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GLOSSARY

Adverse impact: An impact that is considered undesirable.
Ambient air: Surrounding air.
Aquatic: Growing or living in or near water.

Baseline (or existing) conditions: The O6ébaselined essenti af
standing and interpretation of existing environmental, social and health conditions of where
the business activity is proposed. Understanding the baseline shall also include those trends
present within it, and especially how changes could occur regardless of the presence of the
project,i.e.thed6 Nbevel opment Optiono.

Beneficial impacts: Impacts, which are considered to be desirable and useful.

Biological diversity: The variety of life forms, the different plants, animals and micro organ-
isms, genes they contain and the ecosystems they form. It is usually considered at three
levels: genetic diversity, species diversity and ecological diversity.

Ecosystem: A dynamic complex of plant, animal, fungal and microorganism communities and
associated non-living environment interacting as an ecological unit.

Emission: The total amount of solid, liquid or gaseous pollutant emitted into the atmosphere
from a given source within a given time, as indicated, for e.g., in grams per cubic meter of gas
or by a relative measure, upon discharge from the source.

Endangered species: Species in danger of extinction and whose survival is unlikely if the
existing conditions continue to operate. Included among those are species whose numbers
have been reduced to a critical level or whose habitats have been so drastically reduced that
they are deemed to suffer from immediate danger of extinction.

Environmental effects: The measurable changes, in the natural system of productivity and
environmental quality, resulting from a development activity.

Environmental Impact: An estimate or judgment of the significance and value of
environmental effects for natural, socio-economic and human receptors.

Environment and Social Management Plan (ESMP): A Plan to undertake an array of follow-
up activities which provide for the sound environmental management of a project/ intervention
so that adverse environmental impacts are minimized and mitigated; beneficial environmental
effects are maximized; and sustainable development is ensured.

Environmental Management: Managing the productive use of natural resources without
reducing their productivity and quality.

Evaluation: The process of looking back at what has been really done or accomplished.
Fauna: A collective term denoting the animals occurring in a particular region or period.

Field Reconnaissance: A field activity that confirms the information gathered through
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secondary sources. This field study is essentially a rapid appraisal.

Flora: All of the plants found in a given area.

Habitat: The natural home or environment for a plant or animal.

Land use: Types include agriculture, horticulture, settlement, pisciculture and Industries

Mitigation: An action, which may prevent or minimize adverse impacts and enhance
beneficial impacts.

Negative Impact: Negative change from the existing situation due to the project.

Public involvement / Public consultation: A range of techniques that can be used to inform,
consult or interact with stakeholdersoé6 affected

Reversible impact: An environmental impact that recovers either through natural process or
with human assistance.

Stakeholders: Those who may be potentially affected by a proposal, e.g. local people, the
proponent, government agencies, nongovernmental organizations, donors and others, all par-
ties who may be affected by the project or to take an interest in it.

Terrestrial: Living on land.
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EXECUTIVE SUMMARY

1. This Environmental Impact Assessment (EIA) has been prepared for the Gottigere-
Nagavara Corridor (Line 6) of Bangalore Metro Rail Project Phase Il in Karnataka State of
India (the Project). The Bangalore Metro Rail Corporation Limited (BMRCL) is the executing
agency of the project. The Phase | of Bangalore Metro Rail project has two corridors - an
East-West corridor (18.10 km long) and a North-South corridor (24.20 km long). The
commercial operations on Phase | corridors have been commenced. Phase Il of the
Bangalore Metro Rail Project has been sanctioned, which includes a total length of 74.236 km.

2. BMRCL has requested financing from EIB and AlIB for Gottigere-Nagavara Corridor
(Reach 6). The proposed Gottigere-Nagavara alignment is one of the alignments of Phase Il
corridors. The alignment starts from Gottigere and ends at Nagavara covering 21.275 km
consisting of both elevated and underground sections. The elevated stretch is 7.358 km,
underground is 13.2 km which includes a ramp length of 717 m. The alignment has 6 elevated
stations and 12 underground stations. A maintenance depot is to be constructed at Kothanur.

3. This EIA has been prepared to fulfill policy requirements of EIB. While EIB does not
require Project categorization, for purposes of the environmental and social requirements of
the co-financier, AllIB, the Project has been placed in environmental and social Category A
under the provisions of Al | B6s Environment al and Soci al
both the environmental risks and impacts and the magnitude of land acquisition and
resettlement and rehabilitation (R&R) issues involved.

4.  The project components are located in Bangalore City (Bengaluru district) of India.
Bengaluru district is situated in the heart of the South-Deccan plateau in peninsular India to
the South-Eastern corner of Karnataka State between the latitudinal parallels of 12°39'N and
13°18'N and longitudinal meridians of 77°22'E and 77°52'E at an average elevation of about
900 meters covering an area of about 2,196 sq.kms. of Karnataka State in Southern Part of
India. Bangalore is the fifth largest metropolitan city and the third most populous city in the
country.

5. During the earlier planning stages of the project, the feasibility of several metro corridors
was considered by BMRCL based on traffic and engineering studies. The criteria for selecting
the final alignment included traffic demand/ridership, accessibility and integration with existing
public transport nodes, available right of way within major roads, ground conditions, capital
and operating costs, availability of land for the depot and stations as well as minimum
disturbance/avoidance of heritage structures. The selected alignment follows the central
median of a major road artery in the south of the city whilst in the most densely populated
central and northern area the alignment is underground. Station locations have been selected
to maximize ridership and ease intermodal connections.

6. The main residual negative environmental impacts of the project include: (i) 2,70,712.07
square meters of will be acquired for the project; (ii) loss of 698 private structures affecting
838 households (iii) cutting down of about 1312 trees (1192 for alignment and 120 for depot);
(i) finite use of scarce, sometimes carbon intensive, materials, such as cement; (iv) noise,
vibration and visual intrusion for properties adjacent to the alignment; and (v) generation of
about 1.1 million cubic meter of waste material excavated from the tunneling work. All other
negative impacts are temporary and localized. The project does not impact any nature
conservation areas or urban parks or sites of historical / archeological importance.
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7. The main mitigation measures proposed are as follows: (i) compensation for loss of land
and properties to affected people as per The Right to Fair Compensation and Transparency in
Land Acquisition, Rehabilitation and Resettlement Act, 2013 (ii) compensatory afforestation in
line with local rules; (iii) various energy saving measures such as regenerative braking and
use of solar panels; (iv) noise reduction measures (i.e. rubber dampers on the rails and
parapet on both sides of viaduct acts as a part noise barrier); and (v) reuse of excavated
material where feasible and disposal to construction waste in a regulated manner.

8. An Environmental and Social Management Plan (ESMP) with budgetary provisions has
been prepared, as mentioned before. Potential settlement of buildings situated above the
tunnels alignment will be monitored and adequate insurance cover put in place to compensate
or address potential damage, if any.

9. The key positive environmental impacts of the project include (1) reduced private
vehicle/ reduction in pollutants, noise and vibration due to traffic; road safety improvements;
and a modest reduction in greenhouse gas emissions.

