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ACRONYMS
AAQMS Ambient Air Quality Monitoring Stations
AHR Abnormally High Rate
AMC Annual Maintenance Contract

AMRUT Atal Mission for Rejuvenation and Urban Transformation
AOI Area of Interest

ASP Activated Sludge Process

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
ASTM American Society for Testing and Materials
BGL Below Ground Level

BIS Bureau of Indian Standards

BOD Biochemical Oxygen Demand

BOQ Bill of Quantities

BOT Build Operate and Transfer

BPCL Bharat Petroleum Corporation Limited
BSNL Bharat Sanchar Nigam Limited

CAl Computer Aided Instruction

CAPEX Capital Expenditures

CBA Cost Benefit Analysis

CE Construction Engineer

CFE Consent for Establishment

CFO Consent for Operation

CFP Continuous Flow Process

CGWB Central Ground Water Board

cl Cast Iron

C™M Construction Manager

CoD Canal Oriented Development

COPT Cochin Port Trust

CPCB Central Pollution Control Board

CPCL Chennai Petroleum Corporation Ltd
CPHEEO Central Public Health and Environmental Engineering Organisation
CPPR Centre for Public Policy Research

CoPT Cochin Port Trust

CPWD Central Public Works Department
CQAO Contactors Quality Assurance Officer
CQAP Construction Quality Assurance Plan
CRZ Coastal Regulation Zone

CSIN Coastal Shipping and Inland Navigation
CSML Cochin Smart Mission Ltd

Csp Corrugated Steel Plate

CTC Corporate Training Centre

CTE Consent to Establish

CcwcC Central Water Commission

CZM Coastal Zone Management

czmp Coastal Zone Management Plan



1 RV T

Integpeted i Regeneraion & Wet TansportSystem

DBOO Design Build Own Operate

DBOT Design, Build, Operate & Transfer

DBT Direct Benefit Transfer

DC District Collector

DDMA District Disaster Management Authority
DEIAA District Environment Impact Assessment Authority
DEM Digital Elevation Model

DFT Dry Film Thickness

DG Diesel Generator

DHS Demographic And Health Surveys

DI Ductile Iron

DLP Defect Liability Period

DMA District Management Agency

DBOT Design, Build, Operate and Transfer
DPR Detailed Project Report

DSR Delhi Schedule Of Rates

DTM Digital Terrain Model

EC Encumbrance Certificate

EIA Environmental Impact Assessment

EIRR Economic Internal Rate of Return

EMP Environment Management Plan

ENPV Economic Internal Rate of Return
EPABX Electronic Private Automatic Branch Exchange
EPC Engineering, Procurement, Construction
ESMP Environmental and Social Management Plan
ESZ Ecologically Sensitive Zone

EV Electric Vehicle

FER Flood Estimation Report

FIDIC International Federation Of Consulting Engineers
FIRR Financial Internal Rate of Return

FMB Field Measurement Book

FNPV Financial Net Present Value

FOB Foot Over Bridge

FRP Fibre Reinforced Plastic

GAIL Gas Authority of India Limited

GC General Consultant, Antea Group

GCDA Greater Cochin Development Authority
GFC Good for Construction

GIS Geographic Information Systems

GL Ground Level

GOl Government of India

GOK Government of Kerala

GRP Glass Reinforced Plastic

GTS Great Trigonometrical Survey

GW Groundwater

HDPE High Density Polyethylene



HECRAS Hydrologic Engineering Centers River Analysis System

HFL High Flood Level

HSD Health Services Department

HSE Health and Safety Executive

HTL High Tide Level

ICT Information and Communication Technology
IMD Indian Meteorological Department

IPT Intermediate Public Transport

IRJET International Research Journal Of Engineering And Technology
IRR Internal Rate of Return

ISO International Standards Organization

ISRO Indian Space Research Organisation

IURWTS Integrated Urban Regeneration and Water Transport Studies
IWAI Inland Waterways Authority of India.

IWPS Intermediate Wastewater Pumping Station
KCZMA Kerala Coastal Zone Management Authority
KFRS Kerala Fire And Rescue Services

KIIFB Kerala Infrastructure Investment Fund Board
KINCO Kerala Inland Navigation Corporation

KLD Kilolitres Per Day

KMBR Kerala Municipality Building Rules

KMC Kochi Municipal Corporation

KMRL Kochi Metro Rail Ltd.

KSC Kerala Shipping Corporation

KSEB Kerala State Electricity Board

KSINC Kerala State Inland Navigation Corporation
KSLUB Kerala State Land Use Board

KSPCB Kerala State Pollution Control Board

KW Kilo Watt

KWA Kerala Water Authority

LAN Local Area Network

LARR Land Acquisition Rehabilitation and Resettlement
LCC Life Cycle Costing

LHS Left Hand Sides

LiDAR Light Detection And Ranging

LPCD Liters Per Capita Per Day

LTL Low Tide Level

LWL Length of The Waterline

MAW Municipal Solid Waste

MBBR Moving Bed Biofilm Reactor

MBR Membrane Bioreactor

MLD Million Litre Per Day

MOoEF&CC Ministry of Environment, Forest, and Climate Change
MORTH Ministry of Road Transport and Highways

MS Mild Steel

MSE Materials Science and Engineering
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MSL Mean Sea Level

MSW Municipal Solid Waste

NABET National Accreditation Board for Education & Training
NATPAC National Transportation Planning and Research Centre

NBWL National Board of Wildlife

NCESS National Centre for Earth Science Studies
NOC No Objection Certificate

NOx, SOx  Nitrogen Oxides, Sulphur Oxides
NPV Net Present Value

NRSC National Remote Sensing Centre
Oo&M Operations and Maintenance
OPEX Operating Expenses

PAF Project Affected Family

PAH’s Polycyclic Aromatic Hydrocarbons
PAP Project Affected People

PAR Plinth Area Rate

PCB'’s Polychlorinated Biphenyls

PEA Project Executing Agency

PEB Pre-Engineered Building

PHPDT Peak Hour Peak Direction Traffic
PIANC Permanent International Association Of Navigation Congresses
PIS Project Implementation Schedule
PLC Programmable Logic Controller
PM Particulate Matter

PMC Project Management Consultant
PPE Personnel Protective Equipment
PPP Public Private Partnerships

PPSD Project Procurement Strategy Development
PSC Prestressed Concrete

PSU Public Sector Undertakings

PT Public Transport

PUB Public Utility Board

PVC Polyvinyl Chloride

PWD Public Works Department

QAP Quality Assurance Plan

QC/QA Quality Assurance/Quality Control
QCBS Quality and Cost Based Selection
QCm Quality Control Manager

R&R Relief and Rehabilitation

RAP Remedial Action Plan

RC Reinforced Concrete
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REMS Risk Evaluation Mitigation Strategy
RFP Request for Proposal

RFQ Requests for Quotes
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RIBs
RMP
RP
RTNLMS
RWH
SBR
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SCM
SEIAA
SFRC
SGWB
SIA
SPS
SPV
STAAD
STP
STW
SUH
SwW
SWM
SWAK
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TOD
TOR
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UH
ULB
UR
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WTE
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1 SALIENT FEATURES / EXECUTIVE SUMMARY

1.1 Salient Features

Sl.
Item
No

Description

1. |Title of the project

Integrated Urban Regeneration and Water Transport System

(IURWTS) Project in Kochi.

2. |Department

Coastal Shipping and Inland Navigation (CSIN), Govt. of Kerala

Details of project location

i. District

Ernakulum

ii. Taluk

Kanayannur, Aluva

iii. Corporation/ Municipality/
Panchayath

Kochi Municipal Corporation, Thrikkakkara, Kalamassery and

Thripunithura Municipalities

iv.  Assembly Constituency

Ernakulum and parts of Thrikkakkara, Thripunithura and

Kalamassery Legislative Assemblies.

IURWTS CANAL CATCHMENT

EDAPPALLY CANAL

~AREA UNDER.'3

) oo

\ CHILAVANNUR CANAL

[l

X : s ‘ THEVARACANAL 7
% 'KOCHI MUNIEIPAL :
3
anteagroup

.CORRORATION
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Item

Description

4. |Implementing agency/SPV

Kochi Metro Rail Ltd. (KMRL)

5. |DPR Prepared by

Antea Group (Antea Netherland and Antea India JV)

6. |Project Outlay

X 1528.27 Crores

7. |Budget speech reference

GO (Rt) No. 2010/2019/RD dated 23" July 2019
Rs 566.52 Crores (Only for land acquisition and building

compensation cost).

8. |Administrative sanction

GO (Rt) No. 2010/2019/RD dated 23™ July 2019. The present
DPR is prepared based on above Govt order.

(GO (Rt) No. 457/2017/CLAD dated 19/07/2017 for DPR by
KSINC)

9. |Nature of the project

Canal restoration and navigation, flood mitigation, and urban

regeneration

10. |Present  status  of
canals/roads

bridges/building/jetties

existing

1. Inland canals running through the project command are in a
dilapidated state due to dumping of waste, and rampant
encroachments of canal banks. This has resulting in
reduction in canal width thereby making the canals not
suitable for navigation.

2. Poor sanitation facilities have resulted in direct sewage
disposal into the canals by the inhabitants of canal
catchments. This has resulted in poor water quality, creating
foul smell in the surrounding areas, and affecting local
environment and health of people.

3. Loss of life and property due to inundation/floods in the
canal catchment during extreme rainfall events.

4. Reduction in canal width vent way and inadequate vertical
clearance of existing road bridges/foot over bridges is
hindering canal navigation and water flow.

5. Existing  utilities (water pipelines, electric lines,
transformers, culverts, etc.) hindering storm water drainage

and canal navigation.
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Item

Description

Need of the project

1. Improve intermodal connectivity with the Rail Metro and

Water Metro by way of restoration of canals.

2. Providing necessary infrastructure for navigation facilities

and vessels.

3. Flood mitigation and flood plain management.

4. Canal bank development which includes beautifications,

walkways, recreation, and tourism.

5. Enhance sewerage network, establish sewage treatment

plants, and provide sanitation facilities to the inhabitants of
the project catchment and restrict dumping of waste,

control encroachments, stop sewage mixing, etc.

6. Infrastructure / property development along the canals

through Value Capture Financing & Transit Oriented

Development for generating revenue.

The Canals
Existing canals to be taken up for
Thevara-
canal navigation and canal bank| Edappally | Thevara Chilavanoor| Market
Perandoor
development
a) North Side 10° 9° 10° 10° 9°
Latitude
2'39.59"N [56'46.93"N| 1'12.27"N | 1'53.12"N | 59'4.29"N
76° 76° 76° 76° 76°
Longitude
18'2.85"E | 18'17.27"E | 16'56.54"E | 17'23.95"E | 16'34.42"E
b) South Side 9° 9° 9° 9° 9°
Latitude
58'46.63"N [ 56'36.98"N | 56'44.36"N | 57'14.56"N | 58'47.28"N
76° 76° 76° 76° 76°
Longitude
19'55.33"E | 17'31.38"E | 18'1.70"E | 18'49.40"E | 16'29.82"E
c) Hydraulic Particulars
KMRL/IURWTS/DPR/R0O Page 1-3



Item Description
No
181.52m | 24.94m 11458 m | 307.28m | 32.09m
2. Max Width
CH:8798 CH:120 CH:315 CH:11025 CH:345
5.16 m 13.04 m 1.98 m 1.98m 1.83m
3. Minimum Width
CH:300 CH:765 CH:5370 CH:3660 CH:664
4. Maximum Depth 6.00m 8.00m 5.00m 6.00m 4.00m
5. Minimum Depth 0.30m 3.0m 0.40m 0.20m 1.00m
d) Canal length (km) 11.23 1.41 9.88 11.15 0.66

Major Components of the Project

4 km
_ Landscaping with walkways in balance portion as
a) Canal beautification (either . I
per site availability
sides)
b) Roads bridges to be 11 2 23 20 0
reconstructed (nos.)
c) Foot bridges to be 1 0 13 16 1
reconstructed (nos.)
d) Foot bridges (new) (nos.) > 2 > 2 1
e) letties, terminal buildings, etc. 9 2 10 9 0
(nos.)
f)  Urban regeneration:

e Sewerage network Existing
(Sewer load to be 11.71 10.59 13.15 ccheme
treated) (in MLD)

e Sewerage Treatment Elamku- Elamku-

Plant Vennala+ | Elamku- lam + lam +
Muttar lam Perand- | Puthukkal
oor avattom

e Sanitation facilities

Based on the requirement

e Solid waste management

Kochi Municipal Corporation will handle the delivery and
treatment as part of WTE proposal at Brahmapuram plant
Ambalamugal in Vadavucode — Puthencruz Grama Panchayat

in Kunnathanadu taluk, but provision to collect solid waste for

3 yrs. included as part of this project.
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Item
No

Description

g) Rehabilitation, resettlement
e Compensation for project
affected people

280 units
94 buildings (Full) and 791 buildings partial

Chilavannur Canal

Starting km 0+000
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11. | Details of Investigation / surveys

Refer Chapter — 2 for details.

a) Lidar and Topographical
survey

Completed

b) Bathymetry survey, Tidal,
Rainfall data

Secondary Data

Bathymetry: NATPAC 2018 validation survey in progress by GC

Tidal data: Cochin port trust (CoPT)
Rainfall data: IMD, CUSAT (RADAR Centre)
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Item Description

Secondary Data: SPV, Primary data collection survey in

c) Geotechnical investigation
progress

d) Water quality parameters Completed by GC in May 2020
testing

e) Social assessment surveys for Completed by GC in May 2020
resettlement & rehabilitation

f) Land identification and its Secondary Data: NATPAC 2018, Validation survey in progress

validation by GC

12. | Whether Land acquisition involved Yes

Details of land acquisition:

a) Canal Oriented Development | Area: 37.50 ha; Land cost - X 437.27 crores
(COD)

b) Resettlement & Rehabilitation Area: 3.13 ha (7.73 acres); Land cost - X 29.61 crores

7. Total Land Acquisition Cost X 466.88 crores

13. |Total estimated cost and item wise
(Refer details in Chapter - 6)
cost break up

a) Canal cleaning, deepening,
widening, shore protection X204.31 crores
and regulatory works

b) Canal beautification (4Km)

and land scaping works at % 55.0 crores
selected stretches in other
canals
c) Roads/foot bridges X131.03 crores
d) Jetties, terminal buildings,
control rooms, navigation X42.31 crores

aids, boats, etc.

e) Urban regeneration

a. Sewerage network,
sanitation facilities & solid X291.17 crores
waste management

b. Sewerage treatment
plants (5nos) 31MLD with X 101.96 crores
O&M for 15 years

f) R&R - component - 7 blocks
with total 280 units) including X'78.76 crores
bottleneck removal
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Item Description
No
g) Utilities and bottlenecks % 30.00 crores
removal
h) Building compensation to % 58.35
Project affected people 3> crores
i) Specific additional contracts,
Environment monitoring
Project management cost % 34.50 crores
specialized work like LIDAR
survey, Public campaign/social
awareness management
j) Development of Konthuruthy % 34.00 crores
Canal (Additional work)
Total cost — COD and Urban
regeneration  (excluding land X 1061.39 crores
acquisition)
Total -COD + Urban Regeneration
(Capital cost+ Land acquisition) X 1528.27 crores
Details of Schedule of rates KPWD(PRICE) / CPWD (Delhi Schedule of Rates) /LMR (2019)
14. | Whether detailed estimate
Yes
attached?
15. | Details of revenue streams Proposal for Value Capture Financing & Transit Oriented
(Refer Chapter-7 for details) Development to generate revenue
16. | Details of Cost Benefit Analysis EIRR (%) FIRR (%)
(CBR Value)
a) Canal Oriented Development 26.41 >5.24
17. | Details of project risks (Refer Chapter - 9 for details)
18. | Details of project management
(Refer Chapter - 13 for details)
organization strategy
19. | Details of Contract Management
(Refer Chapter - 14 for details)
strategy
20. | Details of Project Implementation

Schedule (PIS) & work breakdown
Schedule (WBS)

(Refer Chapter 12 for details)
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Sl.
Item Description
No
21. | Duration to complete the project
36 months (starting from June 2020)
proposed
22. | Details of statutory clearances (Refer Chapter -11 for details)
23. | Quality control Infrastructure and
(Refer Chapter -15 for details)
mechanism
24. | Operation and Maintenance
(O&M) arrangement of the project | (Refer Chapter -16 for details)
after completion
25. | Details of attached drawings Drawings attached for various project components as
Annexures
26. | Other attachments

Appendix:1,2,3 & 4
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1.2 Executive Summary

1.2.1 Background

Kochi being one of the prominent port cities and as part of Ernakulam district, enjoys a strategic location
among all the ports in India. Being a historical port city, it has an elaborate network of navigable water
channels. Water transport by means of traditional boats was a prime mode of movement from one island
to another and surrounding the Ernakulam mainland. However, with improved road infrastructure, canal
transport in Kochi experienced a decline and the inland canals got neglected and became waste dumping
ground due to intense urbanization and industrialization over past few decades. In the recent years, the
Government of Kerala (GoK) has emphasized the need to restore the inland water transport and started
projects like the Water Metro. As per the GO (Rt) No. 2010/2019/RD dated 23" July 2019, KMRL was
entrusted the job of Special Purpose Vehicle (SPV) for implementation of the project. Antea Group was
selected as the General Consultant for assisting SPV in preparation of the DPR. The formal agreement was

signed on 19 November 2019.

This report prepared by Antea Group (General Consultant) for SPV(KMRL), is focussed on innovative
solutions to address the challenges faced by the city in the areas of canal restoration for inland navigation,
flood mitigation, and urban regeneration. The project aims to achieve better living conditions and tourism
promotion in the canal catchments by focusing on canal-oriented transport development approach. The
purpose of the preparation of this Detailed Project Report (DPR) is to have inclusive growth with the
activities focused on climate change, improving life of people, promoting last mile connectivity. It has
been ascertained that the activities proposed in the Integrated Urban Regeneration and Water Transport

System (IURWTS) project are economically viable, environmentally sustainable, and socially acceptable.

This project is in line with the overall objective of improvement of transport system of Kochi city and for
integration with the Rail Metro and Water Metro to enhance the last mile connectivity. This is proposed
to be achieved by canal restoration and urban regeneration of the canal catchment. The Urban
Regeneration and Canal Oriented Development (COD) is not considered as a simple form of renovation or
rehabilitation of the obsolete and dilapidated canal infrastructure. The restoration of canals and urban
regeneration is aimed at restructuring the urban fabric and renewal of the urban economy and thereby

overall improvement of city’s image.

This DPR has been prepared as per KIIFB guidelines to seek funding for the project, presenting details to

meet the requirement.
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1.2.2 Main Features of the DPR

Five canals are proposed to be taken up under the project: Edappally Canal (11.23 km), Thevara —
Perandoor Canal (9.88 km), Chilavanoor Canal (11.15 km), Thevara Canal (1.41 km), and Market Canal
(0.66 km). The project command of these canals falls in a rapidly urbanized coastal and estuarine region,
which delimits within the Kochi corporation and three municipalities, viz., Kalamassery, Thrikkakkara,
Thripunithura of Kochi city. Out of these, Edappally Canal, Thevara - Perandoor Canal and Chilavanoor
Canal are three major canals in Kochi City aligned in the North - South direction, cutting across the
heartland of Ernakulam mainland. Improving Edappally canal will facilitate to connect the Edappally Metro
Station with the water metro route between Vyttila and Kakkanad. Chilavanoor canal and Thevara-
Perandoor canal are also connected with Periyar river. The development of Thevara Canal will reduce the

navigable distance between Kundannur and Venduruthy backwaters.

The development of these canals will facilitate passenger movement through canal waterways “Canal
Metro” and between Rail Metro stations and Water Metro. In addition, the proposed development will

augment tourism potential for Kochi city.

All the activities proposed under the project are grouped into two major components:

e (Canal and canal bank development and Urban Regeneration.
e Infrastructure / property development by way of Value Capture Financing & Transit Oriented

Development to generate revenue.

The concerns raised by various stakeholders (line departments, institutions, public representatives, etc.)
during consultations are incorporated in the DPR to expand the benefits of the project. The canal and
canal bank development are planned by adopting a canal-oriented development approach by (1)
embracing the canal in its design and development, (2) intermingling the space with the greater urban
form, and (3) connecting private and public spaces. The restoration process also focusses on enhancement
of water storage capacity of canals, thus mitigating floods and improving canal navigation for enhancing
last mile connectivity. In the urban regeneration front, a catchment approach is adopted to assess the
sewer loads from the canal catchment rather than confining to the sewer loads to the main canal areas

only.

Formation of a Special Purpose Vehicle (SPV) is of paramount importance to manage this project during
implementation and post implementation stage, involving all related government departments. A
separate building to house the activities of the SPV with a control room connected to the CCTV’s installed

all along the project canals is among the highlights of this project.
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The demands and requirements of the project were assessed during the stakeholder consultations with
line departments, key government officials, NGOs, senior citizens, and public representatives of the
project command. Secondary data has been collected from various departments and institutions along
with field surveys for further assessment and preparation of design and cost estimates. The field surveys
and additional information collection included: LiDAR and topography surveys, geotechnical surveys,
bathymetry surveys, survey of the sub canals, validation of land identification data, social assessment, and
water quality assessment. Further studies are undertaken for hydrological assessments, and hydraulic and

flood studies to support the detail design and cost estimates.

Innovative design concepts for many activities such as shore protection, single span road bridge, foot
bridge, regulatory arrangement for maintaining water depth, have been considered. Both the functional
and engineering designs of the canal development, and urban regeneration are presented in this DPR

relying on relevant codes, byelaws and both national and international practices.

The flood plain study is undertaken in the project command for an extreme rainfall event and in the
surrounding water bodies impacted by flood discharge from the upper catchment of 6 rivers. Central
Water Commission (CWC) guidelines have been followed to decide on the return periods for the flood
plain study. A flood zone map has been prepared to identify the low-lying areas in the catchment.
Considering the tidal fluctuations in the water bodies surrounding the project catchment and to maintain
a navigable depth inside the canals, automatic operating shutter, and pumping arrangements at both ends

of the 3 major canals is proposed.

An optimum canal width is fixed to drain out the flood in the catchment and PIANC guidelines followed
for fixing the water way width for 2-way traffic. It is also assured that the width of the canal as per village
records is not compromised in deciding on the final width. Both conventional and modern machineries
are proposed for canal cleaning, canal widening and deepening. The design basis for fixing the dredge

level to avoid salinity intrusion is discussed.

Different options for shore protection have been discussed and the choice for each location will be

finalized in the detailed design and estimation stage.

The vertical clearance for reconstructed cross-structures for seamless navigation is based on the
guidelines of IWAI guidelines. To have an innovative design for reconstruction of road bridges, different
options were studied, and a site-specific solution will be adopted during the detailed design and
estimation stage. Steel structures will be used for foot bridges and the engineering basis along with

relevant codes are presented.
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The willingness of passengers to use “Canal Metro” was assessed using the secondary traffic survey data.
Accordingly, the number of boats, fixing of locations of jetties and terminal buildings, navigation aids,
control room facilities (including CCTV installation, etc.) were finalized. The design basis for fixing (turning
circle, length, and type of the jetty) was by adhering to international and national practices. The speed for
the “vessels or canal boats” being shallow waters has been fixed at a maximum of 10 km per hour.

Accordingly, vessel characteristics and the number of boats estimated, along with their travel frequencies.

Sewer load for the entire canal catchment has been assessed and sewer networks to individual household
connections proposed. Based on different modes of sewer load transport studied, and considering the
site-specific condition, pressurized mode of sewage transport to the sewage treatment plant has been
selected. The life cycle cost of different STP’s options were studied and the sequential batch reactor (SBR)
is selected for the sewage treatment. Operation and maintenance for 15 years for STP’s including defect
liability period is also included. Adequate provision for transitional sanitation facilities is needed for the

inhabitants who are not connected to the main sewer system.

Sewer load has been assessed, using computer aided software. The design basis for connecting the sewer
lines to individual households, for fixing the interceptors, pipe diameter, and pumping arrangements using
relevant codes are discussed. The operating principles of SBR technology and the components are
discussed. Transitional sanitation facilities including community toilets and bio-toilets are also suggested.
Solid waste management for collection of waste in the catchment using innovative technologies is also

brought out.
1.2.3 Project Cost

The cost estimates are worked out using Delhi Schedule of Rates (DSR 2019), the schedule of rates of the
state government (PRICE) as per price index of 2019, relevant Indian and International codes, and market

rates as applicable. The cost estimates are summarized under six categories:

A. Canal Oriented Development

The cost estimates are further divided into various activities which was worked out considering cost of
each canal as shown in Table 1.1.

KMRL/IURWTS/DPR/R0O Page 1-12



Table 1.1: Canal Oriented Development

A\

Project Activities

Amount
(INR crores)

Canal cleaning and water hyacinth removal: Water hyacinth and other floating
materials including plastic waste deposited in the canal a need to be cleaned.
Provision has been included for cleaning the canal during the start and completion
phase of the project i.e. during the preconstruction phase, and on completion of
the project

2.10

Canal widening and deepening: The width of five canals are restored to the
original width of canal as per village record and ensuring that the requirement for
flood mitigation and navigation of vessels are met. The dredge level has been fixed
taking into consideration the hydro-geological aspects and the minimum
navigation depth to be maintained during low tide water level in the canal.
Proposal to desilt the sub canals at essential locations is also proposed

33.73

Shore protection: Different types of shore protection measure have been studied
and the detailed design and estimate will be based on site-specific type
requirement.

138.48

Reconstruction of roads along canal: The reconstruction of damaged roads along
the canal affected due to the widening of canals has been considered.

10.32

Reconstruction of road bridges: Based on the parametric analysis for different
types of road structures chosen, site specific road bridges having a uniform and
aesthetically pleasing appearance and in line with the canal-oriented development
activities will be finalized in the detailed design and estimation stage. The
reconstruction included is for 56 nos. bridges.

69.45

Reconstruction of foot bridges: Steel structure which are environmentally
acceptable, aesthetically pleasing, and easy to assemble are proposed for the
reconstruction of footbridges. Total 31-foot bridges for reconstruction and 15 nos.
new for crossover of the utilities are included.

16.10

Regulatory arrangements with automatic operations and pumping
arrangements: Three major canals will have locks on both ends to maintain the
required water levels in the system for movement of navigation vessels. This
system will also prevent the reverse flow of monsoon flood waters from the
surrounding bodies into the canal. Direct sediment inflow from the flood waters
will also get reduced drastically. Regulatory shutters will be designed and
fabricated with the help of specialized agency, and hence a lumpsum provision of
has been made based on market analysis.

30.00

KMRL/IURWTS/DPR/RO
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Project Activities

Amount
(INR crores)

Construction of access road to road bridges: As the bridge heights are increased
to provide a clearance height of 4 meters, gradient correction to the access roads,
reconstruction of damaged portion and demolishing charges are required.

35.16

Canal bank beautification with landscaping & promenade: Considering the
availability of free space, limited encroachment and the location advantage,
beautification of 4 km on either side of Edappally canal is included. The canal bank
beautification benefits to the well-being of people and encourages lifelong
tranquility that is in harmony with nature. It also adds value to the tourist
infrastructure of the city and to increase the open area and parks inside the
catchment. As per site availability, it is also proposed to provide walkways, fencing,
and landscaping in limited stretches along other canal banks where space is
available after implementation of the development activities.

55.00

Construction of jetties and jetties terminal buildings: The choice of location of
the jetties are determined by the intermodal connectivity with the rail metro,
water Metro, and road modes, i.e. the first and last mile connectivity. The
navigational width of 16.5 m was estimated for 2-way movements in the project
canals. Jetties and jetty terminal are designed for an average plinth area of 70
sg.m considering minimum CAPEX and O&M cost. A total of 30 jetties is proposed
to meet the navigation requirement

10.00

Construction of office building for Special Purpose Vehicle with testing
laboratory: An institutional mechanism to monitor the post implementation stage
activities is suggested. To house the SPV office a plinth area 1200 m? is added to a
jetty terminal near Lulu mall along Edappally canal. The other facilities provided in
this building are a water quality testing laboratory, a tidal fluctuation
measurement unit, and a control office connected to all the CCTV units along the
5 canals. The building cost has been estimated, and lump sum provision added for
the other facilities proposed.

6.00

Construction of access roads to jetties and jetty terminals: Access roads to the
jetty terminals will be improved.

8.84

Purchase of vessels / boats for navigation of passengers and tourism: Based on
the traffic survey results, number of boats with various characteristics have been
estimated to cater to the demand of the public.

10.00

Navigational aids, Signages, Markers and Way finding signages: Based on design
considerations, the required navigation aids and related accessories have been
estimated.

2.47
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. L. Amount
Project Activities
(INR crores)
Miscellaneous items such as solar installations, EV chargers, electrical systems,
non-motorized transport like electric buses, etc. for last mile connectivity are 5.00
included to support the project operations.
Total X432.65

B. Urban Regeneration

The urban regeneration works include the provision of sewer lines on both sides of the canals, sewage
interceptors to collect the sewage load from the sub canals, and pumping systems to pump the sewer
load from interceptors into the main sewer line. A total of 5 STPs is proposed to treat the sewer load
generated in the project catchment. The catchment has been divided into 2 sectors along the NH 544
which cuts across the project catchment in the east-west direction. The southern side catchments of
Thevara-Perandoor, Chilavanoor canals and Edappally are proposed to be treated by 2 STPs. The northern
side catchments of the 3 canals are proposed to be individually treated by 3 STPS. Sanitation facilities for
inhabitants who are not connected to the sewer lines are also proposed. As a transitional facility, bio-
community toilets are proposed at every 500 m along the canals during the project implementation phase.
These community toilets would prevent sewage being discharged into the canal. Solid waste management
load has been assessed for the catchment and alternate management measures are suggested. (Table

1.2).

Table 1.2: Urban Regeneration

Amount

Project activities
(INR crores)

A full sewer network for the entire catchment with individual household, sewer
network connectivity including interceptors, manholes, inspection chamber, X260.69

pumping stations, etc. is proposed

Establishment of five STPs: The sewer load of the entire project command to be
treated over and above the existing and ongoing scheme has been estimated as
31MLD. The sewer load of the southern side catchment of Thevara-Perandoor and % 101.96
Chilavanoor will be treated by a STP of 10 MLD at Elamkulam and the Edappally
served by a 10MLD STP at Vennala. For treatment of sewer load on the northern side

catchment of Thevara-Perandoor, Chilavanoor and Edappally, 3 Individual STPs are
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Project activities

Amount
(INR crores)

proposed at Perandoor (5MLD), Puthukkalavattom (4MLD) and Muttar (2MLD).

Provision for 15 years operation and maintenance are also included.

Sanitation Facilities: The transitional sanitation facilities for population is not
covered by the proposed sewage network has been included to prevent sewage

being discharged into the canal.

X26.65

Solid waste management: Kochi Municipal Corporation has already envisaged a
proposal for converting the solid waste into energy at Brahmapuram, Kochi. The
requirement of daily waste is 250 tons. IURWTS catchment falls within corporation
municipality and occupies a major portion of Kochi municipal corporation area.
Hence rather than having a separate plant, it is proposed to have a coordinated
effort with KMC for solid waste management for the initial 3-year period. Provision

for innovative collection methods are only proposed.

X3.83

Total

X393.13

C. Land Acquisition for Canal Oriented Development and Urban regeneration

The total area required for canal bank development is 37.50 ha and the total cost estimated is INR 437.27

crores. Land acquisition rates have been estimated based on the latest fair value rates fixed by the

government also anticipating a future fair value increase before the land acquisition process is complete.

Table 1.3: Land Acquisition for COD & Urban Regeneration

Amount
Land Acquisition
(INR crores)

Land Acquisition along canal banks: The land required for canal widening for
maintaining a fairway of 20.5 m along the banks of the 5 canals is estimated at %404.99
34.68 ha
Land required for access road for bridges and STP’s: The road structures across the
canals do not adhere to the navigation standard and hence the vertical clearance X25.41
for these structures need to be increased to 4m. By way of this gradient a
KMRL/IURWTS/DPR/R0O Page 1-16



A\

correction to the roads on either side acquisition is required and the estimated

areais 2.22 ha.

Land required for access road for jetty terminals: Land acquisition required for
%6.87
developing road access to jetties and the area required is estimated as 0.60 ha.

Total X437.27

D. Other Specific Contracts

A lumpsum provision has been given for the study of other specific contracts (navigation sector) for INR
2.50 crores for canals to be taken up adjoining to the canals of this project catchment. The environment
management plan approved by (MoEFCC) also needs to be monitored during the implementation stage
for all activities and provision has been included for monitoring the quality parameters for 5 years and
lump sum provision of 2.00 crores is proposed. Project management cost, Specialized work like LIDAR
survey, public campaign/social awareness management has been estimated for Rs 30 crores. The total

cost of INR 34.50 crores is proposed for these activities.

E. Rehabilitation & Resettlement/Building Compensation including Land Acquisition

Based on initial survey (NATPAC 2018), 181 dwelling units with a total population of 559 distributed over
3 colonies (P and T Colony and Udaya colony located on Thevara-Perandoor canal and old Kudumbi colony
located at Chilavanoor canal) were estimated to be resettled. The land measuring 7.73 acres with a cost

of INR 29.61 crores located at Kakkanad was identified for resettlement of the 181 slum dwellers.

A Social assessment study was carried by Antea Group to re-validate the number of units for R&R. The
study identified an additional 99 squatters thereby 280 (181+99) number of units is presently to be
resettled. The concept design proposed in the land identified is for 7 blocks (10 floors, 40 units each). The
total estimated cost for the 7 blocks including land cost has been worked out at INR 108.37 crores. The
DPR for R&R resettlement for 280 units has been prepared and included as an Appendix Volume 1 to this

report.

The structures falling in a 20.5 m fairway in all project canals was also studied under the social assessment
study and the Project Affected People (PAP) affected by implementation of the project was re-validated.
The study brought out that 94 structures are completely affected, and 791 structures will be partially
affected in the 20.5 m development zone. Buildings Compensation cost for PAP & PAF categories have

been assessed and is estimated at INR 58.35 crores.
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The removal of utilities including bridges/culverts (to be handled by respective department) has been

roughly assessed and a lumpsum amount of INR 30 crores has been included.

The summary of cost estimates for Canal Oriented Development (COD) & Urban regeneration (UR) is

estimated including land acquisition cost is INR 1528.27 crores as given in Table 1.4.

Table 1.4: Summary Cost for COD and Urban Regeneration

. Amount
Sl. No. Project Components
(INR Crores)
A. | Canal Oriented Development X432.65
B. | Urban Regeneration X393.13
Land Acquisition cost for Canal oriented development & Urban
C. i %437.27
regeneration
Specific projects, Environmental monitoring, Project management cost,
D. | Specialized work like LIDAR survey, public campaign/social awareness X34.50
management
Rehabilitation & Resettlement including utilities shifting X196.72
Development of Konthuruthy Canal (Additional work) X34.00
Total X 1528.27

F.

Infrastructure / property development for generation of revenue.

The IUWRTS project aims to achieve better living conditions and tourism promotion in the canal
catchments by focusing on canal-oriented transport development approach. Being a large
infrastructure, it is a capital-intensive project with a long gestation period. The residents and
businesses within 1000m distance on both sides of the project canal banks will be connected to the
sewerage network, boat jetties and parks and canal metro connectivity into the urban fabric. This will
help an intermodal connectivity with the rail metro, water metro and road transport. Therefore, other
revenue generating models such as Value Capture Financing (VCF) and Transit Oriented Development
(TOD) will be explored. VCF and TOD are methods of funding infrastructure improvements by
recovering all or some of the increase in property value generated by the public infrastructure
investment. The benefits accruing from the same may be transferred to the SPV undertaking this

project.

The EIRR and FIRR for the canal development and urban regeneration has been worked out and is

given in Table 1.6.
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Table 1.5: Economic Internal Rate of Return (EIRR) and Financial Internal Rate of Return (FIRR)

Sl. No. Project Components EIRR% FIRR%
1. Canal Oriented development and Urban regeneration 26.41 5.24

Capitalizing the popularity gained among the people within Kochi and the Kerala state, this project will be

a milestone project for canal transport and urban regeneration space in the country.
1.2.4 Implementation framework and Risks

An overview of baseline environment conditions conducts of environmental impact assessment (EIA)
study, preparation of environment management plan (EMP), monitoring the environment parameters
(air, water, noise, etc) is presented. The impact of the development activities on air, water, noise, land
and environmental safety hazards and management aspects of monitoring to protect the environment
and coastal zone and ensure sustainability is detailed. Considering the applicability of CRZ regulation
under which this project command is located, environmentally sustainable and financially viable activities

with other revenue generation infrastructure models along the canals have been proposed.

Various risks are identified which include financial/monetary, schedule, scope, safety, environmental,
etc., which will be assessed during various stages of the project implementation. The risks are also
identified for the planning and design, preconstruction, and construction phases. Accordingly, the
gualitative risk rating matrix has been prepared along with the proposed mitigation measures to address

these risks during project implementation.

A project implementation framework and the roles and responsibilities of the SPV has been discussed
during design, construction and operation and maintenance. The SPV will act as a nodal agency for project
implementation and require support of various line departments such as Irrigation Department, Public
Works Department, Revenue Department, Environment Department, Tourism Department, Survey and
Land Records, Kochi Corporation, GCDA, NGOs and other agencies who will play supporting role in
implementation and development of this project. The role of various committees are suggested such as
an apex committee to settle disputes, a state level monitoring agency to undertake surprise inspection of
the works and a project monitoring committee at the SPV level to monitor the project progress

periodically.

A contract management strategy has been discussed with various contracting options for civil works, PPP,
goods & purchase, operation, and maintenance that are planned to be tendered out on appropriate

modes of contracting are discussed. Pre-qualification and tendering processes for the identification of
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various boat manufacturers is presented included in the proposed implementation period. The work
breakdown structure and the implementation schedule of 32 months has worked out, considering
implementation of works concurrently and prioritization. The implementation period for this project is

assessed as three years, and the canal routes are expected to be fully operational by June 2023.

As per environmental and social safeguard policies of MoEF&CC, the compliance to the statutory
framework is being followed and will be implemented during construction stage. The KMRL has applied
to MoEF&CC and other statutory agencies seeking required environmental and CRZ clearances for the

project including the consent to establish from KSPCB.

The quality assurance and quality control plan are important for the works to ensure the quality
procedures, quality tests, periodicity with IS codes, details of personal and labs facilities, format of
reporting during implementation. The environmental protection, health and safety measures must be in
place to protect the interests of all the people who are directly and indirectly involved in the project

implementation.

After reconstruction and restoration of the five canals, infrastructure created need to be maintained to
keep them functional for navigation, water conveyance as well as keep the water quality at the desired
level. Before commissioning of project assets, operation and maintenance plan for all infrastructural

components will be finalized considering the provisions of various contracts and SPV’s mandate.
1.2.5 Conclusion

The IURWTS project addresses the issues of the Kochi city by restoring inland navigation, promoting last
mile connectivity, protection from flood inundation in canal areas, improvement in urban spaces, and
sanitation facilities. It aims to achieve better living conditions and enhance livelihood opportunities for
the people as well as tourism. The development of inland canal navigation will enhance greater

connectivity between Rail Metro and Water Metro and augment the tourism activities in the city.

Major project components include canal-oriented development and urban regeneration. The total project
cost for canal-oriented development excluding the capital cost for revenue generation stream is X 1528.27
crores, with good potential returns in next 25 years. The excess land available after the development
process is suggested to be leased or sold out and the anticipated revenue is around 60 crores. This project,
once implemented in the next three years, will be a milestone project in the inland navigation and urban

regeneration sector and pave way for other similar projects in Kerala state.
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2 REQUIREMENT / DEMAND ANALYSIS

2.1 Introduction

A network of canals that were used for navigation purposes earlier and were more vibrant crisscrosses
Kochi city. Due to urban sprawl and other modes of transport finding more importance, Kochi city canals
got neglected and have become space for encroachers, slum dwellers, unplanned infrastructure activities,
point and non-point source sewage disposal and waste dumping. The water carrying capacity has been
completely lost and consequently, flooding in the adjoining areas of canals have become a recurrent

phenomenon in many parts of the project catchment.

Antea Group Netherlands (General Consultant) selected for assisting SPV signed the agreement on 19

November 2019.

Letter of Acceptance (24-10-2019) Signing of agreement (19-11-2019)

The IURWTS Project envisages to restore the 5 canals in the command as given in Figure 2.1 for navigation
of vessels, flood mitigation in the catchment and to make the canals pollution free. The program named
‘Room for the river’ in Netherlands is one such initiative, wherein by creating more room for the river, the

objective was to provide more space for nature, navigation, and recreation.

KMRL/IURWTS/DPR/R0O 2-1
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Figure 2.1: IURWTS project command

Pictures depicting the current dilapidated situation of the canals along a few stretches is given as Figures

2.2,2.3,2.4and 2.5.

