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Executive Summary

This report includes the study on shoreline change assessment along Vizhinjam coast
about 40km stretch for the period from Octobe2@t September 2A2using available high
resolution satellite images and field measured beach profile data.

In the previais Annual reports for the period October 2017 to SeptemberQ&b®er 2018

to September 2018nd October 2019 to September @(be result from the shoreline change
analysis using high resolution satellite images carried out for-2008 and annual viation

for the years 20132016, 20162017, 20172018 has been presented and the spots of erosion
listed from the above analysis using high resolution satellite images are Valliyathura (CSP63
to CSP67), Punthura (CSP53 to CSPPOpvarto Edapadu (CSP0Ob ICSP09). The zones of
erosion and accretion have been derived from the available high resolution satellite images
(20m 5mand 1m) for the months from October 20to September 202and it indicates erosion
(coastal length in mis noticed atkochuveli (2®m), Shangumugham (100m), Valliyathura
(50m), Cheriyathura (120m), Punthura (150m), Mullur (29@)luvila(500m) and accretion

at Thumba, Vettucaud and Shangumugham, Punthura, Adimalathura, Karumkulam, Poovar
and Edapadu beacBhoreline analysis usinggh resolution satellite images (1m) has been
analysed for the years 2011 and 2021. The erosion is noticed at Shangumugham (600m),
Valliyathura (200m andCheriyathura (100mand stable from Thumba o Vettucaud.

AVPPL has provided the monthly beach profile data collected (for the entire stretch of
40Km at 81sector} by the surveying agency for the period from Octob&020 September
2021. These have been analyzed, QA and QC have been carried out and firsatslatare
made. Due to Covid9 protocol restrictiorand unfavorableweather conditionsnshore
profiles for the monthof May 2021andJune2021 and offshore profiles for October 2020
May 2021, June2021, July2021have not been collected. The other dadts foronshore part
(after removing the sea wadbications)and for offshore parbhave been used for analysis of
beach changes monthly seasonally, yearly and intannually basis which has been included
in thereport. The beach volume charn@ashorefor October 2020 to September 202fows
erosion at Poovar (CSP1%7 and CSP121), Karumkulam (CSP24),Pulluvila to
Adimalathura (CSP281), Adimalathura (CSP34), Mullur (CSR38), Kovalam (CSP424),
Pannathurdo Punthura(CSP5153), Valliyathura (CSP66), Vettucaud to Kochuveli (CSP72
75), Kochuveli (CSP77) and Thumba (CSP81) on onshore. Accretion foilédaadibeach
(CSP02), Poovar (CSP18), Karumkulam (CSR23p and Karumkulanto Pulluvila (CSP25
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28), Adimalathura (CSP33)ShangumughaniCSP6971), Valiyaveli (CSP78) and Thumba
(CSP80).
As a part of the scope of work, following reports haen submitted by NIOT:
A | Quarterly report, October 20 to December 280 have been submitted in
February 202.
A 1l Quarterly report, January 2020 March 202 has been submitted May 2021
A 1l Quarterly Report April 202 to June 202 has been submitted Dctober2021.
A IV Quarterly report, June 2020 September 202has been submitted in December
2021.
A Inthis finalreport comprising of one year study including available high resolution
satellite imageries, beach profile and other related measurement has been analyzed
and reported for the period OctobelP@ September 202
In addition, NIOT has provided a wavieler buoy which is deployed / installed and
periodically maintained with the help of APL and the data received by NIOT are evaluated.
Monthly andhalf yearly reports of the periodical dataalysis(water quality, oceanographic
and bathymetric data) hagsen receiveffom M/s Shankar and Cadata and modeling report
for the periodMarch 2019 to February 2024y LNTIEL and various measurement reports
submitted byAVPPL has been received and vetted by NIOT till Septembet.202



1 INTRODUCTION

NIOT had beenengaged by Adani Vizhinjam Port Private Limited (AVPRL}he studies
on shorelinechangeanalysisalongVizhinjam coastusing high resolution satellite imagésr
the periodf one year fronOctober2017to Segember2018.Vizhinjam International 8aport
Limited (VISL) has subntied the draft annual report vide lettéo. VISL/201617/EE&EF}
19/1326 dated 11/01/2019 from vetting by NGT appointed expert committee and shoreline
monitoring cell. After incorporating the comments received from both the committees during
the meeting held on 12/02/2019 and 13/02/2019, NIOT has submitted the final study report on
03/03/2019, the same is Wearded by VISL wide letter NoVISL/2016-17/EE&EI-19/1610
dated 16/03/2019 to Member Secretary NGT appoictamittee. Similarly, NIOT has
carried out the study on shoreline change analysis using beach profiles and available satellite
images for the year October 2018eptember 2019and for theayeDdober 2019 September
2020

Subsequently, with reference to the mail dated 20/11/2020, NIOT has received the work
order to carry out the study on shoreline change analysis using beach profiles and available
satellite images for the year October 2020 tot&aper 2021. Accordingly, NIOT procute
thdatest availablesatellite datdrom National Remote Sensing Centre (NR%@( obtained
field measuredlata setgbeach profile) from AVPPLa study theshoreline changes analysis
for 40 km stretch along Vizhinjagoast

This report consists of the study on shoreline change analysis carried out over 40 km

stretch keeping Vizhinjam Port as center, using latest available satellite images and beach
profile data for the period from OctoberZlto September 202

2 OBJECTIVES
i) To assess the shoreline change over the 20 km coastline on eithéekidgm portusing
satellite images and beach profile data for the @edober 2@0to Septembe2021.

i) To identify the erosion and accretion hotspots using available atedsrd high resolution
multispectral images acquired by remote sensing satellited-imhdl measuredeach
profile data for the yeadctober2020to Septembe2021.

iii) Vetting of reports on oceanographic, hydrographic, bathymetric field measured data and

numerical model studies provided by AVPPL.
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3 METHODOLOGY & DATA USED

Themethodologyflowchartis shown inFigure 3.1 The shoreline change analysis has
been carried out using satellite images to estimatatb@fchange in terms of distance eroded
or accreted and theate ofchange estimted using cross shore profile in terms of area and
volume. From the satellite imagele shoreline has been extracted after rectification and co
registration The shoreline change rate fro@ctober2020to September2021 has been
analysedand the trend ds been compared with beach profile data. Digital shoreline change
analysis system(DSAS) is a software application that works within the Geographic
Information System (ArcGIS) software. DSAS computes-oftehange statistics for a time
series of shoreline vector dataslalsouseful for computing rates of change for other boundary
change conditions that incorporate a cleddlgntified feature position at discrete times.

Similarly, the beach profile datagerpendicular to the shoreline for 40 km stretch at
intervals of 500m, using RTK or total station landwardaipfOOm distance frorTL or +2m
elevation w.r.t. HTLand usingshallowdraft boats, sled or any other suitable techniques
seaward down to 10m Cébllectedmonthly (4 CSP linefCSR02 (EdapadBeach), CSE5
(Azhimala), CSP64 (valliyathurg and CSP74 (Vettucaud))carried o@ unto 20m in the
months of October 2020, January202Q May 2@0 and August 202@s perShoreline
Monitoring CellMoM dated 18 February 2019)The shoreline change analysis using beach
profile data has been carried out using SANDS softivek& LAB . The deailed methodology
of the shoreline change analysis using satellite images and beach profile analysis has been
providedin this report

Multi-date satellite image of Vizhinjam coa

!

Image Correction

!

Image Analysis

v

Shoreline Extraction

v

Shoreline Change rate analysis

v

Comparison and analysis of shoreline chat

Tide and beach profile informatio

A 4

Figure 3.1 Flowchart of the methodology adopted
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3.1 Shoreline changeanalysis from Satellite images

3.1.1 Short Term Shoreline change analysis
The end point ratéEPR)is calculated by dividing the distance of shoreline movement

by the time elapsed between the oldest thiedmost recent shorelinEigure3.2). The major
advantage®f the EPR are the ease of computation and minimal requirement of only two
shoreline dates. The major disadvantage is that in cases where more data are available, the

additional information is ignored.
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Figure 3.2 Calculation of Short Term Shoreline change analysis
(Sample image source: Thieler et al., 2017)

3.1.2 Long Term Shoreline change analysis

A linear regression ratef-change(LRR) statisticis determined by fitting a least
squares regression line to all shoreline points for a particular traRgpote 3.3. The
regression line is placed so that the sum of the squared residuals (determined by squaring the
offset distance of each data point frohe regression line and adding the squared residuals
together) is minimized. The linear regression rate is the slope of the line. However, the linear
regression method is susceptible to outlier effects and also tends to underestimate the rate of

change radtive to other statistics.
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Figure 3.3 Calculation of Long Term (LRR) Shoreline change analysis
(Sample image source: Thieler et al., 2017)
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3.1.3 Satellite image used in shoreline change analysis

The input imagéhas beeracquired fromthe European Space Agency for Sentinel 2A
MSI imagesand Indian satellite products from NR&Cstudymonthly andseasonal change in
shoreline fothe period from October 20to September 202 Thesatelliteimages have been
co-rectified and theavailablehigh resolution satellite images for the period from Octob2020
to September 202are provided inTable 3.1 During the studyperiod, satellite images of
higher resolution viz. 2rf resolution have not been pured due taon-availability of the
same for the studsegion.Theimage has been geectified using the field collected ground
control points (GCP) during the field visit carried out duriffgl8ly 2018 to % July 2018Note:
For shoreline analysis, tteatellite images have been selected without cloud cover along the

coast.