10. Local communities and stakeholders including women groups were involved in the
process of environmental and social assessment through on-site discussions. Formal public
consultations in the project areas were conducted during environmental and social studies
and it will continue throughout the project cycle. As the project will not have any significant
environmental and social impacts, local communities support the project. The grievance
redress mechanism has been formulated which is consistent with EIB and AlIB requirements
and the relevant national regulations.

11. The ESMP has been prepared in conjunction with BMRCLs SHE Manual and it will form
part of the contract document of the contractor. Quarterly environmental and social monitoring
reports will be submitted to EIB and AlIB and will be disclosed publicly at the EIB and AlIB
websites.



A. INTRODUCTION

1. Background

12. This Environmental Impact Assessment (EIA) has been prepared for the Gottigere-
Nagavara Corridor (Line 6) of Bangalore Metro Rail Project Phase Il in Karnataka State of
India (the Project). The Bangalore Metro Rail Corporation Limited (BMRCL) is the executing
agency of the project. The Phase | of Bangalore Metro Rail project has two corridors - an
East-West corridor (18.10 km long) and a North-South corridor (24.20 km long). The
commercial operations on Phase | corridors have been commenced. Phase Il of the
Bangalore Metro Rail Project has been sanctioned, which includes a total length of 74.236 km
(13.2 km underground) and 61 Stations, out of which 12 are Underground Stations. Following
six corridors (lines) have been selected for implementation under Phase Il.

1 Extension of E-W line: Mysore Road Terminal to Kengeri
Extension of E-W line: Baiyappanahalli to ITPL i Whitefield

Extension of N-S line: Hesaraghatta Cross to BIEC

1
1
1 Extension of N-S line: Puttenahalli Cross to Anjanapura Township (up to NICE Road)
T NewLinei NTS: Gottigere to Nagavara (Line no. 6)

1

New Line - E-W: R.V. Road to Bommasandra (Line no. 5)

13. BMRCL has requested financing from EIB and AlIB for Gottigere-Nagavara Corridor
(Reach 6). The proposed Gottigere-Nagavara alignment is one of the alignments of Phase Il
corridors. The alignment starts from Gottigere and ends at Nagavara covering 21.275 km
consisting of both elevated and underground sections. The elevated stretch is 7.358 km and
underground is 13.2 km which includes a ramp length of 717 m. The alignment has 6 elevated
stations and 12 underground stations.

14. The objective of the Metro Rail Project is to help to decongest the crowded road
corridors and offer a more environment friendly mass transportation alternatives to the people
of Bangalore.

2. Project Proponent
Project Name . Bangalore Metro Rail Project Phase Il T Reach 6
Name of Proponent/s :  Bangalore Metro Rail Corporation Limited (or BMRCL)
Address of Proponent Third Floor, BMTC Complex, KH Road, Shanthinagar,

Bangalore-560027, Karnataka, India

15. Bangalore Metro Rail Corporation Limited (BMRCL) is the executing and implementation
agency for the Project. BMRCL is a joint venture of Government of India and Government of
Karnataka is a Special Purpose Vehicle entrusted with the responsibility of implementation of
Bangalore Metro Rail Project. Bangalore Metro, christened as "Namma Metro", not only adds
to the beauty of Bangalore skyline, but immensely adds to the comfort level of travel. Besides
this, Namma Metro is a major environment friendly addition to the Bangalore City as it
significantly contributes to the reduction of carbon emissions.



3. EIA Preparation and Objectives of the EIA

16. This EIA has been prepared by BMRCL as part of detailed project report preparation for
Bangalore Metro Rail Project Phase Il in the year 2017. The Project is currently at investment
stage, and although there are no major changes in the Project design and location are
anticipated, this EIA may need updating following detailed surveys of alignment by the
Contractor (prior to start of civil works).

17. This EIA has been prepared in accordance with environmental impact assessment

requirements of Government of India. I't complie

Social Principles and Standards. It aims to ensure good environmental and social practices.

18. The specific objectives of this EIA are to:

provide an environmental and social baseline description of the Project;
identify and describe the potential environmental and social impacts of the Project;

design mitigation measures to minimize adverse environmental and social impacts;
describe the public consultation process and grievance redress mechanism; and
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provide an environmental and social management and monitoring plan for the project
(including defining institutional responsibilities, capacity building and training, and the
required budget).

4, Scope and Methodology of the EIA

19. The scope of t his EI A i s based on
Principles and Standards. Metro Rail projects are exempted by the Ministry of Environment,
Forest and Climate Change (MoEFCC) from the requirements of the Environment (Protection)
Act 1986. Therefore, environmental impact assessment for the metro rail projects is not
required in India.

20. This EIA has been prepared to fulfill policy requirements of EIB. While EIB does not
require Project categorization, for purposes of the environmental and social requirements of
the co-financier, AllIB, the Project has been placed in environmental and social Category A

under the provisions of Al 1l BO6s Easgorizatiannsrdeend a |

both the environmental risks and impacts and the magnitude of land acquisition and
resettlement and rehabilitation (R&R) issues involved. The EIA includes an Environmental and
Social Management Plan (ESMP) for project implementation and monitoring, consistent with
the requirements of the AlIB.

21. The scope of this EIA is limited to the areas where project facilities will be installed i.e.
alignment through which metro line will pass, and area where depot will be located. The
purpose of this EIA is to assess potential environmental, health, safety and social risks and
impacts of the proposed intervention in Bangalore city of India and propose suitable mitigation
measures where required.

22. This EIA consists of Project description and assessment sections. The EIA followed a
number of steps:

1 Review of available baseline reports, and technical reports/studies related to proposed
Project;

9 Conduct field visits to collect primary or secondary data relevant to the Project areas to
establish the baseline environmental and social condition;

1 Assess the potential impacts on environmental and social attributes due to the
location, design, installation and operation of the Project through field investigations
and data analysis;

EI |
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1 Explore opportunities for environmental and social enhancement and identify
measures;

1 Prepare an environment and social management plan (ESMP) outlining the measures
for mitigating the impacts identified including the institutional arrangements;

1 Identify critical environmental and social parameters required to be monitored
subsequent to Qhe implementation of the Project and prepare an environmental and
social monitoring plan;

1 Carry out consultation with key stakeholders and administrative authorities to identify
their perception on the Project, introduce project components and anticipated impacts;
and,

7 Disclose the draft EIA at BMRCL, EIB and AlIB websites and prepare Project brief
and/or FAQs in local language to be made publicly available at the offices of BMRCL.

23. This EIA study has been conducted based on review of preliminary EIA conducted as
part of feasibility study, EIA of Bangalore Metro Phase 1 project, primary data collected from
site visits (including consultations) and secondary information collected from various sources.
During site visit the specialists has conducted consultations with key stakeholders and local
executive powers for their opinions on the Project. Formal public consultations at key locations
along the proposed alignment of the metro line have also been conducted. The results of the
consultations as well as an evaluation of the institutional framework have been incorporated
into this assessment.

