FINAL

DETAILED PROJECT REPORT
FOR
MUMBAI METRO LINE-10
FROM

GAIMUKH TO SHIVAJI CHOWK
(MIRA ROAD)

Client: Mumbai Metropolitan Region
Development Authority (MMRDA)

Prepared By

Rt Agt ¥o7 Wizure forfics
DELHI METRO RAIL CORPORATION LTD.

March 2019




DETAILED PROJECT REPORT
FOR
MUMBAI METRO LINE - 10
FROM
GAIMUKH TO SHIVAJI CHOWK
(MIRA ROAD)

Client: Mumbai Metropolitan Region Development
Authority (MMRDA)

Prepared By

feeoft At o1 BiegReA forfics
DELHI METRO RAIL CORPORATION LTD.

March 2019



& Contents

Pages

Salient Features 1-3

Executive Summary 4-48
Chapter 1 | Introduction 49-57
Chapter 2 | Traffic Demand Forecast 58-69
Chapter 3 | System Design 70-126
Chapter 4 | Civil Engineering 127-181
Chapter 5 | Station Planning 182-200
Chapter 6 | Train Operation Plan 201-216
Chapter 7 | Maintenance Depot 217-235
Chapter 8 | Power Supply Arrangements 236-252
Chapter 9 | Environment & Social Impact Assessment 253-298

Chapter 10 | Multi Model Traffic Integration at Metro Stations | 299-301

Chapter 11 | Friendly Features for Differently Abled 302-321
Chapter 12 | Security Measures for a Metro Rail System 322-325
Chapter 13 | Disaster Management Measures 326-330
Chapter 14 | Cost Estimates 331-337
Chapter 15 | Financing Options, Fare Structure and Financial 338-351
Viability
Chapter 16 | Economical Appraisal 352-360
Chapter 17 | Implementation 361-372
Chapter 18 | Conclusions and Recommendations 373-374
Appendix 375-380

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road) March 2019 i




S

SALIENT FEATURES

10

11

12

13

14.

Gauge

Route Length

Number of Stations
Traffic Projection
Train Operation

Speed

Traction Power Supply
Rolling Stock
Maintenance Facilities
Signaling, Telecommunication and Train Control
Fare Collection
Structure

Cost

Indices



S

EXECUTIVE SUMMARY

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.10

0.11

0.12

0.13

0.14

0.15

0.16

0.17

0.18

Introduction

Traffic Forecast

System Design

Civil Engineering

Station Planning

Train Operation Plan

Maintenance Depot

Power Supply

Environmental and Social Impact Assessment
Multi Model Traffic Integration

Friendly Features for Differently Abled
Security Measures for a Metro Rail System
Disaster Management Measure

Cost Estimate

Financing Options, Fare Structure & Financial Viability
Economical Appraisal

Implementation Plan

Conclusions



&

CHAPTER 1 - INTRODUCTION

1.1 Background

1.2 Demographic Profile and Transport Scenario of MMR
1.3 Envisaged Transport Network of MMR

1.4 Study Objectives

1.5 Scope of Work

1.6 Structure of Report



S

CHAPTER 2- TRAFFIC DEMAND FORECAST

2.1 Planning Parameters
2.3 Model Development

2.4 Ridership on Proposed Metro Corridor



S

CHAPTER 3- SYSTEM DESIGN

3.0

3.1

3.2

3.3

3.4

3.5

3.6

Introduction

Permanent Way

Traction System

Signalling and Train Control System
Telecommunication System
Automatic Fare Collection System

Rolling Stock



S

CHAPTER 4- CIVIL ENGINEERING

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Geometric Design Norms

Alignment

Civil Structure and Construction Methodology
Geo-Technical Investigations

Utility Identification

Land Acquisition

Safety and Security Systems



S

CHAPTER 5 - STATION PLANNING

5.1

5.2

5.3

5.4

5.5

5.6

General

Rail Levels and Alignment

Platforms

Sequence of Stations

Planning and Design Criteria for Stations

Passenger Amenities



S

CHAPTER 6-TRAIN OPERATION PLAN

6.1 Operation Philosophy

6.2 Stations

6.3 Train Operation Plan: Salient Features
6.4 Traffic Demand

6.5 Train Formation

6.6 Dwell Time

6.7 Train Operation Plan

6.8 Train Frequency

6.9 Hourly Train Operation Plan

6.10 Vehicle Kilometer

6.11 Year Wise Rake Requirement



S

CHAPTER 7 — MAINTENANCE DEPOT

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.12

7.13

Corridor

Depot- cum- Workshop
Maintenance Philosophy

Rolling Stock Maintenance Needs

Year-Wise Planning of Maintenance Facility set up at Depot
cum workshop based on planned Rolling Stock requirement
in TOP

Requirement of Maintenance/Inspection Lines for Depot- cum-
Workshop

Inspection Requirements at Depot

Design of Depot- cum- Workshop Facilities
Car Delivery Area

Operational Features

Infrastructure Facilities

List of Buildings & List of Plants & Equipments at Depot- cum-
Workshop

Un-Attended Train Operation (UTO)



S

CHAPTER 8 -POWER SUPPLY ARRANGEMENTS

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

8.13

8.14

8.15

8.16

8.17

Power Requirements

Need for High Reliability of Power Supply
Sources of Power Supply

Various Options of Traction System

Electromagnetic Interference (EMI) and Electromagnetic
Compatibility (EMC)

Auxiliary Supply Arrangements for Elevated Stations
Auxiliary Supply Arrangements for Depot

25 kV AC Flexible Overhead Equipment (OHE) System
Rating of Major Equipment

MV/LV System

Standby Diesel Generator (DG) Sets

Solar Photo Voltaic (PV) Power System

Sewage Treatment System using Integrated Constructed
Wetlands (ICW)

Supervisory Control and Data Acquisition (SCADA) System
Energy Saving Measures
Major EHV Line Crossing the Alignment

Electric Power Tariff



S

[= - B - &)

CHAPTER 9 — ENVIRONMENT & SOCIAL IMPACT ASSESSMENT

9.1 Legal, Policy and Institutional Frame Work
9.2 Various Environment Permissions Required
9.3 Clearances

9.4 Objective and Scope of the Study

9.5 Approach and Methodology

9.6 Project Description

9.7 System Requirement

9.8 Construction Methodology

9.9 Maintenance Depot

9.10 Power Requirement

9.11 Environmental Baseline Data

9.12 Land Environment

9.13 Water Environment

9.14 Meteorology

9.15 Air Environment

9.16 Noise Environment

9.17 Soil Quality

9.18 Trees, Flora and Fauna

9.19 Socio — Economic Conditions



S

9.20

9.21

9.22

9.23

9.24

9.25

9.26

9.27

9.28

Socio — Economic Survey
Archaeological Sites
Environmental Impact Assessment

Analysis of Alternatives and Public Consultation and
Information Disclosure.

Environmental Management Plan
Mitigation Measures
Environmental Monitoring Plan
Cost Estimates

Conclusion



&

CHAPTER 10 — MULTI MODAL TRAFFIC INTEGRATION AT METRO
STATIONS

10.1 Introduction

10.2 Present Condition of Transport on City Roads
10.3 Impact of Bus/Clusters in Mode Share

10.4 Balancing Act of Metro

10.5 Way Forward



S

CHAPTER 11- FRIENDLY FEATURES FOR DIFFERENTLY ABLED

o

11.1 Introduction

11.2 Content

11.3 Metro Rail Station

11.4 Information Signs and Announcements
11.5 Metro Station Area

11.6 Information Systems

11.7 General Accessible Toilets
11.8 Drinking Water Units

11.9 Visual Contrasts

11.10 Emergency Egress/Evacuation
11.11 Alerting Systems

11.12 Written Evacuation Procedure
11.13 Emergency Evacuation Route
11.14 Way Guidance System

11.15 Fire Resistance Doors

11.16 Street Design

11.17 Traffic Signals

11.18 Subway and Foot Over Bridge

11.19 Alighting and Boarding Areas



S

CHAPTER 12 - SECURITY MEASURES FOR A METRO RAIL

12.1

12.2

12.3

12.4

12.5

12.6

SYSTEM

Introduction

Necessity of Security

Three Pillars of Security

Phases of Security
Responsibilities and Partnerships

Proposed Provisions for Security System



CHAPTER 13 — DISASTER MANAGEMENT MEASURES

13.1 Introduction
13.2 Need for Disaster Management Measures
13.3 Objectives

13.4 List of Serious Incidents Requiring Use of Provisions of the
Disaster Management Measures

13.5 Provisions under Disaster Management Act, 2005.
13.6 Provisions at Metro Stations/Other Installations
13.7 Preparedness for Disaster Management

13.8 Communication with State Disaster Management Cell



CHAPTER 14 - COST ESTIMATES

14.1 Introduction
14.2 Civil Engineering works
14.3 Depot

14.4  Utility Diversions, Environmental Protection, Miscellaneous
Other Works

14.5 Rehabilitation and Resettlement

14.6 Traction and Power Supply

14.7 Signaling and Telecommunication Works
14.8 Automatic Fare Collection

14.9 Rolling Stock

14.10 Security

14.11 Multimodal Traffic Integration

14.12 General Charges and Contingencies

14.13 Capital Cost Estimates



&

CHAPTER 15- FINANCING OPTIONS, FARE STRUCTURE AND
FINANCIAL VIABILITY

15.1 Introduction

15.2 Costs

15.3 Revenues

15.4 Financial Internal Rate of Return (FIRR)
15.5 Financing Options

15.6 Recommendations



S

CHAPTER 16 - ECONOMIC APPRAISAL

16.0
16.1
16.2
16.3
16.4
16.5
16.6

16.7

Alignment Description and Issues

Introduction to Economic Appraisal Methodology
Values Adopted for Some Important Variables
Economic Benefit Stream

Metro Construction Cost

Economic Performance Indicators

Sensitivity Analysis

Quantified Benefits



CHAPTER 17- IMPLEMENTATION

17.1 Introduction
17.2 Possible Models for Financing a Metro Project

17.3 The Recommended Financial Model for Line — 12 from Kalyan
to Taloja

17.4 Institutional Arrangements

17.5 Implementation Strategy

17.6 Contract Packages for Implementation of the Project
17.7 Implementation Schedule

17.8 High Power Committee

17.9 Concession from Government

17.10Legal cover for Mumbai Metro



&

CHAPTER 18 - CONCLUSIONS AND RECOMMENDATIONS



S

APPENDIX



SALIENT FEATURES

SALIENT FEATURES

1. GAUGE (NOMINAL): 1435 mm
2. ROUTE LENGTH:
Name of Extension Elevated Underground At-Grade Total
(km) (km) (km) Length (km)
Gaimukh to Shivaji Chowk | g 114 km 0.68 km 0.115 km 9.209 km
(Mira Road)
3. NUMBER OF STATIONS: 4 (All Elevated)

4. TRAFFIC PROJECTION:

Entire Corridor:
CSMT - Wadala — Kasarvadavali — Gaimukh = Shivaji Chowk (Mira Road)

DAILY

YEAR RIDERSHIP AVERAGE LEAD (KM) MAXIMUM PHPDT
2021 14,32,430 11.97 47,102

2031 21,62,256 12.87 48,122

Extension from Gaimukh to Shivaji Chowk (Mira Road)

DAILY
YEAR RIDERSHIP
2021 2,64,188
2031 4,66,551

5. TRAIN OPERATION:

CSMT Metro to Bhakti Park Bhakti Park to

Sections 2> and Kapurbawdi to Shivaji Kapurbawdi
Chowk (Mira Road) P
Particulars ¥ 2021 2031 2021 2031

Cars/trains 6 8 6 6

Head way (Minutes) 4.50 4.50 2.25 2.25
Max. PHPDT Demand 47102 48122 47102 | 48122
o 23413 31360 46827 | 54773
PHPDT Capacity Avallable | 598675 | (a0000%) | (59733%) | (69867%)

* @ 8 persons per square meter of standee area

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road)

March 2019 1
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SALIENT FEATURES

: Head- Total No.| Rake |Total No. Provision fgr Additional No.
Sections Year | way of Rakes |Consist| of Cars** No. of cars in | of cars for
(min) DPR of Oct’18 | Line- 10#
CSMT Metro to Bhakti Park
and Kapurbawdi to Shivaji 4.50
Chowk (Mira Road) 2021 74 6-car 444 276 168
Bhakti Park to Kapurbawdi 2.25
CSMT Metro to Bhakti Park
and Kapurbawdi to Shivaji | 2031 | 4.50 50 8-car | 400 368
; 176
Chowk (Mira Road)
Bhakti Park to Kapurbawdi 2.25 24 6-car 144

** Total No. of cars shown above are the total cars calculated as per PHPDT data.
#Additional cars requirement for Line-10 has been calculated after subtracting provision for no. of
cars in previous Line-4 (CSMT - Gaimukh) DPR (Oct’'18) from the total car requirements.

