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Vizhinjam International Seaport Limited
A Ciovvernment of Kerala Uhdf;rl.ﬂ-kingi

WISL 2015 20/HYCR/GME /27534
27" Movember, 2020
Ta

Additional Principal Chief Conservator of Forests (C),
Ministry of Environment Forest and Climate Change (MoEF&CC],
Regional Office {52), Kendriva Sadan,
4" Floor, E&F Wings, 17" Main Road,
koramangala Il Block, Bangalore-560034 (Karnatakal
roszbng-mefcc@nicin Ph: 0B0-25635901
Eub; Half Yearly Compliance Report [HYCR} of Environmental angd CRZ Clearance for Wizhinjam
Internationzl Multipurpose Deepwater Seaport Tor the period of April 2020 to September 2020 -
Reg.
Fef: 1) F.Mo,11-122/2011-18.001 dated 3" fanuary 2014
2) Mo.1285/A3/13/KCIMA/SETD dated 24™ August 2013
3} File Mo: EF/12.1/7/2013-14/Ker 829 dated 20™ Aupust 2019

Dear Sir,

This has reference to the Environmental & CRZ Clearance (EC) issued on 3 January 2014 (vide reference
cited 1) by the Ministry of Environment, Forest B Climate Change (MoEF&CC) for the propased Vizhingam
International Multipurpose Deepwater Seaport at Vizhinjam in Thiruvananthapuram District of Kerala State
based an the recarmmendation of KCEMA [vide the reference cited 2).

Thie Half ¥early Compliance Report [HYCR) of the conditions stipulated in the cited references for the period
from April 2020 to September 2020 is enclosed herewith for record and reference,

&% per the MoEFRCC Letter [vide the reference cited 3), wherein submission of HYCRs by emailfsoft copy
is declared acceptable, therefore the HYCR for the perlod April 2020 to September 2020 is being submitted

to the MoEFECC, Regional Office {Bangalore), Zonal office of the CPCB (Bangalore}, KSPCE & KCIMA via
email.

Yours Sincerely
For Vizhinjam International Seaport Ltd

~~Managing Director & CEQ

Encl: As Stated Above
Copy ta! (1) The Director (Monitoring-18 |1 Division), Ministry of Enviconment, Forest & Climate Change,
IndraParyavaranBhavan, lorBagh, Mew Delhi - 110003
(2] The Zonal Offtcer, Central Pollution Control Board [CPCB), Zonal Office, Bengluru - 560010,
{3} The Member Secrstary, Kerala 5iate Pollution Control Board, Pattom PO,
Thiruvananthapuram — 695 004
(4} The Member Secretary, KCIMA, 4™ Floor, KSATC Bus Terminal, Thampanoor,
Thiruvanantapuram — 695 001
{51 Shei. Rajesh Jha, MOS CEQ Adani Vizhinjam Port Private L. (AVPPL), Vipanchiza Tower,
Thycaud P.C., Thiruvananthapuram- 14

9" Floar, KSRTC Bus Terminal Complex, Thampanoor, Thiruvananthapuram 695 001, Kerala, India
Telffax: +91-471-2328616, Email: mail@vizhinjamportin www.vizhinjamporlin
Cin: UMS5309KL 200450001 FR8S



Development of Vizhinjam International

Deepwater Multipurpose Seaport
Environmental Clearance F. No. 11-122/2011-IA.lll dated 3 January 2014

Half Yearly Compliance Report (HYCR)
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adani

(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020
11. | Specific Conditions
(i) |“Consent for Establishment” | Complied
shall be obtained from Kerala | Consent for Establishment (CTE) had been
State Pollution Control Board | obtained from Kerala State Pollution
under Air and Water Act and a | Control Board (KSPCB) vide Consent No.
copy shall be submitted to the | PCB/HO/TVMW/ICE/08/2015 dated
Ministry before start of any | 15.09.2015 valid up to 31.07.2018.
construction work at the site.
The CTE was renewed vide Consent No.
PCB/HO/TVMW/ICE-R/02/2018 dated
19.07.2018 valid up to 31.07.2023.
Copy of the renewed CTE was submitted
to Ministry of Environment and Climate
Change (MoEF&CC) with the Half Yearly
Compliance Report (HYCR) for the period
April 2018 to September 2018.
(ii) | Project Proponent shall carry | Being Complied

out intensive monitoring with
regulatory reporting six monthly
on shoreline changes to the
Regional Office, MoEF.

Shoreline monitoring for a stretch of 40
km (20 km on both sides of the project
site) is being done and reports are being
regularly submitted to MoEF&CC as a part
of the HYCR. Shoreline Monitoring Report
for the period April 2020 to September
2020 is enclosed as Annexure |.

Due to the lockdown imposed by the
Government of India (Gol)/Government of
Kerala (GoK) as a result of the ongoing
COVID-19 pandemic, shoreline monitoring
was hampered during the compliance
period; particularly in locations which lie in
the state of Tamil Nadu where entry was
prohibited. Hence, onshore profiles, LEO,
photo documentation, etc. could not be
carried at these locations. During the
month of July 2020, the entire Vizhinjam
area was under lockdown hence no data
could be collected the month.

L&T Infrastructure Engineering Ltd. (L&T
IEL) had prepared Mathematical Modelling
Reports based on Shoreline Monitoring

adanl Adani Vizhinjam Port Pvt. Ltd.
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020
S. No. Conditions Compliance Status as on 30.09.2020
data; which were vetted by National
Institute of Ocean Technology (NIOT).

Three mathematical modelling reports
have been prepared by L&T IEL so far and
submitted to MoEF&CC; as detailed below:

e 1 Mathematical Modelling Report for
the period February 2015 to February
2017; submitted along with the HYCR
for the period April 2017 to September
2017

e 2" Mathematical Modelling Report for
the period March 2017 to February
2018; submitted along with the HYCR
for the period April 2018 to September
2018

e 3 Mathematical Modelling Report for
the period March 2018 to February
2019; submitted along with the HYCR
for the period April 2019 to September
2019

These mathematical modelling reports
have affirmed that the shoreline change is
in line with prediction in the EIA study.

In continuation with the same practise
Adani Vizhinjam Port Pvt. Ltd. (AVPPL)
have submitted the shoreline data from
March 2019 to February 2020 to LE&T IEL
for mathematical modelling to assess the
impact on shoreline under the guidance of
NIOT. The mathematical modelling report
for the period March 2019 to February
2020 vetted by NIOT is given as Annexure
Il. As per the mathematical modelling
report, from all the data analyses and
model studies carried out by LNTIEL, it can
be concluded that there was minimal
variation on shoreline, beach morphology
and water quality compared to the
previous years and that the port

adanl Adani Vizhinjam Port Pvt. Ltd.
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

construction has not caused any
unnatural changes to these parameters in
the vicinity of the port.

(iii)

The capital dredged material
(7.6 M\m?>) shall be utilized for
reclamation of berths.

Being Complied

No dredging or reclamation was carried
out during the compliance period from
April 2020 to September 2020. The
dredged material till 30.09.2020
amounting to 2.90 Mm? has been utilized
for reclamation of 36 Ha area.

(iv)

Additional fish landing centre
shall be developed as part of the
proposed Vizhinjam port for
upliftment of fisheries sector.

Being Complied

The work for construction of the fish
landing centre (Rs. 16.00 crores) and the
fishery breakwater (Rs. 131.12 crores) has
been initiated as part of the funded work
component of the concession agreement
with AVPPL.

The EPC Contractor of the concessionaire
is finalising the design for the fishing
berth and has mobilised the sub-
contractor along with resources for
construction of fishery harbour since
March 2017. However, fishing boats
docked in the proposed area need to be
removed before the commencement of
work. GoK has initiated discussions with
fishermen representatives for removal of
the boats to facilitate construction work
and these discussions are ongoing.
(Source: VISL)

(v)

The project shall be executed in
such a manner that there is
minimum disturbance to fishing
activity.

Being Complied

Following is being practiced to ensure

minimum disturbance to fishing activity:

e Work is planned in such a way that the
movement of fishing boats is not
hindered due to project construction.

e Signboards have been placed for
demarcation of construction area.

e For mutual understanding of the
developmental activities with the local
fishing community an exclusive CSR
team has been assigned.

adanl Adani Vizhinjam Port Pvt. Ltd.
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020

e Usingthe technological advancements
(such as WhatsApp), the dedicated
CSR team of AVPPL are in constant
touch with the fishermen/fishing
community members to facilitate the
flow of various project related
information/updates.

e AVPPL CSR team also provides regular
updates to the committee which has
been formed by the local church/other
representatives adjoining to the port
area, who in turn pass on port project
execution information to the
fishermen.

e Turbidity buoys at 3 locations
identified by NIOT had been deployed
and continuous monitoring was carried
out to assess the real time turbidity.
The  turbidity details for the
compliance period are given in
Annexure |.

e Marine Water Quality is being
monitored regularly and results are
submitted as part of the compliance
reports. No abnormal results were
observed during the monitoring period.
(Refer Annexure Ill). Marine water
monitoring was suspended during the
months of April 2020 to July 2020 due
to the restrictions of the lockdown
imposed as a3 result of the ongoing
COVID-19 pandemic.

adanl Adani Vizhinjam Port Pvt. Ltd.
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

safeguard the interests of the
fisheries sector as detailed in
the Resettlement Action Plan
(RAP), Corporate Social
Responsibility (CSR) and in the
Integrated Fishing Community
Management (IFCMP), namely a
component of Rs.7.1 crores as
part of the compensation
package for the fisheries sector,

as livelihood restoration
measures for mussel collectors,
shore seine fishermen and

others. Rs.41.30 crores as part
of CSR activities in the fisheries
sector under (i) water supply
scheme (7.3crores) (i) new
fishing landing centre (16crores)
(iii) adoption of existing fishing
harbor (5crores) (iv) sea food
park (4crores) (iii) skill
development centre (4crores)
(iv) environmental sanitation
(3crores) and (v) solid waste
management (2crores).

S. No. Conditions Compliance Status as on 30.09.2020
Turbidity Buoy
(vi) | Steps would be taken to | Being Complied

In  consultation with the fishermen,
enhanced livelihood compensation of Rs.
101.86 Crores was sanctioned by GoK,
instead of Rs. 7.10 crores; as suggested
earlierin the EIA stage. Till date an amount
of Rs. 83.32 crores have been disbursed till
30.09.2020 for a total number of 2625
Livelihood Affected Persons (LAPs) whose
verification was complete in all respects;
this includes boat owners to whom
kerosene is supplied free of cost as well
during the port construction period.
Verification of the documents of balance
LAPs is in progress. (Source: VISL)

The status of the CSR activities envisaged
in the fisheries sector is as follows:

Water supply: A Water Supply Scheme for
the local community has  been
commissioned in April 2013 by VISL by
expending an amount of Rs. 7.30 crores.
For Operation & Maintenance (O&MW) of
the same an amount of Rs. 5.28 crores had
been spent and from 04.04.2019 onwards,
O&M of the scheme is being done by
Kerala Water Authority (KWA). (Source:
V/SL)

Fish Landing centre: The work for
construction of the fish landing centre

adanl Adani Vizhinjam Port Pvt. Ltd.
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adani

Adani Vizhinjam Port Private Limited | From : April 2020

To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

(Rs. 16.00 crores) and the fishery
breakwater (Rs. 131.12 crores) has been
initiated as part of the funded work
component of the concession agreement
with AVPPL in the form of a new fishing
harbour. AVPPL is unable to start the
construction activities since the proposed
site is blocked by fishermen with their
fishing boats. The proposed area needs to
be cleared for the commencement of
works. GoK has initiated discussions with
fishermen representatives for removal of
the boats to facilitate construction work
and discussions underway. (Source: VISL)
Existing Fishing Harbour: Tender for
modernization of the existing fishing
harbour was invited by Harbour
Engineering Department (HED) and work
awarded. However, the works could not be
initiated due to sectoral protests among
different fishermen groups. GoK has
initiated discussions with protesting
groups and discussions  underway.
(Source: VISL)

Seafood Park: Procurement of land for
seafood park (Rs. 26.00 crores) by VISL
has been completed. Action for
development of seafood park is being
planned so as to commission the same
along with the completion of the new
fishing harbour. (Source: VISL)

Skill Development: Additional  Skill
Acquisition Program (ASAP) is a GoK
initiative aimed at imparting skill courses
to students for improving their
employability. No Objection Certificate
(NoC) has been granted to ASAP to
proceed with the construction of a
Community Skill Park (CSP) in an area of
1.5 acres of land at Vizhinjam. It is a PPP
project wherein 25000 sqg. ft. building
with facilities for students’ hostel are
being constructed by GoK under ASAP,

adanl Adani Vizhinjam Port Pvt. Ltd.
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014

for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020
whereas the operation of the centre with
logistics and other high-end courses is
vested with Adani Skill Development
Centre. Preference is being given to local
people based on skill and competency
during the construction stage. (Source:
VISL)
Environmental/Sanitation: Several
cleaning campaigns are being jointly
organized with zonal health wing under
CSR activities; the cleaning activity is
being carried out in the major
communities of Vizhinjam especially in
coastal belt jointly with the sanitation
workers of Municipal Corporation of
Thiruvananthapuram. The locations are
identified through community interaction
and mapping out of the highly sensitive
receptacles of waste. Towards that a
teams are formed with sanitation workers
from  Thiruvananthapuram  Municipal
Corporation, volunteers from CSR team,
the members of “clean-4-U" livelihood
group promoted under the CSR and the
respective community members.
Solid Waste Management:  Adani
Foundation installed “Thumboormozhi
Aero Bins” in three coastal belt
communities Viz Kottappuram Ward,
Vizhinjam Ward and Harbour ward as a
one-stop solution for the alarming issue of
Solid Waste Management. It is on a tri-
partite partnership model wherein Adani
Foundation bears the one time installation
cost for the project; Municipal
Corporation ensured the maintenance and
monitoring of the project whereas the
Ward Councillor together with the
Community leaders act as the change
agent for a better waste management
project.

adanl Adani Vizhinjam Port Pvt. Ltd.
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

Activities carried out by AVPPL as a part of
CSR intervention for education,
community health, sustainable livelihood
development, community infrastructure
development and other community
engagement programmes, etc. for the
period of April 2020 to September 2020 is
given in Annexure IV,

(vii)

Rail connectivity shall be parallel
to the harbour road on elevated
structures at +4/5.00 m level
without affecting the entry to
the existing harbor.

Will be Complied

Konkan Railway Corporation Limited
(KRCL) has been engaged as a consultant
for turnkey execution of the project. Out
of the total rail route length of 10.7 km, 9.0
km is planned to be passing through an
underground tunnel to minimize the
disturbance to the local population.
Detailed Project Report (DPR) has been
completed and all the required
clarifications have been provided to
Southern Railways and the approval is
awaited. Land acquisition process has
been initiated. (Source: VISL)

(viii)

Compensation packages in
accordance with the
Central/State Government
norms shall be given to all the
authorized-cum-affected

(having valid clearances as

applicable) resort owners.

Will be Complied

Resort owners evicted have been
compensated for land and not for the
structures since they were in violation of
CRZ notification. An area of 0.728 Ha has
been acquired up to 31.09.2020 under
negotiated purchase. Remaining land of
2.865 Ha to be acquired by Land
Acquisition (LA) process for which
notification has been published and action
initiated by the District Collector
Thiruvananthapuram. (Source: VISL)

(ix)

The port shall ensure that all
ships under operation follow the
MARPOL convention regarding
discharge or spillage of any
toxic, hazardous or polluting
material like ballast water, oily
water or sludge, sewage,
garbage etc. The emission of

Will be Complied

Currently project is under construction.
This shall be complied during operational
phase.

adanl Adani Vizhinjam Port Pvt. Ltd.
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

NOx & SOx shall remain within
permissible limits.

()

CSR  activities shall cover
villages within 10 km radius of
the project.

Complied

All CSR  activities on livelihood
development health, sanitation, education
etc. are being implemented after receiving
formal demands from social controlled
institutions; government controlled
institution and recognized platforms. As
indicated in EIA report, during initial phase
of development, CSR activities will be
taken for Vizhinjam & nearby villages in 2
km radii. Considering the same during
Phase | implementation of the project,
CSR activities are presently carried out in
5 wards namely; Mulloor, Kottapuram,
Vizhinjam, Harbour and Venganoor. An
amount of Rs. 2.57 Crores has been spent
for CSR activities mainly in the fields of
education, community health, sustainable
livelihood development, community
infrastructure development, etc. during
the compliance period. Details on CSR
activities carried out by AVPPL during
compliance period (April 2020 to
September 2020) are enclosed as
Annexure IV,

(xi)

Oil Contingency Management
Plan shall be put in place.

Will be Complied

After duly incorporating the comments of
Indian Coast Guard (ICG), the final facility
Level Oil Spill Disaster Contingency Plan
(OSDCP) in line with the National Qil Spill-
Disaster Contingency Plan (NOS-DCP) has
been submitted to ICG for approval vide
letter No. AVPPL/ICG/2020-21/1134 dated
22.05.2020 (Enclosed as Annexure V).
Awaiting approval of the same.

(xii)

All the recommendations
/conditions stipulated by Kerala
Coastal Zone Management
Authority (KCZMA) shall be
complied with.

Complied

We are complying with all the
recommendations/conditions of KCZMA.
Copies of the HYCRs are also being sent to
KCZMA. Compliance to the
recommendations/conditions of KCZMA

adanl Adani Vizhinjam Port Pvt. Ltd.
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance
Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014
for the Period April 2020 to September 2020
S. No. Conditions Compliance Status as on 30.09.2020
for the period April 2020 to September
2020 is enclosed as Annexure VI.
(xiii) | The responses/ commitments | Complied
made during public hearing shall | We are complying with the
be complied with in letter and | responses/commitments made during
spirit. public hearing (as applicable). Status of
the same is being submitted regularly with
HYCRs to all the authorities concerned.
The compliance status of the
commitments made during Public Hearing
& actions on the same during the
compliance period April 2020 to
September 2020 is enclosed as Annexure
VII.
(xiv) | All the recommendation of the | Being Complied
EMP shall be complied with in | Project is in construction stage. Out of the
letter and spirit.  All  the | 5identified EMP areas, work has started in
mitigation measures submitted | Port Site (Building construction in back up
in the EIA report shall be|yard), Road/Rail Corridor and in PAF
prepared in a matrix format and | (Project Annex Facility)).
the compliance for each | Recommendations of the Construction
mitigation plan  shall be | stage EMP for these areas are being
submitted to MoEF along with | implemented. Status of construction
half yearly compliance report to | stage EMP in matrix format is enclosed as
MOoEF-RO. Annexure VIII.
(xv) | The project proponent shall | Being Complied
bring out a special tourism | The final Integrated Area Development
promotion package for the area | Plan prepared through CEPT University,
in consultation with the State | Ahmadabad in consultation with Town
Government and implement the | Planning, Tourism, Industry and other line
same along with the project. departments was reviewed by the expert
committee constituted by GoK. The
Master Plan has been forwarded to Joint
Planning Committee (JPC) for further
action. (Source: VISL)
(xvi) | The project proponent shall | Complied
place on its website its response | All the relevant details pertaining to EIA,
to the Public Hearing, and | ToR, EAC meetings, Public Hearing, etc.
representations as presented to | related to the project have been placed on
the EAC in the 128" meeting | VISL website
held on 23 November 2013, for | http://www.vizhinjamport.in/eia-30-5-
information of the general|13.php
public.

T .
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020
(xvii) | There shall be no withdrawal of | Noted
groundwater in Coastal | There will not be any withdrawal of

Regulation Zone Area, for this
project. In case any groundwater
is proposed to be withdrawn
from outside the CRZ area,
specific prior permission from
the concerned State/Central
Groundwater Board shall be
obtained in this regard.

groundwater in CRZ Area.

In case of requirement of groundwater
withdrawal outside CRZ area, specific
prior permission will be obtained from
State/Central Groundwater Board.

A 3.00 MLD water supply scheme for the
project had been commissioned with the
source of water being Vellayani Lake
whose raw water will be available for
treatment. The net availability of treated
water from this supply scheme is 2.49
MLD of potable water out of which 1.49
MLD of water shall be distributed to the
local people as part of social welfare
measures of VISL. The balance 1.0 MLD
would be used for port related activities.

However, at present, the entire treated
water from the scheme is being utilised by
the community. Due to this reason, the
water for construction purposes for the
port is being sourced from the open
market/private suppliers. On an average
about 166 Litres per day of water is being
consumed for construction related
activities during the compliance period
(April 2020 to September 2020). Due to
the impact of the COVID-19 pandemic
during the compliance period,
construction activities were decelerated
and therefore consumption of water is
significantly less.

(xviii)

The Hazardous waste generated
shall be properly collected and
handled as per the provision of
Hazardous Waste (Management,
Handling and Transboundary
Movement) Rules, 2008.

Complied
Contractors working at site, under the EPC
Contractor M/s. Howe Engineering

Projects India Pvt. Ltd. (HEPIPL) have
obtained separate consents from KSPCB
for handling Hazardous Waste. During this
compliance period (April 2020 to
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

September 2020) 26 L of used oil had
been generated and it has been stored as
per Hazardous Waste Rules at site and will
be disposed to authorized (CPCB/KSPCB)
waste oil handlers.

(xix)

No hazardous chemicals shall be
stored in the Coastal Regulation
Zone area.

Complied
No hazardous chemical is being stored in
the CRZ area.

(xx)

The waste water generated from
the activity shall be collected,
treated and reused properly.

Complied

Only batching plant wash/reject is
generated from the construction activity
presently. For the same, a settling tank is
constructed and used for collection and
recycling of all wash water generated. At
present settled sludge is used for filling of
low lying area.

(xxi)

Sewage  Treatment  facility
should be provided in
accordance with the CRZ
Notification.

Will be Complied

Provision for installing Sewage Treatment
Plant (STP) facility of adequate capacity in
phased manner is being planned and will
be implemented in line to CRZ Notification
along with the commissioning of the
project in consultation with KSPCB.

AVPPL had submitted relevant documents
including Location Plan, Process, Design,
Capacity, Layout and other details to
KSPCB seeking approval from the board as
per the CTE obtained for the project.
KSPCB had conducted a site visit on
21.08.2019. During the site visit additional
details were sought and the same were
submitted to KSPCB. Thereafter, KPSCB
had called for a meeting and presentation
on the proposed STP on 15.11.2019. As per
the discussions, it is understood that
AVPPL will have to apply for approval
online.

