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INTRODUCTION

GENERAL

Gurgaon City, located at the southern periphery of Déhfiast becoming a major centre for I.T. Industry,
electronics, readymade garments, pharmaceuticals etc. apart from producing automobiles. Gurgaon is a
fast growing and sprawling town. On account of its proximity to the capital city of Delhi, the toaffieen

the two cities has experienced an exponential growth in the last few years. Gurgaon and Delhi are linked

to each other through two major arterial roads, which are;
(i) Mehrauli-Gurgaon Road (MG Road).
(ii) DelhiJaipur Highway (NH 8).

Both the routes are equally popular and the peak hour traffic on them is well above their design capacity.
Considering the phenomenal growth in the commuter traffic between Delhi and Gurgaon, the Metro
Railway system of Delloperatedby DMRC has been extended up to Gawn.The metro line between
Vishwavidyalaya; Central Secretariat, popularly known as Line No.2 has been extended from Central
Secretariat to Susharmbk in Gurgaon via AIIMS, Hauz Khas, Malviya Nagar, @rpamdVG Road.

The Government of Haryana amgj through Haryana Urban Development Authority (HUDA) awarded the
work of development of a mass transit system from Sikanderpur te8NH Gurgaorcovering the Cyber

city area of Gurgaoto Rapid MetroRail Gurgaon Ltd (RMGLDatember2009. This Metro Rail link, when
completed in early 2013 will connect area around -8ltand Cybercity to Delhi Metro. The Draft
Development Plan for 2025 proposes a population of 40 lakhs in Guriaoresar Complex. The existing
developed area can accommatd a population of 22 lakhs including the existing town and villages.
Additional urbanisable area to be developed is envisaged to accommodate another 18 lakhs population.
Considering above situation and taking a lead in improving public transport sy$taty,dHUDA has plans

to extend the Rapid MetroRail link from Sikanderpur to Seed6r.

This metro rail link from Sikanderpur station to Sector 56 in the seatht of Gurgaon traversing along the
Golf Course Road will serve various employment and resialeareas in its immediate vicinity. The new

alignmentis about 7 km in length and will consisttdvateddouble track.

M/s. Halcrow Consulting India Putd., have beerappointed bylL&FS Rail Ltd. ()Rhsconsultants to
prepare the Detailed Proje®eport for the elevated metro line between Sikanderpur station to sebtyr

referred to as the south extension or Rapvttro Phase Il.

A reporton techno commercial study for a metro systeith sixstationshas been submitted in December
2013 As per provisions of the Concession Agreement the civil work has to be properly coordinate with

ongoing work on construction of subway, flyoveasid other utility service®@n the basis of recent

o zaalcrow
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developments in detailed plans of the road development activities tiia$ not available earlieand to
facilitate and properly integrate the road widening work, the provisioning of stations along with their

positioning has been rooked into and some modifications has been done in the DPR.
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2 REORGANISATION ARBLOCATION GHATIONS

Initially, six stations were planned on the south extension of Rapid MRetriGurgaon line. Howeveirom
detailed review of underpass design and raod widening wadas, variousssuesassociated with the
construction of Sec 42rossing station as listed belomere identifiedand fivestations are beingnow
recommended

2.1 SECTOR 42 CROSSING STATION DIRECTLY COMING OVER PROPOSED UNDERPASS:

Since lhe extant station is directly coming over the proposed underpass, various challemigeomein

way towards its construction. Construction of piers for metro station on an underpass or around its surface
will either disruptthe traffic flow over it by reducing its width or by reducing the width of the road on both
sides outside its perifpery. Further it will have issues with regard to passenger movement for using that
station due to presence of the underpass beneatisdspeakingthe purpose for which this publicansit
system will be built, i.e, to enable smooth flow of traffic wiblit serve its purposeThe width between bi
directional platforms at this station will have to be increased by more than the width of the underpass
which is significant. The height of piers for constructing station over an underpass will have to beédcreas
from the normal size of each pier height for the viaduct in order to ensure that the track is synchronised
across the alignment. Moreover,shallalsobevery difficult to obtain statutory approvals from various

authorities for building a station ovexn underpass due toommuters and vehiclesafety issues.

2.2 CHANGING LOCATION OF SECTOR 42 CROSSING STATION AT A NEARBY LOCATION NOT FEASIBLE

The location of the extant Sectdr2 crossing station in the alignment lies between Sushant Lok | and Sec
53-54 station.Shifting it either towards Sushant Lok | or Sector®Bstation would reducéentra station
distance and hence create operational diffity. The optimal minimum distance between two stations
should be at least one km for ease of operation.

2.3 EXPECTED OBJECTIONS FROM NEARBY RESIDENTIAL LOCALITY

The entry/ exit structure of this station will liein front of the society gates of nearhbylegdial locality. It

is expected to disturb the routine life of the nearby people. It seems to be a battle for the residents nearby
who might be unable to getthe peace of mind due to the expected effects of noise pollution and continuous
disruption neartheir society gates both during construction and operation of this station. At the time of
construction, residents may complain on pollution that the system will generate in the environment and
sound of the work thatwill disruptthem all the time and ortbe system will get operational, it will cause
noise and vibration effects which may result in annoyance for occupants of the nearby residents. Also,
there will always be traffic in front of their society gates as entry / exit area always emerges oaitato b

auto-rickshaw or a budeeder stand.
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3

3.1

3.2

PROJECT APPRECIATION

INTRODUCTION

The implementation of the project will reduce the time and cost of travel for traffic plying between DLF
cyber city and secteb6 Gurgaon, connecting two major business hub&iingaon. Itwill also increase the

corridor capacity of Golf Course road

Projectappreciation ansite inspection enables us to study and understand the-sjgecific problems and
concerns of importance along the project raathe team of Halcrowngineershave visited the site to
assess and appreciate the local conditions. Information thus colldtdesdbeen used by Halcraw the

formulation of an engineering approach for the proposed study.
PROJECT LOCATION

The Project starts at Bristol ChowkareDMRC metro station Sikanderpur and ends at sebatthe T
junction of Golf course road with Golf course extension road. It will start from the end chainage of the
cyber city alignment. The total length of the project is approximately 7km. The Rropeddor passes
through Golf courseroad. The double track elevated corridor will run on the median throughout the project

length. A location map shown below ifigure 21 shows proposed corridor in magenta.
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Figure3-1: Location Plan
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3.21

Start Point and End Point

The project road starts at Bristol Chowk junction on Golf Course Rbpdsses through Golf course road
and end at the T junction with Golf course extension road. Construction of cyber city alignment is already
in progress at Bristol Chowk whettee project takes off. Photograph below shows the diversion work

already in pace at the start pointFigure3-2 shows start and end point of the proposed elevated track.

t N22SOG adl NI L2 junétiol near Sikandehpilr ingir@ Station K 2 4 1 €

Golf Course Road

t NE2SOG SyR LRAYyGY 'G ac¢e 2dzyOidAz2y G GKS Sy
Golf Course extension road, sectof
Figure3-2: Start and EndPoint of Project Corridor
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3.3 SALIENT FEATURES ALONG THE PROJECT ROAD

5dzNAy 3 GKS aAdS @QArAard oeé /2yadzZ dFryaQa GSFHYz az2ys
below:
i.  The projectroad is a plain terrain with very few geometry changes.
i. The predominahland use along the project road is commercial and residential.
iii.  There aresignificamumbers of tree plantation on the median and along both sides of the corridor.

iv.  Several Utility crossing such as OFC, Electric véphone PoléNater Pipeline falling along both
side of project road. Significanumber of transformers and pylons are also observed.

v.  The proposed elevated corridor will cross threa#n junction and two 3arm junctions mainly
sector 43 crossing, sector 42 crossing and AIT cheiglare3-3 shows AIT chowk and Halcrow office
on the corridor

e .4_;}-
e e St -

Figure3-3: AIT Chowk

Figure3-4: Halcrow office at secteB4 on project corridor
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4

4.1

41.1

4.2

4.2.1

TRAFFIC FORECAST

INTRODUCTION

IRL (IL&FS Rail Limited) has commissioned Halcrow Consulting India Ltd. (herein after referred to as
Halcrow) to undertake a traffic and transportation study to estimatetitership on proposed extension

of Gurgaon Metro towards South of current alignment, being developed by the consortium led by IRL.
Henceforth this proposed extension will be called as Metro Phase Il South Extension in this report. This
chapter presents theidership estimate for the South Extension. The ridership estimate will aid the
preparation of a Business Plan for the Metro Phase Il development.

Study Objective and Methodology

The objective of the study is to provide a robust estimate on the patrorfageghe Metro Phase IlI:
Sikanderpurg Sector56 (South Extension) over a 25 year horizon period. The methodology to undertake
this study included the following tasks:

1. Study the population, socio economic profile, relevant traffic reports and appreciafiexisting
transportation system around the proposed Phase Il corridor;

2. Carryout the relevant secondary data collection required for estimation and projection of
ridership and completion of the study including information / data on development plan/Master
Plan of the concerned area, relevant studies carried out for Gurgaon Metro Phase I;

3. Undertaking primary survey in order to understand characteristics of the existing traffic on the
proposedsections of the metro rail;

4. Defining the PIA, its population andao-economic profile;

5. Estimating the travel deand along the proposed corridpr

6. Estimating the market share for Metro; and

7. Traffic demand projections including station boarding / alighting, traffic directional flow analysis,

sectional loads for peak houwff peak hour and daily demand. These forecasts will be for a 2015
opening year and a 25 year horizon.

GURGAON TRANSPORT SYSTEM

Development Plan Projections

The Draft Development Plan for 2025 proposes a population of 40 lakhs in Gulmmesar Complexhe
existing developed area can accommodate a population of 22 lakhs including the existing town and villages.
Additional urbanisable area to be developed is envisaged to accommodate 18 lakhs additional population.

The corridor proposed to link Sikendempwith Gurgaon sector 5§South Extensionfurrently has
undeveloped land inits potential influence area thatwould be part of the urbanisable land as per the draft
development planThe 2025Draft Development Plan is illustrated ifable4-1. The distribution of the
various land uses as per the draft development plan is givéfigare4-1.

Land Use INCEN(GEY]
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1 Residential 15,148 47.2%
2 Commercial 1,429 4.5%
3 Industrial 5,431 16.9%
4 Transport and Communication 4,289 13.4%
5 Public Utilities 609 1.9%
6 Public andsemipublic use 1,775 5.5%
7 Open Spaces 2,688 8.4%
8 Special Zone 106 0.3%
9 Defence Land 633 2.0%
Total Area 32,108 100.0%
10 SEZ 4,570
11 Existing Town 406
12 Village Abadies 428
Grand Total 37,069

Table 4-1: Development Plan Land Use Distribution
Source: GMUP Draft Development Plan 2025

GURGAON - MANESAR
MASTERPLAN - 2025

Figure4-1 : Draft Development Plan 2025
4.2.2 Traffic & Transportation Characteristics

Road

Gurgaon is connected to Delhi through an eifmte expressway (section of MHIlinking Delhi with
Mumbai), the MehraulGurgaon Road (MG Road) which is a four lane urban highway and Old Delhi
Gurgaon Highway. Other major arterial routes are the Gurghaindabad Highway and Gurgad&ohna
Highway. Movement within Gurgaon is along the major arterials and Sector Roads.

Public transportconnections to Gurgaon are provided primarily by Haryana Roadways operating regional
services. For local and shortdistariips, public transportis very limited. Tempos provide the major form
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4.2.3

of public transport for the residents to travel within Gurgaon. There are few services to Delhi operated by
Delhi Transport Corporation. Recently, the Gurgaon administration and Harfoalways have
introduced low floor buses and operate few city bus service routes in New Gurgaon connecting MG Road
to the many business parks like DLF City and Unitech International Business Park.

Metro

The Gurgaon Qutub Minar section of Delhi Metro opened to public on 21 June 2010. The line has been
extended up to Central Secretariat on 3 September 2010 and ultimately merged with the existing Yellow
line between Jahangirpuri and Central Secretariaé Delhi Metro line with Gurgaon has seen a steady
increase in Ridership from 13 Lakhs in September 20B3.@2 Lakhs inJuly2012.

A new metro line (Rapid Metro) in Gurgaon connecting Sikenderpur Station of Delhi Metro with DLF Cyber
City is under consuction, forming the first phase of Gurgaon Metro. This will serve primarily as a feeder
service to the Delhi Metro line.

Project Influence Area

The proposed Metro Phase Il envisages a corridor viz., from Sikenderpur (Interchange with Delhi Metro) to
Secta 56 Gurgaon. The Project Influence Area (PIA) for the metro corridors can be divided into three broad
categories:

Core area of Influence: Immediate area around the station within which land use has a primary
influence on the ridership, such as major empttent centres;

Primary area of Influence: Area within walk able distance from metro station (normally considered
to be 800 m) that provides ease and directness of access to the station; and

Secondary area of Influence: Area thatcan be accessed by cyclerickshaw and other modes
from/to the metro station, a radial distance of up to 2km. Map showing Project Influencing area
is givenin

Figure4-2

— GUrgaon Metro phase |

+ Sector 40 - v £ Ch > 3
Sector 45 ‘
Sector 39
Mand Dera Mana
. ndira
38 Q Colon Sactor 52
= Sector 52

Gurgaon Metro Phase Il

R Sacr oY ; 3 Delhi-Gurgaon Metro

Sector-56

Figure4-2 : Project Influence Area of Gurgaon Metro Phase | & Il corridors

18 g1alcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRayiid MetroRail Gurgaon Chapter 3: Traffic Forecast

4.2.4 Key Parameters for Ridership Estimation

4.3

4.3.1

The parameters that form the key elements for ridership estimation aesident population in the
catchment area and their travel patternsion-residential population (employment, visitors) in the
catchment area and their travel patterniptal traffic gererated in the catchment areduture land use
pattern in the catchment area that will determine the demographic and s@&cienomic changes for the
projectassessment periottjp making behaviour including frequency, mode choice and departure/arrival
time; and opinion on acceptable tradeff in travel costs (fare, time, environment) vasvis shifting to
Metro/public transport.

The above parameters will help define the functional characteristics of the proposed alignment i.e.,
whether it serves trips withilGurgaon primarily or acts as a feeder service to the Dilétro line.

DATABASE DEVELOPMENT

Halcrow carried out extensive data collection exercise to develop baseline data for ridership estimation.
The data collection included the primary surveys in the field and the secondary data collection from various
sources in Gurgaon and the Internet. TBiectionpresents the findings of the data collection exercise.

Base Line Data

For the study primary data was collected through traffic and transportation surveys conducted from 2nd
Dec 2010 to 17th Dec 2010 at various locations on the major city nktaoound the proposed metro
corridor. Secondary data was collected from various departments.

For updating the 2010 data, traffic volume counts were conducted on the project corridor (Golf links road)
in November 2012.

The survey planning was done basedthe study requirements and site visits to delineate the PIA. During
the site visit, following major road network were identified in the Project Influence Area (PIA):
i. Golf Course Road
ii. Faridabad Road
iii. HUDA City Centre
iv.  Mehrauli Road

V. Mega Mall

The followingprimary surveys were carried out as part of the study to develop the total travel demand
along the proposed metro corridoBurveys conducted at various locations were presenteignre4-3
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Duration/ :
Type of Survey Location/Routes Survey Method
Sample
Traffic Volume Count| 3 days/l1day | 5 location Manual counting
2 Passenger Origiq 1 day 5 locations Road side
Destination Surveys interview method
3 Commuter Surveys | 2,000 sample | At major Bus/Auto/Tempo| Interview
stop/stands
4 Stated Preference 1,500 sample | Important on board road | Interview
Surveys and rail routes
Speedcg Delay Survey| Peak/Off peak| Identified study road Average car
5 periods network method
Network Inventory - Identified study road -
6 network
Passenger Entry/ Exi| 16 hours Representative stations | Manual counting
7 Counts
Table 4-2: Traffic and Commuter Survey Details
R LTV Forest
' Sector 234 Sector2z MNP
artec® e Sector 19 Ambience St Ch
hers Far The Natonal Istand (3
Media Centre
< * aes % Gytier Cay
«"’f Sector 18 L) Ghitorn: SIRSOpuS «E';T:;n\‘:g:’
Wooded $ edon 5
Area F R’ gl Chhatarpu
Colony 7 i X 2 . Gadapur
- ° Sector 17 & 'ur - > / :
- X % Sector 26 Ambediar
Sector 13 uk Colon
4 s Mega Mall : By g
il G Biock Aya Nagar .{
F Sk Sector 16 % hod xS 3 I = F
¥ Sector 29 @ [Faridabad Road|*** SusoRes Mo Dive.
Housng  |HUDA city centre - K
Board Colony Sector 41  Caty Cente 2 % )
Sector 15 e & Fatehpur Aso
his < & Ben
Kirs Nagar Sector 44 Sector 43 & :‘
Secto s Marg - - % 4
e oy Kanhai DLF CayV 1 & P
Sector 52A -
Sector 45 54 &
Sector 39
Mand Dera Mand 5
Residency Incwra
= Green Colony
Sector 38 " Sector 48 Sector 52 ‘ 3 Day TVC
& Golf Links Dera
@ s . ® 1DayTVC
e Laat Dwerstty Park
R Seckc® : s Gurgaon Metro Phase Il
. yies Sector 56 Kactor 55
. Sector 57 Delhi-Gurgaon Metro
Sector5 / ?

Figure4-3: Survey Locations (TVC and OD)
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4.4

44.1

4.4.2

4.4.3

4.4.4

4.4.5

RIDERSHIP ESTIMATION

General

Spreadsheet model and specialist software (LIMDEP and SATURN) was used for different components of
the analysis to estimate the ridengp forecasts on the corridor of the metro corridor. The model focussed
on the various private and public transport modes captured along Golf Course Road.

Model Development Process

The data required for analysis of travel demand and forecast model devefps categorised into two
components viztravel attributes for each zone pair to calculate thegmtal diversion; andonal planning
parameters to aid in the forecasting process.

Potential Stations on Corridor

The length for corridor is approximately 6.5km and in addition to Sikenderpur interchange station, has the
potential to accommodatéivestations to ensure the station spacing is efficient for train operations as well
as maximising the accessibility to e in its influence area. The station locations are showRigure

4-4.

Distance Matrix Development

Distancematrices were developed for each zongipseparately for all surveyed modes of transportas well
as the proposed metro. Access and dispersal distances were developed from various zones in the PIAto its
nearest station.

Base Trip Matrices

Matrices weredevelopedusing traffic volume counts ahthe travel pattern captured in Origin &
Destination surveybythe road side interviewsrmfuture metro corridor (Sikenderpur Sector 56) for each

mode sampled and collected in the PIA of Golf Course Road. Occupancy factors were used to convert
vehicula trips to person trips. The output of this analysis was to create mode wise trip matrices which are
given inAppendix 31.
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4.5

4.5.1

JLOELHI STATE

Q
|}
) .
. " "
'

Secunderpur

Sushant Ldk |

Figure4-4: Station Locationg Future Metro corridor

PLANNING PARAMETERS

Demographic and Socio Economic Data

Data pertaining to various planning parameters such as population, employment, etc at zonal level was
derived based on the GMUC Draft Development Plan projections for 2025. The development plan envisages
a gross residemdl density of 250 persons per hectare to accommodate a total population of 40 lakhs. The
same density was adopted atthe sector level to obtain the forecast population for each internal zone within
the study area for 2025.

To derive the employment potential, an assumption of 4% of land in each sector for commercial use was
made. The plans for few sectors (52A, 53 and 54) with their area statementunder various uses were made
available by the clients for validation purpos@he summary of the validation exercise is giveitable

4-3. The table shows that based on the area under commercial for the given sectors vanetihed.1%

and 5.3% and the combined weighted average was close to 5%. This demonstrates that the assumption of
4% is sound and therefore enables a robust assessment to estimate ridership on the proposed metro.
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4.5.2

Area (ha) Sector 52A, 53 Sector 54 CombinedArea
Total Land Area 762 207.97 969.97
Commercial Use 40.734 6.52 47.254

% under commercial 5.3% 3.1% 4.9%

Table 4-3: Area under Commercial Use

Based on the assumption under commercial use for each atmi@nd area, potential builtup area based
on an FSI of 1.75 and unit employment area of 100 sqft per person was used to derive the potential
employment for @ch zone in the PIA.

For external zones, the growth assumptions as per the NCR Plan were adbipéegopulation forecasts
are presented imrAppendix3.2.

The focus of the analysis was confined to the future Metro corridor along Golf Course Road. Therefore, the
61 zones originally identified were aggregated in to 37 zones. The 49 internal zonesggeegated into

36 zones and 12 external zones into 1 representative external zone. All subsequent analysis was carried
out for the 37 zone structure.

Base Year Diversion Rates

Travel time and travel cost, the two parameters that the surveys revealeddmdée mode choice were
computed for each zone pair for the various modes surveyed. Likewise, the two parameters were also
computed for using the Metro, i.e., the cost and time to travel by Metro between each zone pair. The time
and cost components also inae the access and dispersal time to and from stations.

The time component for Metro included a waiting time which was assumed to be half the service
frequency. An initial assumption of dfinture frequency interval for the Metro service was made,
resulting in an average waiting time of 7.5 minutes. But following discussionslRitltho informed the
service frequency will be atdinute intervals, the waiting time assumption was reduced to 2 minutes. The
average travel time on the proposed Metro is asedno be 2.5min/km, a figure provided bRL

A high frequency service and fastservice drastically reduces the waiting time for commuters and provides
them with confidence and reliability on the system further encouraging the propensity to use the metro
service.

The fare on the Metro systemis assumed to be the same as the prevailing (2010) fares on Delhi Metro. The
time and cost assumptions adopted for the various modes are giv@alite4-4 and Table4-5.

Mode Cost (Rs)/km Time (min)/km

Two Wheeler 2 3
Car 6 3
Auto 20 3.5
Bus 5 4

Tempo 5 5

Table4-4: Time and Cost (2010 prices) Assumptiondlon-Metro Modes

Distance (km) Fare (Rs)

Upto 3 9
4-7 10

Table 4-5: Assumptionson Metro Fare (2010 prices)
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4.6

4.6.1

4.6.2

Equations used for ridership estimates are developed from stated preference survey data as indicated. The
time and cost differences between travelling by another mode versus travelling by Metro were computed
for each zone paiiThese parameters were used in the equations derived from the analysis of the Stated
Preference Surveys and the Multinomial Logit Model to obtain the potential diversion rates by zone pair
and mode.

Two Wheeler User G(x)
Car User G(x)

Auto User G(x)

Bus User G(x)

Tempo User G(x)

-0.5537 0.0888(C% C2) -0.1480(T1c T2)
-2.3032-0.0756 (C C2)-0.0756 (T T2)
-0.9073-0.0728 (C C2)-0.0930 (Tk T2)
2.23250.0742 (C1 C2)-0.1474 (T T2)
1.814-0.0769 (C% C2)-0.2062 (Tk T2)

FORECAST RIDERSHIP

Trip End Forecasts

The opening year of the project is assumed to be 2015 with a 25 year horizon (2040). For forecasting
purposes, besides forecasts for 2025 (Draft Development Plan forecaistsiship forecasts were also
estimated for the opening year and subsequengéar intervals.

The proportion of trips that each zone contributes to the traffic on Golf Course Road in the base year was
applied to the population and employment forecasts dexdl for 2025 (Sectiord.5.1). Mode split
assumptions were incorporated for the increase in income levels and increased car ownership. These
enabled forecasting trip ends fa2015 and 2025.

Developmental Traffic

Developnental traffic is that which would be generated, over and above normal growth, because of new
developments in the immediate influence area of the proposed metro corridor. Land development
projects coming up in the PIA were considered in the analysis. &f@apments that were considered in

the forecasts are listed ifiable 4-6 .Whilst not all of the listed development parcels are within the PIA,
most ofthem are.

A desktop review of the websites of the listed development projects show that most of the developments
are scheduled for completion before 2015. However, given the concentration of development happening
on Golf Course Road followed by Golf GmiExtension Road (Southern Peripheral Road), it is safe to
assume that developments along Golf Course Road would have increased occupancy when compared to
areas farther away. This is dueto the availability of existing infrastructure and accessibdipyoposed

metro project would only enhance the attractiveness of the area and increase the occupancy.

A review of the monthly DLF newsletter shows that the occupancy in the various DLF phases is over 85%
and close to full in few sites. Whilst the impattthe Delhi Metro line on the occupancy rates of various

DLF phases is not available, studies from around the world indicate higher occupancy levels along
transportation corridors with subsequent developments being tramsiented due to the high level fo
accessibility offered. The same can be expected in the PIA of the proposed metro.

However, given the current uncertainty in the real estate sector and broader market conditions, an
assumption was made that all the developments within the PIA would bepbetesnbut only 75% of them
would be occupied. This assumption would also account for delays to completion of projects by the various
developers.
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Sector Developer Projects

Aralias
Sector42 DLF Belaire
Sector 55,56 Florence Marvell
Sector 57 FlorenceMarvell(Villas)
Palm Springs
Sector 54 Magnolias
Park Place
Emaar MGF
Sector 58,59,60,61 IREO
JMD Group
Raisina Apts
Sector 61 Nirvana(Villas)
Digital Greens
Aaron Ville
Sector 62 Presidia(Villas), Emerald City
Sector 63 EMAAR MGF
Sector 65 M3M
Palm Drive/Palm Square
South End
Sector 66 Unitech
Vatika City
Park View City
Sector 67 IREO Victor Valley

Table 4-6: Development projects identified in PIA

4.6.3 Future Year Matrices

For zones outside the PIA, population forecasts were interpolated between the 2010 figures and 2025
figures and trip ends derived. The forecast trip ends for 2010, 2015 and 2025 are giAepeandix 3.3.

The trip ends were furnessed (an iterative processrip balancing) using SATURN software to obtain the
forecast matrices for each surveyed mode of travel.

4.6.4 Metro Ridership

The diversion rates for each zone pair derived from the base year analysis were applied on the forecast
mode wise matrices to obtaithe ridership on the Metro corridor. Each zone within the PIA was allocated

to one of the proposed stations and trips to zones outside the PIA were regarded as interchange trips at
Sikenderpur station. Station trip matrices were developed and the boardimdyalighting numbers and
sectional loadswere estimated

Due to the catchment area of a metro corridor being limited to its PIA, the ridership will peak when the PIA
is fully developed, 2025 in this case. Beyond thatany increase in ridership wilhiersi from the natural
growth in trips that comes with increasing prosperity of the area i.e., increased income levels lead to more
number of trips. Beyond 2025, a 2% growth inridership numbers is therefore assumed to occur till 2040.
Ridership numbers &re estimated for a daily as well as peak hour period. The peak hour period proportion
was derived from the analysis of the base year traffic figures and shows them to be about 9% of the daily
flow.
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The peak hour ridership in passengers per hour in peedctibn of travel (PHPDT) betwestations helps
derive thesectional loading between stations. Thectional loading determines the capacity and frequency
of service required to carry the potential demand.

The peak hour boarding, alighting and sectioads for the various forecast years is giveatle4-7to
Table4-10.The figures indicate a peak hour patronageabbut 19000 bi-directional flow in the opening

year (2015) increasing @bout28,600 bi-directional trips in 2025.

Station Name

Alighting
Boarding
Alighting
Boarding
Alighting
Boarding
Alighting
Boarding
Alighting
Boarding
Alighting

Sector 5556 |4560| 0 |5690| O 7,100 © 7,840 © 8,660 O 9,560

AIT Chowk |2,160 [ 100 |2,590| 200 |3,100 | 400 |3,420| 440 |3,780( 490 |4,170| 540

Sector 5354 (2,710 | 260 |3,310| 450 |4,050| 780 |4,470| 860 |4,940| 950 |[5,450 | 1,050

Sushant Lok |1.890 | 280 | 2,360 | 580 |2,940| 1,190 |3,250| 1,310 |3,590 | 1,450 |3,960 | 1,600

DLF Phase | 200 |1,200| 320 770 500 500 550 550 610 610 670 670

Sikenderpur| 500 (1,800 890 | 2,360 |1,600 | 3,100 (1,770 | 3,420 |1,950 | 3,780 (2,150 | 4,170

DMRC,GM
Phase |

0 8450 O 10,640 O 13,400| O 14790 | O 16,330| O 18,030

Interchange
trips

Total* 12,020(12,090|15,160| 15,000 |19,290| 19,370 |21,300( 21,370 |23,530( 23,610 (25,960 | 26,060

Table4-7: Peak Hour Trips Northbound

*Differencesin boarding and alighting totals are due to rounding of numbers

2020 2025
Sector 5556 AIT Chowk 4,560 5,690 7,100 7,840 8,660 9,560
AIT Chowk Sector53-54 6,620 8,080 9,800 10,820 11,950 13,190
Sector 5354 Sushant Lok | 9,070 10,940 13,070 14,430 15,940 17,590
Sushant Lok | DLF Phase | 10,680 12,720 14,820 16,370 18,080 19,950
DLF Phase | Sikenderpur 9,680 12,270 14,820 16,370 18,080 19,950

Table 4-8: Peak Hour Section LoagddNorthbound
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2015 2020
2 2 2 2 2 2 2 2 2 2 2 2
Station Name -?U = S = S = o = sl = ° =
g8 =2 8 = 3 =2 8 2 8 2 8 =
m < m <C om < m < m < [an] <
DMRC,GMPhase | 4.210
_ _ . 0 |4720 o |[5300] o |5850 0 |[6460] 0 |7,2130 o0
interchange trips
Sikenderpur 900 | 920 | 950 | 1,170| 1,000| 1,500 1,100 1,660| 1,210| 1,830| 1,340 2,020
DLF Phasel 390 | 210| 480 | 250 | 600 | 300 | 660 | 330 | 730 | 360 | 810 | 400
Sushant Lok | 890 | 470 | 1,130| 550 | 1,430| 640 | 1,580| 710 | 1,740| 780 | 1,920| 860
Sector 5354 390 | 800| 500 | 870 | 650 | 940 | 720 | 1,040| 790 | 1,150| 870 | 1,270
AIT Chowk 200 | 910 | 280 | 1,130| 400 | 1,400| 440 | 1,550| 490 | 1,710| 540 | 1,890
Sector 5556 0 (3670 o0 |4110] o |4600] 0 |[5080 0 |5610] 0 |[619
Total* 6,980(6,980 8,060| 8,080| 9,380 9,380( 10,350 10,37q 11,420| 11,44d 12,61d 12,630

Table 4-9: Peak Hour Tripg Southbound

* Differencesin boarding and alighting totals are due to rounding of numbers

‘ 2015 2020 2025 2030 2035 2040

Sikenderpur DLF Phase | 4,210 | 4,720 | 5,300 5,850 6,460 7,130
DLF Phase| Sushant Lok | 4,190 | 4,500 | 4,800 | 5,290 5,840 6,450
Sushant Lok | Sector 5354 4,370 4,730 [ 5,100 5,620 6,210 6,860
Sector 5354 AIT Chowk 4,790 | 5,310 | 5,890 | 6,490 7,170 7,920
AIT Chowk Sector 5556 4,380 | 4,940 | 5,600 | 6,170 6,810 7,520

Table4-10: Peak Hour Section LoadsSouthbound

The figures show that the peak direction of travel is in the northbound direction and that the PHPDT is over 10,000
in the opening year and risirtg nearby 20000 in 2040. The forecastdaily ridership on the metro is givédraldte

4-11. Further details on the ridership by direction are givei\ppendix3.4 andAppendix3.5. Theridership figures

will form the basis for fare box revenue forecasts.

‘ Year Northbound Southbound Total
2015 1,09,890 1,12,560 2,22,450
2020 1,32,000 1,34,630 2,66,630
2025 1,59,620 1,63,520 3,23,140
2030 1,76,240 1,80,540 3,56,780
2035 1,94,580 1,99,340 3,93,920
2040 2,14,830 2,20,090 4,34,920

Table4-11: Daily Metro RidershigBase Case
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4.7 SENSITIVITY ANALYSIS

4.7.1 Introduction

There always exists an element of uncertainty in any forecasts and traffic forecasts are no exception. To
understand the riskassociated with forecasts, sensitivity tests are undertaken by varying the assumptions
on parameters critical to the project. Amongst the various assumptions in this forecast, the mostcritical is
the extent of development likely toazur by 2015, the opéng year.

4.7.2 Sensitivity Tests

In addition to the forecasts described in the precedsegtion(Base Case) scenarios of low growtid
high growth for the impact on ridership. The following sensitivity tests were carried out to the ridership

forecasts.

i. Base @se
a. 75% of developments occupiedin 2015 and 100% in 20P3ABase scenario)
b. Service frequency at4 min interval.

ii. Low growth
C. Only 65% of developments are occupiedin 2015 & 85% occupied in 2025 in PIA
d. Service frequency at4min interval.

iii. High growth
e. 85% of developments areoccupiedin 2015 and 100% occupied in 2025 in PIA
f. Service frequency at4min interval.

The results of the sensitivity tests are givenTable4-12to Table4-14.

Year Northbound Southbound Total

2015 1,09,890 1,12,560 2,22,450
2020 1,32,000 1,34,630 2,66,630
2025 1,59,620 1,63,520 3,23,140
2030 1,76,240 1,80,540 3,56,780
2035 1,94,580 1,99,340 3,93,920
2040 2,14,830 2,20,090 4,34,920

Table 4-12: Phase wise Daily RidershipBase Case

| Year Northbound Southbound Total
2015 95,260 97,570 1,92,830
2020 1,15,780 1,18,080 2,33,860
2025 1,41,650 1,45,120 2,86,770
2030 1,56,390 1,60,210 3,16,600
2035 1,72,680 1,76,880 3,49,560
2040 1,90,650 1,95,290 3,85,940

Table 4-13: Phasewise Daily Ridershig; Low Growth case

| Year Northbound | Southbound Total
2015 1,24,540 1,27,570 2,52,110
2020 1,48,980 1,51,960 3,00,940
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| Year Northbound | Southbound Total

2025 1,79,410 1,83,800 3,63,210
2030 1,98,080 2,02,930 4,01,010
2035 2,18,690 2,24,060 4,42,750
2040 2,41,450 2,47,380 4,88,830

Table4-14: Phase wise Daily RidershipHigh Growth Case

4.7.3 Trip Length

Trip lengths were calculated for all scenarios presented above. Distances between stations and trips from
the stations were used for calculation of trip length. Travel kms and percentage share of trips were
estimated in the process of trip length calculaii Figure4-5 below is the graph showingip length
frequencydistribution for base case.

Trip Length Frequency Distribution-Gurgaon Metro
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Figure4-5: Trip Length Frequency Distributidmase cas€015
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5

5.1

5.2

SYSTEM SELECTION

SELECTION OF TECHNOLOGY

The south extension of the Rapid MetroRail Gurgaon is an elevated corridor with a route déadgbut7
kms. The extension has elevated stations and rmelevated maintenancedepot. The systems for this
extension will have to be the same as the ones already existiphpase | of theRMGLmetro, in order to

provide compatibility and seamless working of trains between the exigtivag e imetro and theextension.

Minor variations especially incorporation of upgraded technology in the existing systems may be

permitted. A brief description of the systems including the rationale for selecting these is given in the

following sections.

SELECTION OF GAUGE

Stardard gauge (1435 mm) is widely adopted for metro railways world over. While Indian Railways
uses broad gauge (1676 mm), the issue of adoption of broad gauge for the new metro railways in
India has been discussed extensively at various levels and the Gos@riof India has finally
decided that the choice of gauge should lie with the metro railway organization entrusted with the
responsibility of planning and operating the metro system. The question as to whether the proposed
metro should be broad gauge otasidard gauge has therefore been examined on technical and

economical considerations, as detailed below:

Standard gauge track can cope with sharper curves on the alignment as compared to broad gauge.
Metro alignments in a city have to pass through congddiuiltup areas to cater to the maximum
travelling public. In most of the cities in India no separate right of way has been earmarked for metro
systems, therefore the track has to be built along major arterial roads. These roads have sharp
curves includag rightangle bends. In such a situation adoption of standard gauge is advantageous
since it permits adoption of sharper curves compared to broad gauge to and reduces the need to

acquire land along the alignment.

Broad gauge requires longer turnouts adfil8 %2 and 1 in 12 whereas in standard gauge the turnouts
canbelin7 and 1in 9 which occupy lesser length. The land requirement for depots where a large
number of lines are connected together in a fan shape also thus reduced. Standard gauge is,

therefore, more suited for use in built up environment where land availability is scarce

A broad gauge metro requires heavy structures, which is not aesthetically pleasing in the middle of
a city. The sight of wide rolling stock, coupled with the higher ni@gas in broad gauge is also not
conducive to the image of a modern city. Lightweight standard gauge coaches, with streamlined

modern designs are more pleasing to the eye and therefore desirable. The higher carrying capacity
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5.3

of broad gauge coaches can béset by higher frequency of trains when using standard gauge

coaches.

V. Standard gauge has now been adopted by almost all the Metro Authorities for the new projects in
Delhi, Mumbai, Bangalore and Hyderabad, except where extension of existing broadgaige
is necessary due to operational requirements. Consequently, international manufacturers will be
attracted to set up manufacturing facilities for standard gauge rolling stock and other relevant
systems in the country, both for local consumption aexports, which will ensure adequate
availability of maintenance spares and equipments for trouble free and economical maintenance of

the metro systems.

vi.  For standard gauge statef-the-t NI NRf f Ay3d aiG20] t1REXSHFRDOINEA B TR
for broad gauge where new designs for rolling stock have to be specially developed which entails
extra time and cost. Moreover, due to the large market for standard gauge coaches, constant up
gradation of technology is taking place for these by all mantifrers, which is not so for special

tailor made broad gauge coaches.

vii.  Based on the advantages highlighted above itis proposed that standard gauge be adopted for the

metro extension.

TRACK STRUCTURE

Track on Metro Systems is subjected to intensive usege very little time for dayto-day maintenance

and therefore, it is imperative that the track structure selected for Metro Systems should be long lasting
and should require minimum or no maintenance and at the same time, ensure highest level of safety,
reliability and comfort, without undue noise and vibrations.

There are two options for the track structurballasted track, and ballastless track. Acomparison between
the two types is made below to determine their advantages or disadvantages and reguhtime use of

the best option.

i. Whole life costs

Whole life costs of ballastless track are becoming more competitive these days. Broadly speaking, the
investment costs of concrete slab track are greater than those of conventional ballasted track however
savings are normally made in maintenance, the reasons for which are explained below.

Currently, construction cost of concrete slab track generally is in the order of 1.5 times greater than that
of ballasted track. As with all new technology, as advancesnaide in development, so the capital costs
reduce significantly. As maintenance costs of ballastless track are less than those for ballasted track, it
would be reasonable to predict that whole life costs of concrete slab track will continue to reduce in

comparison with those of conventional track. A cost comparison was undertaken in 2009 as part of a
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feasibility study and outline design for track on part of the Crossrail project in the UK showed that the

whole life cost of ballastless track was approximatelis- 1.3 times that of ballasted track.

ii. Maintenance

In terms of maintenance, the clearestadvantage of ballastless track over conventional track is that by virtue
of the fixed position of the track, less overall maintenance is required in respectadf gjaometry and
clearances. There are also fewer components, most notably sleepers and ballast, thatrequire maintaining.
This is beneficial notonly regarding costbutalso inthe reliability of the track system, with reduced risk of
service affecting fdure, and ultimately safety. The requirement of specialized track maintenance machines

is also less

iii. Other factors

There are several factors other than the cost of the track itselfto be considered in the choice of track form.

The weight of concrete tradk less than conventional ballasted track and this can have a significant bearing

on the cost of supporting structures. An obvious advantage of ballasted track is the ability to make changes

in its alignment at comparatively little cost and disruption tergces after the initial installation. This

however, will only be of real benefitin atgrade terminal stations or depots where the possibility of future

modifications to layout may be there.

On the basis of the above discussions, the following trackcsiire has been recommended for the metro

extension.

a. Entire elevated track on the viaduct, at stations and inside depot will be ballastless except the at
grade track. At grade track will be ballasted, with the exception when itis laid on concrete surface.
The track will be welded to avoid joints. 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.

b. Keeping in view the proposed axle load and the practices follontednationally, itis proposed to
adopt UIG60 (60 kg. /m) rail section. Since on main lines, sharp curves and steep gradients would
be present, the grade of rail on main lines should be 1080 Head Hardened as pet2RETAs
these rails are not manufaared in India at present, these are to be imported. For the Depotlines,

the grade of rails should be 880, which can be easily manufactured indigenously.

C. On viaducts, itis proposed to adopt plinth type ballastless track structure, having RCC derailment
guards integrated with the plinths. Vossloh 336 fastenings which are working satisfactorily on Delhi

Metro for the last 5 years are recommended. These are readily available in India now.

d. In a depotifitis built atgradeéallasted track with 250 mm bakt cushion with suitably designed
PSC sleeper (1540 No./Km) is recommended on stabling lines and approaches to inspection
sheds/workshop. To avoid multiplicity of fastenings, the same Vossloh fittings are suggested for
the ballasted track also.

e. Theat grade depot if providednill also have ballastless track of the following type for different

locations:
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9 Discretely supported on concrete/steel pedestal for inspection lines.
1 Embedded rail type inside the Workshop.
1 Plinth type for Washing Plant line.
f. To takecare of comfortable transition from viaduct (almost rigid) to earth formation (flexible) an
apron of concrete slab of around 8m length is proposed between the viaduct and earth formation.
g. From considerations of maintainability and riding comfort, it isgeed to lay the turnouts also
with 1 in 20 cant. Further, itis proposed to adopt the following two types of turnouts:
1 Onmainlines,1in9 typeturnout with a lead radius of 300 meters and permissible speed on
divergent track as 40 kmph.
1 On Depotlinesl in 7 type turnout with a lead radius of 140 meters and permissible speed on
divergent track as 25 kmph. The Scissov&rs on Main Lines (1 in 9 type) will be with a

minimum track centres of 4.5 m.

h. The proposed specifications for turnouts are giveshdov:
9 The turnouts should have fashaped layout throughout the turnout so as to have same
sleepers/baselates and slide chairs for both LH and RH turnouts.
1 The switches and crossings should be interchangeable between ballasted and ballastless
turnouts wherever such interchange occurs
1 The switch rail should be with thick web sections, having forged end near heedwiftch
for easy connection with lead rails, behind the heel of switch.
1 Thecrossings should be made of cast manganese steel and with welglextensions. These
crossings should murfacehardened type for main lines and without surface hardening for
Depot lines.
The check rails should be with U83 rail section without being directly connected to the running
rails.
i. On main lines and Depdines, friction buffer stops with mechanical impact absorption (nhon
hydraulic type) should be provided. In elevated portion, the spans, on which friction buffer stops
areto beinstalled, should be designed for an additional longitudinal force of 85 dhwiikely to

be transmitted in case of Rolling Stock impacting the friction Buffer Stops.

j. For continuing the LWR/CWR on Viaducts, the elevated structures should be adequately designed
for the additional longitudinal forces likely to be transmitted asresult of Rai{Structure
interaction. Rail structure interaction study will determine the need and locations of Rail Expansion
Joints (REJ) required to be provided. REJ in ballasted track will be for a maximum gap of 120 mm,

whereas on ballastless trac&rfa maximum gap of 180 mm.

k. Flash Butt Welding Technique should be used for welding of rails. Aldfi@onic Welding should
be done only for those joints which cannot be welded by Flash Butt Welding Technique, such as

destressing points and approach weldf switches & crossings.
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5.4

ROLLING STOCK

The rolling stock should be compatible with the existing signaling system, traction power and track gauge
on the RMGLlphase | metroRolling stockdentical tothat existing orphase Will also be beneficial since
trials on the rolling stock have already been conducted and only some proving trials may be needed.
Selection and design of the rolling stock is discussed in detail in ch&ptdarief on the selection criteria

is giveninhe following paragraphs and the salient features of the rolling stock are given iTethies-1.

Tableb-1: Salient fatures of rolling stock

PARAMETER REQUIREMENTS

Track Gauge 1435mm

Maximum length over couplers 2200 mm
Dimensions Maximum outside width 2800 mm
Maximum height over AC unit3885 mm

Not to exceed 15 T under AW4 loading
conditions

Axle load

Trainconfiguration DMGTCGDMC

Traction power supply Third rail, 750V DC

90 kmph design speed.

Maximum Speed ) .
80 kmph maximum operating speed

Initial Acceleration 0.95m/ s2 up to 30kplag crush laden

Braking rate 1.0 m/ s2normal 1.3 m/ s2 emergency

Longitudinal seating to maximize standir|

Seating capacity

Capacity of driving motor

312 at 8 persons per sqm
coach

Capacity of trailer coach 354 at 8 persons per sqgm

The rolling stock will have state of the arttechnology wAtbhminiumbody, having four doors per side. The
cars will have fully air conditioned interiors, with all passenger safety features and amenities like fire
retardant material, emergency evacuation passage, passenger announcement system, information

displays, emergery communication with train operator etc.

The design of the rolling stock should meet the following criteria.
i. Modern light weight construction using state of the art technology
ii. Low life cycle cost
iii. Design life of 30 years
iv.  Proven equipment with high reliabty.

V. Energy efficient design

a4 g1alcrow

A CH2M HILL COMPANY



Detailed Project Report for the South Extensidragiid MetroRail Gurgaon Chapter 4: System Selection

vi. Passenger safety features including use of fire retardant materials
Vii. Passenger comfort including ventilation, temperature control, noise reduction
viii.  Aesthetically pleasing interior and exterior

ix. Optimized operating speed

X. Flexibility to meet increase in traffic demand

Xi.  Anti-telescopic properties

xii.  Safe evacuation during emergencies

The controlling criteria are safety, reliability, low energy consumption, lightweight and high efficiency
leading to lower annualized cost of sere

Smaller trains with higher frequency of service are preferred by commuters over longer trains with lesser
frequency even though both may carry the same volume of passengers per hour. Itis therefore, proposed
to have a train formation of 3 cars withdtiving motor coaches and 1 trailer coach between them. The 3
train consist will have a capacity betwe8B0 to 1@0 passengers per train, wit8 passengers / sq. m

loading).

