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ABSTRACT

In the nearshore zone ol‘prcscnt study area, the movement of sand alongshorc is due to the action of waves and currents.
The sediment movement along the shoreline of study area is mainly govcrned by the forces associated with the incoming
wavesand the availability of sediments within the area. The presentinvestigation hasbeen madeasan attempt to appreciate
the sediment movement in relation to wave activity along the coast. The longshore sediment transport is higher in the
northerly direction as compared to southerly direction. The normal condition is for and to be moved annually or more
frequently in the shallows and on the beach. Waves and wave-driven currents cause longshore drift of sand along the beach
and offshore. The net erosive nature of the study arca (cxccpt Kanyakumari) from March to October is due to the

prcvalcncc of high waves from S and SE directions.

RESUMEN

Enlazona proxima ala costa del drea de estudio, el movimiento de la arenaalo largo dela costa es debido ala accién de las
olas y las corrientes. El movimiento del sedimento a lo largo de la linea de costa del drea de estudio es principalmente
gobernado por fuerzas asociadas a las olas entrantes a la costa y la disponibilidad de sedimentos en la zona. Esta
investigacion tue realizada para estudiar el movimiento del sedimento en relacion a la actividad de las olas a lo largo dela
costa. La direccion del ransporte de sedimento a lo largo de la costa es mayor hacia ¢l Norte que hacia ¢l Sur. Las
condiciones normales para el movimiento anual del sedimento se encuentran en aguas someras y en la playa. Las olasy la
corriente de olcajc generanuna derivalitoral delasarenasalo largo dela playa y costa atuera. La erosion natural en el drea de

estudio (exepto Kanyal(umari) entre Marzo y Octubre es debido ala prevalcncia del gran oleaje desde la direccion Sury
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Introduction

The knowledge about sediment movement, on a long—term basis, in the
nearshore environment is a pre-requisite for the design of shore protection
structures and for navigational purposes. It is understood that this movement
of sediment, particularly in the surf zone, is governed by complex interplay of
waves and the nature of prevailing sediments in addition to morphology of
beaches. Broadly, the alongshore component of wave energy together with the
intense turbulence associated with breaking waves determine the sediment
motion quantitatively‘

Investigations on sediment drift based on empirical relationship
cleveloped from quantitative estimates oflitcoral flows through wave refraction
studies and field and laboratory experiments on the nature of movement of
sediment in the vicinity of natural barriers have been made along various
coastlines of the world (Inman ctal.,1969; Komar and Inman, 1970; Walton
and Chiu,1979). Along the coastline of India such quantitative determinations
have been reported at different localities (Prasannakumar, 1985; Reddy ctal,

1984; Sarma and Reddy, 1988; Rajamanicl(am etal, 1986; Chandramohan,
1988, Chandrasekar, 1992; Chandramohan and N ayal(, 1991; Angusamy,
ctal, 1998; Sanjeev ctal, 1997; Bodapathi, 2000; Sanil Kumar ctal., 2000,
Chandrasckar ctal, 2001). The sediment movement along the shoreline of
study areais mainly govemed by the forces associated with the incoming waves
and the availability of sediments within the arca. The present investigation has
been made as an attempt to appreciate the sediment movement in relation to
wave activity and beach morphodynamics along the coast.

Sharafand Mahar (1997) have examined the sediment transportalong the
Nile delea coast Egypt. The budget of the transported sediments along the Nile
delta coast show that, the area becween Abu Quir and Rashid and that between
Ras El Bar and Portsaid are characterised by accretion while those between
Rashid and Burullas and between Burullus and Ras El Bar are characterised by
erosion. Ciavola etal, (1997) have carried out field measurements of long
shore sand transport and control processes on a steep mesotidal beach in



154 S. Saravanan and N. Chandrasckar

Portugal. They have concluded that improvement should be needed in the
undcrstanding of the sc—:dimentary behaviour of steep reflective beaches, where,
because of the short surf zone, wave energy dissipation takes place over small
distances, lcading to rclativcly high alongshorc sediment transport rates. Wang
ctal., (1998) have evaluated the total long shore sediment transport rate in the
surfzone by using field measurements and empirical prcdictions. Giosan etal,,
(1999) have discussed in detail about che iong shore sediment transport pattern
along the Romanian Danube Delta coast. They have pointed out thatnet long
shore sediment transport is controlled by the offshore bathymetry and by
obstacles, which obstruct that surf zonc along the coast.

