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ABSTRACT

In the present investigation an efforts have been made to find out the
drainage characteristicsof the eight sub basins of Vaippar river basin, Tamil
Nadu, to the describe of their morphology and its related parameters. The
following characteristics were carried out such as bifurcation ratio, stream
length, form factor, circulatory ratio, elongation ratio, drainage density and
stream frequency. The ratio between cumulative stream length and stream
order is constant all the consequently order of the drainage basin. The less
bifurcation ratio values and drainage density point out that drainage char-
acteristics in the study area has lack structural control and also the surface
areais mainly falls by resistant and permeable rocks with aintensive veg-
etative cover. The depth of groundwater levelsin afew of the sub basins
are compared to the less values of drainage density, stream frequency and
infiltration number. The described morphometric analysisal so solved to the
conclusion as three sub basins with less infiltration numbers have great
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infiltration capacity and these more suitablefor artificial recharge.
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INTRODUCTION

Intherapid growth of population and the essential
needtofood and statefor future, whichisproper asthe
water and land resourceswant to be utilized and man-
agedin combined the ability to understand way which
has been agreed that the soil and water preservation
measures on asub drainage basin accordingly could
play amajor rolethisstrategy of important land and
water management'?. Since, adrainagebasinwhichis
region from which runoff produced from precipitation
flowspast asingle point into extent stream, river, pond
and ocean, isapproach asaunit for the study of drain-
agecharacterigtics.

Theinvestigation of thecharacteristicsof drainage
network of aparticular areaisproposal intwo meth-
odslike (i) descriptive approach and (2) genetic ap-
proach. Thedescriptive gpproach includesthe study of
theproperties of theformsand patternsof the streams.
At thesametimethegenetic goproachincudesthestudy
of the evaluation of streams of an areain connection
with tectonic activitieslithology and structure™. There-
fore, drainage system represent to the origin and
evolugtion of sreamsthrough beginningtimewhiledrain-
age pattern defined as mean spatia arrangement and
form of drainage system.

The area, number and flow directions of various
sreamsof aregion related on thenature of dope, struc-


mailto:sanker_cers@yahoo.co.in

ESAIJ, 4(5) June 2009

K.Sankar and K.Pandian

tural control, lithological types, tectonicsfactors, cli-
matic conditions, vegetal characteristicsetc. Tothis
study of drainage characteristicsby morphometricandy-
gsof varioussub basinin an areaprovidesmoreknowl-
edge pertaining to the denudational past events, sub-
surface materia, geological structure, soil typeand for-
est cover of the area. It isperform acritical notein
mathemetica rdationship withaintention for watershed
management which suggest the suitable useof land and
water resourcesof awatershed for favourable produc-
tionwithlesshazard to natural resources?.

Themorphometric analysisof different basinsand
sub-bas nshave been investigated using conventional
methodsearlier times”817, Thedrainage pattern char-
acterigtics of different basins have a so been workout
through satellite imageries and aerial photographs
(1231016 |nthe present work, an effort have been put
to study of the drainage/morphometric characteristics
of Vaippar river basin of Tamil Nadu which includes
sub basins.

Sudy area

Thestudy areaisgeographicdly falsbetween | ati-
tudes 9°0' 05" and 9°44' 56" N and longitudes
77°23°25" and 78°17°02"E, the areal extent about 4410
squarekilometerswhichisspread over Virudhunagar,
Tirundveli and Tuticorin Digtricts(Figure 1). Thosedis-
trict famoustraditiona by firematch worksand cotton
millswell trangported facilitiesinthepredominant plain
aress. Physiographicdly thestudy areaischaracterized
by highly elevated hills (1597- 180mAMSL), gently
doping plains(180-20mASML) and coastd line (less
than 20m AMSL). The varieties of soil occur in the
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Figure: Location map of vaippar river basin
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region such asblack cotton soils, red soils, red loamy,
river dluviumand coasta sands. Geologicdly, thestudy
regioniscomprised by Archaean age group of forma-
tionslikecharnockite, hornblendebiotite-gnel sseswith
minor isolated patches of pyroxene granultie, quartz-
ites, granites, calc-granulites, ultramaticrocksand crys-
tdlinelimestones. Alluvium of recent to sub recent age
istrend al alongtheriver coursesand in the coastal
dluviumexistsinthe study areacoastal belts. Thecli-
mate of thestudy areaisarid-semi arid conditionsand
the north east and south west monsoonstypewith av-
erageannud rainfal islessthan 900 mm. Theareaob-
served highannua range of temperatureabove 28.16°C.
The average daily temperature is more than 30.0°C
entiretheyear. Theaveragerelativehumidity is62%.
Theareaisthus maximum hot with existing seasona
rain (NE monsoon high and SW monsoon low). An
annua rainfdl precipitationincreasetowardsfrom esst-
ern to western part of the study area. The depth of
water TABLE rangesfrom 2.5 to 13.5 below ground
level to 10.5 below ground leve in pre and post mon-
soon periodsin the study area. Groundwater condi-
tions occur unconfined naturein theform of fissures,
fractures, faults and lineaments in hard rock areas,
whereas semi confined nature are found to be sedi-
mentary formations.