Table 3.1 Satellite image data usedior shoreline change analysis

Satellite Date Sensor Resolution (m)
10-09-2020
25-10-2020
09-11-2020
24-12-2020
18-01-2021
12-02-2021
04-03-2021
SENTINEL 03042051 2B 10
03-05-2021
12-06-2021
07-07-2021
21-08-2021
20-09-2021
08-02-2020
03-01-2015
10-10-2019
14-01-2020
ResourcesatA 1512.2020 LISS4 5
01-05-2021
03-09-2021
Cartosat? 12-02-2011 PAN 1

Cartosat3 30-01-2021 PAN 1
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3.2 Beach Profile Analysis

Shoreline Change analysis using Cross shore Profile (@&&R)een done as part of the
Shoreline Monitoring Programm&SP datais being collected monthly by the surveying
agencyevery month at 81 profile lines along a stretch of 40 km covering the area of
approximately 20 km south and 20 km north of the proposed Vizhinjam port (Since February
2015 to till date). The locains of the CSP lines are showrHigure 3.4, and the corresponding
landmarks and loc@in names are given in Table 3R2owever, due t&€ovid-19 restrictiors
and rough sea conditialong the Vizhinjam coastiuringMay 2021 and June 2021 only few
locations (CSP36, 37, 75, 76, 77, 78, 79, 80, 81) were surveyed for onshoamgdine
offshore part of the crosshore profiling could not be carried out for the maerahOctober
2020,May 2021 June2021and July 2021Herce these dathavenot beerconsidered for the

overall beach volume change analysis.
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Figure 3.4 Beach Profiles lines

Cross Shore Profile (CSP) surveys have been carried out as two components Viz.:
(1) CP Surveysdgnshorg using RTK (Real Time Kinetic) GPS System landward up
to 100m distance from HTL or +2m elevation wHTL and
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(2) CSP Surveysoffshorg using multtbeam echo sounder system to cawetolOm
CD; collected monthly (4 CSP Lin¢€SR02 (Edgadu Beach), CSB5 (Azhimala), CSF4
(Valliyathurg and CSP74 (Vettucaud)to be carried out up to a depth of 20 m in the month
of January, May, August and October as per shoreline committee suggestidviondef
meeting dated 13th February 2019k$h data sets are combined, processed and transferred to

NIOT for analysis by the surveying agency.
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Table 3.2 Landmark, places names and site condition around ead@SP lines

SITE
CSP NOs. LAND MARK LOCATION CONDITION
CSR0O1 Seawall
CSRO02 CATHOLIC CRISMATIC PRAYER CENTER EDAPPADU BEACH Beach
CSRO03 Seawall
CSR04 Seawall
CSR05 ST.MARYS CHURCH VALLAVILAY Seawall
CSRO06 Seawall
CSRO0O7 Seawall
CSPR08 ST.NICOLAS CHURCH NEERODY Seawall
CSR09 Seawall
CSR10 Seawall
CSR11 SREE BHADRAKALI TEMPLE POZHIYOOR Seawall
CSR12 Seawall
CSR13 ST.MATHEWS CHURCH Seawall
CSR14 CHURCH OF CRIST PARUTHIYOOR Seawall
CSR15 Beach
CSR16 POOVAR ISLAND RESORT POOVAR BEACH SOUTH Beach
CSR17 Beach
CSR18 Beach
CSP19 POZHIKARA BEACH POOVAR Beach
CSR20 Beach
CSP21 ST.ANTONYS CHAPEL POOVAR BEACH NORTH Beach
CSR22 Beach
CSR23 Beach
CSR24 ST.ANTONYS CHURH KARUMKULAM Beach
CSR25 Beach
CSR26 Beach
CSR27 Beach
CSR28 Beach
CSP29 GOTHAMBU ROAD Beach
CSR30 Beach
CSR31 Beach
CSP32 ADIMALATHURA CATHOLIC CHURCH ADIMALATHURA Beach
CSR33 Beach
CSR34 Beach
CSR35 AZHIMALA TEMPLE AZHIMALA Rocky Area
CSR36 Beach
CSpa7 NAGAR BHAGAVATHY TEMPLE MULLUR Beach
CSR38 ADANI PORT OFFICE Seawall
CSR39 ADANI RECLAMATION AREA VIZHINIAM Beach
CSR40 Beach
CSkR41 Beach
CSR42 Beach
CSR43 Beach
Cspaa VIZHINJAM LIGHT HOUSE KOVALAM Beach
CSR45 Seawall
CSPR46 Seawall
CSR47 SAMUDRA BEACH PARK KOVALAM (NORTH) Seawall
CSR48 Seawall
Cspag MOSQUE PANATHURA (SOUTH) Seawall
CSR50 Seawall
CSP51 PANATHURA TEMPLE PANATHURA (NORTH) Beach
CSR52 Beach
CSR53 Beach
PUNTHURA FISH MARKET PUNTHURA
CSR54 Seawall
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CSR55 Seawall
CSR56 Seawall
CSR57 Seawall
CSR58 Seawall
CSR59 BEEMA PALLY BEEMA PALLY Seawall
CSR60 Seawall
CSR61 CHERIYATHURA SPORTS GROUND CHERIYATHURA Seawall
CSR62 Seawall
CSR63 Seawall
CSR64 Seawall
CSR65 VALLIYATHURA BRIDGE VALLIYATHURA Seawall
CSR66 Beach
CSR67 Seawall
CSP68 SHANGUMUGHAM Seawall
CSP69 SHANGUMUGHAM BEACH (SOUTH) Beach
CSR70 SHANGUMUGHAM Beach
CSP71 ST.PETERS CHURCH (NORTH) Beach
CSR72 Beach
CSR73 VETTUCAUD CHURCH VETTUCAUD Beach
CSR74 Beach
CSR75 Beach
CSR76 VELI CHILDRENS PARK KOCHUVELI Beach
CSR77 Beach
CSR78 Beach
CSR79 ST.THOMAS CHURCH VALIYA VELI Seawall
CSR80 Beach
CSPsl CHRISTIAN BROTHEREN CHURCH THUMBA Beach

The data received wamalyzedy plotting each profiland usingSANDS. The aim of
this exercise was to establish a base data to compare profiles with surveyed data from different
locatiors for different seasonsThis data shall serve tassesghe beach profile aftethe
congruction of the port at Vizhinjam in futur@he dfference if any, shall beinvestigated
further to understanoinpact dueto the port on the shoreline evolution. Profiles for different

months were plotted location wise.

It is accepted that beach profilesn only be of real use when surveys are taken over a
period of time starting at exactly the same place and moving in exactly the same direction (the
Origin and Orientation of the profile). SANDS software stores the beach profile surveys, to
view them grahically and to analyse them to identify trends in beach levels at a location over
time. The 'Beach Profile Graph' feature allows the user to graph and ceigack profiles

from different/multiple locations.

It was observed during the analysis of crekere profiles that some of the profiles

appeared distorted, possibly due to some errors during the silitvese profiles are either
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discaded or manually corrected in respect of the earlier profiles. The profiles corresponding
to the MzhinjamPort areas completely discarded and mentionecddgvelopment zone.

The CSP data after reprocessing qualitativelyguahtitativelyis directly imported to
SANDS for shoreline change assessment. The following flow ¢higidre 3.5) explains the
process and woflow in SANDS.

Reprocessed Monthly Profile . . Shoreline Charllges
. Erosion/Accretion along the entire
Cross Shore SANDS Change Analysis
Profile Datasets (Individual profiles) Assessment coastal stretch
p (defined period)

Figure 3.5 Work Flow in SANDS

3.3 Analyzing Beach Profiles in SANDS

SANDS allow for any number of beach profiles survey records to be stored at each profile
location over geriod Thisdatabase has been u$eddetermining the stability and long term
trends in beaclevels. Thawo main Beach Profile Analysese ProfileAnalysis by Levebhnd

Profile Analysis by Chainage

3.3.1 Profile Analysis by Level
Profile analysis 'by Levethethodandysesthechanges in the chainage at which certain

levels occuFigure 3.6). In other words, this analysis looks at horizontal strips of the profile.

Crogs-sectional Area

Change in Crozs-zectional Area

MH WS

§,,

MSL

N

T T T T T T 1
a 10 @ @ 0 = L] Ta = ol 100 110 120
Ccrarege (m)

Lewel (m)
LIAJ I\IJ L‘ = —_ IM (48] F= n o=
o

Figure 3.6 Profile Analysis by Level

3.3.2 Profile Analysis by Chainage

Profile analysis 'by Chainageethodanalyseshechanges in level at certain chainages.

In other words, this analysis looks at vertical strips of the pr{Figure 3.7).
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Change in Cross-zectional Area

Crozz-gectiohal Area

Level (m)
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Figure 3.7 Profil e Analysis by Chainage

Based on the above methods SANDS calculate the profile changes and then it calculates
volumes of predefined areas. It also enables to group together all beach profile locations and
analyzethe volumes of these units. SANDS calculdwe Profile Accretion / Erosion through
a direct comparison between profiles over the period of comparison and allow the results to be

displayed within a GIStyle planview format to give striking visual results.