8.

9.

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road)

i. Design Speed
ii. Maximum Operating Speed
iii. Schedule Speed

Traction Power Supply:

a. Traction system voltage
b. Current Collection
C. Receiving Sub Stations

90 kmph
80 kmph
35 kmph

25 kV AC

Over Head Catenary
One near Kashimira/
(Mira Road)

Shivaji Chowk

Power Demand Estimation (MVA)

Year
Load 2021 2031
Traction 5.00 6.00
Auxiliary 1.23 1.48
Total 6.23 7.48
ROLLING STOCK:
a. 3.20 m wide rolling stock with stainless steel body
b. Axleload 17T
c.  Seating arrangement Longitudinal
d. Capacity of 6 coach unit with 6 standees / sqm. 1756
e. Capacity of 8 coach unit with 6 standees / sqm. 2352
f.

Class of accommodation

MAINTENANCE FACILITIES:

One (Air conditioned)

No additional depot has been proposed for this extension. Same depot of Gaimukh
to CSMT metro corridor, either at Owale or Gaimukh shall be used for this extension

also after due augmentation.

March 2019 2




@ SALIENT FEATURES

10. SIGNALLING, TELECOMMUNICATION AND TRAIN CONTROL:

a) Type of Signalling ‘CATC’ (Continuous Automatic Train Control System)
based on “CBTCS” (Communication based Train
Control System) which includes ATP (Automatic Train
Protection), ATO (Automatic Train Operation) and ATS
(Automatic Train Supervision) sub-systems using radio
communication between Track side and Train.

b) Telecommunication i. Integrated System with Optic Fibre cable, SCADA,
Train Radio, PA system etc.
ii. Train information system, Control telephones and
Centralized Clock System.

11. FARE COLLECTION:
Automatic Fare collection system with TVM and Smart card etc.
12. STRUCTURE:

i. Elevated:
Viaduct with Precast twin ‘U’ girders on Single pier with pile foundations
upto radius 300m and flatter, for sharper curves and location of Points &
Crossings I-Girder.
Station structure with viaduct columns supporting the concourse girders
by a cantilever arm.

il. Underground section with New Austrian Tunneling Method (NATM).

13. COST:

i) Estimated Cost with all Taxes & Duties including Land Rs. 3821 Crore
Cost (At March 2018 Price Level)

i) Completion Cost with all Taxes & Duties including Rs. 4476 Crore
Land & IDC (by March 2024 at 5% p.a. escalation)

14. INDICES:

) FIRR : 10.91%
i) EIRR : 21.95%

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road) March 2019 3
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EXECUTIVE SUMMARY

0.1 INTRODUCTION

0.1.1 Background
Mumbai has a very good transportation system but has not been able to keep pace
with rising demand. The carrying capacity of the bus and rail system has increased
considerably but has been always on lower side than what is needed. Though metro
for Mumbai had been talked for last 50-60 years, but something concrete did not
come up till MMRDA got prepared Master Plan of Mumbai Metro network in 2003.
Master Plan was totaling to 146.5 km comprising the under-mentioned corridors:

Table 0.1
S. No. Corridor Length (km)
Total Elev u.G
1. Varsova — Andheri — Ghatkopar 15.00 15.00 -
2. Colaba — Mahim (Bandra) 18.00 8.10 9.90
Mahim (Bandra) — Charkop 18.00 18.00
3. Mahim — Kurla — Mankhurd 12.80 10.70 2.10
4. Charkop — Dahisar 7.50 7.50
5. Ghatkopar — Mulund 12.40 12.40
6. BKC — Kanjur Marg via Airport 19.50 11.00 8.50
7. Andheri (E) — Dahisar (E) 18.00 18.00
8. Hutatma Chowk — Ghatkopar 21.80 13.30 8.50
9. Sewri - Prabhadevi 3.50 3.50

DMRC prepared the DPRs for Line-1: Varsova — Andheri — Ghatkopar — 2005, Line-
2: Colaba — Bandra — Charkop — 2008, Line — 3: Bandra — Kurla - Mankhurd — 2006.
Subsequently, the corridors 2 & 3 were rearranged and DMRC prepared another
DPR for the corridor between Charkop — Bandra — Mankhurd

In spite of above, the implementation of Mumbai metro remained very slow. So far
only one line between Varsova — Andheri — Ghatkopar could be implemented. Other
corridors presently under implementation are

. Colaba to Aarey Colony via International Airport. 33.50km
. Dahisar (E) to DN Nagar 18.60km
. Dahisar (E) to Andheri(E) 16.48km
. DN Nagar to Mandale 23.64km
. Wadala — Ghatkopar — Mulund — Thane — Gaimukh 34.99km
. Swami Samarth Nagar to Vikhroli(EEH) 14.48km
. Dahisar to Mira Bhayander 9.29km
. Andheri to CSIA 3.18km
Total 154.16km

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road) March 2019 4




@ EXECUTIVE SUMMARY

In November/December, 2009, MMRDA awarded the work of preparing DPRs for the
following corridors to the agencies as indicated herein:

Table 0.2
S. Corridor Length Agency
No. (Km)
1. Charkop — Dahisar 7.5 M/s SPAN Consultants Pvt
Ltd.(August, 2010)
2. Andheri(E)-Dahisar(E) 18.00 M/s SPAN Consultants Pvt Ltd.(May,
2010)
3. Mahim — BKC - Kanjurmarg 12.5 M/s RITES & LASA (Sept, 2011)
4, Ghatkopar-Mulund 12.50 M/s Consulting Engineering Services
5. Bhakti Park- Wadala — 32 M/s RITES (following LBS Road)
Ghatkopar -Kasarvadavali (September, 2014)
6. Wadala — Ghatkopar — 30.00 M/s CES (following Eastern
Kasarvadavali Expressway)(March, 2013)
7. Wadala — Carnac Bandar 13.1 M/s RITES (December, 2012)

The Government of Maharashtra is keen to implement expeditiously the Master
Plan Corridors recommended by DMRC on a fast track mode and to complete them
in the next 3-4 years. To start with, it is decided to take up the task of updation of
DPRs and also preparation of new DPRs for the following potential elevated metro

corridors:
Table 0.3
Sr. No. | Alighment Length in km
A* Updation of DPRs for Mumbai Metro Master Plan
Corridors
(&) D.N. Nagar — Dahisar 18.00
(b) Dahisar (E) — Andheri (E) (Along WEH) 18.00
(c) Bandra — Mankhurd (Via BKC) 13.00
(d) Wadala — Ghatkopar — Thane 22.00
(e) Thane - Kasarvadavali 10.00
() Wadala — GPO along R.A. Kidwai Rd. — Barrister 8.00
Nath Pai Rd. — P.D. Mello Rd
B Review of Metro alignment and updation
/preparation of DPRs
(@) D.N. Nagar - BKC 10.00
(b) Jogeshwari Vikhroli Link Road — SEEPZ — Kanjur 10.00
Marg
(c) Andheri (E) — BKC (Via WEH) 9.00
Total 118.00

Out of 118 km Master Plan network, the work of implementation of about 106 km
has already been started by MMRDA.

0.1.2 Demographic Profile and Transport Scenario

Mumbai, the financial capital of India, has witnessed phenomenal growth in
population and employment and the trend is expected to continue in the future. The

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road) March 2019 5




0.2

0.2.1

EXECUTIVE SUMMARY

job opportunities it offers have served as a major attraction for immigration from
hinterland of Maharashtra as well as from all parts of the Country.

Mumbai Metropolitan Region (MMR) is one of the fast-growing metropolitan
regions in India. It comprises of 7 municipal corporations, 13 municipal councils and
996 villages and extends over an area of 4,355 sq. km MMR is projected to have
population and employment (both formal and informal) as 34.0 million and 15.3
million respectively in the year 2031.

The dominant feature of the passenger movements in Mumbai is overwhelming
dependence of travel on public transport modes and walk. In MMR, public transport
systems are overcrowded and the road network is congested as there is a large
gap between the demand and supply.

Four-fold growth of population since 1951 has been largely accommodated in
the suburbs while the highest concentration of jobs has remained in the Island
City. The physical characteristics of the City are such that the suburbs have been
constrained to spread northwards only, and all transport facilities are concentrated
within three narrow corridors. Today’s major challenge is to provide connectivity
and promote growth by providing adequate inputs to the infrastructure which would
improve the quality of life of the residents.

TRAFFIC FORECAST

The daily ridership, peak hour station loads and peak hour section loads for the
proposed Metro Corridor is given in Table 0.4 and 0.5 for horizon year 2021 and
2031 respectively.

Table 0.4: Peak Hour Ridership for Metro Line (CSMT Metro - Wadala — Kasarvadavali -

Gaimukh) for Horizon year 2021

Volume Volume
Boarding | Alighting éﬁi'\;; E:Arfct)wll Station ((:Shr(‘)'\\llvjll( Boarding | Alighting
(Mira Road)) -CSMT Metro)

2101 0 2101 CSMT Metro 0 0 3681
133 0 2234 Carnac Bunder 3681 0 97
930 9 3155 Clock Tower 3778 59 314
1183 12 4325 Wadi Bunder 4033 112 570
776 51 5050 Darukhana 4491 148 545

94 5 5140 Coal Bunder 4888 7 81
891 12 6019 Hay Bunder 4962 18 245
247 61 6205 Sewri Metro 5189 51 439
4411 579 10038 BPT Hospital 5577 838 5037
1504 251 11290 Ganesh Nagar 9776 613 1485

Wadala RTO

421 4116 7595 (Bhatkti Park Metro) 10648 269 17805
5750 2436 10909 Wadala TT 28183 2618 14822
493 257 11145 Anik Nagar (Anik 40388 761 1000

Nagar Bus Dept)

1212 235 12122 Suman Nagar 40626 835 1364
3276 935 14463 Siddharth Colony 41156 1258 7205