Ch 3800m Edappally canal (waste dumping) Ch 4200m Edappally canal (Water pipeline

crossing
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Ch 1130m Edappally canal (Rail bridge crossing) Ch 6200 Edappally canal (Private flat)

encroachment in water way

Figure 2.2: Edappally canal stretches

Ch 4130m Chilavanoor canal, Kaloor JLN Metro Ch 3460m Chilavanoor canal vent way reduced

NH crossing and covered by slabs to increase road width

Ch 5880 Canal water way reduced for Ch 5750 IMA house Chilavanoor canal

construction of Private road bridge encroachment of vent way
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Figure 2.3: Chilavanoor canal stretches

Ch 3800m Utility crossing Gail gas pipeline (T-P Ch 6470 P&T Colony slum encroachment (T-P

canal) canal)

Ch 9200 KWA water pipeline crossing (T-P canal)

Ch9850 old road bridge (T-P canal)

Figure 2.4: Thevara-Perandoor canal stretches

Ch 520m Waste accumulation -Market canal Ch 650 Vegetative growth inside Market canal

Figure 2.5: Market canal stretches
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The project activities described in this DPR are such that they are both environmentally acceptable and
sustainable. This chapter deals with the requirement and demands of the inhabitants and stakeholders of
the project command. Before arriving at conclusion on the activities that have been taken up under this

project, detailed stakeholder consultation was carried out.

2.1.1 Stakeholder consultation

In order to have a clear understanding of the requirement of the stakeholders, the first step initiated by
Antea Group was to identify the important stakeholders, NGOs, senior citizens, Government departments,
and public representatives of the project, who can add value to the planning of the project. This helped
SPV to initiate arrangements for interactions, meetings, and site visits with the stakeholders. The long-
term issues faced by the inhabitants, risk involved in the implementation process, and the benefits that

can be derived on implementation of the project were identified and discussed in detail.

The outcome of the interactions helped to:
1. Frame the concepts for the activities with the better understanding of the ground realities.
2. Improve public trust and confidence with a better understanding of the activities, which are taken
up under this project.
3. Identify stakeholders, retired government officials who guided in obtaining secondary data and
share important reports and legacy data in their possession.
4. Identify measures for Institutional strengthening.

5. Identify the causes and the actual locations in the project command prone to frequent flooding.

The identified stake holders were differentiated to prioritize, reconcile and balance the stake holders and
to closely monitor to maximize the benefits accrued to the project .The stake holders were divided on the
basis of whom to be monitored and managed closely, whom to be kept satisfied always and whom to be
kept informed about the progress on a regular basis. The major stakeholders are given below in Figure

2.6.

KMRL/IURWTS/DPR/R0O 25



Cochin Smart Mission
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Revenue Department

Irrigation Department
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Funding Agency Administrative Department
- (Keep Informed) (Keep Informed)
Figure 2.6: Major Stakeholders
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KMRL and Antea Group initiated discussions with all the stakeholders to understand the legacy data and to

understand the aspirations of each of the stakeholders.

Table 2.1: Stakeholder meetings conducted

meeting with
Cochin Smart
Mission Ltd.
(CSML).
Venue: CSML

conference room.

28" November

2019

Sl. Meeting details Departments Photos
No.

1 Stake Holder PWD, Kochi
Meeting with Municipal
concerned stake Corporation, Major
holder Irrigation Dept.,
department Hydrographic Dept,
officials. IWAI, BSNL,
Venue: KMRL Revenue, KSEB, IPE
conference room. | Global, CSML,

234 Nov 2019 AMRUT & SPV,
Antea Group (33
members)

2 Interactive SPV, CSML and

Antea Group.

(9 participants)

KMRL/IURWTS/DPR/R0O
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- Meeting details Departments Photos
No.

3 Interactive SPV, Kanayannur
meeting with Tehsildar, office
Tehsildar staff and Antea
Kanayannur Taluk | Group.

Venue: (10 participants)
Kanayannur taluk

office.

7" December

2019

4 Interactive SPV, Kanayannur
meeting with Tehsildar and staff,
Kerala State Antea Group.
Electricity Board (16 participants)
(KSEB) officials.

Venue: KMRL
conference room.
12" December
2019
5 Joint Site Visit, SPV, KSEB officials,

KSEB main
station, Kaloor.
Venue: near JLN
Metro Station.
13™ December

2019

Antea Group.

(15 participants)

ARSI
1L B v

KMRL/IURWTS/DPR/R0O
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Sl. Departments
Meeting details Photos
No. present

6 Interactive SPV, KWA officials
meeting with and Antea Group.
Kerala Water (9 participants)
Authority (KWA)
officials.
Venue: KMRL
conference room.
16™ Dec 2019

7 Interaction with SPV, SCMS, Water
nearby education | Institute staff with
institute, Water Post graduate
Institute SCMS, students, and
Karukutty. Antea Group.
Venue: SCMS, (12 participants)
water institute
conference room.
19" Dec 20109.

8 Interactive with SPV, KVHS team and

Kerala Voluntary
Health Studies,
Kottayam (KVHS)
(Social impact
assessment
team).

Venue: KMRL

conference room.

16" December

2019.

Antea Group.

(8 participants)

KMRL/IURWTS/DPR/R0O
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Sl. Departments
Meeting details Photos
No. present
9 Joint Site Visit, | KWA officials and
KWA STP plant. Antea Group.
Venue: (7 participants)
Elamkulam, Kochi.
23@  December
2019.
10 | Stake holder SPV, Stakeholders,

meeting with
NGOQ’s, senior
citizens, public
representatives of
the project
command.
Venue:
Government
Guest House,
Kochi.

21t January 2020.

Antea Group.

KMRL/IURWTS/DPR/R0O
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2.1.2 Requirements and Demands of stake holders addressed

The following are the activity-based requirements and demands of stakeholders that have been addressed

in this project report.

1. Canal rejuvenation: Canal dimension estimated to mitigate flood and for restoring navigation. The
upper limit of the canal width is fixed based on the village FMB records.

2. Canal bank development: Canal bank development is conceived with emphasis on reinventing the
forgotten waterways and the search of places for entertainment, pleasure, and tourism at the
waterfront.

3. Navigation of vessels: The quantification of boats and the type of vessels to be plied in the canal is
based on traffic survey results and environmentally friendly mode of transport included.

4. Sewer networks and sewage treatment facilities: A catchment area approach (which includes the
main canals and the sub canals) undertaken for calculation of sewer loads.

5. Sanitation facilities: Provision for sanitation facilities to the households that are not connected to
the sewer systems. Transitional sanitation facilities also included during the implementation stage of
the project.

6. Solid waste management: A coordinated approach with Kochi Municipal Corporation for solid waste
management.

7. Infrastructure property development revenue generation: Value Capture Financing & Transit
Oriented Development model proposed to be tried in IURWTS catchment after the development

activities are completed.

2.1.3 History of Cochin canals

Cochin (alternatively called as Kochi or Ernakulum) finds its way into modern history with the arrival of Vasco
Da Gama in 1498 and the advent of European colonialism. In the early 16" century, Mattancherry and Cochin
regions had grown to important trading posts where merchants and traders of various nationalities jostled.
Cochin thereby developed as a converging point of water transport (Figure 2.7). In the emergent phase of
waterfront development, settlements were established around a port with safe harbour suitable for cargo
and passenger ships. During this period, the waterfront had only a few trails converging at a jetty (Figure 2.8).
After that, a street pattern was slowly installed, buildings began to develop on the street pattern. The
settlement resulted in Kochi city and maritime trade stimulated urban development. The shoreline road

turned into a busy street.

KMRL/IURWTS/DPR/R0O Page 2-11



Integreed rban Regeneration & Waer Tersport System

In 1905, Ernakulam got connected to the rest of the country by railroad, and thereby the process of
urbanization picked momentum. The construction of highways largely changed the transportation pattern in
Kochi city. The inter-woven canal network of Kochi and suburbs, which once brought fame for easy
transportation at low cost became a sordid nightmare to the dwellers of the area. Several slums and
encroachment resulted in wastes, including night soil from these slums, nearby houses and waste materials

from shops, market, etc. being directly deposited in the canals.

022/l 102,_anoBenid_(1850-1897)

= ;? " 4 X —' - "o S e
Figure 2.7: Old Kochi harbor (1850-1897) Figure 2.8: Old photo of Kochi canal

f}

Considering the recurrent flooding in Panampally Nagar, near Thevara-Perandoor canal, Kochi, a PIL was filed
by a resident in the Hon’ble High court of Kerala to intervene and praying urgent action from the
administration. The Hon’ble court issued direction to Govt. of Kerala to impose ban and penal action against
people who dump waste/Garbage and drain of sewage into the canal. Govt. of Kerala issued orders, vide G.O
(Rt) 2466/2019/LSGD dated 06-11-2019 in this regard. Immediately SPV had initiated action at the
government level to extend the ban to other IURWTS canals also. Govt orders have been issued vide G.O (Rt)
no 823/2020/LSGD dated 04-05-2020 extending the ban to all the other 4 canals of the IURWTS project

command also.
2.1.4 Need for the Project
The major deficiencies at present observed, in utilization of these canal systems include:

e Narrowing canal width due to continuous encroachment by users and squatters.

e Discharge of sewage, solid waste dumping into the canals.

e Unplanned infrastructure development.

e Frequent flood inundation in adjoining areas of canal catchments.

o Neglect of canals water transport by the administration and emphasis given more on other on

alternative modes of transport.

KMRL/IURWTS/DPR/R0O Page 2-12



Intgred rban Regeneration & et Tanspart System

e Haphazard surrounding development around canals without giving importance to the utility of canals

thus creating hinderance to canal navigation.

Hence the need for Canal Oriented Development (COD) and Urban Regeneration is considered an urgent
need to improve the deficiencies and meet the growing stake holders need for better connectivity. In this

context the need for taking up this project was considered with following assumptions:

1. Revival of the canal network will develop the canals into a complementary mass rapid water transit
system for the city. This in turn eases the road traffic density in the city.

2. Modern water transport facilities available will improve the riding quality, comfort, travel time
through the canal system.

3. Cost of development of waterways is comparatively economical.

4. Rejuvenating the canal to its original conditions will improve the storm water drainage, mitigate
floods in the canal commands.

5. Revitalizing and reinventing the forgotten waterways will enhance density along the canal.

6. Improve monitoring of the canal systems, which will reduce to zero waste disposal, mosquito

menace, and carbon reduction

2.1.5 Goals and Objectives of the project

1. Canal Cleaning, 2. Flood mitigation
deepening & widening

Introducing measures

By Setting up to prevent the risk of
Centralized Sewage flooding and ensuring
Treatment and Disposal smooth water flow.

Systems curbing sewage
and solid waste

dumping.
4. Integrate the canals IURWTS 3. Improve accessibility
network with city and ensure stake holder

participation

Project

Making  the canals
navigable, the canal
waterfront accessible and
creating cross
connectivity with the
existing metro, water
metro and road public
transport system.

By creating a continuous
public realm along the
canals by  building
recreational spaces and
ensuring a more
contextual development.
Ensure stake holder
participation
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2.1.6 Action Plan for achieving the Goals and Objectives of the Project

The canals as it is now, is in a very dilapidated state due to the overuse. To bring back the canals to erstwhile

glory, Antea Group proposes a three-pronged approach as given in Figure 2.9.

Imposed Regeneration : The canal networks and canal banks which are in a state of
severe dilapidation are to be restored for navigation and flood mtigation and brought back
to its original state.

Prospective regeneration : The social and economic conditions which have
deteriorated are to be improved.

Participative Urban Regenration : The participation of public and private investment is
together harnessed.

Figure 2.9: Three-pronged approach
2.2 Status of Feasibility studies

Data collection

Based on the discussions with the stakeholders, missing data were collected and used for this DPR

preparation.

Secondary data collection
The details on the secondary data and the various stakeholder departments and individuals associated are
shown in Table 2.2.

Table 2.2: Secondary data and reports collection

Sl. No. Data type Department

Field measurement book (FMB), Litho | Revenue department, NATPAC/Directorate of

maps. survey and land records.

Population statistics, ward maps inside the
2 Kochi Municipal Corporation.

project catchment.

3 Tidal data. Cochin Port Trust.
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Sl. No. Data type Department

Ground water level fluctuation in open
4 State Ground water department, Govt. of Kerala.
wells and tube wells.

Tidal fluctuation in surrounding water

5 SPV/Cochin Port Trust.
bodies.

6 Discharge data of rivers. Irrigation department.

7 Survey of India Toposheets. Survey of India.

Indian Meteorological Department, Govt. of

8 Meteorological data (rainfall data).
India and CUSAT.
10 Bore log details. SPV
11 Solid waste management reports. Kochi Municipal Corporation.

Based on the situational analysis survey undertaken by Antea Group, one of the main issues raised by the
public, NGO’s and the elders of the society was that the minimum width of the canal for development should
be based on the village cadastral maps. Hence after collection of the cadastral maps and after studying the
requirement for flood mitigation and for navigation of vessels, the widths of 16.5m was estimated by Antea
Group. In places were the cadastral maps showed a larger width, the width shown in the FMB records was
used for estimation of the widening quantity by Antea Group. This was taking into consideration the concerns

raised by the stake holders.

These FMB records were used for ascertaining the original width of the canals. The same were digitised on a
GIS platform and along with the topographic survey AutoCAD drawing the comparison with the existing

situation was brought out.

Primary data surveys

Primary data collection is being arranged through field surveys for 1) validating the preliminary design
undertaken using the secondary data and 2) finalising the detailed design estimation and drawings before
the tender process are initiated. The requirement of additional data, survey and geotechnical investigation
was assessed, and the process of data collection has been initiated through various agencies. The list of

surveys, required data, and initiators are given in Table 2.3.
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Table 2.3: Requirement for Primary data collection

Sl. No. Survey Description of requirement Arranged by
Computer simulated hydraulic modelling
and flood plain studies and validation with
Third party LiDAR
LiDAR and results estimated by rational methods.
1 survey agency by SPV
Topography survey SIA study validation of affected houses
(completed)
Ground control points for Bathymetry
survey and cross section verification.
Validation of results of secondary data
Antea Group
2 SIA survey Identification of additional squatters and
(completed)
projected affected people, if any.
Validation of secondary data for final
Antea Group
3 Bathymetry survey estimation of the deepening and widening
(in progress)
quantity
Design drawings of cross structures, shore
Geo-technical
protection structure, STP and Antea Group
4 investigation (bore
10gs) infrastructure  property  development (in progress)
ogs
works
Survey of
Detailed estimate of sewer load and flood Antea Group
5 Catchment Sub
mitigation Completed
canals/ drains
Revalidation of water quality sampling test Antea Group
6 Water quality
results for STP design Completed
Antea Group
Land identification Validation of the land acquisition area
(in progress)
survey and land estimates of secondary data
7 (70% work completed,
acquisition Land identification and acquisition
completion in June
proposal proposal as per the changes necessitated
2020)

Land acquisition

To move forward with the development activities, the encroachment by squatters and slum dwellers along
the canal need to be urgently removed. The Government of Kerala anticipating the need had earmarked INR
566.52 crores in the KIIFB budget vide G.O(Rt)No 2010/2019/RD dated 23™ July 2019, of the Revenue

Department. During the land identification process, all the field measurement book records were collected
KMRL/IURWTS/DPR/RO
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from secondary sources; those that were not readily available were purchased from the Office of the
Commissioner, Survey and Land Records. On completion of the land acquisition proceedings the canal is
proposed to be widened after the resettlement of the slum dwellers and rehabilitation of project affected

people from the canal banks.

For validation of the land survey estimates, a separate land survey agency (Agilitus Infrastructure Pvt. Ltd.)

was engaged by Antea Group to start survey in January 2020.
The terms of Reference for the survey agency is as follows:

1. Stretches of the canal where the width of the existing canal is greater than 16.5 meters: land
acquisition is for a width of 2 meters along both banks for the laying of sewer lines.

2. Stretches of the canal where the width of the existing canal is less than 16.5 meter: land acquisition
needed for a width of 8.25 meters on either side of the centre line of the canal. In addition, 2 meters
will be acquired for laying the sewer lines.

3. Stretches of the canal where the existing width is less than 16.5 meters but where the land width
as per village records is greater than 16.5 meters: land acquisition needed for the entire width of
the canal as per village record.

4. The 4 km stretch along Edappally canal where canal beautification is considered: land acquisition
needed for a land width of 15 meters on either side of the canal.

5. Land identified along the canals for developing revenue generation models: Survey of locations
identified.

6. Land identified for the 30 jetties and jetty terminal facilities: Survey of locations identified.

7. Land acquisition needed for the road bridge reconstruction: land area required for the gradient
adjustment on either side of the road.

8. Land acquisition required for roads reconstruction along the canal stretches: Survey of locations
identified.

9. Land acquisition required for 5 STP’s along the canal stretches: Survey of locations identified.

Antea Group initiated the land identification validation process after discussion with KMRL Revenue Division

on 14-01-2020 as given in Figure 2.9.

The land acquisition proposal for Thevara canal and Edappally canal is complete and the survey agency
submitted the report. The survey agency has agreed to submit the land acquisition report for the remaining

3 canals by 30" June 2020.
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Figure 2.10: Kick off meeting with KMRL Revenue Division officials

The fair value of the land proposed for acquisition along the 5 canals were estimated in by NATPAC by
adhering to Gazette Notification SRO No. 698/2014 dated 14/11/2014. Govt. of Kerala (GoK). After the
submission of land acquisition proposal by NATPAC, the fair value of land was increased twice by GoK. The
first enhancement of fair value of 10 percent was by gazette notification SRO No.186/2018 dated 31/03/2018
and the second enhancement of 10 percent was by gazette notification SRO N0.311/2019 dated 30/04/2019.
The estimated provision in the this DPR has accounted for anticipated future increase also before the land

acquisition process is finalised.

2.2.1 Social assessment survey

In the social assessment survey undertaken by NATPAC (2018), the project affected people (units) affected
by the canal development proposal were identified as 181 units in 3 slum colonies of the project site. For
confirming the current situation, a survey was undertaken by the General consultant in Jan 2020 through
Kerala Voluntary Health Services (KVHS) Kottayam, a reputed NGO. In the 20.5 m corridor width were
development of canal are proposed, the draft validation survey report submitted by KVHS provided the
following details as given in Tables 2.4, Table 2.5, and Table 2.6. The squatters which was earlier estimated
as 181 units has increased to 280 units. The Social assessment report undertaken by Antea Group is included

as Appendix Volume 2 of this report.
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Table 2.4: Area details as verified from individual households

Possession of land (ha)
Houses Area G
Canals surveyed Government overnment | o ivate
surveyed (Nos.) i i
(ha) land land in pr!vate land
possession
Edappally 555 9 3.9 2.3 2.8
Thevara 239 1 0.9 0.1 -
Thevara-Perandoor 582 12.5 4.2 34 4.9
Chilavanoor 14 17.5 4.1 3.8 9.6
Market 118 1 0.58 0.05 0.07
Total 1508 41 13.68 9.65 17.37
Table 2.5: Details of category of house units (Nos.)
Houses Overlap in
P Additional to
Canals surveyed | Squatters | Slum dwellers Encroachers | Owners
. be resettled
(Nos.) of 3 colonies

Edappally 555 29 0 29 13 10
Thevara 239 2 0 2 4 2
Thevara-Perandoor 582 145 101 44 17 20
Chilavanoor 14 31 7 24 16 22
Market 118 0 0 0 0 0
Total 1508 207 108 99** 50%** 54
** Additional resettlement required: 99 Nos.
*** Encroachers who can be owners and decision after completion of land acquisition proceeding,
total eligible for full building compensation: 104 Nos.

The loss of structures (such as compound walls, partial portion of houses, etc.) is given in Table 2.6. The
compensation measures will be finalized after revalidation with the LiDAR survey data. The land acquisition

process will be taken up by KMRL after approval of land acquisition details.

Building compensation

The existing buildings within the 20.5 meters buffer zone were classified into single floor RCC, double floor
RCC, more than two floors RCC, sheet roofed, tiled roof, and other types. The revalidated survey report with
details of PAP submitted by KVHS is given as Appendix Volume 2. to this DPR. The number of PAP assessed

for a 20.5 m fairway, include a total of 104 units whose buildings will be completely lost, 791 units who are
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partially affected and for which compensation measures have been proposed. The financial estimates and
costing for rehabilitation and resettlement are provided in detail in Chapter 6 (Financial Estimates & Cost

Projections) of this report.

Table 2.6: Loss of structures in 20.5m corridor width surveyed (Nos.)

Type of Structures
Canals Residential | Commercial (r:)cr’cr):z::; ::‘J;‘;::; Gc;\:i:)r;r:lsnt Total
resources
Edappally 246 36 2 4 4 292
Thevara 11 0 1 0 1 13
Thevara-Perandoor 210 28 2 2 3 245
Chilavanoor 0 32 0 0 1 33
Market 186 18 0 2 2 208
Total 653 114 5 8 11 791

Passenger demand survey

For validating the demand analysis in this DPR, the survey data of the NATPAC DPR (2018) was used. These
included: 1) the total tourist demand, 2) a road network inventory, 3) traffic counts, 4) origin and destination,
5) stated preference survey of bus passengers 6) passenger boarding alighting survey, and 7) tourist interview

surveys.

The probable users to move over to the canal mode has been categorised into 3 categories is given in Table

2.7.
Table 2.7: Potential users and their requirement
Sl. No. Kinds of users Requirement
Locals, domestic and foreigners | Only those who walk to the nearest
1 I .
visiting Kochi bus stops or those using IPT modes
Who can use the navigation facility for their first mile/
Residents who reside by the side of
2 last mile connectivity and for their various uses are
the canals
considered for regular boat services.

KMRL/IURWTS/DPR/R0O Page 2-20



Integreed rban Regeneration & Waer Tersport System

Sl. No. Kinds of users

Requirement

Regular floating Population other

than tourists

Visitors who are attracted by the beautification and

facilities developed along the canals

Local and floating population

including tourist

Who are attracted to the proposed infrastructure

revenue stream models along the canal

As per the Kerala tourism statistics (2014), the growth rate of tourists in Kochi city is estimated at seven

percent every year. Hence, applying this growth rate the daily expected tourist in peak month of January

2019 is projected at 7,921 as given in Table 2.8.

Table 2.8: Tourist arrivals in Kochi city

Tourists arrivals and projected tourists (Nos.) to Kochi city
Type of Tourists 2017%* 2019 (projected)
Foreign 1,65,000 188,908
Domestic 17,85,000 20,43,646
Total 19,50,000 22,32,554
Projected total during peak month (January)

- 2,45,580

(with 11% YoY growth)
Per day projected, peak month - 7,921

*Estimated @ 7% growth per year (Source: Kerala Govt. Tourism Statistics, 2014)

Road Network around the canals

The frequency of public transport along the roads running parallel to the canals in the immediate influence

zone of 0-1km is found to be very low or nil in certain canal stretches as per the secondary data used for this

study. The existing road network map is shown in Figure 2.11.
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Figure 2.11: Road network parallel to the canals
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Demand from resident/ floating population

Passenger demand for boat services in the Kochi canals has been estimated by taking two components of
road users. One is the bus passengers having their first mile/ last mile connectivity close to the canals. Second
is the IPT users who ply on the roads parallel to the canals. As per boarding / alighting surveys and stated
preference surveys carried out at bus stops, the number of passengers using the bus stops on the bus routes

close to the canal and those likely to use the canals have been estimated and given in Table 2.9.
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Table 2.9: Likely users shifting from bus/IPT passengers

Sl Bus passengers IPT passengers . .
Canal Total (likely to shift)
No. Total Likely to shift | Total Likely to shift
1 Edappally canal 7157 296 19130 792 1088
2 Chilavanoor canal 6668 462 34190 2380 2842
3 Thevara- 12775 1516 31830 3777 5293
Perandoor canal

Mid-Block Traffic Counts

A mid-Block traffic counts survey data was used to capture the incidence of Intermediate Passenger Traffic
(IPT) modes. People travelling by IPT modes are considered to be the potential passengers for diversion to
canal boat services. The maximum and minimum percentage of IPT mode along the existing roads

surrounding these three canals have been inferred from the survey results as given in Table 2.10.

Table 2.10: Maximum and Minimum % IPT mode in 3 canals

Stadium | GCDA to
Vennala Edappally to Deshabhimani KP Vallon
link Salim raja
Parameters road Kunnumpuram road road
road road
Edappally Chilavanoor T-P canal
IPT mode (Nos) 1490 9142 6442 1417 2936 3381
No. of Vehicle 16977 42318 19574 14414 27663 16174
Peak hour volume
1362 2962 1370 1009 1936 1151
(PU)
Peak hr capacity
900 1500 900 1200 900 900
(PCU
V/C ratio 1.51 1.97 1.52 0.84 2.15 1.28
% of IPT Mode 8.78 21.60 32.91 9.83 10.61 20.90

On all the roads, the proportion of autorickshaws (IPT) range from 8% to 20%. Hence, it is necessary to

consider another mode of feasible transport facility that can be developed to reduce the traffic. Table 2.10

also shows that the requirement of other feasible modes of transport facility such as the use of the canals

will reduce road traffic.
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Canal wise travel pattern

Travel pattern of bus passengers at the bus stops close to Edappally, Chilavanoor and Thevara Perandoor
canal were analysed from the secondary data. It was analysed that within 1 km zone, the passenger usage by
bus in Thevara -Perandoor canal was 39% and near Edappally only 11% of total passengers. However, in the
zone length of 1 to 3 km, passenger usage by bus in Edappally canal was 34% and in Thevara-Perandoor only

12% of total passengers (Table 2.11).

Table 2.11: Canal wise travel pattern of bus passengers (% distribution) at the bus stops close to IURWTS

canals
Edappally Chilavanoor | Thevara-Perandoor
Type of Trip Pattern
canal (%) canal (%) canal (%)
Internal within the canal length (0-1 Km) 11 21 39
Internal-External and external -Internal (1-3 Km) 34 28 12
Through Traffic 55 51 49

Source: NATPAC DPR (2018)

Findings of the above data indicate that once the canal rejuvenation, canal bank development and
beautification in Edappally canal is completed, there will be a shift of passengers using bus to move to the
canal mode travel. The outcome will be a demand shift for passengers to use the canal mode travel within
the zone of 1 km. In addition, there will be a shift of bus passenger usage to canal mode travel from zone 1

km to 3 Km.

Stated Preference Survey of bus passengers

From the stated preference survey data of bus passengers, the trip pattern at gathering points was analysed
at bus stops and metro stations near the canals. The mode of travel, time taken, and cost spent were studied
from first origin to origin for the boarding passengers and from destination to final destination for the
alighting passengers. It revealed that out of the 2647 passengers surveyed along Edappally canal, Chilavanoor

canal and T-P canal 57 percent passengers indicated preference to use the canal mode of transport.

The Stated Preference Survey (SPS) of bus passengers is given in Table 2.12.
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Table 2.12: Stated Preference Survey (SPS) of bus passengers

Sl. Edappally | Chilavanoor Thevara-
Details Total
No. canal canal Perandoor canal
1 No. of passengers interviewed 870 968 809 2647
No. passengers of origin &
2 89 200 312 601
destination near canal
3 No of passengers using walk out 50 141 183 374
4 Aware of the canal development 635 294 460 1389
5 Likely to use canal 629 462 427 1518
6 % of usage (Row 5/Row 1) 72.3 47.73 52.78 57.35
7 No. of passengers likely to shift 36 67 96 199
8 % of Passengers likely to Shift 4.14 6.92 11.87 7.57

Tourists interview survey

The tourist interview survey undertaken to find out the awareness of canal usage for transportation among

tourists. A wide range of sample was collected covering local, national, and international tourists (Table 2.13).

Table 2.13: Tourists interview survey

Sl. No. Details/Canals Number Points

No. of tourists interviewed 457 100

2 No. of tourists interested in backwaters 88 19.26
No. of tourists aware about

3 Edappally 41 8.97
Chilavanoor 4 0.88
Thevara-Perandoor 22 4.81
No. of tourists willing to use

4 Edappally 264 57.77
Chilavanoor 245 53,61
Thevara-Perandoor 254 55.58
No. of tourists interested in backwaters and willing to use

5 Edappally 37 8.10
Chilavanoor 36 7.88
Thevara-Perandoor 36 7.88

Considering the limited availability of public transport in the 0-1 km zone of the canal as inferred from the

survey statistic of NATPAC (2018) the probability of shift of passengers from the bus mode to canal mode is
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very promising. In Edappally canal the users of bus mode is already less due to the non-availability of bus
mode as mentioned in Table 2.12. Based on the tourist demand survey results as given in Table 2.13 and on
the stated preference survey as given in Table 2.12, it is expected that after the implementation of the canal
oriented development the shift of passengers to canal mode from bus mode will be more than 70 percent in

case all three canals.

Swot Analysis
Based on the data collected, completion of stakeholder meetings arranged by SPV, conclusions from site
visits and surveys involving various components at the project sites, the Strength, Weakness, Opportunities

and Threats (SWOT) analysis have been prepared for quick understanding as given in Table 2.14.

Table 2.14: SWOT Analysis

4)Canal waterfront
development at
specific location

Environment
sustainable
waterfront
structures.

Activities Strength Weakness Opportunities Threats
Canal Restoration
1)Cleaning the canal
from Water .
hyacinth, and Obtaining
v ! Helps in bringing Helps to generate CRZ/EIA
Permanent removal
back the canal to revenue from water | clearance for
of waste. the original state transport deepening and
2)Desilting and & ' port. epening
. . widening.
widening and soil
removal
Shore protection Realtors and
P Regulatory encroachers
. . political
3)Shore/Bank design width and | formed will brin .
rotection depth section will & influence to
p pt A b.ack.the canalto a get going with
contain the floo dilapidated stage. the work
flows.
smoothly.

Flood mitigation and
losses incurred due
to water logging.

- Revenue
generation through
tourism promotion.
- Intermodal
transport.

Protest from
public for
reducing the
existing road
width by the
sides of canal.

Separate Sewer

Regulatory modes

Protest from

lines to tap the Regulatory authority | public on the
. to treat the sewer | . . .
sewer flows into if not formed will location
o . flow from houses .
5) Sanitation canals with . bring back the canal | selected for
- by the side of o
treatment facility | . L to a dilapidated Sewage
incoming side
from houses by L stage. treatment
. drains into canal.
side of canal. plant.
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Activities

Strength

Weakness

Opportunities

Threats

Obtaining
CRZ/EIA
clearance.

6) Roads and land
Scaping

Road network and
landscape
improvement will
help in intermodal
connectivity.

Space constraints
in developing the
road after
increasing the
width of the canals
will be a major
constraint.

Revenue generation
and an opportunity
to redesign the
storm drains and
roads to mitigate
floods.

Protests from
publicin
increasing the
width of canal
by reducing
the side road
width.

Obtaining
CRZ/EIA
clearance.

7) Reconstruction of
cross structures

Road bridges and
foot bridges to be
reconstructed
with required vent
way from vessel

Action to realign
the utilities
(Pipelines, cables
etc.) crossing the
canal.

Regulatory authority
to check the
unauthorized
construction of cross
structures.

Obtaining
CRZ/EIA
clearance.

Protestin
Reducing the
existing road

movement. width by sides
of canal.
. To have better
Developing the ..
. connectivity to other | .
Helps in canals for the ) interference
. inland modes (Metro .
— Intermodal entire stretch due . ) from private
8) Routes and jetties .. . stations, bus station | .
connectivity to to major inland bus
. etc.) transport and
nearest etc. bottlenecks is a operators.

remote possibility.

reducing the
distance of travel.

Alternate housing | Plinth area Reluctance of
A for slum dwellers | acceptance for Opportunity to clear | slum dwellers
9) R&R Activities
) and better R&R by slum encroachment. to move to
standard of living. | dwellers. urban sites.
Opportunity to go in
Modernization of for new revenue
infrastructure in )
Infrastructure/ addition to Difficulty in going | 8eneration models CRZ/EIA
Property strengthening of in for concrete like Value Capture clearance for
development by existing ones and | structures due to _ ' ' concrete
landowners/builders | landscape will CRZ regulations. Financing & Transit | s¢ryctures.
help in increasing Oriented
tourism potential.
Development
Adverse
climate
Intermodal . .
- Cost of transport . conditions like
Navigation through No door to door connectivity can .
less compared to . . . winds and
canal-based mode service possible. improve
other modes. . thunderstorms
opportunity. .
can disrupt
navigation.
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2.3 Major components of the project

The IURWTS Project has 3 components as given in flow chart given as Figure 2.12.

IURWTS Project

Infrastructure Property
Urban Regeneration Development by
property developers

Canal Oriented
Development

Figure 2.12: Major components of the IURWTS project

2.3.1 Canal Oriented Development

The canal-oriented development will meet the requirements and demands of various stakeholders as well as

it will add value to the overall canal improvement and development.

2.3.1.1 Canal cleaning

Canal cleaning is a recurring phenomenon rather than a one-time activity. The growth of water hyacinth is
seasonal; it cannot be quantified exactly and hence lumpsum cost provision to periodic cleaning the canal

during the start, implementation and post implementation stage has been included in this DPR.

2.3.1.2 Desilting and widening of canals

The major demand from the stakeholders was that, during the widening process of the canals the original
width as shown in the village Field Measurement Book (FMB), records should be maintained. In places where
encroachments had taken place, and the cadastral maps showed a larger width (> than design width of
16.5m), the width shown in the maps was used for estimation of the widening quantity by Antea Group. In
places where the existing canal width was greater than the fairway width of 24.5m, deepening quantity was

limited to 24.5m. This was taking into consideration the concerns raised by the stake holders.

The Field Measurement Book (FMB) records obtained from Survey and land records office at

Thiruvananthapuram were used for ascertaining the original width of the canals. The same is digitised on a
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GIS platform and along with the topographic survey AutoCAD drawing the comparison with the existing

situation is brought out.

As per the navigation standards of IWAI, for a canal influenced by tidal level fluctuations a minimum
navigation requirement depth is to be maintained all throughout the year. To fulfil the depth requirement,
the criteria as per standard guidelines for small canals was followed. A depth of 1.2 m below the low water

level (LWL) of +0.3m MSL is estimated by Antea Group and the deepening quantity estimated accordingly.

By considering the above criteria the quantity of deepening and widening of canals were reassessed, at closer
intervals of 15m along the canal reach. Twenty percent of the earth obtained from deepening and widening

is proposed to be reutilised for developing the following:

1) Low lying areas along the canal banks,
2) Low lying areas of the land used for beautification and land scaping in Edappally canal

3) Bio -engineering works for embankment formation

Bank protection

The requirement for shore protection in the low-lying areas of the canal is to prevent flood waters entering
into the catchment when the water level in the canals are high during the South-West monsoon (June to
Sept) and North-East monsoon periods (Oct-Nov) of the year. Parametric analysis of different types of shore
protection was undertaken and the pros and cons of each evaluated. Even though sheet piles are favoured
based on site conditions and execution easiness, on account of the limited geotechnical data, site specific
design on the type to be followed will be segregated during the detailed design and estimate phase. Hence
site-specific proposals will be finalised during the detailed design and estimation stage. The shore protection
stretches have been decided based on flood zone map generated and is given in Table 2.15. The detailed

analysis on shore protection is also addressed in Chapter 3 (Functional Design) of this report.
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Table 2.15: Details of the existing width of the canals

Protection
Proposed width | Existing length of
Total Length Length works
Sl. No. Canal of canal (mt.) for canal>16.5m
(Km) <16.5m (Km)| Proposed
development (Km) / (%)
(Km)
1 Edappally 11.23 16.5 7.11 (63.3%) 4.12Km 2.1Km
2 Chilavanoor 11.15 16.5 3.2/ (33.18%) 6.68 Km 4.2Km
Thevara-
3 9.88 16.5 3.7/ (28.7%) 7.45 Km 4.3Km
Perandoor
4 Thevara 1.41 16.5 1.09/ (77.8%) 0.315 Km nil
5 Market 0.66 16.5 0.510 (76.8%) 0.154 Km nil

2.3.1.3 Regulatory shutter arrangement

A concept design for a regulatory mechanism has been formulated by Antea Group at the canal ends. The
shutters will regulate the change in water level during the high and low tide time and will prevent water
entering the canals when the water level in the surrounding water bodies are high. During this period, when
the water level in the canal rises, pumping arrangements are also proposed to pump out the flood waters

from the canal. Total 6 shutters are proposed for the 3 major canals.

2.3.1.4 Canal bank development and beautification

The increasing pace of urbanization and industrialization has left Kochi city with minimum avenues for
recreation and open green spaces. The stakeholders demand for canal developments that will provide
residents access to new recreation opportunities and an expanded awareness of the natural aspects of river
life has been addressed. The developed canal banks will attract a growing legion of morning walkers and
runner. Added to this, beautification works in Edappally canal banks will attract public sites connected by
linear greenways and the developments together will animate the waterfront with the light and life of the
city. As canal beautification is a value addition to the entire project it has been dealt separately under Chapter

5 Value Engineering.

2.3.1.5 Restoring navigation in canals

Estimation of passenger demand is one of the important steps to determine the usage of a new transport
facility. The estimated future use of a new facility is a critical consideration in deciding whether to go ahead

with the project or not. An exhaustive traffic survey was undertaken by NATPAC (2018) to assess the
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passenger demand to shift over to the canal mode of transport in the 3 major canals (Edappally, Chilavanoor
and Thevara-Perandoor canals). The base data used for the NATPAC survey was from the Kerala State Tourism

Department (2014).

2.3.1.6 Navigation Facilities

The major city canal navigation related requirements from stakeholders are:

1. Adequate interchange facilities between different modes of transport.
2. Adequate number of jetties and fleet strength.

3. Modern facilities in jetty terminals.

2.3.1.7 lJetties

The PHPDT secondary survey data® was used to decide on the hourly passenger density for the jetties
proposed under the project canals. The demands of stakeholders have also been addressed while fixing the
location of the jetties. The passenger traffic demand survey results (NATPAC 2018) was used to finalize the
choice of the jetty locations. Location of jetties and their numbers were revisited and aligned to the changes

to accommodate the requirement in this DPR.

The criteria adopted for fixing the location is detailed in Chapter 3 (Functional Design) of this report. Thirty
jetties have been proposed along the canals. These locations of jetties will provide better connectivity to the
proposed canal developments. The detail design, drawings, and estimations as detailed in Chapter 4

(Engineering Design) of this report.

2.3.1.8 Boats and navigational aids

The number of boats plying the inland water network has been assessed based on the passenger density/hr
taken from the secondary data. For a start to the project, one boat each is proposed to be operated and on
gaining popularity it is planned to be increased. Based on the guidelines for deciding on the boat speed it
was fixed as 6 knots (appr. 10 km/hr). Provision for navigational aids in places where the navigational width
is more has been included in the DPR. This is dealt in detail in Chapter 3 (Functional Design) and Chapter 4

(Engineering Design) of this report.

1 CPPR “A study on inland transportation in Kochi city region”, Working paper series (2012)
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2.3.1.9 Reconstruction of cross-structures with inadequate clearance and width

In the reconnaissance survey undertaken during the months of January and February of 2020 by Antea Group,
the existing cross-structures that do not adhere to the designed width of 16.5 m and that do not have a
vertical clearance of 4m for the movement of vessels were identified. These cross-structures were
constructed in an unplanned manner by the Govt. departments (PWD), Municipal corporation, Central Govt.,

and private parties.

On widening of the canals, the existing cross-structures such as road bridges and foot bridges across the 5
canals which do not adhere to the design requirement will be reconstructed. A total of 56 road bridges
constructed by the Govt departments (PWD), Municipal corporation and Central govt. Bodies and 31-foot
bridges has been identified to be reconstructed. For sewer line crossings and other utility crossing of other
stake holder departments, provision has been included for 15 new foot bridges. Based on the parametric
analysis of different types of bridges, Innovative single span bridges using corrugated steel plate arch type
bridges was found to be an aesthetically pleasing option. At present based on site specific conditions different
options are proposed to be tried. The final decision will be taken during the detailed design and estimation
stage. The functional details of the reconstruction proposed are presented in Chapter 3 (Functional Design)

of this report.

2.3.1.10 Improvement of approach roads

As a result of the reconstruction of the bridges and an increase in the vertical clearance, there is a need for
improvement of the roads to adjust the gradient on either sides and to provide easy road access. The roads

connecting the jetty terminals, which are in a dilapidated state, are also proposed to be reconstructed.

2.3.1.11 Realigning of utilities obstructing flow in canals

During the reconnaissance survey undertaken by Antea Group during January and February of 2020, a
number of utilities were found criss-crossing the canals due to the unplanned development that had taken
place. The obstructions are found to obstruct the flow of the canal. The identified obstructions include water
pipelines (KWA), gas pipeline (GAIL/BPCL), railway crossings culverts (S. Railway), Telephone lines (BSNL) and
HT cable lines (KSEB). The related stake holders, as given in Figure 2.13, have been asked to submit estimate
proposals for realigning the utilities. As per the revised guidelines of KIIFB, the works of utility shifting will be

undertaken by SPV separately.

As per the latest guideline issued by KIIFB vide G.O Ms. No:69/2018/FIN dated 24-02-2018 the estimated cost

for removal of the bottlenecks will be estimated by the concerned stake holders and the consolidated DPR
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for the same will have to be submitted by SPV for funding. Th tenders for the same will be floated by SPV for

easy and timely implementation.

. BOTTLENECKS STAKEHOLDERS INVOLVED |

P
GC
PWD Q DSouthcm Railway

Nationa!
KWA @ @ BPCL
State
@ % BSNL
KSEB @
GAIL

Figure 2.13: Bottleneck Stakeholders

2.3.2 Sewer and Sewage Treatment Facilities

Existing sewerage and treatment facilities in city are very limited. Consequently, sewerage is a major source
of pollution and causing damage to the city’s environment. Inhabitants to unauthorizedly let the household
sewage flow in the main canal through sub drains are using the project canals in many parts. The Kochi
Municipal Corporation (KMC) has a total area of 94.88 km? (including the project command falling inside
Kochi corporation limits), yet only five percent area is covered under the sewer network. Thus, itis necessary

to cover the project area under the proposed sewerage network to further protect the canals from pollution.

