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PART A ― THE PROBLEMS

1. The Increasing gap between Demand and Supply:

Bangalore is the fastest growing metropolitan city in India during the past fifty years.  It has now the third biggest City Population after Mumbai and Delhi (City Census 2011 from census2011.co.in).  Bangalore’s  growth of population over the 150 years, the decennial growth, the area of the municipal corporation and the density per square kilometer are shown below:

TABLE  1

    POPULATION, AREA, DENSITY AND GROWTH RATES OF BANGALORE OVER THE DECADES
	Sl #
	Year
	Population

In Lakhs
	Area in Sq.km2
	Density in Sq.km2
	Decennial Popn G/R

	1
	1871
	1.44
	
	
	

	2
	1881
	1.56
	
	
	

	3
	1891
	1.60
	
	
	

	
	
	
	
	
	

	4
	1901
	1.63
	144
	1132
	1.88

	5
	1911
	1.89
	156
	1212
	16.0

	6
	1921
	2.40
	160
	1500
	27.0

	7
	1931
	3.09
	174
	1776
	28.8

	8
	1941
	4.10
	181
	2265
	32.7

	9
	1951
	7.86
	193
	4073
	91.7

	10
	1961
	12.08
	255
	4737
	53.7

	11
	1971
	16.54
	285
	5804
	36.9

	12
	1981
	29.22
	366
	7984
	76.7

	13
	1991
	41.30
	466
	8863
	41.3

	
	
	
	
	
	

	14
	2001
	57.01
	531
	10736
	38.0

	15
	2011
	84.99
	805
	10624
	49.1

	
	
	@4% CAGR
	
	
	

	16
	2015
	99
	805
	12298
	

	
	
	[Projected @ 4% CAGR]
	
	
	

	17
	2021
	126
	
	
	

	18
	2031
	187
	
	
	

	19
	2041
	277
	
	
	

	19
	2051
	410
	
	
	


[Source: (1) Bangalore’s Population Trends – 1871 to 2001, from Invisible City-Makers,  research report inJNNURM BSUP CDP quoted by Vishy in RANDOM dt. 14-9-2011; 
(2) Census data from Google and article, City Profile-Bangalore by HS Sudhira and TV Ramachandra of Centre for Sustainable Technologies, IISc and MH Bala Subramanya of Department of Management Studies, IISc. www.elsevier.com/locate/cities. ]

The first significant growth of Bangalore occurred in the 1950s and 1960s due to the establishment and expansion of Public Sector Undertakings such as Hindustan Aeronautics, Bharat Electronics, Bharat Earth Movers and the Defence Research organizations.  The second phase of explosive growth occurred in the 1970s and 1980s due to the expansion of Information Technology industry and private professional colleges known as “Donation Colleges”, and growth of Banking sector.  Even after reaching a large population base, the growth rate remains unabated due to the availability of skilled, technical manpower, increasing purchasing power of a large salaried middle class, real-estate and commercial development, its salubrious climate, etc. From its population of 7.86 lakhs in 1951, to its 2011 Census population of 85 lakhs, Bangalore City’s Compound Annual Growth Rate (CAGR) is 4.05%.
2. While the area of the Bangalore Municipal Corporation has increased from under 200 km2  till 1950 to over 500km2  in 2001 and to a high 800 km2  in 2007 (BBMP), the growth in living space and consequent infrastructure facilities such as water, roads, sanitation and environment quality are not keeping pace with population growth.  Bangalore has one of the highest densities per square kilometer of urban space in the world as shown below:

                                                   TABLE  2
 


    City

        Popn per km2

  


New York
-
 1,800
 


Paris

-
 3,800
 


Tokyo-Yokohama
-
 4,300
 


Beijing

-
 5,000
 


Rio de Janeiro
-
 6,000
 


Sao Paulo
-
 6,400
 


Djakarta

-
 9,400
 


Cairo

-
10,400
 


Delhi

-
11,500
 


Kolkota

-
11,900

 


BANGALORE
-
12,300

 


Lagos

-
12,700
 


Karachi

-
18,300
 


Mumbai

-
30,900
 


Dhaka

-
44,400

[Source: WORLD URBAN AREAS-POPULATION AND DENSITY: A 2012 UPDATE by WENDELL COX] 



3. Water Supply—Background  

SYSTEM OF CASCADING OF LAKES, ITS DESTRUCTION AND CONSEQUENCES:  

Unlike most other major cities of the world―London, New York, Moscow, Paris, Beijing, Tokyo, Bangkok, Cairo and so on― Bangalore which was founded by Kempe Gowda in 1537 as a commercial centre with only Chikkapete and Doddapete roads, has no perennial or major rivers.  Its Arakavathi, Kumudavathi and Suvarnamukhi are only seasonal streams.  Therefore he constructed lakes and so did his two sons who succeeded him.  After 1687 when Kasim Khan, the general of Aurangazeb, deposed Venkoji, the Maratha chieftain then ruling Bangalore and sold it to Chidkadevaraya Wodeyar of Mysore for Rs.300,000, the Wodeyar clan and later Hyder Ali and Tipu Sultan and after them General Hieram Sankey of the British East India Company―all of them built lakes.  Especially  General Sankey, after whom Sankey tank is named, perfected the system of Cascading of Lakes by building 30 feet wide Raja Kaluwes of inlets to and outlets from lakes, taking surplus water to the lower levels of tanks till all its celebrated 1,000 lakes would be full in a 830 mm Normal Annual Rainfall (NAR) year.  

Even today, the Revenue Department’s Survey maps of Bangalore Urban district of 5 taluks show 937 water bodies with 26,468 acres of tank bed land and about 850 km of Rajakaluwes (Storm Water Drains and Water Weirs) of 30 feet width connecting the lakes.  But what was built over 450 years, Bangalore has managed to destroy in 50 years with only about 400 lakes left, which too are storing only sewage water. Even these surviving sewage tanks and Rajakaluwes have large scale encroachments and are full of Nitrates from human excreta resulting in ground water contamination and are drying up.

Till 1974, when the Cauvery Water Supply Scheme started, Bangalore’s 17 lakh population was getting its drinking water from Tippegondanahalli Reservoir and Hessarghatta Lake both of which have now ceased to supply water due to encroachment on inlets, drying up and pollution.

According to the estimates of the BWSSB the population, demand and supply of water and the shortfall from 2011 to 2051 are as follows:

                                                         TABLE  3

[image: image1.emf]Year Populati

on in 
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Water 

Deman

d in 

MLD

Present 

supply in 

MLD

Short 

fall in 

demand 

in MLD

Remarks

1 2 3 4 5 6

2011

95.89 1901

860 1041

1. Water demand is taken at 150 

lpcd and 10% of the same for ND 

demand and 20% allowance for 

leakage.

2. The supply from Arkavathy

source is reduced to 50 MLD 

due to insufficient inflow in the 

river.

3. The supply is increased by 500 

MLD to be commissioned in 

2012 under II Phase of Cauvery 

IV stage and considered from 

2021 onwards.

2021

121.84 2415

1360 1055

2031

178.82 3544

1360 2184

2041

241.75 4789

1360 3429

2051

335.63 6648

1360 5288

STATEMENT SHOWING THE PROJECTED POPULATION 

BEYOND 2011 AND PROJECTED WATER DEMAND UP TO 

2051

9


4. Cauvery is an inter-state river and Tamil Nadu is the lower riparian state.  There is a long-standing dispute of sharing of water between the two states and the Cauvery Water Disputes Tribunal (CWDT) has given its award in 2007 according to which the entire urban area in the Cauvery basin in Karnataka can use 8.75 tmc feet [One Thousand Million Cubic feet = 1 tmc = about 78 Million Liters per Day (MLD)].  As against this, Bangalore city alone is already using 19 tmc (1,482 MLD gross and after leakage of ~42%, a net supply of ~860 MLD) of water.  Yet, out of the 800 km2  area of BBMP, over 50% is in Pennaiyar basin which is outside Cauvery basin and therefore may be outside the authorization of the CWDT award.

However, to augment the water supply to Bangalore, out of the 10 tmc of “unallocated” quota available to Karnataka under the Award, the government have allocated the same to Bangalore city which is 780 MLD.  Together with the present gross supply of about 1,400 MLD this will come to a total of 2,180 MLD.  However, the leakage of water from the distribution pipes at the consumer level is above 40% or 500 MLD making the current supply less than 900 MLD for a population of about 10 million thus making the availability at 90 lpcd (litres per capita per day) while the requirement for the standard metropolitan city of Bangalore is 150 lpcd.  This is the average  while the availability to the slum areas and to the urban poor (with one room dwellings without a permanent roof) is estimated to be 30% of the total city population who get much less and are dependent upon water tankers. 

THE PROBLEM OF EXPLODING POPULATION OF BANGALORE ― A MORE REALISTIC ASSESSMENT OF DEMAND FOR WATER NEEDED: 

However, it is seen that the BWSSB and even the civil society organizations are not being realistic enough about the future water needs of Bangalore Metropolitan Region (BMR).  At present the BBMP covers an area of nearly 800 km2.  Till 2006 the Bangalore Mahanagara Palike (BMP) covered only about 250 km2 (the “Core Area”) and in January 2007 the BMP became BBMP (Bruhat Bangalore Mahanagara Palike) and the area expanded to about 772 km2  including seven City Municipal Councils, one Town Municipal Council and 110 villages, due to popular demand.  From 100 Wards of BMP, the BBMP has now 198 Wards.  

However, the actual urban area and urban population has far outgrown the current BBMP limit for quite a few years now.  The Bangalore Development Authority (BDA) was established in 1976 and it now covers an area of 1306 km2, exceeding the BBMP limit by about 500 km2.  However, the real Metropolitan urban area of Bangalore has already gone beyond not only the BDA limits but also has covered most of the Bangalore Urban District area of about 2,100 km2  and also expanded into the  so-called Bangalore Rural District. 

 The “rural district” of Bangalore covers the taluks of Devanahalli, Hosakote, Nelamangala and Doddaballapura and these have all been urbanized to a large extent and the process is continuing.  Even before the construction of the Bangalore International Airport (Kempegowda  International Airport – KIA), started in 2005 near Devahanalli, 45 kms North of the central business district of Bangalore city, agricultural lands were converted into non-agricultural purposes and land values sky-rocketed in this area.  This is because not only the KIA but the Special Economic Zone (SEZ), the Integrated Textile Park and other private industrial development have taken place in the Bangalore Rural district to the North of BBMP limits and also in the Ramanagaram district to the South of BBMP.  

