Executive Summary

Background

The preparation of a Master Plan for sewerage and drainage for the Kolkata Municipal
Corporation area is one of the Loan Covenants attached to the Asian Development Bank Loan
for the US$ 300 million KEIP project. Tangible work on the Master Plan began from October
2006, after the arrival of international Team Leader for the study.

Parts of the city are prone to flooding during the monsoon. The hydraulic capacity of the core
City’'s sewerage system and discharge channel system has been reduced significantly due to
heavy siltation. The pump stations require upgradation. Channel outfall structures require
maintenance. Many channel banks are encroached by settlements. Poor quality wastewater is
discharged to the River Kulti and there is heavy pollution in the channels.

The purpose of this report is to provide a roadmap for sewerage and drainage for the next 30
years for KMC, to prepare recommendations for sustainable management of urban
environmental waste and to improve and protect the environment from adverse impacts.

More specifically, the objectives are to provide KMC with a staged, prioritized development plan
for the next 30 years, to provide a vision for the short, medium and long-term development of
sewerage and drainage in Kolkata, to provide the basis for an organization development plan for
S&D and to provide the basis for formulation of future projects.

The challenge for the Master Plan is to accommodate the differing levels of sewerage and
drainage provision and expectation in different parts of the city. The core city area has a
combined sewerage system 140 years old in bad need of desilting and maintenance and
requiring the urgent alleviation of flooding in the monsoon. The Added Areas of KMC are being
upgraded under the ADB-funded KEIP with new combined sewerage systems being constructed
and sewage treatment plants being upgraded. There are currently unsewered areas in the Added
Areas with poor drainage and with open drains and nikashis discharging untreated wastewater to
channels.

Present Situation

Desilting of the trunk sewers in the core city areas of Kolkata is urgently required - up to about
60% of the sewer capacity is blocked by silt on an average. Waterlogging of Kolkata’'s streets is
a major problem during the monsoon season. This is partly due to the sewers being heavily
silted- but the capacity of the system is also inadequate having been designed for a rainfall of
only 6 mm/hr and 4 mm/hr in the Town and Suburban systems respectively.

Priority areas in the central city area for elimination of waterlogging include: Raja Dinendra Road/
Maniktala pump station; Chitpur Road/ KK Tagore Street; MG Road/ Chittaranjan Avenue and its
surrounding areas in between M G Road and Kalootala Street; Camac Street; Park Street/ AJC
Bose Road; Gokhale Road and the Mominpur- Khidirpur Area.

Drainage pump stations are in need of upgradation and rehabilitation. Some pumps are old but in
recent years a number of pumps have been replaced. For the older pumps, spare parts are no
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longer available and spares have to be locally fabricated. This reduces pump efficiency and
increases power consumption. Pump station electrical systems are also old and dangerous
according to the operators. The efficiency of old electrical motors is low compared with their
modern counterparts.

Bar screens at the inlet to pump stations are manually cleaned and are difficult to keep clean
during the high flow periods of the monsoon. A high proportion of plastic rubbish passes through
the bar screens and damages pump impellers. Bar screens should be mechanically cleaned and
KMC has a project for this currently underway at all pump stations.

The hydraulics of the major sewers approaching the major pump stations is unsatisfactory. The
sewers flow in a flooded condition and flow velocities are inadequate for self cleansing.

There are three secondary sewage treatment plants currently undergoing upgradation under
KEIP. These STPs are at Bangur, Garden Reach, and South Suburban East. The capacities of
these STPs are 45, 50 and 30 MI/ day. Apart from sewage treated in the above three plants,
most of the sewage and drainage from Kolkata City is discharged untreated to the DWF and
SWEF outfall channel systems which discharge to the Kulti River 36 km distant. The channel
systems are heavily silted.

The channel systems come under the Irrigation and Waterways Department — but there is a
paucity of funds for channel maintenance. The DWF channels were last desilted in 1999 and the
SWEF channels in 2003-2004. The quality of the wastewater in the DWF channel varies from
strongest at Topsia Point A (150 mg/l BOD, SS 340 mg/l, FC 240 * 10°) to lowest at the outlet to
the Kulti River at Ghusighata (20 mg/l BOD, SS 45 mg/l, FC 9 * 10°).

An important use of the wastewater in the outfall channel systems is in the EKW fisheries and for
agricultural irrigation. Both DWF and SWF channel wastewater contain high faecal coliform
concentrations - making working in the wastewater a health risk. However, there are strong
social pressures against the provision of primary or secondary wastewater treatment for DWF
flow.

