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CHAPTER 1 

INTRODUCTION 

 

1.1 General 

Coastal areas are one of the most dynamic zones that are continuously changing due 

to natural and human induced processes. The natural processes inducing dynamics in 

the coastal zone are the hydrodynamic processes such as waves (which are the 

dominant energy source), currents, tides and wind. The hydrodynamic processes 

interact with the sediment causing sediment transport in the beach and innershelf area. 

Depending on the net transport of sediments, morphological changes of beach and 

innershelf takes place. In addition to the natural processes, anthropogenic activities 

also cause sediment imbalance in the coastal zone thereby contributing to 

morphological changes. The study of sediment dynamics in the coastal waters and its 

modelling are thus vital in understanding the driving forces of the beach-innershelf 

morphological changes which is essential for suggesting remedial measures for 

coastal erosion problems faced by the coast.  

1.2 Coastal Zone 

Coastal zone is a dynamic zone where the interaction of the sea and the land processes 

occurs and is under the continuous influence of non-linear hydrodynamic forces. 

Wave action is the most active phenomenon in the coastal zone along with the 

influence of the astronomical tide. Wind-induced currents also play an active role in 

this zone. The action of the wind waves and the resultant nearshore circulation brings 

out the most significant changes to a beach. Large volume of sediments is carried 

along the shore by wave-induced currents. The coastal zone extends to the continental 

shelf break towards offshore and first major change in topography towards onshore 

(Fig. 1.1) and the coastal zone is divided into four major subzones viz. Coast, Shore, 

Shoreface and Continental shelf (CEM, 2002).  

1.2.1 Coast 

The coast can be defined as a strip of land of indefinite width that extends from the 

coastline inland as far as the first major change in topography. This inland boundary 
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is marked by Cliffs, frontal dunes, or a line of permanent vegetation. The maximum 

reach of storm waves is the seaward boundary of the coast. 

1.2.2 Shore 

The shore extends from the low water line to the normal landward limit of storm wave 

effects, i.e., the coastline. Where beaches occur, the shore can be divided into two 

zones: backshore (or berm) and foreshore (or beach face). The foreshore extends from 

the low water line to the limit of wave uprush at high tide. The backshore is horizontal 

while the foreshore slopes seaward. 

1.2.3 Shoreface 

The shoreface is the seaward dipping zone that extends from the low water line 

offshore to a gradual change to a flatter slope denoting the beginning of the 

continental shelf. The continental shelf transition is the toe of the shoreface. Its 

location can only be approximately marked due to the gradual slope change. Although 

the shoreface is a common feature, it is not found in all coastal zones, especially along 

low energy coasts or those consisting of consolidated material. The shoreface can be 

delineated from shore perpendicular profile surveys or from bathymetric charts. The 

shoreface, especially the upper part, is the zone of most frequent and vigorous 

sediment transport. 

1.2.4 Continental shelf 

The continental shelf is the shallow seafloor that borders most continents. The shelf 

floor extends from the toe of the shoreface to the shelf break where the steeply 

inclined continental slope begins. It has been common practice to subdivide the shelf 

into inner-, mid-, and outer zones, although there are no regularly occurring 

geomorphic features on most shelves. 

1.3 Coastal Processes 

Coastal processes can be defined as the set of mechanisms that operate along a 

coastline, bringing about various combinations of erosion and deposition that in turn 

influence the geomorphic form and evolution of the coast. The coastal zone is 

constantly under the action of hydrodynamic processes such as waves, wind, tide and 

currents.  They combine to produce different sediment transport processes which 

eventually lead to distinctive coastal landforms. Anthropogenic activities such as the 
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construction of coastal structures will modify the coastal processes and thereby affect 

the local sediment dynamics. A few of the important coastal processes are detailed in 

the following sections. 

 

Fig. 1.1 Different zones and features of the coastal zone (Source: CEM, 2002) 

1.3.1 Waves 

Ocean waves are generated primarily by the influence of wind acting on the air-sea 

interface and other wave forms such as internal waves, edge waves, tides etc. exists 

on the oceanic surface. Waves play a major role in the coastal processes and sediment 

dynamics of any region. They are complex owing to its non-linearity and non-

sinusoidal nature. Further, it consists of groups of waves of different characteristics in 

heights, periods and directions occurring simultaneously at a point. The water particle 

motion is in the closed circular orbit for each wave period then the waves are 

considered to be oscillatory in nature, which can be explained by linear wave theory. 

For the waves that are not purely oscillatory but periodic can be explained by finite 

amplitude wave theory. The surface waves are classified into wind seas and swells. 

The wind seas are short-period waves generated by the influence of local wind, 

whereas swells are long-period waves that have moved out from the generating area. 

The seas are short-crested and irregular waves having period in the range of 3-10 s. 

The swells are regular long-crested waves having the period greater than 10 s and can 

travel a large distance without much loss of energy. The action of longshore currents 
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generated by breaking waves is primarily responsible for the sediment transport in the 

nearshore region extending through foreshore upto the berm.  

The particle orbital geometries undergo transformation when a wave propagates from 

deep to shallow water which is shown in Fig. 1.2. The orbital motions are circular 

throughout the water column in deep water (d/L > ½) and the orbital diameter 

decreases with depth (d) and die out at a distance of L/2 (where L is the wavelength). 

In transitional to shallow water (d/L < ½), the orbits reach the bottom and become 

elliptical in shape and the particles follow a reversing horizontal path at the bottom.  

 

Fig. 1.2 Particle orbits in the deep and shallow waters (Source: Sorensen, 2006) 

The speed at which a wave propagates is termed as the wave celerity (C) or phase 

velocity. The celerity can be related to wavelength and period by C = L/T, since the 

distance travelled by a wave during one wave period (T) is equal to one wavelength 

(L). 

The expression for the celerity to wavelength and water depth is given by 

  √
  

  
     (

   

 
)……………………………………………………………….(1.1) 

where g is the acceleration due to gravity. This expression indicates that waves with 

different periods travel at different speeds and is termed as the dispersion relation. 

The above equation can be written in terms of period (T) as 

   
  

  
     (

   

 
)………………………………………………………………...(1.2) 

The values 2π/L and 2π/T are called the wave number (k) and wave angular frequency 

(ω) respectively. The expression for wavelength as a function of depth and wave 

period can be written as 
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)   

  

 
    (  )……………………………………………….(1.3) 
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An approximate expression for estimating wavelength is given by Eckart (1952) 

   
   

  
√    (

   

  

 

 
)……………………………………………………………..(1.4) 

Waves are classified based on the relative depth criterion d/L. If water depth d > L/2, 

then tanh(2πd/L) ≈1, then deep water wave celerity (Co) is given by 

    √
   

  
…………………………………………………………………………(1.5) 

where Lo is the deep water wave length. 

When the relative water depth becomes very less (i.e. very shallow waters; d < L/20), 

tanh(2πd/L) ≈ (2πd/L), then the shallow water wave celerity (C) is given by 

   √  …………………………………………………………………………...(1.6) 

Thus when wave travels in very shallow water, wave celerity depends only on water 

depth. 

1.3.1.1 Wave transformation 

When waves propagate from deep water into shallow water environments, the effects 

of bathymetry begin to transform the wave direction and amplitude. The different 

transformation processes are shoaling, refraction, diffraction, reflection, wave 

breaking, dissipation due to bottom friction and percolation etc. The general equation 

to estimate wave transformation is the radiative transfer equation and is represented as 

  (         )

  
    [  (     )  (         ]                 ……………..(1.7) 

where the first term on the left hand side of the above equation represents the 

temporal rate of change of the spectrum, 2
nd

 term represents the propagation of wave 

energy, Sw is the wind input, Sn represents the redistribution of wave energy between 

different wave components that arise from non-linearities of the waves, SD represents 

dissipation due to breaking, SF represents losses due to bottom friction, and SP 

represents losses due to percolation. Processes that lead to the transformation of 

waves as they propagate to the shallow water are described in the following sub-

sections. 
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Shoaling 

The term shoaling is used to describe the propagation of waves from deep water to 

shallow water depths and change in the wave profile is caused by the change in water 

depth. When waves moves into the shallow waters, the wave characteristics change, 

i.e wave celerity decreases leads to a decrease in wave length, wave height or 

steepness increases, but the period remains constant. In the intermediate waters, an 

increase in the group velocity occurs resulting in a decrease in wave energy, and 

consequently a decrease in wave height. In shallower depths the group velocity 

decreases resulting in a rapid increase in wave height. This processes of change in 

wave height and wave length due to change in velocity of propagation is called 

shoaling. The changes in wave height during shoaling can be obtained from wave 

energy flux, i.e. 

         ………………..……………………….…………..............................(1.8) 

where E and Eo are the wave energy in shallow and deep water respectively, Cg and 

Cgo  are the shallow and deep water wave celerity. 

Applying the linear wave theory 

     ……………………………………………………..………………..…….(1.9) 

   
 

 
*  

   

    (   )
+………………………..…………………………………….(1.10) 

Also the ratio of the wave height H at an arbitrary depth to the deep water wave 

height Ho is given by  

 

  
 √

 

  
………………………………………………………………………….(1.11) 

or  

 

  
 √

 

  

  

 
   ………………………………………………………………....(1.12) 

where Ks is called the shoaling coefficient. 

Refraction 

Refraction is the processes by which an obliquely approaching wave train bends on 

entering shallow water and tends to align with bottom contours. The portion of the 

wave in the deeper water will move faster than the portion in shallow water. This 
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causes the wave crest to bend towards the alignment of bottom contours. Thus the 

slowing down and bending of waves when waves moves from deep to shallow water 

is called refraction and the refracted waves break in a line almost parallel to the shore. 

Fig. 1.3a & b shows the refraction along a straight beach with parallel bottom 

contours and refraction along an irregular shoreline. The refraction processes is 

analogous to the refraction of light which is explained by Snell’s law. 

    

 
 

     

  
         ………………………………………………………….(1.13) 

where θ and  θo are the wave direction in shallow and deep water respectively, C and 

Co are the wave celerity in shallow and deep water respectively. A continent formula 

to represent both the effects of wave shoaling and refraction is  

        ……………………………………………………………………...(1.14) 

   √
   

  
………………………………………………………………………...(1.15) 

   √
     

    
………………………………………………………………………(1.16) 

where Ho is the deep water wave height, Ks is the shoaling coefficient, Kr is the 

refraction coefficient. 

 
 

Fig. 1.3 (a) Refraction along a straight beach with parallel bottom contours, (b) 

Refraction along an irregular shoreline (Source: WMO, 1998) 

Diffraction 

Diffraction is the processes by which wave energy is transferred laterally along a 

wave crest. This occurs in response to rapid changes in underwater topography, 

around a headland, island or a breakwater (BW) (Fig. 1.4a & b). The crest wise 

(a) (b) 
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changes in wave height lead to change in wave direction, causing the waves to turn 

into the shadow zone.  

 

Fig.1.4 (a) Definition sketch for wave diffraction, (b) diffraction around an island 

(Source: Sorensen, 2006) 

Reflection  

Total or partial reflection occurs when waves propagate into a solid object such as 

breakwaters, seawall, cliff, steep beaches etc. The fraction of wave energy reflected 

will be large in the case of vertical hard structures. The reflection will be 

comparatively less for permeable structures or gentle slopes. The degree of wave 

reflection is defined by the reflection coefficient KR and is given by 

   
  

  
…………………………………………………………………………..(1.17) 

where HR and HI are the reflected and incident wave heights respectively (CEM, 

2002). 

Wave breaking  

When the waves propagate into shallow water, the steepness increases due to increase 

in wave height and decrease in wave length. The wave crest becomes narrower, 

peaked and the waves become unstable and break. In other words as the water depth 

decreases the crest particle velocity increases and the wave celerity decreases leading 

to instability and breaking. The wave breaking process is extremely non-linear and the 

breaking equation for any water depth is given by  

 

 
 

 

 
    (

   

 
)……………………………………………………………….....(1.18) 

where H is the wave height. For deep water, the limiting steepness equation reduces to  

(a) (b) 
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      …………………………………………………………………...(1.19) 

This occurs when the crest angle is equal to 120º indicating that the maximum wave 

height in deep water is limited to 1/7
th

 of the wave length. In shallow water the wave 

heights are limited by water depth and is given by 
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) ……………………………………………………………………....(1.20) 

or 

 

 
    …………………………………………………………………………....(1.21) 

From the modified Solitary wave theory, Munk (1949) derived several relationships 

relating breaker height Hb, breaker depth db, un-refracted deep water wave height Ho, 

and deep water wave length Lo and is given by 

  

  
 

 

   (
  
  

)
   …………………………………………………………………….(1.22) 

and  

  

  
       ………………………………………………………………………..(1.23) 

or  

  
  

  
       …………………………………………………………………...(1.24) 

where γ is the breaker index which is the ratio of breaker height to breaker depth  and 

is non-dimensional. 

Breaker types have been classified into spilling, plunging, collapsing and surging 

(Fig. 1.5) depending on the steepness and beach slope (CEM, 2002). In spilling 

breaker, the wave crest becomes unstable and cascades down the shoreward face of 

the wave producing a foamy water surface. This occurs for waves of high steepness 

over gently sloping nearshore zones. Plunging breakers occurs for waves of medium 

steepness in moderately sloped nearshore zones, where the crest of the wave curls 

over the shoreward face and falls into the base of the wave, resulting in high splash. In 

surging breakers, the crest remains unbroken and the front face of the wave advances 

up the beach with minor breaking. This type of breakers occurs in a very steep 

shoreface and relatively low wave steepness. Collapsing breakers are intermediate 
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between plunging and surging. Here the crest remains unbroken while the lower part 

of the shoreward face steepens and then falls, producing irregular and turbulent water 

surface.   

 

Fig. 1.5 Classification of wave breaking on the beach 

Dissipation due to bottom friction  

In accounting for shoaling and refraction it is assumed that there is no loss of energy 

at the bottom and the energy is conserved between the wave orthogonals. Energy 

dissipation with a reduction in wave height can occur due to bottom friction on the 

seabed. In bottom friction an unsteady oscillatory boundary layer develops near the 

bottom as the water particle motion in a wave interact with the still bottom. The 

bottom dissipation is more pronounced for long period high waves propagating over 

shallow waters of gentle bottom slope.  

Dissipation due to percolation 

Percolation is another form of wave energy dissipation. The wave induced fluctuating 

pressure distribution on the bottom will cause water to percolate in and out of the 

bottom, if the bottom is permeable to a sufficient depth. Thus the wave energy is 

dissipated. 

1.3.1.2 Radiation stress 

Radiation stress is the depth integrated and wave averaged excess momentum fluxes 

due to the presence of waves (Longuet-Higgins and Stewart, 1964). As the wave 
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travel across the ocean surface they also transfer momentum in the direction of travel. 

The momentum can be considered as a net flux of mass between wave trough and 

crest associated with the wave propagation. In the non-breaking zone of ocean, this 

net flux is related to the wave amplitude in a non-linear function. In the surf zone, this 

flux is substantially larger than outside consisting of two parts, non-breaking and 

roller. A change in the momentum flux causes wave forces to act on the fluid 

affecting the mean water motion and levels. Radiation stresses are responsible for 

setup, setdown and longshore current in the nearshore.  

The radiation stress for a wave propagating in the x-direction (Sxx) is given by  

    
    

 
(
 

 
 

   

       
)   (   

 

 
)…………………………………………..(1.25) 

where ρ is the density of the fluid, g is the acceleration due to gravity, H is the wave 

height, k is the wave number, d is the water depth,   is the average wave energy and 

the subscript xx denotes the x-directed momentum flux across a plane defined by x = 

constant. 

The flow of y-momentum i.e. momentum parallel to the wave crests across a plane 

defined by y = constant is given by 
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)……………...………………………………….(1.26) 

Sxx and Syy are the normal radiation stress component and transverse component of 

the radiation stress respectively. Also the shear radiation stress components Sxy (the 

flow of x-momentum across the plane y = constant) and Syx are both zero.  

In deep water the normal radiation stress components becomes 

    
 

 
 ,      …………………………………………………………………(1.27) 

In shallow water the equation becomes 

    
  

 
        

 

 
…………………………………………………………….....(1.28) 

If a wave is propagating at an angle to the specified x direction, the normal, transverse 

and shear radiation stress components become 

       * (       )  
 

 
+…………………………………………………….(1.29) 
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+……………………………………..……………….(1.30) 

    
 

 
                    …………………………………………...…...(1.31) 

where θ is the angle between the direction of wave propagation and the specified x 

direction. 

1.3.1.3 Wave spectrum 

A wave record may be decomposed by means of harmonic or Fourier analysis into a 

large number of sinusoidal waves of different frequencies, directions, amplitudes and 

phases. Each frequency and direction describes a wave component, and each 

component has an associated amplitude and phase. A 3-dimensional sea surface is 

spectrally represented by frequency-directional spectrum E(f,θ). This represents the 

variance distributed in the frequency f and direction θ and can be multiplied by ρg to 

obtain the wave energy (Komen et al., 1994). The advantage of this representation is 

that it tells us in what direction the wave energy is moving. The directional spectrum 

describing the angular distribution of wave energy at respective frequencies is given 

by  

 (   )   ( )  (   )……………………………………………………………..(1.32) 

where the function D(f,θ) is a dimensionless quantity which is known as the 

directional distribution or the directional spreading function. E(f) is the 1-dimensional 

frequency spectrum and is obtained by integrating the associated directional spectra 

over θ and can be determined from a time series measurement in a single point. 

 ( )   ∫  (   )  
  

 
……………………………………………………………..(1.33) 

Thus a wave spectrum tells us what frequencies have the significant energy content. 

Fig. 1.6a & b shows the Variance density spectrum and two-dimensional frequency-

direction spectrum respectively. 

The spectrum of the sea surface does not follow any specific mathematical form and 

under certain wind conditions the spectrum has a specific shape. A series of empirical 

expressions can be used to fit the spectrum of the sea surface elevation and are called 

as parametric spectra viz. Pierson-Moskowitz (PM) spectrum, JONSWAP spectrum 

etc. The PM spectrum is a single parameter spectrum (Pierson and Moskowitz, 1964). 
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This spectrum is used as a model for a fully developed sea, an idealized equilibrium 

state reached when duration and fetch are unlimited. 

 
Fig. 1.6 (a) Variance density spectrum, (b) Two-dimensional frequency-direction 

spectrum (Source: Holthuijsen, 2007) 

Hasselmann et al. (1974) made observations during the Joint North Sea Wave Project 

(JONSWAP), gave description of wave spectra growing in fetch-limited conditions, 

i.e. where wave growth under a steady offshore wind was limited by the distance from 

the shore. This spectrum is often used to describe waves in a growing phase. The 

basic form of the spectrum is in terms of the peak frequency (fp) rather than the wind 

speed. Typical Pierson-Moskowitz and JONSWAP spectrum is shown in Fig. 1.7. 

 

Fig. 1.7 Typical Pierson-Moskowitz and JONSWAP spectrum  

(Source: WMO, 1998) 

1.3.2 Currents 

Ocean currents are the movement of water in response to prevailing wind patterns and 

density variations in the ocean. Currents in the coastal waters are equally important 

(a) (b) 
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like waves as far as the coastal processes and sediment transport are concerned. 

Currents in the coastal zone can be part of the general circulation, local wind driven or 

tide driven. Wave driven currents confined to the nearshore zone are generally not 

included under the coastal currents. Currents being translatory in nature unlike waves, 

transport sediments both as bed load and suspended load in the alongshore and cross-

shore directions.  

1.3.2.1 Wind-induced current 

The wind stress blowing over the ocean causes transfer of momentum from the wind 

to the ocean, giving rise to gravity surface waves and surface currents. The wind 

stress (τ), the frictional force per unit area, acting on the sea surface is given by the 

expression 

         
 ………………………………………………………….…………..(1.34) 

where U10 is the wind speed at 10 m above mean sea level, ρa is the density of air 

(1.22 kg/m
3
) and Cd is the drag coefficient (typically 1.2 × 10

-3
). The wind stress 

depends on the wind speed, roughness of the sea surface and prevailing atmospheric 

conditions. The effect of the wind stress at the ocean surface is transmitted 

downwards as a result of internal friction caused by the turbulent flow of the water.  

When wind blows across the ocean surface, the upper most layer of the water begins 

to move and this is deflected by the Coriolis effect. The speed of the current induced 

by the wind decreases exponentially with the depth and the direction of the surface 

current makes an angle of 45º with the wind direction, to the right (left) in the 

northern hemisphere (southern hemisphere). This deviation angle increases with depth 

and the simultaneous decrease of the speed and increase of the deviation angle with 

depth forms to the Ekman spiral (Fig. 1.8). The mean motion and the transport in the 

Ekman layer (Ekman transport) take place at a right angle with the wind direction, to 

the right (left) in the northern hemisphere (southern hemisphere). Strong currents are 

produced when wind drives surface water into gulfs, through narrow straits or in and 

out of estuary entrances. The effect of wind is very much important in the sediment 

transport process, since wind-induced current velocity increases with the wind 

velocity and becomes much larger than the wave-induced current velocity.  
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1.3.2.2 Wave-induced current 

The wave-induced current system which is also referred as nearshore current 

(Horikawa, 1988) include longshore currents, shoreward directed currents (mass 

transport) and rip currents. This system of circulation that recirculates water in the 

nearshore is also termed as cell circulation (Komar, 1976). 

 

Fig. 1.8 Ekman spiral and Ekman transport direction  

(Source: Trujillo and Thurman, 2010) 

Longshore current 

Longshore currents are generated due to waves breaking at an angle to the shoreline. 

The mechanism primarily responsible for generation of longshore currents is the 

alongshore component of radiation stress due to oblique wave breaking. The speed of 

the longshore current increases with increasing wave height and increasing angle 

between the wave crest and the shoreline. The shape of coastline, beach face slope, 

nearshore profile, and presence of sand bars significantly influence the distribution of 

longshore currents.  

Galvin (1963) estimated the mean longshore current velocity over the surf zone by  

              (   )………………………………………………………....(1.35) 

where KD is a dimensionless coefficient depending solely on the geometry of the 

breaking wave which is taken as 1 (Galvin, 1987), g is acceleration of gravity, m is 

the foreshore slope, T is the wave period, and αb is the breaker angle (angle between 

the breaking wave crest and the shoreline). 
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Longshore currents can be explained by utilizing the radiation stress concept 

(Longuet-Higgins, 1970), where the alongshore component of radiation stress is 

equated with the bottom frictional resistance developed by the longshore current. A 

modified form of the Longuet-Higgins equation for longshore current velocity, based 

on calibration with field data, is given by the SPM (1984) and is given as 

         √       (   )………………………………….…………………(1.36) 

where v is the average longshore current velocity across the surf zone, m is the bottom 

slope in the surf zone, Hb is the wave breaker height, and αb is the wave breaker angle 

(Fig. 1.9). Then maximum current velocity is typically in the surf zone just inside of 

the breaker line. If there is a sustained alongshore wind, the wind stress acting on the 

surf zone can accordingly modify the wave-induced current.  

 
 

Fig. 1.9 Wave-induced longshore current (Source: Sorensen, 2006) 

Rip current 

Rip currents are narrow and intense offshore directed currents in the nearshore zone, 

which flows perpendicular to the shoreline. These currents are caused by water 

moving down slope (away from beach) as a result of wave setup and are fed by a 

system of longshore currents. Rip currents can arise with a regular spacing along the 

beach and are not a permanent phenomenon. The rip channel may be generated under 

a combination of favorable hydrodynamic conditions and may migrate along the open 

beach. A rip current is able to transport large volume of water and sediments towards 

offshore which induces morphological exchange between surf zone and the offshore. 
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From the Fig. 1.10a, it can be seen that the converging feeder currents are the base of 

the rip current followed by a narrow rip neck where the current is stronger and finally 

the rip head, where the flow diverges and dissipates. The slow mass transport, the 

feeding longshore current and the rip current together form a cell circulation system in 

the nearshore zone (Fig. 1.10b).  

 
 

Fig. 1.10 (a) Rip current and associated current vectors (Source: Shepard et al., 

1941), (b) Nearshore circulation system including rip currents (Source: Komar, 1976) 

1.3.2.3 Tidal currents 

Tides are the periodic motion of the ocean waters due to changes in the gravitational 

forces of the Moon and the Sun on the rotating Earth. The influence of tides on the 

coast depends on the tidal range, which determines the zone over which wave action 

can operate. According to the vertical tidal range the coast may be micro-tidal, meso-

tidal, macro-tidal or mega-tidal. The beaches on micro-tidal coast are mostly wave 

dominated.  

Tidal current is the periodic horizontal flow of water accompanying the rise and fall 

of the tide. Tidal currents may be semidiurnal, diurnal, or mixed type corresponding 

to the type of tide at the place. These currents in the coast are uni-directional and are 

primarily directed alongshore. In an enclosed water body, the tide generating force 

pushes water mass towards upstream during flood cycle and drains out during the ebb 

cycle. Currents associated with these cycles are known as flood and ebb currents. In 

the open ocean, tidal currents usually perform a rotary motion due to the coriolis force 

over a tidal period, with constantly changing magnitude and direction. In the northern 

hemisphere the direction of current is clock wise and completes one rotation along an 

(a) (b) 
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elliptical path in 12 hrs 24 min for semi-diurnal tide and 24 hrs 40 min for diurnal 

tide. 

Tidal currents do not cause beach erosion or accretion, but they carry sediment along 

the coast in the nearshore zone. In the areas with large tidal ranges, the tidal current 

may be strong enough to transport sediment and they can operate in depths where 

wave orbital motion is quite weak. In the case of micro-tidal coast the tidal currents 

are generally significant only in the vicinity of tidal inlets and estuaries.  

1.3.3 Beach Erosion / Accretion  

Beach erosion is part of a cyclic process during which beach material is carried away 

by wave action, tidal currents, littoral currents or other similar processes, the 

counterpart being 'beach accretion'.  A beach is said to be eroding when loss of 

sediment exceeds the material supplied into the system. Normally, there is an 

annual/seasonal balance between erosion and accretion, resulting in a net zero loss of 

beach. But in some cases when one of these processes dominates net erosion or 

accretion occurs. Significant net erosion of beach may lead to subsequent erosion of 

the coast, which then becomes alarming. 

Causes for erosion can be both natural and man-induced. Natural causes of erosion are 

those which occur as a result of the response of the beach to the forces of nature.  

Man-induced erosion occurs due to the impact of human interventions on the natural 

system.  The natural processes causing erosion includes storm waves, currents, tides, 

wind, etc. The man-made factors include construction of coastal structures viz. groins, 

breakwater (BW), jetties, seawall etc., construction of dams, interruption of littoral 

drift due to man-made entrances, beach sand mining, dredging of inlet, channel 

entrances and offshore dumping of the dredged materials. 

Accretion is the processes of accumulation of sand or other beach material due to the 

natural action of waves, tides, wind and longshore currents and by the construction of 

shore protection structures like groins and breakwaters. Long-period waves such as 

swells plays a significant role in the seasonal beach building processes by transporting 

the eroded material from the offshore to the shore. 

1.3.3.1 Coastal structures contributing to erosion/accretion 

Beach-innershelf morphological changes are induced along the coastal sector by the 

construction of coastal structures. The coastal structures are classified into shore 
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protection structures and structures constructed for the development of port and 

harbor facilities. Shore protection structures include seawalls, groins etc. and the latter 

category includes jetties, breakwaters etc. The effect of coastal structures will be 

mainly on the sediment transport regime and the effect may even extend down drift 

for a few kilometers. 

Seawalls 

Seawalls are hard structures constructed parallel to the shoreline in order to protect 

the land adjoining the shoreline from intense wave action. The height of the seawall is 

designed to be such that no water overtops the structure. The main disadvantage of 

this structure is the toe erosion which induces steeper bottom profiles. Thus larger 

waves have a direct impact on the structure which causes structural instability.  

Groins 

Groins are constructed perpendicular to the shoreline extending towards offshore and 

are usually straight and narrow structures. Groins are intended to reduce shoreline 

erosion by controlling the rate of alongshore / littoral drift of beach material. The 

erosion is retarded by depositing the sediments in the up-drift side which however is 

accompanied by erosion in the down-drift side of the groins (Fig. 1.11a). The 

functional design of the groins is the determination of length, spacing, height, 

alignment and type of groin which reduces the beach erosion to an acceptable degree. 

Usually a series of groins of different length is used for the shore protection measures 

(Fig. 1.11b). 

Breakwater 

Breakwaters are constructed towards offshore in order to dissipate the incoming wave 

energy. This provides calm environment when it is used for the port/harbor 

development. The effect of the shore connected breakwater is same as that of groins, 

which creates accretion in up-drift side and erosion in the down-drift side. 

Breakwaters are of different types viz. fixed, detached, submerged and floating 

breakwaters. The choice of selecting the appropriate breakwaters depends upon the 

normal water depth, coastal hydrodynamics and sediment transport of the selected 

coastal sector. 
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Jetties 

Jetties are shore connected structures constructed perpendicular to the shore and 

extending towards offshore. They are classified into solid structures and piled or open 

type jetties. Jetties can act similarly as breakwater with similar erosion/accretion 

pattern. 

 

Fig. 1.11 (a) Shore response to perpendicular structure, (b) series of shore 

perpendicular structures (Source: Sorensen, 2006) 

1.3.3.2 Other anthropogenic factors contributing to erosion 

Any anthropogenic activity that takes away sediments or cuts off sediment supply to 

the beach can trigger beach erosion. Examples are damming of rivers, beach/river 

sand mining, dredging and offshore dumping of the dredged materials. Beach sand 

mining, either to extract rare minerals which are of commercial value or for 

construction purposes which is illegal, causes erosion. Due to mining the sand is lost 

directly from the system which leads to a deficit sand budget. Removal of beach 

sediments has the opposite effect of beach nourishment. 

1.4 Sediment Dynamics 

The dynamics of the beach and nearshore sediments is driven by the wave 

transformation and consequent breaking waves combined with horizontal and vertical 

patterns of currents associated with nearshore circulation cell. The sediment dynamics 

(a) 

(b) 
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in the nearshore zone involves both longshore and cross-shore components depending 

on the direction of transport. The measurement and computation / estimation of the 

surf zone sediment transports are very much complicated. The transport at any point is 

a vector with both cross-shore and longshore components of varying magnitudes 

(CEM, 2002). Even though both the transports are interrelated to each other, it is 

considered separately for the sake of simplicity. The longshore transport is generated 

by wave-induced longshore currents whereas cross-shore transport is associated with 

the orbital motion of the wave and innershelf currents. The components of the 

sediment transport are shown in Fig. 1.12. 

The threshold flow velocity for the initiation of sediment motion by oscillatory flow 

over a level bed of sediment is given by 

     √ (
  

 
  )      …………………………………..……………………(1.37) 

where Umax is the peak sediment velocity at the bed, ρs is the density of sediment, ρ is 

the density of fluid, g is the acceleration due to gravity and d50 is the median sediment 

size (SPM, 1984). The maximum near-bottom velocity for non-breaking waves 

according to small amplitude wave theory (Thornton and Kraphol, 1974; Grace, 1976) 

is given by 

     
  

      (
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………………………………………………………………...(1.38) 

 
 

Fig. 1.12 Longshore (qx) and cross-shore (qy) sediment transport components  

(Source: CEM, 2002) 
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1.4.1 Modes of sediment transport 

The sediment transport modes in coastal waters are classified into two viz. bed load 

and suspended load transport. Sediments are transported in the form of bed load and 

suspended load when the bed shear stress exceeds a critical value. For bed load 

transport, the basic modes of particle motion are sliding, rolling and saltation (Fig. 

1.13). Under high energy conditions, a third mode of transport namely sheet flow is 

also identified. 

1.4.1.1 Bed load transport 

In bed load transport, the grains are very close to the sea bed and moves by sliding, 

rolling and saltation. The bed load transport occurs when the sea bed is more or less 

flat without any sand ripples and less suspension of sediments. Here the sediment 

particles move along the bed surface, frequently by impacting each other. During 

sliding, the particles remain in continuous contact with the bed and as they move, to 

and fro tilting take place. Rolling grains are in continuous contact with the bed as they 

move. Saltation refers to the transport of sediment particles in a series of irregular 

jumps and bounces along the bed. The sliding and rolling are prevalent during the 

slower flows, while saltation during faster flows. 

 

 
 

Fig. 1.13 Modes of sediment transport showing sliding, rolling and saltation 

(Source: URL: http://serc.carleton.edu/48147) 
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Meyer-Peter and Mueller (1948) introduced a reliable empirical bed load transport 

formula based on flume experiment with uniform particles and particle mixtures. 

Based on data analysis, a relatively simple formula was obtained. 

    √(     )………………………………………………………………...(1.39) 
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  )   
……………………………………………………………………..(1.40) 

where θ′ is the effective Shields parameter, τb′ is the effective shear stress and θc is the 

critical Shields parameter. 

Bed load is expressed as the intensity of solid discharge, and this can be written in 

non-dimensional form (Yalin, 1977) as 

   
  

√(
  
 

  )   
…………………………………………………………….…….(1.41) 

where  b is the bed load solid discharge per unit width in m
2
/s and D is the particle 

diameter. 

1.4.1.2 Suspended load transport 

In the suspended mode of transport, the sediments are carried above the bed by the 

turbulent eddies of water. Fine materials such as silt and clay having low settling 

velocities are lifted to a higher level, whereas for the coarser material such as sand, 

the height is restricted, which is closer to the sea bed. In this mode of transport, the 

particles follow long and irregular paths within the water until they are deposited 

when the flow weakens. The suspension occurs mainly due to the influence of wave 

motion on the bed and it is transported due to the effect of current. In other words the 

wave stirs up the sediments and current transports the sediments. When the value of 

the bed-shear velocity exceeds the particle fall velocity, the particles can be lifted to a 

level at which the upward turbulent forces will be comparable to or higher than the 

submerged particle weight. This results in random particle trajectories due to turbulent 

velocity fluctuations. The particle velocity in longitudinal direction is almost equal to 

the fluid velocity (van Rijn, 2012). The behavior of the suspended sediment particles 

is described in terms of the sediment concentration, which is the solid volume (m³) 

per unit fluid volume (m³) or the solid mass (kg) per unit fluid volume (m³). 

Definition sketch of suspended sediment transport is shown in Fig. 1.14. The 
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suspended sediment concentrations decrease with distance up from the bed and the 

rate of decrease depends on the ratio of the fall velocity and the bed-shear velocity. 

The suspended sediment transport can be calculated as  

   ∫  ( )  ( )   
 

 
……………………………………………...……………...(1.42) 

where U(z) is the flow velocity, C(z) is the suspended sediment concentration (SSC) 

and z is the vertical co-ordinate. On applying Bijker’s recommendation the suspended 

sediment transport can be written as 

          (     (
 

        
)     )………………………………...…………....(1.43) 

where qb is the bed load transport, ks is the bed roughness, h is the height from the 

bottom and I1 and I2 are Einstein integrals. 

 
 

Fig. 1.14 Definition sketch of suspended sediment transport (Source: van Rijn, 2012) 

1.4.1.3 Sheet flow 

In the sheet flow, the sand moves in a very thin layer near the sea bed whereas in the 

bed load transport only the surface grains are under motion. The motion is intense 

enough so that the bottom boundary layer is fully turbulent. The sheet flow condition 

prevails only during high energy conditions and has a large effect on the overall 

sediment transport in a region.  

1.4.2 Longshore sediment transport 

The longshore transport is one of the important nearshore processes that control beach 

morphology including erosion, accretion and stable nature of the beach. A reliable 

computation/estimation of this transport is essential for solving various coastal 

engineering problems. When wave breaks obliquely to the coasts, longshore currents 
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are generated which in turn result in the movement of the sediment along the coast, 

referred to as longshore sediment transport or littoral transport (Fig. 1.15). The actual 

volume of sediment involved in the transport is termed as littoral drift. The longshore 

transport comprises of both bed load and suspended load transport modes. It is 

difficult to measure both these modes separately. The longshore transport consists of 

both positive transport for one or more seasons and negative transport for the 

remaining months in a year. This transport can be quantitatively expressed as net 

transport, which is the sum of both positive and negative components in a year. The 

gross transport is the sum of the magnitudes of the transport during the entire period.  

The rate of the longshore sediment transport can be expressed as volume transport 

rate (Ql) or immersed weight transport rate (Il) and their relation is given by 

   
  

(    )   (   )
…………………………………………………….…………..(1.44) 

where P is the sediment porosity (typically 0.4). Also the longshore transport rate can 

be calculated based on the energy flux method and is given as 
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where PL is the longshore component of wave energy flux or power, K is the 

calibration parameter (typically 0.39, when using significant wave height), αb is the 

breaker wave angle relative to shoreline and Hb is the breaker wave height. 

 
 

Fig. 1.15 Longshore sediment transport  

(Source: http://www.southwestcoastalgroup.org/cc_how_intro.html) 
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The net longshore sediment transport rate or time averaged transport is calculated 

since the longshore sediment transport is a fluctuating quantity (CEM, 2002) and is 

given by 

          
 

  
∫   
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The gross longshore transport rate is given by 
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where To is the length of record (often taken to be greater than one year). The net 

transport rate is either positive or negative but the gross transport is always defined 

positive (Fig. 1.16).  

 

Fig. 1.16 Net and gross longshore transport (Source: CEM, 2002) 

1.4.3 Cross-shore sediment transport 

Cross-shore transport is a result of water motion due to the waves. The transport 

encompasses both onshore and offshore transport and is a result of the water motions 

due to waves and undertow (Fig. 1.17). The onshore transport occurs during periods 

of swell waves and offshore transport dominates during storm conditions. The 

transport is contributed by both bed load and suspended load transport and hence the 

complete understanding of cross-shore transport is complicated. The transport is 

predominantly due to sediment in suspension within the surf zone. The physical 

processes responsible for cross-shore transport in the surf zone are incident waves, 

infra-gravity waves, rip currents, and near-bed seaward return flows (Mei and Liu, 

1977; Roelvink and Stive, 1989). The incident wave causes shoreward transport 

whereas the interactions of incident waves with infra-gravity waves and with mean 
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offshore flows causes offshore transport (Guza and Thornton, 1985; Huntley and 

Hanes, 1987). 

The local time averaged sediment transport rate can be described using the basic 

equation given by 
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where Qc is the cross-shore sediment transport rate, t is the time over which average is 

defined, (h+η) is the surface level elevation relative to bed level, C(z) is the 

suspended sediment concentration (SSC), u is the cross-shore component of the flow 

velocity and z is the vertical co-ordinate.  

 

Fig. 1.17 Cross-shore transport in the nearshore (Source: Wright et al., 1991) 

1.5 Sediment Budget 

The sediment transport pattern/process of a coast is dependent on the hydrodynamic 

forces viz. waves, currents, tides and wind which vary both temporally and spatially. 

The changes in beach and innershelf morphology are in turn influenced by the 

sediment transport process. Sediment budgeting involves making assessment of the 

sedimentary contributions (credits) and losses (debits) (Hume et al., 1999), and 

equating these to the net gain or loss (sediment balance) in a given beach 

compartment or littoral cell. Budgeting technique can be applied to understand the 

sediment sources, sinks, transport pathways and magnitudes for a selected region and 

within a defined period of time. 

According to (Rosati, 2005), the sediment budget is a balance of volumes (or volume 

rate of change) for sediments entering (source) and leaving (sink) a selected region of 

the coast, and the resulting erosion or accretion in the coastal area under 

consideration. The equation as expressed by Rosati is 
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∑        ∑                     …………………………………(1.50) 

where Qsource and Qsink are the sources and sinks respectively to the control volume, 

ΔV is the net volume change within the cell, P and R are the amounts of material 

placed in and removed from the cell respectively, residual represents the degree to 

which the cell is balanced (residual = 0, for a balanced cell). Fig. 1.18a gives the 

schematic representation of the sediment budgeting parameters and Fig. 1.18b gives 

sediment transport pathways in a coastal cell.  

Table 1.1 shows the ledger of sediment budget. The major sources in the sediment 

budget includes the longshore sediment transport into the cell, sediment transport 

from rivers, accretion of the beach, placement of the beach fill and dredged material 

etc. The sinks include the longshore sediment transport out of the cell, erosion of the 

beach, dredging and mining of the beach/nearshore and losses to a submarine canyon. 

Quantifying these sources and sinks being rather difficult, it is imperative that detailed 

collection of site specific hydrodynamic and sedimentological data and also numerical 

model studies are undertaken to assess the different sources and sinks while carrying 

out beach sediment budgeting studies. Thus sediment budget can be used for two 

purposes; first to analyse the present situation, and second, using the present 

conditions, to predict the coastal changes either due to any construction or due to 

natural conditions.  

Table 1.1 Ledger of sediment budget (Source: Hume et al., 1999) 

 

Credit Debit 

 Longshore transport into the 

area 

 Onshore transport  

 River/estuary input 

 Wind transport onto the beach  

 Beach nourishment  

 Sea cliff erosion 

 In-situ shell production 

 Dune/ridge erosion 

 Longshore transport out of the area 

 Offshore transport 

 Estuary infilling  

 Wind transport away from the 

beach 

 Sand extraction  

 Deposition in canyons 

 Solution and abrasion 

 Dune/ridge formation 

 

1.6 Beach States 

Beach is defined as the zone of unconsolidated material that extends landward from 

the low water line to the place where there is a marked change in material or 
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physiographic form, or the line of permanent vegetation (SPM, 1984). The 

equilibrium beach profile and beach state classification are described in the following 

sections. 

1.6.1 Equilibrium beach profile 

The dynamic balance of the constructive and destructive forces acting on the beach is 

represented by the equilibrium beach profile and imbalance will arise if there is any 

change in the acting forces. Gravity is the most important destructive force, since it 

tries to make the equilibrium profile horizontal. High turbulence level in the surf zone 

acts as an additional destructive force. The constructive force is due to the onshore 

shear stress at the bottom that results from non-linear form of shallow water wave 

(Dean and Dalrymple, 2001). Schematic of the equilibrium profile is shown in Fig. 

1.19a & b. 

 
 

Fig.1.18 (a) Parameters used in the sediment budget estimation (Source: Rosati, 

2005), (b) Sediment transport pathways in a coastal cell (Source: 

http://www.conscienceeu.net/what_is_coastal_erosion_and_when_is_it_a_problem/in

dex.htm) 

(a) 

(b) 
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A sediment of given size will be stable in the presence of a particular level of wave 

energy dissipation per unit volume (Deq) and can be expressed in terms of wave 

energy conservation as (Dean, 1977)  

    (
 

 
)

 

  
(   )…………………………………………………………..…...(1.51) 

where E is the wave energy, Cg is the group velocity of the wave, d is the water depth 

and y is the offshore distance from the shoreline. Again Deq is assumed to be a 

function of sediment size or equivalent sediment fall velocity, then the above equation 

can be re-written in terms of simple power rule (Brunn, 1954) as 

 ( )     
  ⁄ ……………………………………………………………………(1.52) 

where y is the offshore distance from shoreline, h is the depth at the offshore distance 

(y) and As is the shape parameter of the profile which depends on the stability 

characteristics of the bed material and is given as  

    (
  

 
 

   

    ⁄    )
  ⁄

…………………………………………………………...(1.53) 

where Deq is the wave energy dissipation rate, ρ is the density of sea water, g is the 

gravitational acceleration and γ is the ratio of wave height to water depth at breaking. 

Another approximation by Moore (1982) ignores the disturbance effect of wave 

energy and defines the shape parameter in terms of fall velocity and can be written as  

         (  )
    

……………………………………………...……………..(1.54) 

where ws is the fall velocity of the sediment. 

 

Fig. 1.19 (a) Schematic of an equilibrium profile (Source: Dean and Dalrymple, 

2001), (b) Profiles out of equilibrium  

1.6.2 Beach classification 

According to Short (2006), the beaches are classified into wave dominated, tide 

dominated and tide modified (depending on the tidal range) beaches. Depending on 

the incident wave height, wave period and sediment characteristics, wave dominated 

(a) (b) 
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beaches can be classified into reflective, intermediate and dissipative beaches. The 

beach state at a particular location can be found by using the dimensionless fall 

velocity parameter Ω (Dean, 1973), which is defined as  

  
  

    
………………………………………………………………...………..(1.55) 

where Hb is the breaker wave height, ws is the sediment fall velocity and Tp is the peak 

wave period.   

Each beach state can be classified based on the parameter Ω and if Ω < 1, then the 

beach state is reflective; intermediate if 1 < Ω < 6 and dissipative state if Ω > 6. All 

the beach state is characterized by peculiar morphodynamic features in terms of both 

cross-shore profile and plan-form features (Short, 1999; Benedet et al., 2004). The 

classification of beach states is shown in Fig. 1.20a, and nomogram showing the 

contribution of wave height, sediment size, wave period and beach type is shown in 

Fig. 1.20b. 

1.6.2.1 Reflective beach 

The reflective beaches (Ω < 1) are characterized by low wave heights (< 0.5 m), 

longer wave periods and medium to coarse grained sediment. The beach face is 

relatively steep (5 - 20
o
) with constant wave reflection. i.e. the waves break by 

surging at the beach base with a strong backwash which is typical of reflective beach. 

Low sediment transport mostly as bed load and no bar formation and or surf zone 

present in this beach state.  