5. Structure of the EIA

24, I'n |l ine with the EI BO0s S$oaidl RrincglestanddStand&asv i r o n me
(2009), this EIA Report has been organized into sections which covers (i) project description;

(i) description of the baseline environment; and (iii) impact assessment and mitigation
measures. The EIA report has following contents:

Executive Summary

Introduction

Policy, Legal, and Administrative Framework
Description of the Project

Description of the Environment and Social Baseline
Impact Assessment and Mitigation Measures
Analysis of Alternatives

Consultations, Participation and Information Disclosure
Grievance Redress Mechanism

Environmental and Social Management Plan, and
Conclusion and Recommendation.
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B. POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK

25. India has well defined institutional and legislative framework. The legislation covers all
components of environment viz. air, water, soil, terrestrial and aquatic flora and fauna, natural
resources, and sensitive habitats. India is also signatory to various international conventions
and protocols. The environmental legislations in India are framed to protect the valued
environmental components and comply with its commitment to international community under
above conventions and protocols. EIB also has Environmental and Social Safeguard policies.
This assessment is about the applicability of above laws and regulations, conventions,
protocols, and safeguards.

26. Environmental assessment of the Project has been carried out in accordance with
Government 6s | egi s astli also ompaliesdvithrEéBgrequineraemts M he
laws, regulations, policies and guidelines applicable to this project based on the location,
design, construction and operation are summarized in the subsequent sections in following
order.

1 National (India) Environmental Legislation and Legal Administrative Framework,
1 EIB environmental and social policies, and
1 Summary of international treaties and applicability to the project.

1. The National (India) Environmental Laws and Regulations

27. The Government of | ndi ads Environment al Legal Fr ame
comprehensive acts and regulations aimed at conserving various components of the biological

and physical environment including environmental assessment procedures and requirements

for public consultation. The policies and requirements which are most relevant in the context

of this project are provided in Table 1 below.

Table 1. Summary of Relevant Environmental Legislation

Act Objective Responsible
Institution

Environment  (Protection) Act To protect and improve the overall | MOEFCC

(1986) and Rules (1986) environment

Environmental Impact Assessment | To provide guidance on | MoEFCC

(EIA) Notification under | environmental clearance

Environmental Protection Rules |requirements and clarification on

(2006, 2009, 2011) and relevant |related specific technical issues

Office Memorandums (OM)

The Wildlife Protection Act (1972 |To protect wild animals and birds | MOEFCC

and amended in 1993) through the creation of National
Parks and Sanctuaries

The Water (Prevention and Control | To provide for the prevention and | CPCB

of Pollution) Act 1972 (Amended |control of water pollution and the

1988) and Rules 1974 maintaining  or restoring of
wholesomeness of water.

The Air (Prevention and Control of | To provide for the prevention, control | CPCB and

Pollution) Act,1981(Amended and abatement of air pollution, and Road

1987) and Rules 1982 for the establishment of Boards to | Authorities
carry out these purposes.




Act Objective Responsible
Institution

Municipal Solid Waste (MSW) |Provisions for collection, storage | State Pollution

Rules, 2000 segregation, transportation, Control Board

processing and disposal of municipal
solid wastes.

Hazardous Waste (Management,
Handling and Trans-boundary
Movement) Rules 2008 (Amended
2009),

To protection the general public
against improper handling, storage
and disposal of hazardous wastes

State Pollution
Control Board

The Forest (Conservation) Act 1980 | To protect and manage forests MoEFCC

(Amended 1988) and Rules 1981

(Amended 2003)

Central Motor Vehicle Act (1988) |To control vehicular air and noise | State

and Rules (1988) pollution. To regulate development of | Transport
the transport sector, check and Department

control vehicular air and noise
pollution.

Ancient Monuments and
Archaeological Sites and Remains
Act (1958)

Conservation of Cultural and

historical remains found in India.

Archaeological
Dept. GOI

The Karnataka Ancient and To provide for the preservation of | Archaeological
Historical Monuments  and ancient and historicalmonuments Dept. GOK
Archaeological Sites and Remains [ and Archeological sites and remains
Act, 1961 and for the protection of sculptures,
carvings and other like objects in the
State of Karnataka
Building and Other construction |To regulate the employment and Ministry of
workers (Regulation andthe conditions of service of building and Labour and
Employment and conditions of other construction workers and to | Employment
service) Act, 1996 provide for their safety, health and
welfare measures
Child labour (Prohibition and To regulate the employment of Ministry of
Regulation) Act, 1986 children including age limits, type of Labour and
employment, timing of work, Employment
information disclosure andhealth
and safety.
The Right to Fair Compensation |The act states that the basic Ministry of
and Transparency in Land |compensation for the Project | Rural

Acquisition,  Rehabilitation and
Resettlement Act, 2013

Affected Persons (PAPs) should be
provided according to the market
value of the land as at the date of its
acquisition. It also entitles PAPs to a
hearing before acquisition.

Development /
Department of
Land
Resources

The Karnataka Industrial Areas

Development Act, 1966

Enacted for the establishment of
industrial areas in the State and
generally to  promote the
establishment and orderly
development of industries therein

Department of
Industry, GoK

Karnataka Municipal Corporations

To protect the public places and

Bangalore
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Act Objective Responsible
Institution

Act, 1976 people from developing projects. | Municipal
Section 288 discusses regarding | Corporation,
power to allow certain projections | GoK
and erections

Karnataka Preservation of Trees |To provide preservation of trees in | Forest

Act, 1976 the state by regulating the felling of Department,
trees and for the planting of GoK

adequate number of trees to restore
ecological balance

Karnataka Parks, Play-fields and
Open Spaces (Preservation and
Regulation) Act, 1985

To provide Preservation and
regulation of parks, play-fields and
open spaces.

Government of
Karnataka

1.1 Relevant Policies

1 National Conservation Strategy and Policy Statement on Environment and
Development of 1992

= =4 —a -

1.2

National Environment Policy of 2006

National Forest Policy of 1998
National Policy of Resettlement and Rehabilitation (R&R) of 2007

Required Clearances/Permissions

Policy Statement for Abatement of Pollution of 1992

28. For Implementation of Metro Rail Project in India, required clearances/ permissions
related to environment, social and forests have been summarized in Table 2.