Data used methodology

Inthepresent study, thedrainage and thematic maps
were mapsprepared from Survey of India(SOl) Topo
sheetsNos. 58G/6, 58G/8, 58G/10, 58G/11, 58G/12,
58G/14,58G/15, 58G/16, 58K /3, 58K /4, 58K/8inthe
scaeof 1:50,000 scale. A numerous parameters such
asthe number and length of streamsof different order,
drainagearea(Ab), basin perimeter (P) and maximum
basinlength (Lb) of varioussub basinswereestablished.
Theabove parameterswere calculated usng GIS. Ac-
cording to these parameters, sub basin-wisedrainage
characteriticslikethebifurcationratio (Rb), drainage
dengity (Dd), Stream frequency (Fs), infiltration num-
ber (IF), and shape parametersnamdly form factor (Rf),
circulatory ratio (Rc), elongationratio (Re) etc. were
established*!. Morphometric andysisisbest achieved
through measurement and mathematical calculation at
configuration of theearth’ssurface, shape and dimen-
sionsit landformg“. Thedepth of groundwater TABLE
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datafor theyear from 2000 to 2002 for different sub
basinswere collected from Public Works Department
(PWD), Ground Water Divison (GWD), Government
of Tamil Nadu and seasonswisewater TABLE depth
for various sub basin map of theinvestigated areaand
corrected withthe surface drainageto every sub basin.

Drainage

Thedrainage system of region showsadendritic
and sub dendritic pattern by irregularly at angled bends
at any direction the pattern produced by streamstree
likestructures. Vaippar river isbeginning fromWestern
Ghats, which flowstowardsfrom northwesternto south
eastern part (Bay of Bengal) along with anumber of
streams, valleyswhich have mgor tributariessuch as
Nichabanadhi, Deviar, Arjunanadhi, Uppar, Sinkottaiar
and Kayal Kudiyar. Inthisriver patternsaremoderate
and owingto mediumrainfall, they river systemsare

Morphometric analysis in the Vaippar river basin Tamil Nadu
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Figure2: Drainageof Vaippar river basin

lateral erosionisgreater than thevertical erosion capa
bility, which causesriver takesmeandering pathi™. This
vaippar river basinis(spread over) dassfied8subbasin
such as SBI, SBII, SBIlI, SBIV, SBV, SBVI, SBVII
and SBVIII fdlspartid inthreedistrict. (Figure 2).

TABLE 1: Order, number and length of sreamstheVaippar river in sub basins

Stream order

Sub basin no. Stream car acteristies

1st 2nd 3rd 4th 5th 6th
Total stream length (Km) 261 87 40.5 275 - -
SBI Cum. stream length (Km) 261 348 388.5 416 - -
Total no. of stream 245 54 12 2 - -
Mean Stream length (Km) 1.06 161 3.37 13.75 - -
Total stream length (Km) 225 108.5 41 18 - -
SBII Cum. stream length (Km) 225 3335 374.5 392.5 - -
Total no. of stream 249 60 9 1 - -
Mean Stream length (Km) 0.90 1.81 4.55 18 - -
Total stream length (Km) 183.5 63 44 13 - -
SBIlN Cum. stream length (Km) 183.5 246.5 290.5 303.5 - -
Total no. of stream 252 64 10 1 - -
Mean Stream length (Km) 0.73 0.98 44 13 - -
Total stream length (Km) 463 127 87 45 55 -
SBIV Cum. stream length (Km) 463 590 677 722 7275 -
Total no. of stream 779 172 33 4 1 -
Mean Stream length (Km) 0.59 0.74 2.64 11.25 55 -
Total stream length (Km) 536 176.5 115 101.5 23 -
SBV Cum. stream length (Km) 536 712.5 8275 929 952 -
Total no. of stream 865 176 37 6 1 -
Mean Stream length (Km) 0.62 1.0 311 16.92 23 -
Total stream length (Km) 524 183.5 69 53 315 -
SBVI Cum. stream length (Km) 524 707.5 776.5 829.5 861 -
Total no. of stream 662 122 21 3 1 -
Mean Stream length (Km) 0.79 1.50 3.28 17.66 315 -
Total stream length (Km) 958.5 362 154.5 775 235 -
SBVII Cum. stream length (Km) 958.5 1320.5 1475 1552.5 1576 -
Total no. of stream 1390 329 53 9 2 -
Mean Stream length (Km) 0.69 1.10 291 8.61 11.75 -