Under the KEIP, extension of sewerage systems and construction of pumping stations is also
underway in the Added Areas i.e. Boroughs 1, X1-XV. The work being undertaken as part of
KEIP comprises 419 km of new sewer, 336 km of existing sewer upgrade, 18 upgraded pump
stations and 18 new pump stations and the upgrade of three existing sewage treatment plants.

In 2004 /2005, KMC's annual budget for sewerage and drainage amounted to Rs 5,494 lakhs or
US$ 12.2 M. Of this total, the amount allocated for the removal of silt and mechanical sewer
cleansing amounted to 15% of the total allocation in 2004/2005 rising from 9% in 2002/2003.

The amount allocated to sewer silt removal and sewer maintenance will need to increase above
15% of the total in future if meaningful improvement in sewer function and reduction of flooding
are to be achieved. The Mayor's Budget recently announced for 2006/2007 has in fact
recognised this fact and the allocation for S&D has been increased to Rs 16,000 lakhs from the
Rs 7,700 lakhs allocated in 2005/2006.
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Key Issues

Integrated Urban Renewal

An integrated urban planning approach is required in Kolkata based on an updated Urban Plan.
A more comprehensive approach to planning and utilities is desirable, encompassing all urban
services including roads, traffic, water supply, electricity, telecommunications, public space,
green areas and sewerage systems. Also required is a review of the KMC Act, to strengthen
KMC's planning and regulatory role.

Sewer Desilting

Siltation of the trunk sewer system is seen as the biggest issue
facing Kolkata at present. It has been assumed for the purposes
of the Master Plan Study that 60% of the sewer capacity on
average is filled with silt, and this will need to be removed as a
priority. A proposed methodology for desilting is included in
Section 8. KMC are currently seeking Expressions of Interest
from experienced specialist contractors for the purposes of
commencing desilting pilot trials.

Alleviation of Flooding

Along with the urgent need for sewer desilting, the alleviation of  \\c  workers Desilting
flooding has a high priority for the Master Plan. The floodwaters  Trunk Sewer at Rash Behari
are from a combined sewer system and the floodwaters contain a  Avenue

proportion of sanitary sewage. The remediation of each of the main waterlogging areas has been
addressed by the hydraulic modeling.

Pump Stations

The major pumping station buildings require upgradation. The hydraulics of the sewers upstream
of the pump station is unsatisfactory and needs to be improved- the sewers are too flat and
operate in a flooded condition reducing their flow capacity.

Channels

Due to a paucity of funds, periodic maintenance is not undertaken - the DWF channel was last
maintained in 1999 and the SWF channel was last maintained
in 2003-2004. Responsibility for maintenance of the channel
system lies with the 1&WD whilst the maintenance of the trunk
sewers and pump stations is the responsibility of the KMC.
This separation of responsibility for different parts of the
drainage systems leads to problems. The budgets for channel
maintenance are inadequate.

River Kulti at SWF channel Outfall
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Sewage Treatment

The majority of the sewage (DWF) from the core inner city area, about 1,100 MId in magnitude,
receives no formal treatment and is discharged via the DWF channel 36 km distant to the Kulti
River. In the medium to long term, wastewater treatment is recommended to control disease and
to protect the receiving water environment of the River Kulti. The location of future sewage
treatment plants on the DWF or SWF channels has been reviewed and a location at the current
disused sewage treatment plant site at Bantala is preferred.

Institutional Issues

Cost recovery is low and KMC relies on State Grants for a significant proportion of its current

expenditures. Suggestions for improvement of cost recovery for sewerage and drainage in the

medium term include increasing the tariff for sewerage and drainage services to ICI consumers

and imposing a flat annual charge on householders connected to the sewerage system,
increasing the water tariff and increasing the property tax
collection rate.

There are circumstances under which it would be better to
contract out the production or delivery of services for achieving
cost effectiveness, efficiency and citizen satisfaction. KMC
should identify the functions in which Private Sector Participation
(PSP) would be a better management option. Areas that might
be considered for PSP are listed in Chapters 3 and 4.

KMC Building

Goals

A series of goals for the Master Plan are proposed, as follows:

Integrated Urban Planning renewal approach.

Desilting of the trunk sewer system undertaken by specialist contractors
Alleviation of waterlogging

Separation of DWF and SWF where feasible given it's a combined system
Construction of deep pump sumps at major pump stations

DWF receives full secondary treatment at a new sewage treatment plant

KMC to operate sewerage and drainage systems on corporate principles.
DWF/SWF channels maintenance to be taken over by KMC or Municipal Affairs.
Private sector participation increased particularly for sewer desilting.

Legislation and policy review, adoption and enforcement.

