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Executive Summary

This report includes the study on shoreline change assessomgWizhinjam coasabout
40km stretch forthe period fromOctober2021 to September2022 using high resolution

satelliteimagegless than 1nspatial resolutionandfield measuredeach prafe data

During October 2021 t8eptembeR022 on the onshore parsing beach profile analysis
it is found that beackhownerosionat Poovar (CSP15,17ulluvila (CSP27,30), Adimalathura
(CSP31,33), Kovalam (CSP4B) Pannathura to Punthura (CSPE). and Valliyathura (CSP66)
and Vettucaud (CSP7&xcept accretion éulluvila to Poovar (CSP 179) and Thumba to
Shangumugam (CSP 62).

Beach profile analysis has rie¢en carried odor offshore part during October 2021 and
only few locations were surveyed during November 2021 and January 2022 due to bad weather
Hence, thaanalyss for the March 202Ras beerncluded in this report for the offshore part

during this period.

Theovenll shorelinechangesising satellite imagesr October 2021 t&eptembeR022,
erosion is noticed dew sectors north of Adimalathura (CSP 3@yllur (CSP 37)Punthura
(CSP5153), Valliyathura (CSP 64,66)humba to KochuvelfCSP 7581), while accrabn is
noticed atAdimalathura to Poovar (CSP-32) andShangumugam (CSP 69.)for the period
October 2021 t&eptembeR022.

Thehighresolutionsatelliteimagesless than th) hasbeenused for the pre and post port
shoreline change analysiesm Febriary 2011 toMarch2022and the results has begrovided

in this annualreport.
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1 INTRODUCTION

NIOT has beerngaged by Adani Vizhinjam Port Private Limited (AVPRL}he studies
on shorelinechangeanalysisalongVizhinjam coastusing high resolutionsatellite magedor
the period Oaber2017to Sefgember2018(SO No. 5700227001 dated 15/11/2)XJctober
2018 September 201650 No. 5700262831 dated 07/03/2Q18) the year October 2019
September 202(B0 No. 570085305dated23/03/2020for the year October 2028eptember
2021 (SO No. 570089439 dated 28/09/20p0These reports are submitted by Vizhinjam
International Seaport Limited (VISL) for vetting by NGippointed expert committee and
shoreline monitoring cell. After incorporating the comments received from both the
committees, NIOT had submitted the final study reports and the same is forwarded by VISL to
Member Secretary, NGT appointed expert commétealso uploaded to Kerala Coastal Zone
Management Authority (KCZMA) website.

Subsequentlywith reference to the mail date@/@4/202, NIOT hasreceived the work
order (SO No. 57Q005927dated12/04/2022) to carry out the study on shoreline change
analysis using beach profiles amdh resolutionsatellite image$or theyear October 2021 to
September 2022Accordingly, NIOT procurel the high resolutionsatellite data(10km on
either side of Vizhinjanport) throughNational Remote Sensing CentidRSCOand obtain
field measuredlata setgbeach profilefrom AVPPL b study theshoreline changes analysis
for 40 km stretch along Vizhinjam coast

This report consists of the study on shoreline change analysis carried out over 40 km
stretch keeping Vizhinjam Port as center, usangilable satellite images and beach profile
datafor the period fronOctober2021to SeptembeR(022.

2 OBJECTIVES

i) To assesthe shoreline change over the 20 km coastline on eithevstienjam port
using satellite images and beach profile data for the y®@etobeR021 to
SepembeR022.

i) To identify the erosion and accretion hotspots using available moderate and high
resolution multi spectral images acquired by remote sensing satellites-ighd
measuredbeach profile data for the ye@ctober2021 to Septemb&022.
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3 METHODOLOGY & DATA USED

The methodology flowchart is shownkiigure 3.1 The shoreline change analysis has
been carried out using satellite images to estimate the rate of change in terms of distance eroded
or accreted and the rate of change estimated using cross shore profile in terms of area and
volume. From the satellite mges, the shoreline has been extracted after rectification and co
registration. The shoreline change rate fr@Qutober 202 to September 22 has been
analysed, and the trend has been compared with beach profile data. Digital shoreline change
analysis systm (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 data. It is also useful for computing rates of change for othenboundar
change conditions that incorporate a cle@tbntified feature position at discrete times.

Similarly, the beach profile datgerpendicular to the shoreline for 40 km stretch at
intervals of 500m, using RTK or total station landwardaf00m distance from HTL or +2m
elevation w.r.t. HTLand using shallovdraft boats, sled or any other suitable techniques
seaward down to 10m Cébllectedmonthly (4 CSP lines (CSB2 (Edapadu Beach), C5
(Azhimala), CSP64 (Valliyathura) and CSRPP4 (Vettucaud)) carried out unto 20m in the
months of October 2020, January 2020, May 2020 and August 2020 as per Shoreline
Monitoring Cell MoM dated 18 February 2019)The shoreline change analysis using beach
profile data has been carried out using SANDB\sre/MATLAB. The detailed methodology
of the shoreline change analysis using satellite images and beach profile analysis has been
provided in this report.

Multi-date satellite image &fizhinjam coast

!

Image Correction

v

Image Analysis

'

Shoreline Extraction

'

Shoreline Change rate analysis

v

Comparison and analysis of shoreline chatr

Tide and beach profile informatio

\ 4

Figure 3.1Flowchart of the methodology adopted
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3.1 Shoreline change analysis from Satellite images

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

by the time elapsed between the oldest and the most recent shdfgjure3.2). Themajor
advantages of 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 3.2Calculation of Short Term Shoreline change analysis
3.1.2 Long Term Shoreline change analysis
A linear regression ratef-change (LRR) statistic is determined by fitting a least
squares regression line to all shoreline points for a particular traRgpate 3.3 The
regression line is placed so that the sum of the squared residuals (deternmsnedring the
offset distance of each data point from the 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 effestbaso tends to underestimate the rate of
change relative to other statistics.
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(Sample image source: Thieler et al., 2017)
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3.1.3 Satellite images used

The inputhigh resolution satellite imagé$able 3.1)10km on either side of Vizhinjam

Port havebeenprocured the vendors listed by NR$& studymonthly change in shoreline

from October2021 to SeptembeR022. The high resolutionsatellite images that are available

for the study arehave been procured from 2011 to 2022 (yearly charagespanalysis of the

same will be included in the subsequent report

Table 3.1Availablesatellite image data usedor shoreline change analysis

Satellite

Date

SensorBands

Resolution (m)

World View-2

24-01-2012

18-02-2013

14-02-2014

26-02-2015

26-01-2016

27-01-2017

26-11-2018

29-08-2019

08-11-2020

24-10-2021

05-11-2021

19-12-2021

19-01-2022

14-03-2022

RGBNIR

0.5

Cartosat 2

12-02-2011

30-01-2021

PAN

Resourcesat 2

03-09-2021

LISS4

Sentinel 2

25-10-2020

08-04-2021

2510-2021

04-11-2021

19-12-2021

18-01-2022

22-02-2022

14-03-2022

18-04-2022

03-05-2022

27-06-2022

27-07-2022

16-08-2022

25-09-2022

MSI

10
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3.1.4 Beach Profiles

Shoreline Change analysis using Cross shore Profile (CSP) has been done as part of the
Shoreline Monitoring Programme. CSP data is being collected monthly by the surveying
agency every 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 locations of the CSP lines are shoWwigure 3.4, and the corresponding
landmarks and location names are given in Table 3.2. However, daagio sea condition
along the Vizhinjam coast and agitatiamly onshoresurveywas carried oudnd theoffshore
part of the crosshore profiling carried out for the monthskgbruary and March 202Rience

these dathave not been considered for thell beach volume change analysis.
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Figure 3.4Beach Profiles lines