Total stream length (Km) 233 92 335 145 215 60

SBVIII Cum. stream length (Km) 233 325 358.5 373 394.5 454.5

Total no. of stream 307 72 12 2 2 1

Mean Stream length (Km) 0.76 1.28 2.79 7.25 10.75 60
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RESULTSAND DISCUSSION

The stream order, number and length of segmentin
varioussubdivisonsaregiveninthe TABLE 1. Cumu-
lativelength of streamsfor individual order was calcu-
lated and the average length of that order stream ac-
quired by dividing cumul ative stream length by number
of segmentsof that order. In thiswork, which wasno-
ticed that | ogarithm of thecumulative stream length vis
avisstreamorder for dl thesub basin providenearly a
graight like suitabletype (Figure 3). Whichispoint out
that relation between cumulative stream lengthsand
stream order is constant entire thefollowing one an-
other order of asub basin and consider that geometri-
cal similar isexisted statein basnsof increasing order.
Thebifurcationratio (Rb) ishelped to convey theratio
of the number of streamsof any provided order to the
number of streamsinthe next order™. Thestream or-
der ismeasure should beastream in the hierarchy of
thetributaries. Thefirst order streams occur without
tributarieswheretwo first order channel joined aform
channel stream order second, while two second order
join astream order third is formed, and so fourth!™.
Birfurcationratio valueslessthan 5 are believeto be
characteristicsof thesub basinwithlessstructurd dis-
turbance™. Nag® hasal so suggested drainage pattern
have not been distorted due to the structural distur-
bances. In the present investigation the Rb val ues of
sub basin variesbetween 3.85 (SB VIII) and 6.78 (SB
[11) with a mean value of 5.46 (TABLE 2). Thisis
carryout that thedrainage patternin nearly al the sub
basin hasaffected by structurd disturbancesexcept sub
basin VIll. Thedrainage basin shapeeffectsstream flow
hydrographs and intensity flows, thefollowing shape
parameterslikeformfactor (Rf), circulatory ratio (Rc)
andeongationratio (Re) caculated for dl theeight sub
basin of thestudy regionareshownin TABLE 3.

Form factor

Based to the'®l, form factor may be expressed as,
Formfactor (Rf) =Areaof Basin/(Length of Basin)2

From the TABLE 3 which isnoticed that the Rf
rangesfrom0.062 (Sub Basin V111) t00.369 (SubBasin
I1). Thevaueof form factor could alwaysbelessthan
0.7854 (for aperfectly circular basin), smaller theval-
ues of form factor indicatesthat elongated the basin.
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Sreamorder (U)

L og of cumstream length (Km)

Sreamorder (U)
Figure3: Regression of logarithm of cumulative stream
length and stream order

TABLE 2: BifurcationratiotheVaippar river in sub basins
Sub Rb Rb Rb Rb Rb Rb
basn (1St / 2nd (an /3rd (3rd / 4th (4th/5th (5th / 6th (6th / 7th

no. order) order) order) order) order) order)

SBI 454 4.5 6. - - 5.01
SBII 415 6.67 9 - - 6.61
SBIII  3.94 6.4 10 - - 6.78
SBIV 453 521 825 4 - 5.49
SBV 491 476 6.16 6 - 5.46
SBVI 543 581 7 3 - 5.31

SBVII 422 621 589 4.5 - 521
SBVIII  4.26 6 6 1 2 3.85
TABLE 3: Shapeparameter sof Vaippar river in sub basins
L M ax . Elongation