(xxii)

No solid waste will be disposed
of in the Coastal Regulation
Zone area. The solid waste shall
be properly collected,
segregated and disposed as per

Being Complied

No solid waste is being disposed in the
CRZ area. As mentioned in the EIA,
contractors working at the site have been
made responsible for management of

.
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(AVPPL)

Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

the provision of Solid Waste
(Management and Handling)
Rules, 2000.

Solid Waste during construction stage.
The contractors are complying with the
provisions pertaining to management of
Solid Waste and it is being properly
collected, segregated and disposed in line
to Solid Waste Management Rules 2016,
as amended.

(xxiii)

Installation and operation of DG
set if any shall comply with the
guidelines of CPCB. Qil spills if
any shall be properly collected
and disposed as per the Rules.
Project proponent shall install
necessary oil spill mitigation
measures.

Being Complied

12 DG sets are present at site; all 10 are in
use and 2 are on standby. These are
compliant to CPCB guidelines. If any oil
spill occurs, it shall be properly collected
and disposed as per the Rules.

(xxiv)

No construction work other than
those permitted in Coastal
Regulation Zone Notification
shall be carried out in Coastal
Regulation Zone area.

Being Complied

Construction of the project is being
carried as per the approval obtained under
CRZ Notification.

(xxv)

The approach channel shall be
properly demarcated with
lighted buoys for safe navigation
and adequate traffic control
guidelines shall be framed.

Will be Complied

The project is in construction phase and
the same shall be complied during
operational phase.

(xxvi)

The project proponent shall take
up development of green belt in
the project area, wherever
possible. Adequate budget shall
be provided in the Environment
Management Plan for such
development.

Will be Complied

Greenbelt: Although a natural greenbelt
exists, the greenbelt of adequate width
with suitable species in consultation with
forest department as identified in the EIA
will be developed in all possible areas
including back-up areas and along the
boundary of the project area. A greenbelt
development plan has been considered in
the Master Plan and adequate budgetary
provision has been kept for this purpose.

Compensatory Afforestation: During the
meeting with Hon’ble Minister dated
05.04.2017, it was decided that Forest
Department shall identify land for
compensatory afforestation in lieu of
trees felled at port site areas; at the rate

o .
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Adani Vizhinjam Port Private Limited | From : April 2020

adani (AvPPL)

To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

of 1:10. AVPPL, in collaboration with
Forest department, have carried out
compensatory afforestation of
approximately 15,540 trees on 12.05 Ha
land; as identified by social Forest
Department in Sainik School, Trivandrum
(at an aerial distance of 24 km from the
Vizhinjam Port project site). The
plantation is now inits Third Year.

Progress as on 30.09.2020

(xxvii

The fund earmarked for
environment management plan
shall be included in the budget
and this shall not be diverted for
any other purposes.

Being Complied

An amount of 40 Crores has been kept
solely for EMP implementation as per the
commitment in the EIA; and this amount is
not diverted for any other purpose.

An amount of Rs. 1.572 Crores has been
utilized towards EMP implementation
measures during compliance period April
2020 to September 2020. Till date, an
amount of Rs. 15.67 Crores has been spend
on environmental protection measures.
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance
Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014
for the Period April 2020 to September 2020
S. No. Conditions Compliance Status as on 30.09.2020
The EMP expenditure for the compliance
period April 2020 to September 2020 is
enclosed as Annexure IX.
(xxvii | The project proponent shall set | Complied
)) up an organizational | During construction phase an officer of
mechanism/institutional VISL has been designated as Head (EHS &
structure  for  Environment, | CSR) for effective implementation of the
Health & Safety & CSR under the | stipulated EHS safeguards & CSR
supervision of a General | activities. AVPPL has also appointed
Manager as outlined in the EIA | competent and qualified professional for
Report for effective | effective implementation of EHS
implementation of the | safeguards & CSR activities. In addition to
stipulated EHS safeguards & | the above, independent environment,
CSR activities. health and safety consultants have been
appointed as per concession agreement
signed between GoK and AVPPL. It is also
ensured that contractors executing the
work also deploy qualified and competent
EHS personnel for effective
implementation of EMP measures.
Organizational Structure for Environment,
Health, and Safety & CSR for construction
phase is enclosed as Annexure X.
(xxix) | Staff Colony should be located | Will be Complied
beyond CRZ area. Port facility planning is done in such a way
that staff colony will be located beyond
CRZ area.
12. | General Conditions
(i) | Construction of the proposed | Complied
structures shall be undertaken | All the construction activities are being
meticulously conforming to the | carried out as per existing Central/local
existing Central/local rules and | rules. Necessary permissions under CRZ
regulations including Coastal | Notification 2011 & its amendments have
Regulation Zone Notification, | been obtained. Further, necessary
2011 & its amendments. All the | approvals from concerned Statutory
construction designs/drawings | Departments / Agencies have been
relating to the proposed | obtained for the construction
construction activities must | designs/drawings relating to construction
have approvals of the concerned | activities as mentioned hereunder:
Statutory Departments /| e Consent to Establish (CTE) No.
Agencies. PCB/HO/TVM/ICE/08/2015 dated
15.09.2015 valid up to 31.07.2018 was

o .
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Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions

Compliance Status as on 30.09.2020

renewed from State Pollution Control
Board vide Consent No.
PCB/HO/TVM/ICE-R/02/2018,  dated
19.07.2018 valid up to 31.07.2023.

e Airport Authority of India NOC vide
NOC no AAI/SR/NOC/RHQ dated
7.12.2015.

e As per the exemption granted by GoK
G.0O. No. 310/2015/LSGD  dated
01/10/2015, AVPPL is not required to
obtain any further building
permits/permission to construct port
related building within the port
premises.

(ii) | Adequate provision for
infrastructure facilities
including water supply, fuel and
sanitation must be ensured for
construction workers during the
construction phase of the
project to avoid any damage to

the environment.

Complied

On an average 369 Nos. of workers were
engaged in the port construction
activities on a daily basis during the
compliance period April 2020 to
September 2020.

Construction workers and Labours are
housed in a labour camp near to the
project site as well as nearby resorts.
Labours are provided with all the
necessary infrastructure facilities
including water, electricity, fuel,
sanitation, etc. and the details of the same
were submitted in the HYCR for the period
October 2018 to March 2019.

(iii) | Appropriate measures must be
taken while undertaking digging
activities to avoid any likely

degradation of water quality.

Complied

Mitigation measures are being followed
while undertaking digging activities
Surface & Ground water quality is
monitored on a monthly basis in line to
Environment Monitoring Plan prescribed
in EIA and analysis reports are enclosed as
Annexure lll. Surface & Ground water
monitoring was suspended in the months
of April 2020 and May 2020 due to the
restrictions of the lockdown imposed as a
result of the ongoing COVID-19 pandemic.
There are no significant changes observed
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance
Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014
for the Period April 2020 to September 2020
S. No. Conditions Compliance Status as on 30.09.2020
in the water quality during the compliance
period.
(iv) | Borrow sites for each quarry | Complied

sites for road construction | Quarry material is being obtained from

material and dump sites must be | approved quarry sites only.

identified keeping in view the

following: The progress of road constructed so far

(3) No excavation or dumping on | include Hume Pipe laying, construction of
private property is carried | retaining wall, drain works, sub grade
out without written consent | works and piling in ponds for bridge.
of the owner.

(b) No excavation or dumping | Earth cutting generated from road
shall be allowed on wetlands, | corridor construction at present are
forest areas or other | dumped in truck terminal area.
ecologically valuable or| e No excavation has been carried out in
sensitive locations. private property.

(c) Excavation work shall be | ¢ No excavation or dumping has been
done in close consultation carried out in wetlands, forest area or
with the Soil Conservation other ecologically valuable or sensitive
and Watershed Development locations.

Agencies working inthe area, | ¢ Kerala State Remote Sensing and
and Environment Centre (KSREC) have

(d) Construction spoils including studied the impact due to construction
bituminous material and of port approach road.
other hazardous materials Recommendations of KSREC are being
must not be allowed to implemented and suitable mitigation
contaminate water courses measures as suggested in the KSREC
and the dump sites for such report are being adopted during
materials must be secured so construction.
that they shall not leach into | ¢ No bituminous or hazardous material
the ground water. has been used.

(v) | The construction material shall | Being Complied

be obtained only from approved | The construction material was obtained

quarries. In case new quarries | from approved quarries only.

are to be opened, specific

approvals from the competent | As on date, AVPPL have obtained

authority shall be obtained in | Environmental Clearance (EC) from the

this regard. State Environmental Impact Assessment
Authority (SEIAA) and Consent to Operate
(CTO) from KSPCB for the following
granite building stone quarries:
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Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

In case of new quarries,
approvals will

Block No0.29, Re-Survey N0.120/10 in
Manickal Village, Nedumangad Taluk,
Thiruvananthapuram District, Kerala
(Details submitted along with the
HYCR for the period October 2019 to
March 2020)

Nagaroor Village, Chirayinkeezhu
Taluk, Thiruvananthapuram District
(Details submitted along with the
HYCR for the period April 2019 to
September 2019)

necessary
be obtained from the

competent authority.

(vi)

The project authorities shall
make necessary arrangements
for disposal of solid wastes and
for the treatment of effluents by
providing a proper wastewater
treatment plant outside the CRZ
area. The quality of treated
effluents, solid wastes and noise
level etc. must conform to the
standards laid down by the
competent authorities including
the Central/State  Pollution
Control Board and the Union
Ministry of Environment and
Forests under the Environment
(Protection) Act, 1986,
whichever are more stringent.

Being Complied

No solid waste is being disposed of in
the CRZ area.

Solid waste is handled as per the Solid
Waste Management Rules, 2016 as
amended.

STP will be installed in phased manner
along with the project in consultation
with KSPCB. AVPPL had submitted
relevant documents including Location
Plan, Process, Design, Capacity, Layout
and other details to KSPCB seeking
approval from the board as per the CTE
obtained for the project. KSPCB had
conducted a site visit on 21.08.2019.
During the site visit additional details
were sought and the same were
submitted to KSPCB. Thereafter,
KPSCB had called for a meeting and
presentation on the proposed STP on
15.11.2019. As per the discussions, it is
understood that AVPPL will have to
apply for approval online.

Environment Monitoring is being
carried out as per Environment
Monitoring Plan prescribed in EIA by
NABL and MoEF&CC accredited
agency; M/s. Ashwamedh Engineers &
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Adani Vizhinjam Port Private Limited

From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020
Consultant. Summary of the Ambient
Air Quality Monitoring (AAQM) for the
duration from April 2020 to September
2020 at 5 monitoring locations is
mentioned below.
Parameter | Unit Max | Min P?"T"
Limit
PMo pg/m? 91 32 100
PM2s pg/m? 30 10 60
SO, pg/m? 7.23 BDL 80
NO> pyg/m? 9.58 BDL 80
Co mg/m? BDL BDL 4
HC ppm BDL BDL --
e Detailed Monitoring Reports for the
period April 2020 to September 2020
is attached as Annexure Ill). Air Quality
monitoring was suspended in the
months of April 2020 and May 2020
due to the restrictions of the lockdown
imposed as a result of the ongoing
COVID-19 pandemic.
e All the monitored parameters were
found within the prescribed limits.
(vii) | The proponent shall obtain the | Will be Complied
requisite consents for discharge | CTO under the Water (Prevention and
of effluents and emissions under | control of Pollution) Act, 1974 and the Air
the Water (Prevention and | (Prevention and control of Pollution) Act,
control of Pollution) Act, 1974 | 1981 will be obtained from KSPCB before
and the Air (Prevention and | commissioning of the project and copy of
control of Pollution) Act, 1981 | the CTO will be sent to Ministry on receipt.
from the Kerala State Pollution
Control Board before
commissioning of the project
and a copy of each of these shall
be sent to this Ministry.
(viii) | Adequate precautions shall be | Complied
taken during transportation of | Following precautionary measures are
the construction material so | undertaken during transportation of the
that it does not affect the | construction material as environment
environment adversely. safeguard:
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions Compliance Status as on 30.09.2020

e Tarpaulin cover is being used during
transportation of construction
material

e All vehicles coming into the site are
under a speed restriction of 20 km/hr

e Regular Water Sprinkling is done on
the approach road by water tankers.

e |t is ensured that all vehicles entering
the Port have a valid PUC certification

e The dumpers have speed governors
ensuring adherence to speed limit

Tarpaulin Cover on Trucks
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From : April 2020
To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental

& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020
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PUC Certificate

(ix)

Full support shall be extended to
the officers of this
Ministry/Regional  Office at
Bangalore by the project
proponent during inspection of
the project for monitoring
purposes by furnishing full
details and action plan including
action taken reports in respect
of mitigation measures and
other environmental protection
activities.

Noted

There was no visit by officers of
Ministry/Regional Office at Bangalore
during the compliance period.

All necessary support will be extended to
officers of this Ministry/Regional Office
during inspection of the project/site visit;
whenever planned.

()

Ministry of Environment &
Forests or any other competent
authority may stipulate any
additional conditions or modify
the existing ones, if necessary in
the interest of environment and
the same shall be complied with.

Noted for Compliance

(xi)

The Ministry reserves the right
to revoke this clearance if any of
the conditions stipulated are not
complied to the satisfaction of
the Ministry.

Noted

(xii)

In the event of a change in
project profile or change in the
implementation agency, a fresh
reference shall be made to the
Ministry of Environment &
Forests.

Noted and Will be Complied

AVPPL is the concessionaire for
implementing the project and operating it
for the next 40 years, based on concession
agreement signed between the GoK &,
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: | Adani Vizhinjam Port Private Limited | From : April 2020
adanl (AVPPL) To :September 2020
Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance
Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-IA.1ll dated 03.01.2014
for the Period April 2020 to September 2020
S. No. Conditions Compliance Status as on 30.09.2020
AVPPL on 17.08.2015. As on date, there is
no change in the project profile.
(xiii) | The project proponent shall | Complied
inform the Regional Office as | Concession agreement with AVPPL was
well as the Ministry, the date of | signed on 17.08.2015. The layout of the
financial closure and final | port has been approved by GoK by letter
approval of the project by the | No.308799/E1/15/F&PD dated 30.10.2015
concerned authorities and the | (Submitted along with the Compliance
date of  start of  land | Report of the period from October 2015 to
development work. March 2016). The preliminary
construction activities commenced at site
on 16.11.2015 followed by official
inauguration on 05.12.2015. Financing
agreement forming part of financial
closure was submitted by the
concessionaire on 13.05.2016.
(xiv) | Kerala State Pollution Control | Noted
Board shall display a copy of the | This condition does not pertain to project
clearance letter at the Regional | proponent. However, it is learnt that
Office, District Industries Center | KSPCB had complied with the same.
and Collector’s
Office/Tehsildar's office for 30
days.
13. | These stipulations would be | Noted for Compliance
enforced among others under
the provisions of  Water
(Prevention and Control of
Pollution) Act, 1974, The Air
(Prevention and Control of
Pollution) Act 1981, the
Environment (Protection) Act,
1986, the Public Liability
(Insurance) Act, 1991 and EIA
Notification 2006, including the
amendments and rules made
thereafter.
14. | All other statutory clearances | Complied
such as the approvals for | All the construction activities are being
storage of diesel from Chief | carried out as per existing Central/local
Controller of Explosives, Fire | rules. Necessary permissions under CRZ
Department, Civil Aviation | Notification 2011 & its amendments have
Department, Forest | been obtained.
Conservation Act, 1980 and

.
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To :September 2020

Vizhinjam International Deepwater Multipurpose Seaport
Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No. Conditions

Compliance Status as on 30.09.2020

Wildlife (Protection) Act, 1972
etc. shall be obtained, as
applicable by project
proponents from the respective
competent authorities.

Further, necessary approvals from
concerned Statutory Departments /
Agencies have been obtained for the
construction designs/drawings relating to
the proposed construction as mentioned
hereunder:

e Consent to Establish No.
PCB/HO/TVM/ICE/08/2015 dated
15.09.2015 valid up to 31.07.2018 was
renewed from State Pollution Control
Board vide Consent No.
PCB/HO/TVM/ICE-R/02/2018,  dated
19.07.2018 valid up to 31.07.2023.

e Airport Authority of India NOC vide
NOC no AAI/SR/NOC/RHQ dated
7.12.2015 (Submitted along with the
compliance report for the period
October 2015 to March 2016).

e As per the exemption granted by GoK

(CTE)

advertise in at least two local
Newspapers widely circulated in
the region, one of which shall be
in the vernacular language
informing that the project has
been accorded Environment
Clearance and copies of the
clearance letters are available
with the Kerala State Pollution
Control Board and may also be
seen on the website of the
Ministry of Environment &
Forest at
http://www.envfor.nic.in. The
advertisement should be made
within 10 days from the date of
receipt of the Clearance letter

G.0O. No. 310/2015/LSGD  dated
01.10.2015, AVPPL is not required to
obtain any further building
permits/permission to construct port
related building within the port
premises.

15. | The project proponent shall | Complied

Details regarding the advertisement that
the project had been accorded EC and
copies of the clearance letter that were
published in local newspapers was
intimated (along with copy of
advertisement) to the regional office of
MoEF&CC, vide letter No.
VISL/EC/MoEF/2013 dated 20.01.2014
(Submitted along with the HYCR for the
period October 2015 to March 2016).

Copy of the EC is available on VISL website
at http://www. vizhinjamport.in/eia-30-5-
13.php. The same is also uploaded on
Adani Ports and Special Economic Zone
(APSEZ) website at
https://www.adaniports.com/Downloads
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Status of Conditions Stipulated in Environmental and CRZ Clearance

Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

and a copy of the same should
be forwarded to the Regional
office of this Ministry at
Bangalore.

16.

This Clearance is subject to final
order of the Hon'ble Supreme
Court of India in the matter of
Goa Foundation Vs. Union of
India in Writ Petition (Civil)
No.460 of 2004 as may be
applicable to this project.

Noted

17.

Any appeal against this
clearance shall lie with the
National Green Tribunal, if
preferred, within a period of 30
days as prescribed under
Section 16 of the National Green
Tribunal Act, 2010.

Noted

Three appeals challenging the EC granted
to the project (two appeals filed at NGT,
Southern Regional Bench, Chennai and
one at NGT, Principal Bench, Delhi) and
one original application (OA-filed at NGT,
Principal Bench Delhi) indirectly
challenging the CRZ Notification, 2011
were filed as per the NGT Act, 2010. The
appeals filed at Chennai bench were later
transferred to the Delhi bench. The Delhi
Bench of NGT has upheld the EC granted
to the project vide its judgment dated
02.09.2016.

18.

A copy of the clearance letter
shall be sent by the proponent to
concerned Panchayat,
ZilaParishad/Municipal
Corporation, Urban Local Body
and the Local NGO, if any from
whom
suggestions/representations, if
any, were received while
processing the proposal. The
clearance letter shall also be put
on the website of the company
by the proponent.

Complied

The EC was submitted to the concerned
Panchayat, Zila Parishad/Municipal
Corporation, Urban Local Body and the
Local NGOs from whom representations
were received vide letter No.
VISL/EC/MoEF/2013 dated 29.01.2014.

Copy of the EC is available on VISL website
at http://www. vizhinjamport.in/eia-30-5-
13.php. The same is also uploaded on
APSEZ website at
https://www.adaniports.com/Downloads

19.

The proponent shall upload the
status of compliance of the
stipulated Clearance conditions,
including results of monitored
data on their website and shall

Complied

The copy of the latest HYCR for the period
October 2019 to March 2020 including
the results of six monthly monitoring data
(October 2019 to March 2020) has been

.
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Half Yearly Compliance Report (HYCR) on Conditions Stipulated in Environmental
& CRZ Clearance (EC) F.N0.11-122/2011-1A.11l dated 03.01.2014
for the Period April 2020 to September 2020

S. No.

Conditions

Compliance Status as on 30.09.2020

update the same periodically. It
shall simultaneously be sent to
the Regional Office of MOEF, the
respective Zonal Office of CPCB
and the SPCB. The criteria
pollutant levels namely; SPM,
RSPM, SO, NOx (ambient levels
as well as stack emissions) or
critical sectoral parameters,
indicated for the project shall be
monitored and displayed at a
convenient location near the
main gate of the company in the
public domain.

uploaded on VISL website
http://www.vizhinjamport.in and also on
APSEZ website
https://www.adaniports.com/Downloads.
The HYCR for the period October 2019 to
March 2020 has been submitted to the
MOEF&CC, Regional Office (Bangalore),
Zonal office of the CPCB (Bangalore),
KSPCB & KCZMA vide email dated
27.05.2020 (a8 copy of the email is
enclosed as Annexure Xl).

Environment Monitoring is being carried
out as per the Environment Monitoring
Plan prescribed in EIA by Ashwamedh
Engineers & Consultant (NABL Accredited
& MOEF&CC approved laboratory).
Detailed Monitoring reports (Air, Water,
Noise, Marine Water, and Sediment) are
enclosed as Annexure Ill. Additionally,
summary of monthly Environment
monitoring results are also uploaded on
the APSEZ website
https://www.adaniports.com/Downloads.

20.

The project proponent shall also
submit six monthly reports on
the status of compliance of the
stipulated Clearance conditions
including results of monitored
data (both in hard copies as well
as by e-mail) to the respective
Regional Office of MoEF, the
respective Zonal Office of CPCB
and the SPCB.

Complied

HYCRs on the status of compliance of the
stipulated clearance conditions including
results of monitored data are regularly
submitted to all the concerned agencies.
As per the MoEF&CC Notification dated
26.11.2018, wherein submission of HYCRs
by email/soft copy is declared acceptable,
therefore the HYCR for the period October
2019 to March 2020 has been submitted
to the MoEFE&CC, Regional Office
(Bangalore), Zonal office of the CPCB
(Bangalore), KSPCB & KCZMA vide email
dated 27.05.2020 (a copy of the email is
enclosed as Annexure XI).

21.

The environmental statement
for each financial year ending
31t March in Form-V as s
mandated to be submitted by

Will be Complied

The project is in construction phase. The
same shall be complied post
commissioning during operational phase.
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S. No.

Conditions

Compliance Status as on 30.09.2020

the project proponent to the
concerned Kerala State
Pollution Control Board as
prescribed under the
Environment (Protection) Rules,
1986 as amended subsequently,
shall also be put on the website
of the company along with the
status of compliance of
Clearance conditions and shall
also be sent to the respective
Regional Offices of MoEF by e-
mail.
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Shoreline Mathematical Modelling Report (March 2019 to February

Annexure Il
2020)

Annexure Il Environment Monitoring Report (April 2020 to September 2020)

Annexure IV: CSR Activities by AVPPL (April 2020 to September 2020)

Annexure V: Letter to ICG for submission of Final OSDCP

Compliance of Conditions of KCZMA Recommendation for EC/CRZ

Annexure VI

Clearance

Compliance of the Response/Commitments made during Public
Annexure VII: .