Sewage disposal from individual houses in the catchment area is discharged into the sub-canals and
subsequently flows into the main city canals. During monsoon periods, the sub-canals are also the source for
releasing the storm drainage into the main canals. Both these concerns were raised by the stakeholders and
assessed in detail in this DPR. A total quantity was estimated considering the project catchment of individual
canals as well as the flow from their sub drains and is used for designing the sewerage network and sewage

treatment plant. Individual household sewer network connection is proposed. (see Chapter 3B of this report).

2.3.2.1 Sewage treatment facilities

This project command has mainly 2 types of waste disposal methods as shown in Figure 2.14.
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Figure 2.14: Schematic sketch of the sewage disposal modes

1) Offsite sanitation (through sewerage systems)

2) On site sanitation systems (through septic tanks and soak pits).

Most of the septic tanks and soak pits of the project command are defunct and the sewage is directly
discharged into the (sub) canals in each canal catchment. During monsoon periods, the storm waters bring
the remains of the waste which lie in the sub canals into the main canals. Here, individual canals and its
catchments are considered as separately for design estimation and the entire households are proposed to

be connected to the sewer systems.

Many proposals for STP works that Kochi Municipal Corporation (KMC) had taken up earlier failed due to
protest from the public of the locality. This was mainly because the locations proposed for construction of

STP’s in the vicinity of highly urbanised colonies.

During stakeholder and NGO meetings held in December 2019 and January 2020 (Table 2.1) the following

demands were raised:

1. Identify STP site location that are not in the middle of an urbanised colony area.
2. Improve the sewage treatment facility for the entire project catchment rather than limiting the area
of interest in and around the main canals only.

3. Provide sanitation facilities for the those not connected with sewer networks.
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For this project 5 STPs sites have been identified at Elamkulam, Vennala on the southern side and Perandoor,

Puthukkalavattom and Muttar on the northern side all at the tail end of the canal systems.

The sewer load generated in the catchment of 4 canals namely Edappally canal, Chilavanoor canal and
combined catchment of Thevara- Perandoor and Thevara canal is proposed to be diverted into 2 directions
depending on the topography of the project command. On analysis of the LiDAR data it was seen that the
ridge of the catchment was along the NH-544. Hence the sewer loads generated south of the NH 544 side
catchment for Thevara-Perandoor and Chilavanoor is proposed to be treated at Elamkulam STP and Vennala
site. Sewer load generated on the northern side will be treated at Perandoor, Puthukkalavattom and Muttar
STPs. The summary of distribution of sewer load for the proposed STPs estimated based on Lidar Survey data

is as given in Table 2.16. The sewer load flow direction is as given in Figure 2.15.

Table 2.16: Summary of Sewerage Flow/Sewage- New Plan

Sewerage Flow

Sewage | Sewage | Sewage | Sewage Proposed

Sl. No. STPs 8 g g g sewer load
(2021) | (2031) | (2041) | (2051) at STP
in MLD | In MLD | in MLD | in MLD sites

1 Elamkulam STP - Chilavanoor & TP south 13.48 13.84 13.86 13.68 | 10.00 MLD

2 Vennala STP - Edappally south 9.13 9.38 9.33 9.27 10.00 MLD
3 Muttar STP-Edappally north 2.40 2.46 2.45 2.44 2.00 MLD
4 Puthukkalavattom STP - Chilavanoor north | 5.56 5.70 5.76 5.64 5.00 MLD
5 Perandoor STP - TP north 4.35 4.46 4,51 441 4.00 MLD

Total | 34.92 35.86 35.90 35.45 | 31.00 MLD

The Elamkulam STP, which was constructed in the year 1971, is currently treating only 3 MLD sewage due to
decrease in efficiency of the plant (Source: KWA). There is already a proposal for establishing a 5 MLD plant
at Elamkulam through AMRUT scheme. As per land records available with KWA officials, there is land is
available nearby the site of the existing STP. The feasibility of upgrading the existing STP to 10 MLD was also
explored with the KWA officials during the site visit on 23-12-2019 as shown in Table 2.1, and it was finally
decided to go-ahead with this proposal for upgradation. The current area served with sewer systems,
including both a lay out of the existing and the proposed STP’s (Upgrading and new) for Elamkulam site is

given in Figure 2.16.

The technology adopted for the proposed STP is a sequential batch reactor (SBR) mode of treatment. The

sewer load is proposed to be conveyed by the sewer main through a combination of gravity and pumping to
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and avoid the future public protests.
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Figure 2.15: Sewer load flow direction
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Figure 2.16: Location details of existing sewer networks and STP's proposed
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A random water sample test of the areas was arranged by Antea Group in March 2020. The water sample
results will be an important feedback for the final design of the sewage treatment plants proposed. The water
sampling locations undertaken by Antea Group are given in Figure 2.17. The copy of the water sampling

report included as Appendix Volume 3.
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Figure 2.17: Water Sampling locations (by Antea Group, March 2020)

The functional and engineering aspects of the sewer networks, and STP’s are discussed in detail in Chapter 3

and Chapter 4 of this report.

2.3.2.2 Sanitation facilities

There are pockets inside the project command wherein the household cannot be connected to the sewerage

system. The following are the sanitation facilities that have been proposed.

1. Construct community toilets with latest technologies as required on both sides of the canal.

2. Provide drainage and sewerage facilities to the settlers.
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3. Conduct public awareness programmes to the local community.
4. Organize involvement of NGO’s in collaboration with GCDA or any other government agency to guard

the canal from polluting by residents.

As per the demand from the stake holders, sanitation facilities like septic tank and soak pits are proposed for
the needy in the current DPR. Transitional sanitation facilities in the entire catchment has been included

when the sewer network lines are being laid in the project command as a part of this project.

2.3.2.3 Solid waste management plan

Solid waste management activities in the project area has already been initiated through the ongoing project
of Kochi Municipal Corporation (KMC). This has been discussed in detail based on realistic assessment of

ground situation.

The KMC has in possession 15.4 ha of land at Brahmapuram, 20 km from Kochi city for the treatment of solid
waste in the corporation area. Currently, KMC has conceived a plant to convert Waste To Energy (WTE) at
Brahmapuram which has a capacity to treat 300 TPD and generate energy to an extend of 10 MW. The

location map is given in Figure 2.18.

.
Sanjoe.2 Men's Hostel

BrahmapuramiWaste
_Processing Rlant
°

gPABCD Kochi

Municipal Corporation (@. o
§ agenilaviauwl ‘

e o004

Figure 2.18: Brahmapuram plant location

The significant feature of the plant will be that it produces green energy and thereby reducing the amount

of methane and CO2 emission from the existing compost and landfill plant. This project will place Kochi in
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the world map for adopting proven scientific initiative for carbon reduction through sustainable and green
solid waste management practices. This project has obtained all necessary statutory approvals and it is in the

final phase of implementation.

The total estimated quantity of solid waste generated daily from the project area is 152 MT. While conceiving
the WTE plant at Brahmapuram, the quantity of solid waste generated from this project command was also
included. As Kochi Municipal corporation has already initiated measures for collection and delivery to the
WTE site, finding a parallel solution for conveying and treatment of solid waste of project command is not
included in this report. Hence proposal in this report is only for collection of solid waste by Innovative

measure and cost has been arrived accordingly.
2.3.3 Revenue Streams

The IUWRTS project is a capital-intensive project with a long gestation period. The residents and businesses within
1000-meter distance on both sides of the COD of IURWTS will be connected to the sewerage network, boat jetties and
parks. Revenue generating models such as Value Capture Financing (VCF) and Transit Oriented Development
(TOD) will be explored. VCF and TOD are methods of funding infrastructure improvements by recovering all
or some of the increase in property value generated by the public infrastructure investment. VCF framework
is proposed for implementation in the IUWRTS covering an area of 1000 meters on both sides of the Canal.
The benefits accruing from the same is proposed to be transferred to the SPV, undertaking the IURWTS
Project in terms of Land value tax, Vacant Land Tax (VLT), Luxury tax (Property tax), Additional property tax

as Special Canal Tax, Betterment levy (Additional permit fee) etc..
2.4 Institutional Setting (SPV)

During the implementation period of this project various activities such as land acquisition, resettlement &
rehabilitation, compensation for project affected people, cleaning of canal, deepening and widening of the
canals, reconstruction/dismantling of cross structures, removal of bottlenecks across and along the canals,
construction of Jetties and jetty terminals, sanitation facilities, sewer line, sewerage treatment plants,

beautification of canal for tourism & recreation will be undertaken.

The project involves various activities coming under various line departments such as PWD, Water resources
(KWA, Irrigation, GWD), LSGD, Revenue, Pollution Control Board) at the state level, Municipal corporation,
Greater Cochin Development Authority, panchayats, district administration, at the district level in the

decision making process, administration, funding and delivery of the services.
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Some of these stakeholders are directly involved in planning, execution, operation & maintenance and
monitoring of the canals and the catchment, while others influence either positively or adversely in efficient
functioning of the activities. Before completion of the project, SPV or KMRL will set up a dialogue to ensure

the smooth execution and sustainability of the project and with the financial commitment for this project.

For easy implementation of the activities for 3 years period and to maintain continuous interaction with all
stakeholders, a separate institutional mechanism has been suggested in the NATPAC DPR. Antea Group
suggest the need to establish the same for easy implementation of the project. The Special Purpose Vehicle
(SPV) with all regulatory powers at the project level, headed by SPV is been suggested. The key stakeholder
departments will be identified who can be the members of the project execution committee is given in the

flow diagram in Figure 2.19.

| SPECIAL PURPOSE VEHICLE (SPV) IMPLEMENTATION OF PROJECT |
5PV
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Figure 2.19: Authorities involved in the Institutional mechanism (SPV)
2.5 Environmental Statutory Clearances

Chapter 10 on Environment and sustainability aspects and Chapter 11 on Statutory clearances deals
exhaustively with the environmental aspects and statutory clearances of this project. The project command
comes under various Coastal Regulation Zone (CRZ) categories and hence the development activities
proposed are such that that the regulations imposed for each CRZ zone will be adhered ensuring minimum
environmental disturbances. Mandatory Environment Clearance (EC) and (CRZ) clearance from Ministry of
Environment and Forest & Climate Change (MoEF&CC) are required to initiate the proposed construction

activities. The necessary action in this regard has been initiated in Feb 2020 through a NABET accredited
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agency (WAPCOS) and project proponent has submitted the application to MoEF&CC to process the

environment clearance and Consent To Establish (CTE) to KSPCB. The TOR has been approved by MOEFF&CC

in May 2020. The submission of final EIA for clearance is expected within a period of next 6 to 9 months.

2.6 Project Benefits

This DPR for this project has been attempted with an intent to bring in economic viability of the project

considering the long-term sustainability adding vision to the city’s eco-development. Envisioned holistic

Canal Oriented Development (COD), urban regeneration and alternative revenue streams that will bring the

following expected outcome and create mixed use development.

1. Canal development will create beautifully landscaped canal spaces for leisure and tourism, cute

shops, and eateries for creating an illusion of urban vitality along the canal banks and enhanced

livelihood opportunities. This would further improve the city’s image.

2. Enhanced utility of the canal waterfront as a natural attraction for social and economic activity for

locals and tourists.

3. Ahassle-free inland water navigation system along the canals to enhance urban mobility and tourism

with environmentally friendly ferry vessels, comfort, and innovative jetty terminal facilities.

4. Sanitation facilities and sewage disposal system integrated to serve the inhabitants of the project

command.

5. Climate change, carbon credits, flood mitigation, boosting of regional economy by tourism, etc.

2.7 Estimated Costs and Economic Rate of Return

Based on the revision in various project components and addition of new project components, the estimated

cost is prepared and summarized in Table 2.17.

Table 2.17: Estimated costs and EIRR

Estimated cost EIRR/FIRR
Sl. No. Project Components
(Rs. in Crores) (in %)
A. Canal Oriented Development X432.65
B. Urban Regeneration X393.13
1. C. Land Acquisition for Canals X437.27 26.41/5.24
D. Specific projects, Environmental
X34.50
monitoring, Project management cost,
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Estimated cost EIRR/FIRR
Sl. No. Project Components
(Rs. in Crores) (in %)
Specialized work like LIDAR survey, public
campaign/social awareness management
E. Resettlement & Rehabilitation including
X196.72
building compensation & land cost
Total - (1) % 1494.27
2 Konthuruthy Canal (Additional Work) X34
Grand Total X 1528.27

2.8 Source of Funds

The funding for this project is envisaged from KIIFB for Canal oriented development, Urban regeneration,

Land acquisition for COD, Urban regeneration, R&R and Land acquisition for Infrastructure property

development components. The KMRL is in advance stage of discussion to seek funding from KIIFB for these

components as KIIFB has already approved partial funding for this project as per orders from Govt. of Kerala.

The details are given in Table 2.18.

Table 2.18: Source of Funds

Sl. No. Project Components / Funding Source

Amount (INR in Crores)

Canal oriented development, urban regeneration,
1 R&R, Land acquisition (COD, Urban Regeneration,
R&R, and infrastructure) from KIIFB

X1528.27
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3A. CANAL ORIENTED DEVELOPMENT

Introduction

This detailed project report proposes to restore the 5 dilapidated canals of the IURWTS Project command
to its original state. The activities include cleaning the existing canals, removal of encroachers, widening
and deepening the canal to its original state by ensuring that adequate width and depth are available in
the canals to mitigate floods and restore navigation of vessels. Any canal-oriented development approach
should be undertaken in a holistic manner considering every development aspect of the project command

(like flood mitigation, restoring navigation, and place making development aspects of canal banks).

To ensure that the floods in the project catchment is mitigated, the primary consideration is to have a
holistic idea of the hydrological characteristics of the catchment under study and the surrounding
hydrological features. Urban flooding due to extreme climatic events in the project catchment is

attributed to the combination of three causes.

i Five rivers namely Achenkovil, Pamba, Manimala, Meenachal and Muvattupuzha rivers drain their
flood discharge into Kochi lagoon on the southern side of the catchment. A portion of Periyar river
also reaches the lagoon on the northern side of the catchment. The excess storage water braces
through the catchment on the southern and northern side and flows through the estuary mouth
to the sea. None of the rivers has a direct entry into the project canals but the rise and fall of the
water level in the Kochi lagoon water body has an impact on the canal system. The geographical
setting of the project catchment with respect to the surrounding Kochi lagoon is given in Figure

3A.1.

ii. The extreme precipitation event from its own catchment, causes flash flooding of streets and
property in low-lying areas, is exacerbated by the dilapidated and clogged conditions of the
leading canals. Because of the restriction in free movement of the flood waters through the canals

to Kochi lagoon water body, the flood waters get accumulated in the project command

iii.  The high tidal levels in the coast due to extreme coastal climatic conditions stops the flood waters

movement to and from Kochi lagoon to the Arabian sea through the estuary mouth.

The net effect is the rise in water level in the surrounding water body and accumulation of flood water in
the low-lying areas of the project catchment. Hence the hydrologic analysis with flood plain studies is

undertaken in two parts 1) The impact of an extreme flood event for a suitable return period on the Kochi
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lagoon from the rivers reaching Kochi lagoon from the upstream catchment and 2) the impact of extreme

rainfall event in the urbanized project catchment.

CHILAVANNUR CANAL

nteagroup

Corporation Boundary
:] T P Catchment
- Chilavannur Catchment
| Edappally Catchment

Figure 3A.1: Geographical setting of IURWTS catchment with Kochi lagoon water body
3A.1 Canal width and depth determination

The optimal canal width and depth has been finalized considering the following aspects:

1) Canal width and depth with respect to the flood containment

2) Canal width and depth by vessel dimension and navigation draft requirement.

For deciding on the canal width and depth for flood containment the Hydrologic, Hydraulic and flood plain

studies is undertaken for the project catchment and the surrounding water bodies of Kochi lagoon.
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3A.1.1 Flood plain studies for project catchment

The Flood plain management takes many forms including construction of various flood defence systems,
engineering for navigation, farmland irrigation, drainage, and wetland management. Additionally, indirect
management results from engineering works on the flood plain which affects flood water paths. Hence
the type of flood plain selected for the study has great significance in deciding on the return period of

extreme event to be chosen.

Flood plain is an area inundated by flood for a return period say 1 in 10yrs.,25yrs., 50yrs. and 100yrs. The
return period chosen for flood plain study of Kochi lagoon water body is 1 in 25 yrs., and the project
catchment being an urbanised area a 1 in 100yrs. return period is used as per the recommended guidelines

of Central Water Commission (CWC), Govt of India (2012,2018) which is extracted below.

143,2.3.1 Embankment for predominantly agricultural areas: The design flood for this type of embankment

is kept 25 years for fixation of crest level.

23,2.3.2 Embankments for township or areas having industrial installations: The design flood for this type

of embankment is kept 100 years for fixation of crest level”.

Morphometric analysis
The morphometric analysis is performed with the help of Digital Elevation Model (DEM) and survey of
India toposheets nos. 58 B8, 58 C1/5, 58 C6 and 58 C7 on 1:50,000 scale. The DEM used is of Indian Remote

Sensing Satellite Cartosat-1 (1 arc sec (~ 30 m) available on Bhuvan portal of NRSC/ISRO.

The Digital Elevation Model (DEM) was processed in ArcGIS 10.5 to compute flow direction and flow
accumulation raster. Using the flow accumulation map, the sub-watersheds (SW) were delineated. SWs
were further processed using Spatial Analyst Tool of ArcGIS to demarcate the drainage pattern. Based on
the drainage pattern, the morphometric analysis of delineated basins was carried out. The parameters
such as area, perimeter, length of the basin, centroid, and stream length were computed using GIS
software. The water holding area was identified and using the average depth of water column, the volume

was calculated.

! Handbook for Anti-erosion, Flood protection & River training works, Central water commission (CWC), Govt of
India, (June 2012)
2 Guidelines for preparation of DPR for flood management projects Central water commission (CWC), Govt of India

April 2018).
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The delineated area polygon was converted to a presentable KML form for Google earth. The flow diagram

of the process involved is as given in Figure 3A.2.
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Figure 3A.2: Process involved in delineation storage area and watershed of canals

The network of rivers reaching Kochi lagoon from southern side and bordering the project catchment is

given in Figure 3A.3.

The design flood from a 1 in 25 years flood reaching Kochi lagoon surrounding the project catchment and
flowing through estuary mouth to the sea is from secondary sources of various central and state
government agencies. The total discharge reaching Kochi estuary mouth during a 1 in 25 years flood is as

given in Table 3A.1.
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Figure 3A.3: Rivers draining from the southern side of the IURWTS catchment

Table 3A.1: Design flood (1 in 25 years) from river flows reaching Kochi lagoon

Rivers draining into Design flood 1in 25
Sl. No. Remarks
Kochi lagoon year (Cumecs)

630 Cumecs gets discharged through
Thottappally spillway at the southern end

1 Pamba 1929%** of Vembanad lake. (Source: Planning
Commission report, Govt of India (Gol),
2008)
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Rivers draining into Design flood 1 in 25
Sl. No. Remarks
Kochi lagoon year (Cumecs)
Pamba river
Balance flowing to Vembanad lake (1306
contributing to 1299**
cumecs)
Vembanad lake (a)
2 Achenkovil (b) 839%* **Source: Gopakumar et.al. (2009).
3 Manimala (c) 834%** CWRDM, IAHS Publ. 328
4 Meenachal (d) 957**
Total (a) +(b)+(c)+(d) 3927
Discharge capacity of
Thaneermukkam 1706 Source: CWC, GOI (2018) report
barrage (e)
5 Muvattupuzha (f) 400 Source: CWC, GOI (2018) report
6 Portion of Periyar (g) 238 Source: Tejas Keluskar et.al. (IRJET) (2019)

Total discharge

reaching Kochi lagoon 2344
(e) +(f) +(g)

Rise in water level in the lagoon water bodies

As per the morphometric analysis undertaken and explained in flow diagram given in Figure 3A.2, the
surrounding water bodies of the project catchment is delimited based on the areas where flood water
coming from the rivers starts storing water in the Kochi lagoon surrounding the project catchment. The
water spread area contributing to the storage in Kochi backwaters is estimated on a GIS platform as 102

km? (Figure 3A.4).

During floods, due to the high tidal impact along the coast, the discharge through the estuary mouth is
restricted. The discharge of 2,344 Cumecs reaching Kochi lagoon causes a rise in water level in the Kochi

backwaters. The rise in water level in the backwaters surrounding the project catchment is as given below:

*  Volume of flood water reaching the water body = 2344 X 24 X 60 X 60 = 202,521,600 m?3

*  Area of water body surrounding the project area= 102x1000x1000 m?
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WATER STORAGE AREA SURROUNDING THE IURWTS PROJECT
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Figure 3A.4: Water storage area surrounding the IURWTS project command

The rise in water depth estimated is 1.98 from a flood of return period of 1 in 25 years. The rise in water
level is also validated with the site condition near Muttar at the starting point of Edappally canal. A flood
statue has been constructed by the locals marking the height of 6 feet which the water level rise during

the August 2018 flood (Figure 3A.5).

Figure 3A.5: August 2018 floods statue (visit by Antea team, 2020)
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High flood level (HFL) estimation

The depth of flooding is converted to elevation with respect to mean sea level as follows.

The draft required for vessel movement operated by Water Metro in the surrounding water body is taken
1.5m. The average Low tide level in the water body as per COPT records is +0.3 m. Hence the bed level of
the surrounding water body is taken as (-) 1.2m MSL. With a flood depth of 1.98m the High Flood Level

(HFL) for a 1in 25 yrs. return flood with reference to the MSL is +0.8m.

3A.1.1.1 Design flood estimation for project catchment due to extreme rainfall event

The project command is an ungauged and rainfed catchment. The latitude and longitude values on the
southern and northern ends are as given in Table 3A.2. The total catchment area for the project site is
42.85 Km?2. As per CWC guidelines (2012 & 2018), the project catchment being an urban area, a 100-year

return period flood for the catchment is estimated using a hydro-meteorological approach.

Table 3A.2: Latitude and longitudes of the canals in the project command

Location . Southern end . : Northern end .
Latitude Longitude Latitude Longitude
Edappally canal 9°58'46.63" N 76°19'55.33" E 10° 2'39.59"N 76°18'2.85"E
Chilavanoor canal 9°57'14.56" N 76°18'49.40" E 10° 1'53.12"N 76°17'23.95"E
Thevara Perandoor canal 9°56'44.36" N 76°18'1.70" E 10°1'12.27"N 76°16'56.54"E
Market canal 9°58'47.28"N 76°16'29.94"E 9°59'4.29"N 76°16'34.42"E
East end West end
Thevara canal 9°56'46.93"N 76°18'17.27"E 9°56'36.98"N 76°17'31.38"E

Physiographic parameters

The physiographic parameters of the individual canal catchments were estimated by GIS processing of
ASTER DEM. Based on the process explained in the flow diagram given as Figure 3A.2, the delineated
catchment area map of the canal catchments under study is given in Figure 3A.6. The canal catchments
for Edappally canal and Chilavanoor is estimated separately. Thevara-Perandoor and Thevara are treated
as a combined unit, since Thevara canal has only a length of 1.41Km and runs perpendicular to Thevara -
Perandoor it forms part of Thevara-Perandoor catchment. Market canal has a length of 0.66km and has
no catchment of its own since it is a manually cut canal for entry of vessels into the mainland from the
Kochilagoon on the northern side. The catchment area of the 3 major canal catchments, longest flow path

(L), centroidal longest flow path (Lc), slope of the catchment (S) is as given in Table 3A.3.
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Figure 3A.6: Delineated catchments of IURWTS project
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The catchment parameters given in Table 3A.3 is utilized into the physiographic parameters’ equations of

CWC (2001) report for working out the synthetic unit hydrograph. Since, representative concurrent

rainfall and discharge data at short interval is not available, the synthetic unit hydrograph (SUH) for

drainage area has been worked out using Flood Estimation Report FER-5(b) of west coast region of CWC

(2001). The basin characteristic of the project catchment given in Table 3A.3 have been used for the study.

Table 3A.3: Basin characteristics of the three canal catchments

Point rainfall Zone 5 (b) for
Area Length Lc Slope Catchment 1 in 100 yrs
Name of Catchment
(Km?) (Km) (Km) (m/Km) from Iso-pluvial maps
(IMD)
Thevara-Perandoor &
10.35 9.88 4.484 0.779 320mm
Thevara canal
Chilavanoor Canal 14.5 11.15 4.692 0.676 320mm
Edappally canal 18 11.23 7.663 1.32 320mm

The 1-hour unit hydrograph was derived, by estimating the unit hydrograph parameters as given in by

CWC guidelines (2001) and is as given in Table 3A.4 & Table 3A.5

Table 3A.4: Parametric equation for derivation of Synthetic unit hydrograph (CWC 2001)

SI. No Description Parametric equation

1 SF":;’:\(I;n(:;ischarge of unit hydrograph in cubic metres per 4o = 0.9178 [ L/S] A(-0.4313)

) ;L:—:E ;]:Ounr:itt:sdii;:i;:;uﬁ::_ rainfall duration to the t = 1.5067 [q] A(-1.0814)

3| g ordinate Gy s PR Waem 19251 [l (1.0896)

4| diocnarge rdinate Gmy e ST PR Wiem 10189 [ 4 1.0043)

5 | Sost of neck dischorge (@)t o EREHETE ] W= 0.5788 [ap] (11072

6 | a5t of neuk dischonge (@) o o ERHIETE ] W= 0.3469 [ap1" (10539

7 Base width of unit hydrograph in hrs. Ts =7.3801[ t, ]* (0.7343)

3 ;i\/rzfogf::;?] i:,hﬁr;tart of rise to the peak of unit o=t 4 (tr/2)
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Sl. No Description Parametric equation
Peak discharge of unit hydrograph in cubic metres per "
9 Qe=0gp™ A
second
Table 3A.5: Estimated physiographic parameters
do t, | Rounded | Wso | Weso | Whys Tm P To (hrs)
Canal Tg (hr)
(m3/s) (hr) | top(hr) | (hr) | (hr) | (hr) (hr) | (m3/s) | (1.1%t5)
Thevara
0.31 5.59 2.50 6.96 | 2.14 | 1.20 | 26.11 | 3.00 3.18 6.15
Perandoor
Chilavanoor 0.28 6.30 4.50 7.85 (241 | 1.35 | 28.50 | 5.00 | 3.99 6.93
Edappally 0.37 4.63 250 |5.76|1.76 | 1.00 | 22.75 | 3.00 | 6.58 5.10

The estimated parameters of the unit hydrograph as given in Table 3A.4 was plotted, and the points joined

to draw a unit hydrograph. From the drawn hydrograph, the discharge ordinates Qi of the unit hydrograph

at it = tr= 1-hour interval were estimated.

The discharge ordinates of synthetic unit hydrograph calculated at 1-hour interval for the 3 canals are

given in Table 3A.6.

Table 3A.6: Discharge ordinates of synthetic unit hydrograph

Edappally canal Chilavanoor canal Thevara-Perandoor canal
SUH ordinates SUH ordinates SUH ordinates
Time in hrs. Time in hrs. Time in hrs.
in Cumecs in Cumecs in Cumecs
0 0 0 0 0 0
1 1 1 0.32 1 0.9
2 2.71 2 0.75 2 1.59
3 4.34 3 1.32 3 2.2
4 5.83 4 21 4 2.38
5 6.57 5 3.03 5 3
6 6.03 6 3.89 5.5 3.18
7 5.24 6.3 4 6 3.08
8 4.72 7 3.45 7 2.51
9 4.25 8 2.68 8 2.04
10 3.59 9 242 9 1.59
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Edappally canal

Chilavanoor canal

Thevara-Perandoor canal

SUH ordinates

SUH ordinates

SUH ordinates

Time in hrs. Time in hrs. Time in hrs.
in Cumecs in Cumecs in Cumecs
11 2.45 10 2.24 10 1.28
12 1.29 11 2.05 11 1.04
13 0.5 12 1.94 12 0.81
14 0.31 13 1.71 13 0.49
15 0.23 14 1.48 14 0.33
16 0.21 15 1.24 15 0.297
18 0.15 16 1 16 0.19
19 0.12 17 0.85 17 0.16
20 0.11 18 0.71 18 0.14
21 0.1 19 0.66 19 0.13
22 0.08 20 0.6 20 0.11
23 0 21 0.533 21 0.09
22 0.44 22 0.08
23 0.36 23 0.07
24 0.29 24 0.066
25 0.19 25 0.064
26 0.09 26 0
27 0.04
28 0.01
28.5 0

Estimation of design storm

As per CWC procedure, the point rainfall is converted to areal rainfall for the storm duration calculated.

For the 3 canal catchments under study, the point rainfall for different return periods were taken from

the iso-pluvial maps generated by the Indian Meteorological Department (IMD) and is given in Table 3A.7.

Table 3A.7: Point rainfall for different return periods

Sl. No. Return period point rainfall Point rainfall in mm
1 100 years -24 hours 320
2 50 years - 24 hours 280
3 25 years - 24 hours 240
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The 100 years - 24 hours rainfall adopted for this study is 320 mm.

The design flood calculation (CWC 2001) estimated for 3 canals for a 1 in 100yrs. flood is given in Annexure

3A.1.

Depth of flooding in each catchment
From the design flood hydrograph and the area of the catchment, the depth of flooding in the project

canal catchment was estimated and is given in Table 3A.8.

The average depth of flooding for a 1 in 100-year flood when distributed uniformly in the total catchment
area under study, works out to 0.484 m. The depth of flooding will vary depending on the topography of
the catchment.

Table 3A.8: Depth of flooding in 3 catchments

Reference design Volume Area Depth
Sl. No Canal
flood (Cumecs) (m?3) (Km?) (m)
1 Chilavanoor 68.71 5936544 14.85 0.41
2 Edappally 115.62 9989568 18.0 0.55
3 T-P Canal 55.74 4815936 10.35 0.47
Total 240.07 20742048 42.85 0.484

The field validation was undertaken from local enquiry in T-P canal by Antea Group’s field team as given
in Figure 3A.7 during reconnaissance survey. For a point rainfall of 200mm in the project catchment on

20 Oct 2019, the average height observed in one of the low-lying areas was 0.50 m.

Figure 3A.7: Field validation of flood depth in T-P canal
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The flood zone maps using ArcGIS was developed for a 1 in100yrs. rainfall event, to identify the area that

are prone to flooding in the project catchment and is as given in Figure 3A.8.
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Figure 3A.8: Flood depth zoning map of IURWTS project command

The 0.5m contour interval derived from spot levels of LiDAR data of the project command has been

superimposed on the flood depth zoning map and is given in Figure 3A.9.
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Figure 3A.9: LiDAR derived Contour overlaid on the flood depth zoning map

3A.1.1.2 Tidal impact in the Kochi estuary mouth

The high tidal levels in the coast due to extreme coastal climatic conditions retard the flood flow from
Kochi lagoon to the Arabian sea. On 20 Oct 2019 Koch city had experienced a combination of 3 extreme
events as explained in this chapter. For a 1 in 25 yrs. return period flood discharge from the upstream
catchment, it was estimated that the water level will rise to +0.8m MSL in Kochi lagoon. The secondary
data collected from the Cochin Port Trust for 19, 20" and 215 Oct 2019 as given in Figure 3A.10 shows
high tidal level on 20'" Oct 2019. Hence the tidal fluctuation reached a level of +1.2m MSL at HTL and the
LTL was +0.8m MSL. This phenomenon resulted in estuary mouth getting closed and thus preventing flood
waters from Kochi estuary to move into the sea. The closure of the estuary resulted in the rise of water

level in Kochi lagoon and also flooding in the project catchment which forms part of Kochi Municipal

Corporation limits.
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Figure 3A.10: Tidal fluctuation chart for before and after the extreme event

3A.1.1.3 Regulatory mechanism at canal ends

The canals and the surrounding water bodies of the project catchment experience fluctuation of water
levels in the canals and the water bodies twice daily during the high tide and low tide conditions. The
average fluctuation varies between +0.7m MSL to +0.3m MSL. For vessel movement inside the canals
there is a need for a constant depth which will be maintained by setting up regulatory shutters
arrangement at both ends of the canal. The regulatory shutter arrangement also helps in preventing flood

flow from the surrounding water bodies entering the canal systems.

When the regulatory shutter in the canals are in a closed condition, provision has been included for a
pump house and pumping arrangement to maintain the water level in the canal and mitigate the floods
in the project catchment. The schematic diagram of the shutter arrangement and pumping arrangement

is as given in Figure 3A.11.

The function of the regulatory mechanism is as follows:

1. As per tidal records of Kochi coast, the low tide level of +0.3 m MSL occurs around 6 am . At this
point the shutters are kept closed and the canal water level is maintained at +0.70 m MSL. This
will help navigation in the canal with a clear draft of 1.6 m in the canal (-0.9 m MSL Bottom level

of canal to + 0.7 m MSL).
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CANAL SHUTTER MECHANISM

Figure 3A.11: Schematic sketch of regulatory shutter and pumping arrangement

2. Asthetidal level in the surrounding water bodies starts rising with time and when the water level
reaches + 0.5 m MSL the shutters are brought down below + 0.5 m MSL. As a result, the stagnant
water in the canal starts flowing out.

3. During high tide level at 12.00 noon the water level in the surrounding water bodies reaches
+0.7m MSL. At this point the shutters are again closed. This automatic process is repeated twice
every day or at a higher interval. Through this arrangement, an assured depth of 1.6 m will be
maintained in the canal.

4. During the monsoon season when the water level in the surrounding water body rises above
+0.7m the shutters are kept closed. This will prevent reverse flow of water from the surrounding
water body entering the canals.

5. During the monsoon period if the water level in the canal rises beyond +0.9m MSL in the canal on
account of the catchment flow, arrangements to pump out the water to the surrounding water

body from the canal will be undertaken at the regulatory mechanism sites.
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3A.1.1.4 Sedimentation / siltation impact into the canal systems

The present condition of the canals is in a dilapidated state. The sedimentation issues will arise only when
the canals have been widened and deepened. The rivers reaching the Kochi lagoon do not have a direct
flow into the project canals. Sedimentation in the canal will occur only if the sediment laden flood waters
reaching the surrounding water bodies enters the canal directly. Since the muddy flood waters are not
allowed to flow through the canal, the impact of sedimentation into the canal is negligible. The draft for
movement of the vessels is maintained at +0.5m MSL. The keel of the design vessel proposed for
passenger movement is 0.5m, and hence there is a clearance of nearly 1m to accommodate the silt
deposition, if any. The present proposal is that the canal will be desilted annually, and the silt accumulated
removed. During the planning stage as a part of EIA studies, the total suspended and dissolved sediment
will be measured, and the quantification done theoretically. After the canals are restored, based on the
degree of accumulation of sediments and if found needed model study is proposed to be taken during

the post implementation stage.
3A.1.1.5 Hydraulic studies to fix the optimum cross section

From the inflow hydrograph generated using synthetic hydrograph approach adopted from CWC, the
routing of the flood through the canal was studied to generate an outflow hydrograph. The project
catchment is an ungauged catchment and hence popular rational method has been used to generate an
outflow hydrograph. Based on the outflow hydrograph the cross section of the canal for mitigating flood

will be estimated during hydraulic and flood studies.

Flood routing for an ungauged catchment
Flood routing techniques are utilized to estimate the stages, or rates of flow, in order to predict flood
wave propagation along the canal reaches. The Muskingum-Cunge model, the most popular method, is

used to undertake the flood routing of project ungauged catchment

The catchment-derived parameters calculations for the project canal catchments required for Muskingum
- Cunge method were:
1) The slopes of the canal reach and reach lengths which were derived from a digital elevation model
2) Manning's roughness coefficients were estimated from the soil conditions of the canal
3) Flow variables such as velocity, hydraulic radius, wetted perimeters, and flow depth were
determined both from empirical equations and assumed cross-sections for the reaches.

4) The outflow hydrograph has been computed for the middle and the end stretches.
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The inflow -outflow hydrograph computed values for Chilavanoor, Edappally, Thevara Perandoor
catchments and the detailed calculation for estimation of inflow and outflow hydrograph is given in

Annexure 3A.2. & Annexure 3A.2 (a).

The inflow outflow hydrograph for three canal catchments are given in Figure 3A.12, Figure 3A.13 and
Figure 3A.14.

Chilavanoor canal:Inflow-Outflow Hydrograph
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Figure 3A.12: Chilavanoor canal: Inflow-Outflow Hydrograph

Edapally Canal : Inflow-Out flowHydrograph
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Figure 3A.13: Edappally canal: Inflow-Outflow Hydrograph
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T-P canal Inflow -Outflow Hydrograph
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Figure 3A.14: Thevara-Perandoor canal: Inflow-Outflow Hydrograph

3A.1.1.6 Most Economic section for a rectangular canal to contain the design flood waters

A

R

Figure 3A.15: Typical rectangular canal section

In the Figure 3A.15, the following symbols are used:

a: Top Width, and for rectangular canalsa=al=b.

al: Water Surface Width.

b: Canal bed width.

h: Height of the Embankment above the canal bed level.
hl: Depth of water.
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fb: Free Board, and

ss: Side Slope (not applicable for rectangular canals).

To find out the canal dimensions a trial and error method had to be undertaken on excel equating the RHS
with LHS trying out different width for the depth of 2.25 m required for navigation of vessels based on the

below equation:

Q/A= (1/n) * R%/3 * g1/2 (1)
For rectangular section, Area (A)= b* y; Hydraulic radius (R) = [(b*y)/(b+2y)] and S = Slope
Q/(b*y) = (1/n) * [(b * y) /(b+2y)] /3 * s (/2 oo )

Based on the existing sub soil conditions, and without disturbing the dense layer, a dredge level has been
fixed as -0.9m MSL. This depth has been fixed considering the draught required for the movement of
vessels also from the low tide level of +0.3m. So, assuming the depth as constant the width was computed

by trial and error in equation (2) above and the same given in Table 3A.9.

Table 3A.9: Optimal cross section for the canals for flood mitigation

Design reference flood Canal dimension required for containing
S. No. Canal
Qo (Cumecs) the flood (Breadth X Depth) (m)

1 Edappally 57.40 12.8 m X 2.25m
2 Chilavanoor 32.50 6.8m X 2.25m

Thevara-
3 24.28 8.45m X 2.25m

Perandoor

Hence, it has been confirmed from the theoretical hydraulic analysis that the dimensions of 16.5 m x 2.25
m taken for the free navigation of vessels is adequate to contain the design flood calculated by Muskingum

method of flood routing.

Even though the proposed catchment area under study is ungauged, computer simulation models are also
being undertaken with rainfall and discharge data from nearby gauging stations. This is to validate the
estimates obtained through rational methods before the preparation of the detailed estimate and
drawings. The study will also incorporate the primary data obtained by bathymetry survey, LiDAR, and

topographic survey data.
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3A.1.2 Width and depth requirement for navigation purpose

In Netherland’s width and depth are based on the assumption that the navigation canals are expected to
satisfy the following four requirements, first the waterway should be deep enough to ensure good
steering and control of the vessels in shallow water in such a way as to prevent grounding, second, the
waterway should be sufficiently wide to enable the standard traffic flow to pass safely at normal speed,
third, the vessel should be able to reach a reasonable speed to reduce the transportation costs, and finally,
the navigation cross section should not be too large which reduces the flow velocity and would, be

uneconomical.

It is necessary to improve the existing waterway so that uninterrupted two-way navigation for

transporting the passengers can be accomplished.

3PIANC guidelines stipulate that the bottom width is decided on the following criteria.

The overall bottom width W, as given in Figure 3A.16 of canal with straight sections is given as below:

For a one-way canal W= Wgw + ZWi+ Wert Wpg  ----------------- (1), and

For a two-way canal by W= 2Wgn + 2ZW;+ Wer+ Wee + ZW, -------- (2)

Wswm = width of basic maneuvering lane as a multiple of the design vessel's beam B, given as 1.2 B.

2Wi= additional widths to allow for the effects of wind, current etc., given for 8 kts < Vs < 12 kts = 0.1 B.
Wir, Wee= bank clearance of the red and green sides of the canal for slow speed vessel is = 0.5 B.

IW,= passing distance, comprising the sum of a separation distance between both maneuvering lanes

WM (Figure 3A.17 ).

To determine additional width for passing distance in two-way traffic ,the beam of the largest passing

vessel should be used whether or not it is the design vessel and the value for slow speed = 0.5 B.

3 PIANC report N°121 Maritime navigation commission (2014) “Harbour approach channels design guidelines”
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Figure 3A.17: Canal section showing maneuvering lanes

The dynamics of vessels plying in the canal are such that, when under manual control (as is usually the

case in approach channels) they will follow a swept path, which, in the absence of any external forces

from wind, waves, current, etc., will exceed their breadth by some amount (as given in Figure 3A.18 ).

This is due to the speed of response of both the vessel-handler in interpreting the visual cues indicating

the vessel position in the channel, and that of the vessel in reacting to the rudder and main engine. The

width of the swept path, which is the basic maneuvering lane, will depend on several factors, but the key

elements are:
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e The inherent maneuverability of the vessel (which will vary from vessel to vessel and with water
depth/draught ratio).

e Ability of the vessel-handler.

e Visual cues available to the vessel-handler.

e Overall visibility.

Of these, the first two are the most important.

