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 Bed sediment samples were collected along the 9.5 km long inlet channel of Chilika lagoon, east coast of India during 

low freshwater discharge and low rainfall condition. Distributions of bed sediment along with its texture were studied in detail.  

Bivariate plots between mean, sorting, skewness and kurtosis of sediments revealed definite grouping pattern. The study, 

through C-M plot, indicates that the prime factors for transportation of sediment within inlet channel of Chilika lagoon are 

rolling and bottom suspension during period of low discharge and low rainfall (November-June). Sustainable conservation and 

management of wetlands require information on its past, present and future.  
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Introduction 

In coastal lagoons and estuaries, increased 

accretion rate often alter water renewal, and 

therefore hinders the functioning of local 

ecosystems. Over the period of time, most of the 

inlets exhibit seasonal variation in their 

morphology, which in turn control the exchange 

of water and sediments within the sea and lagoon. 

In micro/macro tidal coast, tidal inlets exhibit 

variable geomorphology owing to nonlinear 

interaction of inlets with its environmental drivers 

such as low period and high energy waves, tide, 

current and fresh water discharges
1-3

. Inlet 

geomorphology along east coast of India exhibits 

significant spatio-temporal variability and 

controls the freshwater discharge, sediment influx 

and saline water intrusion
4-5

. The processes 

mentioned above are primarily responsible for 

inlet shifting, sedimentation along the inlet 

channel
6 

and act as drivers for deterioration of 

water quality, proliferation of macrophytes
5
, 

reduction of tidal influx
7
 and salinity gradient

4
.  

Chilika lagoon, due to changing geomorphology 

of its inlet(s), has experienced most of the stated 

problems in the past and some are still persistent 

at present. To resolve some of the issues and to 

save the pristine environment of the lagoon from a 

foreseeable danger, Chilika Development 

Authority (CDA), Government of Odisha dredged 

open an inlet at Sipakuda in September 2000. 

After opening of the inlet at Sipakuda, the lagoon 

environment significantly improved and the 

lagoon was removed from the Montreux record 

and was enlisted as a Ramsar site in 2002, a 

wetland of international importance
1
. However, 

the restored ecology of the lagoon could not be 

sustained due to subsequent geomorphological 

changes of inlet(s)
1
. Among countless studies 

around the world coastline, few investigations 

have suggested that bed sediment characteristics 

have definite control on hydraulics of inlet
8
, 

locational inlet stability
9
 and also on bed load 

transport
10

. Besides, knowledge on bed sediment 

characteristics of an inlet channel is of great 

importance in differentiating various 

depositional/erosional micro environments. 

Therefore, it is crucial to investigate the sediment 

characteristics of tidal inlet of Chilika lagoon. 
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Perusal of literature reveals that most of the 

sediment research is limited to beaches and tidal 

inlet(s) along the Indian coast
11-29

 and provide 

information on sediment texture and mineralogy. 

However, information on sediment characteristics 

such as texture, sediment statistics and the 

transport processes within the inlet channel and 

also at the inlet are very sparse.   

Studies on circulation and salinity 

structure of Chilika lagoon and its impact on 

lagoon ecosystem 
1, 4, 5, 7, 30

  clearly indicate the 

impacts of inlet(s) closing/opening and shifting on 

lagoon hydrodynamics. Studies on sediment 

texture in and around Chilika lagoon including the 

outer channel have been conducted by many 

sedimentologists
31-34

 revealed that sediments are 

highly variable in spatial mode than seasonal 

mode except for the northern sector due to higher 

rate of seasonal fresh water discharge. 

Geomrphological changes of inlet(s) and their 

impacts on lagoon biodiversity are very 

significant, which has been described in a recent 

study
35

. However, the present study on bed 

sediment characteristics including transport 

mechanism within inlet channel of Chilika 

assumes importance as prior information on these 

aspects is not available and more so this 

information is vital to understand the 

sedimentation processes and the future 

geomorphological changes of inlet(s). Both 

qualitative and quantitative information on 

sediment characteristics and transport mechanism 

within the inlet channel shall supplement the 

management plan for sustainable restoration of 

Chilika ecosystem. 

