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I. 
SCOPE OF SERVICES
 

The complete 
 terms 
 of reference 
 for this assignment 
 are in
Appendix A. 
 In summary, they 
include investigating and reporting 
on feasible
 
innovations 
in the financing, management, and delivery 
of urban services 
in
Bangalore. 
 This preliminary 
or reconnaissance 
study 
will focus 
on the

possible participation of the private sec;lor in urban services delivery. If
appropriate, these innovations can be studied in more detail in subsequent 

study efforts. 

More specifically, in accordance with the terms of references provided
by the Mission, this brief study is 
intended to 
serve 
several purposes:
 

1. To define the broad parameters of a potential 

privatization activity in the context of urban services 

delivery in Bangalore.
 

2. To determine whether there is scope for a USAID-funded 

project 
in this field, 
using either Housing 
Guaranty
 

(HG) or other funds. 

3. To 
demonstrate 
 whether development 
issues 
related 
to
 
industrial growth can be addressed through an urban 

services improvement program.
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This study does not consider the proiision of dwelling units since the
 
Bangalore Development Authority is already examining private participation in
 
the prodluction of hcusi.ng. 
 The study dces, however, comment 
on privatizing
 
management of facets of the housing program and servicing the land.
 

http:hcusi.ng


II. METHODOLOGY
 

The basic methodology 
 used in carrying out 
 this "privatization
 

reconnaissance study" had three elements:
 

1. Scan 
 the environment. 
 In this study element, the
 

consultant 
 reviewed 
 the environment 
 in which urban
 
services delivery 
 agencies operate in 
 Bangalore to
 
determine 
 possible impediments 
 to improving service
 

delivery, especially 
 as relates 
 to private sector
 

participation in its delivery.
 

2. Identify overall 
issue3 and 
problems. 
 In this study
 

element, 
 using structured 
 interview techniques 
 and
 

normative group processes, the consultant 
met with over 
35 key public and private sector decision makers in the
 
Bangalore metropolitan area, with 
national 
authorities
 

on urban service delivery, and with representatives of 
the private sector. 
 A partial listing of the
 
individuals the consultant met with is in Appendix B. 
An attempt was then made by the consultant to prioritize
 

these issues, problems, and 
 needs keeping in mind
 
possible constraints in 
the environment to meeting these
 

3 
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needs 
 through 
 improved 
 delivery 
 techniques,
 

privatization 
 initiatives, 
 and joint public/private
 

sector undertakings. 

3. Identify feasiblc. urban service delivery enhancements 

that are candidates for further studv. In this final 
study step, 
 feasible 
 approaches 
 to improving 
urban
 
service 
 delivery, 
 with an 
 emphasis 
 on private
 

participation, are outlined. It is stressed that these 
initiatives are 
just "possibilities, 
at this point.
 

Scan of the Environment 

The Settin/Demoraphics
 

The City of Bangalore is 
the administrative, commercial, educational,
 
and transportation center of the State of Karnataka and is 
the gateway to 
the
 
southern peninsula. 
 As a transportation center, it is at a juncture of the 
highway, rail, and air networks in this part of India.
 

Due to Bangalore's 
tradition 
as 
 a model 
city, reputation 
as a

desirable place 
to live, industrious populace, 
and good climate 
(all causing

high immigration 
from adjourning states), 
it has grown phenomenally. 
 Growth
 
rates over the 
last 20 years are 7.6 
percent 
per year, with 
the present
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population exceeding 4 million. 
 Population is expected 
to exceed 8 million

people by the turn of the century. As noted, this increase in population
includes the 
in-migration from the surrounding countryside, largely from the

neighboring States of Tamilnadu, Andra Pradesh, and Kerala. Thus, this"garden city" is in danger of losing the quality of life that has made it 
attractive.
 

Governmental Structure 

The basic 
 urban service delivery agency 
 is the Bangalore City

Cor2oration (3CC) which 
was established in 1949 
with current powers assigned

to it by the Karnataka Municipal Corporation Act of 1976 (as amended). This 
act spells out the "obligatory,, and "discretionary,, functions of the
corporation and its sources of revenue. Key powers and functions of the 
corporation include 
the regulation and provision of services such as streets,
buildings, transport, water supply, and storm drainage; promotion of public
health, safety, and convenience; prevention of diseases; and the abatement of
 
nuisances.
 

To generate revenue, 
 the Corporation, with the prior approval of theState, can levy taxes such as property taxes; taxes on carriages, carts, and
animals; 
 a toll 
 on non-motorized 
vehicles; 
advertisement 
taxes; sanitary

assessments; a water rate tax; and taxes on professionals. In addition, the

corporation 
can collect 
fees such as shop and stall fees; 
tobacco licenses;

building fees; 
 hotel and tax 
 fees; parking fees; 
 and birth and 
 death
 
registration fees. 
 The BCC can also enforce various fines and penalties.
 



6 
In actual practice, however, 
the revenue-generating capacity of the
 

Corporation has 
shrunk since 
the abolishment 
of the octroi on animals and

goods and the placement of certain limitations on sharing in motor vehicle 
licensing revenues. 
 Finally, 
the assessments 
for property taxes 
and tax
 
collections do not reflect the real market value of property.
 

Another key organization 
in the metropolitan area is the 
Bangalore

Development Authorit"r (BDA) which came into being based upon a January 1976 
act of the 
 state legislature. 
 This agency has extensive planning and
 
development powers including:
 

0 Comprehensive 
land use 
planning, development planning,
 

and town planning.
 

o Land acquisition, 
 development 
 schemes, 
 and housing
 

schemes.
 

0 Development control through 
 the enforcement 
of the
 
comprehensive land use (andplan supporting codes) and 
the power to implement development schemes.
 

o Direction 
of other authorities 
and agencies connected
 

with development activities.
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o The provision of urban services 
(including maintenance)
 

in development site areas before they are 
turned over to
 

the BCC.
 

o Coordination/facilitation 
between the BDA 
and the BCC
 
which 
includes stipulations 
that the Corporation must
 
perform its 
 functions 
with respect to land 
use and
 
development 
with 
 the concurrence 
of the BDA. The
 
revenue generating capabilities of the BDA are primarily
 

linked to servicing and handling of land assets.
 

In addition to 
 the BCC and 
BDA, there 
are special agencies and
 
authorities 
for special urban 
functions such as 
the Bangalore Metropolitan
 
Region Development Authority (BMRDA), 
Bangalore Water 
Supply and Sewerage
 
Board (BWS&SB), the Karnataka State Electric Board (KSEB), 
the Karnataka State
 
Road Transport Corporation 
 (KSRTC), 
 the Housing and 
 Urban Development
 
Department, 
the Chief Architect, 
the Directorate 
of Health Services, the
 
Karnataka Housing Board, and the Slum Clearance Board among others. 
While the
 
BDA informally coordinates the activities of these specialized agencies, our
 
interviews, observations, 
and review of the literature (such as 
"A Study of
 
the Corporation 
of the 
City of Bangalore" by M. Nageswara Rao) 
reveal that
 
this proliferation 
of special authorities 
and agencies impedes 
integrated
 
operations and 
effective 
service delivery. Professor 
Rao, described these
 
agencies as "basically lacking 
coordination 
among themselves 
and the city

corporation." 
 Those interviewed, 
both individually 
and in group session,
 
mentioned this as a problem that needs to be addressed.
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An effort was 
made in 
1985 to 
facilitate coordination of all 
of the
 

above-mentioned 
organizations with the creation of the 
Bangalore Metropolitan
 
Region Development Authority (BMRDA). 
 The BMRDA was 
created under Karnataka
 
Act No. 39 of 1985 and actually came 
into existence on 
February 1, 1986. 
 This
 
organization has the charter 
to act as 
the planning and development authority
 
for the 
entire Bangalore Metropolitan 
Region. 
 One of 
its tasks is 
to
 
coordinate 
the work 
of the previously mentioned 
agencies 
and departments
 
concerned 
with the 
development 
of Bangalore. 
 Our brief observations 
and
 
discussions indicate that the BMRDA has not 
materially improved 
the agencies'
 

control, command, and coordination problems.
 

The Private Sector and the Delivery of Urban Services
 

Bangalore is 
fast gaining a reputation 
in Asia as 
India's science or
"high tech" 
 city and 
has great potential 
for continued 
growth 
of high
 
technology. 
 The area's economic position, its educational 
institutions, 
its
 
environment, and 
its tradition for innovation/industry have positioned it 
for
 
growth in the high tech area, with an emphasis on 
small firms.
 

Unfortunately, 
the capabilities 
of the private sector 
have not 
been
 
utilized 
in any comprehensive 
or planned fashion 
to augment, supplement, 
or
 
improve the 
delivery 
of urban services. 
 On the other hand, extensive urban
 
services 
are required 
to support 
the "take 
off" of the City of Bangalore and
 
the State of Karnataka if they are 
to fulfill their potential.
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While certain private sector initiatives have been discussed in areas 

such as private support of the secondary use 
C for a 

of water (see Appendix 
discussion 
3f the Mysore Chamber of Industry's effort), 
they have not 
been
 
implemented. 
 In part, this 
may be due to the 
proliferation of the 
special

authorities 
and boards previously menticned and 
their desire 
to maintain 
the
 

status quo.
 

Overall Issues and Problems
 

Our "scan of 
the environment" 
in the Bangalore metropolitan 
area
 
revealed the following major problem3:
 

o 
 Water Shortage. 
 The interviewees unanimously identified
 

deficiencies in 
water supply as 
the major Droblem in the
 
.Bangalore 
area. Physically, Bangalore 
is located some
 

distance 
(over 100 kilometers) 
from perennial sources of
 

water and is on 
a high elevation requiring high-head
 

pumping. 
 This, coupled with 
very large population
 

increases, 
 has resulted 
 in the high cost 
 of the
 

production 
and distribution 
of water from 
principal
 

sources such as the Cauvery and Akavathi pumips.
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A number 
of capital projects 
are planned 
to alleviate
 

this critical problem. 
 They include 
open canal access
 
and improved techniques 
to increase 
direct supply and
 
improvements 
in treatment 
as well 
as a separation 
of
 
lines for 
potable 
and nonpotable 
water and 
for the
 
secondary 
use 
of water largely for industrial purposes.
 

Even with 
these projects, 
however, 
historic 
data and
 
projections 
of water supply for Bangalore provided by
 
the Bangalore 
Water Supply and 
Sewerage 
Board (BWS&SB)
 

show the critical water shortage increasing year by year
 
through 
 the turn of 
 the century the
despite 


implementation of 
the third phase 
of the Cauvery source
 

project. 
 These data are 
shown in Table 1, which shows a
 
deficit 
of 1375 million 
liters per day by the 
year
 
2000. 
 These could 
 be conservative 
estimates 
since
 
expert agencies 
predict 
 that further develcpment 
of
 

irrigation 
in the Cauvery River 
and its 
tributaries
 

could considerably 
 reduce 
 the water 
 available 
 to
 
Bangalore and thus 
worsen 
the deficit situation shown in
 

the following table.
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Table 1 

Year 

1985 

1990 

1995 

2000 

2001 

HISTORICAL DATA AND PROJECTIOINS OF 
WATER SUPPLY AND DEMAND 

Gross Demand (MLD) Gross Supply (MLD) 

1017.65 435.00 
1344.12 705.00 
1691,18 705.00 
2025.30 705.00 
2080.59 705.00 

Shortage (MLD) 

582.65 

649.12 

986.18 

1320.30 

1375.59 

In summary, by any standard water 

critical problem for Bangalore and the 

improving. 

supply is the 

situation is not 

o Provision of Housing. Even though the Comprehensive 

Development Plan for Bangalore recognizes the need for 
additional housing units and the BDA is actively 

Producing many layouts and sites, the BDA projects that 
the shortages shown in Table 2 will pertain by the year 

2001. 
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Table 2
 

HOUSING PRODUCTION/SHORTAGES
 

Year 
Population 
in Lakhs House 

Required 
P Numberof Houses Provision 

1991 

2001 
45.00 

70.00 
6,93,000 

10,25,000 
2,21,127 

3,32,000 
2,00,000 

2,25,000 
46,127 

1,07,00 

In a paper presented to the National Symposium on 
Planning and Development of Metropolitan Bangalore in 
March 1987, Professor L. R. Vagale estimated that the 
total housing backlog in Bangalore "is now of the order 
of 80,000 to 1,00,000 units with the provision of 
shelter for the lover income households not receiving 
adequate athention. Consequently, slums and shanties 
are proliferating; and over 25 percent of the households 
are living in substandard dwellings. Unauthorized 

constructions are numerous., In summary, housing 
shortages could exceed one million units shortly after 

the turn of the century. 

0 Traffic and Transportation Flow. Vehicle density per 
capita in Bangalore is one of the highest in India with 
one vehicle per 10 persons. Public safety and traffic 
engineering personnel report that the number and 



7.9 

13
 
severity 
of traffic accidents 
are extremely high. 
 For
 

example, while 
the Bangalore metropolitan area 
occupies
 

0.09 percent 
of Karnataka 
and has approximately 


percent 
of its total population, for
it accounts 
 40 to
 

45 percent of 
the total number 
of vehicular 
accidents
 

with 
a high number of fatalities.
 

Programs 
to alleviate 
the problem, including traffic
 

engineering, 
 signalization, 
and the 
 construction 
of
 

circular 
 roads, 
 have not helped the problem. Key
 

officials 
 interviewed 
 all supported 
 an integrated
 

transportation system to 
include rapid rail, light rail­

-using certain 
of the existing 
rail bed (complicated by
 

the inclusion 
of both narrow 
and wide gauge track), and
 

a fly-over system. 
 These officials, 
however, 
also
 

acknowledge 
 the staggering cost of 
this integrated
 

approach and 
are aware 
of the difficulty of achieving it
 

without outside help. 
 The developed nations have 
found
 

that capital costs 
for such major projects require
 

massive federal 
subsidies, and operating costs for rapid
 

rail cannot 
be met through 
"fare box collections.,, 
For
 

example, 
the Washington, 
D.C., 
area rapid rail system
 

and capital programs 
costs exceeded 
$13 billion (with
 

initial 
estimates 
of only $3 billion) with 
operations
 

being subsidized up to 80 
percent by subsidies from the
 

local government property tax base.
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0 Sewerage 
 and Solid Waste 
 Disposal. 
 Much of 
 the
 

metropolitan 
area is 
 not served by 
 an underground
 

sewerage 
system. 
 This is complicated by 
the fact that
 

the City Corporation 
of Bangalore does not 
have the
 
rolling stock or 
facilities 
to transport and dispose of
 

the 1,800 to 2,000 tons 
of solid waste generated daily
 

in the metropolis.
 

0 Lack of a Database 
to Deal with Problems. 
 In developed
 

nations, 
 over 90 
 percent 
of the decisions 
made in
 

planning for 
and providing 
urban services 
are land
 
based, yet there generally is 
no effective land database
 

to support 
these decisions. 
 In our interviews with key
 

Bangalore and Karnataka 
officials (such 
as the Chairman
 

of the Karnataka Electric Board and the Commissioners of
 

the Bangalore 
City Corporation) 
the need was 
stressed
 

for improved mapping and geographic 
information 
systems
 

to serve 
as the basis for decision making.
 



III. IDENTIFICATION OF FEASIBLE URBAN SERVICES
DELIVERY ENHANCEMENTS THAT ARE CANDIDATES FOR FURTHER STUDY
 

in this section of 
the report, we 
will discuss 
possible solutions to
 
Bangalore's crucial problems of water supply, transportation, housing, and the
 
provision of effective administrative and support systems.
 

Since the principal focus 
of this brief study 
was privatization, 
we
 
will divide 
our discussion into 
those "solutions" 
that involve private sector
 
initiatives and those 
that involve 
other initiatives. 
 The initiatives 
are in
 

order of priority.
 

