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Executive Summary

This report includes the study on shoreline change assessment along Vizhinjam coast
about 40km stretch for ¢hperiod from Octoér 2019 to September 2020 using available high
resolution satellite images and field measured beach profile data.

In the previais Annual reports for the period October 2017 to September 2018 and
October 2018 to September 2019, the teBom the shorelia change analysis using high
resolution satellite images carried out for 2A@WA8 and annual variation for the years 2015
2016 20162017, 201718 has been presented and the spots of erosion listed from the above
analysis using high selution satellitemages are Valliyathura (CSP63 to CSP67), Punthura
(CSP53 to CSP57Roovarto Edapadu (CSPO1 to CSP09) and the same has begraed
with the spots of erosion fronf®annual shoreline analysis from October 2018 to September
2019.

Thezones of erosional accretion have been derived from the available high resolution
satellite images (10m and 5m) for the months from Octobe® B Beptember 2020 and it
indicates erosion is noticed at Thumba to Valliyathura, Punthura, Karumkulam padtda
beach and acetion at Cheriyathura, Pannathura, Kovalam, Mullur to Pullavila and south of
Edapadu beach.

AVPPL has provided the monthly beraprofile data collected (for the entire stretch of
40Km at 81 transect) by the surveying agency for thegdrom October 208.to September
2020. These have been analyzed, QA and QC have been carried out and final data sets were
made. Due to Covid9 protocol restriction, offshore profiles for the month of July 2020 have
not been collected. The August 2020 &sptember 2020 datross shore profile data are not
suitable for analysis as the depth to elevation difference and distance difference from the
onshore and offshore points are high. The other dataftetsemoving the sea wall locations
have been usddr analysis of bach changes on monthly, seasonally, yearly and-amteually
basis which has been included in the report. The overall bebdghechange showaccretion
all along the beach
As a part of the scope of work, following reports haen sbmitted by NIOT:

A | Quarterly report, October 2019 to December 2019 have been submitted in

February 2020.
A 1l Quarterly report, January 2020 to March 2020 has been submitted in June 2020.
A 1l Quarterly Report April 2020 to June 2020 has been submittédigust 2020.

viii
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A IV Quarterly report, June 2020 to September 2020 has been submitted in December
2020.

A In this final report comprising of one year study including available high resolution
satellite imageries, beach profile and other related measuremebgdraanalyzed
and eported for the period October 2019 to September 2020.

In addition, NIOT has provided wave rider buoy which is deployed / installed and
periodically maintained with the help of APL and the data received by NIOT are evaluated.
Monthly andhalf yearly eports of the periodical dataalysis(water quality, oceanographic
and bathymetric da) has been receivétbm M/s Shankar and Cadata and modeling report
for the period March 2018 to February 2019 by LNTIEL and various measureepants
submitted lp AVPPL from January 2019 has been received and vetted by NIOT till September

2020.



1 INTRODUCTION

NIOT has beerngaged by Adani Vizhinjam Port Private Limited (AVPRL}he studies
onshoreline change analysis along Vizhinjam coast using high resolutio satellite
images.NIOT has carried out the study on shoreline change analysis using beach profiles and
available satellite images for thears October 2013eptember 2018 and October 2018
September 2019.

With reference to the mail tsd 16/01/2020, toontinue the sae exercise, NIOT has
been approached to submit the teckhnmmercial proposal for the year October 2019 to
September 2020. Subsequently, NIOT has received the confirmation of the work order (malil
dated 22/02/2020) to carout the study oshoreline chargjanalysis using beach profiles and
available satellite images for the study duration October 2019 to September 2020. Accordingly,
NIOT procuredhe latesavailable satellite data from National Remote Sensing Centre (NRSC
and obtain fieldneasured data sets (beach profile) from AVPPL to study the shoreline changes

analysis for 40 km stretch along Vizhinjam coast.

This report consists of the study on shioe change analysis carried out over 40 km
stretch keeping Vizhiajm Port as centeysing latest available satellite images and beach

profile data for the period from October 2019 to September 2020.

2 OBJECTIVES

i) To assess the shoreline change over the 20 km coastline on eithéekidmm portusing
satellite images @hbeach profile datfor the yeaOctober 209 to Septembe2020.

i) To identify the erosion and accretion hotspots using available moderate hmdgalytion
multispectral images acquired by remote sensing satellited-@hdl measuredeach
profile data ér the yeaOctober2019 to Septembe2020.

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

numerical modestudies provided by AVPPL.

3 METHODOLOGY & DATA USED

Themethodologyflowchartis shown in Figure 3.1The sheoeline change anatys has
been carried out using satellite images to estimatatb@fchange in terms of distance eroded
or accreted and theate ofchange estimateusing cross shore profile in terms of area and
volume. From the satellite imageke shoreline has beesxtracted after rectification and-co

registration The shoreline changeate from October2019 to September2020 has been
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analysedand the trend has been compared with beach profile data. Digital shoreline change
analysis system(DSAS) is a software appmation that works within the Geographic
Information System (ArcGIS) stfare. DSAS computes ratd-change statistics for a time
series of shoreline vector dataslalsouseful for computing rates of change for other boundary
changeconditions that inorporate a clearldentified feature position at discrete times.