Cross Shore Profile (CSP) surveys have been carried out as two components Viz.:

(1) CSP Surveys (onshore) using RTK (Real Tirgetic) GPS System landward up
to 100m distance from HTL or +2m elevation w.r.t. HTL and

(2) CSP Surveys (offshore) using mideam echo sounder system to cover uptol0m
CD; collected monthly (4 CSP Line€$R02 (Edapadu Beach), CS¥5 (Azhimala), CSF4
(Valliyathura) and CSH4 (Vettucaud)to be carried out up to a depth of 20 m in the month
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of January, May, August and October as per shoreline committee suggestidviolitief

meeting dated 13th February 2019). These data sets are combined, procgssmussared
to NIOT for analysis by the surveying agency.
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Table 3.2 Landmark, places hames and site condition around eadBSP lines

SITE
CSP NOs. LAND MARK LOCATION CONDITION
CSRO0O1 Seawall
CSR02 CATHOLIC CCFIQEIS.'I\.A?JIC PRAYER EDAPPADU BEACH Beach
CSR03 Seawall
CSR04 Seawall
CSRO05 ST.MARYS CHURCH VALLAVILAY Seawall
CSR06 Seawall
CSR0O7 Seawall
CSPR08 ST.NICOLAS CHURCH NEERODY Seawall
CSR09 Seawall
CSR10 Seawall
CSR11 SREEBHADRAKALI TEMPLE POZHIYOOR Seawall
CSR12 Seawall
CSR13 ST.MATHEWS CHURCH Seawall
CSR14 CHURCH OF CRIST PARUTHIYOOR Seawall
CSR15 Beach
CSR16 POOVAR ISLAND RESORT POOVAR BEACH Beach
SOUTH
CSR17 Beach
CSpis SOUTH OF POZHIKARA BEACH POOVAR Beach
CSR19 PORT BeacE
CSR20 POOVAR BEACH Beac
CSpo1 ST.ANTONYS CHAPEL NORTH Beach
CSR22 Beach
CSR23 Beach
CSR24 ST.ANTONYS CHURH KARUMKULAM Beach
CSR25 Beach
CSR26 Beach
CSR27 Beach
CSR28 Beach
CSR29 GOTHAMBU ROAD PULLUVILA Boach
CSR30 Beach
CSR31 Beach
CSR32 ADIMALATHURA CATHOLIC Beach
CSP33 CHURCH ADIMALATHURA Beach
CSR34 Beach
CSR35 AZHIMALA TEMPLE AZHIMALA Rocky Area
CSR36 Beach
CSpa7 NAGAR BHAGAVATHY TEMPLE MULLUR Beach
CSR38 Seawall
CSR39 PORT ADANI RECLAMATION AREA ADANI PORT OFFICE Beach
VIZHINJAM

CSPR40 Beach
CSPR41 Beach
CSR42 Beach
CSR43 Beach
Cspaa VIZHINJAM LIGHT HOUSE KOVALAM Beach
CSR45 Seawall
CSR46 Seawall
g:ii; NORTH OF SAMUDRA BEACH PARK KOVALAM (NORTH) zeawa::

eawal
cSRa9 PORT MOSQUE PANATHURA (SOUTH) Soawall
CSR50 Seawall
CSR51 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
CSP6L CHERIYATHURA SPORTS GROUND CHERIYATHURA Seawall
CSR62 Seawall
CSR63 Seawall
CSR64 Seawall
CSR65 VALLIYATHURA BRIDGE VALLIYATHURA Seawall
CSR66 Beach
CSR67 Seawall
CSR68 SHANGUMUGHAM Seawall
CSP69 SHANGUMUGHAM BEACH (SOUTH) Beach
CSR70 SHANGUMUGHAM Beach
CSR71 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 was analyzed by plotting each profile and using SANDS. The aim of
this exercise was to establish a base data to compare profiles with surveyed data from different
locations for different seasons. Thiata shall serve to assess the beach profile after the
construction of the port at Vizhinjam in future. The difference, if any, shall be investigated
further to understand impact due to the port on the shoreline evolution. Profiles for different

months wee plotted location wise.

It is accepted that beach profiles can 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). SANDsbftware stores the beach profile surveys, to
view them graphically 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 compares beach profiles
from different/multipe locations.

It was observed during the analysis of cross shore profiles that some of the profiles
appeared distorted, possibly due to some errors during the survey. These profiles are either
discarded or manually corrected in respect of the earlierlgsofihe profiles corresponding

to the Vizhinjam Port area is completely discarded and mentioned as a development zone.

8
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The CSP data after reprocessing qualitatively and quantitatively is directly imported to
SANDS for shoreline change assessment. Theviatig flow chart Figure 3.5 explains the

process and workflow in SANDS.

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

Figure 3.5Work Flow in SANDS

3.2 Analyzing Beach Profiles in SANDS

SANDS allow for any number of beach profiles survey recorltis giored at each profile
location over a period. This database has been used for determining the stability and long term
trends in beach levels. The two main Beach Profile Analyses are Profile Analysis by Level and

Profile Analysis by Chainage.

3.2.1 Profile Analysis by Level
Profile analysis 'by Level' method analyses the changes in the chainage at which certain
levels occurEigure 3.6). In other words, this analysis looks at horizontal strips of the profile.
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Figure 3.6Profile Analysis by Level

3.2.2 Profile Analysis by Chainage

Profile analysis 'by Chainage' method analyses the changes in level at certain chainages.
In other words, this analysis looks at vertical strips of the prdfitgu¢e 3.7).
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Figure 3.7Profile 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 locatebns a
analyze the volumes of these units. SANDS calculate the 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 visal results.

4 RESULTS AND ANALYSIS

In the present study, the shoreline rate of change statistics from time series of multiple
shoreline positions of 40 km coastal stre2@ km either side of Vizhinjam Port) has been
taken in to account for shoreline calculatiosing satellite imagesThe result from the
shoreline changanalysis carried out fdDctober 2021 to September 20225 been analysed

Based on the rate of change over the period, shoreline changedmastegorized into
5 classesThey are high accretion (>5m/year), moderate accretmri¢dm/year), stable coast
(Imto -1m/year), moderate erosiofiin to -5m/year), high erosion (§m/year).

The observations from the beach profile analysis done using SANDS for the entire 40
km stretch has been presented as monthly changes in the beach volume for a period from
October 2021 to September 20&22d beach volumehanges between October 26Q6tober
2021, February 20241February 202, April 2022April 2022 and September 208eptember
2022also have been worked out and presented in this régonthly beach volume changes
have been assessed by comparing month to month priofifesction 4.1 The erosion and
accretion are highlighted with red and green céilbm the charts for better understanding.

