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MULTIVARIATE HYDROGEOCHENIICAL INVESTIGATION IN THE VAIPPAR
BASIN, SOUTH INDIA

K. KIIMARASWAMY, R. JAYAKUMAR. M. KAlv[{fdAJ AND K. IINMKRISIINAN. Tinrcliirnpalli

ABSTRACT : Mrrltivariate techniques are applied to study lhe chenrical
characte rislics of the grourrdwaters irr the Vaippar Basin. south India. Iaclor analvsis
is used to anah'sc the interrclationships alllong a lal'ge nunlber ol valiables arrd to
explain thesc variables irr lcrrns ol their common underlving dinrerrsions. Multiple
regrcssion analysis is uscd to idmtil-v thc variatrles as dependcnt and indc.perrtlent

oncs. Eighlv tuo grountlu'ater sarrrples are collccted li<-rrn lhc rcproscntalivc \\'clls
in the Vaippar basir lbr pre-monsoon and post-rnonsoon soasons. 'l'hc l'actor nrodels
arc derivcd indeperrdentlr'lbr prc-nronsorr lnd post-nloltsoou periods. The
hydrogcochernical bchaviour ol vaippar basin is very rvell established by thcse
nrodels.

INTRODUCTION

The ntultivariate teclrniques. developed to
examirre the relationships betrveen or anlong
more than trvo variables, are applied in the
present study of the chcrnical charactcristics
the grourdrvater ofVaippar basin, Sor.rth Indra.
Among the multivariatc techniques, the fhctor
and rnultiple regression analysis are used in

the prescnt paper to bring out the chenrical

bchavior of the aquifers in a more refined

Il1anner.

The factor arlalysis falls in the group of
interdependence techniques and this technique
can be used to anal)'se the intcr relationships
among a large nrrrnber of variables and to
e\plair-r these variablcs in terms oftlrcir common

underl\ ing dimcnsions (factors)i.e. the
information contained in a number of onginal
variables ir:to a snlaller set of dimensions
(factors) with a lrininlurll loss of
infomration.The application of th is tcchnique

in groundrvater chemistrv is very \\,ell
demonstrated by various rvorkers (Lawrence
and Upchurch 197 6 & 1982. Balasubramaniarr
et. al 1990, Razak and Dazy 1990, Reiz et. al
I990, Jayakumar 1993).

The nrultiple regrcssion anah sis. grouped under

the dependcnce techniqucs. is uscd to identify
the variables as dependent and inadependent

ones. Thc objectivc of nrultiple regression

analysis is to predict the changcs in dependent

variables in response to the changcs in sevcral

independent variables and the prcdictions are

achieved by least square estitnation. In thc
present studl' reverse calculations are atternpted

to calculate thc chemical constitution of ground

water by using the measurcd vahlc of total
dissolved solids (TDS). This tcchniquc has

alreadl, been sucessfully utilized to cvolve tlie
chemical contposition by the Elcctrical
conductivoity (EC) value (Balasubratrtaniatt

et. al 1990 attd Javakunrar 1993).
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THE STUDY AREA

The Vaippar basin is onc of the l7 nrajor river
basins of Tamil Nadu and it is located in the
rain shadorv tract of thc Wcstcm Ghats
betrvecn 8o 58' to 9 o4,5' N latitudcs and77 " lA'
to 78o l5'E longitudes rvith a total area of 53-56

Sq. knr. The basin can be broadll,classified as

the hills of Western Ghats (extreme x,cst) and
plains. n'hile the lattcr covcrs more than 80oZ

of the basin area. The unclassified gneisses

and chamockites are the major rock types of
the basin and the basin is covered nrostly by
thick black cotton soil. The average annual
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rainfall of the basin is 780 rnnt.

THE DATA

In thc prcsont stud), 82 groundrvatcr sarnples
are collected frorn the rcprcsentative rvells in
the Vaippar basin for t\\'o seasons viz., pre -
l"nousoon (Julr') and post-monsoon (January)

and analyzes follorving the standard procedures
(APHAl975). Thc rnajor anios and cations
viz., Ca*. Mg', Na'+ K*. HCO r +Co-, So-

,CI- and TDS in pprn arc taken into
consideration for constmcting the multivariate
rnodels.