In the Indian coast, various investigations pertaining to different aspects of
oceanographic and morphological features have been carried out by a number
of rescarchers. Veerayya and Pankajakshan (1988) have reported long shore
sediment transport pattern along the Manglore coast. Chandramohan (1988)
have discussed and estimated the rate of longshore sediment transport along
the Indian coast. Jena (1997) has reported the licroral drift sources and sinks
along the Indian coast. Hanamgond (1993) have explained about the sediment
movement on Aligadde beach, Uttara Kannada West coast of India and stated
that the beach morphology undergoes cyclic seasonal changes in response to
the changing wing and wave climate. Sanil Kumar cetal., (2000) have studied the
long shore currents and beach morphodynamics along Kannirajapuram coast,
Tamilnadu. Chandramohan and Nayak (1991) have accounted the wave

induced ]ongshorc sediment transportat different placcs along Indian coast.

Study Arca

The study arca is located along the southern coast of Tamilnadu Stare,
India (Fig; 1). Icextends overa distance of 32.78 Km and the southeast coastline
borders the Bay of Bengal. The backshore of the beach is limited by urban
infrastructures. The Mean Sea Level (MSL) is 2m above the 0m dcpth chare
datum (CD). The local mean tidal range is 0.5m and the maximum tidal level
above CD is Im. The net iongshore transport is directed to the north. The
drainagc pattern along the study area is controlled by minor streams like
Palaiyar, Namiyar, Hanuman Nadhi and scasonal streams like Nilapparai
channcl and Puttanar channel (Fig. 2). Cliffs arc along the Kanyakumari coast
which projects towards the Indian Ocean forming apromontory. Coastal arcas

7530"

of Rasthakadu and Kuttapuli have sandy beaches and some areas are rocky in
nature. Sand mining is also activcly pursucd a]ong the coast.

Saravanan ctal (2009) and Chandrasckar ct.al (2006) are evaluated the
post-tsunami assessment and Classification of Tsunami Hazard along the
Southern coast of India. Angusamy (1998) made a panoramic classification of
the beaches between Mandapam and Kanyakumari, TamilNadu based upon
thebeach composition, beach gradicnt and beach conﬁguration. Moni (1972);
Prasannakumar and Murthy (1987) Chandramohan and Nayak (1991);
Rajamanickam ct. al., (1986) Vecrayya and Pankajashan (1988) and Gujar
(1996) have indicated from their studies along west coast of India that the
predominant direction of waves in the arca are from SW, WSW, W and
WNW with periods ranging from 6 to 12 scconds. Anbarasu (1994);
Chandrasckar (1992); Angusamy ctal., (1998), Chandrasckar ct. al., (2001)
have discussed about the wave refraction patcern and its role in the
redistribution of sediments along the cast coast of India. Saravanan and
Chandrasckar (2010a,b) have analysed the monthly and scasonal variation of
beachand the distribution of various asscmblage of | hcavy mineral present aiong
the south castern cost of India.

Shoreline Configuration

In the study region, shoreline configuration is appcared to have been
controlled and influenced by the prcdominant monsoonal wind directions of
bothNEand SW. Wavesand longshorc currents have also playcd animportant
role for shaping the shoreline. The shoreline of the study region displays a
varying trend in E- W, N - S, NE - SW and NNE - SSW directions (Fig. 3).

NE -SW Direction

This part of the coast is highcr than that of any other areas in Gulf of
Mannar with undulating sand hills and the hinterland mostly of reddish soil. In
due south, from Periyathalai to Vatakkottai the NE - SW trend is represented

by minor zigzag patterns at few placcs.
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Figure 2. Coastal Geomorphology of the study arca
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Figure 3. Coastline configuration along the study arca.