Table 2: Applicable Permits and Clearances Required for the Project

S. Permissions/ Acts/ Rules/ Concerned Responsibility
No.| Clearances Notifications/Guidelines Agency
A. Pre-construction Stage
1| Permission for Forest Conservation Act District Forest Office/ BMRCL
cutting of trees (1980) Procedural State Forest
Guidelines developed by Department fortrees
the Department of Forest felling in forest areas
and Environment, and District Authorities
Government of in non-forests Areas.
Karnataka. under the
orders ofthe Honorable
High Court Tree removal
will be guided as per
state government rules.
B. Construction Stage
2| Consent to| Air (Prevention and Karnataka State Contractor
operate hot mix| Control Pollution) Act Pollution Control Board
plant, Crushers, 0f1981 (To be obtained
Batching plant before installation)
3| Authorization for| Hazardous Waste| Karnataka State| Contractor
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disposal of [ (Management and| Pollution Control Board
hazardous waste Handling) Rules 1989 (To be obtained before
generation)
4| Consent for Water (Prevention and Karnataka State Contractor
Disposal of Control of Pollution) Act Pollution Control Board
sewage from 1974 (Before setting up the
labor camps camp)
51 Pollution Under Central Motor and Department  of Contractor
Control Vehicle Act 1988 Transport, Government
Certificate of Karnataka
authorized testing
centers
6 | Employing The Building and Other District Labour Contractor
Labour/Workers Construction Workers Commissioner
(Regulation and
Employment Conditions
of Service) Act, 1996

29. Before the start of civil works for the any section of the subproject road the project
proponent (BMRCL) must obtain necessary clearances / permits from statutory authorities.

1.3 Institutional Administrative Framework

30. The administrative framework in India for implementation and monitoring of Metro Rail
Projects involves following agencies.

31. Ministry of Environment, Forests and Climate Change (MoEFCC): MoEFCC is apex
body in India responsible protection and enforcement of laws and regulations. In view of the
growing importance of environmental affairs, the Government of India set up a Department in
November 1980 under the portfolio of the Prime Minister. The Department, later renamed as
the MOEFCC plays a vital role in environmental management for sustained development and
for all environmental matters in the country.

32. The major responsibilities of MOEFCC includes - Environmental resource conservation
and protection, Environmental Impact Assessment of developmental projects, Co-ordination
with the other ministries and agencies, voluntary organizations and professional bodies on
environmental action plans, Policy-planning, Promotion of research and development,
manpower planning and training and creation of environmental awareness; Liaison and
coordination with international agencies involved in environmental matters.

33. Developmental project proponents are 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 permissible levels. The MOEFCC appraises these statements/
assessments and approves the project from the environmental angle. The respective State
Pollution Control Board is to give a No Objection Certificate (NOC) before the EIA exercise is
undertaken.

34. Karnataka State Pollution Control Board (KSPCB): The KSPCB was constituted in
the year 1974 under the provision of Water (Prevention and Control of Pollution) Act, 1974.
Subsequently the Water (Prevention and Control of Pollution) Cess Act, 1977, Air (Prevention
and Control of Pollution) Act, 1981 and Environmental Protection Act, 1986 in addition to
Rules framed under these Acts were also entrusted to the State Board. The prime objective of
all these Acts is maintaining, restoring and preserving the wholesomeness of quality of
environment and prevention of hazards to human beings and terrestrial flora and fauna.
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35. The Board has its Central Office at Bangalore. The enforcement of the above stated
Acts and Rules are being implemented through thirty three Regional Offices. The Central
Office of the Board is responsible for making general policies relating to enforcement of the
above said Acts and Rules and it also carries out general administration and co-ordination
with other agencies. The Central Laboratory of the Board is well - equipped and can take up
analysis of water, waste water, stack emission samples, ambient air samples, bio-assay tests,
bacteriological analysis, etc.

36. Central Ground Water Board: The CGWB is responsible for the development,
dissemination of technologies, and monitoring of India's groundwater resources, including
their exploration, assessment, conservation, augmentation, protection from pollution and
distribution. The CGWB, under the Ministry of Water Resources, was established in 1970.
Various activities related to regulation and control of ground water development in the country
is the responsibility of the Central Ground Water Authority (CGWA) specifically constituted
under the Environmental (Protection) Act, 1986. The CGWA has identified over exploited-
areas across India where groundwater withdrawal are regulated. To date, 43 critical/
overexploited notified areas have been identified in 10 states. Construction of new ground
water structures is prohibited in the notified areas while permission of drilling tube wells is
being granted only to the government agencies responsible for drinking water supply.

37. Bangalore Metro Rail Corporation Ltd. (BMRCL): Incorporated in the year 1994,
BMRCL was formed as a 50:50 joint venture of Government of India and Government of
Karnataka in the year 2005, as a Special Purpose Vehicle entrusted with the responsibility of
implementation of Bangalore Metro Rail Project. During the implementation of Phase 1 of the
Bangalore Metro Rail Project, the BMRCL had no formal environmental and social safeguard
unit and environmental and social concerns were handled on an ad-hoc basis internally.
However, it was agreed that a separate safeguard cell will be appointed for manage social
and environment.

2. EIB Environmental and Social Policies

38. The EIB finances projects to achieve a number of priority EU policy objectives. In this
work it is guided by a series of standards as outlined in the Statement of Environmental and
Social Principles and Standards (2009). The manner in which these are applied by EIB in its
daily project work is described in the Environmental and Social Practices Handbook (2013).

2.1 Environmental and Social Principles and Standards

39. As a priority, EIB funds projects that support sustainable development through the

protection and improvement of the natural environment, and the promotion of sustainable
communities. The objectives of the Treaty of the European Union underpin the EIB standards

and its general approach, i.e.regarding A pr eservation of the environ
health, rational utilization of natural resources and promotion of measures at international

l evel 0. I n particular <c¢climate change, biodiver s
intothelendi ng policies and practices of the Bank. '
Framework Convention on Climate Change, the UN Convention Biological Diversity (CBD)

and the UN Millennium Development Goals (MDG).

40. To qualify for EIB funding a project should promote one or more of the following EU
policy objectives:

91 Provide an appropriate response to the threat of climate change

9 Contribute to sustainable natural resource management

1 Improve urban quality of life

1 Safeguard human health by enhancing the natural and build environments

41. While all projects should give an overall positive contribution to sustainable development
in order to be considered for funding, EIB still requires that projects comply with the
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environmental and social requirements of the Bank. The Bank pays particular attention to the
rights of disadvantaged groups and the impacts that a project might have on people in the
workplace and in the local community. The principles and standards are derived from
European Union policy and law and in addition to the EU Treaty include:
1 The fundamental human rights referred to in the EU Charter
1 Relevant EU environmental and social legislation
1 Internationally recognized good environmental and social practices from a number of
sources
1 A set of social standards equivalent to the common requirements of the Multilateral
Financial Institutions (MFIs)

42. The principles and standards guide all projects financed by EIB. Within the EU, projects
shall comply with EU law unless EIB considers higher standards are appropriate. In the rest of
the world, the legal principles and standards of the EU are used as the benchmark, though
with the possibility of derogation if deemed justifiable.

43. EIB does not finance projects that do not comply with appropriate national
environmental and social legislation in force at the time. In the Statement, the promoter is
made responsible for the application and enforcement of the EIB requirements including
compliance with relevant laws and other obligations placed on the promoter by the Bank
which are typically reflected in legal undertakings.

4. The following principles underlie EIBOGS
social issues of projects:
91 Integration i principle that environmental considerations be merged into all EIB work.
1 High level of environmental protection i principles of applying a precautionary
approach, taking preventive action rather than damage control, environmental
damaged to be rectified at source and the polluter should pay.
1 Rights based approach to considering the social aspects of a project, by following the
Charter of Fundamental Rights of the European Union, and the UN Universal
Declaration on Human Rights.