In 1986 the Bangalore Rural district was carved out of the composite Bangalore district and in 2007, again, the Rural district was further bifurcated to Bangalore Rural and Ramanagaram districts.  Thus, till 1986, the current three districts were the composite Bangalore District in which relentless urbanization was taking place.  Realizing this in as early as 1985, the Bangalore Metropolitan Area Development Authority (BMRDA) was created by law for the coordinated planning and development of the expanding Metropolitan Area.  However, the BMRDA did not exercise and secure its due important role and therefore the inevitable urban growth has taken place in the BMR without any planning for infrastructure for the growing population and area.  The area, population in 2011, projected population in 2051 even at a lower 3% CAGR for Bangalore Urban district and 2% CAGR for Bangalore Rural and Ramanagaram districts  and domestic drinking water demand at only 100 lpcd (instead of the 150 lpcd norm prescribed by the Central Public Health Environmental Engineering Organization—CPHEEO, Government of India, for metropolitan cities) are shown below: 

                                                                           TABLE  4


 

POPULATION AND DEMAND FOR WATER IN BANGALORE METROPOLITAN REGION IN 2051
	NAME OF DISTRICT
	POPN in Mn 2011
	PROJECTED Popn 2051 Mn
	AREA IN KM2 OF DISTRICT
	DENSITY PER KM2 IN 2051
	D/WATER DD IN mld @ 100 LPCD IN 2051
	REMARKS

	BANGALORE URBAN
	9.59
	31.28
	2,114
	14.796
	3,128
	Popn G/R at 3% p.a.

	BANGALORE RURAL
	0.987
	2.18
	2,231
	977
	218
	Popn G/R at 2% p.a.

	RAMANAGARAM
	1.09
	2.39
	3,461
	691
	239
	Popn G/R at 2% p.a.

	
	
	
	
	
	
	

	BMR
	11.67
	35.85
	7807
	4,592
	3,585
	


Inspite of the periodic pronouncements that Bangalore should stop growing, there is no way in which this can happen.  Due to employment opportunities, growth of business, educational institutions, hospitals, etc. Bangalore will continue to grow, its hinterland extending into Hosur district in the neighbour state of Tamil Nadu.  There is no other comparable Growth Poles or Growth Centres in Karnataka (as for instance, in Tamil Nadu which has cities such as Coimbatore, Madurai, Trichy) rivaling Bangalore.  Under the Indian Constitution, there is a Fundamental Right to freedom of movement for the citizens within the Republic.  This is unlike, for instance, China where  there is still the system of “ IRON TRIANGLE ” namely, Hukou (Residential Permit), Danwei  (Work Permit) and Dangan (Police Permit) that a villager has to produce before migrating to urban areas.  Even though, due to the need to keep the exports competitive by making cheap labour available to industries in urban areas, China has not relaxed the Iron Triangle completely, especially the Hukou—Work Permit,  so that the urban areas are not flooded with migrant labour resulting in  creation of slums.  But such draconian measures are not possible in India, though politically, off and on, there are pogroms in cities like Mumbai against migrant labour from Bihar and Uttar Pradesh.  But this does not happen in a more peaceful 
Bangalore where more than half of the population is from outside the State.

Therefore, any meaningful policy and plan for Bangalore’s water supply, (and indeed other infrastructure such as roads, housing, vehicular pollution, garbage removal, energy requirement, public security, etc.—but this paper attempts only the water supply and drainage),  should take into consideration the magnitude of the growing population in a spatially expanding area which will reach over 30 million from the current BBMP population of 10 million and an area of 7,800 km2  from its current 772 km2  in just 35 years. 


  

5. Borewells, Ground-water Depletion and Water Contamination 

The Normal Annual Rainfall (NAR) of Bangalore is 830 mm.  Of this, the surface run-off is estimated at 25.66% and Evapo-transpiration at 71.14%.
  This leaves just about 4% of rainfall percolating to the groundwater.  Due to the scarcity of water already experienced in Bangalore, While there is no precise survey of the number of borewells in Bangalore, it is estimated that there are about 400,000 deep borewells drawing ground water from depths of over 1,000 feet.  The water pumped out by the borewells is estimated anywhere from 350 MLD to 750 MLD 
.  Further, the authors of Bengaluru Water Resource Management, who are Geologists of the Department of Mines and Geology of the Government of Karnataka, have also estimated that the ground water “overdraft” by the borewells is “378% or nearly four times more than the annual recharge”.  (Page 75 of Reference 1).  Though the Government have passed a Ground Water Regulation Act in 2011, there is no prohibition of digging borewells in Bangalore and not even a systematic survey of the borewells, the responsibility being divided between the Department of Mines and Geology (DMG) and the BWSSB.  The important point, however, is that the water needs of the people has to be met somehow or other and this is met by the over 800 or so Water Tanker Operators sourcing from the 400,000 or so borewells.  

Due to the over-exploitation of ground water by the ever-increasing number of borewells, the National Data Centre of the Central Ground Water Board (CGWB) has estimated that the ground-water level in Bangalore has been going down since 2001 as shown below 


                                                   TABLE  5

 


Year

Water Level in Meter

  


2001


15.29
 


2003


18.68
 


2004 


22.68
 


2005 


23.42
 


2006 


21.78
 


2007


22.06

While the CGWB has estimated that between 2001 and 2007, the ground water level in Bangalore has declined by 7 metes, at the rate of about 1 meter per year, it is obvious that since 2007, the ground water level decline has accelerated as seen in many areas in Bangalore where the water level has declined to as low as 300 meters.  It is obvious that at this rate of decline, most areas in Bangalore will dry out of ground water in a decade or so.

6. CONTAMINATION OF WATER AND WATER QUALITY 

While the scarcity of water in the city is highlighted and is well-known, the more dangerous contamination of water and its bad quality is seldom publicized and realized.  Even after the advent of Cauvery Water Supply Scheme, the drinking water available in Bangalore at the consumer level is highly contaminated.  There are many agencies which have studied this problem and tested the water samples such as the Directorate of Mines and Geology, Karnataka Public Health Institute, Water Testing Laboratory of the BWSSB, Lake Develo-pment Authority, the Karnataka State Pollution Control Board and a few Institutes in the private sector such as the Eureka Forbes Environment Institute, Mumbai.  The results of tests by these different agencies show without doubt the non-potable nature of a high percentage of drinking water in the city.  This is discussed below.

DIRECTORATE OF MINES AND GEOLOGY (DMG): 

The DMG conducted a study of groundwater from 2008-09 to 2010-11 and have published the results in their report GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY, in March 2011.  On the basis of 2209 samples analyzed, the following  are the major findings:

 ► 
Total dissolved solids (TDS) and fluoride content in groundwater is on higher side from deeper borewells and are the signals of deterioration of the quality of groundwater;

► Among 2209 samples analyzed, the Nitrate content in excess of the desirable/ permissible limit is found in 638 samples (29%), iron in 214 samples (10%), Brackish water 14%, total hardness in 185 samples (8.5%) and Fluoride in 14 samples;

►31% of the city’s groundwater is not potable as per IS 2000 Drinking Water Specifications;

►Of the 259 samples tested for E-coli and Total-coli, 88% had shown their presence. The average value with respect to E-coli and Total-coli were 488.17 and 489.44 MPN (Most Probable Number);

►All the 23 lake water samples analyzed confirmed the presence of E-coli (more than 1,600 MPN/100ml), indicating that these waters are highly polluted. 

RESULTS FROM THE KARNATAKA STATE PUBLIC HEALTH INSTITUTE (in 2014-15) 
 

♠ Out of 886 borewell samples tested, 38% were not potable;  25% had E-coli present beyond permissible number;

♠ Out of 310 Tap water samples tested, 30% were not potable;  19% had E-coli beyond permissible number;

♠ Out of 18 Open Well samples, 56% were not potable;  39% had E-coli in excess of permissible number;  

MONITORING BY THE LAKE DEVELOPMENT AUTHORITY:

The Karnataka Lake Development Authority (LDA) monitors the water quality in a representative sample of about 15 lakes in the city.  The summary of some of the parameters  results found to be beyond the permissible limit,  as on March 2015 are as follows:

 


Nitrates 

-
14 lakes
 


Mercury 

-
14    “
 


E.coli 

-
15    “
 


Total Plate Count- 
15    “ 

The LDA found that in almost all lakes the Nitrates, Mercury and the Total Plate Count (TPC) were found to be much above the permissible limit.  Extremely worrying is the finding that in many cases the Mercury content is over 100 times the permissible limit of 0.001 mg/litre.  

STUDY BY EUREKA FORBES ENVIRONMENT INSTITUTE, MUMBAI: 

This Institute (whose parent company manufacturers Water Purifiers) had on its own made a study of water quality in 90 of the 110 villages newly added to the BBMP area in January 2007.  The study was published in June 2014.  According to the study, the following are the number of villages in which harmful chemicals, bacterium, etc. found beyond permissible limits:

 




          > IS 10500 limit
        Cases found 

 

Total Dissolved Solids (TDS)
> 500 mg/l
-
53/90
 

Hardness


> 200 mg/l
-
74/90
 

Alkalinity


> 200 mg/l
-
88/90

 

Total Coliforms


    Nil

-
90/90

The above results published in the media in June 2014 created an alarm so that the High Court suo motu took note of it and admitted the news report itself as a Public Interest Petition and issued notices to the BWSSB and to the Government.  During the hearings, the BWSSB admitted that neither water pipe connections nor underground drainage connections were given in these 110 villages, already urbanized and added to the BBMP limits in 2007.  Finally, it is learnt the Government have  given an undertaking that clean water by BWSSB’s tankers will be provided to these villages.  The most alarming finding of this study is that all the 90 villages studied by the Institute (out of 110) had Coliforms present. 