5.5 POWER SUPPLY

The electric power in a metro is used for traction as well as non traction purposes like lighting and
airconditioningof buildings, operation of lifts, escalators and operation of signaling and communication
systems. The traction is predominantly usedMietro systems to meet requirements of high acceleration

and braking rates to achieve higher average speed in the sections characterised by short inter station
distances. Electric traction also does notcause any pollution which is of utmostimportarrbaimareas.

There are three standard and proven systems of electric traction for train operations of suburban and
metro railways, viz. 750V DC third rail, 1500V DC overhead catenary and 25kV A.C. overhead catenary

system. All these three systems are preen use in India.

750V DC third rail system has been extensively used in metros and majority of metro systems in the world
utilize 600750V DC third rail system for train operations. This systemis also used by Rapid MetroRail,
Bangalore Metro and Kodlita Metro. In this system, the current is carried by a composite aluminium steel
third rail installed on one side of the running rails. The current is collected by the power collector shoes
provided on the rolling stock, sliding on the bottom of the thredl. The main advantage of the system is

that over head wires and supporting masts are not required to be provided all along the alignment.
Consequently, there is no visual intrusion and-fike and aesthetics of the corridor remains unaffected.

The systm however, has a technical limitation beyond a traffic level of 60,000 PHPDT on account of
requirement of large number of traction sestations and difficulty in differentiation between overcurrent

and shortcircuit currents. However, as the PHPDT of imwr under considerations well below this level

even in future, the system is technically suitable and adequate for this corridor.
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This line isan extension ofthe RMGLphase lline and keeping in view the aesthetics, commonality with
existing metro lies of Rapid Metro and other techreconomic considerations, as detailed in the above
paragraphs, 750V DC third rail traction system is recommended. Since the route is entirely grade separated,
itwould not be prone to safety hazards to public as well. [remtthe third rail will be provided with suitable
shrouds for safety of passengers as well as maintenance personnel. The third rail will be switched off during
emergency evacuation of the passengers on the viaduct from the disabled train to ensure effety
passengers.

The power supply systemis discussed in detail in chapter 7.
5.6 SIGNALLING & TRAIN CONTROL SYSTEM

Metro rail systems carry a large number of passengers at a very small headway of trains requiring a very
high level of safety and reliabilitfhe heavy investment in infrastructure and rolling stock requires that
the best utilisation be made of these and the signalling system plays a vital role in achieving this. An
Automatic Train Control and Computer based Centralized Train Operation and Btaeaigsystem is

proposed which can fulfil the following requirement of the metro.

i. Provide a high level of safety with trains running at close headway, ensuring continuous safe train
separation.

ii. Providesafety and enforcespeed limit on section having peement and temporary speed
restrictions.

iii. Provide flexibility and precision in train control.

iv.  Eliminate accidents due to driver passing signal at danger by continuous speed monitoring and
automatic application of brake in case of disregard of signal / wayhiynthe driver.

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

vi. Increasegroductivity of rolling stock by increasing line capacity and train spédglsce moretrips
will be possible with the same number of rolling stock.

vii. Improve maintenance of signaling and telecommunication equipsdyt providing new ways of
monitoring system status of track side and train born equipments and undertaking preventive
maintenance.

For theRMGL phase Iinetro it is therefore proposed to adopt a modern, state of the art Continuous
Automatic Train Contro{[CATC) system with optional platform screen doors. Platform screen doors atthe
stations provide an additional safety feature for passengers and can be considered for installation atalater
stage when ridership and crowding increases and if the buggrenits. Thenitial signalling system should

be capable of adding this feature in future.

The signalling system is discussed in detail in chat@&he main components of the system are listed
below:

i.  Automatic Train Protection (ATP)

ii.  Automatic Train Supersion (ATS)
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iii..
iv.
V.
vi.

Vii.

Automatic Train Operation (ATO)
Interlocking System

Track Circuit

Electric Point Machine

Cab borne equipment

5.7 TELECOMMUNICATION

The telecommunication system of a metro rail acts as the communication backbone for signalling system

and othersystems such as SCADA, AFC etc and provides telecommunication services to meet operational

and administrative requirements of metro network. The proposed telecom system will cater to the

following requirements:

iv.
V.

Vi.

Vii.

viii.

Xi.

Train Traffic Control

Assistance to Train @ffic Control

Maintenance Control

Emergency Control

Station to station dedicated communication

Telephone Exchange

Passenger Announcement System and Passenger Information and Display System within the
station and from CentraControl toeach station.

Centrdized Clock System

Train Destination Indicator

Instant on line Radio Communication between Central Control and Moving Cars and maintenance
personnel.

Data Channels for Signaling, SCADA, AutomaticG@ltection etc

Thetelecomsystem will comprise of the following sub systems

iv.

V.

vi.

Optical Fibre Cablethe main telecommunication bearer
Telephone Exchange

Mobile Radio Communication

Passenger Announcement System

Centralized Clock System

Network Monitoring and Management

These have been described in detail in chater

5.8

FARE COLLECTION SYSTEM

Ticket issue and fare collection play a vital role in the efficientand proper operation of a MRTS system due
to the large volume and frequency of the passengers. To manage ticket,ifane collection and its
accountng, the ticketing system shall be simple, easy to use/operate and maintain, easy on accounting
facilities, capable of issuing single/multiple journey tickets, amenable for quick fare changes and require

overall lesser mapower. In view of the above, a computer based automatic fare collection system is
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proposed for the IRL since manual ticket issue and fare collection is not feasible on such high density

throughput of passengers. World over, in MRT systems, automatic tdrection systems are used.

AFC system proves to be cheaper than samfomatic (manual system) in long run due to reduced
manpower cost for ticketing staff, reduced maintenance in comparison to paper ticket machines, overall
less costofrecyclable tictse(Smart Card/Token) in comparison to paper tickets and prevention of leakage

of revenue. The system can handle large number of passengers, is cost efficientand can control leakage of
revenue. It is proposed to have the AFC system with contactless solams for single journey and

contactless smart card for multiple journeys.

The components of an AFC system have been described in detail in clgaatet a summary of the

important equipment comprising the AFC system is givehable5-2 below:

Tableb-2: Major AFC equipment

| s.no.| ITEM | FEATURES

Computer controlled gates for
entry/exit with some reversible

1. Control gates .
g gates and for emergency/disableq
people
. . Ticket Office Machines and Ticke]
2. Ticket machines . .
Vending Machines
. Smart tokens and cards for
3. Fare media . .
single/multiple entry
4, Ticket reader To check balancein token/card
. To monitor the AFC functions in
Station andCentral . .
5. the station and in the central
computer
control
All AFC i ttob t
6. AFC network equipment to g connectg
to the central computer inthe OC
7 UPS To ensure uninterrupted power

supply to the AFC system
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6

6.1

6.2

6.2.1

CIVIL ENGINEERING

GENERAL

This chapter deals with geometrical standards adopted for horizontal alignmentand vertical profile design,

description of the project corridor, station locations, land requirements, Utility services, etc.

GEOMETRIC DESIGN NORMS

The proposed corridor from Sikanderpur to sector 56 Gurgaon will consist of standard gauge (SG) up and
down line. The alignment has been designed based on the parameters stated in the approved feasibility
report (IRL, 18th May 2011).

The geometric design norms are basedmD for standard gauge (1435mm) by RMGL. For any missing
parameters nternationalbestpracticeshave beeradopted for similar rail systems with standard gauge on
the assumption that the maximum permissible speedlmmsection is limited to 80kmph. Planning for any
higher speed is not desirable as the average hstation distance is about 1km and trains will notbe able

to achieve higher speed.

The tracks will be carried on box shaped elevated decking supportsdnigye circular piers, generally
spaced at 25m centre to centre and located on the median of the road. The horizontal alignment and

vertical profile are dictated to a large extent by the geometry and levels of the road alignment.

Horizontal Alignment

A road upgradation work is under progress on the project corridor proposed by DLF. The centerline of
proposed metro corridor has been designed on the centre line of the proposad; however both the

lines cannot be made exactly the same due to the caaisits related to the rail track geometry. However
care has been taken to design the alignment very close to the proposed road median centre line wherever

the track is running on the median. The designed alignment will represent the centre of the doudite tra

The alignmenstarts from Sikanderpur metro station on Golf Course road and ends at Sector 56 in Gurgaon,
Fd GKS & ¢ &olflaurserdad mdetS dbB course extension road. The alignment crosses few major
roads mainly M.G. Road anghridabad rad at Bristol chowk, Sector 43 crossing, road towards

Faridabad & NFB, AlFSector 4546 & Sohna roadhata village crossing.

The design is done along the centre line of the pier. The desirable minimum parameters are adopted so
that whenthey aretransferred to inner rail in future it does not go below the minimum specified. The
maximum permissible speed on the section will be 80kmph. However the applied cant and length of
transitions have been decided in relation to normal speeds at various locatianglegermined by
simulation studies of alignment, vertical profile and station locations. This is with the objective of keeping

down the wear and tear on rails on curves to the minimum.
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6.2.2

6.2.3

The design parameters used for the projectis giveifable6-1 below. This is based on the parameters
given in approved feasibility report for the project corridand the Schedulef Dimension folRapidMetro
Rail.

Table 6-1: Design Parameters

| Horizontal
Minimum radius of curves on elevated sections:
a) On main running lines other than stations 135mwith check rail*
b) Depot and other lines 100mwith check rail
c) At passenger stations 1000m

*Check rails are to be provided on circular curves of less than 190m radius including their tran
curves.
Maximum permissible cant & 110 mm
Maximumpermissiblecant deficiency (@) 85 mm

| \Transition curves

0.44 times actual cantor cantdeficiency inn

whichever is higher

0.72 times actual cantor cantdeficiency in ni

whichever is higher

Minimum straight between two transition curves | Either 25 m or nil

Minimum curve length between two transition curvg 25m

*No overlap is allowed between transition curve and vertical curves
ertical

Minimum radius for vertical curves in depot area | 1500 m

2500 m (can be reduced further in exception

Minimum length of transition curve

Desirable length

Minimum radius for vertical curve on thmeainline

cases)
Minimum length of vertical curve 20m
| [Gradients
Maximum gradient 4%
Normal gradient 2.5%
Maximum gradient at stations 0.1%

Transition Curves

The existing road along which the metro is proposed has few curves. However, it is necessary to provide
transition curves atboth ends of the circular curves. Due to change in gradients atvarious locations in the
corridor, itis necessary to provide fregut vertical curves along the alignment. As itis a cababfstless

track, itis desirablethatthe vertical curves and transition curves of horizontal curves do notoverlap. These
constraints may lead to reduced lengths of transition curves. Thesiteon curves parameters are givenin

Table6-1.

Vertical Alignment

i. Elevated Section

The elevated viaducts carrying the tracks will have a verticalralece of minimum 5.5 m above road level.

ii. Gradients
Normally the stations shall be on level stretch. In limited cases, station may be on a grade of 0.1 %. Between

stations, generally the grades may not be steeper tB&.However attempt has been made to provide a
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6.2.4

6.3

6.3.1

minimum gradient of 0.3% for an efficient longitudinal drainabee limiting gradients are given Tiable

6-1.

iii. Vertical curves
Vertical curves are to be provided when change in gradient exceeds 0.4%. However, itis recommended to

provide vertical curves at every change of gradient. The vertical curve parameters are ginadn é6-1.

Station Location

There are total5 stations including one terminal station on thapid metro south extensiorcorridor.
Beyond DLF Phase | station, the line joinsettisting metro at Sikanderpur station. The stations have been
located taking into account the availability of land as well as the passenger requirements, enabling
integration with other modes of transportas far as possible. Efforts have also been mkeptthe inter
station distances uniform to the extent possible. The avergmecgng of stations is about3dkm.

The locations of these stations are givenriable6-2 below.

Table6-2 : Station Locations

DISTANCE FROM

N PREVIOUS STATION

(m)

3. No. NAME OF THE STATION

(m)
Sikanderpur (RMGL) 15661.411

1. DLF Phase 1 16720 1058.589
2. Sushant Lok 18300 1580
3. Sector 5354 19562.5 1262.5
4. Ait Chowk 21133.723 1571.223
5. Sector 5556 22195.718 1061.995

Average 1306

Currently there are no bus stop locations demarcated along the corridor, it is recommended that the bus
stops to be provided neathe metro stations with proper lajpye for efficient movement of people and

traffic.

DESCRIPTION OF PROJECT CORRIDOR
Introduction

Two alignments have been recommended as an extension of existing RMGL alignment. The South Extension
part starts at Sikanderpumetro station and ends ateBtor-56 in Gurgaon as shown Figure6-1 below,
which is our present scope of woikae length of the corridor is around 7km, the whole corridor is elevated.

Total 5 number stations have been planned along this corridor.
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Figure6-1 : Proposed Rapid Metro Alignment

The alignment starts at Bristol Chowk near metro station at Sikanderpur and ends at-Séc&drthe T

junction of GolfCourse road with Gol€ourseExtension road. It will start from the end chainage of the

cyber city alignmentvhich is atchainage 1595R28. The Project corridor passes through Golf course road.

The double track elevated corridor will run on the medifan the wholelength. A location map irFigure

6-1 shows proposed alignment in magenta.

The main features of the project corridor are described below:

i. This corridor provides connectivity of DLF phase | & Il to golf course r@dangaon Both are the

commercial hubs and needed much attention to ease out the present traffic congestion.

. ¢KS NRdziS LINPRJARSA
all major destinations covered by DMRC network

iii.  The entie golf course road is covered by tRapid Metrocorridor.
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6.4

6.4.1

6.5

6.5.1

6.5.2

iv.  Technical features such as horizontal alignment, curves, transition curves, vertical curves, gradient

etc. have been enumerated in Para nd.5.

TOPOGRAPHICAL SURVEY
General

Detailed topographisurvey was conducted by the consultant to capture all the existing features and
preparation of ground model, in order to facilitate the geometric design of the proposed projectcorridor.
The salient features covers all existing features on ground with gnound level within the corridor like
trees, electric pole/electric line, telephone pole, light pole, culverts, bridgefgreiit types of buildings,
HTline crossing (at locations where HT/LT lines cross the project corridor the height of crossimeg of t
lines.), pillions, OFC, religious structure, hand pump/taps, pipeline, drains, road island, electric/telephone

junction box, transformers, sub stations, road median/dividélpmeter stone,hectometerstone.

The project corridor starts from Sikandenpstation (Bristol Chowk).The project ends at Se&6rand
Ghata road junction poiniThe Project falls in between (Long) 77° 05' 38.2"E (Lat) 28° 28' 42.5"N to (Long)
77°06' 18.8"ELat) 28° 25' 09.7"N.

The detailed topographic survey report hsen prepared indicating all the survey stations along with

detailed methodology. This reportis attachedAsnexurel of this report.

TECHNICAL FEATURES
Reference Line

Proposed centre line by DLF road upgradation phas been taken as the reference linad horizontal
alignment/vertical profile has been designed along this |IM&or improvements have been done based
on railway geometry. Designed reference line for the projeidt ideally represent the Viaduct/pier centre

line.

Typical Cross Section

Typical cross sections have been proposed for the project corridor based on the cross sections already
available from DLFoad development plan with few modifications required for the proposed rapid metro
viaduct.

Figure5.2 shows two typicatross sectios, one atunderpass location (as proposed in DLF road plan) and

one at other locations. Locations are marked in plan drawing.
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Figure6-2 : Proposed Typical Cross section
6.5.3 Project Length

The start chainage of the proposed alignment is considered to be the end chainage of RMGL alignment at
Skanderpur station of Rapid Metro at cih5951.528and ends at ch22544.909%t sector56 Gurgaon (T

point where golf course road meets golf courseamdion road). Thus the project length becomegkén.

6.5.4 Horizontal Alignment Design

While designing horizontal alignment, efforts have been made to keep alignment straight as far as possible.
However it is not possible always as the alignment has to followptbposedcentre lineas per the road
upgradation plan by DLF. It generald{1bws the existing road media@eometrics oproposed road centre

line by DLEnvolvetoo many horizontal curvethat metro alignment cannot follovexactly thesame.
Alignment at these locations Isabeen deviatedslightly to keep metro alignment geometry wiin
stipulated norms The start chainage of the proposed rapid metro alignment has been taken as the end
chainage of the RMGL (DLF cyber city alignment) alignment whi&®kl.528 The tiein bearing has been
considered as the bearing of the line joigiRierl (X=2127.529, YE0028.178) & PieR (X=2127.206, Y=
10008.181) of RMGL sectiofotal 16 numbers of horizontal curves have been provided in this corridor.
Over all19% alignments on curves. Sharpest curve isOBf wheaeas flattest is 30002n. Abstract of
horizontal curve and details of horizontal design elements have been plalbhe6-3 and

Table6-4 respectively.
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Table6-3 : Abstract of Horizontal Curve (Main Line)

No. of Total Curve % of route

Radius

occurrences

Length (m)

length

1 >500 to 1000m 2 166 13.2

2 >1000 to 3000m 5 737 58.7

3 >3000 to 5000m 2 57 4.5

4 >5000m 7 296 23.6

Total 12 1257 100

Table6-4 : Horizontal Design elements
1 Main Line
Chainage Radiys | | Transit | Circular EA:rxr:?sL:j;:EI
ion Curve

(m) Length| Length Speeed
TP 2 TP 3 (m) (@) Kinbh
Cl | 16003.844 16018.844 16044.263 16059.263 25000 15 25.44 80
C2 | 16600.149 16625.149 16655.832 16680.832 3650 25 30.68 80
C3 | 16771.046 16816.046 16881.957 16926.957 700 45 65.91 80
C4 | 17197.483 17222.483 17253.054 17278.054 7500 25 30.57 80
C5 | 17539.658 17564.658 17841.907 17866.907 3000 25 277.24 80
C6 | 18017.652 18042.652 18069.506 18094.506 3002 25 26.85 80
C7 | 18366.452 18391.452] 18473.439 18498.439 5002 25 81.98 80
C8 18606.16| 18631.16| 18722.115 18747.115§ 1852 25 90.95 80
C9 | 18901.753 18926.753 18971.69| 18996.69| 10002 25 4493 80
C10 | 19357.332 19382.332] 19472.377 19497.377 2502 25 90.04 80
C11 | 19673.494 19693.494 19728.195 19748.195 20002 20 34.7 80
C12 | 19816.397 19841.397] 19989.267 20014.267] 2502 25 147.87 80
C13 | 20311.049 20331.049 20380.256 20400.256 10002 20 49.2 80
C14 | 20507.921] 20532.921] 20664.231 20689.231] 2502 25 131.31 80
C15 | 20859.918 20879.918 20909.629 20929.629 30002 20 29.71 80
C16 | 21184.137 21244.137 21344.686 21404.686 600 60 100.54 80

1 Depot EntryLine

Chainage

TP 2

TP 3
220.139

TP 4
235.139

" Left
Hand

Radius(mT

112

Transiti

on
Length

(m)
15

Circular
Curve
Length

(m)
126.537

Maximum
permissible
Speed
(kmph)

Radi Transiti [ Circular | Maximum
Chainage .?..'Es(m on Curve | permissible
-" Left
Hand Length [ Length Speed
TP2 | TP3 | TP4 (m) (m) (kmph)
DC2 108.608 123.608 274.289 289.289 120 15 150.681
DC3 | 408.615 433.615 467.327 492.327 500 25 33.712
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6.5.5 Vertical ProfileDesign

While designing vertical profile, efforts have been made to keep grades tassflaos sibleMaximumgrades

are less than 1%tonlythreelocations itexceeds 1l%lattest gradient is level, which has been provided
atstation locations. Maximum gradieah main linds 2.8% and minimum grade other than station location
is 0.1%which has been kept beyorttie terminal station At other sections a minimum drainage gradient

of 0.3% has been providedt 22 locations change of grade have taken place. Abstract of gradients and

details of vertical design elements have been putin

respectively.

A minimum vertical clearance of 5.5m has been considered throughout the project length. It has been

learned thata road development planis in place by DLF forctisdor (construction of this is already in

progress)the design level of the same has been taken into account while finalizing the rail level. Required

vertical clearance has been maintained between proposed rail level and proposed road level by DLF.

Table6-5: Vertical Design Elements

1 Main Line
Chainage . Type of
Element ‘ T : I;;atc::?rr::) V)éFr)ticaI Rise/Fall
Start End Curve
15951.528 15978.984 0.00% 27.456 RISE
VC1 15978.984 16003.465 24.481 1500 Sag
16003.465 16186.233 1.632 182.768 RISE
VC2 16186.233 16263.659 77.426 -4000 Summit
16263.659 16483.605 -0.304 219.946 FALL
VC3 16483.605 16504.856 21.251 7000 Sag
16504.856 16830.863 0.00% 326.007 RISE
VC4 16830.863 16856.111 25.248 7000 Sag
16856.111 17445.825 0.361 589.714 RISE
VC5 17445.825 17472.705 26.879 -4000 Summit
17472.705 17710.327 -0.311 237.623 FALL
VC6 17710.327 17733.735 23.407 3000 Sag
17733.735 17955.644 0.469 221.909 RISE
VC7 17955.644 17978.887 23.243 -3000 Summit
17978.887 18200.267 -0.306 221.38 FALL
VC8 18200.267 18224.733 24.466 8000 Sag
18224.733 18407.946 0.00% 183.213 RISE
VC9 18407.946 18432.054 24.107 7500 Sag
18432.054 18547.552 0.321 115.499 RISE
VC10 18547.552 18572.448 24.896 7000 Sag
18572.448 19013.568 0.677 441.12 RISE
VC11 19013.568 19066.432 52.865 2500 Sag
19066.432 19132.083 2.792 65.651 RISE
VC12 19132.083 19187.917 55.833 -2000 Summit
19187.917 19231.936 0.00% 44.019 RISE
VC13 19231.936 19288.064 56.128 -2000 Summit
19288.064 19411.881 -2.806 123.817 FALL
VCi14 19411.881 19468.01 56.128 2000 Sag
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Element \w Clenz Creoler. I_C;rg\;lt?] ;léll‘:/; ;r/)gr)t?cg: Rise/Fall
‘ Start End (%) length (m) (m) (m) Curve

19468.01 19637.946 0.00% 169.936 FALL
VC15 19637.946 19661.946 24 -6000 Summit

19661.946 20136.848 -0.4 474.903 FALL
VC16 20136.848 20163.043 26.195 3500 Sag

20163.043 20468.328 0.348 305.285 RISE
VC17 20468.328 20491.672 23.344 -3500 Summit

20491.672 20723.89 -0.319 232.218 FALL
VC18 20723.89 20769.809 45,919 2500 Sag

20769.809 21026.575 1518 256.766 RISE
VC19 21026.575 21064.531 37.956 -2500 Summit

21064.531 21411.433 0.00% 346.902 FALL
VvC20 21411.433 21435.887 24.445 -2500 Summit

21435.887 21921.665 -0.978 485.778 FALL
VC21 21921.665 21951.011 29.346 3000 Sag

21951.011 22421.409 0.00% 470.398 FALL
VC22 22421.409 22441.606 20.196 22000 Sag

22441.606 22594.903 0.092 153.297 RISE

1 Depot Entry Line

Element chanage IeGnrgat?]ie(rr:E) rfil(;:\ljg ;r/?rjt?cgr Rise/Fall
‘ Start End (m) Curve
0 122.44 0.00% 122.44 RISE
DVC1 122.44 177.56 55.12 1700 Sag
177.56 284.129 3.242 106.569 RISE
DVC2 284.129 355.871 71.741 -1700 Summit
355.871 608.423 -0.978 252.553 FALL

1 Depot ExitLine

| Chainage ) Type of
Element Clzlent Vertical Rise/Fall
Start End length (m) c
urve
0 138.166 0.00% 138.166 RISE
DVC3 138.166 188.872 50.705| 1700 Sag
188.872 314.704 2.983 125.833 RISE
DVC4 314.704 382.036 67.331| -1700 Summit
382.036 636.869 -0.978 254.834 FALL

6.6 RAIL LEVELS AND ALIGNMENT

TheRapid Metro Phase éxtension alignmentis fully elevated with elevated stations. Rail level atviaduct
portion to be taken as 9.2m from DLF proposed finished road level. At locations of single level station rail
level will be atthe same level taken atthe viaduct portiod amlocations of double level stations rail level
should be at minimum 13.3m above proposed road level. Atpresent rail level atproject startpointis 7.5m
from present road level, this will gradually beincreased to 9.2m at theinitial viaduct sparmaNipthe

rail and platform level at elevated stations is determined by the critical clearance of 5.5 metres required
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beneath the concourse and the road below it. Allowing 3.5 metres for the concourse height, 1.8 metre for
the concoursefloor, 1.5 metrdsr the track structure above the concourse, 0.5mfor plinth, and a variation
of 0.5m has also been considered, thus making the rail level minimum 13.3 metres above the road level.

The platforms will be 1.09 metres above the tracks, making them at |leadtridtres above road level.

6.7 SEQUENCE OF STATIONS
The sequence of stations along with their respective chainages, site and platform characteristics are
presented in theTable6-6. Proposed level as per the design is for the pier top. The rail levels have to be

suitably calculated depending upon the other structural components above pier top as given in the GAD.

Table6-6 : Station Location Characteristics

Distance from Ground

S. Name of Chainage . Rail Horizontal Vertical
\[o} Station () Sgggrl]o?;) Level (m) L(?r\]/)el Alignment Alignment
1 DLF Phase 1| 16720 1058.589 | 256.497| 246.724 | Straight Level
2 SushantLok | 18300 1580 258.300| 248532 | Straight Level
3 Sector 5354 | 195625 12625 | 260.300| 249.637 | Straight Level
4 AitChowk | 21133.723| 1571.223 | 263.135| 247.908| Straight Level
5 | Sector 5556 | 22195.718| 1061.995 | 258.120| 244.591| Straight Level

6.8 GEOTECHNICAL INVESTIGATIONS

6.8.1 General
DS20SOKYyAOIt Ay@SadAaalrdrzy el a OF NNARSR 2dzi I a LI NI
of Rapid Metro Rail Link fronSikandrpur Station to Sectopc A Y DdzNHI 2y~ | | NEI
appointedM/s Indian Geotechnical Services to conductthe subsurface investigation that broadly included
exploration boreholes drilling, soil sampling, field and laboratory testing. The objectives of the
Geotechnical investigation are to determine the stratigraphy under the proposed via duct corridor and to
interpret the engineering properties of the soil/rock for the purpose of design of via duct pier foundations.
Fieldwork for the South extension was pleed for the coverage of the project corridor fro&ikanderpur
station to Sector 56. The field work was carried out during the month of August 2012. Laboratory tests
confirming to relevant IS/IRC/DMRC standards were conducted on representative soil satmples
determine the design parameters. The geotechnical report includes comprehensive field and laboratory
test data, analysis and interpretations of the test results as well as assessment and recommendations of
the properties essential to the design of faditions for structures. This report is attachad Annexure

of the main report.

6.9 VIADUCT

6.9.1 Geometric Design Norms
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The geometric design norms are based on practices adopted for similar MRTS systems with the assumption
that the maximum speed on the section 8 kmph Higher speed is not desirable as the average inter
station distance is in the range 6f80-1.2 kmandtrains will not be able to achieve higher speed.
FromSikanderpur to Sectes6 (Gurgaon)he tracks will be supported over PSC Box Girder superstructure
rested onsingle circular piergxcept at some locations where portal piers are necessitagederally

spaced a5m¢ 30m (c/c pier) and locatedredominantlyat the centre (median) of the roadThe centre

to centre distance between two tracks is being proposedi28 m throughout the stretch.

6.9.2 Structural Design Norms

The design of MRTS structure wilk ldone as per approved design briefs, IRS & IRC codes. The
Superimposed Dead Load (SIDL) for double track systemis being considered as 5.39 t/m. Thetrain live load
gAtt 0SS GKS @a2RSY w2ffAy3a {G201¢ GeLS sAGK GKS ¥F2

15T 15T 15T 15T

250 m 230 m 10.20 m 23m 25m

The impacfactor on live load will be condéred as per IRS code (BridgédR). The load combinations for

design will be considered as per relevant IRS codes.

6.9.3 MRTSSTRUCTURE

The proposed alignmentis a fully elevated corridor and having two tracks. The raibgiyh the viaduct
will be ballast less for the entire length. The elevated viaduct will have span of &5t 30m

throughout the alignment

The choice of superstructure has been decided keeping in mind the following points:

i. Reduction in constructiotime, ease of construction, standardized construction methodology so
that high degree of mechanization is possible during construction and work zone hazards are
reduced to minimum.

ii.  The already constructed superstructure in the first phase of same MRTS.

iii.. Aeghetics, sleekness and pleasing looks of superstructure.

Two single cell PSC box girders are being proposed for shorter span such g8@&nwith each track
being supported over each box girder superstructure separately. The separate box girder sugaretr
is being proposed for each track to reduce the weight of full span for ease of lifting of superstructure. The
PSC box girder superstructure is the most desirable option being more torsionally rigid and has already

been constructed in first phasesingBS codedzor thephase |] the length of the pan is keptthe same but
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6.9.4

6.9.5

IR code has been used instead ofiBSine with the instructions of the client. This enables &me

shutteringto be used forcasting box girdeas was used for phaseMth minimal changes.

The above mentioned type of superstructure will have the following distinct advantages:
a. Reduction in construction period due to simultaneous working for substructure and superstructure.
b. As the box girders are castin casting yaaty good quality of concreting can be ensured.

c. The methodis environmentfriendly as no concreting work is carried out at site for the superstructure.

The superstructure of the viaduct is proposedo®simply supported. The viaduct superstructure will be
supported on single cash-situ RCC circular pier. Atthis preliminary stage, the size of circular pier being
proposed isl.75 mdiameter for most of its heighgxcept at underpass locations wheretheight is large
2.0m diameter has been proposem that it occupies minimum space at ground level as the alignment

predominantly follows the central verge of existing roads.

An RCC protectionf 1.0mheight above existing road level has been proposedaatiund the pier to
prevent direct collision of vehicles with pier. Agap of 50 mm has been proposed in between the inner face
of crash barrier and outer face of pier. The shape of upper part of pier has been so dimensioned that a
minimum clearance of 5(bmis always available on road side beyond a vertical place drawn on outer face

of crash barrierAn outward slope of 1:200 is also being provided at pier top for drainage purpose.

GCONSTRUCTION METHODOLOGY

The elevated portion of the metro is proposedte full span launched amabt segmentally launcheds

deliberated below:

The full span method consists of precasting the deck units in one single piece at the casting yard, and not
in several segments. It is feasible to precast and erect the deglporting the two tracks separately,

0SSOl dzaS AG ¢2dZ R 0SS avitt FyR fA3IKGIESNW ¢ NI y & LJ2 NI
straight stretch.

The added advantage of the full span imedl is that, it allows alsdaster erection cyclessacompared to
segmental, since timeonsuming operations necessary in segmental construction (assembling, temporary
PT, gluing, prestressing) can be avoided. Only lifting and installation of the precast units are required.
The full span units are transped from the casting yard to the erection site using trailers made of two
carrier platforms atrear and front ends of the bgkders. The trailer is articulated with hinges between
box-girder and platforms so that sharp radius (about 40 to 50m) can bentdkethe trailer during

transporting operations.

ERECTION
Two erection methods exist for lifting and launching of theaxler into final Position. They are

i. Overhead launching Gantries

ii.. Two Mobile Cranes
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The first method involves a gantry girder mountadtop of already erected substructures which is capable

of picking up the full span unit by the side of the viaduct alignment and then moving it in transverse
direction to launch the girders in final position. The process is then repeated for second’naigantry
Girder has arrangement for self launching for erection of next span. The main disadvantage of this
technique compared to second techniqueis that thereis time required for selflaunching of gantry and the
construction must follow a sequentiglath. Any problem at site involving delay in construction of
substructure and foundation will require the launching operations to be stopped temporarily. And if the
delays aretoo much this may require the gantry girders to be dismantled and assembked ebntinuous

stretch to continue launching. This disadvantage is similar to that in segmental construction.

The second technique involves using coordinated movement of two heavy duty mobile cranes to lift the
girder from two ends and place them in finpbsition. The main advantage of this is that it offers a lot of
flexibility in construction as the spans can be erected from any point as and when substructures are
completed. This allows uninterrupted erection of Girders. Also the time required forlgetfching is

eliminated and the launching time can be brought down to few hours.

Theres a disadvantage of full span launching in thatitrequires special trailers for transportation ofgirders
as compared to transport of precast segments which have woditBm and where commercially available
heavy duty trailers can be employed. In this case it would be preferable to go in for full open launching
given that no hindrance is envisaged for transportation in the stretch.

6.10 STATION PLANNING AND DESIGN

MRTS stations can be categorized into 3 generic tyfdy enclosed, partially enclosed and fully open.

These types represent the range of stations currently constructed around the world.

6.10.1 Fully Enclosedstation

It has all access/egress through conteallentrance/exit points and is usually fitted with platform screen
doors. This type of station is becoming more and more populalia the standard now for all underground
stations. There are numerous examples of this type of station in many countiemdrtne world,

Singapore, Delhi India and Europe are just a few examples.

6.10.2 Partially EnclosedStation

It has enclosed controlled entrance and exit points, the platforms are open or could be fitted with platform

edge doors or platform edge screens. This type of station was very popular before platform screen doors

or edge screens started to become cost effee. These are still constructed and used in many placed

around the world, a good example would be BTS line in Bangkok, Thailand and the Star system in Kuala

[ dzYLJdzNJ al f F@&aAl & . & (GKS GSN¥Y W2LI8yQ Al Atden&l yi (K
by being fully open to the elements or with a canopy or with a roof and side walls which could have open

voids or be solid.

6.10.3 Fully OpenStation
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6.10.4

6.11

This type of station is generally not used on metro systems and is more used on railways or some tram
systems. Ithas open platforms with open entry/exitaccess ways. Some examples of this can be found both

on Indian and UK railways as well as in other parts of the world.

ComparativeCost

Fully Enclosed are mostexpensive, Partially Enclosed are lemsséx@and Fully Open are least expensive.
When safety from being struck by a moving train and revenue protection are considered necessary then
the fully open option needs to be excluded. When a controlled environment is needed then fully enclosed
is the anly option. When the cost of safety, comfort and revenue protection are all balanced together then
partially enclosed becomes a very attractive option. It is recommended that for the metro extension,

partially enclosed type using a canopy structure be used

STATION DESIGN PHILOSOPHY

i.  Stations on the south extension metro line will be elevated with the station building plasniroed)
the centre line of the viaduct without hindering the road traffic below. Passenger entry and exit

structures will be at open spaces or service road at the side of the central road.

ii. Itis recommended that all stations be double level with the pagees entering the concoursand
then going to the platform level after buying their tickets. Two level stations have the advantage
that the concourse level can be used by the passengers as well as general public to cross over from
one side of the road tohte other. In a single level platform, a separate over bridge would need to
be provided to enable passengers to cross over from one side platform to the other. For general
public a separate overbridge would be needed to avoid mixing of public and passeRgemn
security point of view also, surveillance of the train and platforms in two level stations can be better

done with this level being less crowded.

iii.  The stations will be divided into public and npaoblic areas (those areas where accesesdricted
to metro staff only). The public areas can be further subdivided into paid and unpaid areas. Unpaid
areas are those where a passenger can stay before he purchases a ticket and passes through the
ticketing gates. Once he has passed through the ticketingsghte reaches the paid area, usually

the platform, from where he boards the train.

iv.  The elevated alignment passes on the middle of the road and the station is also proposiee on
middle of the road. The commuter can directly approach the unpaid concourségaer level,
through staircases, lifts and escalators from either side, without crossing the road. The operational
area is also proposed in the paid concourse. The ground level has been proposed for ancillary

structures and space for movement of commrge

v.  Ticket/token counters, information has been proposed in the unpaid area of concdAutenatic

Fare Collection machines have been proposed between paid & unpaid concourse. The commuter

s2 g1alcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRayiid MetroRail Gurgaon Chapter 5: Civil Engineering

6.12

6.12.1

6.12.2

6.12.3

6.12.4

after purchasing tickets / tokens enters into the paid concaus conflict free circulation systemis

proposed for commuters and operational staff.

vi.  Theproposed stations will have two side platforms to avoid the viaduct structure from flarargiin
out at stations, which obstructs the road traffic below. Access to the platforms is through staircases
and escalators, housed in the paid area of concourse. Elevators have been proposed for elderly and
physically challenged persons from ground to comcse and concourse to the platforms. There will
be a special dedicated path with tactile flooring for visually impaired persons. Public Conveniences
in the form of paid toilets have also been proposed at the station, outside the station building. The
platform has adequate assembly space for passengers for both normal operating conditions and a

recognised abnormal scenario.

STATION DESIGN CONSIDERATIONS

Spatial Modelling of the Stations

While designing a station, spatial modeling is conducted of the proposed location to ensure it is suitably
positioned to take advantage of the surrounding environments. The spatial modeling should consider
transport and pedestrian links, retail influencabe visual setting, employment locations, housing
locations and alternative means of transport in the area. Context planning with the surrounding
developments and the provision of possible multi modal interchanges should all factor into the modeling

exerdse.

PeakHour Passenger Traffic

The design of the station and the widths of the platforms are derived from the peak hour traffic of
passengers that has been determined through the transport demand study. Design measures have to

ensure the ability of thetation to handle the required volumes of incoming and outgoing passengers.

Overcrowding Controls

The capacity of each part of the station (entrances, concourses, passageways, platforms, stairways and
means of vertical transportation) is determined so ththe point at which overcrowding starts can be
recognized. Control measures shall be considered during the station design and builtinto the facility. These
are normally provided by having a means of restricting entrance from wide open areas and

enlargingincreasing exit routes.

Traffic Movement and PedestrianAccess

The stations are designed so as to enable the best possible location for the entries into stations from the

sidewalks or open land area. A pedestrian friendly environment has been proposed through the design of
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6.12.5

6.12.6

6.12.7

6.12.8

6.12.9

stations with comfortable crossver. Accesdiility for the disabled is enabled through design of bartier

free environments or gates which enable wheel chair passengers to pass through.

Parking Facilities

For the metro extension no parking is planned due to lack of parking space in the vicirigy sthtions.

Some parking near sector &85 station may be possible if land can be acquired.

Exit and Evacuation

All stations are to be provided with stairways, escalators, lifts and fire escape staircases. Each station shall
be provided with sufficient ath appropriately sized access and egress routes for passengers, staff,
maintenance staff and emergency service staff, taking into consideration all their possessions (luggage,

wheel chairs, etc), tools, materials and equipment.

Roof Shell Structure

The roof structures for all above grade stations are to be designed to reflect a contemporary design
language. The structures in themselves allow natural lightand ventilation of the facility while creating an

opportunity to harness solar energy and collect raiater.

Station Service Areas

The service areas should be planned away from passenger movement and entry is to be restricted only to
authorized personnel. Each station shall be provided with means to prevent and deter people either exiting
the station or entering the station by any ath means other than theuthorizedroutes. Persons shall

particularly be prevented from have access to the railway lines of the route from the station platforms.

Platforms

The platforms of each station shall be of sufficientwidth to safely accommdbateotential throughput

of the station. The consideration shall be thatall alighting passengers are clear of the platform before the
next train arrives. The minimum width of a platform shall be 4m plus the width of any structures in the
platform. The pl&orm area will be calculated as per NFRB0 norms.

The entrances and exits routes to and from the station platforms shall be of sufficient number and sizeto
safely accommodate the potential flow of people without creating an overcrowding conditiomreth

the platform or in the approaches to the platform.

6.12.10Ticket Systems Machines and Gates

The stations shall employ a common ticketing system which would consist of a combination of individual

tickets or smart cards. The tickets shall be issued bothidket machines and by ticket counters with
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passengers paying either by cash, debit card or credit card. Each station shall have sufficient number of
ticket machines to match the potential throughput of the station.

All types of issued tickets shall op#eahe ticket gates if theticket is valid. Each station shall be fitted with

an adequate number of ticket gates to match the potential throughput of the station. The arrangement of
ticket gates will include a sufficient number of wide gates for personghieel chairs or with luggage or a

buggy.

6.12.11Signageand Path Demarcation

The station shall be provided with adequate signage to provide the public with sufficientdirection so they
can find their way around the station and to the exitthey desire. Pathifigthformation for persons with
restricted mobility shall be provided; these will guide PRMs to such facilities as ticket machines with low

card, money and ticket issuing slots or with Braille or with hearing loops, wide ticket gates and lifts.

6.12.12Disabled Access

The station shall be providewvith a least one route which is totally step free fromthe point of leaving the
public highway or walkway all the way through the station to getting on or off a train. At least one

emergency evacuation route shall be gteee.

6.12.13Lightingand Emergency Lighting

The station shall be adequately litat all times of operational service. Emergency lighting shall be provided
in the eventof a loss of power to the main lighting. The emergency lighting shall maintain the lightgy
above that which is safe for the movement of persons in and around the station. Emergency evacuation

routes shall be provided with adequate lighting to enable persons to evacuate safely.

6.12.14Lifts
The station shall be provided with atleasttwo liftNfb § KS dza S 2F t waQa FyR 2{KSNJ
Two lifts shall be designated as fire fighter lifts and have all the necessary protections for that purpose.

6.12.15Escalators

Each station shall have at least 2 escalators wherever the station building blhange in level (such as
from the street to the ticket hall and from the ticket hall to the platform). Each platform shall be served by

at least one upward direction escalator at all times.

6.12.16Heating/ Ventilation / Fume & Smoke Extraction / Cooling

Thefully enclosed portions of a station shall be environmentally controlled with appropriate heating,

cooling and ventilation equipment.

ss gzalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRayiid MetroRail Gurgaon Chapter 5: Civil Engineering

The partially enclosed portions of a station shall have adequate ventilation. All parts of a station shall have
equipmentor means sufficient to extract smoke and/or fumes from a fire either in the station or on a train

either at or passing through a station platform.

6.12.17ElectricalPower

The station shall be provided with sufficient electrical power to cope with the maximum demand of the
facility especially under emergency conditions. Emergency-i@dkom an alternative power source must

be available. Theinitial protection of systemsdeaguipment could be provided from the storage batteries

of UPS units or static invertors. An appropriate baipkalternative power source could be a separate

supply from a separate part of the supply network or from a diesel generator alternator.

6.12.18Earthing andLightning Protection

The station shall be provided with earthing arrangement which ensure the safety of the public and
maintenance staff and also control the potential emissionglettromagnetidnterference. Parts of the
station building whicltould be susceptible to lightening strikes shall be protected by lightening conductors,

earth tapes and earth rods. Ameans shall be provided for the effective testing of all earthing arrangements.

6.12.19Public Address Systent VVoice Alarm System

The stations will be equipped with a public addreystem and an evacuation alert. The voice alarm shall
announce that there is an emergency and everyone must evacuate the station by following the exit signs
or as directed by station staff or emergencygee personnel.

The station shall be provided with a public address system with an interconnecting voice alarm system. The
voice alarm system shall connect directly to the station speakers and notgo via the public address system.
The public address systeshall be capable of making both recorded message and manual message
announcements. The voice alarm shall be automatically initiated by the fire alErensilencing of the

voice alarm shall only be done once all persons have evacuated the station laas bteen determined

there is no further danger to the public.

6.12.20Qustomer Information System

The station shall be provided with a customer information system which will transmit and display public
service information on monitors around the station. The monston the station platforms shall show at
least the arrival time and destination of the next train due. The display board in the ticket hall shall show

the arrival time, platform and destination of at least the n@tains due to arrive.

Other monitors $rategically placed in and around the station shall provide the public with other important
AYTF2NNIEGA2Y &adzOK a SyaixySSNAy3a g2Njasx aALISOALE &8

make sure you have a valid ticket, etc.

6.12.21Help points
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The staton shall be provided with help points to enable the passengers to request assistance, report an
incident or make an enquiry. Help points shall be located on each platform and in the concourseticket hall.
When a help pointis activated a designated CCTveca will automatically focus on the help point position
and an alarm will be given in the station control room, alerting the control room operator so that an

immediate response can be given.

6.12.22Telecommunications

The station control room, ticket office, tiekmachines, ticket gate barriers, platforms and equipment
rooms shall all be provided with appropriate and sufficient means of transmitting and receiving data,
making voice calls and processing and displaying information using IT and other telecomnamicati
systems and equipment. The station shall also be provided with radio communication equipmentwhichis

compatible with and of use to the emergency service radio system.

6.12.23Electrification integration

The station shall be provided with all appropriate meaofselectrification integration such as earth
bonding, canopy clearances, means of communication from the station platforms to the electrical
controller in the central operations control room, warning signs on station platforms amchotion power

equipment rooms.

6.12.24EMC and step/touch potentials

The station and all its systems and equipment shall be compliant with all directives regarding
electromagneticcompatibility As far as reasonably practicable systems and equipment shall be made
immune fromelectromagneticinterferences and any emissions from systems and equipment shall be

minimized
6.12.25CCTV surveillance

The station shall be fitted with CCTV security and operational surveillance cameras. The images from the
cameras shall be recorded and kept foperiod of not less than 30 days. The images from the cameras
shall be displayed on monitors in the station control room and as required in the planning office. The quality
of the pictures shall be sufficient for them to be used as evidence should #tairbe necessary.

The cameras shall be used to monitor the movement of people throughout the station and ensure no
unsafe build up of people is occurring. If his is seen to be happening then the station manager/supervisor
shall be informed so that crowd ctml measures can be implemented. The cameras shall also be used to

observe and watch out for any fare dodging or trespass or vandalism.

6.12.26Train/Platform Compatibilityand Interface

Before the station is designed and the rolling stock specified a decisineeded concerning the desired
height of the platform and the height of the train floor. Several options are available but a strategic decision

is needed so that commonality can exist between lines and the specification of rolling stock. The station
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platforms shall be constructed so to be compatible with the floor height of the trains to within
predetermined tolerances and parameters. The station platforms shall be clear of the swept envelope of
the rolling stock and built in accordance with the predetened structure gauge. The station platform
screen doors if provided shall be constructed to be compatible with the train doors both in location and

height, taking into consideration the stopping tolerances of the train.

6.12.27AccessControl

The station shall hava means of providing controlled access to the non public areas of the station. Public

entrances shall have a means to securely close them when the station is notin use.

6.12.28Evacuation

The station shall be provided with an adequate means of rapid evacuatithre event of an emergency.

6.12.290perationsand Maintenance

The station shall be provided with all appropriate facilities for the operation and maintenance of the station

in accordance with operational and maintenance plans.