Axis basic
manoeuvTing
lane

Basic
manoeuTing
lane

Possible
Track

Vs

Figure 3A.18: Basic maneuvering lane for single width canals

Width of the canal = 2Wgm + 2ZWi+ War+ Wae + ZWp
i.e.2*(1.2*4) + 2* (0.1 *4) 0.2 +( 0.5*4) +(0.5*4) + (0.5*4) = 9.6 + 0.8 + 2+2+2 = 16.4m

In order to improve the existing waterway so that uninterrupted two-way navigation for transporting the

passengers can be accomplished a width of 16.5m has been proposed.

KMRL/IURWTS/DPR/R0O Page 3A-24



Infgpated

geneaton & Wter s

3A.1.3 Analysis of existing canal alighment

The project canal have been encroached and steps to evict the encroachers are included as part of this
project. Based on the situational analysis survey undertaken by the general consultant, one of the main
issues raised by the public, NGO’s and the elders of the society was that the minimum width of the canal
for development should be based on the village cadastral maps. Hence after collection of the cadastral
maps and after studying the requirement for flood mitigation and for navigation of vessels the widths of
16.5m was estimated. In places were the cadastral maps showed a larger width, the width shown in the
maps was used for estimation of the widening quantity by Antea Group. This was taking into consideration

the concerns raised by the stake holders.

The Field Measurement Book (FMB) record for a typical stretch of Edappally canal traced out from Survey
and land records office at Thiruvananthapuram by Antea Group is given as a in Figure 3A.19. These FMB
records were used for ascertaining the original width of the canals. The same were digitised on a GIS
platform and along with the topographic survey AutoCAD drawing the comparison with the existing

situation is brought out.

The entire canal was surveyed by Antea Group and the stretches which were greater than 16.5 m and less
than 16.5m were identified. The stretch wise details have been consolidated and is as given in Table 3A.10.

The cross section at every 15m were estimated and is given in Annexure 3A.3.

Table 3A.10: Details of the existing width of the canals

Proposed width Protection*
Total Existing length of
of canal (mt.) Length works
Sl. No. Canal Length canal>16.5m
for <16.5m (Km)| Proposed
(Km) (Km) / (%)
development (Km)
1 Edappally 11.23 16.5 7.11 (63.3%) 4.12Km 2.1Km
2 Chilavanoor 9.88 16.5 3.2/(32.29%) 6.68 Km 4.2Km
Thevara-
3 11.15 16.5 3.7/ (37.48%) 7.45 Km 4.3Km
Perandoor
4 Thevara 1.41 16.5 1.09/ (77.8%) 0.315 Km nil
5 Market 0.66 16.5 0.510 (76.8%) 0.154 Km nil

The total length of protection for either banks will be 21.2Km
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Figure 3A.19: Snapshot of FMB record of Edappally canal (Thrikkakkara North village)

The existing canal condition is as shown in photographs in Figure 3A.20.
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Figure 3A.20 (a) Busy Market canal in early Figure 3A.20 (b) Market canal present state
1900's

Figure 3A.20 (c) Edappally canal south of Lulu Figure 3A.20 (d) Edappally canal near pipeline

mall road

Figure 3A.20 (e) Thevara canal near Thevara Figure 3A.20 (f) Thevara canal inspection on

bridge 18-11-2019 by Antea Netherlands team
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Figure 3A.20 (g) Chilavanoor canal near Kaloor Figure 3A.20 (h) Chilavanoor canal near IMA

stadium Kadavanthara

Figure 3A.20: Existing state of the IURWTS canals

3A.1.4 Primary LiDAR Survey data for Validation

The existing width and depth of the canals were surveyed by (NATPAC 2018) and as part of the validation
process LiDAR survey was undertaken for all the 5 canals. The spot levels were captured, and contours
generated for an Area Of Interest (AOIl) of 250m on either side of the canal. The spot levels were arrived
by connecting to the DTS benchmark established through Global Positioning System. To cross check the
authenticity of the levels, TBM stations are also established on both banks of the canal. For validation of

Lidar data, topographic survey and bathymetry survey is being undertaken by Antea Group.

The plan and sections have been generated for all the canals from the LiDAR DTM by using HEC-RAS
mapper software on a GIS platform. A typical stretch of Edappally canal is given in Figures 3A.21. The Lidar
generated cross section data for other sections of Edappally canal is given as Annexure 3A.4 and is being
worked out for other canals also. This data will also be used for the hydraulic modelling, gravitation flow
sewer network modelling and final quantification of the deepening and widening quantities and used in

preparation of detailed estimate and drawings.

KMRL/IURWTS/DPR/R0O Page 3A-28



Intgted rtan i Transpar System m

Cross Section Data - Geometry1 - g n

Exat Ede Options Plet Help

- biver: m hr;igjm ™ Keep Prev XS Piots Clear Prev | ¥ Plot Terrain (f avslable)  Cut from Terran |
C/S plo;ted ol ;;C;Z;Data Reach: [Reach 1 =] e s L -] 3] 1] Edapaly  Plan TralSimulation 4/15/2020 6:53.18 PM
at Station -

[ _J Geom Geometry!  Flow
River = River | Reach = Reach 1 RS » 25284
Legend

Oedrow | InsRow | 3 i Tk
o e I 108 i Crannel | ROE s ne T - " -~
o —
Geowed
.
I LO8 icrundl RC& _.—p| BankSta

40 e

gt Current Terran

s 4

30 -

25 \
p

20 . f
I

Elevation (m)

|2 esfaslshoeleeloelos s e s s | | s el L L L D o em sl on e e o

0s

2 RAS Mapper
File Tooks | Meip |

& [J Foataes
= ¥ Geometrves
= V] Geometry!
5 ¥ Rvers
[ Junctions
&) Bark Lines
] Flow Paths
] River Statson Markees
£ 4 Cross SecSors
] Bark Stasors
[l Edge Lines
[ interpolation Surface
[ Storage Areas
= []20 Flow Aress
] Perimeters
[ Comgputaton Pomts
[ Bresk Lines
] Refinerment Ragors
® [ Srucoses
& O Marmegs N
%[ Bouncary Conditions
[ Errces
= [ Resuts
5 [0 TratSemudabon
® [ Geommetry
[ Dot (Max)

[ Vetoaty (Max)
[ WSE Max)
= [ Map Layers
) Banks
|~ [=8 —
] Google Satefite v

| Views | Profile Lines | Active Features |

Figure 3A.21: Lidar data for deriving the plan (CS 23618 to 30963m) and cross section of Edappally canal for CS-25284m
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3A.2 Weed Management

Concept of weed management instead of control is important. Weed management is a system approach
whereby the invasion of weeds is not allowed in aggressive forms. Weed prevention comprises all
measures which deny the entry and establishment of weeds in the water body area. All practices that help
discourage the weeds from becoming a problem over time, form the subject of weed prevention. Weed
prevention is essential against noxious weeds which once allowed to establish, become extremely difficult

to control.

A Pre-requisite of a successful weed management programme is to gain knowledge of the biology of
weeds under attack before choosing a system for their control. The nature of weed problems must be

surveyed in the target area.

Maintenance activities in canals include removal of aquatic weeds, both from the water body and the
slopes of the canal. Several methods are available for the maintenance of canals. A distinction can be
made in mechanical, chemical, and biological methods and the method that will be used will depend on

the function of the canal.
3A.2.1 Weed Control Methods for Canals and surrounding water bodies

Floating Aquatic plants can be divided into three types: emergent species, submerged species and floating

species as given in Figure 3A.22.

EMERGENT WEEDS
FLOATING WEEDS

SUBMERGED WEEDS

Figure 3A.22: Pictorial representation of 3 types of Aquatic weed
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Emergent plants. These plants have their roots in the soil at the canal bottom and their foliage above
water. As these plants can only grow in shallow water (less than 1 m deep), their development can be

prevented by, creating greater water depths.

Submerged plants. These plants grow entirely under water. They can occur even in deep waters, provided

that the water is clear enough. These plants will not survive in canals that periodically fall dry.

Floating aquatic plants. These aquatic plants are similar to submerged plants but differs from them in
that the leaves are lying flat on the water. Their comparatively thin stalks scarcely form any obstacle to
the flow of water while their usually large leaves block out most of the light, thus preventing the growth
of other aquatic plants. Free floating aquatic plants thrive in calm water with little current and no wave
movement. Under the influence of wind and/or current, enormous masses of these plants can accumulate

at certain locations from where they can be removed.

Filamentous algae are considered as a fourth category. Algae is commonly referred to as slime, moss, or

pond scum. Algae can be found at the bottom of the pond or on the water surface

Aquatic weeds can be controlled by either cutting (mowing), dredging or harrowing methods. Cutting
leaves a stubble, resulting in a (rapid) regrowth of the weeds, but the stubble protects the canal bottom
against erosion. Dredging on the other hand removes a proportion of the parts of the plants which are
buried in the mud from the bottom. It is much slower and more costly operation than cutting. Harrowing
tears the plants loose and stirs up the mud, thus retarding their regrowth. This is not possible in canals
with a hard bottom since the tools cannot penetrate to cut and uproot the plants. When there is a risk of

erosion, aquatic plants should preferably be mown.

The most common weeds seen in and around the water bodies of project canals is shown in Figure 3A.23.

Water Hyacinth

Water Lettuce

Emergent Plants

Water lily Purple Loosestrife ‘

Hvdrilla Sago pond weed

Figure 3A.23: Most common weeds
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Aquatic plants must be cut before they have developed fully, and the operation must be repeated rather
frequently. Delaying the operation for too long results in a low rate of work, while the large quantities of

cut material floating in the canal may block the flow at curves and obstructions.

By cutting the aquatic plants without removing them out of the eco-system the water is enriched with
plant nutrients, which stimulates the growth of weed. So, the cut material should be removed. This results

in higher costs, but the productivity of the soil decreases gradually.
3A.2.2 Vegetation control with hand tools in embankments

Hand tools were the most important and often the only way of maintenance. Because of the rising labour
costs and the disappearance of skilled labourers the manual operation has been replaced by other

maintenance methods.

1. Weed control with mechanical machinery

With growing maintenance requirements and vanishing use of hand tools, maintenance carried out by
mechanical machines has assumed enormous proportions. Gradually, a wide variety of equipment has
been developed, which seems difficult to oversee at first glance. An important list of photographs of the
machinery used are detailed in sec 4A.1.1 of Chapter 4A (Engineering Design) of this report.

An important factor in the development and choice of various equipment is the accessibility.

2. Chemical Weed control management in canals
Controlling aquatic weeds with chemicals involves various aspects to be considered:
e there are many kinds of weeds that may occur.
e there is a great variety of location-specific factors, each of which causing its own problems and
requiring its tailor-made solutions.
o thereis a wide variety of chemicals and application methods.
e considerations of environment and nature conservation, let alone the personal safety of the

personnel, are gaining more and more attention, and put limitations on the applications.

Each type and even variety of vegetation asks for its specific chemicals to be treated with. To develop a
program for chemical control it is therefore required to know what types and varieties are most dominant.
Moreover, in determining the types and quantities of chemicals one must be careful not to "overdo" the
treatment. For instance, a too drastic attack on side slopes may lead to bare banks which are then likely

to erode or collapse.
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With all the risks involved in vegetation control by chemicals, it is very important that strict regulations
be laid down for their use. The consequences on the environment can be very serious. In the Netherlands

use of chemicals has become very restricted and is only applied under well specified circumstances.

By killing the aquatic plants without removing them out of the eco-system the water will become enriched
with plant nutrients causing excessive growth of e.g. algae. The commonly used herbicides are diquat,

endothall, fluoridone, glyphosate, Imazapyr, triclopyr, copper sulphate etc.

Diquat Herbicide is the most common herbicide used in Netherlands because it is labeled to treat many
different submerged, emerged, and floating weed types and is cost-effective. Before mixing and
application, you will need to calculate the size of the water body you wish to treat to determine how much

Diquat you will need.

Some weeds are best treated with a granular herbicide like Cutrine Plus when weeds are submerged as
blankets under the water surface, in deep areas of the pond or in ponds with flowing water. These heavier

granules can be applied with a hand spreader and will sink directly onto the weed beds.

After applying herbicides, Vision Pond Dye is applied. This non-toxic dye will give the water a natural blue
color and filters UV light to inhibit algae and weed growth. Follow the label directions for proper

application rate and pour it at the edge of the pond. The water’s natural movement will disperse the dye.

Continuous application of herbicides may result in a build-up of organic debris in the bottom of the canal.
Furthermore, a repeated application of one and the same herbicide on a certain spot tends to repress the

less harmful plants while the hard to control species expand their territory.
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3. Biological weed control maintenance in canals
Gradually, canals become a more important element in the conservation of the aquatic eco-system.
Therefore, in the management and maintenance of canals more attention is now being paid to their

function for nature conservation.

Chinese grass carp: Generally, all species of aquatic plants are consumed, though the grass carp prefers
submerged plants. Unfortunately, it will not propagate outside its natural habitat so that each individual
fish must be imported or made to reproduce itself under artificial conditions. Screens or gates must be

installed in canals or culverts to prevent the grass carp to escape their "working area". (Figure 3A.24)
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Figure 3A.24: Chinese Grass carp
Adult grass carp Juvenile grass carp

It has to be taken into account that a certain time must elapse before effects become obvious for
biological weed control. Over 10 years, grass carps are used in Netherlands to prevent a high growth rate
of aquatic plants. Up to now the results seems good. It is rather difficult to forecast the efficiency of this
method because it concerns living organism which are strongly affected by the conditions of the

environment.
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Among the 3 methods explained above based on site specific conditions, mechanical means of controlling

the weed s is proposed for the IURWTS project.

3A.2.3 Frequency of weed control maintenance operations

The cost of canal maintenance is mainly determined by the frequency of maintenance. Substantial
reductions in total costs can only be achieved by working out the optimal frequency. The required

frequency is determined by various factors.

o The growth rate of the vegetation: This may vary both from time to time and from one area to
another. Also, the quality of the water (chloride content, eutrophication), the water depth, shade
etc, are important.

e The function of the canal: A canal used for the navigation only, needs frequent maintenance than
a canal which is also used for other purposes. Exactly how often will depend on the type and rate
of plant growth and local conditions.

e The size of the canal: A big canal with a large water body is maintained more frequently than

small canals with lesser water body.

In Netherlands, for canals in which weed control is undertaken only once a year, the maintenance is
undertaken in the period September to November, the start of the wet season. If maintenance work is
done twice, the months June/July and September/October. Hence a suitable decision on the interval for

maintenance of project canals needs to be fixed based on local enquiry.

“Methods for disposal of the collected weeds

There are several techniques for cutting and removing aquatic weeds. Normally, the method is selected
principally to suit the type of weed and the character of the watercourse, with less consideration being
given to the method of disposal. Riparian and aquatic plant material can be disposed of in three main

ways.

e Leave the material on the bank
e Spread the material on suitable land

e Dispose of material at a landfill site

* Disposal of Cut Vegetation “Best Practice Guidelines Research and Development” Technical Report

W138, IACR, Centre for. Aquatic-Plant Management, Swindon, Wilts SN5 SYF
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Removing plant material from water is an energy-expensive -operation because large quantities of
entrained water are also removed. It is estimated that for every 100 kg ‘of weed; up to 90 kg of entrained
water is lost, leaving about 10 kg of fresh weight of weed. After this weed has dried and lost a further 90%

of water content in the cells, ‘only about 1 kg remains.

In most situations, weed can be deposited on the bank, but there may be site-specific reasons why this
would be unacceptable, and it may be necessary to transport the weed for disposal elsewhere. For
example, there might be insufficient space on the bank, or there may be a recreational function which

precludes the placement of weed.

Factors Affecting Method of Disposal
There are several factors which influence the method of disposal. The three main factors which influence

how material will be disposed of are:

1. How the weed is cut.
2. How the weed is removed from the water.

3. How the weed is deposited on the bank or collected for subsequent disposal.

In practice, the conditions which determine these three factors are the type and quantity of weed and the

characteristics of the watercourse.

Weed control activity and appropriate methods of disposal is shown in Table 3A.11.

Table 3A.11: Weed control activity and disposal methods

Weed Control Activity Suitable methods of disposal

e Leave to float downstream uncollected

e Collect at boom downstream and remove to heap
Hand Cutting
e Deposit on bank in small heaps, or chop and spread

e Leave cut bankside vegetation situ

e Leave to float downstream, collect at boom and put in a

head
Weed Cutting Boats (including
e Remove with weed rake or bucket at cutting site
amphibious boats)
e Deposit in large or small heaps along bank, or chop and

spread
Weed Harvesting Boats and e Deposit on either bank in small heaps
Weed Collecting Boats e Deposit at central collection point in large heap
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Weed Control Activity Suitable methods of disposal

e Deposit in tender boat for offloading later

Weed buckets and Weed
) e Deposit in small heaps on bank top, or chop and spread
Rakes

Flail Mower, Strimmer, Forage
e Leave in situ to decompose
Harvester, Allen Scythe, Spider
e Do not spread invasive plants to un infested areas
and Bicycle Mowers

e Burn or chip material in situ, leave to decompose or
Chain saw
remove from site

Emergent Aquatic Plants: Disposal options

If deposited on the bank, rushes, reeds, and sedges rot slowly and may suppress underlying vegetation or
impede access to the banks. Decomposition can be accelerated by chopping the cut vegetation with a flail
mower. Reeds and sedges dry out quickly and can be collected and burnt after drying where this is

appropriate.

Floating-Leaved Plants: Disposal options
The rooted floating-leaved plants seldom grow in sufficient quantity to create a problem if deposited on

the banks where they rot quickly. Free-floating plants also rot quickly.

Submerged Plants: Disposal options
Submerged macrophytes rot- quickly and cause few problems. if spread or deposited along the banks in
small heaps. In some situations, where the. soil is acid or low in organic matter, submerged weeds;

particularly (Ranunculus spp.) are used as soil fertilisers and conditioners.

Algae: Disposal options

Some species of filamentous algae, particularly Vaucheria dichotoma, form a persistent, thick, blanket
which kills underlying bankside vegetation. Chopping the dry mats with a flail mower and spreading the-
material thinly may help to prevent damage. to underlying vegetation, but, where this is not possible, it
may be necessary to remove weed to an alternative disposal site if unacceptable damage to bankside flora
is likely. The death -of underlying flora may lead to bank destabilisation and slippage due to loss of surface

root-binding strength.
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3A.2.4 Selection of Disposal Options

Waste plant material arising from weed cutting operations must be disposed of in a way which does not
cause harm to humans or to the environment. The first stage in the disposal process is to ensure that
sufficient material is removed from the water to prevent deoxygenation, or other problems, which could
arise as weed rots in water. The second stage is to decide whether it can safely be left on the bank or

whether it is necessary to move it to another disposal site.

Moving the vegetation for a second time clearly incurs additional costs. There are also environmental
considerations in deciding whether to move the material to another site or to leave it in situ. There may
be environmental risks associated with moving the material which could be as great, or greater than,

those arising from leaving it on the bank.

Of the three principal methods of disposing of-riparian and aquatic vegetation, disposal along the bank

has been used for longest and is still the most-commonly used.

Disposal on agricultural land, or land belonging to the operating authority, or at a licensed landfill site is
generally. the second option. This is used-mainly when there are overriding reasons why the material
cannot be left on the bank, due for example to amenity and recreational land use or to prevent any

adverse impact on sensitive riparian vegetation.

Material deposited on the bank should be organised so as to cause minimal inconvenience to anglers and

other riparian users. Material should be spread in thin layers less than 30 cm thick.
1. Disposal of material-on banks

Advantages
1. Very quick, with no additional transport or handling costs.
2. Rapid aerobic decomposition for many species in layers less than 30 cm thick.
3. Well placed small piles and heaps are not likely to fall back into water or create liquor seepage.
4

Allows escape of some vertebrates and invertebrates back into water.

Disadvantages
1. Poor placement causes leaching of liquor and risk of weed falling back into water course.
2. Poisonous plants may be eaten by livestock.
3. Thick layers can cause suppression of bank vegetation, leading to bank instability.
4

May cause nutrient enrichment of soil.
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1a. Disposal of material-on banks in large heaps

Advantages
1. Easy and efficient method of disposal when collection is at a boom
2. Easyto arrange transport to land or landfill.
3. Access by public and livestock is controllable.
4

Maximum permitted volumes unlikely to be exceeded.

Disadvantages
1. Risk of noxious odours.
2. Risk of leaching.
3. Risk of Health and Safety problems.

2. Disposal of weed on land

Advantages
1. Agricultural benefit and/or ecological improvement to soil is likely to occur.
2. Limits damage to banks and nutrient enrichment of bank soils.
3. Reduces the risk of liquor leaching into watercourse.
4

Removes problems of livestock and public access.

Disadvantages
1. Incurs additional handling and transport costs.
Collection sites may not be close to collection site.
Access to land may not be available at right time of year.

2
3
4. Temporary bunded storage areas may be required.
5. Potential growth of weed species in crop land.

6

May require sorting to remove foreign matter.
3. Disposal at a landfill site

Landfill sites are relatively few and are often distant from rivers, making transport costs high. Therefore,
this method of disposal is generally used where it is impossible to leave the. weed on the bank and where

no other suitable disposal site is available.

Advantages
1. Disposal of weed containing foreign material is acceptable.

2. Remove problems caused by decomposing weed in urban areas.
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3. Limits damage to banks and nutrient enrichment of bank soils.
4. Eliminates leaching of liquor into watercourse.

5. Removes problems of livestock and public access.

Disadvantages
1. Additional costs from transport and landfill.

2. Environmental impacts from transport and landfill.

Other methods of weed disposal
Apart from the three basic methods described above, there are a number of other methods of disposing

of aquatic weed which are in limited use at present, but which may become more useful in the future.

Aquatic weeds are difficult to collect and heavy to transport so that, unless very local uses can be found,

there is likely to be a high cost of delivery which would make their use uneconomic.

Composting

Water plants do not compost well by themselves but may do so if, mixed with other organic material.
Composting of aquatic and riparian weeds is currently practised in the Netherlands and Germany.
Reductions in disposal costs of up to 90% have been achieved by composting compared with landfill, as

there is, a saleable end-product to offset.

Thatching, basket making and weaving
Rushes and Reeds and some Willow species are used for thatching, basket making and other forms of

weaving. The increasing interest in rural crafts may help the uptake of material to this market.
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WEED CONTROL EIA Clearance MOEF & CC

Are Polsonous Plants

YES Exclude livestock from
Percent? dispasal site
NO
Are Alien invasive plants YES | Do not remove material to contaminated land leave to
percent? decompose locally burn or remose to land fill site
l NO
Are weeds being removed NO Is there space to deposit weed in heaps or to spread it
of a bicarn? along the bank?
NO
YES Ni
& I th forei fail
Is there foreign material Leave in the large beclaps :.ll L .umm rnair.nan
mixed with weed whidh NOD mixed with weed which

wiould adversely affect
disposal on land or harm
livestock?

surrounded by bound or
remaove for dispasal on
land

would adversely affect
disposal on land or harm
lvestock?

1 YES

I

‘Can foreign material be
removed during
harvesting?

¥YES

Remove foreign material?

NO

Remove to landfill or allow
to decompase in large
heaps surrounded by bund
Then dispose of fareign
materkal

3A.2.5 Conclusion

SouwrceAACR report no; W138 Swindon

Figure 3A.25: Process involved in Weed Management

The details given above explains the general procedures and method of disposal of weed (Figure 3A.25).

In the project site, the canals are in dilapidated state and during the planning and preconstruction stage

the issues related to weed removal is meagre. The main issues are removal of deposited solid waste and

bottlenecks for the free movement of water. The weed growth is expected only during the

implementation stage and the post implementation stage of the project. Among the 3 methods explained

above based on site specific conditions, mechanical means of controlling the weed s is proposed for the

IURWTS project. For proper weed management lumpsum cost provision has been proposed during the

Strat of the project and during the completion phase of the project.
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3A.3 Canal Shore Protection Works

3A.3.1 Requirement

The flood zone map generated for the project canal catchment as given in Figure 3A.8 & Figure 3A.9 were
used to identify the low-lying areas along the canal. Shore protection along the canals in the low-lying
areas, is proposed to prevent overtopping from the canals into the catchment. Protection and raising the
low-lying areas proposed using the excavated earth from widening will also prevent sediment flow from
the project area into the canals. The abstract of the length along the canal having width less than 16.5m
and for lengths greater than 16.5m that needs to be protected is given in Table 3A.12 and the details are

given in Annexure 3A.5.

Table 3A.12: Canal wise length requiring side protection

Length of protection required Length of protection required
Canal (Km) on either side for canal (Km) for canal width greater than
width less than 16.5m 16.5m requiring reconstruction

Edappally 2.1 1

Thevara-Perandoor 4.3 1.5
Thevara 0 0

Chilavanoor 4.2 1.5
Market 0 0
Total 10.6 4

3A.3.2 Different kinds of shore protection

There are different kinds of shore protection works and the commonly adopted are rubble masonry, RCC
retaining walls, pile and slab system and sheet piles. A choice among these kinds is a site-specific issue

and hence parametric analysis on the pros and cons has been studied and is brought out in Table 3A.13

The Rubble masonry is the commonly adopted kind. Considering the periodic ban imposed by the district
administration in the quarrying activities there is a considerable risk involved in going for rubble masonry
for the entire stretch. The quarry contractors prefer to produce smaller sizes stones for building and road
works considering their personal gains. Hence rubble masonry is suggested only for rectifying the existing
masonry in reaches where width of the canals are greater than 16.5m and in very essential stretches fro

new construction along the canals.

Considering the site-specific attributes (like land cost, availability of rubble for rubble masonry and
concrete masonry and the construction difficulty in pile and slab system) for this project, sheet piles

protection is suggested as the best alternative.
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Table 3A.13: Parametric analysis of different kinds of protection

Random Rubble

RCC retaining

Description Sheet pile Pile and slabs
masonry walls
Approximate Cost
INR 7,40000 INR 4,70000 INR 6,00000 INR 4,30000
/10m of wall
Construction time
Time of is less due to the | Construction Construction Construction time is
construction ease in the time is high time is high high
installation.
Stability decreases
Stability with time and the
Structural
High stability decreases with High stability possibility of slabs
stability
time gets displaced while
placing is high
High and regular
Very low low

Maintenance

maintenance cost

maintenance

maintenance

high maintenance

required
Aesthetics Good Medium Good poor
Low since the steel
rods in piles& slabs
Durability High low High getting exposed due
to degradation of
concrete in high
Very less land
land required High High High
required
Material
Readily available low** low** low**
availability
Difficult considering
Difficult Difficult canal condition
Ease in
Easy considering canal | considering maintaining the
construction
condition canal condition | verticality while
driving the piles
less space More space More space More space required
Space constraints
required as required for required for for stacking materials
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Random Rubble RCC retaining

Description Sheet pile Pile and slabs
masonry walls
available in stacking stacking
smaller segments | materials materials
Difficult Difficult

Difficult considering
considering canal | considering land

Material Very easy to urbanized site
condition and availability and

transportation transport and condition and social
social issues social issues

and handling handle issues frequent lorry
frequent lorry frequent lorry

movement

movement movement

Note** - [ssue of Availability of material due to issues in quarries

The final decision on the type of shore protection will be site specific. The cost of sheet piles is mainly
based on the length and the thickness. In order to undertake a comparative estimate with the different

types a preliminary design analysis was undertaken.

3A.3.3 Sheet piles

In this project, land acquisition is proposed for a 2m right of way towards the land side of the canal to aid
in the related activities of the project. The final alignment of the shore protection measures, and the
stretches identified for shore protection will be validated after the land acquisition process is complete.
The field survey has been completed during reconnaissance survey to identify any overhead obstructions,
particularly power lines to ensure vertical clearance to accommodate for sheet pile driving and

construction operations.

Geotechnical Considerations: The existing secondary data of bore logs near canal stretches provided by
SPV, revealed that there is not much variation in the soil profiles and subsurface conditions along the
canal that would impede pile driving. Hence, existing secondary data was used in the preliminary design
of cantilever steel sheet piles. For validation, a detailed geotechnical investigation is being carried out to
understand the foundation soil profile along the canals. This data will be used for the detailed design, and

estimation purpose.

The sheet piles driven can be either cantilever type or anchored type depending on the soil conditions,
the depth of the sheet pile required and the space consideration at site. For the project being developed
in an urbanized area and due to less land availability on the landward side, the cantilever type structure

has been designed.
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A typical sheet pile used for driving showing the plan view and the cross-sectional view of anchored and

a cantilever type are shown in Figures 3A.26, 3A.27, 3A.28 and 3A.29.

f ~ef
h P o
R 5
w - w
Figure 3A.26: Joining systems between Z type Figure 3A.27: Typical anchored sheet pile

Figure 3A.28: Typical view of cantilever sheet pile Figure 3A.29: Cross sectional view of steel

sheet pile

The equation used to estimate the depth of a sheet pile is of the order 4 and hence a trial and error
method has to be adopted which is cumbersome. Hence software’s available to solve these types of
equations faster was used. A factor of safety between 20% and 40% has been added to arrive at the final
value of the depth as per the relevant design codes and is detailed in Chapter 4A (Engineering Design) of

this report.

Design assumptions

The following assumptions are considered for sheet pile design:

e The Soil investigation report provided by SPV as BH-6 report (CH: 19300 at Ernakulam South
Railway station) are considered in the analysis of sheet pile design. These reports are dated
February 2013.

e Surcharge of 10kN/m? (minimum surcharge load as per BS 8002 code) which was considered to

be at least 3 m away from the wall and extension of 3 m further.
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A concentrated load generated by the concrete pile cap (assumed size: 0.5m x 0.5m) exactly on
to the top of sheet pile. This can also act as separator or unmountable kerb of at least 0.15 m
above from the virgin ground.

@ = 0 analysis was done in undrained conditions due to the presence of cohesive soils i.e., for
normally consolidated clays.

No unplanned excavation during the service life of the structure is considered as this is used for
general canals with no wave action or no action of scour.

The worst condition for the design of retention structure is the ground water at ground level on
retention side i.e., fully submerged soil and low water level on river / canal side. The same
condition is considered in the design.

The partial load factors as per BS 5950 and Euro code & part -1 is specified as 1.5. Yet, the Indian
Standard IS 9527 Part 3 recommend to use 2.0 on Bending moment.

The structure must be designed for a service life of minimum 30 years with a maximum of 50
years.

Design life of the structure is considered as permanent and with maximum 50 years service life.
All design calculations are carried using DC-Pit software. Design basis is on Euro Code.

General protective coating is considered for aesthetic view and for 50-year service life of the

structure complete sacrificial thickness loss for the entire service life is considered.

Secondary data of bore holes used for the design is as given in Figure 3A.30. The final design input

provided in the software of cantilever sheet pile protection is as given in Figure 3A.31. Further details on

the engineering aspects are dealt with in Chapter 4A (Engineering Design) of this report.
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Figure 3A.30: Site Geotechnical report bore details as provided by KMRL
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Figure 3A.31: Functional design concept of cantilever sheet pile protection
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3A.4 Navigational facilities

The canals in Kochi were used for both passenger and cargo transport until the last century. The
urbanization, encroachments, and lack of maintenance of water bodies led to the decline in canal
navigation. This project will make these canals more vibrant by providing transport connectivity with a

water metro network and a metro network.
3A.4.1 Functional Design

The boats, jetties, navigation aids, walkways and other infrastructure are planned anticipating the holistic
development of the five canals thus making the entire stretch navigable. The boating network and
infrastructure is customizable and need to be made conducive to the exact situation of these five canals.
Hence, during the entire implementation phases of the project, proposed design to be continuously

revised against any changes that might occur.
3A.4.1.1 Route network

The canal metro network integrates and overlaps with the water metro as well as with metro lines. Hence
the proposed canals metro navigation becomes a feeder service to the existing water metro routes in the

vicinity of surrounding water bodies.

a) Near Kuzhuvelippadam Jetty, the canal metro navigation can make an overlap with the water
metro routes for some distance as shown in Figure 3A.32. Major terminals like Thevara which will
be used by both services and will also serve as an ‘interchange terminal’. Also, depending on the
traffic requirements, the boats plying in one canal can be sent to another canal crossing via the

inland waters where water metro will be operating.

Zjl\. ETTOOR
ln)(““xd‘v

Figure 3A.32: Interchangeable mode (Canal Metro- Water Metro)
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b) On the northern end of Thevara-Perandoor Canal and Chilavanoor Canal, the Canal Metro is
limited by the irreplaceable railway over bridge as given in Figure 3A.33. There is a need to close
the gap by extending the Water Metro unto the railway bridge to provide seamless integration

between both networks.
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Figure 3A.33: Canal north end: Railway bridge limitation

3A.4.1.2 Traffic study

A traffic study undertaken by NATPAC (2018) shows a preference of the number of passengers and tourists
who wish to use the canal metro once the navigation of vessels is restored and made functional in the
project canals. This is used as the basis to decide the specification of boats and numbers for the proposed
Canal Metro. In addition to that certain boat types are also proposed added based on anticipated

functionality which is discussed in the subsequent sections of this chapter

The traffic study undertaken by NATPAC (2018) has two parts:

1. The route survey, traffic study and estimation of passenger ridership.

2. The fleet size requirement for the riders, assuming the frequency and trip duration of boats.

Part (1) of the study has been accepted as will be used for fleet design.

Part (2) was used assuming design speed of 30 kmph (~16 knots) for the boats. Given the cross section of
the proposed navigable canal, the distance between the jetties, and the bends in the canal, it is expected

that the highest speed of the canal boats will not exceed 11 kmph (~6 knots).

This assumption was applied to decide the fleet capacity in this DPR which is estimated as higher than the

NATPAC estimates.
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3A.4.1.3 Fleet capacity

The indicative fleet size is decided based on passenger demand, speed of the boat, purpose, time taken

per trip etc. Table 3A.14 shows the indicative fleet size.

Table 3A.14: Fleet size guideline estimation

Adapted from NATPAC Report Guideline fleet size based on speed
Passenger boats Speed boats
S - (] < (2] <
= (] P2~ - L=~ ~
3 o L "'6 g_ © ; o 17, © ; o
~ 0 = o < o
sl. Length &< 233 | g.|=27T gl2ezg| a5 2
Name of canal c > 222 | 25 | 99| 55| %527%
No. (km) 2T | 2€e |28 | 953 8€e| 258
B8 | 5% |5° 388/ 58/ 2§88
()] (=] :
S | 11kmph | 2 35 2 15
1 Edappally 11.15 379 60.82 1 11 230 15
2 | Chilavanoor 11.02 572 60.11 1 16 194 13
3 | Thevara - Perandoor 11.25 614 61.36 1 18 56 4
4 TOTAL 33.42 1,565 45 480 32

The above figures run as a guideline however the fleet size was finalized based on jetty service times, size
of boats, mix of boats of various capacities etc. These are the indicative numbers for estimation and
costing purposes. It is expected that one jetty can service only 3-4 boats in an hour. Also, the number of
commuters per hour as per traffic survey has been considered as the upper limit as the reduction in speed
may detract some of the office commuters, originally anticipated to be onboard. During the start of the
project one boat each for the 3 canals is proposed to be purchased and based on the passenger demand
the number of boats has been suggested to be increased by private participation and considered as a

possible source for revenue generation.

Increment in the speed will require more CAPEX and OPEX per boat. However, it will result in the reduction
of number of boats. Hence the balance on costing can be maintained while customizing the fleet to the
real time requirements. The fleet capacity also depends on the uptime of boats, the standby vessel
requirements (e.g. Ambulance), the overall jetty utilization and increase in traffic due to canal access by

non-metro boats.
3A.4.1.4 Categories of floaters

The following types of vessels that will operate under various agencies were identified as potential

candidates for the canal (Table 3A.15).

Table 3A.15: Types of vessels with potential candidates
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Sl. No. Type Potential candidates

Canal Metro 1) Passenger Boats; 2) Water taxis; and 3) Luxury Tourist

Canal Sports 1) Speed Boats; 2) Kayaks; 3) Water Scooter; 4) Water cycle;
and 5) External boats for Competition/Event participation

Support system 1) Weed cutters; 2) Dredgers; 3) Garbage collector 4) Floating
Pontoons; and 5) Marinas

Private/Cargo boats 1) Barges; 2) Mini cargo boats; and 3) Country boats

Miscellaneous 1) Chartered customizable pontoons

6 Service Boats 1) Police boats/ RIBS; 2) Patrol Boats; and 3) Fire

Following additional functionalities could be met by this canal network on top of being a Canal Metro

service (Table 3A.16). Water transport of cargo is less polluting and cheap compared to other modes of

transport. Provided a feasible network of markets, logistics hubs will evolve, and transport of cargo will

further develop.

Table 3A.16: Additional functions of vessels

1) Alternate to road trucks/autos; 2) Pelletized or crated Cargo; 3) Local

Produce; 4) products of Coastal small-scale industries; 5) Supplies to/from

Cargo Ernakulam Market canal; 6) Fish / vegetable market - Alternative to autos at
Champakkara market; and 7) Adhoc cargo (sand, cement, silt etc.)

1)Floating Stages; 2) Performance; 3) Floating Jetties; 4) Multipurpose

Pontoons pontoons; 5) Floating advertisers; 6) Floating sports/attention grabbers; and 7)

Fireworks.

Barges and Event

Boats

1) Water Parades; 2) Wedding reception; 3) Corporate parties; 4) Dinner/ High
Tea cruise; 5) Overnight Stay /Night shopping shuttles

However, limiting the scope of floater functionalities to the studies undertaken earlier, and the canal

utilization, the following types of fleet mix /vessels are proposed for the project fleet (Table 3A.17).
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Table 3A.17: Fleet mix proposed for IURWTS project

Type Cost Header Unit | Quantity
12m Catamaran (45 pax) Luxury tourist no 3
Software LS 1
Support system
hardware LS 1
Wash, Traffic study Studies LS 1

3A.4.1.5 Management of boat routes

Canal Metro boats is suggested to be managed in lines and collaboration with the Water Metro. This
makes interoperability of boats possible. The large sized boats of Water Metro cannot service the canals,
however, vice versa is possible. This gives the extra flexibility for Canal Metro to make some overlap and
use the major jetties of Water Metro as the interconnectivity terminals. This also helps to switch the canals
via the Inland waters in case of fleet redistribution owing to some public event occurs. Furthermore, for
tourist vessels plying in the canals will also give the flexibility to conduct tours like sunset trips and making
it possible to venture to the harbor mouth or beyond to visit the sea without changing boats .This is

suggested as a source for revenue generation from this project.

The Canal Metro connects to other modes of transport at the following locations (Table 3A.18).

Table 3A.18: Interconnection points between Canal Metro and Water Metro

Canal Canal Metro Jetty Water Metro Jetty KMRL Metro Station
Edappally - Edappally Metro
Edappally Canal
Kuzhuvelippadam Kakkanad -
Perandoor Railway Bridge Perandoor Railway
south Bridge north
Kaloor Market - Kaloor Metro
Thevara-
Perandoor Canal
Kadavanthara Kadavanthara Metro
(Extended route) Thevara KSINC Yard
Amrita Hospital Railway Amrita Hospital
Bridge south Railway Bridge north
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Canal Canal Metro Jetty Water Metro Jetty KMRL Metro Station

International Stadium Stadium Metro
Chilavanoor

Canal Elamkulam Elamkulam

Chil Bridge/Vall
ilavanoor Bridge/Vallon Vallon Road

Road

3A.4.1.6 Implementation phases for routes

The followings routes have been identified to be implemented as part of the phase 1 development of the

canal.

Phase 1

The following routes is suggested for the Phase 1 operations of the canal through public private

partnership.

Route 1: Muttar/Kunnumpuram Recreation Area (Figure 3A.34)

e Trip Type : Water sports

e Vessel types: Kayaks, pedaling boats, mini motorized family boats

e Frequency: Day time, peak at evenings & holidays

Figure 3A.34: Water sports route near Muttar

Route 2: Water sports circuit Edappally (Figure 3A.35)

e Trip type: Circuit

KMRL/IURWTS/DPR/RO Page 3A-53



JURWTS E——

Intgpates i hegeneration & Wt TansportSystem

e Vessel type: Catamaran
e Frequency: Day time

e Stoppage: Charging at noon

Figure 3A.35: Water sports route near Eroor, around Eco island in Edappally canal

Route 3: Metro Rail — Water Metro Connector (Figure 3A.36)

e Trip type: Edappally — Kakkanad Metro Jetty
e Vessel type: Hybrid Catamaran (12 meters)
o A/CTourist (35 pax),
o Cruiser (45-50 pax)
e Frequency: Day time,

e Stoppage: Charging at noon (if feasible)
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Figure 3A.36: Edappally — Kakkanad Metro Jetty

Route 4: Perandoor/Chinmaya Water Metro Hub Feeder (Figure 3A.37)

e Trip type: Perandoor/ Chinmaya Metro Feeder

o Color code: Yellow highlight

o Vessel type: Less capacity, 20 pax
e Frequency: As required
e Trip type: Bridging service

o Color code: Red line

o Water Metro connectivity expected
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Figure 3A.37: Perandoor/ Chinmaya Metro Feeder
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Phase 2

The following Routes shall be considered for Phase 2 operations of the canal:

Route 5: Kaloor-Amrutha Water Ambulance Service (Figure 3A.38)

e Trip type: Ambulance service

e Stretch: North of Kaloor metro to over bridge near Amrutha Hospital
e Vessel type: Marine ambulance

e Frequency: On call

e Both end land connectivity is required
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Figure 3A.38: North of Kaloor metro to over bridge near Amrutha Hospital (ambulance service)

Route 6: Thevara Hub Canal Feeder (Figure 3A.39)

e Trip type: Feeder service to Water Metro
e Stretch: Kadavanthara metro — Thevara KSINC Jetty
e Vessel type: 12 m catamaran

e Frequency: regular
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Figure 3A.39: Feeder service to Water Metro (Kadavanthara metro — Thevara KSINC Jetty)

Route 7: Canal Breeze

e Trip type: Tourist boat/ Passenger cat

e Coverage: Entire stretch except state highway bottlenecks
e Edappally Canal

e Thevara Perandoor Canal

e Chilavanoor Canal

The routes identified are very preliminary in nature. These will have to be customized to the external
parameters such as progress in canal rejuvenation, location and operation of water gates, Water Metro

routes.