 

Material and Methods 

The Chilka Lagoon, along Odisha coast, 

east coast of India (19
0
 28

’
- 19

0
 54

’
 N , 85

0
 06

’
- 

85
0
 35

’
 E) is about 64 km long and oriented in 

NE- SW direction with an average width of 13.5 

km (Figure 1) The catchment area of the lagoon 

experiences both southwest and northeast 

monsoon. Hence, the lagoon receives huge 

amount of fresh water and suspended solids 

during monsoon period. The lagoon acts as a sink 

to a large fraction of the sediments coming from 

the western catchment and Mahanadi river system 

while rests of the sediments are discharged into 

the sea through the inlet. Due to this huge 

sediment load into the lagoon system, decrease in 

depth of the lagoon, particularly in the northern 

sector, is alarming and ebb shoals are also 

observed
1
. Therefore, emphasis of the present 

study is to understand the sediment characteristics 

and transport processes within the inlet channel. 

This inlet communicates to the Bay of Bengal 

(BOB) at Sipakuda and also to the central lagoon 

at Magarmukh near station 16 (Figure 1). The 

length of tidal inlet is approximately 8Km with 

variable width. The depth of outer channel varies 

from 2- 6.5 m. The tidal characteristic near the 

shore front of Chilika lagoon is semidiurnal with 

an average spring and neap tide of 1.60 m and 

0.50 m respectively
1
.  Wave climate near inlet 

entrance may be characterized as high energy and 

low period waves approaching from south-south-

east, south-east direction with a maximum wave 

height up to five meter
36

.  Maximum flood (ebb) 

current near the inlet entrance is about 0.81 m/s 

(0.92 m/s)
1
. Lagoon and its outer channel 

accommodate rare species of Dolphin and hence 

is considered as a tourist site. Besides, this inlet 

acts as a major navigational channel for most of 

the recreational activities and fishing practices. It 

has been noticed that inlet entrances and 

associated island exhibit significant 

geomorphological changes due to influence of 

both longshore sediment transport and alluvial 

sediment deposits
1,37,38

. Geomorphological 

changes of inlet(s) brought significant 

transformation in water quality, biodiversity and 

hydrographic characteristics of the lagoon
4
. 

Keeping in view the geomorphological changes of 

inlet, inlet channel and the associated processes, 

study on sediment characteristics and transport 

processes within inlet channel bears importance. 

The bottom sediments were collected 

along 9.5 km long tidal inlet channel starting from 

inlet entrance to Magarmukh (station 16) during 

June, 2014. June corresponds to the period of low 

rainfall in the locality as well as low freshwater 

discharge into the lagoon
7
. Hence, the freshwater 

discharge from the lagoon to the sea through the 

inlet channel is minimal and the flood dominates 

over ebb. However, the present sampling was 

under taken during ebb condition which provides 

a conducive environment for sampling due to 

lower current speed and depth compared to flood.   

A Van Veen grab sampler was used to collect 

bottom sediments. The sediment sampling stations 

were selected using Global Positioning System 

(GPS) and each station was chosen at midpoint of 

the channel width. The detail station locations are 

shown in Figure 1. After collection of bottom 

sediments, samples were treated primarily for 

isolation of impurity and purification. Soon after 

isolation of impurity, samples were brought to the 

laboratory in a polythene container. Sediments 

were oven dried with temperature of 100
0
C 

following the prescribed method
39

. 
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Thereafter, 100gm of oven dried sediment was 

sieved for five minutes using Retsch-AS200 sieve 

shaker having interval of 0.5Φ from 0 to 4 Φ. 