Sub Basinin Basin length ]!:orm |C' ratich:
basin 2 perimeter of the acti)r reu atorX ZXW

no. (Km?) (Km) P basin Rf= ratio RCE XN ADIT

Ap (Km) Ay/Ly 4nAb/P L,

SBI 3862 10575 45 0.191 0434 0.492
SBIl 3554 78 31 0369 0.733 0.686
SBIIl  214.4 79 375 0152 0431 0.441
SBIV 6108 144 60.5 0.197 0.369 0.461
SBV 628 122 439 0.326 0.529 0.644
SBVI 587.6 155 60.25 0.162 0.307 0.454

SBVII 1064 152.5 57 0327 0.575 0.646
SBVIII 559.6 215 95 0.062 0.152 0.281
Mean 550.75 13141 53.77 0.219 0.441 0.513

Whereasthe study areacarryout all thesub basinsare
elongated with lessvalueto form factor and havelevel
peak flow for great length of period at the sametime
high form factorsare circular and have highest point
flowsfor smdl length of period.

Circularityratio
Miller® hasintroduced thecircularity ratio, which
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TABLE 4: Morphometricanalysisof Vaippar river in sub basins

Sub  Basinarea Total no. of Total length of Stream frequency Drainage density Bifurcation Infiltration no.
basinno. (Km? streams(Sn) streams(Sl) Fs=Sn/Ab Dd= SI/Ab ratio (Rb) If = ddxFs
SBI 386.2 313 416 0.810 1.077 5.01 0.872
SBII 355.4 319 3925 0.897 1.104 6.61 0.990
SBIII 2144 327 303.5 1.525 1.415 6.78 2.158
SBIV 610.8 989 7275 1.619 1191 5.49 1.928
SBvV 628 1085 952 1.727 1515 5.46 2.616
SBVI 587.6 809 861 1.376 1.465 531 2.015
SBVII 1064 1783 1576 1.676 1.481 521 2.482
SBVIII 559.6 396 454.5 0.707 0.812 3.85 0.574
Mean 550.75 752.63 710.38 1.292 1.257 5.47 1.704
TABLES5: Ground water level dynamicsduring 2000-2002 theVaippar river in sub basins
Sub basin 2000 2001 2002 Avg.(2000-2002)
no. Premon  Post-mon  Preemon  Post-mon  Pre-mon  Post-mon  Pre-mon  Post-mon

I 451 4.06 4,55 2.35 3.05 1.87 4.04 2.76

0 3.61 3.72 4 2.99 2.37 1.88 3.33 2.86

" 6.32 7.4 7.63 6.02 6.29 5.69 6.75 6.37

v 5.3 6.10 10.44 9.91 13.23 10.29 9.66 8.77

\Y 4.72 7.55 6.6 6.92 9.57 8.38 6.96 7.62

Vi 8.06 7.74 11.72 10.43 12.68 9.62 10.82 9.26

VIl 3.77 4.62 421 3.64 4.27 4.51 4.08 4.26

VIl 4.67 5.58 7.87 7.04 7.66 7.25 6.73 6.62

may bedefined as generally related with high relief and steep ground

Circularity Ratio (Rc) =Areaof Basin/Areaof circle
(* Circle having the same perimeter asthat of theBa-
an)

Thecircularity ratio (Rc) isefficient by thelength
and frequently of streams, geological structures, land
use/land cover, climate, relief and slope of the basin.
Thevauesof thecircularity ratioisvariesfrom 0.152
t0 0.733 with an average value of 0.441 in the study
area(TABLE 3). More Rc values 0.733 (Sub Basin
1), 0.529 (Sub Basin V) and 0.575 (Sub Basin V1)
point out that they aremoreor lesscircular. Thevaues
of Rc and Re proposed 1 as the shape of the basin
almost beginto becircular. Theremaining sub basins
havelower than 0.50 showing that they are elongated.

Elongationratio

Accordingto Schumm (1956), d ongationratio (Re)
defined astheformula,
Elongation ratio (Re) = Diameter of circle/ Basin of Length
Maximum

Thecircular basinishigh effort in thedischarge of
run-off than elongated basin. The values of Reis
normally rangefrom 0.6 to 1.0 dueto variousclimatic
conditionswesathering of surfacerock structures. Val-
uesnearly to 1.0 are characteristics of areaof very low
relief, comparatively therange between 0.6to 0.8 are

dope?. Thesevauesdassified into threetypesnamely
(@) circular (<0.9), (b) oval (0.9t00.8), (c) lesselon-
gated (< 0.7). Inthe present study area, the val ues of
Rerangesfrom 0.281t0 0.686 withameanvaue0.513
(TABLE 3). Which point out that theal the sub basin
areaischaracterized by amost elongated, high to mod-
eraterdief and thedrainage systemisstructuraly con-
trolled. If flood flows of e ongated basnsaresmpleto
manage than those of thecircular basins.