RESULTS OF THE WATER TESTING LABORATORY OF BWSSB 
 :

The Central Lab of BWSSB also tests water samples.  From the 276 samples tested by the BWSSB from December 2014 to May 15 (150 days), in 7 samples faecal coliform was found which is 2.5%; in 6 samples Iron above the permissible limit of 0.3 mg/l and in 4 cases Silver, Molybdenum and Aluminium were found.  However, these samples were collected mostly from the Reservoir, Aerator, Filter and Clarifier points and not from consumers’ taps. But the presence of Coliform even at the point of major storage levels before the water reaches households, to the extent of 2.5% is significant.  While the Cauvery river source is comparatively free of impurities, it is explained that in many cases the sewage pipes and water supply pipes run parallel or cross each other and since the sewage lines are old and leaking, the sewage is sucked by the low-pressure water pipe lines and thus the contamination at the consumer point is high as shown in the larger number of house-hold samples tested by the Public Health Institute. 


7. THE GROWING BUT NEGLECTED DANGER OF WATER CONTAMINATION: 

While the scarcity of water for Bangalore is well known and well-commented upon, the more serious problem of water contamination and water borne diseases is not fully appreciated.  The sample study of 14 lakes by the LDA shown above, indicates that all the 14 lakes had the heavy metal Mercury above the permissible limit.  The results of BWSSB’s Central Testing Station, even at the level of major distribution points before the consumer households, shows that in 10 samples even the Cauvery water at the BWSSB’s Aerator levels had Iron, Silver, Molybdenum and Aluminum above the permissible level.  However, more importantly, the presence of Escherechia coli (E.coli) in the drinking water is potentially lethal.  Contamination of water with animal and human excreta on a prolonged basis leads to Coliforms and certain lethal strains of E. coli.  

The main reason for this in Bangalore is the destruction of the five centuries old Cascading of Lakes system.  When the Rajakaluwes have been extensively encroached upon, the rainwater does not flow through them to the lakes.  Added to this, the absence of underground drainage system to over 70% of houses in Bangalore results in the domestic sewage finding its way through gravitational flow to the lakes.  Thus, the lakes store sewage water instead of fresh water.  Again, when the ground water level is receding fast due to the borewells pumping 3.78 times the rainwater recharge, the vacuum space in the fissures and cracks underground is filled up with sewage water percolating from the lakes to the ground water, contaminating the borewell water.  Besides, the Nitrates from damaged and leaking sewage pipes enter the nearby drinking water pipe lines and contaminate the drinking water.  The serious nature of E. coli is transcribed in the Note below:

“ Certain strains of E. coli, such as O157:H7, O104:H4, O121, O26, O103, O111, O145, and O104:H21, produce potentially lethal toxins. Food poisoning caused by E. coli can result from eating unwashed vegetables or undercooked meat. O157:H7 is also notorious for causing serious and even life-threatening complications such as hemolytic-uremic syndrome. This particular strain is linked to the 2006 United States E. coli outbreak due to fresh spinach. The O104:H4 strain is equally virulent. Antibiotic and supportive treatment protocols for it are not as well-developed (it has the ability to be very enterohemorrhagic like O157:H7, causing bloody diarrhea, but also is more entero-aggregative, meaning it adheres well and clumps to intestinal membranes). It is the strain behind the deadly June 2011 E. coli outbreak in Europe. Severity of the illness varies considerably; it can be fatal, particularly to young children, the elderly or the immune-compromised, but is more often mild. Earlier, poor hygienic methods of preparing meat in Scotland killed seven people in 1996 due to E. coli poisoning, and left hundreds more infected. E. coli can harbour both heat-stable and heat-labile enterotoxins. The latter, termed LT, contain one A subunit and five B subunits arranged into one holotoxin, and are highly similar in structure and function to cholera toxins. The B subunits assist in adherence and entry of the toxin into host intestinal cells, while the A subunit is cleaved and prevents cells from absorbing water, causing diarrhea. LT is secreted by the Type 2 secretion pathway. 

If E. coli bacteria escape the intestinal tract through a perforation (for example from an ulcer, a ruptured appendix, or due to a surgical error) and enter the abdomen, they usually cause peritonitis that can be fatal without prompt treatment. However, E. coli are extremely sensitive to such antibiotics as streptomycin or gentamicin. Recent research suggests treatment of enteropathogenic E. coli with antibiotics may not improve the outcome of the disease[citation needed], as it may significantly increase the chance of developing Haemolytic-Uremic Syndrome” . 
 

When asked as to why such widespread presence of E. coli has not led to any epidemic of kidney and intestinal diseases, the opinion of the micro-biologists is that people in Bangalore have developed an immunity to it.  However, they also warned that such immunity cannot continue for long as in the case of Anopheles gambiae which caused Malaria has developed resistance to DDT and Malaria is on the return and the Extensively Drug Resistant Tuberculosis (XDR-TB) has also returned.  These micro-organisms are so inventive evolution-wise that they will develop resistance within a generation.  Even Reverse Osmosis is not effective as these are just about 1.2 microns and filter through.  The only method that may work is the simple grand-mother’s solution of boiling the water upto 100oC temperature for 5 minutes which may kill most of the E. coli but still not entirely.  Therefore expensive water purifiers are no safeguard against E. coli.   It is the simple act of not allowing human and animal excreta mixing with drinking water that can save the health of Bangalore.   

8. IMPORTANCE OF LAKES – A CITY DIES WHEN ITS LAKES DIE 

After Lord Charles Cornwallis was defeated by George Washington in 1781 at Yorktown near Princeton, he was appointed by the King of England in 1786 as the Governor General of India in the employ of the British East India Company.  Tipu Sultan was controlling most of the South India in the 1790s.  Therefore, Cornwallis sent an army contingent to Srirangapatna via Bangalore to find an alternative Northern route as the Southern route was controlled by Tipu.  The Captain of the army contingent reached Bangalore via Palmaner and Kolar and, finding the climate of Bangalore pleasant and temperate, described Bangalore as the Land of A Thousand Lakes.
 

There are even now 937 lakes in Bangalore Urban district shown in Village maps with a tank bed area of 26,468 acres of which 2,488 acres were under encroachment by 1,848 persons and institutions in 2011.
  Mainly due to breaching of tanks for forming layouts, allotments to institutions and the letting in of untreated sewage, most of the lakes of Bangalore have disappeared and the remaining, recognizable lakes are completely polluted with sewage.  

For a population already crossing 10 million in the BBMP area (according to the 2011 Census it was then 85 lakhs which at 4% annual growth has exceeded 99 lakhs in 2015), Bangalore  has more than 2.2 million households.  (As per 2011Census, it had 22.78 lakh households and the annual increase in new households in the city is ~94,000.
  According to the 2011 census, the decadal growth of households in Bangalore between 2001 and 2011 was 63.88% (compared with 28.41% for the state as a whole) and the average size of a household is 4.57 persons.
  Projecting the same growth rate for households in Bangalore, the number of households in 2015 will be 25 to 30 lakhs.  Of this, only about 7 lakh households are connected to BWSSB water lines and drainage, leaving two-thirds of the households uncovered.  To this one should add the urbanized areas adjoining the BBMP area which will be at least 20 lakhs at present and the households 4.5 lakhs.  Many of the 16,000 high-rise residential apartments and Gated Communities without count are in this peri-urban area and are not serviced by the BWSSB.

The BWSSB’s net supply of water is only 800 MLD (gross 1360 MLD less loss of 42% = 560  MLD) 
.  To this should be added the supply of borewells.  Though this is anybody’s guess, one estimate is 750 MLD.
  Together the total water used is about 1,400 MLD. 

The per capita consumption of water in Bangalore and similar metropolitan cities is estimated as follows:

                                             TABLE  6

 
For Drinking, Cooking, Washing Utensils
  -
25 lpcd
 
Bathing 




  -
25   “
 
Washing Clothes



  -
20   “
 
Toilet Flushing



  -
40   “
 
Vehicles Washing, Gardening, etc.

  -          25   “
 




TOTAL
  -        135   “  

Since about 80% of water used ends up as sewage, the total sewage generated by the 12 million population of urban Bangalore is about 1,200 MLD.  Of this, only 580 MLD is treated in the 16 Sewage Treatment Plants.
  
 Thus about 600 MLD of untreated sewage flows into the surviving lakes of Bangalore.       
 





                     
Bangalore, the Land of a Thousand Lakes, has now become a Land of Thousand SEWAGE Tanks. 

9. STORAGE AND SUPPLY OF DRINKING WATER FROM LAKES AS SUPPLEMENT TO CAUVERY WATER 

If the lakes are cleaned up by diverting the sewage from entering the lakes and also the lakebeds are desilted, they have a large capacity to store rainwater from which the nearby Ground Level Reservoirs of BWSSB can be filled and households can be supplied water in a decentralized manner.  To enable this, the lakes will have to be restored and the Rajakaluwes (SWDs) should be cleared of encroachments to allow rainwater to flow to and from lakes.  After the Cauvery Water Supply commencing in 1974, the BWSSB has given up the Lakes as a source of supply.  This is the proverbial “Putting all Eggs in One Basket”.  Lakes are the most effective way of nature’s rain water harvesting.  The capacity of many of the lakes are quite large.  Some of the examples are: 

                                                                           TABLE  7

 



        Water Spread 
      Storage capacity 



     
 



        Area in Acres 
            in MLD          
 
Bellandur 

-
886 

34
 
Byramangala

-
900  

35
 
Varthur 


-
445 

17
 
Jakkur


-
160

 6
 
Ramasandra

-
135

 5
 
Rachenahalli

-
128 

 5
 
Kannenahalli

-
112 

 4
   





                107  MLD in one filling 

In a normal year the rainy season in Bangalore is from June to September and the flow in these lakes will be equal to two fillings.  Therefore these few lakes alone can supply about 200 MLD.  The water spread area of all the surviving lakes in BDA area is 10,300 acres and in the larger BMRDA area (3,200 lakes most of which are not yet encroached upon) is 58,000 acres.  Since the BMR area is the hinterland (now fast becoming built-up area) for the BBMP area, even if 20% of the lakes are restored and used to supplement the Cauvery water supply, it will be about 800 MLD 
.  Apart from increasing the quality of groundwater this will be a significant addition to the total available water supply.  Because it is in the nature of decentralized source, the distribution losses (the Unaccounted for Water, UFW) will also be the least.


