31 0.532 0.171
1 1\ _ 0.37‘ .

OW-11 Chavakkad I Y7 A 0.022 0.027 0.01

.1210w-12 Pazhanji H 79 0.151 1- _
ll

1

0.108 0.01
ow-13 1;Nattika ; 77 0.094 0.040 0-01

OW-14 Edam uttom 76 0.055 0.028
| I

1

0.01

OW-17 Mathilakam L 77 0.000 0.003 0.03
|' —
1

1

QW-16iEngadiyur 77 0,017 .. - .. 1|
I

0.005 0.00

OW-18 }\/aniyampara > A 80 0.077 0.027 1 0.00
1

1. . I - It
QW-19 jvarandjarappilly _‘1 77 0.128 0.151 $0.14

OW-20 >Cherpu_ 7% 0.151
_._.‘ _ 11

0.008 A 0.18 I Q
. 1

1. . .1
VOWL-21 .|E_l.J_lhUr 1 77

1

. 0.008 J
0.095 0.02 1

.0W%_-22 Eiavally j j 1 77 0.060 0.003
1

0.08

50W-273 11Kadang0de% 7 79 0.027 1' 1 0.008
1.

1 1 0.00
.1

OW-24_ Wadakkancherrye; 76 1

1. 0.119 0.122 0.06
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3.7 Correlation of water level with rainfall

The magnitude of the water level fluctuation depends mainly on rainfall, drainage, topography

and geological conditions. Monitoring of groundwater level fluctuations and its correlation

with rainfall is very important on many accounts like agricultural practices, aquifer

recharge and to study droughts. Most of the groundwater assessment studies involve

correlation of water table fluctuations in wells against rainfall, surface water body, construction

of man made canals for irrigation purposes, artificial recharge and withdrawals from wells.

According to Davis and De Weist (I960) water table fluctuations may be affected due to

(i) change in groundwater storage (ii) variation in atmospheric pressure in contact with water

surface in wells, (iii) deformation of aquifers and (iv) disturbance within the well, that

is, minor fluctuations attributed to chemical or thermal changes in and near the well. It is a well

known fact that the rainfall produces considerable effect on the water table, but an exact

correlation posses problems because of (i) the rainfall, before reaching the groundwater system,

is subjected to evaporation or is discharged as surface run-off or is stored in the zone of

aeration (ii) contribution of recharge to the groundwater system, from rainfall, depends on the

antecedent soil moisture condition, intensity of rainfall, slope of the ground surface etc. and (iii)

wide variation in the effective porosity of the formation in which water table fluctuates.

The monthly average rainfalls of 16 station of the basin for the period 1981 to 2005 were

analysed (Table 2.12). The relation between rainfall and water level fluctuations were analysed

in both in phreatic and semi confined aquifers by preparing hydro graphs for various monitoring

stations of the basin (Figs. 3.26-3.28). ln phreatic aquifer, monthly average rainfall and water

level are used for preparing hydro graphs (Figs. 3.26a - t), whereas in semi-confined aquifer,

daily average rainfall and water levels are used for hydrographs (Fi gs. 3 .27a - t). Hydrograph

for monthly average rainfall and water level is also prepared to analyse the correlation of water

level and rainfall in semi-confined aquifer (Fi gs. 3.2 8a - t). The best fit line for the hydrographs

will bring out the secular trend of water table with time. The peaks represent the low groundwater

storage whereas the valleys correspond to more groundwater storage. From the above

mentioned figures it is clear that the rising water levels in both phreatic and semi-confined

aquifers are closely related to increase in rainfall and vice-versa. By analysing these data, it is

concluded that rainfall has a major control over the water level fluctuation in the basin.
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The behavior of water table with time, recharge and discharge area etc. are already explained

in this chapter. The water level in recharge area is characterized by (i) deep levels, (ii) higher

fluctuation range; (iii) steep limbs in hydrograph and (iv) phreatic level is higher than piezometric

level.

The water level in discharge area is characterized by (i) shallow levels, (ii) low fluctuation

range; (iii) gentle slope of the hydrograph and (iv) phreatic level is less than piezometric level.

The hydrographs of both phreatic and semi-confined aquifers of recharge and discharge area

of the basin were analyzed and the above mentioned characteristics are proved. The water

level of phreatic aquifer (dug well) of Panacherry area, a recharge area, is above the water

level of semi-confined aquifer (bore well) in the same region (Figs. 3.29a &b). The water level

of phreatic aquifer (dug well) of Kunnamkulam area, a discharge area, is below the water level

of semi-confined aquifer (bore well) in the same region (Figs. 3.30a &b). The water level

fluctuation of other areas of the basin such as Valappad, Wadakkancheny (phreatic aquifer),

Nellai and Mattathur are given in the Pi gs. 3.3 1 a & b.

Comparison of hydrograph: A comparison of hydrograph; in an area, is useful to distinguish

different groups of observation wells. A well belonging to one group shows a similar response

to the recharge and discharge pattems of the area. Similar response means that the water levels

in these wells start rising at the same time attains their maximum value at the same time and after

recession starts, reaches its minimum value at the same time.

Estimation of groundwater recharge from well hydrographz The annual groundwater

recharge can be estimated approximately with the amount of rainfall received in an area. This

method requires, however, several years of records on rainfall and water levels. An average

relationship between the two factors can be established by plotting the amiual rise in water

level by annual rainfall. A straight line is fitted through the data points (Figs. 3.26 a & b). Once

the relationship is established annual groundwater recharge can be estimated from the known

annual rainfall data. Extending the straight line until it intersects the abscissa, gives the amount

of rainfall below, that there is no recharge to the groundwater system.
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Fig. 3.29a 8. b Wafer level flucfuafion in phreafic and semi-confined aquifers of recharge area in
Palaeo-lagoon
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Fig. 3.30a 8. b Wafer level flucfuafion in phrealic and semi-confined aquifers of discharge area
in Palaeo-lagoon
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The relationship between average rainfall and water level is established by analyzing hydrograph

and rainfall in Karuvannur and Keecheri sub basins of the study area. The straight line equations

for the data points in Karuvannur and Keecheri basins are R = 0.60P-21.8 and R = 0.8 1 P­

0.40 respectively, where R = average rise in water level and P = precipitation. Sufficient

recharge of groundwater may not take place if the rainfall is below 40 mm in the basin.

3.9 Groundwater resource evaluation

Groundwater is an important resource for meeting the water requirements for irrigation, domestic

and industrial uses. Groundwater is a replenishable resource but its availability is non-uni form

in space and time. Hence, the sustainable development of groundwater resources warrants

precise quantitative assessment based on reasonably valid scientific principles. National Water

Policy, 2000 has also laid emphasis on periodic assessment of groundwater resources on scientific

basis. The policy also reiterates that the exploitable quantity of groundwater should be limited

to the amount, which is being recharged annually, more commonly known as dynamic

groundwater resource. Technically, the dynamic groundwater refers to the quantity of

groundwater available in the zone of water level fluctuation, which is active recharge zone

and replenished annually. lI1 addition to the dynamic groundwater resource, there exists a huge

groundwater reservoir in the deeper zones below the active recharge zone and in the confined

aquifers in areas covered by alluvial sediments of river basins, coastal and deltaic tracts

constituting the unconsolidated formations. As 55% of water demand for agriculture and irrigation

is met from groundwater, the development of shallow aquifers plays an important part for

sustainability of tube wells. Thus, correct assessment of dynamic groundwater resource becomes

significant for a planned agricultural growth.

The present work is an effort to bring the status of dynamic groundwater resource of the study

area based on the methodology recommended by Groundwater Resource Estimation Committee,

1997 (GEC’97).

3.9.1 Groundwater recharge

Monsoon season: The resources assessment during monsoon season is estimated as the sum

total of the change in storage and gross draft. The change in storage is computed by multiplying

water level fluctuation between pre and post monsoon periods with the area of assessment and

specific yield of the formation (Table 3 .9). Monsoon recharge can be expressed as R = ‘h x Sy
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x A+ DG Where, h= rise in water level during monsoon season, A = area of computation of

recharge, Sy = specific yield, DG= gross groundwater draft during monsoon.

The monsoon groundwater recharge has two components - rainfall recharge and recharge

from other sources. Mathematically it can be represented as

R (Normal) = Rm (normal) + Rc+ Rsw + R‘+ Rgw + Rm

where, Rm is the nonn al monsoon rainfall recharge. The other source of groundwater recharge

during monsoon season include RC, Rsw, Rt, Rgw, Rm which are recharge from seepage from
canals, surface water irrigation, tank and ponds, groundwater irrigation and water conservation

structures respectively.

The rainfall recharge during monsoon season computed by water level fluctuation (WLF) method

is compared with recharge figures from rainfall infiltration factor (RIF) method (Table 3.10). In

case the difference between the two sets of data are more than 20%, then RIF figure is

considered, otherwise monsoon recharge fi'om WLF is adopted. VVhile adopting the rainfall

recharge figures, weightage is to be given to WLF method over adhoc norms method of RIF.

Hence, wherever the difference between RIF and WLF is more than 20%, data have to be

scrutinized and corrected accordingly.

N on-monsoon season: During non-monsoon season, rainfall recharge is computed using rainfall

infiltration factor. Recharge from other sources is then added to get total non-monsoon recharge.

Total annual groundwater recharge: The total annual groundwater recharge of the area is

the sum of monsoon and non-monsoon recharge. An allowance is kept for natural discharge in

the non-monsoon season by deducting 5% of total annual groundwater recharge, if WLF method

is employed to compute rainfall recharge during monsoon season and 10% of the total annual

groundwater recharge if RIF method is employed. Net groundwater availability = Annual

groundwater recharge — Natural discharge during non-monsoon season.

Norms for estimation of recharge: GEC’ 97 methodology has recommended norms for various

parameters being used in groundwater recharge estimation. These norms vary depending upon

water bearing formations and agro-climatic conditions. The norms for specific yield and recharge

from rainfall values, parameters like seepage fiom canals, retum flow fiom irrigation, recharge

from tanks and ponds, water conservation structures etc. are given below.

Recharge from storage tanks and ponds: l.44mm/day for the period in which the tank has

water, based on the average area of water spread. If the data on the average area of water
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spread is not available, 60% of the maximum water spread area may be used instead of average

area of the water spread.

Recharge from percolation ponds: 50% of gross storage, considering the number of fillings,

with half of this recharge occurring in the monsoon season and the balance in the non-monsoon

season.

Recharge due to check dams and Nala bunds: 50% of the gross storage with half of this

recharge occurring in the monsoon season, and the balance in the non-monsoon season. The

norms for the estimation recharge due to seepage from different types of canals, return flow

from irrigation etc. are given in Tables 3.ll and 3.12.

The groundwater recharge was computed separately for monsoon and non-monsoon season in

the basin as given in methodology. The specific yield values and infiltration rates were taken as

per recommended norms and wherever corrections needed were done considering field

conditions and data availability. The area under command and non-command could not be

separated mainly due to non availability of data. The total area of the assessment unit contains

hilly areas, slopes more than 20% and areas with water bodies, which have been excluded for

computing recharge (Table 3.13).

The total recharge of the basin by rainfall during monsoon and non-monsoon seasons is 305.88

MCM and 131.93 MCM respectively. Recharge from other sources such as canal, well and

pond irrigation during non-monsoon season is estimated as 128.20 MCM. The total annual

groundwater recharge of the basin is 566.01 MCM.

The net groundwater availability was calculated as per GEC’ 97 norms. From the assessment

unit wise figures of recharge 10% was deducted as unaccounted losses and natural discharge if

the recharge was computed based on rainfall infiltration method and 5% if the recharge was

computed based on water level fluctuation method. The natural discharge such as base flow,

evapotranspiration etc. of the basin during non-monsoon season is 52.99 MCM. Thus the net

annual groundwater availability of the basin is 513.03 MCM. Details are given in Table 3.14.

3.9.2 Groundwater draft

The gross yearly groundwater draft is to be calculated for irrigation, domestic and industrial

uses. The gross groundwater draft would include the groundwater extraction from all existing
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groundwater structures during monsoon as well as non-monsoon period. While the number of

groundwater structures should preferably be based on latest well census, the average unit draft

fiom dug well with pump set and bore well with pump set is 0.5 ham and 0.7 ham respectively

in Kerala (Report of GEC-97).

The total draft of the basin is estimated based on census report (data on population), data of

ground water abstraction structures obtained firom the report of panchayat resource mapping,

Thrissur district by Kerala State Land use board and the data of industries from Industries

department.

The gross groundwater draft for all uses is computed as 222.09 MCM for the basin. The

domestic and industrial drafts account for 28.82% of the total draft (64.01 MCM), the irrigation

accounts for 71.18% of the total draft (158.08 MCM).

The net groundwater availability for future irrigation development was computed after deducting

the gross draft for irrigation and allocation for domestic and industrial water supply for next 25

years from the net annual groundwater availability. Abalance of 273.49 MCM is available in

the basin for future irrigation development. The assessment unit wise figures are given in

Table 3.15.

3.9.3 Stage of groundwater development and categorization of units

The stage of groundwater development is defined by

Stage of groundwater development (%) = (Existing groundwater draft for all uses/Net

groundwater availability) x 100.

The units of assessment are categorised for groundwater development based on two criteria (i)

stage of groundwater development and (ii) long term trend of pre and post monsoon water

levels. F our categories identified (Table 3.16) based on the above norms (i) safe areas, (ii)

semi-critical areas where cautious groundwater development is recommended, (iii) critical areas

and (iv) over exploited areas where there should be intensive monitoring and evaluation and

future groundwater development be linked with water conservation measures and micro level

studies.
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Table 3.9 Specific yield values of the geological formations (Report of GEC-1997)

Formation
Recommended ‘ Minimum I Maximum

i _ W ' value% I value % I value% ,_r  ‘ _ at _u F­
I» 1 &ndy alluvium 16 121 20

2 Slty alluvium 10 8
12% Hfi_ 5

I 3 %Clayey alluvium I 6
I

4 8I

Weatherd ganite, gieia, schist with low clayV 4 pontent I 3 2 4 _..

5 I IWeatherdlganite,g1eiss, schist with  I
M5 sigflificzant clay content 1.5

I

I

1 2

O5

I Weathered or vescicula, jointed basalt 3

—\

OJ

N

Laterite 2.5

l\J

I

00

@

&ndstone  I it   %_ 3

-L

U‘!

CO

% IQuartzite _%_% _ 1.5

_L

l\)

10 Limestone 2

-A

00

11 Karstified limestone _ 8

O1

15%

912 Phyllite,sl1des  U A ‘i 1.5

-A

22
5313 Massive poorly fradured rod< it K 0.3 0.2

l

0.5 I

Table 3.10 Rainfall infiltration factor (RIF) in different formations (Report of GEC-1997)

R-3-commended Minimum Maximumv
SNo Formation value% ;value% alue% 1

1

-‘L

ln_do-Gangetic alluvium 22 I 120 25 I

l\)

coast dluvium i H 16 14 18 I

O0

wee ooaslalluvium  9 LI 180 8
r

I 12

114
Weathered ganite, schist and gieiss with” T
low day content 7  % I %11 10 12

5 Iweatherecllganite, schist and g-reiss with V
sigmifioant day content W % 3

I_,
I

|

I

5

I
I 9

O’)

Granulites and Charnockite j 1 5_ 4 62;

\|

Avescicular andjointed basalt it K 13 T2 14 I

W

Weatherd basalt 7 6 8

(O

Laterite W‘ I 5‘ 7 § 8

-x
CD

Il _ ‘Samibonsolidated sandstone 12 10 14

11 “Consolidated sandstone, quartzite and Lime
stone 6 5

I

I"

I

7 ;—.
12 Phy1lites,sha|es I % % 5 A 84 3 5 I

i13 IMa$ive poorly fractured rock it I aw 1 3%
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The stage of groundwater development was computed separately for each assessment unit.

Mala (91 . l 1%), Thalikulam (83.76%), Mathilakam (77.58%) and Wadakkancherry (67.09%)

are the assessment units showing maximum groundwater development in the basin. Places like

Cherpu (23.83%), Kodakara (24.72%) and Puzhakkal (26.04%) show minimum groundwater

development in the basin. The detailed data are given in Tables 3.15 and 3.17.

In the categorization of groundwater development, out of 14 assessment units of the basin

(1690 km’), 5 units are found to be semi-critical (712.20 km2) and remaining 9 units are safe

(977.80 km’). The semi-critical units of the basin are Mala, Thalikulam, Mathilakam, Ollukkara

and Wadakkancherry (Fig. 3.32). These units need immediate action plan for improving

groundwater table and regulation of groundwater draft. The details of categorization are given

inTable 3.18.

3.9.4 Allocation of groundwater resource for utilization

The net annual groundwater availability is to be apportioned between domestic, industrial and

irrigation uses. Among these, as per the National water policy - 2002, the requirement for

domestic water supply is to be accorded priority. The requirement for domestic and industrial

water supply is to be kept based on the projected population growth of the year 2025. The

water available for irrigation use is obtained by deducting the allocation for domestic and industrial

uses, from the net annual groundwater availability.

The domestic and industrial needs for 2032 (25 years) were computed for each assessment

unit of the basin. The total projected demand for domestic and industrial needs is worked out

as 81.45 MCM. The assessment unit wise figures are given in the Table 3.15.

Poor quality of groundwater: Computation of groundwater recharge in poor quality water

areas is to be done on the same line as described above. However, in saline areas, there may

be practical difficulties due to non availability of data, as there will usually be no observation

wells in those areas. Recharge assessment in such cases may be done based on rainfall infiltration

factor method.

There is no mapable or large-scale poor groundwater quality area in the basin.
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Table 3.11 Recharge due to seepage from different type canals (Report of GEC-1997)

iSNo Canal type  g Recharge g___. ___ _ .. , _.. __R ‘ ’ 1.8 to 2.25 cumecs per million sq.km of
1% Unlined canals in normal soils with wetted area or 15 to 20 ham! dayl million 5

some clay content along with sand isq_.km of wetted area  _ i A
l . it . 2 . 2 . 5.0 to 3.50 cumeos per million sq.km bf *

2 U“""e(.’ was '" samy s°"S Wm‘ iwetted area or 25 to 30 ham! day/millionsome slit content; _ . 7 W g 7 psq.km of wetted area _ i
it lined canals andicanals in hard rock 2 2 R R 2 F31 20% of above values for unlined canals>‘ 393$   . __ I _ .   -- -.

Note: The above values are valid if the water table is relatively deep. In shallow water table and
waterlogged areas, the recharge from canal seepage may be suitably reduced.

Table 3.12 Recharge (as % of application) due to return flow from irrigation
(Report of GEC-97)

! éoume of R " ” . Water table below gound levelmi
pgirrigation Typeofcrop <10m §10-25mg ?25m t
¢Goundvi/ater Non-paddy g  25 7  45  5 g g_p
Sirfacewater lNong-paddy 2 30 it K 20 5| 10 g;
i Groundwater y Paddy it 45 2 35 2 20
.S.1rface‘water Paddy   50 2 4oH= 225 1

Notes:

(i) For surface water, the recharge is to be estimated based on water released at the outlet. For
groundwater, the recharge is to be estimated on gross draft.

(ii) Where continuous supply is used instead of rotational supply, an additional recharge of 5% of
application may be used.
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Apportioning of groundwater assessment from watershed to development unit: The

basic unit of groundwater assessment is water shed. Later the groundwater assessment is

converted in terms of administrative unit such as blocks and taluks. This is done by converting

the volumetric resource into depth unit and then multiplying this depth with the corresponding

areas of the block.

Additional potential recharge: In areas with shallow water table, particularly in discharge

areas, rejected recharge would be considerable and water level fluctuation are subdued resulting

in under estimation of recharge component. In areas where the groundwater level is less than 5

m bgl or waterlogged areas, groundwater resources have to be estimated up to 5 m b gl based

on the equation.

Potential groundwater recharge = (5—D) x A x Sy where, D = depth to water table below

ground surface in pre-monsoon season in shallow aquifer, A = area of shallow water table zone

and Sy = specific yield.

The potential recharge was computed for all the assessment units underlain by coastal alluvium

where the pre-monsoon water level is less than 5.0 mbgl. The potential recharge computed for

the basin is 214.78 MCM (Table 3.18).
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Table 3.16 Criteria for categorization of assessment units (Report of GEC-97)

l Sage of goundwater 2 Sgnificantlong-term decline 1
S.NO 7 development JPre-monsoon fed-rnponsoon g Categorization

1

&fe_No No<=70% Yes/N0 1N0/Yes To be reassessedg   Yes Yes gTogbe_reassessed
F

2
No -&fe.N0

>70 °/o8I'1d < =90 % YeslN0 1* .No/ Yes &mi~critical
r

I

I

Yes Yes To be
3
5 l

>9O%and<=100 O/o l
N° .

I

lN0 To be reassessed
Yes/No Nol Yes .Semi-critical
Yes Yes (“Critical r

4 >100%
N0 No g f T6oo8‘<;i+‘eassesS68i

Yes/N0 Yes Over exploited
;Yes Oi/er_exploited 7

Note: “To be reassessed” means that data is to be checked and reviewed, if the groundwater resource
assessment and the trend of long tenn water levels contradict each other. This anomalous situation
requires a review of the groundwater resource computation, as well as reliability of water level data.
The long term groundwater level data should preferably be for the period of 10 years.

Table 3.18 Additional potential recharge under specific conditions in Palaeo-lagoon (Kole land basin)

7S.N0 Assessment unit Fbtential recharge in Potential Total annual
water lowed and recharge in additional potential
shallow water table flood prone lgroundwaterarea larea recharge

l

l

_L

Sievekked 1 33.98 l Nil  33.98 l

J
'l

l

l\)

Chlowannur l Nil Nil  ggggg  0

00

cherry Nil Nil "ii  3 0

A

Mullaseery 35.267   sill p 7 35.26

U1

P“?*.‘?=‘*<'$d Nil l Nil W   W O

O)

(jlukkara Nil Nil 0

*1

'H1alikLlla7rr_i777 7 39.07 Nil 3 T " 39.07

®

v

l

l

Ant hikkad Nil 1 31.7431.74 E MW

CO

Chem“ 11.7877
‘|i"" ' '—' ­l 11.78 r Nil

10 K5dal<"ar§'a7 it

11
I

1 Mat hilakam 32.047 it32.04 l Nil pp _
1?­ lriinjalakuda 6.43 Nil 6.43
13 7 Vellangalloor 1 24.48 L _    24.48
14

r

Mala p   Nil l Nil l
Total 214.78 g  p Nil 214.7787 3
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CHAPTER 4

GEOPHYSICAL PROSPECTING

4.1 Introduction

Geophysics, as the name indicates, has to do with the physics of the earth and its surrounding

atmosphere (Telford et al., 1990). Geophysics has been enjoying a long history of success in the

groundwater exploration and delineation. It also addresses the solution of groundwater related

problems goes by the names enviromnental, groundwater and near surface geophysics. The recent

technological breakthrough, mainlyin microprocessors and associated numerical modeling, has greatly

boosted the potential of geophysical investigation (Johansen, 1975; Palacky, 1981).

Geophysical survey is necessary to ascertain the subsurface geological and hydrogeological conditions.

Various physical properties employed in geophysical exploration include electrical conductivity,

magnetic susceptibility, density, elasticity and radioactivity. Depending upon the scale of operations,

geophysical surveys can help to delineate regional hydro geolo gical features and in pinpointing locations

for drilling ofbore wells. The proper use of geophysical techniques reduces the risk of drilling poor

yield wells. It can also supplement the geological evaluation of proposed well locations. Often

groundwater models are used to simulate subsurface flow for a more quantitative hydro geological

analysis of the effect of proposed water supply wells and for planning purposes in highly urbanized

regions, which depend heavily on groundwater (Zohdy et al., 1 974). In an area of saltwater intrusion,

resulting from over pumping, geophysical techniques can provide additional data to improve the

accuracy of groundwater models, which in tum can be used to determine the extent of the non-saline

groundwater resource (Singh and Merh, 1982; Sathiyamoorthy and Banejee, 1985; Basak and

Nazimuddin, 1987).
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4.2 Resistivity of geological formations

The resistivity of geological formations varies vety widely and it depends on (i) density, porosity,

pore size and shape of the aquifer materials, (ii) quality of the water encountered in the aquifer, (iii)

distribution of water in the rocks due to structural and textural characteristics and (iv) the temperature

of the subsurface enviromnent.

Gilkeson and Wright (1983) have found that the porous geological formations, saturated with

groundwater ofhigh ionic strength, are characterised by very low resistivity. However, low resstivity

values need not always a water bearing zone. The horizontal discontinuities also show low resistivity

values. It is possible that such anomalyl discontinuity can be mistaken for water beating zone at

depth and in those cases it is necessary to carry out a detailed geophysical survey. A resistivity range

fi'om l0 to 46.8 ohm-m may be attributed to water bearing zone either a gravel or weatheredf

fractured granite (Singhal and Gupta, 1999). Apparent resistivity maps and profiles are commonly

used to delineate potential groundwater source (Zohdy et.al., 1974; Todd, 1980).

Bhimashankaram and Gour (1977), Patangay and Muali (1984) and Telford et al., (1990) have

given comprehensive lists of resistivity values of various rock types, minerals and soils. Mooney

(1980) has also given representative resistivity values for different kinds of earth materials (Table

4.1). Singhal and Gupta (1 999) have given a range of resistivity values of common rocksf materials

under dry and saturated conditions (Table 4.2).

4.3 Interpretation of VES data

The resistivity distribution of 57 locations of the basin was used for the study and the results are

presented in Table 4.3. The results are analyzed both qualitatively and quantitatively in the light of the

available geological and hydrogeological information in order to locate grotmdwater potential zones.

Qualitative interpretation

The qualitative interpretation of VES is done by analyzing the apparent resistivity maps (Aravindan,

1999). This method helps in learning the general information about the geological structure and the
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changes in geoelectrical section of an area. Geophysical interpretation suggests a three layered sequence

for the study area. The pl (resistivity of the first layer) of this basin ranges from 5 ohm-m (Vatanapilli)

to as high as 3400 ohm-m (Peechi). Thickness of this layer varies from 5 to 50m. In majority of the

stations, the top most layer is characterise by hard laterite capping (thickness 5 to 15 m); where the

resistivity is more than 500 ohm-m of while in sedimentary area (western part) resistivity is below 500

ohm-m and the thickness varies from 5 to 50 m (Fig. 4.1). Eastem and southwestem part of the basin

shows high resistivity values for the first layer. The average resistivity of this layer is 643 ohm-m.

The resistivity of the second layer (pl) ranges fi"om 25 (Pulavaya) to 1200 ohm-m (Alur) (Table

4.3; Fig. 4.2) and generally consists of weathered or fiactured rocks and may or may not be saturated

with water. From the iso-apparent resistivity map of the second layer, (F i g. 4.2) it is observed that

a low resistivity zone is found (< 500 ohm-m) in almost all part of the basin except central and south

westemem area. The thickness of this layer varies from 12 to 70 m and the average resistivity is 397

ohm -m. These areas can be correlated to a smaller extend with lineaments pattem, and to a greater

extend with the optimum yield. Hence resistivity values below 500 ohm-m are considered here as

potential aquifer zone for phreatic as well as semi-confined aquifers.

The very high resistivity values of the second layer (> 1 000 ohm-m) observed in certain areas of the

basin may be due to the hard and massive nature of rock. As the basement rock of the study area is

characterised by chamockites and Archean gneiss, so a resistivity limit of 200 ohm-m - 300 ohm-m

is taken for groundwater development. Ramanuj anachary and Balakrishna (1985) during resistivity

survey in granitic terrains have stated that a resistivity range of 20-50 ohm-m relates to highly

weathered layer, 50-120 ohm-m represents semi-weathered layer, 120-200 ohm-m for fractured

granites and more than 200 ohm-m for jointed granite.

The resistivity of the third layer (p3) ranges from 20 to 1600 ohm-m (Table 4.3: Fig. 4.3) and

generally consists fractured rocks associated with major and minor lineaments and may or may not
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Table 4.1 Representative resistivity values for the earth materials (Mooney, 1980)

2‘- ‘ -;, ' ,,—~- __-' * I­
1 Low resistivity materials < 100 ohm-m y f
;Medium resistivity matarialws M 0 100 - 1000 ohm-rn y
l Hgjresistivity materials 7 > 1000 ohm-m %H1. Soil resistivititfies _ H  JJWet reg'on 50 - 200 ohmim li n" ‘ _ _ , i T
1 [Iyregjon g W _ 100 - 500 ohm-mArid region 7 200- 1000 ohm-m atF&line soil < 50 ohm-m;2.mWaters  % N
‘Sail vvater % 1 - 100 ohm -m
Rainwater 0 M K _ 30-100“ohm-m % ‘
Seawater y order of 0.2 ohm - m
108 0 is  y is Z 0 105-108ohm-mi  0;
l3. RJd<typesbelow%water table y y_ %_ y
ilgneousand metamorphic  1 ‘ 100-10000 ohm-m%  it
§‘ons0lidate_d sediments y  10- 1000 ohm - m % Q
Unoonsolidated sediments 1 -% 100 ohm - m W f A

[Massive suphide l10?lto 1 ohm - m 1‘ 0 0* ‘ l,Non metallic  % order of 10‘° ohmm-m M

Table 4.2 Range of resistivity values (ohm-m) of common rocks (Sighal and Gupta, 1999)

Fbck materials N ‘Almost dry  *Saturatedwithwater ­Quartzite l4.4x 10°-2x 108 150-500 H
Granite 103 -108 ‘ 50 - 300 WLimestone 600- 107 150-1000 1
Basalt y4><104¢1.3><10a H10-50
lC-Ineiss l6.8x104-3x108 y50-350 A. 0 s_ 0  I 7. soW 150-72_X103A 110-100
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be saturated with water. The average resistivity of this layer is 414 ohm-m. This zone is confined to

crystalline rocks. The low resistivity values, below 50 ohm-m, are seen in the westem part in the

places such as Chittilapilli, Venkidangu etc. and is due to the occurrence ofbrackish water in fractured

hard rock aquifers of the area which is in contact with sea (Kukillaya et al ., 2004).

Qualitative interpretation

The two geoelectrical parameters used in this computation are resistivity (fi) and thickness (h) of

layer. In the case of two layered ground surface, the simplest sounding curves are the ascending and

descending types. An ascending type curves (p]< p2 ) is characterised by either topsoil or weathered

layer followed by hard compact basement and designated as resistive basement. In descending type

curve (p|< p2 ), a compact top layer is overlain by a thick layer of clay or saline water aquifer and is

called conductive basement.

In three layered ground surface, four types of sounding curves are possible (Fi g. 4.4). If pl, p2 and

p3 are resistivities of three successive layers from surface, the possible sounding curves areA type

(P, <02 <03), Q type (P, >p, >03), H ope (P, >p, <p,) end K type (p,<p2 >p,)- A type ewe is

obtained in typical hard rock terrain having a thin conductive top soil and there fore the resistivities

of the layers continuously increase with depth. A sounding curve with continuously decreasing resistivity

is called Q type and such curves usually obtained in coastal areas where saline water predominates.

H type curves are obtained generally in hard rock terrains consisting of dry top soil (first layer) of

high resistivity followed by either a water saturated or weathered layer of low resistivity and then a

compact hard rock of very high resistivity at the bottom. Sounding curves of K type show a maximum

peak flanked by a low resistivity values. Such curves are obtained in basaltic areas, where compact

and massive traps exist between top soil and bottom vescicular basalt. In coastal areas also these

types of curves will be encountered due to the fresh water aquifer occurring in between clayey

layers at the top and saline zone in the bottom.
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The different layer thickness and apparent resistivity values obtained from the 57 VES stations are

given in Table 4.3 along with the curve types (Fig. 4.4). The percentage of curve types in the area

are 35% (H type), 26% (A type), 21% (Q type) and 18% (K type) respectively. The common

curve types in the coastal plain area are Q and Atype while in mid and highlands is H andA type.

Curve pattern of the coastal plain area shows the occurrence of fresh groundwater in between

layers. This is agreeing with the finding of CGVVB that the occurrence potable water is in Viakom

formation of the coastal area.

4.4 Groundwater prospecting zone based on resistivity analysis.

The main groundwater prospecting zones of the study area are (i) sedimentaries in the west and (ii)

laterites and crystalline rocks in the east of pal aeo-lagoon. Coastal area of the basin is suitable for

tube wells, filter point wells and shallow dug wells. Here ground water occurs in phreatic condition

as well as semi- confined conditions. The low resistivity values of the first layer of the area indicates

the occurrence of thick clay layer (20 to 30 m thickness) over saturated porous media which is

underlain by crystalline basement. The midland region, being covered with laterites, is suitable for

large diameter dug wells with moderate to high yield. Highlands are desirable for constructing low

yielding dug wells. The north, northeast and southeast portion of the basin is very much suitable to

moderate to high yielding bore wells. Here the groundwater occurs as three layered sequence (i)

overburden portion (10 to 20 m thick) including clay and laterite above crystalline rock (first layaer),

(ii) between 30 and 50 mbgl (fiactured rock; second layer) and (iii) between 60 and 90 m b gl (third

layer). Over abstraction of groundwater from borewells in places like Chitilapilli, Velapaya, A1-that

, Puzhakkal, Penagam etc. may cause to saline water incursion through the fractures comiected to

brackish water.
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CHAPTER 5

HYDROGEOCHEMISTRY

5.1 Introduction

The quality of groundwater has equal importance as the quantity and this has been recognised only

a couple of decades ago. The characteristics of groundwater (hard or sofi; mineralized or non

mineralized) depend on the extent of reactions it made with the country rock (Edmunds, 1994). At

this juncture it is important to know the mineral characteristics of the country rock, which will vary

fiom place to place. Therefore, an understanding of the various geochemical processes, which

control the groundwater quality, should form the starting point while conducting hydro geological

investigations and other applied studies. The natural chemistry of ground water can often has an

important bearing on human health and on livestock. A detailed analysis of maj or, minor and trace

constituents (including organic) of groundwater is a prerequisite while commissioning public water

supply system. Various intemational bodies such as the World Health Organization (VVHO), European

Economic Community (EEC) and Bureau of Indian Standards (BIS) have given certain standards

for drinking water. For hydrogeologist, an understanding of the geochemical characteristics of

groundwater system is very important in detenninin g the physical properties of flow system.