45. The environmental and social performance standards ensure compliance with Bank
requirements and include:

1 Emission standards: projects should include measures to prevent, reduce or eliminate
pollution that arises directly or indirectly from their activities.

1 Ambient standards: projects are required to ensure that they meet the relevant
ambient standards, including national standards.

1 Procedural standards: e.g. projects for which the EIB requires an EIA, the process and
content must be consistent with the requirements of the EU Directive.

1 Human rights: financing restricted to projects that respect human rights as defined by
Charter of the Fundamental Rights of the European Union and international good
practices.

91 Involuntary resettlement: people whose livelihoods are negatively affected by a project
should have their livelihoods improved or at a minimum restored, and losses should be
compensated for. Management of resettlement includes need for an Action Plan and
culturally appropriate consultation of affected communities.

1 Indigenous people and other vulnerable groups: covers indigenous groups, ethnic
minorities, women, migrants, the very young and the very old. The promoter should
pay special attention to these groups when affected by the project.

9 ILO core labour standards: core labour standards are to be adhered to/reached during
the project implementation.

1 Occupational and community health and safety: seeks to avoid and minimize risks and
impacts to the health and safety of workers and communities.

9 Cultural heritage: respecting cultural heritage and not financing projects that threaten
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the integrity of sites that have a high level of protection for reasons of cultural heritage,
e.g. UNESCO World Heritage sites.

9 Consultation, participation and public disclosure: based on the Aarhus Regulation
promoting transparency of environmental information and the inclusion of stakeholders
in projects through consultation in order to identify and manage public concern at an
early stage. Includes provisions for the public disclosure of key project information
such as the Non-Technical Summary and the ESIA.

9 Biological diversity: reducing the biodiversity impacts of projects in line with core
international conventions such as HELCOM, OSPAR and Ramsar.

i Climate change: seeks to reduce contributions to climate change through energy
efficiency measures, clean technology and promoting projects that lead to reductions
in carbon emissions.

2.2 Environmental and Social Practices Handbook

46. The Environmental and Social Practices Handbook (the Handbook) translates the
environmental and social principles and standards described in the statement into the
operational policies followed by EIB staff. It explains how Bank staff conducts routine work on
environmental and social matters through the project cycle.

Pre-appraisal stage

Identification of environmental and social issues

Screening according to different loan types

Categorization of project according to severity of environmental and social impact
Identification of the legal requirements for project compliances

Assessment of the projectds climate change
Sharing of environmental information for the opinion of DG Environment

Publication on project website

=4 =4 =4 -84

Appraisal stage

Environmental and social assessment

Assessment of EIA process

Assessment of biodiversity and natural resource management
Climate change

Appraisal of social issues including Resettlement Framework and Resettlement
Action Plan

Appraisal of the environmental and social capacity of the promoter
Public consultation

Disclosure of information and documents

Final environmental and social impact rating

Identification of monitoring requirements

=4 =4 =8 8888 on e

Monitoring stage
1 Follow-up during implementation and during operation

47. The Handbook also includes a range of Guidance Notes for use in the assessment of
social impacts of a project covering:

1 Involuntary resettlement

1 Rights and interests of vulnerable groups

1 Labour standards

9 Occupational and community health and safety

48. Since the project is located outside EU Zone, Environmental Assessment is not required
as per EIB policy requirements.
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3. International and Regional Agreements and Conventions

49. India is a party and signatory to several international and regional environmental
agreements to which the MoEFCC is the National Focal Point. Key international agreements
that India is signatory to and relevant for the project are provided below:
i. Convention Relative to the conservation of Flora and Fauna in their Natural
State(1933)
ii. International Plan Protection Convention (1951)
iii. Convention on Wetlands of International Importance, Especially as Waterfowl
Habitat (Ramsar,1971)

V. Convention concerning the Protection of the World Cultural and Natural
Heritage (Paris, 1972)

V. Convention in International Trade in Endangered Species of Wild Fauna and
Flora (Washington, 1973)

Vi. Convention on Migratory Species of Wild Animals (Bonn, 1979)

Vii. Convention on the Prior Informed Procedure for Certain Hazardous Chemicals
and Pesticides in International Trade (PIC or Rotterdam, 1990)

viii. United Nations Framework Convention on Climate Change (Rio De
Janeiro,1992)

iX. Convention on Biological Diversity (Rio De Janeiro, 1992)

X. Protocol to the United Nations Convention on Climate Change (Kyoto, 1997)

50. The interventions proposed under the Project shall be implemented in compliance with
applicable international/regional conventions and declarations to which India is a party.

16



C. PROJECT DESCRIPTION

1. Project Rational and Objectives

51. Mass Rapid Transport System (MRTS) is an elevated/underground suburban railway
system which facilitates large commuters to travel any part of the city within short duration.
The large capacities of such systems make them potentially more efficient in terms of cost and
comfort journey than any other automobile transportation. In addition, it helps to decongest the
crowded road corridors and offers a more environment friendly mass transportation
alternatives.

52. Bangalore Metro Rail Corporation Limited (BMRCL), a joint venture of Government of
India and Government of Karnataka is a Special Purpose Vehicle entrusted with the
responsibility of implementation of Bangalore Metro Rail Project.

53. The Phase | of Bangalore Metro Rail project has two corridors - an East-West corridor -
18.10 km long, starting from Baiyappanahalli in the East and terminating at Mysore Road terminal
in the West and a 24.20 km North-South corridor commencing at Nagasandra in the North and
terminating at Puttenahalli in the South. The commercial operations on Reach-1 (MG Road to
Baiyappanahalli station) have commenced on 20th October 2011. The commercial operations on
Reach-3 and Reach 3A (Peenya Industry to Mantri Square Sampige Road Station) have
commenced on 1st March 2014. The commercial operations on Reach-3B (Peenya Industry to
Nagasandra) have commenced on 1st May 2015 and the commercial operations on Reach-2
(Magadi Road to Mysore Road Terminal) have commenced on 18th November 2015. The
commercial operation of Reach 4 and 4A including UG-1 section (Mantri Square Sampige
Road to Puttenahalli) have commenced on 18th June, 2017.

54. To meet the growing transport demand of Bangalore city, the government has decided
to implement Phase Il of metro rail system with the total length of 74.236 km (13.2 km
underground) and 61 Stations, out of which 12 are Underground Stations. For the Phase Il of
Bangalore Metro, following six corridors has been considered:

i. Extension of E-W line: Mysore Road Terminal to Kengeri
ii. Extension of E-W line: Baiyappanahalli to ITPL i Whitefield
iii. Extension of N-S line: Hesaraghatta Cross to BIEC

iv. Extension of N-S line: Puttenahalli Cross to Anjanapura Township (up to
NICE Road)
v. New LineT NTS: Gottigere to Nagavara (Line no. 6)

vi. New Line - E-W: R.V. Road to Bommasandra (Line no. 5)

55. The proposed alignment is one of the alignments of Phase Il corridors. The alignment
starts from Gottigere and ends at Nagavara covering 21.275 km consisting of both elevated
and underground sections. The elevated stretch is 7.385 km and underground is 13.2 km
which includes a ramp length of 717 m. The alignment has 6 elevated stations and 12
underground stations.