Hydraulic Modelling

Hydraulic modelling of the sewerage and drainage network in Central Kolkata has been
undertaken using the software tool MOUSE developed by DHI Water & Environment (Denmark).
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MOUSE is a state-of-the-art modelling system for urban drainage networks, widely used for
urban storm water drainage analysis with more than 2000 installations worldwide covering major
cities such as Paris, Copenhagen, Barcelona, Los Angeles, Sydney and Tokyo.

The model has been used for the analysis of the sewer network with year 2035 populations,
under the KEIP design rainfall, with a 90% runoff coefficient and with 10% silt in the trunk sewer
network.

Serious functional problems in the network have been detected even after desilting. The
problems result in excessive urban flooding. The main reason for flooding is that there is
insufficient capacity in the system to cope with the design runoff load. More specifically, there is:

Insufficient capacity and too high elevation of the principal pumping stations;

Lack of overflows for relief of excessive SWF during extreme rain storms;
Sub-optimal network connectivity;

Under-dimensioned primary sewer network in Suburban and Tolly’s Nullah systems;
Generally under-dimensioned secondary sewer network.

The model has been used for the analysis of possible alleviation measures, in order to secure
the required safety level by the end of the Master Plan’s planning horizon (year 2035). A series
of such measures (total 46) has been identified and modelled.

Each of the proposed measures falls into one of the following categories:

Release of excess storm runoff load into the surrounding water bodies (the Hooghly
River, the Tolly's Nullah, the Circular Channel and the Chetla Boat canal) by
gravitational means

Augmented pumping capacity at the main pumping stations Palmer Bridge and
Ballygunge to meet the maximum delivery capacity of the network. Deepening of the
sumps and keeping low water levels at the inlets to all pumping stations

Upgradation the hydraulic connections between the Town system and Suburban
System

Provision of storm drains parallel to the existing combined sewers

Interconnecting of the neighbouring upstream ends of the tree like (dendritic)
network into a looped, self-adaptive network structure

Replacement of undersized trunk sewers
Replacement of undersized secondary sewers

Adjustment of the available pumping capacity and pumping regimes to the modified
network performance.
Further measures recommended, but not explicitly treated through the modelling analysis
include:

Desilting of the entire network
Improvement of street intakes capacity
Installation of SCADA system for remote system operation, supervision and control.
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The proposed alleviation measures have been arranged according to the implementation
priorities into five distinct implementation stages, each dealing with a specific priority. The
proposed implementation stages are:

Stage 0: Elimination of silt from the network

Stage 1: Principal Pumping Stations reconstruction, acute flooding alleviation in the
Town centre.

Stage 2: Key points in Suburban system, replacement/upsizing of critical sewers.

Stage 3: Continued replacement/upsizing of critical main sewer, replacement of
secondary sewers.

Stage 4: Interceptor Tunnel constructed below business, government and shopping
districts of the Town centre.

It is possible to achieve the level of safety against urban flooding under a 2 month storm through
the uncompromising implementation of the 45 proposed measures (Stage 0 to Stage 3).

Achievement of higher safety levels (e.g. for the rainfall events with 6-months and 1-year
frequency, as recommended by CPHEEO Drainage Manual) are only possible through the
implementation of radical solutions, such as the interceptor tunnel proposed for implementation
in Stage 4.

Assessment of Environmental Effects
CSO Discharges to River Hooghly

It is possible to demonstrate that the discharge of dilute wastewater to the River Hooghly,
Circular Canal and Tolly’s Nullah meets Central Pollution Controls Board standards. The strength
of the sewage in the Town area is about 150mg/l BODs. The reason for this dilute sewage is that
there are a number of septic tanks in the Town area.

During monsoon time and at the time of peak rainfall, the sewage will be diluted 8 to 10 times by
the storm flow and by increased infiltration to the sewers. Applying the dilution rate to the
150mg/l sewage strength the BODs and TSS content of the combined flow at monsoon time will
be <20 mg/l.

The discharge standard to be met in discharging to Surface Waters is 30 mg/l BODs and 100
mg/l TSS. The discharges from CSOs meet this standard. Concerning floating materials, a trash
rack would be fitted over the CSO outlet pipe and the floating materials would be retained.

Each CSO would also be fitted with an electrically actuated sluice gate that would normally be in
the closed position to prevent tidal inflows at high tide.

Wastewater Treatment

Available data from the Institute of Environmental Studies (IESWD) and West Bengal Pollution
Control Board (WBPCB) confirm that the discharge of DWF at the outfall channel discharge point
at Ghusighata meets the prescribed effluent standard. A first level study under KEIP has
supported this finding.
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Long List of Projects

Arising from the hydraulic analysis a list of proposed sewerage and drainage interventions is
proposed. Additionally to the recommendations arising directly from the hydraulic modelling, a
wider series of interventions is also proposed, arising from the meetings of the Task Force,
discussions with IW&D, KMDA and KMWSA and from the issues and needs and constraints
analysis undertaken.

