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The present paper examines the inlet behaviour, in terms of the shifts in the inlet location over 

a span of last eight years (2002-2010), and its impact on the adjacent beach-dune complex. 

Valvati tidal inlet is observed to exhibit a strong instability in its location and is characterized 

by seasonal shifts in the ebb channel across the beach with a history of inlet migration over 

complex in the north was found to be more stable and recorded less of variations whereas, 

the southern section of this complex (closer to the inlet) exhibited maximum variations. 

These variations were in terms of lowering of the dune crest and erosion on either side as 

observed to have direct impact on the lower section of the dune complex. Lowering and 

recession of the dune complex exhibited changes in the tidal prism at Valvati. The depth at 

the inlet throat reduced considerably by 2010 (1.24m) as against the 2008 (3m) condition. 

2010 condition exhibited a tidal prism of 1.1 * 106 m3 as against a tidal prism of 9.2 * 106 

m3 in 2008.  A strong cyclicity, in terms of the inlet shifts, along with the inlet behavior 

induced changes in the adjacent beach-dune complex is thus ascertained for this region. 

Inlet, ebb channel, beach-dune, inlet migration, tidal prism

Introduction

Tidal inlets are the prevalent morphologic 

features along the coastline that serve 

as extremely important conduits for the 

exchange of water and sediments between 

bays, lagoons or estuaries and the sea 

the most dynamic features along the coast. 

Complex temporal and spatial interactions 

of waves, tides, longshore currents and 

sedimentary structures are observed along 

the inlets. Though a classical image of an 

inlet is that of a breach across a barrier 

island, inlets are certainly not restricted to 

barrier environments only. Inlets can be cut 

through unconsolidated shoals or emergent 
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barriers as well as through clay, rock or 

and on regional terminology, almost any 

opening in the coast, ranging from a few 

meters to several kilometers wide, can be 

2002). Inlets are important economically as 

well as ecologically. Because they interrupt 

the uniformity and continuity of coastal 

processes and sediment transport, tidal inlets 
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either ephemeral in nature or are associated 

with rapid large-scale morphologic changes. 

Thus, the behaviour of the inlets can have 

and economic impacts. Similarly, inlets can 

by interrupting the longshore transport and 

trapping onshore-offshore moving sand 

alongshore in the direction of net longshore 

drift. The rate and mechanism of inlet 

migration vary depending on several factors 

including wave climate, tidal range, depth 

of the main channel, nature of the substrate 

into which the channel is incised, sediment 

supply, and rate of the longshore transport 

shoreline behavior along adjacent shorelines 

role of inlets in controlling the cyclic nature 

of barrier island morphodynamics was well 

established by modeling inlet behavior in 

meso and micro-tidal conditions by Hayes 

represent the largest sediment sink along the 

coast, and are believed to be responsible for 

Inlet dynamics can give rise to 

remarkable alterations of adjacent beaches 

are responsible for most of the beach erosion 

along U.S. East Coast barrier islands. 

the barrier beaches along the mid-Atlantic 

A comparison of six inlets by Galgano 

demonstrates a consistent pattern of change. 

erosion is a mobile planform feature and 

its spatial behavior is time dependent. 

However, this study was restricted to the 

suggested the effects of inlet shifts on the 

observed that the Karambunai (Sabah, 

erosional and exhibits updrift erosion due 

to the inlet dynamics. 

Numerous tidal inlets are observed along the 

the cases the tidal channels are observed to 

have developed shoals at various locations 

migration, Navigational problems, updrift 

beach erosion and barrier breaching. Valvati 

tidal inlet channel like other inlets also faces 

the shoaling problem. Valvati tidal inlet has 

a migratory history which can be traced 

through the available records such as, Survey 

2004). However the tidal inlet appeared 

to have stabilized at the southernmost end 

be located there till October-November 

2003. This inlet was characterized by a 

relatively small, minimum inlet width with 

(varying for different periods under study 

No historic bathymetric surveys exist for 

the inlet and the adjacent region. Surveys 

by Wakhare (2002) indicated that the ebb 



Transactions | Vol. 35, No. 1, 2013 | 125

channel thalweg reached a depth of 0.4 m 

below mean sea level and the tidal prism of  
3 was calculated following the 

Taking in to consideration the inlet 

behavior it was thought to assess the impact 

aim of the present study is to understand the 

changes brought in the beach-dune complex, 

as induced by the tidal inlet shifting, under 

the temporal variations in the beach-dune 

plan form. ii. To examine the changes in 

the position of inlet and iii. To investigate 

spatio-temporal variations in the beach-

dune complex Visa-Vis inlet position and 

its impact on the tidal prism.