56. The aims of a metro project are to: (i) mitigate climate change and pollution (air and
noise) by providing more environmentally sustainable transport means, (ii) contribute to the
economic growth by reducing urban congestion and thus increasing labour productivity and
(iif) improve the livelihood of socially disadvantaged population by enhancing their mobility and
thus their access to education, jobs and other services.
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2. Location of Project Components

57. The project components are located in Bangalore City (Bengaluru district) of India.
Bengaluru district is situated in the heart of the South-Deccan plateau in peninsular India to
the South-Eastern corner of Karnataka State between the latitudinal parallels of 12°39'N and
13°18'N and longitudinal meridians of 77°22'E and 77°52'E at an average elevation of about

900 meters covering an area of about 2,196sg.kms. of Karnataka State in Southern Part of
India. Bangalore is the fifth largest metropolitan city and the third most populous city in the
country. As per the 2001 census, total population of Bangalore was 5.6 million. With the

formation of OGreateci BphgapopaebathoB80Bds bbeom

Census of 2011. Bangalore City is one of the most cosmopolitan and commercially advanced
cities in the country. Figure 1 show the location map of the project.

Figure 1: Location of Project Components on Topo sheets Country (India) Map
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3. Details of the Project Components

58. The salient features of the proposed Bangalore Metro Rail Project Phase Il (reach 6) are
summarized in subsequent sections.

3.1 Alignment and Stations

59. The proposed route is 21.275 km starting from Gottigere on Bannerghatta Road to
Nagavara on Thanisandra road. The initial alignment from Gottigere to Swagath Road Cross
(Short of Dairy Circle) is elevated with 6 stations and from Dairy Circle to the end i.e. Nagavara
is underground with 12 stations. The alignment runs initially on Bannerghatta Road connecting
many populated areas such as Gottigere, Hulimavu, 1IMB, J P Nagar IV Phase, Jayadeva
Hospital, Swagath Road Cross, Dairy circle, MICO Industries. It then joins and runs below the

Hosur road
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via Langford Town, Vellara; then traverses below Brigade Road, the commercial hub; then
crosses below Bangalore Metro Phase-I| elevated E-W line and reaches Kamraj Road where the
M G Road underground station of this line is situated which is integrated with the elevated M G
Road station of Phase-l. After this, the underground alignment passes by the side of busy
Shivaji Nagar Bus-stand where the Shivaji Nagar underground station of this line is located.
After this, the alignment traverses below the built up area by the side of the Shivaji road and
takes a turn towards right. There after it cuts across HKP road, Cock Burn Road and AM Road
and reaches Cantonment Metro Station at Bambo Bazar BBMP field. From here, the alignment
crosses Miller Road and takes turn towards left to pass below SWR line and reach Pottery
Town open ground area. Here the Pottery Town underground Station is planned. From here the
underground alignment turns left to reach below the Tannery road and continues almost below
the Tannery road and crosses the Salem Railway line and then Outer Ring Road (ORR) to
reach the last Station of this line namely Nagavara, which is located immediately after the
crossing of the ORR. The route length is 21.275 km (up to dead end) and there are 18 (06
Elevated + 12 Underground) Stations in this 2nd N-S line of Phase-II.

60. The salient features of the proposed corridor alignment are given in Table 3 and detailed
are stations are given in Table 4.

Table 3: Salient features of Gottigere - Nagavara Corridor (Reach 6)

Salient Features Details of Gottigere to Nagavara Corridor

Length of the alignment [ 21.275 Km

Elevated 1 7.385 km
Underground i 13.2 km
06 (Elevated)

12 (Underground)

Nature of alignment

Number of stations

Project implementation

- Start Date 2017
- Completion Date 2021
Train
capacity 2004 passengeri/trip (6 coach)
Frequency 1 train for every 4 minutes (Peak hours)
Gottigere, Hulimaavu, IIMB, JP Nagar, Jaynagar, Wilson garden,
Connecting Areas Richmond Town, MG Road, Shivajinagar, Benson Town,

Pulikeshnagar, Govindapura and Nagavara

Industry/Companies
along the proposed
alignment

Intech Telecom Systems, Adobe system Pvt Ltd, Oracle,
Dharmaram College, Bangalore Dairy, Accenture

IIMB, PSBB Learning Leadership Academy, Govt Institute of
Training, Dharmaram College, Baldwin Boys School, Sacred
Heart/Good Shepherd School, St. Joseph Educational Institution,
Hafiziya High School, Niswan Urdu School, Quwahtul Islam
School, Gem High School, Government urdu school,

Arabic College

Wockhard Hospital, Apollo Hospital, Jayadeva  Hospital,
Government Hospital,

Bowring and Lady Curzon

Hospital

Flyover along the| Jayadeva Flyover, Dairy Circle Flyover, Phase | Metro viaduct,
ORR Flyover at Nagavara

Educational  Institutions
along the proposed
alignment

Hospitals  along the
proposed alignment

alignment
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Salient Features

Details of Gottigere to Nagavara Corridor

Major road approach
to the alignment

and ORR.

Marenahalli Road, Mari Gowda Road, Gen Thimmaih Road, MG
Road, Millar Road, Saint John Church Road, Arabic College Road

Table 4: Stations in Gottigere - Nagavara Corridor

SN | Station Name Chainage (m) | Type
1 Gottigere 662 Elevated
2 Hulimavu 1722 Elevated
3 Indian Institute of Management(lIM i B) 3423 Elevated
4 J P Nagar - IV Phase 5055 Elevated
5 Jayadeva Hospital 5823 Elevated
6 Swagath Road Cross 7233 Elevated
7 Dairy Circle 8511 Underground
8 MICO Industries 9466 Underground
9 Langford Town 10364 Underground
10 | Vellara 11299 Underground
11 | MG Road 12558 Underground
12 | Shivajinagar 13845 Underground
13 | Cantonment 14897 Underground
14 | Pottery Town 16012 Underground
15 | Tannery Road 17163 Underground
16 | Venkateshapura 18191 Underground
17 | Arabic College 19569 Underground
18 | Nagavara 20902 Underground
End of Ramp Chainage 21433
3.2 Ridership
Table 5: Traffic Forecast for Gottigere i Nagavara Corridor
Peak Hour Number of Passenger | Mean trip
Year | Sectional passengers KM length
loading (Lakhs/day) (Lakhs) (km)
2021 16,381 4.03 38.20 9.50
2031 22,806 5.58 52.69 9.50
2041 25,315 6.19 58.81 9.50
3.3 Rolling Stock, Traction and Signalling
1 2.88 m wide modern rolling stock with stainless steel body Standard Gauge.
1 Axleload-15t
i Seating arrangement - Longitudinal
1 Capacity of 6 Coach unit - 1574 Passengers (with 6 Pas/Sgm)
1 Class of accommodation i One
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3.4 Passenger Carrying Capacity

61. In order to maximize the passenger carrying capacity, longitudinal seating arrangement
shall be adopted. The whole train shall be vestibule to distribute the passenger evenly in
all the coaches. Criteria for the calculation of standing passengers are 4 persons per
square meter of standing floor area in normal state (AW2 load) and crush load 6 persons
standee per sq meter (AW3 load) and exceptional dense crush load of 8 persons/sq meter
(AW4 load).