After sieving for five minutes, the weight of 

sediments retained in each sieve was measured 

with precision electronic weight balance of 0.1gm 

accuracy. The statistical parameters such as mean, 

median, mode, sorting, skewness and kurtosis of 

grain size distribution were determined using 

GRADISTAT software. Besides, percentage 

distribution of sediments at each station was 

determined. The bottom sediment transport 

processes, erosion and accretion trends were 

investigated adopting established method
10

. Based 

on the above statistical parameters, bivariate plots 

and CM diagrams were prepared and the data 

analyzed. CM plot takes into account different 

modes of transportation by plotting coarsest first 

percentile grain size(C) and the median size (M) 

of the sediment samples on a double log paper
40

. 

The CM plot of sedimentary environment helps in 

analyzing transport mechanism, 

depositional/erosional environment with respect 

to size, range and energy level of transportation.  

 

Results and Discussion 

Grain Size Distribution 

In general, the sediment distribution is 

largely dependent on the efficiency of 

transportation processes. When the energy of 

transportation medium is high (low), it helps in 

withdrawal (addition) of finer sediments from (to) 

a sediment bed. The percentage distributions of 

sediment type based on mean grain size (Φ) at the 

sixteen selected stations are presented in Table-1. 

It is observed that the sediment composition at 

station-1 is different from other stations with 

maximum percentage (45%) of very fine sands. 

Also, the percentage of very coarse silt (7%) is 

highest in station-1. The nature of sediment 

composition is linked to its position near the inlet 

(Figure 1). It is a sheltered environment and 

favours deposition.  

 Stations 2 and 3 are on the north of the 

inlet, while station 4 and 5 are on the south of the 

inlet and hence exhibit different sediment 

composition. Compared to south of the inlet, 

stronger hydrodynamic conditions exist at the 

north of the inlet and hence the geomorphological 

changes on the north and south of the inlet are 

quite different
37

. The study showed that during 

2008-2010, the inlet has migrated 919 m 

northward and the southern side of the inlet 

moved towards the Bay of Bengal, while northern 

side moved towards the interior of Chilika lagoon. 

The particular pattern of geomorphological 

changes clearly indicates the prevalence of 

erosional environment on the north and 

depositional environment on the south. Because, 

the grain size distribution on the north of the inlet 

Fig. 1- Study area and station locations (marked with *) 
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(Station 2 & 3) is dominated by medium sand 

followed by coarse and fine sand while on the 

south of the inlet (Station 4 & 5), fine sand 

dominates followed by medium or coarse sand. 

Station 6 is located at an approximate distance of 

765 m from the inlet mouth (Station 4) and its 

sediment composition is almost similar to those at 

station 7 and 8, located within a distance of 1.4 

km from Station 6. Dominance of medium sand is 

observed at Station 6 & 8, while coarse sand 

dominates at Station 7. Pattern of sediment 

composition at the Stations 9 to 13 is similar. 

Mostly percentage of coarse sand is dominant in 

these stations followed by medium sand. Thus, it 

is evident that from Station 6 to Station 13 either 

coarse sand or medium sand dominates, which 

constitute the major portion of the inlet channel. 

The flow in this area is restricted to limited width 

due to the presence of small islands (Figure 1). As 

a result, the flow in these portions of the inlet 

channel is relatively stronger, which helps in 

settling of medium/coarse sediments and removal 

of finer sediments. On the other hand, the width 

of the inlet channel from Station 14-16 is 

relatively wider and hence the flow in this area is 

relatively weaker, which helps in the settling of 

fine sand. 
 