Possible Private Sector Initiatives
 

Initiativei. 
 Alternate Water Supplies
 

As addressed 
in Section II, 
 the Bangalore 
area 
has a seriously
 
deficient water supply. 
 Even with planned initiatives 
to 
obtain additional
 
water from 
the Cauvery 
and Akavathi Rivers, the 
situation will 
continue 
to
 
worsen with shortages exceeding 1,375 million liters per day projected for the
 

turn of the century.
 

Accordingly, 
alternate 
ways to provide usable water must 
be found.
 
These alternatives include a definite role for the private sector.
 

15
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o The 
 primary alternative 
 is the secondary 
 use 
 or
 

recycling of 
water, 
 Estimates 
reflect that 70 to 80
 

percent 
 of the City's water 
supply is 
 returned 
 as
 
wastewater 
 with no 
 present 
 use. 
 With current
 

technology, 
 this wastewater 
 could 
 be reused 
 with
 

advanced secondary 
or tertiary treatment 
for industrial
 

uses 
such as cooling, boiler 
feeding, processing, air
 
conditioning, 
 sanitary uses, fire 
 protection, 
 and
 

vegetation upkeep.
 

Estimates are 
that the 
cost of such a treatment facility
 

with a 50 
MLD capacity would 
be 1500 
lakhs distributed
 

over three years as 
follows:
 

1989 
 400 lakhs
 

1990 
 700 lakhs
 

1991 
 400 lakhs
 

1500 lakhs
 

It is estimated that 
the physical plants could be bonded
 

and pay 
for themselves 
over the 20-year life of the
 

bonds. 
 This secondary 
use of water is now
not being
 

done by anyone, and it is a natural for private sector
 

participation.
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in fact, the Greater 
 Mysore Chamber of Industry
 

approached government 
officials at point an
one with 


offer 
to have the private sector lead 
the way in a
 

recycling of water effort. 
 This approach was not taken,
 

and it now 
appears that all concerned are looking to the
 

government to address the issue.
 

For background purposes, 
 Appendices C and D,
 

respectively, contain papers the
on secondary use of
 

water prepared by the Mysore Chamber of Industry and the
 

Bangalore Water Supply and Sewerage Board.
 

o Rain water 
 harvesting is an alternative way 
 of
 

increasing 
the water supply, where the private sector
 

could lead the way, is in 
rain water harvesting by
 

harnessing storm 
water drainage. This would 
have the
 

ancillary effect of' alleviating flooding in 
the rainy
 

season and 
could also relieve the 
problem of overloaded
 

sewer lines.
 

No formal authority would be necessary to implement this
 

effort. All that would needed
be is industry's
 

awareness of water
rain harvesting's benefit 
 and
 

informed decision 
 making on 
 land use by municipal
 

corporation and development authority officials.
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o 
 Steps toward implementing alternate water supplies.
 

1. 
The first 
step would 
be a follow-on 
effort 
in the
 

way of a feasibility study 
to develop 
a financial,
 

legal, and 
business 
plan to demonstrate 
how the
 
private sector 
could participate 
in water recycling
 

projects.
 

2. The second 
step (actually it 
would be 
carried 
out
 

concurrently 
with Step 
1) would 
be to meet with the
 
Greater Mysore 
Chamber 
of Industry, 
the Bangalore
 

Water Supply and Sewerage Board, 
and the Bangalore
 

Development Authority 
to try to achieve support for
 

undertaking 
this project 
as a private venture. 
 Its
 

technical, 
 legal, 
 and financial 
 feasibility 
 (as
 

developed 
in Step 1) would be emphasized 
to all
 

parties.
 

3. An effort would 
be made to 
involve funding sources,
 

such as 
the World Bank, in the project. The private
 

sector', participation 
could make 
the project 
more
 

attractive to the Bank.
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Initiative 
2. Using the Private Sector to 
Reduce Heavy Traffic in 'he Central
 

Business District
 

The problems of 
severe 
traffic density and 
a high accident rate were
 
previously discussed. 
 Likewise, 
the high costs 
of integrated transpartatLon
 
systems and 
how these costs could 
deter actions 
on rapid rail and 
similar
 

projects were emphasized.
 

One other approach 
 a d in the final planning stage 
is the
 
development 
of "truck terminals" at strategic locations where 
large trucks
 
would stop, 
be off-loaded, 
and maintained. 
 These stops 
will also 
have
 
facilities 
 for drivers 
 such 
 a.s restaurants, 
 showers, toilets, sleeping
 
facilities, 
etc. 
 The off-loading would be 
to 
smaller vehicles that would have
 

direct routing to the customer in the central city.
 

This concept is well suited to private sectcr participation.
 

Steps Toward Privatizing the Truck Stop Concept
 

1. The first step 
 would be 
 to notify officially
 

Mr. G. S. Melkote, BMRD, 
 of 
 the U.S. Agency for
 

International 
Development',s 
 interest 
in assisting in
 

getting this project 
started 
as 
a private venture, with
 

the government perhaps making 
an in-kind contribution of
 

land.
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2. Should 
Mr. Melkote 
respond 	positively, 
the next step
 

would be the devolopment 
of a business plan 
to include
 
an approach 
 to obtaining private capital 
 and
 

sponsorship.
 

Initiative 
3. The 	Uses of the "Twinning Concept? 
to Improve the Area's Urban
 
Database	and Upgrade Private Sector Technology
 

In the past, USAID has 
fostered 
the concept of 
twinning (sometimes

generally 
referred 
to as "sister cities") to 
transfer technology 
from U.S.
 
cities and counties to local governments in developing nations.
 

As previously 
noted, 	the 
Chairman 
of the 	Karnataka 
State Electric
 
Board, 	in 
a meeting of key officials, indicated that 
the land database (maps

and geographic 
information 
systems) 
was poor, and he 
solicited 
assistance.
 
Those in attendance generally agreed that this is 
a serious problem.
 

The improvement of urban databases could 
be explained in 
a follow-up

study that 
encompasses both 
the twinning concept 
and tLat of private sector
 
involvement. 
 By way 	of illustration, the 
following could 
occur. 
 The U.S.
 
government 
 could ask a 
U.S. local government 
 that has 
 an effective
 
computerized mapping and geobase system to 
consider working with Bangalore in
 
a twinning program 
to "transfer" 
the general 
mapping 	concepts 
and systems

design. The 
fairly sophisticated small computer companies in 
Bangalore could
 
then be called upon to 
develop 
the software/technology 
for the Bangalore
 
Corporation, 
the Bangalore 
Water Supply and Sewerage Board, and 
the State
 
Electric Board 
for a fee. 
 This model mapping package could 
then be marketed
 
by the private sector throughout India.
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Steps to Implement the Twinning Concept and 
Private Sector Efforts 
to Improve
 

the Land Database
 

1. Step 1 (subsequent to 
the approval of the concept) would
 

be for a U.S. organization 
to earmark U.S. 
cities and
 

counties tentatively willing 
to participate. 
 Public
 

Administration 
Service (PAS), 
 of which the author of
 

this report is 
a staff member, could 
do this since we
 

specialize 
 in 
 local government management 
 systems
 

consulting in the United States, and internationally.
 

The costs to a sponsoring agency for the 
use of experts
 

from U.S. local governments 
is usually a 
small stipend
 

and travel expenses.
 

Step 2 would involve getting one of the Bangalore public
 

organizations to 
commit to participate.
 

3. Step 3 would be to develop a full 
proposal to 
include
 

confirming 
 which private 
 sector Bangalore computer
 

companies would "bid" 
to participate.
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Initiative 4. 
Use of the Private Sector in Municipal Maintenance
 

After the Bangalore Development 
 Authority 
 (BDA) completes site
 
development, 
areas are turned over to the Bangalore City Corporation (3CC) for
 
maintenance. 
 Frequently, 
the BCC is not ready (due primarily to 
funding
 
limitations) 
to take over the 
maintenance 
and upkeep of these 
areas in
 
functions 
 such 
 as road maintenance, 
 storm drainage upkeep, solid 
waste
 

removal, etc.
 

This is an opportunity for, 
the private sector 
to form "municipal
 
maintenance companies" to 
take 
over and manage these functions 
for a profit
 
(to 
be paid as a service 
fee by the occupants 
of high and moderate income
 

areas 
and/or by a payment from the BCC).
 

A pilot project for 
this concept could be 
undertaken in an 
area now
 
under development 
 by BDA for 
 high income "nonresident" 
 Indians in a
 
development known as 
Lakeside Estates. 
 This is an appropriate site since this
 
area's residents 
will probably desire 
a high level of service and be willing
 

to pay for it.
 

If the above pilot works, it could be extended to other areas, and the
 
private sector company winning 
the contract could 
be called upon to provide
 
services such pure
as water and 
sanitary facilities to poorer 
areas of 
the
 

City.
 

Step to 
Implement the Municipal Maintenance Concept
 

At this point, the only ..tep recommended is to ask the Chairman of the
 
BDA if there is interest in 
the approach. 
 If there 
is interest 
in the
 
project, proposals should be drawn up.
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Technical Assistance
 

In addition 
to the aforementioned 
private 
sector initiatives, 
thE
 
USAID should consider certain 
̂ ;echnical 
assistance 
that would improve urbar
 
service delivery in Bangalore. 
 This assistance is summarized below:
 

1. Technical 
Aosistance 
to Cope with the 
Proliferation of
 
Public Agencies, Authorities, and Departments 
in the
 
Bangalore 
 Area. 
 In individual 
 interviews with key
 
Bangalore metropolitan 
area administrators and decision
 

makers 
 and in a 
 group session 
 chaired by
 
Dr. H. G. V. Reddy of 
 the Bangalore 
 Development
 

Authority, 
 there was 
 strong consensus 
 that the
 
proliferation 
 of separate public 
 agencies 
 and
 
authorities 
 created problems 
 of coordination 
 and
 
control. 
 In fact, the 
consultant 
was asked to suggest
 

ways to overcome this problem.
 

(Note that the 
group session 
referred 
to above is
 
important, because it 
was attended by key officials such
 
as the Chairman of the 
Karnataka State Electric 
Board,
 
the Commissioner 
of Bangalore 
City Corporation, 
the
 
Chief Architect 
of the State of Karnataka, 
the Vice
 



24
 

Chairman and Managing Director 
of the Karnataka State
 

Road Transportation Authority, 
a representative 
of the
 

Chairrnan of the Bangalore Water and Sewer Supply Board,
 

and their staffs.)
 

In short, this is 
an area 
in which technical assistance
 

has been requested by local officials since they feel it
 

is important.
 

The first step in providing this assistance would, of
 
course, be 
for 
USAID to determine 
its interest. 
 If
 

USAID is interested 
in it as a project, private 
U.S.
 
companies (such 
as PAS) could be 
called upon to prepare
 

proposals for 
the 
agency's consideration. 
 This effort
 

would likely require the services of a consultant
 

skilled 
 in analyzing 
 the legal documents that
 

established 
 these organizations 
 and a management/
 

organization 
consultant zkilled in working with 
groups
 

to attain consensus. 
 Approximately 
a 60- to 70-day
 

professional 
 services consulting effort would be
 

required.
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2. Improving Property 
 Assessments 
 and 
 Tax Collection.
 

Subsequent 
to the abolition 
of the octroi, the most
 
important source of 
revenue 
is the property tax, 
which
 
now accounts 
for more than 50 percent of total local
 

government 
tax revenues. 
 Unfortunately, 
it is based
 
upon an 
 assessment 
 system that 
 is faulty, with
 

assessments not approaching real market value.
 

While 
this problem has been recognized since the 
1960s,
 

this could be the appropviate time to address it because
 

of the shortage of local 
government 
revenues 
for the
 
provision of basic services. This would be one way to
 

increase local revenues 
fairly and equitably.
 

This issue obviously has 
 wider application 
 than
 

Bangalore and 
 should 
 be taken 
 up with national
 

officials. 
 If they have interest in obtaining technical
 

assistance, 
it could be proposed on a trial basis 
in a
 

state/city.
 

In a related field 
 (tax and 
 fee collection), 
 local
 

officials in Bang&lore could be contacted to see 
if they
 
are interested 
in 
privatizing collections. 
 This could
 

build upon tae 
current e.:izerience of'the Bangalore Water
 

Supply and Sewerage Board 
in allowing customers 
to pay
 

their utility bills at banks.
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Assessments 
 and tax collections 
 are, of 
 course,
 

politically sensitive issues. 
 Perhaps the best way 
to
 

proceed would be 
to provide our independent comments 
on
 

these matters 
to local and national 
Indian officials.
 

If there is no expression of interest, the matter can be 

dropped.
 

Summary 

In summary, this reconnaissance study established (through a document 
review and individual and group interviews with key Bangalore officials in the
 
public and private sector) 
that the most 
crucial problems facing this
 
metropolitan 
area are 
water supply, transportation, 
provision of nousing,
 
sewage disposal, 
and solid waste 
disposal. Additionally, 
local officials
 
stressed the 
need for coordination and control 
of the many agencies involved
 
in the Bangalore area and for an 
urban service land database as areas In which
 

they would consider advice and assistance.
 

Yn the final section of this brief report, 
a few action-oriented ways
 
that the public and private sector could 
work to alleviate problems were
 
mentioned 
and highlighted 
 as areas for 
 possible follow-on study to be
 

considered by USAID and the local officials concerned.
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TERMS OF REFERENCE FOR THE
BANGALORE URBAN PRIVATIZATION STUDY
 



Teram. r Reference for Mr. Genrge Bubler, 

BangaL s Urban Privatization Consulteat 

,Eurpo3se 

Mr. George Hubler will investigate and report on the scope for
feasible innovations in the financing, management and delivery of
urban services in Bangalore. 
 His work will focus on, but will not
necessarily be limited to, 
possible participation of the private
secto.: in urban services delivery. 

Background
 

For the last 
two years, USAID has been involved in an experimental
program with the business, academic and government communities of the
Scate of Karnataka 
to find ways in which the considerable-scientific
and technological capability of the State can become a springboard for
long term accelerated growth of 
the State's economy. That work has
now progressed to the stage at which USAID is actively involved in the
preparation of 
a project

Development. 

to support a Center for Technology
The purpose of that project would be to "help create and
sustain the climate and processes which will increase the development
of technology and increase irs use, trainly by small 
and medium scale,
privately owned industries 
- an effort InitiallY focussed in the State
of Karnstaka".
 

In the course of developing that project, USAID has become
increasingly involved in discussions on theboth insofar as 
urban sector in Karnataka:there is an interface between urban development andtechnology development, as 
a free standing concern.
presentations at USAID made
a number of forums in Bangalore during 1987, at which
interest was shown by public, business and academic interests in ways
in which the private sector could participateservices. in the delivery of urbanSubsequently, there have been expressions of interest in
the potential of urban privatization from various
national level. sources at the
A recent example of this was a seminar hosted by the
National Institute of Urban Affairs, New Delhi, which was assisted by
USAID.
 

Statement of Work
 

The present mission is intended to severalserve purposes: 
(a) it would seek to define the broad parameters of a potential
privatization activity in the context of urban services
 

delivery in Bangalore.
 

(b) it would determine whether there is scope for a USAID-funded
project in this field, whether using Housing Guaranty (HG) or
other funds; and
 



- : 2: ­

(c) it would demonstrate whether there is potential for addressing
development issues related to industrial growth through an
urban services improvement program.
 

Attention will be paid 
to possible future roles for USAID, whether
through a future HG project or using some other developmental
mechanism. 
Mr. Hubler shmuld be aware of the possibility of utilising
UNCHS (Habitat) 
resources for project preparation.
 