6.12.30Fire andSafety

It shall beensured that all clearances in and around items of equipment and structures arein compliance
with standards with regards to the safety of the public and also operators and maintainers.

The station shall be provided with all appropriate means to protect preserve the life of the public and

the staff from the dangers associate with fire and any other foreseeable emergency. To this end each
station shall have a Fire/ Emergency strategy which will identify all the potential hazards and identify the
control measures to mitigate them as well as establishing the plans of action to be taken in the event of

dangerous occurrences.

6.12.31FireLoad

The fire load that shall be considered for a station is:
i. aburning train stopped in a platform
ii.  aburning train passing thrah the station
iii.. an item of luggage on fire at any location within the station
iv. afirein a non public area of the station such as an office or an equipment room (the worstcase

scenario should be considered)

6.12.32Prevention,Detection, Alarm, Protection

All appropriate measures shall be taken to preventthe starting of fires, should such occur then the station

shall be provided with an adequate means of detection (smoke, heat or infrared).
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The detection of the presence of a fire shall be notified by an aedibhrm to the operator in the station
control room. The operator shall be able to determine the exact location of where the fire was detected
and initiate an investigation. If a second detector in the same vicinity is activated then the general station
fire alarms would automatically sound and the voice alarm systemwould request person to evacuate the
station. Should the investigation of the fire determine there is no danger to the public or station staff or
maintainers, then, the alarm can be cancell&d.appropriate protection systems such as fire shutters, gas
suppression systems, sprinklers shall be used to protect the public, staff, maintainers and critical

infrastructure and equipment.

6.12. 33Fire Fighting Equipment

6.13

6.13.1

The station shall be equipped wiftrefightingequipment such as hand helktinguishers, appropriately

positioned fire hydrants and fire suppression systems as determined necessary by the fire strategy.

TYPICAL ELEVATED STATION

The stations will be generally located on the road median, with two side platforms. Total length of the
station is about 75 m to accommodate a platform for receiving a 3 car thsrexplained in section 5.6,
the normal rail and platform level in a typicatation will bel3.3 metres and14.4 meters respectively

above theroad level

Entrances are provided from both sides of the road, generallgaich direction. Ticketing facility (in the
form of POMs and TOMS) is proposed on both sides from where pgesewalk directly to the platform.
In the stations having side platforms and double lines, a foot over bridge for crossing track from paid to

paid concourses has been provided.

Typically, the nofpublic zone or the restricted zone contains station operational areas such as Station
Control Room, UPS & Battery Room, Signalling/ Telecom Room, Maintenance Room etcTidRE8N

Power Substation (on alternate station) aAdxiliaryPower Substation (on each station) shall be housed

in the basement along with other utilities. Receiving Substation (RSS) shall be located on ground as per
technical requirements and availability of land. Considering the nature of traffic demadtimited land

availability no exclusive parking is planned at stations.

PassengerAmenities

In the typical station layout, passenger amenities such as ticket counters, automatic ticket vending
machines, customer care centres, AFCs etc. are all provided at one level. Uniform numbers of these
facilities have been provided for system wide uniforméithough the requirement of the facilities actually
varies from station to station. The same applies to provision of platform widths and staircase/ escalators.
Maximum capacity required atany station by the year @@ normal operation has been adomidor all
stations. For checking the adequacy of platform area, stair widths and requirement additional of
emergency evacuation stairs, a maximum accumulation of passengers in the station has been considered

to be comprising waiting passengers at the pbath (includinga missed headway) and full train load
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6.13.2

6.13.3

6.13.4

6.13.5

6.13.6

6.13.7

expected to be evacuated at each platform on the station in case of an emergency. Total Platform Area,
Egress Capacity and Egress Locations foalveplanned in line with international and national casldke

NFPAL30 and NBC.

Concourse

Concourse forms the interface between streetand platforms. This is where all the passenger amenities are
provided. The concourse contains automatic fare collection system in a manner that divides the concourse
into distinct paid and unpaid 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 passengers enter the '‘paid

F NSIF QY gKAOK Ay Of dzRS &e contolrSeiisiplaingd i $uéh a llhylthatfraohidan @ ¢
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 mininfleesrolss
passengers and provide adequate circulation space. Sufficient space for queuing and passenger flow has

been allowed in front of the AFC gates.

Ticketing Gates

Ticketing gates requirement has been calculated taking the minimum gate capacity perstths per
minute per gate. Passenger forecast for the horizon year02@&s been used to compute the maximum
design capacity. At least three ticketing gates per direction shall be provided at any station entry even if
the design requirement is satisfiagith only one gate. Uniform space has been provided in all stations

where gates can be installed as and when required.

Ticket Issuing Machines

People Operated Machines (POMs) and Token Operated Machines (TOMs) will be provided at stations from
the beginnim. Initially, paper tickets may also be used.

Platforms

All platforms have a clear width of 4m. Platform area for each station has been calculated as p&rdOFPA

Stairs Escalators and Lifts

Provision has been made for escalators in both, the paid apaichareas. On each platform, atleastone
escalator leading from grade level has been proposed along with two staircases. These stairs and escalator
together provide an escape capacity adequate to evacuate maximum accumulated passengers in
emergency fronplatforms to groundLifts have been provided on each platform, to providess for

elderly and disabled.

Passenger Information Kiosks, Commercial Kiosks & Property Development

Passenger Information Kiosks and Commercial Kiosks have been providedmp#id and paid areas of

the concourse respectively. In addition all stations have been provided swthearea for property
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6.13.8

6.13.9

development which can be used for restaurants / cafes or retail etc. keeping in view project viability.

Property development shall be site specific.

Station Architecture

Station structure shall be primarily of RCC. The structural armaageshall be worked out so that the

costs can be reduced without compromising on the aesthetics. A 15m grid is proposed which shall also
support the steel roof structure on top. Roofing will be an integrated contemporary structure which will
give a sensef enclosure and a feeling of security to the commuters apart from adding to the flexibility of
facility design and a unique identity to the typical station in the context of an emerging metropolis like
Gurgaon. Contemporary materials like fire rated clgtass, stainless steel and composite aluminium
panels shall be used for finishing along with stone, steel and wood. All materials shall be used in accordance
with NBC and NFPo 1 JdzA RSt AySa (2 LINBS@Syd +ye | OOWRSY (@
F LILNR F OKQ F2NJ Fdzy OadAz2ylt SIrasS FyR OfFNRGed

Station Accommodation
The following accommodation is provided at the elevated stations.

i. Station control room

i. {GFGA2y al atasSNRa 2F¥FA0S

Vi.
Vii.

viii.

Xi.
xii.
Xiii.
Xiv.
XV.
XVi.
XVii.

XViii.

Security room

Information & enquiries rooms/booths

Firstaid room

Ticket offices

Miscellaneous operations room

Passenger office (Ticket hall supervisor & excess fare collection)
tfFGF2NY &AdzZLISNWVA&A2NRE 0220K
Cash and ticket room

Traction substation & switching room

Fire tank and pump room

Staff toilets

Commercial outls and kiosks

Station store room

UPS and battery room

Standby generator room

Signaling & communication equipment room

6.14 UTILITES

6.14.1 Introduction
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There are significant numbers of utilities running along the project corradat also crossing it ataces.
Largenumber of subsurface, surface and over head utility services \ewess, water mains, stormater

drains, telephone cables, OH electrical transmission lines, electric poles, transformers, telephone poles,
traffic signals, etc. are existing alomgtproposed alignent. These utility servicesreessentialand have

to be maintained in working order during different stages of construction, by temporary/permanent
diversions or by supporting in position. Since these may affect construction and projetgmentation

time schedule/costs, for which necessary planning/action needs to be initiatadiance. Listof utilities

are given inTable6-7 and Organizations / Departments with concerned utility services in Gurgaon are

mentioned inTable6-8 below.

Table6-7: List of Utilities

List of Utilities along the project corridor

Sl. No. Description

1 Electric wire

2 Electric box

3 Electric pole

4 Flood light

5 Lamp post

6 Signal post

7 Hightension wire

8 Pylon

9 Transformer

10 Gas pipe line

11 Petroleum pipe line
12 OFC

13 Telephone box

14 Telephone pole
15 Bell mouth draininlet
16 Lined open drain
17 Storm Water Drain
18 Water Pipe Line
19 Culvert

20 Manhole

21 TLT manhole

22 BTNL manhole

23 TULIP manhole
24 RIPL manhole

25 Sunlight manhole
26 Reliance manhole
27 Ansals manhole
28 TATA manhole

29 BSNL manhole
30 VCC HD silver manhole
31 KKHD manhole

s2 g1alcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRayiid MetroRail Gurgaon Chapter 5: Civil Engineering

List of Utilities along the project corridor

SI. No. Description
32 TTSL manhole

33 AIRCEL manhole

34 JK sewer manhole
35 LSPmanhole

36 RADIUS manhole

37 Supreme manhole

38 Vodafone manhole

Table6-8: Organisations responsible for utilities and services

Organisations/Departments Utility Services

Sewerage anddrainage lines, Water mains, the
1 HUDA e . . .
service lines, pumping station etc. in HUDA area.
2 HUDA Roads, Surface water drains, Nallah etc.
3 National Highways and NHAI Roellds, Surface Wgter drains, Nallah etc., pertainin
National Highway i.e. NH.
4 HVPN Power cables and their appurtenances, pole moun
transformers, power cables of 66 & 11 kV.
HCGDL Gas pipe line.
BPCL Petroleum Pipe Line
BTNL Telecommunication OFC cables
8 Office of Commissioner of Polic| Traffic signal posts,junction boxes and cabl
Gurgaon connection etc.
9 Reliance Mobile India Ltd., Telecommunication cables, junction boxes etc.
10 Airtel & Tata Tele services India Ltd. | Telecommunication cables, junction boxes etc.
Project alignment passes through the central verge of the existing road, thus having minimum infringement
with the underground utilities atviaduct portions. However at station areas utilities atroad edges will also
get affected. A detailed drawing forgtexisting utilities has been prepared and the sasieeingsubmitted
separately
6.14.2 Trees

Trees affected due to the proposed alignment are mainly on central verge. At station locations few trees

on the side verges will also get affected. Precautions shall be taken to avoid the cutting of trees as far as

possible. Trees will be planted againpees the stipulated norms by the Forest Department. The no. of trees

has been surveyed along the median of the project corridor with requisite information like size and species,

at stations the survey has been carried out for the whole road width in a 1@@gth. There are total 721

no. trees on the central verge of the road. Number of trees affected at station locations are listed below.
Table6-9 : Station Locations

Total no. of tees in a span of 100n
and upto ROW on both sides*

1. DLF Phask 100
2. Sushantokl 27
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6.15

6.15.1

6.15.2

6.15.3

3. Sector 5354 2
4, AIT Chowk 23
5. Sector 5556 54

*Note: The project site is under upgradation by DLF and the existing ground features are distymgseat. The total
no of trees mentioned here was counted prior to the start of the construction activities, this may vary at the time of
Rapid Metro construction work.

LAND REQUIREMENT FOR PROJECT CORRIDOR
Land Requirement for ViadudPortion

Availability of land is one of the major prerequisites for a projectin cities like Gurgdignmentraverses

on Golf course road having commercial and residential complexes along the corridor. As the project
corridor is fully elevated and running thrgh existing median centrand also on road edgeo land
acquisition is anticipated for the viaduct portion. Single pier supporting the viaductwill be located on the
middle of the roadwhen the alignment is running on mediao that the existig roads rerain in use as
usual Where thealignment runs through right side of the road it has been designed on the separator
between the main carriageway and the service roAdcordingly, necessary permission for using such

right-of-way will have to be obtained fro the concerned authorities.

Land for Stations

Attempt will be made toconceptualizestation plan within available right of way. However incase of
interference with other land owners, the concerned party will be approached accordingly.

Land for Depot

The location of the depot has been finalized in consultatioth efientnearAlIT chowk roudabout. A
land area of around Ra is available for the depot. This will be an elevated depot. Detailed depot

planning has been discussedchapter 9 of this report.
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7 ROLLING STOCK

7.1 INTRODUCTION

Selection of therolling stodior a metro rail system is governed by the operational requirementincluding

passenger transport demand, interface with the metro infrastructure and whole life cycle cost. The

following key parameters for these need to be assessed and compared for diffgpas of rolling stock,

to arrive at the best suitable option for the metro.

7.1.1 Operational Requirements:

vi.
Vii.

viii.

Design and operating speed characteristics

Configuration including ability to couple and uncouple units to make trains difterent
numbers of vehikes

Capacity (seated and standees)

Tare weight

Traction and braking performance

Passenger access/egress and impact on dwell times

Passenger comfort (ride, internal noise)

Passenger facilities (PIS, HVAC, Toilets, Wheelchair spaces, etc.)

Doors¢ number ard size

Reliability

7.1.2 Interface with Infrastructure

vi.
Vii.

viii.

Gauge

Axle loads

Power supply

Kinematic Envelope

External noise levels

EMC levels (interference with neighbouring environment)
Platform interface (height and length)

Specialist depot facilities and tooling

Minimum curve radii

7.1.3 Whole Life Costs

Capital costs
Energy costs

Maintenance costs
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7.14

7.2

7.2.1

7.2.2

7.2.3

iv. Track Maintenance costs

v. Infrastructure capital and maintenance costs

Compatibility with Existing Metro

Another factor to be considered for the metro extension project istthfee Rolling Stock should be
compatible with the rolling stock and the infrastructure of the existing metro so that common maintenance

facilities can be used and trains can work seamlessly on the existing metro as well as the extension.

TRAINCONFIGURATION & CAR DIMENSIONS

The required train configuration for the metro system will be dependent upon the following
i.  The peak hour passenger traffic to be carried

ii.  The minimum headway that the signaling system can support

iii. The coach dimensions, seatiagd standing arrangements desired in the coach

iv.  The axle load permissible on the metro

v.  The speed and acceleration characteristics of the coaches

vi. The dwell time at stations

Headway

The minimum headway that the signaling system can supportis 2 minuteshigher the frequency of
trains, the lesser is the number of coaches required. This reduces the capital cost of the coaches, the
maintenance cost and required maintenance facilities. It also reduces the number of drivers needed and
the crowding at stationsyhen large numbers of passengers do not have to wait for long periods for a train.
Therefore, ideally the trains should be run with the minimum headway. However, operationally it becomes
more difficult to run trains with less headway and moreover, anyrrdetention or failure has a bigger
cascading effect on train services when the headway is less. Therefore a compromise between minimum

headway and more number of trains is the ideal solution for carrying the projected traffic.

CarDimensions, Seating anfitanding Arrangements

In order to be able to use the existing maintenance facilities and station platforms the coaches should have
a length over couplers between 21.5 metres and 22 metres. The maximum width over body should not
exceed 2.8 metres and the maximum height should3l®&55 metres. The seating arrangement has been
selected as longitudinal seating in order to maximize the coach capacity, with 4 doors on each side. The

coach will be designed to a load of 8 persons per square meter.

Axle Load

Keeping the axle load to#bare minimum s always desirable to reduce the civil infrastructure capital and
maintenance costs. The viaducton the extension is proposed to have similar tdréstics as the existing

phase | metraand hence the axle load of the rolling stock is tadito 15 tonnes. The tare weight of the
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7.2.4

7.2.5

7.3

motor and trailer coaches should be so designed thatthis axle load is notexceeded with 8 passengers per

square metre loading and considering the average passenger weight as 65 Kg.

Speed andAcceleration

Higher opeating speed result in lower journey times which benefits the passengers and also reduces the
requirement of rolling stock. Although rolling stock can be designed for high speeds, in a metro system the
upper speed limit is restricted by the permissible elecation and the inter station distances. The metro

extension will have stations at approximately 1 km spacing and for this a maximum operating speed of 80

kmph is suggested. The design speed of the rolling stock should be about 10% higher than this.

Accéeration and deceleration of the traiwill be normally limited tolm/sec2in line with international
standards. The maximum deceleration is decided by the emergency braking distance thatis required, which
in turn depends a the railway system desigilowever, for planning purposes, a maximum emergency
deceleration of 1.3m/sec2 should been taken, which is considered safe for standing passengers. The only

fear is the possibility of wheel skidding but since this is only in case of emergencies, itis akeeptab

Dwell Timeat Stations

Longer dwell times mean more journey time and hence the dwell time should be as low as possible. The
dwell time also decides how many doors we should have in the coach. The dwell time at 6 DMRC stations

has been assessed bpserving the entraining and detraining time and the following has been observed:

i.  Two persons can getin or outof onedoor in 1 second. To be on a conservative side, thedkanis
as 1.5 persons per second instead of 2 persons per second.
ii.  The door @eration cycle comes to 12 seconds, as under:
a) Time from train coming to dead halt, to door starts opening : 4 seconds
b) Time from door start opening to door fully open : 2 seconds
c) Time from door start closing to door fully close: 2 seconds

d) Time from door flly closed to train starts moving: 4 seconds.

Again to be on the conservative side, we can take the door cycle time as 15 seconds. Based on the above
and the number of passengers boarding and detraining as determined by the traffic study, it istfiatind

the dwell time of trains at stationduring peak hour will be a maximum of 28 seconds in the year 2015 and

41 seconds in the year 2040 for sector-56 station, which is the station having the maximum
boarding/alighting passengers. For time tablingpase the dwell time may be taken as 30 seconds on

average since considerable slack has been built into the above calculations.

OPERATIONAL SPECIFICATIONS OF ROLLING STOCK

Based upon the operational and infrastructure requirement of this project, the nebe compatible with
the existing metro system and the parameters discussed above, a summary of the rolling stock

specifications is shown ifiable7-1 below.
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Table7-1: Operational specification of rolling stock

PARAMETER REQUIREMENTS

Track Gauge 1435mm

Minimum curve radius |120 m

Maximum gradient 4%

Maximum length over couplers 2200 mm
Dimensions Maximum outside width 2800 mm
Maximum height over AC unit 3885 mm

Axle load Notto exceed 15 T under AW4 |oading condition

Train configuration DMGTGDMC

Traction power supply |Third rail, 750V DC

90 kmph design speed.

Maxi ; .
aximum Speed 80 kmph maximuno perating speed

Initial Acceleration 0.95m/ s2up to 30kplg crushladen

Braking rate 1.0 m/s2normal 1.3 m/s2emergency
Maximum jerk rate 0.7 m/ sz

Seating Longitudinal seating to maximize standing capad

Capacity of driving motg

12 AW4
coach 312at8persons persqm ( )

Capacity of trailer coach 354 at 8 persons per sq m (AW4)

Train passenger capaci| 978 at 8 persons per sq m (AW4)

Wheelchair spaces One pertrain
Luggage Space None
Sliding doors 4 per side, 1400 mm wide, 1900 m
Doors .
high
Emerge_ncypassenger Through front of driving cab
evacuation

HVAQ; All vehicles and cabs
Passenger Environmen{ Toilets¢ None
Passenger Information System

7.4 DESIGN CONSIDERATIONS

Rolling stock costis a significant portion of a metro system capitdlO&M cost. The overall performance
of the metro including safety, reliability and comfort level of commuters also depends to a large extent on
the rolling stock. The design considerations should therefore meet the following criteria.
i. Modern light weighttonstruction using state of the art technology
ii. Low life cycle cost
iii.. Design life of 30 years
iv.  Proven equipment with high reliability.
V. Energy efficient design
vi. Passenger safety features including use of fire retardant materials
vii. Passenger comfort includingm@ation, temperature control, noise reduction

viii.  Aesthetically pleasing interior and exterior
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7.5

7.5.1

7.5.2

ix. Optimized operating speed
Xx.  Flexibility to meetincrease in traffic demand
Xi.  Anti-telescopic properties

xii.  Safe evacuation during emergencies

The controlling criteria are safety, reliability, low energy consumption, lightweight and high efficiency

leading to lower annualized cost of service.

TECHNOLOGY SELECTION

There are several manufacturers the world over who can supply the required cofmtibe metro. Each
manufacturer will have his own specialized technology and features for the coaches and we should notlay
down in detail what technology or construction design the manufacturer should use. However there are
some broad requirements fohe trains that should be complied with for the metro rolling stock. These
are discussed below.

Car Body

The standard material used for metro coach body is stainless steel or alumiAluminium alloy car

bodies are replacing steel bodies all over the wioitb achieve light weight and energy efficient rail

vehicles. In addition these can result in higher accelerations for a given traction power and reduced wear
of bogiesand rails due todwer weight Considerable advancementin technology especiallyérsthength,
integrity and performance of aluminium welds have vastly enhanced the shell strength and crash
worthiness of aluminium coaches, making them a safe and efficient opffe car bodys therefore
recommended, with the followingeatures:

i.  The caibody should be lightweight, made of austenitic stainless steel to reduce maintenance and
avoid corrosion repairs during the life of the coach. The bpalyellingnust have resistance to the
tractive and braking effort of the coach as well as to any impanct accidental damage. Materials
likely to cause environmental damage during the manufacture, maintenance, operation and disposal
of coaches should not be used.

ii.  The car should be of anti telescopic design. The coach structure shall be designed to einimiz
accelerations transmitted to passengers, by absorbing any collision energy, and must prevent one
vehicle to override another, nor to telescope one into another. Compressive force of 800 kN at
buffer level in accordance with EN12663:2000 should be woihdt

iii. The cars shall be provided with automatic centre buffer couplers with provision for automatic
coupling of pneumatic and electrical connections between two coaches. End driving coaches shall
be provided with high tensile automatic centre buffer.

iv. Thecar shall have crash worthiness features in accordance with EN 15227.

Car interior andGangways

In a metro systemthe passenger capacity of a car is maximized by providing longitudinal seats for seating

and utilizing the remaining space for standing paggeen Therefore all the equipments are mounted on
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the under frame for maximum space utilization. The gangways are designed to give a wide comfortable
standing space during peak hours along with easy and faster passenger movement especially in case of

emergency. The car interior should therefore have the following features;

i. Fire retardant material must be used for all interior fittings

ii. Longitudinal seats of stainless steel or GRP material to achieve low heat load, smoke and toxicity;

iii. Gangways in all the cats permit passenger movement between the cars in case of fire or other
eventualities and overcrowding;

iv.  Painted interior panels, resistantto graffiti, vandalism and cleaning agents and made of GRP to meet
fire, smoke and toxicity requirements in accordama¢h BS 6853 or NFPA 130;

v.  Stainless Steel Grab Poles / Rails in the standing area with adequate number of vandal resistant
straphangers for safety of passengers;

vi.  Floor structure capable of providing fire barrier of a minimum of 30 minutes as per BS 6853 a
attenuating noise generatetbeneath the vehicle. Skid fresealed floor covering, resistant to
cleaning agent and meeting firemoke and toxicity requirements;

Vii. LED based line route maps and advertisement display panels and interior signage required fo

convenience of passengers;

7.5.3 CarExteriorand Cab Layout

i.  The car end profile should be aesthetically pleasing with GRP mask. The cab should have modern
driver panel which gives maximum comfort and easy accessibility of different monitoring
equipments to tle driver along with clear visibility .The driver seatis to be provided at the leftside
of the cabin. The cab shall have destination and train identification indicator.

ii.  Anemergency door for emergency evacuation of pangers on the track should peovided atthe
centre of the front side of each cabin which has an easy operation with one handle type master

controller.

7.5.4 PassengeDoorsand Windows

i. Four doors shall be provided on each side of the car. The doors will be externallyphuggoor,
bi-parting, electrically operated sliding doors with minimum width of 140® and height of 1900
mm. Electrically controlled door operating mechanism is preferred over pneumatically operated
door to avoid cases of air leakage and sluggish operation. Roomig! | be made for microprocessor
based door controller in communication with Train Integrated Management System for monitoring
status and display.

ii. Sealed wide windows with double glazing to prevent noise transmission shall be provided. The
windows willbe flush mounted with the exterior of the body. Glazing shall be capable of resisting
penetration of steel ball as per UIC standard/ 1S2553 part 2.

iii. Doors are classified as critical safety | system and include following safety features

a) Traction enabling ccuit energization only after closing and mechanical locking of all doors
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b) Obstacle detection

c) Internal and external release

d) Audible door closing warning for the car interior and platform

e) Visual door closing indication for the car interior and platform

f) Doorstatus indication on the Train Operators console

g) Door sensing facilities to detect an obstruction and inhibit train movement

h) Door isolation and locking facility

7.5.5 Air-Conditioning

Air conditioning of coaches is considered essential due to the heavy passeadang, closed doors and

sealed windows. The following air conditioning requirement must be met:

i Each coach must have a minimum of two roof mounted packaged unit typeoaiditioning conform
to EN 14750 or equivalent international standard. Interior temperature shall be 25°C at an ambient of
50°C. Relative humidity inside coach shall not be more 8an

ii. In case of failure of both aiconditioning units exceeding 2 minutes, emergency ventilation through
battery should be provided. The emergency ventilation mustsupply at least i8¢ per second of
fresh air to the coach. This air need not be b The coach shall be able to maintain this air supply
for atleast 60 minutes. Provision shall also be made to shut off fresh air intake anicctgate the
internal air of the coach, during an emergency condition, such as fire outside the trainvierppresat
and smoke to be drawn in to the coach.

iii.. Environment friendly refrigerant type R134A or R407C must be used.

7.5.6 Fire Prevention

i.  The coachinterior musthave fireresistant properties, conforming to NEB®AEach coach shall have
two fire extinguishersMaterials for internal fixtures, fittings, furniture and decorations shall befire
retardant. Environmental conditions for the equipment on board the coach shall conformto EN50125
1.

ii.  The coaches will have a fire detection system which will be capdlaetecting fire in any coach or
RNA @GSNRa OF o6 (G2 6AGKAY y YSGSNR F OOdz2N» 08 Ay GKS
first send an alarm to the driver indicating a possible fire. If the system detects a large heat source,
then it will send a further alarm to the driver indicating that this is a serious fire and the alarm shall
also be sentto the coach involved to alertthe passengers. An awileo indication for second stage
alarm in the coaches shall be provided.

iii.. In the event of dire the ventilation and aHconditioning system shall be controlled to minimize the
spread of fire. In case the fire is detected outside the coach an alarm shall be provided to the driver
and the driver shall then be able to remotely close the ventilatiod air conditioninglzy A (1 Qa T NXa K

intake to prevent ingress of smoke into the coach.

7.5.7 Communication System
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Driving cab of the cars will be provided with continuous two way communication with the Operation
Control Centre and station control for easy nitaming of the individual train in all sections at all the

time.

The coach will be provided with talk back units inside the cars, which permit conversation between
passengers and the driver in case of any emergency.

There will also be a Passenger Informatand Communications System on the coacfiése Public
Address and Passenger Information Display System will continuously advise the passengers of the next
station, door opening and closing, operational information, emergency situations if any, andreny ot
messages. It can be initiated by the OCC, the train operator or throughepoeded messages.

The Passenger Information System will display text messages inside the coach.

There will be passenger surveillance system in each car, through CCTV cameras.

7.5.8 EnvironmentalNoise Standards

7.5.9

The trains shall have low noise and vibration levels for the comfort of passengers, the public and the

residents in the vicinity of the metro. This is achieved by incorporating the following features:

a) Provision of antdrumming floor and noise absorption material

b) Mounting of underframe equipment on anti vibration pads

c) Low speed compressor, blower and air conditioner

d) Provision of sound absorbing material in the air conditioner supply duct and refttn

e) Proper sealingd reduce noise aspiration through gaps in sliding doors and piping holes

In stationary condition, the noise level inside the coach and the cab shall not exceed 68 dB (A) with all
auxiliary equipment operating at maximum noise level. The noise level shafiehsured inside the
coach along the centre line of the coach at a height between 1.2 and 1.6 meters above the floor and
at a distance notcloser than 0.6 meters from the end of the coach. The measurementshall be done as
per 1ISO 3381.

In stationary condion the noise level outside the coach shall not exceed 68 dB (A) with all auxiliary
equipment operating. The noise level shall be measured ata point 7.5 m from the coach centerline at
a point between 1.2 meter and 1.5 meter above the rail level. Thesmezment shall be done as per

ISO 3095.

Inside a train moving at maximum permissible speed, the noise level must not exceed 72 dB (A),
measured in the same manner as described above.

The noise level outside the coach when the train is moving at the maxipermissible speed shall

not exceed 85 dB (A) with all auxiliary systems operating. The noise level will again be measured in the

same manner as described above.

Weight Distribution

The coach equipment shall be so designed that the total axle load ahtter or trailer coach does not

exceed 15 tonnes. The power equipmetiz.inverter, traction motor etc. shall be distributed amongst the
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motor and trailer coaches for uniform weight distribution and to keep the axle load of individual coaches

within limit.

7.5.10 Couplers

Automatic couplers with pneumatic and electrical connections shall be provided on both ends of the train.
Between cars, semi automatic couplers will be provided. The couplers shall have high energy absorption

features and meet crashworthinessge@irements.

7.5.11 Brake andPneumatic System

The brake system shall meet EN 13452:2003 requirements for air brakes on metro coaches operating
at speed up to 90 Kmph. The brake system shall comprise the folldypeg of brakes:

a) Electric regenerative servidgakes;

b) ElectrePneumatic (EP) service friction brakes;

c) Brakepipe controlled baclup brake system

d) Fail safe emergency pneumatic brakes; and

e) Spring applied, pneumatic release parking brakes.

The regenerative braking should have air supplement control to bear the load of the trailer car. Speed
sensors mounted on each axle control the braking force of the axles with anti\sdicks,

prompting readhesion in case of a skid.

The brake system wilinterface with automatic train protection, auxiliary warning system and train
protection and warning system equipment. Pulling the alarm chain by a passenger shall notapply the
train brakes butthe brake operation shall be left to the decision of tireatr An audio visual indication
shall be provided to identify the coach and the location inside the coach from where the alarm chain
has been operated. It shall be possible to reset passenger alarm system from outside the coach.
The brake control will ben individual bogie basis with disc type friction brakes

The pneumatic system will comprise the following;

a) Air compressor unit with induction motor drive and air dryer
b) Auxiliary compressor with DC drive

c) Air suspension equipment

d) Stainless steel piping aridtings, air reservoirs, switches etc

e) Automatic coupler actuating equipment

7.5.12 Propulsion System

The propulsion system shall convert the 750V DC supply to 3 phase AC power and feed the 3@
induction motors providing traction to the coach. The system will caos® of the following main

components:

a) 750V DC High speed circuit breaker for protection of equipment in case of faults. The governing

standard will be IEC 600077
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b) Linereactor and filter capacitor for filtering and smoothing incoming DC supply fromrthilrd

c) Voltage source IGBT inverter with variable voltage variable frequency (VVVF) control, to convert
750 V DC into 3 phase AC power of variable voltage and variable frequency, bywpdilse
modulation (PWM), feeding 3 phase induction motor: Governingdtad IEC 61281;

d) Three phase induction motors with vector control for driving the wheels through flexible gear
coupling and gear: The governing standard will be IEC 6@349

e) IGBT braking chopper for resistance braking in case regenerated energy caratmddrbed by
the trains on line;

f)  Lightning arrestor for protection against lightning: Governing standard IEC 69009

In the event of failure of one motor coach, the train should be capable to complete its journey up to

destination.

7.5.13 Auxiliary Supply System

Vi.

An under slung IGBT based microprocessor controlled auxiliary converter will supply power to
auxiliaries at following voltages from 750 V DC

a) Output 1: 415V 3 phase

b) Output 2:24/72/110V DC

c) Output 3: 230 V AC single phase

The auxiliary converter proved on each unit of the coach shall cater for the compbatiliary load

of the unitas well as for air conditioning /air ventilation, lights and fans amgother emergency
requirement of the adjoining unitin case of failure of the adjoining auxili@rywerter.

Ni-Cd batteries with stainless steel casing conforming to IEC 60623 shall be provided and must be of
sufficient capacity to meet the following emergency requirements:

Emergency ventilation60 minutes after the loss of power

Emergency lightingjommunication system, train controls, fire detection system and one door release
on either side 2 hours after the loss of power

Modular constructions must be adopted with easy access for inspection and maintenance of

components.

7.5.14 Electronics and Contrel

The electronics used for power and auxiliary systems should conform t60&LL or equivalent
standard. The electronic control equipments should be protected against unavoidable EMI. As far as
possible, the control and monitoring function shall be impbknted by software so as to reduce
hardware and cables.

The control system mustintegrate the task of fault diagnostics and display in addition to control task.
It should be capable of real time monitoring of the status of all vital equipment and occugrahc

faults. It shall also take appropriate protective action and shut down the equipment wherever
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necessary. Features of sdlffieck, calibration and plausibility checks shall be incorporated in the
design.

iii. The vehicle control unit will have diagnosticsnguuter to store all the relevant diagnostic data.
Whenever a fault occurs affecting operation, background data with time mark along with GPS data
shall also be captured along with the faultinformation on equipment and stored to enable proper fault
analyss. There shall be facility to capture post trigger and-prgger background information. The
vehicle control unitwill also provide eliine, context sensitive trouble shooting guide to the driverin
case of any fault.

iv.  Amicroprocessor based train inteded management systemwill be provided on the rolling stock
which will control and do real time monitoring of the major sub systems and display their status in the
cab. There will befacility to download historical data from the system on a computanédysisof

faults.

7.5.15 Electromagnetic Compatibility

TheElectromagneticompatibility shall meet the requirements of EN 50121 and EN 501238-2.

7.5.16 Bogies

i.  The bogies should bleolster less lightweight, complying with EN 13749:2005 and designed for 8
standees per sq m loading. Bogie frame should be of high tensile steel to EN 10155 standard.
Suspension characteristics shall be selected so as to avoid resonance. Suspension characteristics shall
be selected so as to avoid resonance.

ii. Use of air spring atecondary stage is required to keep the floor level of the cars constantirrespective
of passenger load. Jerks from the track are also dampened inside the car body on account of the
secondary air spring.

iii. The bogie shall be capable of safe operation keeffinglamping values positive at all combinations
of track condition, vehicle speed, @fficient of friction, operating conditions, and loading. The
suspension system shall prevent excessive forces transmitted by wheels leading to unloading of wheels
and iisk of derailment.

iv.  Mono block forged wheels to EN 13262:2004 shall be provided. Use of damped wheels to reduce

squealing noise at sharp curves shall be considered.

7.6 COMPATIBILITY WITH EXISTING FLEET
The design and technological considerations discussed above are meant to lay down the broad
considerations for selecting the Rolling Stock for the Rapid Metro south extension. However the main
criteria for selection of therolling stock will be the compatityilvith the existing fleet and infrastructure
of the Rapid Metro phase I. To allow seamless operation of the rolling stock on the phase | and phase Il of
the metro and for ease of maintenance and depot facilities it is desirable that the rolling stobk bare

as being used on the phasel .
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8

8.1

8.2

8.3

POWER SUPPARRANGEMENTS

INTRODUCTION

Electrical power is required for operation of the metro system which includes propulsion of trains, station
services, operation of signaling and telecom systems, depot working and for maintenance of the
infrastructure in the metrgpremises. Traction is the major component of power consumption in a metro.
Auxiliary power is required for illumination, air conditioning and ventilation, lifts & escalators, signalling,

telecom and fare collection systems as well as for depot maintenantegities

CONSIDERATIONS FOR SELECTION OF TRACTION POWER
Traction power being the largest component of the electric power, care has to be taken to select the
power supply system which can provide the most safe, trouble free and cost effective treviatam. The

following general requirements must be met by any successful traction system:

i. Capability to start and haul a prescribed train over its specified routes while maintaining running
times as scheduled in advance
ii. Satisfactory service life
iii.. Satisfacory reliability, availability and maintainability
iv.  Efficiency in the delivery and consumption of power
V. Minimum environmental impact
vi.  Compatibility with traction equipment specification
vii. Capability to address mechanical design issues, topographic issues enadi opal control issues

viii. Low capital and maintenance cost

In addition, for theGurgaonmetro extension, compatibility with the existing rolling stock has to be

ensured since the same rolling stock will be travelling onpth@se | and phase Il metsystems.

TYPES OF TRACTION SYSTEMS
There are many types of railway electrification systems, which operate on a.c. or d.c. voltages. The
following are commonly used worldwide;

i. X cnnz R®OD

ii. 750V d.c.
ii. 1500Vd.c.
iv. 3000Vd.c.
V. 15kV a.c.
vi. 25kVa.c.

vii. 2x25 kVa.c. AuteTransformer System (ATS)
Each system has its advantages and drawbacks in terms of cost, hauling capacity, ease of maintenance

and environment considerations. For Mass Rapid Transport Systems, the most commonly used traction
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8.4

power supplyis 750¥.c. third rail, 1500 V d.c. overhead catenary or 25 KV a.c. overhead catenary system

All these three systems are already in usein India.

750V d.c. third rail system is extensively used in metros and more than 60% of existing metro systems in
the world uilize 606750V dc third rail system. The system does not affect the aesthetics of the city as it
is laid alongside thetrack and for underground sections itrequires a much smaller tunnel diameter than
overhead power supply systems. The main drawback5®f V d.c traction is that it is not suitable for
higher loads beyond a traffic level of 60,000 PHPDT on account of the requirement of large number of
traction substations and difficulty in differentiation between oveurrent and shorcircuit currents.

Sray currentcorrosionis also encountered in d.c. electrified railways and therefore additional measures
arerequired for protection againstcorrosion of metallic structures, reinforcement and utility pipes caused

by d.c. stray current.

1500V dc catenargystem has been adopted by few metros to overcome the limitation imposed by 750V
d.c. system for catering to traffic level of 60,600,000 PHPDT. This system requires use of catenary
masts on elevated viaducts thereby affecting aesthetics of the city @lsd larger tunnel diameter

compared to 750V dc system.

25kV ac traction has the advantages of minimal number of traction substations, potential to carry large
traffic (60,000100,000) PHPDT and possibility of linking to mainline railways, if requiregudo the
system requires use of catenary masts thereby affecting aesthetics and also a bigger tunnel diameter.
Suitable measures are therefore required for mitigation of elegtragnetic interference (EMI) caused by
singlephase 25kV a.c. traction currentin addition, 25kV a.c. train will require heavy transformers to be

carried in the motor coach.

TRACTION SYSTEM HBIE SOUTH EXTENSION

The traffic requirements ofnetro extensionhave been projected to be abo@0,000 PHPDT in the year
2040 and the metro corridors will be fully elevated with no underground sections. Keeping in view the
ultimate traffic requirements, aesthetics, compatibility with the existing RMGL system and other techno
economic considerations, D& d.c. third rail bottom current collection type traction systemis considered

to be the best alternative and hence proposed.

The wrrrent carrying power rail will be provided on the elevated viaductand will be mounted on insulators,
insulated from thettack slab and shrouded for safety of maintenance st#fé system will use composite
aluminiumsteel third rail on main lines, and low carbon steel third rail, which is available indigenously,in
depots where traction current requirement are reduced. The third rail will be provided with suitable
shrouds for safety of passengers as well as maintergersonnel. The crossection of third rail will be
about 5000 mm2. The longitudinal resistance of composite and steel third rail is about 7 and 20 milli
ohm/km respectively. The life of composite and steel third rail is expected to b802gears. Retur

current will be through the tracks
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8.5

8.6

8.6.1

8.6.2

RELIABILITY OF POWER SUPPLY

The proposednetroextension isbeing designed to handle 3 car trains running at a design headwa$ of 2

to 3 minutes. The peak passenger traffic to be handled is expected 80080 PHPDTThe tolerance level

of any power interruption during this period is extremely low, as such incidences, apartfrom affecting train
running, will cause congestion at stations. Interruption of power at night is likely to cause alarm and
increased risk tdravellingpublic. Lack of illumination at stations, namsibility of appropriate signages,
disruption to operation of lifts and escalators is likely to cause confusion, anxiety and anger in commuters.

Effect on signaling and communication may affect traperation and passenger safety as well.

Accordingly, metro systemrequires a very reliable power supply. To ensure reliability of power supply, itis
essential thatboth the sources of supply and connected transmission & distribution networks arereliable
and have adequate redundancies builtin. Therefore, it is desirable to obtain power supply at high grid
voltage of 220kV or 66kV from stable grid ssthtions and further transmission & distribution is done by

the metro authority itself.

POWER SUPPLY SY&T
General

The power supply system for the metro will consist of a source of supply from the state power grid from
where high voltage supply at 33 KV/ 66KV/ 132 KV/ 220 KV/ 400KV is taken to Receiving Sub Stations where
the supply is stepped down to 11 K\¢. for use in traction and auxiliary servicBswer supply at 750 V

DC is generated by step down transformers and rectifiers in the TractioiStions (TSS) provided at
certain stations on the corridoAuxiliarySub Stations are provided at stati®which transform the 11 KV

supply to 415 Va.c for auxiliary services. T88 along with Auxiliary S8tations (ASS) will be located at
station building itself at mezzanine or platform level inside a room. Additional traction and auxiliary

substations W be located in each maintenance depot.

The number of sulstations required to be provided on the corridor depends primarily upon the voltage
drop inthe third rail and potential of the running rails with respect to earth. The third rail power supply is
designed to operate within voltage limits, as specified in IEC 60850 and EN 50163. For 750 V d.c. system,
the lowest permanent voltage is 525 volts. The spacing between substations should therefore be such that
the voltage atany pointon the third raihder the worstscenario including failure of one ssifation, does

not fall below this value. The potential of the running rails with respect to the earth, both in train running

mode and under fault condition of DC traction system, should also not exadedisnit for human being

PowerDemand Study and Future Power Supply System Upgrade

Power demand has been assessed based on the design headway of trains and estimated power
consumption atstations and in depot. Power demand simulation and studies will need to be carried out at
the detailed design stage to arrive at the final power systegquirement. The preliminary data assessed

at this stage based on7bsecond headway and use of 3 car trains will need to be updated during detailed
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8.6.3

8.6.4

8.6.5

8.6.6

design. These studies shall be carried outfor a design headway of 120 sec with 3 car trains simther as in
phase | RMG&ystem and size and capacity of the substations, transformers, switchgear, power cables etc

will need to be finalized based on this study.

Normal andContingency Operations

The power supply system will be designed for normal operationscamtingency operations. For this the

following scenarios will be considered:

i.  Train delays and train bunching.

ii.  Emergency operating plans and deviations from the normal service schedules.
iii. One traction substation failure.
iv.  Power feedback from regenerative laking,

V. 66 kV Utility supply point partial / interface failure.
vi.  Abnormal power supply system configurations caused by planned outages or outright failures of
equipment including feeders, circuit breakers, transformers and rectifiers.

The power supply systemill be designed that in the event of breakdown of a single Traction Sub Station
normal service will operate. In the event of loss of two Traction Sub Stations or power supply thereto, a
degraded service will continue. This concept of structural redungl@raf currentin feeds cable rings,
switchgears, auxiliary and traction transformers, TSS; elcminates the effects of single point failures

and results in a highly reliable and available traction power supply system.

ElectromagneticCompatibility

Al installations will be designed according to IEC 62236/EN 50R&illway applicationsElectromagnetic
compatibility:
i. Partl: General,
ii. Part 2: Emission of the whole railway system to the outside world.
iii. Part 5: Emission and immunity of fixed povearpply installations and apparatus to ensure the

safety of persons, tolerable EMC levels and minimisation of stray current corrosion.

ElectricalLoadsand Energy Consumption

All the components of the traction power supply system will be designed for themmam load occurring
during normal operation with all components in service. To cover contingency operation which might
exceed these loads, rectifier units will comply with duty class VI according to IEC 60146 i.e, 100%

continuous, 150 % for 2 hours or 3@®for 1 minute.

SubstationRoom Requirements
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8.6.7

8.6.8

8.6.9

Substations shall be equipped with trenches (and covers) underneath the AC and DC switchgear to be

utilized for installation of cables. The rooms have to be provided with faculties to prevent Ingress .of dust

Adequate ventilation has to be provideAccess has to be provided for bringing in all equipment. The

building has to be sized to take care of present and future needs and adequate clearance given between

equipment for ease of maintenance.

Power Supply Guipment

The major items of power supply system are:

i.
ii.
iii.
iv.
V.
Vi.
Vii.

viii.

Xi.

HV Switchgear,

HV cables,

HV MV Power Transformers,

MV Switchgear,

Auxiliary Transformer,

DC Rectifier Transformer,

DC Rectifier,

DC 750 V Switchgear,

DC Short Circuiting Device

Power and controtables, installation accessories,

Spare partsspecial tools and test equipment.

Integration with ExistingRMGLSystem

The existing plan for power supply tife phase | metravill need to be modified with coming up of the

south extension due to théllowing reasons:

vi.

A new 66 kV Receiving Sub Station (RSS) will come up at the depot which is plannledito fear
the south extension line. This will supply traction and auxiliary poweéh¢ametro.

A 66 kV cable connection has to be provided from®rid Sub Station to the RSS.

There is need to operate either the initiglhase |RapidMetro system or thephase llsystem
independently (i.e, with one of the systernsoperational) utilizing Sikandarpur as a terminal station
for either system.

The incluson of anewdepot to service the entire Metro system.

The need to be able to feed the initiphase IRapidMetro system and the south extension from the
new 66 kV RSS.

The need to be able to feed the south extension from the 11 kV netwbtke existingohase | metro

subject to the limitations of the initial system.

Change irDOperational Pan
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8.7

8.8

The power supply plan of the existippase | RapidMetraystem will need to be modified to integrate it

with thesouthextension. The original system was designed to cater to the simultaneous breakdown of one
transformerrectifier unitduring normal operation in each traction substation. The second unitis a standby
and comes into operation when one of three traction stadsons of theinitial system is completely out of
service, in which case the two remaining traction substations take over 100% of the load. This operation
principleis nolonger applicable for Sikanderpur traction substation because of the additi ontedrttesd

of trains between Sikanderpur and the new DLF phase | station. The feeding of this section is shared

between the two traction substations.

This new operation philosophy for all traction substations on Rp@lse las well aphase liis to have
both transformerrectifier units in operation atall times. In case of an outage of one out of two transformer
rectifier units, the remaining unit can stay in operation using the overload capability up to the thermal
limit. Afterwards the traction load needto be reduced. In case of a complete outage of one traction
substation of thephase llor initial phase Isystemthe neighbairing traction substations will take over

100% of the load of the failed substation.