Table 1 - Percentage distribution of sediments (station wise) 

Station Coarse 

Sand 

(%) 

Medium

Sand 

 (%) 

Fine 

Sand 

(%) 

Very 

Fine 

Sand 

(%) 

Very 

Coarse 

Silt (%) 

S1 17.5 19.5 11 45 7 

S2 39 51 9.5 0.5 0 

S3 18.5 69 12.5 0 0 

S4 4.5 11.5 75 9 0 

S5 29 22 39 9.5 0.5 

S6 32 51 13.5 3.5 0 

S7 41.5 32.5 23 3 0 

S8 8.5 48 42 1.5 0 

S9 47.5 49.5 3 0 0 

S10 55.5 39.5 5 0 0 

S11 57.5 38 4.5 0 0 

S12 42 41 15 2 0 

S13 51 39 9.5 0.5 0 

S14 13 28 55.5 3.5 0 

S15 26.9 38.3 30.3 4 0.5 

S16 7.5 29 50 11.5 2 

 

Bed Sediment Texture 

 The textural characteristics of 

sedimentary environment can be assessed from 

statistical properties such as mean, standard 

deviation, skewness and kurtosis, which help to 

understand the process of deposition and erosion 

in a sedimentary environment. Besides, 

information on textural characteristics is helpful 

in a vicinity of constructional, geotechnical and 

developmental activities along the coastal regions. 

Sediment texture and energy conditions 

associated with the transportation medium have 

significant influence on sediment 

deposition/erosion pattern
10,41

. The statistical 

analysis of bottom sediment (Table 2) indicated 

that the mean grain size of bottom sediment varies 

from 0.81 Φ to 2.58 Φ with average value of 1.50 

Φ. The highest of mean sediment size (Φ) is 

observed at S1 while lowest value is observed at 

S11. Mean grain size of the sediments (Table 2) 

agrees with percentage distribution and the 

grouping pattern. The grouping, based on mean 

grain size, observed for the different stations are; 

fine at S1, medium at S2 and S3, fine or medium 

at S4 and S5, medium at S6-S8, coarse at S9-S13 

and medium or fine at S14-S16. Sediment sorting 

observed are mainly of three types; moderately 

sorted sediments from S10-S16, moderately well 

sorted sediments at S3-S4 and S8-S9 and poorly 

sorted sediment at S1, S5 and S7. The variations 

in the sorting values are likely due to continuous 

addition of finer/coarser materials in varying 

proportions 
27

. Similar to sorting, skewness are of 

three types; symmetrical skewed from S10-S16, 

except at S14 and S15, coarse skewed at S2-S3, 

S5, S8-S9 and S15 and very coarse skewed at S1 

and S14. Skewness variation also indicates both 

depositional and erosional environment under 

varying energy conditions. Kurtosis of the 

sediment indicates predominantly platykurtic to 

very platykurtic followed by leptokurtic and 

occasionally mesokurtic. The variation in the 

kurtosis values is a reflection of flow 

characteristics in the inlet channel
42

.  Grouping 

pattern which emerge between different sediment 

characteristics are; fine sediments present at the 

north of the inlet (S1) are poorly sorted with very 

coarse skewed and mesokurtic in characteristics. 

Medium sand mostly present at S2 to S8 and at 

S14-S15 are predominantly moderately sorted and 

occasionally MWS or PRS with coarse skewed 

and leptokurtic characteristics and represent an 

erosional environment.  

 

On the other hand, coarse sand mostly present at 

S9 to S13 are either moderately sorted or MWS 

with symmetrical skewed and platykurtic 

characteristics and also represent an erosional 

environment albeit with higher intensity than with 

medium sand. Bivariate plots of mean grain size 

with different sediment statistics (Figure 2) also 

corroborates the grouping pattern mentioned 

above. 
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Fig. 2- Bivariate plots of mean grain size with a) Sorting b) 

Skewness c) Kurtosis, where abbreviations are mentioned in 

Table 2 

Table 2 - Bed sediment characteristics (station wise)  

 

Station Mean(Φ) Sorting(Φ) Skewness Kurtosis 

S1 FS PRS VCSK MK 

S2 MS MDS CSK PK 

S3 MS MWS CSK LK 

S4 FS MWS SSK LK 

S5 MS PRS CSK PK 

S6 MS MDS SSK LK 

S7 MS PRS SSK VPK 

S8 MS MWS CSK LK 

S9 CS MWS CSK PK 

S10 CS MDS SSK PK 

S11 CS MWS SSK PK 

S12 MS MDS SSK PK 

S13 CS MDS SSK VPK 

S14 MS MDS VCSK VLK 

S15 MS MDS CSK MK 

S16 FS MDS SSK LK 

 