Data Input

V
Similarity Matrix by correlation

Courputation of
cigen r,alucs and
cigeu vcctors

V

V
Multiplc regression
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coustmtion of
ANOVA

Table
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r: - Value

t
Contponent

loadings
values

Evaluation
of conrponenI

scores

Factor rotation

Factor loading
bascd ott eigcn

V

Reproduccd and
residual corrclatiou

matrix

r-r,aluc

Varima.r rotation

Communalities

Rotaled Faclor
rnatrix

,V
Rotated Factor scorcs
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THE METHODS

The factor analysis and ntultiple rcgrcssion
anall,sis are perforrned b1, follou,ing the
proceduro explaincd b1' Davis (1973). The
flou, chart cxplains thc gcneral outlinc of the

data proccssing operatiou pcrfomcd during
this study,.

FACTOR ANAI,YSIS

In thc factor analr,sis thc corrclation bctn'ecn
variables arc taken as similaritl'measurcs. Thc
correlation matriccs arc compntcd separatcl-v

for t*,o seasons follrved bv eigen valucs and
perccntagc of tracc or the .p166 anrount of
vaiancc. The eigen vectors are calculatcd to
bring out thc principal axis nratrix u,hcrc tlre
variables loaded in the conrponcnts are brought
out. Thon the factors are iutroduccd to the

Table I

Table 2

analvsis. For this analysis threc factors in pre
-nlonsoon and post-rnonsoon are selected u'itlr
a minimum acceptable cigcn valuc at 1.0 as
cxplained by Hanrnn ( 1976) and Kaiser (19-58).

As such, thc variance explaincd by' the prc
nrorlsoon 83.65% b1, first thrco factors and in
post nronsoonST .l9o/o variancc is cxplaincd by
the sclcctcd first thrcc factors. The factor
scores arc derivcd for thcsc threc factors
rcspectivclr'. Aftcr this, thc rcproduced
and rcsidual corrclation nratrix is cornputed for
thc ucu, sct of data arrivcd from thc factor
analysis. The varirrtax rotation is perfonncd
for nraxintizing the variancc. Bi' this proccss.

it is possib [e to achieve a singlc and
pragmaticallt' morc mcaningful factor
solution.Tlrcn thc conrnrunalitics are
insenccl in the diagonal of thc corrclatiorr

Rotated factor loading Matrix - Pre lVlansoon

Roated Factor Loading Matrix - Post Mansoon
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matrix and the extractod lhctors are based

onh, on thc conrmon variancc as original
variables rvhich share rvith all thc othcr
variables. Finalh' thc interprctable rotatcd
factor nratrix and rotated factor scores
(variurax) are computed. The rotatod factor
rnatrix of pre-monsoon (Tablo-l) and post-
rllonsoorl (Tablc 2) are presented accordingly.

i\Iultiple Linear Regression Analysis :

In the nrultiple regression. anr,obscrvcd variablc
can be considered as a function of any
other variable measured on the same
sarnplcs. The regressiou rnodel of an

indcpendcnt variable upon a dopendcnt variable
cau be cxpressed as

":b,,+b 
x,*b, x, +b, x,......*bn xn

ln the groundn,ater chemical analvsis data
TDS value is thc rnain depcndent varrable

utich depcnds on the concsntration of major
cations and anions.

THE RESULTS

Thc derived results frorn factor anal1.'sis and

multiplc linear regression analy'sis rnodcls u'ere

developed. With the hclp of factor rnodels of
t\\'o seasons the chemical behavior and its
nrajor ions evolution can be detenrrined in a
spatial nlalnrer. Fronr the regressiot-t equation it
is possible to detenrrine the specific chemical

composition of the rvater u'ith the help of
measured E.C. values through inverse
calculations.

FACTOR MODELS :

Factor I of pre nronsoon

The factor I of pre monsoon is loaded heavily

br Na+k, SO4, and Cl lvhich contributes
58.14% of the variance of samples.

Thc presence of sodium and potassiurtt in the

pre monsoon rvater is attributed to the prirnary

source of rveathering of fcldspathic minerals.
Also the high proportion of sodium and
potasssiunt u,ith sulfate shows that the rocks
must havc abundant plagioclase than of mafic
minerals (Garrels and Mackenzic 1967\.The
presence of chloride is influcnced bv surfacc
run-off and reprcsents a path way/ origin
process involving recharging of rvater. The
factor scores indicate the zone of high
rveathering and the presence of fcldspathic
Gneiss complex in the positive score area (Fig
- la) The attribution of sodium and potassium
in the prc-monsoort u'atcr dcnotes the follorr,ing
(i) rvhcn tlre rvatcr exhange is slou. the positive
ions strengthen the sodium in groundrvatcr and
replaces calcium (ii) The conccntration of
sodium increascs rvith incroasing depth. (iii)
cation exchange reaction rcmoves calcium and
nragncsiunt ious from solution and replaces

them rvith sodium (Hem l970).