1.6.2.2 Intermediate beach 

The intermediate beaches (1 < Ω < 6) are characterized by medium wave heights (0.5 

- 2.5 m), moderate period, and composed of fine to medium grained sand. The 

beaches are normally seen along open coast having plunging to spilling breakers and 

surf zone upto 100 m width, with one or two bars which are normally intercepted by 

strong nearshore circulation with rip-current. The beach comprises of rhythmic 

shoreline features (beach cusps), high degree of shoreline mobility and moderate rates 

of backshore transitioning. Intermediate beaches are subdivided into four distinct 

types viz. longshore bar-trough, rhythmic bar and beach (crescentic bars), transverse 

bar and beach, ridge and runnel (or low tide terrace) (Benedet et al., 2004). 
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1.6.2.3 Dissipative beach 

The dissipative beaches (Ω > 6) are characterized by high waves (> 2.5 m) and 

beaches composed of fine grained sediments with a low gradient swash of 

approximately 1
o
, where the reflectivity of the waves is very low.  A wide surf zone of 

300 - 500 m having at least two bars, flat topography of the berm-beach face, and 

multiple spilling breakers are present in the case of dissipative beach. The waves 

normally break at the outer bar first and subsequently on the inner bar thereby 

efficiently dissipating their energy as they move across the surf zone. 

 

 
 

Fig. 1.20 (a) Classification of beach types, (b) Nomogram showing the contribution of 

wave height, sediment size, wave period and beach type (Source: Short, 1999) 

1.7 Beach Placers 

A placer may be defined as a deposit of residual or detrital mineral grains in which a 

valuable mineral has been concentrated by natural processes. The beach placers are 

the fruitful part of the beach and are called as black sand deposits too wherever they 

are black in colour due to abundance of ilmenites. The beach placers are the 

significant sources of heavy minerals such as ilmenite, magnetite chromite, monazite, 

rutile, zircon, garnet etc. These concentrations of minerals can be commercially 

exploited through beach sand mining. 

 

(a) (b) 
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1.7.1 Formation of placers 

The primary processes involved in the formation of placers are weathering of rocks 

bearing heavy minerals in the hinterland regions of the coast, their transportation to 

the coast by rivers and streams and finally their concentration by physical processes 

of grain sorting. The processes responsible for the formation of beach placers are the 

selective sorting by the waves and currents, which concentrates the valuable minerals 

according to their densities, sizes and shapes. Higher concentrations of the heavy 

minerals are formed under moderate to high energy environment. The influence of 

latitudinal and seasonal effect on the beach placer is also to be taken into account 

while studying their formation. Other factors that have contributed in the formation of 

placer deposits are the coastal geomorphology, neo-tectonics and continental shelf 

morphology. 

1.7.2 Sorting processes 

The processes of sorting depend on the densities, sizes and shapes of the sediment 

grains and thus provide the opportunity for sorting particles according to differences 

in their respective properties. Komar (1989) delves into the process of formation of 

beach placers and comes out with four different types of sorting processes viz. settling 

equivalence, selective entrainment, transport sorting and shear sorting (Fig. 1.21a-d). 

1.7.2.1 Settling equivalence 

Settling equivalence was the earliest proposed process of sorting which is based on the 

equivalence of the settling velocities of the sediments in the fluid medium. According 

to this concept, the denser and smaller particles would have the same settling rates as 

the larger but lower density particles (Komar, 1989). In other words the sediment of 

higher density will be finer and vice-versa. The settling equivalence is quantified based 

on the Stokes law based on the settling velocity given as 

   
 

  

 

 
 (    )     ……………..…………………………………………...(1.56) 

where ws is the settling velocity, μ is the viscosity of the fluid and D is the grain 

diameter. For two spherical grains of different diameters and densities, equivalence of 

their settling velocities is given by  

  

  
 √(

     

     
)…………………………………………………………………....(1.57) 



34 

 

where sub-scripts 1 and 2 refers to the individual minerals.  

1.7.2.2 Selective entrainment 

The process of selective grain entrainment by current happens when the deposits 

consists of particles of mixed densities and sizes. In general, the heavy minerals are 

finer in size, while the lighter minerals are coarser. The larger grains are more exposed to 

the physical factors in comparison with the smaller grains. Thus the current entrains the 

lighter grain and transport the same leaving behind the heavy grains due to their higher 

density and lower exposure to the flow. Based on the laboratory flume experiments, the 

two dimensionless parameters involved in this processes are Shield entrainment 

function and Reynolds number given by 

   
  

(    )   
……...……………………………………………………………...(1.58) 

   
     

 
………………………………...………………………………………(1.59) 

where θt is the Shields entrainment function, τt is the threshold mean bed stress 

excreted by the current, Re is the grain Reynolds number and Ut is the shear velocity 

(Komar, 1989). 

1.7.2.3 Transport sorting 

The grain sorting during transport (i.e. transport sorting) is the most complex sorting 

process, where the grains are carried along by a flowing fluid at a differential rate. 

The transport sorting involves both bed load and suspension transport that depends on 

different grain properties and other sorting processes such as settling and selective 

entrainment. The transport sorting occurs in wave field and combined wave-current 

field in the cross-shore direction due to the asymmetry in wave profile and wave 

orbital velocity in shallow waters. Both heavier and lighter grains are transported due 

to the larger shoreward velocity under the crest. But the lighter grains are only 

transported back by the low offshore velocity under the trough leading to the net 

transport of heavy grains towards the shore (Komar, 1989). 

1.7.2.4 Shear sorting 

The alternate layers of light and heavy sands are formed in the vertical section of the 

beach due to the shear sorting processes. The dispersive pressure depends on the 

diameter and density of individual grain, on the total concentration and the rate of 
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shear. When grains of mixed sizes are sheared, the coarser grains tend to move 

upward to the zones of lower shear, while the finer grains move downwards towards 

the bed where the shear is minimum. This results in the formation of a layer with 

reverse grading by size. The heavy sands are found at the base of the layer due to their 

smaller size when compared with the lighter grains. This is the process of shear 

sorting. 

The grain-dispersive equivalence is based on the Bagnold’s analysis of grain-

dispersive pressures. According to this analysis, at any single horizon within a sheared 

concentration, particles of equal dispersive pressure will reside together and the 

balance is given by 

  

  
 √

   

   
……………………………………………………..…………………..(1.60) 

where the sub-scripts 1 and 2 denotes the mineral pairs, D is the grain size and ρ is the 

density of the mineral. An inverse relationship between grain size and density is seen 

such that a heavy mineral particle will be smaller than an associated light mineral. It is 

also possible that by repeatedly shearing the sand as the beach face is cut back, the 

heavy particles would be driven progressively downward and concentrated. The larger 

size and less dense grains rise to the surface of the shear zone and is transported away 

(Komar, 1989). 

1.8 Background of the Study 

The Neendakara–Kayamkulam coastal sector of length 22 km located in the 

southwest coast of India is world famous for its rich placer (black sand) deposits. This 

coastal stretch popularly known as the Chavara coast is subjected to rampant beach 

sand mining because of its heavy mineral resources. Since 1930, the Indian Rare 

Earths Ltd. (IREL) and its predecessor companies have been engaged in beach sand 

mining along the Chavara coast for the extraction of heavy minerals. In view of the 

erosion observed along the coast and the possible role that beach sand mining might 

be playing as alleged by the local population, CESS was requested by the IREL in 

1999 to take up a study to address the various issues, and more importantly to come 

out with recommendations on sustainable mining volumes. Intensive hydrodynamic, 

sedimentological and sediment budgeting studies were carried out by CESS in 

consultation with ASR Ltd. during the period of 1999-2001 and sustainable mining 
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volumes were recommended for the coast (Rajith, 2006; Black et al., 2008; Hameed et 

al., 2007; Prakash et al., 2007). 

 
(a) Settling Equivalence 

 

 

 
(b) Entrainment Equivalence (Selective Entrainment) 

 

 

 
(c) Transport Equivalence (Transport Sorting) 

 

 

 
(d) Dispersive - Pressure Equivalence (Shear Sorting) 

 

Fig. 1.21 Schematic illustration of sorting processes (Source: Komar, 1989) 

However the scenario changed considerably since 2000. The Kerala Minerals and 

Metals Ltd. (KMML), another Public Sector Undertaking (PSU) situated at Chavara 

entered the scene with large scale mining of beach sand along the coast. Two 

breakwaters have been constructed at Kayamkulam inlet during the period 2000–

2007, to facilitate the Kayamkulam fishery harbour, which can significantly affect the 

sediment transport regime of the coast. The heavy mineral concentration in the beach 

sediments of this coast which was reported to have had values upto 100 % in 1995 

(Kurian et al., 2001) and 80 % in 2000 (Kurian et al., 2002) depleted drastically as 

was evident from the estimates of IREL (2010). This in turn affected the commercial 

viability of beach sand extraction by the IREL and KMML. There were also reports of 

intensification of erosion along the coast and kinking of shoreline at mining sites 

(Rajith et al., 2008) which certainly can be considered as a shoreline stability issue 

needing immediate attention.  
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Thus the reported depletion of heavy mineral content in the beach sediments and the 

drastic beach morphological changes offered an interesting topic which has 

remarkable societal implications for research under this Ph.D. programme. The 

present investigation is undertaken in this background to understand the mechanisms 

that manifest these drastic changes. The investigation taken up in 2010 was partly 

sponsored by the IREL. 

1.9 Aim and Objectives 

The investigation has been taken up with the following aim and objectives: 

 Study the sediment dynamics and beach processes of the Neendakara-

Kayamkulam coast through field observations and numerical modelling 

techniques 

 Estimate the short- and long-term morphological changes in the beach and 

innershelf using multi-date data 

 Estimate the short- and long-term changes in the heavy mineral content of the 

beach and innershelf sediments 

 Decipher the beach-innershelf morphological changes and heavy mineral 

depletion with reference to the hydrodynamics and other forcing factors 

1.10 Study Area 

The study area is a 22 km costal stretch located along the southwest coast of India, 

extending from the Neendakara inlet in the south to the Kayamkulam inlet in the 

north. This coastal sector which is situated in the Kollam district of the southern state 

of Kerala in India is popularly known as the Chavara coast (Fig. 1.22). It is a barrier 

beach bound by the Lakshadweep Sea in the west and the Travancore - Shoranur 

Canal (T-S Canal) in the east. This is a micro-tidal coast with a climatic regime 

dominated by southwest monsoon and has a moderate wave energy level (Baba and 

Kurian, 1988; Kurian, 1989). Waves are the principal hydrodynamic force driving the 

coastal processes of this coast. Hameed et al. (2007) have reported a maximum 

significant wave height of 3.8 m in the nearshore waters of this coast. The wave 

climate is dominated by swells from as far away as the southern Indian Ocean during 

the non-monsoon period and the seas from northwest Arabian Sea during the 

monsoon (Hameed et al., 2007). They have also reported predominance of southerly 
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flows in the innershelf. The wave-induced longshore currents are predominantly 

northerly (Black et al., 2008)  

 

Fig. 1.22 Study area extending from the Neendakara inlet in the south to the 

Kayamkulam inlet in the north, SW coast of India 
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The Chavara coast in general has an orientation in the SSE-NNW direction. The coast 

exhibits significant variation in the orientation along the southern and northern parts 

with noticeable dents at the mining sites of Vellanathuruthu–Ponmana and 

Kovilthottam due to caving in of the shoreline (Fig. 1.23). The southern part of the 

coastal stretch from the Neendakara inlet to the Vellanathuruthu mining site is 

oriented 345º N while the northern sector is 334º N. Further south of the Neendakara 

inlet, at the Thangassery headland, there is a sharp change in the shoreline orientation 

from 350º to 290º N with steeper bathymetry towards south (Baba and Kurian, 1988). 

The continental shelf of Chavara coast is of moderate slope with the 20, 50 and 100 m 

isobaths at approximate distances of 7, 26 and 54 km respectively from the shoreline.  

 

Fig. 1.23 Google image of the study area showing the mining sites  
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The bathymetry profile is characterized by a steep shore-face gradient of about 0.01 at 

5 m depth and a much lower gradient of 0.003 in the innershelf at about 20 m depth. 

The Kallada River which debouches into the sea through the Ashtamudi estuary at the 

Neendakara inlet is the major riverine system along this coast. Till a couple of 

decades back, the Kallada River used to discharge a substantial quantity of sediment 

into the Ashtamudi estuary (Prakash and Prithvi Raj, 1988), but over the years the 

quantity has reduced drastically due to excessive river sand mining, reclamation at 

various locations and also construction of dams across the river (Black and Baba, 

2001). 

The whole coastline is protected by seawalls (rock) except for the sand extraction 

sites of IREL and KMML and the ‘fishing gaps’ left to facilitate landing/launching of 

country crafts of fishermen. The beach morphology of the Chavara coastal stretch has 

become very complicated in recent years due to a multitude of factors of which 

anthropogenic activities like the beach and river sand mining, construction of hard 

rubble mounted structures like breakwaters, groins and seawalls play a major role. 

Breakwaters are present at both the inlets to facilitate the fishing harbours. The 

Neendakara inlet which forms the southern boundary of the coastal stretch has two 

breakwaters of 610 m (southern) and 380 m (northern) constructed during the period 

1963–1967 as part of port construction. Similarly, at the northern boundary (i.e. at 

Kayamkulam inlet) there are two breakwaters of lengths 720 m (southern) and 485 m 

(northern) constructed during 2000–2007 to facilitate the Kayamkulam fishery 

harbour. Thus the breakwaters at both the inlets extend beyond the depth of active 

sediment transport except during extreme conditions like storm. Hence it can be 

anticipated that the sediment transport within the coastal stretch bounded between the 

two inlets at Neendakara and Kayamkulam is more or less self-contained as it forms a 

well-defined sediment cell (SC) according to the SC concept proposed by van Rijn 

(1997a). In addition to these breakwaters, there are 26 groins of varying dimensions 

constructed during the last 5 years to address various issues of which shore protection 

is the most important. 

1.11 Structure of the Thesis 

The thesis embodies the results of the investigation carried out for realizing the 

objectives of the study. The thesis comprises of seven Chapters. 
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The first Chapter presents an introduction to the topic of research, background of the 

study, description of the study area and objectives of the study.  

A comprehensive review of literature relevant to the field of research viz. coastal 

hydrodynamics, nearshore sediment transport, heavy mineral content and beach-

innershelf morphological changes, both in the global and Indian scenario, is presented 

in the second Chapter. The identified gaps relevant to the Indian scenario are also 

presented. 

The data collection and the methodology adopted for the study are presented in the 

third Chapter. The field data collection involved measurement of nearshore waves, 

wind, monthly beach profiles, monthly shoreline, and collection of seasonal beach and 

innershelf surficial sediment and innershelf core sediment samples. The numerical 

models / empirical formulae used for the study are discussed in this chapter. The 

methodology followed for the geo-spatial analysis of beach profiles and shoreline 

change and laboratory analysis of the sediment samples are also detailed in this 

chapter. 

The fourth Chapter encompasses the results of studies on the nearshore sediment 

transport regime. The longshore and cross-shore sediment transport rates estimated by 

adopting the bulk formulae of CERC and Kamphuis, and processes based numerical 

model LITPACK are presented. The computed results are discussed with reference to 

the beach volume change data from field observations.   

In Chapter 5, the results of studies on the reported heavy mineral depletion of the 

beach and innershelf of the Chavara coast are presented. Comparison of field data on 

heavy minerals from the present study with the past data confirmed the depletion in 

the heavy mineral concentration in the beach and innershelf of this coast. The factors 

responsible for the depletion in heavy mineral content are brought out by integrating 

the information on coastal processes, sediment budget and anthropogenic factors 

including beach sand mining. 

The short- and long-term morphological changes in the beach and innershelf are 

presented in the sixth Chapter. The analysis of the multi-dated data for the past 

several decades showed an overall retreat of the shoreline and a relative deepening of 

the innershelf. Numerical modelling of the shoreline evolution using the LITLINE 

module of the LITPACK numerical modelling system corroborated the field 
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observations. The observed changes in the beach–innershelf morphology are analysed 

with respect to the nearshore sediment transport regime and the anthropogenic factors, 

and the causative factors for the morphological changes identified. 

The Chapter 7 gives an overall summary of the present work with major findings and 

conclusions with the recommendations for the future work.  

The references cited in the chapters are listed at the end of the thesis. 

 



CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 Introduction 

This chapter encompasses a detailed account of the review of literature carried out 

related to the topic of investigation viz. Sediment Dynamics, Heavy Mineral 

Depletion and Morphological Changes of a Placer Mining Beach of SW Coast of 

India. The review of literature was intended to give a status of research in the field, 

both in the global as well as national scenario. In addition to getting to know the 

emerging trend in research, the review has helped in fine tuning the methodology 

adopted for the work. It was also helpful in consolidating and integrating the results of 

the investigation and arriving at the conclusions. The review is divided into 4 themes 

related to the topic of work as below:  

 Coastal hydrodynamics 

 Nearshore sediment transport 

 Beach placers 

 Beach-innershelf morphological changes 

The identified gaps relevant to the SW Indian coast are also presented in this Chapter. 

2.2 Coastal Hydrodynamics 

A review of literature pertaining to the coastal hydrodynamics and their causative 

factors is carried out in this section. The review comprises of observational, 

experimental, computational and numerical modelling studies relating to coastal 

hydrodynamics.  

2.2.1 Global scenario 

Shemdin et al. (1980) investigated the wave transformation mechanisms in finite 

depth waters and they examined percolation, bottom motion, shoaling and refraction 

along with wave-wave interaction and bottom friction. Cavaleri and Rizzoli (1981) 

described a wind wave forecasting model for shallow water areas. The model includes 

wave generation, refraction and shoaling with breaking and bottom friction. Komen et 

al. (1984) considered the energy transfer equation for well-developed ocean waves 

under the influence of wind. The conditions for the existence of an equilibrium 
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solution in which wind input, wave-wave interaction and dissipation balance each 

other was studied by them. They observed that for equilibrium spectra, the input, 

dissipation and non-linear transfer source functions are all significant in the energy 

containing range of the spectrum. 

Goda (1991) developed a random wave breaking model which was applied for the 

computation of longshore currents. Also empirical formulation of the maximum speed 

and distribution of longshore currents has been made. Yang (1993) calculated the 

breaking wave spectra and radiation stress from a wide band breaking wave model in 

order to study the mean water surface in shallow water and to compute the wave set 

up and set down of random waves on the surf zone. van Rijn and Wijnberg (1996) 

developed a probabilistic model to describe the propagation and transformation of 

individual waves.  

The role of bottom friction dissipation in predicting wind waves is assessed by 

Johnson and Kofoed-Hansen (2000) with a third-generation numerical wind wave 

model by using shallow water measured data from Vindeby, Denmark. They modeled 

the bottom friction dissipation source term by using the linearized bottom friction 

formulation which contains a dissipation coefficient that depends on wave and 

sediment properties. The study shows that during strong wind conditions, it is better 

to use the Charnock parameter (a constant) as 0.015 and variable bottom dissipation 

formulation was used to obtain a good agreement between measured and calculated 

significant wave height. Edge wave propagation on a straight beach with a 

perpendicular coastal structure is analyzed by Baquerizo et al. (2002). The reflection 

and transmission of the edge wave by the structure is considered by assuming the 

width of structure is much smaller than the alongshore wave length. The solution to 

the problem is obtained by a mode matching method including the head loss at the 

structure. Splinter and Slinn (2003) studied the behaviour of the time dependent low 

frequency along-shore currents generated by oblique wave incidence in the surf zone 

and is examined using a non-hydrostatic, phase-averaged, three-dimensional (3-D) 

numerical model. Also the model solves the Navier-Stokes equations with a Large 

Eddy Simulation sub-grid scale closure model on a curvilinear (σ-coordinate) grid. 

Simulations of alongshore currents are forced using two cross-shore distributions of 

momentum input. A time domain Boussinesq model for nearshore hydrodynamics is 

utilized to simulate surface waves and longshore currents under laboratory and field 
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conditions by Chen et al. (2003). The model results give insight into the spatial and 

temporal variability of wave-driven longshore currents.  

Tai-Wen Hsu et al. (2006) developed an analytical theory for the wave setup and 

setdown induced by obliquely incident waves. The wave setup and setdown are found 

to decrease as wave obliquity increases. Moeini and Shahidi (2007) used third 

generation spectral models (SWAN and MIKE 21 SW) for the prediction of wave 

parameters. Both models were forced by temporally varying wind and the results 

show that the average scatter index of SWAN is about 16 % for Hs and 19 % for Tp; 

while the average scatter index of MIKE 21 SW is about 20 % and 13 % for Hs and 

Tp, respectively. The inconsistency between the results of the models was found to be 

due to differences between the wind input parameterizations. Both the models were 

also evaluated for the prediction of wave direction and it was found that MIKE 21 SW 

results are slightly more accurate than those of SWAN model. Jun Tang et al. (2008) 

studied the propagation of irregular water waves and irregular breaking wave induced 

nearshore currents. This has been numerically studied based on parabolic mild slope 

equation and nearshore currents model. The wave radiation stresses exerted on 

currents have been calculated based on variables in the parabolic mild slope equation, 

and nearshore wave-induced currents have been numerically simulated. Different 

partitioning techniques and methods to identify wind-sea and swell are investigated, 

addressing both 1D and 2D schemes (Portilla et al., 2009). It was found that the 

steepness method systematically overestimates swell, while the PM method is more 

consistent, although it tends to underestimate swell.  

Hwang et al. (2012) found that the swell–sea separation frequency should be placed 

between the swell and wind sea peak frequencies rather than at the wind sea peak 

frequency. A spectrum integration method generalised from the wave steepness 

method is obtained for wind-sea and swell separation of the 1D wave spectrum. 

Numerical modelling studies were conducted by Yang et al. (2014) for the nearshore 

restoration in the Skagit river estuary, Washington, USA, using a three-dimensional 

unstructured grid. A set of parameters were defined to quantify the hydrodynamic 

response of the nearshore restoration, such as inundation area, duration of inundation, 

water depth and salinity of the inundated area. The maximum water level near the site 

was estimated with consideration of extreme high tide, wind-induced storm surge, 

significant wave height and future sea-level rise based on numerical model results and 
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coastal engineering calculation. The hydrodynamic impacts of the Nador lagoon, 

Morocco, due to tidal waves using numerical modelling were studied by Jeyar et al. 

(2015). Here the two-dimensional, depth-averaged hydrodynamic model based on 

shallow water equations is solved with triangular mesh by the application of finite 

volume method. The model was calibrated and validated with observed data and 

water levels, tidal currents and wind effects within the lagoon were predicted by using 

this calibrated model.  

2.2.2 Indian scenario 

Dattatri et al. (1979) studied the height and period distributions for waves off 

Mangalore harbour by utilising measured wave data off Mangalore harbour on the 

west coast of India. Diwan et al. (1985) studied the wave climate of the Indian coast 

based on the real time data acquired from the wave gauges deployed along the 

selected locations. Vethamony and Sastry (1985) observed multi-peaked wave spectra 

at a single location during a period of 30 hr in the Bay of Bengal. Major spectral 

peaks were identified by them, and spectral energy has been assigned to each peak 

based on which significant wave height was estimated. Baba (1986) computed the 

wave transmission coefficient over a submerged breakwater (BW) and found that 

Goda's method is the simplest and most suitable. The influence of the length of record 

and sampling interval on the wave spectral estimate were studied by Baba et al. 

(1986) and it was concluded that the sampling interval has to be as short as possible to 

get better results. Hameed et al. (1986) computed the longshore current velocity by 

using Longuet-Higgins and Komar's model and found that the longshore velocity 

estimated by Komar's model provided values comparable to the measured.  

Baba (1987) calculated the wave power potential off four locations of the south west 

coast of India and found that the annual average wave power ranges between 0.7 and 

10.9 kW/m, with Trivandrum recording the highest and Tellicherry the lowest. Kurian 

and Baba (1987) and Kurian (1987) studied the spatial variations in the intensity of 

waves along the south-west coast of India. From their study it was established that the 

bottom slope controls the bottom dissipation processes which in turn decide the wave 

intensity along this coast. The characteristics of wave climate along the south-west 

coast of India have been brought out by Baba and Kurian (1988). Their study shows a 

maximum wave height of 6.02 m and Hs of 3.4 m at Valiathura, near Trivandrum. A 

decrease in the nearshore wave intensity is observed at Alleppy and at Tellicherry 
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further north with a maximum Hs of 2.58 m and 1.60 m respectively. Shallow water 

wave characteristics off Valiyathura, southwest coast of India were studied by 

Thomas (1988) using measured data for the period of 1980-1984. He observed that 

the waves were always greater than 0.5 m during the measurement period. The 

breaker period was 11 to 12 s during March and April and the breaker direction was 

210° and 225° except during June-August, when the direction was 230 and 240°. 

Longshore currents were northerly except for the three monsoon months of June-

August.  

Harish (1988) observed that the maximum breaker height generally showed a peak 

during June-July as observed at Valiathura, Alleppey and Calicut.  He found that the 

breaker period varied from 10 s during active monsoon to 15 s during the calm 

season.  He also observed that the longshore current direction was predominantly 

southerly during the active monsoon season and the pattern of longshore current 

during fair season was different on both sides of the pier at Tellicherry. The wave 

climatology and littoral processes at Alleppey were studied by Hameed (1988), where 

the maximum wave height recorded was 3.8 m during the monsoon period. The 

significant wave height recorded during the monsoon and non-monsoon seasons are 3 

m and 1.4 m respectively. The wave periods during monsoon are 8-9 s and 9-11 s 

during fair season. A model was proposed by Kurian et al. (1985) and Kurian (1989) 

for the prediction of shallow water wave heights. Hameed (1989) proposed a simple 

2-parameter PMK spectral model which simulates the shallow water wave spectra as 

good as the 5-parameter TMA spectral model. The marginal distribution of individual 

wave height is found to follow the depth limited model by Gluhovskii. The model by 

Tayfun is found to simulate the joint distribution of zero-crossing wave heights and 

periods. 

Chandramohan et al. (1991) studied the wave characteristics of the Indian coast based 

on the ship recorded data over 19 years (1968-1986) and the data were compared with 

measured waves at two locations viz. Kakinada on the east and Bombay high on the 

west coast. The ship borne observations are slightly higher than the measured data off 

Kakinada. Based on finite amplitude wave theory, a software has been developed for 

numerical refraction study by Chandramohan et al. (1994). They incorporated wave 

attenuation due to shoaling, bottom friction, bottom percolation and viscous 

dissipation. Sajeev et al. (1997a) conducted numerical wave refraction studies from 
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which the spatial and temporal variation in wave height and its distribution along the 

Kerala coast was obtained. Also the convergence and divergence of wave energy was 

found to induce non-uniform distribution of wave heights during the monsoon period.  

Jose (2000) studied the convergence/divergence pattern of wave energy based on 

wave refraction and their interaction with the beach sediments. Srinivas and Dinesh 

Kumar (2002) analysed the sea level data at Cochin and Beypore ports on the 

southwest coast of India to understand the tidal and non-tidal variations. At both the 

locations they observed a large spring-neap variation and monthly variation in the 

semi-diurnal forcing. The amplitudes of most of the tidal constituents are slightly 

larger at Beypore than at Cochin. The annual cycles of non-tidal sea level at both the 

locations are similar. Kurian et al. (2004) has made a review of the hydrodynamic 

regime of the SW coast of India elucidating the salient characteristics of this monsoon 

dominated coast. The maximum deep water wave height of 8.95 m is recorded during 

the peak monsoon. The peak wave period is lower during June - August due to the 

proximity of the coast to the generating zones in the Arabian Sea. The SSW directions 

dominate the wave climate except during the intense southwest monsoon conditions 

when westerly waves dominate. Sanil Kumar and Anand (2004) determined the mean 

wave direction (MWD) by using first order Fourier coefficients and the principal 

wave direction by second order Fourier coefficients. Comparison is also made on 

wave directions at four locations in the west and east coasts of India. Study shows that 

at all locations, the mean and principal wave directions for frequencies ranging from 

0.07 to 0.25 Hz co-vary with a correlation coefficient (CC) of 0.99 but at lower and 

higher frequencies, difference between the parameters is large. Also the average 

difference in the sea and swell directions is around 39
0
.  

Jignesh et al. (2005) makes use of the concept of wave age in estimating ocean wave 

period from space borne altimeter measurements of backscattering coefficient and 

significant wave height. Introduction of wave age allowed better accounting of the 

difference between swells and sea waves. Using two years (1998 and 1999) data of 

TOPEX/Poseidon altimeter and ocean data buoy observations in the Indian Ocean, 

coefficients were generated for wave period, which were subsequently tested against 

data for the years 2000 and 2001. The results showed the wave period accuracy to be 

of the order of 0.6 s. MIKE 21 offshore spectral wave model (OSW) taking into 

account of wind-induced wave growth, non-linear wave-wave interaction, wave 
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breaking, bottom friction and wave refraction was used by Vethamony et al. (2006) 

for the improvement in wave prediction by using NCMRWF winds blended with 

MSMR winds. The wave periods clearly indicate that waves during June - September 

are generated by monsoon wind forcing, and dominated by ‘wind waves’.  

Hameed et al. (2007) studied the waves off Chavara, southwest coast of India, over a 

period of 2 years which showed that the waves during monsoon are characterized by 

higher heights, shorter periods, and are confined to westerly directions. The wave 

characteristics during monsoon indicate proximity of generating area to the west 

coast. The pre-monsoon and post-monsoon waves are characterized by lower heights 

and higher periods with the direction being more southerly. Waves arrive from a 

wider range of generating areas during the fair weather periods, particularly during 

the pre-monsoon months. Sanil Kumar et al. (2007) separated sea and swell from deep 

and shallow water locations from the measured data. The study shows that the 

conditions in the deep water are influenced by swell with 62 %, whereas in the 

shallow water, wind seas dominate for 68 % of the period. Also the mean swell 

direction was 168° at deep water and 187° at shallow water. The spectral 

characteristics of shallow water waves along the Indian coast with Hs > 2 m are 

examined by Sanil Kumar and Ashok Kumar (2008). From their study it was found 

that the value of JONSWAP parameters increases with Hs and mean wave period and 

decreases with spectral peak period.  

Muraleedharan et al. (2009) used field and model wave data to study the wave period 

distribution and found that the zero crossing and average wave period distribution 

follow the Gamma distribution. They estimated the average of one-third and one-tenth 

highest wave periods (Ts) from Erlang distribution are in accordance with the values 

computed from recorded buoy and numerical coastal wave model wave period data. 

Aboobacker et al. (2009) calculated the spectral and statistical wave parameters 

obtained from the measured time series wave data off Paradip, east coast of India 

during May 1996 - January 1997 and were analysed along with MIKE 21 spectral 

wave model results.  Frequency-energy spectra during extreme events are single 

peaked, and the maximum energy distribution is in a narrow frequency band with an 

average directional spreading of 20
0
. Spectra for other seasons are multi-peaked, and 

energy is distributed over a wide range of frequencies and directions.  
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The wave growth characteristics during the onset of summer monsoon in a swell 

dominated open ocean at a location off the west coast of India at 14 m water depth are 

studied by Sanil Kumar et al. (2010). Their study reveals that about 67 % of the 

measured waves are due to the swells arriving from south and south-west and the 

balance was due to the seas from south-west to north-west. Also the wave age of the 

measured data indicates that the measured waves are young sea with presence of 

swells. Significant wave height and other wave conditions were studied by Suresh et 

al. (2010) for a location of 20 m water depth off east coast of India during monsoon 

and they separated the wind-sea and swell components from the measured data. It was 

observed that the sea-state is dominated by swells arriving from south-east to south. 

Also the wave age shows the presence of young sea with significant occurrence of 

swell. Wave energy distribution along Gangavaram, east coast of India has been 

carried out by Prasad et al. (2010) using a wave refraction model, which computes 

refraction coefficient, shoaling coefficient, breaker heights and breaker energies. 

Higher wave energy pattern is observed in the region to the south of the port during 

all seasons. Complex wave conditions exist due to rocky headlands and promontories 

towards north of the port and as a result wave breaking transpires at deeper depths. 

They also concluded that the wave energy is amplified along the coast during storm 

conditions.  

Wave data collected off Goa along the west coast of India has been subjected to 

spectral analysis, and swell and wind sea parameters have been estimated by 

separation frequency method by Aboobacker et al. (2011). According to them, swells 

dominate Goa coastal region not only during southwest monsoon (93 %), but also 

during the post-monsoon (67 %) season. Also, the numerical simulations carried out 

by them reproduced the swell characteristics in the Indian Ocean, and from the model 

results potential swell generation areas were identified. Sanil Kumar et al. (2011) 

measured the waves at 15 m water depth in the northern Arabian Sea during the 

summer monsoon for a period of 45 days and their results shows that the significant 

wave height varied from 1.1 to 4.5 m with an average value of 2.5 m. About 75 % of 

the wave height at the measurement location is due to the swells arriving from the 

south-west and the remaining is due to the seas from south-west to north-west. Wave 

age of the measured data indicates that the waves in the nearshore waters of northern 

Arabian Sea during the summer monsoon are swells with young sea.  
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Sajiv Philip et al. (2012) examined the interannual and seasonal variations in 

nearshore surface wave parameters over a period of three years using measured wave 

data at 9 m water depth off Honnavar, west coast of India. They observed Hs upto 4.3 

m during the summer monsoon with an average value of 1.7 m. Predominant wave 

spectral energy density was within 0.05–0.25 Hz and directional spreading was 

narrow for high waves. Sanil Kumar et al. (2012) studied the wind wave spectra at 

three shallow water locations (Malpe, Honnavar and Karwar) along the 200 km 

stretch of the state of Karnataka using measured data from wave rider buoys.  

Seasonal and annual variations in wave data controlled by the local wind system such 

as sea breeze and land breeze, and long period waves were studied by Glejin et al. 

(2013a) using wave data collected off Ratnagiri, west coast of India, during May - 

April 2012. The waves were classified into short waves (Tp < 8 s), intermediate waves 

(8 < Tp < 13 s), and long waves (Tp > 13 s) based on peak period (Tp) and the 

percentages of occurrence of each category were estimated. The study shows that the 

wind sea domination is observed during the calm pre-monsoon season and swell 

domination during the rough SW monsoon season. The variation in the presence of 

swells and wind seas during the post-monsoon season depends upon the cyclonic 

activity occurring in the Arabian Sea. Glejin et al. (2013b) examined the presence of 

the summer shamal swells using wave data off Ratnagiri, west coast of India, during 

the period of 2010 and 2011 supported by wind data from Automatic Weather Station 

(AWS), Advanced Scatterometer (ASCAT) and NCEP. Their study identified the 

presence of swells that originate from the summer shamal winds in the Persian Gulf 

and reach Ratnagiri during 30 % of the summer shamal period. The average 

occurrence of summer shamal swells is approximately 22 % during the southwest 

monsoon period. An increase in wave height is observed during June and July at 

Ratnagiri due to the strong summer shamal event. Rashmi et al. (2013) studied the co-

existence of wind seas and swells along the west coast of India during non-monsoon 

season using the wave data for different years. They observed diurnal variation in 

wave parameters along the central west coast of India i.e. off Goa and Ratnagiri. This 

is due to the interaction of multidirectional waves (both wind seas and swells) of 

varying magnitudes and frequencies. Also under local wind condition, the interaction 

between wind sea and swell dominates and thereby the multimodal state reduces to 

unimodal state.  
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Using wave data from the directional wave rider buoys, Anoop et al. (2014) studied 

the reflected surface gravity waves from the shoreline and quantified the reflected 

swells in the frequency band between 0.045–0.12 Hz from the west and east coast of 

India based on the spectral wave data. The reflected waves were quantified by using 

reflection coefficient and ratio of the reflected and incident spectral energy. They also 

analyzed the influence of the seasons, cyclone, relative depth, land/sea breeze, tides 

and tidal current on the reflected waves. The results show that the reflection 

coefficient decreases with increase in relative depth off west coast of India and 

seasons have large impact on the reflection coefficient. Also the reflection coefficient 

was low during the cyclone period. Samiksha et al. (2014) analyzed the wind, wave 

and current data off Ratnagiri, west coast of India to study the wind-wave-current 

interaction during shamal event. During these events, the current data shows a distinct 

change in direction and increase in speed. They concluded that the waves which 

propagate from NW and the current which flows towards north oppose each other 

which results in the intensification of currents off Ratnagiri. Anoop et al. (2016) 

investigated the influence of the Indian Ocean Dipole (IOD), on the wave climate of 

the eastern Arabian Sea. Winds from the northern Arabian Sea get modified and cause 

inter-annual variability in the wave climate over the eastern Arabian Sea. This is due 

to the IOD induced changes in equatorial sea surface temperature and sea level 

pressure.  

When compared to waves, literature on coastal currents along the coastline of India is 

relatively scarce. Sarma and Rao (1986) and Sanil Kumar et al. (1989) studied the 

measured wind induced current spanning over a short period. The circulation off west 

coast of India during the southwest monsoon was studied by Shetye et al. (1990) and 

their results show that the circulation off the west coast of India during southwest 

monsoon season is weak, and is dynamically similar to the wind-driven eastern 

boundary currents. Sahu et al. (1991) studied the coastal currents off Mangalore and 

observed a maximum speed of 60 cm/s during November and a minimum of 5-9 cm/s 

during February. Shenoi and Antony (1991) used moored array of current meters and 

measured currents for a period of three months off Goa. They observed that the mean 

flow was towards south during May and March and it was towards north in 

November. Stramma et al. (1996) measured the currents off south-west India at 8
0
 N 

during the SW monsoon period by using ADCP and CTD and observed that the upper 
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the upper ocean between 75º E and 76º 52' E near the south Indian shelf was governed 

by a northward flow with a subsurface velocity maximum of 25 cm/s at about 100 m 

depth. Prasada Rao et al. (1996) studied the pre-monsoon current off Cochin using the 

data collected from different depths and observed a southerly current in near-surface 

and north-westerly currents in sub-surface. Shankar and Shetye (1997) studied the 

circulation pattern of the north Indian Ocean during northeast and southwest 

monsoon. Bruce et al. (1998) observed that the anticyclonic circulation during 

northeast monsoon consists of multiple eddies. Shetye (1998) observed that the West 

India Coastal Current (WICC) flows northward during November - February and 

southward during April - September. He concluded that the currents in the North 

Indian Ocean basin are primarily due to Equatorial Rossby and Kelvin waves and 

Coastal Kelvin waves.  

By using the ship drift data, winds, Ekman drift and geostrophic currents derived from 

altimetry and hydrography and also by using numerical models, the monsoon currents 

in the north Indian Ocean was studied by Shankar et al. (2002). They found that the 

monsoon currents are seasonally reversing.  The Summer Monsoon Current (SMC) 

flows eastward during the summer monsoon and the Winter Monsoon Current flows 

westward during the winter monsoon. Kurian et al. (2005) and Hameed et al. (2007) 

studied currents along the south-west coast of India and the results showed a seasonal 

change with stronger currents during monsoon and weaker currents during fair 

weather. The alongshore components of the currents are mostly much stronger than 

the cross-shore flows. The current pattern is mostly diurnal although a semidiurnal 

signal is also seen. The diurnal activity is mostly wind-induced. In the monsoon 

season, the dominant direction is southerly to southwesterly, whereas during the pre-

monsoon and post-monsoon it varies between northwest and southeast. Kurian et al. 

(2007) based on the current measurements carried out in the innershelf of 

Kayamkulam-Munambam sector of the southwest coast of India concluded that the 

dominance of monsoon forcing, as seen in the case of waves, is not seen in the 

distribution of innershelf currents. They observed that the southern locations of 

Mararikulam and Thrikunnapuzha shows strong southeasterly movement during pre-

monsoon while the monsoon and post-monsoon seasons record sluggish movements.  
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2.3 Nearshore Sediment Transport 

The literature pertaining to sediment transport regime comprises of observational, 

experimental, computational and numerical modelling studies. A review of the global 

and Indian scenario for both the longshore and cross-shore sediment transport is 

carried out in this section. 

2.3.1 Global scenario 

Field measurements of wave and current parameters in the surf zone of El Moreno 

Beach and Silver Strand Beach, California and the resulting longshore transport of 

sand have been made by Komar and Inman (1970). The direction and flux of wave 

energy were measured from an array of digital wave sensors placed in and near the 

surf zone. Quantitative measurements of the longshore sand transport rate were 

obtained from the time history of the center of gravity of sand tracer. The 

measurements have been used to validate two models for the prediction of the 

longshore transport rate of sand. From field measurements in the west shore of Lake 

Michigan, Lee (1975) showed that the longshore currents were linearly related to the 

longshore momentum flux of incident waves at the breaker line. Also, the longshore 

sediment immersed weight transport rate is found in terms of the longshore wave 

energy flux per unit length of beach. 

Fredsoe et al. (1985) studied the suspended sediment distribution in the combined 

wave-current motion, where the motion close to the bed is sufficiently strong. 

Laboratory and field measurements were compared with the theory. The longshore 

sediment transport was studied by using sediment transport models in the surf zone by 

Deigaard et al. (1986). They analyzed the transverse distribution of the longshore 

sediment transport on a coast with bars and validated using field measurements. An 

energy related littoral sand transport rate formula is presented by Kamphuis et al. 

(1986), based on extensive laboratory tests and a set of known field data and 

calculated the mass transport rate. 

Quick and Ametepe (1991) considered the radiation stress principles and found that 

the cross-shore transport and slope determines the longshore stress levels, the 

longshore velocity and intensity of longshore transport. Quick (1991) estimated the 

onshore-offshore sediment transport on beaches by considering the time averaged 

behavior of a control volume and derived theoretical relationship which specify the 
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beach slope in terms of the incident wave attack and beach material properties. Wright 

et al. (1991) examined the mechanisms responsible for onshore and offshore sediment 

fluxes across the shoreface zone seaward of the surf zone using three years of field 

data in the southern part of the Middle Atlantic Bight at a depth ranging from 7 - 17 

m. They found that the mean flows dominated and caused offshore fluxes during the 

storm event and contributed significantly to onshore and offshore fluxes during fair 

weather. Numerical model for the steady state profile of the longshore current induced 

by regular, obliquely incident, breaking waves was studied by Caviglia (1994). A 

rapid convergent numerical algorithm is described for the solution of the governing 

equation. The present model for longshore current computations was combined with 

some of the known formulae for predicting sediment transport distribution.  

Larson and Kraus (1995) utilized compatible spatial and temporal scales for 

calculating the sediment transport and morphological changes. The calculations are 

made at different scales, showing the assumptions and approximations. The main 

conclusion from their study is that calculations at different scales can be related and 

reconciled if limitations in prediction of initial and boundary conditions and in the 

fluid forcing are recognized. Aagaard and Greenwood (1995) utilized the field 

measurements of near-bed current velocities and sediment concentrations within a 

barred nearshore environment and showed a large flux coupling at far infragravity 

frequencies (< 0.005 Hz).  In the presence of strong longshore currents upto 30 % of 

the longshore and 65 % of the cross shore suspended sediment transport can be 

attributed to far infragravity oscillations. While the former was always directed with 

the longshore current, the latter was variable in direction both spatially and 

temporally. van Rijn (1997a) developed a sand budget model, which describes the 

sand volume change in each compartment of the central coastal zone of Holland.  A 

2DV mathematical model representing the hydrodynamic (waves and currents) and 

sand transport processes in a cross-shore profile was used to compute the yearly-

averaged transport rates in various profiles along the coast at depths of 20 and 8 m 

and in the surf zone. This sand budget model has been calibrated using the yearly-

averaged sand volume changes derived from bathymetry data collected during the 

period 1964-1992.  

Masselink and Hughes (1998) measured flow velocity and sediment transport of the 

swash zone and showed that the sediment load displayed a strong relationship with 
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the time averaged velocity. Wang et al. (1998) measured the total rate of longshore 

sediment transport by using streamer traps at 29 locations along the southeast coast of 

the United States and the Gulf Coast of Florida. The rate was also measured 

simultaneously by short-term impoundment at Indian Rocks Beach, west-central 

Florida. Their results show that the transport rates measured by the streamer traps and 

the short-term impoundment along low-wave energy coast were considerably lower 

than the rates predicted by empirical formulae. The linear relationship between wave 

energy flux factor and the total rate of longshore sediment transport contained in the 

commonly used CERC predictive formula is supported by the streamer trap 

measurements. Also a lower value of the empirical coefficient, 0.08 instead of the 

0.78 recommended by the SPM (1984), was determined by the trap data for low-

energy coasts.  

The LST rates near the village of Duck, North Carolina, U.S. during storm period was 

measured and analyzed by Miller (1999). Comparisons of measurement results with 

predictions using CERC formula shows that the predicted rates were higher or lower 

than the measured suggesting that an additional term may be required for short term 

predictions during storm events. They studied the cross-shore distribution and LST 

rates during storm events. The total longshore sediment transport rate in the surf zone 

was measured by Wang and Kraus (1999) at a temporary groin installed at Indian 

Rocks Beach, west central Florida. Updrift accumulation and downdrift erosion mass 

balance was obtained, which were subjected to further analysis. Magnitudes of the 

transport rates were considerably lower than the predictions by CERC formula. 

Comparable or greater uncertainty in K-values exists for calibrating the predictive 

formulas. They concluded that K-value is not a constant and that other factors may 

enter, such as breaker type, turbulence intensity, and threshold for sediment transport.  

The skill of six well known formulae developed for calculating the LST was 

evaluated by Bayram et al. (2001). The van Rijn formula was found to yield the most 

reliable predictions over the range of swell and storm conditions. The Engelund–

Hansen formula (Engelund and Hansen, 1967) worked reasonably well, although with 

large scatter for the storm cases, whereas the Bailard–Inman formula (Bailard and 

Inman, 1981) systematically over-estimated the swell cases and under-estimated the 

storm cases. The formulas by Watanabe and Ackers–White (Ackers and White, 1973) 

produced satisfactory results for most cases, although the former over-estimated the 
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transport rates for swell cases and the latter yielded considerable scatter for storm 

cases. Bijker formula (Bijker, 1967) systematically over-estimated the transport rates 

for all cases. It is to be noted that the coefficient values in most of the employed 

formulas were based primarily on data from the laboratory or from the river 

environment. They concluded that re-calibration of the coefficient values with 

reference to the field data from the surf zone will improve their predictive capability.  

