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FREFACE

Stresses on groundwater , both in terms of quality and
quantity , are growing rapidly due tno increasing trend of de-
mands, significant changes in landuse pattern and a vast increase
in the quantities and type of industrial and agricultural and
domestic effluent entering the hydrological cycle . Therefore
over the last two decades there has been substantial move to-~
wards mere complete understanding of groundwater contamination
and how the impacts of contaminant can be mitigated by appropri-

ate management actions and technological developments.

: In the majority of the developing countries of Africa
and Asia , only 254 of the rural population now have an adeguate
supply of safe drinking water. In many parts of the develaoping
world increasing industrialisation is accelerating the deteriora—
tion of water guality both in terms of surface water and as well
as groundwater. Appropriate technology for treatmet of industrial

‘waste and polluted river water is often sophisticated and com-

plex. This leads to the study of groundwater quality and modell-
ing studies before opting for any remedial measures to ensure the
safety of a water supply or to detect and monitor the parameters,

With the advent of advanced technology . considerable
use is now being made of models which allow the prediction of
groundwater {low pathz and contaminated migration pathways.
Development of a model is an exercise in conceptualising the true
nature of the groundwater regime from the available data. Fresent
phase of the ztudy deals with the preliminary data processing and
analysis of ground water flow and contamination of Upper FPalar
zone of Palar river basin in Tamilnadu to have a feel opf real
system and visuwal conceptualisation before proceeding for much
more compler operations of mathematical models in the sutbsequent
phase.

The study has been carried out by shri. F. K. Majumdar ,

Scientist °'C’, Hard rock regional Cerntre s Belusaum under the
guidance of Dr. F.V. Seethapathi s+ Scientist 'F° , with an able
assistance’ from Dr. B.K.Furandara , SRA of Hard Rock Regional

Centre , BHelgaum.

ﬂmxb\Ls
(SATISH CHANDRA)
- DIRECTOR
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1.8 INTRODUCTION

In most parts of the world groundwater has generally been
considered to be readily available good guality source of water
for drinking and for agricultural and industrial uses. In
tfact,determination of safe yield for a groundwater resource must
consider both its quantity and gquality.

A programme of study of the guality of groundwater envisages
field observations regarding the source and environment of
groundwater occurrences,source of pollution and other relat—
ed aspects having a bearing on the quality of groundwater.Some
of the properties like temperature and Fh have to be recorded in
the field itself.Detailed analysis of chemical and bacterio-
logical properties can be done in the laboratory.

1.1 Groundwater pollution may usually be traced back to  four
SOUrCEes:

(i} Environmental ~>* Thiszs type of pollutison is due to the envi-
ronment through which the flow of groundwater takes place.

(i1) Domestic -:* Domestic pollution may be caused by acciden-—
tal breaking of sewers , by percolation from septic tanks s by
rain infiltrating through sanitary landfills,or by  artificial
recharge of aquifers by sewage water , after being treated to
different levels,

(1ii) Industrial ->* In many cases , & single sewage disposal sys-—
tem smerves both industrial and residential areas though the
sewage composition and hence the type of treatment they Fequire

and the pollution they cause are completely different.

(iv) Agricultural —-» This source is due to irrigation water and
rain water dissolving and carrying fertilizers , salts , herbi-
cides , pesticides etc. as  they infiltrate through the ground
surface.

In Upper Palar zone of Falar River basin surface water as
will  as ground water are getting contaminated and rendering it
unusable  for drinking and irrigation in several parts of the
river basin. Pollution may be one of the causes for the
reported occurrences of various water borne diseases contronted
by human population and poor production capability of agricul-
tural land.Industrial efflusnts which are untreated or partially
treated are let out into the river and extensive application



of Ffertilisers in the agricultural areas are the main source
nof pollution which needs special study. Monitoring of the rate
of pollution in already atfected areas will be the most handy
test with which .control could he effected either by reducing or
by eliminating such areas,as source of water supply.

In the oresent phase of the Case study,available
Physical ,Meteorological JHydrogeological ,Gechydrological and
Chemical data of Upper Falar zone of FPalar river basin in Tamil-
nadu, has been processed and analysed to  formulate a complete
backaround which will be uzefull in the subsequent phase of
mathematical modelling.Recommendations based on the conclusion of
the opreliminary data analysis has been included.On the spot
situation has been depicted through some photographs taken at the
time of =ite visit.



2.0 REVIEW

Broundwaters are generally free of suspended solids and
ohiectionable «colouwr. In some instances , however,the water may
be associated with underground beds of peat and decay of vegeta-
tion which contribute substantial amounts of colour producing
organic  groundwater by sewage or industrial wastes except in
fissured aquifers where surface pollution may be easily transmit-—
ted to the groundwater reservioirs.Contamination may also Tresult
from the use of reclaimed waste to recharge groundwater sup-—
plies.

The temperature of groundwater is & highly desirable char-
acteristics of such supplies for coeling and other purposes .
Groundwater is uniformly cool and usually has & low temperature
for the region. It is commonn  for  deeper  groundwaters to
show increasing  temperature with increasing depth.

Groundwater generally contains higher dissolved solid
concentratinons than surface water of the same locality. Most  of
the minerals present in  greater amounts are those which
contribute to  hardness (Calocium &  Magnesium)  and alkalinity
(Bicarbonate, Carbonate and hydroxide). This is due to largely
the increased amounts of carbon dioxide in the groundwater,

The decomposing organic materials in the =0il remove
dissolved ouxyvgen and contribute carbon dioxide to underground
water. These conditions arg favourable to the szolution of iren
and manganese which are not uncommon in groundwater suppliss
Hydrogen sulphide may also be present in some well waters . It
should be recognized that overdraft on the groundwater aguifer
may lead to contamination of the supply. This is Fiest UNCOMMET
in coastal areas.

Most frequently , contaminants are present in groundwater  in
solution and conseguently are carried with the flowing
water. However , as the contaminants pass throuoh the volide of
the rock they also come into contact with rock itself and with

other chemical species as  well as microbial pooulations.
Thus contaminants are freguently  retarded and altered by
interactions with in  the groundwater snvironment. Such inter-

actions may include adsorption (where the contaminant sadheres to
the rock surface ) , precipitation by chemical reaction, decay
and reduction by bacterial activity and even volatilization
as gases which are releaszed back to the atmosphere {(Bzar &
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Verruijt , 1987). Additionally contaminant concentrations will be
changed by dilution and dispersing. Dilution arises from the
mixing of the contaminated water with uncontaminated
infiltering waters . Dispersion occurs because of the tortuous
flow paths the water takes through the rock. In general the
hydraulic properties of a rock vary considerably from peoint
to point with in a formation . This result in migrations
of elements of the contaminated water at velocities different
from the average rate of movement of the bulk water and causes
the development of a mizing front or transition zone. Disper-—
sion occurs both  in the direction of groundwater flow and trans-
verase to  it, where a point source of contamination occurs , a
groundwater contamination plume develops.

The density of groundwater can be significantly altered by
contaminant concentrations. Even relatively small increases in
the density of groundwater may result in migration of the
contaminant plume to the base of the formation.
relatively insoluble contaminants such as
formation . the migration pathways may be substantially

exhibit a strong tendency to remain at or near the top of
the saturated zone.

Furthermore where
pils enter the

ALl of the processes of migration and alteration present in
groundwater are also present in the unsaturated zone. However,
the flow of water through the unsaturated zone is considerably
more  comples due to the presence of the air water
vapour phases . Nevertheless it is important to note that the
attenuation mechanisms in the unsaturated
powerful barrier to the passage
ed zone.

zone  can provide a
of contaminants to the saturat-

Fotential of contaminants can be considered fropm two stand
points . First, whether a groundwater abstraction zone is liable
to contamination and secondly, whether a potential source
0f pollution is contaminating the aguifer. In  either case
the present and or future conditions apglicable to the migration
of contaminants must be determined.For analysis of pollu-
tion potential at a particrular site » data describing contam-
inants , their migration characteristics and the character—
istics of groundwater regime must be collected. Annexurs A shows

the variables influencing contaminant migration from a pollution
source.,
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Whilst inspection of the available data can provide a
strong insight in to a potential pollution hazard , the use of
models may provide more appropriate and rigorous method for
integrating all the available data together and for evaluation of
the response of the aquifer system to a contamination event.
The models are generally derived from the expression of the flow
and transport processes to terms of mathematical equations which
may then be solved by incorporating appropriate parameter
values and boundary conditions dérived from the collected
field data Development of a model is an exercise in conceptualiz-

ing the true nature of the groundwater regime from the available
data.

Use must be considered both for present and future demands
to define acceptable contamination levels of a resource . Drink—
ing water quality guidlines (WHO 1987) define the percieved
acceptable limits with regard to the physical , chemical ,
bacteriological and radioleogical content of potable water. Todd
et al (1976) , subdivides contamination sources into six cateqgo-
ries . Against each category the potential hazards in terms of
the primary parameters for water quality standards are presented
in annexure B .Tabulation of this type provides a useful indica-
tor of the relative pollution of a contamination source against
a particular water use. IS 105001983 stipulates the Indian
standards for drinking and other in land surface - water for
various uses. US Environmental Protection Agency (1973 and

(1977) indicates the component of industrial waste as enclosed
through annexure C & D respectively.

