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1 SALIENT FEATURES
DESIGN AND CONSTRUCTION OF CABLE
STAYED BRIDGE ACROSS PONNANI
1. | TITLE OF THE PROJECT ESTUARY WITH APPROACHES UNDER
EPC MODE IN MALAPPURAM DISTRICT OF
KERALA STATE, INDIA.
2. | DISTRICT MALAPPURAM
THALUK PONNANI, TIRUR
CORPORATION/MUNICIPALITY
PANCHAYAT PONNANI, PURATHUR
ASSEMBLY CONSTITUENCY PONNANI, TIRUR
ROADS AND BRIDGES DEVELOPMENT
3. | IMPLEMENTING AGENCY/SPV | CORPORATION OF KERALA LIMITED
(RBDCK)
L&T INFRASTRUCTURE ENGINEERING
4. | DPRPREPARED BY LIMITED (L&T-IEL)
5. | PROJECT OUTLAY Rs.309.442 CRORES
6. | BUDGET PROVISION Rs.100 CRORES
SECTION VI, PARAGRAPH 157, ITEM 44 OF
7. | BUDGET SPEECH REFERENCE | 2= =0 om0 S0
REVISED ADMINISTRATIVE SANCTION FOR
8. | ADMINISTRATIVE SANCTION | Rs. 236 CRORES VIDE G.O (Rt)
N0.942/2017/PWD DATED 10-07-2017.
9. | NATURE OF THE PROJECT NEW BRIDGE
PRESENT STATUS OF EXISTING
10- | BRIDGES/ROADS NOTEXISTING
CONNECTING PONNANI TO TIRUR
11. | NEED FOR THE PROJECT (PADINJAREKKARA ) - MISSING LINK IN
COASTAL HIGHWAY
CABLE STAYED BRIDGE WITH VIADUCT
12. | TYPE OF BRIDGE
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A) FOR MAIN BRIDGE (CABLE STAYED
PORTION)
TOTAL SPAN LENGTH OF 100 + 200 + 100 = 400m.
BRIDGE

B) FOR VIADUCT PORTION
17 x 30m + 2 x 50m + 16 x 30m = 1090m.

A) FOR MAIN BRIDGE (CABLE STAYED
PORTION)

DECK WIDTH = 23m.
CARRIAGEWAY WIDTH = 9.5m (with shy)

FOOTPATH CUM CYCLE TRACK WITH
OVERALL AND CARRIAGEWAY TOURISM AMENITIES = 9.5m

WIDTH'S MEDIAN WIDTH = 2.0m

B) FOR VIADUCT PORTION

DECK WIDTH = 13m.

CARRIAGEWAY WIDTH = 9.5m (with shy)
FOOTPATH = 2.0m

PROVISION OF FOOTPATH YES

CLASS 70R, CLASS A AND SPECIAL

IRC LOADING CLASS VEHICLE (AS PER IRC-6:2017)

TOURISM AMENITIES SHALL BE
PROPOSED OVER MAIN BRIDGE AT
FOOTPATH CUM CYCLE TRACK

LOCATIONS.
OTHER DETAILS OF PROPOSED
BRIDGE AFTER AUGMENTATION TO 4 LANE’S THE

PEDESTRIAN PATH SHALL BE SHIFTED TO
UNDERNEATH THE BRIDGE WHICH SHALL
BE HANGING FROM THE BRIDGE
CANTILEVER.

13. | LENGTH OF APPROACH ROADS | 3.310 km.

A) PACKAGE-I (FROM CH:0+000 to
CH:2+550)

LENGTH OF APPROACH ROADS = 2.550

OTHER DETAILS km.
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B) PACKAGE-II (FROM CH:2+550 to

LENGTH OF APPROACH ROADS = 0.760

CH:4+800)

km.
LENGTH OF VIADUCT = 1.09 km.
LENGTH OF MAIN BRIDGE = 0.4 km.

INVOLVED?

DETAILS OF
14. | INVESTIGATIONS/SURVEYS
CONDUCTED
] TOPOGRAPHICAL YES
i.  BATHYMMETRY YES
ii.  GEOTECHNICAL YES
iv.  TRAFFIC YES
v.  PAVEMENT YES
CONDITION SURVEY
vi.  MATERIAL YES
INVESTIGATIONS
vi.  SOCIAL SURVEY YES
vii.  MARINE NDER PROGRE
ENVIRONAMENTAL U OGRESS
SURVEY
ix.  CRZMAPPING UNDER PROGRESS
WHETHER LAND ACQUSISTION
15 YES

IF YES, FURNISH DETAILS

DETAILS WILL BE SUBMITTED
SEPARATELY.

TOTAL ESTIMATED COST AND
ITEM WISE COST BREAK UP

ATTACHED?

16. | AND DETAILS OF SCHEDULE OF DONE
RATES
WHETHER DETAILED ESTIMATE VES

17.

DETAILS OF REVENUE
STREAMS

1. BRIDGE CAFE AT PYLON
LOCATIONS.

2. TOURISM AMENITIES AT BRIDGE
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DECK.

DETAILS OF COST BENEFIT

o)
18. | ANALYSIS (CBR VALUE) EIRR 21.15%
19. | DETAILS OF PROJECT RISKS AS PER SECTION 3.11
DETAILS OF PROJECT
20. | MANAGEMENT STRATEGY AS PER SECTION 3.12
DETAILS OF CONTRACT
21. | MANAGEMENT STRATEGY AS PER SECTION 3.13
DETAILS OF PROJECT
IMPLEMENTATION SCHEDULE AS PER SECTION 3.14
(PIS) & WORK BREAK DOWN
22. | SCHEDULE (WBS) PROPOSED DURATION TO COMPLETE
-PROPOSED DURATION TO THE PROJECT IS TWO (2) YEARS
COMPLETE THE PROJECT
AS PER SECTION 3.15
5. | DETAILS OF STAUTUORY CRZ CLEARANCE-UNDER PROGRESS
CLEARANCES FOREST CLEARANCE/TREE FELLING
PERMISSIONS — UNDER PROGRESS
QUALITY CONTROL
4. | INFRASTRUCTURE AND AS PER SECTION 3.16
MECHANISM
OPERATIONS & MAINTENANACE
25 | (0O8&M) ARRANGEMENTS OF THE AS PER SECTION 3.17
PROJECT AFTER COMPLETION
DETAILS OF ATTACHED VOLUME-IX: DRAWING VOLUME
26. | DRAWINGS VOLUME-X: STRIP PLANS
VOLUME-II: DESIGN REPORT
VOLUME-IIl: MATERIALS REPORT
VOLUME-IV: EIA REPORT INCLUDING
EMP&RAP
57 | OTHER ATTACHMENTS VOLUME-V: TECHNICAL

SPECIFICATIONS

VOLUME-VI: RATE ANALYSIS
VOLUME-VII: COST ESTIMATES
VOLUME-VIII: BILL OF QUANTITIES
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2 EXECUTIVE SUMMARY

2.1 General

Roads and Bridges Development Corporation of Kerala Limited (RBDCK) (the
“Client/Authority”) has been entrusted with the assignment of “Design and Construction
of a Suspended / Cable Stayed Bridge across Ponnani Estuary in Malappuram District,
Kerala”. In this context, the Client has appointed L&T Infrastructure Engineering Limited
(L&TIEL) (the “Consultant”) for carrying out Feasibility Study, to establish the technical,
economic and financial viability of the aforesaid project and to prepare Detailed Project
Report.

The project road comprises of construction of new Road connecting Ponnani Junction (NH66
Bypass) with Padinjarekkara-Kuttayi Road. This includes construction of cable stayed bridge
connecting these two locations. This is also a part of proposed coastal highway and also acts
as an alternative route for National Highway 66.

2.2 Background

The Work Order of the project is accepted on 8" July 2019 and the key persons in the
Consultant Project Team is visited the project site on 10™ July 2019. The Kick-off meeting of
the project was held on 11" July 2019 in the presence of the General Manager RBDCK at
Kochi and all stake holders meeting held at Speakers Chamber on 26" July 2019. The
various activities to be involved in the project and the way forward were discussed on the
same day.

The project has been commenced from 8" July 2019 and Inception Report was submitted on
31" July 2019.The key persons from Dept. of Ports, Harbour, PWD, Tourism, KIIFB and
General Manager RBDCK, team members proposed for the project by Consultants has
attended this meeting. The meeting requested consultants to expedient the project activities
and ensure completion of feasibility report and schedules in 120 days. It was advised during
the meeting to commence the field activities (especially traffic and topographic surveys)
immediately.

As per the instruction from the Speaker’s office the consultants consulted Dr. E. Sreedharan,
18™ August 2019 to discuss and get advice on the project, particularly on the alignment and
the iconic Bridge. He generally agreed on Consultant’s proposal and proceeded further.

The concept report as part of the Feasibility Study is submitted to RBDCK on 13™ August
2019 and proceeded on Survey/Investigations to complete Feasibility Study. A Stake holder’s
meeting held on 1° October at Speaker’'s Chamber to discuss on the Concept and Feasibility
Study. The key aspects of the project like alignment, Iconic Bridge Theme and Type have
been concluded and proceeded further for Feasibility Report preparation.

The Draft Feasibility Report is submitted on 17" October 2019 and a Public Consultation
meeting held at Project site at Ponnani on 24™ October. The approval on the Concept report
was received from RBDCK on 28" October 2019, Feasibility report is submitted on 17"
October 2019 and Draft Detailed Project Report preparation is started.

2 EXECUTIVE SUMMARY
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Draft Detailed Project Report is prepared based on the RBDCK approval of Feasibility Study
and submitted on 30th November 2019. The Draft DPR is modified incorporating RBDCK
remarks and submitted in KIIFB format on 15-02-2020.

This report RP009 Volume-l: Main Report presents Final Detailed Project Report of Design
and Construction of a Suspended / Cable Stayed Bridge across Ponnani Estuary in
Malappuram District, Kerala.

The various stages leading to the submission of the report are as listed below:
e Signing of Contract
e Inception Report
e Concept Report
o Draft Feasibility Report
¢ Final Feasibility Report
e Draft Detailed Project Report
¢ Final Detailed Project Report

2.3 Project Corridor
The Salient features of the project corridor are given in Table 2-1.

Table 2-1: Salient Features of Project Corridor

Length of Project Road (Km) 4.8 Km (Project starts from Ponnani Junction
(between Palakkad-Ponnani Road and Panvel-
Kochi-Kanyakumari Highway of NH-66) and follows
the existing PWD road up to Ponnani Harbour
afterwards crossing the Bharathupuzha River
through a cable stayed bridge meeting at the
government tourist park location and ends at PWD
road at the distance of 700 m from the situated

park.
Right of way (m) Existing Right of Way — 7m to 11m varies
Terrain Plain
Land Use Port area and Encroachments / Settlements near

bank of Bharathupuzha River. Built up Area
(Ponnani junction to Harbor)

Level Crossing Nil
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2.3.1 Summary of Traffic Survey

Consultants have carried out the following traffic surveys in August 2019.

e Classified Traffic volume Count survey (7 Day CVC) 3 location
e 1 day O-D Survey 1 locations
e 2 day Axle load survey 2 locations
e 1 Day Turning Movement Surveys (24 hrs) 4 locations
e Ferry Terminal Survey (12hrs) 1 location

e Speed and delay survey is conducted Along existing road network in Project Influence
Area

Average Daily Traffic (ADT) arrived at various survey locations which are listed in Table 2-2.
Table 2-2 Average Daily Traffic (ADT) at Other Locations

Location NH-66 (Near Urban Bank)

Vehicle Type
NH-66 Ponnani- Tirur Road SH-62
(Near Urban Bank) (Near Chamravattom | (Near Kundukadav
Bridge) Bridge)

Two Wheeler 7,538 10,372 11,407
Three Wheeler 1,290 1,664 1,325
Car 5,669 5,401 3,997
Mini Bus 112 63 84
Bus 268 240 437
Goods Auto 179 191 180
Tata Ace / Mahindra 423 546 343
LCV 711 361 448
2-Axle Truck 491 365 462
3-Axle Truck 263 200 130
MAV 218 137 187
Agrllculture Tractor- ° 4 3
Trailer
Bi-Cycle 253 61 234

2 EXECUTIVE SUMMARY
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Location NH-66 (Near Urban Bank)
Vehicle Type
NH-66 Ponnani- Tirur Road SH-62
(Near Urban Bank) (Near Chamravattom | (Near Kundukadav
Bridge) Bridge)
Others* 11 9 3
Total Vehicles 17,429 19,615 19,238
Total PCUs 17,115 17,134 16,652

2.4 Road Geometry Improvement Proposal

2.4.1 Cross sectional Elements

As per the Project scenario, it is proposed as a two lane road till 2045 as per KIIFB standards
and by considering the future development and predicted traffic, it shall be proposed as a 4-
lane configuration thereon. Hence, the deck width proposed for two lanes in the approach
viaduct portion to the Iconic Bridge is considered in such a way that new structure which will
be constructed shall accommodate future traffic lanes. The Iconic Bridge deck width is
proposed to accommodate two lanes traffic on one side of the central median with other side
for pedestrians and tourism amenities. It is proposed to move these pedestrian movements
to the bottom of the deck once the traffic is augmented to 4 lanes. The proposed carriageway
for the project road is presented in Table 2-3.

Table 2-3: Cross-sectional requirement

Width (m)
Location
S.No . Paved Footpath
TCS Type Carriageway Shoulder cum drain
1 TCS-2 | Chainage 0.000 to 2.750 7 1.5 1.8
2 TCS -1 Chainage 4.660 to 4.800 7 1.5 1.8
3 TCS — 3* | Chainage 0.000 to 2.750 7 0 1.8

Note * for the existing road before complying to KIIFB standard.

2.4.2 Design Speed

Alignment approved by RBDCK with reference to letter No. RBDCK/ T228/Vol.lll /1918 dated
28™ October 2019 in feasibility report is considered. Design speed considered for Geometric
design is 80 KMPH except some stretch follows 40 KMPH to avoid land acquisition in built-
up areas. The Design speeds along the stretch are shown in Table 2-4.

2 EXECUTIVE SUMMARY
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Table 2-4: Design Speed

Design speed

Chainage Road Type Kmihr
1 0.000 to 2.200 At-grade 80 -
40 Built-up area.
(Can be
Km/hr with

additional LA)

Restricted to 65 kmph, since the
65 location of merging with junction
and further LA is a constraint

At-grade and

3 2.500 to 4.800 Elevated

2.4.3 Geometry

The Project section primarily is a Plain terrain. The Project section passes through
settlements and Port area. Ruling design speed will be the guiding criteria for correlating the
various design features as far as possible. However, minimum design speed will be adopted
in constrained sections. The design speed shall be the minimum design speed of 40 to
65kmph.

General principles followed for designing the horizontal alignment are

i) Alignment shall be designed in line with the Existing alignment and proposed within
the available ROW.

i) All horizontal curves requiring super elevation shall consist of circular portion flanked
by spiral transitions at both ends.

iii) Reverse curves may be needed in difficult terrain. Sufficient length between two
curves shall be provided for introduction of requisite transition curves and required
super elevation.

iv) The curves in the same direction separated by short tangents known as broken back
curves shall be avoided to the extent possible within the available ROW.

v) Radius of Horizontal Curves:

The radius of horizontal curves shall not be less than ruling minimum values as given
in Table-2.5 of IRC: SP: 73-2018 for the specified design speed. Wherever possible
higher radii shall be adopted, subject to the availability of PROW

vi) Transition Curves:

As per IRC 73:1980, the length of transition curves will be the maximum value of the
following three cases,

Case I: Length calculated as per "Rate of Centrifugal Acceleration", L=(0.0215V?)/CR

Case lI: Length Calculated as per "rate of Change of Super elevation", L= Super
elevation (%)/100*150*Width of the carriageway.

2 EXECUTIVE SUMMARY
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Case lll: As per Table - 17 of IRC 73-1980.
General principles followed for designing the vertical alignment are:
i) The vertical alignment shall be designed as per IRC SP 23: 1993 and IRC 73:2018.

i) Gradients up to the value corresponding to ruling gradient shall be provided in
accordance with IRC: SP: 73-2018.

iii) Grade changes shall not be too frequent as to cause kinks and visual discontinuities
in the profile. Desirably, there should be no change in grade within a distance of
150m in case of new carriageway and bypass.

iv) The aspect of efficient drainage shall be taken into consideration while designing
vertical profile and cross sections of the highway in accordance with IRC SP 42: 2014
and IRC SP 50: 2013.

v) There shall be coordination between horizontal alignment and vertical profile of the
project highway and guidelines in accordance with IRC 73: 2018.

vi) The level of minor bridge shall be worked out with respect to High Flood level and the
proposed soffit level shall be cross verified with existing soffit level.

vii) The vertical alignment of the widening carriageway, bypass and realignment locations
shall be designed as per IRC SP 73:2018.

viii) Sight distance shall be in accordance with provision of IRC SP: 73-2018.

ix) The project road is located in Plain terrain. Thus, the vertical alignment of the project
road is substantially designed to satisfy design speeds of 40 kmph to 65 kmph

x) The vertical alignment design of the project road in built up areas i.e. from chainage
0.000 to 2.750 (towns and villages) has followed the existing grade. This is preferred
to provide easy road side access to the abutting property and at grade
intersections/junctions. While designing the vertical alignment, efforts were made to
satisfy the Intermediate Sight Distance.

2.4.4 Pavement Design

Pavement Investigation is an important aspect of any highway improvement project, since
the performance of highway directly depends on the performance of its pavement and the
cost of improvement of pavement is equally important to arrive at the cost of project. The
data collected in the survey is an important factor and is utilised to identify the stretches of
reconstruction and rehabilitation.

The consultant has carried out visual pavement condition survey on the project road to
examine the functional efficiency of the existing pavement. Condition survey data was
collected at every 100 m interval with the help of straight edge and measurement scale for
main carriageway and paved shoulder.

The general characteristics of pavement distresses observed during the survey of the project
road corridor are presented below. Poor workmanship is also a key factor contributing to the
pavement failure at many sections of the project road.

> Alligator Cracking
> Longitudinal & Transverse Cracking
» Rutting
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> Block Cracking
Potholes
Patching

Raveling

YV V V V

Edge Crack

Section no. Overlay Thickness (mm)

0.000 to 2.785 40

4.450 to 5.000 40

2.4.5 Structures

Considering various aspects and discussions with the relevant stakeholders during the DPR
stage of the project, Cable Stayed Bridge (main bridge) is proposed across Ponnani Estuary.
The span arrangement of the main bridge shall be 100m+200m+100m with a deck width of
23m. The approach viaduct shall be of 30m spans with a deck width of 13m. However at the
varying deck transition zone portion, the span shall be restricted to 50m.

The main bridge portion is aesthetically shaped as per the local heritage of the project area.
A minimum vertical clearance of 16m shall be maintained as per the requirement of Harbour
Engineering Department.

Existing structure condition in the stretch was studied extensively and the improvement
recommended will be of the following nature:

e Reconstruction or widening of existing structures (culverts)

2.4.6 Project Facilities
e Tourist viewing facility at bridge.
e Rest areas for tourists.

e Parking and other amenities on both sides.

2.4.7 Road Furniture

e Traffic Signs and Pavement Markings

e Traffic Signs and pavement markings shall include roadside signs, overhead signs;
kerb mounted signs and road markings along the project highway. Overhead signs
shall be installed ahead of major intersections. Road studs shall be provided
throughout the length of the project highway. Chevron sign boards shall be provided
at all Horizontal curves on either side of the carriageway. The sign boards shall be
designed as per IRC-67-2012. The pavement markings shall be designed as per IRC
35-2015.

e Concrete Crash Barriers / Safety Barriers

2 EXECUTIVE SUMMARY
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e Concrete Crash barriers shall be provided on either side of elevated road and
approaches/ramps.

e Hectometre / Kilometre Stones / Boundary Stones

e Hectometre / Kilometre Stones shall be provided as per IRC 26, IRC-8, and IRC-25
and also as per MORT&H specifications.

2.4.8 Environmental and Social Impact Assessment

Developmental projects are likely to trigger set of environmental and social impacts which
forms a critical part in decision making. There are various significant benefits which occur
due to such development projects while adverse impacts may arise in terms of environment
and social aspects. The adverse impacts can be minimized with the help of appropriate
mitigation measures. Environmental and Social planning is very crucial to minimize/mitigate
such impacts. The design of the road must adhere to the desired standards which meets the
requirement of sustainable environment, social acceptability and economic viability. To
understand & address various issues which may arise as direct and indirect impacts,
Environment & Social Screening is carried out. It helps to prepare Environmental and Social
Management Plans (ESMP). They are means to develop appropriate mitigation plans so as
to identify and overcome potential negative impacts without aggravating prevailing
environmental and social issues on people and environment due to infrastructure
development projects.

The EIA has been included in project preparation to streamline environmental issues in
project design, constructional and operational stages. The scope of the Environmental
Impact Assessment (EIA) as envisaged in the Terms of Reference (ToR) includes
Environmental Impact Assessment along with preparation of an Environmental Management
Plan (EMP). This report presents EIA of the project and the EMP for the anticipated impacts.
Various components covered in the EIA report are briefly discussed in volume V.