Onshore directed suspended sediment fluxes and associated nearshore bar migration 

were observed by Aagaard et al. (2002) during the field experiments on a gently 

sloping beach on the Danish North Sea coast. The field measurements of suspended 

sediment flux obtained during three experiments on two different beaches viz. 

Skallingen located on the Danish North Sea coast and Staengehus on the north coast 

of Zealand, Denmark, is used to parameterize the observed fluxes. A non-dimensional 

sediment flux index is formulated which describes the tendency towards net onshore 

or offshore transport. This index is found to depend upon the undertow velocity, the 

incident wave skewness and the cross-correlation between orbital velocity and 

sediment concentration. Formulation of suspended sediment transport across bars is 

obtained by linking the flux index with a parameterization of the sediment 

concentration in the water column. This formulation predicts a tendency for onshore 

directed sediment transport due to incident waves on gently sloping beaches. 

Temporal and spatial variations of surf zone currents and suspended sediment 

concentrations were investigated by Wang et al. (2002b). Both currents and sediment 

concentrations exhibit great temporal and spatial variations in the surf zone. Sediment 

concentration decreased very rapidly upward through the water column across most of 

the surf zone. Elfrink and Baldock (2002) reviewed the dominant hydrodynamic 

forcing and resulting sediment transport mechanisms in the swash zone.  

Pritchard and Hogg (2003) described a mathematical model of suspended sediment 

transport on an intertidal mudflat under cross-shore tidal currents. A Lagrangian 

formulation was employed to obtain periodic solutions for the sediment transport over 

idealized bathymetries. Shah Alam Khan (2003) studied the beach profile evolution in 

a wave tank and found that the transport rate gradually diminishes offshore from the 

wave break point. The effect of density variations of the sediment on coastal sediment 

transport has been studied in a wave flume experiment by Koomans and de Meijer 

(2004). Two types of sands with an equal grain size distribution but with different 
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densities (heavy minerals and quartz) have been used. The experiments show that the 

presence of heavy minerals in the sediment results in reduced erosion on the beach 

face. Kobayashi and Lawrence (2004) examined the cross-shore sediment transport 

processes under breaking solitary waves on a fine sand beach based on laboratory 

experiments. The beach was exposed to positive solitary waves and again to negative 

solitary waves after re-building of the beach. The positive solitary wave plunged 

violently near the shoreline and suspended a considerable volume of sand. The strong 

downrush followed by the large run-up results in the erosion on the foreshore. But the 

negative solitary wave collapsed against the seaward flow induced by the free surface 

slope of the negative wave and caused less sediment suspension. This generates weak 

downrush following small run-up results in the deposition on the foreshore. This 

study indicate the importance of the initial wave profile for swash sediment dynamics 

and the capacity of a single wave in causing noticeable beach profile changes.  

Masselink et al. (2005) conducted field measurements of water depth, flow velocity 

and suspended sediment concentration made at three fixed locations across the high 

tide swash and inner surf zones of a dissipative beach. Suspended sediment 

concentrations, loads and transport rates in the swash zone were almost one order of 

magnitude greater than in the inner surf zone. Also the suspended sediment transport 

flux measured in the swash zone was related to the bed shear stress through the 

Shields parameter. Karambas (2006) estimated the sediment transport rate in the 

swash zone using a Boussinesq model coupled with a porous flow model in order to 

incorporate the infiltration-exfiltration effects. Also the depth-integrated transport 

equation for suspended sediment is solved. Turker and Kabdas (2007) studied the 

effect of wave climate and grain size characteristics in the definition of transport rate 

parameter and thus witness their influence on the parameter. Smaller transport rate 

value gives a longer elapsed time before equilibrium is attained on the beach profile. 

Bayram et al. (2007) has developed an expression to find out alongshore sediment 

transport. The model assumes breaking waves mobilize the sediment and move it by 

current. Dean number is also used for this expression and is well suited for practical 

applications in coastal areas, as well as for numerical modeling of sediment transport 

and shoreline change in the nearshore.  

Masselink et al. (2008) conducted field investigation on a macrotidal beach of Truc 

Vert, France, with intertidal bar morphology. They quantified the cross-shore 
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sediment transport rates and beach response by using four different ways viz. net 

transport from bed-level changes, measured suspended sediment fluxes, sediment 

fluxes associated with migrating wave ripples, total load transport predicted using 

Bailard model (Bailard, 1981). The qualitative agreement between the different 

measures are excellent under all recorded wave conditions, with onshore (offshore) 

sediment transport and beach accretion (erosion) observed under low-to- moderate 

(high) wave conditions. Longshore sediment transport in the surf zone on Galveston 

Island, Texas, was studied by Rogers and Ravens (2008) and they developed a new 

technique involving optical instruments to measure transport rates and the results are 

compared with CERC formula.  Measured sediment transport rates ranges from 

86,000 to 231,000 m
3
/year. CERC formula gave sediment transport rates significantly 

greater than the observed values.  

Pham Thanh Nam et al. (2009) developed a two-dimensional numerical model of 

nearshore waves, currents, and sediment transport. Good agreement between 

computations and measurements was obtained with regard to the cross-shore variation 

in waves, currents, mean water elevation, and sediment transport in the nearshore and 

swash zone. The model can be used for predicting morphological evolution in the 

nearshore due to waves and currents. Field measurements of LST were undertaken by 

Esteves et al. (2009) on barred and non-barred beaches in Brazil, Denmark and 

Portugal. Measurements and predictions of vertical suspended sediment concentration 

profiles and cross-shore hydrodynamic parameters were then combined in a new 

semi-empirical model (LT-MOD) for prediction of LST which they compared with 

predictions using bulk LST formulae. The results show that LT-MOD gave more 

accurate predictions than existing bulk LST formulae. Laboratory studies were 

conducted by Smith et al. (2009) to investigate the importance of wave height, period 

and breaker type on total rate of LST and the cross-shore distribution of LST. The 

well-known bulk formulas viz. CERC, Kamphius, Readshaw were compared with the 

accurately measured total LST rates. Several K-values were used with the CERC 

formula, including the recommended value of 0.39. The recommended K-value and 

most of the calculated K-values over predicted the measured total LST rates. But the 

method that includes parameters to indicate the breaker type gave good estimate of 

LST rate. The Kamphuis equation, which includes wave period and beach slope that 

in turn influences wave breaking, also compared well with the measurements. The 
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CERC formula gave excellent results if K was calibrated with measured data. They 

also concluded that the transport in the breaker zone was influenced by breaker type 

and wave height was the dominating factor and is independent of wave period. The 

swash zone transport showed a dependence on wave height, period, and beach slope. 

Walton and Dean (2010) presented the concept of littoral drift rose (LDR) for the 

improvement in understanding of longshore sediment transport and consequent 

shoreline processes in areas with gradually varying offshore bathymetry, where the 

deep water wave climate is reasonably uniform. The stability of the shoreline using 

LDR, and development of LDR from one wave component of given magnitude and 

direction are discussed in the paper. The magnitude and direction of littoral drift 

throughout a region can be interpreted from limited measured, calculated, or observed 

data. Investigation of the cross-shore sediment transport process by wave induced 

current was carried out in the laboratory environment by Mahalder and Navera 

(2010). This study provides information regarding the process of sediment transport 

due to wave in the cross-shore direction due to varying water depth and wave 

parameters in the laboratory. They observed that the changes of bed level depend on 

water depth and wave period greatly as well as the wave height.  

Cartier and Hequette (2011) estimated the LST on sandy barred macro-tidal beaches 

of Northern France using sediment traps. They showed that LST increased with both 

wave height and mean flow. No relation was found with wave angle which is 

probably due to the influence of tidal currents that interact with wave-induced 

longshore currents. Cross-shore variation showed that sediment fluxes were higher on 

the middle to lower beach. This can be explained by a decrease in tidal flow velocity 

towards the upper beach as well as wave-energy dissipation over the beach and 

intertidal bars. LST direction appeared to be controlled by both incoming wave and 

tidal current direction. Appendini et al. (2012) estimate the potential LST along the 

northern coast of the Yucatan Peninsula. The waves were characterized using a 12 

year (1997-2009) deep water wave hindcast data (WAVEWATCH III) as forcing for 

the spectral wind-wave numerical model (MIKE 21 SW). The simulated time series of 

significant wave height, peak period, and direction are compared against in-situ 

measurements at 10 m water depth. LST is assessed by using LITDRIFT model. A net 

westward potential LST is found along the entire coast, ranging between 20,000 and 
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80,000 m
3
/year. The potential erosion and deposition areas are identified based on the 

sediment transport gradients.  

Mil-Homens et al. (2013) studied the predictive skill of the most commonly used bulk 

LST formulas viz. CERC (SPM, 1984), Kamphuis (Kamphuis, 1991) and Bayram 

(Bayram et al., 2007). The calibration coefficients in these three formulas are 

improved using a least-squares optimization algorithm which has improved the 

predictive skill of all the three formulas. The improved formula is verified by using 

the statistical methods of bootstrapping and cross-validation, and the improved 

Kamphuis formula performs best, followed by the improved Bayram formula. 

Aagaard (2014) conducted field measurements of suspended sediment load and cross-

shore transport on the lower shoreface. This is used to derive a model for sediment 

supply from the lower to the upper shoreface at large spatial and temporal scales. The 

results showed that both suspended sediment load and cross-shore sediment transport 

scale with the grain-related mobility number, which ranged upto ψ ≈ 1000 in the 

measurements. A one year long simulation of sediment transfers between the lower 

and the upper shorefaces on a natural beach compares well with transport rates 

estimated from long-term bar migration patterns and aeolian accretion on the same 

beach.  

van Rijn (2014) studied the longshore transport of sand, gravel and shingle using field 

and laboratory data. Numerical model CROSMOR (van Rijn, 1997b, 1998) was used 

for the estimation of cross-shore and LST. This has been used to determine the effects 

of wave period, grain size, beach/surf zone slope and type of waves (wind waves or 

swells). The longshore transport was found to be proportional to wave height to the 

power 3.1 (≈ H
3.1

), to grain size to the power −0.6 (≈ d50
−0.6

) and to beach slope to the 

power 0.4 (≈ tan β 
0.4

). Based on the results, a new expression for longshore transport 

of sand, gravel and shingle beaches with grain sizes between 0.1 and 100 mm has 

been derived by them. The cross-shore distribution of long-term average LST rate on 

a sandy beach exposed to waves with various directionalities was investigated by 

Kuriyama and Sakamoto (2014). They developed a process based one-dimensional 

model to simulate the cross-shore distributions of LST rate in the nearshore at 2 hour 

intervals for 15 years at the Hasaki coast of Japan. The simulation results showed that 

although the direction of average total LST rate was southward, the direction of 

predominant LST near the shore was northward. This was caused by the cross-shore 
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distribution of average LST rate that was northward near the shore, but southward 

away from the shore. Northward transport was dominant when the longshore sediment 

transport developed only near the shore owing to relatively small waves. Sediment 

transport in the southerly direction takes place when the transport developed both near 

and away from the shore owing to relatively large waves. The results indicates that 

the evaluation of the cross-shore distribution of LST rate is crucial for gaining a better 

understanding of LST on a sandy beach exposed to waves with various 

directionalities. Barbaro et al. (2014) proposed an expression for the calculation of the 

LST, including the effect of the spectral shape associated with the free surface 

displacement. The expression for LST is derived theoretically by using the wave flux 

approach combined with the spectral representation of the wave field propagating to 

the coast. The reliability of the proposed formula is assessed by utilizing the field 

data. They showed that the proposed LST formula is capable of reducing the large 

over estimations associated with the LST calculation and of reducing scattering 

between calculated and the measured LST rates. 

2.3.2 Indian scenario 

Reddy (1979) examined the wave condition and sediment transport nature in the 

Mormugao harbour area and found high waves from west-southwest direction during 

the southwest monsoon. Also the offshore sediment transport appears to be directed 

towards north or north-west due to the combined influence of currents and waves. 

Prasannakumar et al. (1983) computed the volume of littoral sediment transport at 2 m 

depth contour along the Munambam - Andhakaranazhi coastal sector for waves 

approaching the shore from 200 to 300 with periods varying from 6 to 14 s.  They 

estimated that about 9 million m
3
 of material drifted towards south annually between 

Munambam and Vypeen and about 7 million
 
m

3 
of material drifted towards south 

between Fort Cochin and Andhakaranazhi. Variations in the alongshore drift of 

littoral sediments in the area between Azhikode and Vypeen was studied by 

Prasannakumar (1985). The study shows that the littoral drift values are higher during 

rough weather season than the fair weather season. Murty and Veerayya (1985) 

studied the longshore currents at selected locations along the Goa and Kerala coast 

over a period of 5 years and observed high variability in the current speed and 

direction. Chandramohan and Rao (1986) computed the LST using different empirical 

formulas along Visakhapatanam coast.  
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LST rates near Visakhapatnam Port have been estimated using an energy flux method 

by Sarma and Reddy (1988). They found that the direction of littoral drift is from 

south to north during the period March to October, when the wave directions are 

between SE and S, and from north to south during the period November to February 

when the wave directions are between ENE and E. The net drift is northwards and is 

by far the most dominant for this coast. The beach and shoreline changes were 

critically examined in relation to the littoral drift. Prakash and Prithvi Raj (1988) 

studied the seasonal longshore transport direction utilising the textural parameters of 

the foreshore sediments along a 41 km stretch of the Paravur-Purakkad coast in 

Kerala.  The seasonal grain-size variation and sediment budget along the coast were 

also examined. Prithvi Raj and Prakash (1988) studied the textural parameters of 

surficial sediments in the innershelf of Kerala, between Kuzhipalli and Chawghat 

(Chavakkad), to delineate probable sediment transport trends. The study delineates the 

transport trends both in onshore as well as offshore directions in sectors where fluvial 

action is prevalent. The onshore transport only occurred in the sector devoid of fluvial 

influence. The LST shows a strong northerly sediment movement beyond 20 m depth 

and movement in north and south directions at shallower depths. They concluded that 

the movement of sediments in shallower portions of the shelf is influenced by the 

interaction of waves, currents, and fluvial processes.  

Mcdougal and Hudspeth (1989) studied the longshore current on natural beaches 

having an equilibrium profile. Their study shows that the location of the maximum 

longshore current moves closer to the shore as the planar beach face width decreases. 

A narrower beach face results in the maximum sediment transport being closer to the 

shore. Total sediment transport rates are also a function of the planar beach face width 

and this suggests that longshore transport rates are modulated by the tidal elevation. 

LST rates for the south Indian coast from Allur to Cochin and for Sri Lanka were 

estimated from ship reported wave data for the period of 1968 - 1986 (Chandramohan 

et al., 1990). Annual gross sediment transport is high (1.5 - 2×10
6
 m

3
) along the coasts 

of north Tamilnadu and south Kerala. The annual net transport is southerly along the 

west coast of India and predominantly easterly along the east coast. Prasanna Kumar 

et al. (1990) examined the wave-induced nearshore circulation and sediment 

exchanges between two littoral cells along Vypeen and Chellanam. Southerly littoral 
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currents are observed during most of the year and they presented a conceptual model 

in order to explain the sediment movement along the two littoral cells. 

Chandramohan and Nayak (1991) developed an empirical sediment transport model 

for the Indian coast on longshore energy flux equation and estimated an annual gross 

sediment transport of 1.5 - 2 million m
3
 along the south Kerala coast. Nayak and 

Chandramohan (1992) and Chandramohan and Nayak (1992) developed an empirical 

sediment transport model based on longshore energy flux equation. The study 

indicates that annual gross sediment transport rate is high (1.5×10
6 

m
3
 to 2×10

6
 m

3
) 

along the coasts of Orissa, north Tamilnadu, south Kerala and south Gujarat. The 

transport is comparatively low (0.5×10
6
 m

3
 to 1×10

6
 m

3
) along the south Tamilnadu 

coast. Also the direction of annual net transport is towards north along the east coast 

and towards south along west coast. Chandramohan et al. (1993a) studied the 

sediment transport along the South Maharashtra coast and estimated that the 

longshore sediment transport at Ratnagiri, Ambolgarh and Vengurla were 0.12, 0.19 

and 0.05 million m
3
 respectively towards south. Chilka lake inlet mouth is exposed to 

high annual littoral drift of about 1×10
6
 m

3
 and the inlet mouth was observed to 

migrate about 500 m northward during the period of one year study (Chandramohan 

et al., 1993b). Measurement of daily longshore currents indicated that the 

predominant LST across the mouth is towards north throughout the year. 

Revichandran et al. (1993) calculated the vertical profiles of suspended sediment 

concentration, current velocity and salinity carried out in the Azhikode estuary and 

studied the shoaling and siltation in the harbour region.  

Jayappa (1996) studied the longshore currents and sediment transport along the 

beaches of Manglore for a period of one year and found that average longshore 

current velocity was high and net sediment transport was towards south. Jose et al. 

(1997) studied the longshore transport at three different locations with varying littoral 

characteristics along the SW coast using the wave energy flux method.  They 

observed the highest transport of 2.9 million m
3
 at Vizhinjam and the lowest value of 

0.07 million m
3 

at Chavara. Jena and Chandramohan (1997) studied the sediment 

transport near the Peninsular tip of India based on monthly measurement of littoral 

environmental data and beach profiles.  They estimated that the annual gross 

longshore sediment transport rate was 0.9 million m
3
/year and the annual net transport 

rate was 0.3 million
 
m

3
 towards west. Sajeev et al. (1997b) studied the longshore 
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transport characteristics of the Kerala coast using Walton's equation and found that 

the net drift was southerly during monsoon periods and northerly during other 

seasons. The annual net transport was southerly at all the stations except at 

Trivandrum, Alleppey and Nattika.  

The longshore current and sediment transport along Kannirajapuram coast, Tamilnadu 

were studied by Sanil Kumar et al. (2000).  The predominant direction of transport 

was northerly from March to November and southerly from December to February.  

They calculated that the annual gross transport was 0.46 million m
3
 and annual net 

was 0.44 million m
3
/year towards northeast. Kunte and Wagle (2000) carried out the 

study to determine the dynamics of littoral transport along the west coast of India. The 

study indicates that the though the littoral drift is variable, bi-directional and season 

dependent, long-term net littoral drift along west coast of India is southwards. 

Chandramohan et al. (2001) studied the littoral drift sources and sinks along the 

Indian coast and found that rivers were the major sources for the littoral drift and the 

annual discharge of sediments to the sea along the Indian coast was about 1.2×10
12 

kg. 

Sanil Kumar et al. (2001) studied the nearshore processes along Tikkavanipalem 

Beach using wave rider buoy data. They estimated the longshore currents and 

longshore sediment transport rate considering the sea and swell waves separately 

using the CERC formula. The difference between the gross sediment transport rates 

estimated based on the Longuet-Higgins and Galvins equation was around 6 %. The 

sediment transport estimated using Walton’s equation shows that average annual 

gross transport was 0.371 million m
3
 and the average annual net transport (towards 

northeast) was 0.173 million m
3
.  

Sanil Kumar et al. (2002) calculated the longshore sediment transport rate in 

Nagapattinam coast using CERC formula and found that the average annual gross 

transport was 0.448 million m
3
 and the average net transport (towards south) was 

0.098 million m
3
. Measurements of the longshore sediment transport rate along the 

surf zone at a 4 km long beach on the central west coast of India were made over a 4 

month period by Sanil Kumar et al. (2003). Both lateral and vertical distributions of 

the sediment transport rate were measured with traps deployed on a line spanning the 

surf zone. The measured average gross transport was 726 m
3
/day and during 69 % of 

the time, the transport was northerly, and in the remaining period, it was direct 

towards south. Sediment transport along the Mangalore coast was estimated by using 
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MIKE 21 sediment transport module by Babu et al. (2003). The results show that the 

offshore sediment movement is dominant only in monsoon season due to higher wave 

activity and in non-monsoon periods the onshore movement is pre-dominant. The net 

longshore sediment transport is negligible, according to them (0.22 million m
3
/y), 

along this coast and the direction is southerly in all the seasons. Sanil Kumar et al. 

(2006) studied the coastal processes along the Indian coastline using measured data on 

waves and currents. They calculated that the gross sediment transport rate was about 

1million m
3
/year along south Kerala and south Orissa coasts.  

A closed sedimentary circulatory system described as a ‘‘step-ladder’’ was identified 

by Black et al. (2008), on the basis of observation and numerical modelling off Kerala 

coast. According to them, dynamic sediment equilibrium on a regional scale is 

maintained by an annual net northerly sediment flux in the nearshore zone, driven by 

wave-induced currents. This is balanced by a net southerly flux on the innershelf, but 

driven instead by wind-induced currents which transport the wave-induced suspended 

sediment. The two counter-directional shore parallel sedimentary pathways are linked 

by cross-shore bridging transport. Singh et al. (2008) employed neural network and 

genetic programming which, according to the authors, produce better results for the 

estimation of littoral drift. Numerical models were developed by Kurian et al. (2009) 

to simulate the wave and sediment transport regime of the innershelf of the south-

central Kerala coast. The net annual longshore sediment transport is southerly in the 

innershelf and northerly in the surf zone. These counter directional transports are 

linked by seasonally reversing the cross-shore transports. Stable beaches prevail in the 

locations where the longshore and cross-shore transport balances. Erosion/accretion 

patterns are noticed in the locations where the sediment transports are not balanced.  

Beach width data for a period of 5 years (1993–1998) was categorized and analysed in 

relation to the seasons by Suresh et al. (2011) to have an understanding of the coastal 

processes over a 50 km long coast west of Cape Comorin along the southwest coast of 

India. The study area was affected partially by the great Indian Ocean tsunami and the 

field measurements are used to validate a finite difference based numerical model 

employing the empirical formulation of Larson and Kraus (1989). The nearshore 

wave climate was derived by adopting the MIKE 21 Parabolic Mild Slope module. 

The prediction from the numerical model revealed that the average onshore-offshore 

transport varies from about 50 to 200 m
3
/m/year width of the beach. Shanas and Sanil 
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Kumar (2014) examined the variation in the LST estimate using four well known 

formulae and the sensitivity of the wave parameters on LST determination. The study 

was conducted along the Kundapura coast, central west coast of India. They showed 

that the net LST was towards north for most of the time (non-monsoon period), 

whereas the LST was towards south during the monsoon season. According to the 

authors, the influence of breaker height was more during the non-monsoon period 

whereas during the monsoon period, breaker angle shows more influence on LST. The 

annual net LST estimated for the region are 0.36, 0.30, 0.16 and 0.26 million m
3
 

based on the CERC, Walton and Bruno, Kamphuis and Komar formulae respectively.  

Based on waves measured at 9 m depth, nearshore wave transformation was simulated 

using REFDIF-1 numerical model (Kirby and Dalrymple, 1994) and the nearshore 

breaker parameters were estimated at two micro-tidal beaches along central west coast 

of India (Honnavar Coast) by Sajiv Philip et al. (2014). Longshore current and LST 

rates were computed by using semi-empirical equations from the breaker parameters. 

Predominant direction of LSTR is observed towards north during pre-monsoon and 

post-monsoon, and towards south during monsoon. The sensitivity analysis of LST 

estimate shows that coastal inclination is the prominent factor in determining LST 

than incident wave angle. Wave-induced Longshore Sediment Transport (LST) of the 

Dhanushkodi sandspit located southeast of Rameshwaram, India was studied by 

Gowthaman et al. (2015). The study was based on data collected simultaneously in 

the Gulf of Mannar and Palk Bay using directional wave rider buoys. They have used 

numerical modelling to calculate the nearshore wave climate and estimated LST using 

three different formulae. This estimated LST are again compared with the numerical 

model LITDRIFT module of LITPACK. The net sediment transport along the Gulf of 

Mannar coast at Dhanushkodi indicates that the predominant direction of transport is 

south-eastward and is 0.3, 0.28, 0.23 million m
3
 based on the CERC, Walton & Bruno 

and Kamphuis formulae, respectively. The numerical model studies based on the 

LITLINE module of LITPACK showed that, during the 2010-2015 period, the sand 

spit along Dhanushkodi grew by 65 m due to the net southeastward LST along the 

Gulf of Mannar coast. 
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2.4 Beach Placers 

2.4.1 Global scenario 

Swift et al. (1971) examined the sediments of the North Carolina-Virginia coast in 

order to determine the genesis of the coastal sands. They concluded that strong 

mineralogical gradient exist across the study area and the heavy mineral distribution 

along this coast is due to the in-situ fractionation of the substrate generated by shore 

face retreat. 

Barrie (1980) presented the quantitative heavy mineral distribution, the individual 

mineral threshold values and heavy mineral enrichment of the Bristol Channel. The 

differential mineral transport of heavy minerals, according to him, depends upon the 

hydraulic conditions of unidirectional and oscillatory flow. Such a model can be used 

to explain the development of heavy mineral enrichment found on the open, high 

energy beaches and in the areas of local tidal current enhancement. Luepke and 

Clifton (1983) analyzed the heavy mineral distribution of Willapa Bay, Washington 

which indicated a dominance of two mineralogic assemblages. The distribution of 

heavy mineral suggest that the sand discharged from the Columbia River, is borne 

north by longshore transport, and carried into the bay by tidal currents. Komar and 

Wang (1984) considered the important grain sorting mechanisms such as selective 

entrainment and differential transport. They found that the grain density and size are 

the important parameters for placer formation. The higher densities and finer grain 

sizes of heavy sands require greater entrainment flow stress. This result in lower 

transport rates compared with the light minerals.  

Best and Brayshaw (1985) studied the flow separation in the alluvial channels that 

occurs due to abrupt changes in the bed geometry. This generates a region of high bed 

shear stress that can entrain heavy minerals, and a region of low velocity that is a 

preferred site for the deposition of denser particles. They found that significant 

concentrations of heavy minerals are formed by the flow separation processes. 

Peterson et al. (1986) studied the beach segments enriched by heavy minerals which 

are located between Cape Lookout and Cape Perpetua, Oregon. Beach face retreat in 

the winter of 1982-83 exposed underlying placers containing the economic minerals. 

The highest concentration of placer minerals occurs in an area of maximum shoreline 

curvature. Slingerland and Smith (1986) from their study of the occurrence and 
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formation of water-laid placers have provided valuable contributions in the grain scale 

processes. Komar (1989) makes a review of the physical processes of mineral sorting 

and dynamic equivalence. He categorises the sorting processes under waves and 

currents to fall under four different types viz. settling equivalence, selective 

entrainment, transport sorting and shear sorting. 

Morton and Smale (1990) assessed the effects of transport and weathering processes 

on heavy mineral suite from the Cascade-Martyr river system, Westland, New 

Zealand. Weathering processes on the floodplain does not affect the heavy mineral 

suites during the transit. Coarse sediment movement takes place during floods and 

they will not reside for extensive periods on the floodplain. They concluded that 

neither mechanical abrasion nor weathering has a marked effect on the heavy mineral 

suites in this river system. Pujos et al. (1990) studied the distribution of the heavy 

minerals of the continental shelf sands off French Guiana. He concludes that the 

heavy minerals provide an excellent tool for the reconstruction of paleo-

environments. In order to test the spatial distribution and temporal variability of beach 

heavy minerals, five beach zones from the backshore out to the breaker zone were 

sampled by Isla (1991). The heavy minerals dominate to the backshore and light 

minerals are more abundant in the submerged zones. Seasonal changes are shown by 

the lighter of the heavy grains. Li and Komar (1992) used laboratory flume 

experiments to study the processes of selective entrainment of grains from sands of 

mixed sizes and densities. A minimum threshold stress for the entrainment of 

intermediate grain sizes of mixed size sediments exists while higher threshold stresses 

are required for the movement of both smaller and coarser size fractions. Frihy and 

Komar (1993) analysed the shoreline positions from the beach profile surveys along 

the coastline of the Nile Delta during 1971 to 1990. Associated with the longshore 

sediment movement, there is a selective transport of different minerals according to 

their densities and grain sizes, with the light minerals having the highest advection 

rates and the dense minerals having the lowest rates.  

Frihy et al. (1995) collected sediment samples along 34 beach profiles spanning along 

the 240 km length of the Nile Delta in order to examine the sorting patterns of heavy 

minerals that develop during cross-shore and longshore sediment transport. Factor 

analysis of the heavy mineral contents shows that two mineral factors or groups 

results from sorting due to the contrasting densities and sizes of the grains. The spatial 
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distributions of these two factors reflect the grain-sorting patterns of the heavy 

minerals which coincide with the general trends of shoreline erosion versus accretion. 

Nine types of heavy mineral have been found by Liu (1999) in the fluvial sediments 

of the Ordovician Natal Group, South Africa. These heavy minerals are concentrated 

mainly in the Eshowe and Inanda Formations of the succession. Grain size analysis 

shows that heavy mineral rich beds are composed mostly of fine to medium size sand 

and are better sorted than the host rocks. Roy (1999) studied the heavy mineral sand 

provinces of southeastern Australia. He found that a number of fractionating 

mechanisms that concentrate heavy minerals operates during marine transgressions 

and under highstand conditions to produce different types of beach placers. 

Sorting and concentration of heavy minerals along the coast between Gadani and 

Phornala, Baluchistan, Pakistan are studied by Chaudry et al. (2002). Sediment 

samples from different intertidal zones between Gadani and Phornala were collected 

for grain size analysis and petrographic/petrological study. They studied the variations 

in grain size and mineral assemblage in the intertidal zones. Beach sand sediments 

from 33 stations along the Susanoglu coast in Mersin, Turkey were collected and 

heavy metals were analyzed by Yalcin (2009). To determine the source of heavy 

metals (natural and anthropogenic), simple and multivariate statistical analyses were 

applied. According to factor analysis three factors were determined viz. natural 

process factor, anthropogenic factor and intermediate factor.  

Heavy minerals of twenty sediment samples of Schirmacher Oasis, east Antarctica, 

have been studied for their textural characteristics, abundance and provenance 

determination by Srivastava et al. (2010). The high concentration of specific minerals 

of metamorphic origin reveals high-grade metamorphic terrain as the primary source.  

2.4.2 Indian scenario 

Rao (1957) surveyed the east coast of India, extending from Vasishta Godavari river 

in the south to Vamsadhara river in the north. They studied the beach configuration 

and concentration of heavy minerals along this coastal stretch. The concentration of 

well-sorted heavy mineral sands, according to him, is effected by beach erosion and 

beach regression. Siddiquie and Mallik (1972) studied the mineralogy of selected 

samples from the innershelf of Mangalore, India. Trend-surface analyses of 

distribution of the heavy minerals were made to determine the various factors 
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controlling the mineral distribution pattern in the area.  The mineral distribution in 

this area is mainly the result of dynamic interaction of process and response elements.  

Wagle et al. (1989) studied the coastal features of the central west coast of India from 

Bombay to Goa by using aerial photographs. Beach samples collected from high tide 

and low tide levels were analyzed to obtain the heavy mineral content. Impact of 

lithology, coastal geomorphology and drainage on the concentration of heavies was 

established in their study. In aerial photographs, beach sands show white, greyish 

white, dark grey and black tone depending upon the percentage of the black sand. 

Mineralogical study indicated that the heavy mineral percentage varied from 0.4 to 

98.64 %.  

The placer mineral concentration on the beaches at Chavara, Kerala, India is studied 

by Prakash et al. (1991). The rivers in the southern Kerala transport higher amounts of 

radioactive elements than the larger Kallada River due to higher radioactive minerals 

in the hinterland rocks. They concluded that the seasonal longshore current pattern 

and the coastal configuration played a major role in the alongshore distribution of 

minerals. Shankar et al. (1996) used rock magnetic properties to obtain estimates of 

heavy mineral contents of placers from the SW coast of India. Their study showed 

that magnetic susceptibility and other magnetic properties show strong correlations 

with heavy and opaque mineral contents. As one or more types of magnetic minerals 

are invariably present in placers, magnetic properties may be used as a proxy for 

heavy and opaque mineral contents, according to the study.  

Prakash (2000) examined the surficial sediment samples from the innershelf off 

Quilon, SW coast of India for the sediment type, placer distribution and titanium 

content. A major portion of the innershelf of this coast is covered with sands and silty 

clays. The total heavy mineral content in the shelf varies from 1 to 12 %. Their study 

shows a high percentage of heavy mineral in the sandy sediments and titanium 

content is higher in the southern shelf. The distribution of heavy minerals and 

titanium in the innershelf indicates net sediment movement towards the northern shelf 

region, where rich concentrations of placer minerals occurs along the coast. Kurian et 

al. (2001) studied the spatial and temporal distributions of heavy minerals of Chavara 

and Manavalakuruchi along the southwest coast of India. The concentration of heavy 

minerals along the mid-tide line of the beaches is considerably higher in monsoon 

than during non-monsoon period. The study brings out the dominant role of wave 
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over the coastal current in the transport of sediment, and the heavy sand is less easily 

moved than the white sand. During the monsoon season, winnowing of the white sand 

from the eroded beach takes place, leaving heavies at the beach. During post-

monsoon, the erosion ceases and the swell waves dominates which brings more-easily 

entrained white sand towards the beach. Thus there is a reduction in the beach 

enrichment during non-monsoon periods.  

Angusamy et al. (2004) studied the two different zones of enrichment of placer 

deposits namely, Kanyakumari-Kuttankuli and Kallar-Vaippar along the southern 

coast of Tamil Nadu. The heavy mineral assemblages of the two zones were similar to 

each other.  According to the study, the northerly currents in the Gulf of Mannar must 

have transported and deposited the heavy minerals due to the inflection of coastline, 

and down warped basinal structure.  Hegde et al. (2006) studied the heavy minerals of 

the Honnavar beach, Karnataka, central west coast of India. The study indicates that 

the heavy mineral suite has been derived from the hinterland and the river Sharavati 

brings these minerals. The heavy minerals appear to be reworked and derived from 

the offshore/palaeo-beach and brought out by combined action of alongshore current 

from south and waves to the present beach.  

Prakash et al. (2007) studied the suspension and enrichment of the heavy sands at 

Chavara, south-west coast of India. The results indicate that there is an enrichment of 

heavy sand on the beach face which is initiated during the erosive events. Evidence 

was obtained for the arrival of bimodal coarse populations to the beach during post-

monsoon and loss of quartz sands during stormy monsoon periods. Due to the 

influence of swells during post-monsoon and under the influence of wave asymmetry, 

shore-ward migration of denser sands is observed. The magnetic fractions of ilmenite 

from the beach placer deposit of Chavara, southwest India have been studied for 

mineralogical and chemical composition by Nair et al. (2009). Chavara deposit 

represents a highly weathered and relatively homogenous concentration. The ilmenite 

from Chavara is compared with that from the Manavalakurichi deposit of similar 

geological setting and provenance. The lower ferrous iron oxide and higher TiO2 

contents highlight the advanced state of alteration of Chavara. This is also evidenced 

by the relatively higher Fe
3+

/Fe
2+

 ratio compared to Manavalakurichi ilmenite.  

The heavy mineral deposits of the coastal sediments in the south Maharashtra stretch 

were studied by Gujar et al. (2010). The area is a narrow submergent coastal plain 
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lying between the Achara and Gad Rivers. The heavy mineral concentration shows an 

increasing trend from north to south. The observed variations in the heavy mineral 

distribution are due to the differences in the sediment supply, specific gravity and 

oceanographic processes, all of which result in a selective sorting of the sediments. 

Chandrasekar et al. (2010) studied the placer formation in the beaches between the 

Kallar and Vembar River mouths on the southeast coast of India which are rich in 

placer mineral deposits. Their study reveals that density sorting plays a very crucial 

role in the concentration of placer minerals in this region. Also the economically 

viable heavy mineral deposits are governed by the presence of the source rock being 

in close proximity, topography, climate, and coastal processes.  

Heavy mineral analysis was carried out for the beach and fore dune sediments along 

60 transects of Nizampatnam - Lankavanidibba, Andhra Pradesh, east coast of India 

by Reddy et al. (2012). The sectors nearer to the river mouth contain high 

concentration of high specific gravity heavy minerals than sectors away from the river 

mouth. They concluded that the redistribution of heavy minerals is controlled by 

creek dynamics, longshore currents, size and specific gravity of the heavy minerals. 

The study of heavy mineral placer deposits of the coastal sediments in 

Bhimunipatnam stretch from Chapala Uppada to Annavaram in the south of 

Visakhapatnam, Andhra Pradesh was carried out by Rao et al. (2012). They observed 

that the concentration of heavy minerals is more in dunes than in the beach sediments. 

The heavy mineral concentration shows an increasing trend from south to north. The 

observed variations in the distribution of heavy minerals are mainly due to differences 

in the sediment supply, sorting and oceanographic processes all of which results in a 

selective sorting of the sediments.  

Anooja et al. (2013) studied the provenance and depositional history of the heavy 

mineral placers in the coastal lands of Kollam district, SW India. According to them, 

the heavy mineral residues of the upper estuarine zones are generally garnet bearing 

and are of alluvial origin while sediments in the lower estuary are garnet-free and are 

derived from the nearby littoral zones during the tidal processes. Dinesh Kumar et al.  

(2014) has studied the nearshore sediment transport that controls the placer mineral 

depletion at Manavalakurichi, India. Their analysis shows the landward shift of 10 

and 20 m contours by about 35-100 m. They concluded that the removal of sand from 
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the high energy zones would eventually lead to sediment starvation situations and 

depletion of placers in the adjacent beaches.  

2.5 Beach - Innershelf Morphological Changes 

The beach and innershelf morphological changes are very much linked to the 

sediment dynamics in the beach-innershelf system. Extensive studies are available on 

beach morphological changes, though those on innershelf morphological changes are 

relatively less. Also, studies integrating the beach-innershelf morphological changes 

with sediment dynamics are relatively less. A review of the literature on 

observational, laboratory and numerical modelling studies pertaining to beach-

innershelf morphological changes and the role of hydrodynamic, geomorphological 

and sedimentological characteristics in the observed morphological changes is carried 

out in this section. 

2.5.1 Global scenario 

Frihy (1988) adopted the method of air-photographic analysis to detect erosional and 

accretional changes along the coast of Nile Delta, Egypt. The aerial photographic 

analysis is applied to three unstable coastal zones viz. the Rosetta, Damietta 

promontories and the Burullus-Baltim sector. This study reveals that highest erosion 

occurs in the outer margin of both Rosetta and Damietta promontories. The estimated 

highest rate of erosion during the 28 year period of study is 114, 9 and 31 m/year 

respectively, at Rosetta, Baltim and Damietta sectors. The morphometry of the 

coastline along the Egyptian Mediterranean has been studied by Smith and Abdel-

Kader (1988) from the analysis of satellite images. Landsat images acquired in 1973, 

1978 and 1984 were compared with topographic maps from the 1930's and other 

historical references to the shoreline. They showed that the coastal erosion is a serious 

problem along the Egyptian Mediterranean Coast and it is localized at specific areas. 

These areas have undergone slow to moderate erosion as a result of natural decrease 

of the River Nile flow and due to the increased number of structures across the Nile.  

Observations of long-term shoreline change and bathymetry on the inner continental 

shelf off the northern Nile Delta are compared by using two bathymetric maps of 

closely spaced soundings from 1919/22 and 1986 (Frihy et al., 1990). The changes are 

depicted from the analyses of 40 bathymetric profiles upto a depth of 30 m, extending 

about 30 km from the shore. The profiles are compared in terms of changes in water 
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depth, shift in bottom contours and volumetric changes in bottom sediments from 

which the areas of erosion and accretion are identified. These changes are generally 

due to long-term sediment movement in which most of the accreted sands come from 

eroded promontory tips as well as from offshore sources. Statistical correlation 

analysis indicates that areas of potential erosion and accretion are not related to 

sediment texture, slope and water depth. Anctil and Ouellet (1990) assess the potential 

sedimentological impacts of an innershelf sand extraction near the Iles-de-la-

Madeleine archipelago, in the central Gulf of St. Lawrence, Canada. They found that 

modifications to the wave refraction patterns due to bathymetry changes are the 

dominant criterion. Excavations through dredging operations are then designed to 

limit these modifications in such a way as the resulting littoral drift changes are kept 

within bound specified after the local sediment budget.  

Morton et al. (1993) adapted the technique of Global Positioning System (GPS) 

surveying to beach monitoring activities. Both the GPS and conventional beach 

surveying was conducted, and a new beach monitoring method employing kinematic 

GPS surveys was devised. This new method involved the collection of precise shore-

parallel and shore-normal GPS positions from a moving vehicle. Results show that the 

GPS measurements agree with conventional shore-normal surveys at the 1 cm level. 

The application of GPS surveying techniques combined with the refinement of 

appropriate methods for data collection and analysis provides a better understanding 

of beach changes, sediment transport, and storm impacts. Nearshore coastal sand 

mining and its adverse effect on coastal environment of Pakiri-Mangawhai sand 

system, New Zealand was examined by Hilton and Hesp (1996). The results indicate 

that the nearshore - innershelf boundary is about 25 m isobath at Pakiri and no 

significant sediment transport occurs beyond this depth. This weak recovery of the 

Pakiri-Mangawhai coast following severe erosion in 1978 is attributed to the 

consequence of sand mining. They conclude that there is a high risk in nearshore 

coastal sand mining which will adversely affect the coastal processes and landforms.  

Jackson (1999) studied the erosion/accretion of sand beaches and evaluated the 

performance of the criteria that predict beach erosion and accretion due to wave-

induced cross-shore sediment movement. Relations based on small scale laboratory 

and field data were evaluated for predicting erosion or accretion of the study area. 

Larson et al. (1999a) presented theoretical models to determine the equilibrium profile 
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shape under breaking and non-breaking waves. These models produced equilibrium 

profile shapes of power type with the power typically in the range 0.15-0.30.  

The logic and benefits of offshore coastal protection structures are addressed by Black 

(2001). Offshore reefs have three important "MOA" qualities (Multi-purpose, 

Offshore and Adjustable), which makes these structures more versatile and adaptable 

than sea walls, breakwaters or groins. High quality computer modelling, field datasets 

on surfing reef behaviour and advances in construction technology make these elegant 

and scientifically complex coastal protection solutions achievable. Makota et al. 

(2004) used remote sensing data and GIS to quantify shoreline change in Kunduchi 

shoreline off the Dar es Salaam coast, Tanzania. The study has revealed that during 

1981–2002, more erosion took place in the northern part of the creek while deposition 

took place in the southern part. Between 1981 and 1992, about 2.04 ha were eroded 

from the northern part of Kunduchi–Manyema creek. This area has increased to more 

than 2.60 ha by 2002. van Lancker et al. (2004) studied the beach and nearshore area 

of Teignmouth, U.K. The sedimentological and morphological investigations of the 

intertidal and nearshore area were carried out. Sediment mobility is high during fair 

weather conditions owing to the strong jet like current flows associated with the 

presence of the narrow estuary mouth. The influence of waves and associated 

longshore currents cannot be neglected as they form the link between different 

sedimentary environments.  

Miler and Dean (2004) developed a shoreline change model and calibrated/evaluated 

with several sets of high quality field data. The model represents the shoreline 

response to cross-shore processes only, requiring wave and water-level data as input. 

A quantitative method for evaluating the significance of changes to coastal processes 

that result from offshore sand mining is introduced and applied at three borrow site 

locations along the east coast of U.S.A. by Kelley et al. (2004). The temporal 

variations in wave climate and longshore sediment transport are evaluated relative to 

average annual conditions. They suggested a criterion for accepting or rejecting a 

potential borrow site, which is based on a range of one-half standard deviation (SD) 

about the mean.  

Elsayed et al. (2005) investigated the stability of the Rosetta Promontory shoreline on 

the Nile Delta over the period 1988-95. The effect of the revetments constructed 

between 1986 and 1991 on the western and eastern parts of the promontory is a major 



 77 

concern in this study. The results from the modelling are compared with those 

computed from beach profile data. The study shows that the shoreline along Rosetta 

Promontory is still unstable and that the revetments have not been efficient enough to 

stop the erosion. Long-term and short-term average rates of shoreline change were 

calculated along the Gulf of Mexico, United States by comparing three historical 

shorelines (1800, 1930, 1970) with an operational mean high water shoreline derived 

from LIDAR (light detection and ranging) surveys by Morton et al. (2005). For the 

Gulf of Mexico region, rates of erosion are generally highest in Louisiana along 

barrier island and headland shores associated with the Mississippi delta. Erosion is 

rapid along some barrier islands and headlands in Texas, whereas barrier islands in 

Mississippi are migrating laterally. Highest rates of erosion in Florida are generally 

localized around the tidal inlets. The sub-tidal dynamics of the Bahia Blanca Estuary, 

Argentina was studied by Cuadrado et al. (2005). The effect of a breakwater on 

currents and circulation was assessed by using bathymetric and side-scan sonar 

records, sedimentology, and tidal current measurements. They observed that different 

modes of transport occur on either sides of the breakwater. The longshore transport is 

the principal mode on the eastern side and tidal transport is predominant on the 

western side.  

The shape parameter helps in determining the shape of equilibrium beach profile in 

terms of offshore distance and water depth (Turker and Kabdas, 2006). The shape 

parameter represents the effect of all the environmental factors involved in beach 

profile formation, such as wave climate and sediment properties. The morphological 

evolution of Sao Miguel beach, north coast of Ilheus - Bahia - Brazil, was studied by 

the measurements of beach profiles associated with granulometric analysis of beach 

sediments by Nascimento and Lavenere-Wanderely (2006). The result shows that the 

beach continues quite susceptible to the erosion in most of the coastline except for the 

first sector of the beach. Southern Monterey Bay, in the U.S. was the most intensively 

mined shoreline, where the sand is removed directly from the surf zone during the 

period from 1906 to 1990 (Thornton et al., 2006). They assessed the impact of sand 

mining and for this erosion rates along an 18 km range of shoreline during the times 

of intensive sand mining (1940–1990) are compared with the rates after sand mining 

ceased (1990–2004). Long-term erosion rates vary from about 0.5 m/year at Monterey 

to 1.5 m/year in the middle of the range, and then decrease northward. They 
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concluded that the erosion events are episodic and occur when storm waves coincides 

with high tides.  