Similarly, the beach profile daggerpendicular to the shoreline for 40 km stretch at
intervals of 500m, using RTK or total station landwardaf00m distance from HTar +2m
elevation wr.t. HTL and usingshallowdraft boats, sled or any other suitable techniques
seaward down to 10m Cébllectedmonthly (4 CSP lines carried out upto 20m in the months
of January202Q May 2@®0 and August 2028s perShoreline MonitoringCell MoM dated
13" February 2019)The shoréhe change analysis using beach profile data has been carried
out using SANDS software. The detailed methodology of the shoreline change analysis using
satellite images and beach profile analysis has beerdprin this report

Multi-date satellite image of Vizhinjar

coast
v

Image Correction

v

Image Analysis

Tide and beach profile informatio

\ 4
Shoreline Extraction

\ 4
Shoreline Change rate analysis

.

Comparison and analysis of shoreline chai

A\ 4

Figure 3.1Flowchart of the methodology adopted

3.1 Shoreline change analysis from Satellite images

3.1.1 Short Term Shoreline change analysis

The end point ratéEPR)is calculated by dividingte distance of sheline movement
by the time &psed between the oldest ahe most recent shoreline (Fig8ra). The major

advantages of the EPR are the ease of computation and minimal requirement of only two
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shoreline dates. The major disadvantagdéa in cases whemmore data are available, the
additional information is ignored.
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Figure 3.2Calculation of Short Term Shoreline change analysis
(Sample image source: Thieler et al., 2017)

3.1.2 Long Term Shoreline change analgis

A linear regression ratef-change(LRR) statisticis determined by fitting a least
squares regression line to all shoreline points for a particular transectFRjlreeregression
line is placed so that the sum of theuaipd esiduals (determinetly squaring 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 gsceptble to outlier effec and also tends to underestimate the rate of change
relative to other statistics.
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Figure 3.3Calculation of Long Term (LRR) Shoreline change analysis
(Sample image source: Thieler eal., 2017)
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3.1.3 Satelliteimage used in shoreline change analysis

The input imagéhas beeracquired fromthe European Space Agency for Sentinel 2A
MSI imagesto studymonthly andseasonal change shoreline forthe period fromOctober
2019 to September 202The satelliteimages have been cerectified and theavailablehigh
resolution satellite images for the period from October 2019 to Septembeai20@fbvided
in Table 3.1During the studyeriod, satellite images of higheesolution viz. 2.B1 resolutio
have not been prooed due tononavailability of the same for the studggion.Theimage has
been geaectified using the field collected ground control points (GCP) during the field visit
carried out during '8 July 2018 to % July 2018.Note: For shoreline analysis, the satellite

images have been selecteithout cloud cover along the coast.

Table 3.1Satellite image data usedor shoreline change analysis

Satellite Date Sensor Resolution (m)
04-01-2019
21-09-2019
05-11-2019
10-12-2019
09-04-2019
09-01-2020
08-02-2020
SENTINEL 14032020 2B 10
03-04-2020
03-05-2020
12-06-2020
07-07-2020
16-08-2020
10-09-2020
10-10-2019
27-11-2020
14-01-2020
R2A 02032020 LISS4 5
19-04-2020

03-01-2015

3.2 Beach Profile Analysis
Shoreline Change aryalisusing Cross shorerofile (CSPhas been 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

4
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approximately 20 knsout and 20 km nortlof the proposed Vizhinjam port (Since February
2015 to till date). The locations dfé CSP lines are shown in Figure,2dd the corresponding
landmarks and loc@in names are given in Table 3R2owever, due t&€ovid-19 restrictios
ard rough sea condiitn along the Vizhinjam coast, offshoreofiles for the months from July
2020have not been collected. The offshore profiles collected for the momhgafst 2020
and September 2020 (due to high depth to elevation difference betineenshore and

offshore point)have notbeen considered for the overall beach volume change &nalys
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Figure 3.4Beach Profiles lines

Cross Shore Profile (CSP) surveys have been carried out as tworgaisp/iz.:

(1) CSP &rveys (land part) using RTK (Real Time Kinetic) GPS System landward up
to 100n distance from HTL or +2m elevation w.TL and

(2) CSP Surveys (Sea Part) using mb#am echo sounder system to cover 10m CD;
collected monthly (4 CB Lines to be carriedut up to a depth of 20 m in the month of January,
May, August and October g&r shoreline committee suggestion vide MoM of meeting dated
13th February 2019)hese data sets are combined, processed and transferred to NIOT for

analyss bythe surveying agncy.
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Table 3.2 Landmark, places names and site condition around eadBSP lines