Although avoidance of contamination from all the sources
would be the most satisfactory solution , such an option is
neither practicable nor economically justifiable. However ,
future planning must address.the problem of minimising the crea-
tion of such sources by improved industrial technology for waste
reuse ( Heath & Lehr, 1987) , better , agricultural management
tGchepers ,1982) and better engineered containment of contami-
nants , including appropriate citing of waste facilities away
from susceptible groundwater source ( Legrand s 1983,




3.0 PROBLEM DEFINITION

The present research problem can be defined by a single
guestion i.e. "when does contamination become pollution?"
Contamination is used here to. indicate the presence of chemical,
species in the groundwater at levels greater than the back
ground values whilst pollution indicates the presence of spe-

cies at levele harmful in term of the use of the water.

The guestion put wp in earlier para, may be answered
properly by posing and answering a range of further ques-
tions, which in turn are the objectives of the study. Among
these questions are:

~What contaminations are present in the groundwateor 7
-What are harmful levels for specific contaminants ?

~How will the contaminant levels in  the groundwater

system
change with time.

-Can the contaminmation levels be controlled 7

~Can the source of contamination be controlled effectively?

~Mow will future plans for development and use of the aquifer
system be affected by the contamination .

In the following sections an attempt has been made to
establish a basic frame work for providing answer to the above
question and to define strategies for management of groundwater
guality in Upper Falar zone of Falar river basin in Tamilnadu.



4.0 DESCRIFTION OF STUDY AREA
1. Location :

Upper Palar zone in Palar river basin is located in
North Arcot Ambedbkar district in Tamilnadu . The area of the
Falar river basin within Tamil rnadu iz about 10880 sg.km.,whereas
the total area including the basin area lyihg in  Karnataka
(3022 s=g.km) and Andhra pradesh (45468 sq. km) comes out to  be
18470 sg.km) - Length of the river is 270 km and its width
varies from 37 to 135 km . Study area named as upper Falar zone
lies bhetween longitude 79 22 3@ and latitude 15 13 05 . Location
map 1s appended as Fig 4.1.

2 Morphometric Characteristics s
Linear Aspects :

This zone lies in the upper reach of Palar basin and
starts from the north western boundary of the river basin from
Chinthamani  and Kolar area of Karnataka state. It mainly con-
tains plain area with water spread bodies and the mountainous
region  called Ambur Durg, is mainly at  Vaniyambadi  taluk  in
Tamilnadu.

Stream orders. As  the bifurcation ratio is high, the basin
yield will be low but with extended peak flows. The length ratio
varres from @.2%1 to 2.87 which is on the lower side.

Areal Aspect

Area of Lthe zone is 1299 sg. miles. The form factor and
circularity ratio of the rone is ©.34 and .37 respectively. This
contirmeg  that the zone is an elongated one. The elongation
ratino is @.46 which indicates that the zone is the one among the
climatic and geological type. This also indicates that the basin'
has strong relief and steep ground slope. The drainage density of
2.5 shows the surface is low and coarse texture. The drainage
freguency  is 4.46 which indicates the terrain is hard rock and
impermeable  spare vegetation and mountainous relief. The length
ot gverland flow is @.24 which is a low value and indicate that
the basin  has good drainage .




Relief Aspects

The relief ratio is 1.46 The southern part is the hilly area
and northern part is platean region where there are number of-
watershed bodies . As the relief ratio is high possibilities of
recharge is less and it influences flood peak flow . The erosion
is also likely to occur. Though top soil i1in the lower region is
red loamy soil with good permeability possibility of recharge is
less as the slope is very high. The overall percentage of slope
for this zone is 2.45% which indicates hilly region with stesp
slope.

FeS0oils:

Generally two type of spil covers are encountered in  the
zone. They are visible in soil map enclosed as Fig 4.2.

(1) Red Loamy Soil

Soil is light yellowish brown in colour with good permeabil-
ity. A clay-horizon will be occurring in this soil profile and
well drained. This is neutral to acidic in nature and insitu  in
origin. Thickness ranges from 235 to 45 cm.

(2) Alluvial Soil

This is commonly seen in flood plains of rivers and aloang the
stream courses., These are very deep coarse , loamy dark brown
to vellowish brown, non—calgareous in the surface and calcareous

in the sub surface horizons, permeability is high . Thickness is
motre than 98 cm.

4. Geology:

Three rock types are available.in Upper Falar zone.

(1) Peninsular Gneiss

This is younger than the Dharwarian rocks . The rock am-—
braces a variety of granitic rocks such as massive or porphyritic
biotite granite, biotite granite gneiss and foliated varieties.
They are massive, coarse grained granites containing quartz
felspar in varying proportions with biotite and hornblende as
the common ferro magnesium minerals. They have a general trend of
NNE - S5W 5 and dip at fairly steep ‘angles to the ESE , avail-

able at area around Vaniyambadi, Ambur, Gudiyattom, Arani and
Arcot.



(2) Charnogkite

This is an important group of rocks under Dharwarian . I+t
is holocrystalline, granite, hypersthene bearing rocks. The
general constituents of the rock include blue coloured quartz,
plagioclase , augite , hornblende and hiotite with zircon, irom-
ores and graphite as accessories. The genaral trend of the rock
type is NE - BW and dips southeastern direction with amounts of
42 to S0 degrees.

(3 Leptynites :

Generally occurs as an azsociated rock type with charnockite.
It iz a leucocratic , granulitic rock and ezaentially made of
quartz and potash felspars with grains of garnets. It is inferred
to be a reconstituted and recrystallised facies of Ephondalites
(garnetiferous silliminite gneiss). In the study area it iw
found in isolated patches surrounded by charnockite on the east-
ern side of Vellore town in the hills.

All these rock types are differentiated in the geological
map numbered as Fig 4.3.

9. Landuse;

Landuse pattern in Fig 4.4 reveals that 62.7% of the total
area of the Upper Falar is covered by cultural command area and
the rest is covered by forest which : as compared to the lan-
duze pattern of whole Palar river basin having 79.39%4 forest and
2.09% of waste land , which seems to be dominated by forest land,
Agricultural land is generally double cropped (Ehariff + Rabi).
Mostly the forest land is deciduous s but small patches of eBver—
green/semi evergreen, degraded/scrubs are also existing in  thes
zone.

6., Climate & Meteorology:

Rainfall is the only source of rechargs  to groundwater
storage. Average annual rainfall in the region is 950 mm. A
representative  ischyetal map of the region is appended  in Fig
4.5 . Rainfall occurs due to SW and NE moneoon from Junes b
December. River flows only for about 15 days in a  year durirg
normal monsoon season  Max imum temperature ranges from 30 to 41
and minimum 16 tp 25. Hottest month is May . Maximum monthly
humidity varies from 85% to 95% and minimum 2@ % to &5% . Maxi-
mum Humidity prevails in the month of December and January




7. Water Level Fluctuation:
(1) Short term fluctuation

Monscon prevails in the region from June to December due to
SW & NE monsoon. OGroundwater elevation above m.s.1. varies from
I20 to 1960 . Location of all the observation wellis and bore wells
are shown in Fig 4.1.

(2) Long Term Fluctuation

Ohservation at Vaniyambadi ( well no. 22230 , and Vel-
lore {well no. 23074) for the vear 1972 to 1987 reveal that in
well no 27027 the lowest water level recorded is 342.234 m  in
February 1972 and highest level iz 347.9 m in December 1977.Fluc-
tuation in  this well is 5.394 m and it is located in weathered
granitic gneiss formation and is very close to FPalar river . In
weell no 27074 lowest water level is observed as 231.86m in April
192827 and highest ipn December 1977 as 243.72 m . Fluctuation is
11.89 m and the well is located in weathered charnockites forma-
tion close to the confluence of local drains.,

8, Groundwater Frocess:

The seasonal fluctuation of water level in alluvial aguifer
ranges from @.6m to 4.2 m below GL depending upon the distance
from the infiltration galleries and infiltration wells where the
maximum fluctuwation opccours. The minimem fluctuation occurs  at
distance greater than about 3 kmz from the galleries and 1in-
filtration wells. During the average monsoon the water rises
with in about 0.6 mt below the surface of the river. In  the
immediate vicinity of the gallereis, the water does naot rise
except where there is surface water flow.

In Palar river alluvium,the GWL decline for about first 250
days of the year {(Jan to Oct) and then ME monsoon push  the re
charge rate above infiltration galleries in a locality results in
a maximum draw down of about 4 m over 250 dave period . During
remaining 4 months of the year (Sept to Dec) the GWL is raised by
rainfall recharge and eventually reachss its original position .
Hence the limiting factor in safe veild in this case is the
effective seasonal recharge and not the depth at which the infil-
tration gallery is set. GH.development in palar river basin is
mainly from large diameter shallow dug wells but their yield are
low . The major limitation in the construction of high vyielding
wells is the absence of good permeable rock . Although the stor
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age capacity of the rock may be considerable , water is released
only slowly . There is only occasional surface flow jn the Fala

ap
river, above the Palar anicut there is flow for a few dayvs almost
every year, however, surplus overflow in FPalar anicut OCCUrs
only once in about 10 vears for a short period. Therefore ; the
township along the river depended largely on the GW table for the
river bed itzelf by pumping stations which shows that generally
full recovery is reached during the recharge period if the draw-
dowrn has not  been more than 4.2 m , allowing for additional
rainfall, recharge of about 1.2 mts in the relatively dry Jan-
Dept period. Particolarly during 8W monsoon rainfall in May
the designed maximum drawdown for a replenishment 2% daves psriod
should not be more than 5.4 meters. As the replenistment of the
aquiter depends entirely on the direct precipitation , aguifer
availlable potential will be considerably low in years following
below average rainfall and in years with complete failure of
monsoon rainfall.,

. fAgricultural Practices:

This study area lies in the north Arcot district of Tamil-
nadu. There is hardly any tank in the cone , so mostly the irri-
gation is done through groundwater only. Crop production largely
depends upon the rainfall pattern. Single dry crop is cultivated
under rainfed conditions without irrigation. Faddy of medios
duration is grown predominantly in the well distributed rainfall
areass. In poor water retention areas (upland areas) millets, such
asm cholum, cumbu, ragi and groundnut are sown.