Note: FS-Fine sand, MS-Medium sand, CS-Coarse Sand, 

PRS-Poorly sorted, MDS-Moderately Sorted, MWS-

Moderately Well Sorted, CSK-Coarse Skewed, VCSK-Very 

Coarse Skewed, SSK-Symmetrical Skewed, MK-Mesokurtic, 

PK-Platykurtic, LK-Leptokurtic, VPK-Very Platykurtic, 

VLK-Very Leptokurtic 
 

 

 

 

From the distribution of grain size and the grain 

size statistics, it is evident that the bed sediment 

of the 9.5 km long inlet channel comprises of 

medium size sediments at two extreme ends and 

coarse sediments in the middle. Depositional 

environment with finer sediment at S1 could be 

due to its location at a sheltered region while at 

S16, it could be due to low energy environment 

associated with wider channel width
43

. Further, 

finer sediment distribution indicating depositional 

environment at S1 and S16 could be attributed to 

the spring-neap inversion of tidal asymmetry
44

. 

While mean grain size and their statistical 

analysis provide deeper insight on sediment 

distribution and the depositional/erosion 

environment, it does not provide sufficient clue on 

transport processes and the associated energy 

conditions. In order to have a better understanding 

of transport processes, we have examined C-M 

plot. 

 

Transport Process along Inlet Channel 

C-M plot (Figure 3) delineates the 

different transport processes (1-5) prevalent in the 

inlet channel. CM plot is subdivided into five 

segments (1-5) representing different transport 

processes. Corresponding to the five segments, 

the segments NO, OP, PQ, QR and RS 

respectively represents rolling, bottom suspension 

and rolling, graded suspension and no rolling, 

uniform suspension and pelagic suspension during 

the transport of sediments
45,46

. CM plot shows that 

most of the sediment samples occupy positions 

between NO and OP. The results indicate that the 

dominant modes of transport processes prevalent 

in the inlet channel during ebb condition are 

rolling and bottom suspension. Due to rolling of 

the sediments, the samples attain coarser size and 

are moderately well sorted to moderately sorted at 

the stations S9-S13 and also at S2, S3 and S6. 

Sediments at S1, S4, S8, S14-S16 are relatively 

finer in size and either moderately or poorly 

sorted and are subjected to bottom suspension and 

rolling. Sediments at S5 and S7 are medium in 

size with poor sorting and hence are subjected to 

graded suspension and no rolling. The study 

reveals that the prime factors for transportation of 

sediment within the inlet channel of Chilika 

lagoon are rolling and bottom suspension during 

the period of low discharge and low rainfall 

(November-June). 
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Fig. 3- C-M plot of sediment samples indicating transport 

processes along the tidal inlet (dots represent the 16 stations 

through their median and coarsest first percentile grain size. 

 