2.5 Project Implementation

The project is proposed to be implemented in Two Packages considering the Land
Acquisition and R&R. The First Package shall be from the start of the project road at
Ponnani Junction (Ch.: 0+000) to the Court Junction (Ch.: 2+550) which contains complete
road stretch wherein the alignment shall follow the existing PWD road with widening to
comply with the KIIFB guidelines. The widening to comply with KIIFB standard shall be taken
up at later stage with due LA and R&R. The Second Package is from the Court Junction
(Ch.: 2+550) to the end of the project road (Ch.: 4+800) which contains road as well as Iconic
Bridge with approach viaduct. The LA and R&R shall be done as per the proposed road
cross section. The Package 1 shall be taken up separately after completion of Package 2.
Since both the packages are mutually independent, the works of Package-1 can be taken up
at a convenient time, while the bridge portion, and works on Northern side can be taken up
on priority.
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2.6 Capital Cost of the Project
S. No. Bill of Items Total
Amount
(In Crore
Rupees)
A Total Civil Work Cost (Rs. In Cr) as per PRICE (including GST) 265.577
i Add physical contingency @ 2.8% of total civil work cost 7.436
: : : : o -
B Total including Physical Contingency of 2.8% (Rs. In Cr) B +A; 273.013
i Add Agency Charges 3% on A 7.967
iii Add Quality Control 0.25% on A 0.664
iv Add Road Safety 0.25% on A 0.019
v 5% Maintenance of A 13.279
(03 CENTAGES C = ii+iii+iv+v 21.929
D Total project cost (Including Cengage’s) D=B + C 294.942
Vi Cost of Utility shifting (Rs. In Cr) 0.500
vii Cost of Rehabilitation and Resettlement R&R (Rs. In Cr) 2.500
viii Cost of Land Acquisition LA (Rs. In Cr) 11.500
E | Total Capital Cost for the Project (Rs. In Cr), E = D + vi+viitviii 309.442
S.No Description Land/Structure Unit Cost Cost (in Crore
o P affected (Rupees) Rupees)
1 Land to be ~7.48 acres (748 cents) i.e. ~100,000/ 7 48
' Acquired cent '
Structures Affected ~148 buildings/ ~16,500/ sq.mt 3.96
2. structures (~2400 sq.mt) '
3 R&R per Household (i.e. 148 150,000/- 299
HH)
Estimated LA and R&R cost 13.66
IMPORTANT NOTES

1. Estimation of LA is based on Topo survey results; exact LA details will be based on ROW as per revenue records/village maps.
2. R&R Cost takes into account the R&R components as per the LARR Act.
3. Any structure which appears to be impacted by over 25%, the entire structure is considered as to be impacted.
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3 CHAPTERS

3.1 INTRODUCTION

Roads and Bridges Development Corporation of Kerala Limited (RBDCK) (the
“Client/Authority”) has been entrusted with the assignment of ‘Design and Construction
of a Suspended / Cable Stayed Bridge across Ponnani Estuary in Malappuram District,
Kerala’. In this context, the Client has appointed L&T Infrastructure Engineering (L&TIEL)
(the “Consultant”) for carrying out Feasibility Study, to establish the technical, economic
and financial viability of the aforesaid project and to prepare Detailed Project Report.

The project is a part of Coastal Highway for which the alignment on southern and northern
side is already finalised. The proposed alignment will be linking these two points; on southern
side the Ponnani Junction (NH66 Bypass) and Northern side Padinjarekkara-Kuttayi Road.
At present the two sides of the river is connected by Jenkar services in the day time. The
road connectivity between the two banks is via Chamravattom Bridge which takes around
20Km. This road will act as a parallel road to NH 66 and reduces the travelling distance from
Ernakulam to Kozhikode around 30 Km. Hence the proposed Bridge will be the life line of the
Ponnani Beach and its surrounding area.

In addition to the road connectivity between Ponnani and Padinjarekkara, this project has
high tourism potential. The Ponnani Beach is mainly fishing beach and as per the Master
Plan for Ponnani a lot of tourism amenities have been proposed at this location. The
proposal of new Port and Karma roads will enhance the traffic and tourism potential here. In
the Northern side Padinjarekkara Beach is already a tourism spot with Park and other
amenities.

The project location got its own geographic beauty due to the natural estuary. Hence the
construction of high level bridge across the estuary will give a panoramic view of the
sea/river at an elevated level. Hence the Bridge is proposed as an Iconic Bridge blended with
local heritage.

The Final Detailed Project Report is formulated in the following structure:
Volume I: Main Report.

Volume II: Design Report.
Volume lll: Materials Report.

Volume IV: Environmental Assessment Report including Environmental Management
Plan (EMP) & Resettlement Action Plan (RAP).

Volume V: Technical Specifications.
Volume VI: Rate Analysis.

Volume VII: Cost Estimates.
Volume VIII: Bill of Quantities.

Volume IX: Drawings.
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Volume X: Strip plans and clearances.

Volume XI: EPC work contract Agreement.

3.1.1 Project Definition, Concept and Scope

The proposed bridge structure is planned across the mouth of Bharathapuzha River where
the river meets the Arabian Sea in Ponnani. The area along the coast where the approaches
to the bridge is proposed is partly intertidal land, partly land without scrub, some Casuarina
(north of the River mouth) and sloping towards the coast. The bridge is proposed as the
shortest connectivity between Ponnani and Padinjarekkara/Kuttayi as well as an Iconic
structure resembling the local heritage considering the high tourism potential. A detailed
study is done from various aspects like Highway geometrics, Bridge Structure, Traffic
dispersion, Environmental and Social Impacts, Tourism aspects etc.

Land Acquisition, to the extent possible is minimized however where inevitable land schedule
will be prepared as per applicable laws and guidelines and shall follow the scope as
discussed in the TOR/RFP. The consultant has collected the revenue maps from Revenue
Authorities and superimposed the same for preparation of land plan.

Design guidelines for new structures are evolved, and generally in accordance with the
IRC/MORT&H standards and codes. Data available from the flood control department
regarding the width of waterway and required clearance of existing bridges is considered for
fixing the span arrangements and for devising the construction method.

Various alignment options are studied considering the take-off and landing points from the
Coastal Highway alignment. The merits and demerits in terms of road geometry, Bridge
construction, traffic dispersal, Environment and Social impacts, Rehabilitation and
Resettlement, Socio Economic aspects etc. is investigated.

The Environmental Impact Assessment (EIA) study is carried out in accordance with the
latest guidelines/norms and amendments of the Ministry of Environment and Forests &
Climate Change (MoEF&CC)/Central Pollution Control Board (CPCB). The EIA report is
prepared as per the MoEF&CC prescribed EIA Guidance Manual for Highways. Table 3-1
lists some of the Environmental regulations to be looked into for the degree of applicability for
conducting the EIA study:

Table 3-1 Environmental Regulations

Likely Applicable Gol

Policies & Regulations Year Objective

Environmental (Protection) Act 1986 | To protect and improve overall environment
Environmental Impact Assessment 2006 Re-engineered EIA notification for Environmental
Notification (as amended) protection and Sustainable Development

. o 2011 Tq restrict de\(elopment activitlies and act a§ the
Coastal Regulation Zone (CRZ) Notification 20 19’ primary regulation for conservation and protection of

India's coastline and protection of coastal livelihoods
. Act to provide for the conservation of forests, felling

Forest Conservation Act (as amended) 1980

of trees

To control air pollution by controlling emission and air

Air (Prevention and Control of Pollution) Act 1981 pollutants according to prescribed standards

Noise Pollution (Regulation and Control) | 2001 Noise pollution regulation and controls
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Likely Applicable Gol .
Policies & Regulations ML SEEEND
Rules 2000 &
Noise Pollution (Regulation and Control)| 2010
(Amendment) Rules 2010
Water (Prevention and Control of Pollution) To control water pollution by controlling discharge of
1974 .
Act water pollutants as per the prescribed standards

The Hazardous Wastes (Management and | 1989 (as

Handling) Rules amended) Hazardous wastes management

The General Arrangement of the Cable stayed bridge and its components, Alignment, Plan
and Profile, Typical Cross sections, Running cross sections & Junction Improvements shall
be referred from Volume-IX: Drawing volume. The strip plans shall be referred from
Volume-X: Strip Plans.

3.1.2 Project Back ground

3.1.2.1 General

Ponnani is a municipality in Ponnani Taluk, Malappuram District, in the state of Kerala, India.
It serves as the administrative centre of the Taluk and Block Panchayat of the same name. It
is situated at the estuary of Bharathapuzha (River Ponnani) which is the second largest river
in Kerala, on its southern bank, and is bounded by the Arabian Sea on the west and a series
of brackish lagoons in the south. Ponnani is the only port in Malappuram district. National
Highway 66 from Panvel to Kanyakumari passes through Ponnani Municipality. River Tirur
joins River Ponnani at its mouth at Padinjarekkara Beach from the north bank, opposite to
Ponnani. Our current stretch connects these two banks by constructing a cable stayed bridge
which is an iconic bridge of Kerala.

Currently traffic from Ponnani moves to Padinjarekkara beach side either by Ferry Service or
has to travel via.., Chamravattom Bridge which is the shortest connectivity between Ponnani
and other nearby areas such as Kuttayi, Tirur, Tanur, Parappanangadi etc. These ferry
services are operational only from 7:00 am to 7:00 pm. Because of this, road bound traffic to-
and-from Ponnani to Padinjarekkara or any other locations is forced to take a circuitous
route, thereby resulting in additional time and longer distance travel.

NATPAC has done preliminary alignment surveys and has proposed an alignment for the
Coastal Highway. The alignment traverses majorly through existing roads and proposes
construction of new bridges and flyovers and missing links. One such bridge/missing link is
the current proposed Suspension / Cable Stayed Bridge across Ponnani Estuary in
Malappuram District.

The project envisages provision of provision of a cable stayed bridge on Bharathapuzha
River and connects Padinjarekkara so as to provide all time road connectivity between these
two banks and so as to reduce travel time. This cable stayed bridge is constructed as iconic
bridge at the mouth of Bharathapuzha River.
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3.1.2.2 The Project Corridor

This section gives the details of alignment which is approved by RBDCK and its stake
holders. The project road starts from the Ponnani Junction (between Palakkad-Ponnani Road
and Panvel-Kochi-Kanyakumari Highway of NH-66. Then follows the existing PWD road up
to the cross junction of Ponnani main road and then turns towards the ferry terminal,
afterwards follows the proposed structure and crossing the Bharathapuzha River through an
Iconic bridge of 200 m obligatory span and then parallel path to existing road up to proposed
km 4.660 and then merge with existing PWD road. The project alignment crosses
Malappuram, Ponnani Harbour, Ponnani Beach Road Ponnani Estuary (mouth of
Bharathupuzha River) and Padinjarekara dock shown in

Figure 3-1.
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Figure 3-1: Project Alignment

3.1.3 Project Details

The Project Starts at the Ponnani Junction (between Palakkad - Ponnani Road and Panvel —
Kochi - Kanyakumari Highway of NH-66) and ends at Padinjarekara beach. The project
alignment crosses Malappuram, Ponnani Harbour, Ponnani Beach Road Ponnani Estuary
(mouth of Bharathupuzha River) and Padinjarekara dock.

3 CHAPTERS
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The project is a part of Coastal Highway and the proposed alignment will be linking the two
points; on southern side the Ponnani Junction (NH66 Bypass) and Northern side
Padinjarekkara-Kuttayi Road. At present the two sides of the river is connected by Jenkar
services in the day time. The road connectivity between the two banks is via Chamravattom
Bridge which takes around 20Km. Hence the proposed Bridge will be the life line of the
Ponnani Beach and its surrounding area. This road will act as a parallel road to NH 66 and
reduces the travelling distance from Ernakulam to Kozhikode around 30 Km.

3.1.3.1 Road Connectivity

Ponnani Town is located along the National Highway, NH-66 that connects Kanyakumari in
Tamil Nadu and Panvel in Maharashtra. NH-66 connects Ponnani with major places like
Ernakulam, Alappuzha, Thiruvananthapuram etc. in the south and Kozhikode, Kannur,
Mangalore etc. in the North. NH-66 is predominantly two lane road within the project
influence area. Considerable passenger vehicle and goods vehicle movements are observed
along this road.

SH-62 connects Guruvayur with Ponnani at Kundukadav Junction. Along with passenger
vehicle traffic, the road is observed to carry goods vehicle to / from areas like Guruvayur,
Kunnamkulam, and Thrissur etc. The road is of predominantly two lane configuration.

Palakkad- Ponnani Road connects Ponnani with areas such as Edappal, Pattambi, Palakkad
etc. The road meets SH-69 at Edappal. The road width is predominantly intermediate and
varies between single lane and two lanes at various sections.

Ponnani- Tirur road connects Ponnani with north side of Bharathapuzha River along the
Chamravattom Bridge. The road is predominantly of intermediate lane configuration. At
present, Chamravattom Bridge is the shortest connectivity between Ponnani and other
nearby areas such as Kuttayi, Tirur, Tanur, Parappanangadi etc.

Figure 3-2 and Figure 3-3 shows the regional setting and major roads that connects
Ponnani with other parts of the state.
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NH-66 near CV Junction

SH-62 near Valavu Junction Palakkad-Ponnani Road near KK
Junction

Ponnani-Tirur Road near Chamravattom Bridge
Chamravattom

3.1.3.2 Road Characteristics in the project influence area

The major roads and their carriageway width details within the project influence area are
presented in Table 3-2.

Table 3-2: Carriageway Width of Major Roads in Project Influence Area

Name of the Road Carriageway Details *

1 | National Highway (NH-66) 2L-2W-UD
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Nsc;. Name of the Road Carriageway Details *

2 Palakkad- Ponnani Road 1.5L-2W-UD
3 Ponnani- Tirur Road 1.5L-2W-UD
4 SH-62 (Guruvayur- Althara- Ponnani Road) 2L-2W-UD

5 Koottayi- Padinjarekkara Road 1.5L-2W-UD
6 Mangalam- Koottayi Road 1.5L-2W-UD
7 Alathiyur- Purathur Road 1.5L-2W-UD
8 Purathur- Chamravattom Road 1.5L-2W-UD
9 Ponnani Beach Road 1L-2W-UD

10 | Chanthappadi- NH Link 1.5L-2W-UD

* L — Lanes, W — Way, UD- Undivided, D- Divided (Eg: 1.5L-2W-UD means Intermediate lane, two-way, undivided
road)

Apart from NH-66 and SH-62, all road sections in the project influence area are
predominantly of intermediate lane configuration. However, it is to be noted that there are
various sections where the road sections shrink to single lane width.

The Palakkad-Ponnani Road is very narrow near Kodathippadi Junction. Further the bridge
on Palakkad- Ponnani Road across Canoli Canal is of single lane configuration. The Koottayi
Regulator cum Bridge along Mangalam-Koottayi road is also of single lane configuration.

Koottayi- Padinjarekkara Road Mangalam- Koottayi Road
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Alathiyur- Purathur Road

Ponnani Beach Road Chanthappadi- NH Link

3.1.3.3 Ponnani Harbour

Ponnani is one of the major fishing harbours in Kerala. High fishing activities with
mechanised boats are centred in Ponnani. The wholesale fish trading and auctioning
activities occur near the Ponnani Beach and from there it is transported to various other parts
of the state in goods, autos, LCVs and LMVs predominantly. These goods traffic ply through
the Ponnani Beach Road to reach their respective destinations. Minimal movement of two
axle trucks that carry ice cubes to fish market from ice plants are observed along this road.
Ponnani Harbour is the major traffic generator in the Project Influence Area.
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Wholesale Market Area

Newly Developed Harbour

The new fishing harbour developed by the Government of Kerala is underutilised since all the
market activities occur at the Beach area. Further, from discussion with local people it is
understood that the Government has sanctioned a cargo port to be developed at Ponnani.

3.1.34 Ponnani Ferry Services

Ponnani Municipality operates a ferry service between Ponnani Harbour and Padinjarekkara.
The service is operational from 7:00 am to 7:00 pm. The fare details of the ferry service are
presented in Table 3-3.

Table 3-3: Fare Details in Ferry Service

S. No. Particular Amount (Rs.)
1 One Person 10
2 Two Wheeler with Driver 20
3 Auto-rickshaw with Driver 30
4 Car/ Jeep/ Van with Driver 65
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Ferry Service in Ponnani

3.1.4 Objective and Scope

The main objective is to study in detail on various options of Alignment, Bridge Types in
terms of Structure and Aesthetics, Road and Bridge Cross sections to cater the present and
projected Traffic, connectivity of the proposed alignment with adjoining road networks
keeping in view of Environmentally and Socially viable and sustainable, enhancement of
Tourism potential by conducting detailed analysis / investigation / survey. The consultant will
present the most feasible options for Alignment, Bridge location and Type, Road and Bridge
cross section and various amenities to enhance Tourism potential to RBDCK.

3.1.4.1

SCOPE OF SERVICES

The scope of services includes the following tasks:

1.

Review of all available reports and published information about the proposed coastal
road, existing and proposed project within the project influence area.

Detailed Reconnaissance Survey with Google Maps / GPS.
Inventory and condition surveys of existing approach roads.

Inventory and detailed condition surveys of sea wall and cross drainage structures in
the approaches of Proposed Bridge and Drainage Provisions.

Topographic surveys using Total Stations as per the guidelines of latest IRC: SP-19.
Fixing of TBM and all reference point on ground during survey; and this should be
shown on detailed survey drawings.

Shoreline survey and sounding of shipping channel to map shore line/ break waters/
structures and to explore the underwater features using suitable hydrographical
survey method. Information shall also be collected on sea waves, river flow, high tide/
low tide levels, volume and seasonal change.

Detailed Traffic Study at relevant locations, bringing out the present traffic scenario
including study of impact on the traffic scenario during the construction work and after
commissioning of the bridge including preparation of proposal and design for
development of the road network at both sides to be connected with the proposed
bridge for smooth flow of projected traffic at post commissioning stage and
preparation of necessary documents for obtaining approval from the competent
authority.

3 CHAPTERS
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8. Geo technical investigation works for the proposed bridge as per guidelines of
IRC SP 19-2001 and IRC 78-2014 or any other relevant standard suitable for the
structure proposed. Detailed sub soil investigation for proposed bridge, approaches,
cross drainage works and etc. shall confirm to the following

a) The consultant shall carry out geo technical investigations and sub-surface
explorations for the proposed bridge/ land spans/viaducts/road. High
embankments sea wall etc. as necessary for proper design of works and conduct
all relevant laboratory and field tests on soil and rock samples. The minimum
scope of geo technical investigation for bridge structures shall be as under

Description Location of boring
1 Pylons One each at both pylon locations
2 Viaduct portion Total 10 locations spread along the viaduct
3 For road portion As per IRC

b) The scheme for boring location and boring depth shall be prepared by the
consultant and submitted to RBDCK for approval. These may be finalised in
consultation with RBDCK

c) The sub soil exploration and testing should be carried out through Geo technical
consultants who have done Geo technical investigation in similar projects. In case
of outsourcing Geo technical investigation the firm selected by the consultant for
this purpose should also be approved by RBDCK before start of such works. The
soil testing reports shall be in the format prescribed in relevant IRC codes.

d) For the road pavement if any, bore holes at each major change in pavement
condition or at 2 km interval whichever is less shall be carried out to a depth of at
least 2.0m below embankment base or to rock level and are fully logged.
Additional bore holes shall be taken at locations of retaining structures in the
approaches to bridges and viaducts and at locations with venerable sub soll
conditions identified through above investigations. Appropriate tests to be carried
out on samples collected from these bore holes to determine the suitability of
various materials for use in proposed work.

9. Preparation of (minimum 3 no’s) suitable bridge proposals from aesthetic view point

10. Preparation of proposal and cost appraisal for 2 lane bridge with 2 lane approach with
provision for future expansion to 4 lane

11. Preparation of proposal and cost appraisal for 2 lane bridge with 2 lane approach with
provision for future expansion to 4 lane

12. Finalisation of GAD of proposed Bridge and submission to Employer for Approval of
GAD. The consultant will interact with harbour engineering department, port
authorities and other local authorities on technical issue during approval of GAD.

13. The consultant has to complete discharge calculations and determination of waterway
as per IRC 5 and IRC SP 13. Maximum water level of river is also required to be
obtained.
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14. Providing protection work/ sea wall including preparation of necessary documents for
obtaining approval from designated authority like port department, harbour
engineering, CRZ authority, MOEF etc.

15. Proposal of electrification of proposed bridge and approaches with special emphasis
towards maximum utilisation of solar energy

16. Detail study of behaviour of the bridge structure and preparation of necessary
documents for getting approval from designated authority.

17. Social impact assessment.

18. Environmental impact assessment including preparation of necessary documents for
obtaining environmental clearance and other statutory clearances from concerned
authority.

19. Design of Bridges, structures, roads etc.
20. Preparation of BOQ and cost estimates and obtaining approval from KIIFB/GOK

21. Preparing necessary reports / documents for obtaining all types of clearances
required for implementation of project on the ground from concerned agencies like
state government, KIIFB etc.

22. Approval of all drawings including GAD and engineering drawings from concerned
authorities wherever required

23. Preparation of land plans and utility relocation plan of the project showing existing
ROW (along with all the existing assets within ROW e.g. structures, drains, service
roads, trees, utilities and safety devices) and proposed additional land required in
various stretches for improvement of geometrics, construction of new structures,
service roads, project facilities etc. will be considered for LA.

24. Economic and financial viability report

25. Preparation of EPC bid documents including required schedules as per EPC
document.
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3.2 STATUS OF FEASIBILITY REPORT

As mentioned in section 2.2, Feasibility study has been done and the report is approved by
RBDCK. Consultant had carried out a systematic study on various alignment options and
different structural systems. Inputs from the various stake holders were collected and their
opinions were accommodated. Constructability & Aesthetics were given due weightage while
the facilities are uncompromised. Various systems are evolved in such a manner that it is
sustainable and can cater for future developments. After analysing the comparative scale of
advantages of various options, and after extensive discussions with stake holders, following
recommendations are made.

1. Considering various factors described in the Section 3 of Feasibility Report, the alignment
proposed in Option 1C is preferred from the Consultant’s purview.

2. As per the Traffic analysis described in Section 7 of Feasibility Report, the project road
will cater 2 Lane traffic upto 2040 beyond which augmentation may be proposed. And this
project is economically viable.

3. The existing road from Ponnani Junction to Court junction shall be widened as per KIIFB
cross section to achieve 80 Kmph from the present average speed of 40 Kmph. However
the project may be operational with the existing road having geometric deficiencies in
terms of design speed.

4. To minimize the land acquisition the design speed is restrained as 40kmph from Ch.:
2+300 to Ch.: 2+500 along the existing PWD whereas this can be improved with due land
acquisition.

5. The Iconic Bridge theme shall be given in Option 2 (Snake Boat) as mentioned in the
Section 5 of Feasibility Report.

The LA and R&R details shall be as per Table 10.5 of Feasibility Report.
The Tourism amenities shall be as per Section 5.4 of Feasibility Report.

The Iconic Bridge shall be structurally Cable Stayed Bridge.

© © N o

The Stay Cable shall be of single plane centrally placed.
10. The Obligatory span shall be 200m with vertical clearance of 16m.

11. The Deck width for the Iconic Bridge shall be 23m with vehicular traffic on one side of the
central median and pedestrian and tourism amenities on other side as given in Sec 11.4
of Feasibility Report.

12. The approach deck width shall be 13m accommodating 2 lanes traffic with footpath.

13. The structure arrangement will accommodate eccentric widening during the 4 lane
augmentation with new structure in the approach.