Fleet rollout

Although the boats are going to be one the first ones to ply in the rejuvenated canals, currently it is not
possible to provide data to predict the requirement of the boats for each canal system. Hence, it is
suggested to rollout the boats in phases. The first few boats will be rolled out during a pilot and run
extensively in these canals. The lessons learned from the initial phase will be used to refine the
specifications to determine and reshape of new boats as well as fleet mix. Later, vessels will be built under
series production. Reducing the size of the boat will increase the cost per passenger. This is accounted

for, as an added cost in the boat cost calculation (see Chapter 6 of this report).
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3A.5 Navigation Aids

Navigational aids are provided to assist guarantee safe navigation in the canals. Fixed shore structures are
to be erected at bridge sites and places where canal joins the water bodies or any other important junction
point. Floating light weight moored buoys are to be erected in the wide water bodies to demarcate the

waterway at suitable interval to identify the star board limit of the channel at wise sections.

Canal fairway markers, information, warning, and direction signboards are proposed in the canal stretch.
Information boards should show the adjacent places with distance. At road bridges, these boards can give
the details of the nearby places via road also. Warning signs will show the headway restrictions under
bridges, narrow canal, depth constraints, and feeder canal crossings. Canal markers are proposed for

marking the fairway passage in wider reaches.

The lights will be fitted on both the facing sides and beneath the structures. It will give the directions to

canal and road users. The buoys consist of the following:
3A.5.1 Lateral Buoys or Spars
(a) Port hand marks : These marks indicate the left side of the canal.

By day: Red Buoys, preferably cylindrical (CAN), or red spars. Red cylindrical top mark is compulsory on

the spars and on the buoys if they are not cylindrical.

By night: Rhythmic red lights of any type as given in Figure 3A.40.

Figure 3A.40: Port hand marks

(b) Starboard hand marks : These marks indicate the right side of the channel.
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By day: Green buoys, preferably conical, or green spars. A green conical top mark point upward is

compulsory on the spars and on the buoys if they are not conical.

By night: Rhythmic green lights, of any type as given in Figure 3A.41.

Figure 3A.41: Starboard hand marks

For the canal having vertical banks on both sides, the buoy markers are not that critical as compared to

the estuaries where the starboard sides of the navigable area are marked at every 200 m distance.

3A.5.2 Estimates

The estimates for Navigational items are taken as shown in Tables 3A.19 and Table 3A.20.

Table 3A.19: Estimates for navigational items

Total distance of water way 35Km
Total Number of turns 25 nos.
Total number of Jetties 30 nos.
Total number of water way intersections 10 nos.
Total number of low draft bridges 60 nos.

Table 3A.20: Quantities of navigational items

Navigational Aid Item Quantity Rational
Turn Sign board 50 2 sign boards for every
Sign Boards turn
Speed limit Sign board 70 in every 500 m
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Navigational Aid Item Quantity Rational

Hazard Sign board 20 as per site conditions
General Information Sign 50 as per site conditions
Jetty Sign board/Name boards 180 4 sign boigftsyfor every

Centre line buoys in water way 140 in every 300m

In Jetties 60 2 in every jetty
Buoys Water way intersections 40 in every intersection
Emergency& reserve deployable 10 as per site conditions

Buoys
Overhead arch sign Low air draft warnings 120 2 in every low draft bridge
boards Direction sign boards 70 in every 500m

*Note: These are normal illuminated signboards. Electronic/ IT enabled systems on jetties and onboard is not

accounted for here.

3A.6 Jetty and Jetty Terminals

3A.6.1 Need for jetty and jetty terminals

The lack of connectivity of ferry service into the urban fabric through the inland canals is considered as a
major limitation for development of water transport in Kochi city limits. Water transport systems in cities
like Amsterdam and Venice have been successful due to a large network and connectivity to different
parts of the city. Even then, water systems find it hard to compete with the convenience provided by the
door-to-door connectivity of roadways. This project’s main aim is to restore navigation in 5 inland canals

cutting across the heartlands of Kochi city.

The northern and southern side of the project catchment provides a good waterfront for ferry movement.
The connectivity of ferry service to both ends cutting through the heart of the city through the inland
canals is not possible in the project command as per the present condition. These canals are narrower
and do not have the required navigable depth. Unchecked encroachment through illegal construction
activity and dumping of solid waste has further reduced the capacity of these systems to support

transportation.

This project aims at restoring the canal systems to its original state and make it pollution free. This will
help in extending the ferry service from the northern end to the southern end for the 5 canals in the
project command. Outside the project command and inside the Kochi city limits there are 6 more

important canals which are in the same state as given in Figure 3A.42. A holistic approach to restore these
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inland canals and make them navigable and pollution free is also the need of hour and action needs to be

taken by the administrative authorities in this regard.

The activities involved in this project are to 1) restore the canal to its original state and provide navigation
facilities, and 2) to provide jetties and jetty terminals for embarking and disembarking based on PHPDT of

the passengers.

A

Figure 3A.42: Major canals under Kochi corporation limits needing improvement

3A.6.2 Traffic survey

Canals are artificial waterways made for the purpose of irrigation or navigation or both. Canal transport
requires a huge amount of capital investment in construction and maintenance of its track. Hence the cost
of the canal transport is, therefore, higher than that of river transport. To add to it, the cost of maintaining

water in the canals is also a big problem of canal transport. Hence traffic survey and the PHPDT results
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based on the survey are very important for the development of better infrastructure and to decide on

the location and facilities to be provided at the Jetties along the canal. Traffic survey can also help to

Increase the efficiency and life of canal systems
Decide on managing the traffic volume at a particular jetty
Provide better means for development of infrastructures

Provide better means to utilize water transport in case of special events in the city

vk Wk

Provide estimate of number of boats required against the number of passengers using this service.

Detailed traffic study data obtained from secondary sources were used for deciding on the PHPDT of
passengers. Traffic survey undertaken for the inland canals in 2018 by National Transportation Planning
and Research Centre (NATPAC), a Govt. of Kerala institute of eminence in transportation and planning,
and Centre for Public Policy Research (CPPR), a think-tank dedicated to intensive research on economic,
social, and political issues (2015), for the ferry service in the surrounding water bodies was used. Based
on the passenger traffic survey undertaken by CPPR®, the apprehensions of passengers utilizing the
existing ferries and jetties in the surrounding water bodies is given in Figure 3A.43, Figure 3A.44 and

Figure 3A.45.

The major improvements sought based on the above survey results have been addressed for the facilities

provided at the jetties, jetty terminal and in boats for this project.

The PHPDT to decide on the hourly passenger density for the jetties proposed under the project canals
were analyzed from the secondary sources referred above and details given in section 2.4 of Chapter 2,

(Requirement/Demand Analysis) and under navigation section 3A.4 of this chapter.

> CPPR “A study on inland transportation in Kochi city region”, Working paper series (2012)
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Figure 3A.43: Problems faced by ferry users (Source: CPPR (2015))
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Figure 3A.44: Improvements sought in the ferry system as a whole (Source: CPPR (2015))
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Figure 3A.45: Improvements sought in the ferry vessels (Source: CPPR (2015))
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3A.6.3 Parametric analysis for fixed and floating jetty

The design features of the Jetty will have the greatest impact on the capital costs particularly dimensions
of the jetty, type of jetty, structural capacity, material selection, provision of services, compliance and
decisions about safety, existing site conditions, design life. Considering these factors Jetties can be either
constructed as floating jetties or as jetties with a fixed height depending on the expected changes in water

levels/ tidal range. The comparison between fixed and floating jetty is given in Table 3A.21.

Table 3A.21: Comparison: Fixed and Floating type jetty

Description Fixed Floating

Level does not change with respect to
General the tidal variations, hence different
stepped levels have to be provided
Length of the jetty will be long where

Level varies along with the change in
tile levels

Length of jetty can be comparatively

Length of jetty there is large tidal fluctuation to aid for
. small
different levels
Cost Low capital and maintenance cost High capital and maintenance cost
Space Space requirement less for area where .
. . . . More area required
requirement there is less tidal variation
.. Additional structures such as
Additional . . . . )
No major additional structures required | gangway, restraining piles etc.
structures ,
required.
Maintenance cost | Comparatively less Comparatively high
Jetty need to be moved while
Desilting No issues while desilting desilting and frequency of siltation is
high.

Taking into consideration these factors a fixed type jetty is proposed for the project.

3A.6.4 IURWTS project: Jetty

In the planning process of fixing the locations of the jetties the first and last mile connectivity was one of
the primary factors considered. The navigational width of 16.5 m has been estimated for 2-way movement

in these canals.

The passenger’s willingness to shift from public transport mode to canal mode have been studied in detail
by a passenger traffic survey undertaken by NATPAC (2018). The next factor considered for fixing the
location of the jetty and jetty terminals was based on the analysis of the passenger traffic survey to use

the locations. A total of 30 jetties and jetty terminals along the 5 canals is proposed in this DPR.

The location details of the jetty and jetty terminals for the 5 canals are given in Annexure 3A.6 to this

DPR.
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The IURWTS jetty location plotted on a google map shows the interconnectivity with Water Metro and

Rail Metro (Figure 3A.46).
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Figure 3A.46: Intermodal connectivity of the Canal Metro- Water Metro- Metro Rail

The jetties proposed are along the shoreline without any protrusions into the canals so that there is no

hindrance in the movement of the vessels in both directions. The depth of capping beam over the sheet

piles is increased to aid for the berthing of the boat. Taking into consideration the tidal variation the jetty

is proposed to be of two level (+)1.0m an (+)1.2m. Taking in to consideration the passenger capacity, the

vessel dimensions, standards for physical disabled etc. the dimension of the berthing area is fixed as 10.4
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m x 3.0m. Two number bollards are provided on the jetties for the mooring of the vessels. To prevent any
aberration for the vessels and the jetty fenders are provided at different heights. provision for EV charging

facility is also provided at 10 selected jetties, as the vessels proposed for the project is electric.

The jetty terminals can be categorized as presented in Table 3A.22.

Table 3A.22: Area based categorization of jetty terminal facilities

Sl. No No. of Jetties Category Size

1 3 Type A Built-up area = 80 sqm

2 27 Type B Built-up area = 70 sqm

The facilities proposed for the individual jetties are fixed based on the land availability at the jetty
terminals and passenger density. Minimal facilities have been provided in majority of the jetties reducing
the capital cost and operating cost arising while manning the jetties. The terminal structures are mainly
aesthetically pleasing steel structures with more opportunity for revenue generation through
advertisements. In commercially viable locations the plan area is increased, and all the facilities have been

provided to increase the comfort level of the passengers.

The general facilities provided at the jetty terminal are presented in Table 3A.23.

Table 3A.23: General facilities provided at the jetty terminal

Category Facilities provided Area Nos.
Parking Space 30m X 20m
Waiting area 9.55m X 2.67m
Toilets 2.26m X 3.80m 2 nos.
Type A
Landing area 4.00m X 3.00m 2 nos.
Rampl 2.00m X 4.80m
Ramp?2 2.40m X 3.00m
Parking Space 30m X 20m
Waiting area 9.55m X 2.67m
Type B Landing area 4.00m X 3.00m 2 nos.
Rampl 2.00m X 4.80m
Ramp?2 2.40m X 3.00m
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Based on the total land availability, the car parking facilities provided for the jetty terminals are brought

under 4 categories and given in Table 3A.24.

Table 3A.24: Details of parking facilities provided at Jetty terminals

SI. No letty # Nos Category

‘Type A’ with parking space

1 #3 1 Category |

600 sqm

Type B’ with parking space

2 #5, #6,#15,#18 4 Category |

600 sgm

Type A’ with parking space

3 #17, #27 2 Category lI
between 600sqgm- 150 sgm
H1, #2, H#4, #7, Type B’ with parking space

4 9 Category Il
#8,H#13,#22,#23,#24 between 600sqgm- 150 sqgm
#10, #12, #14, Type B’ with parking space

7 7 Category lll

#16,#25,4#26,#30 less than 150sgm
Type B’ without parking
8 #9,#20 2 Category IV
space

Type B’ with parking space

9 #29 1 Category V

less than 150sgm
Type B’ without parking
10 #19, #11,#21,#28 4 Category IV
space

3A.6.5 Access Road to Jetty Terminals & Electric Buses

For the nearest road to the jetty terminal improvement and reconstruction of roads will help the electric
buses operating from the terminals at regular intervals to have a comfortable access to the next mode of
connectivity for the passengers. Land acquisition proposal for a length of 300 m from the terminal at

required jetty terminal locations have been included in this DPR.

3A.6.6 Corporate Office of SPV, Operation Control Room and Lab

To manage the post development activities of the project, a corporate office building for special purpose

vehicle (SPV) will be constructed at Edappally Lulu jetty. A laboratory is also considered vital in the project
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to periodically test the water quality in the canal and record tidal fluctuations. A master operational
control room is also proposed to be built at this location connected to the CCTV installation. This is to
ensure the proper control on the navigating vessels and to take care of the safety aspects of the

passengers and the boats plying in the canal.

The building planned has 3 floors with a plinth area of 1200 m?2. At regular intervals along all canal
stretches, CCTVs will be installed to monitor the activities along the canals and to provide emergency help

if required.
The typical concept design of an IURWTS jetty type is as given in Figure 3A.47.

The detailed engineering part of Jetties and related structures is given in Chapter 4A (Engineering Design)

of this DPR.
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Figure 3A.47: Concept design of proposed IURWTS jetty
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3A.7 Cross Structures: Road and Foot Bridges

Reconnaissance survey conducted by Antea group, revealed that the road bridges and foot bridges are
constructed in an unplanned manner across the canals by different stakeholder departments and private
agencies. The bridges constructed were by reducing the existing vent ways and without adequate vertical
clearance. The situational analysis of a few road bridges and foot bridges showing constriction in the vent

way and lack of vertical clearance is shown as photographs is as given in Figure 3A.48.

Ch8700 Bridge constructed reducing vent way (T-P Ch 8300 Vent way encroachment bridge across

canal) Chilavanoor canal

Ch 5570 Chilavanoor canal vertical clearance less than Ch 3460 Chilavanoor canal reduction by private foot

a metre bridge and creating blockage

KMRL/IURWTS/DPR/R0O
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Ch 8200 Foot bridge construction reducing water way Ch7330 Lack of vertical clearance of foot bridge and

in Chilavanoor utility crossing at Chilavanoor canal

d

-

i i ,Hfﬂﬁﬂ}fﬁﬁ} {

Ch 4150 Private bridge to infrastructure property (T-P Private bridge encroachment in vent way by private

canal) with encroachment in Vent way owners in Chilavanoor canal

Figure 3A.48: Situational analysis of bridges in IURWTS project command

As a part of restoring navigation in the canal, road bridges and foot bridges need to be reconstructed to
the navigation standards for two way movement and adhering to a vertical clearance of 4m. From field
survey undertaken by Antea Group in December 2019, it is estimated that 56 road bridges constructed by
Government department (PWD, Corporations ) and 31 foot bridges need to be reconstructed across the

5 canals. The canal wise abstract of Road bridges/FOB to be reconstructed is given in Table 3A.25.

Table 3A.25: Abstract of bridges to be reconstructed

Description Road bridges (nos.) Foot bridges (nos.)
Edappally Canal 11 1
Thevara — Perandoor Canal 23 13
Thevara Canal 2 0
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Description Road bridges (nos.) Foot bridges (nos.)
Chilavanoor Canal 20 16
Market Canal - 1
Total 56 31

The road bridges and foot over bridges to be reconstructed for all the 5 canals, as plotted on a GIS platform
and the image is given in Figures 3A.49, 3A.50, 3A.51, 3A.52, 3A.53 and 3A.54. The tabular form (with

chainage, latitude & longitude, and photographs) is given as Annexure 3A.7.

Road Bridges to be reconstructed in Thevara Canal @

s
0 0075 015 03
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Figure 3A.49: Road bridges to be reconstructed in Thevara canal
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Figure 3A.50: Road bridges to be reconstructed in Chilavanoor canal (1)
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Figure 3A.54: Road bridges to be reconstructed in TP canal (2)
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In addition to the reconstruction of foot bridges, 15 numbers of new foot bridges are also proposed for
crossover of new sewer lines under this project and to accommodate the demand from other stake

holders like KWA (pipe lines), KSEB (electric cables ), etc. during the course of the development activities.

During floods, the afflux on the upstream sides of the bridges causes overtopping of flood waters and
resulting in recurrent flooding in the low-lying areas of the command. The photographs of flooded state

of the project command during an extreme rainfall event on 20" Oct 2019 is given in Figure 3A.55.

The design width required to accommodate the flood mitigation and navigation requirement is estimated
as 16.5m. The vertical clearance of 4m is to be provided as per the guidelines of Inland Water Ways in

India (IWAI) regulations (Amendments), dated 07-11-2016.

Flooding in M-G road, Kochi

Flooding in Panampally Nagar -Thevara

Perandoor canals side, Kochi
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Flooding in Edappally junction, Kochi

Kochi interiors flooding
Figure 3A.55: Photographs of flooded state of the IURWTS command

3A.7.1 Different types of bridges

Bridges are classified based on function, material, and type of construction. A parametric analysis is made
to study good practices based on the site condition, ease of construction, appearance & sustainability

aspects. A few types of bridges are given in Table 3A.26.

Table 3A.26: Classification of Bridges

Classification of Bridges Based on Function

Roadway Bridge- For the Vehicular movement

across the canal

Foot Over Bridge (FOB)-For Pedestrian & Cycle

movement across the canal
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Railway Bridge- For the Rail movement across the

canal

Classification of Bridges Based on Material

Concrete Bridge- Made up of RCC as Arch bridge,
Girder bridge or Rigid frame bridge

Steel Bridge-Made of Steel structure as Truss girder

or plate girder.

Timber Bridge-Made of Timber with a truss

configuration
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Composite Bridge-Comprises of Steel or Concrete
girder with RCC deck slab over Corrugated decking

sheet

Classification of Bridges Based on Type of Construction

Suspension Bridge-A suspension bridge is a type of
bridge in which the deck is hung below suspension
cables on vertical suspenders. The basic structural
components of a suspension bridge system include
stiffening girders/trusses, the main suspension
cables, main towers, and the anchorages for the

cables at each end of the bridge

Arch Bridge-An arch bridge is a bridge with
abutments at each end shaped as a curved arch.
Arch bridges work by transferring the weight of the
bridge and its loads partially into a horizontal thrust

restrained by the abutments at either side

Rigid Frame Bridge-A Rigid-frame bridge is a bridge
in which the superstructure and substructure are
rigidly connected to act as a continuous unit.
Typically, the structure is cast monolithically,
making the structure continuous from deck to

foundation
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Plate Girder Bridge-A girder bridge, in general, is
a bridge that uses girders as the means of
supporting the deck. A bridge consists of three
parts: the foundation (abutments and piers), the

superstructure (girder, truss, or arch), and the deck

Truss Girder bridge-A truss is a bridge
superstructure made up of members whose ends
are linked together at joints. Each member are
subjected principally to axial loads only. A girder, on
the other hand, is a horizontal member made from
extruded steel section ion or built up by welding

steel plates to form a solid webbed member.

Corrugated steel plate arch bridge (CSP): -A bridge
which, through interaction between an arch of
corrugated steel plates founded on concrete or steel
footings. and the surrounding soil, provides the

required bearing capacity

A comparison study was undertaken for a few commonly used types of bridges suitable for this project

command and is given in Table 3A.27.
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Table 3A.27: comparison study for a few commonly used types of bridges

Precast
e s Suspension Steel Truss . Corrugated steel
Classification Bridee /Girder Bridge RCC Bridge Prestressed late bridge
g g Girder Bridge P &
Better to Material & .
. Steel can fully | Arches are . Material &
withstand labour savings .
meet the preferred ) labour savings
earthquake on mild . .
structural when more . by introduction
Features movements . . reinforcement.
. requirements bending of arch of
than heavier . Enhanced
. with even moments . corrugated steel
and more rigid . corrosion
. small sections | occur . plates
bridges resistance

Maintenance

Maintenance

for rusting of cost is very
Maintenance steel must be . small.
. s Maintenance . .
Maintenance | costis high as | done regularly . Maintenance Galvanised
. cost is very .
cost cable needs to | which cost is low corrugated
. small L
be changed increases the sheet is highly
cost of durable and long
maintenance lasting
Aesthetic Fare
feat theti
Good catures are aesthetic Generally Very Good
. not good due features can j .
Appearance | aesthetic ” ) considered as | aesthetic
to stiffeners be achieved
features . acceptable features
and cross with arch
diaphragms bridge option
Take longer Installation
Installation Installation Quick time forg costis highas | Quick
time/cost takes time Installation . heavier cranes | Installation
Installation .
are required
Approx. cost
for 16.5m INR INR INR INR
INR 1,34,00,000
span/8m 2,25,00,000 1,88,00,000 1,55,44,000 1,80,00,000
width

Based on the parametric analysis undertaken and to have an aesthetically pleasing innovative design a

few types of bridges have been analyzed. A detailed cost estimation is worked for CSP option only.

Corrugated Steel Plate arch bridge has been preferred and studied for the reconstruction of road bridges.

Most of the existing bridges which has to be demolished and rebuilt are experiencing heavy/medium

traffic and time required to finish the work should be kept bare minimum as possible.

Even though CSP arch bridge is more advantageous over other types of bridges as per limited data

available during the concept design, a site specific suitable type of bridges will be selected during the

detailed design & estimation phase ( based on site condition, geotechnical data, resource availability etc.).

Global examples are given in Figure 3A.56.
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Typical Cross Section of CSP arch bridge

Figure 3A.56: Global example of CSP arch bridge

A landscape architect’s perspective of CSP arch bridge across canal is shown in Figure 3A.57.
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Figure 3A.57: A landscape architect’s perspective of CSP arch bridge across canal

Depending on the function they serve, virtually all crossover structures accommodate a variety of users
(i.e., 4-wheelers, heavy load vehicles, 2-wheelers, pedestrians, cyclists, etc.).The road and foot bridges
crossing canals are already functional and serve the need of the users and hence no separate traffic study

has been undertaken.

3A.7.2 Approach Road to Road Bridges with Gradient Correction

The existing bridges have only an average vertical clearance of 1.5 m to 2.0 m above the mean tidal level
of +0.5m MSL. In order to restore the canals to navigational standard a minimum vertical clearance of 4
m is needed. By way of raising the clearance height to 4 m, gradient correction is needed on either side
of the road bridge for a length 30m taking a gradient of 1: 12. It is also proposed to develop the approach
road on either side by 100 m of the newly reconstructed bridge. The additional land required on either

side is included in land acquisition proposal.

3A.7.3 Foot bridges

Safe, convenient, and well-designed foot over bridge facilities are essential to encourage use by
pedestrians, and cross over by cyclists. Foot over bridges designed to accommodate pedestrians are
mainly used by young children who may require special consideration in the design to cross over

particularly onto neighborhood streets, in recreational areas, and close to schools.
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A parametric study of various types of Foot over bridges most commonly used are presented in Table

3A.28.

Table 3A.28: Comparison of various types of Foot over bridges

Comparison of RCC, Steel, Suspension, and wooden Foot over bridges

structure as Truss
girder or plate girder
with concrete deck or
checkered plate as
floor element

Approxima
te cost for
Classification | Features 16.5m Typical Project photos
span/2m
wide
Most suitable for INR
Suspension longer spans and
. . . 7,500,000
Bridge which require good
architectural Features
Steel bridge is the
most common FOBs
used in the world for i ll
longer or shorter span ‘“'““-"1',}( i
Steel Truss with.wide range of A/l
[Girder architectural Features. | INR
. Made of Steel 4,000,000
Bridge
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Comparison of RCC, Steel, Suspension, and wooden Foot over bridges

configuration

durability also less

Approxima
te cost for
Classification | Features 16.5m Typical Project photos
span/2m
wide
For short spans, the
simplest form of
bridge deck is a
. concrete slab. Arch INR
RCC Bridge bridges are widely 3,500,000
used bridge system
for FOB of short to
medium span
Timber .
. Is used in short span
Bridge-Made .
of Timber only. Not common in INR
. public places and 7,000,000
with a truss

Out of the available FOB options depending on material, Steel bridges with good anti corrosive protections

are preferred as compared to RCC or wood bridges due to following reasons:

e Ease and time of construction due to use of prefabricated structure

e Only Light crane can be used, and space required for installation is also very less.

e Any type of architectural features can be introduced in steel bridges

e Impact on pedestrian/cycle movement is very low due to very low construction time

The existing foot bridges across the 5 project canals are all serving the needs of the pedestrian for cross

over. Considering the need to widen the canals after removing the encroachers, a reconnaissance survey

was undertaken by Antea Group in December 2019. The location details of proposed reconstructed foot

bridges are given in Annexure 3A.7.
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A total of 31-foot bridges need to be reconstructed. Steel foot bridges are the best option as the design
of these bridges are aesthetically pleasing as well as functionally and environmentally sustainable.
Considering the need for cross overs for sewer lines, pipelines and other utilities and also anticipating

future need an additional 15 bridges is also included.

A conceptual design of a steel foot bridge with a span of 16.5 m and with vertical clearance of 4 m is given

in Figure 3A.58.The engineering design aspects of the foot bridge is provided in Chapter 4A.

Q

anteagroup

Figure 3A.58: Concept drawing for a foot bridge across IURWTS canals

Global examples are given in Figure 3A.59.

Figure 3A.59: Global example of Foot over bridges
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3A.8 Development of Konthuruthy Canal (Additional work)

Introduction

Konthuruthy canal starts from Thevara canal at latitude 9°56’40.95” N and longitude 76° 17’ 49.32”E. The

canal traverses in a southerly direction from Thevara canal for a length of 657m and joins Konthuruthy
puzha. The location sketch as seen in a google image is given in Figure 3A.60.
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Figure 3A.60: Konthuruthy canal as seen on a google map

The local resident in and around Konthuruthy canal claim that as per village records the original width of

the canal was 48m and due to rampant encroachment the width has been reduced to less than 5.8m and

in a closed condition for length of 280m in the initial stretches as given inn Figure 3A.61. The
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court of Kerala in 2016. In Nov 2019, the court passed an order directing the district administration to

remove the encroachment and retain the width of the canal to its original state.

Figure 3A.61: Revenue stones planted fixing the original canal boundary

The residents claim that the encroachment became rampant after the construction of a road bridge which
resulted in concrete piles filling the canal width and blocking the water way. The residents also claim that

due to the dilapidated condition of the canal they are suffering from many health issues.

As per revenue records it is understood that there are 178 families living by the side of the canal who will
have to be resettled in the restoration process. About 42 families are said to have possession records for

their land as per list of beneficiaries under the LIFE mission housing scheme.

Due to rampant encroachment flooding in the adjoining colonies of this canal is a common phenomenon.
Konthuruthy canal was not a part of the scope of the present study assigned to Antea Group, but for a
holistic development of the Thevara and Thevara-Perandoor canals and adjoining areas it is highly
essential that Konthuruthy canal is also restored and hence brought as an additional component under

this project proposal.

KMRL/IURWTS/DPR/R0O Page 3A-90



Intgpates i hegeneration & Wt TansportSystem

Areas that will be benefitted by improving Konthuruthy canal flowing towards south of Thevara canal

1) Kairali Nagar.
2) Areas between Pandit Karuppan road and Konthuruthy canal like Mattumal and adjoining
colonies.

3) Jyothi Nagar.

Present Proposal

1) To widen and deepen the canal to a width of 40m and depth of 1.6m after removing the
encroachment
2) To provide permanent protection to the canal banks

3) Reconstruction of road and foot bridge obstructing the flow of water.

The estimate for the same has been framed and the cost estimate given in Chapter 6 of this report.

Benefit that will be derived by the development of the canal

1) Konthuruthy canal will be an alternate route for Water Metro Navigation of vessels.

2) A scenic attraction for tourists and It will be a revenue generation water route.

The detailed functional study for this canal need to be undertaken before the detailed design and

estimation stage on approval from SPV.
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3B. URBAN REGENARATION

Introduction

The White Paper on “City sanitation for Kochi” (2011) for Kochi Municipal Corporation (KMC) assessed the
adequacy of the sanitation facilities available in Kochi city. The report recognizes that KMC having a total
area of 94.88 km? is served with an area of only 4 km? by sewerage network (i.e. less than 5%). Also, a
comprehensive 30-years strategic framework has been brought out for the long term plan that KMC has
set out for improving the sanitation facilities of Kochi city. This document was prepared building on the

objectives set as per National Urban Sanitation policy (2008) of Government of India.

Chapter 10 of this DPR deals with the present environmental issues caused on account of the disposal of
sewage and solid waste into the canals and the health hazards faced by the inhabitants in the project

command.

The IURWTS Project has considered the following measures for improving the sanitation facilities in the

project command:

Construct community toilets with latest technologies as required on both sides of the canal.
Provide drainage/sewerage facilities to the settlers.

Conduct public awareness programmes to the local community.

Ll S

Involvement of NGO’s and government agencies from polluting the canals.

The importance of taking up the planning process for designing the sewer system on a catchment area

basis for this project command has already been detailed in Chapter 2 (Demand / Requirement analysis).

To improve the environment and sanitary conditions of project command, and thereby the water quality
of the canals, this DPR proposes a de-centralized treatment and disposal mechanism for the catchment
area north and south of NH 544 as it forms a ridge line for the catchment. The STP locations identified in

the project catchment is such that it will not detriment the environment or public health in the command.

For designing the sewer systems, a clear understanding on the methodology and tools that can aid in the
design process is essential. Hence a process-oriented approach has been adopted to design the sewer

systems, as is further explained in the following sections of this chapter.
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3B.1 Design process: sewerage catchment

The 3 major canals and their catchments are delineated. The catchment area of Thevara canal falls inside
Thevara-Perandoor and hence it is treated as a single catchment for calculation of sewer loads generated.
The catchment map is overlaid with the wards map and the individual catchment is clipped to assess the
population contributing to the respective canals. The present proposal is to have 5 STP’s. The NH-544
forms a ridge line cutting the catchment in the east-west direction. The wards falling on the southern side
and the northern side catchments of the 3 canals (Thevara-Perandoor (combined) , Chilavanoor, and
Edappally canals) was segregated. Based on the population projections estimated till 2051 the sewer loads
were estimated for the catchment areas on the northern and southern side catchments using Sewer DEM
software.

The sewer load flow on southern side of Thevara- Perandoor and Chilavanoor catchments is proposed to
be treated at Elamkulam STP and Sewer load on the southern side of Edappally catchment at Vennala STP.
On the northern side sewer load from each of the 3 canals is proposed to be treated at Perandoor STP (T-
P canal), Puthukkalavattom STP (Chilavanoor) and Muttar STP (Edappally).The sewer flow diagram for the

catchment is given in Figure 3B.1.
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Figure 3B.1: Sewer flow diagram for IURWTS catchment
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3B.2 Methodology

The methodology starts with a detailed canal inventory, collection of data related to present condition of
the canal, details of households/encroachments, and its location. The collected data (2019-2020) were
analyzed to find out the existing problems and to assess the development strategy and future

development potential of the canal. The detailed methodology adopted for this study is described below.

Collection of Secondary Data

Secondary data was collected during the reconnaissance survey to assess the condition of the canal
stretch, the availability of utilities, obstacles, etc. Discussions were held with officials of Coastal Shipping
and Inland Navigation Directorate, Irrigation Department, Revenue Department, Inland Waterways
Authority of India, Survey of India, District Tourism Promotion Council, Kochi Municipal Corporation,
Municipalities, and other various stakeholders including residents. The data used was from the secondary
sources obtained from various agencies and mainly primary survey data from LiDAR (AutoCAD drawings,
spot levels, contour map at interval of 0.5m, DEM data, and 3D walk through).The sub canals reaching the

main canal in each of the canals was surveyed by GC, to account for the sewer load calculations.

Population, Water demand, Wastewater and Solid waste generation
The ward wise population data were collected from secondary sources. The project affected population
along the canal in an Area of Interest (Aol) of 20.5 m width of the canal was taken from the Social Impact

Assessment survey undertaken by Antea Group in first 3 months of 2020.

The significant demographic fact about Kochi is that the city lies in Ernakulam District which is the most
urbanized region in the state. The percentage of urban population of district (47.56%) is far beyond the
urban content of the state (25.96%). The Kochi City Region which forms the core area of the district holds

more than one third of the district population.
The population growth has mainly the following components:

a) Increase by natural growth.
b) Increase by migration.

c) Increase by floating population.
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Population projection

Exponential rate of growth is adopted by Expert Committee of Govt. of India on population projection.

Hence this method is adopted for determining the increase of population by natural growth in the Kochi

city region. In this method, rate of growth is an influencing factor. Hence local bodies which have higher

growth rate for the previous decades shows higher projected population.

In addition to the natural growth, there will also be migration from other areas to the city. The

large-scale projects already in progress and those envisaged in this area may also considerably

influence population increase.

The rate of migration and floating population assumed for each local body and the final

population of Kochi City Region is projected.

Thus, the exponential rate of growth has been used for the population projection ward wise for the year

2051, by Kochi City Development Plan. This ward wise population projection was superimposed on each

catchment map of project canals and clipped the area of wards and population for STP’s load calculation.

For sewerage calculation, 80 % of the drinking water demand (135 LPCD) and 10% of Floating Population

Per Capita Demand ( 35 LPCD) has considered.

3B.2.1 Sub canals draining into main canal

3B.2.1.1 T-P Canal

The T-P canal catchment is about 1,008.6 Ha. There are 20 sub-drains flowing into the main canal having

a length of 9.88 Km. The total length of the sub-drains is 10.84 Km. The name of individual drains and

length are mentioned in Table 3B.1 and shown in Figure 3B.2.

Table 3B.1: T-P canal sub-drains

SI.No. Name of drain Length in Km | SI.No. Name of drain Length in Km
1 Perandoor Temple 0.43 11 Panambilly Nagar 0.57
2 Vivekananda Nagar 0.55 12 Mullassery Canal 1.51
Swami Vivekananda
3 0.43 13 Kottaikanal 0.43
Road 2
Swami Vivekananda
4 0.31 14 Koithara Canal LS 1.54
Road 1
5 Sastha Temple Road 0.16 15 Kasthoorba Nagar 0.39
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SI.No. Name of drain Length in Km | SI.No. Name of drain Length in Km
6 Railway line parallel 0.63 16 Karshaka Road 0.21
7 Pourasamithy Road 0.10 17 K C Abraham master Road 0.73
8 Perandoor Road 0.55 18 Gandhi Nagar Road 0.89
9 Perandoor Road 0.55 19 Chinmaya Vidyalaya 0.14
10 Parambithara Road 0.14 20 | Aryapadam thodu 0.56

Willington
Island
Wellington
b
<

4

5 R
anteagroup ﬁWﬂ!%ngdon
Island

Figure 3B.2: T-P Canal catchment with sub-drains

3B.2.1.2 Chilavanoor Canal

The Chilavanoor Canal catchment is about 1,436.0 Ha. There are 24 sub drains flowing into the main canal
having a length of 11.15Km. The total length of the sub-drains is about 11.72 Km. The name of individual

drains and length are mentioned in Table 3B.2 and shown in Figure 3B.3.
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Table 3B.2: Chilavanoor canal sub-drains

Sl. Length in
Name Length in Km | Sl. No. Name
No Km
1 |Thammanam-Pulleppady 0.15 13 |Ponnurunni junction 0.47
Road
2 |Waterland road 2 0.25 14 |Parallel to Railway line 0.37
3 |Waterlandroad1 0.18 15 |Paradise Road 0.75
4 |Vylassery Road 0.26 16 |Near Fathima Church 0.64
Road
5 |Vasanth Nagar 0.17 17 |Near DLF Apartment 0.42
6 |Subash Nagar 0.14 18 |Meenchira Road 0.82
7 |Stadium Link Road 1.01 19 |Kumaranasan Road 0.14
8 |Sakhavu Abu road 0.62 20 |Kumaranasan Nagar 1.90
9 |Railyard1 1.12 21 |Kousalya Nagar 0.10
10 |Rail Yard 2 0.19 22 |Friends avenue road 0.15
11 |Rail Nagar 2 0.14 23 |BTS Road 0.15
12 |Rail Nagar1 0.93 24 |Adimury Road 0.65
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Figure 3B.3: Chilavanoor canal catchment with sub-drains
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3B.2.1.3 Edappally canal

The Edappally canal catchment is about 1,780 Ha. There are 21 sub-drains flowing into the main canal
having a length of 11.23Km. The total length of the sub-drains is about 15.30 km. The name of individual

drains and length are mentioned in Table 3B.3 and presented in Figure 3B.4.

Table 3B.3: Edappally canal sub-drains

Length Length
SI. No Name SI. No Name
in Km in Km
1 Vattekunnam Near Muttar 0.23 12 Near Railway line 0.30
2 Vattekunnam near 0.11 13 Near Kallikuzhy 0.35
highway
3 Vattekunnam Near Muttar 0.41 14 Near Flyover 0.35
4 Thammanam-Pulleppady 0.15 15 Mulepadam thodu 1.83
Road
5 Puravankara 1.10 16 Koonamthai Road 2.08
6 Paruthelil Road 3 0.40 17 Thammanam-Pulleppady 0.15
Road
7 Paruthelil Road 2 1.27 18 Thammanam-Pulleppady 0.15
Road
8 Paruthelil road 1 0.98 19 Chembumukku 2 0.86
9 Palachuvadu road 0.97 20 Chembumukku 1 2.12
10 Near Vennala HS 0.60 21 Chembukkadavu Road 0.10
11 Near Thrikovil road 0.79
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The consolidated list of canal wise population projection is given in Table 3B.4. The ward wise population

of project canal command for which the sewer load projection estimated is provided in Annexure 3B.1 to

this DPR.
Table 3B.4: Canal wise population projection statistics
Projected population statistics (based on 2011 KMC data)
Sl. No. Zone/Area Population Population Population Population
(2021) (2031) (2041) (2051)
1 |T-P Canal Catchment 89254 91659 92754 90605
2 | Chilavanoor Catchment 106405 109273 108644 108016
3 |Edappally Catchment
a) |KMC Boundary 36601 37588 37372 37155
b) |[Municipality
b.1 |Kalamassery 31177 32016 31833 31649
b.2 |Thrikkakkara 34880 35819 35614 35409

KMRL/IURWTS/DPR/R0O
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Projected population statistics (based on 2011 KMC data)
Sl. No. Zone/Area Population Population Population Population
(2021) (2031) (2041) (2051)
b.3 |Thripunithura 4183 4296 4271 4247
Total 302500 310651 310488 307081

3B.2.2 Catchment area and ward details under the project canals

To assess the sewer load under all the 3 canals catchments, the ward map is superimposed on the

catchment map and the apportioned area coming under each ward is estimated. The details for Thevara-

Perandoor canal catchment is given in Figure 3B.5, Chilavanoor canal catchment given in Figure 3B.6 and

Edappally canal given in Figure 3B.7.

[ 2

3 Ward Ward Name Areain Ha \ P % //

No | Number \ < ’7\ anteap re
1 | 32 |vaduthala East 22.48 \ 25 /\

2 33 Elamakkara North 59.50 \ \

3 34 Puthukkalavattom 62.45 \\ v

4 52 Elamkulam 10.61 \ \

5 53 |Giri Nagar 47.61 ¢ \ \

6 54 |Panampally Nagar 78.23 ! \

7 55 Kadavanthra 3.66 A \\ \\

8 56 Konthuruthy 11.96 y‘ ] \

9 57  |Thevara 9.72 3 t

10 58 Perumanoor 78.52 1

11 59 Ravipuram 38.52 5

12 60  [Ernakulam South 48.10 \'®

13 61  |Gandinagar 133.82 | [eor 2

14 62 |Kathrukadavu 49.26 \&

15 63 |Kaloor South 60.30 .

16 64 |Erakulam Central 52.02 3 O ]

17 65 Ernakulam North 1.18 2

18 67  |Thrikkanar Vattom 24.45 rirgn Sem,

19| 68 |Kaloor North 60.08 - 4
20 | 69 |FlamakkaraSouth | 5451 N
21 70 Pachalam 91.31 3
22 71 Thattazham 132

Total|_1008.61 v i
Figure 3B.5: Details of TP canal catchment
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Sk Ward . Chitoor

sici] iitribar Ward Name AreainHa | R ¥

1 33 Elamakkara North 345 it

2 34 Puthukkalavattom 427

3 35 Ponekkara 110.3 \ o

4 37 Edappally 318 \

5 38 Devankulangara 68.1 \

6 39 Karukappilly 1139

7 40 Mamangalam 87.0

8 41 Vennala 44

9 42 Palarivattom 499 \ Pact

10 43 [xaranakodam 131.6 \

11 44 Thammanam 1134 A

12 47 Ponnurunny East 144 .‘ :

13 48 Vyttila 1.6

14 49 Poonithura 25

15 50 Vyttila Janatha 1167 \

16 51 Ponnurnny 107.6 \.