62. Therefore, for the Rail Vehicles with 2.88 m maximum width and longitudinal seat
arrangement, conceptually the crush capacity (AW3 load) of 43 seated, 204 standing thus
a total of 247 passengers for a Driving Motor car and 50 seated, 220 standing thus a total
of 270 for a trailer/Motor car is envisaged. In the exceptional dense crush capacity (AW4
load), 43 seated, 273 standing thus a total of 316 passengers for a Driving Motor Car, and
50 seated, 293 standing thus a total of 343 for a trailer and motor car is envisaged.

63. Following train composition is adopted:
6-car Train: *DMCi TCi MC+MCi TCi DMC*
64. 6-Car trainset composition has been adopted for all the lines of Phase-II.

65. Table 6 and 7 shows the carrying capacity of the individual cars and 6-Car train set with
standing passenger @ 4 passenger per sq meter of standee area (normal load), with
standing passenger @ 6 passenger per sq meter of standee area(Crush load) and @ 8

passenger per sq meter of standee area(Dense crush load) respectively.

The seating and Standee <capacity of iD®C, MC
MC+MCIiTCiDMC* 6 with external sliding doe/-r are (gi
Table 6: Carrying Capacity of Mass Rail Vehicles (Crush@6 P/sgm of standee area)
Driving Motor car Trailer car / Motor car 6 Car Train
Normal Crush Normal Crush Normal Crush
Seated 43 43 50 50 286 286
Standing 137 204 147 220 862 1288
Total 180 247 197 270 1148 1574
NORMAL (AW2)t P/sgm of standee area CRUSH (AW3)6 P/sgm of standee area
Table 7: Carrying Capacity of Mass Rail Vehicles
(Exceptional dense Crush @8 P/sqm of standee area)
Driving Motor car Trailer car / Motor car 6 Car Train
Normal Crush Normal Crush Normal Crush
Seated 43 43 50 50 286 286
Standing 137 273 147 293 862 1718
Total 180 316 197 343 1148 2004

NORMAL (AW2)Seating + 4 P/sgm of standee ay&EXCEPTIONAL DENSE CRUSH (%a&t)ng + 8 P/sgm of standee area

3.5 Maintenance depot

66. The Maintenance depot for the corridor is proposed at Kothanur.
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3.6 Traction Power Supply

Table 8: Traction Power Supply

Particulars Gottigere- Nagavara Corridor

Traction system voltage 750V DC
Current Collection Third Rail Bottom Collection
Received Power Sub Station Kothanur & Nagavara
Power Supply Source 220 /66 KV AC
No. of Receiving Sub Stations 2
No. of Traction Sub Stations 18 (including Depot)
SCADA system Provided

4, Construction Methodology

8 Elevated viaduct consisting of prestressed concrete Box shaped Girders on
Single pier/Portal with pile/Open foundations.

§ Underground by tunneling by TBM/NATM, Stations by Cut & Cover.
67. Figure 2 to Figure 9 shows the plans and cross sections of various project facilities and
components.

Figure 2: Rail design showing the elastomeric and rail pads to control noise and
vibration
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Figure 3: Typical Dimensions of Cut and Cover Tunnel Section
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Figure 4: Typical Cross Section of the Viaduct
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Figure 5: Plan and Cross Section of Typical Station at various Levels
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Figure 8: Layout Plan of Depot at Kothanur
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Figure 9: Location of Depot on Google-Earth Map
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5. Cost Estimate

68. The total completion cost of the proposed corridor is estimated at Rs. 11908.32 crore.

6. Land Requirement

69. Since land is scarce commodity especially in metropolitan areas, every effort has been
made to keep land requirement to the barest minimum and acquisition of the private property
has been kept minimal. Land acquisition in the proposed project is of two types, one is for
permanent usage and the other is for temporary usage. Permanent land is the land to be
acquired throughout the life of the project it cannot be retrieved by the occupants. Temporary
land is the land which is needed in addition to permanent land during construction phase. This
can be retrieved by the occupant once the project is completed. Land is mainly required for
route alignment, station buildings, platforms, entry/exist structures, traffic integration, power
sub-stations, temporary construction depots / work sites and sick line facilities etc. As per the
land acquisition proposal prepared by BMRCL, 2,70,712.07 square meters of land will be
required for the project.

7. Implementation Plans

70. The project will be implemented within 45 months. The construction works for elevated
sections are expected to commence by September 2017 and finish by July 2020. The
construction work for underground section is expected to commence by January 2018 and
finish by December 2020. The construction of depot is expected to commence by January,
2018. The system works for elevated section (including integrated testing, commissioning and
service trial) will be expected to finish by December 2020. For underground section, the
system works (including integrated testing, commissioning and service trial) will be expected
to finish by April 2021. The operation will be expected to start by May 2021.

71. As the implementing agency (as well as a Borrower), BMRCL will take full responsibility
of the implementation of the Project. The Planning Department of BMRCL will be the interface
between BMRCL and EIB & AlIB, and also the internal coordinator among the functional
departments to lead the preparation and implementation of the Project.
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D. DESCRIPTION OF THE ENVIRONMENT

72. The proposed project is located in Bangalore city of Karnataka State covering Bengaluru
district. The basic environmental settings of the district and Bangalore city where project is
located in particular are discussed in this section.

1. Physical Resources
1.1. Topography

73. Bangalore has two unique Topography terrainsd North Bangalore taluk and the South
Bangalore taluk. The North Bangalore taluk is a relatively more level plateau and lies between
an average of 839 to 962 meters above sea level. The middle of the taluk has a prominent
ridge running NNE-SSW. The highest point in the city, Doddabettahalli, (962m) is on this
ridge. There are gentle slopes and valleys on either side of this ridge. The low-lying area is
marked by a series of water tanks varying in size from a small pond to those of considerable
extent, but all fairly shallow.

74. The topography of Bangalore is flat except for a central ridge running NNE-SSW. The
highest point is Doddabettahalli, which is 962 m (3,156 ft) and lies on this ridge. No major
rivers run through the city, though the Arkavathi and South Pennar cross paths at the Nandi
Hills, 60 km (37 mi.) to the north. River Vrishabhavathi, a minor tributary of the Arkavathi,
arises within the city at Basavanagudi and flows through the city. The rivers Arkavathi and
Vrishabhavathi together carry much of Bangalore's sewage. A sewerage system, constructed
in 1922, covers 215 km2 (133 mi?) of the city and connects with five sewage treatment centers
located in the periphery of Bangalore.