Ozolcer and Komurcu (2007) studied the effects of various groin parameters (length 

and spacing) and wave parameters (wave height, wave period and wave angle) on the 

accretion of the area protected by straight groin by both physical and numerical 

models. They found good agreement in the results of physical and numerical models. 

Also they compared the results of the numerical model GENESIS (Hanson and Kraus, 

1991) with field data that were obtained by depth sounding at Carsibasi coasts, 

Trabzon Province, Turkey. The coastal erosion in the area of Kizilirmak River mouth, 

Turkey was examined using physical and numerical models by Kokpinar et al. (2007). 

A shore protection structure system, based on the results of the physical model tests 

were developed and implemented at the site. A one-line model was also applied for 

this part of the shoreline to study the problem mathematically. Observations in the 

field shows that the erosion was completely controlled one year after the completion 

of the shore protection structures. The construction of a deep water harbour jetty near 

Nouakchott, Mauritania significantly modified the southward longshore transport, 

causing severe shoreline recession (Elmoustapha et al., 2007). The UNIBEST (Delft 

Hydraulics, 1993) numerical model was used to study the impact of this structure and 

to assess the future shoreline evolution. The results, validated by field measurements, 

indicate that the shoreline evolution rate has undergone a 10-fold increase after 

harbour construction, with significant accretion to the north and severe erosion to the 

south of the harbour.  

Mwakumanya and Bdo (2007) studied the spatial and temporal changes in beach 

morphology along the Nyali-Bamburi beaches in Mombasa, Kenya. The study was 

undertaken by analyzing the grain size distribution and the effect of the hydrodynamic 

conditions on the beach. They observed that beach morphology was rapidly changing 

with time along the shoreline and these changes were attributed to the wave and 

sediment characteristics. They concluded that the steep-sloping beaches were 

associated with strong wave energy and coarse sediments. But gently-sloping beaches 

were of fine, well-sorted, and positively-skewed sediments, with relatively less strong 

waves. Farris and List (2007) observed a strong correlation between shoreline change 

and sub-aerial volume change, both spatially and temporally. About 50 % of the 

variability in volume change is explained by the variability in shoreline change and 
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concluded that shoreline change is a useful proxy for sub-aerial volume change. The 

stability of the shoreline on the eastern side of the Rosetta promontory on the Nile 

Delta coast was studied by Elsayed and Mahmoud (2007). Numerical models 

developed by the DHI were used to calculate wave transformation from deep water to 

the nearshore region, compute littoral drift, and predict shoreline evolution along the 

eastern side of the Rosetta promontory. The results generated by the shoreline 

evolution model show that, in the case of applying no structures, the maximum retreat 

of the shoreline along the east part of the promontory is estimated to be 1405 m after 

20 years. The minimum shoreline retreat along the east side of the Rosetta 

promontory was achieved with a system of five groins spaced at 800 m.  

Birben et al. (2007) conducted experimental and numerical studies on the effect of 

offshore breakwater parameters (length, distance and gap) and wave parameters 

(height, period and angle) on sediment accumulation ratio. They concluded that the 

distance between breakwaters and shoreline is one of the most important factors on 

the variation of sediment accumulation ratio for offshore breakwaters. Another factor 

affecting sediment accumulation ratio is the breakwater length. The gap between the 

breakwaters is ascertained to have less effect on sediment accumulation ratio than the 

other parameters. Sediment transport inside and outside a permeable submerged 

breakwater was examined in the laboratory experiment combined with numerical 

computation by Tsujimoto et al. (2007). The study shows that the amount of sediment 

deposited in the breakwater decreased gradually from offshore to onshore side during 

the experiment, but decreased rapidly in the numerical computation. They reproduced 

the surface profile over the submerged breakwater.  

Requejo et al. (2008) proposed a new long-term beach evolution model and is based 

on an analytically integrated sediment conservation equation and beach profile 

evolution model. The beach profile evolution model redistributes the sediment 

supplies or losses along the beach profile. A new formulation for the dependency 

between wave height and period on coastal erosion has been developed by Callaghan 

et al. (2008) and this includes the physical wave steepness limitation. Kroon et al. 

(2008) studied the seasonal, yearly and decadal (long-term) behavior of the coastal 

morphological features, which is derived from field data by using advanced statistical 

techniques. The methods proved to be useful for extracting characteristics of coastal 

sedimentary features concerning length scales and temporal scales. The success of the 
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statistical analysis strongly depends on the total size of the data set characterized by 

the specific spatial coverage, spatial resolution, temporal resolution, and overall 

length in time. The data sets from Argus video systems often meet these requirements 

and are of major importance for the formulation of conceptual behavior models. Payo 

et al. (2008) describes a procedure for calculating the uncertainty associated with the 

prediction of the evolution of a stretch of beach in terms of probability. The 

simulation of possible sequences of storm events was developed on the basis of 

oceanographic data records as well as empirical orthogonal functions (EOF). They 

presented a case study based on the evolution of an initially straight beach, where a 

rectangular tapered fill had been constructed. The beach is located upshore of a groin 

perpendicular to the coastline, and had blocked all longshore sediment transport. For 

this analysis, a one-line model with time-dependent boundary conditions and a non-

homogeneous diffusion coefficient was utilized.  

Vaselali and Azarmsa (2009) studied the influence of the breakwater constructed in 

the fishing port of Pozm Bay located in the northern part of the Oman Sea. The 

sediment movement has been studied using numerical model before and after the 

construction of the breakwater. Kim and Lim (2009) conducted field measurements 

during the mining operations in Kyunggi Bay, Korea to develop sediment parameters 

and source conditions for a three-dimensional sediment transport model. This was 

built on the Regional Ocean Modeling System (ROMS). The resulting vertical and 

horizontal distribution of sediment shows encouraging agreement with the field data. 

The resulting depositional patterns suggest that only the coarser size classes (500 and 

250 mm) particles remain close to the mined site, while finer size classes are widely 

dispersed.  

Davidson et al. (2010) forecasted seasonal to inter-annual shoreline change by using 

an empirical one-dimensional model which is calibrated and tested using five years of 

weekly video-derived shoreline data from the Gold Coast, Australia. A simple linear 

trend forecast of the shoreline position was used as a baseline for assessing the 

performance of the model. The model performance relative to this baseline prediction 

was quantified by several objective methods, including cross-correlation (r), root 

mean square (RMS) error analysis and Brier Skill tests. Hanson et al. (2010) adopted 

a mathematical approach and numerical model to simulate beach and dune changes. 

This was in response to the cross-shore processes of dune growth by wind and dune 
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erosion by storms, and by gradients in longshore sand transport that will alter the 

shoreline position. The numerical model is applied to examine the consequences of 

groin shortening at Westhampton Beach, Long Island, New York, as an alternative for 

providing a sand supply to the down-drift beach. Results indicate that the sand will be 

released over several decades as the shoreline and dune move landward in adjustment 

to the new equilibrium condition with the shortened groins. Adegoke et al. (2010) 

carried out a time series analysis of recent changes in the Niger Delta Coastline of 

Nigeria using Satellite Imagery. Landsat TM images of 1986 and Landsat ETM+ of 

2003 both covering the Niger Delta area were used for this study and the images were 

processed using ERDAS Imagine and GIS operations. The results show that the 

coastline erosion was dominant over accretion.  

The Coastal Modelling System (CMS) captured several key spatial trends of 

morphological change, at a dual-inlet system, the Johns Pass and Blind Pass system in 

West-Central Florida (Wang et al., 2011). They computed a sedimentation volume of 

32,000 m
3
/year in the dredge pit at the updrift side of Blind Pass, which correlates 

well with the measured value of 35,000 m
3
/year. This shows that the calculated net 

longshore sediment transport rates are accurate. The rate of shoreline change for the 

Areao–Poco da Cruz beach in the Aveiro sandy barrier (northwest of Portugal) and 

the Furnas beach (southwest of Portugal) is computed by Baptista et al. (2011) based 

on global positioning system (GPS) in differential mode, which is a high resolution 

survey method. The spatial rate of the shoreline change is assessed by utilising the 

developed algorithms. Shoreline is monitored by using a land vehicle (motor-quad) in 

wide straight coastal stretches and by using an on-foot simplified version to survey 

small and more irregular stretches. The system-inherent errors are within the 

centimeter level (< 0.05 m) in both the modes of operation.  

van Rijn (2011) explores the coastal cell concept to deal with coastal erosion by 

identifying and analysing the sediment volumes accumulated in large-scale and small-

scale coastal cells at various sites. Mechanisms causing chronic erosion and episodic 

erosion related to coastal variability are identified. The effectiveness of soft and hard 

remedial measures for sandy beaches is assessed based on laboratory, field and 

modelling experiences. Hanson and Kraus (2011) reviewed the 25-plus year history of 

significant developments of the GENESIS (Hanson and Kraus, 1991) shoreline 

response model. This has been done in a consistent way, based on thorough literature 
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reviews, beta testing, comparison to beach behavior, and quality control. The 

challenges have been not only to represent the features themselves, but to be 

consistent to the basic assumptions of shoreline modeling theory.  

Lopez-Ruiz et al. (2012) analysed one-line model to explain the formation and 

evolution of shoreline undulations on circular or elliptic curvilinear coasts. The model 

takes into account the variation of the surf zone width stemming from the 

convergence and divergence of the waves propagating over a conical bathymetry with 

a small radius of curvature. The alongshore sediment transport varies with the angle 

formed by the wave crests and the coastline, as well as with surf zone width and 

sediment grain size. This model was applied to the shoreline undulations observed at 

the mouth of the River Guadalquivir (Gulf of Cadiz, Spain) and those at El Puntal Spit 

(Cantabrian Sea, Spain). Plomaritis and Collins (2013) studied the interaction between 

macro-tidal currents and offshore breakwaters along with the resulting bed load 

transport processes over a spring–neap cycle along the west Sussex coastline, south 

coast of England. They concluded that in order to correctly predict the morphological 

evolution under the influence of coastal protection schemes, the tidal processes have 

to be studied in addition to the wave processes.  

Baptista et al. (2014) compares the performance of two shoreline evolution models 

Long-term Configuration (LTC) and GENESIS (Hanson and Kraus, 1991) for 

forecasting the shoreline position scenarios for decadal temporal scales. The models 

were then calibrated with observed waves from the wave rider buoy, and shorelines 

acquired within a 5 km stretch. LTC overestimate the retreat rates, which are 30 % 

higher than the observed retreat, while GENESIS underestimates the retreat rates 

i.e.70 % lower retreats. Biria et al. (2014) predicted the sediment transport in the 

vicinity of submerged groin and compared with non-submerged groin. This study was 

focused on a part of the coast at Dahane Sar Sefidrood, Guilan Province, Iran, where 

critical coastal erosion has been occurred. The simulations were designed using a one-

line model which can be used as a first approximation of shoreline prediction in the 

vicinity of groin. The result from the study show that submerged groin is an efficient 

way to control the sediment and beach erosion without causing severe environmental 

effect on the coast. Columbus Bay, located on the south-western peninsula of 

Trinidad, experiences high rates of coastal erosion and hence three makeshift sandbag 

groins were installed in the northern part of this Bay to arrest the coastal erosion 
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problem (Darsan and Alexis, 2014). Beach profiles were conducted at eight stations to 

determine the change in beach widths and beach volumes along the bay. Beach width 

and volume changes were determined from the profiles. A generalized shoreline 

response model GENESIS (Hanson and Kraus, 1991) was applied and simulated a 4 

year model run. Results indicate that there was an increase in beach width and volume 

at five stations located within or adjacent to the groin field.  

McCall et al. (2015) observed that the process-based hydrodynamic model XBeach-G 

can be applied to predict storm impacts on pure gravel beaches. Also the model is 

capable of reproducing the type of morphodynamic response of the barrier well in 

qualitative and quantitative sense (BSS = 0.75), with higher skill for more energetic 

storm conditions. Rosetta inlet, Egypt suffers from coastal problems represented in 

shoreline erosion, and siltation inside the inlet (Masria et al., 2015). Their study 

investigates different alternatives of hard and soft measures attempting to find an 

optimal solution for these problems (erosion and accretion) to enhance the stability of 

the Rosetta promontory. The interference of groins with the coastal dynamics and 

sediment transport was studied by Guimaraes et al. (2016), and was used to improve 

the numerical modeling capacity to simulate the groin impact. They compared the 

performance of physical and numerical studies on evaluating the evolution of updrift 

cross-shore profile geometry and shoreline position after the construction of a groin. 

2.5.2 Indian scenario 

The interaction between beach topography and wave forces in the presence of 

seawalls was investigated by Murty et al. (1979). The study shows that some of the 

structures along the Kerala coast help in stabilising the beaches at certain locations 

and others are responsible for severe erosion.  

Murty and Varadachary (1980) discussed the profile variations of the Valiathura 

beach near Trivandrum using measured data. The beaches are in the stable 

equilibrium and well defined erosion/accretion processes are repeated every year. 

Varma et al. (1981) studied the erosion/accretion of the Trivandrum beach of about 

2.4 km during the period of 1976-1977. From their study, they conclude that shoreline 

recession takes place along this coast during the two monsoons seasons and maximum 

erosion is noticed during the months of July-August (south-west monsoon period). 

Shenoi and Prasannakumar (1982) identified areas of possible erosion and accretion 
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along the shoreline from Andhakaranazhi to Azhikode on the Kerala cost. According 

to their study, the coastline showed an erosional tendency under the influence of 

waves approaching from 220º and 240º and an accretional tendency under the 

influence of waves from 280º and 300º.  

Mallik et al. (1987) studied the erosion-accretion scenario of the coastal zone of 

Kerala and carried out beach profiling at 5 km intervals along the 560 km stretch of 

the Kerala coast during the pre- and post-monsoon seasons. Beach volume changes 

were calculated at each profile station, and the erosional and accretional trends for the 

entire coastal tract were found out. Total erosion along 55 stations is 1276 m
3
/m, and 

accretion is 626 m
3
/m, with a net erosion of 650 m

3
/m. Beach profile and longshore 

current data measured bi-monthly for a year were analysed by Samsuddin and 

Suchindan (1987) to understand the relationship of the longshore current to the beach 

erosion and accretion phenomena in the nothern Kerala coast. Their study indicates 

that the longshore current activity can be linked with a depositional phase dominated 

by northerly current; a transitional phase with perceptible erosion showing reversal in 

current direction; and  an erosional phase dominated by a southerly current. The 

intensity of the longshore current and the rates of erosion and accretion are directly 

related. 

Thomas (1988) studied the erosion/accretion processes along the beach of Valiathura, 

southwest coast of India. The result shows that the beach is in equilibrium due to the 

cyclic erosion/accretion processes and erosion is mainly due to monsoonal wave 

attack. The dominating mode of sediment transport that causes beach morphological 

changes is the on-shore-offshore transport. This study established relationship 

between various stages of beach development, parameters of beach profiles like beach 

slope and prevailing wave and current parameters. The littoral processes along the 

Aleppey coastal sector, southwest India was studied by Hameed (1988) using 

nearshore wave data, LEO data and beach profiles for the period 1981-1984. The 

results show that the beach profiles reach the highest level during the pre-monsoon 

months and reach their nadir during July. It is also observed that the beach has 

advanced with an accretion of about 30-60 m
3
/m of sand and attained dynamic 

equilibrium by the end of the year 1982. Kurian (1988) studied the littoral processes 

along the Calicut coast, southwest India. The study reveals that the beach undergoes 

considerable seasonal changes in accordance with the nearshore wave characteristics. 
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The groin effect of the pier and other man-made features also influence the beach 

dynamics. The northern stretch of the beach responds more or less in a uniform 

manner and the southern stretch shows considerable variance. The beach processes 

along the Tellicherry coast, further north of Calicut is studied by Harish (1988). From 

this study, it is observed that the beach development along this coast is controlled by 

the offshore stack and the tombolo behind it, in addition to the wave-related 

processes. Maximum change in the beach occurs along the southern sections of the 

beach. Also the erosional trend of the beach is established by using the empirical 

eigen function analysis. 

Samsuddin et al. (1991) observed for the north Kerala coast that the obliquely 

approaching swell waves generate northerly longshore currents during non-monsoon 

seasons which are favorable for the accretion of beaches. Also the foreshores in the 

accreted zones are gentler and are characterized by finer sediments. Hanamgond and 

Chavadi (1993) studied the erosional and accretional behaviour of Aligadde Beach, 

Uttara Kannada District, west coast of India. Monthly measurements of beach profiles 

over a period of three years (1988-1991) disclose spatial as well as temporal changes 

in beach configuration in response to different environmental processes. Empirical 

Orthogonal Function (EOF) analysis and volume changes have been compared to 

understand the on-offshore sediment movement. Their study revealed that the beach 

morphology undergoes cyclic seasonal changes in response to the changing wind and 

wave climate in three distinct phases viz. major erosional phase during May-August, 

accretional period during fair weather, and minor erosional phase during December-

February.  

Sajeev et al. (1996) estimated the mean grain size distribution under different 

environmental conditions along the Kerala coast. Their results show considerable 

spatial variation in the mean grain size in the range of 0.14-0.96 mm. Sreekala et al. 

(1998) studied the long-term erosional/accretional trend along the Kerala coast by 

using the satellite imageries (IRS-1A) and aerial photographs for the year 1990, and 

the survey of India toposheets of 1967. They identified the sectors undergoing 

erosion/accretion and classified as low erosion/accretion zone for the shoreline change 

upto 100 m, moderate zone for the change between 100 m and 200 m, and high for the 

change above 200 m. They concluded that about 148 km of the coastline which also 

includes some areas protected by seawalls was under erosion and 304 km under 
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accretion. This study also shows that about 30 km of the coast comes under high 

erosion category and 21 km of the coast shows high rate of accretion. 

Mishra et al. (2001) studied the wave breaker characteristics, sediment budget and 

beach profiles along an 11 km stretch of an open-coast port which was constructed at 

Gopalpur, east coast of India. Monthly beach profile changes revealed that during the 

SW monsoon the entire coast is affected by heavy erosion and the coastline recedes 

by about 30-40 m. Erosion/deposition take place intermittently from October, 

however deposition was the dominant feature. Analysis of multi-date satellite data 

indicates loss of 1836 ha of land during 1976–2001 along the Godavari deltaic coast 

(Hema Malini and Rao, 2004). A decrease in the sediment load from an annual 

average of 145.26 million tons in 1971–79 to 56.76 million tons during 1990–98 is 

observed by them. This is attributed to construction of dams which diminished the 

vertical accretion at the delta and the sea level rise led to the shoreline retreat. The 

study indicates that the problem may compound in future causing irreparable damage 

to this important deltaic ecosystem.  

Multi-temporal satellite data has been used by Hanamgond and Mitra (2007) for 

determining coastal erosion/accretion, identifying beach ridges and tectonic influence 

at Karwar coast, central west coast of India. The study shows that the coast has 

experienced net erosion during the 13 years of observation. The net erosion is of 

661.86 and 924 hectares during 1989-2000 and 2000-2003 respectively. This study 

indicates that the erosion of land was dominant during 2000-2003 which could be 

mainly due to the human interference. Jayakumar et al. (2008) studied the changes in 

the beach profiles, longshore currents, breaking wave characteristics in the surf zone 

at selected locations along the Tamil Nadu coast after the tsunami event of December 

2004. The post-tsunami observations were compared with the earlier studies to 

establish the variations in the littoral environment. They observed that the shoreline 

receded by about 20 m and backshore was built-up by about 0.5 m at most of the 

locations of the coast. Rajith et al. (2008) studied the erosion/accretion pattern along 

the Chavara coast, southwest coast of India based on a monitoring of the coast for a 

period of 5 years starting from 1999. They concluded that in addition to the natural 

hydrodynamic forces, anthropogenic activities like sand mining and construction of 

seawalls/breakwaters have also contributed to the beach erosion/accretion along the 

coast. They also concluded that the impact of sand mining is not felt on the beach 
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when the mining is within an optimum level, equivalent to the natural replenishment 

from offshore.  

Foreshore morphodynamic processes in the vicinity of the Sharavati estuary at 

Honnavar, central west coast of India, were studied by Hegde et al. (2009) based on 

the wave refraction analyses, sediment characteristics and foreshore morphological 

changes. Nearshore coastal processes and wind largely control shore-face 

modification of the beaches to the south of the river mouth. The islands in this region 

modify the geomorphic processes of beach to the north of the river mouth. Northerly 

drift prevailing during the post-monsoon season favours spit growth across the river 

mouth, whereas the southerly drift during December to February is responsible for 

erosion to the north of the river mouth. Westerly wave approach during March-April 

leads to the development of littoral cells in the vicinity of river mouth that provides 

stability to the beach. Manimurali et al. (2009) analysed the multi-temporal satellite 

images of Indian Remote Sensing Satellites from 1998 to 2005 to monitor the coastal 

environment of Paradip, east coast of India. The resultant coastal vector maps were 

used to estimate the geomorphological changes and shifting of the shoreline position. 

The shoreline maps were compared with the 1973 Survey of India toposheets to 

estimate the changes which have occurred in the region. They estimated a net increase 

in shoreline length of about 7.26 km and a net loss of beach area of 15.6 km
2
 between 

1973 and 2005.  

A study of the beach erosion/accretion processes during south-west monsoon and its 

numerical modelling is attempted by Shamji et al. (2010) for a micro-tidal high-

energy beach. The model LITPROF of the LITPACK software of DHI is found to 

simulate well the beach morphological changes by adjustment of the calibration 

parameters. The integrated cross-shore transport computed across the profile, using 

the model shows high erosion in the beach face coupled with an equivalent accretion 

in the offshore. Detailed investigations were taken up by Gujar et al. (2011) to analyse 

the volumetric and morphologic variations of the beaches between Pirwadi and 

Sarjekot of South Maharashtra, central west coast of India. They studied the seasonal 

topographic profiles for the period from October 2004 to December 2005. The results 

shows a number of erosional hotspots along this coastal sector which may be due to 

the influence of rip currents, wave dynamics, variable coastal configuration, beach 

gradient etc. Qualitative and quantitative studies on changes of coastal 
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geomorphology and shoreline of Karnataka, west coast of India have been carried out 

using toposheets of Survey of India and satellite imageries (IRS-P6 and IRS-1D) by 

Vinayaraj et al. (2011). Changes during 30 year period are studied at each selected 

station. Their study indicates that gradual erosion is observed at Karwar spit along the 

northern side of the Kali river mouth, the spit at the southern side of the Sharavathi 

river mouth and at some regions of Kundapur.  

Cross-shore beach profiles and textural characteristics of foreshore sediment were 

analyzed by Udhaba Dora et al. (2012) for understanding an annual cycle of intertidal 

beach dynamics at Devbag, Karwar, Karnataka. The field observation on beach 

dynamics during February 2008 to February 2010 showed both erosion and accretion. 

The net result over an annual cycle was the sediment accretion. They proposed that 

the short-term beach erosion along the Devbag shoreline can be minimized by 

increasing the beach width through beach nourishment. Mohanty et al. (2012) studied 

the impact of groins on the beach morphology and shoreline change along the 

Gopalpur Port, east coast of India. Their study shows the impact of groins with 

erosion and deposition in the beaches on the north and south of the groin respectively. 

The rate of deposition on the south beach is much faster than the rate of erosion on the 

north, which is estimated from the analysis of beach volume, beach width, and beach 

area.  

Roy Chowdhury and Sen (2013) studied the shoreline changes of the Sagar island 

which is a miniature form of Ganga-Brahmaputra delta. This area faces severe erosion 

both by natural and anthropogenic activities and the increasing rate of coastal erosion 

plays an important role in the shoreline change. Chandrasekar et al. (2013) classified 

the vulnerable risk zones of the southern tip of India using shoreline change analysis 

and coastal vulnerability index (CVI). The shoreline change analysis has been carried 

out by automatic image analysis techniques using multi-temporal Landsat data during 

the year of 1973, 1992, 2000 and 2006. The result shows remarkable erosion along 

the coastal sector. The CVI index was also established by them. The beach profile 

data from Ovari to Kanyakumari beach, south east India has been analysed by using 

empirical orthogonal function (EOF) analysis (Saravanan et al., 2013). They 

identified the characteristic patterns of temporal and spatial variations in the sediment 

volume of the beaches. The result shows that variation in the beach sediment volume 

is determined by interaction between the biennial and seasonal exchanges. Evaluation 
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of coastal erosion and accretion processes along the southwest coast of Kanyakumari, 

Tamil Nadu was carried out by  Kaliraj et al. (2013) using multi-temporal Landsat 

satellite images from 1999 to 2011. The long-term coastal erosion and accretion rates 

have been calculated for the periods between 1999 and 2011. The subsequent short-

term changes were performed during 1999–2000, 2005–2006 and 2010–2011. The 

long-term coastal changes indicate that the net erosion rate is higher on the coasts of 

Kanyakumari, Kovalam, Manavalakurichi, Mandaikadu, and Thengapattinam. Coastal 

beaches, beach ridges, and marine terraces are predominantly disturbed by the 

hydrodynamic processes including wave action, littoral current, and intervention of 

littoral drift by the artificial coastal structures.  

The processes of shoreline morphological changes from Veli to Varkala along 

Thiruvananthapuram coast are analyzed using numerical models by Noujas et al. 

(2014). Shoreline changes, nearshore processes and beach characteristics along this 

sector are studied through extensive field observations. The data is used to calibrate 

and validate sediment transport and shoreline change models for this coast. Sediment 

transport and shoreline changes are simulated using different modules of LITPACK 

model and the calibration of the model is done with field observations. The result 

shows that the beach sediments get deposited on southern side of the breakwater and 

bypassed sediment gets deposited at the inlet mouth. The study by Udhaba Dora et al. 

(2014a) describes short-term dynamics of inter-tidal sedimentary environment at 

beaches along the micro-tidal coast of Karwar, west coast of India. Correlation is 

established between cross-shore morphodynamics and textural characteristics of 

surface sediments. The sedimentary environment is examined for a complete annual 

cycle using monthly collected cross-shore profiles and sediment samples. The beach 

dynamics along with the propagation of south-west and west-south-west waves 

towards the coast significantly exhibit a dominance of northward sediment transport 

with the existence of a northerly longshore current. Foreshore morphology and 

morphodynamics were examined by Udhaba Dhora et al. (2014b) to identify stability 

of two micro-tidal sandy beaches, Kundapura and Padukare, along the Karnataka 

coast, west coast of India during three annual cycles from March 2008 to March 2011. 

The net observation at both sites exhibits slow rate of sediment accretion followed by 

non-uniform sediment erosion and accretion processes. Study revealed that the 

beaches are not favorable for recreational activity because of their narrow width and 
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steeper slope. During summer monsoon, the absence of backshore zone at Padukare 

makes it more vulnerable to erosion than Kundapura beach.  

Shoreline change mapping on 1:25,000 scale for the entire Indian coast based on 

multi-date satellite data in GIS environment has been carried out by Rajawat et al. 

(2015) for 1989–1991 and 2004–2006 time frame. The results show that 3829 km 

(45.5 %) of the Indian coast is under erosion, 3004 km (35.7 %) is getting accreted, 

while 1581 km (18.8 %) of the coast is more or less stable in nature. The analysis 

shows that the Indian coast has lost a net area of about 73 sq. km during 1989–1991 

and 2004–2006 time frames. Sand mining along Ponmana coast, Kerala and land 

reclamation along Mumbai, Maharashtra are crucial, which alters the sediment 

dynamics and triggers coastal erosion. This information has been used by them to 

prepare a Shoreline Change Atlas for the Indian Coast. Mohanty et al. (2015) studied 

the shoreline movement at Gopalpur, Odisha, east coast of India and found shoreline 

advance towards sea (deposition) on the south and shoreline retreat (erosion) on the 

north of Gopalpur Port. The rate of deposition is higher as compared to the erosion. 

Beach width and volume changes also corroborate well with the above observations. 

The impacts due to the construction of groins and breakwaters were also analyzed.  

2.6 Salient Conclusions from the Literature Survey Relevant to the SW Indian 

Coast 

The coastal sector of south-west coast of India has maximum beach width during fair 

weather period and minimum during the monsoon. Waves approaching the coast are 

mostly swell waves during fair weather, and sea waves during the peak monsoon 

periods. The beach erosion is observed during the monsoon period due to the effect of 

steep waves, and the beach gets recovered during the fair weather period due to the 

action of swell waves. The highest wave height and shortest wave period are observed 

during the peak monsoon (June-July) and lowest wave height and longest wave period 

during the fair weather period. In general, the longshore currents are northerly during  

fair weather period and southerly during peak monsoon periods. The innershelf 

currents are predominantly southerly irrespective of the seasons but need not be 

strong during monsoon as in the case of waves.  

There are several studies on estimation of longshore sediment transport (LST) for the 

surf zone of different coastal locations. The LST is commonly computed by using 
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bulk formulas. Estimation of cross-shore sediment transport is rather scanty. 

Numerical modeling is emerging as an important tool for analyzing and studying 

sediment dynamics in the coastal zone. It is to be noted that the local wind data are 

not being incorporated which is crucial while doing the numerical modeling of 

nearshore processes. Fine grid bathymetry also is critical in getting the desired 

accuracy in simulations using numerical models. 

Studies on erosion/accretion scenario of different locations of the coastline are 

several, but integration of the results of such studies with the sediment transport 

regime through numerical modelling is lacking in many cases. Most of the studies 

point to the occurrence of erosion at many coastal locations which till recently were 

stable and the role of anthropogenic factors as causative factors in such cases is quite 

evident.  
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CHAPTER 3 

DATA AND METHODOLOGY 

 

3.1 Introduction 

Nearshore hydrodynamics are highly non-linear and the physical processes behind 

this can be analyzed by utilizing the data collected from the field programmes and 

also by establishing the numerical modelling systems. The observational data are of 

immense importance in order to understand the actual coastal processes. 

Deployment/retrieval of equipments in the offshore and sediment sampling were the 

most challenging tasks under the field programmes. The field programmes undertaken 

during the period 2010-2014 included the measurements of wind, wave and littoral 

environmental parameters in addition to beach profile survey and shoreline mapping. 

Seasonal sediment sampling from the beach, surf zone and innershelf and collection 

of sediment cores from innershelf were meticulously carried out. Bathymetric survey 

was carried out in the study area during the fair weather period of April 2010 by using 

a shallow water echo-sounder integrated with GPS using HYPACK hydrographic 

software and bathymetric chart prepared. Collation of secondary data was also taken 

up simultaneously. The methods adopted in the field data collection, data processing 

and numerical computations are detailed in the following sections. 

3.2 Instruments Used 

The instruments used for the field data collection includes the wave rider buoy, 

automatic weather station, echo-sounder, global positioning system, dumpy level, 

sediment traps, grab sampler and piston corer. The descriptions of the instruments 

utilized in the data collection are detailed below.  

3.2.1 Wave rider buoy 

The wave data for the study were obtained from the Directional Wave Rider Buoy 

(DWRB) DWR-Mk III of 0.9 m diameter, manufactured by M/s Datawell bv, The 

Netherlands, which measures the wave parameters such as height, period and 

direction (Fig. 3.1). The buoy was deployed off the Chavara coast (Fig. 3.2) jointly by 

the Indian National Centre for Ocean Information Services (INCOIS) and National 

Centre for Earth Science Studies (NCESS) for the real-time validation of Ocean State 

Forecast issued by the INCOIS. The DWRB consists of a heave-pitch-roll sensor 
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(Hippy - 40), a 3-axes flux-gate compass and two fixed X and Y accelerometers. The 

accelerometers are placed on a gravity stabilized platform and this platform is formed 

by a disk, which is suspended in the fluid within a plastic sphere placed at the bottom 

of the buoy. Two vertical coils are wound around the plastic sphere and one small 

horizontal coil is placed on the platform. The pitch and roll angles are determined by 

measuring the coupling between the fixed coil and the coil on the stabilized platform. 

The result of the measurement gives the sine of the angles between the coil axis and 

the horizontal plane. The components of the earth’s magnetic field in the direction of 

the x- and y-axis and the direction of z-axis are measured by means of a fluxgate 

compass. 

 

Fig. 3.1 (a) Directional WRB, (b) DWRB deployed off Chavara, Kollam at 22 m water 

depth 

The three accelerometers measure the vertical, north and west accelerations of the 

buoy. The vertical accelerometer yields the measurement of wave height. All these 

accelerations are then digitally integrated twice to get displacements (elevations) and 

filtered to a high frequency cut-off at 1.5 Hz, by applying a low-pass filter. The 

filtered sensor outputs are then sampled and transformed to north, west and vertical 

accelerations all at a rate of 3.84 Hz. The direction measurement is based on the 

translation principle, where the horizontal motions of the buoy instead of wave slopes 

(a) (b) 
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are measured and this motion is correlated with the vertical motion of the buoy 

(Datawell, 2009). The specification of the wave rider buoy DWR-MKIII is shown in 

Table 3.1.  

 
 

Fig. 3.2 Locations of deployment of wave rider buoy and automatic weather station at 

Chavara coast 



96 

 

The complete system consists of the Directional Wave rider, Directional Wave rider 

Receiver RX-C and a personal computer running the software Waves-21 for display 

and data storage. The signals from the buoy deployed in the sea are transmitted in 

27.705 MHz that is picked up by the antenna of the receiving station and processed by 

RX-C receiver and the computer. The buoy has a transmitter of range upto 50 km.  

Mooring system  

The mooring assembly for the DWRB (Fig. 3.3) consists of: 

 1 m long stainless steel chain connected below the buoy followed by a 30 m 

rubber cord with a PP rope running parallel to the rubber cord (such that every 

3 m length of the PP rope is tied to every 1 m length of rubber cord)  

 5 kg float (1 no.) attached to the bottom end of the rubber cord 

 25 m long bottom mooring line of 12 mm PP rope attached below the rubber 

cord with a sinker in the middle (1 kg weight) 

 3 kg float attached at about 5 m above the bottom end of the mooring line 

 bottom chains  (2 nos. of 5 m long chain for connecting the anchor weights) 

 anchor weights (3 individual anchors of approximately 125 kg) at the end 

 

Table 3.1 Specification of wave rider buoy DWR-MKIII 

(Source: Datawell, 2009) 

 

Parameter Value 

Heave 

Range -20 to +20 m 

Resolution 0.01 m 

Accuracy < 0.5 % of measured value after calibration 

Period time 1.6 s to 30 s 

Cross sensitivity < 3 % 

Direction 

Range 0 º to 360 º  

Resolution 1.5 º  

Reference Magnetic North 

Buoy heading error 0.5 º 

Filter 

Sampling frequency 3.84 Hz 

HF data output rate 1.28 Hz 
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Fig. 3.3 Typical mooring layout for a directional wave rider buoy for shallow waters  

(Source: Datawell, 2009) 

3.2.2 Automatic weather station 

For collecting the coastal wind data, an Automatic Weather Station (AWS - Campbell 

Scientific) was used (Fig. 3.4). In this AWS, wind speed is measured with a helicoid-

shaped four-blade propeller, where the rotation of the propeller produces an AC sine 

wave signal with frequency proportional to the wind speed. Wind direction is 

measured using the vane which is coupled to a 10 KΩ potentiometer and the output 

voltage is proportional to wind direction by applying a precision excitation voltage. 

The AWS was installed at a height of about 10 m above MSL on the beach at 

Ponmana, Chavara coast (Fig. 3.4c).  
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Fig. 3.4 AWS: (a) wind speed and direction sensor (RM Young) and (b) data logger 

(Campbell Scientific) installed in the beach at Ponmana, Chavara coast (c) 

3.2.3 Echo-sounder 

The echo-sounder used for depth sounding is a Bathy-500 dual frequency echo-

sounder manufactured by Ocean Data Equipment Corporation, U.S.A. (Fig. 3.5). The 

dual frequency Bathy-500 is operating in 33/210 KHz. It provides important 

parameters such as depth, speed of sound and offset for draft/tide. Depth sounding 

data is available to external devices in digital form, via an interface and the digital 

depth data can be obtained in standard RS-232/422 formats or NMEA-0183. The 

echo-sounder was interfaced to the HYPACK software through RS-232 interface. 

At shallower depths less than 5 m where the mechanized boat with Bathy-500 cannot 

operate, a Ceeducer Pro manufactured by Bruttour International Ltd., Australia (Fig. 

3.6) was used. It comprises of an echo-sounder and GPS integrated into a single 

platform. The Ceeducer has a general purpose hydro survey transducer working at 

200 KHz with 8
o
 beam width for measuring the soundings and a Hemisphere Crescent 

SX-2 GPS for fixing the locations of sounding. The interface with Ceeducer Pro was 

provided by using HYPACK software. 

(a) (b) 

(c) 
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Fig. 3.5 (a) Bathy-500 Echo-sounder (Ocean Data Equipment Corporation, U.S.A.),  

(b) 33/210 KHz dual frequency transducer  

HYPACK Software 

The hydrographic survey software HYPACK (version 6.2), developed by HYPACK 

Inc. U.S.A. is used to integrate the received signals of GPS and soundings. This is 

also used for preparing the survey lines, navigation of the boat along the survey lines 

and processing of the data by applying the tidal and other corrections. 

 

Fig. 3.6 (a) Ceeducer Pro echo-sounder (Bruttour International Ltd., Australia), 

(b) 200 KHz hydro survey transducer 

3.2.4 Global positioning system 

The Global Positioning System (GPS) consists of a network of 24 satellites placed 

into orbit at an altitude of about 20,000 km at an inclination angle of 55º with 11 hour 

58 minute period, having an orbital velocity of 3.9 km/s. A GPS receiver calculates 

the position on the ground based on triangulation method (Fig. 3.7) and the 

positioning is achieved by measuring the time taken for a signal to reach a receiver. 

The method of triangulation requires the receiver to know the precise time that the 

(a) (b) 

(a) (b) 
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signal was transmitted and received. The atomic clocks used in the satellite gives the 

most accurate time so that the receiver on the ground can compare the time delays 

between the satellite signals to compute its position anywhere on the earth. The L-

band radio wave used to communicate to Earth from the satellites is effectively 

immune to local atmospheric conditions such as rain, storms etc. The satellites 

broadcast two L-band signals (L1 and L2) operating at the frequencies, L1 = 1575.42 

MHz and L2 = 1227.6 MHz. Civilian GPS uses the L1 frequency band and the L2 is 

used for the military applications. In the present study Trimble Juno SB is utilized for 

position fixing related to various applications such as shoreline mapping, 

echosounding. This is a high sensitivity GPS receiver having a positional accuracy of 

about 2 - 5 m after real time differential correction. Higher positional accuracy of 

about 1 - 3 m is obtained by adopting post-processing techniques. 

 

Fig. 3.7 Global positioning system (a) operational principle, (b) GPS receiver 

(Trimble Juno SB)  

3.2.5 Dumpy level 

Beach profile measurements were conducted by using the level and staff method by 

using a dumpy level and staff manufactured by Leica Geosystems (Fig. 3.8). These 

profiles taken normal to the beach gives a cross-sectional profile of the beach. A 

typical beach profile shows the variation of the elevation with distance from a fixed 

benchmark. The leveling staff used for the profile survey have a least count and 

accuracy of 1 cm and 0.01 cm respectively. 

 

(a) (b) 
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Fig. 3.8 (a) Dumpy level and staff (Leica Geosystems) used for the beach profile 

survey, (b) Beach profile measurement at the Chavara coast 

3.2.6 Sediment traps 

The sediment traps used for the study were fabricated in house using high quality 

PVC pipes with suitable end caps and reducers (Kurian et al., 2002). Two types of 

sediment traps were used for the collection of suspended sediments. The normal ones 

are vertical type with a height of 40 cm and diameter 9 cm for sampling suspended 

sediments. The other type is horizontal one which is of same diameter, but with a 

length of 60 cm and is used for installing at the bottom layers where there is high 

sediment load. Both the types have a nozzle or reducer in the top to provide a reduced 

opening of 4 cm for use in monsoon when there is high suspended load. The 

horizontal traps are at the bottom at elevations in the range of 20-30 cm and vertical 

traps at heights of 50, 75, 125 and 200 cm approximately (Fig. 3.9). 

 

Fig. 3.9 (a) Sediment traps attached to the housing, (b) Deployment of sediment traps 

offshore of Chavara 

 

(a) (b) 

(b) (a) 

Sediment Traps 
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3.2.7 Van Veen grab 

Van Veen Grab sampler is used for collection of surficial sediments in the innershelf. 

The grab is of Van Veen design, made of AISI 316 stainless steel of 3 mm plate 

thickness having sample area of 1000 cm
2
 and is manufactured by M/s. KC 

Instruments, Denmark A/S (Fig. 3.10). 

 

Fig. 3.10 (a) & (b): Van Veen grab (KC Instruments, Denmark) used for nearshore 

surficial sediment sampling, (c) Surficial sediment samples collected from the 

nearshore of Chavara using the grab 

3.2.8 Piston corer 

Sediment coring was carried out using a Piston Corer, procured from M/s. KC 

Instruments, Denmark A/S, which is capable of collecting undisturbed sediment cores 

upto 4.5 m length (Fig. 3.11). The instrument consists of a long, heavy steel tube of 

1.5 m length with weight attached on top and is plunged into the sea floor to extract 

the undisturbed samples from the water body. To extend the length of the corer the 

individual steel tubes of length 1.5 m are linked using a couple device and is fastened 

by spikes. The piston is lowered inside the core pipe which is attached to a trigger 

weight called Kullenberg releasing unit.  

The piston corer works like a syringe. During the lowering of Corer from the boat 

using davit and winch facility the Piston will be at the bottom of the pipe or just above 

(a) 

(b) (c) 
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the core catcher. As soon as the trigger weight hits the bottom of the sea bed free fall 

of the coring apparatus is activated. The action of the piston creates a pressure 

differential at the top of the sediment column and the piston inside pulls up and 

sediment enters through the core catcher. The recovery of sediment depends upon the 

nature of sediment present (Fig. 3.11a). 

 

Fig. 3.11 Piston Corer: (a) principle of operation, (b) piston corer being lowered in 

the offshore of Chavara for sediment coring 

3.3 Scheme and Methodology Followed for Data Collection  

In order to understand the beach and nearshore processes, field experiment was 

designed and various oceanographic and sedimentological parameters measured in the 

offshore and beach adjoining the Chavara coast. The methodology adopted for the 

present study is discussed in the following sections. 

3.3.1 Waves 

The wave data used for the study are from the wave rider buoy deployed off  

Ponmana, Chavara coast as described in Section 3.2.1 at about 22 m water depth (Lat. 

8º 58′ 41.8″ N; Long. 76º 26′ 40.6″ E) which is approximately 9 km from the shore. 

The wave rider buoy was preset for the collection of continuously recording vertical 

and horizontal displacement (eastward and northward) data and is obtained by double 

integration of the respective acceleration signal. The data was recorded for 30 minutes 

duration at a frequency of 1.28 Hz at every half an hour during the measurements. A 

total number of 256 heave samples (i.e. N = 256) were collected for every 200 

seconds interval and FFT is applied to obtain a periodogram in the frequency range 

0.033 - 0.58 Hz (i.e. 30 s - 1.7 s). The wave parameters such as significant wave 

(a) (b) 
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height, peak period, zero-crossing period, predominant wave direction (PWD) etc. are 

derived from the respective first, second or fourth order spectral moments of the wave 

spectrum (Datawell, 2009). The wave spectrum E(f) gives the variance density at a 

frequency f, the n
th

 order spectral moment mn is given as   

    ∫   
 

 
 ( )   .………………………...…..………………………………....(3.1) 

where n = -1, 0, 1, 2 etc. The wave parameters can be defined as  

     √   ………………………………………………………..…………….(3.2) 
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where Hm0 is the significant wave height, Tm01 is the mean period, Tm02 is the zero- 

crossing period, m0 is the zeroth-order spectral moment which gives the area under 

the spectral density curve, represents the variance of the surface elevation processes. 

m0 also represents the total energy of the waves. The first order spectral moment (m1) 

gives the mean value. The second-order spectral moment (m2) represents the variance 

of the wave elevation velocity.  

The spectral width parameter ɛ is a measure of the root mean square width of a wave 

energy density spectrum defined as 

   √(  
  
 

    
)………………………………………………………………....(3.5) 

The fourth-order spectral moment (m4) represents the variance of the wave elevation 

acceleration. An alternative spectral width parameter ν is given by Longuet-Higgins 

(1975) as 

   √(
    

  
   )…………………………………………………………………(3.6) 

Uncertainty in the estimates of m2 and m4 has led to the use of another shape 

parameter, namely, spectral peakedness parameter, Qp of the wave spectrum. This 

parameter has been introduced by Goda (1970) and is defined as 

     
     

  
 ……………………………………………………………………….(3.7) 
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The quality of the collected data was checked thoroughly and linear interpolation 

technique was adopted for filling up the missing data sets obtained from the wave 

rider buoy. Wave rose diagrams are plotted for each month and probability of 

occurrence were calculated and plotted for the entire year for the wave parameters viz. 

significant wave height, peak period and predominant wave direction (PWD). 

3.3.2 Wind 

The automatic weather station was installed in the beach at a height of 10 m above the 

mean sea level at Ponmana, Chavara coast (Lat. 9º 01′ 2.61″ N; Long. 76º 31′ 9.11″ E) 

(see Fig. 3.4). The wind speed and direction (w.r.t north) were measured on hourly 

basis. The wind definition according to the nautical convention is shown in Fig. 3.12. 