Table1. Monthly Data of Long shore Current (V) along the Study Area (m/s)

Station A M J J A S (0] N D J F M

TUR 0.30 0.12 -0.10 -0.06 -0.28 -0.09 | -0.07 -0.04 0.06 -0.13 0.06 0.08
ALT 0.31 -0.10 -0.09 -0.07 -0.21 -0.08 | -0.07 -0.01 0.03 -0.11 0.04 0.04
MNP 0.39 0.02 -0.07 -0.04 -0.1 -0.07 0.3 0.4 0.05 -0.07 0.01 0.16
OVR 0.48 0.01 -0.16 -0.01 -0.18 -0.06 | -0.36 -0.39 -0.43 -0.09 0.14 0.29
PERU 0.42 0.04 -0.20 -0.13 -0.26 -0.10 | -0.29 -0.14 -0.34 -0.06 0.12 0.18
KUT 0.40 0.14 -0.21 -0.33 -0.24 -0.24 | -0.30 -0.33 -0.33 -0.10 0.12 0.18
NAV 0.44 0.13 -0.20 -0.32 -0.22 -0.22 | -0.30 -0.22 -0.32 -0.16 0.11 0.20
KUP 0.38 0.02 -0.23 -0.20 -0.23 -0.31 -0.26 -0.16 -0.32 -0.04 0.16 0.16
VAT 0.50 0.03 -0.05 -0.10 -0.01 -0.21 -0.31 -0.16 -0.30 -0.08 0.10 0.16
KAN 0.34 0.14 -0.04 -0.20 -0.07 -0.20 | -0.30 -0.15 -0.30 -0.17 0.10 0.16

(-) Northerly direction (+) Southerly direction
TUR - Thiruchendur; ALT - Alanthalai; MNP - Manappad; OVR - Ovari; PERU - Perumanal; KUT - Kuttapuli; NAV - Navaladi; VAT - Vattakottai; KAN
- Kanyakumari
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The other direction of configuration is in N-S direction from Vembar -
Tuticorin. Otherwise the N-S configuration is seen in the study arca as a very
narrow strip to fill up the gap developed between the two different
configurations of NNE - SSW and NE - SW in places like Kanyakumari,

Tuticorin and Navaladi.

NNE - SSW Direction

The next prominent configuration is from Tuticorin - Manappad in the
direction of NNE-SSW. The river mouth of Thamirabharani is indented with
numerous crecks with a chain of backwaters running parallcl to the coast.
Thiruchendur is a low rocl<y headland projccting into the sca where, well

dCVCl()PCd marine terraces are CXP()SC(].

NE - SW Direction

From Varttakkottai - Kanyakumari, once again the coastal conﬁguration
reverts back to EW direction and ﬁnally enjoins with west coast by showing a
trend of N-S direction for a smaller distance. Various natural processes are
foundto prcvail in the coastal segment between Vattakottaiand Kanyal(umari.

In short, major part ofthe study arcais aligncd in the direction of NE-SW.
It is worth to note that cconomically viable hcavy minerals are found to get
segregated only in this configuration.

Waves, Currents and Tides

As the waves, currents and tides contribute signilicantly in the
redistribution of the sediments, supplicd to the dcpositional basin, the rate of
these oceanographic physical agentsis discussed with sediment distributionand
liccoral transportin the study arca. Wavesare found to providc necessary energy
for the movement of water and sediments within the nearshore zone. Thcy
govern the evolution of beaches that act as bufter zones for the impinging wave
energy. The shapc and size of these dcposits, in turn, give rise to changc in the
incoming wave energy through changcs in the nature of the wave brcaking.
When one considers the changcs of this dynamic zone over a long time scale,
the dominating cffect of waves in dcciding> the orientation of this near elastic
and energy absorbing zone becomes evident.

Currents are monsoonal in character. The currents are variable with
respect to monsoonal climate. During SW monsoon (May — October) the
currents are branching towards the NE from south casterly direction that flows
across the entrance of Gulf of Mannar. In NE monsoon (November to
Fcbruary), the flow is southward which implics mainly south wcstcrly tlow of
currents across the Gulf of Mannar. The monthly variation of longshore
currents is prcscntcd in the Table.1. Tewas less during the SW monsoon (June
to October) and fair weather (March to May) conditions. Ies direction is
northerly during fair weather and SW monsoon scasons whereas towards
southerly during NE monsoon pcriod. Wind gcncrated surface waves are the
principal source of energy inputinto the litcoral zone. Thcy are rcsponsiblc for
the erosion of the coastand for the formation of dcpositional beach features. A
notion on wave action is a fundamental mandatory to have an insight into the
processes that takes place on beaches. In the presentarca of investigation wave
parameters arc controlled by the change in monsoonal cyclc. Waves approach
the coast in SE, S and NE directions with wave period from 3 to 10 seconds
(Bodapati, 2000). The breaking wave height observed in the study area varies
from 0.05 to 0.85 m during SW monsoon period and that 0f 0.10 to 0.60 m
during NE monsoon period. The fair weather attests to the tune of 0.05 to 0.50
m of breaking wave height (Table. 2 & Photo.1).