The results shown in the charts are also presented in the tables.
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4.1 Results from Beach Profile Analysis

The beach profile data consist of batiheishore and offshore profilddo offshore survey
carried out for October 202April 2022 to September 202&dfew locations on the offshore
were surveyed itNovember2021and January 202@ue to unfavourable weatheonditions
Hencemonthly beachvolume changes have been assessed by comparing month to month
profiles only for onshorepart forall months from October 2021 ®eptembe022 and only
for March 2022 on offshore part

4.1.1 Monthly Beach Volume variations for October 2021 to September 2022 for

onshore part

This report contains the monthlyeach volume changeguring October 2021 to
SeptembeR02 andhave been represented graphicallyrigures 4.1 to 412 and inTable
4.1

During October2021, the beach was showing accretion at PoovarhSQ8P15,
Karumkulam (CSP24 & CSP2@ulluvila (CSP2830), Adimalathurao Mullur (CSP31-36),
Kovalam (CSP43)Punthura (CSP53)ochuveli (CSP76) anWalliyaveli (CSP78). Erosion
found atEdapaduBeach (CSP02), Poovar South to Karumkulam (CSE)6 Karumkulam
(CSP25) Pulluvila (CSP27), Adimkathura (CSP3:B3), Mullur (CSB7), Kovalam (CSP44),
PannathuraNorth (CSP53152), Valliyathura (CSP66)ShangumuganSouth to Kochuveli
(CSP6975), Kochuveli(CSP77), Thumba (CSP&1L). No onshoresurvey carried out at
location CSP41 during October 2021 as this spot was not accessible by foot and CSP42 was

found erroneouddence these locations were excluded from the analysis.

In November 2021, thiecationsEdapaduBeach (CSP02Roovar South t@ulluvila(CSP15

29), Adimalathura to Azhimal@SP3135), Kovalam (CSP44Rannathur&lorth to Punthura
(CSP5253), Valliyathura (CSP66)Shangumugansouth (CSP69)ShangumuganiNorth to
Kochuveli (CSP7477) and Thumb&CSP8081) shown accretion. Erosion notedPaiflluvila
(CSP30), Mullur (CSP387), Kovalam (CSP4B Pannathurdlorth (CSP51)Shangumugam

North (CSP70) and Valliyaveli (CSP78Jo onshoresurveycarried out at location CSP41
during October 2021 as this spot was not accessible by foot and CSP42 was found erroneous
due to data gap in the profile measuremet@nce these locations were excluded from the

analysis for November 2021.
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In DecembeR021,accretion found a@Edapadibeach (CSPO2Roovar South to Poovar North
(CSP1521), Karumkulam (CSP235), Pulluvilato Adimalathura (CSP292), Adimalathura

to Mullur (CSP3437), Kovalam (CSP434), ShangumuganNorth (CSP7) Kochuveli
(CSP79, Valliyaveli (CSP78) and Thumba (CSP81). Erosion found at Karumkulam (CSP22),
Karumkulam tdPulluvila (CSP2628), Adimalathura (CSP33), Kovalam (CSPH3annathura
North to Punthura (CSPH3), Valliyathura (CSP66)ShangumugamSouth (CSP69),
ShangumugamNorth to Vetucaud (CSP7¥2), Vettucaud to Kochuveli (CSP7%),
Kochuveli (CSP77) and Thumba (CSP8BJofile found erroneous at location CSP42 and
CSP73

During January022, accretiofound atmost of the locations except at Poovar South (CSP16),
Pulluvila (CSP2829), Valliyathura (CSP66)/alliyaveli (CSP78).

In February 2022, erosion noted at Poovar South (CSP16), Poovar (CSP18), Karumkulam
(CSP23), Mullur (CSP37), Kovalam (CSP4Bannathuranorth to Punthura (CSPHE3),
Shangumugamlorth (CSP71)Vettucaud tdkochuveli (CSP74/5), Kochuveli (CSP77) and
Thumba (CSP81). Accretion exhibited EEdlapadubeach (CSP02), Poovar south (CSP15 &
CSP17), Poovar to Karumkulam (CSP2®3), Karumkulam to Mullur (CSP236), Kovalam
(CSP41& CSP4y Valliyathura(CSP66) Shangumugariorth (CSP70), Vettucaud (CSR72

73), Kochuveli (CSP76)\alliyaveli (CSP78) and Thumba (CSP80).

During March 2022, dbcationsEdapadwbeach (CSP02), Poovar South (CSP15&17), Poovar
to Poovar North (CSP121), Karumkulamd Pulluvila (CSP2329), Adimalathura to Mullur
(CSP31-36), Kovalam (CSP434), PannathurdNorth to Punthura (CSPE33), Valliyathura
(CSP66),ShangumuganiNorth to Vettucaud (CSP7D2), Kochuveli (CSP75) and Thumba
(CSP80)beach found eroded. Beach showstration at Poovar South (CSP16), Poovar
(CSP18), Karumkulam (CSP22Rulluvila (CSP30), Mullur (CSP37), Kovalam (CSP41),
Shangumugansouth (CSP69), Vettucaud (CSP78), Kochuveli toValliyaveli (CSP7678)

and Thumba (CSP81).

During April 2022, erosion ocurred at Poovar (CSP16), Karumkulam (CSP22), Pulluvila
(CSP2830), Mullur (CSP3637), Kovalam (CSP41)Punthura (CSP53)Shangumugham
(CSP7071), Kochuveli (CSP77) and other locations indicates accretion.

In May 2022,most of the locations indicates adaa such as Poovar (CS®&1 Punthura
(CSP53), Shangumugham (CSP71) while erosion is notidedaar (CSP17Karumkulam

12
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(CSP25), Pulluvila (CSP30), Adimalathura (CSP33), Mullur (CSFA6 Kovalam (CSP42
43), Panathura (CSP52) and Shangumugham (CSP69).

In June 2022the beach volume change indicates accretion trend except for the locations
Poovar beach (CSP17), Pulluvila (CSP29), Adimalathura (CSB@1Mullur (CSP37)
Punthura (CSP51) and Shangumugham (CSeéxtipits erosion.

During July 2022 most ofthe locations indicates erosion such as Edapadu beach (CSP2),
Poovar to Pulluvila (CSP188), Adimalathura (CSP30,324), Kovalam (CSP43), Punthura
(CSP53),valliyathura (CSP66)Shangumugham North to Vettucaud (CSHA) Kochuveli

to Thumba (CSP7B1) while accretion is noticed at Pulluvila (CSP29), Adimalathura
(CSP31), Kovalam (CSP42), Shangumugham south (CSP69) and Kochuveli {0&3P75

During August 2022accretion is noticed at Edapablaach CSP2), Poovar beach (CSP15
19), Shangumugham north (CSP71), Vettucaud (CSP73Kochuveli (CSP77) and erosion
is noticed at Poovar t®ulluvila (CSP2028), Kovalam (CSP44), Panathura (CSF3),
Valliyathura (CSP66), Shangumugham south (CSR&68¢huveli (CSP74/6) and Thumba
(CSP80681).

During September 202accretion is noticed at Edapadu beach (CSP2), Poovar to Karumkulam
(CSP1622), Shangumugham North (CSP7&qchuveli toThumba (CSP781) and erosion

is noticed at Poovar beach (CSP15), Kovalam (CSHR#)athura (CSP51$hangumugham
south (CSP69) andettucaud (CSP73).
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Table 4.1Monthly Beach Volume Changes duringOctober 2021 to September2022in
m3/m (onshore)

CSP Oct | Nov2021 | Dec Jan Feb Mar | April May | June | July Aug Sept
NOs. | 2021 2021 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022 | 2022
CSPO1 Sea walll

- 29.26 | 21.09| 9.60 | 420 | -3.20 | 0.09 | 0.12 | 2.73 - 249 | 6.45
CSPO2 34.89 21.50
CSP0O3
CSP04
CSP05
CSP06 Sea wall
CSPO7
CSP08
CSP09
CSP10
CSP11
CSP12
CSP13
CSP14