POWER REQUIREMENT
The power requirement o metro is determined by the peak hour demands of the traction and auxiliary
systems. The power supply system has to be designed to meet the peak demand load. Prelimbaary b

estimation of the power demand is made based on the following basis:

i.  Specificenergy consumption of the rolling stock will be 70 kWh/1000 GTKM
i. Regeneration by rolling stock will be 10%
iii. Station load is taken as 200 kW
iv.  Depotauxiliary load will initially 500 kW, which will increase to 750 kW in the year 2022 and 1L.5MW

in 2042 as anavhen additional maintenance facilities come up

The train operation plan gives the maximum number of trains that will be running or on idle power in a
section at any given time. From the rolling stock specific energy consumption figures, the traction power
being drawn at any given time in the section can be calculated. The demand of auxiliary power has been
worked out on the basis of the assumptions listed above for stations and depots. The peak traction and
auxiliary power requirements fometro extensiorphase Ilhas thus been worked out for the year 2015,
2022,2032 and 2042 which is briefly summarizedaile8-1.

Table8-1: Peak power demand estimation

‘ YEAR ‘ TRACTION (MVA) AUXILLIAR (MVA) TOTAL (MVA)

2015 2.13 2.00 4.13
2022 2.90 2.29 5.19
2032 4.45 2.29 6.74
2042 6.38 3.18 9.56

POWER SYSTEM DETAILS

8.8.1 HPVNLSupply

s2 g1alcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon Chapter 7: Power Supply Arangements

8.8.2

8.8.3

8.8.4

8.8.5

Power supply for traction and auxiliary services will be taken from the Haryana Government Grid Sub
Station located near sector 56. The supply will be taken at 66 KV and will be fed to the Receiving Sub Station
of the south extensiorthrough a 66 KV cabl&his cable connecting the GSS to the RSS will travel directly

to the nearest point on the metro viaduct. The distance from GSS to sectd558ation is about 1000

metres. On reaching the viaduct, the 66 kV cable will be installed along the viadudhe@®sS.

Receiving Sub Station

A new 66 kV receiving sub station will be constructed at the depot or a suitable location where land is
availableThe substation will be having 66 KV panels, 20 MVA Power Transformer & 11 KV panels.11 KV

ring main feeders Wi be fed from this sulstation.

The land requirement will be 1000 sgm including 66KV and 11 KV GIS panels. Power Transformers will be
having on load tap changer in addition of various other protection. Stepped down power at 11 kV a.c will
be fed to the Taction Sub Stations andluxiliarySub Stations for the traction and auxiliary power needs of

the metro.

Supply toComplete Metro

The new 66 kV RSS will be designed so as to be able to supply the epists®IRMGL system as well as

the south extension in case of any breakdown of the 11 kV power supply in RMGL. Likewise in case of a
complete outage of the new 66 kV RSS in the new depot, the south extension should be able receive feed
from the existing 11 kV network of RM@tase | For this tle Sikanderpur station will need to be modified

to operate as a terminal station. This will require additional sectioning atthe existing cross overs whichwill
allow the existingphase IRMGL system to operate the complete metro including the south exéensr

only the existingphase IRMGL system.

The capacity of the existimghase IRMGL system is not sufficient to permit full service operation of the
complete metro. However degraded operation on the south extension can be achieved by feed from the
11kVRMGL system. During emergency feeding conditions the auxiliary power supply to all stations and the

depot shall be limited to the essential loads.

PowerSupply Sub Stations

A preliminary study of power requirements shows that sub stations will be requatetie following

locations.
Table8-2: Power Supply Sulstations

S.NO STATION LOCATIO TYPE OF SUB STATIOM

1 Sector56 Traction & Auxiliary
2 AIT Chowk Auxiliary

3 Sector 5354 Traction & Auxiliary
4 Sushant Lok Traction & Auxiliary
5 DLF Phasel Auxiliary

6 Depot Traction and Auxilian

Feeding Arrangement
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8.8.6

8.8.7

The transformer capacities will be designed so thatsunbstationcan take over the additional load of an
adjoiningsubstationif it fails. These will have Off Load tap changers to ensure incoming power supply

voltage correction to be made possible.

From the considerations of better reliability and maintainability and also reduced requirement of land in
prime and congested areaxffered by GIS equipment, itis proposed that the TSS should be provided with
indoor type GIS equipment.

Traction SubStations

Three traction sub stations of 2.5 MW capacity are planned for the south extension. These will be located
at Sector 56, Sector3854 and Sushant Lok stations. In addition a tracsaombstationat the depot will be

provided to cater to the depot traction load.

Traction power supply at 750 V DC is required for train operations. 750 V DC supply is fed to the third rail
provided onside of the running rails, from which power is collected by Power Collectors, mounted on the

bogies of the cars.

The Traction Sub Stations along with Auxiliary-Stagions will be located in the station building itself at
mezzanine or platform level inséda room The 11 kV a.c. power from the RSS will be transformed by two
rectifier transformers to 750V DC. This will be distributed to the third rail by high speed d.c. circuit breakers
of the d.c switchgear. The connections from the section feeder panelsding the section coupler panels

of the d.c. switchgear to the third rail system will be made through cables. The running rails will be used
for the return current and will be insulated from the structure to minimize the stray currents within the
systan. The area required for the Traction substation will be approx. 400m2 The transformer rectifier sets

will be required meeting the following load specifications:

i. 100% continuous followed by
ii. 150% for 2 hours,
iii. 300% for 1 minute,

Traction Sub StatiorEquipment

The Traction substation equipments comprise of:
i. 11KV/ 585 V, dhase Traction transformer, rectifier sets;
ii. High speed circuit breakers;
iii. 750 V DC isolators;

iv. 11KV switch gear panel;

<

. Lightning arresters;
vi. Frame/Earth leakage relay;
vii. Track Earthing Panel;
viii. Protection and control unit;
ix. Indication and metering arrangement;

X. Protective provisions related to electrical safety and earthing etc.
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Xi. LT Panels; and

Xxii. Battery Chargers and other accessories.

8.8.8 Auxiliary Sub Stations

AuxiliarySub Stations will receive 3 phaa& power at 11kV from the Receiving Sub Station and step it

downto 3 phase 415V a.c. for powering the auxiliary services. Auxiliary power is required for the following:

i. Power supply for station services like illumination, fans, lifts, escalatorssémaces, water
supply, air conditioning, public address system, CCTV, signages etc.
ii. Functioning of the signal, telecom and automatic fare collection systems
iii. Power in the depot for operation and maintenance activities including operation of machinery
and dant as well as general lighting, water supply, fire services etc.

iv. Power for traction substation buildings

Each metro station will be provided with an auxiliary substation with two indoor type 11KV/ 44H\4 e,
300 KVA transformers and the associated HT & LT switchgear. The demand of power at each elevated
station is expected to be about 200 kW. The ASSredqjlire an area of 25300 sq m. The depot will have

a separateauxiliarysub station to meet the depot power requirement.

8.8.9 Auxiliary Substation Equipmentg

TheAuxiliarysubstation equipments comprise of:
i. 11 KV switchgear;
ii. 11KV/ 415 V, ®hase Auxiliaryransformer.
iii.. Main distribution board.
iv. Protection and control unit;
V. Indication and metering arrangement;
vi.  Protective provisions related to electrical safety and earthing etc.

Vii. Battery chargers and other accessories.

8.8.10 StandbyDiesel Generator Sets

In the unlilely event of simultaneous tripping of all the RSSs or a grid failure, the power supply to stations
as well as to trains will be interrupted. It is, therefore, proposed to provide standby DG set of 120 KVA

180 KVA capacity at all stations to cater thddoling essential services:

i. Lift operation
ii. Essential lighting
iii. Signaling & telecommunications

iv.  Fire fighting system.

Silent type of DG sets are proposed which have low noise levels and do not generally require a separate

room for installation. They may b@astalled below the entrance at the road level. About20 sq m area
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8.8.11

8.8.12

8.8.13

or room will be required for their installation. Separate DG sets for power backup in depots will be

provided.

Supervisory Controand Data Acquisition (SCADA) System

The entire scheme fopower 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. Optiba¢ frovided for
telecommunications will be used as communication carrier for SCADA system. The OCC will be located

within the depot.

Digital Protection Control System (DPCS) is proposed for providing data acquisition, data processing,overall
protection control, interlocking, intertripping and monitoring of the entire power supply system consisting
of 33kV ac switchgear, transformers, 750V dc switchgear and associated electrical equipment. DPCS will
utilize microprocessebased fastacting numerical relay & Programmable Logic Controllers (PLCs) with

suitable interface with SCADA system.

Stray Current and Corrosion Protection Measures

In dc traction systems, bulk of the return current finds its path back to the tractionssation via the

return circuitie. runningrails. Therunningrails are normally insulated to minimize leakage of currents to
GKS GN)Y O10SR® 1 26SOSN) a2YS OdzNNByd € SrH1+F3S GF18Sa
the path of least resistance. Return current deviatesniréts intended path if the resistance of the
unintended path is lower than that of intended path. The stray current may flow through the unintended

path of metallic reinforcements of the structure back to the substation.

Itis also possible that part oféstray current may also flow into soil, where it may be picked up by metallic
utilities and discharged back to soil and then to the nearby-stadtion. The dc stray currents cause

corrosion of metallic structure where it leaves the metal.

Protectionagairst Stray Current Corrosion

Earthing & bonding and protection against stray current corrosion are interrelated and conflictingissues.
Therefore, suitable measures are required to suppress the stray currents as well as the presence of high
touch potentials Safety of personnel is given preference even ata costof slightly increased stray currents.

Following measures can be taken to restrict the stay curfent:

i. Decreasing the resistance of ragturn circuit

ii. Increasing the resistance of rail to ground instiba.
Whenever buried pipes and cables are in the vicinity of dc systems, efforts shall be made to ensure that
metal parts are keptaway as far as practicable to restrict stray current. Aminimum distance of 1 meter has

been found to be adequate for thisuppose.

Generally, 3 types of earthing arrangements (viz. Earthed System, Floating System & Hybrid Earthing

System) are prevalent on metros world over for protection against stray current corrosion. Traditionally,
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8.8.14

8.8.15

8.8.16

Earthed system was used by old metros. Higlearthing system is being tried on experimental basis on
few new metros. Floating system has been extensively used by recent metros. In line with present trend, a
floating system (i.e. traction system with floating negative) is proposed which redueektbtray current

to considerable level. The arrangement shall comply with following latest CENELEC standards:

i. EN 501221 :-Railway Applications (fixed installations) protective provisions relating to electrical
safety & earthing
ii. EN501222:-RailwayApplications (fixed installations) protective provisions againstthe effects of

stray currents caused by dc traction system.

Special Arrangements in Depot

Aseparate traction subtation shall be provided for the depot so as to facilitate isolation of depation
supply from mainlines in order to prevent the leakage of return currents to depot area. Tracks of depot
area shall also beisolated from mainline through insulated rail joints (IRJ). Remote operated sectionalizing

switches shall be provided tedd power from depot to mainline and viegrsa in case of failure of TSS.

The prescribed limit of highest touch potential in depot is 60V as per EN5012& therefore Track
Earthing Panels (TEP) shall be provided at suitable locations to earth the reake the rail potential
exceeds this limit. In areas, where leaky conditions exist (e.g. washing lines, pit wheel lathe etc.), insulated
rail joints (IRJ) shall be provided with power diodes to bridge the IRJ to facilitate passage of return current.

A detailed scheme shall be developed during the design stage.

Electromagneticinterference (EMI) and Electromagnetic Compatibility (EMC)

Unlike AC traction currents which produce alternating magnetic fields that cause voltages to beinduced in
any conductor unning along the track, dc traction currents do not cause electromagnetic induction effect
resulting in induced voltages and magnetic fields. However, the rectifagrsformer used in dc traction
system produces harmonic voltages, which may cause intmfa to telecommunications and train
control/protection systems. The rectifigransformer should be designed with the recommended limits of
harmonic voltages, particularly the third and fifth harmonics. Aol®se rectifiertransformer reduces the
harmonics level considerably. Detailed specification of equipment e.g. power cables, rectifiers,
transformer, E&M equipment etc shall be framed to reduce conducted or radiated emissions as per
appropriate international standards. The Metro system as a wholer{Zrasignaling & telecomm, traction
power supply, E&M system etc) shall comply with the EMC requirements of international standards viz.
EN50121, EN50123, IEC61000 series etc. A detailed EMC plan will require to be developed during project

implementation sage.

Safety andFire Prevention

Measures will be taken to ensure safety of personnel and passengers, prevent hazards of fire through

overheating and sparks and also provide protection against corrosion of reinforcements of the civil
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construction, pipes and@ables running parallel to the route. To achieve this, the following steps will be
taken:
i. Earthing & Bonding will be carried out in accordance with the European Norms as below:
a. EN5012z1
b. EN5012% 2
This will be in addition to those required by 1S430
ii. Fire Protection Generally provisions of section V of National Building Code and assodatieth

Standards will be followed.

8.9 COMPATIBILITY WITH THE PHASE | SYSTEM
The selection criteria for the traction system discussed above shows that the 750 V DC third rail systemis
best suited for tle metro south extension. Selection of this systemis further reinforced by the fact thatthe
existing system on the phase | metro is also 750V DC third rail traction. The power system on the two
phases of the metro have to be the same because the samimgaitock will be moving on the entire metro
and also because in the event of any failure of the traction power on one phase, the system on the other
phase should be able to temporarily take over the functions of the failed system. Hence a 750 V D@ tractio

system similar to the existing traction system on phase | is required on the south extension.
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9.1

9.1.1

SIGNALLING AND TELECOMMUNICATION

SIGNALLING

Introduction

Signalling system shall be able to support fully automated metro operating system. Signalling and train
control system shall be a state of the art Automatic Train Control system with centralized train operation
and management system. For efficient and safe metro rail operation, design philosophy of Signalling &

Train Control systems shall meet the followiergteria:

i, a{aGrasS 2F I Nlié¢ ¢SOKy2ft 238
ii. Minimum lifecycle costs
iii. Ease of Maintainability
iv.  Use of interchangeable, modular components
V. High reliability
vi. System Safety
vii.  Adequate redundancy
viii. Environment friendly
ix.  Adherence to functional, Operational and performarreguirements
X.  Open architecture for integration with other systems

xi.  Ease of expansion and integration with other systems

As proposed metro line is extension of existing RNy@&ase Iline, the most suitable technicadnd
commercialoption would beto adopt $inalling and Train Control system of existpigse lline onlyi.e.

fixed block distanceto target continuous automatic train control sysfemavoid accidental/intentional

fall of any commuter on the track, provision of screen doors (full or half as budget permit) at the stations

would have additional advantage.

On the other hand, Signalling & Train Control systems are currently undergommegj@ change from
traditional electremechanical engineering based system to computer based technology and further from
fixed block system to moving block system. The older systems are benefited from a long period evolution,
during which the design was miitkd to take in to account the lessons learnt during installation,
commissioning and maintenance phases. This luxury is not available for new systems and hence careful
attention to the requirements of maintenance and operations phases shall be givengdumitial design of
system, as maintenance phase has major impactin terms of total cost, operation impact and safety.

Ly (2 R écand dorhpatikive world, second thought may be given to latest signalling system if
signalling system supplier is aliteprovide the driver less Continuous Automatic Train Control System

(CATC) based on Communication Based Train Control System (Radio) fulfilling the following requirements:
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9.1.2

i.  Optimizing the overall life cycle cost
ii. Safety, Quality and Reliability requirenten

iii. Interface requirements with existing systems

System Details

The CATC System shall consist of three major Compondntematic Train Protection (ATP), Automatic
Train Operation (ATO) and Automatic Train Supervision (ATS)

Automatic Train Protection (ATP):

Automatic Train Protection sub system shall achieve the following objectives in-safi@imanner:
a) Continuous monitoring of braking curve;

b) Monitoring of maximum permitted speed and speed restrictions in force;

c) Detectionof overspeed and application of brakes, if necessary;

d) Maintaining safety distance between trains;

€) Monitoring of stopping point, direction of travel and rollback; and

f)  Authorize opening of train doors on correct side;

The ATP system shall receive vitalornfiation from Computer Based Interlocking (CBI)-sybtem,
which shall be used for controlling vehicle movements into or out of stations automatically from a

workstation. ATP subsystems shall be offsslafety level as per CENELEC standards.

Automatic Fain Supervision (ATS):

Automatic Train Supervision system shall direct Train Operations to provide Scheduled service under
normal conditions and the Bestservice possible under adverse conditions. The ATS shall provide non
vital functions to superviseontrol and optimise the train movements. It shall initiate route requests
atinterlocking, butthe ATP and interlocking logic shall provide for the safe movement of trains through
the interlocking. It exchanges requisite messages with externakgsitemssuch as CBI, ATC, Master

Clock, PIDS / PAS, Train Radio, anbSIRDA etc.

ATS shall provide following main functions:

a) Monitoring & Control of Signalling equipment (Interlocking, ATP & ATSytbms).
b) Train Detection, Train Folloup and Trairdentification Management.

¢) Continuous monitoring the operation of each Train

d) Automatic Route Setting (ARS)

e) Automatic Train Regulation (ATR)

f) Passenger Information Management

g) Generation of Alarms & Events and Storing of System Operating Data.

h) Training faciities for Operators

Automatic Train Operation (ATO):
Functions under Automatic Train Operation (ATO) System shall include Automatic Control of Train

running from Station to Station, while remaining within the Safety Envelope calculated by the ATP. The
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Train Speed, Acceleration / Deceleration and Braking shall be automatically controlled, without the
5NA OSNR&E AYyGSNYSYydA2y s LINSGSYdAy3 dzyySOoSaal NE
automatic opening of train doors on correct side.

iv.  InterlockingSystem
The Interlocking System shall be Computer based. The Computer Based Interlocking system shall be to
provide a very high level of availability and safety for route interlocking and controlling and monitoring
the inputs/outputs of all equipmentinstééd along the wayside in fadafe manner. The Main function
of Interlocking System shall be to provide the Control and Indication functions and also supportall the
feasible train movements in the Yard. The CBI shall be based orEEitt§ystem and shigrovide bt

directional working. The System shall interface with CATC Systems.

v.  Track Circuit:
To detect train in a particular portion of track, a circuitis designed in such a way that rails in that
portion of track are the part of track circuit. Jointske Coded Audio Frequency Track Circuits (AFTC)
shall be used for Train detection purposes. The information of occupied/vacant track circuit is
transmitted to the interlocking system. Other important function of AFTC is continuous Track to train

communicaton for ATP, when Track circuitis occupied.

Vi. Electric Point Machine:
Point Machine shall perform following functions:
a) Throwing of points
b) Retaining of point blades in the end position
c) Electric detection of point blades end position
Point Machines shall be of Electrical type, operating on either 38®kese AC or 110 VDC. Main line
Point Machines shall be used in conjunction with external mechanical locking. Point Machines
provided on Main Running lines shall be Nbrailable and lose provided in the Depot shall be

preferably of Trailable type.

vii. Depot:
A fully interlocked System, independent of main line System, shall be provided for proposed new
depot. All movements of equipped trains within the Depot shall be in RM mode. Movsnteytond
the entrance shall be controlled by Line side Shunt Signals and Stop Signals through control panel
(CCIP/VDU) in DCC. Preferably Trailable point machine shall be used in Depot area.
Transfer Tracks of suitable lengths shall be provided in betitte=Bepot and Main line, for switching
in to and out of RM Mode from Normal Operation Modes, while entering or leaving the Depot.
Test Track shall be provided to dynamically test the THaime ATC System under controlled

environment.

viii. System Architeture:
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9.2

9.2.1

The Train Control & Signalling System shall be based ors&f& IComputers and Safetyitical

Software. The System shall be configured with Fibre Optic Transmission System (FOTS) based WAN as
the backbone of transmission of both vital and reital information between CBIs and Trackside ATP
equipments. The Track side Systems shall be connected to the Central ATS (CATS) System at the
Operation Control Centre (OCC) again through the FOTS for performing the function of Supervision

and Regulation of &ffic on the line.

Safety Standards

All the sub systems, equipments to be used for Signalling & Train Control system shall be of proven
design and in use in some passenger carrying Railway or metro system. The design of the signalling
system & TrairControl (CATC) and its Operation and Maintenance shall, in general, comply with the
recommendations of NFRAo n W{ (i} Yy Rl NR ¥ PratkiGhdPasRenfedBHaiRystdme

The Signalling & Train Control system and their constituent parts shall cevithlthe relevant|latest
version of British Standards, European Standards (EN), Indian Railway Standards, International
Electromechanical Commission (IEC) standards, International Organization for Specification (ISO)

Standards and other international stdards that are widely accepted.

In case of adopting Communication Based Train Control system IEEE 1474.1 and for wireless local area
networks IEEE 802.11.2007 shall be followed. Safety shall be the primary consideration in the Design
and Performance requeaments for the System. To meet these requirements: All Safetical
equipments shall be designed to Conform to Fedfe Principles in respect of Reliability, Availability,
Maintainability and Safety (RAMS), Manufactured and Validated to meet the Safetyrity Leveld

(SIE4), in compliance with CENELAC Standards EN50126, EN50128 & EN 50129.

COMMUNICATION

Introduction

The

Communication System shall provide the necessary subsystems to support the total operational

requirements of Metro System. Thel€éeommunication system will be the backbone for Signalling & Train

Control, SCADA and Fare collection systems. The communication system shall provide safe, efficient and

reliable operation.

The

i.
ii.
iii..
iv.
V.
vi.
Vii.

viii..

system shall include:
Train traffic control;
features to supplement the signalling system;
maintenance and Emergency control;
Passenger Information System;
exchange of managerial information;
clock system;
Station Management System;

Trainborne communication system;
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9.2.2

ix. data communication for sigrlling, SCADA, AFC etc; and
X.  uninterrupted power supply to maintain all essential SCADA functions at Stations and control
center.
The Communication systems of South extension shall be integrated with the communication system of

existing system.

System Dedils

All networks require a human machine interface to centrally monitor, configure and control the network
and the services on it. Telecoms systems requiring consideration are the Supervisory Control And Data
Acquisition (SCADA), Station Security, Pasmdnformation Systems (PIS), Fire Detection, CCTV recording
and monitoring, Telephone exchange. Signalling and power supply equipments can also be centralised

alongside the telecoms equipments in Operation Control Centre.

Transmission Backbone

The Data Transmission System serves as the communications backbone between the OCC, stations
and the Depot. Voiceand data communications circuits or bandwidth are provided for all
communications systems which require remote communicatid@eta circuits ad bandwidth shall

also be provided to other interfacing systems including Signalling System, Fare Collection System and

SCADA System.

A transmission backbone is required to provide high bandwidth connections over large distances. If
designed with adequateesilience, diversity and uninterruptible power supplies the network will have
a high degree of reliability, availability and will be suitable for the transmission of data for safetycritical

applications.

Suitable transmission media can be either fibpéio cable, microwave radio or a mixture of the two.
Optical and/or radio signals are transmitted from node to node along the network. Nodes are located
where services are required to access the network;in this caseitis mostlikely station, contresce
and depots Beyond the access nodes, a copper cable network is required to connect the control and

communications equipment to the transmission network.

Train Radio

The Radio System provides wireless voice communications channels for the followiieg pa

a) Traffic Controller (TC) in OCC and the train operators (TO) for train regulation purpose in the
running lines;

b) Control Superintendent (CS) in OCC and passengers on the traingggrannouncement);

c) Engineering Controller (EC) and railway staff gisag hand portable radio sets at the trackside;

d) Depot Controller (DC) and the TOs when the trains are within the depot area;

e) Between Operating and Maintenance (O&M) staff issued with hpodable radio sets at
stations, trackside and depot areas;

f)  SecurityCoordinator in OCC and each Station Security Office, depot, stations and guideway;
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The RF infrastructure in the underground section of the railway shall also carry and transmitthe radio
signals for the Police, Emergency Services and the commercial npbloihes.

Train radios are primarily required to provide a secure and dedicated voice channel between the train
driver and the signaller at the control centre. This is a safety critical application which also acts as an
emergency alert. Certain systems calso provide capacity to allow users on a station or trackside
maintainers to use the network eordinate activities via radio handsets without compromising the

primary safety critical applications.

Due to the nature of this system the network shoulddesigned around the requirements of the radio
users. To provide adequate coverage, base stations for the system shall be located at sites convenienty

selected after detailed survey.

These are a collection of systems which are more efficient when netwddgather. They also allow
collected statistics to be used to plan future operations. Systems include PIS, Public Address / Voice

Alarm (PA/VA), Ticketing / Automatic Revenue Collection and Passenger Help Points (PHPS).

Public Address System

The Public Adass (PA) System is to allow the operators to make announcement to the passengers
while they are in the station areas. These announcements fall into different categories. They can be
normal operating messages related to the train arrival and departuresminder messages to make

the passengers aware of proper and safe procedures. When there are incidents which affect the
operation of the railway, the PA System will be useful to make the passengers know about how the
service is affected. Under hazardousndi@tions such as a fire in the station, the PA System is an

important means to assistin station evacuation and crowd control.

The announcements shall also be sent for broadcast on the trains via the Radio System. The
announcements can also be made to thee-defined zones at the station by the station staff using

portable radio or PABX telephone unit.

Clock System

The Clock System shall provide synchronized time information for the whole Metro railway network.
The system shall ensure identictiplayof time at all locations. The synchronized time information
shall be either displayed on slave clock units or provided to other interfacing systems via the Data

Transmission System.

Telephone System

The Telephone System shall provide the railway staff withptebne voice communications between
locations equipped with telephone sets in the metro system. Locations to be equipped with telephone
sets shall include control rooms, offices, and major plant rooms in the OCC, Depot and stations. In
addition to staff tdephone communications, Helpoint service shall also be provide for passengers
within the stations including elevators to seek assistance when in need. Small exchanges shall be

provided at stations. The exchanges shall be interconnected at channel leogltical fibre network.
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vi.

Vii.

viii.

Telephone system shall have following features:

a. PABX service
b. DirectLine Telephone service
c. Help Phone service and other features like Central Voice Mail System, Digital Central Audio

Recorder and Network Management functions.

Passager Information System
The Passenger Information System (PIS) is to allow the operators to send visual messages to the
passengers while they are in the station areas.

These messages fall into three categories:

a. Normal operating messages related to traamrival and departure, or reminder messages to
passengers of proper and safe procedures;
b. Special operating messages about train service delay;

c. Emergency messages under hazardous conditions, such as fire in the station.

Commercial messages such as advertists can also be displayed on the display boards of the PIS
to generate additional revenues for the railway.

Normal and special operating messages can also be sentto thetrains via the Radio System as an option.

CCTV
Security and Surveillance CCTV idusestations, depots and other areas to monitor public areas. This
can provide a proactive deterrentto criminals, reassure the passengers and provides evidence in the

case of prosecutions.

CCTV images require to be monitored and stored to be of mostTis&y can be stored locally or
transmitted to a remote site to be stored centrally. If they are transmitted they can place a large
demand on the network and so the CCTV system and the transmission network should be designed
around each otherCCTV on boarttains should be assessed by the rolling stock repidre Closed
Circuit Television (CCTV) System provides video surveillance and recording function for railway

operators to monitor each statiomnd depot conditions.
Operators who will have CCTV monitagifunction include:

a. Station Controller (SC) in the Station Control Room (SCR);
b. Station security services, in the CISF office at the Concourse;
Platform Supervisor (PS) in the Platform Supervisor Booth (PSB);
Control Superintendent (CS) in OCC;

e. TrafficController (TC) in OCC;

f.  Depot Controller (DC) in Depot;

o o

g. Security Coordinator in OCC and each Station Security Office with coverage of the security

inspection area and station entrance approaches;

Train Dispatch
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9.3

9.3.1

Before a train can close its doors and depfrom a station, someone needs to assess the train /

platform interface and judge whether the doorways are free of obstructions, that the doors close
properly and nothing is wedged between the train and the platform. This requires compatibility
between therolling stock and the station infrastructure, adequate lighting and a robust operational

procedure.

The technical options for train dispatch involve the provision of live CCTV images of the doors along
the train to the driver. This allows the driver to kmthe judgement, leading to the system being
known as Driver Only Operation (DOO) CCTV. Images from these systems are not normally recorded

or transmitted over the network.

Trainborne Communications System

The Trainborne Communications System providedilble messages on the trains as follows:

a) Oneway announcement from the Train Operator (TO) to the passengers using the trainborne
Public Address (PA) System;

b) Twoway conversation between the TO and passengers using the Passenger Intercommunications
Unit (PIC);

c¢) Twoway conversation between the TO and Traffiontroller TrairService Regulator in OCC using
the trainborne mobile radio unit;

d) Twoway conversation between the TO and Depot Controller in the Depot using the trainborne
mobile radio unit;

e) Oneway announcement from the Control Superintendent (CS)in OCC to the passengers using the
trainborne PA System, together with the Central PA System and the Radi&ystem;

f) Twoway conversation between the front and the rear cabs.

g) The Trainborne Communications 8m may also provide visual messages on the trains to

passengers for important information as well as advertisements.

AUTOMATIC FARE COLLECTION SYSTEM

Introduction

An Automatic Fare Collection System (AFCS) is a method of providing automated nezeragement. A
proof of payment fare collection system is the selected method to establish revenue control over metro
operating environment. An AFCS facilitates the purchase ofppid tickets that can be used to permit
access to /from various transport rdes through the use of electronic systems and thus eliminating all
human error and confrontation. An AFCS also provides valuable information for the management of the

transport system.

For an AFCS to be successful it needs to provide the following toathel ting public:

i. Easy to understand and use machines, gates and technology

ii.  Transactions completed quickly and reliably
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iii. Appropriate choice of ticket types and payment methods

iv.  Allows easy transfers between transport modes and different transport providers

v.  Access to purchasing tickets and topping up value storage cards fromremote locations (Internet,

mobile phone, shops, etc)

vi.  Efficient and adaptable to changing needs

vii.  An AFCS also helps to enforce the safety and security policy of the transport system.
In order to cater for current and future fare structures the AFCS should be suitable for the commonly used
stage based fare structure but also for other possible options such as flat rate and time based (including
peak and off peak time segments). This lind Wwdndle large number of passengers. Ticket issue and fare
collection play a vital role in the efficient and proper operation of the system. Ticketing system should be
simple, easy to use and maintain, easy on accounting facilities, capable of issuilegrsiritiple journey

tickets, amenable for quick fare changes and should require overall lesser manpower.

Since the line is extension of existing Rapid MetroRail Gurgaon and is also having an interchange station
with DMRC, the ticketing system shall bdyuinteroperable with existing line as well as Delhi Metro. The
AFC system must permit interoperation and interface with the Delhi Metro AFC system and the Central
Clearing House System (CCHS). There will be passenger interchange between Delhi metrpidnd Ra
MetroRail Gurgaon line at Sikanderpur station. The interchange shall be through paid area, without any

need for passengers to pass throughiry/exit gates.

A common CCHS shall be used for integrating data of AFC systems with Delhi metro and athEr®pe
registered for interoperable smart card.
The proposed AFC system shall comprise of following key components:
i. Central System
ii. Station Computers
iii. Ticket office Machines
iv.  Passenger operated ticket vending machines
v.  Ticketreaders
vi. Retractable Flap type AR&ates
Vii. Emergency swing gates
viii. Fixed barriers
ix.  Complete central and station level network equipments like cables, switches, routers, distribution
panels etc.

X. Requisites for interfacing AFC system with Delhi metro CCHS
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9.3.2 System Details

Vi.

Control Gates

Computer controlled Control Gates are proposed for entry & exit, either retractable flap type similar
to Delhi Metro or turnstile Gates. Both these types offer high throughput, require less maintenance
and are used in modern mass transitsystems internadidy. Each gate shall cater for 28 passengers

per minute.
There will be following types of gates:

a) Entry Gateg control the entry of passengers into paid area by validatingi#ie media.
b) Exit Gateg control the exit from paid are by validating the faredia.
c) Reversible Gate can be set to entry or exit

d) Staff and Emergency Ga¢aVide reversible gate for disabled people.

Ticket Machines

Two types of ticketing machines shall be made available at stations:
a. Ticket office Machine (TOM)to be operated by &ff at customer care at all stations;

b. Ticket Vending Machine (TVIMdprovides an interface between ticketing system and passenger

for various activities such as:

9 To add value to stored value tickets at any time in the life of ticket;
91 Allow passenger toheck the value of stored value ticket at any time in the life of ticket;

1 Facility to abort the transactions initiated by the passengers.

Fare Media
Contactless smart token will be used for single journey. They will have stored value amount for a
particular journey. Tokens are captured at the exit gate. Contactless smart card will be used for

multiple journeys.

Ticket Reader
Ticket reader will be installed near Customer Care Centre for passengers to check information stored

in the token/ cards.

AFC Network
All AFC equipments will be networked providing connectivity to the central computer situated in the
operational control centre. The centralized control of the system will provide real time data of

earnings, passenger flow analysis, trains and blacklisfsgecified cards etc.

General
The contactless ticket media (smart cards and single journey ticket) shall be to ISO/IEC 14443 standard.
UPS backup shall be provided for all AFC systems. The AFC systetmaskddllowing type of

equipment for its functiming
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Table9-1: AFC system equipments

| ITEM

Fare collection media

DESCRIPTION
a)Contact less smarttokenFor single
journey. They shall have stored value amoun
for a particular journey. Tokens acaptured at
the exit gate.
b) Contact less smart cagFor multiple
journeys.

Ticket Gates

Computer controlled retractable flap type
automatic gates at entry and exit. There will k
followingtypes ofgates

Entry

Exit

Reversiblg can be set to entry oexit
Wide reversiblegate for disabled people.

Station computer, Central
computer and AFC Net wor|

All thefare collection equipmentshall be
connected to docal area networkvith a
station server controlling the activities of all tk
machines. These station servers will belinke
to the central computer situated inthe
operational control centethrough the optic
fibre communication channels. The centralize
control of the sytem shall provide real time
data of earnings, passenger flow analysis,
blacklisting of specified cards etc.

Ticket office machine
(TOM/EFO)

MannedTicket office machinehall be installed
in the stations for selling cards/ tokens to the
passengers.

Ticket Reader and Portablg
Ticket Decoder.

Ticket readesshall be installed near EFO for
passengers to check information stored in the
token / cards.

UPS (uninterrupted power
at stations as well as for
0OCQ).

Common UPS of S&T system will be utilized,

Maintenance Philosophy

Being fully Contact less systems, the manpoy
requirement for maintenance is much less
compared to system with magnetic tickets.
However, adequate maintenance facilities wi
be provided on the lines done for S&T systen|

o s1alcrow

A CH2M HILL COMPANY

Chapter 8: Signalling and Telecommunication



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon

Chapter 9: Train Operation Plan

10

10.1

10.2

TRAIN OPERATION PLAN

INTRODUCTION

The South Extension of the Rapid MeRail willconnectto the existing Metro loop at Sikandarpur station

and will terminate at the sector 556 station. Atrain operation plan can be made as a standalone plan for
the south extension and when the north extension is also finalized, then a combined apeméan for the
complete metro can be made. However, since the basic features of the existing metro and the south
extension areidentical, itis possible as well as desirable from operational and signaling infrastructurepoint
of view to move the same tia over the loop as well as the extension, and therefore an integrated train
operation plan can be prepared covering the south extension as well as the exptisg | RMGL Metro

This can be revised once the north extension is also completed. The fparatoon is therefore required

to be carried out on the following corridor:

Sector 5556 - AIT Chowk
AIT Chowk Sector 5354
Sector 5354 - Sushant Lok |

iv.  SushantLok Sikenderpur
V. Sikanderpur- DLF Phasell
vi.  DLF PhaseH Belvedore Towers
vii. Belvedore Towers- Gateway Towers
viii. Gateway Towers Mall of India
ix.  Mall of India- DLF Phaselll
X.  DLF PhaselHDLF Phasell
xi.  DLF PhaseH Sikanderpur
xii.  Sikanderpur- Sushant Lok
xiii.  SushantLok Sector53-54
xiv.  Sector 5354 - AIT Chowk
xv.  AIT Chowk- Sector 5556

A schematidrack layout showing the phase | and phase Il metro is shown in annexure 3
OPERATION PHILOSOPHY

The underlying operation philosophy for the IRL metro rail is to provide a convenient link from the MRTS
being run by DMRC to the Plproperties especially the Mall of India, Cybercity and Golf Course Road
extension, thus providing a fast and convenient transportation between Delhi and DLF Gurgaon and also
adding value to the property development being carried out by DLF. The Sikamdsgtion of RMGL

metro is connected with the Sikanderpur station of Delhi Metro Rail Corporation line 2 through a bridge

for interchange of passengers from one metro to the other. This bridge is planned as a direct connection
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10.3

between the paid areas of hDMRC and RMGL metro stations, which can be accessed through walkways,

lifts and escalators.

In any mass transit systems there is heavy passenger traffic during peak hours, generally in the morning
and the evening and the ridership during-giéak peria is comparatively less. The basic philosophy of
mass transit system is to maximize the passenger carrying capacity of trains by operating trains at very
close headway during peak hours, and to restrict the number of seats in the cars, thereby incrdesing t
number of standees, in order to meet the heavy peak hour rush of passengers. Most of the transit systems
in the world plan such systems on the basis of 6 standees per sq. meters of the floor area available after
providing specified number of seats. Thain characteristics of a train operation plan for a MRTS system

like the RMGL Metro are:

i.  Selecting the optimum frequency of train services to meet sectional capacity requirement during
peak hours on most of the sections

i. A minimum train service frequenauring off peak period

iii. Preference of shorter trains with higher frequency of train operations over longer trains atreduced
frequency to meet the same transportcapacity

iv.  Technological measures to reduce turn back time at terminating stations so as tceréukic
number of trains for the same frequency

V. Operation of train services for about 19 hours of the day (5 am to mid night) with a station dwell
time of 3040 seconds

vi.  Adequate rating of the propulsion equipment to ensure commercial speed between 30 tm3h k

TRAFFIC DEMAND

A traffic and revenue forecast study has been carried out in December 2012 which estimates the peak hour
ridership in the proposed south extension of the metro (Sectoisb50 Sikanderpur) for different years.
This is indicated in th€able10-1 and Table10-2 below:

Tablel0-1: Peak Hour Phase wise Sectional LoaNerth Bound

2025 2030 2035

Sector 5856 | AIT Chowk | 4560 | 5600 | 7,200 | 7,840 | 8660 | 9560

AIT Chowk | Sector 5354 | 5550 | goso | 9,800 | 10,820 | 11,950 | 13,190

Sector 5354 | SushantLok| g 70 | 10040 | 13,070 | 14,430 | 15940 | 17,590

SushantLok| DLF Phasell 10650 | 12720 | 14820 | 16,370 | 18,080 | 19,950

DLF Phase | Sikenderpur | ¢ ga | 12270 | 14,820 | 16,370 | 18,080 | 19,950

Tablel0-2: Peak Hour Phase wise Sectional LoaSisuth Bound

101 zaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon Chapter 9: Train Operation Plan

2015 2020 2035 2040

Sikenderpur | DLF Phasel | 4,210 | 4,720 | 5,300 | 5,850 | 6,460 | 7,130

DLF Phasel | SushantlLok | 4,190 | 4,500 | 4,800 | 5,290 | 5,840 | 6,450

Sushantok | | Sector 5354 4,370 | 4,730 | 5,100 | 5,620 | 6,210 | 6,860

Sector 5354 AIT Chowk 4,790 | 5,310 | 5,890 | 6,490 | 7,170 | 7,920

AIT Chowk Sector 5556 | 4,380 | 4,940 | 5,600 | 6,170 | 6,810 | 7,520

The tables show that the peak direction of travel is in the northbound direction and that the sectional

PHPDT is over 10,000 in the opening year and raseand20,000 in 2040.

Itis therefore proposed to plan the train operation headway on the basBHPDT of 1680 in the year

2015 and19,950 in the year 2040. The trains will run to this headway during the peak hours and the
headway can be increased during the Apeak hours. The peak hours are normally taken as 07.00 hrs to
11.30 hrs inthe morningrad 16.00 hrs to 20.30 hrs in the evening. Similarly during weekends the headway
may be increased since lesser traffic is expected due to office goers not being there. The train operation

planning and number of train sets required will based on the peak lraific.

10.4 TRAIN COMPOSITION

The coach type and train composition on the south extension will necessarily haveto be the same as in the
existing RMGL line because the same train is going to be moving over the south extension and the existing
phase lline.lt will notbe technically possible to have differenttrain compositions or coach types for the
existing line and the south extension unless the two sections are operated as independent corridors. This

independent operation, as we have discussed in thgibeing is not desirable or feasible.

10.4.1 Train Formation

A basic unit of 3 car train comprising of DNIGDMC configuration is being used in the existing RMGL

phase lline because of following considerations:

i. Availability of standard design with this configuion and proven performance
ii.  With 2 motor cars, higher acceleration and deceleration levels are achievable with lower
adhesion requirement, to achieve higher commercial speed. The incidences of slipping/sliding in
adverse weather are also considerably redd.
iii.. Improved reliability due to 2 motor cars in a 3 car composition and ability to clear the section in
degraded condition
Itis proposed to use the same type of rolling stock in thage Il extension due to reasons discussed in

detail in the chapter omolling stock.

10.4.2 Coach Capacity
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The capacity of the coaches being used in the existing Ri¥i&te I metro has been calculated as under
for AW4 |loading:

i. Motor coach: 312
ii.. Trailer coach: 354

iii. 3 coach train: 978

We proposeto use the figure of 978 passengers per train in planning the train operations since any loading

more than this would result in considerable discomfort to the travelling public.

The maximum sectional load in the year 2015 is680,per hour betveen Sushant Lok | and DLF Phase |
and 19,950 in the year 2040. Taking the train capacity as 978, the headway for trains comes to about 325

seconds in the year 2015 and 175 seconds in the year 2040.

10.5 TRAIN OPERATION PLAN

10.5.1 Headway

Based on the above considerations, train operation headway for the year 2015, 2020, 2030 and 2040 is

furnished in the followingablel0-3. The headwaykave been calculated for rounded off figures of traffic.

Tablel0-3: Train Operation Plan

Headway during peak
hours(sec)

325 275 235 210 195 175

PHPDT Demand 10,680 | 12,720 | 14,820| 16,370 | 18,080| 19,950
PHPDT Planned 10,800 | 12,800 | 15,000| 16,700 | 18,000| 20,100

Therefore, 3 car formation will be able to cater to the traffic demand for the year 2040 with a headway of
175 seconds. In case the traffic exceeds the projectionfribguency of trains can be increased. Train
operation with headway of 120 seconds is quite common on many metro systems provided with modern
signaling and the IRL metro signal systemis designed for 120 seconds headway. The system can easily cater
to a traffic demand upto 29,000 by adding more trains upto a headway of 120 seconds, in case the traffic
unexpectedly grows. The signaling system can easily accommodate a headway of 120 seconds and the
traction power supply system can also be designed to takesalivay of 120 seconds. Itmay also be noted

that running trains according to odd figures of headway may cause confusion among the passengers as
well as the train controllers so itis suggested that the trains be run in headways that are multiples of 15

secads.

10.5.2 Service Hours
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The RMGL operations have to be aligned to the DMRC services at Sikanderpur station since a large part of
the traffic on RMGL will be from passengers arriving/departing at Sikanderpur from DMRC. Therefore the
train operating hours have to match the DMRC igting hours. Considering the present DMRC operations

and also the independent traffic study done by RMGL, It is proposed that the first train at Sikanderpur
reaches at about 05.30 hrs and the last train at about 00.10 hrs. The train revenue operatirg draur

therefore proposed normally for 19 hours a day from 05.30 hrs to 00.30 hrs whthaurs for maintenance.

10.5.3 Train Stabling

10.6

Initially itis planned thatall the trains will be stabled in the main depot duringsemvice hours. The first
train in themorning is planned to reach Sikanderpur at 05.30 hrs and the headway in the early hours is
expected to be 8.0 minutes. Therefore all the trains can be inducted into the system starting from the
depot, to meet the peak hour headway without any major opéoatl issue. Later if itis found that it is

not feasible to induct all trains from the main depot, then stabling of trains at Sikanderpur station, Sector

55-56 station and in the olgphase Idepot can also be considered.

TRAIN REQUIREMENTS

The requirement of trains for the metro will depend on the headway as well as the total running time from
Sector 5556 station over the south extension and existptgase kand back to Sector 556 station. While

the headway has been calculated based amplassenger traffic, calculation of the running time will require

a train operation simulation to be done. Some preliminary running time assessment has been done but this
will need to be further refined taking into account the exact station to station atise, vertical and
horizontal curves etc. after the alignment has been froz&esuming a3 coach train formation and
headway as calculated above, the train requirements have been worked out based on the following

assumptions:

i.  The maximum speed of the tnas will be 80 kmph and average speed 32.5 kmph
ii. Dwell time at intermediate and terminal station: 30 seconds
iii. Turn round time at terminal station (Sector &6): 120 seconds with rear end turn back and 45
seconds with front end turn back
iv.  Slack time of 5% isrpvided for make up
V. Maximum acceleration and deceleration will 895 m/sec? and th/sec?
vi.  Estimated running time for round trip from Sector-56 ¢ Gateway Tower, Sector 5556 with 5%
slack: 1530 seconds
vii. The round trip time will consist of running tindé30 seconds plus station dwell time 600 seconds

plus turnaround time at terminal 120 seconds, giving a total of 2250 seconds

Based on the above assumptions, the number of trains required in the different years has been estimated

as below.

Tablel0-4: Train requirement
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2015 | 2020 | 2025 | 2030 | 2035 2040

Headway during peak

325 275 235 210 195 175
hours(sec)
PHPDT Demand 10,680 | 12,720 [ 14,820 | 16,370 | 18,080 19,950
PHPDT Planned 10,800 12,800 15,000 16,700| 18,000 | 20,100
Cars per train 3 3 3 3 3 3
Number of trains exact| 6.92 8.18 9.57 10.71 | 11.54 12.86
Number of trains roundeq
off 7 9 10 11 12 13

The abovetrain requirement does not take into account any maintenance or operating spare rakes. In case
a 10% O&/ spare is built into the coach requirements, the fleet requirement would be as under:

Tablel0-5: Train requirement with maintenance spare

| 2015 | 2020 2025 | 2030 | 2035 | 2040

Number of trains exact 6.92 | 818 | 957 | 10.71| 11.53| 12.86

Spare train sets 0.69 [ 0.82 | 0.96 1.07 1.15 1.29

Total trains 7.61 9 1053 | 11.78 | 12.68| 14.15
Number of trains rounded off 8 9 11 12 13 15
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11

111

1111

11.1.2

11.1.3

TRAIN MAINTENANCE DEPOT

TYPES OF DEPOTS

The options for the depot have been categorised into 2 types and 3 sdylésa combination between the
two gives the full range of depot arrangement currently used around the world.
i. ¢KS {(GeLiSa I NBT Uwithzni AGYUZAGIKFEA VAAIEY Q YR W
i. ¢KS adetsSa FNXT W[2y3 FyR GKAYQY WaK2NI FyR 6A
iii.. The exactdimensianof the depot will be determined by fleet size and the facilities to be provided

at the depot.