At Kuttankuli, the breaker zone width ranges from 16 to 20 m with
maximum duringJuly, Octoberand November (20 m). Kanyakumari depictsa
variation of the surf zone width from 15 to 20 m with highest during the months
of February, May, November and December (20 m). At Vactakottai, the surf
zone width shows a fluctuation from 15 to 20 m with a rise up 0 20 m during
May to Julyand October to December periods. At Thiruchendur, the surfzone
width varies from 14 to 18 m and with a mount during March and October. At
Pcriyathalai, one may able to observe the variation of surf zone width from 14 to
20 m with a maximum during the months of January, April and August (20 m).
Ovariattestsavariation in surfzone width from 12 to 18 mwitha highcst during
November (18 m). In the case of Kanyakumari, the surf zone width varies from
11 to 14 m with a peak during the months of June and September (14m).

Material Methods

The littoral zone is the most dynamic environment of the coastand one in
which constant mobility of sedimentis observed. The movement of material in
this zone dcpcnds mainly on three factors: the nature of material available for
transport (sizeand dcnsity), orientation and other features of the coastand the
angle of wave approach (Swift, 1976; King, 1972). Lictoral transport plays a
major role in the dcvclopment of certain shoreline features like spits and bars,
and is causing considerable coastal erosion and accretion (King, 1974). The
proper undcrstanding of the monthly/ scasonal litroral transport trend is
important for the efficient coastal zone management and dcvclopmcnt.

The longshorc sediment transport rate is usually estimated based on
cmpirical equation rclating the longshorc energy flux in the breaker zone to the
longshorc transport rate. Several discussions have alrcady appcarcd on the
selection of suitable equations for estimation of the longshorc sediment
transport (Graftand Overeem, 1979; Willis, 1980). Using the monthly average
litroral environmental parameters collected at different locations of the study
area, the longshorc transport rates arc estimated. The dccpwatcr wave data for
the study region is extracted from the wave atlas for the Indian coast puhlishcd
by National Institute of Occanography, Goa (Chandramohan ctal., 1990).
The following Walton and Bruno (1989) cquation is used to estimate the
longshorc sediment transport rate.

12907 H, WVC/
0.78 (SI1/2) (V7 /V,)

Where

Q- longshore sediment transport rate in m*/year,

P = mass density of the sca water = 1025 l\'g/ m’,

g= acceleration due to gravity = 9.81 m/s’

Ce= the friction coefficient = 0.01,

Hy = breaking wave heightin metre,

W= surf zone width in metre,

V= measured longshore current velocity inm/s,

V/V,= theoretical dimensionless longshore current velocity ~ 0.4

The monthly longshorc sediment transport rates estimated based on the
monthly observations on brcaking wave hcight (Photo.1), surf zone width and
the longshorc currents. The monthly volume of longshorc sediment transport
rates and directions are estimated for the coast at Kuttankuli, Vattakottai,
Thiruchendur, Alanthalai, Manappad, Pcriyathalai, Ovari and Kanyakumari
(Table 3).

In gcncral, the sediment transport is northcrly during, March to October
and southcrly during November to Fcbruary. The longshorc sediment



Table 2. Monthly Data of Breaking Wave Height (WH) along the study area (m) (2005)

Potential litcoral sediment transport along the coast of South Eastern Coast of India