The study area, forms a small stretch of 

represents the mouth portion of Valvati 

stream. The present study is mainly 

concentrated on the southern portion of 

Valvati-Aravi beach, the dune complex 

behind the beach and the tidal inlet 

interconnecting the beach and the bay. This 

area lies between 720 0 
0 4’ 10” North 

0

under consideration forms the low lying 

area (along with the beach and the dune 

environment) of the basin lying between 

the Kondvil and the Shrivardhan headlands. 

Aravi and Valvati villages are located on a 

study area covers the southern beach, the 

dune complex and the tidal inlet proper. 

The morphological set up of the study area 

 Location of the study area
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 The beach forms one of the major 

zones of the system. The entire stretch of 

the beach from Kondvil to the Creek mouth, 

south of Aravi is about 4 km. The beach 

is marked with the presence of dune. The 

dunal range, from the southern point to an 

plantation, there after it has exposed dunes. 

Just behind the dune a small tidal channel 

fed only by the marine water bifurcates from 

the main channel. Western bank of it is of the 

The exposed portion of the aeolinite is 

rather static and runs for a length of almost 

dune and the beach. It separates the smaller 

tidal channel from the main channel. The 

main channel, which has its source in the 

neighbouring coastal hill ranges, travels a 

in to the Arabian Sea. A very small tract of 

it forms a part of the tidal basin wherein 

extensive mangroves are observed to have 

come up. Valvati tidal inlet was selected 

for the present study as it is characterized 

by inlet shifts in a natural set-up.  This 

phenomenon is recorded in the past by 

Wakhare (2002 and 2004).

The primary data was generated through 
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collected which was necessary in order 

to make comparisons and come to the 

conclusion related to the set aim.

to determine the spatial aspects of the forms 

as well as detailed documentation of the 

landscape scenario observed in the region. 

The surveys have been carried out with the 

Dumpy Level, theodolite and a hand held 

GPS, whereas for documentation, ‘still and 

video’ photography of the region was carried 

out. The terrestrial surveys were conducted 

in pre-monsoon season.

ii. Beach-Dune and Inlet Plan mapping, and 

 Before 

the initiation of the mapping component, 

it was necessary to identify a reference 

point, preferably a known point that would 

serve as a bench mark  for the entire survey 

work. Since certain data was borrowed from 

surveys carried out earlier (Wakhare, 2002 

and 2004) the same location which was 

considered and marked as bench mark for 

the earlier studies was again located and 

marked as the reference point for the present 

work. The height of this point was recorded 

maintained in the present study. Thus, all the 

readings were later on reduced to the scale 

 This was done basically 

using the hand held GPS. The GPS was 

calibrated and the accuracy level was noted 

down. Since this is a lower end GPS the 

heights given by it are not reliable. Thus 

GPS was used only for locating the points 

on the ground and not for deducing the 

elevation values. The entire segment of the 

Beach, from the portion where the exposed 

dune starts, up to the tidal channel mouth 

was traced initially. Similarly the southern 

beach portion was also mapped. Thus, for 

the beach portion low tide line, high tide line 

and the berm line were mapped extensively. 

Sea ward and land ward dune edges were 

also mapped using the GPS. Details of the 

inlet and the channel across the beach were 

also mapped. This helped in preparation of 

the plan map and a geomorphic map of the 

study area.

 The third 

component of field work comprised of 

level along with GPS was used. At the 

geographical locations of these pegs were 

ascertained with the GPS. These pegs helped 

the successive readings were taken with 

generated for the area under consideration. 

put through simple technical analysis in 

order to derive the necessary variables, 

which were used for further analysis. Using 

the conventional methods for deriving 

the reduced levels, elevation values were 

of the points surveyed on the beach-dune 

complex were also plotted manually and then 
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 In order to bring 

out the shifts in the location of inlets, the 

maps prepared were superimposed for the 

successive years and the net change in the 

location was analysed. Similarly the changes 

in the dune extent were also measured by 

Previous studies carried out by Wakhare 

inlet had stabilized and did not exhibit any 

shifting tendency. The maximum velocity 

and equilibrium velocity versus inlet cross 

that the inlet location to be stable. However 

Wakhare year in her concluding remarks 

raised some concerns about shoaling of the 

inlet and possibility of inlet shift in the near 

future. 