Drainagedensity

Itismeasure of thelengths of thestream order per
unit ared®. Thefactorsdetermining drainage density
areresistance to measuring and permeability of rock
formationsaway from thedimaticand other factorssuch
asvegetaion®. Inusudly, areashaving highly resistant
or permeable soil material under dense vegetation
spread and lessreief aretypical by lessdrainage den-
sity and areas of lack and impermeable subsurface
materid, thinly vegetation and mountainousterrainindi-
cate more drainage density. In the present work the
drainage density value of the sub basinsvariesfrom
0.812 (SB VIII) to 1.515 (SB V) with are average
vaueof 1.257 whichthey areindicatethat low drain-
agedensity (TABLE 4). Inthispresent case, thelow
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Figure4: Depth towater tableduring 2000-02(pre- and
post-monsoon)

vauesof Dd point out theregionsarehighly underlain
by permeable sub soil and dense vegetative cover.
Based on the Nag®l, low drainage density resultsto
coarsedrainagetexture, a the sametimehigh drainage
resultstofinedrainagetexture.

Stream frequency

According to Horton!®, stream of frequency (Fs)
explained, itisthetotal number of stream segments of
al ordersper areaof thebasin. Sub basinsintheinves-
tigated arearangesfrom 0.574 (SB VIII) to 2.616 (SB
V) withameanvalue 1.704. Thelessthan Linfiltration
vauesfor thesub basins SBI, SBIl and SBIII point out
that may behighinfiltration and descending less, run of f
inthesesubbasins. Itisconsdered asthesurfacedrain-
agetypical areaexplained the sub-surface groundwa-
ter relationtowater TABLE inthisarea, to aimportant
manner. Giventhe TABLE 5 showsthat sub basinwise
ground water level constantly changing for theyears
2000, 2001 and 2002. The depths to water TABLE
for theseyears (Pre and Post monsoon seasons) have
been thematically showninthefigure4. Based onthe
Dd, Fsand IF arelowb va uesfor the sub basins SB,
SB VIl and SB VIl indicate that may bemoreinfiltra
tion and lessrunoff, asaresultsinthesessubbasinsare
morejoined and highly weathered for relations of its
indicate agood relation of depthto thewater TABLE
in those sub basins, and also these sub basins have
groundwater level ishigher whichishelped by there-
port that the basaltic rocksin the coastal region of the
study areaare highly weathered and fractured® Sub-
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sequently, Theremaining sub basinindicateshigher va-
uesat Dd, Fsand 1F, dowing lessinfiltration and more
run off from thefigure 4, which could bejustified that
theground water level occur inthesesubbasinarelow.
This considered the presence of less weathered
charnockiteand hornblendebiotite-gneissor highlyim-
permesblemateridsin

thesesub basins.

SUMMARY AND CONCLUSION

In the present study, which could be decision that
therelation between cumulative stream length order is
congtitutive the successive orders of thesub basin, it
consider that geometrical similarity isexisting statein
basins of ascending order. Lessvauesof bifurcation
ratio and lessva ues of drainagedensitiesnearly al the
sub basinsshowsthat the drainagein theinvestigation
areahasnot been behaviour by structura disturbances
and in addition to that most of the areafallsunder the
res stant and permesbl eformationswith densevegeta-
tive spread showninthesub basins SB I, SB 11, and
SB VIl withlow infiltration valuesand thosearemore
infiltration ability have good possibility for artificid re-
charge. Those are d so added to bethe potentia zones
for deep aquifer exploration. Thesub basinsSB I, SB
I1,SB 1V, SB VI, and SB VIII having minimum form
factorshavehighintensity flowsfor short duration. Since
thosesub basinarehighly suffer to mechanical erosion
by water. Theground water level inthesub basins SB
[, SB 1V, SB V, SB VI, and SBVII, are lower be-
causethehigher valuesof drainagedensity, stream fre-
quency andinfiltration value. The study revealsthat re-
moteseng ngand Geographica information sysem (GIS)
are power full toolsin the study of drainage and their
behaviour variaionintensty of ranfdl inthisstudy area
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