Hydrochemical data can help to estimate such properties like the amount of recharge, the extent of

mixing, the circulation path ways, maximum circulation depth, temperature at depth and residence

time of groundwater (Edmunds, 1994).

The type and concentration of salts in groundwater depends on the geological environment and

movement of groundwater (Raghunath, 198 7). Generally, high concentration of dissolved constituents

is found in groundwater than in surface water because of its greater exposure to soluble minerals of

the geological fonnations (Todd, 1980). Bicarbonates, which are the primary anion in groundwater,

are derived from carbon dioxide released by organic decomposition in soil (Langmur, 1997.

Groundwater passing through igneous rocks dissolves only a very small quantity of mineral matter

because of the relative insolubility of the rock composition (Todd, 1980). The average chemical

composition of different rocks (igneous, sedimentary and carbonate rocks) and groundwater

(Chebotarev, 1950; Hem, 1959) are given in Table 5.1 while the source of various ions in water

(Hem, 1959) are given in Table 5.2.
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Table 5.1 Average chemical composition (mg/l) of three major rock types and

groundwater (after Chebotarev, 1950; Hem, 1959)

Cbnstituents ilgieous rocks Sandstone Clarbonates Groundwater
L_ S02 y 347 1:030
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7950 32000! 89?0‘ 1 to 20
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!
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Table 5.2 Various sources of ions in water (Hem, 1959)

Major ions (> 1 mgll) ‘T;Sour0es 0 it
0C§aIciumCa"+   1 iQarb0n0ate, gypsum 0”  it "'0 0 A '
Magnesium Mg’+ W Olivine, pyroxene, amphibole it W0 it
Sodium Na'g+_g 0  l;Qays, feldspars, evaporates, industrial waste
Pottassium   0 feldspar, fertilizers, K-evaporates  g T 0 0
Bicarbonate HC03 - _ Soil andatrnoispheric (1)2, carbonates  0

Chloride Cl‘- g _

l'

Winidborne, rainwater, seavvater and natural brines, 0va00i0i0i updeposits, pollution
Silphate g Gypsum and anhydrite, sea water, windborne, oxidation of pyrite 1

Nitrate N03­
it Windborne, oxiidafion of ammonia? or organic nitrogen,

contamination
Slica, S02 >Hydrolysis 0r silicates“? 0    " 7 H
Minor ions( 1 to 0.1 mgll)

Iron Fe2"+
” it ” it ides ancfsulphides (e.g. hemafiteiand pyriteficorrosion of iron ’

pipes
I Manganese M n2'+ ‘pi  hmydl'OXldéSu_ _ V  0 m it U
YBoron B g g  Tourma|ine_,gevaporates, sewage, seawater;Fiuoride P Fiourigne-bearing mineralsi(e.g. fluorite, apatite) _ E
111800 elements (< 0.712010,/1)

g Arsenic mineraIsg(e.g. arsenopyrite,garsenic insectisides) F
M arine vegetation,evaporates*0 0 0  it 0N Sialerite, industrial waste  0 0

Heavy metals (Hg, Pb, OJ, O)
“Industrial waste and igneousr0ck weathering, under mild r00I10s0§“

%_ oonditions g i
“Radioactive elements(U, Ra etc.)  Uraniferous minerals,niuciear tests andnuclear power plants“ 5
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5.2 Quality criteria for various uses

The quality of water from different sources like rivers, streams, ponds, lakes, wells, etc. are assessed

to ascertain its suitability for different uses. The major uses of water are for drinking and other

domestic purposes, agricultural, recreational and industrial purposes. Water for drinking and other

domestic purposes should be safe, palatable and aesthetically appealing. It should be free from

pathogenic organisms, hazardous chemical and radioactive substances and objectionable colour,

odour and taste. In order to understand the status and suitability of any water source, certain guidelines

are proposed by competent authority as water quality standards. These standards vary according

to different purpose of end use. The chemical constituents in groundwater determine its 1lS6fi.ll1'1CSS

for domestic, industry and agricultural purposes. It is also essential to ensure that various constituents

are within the prescribed limits in drinking water supplies to avoid adverse impact on human health.

It is widely recognized that the man, life forms and the domestic animals are affected by alteration in

water quality due to natural or anthropogenic reasons. Like wise, the quality of irri gation water for

agricultural use should be such that it does not impair plant growth or adversely affect the productivity

of the land. The water quality standards for some important uses such as domestic, irrigation, industry

etc. and the likely adverse impacts are shown in Tables 5.3, 5.4 and 5.5 respectively.

The quality criteria depend on the use of water for a particular purpose and quality standards have

to be maintained in water supply for different uses to avoid deleterious effects. Hence in this study an

evaluation of groundwater of the basin for domestic, irrigational and industrial purposes is made.

Groundwater samples collected fiom 23 dug wells (phreatic aquifer) and 24 bore wells (semi­

confined deep aquifer) during pre and post - monsoon periods were analysed for physical parameters,

major cations and anions, fluoride, total iron and total hardness (as CaCO3 ). The results are given

as Tables 5.6 and 5.7 in appendix I.

5.2.1 Hydrochemical characteristics of groundwater and evaluation for domestic use

As groundwater is mainly used for drinking and other domestic purposes, a detailed chemical analysis

is very much important, as although certain chemical constituents became toxic beyond particular
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Table 5.3 Water quality standards for drinking purposes (BIS 1osoOl)li

S.No Parameters J

Pyegyibed “mus |S1()5Q0, Probable effects(if present in higher
1999 concentration)limit “

1019   (blor_(Hazen Unit)

Desirable limit P°"T‘iS,$ib'° %5 25 J.M akes vvater aest hetically undesirable
T
g2 l Odour

_., _

Essentially free from
objectionable odour

"0 Makes water aesthetically undesirablem if 0

_ Taste.3 Agreeable W0 Z Makes water aesthetically undesirable 9 W

Turbidity (NTU)4 5 i 10 High turbidity indicates
contamination! Pollution‘

5 pH
i» |l _ .

6.5 A 8.5 llndicative of acidicor alkaline waters,  0
yaffecistase, corrosive and the harmful for

_ water supply Q/stemq _
|| l
§6 Hardness as Ca(D3. (mg! I) 300 600

Affeds water supply system (scaling),

arteries. It may also cause urinary
concretions, diseases of kidney or bladder
and stomach disorder

excessive soap consumption, calcification of

7 ! Iron (Fe) (mg/I 0.30 1.00
is essential for nutirition. 9

lGives bitter, sweet & stringent taste. causes
staining of laudry and porcelain. ln traces it

8 ;O1loride(O) (mg/l 250 1000 fHarmful for people suffering from diseases
of heart or kidneys. Taste, indigestion,
palatability etc. are affected.l _ ___

is (1D$)(m9/I)
. Total Dissolved SolidSi 500 2000

__ K ___ . 7__. __
Palatability decreases, may cause

effect particularly upon transits and
icorrosion, may damage water system.

O
l

‘ gastrointestinal irritation in human, laxative

l

10 Calcium (Ga) (Mg/I)

L _

l

I

l

75 0 200

Esential for nervous and muscular system,
cardiac functions and in coagulation of

0 system. While insufficiency causes severe

3 bladder stones and irritation in urinary
passages

l

p blood. Causes encrustation in water aipply

itype of Fickets, excess concentration causes r
iconcretions in the body organs like kidney or

11 Magnesium (Mg)
Htmclll

30 100 l

Hit is essential as an activator of many
enzyme systems I-ligh concentration
however may have laxative effect
particularly on new users Magnesium
deficiency is associated with structural and

_ ifunctiongalg changes _g 9 9

F

J

:12 ‘Clapper (Q1) (mgll)

lEssentiaI and beneficial element in human

l

0-05 1-50 9 in liver damage and affect central nervous
system. In water supply it enhances
lcorrosion of aluminium in particular.

metabolism. Deficiency results in nutritionalr
anemia in infants Large amount may result
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513

V Causes gastro intestinal irritation. Along l$1 h t SO. A. with Mg or Na can have a cathartc effect on
j (mgina e( 4) jg 200 400 users, concentration more than 750 mg! l1 ‘ ‘_may cause laxative effect along with

__-_________ _.._. l_ma_qnesium.,  U
=14

; , cause infant methanoglobanaemia (blue l

i­

¢N_ N _ H 45  100 ‘ baby syndrome), gastric cancer and affects lmat“ O3) (mg ) l adversely central nervous system and ’E , cardiovascular system.
15

._

0 Prevent tooth decay in lower concentration, =
1.50 iHigh concentration causes fluorosis.:Huoride (H (mg/I) . 1.0

16

T" ;Acute toxicity may be associated with renal, 2
iarterial hypertension, itai-itai disease, ( a

lthdmium (Od) (mgll) 0.01 — , bone disease). Cadmium salt causes cramps,
i nausea, vomiting and diarrhea.

*1?

l Toxic in both acute and chronic exposures, ,
L burning in the mouth, serve inflammation of ‘

the gastro intestinal tract with vomitting and
lL88d (Pb) tmgll) 0.05 — diarrhea. Cnronic toxicity produces anemia,
gsevere abdominal pain, paralysis, mentalldisorder, visual disturbances, etc.l! ___ I _ __ _____‘ _._ __ _:F i i

1a

L

1 ;An essential element in human metabolism., ; 0 Taste threshold for Zn occurs at about 5 ;
lzinqzn) (mgn) 5  15 mg/I, provides astringent taste to water.

}19

i  Hexavalant state of Oiromium
hcllomium (O'+) 0 05 I _ concentration is carcinogenic. Also causesl(mQ/|) lnasal mucous membrane ulcers and

1 20

Affects central nervous system. lts salt may
Boron (B) (mg/I) 1.00 5.00 ~ cause nausea, cramps convulsions, coma= i etc.

;21

i A lm part distinctly unpleasant taste may be if
Alkalinity (Ca€I3's) 200  600 deleteriousto human being in presence of l(mg/I) ‘ high pH, hardness and total dissolved solids. .

22

i ‘Impact toxicity and accumulate in different
Pesticides (mgm Absent ‘ 0001 lorgans of human body affectingimmune

‘and nervous sya em, carcinogenic.

l

‘l

23

M  g g g l H g g mwgghyperthyroidism and bone loss.

High concentration may cause vomitting andPh h t P04 :1 . . _ _
mg? a 8‘ ) ll N0 guideline fdiarrhea, stimulate secondary

i24 l renal and circulatory diseases.  ,_  ,
25 . i . . ;An essential nutiritional element but its ;

Hpbugasswm (K) (mgm: _ N0 gu'gqevIme_ _  ___ iexcessive concentration is cathartic.

A26

A “Non-toxic but may be carcinogenic in
, Nickei (Ni) (""9/0  N0 Quidefine animals, may cause DNA damage in animals.

27

?pamogenS( 8) TOM ll Cause water borne diseases like ooliform
iwmorm (per mom‘) ~ ihundice, typhoid, Cholera etc. May cause
(D) Faecal conform 1 10 infectionsinvolving skin mucous
(per 100"") imembrance of eyes, ears and throat.

jsodium (Na) (mgn) NO guideline Harmful to persons suffering from cardiac, E
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0  0 Table 5.4 Water quality standards for irrigation use. M

S.No Parameters 'S105Oo’1991 _
Desirable Permissiblellimitw H

" " ' f 0 gescribediliimitsll Probable erre¢t§‘(tr presenitmin higherconcentration)'.H

5 . limit0 0 0 it  Pl lath“ t ‘net  ' Ilsalinit (Ecin A H ant grow isre arded wit un edfruits, eavesY

1 h SI at 25,1 Sensitive crops<1500; and stem.

I

2

Ratio(SAR)

2;“ ° °m Semito|erant1500-3000;_ g g Tolerant crop >3000
ismiium  To Eifienenl Causesdeflccculating of soil. Restricting free V
Absorption 10-13 G000 . movement of water.18-26 =Medlum_§>26 _ Bad W L  M .

3

Residual Sodium ‘<1.25 Excellent
Concentration 1.25 - 2.5

(RSC)(mg/I) é>2.5

Good
Bad

Result in increase of sodium causing adverse effect.
l

.l
l

l .

4 ;Sodium (Na)

<%>

1

l

No guideline

ilncrease total salinity, has adverse effect on sodium
t sensitive species such as stone fruit trees and
avocados. Effects soil structure & permeability.

i

5 Chloride (Cl)
i(m91l)

N0 guideline
iMay have direct toxic effectsjalong with sodium.

1‘

l

6 Titrate (N03 )
(mgr I)

No guideline {An essential plant nutrient but its excess any delay
maturity and seed growth in some plants

l

l

7 Boron (B) (mg/l) A

An essential plant nutrient at low concentration but
Sensitive 9°95 <1-Oi high concentration are toxic to plant.

Semi tolerant crops 1.0 - t
2;. Tolerant crops - 2.0 -A
4.0; Unsatisfactory 1__ for most crops > 4.0 1 W _

i

l

8
("lg")
Cépper (OJ) 1 A *0 Essential for plants as a micro nutrient. Deficiency

0.20 i 5.00 1 may cause crop damages. Otlorosis also leading to
dieback of plant. g  0  g g

9 .Lead (Pb){mgll) A 5.20
l

ll . .

Same plants accumulate it, which may have harmful
v 10_00 effects on human health- Very high concentration

may reduce root growth.
i

10
Znc (Zn)(mg1l) 2.00 A- 10.00

An essential plant nutrient as activator of enzymes.
‘Deficiency leads to several diseases such as by
ionizing, rosette or little leaf. High concentration
1 produces toxic effects.

11
Chromium (0')
§(m9/ I)

0.10
Toxic to plants, very high concentration may reduce

g 1.00 igrowth. Produce iron deficiency in plants and reduce____T the yields. K  g l

I

I

I

12 Cadmium (Gd)

{"19/I)
­

­

IL ____

0.01 A .05
Reducesxplant growth, bio-accumulates in plants
icause adverse effects (ilai-ilai) on human
consum ption, reduces yields.

13 Iron (Fe) (mg/l)
l

5.0

important and essential element. Deficiecy
20 0 lcaused by excess of lime in soils, results in chlorosis.

Excess iron contributesto soil acidification.

14 Nickel (Ni) (mg/I) 0.20 § 2.0
Causes stunted growth of plant in the concentration
10.5 mg/I. Toxic to barley, beans, oats, when more
than 2.0 mg/I
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Table 5.5 Waterq lity standardsfor indudrial use

S.No Parameters

ua

prewibed |in§it5W if Probable effects(if present inwhigher concentration)IS 10500. 1991 I IDesirablemlPermissib|eri glimit  limit    |l_ ~ .;»

1 I pH value

I if  if i wipe inceases corrosion of concreztie.wpl5lii7.O“is if I
6,5 ‘ 3,5 required for most industries pH 2.7 - 7.2 advised for ’

carbonated beverage indusry.|_  __. . ..__
. Total

dissolved

2 solids (TDS)

Causes foaming in boilers and solids interfere with
j clearness, color or taste of finished products Low ‘IDS

50 , 3000 ivalues are required in most industries High 'lD6leads
to corrosion.go r i("‘9i')

1 3 ilron (Fe)
(m9/I)

if Recommended val ues—foF food processi ng unitsis 0.2
for paper and photographic industry iron of 0.1 mg! I is I

0'1 2'0 recommended; iron less than 0.1 mg! I is A
‘ireoommended in cooling water.|:- _, __.

4 G1loride(O)
(moi I)

I  iljeadsitoloorrosonofsteelwandalurnilniium.25 I 200

5
Huoride (F)
(moi 1)

Harmful in industries involved in production of food
20 500 beverages, pharmaceuticals and medical items

6 Calcium (ca)
i(m9/I)

W I if if High calciurrTléads to spots on films Have undesirable
leffects like foaming scaling, precipitation in industries

20 500 rlt may interfere in formation of emulsions and g
process‘ ng of colloids upsetting the fermentation I

l process and elecgtroplating rinsing operation.

7 mil)
SJIphate (S34)

increase corrosveness of water towards concrete, low i
25 250 sulphates( 20 mg! I) is recommended for sugar ‘industries g g

Nitrate (N03
8 (mg/I)

)

Injuriousto dyeing of wool andnsilki fabrics and harmful

15 30 iin fermentation pooessfor brewing. Nitrate in some
water protects metal in boilers from inter-crystalline l
cracking.

9 ‘Owner (01)
z (moi I)

10 Chromium
°’)('“9">­(

iZinc(Zn)

'1 (mg/I)

Copper is undesirable in food industry as it has oolor

0 01 0 O5 reactions and imparts fishy taste to finished products' ‘ Affects smoothnes and brghtness of metal deposits in I
gmetal plating-baths

NA  isaoorrosioninhibitor.  I_ __g__ W .__ 7__V_  _.___
l

II Znc bearing water should not be used in acid drinks
NA r NA like lemonade.I  .. .__. .I

I-Bad (P0)

‘2 .<m@'>hg

'7 W Traces of lead in metal piliatiing baths affect smoothness

NA NA I and brightness of deposits f
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concentrations, although they may be beneficial at lower amounts (Singhal and Gupta, 1999). The

bacterial contamination should be  in groundwater for drinking and domestic usw. Prescnbed

standards for drinking water vary from country to COllIltI'y, depending up on the economic condition,

climate, food habits and geographic locations. Drinking water standards as prescribed by Bureau of

Indian Standards (1991) are given in Table 5.3.

5.2.1a pH

The pH of the natural water is slightly acidic (5.0 — 7.5) and is caused by the dissolved carbon

dioxide and organic acids (fluvic and humic acids), which are derived from the decay and subsequent

leaching of plant materials (Langmuir, 1997). Waters of pH value above 10 are exceptional and may

reflect contamination by strong base such as NaOH and Ca(OH) 2. The range of desirable limit of

pH ofwater prescribed by BIS (1991) is 6.50 to 8.50.

The spatial distribution of pH in the both phreatic as well as semi-confined deep aquifers of the basin

is shown in the Fi gs. 5. 1 a-d. pH in the phreatic aquifer (dug wells) and semi -confined aquifer (bore

wells) vary from 5 to 8.74 and 5.5 to 8.8 respectively. The long term trend of the pH in dug wells

and bore wells of the basin is given in the Table 5.8.

The dug wells of the coastal plain areas, adjoining to the shore, show a decrease in pH below

permissible limit during the pre monsoon period (Fig. 5. la). Similar trend is also seen in some

pockets of the eastem side of the basin. The extension of problematic area decreases after monsoon

(Fig. 5. lb). Out of 23 observation wells monitored, 7 wells show a rising long term trend in pH

while 16 wells show declining trend in pH (Table 5.8).

In the case of semi-confined deep aquifer, an increase in pH is seen in the Aloor and adjoining areas

of the basin during pre monsoon. But the problematic area is extended to some more places after

monsoon (Fi g. 5. ld). Out of 24 bore wells monitored during the investigation, 13 numbers show a

rising long trend in pH while 1 I numbers shows declining trend (Table 5.8).

90



Chapter V H ydro Geochemistry

SPATIAL DISTRIBUTION OF PH SPATIAL DISTRIBUTION OF PH
PHREATIC AQUIFER (PRE IIONSOON) PHREATIC AQUIFER (POST MONSOON)- /

4­

. N v N'. l\"_- '. A"I I I I I I I I
0 akr-at . . -_m:a§\I~ad ' .Yrr =.|1 I Ihl'\$.<U! 9O I1 t 1 “VI 1. ‘ _

.;‘§_1‘3 ~51Q Q W .>i__>­. O ' ' Q O. .D $ 1:“ O O
@­

.' R. Q, ‘I|i:\;a!.m:v&.~  _ _ mqg 3‘ srh _O O
*1v1

0 SAMPLE LOCATIONS i O SAMPLE LOCATIONS
-s.1.s:
[:]sa-e‘
C]e.a-7.
[:]7.s-rs

-at

Ga: as

I -as-6.9[:11-1:
[:13-re
[:]1.7-a
[::]a.1-a4
Gas-av

I I I I I I I I
(0) (b)

SEMICONFINED DEEP AQUIFER (PRE MONSOON) I SEMICONFINED DEEP AQUIFER (POST MONSOON)

SPATIAL DISTRIBUTION OF PH SPATIAL DISTRIBUTION OF PH

‘_

­
O

IF­

I I I I I I I IO ON N- . \ | - A .O O
I‘

Iwni-.Inrt . . | <:|;,m-M1 . _ .O “‘ QI O
fT'm ul U _ “‘ Thr=sur IO O- ­

O0 01 0 0
@5571
G75
[:]1a
[:]a|
Us-1
Flee

T.-I

7 ­

B

8.3

8.5

8.8

‘I3 Mina. _ _. . ‘ .­
I SAMPLE LOCATIONS 9 SAMPLE LOCATIONS

7.1-rs
[:]r.s-s

- [:}a1-a:
[:]a.a-a4as-as
{:]a.v-a7

Figs. 5.1a-d Spatial distribution of pH in phreatic (dug wells) and semi-confined deep

aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006

I I I I I I I I I
(<1) Id)



W H- 36 1‘ 1 I _T“N_‘ “ I, I ‘ IA ‘ ‘ ‘I, I 1 I I ‘ _|- I‘ ‘ ‘-‘ I IE ¢  E2  %_‘N_;mML]86orA  ___>m_hm\M m%A8N_o_ V_>_ F1‘Q>_a5___§_m8>>8.3986I: I 1‘ ‘I2L >__%_%@>¢ Nwékqo8L g %o9_gmV_“go‘SIm8hC%_Gi ‘ M _  ‘Tl2;‘ so i A‘N70; %86orO_‘WWh3_%__§ _N_%?Ng{ 5  0% O80\  >_8w_c_gl§_& 015%QNFN_‘I A A >_%_m>mmA AI5£_W_%%A\ 3565.30ago@150 jmdso_ “ ‘ 1 ___80O% _>§__mz 8_>>m_ L>___QQm_E_5 EaO60Sod__83>___Q8_%C_§>_waQEg_g>QISOME50ii MNQOA I: VA2|_§&_ ém_H@@%'goQ__;__um9m_@150% V861‘ my\  __QE%__§ éémg,Q36SE%__£m_>_2 go‘6%__  :I A   O26NFEogemmI I _ _il|‘¢ ISO86‘ __8gmQm_o>{_ :_>>m_1 H i%8__o__§A 2_;m_N“$663“$2gm“goNTA §>__Q%2 1%  gsm '83©_ {T___5fimn_N___;@j 86‘Q“ _J_mm?_o6fi i §:')>m ‘$669%‘ Ill-IRiaa% 1ESQZ\ E53 V GEE Q302Em__‘_v_EmCC_._V__0%S1 % I50 A2@’ >fi__9_ A%%®%LwOO.Ozmficmé % mg N80‘ ‘ ' 1*‘ ‘ I'll ‘;_{“ ‘22Elf‘m§_V_m_m6I \ éi__|_EGQQDSO0'26w_%8 69h 92 Hggm _>_ W25 mm F _O2_§__O__>_E/>0EALA?_, 3006M §__82:F‘: “l%:v_m_m_c___£505  I _IoA & __[ A_§vA__h___ i w_>>m68_OmEmfiuox“J26®Ndmy_ My F% }‘| i EFF gm $@©N__I _§_v_:gn_EBA50goA52V  DPi ?fi__wzM N80§_§m_>_ N_gm__§c_o9Q_ F___§_m_>_%§v__fi_#250 WN261'1‘ ‘_goEMU “Q02 _ 2% “Q02so _ 2 > >_mmg_Q3§_ ;>m _ 806 m __m__§_x% _!_mo:0Q__m“_M? H8) __mQ8E D8>_§ * I 5383 :Hoz__o>> & hag b_wn___m“_& awrma  08>?“ W_  8:83 A I d2__m>>?___ 20; 208 Egg Q80 8c___c8__Emm Em; O39 l_mu__:g o:mm__c_n_ %w H Y ‘PEms 22 29:a _Q j  E %°8N_N_‘.__W 8 §N_ __O_ PO Eta '5 8* Bmtag flog _x___=__8l_E8 U____w °_~$_____a ___ is >“___g_u Haggai __° _U___o_____ Q“ wig_ 1, k_v§£P_BF%!~J§FLH__"\__‘ _"_ “‘ ‘ “‘ ‘ ‘ll _ V ‘ it I P ‘I1



Chapter _V g_g_ W__ 7 Hydro Geochemistry
In an unconfined aquifer system the pH will be often below 7 (Lanrnuir, 1997). The acidic nature of

the groundwater can be attributed to the dissolution of CO, that is being incorporated into the

groundwater system by bacterial oxidation of organic substances (Matthess and Pekdger, 1981)

and addition of CO2 through rainwater. Moreover, the low pH of groundwater of the basin is

related to the wide distribution of lateritic soil whose pH is always acidic (CESS, l 984). Further, the

study area also encompasses extensive agricultural fields and therefore one of the main reasons for

the observed low pH could be related to the use of acid producing fertilizers like ammonium sulphate

and super phosphate of lime as manure for agriculture purpose (Raj esh et al., 2001).

A low pH below 6.5 can cause corrosion to water carrying metal pipes there by releasing toxic

metals such as zinc, lead, cadmium, copper etc. (Davies, 1994) and bore well pipes. Further low

pH value in groundwater can cause gastrointestinal disorders like hyper acidity, ulcers and stomach

pain with burning sensation (Rajesh et al., 2001).

5.2.1b Electrical Conductivity (EC)

EC, measured in microseimens/centimetre (uS/cm) or micro mhos per centimetre (umhos/cm) is a

measure of salt content of water in terms of ions (Karanth, 1987). The measurement of conductivity

is potentially a very sensitive procedure for measuring ionic concentrations. The purity of distilled or

de-ionised water is commonly checked by conductivity measurements. Conductivity monitoring of
\

rivers, lakes and wells are used to determine salinity, pollution etc. The potability and classification

of water in terms of conductivity is given in Table 5.9.

Table 5.9 Potability and classification of water in terms of Electrical conductivity (EC)

ilSi.iNo Rage of H3(pmhos/ cm) H gfiualityi 1  _   Bweuentg
‘333to %_ “GJOG

U1-BOOYQ

A sooiqiooo _g ’;Permissible  ~
y M ‘,10(_J0t01500  _ (Brackish g

(150010 10090  saline pg
The spatial distribution EC in phreatic as well as semi-confined deep aquifers of the basin is shown

in the Figs. 5.2a-d. EC in the phreatic aquifer (dug wells) and semi - confined aquifer (bore wells)

varies from 29 to 98011 mhosl cm (Chavakkad) and 10 to 93 Oprmhosl cm respectively and is within

permissible limit for domestic use. The long term trend of the EC in dug wells and bore wells of the

basin is given in the Table 5.10.
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Flgs. 5.2a-d Spatial distribution of EC in phreatic (dug wells) and semi-confined deep

aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006.



W K06Bm8hCWGmWHVYwI | ‘___ NFT$53géfi6;‘f 2I \ 5>m‘_m>A E‘NmN_%%Yy¢I é H N§_®€_____§_g_mUm>> %mN_>>O@N_MHNM i%§n%_>:®r_QF_g_vfi8>>_%NN_>>m__ _‘£N2OUODCNUNVNggoQ3_l 7 é_MA OF[ 5__m9_gw>W_‘N'>>mH  AA WQWNNFggmm3.26§OQ:OFi§_<_oggw? ‘N___5___ Hafig/0%®M8Em _>__@8_CN_U___NV__®__>>m__‘|‘]_ é  2 I I _336Q ESQNiiAw%m_NE%>:__o_/_ Q:/>m_ 5“2>___&_2%Cgw>m £6- QMAwNA_%_é_m%__:_6  15% (©N_mA_  __g_ m_mQEm_€__~> M_‘F |'_" __N ISO_ mzmi NI9E8mn_ ©__>>m§_N '2b___>_Um9m“mgMUN:DDESNQE m:sm_$__N_N '3E9_m__£m_)_Mm__g@56 I:V lli gm%_m>%%?|¢ :_>>mmoM:\A _ %l A%NFEOHHJEMB?SO30_ M Dim8%8_g__>_ mzsmI go‘FmvgmzE/>0W$_N_N;H E_w>__&3_>_ N__% _‘___n_ E _ % E©__cmr_Nmn_N ISO__ N__3_WmCm6W gm _ N8”Qi 1  A U%>£_____>>o__ll I’ _"___EnidM _ W_  i_cm£<_ ‘QT?/m 0&3” I%E_“___a_ ENCCJX820%‘ 00;‘ _ I‘2€_m_oV_Hg/m 8__  __ N2p_$_v_m_m6mlgoiW_7 I8:N“:myml:\ % %b%o§_&em£mv_Y_m_umS_ism:O3  Lw'_§_‘lm_ M  AQ2m__§_3613>Q_o_ S:£50:50Nqt©__62006:mU:v_m_m_C_E $50N__@@QSxxg3/>m_fi_ asmi_w§wU{oN_L; 250' :6N__5_9___\_lSm:9 _‘NF_U9_v_:gfl_A Y>>O7:2H E023% IA 368_ug_v__:_wn_ AAAA I‘ago“Hadj Q _‘§_§§_& ‘NI?/m89 INA_%ll-H__é_m_>_N'>>OSowVI !I||:|V_‘ 1 |_ :l“““|_ I‘ |__Mm_>_m%_mQfi__6QWF‘ Wgmas %rm!__awt__=_:50% AEo\W_mF___‘E___fl AE&§_E1_VL _ng_mcw60:3 __m“_ fig E mum man $0 dz_TEggsoz __m§% ‘R l! ;L llAEO\WoF__EV Aeohogsv _U$>_mCm CO_H83 _O7___m_>>E2 2 ___mH_N _8> Ea 8E man F0 _O7_ _>A Z  _v L1 A  Ii‘ \ *1‘)H“ ‘ I 11‘ ‘ I I‘ ‘I7 _ 1|:A__0_$ 209 hagg 8% U0___cCOO'_E$A__@5 gov __0t_JUm O_8®_____n___@_C__C°°mG_6:3 ___ §N_N__ 5 2 83 5 5 Eta O5 E p_Ou_____u_w Q8” _§_____8__E8 _u___w O_§____Q ___ EV _£__w__U __“_;g_dO6 _O _u_§___ O; 0__u__w___



§'!“P¥e"    Hydm Ge""h"’"is"3’
The spatial distribution of the EC in phreatic aquifer of the basin shows that, it gradually increases

towards shoreline i.e. the western side of the basin. The maximum value of EC is reported from the

samples of Chavakkad area (980 umhosl cm). Comparatively a low EC is reported from the central

and eastern part of the basin (Figs. 5.2a-b). Out of 23a observation wells monitored, 7 numbers

show arising long term trend in EC while l6 wells show declining trend (Table 5.10).

In the case of semi-confined deep aquifer, an increase in EC is seen in the northeastem

(Wadakkancherry) and southcentral (N ellai) parts of the basin dulin g pre monsoon. There is no

much variation in the spatial distribution of EC after monsoon (Figs. 5.2c & d). This means that the

EC of the groundwater in the semi-confined aquifer of the basin is mainly controlled by lineaments

and rock type of that area. Out of 24 bore wells monitored duling the investigation, 16 numbers

show a rising long trend in EC while 8 numbers show declining trend (Table 5. 10).

5.2.1c Total dissolved solids (TDS)

The quality of groundwater for drinking can be expressed in terms of total dissolved solids (TDS).

Groundwater with a TDS value of less than 300 mg/l can be considered as excellent for drinking

purpose (Table 5.11) according to WHO (1984). The TDS of the samples of both phreatic and

semi- confined aquifers of the basin in all seasons fall below 600 mg/l and are belong to category

‘good’ as per nonns of WHO (1984).

Table 5.11 The potability and classification of water in terms of TDS (mg/l) as per WHO (1984)

iS.N0 TDS(mg/I) H gwaterdass<3(D Excellent
3(Dto6£IJ Good _ Ji6(D'tOQD

(O@\iO’)O1-§~00I\)—¥

GINO 12(1) POOF
"Y     .ilt\§@eptabIe

10tYoi6300o Sigwtlysdine ii
go  g g   i3°°°t° 10°00  M°d¢rHl¢'.¥.§diU@l

,3000to  Very saline‘Hire
The spatial distribution of TDS in the study area shows a more or less same pattem that of the

distribution of EC. It is gradually increasing towards the westem side of the basin, nearshore. The

maximum value of TDS is reported from the samples of Chavakkad area (590mg/l). Comparatively

a low TDS is reported from the central and eastern part of the basin (Figs. 5.3a & b). Out of 23

observation wells monitored, 7 numbers show a rising long term trend in TDS while 16 wells show

declining trend in TDS (Table 5. 12).
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aquifers (bore wells) of the Palaeo-lagoon for the period 01 01 2000 to 31 12 2006
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In the case of semi-confined deep aquifer, an increase in EC is seen in the northeastem

(Wadakkancherry), southcentral (N ellai) parts of the basin during pre monsoon. There is no much

variation in the spatial distribution TDS after monsoon (Fi gs. 5.2c&d). This means that the TDS of

the groundwater in the semi-confined aquifer of the basin is mainly controlled by lineaments and

rock type of the area. Out of 24 bore wells monitored dining the investigation, 15 numbers show a

rising long trend in TDS while 9 numbers shows declining trend (Table 5.12).