The sectoral scope of Mr. Hubler's enquiries will include those
services normally provided by the Bangalore Development Authority
(BDA), 
the Bangalore City Corporation and the Bangalore Metropolitan
Region Development Authority. 
The scope of the study will exclude the
provision of dwelling units, since the BDA is already actively
exploring private participation in the supply of housing. 
 (It is
likely, however, to include the servicing of land for housing.)
will also exclude the supply, treatment and mains supply of water 
It
and
sewerage, in view of the 
reluctance of the responsible authority to
engage in discussions with donor agencies.
 

Mr. Hubler will spend the first day of his mission in Delhi,
receive a briefing and to
 
to review the available literature. 
 He will
then travel to Bangalore to meet with appropriate officials of the
state government and local authorities. 
 So far as possible,
preliminary meetings will have been drranged for him, but it will also
be necessary for Mr. Hubler to make subsequent arrangemaents dependent
on the outcome of the initial meetings. Whlle ir Banag-.lure, 
 Mr. Hublerwill be accompanied and assisted with logistic arrangements by Mr.
Adarsh Purl, of USAID's Directorate for Technology Development and
 

Enterprise.
 

He will travel to Bombay for one day 
to meet the Chief Executive of
Infrastructure Leasing and Financial Services Ltd., 
and to determine
whether there is any interest on the part of this 
new company in
assisting with a-privatization exercise or otherwise working with AID
in a.- urban services delivery program.
 

Mr. Hubler will 
return to Delhi tor the final day of his mission, to
brief the Mission and to complete his report.
 

Reporting Requirements
 

Mr. Hubler will prepare a short report 
on his findings and recommenda­tions before the end of his mission. 
He will also brief the USAID
Mission in Delhi on his conclusions.
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LIST OF KEY PERSONS INTERVIEWED/CONTACTED
 

Name 


Mr. Ramakrishna Hedge 


Dr. H. G. V. Reddy 


Dr. Om Mathur 


Mr. G. Aswathanarayana 


Mr. A. Lakshmana Reddy 


Mr. A. S. Melkote, IAS 


Dr. Vinod Vejasulu 


Mr. D. D. Rudrappa 


Mr. P. S. Naperajan 


Mr. S. Naparaj 


Mr. T. A. Jass 


Mr. D. B. Prabhr 


Mr. M. Chittaranjana, DAS, 

IAS 


Mr. S. Swatantra Rao, IAS 


Mr. Lakshmana Reddy 


Mr. H. Sbrananya 


Mr. Chandrabeerthi 


Mr. T. Thimme Gowda 


Title
 

Chief Minister of Karnataka
 

Chairman, Bangalore Development Authority (BDA)
 

Directo-, National Institute of Urban Affairs
 

Engineer Member, BDA
 

Deputy Director, Town Planning, BDA
 

Metropolitan Commissioner, Bangalore
 
Metropolitan Region Development Authority
 
(BMRDA)
 

Indian Institute of Management
 

Chairman, Karnataka State Electric Board (KSEB)
 

Commissioner, Bangalore City Corporation (BCC)
 

Secretary to Government, Housing and Urban
 
Development
 

Chief Architect to 
the Government of Karnataka
 

Vice-Chairman and Managing Director, Karnataka
 
State Road Transport Corporation (KSRTC)
 

Chairman, Bangalore Water Supply and Sewerage
 
Board (BWS&SB)
 

Commissioner, BDA
 

Town Planning Member, BDA
 

Finance Member, BDA
 

Town Planning
 

Secretary, BDA
 

B-I
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Name 

Title
 

Mr. K. T. Srimeras 
 Assistant Direotor, Town Planning
 

Mr. C. N. Nanjundappa 
 Engineering Department, BDA
 

Mr. D. R. Rawadas 
 Engineering Department, BDA
 

Mr. Varkatugranny 
 Engineering Department, BDA
 

Mr. G. R. Sarma 
 Past President, Confederation of Engineering
 
Industry, Southern Region (CCEE-SR) and
 
Managing Director AEG-NGEF, Ltd.
 

Mr. Philipose Matthai 
 Secretary to Government of Karnataka Commerce
 
and Industry Department
 

Mr. G. S. Chenny 
 Area General Manager, Hotel Ashok
 

M. Nageswara Rao 
 Associate, Institute for Social and Economic
 
Change (ISEC)
 

R. Viskhanattan 
 Greater Mysore Chamber of Industry
 

C. N. Nanjundappa 
 Engineering Officer, Ex-Officio Director of
 
Estates, BDA
Mr. B. Ramakrishna Superintending Engineer, Bangalore Water Supply
 

and Sewerage Board (BWS&SB)
 

Mr. S. Swatantra Rao, IAS 
 Bangalore Development Authority
 

Mr. H. S. Puttakempanna Commissioner, Chief Engineer, Bangalore Water
 
Supply and Sewerage Board.
 

Mr. T. D. Abhayarumar, KAS 
 Assistant Commissioner, Bangalore Metropolitan
 
Region Development Authority
Mr. B. N. Thyagaraja 
 Chief Engineer, Bangalore Water Supply and
 

Sewerage Board
 

Mr. K. T. B. Achar Regional Chief, HUDCO
 

Mr. B. K. Chakraborty 
 Chief (Projects), HUDCO
 

Dr. C. N. Prahlad 
 Executive Director, Indian Society for
 
Environmental Studies
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.*."_Z STRATEGIES TO BAtALCRP CITY'S ,kATER / y 

W PARTICULARLY F(R IMt USTRIAL USL,- i<<v"
 
3RD FLOOR, REAR BLOCK, SHERIFF CHAMBERS, 3 , pea r 

, " /,:-t rdFloo'. Pero . 
14, CUNNINGHAM ROAD, BANGALORE-560 052 Sheri rCambers ­

0Z d,?'t4,Cunnirgham 

1. Introduction -- C. ,,iha / 

Water supply has become an important lifeline i n O 
any urban environment. All our activities come to a stand­

still if water is not available. The effect of growth of 

an urban ecosystem on water supply is direct and is felt 
immediately. whereas one can live with reduced comforts,
 

as far as other basic requirements like shelter, education,
 

transport, energy, etc., are concerned, one cannot find life
 

easy if water is not available to meet his basic needs. The
 

dependence of man, business, industry, gardening and other
 

activities on municipal water is total, that no alternatives
 

are developed until a crisis develops. Another aspect of
 

water supply to urban areas is the discarding of traditional1
 

sources (like wells, tanks, ponds, etc.) and to put our total
 

faith on rivers.
 

Parameters like the growth rate of a city and plan­

ning of various subsystems like markets, services, amenities, 

housing colonies, etc., are closely inter-linked with the 

development of water supply systems.
 

Urban water supply systems gradually developed with
 

increasing complexity starting from traditional individual/ 

community wells supplying water for the domestic needs. 

Today's systems are quite large, obtaining bulk water from 

far-off sources like rivers and transmitting it to local 

storage reservoirs. A complex distribution system takes 

over from these reservoirs supplying water to various areas 

comprising of different ty.es of consumers. 

The various stages in urban water supply development 

are :­
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i) 	 Piped and 'protected' water supply resultinc
 
in the convenience of usage. (An urban house­
wife opens a tap in her sink in the kitchen 
when she wants water, whereas her counterpart 
in a village may have to undertake 2-3 trips 
per day to collect water from a source like 
well, handpuirp or pond, normally situated at 
a distance of 0.,5 to 1 	kilometer from her house);
 

ii) Lakes or tanks tap rain
to water along ith a 
rain water drainage system; 

iii) Closed-type reser,ioirs - both ground level 
and overhead ones - to store water for a shorter 
period - say a day or tNo;
 

iv) Pumphouses 
 to pump water to individual households; 

(v) Purification systems like 	filter beds, 

chlorination, etc; 
(vi) Transmission pipelines bringing water from a 

far-off source to a city; 

(vii) Waste water systenms;
 

(viii) Recycling plants; 

(ix) Ground water tapping; 
(x) 	 Monitoring the opening and closing of valves, 

maintenance of water quantity and pressure at 
customer's end.
 

Water usage has also changed from time to time. In 
the earlier days, the purpose of water supply is mainly to 
meet domestic requirements like cooking, anddrinking washing.
'iater was used mainly for irrigation in the neighbouhood. 
But presently water is used for many purposes and activities, li*-e: 

i) 	 Dmestic - drinking, cooking, washing, maintenance 

of small gardens, etc.
(ii) Industrial needs processing raw -	 of material (includ­

ing cleaning them), production needs, and 
in the preparation of the final Product; 

... 3
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(iii) Construction needs (of buildings, houses, 

roads, offices, shops, factories, etc); 

(iv) Needs of commerciaj establishmen.s, hotels, 

gardens, transport, railways, 

services, etc); 

Jbrmally, water is used for one activity and the
 
resultant 'waste, 
 water i. to be disposed of. Two points 
deserve mention here. 
 Qne, that water can be used in a
 
cascaded form for multiple uses. For example, water used
 
for washing of hands, clothes, etc., can used
be for carden­

ing. The second point which is based 
on the first point

is that every water need does 
 rot require a hich cualitv
 
water. 4ater reauirements for various activities can be
 
categorised into three or 
 Tore groups depending on the
 
quality of water required. For exanmple, cooking needs a
 
high quality, soft water. Cleaning of process components 
may not need soft water. Cleaina of ffoors, vehicles, roads, 
need a lower quality of water. But unfortunately, the presen. 
developments of our urban systems have discarded traditional 
methods so that there is nr easy way of matching qualitv of 
water required with the quality of water available.. 

Water use can also be categorised as : 
(a) Primary use - water gets mixed up~n the procossing 

activity, and the waste water will be very impure
 
(biologically and/or chemically) and needs extensive 

treatment before reuse.
 

(b) Secondary use - like cooling requirements, sirrle 

washing needs, etc. vater can be reused .ith 

minimum or no treatment.
 

(C) Tertiary use like- steam generation in boilers 
in which water is pure and is reused directly. 

.. .4 
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(d) 	 Consuzrption - drinking, industrial products,
 

chemicals, food products, bevcrages. -4ater
 
is consumed as a part of the product and hence
 
is not avilale for reuse.
 

(e) 	 Zvaporaticn to atnosphere - reservoirs, c: incI
 
in construction .,crk, washinc of houses, r:ads
 

(f) 	 Per-u!icicn to ground from leakage, waste 

water, 	 etc. 

As can be seen froom the above, a iarc. e part cf the aater 
is rejected as 'waste wa ter'. Exponential increases in 
the population of cities like Bangalore and in the ircrecs­
ing needs for various purposes have resulted in a very; hi:­
demand on water re(uivernents. Because of these, there is 
a strong conpetition on use of water between urbai, needs 
and irrigation needs. Development of irrigation frr rivo-m­
like Cauverv and Arkavathy reduces water available fcr urb 
needs,. and vice versa. The 300 '-IW of water reouirtrment
 
of Bangalore City can irrigate 10950 hectares of paddy
 
cultivation or than double area raci
more that under cultiva­
tion. (The total irrigated area under paddy in Bancalore 

district in 1979 ::,az dround 34, 000 hectares and about half 
the area is fed from tanks).
 

Similarly, cities like Bangalore have steadily
 
stcpped harvesting of rain waters. This is indicated 
by 
the fact that the number of tanks have come do.qn drastically 
as shown later. Such a situation has not only reduced the 
available local water, but has also put a strain on the waste 
water system during heavy rains (in addition to flcodirn 
roads, streets and buildirns). 

Water sources normallv are of several kinds such as: 
community wells, wells and borewells (tapping ground] water), 
ponds and lakes (harvesting rain water), canals, rivc-rs and 
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streams. Secondary sources are recycled water. An
 
indirect source is water conservation in processes ,and!
 
activities, rmniiiaization cf losses and leakages and
 
evaporation losses. In 
 the early days, because or thc­
irortance cf water to our lifestyle, cities and civili-a­
tions developed on the bard&:s of rivers. Later on, ciies
 
started usirx rain waters. 
 Even today, Bo~riay uepcnds Cn
 
rain for its water needs. 
 Bangalore City iritiaj.y used
 
water from tanks the City
the in and later on from the
 
Charoarajendra 
 reservoir. Technological advances led to
 
tapping river waters 
for urban requirements. Instead of 
relying on them even to meet partially our requirements, we
 
in Bangalore are looking towards our rivers to meet our 
ne(:.-

The water has to be pumped over large heads over 1500:
-
It can be shown that cost of rain water stored on a lard
 
area costed as per BEDA rates 
will, be cheaper than cost of
 
Cauvery water. Similarly, cost of recycled water 
 (at azound
 
Rs.2 - 3 /kilolitres) wil.1 be less than the cost 
of Cauvery 

water.
 

Table 1 gives a projection of water demand and supfr
 
for Bangalore City as prepared 
by BWSSB. We can see from
 
this Table that 
there will alwiys be a shortage of water re­
quirements 
 and this shortage will go on increasing year by 
year despite the irplomentation of the third phase of Cauvexy. 
The estimates show that there will 
be a deficit of 1375 million 
litres/day by 2001 A.a. Hence, this convincingly shows that 
we cannot depend on river waters to meet the requirements of 
Bangalore City. We have to atlook alternate strategies 
like (i) rain water harvesting, (ii) water conservation, and 
(iii) recycling of waste waters as well as tapping grocun wters. 
(Further development of irrigation on the co-nand areas c'f 
Cauvery River itsand tributories will reduce the available 
water to Bangalore considerably - less than the estimates). 
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WATER SUPPLY AM'II DaEMANUf PR QJECTI OrS 

Year Gioss Demand 

(rv kLV_ 
Gross 

z 
Supply 

) 

1971 

1980 

1982 

1985 

1990 

162.75 

300.00 

820.00 

1017.65 

1354.12 

162.75 

300.0o 

435.00 

435.00 

705.00 

1995 1691.18 705.00 

2000 

2001 

2025.30 

2080.59 

70 5.00 

705.0o 

TABLE1 

Shortage 

365 

582.65 

649.12 

986.18 

13 20.30 

13 75.59 
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2. B,ana , C.I , " 

Water supply to 3arialore City is handled by
 
Bangalore 'ater Supnly anrd Sewerace Board (BWSSB).
 
BWSSB is organized into ttko divisions, and seven sub­
divisions. Each .'vb-divwsion has servicemany static.ns.
 
There are aLout 30 service stations. 
 These handle w.,ater
 
distributioni in the City. Antpendix 
 I lists the units cf 
E;,SSB. 

Table 2 cires water available per capita over a
 
number of years. Tab'e 3 water
cives inflow into Bar~alcr. 
from the three sources. Table 4 gives projecticn ot water 
supply from Cauvery. ocme salient details cf our water
 
supply system cIven Table
are in 5. We can see that enerc, 
plays a very sic nificant role in 'ater supply. A lock 

the expenditure shows that 46%/o: 
revenue coes to meet the
 
eneray expenditure. Unit cost of 
water per 1000 litres was 
75 paise before Cauver-y I Stace i ,,plementation. It iricrea.. 
to L-.1-3 after firstthe stage und to Rs;2.35 after the ccm­
pletion of the second stage. It is expected to go to f:.4/­
to R.6Z- after the third stage. 

Table 2 : , ater Availability Der Capita 

Year 
 Gallo n /a/ PerDso. 

1910 10.6
 
1921 15.0
 
1933 
 18.0
 

1951 
 10.7 
1958 
 13.0
 

1967 
 20.0 
1982 
 16.0
 

http:static.ns
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Table 3 : Nater Inflow into Bar~xalore (fcfn) 

Year CRS SU%Halli Cauvery To tal 

1921 1.5
 

1951 -, - - 1.0 
1980 28.82 1.65 28.61 59.08 
1981 28.50 1.03 28.60 58,,13 
1982 31.17 1.91 32.6 65,68 
1983 32.77 2.00 40.36 75.13 

Table 4 : Proposed Water Suip 2 Ly fro ni CauveK 

Cauvery Yr. of Corn- Expected Total Shortage
 
Scheme mi ssio niig 'Water Be- Supply
 

mand in :__
 
I Stage Jan. 1974 242.92 228.50 
 i4.42
 
II Stage Uec. 1982 810.75 435.00 375.7.
 