7.43 6.00 13.58 | 1054 | 4.13 | -417 | 221 | 0.80 | 12.84 - 12.54 -
CSP15 24.45 42.24

- 41.32 4.40 - - 22.07 | -25.91| 19.69 | 28.11 | -1.52 | 18.07 | 5.14
CSP16 | 51 65 26.49 | 28.62

- 6.76 387 | 852 | 344 | -494 | 264 | -0.29 | -0.92 - 0.35 | 4.42
CSP171 1265 14.99

-4.71 12.29 6.58 | 815 | -7.72 | 743 | 1.07 | 141 | 543 - 3.33 | 0.44
CSP18 1253

-4.71 9.90 414 | 7.07 | 323 | -262 | 1.81 | 1.47 | 4.66 - 252 | 2.38
CSP19 13.25

-7.14 6.69 355 | 205 | 503 | -431| 1.34 | 1.30 | 10.27 - -1.49 | 3.25
CSP20 2201

-8.26 7.06 3.86 | 461 | 3.78 | -2.27 | 097 | 1.27 | 7.61 - -455 | 5.53
CsP21 13.64

-2.93 8.89 -1.33 | 359 | 3.28 | 052 | -3.07 | 1.83 | 9.13 - 0.35 | 1.88
CSsP22 11.36
csp23| -1.78 3.75 153 | 057 | -0.47 | -159 | 1.11 | 6.80 | 4.33 | -9.76 | -1.58 *

0.49 1.83 521 | 349 | 2.06 | -2.71 | 1.24 | 050 | 4.97 - -2.98 *
CSP24 10.71

-0.77 9.18 348 | 739 | 4.02 | -483 | 1.79 | -6.12 | 16.19 | -7.69 - *
CSP25 14.75

4.23 2.13 -1.30 | 12.39 | 1.81 - 6.62 | 0.27 | 13.26 - -5.97 *
CSP26 11.86 11.03

-0.68 1.06 -0.79 | 0.24 | 1.18 | -4.07 | 3.72 | 235 | 12.14 - -2.06 *
CsP27 18.12

5.12 0.55 -394 | -100 | 759 | -3.04 | -1.26 | 3.75 | 7.20 - -2.24 *
CSP28 11.89
csp2g9| 5.08 2.77 229 | -0.36 | 814 | -3.64 | -1.91 | 4.08 | -1.92 | 15.43 * *
csp3o| 1.19 -27.01 0.46 | 1.69 | 396 | 572 | -6.60 | -8.07 | 21.87 | -7.40 * *
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339 119 | 129 | 229 [ 5416] - | 007 | 470 | - | 205 | * 2
cSpsl 57.29 10.29
492 | 468 | 462 | 364 | 6533 - | 101 | 440 | 026 | 449 | * 2
CSP32 6307
: 1306 | 464 | 994 | 1824 - | 391 | -444 | 1356 - z z
CSP33| 5967 17.07 13.15
553 | 1172 | 037 | 217 | 3243| - | 044 | - | 1040| -485| * 2
CSP34 32.03 10.39
Copas| 426 | 2.66 | 347 | 244 | 7.88 | 7.21 | 1089 | -9.11 z z
1333| 538 | 1026| 018 | 332 | - | 812 | - | 1967| 024 * z
CSP36 10.64 15.04
Cspa7| 159 | 1550 | 9.64 | 1636 | 3.45 | 21.34 | 6.93 | -1.18 | 2.87 | 159 | * *
CSP38 PORT AREA
CSP39
CSP40
cspal| * 280 | 1221] 226 | 312 | 433 | * * * * *
: : : : : ° : [ 000 | 5402| * :
CSPaz 45.68 15.11

csp43| 0.33 -0.56 0.20 | 2.14 | -0.04 | -057 | 021 | -=219 | 2.74 | -0.52 | 0.09 | 0.00
CSP44 | -1.54 2.99 163 | 685 | 1.21 | -2.35 | 2.59 0.00 114 | 0.03 | -0.49 | 0.71

CSP45 Sea wall
CSP46
CSP47
CSP48
CSP49
CSP50
csps1 | -0.07 -0.34 -0.26 | 0.82 | -0.28 | -0.22 | 0.25 0.23 | -0.32 | 0.39 | -0.01 | -0.05

csps2 | -4.83 441 -515| 538 | -394 | -1.27 | 3.94 | -1.16 | 0.72 121 | -0.13 | 0.33
0.45 0.24 -0.01| 0.07 | -3.85 - -4.15 | 27.83 | 2.26 - * *
12.41 10.72

CSP54 Sea walll
CSP55
CSP56
CSP57
CSP58
CSP59
CSP60
CSP61
CSP62
CSP63
CSP64
CSP65
CSP66 -0.16‘ 0.20 ‘ -0.12‘ -0.39‘ 0.55 -0.41‘ 0.05

CSP67 Sea wall
CSP68
csPe9 | -2.31 5.83 -6.78 | 9.32 | -0.84 | 0.76 0.51 | -1.00 | 1.00 3.47 | -3.80 | -1.67

CSP70| -2.54 -5.98 888 | 488 | 033 | -096 | -0.11 | 0.29 | 0.62 | -0.80 | 0.14 | -0.37
-4.57 13.35 -9.98 | 12.14 | -0.15 | -4.13 -
-0.07 | 3.88 | -0.33 | 18,53 | 11.63 | 4.78
csp72 | -6.81 5.038 -3.61 | 11.95| 056 | -1.90 | 1.39 0.55 | 0.79 | -7.32 * *

CSP53

-0.41 ‘ 0.97

-0.40 ‘ -0.03 ‘ 0.16

CSP71
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-9.04 7.86 * * 0.16 | 0.21

CSP73 -0.18 | 0.23 | 1.33 | 10.67 | 5.37 | -1.94

433 | 194 | 028 1806| - | 18.03
18.06 2211 | 041 | 068 | -1.88 | -1.42 | 1.74
Csp75| -396 | 396 | 058 | 515 | -0.21 | -0.25 | -0.24 | 056 | 053 | 1.75 | -259 | 0.54
Csp76| 067 | 319 | 007 | 656 | 044 | 028 | -0.10 | 0.81 | 092 | 2.47 | -6.15 | 5.17
Ccsp77| -5.65 | 1039 | -1.07 | 1343 | -3.70 | 0.15 | -0.65 | 0.98 | 1.52 | -8.46 | 4.10 | 3.32
csp7s| 1.87 | -7.05 | 297 | -022 | 230 | 025 | 091 | 1.41 | 1.17 | -1.65 | 017 | 2.70

CSP79 Sea wall
cspso | -0.74 5.45 -1.50 2.45 3.38 -3.16 0.12 0.67 1.55 -2.13 | -1.75 3.60

csps1 | -5.97 11.17 063 | 799 | -0.25| 0.38 | 0.03 0.12 | 039 | -1.34 | -1.26 | 1.54

CSP74

*Data not considered for analysis

4.1.2 Monthly Beach Volume variations for March 2022 offshore part

No offshore survey carried out for October 202pril 2022 to September 202#hd few
locations on the offshore were surveyed in November 2021 and January 2022 due to
unfavourable weather conditis. Hence this session contains only the analysis of March 2022

offshore profilesResults areepresented graphically Figures 413and inTable 4.2

During March 2022, accretion notedetapadibeach (CSP02), Vallavilay (CSP4, Neerody
(CSP%8), Pulluvila (CSP2830), Adimalathura (CSP34), Mullur (CSP37), Kovalam (CSP46),
Pannathur&lorth to Punthura (CSPE5), Punthura to Beemapally (CSP59), Cheriyathura
(CSP61), Valliyathura (CSP66), Kochuveli (CSP/& andValliyaveli to Thumba (CSP78
80). Eroson found attdapadibeach (CSP01&03), Vallavilay (CSP06), Neerodytdluvila
(CSP927), Adimalathura (CSP332), Mullur (CSP36), Kovalam (CSP4H), Kovalam
North to PannathuraNorth (CSP471), Punthura (CSP56), Beemapally (CSP60),
Cheriyathura to Vaiyathura (CSP655), Valliyathura to Vettucaud (CSPG4), Kochuveli
(CSP77) and Thumba (CSB8LCSR3, CSP35 and CSP45qfiles found erroneouslue to

data gap in profile measuremémance excluded from the analysis.
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Figure 4.13Monthly Beach Volume Changesn March 2022in m3m (offshore)