During a monsoon storm in 2003 it was 

noticed that the ebb channel breached the 

northern bar and the inlet position shifted 

inlet repositioned itself where previously 

the natural casuarina vegetation existed in 

2002. The channel across the beach became 

straight and the down drift bar got attached 

to the left bank of the ebb channel. As a 

result of the inlet shift the dune portion 

suffered from heavy erosion especially at 

the southern tip along with the sea ward and 

land ward dune faces. Due to this breach, in 

2004 a portion of the natural vegetation that 

got detached from the northern bar became 

a part of the southern bar (plate 1b).  

revealed the fact that the inlet was unable to 

scour its gorge and was not able to stabilize 

itself at the new location. This was evident 

west. This shift had a major impact on the 

dune portion which can be observed in the 

of the bar experienced heavy erosion 

and felling of the casuarina trees as the 

landward portion of the ebb channel took a 

sharp bend before moving on to the beach. 

The remnants of the natural vegetation 

which were seen in 2004 (plate 1b & c) 

got completely uprooted as the southern 

a conspicuous depression remained at the 

southern most portion of the study area. 

The down drift bars mostly got attached to 

the land ward side. 

across the beach became straight and 

developed a number of depository features 

in the sea ward direction suggestive of the 

possible ebb delta formation. Depressions 

current ripples on either side of the channel 

that moved across the beach indicated 

northern bank of the inlet was near vertical 

that was subject to active bank erosion due 

to undercutting currents, while the southern 

bank was marked by the presence of 

boulders. The depression mentioned in the 

in the previous surveys) coincided with 

location of the ebb channel course of 2002. 

The inlet position was noticed to have 

almost stabilized by 2010 as there was no 

shift observed in the inlet position from 
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 Comparative diagrams of the inlet shifts and related changes in the adjacent beach-dune 

complex (2002-2010)

 Location of Valvati Inlet from 2002 to 2010
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to have silted as the depth was about 

Extension in bay ward deposits was also 

noticed. Expansion and increase in height 

marking of high tide level which appeared 

narrow belt of embryo dunes with vegetation 

was developed by 2010 (plate 1e). 

Analyses of the surveyed maps indicate 

that the orientation and position of the ebb 

channel have changed repeatedly over time 

and have dictated much of the changes in 

the adjacent dune and beach complex in the 

to the north with a straight channel moving 

across the beach. It started shifting towards 

south and assumed its location due south in 

2002. However, during this period the ebb 

channel across the beach did exhibit shifting 

tendency. It was this period when the Valvati 

tidal inlet was more or less stabilized and 

indicated the formation and stabilization of 

Dramatic changes were recorded after 

2002 in the direction and rate of movement 

in the northern direction. In the next two 

direction. During the same period the 

remnant bar vegetation was uprooted 

in south west direction from its location in 

much closer to that of the 2002 position 

and most of the bar that was eroded during 

the last six years has resurfaced. However 

there are considerable changes as far as the 

vertical extent of the bar is concerned. It can 

be clearly observed that the dune edge has 

receded from its position in 2002 by almost 

runs through a straight path in 2010 which 

appears to be the previous branch of the 

main channel of 2002 condition. The dune 

part along with its  extended bar in 2002, 

which was  eroded and showed maximum 

variations in terms of the inlet shifts, appears 
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to have  rebuild again by 2010. In all, a zone 

of 200m was demarcated as an active zone 

The changes in terms of the vertical 

extent of the bar and the beach-dune 

complex also exhibit changes with respect 

to the inlet shifts. The changes in the beach-

dune complex are recorded for the study 

period which can be directly attributed to 

the inlet shifts.

Valvati beach extends for 4.2 Km and is 

backed by the dune. The average width 

of the beach is approximately 120 m. at 

neap tide and around 140m during spring 

tide. However the width is not uniform 

throughout the beach length and the beach 

becomes narrower especially towards the 

north. The Dune complex is well established 

and has a good vegetation cover. A road cuts 

the northern region. Dune portion along the 

Aravi settlement and south of it has been 

stabilized by the plantation of casuarina 

Aravi settlement is taken in to consideration. 

under consideration. The dune complex has 

an average width of 120m. It runs parallel to 

further from the dune edge to the inlet for 

another 400m. Thus altogether the study 

area is having a length of about 1340m. The 

beach in this part has an average width of 

about 100 to 120 m. 

In order to understand the changes in the 

beach-dune complex due to the inlet shifts 

it was essential to bring out the vertical 

changes in the adjacent beach-dune portion. 

These variations are highlighted below.