III Stage 1 9 8 7 921.03 705.00 216.03
 

IV Stage 1 9 9 1 1041.62 840.00 201.62 

Table 5 : Salient Details of Water Supply to Baqlore City 

Total nuirber of ground level reservoirs ., 17 + 9*
 
( * under Cauvery II Stage)
 

Capacity of Storage itn M.G.... .. 55.7 + 44* 

Nrber of overhead tanks (upto 1980). .. 24 - 28 
Capacity in M.G• ..... .. 4.5 ­ 5.3
 

Total length of pipeline ...... .. 1858.80 Km.
 
Pumping Capacity (Transmdssion) ... .. 32016 hp 

Energy (Transmission) ...... .. 192 m. units 

Pumping Capacity (Distribution) ... .. 3927 hp. 

Energy (EDistribution ...... .. 16 m. units 

Revenue receipts (83-84) Rs.1812 lakhs from water supply.
 

Total revenue receipts (83-84) Rs.2123 lakh s.
 

Total expenditure (83-84) - Rs.2517 lakhs.
 

0 0 0 9 
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Consumtion AnaLvysisof 'Aater Supl,
 

Let us look at how the water brought to Bancalore 
City is used up. The sectors identified by BSSB are 
domestic, non-domestic, public fountains, industries, 
lorry loads and railways. The group. - non-domestic ­
includes house constructions, commercial units, smalIscale
 
industries and others.
 

Table 6 gives the water consu!-pticn in the seven
 
sub-divsicns 
of Bangalore City in million litres/da, for
 
the year 1961. Lbn-domestic accounts for 35.567 
 millicn
 
litres/day and industries 14.117 m.l.d. 
 Table 7 gives
 
water consumption in 
 1982 and Table 8 for the year 1983. 

''e can see from Table thcit domestic sectcr accounts
 
for 136.15 in.l.d. (54.8%s); non-domestic sector 31.76 mld
 
(12.9') and industries 
19.325 mid (7.76%). Both non-dorrEstic
 
and industrial sectors tccether 
account for 20.660/1of the
 
total water quantity consumed in the City 
- not a small -or­
tion. This shows that a sizeable part of this quanta of
 
water need not be very pure - that is 
 it can be met from a 
recycled source or stored rain water supply. 

Table 6 :Consumrption of W'ater in Each Sub-divisio;L (1961) 

Sub- Consturption (mold) Indus- Lorry Rail-
Ukiv. Domes- Nbn- Publi'c tries Loads ways
hb. tic Plomestic Foundations 

1 17.813 5.619 10.0 6.84 0.114 2.52 
2 10.797 3.07 - - ­

3 11.144 7.087 7.5 - 0.023 ­

4 18.034 6.5607 16.435 1.727 0.0514 ­
5 na na na na na ­
6 18.476 10.414 16.65 5.55 ­
7 16.77 2.56 1* 7.041 - ­ -

... 10
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Table 7 : Consumption in Each Subdivision in 1982 

Sub- Consuption (mid) Indus- Lorry Rail­iv. Domes- Nb n Public tries Loads ways
N. tic DlomesLic Foundations 

1. 18.53 5.99 9.907 7.75 0.1193 3.004 
2. 11.56 1.777 ­ _ -
3. 11.77 
 7.098 6.761 
 - 0.0262 ­
4. 18.598 
 8.196 :,6.188 2,042 0.0429 ­
5. na 
 na 
 na na na
 
6. 20.09 11.874 16.648 7.904 -

7. 16.291 2.972* 7.114 ­ _ 

*Non-domestic ircudes industries also.
 

Table 9 gives the percentage consumpticn of water in each
 
sub-division. The following deserve
points mention. 
(i) Sub-4ivision I comprising Yeshwantpur, S.a. Halli,

Malleswaran, and Sriramapuran accounts for 
15.6% of its
 
water for industrial purposes. (ii) 
 Sub-division VI, com­
prising Machalibetta, Johnson Market, 
 Ullsoor, Indiranagar,
 
etc., also consumes about 11.7% of 
its total water for in­
dustrial purposes.
 

These two sub-divisions can be taken up inj.tially for study­
ing the feasibility of supplying recycled water, 
 particularly
 
for industrial use!,. Industrial estates 
like Peenya, Raja­
jinagar, Koramangala, etc., occupy 
large areas, and it is
 
easy to take up 
 rain water harvesting measures in these and 
other such areas and use the rain water for industrial and
 
washir purposes.
 

Table 10 : gives the number of connections in each sub-division 
as recorded in 1983. The total number of non-domestic con­
nections is 11287. A number of these can use rain water 
,and recycled water. A survey can be done to get the con­
tinuity of the many industrial users. 

.11
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Table 9 Percent Consurnotin f -'ater in each Sub-diijs 

in 1983 

Sub-Div. Do mesUt Nbn-Do - Publ ic Indus- Others 
Numb er. i rosestic Fountains tries 

1 14 .6 6 11.17 22.21 15.61 

2 3 20.37 
3 44.49 27.83 27.58 0
 

4 57.32 7.03 30.45 5.12
 
5 6.3 2 10.07 11..85 11.76 
6 52.62 13.32 21.86 11.70 

7 57.44 10.46 3 2.10 -

Table 10 , Nu.ner of Connections/Sb-di Vi3ions in 1183 

Sub-Div-- Domestic Cate, o r-,, Public 
Nb n-do m sti c Fountai ns 

1 22602 1796 576
2 16550 1021 576 
3 144 20 2859 553 
4 24088 1064 638 
5 !9712 2025 180 
6 26 519 1303 797 
7 24459 1!89 4 30 

To tal 143350 11287 3800 

4. Case Studies of WLater Consuption in Industries 

In order to understand the uses of water for variJo
 
purposes, case studies conducted 
 in chosen places - industres,
 
public fountains etc., are illustrated below
 

4.1 BanqaloreEairy 

Cbservations, measurement and calculations were con­
ducted in December 1983. The Dairy was producing about 90 tcnz 
of butter/onth, 90 tons of Clarified Butter/month, 120 tons 
of Butter 1ilk/ironth, and 220,000 litres of Mlk/day, and smnQ! 
quantities of Peda, in addition to 'Iilk Powder (50 tcns)/,cnzh, 
and Flavoured Milk. 



(12)
 

The .airygets its water from B,3SSB and stores it 
in tanks. The average daily consumption is around 75,),000
ltres. The distribution of this for various types of uses 
was measured and calculated. Table 1.1 
 gives this distribou­
tion. 
 Major use is for washing and cleaning the floor.
 
36.5% of water use is for 
washing 	 and 23.30% for floor
 
cleaning. It is possible 
to use recycled water for this
 
purpose. It is shown that 743/ of 
water used is biodcrad­
able. 	 After treatment, this water can be recycled for use
 
in the washirsg and cleaning activities. 

Calculations of water required/kg. of milk show that 
this figure varies from 2.59, 2.90 for winter ronths to 
5.02 - 5.59 for summer aont, for the year 1983. 

Table 11 - Water Use in Bangalore flair , 

Per Day 

1. Washing 
Tankers .. .. 4000 

Cans .. .. 16615 

Crates .. .. 76800
 

Bottles 
 150000
 
Milk Storage Tanks.- 14400
 
Cream Storage Tanks. 3500
 

Ghee Bottles .. 5000 

Cans and Bottles .. 3500 
T o t a 	 1 .. .. 273815 (36.5%) 

2. 	 £. nnr WA h .rI and C1eani ri
 
Bottling Section 
 .. 100000
 
Milk Processing Sec. 48000
 
Butter Section •. 20000 
Ghee Section . 1600 
Miltone Section .. 3000
 
Powder Section •. 2000
 

174600 	 (23.3%) 

3. Process Use 
Water for Milk Powder 73000 

Butter Churns .. 15940 
Mltone 
 • 4400
 
T o t a 1 
 .. 93340 (12.4%) 

.. 13 
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4. Others 118245 (15.8%) 

5. Domestic (Canteen, 90000 
Offices)
 

To tal/day. • 750000
 

4.2 Vita Food Products Pvt. Ltd. 

This factory produces I tonne of biscuits/day. They
get their total water requirements from BW.SB. The water 
consumption is given below categorywise. 

Process Nater 
- 120 litres/day (12.5&) 
Cleaning Machines 30 litres/day 

Cleaning of hands 16
of workers, etc.10 litres/day 

Nashimn the Vans 350 litres/day 
Toil ets 200 litres/day 
Gardening - 100 litres/day (10.4%) 
Total - 960 

From the above, we can see that a large percentage

(more than 80%) of water need not abe of high quality or
 
puri ty.
 

4.3 Premier Asbestos Cement Products 

This is a small industry making cement asbestos pipes

and other cement products. water
The source is BWTSB. The
 
factory recirculates 
water used for curing and cooling purposes, 
so the water usage is as follows:-

Production use - 625 litres/day (9.4%) 
Curing use 
 - 5000 litres/day (75-53)
(make up) 
Human Consumption 1000 litres/day (15.1%) 

4.4 Small Industries
 

A bakery in Malleswaram was surveyed. It consumes 
240 litres/day - out of which 100 litres is used for the pre­
paration of products and drinking purposes. 140 litres is

used for washing purposes. Two studies surveyed did not have 

-.. 14
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any taps and water is brought to f:omthem outside and hencetheir use of water is restricted to 20 40anc litres/day

.mainly for processing only. is
This equal to nearly half a 
litre of water per print (of photograph). 

There are six swimming pools in Bangalore, four of 
them are of international standard. They need 7.86 lakh
gallons of water. Water is recirculated and cnanged orce a year. Water consumed for bathing and toilets varies from
1500 lit res/day in winter to 9,000 litreg/day in summer. 

4.5 Study of Water Consumtion for Cleaning
of Vehicles in BarncIore: 

A Seriice Station was surveyed by us. The followirn
estimates for water consumption was got for different vehicles 
based on measurements: 

Cars -" 300 litres 
2-Wheel ers - 150 litres 
Lorries - 1800 litre. 

sing the above norms, water required to clean all
 
vehicles in Bangalore, East, South and West, 
 was computed as per Table 12. About 612.9 lakh litres of water are used to
clean all vehicles once. If we assume that each vehicle is
cleaned once week,a the per day watec consumption works out
 
to 8.75 million litres.
 

These studies clearly show that it is possible to con­
serve water and use impure water for floor-washing. Develop­
ment of mini-ponds by industries for their use for washing,
cleaning and cooling purposes will reduce water consumption
considerably. In addition, the surrounding environment will 
look better, cleaner and cooler. In many industries, space
is available to build mini-ponds. In cases of small-scaleindustries, it is possible to build such ponds in industrial 
estates.
 

...15
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Type of Lo. or Total Quantity ofVehicle Vehicles Water Required toClean the Vehicles 

onwe
 

J: g-1 i tr§;) -­
1btor Cycles -- 1,67, 416 251.1
 
Cars .. 3 7.1, 
 111.4
 
Jeeps .. 4, 193 12.6
 
AUto Rickshaws 
 •. 1:2, 010 24.1
 
Taxis 
 • 1,706 5.1
 
Lorries 
 • 1 ,586 208.6
 
T o t a 1 
 612.9 

5. Alternate Kater Suppl'ies 

As has been repeatedly shon~i, it is not possible to 
depend only on river waters to meet Uancalore City's water 
requirements. 
 It has become essential to look at alterna­
tives. Four alternatives are :
 

(U) rain L ,t i > :; i -j',.L ', 'e L.i-inu .liIi ev ry 
street al)(L Lil hU o1A dicy, water£diln used to be 
drained into a lake in the neighbourhood ith the 
help of these drains. 
Today, many drains are clogged, or have become in­
adequate resulting in (a) flooding of streets during 
heavy rains, and (b) overloading sewerage lines. In 
addition to this, lose the waterwe rain also. 

(ii) Recyclin - Abouc F,)!, cf the City's water supply is 
returned by -. :, waste wdters. These are taken 
by sewerage lines to sewerage treatment plants. Re­
cycled ana treated t from this source is another 
alter nati v-L. 

(iii)Ground Water Tapping - This is going on especially 
during water deficit . 

(iv) Kater Conservation. 

Let us look aL Lhu tJr:L tA, L-ui vLj vL.S in detail. 

... 16 



5.1 Rain Water-, 

The rain 441 ter po L.eit :; I.Li edi~t.J,based on the
 
minim.wn rainfall during the past :ixty yk~ars, works out to"
 
45,000 million litres/year. If we -ssume that our current
 
daily water need is 400 mid, c:uj, the retLaireiten/year will
 
kJ_ 146,000 million i t-,.. ':'Ijlwi; tillt raill w'ter cal
 
meet about 30.8%of our current: WdLtzr L This is based
needs. 

on the minimum rainfall situation. If we consider a normal
 
rainfall case, then the share of ra.Lnwatur will increase to
 
about 40% of the total needs of today. Hene, this shows
 
that rain water is aii ijmqortant alternative.
 

In addition, rain water harvasti;,j has many advantage,: 
i) Flooding of roads during heavy z.is will be avoided; 

(ii) 	 Overloading of seweraqe pipeline system kill be
 

avoided;
 
(iii) 	 Creation of lakes will improve the environment
 

in addition to creating open spaces.
 

Indiscriminate formation of lolyouts on tanks and lakes
 
have reduced the number and area of lakes in Bang~iore City.
 
Arcording 
to one estimate, the fluIbL~- ui tdls in fjihinlore
 
City was 140 in 1931 and 16 in 1981. This clearly illustrates 
the drastic reduction in the nubirer o: l.kas in the Cityr 
Further inspection of these lakes shows that many of the exist­
irx ones have also shrunk in size. This is due to the fact 
that some of their inlets have been closed. Lale to chis flctcr, 
the dependence of the City on Liver water (of B-SS-E!) has becoimme 
total 
(even for c1juIL.'.j oi t.ors, vehicles and construction 
purposes). 

There is an irrperative and urgjent need to reverse this 
trend. B-conomics show that even if the land for a lace is 
costed according to market rates, and this cost is included as 
an annual charge on water supply, cost/kilolitre of water from 
such a lake will be cheaper than the cost/kilolitre of Cauvery 
III Stage water. This i- in d:Ltion to the availability of 
the rain water. T-is J.. Ii . i )c.,Ot t'ie qiround water potenti 4 
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Initially, one can corlsider large areas like 
'Peenya Industrial Area, ITI wI1.tl. i.r. co]..icres, HAL with 
its colonies, BEML, ,. BEL,II.13._, . :states, 

,{l' and other areas -Lodiid.,L ,ti cia1 J .:es as Well 
as rain water draSuc- sy-.,.. Such a system will be able 
to hundle local ,cx' nc:: .i. 1 ,:ct partially. Also clean­
ing activities oi. vchicles, bl'L3ri.xis . can also use 

5.2 VJ ater R eycl i 

Since a major portion oi the water supplied by DWSSB 
is returned to its sewera9j 1..; ,3 waste water, this waste 
water is another iiportant sckc_ 6-supply for water. 

The estimated sewerage tloWis into different valleys
 
like Vrishabhavati valley, K and C Valley, etc., 
 are given, 
in Table 13. These are estimated figures based on the 
asswurotion that the available sewerage is 60,%of water supply. 
Even if we assume that the actual flo-, is only 50;, of this,. 
we can see that after treatment, there :L; a Sizeable quaatiLy 
of water available for consumption by industries, coiercial 
establishments, gardens, washing and house-construction pur­
poses. Artually, these waters will meet the needs of many
 
users excepting the need for drirking, cooking, food manufac­
ture and process consumption purposes. Rough estimates
 
indicate that more than 70% of our daily requirements belong 
to this category which can be met by the treated waste water.
 