5.2.1d Hardness as CaCO3

The groundwater hardness is defined as the sum of divalent cations in solution but depends largely

upon the concentrations of aqueous calcium and magnesium (Taylor and Howard, 1994). Hardness

of water is grouped into two types, carbonate and non-carbonate type. Carbonate hardness includes

that portion of the calcium and magnesimn that combines with bicarbonate and the small amount of

carbonate present. This is called as temporary hardness because it can be removed by boiling,

which precipitates calcium and magnesium carbonates and sulphate minerals. Hardness is usually

expressed in terms of calcium carbonate. The hard water is unsatisfactory for household cleaning

purposes and hence, water - softening process are needed for the removal ofhardness. The hardness

of water has been classified as soft, moderately hard, hard and very hard (Table 5. 1 3) by Sawyer

and McCarty (1967).

Table 5.13 Classification of the degree of hardness in water (Sawyer and McCarty, 1967)

Watergflass I-|ardness(mg/I) asQaQ)gISbft Oto 75
A Moderately hard  75:0 150“

T“ $11M Z-A 00 -A O

rtbrd   ,---15°1°300 fl;\/érvhard  T >305

I:_ i‘ ‘ ‘ __IT

The spatial distribution of hardness in the basin clearly shows a seasonal variarions with monsoon.

The water samples in the phreatic aquifer of Chavakkad and adjoining areas show hardness above

150 mg/l, the same situation persists after monsoon (F i gs. 5.4a & b). Hence the ground water in the

phreatic aquifer around Chavakkad area is identified as hard as per the classification given in Table

5.13. Out of 23 observation wells monitored, 9 numbers show a rising long term trend in TH while

l4 wells show declining trend (Table 5.14).
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Chapter V _ 7 Hydro Geochemistry
AS far as the semi-confined deep aquifer of the basin is concemed, the hardness is seen only in the

eastern part of the basin, around Wadakkancherry. This did not persist after monsoon. The

groundwater in the semi-confined aquifer of the area becomes totally soft after the monsoon, may

be due to dilution (Figs. 5.4c & d). Out of 24 bore wells monitored during the investigation, 18

numbers show a rising long trend in TH while 6 numbers shows declining trend (Table 5. l4).

A low pH of groundwater favours the dissolution of carbonate mineral, which in turn enhances the

hardness by dissolving carbonate minerals of the country rock (Todd, 1980). But such an equilibrium

system is not prevailing in this basin in view of low hardness.

S.2.le Total Iron

As per the norms of Indian Standard (IS l 0500: 1991) the desirable and permissible limit of iron in

drinking water are 0.3 and 1.0 m g/l respectively. The Figs. 5.5a-d shows the spatial distribution of

Iron in both phreatic and semi-confined aquifers of the study area. In both seasons (in phreatic as

well as semi-confined deep aquifers) the iron concentration is below permissible limit during pre

monsoon and above permissible limit during post monsoon. The concentration of iron in groundwater

of the phreatic aquifer (dug wells) varies from 0.084 to 1.3 mg/l and it is more than permissible

during post monsoon period in areas such as Edamuttom, Kunnakulam, Kadangode and northeastern

part of the basin (Figs. 5.5a & b). The long term trend of iron in the study area is given in Table

5.15. Out of 23 observation wells monitored, 6 numbers show a rising long term trend in Fe

concentration and the remaining 17 shows a declining long term trend.

In the case of semi-confined deep aquifer, all the area except central part of the basin shows an iron

concentration above permissible limit (1.0 mg/1) during post monsoon (Fig. 5.50 & d). Out of 24

bore wells monitored during the investigation, 15 wells show a rising long trend in Fe while 9 wells

show declining trend (Table 5.1 5).

The reason for increase in the concentration of F e in groundwater of the area during post monsoon

period may be the dissolution of iron oxide from the lateiite during monsoon (Singhal and Gupta,

1999). As the study area is primarily covered with laterites (70%), leaching of Fe will take place
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easily under the existing anoxic conditions and thus the concentration of total iron in groundwater of

this basin is high above the pennissible level. In the coastal plain region, the concentration of iron in

groundwater will be higher under reducing condition due to bacteriological attack on organic matter

which leads to the formation of various humic and fluvic compounds (Applin and Zhao, 1989; White

cl a1., I991). Under reducing condition (in bore wells and tube wells), the iron from biotite mica and

laterites are leached into solution in ferrous state and added to groundwater. Because of the above

reasons the concentration iron is generally seen above permissible limit in the tropical areas especially

in areas with laterite capping. The rusting of galvenised iron pipes used, as casing pipe is also a

reason for high iron content in bore wells and tube wells. In high rainfall areas like Assam, Orissa

and Kerala the total iron content ranges from 6.83 to 55 mg/l (Singhal and Gupta, I999). The

common method of removal of iron from water is by aeration followed by sedimentation.

5.2.1f Fluoride

In groundwater, fluorine occurs mainly as simple fluoride ion. It is capable of forming complexes

with silicon and aluminium, and is believed to exist at a pH < 7. According to Indian Standard (IS

10500: 1991) the desirable and pennissible limit of fluoride in groundwater is 1 .0 and 1.50 mg/I

respectively. The spatial distribution of fluoride in phreatic and semi-confined aquifer during pre and. u
0

post monsoon periods of the study area is given in Figs. 5.6a-d. In phreatic as well as semi ­

confined aquifers during both seasons the fluoride contents are within pennissible limit. The samples

fiom dug wells of the MG Kavu, Chavakkad, Pudukkad, Mathilkam and Varandarapilli have given

a fluoride concentration around l .0 mg/I in one or two pre monsoon times. Similarly the bore wells

at Panancherry, Nelluvai and Arthat have given same fluoride concentration during pre monsoon

period. The distribution of fluoride for both seasons shows more or less an identical pattern and

most of the samples show a fluoride value as traces (Tables. 5.6 & 5.7).

The long tenn trends of the fluoride concentration in both types of aquifers are given in Table 5.16.

Out of 23 observation wells monitored, 6 numbers show an increasing trend while remaining 17

ntnnbers show a declining trend. Similarly, In the case of 24 bore wells observed, 5 numbers shows

a positive long term trend whereas the remaining 19 numbers show declining long term trend.

95



SPATIAL DISTRIBUTION OF FLUORIDE
PHREATIC AOUIFER (PRE MONSOON)I I‘ I‘ I I I I I_ ii_i_

SPATIAL DISTRIBUTION OF FLUORIDE
PHREATIC AQUIFER (POST MONSOON)

Th!'8“

I —

­

­I | I ' I I
0 SAMPLE LOCATIONS

5 .0-ooss-0054-0.1a _0‘9_O3
0.31-043
C1044-oss
-056-oer

o SAMPLE LOCATIONS

M9"
" 101"] 0- 0 as

- 0.16 -0.32
0.33-049
0.5 ~oee
oer -0 as
- 0.04 - I

I I I I
(<1) (bl

SPATIAL DISTRIBUTION OF FLUORIDE
SEMICONFINED DEEP AQUIFER (PRE MONSOON)I I I I

­

4

' I SPATIAL DISTRIBUTION OF FLUORIDE
SEMICONFINED DEEP AOUIFER (POST MONSOON)

- _
I I C-Iv&I4\Ad

- ­
1- ­I I I I

o smme LOCATIONS

mgll

. = 0- 0 ore

- 0.079-0 17 ‘_
oza - oar
[:]o.:»s-os
-051-067

I I I I ll‘,
Ix

I SAMPLE LOCATIONS

iwodaa-0.32
-o.as~o.4s

__ 0-as-0.59
os-073
|:0.74-0.66
-oav-1

I I I I
(<1) (d)
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deep aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006
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Chapter V _ _ Hydro Geochemistry
Fluoride is beneficial if presents in small concentrations (0.8 to l .0 mg/1) in drinking water for

nlcification of dental enamel but it causes dental and skeletal fluorosis if present in higher amount

_Table 5.17). High concentration of fluoride in drinking water is also linked with cancer (Smedly,

I992). In Kerala, high concentration of fluoride is recorded in certain coastal plain areas ofAlappuzha

listrict and in eastern side of Palakkad district. The fluride of coastal plain region of Alappuzha is

rrobably derived from sediments during freshenin g process of associated groundwater (CGWB,

I003) and in Palakkad it is derived from Kankar and associated crystalline rocks.

Table 5.17 Impact of fluoride in drinking water on health (Dissanayake, 1991)

Y p Qanoentratipon of fluoride (mg! I)  on health,  Q
l

.91
ov<.nJ>-com->g

Z

A pg Limitedgrowthandfertility_-°t<>0-50,-“ Dentalfies
0.510150 Promotes dentefl health “

Q  1.5to 4.0 [Dental fluorosis (mottling of teeth) at
" 4.0 to 10 __, Dental and skeletal [puprosisg>W 10  pO'ippligng flurosis  r

5.2.1g Major cations and anions

Major cations and anions such as Ca“, Mg“, Na", IQ, Cl‘, SO,‘ , CO3‘, I-lCO3', and NO,‘ (Tables

5.6 & 5.7) were plotted in hydrochemical pattern and facies diagrams (Part 5.3 of this Chapter).

Here, the spatial distribution of the major cations and anions and their desirable and permissible

limits for drinking purpose are discussed with supporting data and diagrams of the study area.

Calcium: Calcium is one of the freely dissolving ions from many rocks and soils. The principal

sources of calcium in groundwater are some members of silicate mineral goups like pl agioclase,

pyroxene and amphibole among igneous and metamorphic rocks and limestone, dolomite and gypsum

among sedimentary rocks. Calcimn is present in water as Ca“, which forms complex with some

organic anions. The presence of K and Na also influences the solubility of calcium. Concentration

of calcium in normal potable groundwater generally ranges between l0 and 100 mg/l. Calcium in

this concentration has no effect on the health of humans. The desirable and permissible limits of

calcium in drinking water are 75 and 200 mg/l respectively. Indeed, as much as 1000 mg/l of

calcium may be harmless.
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Ilmpter V g _ Hydro Geocliemistry
[he spatial distribution of calcium ofboth phreatic and semi-confined aquifers of the basin in pre and

post monsoon periods is given in Fi gs. 5.7a-d. The calcium concentration of the basin varies from

l0to 110 mg/l and it is within the permissible limit proposed by BIS for drinking. The long term

trend of cacium in the phreatic as well as semi -confined aquifers of the study area is given in Table

5.18. Out of 23 observation wells monitored, 15 numbers show an increasing long term trend and

lheremaining 8 wells show declining trend. In the case of semi-confined aquifer, out of 24 bore wells

monitored 21 numbers show positive long term trend and the remaining 3 wells show declining

trend.

Magnesium: Magnesium is commonly associated with calcium and causes hardness of water. The

geochemical behavior of Mg“ is altogether different from that of Ca“. In igneous and metamorphic

rocks magnesium occurs in the fonn of insoluble silicates, weathering breaks them down into more

soluble carbonates, clay minerals and silica. Concentration of magnesium in groundwater attains a

rather wide range. The desirable and permissible limits of magnesium in drinking water are 30 and

100mg/l respectively.

The concentration of magnesium both in phreatic and semi-confined aquifers in the study area is

vary fi'om 0.5 to 26 mg/l (Figs. 5.8a-d), which is below the desirable limit recommended by BIS.

The long term trend of calcium in the phreatic as well as semi-confined aquifers of the study area is

given in Table 5. 19. Out of 23 observation wells monitored, 9 wells show an increasing long term

trend and the remaining 14 wells show declining trend. In the case of semi-confined aquifer, out of

24 bore wells monitored 12 wells show positive long tenn trend and the remaining 12 wells show

declining trend.

Sodium: Sodium (unlike calcium, magnesium and silica) is not found as an essential constituent of

many of the common rock fonning minerals. The primary source of most sodium in natural water is

from the release of soluble products during the weathering of plagioclase feldspars. The most

important source of sodium in grotmdwater, with concentration of over 50 mg/l of sodium is the

precipitation of sodium salts impregnating the soil in shallow water tracks, particularly in arid and

semi-arid regions. Certain clay minerals and zeolites can increase the sodium content in groundwater

by Base Exchange reactions.
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Chapter V g Hydro Geochemistry
The concentration of sodium in phreatic aquifer varies fiom 1.0 to 73 m g/l (Chavakkad). While in

semi- confined deep aquifer it varies from I to 130mg/l. The maximum concentration in semi­

confined aquifer is seen in the south central part of the basin around lrinj alakuda and Nellai (Figs.

5.9a to d). The long term trend of sodium in the phreatic as well as semi-confined aquifers of the

study area is given inTable 5.20. Out of 23 observation wells monitored, 13 wells show an increasing

long term trend and the remaining l0 show declining trend. In the case of semi-confined aquifer, out

of 24 bore wells monitored 18 wells show positive long term trend and the remaining 6 wells show

declining trend.

Potassium: The sources of potassium are the products formed by the weathering of orthoclase,

microcline, biotite, leucite, and nepheline in igneous and metamorphic rocks. The abundance of

potassium in the earth’s crust is about the same as sodium and potassium which is commonly less

than one tenth of the concentration of sodium in natural water.

The spatial distribution of calcium ofboth phreatic and semi-confined aquifers of the basin in pre and

post monsoon periods is given in Figs. 5. 10a-d. The potassium concentration in the phreatic aquifer

of the basin varies from 1 to 30 mg/1. While in semi-confined deep aquifer its concentration is below

10mg/l. The long term trend of potassium in the phreatic as well as semi-confined aquifers of the

study area is given in Table 5.21 . Out of 23 observation wells monitored, 8 wells show an increasing

long term trend and the remaining 15 wells show declining trend. In the case of semi-confined

aquifer, out of 24 bore wells monitored, 10 wells show positive long tenn trend and the remaining 14

wells show declining trend.

Chloride: Chloride is a minor constituent in the earth’s crust, but a major dissolved constituent of

most natural water. Chloride bearing minerals such as sodalite and chlorapatite, which are very

minor constituents of i gneous and metamorphic rocks, and liquid inclusions, which comprise very

significant fraction of rock volume, are minor source of chloride in grotmdwater. Most of the chloride

in groundwater is present as sodium chloride but chloride concentration may exceed the sodium due
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Chapter V H ydro Geochemistry
easily under the existing anoxic conditions and thus the concentration of total iron in groundwater of

this basin is high above the pennissible level. In the coastal plain region, the concentration of iron in

groundwater will be higher under reducing condition due to bacteri ologi ca] attack on organic matter

which leads to the fomiation of various humic and fluvic compounds (Applin and Zhao, 1 989; Wliite

ct al., 1991). Under reducing condition (in bore wells and tube wells), the iron from biotite mica and

laterites are leached into solution in ferrous state_and added to groundwater. Because of the above

reasons the concentration iron is generally seen above pennissible limit in the tropical areas wpecially

in areas with laterite capping. The rusting of galvenised iron pipes used, as casing pipe is also a

reason for high iron content in bore wells and tube wells. In high rainfall areas like Assam, Orissa

and Kerala the total iron content ranges from 6.83 to 55 mg/l (Singhal and Gupta, 1999). The

common method of removal of iron from water is by aeration followed by sedimentation.

5.2.lf Fluoride

hr groundwater, fluorine occurs mainly as simple fluoride ion. It is capable of forming complexes

with silicon and aluminium, and is believed to exist at a pH < 7. According to lndian Standard (IS

10500: 1991) the desirable and permissible limit of fluoride in groundwater is 1 .0 and 1 .50 mg/l

respectively. The spatial distribution of fluoride in phreatic and semi-confined aquifer during pre and_ \
post monsoon periods of the study area is given in Figs. 5.6a-d. In phreatic as well as semi ­

confined aquifers during both seasons the fluoride contents are within pemiissible limit. The samples

from dug wells of the MG Kavu, Chavakkad, Pudukkad, Mathilkam and Varandarapilli have given

a fluoride concentration around l .0 mg/l in one or two pre monsoon times. Similarly the bore wells

at Panancherry, Nelluvai and Arthat have given same fluoride concentration during pre monsoon

period. The distribution of fluoride for both seasons shows more or less an identical pattem and

most of the samples show a fluoride value as traces (Tables. 5.6 & 5.7).

The long term trends of the fluoride concentration in both types of aquifers are given in Table 5.16.

Out of 23 observation wells monitored, 6 numbers show an increasing trend while remaining 17

numbers show a declining trend. Similarly, In the case of 24 bore wells observed, 5 numbers shows

a positive long term trend whereas the remaining 19 numbers show declining long term trend.
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Qflpler V    Hydro Geosfiemistv
Fluoride is beneficial if presents in small concentrations (0.8 to 1.0 mg/I) in drinking water for

calcification of dental enamel but it causes dental and skeletal fluorosis if present in higher amount

(Table 5.17). High concentration of fluoride in drinking water is also linked with cancer (Smedly,

1992). hi Kerala, high concentration of fluoride is recorded in certain coastal plain areas ofAlappuzha

district and in eastern side of Palakkad district. The fluride of coastal plain region of Alappuzha is

probably derived from sediments during freshening process ofassociated groundwater (CGWB,

2003) and in Pal akkad it is derived from Kankar and associated crystalline rocks.

Table 5.17 Impact of fluoride in drinking water on health (Dissanayake, 1991)

Cbnoentration of fluoride (mg/I) ylmpad on health

Nil __ l.i_rnited_ growth and fertility g g
Q_t_o_0.50g g g W A p Dental caries "

m‘-lawn)-Ag

A or P-§l<?1~5° ______. .-.P*°'.“°ie$de"ta' health
_ 1.5to 4.0  fl uo§osis(mottling of teeth) l

. ""2. 4.0 to 10 Dental and skeletal flurosis iiii...
> 10 CW Oippling flurosis

O5

5.2.lg Major cations and anions

Major cations and anions such as Ca“, Mg“, Na", K", Cl‘, S04" , CO3‘, HCO3‘, and N03" (Tables

5.6 & 5.7) were plotted in hydrochemical pattern and facies diagrams (Part 5.3 of this Chapter).

Here, the spatial distribution of the major cations and anions and their desirable and permissible

limits for drinking purpose are discussed with supporting data and diagrams of the study area.

Calcium: Calcium is one of the freely dissolving ions from many rocks and soils. The principal

sources of calcium in groundwater are some members of silicate mineral groups like plagioclase,

pyroxene and amphibole among igneous and metamorphic rocks and limestone, dolomite and gypsum

among sedimentary rocks. Calcium is present in water as Ca“, which forms complex with some

organic anions. The presence of K and Na also influences the solubility of calcium. Concentration

of calcium in normal potable groundwater generally ranges between 10 and 100 mg/l. Calcium in

this concentration has no effect on the health of humans. The desirable and permissible limits of

calcium in drinking water are 75 and 200 mg/1 respectively. Indeed, as much as 1000 mg/l of

calcium maybe harmless.
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Chaprerf  g  pp Hydro Geochemistry
The spatial distribution of calcium ofboth phreatic and semi-confined aquifers of the basin in pre and

post monsoon periods is given in Figs. 5.7a-d. The calcium concentration of the basin varies from

10 to 1 10 mg/l and it is within the permissible limit proposed by BIS for drinking. The long term

trend of cacium in the phreatic as well as semi -confined aquifers of the study area is given in Table

5.18. Out of 23 observation wells monitored, l5 numbers show an increasing long term trend and

the remaining 8 wells show declining trend. In the case of semi-confined aquifer, out of 24 bore wells

monitored 21 numbers show positive long term trend and the remaining 3 wells show declining

trend.

Magnesium: Magnesium is commonly associated with calcium and causes hardness of water. The

geochemical behavior ofMg‘“* is altogether different from that of Ca“. In igneous and metamorphic

rocks magnesium occurs in the form of insoluble silicates, weather-in g breaks them down into more

soluble carbonates, clay minerals and silica. Concentration of magnesium in groundwater attains a

rather wide range. The desirable and permissible limits of magnesium in drinking water are 30 and

100 mg/1 respectively.

The concentration of magnesium both in phreatic and semi-confined aquifers in the study area is

vary from 0.5 to 26 mg/I (Figs. 5.8a-d), which is below the desirable limit recommended by BIS.

The long term trend of calcium in the phreatic as well as semi-confined aquifers of the study area is

given in Table 5.19. Out of 23 observation wells monitored, 9 wells show an increasing long term

trend and the remaining l4 wells show declining trend. In the case of semi-confined aquifer, out of

24 bore wells monitored 12 wells show positive long term trend and the remaining 12 wells show

declining trend.

Sodium: Sodium (unlike calcium, magnesium and silica) is not found as an essential constituent of

many of the common rock fomiing minerals. The primary source of most sodium in natural water is

from the release of soluble products during the weathering of plagioclase feldspars. The most

important source of sodium in groundwater, with concentration of over 50 mg/l of sodium is the

precipitation of sodium salts impregnating the soil in shallow water tracks, particularly in arid and

semi-arid regions. Certain clay minerals and zeolites can increase the sodium content in grotmdwater

by Base Exchange reactions.
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Chgner V p   Iiydro Geochemistry
The concentration of sodium in phreatic aquifer varies fiom l .0 to 73 mg/l (Chavakkad). While in

semi- confined deep aquifer it varies from 1 to 130mg/l. The maximum concentration in semi­

eonfined aquifer is seen in the south central part of the basin around Irinjalakuda and Nellai (F i gs.

5.9a to d). The long term trend of sodium in the phreatic as well as semi-confined aquifers of the

study area is given in Table 5.20. Out of 23 observation wells monitored, 13 wells show an increasing

long term trend and the remaining 10 show declining trend. In the case of semi-confined aquifer, out

of 24 bore wells monitored I8 wells show positive long term trend and the remaining 6 wells show

declining trend.

Potassium: The sources of potassium are the products formed by the weathering of orthoclase,

microcline, biotite, leucite, and nepheline in igneous and metamorphic rocks. The abundance of

potassium in the ea1th’s crust is about the same as sodium and potassium which is commonly less

than one tenth of the concentration of sodium in natural water.

The spatial distribution of calcium ofboth phreatic and semi-oonfined aquifers of the basin in pre and

post monsoon periods is given in Figs. 5. 10a-d. The potassium concentration in the phreatic aquifer

of the basin varies from 1 to 30 m g/l. While in semi-confined deep aquifer its concentration is below

10mg/l. The long term trend of potassium in the phreatic as well as semi-confined aquifers of the

study area is given in Table 5.21 . Out of 23 observation wells monitored, 8 wells show an increasing

long term trend and the remaining 15 wells show declining trend. In the case of semi-confined

aquifer, out of 24 bore wells monitored, 10 wells show positive long term trend and the remaining l4

wells show declining trend.

Chloride: Chloride is a minor constituent in the earth’s crust, but a major dissolved constituent of

most natural water. Chloride bearing minerals such as sodalite and clrlorapatite, which are very

minor constituents of igneous and metamorphic rocks, and liquid inclusions, which comprise very

significant fraction of rock volume, are minor souroe of chloride in groundwater. Most of the chloride

in groundwater is present as sodium chloride but chloride concentration may exceed the sodium due
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aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006.



‘W I$6IdEL E__N_>>m_WL W ____1_‘ F _N25>m_m>"wig ' ékio  W Q_€05§_V_m_8ggo8;‘Q>____®___OC9__v_mU@>>%ANm|%%W§ {_B__  iorzgag?Q26N;_:___§_m__m>5%‘ % E _r_0’_  N_>__m>mm_PQSO_w _m8 IhCWG so2_ A or L_8_<>_8w_cg_LQoN_3m_ mg _l {N ( NP\[mLZlAm|P|._A/ymwk \_5___Sn_39908'26alsoMdH _goy I’  IiN3NP_>g5 =02igwg N8W G P>___Q%_8___wa>ego:6‘I I! ljli {VJQZzggtfih :_>>m_ woe__ H ‘E8 Eg_5>2'26I’-V‘ \ _!‘:€O?_6$n_N  ogm $63i _:>_§fi9.268“I% _5E_waQ_9_& 8.25 gyd3E9_m_____§>_m_¢<fiUQ___ T9m>8m_m>3;?SOtEOZDEQUM3'30‘U­__7‘gmW_m__O39N_3wU8_g _>_Em>__Q% _>_5 _&CQ69'26 I $6 3 gtmz“gm _ Iéhkdg 1%  __A_c%Nh®W zlgm I mm; %%%%% lg _U9_v_m>m6MWr_§Omg:_>>Omg_! I:_ Dogma: ___®n_‘eém NQMH _ 2 _ Em_:X§ccQ9_;OQ29>fim_9_Q26 I80 z A I  __w_9_v_m_m6mgN__NElm9>_m_t____w___mn_mgwydgzwig I“'25 _fig  Ewe _m_%%§ H ‘%i%&_aO_gv__o__>_5‘Alg/>0MygwwHUwig9Q5v_v_t__';0Ummo£U ogsmQ26 _% V 1O3 _ A :¢ M;  I ilA mi mU%_m€_yy L Whig_W7|$5$6A N_505ism 86i|‘_ VZFNP l8v_v_:8n__lSO862_m__0zg>m3_%%¢   so 98v_v__:mn_E6go AUQW25___§_mS_N_>>m _N_O__  A _ 1 AE SE52N72058:5_4<fiUV hSN Q amgaajg ____$m_ _ :6 mgg $95 p§__§ __o__8q_ OZ __o_S Chg fig “V8 figj aw) mg __m"_ __8:8 am 2% B02 E038 __m"_ fig *3 83 $8 602co___8q_dz =0;rwwhI‘ ‘V “Ii ' ' '_ l":“ |||| _ |||j_E95 90$ E58 $00 8P__E8‘E_& A__w; Gav L__g_Jg O__$En_COfi6N_lO¢N_Nn_ ____pr ll V V k I ‘ II I |I || ‘\i“ ‘ I .  1 1 ll‘: 1|a %Q N 1m8N N__I3 ggal E‘_° Eta m:*§_EQ_:Um gm“ @m_:$_E$ Us“ _W_H_Wg_n_ ___A_§__8_wV >___g_U Eggzb *0 go; as w_n_p_



25-es
Ch

SPATIAL DISTRIBUTION OF POTASSIUM
PHREATIC AQUIFER (PRE MONSOON)I‘. II I

­

­

­

­

0 SAMPLE LOCATIONS

mgll

‘-0-:4

‘T-II

-1:-15
-as-19
-20-24

~­

SPATIAL DISTRIBUTION OF POTASSIUM
PHREATIC AQUIFER (POST MONSOON), _I I I

\ ­

I I I I' I
0 SAMPLE LOCATIONS

..!“.__,9": ;<>:s.1
32-as
G86-14
-15-19
-20-25
-26-so(0) (b)

SEMI CONFINED DEEP AQUIFER (PRE MONSOON)
SPATIAL DISTRIBUTION OF POTASSIUM SPATIAL DISTRIBUTION OF POTASSIUM

SEMI CONFINED DEEP AQUIFER (POST MONSOON)IV 1| II I I II

—

_

­

0 SAMPLE LOCATIONS O S
Ingll
___c>1s[I115 3: VG33_49
- 5-6.6
- 6.7-a.:
- as-9.9

I I I
­

­

­

_ I

­

'99"
___@|1-:4:5-as

[:_]ar--as
-5-62
-6.3-74
-7.5-av

I I I
AM PLE LOC ATIOH S

(<1) - (d)
Fig 5.10a-d Spatial distribution 0fPotassimninphl1eatic(dugwelk)andsemi-confined

deepaquifers (borewells) ofthe Palaeo-Iagoonfortheperi0d01.o1.2oooto31.12.2oo6.



l '5._iChapter V X   Hydro GeochemistryI ‘ .' I .'l I_
to Base Exchange phenomena. Chloride in water is a  than oxygen and

chlorine with oxygen slowly decompose water. The permissible and desirable limit of chloride in

water, proposed by Indian Standard (IS 10500: 1991) is 250 and 1000 mg/l respectively.

The spatial distribution of chloride ofboth phreatic and semi-confined aquifers of the basin in pre

and post monsoon periods is given in Fi gs. 5. 1 la-d. The chloride concentration in the phreatic as

well as semi-confined aquifer of the basin is varies from l to 95 mg/l, which is very below the

permissible limit proposed by BIS. The long term trend of potassium in the phreatic as well as semi­

confined aquifers of the study area is given in Table 5.22. Out of 23 observation wells monitored, 1 5

wells show an increasing long term trend and the remaining 8 wells show declining trend. In the case

of semi-confined aquifer, out of 24 bore wells monitored, 16 wells show positive long term trend

L)?

T
and the remaining 8 wells show declining trend. A 6! .5 1: 0 5 <‘

V I I‘ I?

Sulphate: Usually in waters, sulphate is found in smaller concentrations than chloride. The sources

of sulphate in water are sulphur minerals, sulphides ofheavy metals, which are of oommon occurrence

in the igneous and metamorphic rock, and gypsum and anhydrite found in some sedimentary rocks.

The sulphate content of aunospheric precipitation is only about 2 mg/l but a wide range in sulphate

content in groundwater is made possible through reduction, precipitation, solution and concentration

as the water traverses through rocks. The permissible and desirable limit of sulphate in drinking

water, proposed by Indian Standard (IS 10500: 1991) is 200 and 400 mg/l respectively.

The spatial distribution of sulphate ofboth phreatic and semi -confined aquifers of the basin in pre

and post monsoon periods are given in Figs. 5. 12a-d. The sulphate concentration in the phreatic

aquifer of the basin varies from 1 to 20 mg/l while in semi-confined aquifer from 1 to 80 mg/1, which

are very below the permissible limit proposed by BIS. The long term trend of sulphate in the phreatic

as well as semi -confined aquifers of the study area is given in Table 5.23. Out of 23 observation

wells monitored, 14 wells show an increasing long term trend and the remaining 9 wells show

declining trend. In the case of semi-confined aquifer, out of 24 bore wells monitored 16, wells show

positive long term trend and the remaining 8 wells show declining trend.