SITE
CSP NOs. LAND MARK LOCATION CONDITION

CSR0O1 Seavall
CSR02 CATHOLIC CRISMATIC PRAYER CENTER EDAPPADU BEACH Beach
CSRO03 Seawall
CSR04 Seawall
CSRO05 ST.MARYS CHURCH VALLAVILAY Seawall
CSRO06 Seawall
CSR0O7 Seawall
CSRO08 ST.NICOLAS CHURCH NEERODY Seawall
CSR09 Seawall
CSR10 Seawall
CSR11 SREE BHADRAKALI TEMPLE POZHIYOOR Seavall
CSR12 Seawd
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
CSR19 POZHIKARA BEACH POOVAR Beach
CSR20 Beach
CSR21 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
CSR29 GOTHAMBU ROAD PULLUVILA Beach
CSR30 Beach
CSR31 Beach
CSR32 ADIMA LATHURA CATHOLIC CHURCH ADIMALATHURA Beach
CSR33 Beach
CSR34 Beach
CSR35 AZHIMALA TEMPLE AZHIMALA Rocky Area
CSR36 Beach
CSR37 NAGAR BHAGAVATHY TEMPLE MULLUR Beach
CSR38 ADANI PORT OFFICE Seawall
CSR39 ADANI RECLAMATION AREA VIZHINIAM Beach
CSR40 Beach
CSPR41 Beach
CSPR42 Beach
CSR43 Beach
CSpaa VIZHINJAM LIGHT HOUSE KOVALAM Beach
CSR45 Seawall
CSPR46 Seawall
CSR47 SAMUDRA BEACH PARK KOVALAM (NORTH) Seawall
CSPR48 Seawdl
CSP49 MOSQUE PANATHURA (SOUTH) Seawal
CSR50 Seawall
CSPR51 PANATHURA TEMPLE PANATHURA (NORTH) Eroding beach
CSR52 Eroding beach
CSR53 Eroding beach
CSR5a PUNTHURA FISH MARKET PUNTHURA Seawall
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CSR55 Seawall
CSR56 Seawall
CSR57 Seawall
CSR58 Seawall
CSR59 BEEMA PALLY BEEMA PALLY Seawall
CSPR60 Seawall
CSP61 CHERIYATHURA SPORTS GROUND CHERIYATHURA Seawall
CSR62 Seawall
CSR63 Seawall
CSR64 Seawall
CSR65 VALLIYATHURA BRIDGE VALLIYATHURA Seawall
CSPR66 Eroding beach
CSR67 Seawall
CSP68 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 ErodingBeach
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. Theaim of
this exercisavas to establish a base data to compare profiles with surveyed data from different
locatiors for different seasonsThis data shall serve tassesghe beach profile aftethe
construction of the port at Vizhinjam in futur€he dfference if any, shall ke investigated
further to understanonpact dueto the port on the shoreline evolution. Profiles for different

months were plotted location wise. A sample plot ofgidile is shown in Figure 3.5.

A beach profile is defined as a s#tbead levels takerat recorded distances in a
straightline (Figure3.5). 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 directio (the Origin and Orietation of the profile). SANDS software stores the beac
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 usaptagd compare
beachprofiles from different/multiple locations.
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Beach Profiles: 0CSP28
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Figure 3.5 Samplebeach profile graph of CSP28(Pullavila) using SANDS software

It was observed during the analysis of cross shorel@sdfiat some of therpfiles
appeared distorted, possibly due to some edarsg the surveyThese profiles are either
discaded or manually corrected in respect of the earlier profiles. The profiles corresponding
to the MzhinjamPort area is compldiediscarded and mewtned asa development zone.

The CSP data after reprocessing qualitativelygurahtitativelyis directly imported to
SANDS for shoreline change assessment. The following flow ¢Rigrire 3.6)explains the

process and workflow in SADSS.

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

Figure 3.6 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 beasedfor determininghe stabiliy and long term
trends in beaclevels. Thawo main Beach Profile Analysese ProfileAnalysis by Levebnd

Profile Analysis by Chainage
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3.3.1 Profile Analysis by Level
Profile analysis 'by Levethethodanalyseshechangesn the chainage at wein certain
levels occur whilst the other analyses changes in level at certain chdiRigges 3.7) In other

words, this analysis looks at horizontal strips of the profile.
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Figure 3.7 Profile Analysis by Level

3.3.2 Profile Analysis by Chainage

Profile analysis 'by Chainageethodanalyseshechanges in level at certain chainages
whilst the other analyses changes in the chainage of certain levels. In other words, this analysis
looks atvertical strips of tie profile (Figure 3.8)

Change in Crozz-sectional Area

Crozg-zectional Area

Level (m)

' ' '
L I T G T L I~ & ) = 7]

Chairege (m)

Figure 3.8 Profile Analysis by Chainage

Based on the above methods SANDS calculate the profile changes and then it calculates
volumes of pradefined areast Hso enables to grqutogether all beach profile locations and
analyzethe volumes of these units. SANDS calculate the Profile Accréttonsion through
a direct comparison between profiles over the period of comparison and allow the results to be

disgayed within a GlSstyle planview format to give striking visual results.
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4 RESULTS AND ANALYSIS

In the present study, the shoreline rdtelmnge statistics from time series of multiple
shoreline positions of 40 km coastal stretch of south Kerala ¢@@dtm either side of
Vizhinjam Port) has beesaken in to account for shoreline calculatissing satellite images
The resultfrom the shoreline changanalysis carried out dm October 20130 September
2020using 10m satellite images and 5m high resofusatellite imagessi presented in this

report

Hence, with the available satellite images of li@solution forthe monthly shoreline
change analysis, this classification may indicate high erosion and high accretion based on the
scale followed for theameas higher resolutih imagesBased on the ratef change over the
period, shoreline change has been categorized into 5 classes. They are high accretion
(>5mlyear), moderate accretion (5m to 1m/year), stable coast (linmigear), moderate
erosion {1mto -5m/year), high ersion (<5m/year). The sholiee change analysis using high

resolutionsatellite images for February 2018 and February 2019 have also been presented.