Table 4.2Monthly Beach Volume Changes durindvlarch 2022in m3/m (offshore)

CSP NOs. March 2022
CSPO1 -18.94
CSP02 131.43
CSP03 -2.82
CSP04 15.30
CSP05 9.28
CSP06 -12.77
CSPO7 5.35
CSP08 3.52
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CSP09 -38.52
CSP10 -114.93
CSP11 -20.63
CSP12 -57.30
CSP13 -18.93
CSP14 -18.22
CSP15 -717.41
CSP16 -96.47
CSP17 -63.91
CSP18 -15.14
CSP19 -44.91
CSP20 -91.81
CcsP21 -66.24
CcSP22 -62.67
CcSP23 -52.42
CSP24 -45.77
CSP25 -11.91
CSP26 -21.40
CcsP27 -5.91
CSP28 10.64
CSP29 5.18
CSP30 1.92
CSP31 -16.21
CSP32 -27.32
CSP33 *
CSP34 4.26
CSP35 *
CSP36 -13.34
CSP37 17.86
CSP38 PORT AREA
CSP39

CSP40

CSP41 -6.10
CSP42 -5.40
CSP43 -87.51
CSP44 -32.30
CSP45 *
CSP46 28.28
CSP47 -25.30
CSP48 -30.43
CSP49 -34.31
CSP50 -24.49
CSP51 -7.39
CSP52 4.98
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CSP53 21.82

CSP54 31.99
CSP55 11.90
CSP56 -16.19
CSP57 34.75
CSP58 25.89
CSP59 34.90
CSP60 -7.32

CSP61 18.34
CSP62 -21.71
CSP63 -19.36
CSP64 -0.36

CSP65 -14.84
CSP66 19.76
CSP67 -24.05
CSP68 -42.50
CSP69 -51.14
CSP70 -66.37
CSP71 -55.86
CSP72 -18.42
CSP73 -32.92
CSP74 -17.40
CSP75 6.43

CSP76 4.83

CSP77 -0.89

CSP78 9.66

CSP79 9.13

CSP80 26.44
CcsPs1 -5.25

4.1.3 Seasonal and Overall Beach Volume variationsom October 2021 toSeptember
2022
Seasonal variation has been anatyas post monsoon (October 202November 202}, fair
weather period (Decemb@021 to March 2022)pre monsoon period (April 2022 to May
2022) and Monsoon (June 2022 to September Z02#)e period October 2021 Keptember
2022 The results have been presented to depict the totagemdhat occur in a particular
season by analyzing profiles between each monthseaaon. Showgraphically inFigures
41410 418 and inTable 4.3
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There was no offshore data for October 2021 for any of the 81 locations and only few locations
surveyed on the offshore pattring February 2022 and March 202Bience overall and

seasonal analysis was done only for onshore part.
Beach Vdume Change in PasMonsoon 2021 OctoberNovember 2021

Thelocations Edapadu Beach (CSP@®govar South t®ulluvila (CSP1529), Adimalathura

to Azhimala (CSP3135), Kovalam (CSP44), Pannathura North to Punthura (CSB%2
Valliyathura (CSP66), Shangumugam South (CSP&&angumugam North to Kochuveli
(CSP7177) and Thumba (CSP&L) shown accretion. Erosion notedPatlluvila (CSP30),
Mullur (CSP3637), Kovalam (CSP43), Pannathura North (CSP51), Shangumugam North
(CSP70) and Valliyaveli (CSP78rofile found erroneouat CSP41 and CSP4hue to data

gap in profile measuremehence excluded from thenalysis. Resultshown inFigure 4.14.

Beach Volume Change in Fair Wagher Period 2021 (December 2024arch 202)

During the fair weather period the beach exhibits accretion along most of the beaches except
Poovar South (CSP16Rulluvila (CSP2728), PannathuraNorth to Punthura (CSP53),
Valliyathura (CSP66) an8hangumugarorth (CSH 1) shownin Figure 4.15. Profile found
erroneous at CSPd8e to data gap in profile measurenmfentDecember 2021 hence excluded

from the analysis.
Beach Volume Change ifPre Monsoon 2022 (April 202R1ay 2022)

During premonsoon periodmost of the locations indicates accretisuch @ Poovarsouth
(CSP16), Punthura (CSP53), Shangumugham (CSP71) while erosion is noticed at Poovar
(CSP17), Karumkulam (CSP25), Pulluvila (CSP30), Adimalathura (CSP33), Mullur (ESP36
37), Kovalam (CSP423), Panathura (CSP52) and Shangumugl@®iP69)shown inFigure

4.16

Beach Volume Change iMonsoon 2022 (June 2023eptember 2022)

During monsoon perigdeach exhibits erosicat Poovarsouth(CSP19, Adimalathura(CSP31)
Kovalam (CSP43yhile accretion aEdapadu beach (CSP02), Poosauh (CSP16), Pulluvila
(CSP30), Valliyathura(CSP66), Thumba (CSP81I)he results are shown igure 4.17.

Overall beach volume variation during October 2021 tdSeptember2022
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During October 2021 t8eptembe2022, beacBhownerosionatVettucaud (CSP73), Valliyathura
(CSP66), Pannathura to Punthura (CSB3), Kovalam (CSP423), Adimalathura (CSP31,33),
Pulluvila (CSP27,30), Poovar (CSP1aydEdapadu beach (CSP @jcept accretion at most of

the locations such @&humba to Shangumugaf@SP 6972), Pulluvila to Poovar (CSP £R).
Results shown ifrigure 4.18
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Figure 4.15Seasonal Beach Volume Changes during Fair weather period inim

34



ShorelineChange Analysis

Figure 4.16SeasonaBeach Volume Changes Pre-monsoon2022in m3/m (onshore)
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Figure 4.17SeasonaBeach Volume Changef Monsoon 2022 in m3m (onshore)
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Table 4.3Seasonal and Overall Beach Volume Changes insfm

ShorelineChange Analysis

AREA | October 2021 to | December 2021 | April 2022 to June 2022 to October 2021
CSP November 2021 | to March 2022 May 2022 September 2022 | to September
NOs. (Post monsoon (Fair weather (Pre-monsoon | (Monsson Period | 2022 (overall)