Conclusion 

Sediment samples were collected along 

the inlet channel of Chilika lagoon during low 

discharge and low rainfall period. Percentage 

distribution of sediment types based on mean 

grain size (Φ) indicate that out of the sixteen 

stations, either coarse or medium sand dominates 

over 11 stations which constitute the bulk of the 

inlet channel ( S2, S3, S6-S13, S15). In the rest of 

the stations (S1, S4-S5, S14 and S16) the 

sediment composition is mostly dominated by fine 

sand. Bed sediment texture was studied anlysing 

the sediment statistics such as sorting, skewness 

and kurtosis. The study reveals definite grouping 

pattern;  fine sediments at the north of the inlet are 

poorly sorted with very coarse skewed and 

mesokurtic in characteristics, medium sand 

representing an erosional environment at S2 to S8 

and at S14-S15 are predominantly moderately 

sorted with coarse skewed and leptokurtic 

characteristics, and coarse sand  mostly present at 

S9 to S13 are either moderately sorted or 

moderately well sorted with symmetrical skewed 

and platykurtic, and also represent an erosional 

environment albeit with higher intensity than with 

medium sand. Bivariate plots of mean grain size 

with different sediment statistics also corroborate 

the grouping pattern. Prime factors for 

transportation of sediment within the inlet channel 

of Chilika lagoon are rolling and bottom 

suspension during the period of low discharge and 

low rainfall (November-June). This information is 

vital while formulating the sediment transport 

model.   

 

Acknowledgements 

Authors are thankful to Department of Science 

and Technology, New Delhi for providing funds 

to first author through INSPIRE Fellowship 

[IF110358]. Also thanks the Authorities of 

Berhampur University for providing necessary 

infrastructures for doing this research. 

 

References 
1. Panda, U.S., Mohanty, P.K., and Samal, R.N., Impact of 

tidal inlet and its geomorphological changes on lagoon 

environment : A numerical model study, Estuarine 

Coastal Shelf  Science, 116(2013)29–40. 

2. Héquette, A., Hemdane, Y., and Anthony, E.J., 

Sediment transport under wave and current combined 

flows on a tide-dominated shoreface, northern coast of 

France, Mar. Geol., 249(3)(2008) 226–242. 

3. Moore, R.D., Wolf, J., Souza, A.J., and Flint, S.S., 

Morphological evolution of the Dee Estuary Irish Sea, 

UK: A tidal asymmetry approach, Geomorphology, 

103(2009) 588–596. 

4. Gopikrishna, B., Sinha, J., and Kudale, M.D., Impact on 

salinity of Chilika Lake due to changes in the inlet 

system, Indian J. Geo marine Sci., 43(7) (2014) 7. 

5. Panda, U.S, and Mohanty, P.K, Monitoring and 

Modelling of Chilika Environment using remote sensing 

data, (Proceeding of Taal 2007: The 12th World Lake 

Conference) 2008,  pp. 617–638. 

6. Pattnaik, A.K, Restoration and conservation of Chilika 

lagoon: An over view, Lakes and Coastal wetlands 

Conservation, Restoration and Management, (Capital 

Publishing Company) 2007, New Delhi, India, pp.425-

430. 

7. Mohanty, P.K., and Panda, B.U.S., Circulation and 

mixing processes in Chilika lagoon, Indian Journal of 

Geo marine Science, 38(2) (2009) 205–214. 

8. Visher, G.S., and Howard, J.D., Dynamic relationship 

between hydraulics and sedimentation in the Altamaha 

estuary, J. Sediment Res., 44(2) (1974) 502– 521.  

9. Kumar, N., and Sanders, J., Inlet sequence: a vertical 

succession of sedimentary structures and textures 

created by the lateral migration of tidal inlets, 

Sedimentology, 21(4) (1974) 491–532. 

10. McLaren, P., and Bowles, D., The effects of sediment 

transport on grain size distributions, J. Sediment Petrol., 

55 (1985) 457–470. 

11. Sahu, B.K., Depositional mechanisms from the size 

analysis of clastic sediments, J. Sediment Res., 34(1964) 

73–83. 

12. Satyakumar, P., and Subba Rao, M., Clay mineralogy of 

the riverine estuaries, east coast of India, Int. J. Earth 

Sci., 14(1987) 217-220. 

13. Krishana, Rao. B., Bhanumurty, P., and Swamy, A.S.R., 

Sedimentary characteristics of Holocene beach ridges on 

western delta of Krishna River, sea level variation and 

its impact on coastal environment, in: Tamil University 

publication no 131, edited by G. Victor Rajamanickam, 

Tamil University press (1990), pp.133- 143. 