Hearing
Annexure VIII: | Status of Environment Management Plan

Annexure IX: EMP Expenditure (April 2020 to September 2020)

Annexure X: Environment Health, Safety & CSR Organizational Structure

Submission Email of HYCR for the Period October 2019 to March

Annexure Xl: 5020
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ABBREVIATIONS

ADCP Acoustic Doppler Current Profiler

APHA American Public Health Association Guidelines

CES Coastal Erosion Stone

AVPPL Adani Vizhinjam Port Pvt. Ltd.

BDL Below Detectable Level

C.M. Central Meridian

CD Chart Datum

cm Centimetre

COG Course over ground

dd mm.mmm Degrees minutes. Decimal minutes

DGPS Differential Global Positioning System

DTM Digital Terrain Model

EC Environmental & CRZ Clearance

EIL Engineer In Charge

EEZ Exclusive Economic Zone

Gol Government of India

GoK Government of Kerala

GPS Global Positioning System

HSE Health, Safety & Environment

HWM High Water Mark

IHO International Hydrographic Organization

INCOIS Indian National Centre for Ocean Information Services

IS 1498 Indian Standard for Classification and Identification of Soils for General
Engineering Purposes

IS 3025 Indian Standard or Methods of Sampling and Test for Water and Waste water
Part 1 - Sampling

kHz Kilohertz

Km Kilometre

kPa Kilo Pascal

LAT Lowest Astronomical Tide

Lat Latitude

LEO Littoral environmental observation

Long Longitude

m Metre

MBES Multibeam Echo Sounder

Mg/L Milligram per litre

MoEF Ministry of Environment & Forests
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MoU Memorandum of Understanding

MSL Mean Sea Level

MV Motor Vessel

NA Not Applicable

NABL National Accreditation Board for Testing and Calibration Laboratories
NHO Naval Hydrographic Organization

NIOT National Institute of Ocean Technology
nm Nautical mile

NTU Nephelometric Turbidity Units

PEP Project Execution Plan

PVD Progressive vector diagram

PPP Public Private Partnership

ppt Parts per Thousand

RTK Real Time Kinematics

SAC Shankar And Co.

SBES Single Beam Echo Sounder

Sol Survey of India

SOG Speed over ground

SOW Scope of Work

TEU Twenty Foot Equivalent Unit

UNCLOS United Nations Convention on the Law of the Sea
UTM Universal Transverse Mercator projection
VISL Vizhinjam International Seaport Ltd.

w.d. Water depth

WGS84 World Geodetic System 1984

WMO World Meteorological Organisation
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DEFINITIONS

Project Owner

Vizhinjam International Seaport Ltd (VISL), Thiruvananthapuram

Project Concessionaire

Adani Vizhinjam Port Pvt. Ltd. (AVPPL), Thiruvananthapuram

Advisor to VISL

National Institute of Ocean Technology (NIOT), Chennai

Survey Contractor

Shankar And Co. (SAC), Navi Mumbai

Survey Requirement

Oceanographic & Bathymetric Survey for Shoreline Monitoring

Chart Datum Chart datum is the level to which soundings on published charts are
reduced, and above which tidal predictions and tidal levels are given
in the Tide Table. All depths on charts are referred to this datum.

Current Speed The speed at which a water body moves in the ocean. The speed is
denoted in cm/s

Rip Current A relatively strong, narrow current flowing outward from the beach

through the surf zone

Current Direction

The direction towards which the currents are flowing. A westerly
current implies that the currents are flowing from east to west

LEO

Littoral Environmental Observations

Wave Peak period (Tp)

The peak period gives the characteristic frequency of the arriving
wave energy. This gives the period at which the spectrum has its
highest value.

Significant Wave Height
(Hs)

Significant wave height is the average peak-to-peak amplitude of the
largest one third of the waves in a given field.

Wave direction

The direction from which the waves are coming. A westerly wave
implies that the waves are moving from west to east.

Wind Speed

The speed at which the air moves with respect to the surface of
earth. The speed is denoted in m/s

Wind Direction

Wind direction is an indicator of the direction that the wind is
blowing from. A northerly wind is coming from the north and
blowing towards the south

Atmospheric pressure

It is defined as the force per unit area exerted against a surface by
the weight of the air above that surface. Atmospheric pressure is
expressed in millibars (mb)

Relative Humidity

Relative humidity is defined as the ratio of the water vapor density
(mass per unit volume) to the saturation water vapor density, usually
expressed in percent

Turbidity Turbidity is the cloudiness or haziness of a fluid caused by large
numbers of individual particles that are generally invisible to the
naked eye, similar to smoke in air.
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EXECUTIVE SUMMARY

The Vizhinjam International Deepwater Multipurpose Seaport is an ambitious
project taken up by the Government of Kerala, (GoK). It is designed primarily to cater to
container trans-shipment besides multi-purpose and break-bulk cargo. The port is being
currently developed in a Public-Private Partnership (PPP) component on a design,
build, finance, operate and transfer (‘DBFOT”) basis. The private partner, the
Concessionaire M/s Adani Vizhinjam Port Private Limited (AVPPL) had commenced
construction on 5" December 2015.

Vizhinjam International Seaport Ltd (VISL) - a company fully owned by GoK is the
implementing agency for the project, will be responsible for all obligations and
responsibilities of GoK in respect of the Project and the Concession Agreement.

With its numerous natural advantages and potential, the port will contribute greatly to
economic development and will be an asset in terms of infrastructure development in
the country.

The project obtained Environmental & CRZ Clearance (“EC”) from the Ministry of
Environment & Forests (MoEF), Government of India (Gol) on 3™ January 2014,
wherein it has been specified to carry out intense monitoring and regulatory reporting of
the shoreline changes in the project area. Accordingly, VISL has entered into a
memorandum of understanding (MoU) with the National Institute of Ocean Technology
(NIOT), Chennai, under the Ministry of Earth Sciences (MoES), for a long-term
shoreline monitoring programme including the seasonal bathymetry mapping.

(Source: https://www.vizhinjamport.in/fhome.html)

Shankar And Co, hereinafter referred to as SAC, based in Navi Mumbai has been
awarded the contract to carry out Shoreline Monitoring — Oceanographic & Bathymetric
Data Collection in the vicinity of the proposed site for the development of the Vizhinjam
International Deepwater Multipurpose Seaport, vide the service order; SO 5700267194
dated 3™ May 2019 by AVPPL.

As part of the study, NIOT provided a wave rider buoy to be deployed off Mulloor and
the data and watch & ward of the buoy was to be monitored by SAC.

As part of the contract, turbidity measurements at three locations from three levels is to
be monitored on a real time basis, for which turbidity measuring buoys were deployed in
the month of November 2019.

This report provides the results of the data collected from April to September 2020.
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Due to the pandemic situation, access to Tamil Nadu state to carry out all onshore
activities were not possible. Hence onshore profiles, LEO, photo documentation eftc.
could not be carried at these locations. During the month of July 2020, the entire
Vizhinjam area was under lockdown hence no data could be collected in this month.

All the co-ordinates in the reports and charts are referenced to WGS-84, UTM
Projection, CM 75° East, Zone 43, Northern Hemisphere.

e
'ﬁir Shankar And Co.




™
Oceanographic and Bathymetric Data Collection for ad a nl
Assessment of Shoreline Changes for AVPPL

Half Yearly Report Rev 1, April to Sept. 2020

2 INTRODUCTION

The proposed project is being developed as a PPP project on a DBFOT basis in
accordance with the terms and conditions set forth in the concession agreement signed
between AVPPL and GoK/VISL. The investment for land, external infrastructure (rail,
water and power) and breakwater will be borne by the landlord (VISL/GoK). The
investments for other port infrastructure (dredging & reclamation, berths, terminals,
superstructure & equipment) will be shared on PPP basis availing Viability Gap Funding
(VGF). The PPP concessionaire, AVPPL has been given the right to operate the port for
a specified concession period of 40 years. Traffic-linked stage-wise future development
of the project with an ultimate berth length of 2000m is also envisaged.

The proposed site is endowed with a natural depth of 23 to 25m (which is by far the best
compared to other ports in the world) as close as 2 km from the coast. This will enable
berthing of mother vessels of 18000 TEU and higher. Since the port site is located at
the southern tip of India, barely 10 nautical miles from the international sea route (Suez
— Far East route & Far East — Middle East route), it has the potential to become the
future trans-shipment hub of the country.

(Source: https://www.vizhinjamport.in/download/Feasibility-Report.pdf)

The study includes carrying out MetOcean observations (wave, meteorological
parameters and tide) at one location, to measure current for 30 days each, at four
locations, during 3 different seasons; Pre-monsoon (Apr-May), monsoon (June-Sep),
and fair-weather period (Dec-Feb), to measure in real-time turbidity from three levels
and three locations, bathymetric survey of up to 20m contour in two seasons, cross-
shore profiling (CSP) from 10m CD (4 CSP lines carried out up to a depth of 20m during
the months of January, May, August and October) to 100m inland from the high water
line along a stretch of 40 km, water & grab sampling, littoral environmental observation
and river crossing survey. All these are to be carried out for a period of 3 years
commencing June 2019.

A Google Earth image, showing the Multibbeam survey area; locations of the
observations, including the wave/current, tide and Automatic Weather Station (AWS)
measurement location, is given in Figure 2-1.
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Figure 2-1: General Survey Location

P1, P2 and P3 correspond to Acoustic Doppler Current Profiler (ADCP) locations and
P4 corresponds to both, ADCP and wave location.

The CSP lines, which coincide with the Littoral Environment Observation (LEO), beach
sampling and photographic documentation, are indicated in Figure 2-2. The cross-shore
profiles are named as CSP-01 to CSP-81. CSP-01 corresponds to the southernmost
profile which lies to the south of the existing Vizhinjam Harbour and gradually increases
progressing towards north for the entire 40 km stretch (20 km on either side of the port)
with a 500 m interval between each CSP line, CSP-81 being the northernmost profile.
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Vizhinjam, Kerala, West
coast of India

Figure 2-2: CSP, LEO and Photographic Documentation Locations

%} Shankar And Co.




™
Oceanographic and Bathymetric Data Collection for ad a nl
Assessment of Shoreline Changes for AVPPL

Half Yearly Report Rev 1, April to Sept. 2020

SCOPE OF WORK

The survey scope of work as per the contract includes the following:

e To mobilise a suitable marine spread and a survey boat at site for carrying out the
operations.

e To provide requisite personnel and equipment for undertaking of oceanographic
measurements and study of shoreline.

e Monthly cross-shore beach profiling perpendicular to the shoreline for a 40 km
stretch at intervals of 500m, using RTK or total station landward up to 100m from
HTL or +2m of HTL and using shallow draft boats, sled or any other suitable
techniques seaward down to 10m CD (4 CSP Lines carried out up to a depth of 20 m
in the months of January, May, August and October).

e Monthly monitoring of littoral zone (at the CSP locations) to observe the littoral
transport direction and alongshore current speed by means of appropriate drogue
observations and visual observations.

e Monthly photographic documentation of geomorphological changes (at the CSP
locations).

e Seasonal beach sediment sampling and analysis (at the CSP locations).

e Bathymetric survey twice in a year, i.e. just after the monsoon season and just prior
to the commencement of the next monsoon to generate 0.5m contours (with
bathymetric survey lines spaced at 25 m interval) in areas with depths to 20m CD
using multi beam echo sounder.

e Bathymetry/cross section survey for 500m length of rivers debouching in a 40 km
stretch of the coast.

e Seabed sediment sampling and analysis in 80 sq. km with one sample per sq km.

e Collection and analysis of water samples at specified periods (seasonal) for total
suspended solids (TSS) and turbidity from four specified locations.

e Current measurements (both magnitude and direction) using Acoustic Doppler
Current Profiler (ADCP) at four locations, as marked in Figure 2-1, for the duration of
full tidal cycle/30 days each during Pre-monsoon (Apr-May), Monsoon (Jun-Sep) and
Fair-weather period (Dec-Mar).

¢ Wave observations using WRB Datawell DWG-G shall be carried out at one location
as marked on the location map.

o Tide measurements using an automatic tide gauge close to the survey area to
observe the tidal variations around the clock at 6-minute intervals or as specified to
cover one full year. The tide gauge shall be connected to the nearest Survey of India
Benchmark.

o
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e Collection of wind speed & direction, atmospheric pressure, humidity, temperature at
1 location specified by the client/EIC (Engineer In Charge) by establishing an
automatic weather station.

e Continuous monitoring of turbidity at 3 location (1 upstream & 2 downstream of
dredging location) - Online meter (3 levels) to be installed on buoys and data to be
displayed at system in office.

e Analysis and processing of the data and submission of periodic reports in soft & hard
copies.

3.1 Location Coordinates

The location co-ordinates provided by the client for the current and wave observations
are given below:

Table 3-1: Current / Wave locations

Location Co-ordinates
WGS-84 Spheroid, UTM Projection, CM 75 East, Zone 43, North
Name Latitude Longitude Depth w.r.t CD (m)
ADCP - P1 (Vizhinjam) 08° 21'55.4"N 76° 58' 51.6"E 22.1
ADCP- P2 (Poovar) 08° 17" 35.8"N 77° 04' 03.5"E 23.1
ADCP- P3 (Pachalloor) 08° 24' 08.6"N 76° 56' 16.1"E 21.9
ADCP/Wave - P4 (Mulloor) 08° 21'42.3"N 76° 59' 33.9"E 22.9

The current observations are to be carried out for 30 days in each of the seasons at the
above locations.

The location co-ordinates of the tide station are provided below:

Table 3-2: Tide station location coordinates

Tide Station Co-ordinates
WGS-84 Spheroid, UTM Projection, CM 75 East, Zone 43, North

Name Latitude Longitude Height above CD (m)
Tide station 08° 22' 33.68"N 76° 59' 16.65"E 3.447

o
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A Gill Metpack weather station with rain gauge was installed at the Ayur Bay Resort
and the coordinates are provided in the table below:

Table 3-3: Weather station location coordinates

Weather Station Co-ordinates
WGS-84 Spheroid, UTM Projection, CM 75 East, Zone 43, North

Name Latitude Longitude Height above CD (m)
Weather station (on
top of Ayur Bay 08°22'13.53"N | 77° 00'08.78"E 28.456
Resort)

Since the system was installed at a height of 28.456m above CD a correction factor was
applied in the wind speed to reduce the data to 10m above MSL. The corrections were
obtained from WMQO manual supplied by NIOT. As per section 5.2.2 in the manual, 20%
of the speed was deducted to derive the current speeds at 10m above MSL. The data
provided is thus referenced to 10m above MSL.

Faut
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3.2 Turbidity Monitoring
Turbidity buoys were deployed in the month of November 2019 to measure the water

turbidity at three locations. The turbidity from three different depths, i.e. surface, mid-
depth and bottom was measured.

adani

The location co-ordinates of the turbidity buoys are provided below:

Table 3-4: Turbidity buoy Locations

TURBIDITY BUOY LOCATIONS

WGS-84, UTM Projection, CM 75° East, Zone 43, North

Buoy No. Easting Northing Latitude Longitude
Turbidity Buoy-1 720497.55 923507.87 08° 20’ 58.60"N | 77° 00’ 08.10'E
Turbidity Buoy-2 718843.20 925075.84 08°21'49.90"N | 76° 59 14.30' E
Turbidity Buoy-3 718784.75 926000.91 08° 22’ 20.01" N 76° 59 12.54'E

3.3 Beach and Water Sampling
A total of 81 beach samples were collected in two seasons, as part of the contract.
The samples were to be analyzed for grain size distribution as per IS 1498. The
coordinates of the beach sampling locations are provided in the table below.
Table 3-5: Beach Sampling Locations
BEACH SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North
Location Latitude Longitude
BS-1 8° 16.0265' N 77°7.9532 E
BS-2 8°16.1775 N 77° 77195 E
BS-3 8° 16.3348' N 77°7.4987 E
BS-4 8° 16.4955' N 77°7.2778 E
BS-5 8° 16.6565’ N 77°7.0579 E
BS-6 8° 16.8176' N 77°6.8379 E
BS-7 8° 16.9782' N 77°6.6187 E
BS-8 8°17.1382' N 77°6.3980" E
BS-9 8°17.2984' N 77°6.1765 E
BS-10 8° 17.4586’' N 77° 5.9566’ E
BS-11 8°17.6207' N 77°5.7379 E
BS-12 8°17.7276’' N 77°5.5946’ E
W Shankar And Co.
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BEACH SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North
BS-13 8° 17.8899' N 77° 5.3756' E
BS-14 8° 18.0524' N 77° 5.1568' E
BS-15 8° 18.2151' N 77° 4.9388' E
BS-16 8° 18.3603' N 77° 4.7165' E
BS-17 8° 18.5517'N 77° 4.5120'E
BS-18 8° 18.7213'N 77° 4.3003' E
BS-19 8° 18.8852' N 77° 4.0829'E
BS-20 8° 19.0488' N 77° 3.8659' E
BS-21 8° 19.2152'N 77° 3.6499'E
BS-22 8° 19.3848' N 77° 3.4369' E
BS-23 8° 19.5582' N 77° 3.2282'E
BS-24 8°19.7318' N 77° 3.0196’ E
BS-25 8° 19.9075' N 77° 2.8098' E
BS-26 8° 20.0796' N 77° 2.5989'E
BS-27 8°20.2492' N 77° 2.3841 E
BS-28 8°20.4130' N 77° 21703 E
BS-29 8°20.5731 N 77° 19581 E
BS-30 8°20.7305' N 77°1.7499' E
BS-31 8°20.8951' N 77° 15274 E
BS-32 8°21.0493' N 77°1.2973 E
BS-33 8°21.1815' N 77°1.0911 E
BS-34 8°21.3210' N 77° 0.8491 E
BS-35 8°21.3974'N 77° 0.6359'E
BS-36 8°21.6830'N 77° 0.4829' E
BS-37 8°21.8799' N 77° 0.2980' E
BS-38 8°22.1369'N 77°0.1947 E
BS-39 8°22.3420'N 76° 59.9895' E
BS-40 8°22.5417'N 76° 59.7689' E
BS-41 8°22.8201"'N 76° 59.0753' E
BS-42 8° 23.0287' N 76° 58.7934' E
BS-43 8°23.1727'N 76° 58.6741'E
BS-44 8° 23.3709'N 76° 58.5145'E
BS-45 8° 23.7061" N 76° 58.3743'E
BS-46 8° 23.8974' N 76° 58.3798' E
3 Shankar And Co.
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BEACH SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North
BS-47 8°24.1304'N 76° 58.2814' E
BS-48 8°24.4789' N 76° 58.1346' E
BS-49 8°24.6320' N 76° 58.0289' E
BS-50 8° 24.8665' N 76° 57.8917' E
BS-51 8° 25.0976’ N 76° 57.7474' E
BS-52 8° 25.3176'N 76° 57.5868' E
BS-53 8° 25.5653' N 76° 57.4562' E
BS-54 8° 25.7602' N 76° 57.2767' E
BS-55 8° 25.9643' N 76° 57.0963' E
BS-56 8° 26.1500’ N 76° 56.9073' E
BS-57 8° 26.3461° N 76° 56.7308' E
BS-58 8° 26.5741' N 76° 56.5678' E
BS-59 8°26.7782' N 76° 56.4051" E
BS-60 8° 26.9997' N 76° 56.2272' E
BS-61 8°27.2030' N 76° 56.0492' E
BS-62 8°27.4175 N 76° 55.8762' E
BS-63 8°27.6142' N 76° 55.6937’ E
BS-64 8°27.8102' N 76° 55.5014’ E
BS-65 8° 28.0132'N 76° 55.3255' E
BS-66 8°28.2159' N 76° 55.1437' E
BS-67 8°28.4224’' N 76° 54.9642' E
BS-68 8° 28.6228' N 76° 54.7840' E
BS-69 8° 28.8276' N 76° 54.6048' E
BS-70 8°29.0316’' N 76° 54.4243 E
BS-71 8°29.1104' N 76° 54.3586" E
BS-72 8°29.3118'N 76° 54.1755' E
BS-73 8° 29.5150'N 76° 53.9964' E
BS-74 8°29.7202' N 76° 53.8181'E
BS-75 8° 29.9258' N 76° 53.6393' E
BS-76 8°30.1345'N 76° 53.4652' E
BS-77 8° 30.3450'N 76° 53.2940' E
BS-78 8° 30.5558' N 76° 53.1226' E
BS-79 8° 30.7701' N 76° 52.9558' E
BS-80 8° 30.9840' N 76° 52.7867' E
3 Shankar And Co.
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BEACH SAMPLING LOCATIONS

WGS-84, UTM Projection, CM 75° East, Zone 43, North

BS-81 8°31.1988' N

76° 52.6188' E

The water samples (132 from four locations) were collected in two seasons and
analysed for TSS as per IS 3025, Part 17:1984 (reaffirmed 2012); Turbidity was
analysed as per IS 3025, Part 10:1984 (reaffirmed 2012) technical specifications. The

salinity was analysed as per American Public Health Association (APHA) guidelines.

The location co-ordinates of water sampling locations are provided below:

Table 3-6: Water Sampling Locations

WATER SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North

Location Wate(:n[))epth Latitude Longitude

L1 (Mulloor) 21.1 08°21.923' N 76° 58.860' E
L2 (Proposed Dredge o ) 0 ,

dumping) 23.2 08°21.705' N 76° 59.565' E
L3 (Pachalloor) 274 08°24.143'N 76° 56.268' E
L4 (Poovar) 23.0 08° 17.597’' N 77° 04.058 E

3.1 Grab Sampling

A total of 80 grab samples were collected from the offshore area in one season as per

the scope of work.

The samples have been numbered as GS-01-01, GS-01-02 to GS-40-01 and GS-40-
02. GS-01 represents the sample to be collected from the southernmost part and GS-
40 corresponds to the northernmost part. Two samples were to be collected each
from the one square kilometre area and these are denoted by the suffix 01 and 02. A
Google Earth imagery provided in the figure below gives a clearer picture of the grab
sample locations. This is only a representative image.

ot
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Figure 3-1: Grab sampling locations

The following table provides the coordinates of the grab sampling locations.