4 RESULTS AND ANALYSIS

In the presenstudy, the shoreline rate of change statistics from time series of multiple
shoreline positions of 40 km coastal stretch of south Kerala ¢@@skm either side of
Vizhinjam Port) has beetaken in to account for shoreline calculatimsing satellite imags
The resultfrom the shoreline changenalysis carried out dm October 2@0 to September
2021 using 10m5mand in satellite images is presented in this report

Hence, with the available satellite images of I@solution forthe monthly shoreline
change analysis, this classification may indicate erosion and accretion based on the scale
followed for the same as higher resolution imagased on the rate of change over the period,
shoreline change has been categorized inttagses. They are high accretion (>5m/year),
moderate accretion (5m to 1m/year), stable coast (Hindyear), moderate erosiorln to
-5m/year), high erosion (§m/year).

The observations from the beach profile analysis done using SANDS for thedéntire
km stretch has been presented as mons#gsonal and half yeartbhanges in the beach
volume for a period fron©ctober2020 to Septembe021. The volume changes have been
assessed by comparing month to mgntifilesandthe seasonal and the ovetadlachvolume
changes. Whave removed the locations having sea walls from the analysserosion and

10
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accretion are highlighted with red and green color fill in the charts for better understanding.

The results shown in the charts are also presented ialbkes.

4.1 Results from Beach Profile Analysis

The beach profile data consist of both foreshore and offgirofges (In the month of
May 2021 and June 2021 only few locations w&weveyedon onshorepartand no survey
carried out for offshore part i@ctobeR020, May2021, June2021 and July 2021 due to
unfavorableweather conditionand covid restrictions Monthly beach volume changes have
been assessed by comparing month to mprdfiles foronshore and offshorgeparatelyin
the previous Annuakpors Octobe?2017-Septembe2018, October2018 September 201&nd
October 201%5eptember 202the beach volume (monthly, seasonal and yearly) changas fro
February 2015 to September 20285 beeranalyzedand reported. In comuation with the
previous tudies this report includes the monthly, seasonal and overall changes from October
2020to SeptembeR021.

4.1.1 Monthly Beach Volume variationsi October 2@0to Septembef021 for onshore
part
In order to study the beach volume change in Octob20,28ebeach profile data of

September 220 has been considered for the analy$ise changes in every month (October

2020to SeptembeR021) ononshore parhavebeen represented graphicallyrigures 4.1 to

49and inTable 4.1

At location CSP32 onshore datauld not collected from October 2020 to June 2021

no onshoresurveycarried out at locations CSP41 and CSP67 as these locations were not

accessible by foot during July 2021 to September 282these locationarenot included in

the analysis part fahe said periodOnshore survey carried out only for few locations during

May 2021 and June 2021 due to Covid restrictibiswas not feasible for the analysis hence

not included in the report.

1 During October 2P0 Beach shown erosion in most of theations Accretion atEdapadu
beach (CSPQ2 Poovar South (CSP17), Azhimala (CSP3Bannathura CSP5152),
ShangumugharfCSP6971), Thumba (CSP81).

1 During the month of November 20, the sedimenaccretionhas taken place over most of
the locatims. Eosion noted aPoovar (CSP14.8), Karumkulam (CSP24Adimalathura
(CSP31, CSP33 Mullur (CSP37),Pannathurao Punthura(CSP5153), Valliyathura
(CSP66) ShangumughantCSP69), Valiyaveli (CSP78and ThumbgCSP80)

11
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T

In December 2P0, the profile for theCSP42 found erroneous hence excluded from the
analysisOther tharEdapadibeach (CSP02), Poovar (CSP15), Adimalathura (CSH33
Mullur (CSP37), Kovalam (CSP41pannathurdo Punthura CSP5153), thebeach was
found to haveaccretionin most of thebeates

During the month of January 202the beach shown accretion tremder most of the
locations. Erosion is noteat Poovar (CSP16), Karumkulam (CSP22), Kovalam (CSP41
and 43)

In February 202, beach was found to haaecretionalongmost of the loations. Erosion
noticed aEdapadibeach (CSP02), Poovar (CSP16), Karumkulam (CSP24), Adimalathura
(CSP33), Kovalam (CSP442), Pannathur§dCSP52) and Valliyathurg CSP66)

In March 202, mostof the locationsshown erosion othéhanEdapadubeach (CSP2),
Adimalathura (CSP33), Azhimala (CSP35), Mullur (CSP37), Kovalam (CSB2}1
Valliyathura(CSP66), Valiyaveli (CSP78).

During the month oApril 2021 most of the stations are showiagcretionand some parts

of the beaches aPoovar (CSP15), KarumkularfCSP22), Adimalathura (CSP33),
Azhimala to Mullur (CSP3%SP37), Kovalam (CSP 42), Vettucaud (CSP72),
Vettucaud to Kochuveli (CSP745) and Thumba (CSP&1) showingeroson.

In May 2021 only few locations were surveyed on onshore part. Hendeciotled in the
analysis.

In June2021 only, few locations were surveyed on onshore part. Hence not included in the
analysis.

Since no onshore data in June 2021 analysis of July 2021 also could not carried out.

In July 2021 only very less distance was e¢edeon onshore at CSP72, CSP73 and CSP76
so these locations were excluded from the analysis for Augustta@2ig August 2021,

the beach was showing accretionEatapaduBeach (CSP02), Poovar South to North
(CSP1521), Pulluvila to Adimalathura (CSP281), Adimalathura (CSP334), Mullur
(CSP37), Pannathura North to Punthura (CSP53), Valliyathura (CSP66),
Shangumugham South to North (CSPA9, Vettucaud (CSP74) aliyaveli (CSP78)
Erosion noticed atKarumkulam to Pulluvila (CSP2227), Adimalathura (CB32),
Azhimala to Mullur (CSP 386), Kovalam (CSP424), PannathuraNorth (CSP51),
Vettucaud (CSP75), Kochuveli (CSP7a&nhd ThumbdCSP38081).

During September 2021 most of the beaches extabiteetiontrend Erosionsnoticed at
Poovar (CSP15), KovalagCSP42) and Shangumughahorth (CSP70).

12
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Figure 4.1 Monthly Beach Volume Changes in Octobe2020in m3m (onshore)
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Figure 4.6 Monthly Beach Volume Changesn March 2021 in m3/m (onshore)
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Figure 4.9 Monthly Beach Volume Changesn September2021in m3m (onshore)
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Table 4.1 Monthly Beach Volume Changes during the months from October 2o September
2021in m3m (onshore)

CSP | October | November | December | January | February | March April August | September
NOs. 2020 2020 2020 2021 2021 2021 2021 2021 2021
CSPO1 Sea wall

cspo2| 20.84 ‘ 19.95 ‘ -26.82 ‘ 16.92 ‘ -6.90 ‘ 1.31 ‘ 17.16 ‘ 6.64 ‘ 5.80
CSP03

CSP04

CSP05

CSP06

CSPO7

CSP08 Sea wall

CSP09

CSP10

CSP11

CSP12

CSP13

CSP14

cspi1s| -7.49 141 -2.98 9.54 5.54 -3.15 -21.78 4.73 -8.36
csPi6| -34.22 -45.27 66.23 -8.54 -34.22 -3.75 61.73 59.04 9.50
csp17| 4.35 -3.53 1.46 1.64 8.94 -9.27 3.32 4.97 10.06
cspig| -10.98 -3.21 4.78 4.67 1.23 -13.63 6.14 4.85 8.89
csp19| -6.77 2.61 4.26 0.80 4.80 -14.85 4.16 3.83 12.33
csp2o| -7.18 5.05 4.84 6.46 1.40 -12.44 4.14 6.44 7.14
csp21| -3.46 8.38 5.15 7.89 2.82 -12.16 8.59 2.83 1.94
csp22| -0.27 14.23 11.53 -2.97 13.76 -6.94 -4.00 -0.95 2.10
csp23| -11.37 5.80 4.77 14.94 1.60 -0.86 0.62 -0.56 0.16
csp24| -9.68 -32.84 9.44 11.76 -0.75 -20.43 25.80 -2.72 0.90
csp2s| -7.90 5.63 8.64 7.45 5.33 -22.64 23.94 -4.11 3.34
csp2e| -8.47 5.23 14.07 4.87 6.79 -26.16 33.74 -5.60 5.20
csp27| -6.63 2.03 13.70 4.90 5.96 -10.58 19.70 -2.90 3.90
csp2g| -4.70 14.55 13.78 8.54 3.56 -6.19 16.23 0.18 2.13
csp2g| -1.62 5.69 12.60 19.65 2.80 -7.11 18.34 3.37 7.17
csp3o| -1.68 1.86 22.35 1.74 7.27 -8.71 12.85 0.24 0.26
csp31| -8.60 -0.61 4.56 13.35 11.50 -0.36 3.54 2.71 13.83
CSP32 * * * * * * * -3.63 7.78
csp33| -3.84 -9.56 -0.14 17.95 -5.72 0.73 -3.18 12.28 6.86
csp34| -19.58 8.97 -3.61 3.15 8.60 -7.15 0.48 2.68 5.15
CSP35 * * * 19.26 68.91 0.57 -20.71 -1.14 6.09
csp3s| 7.11 5.84 6.58 3.72 1.23 -8.93 -21.35 -2.94 17.98
csp37| -251 -1.53 -13.01 20.83 0.63 2.98 -16.97 10.24 1.25
CSP38