10. HALF-HEARTED ATTEMPTS TO PROTECT LAKES 

Periodically, attempts have been made to “rejuvenate” and protect the lakes.  The tank bed area of lakes to be rejuvenated in the BBMP and BDA area was estimated at 10,300 acres and the adjoining BMRDA area is 58,000 acres.  Most of this area and the 850 kms of Rajakaluwes (storm water drains) have been encroached upon and there have been many Public Interest Litigations  filed before the High Court for their restoration and protection.  In one such case, the High Court of Karnataka in 2010 constituted a Monitoring Committee under the Chairmanship of a sitting Judge of the High Court for restoration of lakes.  The Committee  proposed rejuvenation of 189 lakes by 2014 at a cost of Rs.5,973 crores of which the funding of Rs.4,286 crores was not tied up 
.  Without any visible availability of funds, the BBMP and BDA (which are short of funds even for their mandatory functions) have not been able to rejuvenate the lakes.  In any event, the Monitoring Committee is now defunct.  Also, a partial selection of lakes without taking into account an overall Valleys-wise, composite cascading system of lakes polluted by the sewage through 850 kms of storm water drains will be a waste of funds as the SWDs in their present condition will continue to fill up the lakes with sewage.  

For instance, the once in three years’ cleaning up of Ulsoor Lake is an example of ostensibly demonstrating that some work is being done to restore lakes.  Because a huge SWD carries sewage from upstream into the Ulsoor lake and since it has not been diverted, within two years of cleaning up the Ulsoor lake fills up again with water hyacinth.  The current practice of “protecting the lakes” by putting up a chain-link fence, a jogging path and a central bird island and a “soup bowl” concrete inner revetment preventing inflow of water – all without the primary requirement of diverting the sewage helps only the contractors. 

As a result of the blockage of SWDs, when it rains even 25 mm (1 inch) only, the rainwater does not flow through the SWDs as originally intended and take the water to the lakes but instead, flows into roads which double as new canals, flooding the city.  When there is no rain, the SWDs and Rjakaluwes continue to carry domestic sewage to the lakes and these tanks have become permanent sewage cess-pools. 

The BWSSB was formed in 1964 and the Cauvery Water Supply Scheme (CWSS) was started in 1974.  Prior to 1974, over a period of time, Bangalore was getting its drinking water from the Tippegondanahally, Hessarghatta, Dharmabudhi, Sankey, Sampangi and Ulsoor lakes and the numerous open wells.  But now there is no water being drawn from the lakes, not even from Tippegondanahally whose water supply has fallen from 143 MLD to just 25 MLD because of the blocking of upstream inlets by encroachments and construction of layouts and buildings.  As for open wells, almost all of them have dried up.  Many of the deep borewells have also begun drying up too.   

Lakes, whether man-made or natural, are the best way of rain-water harvesting.  Once these are destroyed and built upon, climate change of increasing temperature due to radiation and reduced humidity and incidence of environmental diseases occurs.   In course of time, Bangalore’s salubrious climate will itself change bringing it back to its original historical barrenness.  Government itself has been responsible for the wanton destruction of lakes.  In a total misunderstanding that development is possible at the cost of environment, government itself have broken the bunds of a large number of lakes for construction of stadiums, bus stands, educational institutions, government offices, housing plots and the like.  An illustrative list of some of the many lakes so destroyed by government is attached in Appendix A to this paper.  It is an act of irony that the Dharmabudhi Tank constructed by Kempe Gowda and which supplied drinking water to Bangalore for decades was breached to construct the city’s central bus terminus and was named after Kempe Gowda himself making the city’s founder turning in his grave !  

IT IS SURPRISING THAT NONE OF THE  “LONG TERM PLAN”, “PERSPECTIVE PLAN”, “VISION PLAN”, AND THE LIKE FOR BANGALORE DO NOT EVEN MENTION ABOUT THE ROLE OF LAKES IN STORING AND SUPPLEMENTING BANGALORE’S WATER SUPPLY AND PROTECTING ITS LARGER ECOLOGY.  IT IS TRAGIC THAT THE BWSSB TREATS THE LAKES OF BANGALORE AS CESSPOOLS FOR DUMPING THE CITY’S SEWAGE.  RECENTLY (JUNE 2015) THE LARGEST BELLANDUR LAKE (900 ACRES OF WATERSPREAD AREA) WAS RELEASING FLAME AND FOAM AND, ALONG WITH ITS DOWNSTREAM LAKE AT VARTHUR, BECAME A TOURIST ATTRACTION FOR BANGALOREANS !   A LAKE IS SUPPOSED TO GIVE GOOD WATER AND NOT RELEASE FIRE AND BRIMSTONE.  

11. SEWAGE TREATMENT PLANTS (STPs) TERTIARY TREATMENT PLANTS (TTPs) AND RECOVERY OF WATER

Though BWSSB stands for Water Supply and SEWERAGE Board, the Sewerage aspect has not been taken care of except in recent times.  Most of the Sewerage pipes were laid decades ago.  The Vision Document has this to say 
 :

 “Sewerage network in Bangalore city is very old and not in good condition.  Most of the sewers are running parallel to the valleys.  Specially, the RCC sewers of more than 300mm dia laid three to four decades back are completely corroded and collapsed in many areas.  Due to these problems the sewage is not fully conveyed to sewage treatment plants. …
…….
Presently, about 35% of sewers are running in storm water drains and the challenge for BBMP who manages storm water drains to separate these sewer lines for smooth flow of storm water.  Most of the RCC sewers are of NP2 which has very little wall thickness and are collapsing.  There is need for rehabilitation/ replacement of sewers with appropriate pipe material and maintaining proper gradient.” 

There are 14 STPs and 11 more are under construction.  Together, the 25 STPs will have a capacity of 1,050 MLD.  However, the existing STPs are working at 70% or even lower capacity.  It is also pointed out that most of the STPs have older process technology.  

However at present, because the STPs are treating only 70%  of sewage flowing through the plants, the balance untreated sewage flows into the lakes along with the treated sewage rendering the entire purpose of treatment a waste.  

Out of the 14 STPs only 4 have Tertiary Treatment and only one such TTP’s treated water is used for secondary purpose by the Bangalore International Airport.  The important point is, there is no escape from Tertiary Treatment and using the Recovered Water not only for secondary purposes such as washing, flushing, cleaning, etc. but, ultimately for also potable purposes.  Not only Singapore, which uses as much as 30% of TTP-recovered water as NEWater for potable purposes but also many other places such as Orange County in California, Mexico City, Perth, Windhoek in Namibia, etc. use recovered water for potable purpose.  The experience of some of them are referred to below:

ORANGE COUNTY IN CALIFORNIA

California's Orange County Water District (OCWD), through a pioneering wastewater treatment facility that recycles used water (sewage) and returns it to the drinking supply. The plant is expanding production from 70 to 100 million gallons per day—378 MLD (1 US gallon = 3.785 liters), enough for 850,000 people, around one-third of the county population. As the OWCD output is mixed with the main groundwater supply it reaches over 70% of residents 
.

AUSTRALIA

Public relations are key, as recycled water schemes have been historically shot down by public disgust at the concept. This was most vividly shown in the Australian city of Toowoomba in 2006 when local activists represented by the group "Citizens against drinking sewage" defeated plans to introduce reclaimed sources, citing health risks and emotive factors. But Australia also shows the extent to which attitudes have changed. After a three-year public trial, the city of Perth will receive up to 20% of its drinking water from reclaimed sources in coming decades, with a reported 76% public support. 

SINGAPORE 


In Singapore, NEWater is high-grade reclaimed water. It is produced from treated used water that is further purified using advanced membrane technologies and ultra-violet disinfection, making it ultra-clean and safe to drink. Developed by PUB (Public Utilities Board) after three decades, NEWater has passed more than 130,000 scientific tests and surpasses World Health Organisation requirements, a testimony of its high quality and reliability. NEWater is proof that using today's water treatment technologies, water of any quality can be treated into drinking water. It has put Singapore on the world map for innovative water management, including winning for PUB the Stockholm Industry Water Award in 2007. The first NEWater plants were opened in Bedok and Kranji in 2003. The latest and largest NEWater plant at Changi with a capacity of 50mgd was opened in May 2010. Currently, NEWater meets up to 30% of the nation’s current water needs. By 2060, it plans to triple the current NEWater capacity so that NEWater can meet up to 55% of the future water demand. – (For more information, see : http://www.pub.gov.sg/water/newater/Pages/default.aspx#newaterusage.)

THERE ARE MANY OTHER CITIES SUCH AS MEXICO CITY, MELBOURNE, PERTH, WINDHOEK IN NAMIBIA, HONALULU IN HAWAII, MANKATO IN MINNESOTA AND ST.PETERSBURG IN FLORIDA, WOODBURN, OREGON, USA, etc. WHICH ARE SOME OF THE CITIES WHERE WASTEWATER IS REUSED FOR POTABLE PURPOSES.  


  
PART  B ― STEPS OF PUBLIC POLICY TO MEET THE WATER PROBLEM OF BANGALORE 
12.        GENERAL

 
THE GLOBAL SITUATION --  A. LESS THAN 3% OF THE WORLD’S WATER IS FRESH—THE REST IS
                                                            SEA WATER AND UNDRINKABLE;
 



  B. OF THIS 3%, OVER 2.5% IS FROZEN, LOCKED UP IN ANTARTICA,
                                                           THE ARTIC AND GLACIERS, AND NOT AVAILABLE TO PEOPLE;
                                                C. THUS, HUMANITY MUST RELY ON THIS 0.5% FOR ALL OF MAN’S
                                                           AND ECOSYSTEM’S WATER NEEDS.

           Source:  “WATER – FACTS AND TRENDS”,  www.unwater.org

Drinking water problem is thus a global problem.  But in the total picture, the availability in South Asia is particularly unequal compared with the OECD countries.  The foremost understanding in arriving at in attempting a set of solutions for Bangalore’s water problem—both its scarcity and contamination—is to have a realistic approach to the actual extent of urban households now existing and the accelerating population and the expanding urban area in the near-time horizon of 2050 which is also the time line of the Vision Document now commissioned by the BWSSB (2015).  As demonstrated in the early paragraphs of this paper, the area for water planning should be the jurisdiction of the Act passed by the Karnataka Legislature viz, The Bangalore Metropolitan Region Development Authority Act, 1985 (BMRDA).  Section 2 of the BMRDA defines the Bangalore Metropolitan Region as “ the area comprising the Bangalore District and Malur Taluk of Kolar District and such other areas as the State Government may, from time to time, by notification, specify;”  In 1985 the Bangalore District comprised of the present Bangalore Urban district, Bangalore Rural District and Ramanagaram district.  The composite district was bifurcated in 1986 into Urban and Rural districts and in 2007 the Rural district was further bifurcated as Rural and Ramanagaram districts.  Also, since the adjoining Malur taluk of Kolar distict was getting urbanized, it was included in the BMRDA in 1985 itself.  Before long, the Bangalore Urban district will be named Bangalore Central, the Rural District as Bangalore North and Ramanagaram as Bangalore South, being the three “Boroughs” or “Counties” of BMR.  