17 52 Elamkulam 119.7

18 53 Giri Nagar 276

19 55 Kadavanthra 387

20 61 Gandinagar 242 pro

21 62 Kathrukadavu 686 3 U

22 | 63 |kaloor South 1.1 e "%

23 68 Kaloor North 342 L’:',

24 69 |Elamakkara South 422 'S
Total| 1386.72 -

Figure 3B.6: Details of Chilavanoor canal catchment

The left side of Edappally canal comes under Kochi municipal corporation comprising of 8 wards with an
area of 640ha. The right side of Edappally catchment includes areas under 3 municipalities. Kalamassery
municipality having 19 wards and an area of 506.07 ha, Thrikkakkara municipality having 19 wards and
area of 566.18 ha., and Thripunithura municipality having 2 wards with 67.9 ha. The total area under
Edappally catchment is estimated as 1780.18 ha. The details of the wards under Edappally catchment is

given in Table 3B.5. The wards clipped into the catchment area map is given in Figure 3B.7.

Table 3B.5: Total area of Edappally canal catchment

Kochi Municipality Corporation Municipality on right side of canal
(left side of canal) Kalamassery Thrikkakkara Thripunithura
Ward | Ward Name Area Ward Area Ward Area Ward Area
35 Ponekkara 2.26 23 6.96 1 26.36 1 36.21
36 Kunnumpuarm 45.04 24 24.58 2 15.76 2 31.70
37 Edappally 129.2 25 24.15 3 9.71
38 Devankulangara 109.4 26 35.25 4 21.26
40 Mamangalam 7.48 27 17.81 22 7.02
41 Vennala 191.3 28 23.58 28 6.47
45 Chakkaraparambu 108.5 29 27.90 29 65.74
46 Chalikkavattom 46.63 30 32.29 30 70.05
31 19.68 31 67.02
32 29.87 32 79.13
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Kochi Municipality Corporation Municipality on right side of canal
(left side of canal) Kalamassery Thrikkakkara Thripunithura
Ward | Ward Name Area Ward Area Ward Area Ward Area

33 22.27 33 55.75

34 62.66 34 35.81

35 22.06 35 20.28

36 23.84 36 4.64

37 41.79 38 1.20

38 24.68 39 20.47

39 26.71 40 19.20

40 17.92 41 18.35

41 22.05 43 21.93
Total Area of municipality (ha) | 640.0 506.07 566.18 67.91
Total Area of Edappally (ha) 1780.18
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Figure 3B.7: Details of Edappally canal catchment
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3B.3 Sewer load estimation and sewage treatment sites

3B.3.1 Southern side catchment

1. Elamkulam STP: The sewer from 14 wards on the southern side of NH 544, has a shape area of
623.51ha. for T-P canal and the sewer from 15 wards on the southern side of NH 544, has a shape
area of 866.86 ha. for Chilavanoor canal, which is proposed for treatment at Elamkulam. The total
sewer network length estimated is 27.17Km. The total projected population for the year 2051 is
123502n0s. The catchment area map to be treated is as given in Figure 3B.8. The total sewer load
to be treated at Elamkulam is estimated as 13.68MLD (Table 3B.6 and Table 3B.7). Under AMRUT

scheme already a 5MLD plant is proposed at Elamkulam. Hence a 10MLD plant is proposed for

upgradation of the old plant constructed in 1971. The detailed analysis is given in Annexure 3B.2.
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Figure 3B.8: Elamkulam STP — Catchment Area
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Table 3B.6: Elamkulam STP — Population Density in Wards

Average Population Density Population Projection
Zone/A Average | Average | Average | Average | Populati | Populati | Populati | Populati
Sl reain Populati | Populati | Populati | Populati on on on on
No. Ha on on on on Projecti | Projecti | Projecti | Projecti
Density | Density | Density | Density on on on on
(2021) (2031) (2041) (2051) (2021) (2031) (2041) (2051)
623.51 88.09 90.46 91.33 89.42 54925. 56406 56944 55756
866.87 76.99 79.06 78.61 78.15 66737. 68536 68141 67746
1490.38 121662. | 124941 | 125085 | 123502

Table 3B.7: Elamkulam STP —Sewerage Load Calculations

Sewage (2021) in MLD

13.5

Sewage (2031) In MLD

Sewage (2041) in MLD

Sewage (2051) in MLD

13.8

13.9

13.7

2. Vennala STP: The sewer from 34 wards in Edappally canal catchment on the southern side of NH

544, has a shape area of 1338.21ha. The total sewer network length estimated is 17.21Km for

both sides of the canal. The catchment area map to be treated is as given in Figure 3B.9. The total

projected population for the year 2051 is 83692nos (Table 3B.8). The total sewer load to be

treated at Vennala is estimated as 9.71 MLD (Table 3B.9). Hence an STP of capacity 10MLD is

proposed.
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Figure 3B.9: Vennala STP — Catchment Area

Table 3B.8: Vennala STP

— Population Density in Wards

anteagroup |

\

Ambalamugal

Average Population Density Population Projection
Zone/A Average | Average | Average | Average | Populati | Populati | Populati | Populati
Sl reain Populati | Populati | Populati | Populati on on on on
No. Ha on on on on Projecti | Projecti | Projecti | Projecti
Density | Density | Density | Density on on on on
(2021) (2031) (2041) (2051) (2021) (2031) (2041) (2051)
1 1338.20 | 61.6059 | 63.2654 | 62.9027 | 62.5400 82442 34662 84177 83692
9 8 2 2 2
13398'20 82442 84662 84177 83692

Table 3B.9: Vennala STP —Sewerage Load Calculations

Sewage (2021) in MLD

Sewage (2031) In MLD

Sewage (2041) in MLD

Sewage (2051) in MLD

9.13

9.38

9.33

9.27
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3B.3.2 Northern side Catchments

3. Perandoor STP: The sewer load from 9 wards in Thevara-Perandoor canal catchment on the
northern side of NH 544, is estimated. The shape area of catchment is 449.39 ha. The total sewer
network length estimated is 3.81 Km for both sides of the canal. The catchment area map to be

treated is as given in Figure 3B.10. The total project population for the year 2051 is 39829 nos.
(Table 3B.10). The total sewer load to be treated at Perandoor STP is estimated as 4.41 MLD

(Table 3B.11). There are several flats wherein they have their own treatment facility. Hence an
STP of capacity 4 MLD is proposed.

TIaT, \E dap_al Ty

o
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Figure 3B.10: Perandoor STP- Catchment Area

Table 3B.10: Perandoor STP— Population Density in Wards

Average Population Density Population Projection
Zone/A Average | Average | Average | Average | Populati | Populati | Populati | Populati
Sl reain Populati | Populati | Populati | Populati on on on on
No. Ha on on on on Projecti | Projecti | Projecti | Projecti
Density | Density | Density | Density on on on on
(2021) (2031) (2041) (2051) (2021) (2031) (2041) (2051)
1 245.53 88.09 90.46 91.33 89.42 21629 22212 22424 21956
199.86 88.09 90.46 91.33 89.42 17606 18081 18253 17872
445.398 39235 40293 40678 39829
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Table 3B.11: Perandoor STP- Sewerage Load Calculations

Sewage (2021) in MLD Sewage (2031) In MLD Sewage (2041) in MLD Sewage (2051) in MLD

4.35

4.46 4.51

4.41

4. Puthukkalavattom STP: The sewer load from 9 wards in Chilavanoor canal catchment on the
northern side of NH 544, is estimated. The shape area of catchment is 415.52ha. The total sewer
network length estimated is 8.30 Km for both sides of the canal. The catchment area map to be
treated is as given in Figure 3B.11. The total projected population for the year 2051 is 50896n0s
(Table 3B.12).The total sewer load to be treated at Puthukkalavattom STP is estimated as 5.64

MLD (Table 3B.13). There are several flats in this belt wherein, they have their own treatment

facility. Hence an STP of capacity 5 MLD is proposed.
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Figure 3B.11: Puthukkalavattom STP- Catchment Area

Table 3B.12: Puthukkalavattom STP- Population Density in Wards

Average Population Density Population Projection
Zone/A Average | Average | Average | Average | Populati | Populati | Populati | Populati
Sl. reain Populati | Populati | Populati | Populati on on on on
No. Ha on on on on Projecti | Projecti | Projecti | Projecti
Density | Density | Density | Density on on on on
(2021) (2031) (2041) (2051) (2021) (2031) (2041) (2051)
153.64 88.09 90.46 91.33 89.42 13534 13899 14032 13739
415.52 88.09 90.46 91.33 89.42 36603 37590 37948 37157
569.15 50137 51489 51980 50896
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Table 3B.13: Puthukkalavattom STP- Sewerage Load Calculations

Sewage (2021) in MLD

Sewage (2031) In MLD | Sewage (2041) in MLD | Sewage (2051) in MLD

5.56 5.70 5.76 5.64

Muttar STP: The sewer load from 9 wards in Edappally canal catchment on the northern side of
NH 544, is estimated. The shape area of catchment is 351.62ha. The total sewer network length
estimated is 10.81 Km for both sides of the canal. The catchment area map to be treated is as
given in Figure 3B.12. The total projected population for the year 2051 is 40678 nos. (Table
3B.14). The total sewer load to be treated at Muttar STP is estimated as 2.44 MLD (Table 3B.15).
There are several flats in this belt wherein, they have their own treatment facility. Hence an STP

of capacity 2 MLD is proposed.

’ Muttar STP site- for E
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Figure 3B.12: Muttar STP — Catchment Area

Table 3B.14: Muttar STP —Population Density in Wards

Average Population Density Population Projection
Zone/A Average | Average | Average | Average | Populati | Populati | Populati | Populati
Sl rea in Populati | Populati | Populati | Populati on on on on
No. Ha on on on on Projecti | Projecti | Projecti | Projecti
Density | Density | Density | Density on on on on
(2021) (2031) (2041) (2051) (2021) (2031) (2041) (2051)
1 351.62 61.61 63.27 62.90 62.54 21662 22246 22118 21991
351é623 21662 22246 22118 21991
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Table 3B.15: Muttar STP — Sewerage Load Calculations

Sewage (2021) in MLD | Sewage (2031) In MLD | Sewage (2041) in MLD | Sewage (2051) in MLD

2.40 2.46 2.45 2.44

The summary of sewer load to be treated based on the sewer load calculated in the 5 STPs is given in

Table 3B.16.
Table 3B.16: Summary of Sewerage Flow/Sewage- New Plan
Sewerage Flow

Sl. No. STPs Sewage | Sewage | Sewage | Sewage
(2021) (2031) (2041) (2051)
in MLD In MLD in MLD in MLD

1 Elamkulam STP - Chilavanoor & TP south 13.48 13.84 13.86 13.68

2 Vennala STP - Edappally south 9.13 9.38 9.33 9.27

3 Muttar STP-Edappally north 2.40 2.46 2.45 2.44

4 Puthukkalavattom STP - Chilavanoor north 5.56 5.70 5.76 5.64

5 Perandoor STP - TP north 4.35 4.46 4.51 4.41
Total | 34.92 35.86 35.90 35.45

3B.3.3 Fixing alignment of sewer lines

The sewer load is proposed to be conveyed by sewer pipes by a combination of gravity and pumping
commonly called the pressurized mode. The sewer alignment for laying of sewer lines is done by
estimating the slope of the existing ground from the LIDAR DEM, AutoCAD drawings, spot levels and
contour map generated from LiDAR data. The slope for laying the sewer lines from the origin to the STP

site is worked out and the optimal depth at which the lift pumping stations are to be located is identified.

The engineering aspects for design of the sewer networks based on the sewer loads calculated for

individual canals of project catchment are addressed in Chapter 4 (Engineering Design).
3B.4 Sewage Treatment Plant

3B.4.1 Selection of appropriate technology

Many experts working on STPs agree that the choice of the STP technology will be dependent on the
location, topography, and nature of locality. As per the request from Govt. Of India, a study was

undertaken by experts from a group of 7 lITs in India (2010). The findings of the team of professors from
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the 7 lITs brings out a clear understanding of the different STP technologies in vogue and how a technology

can be leveraged to achieve competitive advantage based on site specific conditions.

One of the most challenging aspects of a sustainable sewage treatment system design is the analysis and

selection of the treatment processes and technologies capable of meeting the requirements. The process

is to be selected based on required quality of treated water. While treatment costs are important, other

factors should also be given due consideration. A general sewage treatment process selection

consideration is as given in Table 3B.17. The effluent quality, process complexity, process reliability,

environmental issues and land requirements should be evaluated and weighted against cost

considerations.

Table 3B.17: Consideration for sewage treatment process selection

Consideration

Goal

Quality of Treated Sewage

Production of treated water of stipulated quality without

interruption

Power requirement

Reduce energy consumption

Land required

Minimize land requirement

Capital Cost of Plant

Optimum utilization of capital

Operation & Maintenance costs

Lower recurring expenditure

Maintenance requirement

Simple and reliable

Operator attention

Easy to understand procedures

Reliability

Consistent delivery of treated sewage

Resource Recovery

Production of quality water and manure

Load Fluctuations

Withstand variations in organic and hydraulic loads

The following factors are also to be considered while evaluating different treatment processes:

a) Capability of the plant to give desired performance.

b) Availability of land.

c) Overall costs both capital as well as recurring.

d) Energy input - There are two aspects, minimum power or energy requirements and the effect of

its dependability on the process.

e) Ease of operation.

f) Manpower requirement both skilled and unskilled.

g) Bearing on local conditions such as climate.
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h) Ultimate use or disposal of treated effluent.

i) Use of greener technologies.

3B.4.2 Process overview

Sewage can be treated close to where it is created (in septic tanks, biofilters or aerobic treatment
systems), or collected and transported via a network of pipes and pump stations to a municipal treatment
plant. Sewage collection and treatment is typically subject to local, state, and national regulations and
standards. Industrial sources of wastewater often require specialized treatment processes (see Industrial
wastewater treatment). Conventional sewage treatment may involve three stages, called primary,

secondary, and tertiary treatment.

Primary treatment consists of temporarily holding the sewage in a quiescent basin where heavy solids
can settle to the bottom while oil, grease, and lighter solids float to the surface. The settled and floating
materials are removed, and the remaining liquid may be discharged or subjected to secondary treatment.
All sewage treatment plants should follow a process chain depending upon the technology chosen and
the treatment capacity. In general, treatment is to be done in three stages. Specifications and treatment

objectives at each stage of treatment are as follows.

The preliminary treatment follows:
a) Three Stage Screening: -
- 25 mm bar racks (before pumping)
- 12 mm bar racks
- 5mm mesh (< 2 mm mesh for Membrane Bio Reactor, MBR)
b) Aerated Grit Chamber if following unit operation is aerobic and Normal Grit Chamber if following

unit operation is anaerobic.

Expected effluent quality after preliminary treatment:
- No floating materials including polythene bags, small pouches, etc.

- Proper collection and disposal of screening and grit.

Secondary treatment removes dissolved and suspended biological matter. Secondary treatment may
require a separation process to remove the micro-organisms from the treated water prior to discharge or

tertiary treatment.

Tertiary treatment is sometimes defined as anything more than primary and secondary treatment.

Treated water is sometimes disinfected chemically or physically by microfiltration prior to discharge into
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a stream, river, bay, lagoon, or wetland, or it can be used for the irrigation of a golf course, green way, or

park. If it is sufficiently clean, it can also be used for groundwater recharge or agricultural purposes.

3B.4.3 Technological options for sewage treatment plant

The following technologies of sewage treatment have been considered for evaluation of performance
characteristics, like land requirement, energy input, equipment requirement and operational

characteristics:

1) Membrane Biological Reactor Process. 4) Extended Aeration.
2) FAB/MBBR technology. 5) Activated sludge process.
3) Sequential Batch Reactor (SBR).

3B.4.4 Life Cycle Cost

Life Cycle Costing (LCC) is used as decision-making tool while constructing STPs. The performance
evaluation is not alone enough for the comparison of different sewage treatment technologies and life
LCC analysis has been largely applied as a tool to evaluate the best cost-effective alternative among
various alternatives to achieve the lowest long-term cost of ownership. Life Cycle Cost analysis includes
the initial cost comprising of construction cost and equipment setup, land required and its cost, net
operation and maintenance cost including electricity charges, replacement works. A comparison was
undertaken by Yamuna Pollution Control Unit (YPCU), U.P. Jal Nigam, Govt. of Uttar Pradesh, Ghaziabad,

(2016) and the life cycle cost of six technologies presently being used in India is given in Table 3B.18.

Table 3B.18: Life cycle cost comparison of different technologies

Sl. Assessment of UASB+
ASP MBBR SBR MBR WSP
No. Parameter/Technology ASP
Overall HRT (Through the entire 16-20 16-18
8-10 h 16-18h | 8-12h | 8-15h
Plant) h h

1 Performance parameter

Effluent BOD mg/L <20 <30 <10 <20 <5 <40

Effluent SS mg/L <30 <30 <20 <30 <5 <100

up to up to upto | upto2 | upto up to
Fecal Coliform log Unit
3<4 2<3 3<4 <3 5<6 2<3

T-N Removal Efficiency 10-20 | 10-20 | 10-20 | 10-20 | 10-20 | 10-20
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Sl. Assessment of UASB+
ASP MBBR SBR MBR wsp
No. Parameter/Technology ASP
2 Average Capital Cost Rs. Lacs/MLD
Civil works % of capital costs 60 40 30 65 20 90
E & M Works % of capital costs 40 60 70 35 80 10
3 Average Area Requirement m2/MLD 800 400 400 800 200 6000
4 Operation and Maintenance Costs
(i) | Energy Costs
Avg Technology Power requirements
180 200 170 120 300 2
kWh/d/MLD
Avg. Nontechnology Power
4 2.5 2.5 4.5 2.5 2.5
requirements kWh/d/MLD
Total Daily Power Requirement,
184 202.5 | 1725 124.5 | 302.5 4.5
kWh/d/MLD (avg)
Daily power cost, (@Rs 4.0/ kWr),
31 34 29 21 50 0.75
Rs/MLD/hr.
Yearly power costs, Rs Lacs PA/MLD 2.65 2.92 2.48 1.79 4.36 0.06
(ii) | Repair Cost
Civil works per annum, as % of civil
1 1 1 2 1
works cost
E&M works, as % of E&M work cost 3 3 2.5 3.5 3
Civil works maintenance, Rs Lacs
0.8 0.8 0.34 1.6 0.3
PA/MLD
E&M works maintenance, Rs Lacs 2.4 2.4 2 2.8 0.9
Annual Repair costs, Rs Lacs 3.2 3.2 2.34 4.4 1.2
Recurring cost, (Chemicals etc.), Rs
(iii) 0.3 0.4 0.2 0.5 0.2
Lacs PA/MLD
(iv) | Manpower O&M cost
Manager, Rs Lacs PA 4.8 4.8 4.8 4.8 4.8
Chemist/Engineer, Rs Lacs PA 2.4 2.4 2.4 2.4 2.4
Operators, Rs Lacs PA 1.44 1.44 1.44 1.44 1.44
Skilled Technicians, Rs Lacs PA 1.08 1.08 1.08 1.08 1.08
Unskilled Technicians, Rs Lacs PA 0.96 0.96 0.96 0.96 0.96
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iom & Water

Lacs/MLD

Sl. Assessment of UASB+
ASP MBBR SBR MBR wspP
No. Parameter/Technology ASP
Manpower required & their costs, Rs
9.96 8.12 8.03 9.96 50 5.88
Lacs PA/MLD
Total annual O&M Costs, Rs Lacs
(v) 16.11 | 14.64 | 13.05 | 16.65 50 7.67
PA/MLD
Avg Land Cost Assumed Rs. Lacs/m2 0.01 0.01 0.01 0.01 0.01 0.01
Unit Land Cost Rs. Lacs/MLD 8 4 4 8 2 60
Unit Capital Cost including land cost,
88 84 84 88 402 90
Rs. Lacs/MLD
Rate of compounded
10 10 10 10 10 10
interest(adopted), % per year
5 Treatment Cost 7.3 6.89 6.46 7.44 28.1 3.18
Unit Life cycle cost for 15v years, Rs.
6 210.53 | 195.35 | 183.27 | 214.66 | 214.66 | 148.33

As per the Table 3B.18 above it is seen that when all the parameters are analyzed in a holistic manner life

cycle cost of SBR technology is the best option for this project, The SBR is a true batch treatment process

reactor having ability to act as an equilibrium basin, aeration basin and clarifier basin within a single batch

reactor. The SBRis operated in a batch reactor mode this eliminates all the inefficiencies of the continuous

processes. The complete process takes place in a single reactor, within which all biological treatment steps

take place sequentially. The optimum effluent quality is obtained during each cycle in SBR. The SBR

process is often preferred over continuous flow process (CFP) due to reduction in energy consumption

and enhancement in the selective pressures for BOD, nutrient removal, and control of filamentous

bacteria. Due to these reasons, SBR process is gaining immense popularity in the recent years. A schematic

flow diagram of a sequential batch reactor is a given in Figure 3B.13 and the technical details given in

Table 3B.19.

The benefits envisaged include:

50 % Reduction in power consumption.

50 % Reduction in land requirement.

Fully automatic, Computerized (PLC/ SCADA).

Much higher plant life due to excellent material.

Low maintenance cost.

Treated effluent can be used for Horticulture/ Industrial purposes.
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As the SBR process can be effectively automated, it is known to save more than 60% of the operating

expenses required for a conventional ASP and is able to achieve high effluent quality in a very short

aeration time. Considering the density of population in project command, SBR is being considered as a

preferable technology due to its low requirement of area, land cost, energy efficiency as well as

manpower for operation.
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Figure 3B.13: SBR technology process

3B.4.5 Treated effluent standards

When compared to the guidelines of Kerala State pollution Control Board treated effluent standards the

quality achieved by SBR is much lesser. The technical details of treated effluent of SBR technology is given

in Table 3B.19.

Table 3B.19: Technical details of SBR technology

Parameters

Details

Raw Water Source

Sewage, Bathing water, Kitchen/Canteen wash

water and Laundry Effluent

Quality of Raw Effluent

(mg/lit.)

. COD <800 | SS<500 BOD <500 pH-4t09
(mg/lit.)
Treated water standard
achieved by the process COD<100 | SS<20 BOD <20 pH-7to8

Based on the life cycle cost undertaken by the group of IIT professors and by Yamuna pollution control

unit, (YPCU), SBR technology is found to have the competitive advantage of other technologies when the
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parameters analyzed are considered in a holistic manner. As shown from studies, the life cycle cost in

Table 3B.18 for SBR technology is found to be minimum when considered in a holistic manner.

3B.4.6 STP identified sites

A explained in detail under section 3B.2.3, 5 STP plants are proposed. The present proposal is to upgrade
the existing plant constructed in 1971 to a 10 MLD plant. The sewer load from Thevara-Perandoor and
Chilavanoor south catchments will be treated at this plant. Out of the total area of 7.48 acres available at
Elamkulam STP site, the land area occupied by the existing plant is 3.33 acres .A new 5MLD plant is being
constructed under AMRUT scheme which will occupy an area 1.94 acres. The north side catchments of
Thevara-Perandoor will be treated at Perandoor STP, and Chilavanoor north side catchment at
Puthukkalavattom STP. The sewage load of the Edappally southern side catchment will be treated at
Vennala, and Edappally north side catchment will be treated at Muttar. The land required for the 4 new
STPs sites is being acquired as a part of the land acquisition process in progress. The details of the 5 sites

are given in Figure 3B.14. The Table 3B.20 gives the details in a consolidated form.

Table 3B.20: STP identified sites

Sl. No STP location Pro?lc\)ns:ag)STP
1 Elamkulam STP - Chilavanoor & TP south 10
2 Vennala STP - Edappally south 10
3 Muttar STP-Edappally north 2
4 Puthukkalavattom STP - Chilavanoor north 5
5 Perandoor STP - TP north 4
Total MLD 31
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Proposed Area — 4.54 Acres
Latt: 9°59’39.25"N
Long:76°19/55.87"E

Proposed Area=1.94 acres
Vacant Land Area=2.21 acres |

STP proposed area at Elamkulam STP proposed area at Vennala

STP proposed area at Perandoor

STP proposed area at Puthukkalavattom

Figure 3B.14: STP site proposed locations

The Engineering design aspects are explained in Chapter 4 (Engineering Design) of this DPR.
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3B.5 Sanitation facilities

In this revised DPR, sewer system facilitates for the inhabitants of project catchment in a holistic manner.
Sewer mains are proposed all along both the banks of the 5 canals to collect the sewage generated and
transport the same to the sewage treatment plant for treatment. There is a possibility that after the laying
of the sewer networks, a few low-income group colonies/ individual houses which due the location issues
cannot be connected to the sewer systems. So, provision for providing sanitation facilities for these
individual houses are provided by means of community toilets. During the construction phase of the sewer
network laying process difficulties are expected to be encountered due to improper sanitation facilities.
This issue is proposed to be overcome by providing bio-toilets at very 500 m interval along all the 5 canals

and provision for same has been included.
3B.6 Solid waste management

3B.6.1 Existing Situation

Collection, transportation, and safe disposal are the three pillars of waste collection, treatment, and final
disposal (only in designated sites). It is widely recognized that segregation enabled collection systems
reduce both risks and costs, while it is necessary for rendering specific treatments to the different kinds
of wastes generated under urban conditions. Encapsulation of wastes before and after disposal, is the
universal method. The degree and nature of risks of the type of waste determines the kind of
encapsulation adopted for final disposal. All wastes require compaction before final disposal. Power
driven decentralized compactors are a common sight within the cities. The principles apply in the case of

Kochi, too.

The State Policy on Solid Waste Management Rules 2018 was framed and published under G.O. (P) No
65/2018/LSGD on 13 September 2018, as postulated under the Solid Waste Management Rule 2016.

Compilation from various studies indicate that in Kerala, by weight 49%, 36%, 15% MSW is generated
from households, institutes, and waysides and public places, respectively.

77% is putrescible waste, 18% is bio-non-degradable and the remaining 5% is inert waste, also by weight.

As per the law, throwing, burning, and burying of solid waste is prohibited. The law also necessitates
waste generators to dispose of bi-degradable waste through composting or bio-methanation within the
premises as far as possible.

Source: G.O date 13 September 2018, stated above.

Box 3B-1: Outline of the MSW management strategy for Kerala
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The current approach is minimization of waste. Bio-degradable waste is to be disposed of within the
premises of its production, as far as possible, as outlined in Box 3B.1. A very successful implementation
of the strategy has been experienced in Alappuzha municipality. The MSW system has undergone a
complete change, and across several fronts, simultaneously—systemic, socio-behavioral, management
approach, personnel engagement etc. Twin bin with lid for solid waste collection in each household will

be promoted in the project catchment.

That, waste collection demand is not met by the collection system in place, is evident upon reconnaissance
of Kochi. The fact is well documented through various studies conducted earlier. Under the Smart City
Mission (SCM), a comprehensive waste management scheme is under the process of implementation. The
comprehensive scheme will address the various issues through collection, transportation, segregation,
isolation (hazardous and medical wastes) and respective encapsulation for safe disposal including
incineration and waste to energy conversion (which are amongst the latest innovations of urban waste

management).

Municipal Solid Waste (MSW) management comes under the operational purview of ULBs. However, the
SCM is a Centre-State-ULB joint-initiative. This project is focused along five canals that run within the
municipal area of the Kochi Municipal Corporation (KMC). The canals were under severe abuse due to

incidence of direct littering and dumping of solid waste into its waters.

Control Solid Waste Dumping in Kochi Canals

The severity of the problems arising out of inadequacies of waste management has had to be addressed
through a recent specific state level government order (G.O.(Rt)No.823/2020/LSGD Dated,
Thiruvananthapuram, 04/05/2020). The order is issued through the Local Self Government Department.
It is in direct response to the communication from KMRL aimed at prevention of littering or/and dumping
solid waste in the five canals under the project. The order reminds citizens and general public that
dumping of waste and garbage into the canals and thodu is prosecutable under law. It has stated the many
laws including the IPC supporting prosecution in case of violation of the laws. Under the SCM, surveillance
using modern tolls like CCTV coverage is envisaged, to aid real time monitoring. Use of technology can be
effective in achieving the desired turn around required from the critique on the current status (which

would change), as given in Table 3B.21.
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Table 3B.21: Status on general compliance for MSW management in Kochi

MSW Rules 2016

KMC Act, 1994 and Amendments

Present Status

Storage at source

Section 327 (1): All premises to

provide receptacle of size
specified by Secretary for the

purpose of storage at source.

Storage at source is
getting increasingly
accepted by
community.

No notifications
issued.

Effort by way of
undertaking a phased
program for creating
awareness and
facilitation is almost

nil.

Segregation of Waste at Source
Schedule Il (2); Municipal Authority
shall organize awareness program for
segregation of waste

Schedule 1l (1-3): It shall be the
responsibility of generator of waste
to ensure delivery of waste in
accordance with collection and
segregation system notified by the

Municipal Authority.

Section 327 (2A): The MC
Secretary by public notice direct
owner or occupier of any premises
to segregate waste for easy
collection and disposal of such

waste.

Action is taken by
KMC to enforce
compliance is not

visible.

Primary Collection of Municipal
Solid Waste

Schedule Il (i to vi):

arrange for door to door collection of
segregated solid waste from all

households including slums and

informal settlements, commercial,

institutional, and other

nonresidential premises. From multi-

Section 329: The Secretary may
with the sanction of Council
introduce doorstep collection
either by municipal employees or

by contract.

Primary collection of
waste from doorstep
has been initiated to

some extent.
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MSW Rules 2016

KMC Act, 1994 and Amendments

Present Status

storage buildings, large commercial

complexes, malls, housing
complexes, etc., this may be collected
from the entry gate or any other

designated location.

Street Sweeping

Section 326 (a): Regular sweeping,
cleaning of streets and removal of

sweepings there-from.

Need based schedule
is almost absent.
Sweepings are openly
heaped, and removal
of heaps not being

done simultaneously.

Secondary Storage of Waste
Schedule Il (3): Storage facilities are
to be set up and shall be so designed
that waste stored are not exposed
open and shall be aesthetically
acceptable and user friendly. Facility
should take into account waste
generated in a given area. Abolish all
open waste storage sites/bins and
provide closed containers for the
storage of waste so that waste is not
exposed to open atmosphere.

Manual Handling of waste shall be

prohibited.

Section 326 (d-i & iv): Municipality
to make adequate arrangements —
depots, receptacles, and places

for temporary deposit of waste.

Majority of the
storage facilities are
still open points or
topless bins.
Manual & Multiple
handling is to be
abolished.

Transportation

Schedule Il (4): Vehicle used for
transportation of waste shall be
covered. Storage facilities set up are
to be attended daily and cleaned
before overflowing. Transport vehicle
are to be designed such that multiple

handling of waste is avoided. Ensure

Section 326 (d-ii): Municipality to
make adequate arrangements for
covered vehicles for removal of

waste.

Transportation
vehicles are mainly
truck and tractors,
seldom covered.
Manual loading and
multiple handling is

common.
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MSW Rules 2016

KMC Act, 1994 and Amendments

Present Status

transportation of waste in closed
vehicles on a day to day basis
synchronizing with secondary storage
system and avoiding multiple and

manual handling of waste.

Processing of Waste

Schedule Il (5): The biodegradable
wastes shall be processed by
composting, vermicomposting,
anaerobic digestion, or another
appropriate bio-logical processing for
stabilization of waste. Incineration
with or without energy recovery
including palletization can also be
used for processing waste in special

cases.

Section 332: The Municipality may
for the purpose of recycling,
treating, processing, or converting
such waste into compost or any
other matter construct, acquire or
operate and manage any
establishment and run it on a
commercial basis or may contract
out such facility.

Section 331 (3): Municipality to
make arrangements for
preparation of compost and the

disposal of it by sale.

Processing is expected
to start with the
initiatives from KMC.
New WTE project at
Brahmapuram is
awarded and work in

progress.

Disposal of Waste
Schedule 1l (6): Land filling shall be
restricted to non-biodegradable,

inert waste and other waste that are

Section 331: Every Municipality
shall identify and notify suitable

lands within or outside municipal

Sanitary landfill is

being developed at

area for the purpose of final Brahmapuram.
not suitable either for recycling or for
disposal of waste.
biological processing.
KMRL/IURWTS/DPR/R0O Page 3B-31




Intgpates i hegeneration & Wt TansportSystem

MSW Rules 2016

KMC Act, 1994 and Amendments

Present Status

Prohibition of Littering and Penalty
for Littering
Schedule Il (1): Prohibit littering of

waste in urban areas.

Section 340: No person shall put
or cause to be put any rubbish or
filth or debris into any public place
not intended for deposit of waste.
Section 340 (2): The Secretary or
an officer authorized for the
purpose shall, on being satisfied
that any person shall put or cause
to be put any rubbish or filth or
debris into any public place not
intended for deposit of waste
impose a fine on the spot that may
not exceed Rs.250. Secretary shall
initiate prosecution against the
person if he fails to pay the fine

imposed.

e Imposition of penalty
is marginal.

e Awareness
campaigns are
required to change
the public attitude
towards this aspect
with the
enforcement by

officials.

Legal framework
Frame bye-laws incorporating the
provisions of these rules within one
year from the date of notification of
rules and ensure

these timely

implementation.

Not framed.

Direct waste generators not to litter
i.e., throw or dispose of any waste, or
burn or burry waste on streets, open
public spaces, drains, waste bodies
and to segregate the waste at source
as prescribed under these rules and
hand over the segregated waste to

authorized the waste pickers or

Not done.
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MSW Rules 2016 KMC Act, 1994 and Amendments Present Status

waste collectors authorized by the

local body.

Material recovery

setup material recovery facilities or
secondary storage facilities with
sufficient space for sorting of
recyclable materials to enable
informal or authorized waste pickers Partially Done.
and waste collectors to separate
recyclables from the waste and
provide easy access to waste pickers
and recyclers for collection of

segregated recyclable waste.

Continuous walkways along the canal banks (on either side) are envisaged, which would be 2.0 m wide
(with 15.0 m wide pedestrian promenades in 4 km stretch of Edappally canal is dealt separately in Canal
Beautification). The walks are interspersed with public leisure activity areas/zones (being designed and
developed under the project) mainly in the form of new or recreated existing parks (currently in
dilapidation) with a finite amount of vending. It is also designing the development of small boat based
water transport (as feeder to the rail and water metro), for which jetties are being created at 30 locations.
Existing road bridges and pedestrian bridges are being re-designed for replacement allowing sufficient
clearway for the boats to pass below them. Many new pedestrian bridges with the same criterion are also
being developed. Approach roads to jetties are being reconstructed. Approach roads to road bridges are
being redesigned for grade adjustments in order to match with the higher than current clearances

available permitting boat movement in the canal water below them.

Human response to waste dumping and handling its menace post implementation of this project is an
important task. There are locations centered around transit and leisure recreational corridors with
activity nodes which are important focal points where necessary infrastructure for waste collection is
proposed. Hazardous (including domestic) waste generation is not expected to be occurring on the
waterfronts. Where there are any chances, the management of the same can be guided to prevent such
wastes from being discarded into receptacles towards the waterfront side. Further, aided by the

overhauled municipalized waste transportation system along with the CCTV monitoring system
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(monitored in a central command and control Centre), this project can actually achieve complete

prevention of the skewed and unscientific practices which were existing over the past.

Social Fencing to Solid Waste Management

Combining such surveillance technology with social fencing strategies, awareness generation among
residents, participation of residents in monitoring the solid waste dumping, segregation of waste at
household levels and formation of Ward Committees and Ward Commissioners, can promote the required
social change and prevent prosecution. Appropriate provision for display and communication will play an
important role to create awareness among users and thus promote their participation in solid waste
management. This is proposed to be implemented in all the canals including tributaries to prevent
throwing waste and garbage into the canal. Consumer redressal mechanism can also be set up in line with

MSW guidelines and facilitate the its implementation.

3B.6.2 Solid waste collection

This project opens the canal banks to renewed activities of tourism and transport. Therefore, the
generation of solid waste is inevitable. Waste collection is to be facilitated by setting up primary collection
system with the development proposals in mind with adequate provision. The quantification in terms of
length or number of the proposed development proposals along the five canals under the project, based

on which the number of locations have been worked out for primary collection bins is stated in Table

3B.22.
Table 3B.22: Development proposals requiring solid waste collection
Thevara- )
Canal Edappally Thevara | Chilavanoor | Market | Total
Perandoor

Total length (km) 11.23 9.88 1.41 11.15 0.66 34.33

Development proposals

Twin-bins for

1 15000 15000

Households

Reconstructed roads
2 0 3181.1 2818.9 0 0 6000
along canal (length)

Reconstructed road
3 ] 11 23 2 13 3 52
bridges (nos.)

Reconstructed foot
4 . 1 13 0 16 1 31
bridges (nos.)

5 | New foot bridges (nos.) 9 8 4 4 1 26
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Thevara- )
Canal Edappally Thevara | Chilavanoor | Market | Total
Perandoor

Reconstructed access

roads to bridges, up to
6 ) . 5500 11500 1000 6500 1500 | 26000
250m on either side

(length, m)

Jetties and
7 | jetty/terminal 9 10 2 9 0 30
building(s) (no.)

SPV office with testing
lab along with jetty 1 0 0 0 0 1
(no.)

Operational Control
9 | Centre with CCTV along 1 1 1 0 3
with jetty (no.)

Access roads to jetties
10 | and terminals (length, 2014.32 995.76 2014.32 0 5024.4
m)

Provision of Twin Bins at Household level

The Honorable High Court has banned for providing bins in the streets and a recent order issued from the
Local Self Government Department to prevent littering or/and dumping solid waste in the five canals
under the project. Thus, it is proposed that each household should arrange twin bin with lid for solid waste
collection. It is assumed that all households cannot afford to invest the amount for such bins, thus it is
proposed that the project will provide twin bins to about 25% households (15,000 HH of total 60,000 HH)
and the green parks in the project catchment. This will inculcate a habit among the households to keep
its segregated waste in twin bins and allow its collection from its points. This provision will prevent
throwing waste in the sub drains / canals and sensitize them towards their responsibility to the clean

environment.

The spacing between each primary collection point, which is to be kept within the 50.0 m to 75.0 m limiting
distance specified under the CPHEEO Manual 2016. Thus, maintaining this criterion in this project is

eminently feasible.

3B.6.2.1 Requirement of primary collection bins

The requirement of the provision of primary collection bins at 1918 locations have been determined based

on the following criteria of interspacing between bin locations (Table 3B.23).
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1. Provide twin bins to about 25% households i.e., 15,000 HH of total 60,000 HH and the green parks
in the project catchment.

2. 50 minterspace is maintained along both sides of the reconstructed roads along the canal banks
of Thevara and Thevara-Perandoor canal.

3. 75 minter-distance has been provided on the reconstructed roads leading to the reconstructed
road bridges along 250 m of the road on either side of the 52 bridges, or 26 km.

4. Approximately 5.025 km of upgraded access roads to jetties and terminals are provided with inter-

spacing of 50 m.

Responding to the varying requirements among vehicular versus foot bridges, jetties and the regenerated
access roads to jetties, approach roads to vehicular cum foot bridges, only foot bridges, etc., five types of
primary waste collection bins are proposed to meet the demand. The type of bins and their capacities are

given in Figure 3B.15 with representative pictures only.

240L capacity standalone HDPE bins with lid 120L capacity free standing wheel mounted

mounted on metal frame anchored to ground HDPE bins with lid.
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60L x 3 free standing FRP tri-bin set with openable
lid
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Figure 3B.15: Type of bins with their capacities

80L x 2 standalone HDPE twin bin set with

fixed/openable lid mounted on metal frame

anchored to ground

100L to 120L all-weather smart bins including

onboard garbage level sensor, garbage

compactor, weight sensor with scale, with

mobile internet communication capability along

with requisite hardware and software

Table 3B.23: Number of primary collection bins required to cover the project area

> 1 s s
— © O © o -
[ = = c 7] ]
sl. Canal S s 3 > © = 2
N ks 2 £ kK 3 -
o = =
w - S Type of bin
Total length
11.23 11.15 1.41 9.88 0.66 34.33
(km)
Development proposal
Twin bins with
1 | lidfor 15,000 Twin bin with lid
Households
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> ] S 3
= © O © o o
© S c Q -—
sl. Canal 2 s 3 S S < g
N S 2@ £ & 2 -
o = =
w - S Type of bin
Total length
11.23 11.15 1.41 9.88 0.66 34.33
(km)
Development proposal
Reconstructed .
Two bin system
2 | roads along 0 127 113 0 0 240
80 L each
canal
Reconstructed i
3 . 22 46 4 26 6 104 240L fixed
road bridges
Reconstructed 120L wheelie-
4 ) 4 52 0 64 4 124 o
foot bridges bin with lid
New foot
5 ) 36 32 16 16 4 104 -do-
bridges
Reconstructed
access roads to .
. Two bin system
6 | bridges, up to 125 261 23 147 34 589
. 80L each
250m on either
side
Jetties and Three bin
7 | jetty/terminal 9 10 2 9 0 30 system, 60L
building(s) each
Smart bin, solar
2 Parking area s c powered, self-
i
(Category 1) compacting, loT
enabled, 100L
.. | Parking area
7.ii 10 10 -do-
(Category )
7.ii | Parking area
. 8 8 -do-
i | (Category Ill)
.| Parking area
7.iv 1 1 -do-
(Category V)
SPV office with Three bin
8 | testinglab 1 0 0 0 0 1 system, 60L
along with jetty each
Smart bin, solar
. . powered, self-
8.i | Parking area 1 0 0 0 0 1 .
compacting, loT
enabled, 100L
) Three bin
Operations
9 1 1 0 3 system, 60L
Control Centre
each
KMRL/IURWTS/DPR/R0O Page 3B-38




> ] S E
= © O © o 4
© S c Q -—
Sl. Canal S % s % © = £
No 3 £ 5 = % 2 C
w a o Type of bin
Total length
& 11.23 11.15 1.41 9.88 0.66 34.33
(km)
Development proposal
with CCTV
along with jetty
Smart bin, solar
. . powered, self-
9.i | Parking area 1 1 1 0 3 ting. loT
compacting, lo
enabled, 100L
Access roads to
10 | jetties and 40 20 40 0 100 -do-
terminals
Total 1919

3B.7 Sewer network for the catchment

Kochi Municipal Corporation has a total area of 94.88 Sq.km and the IURWTS project command covers an
area of 30.91 Sq.km of the corporation and an area of 11.34 Sq.km of 3 municipalities (Kalamassery,
Thrikkakkara and Thripunithura). The sewer network is proposed in the entire catchment by providing
individual household connections to the inhabitants and there are no uncovered areas in the project
command. The sewage load is proposed to be treated in 5 STPs as explained in sec 3B.3 above. The total

sewer load generated in this project command based for a projected population of 3.07 lakhs for the year

2051 is 35.45 MLD.