The observations from the beach profile analysis done using SANDS for the entire 40
km stretch has been ggented as monthl\seasonahnd half yearlychanges in the beach
volume for a period fron©ctober2019to Septembe202Q The volume changes have been
assessed by comparing month to magortifilesandthe seasonal and the ovelaiach volume
changes. Wéave removed the locations having sea walls from the analyséserosion and
accretion are highlighted with red and green color fill in the charts for better understanding.
The results shown in the charts are also presented ialilbe.t

4.1 Results from Beach Profile Analysis

The beach profile data consist of both foreshore and offshore préfiteghly beach
volume changes have been assessed by comparing month to month pnofiiesprevious
Annualrepors October2017-Septembe018 and October 2018 eptember 2019the beach
volume (monthly, seasonal and yearly) changes fl@bruary 2015 to September 2024
been analysed and reported. In ammtion with the previous studiethis report includes the

monthly, seasonal and oadircharges from Octohe2019to Septembe020.
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4.1.1 Monthly Beach Volume variationsi October 2019 to Septembe2020
In order to study the beach volume change in Octobed,20& beach profile data of

September 2@.has been considered for the analy$ise darges n every month @ctober

2019 to SeptembeP020) and overall beach volunodanges havieeen represented graphically

in Figures 4.1 to 9.and in Tablet.1.

91 During October 2019 the beach found to have accretion at most @icten except
erosiomtPoovar(CSP16)Pullavila(CSP2830), Adimalathurg CSP33)Mullur (CSP36),
Kovalam(CSP43) Punthurg CSP53)

91 During the month of November 2019, the sediment dépashas taken place over most
of the locatims. Erosion noted &annathuréCSP51,52)Kovalam(CSP41,42,4y} Mullur
(CSP 3637) and Poovar (CSP17).

1 In December 2019 beach was found to have erosion in most of theebaatbler than
Punthura (CSP53Rannathura@SP52),Poovar (CSP1&7), Karumkulam (CSP24) and
Adimalathura(CSP34).

91 During the month of January 2020, the sedint deposition has taken place over most of
the locations. Erosion is noted Thumba CSP81) Kochuveli CSP77)Shangumugham
to Vettucaud CSPD,71,72) Valliyathura(CSP66),Punthura(CSP53),Mullur (CSP37)
Adimalathura (CSP33),Pullavila (CSP27,28) Karumkulam CSP24) Poovar(CSPL8,
CSPL5) andEdapadu (CSB2).

In February 2020, beach was found to have accretion all along the entire coastal stretch.
In March 2020 most of the locations show accretion except erosarKarumkulam
(CSP24 26), Pullavila(CSP3), Kovalam(CSP44) andPannathurgCSP52).

1 During the math of April 2020 most of the stations are showing erosion and some parts
of the beaches at Karumkulam (CSR2&26), Kovalam (CSP4314) showing deposition.

1 InMay 2020, erosion has taken place over mb#te locations. Accran noted at Poovar
(CSPL9,20), Pullavilato Adimalathura (CSP383), Mullur (CSP36)Kovalam(CSP41),
Pamathura(CSP5152) andvaliyaveli (CSP78).

91 During June 2020, accretion takeag#at most of the stretches excepSatingumugha
(CSP7071), Valliyathura (CSP66),Kovalam (CSP4314), Mullur (CSP37), Pullavila
(CSP30) and Poov&€SP15)
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Figure 4.1 Monthly Beach Volume Change# October 2019 in m3/m
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Figure 4.5 Monthly Beach Volume Changesn February 2020in m3m
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Figure 4.8 Monthly Beach Volume Changesn May 2020in m3/m
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1 Due toCovid-19 restrictims and high wave action along the Vizhinjam coadfisbore
profiles for the month of July 2020 have not been collected. The crossmbble data
are not suitable for analysis as the depth to elevation difference and distance difference
from the onshar ard offshore points is high during the months afighst 2020 and
September 2020

1 The profile graphs showing the depth to elevatioreddfice is more than 4m almost for
the 81 profiles for August 2020 and September 2020 shown in FigreThéa depth to
elevation difference and the distance from the anstand dkhore points for the locations
Karumkulam (CSR26) and Vettucad (CSP74) shown in Figures 4.11 to 4.12
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Figure 4.10 Depth to elevation dfference for 81 profiles for the month of August 202
and September 2020
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Table 4.1 Monthly Beach Volume Changes during the months from October 2@®ito June 2020