14. Rao, V.P., Clay mineral distribution in the continental 

shelf sediments from Krishna to Ganges river mouth, 

east coast of India, Indian J. Geo marine Sci., 20 (1991) 

7-12. 

15. Mohan, P.M., and Damodaran, K.T., Distribution of 

clay minerals in sediments of Vellar river environment, 

east coast of India, Indian J. Geomarine Sci., 21(4) 

(1992) 300-302. 

306 



SAHOO et al.: BED SEDIMENT CHARACTERISTICS AND TRANSPORT PROCESSES 

   
 

16. Ramesh, R., and Subramanian, V., Textural 

characteristics of the Krishna river sediments, India, 

GeoJournal., 284(1992) 449-455. 

17. Seetharamaiah, J., and Swamy. A.S.R., Texture of inner 

shelf sediments off Pennar river, east coast of India, 

Indian J. Geo marine Sci., 23(4) (1994) 195-198. 

18. Seralathan, P., and Padmalal, D., Textural studies of 

surficial sediments of Muvattupvzha river and central 

vembanad estuary, Kerala, J. Geol. Soc. India, 43(1994) 

179-190. 

19. Raman, C.V., Rao, G.K., Reddy, K.S.N., and Ramesh, 

M.V., Clay mineral distributions in the continental shelf 

sediments between the Ganges mouths and Madras, east 

coast of India, Cont. Shelf Res., 15(14) (1995)1773-

1793. 

20. Mohan, P.M., Sediment transport mechanism in the 

Vellar Estuary, east coast of India, Indian J. Geo marine 
Sci., 29(1) (2000) 27-31. 

21. Rajasekhara Reddy, D., Karuna Karudu, T., and Deva 

Varma, D., Textural characteristics of south western part 

of Mahanadi Delta, east coast of India, Journal of Indian 

Association of Sedimentologists, 27(1) (2008) 111-121. 

22. Ramanathan, A.L., Rajkumar, K., Majumdar, J., Singh, 

G., Behera, P.N., Santra, S.C., and Chidambaram, S., 

Textural characteristics of the surface sediments of a 

tropical mangrove Sundarban ecosystem India, Indian  

J. Geo marine  Sci., 38(4) (2009) 397-403. 

23. Venkatramanan, S., Ramkumar, T., and Anithamary, I., 

Textural characteristics and organic matter distribution 

patterns in Tirumalairajanar river Estuary, Tamilnadu, 

east coast of india, International Journal of Geomatics 

and Geosciences, 1(3) (2010) 552-562. 

24. Dora, G.U., Kumar, V.S., Philip, C.S., Johnson, G., 

Vinayaraj, P., and Gowthaman, R., Textural 

characteristics of foreshore sediments along Karnataka 

shoreline, west coast of India, Int. J. Sediment 

Res., 26(3) (2011) 364-377.  

25. Anithamary, I., Ramkumar, T., and Venkatramanan, S., 

Grain Size characteristics of The Coleroon Estuary 

Sediments, Tamilnadu, east coast of India, Carpath. J. 

Earth Env., 6(2) (2011) 151-157. 

26. Dora, G.U., Kumar, V.S., Johnson, G., Philip, C.S., and 

Vinayaraj, P., Short-term observation of beach 

dynamics using cross-shore profiles and foreshore 

sediment, Ocean. Coast. Manage. 67(2012) 101-112. 

27. Ganesh, B., Rao, M.J., Karudu, T.K., and Avatharam, 

P., Studies on textural characteristics of sediments from 

Gosthani River Estuary-Bheemunipatnam, AP, East 

Coast of India. Journal of Indian Geophysical Union, 

17(2) (2013) 139-151. 

28. Chauhan, R., Ramanathan, A.L., and Adhya, T.K., 

Patterns of seasonal variability in granulometric 

characteristics of Bhitarkanika Mangrove – estuarine 

complex , East coast of India, Indian J. Geo marine Sci., 

43(2014) 1077–1084. 