14. Even though the project is proposed in EPC mode, the project is financially viable for
regular maintenance activities.
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3.3 REQUIREMENT/DEMAND ANALYSIS

The proposed development is for Construction of a Cable Stayed Bridge across Ponnani
Estuary with Approaches to the Coastal Highway in Malappuram District of Kerala State.
Proposed development corridor is a bridge project with approach roads with total length of
about 5.0 km all of which is in Malappuram District. The corridor falls within Ponnani
Municipality and Purathur Village of Tirur taluk of the district. Socio-Economic profile of this
area (study area) has been primarily drawn from Census of India, 2011 data.

3.3.1 Population of Project Region

Total population in Malappuram district is 41, 12,920 and in the project area of Ponnani
Municipality is 90,491 and in Purathur Village area is 31,915. In Malappuram district males
constitute 47.66% and females 52.34% of total population in Malappuram district, 47.11%
and 52.89% in Ponnani Municipality and 47.19% and 52.81% in Purathur Village. Sex ratio of
total population in Malappuram district is 911 females over 1000 males; in Ponnani
Municipality 891 females over 1000 males and 894 females over 1000 males in Purathur
village. Numbers of households in Malappuram district is 793,999, in Ponnani Municipality is
15,816 and 5,787 in Purathur village.

Total population of 0-6 years in Malappuram district is 574,041, in Ponnani Municipality is
11,917 and Purathur village is 4,290. This constitutes to 13.96%, 13.17% and 13.44% of the
total population in Malappuram district, Ponnani Municipality and Purathur village,
respectively. The Male Child 0-6 constitutes of 14.90%, 14.21% and 14.18% of the total male
population in Malappuram district, Ponnani Municipality and Purathur village, respectively.
Similarly, the Female Child 0-6 constitute of 13.10%, 12.24% and 12.78% of the total female
population in Malappuram district, Ponnani Municipality and Purathur village, respectively.
The sex ratio of the 0-6 Population in Malappuram district is 1,036 females over 1000 males,
in Ponnani Municipality is 1,034 females over 1000 males and 992 females over 1000 males
in Purathur village.

Total population of Schedule Caste in Malappuram district is 308,266, in Ponnani
Municipality is 5,202 and in Purathur village is 3,794. This constitutes to 7.50%, 5.75% and
11.89% of the total population in Malappuram district, Ponnani Municipality and Purathur
village, respectively. SC male population constitute of 7.73%, 5.83% and 12.30% of the total
male population in Malappuram district, Ponnani Municipality and Purathur village,
respectively. Similarly, the SC female population constitute of 7.28%, 5.68% and 11.52% of
the total female population in Malappuram district, Ponnani Municipality and Purathur village,
respectively. The sex ratio of the SC population in Malappuram district is 967 females over
1000 males, in Ponnani Municipality is 915 females over 1000 males and in case of Purathur
village is 955 females over 1000 males.

Total population of Schedule Tribe in Malappuram district is 22,990, in Ponnani Municipality
is 196 and in Purathur is 65. This constitutes to 0.56%, 0.22% and 0.20% of total population
in Malappuram district, Ponnani Municipality and Purathur village, respectively. The ST male
population is 0.58%, 0.24% and 0.21% of total male population in Malappuram district,
Ponnani Municipality and Purathur village, respectively. Similarly, ST female population
constitutes 0.54%, 0.19% and 0.20% of total female population in Malappuram district,
Ponnani Municipality and Purathur village, respectively. The sex ratio of ST population in
Malappuram district is 962 females over 1000 males, in Ponnani Municipality is 1,108
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females over 1000 males and 912 females over 1000 males in Purathur village. Table 3-4
and Table 3-5 present study area population & sex ratio.

Table 3-4: Population Census

Area Malappuram District Ponnani Municipality Purathur Village Total
HH 7,93,999 15,816 5,787 8,15,602
TOT_P 41,12,920 90,491 31,915 42,35,326
TOT_M 19,60,328 42,627 15,062 20,18,017
TOT_F 21,52,592 47,864 16,853 22,17,309
M_06 292,132 6,057 2,136 3,00,325
F_06 2,81,909 5,860 2,154 2,89,923
M_SC 1,51,557 2,485 1,853 1,55,895
F_SC 1,56,709 2,717 1,941 1,61,367

M_ST 11,272 103 31 11,406

F_ST 11,718 93 34 11,845

*Source: Census of India, 2011

HH: Number of House Holds; TOT_P: Total Population; TOT_M: Total Males; TOT_F: Total Females;
M_06: Male Child 0- 6 years of age; F_06: Female Child 0-6 years of age; M_SC: Male Schedule
Caste C; F_SC: Female Schedule Caste: M_ST: Male Schedule Tribe; F_ST: Female Schedule Tribe

Table 3-5: Sex Ratio

Area Total Population 0-6 Population Schedule Caste Schedule Tribe
Malappuram District 911 1,036 967 962
Ponnani Municipality 891 1,034 915 1,108
Purathur Village 894 992 955 912

*Source: Census of India 2011

3.3.2 Literacy & llliteracy Standards

Literacy standards highlights that people have basic reading & writing skills of any one
language or more. Literacy population in Malappuram district is 80.51%, Ponnani
Municipality is 78.14% and in Purathur village is 78.48% of the total population. The male
literacy rate in Malappuram district is 81.49%, in Ponnani Municipality is 80.09% and in
Purathur village is 79.96% of the total male population. Similarly, the female literacy rate is
79.62%, 76.41% and 77.16% of the total female population in Malappuram district, Ponnani
Municipality and Purathur village, respectively.

llliterate population of Malappuram district is 19.49%, in Ponnani Municipality is 21.86% and
in Purathur village is 21.52% of the total population. This includes the 0-6 population. The
male illiteracy rate in Malappuram district is 18.51%, in Ponnani Municipality is 19.91% and
in Purathur village is 20.04% of the total male population. Similarly, the female illiteracy rate
is 20.38%, 23.59% and 22.84% of the total female population in Malappuram district,
Ponnani Municipality and Purathur village, respectively. Table 3-6 shows the literacy &
illiteracy status of the study area.

Table 3-6: Literacy & llliteracy Standards

S. No Area HH TOT_P TOT_MLit | TOT_FLit | TOT_Milit | TOT_FIlit
1 Malappuram District 7,93,999 | 41,12,920 15,97,404 17,13,911 3,62,924 4,38,681
2 Ponnani Municipality 15,816 90,491 34,140 36,574 8,487 11,290
3 Purathur Village 5,787 31,915 12,043 13,004 3,019 3,849

3 CHAPTERS
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S. No Area HH TOT_P TOT_M Lit TOT_F Lit TOT_MI lit TOT_Fi lit
Total 8,15,602 42,35,326 16,43,587 17,63,489 3,74,430 4,53,820

*Source: Census of India, 2011
TOT _P: Total Population; TOT_M Lit: Male Literate; TOT_F Lit: Female Literate; TOT_MI lit: Male
llliterate; TOT _FI lit: Female llliterate

3.3.3 Economic Profile

Based on the last 10 years data by Census of India, the economic profile of the impacted
wards are discussed. The work population is 10,62,424 in Malappuram district, 22,813 in
Ponnani Municipality and 8,854 in Purathur village. This constitutes to 25.83%, 25.21% and
27.74% of the total population in Malappuram district, Ponnani Municipality and Purathur
village, respectively. The work population with respect to males is 898,157 in Malappuram
district, 20,270 in Ponnani Municipality and 7,483 in Purathur village. This constitutes to
45.82%, 47.55% and 49.68% of the total male population in Malappuram district, Ponnani
Municipality and Purathur village, respectively. Similarly, the work population with respect to
females is 164,267 in Malappuram district, 2,543 in Ponnani Municipality and 1,371 in
Purathur village. This constitutes to 7.63%, 5.31% and 8.14% of the total female population
in Malappuram district, Ponnani Municipality and Purathur village, respectively.

Total work population is divided into Main Work Participation which means that for whole
year round, individual is working. Main Work Participation in Malappuram district is 852,047,
in Ponnani Municipality is 19,407 and in Purathur village is 7,232. This is 80.20%, 85.07%
and 81.68% of total work population in Malappuram district, Ponnani Municipality and
Purathur village, respectively. It is positive sign as people are working regularly and saving &
expenditure power is continuous. Marginal Work Participation means an individual is working
for 6 months or less in a year. Marginal work population is 19.80%, 14.93% and 18.32% of
total work population in Malappuram district, Ponnani Municipality and Purathur village,
respectively.

Non work participation population in Malappuram district is 30,50,496, in Ponnani
Municipality is 67,678 and 23,061 in Purathur village. This constitutes to 74.17%, 74.79%
and 72.26% of total population in Malappuram district, Ponnani Municipality and Purathur
village, respectively. Non work population of male is 54.18%, 52.45% and 50.32% of total
male population in Malappuram district, Ponnani Municipality and Purathur village,
respectively. Similarly, Non work Population of females is 92.37%, 94.69% and 91.86% of
total female population in Malappuram district, Ponnani Municipality and Purathur village,
respectively. Non-work population includes 0-6 population. Table 3-7 shows Work
Participation status of study area

Table 3-7: Work Population

Area ToT ToT ToT Main Marg ToT Non | Non Work | Non Work
Work Work M Work F Work P Work P Work M F
Ma;ztﬁiucrtam 10,62424 | 898157 | 164267 | 852,047 | 210377 | 1062171 | 19,88,325 | 10,62,424
Ponnani 22813 | 20270 | 2543 | 19407 | 3406 | 22357 | 45321 | 22813
Municipality
Purathur 8,854 7483 1371 7,232 1622 7,579 15,482 8,854
Village
Total 10,94,001 | 9,25910 | 1,68,181 | 878,686 | 2,15405 | 10,092,107 | 20,49,128 | 10,94,001
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*Source: Census of India, 2011;

ToT Work: Total Work Population; ToT Work M: Total Work Population Males; ToT Work F: Total Work
Population Females; Main Work P: Main work Population; Marg Work P: Marginal work Population; Non
Work M: Non Work Males; Non Work F: Non Work Females

3.3.3.1 Classification of Economic Profile

As per Census of India data, Main Work Participation is 10,62,424 in Malappuram district,
22,813 in Ponnani Municipality and 8,854 in Purathur village. These are classified into four
categories. Main work participation of Cultivators in Malappuram district is 45,710,
Agricultural Labourers is 81,841, Household Workers is 13,450 and Other Works is 711,046
which constitutes to 4.30%, 7.70%, 1.27% and 66.93% of main Work Population,
respectively. Similarly, Main work participation of Cultivators in Ponnani Municipality is 68,
Agricultural Labourers is 331, Household Workers is 359 and Other Works is 18,649 which
constitutes to 0.30%, 1.45%, 1.57% and 81.75% of main Work Population, respectively. Main
work participation of Cultivators in Purathur village is 241, Agricultural Labourers is 245,
Household Workers is 116 and Other Works is 6,630 which constitutes to 2.72%, 2.77%,
1.31% and 74.88% of the main Work Population, respectively.

Work participation is mostly engaged in other works of secondary/tertiary sectors which
includes private/government jobs, business etc. Main Work Participation of Males in
Malappuram district is 748,431, Ponnani Municipality is 17,527 and 6,562 in Purathur village.
This is 70.45%, 76.83% and 74.11% of total main work population in Malappuram district,
Ponnani Municipality and Purathur village, respectively. Similarly, Main Work Participation of
Females in Malappuram district is 103,616, Ponnani Municipality is 1,880 and 670 in
Purathur village. This is 9.75%, 8.24% and 7.57% of total main work population in
Malappuram district, Ponnani Municipality and Purathur village, respectively. Table 3-8
represents Work Population Classification.

Table 3-8: Work Population Classification

Area ToT Main MAIN_CL_P MAIN_AL_P MAIN_HH_P MAIN_OT_P
Work Males | Females | Males | Females | Males | Females | Males | Females
Ma[I)aiZ{)riucrtam 10,62,424 42693 | 3,017 69919 | 11,922 | 11,295 | 2,155 | 6,24,524 | 86,522
Ponnani 22,813 58 10 307 2 303 5 | 16,859 | 1,790
Municipality
Purathur Village 8,854 218 23 223 22 91 25 6,030 600
Total 10,94,091 42,969 | 3,050 | 70,449 | 11,968 | 11,689 | 2,236 | 6,47,413 | 88,912

*Source: Census of India, 2011, Main Work Population

Main CL_P: Main Cultivators Population;, MAIN_AL_P: Main Agricultural Labourer; MAIN_HH_P: Main
Household Industry  Population; Main _OT_P: Main Other Working Population such as private,
government Job, business etc.

3.3.3.2 Women Status

As per the Census of India 2011, the total women population is 22,17,309 of which 0-6 child
population is 13.075%, Schedule Caste Population is 7.3% and Schedule Tribe Population is
0.53% with respect to the total female population of the study area. The literate population is
74.12% and illiterate population is 20.47% with regards to the total female population. Table
3-9 represents the Women population of the study area.
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Table 3-9: Women Population

Total Female 0-6 Schedule Caste Schedule Tribe Literate llliterate
Population Females % Population % Population % Population % Population %
2217309 13.075 7.3% 0.53% 74.12 2047

*Source: Census of India, 2011

The work participation rate is 58% and non-work participation is 49.34% of the total female
population.

The Classification of Women Work Participation are very less as cultivates which is about
1.81%, agricultural labourers are 7.11%, household works incudes women working in
household industries which are 1.33% and other works constitutes of 52.86% of the total
women work participation classification. The tertiary & secondary jobs, business sector the
participation of the work populations among women is much more. Being an urban and
centre for many developmental industries, and various sectors the participation is bound to
increase more. Table 3-10 shows the work participation classification among women.

Table 3-10: Classification of Women Work Participation

Cultivates | Agricultural Labourers | Household Works | Other Works
1.81 7.1 1.33 52.86

*Source: Census of India, 2011

3.3.4 Social Assessment

Infrastructure projects not only bring prosperity to the region but also have adverse impacts.
Such adverse impacts include loss of land and structure, loss of livelihood, loss of community
properties along with fragmentation of society. If such negative impacts are not addressed
properly, it may happen that the outcome of the project will have negative impacts and would
outweigh the projects’ positive impacts, thus leaving question mark on project sustainability.
The issues are to be addressed for minimizing the negative impacts by exploring all feasible
options without compromising the safety aspects.

Based on social assessments carried out, the following observations/assessments are made:

e The approach road passes through areas with dense to very little population along the
corridor and also passes through narrow lanes; however it appears that adequate RoW is
likely available at most locations along the alignment

o Land Acquisition and need for Resettlement & Rehabilitation (R&R) is envisaged to be
minimal

o Project is located in a very active fishing activity area; proposed development has been
assessed to see if it will have adverse impacts on the fishing activities in the area

o Along the approach road there are various commercial activities. Detailed analysis in
regards with land acquisition needs, R&R, etc. is being carried out.

e Proposed project is envisaged to have minimal physical and economical displacement

e Proposed development will not have impacts on cultural/heritage property

The baseline social conditions are as presented Table 3-11.
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Table 3-11 Site Notes, Baseline Social Conditions

S. No

Features

Comments/Remarks

1.

Land Acquisition — Type of land
affected (Govt, Pwt, etc.)

The proposed development corridor passes though urban/built-up
area. As per the social assessment it appears LA will be minimal. As
such proposed development is not likely to have significant impacts
due to land acquisition. Based on the final designed alignment, the
extent of land to be acquired is being worked out. The affected
persons/structures will be identified and appropriate compensation
packages as per applicable rules will be worked out.

2. Type of House Mostly the structures are permanent. Significant impacts to
Permanent,  Semi-Permanent, | structures/houses are not envisaged. Some impacts are envisaged
Temporary along the corridor of the approach road where widening will be

required. The structures which will be affected by the proposed
development works will be compensated appropriately.

3. Affected Families/People As per reconnaissance survey, significant impacts to structures/
Permanent Residents, Tenants, | squatters/livelihood of people are not envisaged. However, as the
Squatters, Encroachers, Pvt | approach road passes through commercial area, there are likely
Land  holders,  Agriculture | encroachers/squatters settled along the road corridor and impacts to
holders, others. them are being looked into (will be detailed out in the RAP). Such

impacts will be identified and compensated appropriately.

4, Loss of Livelihood Loss of Livelihood is not envisaged; however, as the approach road
passes through commercial area, there are likely encroachers/
squatters settled along the road corridor and impacts to them are
being looked into (will be detailed out in the RAP). Such losses will
be identified and compensated appropriately.

5. Cultural/Religious properties There are few religious structures (mosques, temples) along/in

immediate vicinity of the alignment. No common property resources
will be impacted due to proposed development. Also, proposed
development will not impact any archaeological/ cultural structures.

3.3.5 Stakeholder Consultation

Stakeholder consultations forms an important part of the EIA process. This consultation
process is a major tool for information dissemination to the direct and indirect impacted due
to the project. The stakeholder consultation process helps in reducing the public resistance
to change and enable the participation of the local people in the decision making process.
These meetings help to acknowledge the PAPs about the project, relevant information is
exchanged, remarks, suggestions given by the people are noted. Such discussions benefit
the overall design prospective as well. Stakeholder consultations are continuous process
which should be conducted throughout the project lifecycle. Stakeholder consultations can
involve any direct or indirect impacted persons associated or affected. It includes local
people, local institutions, government officials, NGOs’, migrants, vulnerable, women & child,
daily wage workers, agriculture labours, etc.

For proposed corridor development project, informal stakeholder consultations have been
conducted. Informal stakeholder consultations have been carried out at random locations
along the project corridor along with interaction with Stakeholders like local people on the
road and shops, Fishermen in the Harbour area, Passengers in the Jungar, Jungar
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service operators, Commercial Squatters, Park officials at Purathur side, etc. consultations
were also held at the Ponnani Municipality office with municipality officials.

In general, the participants were enthusiastic and appreciated the proposed project and gave
valuable inputs over the development aspect, localized needs and suggestions for
engineering design. They appreciated the fact that this project will help transportation across
the Bharathapuzha River which is need of the hour. The meetings were successfully
conducted with participants who were directly and indirectly impacted.

General Opinion from Consultations:

o People welcome the project and said to start immediate.

e Employees at the Jungar (Ferry) service and some commercial shops could be impacted
in terms of loss of their jobs/employment; however, they are willing to find alternative
employment opportunities.

e Some local people opined that the choice of constructing the bridge through the left
side of the harbour (Proposed now) is not the right choice as the wave action will
damage the bridge more easily.

e Some are of opinion that alternate approach roads with Government land are
available towards the coastal side which will spare private land from acquisition.

3.3.6 Socio Economic Benefits of Proposed Project

The proposed bridge project will provide ease in transportation. Currently, Jungar is used by
local people to cross Bharathapuzha River, which will not be available after daylight hours.
The land side crossing is over the Chamravottam Regulator Bridge, which is about 10 kms
away from the proposed bridge development location. The proposed bridge provides an
alternative to ferry service (Jungar) and continuous access anytime of the day/night.

The proposed bridge will provide a much improved/convenient access across the
Bharathapuzha River. Currently vehicular movement to cross the river by road is over the
Chamravottam Bridge. This proposed bridge will help reduce local travel distance by about
12-15 kms to cross the river and almost 40 kms for longer commute from Kochi — Ponnani.

Also, Ponnani being a major fishing town, this bridge will provide a very convenient access to
fishing related vehicular movements with much reduced travel time/distance. It also provides
key connectivity to the Coastal Highway; as such it has its own unique importance/benefit in
the overall scheme of the Coastal Highway development

Hence the proposed construction of Cable Stayed/Suspension Bridge across Ponnani
Estuary with Approaches will provide significant overall socio-economic benefits.

3.3.7 Conclusions

The proposed Cable Stayed/Suspension Bridge across Ponnani Estuary project is a part of
Coastal Highway and the proposed alignment will be linking the two points on southern side
the Ponnani Junction (NH66 Bypass) and Northern side Padinjarekkara-Kuttayi Road. Hence
the project will be a great importance to the Ponnani and its surrounding area(s).

Potential impacts due to the proposed development of the bridge/road project on
environmental attributes like air quality, noise, water quality, soil, flora and fauna, as well as
social aspects etc. have been assessed as part of this EIA study. Appropriate mitigation
measures to help minimise/avoid impacts from the development have been recommended.
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The measures include avoidance/mitigation measures. Based on the EIA study, development
of the proposed project is unlikely to cause any significant environmental/social impacts.
Potential impacts were identified attributable to the proposed project and most of which are
localized and temporary in nature and can be mitigated with minor to negligible residual
impacts. The proposed development is not envisaged to alter the existing environment of the
project area. Impacts due to the proposed development are not envisaged to create any
impacts which will be of permanent basis

The proposed development of the Cable Stayed/Suspension Bridge project is envisaged to
have significant positive impacts, such as:

e Proposed bridge provides key connectivity to the Coastal Highway; as such it has its own
unique importance/benefit in the overall scheme of the Coastal Highway development

o This bridge will provide a much improved/convenient access across the Bharathapuzha
River. Currently vehicular movement to cross the river by road is over the Chamravottam
Bridge. This proposed bridge will help reduce local travel distance by about 12-15 kms to
cross the river and almost 40 kms for longer commute from Kochi — Ponnani

e Ponnani being a major fishing town, this bridge will provide a very convenient access to
fishing related vehicular movements with much reduced travel time/distance

e This bridge/road will provide an alternative access for vehicular movement in the area as
such it will help decongest traffic on existing road network in the area.

e This bridge/road will also provide an alternative to the Ferry service (Jungar) currently
being used (especially by locals) to cross the river over water transport mode

e The bridge will be a safe alternative to Jungar/Ferry services which can be dangerous
and unserviceable during night hours and heavy monsoon periods

In addition, the immediate benefits of the proposed development will come in the form of
direct employment opportunities for several people such as wage labourers, petty
contractors, suppliers of raw materials, etc. during the construction stage of the project.
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3.4 ENGINEERING SURVEYS AND INVESTIAGTIONS

The engineering surveys and investigations have been carried out on the Project Road
section for inventory, pavement evaluation, traffic surveys, soil investigations, Topographic
features and structural evaluation by following the relevant Specifications/Codes to generate
adequate database for preparing the most appropriate proposal for the rehabilitation /
upgrading of the existing highway.