in m¥m
October| November| December | Janua Februar April
2019 | 2019 2019 2020 | 2020 | March2020| 000 | May 2020 June 2020
CSP0O1 Sea wall
CSP02| 226.71 [ 129.04 | -209.24 | -1554 | 76.78
CSP03
CSP04
ggigg No data due to QOVID -19 restrictions
CSPO7
CSPo8 Sea wall
CSP09
CSP10
CSP11
CSP12 Sea wall
CSP13
CSP14
CSP15| 52.52 | 10660 -110.72 21.72 76.76 -4102 | -52.20
CSP16| -71.06 | 229.87 231.54 28.20 169.31 No data*
CSP17| 38.79 | -193.05 129.38 20.57 92.04 | |\ 1o for March 2020 -43.10 44.16
CSP18| 12.48 72.74 -58.93 -14.55 83.47 -34.47 55.98
CSP19| 68.70 33.27 -71.99 16.14 91.6 10.98 21.82
CSP20| 57.37 25.65 -81.23 50.87 58.68 3.97 6.83
csP21| 70.77 52.78 -37.85 6.92 130.03 22.54 -35.31 -52.87 94.09
CcsP22| 89.15 91.31 -69.35 9.63 112.49 8.55 2.69 -59.14 38.44
CSP23| 95.57 31.04 -78.92 48.94 100.09 14.84 5.88 -51.07 26.88
csP4| 78.11 50.43 24.06 -49.90 | 132.31 -6.97 -15.60 -8534 119.59
CSP25| 11.76 83.74 -56.67 28.43 101.18 12.70 -1.74 -52.34 65.44
CSP26| 70.96 94.88 -54.29 23.39 98.05 -91.33 66.87 -30.04 78.29
CSP27| 50.44 | 104.26 -14.64 -8.12 99.42 7.95 -14.25 -60.07 109.34
CSPB | -52.06 | 216.03 -38.91 2.24 109.54 -3.87 -22.88 -40.26 72.53
CSP29| Nodata] 199.76 -97.78 42.55 86.59 8.51 -1.92 57.21 104.93
CSP30| -64.35 | 220.05 -9.20 1.78 | Nodata | No data -27.43 33.16 -15.79
CSP31| 50.92 30.58 No data | No data* 0.00 1180 98.64
CsP32| 8.88 101.89 -69.43 44.35 89.71 No datat 319 73.29
CSP33| -50.98 | 195.47 -48.44 -13.23 | 126.68 22.80 44.95
CSP34| 106.39 | 25.64 139.34 88.57 155.17 -31.46 8.83
CSP35 No data* 153.07 No data*
CSP36| -356.50 | -30.08 -48.19 10.34 77.38 No datat 162.10 31768
CSP37| 4257 -21.47 -53.56 -22.92 57.39 -99.58 -102.75
CSP38
CSP39 Port Area
CSP40
CSP41| 47.84 -14.32 -63.44 6.60 133.57 No data* 2.30 151.78
CSP42| 51.28 -10.43 -93.27 37.54 332.29 20.46 -66.35 -74.30 163.58
CSP43| -27.76 | 115.83 -154.79 8130 236.45 13.34 11.39 -80.25 -91.12
CSP44| 164.26 | -29.00 -19.27 18.02 171.38 -384.38 409.17 -52.05 -159.89
CSP45
CSP46 Sea wall
CSP47
CSP48
CSP49 Sea wall
CSPS0 No data*
CSP51 -102.87 -19.92 16.59 99.29 62.58 -88.89 27.83 112.02
CSP52 -376.2 6.32 348.58 54.56 -1492.27 -98.83 43.99 174.18
CSP53 | -77.29 52.18 9.05 -9.17 175.62 -137.99 268.22
CSP54 Sea wall No datat Sea wall
CSP55
CSP56
CSP57
CSP58
CSP59
CSP60 Sea wall
CSP61
CSP62
CSP63
CSP64
CSP65
CSP66| 131.78 | 60.88 | -19385 | -1454 | 15569 | 030 | -81.28 | -43.12 | -2.54
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CSP67

CSP68 Sea wall

CSP69| 217.42 87.10 | -193.16 9.17 131.78 41.29 -72.83 -66.92 47.71
CSP70| 225.80 No data* -1.72 131.60 25.65 -41.08 -73.38 -11.76
CSP71| 185.68 150.83 -241.01 -11.84 162.94 17.26 -64.23 -79.8 -49.93
CSP72| 143.55 78.87 -157.24 -3.61 101.82 59.16 -30.30 -106.50 58.48
CSP73| 109.20 69.53 -124.23 1.55 137.87 22.23 -36.24 -80.82 36.38
CSP74| 138.70 57.04 -139.16 14.44 114.99 44.88 -39.17 -35.70 31.83
CSP75| 108.51 42.11 -95.43 23.22 138.64 67.01 -85.11 -98.54 45.50
CSP76| 119.63 62.79 -95.84 16.66 126.17 -65.92 24.60
CSP77| 166.17 20.80 -48.34 -17.73 77.50 -45.17 30.61
CSP78 6.94 257.02 -112.90 36.78 160.59 No datat 20.63 7.10
CSP79 Sea wall No data* Sea wall
CSP80| 162.01 62.20 -149.94 21.65 117.79 -46.18 34.78
CSP81| 173.16 54.47 -95.95 -14.03 106.96 -78.05 38.65

* indicatesNo dataor data not used due tioe depth to elevation difference atitke difference
in the distance between the onshore and offshore point is high.

4.1.2 Seasonal Beeh Volume variationsfrom October 2019 to September2020

Seasonal variation has been analyzed as post monsoon (C20dBdop November
2019), fair weather period (Decemb&019 to March2020) and premonsoon period (April
2020to May 2@0), Monsoon June2020to September 20209r the periodOctdber 20D to
SeptembeR020.The results have been presented to depict the total changes thatoacur i

particular season by analyzing profiles between each month in a season.