1@. Hydrogeology

Hydrogeoleogical map shown in Fig 4.4 shows the  lineament,
faults and dykes . Bed rocks available at a depth ranging from 20
m to 490 m .

Upper Falar zone covers 14 sub basins. According to the well
census conducted in December 1991, 821346 numbers of wells are
existing in 12 blocks of the region , in which &2 % are elsctri-
cally driven , 5 % on diesel and 27 % by bullock. In avacut ares
the depth of wells ranges from 4 to 18 m. Maximum summer water
level is 14 m. Weathered thickness ranges from 2 to 18 m. Pumping
during summer ranges from 1 to 8 howrs,

In non—ayacut area the depth of wells varies from 5 to 27 m
and weathered thickness ranges from 2 to 25m. Summer water level

11




goes down upto 24 m and general pumpintg bours during summer
ranges between 1 to 2 hours. Recouperation generally occur
within 20 to 24 hours during summer.

In elevateld areas, the depth of wells ranges from S to 30 m
and weathered zone varies from 2 to 23 m. Drawdown during summer
is 18m and pumping hour varies from 1/2 hours to 7 hours . In
alluvial part of the zone namely in Ramanayakanpatti, Ambur,
Begalur and Tuttalam , the depth of wells varies from 7 to 39 m.
Summer water level is 35 m below ground level. Duration of pump-
ing during summer varies from 1/2 to 12 hours. Recouperation

occurs within 73 to 4 hours during winter and during summer it
occurs within 24 houwrs.

11, Location Df Industries :

Number of industries are located in Vaniambadi-Walajapet
area , of which tanneries constitute 99 %X and rest are chemi-
tals , sugar , soaps , leather goods and paper industries . No
treatment plant is in existence, therefore the tannery effluents
are disposed directly in to the river . Fig 4.7 shows the loca-
tion of various types of industries in Upper Palar zone.

12



5.0 DATA AVAILABILITY
{A) Maps:

The study area 1is an integral part of Palar river
basin. Following maps have been colleted in significance to the
physical, hydrological, meterological , geological features .

{1 Index map

(2) Location map of Meterological stations,

) Geological Map,

{4) Landuse Map,

(5) Drainage Map,

{6) Hydrogeological Map,

(7) Hydrological Map,

(8) Folygon Map of Observation well,

(9) Location Map of bore wells,

({1@0) Isoheytal Map,

(11) Industrial Map,

(12) Water Table contour Map for year 1974-75,

{13) Water table contour Map for 1987-88,

(14) Monthly Rainfall and water table fluctuation map for
Vaniyambadi and Vellore for the period 1271 to 1988.

(B) Data Informatics:

Various types of data pertains to study area has been col-
lected from Institute for Water studies , State Statistical
Department and state ground water department. These available
data can be catagorised in five groups.

(a) Meteorological and Surfate Water details.

(1) Rainfall Data :

There are 11 raingauges in the upper Falar zones they are
vaniyambadi, Ambur, VYellore, Ranipet , Poiney anicut, Odukala-
thur, Sainagunta, Alangayan, Katpadi, Jolarpet, and Gudiyattam.
Monthly data for the period from 1971 to 19990 were available and
has been collected .

(2) Climatic data
There are two meteorological stations existing in  the

zone. Vellore is the first and is at the tail end of the region
and second one, Tarapathur is at the head reach of the study

[
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area. Farameter like temperature , humidity , wind velocity K
evapotranspiration and evaporation are available on average basis
based on the data from 1983 to 1989,

(3) Discharge Data:

Two gauge stations are located in the study area , main-
tained by state Public works department namely Poiney anicut and
Palar anicut . Data for the period 1924-25 to 1987-89 is avail-—
able with Institute of water studies and hence same is collected.
Apart from these twe discharge gauge site, Central Water commis-—

sion is also maintaining tweo gauge site at Avargikuppam and Arcot
respectively.

The data for these two gauge stations are available for the
period 1987-88.

(b) Ground Water details.
(1) Exploratory Drilling Data :

Drilling data of 7& borewells existing in the
region is available alongwith observations like bPepths, static
water level, lithology and discharge for some wells. Lithology

has been catagorised by layer like Top soil, Kankar , weathered
zone, fractured zone and fresh zone. '

{2) Ground Water levels ;

There are 25 observation wells set up by the state
groundwater department, monthly water levels are avalilable from
June 1971 to May 1992 alongwith the well characteristics.

{(3) Fumped Test data:

To determine the aquifer parameters of granular, frac—
tured and semiconfined to confined aguifer in the basin pump test
was cartried out by the State Groundwater Department. FPump test
data for four dug wells located at Lakshmiammalpuram village of
Gudiyattam taluk , Vepankuppam and Fakkampalayam village of vel-
lore taluk and Agaramcheri village of vellore taluk are avail-
able. Pumped test data results for 7 bore wells inside the study
area, located at Vellore, Thuthukodi Ransupuram, Madhanur, Usur ,
Arumpaakkam and Narasingapuram are available. All the aguifer

details based on these'pump test of dug wells and bore wells are
summarised at Table I ,
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(4) Well Census data:

Well census was carried out by State departments in December
1991, These data for the blocks namely Madhanur , Anaicut
Budiyattom, Pernampet, KV-Kuppan, Vellore, Natrampalli, Kanniyam-—
padi, Alangayan, Katpadi, Tirupattur and walajapet is of interest
for the current study. Census details are enumerated in Table
11 . The trend for the increase in the number of wells has been
5% every year as per the conclusion made and suggested by  Insti-
tute for water studies.

(5) Ground Water Draft:

Net ground water draft for 13 blocks under Upper Falar
zone in North Ambedkar district as on Januwary 1992 has been
supplied by the State Ground Water Department. This can also be
appreciated from Table II .

(c) Agricultural Details.

Landuse pattern , Irrigation practices , Cropping pat-
tern, Irrigation water requirement details are collected from
seasons crop report of Tamilnadu published by Directorate of
Statistics, Madras for North Arcot-Ambedkar district as a whole.
The report shows that in the year 1990-91 the region has 778 Ha
irrigated by canal, &83 Ha irrigated by Tanks and 76338 Ha irri-—
gated by ordinary private wells. As compared to that the study

area which 1is a part of the above said region is solely
irrigated by groundwater . All these details are summerized in
Table — III of this report. Np details were avalilable for cor—

sumption of fertilizers and its chemical components.
(d) Industrial Details.

Village wise number and type of industries present in
North Arcot district is available based on Survey carried out in
the vyear 1988. Where as total number of small scale industries
present during year 1991 is 778 as per statistical department.
There is no treatment plant yet commissioned in the region
therefore no details are available pertaining to treatment and
disposal of effluents. However, some of the photographs taken on
the spot during the site visit is enclosed for ready recurrence
of the situation pertaining to the industrial waste disposal.
fivailable details are given in Table IV .
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(e) Water Quality Data.

Chemical analysis Data for 25 representative control
wells are available for the period 1972 to 1990. Number of param-
eters available are 14 for both pre and post mansoon . Surface
water gquality data for few locations are available only for
December 1979 and 1990. No surface water quality data available
at the disposal point of tannery effluent in Palar river basin.

Some of the available surface water quality details are appended
in Table V.
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6.9 METHODOLOGY

Ground water quality study comprises of scientifically
aspired surveillance system of continuity observation, data
collection and evaluations. It may not only include the analysis

of water quality but also determination of ground water levels
and flow directions, measurement of moisture in the unsatura—

tion zone, geophysical surveys and evaluation of wastes and
other materials contributing subsurface pollution.

(A) Data collection:

Based upon the nature a complexity of the problem
following data are required for the analysis.

(1) Surface/Subsurface (1) Topography

(2) Lithology - (1) bore data.
(%) Town /dums

(2) Hydraulic Data (1) Permeability
(2) Porosity/storativity
(3) Piezometry
(4) Stream/Aquifer interactions

(3) Water Balance Data (1) Meteorology
(2) Agriculture
(Z) River, Lakes
(4) Evaporation
(3) Evapotranspiration
(&) Springs
{7) Pumped Abstraction
(8) Aquifer interflows
{(9) Lateral inflow

(4) Chemical Data (1) Folluton sites

(2) Water quality

{3) Leathal chemistry

(4) Abscrption/desorption
(3) Hydrochemical reaction

(B) Data Preparation 1

It can be divided into two components:

(1) Spatial components
(2) Temporal components



(1) Spatial component
Under this catagory following maps are to be prepared.