The population of BMR according to the 2011 Census and the projected population till 2051 are shown in the following table:


13. TABLE  8 : POPULATION PROJECTION FOR BANGALORE METROPOLITAN REGION

	POPULATION PROJECTION OF BANGALORE METROPOLITAN REGTION TILL 2051
	 

	 
	 
	 
	 
	 
	In Millions
	 

	Sl.#
	Year
	Bangalore
	Bangalore
	Ramana-
	Total Popn
	 

	 
	 
	Urban Dit
	Rural Dst.
	garam Dist
	of BMR
	REMARKS

	 
	 
	 
	 
	 
	
	Bangalore Urban district's

	1
	2011
	9.59
	0.987
	1.09
	11.67
	deadal 2001-2011 growth

	 
	 
	 
	 
	 
	
	was 46.7%

	2
	2015
	11
	1.07
	1.18
	13.25
	 

	 
	 
	(@4% g/r)
	(@2% g/r)
	(@2% g/r)
	
	B'Urban continues to grow

	3
	2021
	14
	1.2
	1.33
	16.53
	at 4% till 2021 at least.

	 
	 
	(@4% g/r)
	(@2% g/r)
	(@2% g/r)
	
	 

	4
	2031
	18.8
	1.61
	1.79
	22.20
	After 10-15 years B'lore U

	 
	 
	(@3% g/r)
	(@3% g/r)
	(@3% g/r)
	
	g/r will come down to 3%-

	5
	2041
	22.92
	2.16
	2.41
	27.49
	2%-1% as infrastructure 

	 
	 
	(@2% g/r)
	(@3% g/r)
	(@3% g/r)
	
	cannot cope up.  But g/rate

	6
	2051
	25.32
	2.9
	3.24
	31.46
	in rest of BMR will go up to

	 
	 
	(@1% g/r)
	(@3% g/r)
	(@3% g/r)
	 
	@ a modest 3% p.a.G17



The population of BMR was 11.67 m in 2011.  The decadal growth of Bangalore Urban district, within which BBMP is situated, was a phenomenal 46% according to the 2011 Census.  The CAGR of the Bangalore city area since 1951 is 4%.  The estimated population of BBMP in 2015 (on the basis of the BBMP election surveys in August 2015) is 11 million which corresponds to the 4% CAGR.  Assuming the same growth rate for Bangalore Urban district in which the city is fast expanding, the projected population in 2021 will be 14 million.  With a lesser growth rate of just 2%, the Bangalore Rural district will have 1.2 m and Ramanagaram 1.33 m, making a total of 16.5m for the BMR area.  Further, making a reasonable assumption that Bangalore Urban district cannot go on growing at the same high rate due to many limitations such as roads, air pollution, solid waste, health, etc., apart from water, even at sliding rates of 3%, 2% and 1% in 2031, 2041 and 2051 respectively, the population of Bangalore Urban district alone will be 25 million.  Added to this, the Bangalore Rural and Ramanagaram districts will have at least another 6 million, making a total of 31m for the BMR.  
Though it is a little frightening, that Bangalore will have double its current population and will exceed 20 million in just 15 years is not unrealistic when we see the growth of many cities in the world.  Such concentration of population over 20 million has occurred in many cities as shown below.  The population of world’s ten largest cities in 2012 are as follows:

 




 
TABLE 9

 


     Urban Area


Popn.m
         Area (km2   Density/km2 

  


1.  Tokyo-Yokohama

37.84

8,547
    4,400

 
                                 2.  Djakarta


30.54

3,225
    9,500
 


3.  Metro Manila


24.12

1,580
   15,300
                                 4.  Delhi



23.99

2.072
   12,100
 


5.  Karachi


23.50

3,512
     6,692
                                 6.  Seoul-Incheon


23.48

2,266
   10,400
                                 7.  Shanghai


23.42

3,280
     6,100
                                 8.  Beijing


21.01

3,820
     5,500
                                 9.  New York


20.63
            11,642
     1,800
                               10.  Guangzhou-Foshan

20.60

3,432
     6,000
                               11.  Sao Paulo


20.37

2,707
     7,500
 

           13.  Mumbai


17.71

  546
   32,400
 

           17.  Dhaka


15.67

  360
   43,500
 

           21.  Kolkota


14.67
            1,204
   12.200
 

 

Source: List of Urban Areas by Population, https://en.wikipedia.org
14. Hence, it need not surprise us that Bangalore will also cross 20 million well within two decades though Mumbai (18m) and Kolkota (15m) would have already surpassed 20 million by 2031.  Delhi already has a population of 24m half of which live in slums.  This can happen to Bangalore also.
 

15. The gross availability of Cauvery water in 2015 is about 1,400 MLD and the net, after a leakage of (35%-40%) 500 MLD, is 900 MLD.  To this should be added 780 MLD from the 10 tmc of unspecified allocation of the CWDT available to Karnataka which the government have now allocated to Bangalore city (1 tmc = 78 MLD) 
.  Hence the total availability to Bangalore when the 780 MLD is also pumped will be about 1,700 MLD after taking into account improvements in reduction in leakage—1,400 MLD + 780 MLD = 2,180 MLD less only 20% Leakage = 1,700 MLD (discussed further below).

For the current population of BBMP which is already about 10 million, the current net supply of Cauvery water which is 840 MLD (1400 MLD less 40%), gives a per capita of 80 lpcd.  In 2021 the projected BBMP population itself will be 13 million and if the additional 780 MLD from 10 tmc is also pumped, the per capital availability for the 13 million population will be 134 lpcd (2,178 MLD less 20% ÷ 13).  But then the BBMP area will not remain at its existing 772 km2 .  Just as in 2007 it increased from 254 km2 to 772 km2, by 2021 and certainly by 2031 the true urban municipal area will be the Bangalore Metropolitan Region with a population of over 22 million.  For 22 million the water requirement even at 100 lpcd will be a net 2,200 MLD (and a gross of 2,640 MLD at only 20% leakage) and therefore an additional gross supply of 640 MLD will have to be found even at 100 lpcd instead of the norm of 150 lpcd.  In 2041, for a population of 27 million, the net requirement at 100 lpcd will be 2,700 MLD and the gross will be over 3,000 MLD.  This is the magnitude of the effort needed to meet the inevitable demand. This is even excluding the demand from industry which may be in the region of 250 MLD to 500 MLD.

The following are therefore the steps of public policy required to meet this requirement.

16. RESTORATION OF LAKES FOR SUPPLEMENTING DRINKING WATER APART FROM THEIR OTHER ECOLOGICAL BENEFITS. 

We normally miss the wood for the trees.  There are 3,200 lakes in the Bangalore Metropolitan Region.  In Bangalore Urban district alone there are still some 400 lakes (out of the original 937) though most of them are only storing sewage.  It will be imprudent to disregard them as if they do not exist though, if they are allowed to decay at the present rate, they will all cease to exist within a decade.  

The water-spread area of lakes in the BDA area is an estimated 10,300 acres and within the larger BMR area is 58,000 acres
.  Assuming only 20% of these lakes will be used to store rainwater, the water that can be stored and distributed will be in the order of nearly 800 MLD as shown in Endnote reference No.14.  The restoration of lakes and their protection has many other ecological benefits such as temperature reduction, environmental cleanliness, reducing Respiratory Suspended Particulate Matter (RSPM) due to higher humidity and cool air movement, etc.  This of course requires restoring the 850 kms of Rajakaluwes and cleaning of lakes which requires huge investment which is discussed in the sections below.  Suffice to say, there can be no more neglecting and destruction of lakes as done during the past three decades.  It should be realized that a city dies when its lakes die.

17. LAKE CONSERVATION AND DEVELOPMENT AUTHORITY ACT, 2014

The erstwhile Lake Development Authority constituted under the Karnataka Societies Act had no legal powers to protect the lakes.  This has been now remedied by the Karnataka Lake Conservation and Development Authority Act (LCDA) in March 2015.  The present law covers all the lakes in the state located within the limits of all Municipal Corporations and the BDA and can in future cover any other water bodies or lakes notified by the government.  For the lakes outside this area, another Tank Development Authority has been constituted under the Public Works Department. However, even the new Act does not cover the entire BMRDA area.  Therefore it is necessary that all the lakes in the BMRDA area are notified under the Act.  

Unlike the previous LDA, the LCDA has immense powers to regulate and develop the lakes :

(a)   To exercise regulatory control over all the lakes within its jurisdiction including prevention and removal
          of encroachment of lakes;
(b)   To prepare a plan for integrated development of lakes;
(c)   To facilitate for impounding storm water drainage system;
(d)   To utilize or allow to utilize the lakes for the purpose of drinking water, fishing, irrigation, etc. 

The LCDA is headed by the Chief Secretary and the Executive Committee which has to meet at least once in three months is headed by the Additional Chief Secretary for Urban Development and the Chief Executive Officer to be appointed has to be at least of the rank of Secretary to Government.  Further, the LCDA has powers to remove encroachments and to prosecute offenders and abettors and the penalty for proven offences under the Act is imprisonment not less than three years which can extend upto five years with also a fine.  The important course of action is that the LCDA must start functioning immediately.  The LCDA being headed by the Chief Secretary and also having as its CEO an officer of the rank of Secretary to Government, it has the mandate to secure the cooperation of other agencies such as the BWSSB, BBMP, BDA, etc.

As provided in the law now, the LCDA should prepare an integrated plan to restore the centuries old Cascading of Lake System with its Rajakaluwes (Storm Water Drains) which have been damaged during the past three decades.  This will require large funding and about ten years to complete.  The LCDA has powers to borrow funds from institutions including  multi-lateral agencies such as the World Bank, Asian Development Bank, the newly formed Asian Infrastructure Investment Bank, etc.  A line-estimate is of funding required for this purpose is shown in the sections following below in Appendix 2a and funding in Appendix 2b.
The law has not yet come into force as no Rules have been notified nor any budget provision has been made for the functioning of the LCDA.  The law was passed by the Legislature in March 2015 and it is therefore necessary that the LCDA starts functioning without delay.