99



Chapter V Hydro Geochemistry
SPATIAL DISTRIBUTION OF CHLORIDE SPATIAL DISTRIBUTION OF CHLORIDE
PHREATIC AOUIFER (PRE MONSOON) PHREATIC AQUIFER (POST MONSOON)

4­

In

<­

I I I I I I I I I

— cu

mgllI0-II

I-26

21--so
-41-ss
-ss-ea
-T0-84

I ­

­

0 SAMPLE LOCATIONS I SAMPLE LOCATIONS
E’!
__!c>1a
:]14-272840
-41-54
-ss-er
-as-a1

I I I I I I _ I I
(3) (b)

SEMI CONFINED DEEP AQUIFER (PREMONSOON) I SEMI CONFINED DEEP AQUIFER (POSTMONSOON)I I I ISPATIAL DISTRIBUTION OF CHLORIDE SPATIAL DISTRIBUTION OF CHLORIDEI I I I

0

D-I .'4I(Im_l

<­ I

’ I\m'nI\-rl

1 t 0
A

­

­

-_

[:|17as
-49
I66
—B1

I I I I
-32

-as

-es

-an

-91

0 $AMP|_E LOCATIONS 0 SAMPLE LOCATIONSmgll "I0/I
0- 16 Ip__'0-1e

|:]1r-3:i $33.49
-so-es
-es-a2
-as-ea

I I I I

Figs. 5.l1a-d Spatial distribution of Chloride in phreatic (dug wells) and semi-confined

deep aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006

(¢) (fl)



' » %|i8_‘_FN_ W E? fism_ II _|-HI“ ‘ ___|||‘-I! ‘ I _ I “ ‘ I _ VIIM‘:| & 83Ni_ | '_'_'||_|‘ II III ‘ __ "“‘_ M A ‘ A _1  mwgm | gm m >__%§_v_m8>>M008558|_$ON950_ 1  66.02M O__ II % __m>M A % I‘ 11;‘EMF >__m6§_v_mQw; N;/m‘ 8; Q H % 2 E5__m9_m__w>H  % mm;  NF>__§mm_530goo A_8_< owgm god _‘ WEN 9% i é_ iiqlzt A  % H N; % NH“ é%|__§__n_ Q8'26_ I |_ _iMNg_o>_m8_§@ lHll mzsm  ?256220_ §__N|_§ _>_w>3__®zM |i@@|;>m_ \ No;   9>%_%_a%‘_w_U___mm>:6_ E6_mN_o 1 kl@2AA %mm_____6 % Egm Ono“? T‘ __ I ‘WW? A _ _____08n_ mlsm ' 68° Hm_gEm>_&>5&5tgm@390‘ i 2  6;:i A  3Em_8_8_ %|%m;>mm8_O;A WT AilE9__m__r__m_2“ISOmgwlg _‘  3;% %gA_w>8m_m> iR%8__w:_)_¢ A m;>m_ | _W®%%Q_ -HE0H__§_m_HWémz3'202'30_ ox:\ NP“: E_w>__&_§_i NIKE‘ 9 _ “N50  ©  i __5§ Nfgo_ mmo_i_€NVI R _:_mQ_m6 ism I ‘N03 H  2  \‘%_§_v_d_>m6QNZ  V:ogm $2 IEm__J¥F_€_0:30'-H!‘|‘ ‘M _ BodIQgm $2 __m§__v_m_m6250gill uW>ho55___|_mW|\ £5 A. WW9 Wmmggowg' L i_“B_N98m___ fiv_V_m_Um_>_ Hmam _ Vkd Il??§_g_W26Wag‘ A %QA Nogm 082 'H AA %a|_W__w§_goL60$®$8 V %% m_9_m_U9_I 63.0ISm__®N__o _% A _8v_§_Jn_ 130m- M83P :1“ 1 m _ANN 2/>m__8m_o %  I_wmW_v_u_mmn_ A0%63 (' A  1 9  an Iyggmg NJ__Sm_%_ % ~l~IFNo_O uéwkti EBCEEN.‘/5N02 1 I §N_ >_%QQ:§A%l% ;>m_' :__o  m H323506E6gev ~_¢\mEWv%H% U8>__§_ glwofl ‘oz __0>> cg gé U8>m1_m&¢I\Hmg 2 ___w"_ 50> §_ 8m fig 302 W M K8) ha 60> 6Q 8 Q _OW _m"_¢ H  20; EOE Egg amov 8__am_mO._E& j L    A__m_S mavatmgggafiE mu B Z&__8q_l L_oZ __og_§~_( Q”: E sauzn 2 83 5 8 Eta 05 _°;_£=_u~ n_$_U _§_%8__E$ 2“ £$§_ ___ A%__°_fi_ £36 _°§=85 3 “zap an gaggm



SPATIAL DISTRIBUTION OF SULPHATE SPATIAL DISTRIBUTION OF SULPHATE
PHREATIC AQUIFER (POSTMONSOON) PHREATIC AOUIFER (POSTMONSOON)1 1 ' 1 1 I I I I

up n­

-1: —

_ ‘­1 1 1 1
I SAMPLE LOCATIONS

"'0"
3045-17
-as-rELM
E11-13 '
:14-17
-1s-:0

'!!.9.'I.0 45
I181
1'­II"­
-18­

- 317

7

I3

IT

20

I I I I
I SIMPLE LOCATIONS7 | _ ‘O

(=1) (b)

SPATIAL DISTRIBUTION OF SULPHATE
SEMI CONFINED DEEP AQUIFER (PREMONSOON)1 '1 1' 1 SEMI CONFINED DEEP AQUIFER (POSTNIONSOON)

SPATIAL DISTRIBUTION OF SULPHATEI I I I I
-_ -,

- ­
an -1­

N -1­
A

I I I I I I I I
0 SAMPLE LDC ATIONS 0 SAMPLE LOCATIONS

mgll

__O-II

-13-:5
:6-:9
10-s2
[:]ss-so
-er-19

mgll
5 0­
-1316:19
I:I5=-es

II

-25

-as
-s1

-s-1

-77(¢) (<1)
Figs. 5.12a-d Spatial dtribufion of Sulphate in phreatic (dug wells) and semi-confined deep

aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006



Chflpier V   Hydfl? Geyghemislrtv
Carbonates and bicarbon ates: Most of the carbonates and bicarbonates ions in groundwater are

derived from the carbon dioxide in the atmosphere, soil and dissolution of carbonate rocks. These

two constituents along with hydroxides are responsible for the alkalinity of water. The relative

amounts of these two anions depend on the pH of the water and other factors. Bicarbonates

increase as pH decreases.

The spatial distribution of carbonate ofboth phreatic and semi-confined aquifers of the basin in pre

and post monsoon periods is given in Fi gs. 5. l 3a-d. The carbonate concentration in the phreatic

aquifer of the basin varies from l to 58 mg/I and of semi - confined aquifer from 1 to 32 mg/l. The

long term trend of carbonate in the phreatic as well as semi-confined aquifers of the study area is

given in Table 5.24. Out of 23 observation wells monitored, 2] wells show an increasing long tenn

trend and the remaining 2 wells show declining trend. In the case of semi-confined aquifer, out of 24

bore wells monitored, 20 wells show positive long tenn trend and the remaining 4 wells show

declining trend.

The spatial distribution of bicarbonates of both phreatic and semi-confined aquifers of the basin in

pre and post monsoon periods is given in Fi gs. 5.I4a-d. The bicarbonate concentration in the

phreatic aquifer of the basin varies fi'om I to 290 mg/1 and of semi-confined aquifer from 6 to 230

m g/I. The long tenn trend of bicarbonate in the phreatic as well as semi - confined aquifers of the

study area is given inTable 5.25. Out of 23 observation wells monitored, 13 wells show an increasing

long tenn trend and the remaining l0 wells show declining trend. In the case of semi-confined

aquifer, out of 24 bore wells monitored 18 wells show positive long term trend and the remaining 6

wells show declining trend.

Nitrate: Nitrate in the groundwater is a measure of surface contamination and poor well hygiene.

The desirable and permissible limits proposed by Indian Standard (IS 10500: 1991) are 45 and

100 mg/l respectively. The higher value of nitrate in groundwater is an indication of surface

contamination.
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The spatial distribution of nitrate ofboth phreatic and semi-confined aquifers of the basin in pre and

post monsoon periods is given in F i gs. 5. 15a-d. The nitrate concentration in the phreatic aquifer of

thebasin varies from l to 10 mg/1 and of semi - confined aquifer from 0.5 to 9.5 mg/1, which are very

below the permissible limit proposed by BIS. The long term trend of nitrate in the phreatic as well

as semi~confined aquifers of the study area is given in Table 5.26. Out of 23 observation wells

monitored, l8 wells show an increasing long term trend and the remaining 5 wells show declining

trend. In the case ofsemi-confined aquifer, out of 24 bore wells monitored 12 wells show positive

long tenn trend and the remaining 12 wells show declining trend.

5.2.111 Alkalinity

Alkalinity is defined as the capacity ofwater to accept H* ions (protons). Alkalinity is important in

water treatment, and in the chemistry and biology of natural waters. Frequently, the alkalinity of

water must be known to calculate the quantities of chemical to be added in treating the water.

Generally the basic species responsible for alkalinity in water are bicarbonate, carbonate and hydroxyl

ions. In groundwater samples it is considered as the total concentration of carbonates and bicarbonates.

Alkalinity is a measure ofbuffering capacity of water. The alkalinity of groundwater increases when

pH decreases. The desirable and permissible limits suggested by the Indian Standard (IS 10500:

I991) are 200 and 600 mg/I respectively.

The spatial distribution of alkalinity ofboth phreatic and semi-confined aquifers of the basin in pre

and post monsoon periods is given in Fi gs. 5. l6a-d. The alkalinity concentration in the phreatic

aquifer of the basin varies from 3 to 200 mg/I during pre monsoon and l to 100mg/I during post

monsoon (Figs. 5. 1 6a & b). The same pattern is repeated in the case of semi-confined aquifer of

the basin. The alkalinity suddenly decreases after monsoon both in phreatic as well as semi ­

confined aquifers. The long term trend of nitrate in the phreatic as well as semi -confined aquifers of

the study area is given in Table 5.27. Out of 23 observation wells monitored, 18 wells show an

increasing long term trend and the remaining 5 wells show declining trend. In the case of semi­

confined aquifer, out of 24 bore wells monitored, I2 wells show positive long term trend and the

remaining 12 wells show declining trend.
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Figs. 5.l5a-d Spatial distribution of Nitrate in phreatic (dug wells) and semi-confined

deep aquifers (bore wells) of the Palaeo-lagoon for the period 01 01 2000 to 31 12 2006



‘ V ‘ ll‘: ‘ ‘50|‘|!“_‘|‘ ‘V I A_ _ ‘_ ‘I ‘l I ‘\_|‘i ‘ ‘ _m _ _ MH2 t<_ WN gmg860gag/% gsm _ Q: Q W >:m8C9_xmES_ ‘ :  I!“-Ii‘ __agoimooimggoQ >Q_3__mmg__m>(__8_/‘M__m5c9_v__w_Um_>> NNE_N_>>m_ _ mg gm NOgsm ' ad ll PWMwlhdi‘ |Hl|lfl||Il‘||“‘|\iU¢"“V ‘|Vl|“‘ I I‘I__‘ I‘ _’  ‘ll _ _| |Iv|__ AQ2  N _ %%%___%Q¢ xgwii5588.26568%N__O©>$8_r_mU__@_”Olsm____2__D906goEm _% _>_M>%zwgfill 6; A Q>___QQm_%c9m>Q:/>0_A_>___&_w__:_6_N__gm_W_; “mg Qm_mfi_Em>_cm>ESQMNNO:6NO WDQENEQQgjgmglamB6 __66   A :_53805E9_m__£m_>_2%ESQum;9 Wggm_m_>_‘;>m%_ 1 j ;Ei:;\ j _|;; _ _EEf:i_ NQN % w U_m&_w_m>goEWAV wU8_AUw_i§%M:/>mWwNAd%%%AN![m Kléig  mv__:mz2%ad©‘ H _U_%EM>_ _QQ___ ENEE_Z  A MN __gfi£yN5686_9 MBEQCQGism“ed' W P __&_¥_%&F:/>086I‘ }N I_cm__:<O___>>mw\l \‘ _go'  N_ Em____€_gc___V_1 _ :|,|L__] ‘El ‘ ‘I0150‘mgO2N _TQ??§_§>_®6cmcmn_mg“Rd W SOno’ Wl:MO_ é Q  gusto’ Igv_%_m6O20$6O;%Ei» Q NPm___w____9_v_mUm_>_fig“80'5 iii‘ \ AM aw i %:_%>$__o_§goweA A A Q_0UcOO__H_uOlgm_ OI;  Em  mgv_m_m_c___ 1Q26t____v_v_ _'____WA £5V   yEaQ69:1  A AJ_M_¢_g_l_i_¢_1,5QOAK A E 8 um9_Y__§n_  ¢Y2686@_m__07_2/E5  M Q ggg2/>086@% ¢% M__&W:m_2Néfi:6_ % 8_c5C8S__' _ I V IVY L1  IHMHH-HI“ ‘ ‘ I I A ‘ I |:“‘li ““i:Q626 _ in ‘  _¢m8_wQ%UmV__gm?O:I % m=dm_L_£P46figV ryéii _v ’_ é é Iv ‘\ "|v||"H“  i H‘ ;||||:_%é\\i; I:Chg §\a!% Usbcm é 5:83 _Oz__m>2 £95 gag U8 B5 cosmosan __m"_ mg aa 8;“ Emu B62   ag __®Q __m“_ 80> 2 82 S8 662|"“"||'|[FTH|V“|“““_I H? &  A A‘  A|lIIA_A_!I!|iIi_l_ I A I % V _l L‘oz __®__Sgm; 209 §__JUm QQQU DQEEOO E5 W Q03 Gav __2_DUm O_fim_r_n__CO&fi_68$ ___A 082 __ 3 8 88 5 3 stag“ 3* 20:35 as _§______8__E$ 26 O_§____a ___ A255 §_g_u _0§>_u____°b 3 _U__2___ mg %__w___E{llr-_ |_ I ‘ ‘|‘



SPATIAL DISTRIBUTION OF ALKALINITY
PHREATIC AQUIFER (PRE MONSOON)I I I I I

Thrtgali
­

­

SPATIAL DISTRIBUTION OF ALKALINITY
PHREATIC AOUIFER (POST MONSOON)‘I 4' I

I

I I I I I I I I
I

0 SAMPLE LOCATIONS O SAMPLE LOCATIONS
-14

38 3’

C]:-s-.0
-‘I-I00
-II-J-I40
-I50-I70
-Iac--:00

mgll

LI e I6
I."-32[:1

"33-4a
-49-64
-es-so
-BI-96

Q .

(3) (b)

SPATIAL DISTRIBUTION OF ALKALINITY
SEMICONFINED DEEP AOUIFER (PRE MONSOON)I I ' I I

Thnssurl0

A
_

­

­

0 SAMPLE LOCATIONS

mgll

3° -:><­J.

C125-41
4-I-ET
-56-I00
-II-D-150
-160-I00

I I I I

SEMICONFINED DEEP AQUIFER (POST MONSOON)

',,

SPATIAL DISTRIBUTION OF ALKALINITYI I ' I
­

­

' A ­

­

—I I ­
I SAMPLE LOCATIONS

Ingll
_ 0-9

!'__ I99.
E26­
-4I­-5»
-71­

B

I5

-IO

56

7|

86

Figs. 5.16a-d Spatial distribution of Alkalinity in phreatic (dug wells) and semi-confined

deep aquifers (bore wells) of the Palaeo-lagoon for the period 01.01.2000 to 31.12.2006

(¢) (<1)



§ wig xgm‘|k|“‘U _‘ ‘ I ‘ ‘ :‘1!||[ Ifivi ‘I I ‘ V ‘ II: 4 ‘ ‘ I ill‘   _U ‘|‘ I_ _“Wm moodI WgdM i¢O:_%¢¢ _  ___>g>" 8% mg“ _ ¢ _  m >__¢65V_*_8_S agohm“__Mw:l@M P>__m6Cmv_v_m8__SW A_’§*M:rQ  :O_ &  % ¢ L %g5Rv_%QN___@_:_g_m__o> 5% 0%: I : >__m>mm_: 550€_°w_@603‘ H A‘ WA WNWWAAE __ §_5n_U  OwéT IM_O_‘___ NW i IA >_m8_c_mp_8_% ®;>m_nNo_N   ;Ai_§m6 2%mehC03G ImWHNFM _§:__mz $36 gm2 >___Q8_m__§_a> 220:3N 22Q K >___Q%_§_6 Egmmgmé NAENA__   ;m_WQEg&>%vAiQ86__b$n_ Q:/>m _vm_NINF gugfi $2683L Q___n_Em_8@_ £38 Q03‘:;  &o%H5§%E %%%%Ewfi;mN@QVA “lIid_=a%!l5 2‘m>m%_W>)m|ll:l%l&$lrd@‘gm\Q!     _§_8_m> 320N503% % _   ®U&_3:%%%%%%%  i iw&UnA { : §[%A%%%mH_Ni  A s__:mz MISCEAAI:Q AA 1 EWDQJAE N____Sm6m_m A AH _ m  w_&§MqlN_%mg:_r% L   |J1TgW&%gA mgimkp_m_mfiE||u|i|yii  N_ Rxxmafijm ESQA _¢No_wI W LUQ %Ii  N; _cm8<1_ flgwmod i \ _ 1} A m]_;\ \%!{AéAéA1é§__ww_\m&€&_JV_V O:/>0i mws IN_ >fi_w_9_W 0% _%_:  N_ magma $50N89‘I EH§__g&?w%%Jmm?ERA iw ii A : gggo I250%_WQ N_E§_mU_mS_ ;>m__83NP _ _;mx0_$_ :50Momsj E _0_UCoo6 Q2/m¢ mg  : % "_ %%_m_€_ VRSOA®@N_9Q 525 mg‘II r I IIII hi‘ ‘I|:‘ |'L|_‘ 3:‘ !:I|T' §:||“| ;"| INgéM ‘ _ m mgug £6i$33”:ismméS HHHHHH %|  \ ______oF__H2_m__mzN86vvvv IA  illliili Allliil \l\ ii“ A­82 __ 2 _u9_:U___n_ ISO_  Q Ug_v__:mn_ $50_wo:Q 5___fixm_>_ Nggm__ _£_E$A_i>_} % 26% Mmmmg A_ % AVamamaagg9 ismSW6!E||__“li|E__E N |'U"||“ V __  V ll   ‘ __ 1 _ >| |_ ___o_I m% jg  :8_%?_v 1 VAA%_\mgl 8:83 _o2__03 cg QBEV U8 R5 LBBM 'oz__m>>mg Ea __mw"_ _$>_8 8": 2NP_O_Oz W _ ag ma __ml__ 80:8 mam 9N_:O_oZ N_ h ’ i > ' ‘ ’ _ _VIE!‘ IA E I |E|;i||i__‘\A‘\; |i[,_T%   I W _ r é'\ ’ A V V MW O 8A__0;®_omV__p__3gQ8U _§__E8_E&  % %%|%§A__g6E5|%vwl_j8_E%  AA A % %fw H@ jQL  I  % A___§_%___w_o_°Y_v ‘III  “ ‘IM g_$_& ___ gfiflfin 2 88 __@° 8:3 2“ _°u_m_______u~ _8=_t__8'_E£1_“°_g3__£ ____ §_:__s__$ a___w____ Egg __° _§______ an °_h__w___



Chapter V p M Hydro Geocherrtistijr
5.2.li Bacteriological quality

The bacteriological quality is one of the most important aspects in drinking water parameter and is

the most common and wide spread health risk associated with drinking water is the bacteriological

contamination causes either directly or indirectly by human or animal excreta. The bacteria most

commonly used as indicators of sewage pollution are Bacillus coli, renamed in honour of Escheich

as Escherichia coli and the colifonn group as a whole. E. coli is selected as an indicator parameter

of fecal contamination. Fecal contaminated water will lead to enteiic diseases. The fecal contamination

is mainly due to improper solid waste disposal from farmyard into the soak pits located very near

drinking water wells, which is not having any protecting wall. According to Woods (1 990) effluents

from point sources such as septic tanks and general farmyard wastes are considered as the main

sources of contamination of groundwater. The lack of protecting wall will lead to the entry of

contaminated runoff water into the well from the upstream.

Bacteriological analysis assesses the quality of raw as well as treated water especially to detect fecal

population. This enable to decide the adequacy of chlorination before finished water is supplied to

the consumers. Baceriolo gi cal analysis in potable water includes, estimation of (i) total bacteria

count and (ii) coliform count (fecal coilfonns and fecal streptococcus). MPN (Multiple tube dilution

method) is the standard method for determining colifom quantification. The biological standard of

water for various uses is given in the Table 5.28.

Table 5.28 Bacteriological standard of water for various uses. —-- ’-' I —» Permisible level in Permisible level in
9~N<>P@Iam@*e' . . -FlT.l..ll.l$i..Tl.9..l’Y.3te" . .'9¢l??l..l.9.P.?|....Y’{3i.?.T.  J

*  index! 1(XJmlg50l 100ml T 5(I]!1(IInl A
‘Sandard plate \Not more than 500 ‘No specific i

j oountlS=’Q OfQ@ll_l§l1 _  guidelines __f
Esdweridiia ooli  No specific

(Eooli)  Swouldbeabsent jgiidglpines __g_
Bacteriological analyses of water samples were done in both phreatic (dug wells) and semi- confined

aquifers (bore wells) of the study area. Details are given in Tables 5.29 and 5.30. It is fotmd that

almost all the dug wells in the study area are contaminated with coliforms and E.ooli. While in bore
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iiwells contamination percentage of E. coli is less than 50% when compared with dug wells. E. coli

5-lcontamination is higher in urban areas such as Thrissur, Chavakkad, Irinjalakuda and Kunnamkulam

» than in the rural areas. The spatial distribution of total coliforms in and E.coli in dug wells and bore

wells of the study area are given in the Figs. 5. 17a-b and 5.1 8a-b.

5.2.2 Evaluation of groundwater for irrigation

The suitability of grolmdwater for irrigation depends on the chemical constituents of the water. A

relatively high concentration of alkali and alkaline earths will affect directly the texture, structure,

permeability and aeration of soils and indirectly plant growth (Lloyd and Heathcoat, l 985). So also

high concentration of trace elements such as born, selenium, cadmium etc. is toxic to the growth of

plants (Todd, 1980). The problem that results from using a poor quality water will vary both as to

kind and degree, but most common one are (i) salinity (ii) permeability and (iii) toxicity.

A salinity problem related to water quality occurs if the total quantity of salts in the irrigation water is

high enough that salts accumulated in the crop root zone to the extent that yields are affected. If

excessive quantities of soluble salts accumulate in the root zone, the crop has extra difficulty in

extracting enough water from the salty soil solution. This reduces the water uptake capacity of the

plant, which results in slow or reduced growth and may also be shown by symptoms similar in

appearance to those of drought such as early wilting.

Permeability problem related to water quality occurs when the rate of water infiltration into the soil

is reduced by the etiect of specific salt or lack of salts in the water to such an extent that crop is not

adequately supplied with water and yield is reduced. Poor soil permeability greatly adds the cropping

difiiculties such as crusting of seed beds, water logging of surface soil etc.

A toxicity problem occurs when certain constituents in water are taken up by the crop and accumulate

in the soils that result in a reduced yield and soil pollution. The water quality standards for irrigation

use and the likely adverse impacts are shown in Table 5.4.

5.2.2a Evaluation based on percentage of sodium, EC and TDS

Wilcox (l 955) has classified the waters for irrigation purposes, which is based on electrical conductivity

(EC), TDS, sodium percentage and boron concentration (Table 5.31). Sodium concentration is

very important in classifying the irrigation waters because sodium reacts with soil easily resulting in

the reduction of permeability of soil (I-louk, 1951). Sodium saturated soil will support a little or no
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plant growth. Sodium content is usually expressed in terms of sodium percent (also known as sodium

percentage or soluble-sodium percentage) and can be calculated using the formula given below.

Na% = {(Na+K)/ (Ca+Mg+Na+K)} x 100; where in all ionic concentrations are expressed in

meq/l.

The percentage distribution of sodium in phreatic aquifer (dug well) of the basin were analysed for

the period 01 .01 .2000 to 3 l . 12.2006 (Fig. 5.1 9a). The percentage distribution of sodium indicates

that all the area except some portion in the northem (around Pazhanji and Elavalli) and the southem

(around Kodakara) part of the basin fall within the excellent, good and permissible limits. Places

such as Pazhanji, Elavalli, Kodakara etc. are coming under doubtful category. The reason for

increase in sodium percentage in these areas may be the use fertilizers for agricultural purposes. The

fertilizers used for agricultural purpose will enhance the percentage of sodium in groundwater especially

in shallow aquifer (Paliwal and Yadav, 1976). The sodium percentages reported in the basin during

the investigation period vary from 3.84% (N attika) to 66.98% (Pazhanji). The average sodium

percentage in phreatic aquifer of the basin is 41 .29%.

The percentage distribution of sodium in serni-confined deep aquifer (bore wells) of the basin were

analysed for the period 01 .0l.2000 to 31.12.2006 (Fig. 5.1 9b). The percentage distribution of

sodium indicates that all the area except northwest ofThrissur (around Avanur, Chittilapilli and Adat

) fall with in the excellent, good and permissible limits. Places around Avanur, Chittilapilli, Adat etc.

are come under doubtful category. The reason for increasing sodium percentage in these areas is the

occurrence of brackish groundwater in fractured hard rock aquifers. The relative proportion of

chloride and bicarbonate suggests intrusion of saline water into the fracture zone fiom low lying

areas connected to saline palaeo—lagoon waters (Kukillaya et al., 2004). The sodium percentage

reported in the basin during the investigation period varies from 4.32 % (Chengaloor) to 86.26%

(Avanur, Chittilapilli). The average sodium percentage in semi-confined deep aquifer of the basin is

3 l%.

The electrical conductivity and total dissolved solids of phreatic aquifer of the basin vary from 40

imhos/cm and 24 mg/l (M.Gkavu) to l 160 imohos/cm and 696 mg/l (Chavakkad) respectively. The
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average electrical conductivity and total dissolved solids of the basin are 266 imhos/em and 1 59.3

mg/1 respectively.

The electrical conductivity and total dissolved solids of serni-confined deep aquifer of the basin vary

from l01irnhos/ cm and 6 mg/l (Aloor) to 900 umhos/cm and 630mg/l (Wadakkancheny, Chittilapilli)

respectively. The average electrical conductivity and total dissolved solids of the basin is 298 imhosf

cm and 17 8 mg/l respectively.

Based on the concentration ofNa%, electrical conductivity and total dissolved solids, it is concluded

here that the groundwater of the basin is generally good for irrigation. Some precaution is necessary

while using the ground water fiom bore wells at Avanur, Chittilapilli, Adat and Wadakkancherry

areas and tube wells at sedimentary (coastal) areas.

5.2.2b Suitability of water through Wilcox-U.S.S.L diagram

The U.S salinity Laboratory (l 954), Department ofAgriculture, has used salinity and sodium hazards

as the two important criteria in the classification of water for irrigation purpose. Salinity hazard is

expressed in terms of Sodium Adsorption Ratio (SAR), which is expressed as SAR = Na/ {(Ca+Mg)/

2} "2

where in all ionic concentrations are expressed in meq/l.

When SAR and specific conductance of water are known, the classification of water for in-igation

can be determined graphically by plotting these values on a VV1lcox-U.S.S.L diagram. Waters of the

basin are divided in to C 1 , C2, C3, C4 types on the basis of salinity hazard and S I , S2, S3 and S4

types on the basis of sodium alkali hazard (Table 5.32).

Salinity hazard: Low salinity water (C l) can be irrigated to all kinds of crops on most soils. Some

leaching is required, but this occurs under normal irrigation practices, except in soil of extremely low

penneability. Medium or moderate salinity water (C2) can be used if a moderate amount of leaching

occurs. Plants with moderate salt tolerance can be grown in most instances with out special practices

of salinity control. High salinity water (C3) is satisfactory for plants having moderate salt tolerance,
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on soils of moderate permeability with leaching. Very high salinity water (C4) cannot be used on

soils with restricted drainage. Even with adequate drainage, special management for salinity control

may be required and plants with good salt tolerance should be selected. If the EC value is greater

than 4000ttrnhos/cm (C5), that water is not suitable for irrigation under ordinary conditions, but may

be used occasionally, under very special and unavoidable circumstances.

In this basin ahnost all samples of phreatic (dug wells) and semi-confined deep aquifer (bore wells)

belong to C1 and C2 types. The water samples of phreatic aquifer at Chavakkad and lrinj alkuda

shows an EC greater than 750 pmhos/cm and hence these samples fall in C3 type. The water samples

of semi-confined deep aquifer at Velapaya, Chittilapilli and Wadakkancheny shows an EC greater

than 750 imhos/cm and hence these samples fall in C3 type.

Sodium Adsorption Ratio (SAR): The sodium concentration in groundwater is important since

increase of sodium concentration in water effect deterioration of soil properties reducing permeability

(Kelley, l 95 l and Tij ani, 1994. The process leading to the cation exchange reactions in soil may be

studied from sodium absorption ratio (U.S Salinity Laboratory, 1954). Sodium absorbed on clay

surface as substitute for calcium and magnesium may damage the soil structure making it compact

and impervous.SAR is expressed as

SAR = Na/ {(Ca2* +Mg’*/2)} "2

where the concentrations are expressed in equivalent per million (epm).

The classification of water with reference to SAR by Hermanbouwer, (1 978) is presented in

Table 5.33.

The classification of ini gation water with respect to SAR (U .S. Salinity Laboratory, l 954) is based

primarily on the capacity of exchangeable sodium with the soil. Soditnn sensitive plants may, however,

suffer injury as a result of sodium accumulation in plant tissue.

Low sodium water (S 1) can be used for inigation for almost all sorts of soils and plants with a little

danger of the development ofharmful level of exchangeable sodium. However, sodium sensitive
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Table 5.31 Oafifizztion of goundwater quality for irrigt ion (after Wilooag 1955)

000$ of water
ii_Ex0ellent  ?<250

ECat 25°Cin|]m‘hos/cm TDS([f1_g_{l)  Sodium % “;T30?6fl(mgijfi< 175 < 20 < 1
250 - 750 175 - 525 20-40 1to2 Ad

F-zrmissible750 Q2000 ' 5251400 021TJ“l'i%5'O‘? 7 2to 3

i0Doubtf0l A2000 - 3000 [1400-2100 ;60- so 3 to 3.75
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Table 5.32 Classification of water for irrigation based on U.S.SLdiag'am (Wilcox, 1955)

Qandudivity Range liat 25°C %&linity Range of
gdasses (pmhosleqj) l hazard 0SARdasses values
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Table 5.33 Classification of g'oundwater based on SAR (Hermanbouwer, 1978)

S .No 0 SAR i Water quaiity

1 0 to 6 No probleifi‘ F

i 2 6 to 9 Increasing problem
,-,__ _____'3 0>9 Severe problem_ K
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crops, such as Stone-fiuit trees and Avocados, may accumulate considerable concentration of sodium.

Medium sodium water (S2) may cause an appreciable sodium hazard to fine textured soils, having

high cation exchange capacity, especially under low leaching conditions, unless gypsum is present in

the soil. This water may be used on coarse textured or organic soils, which have good permeability.

High sodium water (S3) may produce harmful level of exchangeable sodium in most soils and will

require special soil management like good drainage, high leaching and addition of organic matter.

Gypsiferous soils may not develop harmfiil level of exchangeable sodium from such waters. Very

high sodium water (S4) is generally unsatisfactory for irrigation purpose except at low and perhaps

medium salinity. Application of gypsum or other amendments may make use of this water feasible.

Gypsum application may also increases the crustal conductive properties of soils as elaborated by

Goya] and Jain (I982).

Based on U.S .S.L diagram of in'i gation, quality area can be divided into twenty water classes. Out

of twenty water classes sixteen are shown the Figs. 5.2 la & b.

In general, most of the SAR values of the study area are less than six for both phieatic as well as

semi-confined deep aquifer (Figs. 5.20a & b). Further most of the water samples of the study area

fall in Cl Sl and C2 S2 class ofVV1loox (1955), indicating low to medium salinity-low sodium alkali

hazard (Figs. 5.21 a & b).

The SAR values of phreatic aquifer of the basin vary from 0.32 (Mathilakam) to 2.35 (Elavally).

The average SAR of phreatic aquifer of the basin is 0.95.

O

The SAR values of semi-confined deep aquifer of the basin vary from 0.35 (Chengaloor) to 6.32

(Nellayi). The average SAR of semi-confined deep aquifer is 0.86. The water samples at Nellayi,

Choondal and Arthat show an SAR greater than six during the period of investigation.
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5.2.2c Evaluation based on Residual Sodium Carbonate (RSC)

The effect of residual sodium carbonate has been carried by Eaton (1950). The index, which is

termed as the residual sodium carbonate (RSC) by Eaton (1950) is given by the equation

RSC = (CO32' + HCO3')—Ca2* + Mg“)

and the units are expressed in meq/l of water. The classification of water based on RSC is given

in Table 5.34.

Table 5.34 Limits of residual sodium carbonate values in irrigation water (Lloyd and
Heathcote, 1985)

pS.|\b Cbnditions ‘T lE3(meo/I)

1  T Suitable <1.25 .

T2 ‘Marginal T 1.5 -2.5
I

3 Not suitable A >2.5 P

The spatial variation of the RSC values of phreatic aquifer of the basin varies from -3.14 meq/l

(Thrissur) to 1.1 1 meq/l (Chavakkad). The average RSC of phreatic aquifer of the basin is -0.39meq/

1. The concentration of RSC in phiatic aquifer (dug wells) samples of the basin is <1 .25 meq/l (Fig.

5.22a & Table 5.35).

The RSC values of semi-confined deep aquifer of the basin vary from -4.49meq/l (Wadakkancheny)

to 2.93 (N ellayi). The average RSC of semi-confined deep aquifer is -0.32 meq/l. The water samples

ofbore wells at Nellayi shows an RSC >2.5 meq/l during the period of investigation (Fig. 5.22b &

Table 5.3 6).
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5.2.2c Evaluation based on Permeability Index (Pl)

The classification of irri gation waters has been attempted based on the Permeability Index (PI), as

developed by Doneen (1962).

PI = {(Na+ \/HCO3)/ (Ca +Mg+Na)} X 100

where all the concentrations are expressed in meq/l

According to permeability indices the waters may be divided into three classes viz. Class I, Class H

and Class HI types. Class I and Class II are suitable for irrigation with 75 percent or more maximum

permeability and Class III types of Water with 25 percent maximum permeability.

Figs. 5.23a & b are the Doneen chart (Domenico and Schwartz, I990) for the water samples from

phreatic (dug wells) as well as semi-confined deep aquifers (bore wells) of the basin. The groundwater

samples in the study area fall in class l, II and IH.

The permeability index of phraeatic aquifer of the basin varies from 32.22 (Pattikkad) to 172.42

(M.G kavu). The average penneability index of phreatic aquifer of the basin is 89. Out 240 analysed

water samples, 39% shows a permeability index  75 (Class-I & Class-II) and 62% shows a PI

between 75 and 172 (Class-III).

The permeability index of semi-confined deep aquifer of the basin varies from 27 .83

(Wadakkancherry)) to 172. 18 (Chittilapilli). The average penneability index of semi-confined deep

aquifer of the basin is 79.60. About 51% of water samples (out of 240 water samples) show a

permeability index 14;‘ 75 (Class-I and Class-II) and 49% shows a PI between 75 and 172 (Class­

HI). Further detailed investigation is necessary to confirm the reason for increasing Pl of the water

samples of the basin.

5.2.2d Evaluation based on Magnesium Ratio (MR)

Presence of excess amoimt of magnesium over the combined value of calcium + magnesium in

water samples is described as Magnesium Ratio (l\/IR). It is expressed as
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Fig.5.23a. Classification of irrigation water (Doneen, 1 962) of phreatic aquifer (dug wells) based on permeability
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MR = Mg x 100/ (Ca+Mg)

where all the ions are expressed in epm.