{1) Aquifer structure
(2) Aquifer priexometry
{3) Surface Activities
(4) River

{(2) Temporal component
This includes :

(1) Preparation of Hydrographs

(2) Tabulation of changes in (1)Abstraction
(2)Population
(I)Agriculture
(4)0perating policy
(Z) chemical inputs.

(C) Analysis of Available Data:
Analysis of data is to be done to define:

(i) Flow systems

(ii) Water Balance volumes
(iii) Reactance of system
(iv) Areas of uncertainity

(i} Flow System

The directions of ¥flow are largely dependant on the
geometry of the geological formations comprising the Aquifer,
their hydraulic characteristics and the topography of the land
surface overlyng the formations coupled to the available
sources of infiltration or recharge water., The ground water flow
distribution within an aquifer may vary substantially over time
in response to change in the natural recharge/discharge distri-

butinn and through develeopment of the agquifer system as a source
of water supply.

(ii) Water Balance Volumes

Ecstimation of water Balance volumes consist of Estima-
tion of two basic component of Hydrological cycle, they are :

(.
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(1) Recharge
{2) Discharge

(a) Estimation of Ground Water Recharge
(1) Recharge from Rainfall (Ri):
Adhoc norms are as stipulated below.
(i) Alluvial Areas
ta)In sandy areas -~ 20 to 25 percent of normal rainfall

(b)In areas with higher clay content—-— 18 to 20 percent
of normal rainfall.

(ii) Semi consolidated sandstones-Friable and highly
porous -—-1@ to 15 percent of n~nrmal rainfall.

(1ii) Hard Rock Areas
(a) Granitic Terrain

Weathered and fractured--10 to 15 percent of
normal rainfall.

Unweathered ~=~ 5 to 18 percent of
‘normal rainfall.

{(b) Bamaltic Terrain

Vesicular and Jjointed --10 to 15 percent of
normal rainfall.

Weathered Basalt ~— 4 %p 18 percent of
normal rainfall.

(c)Phyllites,limestones,sandstones,quartzites,shales,

etc. ~- 3 to 18 percent of

normal rainfall

(2} Recharge due to seepage from unlined canals (Rc):

Ground water over Exploitation committee has recommend-
ed following norms for considering recharge due to seepage from
unlined canals

[
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(i) For unlined canals in normal type of soil with somes
clay content along with zand -~ 1.8 to 2.5 cumec/Msgm of wetted
area of canal.

(ii} For unlined canals in sandy soils.—- 3 to 3.5
cumec/Msgm of wetted area of canal.

(iii) For lined canals the sespage losses may be  taken
as  zZ@ percent of the above value.

{3) Return seepage from Irrigation fislds (Rr):
{i) Irrigation by surface water sources
(a) 35 percent of water delivered at the out let for

application in the field. The variation in percentage of Seep-

age may be guided by studies undertaken in the area or in a
similar area

(b) 49 percent of water delivered at oputlets fisr
paddy irrigation only

(ii) Irrigation by Groundwater sources

{a) 3@ percent of water delivered at out let
(b) 35 percent for paddy irrigation

(4) Seepage from Tanks (Rd):

(1) 44 to &0 cm per year over the total wider spread
area.
(ii) 5@ percent of Bross storage for percolation tanks.

(3) Contribution from influent seepage (Sid:

Influent seepage from the river with a definite
influent nature may be computed by using Darcy’s law.

Q= TXI¥L where Q= rate of flow
T= Transmissivity of the aquifer
I= Hydraulic Gradient
L= Length of section through which flow
is taking place.

(&) Inflow into the basin from other basins (Ig):
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The same can also be calculated through Darcy’'s law
mentioned at (9) considering L as length of interconnected basin
boundaries.

(b) Estimation of Groundwater Discharge.

(1) Evapotranspiration (ET)

Transpiration by deep ronted trees result in  depletion
of groundwater equivalent to supplementary water requirement of
tree for its growth.

(2) Dratt from ground water {(Tp):

Draft is the amount of water lifted from the aguif-

er by means of various lifting devices The withdrawal can be .

made by means of (i) deep tube wells (ii) shallow tube wells
(1ii) pumping sets (iii) rahat and other measure.Well census
data is the prerequisite for computation of the ground water
draft.This includes:

{1) No of wells present in the area including all
types like state, private and open et

(2) Use
(Z) Type of Fumps
(4) Running Hour of pumps
(5) Average discharge
(3) Effluent seepagé to rivers {Se):
A river may have a going reach depending upon the

relative water levels in the river and the adjoining aquifers.

Contribution is confined to a relatively small strips adjoining
the stream.

(4) Dutflow from the Basin to other basin (g):

Process is same but in opposit directions
that of mentioned at (a)(&).



(%) Evaporation from shallow water table (E):

~ This is the loss of water from capillary
sone. These losses reduce to negligible proportion once the water
rable falls about 3 metres below ground level.

Taking all the above factors into account ground
water balance squation will be

Ri 4+ fc + Rr + Rd + 51 +Ig = Et + Tp + Ge + Og + E + §
Where S is the change in ground water storage.

Groundwater recharge calculation on  the basis of
water level fluctuation may be carried out through the following
relationship.

Rechargs = Sp. yield ¥ Waterlevel Fluctuation X topographic area
{iii) Reaction of the system

The wide range of contamination sources is one of  many
factors contributing to the complexity of ground water gquality
assssement . It is important to know the geochemistry of the
chemical—zoil-ground water interactions in order to assess the
fate and impact of chemicals discharged on tp the ground . Chemi-
rals will pass through several hydrologic zones as they migrate
through the snil to the water table.

The water table (the level at which water stands in a shal-
low well! is the upper surface of the ground water system. The
pore spaces between soil particles above the water table are
pooupied by both air and water (the unsaturated zone). Flow in
this zone is vertically downward, as liquid contaminants or
solutions of contaminants and precipitation move under the force
af gravity.

The uppermost region of the unsaturated zone (the soil zone)
is the site of important processes leading to pollutant attenua-
tipn. Some chemirals are trapped in this zone by adsorption onto
organic material and chemically active silt and soil particles;
there they are decomposed through oxidation and microbial activi-~

ty. Many end-products are taken up by plants or released into the
atmosphere. :
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Below the so0il zone , the pore spaces are also unsaturated,
and asz chemical bearing precipitation percolates through this
zane, oxidation and aerobic biological degradation conmtinue to
take place. Some chemicals are also adsorbed in thiz  zone.  and
precipitates may be filtered out.

In the capillary rone, spaces between soil particles may be
saturated by water rising from the water table under capiliary
torces. Certain chemicals that are lighter than water will flpat
on top of the water table in this zone. These floating chemicals
may move in different directions and at different rates than
contaminants dissoived in the percolating recharge.

Once dissolved contaminants reach the water table, they
enter the ground water flow system—~ the direction of which de-
pends upon the hydraulic gradients. All pore spaces between soil
particles below the water table are saturated. The relative
unavailability of dissolved ouxygen in the saturated zone limits
the potential for oxidation of chemicals. Varying levels of
attenuation may take place, depending on the geologic conditions.

Unlike the tuwrbulent flow of surface water systems, ground
water flow is laminar; particles of fluid move along distinct and
separate paths, with little mixing occuring as the ground water
moves . Dissolved chemicals in the saturated zone will flow with
the ground water. The direction of flow is governed by hydraulic
gradients, and ground water will move in response to differences
in hydrostatic head.

The major componens of the flow system are the recharge area
(where flow is generally downward) and the discharge area )where
flow may be generally upward). The direction of flow in a shal—
low, local flow system could in some cases be opposite tp flow in
a deeper flow system. The ability of a monitoring well to detect
the presence of a plume is therefore based on the location and
depth at which the well is set. Enowledge of the flow system is
an essential precondition in assessing chemical contamination
problems, and a monitoring program implemented without adeguate
hydrogeological information can be very misleading.

Groundwater flow rates in aquifers generally range from a

few inches to a few feet per day. A body of contaminated ground
water may contain the accumulation of decayes of luachate dis-—

charge; and it may take many years to contaminants to be detected
in a nearby water supply.
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Because ground water flows in a laminar fashion, dissolved
chemicals will follow ground water flow lines and form distinct
plumes. Plumes of contaminated ground water have been traced from
& few feet to several miles downstream of the pollution source.

The shape and size of a plume depends on number of factors,
including the local geologic framework, local and regional ground
water flow. the type and concentration of contaminants, and
variations in the rates of leaching. illustrates the shapes of
two plumes of contamination in different geclogic settings and
lengths of time it tool for them to develop.

The fact that chemicals are attenuated in the soil  through
adsarption and chemical interaction with other organic and inor-—
ganic constituents of the aquifer makes it difficult to predict
the movement and fate of chemicals in the ground water. Volatile
organic chemicals in ground water are extremely mobile while
other chemicals are not so mobile. There are differences in
attenuation through sorption, and some chemicals are less changed
in the ground water environment than are others.

The density of contaminated fluids is another important
factor in the formation and movement of a plume. Some chemicals
will tend to flow on top of the water table, while others will
tend to sink to the bottom.

Discontinuous discharges may result in slugs of contaminated
water, causing wide spatial and temporal fluctuations in well
water quality Lenses of sand and clay can cause other variations
by stratifying the contaminants.