4.1.2.1 Results forBeach VolumeChange inPog Monsoon2019 (October2019-November
2019)
Beach véume change during post monsoon shows accretion trend at most of the
locations on the 40km stretch beaEhosionnotedat Poovar CSP17)Mullur (CSP 36)and
Punthura (CSB3) duringthis periodasshownin Figure 4.3.
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Figure 4.13 SeasonaBeach Volume Changesluring Post Monsoonin m3/m

4.1.2.2 Results forBeach VolumeChange inFair Weather Period2020 (December 209-
March 2020)

During the fair weather pexd (Figure 4.4) the beach exhibitaccretionfor mog of

the locations. Erosions are noticed atValliyathura to Shangumugham(CSP6669),

25



CompehensiveShorelineMonitoring Programme

ShangumughanQSP7), Pannathura§SP52, Kovalam CSP44) and&Karumkulam CSP26)
The beach on thsouthernpart of the Pat, betweerPoovarto Karumkulamshowsaccretion

trend br both posmonsoon and fair weather period
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Figure 4.14 SeasonaBeach Volume Changes duringrair weather period in m3/m
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4.1.2.3 Results forBeach Volume Change inPre-Monsoon Period2020 (April 2020-May
2020)
Most of the locations underwent net erosion for the period of Ap2id &) May 2@0
(Figure 4.5). Significant erosion noticed aorthern side of the porKarumkulam CSP26)
and Kovalan(44) shows accretion.
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Figure 4.15 SeasonaBeach Volume Changes durindPre-Monsoon Period2020in m3/m
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4.1.2.4 Results for Beach Volume Change in Monsoon Perio®P@June 2020-September
2020
During themonson period (Figure 4.16) the beach exhibiterosionfor most of the
locations andalepositionsarenoticed atMullur (CSP37)Kovalam(CSP42,43)Pannathurgo
Punthurg CSP5153), ShangumugharfCSP71) and Kochuve{CSF75).
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Figure 4.16 SeasonaBeach Volume Changes duringMonsoon Period 2@0in m3¥m
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4.1.3 Overall beach volume variation during October 209 to September2020

The overall beach volume change shawsretionall along the beacfor this perod.
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Figure 4.17 Overall Beach Volume Changes October 2019 to September2020in m3/m
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Table 4.2 Seasonal and OveralBeach Volume Changes in fim

Post Monsoon .
. (October 2019 Fair weather Pre-Monsoon Monsoon Overall
Location to (December 209 (April 2020 to May (June20206 (October 2019 to September
November20D) to March 2020) 2020) September 2020) 2019)

CSP0O1 Sea wall

CSP02 355.74

CSPO03

CSP04

ggggg No datadue to COVID19 restrictims

CSP0O7

CSP08 Sea wall

CSP09

CSP10

CSP11

CSP12 Seawall

CSP13

CSP14

ggiig ig:;i No data/ Data not used* I\-liogeztz No data / Data not usedy
CSP17 -154.26 -133.192

CSP18 85.22 -94.7626

CSP19 101.97 -146.89

CSP20 83.02 -102.434

CSP21 123.55 121.64 -88.18 -179.298 313.0438
CSP22 180.46 61.32 -56.45 -136.877 246.6236
CSP23 126.61 84.95 -45.18 -152.027 151.1342
CSP24 128.54 99.50 -100.94 -139.944 327.7466
CSP25 95.50 85.65 -54.09 -79.4032 268.981
CSP26 165.84 -24.18 36.83 -175.249 286.4938
CSP27 154.70 84.60 -74.33 -169.325 331.0743
CSP28 163.97 64.52 -63.14 -143.749 293.9844
CSP29 No data* 39.87 -59.13 -156.064 313.0438
CSP30 155.71 573 -147.456

CSP31 81.50 -200.987

CSP32 110.77 No data

CSP33 144.50 -378.267

CSP34 132.04 No data/ Daa not used* 544.142 No data/ Data not used*
CSP35 No data* No data

CSP36 -386.58 -123.705

CSP37 21.10 147.0058

CSP38

CSP39 Port Area

CSP40

CSP41 33.52 No data* -130.706 No data*
CSP42 4085 297.02 -140.66 3.609144 397.828
CSP43 88.07 176.30 -68.86 102.9198 76.9234
CSP44 135.26 -214.24 357.12 -20.8239 48.09038
CSP45

CSP46 Sea wall

CSP47

CSP48

CSP49 Sea wall

CSPS0 No data*

CSP51 158.53 -61.06 20.40562

CSP52 -1082.81 -54.84 17.31063 No data/ Data not used*
CSP53 -25.11 11.04655

CSP54 Sea wall No data/ Data not used* -67.8162

CSP55 -195.413

CSP56 Sea wall

CSP57

CSP58 Sea wall No data*
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CSP59

CSP60

CSP61

CSP62 Sea wall

CSP63

CSP64

CSP65

CSP66 192.66 | -52.41 -124.40 23.13934 126.3994
CSP67 Sea wall

CSP68

CSP69 304.51 | -10.92 -139.75 -82.1229 240.1075
CSP70 No data/ Data not used* -114.46 -13.5925 No data*
CSP71 336.51 -72.64 -144.15 87.3322 186.347
CSP72 222.42 0.13 -136.80 -5.79423 205.4277
CSP73 178.72 37.42 -117.07 4.,959408 211.7716
CSP74 195.74 35.15 -74.87 -32.4925 259.8597
CSP75 150.62 133.45 -183.65 28.07147 238.1122
CSP76 182.42 -76.4635

CSP77 186.97 -107.329

gg:z;g Sze?v;/ﬁ No data/ Data not used* 'Sl::'v?lzﬁ No data/ Data rot used*
CSP80 224.20 -111.642

CSP81 227.62 -11.2102

* indicatesNo dataor data not used due to the depth to elevation difference and the difference
in the distance betwadhe onshore and offshore point is high.