The above categorgeapply equally to train maintenance depots as they do to infrastructure depots or a

combination of the two on the same site.

Description

¢KS Yz2ald O02YY2y GeLlS 2F RSLRG A& (GKS Whdzi Ay (GKS 2
work are constructed usually at ground level on an open piece of land and then surrounded by a boundary

fence. This type of depot is used widely ih parts of the world.

5S1L12da W2AUKAY | o0dzZAf RAY3IQ FNX fSaa LJ2Ldz I N odzi OF
Lumpur Malaysia, Tai Wai and Ho Tung Lau Hong Kong, Palm Jemeraih Dubai are a few examples. For this
type, the depot could b on the ground floor with an ovesite development above or underground with a
development above, or at any level above the ground floor with development both below and above the
depot. A good example of this is the monorail depot at Palm Jumeirah Duhberievthe depot is on the

fourth floor of the Gateway building.

The three styles listed describe the general layout arrangements that are generally used in generic terms.

Long andThin

Yi2y3 YR UGKAYQ A& 6KSNB (K SitheroRitieifbeoach té Gr énGhe éxii SR &
away from the depot building itself. This arrangement would have a fan into the sidings, a fan out of the
sidings and then a fan into the depot. If the depot building follows the sidings then in could be a sishgle en

fed depot. If the sidings follow the depot building then the depotbuilding could either be single or double

end and the siding would normally be single end fed. The combinations of track arrangements are

numerous but the main aim would be to take aglétiand as possible to the side of the railway.

Short andWide
W{K2NI | yR 6ARSQ Aa 6KSNB GKS RSLIRG A& FSR dzaAy3a |

fan out to feed both the depot building and the sidings which are constructed sidéday Both the depot
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building and the sidings could be either single end or double end fed. One of the big considerations with
this arrangement is the requirement for shunting moves to get trains from the sidings into the depot

building or to servicing eqpment.

11.1.4 Short andTall

W{K2NI FyR GFffQ Aa 6KSNB (KS aARAy3da | NS O2yaiNU
depot building and the sidings could be either single end or double end fed. One of the big considerations

with this arrangerent is the requirement for shunting moves to get trains from the sidings into the depot
building or to servicing equipment. This optionis particularly beneficial whereland is ata premium oris

very limited. Sufficient space is required to construct tbeg ramp up to the upper level and special

precautions are needed to prevent runaway vehicles.

11.1.5 ComparativeCost

The actual cost of the depot will be dependant of the volume of track required, the range of facilities
provided and sizes of the buildings adructed.
Below is a relative comparison between each type and style. This comparison takes into account the

potential capital cost difference as a result of civil works, M&E works and layout arrangements.

SHORT & SHORT &
‘ TYPE- STYLE = LONG & THIN WIDE TALL
Out In the Open | Lowc¢ Medium Low Medium - High
Within a . Highg Very .
building Very High High High

From an ongoing operational cost point of view itis considered that the order from low to high would be
as follows:

i.  Within a buildingg Short andwWide
ii. Out in the Operg Long and Thin
iii. Within a buildingg Short and Tall
iv.  Outinthe Operg Short and Wide
V. Out in the Operg Short and Tall

vi.  Within a buildingg Long and Thin

11.2 DEPOT REQUIREMENTS

The Depots shall be designed and constructed such that all maintenance plant, tools and equipment
required for the stabling of Rolling Stock and the performance of all levels of maintenance activities are
provided. The works to be constructed shall incladestructures and civil works, architectural finishes,
landscaping, fixed E&M and Rolling Stock equipment and Depot plant, tools and equipment. The fixed E&M
equipment includes, butis not limited to the track work, signalling, traction and utility power

communications, building services and office equipment.
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11.2.1

11.2.2

General

The depot tracks shall be to the same gauge and profile as the mainline tracks. The rail type and grade of
steel for therails shall be compatible with the tracks of the mainline and prdklmost efficient whole

life costsolution. The length of each workshop, stabling and siding road shall be suitable and adequate for
the train vehicles thatwill be usingthe roads. Accountshall be taken of the clearances required to buffers,

track swithes, divided vehicles and items of infrastructure such as maintenance building doors.

The depotshall nothave a gradientin excess of 1 in 300. Itshall nothave a track horizontal curvature less
than 120mradii or a vertical curvature less than 100@uhii. Track switches shall have a nose anglenoless
than 1:6. The straighttracks in the yards and sidings shall nothave any cant. The curved tracks in the yards

and sidings may have a cant up to a maximum of 50mm.

The depot shall be provided with suffent electrical power to cope with the maximum demand of the
facility especially under emergency conditions. Systems and items of equipment are required to have a
means of emergency baalp from an alternative power source. The initial protection of systeand
equipment could be provided from the storage batteries of UPS units or static invertors. An appropriate
backup alternative power source could be a separate supply from a separate part of the supply network

or from a diesel generator alternator.

Depot Track Layout

Facilities in the Depot shall be ergonomically designed and arranged in a logical manner in order to optimize
the routine workflow and the capability for coping with abnormal situatiofise Depottrack layoutshall

be designed to achieve minimum of shunting movements. Alternative routes for movement shall be
provided to the largest reasonable extent, to relieve congestion and ensure availability @eihet.
Doubletrack access shall be provided to permit simultaneous movement of Tie&vsng and arriving at

the Depot. Theay out shall permit Coaches to pass through the Train washing planton arrival in the Depot

without conflicting movements.

All stabling, servicing and light maintenance facilities shall accommodate the maximum eesemvice

Train configurations permitted, without the need for separation of Coaches of Train consists.

Testtrack facilities shall be provided within the Depot premiBepot facilities shall allow access by road
vehicles and mechanical handliequipment, including Emergency service vehicles and equipment, and
delivery of Rail System Coaches. As far as possible, access shall avoid conflicts with Train mdbyaments.
Depot layout shall facilitate security and smooth flow for pedestrian and vearcatcess and perimeter

protection, with least interference to normal maintenance and operation activities.

11.2.3 AccessEgressRoutes Staff, Maintenance, Emergency Services

The depotlocations shall be provided with sufficient and appropriately sized accdssgeass routes for
operational staff, maintenance staff and emergency service staff, taking into consideration all their

possessions, tools, materials and equipment. The depot shall be provided with means to preventand deter

s zaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon Chapter 10: Train Maintenance Depot

11.2.4

11.2.5

11.2.6

11.3

11.3.1

11.3.2

people either entering or eing the site by any other means other than the recognized authorized

entrances and access routes

Yards & Hard Standings including Drainage

Depot yards and hard standing areas within the depot shall be constructed so as to enable any water to
drain away ad not stand on the surface. Itis desirable that yards, sidings and hard standing areas are

reasonably level.

Track Formation

The formation below the tracks in the depot shall provide long termtrack stability and be suitable for the
use and activities tbe undertaken on the individual tracks. Consideration shall be given to the life time

maintenance of the tracks and the formation below.

Train Arrest Systems

The end of all lines shall be fitted with train arrest systems (buffers) to protect people &nadiructure

from unauthorized and improper train movements. Where a line is to be used for the loading and off
loading of train/track vehicles then the train arrest system shall be removable so that it can be removed
for the duration of the loading and/ounloading activity and then immediately restored back to provide

the protection required.

DEPOT ACCOMMODATION

The following accommodation will be provided in the depot

OperationsRooms

The Depot shall have its train movements controlled from a deperations room. The depot operations
room will monitor the depotfire alarm panel, CCTV camera monitors, depot operational communications
and traction power supply systems. Responding to situations and requests as and when required will be

done by the Opeations room staff.

The main operational control centre for the main lines shall be housed with the depot. The main
operational control centre will have control of the mainline signaling, traction power systems via SCADA
system, tunnel and station ventilain systems, and communications with train drivers via secuesiin

radio systems, passenger information, station security, fire and emergency situations. There will be a

separate depot operations control centre for movement of trains within the depot.

Offices, Workshops & Maintenance Areas, and Welfare Facilities

The depot shall be provided with adequate and sufficient offices for managers, technical support,
administration, training and operational staff. The depot shall be provided with adequate afidisnf

workshops which are adequately equipped for the tasks to be undertaken in them. Where ventilation is

o saalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon Chapter 10: Train Maintenance Depot

11.3.3

114

11.4.1

11.4.2

required to control dust and fumes then it shall be provided. A clean room shall be provided for the
maintenance of electronic components. The m&iain maintenance area shall be adequate and sufficient

to maintain the train fleet and on track machines as per manufacture recommendations. The train
maintenance area shall be equipment with all necessary plant and equipment to maintain all the
equipmerton the trains and on track vehicles and undertake all tasks except major collision and wholesale
overhaul or refit out. The depot shall be equipped with an underfloor wheel lathe and a train washing plant.
These items will be in a separate building oraimifferent part of the depot away from the main train

maintenance building.

Adequate and sufficientfacilities shall be provided for the storage of all components and materials, tools
and equipment necessary for the maintenance of the trains and othefrack vehicles. Adequate and
sufficient storage facilities shall be provided for the materials required to effectively maintain the railway
infrastructure. Appropriate storage facilities shall be provided for hazardous materials. The depot shall be
provided with adequate staff welfare facilities including such as toilets, wash rooms, showers, locker

rooms, canteen and first aid room.

Equipment rooms & technical requirements

The depot shall be provided with the following equipment rooms;
i.  Signallingequipment rooms
ii. Telecommunications rooms
iii. Traction power section switching rooms
iv. ~ UPS rooms

V. Standby Generator room

vi. Ventilation and smoke extraction rooms
vii. Fire pump room
viii. Domestic power rooms

M & E BUILDING SERVICES

The depot area will be adequately Htring all hours of operations
Lighting &Emergency Lighting

Emergency lighting within the depot and on external walking routes shall be provided in the event of a loss
of power to the main lighting. The emergency lighting shall maintain the lightingseave thatwhichis
safe for the movement of persons in and around the depot. Emergency evacuation routes shall be provided

with adequate lighting to enable persons to evacuate safely.

Water / Drainage

The depot buildings shall be provided with an adatpwater supply to the hydrant system for the purpose

of fire fighting. The depot shall also be provided with an adequate water supply for the domestic water
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11.4.3

115

11.5.1

11.5.2

11.5.3

11.6

needs (toilets, wash rooms, cleaning, staff mess facilities, train servicing, train washihgnetcany
requirement of the mechanical or electrical plant.
A wastewater treatment and recycling plant shall be provided for storm water and water from Train

washing and cleaning, and shall be located within the Depot.

ElectricalPower

The depot, yard ad sidings shall be provided with sufficient electrical power to cope with the maximum
demand of the facility especially under emergency conditions. All systems and items of equipment are
required to have a means of emergency bagkfrom an alternative paer source. The initial protection

of systems and equipment could be provided from the storage batteries of UPS units or static invertors. An
appropriate baclkup alternative power source could be a separate supply from a separate part of the

supply networkor from a diesel generator alternator.

DEPOT FACILITIESRAIN MAINTENANCE

Maintenance Sheds

The depot shall be provided with the necessary tools and equipment to undertake heavy maintenance of
the trains and on track vehicles, these facilities witllude; train lifting, overhead craneage, high leveltrain

roof access, wheel truing, bogie removal and door and window removal. The maintenance shed shall have
tracks and pits so arranged as to enable all the required activities to be undertaken irt affective

manner.

The depot shall also be provided with the necessary tools and equipment to undertake light maintenance
of the trains and on track vehicles, these facilities will include; power and air for hand tools, access
platforms to train floor andoof, component manipulators, task lighting, jigs and frames, mobile barrows
and hoists. The maintenance shed shall have tracks and pits so arranged as to enable all the required

activities to be undertaken in a cost effective manner.

Facilities forTrain Servicing

The depot shall be provided with the necessary tools and equipment to undertake the servicing and
cleaning of the trains and on track vehicles, these facilities will include, water points, power outlets, oil
collecting and dispensing equipmestreen wash dispending equipment and as required engine coolant

dispensing.
Fuel &Fuel Storagencluding Oils
The depot shall be provided with the appropriate means of storing and handling fuels and oils.

DEPOT FACILITIEBIFRASTRUCTURE MAINTENANCE

Adequate provision shall be given for the storage of the tools and equipmentrequired for the maintenance

of the railway infrastructure including track trolleys.

11 gaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidRagfid MetroRail Gurgaon Chapter 10: Train Maintenance Depot

11.7

Adequate space and appropriate storage systems shall be provided for the storage of infrarstruc
maintenance components including such as cable drums, track components, OHE components, track switch
machines and the like. Secure dry storage facilities shall be provided for components which are valuable

and/or unable to withstand the weather condns of external storage.

RAIL SYSTEMS INTEGRATION

11.7.1 SignalingIntegration

Appropriate means of integrating the depot signalling with the mainline signalling shall be provide for
smooth entry and exit of trains for maintenandé&cility shall be provided dhe transfer berth(s) for Trains

entering the revenue line from the Depot, to establish the correct mode of driving and Train run data.

Facility shall be provided for Trains leaving revenue service at the Depotentry transfer berth(s) to change
to Depot geration mode and to download Train identification and condition data. This shall notrequire
the vehicle to be stationary warning system shall alert staff working in depot areas (non interlocked and

workshops) of approaching vehicles.

11.7.2 Telecommunicatios

11.7.3

11.7.4

The depot control room, offices, workshops, and equipment rooms shall all be provided with appropriate
and sufficient means of transmitting and receiving data, making voice calls and processing and displaying
information using IT and other telecommuni¢a systems and equipment. The depot shall also be
provided with radio communication equipment which is compatible with and of use to the emergency

service radio system.

Electrification & SCADA

The depot shall be provided with all appropriate means of eifcation isolation and control with
integration between the depot and the mainline so that the systems can work as one in case of depot
traction power supply failure. Other integration issues include such as SCADA interface, earth bonding, a
means of cexmunication to the electrical controller in the main operations control centre, warning signs

in the depot and on sidings and on traction power equipment rooms.

Traction supplies (shall be arranged such thatthe Depot traction system shall be normadlyetedifrom

the Link Line connecting to the revenue system. However, the TSS should have arrangement to couple the
Depot to the Link Line during Depot supply outage conditions.

Earthing and bonding system provided shall comply with EN 5Q12x2d all otherrelevantinternational

standards.

EMC andStep Touch Potentials
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The Depot and all its systems and equipment shall be compliant with all directives regarding
electromagneticcompatibility. As far as reasonably practicable systems and equipment shaihbe
immune from electromagneticinterferences and any emissions from systems and equipment shall be

minimized and controlled.

11.8 SAFETY & SECURITY

11.8.1 Access control

The depot site and the depot building shall have a means of providing controlled and monétoceds.
11.8.2 walking Routes& Track Crossings

Walking routes in and around the depot, yard and sidings shall be clearly identified and have appropriate
warning and safety signs. Track crossing for vehicles or pedestrians shall be subjected to a risk assessment
to determine the most appropriate control measure which could range from warning signs to indicator

lights to full protection barriers.

11.8.3 Segregation of Vehicles, Trains, People, Machines, etc.

Throughout the depot, yard and sidings it shall be the aim tepkeehicles, trains, people and moving
machines segregated from each other as far as is reasonably practicable. Barriers shall be used where and

as appropriate to provide such segregation.

11.8.4 SystemBackUp Arrangements

All critical systems shall be providetth protection and baclup arrangements. The transfer from main to

standby shall not give rise to danger or cause an unsafe action to occur.

11.8.5 Safety Clearances

The depot shall be provided with an adequate means of rapid evacuation in the event of an emerge
The depot, yard and siding shall be provided with all appropriate facilities for the operation and
maintenance of the depot, yard and siding in accordance with operational and maintenance plans. Itshall
be ensured that all clearances in and arounehis of equipment and structures are in compliance with
standards with regards to the safety of the public and also operators and maintainers. Since this depotis

elevated, emergency exits (stairs) to evacuate depot area shall be provided.

11.8.6 Fire and Life Saty

The depot shall be provided with all appropriate means to protect and preserve the life of the staff from
the dangers associate with fire and any other foreseeable emergency. To this end the depot, yard and
siding shall have a Fire / Emergency stratefych will identify all the potential hazards and identify the
control measures to mitigate them and well as establishing the plans of action to be taken in the event of

dangerous occurrences. The depot shall be equipped with fire fighting equipment asidtand help
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11.8.7

11.9

extinguishers, appropriately positioned fire hydrants and fire suppression systems as determined

necessary by the fire strategy.

Prevention,Detection, Alarm, Protection

All appropriate measures shall be taken to prevent the starting of fgbsuld such occur then the depot
shall be provided with an adequate means of detection (smoke, heat or infrared). The yard and sidings shall

have fire alarm call points so that a person can raise the alarm.

The detection of the presence of a fire shalltatified by an audible alarm to the operator in the depot
control room. The operator shall be able to determine the exact location of where the fire was detected
and initiate an investigation. If a second detector in the same vicinity is activated teayetieral depot

fire alarms would automatically sound and the voice alarm system would request persons to evacuate the
depot building. Should the investigation of the fire determine there is no danger to the depot staff then
the alarm can be cancelled. Agppropriate protection systems such as fire shutters, gas suppression

systems, sprinklers shall be used to protect the staff, critical infrastructure and equipment.
Depot Operating and Maintenance Plan

A maintenance programme covering annual programmerefventive, urgent and other scheduled
maintenance and Maintenance Manual for the regular and preventive maintenance of the Rail System

shall be prepared.

Under normal operating conditions, the Depot shall be able to operate as an independent entity,
without affecting the revenue line operations. Abnormal operating conditions in the Depot, which
have the potential to interfere with main line operations, shall be identified in the O&M plan, and

mitigation measures provided.

All Train movements between maiime and Depot and within the Depot shall be controlled by the

Depot Controller except for movements within Depot buildings.

11.10 DEPOT FOR THE METRQUTHEXTENSION

The new depot being built for theouth extension will be elevated due to non availability ufficientland
to construct an at grade depot. The depotis planned near the AIT Chowk station and will be designed to
cater to the maintenance requirement of the metro phase | and phase Il extension as well as the future

north extension.

11.10.1 Functions of theDepot

The depotwill be primarily used for repair and maintenance of rolling stock and stabling of the cars during
non operational hours. Some area and rooms in the depot will also be earmarked for undertaking repair
and maintenance work of permanent wagjgnal, telecom and electrical equipment that cannot be

attended at site and have to be brought to a repair centre for carrying out repair or routine maintenance.
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In addition the depot will house the backup Operations Control Centre, the Depot Contragk@ernt the

Administrative offices of the metro.

Itis estimated that the metro will have 23 trains of 3 coach length in 2040, to cater to the complete
requirement of the existing loop, south extension and north extension. The depot will therefore require
stabling lines, inspection lines, workshop lines and heavy repair section to accommodate these trains. The
total length of a train will be 66 meters. Allowing fod Ineters on either side to accommodate cross
pathway, buffers, signaling requirements etcettotal Ilength of each stabling line for one 3 coach train

should ideally be about @m.

11.10.2 Rolling Stock Maintenance

The operations study has determined the number of trains and the train composition thatwill be required
for thephase | and phase |l metrBy the year 2040t is estimated thathere will be a total number of 23
rakes of 3 coaches eaethichwill be needed to carry thprojectedpassengers. In addition there may be
one maintenance spare rake, making a total of 24 rakes. The maintenangdeaesnt for the rolling stock

will depend on the manufacturer. Each manufacturer of rolling stock will have his own recommended
maintenance schedules and therefore the design of the facilities in the depot will depend on the rolling
stock finally chosert-However, since the rolling stock will be the same as that for the existing RViGle

I line, for which the maintenance schedule is already known, we can assume that the following

maintenance will be needed:

ITEM FREQUENCY

Visual inspection and interigweeping Daily

Washing Twice a week

Fortnightly examination Every 15days or 5000 kms

Bi Monthly Schedule Every 2 month or 20,000 kms
Half yearly Schedule Every 6 months or 60,000 kms
Yearly Schedule Every year or 120,000 kms
Two yearly schedule Every 2 years or 240,000 kms
Intermediate Overhaul Every 5years or 6, 00,000 kms
Periodic Overhaul Every 10 years or 12, 00,000 krr

The depotfacilities for inspection, repair and stabling of trains should be sufficient to carry outthe above
maintenarce schedules for the rolling stockhe major facilities required for rolling stock maintenancewill

be as under.

11.10.3 Washing Line

There will be one washing line close to depot entry with automatic washing plant consisting of high
pressure water sprinklers and scrubbers, to wash the coaches as they enter the depot. Itis proposed to

wash all trains twice a week using the automatic Wag plant, in one pass of the train through the washing
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plant. Once a month there will be heavier cleaning, involving manual scrubbing of the cab face, vestibules,

floor, inside walls and the roof. This will be done on one of the inspection bay lines.

Traction power supply for washing lines shall allow unimpeded operation without compromising safety.
The washing line will be on concreted track and will have arrangement for draining of the dirty water after

washing. It will be well lit to permit working during night.

11.10.4 sStabling Lines for the Trains

A maximum of 24 trains are required to be stabled atdepot during night time when there is no service

or during off peak hours. Two trains will be always in the Inspection bays. Therefore stabling lines to
accommodate 22trains will be needed at the depot. The length of one train will be 66 metres. Altiving
metres on either side of the train to accommodate cross pathways, buffers, signalling requirements etc,
the total length of one stabling line would be 86 metres. Each stabling line would therefore be 86 metres
long, sufficientto accommodate one traif ® coaches with margin for cross movement, signaling, buffers
etc. Depending on the final depot layout, more than one train may be stabled on one line, behind each
other, in which case the length of the stabling line will increase. The stabling lined sadlbe on ballastiess
track since the depot is elevated.. There will be a concreted pathway of approximately 800 mm between

the lines for maintenance staff. Coach interior sweeping will be done here daily.

11.10.5 Inspection Bay

This will be a covered shed wieescheduled examination of the trains ugB monthlyschedule will be

done. The shed will be approximately 100 m long and 15 m wide, having two inspection lines.

The floor of the bay will be depressed about 1100 mm from the rail level so that the raéeirys of the
coaches are at sufficient height to enable a worker walking on the depressed floor to inspect the
undercarriage comfortably.

There will be adequate lighting in the shed and under the platforms to permit working at night. The bay
will be sewved by two 5 tonne EOT cranes and two 1.5 tonne EOT cranes. There will also be sufficient
compressed air and 220V, 415V power supply points along the track to permit use of small tools required

for maintenance.

11.10.6 Workshop Shed

This will be a covered shed wigamajor scheduls and heavy repairfahe coaches will be done. The shed

will be approximately 100 m long and 30 m wide. It will consist of two lines pitthand lifting jack

provision The shed will also have areas for overhaul of major componentseatdach like bogies, air
conditioning equipment, traction motors, wheels and roller bearings, compressor etc. These areas will be
under crane. Depending on the final layout of the shed and space available, some of these heavy
components will be taken dowto the ground level for overhaul instead of doing the work at the elevated

G2N] aK2L) 0l &dd ¢KSNX gAftf 0SS NR2Ya F2NJ adzZL)SNWA az2N

component repair, along the side wall of the shed.
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The floor of the shed will beoncreted. The track will ballastless. Portable platforms of height upto the
coach floor level and roof level will be available to enable workers to attend to the cdehne will be
adequate lighting in the shed to permit working at night. There wisloabe sufficient compressed air and

220V, 415V power supply points along the track to permit use of small tools required for maintenance.

The lines will be served by two 15 tonne and two 3 tonne EOT crane. In addition there will be jib cranes
provided oneach alternate pillar of the bay. There will also be lifting pads provided on the floor, to

accommodate synchronous lifting jacks of 15 tonnes capacity for lifting the coach and removing the bogies.

11.10.7 Underfloor Wheel Lathe Shed

Reprofiling of worn out or &idded wheels will be done by means of an underfloor wheel lathe. This enables
the wheels to be turned in situ without having to remove them from the coach. The wheel lathe will be
housed in a separate shed which will be approximatelyn2ters long and 1éneters wide. The whole train

of 3 coaches will be sentfor tyreturning or a single coach may be sent. The covered shed must be sufficient
to protect the wheel lathe and the staff working on the coach whose wheels are being attended. The rest

of the traincan be projecting out of the shed.

11.10.8 Stores Building

A stores building will be provided in the depot to receive, store and issue material required for
maintenance. It will also be used to collect scrap or defective items and transport them out of the depo
The stores building will be on the ground level and accessible by road.. There will be a loading platformin
front of the building where material from trucks can be loaded or unloaded. Afenced area at ground level
will be used to store scrap till itsnfal disposal. For material that comes by rail, there will be a material

loading/unloading space at the elevated depot level.

The stores building itself will consistof rooms or wards for storing different types of material required for
maintenance work ithe depot. Since space is a constraintin the depot, there is need to have high vertical

storage space with the attendant pallet stackers, etc.

The store will be divided into distinct storage areas for petroleum products, electrical components,
mechanicd components, general stores etc. Store issuers will have their office in the building and all

material issued to or received from the workshop will be accounted for.

11.10.9 Shop Floor Rooms

In the workshop bay there will be small roorfar repair and maintenane of components, forstoring
YEGSNALFE NBY2OSR FNRY O2F OKSas &adzo aid2NBz (22t NP
electronic equipment repair & test room, brake equipment repair & test room need to be dust proof and
temperature controlled ad so will need to be aiconditioned. It is planned to have 10 rooms of about

10x10 mfor this pupose. There will be space available for further rooms if required in future

11.10.10 Coach Painting
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There will be a modern painting booth with equipment for stripgiof old paint, sand blasting, spray
painting and drying. This will be a separate shed of 25mx8m, provided with a suitable exhaust system to
remove paint fumes. The location of this painting facility will be decided later and may be planned in the

existingphase IRMGL depot if space constraints do not permit this to be built in the new depot.

11.10.11 Test Track

An electrifiedtest track of approximately 350 m length will be provided to enable running testseof
trains or trainsafter repairs. Although ideally a track of 7800 m should be provided for testingytdue
to space constraints, this is not possibifesttrackinthe Depotwill be equipped with ATP and ATO to main

line standards and programmable for different tesindigurations.

11.10.12 Compressor Room

There will be separate small house to supply compressed air to the depot. The compressors will be housed

in this room of 10x5 meters. This can be at the ground level.

11.10.13 Administrative Office Building

The administrative office will be a double storey building of 50m x 20 meters size. This building will be at
the ground level.
The Administrative Building will house the following:
i.  Offices for Technical, Financial, Administrative, Legal managers and staff
ii.  Training Centre for operating and maintenance staff which will have classrooms, cut sections of
important equipment, driving cab simulators etc
iii.. Operations Control Centre from where the entire train operations on the metro will be monitored
and controlled
iv.  Depot Control Centre from where all movement of trains inside the depot will be monitored and
controlled.
v. zAaAridi2NRa f2dzy3S FyR /I FSGSNRA I
vi.  Conference rooms
vii ¢CAYS 2FFAO0OS YR RNAGSNRAE ardayiay3da 2y
There will an area earmarked for maintenance staff to sign on afhdvhen they report for duty. Train

drivers will also sign on here when they come to take charge of a train in the depot.

11.10.14Fire Fighting and Security Office

There will be a fire fighting section which will store and service the fire extinguishers thdtexilaced
atstrategic locations in the depot. The depot security staff will also have their office in the same building.
The building will be 20x10m in size. This will be at ground level.

Itis not planned to have a fire engine in the depot. In casanyf major fire, the fire tender will come

from the city fire service.
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11.10.15Power Supplies

The depot will require a peak load of about 1.5 MW. An auxiliary substation will be provided to cater to
the power supply requirement of the whole depot and workshopadidgition there will be backup power
supply through DG sets to keep general lighting, safety devices and inspection lines equipment, so that

in case of power supply failure, light repair work can still go on and trains will not be affected.

11.10.16Water Supply, Seerage and Drainage Works

There will be iFhouse facilities for water supply for the entire depot. Sewerage, storm water drainage
will be designed in the depot for catering to all the needs of the depot. The local municipal authorities

will be consulted fointegrating the depot water and drainage system with that of the area.

11.10.17 Shunting Locomotive

A battery powered shunting locomotive is proposed to be provided in the depot, for shunting of coaches
in case of a power failure as well as to take individualatees to the wheel lathe for tyre turning. Having

a battery powered locomotive instead of a diesel locomotive will avoid the need for setting up a fuel
storage tank with its attendant formalities of safety and certification from the fire and explosives
departments. The battery maintenance can be done in the battery room which will be provided for the
rolling stock maintenance. Normal movement of trains in the depot will be through the system
exceptin areas like workshop line and inspection lindsere the battery operated locomotive will be

used.

11.10.18ElectricalMaintenance
Traction and general power supply related equipment like interrupters, circuit breakers, relays, switches
etc will be repaired maintained in the shop floor rooms provided in thémdepot area.

11.10.19S&TMaintenance

Maintenance and repair of lineside $&quipmentwill mostly be done at site. Wherever this cannotbe
done, the equipment will be brought to the depot. Small items like relays, contactors, electronic cards.
All small equipmentrelated to S&T will be repaired and maintained in the shop thoaong of the main

depot.

11.10.20 P. WayMaintenance

Since there is no ballasted track on the metro, track machines will not be needed. However there will be
a requirement for storage and repair of equipment like rail welding plant, track fittings, switches and
crossovers, motor trolleys and small tools used for track maintenafceareawill be allocated in the

depot for P Way material storage and repair.

11.10.21 Machinery and Plant
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A list of important M&P that will needed farewdepot is given in the table below

Tablell-1: List of Machinery and Plant equipment

S. No. Equipment

1. | Under floor Pitwheel lathe with electric tractor for movement
over the lathe

2. | Under floor lifting systems for-2ar unitfor replacement of
bogie

3. | Mobilejacks 15T for lifting cars (setof 8 jacks)

4. | Rerailing equipment consisting of rail cumroad vehicle and
associated jack system etc.

5. | Automatic Washing plantfor Metro cars.

6 Rail fed Bogie wash plant

7. | Bogie test stand
8

9

Work liftplatform
Electric bogie tractor for pulling cars and bogies inside works

10.| Chemical cleaning tanks, ultrasonic cleaning tanks, etc
11. | Compressor for Inspection shed & shop air supply

12.| Travelling O/H cranes15T and 3T

13. [ Mobilejib crane

14. | Mobilelifting table

15. | Bogie turn tables

16. | Highpressure washing pump for front and rear end cleaning
car

17.| Shot blastcleaner

18. [ Small tools and equipment

19.| Induction heater

20.| Baking oven for the motors

21.| Coach battery charger

22.| Welding equipments (Mobileelding, oxyacetylene, fixed arc
welding)

23.| Electric and pneumatic tools

24.| Measuring and testing equipment

25. | Fork lifttractor

26. | Pallettrucks

27.| Battery operated Shunting Locomotive

28.| Road vehicles (pickup van/ truck)

29.| Vertical Boring machine for whediscs

30.| Press for removal and pressing of the wheels on axles

31.| Axle journal turning and burnishing lathe

32.| Special jigs and fixtures and testbenches for Rolling Stock

33.| Battery operated raHcumroad shunter with suitable coupler
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11.10.22Location and Size ahe Depot

For anideal depotand facilities, a large land parcel is required and initially two alternative locations for
the depot on the IRL metro extension were examined in detail for suitability. The first and preferred
option is beyond the Sector 5@&rminal station. The second location is in the middle of the extension .
The ideal size of the land required for the depot has been estimatetbout 1000 m long and 300 m
wide. Adepot of this size will make operations simple and also provide more thaartry/exitlines to

the depot so that in case of blockage of one line for any reason , train operations are not held up.

However this size of vacant land is notavailable at either of the abovementioned location or anywhere
else close to the metro alignment. Even in these two locations there is planned development and
construction that will be undertaken by DLF and othertears. After considerable study and discussions
itwas found that the only available land is about 7 hectares near the AIT Chowk station. An ideal depot
at ground level which is big enough to cater to the requirement of maintenance of assets of thegxistin
RMGL metro as well as the north and south extensions, will require about 25 hectares of land. By having
a less optimum layout of track and facilities and thus making operations more cumbersome, it may be
possible to build the depot on about 15 hectarekland. However, the actual land availableis only 7
hectares and therefore there is no alternative but to build an elevated depot at this location in the
limited land area available, and organize the stabling and maintenance activities as bestasloae.be

A tentative layout of the depot is given in annexdtéilthough this is notan ideal solution to the depot

requirement this is the best option available in the land constraints.

The layout shows that a total of 28 trains of 3 coach length can be stabled with a bit of squeeze in the
stabling lines. There are 2 inspection lines, 2 workshop lines and an area earmarked for heavy repairs.
Ten rooms are provided for offices, tool roonsib stores, repair sections etc. Space is available for
expansion of the workshop bay and additional rooms. A test track, washing plant and wheel lathe shed

is also provided.

All facilities like compressor room, administrative building, heavy stores building, sub stations etc
which are not required to be adjacentto the adzes being maintained will be on the ground level. In
addition if there is a space constraintin the depot, then some activities like material storage, stabling
of trains and even wheel turning can be considered for being done in the existing phase dBMGL

The main OCC will also remain in the existing Rbl@lse depot.
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12

121

12.2

ENVIRONMENTAL IMPACT ASSESSMENT & MANAGEMENT

INTRODUCTION

The Government of Haryana acting through Haryana Urban Development Authority (HUDA) awarded the
work of development of a massansit system from Sikanderpur to Nin Gurgaon to Rapid Metro Rail
Gurgaon Ltd (RMGL) in July 2009. This Metro Rail link, when completed in early 2013 will connect area
around NH8 and Cyber city to Delhi Metro. The Draft Development Plan for 202p0ogs a population

of 40 lakhs in GurgaeRlanesar Complex. The existing developed area can accommodate a population of
22 lakhs including the existing town and villages. Additional urbanisable area to be developed is envisaged
to accommodate another 18 l&k population. Considering above situation and taking a lead in improving
public transport system of city, HUDA has plans to extend the Rapid MetroRail link from Sikanderpur to
Sector-56.

The proposed Metro Raiéxtensionfrom Sikanderpur Metro Station t&ector 56 in the soutleast of
Gurgaon isan elevated line and traversealmost straight along the Golf Course Raoaltich will serve
various employment and residential areas in its immediate vicinity. The new alignmentis about 7 km in
length and will corist of double track. For convenience of ridérstations have been proposed whichis

almost at the interval of B km.

NEED OF THE PROJECT

Considering the extraordinary growth in the commuter traffic between Dell@urgaon and sectors of
Gurgaon, there was a need for a metro rail corridor between Delhi and Gurgaon. Consequently the metro
rail corridor between Delhi and Gurgaon had been construtiedMRGind taking a lead in improving
publictransport system of ity, RapidMetro Rail Gurgaohimited(RMGL was formed to implement metro
corridors along major travel routeen Gurgaon The project is being implemented in public private
partnership format. I&FS Rail LimitelR) have been awarded the implementatior the first phase of

the Gurgaon Metro Rail Project from Sikanderpur to-&8\H

Development of residential and commercial spaces betweers6eand NHB along Golf course road is in
progress. About 15 million square feet of floor space is being developetcinity of see56 and this
development will lead to increase in traffic. Thus there is a need for extension of this metro link from
Sikanderpur to Seb6 on Golf Course road for providing last mile connectivity from the Belhigaon
metro corridor for the heavy transportation need of Golf course road, Cyber City and adjoining residential

areas.
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12.3 SCREENING OF ENVIRONMENTAL IMPACT

As per the EIA NotificationdN S.O. 1533 issued on 14th September 2006 (amended till date), new,
expansion or modernization of any activity falling within the 39 categories of 8 different sectors
developmental and industrial activities shall be undertaken in any part of India onlyiafters been
accorded environmental clearance by the MoEF in accordance with the procedures specified in the

notification.

The proposed metrextensionin Gurgaon from Sikanderpur station to Sector 56 neither falls in Category
-Anorin CategoryBas ped OKSRdzf S 2F a29CQa 9L! y20AFAOFGAZ2Y A&
exempted from getting Environmental Clearance from MoEF/SEAC . However, the metro link project of this
magnitude needs to prepare the EIA/EMP report in order to safeguard tleedsits of the Environment

and also acts as an environmental guide to the Project Proponent & other stakeholders.

Even though metro link project is aimed for the improvement of environment of the city, the EIA/JEMP
Report will highlight all the environmentassues to be focused act as a reference guide to the project

proponent.

12.4 SCOPE OF ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

For the purpose of the environmental assessment, areas within 10 km radius of the project have been
considered, though the immediate pact zone has been considered 500 meter either side of proposed

alignment. The broad scope of the study is:
i.  Generation and collection of baseline data forias environmental components.

ii. Identification and quantification of significant environmental ingis due to the project and

associated activities.

iii.. Evaluation of impacts due to proposed activities and preparation of an environmental impact

statement.

iv.  Preparation of appropriate Environmental Management Plan (EMP) encompassing strategies for
minimizingidentified adverse impacts along with budgetary provisions to be made by the project

authorities for implementation of mitigation measures.

V. Delineation of post Environmental Quality Monitoring Programme along with organizational setup

required for monitorng the effectiveness of mitigation measures.
12.5 EXTENT OF EIA STUDY

EIA was conducted based on feasibility repomti detailed sitevisits. Some project activity photographs

are given at the end of this chapter Figurel2-14. Certain changes may occur in the project structural
components but these changes are unlikely to cause significant environmental impacts. The extent of EIA
KIa 0SSy RSOARSR O2y&ARSNAyYy3a |ttt tA1Ste& kawd OGa |
influence. The area of influence encompasses (i) the primary project site(s) and related facilities (ii)

associated facilities whose viability and existence depend exclusively on the project (iii) areas and
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communities potentially affected by curaiive impacts from further planned development of any existing
project or condition, and other projeeatelated developments that are realistically defined at the time the
assessmentis undertaken; and (iv) areas and communities potentially affected bgtenfipam unplanned

but predictable developments caused by the project that may occur later or at a different location.

The core zone of impact is taken as proposed right of way and its immediate vicinity. The assessmentalso
considers the areas and actiiés related to associate facilities viz. construction site, transportation routes

etc. The study area is considered up to 10 km on either side of proposed alignment for larger analysis of
land useand other environmental features. Assessmentis carrietdfouall components of environment

covering terrestrial and aquatic ecology, soil, water, noise and socio economic aspects.

12.6 OBJECTIVES OF THE PROJECT

The objectives of the Environmental Impact Assessment (EIA) study for the proposedimkthas been

described below:

i. To describe the proposed project and associated works together with the requirements for

carrying out proposed metro rail development;

ii. Toidentify and describe the elements of the environment likely to be affected by the proposed

metro rail developments;
iii.. To establish the baseline environmental and social scenario of the project area;
iv.  To identify emission sources and determine the significance of impacts on sensitive receptors;

v. To identify, predict and evaluate environmental and socialpacts expected during the

construction and operation phases of the project;

vi. To develop mitigation measures so as to minimize pollution, environmental disturbance and

nuisance during construction and operations of the development;
vii. To design and specifyghenvironmental management plan for the impacts identified; and

viii. To work out the cost of environmental mitigation, monitoring and management requirements.

12.7 PROJECT DESCRIPTION

This metro raikxtensionfrom Sikanderpur station to Sect®6 in the southeas of Gurgaonalso referred
to as the Rapid MetroRail phasdrHversesalong the Golf Course Road and will serve various employment
andresidential areas in its immediate vicinity. The alignmentis abokid it length ands shown in pink
line below. iephase | of the metrainder construction by RMGL is shown in bligure 112 shows the

area surrounding the metro phase Il.
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Figure12-2: Alignment shown on toposheet in a radius covering 10 km either side.

LAND REQUIREMENT

The phase |l metro will ben elevatedsectiors where thepiers supportingthe viaduct will be located on

the median of road (except for some deviation). Accordingly, necessary permission for using suok right
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way will have to be obtained from the concerned authorities. Elevated stations are proposed in double
level andthe station structure will span across the road. All entry/ exit points will be located beyond the
service roads to avoid any accidents. In addition, land is to be acquired for receiving subsgatibihe

Depot cum WorkshoPurpose wise land requirement hagdn detailed as follows:

i. For Depot/ Maintenance facilities 7.0 Ha

ii. Receiving Substation/ Traction 0.3 Ha
iii. Parking at sector 56. 2.5 Ha
iv. ~ Temporary Construction yard and work sites 5.0 Ha
Total 14 8Ha

The land for the project shall be made availaby HUDA.

12.8 POLICY, LEGAL & ADMINISTRATIVE FRAMEWORK

The 1972 UN Conference on Human Development at Stockholm influenced the need for a well developed
legal mechanism to conserve resources, protect the environment and ensure the health and well being of
the people in India. Over the years, the Government of India has framed several policies and promulgated

number of Acts, Rules and Notifications aimed at management and protection of the environment.

During last three decades an extensive network of enwimental legislation has grown and presently it

has a fairly complex body of environmental legislation aimed at ensuring that the development process
meets the overall objective of promoting sustainability in the long run. Moreover, at a higher level, the
Indian Constitution has also incorporated specific articles to address environmental concerns through the
42nd Constitutional Amendment of 1976. As stated in the Constitution of India, itis the duty of the state
(Article 48 A) to protect and improve the emonment and to safeguard the forests and wildlife of the

O2dzy iNB® LG AYLRaSa | Rdzie 2y SGSNB OAGAT Sy o! NIAC
AyOf dzRAY3 F2NBadaz tF1Saz NAGSNE | yR diadeitleFSQd
Directive Principles of State Policy as well as the Fundamental Rights.

Several environment policy statements have been formulated in the last few decades as a part of the
D2@SNYYSyidQa | LIWNRBFOK G2 AydS3aNI dSof dayfidng. NEeyoli&esiF £ |
reflect a gradual shiftin emphasis from pollution abatement and control to proactive and voluntary
approaches for pollution prevention in keeping with global paradigm shifts and trends in environment
management. Following arsome of the key policies that have been laid down by the Central Government:

i. National Forest Policy, 1988;
ii. National Conservation Strategy and Policy Statement on Environment and Development, 1992;
iii. Policy Statement on Abatement of Pollution, 1992.

Despitethese policy documents a need for a comprehensive policy statement had been evident for some
time in order to infuse a common approach to the various sectoral and esestral, approaches to
environmental management. As a result, a National Environmehtl (NEP, 2006) has been drawn up as

a response to national commitment to a clean environment, mandated in the Constitution in Articles 48 A
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and 51 A (g), strengthened by judicial interpretation of Article 21. The policy is intended to mainstream

enviromrmental concerns in all development activities in the country.

12.9 LEGAL PROVISIONS RELATED TO INFRASTRUCTURE PROJECTS

The proposed project would be governed by various Acts, Rules and regulations set by the Ministry of
Environment and Forests (MoEF) at thentral level and other regulatory agencies at the State and local

level. Various environmental standards, specifications and guidelines of Central Pollution Control Board
(CPCB) and state level agencies will also be applicable. Itis important to mewgidmere that the Central
32FSNYYSyld FNIFYSR Fy WdzYoNBfftl fF6Q> OFffSR (GKS 9y
and regulate an array of environmental issues. The overall purpose of EPA was to establish an overall
coherent policy and pnade a basis for the coordinated work of various government agencies with
operational responsibility for the environment and natural resources. The legislation also invests
authorities with regulatory powers to address specific issues affecting the enmiann The Act also does

not allow any person to carry on an industry, operation or process that discharge or emit any

environmental pollutants in excess of standards prescribed under specific rules and notifications.
12.10 LEGAL AND ADMINISTRATIVE FRAMEWORKZY®ELATED TO PROJECT

The proposed metro line passes through urban settlement area within Municipal boundary. No presence
of endangered fauna and flora along the project alignmentis envisaged. It may also be mentioned that
there is some leasing/acquisdn /purchases of private land for the proposed project involved. The
Government of India has issued Environmental Impact Assessment Notification in 1994 as a part of
Environmental (Protection) Act, 1986 and amendments in September 2006. A Metro Railoyegt mtoes

not fall under any category (Of Schedule of EIA notification 2006) requiring an environmental clearance
from MoEF. Only No Objection Certificate (NOC) is required from SPCB under the Air and Water Acts as

well as from other concerned departmefés mentioned inrablel2-2).

It has been established thatthereis a need for improving the infrastructure capacity of the transport sector
especially in metro citieto cater the projected demand for public transport. By building up the Metro Rail
infrastructure which uses 1/6th (in general) the fossil fuel consumption as compared to road, overall
improvement in environmental condition is envisag@&tiis metrois a mgor projectand islikely to have
some reversible impacts on environment, predominantly during construction phases and some impact,
though not of much significance, during operatioNthoughthis project is not considered aan & ! ¢

/1 1S32NRB LIDHEREY PrijecRablpetipredailing environmental $aofithe nation eventhen the

construction stage should be more efrdendly and should set example of good engineering practices.

This section presents existing institutions and legislation relevathti $oproject atthe National and State
levels. Regulations, relevant procedures and requirements that may directly affect the project, the capacity
of the concerned institutions and their ability to successfully implement the environmental management
measues have been addressed here. This report also outlines various issues related to the framework in
place for environmental clearance/other clearance of projects with reference to the central government
and state government of Haryana.

120 gaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidrRagiid MetroRail Gurgaon Chapter 11: Environment Impact Assessment & Management

12.11

12.12

INSTITUTIONAL SERF IN ENVIRONMENTAL CONTEXT

Whereas the legislative branch of the government (Parliament) is responsible for the enactment of
environmental law and the judiciary for its enforcement in the case of transgression, itis the function of
the executive branchnfinistries, regional and local authorities) to determine policies and administer
environmental law in actual practice. Also, since an environmental dimension has now become a part of
all economic activities, an effective mechanism of coordination and obn# the responsibility of the

central environmental agency so that environmental policies can be translated into action.