Therefore conceptual appraissal of the aquifer system
based upan the spatial and temporal components assign the reac-
tion of system.lt includes the mobilization of the ideas about
following factors.

{1) Source of pollutants.

(2) Balance of pollutants.

(%) Mechanism behind the process of contamination.
{(4) Spatial variation of the contaminants

(5) Temporal variation of the contaminants.

(6) Break up details of the contaminant.

(7) Remedial measures,if any.
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tiv) Areas of uncertainities.

Identification of the areas,which are no more #
certain  source of water supply sin  terms  of ground water
quality,sno that it rcan be elimninated or treated +p bring to
acceptable level of contamination for a -particular use,while

dealing with groundwater management problem ,is of prime impor-
tance .
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7.0 APPLICATION AND OUTPUT

In uper Falar zone of palar river basin changes in guality
nf water may be due to the discharge of untreated effluents from
fanneries and other industries located in the region or due to
evtensive use of fertilizers in the command areas for agriculture
or may be due to both simultaneously. To provide appriate answer-
to the questions put up at the time of defining the problem,
various, operations with the available data have been carried
put. Outline of these operations are listed below.

(1) Details of the agquifer structure, aguifer priexometry; land
wse and river

(2 Yearly rainfall pattern

(Z) Representative Hydrographs along with respective periodical
™TmS value

(4 Water Table contowr

(=) GBroundwater Recharge estimation through water level fluctua-
tion details

(&) Yearly ground water balance operation

{7} Yearly balance of Total dissolved solids

(8) Isoplate for average TDS variation over the entire zone
{?) Horizontal Pattern diagrams

(1@ Relation between ground water balance and TDRS balance

(11) Ground water recharge and Balance of TDS variation for
individual wells

(12) Flot for the trend of yearly variation of TDS

(1%) Variation of TDS concentration with rainfall.
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Following outputs have been worked out from the operation as
discussed above.

7.1 Based on the lithology of the bore hole dhvilled along the
two banks of Palar river, aquifer structure and proximetry has
been plotted as shown in fig. 7.1(a) and 7.1(b) But crop bound-
aries have also been lpocated to define the agquifer boundaries .
Aguifer structure mainly consist of very thin laver of soil
cover, followed by weathered zone and fractured zone in consider-
able fractions. Landuse pattern or surface activities on this
aquifer basin is depicted in fig. no.4.4

7.2 Vaniyambadi, Ambur and Gudiyattam are the three R.G. stations
inside the region, which is experiencing acute groundwater quali-
ty pollution problems. Yearly rainfall pattern of these raingauge
stations are plotted along with the yearly average precipitation
values for the entire basin. 75% dependable rainfall demarcation
has also been drawn in the same plot depicted as fig. 7.2.

7.3 Hydrographs on the basis of monthly groundwater levels have
been drawn for 7 selected wells at vaniyambadi (well no., 230232)
Minnur(well no.22000), Ambur (well no. 23I0274), Vengili (well
no.22081), EKailasagri(well no. 23049), Gudiyattom (well no.
23029) and Pernampet (well no. Z3030).. FPre-monsoon and post-
monsoon TDS wvalues have also been traced on the same plot as
shown in fig. 7.3(a), 7.3(h), 7.7 (), 7.3(d), 7.7 (e}, 7.% (£,
7.3 {g) respectively.

7.4 To observe periodical variation in the region, water table
contours on  the basis of FPre- monsoon and post— mensoon  water
tables for the observation wells are drawn for the year 1974-75,

1987-88 and 1990-91. These are depicted in fig. 7.4{(a), 7.4 (b}
and 7.4 ()

7.3 Yearly ground water Recharge estimation has been done on  the
bazis of monthly water level fluctuation data of the observation
wells of the region. These calculations have been done on tabular
form as in Table vi. Specific yield values are taken up well
wise, suggested by Institute of Water studies on the basis of

pumping test results. Polygon area from fig. 7.5 under each well
has been considered for topographic area.



7.6 Yearly ground water balance has been calculated as depicted
in Table vii based on rainfall recharge. Farameters considered
are given below.

{a) FPolvogon map of the basin is as shown in fig. 7.64.

{h) Recharge from Rainfall is 15% of Average rainfall, as re-
charge iz from granitic weathered and fractured terrain.

() Recharge from Return seepage is considered as 234 for Faddy
crop and 15% for other dry crops. Reason being that the cultiva-
tion  is done through well irrigation amd also it is mostly  rain
dependant.

(dy Influent and effluent sespage contribution for tanks, canals,
rivers and other basins have been considered as nil, becauss
there is no tanks or canals are existing in the study area and
river flows for only 15 days in a vear and ground water level
iz below bed level.

(e) Draftt of ground water has been calculated block wise shown
Sin table vii for well census year 1991, Trend of ground water
increase has been considered as 5% every year as per the guide-
lines given by Institute for water situdy

() Evapotranspiration and svaporation from the capillary has not
heen considered because there is no deep rooled treess  in the
study area and water table remains well below 1-5 m. from the
ground level in most part of a year. '

7.7 Yearly balance of dissolved solids have been estimated year—

wise and well wise in table viii considering unit - volume of
water,

Notations used are as below -
Balance + ive if Premanscon is » Fost monsoon
Balance - ive if FPremansoon is. < Fost monsoon.

7.8 Spatial variation of average TDS values based on data from
the year 1971 to 1990 over the study area has been depicted

premonsoon  and. post monsoon basins in fig. 7.8 (a) and 7.8 (b)
respectively.,

7.9 Break-up details of the total dissolved solide at selected 7
locations i.e. Vaniyambadi, Ambur, Minnur, Vengili, kKailasagiri,
Fernampet and Budiyattam, are expressed in terms of Horirontal

a
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Pattern diagram ‘stiff 1933) for the year 1972, 1977, 1982, 1987
and 199@ for premansoon and post monsoon. All these details are
depicted vide fig. 7.9 (a), 7.9 (b)Y, 7.9 (d), 7.2 (), 7.9 ()
and 7.9 (g).

7.1®@ Yearly ground water balance as calculated in para 7.6 and
yearly average balance of total dissolved solid as estimated in
para 7.7 are plotted on the same plote to have an idea about the
relation between the two natural phenomenon. This operation has
been carried out for the entire basin as a Groundwater system.
The plot has been numbered as fig. 7.10 .

7.11 Groundwater recharge estimated in para 7.9% have been plotted
well wise for 7 most polluted wells of the region alongwith the
balance of total dissolved solid estimated, well wise in para 7.7
of this report. This wells are located at Vaniyambadi, Ambur,
Minnur, Vengili, Kailasagiri, Fernampet and Gudiyattam. This has
been included in fig no. 7.11 ¢a), 7.1t (b}, 7.11 (), 7.11 (d),
7.11 (e), 7.11 (f),. and 7.11 (g) respectively.

7.12 Figure 7.12 (a), 7.12 (b)), 7.12 (), 7.12 (), 7.12 (e}
+7.12 (g) and 7.12 (g) shows the trend pf yearly variation of
total dissolved solids at the location; Vaniyambedi, Ambur,
Gudiyattam, Pernampet, Kailasagiri, Vengili and Minnur respecive-
ly.

7.13 To observe the influence of precipitation on the TDS con-
centrations three stations named as Vaniyambadi, Ambur and Gudiy-
attam has been selected which has both observtion well and R.G.
station very close to each other. Total yearly rainfall has been
an abscissa and corresponding TDS concentration of the ordinate.
Best fit line has been achieved hased on power transformation to
see the trend of the convey. They are depicted at fig. 7.13 (&),
7.13 (b) and 7.13 (c) respectively.
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8.8 DISCUSSION

Hydrological features of the Palar river basin is an
unique one, as the river flows only 15 days in a year i.e. only
during heavy and long durational storm . Moresover the Upper Falar
zone lies in the head reach of the basin in Tamilnadu. This
region has no other source of domestic and irrigation water
supply other than subsurfacs water. Npt long back in North Arcot
district, of which the study area is an integral part , had a
reputation of being one of the best for its agricul tural produc-
tion capability , but subseguently during last & to 18 vears
groundwater qualty deteriorated to such an extent that the socio
economic condition of the locality got badly effected to large
extent.Results of the analysis are stipulated below.

8.1 Aguifer structre and Friexometry reveals that the study area
has good groundwater potential which is locally recharged by
rainfall. A soil cover of 25 cm to 99 cm of Kedloamy to Alluvial
s0il provide a good permeable media to act as an appropriate
recharge zone. Two layers of weathered and fractured zone is
followed by bed rock of gneiss which is an impermeable strata and
thereby heaving good water retention capacity. In all geologic
condition give rise to the formation of a urncontined aguifer of
very good zone of replenishment and transmission.

8.2 Rainfall pattern in the study area is more or less of well
distributed nature. 75% dependable rainfall on the hasls of last
20 years data comes out to be 800 mm. Monsoon starts some times
in the month of May-June and lasts upto December- January.
Fattern of the record reveals that s year 1973, 19880 and 1982
experienced less rainfall than the dependable, and maximum pre-
cipitation occurred in the year 1983%.In fact » hardly any period
of dry years lasted for more than one vyear. Always there is vyear
of less rainfall followed by good rainfall year.