The wind data was collected for a period of 1 year from January to December 2014 

synchronous with the wave data. The collected data underwent thorough quality 

checks for further analysis. Wind rose plots were drawn on monthly basis along with 

the probability occurrence of wind speed and direction for the period of one year. In 

addition to this the data were also given as input to the numerical modelling for the 

computation of the sediment transport rates. 

 

Fig. 3.12 Wind definition according to nautical convention 

3.3.3 Bathymetry 

Bathymetric survey of the innershelf region of the Neendakara - Kayamkulam coast 

covering a distance of about 22 km was carried out in the fair weather month of April 

2010 along transects normal to the shore extending upto a depth of 20 m which varied 

from about 6 km at Neendakara in the south to 7.5 km at Kayamkulam inlet in the 

north (Fig. 3.13).  
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Prior to the start of bathymetric survey, sounding lines were generated normal to the 

shore at 1 km spacing using the HYPACK software selecting the reference ellipsoid 

WGS-84 for the survey. The survey area consisted of 28 shore normal transects at a 

spacing of 1 km. The survey started from the south of Neendakara inlet and ended at 

the north of Kayamkulam inlet. The echo-sounder and GPS were fixed in a fishing 

boat which was used for the survey and interfaced through the HYPACK. Offset 

values for the transducer depths are corrected in echo-sounder and subsequently GPS 

readings along with depth soundings are logged at regular intervals. HYPACK 

software was also used to navigate the boat along survey lines. Each transect started 

from around 4 m and ended at 20 m depth.  

 

Fig. 3.13 Sector covered for bathymetric survey; the shore-normal transects along 

which soundings were made are also shown 

Shore normal transects 

Lakshadweep Sea 
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The Ceeducer, fixed onto a country boat, was used to carry out soundings in the 

nearshore region where the fishing boat fitted with the echo-sounder was unable to 

sail due to shallow waters and rough seas. The survey using the Ceeducer was done in 

the nearshore upto 4 m isobath.  

The collected data were processed using the HYPACK software. Each transect line is 

then processed separately to obtain the data in the required x, y, z (x-Easting, y-

Northing and z-depth below MSL) format after applying tidal corrections. For 

applying tidal corrections the predicted tide from the MIKE C-MAP (DHI, 2007) 

software is used. Finally the recorded data were converted to grids and the depth 

contours were generated.  

Collation of past bathymetric data 

The bathymetric data generated as above for the year 2010 together with the data 

available for the years 2000 and 2005 have been used to understand the decadal 

changes in the innershelf morphology (Table 3.2). The bathymetric chart for the year 

2000 is from the data collected by the Centre for Earth Science Studies (CESS) as part 

of the sediment budgeting studies carried out for the Chavara coast (Kurian et al., 

2002). The 2005 bathymetric chart is again derived from the data acquired by CESS 

(Kurian et al., 2006b) to analyse the nearshore morphological changes soon after the 

December 2004 Tsunami. In order to analyse and understand the changes, the 

bathymetric charts for the three years were overlaid in GIS for a one-to-one 

comparison. The distances of the three isobaths, viz. 10 m, 14 m and 20 m from the 

fixed reference points on the shore at each of the pre-defined coastal locations are 

then measured applying the GIS tools for the years 2000, 2005 and 2010.  

3.3.4 Beach profile 

Beach profiles are two-dimensional vertical sections of the beach showing elevations 

with respect to distance from backshore and are taken usually normal to the shoreline. 

Beach profiling is an effective tool for accurate estimate of erosion/ accretion in short 

time scales. In order to understand the seasonal beach erosion/accretion pattern in the 

study area, monthly beach profile measurements were carried out for a period of five 

years commencing from June 2010. Short-term beach morphological changes are 

assessed by comparing these monthly measured beach profiles. For beach profile 

measurements, 8 stations with bench mark stones were chosen. As the coast under 
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study is in general an eroding one and beaches are present only in a few stretches, the 

stations for profile measurements were not evenly distributed along the coast as can 

be seen in Fig. 3.14. The profile measurements were carried out by using standard 

level and staff method. Permanent and stable locations were identified and fixed as 

bench marks for regular profile measurements. The benchmarks used in the survey 

were the reference stones laid by the Coastal Erosion Studies Wing of the Irrigation 

Department which are available throughout the coast. The beach elevations were 

measured from the fixed benchmark towards the low waterline at an interval of 5 m.  

The stations are named NK-1 to NK-8 in the order from Kayamkulam inlet to the 

Neendakara inlet, which include the mining sites of Vellanathuruthu and 

Kovilthottam (Fig. 3.14). Snapshot of typical beach profile stations are shown in Fig. 

3.15. The station NK-1 being located about 100 m south of the southern breakwater at 

the Kayamkulam inlet is under the influence of the breakwater with regard to 

sedimentary pathways. The station NK-5 is located approximately 2 km to the south 

of the Kayamkulam inlet and hence can be considered as a typical location which is 

not under the influence of any coastal structure. However, with the construction of a 

groin field at about 100 m south of the NK-5 station during 2014–2015 the situation 

has changed. NK-6 is located close to the Vellanathuruthu mining site on the northern 

side and is influenced by the mining operations. The measured beach profile data 

were processed, plotted and the beach volume changes for successive months were 

computed for which a computer programme developed by Hameed (unpublished) was 

used. The cumulative volume change for a period of five years (June 2010 - 

December 2015) is then calculated from the beach volume change analysis. 

3.3.5 Shoreline mapping 

Shoreline, which is the line of intersection of the sea level with the shore is an 

indicator of the erosional / accretional status of a coast. An advancement of the 

shoreline towards sea indicates accretion while a shoreward retreat is indicative of 

erosion. Sea level, being very dynamic, keeps on oscillating in time due to the 

hydrodynamic processes and hence the identification of shoreline is a rather 

complicated process. In such a complex situation of oscillating sea level one of the 

reference levels such as low tide level (LTL), Mean Sea Level (MSL), High Tide 

Level (HTL) can be taken to represent sea level. The shoreline with HTL as the 

reference level is discernible in the field due to the variation in the physiography, 
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vegetation, etc. Demarcation of shoreline is normally done using topographic maps 

and satellite imageries. The shoreline change being a small quantity, the long term 

trend in the erosion or accretion only can be estimated from the shoreline change 

analysis. 

 

Fig. 3.14 The beach profile stations and coastal structures along the Neendakara-

Kayamkulam sector 
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Fig. 3.15 Typical beach profile stations: (a) south of Kayamkulam breakwater  

(NK-1), (b) Srayikkadu (NK-5) and (c) Vellanathuruthu mining site (NK-6) 

During the course of the present study, monthly shoreline mapping was done along 

the Chavara coast taking the mid-water level as the reference, using a Trimble Juno 

SB GPS for a period of five years. In addition to this the data pertaining to multi-

dated toposheets of the Survey of India and satellite imageries (Table 3.2) were 

collated for delineating the long-term shoreline change. 

 

Table 3.2 Bathymetry, beach profile and shoreline data used for the present study 

 

Data Period 

Bathymetry  

(a) CESS archived data 

(b) measured during present study  

 

2000, 2005 

2010 

Toposheet (1:50,000) 1967-68 

Toposheet (1:25,000) (Ponmana-

Kayamkulam inlet sector) 
1987-89 

Satellite imagery 2003; 2006 

Monthly field measurements 

(beach profile, shoreline mapping) 

2010-2011; 2012; 2013; 2014 & 

2015 

 

 

(a) (b) 

(c) 
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3.3.6 Beach and innershelf sediment sampling  

In order to understand the sediment characteristics, their transport and distribution, the 

sediment samples from several locations of the beach and nearshore area is inevitable. 

The locations of the sediment sampling points in the beach and in the innershelf 

limited to 25 m depth along the Neendakara-Arattupuzha coast are shown in Fig. 3.16. 

Since the data on sedimentology and mineralogy pertaining to the area north of 

Kayamkulam inlet would be helpful in understanding the sediment dynamics and the 

Heavy Mineral (HM) distribution in the study area, the sampling locations have been 

extended upto Arattupuzha. 

Beach surficial sediment samples were collected from six locations, viz. Arattupuzha, 

Kayamkulam, Srayikkadu, Panikkarkadavu, Kovilthottam and Neendakara (Fig. 

3.16), during the pre-monsoon, monsoon and post-monsoon periods. At each location, 

the beach surficial samples were collected from backshore, berm, mid water line and 

breaker zone and analysed for their textural and mineralogical characteristics. 

Innershelf surficial sediment samples were collected along 6 transects off the beach 

sampling locations viz. Arattupuzha, Kayamkulam, Srayikkadu, Panikkarkadavu, 

Kovilthottam and Neendakara  using Van Veen Grab sampler during the three seasons 

of monsoon (July, 2010), post-monsoon (November 2010) and pre-monsoon (April, 

2011). Along each transect, the sampling was conducted at 5 m, 10 m, 15 m and 20 m 

water depth.  

In addition to surficial samples, the sub-surface samples (cores) were also collected 

using piston corer from selected stations with depth ranging from 4 to 15 m (Figs. 

3.16 & 3.17). Table 3.3 shows the details of sediment cores collected. The recovery 

lengths of cores varied from 0.6 to 1.3 m. Each of the core samples was split into two; 

one half was kept as archive and the other half was sub-sampled at 5 cm interval. All 

the sub-samples were analysed for texture and HM content.  

3.3.7 Suspended sediment sampling 

Two sediment trap assemblies were deployed for estimating the suspended sediment 

load in the coastal waters. Each sediment trap assembly consisting of 6 sediment traps 

(see Fig. 3.9), were deployed at 8 m (nearshore site) and 12 m depth (offshore site) 

during the monsoon and post-monsoon seasons of 2010 and also during the pre-
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monsoon season of 2011. Table 3.4 shows the details of the sediment traps deployed 

at the offshore and nearshore sites of Chavara. 

 
 

Fig. 3.16 Sediment sampling points in the beach and the innershelf of the 

Neendakara-Arattupuzha coast. Since the data on sedimentology pertaining to the 

area north of Kayamkulam inlet would be helpful in understanding the sediment 

dynamics and the heavy mineral distribution, the sampling locations have been 

extended upto Arattupuzha 
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Table 3.3 Details of sediment cores collected from the innershelf of Neendakara-

Aratupuzha coastal sector 

 

Sl. 

No. 
Location (Station No.) Latitude Longitude 

Depth 

(m) 

Core 

recovery 

(m) 

1 Neendakara (CNK1) 8º 55  52.42″ 76º
 
29  42.45″ 14.5 1.05 

2 Kovilthottam (CKT1) 8º
 
59  05.80″ 76º

 
29  22.81″ 12.5 1.10 

3 
Panikarkkadavu 

(CPK1) 
9º

 
01  20.70″ 76º

 
28  41.17″ 12.5 1.30 

4 
Panikarkkadavu 

(CPK2) 
9º

 
02  58.00″ 76º

 
29  48.00″ 8.0 0.65 

5 Srayikkadu (CSK1) 9º
 
05  22.13″ 76º

 
27  43.56″ 10.5 0.85 

6
 

Srayikkadu (CSK2) 9º
 
05  52.00″ 76º

 
28  30.00″ 7.5 0.15 

7 
Kayamkulam South 

(CKK2) 
9º

 
07  24.00″ 76º

 
26  33.00″ 10.5 0.55 

8 
Kayamkulam North 

(CKK1) 
9º

 
08  21.40″ 76º

 
27  05.00″ 8.0 0.60 

9 Aratupuzha (CAR1) 09º 09 33.84″ 76º
 
25 29.82″ 10.5 1.05 

 

 

Fig. 3.17 Piston Corer being lowered for collection of sediment core from offshore of 

Chavara coast 

3.3.8 Littoral Environmental Observations 

The Littoral Environmental Observations (LEO) which include the visual observation 

of breaker wave parameters, longshore currents and beach characteristics were done 

monthly following the standard procedures (Schneider, 1981) at selected coastal 

locations. The breaker wave direction was measured by using Brunton compass. The 

breaker wave height and period were estimated visually by averaging ten consecutive 

significant waves. The longshore current velocity and direction were measured by 
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deploying neutrally buoyant float in the surf zone and measuring the distance 

travelled by the float in two minutes. 

Table 3.4 Details of sediment traps deployed at Chavara offshore and nearshore sites 

Location 
Sl.

No. 
Trap type 

Trap 

length 

(cm) 

Height 

from 

bottom 

(cm) 

Date and Time 

Deployment Retrieval 

Monsoon Season 

 

Offshore Site  

Lat: 

08
0
58'52.0''N 

Long: 

76
0
29'45.0''E 

1. Horiz. Trap 60 22.1 

 

13/07/2010; 

12:17 hrs. 

 

29/07/2010; 

12:50 hrs. 

2. Horiz. Trap 40 29.8 

3. Vert. Trap 40 51.8 

4. Vert. Trap 40 76.6 

5. Vert. Trap 40 126.5 

6. Vert. Trap 40 200.4 

Inshore Site  

Lat: 

08
0
58'58.0''N 

Long: 

76
0
30'42.0''E 

1. Horiz. Trap 60 22.2 

23/07/2010; 

09:49 hrs. 

29/07/2010; 

13:50 hrs. 

2. Horiz. Trap 40 30.2 

3. Vert. Trap 40 51.5 

4. Vert. Trap 40 76.4 

5. Vert. Trap 40 126.7 

6. Vert. Trap 40 200.5 

Post-monsoon Season 

Offshore Site  

Lat:  

08
0
58' 50.8''N 

Long: 

76
0 

29' 47.1''E 

1. Horiz. Trap 60 22.1 

 

20/11/2010; 

14:20 hrs. 

 

30/11/2010; 

09:05 hrs. 

2. Horiz. Trap 40 29.8 

3. Vert. Trap 40 51.8 

4. Vert. Trap 40 76.6 

5. Vert. Trap 40 126.5 

6. Vert. Trap 40 200.4 

Inshore Site 

Lat: 

08
0
59'00.3''N 

Long: 

76
0 

30' 40.6''E 

1. Horiz. Trap 60 22.2 

20/11/2010; 

11:15 hrs. 

30/11/2010; 

10:05 hrs. 

2. Horiz. Trap 40 30.2 

3. Vert. Trap 40 51.5 

4. Vert. Trap 40 76.4 

5. Vert. Trap 40 126.7 

6. Vert. Trap 40 200.5 

Pre-monsoon Season 

Offshore Site  

Lat:  

09
0 

00' 12.5''N 

Long: 

76
0 

29' 37.2''E 

1. Horiz. Trap 60 22.1 

 

30/04/2011; 

12:20 hrs. 

 

12/05/2011; 

11:35 hrs. 

2. Horiz. Trap 40 29.8 

3. Vert. Trap 40 51.8 

4. Vert. Trap 40 76.6 

5. Vert. Trap 40 126.5 

6. Vert. Trap 40 200.4 

Inshore Site 

Lat: 

09
0
00'39.6''N 

Long: 

76
0 

30' 34.4''E 

1. Horiz. Trap 60 22.2 

 

30/04/2011; 

11:25 hrs. 

 

12/05/2011; 

12:40 hrs. 

2. Horiz. Trap 40 30.2 

3. Vert. Trap 40 51.5 

4. Vert. Trap 40 76.4 

5. Vert. Trap 40 126.7 

6. Vert. Trap 40 200.5 
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3.4 Laboratory Analysis of Sediment Samples 

Textural and mineralogical analyses of all the sediment samples (surface and 

subsurface) were carried out adopting the standard methods (Carver, 1971) to 

understand their spatio-temporal distribution. The laboratory analyses adopted are 

given in the following sub-sections. 

3.4.1 Textural analysis of sediments  

The most conventional and popular method for textural analysis of sediment samples 

is the mechanical sieve analysis, which is used for the samples comprising of sand. 

For clayey sediments pipette analysis is commonly adopted. If the sediments are 

composed of both coarse and fine particles a combination of both sieve and pipette 

methods are adopted. 

3.4.1.1 Mechanical analysis  

The sediment samples were washed thoroughly using the distilled water to remove 

salt content and all the shell fragments were hand-picked. The moisture in the samples 

was removed by drying it to 100-105 ºC in the oven for at least 20 minutes. Coning 

and quartering method was used to obtain the representative samples. These sample 

are again weighed and subjected to mechanical sieving for 15 minutes in a Rotap 

Sieve Shaker using standard sieves (ASTM) at 1/2  intervals (Ingram, 1971). The 

fraction retained on each sieve was weighed on a single pan balance and the weight 

percentage was computed for further statistical analysis. 

3.4.1.2 Pipette analysis 

Size analysis of fine-grained sediment is usually performed by using pipette analysis. 

Here the particle size is estimated from the rate at which particles sink through the 

fluid, i.e. a predictable relationship between particle grain size and settling velocity in 

a fluid medium is achieved.  

The textural analysis using this method was carried out following Carver (1971). For 

the removal of the salt content, the sediment sample of about 50 g was washed 

repeatedly using deionized water. To remove the calcium carbonate content, the salt 

free sample is treated with dilute hydrochloric acid and washed repeatedly with 

deionised water. To remove the organic matter content, the sample is again treated 

with 30 % hydrogen peroxide followed by repeated washings with deionised water. 
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The samples are then made into paste form by oven drying at about 40 
0
C for further 

analysis adopting the moisture replica method. Two watch glasses having samples 

with approximate weight of 5 g and 25 g respectively are taken according to the 

moisture replica method. The watch glass with 5 g is dried at 110 °C for the 

estimation of moisture content whereas the other watch glass with sample (25 g) is 

allowed to soak overnight after adding 20 ml sodium hexametaphosphate (Calgon). 

The soaked sample is then wet sieved through a 63 μm sieve to separate sand and mud 

fraction. The sand fraction (> 63 μm) retained in the sieve is dried and weighed, while 

the mud fraction is collected in a 1,000 ml measuring glass cylinder. This is subjected 

to pipette analysis to estimate the silt and clay fractions (Folk, 1980). The percentage 

of sand, silt and clay contents as well as statistical parameters in each of the sample 

are then determined using the Gradistat software (Simon, 2007). The sand-silt-clay 

ratios are plotted on trilinear diagram for textural nomenclature based on Shepard 

(1954) classification. 

3.4.2 Estimation of heavy mineral content 

Heavy minerals are generally concentrated in fine grade sediments. The light and 

heavy minerals are separated on the basis of density difference. Wet sieving of fine 

grained material is necessary for innershelf samples as they are composed mostly of 

silt and clay at varying proportions. About 20–30 g of the selected sample is wet 

sieved using 230 ASTM mesh and the coarser fraction separated. For removal of shell 

fragments, the collected fraction is treated with dilute hydrochloric acid (HCl) and 

washed with deionized water. Subsequently, dry sieving of the prepared samples is 

done to separate into fractions of medium, fine and very fine sand. Bulk samples 

weighing about 5–8 g each are taken for estimation of HM content using Bromoform. 

The total weight percentages of heavy minerals in sand fractions are calculated to get 

their concentration. 

3.4.3 Analysis of core sample 

A total of 9 core samples were collected from the innershelf along the Neeendakara -

Aratupuzha sector (Fig. 3.16). As seen Table 3.3, the recovery lengths of cores varied 

from 0.6 to 1.30 m. Each of the core samples was split into two; one half was kept as 

archive and the other half was sub-sampled at 5 cm interval. All the sub-samples were 

analysed for texture and HM content as per the procedures given above. 
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3.4.4 Estimation of quantum of sediment and HM concentration in the sediment 

trap collections  

After the retrieval of sediment traps from the sea, the samples were brought to the 

laboratory for analyses. All the samples from the traps were wet sieved using 0.045 

mm size mesh, the washings collected, dried and weighed for the estimation of 

suspended sediment concentration. Further analysis to determine the sand, silt and 

HM contents of the suspended sediments were carried out as per Carver (1971). 

3.5 Geo-spatial Analysis for Shoreline Change  

Long-term trends in beach morphological changes are deduced from the shoreline 

change map which is a useful proxy for the identification of erosion/accretion areas 

(Farris and List, 2007). Shoreline change maps are prepared using multi-dated 

topographic sheets and satellite imageries applying digital image processing and GIS 

techniques, by taking numerous precautions to minimize the errors. High water lines 

(HWL) from the Survey of India (SoI) toposheets of 1:25,000 (1989) and 1:50,000 

(1968) were taken as shorelines for the respective years. Toposheets (1:25,000) for the 

Ponmana to Neendakara sector (about 9 km long in the south) were not available, and 

hence, the comparisons with 1:25,000 are limited to the available sector (Ponmana to 

Kayamkulam). 

Satellite imageries have been used for delineating the shoreline after 1989 and the 

images used are the IRS P6 LISS IV of 2007 and the Google imageries of 2003–2007.  

The dry beach–wet beach interface as seen in the image was taken as the HWL and 

the shoreline deduced accordingly. Information on shoreline changes was also 

collected from earlier studies carried out for the area (Prakash and Verghese, 1987; 

Sreekala et al., 1998; Kurian et al., 2002; Sreeja, 2005; Praveen, 2006; Thomas et al., 

2010). As described in Section 3.3.5, shorelines for the period 2010-2015 were 

mapped using a GPS. Shoreline changes in linear distance for a few representative 

locations along the coast are calculated after overlaying in ArcGIS platform. The 

long-term beach erosion/accretion trend is then deduced from the estimated shoreline 

changes. 

3.6 Geo-spatial Analysis for Innershelf Morphological Changes  

The morphological changes in the innershelf were estimated from the bathymetry 

collected and collated for different years, viz. 2000, 2005 and 2010. In order to 
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quantify the shift in isobaths over the 10-year period, the bathymetry data for the 3 

years were overlaid on ArcGIS platform. Shore normal transects of one kilometre 

width each were drawn from nearshore to offshore off seven locations identified for 

computation of the isobath shift. The isobaths of 10, 14 and 20 m were chosen for the 

computation of the shift, and the area enclosed by the shift of the above isobaths over 

the periods 2000–2005, 2005–2010 and 2000–2010 were estimated. The shift of each 

isobath over different time periods per unit width is also calculated for delineating the 

innershelf morphological changes. 

3.7 Empirical Orthogonal Function Analysis 

Empirical Orthogonal Function (EOF) analysis provides the most efficient method of 

compressing data which uses a combination of statistics and linear algebra to isolate 

the dominant patterns in a data set. This analysis separates spatial and temporal 

dependence of data to represent as a function of space and time. The beach profiles 

can be represented in terms of shape functions known as eigen functions and widely 

used to investigate patterns in the beach variations (Winant et al., 1975; Aubrey, 

1979; Shenoi et al., 1987; Larson et al., 1999b). The first few eigen functions provide 

information on most of the data variability and this analysis uses the entire profile to 

describe the beach changes rather than considering just one point along the profile. 

Thus the variation in the beach profile configuration in terms of distance from the 

fixed data point and in terms of temporal changes in the profile over the period of 

study is represented by using the EOF analysis. 

The data set is denoted by a matrix ‘Hmn’ with each of the rows containing a time 

series of the elevation at a particular point along the profile and each columns 

represents the beach profile at a particular time. The variability of the data matrix is 

explained in terms of few eigen functions of the matrix Hmn and the matrix is 

decomposed by using the Singular Value Decomposition (SVD) technique. Principal 

Component Analysis (PCA) tool box in the MATLAB software was used for the 

present analysis. 

The data matrix Hmn is represented as a product of three matrices in the form  

      
   

(   )   
                

 ……………………………………………...(3.8) 
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where m and n are the no. of rows and columns of the data matrix respectively, Г = r х 

r  is the diagonal matrix with diagonal elements called the singular values of Hmn, r is 

the rank of the matrix Hmn, The column vectors  U and V are orthogonal, i.e.  

    I,      I………………………………………………………………….(3.9) 

where I is the identity matrix. Solving the eigen value problem from equations 3.8 and 

3.9 then  

(     I)       ………………………………………………………………...(3.10) 

(     I)      ………………………………………………………………....(3.11) 

where         and A       , Ui and Vi are the column vectors  U and V 

respectively. 

The values of λi is obtained by solving the characteristic equation |B - λiI| = 0 and 

substituting in the Eqn. 3.10 leads to a system of equations which are solved by 

following the standard Gaussian elimination method to obtain the values of V. Thus 

the eigen functions (Ui and Vi) and the eigen values λi are determined. 

The eigen functions are ranked according to the percentage of mean square value of 

the data they explain. The first three eigen functions describe the major beach 

changes. The first eigen function explains the mean beach profile which shows 

similarity in its shape for all the beach profiles and provides information on beach 

gradients. The second eigen function represents the seasonal onshore/offshore 

movement and the third eigen function partly describes how the beach oscillates 

between a berm and bar profile.  

3.8 Numerical Computations 

Numerical computations are used in the present study for the estimation of longshore 

transport, cross-shore transport and shoreline change which involves the utilization of 

processes based models and bulk formulae.  

Bulk formulae viz. the CERC and Kamphuis, and the process based model LITDRIFT 

module of the LITPACK modelling suite by the Danish Hydraulic Institute (DHI) are 

used for the computation of the Longshore Sediment Transport (LST). The cross-

shore sediment transport was estimated by using LITPROF and the shoreline change 

modelling by using LITLINE module of LITPACK modelling suite. Coastline 

evolution was modeled by using the LITLINE module of LITPACK modelling suite.  
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The description of the models/formulae used along with the process of calibration and 

validation is given in the relevant chapters.  

3.9 Summary 

The methodology followed for the investigation and the methods of data collection 

and analysis are described in this chapter. A comprehensive field measurement and 

data collation programme taking care of the requirements of the study including 

numerical modelling was meticulously planned and implemented during the period 

2010-2015. The instruments used/devised for the data collection along with the 

principle and scheme of measurement are detailed. Monthly beach profiles at selected 

stations and GPS based shoreline survey were conducted during the period 2010-2015 

to study the beach morphological changes. Bathymetric survey was carried out in the 

month of April 2010 in the innershelf of Chavara coast along transects at 1 km 

interval and extending upto 20 m depth. The bathymetric chart prepared out of this 

survey was used in conjunction with bathymetric data collected by the CESS for the 

years 2000 and 2005 to understand the innershelf morphological changes. Seasonal 

surficial sediment sampling from the beach and nearshore, suspended sediment 

sampling using sediment traps from two stations in the nearshore and one-time sub-

surface core sampling from selected stations in the innershelf were systematically 

carried out during 2010-2011. Wave data which is the most important one required for 

the numerical modelling  studies is the year-round wave rider buoy data collected in 

2014 off Chavara coast at 22 m water depth. Synchronous with the wave data, wind 

data at the beach site were also measured by using an automatic weather station 

installed at Chavara beach. Monthly littoral environmental observations which include 

the measurement of longshore current, breaker wave and beach characteristics were 

also carried out at selected coastal locations in 2014. 

The methodology adopted for the sample and data analysis which included the 

hydrodynamic data analysis, laboratory analysis of the sediment samples, empirical 

orthogonal function analysis for the beach profiles and geo-spatial analysis for the 

beach-innershelf morphological change are presented. A brief outline of the processes 

based models and bulk formulae used for numerical computations are also provided. 

The details of the models/formulae used along with the process of calibration and 

validation are given in the subsequent chapters. 



CHAPTER 4 

NEARSHORE SEDIMENT TRANSPORT REGIME 

 

4.1 Introduction 

The stability of a beach is decided by the sediment transport processes induced by 

various hydrodynamic processes coupled with human-induced activities in the beach 

and innershelf. The sediment transport pattern/processes of a coast is dependent on 

the hydrodynamic forces viz. waves, currents, tides and wind which vary both 

temporally and spatially. The changes in beach and innershelf morphology are in turn 

influenced by the sediment transport processes. Reports on the caving in of the beach 

at the mining sites in Chavara and the alarming rate of depletion of the heavy mineral 

content in the beach sediment during recent years, as reported by the firms engaged in 

beach sand mining, have given impetus for undertaking a comprehensive study on the 

sediment transport regime of the nearshore of this coast. Such a study has been carried 

out combining field measurements with computations using different mathematical 

formulations. The field programmes included measurements of wind, wave, beach 

profiles and littoral environmental parameters and mapping of shoreline for the period 

of January to December 2014. The field data are discussed first followed by the 

computational processes and the characteristics of sediment transport regime. 

4.2 Nearshore Wave Characteristics 

As already discussed in Chapter 3, the data from the wave rider buoy deployed at a 

station of water depth 22 m off Kovilthottam (see Fig. 3.2) is used for the study. Fig. 

4.1 gives the monthly wave rose plots and Figs. 4.2, 4.3 & 4.4 give the percentage 

occurrence plots for the various wave parameters for the whole year. The analysis 

shows the dominance of south-southwesterly waves with peak periods of around 11 s 

during the months of January-May and September-December and 9 s during the 

monsoon. This indicates that the coast is under the influence of swell waves during 

major part of the year. From the monthly wave rose plots, it can be seen that the south 

westerlies and westerlies dominate the peak monsoon period of June-August due to 

the influence of the monsoon waves generated in the Arabian Sea.  

The percentage occurrence plots for Hs shows that it is in the range of 0.29 - 3.2 m. Of 

these about 55 % of the Hs are in the range of 0 to 1.0 m and it is mostly during the 
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non-monsoon periods. The percentage occurrences of Hs in the range of 1 - 2 m and   

> 2 m are 36 % and 9 % respectively. High wave activity is normally during the peak 

monsoon season and hence the percentage occurrence of waves with Hs> 2 m in a 

year is relatively low.    

 

Fig. 4.1 Monthly wave roses off Chavara coast during January-December 2014 

The peak wave period (Tp) is found to vary between 3 and 23 s. The percentage 

occurrence of Tp in the range of 3 to 10 s is only 16.7 % and this indicates the 

influence of local wind waves is less. In general swell waves with Tp > 10 s dominate 

with a percentage occurrence of 83.2 %.  

The wave direction varies between 105 and 357
o
 N. About 73.3 % of the waves are 

from the southerly to south-southwesterly (SSW) direction and this happens during 

the non-monsoon period which clearly shows the dominance of southerly swell 
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waves. For the rest of the period southwesterly (SW) to northwesterly (NW) 

directions dominate, indicating the influence of sea waves which are more common 

during the monsoon. In a nutshell, the analysis of the percentage occurrence of the 

measured wave parameters decipher that the coast is dominated by the influence of 

swell waves during the major part of the year and steep waves for a short period 

during the monsoon. 

 

Fig. 4.2 Percentage occurrence of significant wave heights measured off Chavara 

coast during January-December 2014 

 

 

Fig. 4.3 Percentage occurrence of peak wave periods measured off Chavara coast 

during January-December 2014 

4.2.1 Spectral analysis of waves 

For the analysis, both the one-dimensional and frequency-direction spectrum data 

received from the wave rider buoy are considered. The analysis of one-dimension 

spectra shows the dominance of the swell waves as indicated by the peaks at the low 

frequency end of the spectrum at frequency of about 0.07 Hz  (wave period of about 
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14 s) (Fig. 4.5a) during the non-monsoon periods.  Secondary peaks are also 

discernable having a frequency of about 0.15 Hz (period of about 6.6 s) which shows 

the local wind influence. The wind wave influence is dominant during the monsoon 

season with the shifting of the peak frequency towards the higher frequency side of 

the spectrum (0.1 Hz) (Fig. 4.5b). The months of June and July shows a single peaked 

spectrum, which confirms the dominance of local wind waves during the peak 

monsoon. But during the month of August, two distinct peaks are observed with the 

secondary peak showing the influence of swell waves. 

 

Fig. 4.4 Percentage occurrence of wave directions (
o
N) measured off Chavara coast 

during January-December 2014 

The information on the wave direction is not obtained from the one-dimensional 

spectrum which is one of its major drawbacks. The seasonal shifting of the wave 

directional contours is clearly observed from the frequency-direction spectrum (Fig. 

4.6). During the non-monsoon periods, the direction is in the range of 200 - 240
o
, 

whereas during the monsoon period of June-September, the direction is shifted to 240 

- 300
o
 w.r.t north. This indicates the influence of the swell waves coming from the 

southerly to southwesterly direction during the non-monsoon seasons and wind waves 

during monsoon (westerly to northwesterly direction). The shifting in the frequency 

towards the lower end of the spectrum during the non-monsoon and towards higher 

end during the peak monsoon is also observed from the frequency-direction spectrum. 

4.3 Coastal Wind Characteristics 

The one year wind data collected from the Automatic Weather Station (AWS) shows 

a maximum wind speed of 10 m/s recorded during August, with an average magnitude 

and standard deviation (SD) of 3 m/s and 1.5 m/s respectively. From the monthly 
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Wind Rose plots presented in Fig. 4.7 it can be seen that westerly and northwesterly 

winds dominate except during the months of February, March and December. 

Scattering is low during the months of June and July. The measured data being from a 

coastal station, daily reversal of wind due to the influence of sea and land breeze 

could be observed.  

 

Fig. 4.5 One-dimensional spectrum of waves measured off Chavara coast during (a) 

non-monsoon and (b) monsoon period of January-December 2014 

(a) 

(b) 
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Fig. 4.6 Frequency-Direction spectrum of waves measured off Chavara coast during 

January-December 2014 

 

Fig. 4.7 Monthly wind roses for Chavara coast during January-December 2014 
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Figs. 4.8 & 4.9 show the percentage occurrence plots for the wind speed and direction 

recorded for 2014. The wind speeds are in the range of 0-5 m/s for 86 % of the 

observation period. The remaining 14 % of the wind speed falls in the range 5-9 m/s. 

The predominant wind directions are northwesterly (NW) to north-northwesterly 

(NNW) with a combined percentage occurrence of 50 %. The northeasterly winds 

constitute about 27 % and the remaining 23 % of the total observations comprises of 

southeasterlies (SE) to southwesterlies (SW).   

 

Fig. 4.8 Percentage occurrence of wind speeds at Chavara coast during January-

December 2014 

 

 

Fig. 4.9 Percentage occurrence of wind directions (
o
N) at Chavara coast during 

January-December 2014 

4.4 Beach Profiles 

The seasonal variation in the beach profiles at Srayikkadu (Station NK-5, see Fig. 

3.14) which is the station selected for sediment transport computation is given in Fig. 

4.10. The maximum beach width is observed during January and minimum in 
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December. During the months of May, June and July the beach was more or less 

completely eroded and hence no profile data is available. From the volume change 

(Figs. 4.11 & 4.12), it can be seen that significant accretion occurs during the months 

of July-August and September-October. However erosion in the subsequent period of 

October-January has offset the accretion made earlier and at the completion of one 

year (i.e. in January 2015) the beach has not regained its original profile. In general 

the observation is that the coastal stretch is not dynamically stable and has a negative 

cumulative beach volume change during the one year period indicating net eroding 

tendency.   

 

Fig. 4.10 Measured beach profile at Srayikkadu during January 2014 - January 2015 

 

 

 

Fig. 4.11 Calculated beach volume change from the measured beach profiles at 

Srayikkadu during January 2014 - January 2015 
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Fig. 4.12 Cumulative volume change at Srayikkadu during January 2014 - January 

2015 

4.5 Shoreline Orientation 

Shoreline orientation which is defined as the normal to the shoreline with respect to 

North has been derived from the GPS measured shoreline data. The monthly shoreline 

orientation presented in Fig. 4.13 varies between 234
o
 and 244

o
 N. The computed 

average value during the one year observation period of January-December 2014 is 

around 240º with a standard deviation of 3º. 

 

Fig. 4.13 Measured monthly shore normal at Srayikkadu during January - December 

2014 

4.6 Sediment Size 

Sediment samples were collected during the field measurements and were analysed 

for their textural characteristics. The sediment characteristics are detailed in Chapter 

5. 
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4.7 Wave Breaking and Breaker Type Estimation 

Breaking of waves is the most important wave transformation phenomenon that takes 

place in the surf zone region and it is considered to be very complex as it depends on 

various parameters like the water depth, offshore wave steepness (Ho/Lo), deep water 

wave approach angle (αo) and the beach slope (tan β). To estimate the temporal 

variation in the breaker parameters viz. the breaker wave height, breaker wave 

direction and the breaker depth off the Chavara coast, the data from the offshore wave 

rider buoy was utilized. The breaker parameters were derived from the offshore wave 

data adopting standard procedures (CEM, 2002) and the variation of these parameters 

during the observation period of January-December 2014 are plotted in Fig. 4.14. The 

breaker wave angle is southwesterly to westerly during the monsoon months of June 

to August. Since the wave breaker angle during this period oscillates on either side of 

the shore normal, the wave induced longshore currents are also oscillatory. However 

an overall domination of southerly current and sediment transport can be seen. During 

the remaining months, the breaker wave angle is on the southern side of the shore 

normal, resulting in northerly wave induced longshore currents and northerly 

sediment transport.  

 

Fig. 4.14 Measured offshore wave direction, shore normal and calculated breaker 

wave angle off Srayikkadu during January - December 2014 

Waves as they approach very shallow waters can break in four different ways - 

plunging, spilling, collapsing and surging - depending on the offshore wave steepness, 

beach slope and breaker wave height. The condition under which a particular type of 
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breaking occurs is attributed to the dimensionless breaker parameter ξo (surf similarity 

parameter) (Galvin, 1968; Battjes, 1974) which is defined as given below: 
   

 

    
    

√
  
  

 ………………………………………………………………………….(4.1) 

 
where tan β is the beach slope, Ho is the deep water wave height and L0 is the deep 

water wave length.  Surging/collapsing, plunging and spilling will occur for ξ0 > 3.3, 

0.5 < ξ0 < 3.3 and ξ0 < 0.5 respectively.  

For studying the wave breaking phenomenon along the Chavara coast the offshore 

wave data is used.  For determination of the breaker type the wave steepness (Ho/Lo) 

obtained from the one year wave data as shown in Fig. 4.1 and the beach slope from 

the monthly field measurements are used. The computed surf similarity parameter for 

the one year observation period is presented in Fig. 4.15. From the figure it is 

observed that plunging type of wave breaking dominates during the entire period of 

observation. Spilling and surging breakers are of rare occurrences in this coastal 

sector.  

 

Fig. 4.15 Estimated surf similarity parameter (ξ0) (after Galvin, 1968) off Srayikkadu 

during January - December 2014 

4.8 Longshore Current (LSC) along the Chavara Coast 

The LSC was one of the important parameters measured as part of the LEO. The 

monthly LSC values are presented in Table 4.1. During the fair weather months of 

January - April, the currents are either oscillatory or northerly with values ranging 
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upto 0.23 m/s. The monthly LEO data could not be collected for the months of May – 

July because of high wave activity. From August to December the currents are again 

either oscillatory or northerly with magnitudes ranging upto 0.3 m/s. The observations 

corroborate very well with the current directions that can be deduced from the breaker 

waves. As can be seen from Fig. 4.14, the breaker waves are on the southern side of 

the shore normal generating northerly currents during the non-monsoon months. The 

breaker directions are on the northern side of the shore normal during the monsoon 

months which can generate the southerly currents. 

Table 4.1 Monthly LSC values at Srayikkadu obtained from the LEO 

 

Month LSC (m/s) 

Jan-14 Oscillatory 

Feb-14 0.13 

Mar-14 0.23 

Apr-14 Oscillatory 

May-14 No Measurement 

Jun-14 No Measurement 

Jul-14 No Measurement 

Aug-14 Oscillatory 

Sep-14 Oscillatory 

Oct-14 0.2 

Nov-14 0.3 

Dec-15 0.25 

+ve sign indicates northerly transport. Since measurement 

during monsoon months are not available the southerly 

currents are missing  

4.9 Estimation of Longshore Transport  

The longshore sediment transport (LST) in the surf zone is computed by using both 

bulk formulas and process-based numerical models, whereas for the innershelf, the 

computation is based on the numerical modelling studies. The selection of an 

appropriate method for the computation of the LST depends on the applicability as 

well as adaptability of the technique for the coast and the dependence of the various 

parameters like the breaker wave height, wave period, nearshore slope, sediment grain 

size, etc. which greatly influence the sediment transport. Both the methods are 

discussed in detail in the subsequent sections. 

4.9.1 Bulk formulae used 

Bulk formulae viz. the CERC and Kamphuis are used for the computation of the 

longshore sediment transport and are detailed below. 
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4.9.1.1 CERC formula  

The Coastal Engineering Research Centre (CERC) formula (SPM, 1984), which is 

based on field measurements, is commonly used for computing the LST rate. 

Accuracy of the CERC formula is believed to be only ± 30-50 % as several 

parameters that logically might influence the LST like the breaker type and grain size 

are excluded in the formula (Wang et al., 2002a; Smith et al., 2004). 

The total rate of longshore transport (Ql) according to the CERC formula (SPM, 

1984), is computed using the equation  

   ( 
    )  [     (     )] …………………………………………………...(4.2)   

where H is the wave height, Cg is the wave group speed given by linear wave theory, 

the subscript b denotes wave breaking condition, θbs is the angle of breaking waves to 

the local shoreline, A is a non-dimensional parameter defined as  

  
 

   (
  
  
  ) (   )

 ………………………………………………………………...(4.3)  

where K is an empirical co-efficient, treated as a calibration parameter, taken as 0.58, 

ρs is the density of sand taken as 3000 kg/m
3
 for quartz sand, ρw is the density of water 

taken as 1025 kg/m
3
 for seawater and P is the porosity of sand on the bed (taken to be 

0.4). 

The equation used for calculating the breaker wave height for depth-limited wave 

breaking is given by  

        …………………………………………………………………………(4.4) 

where γ is the breaker index, generally taken as 0.78 and db is the breaker depth. 

Knowing Hb, the breaker depth (db) can be calculated and this in turn is used for 

obtaining the wave group speed using the shallow water approximation given by  

   √     ………………………………………………………………………..(4.5) 

4.9.1.2 Kamphuis formula 

Kamphuis (1991, 2002) formula takes into account all the important parameters like 

the breaker height, breaker angle, sediment grain size, bed slope, and also the effect of 

swells included in the form of the peak wave period. This is particularly important for 

the Chavara coast as it shows the influence of swells throughout the year. The formula 

proposed by Kamphuis for the estimation of the LST is  
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             (     ) ……………………….(4.6)  

where, Qvol  is the total immersed volume in m
3
/year, Hsbr is the breaker wave height, 

Top is the peak wave period, mb is the bottom slope upto two wave lengths offshore of 

the breaker line, d50 is the median grain size and θbr  is the breaker angle with respect 

to the shore normal. 

4.9.2 Processes based model for the estimation of LST  

LST in the surf zone and innershelf was estimated by using the LITDRIFT module, 

one of the major modules available in the LITPACK modelling suite, which is an 

integrated modelling system used for modelling of littoral processes and coastline 

kinetics. This is a 'stand-alone' deterministic numerical modelling system, describing 

the major processes in the nearshore zone. LITPACK simulates non-cohesive 

sediment transport driven by waves and currents, littoral drift, coastline evolution and 

profile development along quasi-uniform beaches. The LITDRIFT module simulates 

the cross-shore distribution of wave height, setup and longshore current for an 

arbitrary coastal profile (DHI, 2004).  

4.9.2.1 Theoretical background 

The longshore and cross-shore momentum balance equations are solved to give the 

cross-shore distribution of the longshore current and the wave setup. Wave decay due 

to breaking is modelled, either by an empirical wave decay formula or by a model of 

Battjes and Jansen (1978). According to them, the wave energy balance equation for a 

stationary condition is given by  

 

  
(    )         ……………………………………………………………...(4.7) 

where E is the mean wave energy, Cgx is the group velocity in x direction, Ediss is the 

time-mean dissipated power per unit area. E and Ediss can be written as 

  
 

 
      

 ……………………………………………………………………....(4.8) 

      
 

 
    

 

 
      

 ……………………………………………………..........(4.9) 

where Hrms is the root mean square value of wave height, ρ is the density of sea water, 

g is the acceleration due to gravity, T is the wave period, Qb is the fraction of breaking 

or broken waves, Hmax is the maximum wave height and αd is the dissipation factor 
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which is a scale parameter that gives the amount of wave breaking. The maximum 

wave height is calculated by 

     
  

 
    (

  

  
  )…………………………………………………………..(4.10) 

where k is the wave number, d is the water depth, γ1 and γ2 are the two wave breaking 

parameters.  γ1 controls the breaking due to wave steepness condition and γ2 controls 

the breaking due to limiting water depth condition. 

The major assumption in the LITDRIFT module is that uniform conditions exist along 

the straight coast. The shore-parallel momentum balance defined in the equation given 

below is used to determine the longshore current velocity profile.  

   
 

  
(     

  

  
)    (

    

  
)             ………………………………....(4.11) 

where τb is the bed shear stress due to the longshore current, ρ is the density of water, 

Em is the momentum exchange coefficient, d is the water depth, v is the longshore 

current velocity, y is the shore normal coordinate, Sxy is the shear component of the 

radiation stress, τw and τcur are the driving forces due to wind and coastal current 

respectively. The relation between u and τb is established by the model of Fredsoe 

(1984).  

The LITDRIFT calculates the net/gross littoral transport over a specific design period. 

Important factors, such as linking of the water level and the profile to the incident sea 

state, are included. The input data given for defining the physical conditions of the 

sediment transport are the cross-shore profile, hydrodynamic data which includes the 

water level, wave, current and wind data. The depth of closure has been arrived at 

based on Hallermeier (1981). The output of the LITDRIFT module provides a 

detailed deterministic description of the cross-shore distribution of the longshore 

sediment transport for an arbitrary bathymetry for both regular and irregular sea 

states.   

4.9.2.2 Input data 

The basic input used for the LITDRIFT module are cross-shore bathymetry profile,  

bed roughness and grain properties (size, fall velocity and gradation), water level, 

wave properties (height, period and angle) and wind parameters (speed and direction). 