29. Venkatesan, S., and Singarasubramanian, S.R., 

Depositional Environmental studies of sediments near 

Arasalar river mouth , Karaikal region Pondicherry 

Union Territory , East coast of India, International 

Research Journal of Engineering and Technology, 2(2) 

(2015) 677–688. 

 

 

 

 

 

 

30. Jayaraman, G., Rao, A.D., Dube, A., and Mohanty, 

P.K., Numerical Simulation of Circulation and Salinity 

Structure in Chilika Lagoon, J. Coastal Res., 23(4) 

(2007)861–877. 

31. Venkatarathnam, K., Studies on some aspects of the 

sediments of Chilka Lake (a coastal lagoon), Ph.D 

Thesis, Andhra University, Andhra Pradesh, India, 

1965. 

32. Panda, D., Studies on texture and organic carbon in the 

sediments of Chilika Lake, M.Phil. Thesis, Berhampur 

University, Odisha, India, 1988. 

33. Sahu, B.K., Pradhan, B.B., and Mishra, S.B., Texture 

and grain size parameters of coastal sediments of 

Chilika lake, Indian J. Geo marine Sci., 19(1990) 226-

227. 

34. Pal, S.R., and Mohanty, P.K., Use of IRS-1B data for 

change detection in water quality and vegetation of 

Chilka lagoon, East coast of India, Int. J. Remote 

Sens., 236(2002) 1027-1042. 

35. Sahu, B.K., Pati, P., and Panigrahy, R.C., 

Environmental conditions of Chilika Lake during pre 

and post hydrological intervention: an overview, 

 Journal of Coastal Conservation, 18(3)(2014) 285-297. 

36. Mohanty, P.K., Patra, S.K., Bramha, S., Seth, B., 

Pradhan, U., Behera, B., Mishra, P., & Panda, U.S., 

Impact of Groins on Beach Morphology: A Case Study 

near Gopalpur Port, East Coast of India. J. Coastal Res., 

279 (2012) 132–142. 

37. Samal, R.N., The transport of sediments in Chilika 

lagoon, East Coast of India, Ph.D Thesis,  Berhampur 

University, Odisha, India, 2012. 

38. Mishra, S.P., and Jena, J., Migration of Tidal Inlets of 

Chilika Lagoon, Odisha, India–A Critical Study, 

International Journal of Engineering and Technology, 

6(5) (2014) 2453–2464. 

39. Folk, R.L., and Ward, W.C., Brazos River Bar: Astudy 

in the Significance of Grain Size Parameters, J. 

Sediment Petrol., 27(1) (1957) 3–26. 

40. Passega, R., Texture as characteristic of clastic 

deposition, Aapg. Bull., 419(1957) 1952-1984. 

41. McLaren, P., An interpretation of trends in grain size 

measures, J. Sediment Res., 51(1981) 2. 

42. Baruah, J., Kotoky, P., and Sarma, J.N., Textural and 

geochemical study on river sediments: a case study on 

the Jhanji River, Assam, Journal of  Indian 
Association Sedimentology, 16 (1997) 195-206. 

43. Nayak, G.N., Grain size parameters as indicator of 

sediment movement around a river mouth, near Karwar, 

west coast of India, Indian Journal of Geo-Marine 
Science, 254(1996) 346-348. 

44. Toublanc, F., Brenon, I., Coulombier, T., and Le Moine, 

O., Fortnightly tidal asymmetry inversions and 

perspectives on sediment dynamics in a macro tidal 

estuary (Charente, France), Continental Shelf Research, 
94 (2015) 42-54. 

45. Angusamy, N., and Rajamanickam,  G.V., Depositional 

environment of sediments along the southern coast of 

Tamil Nadu , India, Oceanologia., 48(1), (2006) 87-102. 

46. Passega, R., Grain Size Representation by CM Patterns 

as a Geological Tool, J. Sediment Petrol., 34(4), (1964) 
830–847. 

307 