CSP39 PORT AREA

CSP40

CSP41| -6.76 3.79 -1.19 -0.18 -21.77 25.82 -6.46 * *
CSP42| -15.05 4.70 * * -0.13 1.33 -1.34 -3.26 -0.31
csp43| -0.26 4.41 2.21 -0.55 0.12 -2.08 2.30 -0.84 0.05
cspa4| -0.03 36.36 7.20 11.66 6.24 -8.74 10.77 -2.09 3.36
CSP45 Sea walll

CSP46
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CSP47

CSP48

CSP49

CSP50

csps1| 0.01 -0.05 -1.01 0.64 0.01 -0.34 0.33 -0.34 1.08
csps2| 0.03 2.21 -1.60 0.80 -0.74 -0.49 1.23 351 0.08
CSP53 -0.58 -8.01 1.19 3.86 8.12 -18.10 17.70 26.77 4.40
CSP54

CSP55

CSP56

CSP57

CSP58

CSP59 Sea walll

CSP60

CSP61

CSP62

CSP63

CSP64

CSP65

cspes| -1.27 -0.01 0.52 ‘ 1.45 ‘ -0.80 ‘ 0.35 ‘ 4.16 ‘ 0.08 ‘ 4.50
CSP67 Sea walll

CSP68

CSP69 2.20 -55.29 12.44 6.24 2.41 -12.52 13.34 3.05 2.60
csp7o| 0.39 5.83 8.37 7.30 2.10 -8.07 7.59 0.50 -1.09
CSP71 0.48 8.04 9.77 7.29 0.74 -13.30 12.00 2.70 2.73
csp72| -0.15 17.22 5.21 6.90 2.40 -2.79 -0.72 * 9.12
csp73| -057 8.66 9.68 8.03 1.02 -13.85 | 10.85 * 10.82
csp74| -1.95 17.90 7.53 8.63 1.51 -5.08 -1.04 1.01 1.50
CSP75 -0.34 12.67 11.44 9.42 2.44 -10.10 -7.27 -0.95 8.69
csp76| 0.16 12.32 13.47 7.34 3.45 -17.17 | 16.35 * 3.84
csp77| -0.07 15.69 15.60 2.70 1.78 -22.11 | 28.63 -3.92 4,91
CSP78 -0.32 -8.42 9.85 13.36 0.26 1.03 0.13 1.61 4.37
CSP79 Sea wall

CSP80 -0.18 7.21 13.36 7.12 0.71 -17.48 19.69 -1.30 4.19
CcSP81 0.15 13.56 8.26 6.41 0.79 -22.71 22.94 -0.96 3.03

*Data not considered for analysis

4.1.2 Monthly Beach Volume variationsi October 20to Septembe021 for offshore
part

The changes in every month (October 2020 to Septembe)) 2d2ikfshore part have been

represented graphically Figures 4.0 to 4.15and inTable 42.

Offshore surveyould notbe carried outduring Octobef021, May2021, June 2021
and July2021due to Covid restrictionandunfavorableveather conditions.
1 In October 2020 no offshore surviegs beewgarried out hence the analysis for October2020
and November 2020 could no¢ carried out.
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1 In December 2P0, at CSR41there was noftshore dat&ence this locatioexcluded from
the analysis. Mosbf the locatims on offshordound to haveerosion. Accretiorfound at
Poovar (CSP21), Kovalam (CSR48), Punthura (CSP54and Punthuréao Beemapally
(CSP5759), Cheriyathura to Valliyathura (CSR638), and Valliyathurd CSP66)

1 During the month of January 2D2helocations south of the port shown accretion and on
the northern sidenost of the locations showarosion. Omorthern side accretion found at
PannathurdCSP49), Valliyathura (CSP64 and 63hangumughaniCSP70), Vettucaud
(CSP73), Kochuveli to Valiyave{CSP77#78).

1 In February 202, the locations, Poovar (CSP1H®arumkulam (CSP223), Pulluvila
(CSP2829), Adimalathura (CSP31)Kovalam (CSP4%16), Pannathura(CSP5253),
Beemapally CSR60), Cheriyathura (CSP62), Valliyathura (CSP&Shangumughanio
Vettucaud (CSP7J4), Kochuveli to Valiyaveli (CSP7%79) shows erosion.

1 In March 202, other than Pulluvila (CSP29), Shangumughan{CSP70), Valiyaveli
(CSP79)mostof the locationshown erosion.

1 During the month ofApril 2021 most of the stations are showiagcretion other than
erosions at Vallavilay (CSP04), Poovar (CSP19), Kovalam (CSP43), Beemapally (CSP59),
Valliyathura (CSP 6%6), ShangumugharfCSP6970), Vettucaud (CSP74), Kochuveli to
Thumba (CSP781).

1 No offshore survey carried out dueunfavorableweather conditions hence analysis for
May 2021, June2021, July2021 and August 2021 could rmcarried out.

1 In September 202the locations CSP62 to CSP81 were excluded from the analyis as
offshore data could not be collected due to Cyclone Gulabcation$ozhiyur to
Paruthiyoor (CSP124), Poovar South (CSP17), Poovar (CSR2)) Karumkulam
(CSP2325), Pulluvila to Adimalathura (CSP381), Adimalathura (CSP34), Mullur
(CSP36), Kovalam (CSP41), Kovalam (CSP4BannathuraNorth (CSP50), Punthura
(CSP53), Beemapally to Cheriyathura (CSBG) exhibits erosion during September
2021.
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Figure 4.10 Monthly Beach Volume Changesn December 2021in m3/m (offshore)
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Figure 4.11 Monthly Beach Volume Changesn January 2021in m%m (offshore)
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Figure 4.13 Monthly Beach Volume Changesn March 2021 in m3/m (offshore)
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Figure 4.14 Monthly Beach Volume Changesn April 2021 in m3m (offshore)
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Table 4.2 Monthly Beach Volume Changes duringOctober 2020 to September2021in
m3/m (offshore)