8.3 Ground water level fluctuation in the key locations ‘suggest

that ground water level attains the original status after the
monsoon.  There have been steep fall in the water levels in  the

vyear of less rainfall but it has subsequently recoverd in  the
next year having sufficient rainfall . no noticeable over ex-
traxction is seen in the study area.

8.4 Ground water level conturs for the year 1974-75 and 1937-88
and 1990-%1 reveals that the direction of groundwater movement is
from NW to SE. Trend of the gradient of water table contours is

more or less same as the ground level contours plotted in fig
7.1(a} . Hydraulic' gradient of ground water is 2.39 m/km.

30



8.5 The network of observation wells available are not uniformly
digtributed in the region there by some polygon areas are repre-
senting guite a large areal extent ranging from 183 sg.km Lo 216
sq.km. Groundwater recharge in these area may not  project  the
actual picture. However Ground water recharge has been claculat-
ed considering all the 25 observation wells from vear 1974 — 1975
to 19891998, as per the availabilty of water level fluctuations.
Table vi shows that minimum recharge occurs in yvear 1980-821 and
maximum in year 1981-82 and then in vear 12873-84 which is guite
relavent with the rainfall pattern of the region.

8.6 Theissen polygon method has been uzed as far as possihble for
estimating the average precipitation value over the ragion,
However , there is no much difference hetween the average precip-
itation value caloulated throwugh Arithmetic mearn  and  theisson
polygon method.Raingauges are guite well distributed but mostly
on the plains . therefore average value of precipitation may lack
the weightatge of the topography.fround water balance through
rainfall recharge has been estimated vearwise. Again year 1980-81

shows the over extraction year and maximum balalnce being in  the
year 1983-84,

8.7 Yearly balance of TDS is estimated well wise and then it  has
been averaged over the entire area. Missing data in some of the
years confine the output to the period of 11 vears, i.e., 1974—
77 to 1986-87. During this period average balance show that pre-
monsoon TDS was more in the year 198@G-81, 1984-85% and 19B4-87 and
post monsoon TDE is more in the year ,19746-77,1985-84 and 1982-873.
However averaciny the balamce may not pridict the authentic

subsurface water quality environment, but may lead to overall
picture of the system.

8.8 Spatial variation for years 1975-1990 with a five year inter-
val reveals that pollution is spreading in the region with a slow
and  steady rate. Mowever, the conditions seems more improved in
the year 1990 due to the wide range of variation in the TDS
values of the well 23I030,in Permampet which ultimately was found
misused by local people since long time. Apart from that TDS
values are quite high in Varnivambadi, Ambur, minnur, Fernampet
and Vengili locations.

8.9 Pattern diagrams prepered for 7 badly effected locations
depict  that generally sodium and chloide contents are compara-—
tively more in all the loctinns and condition is deteriorating
with time. In some place like Vaniyambadi, Ambur,Minnur, Vengili,
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Hailasagiri and Budivattam, bicarbonate is more but seems to be
fluctuatig with time. Megnisim content is more, especially at
Pernampet , Gudiyattam and Kailasagiri and also showing a increas-
ing trend with the time.

8.10 Yearly balence of ground water and TDS plotted in the same
plot shows that when ground water balance is more . TDS balance
is less and vice versa except few data locations where same lag
between respective peaks and troughs are moticed. This shows the
reaction of the system as a whole.

8.11 Yearly variation of Recharge values for 7 selected wells in
the region which are doubted to be badly effected when plotted
along with the TDS fluctuation revezls the same fact , when the
wells are getting good recharge, 7TDS concentrations are reduc-

ing. In some cases time lag between the two phenomenon has been
observed.
8.12 Observation of trend of TDS variation over the last 20

years for 7 most badly effected wells depicts that there is
overall an increasing pattern of TDS existing but gradient is ,
drastic in Minnur , Ambur and Pernampet, and not much in Vengili
and GBudiyattom. 1In Vaniyambadi and ¥Kailasagiri it is in the
transition zone. However, site inspection guides to the fact that
well at FPernampet is unused since long and badly effected due to
misuse by the local people.

8.13 bBest Fit plot between Rainfall and TDS concentration of
respective locations and years states that in general concentra-
tion is reducing when rainfall is increasing. Effect is signifi-
cant in the case of Ambur.
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?.0 CONCLUSION

Basic aim of this phase of the study is to cover the prelim-—
inary date collection processing and analysis of various detail:
of Upper Falar zone in Falar River basin to have an solid concep-—
tional base before proceeding for the complex, methodology of
mathematical modelling. Through various types of aperations and
analysis series of basic questions put up at Para 3.0 has heen
tried to be answered to possible extent whicrh in turn becomes the
concluding point of present phase.

- Total dissolved solids are much more in the locations like
fAmbur,  Minnur, Vengili, Kailasagiri, Gudiyattam and FPerrnampet.
Breakup details shows that sodium and chloride concentration are
more in all the above said locations and with an  increasing
temporal trend. Bicarbonate is found more in Vaniyambadi, Vengi-
1i, Kailasagiri and Gudiyattam. In Ambur and Minnur it is more in
some years but reduced subsequently with good amount of rainfall.

~- IS5 196B0-1987 depicts that for drinking purpose desirable
limit for TD8 is 500 mg/l and tolerance level is 1500 mg/l.
Therefore locations like Vaniyambadi, Ambur, Minnur, WVengili,
Fernampet has already crossed the tolerance limit. Budiyattam
and Kailasagiri bas also crossed the desirable limit but yet to
reach the tolerance limit as far as drinking purpose is con-
cerned. Water for some of the wells may well he used for irriga-—
tion but overall picture is grim as bicarbonate content is more
in most of the locations.

e In general contaminant level of the ground water system
has been on the increasing trend. Most effected areas are Ambur
and Minnur.

- The study reveals that contanminants are more when
groundwater recharge is less that is when rainfall is less.
Therefore it may be concluded that if proper flushing arrangement
pf the surface and sub-surface contaminants can be made during
dry periods, the contaminant levels may be controlled.

- Overall picture of the deteriorating phenomenon reveals
that source of pollution may be largely due to the disposal of
untreated affluence from tanneries and other small scale indus-—
tries. This may be joined hands by some non—- point source creat-
ed through excess use of fertilisers in the command area. In-
crease of the numbers of tanneries are manifold in the Vaniyamba-
di- Ambur region. Effluent tanneries should be treated before
disposal to the river which is the only way to protect further
deterioration.

33



12.8 RECOMMENDAT IONS

Freliminary data analysis reveals following recommendations
however it has to be supported by thorough and finer approach of
mathemtical modelling technigues.

{1) Source of pollutant seems to be untrested effluents from tan-—
neries to a larger extent. Till this date no treatment plant  hasz
heen commissioned in this region. First common  treatment plant
ready for commissioning covers only B@ tanneries which has to be
increased manifold.

(2) Problem of contamination is more acute dus to no surface flow
available for flushing of the untreated tanneries. Some storage
arrangement has to be developed in the upstream of VYaniyambadi
s that recharge and flushing can be done during water scarce
periods and years.

{ZY Unused wells like Fernampet (well numbr 22020) should noit  be
monitored which misleads the overall strategies for guality
control  measures. More frequent sampling may be done atleast in
the worst affected areas and the areas just adjacent to it .

(4) Number of observation wells may be increased to have an well
distributed overall picture.

(5) Water quality samples at industrial affluent disposal point
iz  recomnsnded . Which has been checked on the spot in various
points and in most of the places the value was more than 10,000
mg/l.

{6) Management studies may be carried out incorporating hydrolog-
ical model and optimisation techniques,
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204m...ﬁ.3 Water level in Mtrs.

(n) Contours extended up o
outcrop boundary.

INDEX
~—— PREMONSOON.
-—-- POST MANSOON.

PALAR RIVER BASIN; UPPER PALAR ZONE.
WATER TABLE CONTOUR 1987-88.

FIG.- 7+4 (b)-
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(i) Water levels are in Mtrs

(ii) Contour extended up to outcrop
boundary

INDEX

——— PRE MONSOON
===~ POST MONSOON

FIG. 7-4 (C). PALAR RIVER BASIN; UPPER PALAR ZONE.
WATER TABLE CONTOUR 1990-91.
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FIG. 7-5. PALAR RIVER BASIN:
WELL POLYGON MAP.
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FIG. 7-6. PALAR RIVER BASIN;
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FIG. 7-8(b). PALAR RIVER BASIN; UPPER PALAR ZONE.
T.D0.S. YEAR-1980.
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FIG.7-8 (c}. PALAR RIVER BASIN. UPPER PALAR ZONE .
T.00S YEAR -1985.

60



066L1- 4V3IA "S'Q1

"ANOZ dVIVd  ¥3ddN TNISVB d3A4 ¥VIVd (P g-Z "9id




INDEX
— —-—-~ PRE MONSOON T.D.S.VALUE.
POST MANSOON T.DS. VALUE.

T.0.S. in Mg/1.

FiG. 7-8 (e}. PALAR RIVER BASIN; UPPER PALAR ZONE.
T.0.S. CONTQURS (1972-1991),
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YEAR - 1975

YEAR -1985

—

YEAR 19S0

FIG. 7-9 (9). HORIZONTAL PATTERN DIAGRAM FOR VANIYAMBAOL.
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YEAR-1975

YEAR- 1985

YEAR - 1990

FIG. 7-9(b). HORIZONTAL PATTERN OIAGRAM FOR AMBUR.