The long list of projects is as follows:

Sewer desilting

Pump station upgradation

Immediate Improvement Measures in Town system to alleviate flooding
Gully pit and catchpit upgradation

Desilting channels and channel maintenance

Town system sewer upgrade and Combined Sewer Overflow (CSO) construction
Suburban system sewer upgrade and CSO construction

Other areas sewer system upgrade

Reinstatement of Tolly’s Nullah flow to the East

Ghusighata Pump Station on SWF channel at River Kulti

Extension of sewer system to unsewered areas

Wastewater treatment

Tolly’s Nullah lock gate and pump station

Stormwater Drainage Tunnel

Criteria for Option Evaluation

The long list of projects has been subjected to an evaluation procedure against various criteria,
including flooding alleviation, sewerage and drainage service provision, environmental and heath
improvement, low capital cost, economics etc. The results of the evaluation have been used to
prioritise the most urgently needed interventions.

Top ranking projects are sewer desilting, pump station upgradation, gully pit and catchpit
upgradation, desilting and maintenance of outfall channels and an Immediate Improvement
Measures project that provides significant flooding alleviation at low capital cost. The pump
station at Ghusighata and reversing the flow of Tolly’s Nullah to the east are not recommended
for implementation and did not reach the option short list.

The Master Plan

The proposed Master Plan has ten components and costs 91,523 million Rs (US$ 2,034 million)
over 30 years. Cost estimates and brief descriptions are shown below:
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Project Component 1: Desilting and Rehabilitation o f Trunk Sewers — Rs 23,215 million
(US$ 516 million)

Removing 350,000 m® silt from trunk sewers, desilting laterals and sewer
rehabilitation by a number of specialist contractors working concurrently and
mobilized after pilot trials to confirm desilting methodology

Project Component 2: Pump Station Upgradation —Rs 1,309 million (US$ 29 million)

New pump stations at PBPS and BDPS, and upgraded pump stations elsewhere with
lowered water level in pump station sumps, increased pumping capacity

Project Component 3: Outfall Channels Upgradation - Rs 5,510 million (US$ 122 million)

Desilting outfall channels, repair of sluice gates , lock gates and flap shutters, attend
to bridge and channel bank maintenance, resettlement of informal dwellers

Project Component 4: Trunk Sewer Upgrades Rs 6,036  million (US$ 134 million)

45 interventions to upgrade trunk sewer system, spill storm flows to River Hooghly,
Circular Canal ad Tolly’s Nullah. Interventions include new box drain adjacent
Maidan plus new sewer in Camac St, both discharging to Tolly’s Nullah at Zeerut
Bridge

Project Component 5: Gully Pit Project - Rs 33 million (US$ 0.7 million)

Provide additional gully pits in core area, to improve flow of storm water to the trunk
sewer system, and reduce ponding on the road surface during storms

Project Component 6: Extension of Sewerage Systemi  nto Non Sewered areas - Rs 38,857
million (US$ 863 million)

Additional sewers in current unsewered area in Boroughs VII, IX, X, XI-XV. This
intervention represents extension of the current KEIP to new unsewered areas

Project Component 7: Tolly’s Nullah Lock Gate and P ump Station — Rs 930 million (US$ 21

million)

Barrage/lock gate to alleviate flooding due to tidal lockage in Tolly’'s Nullah. The
radial lock gates would normally be in the open position to enable the regular
flushing of Tolly’s Nullah by high tide, but would be closed during high tide in a storm
during the monsoon to keep the water level low in the Nullah to accommodate
additional floodwaters. A pump station would also be incorporated in the Lock Gate.

Project Component 8: Wastewater Treatment at Bantal a- Rs 3532 million (US$ 78 million)

Primary wastewater treatment (medium term), secondary treatment (long term) at
Bantala with the objective of improving the receiving water environment of River Kulti
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and reducing the BODs and Faecal coliforms in the wastewater used for the EKW
fisheries

Project Component 9: Storm Drainage Tunnel - Rs 12, 051 million (US$ 268 million)

Flooding alleviation in CBD area for 1 year return period storm and greater by means
of a deep tunnel under the Town area, discharging to the River Hooghly via a deep
underground pump station

Project Component 10: Studies - Rs 50.0 million (US  $ 1.1 million)

Four studies are recommended, including an environmental and silting assessment
of the River Kulti Basin, epidemiological study of the health of EKW fishermen
comparing their health with a control group of fishermen that don’t use wastewater
for fisheries, taking outfall channel levels within 5 km of Ghusighata to assess
potential for overtopping of the channel in a storm > 2 month return period, and a
study of the various siphons in Kolkata and assessment of the need for their
upgradation

Staged Implementation Plan

The Master Plan projects are intended to be implemented over 30 years. A proposed staged
implementation plan is shown in Figure E1 below.