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road) March 2019 6
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Volume Volume
. L (CSMT Metro- . (Shivji . L
Boarding | Alighting Shivaji Chowk Station Chowk Boarding | Alighting
(Mira Road)) -CSMT Metro)
Pestom Sagar
1620 1012 15071 (Amar Mahal 47102 2333 1647
Junction)
409 103 15377 Garodia Nagar 46416 186 500
324 92 15609 Pant Nagar 46730 332 339
193 211 15590 Laxmi Nagar 46736 440 247
1719 2897 14412 Amrut Nagar 46544 17419 2076
(Shreyas Cinema)
882 284 15010 Ambewadi (Godre 31201 1181 1107
Company)
415 556 14869 Vikhroli Metro 31127 741 744
264 997 14136 Surya nagar 31130 1522 681
461 1257 13340 gandhinagar 30290 1881 500
501 0 13841 Naval Housing 28908 0 819
2755 527 16070 Bhandup 29727 1273 2682
mahapalika
324 307 16087 Bhandup Metro 31136 1243 248
2730 1589 17228 Nahur Metro 30141 3363 4210
(Shagrila)
142 459 16911 Sonapur 30988 839 128
281 242 16950 Mulund Fire 30277 242 425
Station
534 538 16946 Mulundnaka 30460 1139 690
457 825 16579 Teen Hath naka 30011 1428 615
1135 1529 16184 RTO Thane 29198 3612 1335
Thane Mahapalika
276 768 15692 Marg (Mahapalika 26922 859 483
Marg)
1032 392 16332 Siddneshwar Lake 26546 959 497
(Cadbury Junction)
1195 2008 15519 Majiwada 26084 3510 1639
496 1782 14233 Kapur Bawdi 24213 4447 954
341 1039 13534 Manpada 20720 2486 312
6985 4220 16299 Pa“'Pav‘?/Zég'k“" NIl 18547 5862 8637
577 2103 14773 Dongaripada 21322 2809 927
551 1066 14257 Kavesar Gaon 19440 2316 1201
(Vijay Garden)
454 2329 12382 kasarvadavali 18324 2547 890
164 679 11867 Gowniwada 16667 767 285
327 1287 10907 Gaimukh 16186 601 1259
46 0 10953 Gaimukh Reti 16844 0 0
Bundar
Varsova Char
478 681 10749 16844 292 1000
Phata
0 1601 9148 Kashimira 17552 5136 0
Shivaji Chowk
0 9148 0 (Mira Road) 12415 12415 0
51483 51483 17228 PHPDT 47102 91762 91761
Daily Ridership 14,32,430

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road)
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Table 0.5: Peak Hour Ridership for Metro Line (CSMT Metro - Wadala — Kasarvadavali
— Gaimukh- Shivaji Chowk (Mira Road)) for Horizon year 2031

Volume Volume
. L (CSMT Metro- . (Shivji Chowk . C
Boarding | Alighting Shivaji Chowk Station -CSMT Boarding | Alighting
(Mira Road)) Metro)
2180 0 2180 CST Metro 0 0 9679
212 65 2326 Carnac Bunder 9679 37 2431
245 62 2509 Clock Tower 12074 165 308
222 60 2671 Wadi Bunder 12217 380 403
611 68 3214 Darukhana 12240 130 973
61 9 3266 Coal Bunder 13082 20 143
319 14 3570 Hay Bunder 13206 27 208
165 60 3675 Sewri Metro 13386 110 569
4566 547 7694 BPT Hospital 13845 1756 6069
1069 176 8587 Ganesh Nagar 18158 580 721
Wadala RTO
1298 1003 8883 (BhatktiPark Metro) 18299 668 11118
1699 422 10160 Wadala TT 28749 1171 3647
Anik Nagar (Anik
527 269 10418 Nagar Bus Dept) 31226 716 1085
1709 349 11778 Suman Nagar 31595 968 2505
6113 1852 16039 Siddharth Colony 33132 6657 6788
Pestom Sagar
(Amar Mahal
1874 427 17487 Junction) 33263 691 1748
840 190 18137 Garodia Nagar 34320 118 1179
403 132 18408 Pant Nagar 35381 308 509
322 406 18324 Laxmi Nagar 35581 413 653
Amrut Nagar
615 860 18080 (ShreyasCinema) 35820 999 1212
Ambewadi
8419 3332 23166 (GodrejCompany) 36034 10820 18162
229 1722 21673 Vikhroli Metro 43375 585 1446
836 703 21806 Surya nagar 44236 1631 1236
510 1555 20761 Gandhinagar 43841 815 789
35 0 20796 Naval Housing 43815 0 289
Bhandup
2876 589 23083 mahapalika 44104 732 4266
958 620 23421 Bhandup Metro 47638 1497 1100
Nahur Metro
855 1028 23248 (Shagrila) 47240 857 1739
1519 1645 23121 Sonapur 48122 4142 661
286 54 23354 Mulund Fire Station 44641 105 462
542 353 23542 Mulund naka 44998 496 608
437 458 23522 Teen Hath Naka 45110 666 942
1832 858 24495 RTO Thane 45386 1742 1603
Thane Mahapalika
Marg (Mahapalika
1081 1296 24281 Marg) 45248 1445 1905
Siddheshwar
798 645 24434 Lake(Cadbury 45708 836 1369

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road)
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Volume Volume
. . CSMT Metro- . Shivji Chowk . . .
Boarding | Alighting éhivaji Ct?ou/)k Station ( I-\QIISMTOW Boarding | Alighting
(Mira Road)) Metro)
Junction)
2089 2372 24150 Majiwada 46241 3424 2823
6686 9986 20850 Kapur Bawdi 45641 23849 5255
4790 882 24759 Manpada 27047 768 1115
Patli Pada (Tikuji Ni
7171 1973 29957 wadi) 27393 5074 10151
1245 2765 28436 Dongaripada 32470 2838 2366
Kavesar Gaon

1230 1658 28008 (VijayGarden) 31998 2703 1892
1373 3582 25799 kasarvadavali 31188 5202 1169

0 1020 24779 Gowniwada 27156 915 0
212 153 24838 Gaimukh 26241 88 396

Gaimukh Reti

1051 0 25889 Bundar 26549 0 1194
19383 14494 30778 Varsova Char Phata 27743 11458 9850

0 740 30039 Kashimira 26135 4767 0

Shivaji Chowk (Mira

0 30039 0 Road) 21368 21368 0

91492 91492 30778 PHPDT 48122 124734 | 124733
Daily Ridership 21,622,256

0.3 SYSTEM DESIGN
0.3.1 Permanent Way

0.3.1.1 Choice of Gauge
The issue of Broad Gauge vs. Standard Gauge for Metro in India has been debated
widely and the decision has been in favour of Standard Gauge. Even Delhi Metro
which started with Broad Gauge hasswitched over to Standard Gauge. It is
advantageous for many reasons as indicated below:

e In general alignment has to follow the road alignment, which has sharp curves.
Standard Gauge permits adoption of sharper curves.

e In Standard Gauge 1 in 7 and 1 in 9 turn-outs which occupy lesser length can be
used while in Broad Gauge 1in 8 %2 and 1 in 12 turnouts are required.

e For Standard Gauge, optimized state-of-the-art rolling stock designs are available ‘of-
the-shelf’ which is not so in case of Broad Gauge.

e Standard gauge has been adopted for metros all over the world. Due to large market,
constant up-gradation of technology takes place on a continued basis. This is not
available Broad Gauge.

o For same capacity gross weight of a metro coach is lower for Standard Gauge than
for Broad Gauge. Standard Gauge rolling stock thus results in recurring saving in
energy consumption during operation.

e Once technology for Standard Gauge coach gets absorbed and manufacturing base
for this setup in India, there will be considerable export potential for the coaches.

DPR for Mumbai Metro Rail Corridor from Gaimukh to Shivaji Chowk (Mira Road)

March 2019 9



@ EXECUTIVE SUMMARY

0.3.1.2 Track Structure

Two types of track structures are proposed for any Metro. The normal ballasted track
is suitable for At-Grade (surface) portion of Main Lines and in Depot (except inside
the Workshops, inspection lines and washing plant lines. The ballastless track is
recommended on viaducts as the regular cleaning and replacement of ballast at such
location will not be possible. Only in case of the depot, normal ballasted track is
proposed for adoption. From considerations of maintainability, riding comfort and also
to contain vibrations and noise levels, the complete track is proposed to be joint-less
and for this purpose even the turnouts will have to be incorporated in LWR/CWR.
The track will be laid with 1 in 20 canted rails and the wheel profile of Rolling Stock
should be compatible with the rail cant and rail profile.

0.3.2 Rail Section
Keeping in view the proposed axle load and the practices followed abroad, it is
proposed to adopt UIC-60 (60 kg/m) rail section. Since main lines will have sharp
curves and steep gradients, the grade of rail on main lines should be 1080 Head
Hardened as per IRS-T- 12-2009. As these rails are not manufactured in India at
present, these are to be imported. For the Depot lines, the grade of rails should be
880, which can be easily manufactured indigenously.

0.3.3 Signalling and Train Control System
The Signalling and Train Control System shall provide the highest security level for
means of an efficient Train Control, ensuring safety in train movements. It assists in
optimization of rail infrastructure investment and running of efficient train services on
the network.

The Proposed Corridor of Mumbai Metro Line 10 i.e. from Gaimukh to Shivaji
Chowk (Mira Road) section is planned to be operated at maximum safe speed of 90
Km/hr. The trains are to be maintained headway at every about 100 seconds.
However, the signaling System shall be designed at minimum for 90 second
headway in one direction.

0.3.3.1 Signalling System
It is expected to carry large number of passengers by maintaining shorter spacing
between trains requiring a very high level of safety enforcement and reliability. At the
same time heavy investment in infrastructure and Rolling stock necessitates
optimization of its capacity to provide the best services to the people.

The requirements of the Mumbai Metro Line 10 Corridor planned to be achieved by
adopting following basic principles of signaling System: -

e The Train Control and Monitoring shall be ensured from Centralized Traffic control
System located at Operation Control Centre (OCC). OCC equipments shall be
connected to station equipment room through optical fiber network.

e The CBTC (Communication based Train Control) based system shall be provided on
main line & in depot (except workshop area) for train operation & primary mode of
detection. Secondary detection shall be through Axle Counter.
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e Computer Based Interlocking System shall be designed on failsafe philosophy. In
case of failure of any equipment, the equipment shall fail on safe side or more
restrictive state. In such case the Signalling System shall authorized movement of
train in normal and degraded operations.

e Track side equipment shall be connected to Electronic Interlocking (to Station
Equipment Room) by secure links to ensure safe movement of train.

e Provide high level of safety with trains running at shorter headways ensuring
continuous safe train separation.

e Eliminate accidents due to driver passing Signal at Danger by continuous speed
monitoring and automatic application of brake in case of disregard of signal / warning
by the driver.

e Provide safety and enforce speed limit on the sections having permanent and
temporary speed restrictions.

e Improve capacity with safer and smoother operations. Driver will have continuous
display of Target Speed in his cab enabling him to optimize the speed potential of the
track section. It provides signal / speed status in the cab even in bad weather.

e Increased productivity of rolling stock by increasing line capacity and train speeds,
and enabling train to arrive at its destination sooner. Hence more trips will be
possible with the same number of rolling stock.

¢ Improve maintenance of Signalling and Telecommunication equipment by monitoring
System status of trackside and train borne equipment and enabling preventive
maintenance.

¢ Signalling & Train Control System on the line shall be designed to meet the required
headway during peak hours.

e For monitoring inside train saloon, signaling system shall provide radio transmission
media to transfer live streams to OCC controller on large video screen & MMI.

e Provision for installing integrated passenger gate at platform. The purpose of PG is to
avoid any accident at platform, Integrated Passenger Gate acts as a barrier between
the track and platform accessible to passengers. Signalling and Rolling Stock
interfaces shall be provided for Passenger Gate System.

0.3.4 Telecommunication
The Telecommunication facilities proposed are helpful in meeting the requirements
for operation of trains:

1. Supplementing the Signalling system for efficient train operation.
2. Exchange of managerial information

3. Crisis management during emergencies

4. Passenger information system

The proposed Telecom system will cater to the following requirements:
e Radio System

e Backbone network using Optical Fiber Cable (OFC)
e Ethernet & WAN Network.

e Station to Station dedicated communication
o Telephone System with Telephone Exchanges, Telephones and their Recording
o Centralized Recording System (CDRS)
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o Centralized Clock System

e Closed Circuit Television (CCTV) System

o Passenger Information & Display System within the station & trains and from
Central Control to each station, Integrated Passenger Announcement System

e Train Traffic Control, Maintenance Control, Emergency Control, Assistance to
Train Traffic Control.

o Data Channels for Signalling, SCADA, Automatic Fare Collection

e Power Supply of Telecommunications, and

e Cables for Telecommunications etc.