Station A M J J A S (0] N D J F M
TUR 0.30 0.40 0.25 0.25 0.35 0.60 0.20 0.45 0.60 0.25 0.35 0.20
ALT 0.40 0.45 0.40 0.25 0.30 0.70 0.30 0.60 0.80 0.30 0.45 0.30
MNP 0.40 0.20 0.25 0.20 0.25 0.35 0.85 0.50 0.55 0.35 0.55 0.50
OVR 0.50 0.20 0.20 0.50 0.30 0.45 0.70 0.45 0.60 0.45 0.50 0.50
PERU 0.50 0.35 0.15 0.20 0.30 0.20 0.45 0.20 0.55 0.45 0.35 0.45
KUT 0.50 0.50 0.25 0.20 0.20 0.15 0.50 0.20 0.25 0.40 0.55 0.55
NAV 0.40 0.45 0.30 0.15 0.40 0.30 0.55 0.40 0.35 0.45 0.445 0.60
KUP 0.30 0.40 0.20 0.15 0.25 0.10 0.60 0.30 0.45 0.25 0.40 0.40
VAT 0.25 0.15 0.05 0.25 0.10 0.25 0.20 0.20 0.20 0.05 0.15 0.20
KAN 0.20 0.20 0.25 0.20 0.15 0.30 0.35 0.35 0.15 0.25 0.20 0.20

TUR - Thiruchendur; ALT - Alanthalai; MNP - Manappad; OVR - Ovari; PERU - Perumanal; KUT - Kuttapuli; NAV - Navaladi; VAT - Vattakottai;

KAN - Kanyakumari

Ph()t() 1. Wave I]Cigh[ measurement during thC ﬁlCd

transportis highcr inthe northcrly directionas comparcd to southcrly direction
at all locations except Kanyakumari (Fig, 4). This occurs because the rocky
outcrops shelter the Kanyakumari beach and manmade features such as
harbour across the surf zone would act as a barrier and sand would be dcpositcd
on the updrift side of such barrier.

The litcoral drift quantities are higher from May to October, duc to heavy
breakers associated with the SW monsoon season. The annual net sediment
transport rate is northerly, Kuteankuli (87.75 x 10°m?*/yr), Kanyakumari (194.1

x 10°m?*/yr), Vattakorrai (83.14x 10°m?/yr), Thiruchendur (52.23x 10°’m*/yr),
Alanthalai (243 x 10°'m?/yr). At Kanyakumari, the annual net sediment
transport rate is southerly, which is 22.03 x 10’m*/yr (Table.4). The quantity of
liccoral drift varies considcrably from station to station, dcpcnding upon the
wave and beach conditions. The maximum northerly annual net drift is
observed at Alanthalai. This may be duc to the complete exposure of the
beaches to wave attack throughout the year. At Kanyakumari, a net southerly
drift is perceptible. The net southerly drife estimated in the Kanyakumari

location indicates that the growth of shoreline near harbour takes place at the
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Figure 4. Lictoral Sediment Movement Identified along SE India.

expense of the sediments croded from those arcas situated north of
Kanyakumari, The material drifting towards the south from north is blocked at
the harbour entrance and gets cither deposited or transported to other reaches
dcpcnding on the flow conditions. This dcpositional pattern has also been
confirmed from the wave refraction analysis as well as lictoral drift cell study.
The study indicates that in general, the entire strecch between
Kanyakumari and Tiruchendur experiences a sediment transport rate of less
than 1.1 x 10°m*/yr. The coast between Chennai and Paradeep experiences a
gross sediment transport rate of more than 2 x 10°m*/year (Sundar and Sarma,
1992). Subscquently, Jena (1997) and Prabakar Rao (2002) have projected the
gross sediment transport rate of southern Tamilnadu coast as 0.6 x 10°m™/yr
and 0.7 x 10°m’/ yr rcspcctivciy. The increment in gross sediment transport is
noticed during the present investigation as comparcd to carlier studies (Jena,
1997; Prabakar Rao, 2002). This is mainly due to the slight increase in the
approaching wave anglcs to the coast during the study period. Again, the
scasonal cyclonic depression and storm anomaly must have also contributed
apprcciabiy for the rise in sediment volume during the course of investigation.

In the nearshore zone of present study area, the movement of sand
aiongshorc is duc to the action of waves and currents. The direction of littoral
drift is from south to north during the pcriod of March to October when the
waves are between S and SE and from north to south during the period
November to February when the wave directions are becween E and ENE. The
seasonal changes in the direction of littoral drift with the SW and NE monsoons
cause Lyclic variations of the beach morphology aiong the coast under
investigation. The rocky outcrops scattered across the littoral zone cause
reversal of beach cycics at different stations along the coast. For cxampic at
Kanyakumari (October) during SW monsoon, the southerly movement of
sedimentis observed. The net litroral drift ac all stations is gencraiiy from south
to north with the exception of Kanyakumari station, where the net drift is
southwards.  This occurs because the northerly litcoral drife during SW
monsoon is very small (maximum of 41.31x 10 m*/month), and a net annual
southcriy drift is recorded. The net erosive nature of the study area (cxccpt
Kanyakumari) from March to October is duc to the prevalence of high waves
from S and SE directions.