Table 3-7: Grab Sampling Locations

GRAB SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North

Location Easting Northing

GS-01-01 734071.045 914222.445
GS-01-02 733461.665 913429.567
GS-02-01 733278.167 914831.826
GS-02-02 732668.787 914038.948
GS-03-01 732485.290 915441.206
GS-03-02 731875.909 914648.328
GS-04-01 731692.412 916050.587
GS-04-02 731083.031 915257.709
GS-05-01 730899.534 916659.967
GS-05-02 730299.277 915860.077
GS-06-01 730108.355 917252.674
GS-06-02 729508.036 916452.703
GS-07-01 729290.883 917848.939
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GRAB SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North
GS-07-02 728680.681 917054.993
GS-08-01 728493.994 918453.101
GS-08-02 727883.769 917659.124
GS-09-01 727706.648 919069.679
GS-09-02 727128.369 918251.504
GS-10-01 726912.515 919677.426
GS-10-02 726303.073 918884.469
GS-11-01 726127.895 920297.552
GS-11-02 725518.168 919504.223
GS-12-01 725357.149 920935.729
GS-12-02 724747.366 920142.327
GS-13-01 724580.923 921566.775
GS-13-02 724008.185 920743.887
GS-14-01 723778.377 922180.998
GS-14-02 723177.347 921381.564
GS-15-01 722980.588 922766.567
GS-15-02 722370.734 921973.073
GS-16-01 722152.725 923330.428
GS-16-02 721539.284 922532.266
GS-17-01 721312.947 923878.786
GS-17-02 720656.451 923024.604
GS-18-01 720580.926 924567.348
GS-18-02 719898.407 923679.308
GS-19-01 719942.911 925378.224
GS-19-02 719349.669 924606.344
GS-20-01 719194.206 926045.079
GS-20-02 718570.376 925233.400
GS-21-01 718274.212 926489.066
GS-21-02 717651.412 925678.728
GS-22-01 717499.545 927122.106
GS-22-02 716879.322 926315.156
GS-23-01 716980.751 928088.139
GS-23-02 716254.351 927143.004
GS-24-01 716482.523 929080.894
3 Shankar And Co.
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GRAB SAMPLING LOCATIONS
WGS-84, UTM Projection, CM 75° East, Zone 43, North
GS-24-02 715801.588 928194.915
GS-25-01 716042.519 930149.406
GS-25-02 715315.207 929203.084
GS-26-01 715470.571 931046.243
GS-26-02 714821.993 930202.365
GS-27-01 714854.197 931861.423
GS-27-02 714209.468 931046.405
GS-28-01 714176.846 932644.972
GS-28-02 713555.601 931836.657
GS-29-01 713519.303 933430.440
GS-29-02 712895.295 932618.530
GS-30-01 712871.320 934228.346
GS-30-02 712244.643 933412.963
GS-31-01 712204.017 935001.114
GS-31-02 711585.287 934196.072
GS-32-01 711523.280 935756.403
GS-32-02 710904.066 934950.731
GS-33-01 710838.402 936506.306
GS-33-02 710218.746 935700.058
GS-34-01 710161.990 937267.222
GS-34-02 709537.645 936465.141
GS-35-01 709487.177 938040.487
GS-35-02 708868.618 937225.399
GS-36-01 708828.757 938814.547
GS-36-02 708204.133 938001.834
GS-37-01 708173.034 939602.382
GS-37-02 707548.410 938789.670
GS-38-01 707517.311 940390.218
GS-38-02 706892.687 939577.505
GS-39-01 706861.588 941178.054
GS-39-02 706221.414 940345.110
GS-40-01 706205.865 941965.889
GS-40-02 705581.241 941153.177
3 Shankar And Co.
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4 SURVEY CONTROL

4.1 Geodesy

The survey operations were conducted in the WGS 84 Spheroid, Universal Transverse
Mercator Projection based on the geodetic parameters presented below. All co-
ordinates quoted within this document are with reference to it.

Table 4-1: Geodetic Parameters

GEODETIC PARAMETERS

Satellite Datum

Spheroid WGS-84
Datum WGS 84
Semi-Major Axis 6378137.000 m
Semi Minor Axis 6356752.314 m

Inverse Flattening 298.2572

Projection Parameters

Grid Projection Universal Transverse Mercator

Latitude of Origin of Projection

0° (Equator)

Longitude of Origin of Projection

75° E, Zone 43

Hemisphere North
False Easting (metres) 500000
False Northing (metres) 0
Scale Factor on CM 0.9996
Units Metres
3 Shankar And Co. 23
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4.2 Survey Vessels
The following vessels were utilized for the survey operation:

202004528 14552

Figure 4-1:Watch keeping vessel MFB Samuel
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Figure 4-2: Transit vessel MFB Sindhu Yatra Matha

Figure 4-3: Multibeam Survey boat MFB Bethel

5
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4.3 Personnel

The following survey personnel from SAC/AVPPL were assigned to the project in the
capacities listed in the table below during the period.

Table 4-2: Personnel

Shankar And Co.

Name Designation
Vishtasp Mehta Project Manager
Unnikrishnan K.U. Party Chief / Surveyor
Arun P K. Party Chief / Survey Engineer
Vishnu Haridas Land Surveyor
Vaishak K.R. Trainee Surveyor
Vishnu Haridas Land Surveyor

Data Processor (Navi Mumbai
office)

Adani Vizhinjam Port Pvt. Ltd.

Sanjeevanee Khaire

Name Designation

Hebin C. Manager - Environment

Assistant Manager -

Jesse Fullonton )
Environment
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S SURVEY EQUIPMENT DETAILS

5.1 Wave Rider Buoy

The Datawell DWR (G) Wave Rider Buoy (WRB) was deployed by NIOT in
collaboration with VISL and AVPPL, under a tripartite agreement and is being
monitored and maintained by SAC. A Datawell DWR (G) was supplied and installed for
the project. The WRB was programmed to measure all the wave parameters at half-
hourly intervals. The data is transmitted on a real time basis via the HF antenna to the
receiver set up at Ayur Bay resort.

The system consists of WRB with HF whip/LED flasher, GPS antenna, internal data
logger, RX-D receiver with HF antenna and acquisition and post processing software
w@ves21. The system has a GPS receiver mounted on a buoy along with HF radio for
data transmission in real time. The system has an accuracy of 1 cm + 0.5% of vertical
motion; resolution of 1cm and range of £ 30 m at the sampling rate of 1.28 Hz. The
directional accuracy and resolution are 1.5° within the range of 0° to 360°.

Since the WRB is GPS based, it does not require any calibration.

5.1.1 Principles of wave measurement

The GPS wave buoy measurement principle bears a strong analogy with the
Doppler-shift phenomenon of a car passing nearby, blowing its horn. The GPS
system calculates the velocity of the buoy from changes in the frequency of GPS
signals. The velocities are integrated with time to determine buoy displacement. In
practice the GPS system uses signals from multiple satellites to determine three-
dimensional buoy motion. A gravity sensitive accelerometer in the buoy measures
wave height by means of vertical acceleration of the platform of the buoy.

5.1.2 Instrument Mooring

The mooring arrangement incorporates the following components between the sea
bottom and the mooring eye underneath the buoy: a sinker or anchor weight,
polypropylene rope, nylon covered galvanized steel cable (combination rope) and
associated terminals, floats, rubber cords with associated terminals, swivels, ballast
chain, anodes and shackles and cotter pins.

A schematic of the mooring of WRB is given below:

Faut
-,&-E:!':"' Shankar And Co.




Oceanographic and Bathymetric Data Collection for
Assessment of Shoreline Changes for AVPPL
Half Yearly Report Rev 1, April to Sept. 2020

adani

; 1ty whaach by wbed it
#ﬁﬁ.

arnlbind meiphtl |appein MO K § aciap ohesis beb 0 T Bean i

fopprn. W00 e chmae for 3 rm By

frm F Kz
-
.
/. -,
4 L)
— | 1
! | | im ¥
| | L]
| T I|I |
|
\ - | /
s | g 1 3
| | 7
| " !
- P
| s o
| -
rabao o
I ¥ m (e W aimekr
e da e g B W e
R T
|
4
L4 i b B § L gy i ke il bl |

Figure 5-1: WRB Mooring Diagram

A highly elastic rubber cord is essential for high quality wave measurements. It allows
the buoy to follow the wave motion, thus guaranteeing that the measured motion of
the buoy is indeed the same as the desired motion. The buoy was deployed using
single point mooring with free-floating method. The mooring design was configured
as per the site conditions, followed by the mooring suggestions provided by the
supplier. As frequent fishing activities were observed at the deployment location, one

boat was anchored near the WRB without hindering the wave data measurements
along with sufficient crew on board for around the clock watch-keeping.

A photograph of WRB deployed at the location is shown below:
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L
Oceanographic and Bathymetric Data Collection for ada nl
Assessment of Shoreline Changes for AVPPL

Half Yearly Report Rev 1, April to Sept. 2020

Figure 5-2: WRB deployed at site
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5.2 Current Meter
Teledyne Workhorse Sentinel 600 KHz Acoustic Doppler Current Profilers (ADCP) and
Nortek Aquadopp 600 KHz ADCP’s were installed at locations P1, P2, P3 and P4,
namely, Vizhinjam, Poovar, Pachalloor and Mulloor for different seasons. The current
speed and direction were measured at intervals of every 10 minutes from surface to
seabed at every 1m bin. Data from three various depths i.e. at the surface, mid-depth
and bottom at each location are provided in the report. The following figure shows the

ADCP installation in an upward looking mode.

Figure 5-3: ADCP deployment at Vizhinjam by diver

Fox
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Figure 5-4: ADCP deployed at Mulloor
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Figure 5-5: ADCP deployed at Pachalloor

Unfortunately, on 2" September 2020, the watch keeping boat at Pachalloor location
capsized at midnight. The ADCP and boat were both lost in the incident. However, the
search of the ADCP was severely hampered due to bad weather conditions and the
search is still going on, at different spots nearby to locate the boat and the missing unit.

@ Shankar And Co.
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5.3 Automatic Tide Gauge

An EMCON Automatic Tide Gauge (ATG) was installed near the Coast Guard jetty,
inside the fishing harbour for measuring the tides. The tide gauge is a capacitance-
based instrument, measuring the water level due to change in capacitance on the
surface of sensor. The sensor was installed on a 2.5m long pipe to ensure that the zero
of sensor is always in water, irrespective of the phases of tide. This was levelled to the
local benchmark, situated on top of the jetty. The tide station was programmed to
measure the tide at 10-minute intervals throughout the duration of the project.

A photograph of the tide gauge location is shown below:

Figure 5-6: Tide Gauge
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5.4 Automatic Weather Station (AWS)

A Gill Metpack Automatic Weather Station (AWS) was installed atop Ayur Bay Resort
at Nellikunnu. The system measures wind speed/direction, atmospheric pressure,
temperature, relative humidity and rainfall.

The system consists of the following:
e Sonic anemometer
e Relative humidity & temperature sensor
e Pressure sensor
e Rainfall Gauge
e Datalogger

The data is logged in a data logger installed at the receiving station at intervals of 10
minutes. The data is also transmitted from the data logger to a cloud based server for

further processing and QC checks.

An image of automatic weather station is provided below:

e £ a= &

Figure 5-7: AWS on top of Ayur Bay Resort, Nellikunnu (Mulloor)

5.5 Real Time Kinematic (RTK) Survey

An RTK system was mobilized at site to carry out cross-shore profiling on the landward
side. The system used was a Geomax Zenith 10/20 RTK system with base station and
rover. A photograph of the system is provided below:

Fﬁé‘} Shankar And Co.
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Figure 5-8: RTK System with base station and rover

5.6 Multibeam Echo Sounder System

A GeoAcoustics Geoswath Plus Multibeam Echo Sounder, operating at a frequency of
500 kHz, was used to delineate the topography of the seabed. The measured sound

velocity and observed tide was fed into the system during data processing.

The swath bathymetry system was calibrated according to methods described in the
manufacturers manual. The swath transducer system was aligned with the
roll/pitch/heave sensor. Great care was taken to mount the heads and pitch/roll/heave
sensor as accurately as possible and the final calibration was carried out during sea
trials prior to each survey. The calibration values obtained in the month of April 2020

are given below.
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Table 5-1: MBES Calibration results
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Parameter Value Comments
Latenc 0.02s Seapath 130 Positioning System with
Y ) beacon corrections.
Seapath 130-H MRU accuracy 0.03° in
o
Port Roll 0.01 roll
Seapath 130-H MRU accuracy 0.03° in
. o
Starboard Roll 0.05 roll
Pitch 0.00°
Yaw -5.05° Accuracy better than 0.2°

The calibration values obtained in the month of September 2020 are as follows.

Parameter Value Comments
Seapath 130 Positioning System with
Latency 0.07s beacon corrections.
Port Roll 0.08° Seapath 130-H MRU accuracy 0.03° in
) roll
Seapath 130-H MRU accuracy 0.03° in
_ o
Starboard Roll 0.15 roll
Pitch 0.00°
Yaw -6.15° Accuracy better than 0.2°
{é} Shankar And Co.
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5.7 DGPS Positioning System

Vessel positioning was carried out by the Seapath 130 DGPS system which also
provides the heading. Vessel track and offset positions were recorded digitally in the
navigation software. The positioning system was interfaced to the navigation software
as well as the digital data acquisition system. DGPS positioning accuracy of the
moving vessel was better than £1m.

The computed position of the vessel from the DGPS receiver was interfaced to the
navigation computer system. Hypack navigation and data acquisition software was
used to provide track guidance information to the survey crew and also output the
position of the vessel to assist the helmsman in maintaining the selected track
guidance line. The VDU displays the selected survey line, the position of the vessel in
relation to that line and numerical data to assist the helmsman such as the along-line
and off-line distances, vessel speed and course made good, gyro heading, distance
and bearing to end of line and water depth. The position of each fix, together with other
information such as fix numbers, depths, PDOP and along-line distances were logged
to the hard drive.

5.7.1 DGPS Consistency Check

In order to determine the integrity and reliability of the positioning system, the system
was checked for its consistency during mobilization.

After installing the Seapath DGPS positioning system on board the vessel, two points
were marked on the jetty. The DGPS antenna was set up on the jetty at these two
points, designated as Point A and Point B.

Time was synchronized between Seapath/Hypack and the observer’s watch, for which
local time (GMT+5.30) was used. The Seapath 130 DGPS antenna positions were
logged in the Hypack navigation software. The logged data was processed to derive
the final positions of both the points.

The difference between the calculated distance and measured distance was found to
be within the permissible accuracy limit. The details are provided below for selected
few DGPS calibrations.

Faut
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Figure 5-9: DGPS Consistency checks on board M.F.B. Bethel
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Figure 5-10: Scatter Plot of DGPS calibration on board M.F.B. Bethel
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Figure 5-11: Scatter Plot of DGPS calibration on board M.F.B. Bethel

Shankar And Co.




L
Oceanographic and Bathymetric Data Collection for adanl
Assessment of Shoreline Changes for AVPPL

Half Yearly Report Rev 1, April to Sept. 2020

5.7.2 Gyrocompass Calibration

The calculated heading of the vessel was compared with the recorded gyrocompass
heading to derive a calculated-observed (C-O) value, which was entered into the
navigation software before commencing the survey. The details are provided below for
selected few gyro calibrations.
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Figure 5-12: Gyrocompass Calibrations on board M.F.B. Bethel
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5.8 Turbidity Monitoring

Optic sensors manufactured by Ponsel, France were used to measure the turbidity at
all locations. The sensors are installed on a 6m buoy which houses a telemetry
module. A battery which is charged by solar panels fitted on the buoy is used to power
the system. The buoy is deployed on a two point mooring system as shown in the
figure below.
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Figure 5-13: Turbidity buoy Mooring Diagram

The data from the turbidity buoys was transmitted and recorded on the server at an
interval of every 10 minutes. A photograph of a turbidity buoy is shown in the figure
below.

Figure 5-14: Turbidity Buoy

Shankar And Co.




-
Oceanographic and Bathymetric Data Collection for ada nl

Assessment of Shoreline Changes for AVPPL
Half Yearly Report Rev 1, April to Sept. 2020

6 SURVEY RESULTS

6.1 Tidal Measurements
The tides were observed near the Coast Guard jetty. The tide is referenced to the chart
datum, the value of which was provided by VISL. The temporary benchmark (TBM) is
marked on the wharf and is 3.447m above chart datum. An image of the TBM is

provided below:

Temporary Bench Mark

Figure 6-1: Location of TBM

The offset calculation of tide gauge based on the ‘jetty top’ value is given in the figure

below:

i&i} Shankar And Co.
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Figure 6-2: Schematic Diagram of Tide Gauge

The tides observed are mixed semi-diurnal in nature, with the maximum range being

observed in the springs. The representation of tide data collected, in the form of graphs
is placed below.
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Observed Tide at Coast Guard Jetty, Vizhinjam - April 2020
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Observed Tide at Coast Guard Jetty, Vizhinjam - July 2020
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Figure 6-3: Time series of tide
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6.2 Wave Measurements

The data from the WRB (provided by NIOT) was downloaded and processed to
produce the time series and rose diagram, which are provided below:

Refer to the following rose plots of significant height (Hs) v/s direction for the entire
period from April to September 2020:

{?} Shankar And Co.




Oceanographic and Bathymetric Data Collection for
Assessment of Shoreline Changes for AVPPL
Half Yearly Report Rev 1, April to Sept. 2020

Significant Wave
Height (m)

| T

B zx-1m
] 2%-ze
B is-zee
| R
| e
M oo

Caintg . 093

[ i M -

August September

Figure 6-4: Wave Rose (Hs in metre v/s Direction)
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The following table provides the monthly maximum significant wave height (Hs) and
wave period (Tp) observed during the seasons.

Table 6-1: Monthly maximum Hs and Tp

Significant wave height (Hs) in meters and wave period (Tp) in
seconds
Month Hs (m) ';’ﬁggt?z:?gt Tp (sec)
April 2020 1.9 197 18.18
May 2020 2.55 210 20
June 2020 2.44 233 20
July 2020 3.15 229 20
August 2020 3.03 225 16.67
September 2020 3.98 209 18.18

The above table indicates that during the monsoon period, the wave heights increased
and even during September 2020 which is considered the monsoon withdrawal month,
due to a meteorological event the wave height increased to about 4m.

The time series of wave data from April to September 2020 is shown below.

- Shankar And Co.
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Figure 6-5: Time series of wave parameters
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6.3 Current Measurements

Current meters were deployed at four locations during the period April to September
2020, first during May-June and second during August-September 2020; to measure
the speed and direction of the current at three different levels, i.e., surface, mid-depth
and near bottom. The ADCPs were deployed for a period of 30 days to cover one lunar
cycle. Unfortunately, the ADCP deployed at Pachalloor was lost due to an incident on
2" September 2020, during the second campaign.

The following table gives the deployment details of the ADCPs in the survey area for all
the seasons.

Table 6-2: ADCP Mooring Locations

Location \IZI)\::;?I: Period of Observation Latitude Longitude Frequency
m
P1 (Vizhinjam) 221 25™ April to 26" May 2020 | 08° 21'55.4"N | 76° 58' 51.6"E 600 kHz
P2 (Poovar) 231 25™ April to 26" May 2020 | 08° 17'35.8"N | 77° 04' 03.5"E 600 kHz
P3 (Pachalloor) 21.9 25% April to 26" May 2020 | 08° 24' 08.6"N | 76° 56' 16.1"E 600 kHz
P4 (Mulloor) 229 25% April to 26" May 2020 | 08° 21'42.3"N | 76°59' 33.9"E 600 kHz
P1 (Vizhinjam) | 22.1 | 17" Aug to 20t Sept 2020 | 08° 21'55.4"N | 76°58'51.9"E | 600 kHz
P2 (Poovar) 231 17" Aug to 20" Sept 2020 | 08° 17' 35.8"N 77° 04' 04"E 600 kHz
P3 (Pachalloor) 21.9 No data 08°24'08.6"N | 76°56'11.1"E 600 kHz
P4 (Mulloor) 22.9 17" Aug to 20" Sept 2020 | 08° 21'42.3"N | 76° 59' 34.5"E 600 kHz

The following table provides the maximum surface currents recorded at each location
during the Pre-monsoon and monsoon periods.

Table 6-3: Maximum speed of surface currents

Maximum Surface Current Speed in cm/s
Sy Location P1 Location P2 Location P3 Location P4
(Vizhinjam) (Poovar) (Pachalloor) (Mulloor)
April — May 2020 70.4 69.3 71.3 75.6
Aug-Sept 2020 116.7 156.7 -- 107.4

The current rose plots of surface current speed at Location 1 (Vizhinjam) are shown
below.

ot
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Figure 6-6: Rose Plot (surface speed in cm/sec) — P1 (Vizhinjam)

The rose plots reveal a flow parallel to the shore. During the monsoon period, the flow
was predominantly towards the southeast.

The current rose plots of surface current speed at Location 2 (Poovar) are shown
below.
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Figure 6-7: Rose Plot (surface speed in cm/sec) — P2 (Poovar)

The rose plots reveal a flow parallel to the shore. During the monsoon period, the flow

was predominantly towards the southeast.

The current rose plots of surface current speed at Location 3 (Pachalloor) are shown

below.
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Figure 6-8: Rose Plot (surface speed in cm/sec) — P3 (Pachalloor)

The rose plots reveal a flow parallel to the shore and was predominantly towards the
southeast.

The current rose plots of surface current speed at Location 4 (Mulloor) are shown

below.
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The rose plots reveal a flow parallel to the shore and was predominantly towards the

Aug — Sept. 2020
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Figure 6-9: Rose Plot (surface speed in cm/sec) — P4 (Mulloor)

southeast.

6.4 Measurement of Meteorological Parameters

The automatic weather station was installed on the roof of Ayur Bay Resort. The wind

data for all the months is compiled and presented in the form of rose plots below.
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Figure 6-10: Wind rose (Speed in m/s vs direction)
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The monthly maximum wind speed and predominant direction are provided in the
tables below.

Table 6-4: Monthly maximum wind speed from seaside

e Spevgtlin(%/s) l:)riiggtlg: ??)t
April 2020 5.16 247.5
May 2020 6.72 286.2
June 2020 7.13 291.8
July 2020 8.92 278
August 2020 9.91 289.6
September 2020 4.00 238.4

Table 6-5: Monthly maximum wind speed from landside

pes Spevgclin(%/s) gﬁggtrir‘c:: ??)t
April 2020 6.93 170.1
May 2020 5.36 157.9
June 2020 4.44 54.4
July 2020 6.53 9.3
August 2020 3.7 152.5
September 2020 3.81 126.6

The time series of wind data from April to September 2020 is shown below.
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Wind Speed & Direction - April 2020
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Wind Speed & Direction - July 2020
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Figure 6-11: Time series of wind data
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The percentage occurrence tables for atmospheric pressure, temperature and relative
humidity for the period of April to September 2020 are shown below.