75. The South Bangalore taluk has an uneven landscape with intermingling hills and valleys.
The southern and western portions of the city consist of a topology of granite and gneissic
masses. The eastern portion is a plane, with rare minor undulations.

76. There are no major rivers flowing through the city. However, rivers Arkavathi and Kaveri
merge within the proximity of Nandi Hills, which lie 60 km north of Bangalore. River
Vrishabhavati, a tributary of Arkavathi, flows for a small stretch in the Bangalore North taluk
and carries a bulk of the city's sewerage. The city has a handful of freshwater lakes and water
tanks such as Madivala tank, Hebbal tank, Ulsoor lake and Sankey Tank. Groundwater occurs
in silty to sandy layers of alluvial sediments and jointed quartzite.

77. The rock types prevalent in the district belong to the Saugar, Charnokite and Peninsular
Gneissic Complex (PGC) groups. The PGC is the dominant group of rocks and covers two-
thirds of the area and includes granites, gneissis and migmatites. The soils in Bangalore vary
from red laterite to clayey soils.

1.2 Physiography

78. The project area comprises of urban and semi-urban areas of Bangalore city. The
average elevation of Bangalore is 920 m above MSL covering an area of about 750 sq km.
The city lies between 12.97°N and 77.56°E. The city is bounded by Kolar District in the
northeast direction, Chikballapur District in the north, Tumkur District in the northwest, Mandya
District in the southwest, Ramanagaram District in the south and the neighboring state of
Tamil Nadu in the southeast. The city is generally flat, but it has a prominent ridge in North
East and South West. Northern part of the project area is relatively more level plateau.
Southern part represents uneven landscape with rocky features raising from 30-70 meters
above ground level. Eastern part of the project area is almost plain with minor undulations.
The highest point measured is Doddabettahalli, which is 962 m and lies above this ridge.
There is no river flowing in the city, only few freshwater lakes and water tanks existing within
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the city serve as source of groundwater recharge. Some of the important lakes are Madivala
Tank, Hebbal Lake, Ulsoor Lake, Sankey Tank etc.

1.3 Geology & Minerals

79. The geology of the city is unique having various types of rock such as granites, gneisses
and migmatites found in the area. The area has mature topography with scattered isolated
hillocks around, where rocks are exposed. The rock type exposed in the district belongs to
Saugar Group, Charnockite Group, Peninsular Gneissic Complex (PGC), Closepet granite
and basic younger intrusive. Saugar group comprises ultramorphic rocks, amphibolites,
Quartzite banded magnetites, quartzite occurring as small bands and lenses within the
magmatites and gneisses. PGC is the dominant unit and covers about two-thirds of the area,
which includes granites, gneisses and magmatites. The bed rocks essentially consist of
granites and gneisses intruded by number of basic dykes.

1.4 Soils

80. The project area has Red Loamy and Laterite soils. Red loamy soils is mainly seen in
the eastern and southern parts of Bangalore north and south taluks. It generally occurs on
hilly to undulating landscape on granite and gneissic terrain. Laterite soils are mainly covered
in Anekal taluk and western parts of Bangalore North and South taluks. Laterite soils occur on
undulating terrain forming plain to gently sloping topography of peninsular gneissic region.
The surface soil samples from a depth of 0 - 20 cm were collected along the proposed
alignment and collected samples were analyzed for soil physico-chemical properties (Table 9).

81. The bulk density of soils ranged from 1.25 - 1.63 g/cm3. Thus, the porosity and water
holding capacity also varied largely and found in the range of 38.1 - 51.7 % and 40.5 - 50.3 %
respectively. The soil pH ranges from 6.21 - 7.89 while Electrical Conductivity (EC) ranges
from 0.321 7 0.885 dS/m. The soil organic matter, measured in terms of Soil Organic Carbon
(SOCQ) is very important from the point of soil health as it regulates soil physical, chemical and
biological properties. The soil organic carbon was found in the range of 0.23 - 0.46 per cent.
Slightly lesser range of organic carbon may be due to degradation of land from urban
infrastructure activities and varied to a great extent depending on the land use. Similarly, the
available N, P202 and K20 are also in lesser range compare to productive sails.

Table 9: Physico-Chemical Characteristics of Soil along the Alignment

Sl. No. Parameters Measured Range

1 pH 6.2171 7.89

2 EC (dS/m) 0.321 7 0.885

3 Bulk Density (g/cm3) 1.25-1.63

4 Porosity (%) 38.171 51.7

4 Water Holding Capacity (%) 40.57 50.3

5 Organic Carbon (%) 0.23 - 0.46

6 Available Nitrogen (kg ha-1) 223 - 378

7 Available P205 (kg ha-1) 15.6 - 31.5

8 Available K20 (kg ha-1) 1561 321

1.5 Seismicity

82. Bangalore City and District has generally remained nearly untouched by major seismic
activity due to its location in a seismically stable region. Only mild tremors have been recorded
in the city. The national Seismic activity map is given in Figure 10. The Geotechnical
characteristics and natural hazards are given below:
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Figure 10: National Seismic Activity Map
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83. The nature of seismic activity in Bangalore district as recorded by Department of Mines
and Geology, Government of Karnataka is shown in Table 10 above. The area has been
demarcated into two engineering geologic provinces mainly based on bearing capacity /
compressive strength and foundation characters of the rock types. The bearing capacity of the
rock types vary from medium (500 kg/cm2) to high (1000-2000 kg/cm2) and the foundation
characters are good to very good. The Bangalore district falls under seismic zone Il (as per IS:
1783-part 10 2002).

84. The study area has no major threat of an earthquake because it is located in seismically
stable zone (Zone Il). The city has generally remained untouched by major seismic activity but
only mild tremors have been recorded occasionally to till date as per records of Directorate of
Mines and Geology, Government of Karnataka and Bhabha Atomic Research Centre.
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1.6 Surface and Ground Water Hydrology

85. The hydro-geological map of Bangalore district is presented below. Geomorphologically
the area can be divided into uplands, plateaus and pediplains. The major part of the district is
covered by denudational plateaus and pediment i pediplain covered by NNE 7 SSW trending
hills and the intermittent plains. Isolated granite hills constitute hog i backs. Laterite covered
flat topped hills in the northeastern part from plateaus. Bangalore city situated on a N-S
trending highland with an average altitude of 920 m. Above Mean Sea Level (MSL) forms a
divide between the river Arkavati on the west and Pinakini on the East. The major part of the
Bangalore Metropolitan city is situated on a hog back of granite. Figure 11 shows that
Hydrogeological Map of Bangalore.

Figure 11: Hydrogeological Map of Bangalore

86. The Ground water samples were collected from borewells at different locations along the
proposed alignment for analysis of Physico-chemical characteristics. Sampling was done in
year 2011 (during DRP preparation as well as 2017 during preparation of this EIA). The
collected samples were analyzed as per the CPCB drinking water standards (Appendix 3).
The Physico-chemical characteristics of ground water samples collected are summarized in
Table 10 and Table 11 respectively for 2009 and 2017.
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