Period 2021) Period 2022) Period 2022) 2022)
CSPO1 Sea wall
CSPO2 29.26 31.69 0.21 9.17 16.44
CSP03
CSP04
CSP05
CSP06
CSPO7 S I
CSP08 cawa
CSP09
CSP10
CSP11
CSP12
CSP13
CSP14
CSP15 6.00 24.09 3.01 -29.40 -0.77
CSP16 41.32 -28.64 -6.22 33.25 4.62
CSP17 6.76 10.89 2.35 3.50 -3.79
CSP18 12.29 14.44 2.48 5.87 21.17
CSP19| . 9.90 11.82 3.27 7.04 16.59
CSP20 § 6.69 6.33 2.64 1351 147
csP21| & 7.06 9.98 2.23 13.14 5.97
CSP22 £ 8.89 6.06 -1.24 11.01 10.78
CSP23 § 3.75 0.04 7.91 4.33 2.91
CSP24 1.83 8.04 1.74 4.97 3.38
CSP25 9.18 10.05 -4.33 16.19 7.88
CSP26 2.13 1.04 6.89 13.26 10.53
CSP27 1.06 -3.45 6.06 12.14 -5.04
CSP28 0.55 -0.39 2.49 7.20 0.83
CSP29 2.77 6.43 2.17 -1.92 29.96
CSP30 -27.01 11.82 -14.66 21.87 -14.19
CSP31 1.19 0.46 4.77 -10.29 -5.22
CSP32 4.68 9.61 5.41 -0.26 10.04
CSP33 13.06 6.47 -0.53 13.56 -10.27
CSP34 11.72 2.94 -10.82 10.40 14.91
CSP35 2.66 6.59 1.78 * 15.28
CSP36 -5.38 3.13 -23.16 19.67 7.34
CSP37 -15.50 43.88 -8.11 -2.87 14.23
CSP38 Port Area
CSP39
CSP40
CSP41 * 14.79 -4.33 * 0.72
LL

cspaz| 2 L * * -45.68 -15.11 -14.07
CSP43 'g Q -0.56 1.73 -1.98 2.74 -5.26
CSP44 z 2.99 7.34 2.59 1.85 4.62
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CSP45 Sea wall

CSP46

CSP47

CSP48

CSP49

CSP50

CSP51 -0.34 0.05 0.49 -0.37 -5.23
CSP52 4.41 -4.99 2.77 1.05 -2.04
CSP53 0.24 -16.21 23.68 2.26 -1.74
CSP54

CSP55

CSP56

CSP57

CSP58

CSP59

CSP60 Sea wall

CSP61

CSP62

CSP63

CSP64

CSP65

CSP66 0.20 -0.37 -0.36 1.13 -3.45
CSP67 Sea wall

CSP68

CSP69 5.83 2.47 -0.48 -0.67 4.50
CSP70 -5.98 13.13 0.18 0.25 4.38
CSP71 13.35 -2.11 3.81 4.45 8.03
CSP72 5.03 6.99 1.94 0.79 0.63
CSP73 7.86 * * -0.61 -6.67
CSP74 1.94 17.75 22.52 2.42 36.99
CSP75 3.96 4.11 0.32 1.07 4.66
CSP76 3.19 7.35 0.72 6.09 14.34
CSP77 10.39 8.82 0.33 4.84 14.36
CSP78 -7.05 5.30 2.33 3.87 4.84
CSP79 Sea wall

CSPS80 5.45 1.17 0.79 5.15 7.94
cSPs1 11.17 8.76 0.14 1.93 13.44

4.1.4 Seasonal Beach Volume compa&on between the period October 2020 and
October 2021 and February 202%. February 2022

Beach Volume comparison between October 2020 and October 2021

No offshore survey was carried out in October 2@2@ October 2021hencethe
comparison oDctober 2020 beach profil@gth October 202Honeonly for onshore parthas
been presented in tikégure 4.19 and in theTable 44
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The beach was showaccrdion at Pulluvila to Adimalathura (CSP361), Mullur
(CSRP36), Kovalam (CSP434), PannathuraNorth (CSP51), Punthura (CSP53), Valliyathura
(CSP66), Kochuveli (CSP786), Valliyaveli (CSP78), and Thumba (CSPBODctober 2021
compared to October 2020.The locati@@apadBeach (CSP02RoovarSouth toPulluvila
(CSP1529),Adimalathura (CSP334), Mullur (CSP37), PannathuraNorth (CSP52),
Shangumugansouth to Vettucaud (CSP&®1), Kochuveli (CSP77) andThumba (CSP81)
shown erosion trend in October 2021 compared to October. BR2@hange in volume in

percentage dumg this period was less tha@% (Refer Table 4.4)
Beach Volume comparison between February 2021 and February 2022

OnonshoraduringFebruary 2022he bach exhibits accretion compared to February 2021 at most
of the locations except at Poovar to Karumkulam (CSE3)3Pulluvila (CSP30), Azhimala
(CSP35), Punthura (CSP53hangumughar8outh (CSP69), Vettucaud (CSP74) and Kochuveli
(CSP76).The change inalume in percentage duag this period was less thd0%. Results

has been presented in thigure 4.20and in theTable 44

On offshore except &dapady(CSP02) andPulluvila (CSP29) all other locations shown accretion
in February 2022 compared to February 2B2kultshas been presented in thigure 4.21 and
in theTable 44

Beach Volume comparison between April 2021 and April 2022

Only Onshore survey for the month of April 20B8ve beertarried out. Hence the offshore
data for the month of April 2022 has been compared with April 2021. It can be noticed from
theFigure 422 and theTable 44, the erosion has been noticed at Edapadu bgsR12),
Vallavilay (CSP56), Neerody (CSP9), Pozhiyoor (CSP12), Paruthiyoor (CSP13), Poovar
(CSP16), Pulluvila (CSP29), Pannathura to Punthura (GSPH1Beemapally (CSP57),
Cheriyathura to Valliyathura (CSP®&b). However, the volume change in partage is less
than 10% from April 2021 to April 2022.

Beach Volume comparison between September 2021 and September 2022

Offshore survey could not be carried out for the month of SeptemberP022omparison of
the onshore data between September 2021 and Septembédra®daershownin the Figure
423 and in theTable 44. Erosion has occurred at Poovar beach (CSE)5 Kovalam
(CSP4244), Pannathura (CSP51), Valliyathura (CSP66), Shanguenu¢@SP69), Vettucaud

40



ShorelineChange Analysis

(CSP7273), Kochuveli (CSP75,7#78), Thumba (CSP81). However, the volume change in
percentage is less than 5%.
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Figure 4.19 Beach Volume Changeomparison betweerOctober 2020 and October
2021 in m3/m (onshore)
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Table 4.4Beach Volume Changesomparing the months of October 2020 and October
2021 (onshore)and February 2021 and February 2022 (onshore and offshor@) m3m