The various engineering surveys and investigations for the project road which have been
carried out for the project are listed below

e Road Inventory

e Pavement Condition Survey
e Traffic Surveys

o Axle Load survey

e Topographic Survey

e Soil Investigations

e Structure inventory

3.4.1 Road Inventory Survey

34.1.1 General

A detailed inventory of roads and structures were carried, to prepare repair and rehabilitation
proposals and widening proposals based on the recommendations made. The data/details of
road inventory were collected, by actual verification & measurements are presented in
Annexure -1. The following data was collected in the inventory survey.

e Terrain code - Plain, Rolling, Mountainous, Steep

e Land Use - Left (code), Right (code)

e Earthworks type - Cut, Fill, Ground level

e Earthworks height - m

o Width of Right of way - m

e Surfacing type - bitumen, gravel

e Carriage way width - m

e Shoulders - Left & Right side: Type, Width (m)
Right side: Type, Width (m)

¢ Road Junctions - Type, Details

e Drainage type - Left side: Type, Width (m)
Right side: Type, Width (m)

e Drainage Condition - Existing Type of drain

e Footpath Width - m
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e Median - Type and Width
¢ Retaining structures and their condition
¢ Road side arboriculture - Yes / No
o Utilities - Shifting required, if any
e Critical structures - Location, if any
e Trees - No
The codes used in the inventory are as follows:
Terrain Land use
P = Plain AG = Agriculture
R = Rolling C = Commercial
M = Mountainous BR = Barren Land
S = Steep BU = Built up Area
IN = Industrial
SBU = Semi built up
Signs Pavement
| = Informatory B = Bituminous
R = Regulatory C = Cement concrete
W = Warning W = Water bound macadam
Median Road Junction
1 = Stone M = Multi leg junction
2 = Steel T = T Junction
3 = Open R = Rotary
4 = Tapered Y =Y junction
+ = 4 leg junction
Drain Type Drain Condition
B =Box G = Good
E =Earth F = Fair
L =Lined P = Poor
P =Pipe VP = Very Poor
The site observation photographs are presented in Table 3-12.
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Table 3-12: Observations at Site

Site Observations

Road Stretch before Structure starts

» Vladut structure location Bige location
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3.4.2 Geological Survey
The study area of proposed corridor is in Malappuram district.

Ponnani is situated on north-east end of Kerala on coast of Arabian Sea. Malappuram
District is bounded by North Latitudes 10° 40’ and 11° 32’ and east Longitudes 75° 50’ and
76°36’. The geographical area of Malappuram district is 3550 km?

Malappuram district is underlain by various geological formations. The geological formations
of the district are as below.

Laterite is found abundantly in the midland areas of Malappuram district which is exploited
economically for the construction work. There are hundreds of quarries cutting laterite stone
locally called Vettukallu that provides employment to thousands are in operation currently.
The thickness of laterite goes upto 25m in certain locations in the district. The district has got
a upto 15m thick coastal alluvium and river alluvium deposits can be seen along the banks of
Bharathapuzha and the major valleys. Malappuram has got rich valley fill deposits
comprising of the flood plain deposits and materials eroded from the neighbouring hills and
slopes.

The Malappuram district is mineral rich with deposits of lime shells found in the coastal belt,
mainly in Ponnani and Kadalundi nagaram. The coastal sands of Ponnani and Veliyan code
contain heavy minerals like ilmenite and monazite. China clay, the principal raw material for
porcelain industry, is found abundantly in many parts of district. Main zones for auriferous
gravels are present in Nilambur valley.

The geology map of Kerala and study area is shown in Figure 3-4.
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Figure 3-4 : Geology map of Kerala

3.4.3 Seismicity

The project location/study area falls in Zone-Ill which is categorised as a Moderate Risk

Figure 3-1.

Zone. The seismic map is presented in

KERALA

(showing faults, thrusts and
earthquakes of magnitude 25.0)
e 6 o Xom
Total No. of Houses : 1,12,17,883°
£3,3406.061

Project Corriddr

(zone-1n : Moderate Damage Risk Zone
-MSKVII)

. Earthquake Hazard Map

Earmauane Magntude

°

$0.59

© 60-89

TownCity

Faut

Neotectonc Faul
Shew Zorm
Radway Line
Caokden Expressway
Natonal Hgheay

= [ e s
:] Oatrict Boundary

Zone 11 - Moderate Damage Risk Zone (MSK Vi)

Zone N - Low Damage Rk Zone (MSK VI of less)

@ L&T Infra Engineering

3 CHAPTERS
Page 40



Feasibility Study and Preparation of DPR for the Construction of Cable Stayed/Suspension Bridge across
Ponnani Estuary with approaches C1193601
Detailed Project Report Volume-I: Main Report RPO010 rev. 0

Figure 3-5 : Seismic Map of Kerala

3.4.4 Climatic Conditions

3441 Temperature

March and April months are the hottest and January and February months are the coldest.
The maximum temperatures ranges from 28.9 to 38.6°C and the minimum temperatures
range from 11.2 to 23.4°C. The temperature starts rising from January and reaches the peak
in the month of March and April and then decreases during the monsoon month and again
rising from September onwards.

34.4.2 Rainfall

Malappuram has a tropical climate. Malappuram has significant rainfall most months, with a
short dry season. The South West monsoon is usually very heavy and nearly 73.5% of the
rainfall is received during this season. NE monsoon contributes nearly 16.4% and March to
May summer rain contributes nearly 9.9% and the balance 0.2% is accounted for January
and February months. The average annual rainfall in Malappuram is 3000mm.

3443 Wind

Wind is predominant from east as well as west during morning and evening hours. The wind
speed is more during December to February months. It ranges from 2.9 to 7.2 km per hour.

3.4.5 Pavement composition and condition survey

3451 General

Pavement Investigation is an important aspect of any highway improvement project, since
the performance of highway directly depends on the performance of its pavement and the
cost of improvement of pavement is equally important to arrive at the cost of project. The
data collected in the survey is an important factor and is utilised to identify the stretches of
reconstruction and rehabilitation. Detailed Pavement Condition Survey was carried out along
the entire project road. The details of the survey are presented in Annexure -2.

34.5.2 Survey Procedure

The consultant has carried out visual pavement condition survey on the project road to
examine the functional efficiency of the existing pavement. Condition survey data was
collected at every 100 m interval with the help of straight edge and measurement scale for
main carriageway and paved shoulder.

Based on the above site investigation, the pavement condition analysis is carried out
separately for main carriageway and paved shoulder.

3.4.5.3 Major Distresses observed

The general characteristics of pavement distresses observed during the survey of the project
road corridor are presented below. Poor workmanship is also a key factor contributing to the
pavement failure at many sections of the project road.
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3.4.6 Inventory of bridges and other Structures

34.6.1 Inventory survey of bridges & culverts

Bridge inventory surveys were carried out as per IRC SP: 19-2001. The width of deck slab,
footpath etc. was recorded in the prescribed format. Similar procedures were adopted for
other structures and recorded data annexed.

The list of existing structures across the project corridor are shown in the below tables.

Table 3-13: List of Bridges

Type of Structure

Span
Configuration
(No. x m)

Design
Chainage
(km)

Location/Name
of the Bridge Super- Sub-structure

structure

Table 3-14: List of Pedestrian Bridges

Design Type of Structure Span
Chainage Super- : Configuration

(km) structure Sub-structure (No. x m)

-Nil-

Location/Name
of the Bridge

Table 3-15: List of Rail over Bridges

Design Type of Structure Span

Chainage - Configuration
g Sl Sub-structure g
structure

Location/Name of

the Bridge

-Nil-
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34.6.2 Condition survey for culverts and structures

A project team carried out the visual condition survey of existing culverts as per guidelines
stipulated in IRC-SP: 35-1990. The project team inspected all structures on the project
corridor. The deficiencies in the existing structures were noted and it is proposed that the
existing culverts are to be widened.

3.4.7 Topographic Survey
Topographic survey is conducted in the following methods as per IRC: SP: 19-2001

e Study of topographical survey sheets, agricultural, soil, geological and meteorological
maps, and aerial photographs, if available.

e Aerial reconnaissance (where necessary and feasible)

e Ground reconnaissance (including another round of aerial reconnaissance for
inaccessible and difficult stretches, where called for)

3.4.7.1 Aerial reconnaissance

An aerial reconnaissance will provide a bird’s eye view of the alignments under consideration
along with the surrounding area. It will help to identify factors which call for rejection or
modification of any of the alignment. Final decision about the alignments to be studied in
detail on the ground could be taken on the basis of the aerial reconnaissance.

The main control points for the topographic survey will be fixed using Global Navigation
satellite system (GNSS) or by using Global Positioning System (GPS). DGPS of size
40cmx40cmx60cm will be fixed along the project corridor at an interval of 250m and GPS
observations will be recorded. Secondary control pillars of size 15cmx15cmx45cm will be
fixed at 250m interval. The data will be captured by means of UAV technology and it will be
processed to the required format.

34.7.2 Detailed Topographic Survey

Connectivity requirement to our project corridor and the major intersections / settlements
along the project corridor has been identified and listed to sub consultants for taking survey
of 25m on either side.

All the features on either side, along the project roads will be captured which includes
electrical poles and lines, telephone pole and lines, high tension lines and towers,
water/Oil/Gas pipe lines above ground, manholes, all OFC lines, tree positions, building
lines, type of buildings (kutcha / semi pucca / pucca / shops / houses etc.), existing road
pavement edges, shoulders, median, centre line of carriageway, footpaths, side drains at
regular intervals, kerb top and bottom, kilometre / hectometre stones, places such as
temples, temple mast, mosque, church, grave yard, bridges and cross drainage structures
etc.. All such captured features will be shown in drawings.

3.4.7.3 Generation of Topo Drawing

While preparing the drawings, it was ensured that all lines are in 3D. All the topography
features, reference pillars indicating complete details such as DGNSS control points,
secondary control pillars and co-ordinates etc., were mentioned in the drawing. All key
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features captured in the survey were described with specified text height and style in the
drawing.

A Detailed topographic survey report (RP 005-Topographic Survey Report) is also
submitted as a part of DPR.

3.4.8 Detailed Bathymetric Survey

Survey boat fitted with dual frequency echo sounder (having nominal frequencies of 30 KHz
and 200 KHz) along with heave sensor, DGPS and PC/Laptop, is mobilized to carry out the
bathymetric survey inside the river. Bathymetric survey is carried out at 50m spacing 1000m
upstream and 1000m downstream of Tirur-Ponnani and Bharathapuzha near Ponnani
harbour location.

There may be variation in salinity at different regions, hence sound velocity probe
measurements is carried out frequently. Pre survey bar check for the echo sounder
measurement is carried out, the bar check is repeated every day before the commencement
of the survey or as instructed by engineer in charge. The survey tracks proposed for the
survey is prepared and forwarded to the client for approval before the commencement of the
survey. Very shallow patches inside the river are surveyed using small boat or using
alternative method for collection of the level.

Automatic tide gauge station is established at site for continuous measurement during the
survey period and the tidal station shall be connected to the bench mark. The position
information is stored using DGPS, which provide accuracy better than +/- 1m. Necessary
tidal correction to be applied for bathymetric measurements carried out at site. The surveyed
tracks of the boat is worked out using hydro graphic software HYPACK MAX / equivalent and
the map is presented in UTM & Geodetic co-ordinates using WGS-84 datum.

All the features on either side, along the new proposed centre line is captured which includes
cut waters, high tide levels, low tide levels etc.., All such captured features is shown in
drawings.

34.8.1 Bathymetry

Bathymetry Survey has been conducted 500m on either side of the proposed alignment to
assess the water depth in the river crossing. It is observed that the maximum water depth
along the alignment is about 9m. The Bathymetry Survey details are shown below:

34.82 Data from Bathymetry survey

Depth of water

Water depth with in the survey corridor varies in between 1.6 meters to 9.3 meters below the
chart datum. Minimum water depth of 1.6 m below the chart datum was recorded at
Southwest part near to the South break water stones within the survey corridor. Maximum
water depth 9.3 m below chart datum was recorded near the Southern part within the survey
corridor.

Sea bed

Undulated seabed was recorded along the either side of break water stones. Water depth
along the southern break water stones varies as 1.6 meters to 8.5 meters below the chart

@ L&T Infra Engineering 3 CHAPZLEEE



Feasibility Study and Preparation of DPR for the Construction of Cable Stayed/Suspension Bridge across
Ponnani Estuary with approaches C1193601
Detailed Project Report Volume-I: Main Report RPO010 rev. 0

datum. Water depth along the northern break water stones varies as 2.0 meters to 7.1
meters below the chart datum.

Currents

The currents at Ponnani are influenced by the general wave climate that prevails in Arabian
Sea. The current in the coastal zone is approximately in the range of 0.01m/sec to 1.1m/s
which leads to higher littoral transport in the coastal region.

Tide Data

The tides at Ponnani are semi-diurnal with a tide level indicating mean spring tide of +1
metre. The tidal data of Ponnani is as follows:

e Mean High Water Spring (MHWS) +1.3m CD

e Mean High Water Neap (MHWN) +1.1m CD
e Mean Sea Level (MSL) +0.9mCD
e Mean Low Water Neap (MLWN) +0.8 m CD

e Mean Low Water Spring (MLWS) +0.4 m CD
Bathymetry survey data is plotted in the form of coordinate system and is presented in
AutoCAD format. The survey data is presented in the form of soft copy and is also attached
as Annexure -3.

A Detailed Bathymetry Survey Report (RP 006-Bathymmetry Survey Report) is also
submitted as a part of DPR.

3.4.9 Hydraulic and Hydrological Survey

This section pertains to the hydraulic calculations for Cable Stayed Bridge across Ponnani
Estuary.

34.9.1 KEY POINTS ON BHARTAPUZHA RIVER

e The river originates at Annamalai Mountains of Tamilnadu state, situated at an
elevation of 1964m above MSL.

e Flow of the river is North-Westerly direction through Pollachi in Coimbatore District of
Tamilnadu state; Chittoor, Palakkad, Ottappalam and costal Ponnani of Kerala state.

e The total drainage area (catchment area) of the river basin is 6189 sq.km out of which
71% lies in Kerala State.

e Length of the river is approximately 209km long.

e Some of the river tributaries are Gayatripuzha, Kannadipuzha (or) Chitturpuzha (or)
Amaravati Puzha, Kalppathipuzha, Thoothapuzha and they originate from either side
of Palakkad Gap.

e The river discharges into the Arabian Sea/Lakshadweep Sea at Ponnani.

34.9.2 KEY POINTS ON TIRUR RIVER

e The river originates from the hillocks of Athvanad village, Tirur taluk of Malappuram
district, Kerala, situated at an elevation of 85m above MSL.

e Flow of the river is southwest to Thiruvnavaya and then North-west to Elamkulam
where it turns south-west joining the Bharatapuzha river.

e The total drainage area (catchment area) of the river basin is 117 sq.km.
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e Length of the river is approximately 48km long.

e Canoli Canal, which passes through the Niramaruthur and Vettom Grama
Panchayaths, joins with Tirur River at Kuttayi.

e The river joins the Bharatapuzha River and discharges into the Arabian
Seal/lLakshadweep Sea at Ponnani.

3493 Purpose of hydraulic study

Structures built in rivers and estuaries are prone to scour around their substructure and
foundations. If the depth of scour becomes significant, the stability of the foundations may be
endangered, with a consequent risk of the structure suffering damage or failure. The factors
influencing the development of scour are complex and differ according to the type of the
structure.

In this project since the most of the stretch is proposed along the banks of the river, there is
possible influence of scour in the structural behaviour and stability of the structure. The
hydraulic & hydrological survey pertains to the sample hydraulic analysis and estimation of
scour for the Bharathapuzha river stretch of the corridor alignment.

3494 Data collected from site

The proposed Bridge is in the estuary of Bharatapuzha River and Chamravattom Bridge
which is a regulator cum Bridge is constructred around 6 Km on upstream side. The salient
hydraulic features of Chamravattom Bridge collected is as follows:

Length of River: 1000m

Length of Bridge: 978m

Reservoir Capacity: 24.49 Mm?
Maximum flood discharge: 8496 cumecs

Catchment area: 6189 Km?

34.9.5 Procedure as per IRC SP-13

For stream with erodible bed material the cross section will be large when the flood happens.
During the flood the velocity is high and therefore the stream scours its bed, but when the
flood subsides, the velocity diminishes and the bed progressively silts up again. So discharge
obtained from the existing cross section cannot be used for any hydraulic calculations and
cannot be comparable with the flood discharge data available from the records.

The hydraulic data obtained from Water resources department, PWD gives the flood
discharge for a return period of 50 years for the river stretch near the alignment.

The hydraulic analysis is done for each km of the river stretch along the alignment. The HFL
and flood discharge (Q) for each km is interpolated from the values given for each reach.

Streams flowing in alluvium (with erodible bed material) are wide and shallow and meander
to some extent. So the normal scoured depth of such streams has to be calculated
theoretically from concepts which are not wholly rational.
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The Bharathapuzha river can be alluvial channel if the banks are not rigid to resist erosion
and carries erodible bed material and at stretches with defined boundaries and erodible bed
material it behaves as quasi alluvial channel.

“Lacey’s theory of flow in Incoherent Alluvium” has been used widely in India for hydraulic
calculations. Long term characteristics of the alluvial channels can be predicted by using the
empirical formula given by Lacey.

34.9.6 Normal depth of scour

Case 1

When the river behaves as alluvial channel, the normal scour depth can be calculated as
Dsm = 1.34 [Db 2/ksf]" (C19.1.3 IRC SP:13-2004) '(Cl.703.2,IRC:78-2014)

Where

Dsm— Normal scour depth in m

Db — Discharge in ms/s per m width (Q/W)

W — the regime width of the stream

kst— Silt factor of material at the anticipated scour level. (1.76 v dm)

dm —Weighted mean diameter of particles in mm

This formula takes care of the contraction and therefore no further modifications are needed.

Case 2

When the river behaves as quasi alluvial channel and the linear waterway is less than the
natural unobstructed width of the channel (contraction), the normal scoured depth

Dem = 1.34 [Db 2/ksf]"®
(C1 9.2.9 IRC SP:13-2004)

Where

Db — Discharge in ma/s per m width (Q/L)

L — Linear waterway

W — Fixed width of the stream, obtained from the cross section.

The silt factor (k¢) of the bed material is calculated from the particle size distribution curve
given in borehole data. Normal depth of scour is calculated as above and if the scour occurs
at the same level as the bed material considered, the assumption made is correct. Otherwise
consider bed material at the scoured level obtained from first trial. The procedure is repeated
till the scoured level matches with the level from which the bed material is considered and
hence the normal depth of scour.

34.9.7 Maximum depth of scour

In natural streams the scouring action of the current is not uniform all along the bed width. In
straight reaches as well as bends, and also around the obstructions there is deeper scour
than normal i.e., (local scour).Maximum scour at pier locations can be estimated as a
multiple of normal scour based on guidelines given in IRC SP-13.
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For bad sites on curves or where diagonal current exists or the bridge is multi span structure
the maximum scour depth should be taken as 2 times the normal scour depth, modified for
the effect of contraction when necessary.

3498 METHODOLOGY ADOPTED

As the Bridge is crossing across Ponnani Estuary, the river characteristics of both Tirur and
Bharathapuzha rivers shall be studied. At estuary locations, there will reverse flow of sea
tides from the Arabian Sea / Lakshadweep Sea towards the estuary. Hence the velocity and
discharge for the same shall be evaluated by model studies and the same shall be
considered for the overall discharge along the Ponnani Estuary.

It is also observed that at the upstream side of the proposed bridge location, there is a
Regulator cum Bridge (RCB) at Chamravottam across Bharatapuzha River. Hence the flood
discharge is also considered for hydraulic analysis. The flood discharge of Chamravottam
RCB is 8496 cumecs.

The total discharge and scour calculations considering the above points are shown in
Annexure-4 of this report.

3.4.10 Traffic Surveys and Analysis

Traffic surveys such as mid-block classified volume counts (CVC), Origin — Destination (OD),
Axle load, turning movement count (TMC), ferry terminal survey and speed and delay survey
were carried out at identified locations to understand the existing traffic pattern and assess
the potential traffic that would use the proposed bridge. The locations for the surveys were
finalised based on the reconnaissance survey.

3.4.10.1 Traffic Survey Locations and Schedule

Due to heavy rain in Malappuram District and flood in regional area, most of the roads were
closed/ blocked. Therefore, surveys were stopped in between and details of the traffic
surveys conducted are presented in Table 3-16. The survey locations map is shown in
Figure 3-6.

Table 3-16: Details of Traffic Surveys

Classified Traffic Volume Count (CVC)

1 NH-66 (Near Urban Bank)
2 7C(\j/aCy Ponnani- Tirur Road (Near Chamravattom Bridge)
3 SH-62 (Near Kundukadav Bridge)

Origin-Destination Survey (OD)
NH-66 (Near Urban Bank)

1 Day OD
5 (24 hrs) Ponnani- Tirur Road (Near Chamravattom Bridge)
Axle Load Survey (OD)
6 2 Day NH-66 (Near Urban Bank)
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Figure 3-6 :

Map of Traffic Survey locations
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3.4.10.2 Analysis of Traffic Surveys

3.4.10.2.1 Analysis of Classified Traffic Volume Count Survey

Classified volume count survey has been carried out various locations and analysis of the
same is discussed in this section. Analysis of classified volume counts has been carried out
to understand the following traffic characteristics:

» Average Daily Traffic (ADT)

» Peak Hour Traffic and Peak Hour share

» Traffic Composition

» Hourly Variation and Daily Variation of Traffic
» Directional Split

» Seasonal Variation

» Annual Average Daily Traffic (AADT)

Different type of vehicles with wide range of physical and traffic characteristics ply on Indian
roads. A way of accounting the interaction of various kinds of vehicles is to express the
capacity of roads in terms of a common unit, generally identified as the ‘Passenger Car Unit’
(PCU). The Passenger Car Unit (PCU) factors recommended by Indian Road Congress in
“Guidelines for Capacity of Roads in Rural Areas” (IRC-64-1990) have been used for
conversion, and are presented in Table 3-18.

Table 3-17: Recommended PCU Factors for Rural Roads

SI. No. Vehicle Type Equivalency
Factor
1 Motor Cycle or Scooter 0.50
2 Passenger Car, Pick-up Van or Auto- 1.00
rickshaw
3 Agricultural  Tractor, Light Commercial 1.50
Vehicles
4 Truck or Bus 3.00
5 Truck-trailer, Agriculture Tractor-trailer 4.50
6 Cycle 0.50
7 Cycle-rickshaw 2.00
8 Hand cart 3.00
9 Horse-drawn Vehicle 4.00
10 Bullock cart 8.00

Photos of Classified volume count surveys are shown in Figure 3-7.
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SH-62 (Near Kundukadav Bridge)

NH-66 (Near Urban Bank)

Figure 3-7 : Photos of Classified Volume Count Surveys

3.4.10.2.2 Average Daily Traffic (ADT)

Based on reconnaissance survey, 7-day classified volume count surveys (direction-wise)
were carried out along various major roads in Ponnani. The daily traffic is averaged to obtain
the Average Daily Traffic (ADT) and the total vehicles are converted into Passenger Car
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Units (PCU’s) using Passenger Car Unit Factor. The location wise Average Daily Traffic
(ADT) and equivalent Passenger Car Units (PCUs) are presented in Table 3-18. The day-
wise, mode-wise summary of classified volume count is given in Annexure 1 of RP004-
Traffic Analysis Report.