Generally the calcium and magnesium in water will be in a condition of equilibrium (Das et al.,

1988). Excess of magnesium affects the quality of soils that is the cause of poor yield of crops.

Figs. 5.24a & b are the isooone maps of magnesium ratio for the water samples fiom phreatic (dug

wells) as well as semi-confined deep aquifers (bore wells) of the basin.

The magnesium ratio of phraeatic aquifer of the basin varies from 12.53 (Engadiyoor) to 59.07

(Puthur). The average magnesium ratio of phreatic aquifer of the basin is 36.74. About 92% of

water samples (Out 240 analysed water samples) show a magnesium ratio 4, 50 and 8% shows a

MR between 50 and 59 (Table 5.35, attached as appendix).

The magnesium ratio of semi-confined deep aquifer of the basin varies from 23.24 (Mudicode) to

59.78 (Athani). The average magnesium ratio of semi-confined deep aquifer of the basin is 44.71 .Out

260 analysed water samples, 87.5% shows a magnesium ratio 4; 50 and 12.5% shows a MR

between 50 and 59 (Table 5.36, attached as appendix). The magnesium ratio of the basin suggests

that water of the shallow and deep aquifers of the basin is of good quality for irrigation.

5.2.3 Evaluation of groundwater for industrial purpose

The water quality standards for some important industrial uses and the likely adverse impacts are

given inTable 5.5

5.2.3a Evaluation based on TDS and Hardness as CaCO3

The quality criteria of water for industrial purposes depend on the type of industry, process and

products. The water for high pressure boilers should free from suspended matter; have low TDS

(<1 mg/l) and no acid reaction. On the other hand low pressure boilers ca.n use water with TDS

values up to 5000 m/1 and CaCO3 hardness up to 80 mg/l (Singhal and Gupta, 1999).

In the study area the TDS in phreatic aquifer (dug wells) varies fi"om 24 mg/l (M.GKavu) and 696

mg/1(Chavakl<ad)to696mg/L'lheave:ageTDSintheplnealicaquifizrofthebasiriis l57.40mg/1, while the
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TH as CaCO3 vanes from l0 mgfl to 305 mg/l in water samples of same locations. The average TH

as CaCO3 of the basin is 76.70 mg/l (Table 5.3).

The TDS in semi-confined deep aquifer (bore wells) of the basin varies from 6mg/l (Aloor) to 630

mg/1 (Wadakkancheny). The average TDS in the semi-confined deep aquifer of the basin is 177

mg/1, while the TH as CaCO3 varies fi'om 15 mg/l to 445 mg/1 in water samples of same locations.

The average TH as CaCO3 of the basin is 110.63 mg/l (Table 5.4).

The water samples of both shallow and deep aquifer show a pH and TDS as CaCO3 below the

maximum allowable limit. Hence the groundwater of the basin is generally suitable for industries.

5.2.3b Evaluation based on Corrosivity Ratio (CR)

Corosivity ratio was initially proposed by Ryzner ( l 944), Badrinath et al ., (1984) have used this

index to evaluate the corrosive tendencies of Sabaimathi river, Guj arath. Similaly Balasubrainanian

(1986) and Rengarajan and Balasubramanian (1 990) have studied corrosivity ratio of the groundwater

of the Tamarabarani river basin and Nangavalli region Selam, Tamil Nadu respectively.

Different chemical parameters can be used to identify corrosion potentials. These are pH, dissolved

oxygen, hydrogen sulphide, TDS, carbon dioxide, chloride etc. If the water is acidic, corrosion is

accelerated as the increased hydrogen ion concentration favours the release ofhydro gen and oxygen

depolarization. In addition, a pH value below 6.5 can cause corrosion of metal pipes, there by

releasing toxic metals such as Zn, Pb, Cd, Cu, etc. (Tiivedy and Goel, 1986). A corossivity ratio

less than 1 (CR. 1) is considered as safe. The corosivity ratio can be determined by the following

fomiula

CR= {Cl(ppm)/35.5} + {S04 (ppm)/96}/2 x {HCO3 + CO3(ppm)}.

Fi gs. 5.25 a & b are the isocone maps of corossivity ratio for the water samples from phreatic (dug

wells) as well as semi-confined deep aquifers (bore wells) of the basin. The corosivity ratio of

waters ofboth shallow and deep aquifers of the basin is <1 (CR, 1) and hence water of this basin is

considered as under safe category (Tables 5.35 & 5.36, attached as appendix).
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5.3 Chemical relationship of groundwater and hydrochemical facies

Hydrochemica] water quality studies help to explain the relationships of water chemistry to aquifer

lithology (Viwsanath and Sastri, 1973 & 1 977; Sastri, I 976). Such relations would help not only to

explain the origin and distribution of dissolved constituents but also to elucidate the factors controlling

the groundwater chemistry (Rangarajan and Balasubramanian, l 990).

During the movement of groundwaters, ions and molecules are absorbed. The ratio of Ca to Na in

water should be related to the composition of plagioclase feldspars present in the associated rocks

(chamockite and gneisses). Likewise the proportion of Mg to other cations in water is an index of

relative abundance of ferromagnesian minerals in the environment (Aravindan, 1990). The

characteristics feature of the groundwater in metamorphic terrain is the presence ofhigh concentration

of sodium bicarbonate but relatively low concentration of chloride (White, l 957). Generally waters

from metamorphic fonnations are likely to contain low dissolved solids thus resembling more closely

with waters of i gneous rocks. Gibbs (1970) proposed an elegant simple explanation for the general

chemistry of streams and rivers. Later on so many workers have used Gibbs diagram to explain

groundwater chemistry (Viswanathan and Sasthri, 1973 & 197 7; Sastri, 1976; Rangarajan and

Balasubramanian, 1990 and others).

The mechanism responsible to control the groundwater chemistry of the study area following Gibbs

(1970) diagram have been represented in Figs. 5.26a & b. hr the above diagrams ratios of (N a+K)/

(Na+K-I-Ca) and Cl/(Cl+HCO3) are plotted against TDS. The densities of sample points are maximum

in precipitation dominance area (79%), while in the case of phreatic shallow aquifer only a few

points fall (21%) in the rock dominance area. The clustering of points in precipitation domain clearly

shows that the rock chemistry of the phreatic aquifer is not amajor factor in controlling the groundwater

chemistry of the basin but precipitation.

But the situation is different in the case of semi-confined deep aquifer of the basin. Out of 260 data

points plotted, 77% data points fall in rock dominance area and only 23% data points fall in

precipitation dominance are. The clustering of data points in rock domain clearly shows that rock

chemistry of the semi-confined deep aquifers is a major factor in controlling the groundwater chemistry

of the basin and not precipitation.
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The phreatic aquifer of the basin is characterised by low TDS during the period of investigation and

more than 79% samples show values less than 100 mg/l. But in the case of semi-confined deep

aquifers the seen is different. About 77% of the analysed TDS data show a TDS values more than

100 mg/l. The reason for low TDS in preatic aquifer may be due to mixing. Once a mixing of water

takes place, the TDS will get reduced and this is due to abundance of rainfall (Girish Gopinath,

2003).

5.3.1 Hill-Piper trilinear diagram

Pattem diagram was conceived by Hill ( 1940) and later improved by Piper ( l 944). The Hill-Piper

trilinear diagram has two triangular fields, one for plotting of cations and other for anions and in

between a central diamond shaped field for projecting the respective cations and anions. The

concentration of cations and anions are plotted as percentage in meq/l so that the total of cations

(Ca+Mg and Na+K) and anions (Cl, SO, and CO3+HCO3) are made to 100 percent. The Hill­

Piper system has an advantage of plotting analytical data of a large number of samples into various

hydrochemical types depending on relative concentration of maj or cations and anions. One of the

main disadvantages of the Hill-Piper diagram is that it shows only the relative concentration of major

ions but not their absolute concentrations.
0

I

The chemical quality data are used in Hill-Piper trilinear diagram for graphical analysis. The

groundwater samples fall in various segments of the diamond shaped field ofHill-Piper diagram and

their characteristics may be studied from Fi gs. 5.27a & b and Table 5.37.

The Hill-piper trilinear plots were prepared for phreatic aquifer (Fig. 5.28a) and semi-confined

deep aquifers (Fig. 5.28b) and also for pre monsoon (Figs. 5.29a & 5.30a), post monsoon (Figs.

5.29b & 5.30b) periods.

In the plot of phratic aquifer (Fi g. 5.28a) about 70% of the samples fall in the field l (alkaline earth

exceeds alkalies) and 30% of the samples fall in the field 3 (weak acid exceeds strong acids).

Similarly in the plot of semi-confined deep aquifer (Fig. 5. 28b) 90% of the samples fall in the field

1 and 10% of the samples fall in the field 3. The analysis of Hill-Piper trilinear diagram reveals that

waters of both phreatic and semi-confined deep aquifer belong to Ca-Mg-HCO, facies and plot of
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Fig. 5.27a. Hydrochemical tacies classification of groundwater based on Hill-Piper trilinear
diagram

Fig. 5.27b. Hydrochemical facies classification of groundwater based on Hill-Piper trilinear
diagram
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the groundwater samples of pre and post monsoon data fall in the fields l, 3 and 4 which suggest

that alkaline earth exceeds alkalies and weak acids exceeds strong acids respectively. Very minor

variation is seen from above pattern in pre monsoon data of phreatic aquifer, in which a few sample

fall in the field 4 (strong acids exceeds weak acids). Calcium and magnesium are the major cations

and bicarbonate is the major anion in the study area. The Ca, Mg and HCO3 values indicate the

temporary hardness, alkalinity and the total hydrochemistry of the area are dominated by alkaline

earths and weak acids.

5.3.2 Hydrochemical facies

The development of a particular hydrochemical facies is controlled mainly by the lithology of the

aquifer and its distribution is controlled by groundwater flow pattem (Back, 196l ). Piper’s diagram

forms the basis of classification of waters into various hydrochemical facies (Fi gs 5.27 a & b). The

characteristics of various hydrochemical facies are given in Table 5.38. The difference between the

Piper diagram and hydrochemical facies diagram is that instead of giving equal increments to various

variables, the hydrochemical facies are distinguished into 0-10%, 10-50%, 50-90% and 90- l 00%

domains. The concept of hydrochemical facies has been used for explaining the changes in water

quality from recharge areas and along the flow paths in a given lithology (Back and Hanshaw, 1965;

Back, 1966. Some of the main conclusions are

(i) Carbonate content is low in recharge area and high in discharge areas.

(ii) Sulphate content decreases in the direction of flow and bicarbonate increases, as a result

of sulphate reduction.

(iii) The ratio of sulphate to chloride decreases in the direction of flow.

The hydrochemical pattern diagram helps in hydrochemical facies classification (Back and Hanshaw,

1965). The hydrochemical facies diagram for ionic concentration by Back (1966) is shown in Fig.

5.3 la. The hydrochemical facies analysis of the basin was done for phreatic and semi-confined

deep aquifers separatelyby superimposing the trilinear plots (F i gs. 5 .28a & b) over the hydrochemical

facies diagram (5.3 1 a).
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Three hydrochemical facies are identified for the water samples of phreatic aquifer of the basin.

They are (i) Ca“-Mg“ - HCO3‘ facies (Field I), (ii) Na"‘-K*-Cl" - SO4 facies (Field 3) and (iii) Ca“

Mg’*'Cl‘ -SO42‘ facies (Field 4). The Ca“-Mg“ - HCO3‘ facies (Field I) and Na*-K*-Cl‘ -S04

facies (Field 3) are common to water samples of the basin for the entire period of investi gation (Fig.

5.28a) and post monsoon time (Fig 5.29b). But slight shift is seen in the water sample of pre

monsoon period towards the field 4 (Ca”'"Mg2"‘Cl‘ -SO42" facies) and retain the previous pattem

after monsoon. This indicates that the post monsoon samples are emiched with bicarbonate and

sodium. From this it is evident that rainfall plays a major role in controlling the groundwater chemistry

of phreatic aquifer of the basin rather than geology. The faei es analysis of cations and anions shows

that calcium and magnesium are the major cations (about 70 to 75%) and bicarbonate is the major

anion (60 to 65%) of the basin. Sodium and potassium (25 to 30%) and chloride and sulphate (35

to 40%) are the minor cations and anions respectively.

Two hydrochemical facies are identified for the water samples of semi-confined deep aquifer of the

basin. They are (i) Ca 2*-Mg“ -HCO3" facies (Field I) and (ii) Na*-K*-Cl' -S04 facies (Field 3).

The Ca 2*-Mg“ -HCO3' facies (Field I) and Na*-K*-Cl‘ -S04 facies (Field 3) are common to water

samples of the basin for the entire period of investigation (Fi g. 5.28b), pre monsoon (Fig. 5.29a)

and post monsoon times (Fi g. 5 .30b). There are not many variations of water samples observed in

pre monsoon and post monsoon periods. From this it is evident that geology plays a major role in

controlling the groundwater chemistry of semi-confined deep aquifer of the basin rather than rainfall.

The facies analysis of cations and anions shows that calcium and magnesium are the major cations

(about 60 to 65%) and bicarbonate is the major anion (70 to 75%) of the basin. Sodium and

potassium (35 to 40%) and chloride and sulphate (25 to 30%) are the minor cations and anions

respectively.

The changes in hydrogeochemical facies of the study area for the phreatie and semi-confined deep

aquifer based on Johnson’s (1975) modified diagram are shown in the Fig. 5.3 lb. The markings

liom the Ato F in the diamond shaped field of the Hill-Piper diagram represent a specific class of

water as given below.
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(i) Sodium chloride (N aC1) brines always fall in the vicinity of point A.

(i1) Calcium chloride (CaCl2) brines, although rare are plotted around point B.

(iii) Waters contaminated with gypsum fall in the region C.

(iv) Recently recharged waters (high CaHCO3) are marked in the region D.

(v) Seawaters are shown near point E and

(vi) Recent dolomite waters are plotted in the region F.

The top half of diamond shaped diagram further represents water having high Mg/CaCl2 and

CaMgSO4 contents. The lower half represents normal water usually found in dynamic basin

environment. Based on the above the significant environment of this basin has been deduced below.

In the case of phreatic shallow aquifer most of the samples plotted for the entire period of investigation

(Fig. 5.32a) fall in an area between static and mixing regime, whereas only a very few samples fall in

dynamic regime. Almost 99% of the water samples plotted for pre monsoon period falls in the same

field (Fig. 5.320). The plots of water samples for the post monsoon period show a complete shift

towards mixing and dynamic regime (Fig. 5 .32d). So it is found that there is an overall shift during

post monsoon period from static/dissolution/mixing regimes to dissolution/mixing /dynamic regimes.

As said above mixing and dissolution of rainwater play a vital role in shi fiin g of water fiom one facies

to another. The facies diagram further attests that the ground waters in the phreatic aquifer of the

basin have neither too much contact with the country rock nor in a dynamic condition. When

comparing with the trilinear plots of hydrochemical facies with J ohnson’s (1975) diamond field,

most of the samples fall near the proximity of dissolution and mixing regime.

But in the case of semi-confined deep aquifer most of the samples plotted for the entire period of

investigation (Fig. 5.32 b) fall in an area between static and mixing regime, whereas a few samples

fall in dynamic regime also. Almost 90% of the water samples plotted for pre monsoon period falls

in the same field (Fig 5.32 e). The plots of water samples for the post monsoon period didn’t show

any marginal shift towards mixing and dynamic regime (Fig. 5.32i). So it is found that there is no
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overall shift during post monsoon period from static/dissolution/mixing regimes to dissolution/mixing

/dyrramic regimes as in phreatic aquifer. There are no much variations of water samples observed

between pre monsoon and post monsoon periods. From this it is evident that geology plays a major

role in controlling the groundwater chemistry of semi-confined deep aquifer of the basin rather than

rainfall. The facies diagram further attests that the groundwaters in the semi-confined deep aquifer of

the basin have much resident time with the country rock than in phreatic aquifer. VVhen comparing

with the trilinear plots of hydrochemical facies with J ohnson’s (1975) diamond field, most of the

samples fall near the proximity of dissolution and mixing regime show a slight dynamic nature.

5.4 Groundwater contamination and vulnerability to pollution

The vulnerability of the aquifer and groundwater of the basin towards contamination and pollution

was analysed by DRASTIC method (Aller et al., 1987).

Pollution potential for 102 locations of the basin was calculated as per norms of Aller et al., (Table

5.39). The contours map for pollution potential values along with x and y co-ordinates were prepared

using Surfer- 7 package (Fig. 5.33) and identified the different areas of the basin vulnerable to

groundwater pollution as per DRASTIC method. The DRASTIC score of the basin varies from

110 (Tholur) to 1 76 (Kuttichira). As per the norms of DRASTIC it is found that the groundwater in

phreatic aquifer of the entire basin is highly vulnerable to pollution. Due to lack of sufiicient data, it is

not possible to conduct aquifer vuhrerability study in the serni-confined deep aquifers of the basin.

5.5 Seawater intrusion and aquifer vulnerability to saline ingress

Seawater intrusion and aquifer vulnerability towards saline intrusion of the basin were analysed by

applying various methods.

Chemical parameters to identify seawater intrusion: Seawater contains large amounts of

dissolved salt such as chloride, bromide, sulphate, sodium and magnesium. The dissolved salts

include large amounts of sodium chloride, and significant quantities of alkaline earths and sulphates,

transmitting high hardness. The average seawater composition is shown in the Table 5.40.
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O

ontinental freshwater is generally bicarbonate type, the alkaline earth to alkaline ion ratio being

greater than seawater. Seawater is characterised by net predominance of chloride and sodium ions.

Some of the chemical ratios like Mg/ Ca and Cl/HCO3 (in meq/l) are highly characteristic of seawater

and helps to differentiate from continental water. When cationic ratios in water change, adsorbed

cations on clay minerals are freed and replaced by new dominant ions. When marine water is

changed for freshwater, the solid phase give up adsorbed calcium and part of magnesium, and

replaces them by sodium. Thus marine water losses sodium and gain calcium and magnesium. Chloride

ion remains unchanged. Thus in marine water Na/Cl ratio decreases and (Ca+Mg)/Cl ratio increases.

When freshwater replaces marine water, marine water hardens. When fresh water is changed for

marine water the reverse process takes. The alkaline to chloride ratio (Na+K)/Cl or Na/Cl give

very useful indication of seawater intrusion.

hi seawater sodium is the dominant cation and chloride is the dominant anion, whereas in most

freshwaters calcium is the dominant cation and bicarbonate or sulphate is the dominant anions.

Moreover the weight ratio of Ca/Mg in seawater is approximately 0.3. In contrast, in most of the

freshwaters the Ca/M g weight ratio is greater than l .0.

In the study area, Ca and Mg are the prominent cations, HCO3 is the prominent anion. Na/Cl ratio

ofboth phreatic and semi-confined aquifers of the basin is greater than that of seawater and Ca/Mg

ratio is >1 . These evidences reject the possibility of seawater intrusion into aquifers the basin.

Identification of seawater intrusion through hydrochemical facies diagram: The Fig. 5.34 is

the hydrochemical facies di gram prepared for the phreatic (dug wells) and semi-confined (bore

wells) aquifers of the basin within a limit of 10 km from the shoreline. The groundwater facies

identified in phreatic aquifer of the basin are Ca-Mg-HCO3 in pre monsoon and Ca-Mg-HCO3,

Na-K-Cl -S04 facies in post monsoon respectively. A slight shift is observed from the area of

dissolution and mixing (bicarbonate facies) to the area of seawater (chloride- suphate facies) during

post monsoon. This may not be due to saline intrusion to the phareatic aquifer but it is due to

freshening of aquifer.
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No marginal shifi is observed in the plots of semi-confined deep aquifer in pre monsoon and post

monsoon periods. The plots of the groundwater samples (bore wells) of this area fall in Ca-Mg­

HCO3 facies (Figs. 5.340 & d). The above mentioned facts reject the possibility of seawater intrusion

to the phreatic and semi-confined aquifers of the basin.

Identification of seawater intrusion through ratios of major cations and anions: The ratios of

major cation and anion is an important tool to identify seawater and freshwater. The quality of water

in the Tertiary aquifers indicates the relative concentration of the major ions and trace elements are

different from that that obtainable by seawater dilution/mixin g. The detailed studies by CGWB in

SIDA assisted Kerala Groundwater Project (1992), indicate that a freshening process is occurring

in the aquifers. One of the parameter to indicate the long term process of freshening or sea water

intrusion is the Na/Cl ratios (Mercade, 1985 and Jacks, 1987). In the course of seawater intrusion;

part of the sodium ion is exchanged for calcium and magnesium ions, which are the predominant

cations in the exchange site of clay minerals in the freshwater aquifers. The resulting water will be

depleted in sodium. The chloride ions continue to remain in solution, since chloride does not undergo

ion exchange, precipitation, complexing, oxidation, reduction or biological reactions (Hem, I970).

Thus Na/Cl mole ratio during intrusion shall be less than 0.85 the mole ratio in seawater. When

fieshening of saline aquifers occurs, the direction of the cation exchange is reversed and the opposite

trend will be effective and the Na/Cl ratio will be higher than that in seawater.

Mixing of freshwater and seawater occurs within atransition zone, which is characterised by chloride

concentration from 1000 to 10000 m g/l. The front of the transition zone is characterised by ion

exchange as discussed above. Behind the ion exchange fiont, simple dilution characterizes deviation

of the brackish water from seawater composition.

The Na! Cl ratios of the water samples from phreatic (shallow) and semi-confined (deep) aquifers

of the basin were plotted against chloride content (Figs. 5.3 6a & b) and the theoretical trends for

mixing, freshening and intrusion is shown in Fig. 5.35. It is seen that the Na/Cl ratio for most of the

water samples is higher than that of seawater and seawater - freshwater mixing. Almost all samples
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ofboth phreatic and semi-confined aquifer of the basin fall in the field of rainwater (freshwater) and

freshening. It also shows a trend of decreasing Na/Cl ratio with increasing Cl concentration (Figs.

5.36a & b). The above facts again confirm the freshenin g process of the aquifers.

The electrical conductivity (EC) value of the potable water is < 1000 imhos /cm (TDS ~ 600mg/l)

and admixture of fresh and saltwater ranges fiom 1500 to 20000 umhos/cm (TDS ~l 000 to 12500

mg/l) (Rao, 1993). The EC values of the samples from phreatic (dug wells) as well as semi-confined

deep aquifers of the basin were plotted as bivariate diagrams (Figs. 5.3"/a & b) and found that no

sample fall above EC 1000 umhos/cm and Na/Cl ratio 0.85. The above mentioned facts again

reiterate the non possibility of saline intrusion in the basin.

Identification of seawater intrusion through time series graphs of major cations and anions:

The time series graph shows the variation of concentrations of different ions in water samples with

time. The desirable and permissible limits of major ions such as Cl, Ca, Mg and S04 and Na in

drinking water are 75 and 200 mg/1, 30 and 100 mg/l, 200 and 400 mg/l and < 200 mg/l respectively

(IS: 10500, 1991). There is no guideline for potassium.

Figs. 5.3 8a & b are time series graphs of major ions for water samples from phreatic and semi­

confined deep aquifers of the basin. None of the samples show values above the permissible limit

during the period of investi gation. Cl and S04 ions in phreatic and semi-confined aquifers show an

increasing trend may be due to freshening and sulphate reduction during subsurface flow through

aquifer. This analysis also rejects the possibility of saline intrusion in the basin.

Identification of seawater intrusion through bivariate plots: Bivariate plot is an important tool

for identifying saline intrusion. Figs. 5 .39 to 5.44 show the bivariate plots of major cations and

anions in pheatic and semi-confined aquifers of the basin. The calculated ratios by weight of major

cations and anions in the phreatic and semi-confined aquifers of the basin are given in Table 5.41.

The ionic ratios except Na/Cl, M g/ Ca and M g/N a are very much close to fresh water or rainwater.

But the ratios such as Na/Cl, Mg/Ca and Mg/N a in phreatic and semi-confined deep aquifers of the

l20



Table 5.40 Chemical composition of average seawater (Goldberg, 1963)
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Table 5.41 Calculated raiios of major ions in phreaiic and semi-confined aquifers of ihe Palaeo­

lagoon (Kole land basin) for the period 01.01.1997 to 31.12.2006.

.w

§

1 ‘"1 7  1 "Yfi  - 1 1 1   *1 =1‘ 1 11 1 1  1­
‘Ratios(by Sea Phreatic oonfined 1R1tios(by Sea Phreaticoonfined
weight) 1water aqqifer eaquifer 1$.No 0/eigh¢tx) waterf 1aquifer aquifer

_L

‘Na/O 10.5525 0.335 1.0357 7 10/Na”  1.31 111974“ 0.92

l\)00

. 1.  1
1M9/ca  3.375‘ 0.4174 0.303213 <:a/Mg  70.295’ 2.39517 1.2450/90., 7.0371 3.955 11.917 9 ‘19;>|/0 1 0.1421 0.2527 01521

J

-$>~

O/HCD1; 77133.3” 0.94377 0.4421 1”0‘i-161313/01 0.00751 1754  2261

LT!

;  1 1  % { .0
90171100,  19 02395 023071 1111-10011901 1’ 005377" 4173  2.20

O3

A i I I A ‘ 1 1 31Na/Mg 7.78 1.7674 0.765311 12 Mg/Na L-0.12186 0.5657‘ W .7

0  Semi- . 1 5’ Semi- 1
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basin show some affinity towards seawater (Table 5.41). Some samples in the plot fall in the field of

seawater (ratio: 0.5526) in the bivari ate diagram of Na/ Cl (Fi gs. 5.3 9a & b). Similarly in the plots of

Mg/Ca (Figs. 5.42a & b) and Mg/N a (Figs. 5.43a & b) a few samples are fall in the fields 3.375

and 0.1286; the field of seawater. Reason for above deviation may be due to the freshening or

presence of trapped seawater in layered aquifer or iI‘l'[6I'COI1l"i6ClZ1OH of fractures and shallow aquifers

with back water channels.

5.5.1 GALDIT method

The vulnerability of the aquifer towards saline intrusion was analysed by GALDIT method (Chachadi

and Lobo Ferreira, 1999). The GALDIT score for 95 locations within the basin was calculated and

presented in Table 5 .42. The contour map for aquifer vulnerability index values along with x and y

co-ordinates were prepared using Surfer.7 package and identified the aquifer vulnerable areas to

seawater intrusion in the pal aeo-lagoon (Fi g. 5 .45).

The GALDIT score of the basin varies from 32 (Kundannur) to 121 (Kadappuram). As per the

norms of GALDIT it is found that the coastal areas and some low land comrected with backwaters

are vulnerable areas of phreatic aquifer to saline intrusion in the basin (GADIT index >100, Fig.

5.46). The salinity distribution along the Chetwa- Kottapuram during the surmner months fiom

February to May have been observed and are directly proportional to tidal changes, i.e., salinity is

more at high tide and less at low tide (Ahamadali et al., 1987). The major regulators at Enamakkal

and Kuttankottvalavu are preventing the inflow of seawater into inland via estuaries. Due to lack of

sufficient data, it was not possible to evaluate aquifer vulnerability to saline intrusion in semi-confined

deep aquifers of the basin.
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CHAPTER 6

STRATIGRAPHY

6.1 Introduction \.‘ Q
Stratigarphical geology has, as its aim, the description and classification of rocks with a view to

arranging them in a chronological order in which they laid down on the surface of earth. Of the three

groups of rocks namely igneous, metamorphic and sedimentary only the sedimentary rocks are

easily amenable to such an arrangement, since they have deposited bed by bed and contain the

remains of organism which flourished while they were formed. The lithological characters of units or

formations and particularly their fossil content have been invaluable for determining the chronology

of the materials of the earth’s crust. Each formation has not only distinct petrological characters but

also encloses a fossil assemblage, which is characteristic and different from that of the underlying

and overlying fonnations. Fossil assemblages of the same age are not necessarily identical, for the

species in them will depend on the conditions of environment and development of each area of

sedimentation. If the environment was the same or very similar, the species may be identical or

closely allied, as is often in the case with marine fauana; if the environment were different, as in the

case of esturine and lacustrine deposits, the elements of the fauna will be different but will show the

same stage of evolution or development in relation to each other and in comparison with the parallel

faunas of other areas. In comparing the faunas or floras of two areas, the lithological as well as

enviromnental facies will have to be fully taken in to account.

The study area consists of coastal plain and associated palaeo-lagoon, laterite uplands and other

crystalline terrains (plates 6.1- 6.4). The palaeo-lagoon covers an area about 300 km’ lies 0.5 to

1.50 m below mean sea level. This low lying tract; Palaeo-lagoon, which invariably gets water

logged throughout the monsoon season (June to September) and separated from the sea by a sandy

belt. The crystalline area is least important while considering the stratigraphy of the whole basin, in

which topsoil or weathered rock of limited thickness is overlying them. The coastal plain including

palaeo-lagoon is characterized by depositional landforms. Landfonns of the coastal plain area are

divisible into different geomorphic units in view of their morphological characters, lithological

assemblage and enviromnent of fonnation. A geomoiphic unit is characterized by a particular



Plate 6.1 A section of palaeo-ridges in the coastal plain area showing different layers

(Engadiyoor)

Plate 6.2 Laterite cappings in the eastern side of the Palaeo-lagoon (Vilangankunnu)
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morphology and lithology and which are fonned under a particular environment and are mapped as

morphostratigraphic surfaces. The various morphostrati graphic surfaces initially identified in Kerala

by Krishana Nair ( 1 985) during the course of investigation and named after the local villages around

which they were seen developed best are given in Table l .5. All morphostratigmphic units mentioned

inTable 1.5 except Periyar and Pomiani surfaces are identified in the study area.

6.2 Stratigraphy of Palaeo-lagoon

The Pal aeo-lagoon is the northern most extension of the South Kerala Sedimentary Basin (SKSB)

(area between Eriyad and Edakazhiyur in Fig. 1.7). It is underlain by the rocks of Archaean

metamorphic complex. They include the granitic gneisses and chamockite. Doleiite and gabbro

dykes trending NW-SE and E-W are seen in a few places. Laterite seen as cap rock ranges in

thickness from less than a meter to about twenty meters.

The palaeo-lagoon (Kole land basin) of the present study area covers the regions of both the

sedimentary terrain of the coastal plain with an areal extend of 5 1 6 km’ in the west and the mid and

high land region in the east (1 174 kmz). The area comprised of both depositional and denudatonal

landforms. Fig. 6.1 describes the geomorphology of the study area. Out of 1690 km’ area of the

basin, about 682 kmz area include in midland and 489 km’ area include by highland. The westem

part of the area is covered by Palaeo-lagoon and coastal plain respectively in 300 km’ and 216

km’. The Tertiary and Quatemary deposits having thickness varies from 2 m b gl (east of Kole land)

to 80 m b gl (near shore line) are confined to the coastal plain and Palaeo-lagoon of the basin. The

lateiite capping of the crystalline terrain varies from 2m bgl to 20 In bgl.

The Fig. 6.2 shows the bedrock distribution of the basin below ground level. The map is prepared

using the borewell/tubewell/filterpoint well drilling data in 57 locations of the basin. The depth to bed

rock in midland and highland region varies from 0 m (rock exposure) to 15 mbgl. In sedimentary

terrain it varies from 15 mbgl (east of palaeo-lagoon) to 80 mbgl (near beach). A sudden change in

depth to bedrock from 30 mbgl to 80 mbgl is recorded within l to 2 km from shoreline. This deep

portion of the basin is completely occupied by Tertiary deposits (Vaikom formation), in which most

of the tube wells of the area are constructed.

The geology of the area is depicted in the Fig. 6.3. The westem part of the basin is mainly occupied

by alluvium. The coastal plain is covered by coastal alluvium while the palaeo-lagoon area is covered

partly by coastal alluvium on the west and riveiine alluvium in the east. The alluvium of the sedirnentaries
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Fig. 6.1 General geomorphology of Palaeo-lagoon (Kole land basin)
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Plate 6.3 A view of residual laterite seen as isolated patches within in Palaeo-lagoon (coconut
planted area, Alappad and Pullu).
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consists of sand, sandy clay, clayey sand and clay of marine, estuarine and fluvial in origin. The

crystalline terrain is mainly composed of charnockites and gneisses (mi grnatised) and is capped by

laterite. Rock exposures are common in highland region of the basin but it is rare in mid and

lowland.

Precambrian and Tertiary tectonic activity was prevalent in Palaeo-lagoon. As a result numerous

major and minor lineaments are originated in the area. The lineaments trending NW-SE, NNW­

SSE, N-S, NE-SW and E-W are present. Majority of lineaments fall in the NW~SE and NNW­

SSE trending categories and are often hosting dykes of dolerite / gabbroic composition, having a

definite signature in the geological setting of the region. These linear fracture zones form major

aquifers in the northeastern part of the basin (Kukillaya et al. I999 and 2002). Next in importance

are the WNW-ESE trending lineaments. In the groundwater point of view this fracture is also

productive (Fig. 6.4).

Crystalline rock of Archaean period and sedimentary rocks of Tertiary and Quaternary period are

noticed in the study area. The crystalline rocks are charnockites and gneisses and are mainly confined

to the eastern parts of the basin. The westem part of the area represents the sedimentary formations

predominantly of Quaternary period. The details of litho-lo gs collected from various parts of the

basin are given in Table 6. 1 (attached as appendix). Sedimentary formation of upper Tertiary period

(Lower Miocene) known as Vaikom formation is seen in the western periphery of the area mapped.