CSP December January 2021 | February 2021 | March 2021 April 2021 September

NOs. 2020 2021
CSPO1 -60.67 36.09 30.13 -52.54 16.65 38.48
CSPO2 -62.65 38.66 27.08 -52.03 20.89 135.02
CSPO3 -84.81 45.94 0.63 -37.89 66.63 20.01
CSP04 -132.95 54.71 32.92 -63.71 -8.07 0.36
CSP05 -89.49 45.56 77.59 -87.89 34.11 39.49
CSP06 -105.46 40.75 85.51 -115.61 2255 25.43
CSPO7 -43.70 3.30 89.85 -114.10 14.47 28.99
CSPOS8 -57.57 37.25 10.95 -44.42 43.28 23.26
CSP09 -133.36 87.22 4.42 -41.64 36.73 36.31
CSP10 -72.25 30.20 28.82 -57.44 26.65 21.47
CcSP11 -75.23 41.48 41.69 -82.66 55.25 25.81
CSP12 -51.31 24.88 53.15 -52.05 15.50 -5.74
CSP13 -100.52 63.78 97.44 -134.95 9.91 -6.72
CSP14 -52.34 67.40 70.75 -113.24 24.72 -1.07
CSP15 -103.70 83.18 111.81 -175.20 33.47 19.90
CSP16 -145.11 69.50 106.61 -211.54 33.64 19.17
CSP17 -118.60 49.67 -6.34 -50.40 31.04 -8.86
CSP18 -92.41 43.23 33.67 -77.10 35.48 12.20
CSP19 -91.06 40.88 36.35 -81.59 -8.17 6.10
CSP20 -69.09 29.30 23.75 -79.94 22.38 -11.80
CcSP21 7.59 45.06 32.12 -76.52 20.82 -20.92
CcSP22 -56.80 40.37 -7.58 -45.43 50.61 3.33
CSP23 -53.68 18.75 -8.45 -49.70 44.28 -5.15
csp24 -17.73 12.78 2.54 -27.84 16.51 -4.14
CSP25 -43.10 33.53 1.56 -23.38 16.29 -10.89
CSP26 -28.63 11.17 1.86 -20.63 27.15 8.36
CcSP27 -36.73 10.16 6.49 -15.38 30.81 4.11
csP28 -30.25 4.54 -12.84 -3.25 24.39 27.48
CSP29 -22.98 8.43 -13.34 4.58 10.56 33.29
CSP30 -35.36 11.21 9.83 -15.22 11.86 -5.00
CSP31 -23.45 2.77 -4.80 -5.48 23.31 -11.51
CSP32 -50.63 28.16 16.75 -59.77 44.17 5.82
CSP33 -59.03 13.33 2.88 -19.88 37.05 17.78
CSP34 -53.70 24.45 32.32 -47.04 17.39 -8.93
CSP35 -28.20 46.62 15.59 -48.65 16.50 12.92
CSP36 -62.28 28.06 7.36 -54.89 37.59 -14.26
CSP37 -66.98 51.67 12.39 -48.90 28.89 15.38
CSP38 PORT AREA
CSP39
CSP40
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CSP41 * * 32.91 -51.41 39.81 -2.95
CSP42 -3.57 -52.58 66.17 -110.42 104.84 40.37
CSP43 35.85 -78.01 87.85 -49.90 -15.18 39.41
CSP44 1.01 -30.65 46.08 -62.72 24.62 50.49
CSP45 16.39 -40.53 -19.77 -25.81 44.63 -3.13
CSP46 -7.88 -40.70 -8.60 -51.37 43.60 37.34
CSP47 -10.83 -60.39 43.11 -47.11 37.39 28.95
CSP48 -1.09 -39.21 2.08 -40.00 48.62 25.01
CSP49 -215.39 181.22 -23.09 -2.19 20.26 20.74
CSP50 -28.85 -16.10 -17.76 -8.41 32.27 -5.92
CSP51 -7.97 -22.75 11.00 -30.71 27.73 34.74
CSP52 -20.38 -14.39 -13.93 -9.24 20.51 44.30
CSP53 -1.92 -25.21 -3.12 -14.12 20.69 -30.63
CSP54 1.96 -15.99 11.13 -12.04 28.81 19.02
CSP55 -42.22 -0.70 43.40 -85.54 97.44 27.43
CSP56 -8.42 -13.13 12.53 -61.33 75.83 25.25
CSP57 4.95 -31.22 31.33 -32.26 46.27 23.72
CSP58 14.68 -23.68 39.86 -41.16 54.57 22.72
CSP59 0.13 -0.81 23.85 -53.89 -27.70 32.18
CSP60 -1.41 -21.75 -9.98 -13.45 37.69 -31.66
CSP61 18.70 -16.20 23.40 -25.69 9.74 -18.37
CSP62 3.37 -12.94 -26.29 -31.45 15.75 *
CSP63 32.61 5.10 21.86 -46.08 11.00 *
CSP64 -24.39 -15.61 44.87 -42.71 42.63 *
CSP65 -8.22 -8.42 -30.83 26.12 -18.23 *
CSP66 7.68 -24.13 45.97 -75.36 -10.70 *
CSP67 -32.94 4.96 5.08 -3.84 28.11 *
CSP68 -13.35 -5.37 47.19 -51.15 30.71 *
CSP69 -46.57 -0.17 14.81 -10.80 -5.01 *
CSP70 -26.78 6.15 -4.45 12.15 -14.45 *
CSP71 -41.25 -3.80 -6.25 -8.87 28.93 *
CSP72 -32.28 -3.37 -1.69 -172.91 126.93 *
CSP73 -24.19 1.22 -8.92 -2.10 6.92 *
CSP74 -24.79 -6.11 21452 -214.17 -25.51 *
CSP75 -19.05 -16.76 -6.26 -7.18 * *
CSP76 1417 4,01 11.12 -24.01 -29.12 *
Csp77 2011 251 1434 -9.38 -2.90 *
CSP78 -54.43 11.79 -11.79 -22.21 -22.45 *
CSP79 -16.73 -29.59 -19.62 17.31 13.81 *
CSP80 -20.14 -11.88 0.46 -8.20 -14.74 *
CSP81 -11.82 -13.93 5.85 -4.17 -26.79 *

*Data not considered for analysis
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4.1.3 Seasonal BeaciWolume variations from October 2020to September2021

Seasonal variation has been analyzed as post monsoon (C203bdop November
2020), fair weather period (Decemb020 to March2021) and premonsoon periodApril
2021 to May 2@1), Monsoon June 202 to September 242 for the periodOctdber 220 to
Septembel021.The results have been presented to depict the total changes that occur in a
particular season by analyzing profiles between each month in a s€asarhanges in every
season on onshore and offshore part have been represented graphicgilyes 4.6 to0 4.18
and inTable 43.

4.1.3.1 Results forBeach VolumeChange inPost Monsoor2020 (October2020-November
2020)

During the post monsoon (October 2020 to November 2@20)sedimenaccretionhas taken
place over most of the locatioms onshorepart. Thelocation CSP32 and CSP35 are not
included in the analysis as there is no datasion noted at Poovar (CSR18), Kaumkulam
(CSP24), AdimalathuraQSP31 CSP33, Mullur (CSP37),Pannathurao Punthura (CSP51
53), Valliyathura (CSP66)Shangumughan{(CSP69), Valiyaveli (CSP78)and Thumba
(CSP80 as shownn Figure 4.16. The offshore change during this period couldextarried

out as there was no offshore data in October 2020.
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Figure 4.16 SeasonaBeach Volume Changesluring Post Monsoonin m3m (onshore)
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4.1.3.2 Results forBeach VolumeChange inFair Weather Period2021 (December 200
March 2021)

During the fair weath@eriodon onshore(Figure 4.17) the beach exhibitaccretion
for most of the locationsThe locations CSP32°SP35and CSP41 are excluded from the
analysis. Erosionare noticed aEdapadiwbeach (CSP02),d®dvar (CSP1489), Karumkulam
(CSP2526), Kovalam (CSP43)Pannathurao Punthura (CSP5%3), Kochuveli (CSP77),
Thumba (CSP81).

During the same period on th#shore(Figure 4.18 all the locations except at Cheriyathura
(CSP61), Valliyathura (CSP63) andoovar (CSP21) exhibit erosioftdappadu beach
(CSP02), Poovar (CSP4®), Karumkulam (CSP286), Kovalam (CSP43fannathurdo
Punthura (CSP5%3), Kochuveli (CSP77) and Thumba (CSP81) shows erosion.
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4.1.3.3 Results forBeach VolumeChange inPre-Monsoon Period202L (April 2021-May
2021)
The analysis for this period could rme carried out as there was no feasible data on onshore

and nooffshore data during May 2021.

4.1.3.4 Results for Beach Volume Change in Monso&eriod 221 (June 202-September
2021)
The analysis for the onshore part during monsoon period couldergatrried out as
there is no onshore data in June 2021. And the analysis for the offshore part cbeldar
as there is offshore data in JW@21, July2021.

4.1.4 Overall beach volume variation during October 2@0to September2021

The beachvolume changdor October 2020 to September 2021 cooddcarried out
only for the onshore part as there was no offshore data during October 2020. This analysis
done by comparing the profiles of September 2021 with October @8P32 CSP35and
CSP41 were excluded from the analysis as tieere dataDuring this period , the beach
shown erosion at Poovar (CSP1% and CSP121), Karumkulam (CSP24)Pulluvila to
Adimalathura (CSP231), Adimalathura (CSP34), Mullur (CSR38), Kovalam (CSP422),
Pannathurdo Punthura(CSP5153), Valliyathura (CSP66), Vettucaud to Kochuveli (CSP72
75), Kochuveli (CSP77and Thumba (CSP81)Accretion found aEdapadibeach (C802),
Poovar (CSP18), Karumkulam (CSP22), Karumkulam to Pulluvila (CSP2528),
Adimalathura (CSP33)Shangumugham(CSP6971), Valiyaveli (CSP78) and Thumba
(CSP80)The results are shown igure 4.1%nd inTable 4.3
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Table 4.3 Seasonal and OveralBeach Volume Changes in #im

CSP Postmonsoon Fair weather Fair weather Overall (October 2020
NOs. (onshore) (onshore) (offshore) September 2021)
CSPO1 Sea wall -46.99 Sea wall
CSP02 19.95 -15.49 -48.95 1.92
CSPO3 Sea wall -76.13 Sea wall
CSP04 -109.03
CSP05 -54.21
CSPO06 -94.82
CSPO7 -64.65
CSP08 -53.79
CSP09 -83.36
CSP10 -70.67
CSP11 -74.71
CSP12 -25.33
CSP13 -74.25
CSP14 -27.43
CSP15 1.41 8.94 -83.91 -3.93
CSP16 -45.27 19.71 -180.53 -28.19
CSP17 -3.53 2.77 -125.67 -6.57
CSP18 -3.21 -2.96 -92.61 35.90
CSP19 2.61 -4.99 -95.42 -21.46
CSP20 5.05 0.27 -95.98 -7.98
CcSP21 8.38 3.70 8.26 -7.33
CcSP22 14.23 15.39 -69.44 473
CSP23 5.80 20.44 -93.08 10.54
csp24 -32.84 0.02 -30.25 -40.22
CSP25 5.63 -1.21 -31.39 8.50
CSP26 5.23 -0.43 -36.23 1.91
CSP27 2.03 13.99 -35.47 5.47
CcSP28 14.55 19.70 -41.80 0.73
CSP29 5.69 27.93 2331 -5.04
CSP30 1.86 22.65 -29.54 -4.24
CSP31 -0.61 29.05 -30.96 -8.32
CSP32 * * -65.49 *
CSP33 -9.56 12.83 -62.70 10.49
cspP34 8.97 1.00 -43.98 -5.27
CSP35 * * * *
CSP36 5.84 2.60 -81.75 -6.13
CSP37 -1.53 11.44 -51.83 -2.63
CSP38 PORT AREA
CSP39
CSP40
CSP41 3.79 2.67 * *
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CcSP42 4.70 * -100.40 -4.63
CSP43 4.41 -0.29 -4.20 -3.87
CSP44 36.36 16.35 -46.28 -17.31
CSP45 Sea wall -69.72 Sea wall
CSP46 -108.54