Table 3-18: Location-wise Average Daily Traffic (ADT)

Location
vehicloType NGB (Near (oI amravattom  Kundukaday
Bridge) Bridge)
Two Wheeler 7,538 10,372 11,407
Three Wheeler 1,290 1,664 1,325
Car 5,669 5,401 3,997
Mini Bus 112 63 84
Bus 268 240 437
Goods Auto 179 191 180
Tata Ace / Mahindra 423 546 343
LCV 711 361 448
2-Axle Truck 491 365 462
3-Axle Truck 263 200 130
MAV 218 137 187
Agriculture Tractor-Trailer 2 4 3
Bi-Cycle 253 61 234
Others* 11 9 3
Total Vehicles 17,429 19,615 19,238
Total PCUs 17,115 17,134 16,652

*Cycle Rickshaw, Animal/Hand Drawn, Hand Cart, Other NMV

Observations:

e The Passenger traffic especially Car and Two-wheeler traffic is observed to be high
at all the locations. The share of above traffic varies between 76% and 80% at all the
survey locations. This is because of the local city bound traffic plying on all the roads

e The overall share of passenger traffic at NH-66 (Near Urban Bank), Ponnani- Tirur
Road (Near Chamravattom Bridge) and SH-62 (Near Kundukadav Bridge) is
observed to be 85%, 90% and 90% respectively

e The share of commercial traffic at NH-66 (Near Urban Bank), Ponnani- Tirur Road
(Near Chamravattom Bridge) and SH-62 (Near Kundukadav Bridge) is observed to be
13%, 9% and 9% respectively
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o 2-axle trucks are observed to be high compared to 3-axle and MAV at all the survey
location
3.4.10.3 Peak Hour Traffic

Peak hour traffic at all the survey locations are presented in Table 3-19. The peak hour traffic
varies from 6.9% to 7.8% of the total daily traffic.

Table 3-19: Peak Hour Traffic

Location Peak Hour Peak Hour PCU
NH-66 (Near Urban Bank) 17:00-18:00 1183 6.9%
Fonnani- Hirur '_‘I;?%‘;g)“ear 17:30-18:30 1329 7.8%
S'r'i'égi )(Near il bty 16:30-17:30 1227 7.4%

3.4.10.4 Traffic Composition

The traffic composition of vehicles at all the survey locations are worked out and presented in
Figure 3-8.

Chamravattom Bridge)
Car Bus

LMV/LCV
5.6%

2 Axle Truck
1.9%

3 Axle Truck

Bridge)

Three Wheeler. Car
6.9%

Lmv/Lcv
5.0%

2 Axle Truck
2.4%

3 Axle Truck

0.7%

MAV
1.0%

Figure 3-8 : Location-wise Traffic composition
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Observations:

e The share of passenger vehicles is high among the share of car and two wheeler
being the highest at all the locations

3.4.10.5 Hourly Variation of Traffic

Hourly variation (average of 7 days) of traffic at the survey locations is presented in Figure
3-9.

~@—Vehicles

Vehicles

~—PCUs

~&—Vehicles

Vehicles

~—PCUs
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~8—Vehicles

Vehicles

~—PCUs

Figure 3-9 : Hourly Variation of Traffic

Observations:
e Traffic during the night hours is observed to be very low at all the locations
e There is a distinctive morning and evening peaks in all the directions with the evening
peak having more traffic than the morning peak.
3.4.10.6 Daily Variation of Traffic

Daily variation of traffic at all the survey locations is presented in Figure 3-10.
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Figure 3-10 : Daily Variation of Traffic

Observations:
o Traffic during weekends is observed to be high

There is slight variation on daily traffic during 3" and 5™ day of the surveys due to
heavy rain in Malappuram District and flood in the regional area

3.4.10.7 Direction-wise Split of Traffic

Direction-wise variation of traffic at all the survey location is presented in Figure 3-11.
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Figure 3-11 : Direction-wise split of Traffic

Observations:

e The directional split shows that directional traffic is almost equal at all the survey
locations

3.4.10.8 Seasonal Correction Factor (SCF)

The traffic plying on any road generally varies over different periods of the year depending on
the cycle of different socio-economic activities in the influencing regions. Therefore, in order
to have more realistic picture of the traffic on the proposed bridge, it is required to assess the
seasonal variation in traffic. This would help in estimating the Annual Average Daily Traffic
(AADT).

The seasonal correction factor is generally derived from secondary data. To understand the
seasonal variation of traffic in project influence area, the monthly fuel sales data for Petrol
and Diesel from various fuel stations located in project influence area have been collected.
The ratio of total volume of fuel sold in the month of August (survey month) and average
monthly volume sold has been taken to calculate the seasonal variation factor. This
multiplicative factor works out to 0.93 and 1.24 for MS and HSD respectively. Based on fuel
sales data, Seasonal Correction Factor (SCF) is arrived are presented in Table 3-20.
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Table 3-20: Seasonal Correction Factor

Seasonal Correction Factor (SCF)

Month Petrol Diesel
April 0.88 0.78
May 0.89 0.84
June 1.00 1.19
July 0.91 1.22
August 0.93 1.24
September 1.22 1.31
October 0.93 1.19
November 1.09 1.13
December 1.09 0.94
January 1.05 0.83
February 1.11 0.90
March 1.03 0.83

3.4.10.9 Annual Average Daily Traffic (AADT)

The mode wise seasonal correction factor has been applied for converting the average daily
traffic to annual average daily traffic. Location-wise annual average daily traffic is presented
in Table 3-21.

Table 3-21: Location-wise Annual Average Daily Traffic (AADT)

Location
vehicloType NGB (Near (oI amravattom  Kundukaday
Two Wheeler 7,011 9,647 10,608
Three Wheeler 1,199 1,548 1,233
Car 5,984 5,700 4,219
Mini Bus 139 79 104
Bus 334 299 543
Goods Auto 223 237 223
Tata Ace / Mahindra 526 679 426
LCV 885 450 558
2-Axle Truck 610 454 574
3-Axle Truck 327 248 161
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Location
vehicloType - NH-G6 (Near  ((0oI T amravattom  Kundukaday
Bridge) Bridge)
MAV 271 170 232
Agriculture Tractor-Trailer 3 5 4
Bi-Cycle 253 61 234
Others* 11 9 3
Total Vehicles 17,775 19,586 19,123
Total PCUs 18,582 18,119 17,719

*Cycle Rickshaw, Animal/Hand Drawn, Hand Cart, Other NMV

3.4.10.10

Analysis of Turning Movement Count Survey

To assess the impact of major cross roads, turning movement survey is carried out at
identified important junctions and the details of the junctions are presented in this section.
Total junction traffic, peak hour and peak hour traffic at all the survey location is presented in
Table 3-22. Summary of turning movement count survey is presented in Annexure 2 of
RP004-Traffic Analysis Report.

Table 3-22: Summary of Turning Movement Count

Name of the
Junction

S.
No

Peak hour

Junctio
n Type

Morning

Peak hour Traffic
(PCUs)

Mornin Evenin

Eveni
vening g g

1 KodathippadiJn.  4-Arm 10:30- 16:45- 1049 1108 15 0e
11:30 17-45 :

2 Bus Stand Jn. 3-Arm 09.00- 16.15- 1,782 1,698 0 413
10.00 17.15 :

3 Kavilakkad Jn. 3-Arm 09.30- 16.30- 831 1,059 o sgs
10.30 17.30 :

4 Koottayi Jn. 4-Arm 10:00- 16:45- 680 588 074
11-:00 17-45 !

5 Alathiyoor Jn 4-Arm 10:30- 16:45- 2579 2638 4 407
11:30 17-45 :

Chamaravattom 08:30- 17:00-
6 Jn 5-Arm 09:30 18:00 3.850 4,213 59,644

Location-wise directional movement at all the survey locations are presented in Table 3-23.
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Table 3-23:Location-wise Directional Movement of Traffic

Name of the
Junction

Direction

Vehicle

PCU

@ L&T Infra Engineering

From Ponnani Harbour 770 470
To Ponnani Harbour 705 420
From Chandappadi 6,747 5,142
1 KOdajrr‘]ippadi To Chandappadi 6,042 4211
. From Ponnani Bus Stand 5,935 4,144
To Ponnani Bus Stand 6,568 5,049
From Ponnani Beach 526 327
To Ponnani Beach 663 403
From Ponnani Court 11,747 8,806
To Ponnani Court 11,623 8,326
5 s Sl From Pandithara Road 7,148 4,953
To Pandithara Road 7,382 5,536
From NH-66 8,963 6,654
To NH-66 8,853 6,551
From Mangalam Road 6,051 4,055
To Mangalam Road 6,629 4,402
Il;;onn; Purathur Service Co-operative 3,989 2584

3 Kavilakkad Jn. To Purathur Service Co-operative
Bank 3,806 2,485
From Purathur Bus Stand 5,957 3,955
To Purathur Bus Stand 5,562 3,706
From Tippu Sulthan Road 1,478 1,267
To Tippu Sulthan Road 1,432 1,245
From Hayathul Islam Sabha Hall 166 132
To Hayathul Islam Sabha Hall 171 121

4 Kottayi Jn
From Mangalam Road 824 643
To Mangalam Road 809 640
From Padinjarekkara Road 2,075 1,752
To Padinjarekkara Road 2,131 1,788
From Ponnani- Tirur Road (N) 5,743 4,110
5 Alathiyoor Jn To Ponnani- Tirur Road (N) 6,503 4,505
From Codachal 7,164 5,080
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Name of the

S. No. Junction Direction
To Codachal 7,185 5,283
From Ponnani- Tirur Road (S) 5,895 4,339
To Ponnani- Tirur Road (S) 4,655 3,328
From Ambalappadi 3,994 2,753
To Ambalappadi 4,453 3,165
From NH-66 (N) 10,476 10,239
To NH-66 (N) 9,218 9,010
From Ponnani-Palakkad (E ) 23,992 18,717
To Ponnani-Palakkad (E ) 20,078 16,773
. Chamaravattom From NH-66 (S) 16,162 12,916
Jn To NH-66 (S) 13,457 10,568
From Ponnani-Palakkad (W) 15,439 10,626
To Ponnani-Palakkad (W) 23,530 16,358
From Ponnani-Tirur Road 9,391 7,147
To Ponnani-Tirur Road 9,177 6,935

Location-wise traffic composition is presented in Table 3-24.

Table 3-24: Location-wise Traffic Composition

Name of the Two Three Car Bus
Junction Wheeler
[ F:dath'ppad' 68% 18% 8% 2% 1% 1% S 1%
2 Bus Stand Jn. 65% 18% 9% 3% 1% 1% - 2%
3 Kavilakkad Jn. 69% 12% 10% 1% 1% 2% - 5%
4 Koottayi Jn, 48% 26% 18% 2% 1% 2% - 1%
5 Alathiyoor Jn 60% 14% 19% 1% 1% 2% 2% ]
6 ghamara"atto 62% 12% 17% 1% 1% 2% 3% 1%

3.4.10.11 Survey Methodology

Roadside Interview method, as detailed in IRC: 102-1988, is used for conducting O-D
survey. The survey was carried out for both passenger and goods vehicles for 24 hours (in
both directions) on a working day. Trained enumerators under the supervision of a team of
Traffic Engineers collected the travel information.
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The information collected contained trip origin and trip destination. In addition, commodity
details for goods vehicles and purpose and frequency for passenger vehicles were also
collected. The data analysis is carried out to assess the movement pattern on the existing
major road and estimate the trip frequency, trip length, trip purpose etc. Photos of Axle load
and Origin-Destination surveys are shown in Error! Reference source not found.

Figure 3-12 : Photos of Axle load and Origin-Destination Surveys

3.4.10.12Sample Size

The sample size for various categories of goods vehicles range from 15% to 63% whereas
the sample size ranges for various passenger vehicles are 6% to 34%. Location-wise the
sample size for various categories of vehicles is summarized in Table 3-25.

Table 3-25: Sample Size of O-D Survey

NH-66 (Near Ponnani- Tirur Road

Vehicle Type Urban Bank) (Near CBﬁ'?CT;I;:)vattom
Two Wheeler 6% 11%
Auto 17% 31%
Car 19% 27%
Bus 15% 34%
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_ NH-66 (Near Ponnani- Tirur Road
Vehicle Type Urban Bank)

Goods Auto 19% 27%

Tata Ace 15% 25%

LCV 21% 25%

2 Axle Truck 42% 63%

3 Axle Truck 58% 26%

MAV 63% 32%

3.4.10.13 Zoning System

For the purpose of analysis, the entire country was broadly divided into two regions. They
are, Immediate Influence Area (lIA) and Broad Influence Area (BIA). In order to assess the
traffic pattern on the project influence area, zoning system is developed keeping in view the
major generation and attraction points. While defining zones, the following were considered:

» Important towns and industrial areas along or near the major roads
> Administrative boundaries, e.g., district and state boundaries

The entire project influence area is divided into 56 zones and the same is presented in Table
3-26.
Table 3-26: Adopted Zoning System

S.No. Zone Name S.No. Zone Name

1 Puthu Ponnani, Anappadi 29  Alamcode,Changaramkulam,
Kadavallur

2 Ponnani Beach 30  Rest of Malappuram District

& Ponnani Harbour 31 Kozhikode

4 Chandappadi 32 Wayanad

5 Kollan padi, Mukkilepeedika 33  Guruvayur

6 Kuttadu 34  Kunnamkulam

7 Biyyam, Thuyyam 35  Pattambi, Shoranur

8 Chamaravattom, Pothanoor 36 Thrissur

9 Parappuram 37  Palakkad, Alathur

10  Tavanur, Koorada 38  Kochi

1 Thrikkannapuram, Kandankam 39 Eranakulam

12 Kuttipuram, Valenchery 40  Alappuzha

13  Perintalmanna 41 Kottayam

14 Purathur, Kavilakkad 42 Idukki

15  Padinjarekkara 43  Pathanamthitta
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S.No. Zone Name S.No. Zone Name

16  Triprangode, Alathiyoor, Mangalam 44  Kannur

17  Koottayi, Unniyal 45  Kasaragod

18  Talakkad, Trikkandiyoor 46 Kollam

19  Tirur 47  Thiruvananthapuram
20  Tanur 48  Coimbatore, Tiruppur,Erode,Karur
21 Kottakkal 49 Pollachi, Dindigul

22  Malappuram Town 50 Rest of Tamil Nadu
23  Edavanna, Nilambur 51 Mangaluru

24  Tirurangadi, Kooriyad 52  Bengaluru

25  Veliancode, Palappetty 53  Rest of Karnataka
26  Purangu 54  Goa

27  Marancherry, Perumbadappu 55  Maharashtra

28  Edappal, Naduvattom 56  Rest of India

The collected data is coded, processed and expanded to total traffic using the expansion
factors for each vehicle type. The expansion factor is calculated from the sample size
collected for various categories of vehicles from the O-D survey.

3.4.10.14 Estimation of Traffic Demand

Based on the review of secondary data and analysis of primary survey data, Consultant
estimated base year traffic. The same has been used to arrive at the traffic forecast for
horizon years:

1) Divertible Traffic
2) Generated Traffic
3) Induced Traffic

3.4.10.14.1  Traffic Diversion Analysis

Diverted traffic is defined as the component of traffic that will get diverted from the existing
road network/ other features to the proposed new bridge for taking advantage of the new
proposed bridge for various reasons such as savings in generalised cost of travel (VOC
benefits), better accessibility, improved riding quality, savings in travel time, improved travel
speeds etc. With respect to proposed bridge, diverted traffic consists of two components,
namely:

1) Diverted traffic from existing road network
2) Diverted traffic from ferry/ junkar (ro-ro) service

Diverted traffic from existing road network is estimated primarily using traffic survey data. It
comprises of identifying the O-D pairs which have potential to divert to the proposed bridge
from alternate roads. The identified number of trips on proposed bridge multiplied with
diversion potential gives the diverted traffic on the proposed bridge. The identified the O-D
pairs which have potential to divert to the proposed bridge from alternate roads are given in
Table 3-27.
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Table 3-27: Potential Zones considered for Estimating Divertible Traffic

S.No. Zone Name S.No. Zone Name

1 Puthu Ponnani, Anappadi 35 Pattambi, Shoranur

2 Ponnani Beach 36 Thrissur

3 Ponnani Harbour 37 Palakkad, Alathur

4 Chandappadi 38 Kochi

5 Kollan padi, Mukkilepeedika 39 Eranakulam

6 Kuttadu 40 Alappuzha

7 Biyyam, Thuyyam 41 Kottayam

15 Padinjarekkara 42 [dukki

17 Koottayi, Unniyal 43 Pathanamthitta

20 Tanur 44 Kannur

25 Veliancode, Palappetty 45 Kasaragod

26 Purangu 46 Kollam

27 Marancherry, Perumbadappu 47 Thiruvananthapuram

28 Edappal, Naduvattom 48 Coimbatore, Tiruppur,Erode,Karur

29 Alamcode,Changaramkulam, 49 Pollachi, Dindigul
Kadavallur

31 Kozhikode 51 Mangaluru

32 Wayanad 54 Goa

33 Guruvayur 55 Maharashtra

34 Kunnamkulam

The procedure for estimating diversion potential is briefed below:

> Cost Ratio factors are derived for each type of vehicle considering the parameters
such as ftravel distance, travel time/ mileage and fuel rate i.e. comparison of
generalised cost of travel on proposed bridge and alternate roads

> The diversion potential for each type of vehicle from each of the alternate roads is
estimated using the cost ratio factors and diversion equations (which are similar to
Logit Curve)

> The diversion equations used for estimation of the diversion potential of the proposed
bridge are given in Table 3-28.

Table 3-28: Diversion Equations used for Diversion Analysis

Type of Vehicle Cost Ratio Interval Relationship |
<0.634 % Div = 98.75 — ((CR/0.634)*8.125)
Car 0.64 = CR < 1.465 % Div = 90.625 — ((CR - 0.634)/0.831)*84.375

1.465=CR<=2.00 % Div = 6.25 — ((CR — 1.465)/0.535))*5.25

Bus and Truck <=0.75 % Div = 100 — (CR/0.75)*5
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Type of Vehicle Cost Ratio Interval Relationship
0.75=CR<1.25 % Div = 95 — ((CR-0.75)/0.5)*90
1.25=CR <=2.00 % Div = ((2-CR)/0.75)*5

Percentage of traffic that can be diverted from alternate roads to proposed bridge using
diversion equation is calculated and total traffic that will get diverted from the alternate roads
to the proposed bridge is estimated and presented in Table 3-29.

The modes which are currently being transported via the existing ferry service are two-
wheeler, car, auto, mini bus and goods auto. Once the proposed bridge becomes functional,
these modes will start using the bridge due to savings in travel time and waiting time. The
traffic that will get diverted from the existing ferry/ junkar (ro-ro) service is given in Table
3-29.

Table 3-29: Diversion of Traffic to the Proposed Bridge

Divertible Traffic

TIe (o Cramrovatiom NS (Near (TR ToalDivertle
Bridge)

Two Wheeler 496 177 307 980
Auto 99 24 107 230
Mini Bus 21 0 3 24
Private Bus 8 12 - 20
Car 974 349 236 1,560
Goods Auto 37 6 28 71
Tata Ace 171 39 - 209
LCV 216 37 - 253
2A Truck 207 80 - 287
3A Truck 121 51 - 172
MAV 77 48 - 125
Total 2,425 823 681 3,928
Vehicle

Total PCU 3,339 1,228 543 5,111

Divertible traffic from Ponnani- Tirur Road (Near Chamravattom Bridge), NH-66 (Near Urban
Bank) and Ferry Terminal to the proposed bridge is 3,339 PCUs, 1,228 PCUs and 543 PCUs
respectively. The total estimated divertible traffic on the proposed bridge is 5,111 PCUs
(3,928 vehicles).

3.4.10.14.2 Generated Traffic

Generated traffic is defined as the component of traffic that will get generated due to new
developments that will happen within the project influence area mostly because of the
improved road conditions i.e., New bridge connectivity. Generated Traffic on the proposed
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bridge is mainly due to the local development by providing connectivity to the surrounding
areas.

Generated Traffic due to Local Development

It is an important component for the study as the project has been planned as part of the
Coastal Highway proposal. Ponnani is a major fishing hub in Kerala and therefore it forms a
major component in generated traffic. The proposed cargo port in Ponnani will also generate
traffic on to the proposed bridge. “Master Plan for Ponnani- 2035” prepared by Department
of Town and Country Planning has been reviewed to understand the future developments in
and around Ponnani town. Other possible developments such as tourist destinations and
subsequent impact of traffic generated have also been assessed. The various development
proposals/ land use details that are considered for trip generation is presented in Table 3-30.

Table 3-30: List of Proposals considered for Trip Generation

N(;_ Type of Development® Location
1 Craft Village Biyyam Kayal 7.56
2 Tourism Village Near Veliyamkode Bridge 4.97
3 Beach Recreation including  Near Munambam Beevi. 4.32
Aquarium and Sea Expo Jaaram at Puduponnani
4 Cargo Port (Phase 1 & 1A) Ponnani 711.90
5 Parks and open spaces Ponnani 32.81

*Source: Proposed Landuse Map in Master Plan for Ponnani- 2035

Standard trip generation rates such as Institute of Transportation Engineers’ (ITE) Trip
Generation rates are not available for Indian conditions to estimate the trip generation from
various land uses. Therefore, trip rates of various development sites derived in previous
studies by Consultant are referred for estimation of trips for various land uses. Trip
generation rate of goods vehicles for tourism sector and port/ logistics (per 100 TEU) is 0.2
truck/ acre and 0.5 truck/ acre whereas for passenger vehicles is 10 car/ acre and 0.2 car/
acre.

Trip generation rates applicable to each land use are multiplied with respective area of the
development to get the trips generated. All the trips thus generated are not expected to use
the proposed bridge as the developments are located in various locations. Therefore,
potential traffic that will use the proposed bridge is assessed based on the relative distance
of development with respect to the proposed bridge, availability of alternative road network,
influence of the particular zone on the proposed bridge based on O-D data.