Figure E1 Staged Implementation Plan 2007-2035
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Funding Requirement

The funding requirement for the staged implementation plan is shown in graphical form in Figure
E2 below.
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Figure E2 Funding Requirements, 2007-2035, Rs Milli  on
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Economic Internal Rate of Return (EIRR)

The EIRR works out to be less than the opportunity cost of capital (12%). This, however, is not
conclusive. Some important environmental benefits and cost savings could not be valued due to
measurement difficulties. Research work is necessary to quantify and value the potential benefits
and cost savings.

Institutional, Financial, Organisational Issues

A number of institutional, financial and organisational issues are highlighted for attention, to be
implemented concurrently with the Master Plan recommendations.

Outfall Channel Responsibility

A single organisation - Kolkata Municipal Corporation or Department of Municipal Affairs -should
be made responsible for operation and maintenance of the outfall channels. In the past
maintenance of the channels has resided with 1&WD but there has been a paucity of funds for
effective channel maintenance. There are about seven channels in the KMC area for whose
maintenance no one is responsible. These channels should also be taken over by KMC or
Municipal Affairs.
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Paying for Sewerage and Drainage

Cost recovery by KMC from the municipal services it provides is small. Financing options for
major projects such as those outlined in the Master Plan include increased cost recovery for S&D
by increased water and sewerage rates, increased property tax recovery; funding from the State
and Central governments; or ADB or World Bank funding of targeted projects.

Integrated urban planning approach

An integrated urban planning approach is required based on an updated Urban Land Use Plan.
This would encompass all urban services including roads, traffic, water supply, electricity,
telecommunications, public space, green areas, sewerage systems etc. The urban plan might
include off-channel storage areas for storm water that would be used to attenuate and help
confine any initial flooding to pre-designed open areas.

Planning Function of KMC

There should be clear provision within the KMC Act conferring the responsibility of preparing
development plans for the city on KMC.

Institutional Strengthening

An updated and comprehensive assessment of the current situation of institution, human
resources and their skills levels of KMC sewerage and drainage division is required. Particular
institutional goals include KMC to become a proficient and autonomous civic body and to operate
sewerage and drainage systems on corporate principles, responsibilities of KMDA, KMWSA,
I&WD clearly defined and agreed, and KMC Legislation and Policy Review, Adoption and
Enforcement.

Maintenance

More efficient and effective methods of sewer desilting and sewerage system maintenance need
to be adopted. Mechanical methods need to be more widely applied, rather than the inefficient
and time-consuming manual methods employed at present. There are day-to-day problems of
coordination between KMC and Boroughs for sewer maintenance. KMC is responsible for sewer
maintenance for sewers greater than 600mm dia, whereas the Boroughs are responsible for
maintaining the secondary and tertiary system of sewers less than 600 mm dia. Coordination
needs to be improved.

Other Options for Sewerage and Drainage

Other options for sewerage and drainage would include more involvement of the private sector in
Operation and Maintenance. There are circumstances under which it would be better to contract
out the production or delivery of services for achieving cost effectiveness, efficiency and citizen
satisfaction. KMC should identify the functions in which private sector participation would be a
better management option. A few examples of PSP in the wastewater sector from other countries
include sewer maintenance including desilting sewers, channel desilting and dredging, residuals
removal from pump stations (screenings) and sewage treatment plants (sludge, screenings),
Pump Station Electrical and SCADA Maintenance, Client/Contractor/Consultant partnerships in
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undertaking projects and sharing risk and entire wastewater system maintenance by private
company.

Another option that could be considered is the establishment of a separate entity for Water
Supply and Sewerage (Parastatal) within KMC. The model that might be followed would be the
creation of a separate entity for the water supply and sewerage sector within the institutional
structure of KMC as a first step towards its institutional re structuring.

Institutional Arrangement for Carrying Out Sewer De silting Project.

A separate project management organisation similar to KEIP should be established for
implementing the sewer-desilting project by KMC. The magnitude of the work to be undertaken
over 5 years, the number of contractors to manage, the large contract payments to be made
means there needs to be a PMU with consultants in place, all overseen by a senior official from
KMC as Project Director.
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