Table 6-6: Frequency distribution of atmospheric pressure

;‘::':;:tcizn Apr-20 | May-20 | Jun-20 | Jul-20 | Aug-20 | Sep-20
Atm. Pressure (mb) Percentage Occurrence

<1000 0.00 0.22 0.00 0.00 0.00 1.39
1000-1004 1.25 31.02 34.35 45.79 26.41 62.71
1004-1008 69.41 67.08 61.37 52.69 70.57 35.86
>1008 29.34 1.68 428 1.52 3.02 0.05
Total 100.00 100.00 100.00 100.00 100.00 100.00

Table 6-7: Frequency distribution of temperature

;‘::':;::izn Apr-20 | May-20 | Jun-20 | Jul-20 | Aug-20 | Sep-20
Temperature (°) Percentage Occurrence

20-24 0.16 0.52 1.27 2.35 3.73 4.95
24-28 37.83 47.19 70.96 74.03 72.39 72.50
28-32 61.18 50.66 27.77 23.62 23.81 22.55
>32 0.83 1.63 0.00 0.00 0.07 0.00
Total 100.00 100.00 100.00 100.00 100.00 100.00

Table 6-8: Frequency distribution of relative humidity

FD’;:':I::;‘;n Apr-20 | May-20 | Jun-20 | Jul-20 | Aug-20 | Sep-20
Rel. Humidity (%) Percentage Occurrence

50-60 0.23 0.11 0.02 0.00 0.00 0.05
60-70 19.45 2.60 2.43 1.32 0.29 1.34
70-80 40.76 23.92 22.24 28.10 14.92 32.62
>80 39.56 73.37 75.31 70.58 84.79 66.00
Total 100.00 100.00 100.00 100.00 100.00 100.00

The frequency histograms for atmospheric pressure, temperature and relative humidity
for the period of April to September 2020 are shown below.

ot
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Figure 6-14: Histogram of relative humidity

The following table shows the amount of rainfall received during the entire period from

April to September 2020.

Table 6-9: Cumulative rainfall

L) ni‘.’.:'f'ﬁla(t.'.lﬁ)
April 2020 49.6
May 2020 319.8
June 2020 372.6
July 2020 380.5
August 2020 146.2
September 2020 226.6

The histogram of rainfall for the entire period is provided in the image below.
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6.5 Littoral Environment Observations
The LEO was carried out at 71 out of 81 locations in all the months, since the entry
was restricted to the 10 locations in Tamil Nadu state due to COVID-19 pandemic. The
LEO plate was deployed at all the locations and the same was tracked for about five to
ten minutes, as per the site conditions. The initial and final GPS positions were then
used to calculate the SOG and COG. The estimated wave height, angle of wave,
period and the stretch of breakers were also noted down in the log.
The along shore current followed a southerly trend in the monsoon period and a
northward trend during the pre-monsoon period. The following table shows the
maximum along shore current speed recorded in each month.
Table 6-10: Monthly maximum along shore current
Month Max Speed (cm/s) / Direction Line No. Location

April 2020 39.22 / north CSP-71 Shankumukham

May 2020 13.94 / south CSP-34 Adimalathura

June 2020 36.64 / south CSP-32 Adimalathura

July 2020 Not collected due to lockdown

August 2020 18.4 / south CSP-26 Karumkulam
September 2020 23.2 / south CSP-26 Karumkulam
6.6 Photographic Documentation
Photographic documentation was carried out for all the 71 locations, coinciding with the
cross-shore profiling.
In the month of July 2020, the survey activities were suspended entirely as a result of
restriction on personnel movement due to COVID-19 lockdown in the entire Vizhinjam
and adjoining area. The photographs for the period from April 2020 to September 2020
are placed at Annexure |. As a common reference point, a flag was fixed at each of
the cross-shore profiling alignments while taking the photograph. Using the RTK
system, this point was staked during the photography.
Fal
ﬁti.i,; Shankar And Co.




-
Oceanographic and Bathymetric Data Collection for ada nl
Assessment of Shoreline Changes for AVPPL

Half Yearly Report Rev 1, April to Sept. 2020

6.7 Cross Shore Profiles

The cross-shore profiling for the period was carried out using RTK in the onshore
region and a wide swath bathymetric system in the offshore region. Due to the
pandemic situation, onshore profiling from locations CSP1 to CSP10 which were lying
in the Tamil Nadu state could not be carried out due to travel restrictions. During the
survey period, due to breakers nearshore, the boat could not approach the shore at
any of the locations.

5
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The following table provides the identification of CSP vis-a-vis the local name:

Table 6-11: CSP Location names

CSP NO.

LANDMARK

LOCATION

CSP-01

CSP-02

CSP-03

CATHOLIC CRISMATIC PRAYER CENTER

EDAPPADU BEACH

CSP-04

CSP-05

CSP-06

ST. MARY’S CHURCH

VALLAVILAY

CSP-07

CSP-08

CSP-09

ST. NICOLAS’ CHURCH

NEERODY

CSP-10

CSP-11

CSP-12

SREE BHADRAKALI TEMPLE

POZHIYOOR

CSP-13

ST. MATHEW’S CHURCH

CSP-14

CHURCH OF CHRIST

PARUTHIYOOR

CSP-15

CSP-16

CSP-17

POOVAR ISLAND RESORT

POOVAR BEACH SOUTH

CSP-18

CSP-19

POZHIKARA BEACH

POOVAR

CSP-20

CSP-21

ST. ANTONY’S CHAPEL

POOVAR BEACH NORTH

CSP-22

CSP-23

CSP-24

CSP-25

CSP-26

ST. ANTONY’S CHURH

KARUMKULAM

CSP-27

CSP-28

CSP-29

CSP-30

GOTHAMBU ROAD

PULLUVILA

CSP-31

CSP-32

CSP-33

CSP-34

ADIMALATHURA CATHOLIC CHURCH

ADIMALATHURA

CSP-35

AZHIMALA TEMPLE

AZHIMALA

CSP-36

CSP-37

NAGAR BHAGAVATHY TEMPLE

MULLUR

Shankar And Co.

67




Oceanographic and Bathymetric Data Collection for

Assessment of Shoreline Changes for AVPPL
Half Yearly Report Rev 1, April to Sept. 2020

adani

CSP NO.

LANDMARK

LOCATION

CSP-38

CSP-39

CSP-40

ADANI PORT RECLAMATION AREA

ADANI PORT OFFICE VIZHINJAM

CSP-41

CSP-42

CSP-43

CSP-44

CSP-45

CSP-46

VIZHINJAM LIGHT HOUSE

KOVALAM

CSP-47

SAMUDRA BEACH PARK

KOVALAM

CSP-48

CSP-49

MOSQUE

PANATHURA

CSP-50

CSP-51

CSP-52

PANATHURA TEMPLE

PANATHURA

CSP-53

CSP-54

CSP-55

CSP-56

CSP-57

PUNTHURA FISH MARKET

PUNTHURA

CSP-58

CSP-59

CSP-60

BEEMA PALLY

BEEMA PALLY

CSP-61

CSP-62

CHERIYATHURA SPORTS GROUND

CHERIYATHURA

CSP-63

CSP-64

CSP-65

CSP-66

CSP-67

VALIYATHURA BRIDGE

VALIYATHURA

CSP-68

CSP-69

SHANGUMUGHAM BEACH

SHANGUMUGHAM

CSP-70

CSP-71

ST. PETER’S CHURCH

SHANGUMUGHAM

CSP-72

CSP-73

CSP-74

VETTUCAUD CHURCH

VETTUCAUD

CSP-75

CSP-76

CSP-77

VELI CHILDRENS PARK

KOCHUVELI

V-
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LANDMARK LOCATION

ST. THOMAS’ CHURCH VALIYA VELI

CHRISTIAN BROTHEREN CHURCH THUMBA

Water Sampling

Water samples were collected from 4 locations, namely, L1 (Mulloor), L2 (Kovalam), L3
(Pachalloor) and L4 (Poovar) from three levels: surface, mid-depth and near bottom
during the pre-monsoon season. The parameters measured were Total Suspended
Solids, Turbidity and Salinity at NABL accredited laboratory in Kochi (Standard®
Environmental & Analytical Laboratories, Accreditation and Approval: NABL as per ISO

17025:2005).

The time series for Total Suspended Solids (in mg/l) for the above locations are
provided below.
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Figure 6-16: Time Series of TSS

The maximum Total Suspended Solids at all the locations was less than 4.5mg/I at all
occasions.

Note: At times, when the value of Total Suspended Solids dropped to less than 1mg/l,
it was Below Detectable Level (BDL) and the exact value could not be measured
accurately and thus the column is not shown.

The time series for salinity at all three levels for all the locations is given as follows.
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Figure 6-17: Time Series of salinity

The salinity at all locations is seen to be between 33.0 and 35.8 parts per thousand
(ppt).

The time series for turbidity at all levels for the locations is shown below.
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Figure 6-18: Time Series of Turbidity at water sampling locations

The maximum turbidity recorded was 2.4 NTU near the bottom at Location L2
(Kovalam).

Note: At times, when the value of Turbidity dropped to less than 0.1 NTU, it was Below
Detectable Level (BDL) and the exact value could not be measured accurately and
thus the column is not shown.

Beach Sampling

Beach samples were collected 65 out of the 81 locations in the month of May 2020.
The samples BS-1 to BS-10 could not be collected due to restrictions on inter-state
travel to Tamil Nadu as a result of the lockdown imposed by the Government of India.
BS-49 to BS-52 could not be collected due to non-availability of beach in those
locations. The following table shows the D50 value (in mm) of the sediments collected
along with the soil classification.
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Table 6-12: Beach sample soil classification

Sﬁ:\nﬂe Gravel % | Sand % Mud% Total (zsn?) Classification
BS-01 Not collected

BS-02 Not collected

BS-03 Not collected

BS-04 Not collected

BS-05 Not collected

BS-06 Not collected

BS-07 Not collected

BS-08 Not collected

BS-09 Not collected

BS-10 Not collected

BS-11 Not collected

BS-12 Not collected

BS-13 0 100 0 100 0.6467 Medium Sand
BS-14 0 100 0 100 0.6075 Medium Sand
BS-15 0 100 0 100 0.6056 Medium Sand
BS-16 0 100 0 100 0.4683 Medium Sand
BS-17 0 100 0 100 0.4226 Fine Sand
BS-18 0 100 0 100 0.5189 Medium Sand
BS-19 0 100 0 100 0.4185 Fine Sand
BS-20 0 100 0 100 0.3940 Fine Sand
BS-21 0 100 0 100 0.4255 Medium Sand
BS-22 0 100 0 100 0.4599 Medium Sand
BS-23 0 100 0 100 0.4582 Medium Sand
BS-24 0 100 0 100 0.4639 Medium Sand
BS-25 0 100 0 100 0.5069 Medium Sand
BS-26 0 100 0 100 0.4314 Medium Sand
BS-27 0 100 0 100 0.4282 Medium Sand
BS-28 0 100 0 100 0.5781 Medium Sand
BS-29 0 100 0 100 0.4728 Medium Sand
BS-30 0 100 0 100 0.4627 Medium Sand
BS-31 0 100 0 100 0.5593 Medium Sand
BS-32 0 100 0 100 0.5656 Medium Sand
BS-33 0 100 0 100 0.5117 Medium Sand
BS-34 0 100 0 100 0.5222 Medium Sand
BS-35 0 100 0 100 0.5222 Medium Sand
BS-36 0 100 0 100 0.6183 Medium Sand
BS-37 0 100 0 100 0.4203 Fine Sand
BS-38 0 100 0 100 0.5664 Medium Sand
BS-39 0 100 0 100 0.3559 Fine Sand
BS-40 0 100 0 100 0.5953 Medium Sand
BS-41 0 100 0 100 0.1699 Fine Sand
BS-42 0 100 0 100 0.2539 Fine Sand
BS-43 0 100 0 100 0.2304 Fine Sand

o
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Sﬁ:\nﬂe Gravel % | Sand % Mud% Total (asn(:) Classification
BS-44 0 100 0 100 0.3538 Fine Sand
BS-45 0 100 0 100 0.3746 Fine Sand
BS-46 0 100 0 100 0.3384 Fine Sand
BS-47 0 100 0 100 0.4320 Medium Sand
BS-48 0 100 0 100 0.3521
BS-49 Not Applicable
BS-50 Not Applicable
BS-51 Not Applicable
BS-52 Not Applicable
BS-53 0 100 0 100 0.1829 Fine Sand
BS-54 0 100 0 100 0.3839 Fine Sand
BS-55 0 100 0 100 0.4087 Fine Sand
BS-56 0 100 0 100 0.3991 Fine Sand
BS-57 0 100 0 100 0.4325 Medium Sand
BS-58 0 100 0 100 0.4083 Fine Sand
BS-59 0 100 0 100 0.4857 Medium Sand
BS-60 0 100 0 100 0.4412 Medium Sand
BS-61 0 100 0 100 0.4502 Medium Sand
BS-62 0 100 0 100 0.4557 Medium Sand
BS-63 0 100 0 100 0.5027 Medium Sand
BS-64 0 100 0 100 0.3917 Fine Sand
BS-65 0 100 0 100 0.4445 Medium Sand
BS-66 0 100 0 100 0.4629 Medium Sand
BS-67 0 100 0 100 0.4206 Fine Sand
BS-68 0 100 0 100 0.4525 Medium Sand
BS-69 0 100 0 100 0.4081 Fine Sand
BS-70 0 100 0 100 0.4088 Fine Sand
BS-71 0 100 0 100 0.4013 Fine Sand
BS-72 0 100 0 100 0.3996 Fine Sand
BS-73 0 100 0 100 0.3853 Fine Sand
BS-74 0 100 0 100 0.3915 Fine Sand
BS-75 0 100 0 100 0.3541 Fine Sand
BS-76 0 100 0 100 0.4032 Fine Sand
BS-77 0 100 0 100 0.4067 Fine Sand
BS-78 0 100 0 100 0.3870 Fine Sand
BS-79 0 100 0 100 0.4124 Fine Sand
BS-80 0 100 0 100 0.4287 Medium Sand
BS-81 0 100 0 100 0.4001 Fine Sand

The classification is based on IS 1498 as provided below:
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Fine Sand — 0.425 to 0.075 mm
Medium Sand — 2.000 to 0.425 mm
Coarse Sand —4.750 to 2.000 mm

The following graph shows the distribution of D50 value of the sediments collected in
each location.
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Figure 6-19: Distribution of D50 value of beach samples

Based on the above, it is inferred that the beach samples at the locations were mostly
medium to fine sand.
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6.10 Grab Sampling

Marine grab samples were collected from all 80 locations. The following table shows
the D50 value (in mm) of the sediments collected along with the soil classification.

Table 6-13: Grab sample soil classification

Sﬁ::ﬁée Gravel % | Sand % Mud% Total (zsrg) Classification
GS-01-01 0 100 0 100 0.3401 Fine Sand
GS-01-02 0 100 0 100 0.5665 Medium Sand
GS-02-01 0 100 0 100 0.2333 Fine Sand
GS-02-02 0 100 0 100 0.1155 Fine Sand
GS-03-01 0 100 0 100 0.4065 Fine Sand
GS-03-02 0 100 0 100 0.4123 Fine Sand
GS-04-01 0 100 0 100 0.5569 Medium Sand
GS-04-02 0 100 0 100 0.2386 Fine Sand
GS-05-01 0 100 0 100 0.2018 Fine Sand
GS-05-02 0 100 0 100 0.5581 Medium Sand
GS-06-01 0 100 0 100 0.2473 Fine Sand
GS-06-02 0 100 0 100 0.1966 Fine Sand
GS-07-01 0 100 0 100 0.2808 Fine Sand
GS-07-02 0 100 0 100 0.4996 Medium Sand
GS-08-01 0 100 0 100 0.3373 Fine Sand
GS-08-02 0 100 0 100 0.2137 Fine Sand
GS-09-01 0 100 0 100 0.2591 Fine Sand
GS-09-02 0 100 0 100 0.1902 Fine Sand
GS-10-01 0 100 0 100 0.3055 Fine Sand
GS-10-02 0 100 0 100 0.3644 Fine Sand
GS-11-01 0 100 0 100 0.4089 Fine Sand
GS-11-02 0 100 0 100 0.2069 Fine Sand
GS-12-01 0 100 0 100 0.5779 Medium Sand
GS-12-02 0 100 0 100 0.3777 Fine Sand
GS-13-01 0 100 0 100 0.2324 Fine Sand
GS-13-02 0 100 0 100 0.4001 Fine Sand
GS-14-01 0 100 0 100 0.1991 Fine Sand
GS-14-02 0 100 0 100 0.4065 Fine Sand
GS-15-01 0 100 0 100 0.3681 Fine Sand
GS-15-02 0 100 0 100 0.1252 Fine Sand
GS-16-01 0 100 0 100 0.4558 Medium Sand
GS-16-02 0 100 0 100 0.1516 Fine Sand
GS-17-01 0 100 0 100 0.4030 Fine Sand
GS-17-02 0 100 0 100 0.4401 Medium Sand
GS-18-01 0 100 0 100 0.3871 Fine Sand
GS-18-02 0 100 0 100 0.4496 Medium Sand
GS-19-01 0 100 0 100 0.1168 Fine Sand
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Sﬁ:n?ée Gravel % | Sand % Mud% Total (asn(:) Classification
GS-19-02 0 100 0 100 0.4578 Medium Sand
GS-20-01 0 100 0 100 0.1775 Fine Sand
GS-20-02 0 100 0 100 0.1213 Fine Sand
GS-21-01 0 100 0 100 0.1570 Fine Sand
GS-21-02 0 100 0 100 0.3502 Fine Sand
GS-22-01 0 100 0 100 0.2248 Fine Sand
GS-22-02 0 100 0 100 0.1722 Fine Sand
GS-23-01 0 100 0 100 0.2811 Fine Sand
GS-23-02 0 100 0 100 0.2300 Fine Sand
GS-24-01 0 100 0 100 0.1713 Fine Sand
GS-24-02 0 100 0 100 0.2551 Fine Sand
GS-25-01 0 100 0 100 0.2551 Fine Sand
GS-25-02 0 100 0 100 0.2573 Fine Sand
GS-26-01 0 100 0 100 0.2077 Fine Sand
GS-26-02 0 100 0 100 0.2927 Fine Sand
GS-27-01 0 100 0 100 0.3467 Fine Sand
GS-27-02 0 100 0 100 0.3966 Fine Sand
GS-28-01 0 100 0 100 0.5157 Medium Sand
GS-28-02 0 100 0 100 0.2934 Fine Sand
GS-29-01 0 100 0 100 0.5137 Medium Sand
GS-29-02 0 100 0 100 0.2703 Fine Sand
GS-30-01 0 100 0 100 0.2965 Fine Sand
GS-30-02 0 100 0 100 0.2267 Fine Sand
GS-31-01 0 100 0 100 0.2462 Fine Sand
GS-31-02 0 100 0 100 0.5032 Medium Sand
GS-32-01 0 100 0 100 0.2379 Fine Sand
GS-32-02 0 100 0 100 0.1831 Fine Sand
GS-33-01 0 100 0 100 0.2974 Fine Sand
GS-33-02 0 100 0 100 0.5615 Medium Sand
GS-34-01 0 100 0 100 0.2626 Fine Sand
GS-34-02 0 100 0 100 0.2300 Fine Sand
GS-35-01 0 100 0 100 0.1967 Fine Sand
GS-35-02 0 100 0 100 0.1444 Fine Sand
GS-36-01 0 100 0 100 0.3103 Fine Sand
GS-36-02 0 100 0 100 0.1322 Fine Sand
GS-37-01 0 100 0 100 0.2793 Fine Sand
GS-37-02 0 100 0 100 0.1230 Fine Sand
GS-38-01 0 100 0 100 0.1477 Fine Sand
GS-38-02 0 100 0 100 0.1691 Fine Sand
GS-39-01 0 100 0 100 0.2200 Fine Sand
GS-39-02 0 100 0 100 0.1535 Fine Sand
GS-40-01 0 100 0 100 0.1724 Fine Sand
GS-40-02 0 100 0 100 0.1288 Fine Sand
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The following graph shows the distribution of D50 value of the sediments collected in

each location.

farzn Slze o mm

D50 in mm

Sample Numbar

Figure 6-20: Distribution of D50 value of grab samples

Based on the above, it is inferred that the grab samples were mostly fine sand with
some locations showing the presence of medium sand.
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6.11 Turbidity Measurements

Turbidity is the cloudiness or haziness of a fluid caused by suspended solids that are
usually invisible to the naked eye. It is generally expressed as Nephelometric Turbidity
Units (NTU).

Nepheleisthe, Greek word for "cloud" and metric means “measure”. Nephelometric,
therefore, means "measuring cloudiness." All turbidity measurements detect the
amount of light either transmitted through or scattered by the particles in a sample of
water. Most nephelometers measure the scattered light at 90°(the light source and the
detector are oriented at right angles to each other.) If more light is able to reach the
detector it means that there are many small particles scattering the source beam. If
less light reaches the detector it indicates less particles in the water, and hence less
turbidity. The amount of light scattered is influenced by many aspects of the particles,
like colour, shape, and reflectivity.

Turbidity monitoring buoys were deployed at three locations in the month of May 2020
and the turbidity was measured at three different depths i.e. surface, mid-depth and
bottom.

A summary of the maximum turbidity data (measured in NTU) recorded for the period
of April to September 2020 at each turbidity buoy location is placed in the table below.

Table 6-14: Summary of maximum turbidity values in NTU

Location Tum?;iltr;l(lltlnTU) Depth Month and Year
Turbidity Buoy-1 5.99 Near Bottom June 2020
Turbidity Buoy-2 6.36 Near Bottom April 2020
Turbidity Buoy-3 5.95 Near Bottom May 2020

The time series curves of turbidity measurements from May 2020 to September 2020

are shown below.
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Turbidity Buoy 1 - May 2020
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Turbidity Buoy 1 - June 2020
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Turbidity Buoy 1 - July 2020
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Turbidity Buoy 1 - August 2020
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Turbidity Buoy 1 - September 2020
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Figure 6-21: Time Series of Turbidity measurements
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6.12 Bathymetry

Survey Location
The following image shows the coverage of the area surveyed using multibeam echo
sounder.

- :

= )
HThicuvananthapuram

' |

Survey Area ——»

Theyyattnkara

L "
t, % Vizhinjam

Figure 6-22: Bathymetry area coverage

Line Plan and Survey Methodology

The survey lines were planned at intervals of 25m parallel to the coast up to the depth
of 20m. The vessel was positioned using a Seapath DGPS system which also provided
the heading. The vessel track and offset positions were recorded digitally and the data
from the multibeam echo sounder was logged digitally within the Hypack data
acquisition software.