Change in | February | Changein | February | Changein Change in | September | Change in
October | percentage | 2021and | percentage| 2021and | percentage April percentage| 2021and percentage
2020and (October | February | (February | February | (February | 2021and (April September | (September
Location | October 2020 2022 2021and 2022 2021 and April 202LApril 2022 202%
2021 october (onshore) | February | (offshore) | February 202 2022) (onshore) | September
(onshore) 2021) 2022 2022 (onshore) | (onshore) 2022)
(onshore) (onshore) (off shore) (onshore)
CSPO1 Sea wall 82.66 0.04 Sea wall
CSP02 | -43.70 | 0.04 | 3852 | 0.8 -33.93 -0.01 1706 | -017 | 065 [ 001
CSP03 144.10 0.08
CSP04 14.05 0.01
CSP05 80.76 0.04
CSP06 129.60 0.07
CSPO0O7 67.43 0.04
CSP08 115.53 0.07
CSP09 Sea wall 104.65 0.06 Sea wall
CSP10 112.55 0.07
CSP11 163.02 0.10
CSP12 151.09 0.10
CSP13 173.23 0.10
CSP14 97.57 0.08
CSP15 -0.30 0.00 31.24 0.12 153.46 0.08 12.99 0.24 * *
CSP16 -34.72 0.01 19.65 0.22 308.58 0.10 -87.64 -0.88 -33.88 0.34
CSP17 -1.92 0.00 18.69 0.06 163.19 0.20 -0.68 -0.01 -4.36 -0.04
CSP18 -40.62 0.02 -30.46 -0.09 107.38 0.10 -5.07 -0.05 -5.64 -0.06
CSP19 -27.34 0.02 -17.45 -0.06 142.33 0.08 -2.35 -0.02 -8.45 -0.08
CSP20 -15.29 0.01 -12.97 -0.03 170.33 0.07 -2.80 -0.03 -9.95 -0.10
CsP21 -21.24 0.02 -14.01 -0.06 144.97 0.10 -7.62 -0.08 -3.89 -0.04
CSP22 -17.65 0.02 -20.02 -0.07 109.19 0.10 0.93 0.01 3.59 0.04
CSP23 -12.32 0.01 -5.99 -0.02 116.06 0.08 0.49 0.00 -0.22 0.00
CSP24 -44.01 0.03 -3.97 -0.01 62.88 0.07 -24.56 -0.25 * *
CSP25 -20.89 0.01 -0.87 0.00 24.59 0.02 -22.15 -0.22 * *
CSP26 -4.87 0.00 6.80 0.02 50.48 0.05 -27.12 -0.27 * *
CSP27 -10.46 0.00 0.96 0.01 54.34 0.05 -15.98 -0.16 * *
CSP28 -5.84 0.00 4.79 0.01 24.32 0.02 -17.49 -0.17 * *
CSP29 -1.32 0.00 4.17 0.01 -11.46 -0.01 -20.25 -0.20 * *
CSP30 5.90 0.00 -19.77 -0.06 36.65 0.04 -19.45 -0.19 * *
CSP31 4.75 0.00 62.00 0.13 72.38 0.07 -3.47 -0.03 * *
CSP32 * * * * 136.12 0.09 1.01 0.01 * *
CSP33 -40.12 0.03 13.49 0.05 * * 7.09 -0.01 * *
CSP34 -6.70 0.00 35.25 0.15 54.67 0.03 -0.92 0.07 * *
CSP35 * * -4.62 -0.02 * * 31.60 0.32 * *
CSP36 15.80 0.02 5.25 0.03 149.72 0.10 13.23 0.13 * *
CSP37 -3.98 0.00 6.71 0.05 140.81 0.07 10.04 0.10 * *
CSP3
CSP3® PORT AREA
CSP40
CSP41 * * 21.12 0.18 170.53 0.07 2.13 0.02 * *
CSP42 * * 0.74 0.01 186.39 0.07 1.34 0.01 -2.65 -0.03
CSP43 6.20 0.03 1.16 0.03 125.25 0.08 -2.09 -0.02 -0.05 0.00
CSP44 8.18 0.01 2.12 0.01 177.62 0.10 -8.18 -0.08 -14.80 -0.15
CSP45 * * Sea wall
CSP46 208.67 0.08
CSP47 204.01 0.08
CSP48 Sea wall 197.30 | 0.09
CSP49 182.72 0.08
CSP50 182.03 0.09
CSP51 1.11 0.01 1.30 0.04 163.10 0.09 -0.08 0.00 0.25 0.00
CSP52 -3.57 0.01 0.35 0.00 119.89 0.06 2.71 0.03 -1.13 -0.01
CSP53 28.61 0.02 -3.45 -0.06 77.65 0.04 -21.85 -0.22 * *
CSP54 Sea wall 120.39 0.05 Sea wall
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CSP55 169.42 0.07

CSP56 123.39 0.07

CSP57 48.08 0.02

CSP58 53.13 0.03

CSP59 103.84 0.06

CSP60 150.49 0.08

CSP61 90.98 0.05

CSP62 189.35 0.10

CSP63 162.79 0.09

CSP64 79.41 0.04

CSP65 156.55 0.10

cspes | 1385 | 007 | 7.80 | 0.47 145.19 0.10 -4.11 -0.04 | 434 -0.04
CSP67 Sea wall 151.66 0.09 Sea wall

CSP68 103.51 0.07

CsP69 | -79.97 0.10 -10.88 -0.08 97.79 0.06 -12.83 -0.13 -4.27 -0.04
CSP70 | -6.33 0.01 4.38 0.04 126.04 0.08 -7.70 -0.08 0.72 0.01
CSP71 | -5.84 0.01 9.57 0.07 134.91 0.09 -12.07 -0.12 2.05 0.02
Csp72 | -5.12 0.01 8.22 0.10 298.48 0.22 2.11 0.02 -9.12 -0.09
CsP73 | -9.03 0.02 1.43 0.01 89.66 0.07 -11.03 -0.11 -12.76 -0.13
CSP74 | -3.63 0.01 -9.48 -0.10 98.16 0.07 23.15 0.23 0.24 0.00
CSP75 1.73 0.00 0.44 0.02 141.50 0.09 7.03 0.07 -8.15 -0.08
CSP76 | 3.64 0.01 -0.57 -0.02 110.99 0.07 -16.45 -0.16 1.33 0.01
CsP77 | -3.52 0.00 5.41 0.10 109.62 0.08 -29.28 -0.29 -1.59 -0.02
CSP78 | 8.67 0.01 3.67 0.05 150.97 0.09 0.78 0.01 -1.67 -0.02
CSP79 Sea wall 92.01 0.06 Sea wall

CSP80 1.16 0.00 1.28 0.06 81.66 0.05 -19.57 -0.20 -0.59 -0.01
cspsl | -11.26 0.02 1.60 0.08 108.05 0.07 -22.91 -0.23 -1.49 -0.01

*Data not considered fanalysis

4.1.5 Beach volume variation during February 2015 and~ebruary 2022

This analysis has been carried out to identify and compare the beach volume variation

before the commencement of port dredging process with the current scenario. The beach

volume changes for February 2015 and Februarg gé2&n in graphs ifrigure 4.24, Figure
4.25andTable 4.5

On onshore part accretion noticed at Edapadu beach (CSP02), PCORI516)
Pulluvila to Adimalathura (CSE8-32), Valliyathura (CSP66)Shangumugham (C$B,71J),
and Thumba (CSR®B. Erosion noticed at Poovar (CSP19,21), Karumkulam (CSP226),
Adimalathura(CSP83-34), Mullur (CSP3637), Kovalam (CSP434), Pannathura (CSP51
53), Shangumugham (CSP70), Vettucaud to Kochuveli (CSFP7Yand Thumba (CSP81).