The maximum net annual northcrly drift is recorded at Alanthalai (243 x

Result and discussion 10°m?/year). This is mainly controlled by the offshore bathymetry and by the
obstacles that impede the surf zone along the coast. Above all, overwash and
Table 3. Longshore Sediment Transport Rate (Q) (103 cubic metre/month) (2005)
Beach J F M A M J A S (0] N D
TUR 201.25 74.14 -44.48 -62.91 -43.21 -38.13 -143.00 -59.42 -69.9 -38.13 66.41 104.86
ALT 186.42 55.76 -47.66 -40.67 -88.55 -65.91 -139.82 -83.89 -112.7 -76.26 47.19 127.11
MNP 96.6 5.93 -43.85 -22.24 -42.63 -27.91 -123.92 -35.59 -129.75 -9.53 54.23 54.23
PET 132.4 3.81 -23.83 -5.29 -0.85 -38.92 -62.39 -33.9 -47.66 -3.6 14.3 25.42
OVA 95.33 25.2 -8.47 -42.37 -10.01 -397.2 -85.79 -52.83 -25.42 -22.96 21.18 25.42
KUT 111.64 -40.51 -30.5 -16.68 -56.72 -48.3 -11.12 -5.4 7.63 -17.48 9.53 10.17
VAT 200.19 11.86 -23.83 24.78 -82.61 -21.18 -73.72 -23.73 -158.46 -17.16 44.49 85.8
KAN 70.22 1.27 -1.27 -2.33 -0.95 -1.48 -41.31 -22.24 -14.83 1.59 6.67 26.69
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Table 4. Seasonal and Annual Sediment Transport Rate (Q) (10 cubic metre/month) (2005)

Beach South North Net Annual Gross
TUR 446.67 -499.21 -52.53 945.88
ALT 416.48 -659.47 -242.99 1076
MNP 210.99 -435.44 -224.44 646.44
PET 175.93 -195.029 -19.09 370.96
OVA 167.14 -287.579 -120.43 454.72
KUT 138.97 -226.72 -87.75 365.7
VAT 342.34 -425.49 -83.14 767.83
KAN 106.45 -84.42 22.03 190.87
onshore-offshore sediment transport are the possible mechanisms thac control - References

the drifting of sand. A complete study of wave dynamics is imperative at this
instantwhich includes the measurementacross the swash and surfzones of local
sediment transport wave hcight, wave energy conditions, longshore current,
grain size, etc., to comprchcnd and describe the swash processes prccisely. Also
the time scale of each study should be commensurate with that of the duration
of the directional wave event that drives the transport. Further, emphasis has to
be placcd on formulating computer models to conjecture the pcrformancc of
sediment movement for the dcvclopment and management of coastal zone.

Conclusions

The cast coast of India experiences two phascs ofstormy conditions during
south-west and north-east monsoons, the south Tamilnadu coast of the of India
has comparatively less sediment transport duetothe presence of shallow Palk bay,
Gulf of Mannaar and the Sri-Lanka Island. They significantdy control the
longshorc sediment transport along the south Tamilnadu coast particularly form
Kanyakumari to Tiruchandur region. The reversal trend in the direction of
sediment transport between Mandapam and Kanyakumari due to changc in the
coastal configuration, dcposition and the formation of numerous spits along this
coast. But the fluvial activities are negligiblc in the region. The formations of spits
arc prominent during the reccding> of south west monsoon. Moreover, the
offshore islands present along this distinct coastal tract could protect the beach
from the direct attack of waves, which in turn results low energy condition. The
normal condition is for and to be moved annually or more ﬁ‘cquently in the
shallows and on the beach. Waves and wave-driven currents cause longshorc drift
ofsand along the beach and offshore.

A comprchcnsivc study of major direct and theoretical measurement of
longshore drift analysis using different beach parameters should have to be
done. So, the study would be very hclpful to investigate the litcoral drift of
sediments and beach morphological changes along the study area.
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