Prior to commencement of the survey, the DGPS and gyrocompass calibrations were
carried out when the survey vessel was berthed at the Vizhinjam Fishing Jetty. The
multibeam echo sounder was calibrated by conducting the patch test. The bathymetric
data was reduced to Chart Datum (CD) by using the observed tides from the tide
gauge installed at the Coast Guard Jetty.
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Results
The bathymetric survey of the area about 40 km in length was carried out up to the
20m contour using a multibeam echo sounder.

The maximum depth recorded by multibeam echo sounder is 25m below CD in the
northwestern part at location 713200.5 mE, 932750.5 mN. The seabed is seen to slope
gently towards the southwest.

6.13 River Surveys

The river crossing survey was carried out at 6 river/stream crossings.

The survey was carried out for 500m length of rivers debouching in the 40 km stretch
of the sea. In the major rivers (Poovar, Chovara, Thiruvallam and Veli) survey was
carried out using a single beam echo sounder. The other two streams were surveyed
using the RTK system. The water depths for the major rivers are the actual water levels
recorded using the echo sounder. The boundary of the rivers was fixed using RTK and
those (dry) heights are denoted with respect to Chart Datum. The survey was carried
out from 11" to 26" September 2020.

The river/stream wise survey findings are given below:

6.13.1 Veli River

Veli River runs north of the Thiruvananthapuram airport. It is a tourist spot with many
tourist boats plying in the river. The maximum depth of 4.4m was observed in the
northern part of the river.

6.13.2 Thiruvallam River

Thiruvallam River lies north of Vizhinjam. This is a confluence of two rivers. The survey
was carried out using a shallow draft boat and the depth as recorded is provided
without applying any tide. About 7.5m of water was observed in the northern part of the
river.
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6.13.3 Gangayattumkara Stream

The stream runs next to the fishing harbour. A considerable amount of rain water is
discharged through this stream during the rainy season.

6.13.4 Karimpallickara Stream

This narrow stream lies between Mulloor and Vizhinjam. The narrowness can be
attributed to the construction work which is in progress.

6.13.5 Chovara River

Chovara River lies between Vizhinjam and Poovar river. This river is land-locked during
a major part of the year. A maximum depth of 3.3m is observed in the central part of
the river. The depth provided is the raw depth and no tide is applied to the recorded
depth.

6.13.6 Poovar River

Poovar River lies south of Vizhinjam, and is also land-locked during a major part of the
year. During the monsoon, the wave action breaks the natural partition, and the river
joins with the sea. The river is a tourist spot with numerous resorts situated along the
banks, with tourist boats plying in the area.

A maximum water level of 5.4m was recorded toward the north-western portion.
Towards south-east of the river, the depths vary from 1 to 2.5m.
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WEATHER

During the monsoon, the survey activities were severely hampered as a result of rain
and bad weather.

REFERENCES

The following documents/web sites were referenced during the preparation of the
report.

e AVPPL Service order 5700267194 dated 3™ May 2019

e Web site https://www.vizhinjamport.in/home.html, and
https://www.vizhinjamport.in/download/Feasibility-Report.pdf

e WMO manual, section 5.2.2

e SAC Project Execution Plan SAC/P167-19/PEP AVPPL

e Monthly survey reports from April to September 2020

CONCLUSIONS

The following conclusions were made during this phase of the project:

1.

Tide was mixed semi diurnal with a maximum range being observed during spring
tide.

. The significant wave heights were more than 2m for the months of May to September

2020 and less than 2m for April 2020, with maximum wind speeds blowing from the
westerly direction.

. The current direction was predominantly from southeast in all locations, with surface

currents showing more speed than those recorded at mid-depth and near the bottom.

. The long-shore current speed was recorded in a southerly direction in the monsoon

months and in a northerly direction before the monsoon.

. The salinity was in the range of 33.0 to 35.8 ppt.
. The Total Suspended Solids were less than 4.5 mg/l in all the locations.

. The maximum turbidity recorded at the water sampling locations was 2.4 NTU near

the bottom of Location L2 (Kovalam) during the pre-monsoon period.

. At the location of the turbidity buoys, the maximum turbidity recorded at Location 1

was 5.99 NTU near the bottom in the month of June 2020, maximum turbidity
measured at Location 2 was 6.36 NTU near the bottom in the month of June 2020
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and that recorded at Location 3 was 5.95 NTU near the bottom in the month of May
2020.

9. The beach samples consisted of medium to fine sand.

10. The seabed is seen to slope gently towards the southwest. The maximum depth
recorded by multibeam echo sounder is 25m below CD in the northwestern part of
the survey area at location 713200.5 mE, 932750.5 mN.

11. In all the rivers, the water depth was found to be more towards the upstream of the
rivers.
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Annexure | — Photo Documentation of CSP Locations - September 2020

Annexure |
Photo Documentation at CSP Locations - September 2020
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Figure 1- September CSP 11
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Annexure | — Photo Documentation of CSP Locations - September 2020

Figure 2- September CSP 12
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Figure 3- September CSP 13
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Figure 4- September CSP 14
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Figure 5- September CSP 15

@- Shankar And Co.



Oceanographic and Bathymetric Data Collection for »
Assessment of Shoreline Changes for AVPPL ad a n I
Half Yearly Report — April to September 2020

Annexure | — Photo Documentation of CSP Locations - September 2020

Figure 6- September CSP 16
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Figure 7- September CSP 17
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Figure 8- September CSP 18
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Figure 9- September CSP 19
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Figure 10- September CSP 20
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Figure 11- September CSP 21
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Figure 12- September CSP 22
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Figure 13- September CSP 23
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Figure 14- September CSP 24

‘ﬁ— Shankar And Co.

15



Oceanographic and Bathymetric Data Collection for .
Assessment of Shoreline Changes for AVPPL ad a n I
Half Yearly Report — April to September 2020

Annexure | — Photo Documentation of CSP Locations - September 2020

Figure 15- September CSP 25
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Figure 16- September CSP 26
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Figure 17- September CSP 27
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Figure 18- September CSP 28

‘ﬁ— Shankar And Co.

19



Oceanographic and Bathymetric Data Collection for .
Assessment of Shoreline Changes for AVPPL ad a n I
Half Yearly Report — April to September 2020

Annexure | — Photo Documentation of CSP Locations - September 2020

Figure 19- September CSP 29
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Figure 20- September CSP 30
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Figure 21- September CSP 31
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Figure 22- September CSP 32
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Figure 23- September CSP 33
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Figure 24- September CSP 34
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Figure 25- September CSP
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Figure 26- September CSP 36
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Figure 27- September CSP 37
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Figure 28- September CSP 38
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Figure 29- September CSP 39
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Figure 30- September CSP 40
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Figure 31- September CSP 41
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Figure 32- September CSP 42
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Figure 34- September CSP 44
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Figure 35- September CSP 45
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Figure 36- September CSP 46
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Figure 37- September CSP 47
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Figure 38- September CSP 48
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Figure 40- September CSP 50
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Figure 41- September CSP 51
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Figure 42- September CSP 52

Fﬁ} Shankar And Co.



Oceanographic and Bathymetric Data Collection for .
Assessment of Shoreline Changes for AVPPL ad a n I
Half Yearly Report — April to September 2020

Annexure | — Photo Documentation of CSP Locations - September 2020

Figure 43- September CSP 53
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HTL : High Tide Level
IMD : Indian Meteorological Department
LNTIEL : L & T Infrastructure Engineering Limited
LST : Longshore Sediment Transport
LSTR : Longshore Sediment Transport Rate
MBES : Multi Beam Echo Sounder
MSL : Mean Sea Level
N : North
NCEP P I;lea(;tgg{;;l]Centers for Environmental
NHO : Naval Hydro graphic Chart
NIOT : National Institute of Technology
NOAA : National Oceanic and Atmospheric

Administration
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NTU : Nephelometric Turbidity Unit
NW : North West
OSAS : Ocean Science and Surveying
osu : Oregon State University
OTIS : OSU Tide Inversion Software
OTPS : OSU Tide Prediction Software
PCA : Principal Component Analysis
PBW : Partial Break Water
RTK : Real Time Kinetic
S : South
SBES : Single Beam Echo Sounder
SE : South East
SSW : South-South West
SwW : South West
SWAN : Simulation of WAves Near shore
Tp : Peak Wave period
7SS : Total Suspended Solids
VISL : Vizhinjam International Seaport Limited
VSCS : Very Severe Cyclonic Storm
w : West
WRB : Wave Rider Buoy
wsw : West South West
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Executive Summary

Government of Kerala is planning to setup a green field modern deep water multipurpose
sea port at Vizhinjam in Thiruvananthapuram District of Kerala. Vizhinjam International
Seaport Limited (VISL), which is a fully owned Government of Kerala undertaking, has been
entrusted with the task of developing the green field sea port. VISL has awarded Adani
Vizhinjam Port Private Limited (AVPPL) the job of constructing the port. As a part of the
project requirements, AVPPL has to continuously monitor the impact of the port construction
on the surrounding environment. A continuous monitoring will help to assess if at all the port
construction has any impact on the neighbouring environment.

LNTIEL has been long associated with VISL and had carried out comprehensive marine
model studies in August 2013. In 2019, LNTIEL submitted a report based on the data
received from February 2015 - February 2019. A report encompassing model studies was
also submitted. In a follow up for the project, LNTIEL was awarded the job for carrying out
the data analysis accompanying model study for the data collected in March 2019 to
February 2020. AVPPL entrusted LNTIEL to help them in the data analysis and modelling.
LNTIEL was given the task of assessing the impact of port construction on shoreline, beach
morphology, water quality and effect of waves on fishing harbour. Parameters in
consideration were waves, current, tides, wind, bathymetry, turbidity, beach profile, etc.
Physical oceanographic parameters such as waves, current and tides are primary variables.
The variation in these parameters will cause changes in the dependent variables such as
bathymetry, turbidity and beach profile. In addition, impact of any major weather change has
been evaluated. Since the trends are expected to change owing to the dynamic nature of the
parameters, any abnormal changes in them was further investigated. In some cases
numerical modelling tools would be required to confirm the cause of variation in these
parameters. In this report, only those model studies (such as wave transformation and
hydrodynamics) are carried out which can indicate if the marine environment is prevailing
within expected variations. Accompanying model studies has been carried out depending on
the results of these model studies.

With this background, LNTIEL has prepared this report by carrying out the analysis of the
data received from March 2019-February 2020 and different model studies to assess the
impact of port development.

Following are the summary of the work carried out by LNTIEL to arrive at the intended scope
of the project:-

1) Data Analysis

e The bathymetry analysis has been carried out to check whether any changes
occurred in the sea water depth due to the impact of upcoming port. Analysis was
carried out by considering 5 sections perpendicular to the shore; two on the North of
port, two on the South of port and one near the port. Cross sections of bathymetries
from Pre monsoon 2016 to Post monsoon 2019 were compared. From the analysis,
no change in bathymetry is observed even though some localized changes have
occurred due to dredging and reclamation. The bathymetry towards the north and
south of the port has remained similar since 2015 (the time since continuous
measurement was carried out) indicating that the dredging activities in the port area
has minimal impact on the bathymetry of the neighbouring areas.

e The observed wave data provided by AVPPL for the period of March 2019 to
February 2020 is analysed and compared with the observed wave data for February
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2015 to February 2019. Majority of the waves observed at the project location fall in
the range of 0.5-1.5 m. From these comparisons, it can be seen that the variability of
wave heights and directions are within expected ranges. It was also noted that some
of the higher events were as a direct result of the moving storms & depressions in the
sea and that these events caused a direct impact on the wave heights.

e The current data was provided for the pre-monsoon, monsoon and post-monsoon of
2019 at four locations; Pachalloor, Vizhinjam, Mulloor and Poovar. Analysis has been
carried out to check if there are any changes in the trend of current components from
the previous years due to the construction of breakwater. It can be noticed that the
current speed in the region is in the range of 0.1 to 0.8 m/s. However, occasionally
maximum current speed observed during all the seasons is in the range of 0.8 to 0.9
m/s.

e Continuous monitoring of turbidity using buoys has been carried out during March
2019 to February 2020 in three locations. It is perceptible from time series plots that
the turbidity fluctuates all year round, though the values were lower than 10 NTU for
almost all the time.

e 81 locations at 0.5 km interval were opted to collect beach sediments for each
season. The data received by LNTIEL was analysed by plotting each of the profiles
and cross shore profiles of different years of particular season were compared. The
plots suggest that the shoreline movement of this portion of the coast is following its
natural course till Ockhi. After this, the impact of Ockhi cyclone can be evidently
noticed. Furthermore the increase in wave heights due to storm events in subsequent
years is making the beach recovery more difficult.

e Further LNTIEL extracted (+) 2 m contour from cross shore profile data. The time
series plot of (+) 2 m contour over four year data with similar time scale were
analysed. From this plot it can be noticed that the beach undergoes seasonal
variation of erosion on monsoon season and accretion on other seasons. During
Ockhi the beach was subjected to severe erosion and no much accretion was noticed
during fair weather 2017 and pre-monsoon 2018. In addition, as a result of monsoon
2018 and 2019 the beach got further eroded compared to previous monsoon
seasons.

e LNTIEL extracted -3m, -4m, -6m, and -8m contours from cross shore profile data and
time series plots of respective contours over five year data are shown at Neerody,
Pozhiyoor, Karumkulam, Panathura, Beemapally and Vettucaud locations.

2) Model Studies
a) Near Shore Wave Transformation

e Offshore wave data from March 2019 to February 2020 was obtained from NCEP and
near shore wave transformation was carried out with the latest bathymetry using
SWAN model.

e The wave parameters are extracted from the swan model at the point of Wave rider
buoy deployment location and compared with the observed wave data

e From observations, it was evident that the simulated and observed wave data were
almost identical indicating good correlation.

b) Assessment of Hydrodynamics

o Earlier in 2013, LNTIEL had comprehensively covered the assessment of
hydrodynamics in the port vicinity. To understand the impact of the port construction
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on the hydrodynamics, LNTIEL carried out the assessment of hydrodynamics with the
latest surveyed bathymetries.

From the assessment of hydrodynamics, it was found that current speeds prevailing
near the project location over past years (2013, 2015, 2016, 2017, 2018 and 2019)
were identical.

In addition, the model was also calibrated using the latest data. From the model
studies it was found that the tide and current pattern at several locations follow trends
set in the previous years. This indicates that the flow field remains the same and the
impacts on the siltation and the shoreline will be as expected (concluded in model
studies report of 2012)

c) Longshore sediment transport

Longshore sediment transport refers to the cumulative movement of beach and near
shore material parallel to the shore by the combined action of tides, wind, waves and
the shore-parallel currents produced by them.

The study area extends from Edappadu Beach (CS 01) in the South to Thumba (CS
81) in the North over a stretch of approximately 40km. This coast can be
distinguished into two subsets depending on the coastal orientation. The shore angle
on south side is in the range of 125° to 130° (True North) and shore angle on north
side is in the range of 135° to 145° (True North). This change in orientation will have
effect on long shore sediment transport and its behaviour.

In order to compute longshore transport rate, breaking parameters need to be
estimated first. The breaking parameters such as breaking wave height, breaking
depth and breaking angle (shore normal) were calculated using depth limited
criterion. The wave parameters were collected from WRB deployed at 23.2 m water
depth and the breaking characteristics of waves were determined by combining wave
refraction and shoaling calculations with wave breaking criteria.

Depending on the coast orientation two average LSTR estimates were calculated
based on available 5 years data (Feb 2015 — Feb 2020). The northerly and southerly
(annual average) long shore sediment movement in south stretch is in the range of
0.16 to 0.18 M m®yr (Northwards) and -0.15 to -0.16 M m*/yr (Southwards). In north
stretch, the range is 0.24 to 0.26 M m®yr (Northwards) and -0.11 to -0.12 M m®yr
(Southwards).The net annual average long shore sediment movement in south
stretch is in the range of 0.01 to 0.02 M m*/yr (Northwards) and in north stretch in the
range of 0.13 to 0.14 M m®yr (Northwards).

d) Analysis of beach volume

An analysis was done to calculate the sediment volume from the available beach
profile data. LNTIEL used average profiles and filled data gaps using an interpolation
technique so as to carry out the analysis.

The beach profile volume and sea bed profile volume combined together represents
the net volume (m*m alongshore). The Feb 2015 (start of survey) profile is
considered as baseline to estimate the volume changes.

It is evident that in the immediate vicinity of the port location (38 to 40) the effect is
minimal and major deviations are far away from port location. If these deviations are
due to port development then it should be persistent from port location to extreme
stations. But it is not the case and shall not be attributed to port development.

From all the data analyses and model studies carried out by LNTIEL, it can be concluded
that there was minimal variation on shoreline, beach morphology and water quality compared
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to the previous years and that the port construction has not caused any unnatural changes to
these parameters in the vicinity of the port
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1 Introduction

Government of Kerala is setting up green field modern deep water multipurpose sea port at
Vizhinjam in Thiruvananthapuram District of Kerala. Vizhinjam International Seaport Limited
(VISL), which is a fully owned Government of Kerala undertaking, has been entrusted with
the task of developing the green field sea port.

In this regard VISL had appointed Royal Haskoning DHV India (RHI) as their technical
consultant in April 2010 with the task of preparing the concept port Master Plan. The port
layout and the conceptual design were provided by RHI. As an initial study, Ministry of
Environment and Forests (MoEF) had suggested VISL to explore the likely impacts on the
existing fishing harbour and adjacent coastal regions due to the proposed port. Later, VISL
appointed AECOM India Private Limited (AEIPL) to prepare the Detailed Project Report
(DPR) for the Development of Vizhinjam Port as part of the EIA studies. As a part of DPR
and EIA studies, the design criterion for the port as well as the impact of the port on the
marine environment was studied. L&T Infrastructure Engineering Limited (LNTIEL) (formerly
known as L&T Rambgll Consulting Engineers Limited) has been long associated with VISL in
this regard. LNTIEL had assisted VISL in preparing a comprehensive model studies report
containing details of effects of the port construction on various oceanic parameters such as
wave, currents, sedimentation, shoreline changes, etc. LNTIEL had also assisted VISL in
NGT hearings and other activities necessary to obtain clearances for development of the
port.

With subsequent progress in the project, AVPPL was hired as a concessionaire by VISL.
During NGT’s hearings it was ordered by the honourable court to carry out intense
monitoring to assess the impact of the upcoming port on the environment. This included
regular collection and assessment of environmental data and to assess the impacts of the
port construction on environment through these data. As a concessionaire, AVPPL was
assigned the task to collect environmental data at regular intervals. Considering LNTIEL'’s
long association with this project and with the fact that LNTIEL had carried out most of the
previous marine related model studies earlier, AVPPL approached LNTIEL with the task of
assessing the data collected by AVPPL and to carry out model studies to study the impact on
the environment due to the port construction.

In this context, LNTIEL have been carrying out data analysis and the required model studies
based on the data collected from February 2015 to February 2019, LNTIEL has produced
reports containing analyses for all these years. As a continuation, AVPPL has measured
oceanographic data from March 2019 to February 2020 and has awarded the job to LNTIEL
for carrying out the data analysis and accompanying model study for the data collected in
this period. This report contains the analysis of data & required model studies carried out to
fulfil the scope of work.
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2 Data Analysis

2.1 Project location

The Vizhinjam fishing harbour is located in Thiruvananthapuram district in the Indian state of
Kerala. It is situated about 16km south of Thiruvananthapuram. The proposed port location is
situated at about 300m from the existing fishing harbour and is shown in Figure 2-2.

~ Earunagapoaily
o Bunalur

E78:7
Thiruvanarthap

Ylzhinjam Hednka India - Hayrralbns=ars Koetiparal
s

Figure 2-1 Google image of site
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Figure 2-2 Location of the port (Latest available imagery at the time of report)

2.2 Waves

Long term observation of wave heights at a location is useful as it provides the required data
for considering design wave height as well as for the prediction of wave heights at the
location.

This section of the report mainly discusses about the wave parameters based on the
observed wave data. Wave parameters were measured using WRB (Mulloor) at 08°21
43.15" N, 76°59'25.86" E (-23.2 m) during the period of 01%' March 2019 to 29" February
2020. The measured wave height, direction and peak wave period are represented in the
form of graphs and are given in Figure 2-3 to Figure 2-5.

Observed Significant Wave Heights 2019-2020 (m)
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Figure 2-3 Time history plot of wave height for observed wave data
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Observed Peak Wave Period 2019-2020 (s)
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Figure 2-4 Time history plot of peak wave period for observed wave data

Observed Wave Direction 2019-2020 (Deg. True North)
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Figure 2-5 Time history plot of wave direction for observed wave data

From the above graphs, we can observe that the wave heights are mostly in the range of 0.5
m — 1.5 m during non-monsoon period and it reaches around 4 m during monsoon period.
The parameters were observed to follow the same trend as observed in the previous years.

It can be observed that wave direction throughout the period is mostly between 180° — 270°
(S to W) with respect to true North. The predominant wave direction is observed to be from
SSW. During monsoon season, wave direction is mainly from SW to W and during Non-
monsoon season the direction is mainly from S to SW.

The following table accounts for the higher wave events that can be noticed in the graph for
wave heights above. It may be noted that in almost all of these events, the cause was either
a storm or a depression.

Table 2-1 Storm events observed during Mar 2019 to Feb 2020

S. No. Date Reason
1 3" May 2019 Cyclone Fani
@ LET fnfra Engineerirg 2 Data Aggg:lg
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S. No. Date Reason
2 8" to 14™ June 2019 Cyclone Vayu
3 18"M to 21° July 2019 Monsoon
4 8™ August 2019 Kerala floods
5 30" September to 1% Landside depression
October 2019 P
6 21% to 29" October 2019 Cyclone Kyarr
29" October to 16"
7 November 2019 Cyclone Maha
8 1% December 2019 Cyclone Pawan
Comparison of Observed Wave Heights (2015-2020)
y #2015-2016
; 4 2016-2017
iy 0112018
is 20182019
0 £ 2019-2020
olu\ Feb Mar Apr May Jun Jul Avg Nov Dec Jan feb Mar
Figure 2-6 Comparison of wave heights (2015-2020)
Comparison of Observed Wave Directions (2015-2020)
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Figure 2-7 Comparison of wave directions (2015-2020)

Wave parameters were measured using WRB during the period of 10" February 2015 to 29"
February 2020 by OSAS till June 2019 and later on by Shankar & Co. at the project location.
A comparison for percentage exceedance of wave heights observed for the past four years
from 2015, 2016, 2017, 2018 and 2019 was carried out and the same is presented in Figure
2-8. From these comparisons, it can be seen that the variability of wave heights and
directions are similar for all the years except for storm events.
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Percentage Exceedence for Wave Heights
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Figure 2-8 Percentage exceedance of wave heights for the observed data

2.3 Tides

Long term observation of water level variations at a location is useful as it provides the
required data for estimating the tidal harmonic constituents, which can be used to arrive at
the tidal statistics as well as for the prediction of tidal levels at the location. Long term
observation of tidal elevation at Vizhinjam, though intermittent, is available from 1971 to
present. The quality of the data was analysed for the present study and shifts in the datum
used were observed. In addition to these data, in-situ tide measurements using ATG were
also available in old reports. Due to this low range, the influence of tide on the coastal
currents is expected to be low. AVPPL also provided tide data collected by NIOT for the
period from 03™ November 2012 to 7™ March 2013, 25" May to 3™ August 2013, 7" February
2015 to 29" February 2016, 01% March 2017 to 28" February 2018 and March 2018 to
February 2019. These data were reported in the earlier reports by LNTIEL.