The cross-shore bathymetric profile at intervals of 1 m was extracted from the 
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measured bathymetry upto a depth of 10 m. Sediment characteristics estimated from 

the collected sediment samples from the beach and innershelf (see Chapter 5) were 

utilized for the calculation of the bed roughness and fall velocity. Separate model 

setup was used for each month starting from January to December with appropriate 

wave and wind characteristics. Water level for the period of simulation was extracted 

from the MIKE C-Map. Monthly shore normal values were measured from the GPS 

surveyed shoreline (Fig. 4.13). Tables 4.2 & 4.3 give the sediment characteristics of 

cross-shore profile and the climatic description respectively for the LITDRIFT model. 

Table 4.2 Sediment characteristics of cross-shore profile used for the LITDRIFT 

model 

 

Parameter Value 

Mean grain diameter (mm) 0.1 - 0.24 

Fall velocity (m/s) 0.063 - 0.097 

Bed roughness (m) 0.00025 - 0.0006 

Geometrical spreading 1.5 

Relative sediment density (kg/m
3
) 2.65 

 

4.9.2.3 Calibration and validation 

The breaker wave parameters γ1 and γ2 are given as 1 and 0.8 respectively and the 

dissipation factor (αd) is calibrated as 1 for the model according to the formulation by 

Battjes and Janssen (1978). For validation of the model, monthly Littoral 

Environmental Observations (LEO) taken at the field which includes the longshore 

current data was used. A comparison of the measured and computed LSC is presented 

in Fig. 4.16. It can be seen that the results from LITDRIFT corroborates reasonably 

well with the field observations. The simulated LSC for the months of May, June and 

July have not been validated as the monthly LEO data could not be collected because 

of high wave activity. The LSC computed using the LITDRIFT module shows 

southerly current during the monsoon months of June and July with magnitudes of 

0.12 and 0.21 m/s respectively. Because of the southerly current, the sediment 

transport during the monsoon can be expected to be towards south. During the 

remaining nine months the LSC is northerly indicating a net annual northerly 

transport. The computed maximum LSC of 0.41 m/s is during May. The LSC 

computed from LITDRIFT corroborates well with the field observation. 
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Table 4.3 Climatic description for the LITDRIFT model 

 

Item Minimum Maximum 

Duration (perct. year) 0.005708 0.005708 

Wave height (m) 0.21 2.28 

Wave direction (
o
N) -113.2 138.5 

Profile number 1 1 

Wave period (s) 2.8 10.7 

Ref. depth, height (m) 22 22 

Ref. depth, angle (m) 22 22 

Mean water level (m) -0.83 0.87 

Spectral description 2 2 

Spreading factor 0.5 0.5 

Current speed (m/s) 0 0 

Ref. no for current 0 0 

Wind speed (m/s) 0.11 10.47 

Wind direction (
o
N) 0.0 359.9 

Wind friction coeff. 0.001 0.001 

 

 

Fig. 4.16 Monthly maximum longshore current at Srayikkadu estimated by using 

LITDRIFT module of LITPACK and by Littoral Environmental Observation (LEO) 

4.9.2.4 Surf zone longshore transport along the Chavara coast 

The monthly LST computed using the three methods viz. CERC formula, Kamphuis 

formula and LITDRIFT module of LITPACK (Fig. 4.17 and Table 4.4) were 
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compared among themselves as well as with field signatures/observations to 

assess/ascertain the applicability of the adopted method for the Chavara coast. It is 

observed that the monthly directions of the LST obtained using all the three methods 

match throughout.  

As regards the magnitude, it can be seen from the results that the monthly LST rates 

computed using the LITDRIFT are closer to those by the Kamphuis, while the CERC 

computations are exorbitantly higher than the LITDRIFT and Kamphuis throughout. 

The northerly transport dominates during the whole year except for the peak monsoon 

months of June and July. The northerly LST ranges from about 3,000 to 18,000 

m
3
/month for the LITDRIFT, 7,000 to 24,000 m

3
/month for the Kamphuis and 20,000 

to 110,000 m
3
/month for the CERC during the months of January – May and August – 

December. Southerly LST is observed only during June and July with the values in 

the range about 6,500 - 9,000 m
3
/month for the LITDRIFT, 15,000 - 17,500 m

3
/month 

for the Kamphuis and 165,000 - 177,000 m
3
/month for the CERC. Fig. 4.18 and Table 

4.4 show that the inclusion of wind in the input parameters of LITDRIFT will bring 

about only marginal changes in the quantum of LST. 

 

Fig. 4.17 Monthly LST in the surf zone at Srayikkadu computed using Kamphuis 

formula, CERC formula and LITDRIFT module of LITPACK 

As expected, the gross transport obtained is very high for CERC, than the results from 

Kamphuis and LITDRIFT (Table 4.5). The results computed adopting the Kamphuis 

formula and the LITDRIFT shows reasonably good comparison with net transport 

values of 101,369 m
3
/year and 78,961 m

3
/year respectively, whereas the CERC 

formula gives exorbitantly higher values (275,513 m
3
/year). The

 
values arrived at on 
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the basis of numerical model studies using LITDRIFT are more realistic compared to 

the Kamphuis method (which uses an empirical formula) as the model output is based 

on simulation of the site specific field processes and the effects of coastal wind and 

tide also have been included. The estimation of LST using the Kamphuis formula 

gives better results compared to that of the CERC mainly because the effect of swells, 

the sediment gain size and the bed slope have been considered in the sediment 

transport computation. 

Table 4.4 Monthly LST in the surf zone at Srayikkadu computed using Kamphuis 

formula, CERC formula and LITDRIFT module of LITPACK 

 

Month 
Shore Normal 

(
o
N) 

Kamphuis 

Formulae 

CERC 

Formulae 

LITDRIFT 

(With Wind) (No Wind) 

Jan-14 240 9,932 37,586 7,301 7,675 

Feb-14 244 7,730 31,066 7,272 7,444 

Mar-14 242 10,977 43,002 9,090 9,326 

Apr-14 234 16,251 66,599 12,130 12,679 

May-14 234 22,289 110,352 17,732 18,288 

Jun-14 241 -17,316 -177,677 -6,712 -6,151 

Jul-14 241 -15,400 -165,406 -8,848 -8,286 

Aug-14 241 12,184 19,965 3,179 3,984 

Sep-14 241 23,981 92,597 12,100 12,692 

Oct-14 239 14,528 65,836 11,173 11,706 

Nov-14 241 9,176 35,633 8,047 8,191 

Dec-14 240 7,037 25,708 6,496 6,656 

 

 

Fig. 4.18 Comparison of computed longshore sediment transport in the surf zone with 

and without wind using LITDRIFT module at Srayikkadu 
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Table 4.5 Annual longshore sediment transport in the surf zone at Srayikkadu 

estimated by using Kamphuis formula, CERC formula and LITDRIFT module of 

LITPACK 

 

Annual surf zone longshore transport Q (m
3
/year) 

Direction 
Kamphuis 

Formula 

CERC 

Formula 

LITDRIFT  

With Wind  No Wind 

Northerly Transport 134,085 785,737 94,521 98,641 

Southerly Transport -32,716 -510,224 -15,560 -14,437 

Gross Transport 166,801 1,295,961 110,081 113,078 

Net Transport 101,369 275,513 78,961 84,205 

Note: -ve sign indicates southerly transport and vice versa 

4.9.2.5 Innershelf longshore transport along the Chavara coast 

The longshore transport computed for the innershelf between isobaths of 3 m and 10 

m using the LITDRIFT module shows net southerly transport throughout the year 

unlike in the surf zone where the northerly transport dominates except during 

monsoon. The magnitude of the transport is generally high during the peak monsoon 

period (June-July). Also a strong correlation between the innershelf transport and the 

local wind conditions has been noticed as is evident from the results presented in Fig. 

4.19 and Table 4.6. The computed annual innershelf longshore transport (Table 4.7) is 

predominantly southerly with a net magnitude 43,172 m
3
. 

 

Fig. 4.19 Monthly LST in the innershelf at Srayikkadu estimated by using LITDRIFT 

module of LITPACK. The case for ‘no wind’ is also presented to highlight the 

significant influence of wind in the LST in the innershelf unlike the surf zone 
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Table 4.6 Monthly LST in the innershelf at Srayikkadu estimated by using LITDRIFT 

module of LITPACK 

 

Month 
Shore Normal 

(
o
N) 

Monthly Innershelf longshore 

Transport (m
3
/month) 

With Wind No Wind 

Jan-14 240 -2,355 48 

Feb-14 244 -969 0 

Mar-14 242 -2,825 0 

Apr-14 234 -5,580 30 

May-14 234 -3,590 132 

Jun-14 241 -9,485 -7,302 

Jul-14 241 -7,265 -5,868 

Aug-14 241 -4,175 -381 

Sep-14 241 -1,935 478 

Oct-14 239 -2,227 57 

Nov-14 241 -1,450 0 

Dec-14 240 -1,316 0 

 

 

Table 4.7 Annual LST in the innershelf at Srayikkadu estimated by using LITDRIFT 

module of LITPACK 

 

Annual innershelf longshore transport Q (m
3
/year) 

Direction With Wind No Wind 

Northerly Transport 0 745 

Southerly Transport -43,172 -13,551 

Gross Transport 43,172 14,296 

Net Transport -43,172 -12,806 

4.9.3 Estimation of cross-shore transport  

The LITPROF module of the LITPACK suite of programs developed by Danish 

Hydraulic Institute (DHI, 2004, 2008) is used for the simulation of the cross-shore 

profile changes under the influence of temporally varying wave conditions. The 

model accounts for all the important phenomena in the nearshore region such as 

shoaling, refraction, bed friction and wave breaking. The model is based on the 

assumption that the longshore gradient in hydrodynamic and sediment conditions is 

negligible and that the depth contours are parallel to the coastline. The offshore 

boundary condition for running this model is defined by specifying time varying wave 

conditions.  
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4.9.3.1 Theoretical background 

The sediment transport is calculated from an intra-wave hydrodynamic model where 

the time evolution of the bed boundary layer is resolved. The basic equation used is 

the continuity equation for sediment transport given as        

   

  
   (

 

   
) 
   

  
……………………………………………………………......(4.12)  

where zb is the bed level, Qc is the cross-shore sediment transport and P is the porosity 

of the bed material. The LITPROF module uses a Forward in Time - Central in Space 

(FTCS) scheme to solve the continuity equation. 

4.9.3.2 Input data 

The wave parameters given as input are the root mean square wave height (hrms), 

mean wave period and the mean wave direction. The model calculates vertical 

variations of turbulence, shear stress and means flow for which the effects of 

asymmetry of the wave orbital motion, mass flux in progressive waves, surface rollers 

and the wave setup are considered. For waves approaching the coast at an angle, the 

longshore currents are calculated from the wave induced radiation stress gradients. 

Table 4.2 shows the sediment characteristics of cross-shore profile used for the 

LITPROF model, which is same as that of LITDRIFT model. The climatic description 

for the LITPROF model is shown in Table 4.8.   

Table 4.8 Climatic description for the LITPROF model 

 

Item Minimum Maximum 

Wave height (m) 0.21 2.28 

Wave direction (
o
N) 105.5 357.2 

Wave period (s) 2.8 10.7 

Spreading factor (
o
) 6.3 79.7 

Water level (m) 0 0 

4.9.3.3 Calibration and validation 

The main tuning parameters used for the calibration of the LITPROF model setup for 

a particular location, are the scale parameter and maximum angle of the bed slope. 

The scale parameter is a calibration factor which reflects the cross-shore exchange of 

momentum and it is proportional to the characteristic length scale over which the 
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transport is smoothed. For the present study the final values of the tuning parameters 

used are 30
o
 for  the maximum angle of the bed slope, 3 for the scale parameter, 0.78 

and 0.8 for γ1 and  γ2 (wave breaking factors) respectively and 0.15 for the roller 

coefficient (Table 4.9). The parameters are named according to the model interface. 

The calibration of the model is carried out by comparing the model results with that of 

the measured for various tuning parameters. Correlation coefficients (CC) between 

the simulated and measured monthly beach profiles have been calculated. In addition 

to this, the Brier Skill Score (BSS) which is used to assess the skills of coastal 

morphological models (Sutherland et al., 2004; van Rijin et al., 2003; Pender and 

Karunarathna, 2013) is also estimated. The BSS compares the mean square difference 

between the simulation and the measurement with the mean square difference 

between initial/baseline simulation and measurement and is defined as       

       
〈(|          |       )

 〉

〈(          )
 〉

 ………………………………………………...(4.13)   

where Zb,m is the measured bed level, Zb,s is the simulated bed level, Zb,0 is the initial 

bed level, ΔZb,m is the error of the measured bed level and <..> denotes the averaging 

procedure over time series. Perfect agreement with the measured and simulated values 

gives a skill score of 1, whereas a lower value indicates a poor/bad performance. The 

classification of BSS by van Rijn et al. (2003) is shown in Table 4.10.  

van der Wegen et al. (2011) expressed the BSS in terms of volumetric change and is 

defined as      

       
〈(                   )

 〉

〈(        )
 〉

 …………………………………………….....(4.14) 

where ΔVol is the volumetric change compared to the initial bed in m
3
, for simulated 

and measured quantity, <..> denotes an arithmetic mean or a spatial average. The 

measurement error can be accounted by using the extended BSSvr proposed by van 

Rijn et al. (2003) and is defined as   

         
〈(|                   |   )

 〉

〈(        )
 〉

  ………………………………………..(4.15) 

where δ denotes the volumetric measurement error in m
3
.
 

 

For this work, both the BSS estimates as proposed by van Rijin et al. (2003) and van 

der Wegen et al. (2011) have been used as the study involves temporal comparison of 

cross-shore profile and volume changes. 
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Table 4.9 Calibration terms used for the LITPROF model 

 

Parameter Value 

Max. morphological time step (s) 900 

Scale parameter 3 

Max. bed slope (deg.) 30 

Wave breaking factor (γ1) 0.78 

Wave breaking factor (γ2) 0.8 

Dissipation roller coeff.  0.15 

 

Table 4.10 Classification of BSS (van Rijn et al., 2003; van der Wegen et al., 2011) 

 

BSS BSSvr Remarks 

0.5-1.0 0.8-1.0 Excellent 

0.2-0.5 0.6-0.8 Good 

0.1-0.2 0.3-0.6 Fair 

0.0-0.1 0.0-0.3 Poor 

<0.0 <0.0 Bad 

BSS - Brier Skill Score; BSSvr -  Brier Skill Score 

extended by van Rijn et al. (2003) 

4.9.3.4 Cross-shore transport along the Chavara coast 

The temporal variation in cross-shore transport across the innershelf and surf zone for 

a period of one year has been computed and the results are presented in Fig. 4.20. For 

validation of the LITPROF results the simulated monthly cross-shore profiles were 

compared with the monthly measured beach profile. Since the measured monthly 

profile measurements were limited to the portion above the Still Water Line (SWL) 

the validation was limited to the sub-aerial portion of the profile. The computed beach 

volume results are in close agreement with the computed volume from the beach 

profiles during non-monsoon and monsoon months except during October and 

November. The comparison for the months of May to July is not possible since the 

beach is completely eroded at this station due to the rough monsoon wave conditions. 

The measured beach profiles indicate an overall eroding tendency without any 

significant recovery even towards the end of the year (i.e. during December) and this 

corroborates well with the simulated beach volume computation (Fig. 4.21). 
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Fig. 4.20 Beach profiles at Srayikkadu simulated using LITPROF for one year 

Correlation coefficients between the simulated and measured monthly beach profiles 

have been calculated and are presented in Table 4.11. The results show a good 

correlation during the entire period of observation. The Brier Skill Scores (BSS) have 

been estimated from the measured beach profiles and from the simulated cross-shore 

profile for each month during January to December 2014 (Table 4.12). As per the 

classification of the BSS  (proposed by van Rijn et al., 2003; Sutherland et al., 2004; 

van der Wegen et al., 2011) Scores < 0, 0-0.1, 0.21-0.2, 0.2-0.5 and 0.5-1.0 represent 

„bad‟, „poor‟, „fair‟, „good‟ and „excellent‟ validation of  the model results 

respectively. Also an additional error factor was introduced in the BSS estimation by 

van Rijn et al. (2003) and the Scores were reclassified as BSS < 0, 0-0.3, 0.3-0.6, 0.6-

0.8 and 0.8-1.0 representing „bad‟, „poor‟, „fair‟, „good‟ and „excellent‟ scores 

respectively. In the present simulation the highest BS Scores of 0.93 and 0.92 are 

observed during the months of September and December respectively and the scores 

are considered as excellent. The BSS estimates for the remaining months indicate 

mixed response as is evident from the scores of 0.24 (February), 0.34 (August) and 

0.45 (November) which denotes 'poor' and 'fair' validation. The negative values 

obtained for the BSS estimates for January, March and October show poor 

comparison between the measured and simulated values. This probably could be due 

to the changing environmental conditions that prevail during the transition periods 

between the high and low wave activity period (i.e. the monsoon, monsoon breaks, 

and non-monsoon period). It is expected that by increasing the frequency of 

measurements during these periods better tuning of the model results is possible 

during the calibration stage and the BS scores can be improved considerably.  
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Fig. 4.21 Validation of the cross-shore transport using the beach volume from the 

measured beach profile and simulated beach volume from the LITPROF cross-shore 

profile during January - December 2014 for Srayikkadu (Note: No beach during May 

to July) 

 

Table 4.11 Error estimation for the beach profiles using the measured beach profile 

and simulated cross-shore profile (from LITPROF) during January-December 2014 

 

Month *CC *BSSvr 
Remarks from BSS 

(van Rijn et al., 2003) 

Jan-2014 0.73 -0.31 Bad 

Feb-2014 0.83 0.24 Poor 

Mar-2014 0.82 -0.29 Bad 

Apr-2014 0.99 0.83 Excellent 

May-2014 # # - 

Jun-2014 # # - 

Jul-2014 # # - 

Aug-2014 0.91 0.34 Fair 

Sep-2014 0.97 0.93 Excellent 

Oct-2014 0.92 -3.79 Bad 

Nov-2014 0.89 0.45 Fair 

Dec-2014 1.00 0.92 Excellent 

 *CC - Correlation Coefficient; *BSS - Brier Skill Score;  

# No beach 

For validation of numerical models, the estimation of BS Scores considering the 

measured and simulated volume has been adopted widely by many researchers for 

similar studies. In the present study the BSS estimates have been made from the 

measured and simulated beach volume for each month from January to December 

2014. A similar study has been performed by van der Wegen et al. (2011) using the 
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measured and modelled depositional volume. Scores indicating 'excellent' 

performance is observed for 7 months (February, March, April, August, September, 

November and December) out of the total of 9 months. The score shows 'fair' for 

January and „bad‟ for the month of October. 

Table 4.12 Estimation of BSS from the measured and simulated beach volume (from 

the LITPROF cross-shore profile) during January-December 2014 

 

Month *BSS  
Remarks from BSS  

(van der Wegen et al., 2011) 

Jan-2014 0.19 Fair 

Feb-2014 0.78 Excellent 

Mar-2014 0.97 Excellent 

Apr-2014 0.70 Excellent 

May-2014 # # 

Jun-2014 # # 

Jul-2014 # # 

Aug-2014 0.98 Excellent 

Sep-2014 0.92 Excellent 

Oct-2014 -1.22 Bad 

Nov-2014 0.88 Excellent 

Dec-2014 0.93 Excellent 

*BSS - Brier Skill Score; # No beach 

The BSS estimates using the measured and simulated profile and beach volume, in 

general, confirms the acceptability of the model. The monthly cross-shore sediment 

transports across the surf zone and innershelf for Srayikkadu computed using the 

model are presented in Fig. 4.22 and Table 4.13 and the annual cross-shore sediment 

transports are presented in Fig. 4.23 and Table 4.14. 

 

Fig. 4.22 Monthly cross-shore sediment transport at Srayikkadu estimated by using 

LITPROF module of LITPACK during January - December 2014 
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The computed values show an annual onshore and offshore transport of 77 m
3
/m and 

47 m
3
/m respectively with a net annual cross-shore transport of 30 m

3
/m in the 

onshore direction. It can be seen that the onshore transport dominates during the one 

year simulation period. 

Table 4.13 Monthly cross-shore sediment transport at Srayikkadu estimated by using 

LITPROF module of LITPACK during January-December 2014 

 

Month 
Cross-shore transport (m

3
/m/month) 

Onshore Offshore Net 

Jan-14 7.06 -1 6.06 

Feb-14 8.52 0 8.52 

Mar-14 12.08 0 12.08 

Apr-14 12.65 0 12.65 

May-14 11.88 0 11.88 

Jun-14 0 -25.77 -25.77 

Jul-14 2.08 -11.86 -9.78 

Aug-14 4.39 -4.51 -0.12 

Sep-14 5.24 -0.45 4.79 

Oct-14 5.67 -1.81 3.87 

Nov-14 4.37 -0.99 3.38 

Dec-14 3.02 -0.92 2.1 

Net (m
3/

m/year) 77 -47 30 

 

 

 

Fig. 4.23 Annual cross-shore sediment transport at Srayikkadu estimated by using 

LITPROF module of LITPACK during January - December 2014 

4.10 Discussion 

The study has brought out the nearshore sediment transport regime for a location of 

the Chavara coast. The LST in the surf zone has a net yearly value of about 79,000 m
3
 

in the northerly direction whereas the transport in the innershelf is consistently 
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southerly with a value of about 43,000 m
3
. While LST in the surf zone has been 

estimated by various researchers for this coast (Chandramohan and Nayak, 1991; 

Sajeev et al., 1997b; Jose et al., 1997; Sanil Kumar et al., 2006; Black et al., 2008; 

Sheela Nair et al., 2015), the LST in the innershelf is estimated only by Black et al. 

(2008). Barring the recent works of Black et al. (2008) and Sheela Nair et al. (2015), 

the earlier authors have used empirical methods and the computations are based on 

wave data available only for short duration (seasonal observations for few days, 

monthly/weekly LEO observations). Thus the exceptionally high quantities and 

contrasting direction obtained by them [Chandramohan and Nayak (1991) _ 950,000 

m
3
/year towards south; Sajeev et al. (1997b) _ 380,000 m

3
/year towards south; Jose et 

al. (1997) _ 360,000 m
3
/year towards south; Sanil Kumar et al. (2006) _ 380,000 

m
3
/year towards south] may not be realistic. The present estimates of the LST in the 

surf zone (LITDRIFT ∼ 79,000 m
3
/year; Kamphuis ∼ 101,000 m

3
/year) works out to 

be closer to the net northerly LST of 125,000 m
3
/year computed by Black et al. (2008) 

for this coast. That the net surf zone longshore transport is northerly is amply clear 

from the huge accretion on the southern side of the breakwater at Kayamkulam inlet 

and the critical erosion observed on the northern side of the inlet (Kurian et al., 2012). 

Table 4.14 Annual cross-shore sediment transport at Srayikkadu estimated by using 

LITPROF module of LITPACK during January-December 2014 

 

Annual cross-shore transport (m
3
/m/year) 

Onshore Transport 77 

Offshore Transport -47 

Gross Transport 124 

Net Transport 30 

As regards the LST in the innershelf, the only other work available is that of Black et 

al. (2008). For a 2 km width of the innershelf, they have estimated a southerly 

transport of 1,72,000 ± 50 % m
3
/year which can be considered as high.  The wide 

difference in the computed results may have to do with the models used. Moreover, 

the lower value of 43,000 m
3
/year appear to be agreeing to the field signatures which 

do not support the high quantum of transport obtained by Black et al. (2008). 

Except for the study by Black et al. (2008), estimates on cross-shore sediment 

transport are lacking for this coast. They obtained onshore and offshore fluxes of 

0.201 m
3
/m/day and 0.437 m

3
/m/day respectively. Based on the assumption that 

onshore and offshore fluxes are predominant for 8 months and 4 months respectively 
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in a year, they arrived at yearly values of 49 m
3
/m/year and 53 m

3
/m/year in the 

onshore and offshore directions respectively. The assumption of offshore flux for 4 

months in a year appears to be on the higher side as can be seen from the measured 

wave data in the present study. Thus there is every possibility that the onshore flux 

estimated by them could be on the higher side when compared to the offshore flux. 

The higher onshore flux obtained in the present study when compared to offshore flux 

appear to conform to their results.  

Black et al. (2008) based on their study for the Chavara coast has concluded that the 

system is a closed, dynamic, and finely balanced one. They have coined the term 

“step ladder” for the observed dynamic equilibrium on a regional scale. However, the 

dynamic equilibrium which was proposed by them based on their field data pertaining 

to the period 1999-2001 is no more applicable to this coast. The physiographic setup 

of the coast has undergone tremendous change since then starting with the 

construction of two breakwaters at the Kayamkulam inlet in 2000 having lengths of 

720 m and 485 m on the south and north of the inlet respectively. Groins numbering 

26 that were constructed during the past five years also have brought in localised 

shoreline changes. The results of the present study confirm the absence of this 

dynamic equilibrium which is evident from the field data as well as the computed 

results. The monthly beach profiles for the year 2014 shows that the profile has not 

regained its original shape on completion of one year. To put it in terms of volume 

change, on completion of one year, the beach is in short of 44 m
3
/m of sand to regain 

its original position. While 101 m
3
/m is the offshore transport (volume of erosion), the 

onshore transport (volume of accretion) is only 57 m
3
/m. Considering the fact that the 

beach profile station (Srayikkadu) could be under the influence of excessive sand 

mining in the neighbourhood some amount of sand loss is expected from that account. 

The actual quantity of sand available for onshore transport could be reduced due to 

this. Hence the onshore transport observed in the field is found to be considerably less 

than the computed one. 

The computed and observed sediment fluxes have a bearing on the mining volumes. 

As per the beach profile data, the yearly onshore transport is 57 m
3
/m. Thus the 

maximum sustainable mining volume from a 1 km stretch of beach can be 57,000 m
3 

only. As per the computed onshore sediment flux, the mining can be a much higher 

figure of 77,000 m
3
 over a one km stretch of mining site. However, it should not be 
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expected that the actual replenishment from offshore will be in tune with the 

computed one due to the reasons already mentioned.  

4.11 Summary 

A study of the nearshore sediment transport regime of a placer mining beach has been 

carried out combining field measurements with computations using different 

mathematical formulations. The field programmes included measurements of wind, 

wave, beach profiles and littoral environmental parameters and mapping of shoreline 

for the period of January to December 2014. The longshore sediment transport (LST) 

in the surf zone was computed by using both bulk formulas (CERC and Kamphuis) 

and process-based numerical model (LITDRIFT). The longshore (3-10 m depth 

excluding surf zone) and cross-shore sediment fluxes in the innershelf were estimated 

using the validated LITDRIFT and LITPROF models of LITPACK modelling system 

respectively.  The model results indicate dominance of annual onshore transport over 

offshore transport. The net longshore transport in the surf zone is northerly while it is 

consistently southerly in the innershelf. The two counter-directional pathways are 

linked through the cross-shore transport. The domination of the computed onshore 

flux is actually not reflected in the observed beach volume change, probably due to 

the influence of excessive sand mining by the industries. The actual quantity of sand 

available in the innershelf for onshore transport could be reduced due to the mining. 

This reduction in the replenishment of sand from offshore will affect the stability of 

the coast. 
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CHAPTER 5 

HEAVY MINERAL DEPLETION IN THE SEDIMENTS  

 

5.1 Introduction 

The „Chavara placer deposit‟ of the Neendakara-Kayamkulam coastal sector is known 

for the rich concentration of heavy minerals. The commonly occurring minerals in the 

deposits are ilmenite, leucoxene, rutile, sillimanite, garnet, zircon, monazite, that have 

a specific gravity of >2.57. This deposit is also known for high content of titanium 

(>60 %) in the ilmenite which makes it as one of the world‟s richest beach deposits in 

terms of mineral content. Heavy Mineral (HM) concentration, as high as 100 %, was 

reported in the beach sediments of this coast since a long time (Prakash and Verghese, 

1987). Kurian et al. (2001) as part of their study conducted during 1995 had estimated 

high concentration of the HM in the beach sediments and observed that it was even 

upto 100 % during the monsoon period. Further field investigations carried out along 

the same coastal stretch later during 1999-2000 by Kurian et al. (2002) also indicated 

high concentration of heavy minerals, as much as 80 %, but at the same time reported 

a general reduction in the concentration of heavies at the mining site of 

Vellanathuruthu located in the southern sector of the coast. As per the recent estimates 

of IREL (IREL, 2010) there is a drastic decrease in the HM concentration in the beach 

sands extracted by them. 

This depletion in the HM concentration over the years offered an interesting case for a 

detailed investigation to understand the mechanisms that manifest these changes. This 

chapter encompasses the results of a detailed study of the sedimentology and 

mineralogy of the beach and innershelf sediments of the Chavara coast delineating the 

factors responsible for the depletion in the HM content. While doing so 

sedimentological sampling has been extended to the HM-rich Arattupuzha coast, 

north of the Chavara coast in order to better understand the long-term changes in the 

HM concentration. 

5.2 Textural Characteristics of Beach Sediments 

For the present study surficial samples were collected along nearly shore-normal 

transects extending upto 20 m depth covering beach, surf zone, nearshore and 

offshore off six locations viz. Neendakara, Kovilthottam, Panikkarkadavu, 
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Srayikkadu, south of Kayakulam inlet and Arattupuzha (Fig. 5.1). The results of 

textural analyses of beach samples collected during the months of July and November 

2010 and April 2011 representing the monsoon, post-monsoon and pre-monsoon 

months are presented in Tables 5.1 - 5.3. 

 

Fig. 5.1 Sediment sampling points in the beach and the innershelf of the Neendakara-

Arattupuzha coast 



155 

 

5.2.1 Mean size 

The mean grain size of a beach is a function of the incident wave energy and nature of 

the sand availability. The mean grain size of sediment samples collected from the 

beach during the pre-monsoon season were in the range of 0.10 to 0.26 mm in the 

breaker zone; 0.20 to 0.29 mm in the mid water line (MWL) and 0.18 to 0.28 mm in 

the berm indicating that the beach is mainly composed of medium to fine sand.  In the 

breaker zone, domination of very fine to fine sand was observed except at 

Arattupuzha which showed the presence of medium sand. 

During the monsoon the mean grain size ranged from 0.26 to 0.58 mm in the breaker 

zone, 0.20 to 0.39 mm in the mid water line (MWL) and 0.19 to 0.21 mm in the berm 

indicating that the beach is mainly composed of medium to coarse sand. The beach 

building processes is normally initiated during the post-monsoon period when the 

onshore transport of sediment takes place. During this period, the mean grain size in 

the breaker zone, the MWL and the berm are between 0.12 and 0.29 mm; 0.22 and 

0.40 mm; and 0.18 and 0.26 mm respectively. It is also observed that the berm point 

at Kovilthottam location contains relatively coarser sediments (0.26 mm) compared to 

that of Kayamkulam and Arattupuzha (0.20 mm) samples which are predominantly of 

fine sediments rich in HM. 

5.2.2 Sorting coefficient 

The base two logarithmic  (phi) scale is used here to describe the grain size 

distribution of the sediment. The sorting coefficient measures the amount of spread of 

a particle size distribution from the mean (Folk and Ward, 1957). The sorting 

coefficients of sediments of different locations are given in Tables 5.1 - 5.3. Majority 

of the sediment samples during the pre-monsoon period falls under the moderately to 

moderately well sorted category.  The variation of sorting co-efficient at the breaker 

zone, the MWL and the berm are between 0.54 and 1.01  (Avg. 0.76 ); 0.58 and 

0.80  (Avg. 0.66 ); and 0.48 and 0.79  (Avg. 0.62 ) respectively, which indicates 

poor sorting in the breaker zone with gradual improvement towards the berm. The 

samples collected during the monsoon are slightly better sorted compared to that of 

the pre-monsoon with a slight variation in the sorting coefficient among the different 

locations except at Arattupuzha. At Arattupuzha coast with high concentration of HM, 

the sorting coefficient varies between 0.31 and 0.96  in the breaker zone indicating 
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poor sorting. The post-monsoon samples show a wide range of sorting characteristics 

with domination of moderately well sorted material. Based on the analysis of the 

sorting characteristics of the beach sediment samples collected from the coastal 

stretch from Neendakara to Arattupuzha it can be inferred that the beach samples 

exhibit poor sorting, progressively towards the north with the worst sorting (>1.0 ) 

observed to the south of Kayamkulam inlet.  This further indicates that the sediments 

are generally of mixed type showing accretion towards the south of Kayamkulam 

inlet. These observations also corroborate well with the observed morphological 

changes which show accretion towards the south of Kayamkulam breakwater. 

However, at the Arattupuzha beach which is eroding and is located to the north of the 

Kayamkulam inlet, the sediments are better sorted with an increase in the HM 

concentration. 

Table 5.1 Textural characteristics of beach sediment samples from different locations 

of the Neendakara-Arattupuzha coast during the pre-monsoon period 

 

Sl. 

No. 

Sample 

Location 

Backshore Berm 
Mid Water 

Line 

Breaker 

Zone 

Mean 

(mm) 

Sort 

ing  

() 

Mean 

(mm) 

Sort

ing  

() 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing  

() 

1 Neendakara No Beach No Beach No Beach 0.10 0.69 

2 Kovilthottam No Beach 0.28 0.79 0.28 0.68 0.17 0.75 

3 Panikkarkadavu No Beach No Beach 0.23 0.80 0.15 0.68 

4 Srayikkadu No Beach No Beach 0.21 0.65 0.17 0.89 

5 Kayamkulam No Beach 0.19 0.59 0.29 0.58 0.12 0.54 

6 Arattupuzha No Beach 0.18 0.48 0.20 0.64 0.26 1.01 

 

 

Table 5.2 Textural characteristics of beach sediment samples from different locations 

of the Neendakara-Arattupuzha coast during the monsoon period 

 

Sl. 

No. 

Sample 

Location 

Backshore Berm 
Mid Water 

Line 
Breaker Zone 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

1 Neendakara No Beach No Beach No Beach 0.26 0.81 

2 Kovilthottam No Beach No Beach 0.39 0.82 0.55 0.96 

3 Panikkarkadavu No Beach No Beach 0.20 0.38 0.58 0.52 

4 Srayikkadu 0.23 0.57 No Beach No Beach 0.26 0.76 

5 Kayamkulam No Beach 0.21 0.66 0.30 1.06 0.32 0.84 

6 Arattupuzha No Beach No Beach No Beach 0.10 0.31 
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Table 5.3 Textural characteristics of beach sediment samples from different locations 

of the Neendakara-Arattupuzha coast during the post-monsoon period 

 

 

Sl.  

No. 
Sample 

location 

Backshore Berm 
Mid Water 

Line 
Breaker Zone 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

Mean 

(mm) 

Sort 

ing 

() 

1 Neendakara No Beach No Beach No Beach 0.13 0.70 

2 Kovilthottam No Beach 0.26 0.57 0.40 0.97 0.15 0.53 

3 Panikkarkadavu No Beach No Beach 0.22 0.71 0.12 0.66 

4 Srayikkadu 0.24 0.63 No Beach 0.27 0.81 0.19 0.89 

5 Kayamkulam No Beach 0.18 0.46 0.31 1.04 0.29 1.05 

6 Arattupuzha No Beach 0.20 0.48 0.35 0.76 0.17 0.57 

5.3 Textural Characteristics of Innershelf Sediments  

The distributions of mean size of sediments in the innershelf during the pre-monsoon, 

monsoon and post-monsoon seasons are presented in Figs. 5.2 - 5.4 and the data are 

presented in Tables 5.4 - 5.6. 

During the pre-monsoon period (Table 5.4) the innershelf is carpeted by „sand‟, „silty 

sand‟ and „sandy silt‟ types of sediments. Sand covers the major portion of the 

nearshore zone between Neendakara and Srayikkadu (located south of the 

Kayamkulam inlet) whereas clayey type of sediments is found off the Kayamkulam 

inlet and further north. Beyond 10 m depth, sandy silt sediments dominate. The mean 

size of „sandy‟ sediments is in the range of 0.05 to 0.17 mm indicating fine to very 

fine type of sand. Silty type of sediment has a mean size of <0.05 mm. At 20 m water 

depth off the Kayamkulam inlet a patch of medium to coarse sand is encountered 

which has a mean size of 0.33 mm. Majority of the sandy sediments are of the 

moderately sorted category with a sorting coefficient of <0.70 .  Silty sediments are 

poorly sorted with a sorting coefficient >1.0 . Based on the spatial distribution of 

mean size of sediment (Fig. 5.2) in the innershelf it can be inferred that the fine type 

of sandy sediment is dominant in the shelf of <10 m water depth between Neendakara 

and Srayikkadu whereas in the rest of the area clayey silt dominates. 

„Sand‟, „silty sand‟ and „sandy silt‟ type of sediments occurs during the monsoon 

period (Table 5.5). Sandy sediment is dominant in the nearshore zone between 

Neendakara and Panikkarkadavu whereas the sandy silt and clayey silt are seen more 

towards Kayamkulam and further north. Beyond 10 m depth the clayey silt dominates 
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towards south of Srayikkadu whereas towards north the sediment becomes clayey silt 

and sandy silt. 

 

Fig. 5.2 Spatial distribution of mean sediment size in the innershelf during the pre-

monsoon 

The spatial distribution of mean size of sediment during the monsoon period is shown 

in Fig. 5.3. The mean sizes of „sandy‟ sediments are in the range of 0.07 to 0.41 mm 

indicating that they are very fine to medium sand. Medium sand occurs off 
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Arattupuzha coast at a depth of 20 m. The mean size of silty sediment encountered is 

< 0.05 mm. Majority of the sandy sediments in the nearshore are well sorted 

compared to the area north of Srayikkadu. 

 

Fig. 5.3 Spatial distribution of sediment mean size in the innershelf during the 

monsoon 

During the post-monsoon period (Table 5.6) the seabed is carpeted by a mixture of 

sand, silty sand, clayey silt and clay type of sediments. The study of the spatial 

distribution of the sediments indicates sand domination in the nearshore zone upto 
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Srayikkadu. But further north of Srayikkadu and also towards the offshore region, 

presence of fine sediments i.e., clayey silt and mud is observed. The sandy sediments 

are fine to medium sand type with a mean size ranging from 0.08 to 0.33 mm (3.58 to 

1.62 ). The mean size distribution is shown in Fig. 5.4. Silty sand have the mean size 

> 0.08 mm whereas the muddy sediment which is a mixture of sand, silt and clay of 

equal proportion have the mean size around 0.01 mm. It is noticed that majority of the 

sandy sediments are well sorted to moderately well sorted category whereas the fine 

sediments are poorly sorted. 

Table 5.4 Textural characteristics of the innershelf sediments during the pre-monsoon 

 

Sl.  

No. 
Transect 

Station 

No. 

Depth 

(m) 

Mean 
Sorting 

() 

Sediment type 

(after  

Shepard, 1954) 
() (mm) 

1 

Neendakara 

N1 4.85 3.64 0.08 0.36 Sand 

2 N2 9.8 6.66 0.01 2.46 Clayey Silt 

3 N3 15 5.24 0.03 1.81 Silt 

4 N4 20 5.06 0.03 1.98 Sandy Silt 

5 

Kovilthottam 

KT1 3.5 3.41 0.09 0.30 Sand 

6 KT2 6.3 3.57 0.08 0.44 Sand 

7 KT3 11.8 5.74 0.02 2.30 Clayey Silt 

8 KT4 15.2 5.98 0.02 2.46 Sand Silt Clay 

9 KT5 21.3 5.18 0.03 2.03 Sandy Silt 

10 

Panikkarkadavu 

P1 5 3.39 0.10 0.32 Sand 

11 P2 10 4.93 0.03 2.27 Silty Sand 

12 P3 15 7.45 0.01 2.69 Clayey Silt 

13 P4 21 6.09 0.01 3.18 Sand Silt Clay 

14 

Srayikkadu 

MA1 5 3.36 0.10 0.31 Sand 

15 MA2 10 4.12 0.06 1.45 Silty Sand 

16 MA3 16 7.00 0.01 2.74 Clayey Silt 

17 MA4 20 5.20 0.03 3.28 Sandy Silt 

18 

Kayamkulam 

KK1 3.5 6.92 0.01 2.69 Clayey Silt 

19 KK2 5 7.49 0.01 2.80 Clayey Silt 

20 KK3 10 5.67 0.02 2.29 Sandy Silt 

21 KK4 15 4.57 0.04 3.08 Silty Sand 

22 KK5 20 1.60 0.33 1.79 Sand 

23 

Arattupuzha 

AR1 3.5 2.80 0.14 0.69 Sand 

24 AR2 5 6.94 0.01 3.22 Clayey Silt 

25 AR3 10 6.08 0.01 2.49 Clayey Silt 

26 AR4 15 5.52 0.02 3.38 Sandy Silt 

27 AR5 20 3.95 0.06 3.06 Sand 
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Fig. 5.4 Spatial distribution of sediment mean size in the innershelf during the post-

monsoon 

5.4 Heavy Mineral Distributions of Surficial Sediments 

5.4.1 Beach 

The distribution of HM at the mid water line (MWL) of the beaches at different 

locations during the three seasons is presented in Fig. 5.5. It is seen that higher 

concentrations are seen at Panikkarkadavu, Srayikkadu and Arattupuzha. The lowest 
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concentration (<1 %) is observed at Kovilthottam during the post-monsoon while the 

highest (83 %) is seen during pre-monsoon at Arattupuzha. 

 

Table 5.5 Textural characteristics of the innershelf sediments during the monsoon 
 

Sl. 

No. 
Transect 

Station 

No. 

Depth 

(m) 

Mean 
Sorting 

() 

Sediment type 

(after  

Shepard, 1954) 
() (mm) 

1 

Neendakara 

N1 4.5 3.55 0.0853 0.17 Sand 

2 N2 8 3.7 0.0769 0.19 Sand 

3 N3 14 5.50 0.022 1.94 Silt 

4 N4 21 4.77 0.037 1.71 Silt 

5 

Kovilthottam 

KT1 6 3.46 0.0905 0.16 Sand 

6 KT2 10.5 6.92 0.008 2.91 Clayey Silt 

7 KT3 15 6.61 0.010 2.58 Clayey Silt 

8 KT4 21 5.17 0.028 1.87 Silt 

9 

Panikkarkadavu 

P1 6.5 4.29 0.051 1.59 Silty Sand 

10 P2 9.5 4.85 0.035 2.32 Silty Sand 

11 P3 15.0 7.8 0.005 2.72 Clayey Silt 

12 P4 20.5 5.61 0.020 2.84 Sandy Silt 

13 

Srayikkadu 

MA1 6 3.4 0.095 0.22 Sand 

14 MA2 10 5.72 0.019 2.22 Clayey Silt 

15 MA3 16 3.97 0.064 2.62 Silty Sand 

16 MA4 20.5 2.64 0.161 1.02 Sand 

17 

Kayamkulam 

KK1 6 3.78 0.073 1.78 Silty Sand 

18 KK2 10 5.04 0.030 2.21 Sandy Silt 

19 KK3 15 4.42 0.047 2.56 Sandy Silt 

20 KK4 20 5.17 0.028 3.23 Sandy Silt 

21 

Arattupuzha 

AR1 6.5 8.32 0.003 2.43 Clayey Silt 

22 AR2 10.5 4.58 0.042 2.147 Silty Sand 

23 AR3 14.5 3.05 0.121 1.81 Silty Sand 

24 AR4 20.5 1.27 0.4147 0.62 Sand 
 

5.4.2 Innershelf 

The seasonal distribution of HM in the innershelf for the pre-monsoon, monsoon and 

post-monsoon period are presented in Figs. 5.6 - 5.8. The general distribution of HM 

in the innershelf indicates an increase in concentration in the nearshore zone 

compared to the deeper region. The seasonal HM percentage ranges from 1 to 28 % 

(Avg. 8.9 %), < 1 to 17 % (Avg. 6.3 %) and < 1 to 22 % (Avg. 7.6 %) during the pre-

monsoon, monsoon and the post-monsoon periods respectively. Low concentrations 

(roughly < 5 %) are observed in the offshore at 20 m depth. 
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Table 5.6 Textural characteristics of the innershelf sediments during the post-

monsoon 
 

Sl.  

No. 
Transect Station No. 

Depth 

(m) 

Mean 
Sorting 

() 

Sediment type 

(after  

Shepard, 1954) 
() (mm) 

1 

Neendakara 

N1 3.5 3.58 0.08 0.30 Sand 

2 N2 5 1.75 0.30 1.34 Sand 

3 N3 10 4.21 0.05 1.46 Silty Sand 

4 N4 14.75 5.52 0.02 1.93 Silt 

5 N5 20 5.96 0.02 2.42 Clayey Silt 

6 

Kovilthottam 

KT1 3.5 3.38 0.10 0.37 Sand 

7 KT2 5 3.49 0.09 0.31 Sand 

8 KT3 10 4.35 0.05 1.52 Sandy Silt 

9 KT4 15 6.18 0.01 2.03 Silt 

10 KT5 20 5.90 0.02 2.16 Silt 

11 

Panikkarkadavu 

P1 5 3.51 0.09 0.32 Sand 

12 P2 10 6.31 0.01 2.78 Sand Silt Clay 

13 P3 15 8.13 0.00 2.54 Clayey Silt 

14 P4 20 6.06 0.01 2.31 Clayey Silt 

15 

Srayikkadu 

MA1 5 3.33 0.10 0.44 Sand 

16 MA2 10 6.00 0.02 2.73 Sand Silt clay 

17 MA3 15 3.66 0.08 2.34 Silty Sand 

18 MA4 20 1.62 0.33 0.66 Sand 

19 

Kayamkulam 

KK1 3.5 7.42 0.01 2.88 Clayey Silt 

20 KK2 5 9.38 0.00 2.13 Silty Clay 

21 KK3 10 6.13 0.01 2.83 Sand Silt Clay 

22 KK4 15 4.81 0.04 2.98 Silty Sand 

23 KK5 20 6.30 0.01 3.95 Sand Silt Clay 

24 

Arattupuzha 

AR1 5 4.85 0.03 3.09 Clayey Sand 

25 AR2 10 4.92 0.03 2.49 Sandy Silt 

26 AR3 15 2.74 0.15 2.22 Sand 

27 AR4 20 3.53 0.09 2.75 Silty Sand 

 

 

Fig. 5.5 Heavy mineral concentration at MWL of beaches of different locations during 

the pre-monsoon, monsoon and post-monsoon seasons 
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The spatial distribution of HM in the shelf during the pre-monsoon (Fig. 5.6) indicates 

concentrations towards the nearshore zone of Kovilthottam, Kayamkulam inlet and 

Panikkarkadavu. However, during the monsoon period (Fig. 5.7) the major 

concentration is restricted to Kovilthottam with minor ones off Srayikkadu and 

Arattupuzha. The innershelf bordering the Neendakara-Kovilthottam region has less 

HM (< 1 to 4 %) in the offshore at a depth of 20 m and the HM increases gradually to 

17 % at a depth of 5 m. The nearshore region of Srayikkadu has 12 % heavies at a 

depth of 5 m.  Towards further north a similar distribution is observed.  