3.4.10.14.3 Induced Traffic

Induced traffic is defined as the component of traffic that is potentially existing but not
presently evident or realised. It is like release of latent demand for travel due to the proposed
bridge. It is the traffic generated due to availability of superior facility which will result in new
trips other than generated traffic.

Basically, details such as travel behavioural data of users, selection of type of vehicle and
type of route for the trip by the user etc. details are required for assessment of induced
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traffic. In the absence of such detailed level of data, 10% of the generated traffic is
considered as the induced traffic for the proposed bridge. The total generated traffic due to
the local developments thus estimated is presented in Table 3-31.

Table 3-31: Generated and Induced Traffic on the Proposed Bridge

Total Generated and

Type of Vehicle Induced Traffic

Two Wheeler 55
Auto 15
Car 187
Mini Bus 9

Private Bus 11

Goods Auto 30
Tata Ace 55
LCV 105
2A Truck 85
3A Truck 24
Total Vehicles 575
Total PCUs 887

Generated traffic due to local development on the proposed bridge is estimated as 806
PCUs (523 vehicles) where as induced traffic is estimated as 81 PCUs (52 vehicles).

The total generated and induced traffic on the proposed bridge due to the developments is
estimated as 887 PCUs (575 vehicles). It is assumed that all the proposed developments will
occur in next 5 years and the traffic will generate from year 2025.

3.4.10.15 Recommended Growth Rates

Generally, the spread of economic development induces changes in the spatial distribution of
activities and corresponding changes in transport demand elasticity. As regions become
more and more self-sufficient, the need for long-distance transport diminishes. Therefore, it is
generally assumed that transport demand elasticity, for both truck and passenger traffic
would tend to decline over time despite growth in NSDP/ NSVA, population and per capita
income. Hence a decline in elasticity has been assumed for the future period.

» In future years, the growth rate is expected to reduce gradually and therefore, the
growth rate is assumed such that it will decrease by 5% for every five year block for
the first 15 year period and by 10% thereafter

» However, minimum of 5% growth has been assumed for Bus

Considering the above criteria, recommended growth rate is estimated and the same is
considered for all three scenarios i.e.
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» Most-Likely Scenario
» Optimistic Scenario
» Pessimistic Scenario

Since the growth rates are arrived based on the actual economic growth indicators such as
NSDP, population and per-capita income, the recommended growth rates can be considered
as Most-Likely Scenario and presented in Table 3-32.

For optimistic scenario, it is assumed that elasticity values will be 20% more than that of
most-likely scenario and for pessimistic scenario, it is assumed that the elasticity values will
be 20% less than that of most-likely scenario. Based on the above assumption, the growth
rates are arrived for both optimistic and pessimistic scenarios and presented in Table 3-33
and Table 3-34.

Table 3-32: Recommended Traffic growth rates (Most-Likely Scenario)

2020- 2024-

2023 2028
moeeler 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
Auto 5.0% 5.0% 48% 45% 41% 3.7% 33% 3.0%
Car 7.0% 7.0% 6.7% 63% 57% 51% 46% 4.1%
Mini Bus 5.0% 50% 48% 45% 41% 3.7% 33% 3.0%
Private Bus 5.0% 5.0% 48% 45% 41% 3.7% 33% 3.0%
Goods Auto 5.0% 50% 48% 45% 41% 3.7% 33% 3.0%
Tata Ace 6.0% 6.0% 57% 54% 49% 44% 39% 3.6%
LCV 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
2 Axle 4.0% 40% 38% 36% 32% 29% 26% 24%
3 Axle 5.0% 50% 48% 45% 41% 3.7% 33% 3.0%
MAV 6.5% 6.5% 6.2% 59% 53% 48% 43% 3.8%

Table 3-33: Recommended Traffic growth rates (Optimistic Scenario)

2019 2020- 2024-

(Base 2023 2028

Year)
TWO o 0, o 0, 0, o 0, o
Wheeler 7.2% 72% 68% 6.5% 58% 53% 47% 4.3%
Auto 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
Car 8.4% 84% 80% 7.6% 68% 61% 55% 5.0%
Mini Bus 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
Private Bus 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
Goods Auto 6.0% 6.0% 57% 54% 49% 44% 3.9% 3.6%
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2020- 2024-
2023 2028
Tata Ace 7.2% 7.2% 6.8% 6.5% 58% 53% 4.7% 4.3%
LCV 7.2% 7.2% 6.8% 6.5% 58% 53% 4.7% 4.3%
2 Axle 4.8% 48% 4.6% 43% 39% 35% 32% 2.8%
3 Axle 6.0% 6.0% 57% 54% 49% 44% 39% 3.6%
MAV 7.8% 7.8% 74% 7.0% 6.3% 57% 51% 4.6%

Table 3-34: Recommended Traffic growth rates (Pessimistic Scenario)

2019 2020-  2024-

(Base 2023 2028

Year)
mzeler 4.8% 4.8% 46% 4.3% 3.9% 35% 32% 2.8%
Auto 4.0% 4.0% 3.8% 3.6% 3.2% 29% 26% 2.4%
Car 5.6% 56% 53% 51% 45% 4.1% 37% 3.3%
Mini Bus 4.0% 4.0% 3.8% 3.6% 3.2% 29% 26% 2.4%
Private Bus 4.0% 4.0% 3.8% 3.6% 3.2% 29% 26% 2.4%
Goods Auto 4.0% 4.0% 3.8% 3.6% 3.2% 29% 26% 2.4%
Tata Ace 4.8% 4.8% 46% 4.3% 3.9% 35% 32% 2.8%
LCV 4.8% 4.8% 46% 4.3% 3.9% 35% 32% 2.8%
2 Axle 3.2% 32% 3.0% 29% 26% 23% 21% 1.9%
3 Axle 4.0% 4.0% 3.8% 3.6% 3.2% 29% 26% 2.4%
MAV 5.2% 52% 49% 4.7% 42% 3.8% 3.4% 3.1%

3.4.10.15.1  Growth considered for Generated Traffic
The growth of generated traffic for all the three scenarios is considered.

» For most-likely scenario, it is assumed that all the proposed developments will be
implemented in next 5 years

» For optimistic scenario, it is assumed that generated traffic will be 20% more than that
of most-likely scenario

» For pessimistic scenario, it is assumed that there will be no development in the
project influence area
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3.4.10.16 Traffic Forecast

Based on the recommended growth rates, traffic forecast of AADT has been done for proposed bridge (Diverted Traffic + Generated Traffic +
Induced Traffic) for all the three scenarios namely most-likely scenario, optimistic scenario, and pessimistic scenarios and presented in tables
fromError! Reference source not found. To Table 3-37. The proposed bridge will be operational from year 2023 (as per TOR), therefore traffic is
forecasted further period of 30 years from completion of proposed bridge.

Table 3-35: Traffic Forecast (AADT) for Most-likely Scenario for Proposed Bridge

Two Mini Private Goods Tata 2A 3A Total

Year Wheeler Auto car Bus Bus Auto Ace LCV Truck  Truck MAV Vehicles fotal FCU
2023 1,237 279 2,044 29 24 86 264 319 336 209 160 4,987 6,417
2024 1,307 292 2,180 30 25 90 279 337 349 219 170 5,279 6,775
2025 1,382 306 2,325 32 26 94 295 357 362 229 181 5,589 7,154
2030 1,813 384 3,188 40 33 118 388 468 434 288 243 7,397 9,356
2035 2,336 475 4,280 49 40 146 499 603 515 356 319 9,619 12,039
2040 2,936 575 5,582 60 49 177 628 758 601 431 408 12,204 15,138
2045 3,609 683 7,095 71 58 210 771 931 690 512 510 15,141 18,635
2050 4,346 798 8,808 83 68 245 929 1,122 781 598 624 18,403 22,499
2053 4,826 871 9,949 90 74 268 1,031 1,245 838 653 699 20,546 25,028

Table 3-36: Traffic Forecast (AADT) for Optimistic Scenario for Proposed Bridge

Mini Private Goods Tata 2A 3A Total
gan Bus - Bus - Auto - Lo Truck - Truck Lt Vehicles UEELHEE
2023 1,294 290 2,153 30 25 89 276 334 346 217 168 5,223 6,706
2024 1,382 306 2,325 32 26 94 295 357 362 230 181 5,590 7,156
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Year w::;er car “él::nsl Pg‘ge G::t(:s LCV Trzlﬁ:k Tflﬁ:k MAV V:I:f:Ls Total FCU
2025 1,477 324 2511 34 28 9 316 381 379 243 194 5984 7,638
2030 2,043 425 3659 44 36 131 437 527 471 318 276 8366 10,530
2035 2,764 547 5198 57 47 168 591 713 577 410 382 11,456 14,245
2040 3,632 688 7138 71 50 211 776 937 694 516 514 15237 18,753
2045 4,648 845 9505 88 72 260 993 1,199 819 634 671 19,734 24,076
2050 5805 1,018 12309 106 87 313 1241 1498 951 763 853 24,043 30,205
2053 6579 1,131 14238 117 96 347 1406 1,698 1,034 847 977 28472 34,340

Table 3-37: Traffic Forecast (AADT) for Pessimistic Scenario for Proposed Bridge

Year w::;er Car “él::nsl Pg‘ge G::t(:s hew  Lov Trzlﬁ:k Tflﬁ:k MAV V:I:f:Ls Total FCU
2023 1,182 269 1,939 28 23 82 253 305 326 201 153 4,760 6,137
2024 1,236 279 2,043 29 24 86 264 319 336 209 160 4,983 6,411
2025 1,292 289 2,151 30 25 89 276 333 346 217 168 5,216 6,697
2030 1,608 347 2,774 36 30 107 344 415 400 260 213 6,533 8,306
2035 1,971 412 3515 43 35 127 421 509 459 309 265 8,065 10,164
2040 2,368 480 4352 50 41 148 506 611 519 360 324 9,759 12,206
2045 2,795 551 5277 57 47 169 507 721 580 413 387 11,597 14,409
2050 3,245 625 6,279 65 53 192 694 837 641 468 455 13,555 16,745
2053 3,530 670 6,925 70 57 206 754 911 678 502 499 14,802 18,228
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3.4.10.16.1  Capacity Analysis for the Proposed Bridge

As per IRC: 64-1990 Guidelines for Capacity of Roads in Rural Areas, the design service
volume for two lane road with Level of Service (LOS) ‘B’ is 15,000 PCU/day. Based on the
IRC guidelines capacity assessment for the proposed bridge is arrived for all the three
scenarios and presented in Table 3-38.

Table 3-38: Capacity Analysis/ Lane Requirement for the Proposed Bridge

Lane Most-Likely Optimistic Pessimistic
Requirement Scenario Scenario Scenario
2-lane with LOS Till 2040 Till 2036 Till 2047
B
4-lane with LOS After 2040 After 2036 After 2047
B

» The proposed bridge will cater the traffic of 2-lane capacity till the year 2040

34.10.17 Major Findings on the Traffic Analysis

Following are the major findings from Traffic analysis:

> The share of overall passenger traffic at NH-66 (Near Urban Bank), Ponnani- Tirur
Road (Near Chamravattom Bridge) and SH-62 (Near Kundukadav Bridge) is observed
to be 86%, 90% and 90% respectively whereas the share of commercial traffic is
observed to be 13%, 9% and 9% respectively

> 2-axle trucks are observed to be high compared to 3-axle and MAV at all the survey
location

> The influence of Ponnani town is observed to be high at both the survey locations
which is due to proximity from the survey locations for all modes

> Present major influencing area for bus is observed to be Chamravattom, Tavanur,
Pattambi and Thrissur, for car is observed to be Chamravattom, Kuttipuram and
Kozhikode and for truck traffic is observed to be Chamravattom, Kuttipuram,
Kozhikode, Ernakulam and Mangaluru at NH-66 (Near Urban Bank)

> Present major influencing area for bus is observed to be Malappuram, Kozhikode,
Guruvayur and Ernakulam, for car is observed to be Tirur, Kozhikode and Thrissur
and for truck traffic is observed to be Tirur, Kozhikode, Ernakulam, Alappuzha and
Kannur at Ponnani- Tirur Road (Near Chamravattom Bridge)

> The influence of Kerala state is very significant at both locations for all modes

> The other major influencing states for commercial vehicles are Karnataka and
Maharashtra
> Terminal survey analysis of passenger trips reveals that a total of 4,315 trips per day

are being made Ponnani Ferry Terminal. Major mode of access to the ferry terminal is
two-wheeler (48%). Around 60% of the total trips are made twice daily.
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> Based on the review of secondary data and analysis of primary survey data,
Consultant estimated base year traffic on the proposed bridge which includes
divertible, generated and induced traffic.
> Divertible traffic from Ponnani- Tirur Road (Near Chamravattom Bridge), NH-66 (Near
Urban Bank) and Ferry Terminal to the proposed bridge is 3,339 PCUs, 1,228 PCUs
and 543 PCUs respectively. The total estimated divertible traffic on the proposed
bridge is 5,111 PCUs (3,928 vehicles).
> Generated traffic due to local development on the proposed bridge is estimated as 806
PCUs (523 vehicles) where as induced traffic is estimated as 81 PCUs (52 vehicles).
> The total generated and induced traffic on the proposed bridge due to the
developments is estimated as 887 PCUs (575 vehicles).
> Traffic growth rate has been estimated based on economic and demographic factors
of the influencing states using traffic demand elasticity method
> Traffic forecast done for all the three scenarios i.e. Most-likely scenario, Optimistic
scenario and Pessimistic scenario
> Forecasted traffic for Most-Likely Scenario on proposed bridge
v Year 2019 is 5,111 PCUs
v" Year 2030 is 9,356 PCUs
v Year 2045 is 18,635 PCUs
- Forecasted traffic for Optimistic Scenario on proposed bridge
v Year 2019 is 5,111 PCUs
v Year 2030 is 10,530 PCUs
v" Year 2045 is 24,076 PCUs
> Forecasted traffic for Pessimistic Scenario on proposed bridge
v Year 2019 is 5,111 PCUs
v" Year 2030 is 8,306 PCUs
v Year 2045 is 14,409 PCUs
> The proposed bridge will cater to the traffic of 2-lane capacity at LOS-B till the year
2040.
> A Detailed Traffic analysis report (RP 004-Traffic Analysis Report) is also submitted

as a part of DPR.
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3.4.11 Material Survey

As per Volume-lll: Material Survey Report, the following conclusions were made.

3.4.11.1 Aggregate Sources

Feasible aggregate resources available along the project road are found at Vengara
Malappuram at private stone crushing units located at an offset distance of about 40 Km from
the project road.

3.4.11.2 Sand Sources

Sand material resources available for the project road are from the Bharathapuzha River. It is
noted during the site visit that the sand material from this location are available in plenty.

3.4.12 Geotechnical Investigations

The geotechnical investigation is done to identify the sub soil profile and to arrive at the
engineering properties of soil for design consideration. The geotechnical investigation is
done by conducting 12 boreholes (Marine Borehole 4 nos, Land Boreholes 8 Nos.) at
selected locations. The borehole location plan is attached in Annexure | of RP008-
Foundation recommendation Report. The co-ordinates and existing ground levels of the
boreholes are presented in Table 3-39.

Table 3-39: Borehole (BH) coordinates and existing ground level (EGL)

Ch(?(ir:a)ge B(;':) I:lc;Ie Easting (m) Northing (m) EGL teBrz:i‘:Iha:iI:n

: : (RL,m) | gepth (m)
2+900 LBH-01 600330 1192223 0.000 50
2+940 LBH-02 600291 1192259 1.000 60
3+170 LBH-03 600073 1192293 -2.400 60
3+250 LBH-04 599993 1192536 0.500 60
3+480 MBH-01 599894 1192737 -9.408 50
3+580 MBH-02 599844 1192614 -7.758 50
3+780 MBH-03 599744 1192737 -5.058 50
3+880 MBH-04 599694 1192874 -7.808 50
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Borehole
. EGL
Ch(a:(lr:a)ge B(;':) I:lc;Ie Easting (m) Northing (m) termination
' ' (RL,m) | depth (m)
3+990 LBH-05 599629 1192993 5.100 62
4+080 LBH-06 599610 1193049 4.200 60
4+230 LBH-07 599537 1193218 5.200 60
4+320 LBH-08 599508 1193328 5.200 60

The soil investigation comprised of the following activities:-
» Drilling through soil;
» Collection of disturbed and undisturbed sample in soil;
» Measuring Ground Water Table (GWT) in boreholes and
» Laboratory tests on soil samples.

Detailed soil investigation report with field and lab test results of the Land boreholes (LBH)
and Marine boreholes (MBH) are presented in Annexure Il and Annexure lll respectively of
RP008-Foundation recommendation Report.

3.4.12.1 Soil Profile

Based on the geotechnical investigation data, the sub soil profile is heterogeneous along the
stretch (Refer sub soil profile diagram of Annexure IV of RP008-Foundation
recommendation Report and comprises of disproportionate layers of silty sand, silty clay
and poorly graded sand at various depths.

3.4.12.2 Ground water level

Based on the factual report in Annexure Il and Annexure Ill of RP008-Foundation
recommendation Report, borehole wise measured ground water levels are presented in
Table 3-40.

Table 3-40: Summary of ground water level

. Reference Borehole existing Depth of water table below
Chainage (km.)
borehole ground level (RL, m) Bore Hole EGL (m)
2+900 LBH-01 0.000 1.2
2+940 LBH-02 1.000 1.6
3+170 LBH-03 -2.400 1.1
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3+250 LBH-04 0.500 1.6

3+480 MBH-01 -9.408 6.0

3+580 MBH-02 -7.758 -6.5

3+780 MBH-03 5.058 -3.5

3+880 MBH-04 7,808 -6.5

3+990 LBH-05 5.100 1.8

4+080 LBH-06 4.200 1.6

4+230 LBH-07 5.200 1.6

4+320 LBH-08 5.200 2.1

3.4.12.3 Summary of analysis

Pile capacity calculations for the proposed structures are done as per reference [1]. The
summary of analysis is presented in Table 3-41. The diameter considered is 1.2m and 1.8m
for Land borehole (LBH) and Marine borehole (MBH) respectively.

Additional analysis is also done considering 1.5m for Land borehole (LBH) and 2m for Marine
Borehole (MBH). The summary of the analysis is presented in Table 3-42.

It can be noted that in the pile capacity calculations only skin friction is considered because
of non-homogenous soil strata. The sub soil profile is erratic might be due to constant
erosion and deposition of river soil and sea soil.

Moreover considering the length of pile, the complete end bearing resistance may not
mobilize with respect to the construction issues. Hence it is suggested to arrive at the
number of piles with respect to skin friction which will be more appropriate.

For detailed calculations of Vertical pile capacity calculations, refer Annexure VI of RP008-
Foundation recommendation Report.
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Table 3-41: Summary of pile capacity for pile diameter 1.2m and 1.8m
. Pile . Pile
. Pile Free AL length G Recommended | diame
Reference | Pier embedment toe . .
borehole o GL (m) cutoff length length, L, from level Pile capacity ter (m)
level (m) (m) cutoff (kN)
(m) level (m)
LBH-01 A1 1.974 -0.526 0.0 49.5 495 -50.03 3500
LBH-01 P1 -0.285 -2.785 0.0 495 495 -52.29 3500
LBH-02 P2 -2.608 -0.950 1.7 54.5 56.2 -57.11 3500
LBH-02 P3 -2.608 -0.950 1.7 54.5 56.2 -57.11 3500
LBH-02 P4 -2.608 -0.950 1.7 54.5 56.2 -57.11 3500
LBH-02 P5 -2.608 -0.950 1.7 54.5 56.2 -57.11 3500
LBH-03 P6 -2.608 -0.950 1.7 46 477 -48.61 3500
LBH-03 P7 1.549 -0.950 0.0 46 46.0 -46.95 3500
LBH-03 P8 1.717 -0.950 0.0 46 46.0 -46.95 3500 1.2m
LBH-03 P9 2.204 -0.950 0.0 46 46.0 -46.95 3500
LBH-03 P10 | 2.282 -0.950 0.0 46 46.0 -46.95 3500
LBH-04 P11 1.709 -0.950 0.0 51 51.0 -51.95 3500
LBH-04 P12 | -1.608 -0.950 0.7 51 51.7 -52.61 3500
LBH-04 P13 | -1.708 -0.950 0.8 51 51.8 -52.71 3500
LBH-04 P14 | -1.908 -0.950 1.0 51 52.0 -52.91 3500
LBH-04 P15 | -1.908 -0.950 1.0 51 52.0 -52.91 3500
MBH-01 P16 | -1.808 -0.950 0.9 52.0 52.9 -53.81 3500
MBH-01 P17 | -1.858 -0.950 0.9 52.0 52.9 -53.86 3500
MBH-01 P18 | -9.408 -0.950 8.5 52.0 60.5 -61.41 7500
MBH-02 P19 | -7.758 -0.950 6.8 52.0 58.8 -59.76 7500 1.8m
MBH-03 P20 | -5.058 -0.950 4.1 46.5 50.6 -51.56 7500
MBH-04 P21 -7.808 -0.950 6.9 50.2 57.1 -58.01 7500
MBH-04 P22 | -7.658 -0.950 6.7 50.2 56.9 -57.86 3500
MBH-04 P23 | -7.708 -0.950 6.8 50.2 57.0 -57.91 3500
LBH-05 P24 | 2.653 0.153 0.0 59.5 595 -59.35 3500
LBH-05 P25 2.376 -0.124 0.0 595 595 -59.62 3500
LBH-05 P26 | 2412 -0.088 0.0 59.5 595 -59.59 3500
LBH-06 P27 | 2.410 -0.090 0.0 53 53.0 -53.09 3500
LBH-06 P28 | 2.369 -0.131 0.0 53 53.0 -53.13 3500
LBH-06 P29 | 2.487 -0.013 0.0 53 53.0 -53.01 3500
LBH-06 P30 | 2.536 0.036 0.0 53 53.0 -52.96 3500 1.2m
LBH-06 P31 2.719 0.219 0.0 53 53.0 -52.78 3500
LBH-07 P32 2.774 0.274 0.0 435 435 -43.23 3500
LBH-07 P33 | 2.677 0.177 0.0 435 435 -43.32 3500
LBH-07 P34 | 2.759 0.259 0.0 43.5 435 -43.24 3500
LBH-08 P35 | 2.728 0.228 0.0 51 51.0 -50.77 3500
LBH-08 P36 | 2.639 0.139 0.0 51 51.0 -50.86 3500
LBH-08 P37 | 2.572 0.072 0.0 51 51.0 -50.93 3500
LBH-08 A2 2.694 0.194 0.0 51 51.0 -50.81 3500
3 CHAPTERS
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Table 3-42: Summary of pile capacity for pile diameter 1.5m and 2m