K and C Valley gets about 40 million gallons of water 
per day. There is a partial treatment '[lant functioning at 
this place. 

Table 13 - Sewerage Flow:- Into aoVlle 

Name of the Qty. of flow .t. o? flC,¢ Qty. cv :tlow Total 
W111 e a1-t-j I t,-:,;: , . ZI 6t after 2lIJ t. Flo.v 

I. V-Valley 122 IvI.b 180 i,94 - tI'LC180
2. K&C Valley 16 2 MLDo 216 t141 ­ 216 MLa
3. Hebbal Valley 100 Mvff - 100 :LId 
4. Others 156 NU_ 104 IL,. 260 WI 

T o t a 1 284 I,' 652 f 104 I.. 756 YLD. 

•.. .18 
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Installation of a total. treitment plant will 
guarantee water supply of nearly 2o0 1,111. This can meet 

the entire industrial and commercial reouirement.3 of 
Bangalore today definitely. 

Hence, irnediate efforts should be underway to 
treat and reuse this water. L- itclily, the water can be 
pumped after treatment., tc i iii t ;nd institutions in 
the neighbourhood .... I pr,ij<Cd s.,t_system (dual to
 

the drinking witc1 suppiy).
 

.Aany irduStries in LLO-ulove use treated water. 

Table 14 UstZ; some of the iriportant industries. Techno­

loqy fc.. water treatment iL .V1l,:ble in the country. 

Table: 15 gives a list uOmu major industrial 
consumers of water and their c.-quireiients. We can see 
that these can alo locdlly I r,L their waste water and 
use it for their inturnal 11L.I -. ut million litres:4 25 

of water is available everyday for treatment and reuse from 
these 26 industries. Installation of local treatment 
units by these industries can lead to a reduction in the 
demand for water by the industrial sector. 
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Table 14 : List of Industries in e Zistrict bo arc 

using treated efflucnt -. L iriintion,/other uses: 
Name of Indust- Quantity *aste LK:tf. 

i. rridian 	 L. LLTele .,l:, ,*u LI,
 
Bang alore. 
 10, 00, 0o) 

2. 	 Laxman Isola, Bangalore 6, 24,000 ­
3. 	 Smith, Kline & French Ltd.,


Bang alore. 
 1,44,000 	 42,000 
4. 	 Jindal Aluminiun Bangalore. -	 13, 6 20 
5. 	 imalaya alrug Co., Bangalore. 10,000 8,000 

*6. 	 Joy Ice Creams, Bangalore. 12,400 2,000 
7. 	 Karnataka Jewels Ltd., 2aI.g 2cL'ce. 16,000 1,000 
8. 	 Alembic Glass Inuu.;L. i , -%iLjre. i, 40,0 00 1,i5,000 
9. 	 Alfred Herbert (India) Ltd.,
 

Bangalore. 
 -	 i1,0C0 
10. 	 Usha Martin l-], Barglcz- . 135 	 5,850 
11. 	 Senapathy Wlhiteley Ltd., 

Bang alore. 21, 15,350 
12. 	 Mysore Wine Products LL., 

Bang alore. 12,000 
13. 	 Astra-IEkL Ltd., Bangalore. 1,45,000 ­
14. 	 Kamani Metals & Alloys, 

Bang alore. 15,000 	 15, 0O00 
15. 	 Khoday Brewing and Ekistilli.,j

Industries Ltd., (Brewery Ud v.),
Bangalore. 1, 22, 	000 ­

16. 	 Nidia IniLu LtW., BctJdlULC. - 72,000 

17. 	 Suri & Nayar Ltd., Bangalore. -	 56,000 
18. 	 Griiidwel Nbrtoji, Pa1!j uR'1L2. 00, ­1., CcO 
19. 	 CIPLA, Bangalore 30,U00 -
20. 	 Bharath Fritz Werner, Bangalore - 23, 500 

34, 85, 885 13, 64,970 

o020 



(20)
 

Table 15 : Major Industr t-:s ii BUaJalore who can 
treat their Efflucnts for Feuse: 

names Q u a n t i t y

Ldkh i. tes/.dAly 

I. I.T.I. 5.60 18.10
 
2. B.E.L. 
 23.00 ic.00
 
3. H. . .3. 
 .41! 1.35­
4. Sunco Ddtte.Li-.: 1.12 0.65
 
5. BHEL Electroporcelains LDiv. 4.00 0.50
 
6. Widia India Ltd., 0.48 0.72 
7. Panyani Cements 
 I.e0 0.37 
8. Srinivasa Textiles 4.00
 
9. Graphite India 1.17 ­

10. M I C 0 2.00 4.50 
11. Airs2o, Hebbal. 0.35 ­
12. N G Z 0.32 4.32
 
13. Escorts Ltd., 9.75 0.90
 
14. B Z M L 1.04 4.03
 
15. Binny Liini ted 12.36 5.00
 
16. H A L 
 7. 00 70.00
 
17. BHUL Control P-qui4mefnts AL.vo 1.00 0.60
 
18. Karnataka Soaos & Ileterrie-nts 3.50 -

19. M S C. 
 0.40 0.10
 
20. Grindwell kbrton 1.00
 
21. Interni~t.i~jij I ­ 0 -i 
22- Bangalore airy 7.50 -

23. Ki.asan Products 2.67 -

24. I.T.C. 1.14 ­

25. U.G. 1.71 ­
26. Raja Mills 5.61 -

T o t a 1 123.97 127.63 

Total = 25.16 KIZ 
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5.3 - Ground Nater Tapirq 

Even now, many indu*.t l.,:-: ,nd oiijarLL,.;6t:L';- Iel,,:nd. 


on gjround wau:r .... .,: Lt C L L:.e 1:- requ-L_-::!:jents. 
Surveys conducted jwow that a large nuirber of industries 
supplement their water needs by tappirng the ground water. 
Estimates of ground water show that BEngalore DLAstrtct has 
an additional pctcntial of 93.35 illion cubic 1lwtuLS of 
water available underground. This auantity represents the 
excess recharge. Thel current scene of ground water use is 
chaotic. It is desirable to drill a large diamuter long
length inclinud .1],.und tri,topbor- 'ii * the water in it 

ol.aso that the cost o ,:acer ztraction on a large 

scale will become ecoyr-aicaL. 

6. - Suggesticnc; 

Ke can zunviarise -the -ut,;e,. tions for alternatives as: 
i) It is desirable to 4uuir,.-nL rain water drains and 

lakes so that rain water can become an important 

source of water.
 
Specificadly, Wu c -,.Lt tLdt.i activity in areas 

with large number of contiguous industrial units. 
Some of the areas are industrial estates in Peenya, 
Koramarlj, Rajajinagat, kiit-lielc etc., industrial 
and 1xusir 3 colony areas of BEL, ITI, HM, HAL etc., 
institutionAl areuj OL 1ISc., 11M, NAL, Ueience, etc. 

comes aSince each area under si njle organiisational 
use, it is easier to handle Ue iork of drains and 
the identification of a place for a storage lake. 
In all other areas, rain water drains should be 

cleaned up, augmented and improved and inlets to 
existing tanks and lakes should be reopened, augmented 
and cleaned up.
 

ii) An ideal reservoir exists in Belur. 
This receives
 
about 40 million gallons/day of partially treated
 
water. So immediate steps should be taken up for 
treating this water conplutcly End pipe it to the 
industri~j, commercial WuiiL .. u LiCsU in the neigh­
bourir areas. Development of a dual water system in 
the neirhbcurhood of y-: C v I . . 

the dm i. ., LZ .:, . .... 22 
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iii) 	 Washing platforms in t!i.s anA other lakes with a 
purnp and sprinklers can be installed so that vehicles ­
both public-owned and pr ivate - can use this facility 
for washir,-; I)urposes 1<SRT'C cjn LljirJc ot. zetting up 
a lake or tank with treated waSte water and rain 
water as inputs and use this tui'& Lor washling 

activities. 

iV) 	 Since r ' , '...,1 V, 	.ILJL,1,i..U. 
&3'JB 	 "shCo)L . Cill ci- scale recycling 
plants at difI:erent plice, .,d ,u,.op a dual water 
supply netkork. Many cities hive dual water 	systems.
 

v) 	 Water audit ,and water ecownmy studies shoula be under­
taken in various organisations and industries. 
 Coolicj 
•ater 	(for air-conditioners, wa 2r 	baths, distillation 
units 	and other process lses) should be recycled,
 

miniartsinL, the tht. k, : 

vi) 	 Immediate steps :slhouLiJ .e tcden up to 	build and reopen 
a number of z.3<s ,nci Ilkes on the outskirts of Bangalore-
Cit 7 . Sia:, , gyreen b(AL. i5 identified by the Govern­
ment, and sin,.e Bangaloce City has a lot of slopes, it 
is not difficult i,,d 	 canto i.-d ihich be converted 
into new lakes. 
 A lot of loctions can be identified 
for this purpose. It is ,iSo necessary to plan and 
build water inlets to Lha~e tanks. 

vii) 6pecifically, W1tu.. , K.. L _mt: of the taaks in the 
neighbourhood like Sankey, Ulsoor, Lalbagh, Ulsoor, 
Doddagubbi, Varthur, Milk Colony, Koramangala, Gokul, 

Hebbal, etc., should be cleaned up and properly 1-'. ... 
so that these tunk, can get filled up and thle " rU 
be used for a nuber oi activities. It is A :.,_ 
able to delink the rainwater etntr' into the sewerage 
lines. The rainwater drains strzuld oe maintained and 
cleaned frequently. They should be considered as an 
important lifeline for water.
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The Ban~alore viater Supply nid 6ewecage Eoard 
(13"J SB) is ocined by' an Act of Lcislature rin 1,L. 
The Board is entrusted with the general duty cf pro­
viding supply ,ind i.proviir the existirci supply of 
water in the BDiLJIore ;1.,copo; t.,cn ,i'ea an' of mak­
ing aciquate provJsi... , '::e .].)d the dis­
posal. of the su a,-:_;e _-i iL. hW~ ieu.opolitan Area. 
The BWSSB ccn'l.r1.Jes ,aii-1y o: c vc divisions - Nbrth and 
Sout-i, which, .ii LU£l,, oC, L Of four and three sub­
(Li.ViZion; Lvu.L,/.e dui.:,: o number of service 
Stations in sub-ii I.;..,n U.vu-'details whichL!ie of 
are given below:­

1 . to, 1 S ul-,di v. icri(i: 

1. Mall es waran 

2. Srirapuram 

3. Yeshwantpur 

4. 3.A1. Halli 

II. No.2 Sub-division: 

5. High Ground ReservGir I 
6. High Ground Reservoir II 

7. Kumara Park
 

8. Gangenahalli 

III. No.3 Sub-divi.:;on: 

9.- Low LevcJ. RuLtjLr 

10. Chicklalbaiyh 
11. 13annappa Park I 

12. Bannappa Park 11 

IV. No.7 Sub-diviion: 

13. jj 

15. Vijaya N,,,ar 
16. rMag adi Road ... 24 
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Appendix-I (Contd)
 

B., ScXJTA E£lVISION
 

I. Nj.4 Sub-divlsio : 

17. Chaqarajpet
 

18. M.N. . Park
 

19. mrunt Joy
 

20. V.V. "Puram 

LI . I' . ' . l -ti! v [ L i " 

21. j ayaaa -ar 

22. Byzasandra
 

23. Koramiang 4a
 

24. Banashankari
 

25. Sarakki
 

Ill. No .6 S ub-di vL .to n: 

26 . c i ,.: ..11l, . :.( , 

27. Johricn 1kzrket
 

29. nd- rani -,c 

30. J.B. Nan ar-

Thus, there are 16 and 1']I edvi.ce Stdtions in North and 
South ID.vision.s rt:speL:ivt.y. 



WA T E -R %
 

Case Study: Peenva Industrial Area r mor".. C....' ea 

let us consider Peenya Ind.-3tria! Area-oaAni an example Of self-sufficient su 
,,e. " water generation,

in India and Asia. Qur obJectva heve is zo 

this area can generate water vupply ip its own area so as
to meet its requirements of water leacing to a .elf-uuffi­
cient and self-contdinad sy:-t.. 

Tho Peenya Indu--ti.i 6,ruc, i olulowing eseijtial
 
characteristics:
 

Stage Stage oL;
td ju Area Ttl 
I II III 

Number of Units 
 398 414 
 95 605 1512
 
Employment - Total 8757 
 9156 2100 
 12705 32718
 
Investment -(Total) 3760 
 4303 1025 
 6032 15120
 
(lacs of rupees) 
Production (Sales) 64si. i:Js. 1557 9420 24259 
(lacs of rupees) 
Value added 
 1946 2637 
 467 2826 7278
 
(lacs of rupeou)
 
Area (acres) 125 
 141 60 1400 1726 

The total area of Peenya Is ebtlintittd to be 25 sq. kms. 
The industrial area is about 7 sq. km$. There are two
 
ways by which the nods of t uazea mt;
cai be (U) rain­
water harvesting, rec"c1rig of
(ii) waste waters. 

If we assume the expected consumption level to be 1 million 
litrs/day, the available wast water will be 0.8 md. This 
can be treated, and reused for industrial aWd cleaning needs 
of the area. Let us look at both alternatives ­

(I) Rainwater Harvegtipg: If we th-eta D k'aiawatar in 
Peenya area, we will be able to get abuut 20 md. oij water. 
If a lake is constructed with an average depth of 3 meters, 
then the area of the lake will be 2.5 sq. kma. It is 
possible to think of two or three lakes also instead of one.
 
This area will be about 10% of Peenya.
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we to meet tlu iiedswater of Paefya only. 
Then the area of a 
only. This is 0.iJ 

lake 

off 

will 1,d 0.125 sq. Jvs. 
tl:i ai a of Peenya and 

12.5 ha) 
can easily 

be identified. 

Instead, want 

Thirdly, we may also cpnsider the case of using re-cycled 
water for meeting ,Z0% of their requirements and tapping 
rainwater to meet the xemaining 40%. In this case, the 
area required will be 5 ha. only. This is a very small 
percentage of the area :of Pa-inya (0.2%). 

As it is, rainwater dr,-zxLi "re available iu various streets. 
The steps needed to develop a lake are ­

(i) Identify a sitb of about 3 - 5 ha. suitable 

for a r.,-srvoiri 
(ii) Augment drains and devalop inlets (open or 

closed type) to the reservoir; 
(iii) Construction work ­ flainly digging work -

can be taken up undur many development 
schemes of the govcrT.;nt like NREP. 

The cost of these COnDsructions will not be 
much if construction is lmitd to mainly 
mud based work only.
 

(II) Waste Water Treatment and Rec l~ian: The second al­
ternativ is ta get a major part of th, industrial water 
needs by treatment and reuse of waste water. So it is 
possible to get about 0.8 mid. from waste water. The cost 
of a water treatment plant treat will beto I mid. around 
Is.8 lakhs. The total cost including piping will be around 
Rs.10 lakhs. This investment will be less than 0.1% of the
 
total investment in Peenya industrial area. 
 (compare the
 
total investment of Peenya, 15120 lakhs with this invest­
ment of 10 l]akhs). This amount should be obtained as a
 
subsidy fro', BWSSB or government. Since treamant is a 
mandatory activity of aWSSB, it is logacal that the cost of 
treatment plant will have to be borne by BWSSB. Also, it will
be a good policy to encourage self-sufficient coiriiur-ities to 

&3 
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ways by which the project can be taken up: (i) as a 
private enterprise; (ii) as a cooperative; and 
(iii) as a venture of DWSSS, KSSIDC and some industries. 