Factor I of post-monsoon :

The factor I ofpost nronsoon pcriocl rcpresented

b1'magncsium sodiun and potassium, sulfatc
rurd chloridc contributes 61.44%oof tlrc variance

of sarnple. Thc sourcc of rnagnesium is

generally fronr the dissolution of rttinerals of
silicate and fcldspathic rocks (Hem 1970) The
nragnesium dissolution is much slorver and it
takes a longer time of contact betrveen lvater
and rock.

Therefore the factor I of post nronsoon is a
lithologically controlled factor rcflecting
dissolution activitl' of carhonate and fcldspathic
rocks (Larvreuce and Up church 1982). The

distributions of chloride ion concentration
indirectly reflects the rvater interaction with
rocks, pemeabilitl.' variations of aquifer and

inter transmissivity of rocks (Hum l970).
Though the chloride ion is a useftrl normalizing
factor, it is also usefrrl in explaining the

groundrvater chenristry (Garrels and Christ
1965). The rv&ter tttass of thc post monsoon
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pcriod reprcsents the Mg-Ca-Cl facics rvatcr
t1'pc and the distribution ofthcs:urrc is explaincd
spatially'b1'Fig L b.

Factor 2 of ;rre-monsoon :

Factor 2 of pre lnollsoon is reprcsentcd b1,thc
chenrical ions of calcitrrrt. rttagucsiuttr and

chloride. rvith the variancc of 15.15%

Thc origin of magnesium and proccsscs rclatcd
to chloridc are crplained in dctail in thc
preceding section. The addition of calcium
ions also confirms the lithological controlovcr
the groundrvatcr in tlre area. The source of
calciunr is attributcd to dissolution ofcarbonate
nrinerals in the aquifer.The areas of ncgative
Ioadings in Fig 2 a. reflect dissolution of
carbonatc and uragncsiunr t'uinerals in the

Vaippar aquilbr.

Factor 2 of post-nronsoorr

Thc groundrvatcr of post llronsoon in factor
2 is rcprcscntcd b1' calcium. nragnesitrtrt,

choridc aud bicarbonato and carbonatc u'ith
variancs of 15.79'%.

The prescncc of calciuttt, tttagrtcsitrttt attd

chloride are cxplained in detail in the fonncr
paragraphs and tho same co-ordinatcs in this
factor also. In addition to this, thc loading of
bicarbonate and carbouate explains thc
ground'ur,aters florv path is very' sluggish.

Futher, thc dorrrinancc of bicarbonate.
carbonate and chloridc ions explains thc naturc

andage of the rvatcrs Chebotarev (1955) ltas

demonstrated the major ion cvolutiotl soqLlcllce

as traval along the 9161v path as incrcasing age.

HCOr - > HCO, a SOr -, SOo - > HCO.I

-, SO,-CL - > CI+so., - > Cl - >

These changes arc cxpccted ,vrhen the rvater

lllovcs from shallorv zones of active fltrshing.

though intermediatc zonos. rvherc tlre florv
path isvery' 'sluggish and the rvater is old
(Frceze and cherry 1979). Ths satre is
explained spatialll' through the Fig 2 b.

TRANSACI'IONS OF ]'IIJ INSTITI]TE oT IM)LAN CEOGRAT'IIERS

Factor 3 of pre and post-monsoon :

Thc factor 3 of pre and post nlotlsoon are
rcprcscntcd br bicarbonatc and carbonatc ions
rvith the variancc of 10.36'Y, and 9.960/o

respectiveell,. Thc sourcc of bicabonate and
carbonate is rnostly frorn dccaycd organic
matter and sulphatc rcducing bacteria. The
sourco fronr x'cathcring of silicate mincrals is
also demonstratcd by, Kumarasu'am1' (1985).

It is uscd as a lrleasurc of eviction of ground
rvater florv aud transmissivitl' gradient.
Similarly, it scrves as a good rncasurc of
geochen-rical evaluatiou or reaction progross in
groundrvatcr systenr u,ith carbonate quntity
(Nesbit and vung 1984). The area of
influcncc of thcso factros are cxplained in Fig
3. a. and 3. b.