 

Fig. 5.6 Distribution of heavy mineral concentration in the surficial sediment samples 

during the pre-monsoon period 
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Fig. 5.7 Distribution of heavy mineral concentration in the surficial sediment samples 

during the monsoon period 

Fig. 5.8 shows the HM distribution during the post-monsoon period. The distribution 

shows a prominent enrichment zone north of Kayamkulam inlet. Majority of the 

contour lines south of the inlet are parallel to the shoreline indicating a uniform 

enrichment towards shore all along the coast. Off the Arattupuzha coast a high 

concentration (22 %) is observed at a depth of 5 m which is much higher compared to 

the other locations with similar depth. 

The seasonal variation of HM content in the shelf during the three seasons indicates 

that the concentration is focused towards the nearshore in a few locations like 
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Kayamkulam inlet (during pre- and post-monsoon seasons) and Kovilthottam (during 

all the three seasons). During the post-monsoon period there is a uniform distribution 

of HM in the offshore. 

 

Fig. 5.8 Distribution of heavy mineral concentration in the surficial sediment samples 

during the post-monsoon period 

5.5 Heavy Mineral Concentration in Suspended Sediment 

At the nearshore site the mass of sediment trapped is highest at the bottom traps and 

decreases gradually upwards (Tables 5.7 - 5.9). Maximum deposition during the 

monsoon deployment of July 2010 is 214 g/day whereas it is 22.44 g/day during pre-
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monsoon and 8.89 g/day during the post-monsoon respectively. During the monsoon 

deployment, the sediment deposition rates is significant even at the upper levels traps 

whereas during the pre- and post-monsoon deployments sediment collections are 

practically very less in the upper level traps. The results are in agreement with the 

seasonal variations in the hydrodynamic regime and the associated sediment re-

suspension and transport processes (Kurian et al., 2001). The wave intensity is 

maximum during the monsoon causing a high amount of sediment re-suspension and 

a high sediment trap collections. During the other two seasons the wave intensity is 

relatively less causing lesser suspended sediment load and sediment trap collections. 

Silt occupies a major portion of the sediment in the traps followed by clay and sand. 

The total HM content at the nearshore site ranges from 4.4 to 14.1 % (9 % Avg.) 

during monsoon, 11.9 to 16.6 % (14.5 % Avg.) during post-monsoon and 5.4 to 12 % 

(9.1 % Avg.) during pre-monsoon period. At the offshore site, the HM content in the 

trap collections is generally higher for the monsoon period when compared to the pre-

and post-monsoon seasons. Overall, there is a higher suspension of heavy minerals at 

the nearshore site compared to the offshore. One important point to be noted is that 

the nearshore site shows higher percentage concentration of heavies in the traps 

(though not in actual quantum) during post-monsoon compared to the monsoon 

period. One possible explanation may be that the sorting processes dominated by the 

transport sorting (Komar, 1989) during the period of occurrence of long period swells 

as seen during post-monsoon season are effecting preferential transport of HM 

onshore from the offshore paleo-channel deposits (Prakash, 2000; Hegde et al., 2006).   

5.6 Sub-Surface Profile of Heavy Mineral Concentration 

The HM concentrations in the different sub-samples of the sediment cores are 

depicted in Fig. 5.9. Off Neendakara, at station CNK1 of water depth 14.5 m, the core 

length is 1.00 m and the HM concentration varies from 1.69 to 10.34 % with an 

average concentration of 5 %. The concentration gradually decreases from 6 % at 

surface to 2 % at a depth of 40 cm. The concentration oscillates between 2 and 4 % in 

the subsequent column of 30 cm thicknesses. Further down, from 70 cm there is an 

increase in concentration of heavies upto 10 % till the end of the core.  
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Table 5.7 Sediment trap collections and heavy mineral content at different levels of 

nearshore and offshore sites off Chavara during 23-29
th

 July 2010 

 

Location 
Sample 

No. 

Trap 

diameter 

(cm) 

Height from 

bottom (cm) 

Total  

sediments 

(g) 

Sediments 

(g/day) 

Heavy 

minerals 

(%) 

Nearshore 

site at 8 m 

S1 4 22.2 1322 214.36 14.10 

S2 4 30.2 1089 176.58 12.08 

S3 4 51.2 1389 225.23 6.90 

S4 4 76.2 57.25 9.28 7.91 

S5 4 126.7 1.49 0.24 4.44 

Offshore 

site at 12 m 

D1 4 22.1 38.71 2.41 12.83 

D2 4 29.8 73.03 4.55 8.61 

D4 4 76.6 16.09 1.00 3.22 

D5 4 126.5 1.57 0.09 7.03 

D6 4 200.4 9.16 0.57 5.25 

 

Table 5.8 Sediment trap collections and heavy mineral content at different levels of 

nearshore and offshore sites off Chavara during 20-30
th

 November 2010 

 

Location 
Sample 

No. 

Trap 

diameter 

(cm) 

Height from  

bottom (cm) 

Total  

sediments 

(g) 

Sediments 

(g/day) 

Heavy 

minerals 

(%) 

 

Nearshore 

site at 8 m 

S1 4 22.2 88.50 8.89 16.60 

S2 4 30.2 25.08 2.52 14.65 

S3 4 51.2 4.81 0.48 13.76 

S4 4 76.2 2.37 0.23 11.85 

S5 4 126.7 1.18 0.11 13.73 

S6 4 200.5 0.75 0.07 13.70 

Offshore 

site at 12 m 

D1 4 22.1 26.36 2.69 4.62 

D2 4 29.8 9.30 0.95 3.17 

 

Table 5.9 Sediment trap collections and heavy mineral content at different levels of 

nearshore and offshore sites off Chavara during 30
th

 April to 5
th 

May 2011 

 

Location 
Sample  

No. 

Trap 

diameter 

(cm) 

Height from  

bottom (cm) 

Total  

sediments 

(g) 

Sediments 

(g/day) 

Heavy 

minerals 

(%) 

 

Nearshore 

site at 8 m 

S1 4 22.2 966 22.44 12 

S2 4 30.2 946 21.98 12 

S3 4 51.2 807 18.74 5.4 

S4 4 76.2 536 12.44 - 

S5 4 126.7 126 2.92 - 

S6 4 200.5 38 0.88 - 

Offshore 

site at 12 m 

D1 4 22.1 663 15.43 5.5 

D2 4 29.8 471 10.96 1.7 

D3 4 51.8 562 13.08 4.3 

D4 4 76.6 90 2.08 - 

D5 4 126.5 25 0.58 - 

D6 4 200.4 9 0.22 - 
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Along the Kovilthottam transect which is off the beach sand extraction site of IREL, 

the core sample from station CKT1 at a depth of 12.5 m has a length of 1.0 m. The 

heavy mineral concentration is less ranging from 1.7 to 5.7 % with an average of 4 %. 

The top 30 cm has around 4 to 6 % of heavies and then it decreases further down. 

However from 70 cm onwards the concentration increases and is steady at around 4 

%. 

At station CPK1 at a depth of 8 m off Panikkarkadavu, the sediment core has a length 

of 0.60 m. The HM concentration is substantially high at this station, varying from 

6.03 to 13.3 % with an average of 8 %.  The concentrations of heavies decrease from 

nearly 13 % in the top 10 cm of the core to 6 % at a depth of 30 cm. Further down 

there is a gradual increase upto 9 % till the end of the core.  At the second station 

CPK2 at a depth of 12.5 m off Panikkarkadavu, the recovery of the core is high with a 

length of 1.30 m. Here the concentration is less ranging from 3 to 6 % with an average 

content of 4.7 %. This core has shown more or less steady concentration of HM 

throughout the core.  

Further north at station CSK1 of depth 8 m off Srayikkadu, the HM varies from 5.5 to 

12.7 % in the 0.70 m core with an average content of 8.8 %. The top 30 cm has high 

concentration and it decreases to nearly 6 % towards the bottom of the core. At station 

CSK2 off Srayikkadu, the recovery of core is reasonably good with a length of 0.80 

m. The HM variation along the core varies from 4.9 to 11.5 % with an average of 6.8 

%. High concentration (10-12 %) is noticed at the top 20 cm of the core and further 

down there is a sharp decrease with the concentration remaining more or less steady at 

around 5-6 % in the rest of the core. The distribution profile at this station is quite 

similar to those of stations CPK1 and CSK1. 

The core recovery is rather poor at both stations CKK1 and CKK2 off the 

Kayamkulam inlet. The HM profile at station CKK1 of depth 8 m is notable for a high 

concentration of 12 % at the 30 cm level increasing from the surface value of around 

5 %. Towards the end of the core, the concentration again decreases to a value of 

around 8 %. The HM content in the 0.60 m long core from station CKK2 of depth 

10.5 m varies from 3.3 to 6.4 % with an average of 4.8 %. In the top 30 cm the HM 

concentration is more or less uniform with a value of around 5 %. At a depth of 40 cm 

the concentration is about 6 % and it gradually decreases to 4 % towards the bottom 

of the core. 
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The HM concentration at station CAR1 at a depth of 10.5 m off Arattupuzha with a 

core recovery of length 1.10 m varies from 5.5 to 9 % with an average value of 6.8 %. 

In general the vertical variation is relatively less. At top the concentration is around 7 

% and decreases to 5 % at a depth of 20 cm. The sub-surface maximum seen off 

Kayamkulam is present here too with an increase of upto 9 % at 50 cm. Like other 

stations the concentration decreases further down. 

In general it can be summarised that the cores from the shallower stations in the 

Kovilthottam-Panikkarkadavu-Srayikkadu region which are shorter than the cores 

from deeper stations show higher HM concentrations in the range of 11-13.5 % in the 

surface. The longer cores from the deeper stations on the other hand show lower 

concentrations from surface to deeper layers. However, the deeper station off 

Neendakara shows concentrations above 10 % even at the 100 cm layer. 

5.7 Long-Term Change in the Heavy Mineral Concentration 

An analysis of long-term changes in the HM concentration in the study area is carried 

out in the following sections using the data available in the literature as well as from 

the present study. 

5.7.1 Surficial distribution 

A comparison of heavy mineral concentration along the beaches of Chavara coast for 

the period 1981 and 2000 indicates more or less similar concentration pattern with 

high % of HM, as high as above 90 %. However by 2011 the situation has changed 

drastically. The concentration at the beach varies from <1 to 60 % (Table 5.10). In 

contrast the beach of Arattupuzha, north of Kayamkulam inlet shows concentration as 

high as 83 %. The result indicates that there is an appreciable reduction in the heavy 

mineral concentration in the beaches of Neendakara-Kayamkulam coast during the 

past one decade. The concentration in the sector north of Kayamkulam inlet has 

increased even upto 83 % from as low as 15 % in 1981. 

Table 5.10 Long-term variation in average heavy mineral concentration in the beach 

samples from Chavara coast 

 

Year Source Max. Concentration (%) 

1981 Prakash et al. (1991) 96 

1995 Kurian et al. (2001) 100  

2000 Kurian et al. (2002) 100  

2011 Present study 60  
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Fig. 5.9 Down-core variation in heavy mineral content at different stations of 

Neendakara-Arattupuzha coast 

With regard to HM concentration in the innershelf, the total percentage in the shelf 

sediments varied between 3 and 30 % with an average value of 17 % in 1987 in the 
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Chavara coast (Prakash et al., 1991). GSI (1997) has reported the occurrence of HM 

in the offshore sediments off Chavara ranging from 5 to 32 % with an average value 

of 12 % which indicates that over a 10 year period the HM concentration has 

decreased. The HM content in the innershelf has decreased drastically after the 2004 

tsunami with the average concentration decreasing to 2.3 % in 2005 (Narayanaswamy 

and Mallik, 2007). The average concentration in 2011, as seen in the present study, is 

around 8 % which indicates enrichment in the HM concentration in the innershelf of 

this coast during 2005-2011. But when we consider the overall scenario in the past 

two and a half decades time, it can be seen that the average HM concentration in the 

surficial sediments of innershelf of the Chavara coast has reduced from 17 % in 1987 

to 8 % in 2011 (Table 5.11). 

In the Arattupuzha sector (north of Kayamkulam inlet), the scenario is slightly 

different. The heavy mineral concentration in this sector was more or less comparable 

with the southern sector in 1987 (Table 5.11). The impact of tsunami on the heavy 

mineral concentration was severe in this sector too though not to the extent as 

observed in the south, with an average HM concentration of 6 %. In 2011 the 

concentration is relatively high with an average value of 10 % off Arattupuzha which 

indicates that the concentration has improved considerably in this sector also after the 

2004 tsunami. However the overall reduction when compared to the 1987 values is 

very significant in this sector too. 

Table 5.11 Long-term variation in average heavy mineral concentration in the 

surficial sediment samples of the innershelf 

 

Year 
Concentration (%) 

Chavara Arattupuzha 

1987
1
 17 17 

1997
2
 12 - 

2005
3
 2 6 

2011
4
 8 10 

 
1
Praksah et al., 1991; 

2
GSI, 1997; 

3
Narayanaswamy 

and Mallik, 2007; 
4
Present study   
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5.7.2 Sub-surface distribution 

The data available from GSI (1997) who have estimated the sediment thickness and 

sub-surface variation of HM content by collection of core through vibro-coring have 

been used for a comparative study here. The thickness of sediment column for which 

the HM concentration is estimated by them in the innershelf is about 1, 2 and 3 m 

respectively off Neendakara - Kovilthottam light house (Sector I), Vellanathuruthu 

(Sector II) and Cheriazhikkal (Sector III). The average concentration of HM in the 

sediment columns of the three sectors mentioned above is reported as 10 % (0-1 m 

slice of the sea bed in Sector I), 8 % (0-2 m from the seabed in Sector II) and 6 % (0-3 

m from the seabed in Sector III). A gradual decrease in the HM concentration with 

depth is also reported in all the three sectors. 

In order to make comparison with the past data, the present data for Chavara coast 

discussed in the earlier section is grouped sector-wise and the average concentration 

in the 0-0.5 m and 0-1 m column has been worked out. The results are presented in 

Tables 5.12 & 5.13. The average HM concentration in the 0-0.5 m column of the sea 

bed in the Neendakara-Kovilthottam sector is 3.8 %. Along the Vellanathuruthu-

Panikkarkadavu sector of the seabed the HM concentration is 6.9 % whereas in the 

Cheriazhikkal sector it is 8.7 %.  The average heavy mineral concentrations in the 0-1 

m column of the sea bed is 4.5 % in the Neendakara-Kovilthottam, and 4.7 % in the 

Vellanathuruthu-Panikkarkadavu sector (Table 5.13). No estimates could be made for 

the Cheriazhikkal sector since the core lengths are less than 1 m there. The heavy 

mineral data reported by GSI (1997) is exactly comparable for the Sector I since the 

thickness of sediment column is same. From the comparison (Table 5.14) it can be 

inferred that the average concentration of HM for the top 1 m slice of sea bed for the 

Neendakara-Kovilthottam sector has been reduced by 50 %. As regards Sector II, the 

data presented by GSI pertain to 0-2 m column and hence the data may not be exactly 

comparable with the present one. Keeping this limitation in mind it can be seen that in 

the Vellanathuruthu-Panikkarkadavu sector, the reduction is as much as 42 %.  

From the comparison of the sub-surface variation of HM of the different sectors along 

the coast (Table 5.14) it can be inferred that the concentration of HM has been 

reduced by nearly half for the Neendakara-Panikkarkadavu sector (Sectors I and II 

referred above).  
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Table 5.12 Total average heavy mineral concentrations of 0-0.5 m column of seabed 

for different sectors along the Chavara coast 

 

Sector 
Location of 

sediment core 

Down core 

depth (m) 

Total HM 

concentration 

(%) 

Total average 

HM % for the 

sector 

Neendakara-

Kovilthotam  

(Sector-I) 

CNK1/1-CNK1/5 0-0.5 3.52 

3.8 
CKT1/1-CKT1/5 0-0.5 4.08 

Vellanathuruthu 

(Sector-II) 

CPK1/1-CPK1/5 0-0.5 8.87  

6.89 

 
CPK2/1-CPK2/5 0-0.5 4.91 

Cheriazhikal  

(Sector-III) 

CSK1/1-CSK1/5 0-0.5 10.03  

8.74 

 
CSK2/1-CSK2/5 0-0.5 7.45 

 

 

Table 5.13 Total heavy mineral concentration of 0-1.0 m column of seabed for 

different sectors along the Chavara coast 

 

Sector 
Location of 

sediment core 

Down-core 

depth (m) 

Total HM 

concentration 

(%) 

Total average 

HM % for the 

sector 

Neendakara – 

Kovilthottam  

(Sector-I) 

NK1/1 - NK1/10 0-1.0 4.94 

4.5 
CKT1/1 - CKT1/10 0-1.0 3.95 

Vellanathuruthu 

(Sector-II) 
CPK2/1 - CPK2/10 0-1.0 4.73 4.73 

 

 

Table 5.14 Long-term variation in down-core average heavy mineral concentration in 

the innershelf at different sectors of the Chavara coast 

 

Year Sector 
Average HM 

Concentration (%) 

1997 

(GSI 1997) 

Sector I (0 - 1 m) 10 

Sector II (0 - 2 m) 8 

Sector III (0 - 3 m) 6 

2011 

(Present study) 

Sector I (0 - 1 m) 4.5 

Sector II (0 - 1 m) 4.7 

Sector III (0 - 1 m) - 

Sector - I: Neendakara - Kovilthottam 

Sector - II: Vellanathuruthu 

Sector - III: Cheriazhikkal 
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5.8 Discussion 

The results of the study shows that there was no appreciable change in the HM 

concentration in the beaches of the Chavara coast during 1981 – 2000 while there is 

depletion in concentration thereafter. In contrast, the concentration in the Arattupuzha 

sector has increased considerably. As regards the innershelf of Chavara coast, there is 

a reduction in the HM concentration from 12 % in 1987 to 8 % in 2011 with the 

concentration as low as 2 % in 2005 immediately after the tsunami. In the 

Arattupuzha sector, the concentrations were comparable with the Chavara sector in 

1987 and the reduction over the 1987- 2011 period is only 2 %. The sub-surface 

concentrations show decrease of as much as 50 % during the period 1997-2011 along 

the Chavara innershelf. It will be interesting to look at the probable driving 

mechanisms for the long-term changes observed. 

During the nearly two and a half decade period (1997-2011) under analysis in this 

study the coastal areas of this region had witnessed three extraneous factors viz. 

excessive mining by IREL and KMML, construction of two breakwaters at 

Kayamkulam inlet and the onslaught of the 2004 Tsunami in addition to the routine 

hydrodynamic forcing along this coast.  

IREL and KMML are extracting considerable quantity of beach sand along the 

different sectors of the Chavara coast. According to Kurian et al. (2012) the quantum 

of extraction by IREL and KMML has almost doubled during the 2001-2010 decade 

over the previous decade. The material extracted is the material that is replenished 

from the offshore and this material is lost to the system for ever due to the extraction. 

The enrichment of HM seen in the beach sediment (Kurian et al., 2001) is due to the 

various sorting processes at work when the hydrodynamic forces act on the innershelf 

sediments (Komar, 1989). Thus the extraction of huge quantities of beach sediments 

reduces the level of sea bed and the quantum of sediment available for reworking by 

the hydrodynamic processes. Extraction of sand even at the present level can be 

expected to reduce the HM concentration in the coming years. It is pertinent to 

mention here that due to damming and excessive mining of river sand, there is no 

more input of sediment by the rivers to this coastal environment as it used to be a few 

decades back (Black and Baba, 2001).  
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Till 2000, the sector of the coast north of Neendakara was an open system. In an open 

system, sediments move uninterrupted in the alongshore/cross-shore direction both in 

the surf zone and in the innershelf. With the construction of two breakwaters jetting 

out into the sea upto a depth of around 7 m at the Kayamkulam inlet, the coast is no 

more an open one. Rather, the Neendakara-Kayamkulam sector of the coast became 

compartmentalized. In other words, it became a “sediment sub-cell”. The `step-ladder' 

transport (Black et al., 2008) is nearly confined to this cell and the alongshore 

movement of sediment both in the surf zone and part of innershelf gets blocked by the 

breakwaters. Consequently, the breakwaters have modified the shoreline morphology 

within the study area with accretion immediately south of the breakwater and erosion 

in the sector immediately north of it in accordance with the predominant northerly 

transport (Fig. 5.10). Erosion of the barrier beach in the sector north of the inlet, 

where the sea walls have completely collapsed due to retreat of shoreline, leads to 

enrichment of heavies as documented by Komar (1989), Kurian et al. (2001) and 

Gujar et al. (2011). This explains the reason for the increase of HM concentration 

from as low as 15 % in 1981 to values as high as 80 % in the beach sediments of 

Arattupuzha sector. HM enrichment due to barrier beach erosion along the Chavara 

coast (Neendakara – Kayamkulam sector) is limited since most part of this coast is 

protected by seawall. Enrichment due to erosion is possible only at a few locations 

where gaps exist in the sea wall or the seawall is non-functional due to its collapse.  

The 2004 Tsunami had a devastating effect on the coastal geomorphologic setting 

along this region and a huge deposit of heavy minerals with thickness of as much as 1 

m was seen in the beach and hinterland areas of this coast (Narayana et al., 2005, 

2007; Prakash et al., 2005; Kurian et al., 2006a). Komar (1989) while discussing the 

different sorting processes leading to beach placer formation underlines the 

phenomenon of transport sorting which can selectively transport the denser heavy 

minerals onshore due to long period waves. The observations of Kurian et al. (2006a), 

Prakash et al. (2007) and Narayana et al. (2005, 2007) conclusively prove this 

phenomenon. It is already established that paleo-beaches with high concentration of 

heavies exist in the offshore of this coast at depths of the order of 50 m (GSI, 1997). 

Tsunami being very long period waves with period of the order of 15 minutes is 

capable of inducing sediment motion even in the deep sea. Thus the source of the 
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huge quantum of heavy minerals transported onshore by the tsunami must have been 

from the whole shelf including the paleo-beaches. 

 

Fig. 5.10 Satellite imagery (Source: Google image) and snapshots showing erosion 

immediately north of Kayamkulam breakwater and accretion towards south of the 

breakwater 

Another important aspect regarding spatial variation in the innershelf sediment 

distribution needs to be noted here. Off the Chavara coast, the sediment column is 

resting directly on the hard lateritic bed which is not the case towards the 

Kayamkulam-Arattupuzha sector (GSI, 1994, 1997). The unconsolidated sediment 

column on a hard bed is easily susceptible to transport due to hydrodynamic forcing, 

particularly by very long period waves like the tsunami. The loss of huge quantum of 

HM might have brought down the average HM concentration in the innershelf 

surficial sediments to a meager 2 % off Chavara and 6 % off Arattupuzha coast. This 

lower surficial concentration in the innershelf during the post-tsunami scenario must 

have certainly contributed to the lower concentrations in the beaches during the 

subsequent period. Though the concentration of heavies has been restored to an 

average value of 8 % off Chavara and 10 % off Arattupuzha by 2011 by the sorting 

processes at work (Komar, 1989), the heavy mineral resources lost from the system 

are lost forever. 

Kayamkulam Inlet 

North of Breakwater 

Breakwater 
South of Breakwater 
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5.9 Summary 

A study of the sedimentology and mineralogy of the beach and innershelf sediments 

of the Chavara coast which is well known for the rich beach placer deposits has been 

undertaken to understand the present status of HM distribution in the beach and 

innershelf sediments, to delineate the long-term trend in the HM distribution and to 

understand the mechanisms that drive these changes. The study confirms the depletion 

in the heavy mineral concentration in the beaches of the Chavara coast and drastic 

reduction in the heavy mineral concentration both in the surface as well as sub-surface 

sediments of the innershelf. The study establishes the contrasting pattern in the long-

term changes in the HM concentration of the Chavara coast when compared to the 

sector north of it. While there is depletion in the HM concentration in the beaches of 

the Chavara coast after 2000, the Arattupuzha sector in the north shows an increasing 

trend during the study period due to erosion of the barrier beach. The surficial 

sediments of innershelf of both the sectors records reduction in the HM concentration, 

but the change is relatively less in the Arattupuzha sector. The 2004 tsunami brought 

down the HM concentration to as low as 2 % in the Chavara innershelf, but the impact 

was again relatively less in the Arattupuzha innershelf. The observed long-term 

changes are attributed to the excessive mining by the PSUs, the construction of two 

breakwaters at Kayamkulam inlet and the onslaught of the 2004 Tsunami. The 

extraction of huge quantities of beach sediments much beyond the sustainable limits 

reduces the level of sea bed and the quantum of sediment available in the innershelf 

for reworking by the hydrodynamic processes. With the construction of two 

breakwaters at Kayamkulam inlet the Neendakara-Kayamkulam sector of the coast 

has become compartmentalized due to which the inputs of sediments from the 

adjoining coastal sectors are curtailed. The 2004 Tsunami had a devastating effect on 

this coast and the innershelf was deprived of a huge quantum of HM by the selective 

onshore transport of HM by the tsunami. It is quite possible that the Chavara coast 

may cease to be a commercially viable beach extraction site in a few decades if the 

sand extraction is continued at the present level. The beaches in the Arattupuzha 

sector in the north may continue to record high concentrations of HM due to the 

erosion of the barrier beach rich in HM content. 

 



CHAPTER 6 

BEACH-INNERSHELF MORPHOLOGICAL CHANGES 

 

6.1 Introduction 

The beaches of the Chavara coast are undergoing drastic morphological changes as 

brought out by the recent studies (Rajith et al., 2008; Kurian et al., 2002).  Since the 

beach and the innershelf are interlinked any morphological change in the beach will 

have its impact on the innershelf too. The morphology of the beach-innershelf system 

is decided by the sediment transport processes, which in turn is driven by various 

hydrodynamic processes and human-induced activities on the beach and the 

innershelf. Seasonal erosion of the beach is normally accompanied by accretion of 

sediments in the nearshore in the form of longshore bars and subsequent rebuilding of 

beach by erosion of these bars during the fair weather beach rebuilding process. Thus, 

while the seasonal erosion/accretion processes of the beach and the innershelf are 

complementary, the long-term erosion/accretion need not be so. In all likelihood, a 

sediment deficient eroding beach is accompanied by an eroding innershelf too and 

vice versa. While the short-term beach erosion/accretion of the Chavara coast has 

been studied by a couple of authors in the past (Kurian et al., 2001; Rajith et al., 2008; 

Sheela Nair et al., 2011, 2013), studies on long term changes, especially those linking 

the morphological changes of the beach and innershelf of the Chavara coast are 

lacking. This Chapter encompasses results of the study carried out focusing on the 

short- and long-term morphological changes of the beach and innershelf of the 

Chavara coast with the primary objective of identification of the causative factors 

responsible for the drastic morphological changes. 

6.2 Short-Term Beach Morphological Changes 

6.2.1 Short-term changes derived from beach profiles 

Being a monsoon dominated coast, the observed short-term changes in beach 

morphology can be attributed to the major driving forces induced by the southwest 

monsoon (Black et al., 2008). The short-term beach profile changes for the three 

coastal stations NK-1, NK-5 and NK-6 are studied by analysing the monthly 

measured beach profiles for the period 2010 - 2015 which are presented in Figs. 6.1, 

6.2 & 6.3. Though beach profiles were measured at a few other stations like NK-7 and 
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NK-8 in the south (see Fig. 3.14), they were not analysed since the data were 

incomplete due to lack of beaches at these locations. Fig. 6.4 shows the monthly 

volume changes at the three stations which are computed from the profiles. The 

computed cumulative beach volume changes are presented in Fig. 6.5.  

6.2.1.1 Station NK-1 

At station NK-1 (Figs. 6.1, 6.4a & 6.5), erosion is observed from June with the onset 

of the monsoon. The accretion phase starts from October 2010 and the beach volume 

goes upto 160 m
3
/m during May 2011. The beach volumes for the eight month period 

June 2011 to January 2012 are not presented as the monthly beach profile data are not 

available. From February to April 2012, the computed cumulative beach volume 

indicates a more or less stable state. The erosion phase starts from May 2012 and 

extends upto September 2012. This is followed by accretion in October 2012 and this 

continues till February 2013 with a high cumulative volume of 192 m
3
/m. Again in 

2013, a similar trend is observed with the erosion phase starting from March and 

continuing upto September. The beach building process starts from November and 

this is evident from the gradual increase in cumulative volume. The accreting process 

prevails till April 2014 by which time it attains a peak value of 135 m
3
/m. 

Subsequently the erosional phase begins by May and this lasts till August 2014. From 

September till November even though accreting tendency is seen, the build-up is 

rather slow. In December the beach shows erosion and the eroding phase continues till 

January 2015, followed by accretion which extends upto March 2015. The period 

April to September 2015 is again notable for erosion followed by accretion towards 

the end of the year. 

The seasonal erosion/accretion trend with erosion during the monsoon months and 

accretion during the fair weather period is quite evident from the beach profile and 

beach volume change data. The five year cumulative beach volume change data 

indicates a declining trend in the cumulative annual volume which was at its peak in 

February 2013 with a value of 192 m
3
/m. This station being located very close to the 

southern arm of the Kayamkulam breakwater the seasonal erosion/accretion pattern 

differs from that of an open beach. The beach instead of acquiring the equilibrium 

profile continues to accrete under the influence of northerly longshore current which 

dominates throughout the fair season. 
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Fig.  6.1 Monthly beach profiles during (a) 2010-2011, (b) 2012, (c) 2013, (d) 2014 

and (e) 2015 at Station NK-1 

6.2.1.2 Station NK-5 

The station NK-5 is at approximately 2 km to the south of the southern arm of the 

Kayamkulam breakwater. At this station erosion is observed during the initial peak 

monsoon period of 2010 followed by accretion during the latter part of monsoon 

which continues during the fair weather period till February 2011 with a maximum 

cumulative volume of 64 m
3
/m (Fig. 6.5). In 2011 the erosion phase commences from 

March and extends upto May. The profile data is not available during the period of 

June 2011 to January 2012. Unlike in 2011, the beach recovery in 2012 starts from 

February and lasts till March with a maximum cumulative volume of 70 m
3
/m. The 
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erosion period is from May to September and the beach building is initiated by 

October with a maximum value of 60 m
3
/m observed in December 2012. The pattern 

is again different in 2013 with eroding trend starting from January itself. By the peak 

monsoon period of July-August, the beach disappears. From October onwards the 

beach building starts and reaches the peak value by January 2014. As observed in 

2013, the eroding trend starts during the fair weather period itself and the beach is 

completely eroded by the monsoon time. From July onwards even though the beach 

building starts the peak value attained is only 37 m
3
/m. The eroding phase starts much 

earlier compared to the previous year and the beach is completely eroded by February 

2015 which is considered to be a typical beach building period. There is no beach at 

this station for the following 7 months. Though beach building commences in 

September, it is eroded completely by October. 

The seasonal variation in beach profile and erosion/accretion pattern is quite evident 

in this station also. However, the overall trend shows a sharp decrease in the annual 

volume change towards the end of the five year period. The fact that the beach 

building which should have taken place during the fair weather period did not happen 

for the whole of 2015 is a serious issue. It indicates the emergence of a situation 

where the beach is totally starved of sediment.   

6.2.1.3 Station NK-6 

The Station NK-6, being proximate to the Vellanathuruthu mining site, is likely to 

show the influence of mining operation which involves the removal of sand from the 

foreshore followed by heaping and subsequent storing at the backshore. As there is 

hardly any beach during the period from June to October 2010 the profile data for this 

station is available only from November 2010. Beach building is observed from 

November and this continues till February 2011 by which time erosion commences. 

In 2012, erosion is observed from May and by the peak monsoon period there is 

hardly any beach and this situation continues till October. The build-up of the beach 

starts from November, attaining a maximum cumulative volume of 106 m
3
/m in 

February 2013. Erosion takes place subsequently and by June the beach is absent. 

From October onwards beach build-up starts with intermittent erosion and the 

cumulative volume reaches a maximum value of 88 m
3
/m in May 2014. During the 

monsoon months of June to September 2014 erosion is prevalent and the beach is 

completely eroded.  Though the beach recovery takes place from September 2014 it 
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does not peak due to intermittent erosion. Hence the highest volume during the fair 

weather period of 2015 is only 18 m
3
/m. There is no beach during the monsoon 

months of July - September 2015 and the beach build-up starts from October. 

 

Fig. 6.2 Monthly beach profiles during (a) 2010-2011, (b) 2012, (c) 2013, (d) 2014 

and (e) 2015 at Station NK-5 

 As in the case of other stations, the seasonal variation in beach profile and 

erosion/accretion pattern is evident in this station also. The cumulative volume which 

shows a high value of 88 m
3
/m in the pre-monsoon season of 2014 has not risen to 

that level subsequently.  In the fair weather period of 2015, the highest value seen is 
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only 21 m
3
/m. As in the case of NK-5, and unlike NK-1, the extent of seasonal 

oscillation in the sediment volume is considerably reduced by 2015 which indicates 

short supply of sediment at this station. 

 

Fig. 6.3 Monthly beach profiles during (a) 2010-2011, (b) 2012, (c) 2013, (d) 2014 

and (e) 2015 at Station NK-6 
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Fig. 6.4 (a-c) Beach volume change from June 2010 to December 2015: (a) NK-1,  

(b) NK-5 and (c) NK-6 
 

 

 

Fig. 6.5 Cumulative beach volume change (m
3
/m) during the period of July 2010 to 

December 2015 for stations NK-1, NK-5 and NK-6 along the Neendakara-

Kayamkulam coastal sector 

6.2.1.4 Correlation between beach volume and beach width 

The beach volume and beach width are calculated from the monthly beach profiles for 

the three stations viz. NK-1, NK-5 and NK-6 along the Neendakara-Kayamkulam 
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coastal sector. The scatter plot of beach volume and beach width for the above three 

stations are shown in Fig. 6.6. The analysis between beach volume and beach width 

shows a positive correlation for all the three stations. A strong correlation exists 

between beach volume and width for the station NK-5, with an R
2
 value of 0.86. 

Moderate correlation is obtained for the station NK-1 and NK-6, with R
2
 values of 

0.73 and 0.72 respectively. This moderate correlation at station NK-1 may be due to 

the influence of Kayamkulam breakwater, and the station NK-6 is under the influence 

of strong mining activity. Both of these factors induce non-uniform changes in the 

beach profiles. A strong correlation is observed when there is a uniform change in the 

beach profiles. 

6.2.2 Short-term shoreline changes 

In this section the short-term shoreline changes during the period 2014 - 2015 are 

delineated from the monthly shoreline maps prepared based on GPS survey (see 

section 3.3.5 for methodology) and are presented in Figs. 6.7 & 6.8 and Tables 6.1 & 

6.2. As this method has limitation with regard to spatial resolution of the mapping, 

only the northernmost sector of about 2 km length where there is considerable 

seasonal oscillation of the shoreline is considered for the study. Stations NK-1, NK-3 

and NK-5 are located within this sector. 

The shoreline variations during 2014 at the Azhikkal Station (NK-1, adjacent to the 

Kayamkulam south breakwater) show a retreat of the shoreline (erosion) during the 

months of May - July. The maximum variation (compared to the previous month) of 

39 m is observed during May - June followed by June - July with a retreat of 37 m. 

During the remaining months, advancement of shoreline (accretion) is observed with 

maximum accretion during October - November (22 m) followed by March - April 

(14 m). Shoreline change is almost zero during November - December. The shoreline 

variation during 2015 again indicates beach build-up during January - May with the 

highest width observed in May. Subsequently erosion is observed from June - 

September with the highest erosion during May - July (66 m). Beach building occurs 

during the post-monsoon period, from September to December. Detailed analyses of 

the observed short-term shoreline changes at NK-1 points out that the period from 

October to April can be considered as the beach building or recovery phase 

subsequent to the retreat of the shoreline during June - September which represents 
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the typical monsoon season. The oscillatory trend of the shoreline is the highest at this 

station due to the ‘groin effect’ of the breakwater. 

 

Fig. 6.6 Scatter plot of beach volume v/s beach width calculated from beach profiles 

for the stations (a) NK-1, (b) NK-5 and (c) NK-6  

The station towards the south of Azhikkal i.e. NK-3 indicates relatively low 

oscillation when compared to NK-1. No significant change is seen during January to 

March 2014. Maximum seaward advancement of shoreline is observed during March 

to April (10 m).  Eroding tendency of the beach starts from the pre-monsoon month of 

April itself and the retreat of the shoreline is as much as 29 m during April-May 
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followed by about 10 m during May-June. Since the beach was completely eroded by 

July, measurements could not be taken in July and August. From September onwards 

accreting tendency is observed and the shoreline advancement is as much as 26 m 

during September-November. However, retreat of the shoreline starts in December 

itself and the beach disappears by June in 2015. After a nominal recovery during July-

August the retreat of the shoreline occurs again during August-September. However, 

significant build-up of the beach happens during the subsequent months with the 

shoreline advancing as much as 24 m during September-November. 

Station NK-5 which is about 2 km south of the Kayamkulam breakwater exhibits the 

least oscillation of the shoreline when compared to NK-1 and NK-3. Though accretive 

tendency is observed during January-February 2014, retreat of the shoreline starts 

from February and by May the beach almost disappears. Hence no shoreline mapping 

was made for the period of May-July. Build-up of the beach and advancement of 

shoreline by about 5 m happens by November, but the retreat of the shoreline starts 

from December onwards and no beach build-up is seen during the pre-monsoon 

period when the conditions are normally favorable for beach building. No 

measurements are available for the February-June period when the beach is totally 

eroded. Even though the beach builds up during the latter part of monsoon period as 

indicated by some nominal deposition, it is totally nullified by the retreat of the 

shoreline during the October-December period. 

Table 6.1 Monthly shoreline change (m) along the northern sector of Chavara coast 

estimated from shorelines mapped using GPS during the year 2014 
 

Location 

Shore term shoreline change (m) during the year 2014 

Jan-

Feb 

Feb-

Mar 

Mar-

Apr 

Apr-

May 

May-

Jun 

Jun-

Jul 

Jul-

Aug 

Aug-

Sep 

Sep-

Oct 

Oct-

Nov 

Nov-

Dec 

Azhikkal 

(NK-1) 
+12 +7 +14 +8 -39 -37 0 +9 +8 +22 +2 

Azhikkal 

South 

(NK-3) 

+1 +2 +10 -29 -10 # # +4 +16 +10 -4 

Srayikkadu 

(NK-5) 
+9 -8 +2 # # # # 0 +3 +2 -7 

 # No beach; +
ve

 Accretion; -
ve 

Erosion 
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Fig. 6.7 Short-term shoreline change along the northern sector of the Chavara coast 

during 2014 

6.3 Long-Term Shoreline Changes 

The long-term shoreline changes are estimated using multi-dated toposheets of the 

Survey of India and satellite imageries taking numerous precautions to minimise 
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errors. The available toposheets are those of 1967-68 in 1:50000 and 1988-89 in 

1:25000 scales. Toposheets of 1:25000 scale for the Ponmana to Neendakara sector 

(about 9 km long in the south) was not available and hence the comparisons with 

1:25000 are limited to the available sector (Ponmana to Kayamkulam).  

 

Fig. 6.8 Short-term shoreline change along the northern sector of the Chavara coast 

during 2015 
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Table 6.2 Monthly shoreline change (m) along the northern sector of Chavara coast 

estimated from shorelines mapped using GPS during the year 2015 
 

Location 

Short-term shoreline change (m) during the year 2015 

Jan-

Feb 

Feb-

Mar 

Mar-

Apr 

Apr-

May 

May-

Jul 

Jul-

Aug 

Aug-

Sep 

Sep-

Oct 

Oct-

Nov 

Nov-

Dec 

Azhikkal 

(NK-1) 
+14 +7 +4 +17 -66 -11 -12 +33 +2 +20 

Azhikkal  

South (NK-3) 
0 # -10 -11 +5 +4 -11 +9 +15 0 

Srayikkadu  

(NK-5) 
# # # # -8 +4 -6 +5 -4 -5 

# No beach; +
ve

 Accretion; -
ve 

Erosion 
 

The satellite images used are the IRS P6 LISS IV of 2007 and the Google imageries 

of 2003 - 2007. Shoreline mapping was carried out to delineate the shoreline position 

during the fair season of 2010 and 2015 (see section 3.5 for the methodology 

followed). The mapped/delineated shorelines for the different years are presented in 

Fig. 6.9. Shoreline changes in linear distance for a few representative locations along 

the coast are calculated after overlaying in ArcGIS and the results are presented in 

Table 6.3. 

It can be seen from Fig. 6.9 and Table 6.3 that shoreline retreat is observed throughout 

the coast during the period of 1968-1989 along the Neendakara-Kayamkulam sector. 

Retreat of shoreline to the extent of 132 m and 118 m are observed at the stations NK-

3 and NK-5 respectively located to the south of the Kayamkulam breakwater. Erosion 

is comparatively less during this period at the mining sites of Vellanathuruthu (NK-6), 

Ponmana north and Ponmana south with landward shifts of 52 m, 25 m, 26 m 

respectively. Comparison of the shoreline maps of 1968 and 2006 reveals that further 

south of the mining sites, the rate of erosion decreases as indicated by the shoreline 

retreat values of 19 m, 13 m and 10 m at Karithura (NK-8), Puthanthura and 

Neendakara locations respectively.  

During the period of 1989-2006, the stations adjacent to the Kayamkulam breakwater 

show advancement of the shoreline with a maximum value of 152 m at NK-1 close to 

the breakwater, 63 m at NK-3 about 1 km south of the breakwater and 32 m at NK-5 

further south. Obviously this accretion in contrast to the other stations is due to the 

‘groin effect’ of the breakwater which was built during 2000-2005. Shoreline retreat 

of the order of 79 m is noticed at the mining locations of Vellanathuruthu (NK-6), and 
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still higher rate at the Ponmana mining location (175 m and 185 m at Ponmana north 

and Ponmana south respectively). 

The shoreline change values for the period 1968-2006 presents a cumulative picture 

for the whole period. At NK-1, the shoreline is still in an advanced position when 

compared to 1968 due to the effect of the breakwater. The shoreline changes further 

south at NK-3 and NK-5, even though not considerable, indicate a net retreat and this 

can be attributed to the deposition subsequent to the breakwater construction at 

Kayamkulam. At the mining sites the retreat of the shoreline is considerably higher, 

reaching a maximum of 211 m at Ponmana south. The shoreline retreat at locations 

further south of the mining sites is insignificant with values around 10 - 20 m.  

The comparison of shorelines during the period of 1968-2015 indicates higher retreat 

of the shoreline at the mining sites of Vellanathuruthu, Ponmana North and Ponmana 

South with values of 260 m, 388 m and 367 m respectively. The Kovilthottam mining 

site where the mining volumes are relatively low records a moderate retreat of only 

100 m.  Further south (eg. Karithura, Puthanthura, Neendakara), the shoreline retreat 

is much lesser with values in the range of 10 - 35 m during this period.  

The shoreline change during 2006-2015 enables a closer look at the trend in shoreline 

change during the past one decade. The retreat of the shoreline continues unabated 

throughout, with the highest values at the mining sites.  The mining sectors of 

Vellanathuruthu (NK-6), Ponmana North and Ponmana South show retreat of the 

order of 130, 187 and 155 m respectively during the past decade. At the three stations 

NK-1, NK-3 and NK-5 in the northern sector, the shoreline retreat shows values of 

122 m, 133 m and 110 m respectively.  The Kovilthottam mining site (NK-7) has less 

erosion compared to the other mining locations, with a shoreline retreat of only 22 m. 

The locations towards the south of the mining area exhibit marginal retreat of the 

order of 10 m. 

In a nutshell, it is seen that the entire coast barring the northernmost sector is under 

erosion during all the four periods, viz. 1968-89, 1968-2006, 1968-2015 and 2006-

2015 considered for the study. But the retreat of the shoreline is quite high in the 

mining sites of Vellanathuruthu, Ponmana North and Ponmana South with values in 

the range of 250 - 400 m during 1968-2015. The retreat is moderate in the northern 

sector due to the groin effect of the Kayamkulam breakwater. The northern most 
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stations which was showing some net accretionary trend during 1989-2006 has started 

showing significant shoreline retreat during the past one decade (2006-2015). 

Shoreline erosion, even though present, is not critical at the locations south of the 

mining site as they are protected by well-maintained seawalls.  