The government of India took a major step in 1972 when it constituted the National Committee on
Environmental Planning andoordination (NCEPC). Later in 1980, the Government of India established a
new Department of Environment on the recommendation of a committee constituted by the Indian

Parliament. The Central and State Pollution Control Boards were set up and entrusteithevisk of air

and water pollution control in 1974.

MINISTRYOf ENVIRONMENANDFOREST

In view of the growing importance of environmental affairs, the Government of India set up a Department
of Environment in November 1980 under the portfolio of theirfe Minister. The Department, later

upgradedas the Ministry of Environment and Forests (MoEF) plays a pivotal role in environmental
management for sustained development and for all environmental matters in the country. The major

responsibilities of MoEmRElude:

i. Environmental resource conservation and protection, including environmental impactassessment
of developmental projects;
ii. Coordination with the other ministries and agencies, voluntary organizations and professional
bodies on environmental actionl@ns; Policyplanning;
iii. Promotion of research and development, manpower planning and training and creation of
environmental awareness;

iv.  Liaison and coordination with international agencies involved in environmental matters.

Developmental project proponents ra also required to submit Environmental Impact
Statements/Assessments to establish that preventive measures are planned by installing adequate
pollution control and monitoring equipment, and that effluent discharged into the environment will not
exceed pemissible levels. The MoEF appraises these statements/ assessments and approves the project
from the environmental angle if projectis categorized and listed in schedule of EIA Notification. As the
project location is in state of Haryana, Haryana StatdRiain Control Board (HSPCB) is to give a No
Objection Certificate (NOC)/consent to establish/consent to opettagenetrobefore start of construction

activity.
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12.13 CENTRAANDSTATE POLLUTION CONTROL BOARDS

The Central Pollution Control Board is direattgponsible for pollution control throughout the national

territory. In addition to the control of air, noise and water pollution it is also responsible for to ensure

effective control on disposal of hazardous wastes and storage and handling of hazatdmuis&ls and

substances. Additionally, with the enactment of air and water pollution laws, states hawupgkeir own

Pollution Control Boards (SPCBs) to monitor industrial emissions and effluents and to approve the

operation of new industries after cafd scrutiny. The functions of the SPCBs include:

The planning of comprehensive state programs for the prevention and control of air and water

pollution and to ensure the implementation thereof;

Inspection of control equipment, industrial plants, etc.;

Establishing norms in consultation with the Central Board and having regard to national air quality

standards, gaseous emission standards from industrial plants, automobiles, etc. Different

emission standards may be laid down for differentindustrial plamwjng regard to the quantity

and composition of emissions into the atmosphere from such plants and the general pollution

levels in the area; advising the State Government on siting of new polluting industry.

The environmental regulations, legislation,ljpry guidelines and control that may impactthis project, are

the responsibility of a variety of government agencies. The agendiéshwould play important roles in

this project and clearance/NOC required are mentioned aflel2-1.

Tablel2-1: Environmental Regulations & Legislations dimelr applicabilityto Gurgaon Metro phase Il
APPLICABILITY TO

S. No.| ACT / RULES PURPOSE PROJECT AUTHORITY
Environmental To _prowde LinearMetro Rail
environmental . .
Impact Assessment | © new projects are not included
Notification 14th Sep ge?/e:erlizcr:neent inthe Notification 14th MOEE
2006 and its L . Sep2006 and EC under
activities following : .
subsequent environmental this actis NOT
amendment till date. | . APPLICABLE.
impactassessment
. - MoEF. Gol;
Environment mproveoverall | must mamam emission| D% S
Protection Act 1986 environment standards Gov. CPCB,;
’ HSPCB
Possibility of use of fly
ash shall be explored in
Engg. Design3his
Reuse large quantity notification isapplicable
Notification for use of | of flyash dischargeq to this projectas four
flyash, 1999 as from thermal power | Thermal Power Plast MoEF
amended in 2008. plantto minimize are within radius of 100
land use for disposa km namely Badarpur,
Faridabad, Indraprashtal
and Rajghat Thermal
Power Plant.
Coastal Regulation Protection of fragile NOT APPLICABLE in thi MOEE
coastal belt project.
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APPLICABILITY TO

S. No.| ACT / RULES PURPOSE PROJECT AUTHORITY
Zone(CRZ)otification,
2011
National Green
Tribunal Act ,2010 Address Grievances|
&National regarding the NOT APPLICABLE in thi
5 Green Tribunal process of project as EC is NOT MoEF
(Practices environmental required.
&Procedures) Rules | clearance.
,2011
MoEF_ Circular on S FAVAYS3
Marginal Land FyYRQ | Ol
6 Acquisition and ) NOT APPLICABLE MoEF
relatlng to the 1997
Bypasses Notification
1999
Forest
The Forest Department
. To check , Govt.
(Conservation) Act deforestation b Haryana
1927 The Forest et Y| NOT APPLICABLE, as (f0r3|’an j
7 (Conservation) Act. "9 Forestlandis NOT .
conversion of . . . conversion
1980 . involved in theproject.
.| forested areas into below 5
The Forest (conversior
non- forested areas. hectare &
) Rules 1981
40
%density).
APPLICABLE to project
MOEF circular (1998) . ) there are trees along the
. : Protection / planting| _ -
on linear Plantation or] . : alignment at few
. roadside strip as .
roadside, canals and . locations. Trees have
railway lines modifying avenue/strip been identified on the
8 . . Y plantations as these MoEF
the applicability of green belt along N8
S are declared :
provisions of forest and on the Moulsari
. protected forest .
(Conversation)Act, to areas Avenue adjacentto
linear Plantation ' Media Centre opposite
Mall of India.
Chief
S Conservator
To protect wildlife Egti\’glr:;“f:j(aig(;f;zgr Forests and
9 Wild Life Protection Ac] through certain of alon /nearl)r 1 broposed Chief
1972 National Parks and 9 propos Wildlife,
Sanctuaries rout/track. This Actis Warden
NOT APPLICABLE. '
Gov. of
Haryana.
. Emissions from
. . To control air - .
Air (Prevention and ollution b construction machinery
10 | Control of Pollution) E ecifyin )t/he and vehicles areto be HSPCB
Act, 1981. er%issiongtandards checked time to time.
"| APPLICABLE to project
To control water Various parameters in
pollution by Effluents from
Water Prevention and | controlling construction sites and
11 | Control of Pollution) | discharge of workshops areto be kep| HSPCB
Act , 1974 pollutants as perth | below the prescribed
prescribed standards. APPLICABLH
standards TO PROJECT
ry
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APPLICABILITY TO

S. No.| ACT / RULES PURPOSE PROJECT AUTHORITY
Restriction on
, establishment of
Installation and new generatin Municipal
operation of D.G. Set 9 9 APPLICABLE TO PROJ pa
12 (s) under Section 44 of] stations or major for installation and Corporation
Electricity Supplyct additions or operation of DG set Gurgaon/
1948 PRIRCL replacement of P ' HSPCB
' plantin generating
stations
The standards for | ypp) |caBLE TO PROJ
Noise Pollution noise for day and DG sets at construction
13 (Regulation and night have been sites and workshops HSPCB
9 promulgated by the >Nops
Control Act) , 2000 MOEE for various should be provided with
land uses acoustics enclosures.
Ancient Monuments Ifany historical remains
and Archaeological Conservation of are found during National
14 Sites and cultural and construction,wouldbe | a 2 y dzY' §
Remains(Amendment | historicalremains | Notified/surrendered to | s Authority
& Validation Act, found in India the Competent of India
2010 Authority.
Public Liability and Protection form ' Shal'l be taken as per
15 Insurance Act 1991 hazardous materialg requirements. HSPCB
and accidents. APPLICABLE TO PROJ
Respective Authorizatiof Chief
. Safetransportation, b . Controller
Explosive Act shall beobtained from
16 storage and use of . ) . of
1984 : . CCE.(if required during .
explosive material construction) Explosives
(CCoE)
APPLICAE TO PROJE(
Minor Mineral and . , Quarry Licenses shallll . .
. For opening new - District
17 | concession uarr obtained by Contractors Collector
Rules quarry. if such activity is to be
undertaken.
Central Motor Vehicle . APPLICABLE TO PROJ
Act 1988 and Central To check vehicular All vehicles in Use shal Motor
18 . air and noise o . Vehicle
Motor Vehicle ollution obtain Pollution Control Department
Rules1989 P ) Check certificates. P
To maintain Forest
National Forest logical stabili
ationai rorest ecological stability |\ App||cABLE, as | Department
Policy1952 National | through .
19 . . . forestlandis NOT , Gol
Forest Policy (Reviseq preservation and . . .
. involved in the project. | and Gov. of
1988 restoration of Harvana
biological diversity. Y
The Mining Act (MMDHR
Act, 1957). The Minerg - APPLICABLE TO PROJI Department
Concession Rules The mining act has Quarry Licenses shall i of
' been notified for T .
20 1960 (MCR) and the| obtained by Contractors| mining,
Mineral Conserv g safeand sound if such activity is to be Gov. of
. mining activity. vy )
ion and Development undertaken. Haryana
Rules 1988 (MCDR),
Hazardous Management and | APPLICABLE TO PROJ
waste (Management . HSPCB
21 Handling &Trans storage of for storage of spent oil IMOEF
iaoundar)?) Rules 2008 hazardous waste. | and fuel.
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APPLICABILITY TO

S. No.| ACT / RULES PURPOSE PROJECT AUTHORITY

APPLICABLE TO PROJ
as the projectrequires

The significantland. [tmay Gol/Gov
22 Railway(Amendment) | Land acquisition NOT applicableifthe Har ana.
Act ,2008 required landis y

purchased or arranged
by other means.

APPLICABLE TO PROJ|I COE /DC

Use and storage of
petroleum products
For undertaking the
development of

23 Petroleum Rules ,2002

Forest
Haryana forest forest resources, Department
23 | development act, 1983 utilisation of, NOT APPLICABLE va of
processing of, and ' :
Haryana

trade in forest
produce.

12.14 CLEARANCE REQUIREMERODS8 THE PROJECT

Asummary showing time requiteby the ageny responsible for obtaining clearargeandthe stage at

which clearancevill be required is given ifiablel2-2:

Tablel2-2: Important Clearances & NOCs applicable to project

TYPE OF STATUTORY STATUS PROJECT TIME
CLEARANCE| AUTHORITY STAGE REQUIRELC
Prior
. NOT Pre
1 | Environmenta| SEIAA/EAC APPLICABLE construction |~ SPV
| Clearance
Permission
for activities | Archaeological
near survey of India
. NOT Pre
2 | archaeologicd / the state APPLICABLE construction |~ SPV
| protected department of
area Archaeology

Clearance for

5 ‘c’ivl(\’/re'?:gr/] . | Chief wildLife | NOT Pre | sy
Warden APPLICABLH construction
sanctuary
land
State
Department
4 Forest Of NOT Pre | Spv
Clearance Environment APPLICABLH construction
and Forest and
MoEF
Tree felling Forest APPLIED Pre
> permission | department FOR construction 30 days SPV
(Ni(c?rss,:nntg State Pollution| NOT Construction 1-2
6 Under Air, Control Board | APPLICABLH (P.I’I_O.I’ tq work months SPV / Contracto
initiation)
Water, EP
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; TYPE OF STATUTORY PROJECT TIME
MO CLEARANCE| AUTHORITY SAVES STAGE REQUIREL REEReNSIE T
Acts & Noise
rules of SPCB
NOC And APPLICABLH
8232? r:fr State Pollution /CONTRACT( Construction 12
! Water, EP_ Control Board | RS (Pirr:i(?[iratt(i)ov;]/;)rk months SPV / Contracto
Acts & Noise RESPONSIB
rules of SPCB LITY
APPLICABLH
Permissionto / Construction
8 store StatePollution | CONTRACT( (Prior to work 2-3 SPV /
Hazardous Control Board | RS S months Contractor
Materials RESPONgig  Mitiation)
LITY
APPLICABLH
. . ! Construction
Explosive Chief controller] CONTRACT( . SPV /
9 . . (Prior to work | months
license of explosives | RS initiation) Contractor
RESPONSIB
LITY
PUC ;APPLICABLE
certificate for | Department of Construction
10 | use of Transport ggNTRACT( (Prior to work 1-7 days SPV / Contracto
\é(;f;g:tlrisctfi%rn vehicle RESPONSIB initiation)
LITY
APPLICABLH
/ .
Quarrylease | Dept. of Construction
11 | deedsand Geology and CONTRACT( (Prior to work 2-3 SPV / Contracto
license Mines RS initiation) months
RESPONSIB
LITY
NOC for water f‘PPLICABLE
extraction for Construction
12 | construction Grounq Water | CONTRACT( (Prior to work 2-3 SPV / Contracto
andallied | Authority RS initation) | Monts
RESPONSIB
works LITY

Above mentioned table of environmental regulations indicates that the project requires no prior
environmental clearance. However, permission for cutting treesrwithin the proposed right of way of
the alignment will be required from the Forest Department. In addition to the above, the
concessionaire/contractor would require the following NOCs & licenses from the authorities prior to start
of work.

i. NOC And Consents Under Air , Water, EP Acts & Noise rules of SPCB for establishing and operating

plants from SPCB

ii. PUC certificate for use of vehicles for construction from Department of Transport
iii. Quarry lease deeds and license and Explosive license Drept. of Geology and Mines & Chief

controller of explosives
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12.15

iv.  NOC for water extraction for construction and allied works from Ground Water Authority

The Contractor shall obtain above NOC for construction work. Apart from the above clearances, the

concesionaire also has to comply with the following:

i. Clearance of Engineer-d K NAS F¥2NJ £ 201 GA 2y FyR flFeé&z2dzi 27F
Storage yard.
ii. Clearance of Engineer-tharge for Traffic Management Plan for each section of the route after it
has been handed over for construction.
iii.  An Emergency Action Plan should be prepared by the contractor and approved by the Engineer for
accidents involving fuel &ubricants before the construction stard Quarry Management Plan

should be submittedo the Engineer along with thguarry lease deeds
ENVIRONMENTAL BASELINE

With rapid strides in economic development, particularly in urban areas, the need for rationalising and
upgrading the transport system is imperative. In the process of developntesre has been intensive use

of natural resources. Very often the process of development has adversely affected the environment,
leading to ecological imbalances. The importance of conserving and enhancing the environmental assets

has assumed urgency.

Apartfrom land use, conservation of flora and fauna and planning urban transportation is an important

aspect of ecadevelopment.

The baseline environmental status is established by determining the baseline levels of significant
environmental parameters, whicbould be affected by the implementation of the project. The baseline
study is a cornerstone of EIA, since itdefines the existing status of the ecosystem(s) potentially threatened
by the developmental activities. Baseline data serve as reference pointastgehich potential or actual
projectinduced changes can be measured. The compilation of environmental baseline data is essential to
assess the impact on environment due to the project activities. In the present case, the baseline data
include establishig the present status of physiechemical, biological and socieconomic aspects of the
study area relevant to the proposed construction of metro corridor between Sikandarpur and Séctor
Accordingly, following important parameters were identified fine detailed baseline data collection

through field studies;
i.  Air Environment
ii. Noise Environment
iii. Water Environment
iv.  Soil Environment
V. Green Cover Survey
vi.  Socio¢ Economic component

vii. Landg use pattern along the proposed corridors
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Along with the primary datssecondary data (i.e., Seismicity, groundwater, soil characteristics, geological

setting, climate etc.) has also been collected from different sources.

The compilation of environmental baseline data is essential to assess the impact on environment due to
the project activities. The environment includes water, land, air, ecology, noise, gecomomic issues

etc. The information presented in the Chapter has been collected from desk research, other secondary
sources and field studies. Majority of data on guality, water quality, vegetation and noise quality was

collected during field studies in Septembéddctober 2012.

12.15.1 wind

Winds are generally very light in the district with some strengthening in force during the summer and
monsoon seasons. During the nxoon season winds are mostly from the east or southeast. During the

rest of the year the winds are predominantly from the westairth west tending to be more northerly in

the afternoon. The consolidated windrose plot has been given below, while mowiinigroseplots have
beenshownin Figure12-13 at the endof this chapter. The data of wind speed and direction has been

2001 AYySR FNRBRY LDL !'AN t2NI | yR LX-2dkésh Bidronkéntal 6 SSy
{2F0s6 NB¢ o

‘WIND ROSE PLOT: DISPLAY:
Wind:

Station #42182 - Gurgaon, Haryana n...,a;m(&,.m.;m)

WIND SPEED

{Knots)
O >==22
B -2
B v
| RSl
B3 7
=R}
Caims:842%
COMMENTS: DATA PERIOD: COMPANY NAME:
Start Date: 01-04-2009 - 00:00
Endt Dota: 30-04.2012.- Z0:00 M2M Consulting Consorfium Pvt. Ltd
MODELER:
Dr. Amit Prakash, JNU, New
Deihi
CAIM WINDS: TOTAL COUNT:
8:42% 2858 hirs.
AVG. WIND SPEED: DATE- PROJECT NO.:
384 Knols 14-10-2012

S T T ————

Figure12-3: Annual Wind RosBiagram

12.15.2 Rainfall/Humidity
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The normal annual rainfall in the district of Gurgaon is 577.8riime rainfall in the districtincreasesfrom

the west towards the east. The rainfall varies from 445.9 mm at Farukhnagar to 771.8 mm at Gurgaon.
About 80% otfhe annual rainfall in the districtis received during the Sewttst Monsoon months of July

to September, July and August being the rainiest months. Thereis some rainfall in the pre monsoon months

of June, mostly in form of thundershowers.

The Humidity $ high in the southwest monsoon season. April and May are the driest months when the

relative humidity in the mornings is about 45% and in the afternoon less than 30%.

12.15.3 Cloudiness

In the southwest monsoon season and for brief spells of a day or two inessrih association with passing
western disturbances, heavily clouded or overcast skies generally prevail. The skies are mostly clear or

lightly clouded during rest of the year.

1 Climate of Haryana and Unidrerritories of Delhi and Chandigarh, Govt. Of Indideteorological

Department 1991

12.15.4 Temperature

From the beginning of March, temperatures begin to rise rapidly. May and June are the hottest months.

The mean daily maximum temperatureis about 40° Cin May, whiye dae warmer in May the nighttime

is warmer in June as compared to May. April onwards hot@ustRSy éAyRa f 201 f f & {y?2
over the district and the weather becomes hot, dry and unpleasant. Maximum temperatures may rise as
high as 49°C. Witthe onset of monsoon the temperatures drop during the day. The cold winter starts late

in November and continues up to the beginning of March. The summer season is from March to the end

of June. January is the coldest month with the daily maximum tentpeeais about 21° C and the mean

daily minimum temperature is about 5° C.

The detail of metrological parameter which has been obtained from nearest meteorological station 1GI
AirPort has been summarized ifablel2-3.

Tablel2-3: Meteorological data of study area

SEA LEVEL  VISIBILITY
HUMIDITY WD WS(KNOT)
POINTC PRESSURE HF KM

YEAR MONTH | TEMP. C

2008 11 20.8 13.9 68.3 1014.5 2.1 156.7 2.5
2008 12 15.0 9.2 71.9 1017.0 1.7 170.7 2.7
2009 1 14.1 7.1 67.2 1017.8 1.6 184.5 2.8
2009 2 18.0 12.8 75.6 1013.7 1.9 141.8 3.4
2009 3 21.7 13.0 62.9 1012.8 3.3 185.0 4.5
2009 4 33.0 13.8 35.0 1007.1 2.9 179.7 3.9
2009 5 34.0 18.7 44.3 1003.5 3.2 139.0 4.6
2009 6 34.8 22.7 55.6 999.8 3.4 156.6 5.2
2009 7 32.4 25.7 69.1 998.7 3.3 158.2 4.1
2009 8 31.2 23.4 64.9 1001.0 3.9 140.9 3.6
2009 9 30.7 23.5 68.0 1003.9 3.8 151.6 3.0
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YEAR MONTH | TEMP. C DEW HUMIDITY D WD WS(KNOT)
POINTC PRESSURE HF KM
2009 10 27.3 11.0 40.4 1010.3 2.6 158.6 2.5
2009 11 21.3 10.8 55.4 1014.1 1.4 101.5 1.8
2009 12 14.5 6.3 63.1 1016.3 1.9 165.8 2.7
2010 1 14.4 4.7 56.5 1015.2 2.4 206.6 3.7
2010 3 25.8 10.9 43.9 1009.6 2.7 188.4 3.2
2010 4 30.3 10.2 33.1 1007.2 3.4 215.6 4.0
2010 5 28.9 10.4 36.3 1006.1 3.1 198.1 3.7
2010 6 30.0 21.9 63.3 1000.0 3.8 127.4 2.9
2010 7 30.0 22.9 67.1 999.4 3.5 144.1 3.4
2010 8 29.3 23.4 72.0 1001.5 3.7 168.9 3.5
2010 9 28.7 19.9 61.0 1005.7 4.0 170.0 3.2
2010 10 274 18.0 59.4 1011.0 2.2 144.6 2.3
2010 11 22.8 12.9 56.4 1012.4 1.4 117.7 15
2010 12 16.4 9.7 67.9 1015.7 1.4 175.5 2.1
2011 1 14.5 9.5 75.2 1017.0 1.4 193.6 2.7
2011 2 18.2 10.1 63.6 1013.5 2.4 219.1 3.3
2011 3 235 11.8 51.2 1011.2 3.1 189.8 3.2
2011 4 29.6 8.5 30.5 1007.2 3.5 240.5 4.2
2011 5 33.3 16.5 39.1 1002.5 3.4 139.8 4.2
2011 6 35.7 16.4 34.9 1000.1 3.3 229.3 4.0
2011 7 32.1 23.5 62.3 998.8 4.1 147.0 3.7
2011 8 311 23.8 66.8 1002.4 3.8 169.9 3.4
2011 9 29.3 22.8 70.6 1005.3 3.5 167.5 2.9
2011 10 26.5 12.9 47.6 1010.8 3.1 150.7 2.2
2011 11 20.6 10.7 56.9 1014.4 2.0 120.2 1.6
2011 12 15.5 7.6 63.3 1016.3 1.8 137.8 15
2012 1 12.6 9.6 85.0 1018.1 1.1 190.8 2.6
2012 2 18.2 10.2 63.3 1014.7 2.4 201.0 2.9
2012 3 26.3 11.6 45.0 1010.4 3.1 207.2 3.0
2012 4 33.4 6.6 20.5 1006.2 3.2 208.6 3.4
2012 5 34.9 12.6 29.4 1001.7 2.6 162.3 3.7
2012 6 34.5 171 38.6 1000.8 2.5 195.1 4.2

12.15.5 Geology/Soil

Gurgaonmore or less lies on a relatively flat plain, gently sloping towards the north with little undulation.
The extension of Aravali hills and the presence of sand dunes in Gurgaon districtarea are also an important
part of the topography. Gurgaon Districtas area of confluence of Aravali hills, InGangetic plains and

the Indian Desert. The district has varied topography comprising of low lying Khadar made of new alluvium,
upland plain made of alluvium, areas covered with sand dunes, small valley, uimdpilands and ridges

which are relics of old Aravali mountain system.

The poject town Gurgaon has a variety of soil types from Clayey to sandy soil and loam to sandy loam. In
certain lowlying areas the soil is clayey and saline. The Clay soil is dared@lnd is impure calcium

carbonate known as Kankar. The newer alluviumis light colored and is poor calcareous matter is known as
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Chiknot or clay loam. Thus they are broadly grouped into three categories Heavy or Hard clay, Clay Loam

or Sandy Loam and Saly.

12.15.6 Air Quality

The ambient air quality (CO, NO, NO2, NOX, O3, SO2, PM 2.5) measured between yeaf2pQge

presented inTablel2-4 below.

Tablel2-4: Ambient Air quality data of the study area

| YEAR | MONTH| co | No | nNoz | Nox | 03 | so2 Pmes
2008 | 11 | 34 | 1867 | 1818 | 3685 | 191 | 380 | 2118
2008 | 12 | 209 | 1833 | 169.2 | 3525 | 141 | 403 | 1935
2009 | 1 28 | 1422 | 1617 | 3039 | 220 | 268 | 2217
2000 | 2 26 | 1245 | 1430 | 2675 | 281 | 254 | 1370
2009 | 3 20 | 864 | 1308 | 2172 | 574 | 266 | 862
2009 | 4 22 | 872 | 1183 | 2055 | 382 | 364 | 964
2009 | 5 23 | 714 | 1350 | 2063 | 397 | 312 | 744
2009 | 6 17 | 609 | 773 [ 1382 239 | 179 | 714
2009 | 7 18 | 497 | 780 | 1277| 267 | 83 | 453
2000 | 8 17 | 418 | 541 | 960 | 264 | 84 | 326
2009 | 9 17 | 410 | 772 [ 1182 336 | 127 | 541
2000 | 10 | 26 | 757 | 17209 | 2486 | 350 | 221 | 1540
2000 | 11 | 46 | 1234 | 2000 | 3324 | 250 | 314 | 1015
2000 | 12 | 28 | 604 | 1215 | 1819 | 188 | 275 | 1963
2010 | 1 27 | 387 | 956 | 1343 | 250 | 262 | 1662
2010 | 3 24 | 480 | 864 | 1344 | 437 | 178 | 1458
2010 | 4 16 | 337 | 607 | 944 | 429 | 165 | 1100
2010 | 5 22 | 287 | 421 | 708 | 369 | 99 | 740
2010 | 6 22 | 216 | 352 | s68 | 503 | 92 | s01
2010 | 7 19 | 233 | 269 | 502 | 468 | 79 | 418
2010 | 8 15 | 244 | 233 | 477 | 616 | 84 | 370
2010 | 9 19 | 170 | 596 | 767 | 638 | 74 | 355
2010 | 10 | 24 | 356 | 1512 | 1868 | 455 | 96 | 1689
2000 | 11 | 47 | 408 | 791 | 1109 | 338 | 185 | 2549
2000 | 12 | 37 | 443 | 679 | 1122 334 | 141 | 1849
2011 | 1 32 | 435 | 604 | 1038 | 252 | 163 | 2140
2011 | 2 26 | 345 | 851 | 1106 | 280 | 86 | 1370
2011 | 3 19 | 335 | 1102 [ 1527 | 446 | 93 | 862
2011 | 4 23 | 351 | 2181 | 2531 | 447 | 112 | 964
2011 | 5 28 | 254 | 1673 | 1026 | 623 | 95 | 744
2011 | 6 22 | 356 | 1466 | 1822 479 | 70 | 711
2011 | 7 21 | 336 | 1300 | 1636 | 463 | 56 | 453
2011 | 8 20 | 367 | 1518 | 1885 | 505 | 85 | 326
2011 | 9 20 | 369 | 1538 | 1007 | 579 | 88 | 541
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YEAR | MONTH| co | No | No2 | Nox | o3 |

2011 | 10 | 23 | 353 | 1210 | 1563 | 521 | 60 | 1540
2011 | 11 | 33 | 487 | 846 | 1333 | 406 | 144 | 1015
2011 | 12 | 54 | 927 | 1377 | 2304 | 180 | 191 | 1963
2012 38 | 391 | 606 | 997 | 174 | 58 | 1505

1
2012 2 4.0 39.9 65.3 105.2 15.2 10.7 183.5
2012 3 34 24.9 50.0 75.0 31.8 11.3 145.8
4
5

2012 54 19.9 61.2 81.1 324 16.2 119.0
2012 2.3 18.9 90.4 109.2 30.9 14.0 74.0

2012 6 1.4 9.5 53.0 62.4 27.8 7.1 50.1
SourcesHSPCB, Gurgaon/IG| Airport

It appears from on the table that the pollutant levels of PM2.5, SO2, NO2, CO, NO and O3 in the project
area are likely to remain below the ambientair quality standard limit for residential areas during thetypical
summer (AprifMay) and the typical monsoofJulyAugust) months. During the typical winter months
(DecemberJanuary) levels of SPM and RPM are likely to exceed the standard. NO2 concentration in these
months is variable, exceeding the standard on some days. Pollutantlevels are comparativelglogdyin

area.

12.15.7 Ambient Air QualityStatusnear Proposed Alignment

The base line status of air quality near the proposed project site has been evaluated with the view to
ascertain the possible impact on the ambient atmospheric environment near the proposed project
corridor. The measurements were carried out at two diffgréocations along the proposed corridor, (1)

At Sukh Shanti Apartment S86 Gurgaon (AAQ) and (2) Near Sikandarpur Metro Station. (A2QThe

total length of the proposed corridor is approx5&{m hence, sampling at two locations will be sufficient

to fulfill the requirement for currentambient air quality status and also for evaluating the future conditions
through air qualitymodelling The sampling was carried out on two different days at both the above
mentioned locations. The particulate matteamples were collected for 24 hour duration where as ozone
and other gaseous pollutants were collected for continuously for four hour durations, in a whole, a total of
6 samples were collected in a 24 hour day cycle. Therefore, we have collected in tatahles ateach

site for gaseous samples and 2 samples for particulate matter at eachTsilde12-5 presents the

measured air quality status at above mentionedations.

Tablel2-5: Air Quality monitoring Results

Monitoring station |
Parameter Statistics AAQ1 |

Methods

No of samples | 2 2
Particulate Matter Range 109114 73-75 TM-AAQ/23
(PMes) (Hg/m?) Mean(24 hour) | 111.5 74 Gravimetric
98percentile 114 75
No of samples | 2 2
Particulate Matter Range 356- 364 286-312 | 1S5182 P23
(PMuwo) (ng/ m3) Mean(24 hour) | 360 299 Gravimetric
98percentile 364 312

141 gaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidrRagiid MetroRail Gurgaon Chapter 11: Environment Impact Assessment & Management

No of samples [ 12 12 1S5182 IV
Range 42.3¢73.2 39.6¢59.7
Nox (ug/ m3) Jacob &
Mean(24 hour) | 63.7 535 .
- Hieocher
98percentile 69.2 59.7
No of samples | 12 12
Range 8.0¢ 25.2 6-20.9 1S5182 PII
3
SO2 (Hg/m?) Mean(24 hour) | 19.3 12 West & Gaeke
98percentile 25.2 20.9
No of samples | 12 12
Range 0.3¢2.9 0.1c24
3 1S5182 RPX
CO(mg/m?) Mean(24 hour) | 2.3 17 SS182 X GC
98percentile 2.9 2.4
No of samples | 12 12 1S5182 P9
ean( _our) methods
98 percentile 95 93

SourcesConsul tantés monitoring

From above mentioned primary measured data in tablie5 except for PMoand PM s concentrations,
20KSN) L2t fdzii yiaQ 02y OSyiGN) GA2ya NS F2dzyR (2 oS
concentrations at both the site are approaching the CPCB prescribed limit of 109fmyr24 hour
duration. This is natural as duringpgt monsoon season the because of relatively clear sky, UV ray
penetration to the lower troposphere enhanced significantly, which in turn increases the ambient ozone
concentrations. CO concentration is also found to be on the higher side (although lesthérstandards)

because of the various construction activities all along the proposed metro rail project.

12.15.8 water Resourcesand Water Supply

Within the vicinity of Project area ground water occurs under semi confined to unconfined aquifer
conditions. Theunconfined aquifers are tapped by dug wells wheréhs semiconfined aquifers are
tapped by shallow tube wells. The shallow ground water in most part of the city has been found polluted
due to sewage contamination as the well waters showed tdghcentration of nitrate and chloride. The
ground water at deeper depths have much low concentration of these constituents, which indicates that
the pollution of ground water is restricted to shallow depths only. The shallow ground water has also been
found polluted due to industrial effluents as the water contained relatively high concentration of heavy
metals such as Cu, Pb, Mn, and Fe. However, at deeper aquifer the concentration of these elements is low

as compared to shallow aquifer.

The rate of watersupply in the town Gurgaon is 180res per capita per day. Now HUDA realizes the
importance of water in all aspects life. Consequently, a 70 kwater channel from Sonepat to Gurgaon

has been constructed whichis designed to supply 100 MGD treated wapeble of serving unto 16 lakhs
people. In order to augment the depleting ground water resources, itis essential that the surplus monsoon
runoff that flows into the sea is conserved and recharged to augment ground water resources. Ground
water storagehat could be feasible has been estimated as 214 Billion Cubic Meters (BCM) of which 160

Billion Cubic Meters is considered retrievable. Central Ground Water Board has prepared the master plan
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for artificial recharge to ground water in different states.r@aon town and adjoining industrial areas of

Gurgaon district, Haryana government have been directed to adopt rooftop rain vateresting systems.

Aravali hills are onthe eastern side of Gurgaon and Najafgarh lake is on the westeas sidsh a naturla

slope is from East to wesind severdrains have been planned to carry the storm water of Gurgaon Town

into Najafgarh drain. DraiNo. Icarries storm water discharge of Sikenderpur village, DLF Phase | and I,
Sector 19 to 23A and Palam Vihar. Drain Mocarries storm water of Sectd, 4, 5, 14, 17, 25, 26, 228,

29&43. Drain No Il carrigise storm water of Sed5, 31, 32, 33, 38, 39 & 40 etc and only 56f#%iswork

has been completed. An estimate of balance work is being prepared to carryi8Badshahpur Nallah.

Drain No. IV having length of 22.75Kms (RCC pipe) and box type Covered Drain 8.2 Km has been proposed
to carry the storm water of sea@5 to see52 & 57 into Badshahpur Nallah.ddn No. V carries storm water

of sec 52,56 & par67 part 53 into the Kost Nallah. Drain No. VIl has been proposed to carry discharge of

Sec 35 and 36. Itis not requiredthe near future, since there is no development in this area.

12.15.9 water Quality

Ten million years ago most of the area of the distmets submerged under ocean hence the quality of
ground water is saline at deeper depths because of seepage for intensive network of canal and drainage
system. Natural ground water quality in an area is related to leaching of chemical constituents by
circulating waters As per June 200Gentral Ground Water Board Chandigarh dé@&WB), 14% of area

falls under fresh quality of ground water, 59% under margitoamarginal saline and rest of the 27%
under salhe zone. The ground water analysed from deep tubeehls in project area showed high
concentration of iron and fluoride 24 percent of wells in state have fluoride water outside the maximum
permissible range of 1.5 mg/l. In Haryana small and large part of almost all districts except Panchkula
YamunaNagar Ambala, Kurukshetra, Kaithal and Panipat have ground water with medium to high

concentrationof chemicalsand waters are not suitable for drinking purpose.

12.15.10Water Quality Statushear Proposed Alignment

In order to establisithe baseline quality ofgroundwaterand surface water, one sample each of
groundwater and surface wateras collected. The collected samples were processed, preserved and
further analysed following standard procedures and techniques. The sampling location details are
presented inTablel1-6. The samples were collected in psterilized Teflon bottle, prewashed with
deionized water. The basic parameters such as pH, EC, and TDS were measimeainl rest of the
parameters were analysed in the laborat@y showrin Tablel2-7. The analysis methods are shownin
Tablel2-8.

Tablel2-6: Details of groundwater sampling locations

Locatlon
\* Latitude Longitude

Sukh Shanti Apartment, Secto

HY ZHpP Q| 77°n1¢c Qm
56, Gurgaon y P
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Tablel2-7: Water Sampling, Preservation & Analysis

Container  Storage/

Parameters Sample Collection :
Volume Preservation
Grab Sampling
1. pH Polypropylene 50 ml On site analysis
Container
. Grab Sampling
2. Electrical Polypropylene 50 ml On site analysis
Conductivity (EC) )
Container
Total Dissolved Grab Sampling . )
3. Solids (TDS) Polypropylene 50 ml On site analysis
Container
Grab Sampling
4, Total Hardness (TH Polypropylene 50 ml -
Container
. Not required; 28
Grab Sampling days
5. Anions Polypropylene 50 ml .
Container Filtered
unacidified
Grab Sampling Refrigeration;
6. Sodium (Na) Polypropylene 50 ml filtered acidified
Container to pH~2
Grab Sampling Refrigeration;
7. Calcium (Ca) Polypropylene 50 ml filtered acidified
Container to pH~2
Grab Sampling Refrigeration;
8. Magnesium (Mg) Polypropylene 50 ml filtered acidified
Container to pH~2
Grab Sampling Refrigeration;
9. Iron (Fe) Polypropylene 50 ml filtered acidified
Container to pH~2
Tablel2-8: Analytical Methodology (Water)
S No. Parameter Method ‘ Instrument Used
1. pH Electrometric pH Meter
2. EC Electrometric Conductivity Meter
3. TDS Electrometric TDS Meter
4, TH Computed -
5. Colour APHA, 1995 Tinto Meter
6. Odour APHA, 1995 Static Reference Scale
Anions (F, C}, .
7. NO3, P0O43 lon-exchange method lon-Chromatograph (Dionex
ICS 90)
S042)
8 Fe Atomic Absorption Atomic Absorption
Spectrophotometry Spectrophotometer (AAS)
Atomic Absorption Atomic Absorption
9. Na, Ca & Mg
Spectrophotometry Spectrophotometer (AAS)
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S No. Parameter Instrument Used

Bacteriological Tests

Multiple Tube Fermentation

. Bacteriological incubator
Technique

10. Feacal Coliform

12.15.11 Groundwater Statusiear Proposed Alignment

The groundwater quality results are presented in Tabled. The analytical results show moderately
alkaline nature of groundwater. The recorded high concentrations of EC (1252 uS/cm) in the sample
collected indicate increased concentrations of major iomgroundwater of the area investigated. The

TDS (711 mg/l) reflects high concentration of dissolved ions in the groundwater. The total hardness
(473.6 mg/l), computed based on the concentrations of dissolved calcium and magnesiumions classifies

the grourdwater as hard water.

The results so obtained reveals that in general, most of the measured parameters of groundwater quality
exceed the desirable limit but within/comparable to permissible limits of CPCB water quality standards.

Total Coliform counts hawnot been detected in the collected samples.

Tablel2-9: Analytical Results of Groundwater Quality

S.No. Parameter Unit Sample(GW1)
1 pH pH unit 7.7
2 EC puS/cm 1252
3 Colour Hazen 3
4 Odour Unobjectionable
5 TDS mg/l 711
6 TH mg/I 473.6
7 S042 mg/l 59
8 Ch mg/I| 352.5
9 PO43 mg/l 0.14
10 NO3 mg/I| 23
11 ~ mg/l 1.9
12 Na mg/| 61
13 Ca mg/l 112
14 Mg mg/| 47
15 Fe mg/I 0.13
Bacteriological
Parameters
16 Feacal Coliform MPr:Illoo ND

12.15.12 Surface Water Qualitynear the Proposed Alignment

Thesurfacewater quality results are given in Tallé-10. The analytical results show nearly neutral
nature of surface water with pH value equal to 6.83. The recorded high concentratie@ (291 uS/cm)
in the sampleindicates increased concentrations of major ions, which may be attributed to evaporation

in the surface water body. The result shows concentrations of BOD as 3.59 and the DO concentrationin
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the sample as 4.27 mg/l. The DO aB@D values indicate presence of organic contents in the surface
water body. Based on the analytical findings, it may be concluded that the measured parameters
including bacteriological parameter and SAR of surface water quality are within CPCB watty quali
norms for irrigation purpose but not for domestic purpose taking into consideratienolour and odour

as observed during monitoring.

Tablel2-10: Analytical Results of Surface Water Quality

SH\[e} Parameters Units Sample (S\W)

PhysiecChemical Parameters

1 pH pH unit 6.83
2 EC uS/cm 291
3 DO mg/L 4.27
4 BOD mg/L 3.59
5 TKN mg/L 1.85
Sodium Absorption
6 Ratio (SAR) 0.62
7 Boron mg/L 0.47
Bacteriological Parameters
8 Feacal Coliform | MPN/100 ml. 81

12.15.13Noise

Any developmental activity (particularly related to civil engineering construction projects) will have
significantimpact on the existing or baseline noise levels. The existing noise levels are particularly likely
to increase during preconstruction anctonstruction phase of the activities, involving site clearing and
construction operations. In view of the above, a study to evaluate the existing noise levels was carried
out along the corridor. The measurements were carried out with the help of a catthr&bund Level

Meters for day and night ateach sampling site. Ambient noiselevels were measured using SESVAhoise
level analyser instruments having facility of automatic recording of ambient noise level (dBA) at one
minute interval. The noise levels veefurther analysedand day time and night time noise level were

estimated. The results are presentedTablel2-11 below.

Tablel2-11: Ambient noise level at two locations along the proposed corridor

e Avgrage Day time Day time
Station . Day noise nght (S0t | (D[] Environmental
No Location level noise 10 PM) 6.00AM) Setting
(DBA) level standard stqndard
(DBA) (Leqin DBA) (Legin DBA)
1 Sikanderpur | 4, 5 50.6 69.8 49.4 Commercial
metro station
Sec 56 Sukh
2 Shanti 64.4 49.1 63.1 447 Residential
Apartment

It is evident that noise level is higher than the prescribed norms of residential areas whereas at
Skanderpur, itis within limitfor 10 hour noise standards for commercial areas. It should be noted that

no environmentally sensitive location are idemnéd along the proposed alignment.
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12.15.14National Noise Standards

The Central Pollution Control Board has specified ambient noise levels for different land use for day and night
times. Importance was given to the timing of exposure and areas designated as sensitive. The National ambient
noise level standards are given in

Tablel2-12 below.

Tablel2-12: - National Noise Standards

‘ g. ‘ — | Limits (dBA)
No. | Day Time  Night Time
1 Industrial 75 70
2 Commercial 65 55
3 Residential 55 45
4 Silence Zone 50 40

12.15.15Statusof Soil Qualitynear the Proposed Alignment

Soil sample was collected from one location in the vicinity of the proposed project (Tal8) and
further processed and analysed for specifigdhysicochemical parameters following standard
procedures and techniques. The sample was analysed for various soil parameters to get baseline soil

quality status of the area.

Tablel2-13: Details of SoiSampling Location

SH Location : : . :
‘ No. Code Sampling Location Sampling location
Latitude Longitude
Sukh Shanti
1 S1 Apartment, Sectoi56, | HYy 2HpPp QI TT2n1cCcQ
Gurgaon

The methodology and the analytical results of measured physh@mical parameters in the soil samples

of the investigated area are given in thiablel2-13and Tablel2-15 respectively.

The pH value indicates nearly neutral nature of thé <1 the area undefinvestigation. The observed
electrical conductivity (146 pS/cm) reflects the moderate concentrations of major elements in the soil.
The infiltration rates recorded in the sample is 37150 mm/yr. The major elements such as Na, K, Ca &
Mg present in the soil are in moderate concentrations which may be attributed to the natural

geochemical processes in the area.

The high moisture retention capacity (~40%) reflects the considerable presence of clay soil fraction and

hence characterizes theoil of the investigated area as sandy clay loam.

Tablel2-14: Soil Sampling Analysis Methodology

S. No. Parameters Protocol Instrument Used

Method of Soil AnalysiSoil Science
society for AmericgPartIl)
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Parameters Protocol Instrument Used
Electrical Method of Soil AnalysiSoil Science .
2 conductivity (EC) society for America (Part Il) Conductivity Meter
. . Method of Soil AnalysiSoil Science . i
3 Infiltration rate society for America (Part I) Ring Infiltrometer
Moisture . . Pressure membrane
4 Retention Soil Chemical AnalysM.L.Jackson Suctionplate
. Method of Soil AnalysiSoil Science
5 Organic Matter society for America (Part Il) Muffle Furness
. . Si Shaker &
6 Sand Soil Chemical AnalysM.L.Jackson '.e"‘? axer
Weighingbalance
7 Silt Soil Chemical AnalysM.L.Jackson -Do
8 Clay Soil Chemical AnalysM.L.Jackson -Do
9 Texture Soil Chemical AnalysM.L.Jackson Computation
10 Moisture Soil Chemical AnalysM.L.Jackson Hot Air Oven
11 Sodium (as Na) Soil ChemicalnalysisM.L.Jackson Flame Photometer
12 Potassium (as K]  Soil Chemical AnalysM.L.Jackson Flame Photometer
13 Calcium Soil Chemical AnalysM.L.Jackson Flame Photometer
14 Nitrogen Method _of Soil Analys+§0|l Science Spectrophotometer
society for America (Part 1)
Method of Soil AnalysiSoil Science
15 Phosphorus as H society for America (Part Il) Spectrophotometer

Tablel2-15: Analysis Result of Surface Soil Quality

Parameters Sample (S1)
1 pH 7.3
2 Electrical Conductivity at 250C (i 146
3 Infiltration rate (mm/yr) 37150
4 Moisture in % 12.75
5 Organic matter in % 1.96
6 Sand in % (W/W) 62.5
7 Siltin % (W/W) 11.3
8 Clay in % (W/W) 36.2
9 Texture Sandy Clay
10 Moisture Retention Capacity in 9 395
11 Sodium as Na (mg/kg) 42.7
12 Potassium as K (mg/kg) 19.5
13 Calcium as Ca (mg/kg) 63.2
14 Nitrogen in mg/kg 8.25
15 Phosphorus as P in mg/kg 0.64

12.15.16Climate

Gurgaon town is characterized by semi arid zone whacddry conditions exceptin the monsoon season,

with hot summers and cold winters. The year is divided broadly into four seasons. Theeater
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starts late in November and continues up to the begimmof March. The summer season is from March
to the end of June. The period from July to mid September is the southwest monsoon season. Mid

September to the end of November constitutes the post monsoon or transition period.

12.15.17Flora

As the projectarea is phly urbanized, presence of wild life or emdgered species is very unlikeRbout

95% of the forest arean Haryanais situated along the railway lines, canals, roads, drains, and flood
protection bunds in the shape of linear strips. Most of the boundaifhars of the strip forests are either
missing or shifted by cultivators of the adjoining fields. Prior to transfer of these strips to the Forest
Department for management, respective departments planted shade trees like Shisham, Neem, and Siris
on someof these strips, but the success rate was very poor. Later on, the Forest Department raised
plantations of many useful species in these strips in successive years, and as a result most of these strips
bear forest plantations of various ages. As per thésed classification of the Indian forests, the natural
forests of thetract (exceptthat of Aravallis) have been placed under the Northern tropical thorn forests.
Natural forests on the Aravallis and its foothills have poor composition and density. tesab of soil
erosion by water over a period of millions of years and excessive biotic interferencein the last century.
Scrub vegetation in the Aravallis is in the last stages of degradation and come under the Northern Dry

Deciduous forests.