0.3.5 Automatic Fare Collection

0.3.5.1 Metro System handles large number of passengers. Ticket issue and fare collection
play a vital role in the efficient and proper operation of the system. To achieve this
objective, ticketing system shall be simple, easy to use / operate and maintain, easy
on accounting facilities, capable of issuing single / multiple journey tickets,
amendable for quick fare changes and require overall less manpower. In view of the
above computer based automatic fare collection system is proposed. Seamless
ticketing is now being thought of for Mumbai Metro Rail.

Automatic Fare Collection system is recommended to be adopted as this will enable
the commuters to travel hassle free by different modes of transport viz. Metro,
suburban trains, buses, water transport (whenever introduced) and even taxies
without purchasing multiple tickets for each mode separately.

Automatic fare collection systems have the following advantages:

1. Less number of staff required.

2. Less possibility of leakages of revenue due to 100% ticket check by control
gates.

Recycling of ticket fraudulently by staff avoided.

Efficient and easy to operate.

System is amenable for quick fare changes.

Management information reports generation is easy.

System has multi operator capabilities. Same Smart Card can be used for other
applications also.

8. AFC systems are the world wide accepted systems for Metro environment.

No gabkow

The proposed AFC system shall be of Contactless Smart Token / Card type. For
multiple journeys, the stored value smart card shall be utilized and for the single
journey, the smart media shall be as utilized as contactless smart token and QR
Code / bar code / NFC based ticketing. The equipment for the same shall be
provided at each station counter / booking offices and at convenient locations and will
be connected to a local area network with a computer in the Station Master’s room.
Equipment and installation cost of Contactless Smart Card / Token based AFC
system is similar to magnetic ticket based AFC system, but Contactless system
proves cheaper due to reduced maintenance, less wear and tear and less prone to
dusty environment.
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It is proposed, the smart NCMC (National Common Mobility card) standard model for
implementation of AFC system in Mumbai Metro. The AFC system as per the
guidelines issued by Govt of India shall enable seamless travel by different metros
and other transport systems across the city besides retail shopping and purchases.

The AFC system shall support the EMV (Europay, MasterCard, and Visa) and RuPay
based open loop ticketing following the NCMC standard model for interoperability
with other operators by use of non-proprietary standard so that the interface is
scalable to other networks (transit operator/ retail outlets/parking/Toll etc) in Mumbai.
The AFC equipments shall support EMV, RuPay, QR, NFC (Near field
communication) based ticketing, integration of clearing house, smart card host
system of Financial Institutions and integration of mobile application with AFC
system.

0.3.5.2 Gate
Retractable Flap Type/Paddle Type Control Gates are proposed which offer high
throughput, require less maintenance and are latest in modern systems
internationally. All these gates will have a functionality of Auto Top on smart cards in
case balance goes below the threshold value (as per choice / business rule). The
type of control gate may be finalised at detailed design stage.

The gate should also capable to NFC enabled Mobile Tickets or any latest type of
Ticket media at the time of procurement/installation. The AFC system shall provide
access control solutions, offering both access control devised and hardware which
can be tailored to accept any ticket media readily available in market (Barcode, QR
code, NFC etc).

0.3.5.3 Ticket Vending Machine (TVM)
The TVM should provide the convenience for the passengers to procure ticket on
their own, without the need to queue at the ticket sale counter.

At all stations, Passenger Operated Ticket Vending Machines (Automatic Ticket
Vending Machines) are proposed. The TVM’s will provide convenience to passengers
to avoid standing in queues at ticket booths and provide them international standard
service.

0.3.5.4 Ticket Reader/Add Value Machines
These machines will be used to know the Card/Token balance and can also be used
as Add value device in case payment for Card top up is made through alternate
Internet based channel like net banking, Credit/Debit card (Payment gateway) etc.

0.3.5.5 Recharge Card Terminal Machine (RCTM)
RCTM will be used to recharge the Card using Credit Card /Debit card /Pre Paid card
as well as bank Note
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0.3.5.6 Integration of AFC with other Lines and Modes of Transport:

In Mumbai, different mode of transport are being constructed and operated by
different operators. In view of passenger convenience and operational efficiency, it is
proposed that AFC for different metro lines should be integrated and smart card
based fare products should be inter-operable. AFC system shall take into account
revenue sharing mechanism among different operators based on journeys performed
at each system. The single ride tickets (tokens) may not be inter-operable and may
be limited to each operators system.

The proposed AFC system shall provide interfaces to other operators such as
Suburban Rail, Bus, Waterway, Parking, Toll etc so that these systems may also be
integrated with common smart card based fare products. This will facilitate the
passengers as they need not carry different cards for different applications.

0.3.6 Rolling Stock:
The required transport demand forecast is the governing factor for the choice of the
Rolling Stock. The forecasted Peak Hour Peak Direction Traffic calls for a Mass
Rapid Transit System (MRTS).

0.3.6.1 The following optimum size of the coach has been chosen for this corridor as
mentioned below

Table 0.6 - Size of the coach
Length* Width Height

Driving Motor Car (DMC) 21.84 m 3.2m 39m

Trailer Car (TC) /Motor Car (MC) 21.74 m 3.2m 39m

*Maximum length of coach over couplers/buffers = 23 m

In order to maximize the passenger carrying capacity, longitudinal seating
arrangement shall be adopted.

Following train composition is recommended:
6-Car Train:. DMC+TC+MC+MC +TC+DMC
8-car Train (from the year 2031 onwards) : DMC+TC+MC+TC+MC+MC+TC+DMC

Table 0.7 Carrying Capacity of Medium Rail Vehicles

Particulars Driving Motor Trailer 6 Car Train 8 Car Train
car car/Motor car
Normal| Crush|Normal{ Crush | Normal | Crush | Normal | Crush
Seated 42 42 50 50 284 284 384 384
Standing 120 240 124 248 736 1472 984 1968
Total 162 282 174 298 1020 1756 1368 2352

NORMAL-3 Person/sgm of standee area
CRUSH -6 Person/sgm of standee area
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The recommended performance parameters are:

Maximum Design Speed: 90 kmph
Maximum Operating Speed: 80 kmph
Table 0.8
S. No. Item Value

Minimum Design Average Acceleration rate
for fully loaded (seating plus standees @ 8
passengers /sq.m) train on level tangent track |1 m/s?

1. shall be as under; 0.6 m/s?
0 to 40 kmph 0.3 m/s?
0 to 60 kmph
0 to 80 kmph

Minimum Design Average Acceleration rate
for fully loaded (seating plus standees @ 6
passengers /sq.m) train on level tangent track | 1.2 m/s?

2. shall be as under: 0.65 m/s?
0 to 35 kmph 0.35 m/s?
0 to 60 kmph
0 to 80 kmph
Service braking rate from 80 kmph to standstill

3. for fully loaded (seating plus standees @ 8 1 m/s?

passengers /sq.m) train on level tangent track
Service braking rate from 80 kmph to standstill
4, for fully loaded (seating plus standees @ 6 1.1 m/s?
passengers /sq.m) train on level tangent track
Emergency braking  rate from 80 kmph

5. to 0 kmph for fully loaded train on 1.3 m/s?
level tangent track
6. Jerk rate (Maximum) 0.75 m/s®

0.3.6.2 The important criteria for selection of rolling stock are as under:

0] Proven equipment with high reliability

(i) Passenger safety feature

(iii) Energy efficiency

(iv) Light weight equipment and coach body

(V) Optimized scheduled speed

(vi) Aesthetically pleasing Interior and Exterior
(vii)  Low Life cycle cost

(viii)  Flexibility to meet increase in traffic demand
(ix) Anti-telescopic

The controlling criteria are reliability, low energy consumption, lightweight and high
efficiency leading to lower annualized cost of service. The coach should have high
rate of acceleration and deceleration.
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0.4 CIVIL ENGINEERING

0.4.1 Geometric Design Norms:

0.4.1.1The geometrical design norms are based on international practices adopted for
similar metro systems with standard gauge on the assumption that the maximum
permissible speed on the section is limited to 80kmph. Planning for any higher speed
is not desirable as the average inter-station distance is kept close to one km
wherever possible and trains will not be able to achieve higher speed.

Desirable minimum horizontal curve radius specified is 200 m (elevated section) but
in extreme cases it can be reduced to 120 m (elevated section). Minimum curve
radius at stations is specified as 1000 m.

Vertical curves are to be provided when change in gradient exceeds 0.4%. However,
it is recommended to provide vertical curves at every change of gradient. Radii of
vertical curves are 2500 m desirable and 1500 m minimum.

The viaduct carrying the tracks will have a vertical clearance of minimum 5.5 m
above road level.

0.4.1.2 Gradients
Normally stations should be on a level stretch. In limiting cases, stations may be on a
grade of 0.1%. In this proposed extension all stations are on level gradient.

Between stations, generally the grades may not be steeper than 2.0 %. However,
where existing road gradients are steeper than 2% or for Switch Over Ramps
gradient up to 4% (compensated) can be provided in short stretches on the main line.

0.4.1.3 Desigh Speed
The maximum sectional speed will be 80 km/h. The scheduled speed has been taken
as 35 kmph.

0.4.2 Alignment

» First station of this extension is named as Gaimukh Reti Bundar and last station is
Shivaji Chowk (Mira Road). Since this corridor is North-West extension of Mumbai
Metro Corridor from CSMT to Gaimukh, thus there is only one Terminal Station i.e.
Shivaji Chowk (Mira Road).

» Four stations have been proposed on this section. Names of stations are Gaimukh
Reti Bundar, Varsova Char Phata, Kashimira and Shivaji Chowk (Mira Road).
Attempt has been made to locate stations at about a kilometer apart. However due to
various considerations such as ridership, accessibility, availability of land, design
considerations etc; some stations could not be located at one km distance apart. The
maximum and minimum inter station distances are 4342.345 m and 872.941 m
respectively. No additional depot has been proposed for this extension. Same depot
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of Gaimukh to CSMT metro corridor, either at Owale or Gaimukh shall be used for
this extension also after due augmentation.

» Total length of this extension is 9.209 km. Major portion of the section is elevated, at
few locations underground section by NATM is proposed.

0.4.3 Station Locations
Stations have been located so as to serve major passenger destinations and to
enable convenient integration with other modes of transport such as Railway
Stations, Bus Terminals, etc. However effort has also been made to propose station
locations, such that inter station distances are as uniform as possible.

All stations will be two level stations, the concourse comprising of passenger facilities
and station facilities will be at lower level and the platforms on the higher level.
Stations on the road have been planned cantilever leaving 10.5m road width either
side of the median.

0.4.4 Terminals
Since this is an extension of Gaimukh to CSMT metro corridor on Gaimukh end.
Thus this section has only one terminal station as mentioned below:

Shivaji Chowk (Mira Road)
This is an elevated station. It is proposed parallel to proposed Amar Palace Station of
Metro Line-9. Scissors cross overs are proposed at the rear end of this station.

Scissors Crossovers will be provided at the terminal station viz. Shivaji Chowk (Mira
Road) station.

0.4.5 Depot
No additional depot has been proposed for this extension. Same depot of Gaimukh to
CSMT metro corridor, either at Owale or Gaimukh shall be used for this extension
also after due augmentation.

0.4.6 Construction Methodology

0.4.6.1 Underground Construction
For the small underground section running under the hills, New Austrian Tunneling
Method (NATM) of the underground construction can be employed.

0.4.6.2 Tunneling
Urban tunnelling has the special challenge of requiring that the ground surface be
undisturbed. This means that ground subsidence must be avoided. The normal
method of doing this is to maintain the soil pressures during and after the tunnel
construction. There is some difficulty in doing this, particularly in varied rock strata.

A TBM has the advantage of limiting the disturbance to the surrounding ground and
producing a smooth tunnel wall. This significantly reduces the cost of lining the
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tunnel, and makes them suitable to use in heavily urbanized areas. The major
disadvantage is the upfront cost. TBMs are expensive to construct, difficult to
transport and require significant infrastructure.