MULTIPLE REGRESSION MODELS:

Pre monsoon:

The rcgressin cocfficicnts arc substituted in
thc follouing cquation

Y (TDS) = 29,03640 + 0.'l5t3l (Ca) +
0 57357 (Mg) +1.081167 (Na+k)
+ o.55622 (HCO, + Co. )
+1.0410s (SO4 ) +126933 (C,l)

rvith goodness of fit (r:) of
0.9879).

Considering a knoun value of TDS (and its
components. concentrations of inverse
corlputation should be rnade to) it is possible

to find out thc percentagc contribution ofcach
ions b5, substituting the santplo iottic valttes

(Balasubranranian et. al 1989 and Ja1'akumar

l e93)

t563 TDS = 96 (Ca) + 90.3 (Mg) +271

(Na+k) + 586 (HCO.+CO.) +

86 (SOr +440 (CI)

The perccntage of ions in contributing total

dissolved solids are -
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(1) Ca= 6.lYo'.

(2) Mg = 5.8%;

(3) Na+k : 17.3o/o

(4) HCO. 1 CO3= 37.5Yo.

(5) SOr = 5.5oh

(6) Cl :28.2Yu

Post monsoon :

By substituring the cocfficients in the follou,ing
equation arrived

Y (TDS) = 30.00894 + 2 86908 (Ca) +
5.44464 (Mg) + 2.3803 (Na+k)
+1.10736(HCO.+CO.,)+
0. 17061 (so,) + 0.088 (cl) rvith
goodness of fit (r:) of 0.9877.

The inverse computations were adopted again

as carried out in tlte case of pre monsooll

and percerrtage of ionic contributious are

arrived as

723 (TDS) :74 (Ca) +-57.2(Mg) +92 (Na+k)
+ 262 (HCO, +CO,) 43.2 (SO{)
+21 7 (Cl)

(l) Ca = 10.2o/o (2) Mg :7.9o/o;

(3) Na+k =12.7o/o (4) HCO. = CO, =36.2%n.

(5) SOr = 6.00/o. (6) Cl = 30.0'%

Using these percentages. the ionic
concentrations of any ground-rvatcr samples
in any location in the basin u,hich the TDS is

nreasured could be deterrnined rvith 98%
accurac),.

CONCLIJSIONS

The f;rctor rnodels rvere derived iudcpendentlv
for prc monsoou post mansoon periods. The
hydrogcochernical bchavior of the Vaippar
basin is verl'u'ell cstablishcd b1, thesc models.

Thesc models could bc used as a forenrnner
before making any' rvater based activities " Also-
thc agricultural developrnent could be carried
out u,ith refercnce to the hydrochernistrv of
groundrvater in different zones and also in the
post mallsoon and pre-mansoon periods. The
rrrultiplc regression models are fufther used to
find out the iouic concentration of the
groundrvater sanrples in this basin if the:

dependent variable TDS is measured for
different locatiorrs. bv inverse calculations as

explaincd carlier.
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One of thc early teachers

of Geography in
Maharashtra, who
initiated the tcaching of
Geography at the collcge

and Univcrsity' lcvel in
the Statc, Prof..
Kshirsagar died on l5th
Ma-n- 1996 at Pune aftcr

a slrort illness of about a rveek. His death is
attributed to the agony he could not bear

follou,ing the deteriorating condition of his

terminally ill younger son. a brilliant physicist.
u'ho died a r'veek later true to the Hindu
tradition, the father departcd beforc the son.

Prof. Kshirsagar is survived by his u'ife. his

elder son a professor at M.l.T. Punc- & other

members of the family.

Prof. Kshirsagar was bom on 4th Feb. 1926 at

Nasik in a Brahmin farnilr', from rvhere he

moved rvith the family. rvhen he rvas only
seven, to Grvalior rvltcre his fathcr had taken

an assigmrent as a tutor in some princely

famill-. Highly inspired by the family tradition,
Prof. Kshirsagar pursued his studies seriously
and obtained the B. Sc. degree rvith physics,

Chemistry and Maths from Agra Universitv at

the age of ninoteen. After that he joined

inrmediately the Central Technrcal Institute at

Grvalior as a lecturer and its Vice-Principal.
After a gap of fivc 1'cars, u'hile still
rvorking, he obtaincd his ntaster's degree

in Geograpltv in 195 l.