It has been shown that in many countr.. j, charges by 
private water companiep are similar to charges by govern­
ment-owned companies and services improve considerably due 
to competition between: these two groups. Because private 
companies are allowed to use .waste waters, water demand on 
rivers will also come down leading to water conservation. 

It ia desirable that the State Governnkint should oncourage 
a model cooperative to be set up in Peenya to show the
 
feasibility - economic, technical and 
social - of running
 
self-sufficient communities.
 

It is not finance that is a major ccnstrain in setting tp 
cooperatives to collect and tre-at waste waters acJ -upply 
it in bulk to lnulurieo, but the aspect of organisation ­
technical and day-to-day maintenance and operation aspects. 
This aspect needs a careful attention. A well-thought-out 
organisational structure will lead to the success of these
 
cooperatives. 

Bangalore, 
21. 21986. 



1903-.184 :' L ~i ~n c:tratcs ror materials 

anda rhanic-I *:,rn 1 btrct estima~te is given 

2. PI..jg c4Che n 2010Q0000.00 

3. Mechon_2ralt.q~mrt 30,,00,000.00. 

. Pov~xj . lab arr! moc'. o" ?~CC0 

u-,-.-~a uaikt . 

9.~~- lai . -­9QO4 C, c c'0 0 

http:30,,00,000.00
http:2010Q0000.00


-' .- r'00 Ltrs. 

e3ttimate)"-	 :. 00 Lakhs 

2.i.~ ci jnt-.rest and poriod 
: t-'-.:.--vme:t. 9 and 20 years 

3. cr.ic'd of coiztructionri 	 3 years 

4. 	 [:. ire t on ) :.-in rlirinq con.tr _ic­t. -rtn .oi ( a i n i ,: 	 L75 lakhs 

. Total capital cost to be financed 1075 lakhs
 

b. 	 Re:ayrnnt of loan per year for
 
17 yean. 63.25 lakhs
 

'7. 	 Iierezt on capital (sinking fund 
is created by inv ,ing savings in
 
interest oncih Y-n rerilting out 
of rept rnt) 96.75 lakhs 

j,. 	 Depreciat.1on rha-:qes: 

(a) 	 r:I,'t Ci-.M ,i~v Ui rcr' t, 
(55 lakhs + 60 lakhs = 135 lakhs) 8.1 lakhs 

(b) Distriition mains @ 2% 
(iSC .akhs) 9.6 lakhs 

(M) C.3.vi.L Erultitcring works and 
mU.idtnri!: P 2% (105 lakhs) 2.1 lakhs 

. . _n.n .... 7nd repairs: 

... ,'Jnp & Motors , ,,o (135 lakhs) 2.7 lakhs 

Cb} Tra-smission main @.&%(480 laklis) 2.4 lakhs 
t(o.Civil Engineering works and 

mi.idinc;s 1% (1031akhs)' 1.05 lakhs 

IC. L;__ charges 25 lakhs 

2.. Ch-i'icls & Consumah.l.; 2 lakhs 

12. 	 Adri.tiona. operating staff 3 lahs 

1 . kotal cost 215.95 lakhs 

I 4* co.*s .:. 50 VLD 

7.5MLD15.Lose inth ,sstem 12 Y.-

Lr" Net -,iantity earnJiirq r-venue ,:" 5MLD 

L',. Net crv~nt.ty o- -,water sold .r year .5512.5 MLD 

1C. Unit cost 1.40 per 1O0,0 l,:r 

http:crv~nt.ty
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' 4 ",.Cunntng n n m b.,.- at~ Ar t a ~ thi ( / 
la0 C _,r, e r x-£o ­h t h ". 

CO ihmM ir&.Lnq he Seconi Cu' .. Dif -.-,v v r S .verry­

suppliJOS to the Cit.v wJ..l1 be arounl 
 c. rrqd (435 md) 

accounLi.ngtic- a cipta -;upjf,o1, c,.t around 90 LPCD';-r 

aftrr ailow.ing for dif.tributii, .oss a:-. .,i0istrial 
i'upply . C, ;. 1c it L, ht;i ",,i )p':*ly wh.i.- - .; ar.ound 

64 m.d is e..cJ to be dubley b - the end of 2000. 

t4..tnno rzby dependable soi,'rce and increased 

depend,:.c ., ,b riJ.- fpr supply o4 waLer f1oi 

B. WS .S.L., it is e.alenticl that the water available 

is conserved to the maximum extent. 
 In this direction 

it is essential to hj:ro,.:.- tie undLjrc.round watrs 

,harever available toa the Eull advantage. In addition­

to this it will be ot a gr:eater help if the industrial
 

demand is met by other means. 
Cne such method is to
 

.xe-uase the waste water for industrial pur-.,)ses after a
 

.su1itable,teritiary traatrL nt.
 

but of 435 rrd o 1',.:r supplied to the City
 

4 "Ah 70'to 800A is expected to lotw into valleys as
 

aste w.,ter. Tn K & C Valley zone tho ulAmatt flow
 

_q xrectfd to be arcund 
218 mld including industrial 

'Ilcwhich is around 25 mld at present. There 

s,. potential for re-use oh w. waste forwter 


gardoning, 
 cooling and boiling purposes by the industries
 

in r is.najeram and Whitefield areas on one side
 

and . .
industries located in'Hosur road o 4-':." side. 

Vt i.cwbk Dccument' 

http:accounLi.ng


'r~c;..- T r ,: tro.tnv.....plant at 

to me!t tht 1re Z"'' Al be.... will 

0 Ci. ._e. ±t .::t t of
 
50 hItld Czapacity r'.. Valley r~lt .,.Atnt.
: u n 


Dependitg on further incrOaseo n.ruenii.d. the teritiary
 

treatment plant capacity can be incre-ased at a later
 

dat..
 

2.00 HjIc.T(. AND.'"' "SAG SYSTEM 

~n tuII 

thouch, ,f only during 1930 when a beginning was made 

tO lay Street sewers. This wAs gradually extended 

to othez areas and eitensions. The raw sewage were 

led into natural valleys and used for land ir'rigation 

without any trQatmei .nc-t:u.O of teh 


[', fl,4.. v ii Lit .. y WW i- !''t 

. .jcjiily motropolitdn 

area and the pattern of the sewerage system divides the 

entire area into four major diainage zones viz.,Vrishabha­

vat.hi, Koramnnqali-t, Challaghatta and ':bbal valleys, 

Before the completion of Cauvery I SI-nge Schema, 

there vas ino sewage treatment plant and no underground 

dr ,j. System in many parts of the City,y Nearly 75%, 

oh th- fiapgalore City was provided with under ground 

d-zaJ~ry.. system during the execution of Cauvery I Stage. 

Under C.:zwy I Stag-­. two primary sewage treatment-plants 

we-:: ,:."...-L cted, one on Mysore Road called V.Valley. 

and other ..ar H.A.L. 2tr Port called K & C Valley. The 

sewage thuc <ollected is disposed off to natural w-ter 

course after prmary treatme9t. The primary units 

Include screening, clariflocculation, cise-ctno., slu".. 

drying beds etc. 



3.00 PRESEFhr TrMATMEr fJACIL ,.TIES 

* ,.:a C3.,, of V:-,l~luy scew:.-i0 t r,.atment plant 

is 122 rLJ (27 ir.'d) and the capacity of K & C Valley 

sewage treatment plant [is 162 mid (36 mgd). Under
 

Cauver-y IT Stage Scheme, the eistinq two primary
 

sewage treatment pl ,nts will be expanded. The V.Valley
 

,and & C Valley sewagektreatment plants will be expandeo
 

,to 182 mid and to 218 m d respectively. Secondary
 

treatment facilities will also be provided at these two
 

sewage treatment plants.. Another sewage ,.nt 


Is. propose4 for Hebbal Valley under Cauveve. "1 Stare
 

of 50 mld capacity with secondary treatment.
 

r. 	 plant 

4.00 INDUSTRIAL NEEDS 

Bangalore is one of the largest industrial
 

centres in the Country. The presunt industrial supply
 

;s around §4 told (14 A
mgd). part from the Centr&
 

Govern nentiundertakings, thu Statu Government has also
 

formulated proposals to hav; an industrial belt 
a;,3in 

Peenya. WhItefield and Hosur road. The ircrease 4n thq 

Industrial 'demand is assessed to incrasa at an av~raq 

.rate o 9 iad (2 mgd) per year till 1987 and at the 

rate 	of' .5 md (1 mgd) per year. By 2001 the indigstrial 

-demrnd is estimated to be around 131 mid 	(29 mgd). 

5.00 kT-: 'FOR CONSERVATION OF AVAILABLE WATERS 

in 	 the absence of dextondable rjea;by souxce. f or 

- supplies with the ti.me, ny ag~ m tn ..ln 

scheme will be. costly and time involved will also be 

cdcoolderable. Also even the timely commissioning og 

Stage III Scheme will not improve the present per capita 

supply of 80 to 90 ltrs. and actually the position of 

.. 4)
 



per capitc .' p-in c tilL.4n to 50 - 60 Itr. by 2001. 

This si.tiw.i-i.,t. C : Ebr servatin of available 

waterTherns. uncergroundwatkrs,wvIh all )ossibl(. n 

W41 . .d v:III j iyble the 

re-u-u of waste water for indust:ial and gardaning 

will nave to be adcpted to conserve thepurposes 

drinking water to the maxii.im uxtent so that the prime 

needs of domestic consumers arc met at a satisfactory 

level.
 

6.00 	 CNSERVATTON c1J,'P '. bY REIUSE OF WASTE WATER 

FOR INDU4 £FAL AN ',A ,._"_'_!]_ __(_; 

Tod..y's conventionpl sewage treatr.c-it plant. 

are capable of providing xffluents of a quality better 

than that of many polluted natural bodies of water. Such 

treated effluents can be safely letout into these bodies 

but can also be considered as reliablu sources of water 

both in erms of quality and quantity. This proposition 

becomes qcjite attractive if (a) the raw water source J. 

far away from the point of consumption thereby necessating 

prQvislono a costly collection and conveyanCe system
 

3nd (b) there are industries-in the vicinity of the 

sewage treatment plant which. OCL %utrv-n.c.LL;j uIj. adequate, 

the treated sewage effluent3 for certain wtid;xsCs, thus 

reducing fresh water consumption. 

n e classified asIridzutriai use of water 

Process (Ib,' :. LJ." ,.', (U) Air conditiolintj (d)Coolinl(a) 

(a) Sanitary (f) Fire proiuction (y)Lawn, sprr Liriqs 

gardening etc. Generally tte .d!mand of water for cooling 

a0d boiler feed is about half of all other demands put 

together. Further these two uses do not involve direct
 

http:maxii.im


human consumption. pc.3ible to considerHncfr,. ,-, rr; 

'the ue of ccat JcW.) k* l..,ts to replace fresh 

wal-:r 2o' "c1h.rd ui'.,..... use t'i which,:.., r. 'ur, 

treated suw.. ], 'uL Ki. iL.l i.:.z q,. :.. and lawn 

spriaCLing. all t. e U3Cs.s requi- that the 

water should mee certain minimum quality standards. 

The desirable ranges of concentration of treated sewage
 

effluents in such uLC-S 1L'u: 

Temperature Preferably below 24(C
 
Chlorides Preferably below '75 mg/.
 
Hardness Below 50 mg/1
 

P H Between 6,8 & 7.0 
Orgatilc aiterit As low as possible 

Ccrrossion At the J.L-.,est possible level. 
pot ent ia . 

.uspc!nded so].ids Be.ow 25 cr3/l 

Depording on the end use, !hu d,.. e c:-. teritiary 

'tLeatient to be given to secondar, treated ;?wage effluent 

Varies. It mciy be in the form of simple chlorination
 

'or may be as soph.stlcated as elcctrodialysis, reverse 

ornasis, ,solvent :tract~oni etc. The main aim of this 

t ritiary tr.atm.:-nt are (a) rerroval o: suspended and 

colloidal itter (b) remcval of di.so-ved organic and 

ir.roig ic solids, ami (c) minitnization of sl.my growths 

in tho tticated effluent conv3yarce and distribution systams., 

7.0fl ZCOPE FOr L>..tON OP T:ITIARY EFFLU!' 2Y 
CN"LTUTRIES 1IN AN-D ,RCUND ;( & C VALLEY TR.AZ'M~ k 
RNT 

:-:r 15 a lexce Lbelt of,. lcdLst -z 

r)ishnarjacu'-.m atLd'Whitefiuld ar..a. Aso V.,Iere is a. 

fast expari(lang indu? trial belt in Hosur Road. 'v 

Industrial nencn f: coolin,:i and boiler c~n be met by 

suplying teritiari'ly -!J water tco hese areas. 

For this a separate pir:j ing main has to be iaid from 

K & C Valley tu.:tmi :r4L i-j puinp1 water to thse areas. , 



Out o1 a , .. 	 oa _,i. thg 

r.ektment pl-Pnt about 25 h. 40 mtod of this will be from 

Irlustrial r:-:rce. P su-.1 -r. s score for .t-.ting 

up j 50 ml.. a - r.d I.-nt F,,r s,. pl rnj to the 

Val1.ou3 i.du-', -­ -- l iteci. . . ,1.o en . a continuoils 

anC .,i-interr:-pted cu ].lies without .any cuts imposed, 

3..I THE PROPOS.\Z 

Tne. seaq,-2 trnatm.nt plant at K & C Valley is 

d&signed to produce 143 mtd of treat%,d sewage. This 

volume m4y increase to 218 mid in future. The quality of 

treated sewage effluent will met IS 4764 - 1971 i.e. 

.suspended solids of 30.mg/l and 5 day 20 0 ,C DQD of 20 r!K/l. 

This effluent caii be'treated furthcr by teritiary mthoO 

viz., prech. orinat ion. 'coac1, i:Iti:n su';tling, filterat ±on­

apd post chlorination and rendered fit, tou .rtdaning, lawn 

sprinklinc etc. The industcies m.-y also u.u this effluent 

,for ccoling, b-,oiler feed etc., afttc living it necessary 

.~d~tiongJ treatment. 

6.02 Tt i ,..o. 	 c. od cap'.citv tor.itic-ryLo h-Avo i 


: ..'..tient .,. ~.... ..... ±. ou o. " . ".... w*iter frotn
 

Secondary tredtjtiut unltb to tl, - tri.atmnt lunts 

Wi'b [ nici:o throughout thuun 	 day,. 

8.03 It is proposed to construct Influent pump house, 

flow 	d b.tr.ibution box, .pr(hlorination tank, Alum dcs-. 

:c nnknt ~ i--:-3 :.pid sard filters, 

8. I -FLU;::NTPUM.' 1-;,f.r5 E 

7'e t....tlary treacment units are propo0.?ed at. 

a higher! e.vation to that of z.:o-idn2ry treated effluen 

channel. I.Ionc-, it is nu3L-.;.:jry to ii.ft the wastO wati3e 

from secondary effluent cha3nnel to teritiarv treatment 

Unit.s.herelby r,:c .s i:ii .i, con:.,tiuction of inEluant 

7) 	 ""­

http:1-;,f.r5
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will be taken re effluent 
pump house. The secondAr' 

CI pipe which is laid in a 
W It.3 t.hrourlh 700 r- "a 

to ' 

: in 30 .ThG i -rnphouse ±s provided with 4 Uos.
slcpe c'f 

s cpe f ) *itV to 3Ilk,.-po I 2gainst 3 head 
lit 30

Ot pusto 

o . :v Fro,,i the influent pump hou:;C. wasCte water will 

box through 700 im dia
the distributionbe conveyed to 

CI raising main. 