For shorter tunnel sections (generally less than 2 km), tunnels with variable geometry
and tunnels in mixed ground conditions, NATM provides for more cost effective,
flexible and safe tunnelling without the long mobilization process associated with
TBM procurement. Compared to the Cut & Cover construction method, it minimizes
the impact on the environment by avoiding surface disruption. Today, NATM works in
any ground with minimal overburden and is therefore well suited for tunnelling in
urban environments.

0.4.6.3 NATM — New Austrian Tunnelling Method: One of the most well-known methods
using some elements of an observational approach is the New Austrian Tunnelling
Method, or NATM. The ‘method’, has often been mentioned as a ‘value engineered’
version of tunnelling due to its use of light, informal support. NATM, with its use of
modern means of monitoring and surface stabilization, such as shotcrete and rock
bolts, utilize this effect systematically.

The New Austrian Tunnelling Method constitutes a design where the surrounding
rock — or soil formations of a tunnel are integrated into an overall ring like support
structure. Thus the formations will themselves be part of this support structure.

0.4.6.4 Viaduct—Elevated Structure
The choice of superstructure has been made keeping in view of the factors like ease
in construction, standardization of formwork, Optimum utilization of form work for
wide spans etc.

Generally four types of Superstructure are used for construction of elevated section
of Metro Corridor, i.e. (i) Segmental Box Girder, (ii) Segmental U Girder, (iii) | Girder
and (iv) Double U Girder, depending upon characteristic of the corridor such as traffic
congestion on roads, available working space, etc.

In case of this extension of Mumbai Metro from Gaimukh to Shivaji Chowk (Mira
Road), it is suggested to use Double U-Girder in the superstructure upto radius

300m.

0.4.7 Geo Technical Investigations

0.4.7.1 Foundation Recommendations
Based on the drilling location and sub-soil strata findings, it is found that a marine
clay strata is existing in shallow depth in majority of BHs. As the load coming from
the structure to foundation is assumed to be large and the soil at shallow depth is not
capable to take that load. The strata in the boreholes generally consists of high
plastic marine clay followed by a weathered rock strata, so it is recommended to
provide Pile Foundation of 1.0 m & 1.2 m dia. with anchorage in rock strata.
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Table 0.9: Pile Capacity in Rock

. Safe

. Diameter Length of Pile Dep.th Socket Load

S. Location/ BH ) below Cut of of Pile .
: of Pile Length | Carrying

No. | Chainage No. i Level of Toe i Capacit
2.00m (m) (m) p(t) y

. 1.00 14.60 16.60 | 3.00 205.00

1.| Gamukh | BH-O1 1.20 15.20 1720 | 3.60 300.00
. 1.00 11.50 1350 | 150 | 410.00

2. | Gaimukh )\ BH-02 1.20 11.80 1380 | 1.80 590.00
. 1.00 13.35 1535 | 3.00 205.00

3. | Gamukh | BH-03 1.20 13.95 1595 | 3.60 350.00
. 1.00 250 2.50 1.50 500.00

4. | Kajupada | BH-04 1.20 2.80 2.80 1.80 720.00
1.00 525 7.25 3.00 580.00

5. | Chenagaon | BH-05 1.20 5.85 7.85 3.60 850.00
1.00 14.70 1670 | 3.00 580.00

6. | Chenagaon | BH-06 1.20 15.30 1730 | 3.60 850.00
1.00 14.95 16.95 | 150 | 460.00

7. | Ghodbandar | BH-07 1.20 15.25 1725 | 1.80 660.00
1.00 7.60 9.60 3.00 205.00

8. | Ghodbandar | BH-08 1.20 8.20 1020 | 3.60 385.00
1.00 8.70 1070 | 3.00 205.00

9. | Ghodbandar | BH-09 1.20 9.30 11.30 | 3.60 300.00
. 1.00 9.05 11.05 | 3.00 205.00

10| Kashimira | BH-10 1.20 9.65 11.65 | 3.60 300.00
N ] Y 1.00 562 7.62 3.00 205.00
1.20 6.22 8.22 3.60 385.00

0.4.8 Utility Diversions
A number of above ground utilities like are there along and across the alignment.
Some of these will have to be diverted or bridged. Details are given in chapter 4 on
Civil Engineering. Since the alignment passes through the area of Sanjay Gandhi
National Park, therefore it is expected that underground utilities may not be there.

0.4.9 Land

In order to minimise land acquisitions and to provide good accessibility form either
directions, the metro alignments are located mostly along the road, which lie on the
corridor. But, at some locations the geometrics of the roads especially at road
turnings may not match with geometric parameters required for metro rail systems. In
such cases, either the alignment will be off the road or some properties abutting the
road would get affected. Further, some land is required for various purposes as
detailed below.

Land Requirement for following Major Components

e MRTS Structure (including Route Alignment), Station Building, Platforms,
Entry/Exit Structures, Traffic Integration Facilities, Depots, etc.

¢ Receiving/Traction Sub-stations

o Radio Towers
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e Temporary Construction Depots and work sites.
o Staff quarters, office complex and operation control centre(OCC)

0.4.9.1 Summary of Land Requirements

Abstract of land requirements for different components of this proposed extension is
given in Table 0.10 and Table 0.11.

Table 0.10 Summary of Permanent Land Requirement (All figures in Sg. m)

S.No. Description Pvt. (agri.) Pvt.
1 Stations 1130 604
2 Running Section 9655 14708
3 Depot 0 0
4 Staff Quarters 5000 0
Office Complex and
5 oce 0 0
6 RSS 5600 0
7 Ventilation Shaft 0 0
8 Mid Shaft 0 0
9 Ancillary Structure 0 0
Total 21385 15312
Total Permanent Land = 3.6697 ha
Permanent Land (Pvt. Agri) = 2.1385 ha
Permanent Land (Pvt.) = 1.5312 ha

Table 0.11 - Summary of Temporary Land Requirement (All figures in Sg. m)

S. No. Description Pl (Ag\rri(.a)a In 5G. mPvt.
1 Temporary Office/ Site Office 4000 0
Segment Casting Yard 40000 0
Total 44000 0

Total land required for temporary acquisition is 4.4 ha (Govt.).

0.4.10 Safety & Security Systems
This section lays down the standards and requirements for safety & security, arising
out of fire and unauthorized entry into premises. The system will be designed and
installed for safe transportation of passengers & premises safety in Metro Railway
System.

0.4.10.1 Requirements
i. The System shall protect the passengers against the fire in train services and at the
premises of Metro Railway.
ii. The system shall protect vulnerable premises from fire.
iii. The system shall be able to detect the unauthorized entry and exit at nominated
places.
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iv. The system shall include
e Fire alarm system.
e Fire Hydrant and Sprinkler System.
e Fire Extinguishers.
e Closed circuit television with video analytics.
e Security Gates — Metal Detector.
e Baggage Scanner.

0.5 STATION PLANNING

The proposed Metro Rail at Mumbai has one corridor covering an approximate
distance of about 9.209 km. The corridor is having 4 stations, all are elevated. Some
sections of the corridor are underground/below hill. Almost all the stations are on the
road stations.

The Stations have been located so as to serve passenger requirements and to
enable convenient integration with other modes of transport. Efforts have been made
to propose station locations at a uniform inter-station distance as feasible. Average
inter-station distance is ~2 km, though it varies from 0.873 km to 4.34 km due to
land-use and topographic reasons. The Minimum Inter-station distance is between
Shivaji Chowk (Mira Road) Station and Kashimira Metro Station i.e. 872.941 m. The
Maximum Inter-station distance is between Gaimukh Reti Bundar and Varsova Char
Phata i.e. 4342.345 m.

0.5.1 Station Type
The stations have been planned with side platforms to avoid the viaduct structure
from flaring in and out at stations, which obstructs the road traffic below. Care has
been taken to locate stations on straight alignment. However, in some stations, site
constraints have become the deciding criteria and a curve of 1000m radius has been
introduced in platform. List of Station is given in Table 0.12.

Table 0.12 List of Stations

. : Inter-station Type of the
Station Name Chainage(m) Distance (m) station
Gaimukh Reti Bundar 35561.281 0 Elevated
Varsova Char Phata 39903.626 4342.34 Elevated
Kashimira 42588.267 2684.64 Elevated
Shivaji Chowk (Mira 43461.208 872.941 Elevated
Road)

0.5.2 Salient features
Salient features of a typical Metro Station are as follows:

1. The stations can be divided into public and non-public areas (those areas where
access is restricted). The public areas can be further subdivided into paid and unpaid
areas.
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2.  The platform level has adequate assemble space for passengers for both normal
operating conditions and a recognized abnormal scenario.

3. The platform level at elevated stations is determined by a critical clearance of 5.5m
under the concourse above the road intersection, allowing 3.3m for the concourse
height, about 0.8m for concourse floor and 1.8 m for structure of tracks above the
concourse. Further, the platforms are 1.09 m above the tracks. This would make the
rail level in an elevated situation at least 13 meters above ground.

4.  The concourse contains automatic fare collection system in a manner that divides the
concourse in two distinct areas. The “Unpaid Area” is where passengers gain access
to the system, obtain travel information and purchase tickets. On passing through the
ticket gates, the passenger enters the “Paid Area”, which includes access to the
platforms.

5. The arrangement of the concourse is assessed on a station-by-station basis and is
determined by site constraints and passenger access requirements. However, it is
planned in such a way that maximum surveillance can be achieved by the ticket hall
supervisor over ticket machines, automatic fare collection (AFC) gates, stairs and
escalators. Ticket machines and AFC gates are positioned to minimize cross flows of
passengers and provide adequate circulation space.

6.  Sufficient space for queuing and passenger flow has been allowed at the ticketing
gates.

7. Station entrances are located with particular reference to passenger catchment
points and physical site constraints allowing for required right-of-way in order to
provide a minimum of lane width under the station building on either side of the
median.

8.  Office accommodation, operational areas and plant room space is required in the
non-public areas at each station. The functions of such areas are given below in
Table 0.13

9. The DG set, Bore Well, Pump House and Underground Water Tanks would be
located generally in one area on ground within the Entry / Exit structures.

10. The system is being designed to maximize its attraction to potential passengers and
the following criteria have been observed:
¢ Minimum distance of travel to and from the platform and between platforms for
transfer between lines.
e Adequate capacity for passenger movements.
e Convenience, including good signage relating to circulation and orientation.
e Safety and security, including a high level of protection against accidents.

11. Following requirements have been taken into account:
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e Minimum capital cost is incurred consistent with maximizing passenger
attraction.

¢ Minimum operating costs are incurred consistent with maintaining efficiency
and the safety of passengers.

e Flexibility of operation including the ability to adapt to different traffic conditions
changes in fare collection methods and provision for the continuity of operation
during any extended maintenance, repair period, etc.

e Provision of good visibility of platforms, fare collection zones and other areas,
thus aiding the supervision of operations and monitoring of efficiency and
safety.

e Provision of display of passenger information and advertising.

12. The numbers and sizes of staircases/escalators are determined by checking the
capacity against AM and PM peak flow rates for both normal and emergency
conditions such as delayed train service, fire etc.

13. In order to transfer passengers efficiently from street to platforms and vice versa,
station planning has been based on established principles of pedestrian flow and
arranged to minimize unnecessary walking distances and cross-flows between
incoming and outgoing passengers.

14. Passenger handling facilities comprise of stairs/escalators, lifts and ticket gates
required to process the peak traffic from street to platform and vice-versa (these
facilities must also enable evacuation of the station under emergency conditions,
within a set safe time limit).