CSP47 7522

CSP48 -78.22

CSP49 -59.44

CSP50 7112

CSP51 -0.05 -0.69 -50.43 -1.02
CSP52 -2.21 -2.03 -57.94 -1.28
CSP53 -8.01 -4.94 -44.37 -0.99
CSP54 Sea wall -14.93 Sea wall
CSP55 -85.06

CSP56 -70.35

CSP57 2721

CSP58 -10.30

CSP59 -30.72

CSP60 -46.60

CSP61 0.22

CSP62 -67.33

CSP63 13.49

CSP64 -37.84

CSP65 -21.34

CSP66 -0.01 1.53 -45.85 -7.22
CSP67 Sea walll -26.75 Sea wall
CSP68 ~22.68

CSP69 -55.29 8.57 4272 54.11
CSP70 5.83 9.70 -12.93 0.71
CSP71 8.04 4.50 -60.17 1.73
CSP72 17.22 11.73 -210.26 -0.77
CSP73 8.66 4.88 -33.98 -0.57
CcSP74 17.90 1259 -30.54 -0.57
CSP75 12.67 13.20 -49.26 -0.32
CSP76 12.32 7.09 -31.96 1.28
CSP77 15.69 -2.04 -41.32 -6.74
CSP78 -8.42 24.51 -76.63 0.73
CSP79 Sea wall -48.63 Sea wall
CSP80 7.21 3.71 -39.76 0.34
CcSPs1 13.56 -7.25 -24.07 -0.87

*Data not considered for analysis
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4.1.5 Seasonabeach volumechangecomparison between 209-2020 and 2(20-2021
October 2019 and October 2@0 (Post Monsoon period)

The comparison between October 2019 and October 2020 shows erodtolapadubeach
(CSP02),Poovar (CSP186 and CSP189), Karumkulam to Adimalathura (CSR33),
Adimalathura (CSP33), Kovalam (CSP42 and 4annathura(CSP5152), Valliyathura
(CSP66) ad Vettucaud to Kochuveli (CSP-75) on the onshoreAt locatiors Poovar
(CSP16),Poovar to Karumkulam (CSP2Z2), Adimalathura (CSP34), Mullur (CSR38),
Kovalam (CSP41), Kovalam (CSP43), Punthura (CSPSBrangumugham(CSP69 and
CSP71), Kochuveli to Valaveli (CSP7678) and Thumba (CSP &1) accretiortaken place
on onshore side in October 2020 compared to October 2Z0#%e was no offshore data for
the month October 2021 to compare with October 20h@.results havébeen presented in
Figure 4.20andin Table 4.4
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February 2020 and February 2021 (Fair weather period)

The comparison between the profiles for thebruary 2020 and February 20&2%® presented
graphically inFigure 4.21, Figure 4.22and inTable 4.4

On the onshore part erosion noticededapadubeach (CSP02), Poovar (CSP16), Poovar to
Pulluvila (CSP1828), Mullur (CSP37), Kovalam (CSP4Bannathurao PunthurgCSP51
53), ShangumugharfCSP69), Vettucaud to Valiyaveli (CSR78)andThumba (CSP8@1).
Accretion found at Poovar (CSP15 and CSP1Rlluvila to Adimalathura (CSP291),
Adimalathura (CSP334), Mullur (CSP36) Kovalam (CSP4),Valliyathura (CSP66)and
Shangumughar@SP7071).

On the offshorerosion taken place Bdapadibeach (CSP02), NeerodyRmzhiyur(CSP08
10),Pozhiyur(CSP12), Poovar (CSP17), Karumkulam (CSR3% Pulluvilato Adimalathura
(CSP2733), Mullur (CSP37),Kovalam (CSP 41)Pannathurato Punthura (CSP433),
Beemapally to Valliyathura (CSP@B), Valliyathura (CSP65 and CSP6%hangumugham
to Vettucaud (CSP*7@3), Kochuveli (CSP75), Kochuveli to Valiyaveli (CSP78), Thumba
(CSP81).Accretion found attdamdu Beach (CSP01),Edapaduto Neerody CSP0307),
Pozhiyur (CSP11), Paruthiyoor to Poovar (CSPU&), Poovar (CSP181), Karumkulam
(CSP26), Adimalathura (CSP34), Mullur (CSP36), Kovalam (CS)2 Punthura to
Beemapally (CSP5459), Valliyathura (CSP64 ad 66), ShangumughamCSP6869),
Vettucaud (CSP74), Kochuveli (CSP76), Thumba (CSP80).

The locationsEdapadubeach (CSP02)Karumkulam(CSP2225), Pulluvila (CSP2728),
Mullur (CSP37), Kovalam (CSP 4Bannathur#o Punthura (CSP543), Vettucaud (CSP73),
Kochuveli (CSP73), Kochuveli (CSP75), Kochuveli to Valiyaveli (CSP8y, Thumba
(CSP81) eroded on onshore and offshore.
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Figure 4.21 Beach Volume Changes during=ebruary 2020 and February 202 in m3/m
(onshore)
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Figure 4.22 Beach Volume Changes durind-ebruary 2020 and February 2021%in m3/m
(offshore)
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April 2020and April 2021 (Pre-Monsoon period)

The results for the comparison of profiles betwetpril 2020 and April 2020 has been
presented graphically in the figures given bel&g(re 4.23, Figure 2.4 and in Table .44

CSP32 (no onshore data), CSP35 (no onshore, @8816(April 2020 profile found
erroneous), CSP02 (no data in April 20B@$not been included for the analydis April 2021
erosion found at Poovar to Karumkulam (CSRB8, Karumkulam tdPulluvila (CSP2527),

Mullur (CSP3637), PannathurgCSP5153), ShangumughaniCSP69),Shangumughanto
Vettucaud (CSP%X2), Vettucaud (CSP74)Vvaliyaveli (CSP78)and Thumba (CSP81)
compared to April 2020. Accretion found to have at Poovar (CSP15 and 17), Karumkulam
(CSP24), Pulluvila to Adimalathura (CSP291), Adimalathura (CSP334), Kovalam
(CSP4144), Valliyathura (CSP66)ShangumugharfCSP70), Vettucaud (CSP7&ochuvel
(CSP7577)andThumba (CSP80).

On the offshore parerosion taken place d&dapadubeach (CSPO01), Vallavilay
(CSPO05), Neerody toPozhiyur (CSP0910), Poovar (CSP120), Karumkulam to
Adimalathura (CSP281), Mullur (CSP37), Kovalam (CSP41 and 44), Kovatato
Pannathura(CSP 4749), Pannathura(CSP5152), Cheriyathura (CSP62), Valliyathura
(CSP66), Vettucaud (CSP72) and Vettucaud to Thumba (G8B74 he location&dapadu
beach (CSPOl)Edapaduto Vallavilay (CSP034), Vallavilay to Neerody (CSPG@8),
Pozhiyurto Poovar (CSP118), Poovar to Karumkulam (CSR28), Adimalathura (CSP32
34), Mullur (CSP36), Kovalam (CSP 4B and 4546), Pannathurg CSP50), Punthura to
Cheriyathura (CSP581), Valliyathura (CSP685), Valliyathura toShangumughafCSP67
71), Vettucaud (CSP73hows accretion

At Poovar (CSP120), Karumkulam tdPulluvila (CSP2527), Mullur (CSP37)Pannathura

(CSP5152), Vettucaud (CSP72 and)74/aliyaveli (CSP78) and Thumba (CSP81) erosion

occurred o both side®f the cros shore linen April 2021 compared to April 2020.
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Figure 4.23 Beach Volume Changes duringApril 2020 and April 2021 in m3m (onshore)
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September2020 and September2021 (Monsoon period)

The comparison oSeptember 2020 beach profilesth September 2021for onshore
parthas been presented in thigure 4.25and in theTable 44.

No onshoresurveycarried out at locations CSP41 and CSP67 as these locations were
not accessible by foot during September 2021. The locations &S#P10, CSP32 and
CSP35 were not surveyed onsbiore part during September 20Z0ese locationsavenot
been included for thenalysisThebeach was showarccretiorat Poovar (CSP147),Pulluvila
to Adimalathura (CSP291), Adimalathura (CSP34), Mullur (CSP37), Kovalam (CSB4R,
Pannathurdo Punthura (CSP5%3), Valliyathura (CSP66), Vettucaud to Kochuveli (CSP72
75), Kochuveli to Valiyaveli (CSP#78), Thumba (CSP881) in September 2021 compared
to September 2020. PoovarRalluvila(CSP1828), Adimalathura (CSP34), Mullur (CSP36),
Shangumgham South to North (CSP&9.),and Kochuvel(CSP76) eroded during September
2021 compared to September 2020.

The comparison oEeptember 202Beach profiles wittlSeptember 2021for offshore
parthas been presented in thigure 4.26 and in theTable 4.4

In September 2021 offshore data could not be collected from CSP62 to CSP81 due to Cyclone
Gulab.On offshore part accretion was foundatations Edapadto Vallavilay (CSP0204),
Neerody (CSPO7Rozhiyurto Paruthiyoor (CSP113), Poovar (CSP1%6), Adimalathura to

Mullur (CSP3237), Kovalam (CSP443), and Pannathurdao Beemapally (CSP480).