OBITUARY
PROFESSOR KHANDERAO PRA.LHAD KSTIIRSAGAR

(re26-e6)

This rvas the begining and the foundation of a
long and successful carecr in geography

tcaching and research. In the same y'ear as he

got his maste r's degree, Prof. Kshirsagarjoined
the reputed S. P. College at Pune. as a lecturer
in geography laying the foundation of
gcographS'teaching at the collegiate level in
the Universi[' of Pune. This rvas the time
r"hen geography did not form part of the
graduate coursss ofthe Universities inWestem
India, and geographers \las rare. Young and

enthusiastic Prof. Kshirsagar not only made

the subject popular at the degree level but
even convinced to the Universitl', the
importance of thc discipline as a science of
space organization. After the establishment of
the post graduate dcpartment in the Universitv
of Pune. he joined the University in 1953 as a

lecturcr and continued rvorking in thc same

departrnent rvith unrvavering loyalty to the

discipline till he retired from the service of the
University as a Reader in Feb. 1986.

At the University' of Pune, he rvorked r,vith

dedication, andrvith Prof V. S. Ganaganathan,

rvho was then the Head of the department.
corrtributed greatly to the teaching of
geography and the gro*th of the discipline at
tlrc universiN level. The geography dcpartment

of the Universit.v of Pune rvas thc only
university departn:ent in Westem lndia in the

earlyfifties. With his po\\'cr of pcrsuasion

and gurial tcllrperarnent, Prof. Kshirsagar rvas

able to induce many colleges in Wcstcm India
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to introduce geography at the- dogrce levcl and

can be crcdited l'itlr tho foundation of
geography teaching in Westcm India. He u,as

a key person in thc core-group that dcveloped

the courses of studies at the degrcc and post-

graduate level in geography at the Unirvcrsitir
of Pune.

Prof. Kshirsagar taught physical geography

but the main arca of his interest rvas
clirnatology'. He successfullv guided a numbcr
of Ph. D. and M. Phil studcnts in Clinratology.
particularlv its applied aspects. A novcl fcature
of his climatological research, rclatcd to thc
prediction of the monsoolls or u,eather
conditions. rvas his division of thc 1'car into
'Nakshatras'. knorm to Indian astrononlcrs
for over l-500 years. instead of using the

Gregorion calcnder mortths and the l1dcly'
uscd division of the vear into pentads. This
\vas an effort to make the results of
clirnatological research undcrstandable to thc
fanning conmrunity' in India rvho are familiar
rvith the concept of 'Nakshatras' for centuries.

Onc mav say u,ith justification that he rvith
another ofhis colleagues Prof. K. Ranuutrrthy-
though both rvorked independentlv - pioneered

research in geographical clirnatologl, in Wostem

India. He rvas, undoubtcdh', the spirit bchind
introducing specialization in chimatologv in

the Univcrsitl' of Punc and has left belrind a

tradition of cliniatological rescarch *tich his

students are cotrtinuing.

Another arca u,here Professor Kshirsagar's

contribution is rvell knoun is the field of
'Geographl'tducatiott'. He rvas associated u'ith

thc NCERT and dcveloped. iu association rvith

sonre othcr geographers, a model s-'-llabtrs for

high schools. bcsides thc methods of geography,

tcaching. At the statc lcvcl, hc u'as associated
rvith the SSC Board as a chief moderator in
geography. Bcsidcs teaching and rcsearch,
Prof. Kshirsagar took intcrest in promoting
geographl' through organizational media. He

u,as the founder President of the Pune
Gcograph.v Teacher's Association and thc
foundcr Vicc-Presiderrt ofthe Instihrte of Indian
Geographers and promoted these trvo academic
bodies rvith his active participation in their
activitics.

He rvas an excellent teacher and had a good

rapport rvith lris students endcaring hinrself bv
his sincere advicc. genuinc encouragen'rent and

a fatherly attitude. The doctoral students
rvorking u,ith him rverc treated like his family
members and enjoved thc rvann hospitalit.v of
Ms Kshirsagar at thcir residence on the

Llniversity campus. His students rvere alrvavs
rvelcome at his horric from n,here the1,alu'ays
rotunrcd u'iscr and happicr.

Having rvorked for an unintermpted period of
over three decades in thc department of
geographv of Pune Univcrsitv. Prof.
Kshirsagar has carved a niche for himself in
the history of the department and its grouth.
His contribution to the discipline and the
institution he rvorkcd in. u'ill be cvcr
rerncmbercd by thc succcssive gerrerations of
students and teachers.

Tlre lnstitutc of Indian Gcographcrs. of rvhiclt
hc rvas thc founder Vicc-Prcsidcnt. dceplv
mourns his death.

-K. R. Dikshit
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