A list of accommodation required in the non-public area at each station is given

below:

Table 0.13 Station Accommodation Requirements
For Elevated Stations
1. Station Control Room 2. Cleaner's Room
3. Station Master’s Office 4. Security Room
5. Information & Enquiries 6. First Aid Room
7. Ticket Office 8. Miscellaneous Operations Room
9. Ticket Hall Supervisor & Access Fare 10. Platform Supervisor’'s Booth
Collection (AFC gates)

11. Cash and Ticket Room 12. Auxiliary Substation / DG Room
13. Staff Area 14. Fire Tank and Pump Room
15. Staff Toilets 16. Commercial Outlets and Kiosks
17. Station Store Room 18. UPS and Battery Room
19. Refuse Store 20. Signaling / Communication Room
21. Tunnel Ventilation Room 22. Tunnel Ventilation Shafts
23. ECS Plant Room 24. ECS Supply and Exhaust Shafts
25. Chiller Room 26. Space for Cooling Towers
27. Water softening Plant Room 28. Sump, Seepage & Pump Room
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0.6 TRAIN OPERATION PLAN
The underlying operation philosophy is to make the MRT System more attractive and
economical, the main features being:
e Selecting the most optimum frequency of Train services to meet sectional capacity
requirement during peak hours on most of the sections.
¢ Economical & optimum train service frequency not only during peak period, but also
during off-peak period.
o Optimization of train’s reliability for achieving best possible availability on line.
e A train consists of 6 coaches for year 2021 which will augmented to 8 coaches to
meet the future demand.
e Multi-tasking of train operation and maintenance staff.
List of stations for the Mumbai Metro Line-4 (CSMT to Gaimukh) and Line-10
(Gaimukh to Shivaji Chowk (Mira Road)) which is the extension of Mumbai Metro
Line-4 is given below: -
Table 0.14 -Stations
S. . Inter — Station .
No. Name of Station Dictaneali Station Type Remarks
0. | Dead End
1. CSMT 520.000 Underground
2. CARNAC BUNDER 1584.597 Underground
3. CLOCK TOWER 889.366 Underground
4, WADI TOWER 1146.498 Underground
5. DARUKHANA 977.539 Underground
6. COAL BUNDER 1182.570 Underground
7. HAY BUNDER 1024.446 Underground
8. SEWRI 851.112 Underground
9. BPT HOSPITAL 2098.065 Elevated
10. | GANESH NAGAR 967.902 Elevated
WADALA (BHAKTI Interchange
11. PARK) 1972.020 Elevated Station
12. | WADALATT 1000.00 Elevated
ANIK NAGAR BUS
13. DEPOT 861.61 Elevated
14. | SUMAN NAGAR 1078.39 Elevated
15. | SIDDHARTH COLONY 1054.43 Elevated
AMAR MAHAL Interchange
16. JUNCTION 1343.58 Elevated Station
17. | GARODIA NAGAR 598.53 Elevated
18. | PANT NAGAR 1632.68 Elevated
19. | LAXMI NAGAR 1077.51 Elevated
20. | SHREYES CINEMA 620.81 Elevated
21. | GODREJ COMPANY 1162.82 Elevated
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S. . Inter — Station .

No. Name of Station SraiEe (i) Station Type Remarks

22. | VIKHROLI METRO 723.12 Elevated

23. | SURYA NAGAR 1004.77 Elevated

24. | GANDHI NAGAR 1002.11 Elevated Interchange

Station

25. | NAVAL HOUSING 691.88 Elevated
BHANDUP

26. MAHAPALIKA 779.34 Elevated

27. | BHANDUP METRO 1048.83 Elevated

28. | SHANGRILA 843.65 Elevated

29. | SONAPUR 1390.76 Elevated
MULUND FIRE

30. STATION 1112.98 Elevated

31. | MULUND NAKA 1348.10 Elevated
TEEN HAATH NAKA

2. .

3 (THANE) 1236.35 Elevated

33. | RTO THANE 678.54 Elevated

34. | MAHAPALIKA MARG 1035.97 Elevated

35. | CADBURY JUNCTION 792.71 Elevated

36. | MAJIWADA 824.29 Elevated

37. | KAPURBAWDI 1389.26 Elevated

38. | MANPADA 865.38 Elevated

39. | TIKUJI-NI-WADI 775.65 Elevated

40. | DONGARI PADA 1465.60 Elevated

41. | VIJAY GARDEN 908.87 Elevated

42. | KASARVADAVALI 1073.57 Elevated

43. | GAWNIWADA 1384.94 Elevated

44, | GAIMUKH 1283.09 Elevated
GAIMUKH RETI

45, BUNDAR 1287.161 Elevated
VARSOVA CHAR

46. PHATA 4342.345 Elevated

47. | KASHIMIRA 2585.258 Elevated
SHIVAJI CHOWK (MIRA

48. ROAD) 994.242 Elevated
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0.6.1 Salient Features
e Running of services for 19 hours of the day (5 AM to Midnight).
e  Make up time of 5-10% with 8-12% coasting.
e Scheduled speed for these corridors has been considered as 35 kmph.

0.6.2 Train Formation
To meet the above projected traffic demand, the possibility of running trains with
composition of 6 cars in year 2021 and mixed train operation with 6 cars and 8 cars
in year 2031 with different headway has been examined.

Composition

DMC : Driving Motor Car
TC : Trailer Car

MC . Motor Car

Capacity (@ 6 passengers per square meter of standee area)
Driving Motor Car (DMC) -282 (42 seated + 240 standing)

Trailer Car (TC) -298 (50 seated + 248 standing)
Motor Car (MC) -298 (50 seated + 248 standing)
6 Car Train - 1756 (284 seated + 1472 standing)
8 Car Train - 2352 (384 seated + 1968 standing)

0.6.3 Year-Wise Rake Requirement
Based on the projected PHPDT demand, Train operation plan with train carrying
capacity @ 6 persons per square meter of standee area for the Mumbai Metro Line:
CSMT to Shivaji Chowk (Mira Road) for the year 2021 and 2031 is given below:

The PHPDT capacity provided on the route in different years of operation is
tabulated below:

Table 0.15: Capacity Provided for Mumbai Metro Corridor: CSMT - Shivaji
Chowk (Mira Road)

Total Provision PHPDT Demand of
No.of for No. of Additional Line 4 & 10
Sections Year Head.-way Total No. Rakg cars for cars in No. of.cars Max. PHPDT .
(min) of Rakes | Consist . DPR of for Line- Capacity
Line - 1 5ct18 for 10# [
4& 10** ) Line 4 &10
Line 4
CSMT to
Bhakti Park
ot | | as
t(F)) Shivaji ' 23122 (29867*)
Chowk (Mira 2021 74 6-car 444 276 168
Road)
Bhakti Park 2.25
46827
(Wadala) to (effective 47102 (59733%)
Kapurbawadi headway)
CSMT to
Bhakti Park 2031 4.50 74 544 368 176 32470 (jol(?(?g*)
(Wadala) and
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Total Provision PHPDT Demand of
No.of for No. of Additional Line 4 & 10
Sections Year Head_-way Total No. Rakg cars for cars in No. of.cars Max. PHPDT _
(min) of Rakes | Consist . DPR of for Line- Capacity
Line - | 5ct18 for 10# Demand of | ijable
48& 10** : Line 4 &10
Line 4
Kapurbawadi 50 (8 car)
to Shivaji +
Chowk (Mira
24 (6
Road) (6 can
Bhakti Park
2'25 54773
(Wadala) to (effective 48122 (69867%)
Kapurbawadi headway)

* @ 8 persons per square meter of standee area

** Total No. of cars shown above are the total cars calculate for the complete Line and Line 10 as per PHPDT data.
# Additional cars requirement for Line-10 has been calculated after subtracting provision for no. of cars in
previous Line-4 (CSMT - Gaimukh) DPR (Sep 2018) from the total car requirements.

0.7 MAINTENANCE DEPOT

0.7.1 Depot- Cum- Workshop
It is proposed to establish one depot- cum- workshop near Gaimukh with following
functions:

(i) Major overhauls of all the trains.

(i) All minor schedules and repairs.

(iii) Lifting for replacement of heavy equipment and testing thereafter.
(iv) Repair of heavy equipment.

The Depot planning is based on following assumptions:

(i) Enough space should be available for establishment of a Depot- Cum- workshop.

(i) All inspection lines, workshop lines, stabling lines are designed to accommodate one
train set of 8 - Car each and space earmarked for future provision.

(iii) All Stabling lines are designed to accommodate one train of 8 - Car each.

(iv) All stabling lines are planned in the proposed depot-cum-workshop assuming
adequate space availability. In case of space constraints, if any, stabling facilities
may need to be created at terminal stations or elsewhere (preferably as close to
depot as possible) to cater to the required stability facilities.

(v) In case of space constraint for depot two storeyed Stabling lines can also be
planned.

In broad terms, based on the planned Rolling Stock requirements, this chapter
covers conceptual design on following aspects and will work as a guide for detailed
design later:

e Layout of Stabling-shed, Inspection-shed, minor repairs and heavy repair overhauling
workshop and cleaning of Rolling Stock.

e Operational and functional safety requirements.

¢ Ancillary buildings for other maintenance facilities.

e Electrical & Mechanical Services, power supply and distribution system.

e Water Supplies, Drainage & Sewerage.
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0.7.2 Maintenance Philosophy

» Monitoring of the performance of all key Rolling Stock equipment by suitable
advanced condition monitoring techniques available. The concept is to evolve the
need based maintenance regime, which can be suitably configured in the form of
schedules like daily check, “A” checks, “B” type checks, “IOH” and “POH”.

» Labour intensive procedures are kept to the minimum. Automation with state of the
art machinery to ensure quality with reliability.

> Increase in the periodic maintenance intervals with predictive maintenance based on
condition monitoring.

» Multi skilling of the Maintenance staff to ensure quality and productivity in their
performance.

» Periodic review of maintenance practices to update replacement cycle of critical
components based on experience.

» Energy conservation is given due attention.

0.8 POWER SUPPLY

0.8.1 Electricity is required for operation of Metro system for running of trains, station
services (e.g. lighting, lifts, escalators, signaling & telecom, fire fighting, ventilation
fan & air-conditioning etc) and workshops in depots & other maintenance
infrastructure within premises of metro system. The power requirements of Gaimukh
to Shivaji Chowk (Mira Road) are determined by peak-hour demands of power for
traction and auxiliary applications. Broad estimation of auxiliary and traction power
demand is made based on the following parameters: -

() Specific energy consumption of rolling stock at Pantograph/ Current Collector — 50
kWh/1000 GTKM for 25 kV ac system as per MOUD guideline.

(i) Elevated/at —grade station load — initially 250 kW, which will increase to 300 kW in
the year 2031.

Keeping in view of the train operation plan and demand of traction and auxiliary
power, power requirements projected for the year 2021 and 2031 are summarized in
table 0.16 below:

Table 0.16 Power Demand Estimation (MVA)

. Year
Corridor Load 2021 2031
Gaimukh to Shivaji Chowk Traction 5.00 MVA 6.66 MVA
(Mira Road), 4 Elevated Station, Auxiliary 1.23 MVA 1.48 MVA
9.2 km Total 6.23 MVA 8.14 MVA

0.8.2 Sources of Power Supply
The high voltage power supply network of Thane District was studied in brief. The
city has 220, 110 and 100 kV network to cater to various types of demand in vicinity
of this section/ corridor.

The Mumbai Metro Corridor from Gaimukh to Shivaji Chowk (Mira Road) has 9.2 km
length with 4 elevated stations, which is Extension of Line 4 Corridor of Mumbai
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Metro Network. Keeping in view of requirement of power supply one Receiving Sub-
stations are proposed to be set up at Kashimira/Shivaji Chowk (Mira Road).