Erosion found at locationEdapadu/CSPO01), Vallavilay (CSPGB6), Neerody td?ozhiyur
(CSP0810), Paruthiyoor (CSP14), Poovar to Adimalathura (CSF)7Kovalan to Kovalam

North (CSP4447) in September 2021 compared to September 2020.

From Poovar t®ulluvila(CSP1828) the beach shows erosion on both sides of the shoss

line.
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Figure 4.25Beach Volume Changes duringeptember 2020 and September 2021 m3/m
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Table 4.4 Seasonabeach volume changeomparison between 209-2020 and 2(20-2021

ccoverzois | 200 | T | ALt | SO sopember
CSP October 2020 Feztz)rgiry February April 22%22(;_'?322 September Sef)(t)enger
NOs. Post Monsoon Fair . 2021 2021-Pre Monsoon 2021 2021:Monsoon
(onshore) weather Fair weather | Monsoon (offshore) Monsoon (Offshore)
(onshore) (offshore) (onshore) (Onshore)

CSPO1 Sea wall 6.99 Seawall 17.87 Sea wall -27.06
CSPO2 -13.68 9.11 -23.18 * -38.49 * 11.39
CSPO3 27.76 81.07 13.05
CSP04 22.47 7.01 72.77
CSPO5 17.53 -0.80 -18.60
CSPO6 23.12 1.64 -41.84
CSPO7 42.49 13.86 137.23
CSPo8 Sea wall 2817 Sea wall 252 Sea wall 020
CSP09 -43.31 -2.83 -8.50
CSP10 -25.59 -17.43 -61.12
CSP11 16.43 32.24 31.43
CSP12 -12.48 30.36 3.47
CSP13 80.68 23.52 11.98
CSP14 51.73 30.85 -31.76
CSP15 -13.96 12.94 108.56 22.44 36.41 7.64 48.29
CSP16 -14.07 -10.52 164.04 * 55.36 62.40 126.03
CSP17 0.47 1.86 -4.82 4.55 29.43 2.27 -37.91
CSP18 -6.12 -8.12 5.81 -8.16 8.06 -24.92 -32.04
CSP19 -5.22 -1.31 48.87 -4.73 -37.52 -7.89 -36.20
CSP20 1.08 -5.85 13.76 -3.95 -2.52 -2.63 -24.02
CSP21 1.07 -6.31 50.05 -0.20 14.59 -0.99 -20.66
CSP22 3.09 -6.31 -9.87 -10.46 10.24 -8.92 -42.70
CSP23 -4.63 -4.32 -18.76 -1.03 16.44 -8.02 -55.73
CSP24 -3.56 -5.38 -5.69 10.02 -12.68 -13.33 -37.32
CSP25 -5.30 -4.68 -13.42 -8.43 -1.53 -9.27 -46.72
CSP26 -8.61 -5.09 0.45 -4.85 -2.36 -0.36 -70.78
CcSP27 -4.73 -1.50 -26.04 -0.95 -5.46 -2.37 -41.99
CSP28 -5.19 -0.64 -26.48 0.00 -24.66 -2.33 -39.92
CSP29 -1.16 2.97 -17.49 5.96 -17.64 0.67 -42.90
CSP30 -4.56 5.50 -3.30 2.23 -21.14 2.77 -39.80
CcsPal -2.07 5.15 -32.30 6.19 -26.57 16.98 -34.16
CcSP32 * -4.16 * 19.34 * 17.39
CcSP33 -18.47 31.20 -18.04 18.15 15.44 -6.65 29.79
CSP34 1.08 12.78 67.97 3.73 60.11 8.25 20.93
CSP35 * * * * * 165.81
CSP36 5.30 4.75 24.08 -5.81 5.29 -0.79 41.06
CSP37 8.02 -21.10 -13.72 -7.40 -9.27 1.52 45.02
CSP38
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CSP39 PORT AREA

CSP40

cspal 2.55 -5.42 -29.42 10.51 -8.03 * 17.77
Cspa2 -20.08 2.73 56.29 12.02 70.67 6.97 7158
CSPa3 158 2.71 63.14 2.08 0.89 4.06 2.98
Cspaa 2.24 14.28 18.93 13.65 -2.85 16.59 -25.90
CSP45 79.43 70.76 -3.36
CSP46 14.97 12.76 -59.94
CcSpar Sea wall 2691 Sea wall 1783 Sea wall 1860
CSP48 -36.84 -19.81 32.57
CSP49 -55.17 -5.31 45.94
CSP50 -16.98 3.34 32.63
CSP51 -0.26 -0.29 -31.42 -0.30 -18.78 1.00 28.44
CSP52 -0.18 -3.19 2757 -2.80 -29.90 1.26 4758
CSP53 3.26 -4.32 -7.66 -4.48 45.52 1.17 31.82
CSP54 6.85 66.12 4.39
CSP55 24.41 136.55 91.23
CSP56 9.85 71.48 41.76
CSP57 47.62 112.16 89.92
CSP58 16.04 78.67 34.97
CSP59 Sea walll 11.72 Sea walll 63.80 Sea walll 34.98
CSP60 -32.72 38.54 11.01
CSP61 -12.94 22.91 -1.82
CSP62 -42.55 -5.35 *
CSP63 -31.35 4.62 *
CSP64 27.71 72.43 *
CSP65 -38.85 8.91 *
CSP66 -0.94 1.12 53.06 5.22 -6.28 8.64 *
csper Sea wall 5 Sea wall 3918 Sea wall )
CSP68 4.20 46.78 *
CSP69 6.42 -67.24 304.45 -62.43 308.80 -55.08 *
CSP70 -1.05 131 -5.96 0.47 11.18 -0.67 *
CSP71 4.91 2.10 -6.39 -6.45 24.02 -2.67 *
CSP72 -5.41 -2.06 -25.37 -4.20 -32.69 0.46 *
CSP73 -357 -3.72 -0.47 7.94 25.42 10.84 *
csp74 -0.93 -5.67 8.51 -8.92 -23.04 0.33 *
CSP75 -0.26 -2.86 -43.89 3.27 -31.96 1.50 *
CSP76 0.06 -6.18 7.16 0.60 2057 121 *
CSP77 1.23 -0.78 2471 6.12 -22.49 7.15 *
CSP78 6.35 -6.02 -4.29 -8.31 -18.43 5.07 *
CSP79 Sea walll * Sea wall -9.54 Sea wall *
CSP80 0.15 -4.02 0.04 0.04 -4.82 0.80 *
CSPs1 4.08 -7.71 -27.81 -1.48 -42.65 0.67 *

*Data not consideredfor analysis
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4.1.6 Overall Beach volume variation during February 2015 and February 201

This analysis has been carried out to identify and compare the beach volume variation
before the commencemeant port dredging process with the current scenafiibe beach
volume changes fd¥ebruary2015 andFebruary2021 given in graphs ifigure 4.27, Figure
4.28andTable 4.5

On onshore part accretion noticedEatapadubeach (CSP02), Poovar Rulluvila
(CSP1727), Pulluvila to Adimalathura (CSP334), Mullur (CSP3637), Kovalam (CSP41
44), Punthura (CSP53p,annathurdCSP51),ShangumughanfCSP70), \éttucaud (CSP 72
78) and Thumba (CSP81). Erosion noticed at Poovar (G381 Fulluvila (CSP2829),
PannathurgCSP52), Valliyathura (CSP66ghangumughaniCSP69 and71) and Thumba
(CSP80.

On offshoreaccretiontaken place at locatiortsdapaduo Poova(CSP0116), Poovar
(CSP21), Adimalathura to Azhimala (CSP3d), Kovalam (CSP43, CSP 45 and 47),
PannathurgCSP5052), Punthura to Beemapally (CSP58), Beemapally to Cheriyathura
(CSP60661), Valliyathura to ShangumughanfCSP6371), Vettucaud (CSP73), dChuveli
(CSP76), Valiyaveli (CSP78). The locations Poovar (CSEN)7 Karumkulam to
Adimalathura (CSP233), Mullur (CSP3&7), Kovalam (CSP442, CSP44,CSP46),
Pannathurag(CSP4849), Punthura(CSP53), Beemapally (CSP59), Cheriyathura (CSP62),
VettucaudCSP72), Vettucaud to Kochuveli (CSP78), Kochuveli (CSP77), and Valiyaveli
to Thumba (CSP7#81) exhibit erosion.