The sedimentary formation of the coastal plain has an average thickness of 80 m, out of which top

25 to 30 m is Quatemary deposits. A systematic study based on available radio carbon dates was

done in the subsurface Quatemary sediments to bring out the various chronstrati graphic units of the

area. The stratigraphic succession of the area based on lithologs, radio carbon dating and the

morpho stratigraphic surfaces is given in the Table 6.2 and Fig. 6.5 a-b. The description of each

stratigraphic unit of the basin is given as follows.

Archaean: The basement rockof the basin is charnockite and associated gneisses of Archaean age

and occupies a major part of the highlands and the midland regions of the basin, especially in eastem

part. The charnockites and gneisses are unconfonnably overlain by Vaikom fonnation in the west (1

to l .5 km from shoreline) and laterites in the east of the Palaeo-lagoon.

Intrusive phase within basin region includes sporadic occurrence ofbasic and ultrabasic bodies and

dykes belonging to Lower-Middle Proterozoic age, pegmatites of Middle Proterozoic age, a host

of yotmger granites (Late Precambrian-Early Palaeozoic age) with associated pegmatites, and later
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Table 6.2 Stratigraphic succession of Palaeo-lagoon (Kole land basin)
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dolerite dykes, contemporaneous with Cretaceous-Palaeocene Deccan basalt magmatism. Of these,

the younger granites and associated pegamatites constitute the bulk of the intrusive rocks, and are

contemporaneous with the Pan-African tecto-magmatic event. Vifithin the chamockite domain, granite,

gabbro-granophyre predominates.

Tertiary deposits: Tertiary deposits of the basin belonging to Vaikom formation consists of the

coarse sands and gravels of Vaikom formation and the primary laterites seen over it. The younger

formations such as Quilon and Warkallai are not seen in the area.

Vaikom fonnation: Vaikom formation of the basin is confined to western periph ery of the basin,

close to coast and having 1 to l .5 km width. This is underlain by crystalline rocks and unconformably

overlain by Pleistocene deposits (Ferrugenous clay, clayey sand, coarse to medium sand and molluscan

shells) of Guruvayur formation in the west and Pliocene laterites ofKunnamkulam fomiation in the

east. The "‘C dating of samples from this fonnation gives an age of > 40000 yrs.BP. The thickness

of the formation varies from 50 to 60 m. This is the only deep confined aquifer of the basin (Fig.

6.5a-b). The granular zones constitute about 50 % of the total sediments. The thickness of granular

unit in this aquifer ranges from l5 to 65 m and the yield of the wells in this formation ranges 0.73 to

26.82 lps. The grain size particulars of this formation are given the Table 6.3.

Table 6.3 Grain size particulars of Vaikom formation (CGWB, 1984)

Bfedivegrainsize y O.13t00.78mm I
i,Coeff. ofuniformity 1.75to 10.00 l1

ipMedian g pg  g0.3to23_0 H y
_S<ewness  my 0.01 to1.70 g

Kunnamkulam beds: This is the lithounit typically exposed in Kunnamkulam area, comprised of the

primary laterite and or the lateritic soils (Plate 6.2). This is a surface of erosional origin. The entire

midland and highland region of the basin are occupied by laterite and lateritic soil (Fig. 6. l ). To the

east of coastal plain, laterite capped upland knoll s, generally of 20 m or more in elevation are very

common. The elevation increases progressively towards east. At the eastern part, the surface is

developed on chamockite and gneisses and is underlain by Vaikom formation on the west. This is

unconformably overlain by Guruvayur beds in the west. Laterite is seen as capping the hillocks,

when exposed it is very hard and massive with vesicles on top that is formed due to leaching of clay.

It is reddish brown in colour and fenuginous composition. The top hard layer grades down to a soft

vermicular zone with clay pockets. It is fi.1l"[h6l' grades down to a layer of lithomarge, which in tum is
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underlain by crystalline or sedimentary rocks. The thickness of this fonnation varies fiom l 0 to 20 m

including lithomarge. lt is believed that lateiite capped flat topped hills the ‘vestiges’ of an extensive

pedeplain, and later dissected intensively. The dateable material was absent in the fonnation. The

fossil shell seen encrusted on the top of laterite formation gives a "‘C date > 40000 yrs.BP and it

suggests Pliocene age for laterites.

Quaternary deposits: The quatemary deposits of the area consist of ferruginous clay, clayey sand

with molluscan shells ofPleistocene age and greenish black clay and medium to fine sands of Holocene

age.

Pleistocene deposists: The Pleistocene deposits of the basin is seen as two separate patches (i)

northern part of the basin between Chavakkad and Vatanapilli and (ii) in southern part of the basin

around Mathilakam. There is no continuity of this layer is seen in the places in between. This shows

that the depositional basin of Pleistocene time was not continuous one in the Palaeo lagoon. The

Pleistocene deposits of the area are named as Guruvayur fonnation by Krishnan Nair (1988).

Guruvayur beds: It is underlain by Vaikom formation in the west of Palaeo-lagoon and laterites in the

east (Fig. 6.5). These are unconfomiably overlain by 20-30 thick greenish black to black clay

deposit known as Viyyam beds. In the north as well as in south, the Pleistocene unit overlies mainly

the laterite in the middle and eastern part of the basin. In the western part it overlies Vaikom formations

ofTertiary age. It has a maximum thickness 9"?"-P 1 Om. The bottommost part is made up of a matrix of

white and yellow clay. This horizon is overlain by ferruginous clay and clayey sand. This unfossilifenous

sequence is overlain by a coarse to fine sand layer, which is passes upward into a shell rich layer.

This layer is characterised by molluscan fauna. The sand is essentially composed of quartz grains

and is medium to fine grained, well rounded to sub rounded. Thin layerings are also observed for the

deposits. Radiocarbon dating of the shell fragments from Mathilakam at a depth of 17 m bgl,

yielded a “C date > 40000 yrs.BP. The sediment samples from Palaeo-lagoon (near Kanjani ­

northem part of the basin) at depths of 20.50 m and 13 m bgl yielded '4 C dates 35060 i 5570 and
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24700 1 1 890 yrs.BP respectively. The "C dating of the samples from the formation gives an age

between 35060 i 5570 and 24700 i 1890 Yrs.BP. The “C dates suggest Middle Pleistocene to

Late Pleistocene age for these beds (Pi gs. 6.5a-b).

Holocene: The Holocene deposits of the basin are seen as two separate units (i) the older greenish

black sticky clay deposits and (ii) younger coarse to fine sand. The Holocene deposits of the area

are named as Viyyam fonnation (Greenish black clay) and Kadappuram formation (coarse to fine

sand) by Kiishnan Nair ( 1 98 8).

Viyyam beds: This bed represents the tidal and fluvio-marine deposits of the area. It is very extensively

developed in the study area especially west of Palaeo-lagoon and coastal plain. Deposit is

predominantly greenish black to black clay and mud. A mixture of sand and silt are also noticed in

the eastern side of Pal aeo-lagoon. The clay is plastic and sticky when it is wet but very hard when

dried. Decayed and partially decayed wood pieces and shells are seen associated with this clay

deposits. The chemical analysis of the clay samples shows that they are predominantly oxides of Si,

Fe and Al (Krishnan Nair, 1988). Nodules with size varying fiom 5 to 15 c1n are seen associated

with this clay deposits in Padiyoor and Edathiriji areas. The thickness of the formation varies from 5

to 30 m. Maximum thickness is observed about 1.5 to 2 km east of the shoreline. Clay layer is

tapering towards east of the Palaeo-lagoon. Viyyam bed is underlain by Guruvayur bed in the west

0fPa]aeo-lagoon and laterits of Kunnamkulam formation in the east. It is unoonformably overlain by

younger Kadappuram beds of Late Holocen age. The "C dating of the samples from the fonnation

gives an age between 8820 zt 120 and 5160 i 130 yrs.B.P. The “C dates suggest Early to Middle

Holocene age to these beds (Figs. 6.5a-b).

Kadappuram beds: The present day beach deposit represents the Kadappuram beds (Plate 6.5).

Beach deposit is coarse to fine sand mosly of quartz. Black opaque minerals like ihnenite, pyroxene,

homblende and magnetite are also noticed. Flakes of muscovite and biotite are common. Ilmenite,

garnet and rutile are the heavy minerals identified. The sand grains are well rounded to sub rounded

and they are moderately sorted. The Kadappuram bed is tmconformably overlain to Viyyam beds in
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the basin. But in the eastem part of the Palaeo-lagoon thin clay layer is overlaying the Kadappuran

sands. These are fluvial in origin and slightly younger to Kadappuram sands. The thickness of

Kadappuram beds varies from 2 m to 15m. Maximum thickness observed near shore and it is

gradually decreasing and tapered out at east of Palaeo-lagoon (Pi g. 6.5). The “C dating of the

samples from the fomiation gives an age between 2520 i 70 and 3 160 1 1 10 Yrs.BP and it suggests

Late Holocene age to this formation.

The deposits in lowlands along the coast comprising tidal flats/mudflats and sand ridges are grouped

under Quatemaiies. The development of spit along the bay mouth is seen in Chetwai area and point

bars also seen in parts of Chetwai and Karuvannur rivets of the basin (Plate 6. 1). They are the result

of fluvio-marine processes operating in the coastal tract. In spite of ntnnerous rivers draining towards

west, it is surprising that no delta is developed along the west coast. The transportation of riverine

materials to deep sea by marine process along this high energy coast is to be reason for their

absence (Ahamad, 1972). Braided character of the rivers and passive deltaic sequences seen in the

Palaeo-lagoon are the indication of premature delta. Most part of these surface lies below mean sea

level (Figs. 7.3 & 7.4).

6.3 Texture of sediment

The mechanism of transportati on and deposition of unconsolidated sediments can be deciphered

from the granulometric studies. Hence exhaustive research has been carried out on grain size

characteristics for the past six to seven decades from different parts of the globe. A significant

correlation between size fiequency distribution and depositional processes has been brought out.

Proper selection and combination of statistical parameters can excellently be used to discriminate

various enviromnents of deposition of ancient as well as recent sediments (Folk, 1966; Friedman,

1967; Hails and Hoyt, 1969). Apart from enviromnental implications, the particle size distribution is

related to the source materials, processes of weathering, abrasion and corrosion of the grains and
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sorting processes during transport and deposition (Mishra, 1969; Patro et al., 1989; Williams et al.,

1978; Forstner and Wittmann, 1983; Seralathan, 1979, 1988; Samsuddin, 1990; Padmalal and

Seralathan, 1991 ; Padmalal, 1992; Joseph et al., 1997; Majumdar and Ganapathi, 1999;

Rajamanickam and Gujar, 1984, 1985, I997; Raj aguru et al., 1995). Hence, an attempt has been

made to understand the particle size distribution of the coastal plain sediments of the Mathilkam ­

Chavakkad area of Palaeo-lagoon so as to have a proper insight of its influence on the mineralogy

and evolution.

The size distributions of elastic sediments have revealed the existence of a strong statistical relafionship

between the different size parameters such as mean size, sorting (standard deviation), skewness and

kurtosis. The relation between mean size and sorting is particularly well established and many studies

have shown that the best-sorted sediments are generally those with mean size in the fine sand grade

(Pettij ohn, 1 957; Grifiiths, l 967; and Allen, 1 970). Several attempts have been made to differentiate

various enviromnents from size spectral analysis, as particle distribution is highly sensitive to the

environment of deposition (Mason and Folk, 1958; Friedman, 1961, 1967; Grifiiths, 1962; Moiola

et al., 1974; Stapor and Tanner, 1975; Nordstrom, I977; Goldberg, 1980; Sly et al., 1982;

Seralathan, 1988). Friedman (1961, 1965) has analyzed the fine-grained sands collected from

many different localities around the world from dunes, beaches and rivers. A scatter diagram of

moment standard deviation (sorting) versus moment skewness shows the most effective distinction

of sands from these three enviromnents. Visher (1969), based on the log normal distribution of grain

size has identified three types of populations such as rolling, saltation and suspension, which indicate

distinct modes of transportational and depositional processes. Passega (1957, 1964) has established

a relationship between texture of sediments and process of deposition rather than between texture

and enviromnent as a whole. The study indicates that the finest fiactions are transported independently

and the coarser particles exhibit a logarithmic relation between the first percentile (C) and median

(Md) of elastic sediments.
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The statistical parameters such as mean size (Mz), Median (Md), Standard deviation (61), Skewness

(Ski), Kultosis (KG) and first percenti1e(C) were determined for the sediment samples collected

(Fig. 6.6) by using graphic method (Folk and Ward, (1957) are given in the Tables 6.4 to 6.9. The

various statistical parameters such as mean size; standard deviation, skewness and kurtosis have

been plotted against each other (Figs. 6.7 to 6.13). Several investigators (Folk and Ward, 1957;

Sahu, 1964; Friedman, 1965 and Abed, 1982) have observed significant trends. The mean size of

clastic sediments is the statistical average of grain size. Standard deviation or sorting value indicates

the particle spread on either side of the average (Folk and Ward, 195 7; McKinney and Friedman,

1970). The sediment sorting is good if the spread sizes are relatively narrow. Skewness of sediments

in a measure of symmetry of grain size population and reflects enviromnent of deposition (Folk and

Ward, 1957; Folk, 1968). In textural analysis skewness is considered as an important parameter

because of its extreme sensitivity in subpopulation mixing. Well-sorted unimodal sediments are usually

symmetrical with zero skewness. In a fine skewed sediment population, the distribution of grains will

be from coarser to finer and the fiequency curve chops at the coarser end and tails at the finer. The

reverse condition is characteristic of coarse skewed sediments.

Mean size: The mean size of the sediment of the study area varies from 1 to 2.5 q». Medium sand

is seen in Chavakkad and Engadiyoor area. But the grain size is gradually decreasing towards south

of the basin (1 to 2.5 6) and become medium to fine sand near Edamuttom and Mathilakam. The

variation of mean size with depth is given in the Figs. 6.7a-f. The grain size up to 2 m depth is unifonn

with phi mean size is just above 1.5 in Chavakkad, Engadiyoor, Edamottom and Mathilakam. A

different trend is seen in Vatanapilli and Nattika. All the places of the basin except Edamuttom,

shows a coarsening downward trend up to the depth 3 to 6 mbgl. But in the Edamuttom area, a

coarsening upward trend is seen (Fig. 6.7e). The Vatanapilli area shows uniform character (medium

to fine sand) through out the analyzed depth. The grain size becomes coarse at 5m bgl in Chavakkad,

4.5 mbgl and 8 m b gl at Engadiyoor, 3m bgl at Mathilakam. This may be due to the influence of

Karuvannur, Kecheri and Chetwai rivers (flooding) along with sea level oscillation.
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Sorting: The degree of sorting is a reflection of the energy level in the environment of deposition.

Based on the degree of sorting, the sediment can be easily classified into three classes (i) well

sorted, (ii) moderately sorted and (iii) poorly sorted.

The average standard deviation of the sediments of the basin varies from 0.82 to l .34 6 and the

sorting is generally decreases towards southem side of the basin. Majority of the sediments are

moderately sorted to poorly sorted. The poorly sorted nature in the southern side of the basin shows

the fluvial influence in deposition. The moderately to poorly sorted sediments are seen as alternate

layered sequence with depth.

The phi mean versus standard deviation shows an almost linear relation (Fig. 6.8). The sorting

worsens as the phi mean size decreases. But a reverse trend is seen in Nattika area (Fig. 6.8d). The

medium and fine sands show moderate to moderately well sorted nature. It is diflicult to demarcate

the palaeo-ridge sediments from the recent ridge sediments possibly due to the presence of coarse

as well as fine sediments in both the ridges.

Skewness: Most of the sediments of the study area with moderately sorted to poorly sorted nature

are near symmetrical with respect to skewness (exoept Nattika area) even though there is a significant

variation in phi mean size of sediments (Tables 6.4 to 6.9 and Fig. 6.13). It is significant to note that

if the standard deviation is a function of phi mean size, sorting and skewness will bear a mathematical

relationship to each other (Folk and Ward, 1957). Symmetrical curve can be obtained either in a

unimodal sediments with good sorting or equal mixtures of two modes which have the poorest mode

of sorting. With one mode dominant and other subordinate, the sediments exhibit moderate sorting

but give extreme values of skewness (Folk and Ward, 1957; McKim1ey and Friedman, 1970) as

observed in most of the sediment samples of the study area.

Perfectly sorted, tmimodal sediments have a skewness value zero and very slight deviation on sorting

results in near symmetrical skewness. Friedman (1967) and Cronan (1972) have indicated that the

polymodal sediment can show variable skewness values depending on the specific proportion of

subpopulation abundance.

Kurtosisz The kurtosis of the samples of the basin varies from 0.947 to 2.79. Sediments of all

locations except En gadiyoor area show fiom leptokurtic to very leptokurtic nature. But the sediments

at Engadiyoor area show meosokurtic nature (Tables 6.4 to 6.9 and F i g. 6.13). The sub samples of

the sediments of the ridge are mostly leptokurtic to very leptokurtic nature. As the sediments are
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Table 6.4 Statistical parameters of grain size in coastal plain sediment of Chavakkad area
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Table 6.5 Statistical parameters of the grain size in coastal plain sediment of Engadiyoor 1
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Depthin  Meansize lvbdian(phi) (“j’1eVa'.at'da'i 11 1 Skewness F1131
(Ski)

{(3)­
“ Kurtosis (KG) percentile

F

l _

1 . 0.30 1 1.59 1 1.69 1__1
11 7 7 7 1 711

11°‘ 1011001 1P11><Mz> (M1)  -1°"
0.62 0-97

1

17 '7 0.86
1. .

0.02
-1‘

1

2
7 771

1.00  0.01 9_q__ 0.00  0.00 9%“ 0.05
1

L 1

3­ 1 0.90 1 _1.01 1 1.73 ..15 " 1- 7 7 " F‘ 7 0.61 1I _­ 0.06 0.85 0.09
1'1

F;

1-1;» 4 w 1.20 1.09 1 1.95
71

0.50 1 0.00 0.86 0.52 1

1*.

5 19 1.50 151.6399  91.79
. * *1 1 5 5 *1

0.50
.4‘.

0.00
fli _ [T

0. 25

6 1. 1.00 11 1.57 1 1.01 .
*1

0.50 _i1 0. 07 0.85

0.07 1
1

0.19_
1

1 ;_

1

‘F

7.­

11 8

19

2-19 .1 1-60. 1 1.69 1
+ 2401  1-63 1 1-W
g 2-70  1.-93 . 1.98
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:1
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0.00 _
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110 1 3.00 1 1.10 1 1.20 .. 1 0.02 0.10

V 7
1

1.07 1 0.20
1
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11

1.64
1
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-‘_ I ­
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0.11

16 L 4.80 11 W 1.07

1

1.15
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1Table 6.6 Statistical parameters of the grain size in coastal plain sediment of Vatanapilli
areain Palaeo-lagoon (Kole land basin)

SING Depth in 1|\/ean size Median
. ' '(mb9|) .(Phi)(|\/ll) (Phi)(Md)

Standard
deviation

(Phi) (°1). .

~Skewness(Ski) Kurtosis(KG) 1F"St

1  % 1peroentile(C)
J 1 0.30 2.37 2.35  1-69  Q32 217 0.17

12.1. 0.60 -242 2.45 1.84
1

0.36% 1.53 0.20

at 0.90 1 1.75 224 1.63 —O.14 215 0.09

. 4 1.20 1} 1.76
I

223 1.31 -0.16 1.45 0.08

1.50 . 2.11 243 1.34 0.11 1.91 0.09

16  66666 1 1.80 1 1.77 228 1.94 0.10 192 -0.99

2.10
I .__
1

1 $1.78 236 2.07 0.021 3.23 -1.89

.3­ 2.40 250 2.61 0.39 1 1.91 -0.95

9 2.10 2.16 248 .9-23
v

1.51 -0.95

2- .10 .
3.00 _L 1.42 1.89 1 1.68 0.43 1.23 0.02

1111 3.30 1.-.13 1.70 1.14 11.52 0.8.1 -0.99

112 3-5° 1 1.44 216 1.16
1

-0.60 0.85 0.22

1 13“ 1 3.90 1 2.43
' 5

1

11

I1

L.

267 0.72 0.57 7.09

r16

114 4.20 A 2.40 259 0.58 0.387
1

5.25 1.88

4.50 1 2.12 252 _ 0.21 -0.38
1

1

| 3.10 0.18

4.80
1

LU 2.13 253 1 0.37_ 0.02 1 5.53 0.08

117 15.10

1

1 1.33 2.43 0.57 -0.40 4.84 0.(B

T
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Table 6.7 Statistical parameters of grain size in coastal plain sediment of Nattika
u)  area in Palaeo-lagoon (Kole land basin)

.N0 ’dBVlailOl'i

(phi) (01)

SI Depth 1Mean size Medien(Pni)1Phi.St?““da'd Skewness 1“ ( ( ). mbgl) (Phi) (M2) (W)

- 15 First 7 f
Ski Kurtosis (KG) percentile

L9)

1 I
1

1

0.30 2.09 2.34 1.62 0.23 Z 2.56 0.07

2
1‘

0.60 2.02 2.19 -  ....-.1_-.121. .4?-92.._ 1 .47 0.06

0.90 2.11 ; 2.48 1.00 0.21 1 1.56 0.18

4.­ __1_'2o 2.19
0.

_1 2.81 W 1.87 0.29 l 3.25 0.03

5 1.50 1.87 2.62 5 2.13 0.13 1.89 0.05

6 1.80 1.84 2.45 \ 2.14 0.14 1.88 7 0.06

7 2.10 1.82 2.14
1

1'l
‘I

1

0.15 A 1.88 0.06

8 2.40 1.15

2.38

1 1.57 1.58 1.44 Q-.19­

)9 2.70 1.15 1 1.54 1.44 O-20 . .. 1.20 0.20

1I 19 3.00 1.07 1.17 7 1.14 -0-Q7 1.50 0.00

11 3.30 1.65 1.92 0.92 9.-Q2- . i 1.08 -0.36

1% 3.60 1.13 1.19 0.90 0.10 1 1.00 -0.49

13 3.90 1.11 1 1.14 0.00 *1
11

1|
.I
'1

_.
0.00” it 1.09 0.18

14 4.20 0.81 1 0.92 0.88 0.23) 7 1.17 -1.35

15 4.00 1.10 1 1.14 .1.1. 1.15
1Q l

1i__;__..k_ 4?

16
1

.

.

I

l
4.80 0.94 4 1.00

1.04

3 0.96 0.28 7 0.95 -0.94

17 521° 1.08 Z 1.10 1 0.96 0.03 1.12 0.9:».

18
.]._

i

_§-40 0.96 1.05 7 0.99 0.20 l 0.93 0.15

19.-. 5179 1-.13 1 - -_-1;.1.§-... 1.26 0.27 1.35 0.19

20 6.00 0.94 1 0.98 0.97 0.30 4 0.98
1!

0.00

6.30 0. 92 A 0.09 0.95 0.33 1 1.22 -0.85

22 6.60 0.85 1 1.00 i 0.84 l

0.23 1.18 -0.76

6.90
1779

0.94 1.03 i  0-95
1

1

1

1 0.27 A 0.95 -0.97
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area in Palaeo-lagoon (Kole land basin)
Table 6.8 Statistical parameters of grain size in coastal plain sediment of Edamuttom

1

1 . . . Standard 1  78781-'8irst
151.110. Peg?) ?:'j|j')"|\j'zZe m1°§)'a"(°h') deviation Sgzmess \Kurtosis (KG) percentile'“ 1 100111211 aft). * 10>

1 0.30
‘1 1 8

1 .49 1.76 0.80 1 -0- 1:1 5 0.97 -0 .45
1

2 0.60 1 .46 1 .63 0.79 1 50. 12 0.99 -0.45

3 0.90 1 .46 1.62 0.77 -0.12 9297. -0.45

4 1.20 1 .46 1.63
1 .

0.79 1 -0.13‘ .. 0-97 -0.45

L444

5 1.50 1.51 0 1.80 0.78 4 -0.16 ¢____  0.99 ~0.48

6 1.80 1.35 7 1.55 Q-73..  ­ 0.11 0.00 -0.45

7 2.10 1.47 1 1.59 U0-71--  ­ f9.-1° 1.02 —0.40

8
U

2.40 1.12 1.21 0.00 1.10 -1.27

Ii *2

9 2.70 1 .47 1 .65 -0.03 I 1.183 0.19

L41

10 3.00 1.16 1-.49

0.89

1 .01 0.00 1 0.85 -1.33
_.Jj__

11 3.30 1.36 1.40
_ .___ . ...__._i._ _.i___.___ k

0.95 1 92?. 1.15 0.00
12 3.60 2.10 2.33 0.66 V 0.15 2.1197..- . 1 -0.89

13 3.90 1.32 . 1.44 0.92 0.15 -0.86

1 14 4.20 1.98
1 1

1' 0.86 A -0.32 1.20

0.99

-0.95

15 4.50 2.55

2.35

1 2.66 0.67 -0.04 1 1.70 0.10

16 4.80 2.36 2.58 0.82 -0.30 A 1.91 -0.43

17

1 . .
I_5.10_ M1.s4m01002.43 1.13 -0.35 1.10 . -0.45 E

18 5.40 2.52 2.77 0.83 2 -0.25 -0.42 1

19 5.70 2.81 2.95 -20.-Q9 .. ; 0.07

1.40

5 0.94
l

-0.34
T

1

20
I

1

1 6.00 2.82 2.94 0.85 iU_00.11fi  0.94  0.09
31 6.30 2.79 2.90 0.00” 0.07 0.96 0.01I'i
22 0.00 1.13 A 1.56 ;-_.,-_1.-.15..-- . 0.03 0.57 0.18

23 6.90 1.41 . 1.60 0.25 L 1.05 0.19

24 7.20 1.13 1 1.50
-.1_-_--1.-5.9-- . .1177'? 7“ 11 1-14 * L 0.87 0.18

1

1

1

25 7.50 2.27

_I____i_

2.64
1

I 1.30 1 -0.16 0 0.60 0.17
F

1

25__

27

7.80

8.10

2.55

2.49

l..'_7_ if

2.91

1 2.79
0.95 1
0.51

902
-0.20

0.910 ~0.41

-0.40

28 8.40 2.86 3.04 0.81 1 0.15_ 0.95_;____ ___ . .. 0.59

1

1
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. Table 6.9 Statistical parameters of grain size in coastal plain sediment of Mathilakam

1 1 . II . .
.Sl.N0 II   Med('s‘Z§ph') de17iation Skewness(Ski)Kurtosis(KG) pe|?g1tile

Standard ii First
(PW) (01)

1 0.30 1.63_ 1.809 0.84 -0.04 0.95 -0.3821 0.60 1.64 1.84 0.88

T2­

0 1.05 6.973 0.90 I-7.7 1.97 0.76 9 0.12 j 0.95 -Q-33

.. .i
11

7* .4,

i1 5

1.20

1.50

1.79

1.64

2.046___ 1 %*__

1.805

0.77

0.61

0.08

0.02

0.95

0.88

-0.29

0.04

N 6 1.80 1 .67 1.666 W 0.59
*1

J
1

‘I

0-01 0.89 0.17

;A7 2.10 1.66_9 @_1.649 0.61   0.01 I "$0.66 I 0.09_;_.
I 6 9 2.40 1:62.­ 1 .832 0.69% -0.07 M 0.99 -0.4

_?9 9 2.70 1.6 1.818 0.95 I
I1
1

I

I­
I

.­ -0.17 f_1.16 0.17
IIf 1 3.00 % 9 2.444 0.94

Ii '1
:1

.

Ii
.

-0.38 1.31

,, 12

11 I‘
'1
11

1|
3-30
1 3.60

1-. 7.

0:45

1.15 1.671 6
0.427 1.62%‘ 0.26

-0-06.

1..-0.1

0.69

-1.9

0.16

'_% 13 . 3.90 2.8 2-822..-. 1.13
I.

I:
I

-Q92 1.93 0.05

14 I 54.20 1-95. 2.412 1.06 9 -0.35 91.26 40.97

~15 7 4.50
I i

2.36 2.421 1-3.1 . 0.05 1.71 096
V16 4.80 2.63 2.772 _ 053

1 0.05 3.61 0.61

17 5.10 I

4.
2.01 2.391 1 “0.69 -0.09 1.3 _-.0-23

1

iI

I16 5.40
1

I

I 2.15 0.56 '0-Q? 0.94 0.57

.19
1., 20

5.70

6.00
I

1

1

I

1

1.61
1.78

_ _%?_1.775 Q

2.261 L

0.77

0.77

0.05

-0.48

0.64

1.2

-0.35

-0.9

I 21 I 6.60 1.54 2 f 1.96 0.49 I 2.66 0-Q5.

I 22 6-59.. 1.51 1.927 I 1.96 0.39 1.62 -0.97

_A6.%? 1.15 1.613 I 1.61 9+2? 1.46 -0.99

.24 7.20 1.14 _--.1-501 I 1.76 0.27 1-66 -0.98

I 2§. 1 7.50 1.17 1.691 1.73 0.26 1-.66 41.97

26 i 7.80 1.-:49 1.774 2.10 0.43 51.66 -0.97
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Chapter III Ifydrogeology

the period from 01.01.1997 to 01.01.2007 in Palaeo-lagoon (Kole land basin)
; Table 3.7 Long term trend of groundwater level in bore wells of semi-confined aquifer for
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mostly moderately well sorted to poorly sorted, the predominance of fine population makes the

sediments leptokurtic to very leptokurtic.

The scatter diagram of mean size Vs skewness (Figs. 6.14 and 6.1 5) gives an idea about palaeo­

enviromnent of deposition. Most of the samples plotted fall in the field of beach and inland. Very

little samples are seen in offshore region. There is not much variation is observed in the above along

or across the coastal plain.

The gravel, sand and silt/mud content in the sediment samples of the study area were analyzed and

are given in the Tables 6.10 to 6.12. The sand content in the samples varies from 85 (Vatanapilli) to

99% (Mathilakam). The clay content in the samples shows an increasing trend from southern

(Mathilakam) to northern (Chavakkad) part of the basin (F i g. 6. l6). This indicates the fluvial influence

during deposition in the northem and central part of the basin was more than the south.

6.4 Mineralogy

The sedimentary rocks are those formed by the deposition of the solid materials carried in suspension

by the agencies of transport. The composition of sedimentary rock will depend upon (i) the original

source rocks from which the waste material was derived; (ii) the chemical and mechanical resistance

of each mineral component during transport; and (iii) the distance travelled. The mineral composition

also depends on the nature of the rocks forming material. If the country rock consists mainly of some

mineralogically uniform rock such as quartzite and granite which are poor in ferromagnesian and

accessory mineral s, the composition of sediments resulting from their denudation will be simpler

than that resulting from lithologically or mineralogically heterogeneous region.

The duration and nature of transportation is also a factor in detennining the mineral composition.

Long and continued drifting to and fro by wind or by water tends to effect a separation of particles

according to mass and surface area, there for, according to composition. Wind is particularly efficient

sorter of sand grains. Long-continued transport in rivers or alongshore may be ahnost equally effective

in producing clean, graded and uniform deposits.

The vicissitudes of transport tend to destroy the softer, more cleavable, and brittle mineral grains

and thus to produce greater mineral uniformity in the final material. Feldspars are more altered and

softer, and are consequently more easily broken down to silt and clay grade than the hard and

intractable quartz. The waves of the sea are still more effective in eliminating the feldspar from sands.
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Table 6.12 Gravel, sand, siltlnud and clay percentages of the coastal plain sedinnnts in Palaeo
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Minerals are integral part of rocks and sediments. Assemblage of heavy and light minerals in

sedimentary deposits has been used for many years to unravel the sources and transportation history

of sediments. Worldwide, the mineralogical make up of sediments is used for the evaluation of

various physicochemical processes involved during weathering, transportation and deposition. The

knowledge of relative abundance of heavy fractions renders valuable information on the nature of

contribution, longshore transport direction and energy conditions of the depositing medium.

The minerals of sedimentary rocks fall into two classes (i) the insoluble residues of rock decomposition;

and (ii) the comparatively durable minerals derived fi"om pre-existing rocks. Amongst the fonner

are the groups of (a) the clay minerals, such as kaolinite, halloysite etc; (b) the micaceous minerals,

including the hydromicas and chlorite; (c) the aluminum hydroxides, bauxite, gibbsite etc; and (d) the

ferric oxides and hydroxides. A large number of mineral species are found in the second class.

Resistant mineral such as quartz is common constituent of sedimentary rocks, and some rare minerals

such as garnet, rutile zircon, tourmaline, kyanite, magnetite etc. are frequently present in sediments.

Feldspar is less resistant, but is so common that it is a major constituent of some sedimentary rocks.

6.5 Heavy and light minerals

In India, detailed studies on heavy mineral assemblages of the beach sands, teri sands, beach ridges

and dunes have been carried out since 1950. Jacob (1956) made a detailed study on the heavy

minerals of the beach sands ofThirune1veli, Ramanadhapuram and Thanj avur districts of Tamil

Nadu. Several workers have investigated the heavy mineral assemblages ofTamil Nadu beach and

coastal plain regions. Investigators like Aswathanarayana (1964), Prabhakara Rao (I968), Mallik

(1986), Unnik1ishnan(l987), Purandara ct al. (1987), Sasidharan and Damodaran ( 1988), Purandara

(I990) and Krishnan et al. (2001) have studied the heavy mineral suite of the beach sands of

Kerala. Rajendran et al. (1996) have investigated the heavy mineral composition of lower

Bharathapuzha river sediments and their influence on the geochemical constituents ofbed sediments.