18. NON REVENUE WATER (NRW), UNACCOUNTED FOR WATER (UFW) AND LEAKAGES 

According to the Vision Document of the BWSSB (June 2015), the NRW and UFW is as much as 45% to 48%.  It is also estimated that about 35% to 40% is leakage from the pipes in the distribution system.  A World-Bank funded project is being launched which will include reducing this leakage to an acceptable level of 15%.  There are less developed countries than India such as Kambodge whose capital city of Phnom Penh has reduced the UFW from 70% in 1993 to 6.6% in 2014.  The standard for international cities such as Tokyo, London, Paris, Moscow, New York, etc. is also less than 10% UFW.  With the current gross supply of about 1,400 MLD, the leakage at 40% is 560 MLD and if it is reduced to 15% the saving of water will be about 350 MLD. Electricity charges are the main expenditure of BWSSB, at Rs.500 crores.  Rs.200 crores of this is spent on leaking the pumped water into the ground though it has the unintended consequence of raising the water table and ground water albeit at an enormous cost.

NRW and UWF also contain theft of water such as popularly believed to be by certain hoteliers and others.  This may be around 6% or so if the similarly placed electricity theft is of any guide.  

It is extremely important that the Leakages and theft are brought under control at least to 15% of gross supply which is double the international standard and 2½ times Phnom Penh’s achievement.


19. SEWAGE TREATMENT PLANTS (STPs) AND TERTIARY TREATMENT PLANTS (TTPs)—USE OF RECOVERED WATER 

There are now 12 STPs (Secondary) and 4 TTPs (Tertiary).  The total sewage generated in the city from Cauvery Water Supply and the borewells, is estimated at 1,200 MLD while the capacity of the STPs and TTPs is 831 MLD.  The treated sewage is however only 580 MLD or about 70%.
  There are also 11 STPs under construction which, when completed, will together with the existing STPs, have a capacity of 1,050 MLD.  However, these STPs require many improvements.  As many as 35% of sewers are running in SWDs.  These are also very old and damaged and leaking.  Many of the STPs also are having older process technology.  These improvements and diversion of sewers require  huge investment.  

Since about 70% to 80% of water used ends up as sewage, and fresh water is a dwindling resource all over the world, the most sensible course of action is to recover the water from sewage.  This has been done in many parts of the world as narrated in para 11 above.  Water recovery has been done not only in cities with advanced systems of administration and discipline such as Singapore and Orange County in California but also in less developed countries such as Namibia, in its capital Windhoek.  For Bangalore with no possibility of pumping more water from Cauvery even with skyrocketing energy cost and drying up of ground-water, there is no alternative than to recover the used water.  The main problem in supply of recovered water is the resistance of consumers due to the inhibition of using water originating from sewage.  All over the world, including Singapore, this problem has been faced and with persistent consumer education, it has been overcome.  Therefore a consumer education programme has to be started in Bangalore in right earnest.  


20. REGULATION OF USE OF GROUNDWATER—BANGALORE IS RUNNING OUT OF GROUND WATER SOON 

Though the Ground Water (Regulation for Protection of Sources of Drinking Water) Act was passed in 1999 by the Karnataka Legislature, it took four years to obtain the assent of the President in 2003 and a further eight years to declare the Secretary of the BWSSB as the “Appropriate Authority” to implement the provisions of the Act.  Even though the Act requires the permission of the BWSSB to sink a borewell, few citizens are even aware of this and amidst the innumerable problems faced by the BWSSB the groundwater legislation attracts little attention.  The fast depletion of groundwater and the water contamination problem with Nitrates and other pollutants, total dissolved solids and hard metal is totally neglected.  It is therefore necessary to have an appropriate empowered staff in the Directorate of Mines and Geology who have a more intimate knowledge of underground water to implement the groundwater legislation with more seriousness.


21. RAINWATER HARVESTING (RWH) 

In 2009, the BWSSB Act was amended by introducing Section 72 A which makes it obligatory that every site owner having a building of 2,400 sq.ft or above or anyone who proposes to construct a house on a site of 1,200 sq.ft must provide for rainwater harvesting by end of May 2010.  In the event of any such home owner not abiding by the law, the amendment also provides for such installation by the BWSSB itself and recover the cost as arrears of land revenue.  

However, the due date for such installation has been extended from time to time and at present the citizens of Bangalore are not even talking about RWH. Statistically it is said that about 90,000 houses have installed RWH on the roof-tops so far (2015).  This is in contrast to the neighbor city of Chennai which had an early start in 2002 and so far have installed about 5 lakh RWH systems on roof-tops.  The scope of RWH is well known as shown below:

“ Considering if 500,000 houses in Bangalore (out of about 20 lakh houses in BBMP area), having an average roof area of 100 m2 each, with 830 mm annual rainfall, with an average rainfall of 20mm/day for 50 rainy days in a year, about  40 million m3/year or 10.96 MLD can be conserved.” 
  

However, more than one/thirds of Bangalore is still open area, and especially outside the Cental Business District or the core area of 250 km2 where the BWSSB supply has not yet penetrated and the need for uncontaminated fresh water supply such as from RWH is most needed.  Therefore,  a successful and holistic RWH programme should be on the geographical, basin-wide whole.  It is in this respect that, to repeat, the natural RWH of lakes become extremely crucial.

22. TARIFFS

The receipt of BWSSB from water supply is hardly 65% of its total expenditure.  The present BWSSB tariff for water supply for domestic and non-domestic sectors are as follows:  

                                                               TABLE 10 – BWSSB WATER TARIFFS 
	
	DOMESTIC
	Rate Rs.per KL
	NON DOMESTIC
	Rate Rs.per KL

	1
	
	Minimum Rs.48
	
	Minimum Rs.360

	2
	0 to 8,000 litres
	6 per KL
	0-10,000
	36 per KL

	3
	8,001 – 25,000
	9
	10,001-20,000
	39

	4
	25,001 – 50,000
	15
	20,001-40,000
	44

	5
	50,000 – 75,000
	30
	40,001-60,000
	51

	6
	75,000 – 100,000
	36
	60,000 -100,000
	57

	7
	Above 100,000
	36
	Above 100,000
	60

	
	
	
	INDUSRTRIES
	60/KL

	
	
	
	SWIMMING POOLS
	60/KL

	SANITARY CHARGES
	
	

	Consumption
	DOMESTIC
	NON-DOMESTIC

	0-25,000 LITRES
	Rs.15 flat
	20% of bill

	25,001 – 50,000
	15% of bill
	20% of bill

	50,001 and above
	20% of bill
	20% of bill


The BWSSB has been making losses for a long time now.  Its accumulated losses is over Rs.250 crores.  This is due mainly to its huge Non-Revenue Water and also the low water tariff.  The tariff charged is impractically low even by the standard of countries less developed than India.  The following table compares, for instance, the tariff in Phnom Penh in Kampuchea 
 :

	TABLE 11

           WATER TARIFF IN PHNOM PENH, KAMBODGE, 2014
	

	                           Population 1.7 million; area 670km² 
	
	

	          '(One US $ = Riel  4,121 = I.Rs.65;  One I.Rs.= 63 Riel
	
	

	Sl.#
	Category/
	Tariff in
	Tariff in
	In Indian
	BWSSB
	China 1RMB

	 
	Litres
	Riels/KL
	US ȼ/KL
	Rs./KL
	Tariff Rs/KL
	=Rs.10.83

	 
	DOMESTIC
	 
	 
	 
	 
	 

	1
	Upto 7,000
	550
	13
	9
	6
	 

	2
	7,000 to 15,000
	770
	19
	12
	9
	Average

	3
	15,000 to 50,000
	1,010
	25
	16
	15
	Rs.49/KL

	4
	Above 50,000
	1,270
	31
	20
	30
	 

	 
	NON-DOMESTIC
	 
	 
	 
	 
	 

	5
	Upto 100,000
	950
	23
	15
	36 to 57
	 

	6
	100,000 to 200,000
	1,150
	28
	18
	60
	 

	7
	200,000 to 500,000
	1,350
	33
	21
	 
	 

	8
	Above 500,000
	1,450
	35
	23
	 
	 

	9
	GOVERNMENT-FIXED
	1,030
	25
	16
	 
	 

	 
	 
	 
	 
	 
	 
	 



It can be seen that upto 50 KL of domestic consumption Phnom Penh charges much above the BWSSB rates.  In fact, the BWSSB domestic tariff above 50 KL to to 75 KL is only Rs.30 per KL.  The Domestic Tariff in Beijing is Renminbi (RMB) 3.75 = Rs.41/KL and it is being increased to RMB 4.5 per KL, i.e. Rs.65/KL.  The most remarkable performance is that of Phonom Penh which has reduced its NRW to 6.6% from 70% in 1993 and it is now contributing 30% of its surplus to the government.  It is a fully owned Public Sector Undertaking.   Kampuchea is poorer than India.  Its per Capita GDP (Nominal) is $ 1080 and its Human Development Index is at 136th position.  India’s per capital GDP (Nom) is $ 1808 and HDI is 135th.  China’s per capita GDP is $ 8,154 which is 4½ times higher India’s but its lowest domestic water tariff is now being revised to RMB 4.5 (Rs.49).  Beijing Water Authority’s NRW is also less than 10%.  These are stat-run enterprises.  It is therefore possible to collect break-even point tariffs even after providing for the poorer households by cross-subsidy as shown in Appendix 2b to this paper.