4.1.4 Overall Beach vdume variation during February 2015 and February 220

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

before the commencemeat port dredging process with ¢hcurent scenarioThe beach

volume changes foFebruary2015 and February2020 (Figure 418) shows accretion at
Pannathur#o Punthura (CSE2-53), Kovalam(CSP4143), Mullur (CSP36,37)Adimalathura
(CSP3134) andPoovarto Pullavila(CSP1529). Erosionnoticedat Edapadbeach(CSP02)
Azhimala (CSP35), Kovalam CSP44), Pannathura(CSP5), Valliyathura (CSP66),
Shangumugharto Valliyathura(CSP6977) andThumba(CSP8681).
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Figure 4.18 Beach Volume (hanges- February 2015 andFebruary 2020in m3/m
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4.2 Results for Shaeline Change Analysis from Satellite images

In the previousubmittedAnnual reporfor the period October 2017 to September 2018
the result from the shoreline change analysis using hggiiumn satellite images carried out
for 20062018 and annual viation for the year 2032016,20162017, 20172018 has bee
presentedAs a part of NGT direction, the shoreline change analysis has been carried out for
the yeas 20002010, 201€2018, 200-2018 using high resolution LISS 4 (5m) and PAN
(2.5m) images tastudy the changes before andeaf2010. Further, the shoreline change
analysis has been carried out for the years Z0b, 20052010, 201€2015, 20152018 to
study the immediate changesqgp and after port commencement activity (December 2015).
Similarly, in Annual report for the ped October 201&eptember 2019, monthly, seasonal,
annual and inter annual shoreline changes and beach volume changes has been assessed and
reported.
The spés d erosion listed from the above analysis using high resolgatellite images are
Valliyathura(CSP63 to CSP67PunthurgCSP53 to CSP57Poovarto EdapadCSPO01 to
CSP09)Hence,n continuation with the earlier Annual report October 208&ptenber2018
and Annual repor©ctober 2018 t&eptembeR019 thisannualreport compiles thenonthly,
seasonal and overahoreline change over the period from @ber 20120 Septembel020

using available high resolution satellite images

4.2.1 Monthly Shoreline ChangeAnalysis from October 20D to September 2@0

The monthy shaeline change analysfsom October 202 to September Zicarried

out usingavailable high resolution satellitmages haveen presented in the Figurd @to

4.30 respectively

1 In Ocbber2019, most of the transects indicates accretion, famsets of Kovalam and
Mullur indicates erosiorand stable coast at Thumba, Cheriyathura, Pannathura and
Edapadu beach

1 The shoreline change analysis n@gNovember 202 showsaccretion at Cheyathura,
Pannathura, KovalamMullur to Poovar and Edapacheachwhile erosion noted from
Valliyathura to few transects of Punthura

1 The shoreline change analysis maipDecember 204 shows that theaccretion from

Thumba to northern transects of ValliyatatAdimalathurao Karumkulamwhile erosion
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is noted at few trasects of Valliyathura and Cheriyathura, Punthuf@aonathuraMullur,

and Poovato Edapadu beach

9 Most of the transects indicasecretion, few transects of Thumba, Shangumugham and
Pannaturaindicates erosion, stabl®ast is seen at Karumkulam to \ailay for the
month of January ZD.

1 The shoreline change analysis nag-ebruary 200 showsaccretion at Vettucaud, and
Karumkulam while erosion noted Kochuveli, Shangumugham, Valliyathmthura,
Adimalathura and @apadubeach

1 The shoreline changmalysis mapf March 2@0 showsstable coast except erosion at few
transects of Cheriyathura, Punthura, Pullaaiid accretion at Kochuveli, Shangumugham
and Edapadu beach

1 Most of the traseds indicates erosion at Kochuveli, Pannathura, Mullur to Roov
Vallavilay and Edapadu beach while accretion at few transects of Vettuaadid
Shangumughayrstable coast at few transects of Karumkulam, Potrathe monthof
April 2020.

1 The shorelinehangeanalysis mapf May 2@0 showsaccreton at Thumba, Vetttaud,
Punthue, Kovalam, Mullur, Karumkulam, and Poovar while erosion noted at
Shangumugham, Valliyathura, Pullavila, Vallavilay and Edapadu beach

1 The shoreline change analysis mafpJune P20 shaws thatthat the accretion from
Vettucaud Shangumugham, alliyathura and Pannathura while erosion is noted at few
transects of Thumba, Punthueand Poovar while stable at Cheriyathura, Mullur to
Karumkulam beach

1 The monthly shorelinehangesanalysis (July 2020) shownin Figure 4.3, the erosion is
noted along rast of the coast except accretion at few transects of Shangumugham and
Vallavilay for July 2@®0.