Babu and Seralathan (2005) have made a detailed study on the buried placer deposits of the central

Kerala coast between Periyar and Bharathapuzha rivers. Padmalal et al. (1998) made a detailed

account of mineral suites of Muvattupuzha river and Vembanad estuaiy. They have suggested that

heavy mineral assemblages of sediments indicate mixed igneous and metamorphic provenance.

Detailed geological and geophysical surveys conducted along the Konkan coast by Gujar et al.

(1 989) revealed the occurrences of several promising isolated placer deposits.
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Fable 6.13 Variation of heavy minerals at different depths (count %) in
northern part of the coastal plain region (Engadiyoor in Keecheri basin) of H
Palaeo-lagoon (Kole land basin)
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Table 6.14 Variation of heavy minerals at different depths (count %) in
isouthern part of the coastal plain region (Edamuttom in Karuvannur basin)
§of Palaeo-lagoon(Kole land basin)Total heavy f   6
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Heavy minerals: The total heavy mineral content from beach ridge in different size classes at four

depth-ranges namely 0 to 0.5 m, 0.5 m to 1.0 m, 1.0 m to 1.5 m and 1.5m to 2.0 m levels are given

inTables 6. 1 3 and 6. 14. Below a depth of 2.0 m, the concentration ofheavy mineral is very negligible.

The heavy minerals have been studied in two core samples one in the northem (Kecheri basin) and

another in the southern (Karuvannur basin). The heavy minerals in the sediments are found to be

primarily opaques, gamets, hypersthene, glaucophane, biotite and actinolite in very fine sands whereas

chlorite, glaucophane, gamets and opaques are found in fine and medium fractions. The individual

mineral species identified in the Engadiyoor samples of Kecheri basin and the Edamuttom sample in

Karuvannur basin at different depths under different size classes and their distributions are present in

Figs. 6.17 and 6.18.

Engadiyoor in Kecheri basin: Total heavy mineral content in medium sand of Engadiyoor sample

in 0-0.5 m, 0.5-1.0 m, 1.0-1.5 m and 1.5-2.0 m depth zones are 4.08%, 12.59%, 19.05% and

24.01% respectively. In the fine sand the concentration in the four depth zones arel 1 .52%, 25.56%,

31.59% and 52.15%. Down core variation in the total heavy mineral content in the very fine sand

fiom 0-0.5 m, 0.5-1 .0m, 1.0-1.5 m and 1.5 -2.0 m depth zones are12.19%, 40.34%, 52.17% and

69.23 % (Table 6.13).

Edamuttom in Karuvannur basin: The heavy mineral content, in medium sand of Edamuttom

sample in 0-0.5 m, 0.5-1.0 m, 1.0-1.5 m and 1.5-2.0 m depth zones are 7.13%, 11.14%, 32.27%

and 35.12% respectively. ln the fine sand the concentrations from the four depth zones are 12.34%,

29.23%, 51 .85% and 61 . 14%. Down core variation in the total heavy mineral content observed in

the very fine sand from 0-0.5 m, 0.5-1.0 m, 1.0-1.5 m and 1.5-2.0 m depth zones are 19.38%,

52.49%, 69.12% and 77.52% (Table 6.14).

Heavy mineral assemblage: The heavy mineral suite of the coastal plain sediments of Palaeo­

lagoon (Kole land basin) shows considerable variation between northem and southern part of the

basin. The concentration at different depth zones is presented in Figs. 6.17 and 6.18 and the

spectrum of minerals identified with their characteristic features is described below.
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Hg. 6.17 Distribution of heavy minerals in different depth zones and different size grades in

northern part of the coastal plain region (Engadiyoor in Kecheri basin) of Palaeo-lagoon.
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Fig. 6.18 Distribution of heavy minerals in different depth zones and different size grades in

southern part of the coastal plain region (Edamutlom in Karuvannur basin) of Palaeo-lagoon.
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Opaques: Opaques are considerably enriched in all the size grades in the northern Engadiyoor
F
I.
I

sample. But its percentage is very less (< 5%) in the depth zone 0 to 0.5 m bgl. llmenite is the

predominant mineral among the opaques while magnetite is subordinate to it. The grains of ilmenite
i

I
I

’ are generally sub-rounded to well rounded and are enriched considerably in the medium and very
I fine sands, especially fiom 1 .0-2.0m depth level. In the northern sector the opaques in medium
i

I

I

I sand in the surficial layer (0-0.5 m depth) constitute fi'om 0.67-3.67%. In 0.5-1.0 m depth it constitutes

24.67-67.0%. In 1.0-1.5 m depth it forms 26.67-65.67% and in bottom layer it constitutes 30.33

- 65.67%. The variation of opaques in the various grades of sediments at various depths in the

northern part of the basin is given in Fig. 6.17.

In the southern Edamuttom sample (Table 6. 14), opaques constitute in notable amount among heavies

in all the size fractions and in all the four layers. The opaques constitute 1 .5 -5.67% of heavi es in

surface layer; 2.33-66.0% in 0.5-1 .0m depth; 1.33-66.33 % in 1.0-1.5 m and 26.0-66.0% in 1.5­

2.0 m depth level. The variation of opaques in the various grades of sediments at various depths in

the southem part of the basin is given in Fig. 6. l 8.

Garnets: Garnets are found in greater proportions in all size fractions and in all the four depth

zones in the northern Engadiyoor sample. Garnets occur as euhedral or broken crystal often with

oonchoidal fracture. Most garnets appear pink under plane polarised light, though minor amounts of

colourless garnets have also been noticed. In northem part, the garnet content in sand varies fiom

8.67-27.67% in the surface layer (0-0.5 m depth), 3.67-29.33% in 0.5-1.0 m level, 3.67-29.67%

in 1.0-1 .5 m level and 3 .33-7.0% in the bottom most layer. The variation of garnet in the various

grades of sediments at various depths is given in Table 6.13 and F i g. 6.17.

Garnets constitute a considerable proportion ofheavy minerals in the southem Engadiyoor sample.

They are found in considerable proportions in all size fractions, in all four layers. The amount of

garnet in the sand varies between 7.82 and 29.33% in smface layer (0-0.5 m depth), between 3.67

and 29.0% in 0.5-1.0 m depth, between 3.0 and 31.33% in 1.0-1.5 m depth and between 3.33 and

8.67% in the bottom layer. The variation of garnet in the various grades of sediments at various

depths in the southern part of the basin is given in Table 6.14 and Fig. 6.18.

Chlorite: Chlorite is found in significant amount in all the four depth zones of northern Engadiyoor

sample (Table 6.13). Chlorite is seen as tabular crystals with green, pale green in colour and well

developed cleavages. Under microscope it is identified by its colour, cleavage and pleochroism.
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orite in the sand ranges from 9.67 -49% in the surface layer (0-0.5 m), 2.67-29% in 0.5 m-1 .0

m depth, 3.0-31% in 1.0-1.5 m depth and 5.33-33.33% in 1.5-2.0 m depth. The variation of
i.
L.

chlorite in the various grades of sediments at various depths in the northern part is given in Fi g. 6. 17 .
}.

|

I

Chlorite is found in greater proportions in all the size fractions and in all four depth zones of the
»

|

. southern Edamuttom sample (Table 6. 14). In the surface layer (0-0. Sm) chlorite ranges from 8.67­

47.25 %, 2.33 -26.33 % in 0.5-1.0 m depth, 3-30.33 % in 1.0-1.5 m and 5.33-35.33% in 1.50­
I

t

1. 2.0 m depth. The variation of chlorite in the various grades of sediments at various depths in the

southern sample is given in Table 6.14 and Fig. 6.18.

Glaucophane: In northern Engadiyoor sample, glaucophane is found in considerable proportions

in all size fractions and in all the four levels (Table 6.13 and Fig. 6.17). It appears fresh and occurs

as angular to subangular crystals. Under microscope it is identified by its colour, cleavage and

pleochroism. In northern part, glaucophane content in the sand varies from 10.67-l 8.67% in surface

layer (0-0.5 m depth), in 0.5 -1 .0 m depth from 1.0-20.33%, in the 1 .0—1 .5 m depth it varies from

1 to 19.67% and in bottom most layer from 0.67-20%.

Glaucophane is seen in considerable quantity in the southern part. They are more common in the

medium sands of the top layer (Table 6.14 and Fig. 6.1 8). Glaucophane content in the sand varies

from 10.67-19.5% in surface layer (0-0.5 m depth), in 0.5 -1.0 IT! depth from 2-2 1 %, in the 1.0­

1.5 m depth, in the 1.5 to 2.0 m it varies from 1.33-19.67% and in bottom most layer from l­

20.33%.

Hypersthene: In northern sample of the study area hypensthene is present in all size fractions and

in all the four depth zones (Table 6.13 & Fi g. 6.17). In the surface layer (0-0.5 m depth) it varies

from 6-19.67% in sand, 2.33-12.67% in 0.5-1.0 m depth, 2.33-12% in 1.0-1.5 m layer and 2.33­

6.67% in the bottom most layer.

In southern part of the study area hypersthene is common in all size fractions and in all four depth

zones. In the sand fraction it ranges from 9.25-20% in surface layer (0-0.5 m depth); 2.67-13.67%

in 0.5 -1.0 m depth; 2.33-12.33% in 1.0-1.5 m depth and 2.33-7.0% in the bottom most layer. The

variation ofhypersthene in the various grades of sediments at various depths in the southern sample

of the basin is given in Table 6.14 and Fig 6.18.
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Epidotez Epidote is seen as elongated prismatic crystal with shades of green colours. In northern

samples and present considerably. Fi g. 6.17 gives size wise distribution of epidote in this part of

study area.

Epidote is an important heavy mineral fiaction of the southern part of the study area. In the surface

layer (0-0.5 m) the amount epidote in the sand fiaction ranges between 0.67-4.43 %; in 0.5-1 .0 m

depth it ranges between 0.33-3.33% and in 1 .0-1.5 m depth it ranges between 0-3.3% and at the

1.5-2.0 in column it values vary between 0-2.3 3 .The concentration epidote in the basin is decreases

with in creasing depth (Table 6.14 and Fi g. 6.18).

Biotite: Biotite occurs as platy crystals, lath-like cross section with cleavage and found in notable

amount in all the size fiactions and in all the four depth zones of the northem sample (Table 6. 1 3). In

the surface layer (0-0.5 m), biotite ranges between 5 -10 %. In 0.5 -1.0 m depth it varies from 1.67

tol 0.67% and in 1.0-l .5 m depth the biotite content is froml .67 to 1 0.33%. At the bottom layer

the range is from 0 tol .67%.

In t.he southern part of the study area, biotite shows same pattern as north (Table 6.14 & Fig. 6.18).

Among sand fraction it varies from 6.54 to 9% in surface layer, 2 to 10% in 0.5-1.0 m depth, 1 to

11.3% in 1.0 to 1.5 m and 0 to 2.67% in the bottom most layer.

Hornblendez Hornblende is seen as prismatic, elongated crystals with shades of green and brown

colours. In sand fraction of northern sample, it constitutes 0.33 to 5.17%, 1.0 to 1.67%, 0.67 to 2%

and 0 to 1.67% in 0-0.5 m, 0.5- 1 .0 m, 1.0-1.5 m and 1.5-2.0 m depth respectively. The variation

of homblende in the various grades of sediments at various depths in the southern sample of the

basin is given in Table 6.13 and Fig. 6.17.

In the southem sample in the surface layer (0-0.5 m) hornblende ranges from 0 to 4.67%, from

0.67-1.67 % in 0.5-1.0 m depth, from 0.67- 2.33% in 1.0-1.5 m and from 0- 1.67 % in 1.50-2.0

m depth. The variation of hornblende in the various grades of sediments at various depths in the

southern sample of the basin is given in Table 6.14 and Fi g. 6.18.

Zircon: Zircon is found negligible in the northem and southern samples of the basin, especially in the

very fine sand (Table 6.13 and 6.14). Grains are mostly colourless and sometimes with brownish tint

and pink varieties. The different nature, shapes and features of zircon were observed in the study

area are euhedral, rounded, broken as identified by their high relief, straight extinction and high

order, white, colour. Zoning, fracture lines and inclusions are exhibited by some of these grains
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suggesting the possibility their derivation from the granites and gneisses (Murthy, 1969). These are

seen mainly associated with fine and very fine sands and its concentration varies from l to 3% in

0-0.5 m depth, 3.33 to 9.67% in 0.5 to 1.0 m depth, 3.67 to 9.33% in 1.0 to 1.5 m depth and 0 to

8% in 1.5 to 2.0 m depth in northern sample (Fig. 6.17).

In southern sample, its concentration varies from 0.23 to 3% in 0-0.5 m depth, 3.33 to 8.67% in 0.5

to 1.0 m depth, 3.33 to 8.67 % in 1.0 to 1.5 m depth and 0 to 7.67% in 1.5 to 2.0m depth in

southem sample (Fig. 6.18).

Tourmaline: Tourmaline seen as triangular elongated prismatic crystals and some crystals are showing

pleochroism. These are seen mainly associated with fine and medium sands and its concentration

varies from 0.67 to 5.33% in 0-0.5 m depth, 1.67 to 4% in 0.5 to 1.0 m depth, 2.33 to 4% in 1.0

to 1.5 m depth and 1.33 to 5.33 % in 1.5 to 2.0m depth in northern sample (Fig. 6.17).

In southem sample, its concentration varies from l to 4.75 % in 0-0.5 m depth, 0.33 to 4% in 0.5

to 1.0 m depth, 2 to 3 % in 1.0 to 1.5 m depth and 1 to 5% in 1.5 to 2.0 m depth in southern sample

(Fig. 6.18).

In addition to the above mentioned minerals, monazite, rutile, sillimanite, tremolite, topaz etc. are

seen in very negligible concentrations in various depths. Details are given in Table 6. l 3 and 6.14.

Mechanism of heavy mineral concentration: Heavy minerals concentrate such as ihnenite, rutile,

monazite, zircon and garnets from the coastal deposits of both ancient and modern age are major

economic resources in India as well as Kerala. However, information on the sedimentological,

strati graphical, hydrodynamical and gcximorphological aspects is rather limited in hidia to document

the distributions and mechanisms of concentration ofheavy minerals within a coastal plain system.

The heavy minerals in the present study area are the result of processes operating at different temporal

and spatial scales. As the heavy minerals in the central Kerala form part of the Late Holocene

regressive coastal plain sequences and to a little extend in modem enviromnent, the sea level changes

has a significant role in the heavy mineral concentration, preservation or alteration. In general the

heavy mineral occurrence in the coastal plain areas is the result of several processes such as segregation

due to differential entrainment in the swash zone, differential transport, shear sorting and longshore

and onshore sediment transport, all contribute cumulatively or singularly to the concentration of

certain heavy minerals (Hamilton and Collins, 1998). The coastal plain evolution and seasonal variation

in wave energy have also played a major role in the above mechanism of concentration.
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and pegmatites; basic type- gabbro and dolerite) igneous rocks (Ravindrakumar et al., 1985, Soman,

1998). Laterites occupy the lower reaches of the river courses such as Chalakudi, Karuvannur,

Keecheri and Bharathapuzha rivers. Denudation of rocks occupying these drainage basins could be

the prime source for the high content of blue— green hornblende in the basin. Ilmenite is the second

dominant mineral in the basin and thus its source lie in the metamorphic rocks of the study area. A

considerable portion of the ilmenite could be derived firom laterites, which occupy a considerable

aerial extent of the drainage. Colourless and pink gamets might have derived from charnockites.

Mallik (1981) and Purandara (1987) have stated that the chamockites of the Western Ghats are

characterized by colourless and pink gamets. Charnockites are also the prime contributors for the

enrichment ofhypersthene in the study area. The igneous suites of rocks such as granites and pegmatites

contribute considerably to the enrichment of monazite, rutile and tourmaline. Low grade metamorphic

rocks and basic igneous rocks rich in calcic -plagioclase are the sources of epidote. Alkali granite is

the source rock of glaucophane in the study area.

The presence of rounded zircon in the study area suggests that the zircon has been subjected to

reworking in the nearshore enviromnent by waves and currents before it got settled in the coastal

plain environment. Occurrence of rounded zircon in the beach sediments of the central Kerala

(Mallik, 1986) and in the Vembanad estuarine sediments (Padmalal, 1992, Padmalal et al., 1998)

has been reported. Zoning, fracture lines and dust inclusions are exhibited by some of the zircon

grains suggesting the possibility their derivation fiom the granites and gneisses (Murthy, 1969).

In southern samples the predominant minerals are hypersthene, biotite, chlorite, epidote, opaques

and garnets. Percentage of chlorite and glaucophene indicates that these minerals belong to Periyar

provenance. Presence of considerable amount of hornblende in the samples, which is absent in

north abundant in south, indicates that the sediments of mixed origin.

In the northern samples the dominant heavy minerals are opaques, chlorite, garnets, hypersthene,

glaucophane, biotite and actinolite. In the medium and fine fractions chlorite, glaucophane, garnets

and opaques are enriched while in very fine sands opaques, hypersthene, glaucophane, biotite and

actinolite predominate over others. Such concentration levels are recorded by Babu and Seralathan

(2005) in the buried beach pl acers between Bharathapuzha and Periyar rivers. Rajendran et al.

(1996) reported that the heavy minerals from the Bharathapuzha river are predominated by

homblende, pyroxene, opaques and garnets. Similarly the predominant minerals in Periyar river

sediments are opaques, chlorite, gamet, hypersthene, biotite, glaucophane and tourmaline
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(Maya, 2005). One of the predominant minerals in the southern sector is chlorite, which affirms to a

provenance in metamorphic terrain. Presence of opaques in relatively higher proportions in the

study area shows that they are being derived from the ciystallines ofWestem Ghats by Bharathapuzha,

Kecheii, Karuvannur, Chalakudi and Periyar rivers. Mallik et al. (1 987) have stated that charnockites

and retrograde charnockites are the sources for hypersthenes and hornblende respectively for the

opqaque minerals of the Central Kerala coast. Baba (1980) has attributed that the NNW oriented

waves were responsible for the selective transportation ofhornblende-hypersthene fi'om homblende­
‘..

hypersthene province recognized by Mallik et al. (1 987).

High concentration of heavi es in the fine and very fine samples near the mouths of Bharathapuzha,

Chetwai and Periyar rivers implies the contribution by the river systems. Marine process such as

waves and currents played a considerable role in sorting, transportation and deposition of heavy

mineral along the beach. The distribution also reveals that these minerals are derived from the

chanockite-gneiss-khondalite suits of the Western Ghats and from adjoining shelf areas.

6.6 Clay Mineralogy

The study of clay minerals is an important area of research in the recent years as it throws light on

weathering, provenance etc. The clay minerals constitute a major part of the finer firactions of the

aquatic sediments and are reactive geological materials or particulates which serves as an indicators

of the over all physioo-chemical environment of deposition (White house et al., 1960). According

to Biscaye (1965) and Grim (1968) the composition and distribution of clay minerals are good

indicators of sediments dispersal in the marine enviromnent. This is mainly because the clay mineral

composition of sediments mainly depends on the climatic condition, provenance and rock types of

the region.

Kaolinite, illite, chlorite and montmorillonite are the clay minerals recorded in the area.
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CHAPTER 7

EVOLUTION OF PALAEO-LAGOON

7.1 Introduction

Sedimentary basins are areas of prolonged subsidence of Ea1th’s crust. The driving mechanism of

subsidence is ultimately related to process within relatively rigid, oool thermal boundary layer of the

Earth. In a broad sense, these are areas in which sediments can accumulate to a considerable

thickness and are preserved for long geological time periods. The shape of the sedimentary basins

may vary from place to place. Some may be circular or elongate depressions, troughs or embayment,

and ofien they have quite irregular boundaries. Even an alluvial plain can also act as a sedimentary

trap. The size of the sedimentary basin is highly variable, and will be usually 100 km long and tens of

kilometres wide.

The present study area fomis a part of Keral a—Konkan offshore basin. It has a narrow stretch of

Neogene sedimentary tract on land which is delimited to the east by the Precambrian rocks of the

shield area, and to the west by the Laccadive ridge bounded by N-S fault/lineaments between Lat.

8°N, and 14°N and appears to be dissected into NNW trending horsts and grabens (Soman,

1997). The South Kerala Sedimentary basin (SKSB) extends along the ooast between Kollam and

Kodungallur. The Palaeo-lagoon (Kole and basin) is the northern most extension of South Kerala

Sedimentary Basin (SKSB).

7.2 Radiocarbon (“‘C) ages of Kerala coastal plain

In the stratigraphic history of India, the palaeo-enviromnents suitable for carbonaceous deposits like

coal, lignite and peat were (i) Permian-carboniferous period, (ii) Mio-Pliocene period, (iii) Early to

Middle Pleistocene and (iv) Late to Middle Holocene. Abundant peat and shell deposits were

identified at many onshore locations adjacent to the present shoreline along the west coast of India

(Kale et al., 1983; Rajendran et al. 1989; Narayana et al., 2001). The available “C dates of the

various locations of the Kerala Konkan Basin are given in Table 7. I . Quaternary sediments of KKB

shows that it fall in two ranges of age groups viz (i) 24450 i 710 to 42490 :t 860 yrs.BP and (i)
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2180 1 170 to 8820 =|: 120 yrs.BP. The bivariate plot of depth of the samples Vs "C age also

shows a grouping of data points between the age 25000 to 42000 yrs.BP and 2000 to 9000 yrs.BP.

Thus a sedimentation gap for over 10000 years seen between these two groups of samples, is a

clear indication of an unconfomlity may be either erosional or nondepositional (Fi g. 7.1). From the

above it is clear that first age group belongs to Middle to Late Pleistocene while the second group

belongs to Holocene period. But the “C dates from Quatemary sediments of the Palaeo-lagoon

area shows three ranges of age groups viz. (i) 24700 1 1890 to 55060 i 5570 Yrs.BP (ii) 5160 d:

130 to 8820 i 120 yrs.BP and (iii) 2180 :|: 170 to 3160 i 110 yrs.BP (Table 7.2). The bivariate

plot of depth of the samples Vs “C age also shows a grouping of data points between the age

25000 to 40000 yrs.BP, 6000 to 9000 yrs.BP and 2000 to 4000 yrs.BP. A sedimentation gap for

about 10000 years is seen between (iii) and (ii), for about 1000 years between (ii) and (i) groups of

samples respectively (F i g. 7.2). From the above it is clear that there exist unconfonnities between

these three beds. Radiocarbon dates suggests Middle to Late Pleistocene period for group (I),

Early to Middle Holocene period for group (ii), and Late Holocene period for group (iii).

Lithostrati graphic succession of the area shows a good correspondence with radiocarbon dates

(Table 6.5).

In addition to the above palynoflora, Molluscan shells are also seen associated with the Quaternary

sediments of the Palaeo-lagoon. Recorded molluscan shells are Dentalium Cerithium, Conus ,

Crepidula, F usus), Littorina, Murex, Natica, Turitella, Cypraea, Oliva, Falsifusus, Terebra and

Venericardia planicoasta ( Plate 7.1).

7.3 Evolutionary history of Palaeo-lagoon

The evolution of the Palaeo-lagoon is related to the formation of Kerala -Konkan basin and the

uplift ofWestern Ghats in Late Cretaceous to Early Palaeocene period. The basement profile of the

palaeo-lagoon (Kole land basin) shows two sudden abnormal changes in slope (i) is very close to

the sea between 1 .5 and 2 km away from the present shoreline and (ii) in the eastern boundary of

the palaeo-lagoon (about 7 to 10 km away from the present shoreline). These are considered as

faults, which control the evolutionary history of the basin very much Based on the present investigation

and available secondary data. the evolutionary changes may be summarised as follows.

Tertiary Period: The uplift ofWestem Ghats created a number of swift west flowing rivers in the

west coast. The intensive phase of erosion causes the deposition of elastic sediments in offshore

over Archaean basement. Clastic sediments known as Vaikaom fonnation unconformably overlay
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Table 7.2 Rodiocurbon doies of cousiol sedimenis from Polaeo-lagoon (Kole land basin)
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the Crystallines. The thickness of the Vaikom formation in the Palaeo-lagoon area varies from 40 to

60m and are not exposed any where in the basin (F i gs. 6.5a &b) The Vaikom bed mainly comprises

of gravel, coarse sands with clay and lignite of marine origin. The Mid Tertiary (Burdigalian) sea

level transgression led to the deposition of Quilon formation consisting of fossiliferous limestone,

sands and clays. This was followed by a regressive phase resulting in the lagoonal formation of

Warkallais (Sandstone with sandy clays with lignite beds). This is the general Tertiary stratigraphy of

the South Kerala sedimentary basin. But in Palaeo-lagoon, the Tertiary stitigraphy is confined to

Vaikom formation only. The Quilon and Warkallai formations are absent in the basin. The faulting of

west coast and the uplift ofWestem Ghats along with the third phase of Himalayan upheaval during

Middle Miocene might have reduced the accommodation space of the South Kerala Sedimentary

Basin beyond palaeo-lagoon due to the initiation of uplift. This accounts the reason for non deposition

of Quilon and Warkallai beds in Palaeo-lagoon of South Kerala Sedimentary Basin.

Laterites succeed the Vaikom formation in Palaeo-lagoon. These are not capping the Vaikom formation

any where in the basin. But it underlay the Quaternary sediments and overlay the crystallines in the

western part of the basin (Fi g. 6.5a-b). Exposed laterites are seen as escarpments in the eastern

part on the Palaeo-lagoon and capped the crystalline rock (Plate 6.2). The escarpment along the

eastern fringes of Palaeo-lagoon is an indication of down faulting (Soman, 1997). The shell

encrustations formed over the laterites seen below Quatemary sediments was formed > 40000

yrs.BP (Sample No. 5 of Table 7 .2) and suggests Pliocene. Warm humid climate during Pliocene

lead to the weathering of crystallines and sedimentaries of west coast and primary laterites were

fomied under different cycles. The palaeo-shoreline of this period coincides with the western boundary

of the Present palaeo-lagoon (Fi g. 7.5).

Pleistocene period: The Pleistocene deposits of the basin is seen as two separate patches (i)

northern part of the basin between Chavakkad and Vatanapilli and (ii) in the southern part of the

basin around Mathilakam. There is no continuity of this layer in between the places. This shows that

the depositional basin of Pleistocene time was not a continuous one in the Palaeo-lagoon (Kole land

basin). Radiocarbon dating of the peat from Mathilakam at a depth of 17 and 15.5 mbgl, yielded a

"C date > 40000 yrs.BP(Sample nos. 9 & 10, Table 7.2), The sediment samples from Palaeo­

lagoon (near Kanjani -northem part of the basin) at a depths of 20.5 m and 13 m bgl yielded “‘ C

dates of 3 5060 =1: 5570 and 24700 i l 890 yrs.BP respectively (Sample nos. 15 & 16, Table 7.2).
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Another set of samples shell (Cypraea) and peat from Venkitngu (near Chavakkad) and north of

Kanjani at a depth llm and 6.50 mbgl gave a "C date > 40000 yrs.BP (Sample nos. 4 & 5, Table

7.2). The molluscan fauna of this layer includes Venus, Turbo, Turitella, cerithium, fusus , Cypraea

etc. (Plate 7.1).

The Pleistocene deposits of the area are inferred as shallow nearshore or continental without much

organic content. The uplift of the northern block of SKSB might have continued up to Middle to

Later Pleistocene leading to the fomiation of shallow basin of deposition, which was not continuous

in Palaeo—lagoon area. The molluscan shells, which are seen associated with the Pleistocene deposits,

might be littoral or lagoonal in origin. The Pleistocene marine transgression in SKSB which took

Place H+ 40000 to 42000 yrs.BP, created a littoral zone in the uplifted northem part of SKSB

resulting in the deposition of sediments within the littoral zone. The marine-brackish waters of this

transgression did not cover the entire basin unifonnly due to the palaeo-topographic differences.

Holocene period: The Holocene deposits of the basin are seen as two separate litho-units of two

age groups. (i) The lower lithounit consists of greeni sh black clay layer with peat beds, ranging in

thickness from <l m to 25 m and (ii) the upper lithounit consists of sandy clay, clayey sand and sand

with shell fragments and decayed wood. The lower sequence of the Holocene deposits of the basin

is clay dominated while the upper sequence is sand dominated.

The Lower to Middle Holocene (Viyyarn bed) is well developed throughout the basin. The maximum

thickness (H+ 25 m) is seen around Chetwai, north central part of the basin, where the Palaeo­

lagoon is connected to the sea. This layer is starting with greenish black to black clay and mud with

shell and peat intercalations at lower part. Sand content increases towards top of this layer. The

radio carbon dating of the peat samples from this formation gives an age ranging between 8820 i

I20 yrs.BP and 5160 :1: 130 yrs.BP. The peat samples form Vatanapilli (Ahnavu-in the central part

of the basin) at a depth 8 mbgl yielded a *4 C date 7870 i 90 yrs.BP (sample no. 8, Table 7 .2), at

a depth ll mbgl yielded 8350 i 110 yrs.BP(sample no. 7, Table 7.2) and at a depth 14 mbgl

yielded 8820 i I20 yrs.BP (sample no. 8, Table 7.2). The samples from the lower Holocene clay

deposits of the eastem part of the lagoon (Irimbranellur) yielded a “C date of 7 1 80 d: 130 yrs.BP at

a depth of 1.2 mbgl (sample no. 3, table 7.2). The reported dates from Thanissery (Rajendran et al.

1989) and Poovathumkadavu (Shajan, 1998) areas of the basin also show ages 6420 i 120 yrs.BP

and 7450 i l0 yrs.BP respectively (Table 7.2).
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The lithology and associated vegetal debris and shells from this formation attribute marine condition

of deposition. The Holocene marine transgression took place in a series of continental depressions

where organic rich clay was deposited. This transgression, datedH+ 7000 to 8000 yrs.BP was a

faster event, covering all the parts of SKSB resulted in the submergence of the basin and sea was

stand still till around 5000 yrs.BP. The palaeo-shoreline coincides with the eastern boundary of the

present Palaeo-lagoon (Fi g. 7 .5). The whole part of the basin was under water through out this

period. The entire thickness of Viyyam beds might have deposited during the period from 9000 to

4000 yrs.BP. The sandy deposits on the eastem side of Palaeo-lagoon, in places like Thanissery,

Konnnbisseri etc. are marine (Rajendran et al. 1989). The regression that followed left behind a

vast lagoonal water body (mega lagoon), that might be extending southward upto Vembanadu Lake

or the present Kuttanad, Kayamkulam lagoon in the Southern Kerala (J ayalakshmi et al. 2005).

The marine influence in this water body differs from place to place. Silting up of this vast lagoon

resulted in the isolation of Kayamkulam lagoon and conversion of vast areas into shallow seasonal

perennial wetl ands used for raising paddy crops. The spectacular ridge and tunnel topography might

have developed during this regression. Limeshell from the bottom ofVembanad Lake yielded ages

of 371 0 i 90 and 3130 d: 120 yrs.BP (Soman, 1997). This shows that the regressive phase of

Holocene transgression started around 4000 to 5000 yrs.BP. The first ridge, which was developed

during the regressive phase, has maximum elevation of around l4 m above ms] near Venkitangu in

the study area (about 7 k.m from present shore) is an indication of farthest marine advancement and

prolonged stand still condition (Fig. 7 .4 and Plate 7.2). The younger clay and sand deposits over the

Viyyam beds in the eastern part of palaeo-lagoon is of fluvial origin (from the Karuvannur and

Kechery rivers), which was deposited in the lagoon fonned during the regressive phase (Pi gs. 6.5a­

b and 7.3). It is quite possible that during Early Holocene time there would have some neotectonic

activity due to which, part of the coastal plain (Vembanad lagoon, present Palaeo- lagoon and other

low lying areas east of it) were subsided and the coastal plain west of the Vembanadu and pa1aeo­

lagoon was elevated (Fig. 6.5).

The profiles across the coastal plain of the Palaeo-lagoon show at least ten major ridges, indicating

successive phases of still- stand while receding (Fig. 6.9). There have been periods of abnormally

high, normal and deficient rainfall during Late Holocene. The highly wet spell from 10000 to 4000

yrs.BP has been followed gradually by a period of reduced precipitations. During the period 5000

to 4000 yrs.BP the sea started receding to the present level at about 3000 to 2500 yrs.BP. The

presence of a layer of palaeosole or oxidised horizon in the inland ridges shows the period of very

low precipitation in Late Holocene.
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7.4 Palaeoshorelines and rate sedimentation.

Quaternary period is well known for repeated sea level oscillations and drastic climatic changes.