Subsequently, OSAS collected data, at 08° 22' 33.68" N, 76° 59' 16.65" E and at a depth of
3.3 m, for the period of March 2019 to June 2019 and Shankar & Co. collected data from July
2019 to February 2020. The measured tide provided by AVPPL is presented in Figure 2-9.

Measured Tide

01-Mar-19 20-Apr-19 09-Jun-19 29-Jul-19 17-Sep-19 06-Nov-19 26-Dec-19 14-Feb-20
Time

Figure 2-9 Tide data measured during Mar 2019 to Feb 2020

2.4 Currents

OSAS had carried out measurement of current speeds and directions at different depths as
given in Table 2-2 at four different locations Pachalloor, Vizhinjam, Mulloor and Poovar as
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presented in Figure 2-10. AVPPL provided the current data for one month for each season
from March 2019 to February 2020 (Pre-monsoon, Monsoon and Post-monsoon). The data
collected for each season are presented in Figure 2-19 and Figure 2-34.

‘:'..' nalkar

Figure 2-10 Locations from where the current data are collected
Table 2-2 Observed Current Speed and Direction during 2019

Coordinates Pre Monsoon Monsoon Post Monsoon
. Current Current Current
Location Predominant Predominant Predominant
Speed Speed Speed
and Northing Easting Current Current Current
Range Range Range
Depth Direction Direction Direction
(m/s) (m/s) (m/s)
(CD,m)
Vizhinjam
8°21'55.4" | 76°58'51.6" 0.1-0.7 NW-SE 0.1-0.85 NW-SE 0.1-0.65 NW-SE
211
Poovar
8°17'35.8" | 77°04'03.5" | 0.1-0.75 NW-SE 0.1-0.85 NW-SE 0.1-0.8 NW-SE
23.0
Pachalloor | 8°24'08.6” | 76%56'16.1” | 0.1-0.8 NW-SE 0.1-0.90 NW-SE 0.1-0.8 NW-SE
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21.4
Mulloor
8°21'42.3" 76°59'33.9” 0.1-0.6 NW-SE 0.1-0.9 NW-SE 0.1-0.65 NW-SE
23.2

It can be noticed that the current speed in the region will be in general in the range of 0.1 to
0.8 m/s. However, occasionally maximum current speed observed during all the seasons is
in the range of 0.8 to 0.9 m/s. The current speed and the current direction for different
seasons at four different locations are shown in Figure 2-19 to Figure 2-34. Start and end
times of observed currents in three seasons is as shown in Table 2-3.

Table 2-3 Current observation timeline

Coordinates Pre Monsoon Monsoon Post Monsoon
Location
Northing Easting Start date End date Start date End date Start date End date
Pachalloor | 8°24'08.6” | 76°56'16.1” | 09/05/19 25/05/19 16/08/19 16/09/19 12/01/20 12/02/20
Vizhinjam | 8°21'55.4" | 76°58'51.6" | 23/04/19 25/05/19 16/08/19 16/09/19 11/01/20 12/02/20
Mulloor 8°21'42.3" | 76°59'33.9” | 23/04/19 25/05/19 16/08/19 16/09/19 11/01/20 12/02/20
Poovar 8°17'35.8” | 77°04°03.5” | 23/04/19 25/05/19 16/08/19 16/09/19 12/01/20 12/02/20
Pre monsoon measured current speed at Vizhinjam
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Figure 2-11 Pre-Monsoon measured current speed at Vizhinjam during May 2019
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Figure 2-12 Pre-Monsoon measured current direction at Vizhinjam during May 2019
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Pre monsoon measured current speed at Poovar
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Figure 2-13 Pre-Monsoon measured current speed at Poovar during May 2019

Pre monsoon measured current direction at Poovar
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Figure 2-14 Pre-Monsoon measured current direction at Poovar during May 2019

Pre monsoon measured current speed at Pachalloor
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Figure 2-15 Pre-Monsoon measured current speed at Pachalloor during May 2019

Pre monsoon measured current direction at Pachalloor
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Figure 2-16 Pre-Monsoon measured current direction at Pachalloor during May 2019
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Pre monsoon measured current speed at Mulloor
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Figure 2-17 Pre-Monsoon measured current speed at Mulloor during May 2019

Pre monsoon measured current direction at Mulloor
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Figure 2-18 Pre-Monsoon measured current direction at Mulloor during May 2019
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Figure 2-19 Monsoon measured current speed at Vizhinjam during Aug to Sept 2019
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Figure 2-20 Monsoon measured current direction at Vizhinjam during Aug to Sept 2019

@ LET infra Engineerirng 2 Data égglgiiz



Data Analysis & Model Studies for Vizhinjam Port using data collected by AVPPL (2019-2020) C1201501
Data Analysis and Model Study Report RP004 rev. 0

Monsoon measured current speed at Poovar
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Figure 2-21 Monsoon measured current speed at Poovar during Aug to Sept 2019
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Figure 2-22 Monsoon measured current direction at Poovar during Aug to Sept 2019
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Figure 2-23 Monsoon measured current speed at Pachalloor during Aug to Sept 2019
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Figure 2-24 Monsoon measured current direction at Pachalloor during Aug to Sept
2019
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Monsoon measured current speed at Mulloor
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Figure 2-25 Monsoon measured current speed at Mulloor during Aug to Sept 2019
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Figure 2-26 Monsoon measured current direction at Mulloor during Aug to Sept 2019

Post monsoon measured current speed at Vizhinjam
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Figure 2-27 Post Monsoon measured current speed at Vizhinjam during Jan to Feb
2020

Post monsoon measured current direction at Vizhinjam
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Figure 2-28 Post Monsoon measured current direction at Vizhinjam during Jan to Feb
2020
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Post monsoon measured current speed at Poovar
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Figure 2-29 Post Monsoon measured current speed at Poovar during Jan to Feb 2020
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Figure 2-30 Post Monsoon measured current direction at Poovar during Jan to Feb
2020
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Figure 2-31 Post Monsoon measured current speed at Pachalloor during Jan to Feb
2020
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Post monsoon measured current direction at Pachalloor
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Figure 2-32 Post Monsoon measured current direction at Pachalloor during Jan to Feb
2020
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Figure 2-33 Post Monsoon measured current speed at Mulloor during Jan to Feb 2020
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Figure 2-34 Post Monsoon measured current direction at Mulloor during Jan to Feb
2020

2.5 Wind

OSAS had carried out the measurement of wind speed and direction from March 2019 to
June 2019 and Shankar & Co. collected data from July 2019 to February 2020 using AWS
established at the location as presented in Figure 2-35. The mostly wind speed varies from 3
to 4 m/s and the maximum wind speed measured is 12 m/s. It is observed that the wind
speed is in expected range as in previous year. The graph showing the variation of wind
speed and wind direction provided by AVPPL is presented in Figure 2-36 and Figure 2-37.
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Zoogle Barth

Figure 2-35 Location of AWS
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Figure 2-36 Wind speed measured during June 2019 to February 2020
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Figure 2-37 Wind direction measured during June 2019 to February 2020
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2.6 Turbidity data from monitoring buoys

AVPPL has provided the turbidity data from 1% March 2019 to 29" February 2020 in 10 min
intervals collected from three locations near the port area as presented in Figure 2-38 using
turbidity monitoring buoys.

l::ll:!-:'_:lghE' Earth

Figure 2-38 Location of Turbidity Buoys

The time series plotted using this turbidity data are presented in Figure 2-39 to Figure 2-41
for all the three locations. It has been informed by the Client that all the three buoys were
non-operational from June 2019 to October 2019 due to change in contractor and difficulty in
buoy installation during monsoon season. All turbidity values are found below 10 NTU.
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Figure 2-39 Time series plotted with the turbidity data collected from Turbidity Buoy 1
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Figure 2-40 Time series plotted with the turbidity data collected from Turbidity Buoy 2
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Figure 2-41 Time series plotted with the turbidity data collected from Turbidity Buoy 3

It is perceptible from time series plots that the turbidity fluctuates all year round, though the
values were lower than 10 NTU for almost all the time.
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2.7 Bathymetry

A bathymetry survey was done by National Institute of Ocean Technology (NIOT), in April
2003. The survey was carried out in a 1.5 km x 10 km wide corridor along the shore. The
bathymetry survey for the proposed project area was done during February to March 2011 by
Fugro Survey India Private Limited (FSINPVT). From these survey data, the coastal zone
has a steep slope until a depth of (-) 15m. Later the depth varies gradually up to deeper
portion. Secondary information on bathymetry from Naval Hydro graphic Chart (NHO - chart
no. 2111) and those from ETOPO1 global relief model of NOAA were extracted for the
project site. The bathymetry for the model study reports submitted earlier was created by
combining the primary data from the surveys by NIOT and FSINPVT with those available
from NHO Charts and ETOPO1.

The surveyed bathymetry for the Pre Monsoon 2019 and Post Monsoon 2019 are shown in
Figure 2-42 and Figure 2-43.
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Figure 2-42 Bathymetry survey data using MBES for Pre Monsoon 2019
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Figure 2-43 Bathymetry survey data using MBES for Post Monsoon 2019

A comparison was made between Pre Monsoon 2018 MBES data and Pre Monsoon 2019
MBES data as shown in Figure 2-44. The same comparison was done for Post monsoon
2018 and Post monsoon 2019 MBES data and shown in Figure 2-45. The comparison in
bathymetry between premonsoon 2019 and postmonsoon 2019 are presented in Figure

2-46.
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Black contours represent
Pre Monsoon 2018

Figure 2-44 Difference in Bathymetry during Pre monsoon 2018 and 2019
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Black contours represent
FPost Monsoon 2018

Figure 2-45 Difference in Bathymetry during Post monsoon 2018 and 2019
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Black contours represent
Post Monsoon 2019

Figure 2-46 Difference in Bathymetry during Pre monsoon and Post monsoon 2019

In addition to the above mentioned analysis, five lines were selected to check the variation in
bathymetry profiles for different seasons (Pre monsoon 2016, Post monsoon 2016, Pre
monsoon 2017, Post monsoon 2017, Pre monsoon 2018, Post monsoon 2018, Pre monsoon
2019 and Post monsoon 2019). The locations of these sections are as shown in Figure 2-47.
The aim of this analysis is to identify any significant changes in bathymetry because of
dredging and reclamation works carried out as on date near port vicinity.
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Figure 2-47 Location of the selected cross sections

Figure 2-48 to Figure 2-52 shows the comparison of Pre monsoon and Post monsoon of four
years (2016, 2017, 2018 and 2019) bathymetry data along the selected sections. From these
plots it was noticed that there was no change in bathymetry over past four years at lines 1, 2,
4 and 5 even though at line 3 (place where dredging was active) change was noticed. This
indicates that the dredging activities in the port vicinity have minimal impact on the
bathymetry elsewhere in the study region.
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Legend of bathymetry comparison plots
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Comparison of cross sections at Poovar beach North
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Figure 2-48 Bathymetry-Cross section comparison at Poovar beach North

Comparison of cross sections at Adimalathura
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Figure 2-49 Bathymetry-Cross section comparison at Adimalathura

Comparison of cross sections at Port location
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Figure 2-50 Bathymetry-Cross section comparison at Port location

Comparison of cross sections at Panathura
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Figure 2-51 Bathymetry-Cross section comparison at Panathura
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Comparison of cross sections at Beemapally
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Figure 2-52 Bathymetry-Cross section comparison at Beemapally
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2.8 Cross Shore Profile

Cross shore beach profiles were collected by AVPPL at 81 locations covering approximately
40 km along the coastline. The spacing between two adjacent cross sections is
approximately 0.5 km. Among the 81 locations, 41 are to the north of port, 37 are to the
south of port and 3 are at the port location. The survey data are available from February
2015 to February 2020 for these locations. The cross shore profile locations are shown in
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Figure 2-53 Cross Shore Profile Locations

AVPPL provided names of 81 locations and respective landmarks for easy identification and
discussion. Table 2-4 shows landmarks and corresponding CSP numbers.

Table 2-4 CSP Location Details

CSP NO. Land Mark Location

CSP-01

CSP-02 Catholic Crismatic Prayer Center Edappadu Beach

CSP-03

CSP-04

CSP-05 St.Mary’s Church Vallavilai

CSP-06

CSP-07

CSP-08 St.Nicolas Church Neerody

CSP-09

CSP-10

CSP-11 Sree Bhadrakali Temple Pozhiyoor

CSP-12

CSP-13 St.Mathew’s Church Paruthiyoor
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CSP NO.

Land Mark

Location

CSP-14

Church Of Christ

CSP-15

CSP-16

CSP-17

Poovar Island Resort

Poovar Beach South

CSP-18

CSP-19

Pozhikara Beach

Poovar

CSP-20

CSP-21

St.Antony’s Chapel

Poovar Beach North

CSP-22

CSP-23

CSP-24

CSP-25

CSP-26

St.Antony’s Church

Karumkulam

CSP-27

CSP-28

CSP-29

CSP-30

Gothambu Road

Pulluvila

CSP-31

CSP-32

CSP-33

CSP-34

Adimalathura Catholic Church

Adimalathura

CSP-35

Azhimala Temple

Azhimala

CSP-36

CSP-37

Nagar Bhagavathy Temple

Mullur

CSP-38

CSP-39

CSP-40

Adani Reclamation Area

Adani Port Office Vizhinjam

CSP-41

CSP-42

CSP-43

CSP-44

CSP-45

CSP-46

Vizhinjam Light House

Kovalam

CSP-47

Samudra Beach Park

Kovalam

CSP-48

CSP-49

Mosque

Panathura

CSP-50

CSP-51

CSP-52

Panathura Temple

Panathura

CSP-53

CSP-54

CSP-55

CSP-56

CSP-57

Punthura Fish Market

Punthura
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CSP NO. Land Mark Location

CSP-58

CSP-59 Beemapally Beemapally

CSP-60

CSP-61

CSP-62 Cheriyathura Sports Ground Cheriyathura

CSP-63

CSP-64

CSP-65 Valiyathura Bridge Valiyathura

CSP-66

CSP-67

CSP-68

CSP-69 Shangumugham Beach Shangumugham

CSP-70

CSP71 St.Peters Church Shangumugham

CSP-72

CSP-73 Vettucaud Church Vettucaud

CSP-74

CSP-75

CSP-76 Veli Childrens Park Kochuveli

CSP-77

CSP-78

CSP-79 St.Thomas Church Valiya Veli

CSP-80

CSP-81 Christian Brotheren Church Thumba

2.8.1 Survey Methodology

The survey area was divided into land side and sea side. On the land side, the survey has
been carried out using Real Time Kinematic (RTK) system up to 100 m from HTL or +2 m of
HTL. On the sea side bathymetric survey has been carried out using Multi Beam Echo
Sounder (MBES) up to a depth of 10m till August 2018 and later on survey has been
conducted up to a depth of 20m till April 2019 as per the guideline of shoreline committee. In
further shoreline committee meeting Dt: 13-03-2019: “Only 4 CSP lines to be carried out up
to a depth of 20 m in the month of January, May, August and October. All other lines, during
all months were to be carried up to a depth of 10 m only”. Accordingly, AVPPL selected two
lines (CSP 2 & CSP 35) to south of the port and two lines (CSP 64 & CSP 74) to north of the
port.

The RTK system comprises the following:

e Hemisphere GPS R320 GNSS base station
e Hemisphere GPS R320 rover

The bathymetric survey was carried out using the following systems:

e Geoswath GS+ 250 KHz wide swath bathymetric system for the Multi beam area
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Data gaps were observed at foreshore zone (as shown in Figure 2-54) due to inaccessible
depths and rough weather condition during survey period. Data were not available from June
2019 to August 2019.

OFFSHORE 3
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Figure 2-54 Beach profile terminology

2.8.2 Analysis of beach profiles

The data received by LNTIEL was analysed by plotting each of the profiles from March 2019
to February 2020. The aim of this comprehensive exercise was to check the data quality and
to compare profiles with surveyed data from different locations which may help in grouping
and for different seasons to visualise erosion or accretion. The assessment of the profiles
before the construction of the port at Vizhinjam can be compared in future with the profiles
collected after the port construction. Any difference, if arising, can be investigated further to
understand if the port has any impact on the shoreline evolution.

As a preliminary step, LNTIEL analysed average profiles for different seasons and location
wise. The trends of beach profile were assessed qualitatively. In general the beach profile
variations tend to be daily, monthly, seasonal or annual. However, since the data is collected
monthly once, analyses of daily variations are not possible. Even prediction of monthly
variation of profiles will be difficult due to data gap near foreshore region. The monthly
profiles of particular season were averaged to obtain seasonal profiles. The months
considered for seasonal average was as follows:

Pre-Monsoon — April to May

Monsoon — June to September
Post-Monsoon — October to November
Fair Weather — December to March

The above seasons were adopted as advised in MOM of the shoreline committee meeting
held on 13™ February 2019.

For example if we consider April 2017 to March 2018, the seasons will be as follows:
Pre-Monsoon 2017 — April 2017 to May 2017

Monsoon 2017 — June 2017 to September 2017

Post-Monsoon 2017 — October 2017 to November 2017

Fair Weather 2017 — December 2017 to March 2018
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The main focus was on seasonal variations by comparing different seasons of each year
(seasonal comparison) and different years of same season (yearly comparison) at particular
location. As there were large numbers of cross shore profiles over a stretch of 40km it was
not an easy task to group similar sections into one category. However, LNTIEL observed
similar trends for some of the cross sections and opted one cross section from each group
and reported. By this way, LNTIEL selected three sections on South of Port (CS-07 —
Neerody, CS-12 — Pozhiyoor and CS-26 — Karumkulam) and three sections on North of Port
(CS-49 - Panathura, CS-58 — Beemapally and CS-74 — Vettucaud) and shown the
comparison in Figure 2-55 to Figure 2-93. In Figure 2-55, Abscissa represents the distance in
meter from an arbitrary point which will be same for all profiles at one cross section, Ordinate
represents elevation in meter and legend is self-explanatory. First chart shows comparison of
profiles of different seasons of a particular year (Seasonal charts) and second chart shows
comparison of profiles of different years of a particular season (Yearly charts).

Legend: CSP - Cross Shore Profile, CS — Cross Section

w—Pre-2015 w—Pre-2016
Mon-2015 Mon-2016
Post-2015 Post-2016
Fair-2015 Fair-2016
Pre-2017 Pre-2018
Mon-2017 Mon-2018
Post-2017 ——Post-2018
Fair-2017 Fair-2018

s Pre 2019

Mon 2019
Post 2019
Fair 2019

Legend of seasonal charts

—Pre 2015 Maon 2015
—Pre 2016 Mon 2016
e Pre 2017 e MlON 2017
s Pre 2018 w—Non 2018
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Post 2016 Fair 2016
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Legend of yearly charts
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Figure 2-55 Profiles at Neerody (CS 07) — Seasonal comparison

Coastal protection structure known as seawall was present in the stretch of CS 3 to CS 9.
Among these sections, CS 7 which is at Neerody location in Tamil Nadu state was chosen to
illustrate the seasonal trends over five years. In this stretch, some construction activities
(groins) were noticed during fair weather season of 2019. From Figure 2-55, it can be noticed
that the seasonal variations are very minimal. However, accretion was observed in foreshore
zone during Ockhi (December 2017).
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Figure 2-56 Profiles at Neerody (CS 07) — Yearly comparison

LNTIEL extracted -3m, -4m, -6m, and -8m contours from cross shore profile data at Neerody
and below plots are time series of respective contours over five year data at CS 07 with
similar time scale and shows the seasonal variations of erosion and accretion.
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Figure 2-57 Time series of (=) 3 m contour at Neerody (CS 07)
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Figure 2-58 Time series of (-) 4 m contour at Neerody (CS 07)
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Figure 2-59 Time series of (—) 6 m contour at Neerody (CS 07)
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Figure 2-60 Time series of (-) 8 m contour at Neerody (CS 07)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour
distances over the year is provided for better clarity as shown in Figure 2-61.
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Figure 2-61 Time series of contours at Neerody (CS 07)
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Figure 2-62 Profiles at Pozhiyoor (CS 12) — Seasonal comparison
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Beach was present throughout the year in the stretch of CS 10 to CS 14. Among these
sections, CS 12 which is at Pozhiyoor location in Kerala state was chosen to illustrate the
seasonal trends over five years. From Figure 2-62, it can be noticed that the coast
undergoes seasonal variations during 2015 to 2019. Beach was noticed during pre-monsoon
seasons. Later on beach got eroded and deposited in offshore region at the time of monsoon
seasons. Beach gradually developed during post monsoon seasons and remained stable
during fair weather seasons whereas in 2017 the coast experienced a very severe cyclonic
storm (IMD Classification) named Ockhi (December 2017) during fair weather season and
resulted in severe erosion all along the coast. After Ockhi the erosion was noticed during fair
weather 2017 and pre monsoon 2018 seasons on land side. Recently, this has been
compounded by the prevalence of the higher events related to storms.
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Figure 2-63 Profiles at Pozhiyoor (CS 12) — Yearly comparison
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Figure 2-64 Time series of (+) 2 m contour at Pozhiyoor (CS 12)
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Further LNTIEL extracted (+) 2 m contour from cross shore profile data at Pozhiyoor. The
above plot is time series of (+) 2 m contour over five year data at CS 12 with similar time
scale. From this plot it can be noticed that the beach undergoes seasonal variation of erosion
on monsoon season and accretion on other seasons. During Ockhi the beach was subjected
to severe erosion and minimal accretion was noticed during fair weather 2017 and pre-
monsoon 2018. In addition, as a result of monsoon 2018 and 2019 the beach got further
eroded compared to previous monsoon seasons. The recent storms are proving to be further
detrimental to the beach accretion.
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=== Comntour 2r @ 2018

=== Contour 2tn (@ 2019

Legend of time series of (+) 2 m contour

LNTIEL extracted -3m, -4m, -6m and -8m contours from cross shore profile data at Pozhiyoor
and below plots are time series of respective contours over five year data at CS 12 with
similar time scale and shows the seasonal variations of erosion and accretion.
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Figure 2-65 Time series of (-) 3 m contour at Pozhiyoor (CS 12)
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Figure 2-66 Time series of (-) 4 m contour at Pozhiyoor (CS 12)
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Figure 2-67 Time series of (-) 6 m contour at Pozhiyoor (CS 12)
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Figure 2-68 Time series of (—) 8 m contour at Pozhiyoor (CS 12)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour
distances over the year is provided for better clarity as shown in Figure 2-69.
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Figure 2-69 Time series of contours at Pozhiyoor (CS 12)
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Karumkulam (CS-26)
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Figure 2-70 Profiles at Karumkulam (CS 26) — Seasonal comparison

Beach was present throughout the year in the stretch of CS 18 to CS 34. Among these
sections, CS 26 which is at Karumkulam location in Thiruvananthapuram district of Kerala
state was chosen to illustrate the seasonal trends over five years. From Figure 2-70, it can
be noticed that the coast undergoes seasonal variations during 2015 to 2019. Beach was
noticed during pre-monsoon seasons. Later on beach got eroded and deposited in offshore
region at the time of monsoon seasons. Beach gradually developed during post monsoon
seasons and remained stable during fair weather seasons whereas in 2017 the coast
experienced a very severe cyclonic storm (IMD Classification) named Ockhi (December
2017) during fair weather season and resulted in severe erosion all along the coast. After
Ockhi the erosion was noticed during fair weather 2017 and pre monsoon 2018 seasons on
land side. Recently, this has been compounded by the prevalence of the higher events
related to storms.