Pile Free Pile | Pile . Recomme | pijle
Reference | _. cutoff | leng | embedme ength | pile toe nded Pile | diame
borehole HEHONNS i) level th nt length from level capacity ter
m) | m | tegm | M Ty )
level
LBH-01 A1 1.974 -0.526 0.0 38.5 38.5 -39.03 3500
LBH-01 P1 -0.285 -2.785 0.0 38.5 38.5 -41.29 3500
LBH-02 P2 -2.608 -0.950 1.7 40.0 417 -42 61 3500
LBH-02 P3 -2.608 -0.950 1.7 40.0 41.7 -42 61 3500
LBH-02 P4 -2.608 -0.950 1.7 40.0 417 -42 .61 3500
LBH-02 P5 -2.608 -0.950 1.7 40.0 417 -42 .61 3500
LBH-03 P6 -2.608 -0.950 1.7 42.0 437 -44 61 3500
LBH-03 P7 1.549 -0.950 0.0 42.0 42.0 -42 .95 3500
LBH-03 P8 1.717 -0.950 0.0 42.0 42.0 -42.95 3500 1.5m
LBH-03 P9 2.204 -0.950 0.0 42.0 42.0 -42 .95 3500
LBH-03 P10 2.282 -0.950 0.0 42.0 42.0 -42 .95 3500
LBH-04 P11 1.709 -0.950 0.0 485 485 -49.45 3500
LBH-04 P12 -1.608 -0.950 0.7 51.0 51.7 -52.61 4000
LBH-04 P13 -1.708 -0.950 0.8 51.0 51.8 -52.71 4000
LBH-04 P14 -1.908 -0.950 1.0 51.0 52.0 -52.91 4000
LBH-04 P15 -1.908 -0.950 1.0 51.0 52.0 -52.91 4000
MBH-01 P16 -1.808 -0.950 0.9 52.0 52.9 -53.81 4000
MBH-01 P17 -1.858 -0.950 0.9 52.0 529 -53.86 4000
MBH-01 P18 -9.408 -0.950 8.5 52.0 60.5 -61.41 8500
MBH-02 P19 -7.758 -0.950 6.8 52.0 58.8 -59.76 8500 om
MBH-03 P20 -5.058 -0.950 4.1 46.5 50.6 -51.56 8500
MBH-04 P21 -7.808 -0.950 6.9 50.2 57.1 -58.01 8500
MBH-04 P22 -7.658 -0.950 6.7 50.2 56.9 -57.86 4000
MBH-04 P23 -7.708 -0.950 6.8 50.2 57.0 -57.91 4000
LBH-05 P24 2.653 0.153 0.0 41.0 41.0 -40.85 4000
LBH-05 P25 2.376 -0.124 0.0 41.0 41.0 -41.12 4000
LBH-05 P26 2.412 -0.088 0.0 41.0 41.0 -41.09 4000
LBH-06 P27 2.410 -0.090 0.0 53.0 53.0 -53.09 4000
LBH-06 P28 2.369 -0.131 0.0 53.0 53.0 -53.13 4000
LBH-06 P29 2.487 -0.013 0.0 53.0 53.0 -53.01 4000
LBH-06 P30 2.536 0.036 0.0 53.0 53.0 -52.96 4000 1.5m
LBH-06 P31 2.719 0.219 0.0 53.0 53.0 -52.78 4000
LBH-07 P32 2.774 0.274 0.0 435 435 -43.23 4000
LBH-07 P33 2.677 0.177 0.0 435 435 -43.32 4000
LBH-07 P34 2.759 0.259 0.0 435 435 -43.24 4000
LBH-08 P35 2.728 0.228 0.0 51.0 51.0 -50.77 4000
LBH-08 P36 2.639 0.139 0.0 51.0 51.0 -50.86 4000
LBH-08 P37 2.572 0.072 0.0 51.0 51.0 -50.93 4000
LBH-08 A2 2.694 0.194 0.0 51.0 51.0 -50.81 4000
3 CHAPTERS
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3.4.13 Utility Survey

Utilities such as electrical / telephone poles and transformers are located along the project
road. Low Tension and High Tension lines also cross the project road at one location. There
are OFC cables passing at some sections of the existing road. The details of utilities are
given in Table 3-43.

Table 3-43: Details of utilities

Type of Utility No. of Utilities
1 High Tension lines 01
2 Electrical poles 110
3 OFC 22
4 Telephone tower 02
5 Transformers 10

Refer Volume-X: Strip Plans for Utility Relocation plan.
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3.5 FUNCTIONAL DESIGN

3.5.1 Alignment Option Study

Different Alignment options have been studied and the pros & cons were identified
considering Highway Geometric aspects, Land use, Environmental Impact, Social Impact,
Traffic dispersion, Bridge Constructability and Cost. The study for the same shall be referred
from Section 3 of RP003- Final Feasibility Report.

It was concluded that, the Alignment Option-1C is the preferable option from the Consultants
purview.

3.5.2 Theme of Bridge and Aesthetics

Aesthetics can be subjective but, the impression made by the general public needs to be
impactful and generally pleasant. A bridge is commonly seen as a utilitarian infrastructure
and might be viewed from afar or in a fleeting glimpse during transit. But this is not really the
case. It is important to realize the beauty of the context where this bridge is being proposed.
There is ample opportunity to observe it from a distance, especially in a serene landscape
where the built infrastructure is more than conspicuous. No structure more clearly shows its
objective and use; and the opportunity is therefore offered to appreciate the overall form.
With the presence of multiple vantage points in the immediate context, the structure can be
observed in greater detail as well. Moreover, with the bridge being pedestrian and cyclist
friendly, people are bound to witness the design from close quarters. All this makes the
bridge’s architecture and aesthetic considerations a crucial part of the overall design
process.

Cable stayed bridges have great potential to express the dynamic qualities of the structure. It
presents an opportunity to be innovative with the design of the pylon. Inclined pylons,
cantilever spar, asymmetric cable stays etc. can give a sculptural quality to the structure.

3.5.2.1 Pleasing Outlines and Proportions

The primary form or outline of the bridge is the most obvious image that will be retained by
the public. The relative proportions play an important role in satisfying the eye, and should be
chosen carefully. The continuity of lines is necessary and the consistency in the angles will
result in a more pleasing form and design language. The dominating elements of the bridge
viz. the pylon’s upper part and the deck should have clean silhouettes and harmonious
proportions.

3.5.2.2 Regional Iconography & Expression

The location of this bridge at the mouth of Kerala’s biggest river (Bharathapuzha) is culturally
significant. Ponnani river also merges at this estuary; and this beautiful setting has the
potential of being a mini destination in itself. In order to be context specific and to reflect the
local culture, the structure that spans across this waterbody should be culturally connected to
a local iconic design language in Architecture or Maritime tradition. Of course, the regional
iconography still needs to be suitably abstracted to fit the functional and structural
requirements of a large span bridge. Moreover, the proportions of the overall structure should
take precedence over the adaptation of silhouettes, for better aesthetics.
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3.5.2.3 Chundan Vallam/Snake Boat

With the site spanning the estuary and with the sea as the backdrop, it is ideal to take
reference from the local maritime and fishing traditions. The presence of the fishing harbour
nearby and the constant movement of boats further emphasize this point. The simple fishing
boat also has pleasing outline that can be an inspiration.

The most iconic boat though, which fairly represents the state of Kerala and communal spirit,
is the Snake Boat or Chundan Vallam. It has an instantly recognizable profile with the high
raking bow. After careful consideration of its proportions, it has been adapted to the profile of
the bridge pylons. The structure takes the form of an inclined A-frame.

Figure 3-13: Typical view of Chundan Vallam/ Snake Boat
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Figure 3-14: Proportion Study of Chundan Vallam/Snake Boat
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Figure 3-15: Typical 3D views of Main Bridge with concept of Chundan Vallam/Snake
Boat

3.5.3 Blending Geometries of Various Elements

Other structural elements like the cable stays and lower pylons should complement the main
form i.e. the angles made by the shape of the upper pylon and the shape, curvature of the
deck. Any beam, girder or struts that support the deck should blend with its cross-section;
and this should continue with the lower pylon as well. Crash barriers, medians, balustrades,
lighting elements etc. should be designed in the same language and shall endeavour to
blend with the geometry of the deck and pylon.

3.5.4 Bridge as a public space

It is very unique that a vehicular bridge can double up as a public space for pedestrians and
cyclists. In India, there is a major dearth of quality public spaces for people to enjoy. The
pedestrian corridor/deck can extend the coastal experience by giving a platform to enjoy the
best views of the estuary. It is also essential that the bridge structure that meets the ground
level, does not adversely affect the existing coastline. The design of the lower pylons and its
spacing should be considerate of the existing usage pattern of the public beach, forest area;
and it should not end up being a visual hindrance. The access to the elevated deck and ease
of circulation from the existing public areas will be crucial to the success of the bridge as a
mini destination and a public space. Addressing the following aspects will help in making the
bridge a successful public space which will attract tourists and locals alike.

3.5.5 Landscape

Planting of trees and greenery on a bridge has not been explored much. There are only a
few examples around the world where this has been done to some extent. Most of these are
merely pedestrian bridges. By integrating the planter boxes with other amenities such as
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urban furniture, full sized trees can also be maintained with a soil depth of about 1 metre.
Trees which can grow upto 3m tall can have a good canopy and act as a shading device.
This will add a unique character to the bridge. With a wide pedestrian corridor, a range of
planters and urban furniture can be designed with a variety of greenery. This project can be a
rare case of having landscaped areas on a vehicular bridge.

Stuttgart, Germany Orlando, USA

Figure 3-16: Typical 3D views of Amenities over Main Bridge
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3.5.6 Accessibility

For a space to be utilized effectively, the approach must be clear, safe and convenient. Being
a public space, it should be universally accessible. The route taken by the public from grade
level to the top of the deck of the bridge should be friendly and inviting. The north bank
currently has a beach and park with Car parking facilities- and this is a major convenience for
visitors coming via vehicles. This kind of a landscaped area with Car Parking facility is to be
developed in the south bank as well. A park/green area near the south bank is already
earmarked in the 2035 masterplan for the region. The vertical access can be via a lift and
ramp/staircase. If a ramp is proving to be space consuming, a staircase with a steep sloped
cycle ramp can be proposed. This vertical access has to be well integrated with the
landscaped area, in order to make it part of the bridge.

Figure 3-17: Typical 3D views of Bridge access from at grade roads

3.5.7 Lighting & Safety

Although coloured lighting of the structure improves aesthetics at night, it also adds to the
safety aspect. Various structural elements like the cable stays, pylon, lower pylon, girders
etc. can be highlighted by proper lighting. The pedestrian corridor can have low level lighting
to light up the paved surface. The design of the lamp post should also be in harmony with the
design language of the rest of the bridge. Since this bridge is projected as a tourist
destination, it is important to emphasize on safety.
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Figure 3-18: Typical sample bridges with lighting concepts

3.5.8 Amenities and attractions

Bridges being utilitarian infrastructure; they seldom have dedicated amenities for the public.
There are bridges which have innovative designs, where pedestrians can linger for a bit, or
take a seat to enjoy the ambience. But inhabited bridges, where the public can access the
pylon or any other indoor space are very rare. Some large span bridges have pylons thick
enough that they can be hollow; and people can access it for touristic or servicing purposes.
Then there are some historic bridges where the pylon or the main structure enables access
for touristic purposes. This also owes to the large size of the structure. The attraction in these
cases is getting to a higher level to take in the great skyline of these big cities.

London Tower Bridge Sydney Harbour Bridge

The proposed pedestrian/cycle corridor in this project is as wide as the 2 lane motorway.
This gives ample opportunity to have landscaping and the public space can be flexible
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enough to accommodate a variety of small scale events- such as food stalls, exhibitions,
awareness drives etc.

In order to explore the option of having an elevated viewing platform, an A-frame pylon is
more ideal where the platform can span across the deck at a height of approximately 15-20
meter from the main deck. For this span of 200 meters, the pylon will not be thick enough to
enclose a lift. Hence an exposed hydraulic lift core has to be envisioned in the middle of the
pedestrian corridor. This type of isolated lift core is not ideal as it will hinder free movement.
Furthermore, from a structural and safety point of view, this kind of exposed lift and view
deck will be of some concern. A representative view of such an attraction is provided here.

Figure 3-19: Typical 3D view of hydraulic lift over main bridge

Another possible attraction is a café/restaurant that can be suspended from the main deck. A
steel structure can be hung from the main box girder at a height of 5.5 meter below the deck
level in order to get enough headroom. This can be easily accessed via 3 flights of stairs.
Such an attraction can return some revenue as well. The ambience will be the unique selling
point of this café. It can be similar to a lower level deck of a ship. The fact that public can
have a snack or beverage while sitting underneath a bridge and above a river, with boats
operating below and vehicles above, will be a draw in itself.
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Figure 3-20: Typical 3D view of bridge amenities below main bridge deck

3.6 ENGINEERING DESIGN

The detailed design of Structure portion and Road portion shall be referred from Volume-lI:
Design Report.
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3.7 FINANCIAL ESTIMATES & COST PROJECTIONS

Cost estimation is a vital input for assessing financial and economic viability of the project.
This chapter presents cost estimation for the development of the project. Total project cost
includes construction of road and structures, Utility relocation and Environmental & Social
Costs.

3.7.1 Methodology

» Quantities of various components are worked out based on preliminary engineering

> To arrive at construction cost, rate analysis was done as per PRICE software which
includes cost of an item based on man, material and machinery required for that item

3.7.2 Total Project Cost

Detailed Bills of Quantities were prepared based on the preliminary design of all project
components and costs worked out using the rates derived. The detailed cost estimate shall
be referred from Volume-VII: Cost Estimates. A summary of costs under various heads for
the project stretch from Chainage Km 0+000 to Chainage Km. 4+800 is presented in Table
3-44.

Table 3-44: Total Capital Cost of the project

S. No. Bill of Items Total Amount
(In Crore Rupees)

A Total Civil Work Cost (Rs. In Cr) as per PRICE (including GST) 265.577

i Add physical contingency @ 2.8% of total civil work cost 7.436

B Total including Physical Contingency of 2.8% (Rs. InCr) B=A + i 273.013

ii Add Agency Charges 3% on A 7.967

i Add Quality Control 0.25% on A 0.664

iv Add Road Safety 0.25% on A 0.019

v 5% Maintenance of A 13.279

Cc CENTAGES C = ii+iii+iv+v 21.929

D Total project cost (Including Centages) D=B + C 294.942

Vi Cost of Utility shifting (Rs. In Cr) 0.500

vii Cost of Rehabilitation and Resettlement R&R (Rs. In Cr) 4.000

viii Cost of Land Acquisition LA (Rs. In Cr) 10.000

E Total Capital Cost for the Project (Rs. In Cr), E = D + vi+vii+viii 309.442
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3.8 REVENUE STREAMS

In line with the discussion with RBDCK, the possibility of collecting the toll revenue is
minimal. Hence in the analysis, the revenue from other sources viz., commercial revenue
which can be collected from the space allocated in and around the proposed bridge has been
considered for the financial analysis. The details of revenue streams are given in the
following paragraphs.

3.8.1 View Gallery

It is assumed that on an average 100 visitors will be coming to View gallery on daily basis
wherein an entry fee of Rs 10 has to be paid by each visitor. Thus the daily revenue from
view gallery amounts to Rs 1000 per day.

3.8.2 Parking facility

The adjacent space located southern side of the bridge, parking space for 200 two wheelers
and 150 Cars will be provided. For the estimation of revenue, it is assumed the facility will
have an utilisation rate of 60% and an average duration of parking will be around 2 hours per
day. The parking charges per hour for Two wheelers and Four Wheelers are assumed at Rs
10 and Rs 20, respectively. Thus parking fee per day amounts to Rs 6000 .

3.8.3 Vendor huts

Along the view gallery, vendors will be permitted to use huts for transacting snacks and other
refreshment to the various visitors in the gallery. It is assumed 5 huts will be facilitated for the
vendors for which a daily fee of Rs 75 will be charged. Thus daily revenue from vendor huts
amounts to Rs 375.

3.8.4 Bridge Café

The overall space available for the bridge cafe is about 2400 Sqft for which a monthly rent of
Rs 5 can be collected. Thus the annual revenue from the facility amounts to Rs 144,000

The annual revenue of the above mentioned revenue streams works out to Rs 0.279 Crores
in the base year which will be escalated by 3% per annum.
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3.9 COST BENEFIT ANALYSIS & INVESTMENT CRITERIA

Any public funded project has to be economically viable which implies that the said project is
beneficial to the society. The main objective of the economic analysis is to identify all the
direct and indirect benefits and to compare them over the economic life of the project so as
to justify the implementation of the project based on its benefits/ profits to the economy/
nation. This necessitates consideration of different streams of cost and benefits over time. In
this chapter, economic viability of the project is assessed and presented.

3.9.1 Economic Appraisal of the Project

The Economic Appraisal of the proposed project i.e. “Feasibility Study and Preparation of
DPR for the Construction of Cable Stayed/Suspension Bridge across Ponnani Estuary
with Approaches” has been assessed within the broad framework of Cost-Benefit Analysis
generally used for appraisal of public infrastructure projects. The economic analysis/ viability
involve the estimation of benefits to the society from the project in terms of costs and
benefits. This necessitates consideration of different streams of cost and benefits of the
Project over time. In the present economic analysis, the economic costs and benefits of the
project over the life of the project have been identified under “with” and “without” the
proposed project road and are expressed in terms of Economic Internal Rate of Return
(EIRR).

The EIRR indicates the return, which the society would derive from the investment made to
develop the proposed Project Road. The EIRR is compared with the accounting rate of
return of 12% considered as the cut-off point for judicious investment decision regarding
transport infrastructure projects, by the Government of India and International funding
agencies like the World Bank and the Asian Development Bank (ADB) (Source: ADB
Guidelines).

The main steps followed in the economic evaluation are:

1. Estimation of economic cost of the proposals, both capital as well as annual operating
and maintenance costs, for the assumed economic life of 30 years after
commencement of the project.

2. Estimation of direct and indirect benefits to the users, non-users and economy/
community such as Value of Time (VOT) and Vehicle Operation Cost (VOC) to traffic,
and comfort savings.

3. Comparison of annual streams of costs and benefits and estimation of EIRR on the
basis of Discounted Cash Flow (DCF) technique.

Estimation of above costs and benefits over a 30 year period i.e. till 2049 assuming the year
of commissioning of the Project as 2019 and Project Road will be operational by 2023. The
analysis is done as per the guidelines of “IRC: SP: 30-2009 Manual on Economic
Evaluation of Highway Projects in India” which has been prepared on the basis of various
assumptions and by using various relationships established by the Central Road Research
Institute (CRRI) Study “Updation of Road User Cost Study Data: 2001, Final Report’,
commissioned by the Ministry of Surface Transport, Government of India, New Delhi.
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3.9.2 Evaluation of Economic Costs

The project cost consists of two main component viz. Capital Cost and Operating and
Maintenance (O & M) cost. These costs for the project are estimated in financial terms at
base year price level of 2019 and at market prices, which include taxes & duties as well as
subsidies. The economic analysis requires the conversion of financial costs into economic
costs so as to take care of distortions in prices due to market imperfections, Government
policies and regulations.

In the present study the estimated financial costs have been converted into economic cost by
applying conversion factor of 0.9, so as to represent exclusion of taxes & duties, which are
considered as transfer payments and cost relating to depreciation, interest charges.

The total project cost of the proposed road which is inclusive of construction cost, operation
& maintenance cost, land acquisition cost and social cost is estimated as Rs. 309.442
crores that is to be incurred between 2019 and 2049. For economic analysis, it is assumed
that the construction cost, land acquisition and social cost will be incurred in phase-wise from
2019 till 2022 whereas operation & maintenance cost will be once in every 5 years. The
detailed description about estimation of the total project cost is discussed in the Volume-VII:
Cost Estimates.

The financial and economic cost considered for the economic analysis is as follows:
Financial Cost including Other Charges Rs. 309.442 Crore

Economic Cost with Conversion Factor of 0.9 Rs. 278.498 Crore

3.9.3 Estimation of Economic Benefits

The Project Road is expected to generate direct and indirect benefits. The direct economic
benefits that will accrue because of the project include savings in vehicle operation cost and
travel time costs to passengers. Construction of the proposed project road will result in
reassignment of traffic on the surrounding road network system and considerable change in
the travel pattern within the study area. The following categories of benefits have been
quantified in monetary values:

e VOC Savings: Vehicle Operation Cost (VOC) benefits are those that are accrued for all
vehicles due to the improved riding quality provided by the project road. The variable
component of VOC comprises of the fuel cost, spare parts, repairs, lubricants and tyre,
and the fixed component consists of crew wages, interest on capital, depreciation, sales
tax and insurance.

IRC: SP: 30 — 2009 Manual provides various equations to derive the congestion factors
and road user costs relating all the above mentioned parameters based on the operating
speed, road roughness and rise and fall of the road (with reference to Central Road
Research Institute Study). These equations have been used for the VOC estimation.

e VOT Savings: The savings in travel time is an important component of the benefits from
the highway improvements. Value of Time benefits are those that are accrued for all
vehicles due to savings in shorter travel time which in turn is attributed to increase in
speed. Savings in the vehicle-km travelled due to improvement in transport infrastructure
is converted to monetary benefits using the value of time.
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Generally, savings in time are enjoyed by passenger traffic i.e. car, bus and two wheeler
passengers. In case of truck traffic, it is not exactly the savings in the travel time but the
savings are in terms of the commodity holding cost. Speedier travel leads to reduction in
fixed charges per km which every operator has to pay in other words for transporting
same quantity of goods in a certain period less number of commercial vehicles can be
used. IRC: SP: 30 — 2009 has provided updated values of value of time for passenger
traffic and commodity holding cost for truck traffic based on the study “Updation of Road
User Cost Data” conducted by CRRI in 2001 by considering the WPI price levels as on
March, 2009. Consultant has updated the values based on the WPI price levels as on
March 2019 based on the data obtained from the “Ministry of Commerce and Industry,
Office of Economic Advisory and Board.

e Comfort Benefits: Any new facility in transport infrastructure is certain to provide or
increase the quality of riding/ commuting both on proposed project road and on the
existing alternate road network. This comfort factor should also be taken into account in
doing economic analysis. In our current study the cost of comfort benefit is taken as 10%
of VOT Savings.