There is a self-serving, politically wrong-headed propaganda that “Poor People Cannot Pay for Water” and an impression by well-meaning NGOs that slum dwellers cannot be expected to pay for water since there is a “Right to Water”.  Right to Water does not mean Right to FREE water.  Besides, poorer sections of the city pay a higher water charge in practice than even the upper middle class sections.  Some of the very hard water facts of the slum dwellers have been narrated in the recent study of the Institute of Social and Economic Change, Bangalore
  namely,   

● While the average consumption in the sample was 83 lpcd, the slum dwellers’ was 59 only lpcd;
● The monthly expenditure on water by slum dwellers was Rs.191 while for others it was Rs.103;
● The higher expenditure by slum dwellers was due to their dependence on private water tankers;

The JICA Project estimated in 2005 that the Urban Poor in Bangalore city (slum dwellers and the other poor occupying mostly one-room dwellings), was as much as 30% of the city’s population.  For comparison, in the case of this author, who would come under the category of upper middle class income group, the water consumed is on an average 20,000 lires (20 KL) a month.  Since there are only two members in the family and the house-help, the consumption of water for three persons is about 6,700 litres a month or 223 lpcd.  The monthly water bill for the consumption of 20,000 litres is: Water Charges Rs.117 + Meter Charges Rs.50 + Sanitary Charges Rs.44 = Rs.271.  According to the ISEC study referred to above, the slum dweller family’s monthly water bill is Rs.191.  This is a gross, regressive inequality in the water consumption cost.  Again, for Electricity which is another essential item, the author’s average monthly electricity bill is Rs.3,900 in 2014-15. In fact, there is no comparison between the monthly water bill of Rs.271 and electricity bill of Rs.3,900 of the author’s household, the latter being 22 higher.  

The crucial question for Public Policy in water is therefore, not the price of water but the availability of water, clean water.  Bangalore is a comparatively prosperous city when ranked with other state capitals such as Chennai, Mumbai, Hyderabad, Delhi, etc. While 30% of Bangalore’s population would be the urban poor, there are 830,000 persons working directly in the white-collar IT enterprises whose average income per month is Rs.50,000 per month according to a leading IT Company in Bangalore.  According to a survey reported in Business Standard  Bangalore is the leading “best salary paying city in India” followed by Pune and Mumbai.  The average salary in Bangalore in the year 2012 stood at Rs.613,100 and the average median annual salary of IT professional as also the highest in Bangalore ranging from Rs.332,412 to Rs.1,613,510.
   The purchasing power of families of middle class and above is evident from the report that there are 56 malls in Bangalore in 2013 and 15 more will be completed by end of 2015, making a total of 71 malls.
 
The most sensible public policy for water supply is to charge the consumption above 8,000 litres per month by about 5 times when the current water bill of an upper middle class consumer with 20,000 litres consumption per month will still be only about Rs.1,500 per month compared to the present Rs.270.  But the most important issue is to make clean water available with at least 100 lpcd to the expanding population of the city.  There is no reason to aim at an utopian average of 135 or 150 lpcd while letting the slum dweller get only 59 lpcd (and pay a total water charge of Rs.191 a month) and the upper middle income group consume 223 lpcd (at Rs.271).  The average consumption in Beijing for instance is only 104 lpcd, Denmark 114 lpcd (Water bill US 83 = Rs.5,395), Belgium 116 lpcd and Germany 135 lpcd.  

The reality of the situation is :  there are only about 700,000 pipe and drainage connections  by BWSSB.  At the average census size of 4.5 persons per household in Bangalore, this covers 3.2 million households.  The actual pumping of water in 2015 is only about 1,200 MLD of which, after a leakage of 40%, the net availability is 720 MLD of which about 150 MLD is said to be for industries which gives a net availability of 570 MLD for domestic consumption.  For a 10 million population this gives an average of 57 lpcd and for 700,000 connections covering 3.2 million population, the average supply will be 178 lpcd .  However, because of the erratic supply hours and because most lower middle class and poorer sections cannot install sump tanks and 1 hp-1.5 hp motors to store water, they cannot get the average per capita availability while those who can afford—the upper middle class and affluent households draw more than the per capita availability.  For instance, the author’s average consumption in his household with three persons being 211 lpcd. [19,000  ltrs p.m. ÷ 30 days ÷ 3 persons], it is much above the average consumption and at one-twentieth cost in Europe !  The arithmetic average of 178 lpcd will also include numerous  restaurants and hotels in the core area who also benefit (allegedly) from false meter-readings.  

The worst part is, only about one-thirds of Bangalore’s current 10 million population is served by BWSSB  and about half of whom are the poor and the lower middle class who suffer from scarcity and have to take resort to high-cost and contaminated borewell-sourced  private water tankers.  Further, the tragi-comic situation in this is that, there are many poor households including slum dwellers who would like to take the water connection but the BWSSB demands prohibitive, technically outstanding demand charges for water not actually supplied, including penal interest which in many cases exceed Rs.5,000 and increasing every month !

23.
NEED FOR A COMPREHENSIVE PLAN AND PROJECT IMPLEMENTATION 

The foregoing narration and analysis would indicate that the Government and the BWSSB (and indeed the civil society of Bangalore) should realize the gravity of the situation and should have a Comprehensive Plan and Project covering all aspects of this problem.  Such a Project should cover, inter alia :

 i. 
A population of 30 million by 2050 in the true urban Metropolitan Bangalore;
ii. 
Restoration of Lakes in BMR area by diverting sewages and creating wetlands;
iii. 
Restoring all Rajakaluwes so that exess rain water can flow to the traditional Cascading Lake System;
iv. 
Making the 25 STPs work at full capacity and installing Tertiary Treatment to recover at least 33% for 
 
 reuse and educating the public about the safety and necessity of potable Recovered Water;
v. 
Reducing leakages from the current ~40% to a reasonable 15% in the first instance and to 10% later;
vi. 
Rainwater Harvesting by regulatory and educative measures on both built up area and non-built up area;
vii. 
Upward revision of tariff while protecting the urban poor (30%) and significantly increasing the
 
 rates for the upper middle and affluent classes and commercial, non-domestic establishments;
viii. 
Training the BWSSB staff and NGOs as was done in Phnom Penh.

Out of the above steps, ii and iii will be the responsibility of the newly formed Lake Conservation and Development Authority (LCDA) which has legal powers and responsibility to preserve lakes, Rajakaluwes  and all water bodies including the supply of potable lake water to BWSSB.  The rest of the items are the responsibility of the BWSSB.

Such a 10-Year Plan and Project has been prepared informally by a consultant well-versed in water supply and sewerage matters.  This is shown in Appendix 2.  Appendix 2 a shows the cost of such a Project at Rs.40,000 crores (US$ 6.2 billion at 1 US$ = Rs.65).  Appendix 2 b shows the existing and proposed revision in tariff.  Appendix 2 c shows the funding including recovery of the cost by way of Water Supply Betterment Levy from mainly affluent domestic consumers and commercial and industrial establishments.  

The line-estimate of Rs.40,000 crores need not be breath-taking considering the projects so far taken up by BWSSB.  But then, the growth of Bangalore Urban Area is nothing less than breath-taking.  Even now, Bangalore Metropolitan Region has a little more than 16% of Karnataka’s population of 61 million.  This concentration will only grow for reasons explained in the foregoing pages.  According to the Economic Survey 2014-2015 of Karnataka, the State Domestic Product at 2004-2005 constant prices was Rs.344,106 crores (US$ 53 billion) in 2014-15 of which Bangalore Urban district (excluding Bangalore Rural and Ramanagaram districts) accounts for 34% 
.  Therefore, an average annualized capital expenditure of Rs.4,000 crores for ten years which can also be recovered from the affluent domestic sector and the non-domestic commercial and industrial sector for the very survival of Bangalore is quite feasible.

 


PART III   ―   CONCLUSION 
24.     LIMITS TO GROWTH
The important decision to be taken in any policy for Bangalore’s water supply is that, it should be realistic enough to cover the actual growing urban population in the Bangalore Metropolitan area and not to confine only to the BBMP area alone which is less than a third of the BMR area.  Even at a conservative rate of 3%, 2% and 1% growth which is less than the historical growth rate of 4% over fifty years, the Bangalore Urban district alone (which is already fully urbanized but outside the BBMP), will have a population of 19 million in 2031, 23m in 2041 and 25m in 2051.  Any long term plan aiming at a population of less than 25 million will be unrealistic and will be out of date ab initio.  The grim situation at present is, BBMP itself has a population of 10 million with 2.2 million households (according to the 2011 Census, the average family size in Bangalore is 4.5) of which BWSSB has covered only 7 lakh households with its water supply and drainage.  This is only 32% of the households in today’s BBMP area.  With two-thirds of the BBMP (and much more beyond) still to be covered and the urban area relentlessly growing in all four directions towards the boundary of the BMR, the number of uncovered households grows very fast.  Since these households do require water, the only recourse for them is the private water tankers and borewells.

And therein lies the impending tragedy of Bangalore.  Not having any perennial river for a source and the 100 km afar Cauvery quota having been exhausted with the 29 tmc of water―19  tmc already used and government having recently given he “hitherto unallocated” 10 tmc, the gross supply will be 2,262 MLD (at 78 MLD per tmc), the groundwater which is extracted even now at 3.78 times the annual rainwater recharge, will dry up soon.  In fact, the existing 400,000 borewells will increase to thrice that number and the current overdraft of 3.7 times the annual rain-recharge, will further accelerate the drying up of the groundwater.  Added to this is the contamination of groundwater due to the sewage from lakes percolating into the groundwater.

Clearly this is an unsustainable situation.  A Comprehensive Plan covering the following components as detailed in this paper is therefore not optional but indispensable :

 
  i.    Plugging the leakages as soon as possible, from the present unacceptable 40%+ to 20%-15%;

 
 ii.    Making STPs work at 100% capacity and install TTPs to recover 75% of the treated water;

 
iii.    Restoration of existing lakes in BMR area and making all Rajakaluwes and SWDs functional;

 
iv.    Diversion of sewages from Lakes; providing for wetlands around lakes wherever possible;
 
 v.    Legal insistence of installing captive, small STPs in every 6 dwelling apartments (G+2) and above;

 
vi.    Connecting 3 million households with water supply and drainage by 2030 and 4 million by 2040;

             vii.    Providing for dual piping system to save drinking water;

            viii.   Educating the public of the safety of recovered water with the help of NGOs;

 
ix.   Rainwater Harvesting on a basin-wide basis in addition to individual buildings;

 
 x.   Close, formal involvement of Resident Welfare Associations and NGOs.  