BOXFIOW DISTRIBUTION8.U5 

The waste water pumped to this unit 
is made to
 

into 3 equal sectiols which 
flow over a rectangularweir 


Wasta water before enta3r~n
tank.
acts as prechlorination 

will flow into the mixing
the flow distribution box 

is made.. At 
channel where arrangement for parshal 

flume 


the pInt of the flume, chlorine will be injec-ted into
 

for the purpose of prechlorination.
waste watu" 

TANK3.06 	 PRE-CHLORINAT ION 


in this

of the waste water is done 

Chlorination 
has25 minutes cor..a:t period 

tank before sedimentation. 

the tank. Th. pre-chlorination
while designingbean prcvid~.C 

a. it (1' affects reduction in taste and 
if r, cu.%red 

load on filterak1,.,izes bacterial 
od.ur of waste water (2): 

(3) 	 Unp;-uves coagulatLor (4) pteVeLU the growth of algae 

oftne purificationcaujk (5) preventsin sedimeitation 


sludge -in settling oasin.
 

8,07 A.-A' D"SAGE TANK 

the waste Water 
F-"-nm th3 prechlor.nation tark, 

cr.tCksag. - tank whhee c',agu (alum) will be 
enter.s Alum 


F.or thorough :ritxLng, the
 
mixed with Ithe wa:ste water. 


made to
 
water and .oaqulint will I',

mixture o2 waste 

.8)
 



pass through -h channel i, ,b. flurning is done a.-,nd 

ClOso vertic-, afF , wi1 .. ' ,, , - ,t sides of 

tho 2hann,.' - ) , t vinl, ,t ,j I, . 

8.03 FLOCCULA'f ION TANK 

From the Alum dosage tank, tn Waste Water enters 

flocculation tank where flow formation takes place. 

Flocculation is promoted by guntlk stirring with slow 

mixing paddles ard thq tanks are fitt-Aed with mkchanical 

devices to affact cont'rol on agit3tio1. A detention 

period of 30 mins. has buen cc)n idzr,-d for the design. 

8.09 CLARIPf1EfS 

The ;jast, water f rcm the .]cCi'!A .,. ua: enters 

the clarifi. _ w settle down E- tnQ bottom2±cx L, 

of thu tank. Each clarifiur has been designed to have a 

over low rat-.i of 40 m3/m/day and ,i detention period of 

320 mins. The settled sludge will be soraped at the butto 

of the clarifiers with mechanical scraper Which will be 

m oi'rtod on a central shaft connected to gear box and a 

motor at the top levc).. d'o: settlue -:iudge wil.l i--L. 

drai. i- Lnt-i the wet wd.itl rd' sludge pump house under 

bydrm:ata~c nressiire. Sludge from sludg, ptnp house will 

b. spre'ai on .'.uo dryirng be<s 

SC2? .'A210 SXND F"ILT''£ 

he'- w;ill be so: fine. f locs and other suspended 

matter in -;he -Effluent ot the clarif£rs. To re,,,va thelm 

and to reduce the bacueraal content of the waste water, 

the wastq wd. is passed throu.in repid sand filters, 

For design purpsu, the rate of fiil,-ration is taken as
 
2 

100 its/min/m"n. Por cleaning and washing of filters, 

a.rranaement for backwashi.no Ji mndr.. 

9)\ 

http:backwashi.no
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8.11 CHEMICAL HOUC3E
 

f t'ouse, 


cnst.u:':-ud li 


Alzcent 	 to the ntr i chemical house 

w:l'. 0e to .tui ind 	 Chlorine cylinders. 

Arrangement fcr hou:;ing thu c iJc-rinators and also device 

fcnr making alum soiatiod is made. 

8.12 	 PURE WATER TANK 

The effluent trom rapid sand filters will be'.
 

taken into tho Pure Wator Ta'nk of capacit," . told. In
 

the Pure Wat;:r Tank arrangetunt for post e.;' rination of
 

teritia-r, treated wast -,, .t,.r is made.
 

8.14 	 EPFLUEr' PUMP HnUSE 

By --no side ofPure Water Tank, effluent pump. 

house will be provided to pump the treated water to the 

nearby industries. For pumping water, the following lines 

will be laid to be used e--ciusively for pumping this water'. 

1. 	 K & C Vallcy troat.in,nt plant to Whituf.,old 
area - dlstanco I7 Kins. and 700 mn line is 
proposed. 

2. 	 K & C Valley treatmn3nt plant to Electronic
 
Ctty in Hosur Road - di sriLca 17 Kms. ­
700 rrm line is proposeci.
 

9.00 	 COST ,.'±TYATFEs 
1 le'e -irated Qos: a11 oa .sGG,00 lakns as 

per det acls g..ver in AnnexaZe - ., 	 ain breakup Costs are: 

,sl in lakhs
 
'iri::. Z.. reatmenL unJ*%,- 160,00
 

2. Pumpir.. main 	 480o00
 
3. Pumping units 80.00 

4, Zsclati.rl, T &.P and 
establsJThrrer.t 	charqgs. 180,00
 

900,00
 

The 1"oc ordary treatment; plant is expected to be 

commissioned oy 1986-87 and the toritiary t.' ,nant can 

be take n up for .i.cutdon ,iur:.rq 19B7-88 anc .*,:mpleted in 

3 years i.e. by 1,39-90. 

http:Zsclati.rl


Y 1Cw 01. . :-.t 'i . , rt-'e, rt-d for 

s .'kt tn, u.p... :o. t'ril: of 50 mld 

C,-paclty aru: 

198G-o 50(j 1.Y! rhis
 

19e9-90 200 a'k'o
 

The cost. cf production of this water will be 

Rs.l 4.0 Per 1000 itrs,. as per dotails given Anne-xure 636 

It is proposed to have 3 years of moretoriam period and 

the loan of 9 crores is made available in instalments as 

p-. requirw.;;,:i- funds.;f qe lm-,n .i.s a ,.v-.- to carry 

an int - z - t'.; ... r. 0,rc,s ' 

• :-"LOr.L , .?ut..t qeno-rate arouand
 

';CO zkh" -.
 J'..-ixeet d to ba a
 

self suzs.-.ainL-nq ~'in- 1--1 .
 o-.ration,cnd maintenance
 

cost :;,,u,rg ct *c,,a. j:;: . ;-.t"t nt is expected
ZLidt 

to be inct. 

. t.h :. fi.ltrd watr whir:h 
is
 

o!..at ? rtv '. i . -.-- ]3. ::xocdd.. to "th, 

iI1 ~strLaleons;n .rs,5t .'ZL '-..u proposalv_. .'-tractive 


for the iu'.trth'iaj users i; 'e!-.tiary n.-.,. water is
 

-. .at F.;," . CO:),-r-nl . on J-0 .:.vrag . 
1 : , _ .. ., " 

•.,t=-E i, 3= 0c need to consurve the availabl.e. 

filter(ed L.. suprli*d to the City Ds the Commissioning 

of III ;3tage scheme is also not goi,8 j to .,iprcve the per 

capita supply of 80 - 90 ].trs. given to the City., 
 Reuse
 

. t) ).. 



.
of water f-- irdustria . . :. ni ,ipurpose will
 

ccntri.)u%'. 10. r t;.r .V/'Ldif J water
 

f,-r dri&in3ng p _h.. is. 
 7:x? for tting uip
 

of F. 50 mid, teritiary treatment unIt at K 
 & C Valley
 

treatm.n: 
 a.and supply it t, the industrial consumers 

in industri-ii oelts 1ocat(-,,, 'in :.rshnarajapuram,
 

Mhitefield and Hosur Road irea3,
 

The tcji- r,. s pz'oposud estimated 

to cc,!tt Rs.9.CO CI-.'uL incu Lu ing 1h.hu r,.qufred distribution 

and pump.ng. The Pr',jc.c can be ta'ken up for execution 

irn 1987-88 and ',_,n .et6d in three years. 

The.3 .T;'ojc.:t carn Cfl-n,,2 '.iQJyment-

of Joa-..:; ,1-i 20 years cir.'J 4,; anction ;. a self 

:~ <'j 



------ -- -- --------------------- -- -- ----- - -- -- -- -----

Det.~ estima t-e f or pro-.'iO!ng -nd laying 700mm, 00rmm C ­

%of J..ths "$Onrj, 510Cm & 3,10Cm) diameter disti.iutary mai m 
'.*-;ont
'&c Vl'.-.. .;, , ]'..mt to (i) white field: & (ii) 22c'ron; 

City, H,~rR~! 

*** **** 

i)escr. ,nticn No. L B D Qty. Rate Amouri 

"" '' ":2chiinJc~l Portion: 

1. C.I.Pipes '9' Class (S&S) 700mm 0 of 
length 5.5m. 

6500m 1500/- 1,27,50,00rn/­

2.: CI.Pipes B' Class (SA.) 60Omm 0 of 
515m length 

5lOOm 1100/- 56,10,000/­

3.' C.I.Pip- 'D Clas kS&S) 450mm 0 of
5.5m lr-t'h 
, r
 

3400m 	 790/- 26,86,CC')/-


C.I ch .,v'ds 	 - L.S. - 5,00,C,'­

5. C.I..co..r ,..-aaches nd bends 	 - L.S. ­

6. tead .,ri -r;',t y.vrn -L.S..- 10,00,000/-

Prt 'V' CX.. port!on: 

.. 	 Earthwork e:-cavation 
Item No. *r-.o ",: 

87-.0 X.2 1 10200 Cmtr. 

I 5£10 1.0 1 57100 " 

1 3400 0.75 1 ?r350 " 

17050 Cmtr. 
Dedm:.t ICr., 4o.: harl roc 175 " 

-(r)C,5 Cmtr. 

ni Fs. 5.35 a85, 1. / 

I t. 2m deptio 	 I 8500 i.2 i 10200 Cmtr. 

.1.s100 10 1 5100t
 

3 3400 0.75 1 2?3..-' 

17853 Cmt,. 
,duct 10% for hard rock 1785 " 

16065 Cmtr. 

@ Rs. 6.45 
-\ 



-. ­ - - -.. 
. . . .•Hard 

-
. . 

. . . .c: 
. . . 

. .i-


Item .
 
3370 Cntmr. 
 63.75 2,27-,5 

. onveying alid laying of pipes.

Item No.6 page 7I
 

70O~v-. 0 8500116 00mM 0 16.95 1,44,0'SlO0in 9.10 4G,4:45Crrxn 0 3 4 00m 6.00 20,4(
4. Labour charges for fixing

vC2.ves, speciai.i nd bendsetc. 

- L.S. -
 1,0010C


5. Msc'e lanec,,s and rounding off 
2,25,96 

Total k. 2,40,00,00
 

(Rupees 7"0 c: ores forty lakhs only) 

/S A
 



Appendix D
 

BANGALORE WATER SUPPLY AND SEWERAGE BOARD
PROJECT APPRAISAL ON SECONDARY USE OF WATER PLANT
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1.00 	 INTRODUCTL,;
 

Th- -i!y cf Ranaa-.L:ra gets its daily sapply
 

o :_c.:r- C¢,QVcr1Vy ;ic'.d Arkaathi so uces jwith the 

ceti.r' sL;Jy.)ngf the Second StBIge Cauvery Scheme the
 

supp'Ju.s to the City w±i.l be around 95 mgd (435 mid)
 

acco'%nt'.ng fo. 
a p-L capita supply of around 90 LPCD 

after allowing for distribution losses and industrial
 

supply. The present industrial supply which is arouni
 

64 mt.ol 	 is ex-ct-dtobe double," by the end of 2000.
 

.,'ih no .nearbydeperjdable sourae-a.,. .ncreasied
 

dependerCe 'C intIutsries foz-'supply of water from
 

B.W.S .S.B., it is essential that the water available
 

is. conserved to the maximum extert. In this direction
 

it is essential to harness the underground waters
 

wherever available to the full advantage. In addition
 

to this 	it will be of a greater help if the industrial
 

demand is met by other means. One such method is to
 

re-use the waste water for industrial purposes after a
 

suitable 	teritiary treatment. 

Out of"435 mWd of water supplied .. t .e City
 

ab, t 70 to 80% is expected to fljw into valleys as
 

waste water. in K & C. Valley zone 
the- ultdmate flow
 

_s excecLad to be. around 21P mid 
 including industrial
 

w.aste fic : which is around: 29 mid at present. There
 

is-a g.f:go potential for 're-use of 
waste water for. 

.gardening, cooling and boiling purposes by the industries
 

in Kri31_narajapuram and Whitefield areas on one side
 

and industries located in Hosur road on 	the other side. 

*0 
%	 01/ 

http:acco'%nt'.ng


'r-- IT ,3tge-- . the treatnrt plant at
IC & C Va3i~!.-_-- i2,:, ,:'-_ ,c.:.. tc: '~-,..a- treatment 

to IrQ-, the prc-1u nostr1..l dlerands, it will be
 

fea. o- , provide 
 terit4aYy t.r,,atmr.lnt plant of
 
50 hm2d caoaitv in 
 ;- & C Valley treat-ent plant.
 

Depending on 
 further incraasee P°n d6ma,,ds the teritiary 
treatment plant capacity can be increaseI at a later
 

date.
 

2.00 HIFTCaYY0- rANTGAJ.,O Z SOA.N-- D SW .'tAGE SYSTEM 

T•-. sewerag.e system in the City was first
 
thouqlltt,: 
 onl' during 1930 when a beginning was made
 

to lLy street-sewers. 
 Thjis was gradually extended
 

to-other 
areas and elctensions. The raw sewage were
 
led into- natural valleys, ard Used 
 for "land,irrigation
 
Without any treatment. 
 '.The topography- of the metropolitan 
area-- and the' patter- oe the sewerage-. system divides the 
entire area into four major-.drainage 'zones; viz.;Vrishabha_ 

vathi, Koramangala,:- Chal.laghatta, and Hiabbal vall-eys. 

Before the completion of. Cauver,- I Stdge Scheme,
 
there was no sewage-t r.atment 
plant and no- un drground
 
drair c syst -ini. mar 
 part-. of:.the City, Nearly 75% 

cf the Fiangalor& CitY-was provided with under ground
 
draira ge- sxstem duringi the execution ofE Cauvery I Stage.
 

Unde-r Oa.ery- I Stagetwp primary Sewage treatment plants 
were -r'tr-LUcted, one on. Mysore Road- called V.Valley
 

.qdOther near- H-A. 
 Air. Port- called: It & C. Valley. The 

sewage thur collected is disposed off to natural water 
course after primary treateTP-nt. .The primary units, 
include ecreening, clarif OCculation, di aetc~ sluasd 

drying beds etc, 

4ol
 



3.00. PREStr[_ TPPATME-, .- 'LI ITIES 
: i c t-f V ;,11ey sewage treament plant

-is 124 uL (27 r%;d) and th.e capacity of K & C Valley 
sewage t.catmen 
plant is 162 m.1d (36 mgd). Under
 
Cauvery !I Stage Scheme, 
 the existing two primary 
sewage treatment plaihts will be expanded. 
The V.Valley
and K & C Valley sewagg treatment plants will be expanded
to 182 mld and to 218 mld respectively. secondary
 
treatment 
 facilities will also be ProvLded at these two 
sewage treatment plants. Another sewage treatment plar
is proposed for Hebbal Valley under Cauvery II Stage 
of 50 mid capacity with !secondary treatment. 

4.00 INDUSTRIAL NEEDS 

Bangalore Is one of the largest industrial
 
centres in the Country. The present industria1 supply

is around 
64 mid (14 mgd). A part from the Central 
Covernment undertakings, the State Government has also
 
formulated proposals 
to have an industrial belt around
 
Peenya, Whitefield 
and Hosur road. The increase In the
industrial demand is assessed to increase at an average
 
rate- a 9 mild(2 mgd) 
 per year till 1987 and. at the 
rate of <5 mid (1 mgd) per year. By 2001 the -dustrial
 
demand. is 
 estimated to be around 131 mld (29 99d). 