Power supply for this section will be taken care by Kashimira/ Shivaji Chowk (Mira
Road) RSS as well as adjacent section of this line (Line-4). In the event of failure of
this RSS, the power supply will be extended from the adjacent section vice versa.
This is an economical solution without compromising reliability. Therefore, to avail
power supply for traction as well as auxiliary services, the brief details of grid sub-
stations of M/s Adani Electricity from which power will be taken at 220 kV voltage
through cable feeder are hereunder:

Table 0.17 Sources of Power Supply

i i 3 Approx.
sNo.| - comdor | ey | of wetro Authoriy | 17 b
' ° Y| Gss&Rss
Gaimukh to Shivaji 220 kV Ghodbunder Near
1 Chowk (Mira Roatjj) GSS Kashimira/Shivaji 2.5 km
Chowk (Mira Road)

DMRC has done a joint survey/ meeting with M/s MMRDA, & M/s Adani Electricity on
09.10.2018 & meeting held on 11.10.2018 for this section for feasibility of Power
Supply. Accordingly, availability of power supply has been planned and tabulated
above. Projected Power demand is calculated on each RSS and furnished below —

Table 0.18 Power Demand projections for various sources

Peak demand - Peak demand** —
Corridor Input Source Normal (MVA) Emergency (MVA)
Year (2021) | Year (2031) | Year (2021) | Year (2031)
RSS at Kashimira/Shivaji Chowk (Mira Road)
Traction 5.00 6.00 7.21 8.59
_ Auxiliary 1.23 1.48 1.85 2.22
gfal}l\:?a.zjikgf:gwk Sub-total (A) 6.23 7.48 9.06 10.81
(Mira Road) Feed extension from RSS of Line-4 (Gaimukh depot)
Traction 2.21 2.59 7.21 8.59
Auxiliary 0.62 0.74 1.85 2.22
Sub-total (B) 2.82 3.34 9.06 10.81

**|n case of failure of other source of power

0.8.3 Various options of Traction system
There are three options available for power supply system for MRTS:-
» 25kV & 2X25 kV AC Overhead Catenary system,
» 750V DC third rail system,
» 1500V DC Overhead Catenary system.
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Since, this is the extension of Line-4, hence 25 kV AC traction system is suggested
for this section.

0.8.4 Standby Diesel Generator Set
In the unlikely event of simultaneous tripping of all the input power sources or grid
failure, the power supply to stations as well as to trains will be interrupted. It is,
therefore, proposed to provide a standby DG set of 160 kVA capacity at the elevated
stations.

Silent type DG sets with low noise levels are proposed, which do not require a
separate room for installation. UPS Supply is to also be considered for following
emergency services:

e Emergency Lighting

e Fire Detection & Fire Alarm system.

e Station Control Room

e Control Supply

e Singnaling & telecommunication

e Lift operation

e Fare collection system.

0.8.5 Supervisory control and Data Acquisition (SCADA) system
The entire system of power supply (receiving, traction & auxiliary supply) shall be
monitored and controlled from a centralized Operation Control Centre (OCC) through
SCADA system. Modern SCADA system with intelligent remote terminal units (RTUS)
shall be provided. Optical fiber provided for telecommunications will be used as
communication carrier for SCADA system.

Digital Protection Control System (DPCS) is proposed for providing data acquisition,
data processing, overall protection control, interlocking, inter-tripping and monitoring
of the entire power supply system consisting of 33 kV AC switchgear, transformers,
25 kV ac switchgear and associated electrical equipment. DPCS will utilize
microprocessor-based fast-acting numerical relays & Programmable Logic
Controllers (PLCs) with suitable interface with SCADA system.

0.8.6 Energy Saving Measures
Energy charges of any metro system constitute a substantial portion of its operation
& maintenance (O & M) costs. Therefore, it is imperative to incorporate energy saving
measures in the system design itself. The auxiliary power consumption of metros is
generally more than the traction energy consumed by train movement during initial
years of operation. Subsequently, traction power consumption increases with
increase in train frequency/composition in order to cater more traffic.

0.8.7 Electric Power Tariff
The cost of electricity is a significant part of Operation & Maintenance (O&M) charges
of the Metro System, which constitutes about 30-38% of total annual working cost.
Therefore, it is the key element for the financial viability of the Project. The annual
energy consumption is assessed to be about 34.53 million units in initial years 2021,
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which will be about 53.21 million Units in the year 2031. In addition to ensuring
optimum energy consumption, it is also necessary that the electric power tariff be
kept at a minimum in order to contain the O & M costs. Therefore, the power tariff for
Mumbai Metro should be at effective rate of purchase price (at 220 & 110 kV voltage
level) plus nominal administrative Charges i.e. on a no profit no loss basis. The
power tariff of Maharashtra Electricity Regulatory Commission for M/s MSETCL for
FY 2018 — 19 demand charges Rs. 350/ kVA per month and energy charges Rs 7.00/
kWh. It is proposed that Government of Maharashtra takes necessary steps to fix
power tariff for Mumbai Metro at “No Profit No Loss” basis. Similar approach has
been adopted for Delhi Metro.

0.9 ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT

0.9.1 Objective and Scope of the Study

The objective of the study is to facilitate the Mumbai Metropolitan Region
Development Authority (MMRDA) evaluate the environmental impacts of its proposed
activity. MMRDA proposes to apply for loan to seek financial support from multilateral
fundinng agencies. The scope of EIA includes the impacts resulting from pre-
construction, during construction and operation phases of Gaimukh- Shivaji Chowk
(Mira Road) Metro corridor at Mumbai. In addition, it is proposed to establish
environmental baseline and safeguard measures for protection of environment for
sustainable development during project cycles. The MoEF, Government of India,
Notification of 14" September 2006 and its amendment dated 1st December 2009
enlist projects in Schedule that require environmental clearance. However, as per the
said notification Railway/ Metro projects do not require environmental clearance from
MoEF.

0.9.2 Approach and Methodology
The MMRDA has considered different alternative corridors. The underlying principles
for evaluation for each corridor, without affecting the overall usefulness of the
corridor, are minimum private land acquisition, least disturbance to properties,
minimum disturbance to ecology/biodiversity. The final alternative was fixed based on
Technical Feasibility, Socio-economic acceptability, and Environmental sustainability
for Metro Corridors. The environmental study is carried out for the alignment
proposed by MMRDA. The impacts are assessed for various phases of project cycle
namely:

Impacts due to project location,

Impacts due to project design,

Impacts due to project construction, and

Impacts due to project operation.

The impacts are categorized as negative and positive. The cost of management and
monitoring programs were estimated and budgeted for.

The standard methodology for the data collection, impact assessment and
formulation of management plans is adopted. The national acts, legislation and laws
along with guidelines were consulted with a view to ensuring compliance with various
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requirements. Environmental baseline data for environmental attributes from primary
and secondary sources were collected and compiled. The primary sources include
site visits, visual inspection, field studies, monitoring and analysis.

0.9.3 Environmental Scoping
Baseline environmental status in and around the proposed project depicts the
existing environmental conditions of the location. Baseline data was collected for
various/environmental attributes so as to compute the impacts that are likely to arise
due to proposed project.

The scope of the present study includes detailed characterization of following
environmental components, which are most likely to be influenced by the proposed
project:

Land Environment

Water Quality (Surface + Ground water)

Meteorological conditions

Ambient Air Quality

Noise Levels

Biodiversity

Socio Economic studies.
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0.9.4 Environmental Impacts
This section identifies and appraises the negative impacts on various aspects of the
environment likely to result from the proposed development. It is pertinent to mention
that the negative environmental impacts listed below are based on the assumption
that no negative impact mitigation measure or benefit enhancements are adopted.

e Land Environment

e Water Environment

¢ Air Environment

¢ Noise Environment

e Biological Environment

e Socio-Economic Environment

The impacts on the above environmental components have been further assessed
during various phases of project cycle namely project location, project design,
construction and operation.

0.9.5 Environmental Management Plan

The Mumbai Metro Project will provide employment opportunity, quick mobility
service and safety, traffic congestion reduction, less fuel consumption and air
pollution on one hand and problems of muck disposal, traffic diversion, utility
dislocation etc. on the other hand. The most reliable way to ensure that the plan will
be integrated into the overall project planning and implementation is to establish the
plan as a component of the project. This will ensure that it receives funding and
supervision along with the other investment components. For optimal integration of
EMP into the project, there should be investment links for:
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» Funding,
» Management and training, and
» Monitoring.

The purpose of the first link is to ensure that proposed actions are adequately
financed. The second link helps in embedding training, technical assistance, staffing
and other institutional strengthening items in the mitigation measures to implement
the overall management plan. The third link provides a critical path for
implementation and enables sponsors and the funding agency to evaluate the
success of mitigation measures as part of project supervision, and as a means to
improve future projects.

0.9.6 Environmental Monitoring Plan
Environmental monitoring plan has been developed for construction as well as

operation phase so as to maintain and regulate the project activities keeping
environment safe.

0.10 MULTI MODAL TRAFFIC INTEGRATION

Mumbai Metro Line-10 from Gaimukh to Shivaji Chowk (Mira Road) is extension of
Mumbai Metro Line (CSMT - Gaimukh) and length of this extension is 9.209 km.
Total Four elevated stations have been proposed in this extension and all are
elevated.

It will be augmented through enhanced flexibility of criss-cross interchanges to other
metro corridors and other modes of public transport. It will reduce the travel time of
commuters. While Metro is a high capacity mode of transport, the need for integration
with other secondary/intermediate transport mode is getting highlighted more than
ever to ensure a seamless journey. This concept is to provide first mile and last mile
connectivity to the commuters with their places of stay. With top priority to this issue,
MoUD has laid down policy guidelines to include the need and provisioning of all
public, IPT and private modes in the DPRs for the Metro Rail Systems.

The share of various modes of secondary/intermediary mode of travel is complex and
debatable issue which is dependent on a large number of variables like available
road width, penetration in the residential areas, Road condition, distance from the
Metro Stations, availability of parking and lay out and availability of circulating areas
at the Metro Rail Stations, Business centre or Market & existing traffic densities.
These factors relate with each other and evolve with development of new model mix
of transport, infrastructure and changes with the passage of time. Even though for a
given urban transport scenario, optimal mode share may be determined from
computer based models but actual optimal mode share is never achievable on the
road due to dynamic nature of demand and supply of transport modes.

0.10.1 Way Forward
There is a need for providing a transportation system which is seamlessly integrated
across all modes and provides first mile as well as last mile connectivity. It is also
necessary that various public transportation modes including Inter-mediate Public
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Transport (IPT) and feeder buses etc. work together in order to facilitate increase in
ridership to the Metro/Metro system and provide ease of using Metro system by the
public at large.

Therefore, there is a need for doing more scientific study exclusively for this. To
achieve this goal, Metro Stations influenced zone need to be defined which can be
taken as approximately 5 kms for the motorized traffic and 1.5 km. for
pedestrian/cyclists. Detailed Study is required to be done in this influenced zone of a
Metro station for following aspects mainly:

i) Availability and review of existing public and IPT facilities, in terms of motorized
and non-motorised mode with main consideration of the streets/roads adjoining to
the stations and also to examine adequacy of availability of pedestrians/cycle
paths in the influenced zone.

i) Analysis and identification of gaps between supply and demand in terms of
feeder facilities and other requirements for better first and last mile connectivity.

iif) Proposal for introduction/enhancement of feeder buses and cycle/pedestrians
tracks, bike sharing arrangement for each Metro station to be finalised.

iv) Proposal for better integration of Metro station with other mode of transport, such
as relocation of existing bus stop, introduction of new bus stop, bus base etc.

v) Cost of the requirements namely road widening including roads for
pedestrian/cycle paths, feeder buses based on the outcome of the study.

The detailed study and requirement for providing first mile as well as last mile
connectivity to the Metro users will be carried out separately and the same should be
in place before the commercial operation of the Metro services for the benefit of the
users as well as for better ridership and the financial viability of the project.

0.11 FRIENDLY FEATURES FOR DIFFERENTLY ABLED

The objective of making this chapter is to create a user-friendly mass transport
system in India which can ensure accessibility to persons with disabilities, people
travelling with small children or are carrying luggage, as well as people with
temporary mobility problems (e.g. a leg in plaster) and the elderly persons.

The design standards for universal access to Public Transport Infrastructure
including related facilities and services, information, etc. would benefit people using
public transport.