The roadscanals, drain, and flood protection bunds are owned by the state government. Railway strips
are a property of the central government. These and the other strip forests (along canals, roads, drains,
and bunds) were declared protected forests under sectB@nof the Indian Forest Act, 1927. All block
forests (except Palla) arereserved forests and Jatauli is protected forest. Sadhrana, Chandu, Sultanpur,
and Saidpur areas were declared as Sultanpur National Park for the purpose of protecting, propagating,
and developing wildlife within and its environme@ommon species planted in the area include: Delonix
Regia: Gulmohar, Cassia fistula: Amaltas, CaSaiaea, Azadirachtindica: Neem, Kigelignnata,Ficus
Religios:Peepal, FicuBenghalensis: Barh, Terminaldgiuna: Arjun, Dalbergi&sso: Shishankigures

11-4, 115 and 116 show the status of the forests.
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HARYANA
G eographic Area 44,212 km?(1.3% of country) | [Recorded Forest Area
Population 21.08 million (2.1% of country) | | Reserved Forest (RF): 249 km’
Urban 6.11 million (29%) | | Protected Forest (PF): 1,158 km’
Rural 14.97 million (71%) Unclassed Forest (UF): 151 km’
2
Average Population Density 477 persons per km’ Total: 1,558 km
Tribal Population ---
Livestock Population 9.14 million (1.9% of country) Of State’s Geographic Area 3.52%
No.of Districts 19 [ | Of Country’s Forest Area 0.20%
No. of Hill Districts 0
No. of Tribal Districts 0
F Very Dense
orest Cover 7 i Y. Forest Cover
Very Dense Forest (VDF): 2km” 0.0% Moderate Dense
Moderate Dense Forest (MDF): 518 km® S
Open Forest: 997 km?
Total: 1,517 kl'l']2 Open Forest:
Of State’s Geographic Area: 3.43% g =
Of Country’s Forest Cover: 0.05% '
Tree Cover Forest & Tree Cover
Culturable Non-Forest Area (CNFA): 40,751 km’ Total Forest & Tree Cover: 2,932 km®
No. of trees per ha of CNFA: 123 Of State’s Geographic Area: 6.63%
Tree Cover: 1,415 km® Of Country’s Forest & Tree Cover: 0.38%
Of State’s Geographic Area: 3.20% Per capita Forest & Tree Cover: 0.01 ha
Of CNFA: 3.47%

Figurel2-4: Status of forest in state and districts
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FOREST COVER MAP OF HARYANA
HIMACHAL PRADESH

RAJASTHAN

Wery Dense Forest
Dense Forest
Open Forest

Saub

Non Forest
Water Bodies

District Boundaries

bUNOON

Figurel2-5: Haryana state forest cover Map
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District-wise Forest Cover (Haryana)

Number of Districts: 19 (Area in km?)
District Geographic|Forest Cover Percent| Change
Area| Very | Moderate | Open Total
Dense | Dense Forest | Forest

Ambala 1,574 0 17 18 35 2.22 -13
Bhiwani 4,778 0 10 127 137 2.87 -19
Faridabad 2,151 0 28 51 79 3.67 14
Fatehabad 2,538 0 9 13 22 0.87 -29
GUrzzonl 27660 ] i s S U it
Hisar 3,983 0 20 24 44 1.10 -22
Jind 2,702 0 8 15 23 0.85 7
Jhajhar 1,834 0 4 23 27 1.47 14
Karnal 2,520 0 10 36 46 1.83 -41
Kaithal 2,317 0 50 26 76 3.28 -5
Kurukshetra 1,530 0 15 22 37 242 -73
Mahendragarh 1,859 0 6 48 54 2.90 -8
Panipat 1,268 0 6 17 23 1.81 4
Panchkula 898 1 156 207 364 40.53 42
Rohtak 1,745 0 4 19 23 1,32 -6
Rewari 1,582 0 6 40 46 291 20
Sirsa 4,277 0 15 45 60 1.40 -120
Sonipat 2122 0 5 11 16 0.75 11
Yamuna Nagar 1,768 1 101 98 200 11.31 24
Total 44,212 2 518 997 1,517 3.43 -237

Forest cover change matrix of Haryana

2001 2003 Assessment Total 2001
Assessment Dense forest | Open forest | Scrub Non-forest

Dense forest 167 123 3 846 1139
Open forest 113 268 12 222 615
Scrub 2 14 22 50 88
Non-forest 238 592 31 41509 42370
Total 2003 520 997 68 42627 44212
Net change -619 382 -20 257

Figure12-6: Details of forest in Haryana

152 gaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidrRagiid MetroRail Gurgaon Chapter 11: Environment Impact Assessment & Management

12.15.18Fauna

At present Hoglear, which was quite abundantin swampy part of the study area has become extinct
from the area. Grey partridges aimesufficientnumbers Black partridges are found along the canals and
drains. Hare are common along with peafowl in cultivated fields and orchards. Blue Rock pigeons,
Common Quail come with the ripening of wheat crop. Ducks and geese are found in Jheels and small
ponds. The mtail,Pochard Shoveller, TealsComb duck, Spothill and Goose are the common species of
ducks available in winter months. Jacksnipe are also seen in rice field2elidans, Cranes$ierons and

many sorts of waders covehe Jheels where Saras and Kane particularly conspicuous. BlBall and

Jackals are in plenty and blue bulls are responsible for the damage to the crops and plantations. There
are 450 species of Birds found in Haryana in which nearly 250 species have been reported in nearby
Sultarpur bird sanctuarySane of the common resident birds are Common Hoopoe, Paddy field Pipit,
Purple Sunbird, Little Cormorant, Eurasian THioke, Gray Francolin, Black Francolin, Indian Roller,
White-throated Kingfisher, Spot billed Duck, Painted Storkité/Ibis, Black headed Ibis, Little Egret,
Great Egret, Cattle Egret, India Crested Lark, Red vented Bulbul, Rose ringed Parakeet, Red wattled
Lapwing, Eurasian collared Dove, Red collared Dove, Laughing Dove, Spotted Owlet, Rock Pigeon, Magpie

Robin, Grater Coucal, Weaver Bird, Bank Mynah, Common Mynah and Green Bee Eater.

It should be noted that as the alignment traverse purely in urban settlement, the presence of any wildlife

is very unlikely.

12.15.19Seismicity

The project area falls in ZoA¥ of Seismic Zong Map of India, which has a fairly high seismicity. The
project area shows active and prolonged seismic history. Earthquakes of 3 to 6.7 magnitude on Richter
scale have occurred in past around Gurgaon. Suitable seismic factor as per the India Meiearolog
Department (IMD) to be adequate needs to be considered for design purpose for Civil Engineering

structures and while finishing civil designs.

The last major earthquake that hitthe Gurgaon was on October 8, 2005 with its epicenter in the Pakistan

occyied Kashmir, it measured 7.6 on the Richter schigure 117 shows the seismic map of India.
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Figurel2-7: Seismic Map of India

12.15.20LandUse Pattern

Land and soil constitute the basic components of the physical environment. The alignment of a road may
cause changes inland use, soil @ledudationprocesses in differentintensities. The land use prauttaf
the Gurgaon district has been mentioned beldablel2-16:

Tablel2-16: Land use pattern of Gurgaon

‘ 9. No. LAND USES AREA IN HECTARES
1 Residential 14380.00
2 Commercial 1199.00

Govt. of Haryana Gazette Notification dated 11th July 2006.
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| 3. No. LAND USES AREA IN HECTARES
3 Industrial 7023.00
4 Transpc_)rt qnd 4299.00
Communications
5 Public utilities 469.00
Public andSemi
6 . 1695.00
publicuse
7 DefencelLand 633.00
8 Open Spaces 2462.00
9 Special Zone 106.00
10 Special Economic 1460.00
Zone
Total 33726.00

The town of Gurgaon is a mixture of residential, commercial, institutional and industrial land use. To the
right of the NH8 is residential developmentwith pockets of institutional and commercial development.
The area on the West and Southwestern sidehaf town are comparatively low lying. To provide for
residential area near the industrial sectors and to reduce the work place distance, residential sectors
have been provided on the eastern and southwestern side of the existing town. For the same aof area
14380 hectare has been allocated. An area of 1199 hectare has been proposed for commercial
development. Commercial developments are seen all along major roads and national highway. Sector 29
of Gurgaon town forming an important central location and haylinkages from all parts of the town
KFra 0SSy LINRLRASR Fa a/AbGe / SYyGSNE® a2 NE@w&dYYSNOA
meet the commercial needs of the town. The existing industrial land use (Udyog Vihar Industrial Area)
is mainly to he north along the National Highway No.8 and the old BéHipur Road. Publigsemi public

land is along the railway road in the Old Gurgaon area. For industrial area the Development Plan has
earmarked 7023 hectare of land, which extend to the southemesdf the existing town along Delhi

Jaipur National Highway.

To streamlinethe local as well as through traffic, the existing Blpur highway has been linked with

a 60 m wide road up to Delhi border with the provision of green belts. Sector 33 has been proposed as
Transport Nagar, which would be planned on modern lines providing for truck stands, transport agencies,
banks, godowns, parking area, hotels etc. For trorsand communication an area of 4299 hectare has
been proposed. For public utilities an area of 469 hectare has been earmarked. And for public and semi
public uses an area of 1695 hectare. The land along the northeastern side ofH2aldana border has

been reserved as green space. An area of 2462 hectare has been proposed for open space.

12.15.21Land Use Patterof Gurgaon Tehsil
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Due to the rapidurbanization of Gurgaon, no exact land use information is available for the study area,
falling within project aea. In view of rapid urbanization due to development of commercial complexes,
institutional areas, corporate hubs, BPO Companies, IT Companies and residential colonies in HUDAarea,
thereis practically no cultivation even in cultivable area of villadesr€lis very minimal urban forestry

exists within the Gurgaon Tehsil and no forest area observed within study area. However, the land use
pattern for the Gurgaon Tehsil collected from District Statistical Office, is given in below mentiabled

12-17.

Tablel2-17: Land use pattern of Gurgaon Tehsil

S. ‘ PARTICULARS AREA (HA) % TO TOTAL
NO. AREA
1 Forest 1900 1.48

2 Barren and Uncultivable --- -
Land

3 Land put to non 9800 7.64
agricultural uses

4 Permanent pastures and ---
other grazingland

5 Miscellaneous including 1000 0.78
Tree and groves excluding
cultivable area

6 Culturable waste -- --
Other fallowland 4500 351
Current fallowland 76500 59.67
Net area sown 34500 26.91
Total 128200 100.00

Source- District Statistical Office, Gurgaon

12.15.22LandUsein Study Area

Land use pattern has been studied using satellite image of project area within 10 km of either side of
proposed alignment. The study result has been mentioneflahlel2-18 belowand the image is shown

in figure 118.

Tablel2-18: Landuse classification in study area

‘ S. NO. LAND USE CLASS AREA (HA ARIZA N

1 Vegetation 7349.72 16.09
2 Plantations 7679.64 16.81
3 Agriculture Land | 7862.20 17.21
4 Builtup Land 9246.92 20.25
5 Existing Road 1181.52 2.58
6 Railway Track 112.88 0.24
7 Water body 64.16 0.14
8 Waste Land 12160.8 26.6

Total 45657.84 100%
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Figure12-8: Land use map within radius of 10 km.

12.15.23SocieEconomic Descriptionf Project Area

The Gurgaon district is one of the southern districts of Haryana and southern periphery of Delhi. Onits
north the districts of Rohtak and tHénion territory of Delhi, on its east the Faridabad distrintsouth

the district shares boundary with the state of UP and Rajastihe NH8 (DelhtJaipur Highway) passes
through the town. On its west lies the district of Rewari and the state of Rlagas The total area of the
districtis 2716 sq. kms. Gurgaon town is situated only 32 kms smeth of New Delhi, the capital city

of India. The district has stbopical, continental monsoon climate.

Gurgaon is the sixth largest city of Haryana Stade tfe last two decades, it has been arastpace of

the developmentandemerged as the industrial and financial hub of Haryaliee study area is located

at Gurgaon, which is at the southern periphery of Delhi. Gurgaon city, well known as the production
centre for Maruti Suzuki cars, is also a major centre of IT industry, SEZs, BPO industry, automobiles,
electronics, readymade garments and pharmaceuticals. The district is one of fastest growing business
districts in the National Capital Region (NCR)n@én the proximity of Delhi, there is an exponential

growth in traffic between Delhi and Gurgaon during the last few years.

At the outset of the development plans available for the project town were obtained. These documents
defined the land use plan apart of the overall town urban development plan for the year 2021
ARSyGATFeAy3a Iy SEGSYRSR | NBIF SyoO2yYLl aaSR o6& | al
significantly within the proposed urbanized land use plan. Itwas determined that the urashapment

of the town would in general lie within this extended planning limit and as such this was adopted as the
extent of thestudy area defining the focus of information collection, reconnaissance surveys, and general

review.

12.15.24 Administrative Division

The study area falls under Gurgaon Tehsil of Gurgaon district. There are seven (7) urban tehsils falling
under the study area i.e., Gurgaon, Faruknagar (MC), Dundahera (CT), Gurgaon (MCI), Gurgaon rural CT,
Sukhrali CT and Gurgaon rural. The total popwlats per Census 2001 is 16,60,289.
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The main soci@conomic features of the study district and study Telasdgiven inTablel12-19, 11-20
and 1121 below.

Tablel2-19: Gurgaon: District Organizational Structure

3. No. Study District/Tehsil No. Description

Gurgaon(North), Gurgaon(South)
1 Sub Division 3 and

Farukh Nagar

Gurgam, Sohna, Pataudi, Farukh
Nagak Manesar
Gurgaon(36Villages/34 Panchayat
Sohna(72 Villages/57 Panchayats
3 Blocks 4 FarukhNagar(48 Villages/48
Panchayats) ataudi(72
Villages/71Panchayats).

2 Tehsils 5

Gurgaon Municipal

4 : 35 | Wards
Corporation

c Sohana MunICIpa| 15 | Wards
Committee

5 Pataudi M.un|C|pa| 13 | wards
Committee

. Farrukh Nagar Municipa 11 | Wards

Corporation
Source: Statistical Abstract, Haryana.

Tablel2-20: Area Covered by Gurgaon Municipal Corporation (ward wise)

WARD AREA COVERED

NO.

1 New Palam Vihar Phase 1, New Palam Vihar Phase 2, New Palam Vihar Ph
Nihal Colony, Pawala Khusrupur, Pawala Khusrupur Village, Rajeadk, Sarai
Alawardi, Sarai Alawardi Village, Sector 100A, Sector 106, Sector 109, Sectq
Sector 112, Sector 113

2 Chauma Khera, Chauma Khera Village, Moulahera, Moulahera Village, Palg
Vihar, SECTOR 22, SECTOR 23

3 Dundahera, Dundahera VillaggECTOR 21, SECTOR 22

4 Maruti Udyog, Sarhaul, Sarhaul Village, SECTOR 18, Udyog Vihar Ritheg1,
Vihar Phase 2, Udyog Vihar Phase 3, Udyog Vihar Phase 4, UdyoBh4dkab

5 Ammunition Depot, Ashok Vihar Phase 3, Carterpuri Village, CateRalam
Vihar Extn, SECTOR 23A, Shitla Colony

6 Apna Enclave, Ashok Vihar, Ashok Vihar Phase 2, Bhimgarh Kheri Phase 1,
Bhimgarh Kheri Phase 2, Bhimgarh Kheri Phase 3, Palam Vihar, Palar8afiai
Alawardi

7 Daultabad, Daultabad Industrial Area, Rajemérark, Surat Nagar Phase 1

8 Basai, Basai Enclave 1, Basai Village, Dhanwapur, Dhanwapur Village, Gha
Kalan, Gharoli Kalan Village, Ram Vihar, SECTOR 100, SECTOR 10Q02Sect
Sector 102A, Sector 103, SECTOR 104, SECTOR 37D, SECTOR 9B,Surat
Phase 2, Tek Chand Nagar

9 Ambedkar Nagar, Devilal Colony, Feroz Gandhi Colony Phase 2, Ravi Naga

SECTOR 9, SECTOR 9A, Surya Vihar
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WARD

NO. AREA COVERED

10 Cancon Enclave, Laxman Vihar Phase 1, Laxman Vihar Phase 2, SECTOR

11 Jyoti Park, Krishna Colony, SECTOR 7, SHEXIR SECTOR 7 HoudBogrd,
Shivpuri

12 Arjun Nagar, Idgah Colony, Jyoti Park, Madanpuri, Nehru Lane, New
Colony,Pratap Nagar, Rattan Garden, Vijay Park

13 Bhim Nagar, Indra Puri, Jacubpura, Jawahar Nagar, Nai Basti, Prem Nagar
Nagar, SubhasNagar

14 Amanpura, Ashok Puri, Dayanand Colony, Gurgaon, Gurgaon Village, Secto

15 Acharya Puri, Adarsh Nagar, Anamika Enclave, Gopal Nagar, HUDA S&mitket
12A, LajpatNagar, Mahavir Pura, Mianwali Colony, Old DLF,Wagar 2, Rajiv
Nagar WestSanjay Colony, SECTOR 12A

16 Rajiv Nagar, Sanjay Gram

17 Airforce Station, Canal Colony, Chander Nagar, Industrial Estate Developme
Colony, MDI, SECTOR 14, SECT@GRSECTOR 16, SECTOR 17, Sukhrali, SU
Village

18 Baraf Khana, Civil Linégjends Colony, HVPNL Colony, Jacubpura Négar,
Patel Nagar, Police Line, Roshanpura, SECTAQR 15

19 Heera Nagar, Laxmi Garden, Om Nagar, Shanti Nagar, Shivaji Nagar

20 Anaj Mandi, Hari Nagar, Raj Nagar, Shakti Park, Shivji Park

21 Aath Marla, AmaColony, Auto Market, Baldev Nagar, Char Marla, GaNdlar,
Manohar Nagar, Nai Aabadi, Shakti Nagar, Veer Nagar

22 Basai Enclave 2, Bhawani Enclave, Feroz Gandhi Colony, Kadipur, Kadipur
Enclave, Kadipur Industrial Area, Kadipur Village, Krishna Neg@mOR
10,SECTOR 37C, Shiv Nagar, Vikas Nagar, Vishwakarma Colony

23 Khandsa, Khandsa Village, Old Industrial Area Khandsa Road, Pace City 1,
Pace City 2, Saraswati Enclave, SECTOR 10A, Udyog Vihar Phase 6

24 Gharoli Khurd, Gharoli Khurd Villag®rsuru, Harsuru Village, ISBT and MRTS
Depot, Kherki Daula, Kherki Daula Village, Mohmmadpur Jharsa, Mohmmad
Jharsa Village, Narsinghpur, Narsinghpur Village, SECTOR 36, SecBec8+#B,
83, Sector 84, Sector 88, SEZ, Sihi, Sihi Village

25 BadshapurBadshapur Village, Pahari Area, Ramgarh Dhani, Sector 62, &&ct
Sector 66, Sector 67, Sector 68, Sector 69, Sector 70, Sector 75, 7Fa&tor
Sector 76

26 Begampur Khatola, Begampur Khatola Village, Behrampur, Behrampur Villg
Fazilpur Jharsa, Edpur Jharsa Village, Ghasola, Ghasola Village, Info City 1,
Narsinghpur East, Nirvana, Rosewood City, SECTOR 34, SECIERI3R 48,

SECTOR 49, SECTOR 50, Sector 71, Sector 72, SecBaci?A3, SECTOR 74
SECTOR 74A, South City 2, Teekri, Te@hkageUppal Southend

27 Hans Enclave, Info City 2, Islampur, Islampur Village, Medi City, Nalupar
Naharpur Rupa Village, Nitin Vihar, Rajiv Colony, SECTOR 33, SIBCPOIR
Colony, Wireless Station

28 Jharsa, Jharsa Village, Prem PBECTOR 31, SECTOR 32, SECTCHEGIAR
39
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WARD

NO. AREA COVERED

29 Jalvayu Vihar, Kanhai, Kanhai Village, Mohyal Colony, Moti Vihar, Saini Khe
SECTOR 29, SECTOR 30, SECTOR 40, Sector 40, Greenwood City, Sector|
SECTOR 44, SECTOR 45, Silokhra, Silokhra Village,@dutifij@iy Vihar

30 Greenwood City, Jal Vihar Colony, Malibu Town, Mayfield Garden, Samasp
Samaspur Village, SECTOR 46, SECTOR 47, Sector 47 Distt Centr&ISECT
SECTOR 57, Sector 57, Wazirabad, Sushant Lok Phase 2, Sushhaskdk
Sushant Lb Phase 3 Extn, Tigra, Tigra Village

31 | Ardee City, Indira Colony 1, Indira Colony 2, SECTOR 52, Wazirabad,

Wazirabad Village

32 DLF City Phase5, Ghata, Ghata Village, Gwal Pahari Village, New Gwal Pa
Village, Pahari Area, Pahari Area, Pahari ARaaari Area, Pahari Area Gwal
Pahari, SECTOR 42, SECTOR 52A, SECTOR 53, SECTOR 54, SECITOR 5§
Sector 58, Sector 61, Suncity, SushantLok Phase 2

33 Chakkarpur, Chakkarpur Village, Maruti Vihar, Saraswati Vihar, SECTOR 43
Sector 43, Waziraba&ushantLok Phase 1

34 DLF City Phase 1, DLF City Phase 2, DLF City Phase 4, DLF Corpdpate Par,
Phase 4, Chakkarpur, Garden Estate, Global Business Park, MaPRioad,
Area Sikanderpur Ghosi, SECTOR 27, SECTOR 28, Sikanderp8ikanodgrpur
Ghosi Village

35 Ambience Island, Dhanchiri Camp, DLF City Phase 3, Nathupur, Natfilipge,
National Media Center, Pahari Area Nathupur Village

Source Municipal Corporation Gurgaon

Tablel2-21: Demography of district

‘ S. No.| Particulars Gurgaon District Study Area (Gurgaon Tehsil
1 Population 1660289 629508
2 Male Population 886451 342527
3 Female Population 773838 286981
4 Rural Population 203658 380541
5 Urban Population 70223 248967

Sex ratio (Female/1000
6 873 838
males)
Literacy rate, %
Total 50.3% 68.8%
7
Male 325 41.1%
Female 17.8 27.7%
Geographical Area
8 2760 98.0
(sq.km)
Density of Population
9 602 491
(Person/sq km)
10 | % of ST Population 0.0% 0%
ry
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S. No.| Particulars Gurgaon District Study Area (Gurgaon Tehsil

% of S®opulation 6.02% 13.1%
12 Total no. of Tehsils 7 1
% of workers to the total
13 38.0% 36.9%
population

Other Services (Govt.
14 | privateand Industrial) 17.8% 32.0%

workers), %

Wheat, Gram, Barley, Wheat, Gram, Barley,
15 | Major crops Bajra & Jawar, Oilseedy Bajra & Jawar, Oilseeds,
fodder andvegetables. fodder and vegetables

The summary of socidemographical features (as per Census 2001) of the Tehsil located within study area are
compiled with respect to population profile, literacy rate, workers participation, and occupational pattern are

given inTablel2-22 to Tablel2-25.

Tablel2-22: Population Profile in the study area

POPULATION

SH STUDY FAMIL

SEX % TO
RATI TOTAL
@ | DELEER ey

(O)\\

NO OF H
NO. AREA TOTAL MALE FEMALE| Y SIZE

Gurgao
n

119778 629508 | 342527 | 286981 53 838 93503 14.9

The data presented ifiablel2-22 indicates that there are around 1.2 lakh households in the study area

with a population of 6.29 lakhs among them male contribution is 3.42 lakhs & Femafrtaution is

2.87 lakhs. The average family sizeis 5.3 and there are 838 females per thousand male populations. The
LISNOSy Gl 3S 2F OKAf RNByQa LRLJzZ I dAz2zy (G2 GKS G201 f

is more in villages falling inwsty area.

Tablel2-23: Literacy rate profile in study area

SL STUDY | LITERATE POPULATION TOTAL LITERAC

AREA | TOTAL| MALE FEMALE POPULATION RATE (%]
1 Gurgaon| 433150 | 258969 | 174181 629508 68.8

Theliteracy rate in the study area is only 68.8%. Among them male literate percentage is more than
women.

Tablel2-24: Distribution of Population by Caste in study area

SC ST BC+OC

S. ‘ STUDY

NO.| AREA
1 | Gurgaon| 82697 | 0.0% | 546811| 629508

162 gaalcrow

A CH2M HILL COMPANY



Detailed Project Report for the South ExtensidrRagiid MetroRail Gurgaon Chapter 11: Environment Impact Assessment & Management

The distribution of the population with respect to caste is showTablel12-24. Itindicates Scheduled
Caste population of 13.1%, Scheduled Tribe population is found to bediB&®& OC Population is 86.9%

of the total population.

Tablel2-25: Distribution of Workers participation among total population in study area

S. STUDY | TOTAL TOTAL TOTAL NON TOTAL

MAIN MARGINAL
NO.| AREA | WORKERS WORKER! POPULATIOM
WORKER{ WORKER

232491 | 201480 | 31011 397017 629508
(36.9%) | (32.0%) | (4.9%) | (63.1%) (1009%)

1 | Gurgaon

The data presented ifiablel2-25 denotes thatthere are more number of nemorkers (63.1%) consisting

of old aged people, retired, h@e wives, children below 5 years and school going children up to 15 years
followed by main workers (Govt. service, IT, BPO, Corporate office employees etc.), who are engaged in
more than 180 days in a year, (32.0%) consisting of cultivators, agriculabvalrers self employed and

other service holders and marginal workers who are employed in less than 180 days in a year (4.9%).

Tablel2-26: Distribution of Occupational Pattern among the total Main WorkerthnStudy Area

S. | sTuDY AGRICULTUR  HH OTHER | TOTAL

NO.‘ AREA ‘ CULTIVATOR | ABOURS INDUSTRY WORKER{ WORKER:

1 | Gurgaon 33276 4365 6370 157469 | 201480
g (16.5%) (2.2%) (3.2%) | (78.1%) | (100.0%)

The occupational pattern presented ifiable12-26 infers that the majority of the main workers are
engaged in other services such as trade & commerce, transport, storage, communications and services in
both Governmental &private sectors are worked out to be 78.1%. Cultivators are 16.5% & Agriculture
labours are 2.2%. Household industry/ self employed in pottery, black smithy, gold smithy, small size

household industries are observed to be very low (3.2%).

12.15.25Slum Profile, Grgaon

Although there is no Slum cluster exist along the alignment, but to understand the -soormmic
composition of the town it is relevant to mentioned the status of slum cluster. In adequate housing,
social and physical infrastructure development &tgve manifested in the proliferation of slunis
Gurgaon cityThe total slum population for the town within the Municipal Limits as per 2001 census is
33,570, which accounts for 19.43% of total population (1, 73,542) of thetd\srper the data provide

by the Municipal Committee the total population of Slum area including Schedule caste and other
backward classes account for 31,390. There are 14 slum colonies recognized by the Municipal

Committee.

In reviewing the housing stock of the notified slunugters (as made available from the Municipal
Caporation) it was observed from study and available secondary source of information that a large
ydzYo SN 2F aGaf dzvaé KI @S S@2t SR Ayid2 y2N¥YIGAGS
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structures on occa®n spanning more than one plot of land. Some of these clusters also represent
unplanned/ unauthorized developments thatto a large extent have now been either regularized or are
in the process of being regularized. These areas typically have some shiortfalic services and in part

are representative of the areas where public health and hygiene problems are more commonplace. Once
converted over to regularized areas their problems associated with public health and sanitation would
expectedly diminish.iEld observation has shown that slums and economic weaker sections have poor
civic facilities. The unhealthy environmental conditions cause various diseases like Malaria, cholera,
typhoid, polio, meningitis, and hepatitis Aand E etc. Humans and animaésdmsts to the bacterial,

viral, or protozoan organisms.

4 Census of India 2001

12.15.26 Industrial

The main industrial area is located in Udyog Vihar. Industrial aresds many industries and
commercial establishments. The office and manufacturing plahtoL Y RA I Q& f WaEISaA G OF
Udyog Limited is located atthe old Dellaipur road along with large number of other industries. The IT
industry is also a fast emging and booming industry with a number of software development
companies, which have made Gurgaon their playground. Industrial development is seen along the
National Highway No. 8 after the Rajiv Gandhi Chowk. Industries like Hero Honda, Pascos, axg Ranb

etc can be seen along the highway.

12.16 IMPACT IDENTIFICATION

12.16.1 Negative Environmental Impacts

The primary function of an environmental impact assessment study is to predict and quantify the
magnitude of impacts, evaluate and assess the importance of the identified changes and formulate plans
to monitor and mitigate the actual changes. Environmeiapacts could be positive or negative, direct or
indirect, local, regional or global, reversible or irreversible. The process began by identifying the
development and operational activities resulting from the proposed projectas contained in settidn

to 11.14. Sectionl1.15was dedicated for providing information on the baseline environmental conditions
for various parameters. This sectidri.16 discusses the potential negative impacts on environment
resulting from the projectAs far as possible attets have been made to quantitatively predict the impacts

due to proposed project, for noguantitative impacts qualitative assessment has been done.

While, most of the positive benefits wouletcur during the operation phase of the proposed metro rail
facility on the proposed corridors, most of the negative impacts would take place during the pre
construction (design) and construction phase. Some of the negative impacts associated with the metro

south extensiorproject have been summarized below under todlowing headings:

i. Impacts due to projecdesign
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ii. Impacts due to construction works, and

iii. Impacts due to project operation.

12.16.2 Impacts Dueto Project Design

The engineering design of the metro rail has been prepared incorporating all environmental safeguards.
The project envisages natural drainage network, roadways which will have marginal negative impacts of
temporary and localized nature. There is no private land acquishidrmapproxmately14 8 hectare land

will be required and will be made available by BA to Executing Agency. Proposed alignnuénthe
project is mostly through the median of the existing road; hence no significant land is required for the

project.

12.16.3 Impacts Dueto Construction
i. Change of Land use

The alignment is mostly elevated and wiHverse on median of existing road (exceptfor some deviation).
Both the land requirement and change of land use is minimum. The development on the study area will
not bring any significant changes in theland use pattern, since the new proposed dppexiged in mostly
vacant area/ HUDA land. The development of station buildings will not have any significant impact on the
land use in future; however, it will enhance the aesthetics due to development of modern busldimd)

surrounding horticulture.

Therequirement of land is estimated to be& B hectare which will be made available by HUDA to Executing

Agency. The details of land is mentioned below

i. For Depot/ Maintenance facilities 7.0 Ha
ii. ReceivingSub stations 0.30Ha
iii.. Parking at sector 56. 2.5 Ha

iv. ~ Temporary Construction yard and work sites 5.0 Ha
Total 14.80Ha

il Loss of Trees

The significantand visibleloss in this projectis loss o$tregproXmately546 trees need to be removed
mainly from median of the roadVherethe alignmentis not on median, treg havealsoto be removed
due to other proposed projestof DLFThereare few patches of garden/open space where small shrub has
been planted which also need to be removed. Further itis to be noted that most of the (@e@rox80%)

have girth size less than 40 cm.

The details of 86 trees likely to be lost are shovinTablel2-27. The total value of these treesdt is dso

shownin Tablel2-27. Details of the affected trees are given in Annexure 5

Tablel2-27: Details of tree likely to be affected
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S No. Particular

1 Total loss of Trees (Nos.) 546
Average cost of one tree
2 700
(Rs))
3 Total Loss (Rs) 3,82,200

There will be no encroachment into nature reserves, as the project area is in the urban centre.
iii. Loss of Historical and Cultural Monuments

No historical/cultural monuments will be affected as a result of the proposed development of project.

iv. SocieEconomic Impacts

Land required for construction of the project is aroundl8Ha, limited to construction of yardiepot,
parking and statios. It does not involve acquisition of larab the land will be made available the
Executing Agency by HUDA dahdoes notinvolvesocial issues such as resettlement and rehabilitation.
Sine EIA is not mandatory for such projects in India, formal public consultatiombaibeen done.
However informal public consultation has been carried outto know thestdyublic about this proposed
project. The nearbyublic is made awaref the project during the socieeconomic study and informal
consultation. Consultations and discussions within projectinfluence area have taken place and areformally
recorded in the soci@conomic reportfor the corridor, which is being submitted separately. Howétier

y2i GKS LINY OGAOS G2 woO2yadzZ 6Q 6AGK RNARGSNE 2F o0dza
be affected by theproject, hence this has not been done. As explained above, EIA is not required to be
conducted for such projects in India, hence public response from drivers of buses, taxies etc has notbeen

solicited, as part of public consultation.

Details of consultations suds venue, date and time are found in thext chapter 12.

V. Risk due to Earthquakes

The project area falls in Zo#¥ of Seismic Zoning Map of India. The project area shows active and
prolonged seismic history. Earthquakes of 3 to 6.7 magnitude on Ristdde have occurred in pastaround
Gurgaon. Suitable seismic factor as per the ImdMeteorological Department (IMD) needs to be

considered for design purpose for Civil Engineering structures and while finishing/oiig.

Vi. Soil erosion at constructiorsite

As the alignment traverse entirely above ground the quantity of earthwork in excavation would not be
much however significant number of excavators and dumper trucks would be required to excavate and
transport the soil generated from piling work at $itan and pillar. Piling work would most likely include

rock, sandy silt, mica, schist, etc. AssumingB®o earth would render surplus, this quantity would have
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to be transported to the sites as suggested by Haryana Urban Development Authority (HUDAgror ot

municipal agencies requiring earth filling.

Disposal will be through dumper trucks and proper precautions need to be taken during transport so that
the public is not affected. Run off from unprotected excavated areas can resultin excessive sah erosi
especially when the erodability of soil is high. Mitigation measures include careful planning, timing of cut
and fill operations and reegetation. The top soil shall be disturbed during the construction stage due to
excavation and movement of vehiclasd equipment especially nedepotand parking area. Exposure of
loose soil to rain water will ierease turbidity in the ruroff. However this impactis limited to the possibility

of excavated surfaces prevailing in the rainy season. On completion afoifm&truction activity at the

depot, all the unpaved area shall be paved, which will reduce soil erosion. No significantimpactis expected

on the soil, on and around the site.
Vii. Traffic diversions and risk to existing buildings

During construction, traffidiversions on roads will be fundamentally required. As most of the construction
activities will be confined to centre of theroad and entire road stré&h lane, it will be appropriate that
the side lanes may also be utilised for traffic and also fooatinprogress of construction activities. As
almost theentire proposed stretchis elevated and loated in the median of the roadith deck width being
much less than the existing road widtherisk to the existing buildings all along the route will lbegically
negligible. The distance between proposed alignment and buildings are also more than 100smeter

foreseenrisk is very unlikely to adjacent buildings along the proposed alignment.
viii . Health risk at construction site

Health risks include disease fards due to lack of sanitation facilities (water supply and human waste
disposal) andinsect vector disease hazards of local workers and disease hazards to the local population.
HIV contamination is also possible amongst the labour force. Mitigation nmeastnould include proper

water supply, sanitation, drainage, health care and human waste disposal facilities. In addition to these,
efforts need to be made to avoid water spills, adopt disease control measures and employment of local
labour. Education ofiorkforce in HIV awareness, its spread and its control will go a long way in preventing

this dreadful infection. Problems could arise due to difference in custormigfantworkers and local

residents. These risks could be reduced by providing adequ&deifd A GA S& Ay 62 NJ SNQa

employment of preferably local labour.

iX. Impact due to Solid Waste Disposal

Troubles and inconvenience could arise from dumping of construction spkésoncrete, brickswaste
materials from contractor camps arabnstruction site etc. causing surface and ground water pollution.
However, it is proposed to have mix concrete directly from batching plant for use at site. The other
construction material such as steel, bricks, etc. will be housed in a fenced yardalBireb material from
these yards will be removed for use/disposal. Mitigation measures include careful planning, cleaning

redressing, landscaping andvegetation. Inorganic solid waste generated during the construncilbase
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X.

Xi.

like waste concretanortar, left over aggregate and debris etc. shall be recycled for use in the base layers
of paved area. Municipal waste frolabour camps can lead to land pollution, but h@bourcamps are
allowed at site, hence no potential risk thereon this accountPollution risks may also arise from
accidental leakage and spillage of oil or fuel, which may contaminate soil. The overall impact of waste

disposal during construction phase is insignificant.

Impact on Water Quality

Construction activities may have impam water bodies due to disposal of waste. The waste could be due
to the spillage of construction materials, dumping of used water from the stone crusher, oils and greases,
and labourcamp.Howeverthe quantities of such spills are very negligible. Itsldoalso be noted that
along the proposed alignment no water body is present (except 2 city draihsjigh labour camps atthe
construction site are not proposed, there may be temporary labour colonies put up by the construction
workers. Caraeeds to betaken to provide adequate sanitary facilities and drainageuny temporary
colonies of the construction workers. Provision of adequate washing and toilet facilities with septic tanks
and appropriate refuse collection and disposal system should be madgaibly. Contamination of
ground water can take place, if the dump containing above substances gets leached and percolate into the
ground water table. This is not the case with the present project, as the activity does not involve usage of
any harmful ingedients. Moreover, activities are of shortduration. Hence, no impact on either ground or
surface water quality is anticipated during construction. Oil spillage during change of lubricants, cleaning
and repair processes, in the maintenance of rolling stoekery common. The spilled oil should be trapped

in grit chamber for settling of suspended matter. The collected oil should be disposed off in approved

manner so as to avoid any underground water contamination.

Water requirement for the construction pposes shall be met from bore wells to be bored along the route
alignment. Though there will be no provision of labour camps at construction site, however, provision of
adequate drinking water and toilet facilities will be made. Estimated requirement oémfat various
construction activities would be about 1.50 lakh KL for a construction period of 30 months. No considerable

impact on water table is envisaged due to the withdrawéivater for construction

Impact on air quality

In such type of projectsjapollution occurs mainly due to fugitive emissions/dust generation from various
construction activities during construction period and vehicular emission during operation period. The
impacts on air environment, which will be during project constructitrage are briefly discussed below.
During construction phase, SPM is expected to be the main pollutant associated with the earthwork
activities and material handling. This would involve dumper trips every day for transportation of earth. The
total consumptbn of diesel for earth excavation and transportation machinery would have to be worked
out per day. Based on the emission factor for the various parameters like SPM, SO2, NOX etc, prediction of
pollution load could be made. SPM generation due to handlifhngaoth and movement of vehicle will be
another source of air pollution. This can be reduced by installing hoardings alongside the constructionarea

as was done during constructiasf phase I With the above mentioned emissions during construction,
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mainlyconfined to the project site, itis inferred that minor negative impact within a few meter from the
source and within the site would occur on ambient air quality. Mitigation measures for the same have been

suggested in the Environmental Management Plan.

Xii. Fuuristic Prediction of Air quality along the alignment

In Metro rail projects, the fugitive emissions from construction activities are the main sources of air
pollution in the region. Although the spatial impact of the air emissions will be short terrature and

will remain confined in the vicinity of the project sjthe project will help in reduction in traffic volume

along GurgaoDelhi road. This will cause a positive impact on the proposed corridor by reducing the
vehicular air pollutantemissiorue to reduced traffic. The quantification of the reduction in air pollutants

were based on the assumption of proposed reduction in road traffic considering the estimated annual
traffic growth rate of 3.5%Table12-28LINS & Sy ia GKS SadAYlF{iSR LINR2SOGA2Y
at a receptor site near sec 56 Gurgaon thatis a residential site. Itis further assumed that the section will

be operational in the yea2015. The results arpictoriallyenumerated infigure11-9 below

Tablel2-28: The 25 year ahead prediction of ambient air quality in the vicinity of metro rail project.

‘ YEAR ‘ co ‘ NOX ‘ PM
2012 1.7 63.7 360
2017 15 62.7 325
2022 13 611 332
2027 21 685 363

Nox (jig/m3) mm PM (ng/m3)

2400 - 2.5
=~ < g
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Figure12-9: The pictorial representation of future air quality scenario in the vicinity of the project site
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Itis evident from theable 11-28 that the air pollutant concentration remain will restricted near 2012 year
level because in the effective reduction in the traffic volume (Main source of air pollutants in Delhi NCR
region. The projected concentration of Particulate matter glsoa steep increase only after 2027. The
reason may be due to the rapid developmental activities vehicular concentration in this section will
increase rapidly. Itis to be noted that the projection is based on the assumption that the infrastructural
facility will remain as itis today. Further, itis also imperative to mention that the metro running operations
will have least impact on ambient air quality in the proposed section. The projection for the air quality is
estimated based on the assumption on tegtion in the vehicular traffic in this corridor. Hence it is the

estimate of air quality due to traffic and not due to metro operations.
Xiii . Impact on ambient noise

Like air environment, impact on noise is also anticipated during construction and opegtese of the
project cycle. Noise ata construction site varies relative to the particular operation in progress. Operation
can be divided into four consecutive phases;

a. Ground Clearing

b. Excavation/Foundation

c. Erection

d. Finishing

Below mentiored table shows ypical noise levels at construction site.

Tablel2-29: Typical Energy Equivalent Noise at construction site

NOISE LEVEL WHEN A[ NOISE LEVEL WHEN MINIMU

PERMANENT REQUIRED EQUIPMENT
EQUIVALENT PRESEN PRESENT
AT SITE DB(A) AT SITE DB(A)
1 Ground cleaing 84 84
2 Excavation 89 79
3 Foundation 78 78
4 Erection 87 75
5 Finishing 89 75

Source: US Environmental Protection Agency, 1972

As seen from the above table, construction activities exgected to produce noise levels at source in the
range of 7590 dB (A), which will decrease with increase in distance. For an approximate estimation of
dispersion of noise in the surrounding®in the source point a standard mathematical model for sound

wave propagation is used. The equation for sound wave propagation used is as follows:
Noise(receptor)=Noise(sourc2PLog[distance(receptor)/distance(source)]

For modelling purposes, flat terrain is considered and environmental attenuation factors are not
considered so as to formulate the worst case scenario. The noise levels predicted by logarithmic equation

upto a receptor location of 2 km are presentedfigure 11-10-below.
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Figure12-10: Impact on recemir of noise generated during construction phase

The construction works will be carried out during the day time. The impact of noise produced during the
construction will, however, be limited to a distance of aboutBI0 meters at which, as seen from the
figure, the noise level of various equipment will come down below 55 dB (A). It could therefore be
concluded thatthe construction activities would not have a significantimpacton existing ambient noise
levels. Due to the high noise levels of constructigachinery, the personnel operating the machines and
the workers stationed close to the machines are prone to exposure of high levels of noise.

Xiv. Futuristic Prediction of noise level near alignment

In case of Metro Rail projects noise pollution will be caused by various construction equipments and
other construction related activities. During construction noise pollution éltause mostly bythe

reasons shown in table 329 and will dissipate exgnentially with distance as per the formula,
Noise(receptor)=Noise(sourcgPLog[distance(receptor)/distance(source)]

The noiselevel atdifferentreceptor sites due to these construction activities is preserfiggliel 2-11

below.
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Figure12-11: The Noise level atifferent receptor sites.

Itis evident from the figurd 1-11 that cumulative noise level will fall below the 55dBA at a distance of
about 75 m from the source. The estimation is valid for a flat terrain condition with no attenuator to

resemble the etkeme noise pollution scenario.

12.16.4 Impacts Dueto Project Operation

i QOil Pollution

Qil spillage during change of lubricants, cleaning and repair processes, in the maintenance of rolling stock,
is very common. The spilled oil should be trapped in grit chanfdresettling of suspended matter. The

collected oil should either be auctioned or incinerated, so as to avoid any underground water

contamination.
ii. Noise

During operation phase noise pollutionll be caused due tthe trainrail ¢wheel contact, gear anchotor.

The estimation of noise from these sources depend upon the speed of the metro railfollbwing

assumptions are made in calculating the noise levels:

a. Proposedaveragespeed for the section is taken as Bph.
b. Maximum speed of the train is 80 kmph

c. Traction motor noise at full powers: 9B (A

The vilvation of concrete structures also radiates noise. This noise has lower frequencies than rail wheel
noise. Contribution of this noise at wayside is generally insignificant in tracks. When a trammisgu
definite gear noise is generated at a frequency equal to the number of gear in unit time. The dependence
of gear noise level on train velocity is rather intense, so it overcomes the rail wheel noise at the speed
higher than 270 km/hr. However in thmase of MRTS train velocity will be far below this sp&éé.noise

level generated due tthe rail-wheel contact, gear and motor isstimated using following equations.
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For Motor Noise: Latm = 60log10(V)+C1
For Gear Noise: Lag = 10log10(V)+C2
ForRailWheel Contact Noise: Law =30log10(V/V0)+60

where c1 and c2 are coefficients and estimated as45=and c2=66.7 respectivelyis thetrain speedin

Kmph and VO is the reference speed taken as 24 Kf@phsidering these equations the noise leveRa

meter distance from the centre of the rail alignmédms beercalculated as follows

For Motor Noise:
Latm = 60log10(V)+C1
Latm = 60l0g10(32)4.6
Latm = 85.7dB(A)

For Gear Noise:
Laqg = 10log10(V)+C2
Laqg = 10l0g10(32)+66.7
Laqg = 81.7 dB(A)

For Rai{Wheel Contact Noise:
LAWTr = 30l0og10(V/V0)+60
LAWr = 3010g10(32/24)+60
LAWr = 63.74 dB(A)

80.0 ——Motor Noise Gear Noise =——Rail-Wheel Contact Noise
70.0
—~. 60.0
-
£ 500
=
E 40.0
2300
>
Z 200
10.0
0.0 T S B e L AL A S B B e S S e e S O L A B S B S e e o S A R A
2 7 12 17 22 27 32 37 42 47
Distance (m)

Figure12-12: Noise level due to different sources of noise at different receptor distances

TheFigurel2-12reveals that the noise level decreases exponentially with distance which is obvious as

acoustic energy get dispersed with distance.