25. 
CONSEQUENCES OF NOT TAKING UP A COMPREHENSIVE PLAN
 
In a famous passage that made him highly controversial and also unpopular, Reverend Thomas Robert Malthus wrote in 1798 :


“Famine seems to be the last, the most dreadful resource of nature.  The power of population is so superior to the power of the earth to produce subsistence for man, that premature death must in some shape or other visit the human race.  The vices of mankind are active and able ministers of depopulation.  They are the precursors in the great army of destruction, and often finish the dreadful work themselves  But should they fail in this war of extermination, sickly seasons, epidemics, pestilence, and plague advance in terrific array, and sweep off their thousands and tens of thousands.  Should success be still incomplete, gigantic inevitable famine stalks in the rear, and with one mighty blow levels the population with the food of the world.”
 

―Malthus T.R., 1798. An Essay on the Princile of Population. Chapter VII, p61. 

Though Malthus warned about the unsustainability of food production which increases in Arithmetic Progression (1,2,3,4,5,6…) while population grows exponentially in Geometric Progression (1,2,4,8,16,32,64…) and in most parts of the world enough food is produced to sustain a growing population, yet, in a larger sense of natural resources not being able to sustain an exploding population, the warning of Malthus still holds good.  Fresh water for drinking is even more important than food.  In a city like Bangalore which is not by the side of  a perennial river, ensuring supply of potable water is vital.  


26.  The assumptions that Economists, Engineers, Bureaucrats, Politicians― in short the Establishment, makes that Growth can be perpetual and infinite is invalid.  As early as 1972, the Volkswagen Foundation funded the Club of Rome (a Think Tank founded in 1968 at Accademia dei Lincei in Rome – hence the name) a seminal book THE LIMITS TO GROWTH, which predicted that with increasing, exponential growth rates in five variables namely, Population, Industrialization, Pollution, Food Production and Resource Depletion, earth’s resources  cannot keep pace with consumption and by middle of 21st Century the Earth System will collapse.  It is noteworthy that forty years since its first prediction, various studies including one by Smithsonian’s have not falsified the prediction.
  The current UN concerns over the Global Warming and the need to revert to a sustainable economic growth after the conferences at Stockholm, Rio de Janeiro, Kyoto, etc. are the result of taking correctional measures to save the Earth System.

27.

The future of Bangalore will also fit into this larger picture.  While the drinking water scarcity and its contamination in the Business as Usual Scenario will be the major factor in the not-so-distant evacuation of half of Bangalore, there are also other equally important factors such as Garbage and Sold Waste Management, unchecked 7% annual growth of motorized vehicles (4.5 million vehicles for a 10m population) leading to impermissible levels of air pollution in Respiratory Solid Particulate Matter, Sulphur, CO, CO2 , Nitrix Oxide, etc., Inability to move about or even to walk, Environmental Diseases and consequent result of high cost of living in unlivable conditions—would be the other factors which will have to be attended to immediately.  But the most important problem is Water and clean water at that because without water no life is possible.

28. 

When Kempe Gowda established Bangalore in 1537, he constructed four towers―near today’s Mekhri Circle, Kempabudhi tank, Lalbagh and Ulsoor Lake.  It is attributed to him that if the city grows beyond these limits it will be ruined.  In 500 years the city has grown many times beyond its old towers.  It is time for Bangalore to heed to its founder’s warning.  Every village, town, city, country and indeed the planet itself has its Carrying Capacity.  Bangalore is already pushing its limits to growth and its carrying capacity will be over before its population doubles once more by 2030 which is just fifteen years ahead.  Since the Constitution permits free movement of people—half the population of the city now is from outside the state—and if government does not impose draconian disincentives to new institutions of commerce, industries, education, etc. the Malthusian Natural Checks will take over.  However, the government, instead of curbing further growth, is promoting it.  

29.

For instance, in June 2012 the GoK set up a Karnataka Information and Communication Technology Group 2020 (KIG 2020) which gave a Report in January 2013 and the GoK has started implementing it from July 2013 at a truly alarming speed without any public discussion.  According to this Report, the current employment of IT personnel in Bangalore is 800,000 which in 10 years will increase by 12 lakhs (to 20 lakhs) at a total investment of Rs.255,992 crores, Rs.197,000 of which has to come from GoI, GoK, tolls, cesses, the Railways and local bodies.  To achieve this, the following are the additional requirement and capacities to be created :


Additional Land

14,500 acres

Additional Power
 
1,200 MW

 
Additional Drinking Water
    375   MLD

Additional Sewage
   300 MLD

 
Addl. Solid Waste

 1,800 t/day

Addl. Construction
121 Crore sft.

Without any public discussion, the Government have already initiated steps to acquire 2,072 acres of land by the Karnataka Industrial Area Development Board (KIADB) in Devanahalli taluk and another 8,000 acres later.  It is expected to create 4 million additional jobs including 1.2 milllion directly in IT.  The Government has also proudly announced that this will transform Bangalore into the World’s leading IT hub.



HISTORY AND BLACK SWANS

30.

History has the reputation of repeating itself, first time as Tragedy as Marx said.  Cities and empires have disappeared due to water famines. Fatehpur Sikri, the city built by Akbar near Agra, had to be abandoned due to scarcity of water.  It is a ghost city today frequented only by tourists. In Karnataka, Bijapur – the capital of Adil Shahi’s kingdom, had a population of 930,000 in 1640.  The Begum Talab, the lake Ali Adil Shahi had built near Bijapur city supplied water from the lake through a canal to its inhabitants from wide step wells such as Taj Bawdi (with dimensions of 60’ x 60’x 60’). But Begum Talb dried up in course of time and after five centuries, today Bijapur city sustains a population of only 3 lakhs and also suffers from recurring water famines.  

Nassim Nicholas Taleb in his seminal BLACK SWAN points out that historically “unexpected events” which are exceptional and outside the main frame of the bell-shaped Normal Curve and in its “tails”, nevertheless happen in history again and again and therefore should be expected, but people become complacent about them. He gives innumerable examples of economic disasters starting from the Dutch Tulip price disaster in 1637 and down through centuries till the Great Depression of 1930, the DotCom disaster in 2002 and also anticipated the 2008 Mortgage Bubble which caused world-wide Recession from which the Western economies have not yet recovered.  Even though the occurrence of such economic disasters are fully recorded, yet governments and civil society did not learn to avoid them.  

Taleb also gives the example of the happy turkey which is being well-fed for the Thanksgiving dinner.  The unsuspecting turkey thinks how generous the human beings are to feed him with rich food every day.  But, come Wednesday before the Thanksgiving, the world of turkey ends as it is fattened only for the slaughter.
  Bangaloreans are like the happy turkey not realizing  what is in store for them.  When asked what is their main grievance redress desired for the 2015 New Year was, the IT wizards who were interviewed replied on the eve of the New Year that the Police should extend the night hours for celebrations upto 1 am in the morning !  The èlite of Bangalore in their high rise apartments and gated communities do not realize that the Party will soon be over unless the water problem is dealt with very seriously and very soon.
Appendix 1

An Illustrative List of Lakes which have been breached and built upon in Bangalore
1. Marenahalli Lake – Marenahalli Layout

2. Sarakki Agrahara Lake/Doresanipalya - JP Nagar 4th Phase houses
3. Chinnagara Lake – Ejipura dwellings
4. Challaghatta Lake – Karnataka Golf Association

5. Domulur Lake - Domlur Second Stage houses
6. Siddapura Lake - Siddapura/Jayanagar 1st Block houses
7. Geddalahalli Lake - RMV 2nd Stage, 1st Block houses
8. Nagashettihalli Lake - RMV 2nd Stage, 2nd Block

9. Kadirenahalli Lake - Banashankari 2nd Stage,

10. Tyagarajanagar Lake - Tyagarajanagar

11. Tumkur Lake - Mysore Lamps

12. Ramshetty Palya kere - Milk Colony (Playground)

13. Agasana Lake - Gayathri Devi Park

14. Ketamaranahalli Lake - Rajajinagar (Mahalakshmipuram)

15. Gangashetty Lake - Minerva Mills & Open ground

16. Jakraya Lake - Krishna Floor Mills

17. Dharmambudhi Lake - Kempegowda Bus Terminal

18. Agarahar Hosakere - Cheluvadipalya

19. Kalasipalya Lake – Kalasipalya establishments
20. Sampangi Lake - Kanteerava Stadium

21. Shule Tank - Ashok nagar, Football Stadium

22. Akkitimmanahalli Tank - SAI Hockey Stadium

23. Sunkal Tank - KSRTC Regional workshop

24. Koramangala Lake - National Dairy Research Institute

25. Kodihalli Lake - New Tippasandra/Government Buildings

26. Hoskere - Residential Railway Stockyard

27. Sonnenehalli Lake - Austin Town (RES Colony)

28. Gokula Tank – Mattikere Layout
29. Vidyaranya pura lake - Vidyaranaya pura/(Jalhalli East)

30. Kadugondanahalli Lake – Kadugondanahalli Layout
31. Hennur Lake - Nagavara (HBR Layout)

32. Banaswadi Lake - Subbayapalya Extention

33. Chennasandra Lake - Pulla Reddy Layout

34. Vijinapura Lake (Kotturu) - Rajarajeshwai Layout

35. Murugeshpalya Lake – Murugeshpalya layout
36. Parangipalya Lake - HSR Layout

37. Mestriplaya Lake - Mestriplaya (Open Ground)

38. Timeryard Lake - Timeryard Layout

39. Gangodanhalli Lake – Gangodanhalli layout
40. Vijayanagar Chord Road Lake - Vijayanagar

41. Oddarapalaya Lake - Rajajinagar (Industrial Area)

42. Saneguruvanahalli Lake - Shivanahalli (Play Ground)/

        KSPCB Buildings

43. Kurubarahalli Lake – Basaveshwaranagar Layout
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[1]

		Year		Population in Lakhs		Water Demand in MLD		Present supply in MLD		Short fall in demand in MLD		Remarks

		1		2		3		4		5		6

		2011		95.89		1901		860		1041		Water demand is taken at 150 lpcd and 10% of the same for ND demand and 20% allowance for leakage.
The supply from Arkavathy source is reduced to 50 MLD due to insufficient inflow in the river.
The supply is increased by 500 MLD to be commissioned in 2012 under II Phase of Cauvery IV stage and considered from 2021 onwards.

		2021		121.84		2415		1360		1055		

		2031		178.82		3544		1360		2184		

		2041		241.75		4789		1360		3429		

		2051		335.63		6648		1360		5288		



STATEMENT SHOWING THE PROJECTED POPULATION BEYOND 2011 AND PROJECTED WATER DEMAND UP TO 2051
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