Background

Kochi municipal corporation has 74 wards with 7 administrative zones. Sewerage coverage is limited to
parts of central business district of Kochi and along the marine drive. As per the study conducted as part

of the city sanitation plan (2011), it is reported that less than 5% of the city is covered by sewer network.

About 95% of households in Kochi depend on the Periyar river for drinking water needs water which is

distributed after treatment by Kerala Water Authority from Aluva, a nearby town.

An area of 2.5 Sg. Km. in the heart of the city i.e. General Hospital area and 1.50 Sq. Km in Gandhi Nagar
areas of this project catchment are covered by the existing sewerage system at Elamkulam. There is at

present a proposal under AMRUT scheme which is in the execution stage for a new 5 MLD plant in the
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existing Elamkulam plant premises. This plant will be mainly treating a part of the load of the project
catchment. Hence the total load to be treated at the 5 STPs proposed in this report is only for 31MLD

situated at the either ends of the 3 major canal systems as detailed in Section 3B.3.1 of this chapter.

3B.7.1 Existing sewage zones of the project catchment

The sewage zones have been demarcated by KWA and grouped under 7 sewage zones for development
purpose as shown in Figure 3B.16. The divisions that are covered under this project catchment include
54,58, 53, 61, 64, 65, 62, 63, 67(part), 68, 70, 69, 33, 34, 35, 37, 38, 39, 40, 41, 42(part), 43, 44, 45(part),
46(part), 47(part, 48(part), 49(part), 50, 51, 52, 53(part), 54, 55 (part), 56(part), 58, 59 (part). The ward
map will be superimposed on to the sewage zone map to show the coverage of sewer network based on

wards during the detailed design and estimation stage.

3B.7.2 Climatic data on temp and rainfall

The average temperature and rainfall for different months of the year (1982-2012) is as given in Table
3B.24.
Table 3B.24: Kochi Weather: Monthly Average (Year 1982-2012)

January February March April June August September October November December

SE— T T
e rereeeec). | N N I N I N D I
vec e <) | I N S I I I

Avg. Temperature {*F}

v e | N I N N N M I I I
v~~~ | I W I N I W A

{mmj

Data: 1982 - 2012

Source: https://en.climate-data.org/asia/india/kerala/kochi-764250/#climate-table

KMRL/IURWTS/DPR/R0O Page 3B-40



Intgpates i hegeneration & Wt TansportSystem

Sewage Zones of Kochi

Figure 3B.16: Sewage Zones of Kochi

Looking to the Table 3B.24, it is clear that mid of the March was the driest month and the right time to
know the water quality status of the dry weather flow. As a part of the investigations by Antea Group,
water quality analysis was undertaken in the catchment canals and the results are given in Table 3B.25
for Chilavanoor canal, Table 3B.26 for Thevara Perandoor canal and Table 3B.27for Edappally canal and

the detailed report included as Appendix Vol 3.

Chilavanoor Canal: Water Quality
Biochemical Oxygen Demand of all three location chosen for this canal is between 20 to 25, whereas
Chemical Oxygen Demand varies from 59 to 157. Total suspended solid are between 34.6 to 39.2, and

nitrogen is more than 36.2. The treated standards for Biochemical Oxygen Demand is 5 mg / |, Chemical
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Oxygen Demand is 50 mg / |. Total Suspended solids 5 mg/I, Total Nitrogen 10 mg/I, Total Phosphorous 2

mg/I.
Table 3B.25: Water Quality status for Chilavanoor canal
Water - Quality - Chilavanoor Canal
Location
Test Parameter Units
Near Elamkulam Near Amrita Behind KSEB

pH - 7.3 7.75 7.17
Total Dissolved Solids mg/L 3107 8970 569
Total Hardness (as CaCO3) mg/L 495 1535 123
Nitrate (as NO3) mg/L 13.1 14.4 23.2
Nitrite (as NO2) mg/L 0.05 0.02 0.02
Total Solids mg/L 3202 9038 659
Total Suspended Solids mg/L 34.6 34 39.2
Dissolved Oxygen mg/L 0.71 0.2 0.02
Biochemical Oxygen Demand

mg/L 20.2 24.2 24.9
(3 days at 27 OC)
Chemical Oxygen Demand mg/L 59 157 126
Salinity mg/L 2.59 8.31 0.15
Sodium as Na mg/L 568 2225 58.9
Total Nitrogen mg/L 42.2 36.5 72.7
Phosphates mg/L 2.66 2.62 3.22
Total Coliform --- Present/100 ml | Present/100 ml | Present/100 ml
Feacal Coliform MPN/100m| 26 21 22

Thevara Perandoor Canal : Water Quality

Biochemical Oxygen Demand Near Perandoor is 92.1, followed by Near P &T Colony 24.5, and Near Jal
Vayu Vihar is 24.2. Chemical Oxygen Demand at Perandoor is 315, followed by Jal Vayu Vihar 128 and P
&T Colony is 108. Total suspended solid lies between 18 to 42, and nitrogen varies between 29.4 to 49.7.
This canal also had Feacal Coliform and total Coliform count. The treated standards for Biochemical
Oxygen Demand are 5 mg/ |, Chemical Oxygen Demand is 50 mg / |. Total Suspended solids 5 mg/I|, Total
Nitrogen 10 mg/|, Total Phosphorous 2 mg/I.
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Table 3B.26: Water Quality status for Thevara Perandoor canal

Water - Quality - TP Canal

Location
Test Parameter Units Near Mini Near P &T Near Jal Vayu

Perandoor Colony Vihar
pH - 8.13 6.84 7.04
Total Dissolved Solids mg/L 12324 6498 2698
Total Hardness (as CaCO3) mg/L 1931 95 446
Nitrate (as NO3) mg/L 13.1 7.23 8.05
Nitrite (as NO2) mg/L 0.06 0.04 0.08
Total Solids mg/L 12392 6549 2766
Total Suspended Solids mg/L 18 42 28.5
Dissolved Oxygen mg/L 0.2 1.2 0.2
Biochemical Oxygen
Demand mg/L 92.1 24.5 24.2
(3 days at 27 OC)
Chemical Oxygen Demand mg/L 315 108 128
Salinity mg/L 11.3 0.61 2.23
Sodium as Na mg/L 2825 339 402
Total Nitrogen mg/L 29.4 43.7 49.7
Phosphates mg/L 1.44 2.98 3.42
Total Coliform --- Present/100 ml Present/100 ml Present/100 ml

MPN/100

Feacal Coliform . 17 33 27

Edappally Canal : Water Quality results

Biochemical Oxygen Demand Near Proposed STP is 41.8, followed by Railway location 12.1. The BOD level
at the Lulu Mall location is a better level of 0.2 mg/l. Chemical Oxygen Demand Near Proposed STP is 238,
and other two location are in the safer limit. Total suspended solid are between 14 to 26, and nitrogen
varies between 21.4 to 37.1. This canal also have Feacal Coliform and total Coliform present in the water

body. The treated standards for Biochemical Oxygen Demand is 5 mg/ |, Chemical Oxygen Demand is 50

mg / |. Total Suspended solids 5 mg/|, Total Nitrogen 10 mg/|, Total Phosphorous 2mg/I.
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Table 3B.27: Water Quality status for Edappally canal

Water - Quality - Edappally Canal

Location
Test Parameter Units
Near Proposed STP | Near Lulu Mall Near Railway

pH --- 6.84 6.56 6.85
Total Dissolved Solids mg/L 2529 400 2581
Total Hardness (as CaCO3) mg/L 446 63.4 345
Nitrate (as NO3) mg/L 6.19 12.4 4.49
Nitrite (as NO2) mg/L 0.12 <0.02 0.09
Total Solids mg/L 2574 481 2648
Total Suspended Solids mg/L 14.6 26.4 26
Dissolved Oxygen mg/L <0.20 <0.20 <0.20
Biochemical Oxygen Demand

mg/L 41.8 0.20 12.1
(3 days at 27 OC)
Chemical Oxygen Demand mg/L 238 49 39.3
Salinity mg/L 1.83 0.1 1.97
Sodium as Na mg/L 481 30.9 568
Total Nitrogen mg/L 31 371 214
Phosphates mg/L 3.5 0.84 0.18
Total Coliform --- Present/100 ml Present/100 ml | Present/100 ml
Feacal Coliform MPN/100ml 40 13 14

The results of the water quality report confirm that the incoming wastewater quality at the STPs have

abnormally low BOD levels, possibly due to seepage/dilution with ground water.

Survey data

LiDAR survey for an AOI of 125m has been undertaken as part of the project investigation. The Spot levels

and contours for this stretch has been generated. The planning at this stage has been based only on

topography maps and satellite Imageries. Hence the topographic survey /LIiDAR study needs to be

extended for the whole catchment for detailed information on the topography and for inclusion of all

roads and lanes before the detailed design and estimation is undertaken.
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3B.7.3 Objectives for extending the sewer network to individual house holds

1) To achieve a hygienic environment within the entire area of the command bound within the
Corporation and for portion coming under 3 municipalities (Kalamassery, Thrikkakkara, and
Thripunithura ) on the eastern side of the catchment.

2) Conservation of project canals barring sewage flow into the canals

3) Convey the wastewater collected from the entire project command to the 5 STPs proposed and
generate safe effluent that will be acceptable to the public for disposal to the adjoining water
bodies or for any other uses.

4) Ensure that the entire population of the project command enjoy sewer line connected to their

households and safe disposal of black wastewater.

3B.7.4 Length of Interceptor Conduits

The length of interceptor of primary main for Edappally canal is 23.14 km followed by Chilavanoor canal
22.3 km, followed by TP canal 19.76 Km. The total length of interceptor of primary main is 65.2 km. The
total length of Interceptor-Secondary Main shall be 66.44 Km as shown in Table 3B.28.

Table 3B.28: Length of Interceptor Conduits

Name of the Canal Interceptor- Primary Main in KM | Interceptor-Secondary Main in Km
Chilavanoor Canal 223 11.15
Thevara Perandoor Canal 19.76 10.84
Edappally Canal 23.14 11.23
Total Length 65.2 66.44

3B.7.5 Proposal for the Extension of sewerage network into project catchment

The household unit connection is proposed to be conveyed to the secondary networks. The secondary
line will in turn get connected to the primary networks. The extension of sewerage network into the

project catchment can be extended till the household sewerage collection.

Looking to all aspects, the network can be extended to a level of interception of secondary main. This shall
bring additional sewerage network laying of 66.44 Km, and it will ingress more into the canal catchment.

This will require household survey, topographic survey, and additional detailed design.

The Figure 3B.17 shows the network plan for the Elamkulam STP, where the TP south and Chilavanoor

south are feeding to Elamkulam plant by the primary main interceptors.
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Figure 3B.17: Network plan for Elamkulam STP

The Figure 3B.18 shows the Extension of sewerage network into the IURWTS Canal catchment, extending
additional 66.44 Km of interceptor main in the catchment.

§ Primary interceptor mai Collection chambers-
Elamkulam Plant for secondary interceptor main
Elamkulam Plant

Secondary interceptor main-
Elsmkulsm Plant

Elamkulam STP- for RBC and LBC of
TP and Edapally South - 10 MLD

0.371 MLD

Figure 3B.18: Extension of sewerage network into IURWTS catchment

Allthe green highlighted circles shall be planned after detailed household survey and topographical survey

of the entire project catchment. The pink color lines are the subdrains, and sewerage lines shall be laid

both side of the sub drains as a secondary interceptor. (Figure 3B.19)
KMRL/IURWTS/DPR/RO

Page 3B-46



ICRWTS

Integpated Urkan Regeneration & Wtar TranspartSystem
E Z o z ; Rod = T 4 g
LGS 2 A T e T T e g 3 o) 5, A
> % 241 fanmharial 3 core 3
Junction '5'-,’} f—_ Primary interceptor main- Z Mahu Iart X & Ro39 I AP %, ‘
XA Elamkulam Plant = gmiog 5 for secondary interceptor main ":,} 2
* 2 2 : Elamkulam Plant S %
# ,/.‘ - o . ‘:‘ 3. .ty Rowd Y z % ’:'
2 & % A\t b 1.438 ved .-;r i - -{’&
2 | R D, 52 E
3 Cemitherymukku 0.267 - % B s v Vennala Nagar 2
z Junction ] = 8. 'i‘ § g % %)
] 3 T % A
-, 3 -
1 i . % | B
B = Q |_.174
E ‘ 7 i
o " s Kalasrishty
s Ree Junction 5
Secondary interceptor main- &
L Elamkulsm Plant
he 1yl B2 =
) i -
: 2 <
: = % Vembely
g 2 Junction
. : ‘\v.l'-"? a
ie RN A e o 1 2
Cloth Bazar %, 2
Junction o >
% >, 0.608 5
2 5 T % | Elamkulam STP- for RBC and LBC of Kaekanai 4!
% 3 e + TP and Edapally South
Bt s ; EXa E =
e ® x
3 i LA
o % prpe \ B ) —
% 2 [N = 2Ry 2
3 3 5 %, Soute T
= g % ‘
E’. Hoapial RoP ¥ Vyttila '}ax
[= !-:‘_‘ (\”:
Figure 3B.19: Primary and secondary interceptor mains with collection chambers
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3B.7.6 Project catchment

There are 5 canals in the project catchment. Out of which 4 canals Edappally canal, Chilavanoor canal,
and Thevara -Perandoor (which includes Thevara canal) are treated as 3 catchments for design of

sewer system based on the catchment characteristics.

The original scope of the project for GC was to cover sewer network only along the canal with an Area
of Interest (Aol) of 250m on either side of the canal. Later as per the direction of SPV the scope of
sewer network was extended to the entire catchment such that each individual house in the

catchment is provided with sewer connection facility.

Based on the reconnaissance survey undertaken, the entire catchment was physically surveyed and
all the sub canals reaching the main canal were segregated and brought into the catchment area map

of the 3 canals. The details given in Table 3B.29.

Table 3B.29: Details of sub canals

No. of | Length | Populati | Sewage
Total Catchme
Sl. War Sub of sub on load
Canal length nt area
No ds drains drains | projecte | estimate
(Km) Ha.
(nos.) (Km) d 2051 | d(MLD)
1 | Chilavanoor 11.15 1436.0 24 24 11.72 | 90605
Thevara
23.73
2 | Perandoor +]9.88 1008.60 22 20 10.84 | 108016
Thevara
Edappally
Kochi
Corporation 11.23 1780.0 21 15.30 108460 | 11.72
3 | Municipalities
Thrikkakkara 19
Kalamassery 19
Thripunithura 2
4225
Total | 32.26 | (42.25 65(KMC) | 37.86 | 3,07,181 | 35.45
Sq.Km)
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3B.7.7 Design of sewer network

Collection and transport of wastewater from each home/building is proposed to be conveyed through
secondary and primary riders to the 5 STPs located in the project catchment. The general arrangement
for house connection is given in Figure 3B.20. The individual households will be connected to an
interceptor in the individuals plot. The same connected to a manhole which is designed to
accommodate 6 household connections. The manholes are connected by sewer lines to the secondary
riders. From the secondary riders laid along the subdrains on either side, it is connected to the primary

rider. From the primary rider the sewage is transported to the sewage treatment plant.

The entire catchment is divided into two parts with the NH cutting across the catchment into 2 parts.
The sewage generated on the northern side of the 3 canals is proposed to be treated at 3 separate
STPs one at Perandoor for T-P canal, Puthukkalavattom for Chilavanoor and Muttar for Edappally

canal.
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Figure 3B.20: General arrangement for house connection
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4A. CANAL ORIENTED DEVELOPMENT

Introduction

The basic engineering design principles followed for Canal oriented development is to preserve the
original canal features and functions. As part of the preservation process, stakeholder participation was
initiated by Antea Group and based on the views expressed by the community, ecological goals that need

to be adopted, the missing or altered original features of the 5 canals were identified.

Chapter 3A (Functional Design) of this DPR has already dealt with the functional design aspects of the
activities that are taken up. This chapter brings out the engineering design aspects of the activities. The
engineering design has been prepared in accordance with applicable Indian Standards codes as well as

International codes and procedures wherever required.
4A.1 Canal Cleaning

Canal cleaning mainly aims at the removal of weed and floating materials lying in the 5 project canals. The
fresh and saline water exposed to sunlight of the project canals and surrounding water bodies provide an
ideal ecological environment for algal growth. Floating weeds or aquatic plants have leaves floating on
water surface either singly or in groups. They have true roots, leaves and flowering parts above the water
surface. Some of them are free floating, while the roots of few are anchored in mud in the bottom of
water body. These plants rise and fall with the level of water in the water body. They flower very rapidly
and some of them which are the most troublesome belong to the genera Eichhornia, Pistia, Lemna,

Salvinia, Nymphea, Brasenia spirodella etc.

From an environmental angle, clearing of weed growth, if not timely addressed, can lead to the following

issues:

1. Mismanaging vegetative growth like water hyacinth and invasive species can lead to limited
access for inspection, create blockages, provide habitat for burrowing animals, and contribute to
the likelihood of failures of navigation system.

2. Aquatic weeds create situations which are ideal for mosquito growth. The mosquitoes are
sheltered and protected from their predators by aquatic weed roots and leafy growth and are
responsible for the spread of Malaria, Yellow fever, River blindness and Encephalitis.

3. Once the roots of the weeds get foothold to the canal bottom, accumulation of sediments is
noticed. This creates a sandbar and encourages more aquatic and emergent vegetation growth

and causes blocks to the navigation of vessels.

KMRL/IURWTS/DPR/R0O Page 4A-2



n hegeneralion & Wt Tarspo

4. Invasive plants like hydrilla is said to grow an inch a day. Water hyacinth can form dense mats and

double in size in less than two weeks under favorable conditions.

4A.1.1 Measures adopted for cleaning

Control (both physical and mechanical) measures are proposed to be undertaken for cleaning of the
project canals. The advantages of mechanical methods include utilization of available manpower
resources, environmentally friendly and target specific, yields immediate results, and provides fewer
chances of permitting ecological shifts in aquatic flora. Mechanical methods often reduce massive

nutrient load of eutrophic water bodies, helping indirectly in diminishing the future weed population.

In this DPR, as the growth of water hyacinth in the canals is a seasonal process, provision has been
included for periodic cleaning all throughout the implementation period. The waste materials dumped

will be cleaned during the deepening and widening process of the canal improvement.

The type of machineries to be used during the start of the project canals’ cleaning processes and during
the post implementation stage are different. There are modern machineries available at present, to
undertake the surface cleaning process in small canals and a glimpse of the machineries generally used is

given in Figure 4A.1.

The cleaning process commences with the removal of water hyacinth and dumped solid waste in the
canal. Both this process can be taken up concurrently with the machineries available in the market. Figure
4A.1(a) shows a grabber machine equipped with a forked bucket which is fitted to a boat in water. The
grabber end can be opened and closed on command and thereby the dumped waste is pulled out from
the canals. Water hyacinth removal from the canals during the start can only be undertaken by the
conventional method with a Hitachi machine fitted on pontoons (see Figure 4A.1(b)). The size of the

pontoon and machinery can be adjusted according to the existing width of the canal.

Mowing of weeds: Different types and size of weed harvesters suitable for operation for varying widths
of the canals are available in the market. A conventional type is as shown in Figure 4A.1(c) and Figure

4A.1(d).

This machine operated water harvester fitted to a boat works like a in water lawn mower. It clears all

types of vegetation including dumped floating matters in the canal.

An advanced version of the water harvester is the one with conveyor belts. In this type a conveyor belt is
fixed at the front of the machine and when lowered underwater the harvester cuts the vegetation in the

water. By means of the conveyor belt it collects and stores the weeds on the board of the boat. Once full,
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the harvester is moved to the shore and the conveyor belt helps in clearing the weeds to the shore as
given in Figure 4A.1(e) and 4A.1(f). These types are desirable for cleaning the canals during the post

implementation stage of the project.

YA

Figure 4A.1(a) Grabbers mounted on pontoon Figure 4A.1(b) Conventional method of

Figure 4A.1(c) Aquatic weed harvester Figure 4A.1(d) Aquatic weed harvester

(cleaning process) (weeding and disposal)

Figure 4A.1(e) Water hyacinth the floating Figure 4A.1(f) Water hyacinth the floating

materials harvester with conveyor belts (Large) materials harvester with conveyor belts (Small)
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11}

Figure 4A.1(g) Floating bicycle to scoop out Figure 4A.1(h) Floating bicycle scooping out

plastic matter from canal plastic waste

Figure 4A.1(i) Specialized boot strap cleaners at canal  Figure 4A.1(j) Plastics and weeds gets collected in

mouths the trap
Figure 4A.1 Different machineries for canal cleaning

On an international perspective Figure 4A.1(e) and 4A.1(f) shows a floating bicycle to scoop out plastic
matter during the post implementation cleaning process in canals. There are no specific codes or manuals
for the cleaning process. Hence in the case of this project we propose to use the above machineries as
shown in Figure 4A.1(a) to 4A.1(f) based on the canal width available at different stretches of the canals
during the implementation stage. Figure 4A.1(g)-4A.1(j) is proposed to be used during the post

implementation stage of the project.
4A.2 Deepening and Widening the Canals

The project canals are proposed to be restored to the original width of the canal as per village record and
meeting the requirement for flood mitigation and navigation of vessels. The deepening process is vital to
maintain the usefulness of canals for various purposes, including watercraft navigation and flood control.

Deepening a canal involves the removal of varying levels of sediment, mud, trash, and other debris at the
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bottom of the canal. The dredge level has been established based on the minimum navigation depth to
be maintained during low tide water level in the canal. The detailed calculations carried out by Antea

Group is detailed in Chapter 3A (Functional design).

The soil conditions have also been taken into consideration for fixing the dredge level. A selected number
of secondary data on the geotechnical bore log details by the side of the project canals was provided by
SPV. Two typical bore logs of the top layer extracted for Chilavanoor canal are shown in Figure 4A.2(a)

and for Thevara — Perandoor canal in Figure 4A.2(b) respectively.

The dredge level fixed for the project canals is 2.25m below the ground level. As per the tables given in
Figure 4A.2, it can be seen that the depth of deepening is within the “moorum” layer (i.e. the layer having
soft sandy and loose sand). The depth of deepening fixed has not crossed into the dense layers and hence
the hydrogeological impact for saltwater intrusion is ruled out. Hydro- geological studies are in progress

to ascertain the impact of the deepening proposed before the detailed estimates are finalized.

Economic benefits of restoring the canals include creation of jobs as well as increased leisure and tourism.
Social benefits can include sense of community through campaigning and volunteering for a local project
as well as benefits to health through increased opportunities for cycling and walking. Environmental

benefits include creating habitats to increase biodiversity of wildlife.

The aim behind the deepening and widening the canals is 1) to preserve the original state of the project
canals as per revenue records, and 2) for free discharge of the storm waters and maintaining a minimum

depth for movement of vessels.

Progect Mo LG sorng Sianea 230203
; COCHIN Bore Hole NO (N6 Boring Completed 27.00.201)
‘ Cmns !mls?"r&:ro Type of Boring Rotary Ground woter 1obie 0.35m
SERVICES PVI LD |1ETTnCton Deptt 50m CH: 19300 ( ERNAXULAM SOUTH RAILWAY STATION )
LOCATION : SOUTH RAILWAY STATION, ERNAKULAM
- ) SAMPMES BLOWS/15cm . |e%
E | g | osscumonor | 8 - z |3
: : STRATA zs e |23 g | remancy
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& -3 3 2t
0.60 IE FRI3 ALl 0.60
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Figure 4A.2(a) Geotechnical Bore log details for Chilavanoor canal
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Figure 4A.2(b) Geotechnical Bore log details for Thevara-Perandoor canal

Figure 4A.2: Geotechnical bore log details

The procedures involved in the deepening and widening of the canals are site specific. A broad idea on
the mechanical machineries to be used in this project is essential and the different machineries that are
conventionally engaged and innovative latest trends in undertaking the deepening and widening are

shown in Figures 4A.3(a) to 4A.3 (f).

In the conventional procedures adopted, mechanical deepening is conducted using a barge-mounted
clamshell crane or backhoe. The excavated materials are deposited on the shore further conveyed by
lorries to the dumping sites as given in Figures 4A.3(a) & 4A.3(b). In modern methods the excavated
material is loaded into the waiting barges, which are then towed to disposal areas as given in Figures

4A.3(c) to 4A.3(e).

For deepening and widening activities in the project, deepening is completely an underwater excavation
activity. On the other hand, widening is done both above and under the water level of the canal.
Mechanical deepening costs typically include the hiring costs of floating platform with a barge mounted
crane or excavator, tugboat, disposal scows, and the labor to operate the dredging equipment. The cost
for conveyance of the dredged excavated earth includes the distance the material must be disposed,

either through barges in water or by lorries on land.

Cost estimates for deepening and widening have be undertaken based on Delhi Schedule of Rates (DSR

2019) and detailed in Chapter 6.
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Figure 4A.3(a) Hitachi fixed on a pontoon for Figure 4A.3 (b) Long arm deepening Hitachi

deepening

Figure 4A.3(c) Excavated material filled into Eigure 40,3(d) Excavated material conveyed by

barge for disposal

barge

Suction Tube

/ Cutter

Figure 4A.3(e) Machinery for deepening Figure 4A.3(f) Innovative Dino6 dredger used for

smaller canals widening work
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dredging used to fill geo-synthetic tubes

Figure 4A.3: Different conventional machineries engaged in deepening and widening

The innovative dredger Dino6 available in international markets is used for widening canals with lesser
width. This dredger machinery has the capability of cutting the soil with a cutter fixed on the front side.
The cut soil is sucked by means of powerful submersible pumps and transported to the shore in slurry
form through a pipe. The end of the pipe is connected to geo-synthetic tubes placed in the shore and the
same used for low lying area filling. Hence, the whole process has no negative impact on the ecosystem

within the canal and canal banks. The specification for Dino6 dredger is as given in Table 4A.1.

Table 4A.1: Specification for Dino6 dredger

Sl. No Specification Features Facilities
1 Working depth 13 ft Canals of 6’ deep or less
2 Pump performance 1500 GPM Powerful enough to dredge canal
3 Cutter head 66 Inches The bottom and sides of the canal
4 Length 22 ft Transport this dredge to the job site
5 Width 5ft 11 inches Access to tight spaces
6 Engine Cummin4 cylinder Power and efficient engine

4A.3 Shore Protection

As discussed in Chapter 3A, section 3A.3 of this DPR for comparison with other types the design analysis
for sheet piles has been undertaken. Based on the pressure distribution on the steel sheet piles, the
equation to be solved for estimating the depth is a 4" order equation. Hence estimating the depth can be
undertaken only by a trial and error method. Being a cumbersome process, the general practice is to use

available software.
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All design calculations were carried out using DC-Pit software. The assumptions used for the design are
detailed in Chapter 3A, section 3A.3.1.1 of this DPR. The partial load factors recommended as per BS 5950
and as per Euro code-part -1 is 1.5. However, Indian Standard IS 9527 Part 3 recommendation to use a

load factor of 2.0 on Bending moment. Hence, a load factor of 2 has been used in design calculations.

Design inputs to the model are as given in Figure 4A.4.
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Figure 4A.4: Design assumption of the loads on the steel sheet pile

Note: In Figure 4A.4, above LWL is considered on dredge side and high-water table on retention side.

The active and passive pressure diagrams were generated from the software used. The soil parameters
taken were based on the inputs of the two geotechnical bore logs (near Chilavanoor and Thevara
Perandoor canals) and surcharge loads was assumed as 10 kN/m? , as given in Figures 4A.2(a) and 4A.2(b)

for the soil on the landward side of the sheet piles.

The design drawings details of the sheet pile are given in Figure 4A.5.
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Figure 4A.5: Design drawings details of the sheet pile

The earth, hydraulic and total pressure diagrams - As built condition on sheet piles are as given in Figure

4A.6.
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Figure 4A.6: The earth, hydraulic and total pressure diagrams - As built on sheet piles

The structural forces in an as-built condition on the Steel sheet pile as generated from the model are

shown in Figure 4A.7.

Section forces from total loads, characteristic
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Figure 4A.7: Structural forces — As-built acting on the steel sheet pile
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As derived from the bending moment diagram:
Max. unfactored bending moment: -80.05kN-m/m

Max. unfactored shear force: +49.53kN/m

The final as-built design section for the sheet pile under this project shore protection is given in Figure

4A.8.
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Figure 4A.8: Final As built design section for the sheet pile under IURWTS canals

The recommended minimum sheet pile length is 6.5m to retain a maximum retention height of 2.25m.

The summary of the design outputs is as given in Table 4A.2.

Table 4A.2: Summary of design outputs

No. Name Unit Data

Input Data

1 Top of sheet pile m +1.3

2 Ground level m +1.3

3 Canal bed level m -0.9

4 Depth of excavation m 2.2

5 Water level land side m BGL +1.3

6 Water level canal side m BGL +0.3

7 Surcharge kN/m? 10
Sheet pile wall (without corrosion consideration)

1 Max bending moment kNm/m 80.05

2 Factor of safety - 2

3 Factored bending moment kNm/m 160.1
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No. Name Unit Data
4 Type of sheet pile Z/U Z shape
5 B Factor - 1
6 Steel - S355 GP
7 Material factor - 1
8 Factored steel strength MPa 355
9 Required section modulus of sheet pile cm3/m 450.99
10 Proposed section - ESZ 19 - 700
11 Moment of inertia cm?/m 39420
12 Section modulus cm3/m 1875
13 Bending moment capacity kNm/m 665.625
14 Web thickness mm 9.5
15 Flange thickness mm 9.5
16 Length of wall m 6.5
17 Deformation mm 41.94
18 Factor of safety (SF) - 4.16
Sheet pile wall (with corrosion consideration)
1 Design working life (years) 50
2 Norm for corrosion rates EC1993-5
Common fresh
3 Front water (river, ship,
canal....)
Working condition Undisturbed
4 Back natural soils (sand,
silt, clay, schist...)
5 . . Front 0
Corrosion protection (years)
6 Back 0
7 Front 0.9
8 Corrosion loss (mm) Back 0.6
9 Total 1.5
10 Moment of inertia with corrosion loss cm*/m 34578.9
11 Section modulus with corrosion loss cm3/m 1648.6
12 Bending moment capacity kNm/m 585.253
13 Web thickness mm 8
14 Flange thickness mm 8
15 Factor of safety (SF) - 3.66
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4A.4 Navigation facilities

4A.4.1 Engineering Vessel design

Design Philosophy for navigation vessels

In any inland waterway system, the two most important aspects to be carefully evaluated are the type of
vessels that are expected to ply and the parameters governing the navigation channel. These two aspects
are themselves closely related. Since many different sizes of vessels will use the waterway depending
upon the type of passenger demand, a typical vessel with limiting dimensions for the channel has to be
arrived at. This may be termed as the “Design Vessel”. It should be noted that the Design Vessel is a
conceptual vessel; it is obvious that vessels smaller than the design vessel will have no difficulty in
operation provided the speed and other parameters are limited to the shallow water constraints set by
the channel. Vessels larger than the Design Vessel may not be able to operate or may be operated under
certain constraints such as operating during high tides or with lower loads. PIANC guidelines has been
followed in general for arriving at the design vessel. However, these guidelines are made mostly for large
ocean-going vessels entering larger canals. Hence some adaptations have been made considering the
IURWTS canal capacity and other environmental factors. This design vessel has been dimensioned as big
as possible within the constraints. The intent is to reduce the cost per passenger and service more

passengers within the capacity of the canal.

Assumptions

The canal’s water level is proposed to be maintained with a clear water depth of 1.4m. The dredge level
of the canal has been fixed based on Geo-technical consideration and to maintain the minimum draft for
navigation purposes. The canal passenger vessel design has been based on the passenger demand. Even
with this guaranteed water level, the canal is still considered to be as shallow water. Hence the shallow

water effects has been specially considered during the vessel design.

The vertical clearance of the existing bridges and cross structures in the route of the design vessel are
currently not to the navigation standards of 4m in line with minimum requirement as per IWAI. Proposal
to reconstruct 52 existing road bridges and 31-foot bridges with a canal width of 16.5m and with a vertical
clearance of 4m from HFL has been included as part of this DPR. The entire stretch of canals is expected
to be open for navigation on completion of the canal reconstruction. In case any of the cross structures /
bridges cannot be rebuilt to this standard, the navigable area should be revisited. This value suits the
design vessel also. Views and feedback from experienced users (pilots, mariners, researchers etc.) of

COPT, Kochi has also been sought.
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Considerations for dimension fixing

These parameters limit the dimensions of the design vessel:

e The length of the vessel is constrained by two aspects.
a) The bend radius along the route.
b) Requirement to turn the vessel at reasonable stretch of navigation in an emergency.

e The breadth is constrained by the channel width i.e. 16.5m, two-way channel and the clearance
requirement, slope of the sides of the channel etc.

o Boat maneuvering — width required to allow for the oscillating track produced by
combination of sway and yaw of the vessel.

o Counteracting crosswinds and cross currents.

o Counteracting bank suction.

o Hydrodynamic interaction between meeting and passing vessels in two-way traffic.

o Other allowance relating to navigation aids, cargo hazards, depth/draft ratio, and channel
bed material.

o PIANC guidelines for safe navigation

o IS guidelines for safe navigation

e The draft is constrained by the available water depth i.e. 1.4m and its effect on navigation, and
speed of vessel.
e Waterway depth is the most important factor.

o Allowance for trim and squat - Vessel squat depends on several factors like vessel speed,
depth of channel, and geometric characteristics of the vessel. Generally, a draft/depth
ratio of more than 3 is required to minimize the squat effect.

o Bottom material allowance. It is the minimum safety margin between the keel of the
vessel and the project waterway depth. Loose materials like rocks that are unaccounted
in the depth measurement of the waterway pose a safety threat to the movement of
vessel. The depth and head room are dependent on the air draft allowance along the
routes.

e The speed is constrained by the under keel clearance, wake and wash of vessel, length of the
vessel etc.
Considering these constraints and applying the Naval Architecture principles, the following dimensions

were chosen for the preliminary design vessel.

KMRL/IURWTS/DPR/R0O Page 4A-16



Inge

Design Vessel

RWT

ted

geneaton Wter Fansper ystem

The boats shall follow KIV rules for minimum standards to be fulfilled for safety standards and measures

as well as firefighting methods and equipment.

Basic dimensions of the vessel shall be in accordance with Channel width i.e. 16.5m (top & bottom-width).
As per guidelines, the length of vessel can be primarily fixed to be a maximum of 75% of channel width
i.e. approx. 12m taking into account immediate turning at any point of navigation. Considering PIANC
guidelines for 2-way channel movement with sufficient passage clearance on both sides of vessel, breadth
of vessel can be taken approx. 1/4™" to 1/5™ of Channel width i.e. approx. 3m- 4m depending on the
maneuverability of vessel. Draft, for practical consideration cannot exceed a value 0f 0.6m considering

shallow water effects.

The optional preliminary vessel dimensions as per above are given in Table 4A.3. However, the possibility
of achieving full-electric propulsion, desired passenger capacity & other operational requirements will

have to be analyzed in detail with given dimensions and the most preferred vessel type shall be adopted.

The preliminary arrangement of design vessel is indicated in Drawing Annexure 4A — D.1.

Table 4A.3: Preliminary design options for vessels

Sl. No. Design parameters Assumed dimensions Assumed Dimensions
Type Catamaran Mono-Hull
1 Length 12m 12m
2 Breadth (overall) 40m 3.5m
3 Draft (approx..) 0.6m 0.6m
4 Speed 5-6 knots (9-11Km/hr.) 5-6 knots (9-11Km/hr.)
Electric, Hybrid Electric, with Electric Hybrid, with
5 Propulsion
generator generator.

Once the pilot projects are done and refined specifications are used for series production,
GRP/FRP/Carbon fiber hull also may be considered. The material and the protective coating have to be

adaptable to the water quality of the canal.

The traffic study by NATPAC predicted a high traffic demand serviced with faster vessels. However, owing
to the shallow water effect, a restricted channel width, turning radius, jetty utilization, considerations of

wave making effects due to higher speeds and adherence to PIANC guidelines vessels of slower speeds
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were only possible in this canal and adopted. Hence it is important to have the vessel type & size as

practical as possible and with maximum possible capacity. The basic dimensions were derived from this.

Mono-hull Vs. Catamaran vessels of better stability and better maneuvering capability due to twin
propulsion. However, for the same size the deadweight capacity will be limited. To avoid the interference
between hull wakes a separation of minimum 1.5 B (B-demi-hull width) is generally assumed. However,

at low speed hull separation can be as low as 1B.

Mono-hull boats will have lesser maneuverability and hence the vessel breadth can only be lower.

Table 4A.4 shows comparison for the selected size of design vessel, with a reduced breadth for Mono-hull

vessel to 3.2 m against a Catamaran of 4m breadth.

Table 4A.4: Catamaran Mono-Hull comparison

Sl. No. Design parameters Catamaran Mono-hull
1 Length overall (LoA) 12m 12m
2 Length on the water line (LWL) 11.5 11.5
3 Breadth (overall) 40m 3.2m
4 Demi Hull 1.3m -
5 Draft (approx.) 0.6m 0.6m
6 Block coefficient (Cb) 0.7 0.7
7 Displacement 12561 15.461
8 Speed 5 knots 5 knots
9 Predicted propulsion Power 11.2 KW 12.7 KW
10 Lightweight estimation (approx.) 13t 12.1
11 Deadweight -0.44t 36t
12 Max Passenger Capacity -- 35

With basic assumptions, the lightweight arrived with an Aluminium hull construction and battery powered
propulsion, for a catamaran exceeds possible displacement, with the design dimensions. For a mono-hull

a deadweight capacity possible for a max passenger capacity of 35 Pax, with strict control of weights.

Thus, a catamaran design is highly unlikely in this case, unless the vessel design adopt very light material
like Carbon fiber technology in FRP construction and doing away with additional weight of Battery etc. A

mono-hull design would be suitable for maximum passenger carrying capacity of 25 to 35 pax..
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Performance of dimensions arrived

Length/Breath ratio

MLarger L/B indicates a slimmer hull. This usually implies less wave-making resistance, and thus more
efficient high-speed performance, but also suggests reduced load-carrying ability for a given length. An
L/B ratio of more than 12 is required to contain wave making effects at medium speed, which is practical
limitation due to narrow channel. However, for speeds below 6 knots the effect is minimal and hence
considered the speed a limiting factor.

Typical ranges of L/B are 2 to 4 - Small to mid-size planning powerboats.

M.B. Marsh Design Boat parameters offers a steadily growing range of plans for small watercraft and has
been used in the study. PIANC guidelines are for ships and the guidelines are too high when used for small

boats.

In the case of boats designed for IURWTS canals the length of the vessel is 12m and breadth id 4m. Hence

L/B ratio is estimated as 3 and hence safe.

Speed of the boat: in Knots is approx.= 2.43* (I,)"0.5

Where, "l," is the length of the waterline (LWL) in meters.

Permissible speed in Knot is approx. = 6.87 knots.

As the design vessel has a lesser L/B ratio, the speed has been fixed as maximum of 6 knots. Boats shall

be designed optimally for a very low power system.

Passenger Space

Relatively low L/B implies a larger, more spacious interior and increased carrying capacity when compared

to slimmer competitors of the same length.

Volume displacement (VV or D)

The total volume of water displaced by the boat when the vessel is sitting on its design waterline. Or,

equivalently, the below-waterline volume of the hull and appendages.
Displacement = (L*B* T* C)/35

Where, L= length of vessel (m); B= breadth of the vessel (m), T= stands for draught (depth of water) (m)

1 M.B. Marsh Design Boat parameters for small boats. offers a steadily growing range of plans for small watercraft
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and C= Block coefficient, 35= a constant for body objects found in salt water.
Block coefficient = 2C= 1.23-0.395 (V/L) ~0.5
Where, V= speed of the vessel (Knots) and L= length of vessel.
C=1.23-0.395*(6/12) ~0.5= 0.95

Displacement (D)(m) = (0.95*12*4*1.4)/36= 1.3m which is <1.4m the depth.