YEAR - 1975
YEAR - 1985
YEAR - 1990

FIG. 7-9 (c). HORIZONTAL PATTERN DIAGRAM FOR MINNUR
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YEAR - 1975

=

YEAR-1985. PREMONSOON

T

YEAR - 1985. POST MONSOON

YEAR -1990. PREMONSOON

YEAR - 1990. POST MONSOON

FIG. 7-9 (d). HORIZONTAL PATTERN DIAGRAM FOR VENGILI.
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e —

YEAR- 1975
YEAR- 1985
YEAR-1990

FIG. 7-9(e). HORIZONTAL PATTERN DIAGRAM FOR KAILASAGIR!.
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YEAR - 1975

YEAR - 1985

YEAR-1989

s

FIG. 7-9 (f). HORIZONTAL PATTERN DIAGRAM FOR PERNAMPET.




YEAR - 1975
YEAR -1985

YEAR- 1989 - PREMONSOON

YEAR - 1989, POSTMONSOON

FIG. 7-9(g). HORIZONTAL PATTERN DIAGRAM FOR GUDIYATTAM.
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TARLE 1

FUMFED TEST pDaTA

' BR.T  WELL NO ' LATITUDE ! ' DISCHARGE' TRANMIS— ! PERMEABI-' DURATION
' ' ’ ' 3 ' LOCATION ' “0° IN ' SIVITY T' ! LITY'K'IN! oF
CMOLY TYRPE ' LONGITUDE! ! gpm ' IN gpd/ft! gpd/Sg.ft' PUMPING
! - ] e ——— l e —— —— - l e i ) bt kil ke e l ________ | ________ I ________
Fo1 Y M@I@ ¢ 12 42 4@ ' VELUR ! 41 110800 ' 353.13 ! 60 min
' '  RORE ' 79 23 25 ! ' : ' '

' ' ' ' ' ! ' '

oo B ' 47 4% ' THUTHI- ¢ 55 ' 52 249 ' 5@ min
' ' RORE ' 7@ @5 20 '  KODI ' ' ' '

: ' Fo ' t ' ' '

CO3 Y 21176 ' 12 53 00 ' RANSUPU- ! 8 ' 35 ' R.938 ' 30 min
' ' BORE ' 78 52 ©5 ! RUM ' ' '

' ' ' ' ' ' ! '

o4 v 21377 t 12 53 @5 ! MADHANUR ! 9 ' 3.7 ¢ ©.748 ' 30 min
' " BORE ! 78 S1 00 : ! ' !

' ' ' ' ! ' ' '

o5 0 21p@9 ' 12 S1 4% ' USUR ! 11 t 44900 ' 259.47 ' 5@ min
' ¢ RORF ' 79 O3 4@ ! t ' ' '

' 1 ' ' ' ' ' Lo

‘A Y 2GR ' 12 49 6@ ' ARUMPAK- ' 9.95 ! 10.73 ' 7.42 240

' ' HORE ' 79 27 08 ! KAM ' ' '

' ' ' ' ' ' ' '

7 1 21877 ! 12 59 18 ' NARASINGA! 30 ' 10500 ! 140.4 ! 855

' ! BORE ' 79 @5 15 ' —FURAM ! ' ' !

] ] [ L] 1 t ] |

oAt I R 12 51 35 0 LAKSHMIA-! 77 ' 4024 ' 217.14 ' 180 min
! ' DUG ' 78 47 54 1 MMALFURAM® : t '

1 [] (] 1 [ ] (] 1 1

g 11/7 ¢ 12 47 @6 ' VEFPPAAN- ! 1139 1 4598 ' 652.32 ' 95 min
! ' DUG ' 78 S3 40 '  KUPPAM ! ' ' '

' ' i ' ' ! ! !

'l 2172 ' 12 44 I9 ! PAKKAMPA-' 119 ' 5234 ' 201.99 ' 12@ min
' ! DUG ' 78 49 23 ' -LAYAM ! ' ' '

! ! ' ‘ ' ' ' !

‘11 ' 478/8 ' 12 47 B4 ! ABARAM- ! 158 ¢ 5411 ' 272,67 ' 120 min
1 ! DUG ' 78 S3 40 ' CHERI ! ' ' '

' ' ' ! 1 ! ' '

SOURCE: INSTITUTE OF WATER STUDIES,MADRAS(TAMILNADU)
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WELL CENSUS DATA % GROUNDWATER DRAF T
DECEMBER 1991

SR.' NAME OF ' NUMBER DOF IRRIGATION DUG WELLS! NET '
! THE . ! cmmemee T — Ve ! GROUNDWA-! REMARKS

MO BLOCK ! E.D. ' p.D. ! B.D. ' TER DRAFT!'

' ' ' 1 . !

1 ' ALANGAYAM! 1856 ' 130 ' 4304 ' 2586 '

' ! ¢ ' ! !

2 1 ANAICUT ! 3860 ' 863 ! 5987 ! 5258 !

! ' ' ! ' !

3 ' GUDIYATAM! 5905 ! 76 ' 797 ' 5233 !

' ! ' ' ' !

4 ' EKATPADI ! 3318 ' 30z ' 1389 ' %358 !

' ' ! ' ' '

5 ¢ KANIYAM- ! =381 ! 655 ' 2089 ! 3857 !

' FADI ! ! ' ! !

' ' ' ' ' !

4 ' K.V.EUPAM! 8514 ' 71 ! 380 i 7351 !

' ' ' ' ' '

7 ' MADANUR ! 4331 ! I60 ' 920 ' 5233 '

! ' ' ‘ ' '

8 ¢ NATRAM- ! 2948 ! 223 ! 13@9 ! 29472 !

' FALLY ! 1 ' ' !

! ' ' t ' 1

9 ' PERNAMBET! 659462 1 118 ' 720 ' 5594 '

' ' ! ! ! :

1@ ! TIRUPATUR' 5304 ! 566 ! 2579 ' 5512 1

. 1 ' ' ! !

11 ' VELLORE ! 7029 ' 114 ! 3254 ! 2498 !

' ' ' ! ‘ '

12 ' WALAJAPET! 1400 ' 417 ' 2698 ' 2104 '

L [] ] ] ]

SOURCE: INSTITUTE OF WATER STUDIES,MADRAS(TAMILNADU}.

NOTE:E.D.--Electrically driven

D.D.~~diesel driven
B.D.~-~Bulock driven

Net Groundwater draft in ha.mt.
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TABLE ITI1I
REFRESENTATIVE CROPPING PATTERN
North Arcot-Ambedkar District:

{a) Culturable Area

Geographical area —— 592018 Ha.
Forest area —— 1461829 Ha.
Barren area ~— 26359 Ha.
Net area sown - 208838 Ha.
Area sown more than once —— 34790 Ha.

Total cropped area—-- 243628 Ha.

(b)Y Irrigation Practices

Area irrigated by canal -- 778 Ha.(CCA)
Area irrigated by tanks ~- 483 Ha.(CCA)
Area irrigated by wells —— 7433@ Ha. (CCA)

Area irrigated by other -- 221 Ha.(CCA)

(c) Percentage Area Irrigated

Paddy —— 14.2%
Cholam —— 1@.2%
Combu ~-  1.9%
Ragi —— Z.4%
Cereals —-— 22.9%
Pulses —— 14,1%
Sugarcane — 8.5%
Groundnut -- 30.4%
Gingelly —— @.,&%
Coconut ~~ 5.0%
Cotton -~ 1.@%

(d) Water Requirement:
Faddy --1.2 mts.
Sugarcane ——1.75 mts.
Other dry crops -—8.7346 mts,
(e) Cropping Pattern
Kharif - Faddy.

Rabi - Faddy,FPulses,Broundut,Ragi,Gingelly,Vegitables.
Ferenial - Sugarcane.

Q20



TABLE 1V

MHBER & TYPES OF SMALL SCALE INDUSTRIES IN UPPER PALAR IONE

YEAR 1900

EN : v *VANIYAMB-' ! VANIVANB-! K

* NO.'TYPEOF  INDUSTRY ' VELLORE ! GUDIYATAM'  ADI ! KATPADI ' ADI MADH-! AWBUA '  DAN !
' ! ! ! ' ! AVAMCHERY ! ! |

! ! ! ! v ! r .

1 ¢ FODD PRODUCTS TR A R A ' !
v o o voe s ' ! ;

2 ¢ BEVERAGE & TOBACCO ' 4 ! ' ! ; ! : !
! ' v ! ' K ! ! '

3 CCOTION TEXTILES ' 3 ' 2 ' 3 ¢ I B ! '
' 9 ! ' ! ' o ! '

& ¢ TEXTILE PRODUCTS ' 4 ! o2 o ! ! !
' v ' ! * ! ; ' '

5 ! NODB SILK & ' ! ' ' | ! ' !
t SYNTHETIC FIBRES ! I N ! 5 ! !

! ' ' ! o ' ! '

6 ' NOOD & WOOD PRODUCTS' 1S ' 5 ' 19 ' 2 ! roo !
¢ ' ! ! . S ! '
7t PAPERAPAPER PRODUCTS! 39 ! 19 ! ' S B 2. !
! ' ! ! ! ! ! ' !