Momer (1995) attributes the sea level changes due to the following (i) Tectonic eustacy, (ii) Geoid

eustacy, (iii) Glacial eustacy and (iv) Steric changes. Of these the last two have remarkable influence

on climate. In addition to these, local and regional coastal tectonics plays a decisive role in causing

changes in relative / apparent sea level in respective areas (N air et al., 2006). In the study area, the

pattern of “C dates gives a clear indication of sea level changes. The “C date in Mathilakam at a

depth of 15.5 mbgl recorded an age > 40000 yrs.BP (sample no. 10 ,Tab1e 2) while the sample nos.

ll and l2 at a depths of l l .5 and 8 mbgl from same location yielded an age 7200i 200 yrs.BP

and 5 160 i 130 yrs.BP respectively. The major difference in age within a short sediment thickness

indicates period of erosion or non deposition may be due to sea level changes. The Late Holocene

deposits of the palaeo-lagoon are characterised by sand dominant deposits formed during regressive

phase of the sea. The oldest "C dates in Late Holocene sediments are 31601 120 yrs.BP (sample

no. 14, Table 7.2) at a depth 9.5 m bgl from Thalikulam. Further west, near Chavakkad, a decayed

wood sample at a depth 1.5 mbgl, from this formation (Kadappuranr) gave an age 2520i 70 yrs.BP

(sample no. 2, Table 2). This shows that, the age of Late Holocene deposits of the basin gradually

decreases towards west (Fi g. 6.5 a-b and Plate 7.2 and 7.3). This is attesting successive regressive

phase of the sea in west coast during late Holocene

The marine transgression and regression had been made changes of shoreline several times in Central

Kerala. Based on the analysis of available data, the major shoreline changes of the palaeo-lagoon

area may be concluded as shown in Fig.7 .5. Around 40 to 42 ky .BP, the shoreline coincided with

the westem boundary of present Palaeo-lagoon (Kole land). Around 7 to 9 ky. BP, sea was further

advanced to east and coincides with almost the eastem boundary of the present Palaeo-lagoon.

Sandy deposits on the eastern side of the Palaeo-lagoon (Kombissery, Thanissery etc) and "C

dates mentioned above support this prediction. Regressive phase started around 4 to 5 ky.BP and

created a lagoon in the fore deep side (present Palaeo-l goon). Successive regression continued and

become stand still for a couple of time around 2 to 3 ky.BP at the western side of Conoly canal

(coincides with Conoli canal). Further regression around lky.BP caused the formation of present

day coast and Conoli canal parallel to it (Fig. 7.3 &7.4).
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Plafe 7.2 A view of beach ridge plain in Kurikuzhi area of Plaeo-lagoon (Remanents of former

seawall also seen).
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Plate 7.3 A view of sand dunes in Chefwai and Moonnupeedika area of the Palaeo-lagoon.
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Rate of sedimentation: The rate of sedimentation of each period of the Palaeo-lagoon is calculated

by using thickness of the sediments and available “C dates. The calculated rate of sedimentation in

the basin during Pleistocene period is .<.~.»~ 1 ml 1000 years. The average rate of sedimentation in the

basin dining Holocene period is M 3 m/ 1000 years. This shows that the availability of depositional

material was higher in Holocene period than it compared with Pleistocene period. The details of rate

deposition of the various places of the basin are given in Table 7.3.

Table 7.5 Rate of sedimentation in Palaeo-lagoon (Kole land basin)

i 1 Rate of 5 F‘
1 Depth of the "Radio carbon sedimentation
Sh.No ‘location sample(mbgl) date (Yrs.BP) y_(Wn1/ KY) §Fo_rmation .

W1 WKanjani_g i   1:-so  _24700 Pleistocene?
” smani  i _ 20-5  so 0-72(Q""“”=?¥9T). ' 1 !.
1 Z2 fihalikulam 9.5 3160

J Thalikualm i g p 14.5? pp 7450 pg“ g__g 1.16i(

al-blooene

\f_|yyam)

3 ivatanapilli  8 7870

l  gvatanapiliig Z y  111 Vatanapilii 1 141? 8820 6.(I)
|—b|ooene

(vlwmi)4 lMathi|akam 8.2 5160i

1 iMathi|akam E !  11 8350

= _ Ma"‘i'.aka'“  14i 8820

I

1.61

I-blooene

(V-wam)
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CHAPTER 8

SUMMARYAND CONCLUSION

The present investigation on “Hydrogeology, stratigraphy and evolution of the Palaeo-lagoon (Kole

land basin) in the Central Kerala coast, India” is an integrated approach based on hydrogeological,

geophysical, hydrochemical and stratigraphic aspects. A strong scientific data base of the study area

is generated using interpretation of well observation and water quality analysis. The salient findings

of the present study are given to provide a holistic picture on the hydrogeology (including groundwater

resource and its quality), stratigraphy and evolution of the Palaeo-lagoon.

The aquifer parameters such as specific capacity, transmissivity, storativity, hydraulic diffusivity,

drainage factor and optimum yield of phreatic as well as semi confined aquifers were determined by

Slug test (ST), Step drawdown test (SDT) and Aquifer performance test (APT).

The results show that the specific capacity of phreatic aquifer of the basin varies from 65.33 lpm/m

(Adichira-Chelakkara) to 521.74 lpm/m (Paluvaya-Chavakkad). The average specific capacity of

the phreatic aquifer is 247.82 lpm/m.

The transmissivity (T) of the phreatic aquifer of the basin varies from 20 m’/day (Paruthipra­

Mulloorkara) to 138 ml/day (Irinjalakuda). The average transmissivity of the basin is 91.925 mil

day. T value ranges from 20 m2/day (Paruthipra) to 94 m2/ day (Prabhathnagar-Velur) in J acob’s ­

Theis’s straight line method, while it ranges 92 m2/day (Prabhathnagar) to 13 8 m2 /day (Irinjalakuda)

in Papadopulos-Cooper cuwe matching method. The average T value of the basin during J acob’s­

Theis’s and Papadioulos-Cooper are 48.85 m2/day and 135 m2/day respectively. Amarginal increase

in transmissivity with increasing well yield is observed.

The storativity of the basin varies from 4.5 x 10" (Paruthipra-Mulloorkara) to l.l x l0'3

(Adichira-Chelakkara) in Jac0b’s-Theis’s method and 3.4 x l0'5(Padiyoor) to 5.9 x 10-3

(Choolissery) in Papadopulose~Cooper method. The average storativity of phreatic aquifer of the

basin is 1.08 x 104.
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The hydraulic diffusivity of the basin varies from 3 000 m2/day (Adichira-Chelakkara) to 367647

mi/day (Padiyoor). The average hydraulic difiiusivity of the basin is 8 I491 mi/day,while the drianage

factor varies from I .37 m (Adichira-Chelakkara) to 8.83m (Choolissery). The average drainage

factor of the basin is 4.77 m. The high drianage factor indicates fast drainage of the aquifer. The

optimum yield of the dug wells in the phreatic aquifer varies from 500 lph to 5000 lph in coastal

plain. ln mid and highland it varies from dry to 25000 lph.

The specific capacity of semi-confined aquifer of the basin varies from 3 .22 lpm/m (Koorkamattom­

Kodassery GP) to 208.90 lpm/m (Choolissery - Avannur GP). The average specific capacity of the

aquifer is 38.98 lpm/m, while the specific drawdown varies fi'om 0.0047 m/lpm (Choolissery ­

Avannur GP) to 0.4705 m/lpm (Melillam -Thekkumkara GP). The average specific drawdown of

the basin is 0.072 m/lpm. The fonnation loss of the aquifer varies from 0.57 m (Parappuram ­

Kaiparambu GP) to 27.22 m (Kannara-Peechi), while the well loss shows a variation from 0.09 m

(Kunnetheri - Erumapetti GP) to 23 m (Kumaranellur-Mulloorkara GP). The average formation

loss and well percentage of the basin is 57.66 and 41.65 respectively. The formation loss of the

basin varies from 1 8% (Gramela-Avannur GP) to 94% (Kannara-P eechi), whereas the well loss

varies from 6% (Kunnetheri — Emmapetti GP) to 82% (Gramela-Avannur GP).

The trasrnissivity (T) of the semi-confined aquifer of the basin vary from 0.38 ml/day (Padavaradu)

to 485.05 mi/day (Choolissry). The average transmissivity of the basin is 61 .05 ml/day. T value

ranges from 0. 38m2/ day (Padavarau) to 485 .05m2/day (Choolissery) in pumping phase and 2 m2/

day (Thuruthiparambu) to 3 69 mi / day (Choolissery) during recovery phase. The average T value

of the basin in pumping and recovery phase are 58.46 mi/day and 63.64 m2/day respectively.

Transmissivity of the semi-confined deep aquifer in the sedimentary area (Tube wells) vary fi'om 22

mi/day (West Mathilakam) to 1 04 m‘*/ day (N attika).There is an increase in transmissivity with well

yield is observed in the area. The initial flow is not only from bore well storage but also from the

fractures.

The storativity of semi-confined aquifers at Adichira-Chelakkara and Prabathnaga - Velur is 6.4

X10" and 1.1 x 10”‘ respectively. In sedimentary (tube wells) area it varies from 1.07 x 10°

(N attika) to 4.04 x 103 (Chavakkad). The optimum yield of the bore wells varies fiom 1 000 lph to

41700 lph. The yield of tube wells in the sedimentary area of the basin varies from 12000 lph to

115000 lph.

150



Chapter VIII g g g g Summary and Conclusion

Drawdown - recovery analysis of phreatic as well as semi—-confined aquifers were done by using

the pumping test data. The following chateracteristics of the aquifers during pumping and recovery

phase of the area are noted.

In phreatic aquifer the maximum observed drawdown vary from 0.46m (Paluvaya-Chavakkad) to

3.42m (Paruthipra-Mulloorkara). The average drawdown of the basin is l .79m. The percentage of

drawdown in ls‘ minute since pumping stopped varies from 0.00 (Choolissery-Avanur) to l 3

(Padiyoor). The average drawdown percentage in ls‘ minute since pumping started is 1.79. The

percentage of recovery in l 5‘ minute since pmnping stopped varies from 0.00 (Choolissry, Paluvaya)

to l(Edamuttom, Padiyoor, Irinlalakuda and Prabhathnagar). The average percentage recovery of

the basin in 1“ minute since pumping stopped is 0.63.

In semi-confined aquifer, the observed drawdown vary from 0.77m (Thippallur-Erumapetti) to

43.05m (Adichira-Chelakkara). The average drawdown of the basin is l6.70m. The percentage of

drawdown in ls‘ minute since pumping started varies from 7.2 (Padavaradu-Puthur) to 87 (Gramel a­

Avanur). The average drawdown in percentage of the basin in ls‘ minute since pumping started is

38.60. The percentage of recovery in ls‘ minute since pumping stopped varies from 5 (Padavaradu­

Puthur) to 87 (Gramela-Avanur). The average percentage recovery of the basin in ls‘ minute since

pumping stopped is 42.29.

The other main characters of the aquifer reflected in drawdown- recovery analysis of the basin are

(i) responses similarto double porosity model, (ii) linear fiacture zone with barrier (no-flow) boundaries,

(iii) comiectivity of serni—confined fiacture aquifer with phreatic aquifer, (iv) drawdown curve shows

slope change due to heterogeneity of the aquifer (v) depth wise interconnection between fiactures

and (vi) apparently homogenous response during pumping.

The average water level of dug wells in coastal plain region varies from 0.79 m bgl (N attika) to.2.46

m bgl (Mathilakam) while it varies from 2.73 m bgl (Mannuthi) to 10.83 m bgl (Cherpu) in midland

and highland regions of the basin. The long term rise of groundwater level varies from 0.22 m/year

(Chavakkad) to 0.532 m/year (Kunnamkulam). The maximum long term fall of groundwater level is

in Puthur (0.008 m /year).
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The average piezometric surface in coastal plain varies from 0.79 m bgl (N attika) to 2.46 m bgl

(Mathilakam), while the average piezometric surface varies from 2.22 m bgl (Madakathara) to

22.58 mbgl (Kandanissery) in midland and highlands. The long term rise of groundwater level of

bore wells varies fi'om 0.016m/year (Mattahtur) to 0.352m/year (Athani). The long term fall of

groundwater level varies from 0.01 7m/ year (Tholur) to 0.173 m/year (Kandanissery). A falling

trend in water level during pre-monsoon indicates that there is an increase in groundwater development

in the area. As long as the same trend is not observed in the post monsoon water level, it is a positive

indication for optimum development. A falling trend of water level in the post-monsoon indicates that

the rainfall is not suffi cient to recharge the aquifer to the required level or an increase in grotmdwater

draft/out flow.

The rising water levels in both phreatic and semi-confined aquifers are closely related to increase in

rainfall and vice-versa Rainfall has a major control over the water level fluctuation in the basin but in

semi—oonfined aquifers, structure and geology of the area are the main controlling factors.

The major recharge areas of the basin are Pattikkad, Ottuppara. Chelakkara, Vaniyampara and

Wadakkancherry fall on eastern and north eastern part of the basin. In addition to the above, two

local pockets of recharge are seen around lrinjalakuda in Karuvannur basin and Kunnamkulam in

Kechery basin; which lies in south central and north western part of the Palaeo-lagoon (Kole land

basin) respectively. The discharge zone lies in the western part of the basin covering more than 45%

of the terrain. The groundwater flow direction of the basin more or less coincides with the grid

deviation map suggesting that topography play a considerable role in groundwater movement.

As per the norms of GEC-97, the estimated annual ground water availability of the basin is as

follows: (i)recharge from rainfall during monsoon season-305 .88MCM, (ii) recharge from rainfall

during non monsoon season-131 .93MCM, (iii) recharge from other sources during non monsoon

season-1 28.20MCM, (iv) total annual groundwater recharge- 566.01 MCM, (v) natural discharge

during non monsoon season-52.99MCM, (vi) net annual ground water availabi1ity- 5 1 3.03MCM,

(vii) existing gross groundwater drafi for all uses- 222.09 MCM and (viii) stage of groundwater

development of the basin- 50.07%. The areas such as Wadakkancherry, ol1ukkara,Thalilculam,

Mathilakam and Mala are found semi-critical with a stage of groundwater development between 70

and 90%. All other areas are found safe with groundwater development less than 70%. No areas of

the basin is found critical and over exploited.
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Groundwater occurs as three layered sequence in the basin; (i) Overburden portion (10 to 20 m

thick) including clay and laterite above crystalline rock (first layer), (ii) between 30 and 50 mbgl

(fractured rock; second layer) and (iii) between 60 and 90 m bgl (fiactured rock; third layer). The

pl (resistivity of the first layer) of this basin ranges from 5 ohm~m (Vatanapilli) to as high as 3400

ohm-m (Peechi). Thickness of this layer varies from 5 to 50m. The average resistivity of this layer is

643 ohm-m. The resistivity of the second layer (p2) ranges from 25 (Pulavaya) to 1200 ohm-m

(Alur) which are weathered or fractured rocks, that may or may not be saturated with water. The

thickness of this layer varies from 12 to 70 m and the average resistivity is 397 ohm-m. The

resistivities of the third layer (p3) range from 20 to 1600 ohm-m which are fiactured rocks associated

with major and minor lineaments. The average resistivity of this layer is 414 ohm-m. The low

resistivity values, below 50 ohm-m, in the places like Chittilapilli, Venkidangu, Adat, Penagam etc.

are due to the occurrence of bracki sh water in fractured hard rock aquifers of the area that is in

contact with saline water. Overabstraction of groundwater from bore wells of these places may

cause saline water incursion since the fractures are connected to brackish water.

The percentage of geophysical curve types in the area are 35% (H type), 26% (A type), 21% (Q

type) and 1 8% (K type) respectively. H type curve is common for mid and highland while it is Q and

A in coastal plain.

The groundwater ofboth phreatic (dug wells) and semi-confined (bore wells) aquifers of the basin

is suitable for domestic, agricultural and industrial uses. In phreatic aquifer (dug wells) pH varies

fiom 5 to 8.74. The maximum pH is recorded along coastal plain (Chavakkad) and the minimum in

the northeastern (Wadakkancherry) part of the basin. Electrical conductivity (EC) ranges from 29

pmhos/cm to 980}1|nhos/cm at 25°C (northwest of the basin). TDS ranges fiom 24 mg/1 (M.GKavu)

to 696 mg/l (Chavakkad) and total hardness from 9 mg/l (M.G.Kavu) to 305 mg/l (Chavakkad).

Fluoride ranges from 0 m g/l to 1 .26 mg/1 (Vaniyampara), Ca” from 0 mg/l to 94mg/l (Chavakkad),

Mg“ from 0 mg/'1 to 28 mg/l (Chavakkad), Na* from 2 mg/l to 86.5 mg/l (Chavakkad), K* fiom 0.7

mg/l to 34.3 mg/1 (Chavakkad), Fe* varies from 0 mg/l to 3 .86 mg/l (Ottuppara), Cl‘ fiom 8 mg/1

(M.GKavu) to 195.9 m g/1 (Chavakkad), CO,‘ from 0 mg/l to 37.5 mg/l (Engadiyoor), HCO,' from

7.17 mg/l (Kodakara) to 199.8 mg/l (Chavakkad) SO4 ' from 0.0 mg/1 (Pazhanji) to 81 mg/1

(Chavakkad) and NO,‘ from 0.28 mg/1 to 8.62 mg/l (Irinjalakuda).
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In semi-confined deep aquifer (bore wells), pH varies from 5.5 to 8.8. The maximum pH is noted in

the south and central part and the minimum in southwestern part of the basin. Electrical conductivity

ranges from l0pmhos/cm to 930 y.mhOS /cm at 25°C (northeast of the basin). TDS ranges 48 mg/

l(Vellangallur) to 630 mg/l (Wadakkancherry), total hardness varies fiom 15 m g/1 (Aloor) to 445

mg/l (Wadakkancherry), fluoride from 0 m g/1 to 1 . 18 mg/l (Panancherry), Ca“ from 2 mg/l to 100.4

mg/1 (Mattathur), Mg” from 0 mg/l to 56.8 mg/l (wadakkanchery), Na* from 1 mg/l to 158.7 mg/

1 (N ellai), IC from 0.4 mg/l to l 1.9 mg/l (Aloor), Fe+ from 0 mg/1 to 6.658 mg/l (Kaiparambu), Cl‘

from 7 mg/l (Kaiparambu) to 1 1 1.6 mg/l (N ellai), CO3‘ from 0 mg/1 to 46.5 mg/l (Tholur), HCO3'

from 1 mg/l (Choondal) to 225.7 mg/1 (Wadakkancheny), S04 ‘ from 0.87 mg/l (Tholur) to 125

mg/1 (Wadakkancherry) and N03" from 0mg/1 to 8.58 mg/l (Velapaya).

Bacteriological analysis of water samples indicates that, almost all the dug wells in the study area are

contaminated with coliforms and E.coli, while in bore wells contamination percentage of E.coli is

less than 50% in comparison with dug wells. E.coli contamination is higher in urban areas such as

Thrissur, Chavakkad, Irinj akuda and Kunnamkulam than the rural areas.

The groundwater of the basin is generally potable, even though some variations are seen in some

pockets. The pH of groundwater is above permissible limit for drinking in the places like Puduldcad,

Chelakkara and Chavakkad. Fluoride content is above desirable limit and below permissible limit

for drinking (1 to 1 .5 mg/l) in the water samples of Vaniyampara, Mathilakam and Ottuppara. The

iron concentration is above permissible limit for drinking (> lmg/1) in ground water samples of

Pattikkad, Pudukkad , M.GKavu, Ottuppara, Chelakkara, Kunnamkulam and Edamuttom. The

source of iron in the groundwater is from laterite, which covered major portion of the basin, that is

due to leaching under low pH condition.

Evaluation based on the concentration of Na%, electrical conductivity and total dissolved solids

indicates the groundwater of the basin is generally good for inigation. Some precaution is necessary

while using the ground water particularly for sensitive crops from bore wells of Avanur, Chittilapilli,

Adat and Wadakkancheny areas and tube wells of sedimentary (coastal) areas.

The Wilcox and U.S.S.L diagram for the water samples shows that, ahnost all samples of phreatic

(dug wells) and semi-confined deep aquifer (bore wells) belong to Cl and C2 types. The EC of
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water samples of phreatic aquifers at Chavakkad and hinjalakuda and semi-confined deep aquifer

at Velapaya, Chittilapilli and Wadakkancherry shows an EC greater than 750 imhos/cm and are C3

type. The SAR values of phreatic aquifer of the basin vary from 0.32 (Mathilakam) to 2.35 (Elavally).

The average SAR ofbasin is 0.95. The SAR values of semi-confined deep aquifer of the basin vary

fi'om 0.35 (Chengaloor) to 6.32 (Nellayi). The average SAR of deep aquifer is 0.86. The water

samples at Nellayi, Choondal and Arthat shows an SAR more than six during the period of

investigation. Almost all samples ofboth phreatic and semi-confined aquifers of the basin belong to

CS1 and C282 type, which is suitable for irrigation. Only very few samples show medium suitability

for irrigation.

The spatial variation of the residual sodium carbonate (RSC) of the phreatic aquifer of the basin

varies from -3.14 meq/I (Thrissur) to l.llmeq/1 (Chavakkad). The average RSC of the basin

is -0.39meq/l. The RSC values of semi-confine deep aquifer of the basin vary from -4.49meq/l

(Wadakkancheny) to 2.93 (Nellayi). The average RSC of deep aquifer is -0.32. The RSC

concentration of the all water samples of the basin is <1 .25 mg/1, and hence it is suitable for irrigation.

The permeability index (PI) of phraeatic aquifer of the basin varies from 32.22 (Pattikkad) to 172.42

(M.G kavu). The average permeability index of phreatic aquifer of the basin is 89.00. Out of 240

water samples analysed, 39% shows a permeability index 1"; 75(Class I & Class II) and 62%

shows a PI between 75 and 172 (Class III). The permeability index of semi-confined deep aquifer

of the basin varies fi'om 27.83(Wadakkanchen'y)) to 172. 1 8(Chittilapilli). The average permeability

index of semi-confined deep aquifer of the basin is 79.60. About 5 1% of water samples show a

permeability index i»_<_,- 75 (Class I and Class II) and 49% shows a PI between 75 and 172

(Class-III). The class I and II are suitable for irrigation while the Class III is not suitable.

The magnesium ratio of phreatic aquifer of the basin varies from 12.53 (Engadiyoor) to 59.07

(Puthur). The average magnesium ratio of phreatic aquifer of the basin is 36.74. About 92% of

water samples show a magnesium ratio  50 and 8% shows a MR between 50 and 59.

In semi-confined deep aquifer of the basin it varies from 23 .24 (Mudi code) to 59.78 (Athani). The

average magnesium ratio of semi-confined deep aquifer of the basin is 44.71 . Hence the groundwater

of shallow and deep aquifers of the basin is suitable for irrigation.
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The water sample of both shallow and deep aquifer shows a pH and TDS (as CaCO3) below the

maximum allowable limit for industry (pH 6.4 to 8.5 & TDS 50 to 3000mg/l and is generally suitable

for industries. The corrosivity ratio of waters of both shallow and deep aquifers of the basin is <1

(CR, 1) and considered under safe category.

In Gibbs diagram, density of sample points are maximum in precipitation dominance area (79%),

while in the case of phreatic shallow aquifer only few points fall (21%) in the rock dominance area.

The clustering of points in precipitation domain indicates the rock chemistry of the phreatic aquifer is

not a major factor in controlling the groundwater chemistry of the basin, but precipitation. But the

situation is different in semi-confined deep aquifer of the basin. 77% data points fall in rock dominance

area and only 23% data points fall in precipitation dominance area. The clustering of data points in

rock domain indicates that the rock chemistry of the semi-confined deep aquifer is a major factor in

controlling the groundwater chemistry of the basin not precipitation.

The Hill-Piper plot of phreatic and semi-confined aquifer indicate that, about 70% of the samples

fall in the Field 1 (alkaline earth exceeds alkalies) and the water belong to Ca-Mg-HCO3 facies.

Calcium and magnesium are the major cations and bicarbonate is the major anion in the study area.

Total hydrochemistry of the area is dominated by alkaline earths and weak acids.

Three hydrochemical facies identified for the water samples of phreatic aquifer of the area are (i) Ca

2*-Mg” - HCO3‘ facies (Field I), (ii) Na*-K*-Cl" - S04 facies (Field 3) and (iii) Ca2"‘Mg’*'Cl' ­

SO41 facies (Field 4). The post monsoon samples are enriched with bicarbonate and sodium. The

calcium and magnesium are the major cations (about 70 to 75%) and bicarbonate is the major anion

(60 to 65%) of the basin. This indicates the influence of rainfall on ground water chemistry of

phreatic aquifer of the basin rather than geology. The hydrochemical facies for the water samples of

semi-confined deep aquifer of the basin are (i) Ca 2*-Mg“ -HCO; facies (Field I) and (ii) Na*-K*­

Cl‘ -SO, facies (Field 3). The calcium and magnesium are the major cations (about 60 to 65%) and

bicarbonate is the major anion (70 to 75%) of the basin. Facies changes during pre and post monsoon

indicates that, the geology of the area plays a major role in controlling the ground water chemistry of

semi-confined deep aquifer of the basin rather than rainfall.
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The DRASTIC score for groundwater vulnerability towards pollution of the basin varies from l 10

(Tholur) to 1.76 (Kuttichira). As per the norms of DRASTIC it is found that the groundwater in

phreatic aquifer of the entire basin area is highly vulnerable to pollution.

GALDIT score for vuhrerability of shallow aquifer towards saline intrusion of the basin varies fi"om

32 (Kundannur) to 121 (Kadappuram). As per the norms in GALDIT it is found that the coastal

areas and some low land comrected with back waters and sea are vulnerable areas of phreatic

aquifer to saline intrusion in the basin (GADIT index >100. Range of EC values, hydrochemical

faeies diagram, Ionic ratios of major cation and anions, TDS etc. of the samples of the coastal area

rejects the possibility of saline intrusion in the basin.

The groundwater potential of the basin has been demarcated by conducting hydrogeologial,

geophysical investigations and other available secondary data The midland region of the basin gives

potential aquifer with good quality. Groundwater potential of the coastal plain region is also high but

shows seasonal chemical variations especially in semi-confined deep aquifers and shallow aquifer in

contact with channels comreeted to sea. Phreatic aquifer of the highland region of the basin shows

only a low to moderate ground water potential. Deep semi-confined aquifers of the northwest,

northeast and southern part of the basin show moderate to high groundwater potential. The deep

aquifers at the central and westem part of the basin are productive but show quality variation (high

EC) if the withdrawal is in higher quantities. A narrow strip of Tertiary sediments (width less than

l000m from the coast) ofVaikom fonnation, along the coast of the basin, is productive with moderate

potable quality.

The strati graphical analysis of the basin gives a clear picture about the origin and evolution of palaeo­

lagoon (Kole land basin). The “C ages and shell assemblage help to separate the different lithological

units. Chamockites, gneisses and intrusives (Precambrian), laterites and gravels (Tertiary), ferruginous

clay, clayey sand, coarse to medium sand and rnolluscan shells (Pleistocene), greenish black/grey

clay, sand and sandy clay interbeded with thin layers of clay (Holocene) and clay, sandy clay, silt,

loam (Recent) are the major stratigraphic units identified in the basin. The “C dates fiom Quatemary

sediments of the Palaeo-lagoon area shows three ranges of age groups viz. (i) 24700 i 1890 to

35060 :1: 5570 Yrs.BP (ii) 5160 i 130 to 8820 =1; 120 Yrs.BP and (iii) 2180 1 170 to 3160 i 110

157



Chapter VIII  g pg M W Summary and Conclusion

Yrs.BP. A sedimentation gap for 10000 years is seen between (iii) and (ii), for 1000 years between

(ii) and (i) groups of samples respectively indicating a break in deposition. Radiocarbon dates

suggests Middle to Late Pleistocene period for group (i) Early to Middle Holocene period for group

(ii) and Late Holocene period for group (iii).

The sediments of the beach ridges range from medium to very fine sand, moderately sorted to

poorly sorted, near symmetric skewness and meso to leptokurtic nature and show coarsening

downward sequences in the bottom most layers. In the middle part of the basin fining upward

sequences have been observed.

The average standard deviation of the sediments of the basin varies from 0.82 to 1.34 6 and the

sorting is generally decreases towards southern side of the basin. The poorly sorted nature in the

southem side of the basin shows the fluvial influence in deposition. The sorting worsens as the phi

mean size decreases. But a reverse trend is seen in Nattika area. The medium and fine sands show

moderate to moderately well sorted nature. It is difficult to demarcate the palaeo-ridge sediments

from the recent ridge sediments due to the presence of coarse as well as fine sediments in both the

ridges.

Bivariate plots of the textural data indicate beach and inland environment for the sediments in the

area. There is not much variation in the environments along and across the coastal plain. The beach

ridges of the study area would have been fonned from near shore sand supply.

The sand content in the samples varies from 85 (Vatanapilli) to 99% (Mathilakam). The clay content

in the samples is increasing from southern (Mathilakam) to northern (Chavakkad) part of the basin.

This indicates the fluvial influence during deposition in the northern and central part of the basin was

more than the south.

The heavy minerals in the sediments are primarily opaques, gamets, hypersthenes, glaucophane,

biotite and actinolite in very fine sands whereas chlorite, glaucophane, garnets and opaques are

found in fine and medium fractions. The heavy mineral distribution shows that the concentration

decreases towards central part of the study area. The source for the mineral assemblage is the

drainage basins of Chalakudi, Karuvannur, Kecheri and Bharathapuzha rivers.
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The predominant clay minerals found in the study area are kaolinite, illite, chlorite, and montmorillonite.

The approximate evolutional history of the area that, around 40 to 42 ky .BP, shoreline coincided

with the western boundary of present Palaeo-lagoon (Kole land). Around 7 to 9 ky.BP, sea was

further advanced to east and coincides with almost the eastern boundary of the present Palaeo~

lagoon. A wide littoral zone was created by transgression while the lagoonal water bodies and the

ridge~1unnel topography developed during regression. Regressive phase was started fiom around 4

to 5 ky.BP and created a lagoon in the foredeep side (present Palaeo-l goon). Successive regression

was continued and became standstill for a couple of time around 2 to 3 ky.BP at the westem side of

Oonoly canal (coincides with Conoli canal). Further regression 8IOl1I1d lky.BP caused the formation

of present day coast and Conoli canal parallel to it. The earlier deposits in the basin show marinel

lagoonal character but later deposition shows fluvial character.

The major conclusions of the study are:

'1' Based on the aquifer parameters analysis most of the areas of the basin are found suitable

for groundwater prospecting. The main groundwater zones of the study area are

(i) sedimentaries in the west and (ii) laterites and crystalline rocks in the east of

palaeo-lagoon. Coastal area of the basin is suitable for tube wells, filter points and shallow

dug wells, while the midland region is suitable for large diameter dug wells with moderate

to high yield and the highlands are desirable for construction of low yielding dug wells.

The north, northeast and southeast portion of the basin is very much suitable to moderate

to high yielding bore wells.

'2' The movement of groundwater is mainly controlled by topography and lithology in phreatic

aquifer, but lineaments and structure in semi-confined aquifer. The average drawdown is

1 .79 m in phreatic aquifer and 16.70 m in semi-confined aquifer of the basin.

'2' Groundwater occurs as three layered sequence in the basin viz. (i) 1 O to 20 mbgl (including

clay and laterite above crystalline rock), (ii) between 30 and 50 mbgl (fiactured rock)

and (iii) between 60 and 90 m bgl (fractured rock associated with lineaments).
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'1' Geochemically the groundwater is generally potable and suitable for irrigation and industry.

'1' The groundwater in phreatic aquifer of the entire basin is highly VlJlI16I'21bl6l0 pollution as

deduced by DRASTIC method.

'2' The phreatic aquifer of the coastal area and some lowland region connected either to

back waters or sea is vulnerable to saline intrusion. Overabstraction of groundwater by

tube wells along coastal plain and bore wells in places like Chitilapilli, Velapaya, Arthat,

Puzhakkal, Penagarn etc. may cause saline water incursion through the fractures that cut

across the brackish water.

'2' Laterites and gravels (Tertiary), ferruginous clay, clayey sand, coarse to medium sand

and molluscan shells (Pleistocene), greenish black/grey clay, sand and sandy clay interbeded

with thin layers of clay (Holocene) and clay, sandy clay, silt, loam (Recent) are the major

stratigraphic units identified in the basin.

'1' Three stati graphic breaks have been observed in the depositional history of the basin viz.

(i) above 42000 Yrs. BP, (ii) between 20000 and 10000 yrs. BP and (iii) between 3000

to 2000 yrs. BP. This may be due to the break in sedimentation related to sea level

oscillations.

'2' The heavy minerals in the sediments are found to be primarily opaques, garnets,

hypersthenes, glaucophane, biotite, actinolite chlorite, glaucophane garnets etc. and the

source for the mineral assemblage is the drainage basins of Chalakudi, Karuvannur, Kecheri

and Bharathapuzha rivers.

Areas such as Wadkkancherry, Ollur, Mala and Thalikulam are found semi-critical as far as

groundwater development (between 70-90%) is concemed. Proper groundwater management and

schemes for artificial recharge are necessary in these areas to overcome the further groundwater

depletion. Geochemically groundwater of the basin is good for all domestic, irrigational and industrial,

even though some red signal are given by coastal areas regarding aquifer vulnerability and saline

intrusion. Further intervention in the coastal aquifers of the basin should be cautiously managed.

High resoultion dating has to be carried out in the area to correlate the various lithostrati graphic units

of the Central Kerala.
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Table 6.1 Details of Iitholog collected from various places of Palaeo-lagOOI1
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