Each aerodynamic noise mentioned above is generated froenléocal structure of the car surface.
Magnitudes, numbers and distribution of noise sources are different from each other. These noise sources
can be approximated as point sources, when we estimate the influence of these on wayside. Each
aerodynamic noiséom the solid surface is radiated strongly in the direction normal to the surface.

hemispherical sound wave propagation model through a homogeneous loss free medium idgoused
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assessing the noise levels at a distance from the source of the s®hahathematical representation of
the model is given below:
L(P) =PSc 20 log (dx 8
Where,
LP-sound pressure level, at a distance d,
D-distance in meters of the receptors,
LPS point noise source
The cumulative impact of all these different sourcesiparticular placeis calculated by the logarithmic
addition model as:
LP (Total) = 10 log (10 LPQ1/10 + 10 LPQ2/10 +10 LPQ3/10)
Using the above formula maximum noise level is calculated as follows at a distance of 5.5m form source.
At a distance of 5.5mound pressure due to motor noise is given by
L(P) = Lps 20log(d); 8
L(P) = 85.% 20log(5.5)X 8
L(P) =62.9 dB(A)
At a distance of 5.5m sound pressure due to gear noise is given by
L(P) = Lps 20log(d)c 8
L(P) = 81.220l0g(5.5) 8
L(P) = 58.9B(A)
At a distance of 5.5m sound pressure due to wheedil contact noise is given by
L(P) = Lps 20log(d); 8
L(P) =63.€ 20log(5.5x 8
L(P) =40.9 dB(A)
The cumulative impact of this entire source is given by logarithmic addition model
LP (Total¥ 10 log (10 LPQ1/10 + 10 LPQ2/10 + 10 LPQ3/10)
LP (Total) = 10 log (10 6.29 + 10 5.89 + 10 4.09)
LP (Total) =64.3 dB (A)

The maximum noise level is thus estimated as 64 dBN@se level at a distance of 12.5m, 25m, and 50m
from the alignment has beenalculated similarly and these come out to be 57.2, 54.2 and 45.2 dB (A)

respectively.

Where ever vehicular parking is being proposed at stations, there noise levels are expected to increase
substantially during the morning and evening hours due to staytidling and roaring of vehicles. However,

the predominant noise on the route alignmentis due to ttoadtraffic and noise levels from the metro
operations are less than the ambient noise lev&mice there will be reduction in the road traffic due to

the metro coming upthe road traffic noise wilhlsocome down.

It can be concluded that noise in the operation phase of the project would have minor or no negative

impact.
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iv.

V.

Accidental Hazards

Emergency measures to take care of fhatential hazardsinvolved due to failure ofhe metro systems

and acciderd on-site and off site have been formulated and will be implemented.
Water

Public Health facilities such as water supply, sanitation and toilets are very much needed at the stations;
CPHEEO hasammmended 45 litres per day, water supply to persons working at stations. The people
working on stations will be about 20. Another 80 persons will work at the depot. The water demands on
stations will be for following components:

a. Personal use of Railwayeadt,

b. Fire demands, and

c. Wastage.

The water demancht each station will be abou22 kl/day. No water provisions have been made for

passengers. The platform washing requirement has been worked out at the rate of 5 litres / sq.m.

The fire fighting water requements have been taken as per IS 9680 at the rate of 1800itres/min.
for one hour. It is proposed to have hydrants at an interval of 50 m. The desired static head available at
nozzle point should be 2m of water. Each pipe should supply 35,000 [iimmsummary of total water

requiredat stations is reported in Tablé-30 below:=

Tablel2-30: Water Requirement at each station

WATER REQUlREMENTS)(M

PARTICULARS
TOTAL DAILY ‘
1 Personal Use 0.9 0.9
Makeup Water for fire
2 108.00 10.80
Fighting

3 Washing of Platform 6.75 6.75
4 For AC/Ventilation 1.50 1.50
5 Wastage 11.71 1.99

Total 128.86 21.94

The maximum water demand on a station will be about 128.86 m3 /day. Howewer the fire tanks are
filled, only about 10% of firdightingdemand needs to be replenished. Hence daily water demand will be
21.94 n¥/day. This could be developed from existing ground water source or municipal water supply. The
construction and operationf the proposed project will not have any major impact on the surface/ ground
water quality in the area. Contamination of water may result due to spilling of construction materials, oil,
grease, fuel and paint in the equipmertom/depot, but the quantities of such spills are very negligible.
Drinking vater should be treated before use upto WHO drinking water standards. Ground watebe

dza SR F2NJ KA & LIdzZNLI2&S® Ly | RRAGAZ2YS & SN 6Af €

Railway StatiorRefuse
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The solid waste/refuse from railway station includes; Garbage, Rubbish, and Floor Sweepings. The
collection and removal of solid waste/refuse in a sanitary manner from the Station is desirable for effective
vector control, aesthetic improvement, amdiisance and pollution abatement. About-2® persons will

be working at each station building during operation phase. Anothet @0 persons will be engaged in
maintenance activities (day and night) at the yard/depot. Major activities at the stationslapat will be

carried outthrough electronic medium and, minimal use of paper is expected, which makes the major part
of solid waste during operation. It is considered that about5fkg of municipal solid waste @ 100
150gm/day/person will be generatedrery day during the operation phase, for all stations and depot put
together, which need be disposed effectively. For the maintenance of adequate sanitary facilities,
containers/collection bins notexceeding 1-2ifres and equipped with side handles wilé Bppropriately

designed and installed at stations and platforms.
Vi. Visual Impact

The construction of the above corridor will bring abouta changein visual look of the streets through which
itwill operate. An architecturally well designed structure, whéchild be aesthetically pleasing and ableto
reduce impact due to visual disfigurationsiaeen incorporated in present corridevhich will also be used

for the phase Il metroSince a low profile would cause leastintrusion, the basic elevated sectiohdstheu

optimised at the design stage itself.
vii. Pedestrian Issues

There is a feeling that MRTS will increase the pedestriathérCentral BusinessbDistricts. As has been
demonstrated in several countries, notably in Western Europe and North Amenieteq stations lead to
aRSaANIoftS OKFy3aS Ay /.5Q0a 2F (GKS OAaded 2KAES AyAad
are sometimes unfavourable to the conceptof increased pedestrian movemenin no case has
dissatisfaction been expressed, or aeesal ofpedestrian movemenmstituted, once an area has been so
developedaround a metro The benefits are seen to outweigh any disadvantagédsrmajer movements for

access etc. There is a strong caseifmreasing pedestrian facilities arxhnning twdthree wheelers in

several parts of the city. The main aim of MRTS system is to decongest the road traffic in Central Business

Districts.

12.16.5 Impacts Dueto Depot

There is provision for one depotfor this corridor which shall consist oétiglinglinesinspectionbay,
maintenance & kavy repair workshopyashing pant, administrative building, stores depot, material
repair rooms etc These facilities will generate water and noise pollution problems. The problems
anticipated at depot site are:

i. Water supplyrequirement,

i. Sewage and effluent generation,

iii.  Oil Pollution,

iv.  Noise Pollution
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i. Water Supply
Thedailywaterrequirement for the depot has beesummarised imablel2-31.
Tablel2-31: Water requirement at depot
TOTAL
(LITERS)

PURPOSE QUANTITY UNIT DEMAND ‘

1 Drinking water 80-10 Nos. 45-50 lit/c/day 3600

2 Water for toilet 1820 Nos. 1000 lit/day 18000

3 Train Washing 28-30 Nos. 2000 lit/carriage 56000

4 Horticulture 5 (approx) Ha 20000 I/ha 100000

5 Wastage/ loss| 10% (assumed 10% in total 17760.0
TOTAL 159840.00

About 1598 rd of water will be requiredn the depot for different uses. This will be collected from fresh
ground water aquifersThere will be a need af water treatment plantto remove impurities likél, grease,
detergents and chemicalsn the water, before it carbe used in the depotAll wastewater after
conventional treatment can b&irther processed through Reverse Osmosis (RO) technology for specific

use such as drinking

i. Sewage and Effluent
About 17.28 m3 of sewage and 14.4m3 of process effluent are exppéatee generatedn the depotdaily.
The sewage and effluents need to be treated in the depot to prevent contamination of ground water and
surrounding areaBased on past experience in similar projects a treatment plant of 5@ay would be

appropriateand the wastevater characteristics could be as reportedTiablel2-32.

Tablel2-32: General characteristic gewage anceffluent in similar project

S. NO.‘ PARAMETER  UNIT SEWAGE EFFLUENI1

1 pH - 6-8 6-8.5
2 BOD Mg/! 250-350 150
3 Suspended Solidy Mg/l 200-450 500
4 COD Mg/ 600-800 300
5 Oil and Grease| Mg/l Upto 50 500
6 Detergents Mg/l 100

i Qil Pollution
The construction and operation of the proposed project will not have any major impact on the surface/
ground water quality in the area. Contamination of water may result due to spilling of construction
materials, oil, grease, fuel and paintitme equipment yards. Oil spillage during change of lubricants,
cleaning and repair processes, in the maintenance Depot cum workshop foranaimte of rolling stock,
is common.Howeverthe quantities of such spillaill be very negligibldor the metro deoot. The spilled
oil should be trapped ianoil and grease trap. The collected oil should either be auctioned or incinerated,

so as to avoid any underground/ surface water contamination.
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iv. Noise Pollution
The main sources of noise from depot are the opesatof workshop. 3 trains will be required for year
2040, which will be coming to depot for washing and maintenance.rbhghnessof the contact surfaces
of rail and wheel and train speed are the factors, which influence the magnitude ofwhitel noi®. The
vibration of concrete structures also radiates noise. Due to less activity, and hardly any speed of trainin
the workshop/depot, no impact on the ambient noise is anticipatedwever testing of the coaches,
operation of machinery and plant as wel$ tools will cause noise especially sincethese activities will be
done at night. Hence preventive measures like use of noiseless DG sets, use of electric tools instead of

pneumatic onesuse of soundproof rooms for repair work etc will have to be adopitethe depot.

12.16.6 Positive Environmental Impacts

The Metro rail project being an infrastructure project is designed to promote an efficient and commuter
friendly transport sector for the benefit of the urban community. It is expected to bring in a number of
positive impacts on the environment and the general public. Depending upon their significance and
magnitude, some of them could be considered as tangible while others could be viewed as intangible
benefits. There are several positive impacts (both tangéid intangible), which are expected from the
proposed metro corridor. Most of the positive benefits would occur during the operation piasee of

the positive benefits expected from the proposed metro corridors have been given below:

i. Reduced travel timeesulting in increased accessibility
ii. Safeand comfortable mode of transportation
iii. Reducedoadtraffic resulting in reduced congestion on roads due to the shifting of private vehicles
usersto the metro
iv.  Reduced fuel consumption from the transport sectorukiing in precious foreign exchangaving

V. Reduction in vehicular emission loads resulting in improved air quality of the region

Vi. Reduction in road accidents resulting in reduced death and injury during road accidents
Vii. Increased job/employment opportunitie@irect and indirect both)
viii. Sense of pride to the city and country having a wecldss facility

12.16.7 Evaluation of Impacts

The environmental impact of a project depends both on the project activities and on the existing
environmental condition. Thenvironmental impact assessment process involves four basic steps:

i. Identification,

ii. Evaluation,
iii. Interpretation, and
iv.  Statement.

For the present project, the matrix method is used for assessment of impacts. In the present case the
impact,on a scale oft4 to +4 is taken. This method is selected because it identifies the impact of each
project activity on each of the environmental attributészaluation and interpretation of impacts is mostly

subjective and convey a holistic view of the environmental impath®project.
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Matrix Method

The matrix used for EIA consists of projectactivities on tagis and the environmental attributes likely

to be affected by these activities on theaxis. Each cell of the matrix represents a subjective evaluation of
the impacts of a particular activity on a particular attribute in terms of Magnitude and Importance. A blank
cell/ indicates no impact of the activity on the component. The magnitude (M) is represented by a number

from 1 to 4 where Importance of impactis as mamted below:
1=minima] 2 =appreciable 3 =significant 4 =severe

Positive sign (or no sign) indicates beneficial impact and negative sign indicates adverse impact. The
Importance (1) of the impact is given on a scale of 1 to 4 in each ceHl.nthmber indicates relative
importance of the impact of the activity on the concerned attribute for this project. The magnitude and
importance are multiplied to geta score of each cell. The score of individual cells in each row are added to
determine thetotal impact of the project activities on each attribute. Similarly, the scorein individual cells

in each column are added to determine the total impact of each activity on all the environmental attributes
likely to be affected. The grand total of alltei A Y RA OF iSa GKS d2dGFf LINR2SO0
vary from 1 to 4, the total score in each cell can theoretically vary betw#énto +16. Therefore the total

project impact can vary betweenl6 x total number of cells in the matrix) and (&otal nhumber of cells

in the matrix). To compare score from matrices containing different number of cells, the total project scores

can be normalized to a scale of 100 as follows

Total project impactscale of 100 = ((Total project impact computed byir)af16 x total number of cells

in the matrix)) x1000n this scale, the overall impact can be classified as follows:

Tablel2-33: Impact evaluation value

| S. NO. | TOTAL PROJECT IMPACT (ON 100 S MAGNITUDE OF IMPACT

1 75 to 100 Extremely beneficial
2 50 to 75 Significantly beneficial
3 2510 50 appreciably beneficial
4 0to 25 Minimally beneficial
5 -25t0 0 Minimally adverse

6 -50 to-25 Appreciably adverse
7 -75 to -50 Significantlyadverse
8 -100 to 75 Severely adverse

12.16.8 Evaluation for Alternative Scenarios

i EIA without EMP
This scenario was based upon the assumption that the proposed development would go ahead without
any environmental management plan (EMP) options being implemefiteel total project impact for the
scenario, & can be seen intable 134 below, was found to be94 on a scale of (4/1344. Thescore on a
scale of (+)) 100 for this scenario was found to §&99, which is on the minimally adverse side. This shows

that if the project goes ahead without an EM®meadverse impact on the eéxting environment would
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bethere. Thus, the EMP described tims chapterwill needto be implemented to minimize the potential

negative impact due to the proposedetro.

BA with EMP
If the environmental management strategies discussed in previous sedtofully implemented, the
adverse impact of the project would be reduced, and there will be an overall improvement in physical,
chemical, biological and socaronomic environment of the region. This is reflected in the total project
impact score of +36n scale of (+) 1536, as shown in the Tall&-35 below, for this scenario. The score
on a scale of (+J 100 for this scenario was found to be 2.54, which is on the beneficial side. Therefore, the

proposed activity will be beneficial for the environmeitthe area, provided the EMP is in place.

Itis clear from the above, that the proposed mepbase llproject from Sikanderpur to Sect. 56 would
have some negative impact without implementing environmental management strategies. If EMP, as
discussed ithe next section, is adopted and implemented, the adverse impacts will be reduced and the

overall environmental quality of the area would be improved.

Tablel2-34: Impact Assessment for the Proposed ProjetA® I THOUT EMP)

> Project activities likely to affect Environmental component
(O]
X
= = o - » c o
o2 =5 8 s c =0 - o] S
58 EE 58 g2E|3s 5 85 5 &5
c = = 0 = g D"oc_vst T = o = 2= o £ c
S @ S2 § B2 £:25£8|38% 8 o8 § =3
£Q S8 2 Sog2| 2278 5 @22 g S £
Se s s CF% @8eEE8| 388 $ 28 0O 2 8
. M -1 -2 -2 -1 -2 -1 -1
1 Alr | 2 3 2 2 2 2 2 -20
Noise M -1 -2 -1 -1 -2 0 -1
2 and
Vibratio | | 2 2 2 1 2 0 2 -15
n
3 Surface| M 0 -1 0 -1 0 -2 -1
Water | 0 1 0 1 0 2 2 -8
3 Ground | M 0 -1 0 -1 0 -2 -1
water | 0 2 0 1 0 2 1 -8
. M -1 -2 -1 -1 -1 -2 -1
4 Soil [ 1 2 2 1 2 2 1 -15
5 Land M -1 -1 -1 -1 0 0 -1
use | 2 1 1 1 0 0 2 -7
Flora M -1 -2 -2 -1 0 -1 -1
6 |and |, 2 2 |1 1 o |1 2 -11
Fauna
7 Aesthet| M -1 -2 -2 -1 -2 -1 -1
ics | 1 2 2 2 2 2 2 -19
M -1 -2 -2 -1 -2 -1 -2
8 safety 2 3 2 1 3 1 2 24
M -1 -2 -2 -1 -1 -1 -1
9 Health — T 2 2 2 7 1 T -15
Socie M 1 2 1 1 1 0 3
10 iECconom | 1 5 2 1 5 0 3 19
Trade M 2 2 2 1 2 0 3
11 and
Comme | | 2 3 2 2 2 0 3 29
rce
Total Impact -8 -26 -16 -10 -16 -17 -1 -94
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M-Magnitude, Hmportance, Impact Scalel= Minimal, 2= Appreciable, 3=Significant, 4= Severe, Positive Sign

(or no Sign) Indicate beneficial impachegative sign indicate adverse impact, O indicate no impact.

Tablel2-35: Impact Assessment for the Proposed Project (EIA WITH EMP)

| Project activities likely to affecEnvironmental component

>
S = = o
<3 S: g o g g . | 2
2% 52 £ 5  saoler § OB -§|% |§:
2 56 £ S o8z:s|8228 =g 35|5 |2¢
o} s e o 5 S ETC o == O Qo c O @ = Q
£ 8 c b S 2 Soge2| 2038 £ e $Olg |Tg
Se herse 38 A8eES|3%8EF =28 68|86 |28
1 Air M -1 -1 -1 -1 -1 0 1 -1 -4
| 1 1 1 1 1 0 2 1
2 Noise M -1 -1 -1 -1 -1 0 2 -1 -2
and | 1 1 1 1 1 0 2 1
Vibratio
n
3 Surface| M 0 -1 -1 -1 -1 -1 0 -1 -7
Water | 0 2 1 1 1 1 0 1
3 Ground| M 0 -1 0 -1 -1 0 0 0 -3
water | 0 1 0 1 0 1 0 0
4 Soil M -1 -1 -1 -1 -1 -1 2 0 -2
| 1 1 1 1 1 1 2 0
5 Land M -1 -1 0 -1 0 0 2 1 2
use | 1 1 0 1 0 0 2 1
6 Flora M -1 0 0 -1 -1 0 2 1 4
and I 1 0 0 1 1 0 3 1
Fauna
7 Aestheti| M -1 -1 -1 -1 0 0 2 1 2
cs | 1 1 1 1 2 2
8 Safety | M -1 -1 -1 0 -1 0 1 0 -3
| 1 1 1 0 1 0 1 0
9 Health M -1 -1 -1 -1 -1 -1 2 1 -1
| 1 1 1 1 1 1 2 1
10 Socio M 1 2 1 1 1 0 1 3 20
Econom| | 1 2 2 1 2 0 1 3
ic
11 Trade M 2 2 2 1 2 0 1 3 33
and I 2 2 2 2 3 0 2 3
Comme
rce
Total Impact -3 0 -1 -6 1 -4 32 20 39

12.17 ENVIRONMENT MANAGEMENT PLAN

The proposed section of Sikandarp@ector 56 metro line will provide quick service and safety, traffic
congestion reduction, less fuel consumption, employment opportunity, desls air pollution. The
environmental issues likely to develop during project construction and operation phases could be
minimized by making necessary provision in the projectdesign and adopting Environmental Management
Plan (EMP). Based on Environmertahditions and impact assessed in earlier sections , this section
enumerates the set of measures to be taken during implementation and operation to eliminate or avoid
adverse environmental impacts or to reduce them to acceptable levels, together withdtien which

need to be taken to implement them. &hEnvironmental Management Plamas been prepared and

discussed in subsequent sections.
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12.18

1 this projectis very minimalhe alignmentis not passing| Metro Rail Gurgaon

The Environmental Management Plan (EMP) stdte procedures which the project proponent would
carry out the implementation of the mitigation measures artde compliance with environmental
regulations that are binding on the project. This plan also specifies the organizational requirements and
institutional strengthening necessary for sound environmental egement of the project. The major
components of the EMP are:

i. EMP Implementing Agency

ii. Monitoring of the EMP implementation
iii. Training on Environmental management

iv.  Budget for EMP implementation.

EMP IMPLEMENTING AGENCY

The Executing Agency (EA) will establashEnvironmental Management Cell (EMC) to supervise and
implement the mitigation measures as documented in the EMP. This EMC must also be adequately
empowered to discharge the responsibilities as outlined in the EMP. To ensure smooth implementation of
EMPthe project proponent will have to collaborate with various government agencies like Public Health
Engineering Department, Revenue Department, State Pollution Control Board, State Forest Department,

Traffic Police Department and other allied departments.

The details of EMP implementation and implementation responsibilities are given in146. his table
comprehensively lists out the tasks to be performed and completed by the contracting company and also
lists out the agencies that are involved and pessible for ensuring the timely completion of the tasks
outlined under EMP. The contractdeesponsibilities in matters related to protection of environment shall

be included in tender document.

Tablel2-36: Environmental Management Plan

Proposed Action Responsibility

The proposed metro rail alignment entirely traverses on

S the median ofthe existing road and the land acquisiion| DPR Consultant/ Rapi
Finalization of

Alignment through any archaeological sites, temples and other Ltd.,/ HUDA

environmentally sensitive areas having similar nature.

Cultural/archeol| No such remains present alongfine project influence HUDA/ Archaeologica

2 ogical ruins area. dept.
No Land acquisitionis required as alignment traverse
entirely on median of existing road. However approx 13
hectare of land willbe required for yard/depot and othef HUDA, revenue
Land purpose which willbe made available to EAby HUDA. | departmentin
s acquisiionplan | In addition to that ,on temporary basisabout4to 5 consultdion with the

hectares of land may be required during construction project affected peopléd
period for setting up of construction depot/casting yard
etc.

4 Soil Erosion

Temporary and permanent drainage systems are mostl
available inthe project area. Hence, the sail erosionin{ Supervision

stretch is not having much impact. The impactonthe | Consultant/ Rapid
water bodies is very unlikely andaybe minimised by Metro Rail Gurgaon
avoidingthe dumping of the excavated soil or waste so| Ltd.,

near water bodies/drain.
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Issues

Proposed Action

Responsibility

Except2 nos. of smallculver on city drain, no major bri¢ Supervision
5 Flood and culverts present at the project site. However, every] Consultant/ Rapid
care will be taken for the purpose of free flow of flood Metro Rail Gurgaon
discharge. Ltd.,
et | g o AT Semkmd st | DR Consan Rapic
6 L . s . Metro Rail Gurgaon
from minimise the impact ofreceiving bodies. As far as poss Ltd
treatment plant | zero rule may be adopted. "’
Approx 546 trees need to be removed and compensato
plantation will be 546x3= 1638, these trees will occupy
about 1,200 trees/ha. Hence the total area required for
Afforestationofthese trees comes to about 1.3 ha. Itis
presumed that government land will be provided for
afforestation; hence no land cost will be involved. Itis
estimated that afforestation cost has been worked out Rapid Metro Rail
Plantation of ?obr(:#rtezs 5623;2000.00(|nclud|ng maintenance &ating Gurgaon Ltd., /[HUDA
7 trees/Cutting of ree y ): in consultation with
Additional measures
trees N . . the
i Prepare action plan for plantation of removed
. Forestdept.
tree from proposed alignment
i Permission need to be taken from by Dy.
Conservator of forests, Gurgaon.
i The compensatory tree plantation strategy for
the trees to becutis generally 1:3
i Prepare anaction plan for plantaton atyard a
other suitable site.
er;nrrl;;;nc;tr;trirglct with mining department for obtainitige Rapid Metro Rail
8 Quarry3|.tes ang U Quarrying will be carried out at approved and Gurgaon Ltd.,/ Mining
Burrow pits. : . Department
licensed quarries only.
U0 Resurfacing and landscaping of the pits.
Land fortemporary constructivof yards/ depot need to Rapid Metro Rail
. . . o . Gurgaon Ltd.,/ Local
. identify or may be utilized the existing construction yard >
Site for storage 7 . bodies/ Labour
X another continuing project near back of Belvedere Park
9 and construction . . department for
and going up to Moulsari Avenue. . .
camp. ensuringcompliance
with labour laws for
amenities.
Since the projectis in urban periphery the scarcity of s
in the busy cities and or safety reasons, elaborate
measures need to be adopted for collection, transfer an
disposal of excavated/additional soil. Soil collection,
transportation, disposal and its treatment need to be
carried out in a systematic manner. Soil collection shou
Sewerage and bein f:ontalners from the dredgllng sites/ placgs. Th.ese Rapid Metro Rail
containers should be such thaoil should not spill during
10 otherwaste X Lsi h iional GurgaonLtd.,/ EMP
disposal movement to disposal site. The excavated/additional sq Implementing Agency
will be first collected at dumping ground and then
transferred to anidentified disposal sites.
Additional measure;
U  Propersanitation facilities at the construction
workers camp.
U  Collection of domestic refuse and its suitable
disposal
i Secure ass_lstance from Ioc_alpollce for traffic Rapid Metro Rail
. control duringthe construction
Traffic . GurgaonLtd.,/
11 management i Safety measures shall alsobedertaken by HUDA/Traffic
9 ' installing road signs and markings for safe ang department
smooth movement of traffic as per IRC SP:55. P
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Issues Proposed Action Responsibility

Rapid Metro Rail
GurgaonLtd.,/ EMP
Implementing Agency

Waterneedto be sprinkled during construction
12 Dust suppressioll Phase oncein 6 houts 3times ina day mainly during
summer or wherever itis required to avoid dust.

There may be an increase in noise level in ambient air
to construction and operation. The increas levels is
marginal; hence local population will not be adversely
affected. However the exposure of workers to high nois
levels especially, near the engine need to be minimized
This canbe achieved by job rotation, automation,
protective devices, nee barriers, and sound proof
compartments and control rooms etc.,

The workers employed in high noise level area could be
employed inlow noise level areas and viagsa from time|
to time. Automation of equipment and machineries,
wherever possible, shoullde done to avoid continuous
exposure of workers to noise. At work places, where
automation of machineries is not possible or feasible, th
workers exposed to noise should be provided with
protective devices. Spedial acoustic enclosures should
provided rindividual noise generating equipments,
wherever possible. Pile driving operation can produce
noise levelsupto 100 dB (A) at a distance cfitfrom
site. The noise levels could be reduced by using a suita
sound absorbent, which can reduce the ndiseels upto
70 dB (A) ata distance of 15m from the piles. Safety
LINBOI dziaA2ya | a &ALz GSH
for Pilingand other Deep Foundation need to be adopts
Noise level from loading and unloading of construction
materials can be réuced by usage of various types of
cranes and placing materials on sand or sandy bag bed
Sound barriers are usually effective along route having
traffic. The reduction in noise level increases with heigh
barrier.

Other mitigation methods;

i Staticmary equipment shallbe placed as faras
possible from residential areas to minimize noi
impacts

i Construction activities strictly prohibiting
between 10.00 P.Mto 6.00 A.M near habitatio
mainly atSikanderpuend.

Rapid Metro Rail
GurgaonlLtd.,/ State
Pollution Control
Board/ EMP
Implementing Agency

13 Noise level

i Vehicles carrying construction material shall b
. co_vgred to _av0|d spilling, . Rapid Metro Rail
i Mixing equipment shall be seated and equippg
ith d ldevi GurgaonLtd.,/ State
14 Air Quality with dustremoval device. Pollution Control
i Water sprinkling during the constructiorhpse
; . . Board/ EMP

at6 hours interval or 3times in aday atthe Imolementng Agenc

construction yard and the unpaved sections of P gAgency

the road.
Prior permission of the concerned engineard re gulatory,
authorities shall be taken regarding the discharge or
disposing of any material arising from the execution of t

works. Rapid Metro Rail
i During construction it will be ensured that GurgaonlLtd.,/
15 Water Quality contractor does not dispose off debris in watell concerned local
bodies/streams. authority/ EMP

i Soilladenun off will not be diverted to water | Implementing Agency
bodies. Provision of waste disposal site for wa|
from construction and storage yards shallbe
made.
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Issues

Proposed Action

Responsibility

i Vehicle maintenance améfuellingwill be

confined to areas under construction yard to tr

discarded lubricant anélel spills.
Waterlogging . . . . Rapid Metro Rail
and Uncontrolled exploration of quarries/ burrow pits will bg
stagnation of avoided to prevent wateaccumulation which results in GurgaontLd., /

16 . - concerned local

waterinthe breeding of vectors. .

. authority/ EMP
quarrysn_es/ Implementing Agency
Burrow pits.

Exposure to air pollutants and higher noise levels,
increased levels of heat & humigiat work place depot
site may lead to occupational health disorder and disea
Itis therefore necessary to provide safe and clean work
environment for the control/prevention of such health
hazards. Care need be taken to provide good working
conditions during operation of depot area and also the

. metro corridor. Provision of conditions in contractand | Rapid Metro Rail
Occupation . . .

17 Health and good copstructlon practices will take care of any _ GurgaonLtd.,/Labou
Safety occgpatlonal health and safety hazard issues qn_d provil department
environmentally safe work areas. However, aysion of
Rs. 1.0 million have been proposed for health related
issues and its control for this project.
Other measure-:
i Labourers shall be equipped with proper safet]
gears like helmets, gloves, gum boots etc.
i Periodic healtltheckupf construction wokers
shallbe carried out.
Rapid Metro Rail
18 Fuel for Adequate supply of fuel shall be provided to GurgaonLtd.,/Labou
labourers the labourers for cooking and other domestic use. department/ EMP
Implementing Agency
U0 Providing adequate drainage structure Rapid Metro Rail
0 Construction oftoe drain along the road on bq GurgaonLtd.,/ HUDA|
19 Drainage systen the sides. EMP
U  Avoidingobstruction of existing drainage durif ImplementingAgency
filling
i Arablelands should not be used as earth
borrowing whenever possible. If needed, the
topsoil (30cm) should be kept and refilled aftef Rapid Metro Rail
20 Conservation of constructionis over to minimize the impacton| Gurgaon
Ecoresources ecosystem and agriculture. Ltd.,/HUDA/EMP
i Constuction materials carrying vehicles should¢ Implementing Agency
run attemporary accessesto avoid damaging
arable lands and catthaising lands.
i Local materials should be usedrasch as
possible so as to avoid long distance
transportation, esp. that of earth and stone.
i Ifthere are traffic jammed during construction,
measures should be taken to move the jam wi
the coordination of transportation and public
security department.
Communicationsg i Temporary access should be built at the Rapid Metro Rail
21 and interchange of the highway and otherroads. | Gurgaon
Transportation i Passing time on National Highwagswill be Ltd.,/HUDA
limited, similar measures will also be applied t
roads with traffic jams.
i Materials may be delivered in advancein
relatively kisurely season of traffic.
i Atransportation plan of materials will be
formulated to avoid delivery of them at peak
hours, esp. on existing roads.
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Issues

Proposed Action

Responsibility

Very limited land is requed for the formulation of this . .
. ; . Rapid Metro Rail
Displacement of| project. The project Gurgaon
22 people before affected persons envisaged is NONE , so no rehabilitafi Ltd / HUDA
construction. required "
To conserve and augment the storage of groundwater 8
- | arrestdepletionin groundwater level, if any, ithasbeern] Rapid Metro Rail
Provision of Rain . .
23 Water proposedto co_nstruct roof_top ralnwaterharvestlng _ Gurgaon
Harvesiing structu re_o_fsunable cgpacny atyard/depot. A provision| Ltd.,/HUDA
Rs 1.0 million (excluding the cost of storage tank) shall
keptin the cost estimte.
Operation Phase
Vibration emanates from railwheelinteraction and the
same can be reduced by minimizing surface irregulariti
wheel and rail, improving track geometry, providiglgstic
fastenings, and separation of rail seat assembly from th
concrete plinth with insertion ofresilient and shock
absorbing pad.
While designing track structure for Mass Rapid Transit
System, all the above points have been taken into
considerationm the following ways:
i To preventdevelopment of surface irre gularitig
on the rail, a fairly heavy rail has been propos
Further, rail grinding at regular intervals by Ra
grinding machine and also lubrication of rail by,
vehiclemounted lubricator wilbe
contemplated.
i Rail willbe continuously welded and also will
laid to fine tolerances, so that any Rapid Metro Rail
noise/vibration on account of irregular track Gurgaon
Noise and ) geom_etry <_:ou|d be reduced. _ Lt_d., /in consultation
24 ibration i The vibration generated from railvheel with
vibrat interaction will be greatly absorbedfihe elastic| State PollutiorControl
fastening system proposed to be used. Board andthe Forest
U Insensitive areas, track onfloating slab can by Department
provided so as to avoid propagation of
noise/vibration to adjacent structures. Addition
screening of noise/vibration can be arranged |
providing parabbc noise/vibration reflecting
walls on each sides of the track.
Other suitable mitigation method :
i Suitable measures should be considered whe
warranted. The public shall be educated abou
the regulations of noise pollution and
implications.
i Periodiamonitoring of ambient noise levels at
five baseline monitoring locations.
i Noise levels at construction yard /depot shall
mitigated as much as possible by constructing
boundarywall.
Rapid Metro Rail
Gurgaon
Periodic monitoringdt leasttwice in a year) ofambienta| Ltd.,/in consultation
25 Air quality quality at 2 baseline monitored locations for comparisoll with State Polluthn
and control. Control
Board andthe Forest
Department
26 Oil and Grease | Oil tends to form scumin sedimentation chambers, clog Rapid Metro Rail
pollution fine screens, interfere with filtration and reduce the Gurgaon
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Issues Proposed Action Responsibility

efficiency of treatment plants. Hence oil and grease Ltd.,/HUDA
removal tank has to be installed at source. Such tanks
usually employ compressed air to codafe oil and grease
and cause itto rise promptly to surface. Compressed ai
may be applied through porous plates located at the
bottom of the tank. The tank may be designed for a
detention period of5to 15 minutes. The treatment
technology shall be desigd based onthe influent
characteristics and the final discharge options of the
effluent.

Or Oil & Grease (O&G) traps shallbe constructed at
depots. The generated O&G shall be sold in secondary
market.
The project area is having adequate urban drainage Rapid Metro Rail
facilities and the drainage systems will be periodically | Gurgaon Ltd.,/Public
checked and cleared so as to ensure adequate stormw Health Departnent
flow.
The public health facilities, such as water supply, sanity
and toilets are much needed at project location. Water
should be treated before use upto WHO/ Indian drinkin
water standards. laddition, water willbe required for
O2y (N} Oli2 NDR& OF YLA RdzNX y 3
additional arrangements have to be made in consultatid
with the Municipal Authority. The collection and safe
disposal of human wastes are among the mostimporta
environmental health requirements. Out ofthese, mobil
toilet may be used by connecting them with local sewer;
system. Solid waste generation is less in metro system
However to cater to train washings, a provision of

Rs. 7 million for construction of treatamt plant has been
proposed for depot site. The treatment technology shal

Maintenanceof
27 storm water
drainage system

Water suppl designed
sanitation ar?/(; based onthe affluent characteristics and the final Rapid Metro Rail
28 discharge options of the effluent. The total 0f 100 bins f P

final disposal of
waste.

all stations (12 bins x 6 station and 28 bins for deymtd) GurgaonLtd., /HUDA

of 50-120 litres capacity will be required which can be
accommodated at different stations and platforms. The
total cost for bins works outto be Rs. 0.2 million. Total
on this account is estimated at Rs.7.52 million.

i Sufficient quantity of wadr to be supplied at
Stations and Depot for various purposes i.e.,
drinking, canteen, washing oftrains, horticultu
fire fighting, and sanitation etc. either from
Municipal Corporation or supplied through
tankers.

i Option forfinal disposal shall be stied and the
suitable disposal route shallbe decided carefy
to minimize the impact of receiving bodies. As
as possible zero discharge rule may be adoptg

New buildings shoulde prohibited within 50 m of the
edge of carriageway. No new schools and hospitals sh¢ HUDA
be allowed within 200 m of carriageway.

Safetyand noissg

29 disturbances.

12.19 IMPLEMENTATION OF ENVIRONMENTAL MANAGEMENT PLAN

The environmental impacts stemming out of the proposed project can bigated with simple set of
measures, dealing with careful planning and designing of the metro alignment and structures, adequate

provision of environmental clauses in work contracts and efficient contract managementwill eliminate or
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12.20

reduce significantlyall possible problems. A common problem encountered during implementation of
environmental management plans of such projects is lack of environmental awareness among engineers
and managers concerned with day to day construction activities, which can kedstirough regular

environmental training programs.

The major concern during the construction stage is thatthe contractors, due to lack of enforcement, would
not practice good housekeeping, may intend to get unauthorized use of the easily availablalnatur
resources and other available infrastructure like roads and water resources. This would result in
degradation of ambient air quality, water resources and land environment around the construction sites
and workers camp. Improper management of earthworldgillar construction activities would disrupt

the natural drainage and increase soil erosion.

In this proposed project the EMP will primarily be implemented by the M/&FS Rail Ltdr their
contractors.However, for an effective implementation of EMIPis proposed to have two level monitoring.

The firstoneis internally by the top management of Contracting Agency and the second one by the Haryana
Urban Development Authority (HUDA). The Environment Management Cell (EMC) constituted by the
Contractirg agency shall be the prime agency for monitoring all the activities during both the phases. HUDA
shall supervise all activities and accordingly advise the Contracting agency to improve on areas where any
short comings are observed. The EMC shall provitiha monitoring results to HUDA. HUDA shall keep a
record of all information and shall suggest suitable measures to be adopted by contracting agency if any
aspectis found to be deviating from the anticipated Values/ Standards. Monitoring shall beccautie

during construction and operation phases.

Finally the implementation of the mitigation actions requires that the project implementation unitwould
record an enebf-construction mitigation checklist, before releasing the final payment of any work
contract. Operation period mitigation would involve good housekeeping practice at metro establishments
including effective solid waste collection and disposal, wastewater disposal, upbringing of plantationsand
green area. The frequency, methodology of gdimg and testing for various pollutants specified by
CPCB/HSPCB will be followed. The environment monitoring plan has been detailed in next section of this

report.

ENVIRONMENTAL MONITORING PLAN (EMoP)

Environmental monitoring is a vital process of any mgement plan of the development project. This
helps in signaling thegtential problems that resultrom the proposed project and will allow for prompt
implementation of effective corrective measures. The environmental monitoring will be required for the

construction and operational phases. The main objectives of environmental monitoring are:

i. to assess the changes in environmental conditions,

ii.  to monitor the effective implementation of mitigation measures,
iii. to warn significant deteriorations in environmentglality for further prevention action.
iv.  In order to meet the above objectives the following parameters need to be monitored:

V. Rehabilitation and Resettlement Programniot applicablefor this project
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vi. Compensatory plantation,
Vii. Water Quality and Public Hedilt
viii. Air and Noise Quality and

iX. Soil quality.

12.20.1 Rehabilitation and Resettlement

TheRehabilitation and Resettlement needs to be monitored during the project construction phase. The
entire rehabilitation and resettlement process is supposed to be comple&fdre operation phase.
Sufficient care needs to be taken to ensure that money reaches the prajéstted people. The quality of

life of rehabilitated people should notfall below their present status. However in stretch of Sikandarpur

Sector 56 rehalbitation and resettlement is not required.

12.20.2 Plantation

Afforestation should commence with the start of project cycle. The Forest Department of Gurgaon should
implement the afforestation programme. The Executing Agency should transfer the caffooéstation
to the Forest Department Gurgaon, Government of Haryana . The trees need to be planted on the identified

location including depot before the construction is over.

12.20.3 Wwater Quality & Public Health

Water quality and public health parameters shiadlmonitoredduring the construction period and atleast
for 1 yearafter the completion of the project. Monitoring should be carried out atleast three times a year
to cover seasonal variations by any recognized private or Government agency. Water gihallitybe
analyzed by applying standard technigudhe parameters for monitoring would be:

i. pH

ii. Dissolved Oxygen (DO)

iii. Biochemical Oxygen Demand (BOD)

iv.  Chemical Oxygen Demand (COD)

v.  Total Dissolved Solids (TDS)

vi. Chlorides
Vii. Nitrates
viii. Sulphates

ix.  Total nitrogen
X.  TotalPhosphate

Xi. Oils and Grease

12.20.4 Air Quality and Noise

Ambient air quality and Noise levels should be monitodedingthe construction phase and for at least

one yearafter the completion of the project. It is proposed to have the monitoring programme at four
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locations as suggested above in water quality monitoring. The parameters recommended for monitoring
are:
i. Particulate Matter (PM10 and PM2.5)
ii. Sulphurdi-oxide (Sox)
iii. Carbon monoxides (CO)
iv.  Nitrogen Oxides and (NOXx)
v. Noise levels dB (A).

12.20.5 Soil Quality

Soil erosion rates, slope stability of land faces, water sediments load, effectiveness of soil conservation
measures, changes in soil texture and structure should be monitored at frequentintervals. This study could

be done by the Environmental Managemeaml, twice a year. This should be studied for the entire length

of alignmentincluding thedepot.

. | PARAMETER LOCATION DURATION

Tablel2-37: Environmental Monitoring parameter and frequency

FREQUENCY

CONSTRUCTION OPERATION
PHASE PHASE

. 24 hours L
Two locations continuous | Thrice inayear ( Twice inyear
NOx, Sox, Co| where baseline . y (otherthan
I sampling or | otherthan
PM10, PM2.5| monitoring has . monsoon
; as per CPCB monsoon period)
been carried out e season)
notification
5 locations along
the alignment
Noise Level: | where base line
. 24 hours L L
Leqg(day) and| has been carried . Thrice inayear. | Twice inayear
. continuously
L eqg(night) outand one
location at
construction yard.
One samples
Soil Quality: | where baseline
Physico monitoringwas Onceinayear | Onceina year
. . Grab
-chemical, carried out and . (nong (nong
sampling
Lead, anotherone monsoon) monsoon)
oil and greasq sample from
construction yard
Water
uality: Thrice a year .
Q .ty . . y Twice a year
Fordifferent | Five samples during prepost .

. Grab during prepost
physical, (Ground samplin monsoon monsoon
chemical Water) pling season and

. . . season
and biological winter season
parameter
Depotandwhere Regularly Regularly
Maintenance | compensatory Throughout | throughoutthe | throughoutthe
of plantation | plantation has the year yearforthree yearforthree
been done years years

12.21 ENVIRONMENTAL TRAINING

The Environmental Management Cell (EMC), in addition to implementing and monitoring different

environmental atributes, shall also be actively involved in imparting training and raising environmental
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awareness level of Contractors and the construction staff so as to enable them to take the environmental
aspects into consideration as and when required. In the lanm, the EMC can impart additional and
specialized training in the Environmental Management of the transportation/ mmattdel transport

system.

12.22 BUDGET FOR EMP IMPLEMENTATION

The design and construction of the project involves a number of items sucérasson prevention,
rehabilitation of Burrow areas, safety signage, etc., which are included in the contract cost. Only those
items that are not covered under the budget for construction are shown in the EMP implementation
budget. The total budget for EMRorks out to Rs. 8974900.00 (aqmx 90 lakh) as given in Table-40.
The main components are:

i. Compensatory Tree plantation /

ii.  Environmental monitoring during construction and operation phase

iii. Training during construction and operation phase

Tablel2-38: Environmental budget for the project

Unit Rate /
Lump Sum (Rs)

Construction Phase ( construction Period is 30 months)

Particulars

‘ Total Cost

Setting of Environmental Monitoring Cell an LS 500000.00
facility
2 Compensatory plantation 1638 tree 1000 x 1638 trees 1638000.00
3 Maintenance of tree (forthree years) includirl 2500 x 1638 trees 4095000.00
fencing
4 Dust suppression all alongthe alignment duri| LS 500000.00
construction
5 | AirQualityMonitoring ( 2+1 Monitoring stations] 9000 per sample x 252000.00
thrice during the construction period ( once in| 8Times x3sample x
season) for days = Total 28
samples
6 Noise level Monitoring (5+1Monitoring stationg 3000 Per sample x § 144000.00
thrice times x6sample = 4
during the construction priod sample
7 Water Quality Monitoring (2 Monitoring location, 6000 per sample x § 96000.00
Thrice in a year.) times x 2 sample=1
sample
8 Soil Quality Monitoring ( 1+1 stations) once | 6000 per sample x 1 66000.00
year duringthe construction period. times x2x3=6
samples
9 Labour camps management, health and oth LS 500000.00
services.
Sub Total (A) 7791000.00

B. Operation ( Initially for 1 year)

10 | AirQuality Monitoring ( 3 Monitoringocation) [ 9000 per sample x 108000.00
twice a year (once in a season) 2Times x3sample x
for days = Total 12
samples
11 | Noise level Monitoring (5 Monitoring stationg 3000 Per sample x 2 30000.00
twice a year. timesx5sample =1
sample
12 | WaterQuality Monitoring & Effluent monitoring 6000 per sample x 2 24000.00
at Depot (2 sample stations) twice a year| times x 2 sample=4
sample
13 | Soil Quality Monitoring ( 1 location) Once a ye| 6000 per sample 6000.00
14 | Awareness programmes, training, vkehops etc. LS 200000.00
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Particulars Unit Rate / Total Cost
Lump Sum (Rs)

Construction Phase ( construction Period is 30 months)

Sub total (B) 368000.00
Sub Total (A+B) 8159000.00
Contingency charges @ 10% 815900.00

Grand Total (c) 8974900.00

[SGQa ddkks wa dn

12.23 CONCLUSIONS

The proposed metro rail project can harmonize with the surroundimgronment with the following direct

and indirect benefits.
i Itis envisaged (assumed from similar nature of project of Delhrdjéhat approx 8% oftraffic from
existing roadvill migrate to the metro railWith this development the load on existingaais reduced
to 30% and can reduce the travel time & traffic jams, raswjin conservation of fuel and reduction of

air and noise pollution load.
ii.  There will be a substantiasavingof fuel.

iii. MetroRail phase Iprojectwill have positive impact on air pollution by reducing the levels of 30.0% on

the existing road and the noise level can be mitigated up to 3.0dB(A) in the study area.

iv.  Bycreatingawareness among the local public on effective utilization of Mett@roject, the pollution

levels may further reduced.

v.  There will be an improvement of the economic growth in the surrounding places due to establishment

of more IT Parks, SEZs, Educational Institutions, MNCs and other organizations.

In view of the abovédenefits, the metro rail project can be taken up for the sustainable development of

the society.
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