15.00 hDFOR CnmErVATI0N OF AVAILABLE WATERS 

in the absence of derwwdable nearby source for
Qug1entation of. supplIes with the 
tme any 
augm ntatlon 

scheme will be costly and time involved wj-il also bedCns4able. Also even the timely commissioning of
Stage IXI Schema will not improve the present per capita

supply of 80 to 9 0-1trs. and actually the position of 14 
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per capit1 wiCl11plyO' _bwn to 50 - 60 !tr. by 2u001. 
.This sit:..-, calils for c-rnservation of -Available 

waters w.h 311 possible means.. The underground water 

Potential will have to harnessed wherever possible the 

re-use oF waste water for industrial and gprdening
 

purposes will have tbo be adopted to conse ':, the 

drinkinj water to the.maximum extent so that the.,prime 

needs of domestic consumers are met at a satisfactory
 

level. 

6.00 CONSERVATION OWATER BY. REUSE OF WASTE WATER 

FOR INDUSTRIAL AND GARDENING
 

Today's. conventional sewage treatment plants 

are capable of providing xfluents of a quality better 

than that of many polluted natural bodi Suches of water. 

treated effluents can be safely letout into these bodies 

but can also be considered as ieliable sources of water 

both in terms of quality and quantity. rI.s -proposition 

,becomes quite attractive if (a) the raw water source is 
far away from the point of consumption thereby necessatin 

provision of a costly colle9tion and conveyance system 
and (b) there are industries in the vicinity of the 

sewage treatment plant which. can caczvenionLly use adequately 
the treated sqwage effluents for certain purposes, thus 

redtqing- fresh water conumptin. 

rindustrial use of water cma be classified as 
(a l Process (b) Boiler feed (c) Air conditioning (d )Cooling 
(e) Sanitary (f) Fire proteqtion (g)Lawn, L~rinkiJngs, 

gardening etc. Generally the .demand of wate: for cooling 
od-boiler feed is about half of all- oter demands put 7 



hurrah consumption. 
S-I 

Hence, it -s possible to consider 

the ue of t--ceated sewage eEfluents to replace fresh 

water for 'hese two pur ,o A third use t-j which 

treate sewagei can be puit is that foz qa. -r; f:g 
 and lawn 

spr -nling. :,Iowever, all t-iese uses requi: ,- that the 

water should meet certain minimum quality standards.
 

TMe desirable ranges of concentration of treated sewage
 

effluents in such uses are:
 

Temperature. 
 Preferably below 24 0C 
Chlorides Preferably below '75 mg/i 
Hardness Below 50 mg/l 
P H Between 6,8 & 7.0 
Organic con-tent As low as possible 
Ccrrossion 
 At the lowest possible level
 
Potent ia .
 

.Suspended solids 
 Below 25 mrV/l 

D pending on the end use, the da1.:- e c:: teritiary 
tr.eat,ent to be given to secondary treated zwage effluent 

Varies. It mty be in the form of simple chlorination
 

or may be as sophisticated as electrodialysis, reverse
 

-o- masis, solvent extraction etc. The main aim of this
 

teritiaiv treatmant are (a) 
 removal of suspended Fnd
 

colloidal mrrtter tb) removal 
 of dissolved organic and 
irnorcp,, c :3olds ar 
 (c) minimization of slimy growths 

in the treated effluent conveyance and distribution s,,,stems. 

7. 2f- SCOPE FOR UTMLISATIOq OV TERITIARY EFFLUETD BY
"f2J>U3TRIES iN AND AROUNJ 9Z VALLEY& C TREA' MEN 
PLANT 

Th is 
a large Lelt of Indu-tri . .urd 

'-rishnar.iJc.puram and hitefield area. Also r-nere is a 
fast expar.an.iig industrial belt in Hosur Road. Tile 
industrial needs for cooling and boiler can be met by
 
supplying te'itiarily treated water to these areas.
 

For this a separate pumping main has to be laid from
 

K & C Valley treatment plant to pump water to these areas.
 



Out of a-total fjow of 21' w&-( of sewaqe into the 
treatment p~pent about 25 to 40- rld of this will be from 

InlustriaL source As such tbere is scope for setting 

up a 50 n1.. scwaDe treatment plant for supplying to the 
variou3 industries lccated. This also ensures a Continuous
 

and "un-interrupted supplies without any cuts imposed. 

0,00 THE PROPOSAJj 

The sewage treatment plant at K & C Valley is
 

designed to produce 163 mld of treated sewage. 
 This
 

volume may increase to 218 mld in future. 
The quality of
 
treated sewage effluent will met 
IS 4764 - 1i-"W3 i.e.
 

suspended solids of 30 mg/l and 5 day 200 C BOD of 
20 mg/l.
 

This effluent can 
be treated further by teritiary methods 
viz., prechlorination, coagulation settling, filteration 

ond post clhlorination and rendered fit for gardening, lawn
 

sprirklinc etc. The industries may also use this effluent 

for ccoling boiler feed etc., after giving it necessary 

additioal treatment'.. 

8.02 
 It is propised to have a 50 mld capacity teritiary
 

zreatment units. 
Hene the flow of waste water from 

S~c-ondary tretent units to teritiary trc-tir:-nt units 

will :- uniorm throughout the da-,. 

8.03 
 It is proposed to construct influent pump house, 

flow dAstrUbution box, prechlorination tank, Xlum dosage 
carA, flccculatLon tank, clarifiers, rapid sand filters, 

chemical Louse Pure water tank and-effluent pump house.
 

8.04 -iT1fLUENr PUMP HOUSE 

The teritiary treatment unite are proposed at
 
a *iMher elevation to that of secondary treated effluent
 

channel. Hence, it is necessary to lift the waste water
 

from secondary effluent channel to teritiary treatment
 
units t hereby necessiating the consructlon cz nfluent 



pamp house. The secondary treated effluent will be taken
 

to wet wel'. through 700 mr, dia CI pipe which is laid in a 

slope of 'k in. 300. The -,ump house :Ls provided with 4 Nos. 

of pumps of cajacity to lift 300 lits/sec. -iainst a head 

of. !r T. Froi~i the influent pump house, _.'to water will 

be conveyed to the distribution box through 700 mm dia 

CI raising main. 

8.u5 FLOW DISTRIBUTION BOX 

The waste water pumped to this unit is made to 

flow over a rectangular weir into 3 equal sections which 

acts as prechlorination tank. Waste water before entering 

the flow distribution box will flow into the mixing 

channel where arrangement for parshal flume is made. At
 

the point of the flume, chlorine will be injeoted into 

waste water for the purpose of prechlorL_.n. 

S.06 PRE CHLORINATION TANK 

Chlorination of the waste water is done-in this 

tank before: sedimentation. 25 minutes contact perJod has 

been provided while designing.the tank. The pre-chlorination 

is recured as it (I) -affects reduction in taste and 

odour of waste water (2) redtces bacterial load on filters 

(3) iLmproves coagulation (4) prevent3 the growth of algae 

in sedimentation tank (5) prevents thne purifJcation of 

sludge in settling basin. 

8.07 A._J;f DSAGE TANK. 

F'nm :he prechlorination zark, the ,;aste trater 

enters Alum dusage tank where coagulant (alum) will be 

mixed with the Waste water. For thorough mixing, the 

mixture of waste water and coagulant will be made to 

(4
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pass through the channel in which f1umin4 is done and
 

alsO. Vertical. baffles will be ::ixed to both the sides of 

the channel to create violent hgitation.
 

8,03 FLOCCULAT ION TANK
 

From the Alum dosage tank, the Waste Water enters
 

flocculation tank where flow formation takes place.
 

Flocculation is promoted by gentle stirring with slow
 

mixing paddles and the tanks are fitted with mechanical
 

devices to affect control-.- on.aqtatlon. .. detention 

pexioa.nf.. ..-IQ mins- has: been, cnsidered forithe design. 

8009 CLIARIFIF 

The waste water from the _locculaton tank enters
 

the clarifier where flocs will settle down a' the bottom
 

of the ta.nk. Each clarifier has been.designed to have a
 

over flow rate of 40 m /m /day and a detention period of
 

J20 mins. The settled sludge will be saraped at the botta 

of the clarifiers with matac1ai:w-raber-whieh will be 

.oimtedcow a certta,1:hshaftr o.o~nectbd:t&geakr box and a 

'=mtaor t Theosettledb-ludge will be 

drahIma Irffb 'the-,et h~asld~ppseun~der 

4Y~rctati -; Sud64qfrom dludge,pump house will 
*. tlup gb;~): i".p "e~m- or,- d' 

NTIb -SAND_FILTER8
 

wWill 5esdm fine flocs nd :other suspended
 

matter in 4he 
effluent of the cl'ar dfs -To removethem 

and to reduce the bacterial content.of the waste water, 

the waste watez is passed through rapid sand filters. 

For design purpose, th* rate of filteration is.taken as 

100 lts/min/m2. For cleaning and washing of filters, 

arrangement for backwash.na J..q .i . 

http:backwash.na
http:content.of
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8.11 CHEMICAL HOUSE 
Adjacent to the filter house, a chemical house 

will be constructedto store Alum and Chlorine Cylinders.
Arrangement for housing the chlorinators and also device 
for making alum solution is made. 

8.12 PURE WATER TANK
 
The effluent 
frau rapid sand filters will be 

taken into the Pure Water Tank of capacity i0 mld. In 
the Pure Water Tank arrangenent for post chlorination of 
teritiary treated waste water is mede. 

8.14 EFFLUENT PUMP HOUSE
 
By the side of Pure Water Tank, effluent pump


house will be provided to pump 
 the treated water to the 
nearbv industries. For pumping water, the following lines 
will, be laid to be used exclusively for pumping this water. 

1. K & C Valley treatment plant to Whitefieldarea - distance 17 kms and 700 mm lineis
proposed. 

2. K & C Valley treatment plant to ElectronicCity in Hosur Road - distance 17 Ius 

9.00 COST ESTIMATES 

The estimated cost will be i. 1500.00 lakhs 	as
 
per details given in Annexure-1. Main breakup costs are: 
1. Teritlary treatment unit	 Rs. in Ilakhs2. Pumping main 
3. 	 Pumping units 700.00
 

15000
4. Escalation T & P andestablishment charges 
300.00 

1500.00 

The Secondary treatment plant is expected to becommissioned by 1988-89 and the teritiary treatment can 
be taken up for execution during 1988-89 and completed in 2 to 
2years i.e. by 1990-91.
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10.00 FINANCIAL 94TB& FEASIBILITY AND FORECOSTS 

The flow of funds that will be required for setting 

up of the teritiary treatment unit of 50 mid capacity are: 

1988-89 400 lakhs
 

1989-90 700 lakhs
 

1990-91 400 lakhs 

1500 lakhs
 

The cost of production of this water will be 

Rs. 2.50 per 1000 itrs. as per details given Annexure '3' 

It is proposedto have 3 years of moretoriam period and 

the loan of 15 erores is made available in instalments as 

per requirement of funds. The loan is assumed to carry 

an interest of 10.75% to be paid in 20 years. 

The water sold is explcted to generate around 

300 lakhs per year and the plant is expected to be a
 

self sustaining unit ary3 all operation and maintenanfe 

cost incluxding that of secondary treatment is expected 

to be met.
 

Considering&Tat the filtered water which is 

sold at a rate of f. 4.60 per 1000 litrs. sold to the 

industrial consumers, it will be very attractive proposal 

for the industrial users if teritiary treated water is 

sold at Rs. 2.50 per 1000 litrs. on the average. 

11.00 CCNCLUSIONS
 

There is a great need conserve the available 

filtered water supplied to the City as the Commissioning 

of III Stage scheme is also not going to improve the per 

capita supply of 80 - 90 ltrs. given to the City. Reuse 

.. 11 



of water for industrial and iardening purpose will
 
contribute in conserving 
 the available filtered water
 
for drinking purpose. 
 There is a scope for setting up
 
of a 
50 mid teritiary treatment unit at K & C Valley 
treatment plant and supply it to the industrial consumers 
in industrial belts located in Krishnarajapuram, 
Whitefield and Hosur Road areas.
 

The teritiary treatment as proposed estimated 
to cost Ph. 
 15.00 Crores including the required distribution
 
and pumping. 
The Project can be taken up for execution
 
in 198-a and completed in three years.
 

The project can generate funds for repayment
 
of loans fully in 20 years and to function as a self
 
sustaining unit. 



ANNEXURE I
Abstract of cO.st estimates. 

A detailed estimate is prepared based on S.,
of 85-86 for all Civil Works and nrcket rates for materials
and mechanica equipment. The abstract estlizae is givenbelow. 


R, in lakhs
 

1. Civil orks ZOO
 
2. Piping and Channels 

403. Mechanical equipmnents 
50

4. El ectrical & i !itrumentatiol 
£ 45

5, Proliding ttternal roads 
10

6. PfOviding lab andmodel room 57. Providing dist-r.bation system 700
8, Pumping units 

150 
9. Escalation of pices @ 20% 240 
10, Miscellaneous unforeseen

charges establishnelt charges
 

60
 

Total 
1500 

1500Y
 

mA
 



ANNEXURE-2
 

Production cost per 1000 litres 
1. 	 Capital cost of the project
 

(based on the estimates) 
 1500 lakhs 
2. 	 Rate of interest andperiod of repayment 10.75 and 20 
3. 	 Period of ccnstruction 3 years 

4. 	 Interest on loan during construction
period (capita!ised) 225 lakhs
 

-.Total capital cost to be financed 1725 lakhs
 
6. 	 Repayment of 	loan per year for 17 years 101.47 lakhs 
7. 	 Interest on capital (sinking f~wd
 

is created by investing savings in
 
interest each year, resulting out of

repayment) 186.78 lakhi 

8. 	Depivciation charges:
 

(a) 	Plant & Machinery @ 6% .'-S, 11.70 la.1chs
( 95 lakhs + 100 laXbs = 195 lakhs) 

(b) 	Distribution mains 0 2%
 
(7u0 lakhs) 
 14.0 lakhs
 

(c) Civil Engineering works and
 
buildings @ 2% ( 255 lakhs) 
 5.10 lakhs
 

9. 	 Maintenance and repairs: 
(a) Pumps & motors @ 2% (195 lakha) 
 3.9 	lakhs
 
(b) 	 Transmksslon raiain @ N(700 lakhs) 3.5 lakhs 
(c) 	 Civil Engineering worls and
 

Building @ 1% (195 lakths) 
 1.95 lakhs
 
10. 	Power charges 
 40 	lakhs
 
11. 	Chemicals and cc¢nsumables 
 4 lakhs 
12. 	Additional operating staff 
 5 lakhs
 
13. 	 Total Gost 377.4 lakhs
 
14. 	Cross supply 50 	M.L.D.
 
15. 	 Lossesin the system @ 15% 7,5 	MLD 
16. 	Net quantity earning revenue 
 42.5 Hi.L.D. 
17. 	 Net quantity of water sold per year 15512.5 M.L.
 
18. 	Unit cost 
 2.43 per1000
 

say 	2.50 per 1000 litrs. 



- ~ ~ ().1) 
2) 

nfluent -iriphouso 
F~r ~~:.Luinbax 

f Ii-c-hlorJn-ItIcn Tank 

,t- _...j . - - I - 5) Floccu.lation tank 

I 6) Clarlfizr 
-7) Rapid sand filter 

SA) Chlorine storage hous 
9B)Alum storage house 

- \ 
G-)' 

-
91 Pure water tank

10) Sludge pumph use 

I- -­ - _, t -
I "C - - -- -- -, , A 11) Sludge drying befs 

" "- - 13) Wash wAter pumIue 

f14) Effluent pxmphcue. 

_ _-" . _ __ ~ A-. _ __ 

B. W. S. S. a. 

I Process Diagram of Tertiary 
-­ eatment at E&C Valley 

Treatmeunt Plant. 

Abzi~j­