1 The shoreline change analysisip ofAugust 2@0 (Figure 4.3) shows thathe erosion is
noted dong most of the coast except the spots of accretion at famsects at
Shangumugham, Pannathura, Karumkulangd Poovar

1 The shoreline change analysis map of Septemb20 PBigure 430) showsthat the
accretion is noted along Thumb Vettucaud, Puhtirg Pannathura, Adimalathura,
Vallavilay, Edapadu beach excepbsion at Valliyathura, Cheriyathura, southern transects

of Shangumugham, Pannathura, Mullur and Karumkulam
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4.2.2 Seasonal Shoreline Changigom October 2019 to September 2@0

As suggested by the shoreline and expert committee meeting held dufiagd. 2%’
February 201%he fasonal pattern has been followed in this reggfPbst monson (October
November 2018) Fair weather period (December 2@a8h 2019) Premonsoon (AprH
May 2019) andMonsoon (Jun& September 2019).

4.2.2.1 Results for Shoreline Change iRost Monsoor2019 (OctoberNovember 20%)

The seasonal shoreline change analymighfe post monsoon period ZDis shown in
Figure 431. The post monsoon period (Octol2819to November 209) indicatesaccretion
at Cheriyathura, Pannathura, Kovalam, MulluPtmovar ad Edapadu beach while erosion

noted from Valliyathura to few traasts of Punthura
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4.2.2.2 Results for Shoreline Change iRair Weather Period2020 (Decembe 2019-March
2020)
The seasonal shoreline change analysis fordheneather period 2019 is shown in
Figure 432. The fair weather period (December 2018 to March 2019) indieatesst of the
stretches while erosion is noticed at few trarsefT humba ShangumughamValliyathura,

Cheriyathura, Pannathura, KarumkularmdPoovar
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Figure 4.32 Shoreline Change Mapi Fair Weather Period2019

4.2.2.3 Results for Shoreline Change iRre-MonsoonPeriod 2020 (April 2020-May 2020)
The seasonal shoreline change analysis for thenpreoon period 220 is shown in

Figure 433. Thepremonsoorperiod (April 2@0to May 2@0) indicatesaccreton at Thumba,

Vettucaud, Puntha, Kovalam, Mullur, Karumkulam, and Poovar whilesgon noted at

Shangumugham, Valliyathura, Pullavila, VallavilaydeEdapadu beach

42



CompehensiveShorelineMonitoring Programme

76°55'0"E 77°0'0"E 77°5'0"E 77°10'0"E

8°30'0"N

Shangumugham

Valliyathu
Beema Pally
Cheriyathur:

Punthura

8°25'0"N

Panathura’ ¢
@

Legend

—— High Erosion
Moderate Erosion
Stable
Moderate Accretion

- High Accretion

* Hazard Line
TS
- gk

Structures
(@) Groyne

Jetty g & Vallavilay »
' ‘3 W s
——— Rocky coast e " Edappadu Beach

I Seawall A 19/04/2020

z
e
o
=
3

©

76°55'0"E 77°0'0"E 77°5'0"E 77°10'0"E

Figure 4.33 Shoreline Change Mapi Pre-Monsoon Period 2019

4.2.2.4 Results for Shoreline Change itMonsoon Period 2020 (June 2020-September
2020)
The seasonal shoreline change analysis fantiresoorperiod 2019 is shown in Figure
4.34. The monsoonperiod June2019 to Septembe2019) erosion &ng the coast except

accretion few transects at Shangumugham, Mullur and Vallavilay
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Figure 4.34 Shoreline Change Mapi Monsoon Period 2@0

4.2.3 Overall Shoreline Changefrom October 2019 to September2020

Using high resolutionsatellite imagesS5m and10m spatial resolution), the result has
beenprocessed for the period Ob&r 2019to September2020. Figure 435 shows the
shoreline change map from Octol#019to Septembef02Q High erosionis noticed at
Thumba toValliyathura, Punthuragnd Karumkulamto Edapadu beach aratcretionat
Cheiyathura, Pannathura, Kovalam, Mullur to Pullavalad south of Edaadu beach
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Figure 4.35 Overall Shoreline Change MapOctober 2019to September2020

4.2.4 SeasonaShoreline Changecomparison betweer2018-2019 and 2019-2020

October 2018 and October 20D (Post Monsoon period

Using Resources®A-LISS4 and Sentinel 2A/2R1SI satellite images (5m and 10m
spatial resolution), the shoreline change has been compared between the October 2018 and
October 2019 shorgles Figure 436 shows the shoreline change map for October 2048 a
October 2019. Acretion is noticed at Vettucaud, Valliyathura, Punthifannathuraand
Mullur to Vallavilay while erosion is noticed at Kochuveli, Shangumugham beaach
Edapadwbeachfor the period October 201dhdOctober 2019.
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Figure 4.36 Shoreline Change MapOctober 2018and October2019
January 2019 and January 202@Fair weather period)

The shoreline change has been compareddsstthe January 2019 and January 2020
shorelines usingentinel 242B-MSI satellite images (10m spatial resoludioRigure 437

shows the shoreline change map for January 2019 and January 2020. Accretion is noticed at
Vettucaud, Shangumugham beaPlannghura, Kovalam, Mullurand Edapadu beach while
erosion is notied d Valliyathura,Punthura Adimalathuraand Pullavilafor the comparison of

shorelines between January 2019 and January 2020.
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