Hence D/T=1.3/1.4 = 0.92<1 so safe.

Free board

Higher length could be advantageous when it comes to propulsion power requirement. The capacity of
the vessel was decided based on the available deck area of the design vessel, and to meet the traffic
demand considerations. The propulsion will in general be on electric mode with slow charging at night
and fast charging during noon break. When the battery storage falls short, the diesel generator will be
used for powering. A conservative Free board of 0.6m is given as required by KIV rules is shown in the
Figure 4A.9. The air draft including margins considering the above freeboard is found to be less than the

available value of 4m.

INLAND VESSEL FREEBOARD REQUIREMENT
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Figure 4A.9: Inland vessel freeboard requirement

2 Molland, A. F., The Maritime Engineering Reference Book, ELSEVIER, 2008.
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As per KIV Rules, minimum freeboard requirement to be met corresponding to 12 m is 0.6 m for inland

application. This is to be 1.5 times, where the vessel is exposed to sea conditions.

Propulsion
Electric Propulsion:
e Pure electric operation during normal operations.
e Qutboard electric propulsion is preferred for operational convenience and better
maneuverability at slow speeds.
e Charging infrastructure to be provided at defined intervals.
e Battery requirement may increase the capex and also the vessel weight.
e Charging shall be integrated with solar infrastructure.
e Eco friendly:
o No emissions to air or water.

o Silent.

It is suggested to use a hybrid propulsion device. The vessel operation will be environment friendly as it
operates on battery. It gives the flexibility in the vessel trips to choose between battery and diesel
generator. Also, having the hybrid generators onboard can help reduce the battery requirement which
will in turn reduce the capex and improve on the overall weight (lightship) as well as the resistance
parameters. The propulsion machinery envisaged is an electric outboard. Azimuth propellers may be
considered during detail design phase considering the maneuvering and turning capacity based on the

detail design of canal, jetties and turning basins.

Outboard propulsion was chosen considering the following parameters:

Dedicated Design: This generally makes outboard motors more reliable and efficient.

Size and Space: Outboard motors are lighter and does into take up too much of internal space.

Handling: The entire mounting turns which helps the handling of boats especially in reverse mode. It can
help turn the boat at low rpms at less power in comparison with rudder assisted boats. This makes low-
speed manoeuvring and docking easy. It also easy to handle the engine for maintenance purpose as it is

more accessible from outside and portable.

Efficiency: Outboards are unaffected by the hull induced turbulence hence easier to accelerate and

provides better fuel efficiency.
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Diesel propulsion are cheaper and without range restrictions. There shall be savings in weight, which may

be critical at vessel designs

Material

Since the boats are plying in shallow waters, it is important to use light materials. This avoids the chances
of grounding and avoid the shallow water effects resulting in higher resistance and wash. In this regard,
GRP and aluminum are considered to be more suitable than steel. Aluminum under impact will bend and
subsequently crack; GRP could immediately crack. Hence Aluminum is better from a repair point of view.
GRP /FRP is moldable and can attain better and efficient hull but is susceptible to fire and environmental
costs are high. Carbon fibers offer superior strength and light weight. Combination of materials for Hull

and superstructure are also a viable option.

Vessel characteristics

The vessels used can be a tourist or a passenger’s type of vessel. The passenger’s variant discussed here
considers standing passengers with the minimum required passenger space provided. The tourist variant
will be completely air-conditioned, meeting high end standards such as quality doors, fire protection,
luxurious seats and common spaces, cycle, luggage carriage and pantry. There will be other outfits such
as ramp access provision for disabled passengers, the details of which will be decided during detailed

design phase. Designs like jet capsule are good options on a tourist angle.

Design considerations
The design vessel must have very good wash characteristics. It is important to study these characteristics
as the wash waves could be detrimental to the vessel movement, and also to the integrity of the shores

where the sheet piles are not inserted.
4A.4.2 Vessel to Channel Matching

Horizontal dimensions of Channel width

Factors affecting the width of channel are as follows:

1. Basic Maneuverability
The dynamics of vessels are such that they will follow a swept path, which in absence of any external
forces from waves, wind, current etc., will exceed their breadth by some amount.
The width of the swept path, which is the basic maneuvering lane, will depend on a number of factors,
but the key elements are:
e The inherent maneuverability of the vessel (which will vary from vessel to vessel and with

water depth/draught ratio).
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e Ability of the vessel-handler.
e Visual cues available to the vessel-handler.

e Qverall visibility.

2. Environmental forces
The channel should have sufficient width to ensure safe navigation allowing for the effects of external

forces due to cross winds, currents, and waves.

3. Cross winds
Cross winds will affect the vessel at all speeds but will have its greatest effect at low vessel speeds. It
will cause the vessel to drift sideways or to take an angle of leeway, both of which increase the width

required for maneuvering.

Cross wind effects depend on:
e Vessel speed.
e Windage of the vessel (relative to lateral submerged area).
e Depth/draught ratio (because a vessel's resistance to lateral motion increases as the
depth/draught ratio approaches unity since wind causes less drift at small under keel
clearances).

e Wind speed and direction relative to the vessel.

4. Cross currents
Cross-currents affect a vessel's ability to maintain a course, while longitudinal currents affect its
ability to maneuver and stop. the maneuverability of a vessel changes as its depth/draught ratio
approaches unity. As a result, its ability to cope with currents will also change as the water depth

becomes shallower.

5. Bank clearance
When a vessel navigates in the vicinity of a channel edge, flow around the vessel’s hull varies and
becomes laterally asymmetrical with respect to its longitudinal center line. This generates
hydrodynamic forces due to the asymmetrical flow. To avoid uncontrollable situations in a channel

with underwater banks, additional width outside the maneuvering lane is required.

Important factors are:
e Vessel speed.
e Bank slope or bank structures.

e Cross-section/symmetry of the channel.
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e Under keel clearance (ratio h/T).
e Distance between the vessel and bank.
6. Vessel-Vessel Interaction
Similar dynamic interaction forces due to asymmetrical flow also act on two vessels when they are
transiting close to each other. The vessel-vessel interaction should be considered both for meeting
(vessels travelling in opposite directions) and overtaking maneuvers. The additional width
requirement to take account of vessel-vessel interaction also depends on the traffic density in the

two lanes, as the greater the density, the greater the width that is required.

Overall bottom width (PIANC guidelines)
The overall bottom width W of channel with straight sections is given for a two-way channel by:
W= 2Wpnm + 22Wi+ Wer+ Wpee + 2W,
where:
Wem = width of basic maneuvering lane as a multiple of the design vessel's beam B as 1.2B
YW, = additional widths to allow for the effects of wind, current etc. 8 kts < Vs < 12 kts =0.1B
W = bank clearance. bank clearance of red and green sides of the canal for slow speed vessel is =0.5 B
W, = passing distance, comprising the sum of a separation distance between both maneuvering lanes

WM.

To determine additional width for passing distance in two-way traffic ,the beam of the largest passing

vessel should be used whether or not it is the design vessel and the value for slow speed = 0.5B.

Above shall depend on the maneuverability of the vessel, and higher factors may be required depending

on maneuverability which will be confirmed during the detailed design and estimation stage.

4A.4.3 Design of curved channels and bends

Turning radius and swept path

As per PIANC guidelines, in calm water with no wind, a hard-over turn may be accomplished by a vessel
having average to good maneuverability with a turning radius of 2.0 to 3.0 times Loa in deep water,
increasing to perhaps 5 or more Loa at h/T = 1.2. The way a vessel turns depends very much on the h/T
ratio. The design boat has a h/T ratio of 2.33 which is higher than the threshold value of 1.2, and hence it
can be assumed that the vessel will require a small turning radius preferably in the range of 2.0 to 3.0
times Loa. Since the PIANC guidelines are meant for vessels with rudder, and vessels with OBD have much
higher maneuverability, it can be safe to say that the lower end of the range, i.e. 2.0 times Loa can be

presumed as the required turning circle radius at bends. (Figure 4A.10).
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Bend radius, Rc =24 m
Where,

h = Depth of waterway, T = Draft of the design vessel

Distance = 5 Lmax

R =bend radius

¢ =pbend angle

W = width in a straight
section
AW=Additional width in
a bend

Figure 4A.10: Bend configuration

Additional Widths in Bends
When transiting a bend in the approach channel the width of the swept path will increase. This additional

channel width AW is necessitated by increases in:

e Drift angle of the vessel.
e Response time from the instant the vessel deviates from the channel axis and the moment when

the correction becomes effective.

Thus, the total additional width in a bend due to the swept path AW is equal to the sum of the additional

width due to these two factors.

Additional Width Due to Drift Angle
The additional width due to the drift angle AWDA can be determined by using the simplified formula:

AWpa=L%0a/ aRc
Where,

AW0p, = additional width of the vessel’s path swept due to drift angle in a curved channel section
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Rc = Bend Radius Loa = Length overall AWpa=0.75m
a = factor depending on the vessel type: a = 8 for normal vessels and a = 4.5 for larger displacement vessels

with Cg >0.8

Additional Width Due to Response Time
An additional width AWRT is required in bends to compensate for the time delay of the vessel-handler in

responding to a required alteration of course. The following allowance is recommended:

AWgr=0.4B =1.6m

Total additional width required at bend is 2.35 m. No major bends are encountered and hence the

additional width will not be required for IURWS canals.

Vertical Dimensions

Vessel related factors are the most important in vertical channel design. Apart from vessel draught T, the
vessel factors can be estimated separately for vessel squat, dynamic heel and wave response allowance
or combined together. Rather than estimating each one separately, a simpler approach for the concept
stage of design is to combine them into one vessel related factor Fs that includes all of these vessel
effects. An approximation depends on vessel speed, intensity of wave effects on the design vessel with

its maximum draught T and type of channel.

. . Vessel Wave Channel | Inner Outer
e Speed Conditions Bottom | Channel | Channel
Ship Related Factors Fs

=10 kts 110 T
10 - 15 kis None 112 T
> 15 kis 116 T
Low swell 115 T
{H: < 1m) to12T
Al Moderate swell 12Tto
Depth h {(1m<H:<2m) 13T
Heavy swell 13Tto
(H:> 2 m) 14T
Add for Channel Bottom Type
Mud MNaone None
All All Sand/clay | 04 m 0.5m
Rock/coral | 06m 1.0m
Air Draught Clearance (ADC)
ADC Al Al 0.05 Hy | 005 Ha
- +04T
Motes:
1. For Ship Related Factors: Assumes 7> 10m. i T< 10 m, use value for T= 10m
2. Swell means waves with peak periods T, greater than 10 s
3. For Outer Channel swell values, use lower value for smaller swell wave periods
and higher value for larger swell penods
4. Value of significant wave height H: is dependent on required operation, design
ship type, level of accessibility, wave penod and relative wave direction
5. Hsis the distance from the sea surface to the top of the ship
6. Seawater density assumed for 7. Additional adjustments required if fresh water.

Tahle 2 2- Channe! depth components and air draught estimates for Concepi Design (CD)

Figure 4A.11: Vertical dimension approximation
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Based on Figure 4A.11, taking the vessel speed as 6 knots and the channel bottom, the required channel

depth is 1.26 m (1.1T+0.6m), which is lower than the currently available depth of 1.4m.

4A.4.4 Wash studies

High speed vessels make waves that hit the canal shores. This will affect the side of the shore, especially
where no sheet piles or similar reinforcements are available. Another detrimental effect occurs when the
waves are reflected by the shores and subsequently affect the movement of the vessels. The canal, being
shallow and having breadth as low as 16m, will need vessels with less wash effects. To account for this,
though the design vessel is having a capability of achieving 13Km/hr., the cruising speed is limited to

10Km/hr.

These environment friendly boats not only need to be less polluting and less noisy, but also minimize the

impact to the shores of the canal for sustainability of the ecosystem.

The detailed study on the safety and stability aspects will be undertaken during the detailed design and

estimation stage of this project.

4A.4.5 Environment Impact

Since the propulsion is going to be mostly on electric mode, the air pollution from engine exhaust, water
pollution from oily water discharge, noise pollution from the machinery etc. will not be present. This
advantage will not be there while running on generator power. However, the hybrid propulsion mode will
be designed to have the propulsion on battery mode only and generator will be kept as an emergency
backup. Accidental oil spill which could occur will be limited to and can be contained within the canal and
cleaned up as the canal is designed with gates and flow control on the water inside. The accidental spills
can be cleared using portable oil skimmers. Other modes of water pollution can come from sewage
discharge, solid waste discharge and boat washing. Bio toilets are proposed in the boat so that the black
and grey water will not be discharged to the water body. There should be mechanism at the jetties or

outside for periodic cleaning of the accumulated waste in boats.

At the end of the life of the boat the major structure, from aluminum can be recycled. The batteries will
have to undergo the e-waste recycling methodology. The superstructure GRP and other non-recyclable

components have to be treated separately.

The navigation along the canals can be hindered by the growth of mosses/ water hyacinth. This could

resist the boat movement and also choke the separation space between the demi hulls if not cleared on
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a timely basis. The siltation also needs to be kept in check so that the under keel clearances are not

reduced.

4A.4.6 Life cycle cost

The fleet size and types has been estimated based on the passenger demand, service frequency, size of
the boats and their capacity etc. The roll out is to be in phases so that the learnings from the former set
of fleets can be implemented on the latter. There could be potential reduction in the size of the boat for
maneuvering and canal decongestion reason, however, may increase the number of boats to cater for the
passenger demand. Smaller the boats the cost per passenger seat will increase. A contingency to account
for this has been added in the capital expenditure (CAPEX) for fleet which is given in the Chapter 8 (Cost

Benefit Analysis).

The battery cost weight and technology is so fast changing that we need to account for a 20% cost

variation which may lead to a reduction in the number of boats planned for the estimated cost.

With respect to the Operating (OPEX) Lifecycle costs an early estimate on the boat is shown in the Table

4A.5.
Table 4A.5: Estimate with respect to Operating (OPEX) Lifecycle costs
Cost factor Cumulative | Period

CAPEX
Design 5%
Electrical System cost 50% 100% One time
Material and labour cost 45%
OPEX
Operating cost 15% recurring yearly
Maintenance 20% recurring per 3 years
Depreciation -15% recurring yearly
Disposal charges 15% one time

4A.4.7 Canal Lock system

The canals will have locks to maintain the water levels in the system. The water depth will be maintained
between 1.4 m to 1.9 m by locking the water inside during low tides as well as by opening them for high

tides.
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4A.5 Jetties and Jetty terminals

4A.5.1 Design consideration for a Jetty

The berthing structures are constructed for the berthing and mooring of vessels to enable loading and
unloading of cargo and for embarking and disembarking of passengers, conveyances etc. The project jetties
are designed to have a leading platform perpendicular to the land area. Furthermore, 2 embarking platforms
with 2 levels are situated along the canal edge. The embarking platforms are designed in a stepped
manner based on the water level fluctuation, so that there is no difficulty for passengers to embark from
the vessels. The level of the higher platform is kept at +0.9m MSL and the lower level platform at a level
of +0.5m above the LTL, both levels are fixed 0.2m above high and low tide levels. The leading and the

embarking platforms are designed to rest on piles.
4A.5.2 Location of jetties

The location of jetties as detailed in Chapter 3A has been finalized based on a passenger survey

undertaken by NATPAC (2018) ensuring the first and last mile connectivity.
4A.5.3 Types of jetties
Classifications of berthing structure are basically Piers and Wharfs:

1) Wharf — A berthing structure which is parallel to shoreline. It is generally adjacent to the shore and may

not be very near to shore.

2) Pier - A berthing structure which is project into water that means perpendicular to shore. This structure
need not be exactly perpendicular to shore; it may be with some angle to shore. These structures also are

like T or L shape.

Required number of berths for vessels: It is recommended to have a fixed berth with two levels to adjust

for the tidal level fluctuation.

Longitudinal dimension of berth: The function of the terminal and size of vessel determines the berth

length. The berth has a length of 10.4m x 3m.

Required area for berthing: The minimum berthing area needed is determined by the length and the
broadness of the biggest size of boat utilizing for the berths (i.e. the Design Vessel, see section 4A.4.1).

The length needed for berthing a vessel as well as its surging resulting from waves are generally defined
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as: 10% of boats length, subject to at least 15m.The width of the berthing zone ought to be 1.15B + b,

where B is the shaft width of the outline vessel , and b is the width of the attending craft.

Draft maintenance along the berth: The design vessels recommended for project canals needs a
minimum draft of 0.5 m. Even under LTL condition the draft available in the canal is 1.2m (see Figure

4A.12). As per design condition, 10% in excess is required to be maintained to consider for silting and

vertical movement.

«—— Beam
5
| Freeboard
/_\ +
o A
Depth g B |
: |
: i
: | Draft
: |
) .
E Underkeel Clearance I
v

Figure 4A.12: The unchecked clearance available in IURWTS

Width of berthing apron: The apron width is designed based on the facilities provided at the jetty. The
platform widths provided is adequate to permit a free unhampered movement of passengers. In the case

of the project, only passenger vessels are proposed and hence a minimum width of 2m is required.

Quay: A quay is a general term used to describe a marine structure for the mooring or tying up of vessels,

and for loading and unloading of goods and passengers. In areas with a high tidal range, both quays and

jetties are often of the floating type.
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Vessel Anchorage/Mooring

Adequate facilities is provided at jetties for safe and secure mooring. Mooring arrangements are made
based on the size and type of the vessel, local tidal variation, etc. Close liaison is required between all
components concerned (such as boat crew, boat master, and jetty operator) to ensure that the mooring
is done safely. An adequate watch is kept on the moorings while the vessel is alongside and particularly

during passenger transfer. Local conditions may place additional requirements on vessel mooring.

Account needs to be taken of the rise and fall of vessels in relation to the jetty as a result of tides. In
addition, the displacement of the vessels in the water will also rise and fall during the embarking

disembarking process of the passengers is also be taken into account while designing mooring systems.

Jetty bollards and mooring arrangements are designed to hold the vessels in position once the vessels are
docked so that loading/offloading can take place safely. Inadequacies in the mooring arrangements could

result in the vessel breaking away from the moorings is accounted.

Turning Circle
Measurements of turning loop are subject to the predominating power of wind, current and the force of
tugs accessible for aid. The accompanying criteria may be followed in either case for figuring the radius of
the circle:

i. Without tug support: - 1.7 L.

ii. With tug support: -0.85 L.

For the jetties used in the project tug support will be provided, a minimum turning circle with a width of
10.8m is required. The canals have a minimum width of 16.5m and consequently are safe (see Figure

4A.13).
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Vessel width 12m
Canal width 16.5m

~

Turning circle: Vessel after turning in the canal

Figure 4A.13: A vessel in Turning circle

4A.5.4 SPV building and control rooms

An institutional mechanism is proposed to look into the post implementation activities of the project
catchment. In order to house the Special Purpose Vehicle (SPV) and a testing lab with staff a building of
300 m? is proposed in the land identified for the jetty adjacent to, Edappally Lulu mall area. Provision for

monitoring all the CCTV installed along the canal will is also conceived in the SPV building. The location of
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the jetty terminal housing the SPV buildings and control rooms is proposed in the Jetty near Lulu,

Edappally and is given in Figure 4A.14.

Figure 4A.14: Edappally Lulu mall jetty SPV office

4A.5.4.1 Materials & cover

Concrete

The grade of concrete shall be of M-40 for substructure and M-40 for superstructure. The grade of

concrete is considered the same as for precast structures.

Reinforcement

The grade of Steel shall be - Fe 500D (Confirming IS 1789). The clear cover to outermost reinforcement

shall be:

Pile 175 mm
Beams :50 mm
Slab 40 mm

Structural steel

Structural steel used in this design confirms to 1S2062 with the following properties:
Yield stress :310 Mpa
Ultimate stress : 430 Mpa

4A.5.4.2 Load data

Dead Load
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Dead loads comprise of the weight of all parts of the structure and also the weight of all permanent
connections. The DL of a port related marine structure constitutes a relatively less rate of the total burden

acting up on the structure.

The dead loads shall be assessed considering following unit weight of materials.
Plain Concrete :24.0 kN/m?3
Reinforced Concrete  :25.0 kN/m?3

Live Load

A live load of 10kN/m? is considered for landing jetty and 10kN/m2 for approach jetty.

Mooring Force
The mooring loads are the lateral loads caused by the mooring lines when they pull the vessel into or
along the wharf or hold it against the forces of wind or current. The maximum mooring loads are due to

the wind forces on exposed area on the broad side of the ship in light condition.

F= CwAwP
where,
F : force due to wind in Kg.
Cw : shape factor = 1.3 to 1.6.
Aw : wind age area in m2.
P : wind age pressure in m2 to be taken in accordance with IS: 875-1964.

The wind age area (Aw) can be estimated as follows:

Aw = 1.175Lp (DM — DL)

where,
Lp : length between perpendicular in meter.
DM : mould depth in m.
DL : average light draft in m.

Take maximum displacement of vessel in tons. As per |.S 4651-part 3, table 4, the bollard shall be found

out. Line pull shall be taken in KN.
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Berthing Force

Berthing Energy - When an approaching vessel strikes a berth a horizontal force acts on the berth. The
magnitude of this force Depends on the kinetic energy that can be absorbed by the rendering system. The
reaction force for which the berth is to be designed can be obtained and Deflection-reaction diagrams of
the fendering system chosen. These diagrams are obtainable from fender manufacturers the kinetic

energy, E, imparted to a fendering system, by a vessel moving with velocity V m/s is given by:

WpV?
B == () C(G)
where,
Wy : displacement tonnage (DT) of the vessel.
V : velocity of vessel in m/s, normal to the berth.
g : acceleration due to gravity in m/s?.
Cn : mass coefficient.
Cn : eccentricity coefficient.
Cn : soft coefficient.

The load by mooring force and berthing force has to be taken by bollards. Providing bollard on floating
jetties are difficult and that is tackled with the help of piles provided at the edges to hold the jetty in
position. These piles can be extended above more than the levels of the jetty on which the mooring and

the berthing can be done.

Seismic Load
The seismic force has been calculated in accordance with the Earthquake code IS 1893- 2002. The code
specifies the earthquake zone for the above work as Zone Ill and the basic horizontal seismic coefficient

is calculated accordingly.

SF = A,(DL + % LL)

The horizontal seismic coefficient is as follows,

ZIS,
Ah =
2Rg
Where,
Ay : Design horizontal seismic coefficient. Z : Zone Factor.
R : Response Factor. 1 : Importance Factor = 1.5.
S;“ : Average response acceleration co-efficient.
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4A.5.4.3 Active Earth pressure and surcharge

Active earth pressure

Active earth pressure and surcharge has been considered as per IS 4651-Il|

P, = K,Yh
1 — sing
*  1+sing
Where,
Y : Unit weight of the soil in kN/m?. [0) : Angle of internal friction of the soil.
h : Depth of the soil above the section. K, : Coefficient of active earth pressure.
C : Cohesion in kN/m?.
Surcharge
P, = K,q

Where, q = Surcharge in k N /m?2.

4A.5.4.4 Load combination

Load combinations for analysis is considered in accordance with 1S:4651-Part(IV)1989.The following load

combination has been considered in the analysis.

1.5DL + 1.5LL + 1AEP + 1HP + 1.5BL + 1.5ML
1.2DL + 1.2LL + 1AEP + 1.2HP

1.2DL + 1.2LL + 1AEP + 1HP + 1.5WL

1.2DL + 1.2LL + AEP + 1HP + 1.5S5L

Where,
DL : Dead Load.
LL : Live Load.
ML : Mooring Force.
BL : Berthing Force.
SL : Seismic Force.
AEP : Active earth pressure.
wL : Wind load.
HP : Hydrostatic pressure.
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4A.5.4.5 Load data for Jetty terminal

Dead load
Dead load of the modelled elements will be taken care by the analysis software. The dead load from other

structural elements are calculated as per 1S:875 Part-I.

Live load

Suitable Live Load as per IS: 875 Part-2 and data collected from various vendors are considered.

Wind Load

Suitable Wind Load as per IS: 875 Part-3 and wind speed to be considered is 39m/s (3 second gust).

Seismic Load
Earth quake Load as per IS: 1893-2016. Seismic zone-Zone lll The seismic force has been calculated in
accordance with the Earthquake code IS 1893- 2002 zone Ill. The code specifies the earthquake zone for

the above work as Zone IV and the basic horizontal seismic coefficient is calculated accordingly.

SF = A,(DL + % LL)

The horizontal seismic coefficient is as follows:

ZIS,
"~ 2Rg
Where,
Ap : Design horizontal seismic coefficient.
Z : Zone Factor.
I : Importance Factor = 1.5.
R : Response Factor.
S;“ : Average response acceleration co-efficient.

4A.5.4.6 Load combination Jetty terminal

The following are the basic load combinations that are considered for the analysis.
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Design consideration

1.5DL +1.5LL
1.2DL +1.2LL + 0.6WL

1.2 DL
1.2 DL
1.2 DL

+

1.2LL + 0.6 SL
1.2WL + 1.2LL
1.2LL +1.2SL

+

+

1.5DL +

1.5DL +

09DL +

09DL +
Where,

DL

LL

SL

WL

1.5WL
1.5SL
1.5WL
1.5SL

: Dead Load.
: Live Load.
: Seismic Force.

: Wind load.

Serviceability consideration

1.0DL + 1.00LL
1.0DL +0.80LL + 0.80 WL
1.0DL + 0.80 LL + 0.80 SL
1.0DL + 1.00 WL
1.0DL + 1.00SL

Where,
DL
LL
SL
wL

The 3D elevation of the proposed jetty terminal based on the plan is as given in Figure 4A.15.

4A.5.5 Reference Codes followed for design of jetties

The codes applied in the design of the jetties and jetty terminals are given in Table 4A.6.

: Dead Load.
: Live Load.
: Seismic Force.

: Wind load.
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Table 4A.6: Codes followed for the design of jetty and jetty terminal

S. No. Relevant code Description
Code of Practice for Plain and Reinforced Concrete Code of
1 IS 456: 2000 Practice, 9% revision, Bureau of Indian Standards, New
Delhi.
2 SP-16 Design Aids for Reinforced Concrete to IS 456-1978.
a) IS: 875 (Part 1) Dead loads,
P ial |
(Part .5) Speua oads and . Code of Practice for Design Loads (Other than Earthquake)
3 combinations, (Part 3) - Wind For Buildings and Structures
Loads & (Part 2) Imposed Loads g )
(1987)
a IS: 1893-1984 Code of Pract”lce :Zrlterllaf for Earthquake Resistant Design
of Structures”, 4'™" Revision.
. . . . ” nd
5 IS 4651 (Part IV): 1989 Cod‘e.of Practice for General Design Considerations”, 2
Revision.
6 IS: 4851 (Part IIl) — 1974 Code of Izrac:clce for Planning and Design Of Ports and
Harbors “, 1°* Revision.
2 IS 14238:1995 Code of Practice f.Or‘ Inland vesselsd—SeIfec.tlon of rubber
Fenders for berthing structures, 2" Revision.
8 IS: 800-2007 Code of Practice for general construction in steel.
9 Sp-34 Design aids Code of Practice for general construction in

steel.
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Figure 4A.15: Front view of jetty terminal

KMRL/IURWTS/DPR/R0O Page 4A-40



A\

4A.6 Cross-structures: Road bridges and Foot bridges

As detailed in Chapter 3A of this report, different types of road bridges have been considered. Parametric
analysis was undertaken to decide on the type of bridge to be used. The types of bridges include
Suspension bridge, Steel Truss/Girder bridge, RCC bridge, Precast prestressed Girder bridge and
Corrugated steel plate bridge and discussed in Chapter 3A of this report. Among the different types,
Corrugated steel plate arch bridge was found to be cost effective and aesthetically pleasing for the project
canals. Being an innovative type, which is widely used in the market today a preliminary design for cost

comparison was undertaken.

Bridge Plate is one of the strongest and deepest corrugated structural plate products in the market today,
providing for the economical construction of long span soil-steel structures. Corrugated Structural Plate
Structures (CSP) are assembled in the field, using sectional pre-curved plates bolted together and
backfilled with compacted, well graded granular material. The engineered backfill provides structural
stability and completes the installation of the bridge plate steel shell. The interaction of a well compacted
engineered backfill with the superior sectional properties of Bridge Plate ensures a structure capable of
supporting high loads with the most economical use of steel. With installation time measured in weeks
rather than months, road closure periods are shortened and disruption to environmentally sensitive

locations is minimized.

The Ministry of Road Transport and Highways (MORTH), Government of India appointed an Expert
Committee (Sept 2015) to make recommendations regarding the best practices /technologies for Indian
conditions in respect of material and machinery for economical, durable, speedy, and aesthetic
construction of roads, bridges, flyovers, and tunnels. After studying the practices and technologies that
are used in selected developed countries of the world, the expert committee has also recommended CSP

type of bridges considering the economic and speedy construction.
4A.6.1.1 Typical Specification for Bridge Plate Structure

Scope: This specification covers corrugated steel plate (CSP) typically used in the construction of field

assembled corrugated steel bridge structures.

Material specification: The main parts of the specification include approved manufacturers, materials,

fabrication, hardware and accessories, and coating.

The plates shall be manufactured so that, when assembled, they shall form the size and shape of structure

as shown on the plans. The code used is ASTM A761/A761M — 04 (Reapproved 2009).
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Assembly and backfilling, not covered in this specification, shall follow the manufacturer’s

recommendations.

Manufacturer: The manufacturer of the Corrugated Structural Plate shall be one approved by SPV before
issuing the work order to a firm. The manufacturer who is interested in competing for the supply will be

asked to submit substantial evidence of having undertaken similar works for review.

Fabrication, hardware, and accessories used, galvanized coating procedures and specifications,
dimensions and tolerances, plate thickness (Cross-Section & Dimensions), and workmanship for deep
corrugated structural plate shall be formed from materials specified in ASTM A761/A761M — 04

(reapproved 2009).

Corrugations: Corrugations shall form smooth continuous curves and tangents. Corrugations shall form
annular rings (complete or partial) about the axis of the structure. The dimensions of the corrugations

shall be in accordance with the site-specific orders and a typical cross-section.

Bolt Holes (general): The bolt holes shall be punched so that all plates having like dimensions, curvature,
and same size and number of bolts per foot of seam shall be interchangeable as given in Tables of ASTM

A761/A761M — 04 (reapproved 2009).

Sampling and Testing: The manufacturer or steel supplier shall make adequate tests and measurements
to ensure that the material produced complies with the specification of the contract. Test for zinc coating
weight [mass] in accordance with Test Method ASTM A90/A90M, using a specimen with an area of 5in.2
[3000 mm?] or greater.

Test for zinc coating weight [mass] using the X-ray fluorescence procedure of Test Method ASTM

A754/A754M.

Certification: As specified in the purchase order or contract, a steel manufacturer or supplier’s
certification or fabricator’s certification, or both, shall be furnished to the purchaser stating that samples
representing each lot have been tested and inspected in accordance with this specification and have been
found to meet the requirements for the material described in the order. When specified in the purchase

order or contract, a report of the test results shall be furnished.

Product Marking
Each plate shall be identified by showing the following:
e Name of fabricator.

e Specified zinc-coated plate thickness.
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e Specified coating weight [mass].
e Identification showing heat number and coating lot number.

e ASTM designation.

A\

e The marking shall be so placed that when the structure is erected, the identification will appear

on the inside.

The sectional view of corrugated steel is as given in Figure 4A.16. The important sectional properties of

the Corrugated plate of profile 400mmx150mm is as given in Table 4A.7.

OO PLATE

Corrugation Profile 400 x 150mm

wdD Pibch 400 2 1T e— Fitch 400 £ 13 Pitch 400 213 —
2

00 —f— 200
_— C:—\\\ ’7 Thschrsess e
PR W

PLATE DESIGHATIIN

EHORT FOOTING

—— i}
I LOMG

FOOTING

BRIDGE-PLATE
DETAIL BASE CHAMNE
1Zenm x 30Smm

ARCHOR BOLTS

w400 0 (TYP)

Figure 4A.16: Sectional view of corrugated steel plate structure

Table 4A.7: Sectional properties of CSP

Nominal Design Tangent Area of Moment EIas.tlc Plas.tlc Radius

Thickn Thickn Length Angle & Section f Inerti section Section of
ckness cxness €ne ectio otinertia Modulus Modulus | Gyration

(mm) (mm) (mm) (degrees) | (mm?/mm) | (mm?/mm) | (mm?/mm) | (mm?/mm) (mm)

4.3 421 112.41 51.29 5.792 16.187 200.52 273.62 52.86
5.0 4.95 111.42 51.44 6.811 19.060 235.04 321.70 52.90
6.0 6.00 110.00 51.64 8.260 23.154 283.71 390.57 52.95
7.0 7.00 108.63 51.84 9.640 27.071 329.69 456.35 52.99
8.0 7.94 107.33 52.03 10.940 30.759 372.48 518.88 53.04

Bridge Plate is manufactured in an I1SO 9001:2008 certified plant and meets CSA Group Standard

G401-14

Footings

Corrugated steel plate arch bridges are typically installed on concrete strip footings. Receiving angles and

anchor bolts are suppled complete with detailed layout instruction by the suppliers for casting into the

footing. The suppliers will also provide the unfactored footing load values and will also assist with the
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preliminary footing sizing depending on the site specific site foundation condition as and design loads.

The cross sectional view of the base channel is given in Figure 4A.17 and the nut and the anchor unit is

given in Figure 4A.18.

Bridge-plate
unbalanced channel

Cast-in-place
reinforced concrete
footing

180

L2 ”'-4 ) 19mm x 305LG
Ty Galvanised Anchor
bolts @400mm cfc

Figure 4A.17: Cross sectional view of the base channel
Figure 4A.18: The nut and the anchor

unit

End Treatments

A concrete collar around each end of the corrugated steel plate structure at base is recommended. This
serves to stiffen the ends, protecting them from localised damage and deformation, while improving their
structural integrity. Head wall protection (like Rock face wire mesh with mechanically stablised earth

MSE) are provided. Atypical cross section of a completed bridge is shown in Figure 4A.19.

Figure 4A.19: Head wall protection (Rock face wire mesh with MSE)
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Back fill and compaction

The structural success of Bridge Plate depends on the interaction of the backfill material and the steel
shell. The selection, placement, and compaction of the engineered backfill material are the key elements
in the performance of a soil-steel structure. As a principle rule for backfilling, approved granular materials
should be used to construct an engineered backfill envelope. It should be placed in maximum 200mm lifts

to ensure that specified compaction levels are attained. The details of grain size distribution are given in

Figure 4A.20.
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Figure 4A.20: Details of grain size distribution

4A.6.1.2 Advantages of using Corrugated Steel Plate Arch bridges for canals in Kochi

e Increase in free board height — such that passenger boats can ply.

e The gradient of the approach road FRL can be adjusted for smooth alignment with the adjacent
roads.

e  Width of canal will not be reduced.

o Number & depth of pile can be reduced, resulting in overall saving in project cost.

e Abutments can be avoided, thereby cost of construction can be reduced.

e Services can be rerouted easily / dedicated service ducts can be provided.

e Carbon footprint can be reduced.

o Flow of water during construction will not be blocked.

e Speed in construction.
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The photos in the Figure 4A.21 show the construction of the CSP arch bridge across Thevara-Perandoor

canal at Kadavanthara, Kochi (GCDA 2015).

Figure 4A.21: Construction of CSP arch bridge across T-P canal at Kochi

Among the different type of Road bridges envisaged for construction, the final decision on the suitability

of each type will be taken in the detailed design and estimation stage of the project.

A typical cost estimate considering all the alternatives is provided in Chapter 6 of this report.

4A.6.2 Foot over Bridges

Footbridges are needed where a separate pathway needs to be provided for people to cross the

canals. Truss type steel bridges are proposed for most locations.

Trusses offer a light and economical form of construction, particularly when the span is large. The
members of the truss can be quite slender and this naturally leads to the use of structural hollow

sections. Hollow sections have been used for footbridges for over 50 years.

For a simple footway, a minimum clear width of 2.0 m is required by the highway’s authorities. To the
sides of this footway, parapets are required, which should be 1.15 m high, height measured from the
footway surface in both cases. An increased parapet height of 1.5 m may be needed in areas of high
prevailing wind and areas prone to vandalism. For footbridges over the canal, the span is determined by

the dimensions of the carriageway which has to be maintained at 16.5m (min)
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Soil condition and Foundation
Based on preliminary soil investigation data, received from SPV secondary data records, it is
recommended to provide friction pile foundation to support vertical column loads. Each pile should

have a length of around 10-11 m depending on the soil parameter.

Temperature
Outside temperature for design purpose:
e Maximum temperature :+40 °C

e  Minimum temperature :+20°C
The steel / concrete structures are designed in consideration of temperature variation: +/- 20°C.

Relative Humidity

Relative humidity ranges normally from 70% to 98% with a mean figure of 90%.

Material Properties
Concrete
M30 grade of concrete is proposed for all piles. M25 grade of concrete is proposed for other structural

elements.

Unit weight of concrete (in kN/m3) -25.00

Steel
1) Structural steel used in this design confirms to 152062 with the following properties:
a) Yield stress: 310 Mpa.
b) Ultimate stress: 430 Mpa.
2) The reinforcement steel proposed is high yield strength deformed bars of grade Fe-500 Conforming

to 1S:1786-1985
a) Unit mass of steel (in Kg/m3): 7850

b) Modulus of Elasticity (N/mmZ2):2.1x10°

Clear cover to reinforcements
By considering the exposure condition a minimum clear cover to outer reinforcement is provided as per

IS standards.

Minimum Specifications
Minimum specifications are listed below:

1. Width of footbridge: 2 m. 2. Clearance from center line of the canal: 4 m.
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A.5.2.1 Loading and Analysis

Dead load
Dead load of the modeled elements will be taken care by the analysis software. The dead load from other

structural elements are calculated as per 1S:875 Part-I.

Live load

Suitable Live Load as per IS: 875 Part-2 and data collected from various vendors are considered:

a) Wind Load

Suitable Wind Load as per IS: 875 Part-3 and wind speed to be considered is 39 m/s (3 second gust).

b) Seismic Load

Earthquake Load as per IS: 1893-2016. Seismic zone-Zone llI.
The type of loads and the specification values are given in Table 4A.8.

Table 4A.8: Type of loads and the specification values

Sl. Type of Load in IURWTS foot Specifications

No bridges

1 Total span 16.5m

2 Live load 5.00 kN/m?

3 Weight of RCC slab 0.15x25=3.75 kN/m?

4 Total load 8.75kN/m2= say 10kN/m?
5 Dead load (safety) 1.5 kN/m?

6 Final load 1.5 kN/m?

4A.6.2.1 Analysis and Design Methodology

Structural Components of a foot over bridges are classified into Steel & RCC categories.
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Structural Steel Components
a) Steel Bridge system consisting of (i) Main truss (ii) Secondary Beam (iii) Decking sheets. A schematic

sketch of a foot bridge is given in Figure 4A.22.

Schematic sketch of a
typical steel bridge

Figure 4A.22: Schematic sketch of a foot bridge

RCC Components

(a) Piles (b) Pile cap (c) Retaining Wall/Pedestal

Load transferred from decking slab to secondary beam and then to main truss. Load transferred from
main truss to Retaining wall/Pedestal through anchor bolts (pinned base support) and further to Pile cap
and Pile. Decking floor plate will act as the “bracing” to the bottom chords, to carry the lateral shear
(mainly wind forces) back to the supports. If a non-participating form of floor is used, cross bracing in the

plane of the bottom chord, to resist lateral forces, must be considered.

The structure is modeled and analyzed in STAAD-pro software. The support conditions of the main truss
is assumed as pinned and resting on the abutment. Analysis is performed for the worst load combinations
as per the provisions given in IS Codes. Forces obtained from the critical combination of loads from the
analysis model is taken as the input for the design. Limit state Design is carried out for RC & Steel members

as per relevant Indian Codes.

4A.6.3 Codes and Standards

The following Table 4A.9 shows the Codes and Standards are used in the analysis and design of the foot

over bridge structure:
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Table 4A.9: Codes and Standards referred

S. No. Indian standard code Area of application
1 IS: 875 -1987 Part | to part V Code of practice for Design loads (other than earthquake)
2 IS: 456-2000 Code of practice for plain reinforced concrete
3 SP:34 Handbook on concrete reinforcement and detailing
Criteria for earthquake resistant design of structures,
4 1S: 1893-P1-2002
Part 1-General provisions and buildings AMD.1

The drawings for Foot over bridge layout and details, foundation details are given in Drawing Annexure

4A D.2 and D.3, respectively. The cost estimate is provided in Chapter 6 of this report.
4A.7 Development of Konthuruthy Canal (Additional work)

Preliminary investigation of Konthuruthy canal was conducted Antea group. Detailed engineering and
estimation will be done after all the surveys and the investigation are carried out. The preliminary

investigation proposed the following development activities for the initial stages.

Deepening and widening

The existing width of the canal varies from 5m to 70m and the width is nearly 300m near the joining point
with Konthuruthy kayal. It is proposed to widen the canal to a width of 40 m for stretches with width less
than 40m. Deepening of the canal is also proposed to a uniform dredge depth of (-)0.90m. The engineering

part of this will be similar to the section 4A.2.

Shore Protection
Shore protection using structural sheet pile is also proposed for the stretch of the canal with width less
than 40m. Detailed design for this stretch will be done after further investigation and the engineering

aspect will comply as section 4A.3.

Reconstruction of road bridge and foot bridges
It is proposed to reconstruct the existing road bridge and 2 footbridges complying the