. 2 Data Analysis
@ L&T thira Encdneering Page 43



Data Analysis & Model Studies for Vizhinjam Port using data collected by AVPPL (2019-2020) C1201501

Data Analysis and Model Study Report RP004 rev. 0
Yearly comparison - Pre monsoon Yearly comparison- Monsoon
6 6
a a \__,»4\\
2 : \
5 0
g4 ap —Pre2015 | E 0 50 100 1507 200 250 300 350 400  ——pMon2015
5 2 Pre 2016 5 a —Mon 2016
% 4 Pre 2017 g \ Mon 2017
= . —pre2018 | 2 ° ——Mon 2018
——Pre 2019 8 N ——Mon 2019
8 10
10 12 :
12 14
Chainage (m) Chainage (m)
Yearly comparison - Post monsoon Yearly comparison - Fair weather
6 6
a ] —
) ‘/&\\X } e
_ 0 = o ‘
E 0 50 100 15, 200 250 300 350 400 Po3p2013° | LE g S0 100 150 200 250 300 350 400 GAraoss
g 2 N ——Post 2016 g 2 —— Fair 2016
% 4 post207 | § 4 Fai 2017
= ) ——Post2018 | = ” ——Fair 2018
——Post 2019 —— Fair 2019
8 -8
10 <10
12 a2
Chainage (m) Chainage (m)

Figure 2-71 Profiles at Karumkulam (CS 26) — Yearly comparison

The plots represent comparison of profiles of particular season over different years. These
plots suggest that yearly trend was as per normal sequence till post monsoon 2017. After
this, the impact of Ockhi cyclone can be evidently noticed in fair weather 2017 and pre-
monsoon 2018 seasonal profiles. The coast was undergoing processes to recover from this
impact which can be observed from fair weather seasons comparison plot.
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Figure 2-72 Time series of (+) 2 m contour at Karumkulam (CS 26)

Further LNTIEL extracted (+) 2 m contour from cross shore profile data at Karumkulam. The
above plot is time series of (+) 2 m contour over five year data at CS 26 with similar time
scale. From this plot it can be noticed that the beach undergoes seasonal variation of erosion
on monsoon season and accretion on other seasons. During Ockhi the beach was subjected
to severe erosion and minimal accretion was noticed during fair weather 2017 and pre-
monsoon 2018. In addition, as a result of monsoon 2018 and 2019 the beach got further
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eroded compared to previous monsoon seasons. The recent storms are proving to be further
detrimental to the beach accretion.

LNTIEL extracted -3m, -4m, -6m and -8m contours from cross shore profile data at
Karumkulam and below plots are time series of respective contours over five year data at CS
26 with similar time scale and shows the seasonal variations of erosion and accretion.
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Figure 2-73 Time series of (-) 3 m contour at Karumkulam (CS 26)
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Figure 2-74 Time series of (—) 4 m contour at Karumkulam (CS 26)

-6m Contours @ CS-26

-

w
N
=]

w
=
5]

—+—Contour -6m @ 2015
~@-Contour 6m @ 2016

Contour -6m @ 2017

g

——Contour -6m @ 2018

~N
®
o

~=Contour -6m @ 2019

Cross Shore Distance (m)
w
8

~
~
=]

~
-
o

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
Time Series

Figure 2-75 Time series of (-) 6 m contour at Karumkulam (CS 26)
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Figure 2-76 Time series of (-) 8 m contour at Karumkulam (CS 26)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour
distances over the year is provided for better clarity as shown in Figure 2-77.
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Figure 2-77 Time series of contours at Karumkulam (CS 26)
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Figure 2-78 Profiles at Panathura (CS 49) — Seasonal comparison

Coastal protection structure known as seawall was present in the stretch of CS 47 to CS 52.
Among these sections, CS 49 which is at Panathura location in Thiruvananthapuram district
of Kerala state was chosen to illustrate the seasonal trends over five years. From Figure
2-78, it can be noticed that the seasonal variations are very minimal. However, accretion was
observed in foreshore zone during Ockhi (December 2017).
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Figure 2-79 Profiles at Panathura (CS 49) — Yearly comparison

The plots represent comparison of profiles of particular season over different years. These
plots suggest that there was an accretion in offshore region during fair weather 2017 and
pre-monsoon 2018 seasons.

LNTIEL extracted -3m, -4m, -6m and -8m contours from cross shore profile data at
Panathura and below plots are time series of respective contours over five year data at CS
49 with similar time scale and shows the seasonal variations of erosion and accretion.
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Figure 2-80 Time series of (-) 3 m contour at Panathura (CS 49)
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Figure 2-81 Time series of (-) 4 m contour at Panathura (CS 49)
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Figure 2-82 Time series of (—) 6 m contour at Panathura (CS 49)
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Figure 2-83 Time series of (-) 8 m contour at Panathura (CS 49)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour

distances over the year is provided for better clarity as shown in Figure 2-84.
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Figure 2-84 Time series of contours at at Panathura (CS 49)
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Figure 2-85 Profiles at Beemapally (CS 58) — Seasonal comparison
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Coastal protection structure seawall along with groynes was present in the stretch of CS 56
to CS 67. Among these sections, CS 58 which is at Beemapally location in
Thiruvananthapuram district of Kerala state was chosen to illustrate the seasonal trends over
five years. From Figure 2-85, it can be noticed that the coast undergoes seasonal variations
during 2015 to 2019. Beach was noticed during pre-monsoon seasons. Later on beach got
eroded and deposited in offshore region at the time of monsoon seasons. Beach gradually
developed during post monsoon seasons and remained stable during fair weather seasons
whereas in 2017 the coast experienced a very severe cyclonic storm (IMD Classification)
named Ockhi (December 2017) during fair weather season and resulted in severe erosion all
along the coast. After Ockhi the erosion was noticed during fair weather 2017 and pre
monsoon 2018 seasons on land side. Recently, this has been compounded by the
prevalence of the higher events related to storms.
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Figure 2-86 Profiles at Beemapally (CS 58) — Yearly comparison

The plots represent comparison of profiles of particular season over different years. These
plots suggest that there was an accretion in offshore region after Ockhi cyclone.

LNTIEL extracted -3m, -4m, -6m and -8m contours from cross shore profile data at
Beemapally and below plots are time series of respective contours over five year data at CS
58 with similar time scale and shows the seasonal variations of erosion and accretion.

A 2 Data Analysis
@ L&T thira Encdneering Page 51



Data Analysis & Model Studies for Vizhinjam Port using data collected by AVPPL (2019-2020) C1201501
Data Analysis and Model Study Report RP004 rev. 0

-3m Contours @ CS-58

—+—Contour -3m @ 2015

~@-Contour 3m @ 2016

Contour -3m @ 2017

Cross Shore Distance (m)

240 —Contour -3m @ 2018
~==Contour -3m @ 2019
230
220
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb

Time Series

Figure 2-87 Time series of (-) 3 m contour at Beemapally (CS 58)
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Figure 2-88 Time series of (—) 4 m contour at Beemapally (CS 58)
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Figure 2-89 Time series of (-) 6 m contour at Beemapally (CS 58)
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Figure 2-90 Time series of (-) 8 m contour at Beemapally (CS 58)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour
distances over the year is provided for better clarity as shown in Figure 2-91.
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Figure 2-91 Time series of contours at Beemapally (CS 58)
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Vettucaud church (CS-74)
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Figure 2-92 Profiles at Vettucaud (CS 74) — Seasonal comparison

Beach was present throughout the year in the stretch of CS 68 to CS 81. Among these
sections, CS 74 which is at Vettucaud location in Thiruvananthapuram district of Kerala state
was chosen to illustrate the seasonal trends over five years. From Figure 2-92, it can be
noticed that the coast undergoes seasonal variations during 2015 to 2019. Beach was
noticed during pre-monsoon seasons. Later on beach got eroded and deposited in offshore
region at the time of monsoon seasons. Beach was gradually developed during post
monsoon seasons and remains stable during fair weather seasons whereas in 2017 the
trend got shifted as the coast experienced a very severe cyclonic storm (IMD Classification)
named Ockhi during fair weather season resulted in severe erosion all along the coast and
accretion was observed in foreshore zone. After Ockhi the erosion was noticed during fair
weather 2017 and pre monsoon 2018 seasons on land side and deposition on sea side.
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Figure 2-93 Profiles at Vettucaud (CS 74) — Yearly comparison

The plots represent comparison of profiles of particular season over different years. These
plots suggest that yearly trend was as per normal sequence till post monsoon 2017. After
this, the impact of Ockhi cyclone can be evidently noticed in fair weather 2017 and pre-
monsoon 2018 seasonal profiles. The coast was undergoing processes to recover from this
impact which can be observed from fair weather seasons comparison plot.
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Figure 2-94 Time series of (+) 2 m contour at Vettucaud (CS 74)

Further LNTIEL extracted (+) 2 m contour from cross shore profile data. The above plot is
time series of (+) 2 m contour over five year data at CS 74 with similar time scale. From this
plot it can be noticed that the beach undergoes seasonal variation of erosion on monsoon
season and accretion on other seasons. During Ockhi the beach was subjected to severe
erosion and no much accretion was noticed during fair weather 2017 and pre-monsoon 2018.
In addition, as a result of monsoon 2018 and 2019 the beach got further eroded compared to
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previous monsoon seasons. However, the beach was developed after monsoon season with
high rates compared to post-monsoon 2017 and fair weather 2017.

LNTIEL extracted -3m, -4m, -6m and -8m contours from cross shore profile data at
Vettucaud and below plots are time series of respective contours over five year data at CS
74 with similar time scale and shows the seasonal variations of erosion and accretion.
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Figure 2-95 Time series of (-) 4 m contour at Vettucaud (CS 74)
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Figure 2-96 Time series of (-) 4 m contour at Vettucaud (CS 74)
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Figure 2-97 Time series of (-) 6 m contour at Vettucaud (CS 74)
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Figure 2-98 Time series of (-) 8 m contour at Vettucaud (CS 74)

In addition to above, the +2m, -3m, -5m and -8m contours continuous variation of contour
distances over the year is provided for better clarity as shown in Figure 2-99.
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Figure 2-99 Time series of contours at Vettucaud (CS 74)

Fair weather season is the best time to compare the coast as there will not be much cross
shore movement and beach will be stable during this period after subjected to seasonal
variations. February month of all years was chosen to evaluate the long shore scenario of the
coast.
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Figure 2-100 Long shore comparison of (+) 2m contour differences during February

LNTIEL extracted (+) 2m contour from February months of cross shore profile data at 81
locations. It was noticed that (+) 2m contour was not available in survey data at some cross
sections which may be due to inaccessibility or protest and these values were not
interpolated and left as it is.
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Figure 2-100 shows the comparison of difference of (+) 2m contour of February 2016 with
reference to February 2015. As February 2015 data consists of 61 locations and there is
minimal variation between February 2016 and February 2015 (Blue line), February 2016 is
considered as baseline for this analysis and remaining series are comparison of differences
of (+) 2m contour of February months with reference to February 2016. Green line represents
the long shore scenario of coast post Ockhi cyclone. It can be seen from this plot that the
coast experienced severe erosion. Violet & Cyan lines represent the long shore scenario of
coast post Ockhi cyclone. It can be seen that the stretch south of Poovar River mouth was
still in transition and stretch north of Poovar River mouth to Adimalathura seems to be
recovered from Ockhi cyclone impact. Near Valiyathura bridge there was accretion on south
of groyne and erosion on north of groyne which seems to be natural phenomenon due to
construction of groyne. The coast from Shangumugham to Thumba is in the process of
attaining its stable position.
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Figure 2-101 Long shore comparison of yearly rates during February

Further to above, LNTIEL analysed the yearly rates during February month. Figure 2-101
shows the comparison of yearly rates of (+) 2m contour of February month with reference to
previous year February month. After Ockhi almost entire coast experienced severe erosion
which can be noticed from Feb-18 — Feb-17 series (Green). Post Ockhi coast experienced
seasonal variations and rates can be noticed from Feb-19 — Feb-18 series (Violet) and Feb-
20 — Feb-19 series (Cyan). From these we can observe that the yearly rate of last year was
high along the coast compared to previous years probably because the coast is in the
process to attain its stable or equilibrium position. In the period of March 2019 to February
2020 the rate was almost similar to pre Ockhi scenario.
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3 Model Studies

3.1 Wave Transformation

Near shore wave transformation is carried out to assess the wave climate near the port
construction site using the available offshore wave data. The offshore wave data obtained
from NCEP is transformed to near shore region and wave parameters such as wave height,
wave direction and wave period is extracted at the point at which wave observations were
carried out using the WRB. The simulated wave data is then compared with the observed
wave data.

3.1.1 SWAN of Delft Hydraulics

SWAN (Simulating Waves Near shore) is a third-generation wave model for obtaining
realistic estimates of wave parameters in coastal areas, lakes and estuaries from given wind,
bottom and current conditions. However, SWAN can be used on any scale relevant for wind-
generated surface gravity waves. The model is based on the wave action balance equation
with sources and sinks. The main goal of the SWAN model is to solve the spectral action
balance equation without any a prior restrictions on the spectrum for the evolution of wave
growth. The action balance equation, read as (e.g., Mei, 1983; Komen et al., 1994):
N dc, N N ¢ N Spor

E+v,;.[(§+t7)N]+ — =

The left-hand side is the kinematic part of this equation. The second term denotes the
propagation of wave energy in two-dimensional geographical x-space, with the group velocity
¢, = 00 /0k

following from the dispersion relation o? = g|E| tanh(|E|d) where k is the wave number vector
and d the water depth. The third term represents the effect of shifting of the radian frequency
due to variations in depth and mean currents. The fourth term represents depth-induced and
current-induced refraction. The quantities ¢, and cq are the propagation velocities in spectral
space (o, 0). The right-hand side contains Sy, which is the source/sink term that represents
all physical processes which generate, dissipate, or redistribute wave energy. Thus, this
equation represents the effects of spatial propagation, refraction, shoaling, generation,
dissipation and nonlinear wave-wave interactions.

Wind generated waves have irregular wave heights and periods, caused by the irregular
nature of wind. Due to this irregular nature, the sea surface is continually varying, which
means that a deterministic approach to describe the sea surface is not feasible. On the other
hand, statistical properties of the surface, like average wave height, wave periods and
directions, appear to vary slowly in time and space, compared to typical wave periods and
wave lengths. The surface elevation of waves in the ocean, at any location and any time, can
be seen as the sum of a large number of harmonic waves, each of which has been
generated by turbulent wind in different places and times. They are therefore statistically
independent in their origin. According to linear wave theory, they remain independent during
their journey across the ocean. Under these conditions, the sea surface elevation on a time
scale of one hundred characteristic wave periods is sufficiently well described as a
stationary, Gaussian process. The sea surface elevation in one point as a function of time
can be described as
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n(t) = Z‘ a; cos(o;t + a;)

with n the sea surface elevation, a; the amplitude of the i wave component, g; the relative
radian or circular frequency of the i wave component in the presence of the ambient current
(equals the absolute radian frequency w when no ambient current is present) and a; the
random phase of the i wave component. This is called the random-phase model. In the
presence of the ambient current, it is assumed that it is uniform with respect to the vertical
co-ordinate and the changes in the mean flow within a wave length are so small that they
affect only negligibly the dispersion relation. The absolute radian frequency w then equals
the sum of the relative radian frequency o and the multiplication of the wave number and
ambient current velocity vectors:

w=0c+kid

which is the usual Doppler shift. For linear waves, the relative frequency is given by
0% = gk tanh(kd)

Where g is the acceleration of gravity and d is the water depth.

3.1.2 Model simulations and results

Offshore wave data at 08°00' 00" N, 76°00'00" E were obtained from NCEP for which the
time frame matches with that of the observed wave data collection period. The major wave
parameters like significant wave height, wave direction and time period are thus obtained
from NCEP. In order to reduce the simulation time, the wave records with similar
characteristics were made in to bins and then grouped together. Such grouped wave events
were then simulated using SWAN to obtain the corresponding near shore wave data.

The modelled near shore wave data were extracted at the point (08° 21' 42.3"N, 76° 59'
33.9"E) where the wave observation were carried out by OSAS. These near shore grouped
wave events were again transformed back to the respective time frame and then compared
with observed wave data provided by AVPPL. The comparison of modelled wave data and
the observed wave data is plotted and shown from Figure 3-1 to Figure 3-3
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Figure 3-1 Comparison of significant wave heights (March 2019 to February 2020)
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Comparison of wave directions at WRB location
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Figure 3-2 Comparison of wave directions (March 2019 to February 2020)

Comparison of peak wave periods at WRB location
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Figure 3-3 Comparison of peak wave periods (March 2019 to February 2020)

From the plots it can be observed that the wave parameters obtained from modelled wave
data and observed wave data are in the same band. All the three parameters such as
significant wave height, peak wave period and wave direction (True North) shows plausible
comparison.
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3.2 Assessment of hydrodynamics

3.2.1 Introduction

Hydrodynamics is the branch of science which deals with the dynamics of fluid and aims at
studying the forces exerted by fluids in motion. For a large water body such as sea, the study
becomes very complex owing to vast number of processes going on simultaneously.
Processes such as tides, waves and wind interactions cause motion of fluid which in turn has
far reaching effects. The motion of fluid, otherwise called as currents can induce a number of
phenomenon such as erosion and accretion along shoreline, morphological changes and
forces on marine structures.

With development in advanced computing methods, numerical modelling has replaced the
earlier methods of study. Various numerical modelling software packages have been
developed for this purpose. These have the ability to solve complex equations involved in the
study of hydrodynamics in efficient and less time consuming manner.

Earlier in 2013, LNTIEL had comprehensively covered the assessment of hydrodynamics in
the port vicinity. To understand the impact of the port construction on the hydrodynamics,
LNTIEL carried out the assessment of hydrodynamics with the latest surveyed bathymetries.
This chapter of the report covers the assessment of hydrodynamics carried out by LNTIEL.

In this part of the study, the following tasks were identified:

e Comparison of results from the updated hydrodynamic model with the calibrated
hydrodynamic model used in 2013.

e Assessment of the impact of change in bathymetry on prevailing water levels and
currents by using the hydrodynamic model.

3.2.2 Model setup using TELEMAC-2D

In this study, the model domain is updated as per the latest February 2020 shoreline. The
region of interest is situated along a coastline which is oriented in NW — SE direction and is
straight. The model domain used for the study is almost parallel to the coastline. The model
domain covers a region of about 50 X 22 km?. The mesh size near target location was kept
low (restricted to 30m) to resolve the proposed schemes and velocities properly. The mesh
near the target location can be viewed in Figure 3-4. The model bathymetry was prepared
using the available primary and secondary data and is shown in Figure 3-5.

e 3 Model Studies
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Figure 3-4 Fine mesh near project location

Figure 3-5 Pre-monsoon (2019) bathymetry with respect to MSL
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3.22.1 Boundary conditions

Tidal levels were applied along the open boundary of the model domain. In order to set up
the model, tidal elevations along the open boundary were predicted using OTPS developed
by OSU.

OTPS accomplish 2 tasks:

e Extracting harmonic constants from barotropic tidal solutions in OTIS format at given
locations

e Predicting tides at given times and locations

Predictions were based on global and/or regional barotropic inverse tidal solutions obtained
with OTIS.

Wind was applied on the model to account for wind driven currents in the model. Time
varying wind field was applied for model validation, as the variation in wind speed and
direction may lead to change in current speed and direction.

3.2.22 Model comparison and validation

The aim of this study is to assess the impact of the change in bathymetry on the
hydrodynamics of the region. A calibrated model was achieved and the results from the
model were reported in the report of August 2013. In this present study, the model used in
2013 was updated with the pre monsoon bathymetries of 2015, 2016, 2017, 2018 and 2019
and simulations were carried out with the same parameters used in 2013.

Comparison between the tide and currents simulated by the models were done. Figure 3-6
shows the comparison between the modelled tides put on similar time scales. Tide
measurement carried out by AVPPL was also put on the scale. From the comparisons it can
be seen that there is a good correlation between all the data which indicates that the change
in bathymetry has no effect on the tidal variations.

~——Tide provided by AVPPL ~—Simulated - Tide - MSL -2013

——Simulated - Tide - MSL-2015  ——Simulated - Tide - MSL -2016

~—Simulated - Tide - MSL -2017 ~Simulated - Tide - MSL -2018
Simulated - Tide - MSL -2019
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Figure 3-6 Comparison of simulated tide with AVPPL data 2013 (SW Monsoon)
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Legend of Tide comparison plot
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Figure 3-7 to Figure 3-12 shows the comparison of N-S and E-W components of simulated
currents (2013, 2015, 2016, 2017, 2018 and 2019) at the measurement locations put on a
similar time scale. As in the case of tides, it can be seen that all the three simulated currents
show good correlation with each other. This shows that the effect of the change of
bathymetry on the hydrodynamics of the area is negligible. Figure 3-13 and Figure 3-14
shows typical plots from the simulation.
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