 
 

Fig. 6.9 Long-term shoreline change along the Chavara coast during different time 

periods starting from 1968 
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Table 6.3 Long-term shoreline change (m) along the Chavara coast during different 

periods  
 

Location 

Shoreline change (m) 

1968-

1989 

1989-

2006 

1968-

2006 

1968-

2015 

2006-

2015 

Azhikkal (NK-1) -57 +152 +95 -30 -122 

Azhikkal South (NK-3) -132 +63 -69 -178 -113 

Srayikkadu (NK-5) -118 +32 -86 -195 -110 

*Vellanathuruthu (NK-6) -52 -79 -131 -260 -130 

*Ponmana (North) -25 -175 -200 -388 -187 

*Ponmana (South) -26 -185 -211 -367 -155 

*Kovilthottam (NK-7) # # # -100 -22 

Karithura (NK-8) # # -19 -34 -12 

Puthanthura # # -13 -22 -12 

Neendakara # # -10 -10 +2 

* Mining sites; # No beach; +
ve

 Accretion; -
ve 

Erosion 

6.4 Empirical Orthogonal Function Analyses of Beach Profiles 

The Empirical Orthogonal Function (EOF) analysis is a statistical tool which can also 

be used to analyse the beach profile data. It can separate out the dominant modes of 

changes in the beach topographical data and is used to investigate the patterns in the 

beach variations and other coastal features. The monthly beach profiles over the 

period of December 2010 to December 2014 at station NK-5 located approximately 2 

km south of the Kayamkulam breakwater is used for the EOF analysis. The dominant 

modes of the beach changes are obtained from the first three eigen functions (Aubrey, 

1979). Eigen function does not consider a single point in the beach for the analysis, 

instead it decomposes the entire beach into spatial and temporal modes. The spatial 

mode is represented by first three eigen functions U1, U2 and U3 and the temporal 

mode by V1, V2 and V3. Using the first three eigen functions, the seasonal erosional / 

accretional behaviour of the beach is well established. Table 6.4 presents the 

percentage of variance contained by each eigen function from the EOF analysis. It can 

be seen that the first three eigen functions account for 97.9 % of the total variability in 

the beach profile data. The first eigen function comprehends the greatest portion of 

the mean square value (91.3 %). The 2
nd

 and 3
rd

 eigen functions comprises of the 

residual part having the variance of 5.1 and 1.5 % respectively. The remaining eigen 

functions have very little information to communicate.  
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Table 6.4 Results of EOF analysis showing the percentage of variance contained by 

each eigen function 

 

Sl. No. Eigen functions Percentage of variance 

1 1
st 

Eigen function (U1,V1) 91.3 

2 2
nd

 Eigen function (U2, V2) 5.1 

3 3
rd

 Eigen function (U3, V3) 1.5 

Total 97.9 

The first three eigen functions at station NK-5 representing spatial configuration and 

temporal dependence is shown in Fig. 6.10a-b. The 1
st
 spatial eigen function (U1) 

represents the mean beach profile having moderately sloping foreshore. The 

corresponding component in the temporal mode (V1) shows an overall eroding 

tendency during the end of the fourth year i.e. December 2014. This is in line with the 

observation from the beach volume changes, where the rate of erosion is higher 

during the end of the year 2014. The 2
nd

 spatial eigen function (U2) shows a broad 

maximum at 60 - 70 m from the bench mark. This clearly indicates the location where 

the beach profile experiences maximum variation. The erosion is initiated from 

approximately 70 m, whereas very less variability upto 50 m from the bench mark. 

The distribution of the corresponding temporal function (V2) shows the cyclic nature 

of the erosion/accretion. Here the beach is subjected to rapid erosion during April-

May (2011), May-June (2012), February (2013), December (2013), April (2014) and 

December (2014). The cyclic erosion/accretion during the south-west monsoon is 

established from the 2
nd

 eigen function. The 3
rd

 spatial eigen function (U3) shows a 

maximum variability at 5 m at the backshore and about 60 - 80 m on the foreshore. 

The corresponding temporal function (V3) has no periodicity or seasonality and this 

shows the irregular changes of the beach due to severe erosion. The effect of south 

west monsoon on the beach is reflected in the eigen functions. Hence it can be 

concluded that the erosional tendency is more pronounced during the year 2014 which 

is in par with the results of beach volume computations also.  

6.5 Numerical Simulation of Shoreline Evolution 

Shoreline evolution along the Chavara coast has been modeled by using the LITLINE 

module of LITPACK modelling suite. The LITLINE calculates the shoreline 

evolution by solving a continuity equation for the sediment in the littoral zone. The 

influence of structures, sources (beach nourishment) and sinks (mining) is also 

included. The coastline position is calculated by LITLINE based on the time series 
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wave climate as input to the model. The shoreline change calculation is based on the 

1-line theory (Hanson and Kraus, 2011) in which the cross‐shore profile is assumed to 

remain unchanged during erosion/accretion. The coastal morphology is described by 

the shoreline position (in the cross-shore direction) and the coastal profile at a given 

longshore position.  

The theoretical background, input data, calibration and validation along with the 

numerical simulations of the model are presented in the following sections.  

 

Fig. 6.10 First three eigen functions for the beach profiles at station NK-5: (a) spatial 

and (b) temporal dependence 

6.5.1 Theoretical background 

The basic assumption in the LITLINE model is that the longshore sand transport 

occurs uniformly over the beach profile from the berm height DB down to the depth of 

closure Dc. The definition sketch for shoreline change calculation according to 1-line 

theory is shown in Fig. 6.11 and the baseline orientation used in LITLINE is shown in 

Fig. 6.12. The parameters are specified based on a coordinate system in which x‐axis 

is the baseline quasi‐parallel to the initial coastline, and y is perpendicular to the x 

(a) 

(b) 
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axis. By considering a control volume of sand balanced during an infinitesimal 

interval of time and neglecting the cross-shore transport, the following differential 

equation is obtained, 

      

  
   

 

       
 
       

  
…………………………………………………………....(6.1) 

where y(x) is the coastline position, t is the time, hact(x) = (DB + DC) is the height of 

the active cross-shore profile or total height of the control volume (where DB is the 

berm height and DC is the depth of closure), Ql (x) is the longshore sediment transport 

expressed in volume, and x is the longshore position or space coordinate along the 

axis parallel to the trend of the shoreline.  

 
Fig. 6.11 Definition sketch for shoreline change calculation according to1-line theory 

(Source: Hanson and Kraus, 2011) 

The Eqn. (6.1) was extended to include the line discharges of sediment representing a 

source or sink of sand on the shoreline following the work of Kraus and Harikai 

(1983) and is given by 

      

  
   

 

       
 
       

  
  

       

          
……………………………………………….(6.2) 

where Qsou(x) is the source / sink term expressed in volume and is derived from the 

table of sediment transport rate in the surf zone, Δx is the alongshore discretization 

step. The alongshore discretization used in the LITLINE is shown in Fig. 6.13. From 

an initial coastline position yintl (x), the evolution in time is determined by solving the 

above equation. The continuity equation for sediment volumes is solved by using 

implicit Crank-Nicholson scheme which gives the development of the coastline 

position in time. 
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The continuity equation can be written as 

                                        ………………………………………...(6.3) 

where 

               ………………………………………………………………(6.4) 

   
    

  
      …………………………………………………….…...……....(6.5) 

             …………………………………………………..…………......(6.6) 

                                               …………………….......(6.7) 

where αCN is the Crank-Nicholson factor which determine the implicit or explicit 

solution scheme (αCN = 0 gives fully implicit solution, αCN = 1 gives fully explicit 

solution). The system of equation for all longshore position can be solved by Gauss 

elimination and ai, bi, ci and di can be found from the present time step.  

 

Fig. 6.12 Baseline orientation used in the LITLINE module of LITPACK 

 

Fig. 6.13 Alongshore discretization used in the LITLINE module of LITPACK 
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6.5.2 Input data 

The basic input data for the LITLINE model are the alongshore relative coastline 

alignment along with profile description, active depth of transport and depth contour 

angles at each grid point, cross-shore profile bathymetries, wave properties (wave 

height, period and angle), water levels, wind, position and size of structures and 

position and magnitudes of sources/sinks. The coastline position was given for the 24 

km coastal stretch extending from Neendakara inlet in the south to the Kayamkulam 

inlet in the north at 10 m grid spacing for an accurate representation of the shoreline. 

The initial coastline is given as a distance from baseline and for the preparation of this 

coastline position, the shoreline for the year 2000 was used as the baseline data. The 

baseline is drawn at a shore parallel angle of 154º N which is close to the general 

shoreline orientation along the coast. The wave and cross-shore profile including the 

sediment characteristics are the additional inputs to the LITLINE module which are 

similar to that of LITDRIFT, and the same climatic conditions are used for the 

simulation of coastline evolution (see Tables 4.2 & 4.3). The cross-shore bathymetric 

profile extracted from the measured bathymetry was given as the basic input for the 

model. Four numbers of cross-shore profiles extending to a depth of 10 m is used as 

the input for simulating the actual field conditions. The cross-shore interval is about 1 

m for these cross-shore profiles.  

Sediment characteristics such as grain size were estimated from the collected 

sediment samples from the beach and innershelf from which the bed roughness and 

fall velocity were estimated. The LITLINE sediment transport table generation 

program, LINTABL is used for the computation of longshore sediment transport and 

LINTABL serves as another input for the coastline evolution model, which is a 

substitute for the LITDRIFT in the LITLINE module. The LINTABL calculates and 

tabulates sediment transport rates by the method of interpolation in the tables as 

functions of the water level, the surface slope due to regional currents, wave period, 

height and direction with respect to the shoreline normal. The same transport table can 

be applied along the whole coast if the coastline is straight and uniform.  

Since this coastal sector is subjected to rampant beach sand mining, appropriate value 

of the mining quantity which acts as sink was given as one of the major input for the 

model. Mining volumes of 67,000 m
3
/year for the period 2000 - 2010 (Kurian et al., 

2002) and 134,000 m
3
/year for the period 2011 - 2022 (Kurian et al., 2012) are 
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converted and given as sink input (negative value for the sink) for a 2 km mining 

stretch and 10 m grid spacing along the selected mining locations of Kovilthottam, 

Ponmana and Vellanathuruthu. The sink values are distributed over the three mining 

sites at 6.4 - 6.8 km, 8.8 - 9.6 km and 9.8 - 10.6 km towards north from the northern 

arm of the Neendakara breakwater.  

Coastal protection structures such as breakwaters, groins and seawall constructed 

along the coastal sector of Neendakara-Kayamkulam are given as input using the 

appropriate grid no. starting from northern arm of the Neendakara breakwater. It is 

not possible to include all the 26 groins available along this coastal sector, since the 

model can accommodate only 20 groins as input. Thus only 20 major groins were 

given as input to the model. 

6.5.3 Calibration and validation of the model 

The model outputs were calibrated and validated using satellite imageries and the 

measured shorelines. The baseline shoreline was the surveyed shoreline of the year 

2000. The surveyed shorelines for different years viz. 2006, 2010 and 2015 were used 

for the calibration and validation of the model. Thus the trend in the shoreline 

orientation for both the short and long time span i.e. 2000-2006, 2000-2010 and 2000-

2015 was examined and was compared with the Google imageries for the same 

period. Several statistical parameters can be used to assess the quality of the 

performance of the numerical models. Among this, Relative Mean Absolute Error 

(RMAE) is used to evaluate the accuracy and performance of the LITLINE model 

(van Rijn et al., 2003; Pender and Karunarathna, 2013) and is given by 

      
〈|   |〉

〈| |〉
………………………….………………………………..…..…...(6.8) 

where Y is the simulated value (shoreline change),  X is the measured value and <..> 

denotes the averaging procedure.  

For the modeling of shoreline evolution, a baseline is fixed and the distance from the 

coastline to the baseline is set as the initial coastline. The initial coastline is divided 

into grid spacings of 10 m for the 24 km coastal stretch, starting from the extreme 

south of Neendakara breakwater and extending upto the Kayamkulam breakwater. 

The model run has been performed for the period 2000-2015, by accommodating the 

coastal protection structures constructed during different years. Appropriate sink input 
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is provided to the model at the mining sites of Kovilthottam, Ponmana and 

Vellanathuruthu so that the effect of beach sand mining is also incorporated. The 

observed shoreline of 2006, 2010 and 2015 show good corroboration with the 

simulated one as can be seen in Fig. 6.14a, b & c. The simulation result during the 

year of 2015 is superimposed with the Google image for the same period (Fig. 6.15a 

& b). The statistical error estimates for the simulated and measured shoreline along 

the Chavara coast for the years 2006, 2010 and 2015 is shown in Table 6.5. The 

Relative Mean Absolute Error (RMAE) is about 0.04 (4 %) during 2000-2006 

shoreline simulation. But RMAE is about 0.05 (5 %) during the simulation period of 

2000-2010 and 2000-2015. Thus the model is calibrated for both short- and long-term 

scenarios. 

Table 6.5 Statistical error estimates for the simulated and measured shoreline along 

the Chavara coast for the years 2006, 2010 and 2015 

 

Year *RMAE 

2000-2006 0.04 

2000-2010 0.05 

2000-2015 0.05 

*RMAE - Relative Mean Absolute Error 

For validation of the model, the simulation was performed for each period by 

introducing the coastal structures relevant for the period. No mining was considered 

in the model at the mining sites (i.e. sink input is given as zero) and omitted the 

breakwater at the Kayamkulam inlet. It can be seen from the Fig. 6.16a that the dent 

in the mining site is completely filled due to the advancement of shoreline by the year 

of December 2006. The erosion/recession of the shoreline is observed at the northern 

end of the Kayamkulam inlet (Fig. 6.16b). This observation corroborates well with the 

results from the long-term shoreline change during 1968-1989 (Table 6.3), where the 

erosion is predominant at the northern end of the coastal stretch. But after the 

construction of Kayamkulam breakwater at the northern end during the period of 

2000-2007, the accretion is dominant. 

6.5.4 Shoreline evolution along the Chavara coast 

The calibrated and validated model has been used for further simulation. The 

simulation was performed for the period of 2000 - 2022 by inserting groins in tally 

with the field scenarios of different years. The simulated shorelines for 2006, 2010, 
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2015, 2018 and 2022 are presented in Figs. 6.17 & 6.18. For better presumption, the 

shoreline evolution is superimposed on the recent satellite image (Google image) for 

the year of 2016 and is shown in Fig. 6.19a & b for both the northern sector near to 

Kayamkulam breakwater and mining sites. 

 

Fig. 6.14 Simulated and measured shoreline along the Neendakara-Kayamkulam 

coastal sector for the years (a) 2006, (b) 2010 and (c) 2015 

N 

N 

N 

(a) 

(b) 

(c) 
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Fig. 6.15 Simulated shoreline along the Neendakara-Kayamkulam coastal sector for 

the year 2015 superimposed on satellite image (Google image) for the (a) northern 

sector near to Kayamkulam inlet and (b) Ponmana mining site 

The simulated shorelines of 2006 and 2010 at the mining site (Fig. 6.17a) are not 

under the influence of the groins and hence a realignment of the shoreline with overall 

retreat is observed in 2006 and 2010. However the scenario changed after 2013, when 

two more groins were constructed at the Ponmana mining site. Due to the impact of 

intense mining, the recession in the shoreline will be even upto 300 m from the initial 

shoreline by the end of December 2022 (Fig. 6.17a). The influence of the short and 

long groins is predominant at the northern end, near to the Kayamkulam breakwater. 

If the present scenario persists, the accumulation at the northern arm of the breakwater 

will be stabilized by the year of 2022. Advancement in the shoreline is noticed in 

between the groin field, due to the predominant northerly transport along the coastal 

stretch. End point erosion is observed at the end of the groin field which is about 2 km 

south of Kayamkulam breakwater (Fig. 6.17b). The extent of erosion is upto the 

seawall (assuming that the sea wall will be well maintained) since all the other 

locations except the mining sites and 2 km south of Kayamkulam breakwater are 

protected by seawall. 

Simulated Shoreline 2015 

Measured Shoreline 2000 

November 2015 

Mining site 

(b) (a) 

Kayamkulam Inlet 

Simulated Shoreline 2015 

February 2015 

Measured Shoreline 2000 
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Fig. 6.16 Simulated shoreline for the years 2001-2006 (a) at mining site and (b) south 

of Kayamkulam inlet. The simulation was performed (i) without incorporating 

breakwaters and groins and (ii) by providing zero sink i.e. no mining 

6.6 Innershelf Morphological Changes 

The morphological changes in the innershelf are estimated from the bathymetry 

collected and collated for different years, viz. 2000, 2005 and 2010 (Fig. 6.20). In 

order to quantify the shift in isobaths over the ten year period, the bathymetry data for 

the three years were overlaid on an ArcGIS platform. Shore normal transects of one 

kilometre width each were drawn from nearshore to offshore off seven locations 

identified for computation of the isobath shift. The isobaths of 10 m, 14 m and 20 m 

were chosen for the computation of the shift and the area enclosed by the shift of the 

above isobaths over the periods 2000-2005, 2005-2010 and 2000-2010 were 

estimated. The shift of each isobath over different time periods per unit width is 

N 

No Mining 

 

N 

Erosion at the northern end 

(b) 

(a) 
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presented in Fig. 6.21. The area calculated from bathymetric contours per unit width 

over different time periods for 10 m, 14 m and 20 m depth is shown in Table 6.6. 

 

Fig. 6.17 Simulated shoreline for the years 2006, 2010, 2015, 2018 and 2022 (a) at 

the mining site and (b) south of Kayamkulam inlet. The simulation was performed 

with the influence of breakwaters, groins and seawall 

It can be seen that the 10 m isobath (Fig. 6.21a) has shifted onshore at almost all the 

locations during the different time periods indicating that there is a deepening of the 

nearshore areas. The deepening is more pronounced at the mining locations of 

Ponmana and Vellanathuruthu. It can also be seen that the deepening is accelerated 

during the 2005-2010 period. 

 

N 
Groins 

N 

Groins 

(a) 

(b) 
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Fig. 6.18 The simulated shoreline for the selected sectors of the Chavara coast for the 

years 2006, 2010, 2015, 2018 and 2022. The measured shoreline for the year 2000 

which is the baseline for the simulation is also shown in the figure  

The 14 m isobath (Fig. 6.21b) shows a slightly different trend. During the period of 

2000-2005 the isobaths at all the locations have shifted onshore. However, during the 

subsequent five year period of 2005-2010 the shift is reversed in the southern and 

northern sectors with a shallowing of this zone. Even at the central sectors 
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encompassing the mining zones, the shifts of the isobaths are either reversed or are of 

minimal values. If we take the overall trend during the 2000-2010 period, it can be 

seen that the 14 m isobath zone has migrated onshore at almost all the locations. 

 
 

Fig. 6.19 Shoreline evolution simulated for the Chavara coast for different years 

(2000, 2006, 2010, 2015, 2018 and 2022): (a) south of Kayamkulam inlet and (b) 

Vellanathuruthu - Ponmana mining site. The simulated shorelines are superimposed 

on the Google image for January 2016  

Further offshore, at 20 m depth (Fig. 6.21c), the overall deepening is observed at all 

locations during the 2000-2005 period barring Neendakara. In contrast, during the 

2005-2010 period, deposition occurs at a majority of the offshore locations barring 

those off the mining sites of Ponmana and Vellanathuruthu. Even off these mining 

locations, the scale of deepening is minimal. Overall, during the 2000-2010 period, 

the innershelf of the 20 m depth zone deepens at most of the locations.  

In general, the long-term trend indicates deepening of the nearshore zones of the 

whole coast during the 2000-2010 period. Further offshore at 14 m and 20 m depth 

zones, though overall deepening is seen, the post-tsunami period (2005-2010) shows 

pronounced deposition in the southern and northern sectors barring the mining sites. 

2022 

2018 

2015 

2010 

2006 

2000 

January 2016 January 2016 (a) (b) 
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Frihy et al. (1990) compared bathymetric maps of 1919/22 and 1986 for the 

continental shelf of northern Nile delta and found shifting of bottom contours due to 

accreted sands coming from eroded promontory tips as well as from offshore sources. 

In the present case the source for the pronounced deposition during the post-tsunami 

period could be the submerged palaeo-beaches offshore (Prakash, 2000; Hegde et al., 

2006). 

 

Fig. 6.20 Comparison of bathymetry of the innershelf of the Chavara coast during the 

years 2000, 2005 and 2010 



209 

 

 

Fig. 6.21 Shift in isobaths at different locations of the Chavara coast as observed in 

the isobaths of (a) 10 m, (b) 14 m and (c) 20 m 

6.7 Discussion 

The study using shoreline change mapping and numerical modelling has brought out 

unequivocally the morphological changes that the whole Chavara coast has undergone 
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during the past four and a half decades. That the beaches of this coast are eroding 

since a long time is evident from the earlier studies (Prakash and Verghese, 1987; 

Sreekala et al., 1998), though no such studies are available for the innershelf. 

Construction of seawalls along this coast started in 1957-58 which is also an 

indication of the erosive nature of this coast since then. 

Table 6.6 Shift in isobaths at different locations of the Chavara coast: area calculated 

from bathymetric contours per unit width over different time periods for 10 m, 14 m 

and 20 m depth  

 

Location 
Area calculated from shift in isobaths per unit width (km

2
) 

10 m contour 14 m contour 20 m contour 

 

2000

-

2005 

2005

-

2010 

2000

-

2010 

2000

-

2005 

2005

-

2010 

2000

-

2010 

2000

-

2005 

2005

-

2010 

2000

-

2010 

Neendakara -0.37 0.06 -0.31 -0.45 0.40 -0.05 0.13 0.26 0.39 

Kovilthottam 0.07 -0.46 -0.39 -0.43 0.07 -0.36 -0.34 0.09 -0.25 

Ponmana -0.29 -0.50 -0.79 -0.36 -0.05 -0.40 -0.48 -0.13 -0.61 

Vellanathuruthu -0.15 -0.54 -0.69 -0.39 -0.13 -0.52 -0.46 -0.21 -0.67 

Cheriazheekkal -0.06 -0.34 -0.40 -0.40 0.27 -0.13 -0.37 0.46 0.09 

Srayikkadu -0.30 0.12 -0.17 -0.40 0.50 0.10 -0.36 0.62 0.26 

Azheekkal -0.25 -0.08 -0.33 -0.43 0.20 -0.23 -0.45 0.29 -0.17 

The spatial variation of the extent of shoreline change (intensity of erosion) and 

results of numerical modelling studies provide ample evidence of the driving force 

behind the observed changes. As seen already, the retreat of the shoreline is highest at 

the mining sites of Vellanathuruthu, Ponmana North and Ponmana South with values 

in the range of 250-400 m. This shows that the beach sand extraction by the two 

public sector companies is the main driver of the observed morphological changes. 

Beach sand extraction by IREL, KMML and its predecessor companies has been 

continuing on this coast since 1930. According to Kurian et al. (2002), 0.14 million 

tonnes of beach sand (which is roughly 67,000 m
3
 when converted to volume using 

the porosity factor worked out by them for the beach sand of this coast) is the yearly 

average extraction of IREL during the period 1990-2001. The intake by KMML was 

minimal till 2001, but increased manifold subsequently and in the decade 2001-2010, 

the average intake by both the firms together was almost double that of the previous 

decade. The volume of extraction prior to the 1990s is not available, but even 

assuming that these were smaller figures, the total volumes that have been mined so 

far for nearly one century could be a huge quantity. The sand extracted from the coast 
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is not returned to the system, or in other words is lost forever. When sand is extracted 

from the beach, the volumes available to be returned to the innershelf during the 

erosive phase are reduced and the ultimate impact of mining is to deplete the 

innershelf sand resource and lower the overall level of the shelf. The impact could be 

all the more serious considering the fact that there has been a drastic increase in the 

quantity of beach sand mining over the years. This unprecedented increase in mining 

volume is no match for offshore replenishment and thus leads to the caving-in of the 

beaches at the respective mining sites and adjoining areas (Fig. 6.22). The total length 

of the three mining sites put together is around 1.7 km. At the rate of onshore 

transport computed under the present study which is 77 m
3
/m/year, the annual 

replenishment is around 131,000 m
3
. This shows that the volume of sediment mined is 

much higher than the offshore replenishment. Thus the impact of mining is twofold. 

Firstly it will cause the beach to cave in at the mining sites since the material over and 

above the offshore replenishment is taken only from the beach (Kurian et al., 2002). 

Fig. 6.22 presents the sequence of morphological changes at the mining sites starting 

from 2003 through Google images. The remnants of the sea wall which was at the 

shore in 2003 is seen offshore due to the retreat of the shoreline; the beach has also 

caved in at this point by about 200 m during the 12 year period. This supports the 

long-term shoreline change values estimated under the present study which estimates 

recession of the shoreline by about 260 m at Vellanathuruthu, 388 m at Ponmana 

North, 367 m at Ponmana South and 100 m at Kovilthottam during the past four and a 

half decades. 

The shoreline evolution modelling conducted for the Chavara coast shows that the 

mining at the present rate may have a devastating effect on the mining sites, 

particularly at Ponmana, where the shoreline retreats upto 250 m by 2022, from the 

shoreline of 2006. The recession in the shoreline during the period of 1968-2006 is 

about 200 m (Table 6.3). So by integrating both the results of observation and 

shoreline evolution modelling during the period of 1968 – 2022, about 450 m of the 

shoreline recession will take place at the mining site during these five and a half 

decades. 

The second impact of mining is the lowering of the sea bed which is already seen to 

be occurring in the innershelf of the study area.  As already stated, the material mined 

is the material that is replenished from offshore and is lost from the system. The 
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material that is mined during the 1990-2015 period itself is around 2,680,000 m
3
. No 

statistics is available for the period prior to that. Even assuming a very nominal 

mining volume equal to the above quantity during the 60 year period (1930-1990), the 

total mining volume till 2015 is about 5,360,000 m
3
. Assuming that the volume of 

material that is mined comes from a 15 km stretch of the innershelf of this coast, and 

assuming that the source of this sand is a width of 7 km of the innershelf limited to the 

20 m isobath, this intake could cause a deepening of the shelf by about 5.1 cm during 

the period 1930-2015. In fact the loss to the system may be much higher since illegal 

mining by unauthorised individuals/agencies (Times of India, 2013) is not accounted 

for in the mining data. Hence the deepening of the shelf as observed is well explained. 

 

Fig. 6.22 Satellite images (Google images) of the Ponmana-Vellanathuruthu mining 

site during 2003 - 2015 showing the ruins of the old seawall at the mining site and 

two newly constructed groins during 2013 

Another important forcing factor which has contributed to the morphological changes 

is the 2004 Tsunami which had a devastating effect on this coast with a run-up level 

as high as 5 m in the northern sector (Kurian et al., 2006a).  The tsunami brought in 

huge deposits of heavy minerals from offshore which got deposited in the beach and 
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hinterland areas of this coast with a thickness of as much as 1 m at a few locations 

(Narayana et al., 2005; Kurian et al., 2006a, b). The tsunami waves being long period 

waves have immense potential for churning the bottom sediments and selectively 

transporting the heavy sands by the phenomenon of transport sorting (Komar, 1989). 

Hence the source of the backshore and hinterland deposits is the offshore causing a 

deepening of the innershelf. This has been confirmed by Kurian et al. (2006a) based 

on bathymetric data for 2000 and 2005 which are used as baseline data in the present 

studies too. The important role played by the tsunami in effecting innershelf 

morphological changes is evident from the results of the present study which shows a 

pronounced deepening of the innershelf during the 2000-2005 period after which it 

has reduced. This reduction can be attributed to the onshore transport of sediments 

from further offshore and longshore transport from the adjoining shelf. 

The coast under study extending from Thangassery in the south was a more or less 

straight open coast till the 1950s as the sediments could move uninterrupted in the 

alongshore as well as cross-shore directions both in the surf zone and in the 

innershelf. In an open system, even if there is an intake of sediment at one location, 

the stability of the coast will not be affected as long as the intake is within the 

sustainable limit. However, the coastal engineering interventions along this coast, 

starting with construction of breakwaters (training walls) for the Neendakara harbour 

during 1982-88 and the Kayamkulam harbor during 2001-05, have compartmentalized 

this coast and made it a sediment sub-cell (van Rijn, 1997a). The long breakwaters 

jutting out into the offshore have restricted the surf zone longshore sediment transport  

within this cell and modified the shoreline morphology with accretion  immediately 

south of the breakwater and erosion north of it. Similar observations have been made 

by Vaselali and Azarmsa (2009) for Pozm Bay coast, Iran and Noujas et al. (2014) 

southern Kerala coast, India. The southern Neendakara - Kovilthottam sector became 

starved of sediments and to stabilize this coast seawalls were constructed and are well 

maintained. The severe erosion in the northern sector in the 1980s and 1990s (see 

Table 6.3) has been defused to some extent by the accretion due to the breakwater at 

the Kayamkulam inlet. The construction of 26 groins during the period 2009-15 to 

protect individual stretches of the coast also had its impact on the morphology as 

observed by some researchers (Guimaraes et al., 2016; Mohanty et al., 2012). The 

satellite images (Google image) of the old and newly constructed groins near to 
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Kayamkulam inlet and further south of the inlet are shown in Figs. 6.23 & 6.24 

respectively. The short-term erosion/accretion scenario presented in Figs. 6.4 & 6.5 

for the station NK-5 is a classic example of the impacts of such ill-conceived shore 

protection measures.  

 

Fig. 6.23 Google images of the coastal sector immediately south of Kayamkulam 

inlet: (a) 2005, (b) 2012, (c) 2013 and (d) 2015. The old and new groins constructed 

along the coastal stretch is marked in the figure 

For the years 2011, 2012, 2013 and 2014 the onshore transport is quite sizable and 

comparable with a cumulative value in the range of 60 - 65 m
3
/m. However after the 

(a) Dec-2005 

Kayamkulam Inlet 

(c) Dec-2013 

Kayamkulam Inlet 

 Old Groins 

(d) Nov-2015 

Kayamkulam Inlet 
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(b) Feb-2012 

Kayamkulam Inlet 

 Old Groins 
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monsoon of 2014, the beach build-up during the post-monsoon period is reduced. In 

the fair weather period of 2015 the situation has become all the more precarious with 

absolutely no build-up. From a look at the physiographic set up it can be seen that a 

groin was built about 100 m south of this location after 2013. Starvation of this beach 

of sediments could be due to this groin which has obstructed the northerly longshore 

transport. The construction of such shore protection measures without due impact 

assessment will lead to creation of critically eroding zones in an already sediment 

starved beach environment. 

 

Fig. 6.24 Google images of the north central sector of Chavara coast: (a) 2005, no 

groins are available; (b) 2012, no groins are available; (c) 2013, a groin field of 4 

nos. is seen and (d) 2015, another groin field consisting of 7groins is added 

(a) Dec-2005 (b) Feb-2012 

(c) Dec-2013 

 
New Groins 

(d) Nov-2015 

 

 
New Groins 
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6.8 Summary 

A study of the short- and long-term morphological changes of the beach-innershelf 

system of the Chavara coast using multi-dated maps/images/data for the period of 

1968-2015 indicates an overall retreat of the shoreline and relative deepening of the 

innershelf. During the period of 1968-2015, the shoreline retreat has been quite 

alarming at the mining sites with a staggering figure of nearly 400 m at the Ponmana 

mining site. While the build-up of the beach due to the effect of breakwater at the 

Kayamkulam inlet has neutralized to some extent the high erosion in the northernmost 

sector, the shoreline south of the mining site has not undergone significant changes 

due to the presence of well-maintained seawalls. Study of the beach profile data using 

the EOF analysis and volume change computations for the period 2010-2014 for the 

northern sector of the coast where beaches are present indicates the increasing erosive 

tendency of the beach towards the latter period. The deepening of the innershelf is 

more pronounced in the shallower portions upto a depth of 10 m. The observed 

changes in the beach-innershelf morphology can be mainly attributed to the 

intensified mining of the beach by the two public sector companies. The December 

2004 Tsunami onslaught which resulted in the transport of a sizable quantity heavy 

mineral-rich innershelf sediments to the hinterland areas has also contributed to the 

deepening of the shelf. The construction of structures like breakwaters, groins and 

seawalls is another contributing factor to the morphological changes. The LITLINE 

model which was calibrated and validated for the coast using the shoreline data for 

different years has been used to simulate the shoreline changes till 2022. The 

simulations show that the caving in at the mining sites will aggravate further in the 

coming years. The intake of beach sediments by the two public sector firms has to be 

regulated to sustainable levels in order to minimize the negative impacts of sand 

mining. Introduction of any hard structure on this coast should be based on 

comprehensive scientific studies and impact analysis followed by systematic post-

construction monitoring. 

 

 



CHAPTER 7 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

7.1 Summary  

The Chavara coast of 22 km length located along the southwest coast of India, 

extending from the Neendakara inlet in the south to the Kayamkulam inlet in the 

north, is well known for its rich Heavy Mineral (HM) deposits, also called as black 

sand deposits. Since 1930, the Indian Rare Earths Ltd. (IREL) and its predecessor 

companies have been engaged in beach sand mining along the Chavara coast for the 

extraction of heavy minerals. In 2000, the Kerala Minerals and Metals Ltd. (KMML), 

another Public Sector Undertaking situated at Chavara which was also engaged in 

beach sand extraction, entered the scene with large-scale mining of beach sand. As 

per the available data, the mining of beach sand by both these firms together is much 

beyond the annual replenishment by the hydrodynamic forces. Replenishment of these 

resources by the hydrodynamic processes is essential for maintaining the stability of 

the coast as well as for sustenance of mining. Depletion of heavy minerals in the 

beach sediments has been reported by the industries in the recent years. In addition, 

severe erosion and caving in of the beach at the mining sites have also been reported. 

The reported depletion of HM content in the beach sediments and the drastic beach 

morphological changes offered an interesting and important topic which has 

remarkable societal implications for this research under the Ph.D. programme. 

The investigation carried out during 2010-2016 has been taken up with the following 

aim and objectives: 

 Study the sediment dynamics and beach processes of the Neendakara-

Kayamkulam coast through field observations and numerical modelling 

techniques 

 Estimate the short- and long-term morphological changes in the beach and 

innershelf using multi-date data 

 Estimate the short- and long-term changes in the heavy mineral content of the 

beach and innershelf sediments 
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 Decipher the beach-innershelf morphological changes and heavy mineral 

depletion with reference to the hydrodynamics and other forcing factors 

As part of the investigation, an extensive review of literature that was intended to give 

the status of research in the topic of research was carried out. The literature study was 

confined to 4 themes encompassing the topic of research viz. coastal hydrodynamics, 

nearshore sediment transport, beach placers and beach-innershelf morphological 

changes. In addition to getting to know the emerging trend in research, both in the 

global as well as national scenario, the review has helped in fine tuning the 

methodology adopted for the work. The status of our knowledge on the topic of 

research and the lacuna relevant for the SW coast of India was summarized based on 

the literature review. It is found from the review that there are several studies on 

estimation of Longshore Sediment Transport (LST) for the surf zone of different 

coastal locations of the country using bulk formulas, but estimates using processes 

based numerical models are lacking. Computation of cross-shore sediment transport is 

rather scanty for the Indian coastline. Numerical modelling is emerging as an 

important tool in the country for analyzing and studying sediment dynamics in the 

coastal zone. The local wind data are not being incorporated in the models which is 

crucial while doing the numerical modelling of nearshore processes. Fine grid 

bathymetry also is critical in getting the desired accuracy in simulations using 

numerical models. Studies on erosion/accretion scenario of different locations of the 

coastline are several, but integration of the results of such studies with the sediment 

transport regime through numerical modelling is scarce. The studies point to the 

occurrence of erosion at many coastal locations which hitherto were stable and the 

role of anthropogenic factors as causative factors in such cases is quite evident.  

A comprehensive field measurement and data collation programme taking care of the 

requirements of the study including numerical modelling was meticulously planned 

and implemented during the period 2010-2015. Beach profiling, bathymetric survey 

and sedimentological investigations which are essential to confirm the reported beach 

morphological changes and depletion in HM concentration were initiated in 2010 

itself. Monthly beach profiles at selected stations and GPS based shoreline survey 

were conducted during the period 2010-2015 to study the beach morphological 

changes. Seasonal surficial sediment sampling from the beach and nearshore, 

suspended sediment sampling from two stations in the nearshore and one-time sub-
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surface core sampling from selected stations in the innershelf were systematically 

carried out during 2010-2011. Bathymetric survey was carried out in the month of 

April 2010 in the innershelf of Chavara coast along transects at 1 km interval and 

extending up to 20 m depth. The bathymetric chart prepared out of this survey was 

used in conjunction with bathymetric data collected by the Centre for Earth Science 

Studies (CESS) for the years 2000 and 2005 to understand the innershelf 

morphological changes over the 10 year period. Year round wave data for 2014, 

which is the most important one as far as the sediment transport computations and 

numerical modelling studies are concerned, were acquired through a wave rider buoy 

deployed at 22 m water depth off Ponmana, located in the central Chavara coast. 

Synchronous with the wave data, wind was also measured by using an automatic 

weather station installed at the beach. Monthly littoral environmental observations 

which include the measurement of longshore current, breaker wave and beach 

characteristics were also carried out at selected coastal locations during 2014. Further, 

hydrodynamic data analysis, analysis of the sediment samples, empirical orthogonal 

function analysis for the beach profiles, geo-spatial analysis for the beach-innershelf 

morphological changes and numerical modelling studies were carried out in the 

laboratory. 

 A study of the nearshore sediment transport regime of the Chavara coast has been 

carried out combining field measurements with computations using different 

mathematical formulations. The LST in the surf zone was computed by using both 

bulk formulae (CERC and Kamphuis) and process-based numerical model 

(LITDRIFT). The longshore (3-10 m depth excluding surf zone) and cross-shore 

sediment fluxes in the innershelf were estimated using the validated LITDRIFT and 

LITPROF modules of LITPACK modelling system respectively. The model results 

indicate dominance of annual onshore transport over offshore transport. The 

longshore transport in the surf zone is northerly while it is consistently southerly in 

the innershelf. The two counter-directional pathways are linked through the cross-

shore transport. The domination of the computed onshore flux is actually not reflected 

in the observed beach volume change, probably due to the influence of excessive sand 

mining by the industries. The actual quantity of sand available for onshore transport 

could be reduced due to the mining. This reduction in the replenishment of sand from 
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offshore will affect the stability of the coast with a net offshore transport instead of a 

net onshore transport computed by the model.  

A study of the sedimentology and mineralogy of the beach and innershelf sediments 

of the Chavara coast and the Arattupuzha sector north of it has been undertaken to 

understand the present status of HM distribution in the beach and innershelf 

sediments, to delineate the long-term trend in the HM distribution and to understand 

the mechanisms that drive these changes. The study establishes the contrasting pattern 

spatially in the long-term changes in the HM concentration. While there is depletion 

in the HM concentration in the beaches of the Chavara coast after 2000, the 

Arattupuzha sector north of Chavara coast shows an increasing trend during the study 

period. The innershelf records reduction in the HM concentration in both the sectors, 

but the change is relatively less in the Arattupuzha sector. The 2004 Tsunami brought 

down the HM concentration to as low as 2 % in the Chavara innershelf, but the impact 

was relatively less in the Arattupuzha innershelf. The observed long-term changes are 

attributed mainly to the unsustainable mining by the Public Sector Undertakings 

(PSUs). The construction of two breakwaters at Kayamkulam inlet and the onslaught 

of the 2004 Tsunami are the other two contributing factors. The extraction of huge 

quantities of beach sediments much beyond the sustainable limits reduces the level of 

sea bed and the quantum of sediment available in the innershelf for reworking by the 

hydrodynamic processes. With the construction of two breakwaters at Kayamkulam 

inlet, the Neendakara-Kayamkulam sector of the coast has become 

compartmentalized, thereby curtailing the sediment input from the adjoining coastal 

sectors. The 2004 Tsunami also had a devastating effect on this coast and the 

innershelf was deprived of a huge quantum of HM by the selective onshore transport 

of HM by the tsunami. It is quite possible that the Chavara coast may cease to be a 

commercially viable beach extraction site in a few decades if the sand extraction is 

continued at the present level. The beaches in the Arattupuzha sector in the north may 

continue to record high concentrations of HM due to the erosion of the barrier beach 

rich in HM content. 

A study of the short- and long-term morphological changes of the beach-innershelf 

system of the Chavara coast using multi-dated maps/images/data for the period of 

1968-2015 indicates an overall retreat of the shoreline and relative deepening of the 

innershelf. Simulation of the shoreline evolution using the LITLINE module of 
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LITPACK corroborates the observed retreat of the shoreline. The shoreline retreat has 

been quite alarming in the mining sites with a staggering figure of nearly 400 m at the 

Ponmana mining site during the period of 1968-2015. While the build-up of the beach 

due to the effect of breakwater at the Kayamkulam inlet has neutralized to some 

extent the high erosion in the northernmost sector, the shoreline south of the mining 

site has not undergone significant changes due to the presence of well-maintained 

seawalls. Study of the beach profile data using the Empirical Orthogonal Function 

(EOF) analysis and volume change computations for the period 2010-2014 for the 

northern sector of the coast where beaches are present indicates the increasing erosive 

tendency of the beach towards the end of the period. The deepening of the innershelf 

is noticed in general, and is more pronounced in the shallower portions up to a depth 

of 10 m. The observed changes in the beach-innershelf morphology can be mainly 

attributed to the intensified mining of the beach by the two public sector companies. 

The December 2004 Tsunami onslaught which resulted in the transport of a sizable 

quantity of innershelf sediments to the hinterland areas also has played some role. The 

construction of structures like breakwaters, groins and seawalls is another 

contributing factor to the morphological changes. Simulations using the LITLINE 

model show that the caving in at the mining sites will aggravate further in the coming 

years. 

7.2 Conclusions and Recommendations 

The major conclusions and recommendations that emanate from the present 

investigation are:  

 The nearshore sediment transport regime of a representative location of the 

Chavara coast comprises of: 

 Net northerly longshore sediment transport of 79,000 m
3
/year in the surf 

zone  

 Southerly longshore transport of 43,000 m
3
/year in the innershelf limited 

to 10 m depth; the direction is consistently southerly 

 Onshore transport of 77 m
3
/m/year 

 Offshore transport of 47 m
3
/m/year 
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 Domination of onshore flux as seen in the computations is not reflected in the 

yearly beach volume change, probably due to excessive sand mining 

 Shoreline has retreated by as much as 260 m at Vellanathuruthu and nearly 

400 m at Ponmana mining sites during the past 4 ½ decades 

 An overall deepening of the innershelf is observed. The deepening is more 

pronounced off the mining sites where the 10 m isobath has advanced towards 

shore by 790 m and 690 m, and 20 m isobath by 610 m and 670 m off 

Ponmana and Vellanathuruthu respectively 

 Depletion in the heavy mineral concentration in the beaches of the Chavara 

coast started after 2000 

 The innershelf also shows considerable reduction in the heavy mineral 

concentration both in the surface as well as sub-surface sediments. Though the 

2004 Tsunami brought down the surficial heavy mineral concentration to as 

low as 2 %, sorting processes during the subsequent period have raised the 

average innershelf concentration to 8 % in 2011 

 Shoreline evolution model outputs show that the erosive tendency of the beach 

in general and the caving in at the mining sites will intensify in the coming 

years 

 The main forcing factor for the beach-innershelf morphological changes and 

heavy mineral depletion is the mining by IREL and KMML. The 2004 

Tsunami onslaught and construction of  coastal structures are the other 

important contributing factors 

 There is an urgent need to reduce the intake of sediments by the IREL and 

KMML to the sustainable mining volumes 

 If the sand extraction is not limited to the sustainable mining limit, the 

Chavara coast may cease to be a commercially viable black sand extraction 

site in a few decades 

 Introduction of hard structures without proper impact analysis has to be 

strictly curtailed   

Coastal erosion is a serious problem faced by the coastal community. The 

Government is incurring huge expenditure towards coastal protection measures. Many 
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of the coastal protection and other coastal engineering projects like harbor 

development are being implemented without proper understanding of the coastal 

processes. Study of sediment dynamics, estimation of sediment budget and 

identification of the driving forces as done in the present study should be made 

mandatory for taking up coastal protection or other coastal engineering projects. 

7.3 Recommendations for Future Research 

Due to the increasing anthropogenic activities arising out of population pressure, 

resources exploitation and demand for infrastructural projects, the stability of the 

coastal zone in general is under threat. In order to solve coastal engineering problems, 

R & D efforts in the field of sediment dynamics modelling and sediment budgeting 

have to be further vigorously taken up, and the methodology fine-tuned using updated 

monitoring and numerical modelling techniques. The following up-gradations as 

regards observational and numerical modelling techniques are proposed for future 

studies.  

 Measurement of nearshore wave characteristics: Measurement of wave 

characteristics at the breaker line will fetch reliable results for sediment 

transport computations 

 Measurement of nearshore profiles: The fine tuning of the morphological 

model can be achieved by utilising measured monthly cross-shore profiles up 

to a depth of 15 m 

 Deployment of Streamer traps for LST measurement: The usage of sediment 

traps such as Streamer traps that can be exclusively used in the surf zone for 

measurement of LST facilitates the calibration/validation of computed LST  

 Installation of shore based video imaging system: Video cameras can be 

installed on the beach for round the clock imaging of the beach-nearshore 

system. Using appropriate software, the littoral environmental parameters like 

breaker wave height and angle, beach nearshore morphological changes, etc. 

can be derived 

 Incorporation of wind in the cross-shore transport model: Wind influences 

cross-shore transport significantly. Wind has to be incorporated in the cross-

shore transport model 
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 Utilization of processes based morphological models: Processes based 

morphological models such as CROSMOR, SBEACH, XBeach etc. can be 

utilised for simulating the cross-shore profiles 

The incorporation of the above suggestions in the future research will greatly improve 

the accuracy of the computations / model outputs and thereby enhance the capability 

of the numerical models to resolve the issues faced by the coast. 
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