The access standards given here are extracted from Indian Roads Congress Code,
IRC 103: 2012, Guidelines for Pedestrian Facilities; Model Building Bye-Laws, 2011
and National Building Code, 2005. Central Public Works Department’s (CPWD)
“‘Harmonised Guidelines and Space Standards for Barrier Free Built Environment for
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Persons with Disabled and Elderly Persons”, 2016 (by MoUD), and international best
practices / standards.

Further, it has also been attempted to provide guidelines/ standards for alighting and
boarding area, approach to station, car parking area, drop-off and pick-up areas,
taxi/auto rickshaw stand, bus stand/stop, footpath (sidewalk), kerb ramp, road
intersection, median/pedestrian refuge, traffic signals, subway and foot over bridge
etc. to achieve a seamless development around Metro stations.

0.11.1 Contents

1. Metro Rail Station
e Way finding
e Signage
e Automated Kiosks
e Public Dealing Counters
e Audio-visual Displays
e Public Telephones
e Rest Areas/Seating
e Tactile Paving - Guiding & Warning
e Doors
e Steps & Stairs
e Handrails
e Ramps
e Lifts/Elevators
o  Platform/Stair Lift
e General and Accessible toilets
e Drinking Water Units
e Visual Contrasts
e Emergency Egress/Evacuation

2. Street Design
¢ Footpath (Sidewalk)
o Kerb Ramp
e Road Intersection
¢ Median/Pedestrian Refuge
e Traffic Signals
e Subway and Foot Over Bridge

3. Alighting and Boarding Area
e Approach
e Car Park
e Drop-off and Pick-up Areas
e Taxi/Auto Rickshaw Stand
e Bus Stand/Stop
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0.12 SECURITY MEASURES FOR A METRO RAIL SYSTEM

Metro Rail System is emerging as the most favoured mode of urban transportation
system. The inherent characteristics of Metro Rail System make it an ideal target for
terrorists and miscreants. Metro Rail System is typically open and dynamic systems
which carry thousands of commuters. Moreover the high cost of infrastructure, its
economic importance, being the life line of city high news value, fear & panic and
human casualties poses greater threat to its security. Security is a relatively new
challenge in the context of public transport. It addresses problems caused
intentionally. Security differs from safety which addresses problems caused
accidentally. Security problems or threats are caused by people whose actions aim to
undermine or disturb the public transport system and/or to harm passengers or staff.
These threats range from daily operational security problems such as disorder,
vandalism and assault to the terrorist threat.

0.12.1 Three Pillars of Security
Security means protection of physical,human and intellectual assets either from
criminal interference, removal of destruction by terrorists or criminals or incidental to
technological failures or natural hazardous events. There are three important pillars
of security as mentioned under:

(i) The human factor
(i) Procedures
(iii) Technology

0.12.2 Phases of Security
There are three phases of security as under:

(i) Prevention
(i) Preparedness
(i) Recovery

0.13 DISASTER MANAGEMENT MEASURE

0.13.1 Introduction

“Disaster is a crisis that results in massive damage to life and property, uproots the
physical and psychological fabric of the affected communities and outstrips the
capacity of the local community to cope with the situation.” Disasters are those
situations which cause acute distress to passengers, employees and outsiders and
may even be caused by external factors. As per the disaster management act, 2005
"disaster" means a catastrophe, mishap, calamity or grave occurrence in any area,
arising from natural or manmade causes, or by accident or negligence which results
in substantial loss of life or human suffering or damage to, and destruction of,
property, or damage to, or degradation of, environment, and is of such a nature or
magnitude as to be beyond the coping capacity of the community of the affected
area”. As per World Health Organization (WHO):
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“Any occurrence that causes damage, economic disruption, loss of human life and
deterioration of health and services on a scale sufficient to warrant an extra ordinary
response from outside the affected community or area.”

A disaster is a tragic event, be it natural or manmade, which brings sudden and
immense agony to humanity and disrupts normal life. It causes large scale human
suffering due to loss of life, loss of livelihood, damages to property and persons and
also brings untold hardships. It may also cause destruction to infrastructure,
buildings, communication channels essential services, etc.

0.13.2 Need for Disaster Management Measures

The effect of any disaster spread over in operational area of Metro Rail System is
likely to be substantial as Mumbai Metro will be dealing with thousands of
passengers daily. Disaster brings about sudden and immense misery to humanity
and disrupts normal human life in its established social and economic patterns. It has
the potential to cause large scale human suffering due to loss of life, loss of
livelihood, damage to property, injury and hardship. It may also cause destruction or
damage to infrastructure, buildings and communication channels of Metro Rail
System. Therefore there is an urgent need to provide for an efficient disaster
management plan.

0.13.3 Objectives
The main objectives of this Disaster Management Measures are as follows:

e Save life and alleviate suffering.

e Provide help to stranded passengers and arrange their prompt evacuation.

o Instill a sense of security amongst all concerned by providing accurate information.

e Protect Metro Rail property.

e Expedite restoration of train operation.

e Lay down the actions required to be taken by staff in the event of a disaster in VMRT
in order to ensure handling of crisis situation in coordinated manner.

e To ensure that all officials who are responsible to deal with the situation are
thoroughly conversant with their duties and responsibilities in advance. It is important
that these officials and workers are adequately trained in anticipation to avoid any
kind of confusion and chaos at the time of the actual situation and to enable them to
discharge their responsibilities with alertness and promptness.

0.13.4 Provisions at Metro Stations/Other Installations
To prevent emergency situations and to handle effectively in case ‘one arises’ there
needs to be following provisions for an effective system which can timely detect the
threats and help suppress the same.

(A) Fire Detection and Suppression System
(B) Smoke Management

(C) Environmental Control System (ECS)
(D) Track-Way Exhaust System (TES)

(E) Station Power Supply System
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(F) DG Sets & UPS

(G) Lighting System

(H) Station Area Lights

()  Seepage System

(J) Water Supply and Drainage System
(K) Sewage System

(L) Any Other System Deemed Necessary

The above list is suggestive not exhaustive actual provisioning has to be done based
on site conditions and other external and internal factors.

0.14 COST ESTIMATE

Project Cost estimates for Mumbai Metro Line No. 10 from Gaimukh to Shivaji Chowk
(Mira Road) has been prepared covering civil, electrical, signaling and
telecommunication works, rolling stock, environmental protection, rehabilitation,
considering 25 kV AC traction etc. at March 2018 price level.

The overall Capital Cost of Mumbai Metro Line-10 from Gaimukh to Shivaji Chowk
(Mira Road) at March 2018 price level works out to Rs. 3331 Crores excluding

applicable Taxes & Duties of Rs. 490 crores as tabulated hereunder.

Table 0.19 —Summary of Cost Estimate

Sr. Name of the section Capital Cost | Taxes & Duties Total
No. (Rs. Crore) (Rs. Crore) (Rs. Crore)
1 Gaimukh to Shivaji Chowk (Mira 3331 490 3821
Road)
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Table 0.20 - Capital Cost Estimate

Elevated = 8.414 km; At-grade = 0.115 km; UG = 0.68 km; Total length = 9.209 km
Total Station = 4 Elevated

March 2018 level

S. No. Item Unit Rate Qty. (F?srhi%ug:.)
Without taxes
1.0 Land and R & R incl. Hutments etc.
1.1 Permanent
a Government ha 20.00 2.14 42.80
b Private ha 100.00 1.59 159.00
12 Temporary Land
(@5% pa for 4 years)
a Government ha 4.00 4.40 17.60
1.3 R & Rincl. Hutments etc. R. Km. 4.12 9.209 37.94
Subtotal (1) 257.34
2.0 Alignment and Formation
2.1 Underground section by NATM R.Km. | 185.95 0.680 126.45
Elevated section including station length
2.2 (Including Cost of Rain V\?ater Harves?ing) R.Km. 44.99 8.414 378.55
At-grade section including station length
2.3 (Ingluding Cost of Rain V\?ater Harvesgt]ing) R.Km 10.00 0.115 115
Subtotal (2) 506.14
3.0 Station Buildings
31 Elevated stations(including finishes)
a Type (A) way side- civil works Each 33.58 3 100.74
b gg;gté\o)rgvay side- EM works including lifts and Each 905 3 27 15
c Type (C), Terminal station -civil works Each 36.88 1 36.88
d ;!'ype (c), Terminal station -EM works including Each 905 1 905
ifts and escalators
32 Providing Half height Platform Screen Doors Each 279 8 29 32
(PSD)
Subtotal (3) 196.14
4.0 Depot Augmentation LS
4.1 Depot
a Civil works LS 60.00
b E&M works LS 7.00
c M&P for Rolling stock LS 31.00
d Depot 25 kV AC Traction (OHE) LS 2.00
Subtotal (4) 100.00
5.0 P-Way
51 Ballast less track for Elevated and UG section R. Km. 9.79 9.094 89.03
59 Ballasted t_rack for Depot Augmentation and At- R Km. 538 6.115 3290
grade section
Subtotal (5) 121.93
6.0 Tractic_)n & power supply incl. OHE , ASS etc.
Excl. lifts & Escalators
Elevated and At-Grade Section 25 kV AC Traction
6.1 (OHE) with ASS & Cabling R.Km. 7.19 8.414 60.50
6.2 ﬁggrgdgaiﬁggon 25 kV AC Traction (OHE) with R.KM. 719 0115 0.83
Underground Section 25 kV AC Traction (ROCS
63 | o A%S, Cabling ( ) | RKm. | 1118 0.68 7.60
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S. No. Item Unit Rate Qty. (lghic:\ucn::,)
Without taxes
6.4 Catenary Maintenance Vehicle (CMV) LS 8.00
6.5 RSS (GIS) Each 61.27 1.00 61.27
Subtotal (6) 138.20
7.0 Signalling and Telecom.
7.1 Sig. & Telecom. R. Km. 12.50 9.209 115.11
7.2 Automatic fare collection Stn.
a) Elevated stations Each 6.28 4 25.12
Subtotal (7) 140.23
Misc. Utilities, roadworks, other civil works
8.0 such as median stn. signages Environmental R. Km.
protection
a Civil works R. Km. 5.14 9.209 47.33
b EM works** LS 4.00 8.529 34.12
Subtotal (8) 81.45
9.0 Rolling Stock (3.2 m wide Coaches) Each 9.00 168 1512.00
Subtotal (9) 1512.00
10.0 Capital expenditure on security
a Civil works R.Km. 0.08 9.209 0.74
b EM works etc R.Km. 0.33 9.209 3.04
Subtotal (10) 3.78
11.0 Staff quarter for O & M
a Civil works R.Km. 1.99 9.209 18.33
b EM works etc R.Km. 0.50 9.209 4.60
Sub Total (11) 22.93
120 Capital t_expenditure on Multimodal Traffic
) Integration
a Capital expenditure on Multimodal Integration Each 2.65 4 10.60
Sub Total (12) 10.60
13.0 Total of all items except Land 2871.34
14.0 General Charges incl. Design charges @ 5 % 143.57
on all items except land#
15.0 ;I;‘ontgl of all items including G. Charges except 3014.90
16.0 Contingencies @ 3 % 90.45
17.0 Gross Total 3105.35
Cost without land = 3105
Cost with land including contingencies on land = 3331

** For Elevated and At-Grade Portion only
#In accordance with MoUD's letter F.N0.K-14011/58/2013-MRTS-I(Vol.l)
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Table 0.21 - Details of Taxes and Duties
Basic Customs duty = 5.1500
CGST Customs Duty = 9.4635
SGST Customs Duty = 9.4635
Total Customs Duty = 24.0770
General IGST= 12
General CGST= 6
General SGST= 6

Taxes and duties
Tot_al cost Total Taxes
= Description e Total Total GST & Duties
No. Taxes & Customs (CGST & (Cr)
duties (Cr.) | Duty (Cr.) SGST) (Cr.)
1 | Alignment & Fo