At Pulluvila (CSP2829) and Thumba (CSP80) erosion taken place on onshore and

offshore.
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Figure 4.27 Beach Volume Changes February 2015 andFebruary 2021 in m3/m
(onshore)
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Figure 4.28 Beach Volume Changes February 2015 andFebruary 2021in m3/m
(offshore)
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Table 4.5 Overall Beach VolumeChangesduring February 2015 and February 2021in

m3m

CSP February 2015February 2021 (onshore) February 2015February 2021 (offshore)
ngbl Sea wall 115.85
CSP02 -106.71 190.34
CSPO3 Sea wall 205.69
CSP04 214.67
CSP05 172.29
CSP06 180.48
CSPO7 123.29
CSP08 35.57
CSP09 9.33
CSP10 62.09
CSP11 97.47
CSP12 73.92
CSP13 135.71
CSP14 58.16
CSP15 -5.32 46.89
CSP16 -58.35 55.20
CSP17 4557 -17.35
CSP18 16.03 -7.29
CSP19 22.80 -6.20
CSP20 1.49 -8.49
csp21 22.49 2.53
CcSp22 27.78 -29.60
CcsP23 23.77 -35.03
csp2a 26.09 -31.33
CSP25 20.48 -11.53
CSP26 15.62 -28.73
CcSP27 5.01 -27.45
CcsP28 -10.04 -30.96
CSP29 -13.04 -13.16
CSP30 2.04 -23.79
CcsP31 20.24 -44.96
CSP32 * -54.64
CSP33 19.22 -43.63
CcSPa4 49.61 7.63
CSP35 * 19.69
CSP36 37.40 -130.91
CSP37 50.79 -70.83
CSP38 Port Area
CSP39
CSP40
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CSP41 13.96 -38.72
CSP42 5.74 -67.50
CSP43 271 2.38
CSP44 3.35 -89.41
CSP45 Sea wall 68.37
CSP46 -24.09
CSP47 56.11
CSP48 -10.34
CSP49 -21.40
CSP50 11.99
CSP51 0.54 17.97
CSP52 -1.77 21.43
CSP53 12.14 -16.08
CSP54 Sea wall 69.04
CSP55 62.95
CSP56 48.42
CSP57 57.21
CSP58 16.24
CSP59 -15.77
CSP60 53.04
CSpP61 78.27
CSP62 -1.74
CSP63 31.38
CSP64 138.99
CSP65 100.60
CSP66 -1.52 159.40
CSP67 Sea wall 95.23
CSP68 95.84
CSP69 -15.04 59.47
CSP70 11.60 33.85
CSP71 -11.01 19.62
CSP72 5.02 -5.83
CSP73 9.72 11.84
CSP74 4.92 -164.98
CSP75 4.26 -48.81
CSP76 6.53 0.53
CSP77 10.69 -28.30
CSP78 0.60 5.27
CSP79 Sea wall -65.47
CSP80 -7.75 -24.33
CSP81 6.97 -43.20

*Data not considered for analysis
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4.2 Results for Shoreline Change Analysis from Satellite images

In the previousubmittedAnnualreporsfor the period October 2017 to September 2018
the result from the shoreline change analysis using high resolution satellite images carried out
for 20062018 and annual variation for the year 2218.6, 20162017, 20172018 has bee
presentedAs a part ofNGT direction, the shoreline change analysis has been carried out for
the yeas 20002010, 201€2018, 20062018 using high resolution LISS 4 (5m) and PAN
(2.5m) images to study the changes before and after 2010. Further, the shoreline change
analysis hasden carried out for the years 262005, 20052010, 201€2015, 20152018 to
study the immediate changes prior and after port commencement activity (December 2015).
Similarly, in Annual report for the period October 2688ptember 20190ctober 2019
Septembr 2020, monthly, seasonal, annual and inter annual shoreline changes has been
assessed and reported.
The spots of erosion listed from the above analysis using high resolution satellite images are
Valliyathura(CSP63 to CSP67PunthurgCSP53 to CSP57Poovarto EdapadCSPO01 to
CSP09)Hencejn continuation with the earlier Annual rep@@ctober 2017September 2018
October 208 to Septembe019 and October 209 to Septembe2020, this annualreport
compiles themonthly, seasonal and overalhoreline change over the period from @her

2020to SeptembeR02lusing available high resolution satellite images

4.2.1 Monthly Shoreline ChangeAnalysis from October 2@®0to September 2@1

The monthly shoreline change analyis@m October 202 to Septembie2020carried
out usingavailable high resolution satellitmages hadeen presented in the Figur@&%tto
4.40 respectively
1 Most of thesectorsndicateaccretionwhile Cheriyathurg150m), Mullur (250m) indicates

erosion(coastal length in jrfor October 2020.

1 The shoreline change analysis map shows accretion at most of the locations while erosion
noted few sectorsof Vettucaud (200m), Mullur (150m), Karumkulam (300m), Poovar
(500m) and Edapadu beach (12Gor)November 2020.

1 The shoreline changenalysis map shows that the accretion fibnumba to Vettucaud,
Cheriyathura, and Mullur to Vallavilay while erosion is noticedTaumba (150m),
Punthura (300m)few sectorsof Mullur (200m) Poovar(300m) and Edapadu beach
(600m)for December 2020.
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Most of the sectors indicate accretion and stable except Kochuvé800m) and
Cheriyathura (90mindicates erosion folanuary 2021

The shoreline change analysis map shows erosion noted se¢éeawsof Thumba(250m)
Cheriyathura (150m) Punthura(250m) Pulluvila (200m) Karumkulan450m) and
Edapadu beacf800m)while accretion at Mullur and Adimalathura feebruary 2021

The shoreline change analysis map shows that the accretion at most of the {gbd¢ion
erosion is noticed aheriyathura (250mPunthura(900m)and fewsectorsof Edapadu
beach(300m)for March 2021.

Most of the sectorsindicates erosion at Vettucay®@00m) Shangumughan400m)
Valliyathura (170m) Punthura(300m) and PoovdgBkm) while accretionnoticed at
Thumba, Kovalam, Adimalathur®ulluvila, Karumkulam and stable coast at Kochuveli
and Edapadu beach for the April 2021.

The shoreline change analysis map shows accratidtarumkulam (360m) and Poovar
(900m) while erosion noted at Thumba (1.5km), Wedud (250m), Shangumugham
(700m), Punthura (1.25km), Mullur (670m), Adimalathura (700m), Poovar (1.5km) and
Edapadu beach (500rfgr May 2021.

The shoreline change analysis map shows accretion at Mullur argetarsof Poovar

and Edapadu beach whileosion is noted from Thumba to Shangumugh@km),
Punthurg(900m)and Adimalathura to northesectorsof Poovar(8.5km)for June 2021.

The erosion is noted at the stretches of Mullur (250m), Adimalathura (25Wih)yila
(1km), Karumkulam (1km) and Poavg00m) for the montlof July 2021

For August 2021,he shoreline change analysis map shows that the erosion is noted at
Thumba (1km), Kochuveli (500m), Vettucaud (1km), Shangumugham (1.5km),
Cheriyathura (270m), Punthura (400m), Karumkulam (2.5 kmParaar (900m).

For September 2021hé¢ shoreline change analysis map shows that the erosion is noted
along Thumba (200m), Kochuveli (400m), Vettucaud (600m), Punthura (600m),
Cheriyathura (200m), Adimalathura (600m), Karumkulam (400m), Poovar (1.2km) and
Edapadu beach (100m).
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Figure 4.29 Shoreline Change Map-October 2020
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Figure 4.33 Shoreline Change Map- February 2021
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Figure 4.35 Shoreline Change Map-April 2021
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Figure 4.36 Shoreline Change Map- May 2021
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Figure 4.37 Shoreline Change Map- June 2021
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Figure 4.40 Shoreline Change Map- September2021
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4.2.2 Seasonal Shorelin€€hangefrom October 2020to September 2@1

As suggested by the shoreline and expert committee meeting held dufiagd 2%’
February 2019, the seasonal pattern has been followed in thisasPpost monsoon (October
November 2Q0) Fair weather periodDecember 2P0-March 2@1), Premonsoon (AprH
May 2021) andMonsoon (Jun& September 221).

4.2.2.1 Results for Shoreline Change iRost Monsoor2020 (OctoberNovember B20)

The seasonal shoreline change analysis for the post monsoon pei®ad 80dwn in
Figure 441. The shoreline change analysis map shows accretion at most of the locations while
erosion noted at fewectorsof Vettucaud(200m) Mullur (150m) Karumkulam (300m)
Poovar(500m) and Edapadu beadqii20m) for the post monsoon pedo(October2020to
November 2Q0).
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Figure 4.41 Shoreline Change Map' Post Monson 2020

68



CompehensiveShorelineMonitoringProgramme

4.2.2.2 Results for Shoreline Change iRair Weather Period2020 (December 2R0-March
2021)

The seasonal shoreline charggealysis for the fair weather period220is shown in
Figure 442. The fair weather period (Decembe2B@o March 2@1) indicatessteble at most
of the locations while erosion is noticed anfPura(600m)and Pova (630m)and accretion
at Kovalam (860m) Mullur (150m), Adimalathura(950m), Pulluvila(600m) and Poovar
(1.4km)

Figure 4.42 Shoreline Change Mapi Fair Weather Period2021

4.2.2.3 Results for Shoreline Change iRre-MonsoonPeriod2021 (April 2021-May 2021)

The seasonal shoreline change analysis for thenpresoon period 21 is shown in
Figure 443. The premonsoonperiod (April 2@1 to May 2®1) indicatesaccretion at
Karumkulam(360m)and Poova(900m)while erosion noted at Thuml§a.5km) Vettucaud
(250m) Shangumughar(v00m) Punthwa (1.25km) Mullur (670m) Adimalathura(700m)
Poovar (1.5kmand Edapadu bea¢tO0m)
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