8 ' LEATHER AND LEATHER ! 5 ! | ' ‘ ‘ !
! PRODUCTS N S S ST S S S A S S

' ! ! s ' ' ! ! !

9 ' RUBBER FLASTIC PETR-! ' ! ! ! ! ' ;
* QLEMNACOAL PRODUCTS ¢ 26 ¢ 8 ! I N '

! : ! ' ' F ! ‘ '

18 * CHEHICAL SND ' r ! | : ! ! '
' CHENICAL "RODUCTS ' 25 ' 218 ' 34 ' i ! R B !

1 i t ] 1 ] 1 ] ]

{1 ¢ NOWMETALIC NINERAL ' 23 ' 4 ' § ! v !
* PRODUCTS ' ! ' ' ‘ ! : '

' ' ! s : ! 5 ! !
12 1 BASIC METAL AND ! K ! ' s ! ! '
' BLLOY INDUSTRIES 7 ¢+ 2 ! ! r . ‘

! ! ! ! : : ! ' '
13 ¢ NETAL PRODMCTS ' 72 ' & ' 5 ' 1 Loy |
' ' ' e = ' ' ! !

14 ' MACHINERY MACHINE ' : = ; ! ! '
' T00LS S I T B T

' ¢ o ' | ! 5 !
15 ¢ ELECTRICAL MACHINERY* - ' ' ~ : ' ! !
* APPARATUS AND PARTS - 5 ' 1 ! - : | ! !

' .' ' ! ! ! ' ' '
16 ! TRANSFORT EOUIPHENT ' 20 ¢ f ¢ i : ! ! '
! ! ' ! ' ! ! s '

17 ' OTHER INDUSTRIES ' 7 ' ] ! ! ! ' ! '

PALLIKDN-!
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REPRESENTATIVE SURFACE MATER GUALITY BATA

TABRLE V

L, LOCATION MW MIENF EC. o (<] "y N W03 083 (I ™ T R SM

[ SARPL NG

{  Vishaangalan Thirepa- WHIHTY S8 06 N n 1% 3 n - B RN % ¢
(Korathu River) ther

2 PachakuppaniPalar Thirapa- SH2Y % &1 W n N M 1® i e m e W
& Malater River) thyr

I MariganibodderRiver) Gudivatsa S5/12/Y SH 19 X2 13 » m . m W O I1nm2e 24

4  Othiyather Velilore "IN N2 Fs) -] ) - 35 N 1.4 14
{Othiyather odai) :

5 Palar amicet Walajapet 3/H2/T% T B4 0B 14 " m o W 15 LS e
(Palar river}

b Ponnai anicut Ralajapet WINTY 6 M % 1] 8 2 N o L A b Y B 4 |
(Ponnai river}

7 Ranipet bridye Walajapet IV MR AS O 0B 12 n mnm » ] M OIe e e
{Palar river)

8 Pernanpet river Gudivataa /191 THR BS Kb 38 " 22 53 70 B | T % B X

? e 4 % 1] % 232 M| 165 1.5 5.4

L. Menokoppaa river Gudivatss  /12/01

s
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ANNEX NO. A

Variables influencing contiuminant migratien analysis lrom a

polletion source

Variable Distribution
patial T Tempogal

Geological
Aquifer media x
Formof porosity x
Aquifer geometry b
Comlining heds x
Ttydrandic
E.lfcctive povosity x
Hydrautic conductivityfintrinsic x x

permenhility
Moistnre/tension curves

Stinage coclfivient x
Erdilteznion mechanisms x x
Discharpe mechanisms x X
Stieamdaguiler imteraclions x
Contaminated Ruid density X
Hydrological
Mecipitation x x
Evipo-transpirtion x ®
Surface [ow distribution bt b
Comparnisnrnts
Types x x
Adsatption
Depradition
Grawth
Dispersion x
Alteration
Anthropogenic
Demands x x
Abstraction designs
Witer supply ceonomics X X
Surface water regubntion X x
Agricubiural practice x X
Contininant source management x

S
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ANNEX NOC. B

Major soilrces of groundwater contamination and types of
contaminants and their relative significance

Source N Type of pollutant
PRysical ~ Inorganic  Trace Organig Bacterio-
chemical  elements chemicgl  logical
Municipal
Sewer lcakage Minor Primary Secondary Primary Primary
Scwape efftuent M]nor Primary Secondary Primary Primary
Sewage sludge Minor Primary Primary Primary Primary
Urban runoff Minor Secondary  Variable Primary Minor
Waste disposal Minor Primary Primary Primary Secondary
Septictanks Minor Primary Minor Secondary Primary
and cesspools
Agricultural
Leached salts Minor Primary Minor Minor Minor
Fertilizers Minor Primary Secondary Secondgry Minor
Pesticides Minor Minor Minor Primary Minor
Animal wastg Minor Primary Minor Secondyry  Primary
Incusirial
Couling water Primary Minor Prisnary Minor Minor
Process waters Vhriable Primary Primary Variablg-  Minor
Water Minor Primary Sccondary  Minor Minor
treatment
plant cffluent
Hydrocarbons S¢condary Secondary Sccondary Primary Minor
Tank and pipe- Vhriable  Variable  Variable  Variabla  Minor
line leakage
Qiffield wastes
Brines Pfimary Primary Primary Minor Miner
Hydrocarbons Sécondary Secondary Secondary Primary Minor
Mining Minor Primmary Variable  Minor Minor
Miscelluneous
Surfuce water Vhriable  Variable  Variable  Variable  Variable
Sea water Primary Primary Primary Minor Minor
intrusion
Transport Minor Minor Minor Primary Variable

(Based on data from Todd er af. 1976)
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ANNEX No-C

Industrial wastewater components having or indicating significant
groundwater contamination potential

Pulp ana FPaper Industry

Ammonia Heavy metals pH TDS
cOoD Nutrients Phenols TOC
Color (nitrogen Sulfite

and phosphorus)
Ferroleurn Refining Industry

Ammonia Cyanide Odor DS

Chlotide Iron pH TOC
Chromium Lead Phenols Total Phosphorus
cOoD Mercaptans Sulfate Turbidity

Color Nitrogen Sulfide Zinc

Copper .
Sieel Industries

Ammonia Cyanide Phenols Tin

Chloride {ron Sulfate Zinc

Chromium pH

Organic Chemicals Industry

CcOD pH TDS Total Nitrogen
Cyanide . Phenols TOC Total Phosphorus

Heavy metals
Inorganic Chemicals, Alkaltes, and Chlorine Indusiry

Acdity/ Chlonnated Fluaride Suifate
Alkalinity Benzenoids Iron TDS
Aluminum and Polynuclear Lead Tizanium
Arsenic Aromatics Mercury TOC
Boron Chromium Phenols Total Phosphorus
Chloride Cyanide
coD
Plastic Materials and Synthetics Industry
Ammonia COD Organic Phosphorus
Chlcnnated Cyanide Nitrogen Salfate
Benzenoids Mercaplans pH TDS
and Polynuclear Nitrate Phenols Zine
Aromatics
Nitrogen Fertilizer Industry .
Ammonia COD pH Sulfate
Calcium Iron, Total Phosphate TDS
Chlonde Nitrate Sodium Zinc
Chromivm Organic Nitrogen
Phesphate Fertilizer Ind'u.nry
Acidity Fluoride Nitrogen Sulfae
Aluminum Iron pH TDS
Arsenic Mercury Phosphorus Uraniem
Calcium

COD  Carbon oxsgen demand

TrorT T eal arzanic carbon

TDS Total dissolved solids

From U. §. Envircnmental Protection Agency [1973]
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Components of indusirial waste

ANNEX NO. D

Metals mining

Primary mecials

Pharmaccuticals

Batteries

Inorganic chemicals

Organic chemicals

Pesticides

Explosives

Petroleum refining

Paints

Elcctroplating

Ammonium salts
Antimony
Arsenic
Asbestos
Banium
Berylhum X
Biological
waste
Cadmium X
Chiminated
hydrocarbons
Chromium
Cobalt
Copper X
Cvanide
Ethanol waste,
agueous
Explosives (TNT)
Flammable solvents
Fluonde
Halogenated solvents
Lead solvents
Magnesium
Manpanese
Mercury
Molvbdenum
~Nickel
Ol
Organics. misc,
Pesticides )
torpanophosphates)
f nenol
Fhosphorus
Radium X
Selenium X
Silver
Vanadiom
le":f =

o x

b g

X X

oo

M KX X X

X

X X X

.

X
X

XXX

s

From U S Favieomental Protechion Avensy
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PHOTO 1: OBSERVATION WELL AT VANIYAMBADI (WELL No. 23023)

PHOTO 2

-
-

'FREE FOR ALL'

EFFLUENT DISPOSSAL AT VANIYAMBADI
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PHOTO 3: TENNARY EFFLUENT DISPOSSAL TECHNIQUE NEAR MINNUR

PHOTO 4 : PALAR RIVER AT MINNUR.
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PHOTO5: TENNARY EFFLUENT DISPOSSAL AT AMBUR

PHOTO 6 : PALAR RIVER AT AMBUR.
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PHOTO 7 : DRY WASTE DISPOSSAL FROM INDUSTRIES ON RIVER BANK

PHOTO 8 : MIS-USED WELL AT PERNAMPET (23030)