The year-wise monetary benefits for the above mentioned benefit streams due to the
development of the proposed Project Road that are considered for the economic analysis is
presented in Table 3-45.

Table 3-45: Year-wise Monetary Benefits due to the Development of the Project Road

*(Rs. In millions)

Year VOC_ VOT Comf<_>rt

Benefits | Benefits | Benefits
2023 475.9 73.2 7.3
2024 520.0 77.8 7.8
2025 572.9 82.7 8.3
2026 624.9 87.9 8.8
2027 671.8 93.5 9.4
2028 722.5 99.4 9.9
2029 772.4 105.4 10.5
2030 823.5 111.8 11.2
2031 888.2 118.5 11.9
2032 959.1 125.7 12.6
2033 1038.9 133.3 13.3
2034 1139.5 140.5 14.0
2035 1260.0 148.1 14.8
2036 1387.7 156.2 15.6
2037 1530.1 164.7 16.5
2038 1681.9 173.7 17.4
2039 1817.6 182.2 18.2
2040 1963.7 191.2 19.1
2041 2122.3 200.6 20.1
2042 2143.6 210.5 21.0
2043 2072.9 220.8 22.1
2044 1993.7 230.6 23.1
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Year VOC_ VOT Comf<_>rt

Benefits | Benefits | Benefits

2045 1887.9 240.8 24 1

2046 1748.4 251.5 251

2047 1588.9 262.7 26.3

2048 1632.7 274.3 27.4

2049 1672.5 285.3 28.5

2050 1712.5 296.7 29.7

2051 17554 308.6 30.9

2052 1814.4 320.9 321

2053 18754 333.8 33.4

3.9.4 Economic Appraisal

The annual stream of economic costs and benefits has been computed over the analysis
period. The project’'s economic viability is assessed in terms of Economic Internal Rate of
Return (EIRR) and Net Present Value (NPV) by applying the discounted cash flow technique
of discounting all future costs and benefits to the common year of the annual stream of the
net benefits of the project. The Internal Rate of Return (IRR) Method is popular with
international lending agencies like Work Bank.

The NPV of the stream of net benefits have been computed using prevailing discount rate of
12%. The cut off rate for the economically viable project at present is considered as 12% by
the Government of India and International funding agencies like the World Bank and the
Asian Development Bank (ADB). The project gives the EIRR of 22.15%. Since the EIRR
is greater than the rate of interest obtainable (i.e. 12%) by investing the capital in the
open market, the Project is considered Viable.

3.9.5 Sensitivity Analysis

Sensitivity analysis has been carried out to consider the change in various parameters (such
as inflation during the project implementation period, cost over heads, government policies,
regulations, investment planning etc.) that will dictate the EIRR of the Project and to
understand the economic strength of the Project to withstand the future risks and
uncertainties.

The sensitivity analysis is performed for the following three scenarios using prevailing rate of
discount of 12% for all the three scenarios and the results are provided in Table 3-46.

Scenario — |: Basic Cost and Basic Benefit Streams
Scenario —Il: 5% increase in Basic Cost and Basic Benefit Streams

Scenario —lll: 10% increase in Basic Cost and 5% increase in Basic Benefit Streams
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Table 3-46 Results of Sensitivity Analysis

S. No. Scenario Number NPV (in Rs) EIRR
1 Scenario — | 2813.5 millions 22.15%
2 Scenario — Il 2716.6 millions 21.48%
3 Scenario - Il 2857.3 millions 21.52%

It is observed that the EIRR ranges in between 20 % and 23% for all the scenarios which is
greater than the prevailing discount rate of 12%. The NPV values are also observed as
positive for all the scenarios. Therefore based on EIRR and NPV values it can be concluded
that the Project is able to withstand 5% to 10% changes in the cost and benefit streams

(above mentioned scenarios) and is Viable.

Please refer section 13 of RP 003- Feasibility Report for Cost Benefit Analysis.
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3.10 ENVIRONMENTAL & SUSTAINABILITY ASPECTS

Typically any developmental project triggers a set of environmental and social impacts.
These environmental and social impacts due to infrastructure development projects occur in
different forms. While significant benefits result for the communities, the project affected
people (PAPs) may often bear the brunt of adverse impacts. To address the various issues,
carrying out Environmental/Social Impact Assessments, preparing Environmental
Management Plans (EMP), Resettlement Action Plans (RAP), etc. are means to develop
mitigation plans so as to identify and overcome the potential negative impacts on people and
the environment due to infrastructure development projects.

An Environmental Impact Assessment (EIA) and Social Impact Assessment (SIA) study has
been carried out to study the potential environmental and social impacts due to the proposed
Cable Stayed/Suspension Bridge and Approaches development project. Appropriate
mitigation measures to help minimise/avoid impacts from the development have been
recommended. The measures include avoidance measures, mitigation measures and
environmental enhancement measures. This chapter provides a summary of the EIA/EMP.
Detailed EIA/EMP and RAP is presented as Volume IV of the DPR.

3.10.1 Environmental Assessment

3.10.1.1 Policy and Administrative Framework

3.10.1.1.1 Environmental Impact Assessment (EIA) Notification

Highway projects are listed as Item 7(f) in the Schedule of the EIA Notification 2006 (as
amended). This Ministry of Environment, Forest and Climate Change’s (MoEF&CC)
Notification is applicable only for:

o Development of New National Highways1 (NH)

e Expansion of National Highways greater than 100 km involving additional Right of Way
(RoW) greater than 40 m involving Land Acquisition on existing alignments and 60 m on
re-alignments or by-passes

o Development of all New State Highways

e Expansion of State Highways in hilly terrain (above 1000 m AMSL) and in ecologically
sensitive areas

Proposed development corridor is a bridge project with approach roads with total length of
about 4.8 km. Approach roads will be developed by having improvements to existing road
network itself. As such there is no green field component for approach roads. Development
of a bridge is not under the purview of the EIA Notification. As such, this project will not come
under the purview of MoEF&CC'’s EIA Notification and subsequent Environmental Clearance
(EC) requirements from State/Central Government are not triggered.

Although EC for proposed development project is not required, the EIA study is proposed to
be carried out as envisaged in the Terms of Reference (ToR) provided by RBDCK,
Government of Kerala. In addition, any development project will most likely have
environmental/social impacts and although an EC is not required it is considered essential to
conduct an ESIA as a Best Management Practice. Moreover without an ESIA a meaningful

! Highways include Expressways
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EMP for implementation of a project cannot be prepared. The ESIA study will help serve as a
due diligence tool and help streamline environmental/social issues during the preliminary
project design stage itself. It will help to address potential environmental/social issues more
appropriately during construction and operational stages of the project.

3.10.1.2 CRZ Notification

Through the CRZ Notification, the Ministry of Environment and Forests & Climate Change
(MoEF&CC), Government of India imposed certain restrictions on setting up and expansion
of industries, operations or processes, etc. in the Coastal Regulation Zone (CRZ). The CRZ
is area influenced by tidal action (in the landward side) up to 500 metres from the High Tide
Line (HTL) and the land between the Low Tide Line (LTL) and the High Tide Line (HTL).

Proposed development of the Suspended/Cable Stayed Bridge along with approach roads
falls in the CRZ area and thereby attracts the provisions of CRZ Notification, 2011 and 2019
(as amended). Necessary process for obtaining CRZ Clearance will be taken up in
subsequent stages of the DPR study. National Centre for Earth Science Studies (NCESS),
Thiruvananthapuram, will be engaged to carry out the CRZ Mapping.

3.10.1.3 Forest Clearance/Tree Felling Permissions

The proposed development corridor passes through patches of Casuarina and Coconut
plantations in the coastal area. Also, there are few trees along the alignment. It is likely that
some of the Casuarina/Coconut trees and some other trees will need to be felled. Based on
the finalized alignment of the approach road, the total number of trees needed to be felled
shall be identified. An inventory of trees to be felled will be prepared and necessary
application will be submitted to the concerned Divisional Forest Office to obtain necessary
permission for felling of the trees from State Forest Department.

3.10.2 Environmental Sensitivity

3.10.2.1 Air Environment

Air environment is defined in terms of Ambient Air Quality. In general the ambient air quality
in the project area appears to lie within the permissible limits (CPCB National Ambient Air
Quality Standards, 2009). The area does not have industrial developments along the
corridor. The corridor is along the coast as such the open coastal areas will provide adequate
dispersion of gaseous emissions, dust thereby minimizing the impacts on air quality both
during the construction and operation stage of the project. The major source of air pollution in
the area is from vehicular movements. Proposed development will provide better riding
conditions in the area. As such, the development is not envisaged to increase pollution
issues in the area. On the contrary, proposed development can help reduce pollution issues,
if any, by having better designed road network which will provide better riding conditions for
the road users.

3.10.2.2 Water Environment

Proposed bridge will be constructed across the Bharathapuzha River (across the mouth of
the river). Appropriate construction methods will be adopted to avoid/minimse likely impacts
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to the water body. Proposed development is not anticipated to have adverse effects on the
water quality of the area.

3.10.2.3 Noise Environment

The corridor conditions prevailing in regards with air pollution also mostly applies for the
noise environment. Proposed development is not envisaged to increase noise pollution
issues in the area but it can be seen as a measure to reduce noise pollution issues by means
of providing better riding conditions for road users.

3.10.2.4 Reserve Forests

There are no identified Reserve Forests (RF’s) along proposed development Corridor. As
such the development will not involve diversion of any forest land needing Forest Clearance.

3.10.2.5 Wildlife Protected Areas

Proposed development corridor does not pass through any declared Wildlife Protected Area.

3.10.3 Identification of Impacts

Likely impacts due to the proposed bridge/approach road development project on
environmental/social attributes have been assessed and discussed. The project activities
during construction and operational phase include various activities like leveling of site,
clearing of trees, construction of structures, transportation of material, etc. All these activities
contribute to different types of impacts. Table 3-47 presents general/typical activities and its
associated nature/extent of potential impacts envisaged due to the proposed development.

Table 3-47: General Impact Matrix

Activity Degree of Impacts Duration of Impact
Positive | Negative | ShortTerm | Long Term

CONSTRUCTION PHASE
Site clearance Yes
Generation of debris Yes Yes
Non Concrete waste Yes Yes
Hot Mix/Ready Mix Concrete waste Yes Yes
Planning Traffic diversion Yes Yes
Quarries Yes Yes
Transportation of construction material Yes Yes
Material storage Yes Yes
Excavation Yes Yes
Natural drainage Yes Yes
Construction in Aquatic Environment (piers) Yes Yes
Bridge and Road construction Yes Yes
Environmental Attributes
Air Yes Yes
Water Yes Yes
Noise Yes Yes
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Activity De.glree of Impact.s Duration of Impact

Positive | Negative Short Term Long Term

Sail Yes Yes

OPERATION PHASE (Movement of Traffic)

Environmental Attribute

Air Yes - Yes

Noise Yes - Yes

Social Environment

Increase in property Value Yes - Yes

Transportation Development Yes - Yes

Employment Opportunities Yes - Yes

Road User

Safety, Improved Facility, Benefits to Locals Yes Yes

Table 3-48 presents the potential impacts due to the above activities in a matrix format.

Table 3-48: Environmental Impacts Matrix

S. No.

Environmental
Attribute

Impact

Remarks

Land Use

Impacts due to road development/
concrete structures and felling of
trees

Required activity for proposed construction of
cable stayed/ suspension bridge

Air Quality

Impacts due to vehicular emissions,
dust from use of construction
machinery, hot mix plants/concrete
batching plants, etc.

Most impacts are envisaged during
construction phase, which will be short term
and be localized to the areas of construction
related activities

Noise

Impacts due to vehicular traffic
noise, heavy machinery noise, etc.

Most impacts are envisaged during
construction phase and will be short term and
localized to the areas of construction related
activities

Soil
Characteristics

Potential for soil contamination due
to construction related activities such
as generation of debris, fuel &
lubricants, waste etc.

Impacts shall be short-term; appropriate
mitigation measures shall be recommended.
Also, impacts are not envisaged during the
operation stage.

Ecology/Flora &
Fauna

Impacts due to tree felling; Loss
biomass, removal of vegetation;
disturbance & habitat loss, efc.

No loss of bio-diversity is envisaged due to
the proposed project; some trees will need to
be felled for which compensatory afforestation
will need to be taken up. The proposed project
site doesn't have endangered floral and/or
faunal  species. As such proposed
development is not envisaged to cause
adverse impacts to Flora and Fauna.

Water Quality

Minimal impacts due to construction
related activities (construction of
piers/pillars in the river, site
clearance, earthworks, storage of
construction ~ materials,  worker

Impacts are expected to be localized;
proposed project is not expected to alter the
existing water quality on a permanent basis.
Also, impacts are not envisaged during the
operation stage.
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S. No. . Impact Remarks
Attribute Y
camps near water bodies (if any),
transportation ~ of  construction
material, etc.)
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3.11 RISK ASSESSMENT AND MITIGATION MEASURES

Consultant does not foresee any major risks in implementation of this project. However, few
minor perceived risks are identified during implementation and the same is classified into
various categories of severity. Effective mitigation measures to obviate these risks of
execution is also studied in detail and presented below.

Table 3-49: Risk Assessment and mitigation measures

S.No. | Perceived Risk Severity Implication Mitigation measures

1 EMP approvals | Less Delay in
during construction implementation

2 CRZ clearances Less Delay in

implementation

3 Land  Acquisition | High Delay in starting of | LA activities shall be
and Rehabilitation the project since | started before award of
& Resettlement whole of the | work, so that space is
(North Side) alignment on North | completely available for

side, passes | construction.
through private

land. Approx area =

XXXX

4 Land  Acquisition | Medium Project can be | Since this is critical only for
and Rehabilitation started, but due to | the approaches and not for
& Resettlement inferior geometry, | bridge, LA here can be
(South side) speed  will be | taken up in phases. This

restricted can also be implemented
as part of Coastal Road
Project. (The section on
project implementation can
be referred from section
2.5)

5 Hindrance of | Medium This may create | The alignment is carefully
Commercial resentment among | chosen avoiding directly
activities during locals and | the commercial activities.
construction. culminate in non- | However the schedule of

cooperation to the | construction can be made
project in such a way that the

implementation

contracting company can
execute with least
disturbance to the public.
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S.No. | Perceived Risk Severity Implication Mitigation measures

6 Construction in | High Adhering to the | The insistence of
marine schedule & Risk of | qualification of the
environment in machinery contractor in such
particular to the environment. Vetting of the
construction of construction methodology
foundation due to by competent Authority.
heavy currents.
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3.12 PROJECT MANGEMENT ORGANISATION

This being a specialised project, which is implemented in challenging environment, inorder
ensure the quality as well as to monitor the project, an efficient Project Management Team is
required.

The Project Management Group will be acting on behalf of the employer and will be
responsible for schedule, quality, conformity to drawings, standards and bill certification. The
group will have regular reporting mechanism to employer about the progress and
presentation of catchup plan if any delay. They will facilitate the contractor for liaising with all
the stake holders for permissions and clearances

A typical Project Management organisation to accomplish the tasks of construction can be as
given below.

The qualification of the below personnel can be suitably decided, during the time of
implementation, in consultation with the Client.

M)
Highway Engineer — 1
Surveyor - 1
| -
Q Sr. Bridge Engineer — 1
©
® Bridge / Foundn Engr-2
()
—
S
®
()
— Sr. Material Engineer - 1
Material Engineer - 1
| Safety, Health &
l | Environment Engr - 1
—
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3.13 CONTRACT MANAGEMENT STRATEGY

The project is proposed to be implemented in EPC mode.

The bidding documents are prepared based on the NHAI formats and adequately covers
various aspects such as escalation, EOT, defect liability, force majure, liquidated damages
etc.

At present no incentives are proposed for early completion of the project.

The only material which may be required to be imported for the construction of special bridge
is the stay cables. The cost greatly depends on the international market rate and other duties
which may change from time to time. However since the project duration is only 24 months
and the quantity required is less, any variation on account of these factors may not affect the
overall cost of the project.

The overall implementation on EPC mode shall be as per the Niti Aayog’s guidelines on EPC
model document

Within the specified time Client shall appoint Authority Engineer (AE), as per the guidelines
given in Model document for EPC by Niti Aayog.

The Authority Engineer shall be assisted by able staff to execute the following
responsibilities.

¢ Review of Drawings
¢ Appointment of Proof Consultant.
¢ Review of Quality Assurance Plan
e Programme for Construction of Works
¢ Review of proposed Work Methodology
¢ Inspection of Construction works
¢ Review of Safety at site
¢ Review of Monthly Progress Report
e Processing of Periodical Payments
e Processing of Time Extension, Variation Order
e Provisional / Completion Certificates
Since the project is time-bound, an efficient team of Contractor at site, which will closely work

with the primary stake holder, i.e. Government of Kerala, inorder to seamlessly achieve the
milestones and eventually accomplish the assigned task is required.

As per the guidelines of EPC contract, the contractor shall appoint a “Design Director” who
is competent to lead the contractor’s design team and is responsible to certify the accuracy
and correctness and safety of all the design and drawings.

The Contractor shall recommend a panel of 3 consulting companies as “Proof Check
Engineers” to Authority Engineer for his final decision and selection.

The proposed organogram of contractor is as below.
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PLANNING ENGINEER

Contracts manager EPC DESIGN
Billing engineer :> PROJECT MANAGER <:| TEAM
Stores In-Charge

Quality Control M
Accounts
PROJECT MANAGER
Construction Manager-1 Construction Manager- Construction Manager-21
\e 1
(Piling Works) & (Substructure &

Superstructure)

iy

Casting yard in-charge.
Site Engineers Site Engineers P&M In-Charge
Site Engineers

The Project Manager is responsible for the overall delivery of project, its schedule and
conforming to the adherence to quality, safety and scope of work. He shall have an overall
experience of minimum 20 years in marine environment and should have executed one long
span bridge. He is the authorised person representing the contractor and shall communicate
with client.

Construction Managers report to Project Manager and are responsible for quality and
schedule. The qualification and experience criteria for each of these can be decided in
consultation with the client.

3.13.1 Quality control system

The Contractor shall establish a quality control mechanism to ensure compliance with the
provisions of the Agreement (the “Quality Assurance Plan”or “QAP”).

The Contractor shall, within 30 (thirty) days of the Appointed Date, submit to the Authority’s
Engineer its Quality Assurance Plan which shall include the following:

(a) organisation, duties and responsibilities, procedures, inspections and documentation;

(b) quality control mechanism including sampling and testing of Materials, test frequencies,
standards, acceptance criteria, testing facilities, reporting, recording and interpretation of test
results, approvals, check list for site activities, and proforma for testing and calibration in
accordance with the Specifications and Standards and Good Industry Practice; and

(c) Internal quality audit system.

The Authority’s Engineer shall convey its comments to the Contractor within a period of 21
(twenty-one) days of receipt of the QAP stating the modifications, if any, required, and the
Contractor shall incorporate those in the QAP to the extent required for conforming with the
provisions.
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3.13.2 External technical audit

At any time during construction, the Authority may appoint an external technical auditor to
conduct an audit of the quality of the Works. The findings of the audit, to the extent accepted
by the Authority, shall be notified to the Contractor and the Authority’s Engineer for taking
remedial action in accordance with this Agreement. The Contractor shall provide all
assistance as may be required by the auditor in the conduct of its audit hereunder.
Notwithstanding anything contained in the agreement, the external technical audit shall not
affect any obligations of the Contractor or the Authority’s Engineer under this Agreement.
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3.14 IMPLEMENTATION SCHEDULE & WBS

Since this project is a time bound project, proper scheduling and parallel work fronts to be
explored. Keeping this in view, consultant has proposed pre-casting for the complete
structure so that the progress is largely insulated to the seasonal changes.

The project is proposed to be phased in two stages, depending upon the land availability.
The Southern side i.e. Ponnani side approach is highly built-up and it is expected to take
longer time for concluding LA and R&R activities. This is necessarily required for improving
the geometric only. Hence this may be taken up as and when the land is available. However
the existing pavement strengthening alone can be completed on south side.

Contracting

Packages Details

1. Strengthening of existing pavement on South side.
1 2. Bridge works and approaches on North side.
3. Junction development at Karma Road.

LA and widening of the approach and junction developments on the South
side.

The critical item identified in the whole project is the piling in marine environment and
construction of cable stayed bridge. This is accounted in the attached schedule in Annexure-
5, so that the complete assignment can be completed in the stipulated time frame.
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3.15 STAUTORY CLEARANCES

3.15.1 CRZ CLEARANCE

Proposed development of the Suspended/Cable Stayed Bridge along with approach roads
falls in the Coastal Regulation Zone (CRZ) area and thereby attracts the provisions of CRZ
Notification, 2011 (as amended). Necessary process for obtaining CRZ Clearance is being
pursued. The CRZ Mapping at the project area is to be carried out by a MoEF authorised
agency. We have previously approached National Centre for Earth Science Studies
(NCESS), Thiruvananthapuram, to conduct the survey. However due to shortage of
manpower they are unable to conduct the survey at this point. As such we have approached
National Centre for Sustainable Coastal Management (NCSCM), Chennai to conduct the
survey. Upon completion of the surveys and preparation of the necessary CRZ
Maps/Reports, the application for CRZ Clearance shall be submitted to Kerala State Coastal
Zone Management Authority (KSCZMA).

3.15.2 FOREST CLEARANCE/TREE FELLING PERMISSIONS

There are few trees along the project development corridor that will need to be felled. Also,
the proposed development will pass through a patch of Casuarina plantations. Based on the
finalized ROW of the approach road, the total number of trees needed to be felled is to be
identified. An inventory of trees to be felled will be prepared and necessary application will be
submitted to the Malappuram Divisional Forest Office to obtain necessary permission for
felling of the trees from State Forest Department.
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3.16 QUALITY MANAGEMENT PLAN

A detailed QMP shall be provided by the contracting agency before the start of the execution.

A full-fledged laboratory as part of the site facilities shall be installed. This facility shall
include the testing of all materials used in the construction. A third party validation from
approved laboratory is required for items such as stay cables, prestress cables & bearings.

The laboratory shall have facilities to carry out in-situ tests of concrete and strengths.
All the tests shall be documented and produced for verification of PMC.

For further details, Volume-V: Technical Specifications shall be referred for equipment’s
required for testing of aggregates, soil etc.

A system of checking and approving of all the construction activities shall be in-place. The
following procedures, which are generally used in such construction is as follows.

1. A detailed work procedure for each activity shall be submitted to the PMC for prior
approval

2. A Request for Ins