 Active zone of inlet shifts 
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the previous years were also extracted, for 

the same locations, from the data generated 

earlier. Though it is expected that the major 

would be directly related to the wave energy, 

storm conditions, the impact of the inlet 

behaviour on the adjacent beach- dune 

for the region, that was thought to be much 

away from the inlet impact zone, were 

attempted along with the zones much closer 

to the low tide line, while the rest of the 

marked the southernmost limit of the dune. 

the bar top and up to the low tide line on 

attempted from this location down south as 

this region was marked as the active zone 

wherein the inlet exhibited its shifts in the 

past ten years. 
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the dune portion is concerned. In fact this 

was the narrowest portion of the dune with 

these cannot be directly attributed to the 

inlet shifts. Though variations in terms of 

dune face erosion on the sea ward as well 

as land ward side are conspicuous. A major 

a well established berm. This can be clearly 

the initiation of the lowering of the dune 

crest. Lowering of the dune crest, erosion 

of the sea ward dune face and development 

of the berm are well marked in the next two 

eight respectively. Dune face recession by 

the tip of the dune and indicate overall low 

dune heights. Dune crest lowering is again 

observed in this case as well. It is the tenth 

variations. This was the region where in 

2002 the extended vegetation was marked. 

Beach also indicated overall erosion but 

accretion towards the low tide line.

A general aspect which can be induced 

in the representative profiles from the 

upper, middle and lower sections of the 

upper zone does not exhibit any major 

variations which can be attributed to the 

inlet shifts. Though, berm formation is 

more conspicuous in this section that cannot 

be attributed to the inlet behaviour. Berm 

formation and the accretion at the lower 

end of the beach are indicative of the low 

shows typical berm formation. 

Generalized pattern for the middle 

section shows much variation in the beach 

zone along with the berm formation. This 

zone is not too close to the inlet shift zone, 

but the fact that the runnel, which at times 

has shown a tendency to get it self attached 

to the ebb channel across the beach, might 

be responsible for the dune face erosion 

cannot be ruled out.  

The lowermost zone is closest to the inlet 

shift zone and exhibits maximum variations. 

The variations in terms of the lowering of 

the dune crest and the bar can directly be 

attributed to the inlet shifts in this case. 

As and when the inlet shifted in northward 

direction it obviously has initiated the 

erosion process for the beach-dune complex 

in the immediate neighbourhood. Same 

thing cannot be spelled out for the northern 

section. The ebb channel moving across the 

beach becomes more elongated and follows 

a curved path as and when the inlet resumes 

the southward position. The ebb channel 

moves in a meandering fashion and erodes 

most of its dune ward banks. This results 

in the dune face erosion. In case of Valvati, 

this mechanism. As the dune face erodes, 

the dune position at times may recede. In 

case of Valvati the erosion of the dune face 

resulted in uprooting of the casuarinas trees 

and dune face erosion.
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Valvati inlet has a shifting tendency and has 

exhibited its impact on the adjacent areas.   

The area specific conditions, which can 

be stated in the form of conclusions of the 

present study, are discussed below.

Overall, Valvati inlet shows a strong tendency 

of southward shift. This southward shift is 

also partly due to the presence of the northern 

barrier. Definite shifts were recorded for 

Valvati inlet location from 2002 to 2010. A 
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Dune edge has receded from its position in 

was accompanied by the dune lowering. 

Overall, dune face erosion and dune crest 

lowering was observed. Uprooting of the 

trees on the seaward face of the dune was a 

common scene in this area.

a direct impact on the dune complex which 

lower section. The lowering and recession 

of the dune complex increased the tidal inlet 

the low level farms at Khargaon village 

and the wells at Valvati danda village. The 

tidal prism computed was much less 1.1 

inlet position appeared to be stabilized at 

shallowing of the ebb channel.  

Extension of the northern bar in 

southern direction along with the inlet 

throat shallowing and low tidal prism 

indicated that the net amount of water 

getting in to and out of the bay to have 

considerably gone down. Discussion 

with the local folks at Valvati, Aravi and 

Khargaon revealed the fact that the farms 

have remained safe from the sea water 

intrusion in these last one year.  

The channel depth at the inlet proper 

and that of the main ebb channel has 

considerably reduced due to extensive 

shoaling effect. The channel is unable to 

scour its gorge and maintain the depth at the 

inlet. If further shoaling in the ebb channel 

continues it may lead to the partial or total 

closure of the inlet. In such a circumstance 

there is a probability of the inlet to shift its 

location in near future.  
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