On offshore, accretion taken placeaist of the locations eept at Edapadu beach to
Vallavilay (CSP17), Kovalam (CSP45Runthura (CSPH, Valliyathura CSP6466), exhibit

erosion.
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Table 4.5Beach Volume Changesomparing the inter-annual months of February 2015
and February 2022 (onshore and offshoren3m

CSP NOs AREA February 2015 and February February 2015 and February
: 2022 (onshore) 2022 (offshore)

CSPO1 2319
CSP02 110.91 -224.27
CSPO03 159
CSP04 20062
CSP05 o153
CSP06 =088
CSPO7 =586
CSPO08 =996
CSP09 9530
CSP10 046
CSP11 o EE
CSP12 =17
CSP13 3752
CSP14 3941
CSP15 9.45 106.57
CSP16 E 29.73 253.38
CSP17 @) -42.13 180.54
CSP18 & -23.75 114.67
CSP19 (o] -19.57 148.53
€SP20 = 354 178.82
CSP21 8 -18.71 142.44
CSP22 7 -245 138.79
Csp23 2424 151.09
CSP24 24.03 94.21
CSP25 -16.46 36.12
CSP26 -13.81 79.21
CSsP27 -3.83 81.79
CSP28 17.63 55.28
CSP29 21.18 17
CSP30 1.92 60.44
CSP31 33.92 117.34
CSP32 65.33 190.76
CSP33 -0.98 "
CSP34 -17.18 47.04
CSP35 7.88 *
CSP36 -34.08 280.63
CSP37 54.24 211.64
CSP3
CSP® PORT AREA
CSP40
CSP41 -11.70 209.25
C5P42 * 253.89
CSP43 2.75 122.87
Csp44 2.14 267.03
CSP45 68.37
CSP46 53576
CSP47 1479
CSP48 507 64
CSP49 204.12
CSP50 F 170.04
CSP51 O -15.99 14513
CSP52 m 217 98.46
CSP53 o -0.82 93.73
CSP54 = 51.35
CSP55 x 10647
CSP56 S 2297
CSP57 o013
CSP58 3689
CSP59 119.61
CSP60 5745
CSP61 1571
CSP62 16109
CSP63 3141
CSP64 £o58
CSP65 o5
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CSP66 2.07 -14.21
CSP67 56.43
CSP68 7.67
CSP69 14.2 38.32
CSP70 -11.27 92.19
CSP71 10.86 115.29
CSP72 -4.46 304.31
CSP73 -9.56 77.82
CSP74 -22.98 263.14
CSP75 -4.47 190.31
CSP76 -6.09 110.46
CSP77 -14.39 137.92
CSP78 1.7 145.7
CSP79 157.48
CSP80 11.13 105.99
CsP81 -7.22 151.25

4.2 Results for Shoreline Change Analysis from Satellite images

In the previousubmittedAnnual reporfor the period October 20 to September 221,
the resuls for themonthly, seasonal and anng&breline change analysis usimgach profiles
andsatellite imagesverecarried outand presented.his report provides the shoreline change

over the period from October 2Dto SeptembeR022

4.2.1 Monthly and overall Shoreline Changegrom October 2021 to September2022

The monthly shoreline change analysis from October 2021 to September 2022 has been
shown in Figures 4.26 to

The monthly shoreline change analysis carried out usgigresolutiorsatellite images
of less than 1mspatial resolutiofor October 202 has ben presented in tHagure 4.26. Most
of the coast indicates erosion from Thumb&hbangumugartCSP 68)Valliyathura(CSP 66)
and Punthurdo Pannathura (CSP #B), Adimalathura to Poovaindicateserosionand
accretion aMullur (CSP 3637) and Paruthjoor for October 2@1.

The monthly shoreline change analykis November 2@lusing Sentinel imageis
shown inFigure 427. The shoreline change analysis map shows accretiomost of the
locations such as Thumba, Kochuveli, Shangumugham, Muolleoovamwhile erosion noted
at fewsectos of Shangumugam (CSP 68), Valliyathura (CSP 66) and Punthura to Pannathura
(CSP 5153) for November 201.

The monthly shoreline change analysis using Sentinel imagd3efmber 2Q1 is
shown inFigure 4.28. The shoreline change analysis map shows that the accretion from
Shangumugarto Kovalam(CSP 4168), KarumkulamandPoovar(CSP1525) while erosion
is noiced atfew sectors oKochuveli,Punthurg CSP 51) Mullur (CSP 3637), Adimalathura
(CSP 3134), Pulluvila(CSP 2730) andPoovar(CSP 1819)for December 221.
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In shoreline change analysis for the month of January Zgare 4.29), the erosion
is noticed at Shangumugham, Valliyathura, Punthura, Poovar and accretion at Kochuveli,
Adimalathura, Paruthiyoor and Edapadu beach.

In February 2022, the erosion is noticed at Kochuveli, Shangumugham and Valliyathura
while all other locationghdicateaccreton shown irFigure 4.30.

The monthly shoreline change analysis Mtarch 2022indicates erosion at Thumba,
Kochuveli, Valliyathura, Beemapally, Punthura, Mullur, Adimalathura, Pulluvila,
Karumkulam and Edapadu beach while accretion at north of KochuekPaovarshown in
Figure 431

The monthly shoreline change analysisAgqril 2022 indicates erosion at Kochuveli,
Valliyathura, Cheriyathura, Adimalathura and Pulluvila to Pogtamwn inFigure 4.32.

The monthly shoreline change analysis fbtay 2022 exhibits erosion at
Shangumugham, Pannathura, Adimalathura while accretion at Thumba to Kochuveli,
Cheriyathura, Punthura, Mullur, Poovar and Edapadu b&@mhn inFigure 4.33.

For June 2022the shorelie change analysis shows accretion from Thumba to
Shangumugham, Valliyathura, Punthura, Adimalathura to Paruthiyoor while erosion occurs at
Cheriyathura and MullugFigure 4.34)

For July 2022,the shoreline change analysis shows erosion from Thumba to
Valliyathura, Adimalathura to Karumkulam and Edapadu beach while accretion at
Cheriyathura, Pannathura and Podagure 4.35)

The monthly shoreline change analysis fangust 2022indicates accretion from
Thumba to Valliyathura Adimalathura to Karumkulam wlei erosion at Punthura to
Pannathura, Poovar and Edapadu beashasn inFigure 4.36.

The monthly shoreline change analysis feptember 2022ndicates erosion at
Thumba, Kochuveli, Shangumugham, Valliyathura, Punthura, Adimalathura to Paruthiyoor

while accretion at Mullur and North of Poovas shown inFigure 4.37.
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Figure 4.34 Shoreline Change Map- June 2022
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Figure 4.35 Shoreline Change Map- July 2022
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Figure 4.36 Shoreline Change Map- August 2022
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4.2.2 Seasonal and OveralBhoreline change analysis from October 2021 ®eptember

2022

The seasonal shoreline change analysis for thenpassoon period ZL is shown in
Figure 4.38. The shoreline change analysis map shows accretion at most of the locations while
erosion noted at few sectors $hangumugam (CSP68), and Punthura (CSRB3he post
monsoon period (October 2D November 2P1).

The seasonal shoreline change analysis fofdineveather periodgs shown inFigure
4.39. The shoreline change analysis map shows accretidfoetiuveli, Adimalathura to
Edapadu beactvhile erosion noted at few sectors®tfiangumugam (CSP 68), Valliyathura
(CSP 66) Mullur and Punthura (CSP £33) for the fair weather period (December 2021 to
March 2022).

The seasonal shoreline change analysis for the pre monsoon period is skayunen
4.40. Pre monsoon period (April 2022 to May 202hibits erosion at Shangumugham,
Pannathura, Adimalathura while accretion at Thumba to Kochuveli, Cheriyathura, Punthura

Mullur, Poovar and Edapadu beach

The seasonal shoreline change analysis for the monsoon period is shBigare
4.41. Monsoon period for 2022 indicates erosion along the coast while stable coast is noticed

at CheriyathuraMullur, Poovar and Paruthiyoo

The overall shoreline change map for the period October 20&kptembe2022
shown inFigure 4.42. Erosion is noticed a&thumba to Kochuveliyalliyathura (CSP 64,66),
Punthura (CSP5%3), Mullur (CSP 37), few sectors north of Adimalathura (CSR Bayvar
(CSP16) and Edapadu beach (CBWHRile accretion is noticed at Shangumugam (CSH B9
Adimalathura to Poovar (CSP-&2)for the period October 2021 8eptembeR022
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Figure 4.39Shoreline Change Analysis Fair weather Period (December 2021 March
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