Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report

Chapter 6 Projection of Potential Water Supply Amount by type of
Water Source and Distribution to the 3 Areas by Target Year

6.1 Water Sources Available as of June, 2016

Presently, water supply for domestic, and small-size commercial and industrial usesin the BBMP areais
managed by CWSS using water taken from the Cauvery River. The water was drawn in stages from the
year 1974 onwards and 1,460 MLD is the maximum intake amount at present. In addition, groundwater
withdrawn from deep aquifers is supplementary used for domestic water supply using either by privately
or BWSSB owned wells. There are some households using both water sources, in other words, water
supply by BWSSB covers amost all households in the service area. Other water sources are tertiary
treated sewage, saved water reducing UFW and rainwater. However, the water derived from treated
sewage and rainwater can't be mixed with domestic water to be supplied for the public water supply in
the BBMP area. Namely, potential water sources for the water supply by BWSSB are limited to surface
water, groundwater and saved water from UFW.

6.2 Water Allocation of Cauvery for BWSSB
6.2.1 Cauvery Basin Outline

The Cauvery basin extends over states of Tamil Nadu, Karnataka, Kerala and Union Territory of
Puducherry, draining an area of 85,626.23 km? (GIS Calculated as per India-WRIS Database) which is
nearly 2.7% of thetotal geographical area of the country with amaximum length and width of about 560 km
and 245 km, respectively. Out of this, 42% area lies in Karnataka, 54% area in Tamil Nadu & Karaikkal
region of Puducherry and 4% in Kerala (refer to Figure 2.1.7). There are no authorized plans for water
source development in this basin.

6.2.2 Karnataka Allocation

The Gazette notification No. 373 published by the Government of India, Ministry of Water Resources dated
19" Feb 2013, orders water of Cauvery River be allocated between the three states of K arnataka, Keralaand
Tamil Nadu as well as Union territory of Pondicherry for their beneficial uses as shown in Table 6.2.1.

Table 6.2.1 Water Allocation for Concer ned States

Sr. No. Description Quantity
1 The State of Kerala 30T™MC
2 The State of Karnataka 270T™MC
3 The State of Tamil Nadu 419TMC
4 The Union territory of Pondicherry 7TMC
Total 726 TMC

Note: TMC; Thousand Million Cubic feet per year (Billion cubic feet per year)
Thereis no details on the manner of water allocation among concerned states.

Source: JICA Survey Team
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In addition, some quantity of water has been reserved for (i) environmental purposes and (ii) inevitable
escapages into the sea as shown in Table 6.2.2.

Table 6.2.2 Reserved Flow of Cauvery

Sr. No. Description Quantity
1 Quantity reserved for environmental protection 10 TMC (775 MLD)
2 Quantity reserved inevitable escapes into the sea 4TMC
Total 14TMC

Source: JCA Survey Team

Thetotal water requirement of Karnatakafor irrigationis 250.62 TMC. While determining the requirement
of Karnataka and Tamil Nadu the assessors advised that some carry over storage in the reservoirs in the 2
states may be provided to take care of any delays in monsoon.

6.2.3 Flow Control in Karnataka Policy

Water right for the rivers crossing more than two statesis determined by National Government (Ministry of
Water Resources) and Tribunals (such as Cauvery Tribunal). The Water Resources Department, Karnataka
controls water in the state.

(2) Organization of Water Resources Department

The functions of the Water Resources Department are as follows.
e Collection of hydrological data, compilation, processing and hydrological designs.
e Planning and investigation of major and medium irrigation projects.
¢ Construction and maintenance of on-going and existing major and medium irrigation projects
¢ Resolving interstate water dispute problems.
e Command area development activities.
¢ Research, development, and training works.
e Maintenance and monitoring of machineriesin Water Resources Department
e Monitoring & evaluation of theirrigation projects.
o Administrative matters of the entire Water Resources Department.
o Latest techniques & software are used to investigate projects in geomatics center.

The Water Resources Department is nodal agency as shown below. The maor companies for management
of water sources in their jurisdictions, which report to the Water Resources Department in the state of
Karnataka are given in Table 6.2.3.
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Table 6.2.3 Organization of Water Resources Department of Karnataka

MINISTER, Water Resources Department

Principal Secretary to Gov't

Water Resources Department,

Secretary, Water Resources Department,

Karnataka Neeravari Nigam Ltd for| Krishna Bhagya Jal Nigam Ltd for| Cauvery Neeravari Nigam Ltd
the management of water source in| the management of water source in| (CNNL) for the management of
the river basins excepting Cauvery| Krishna River basin. water sourcein Cauvery River basin.
and Krishnariver basin.

Source: Water Resource Department, Karnataka

(2) Cauvery Neeravari Nigam Limited for the management of water sourcesin Cauvery River Basin
CNNL (Cauvery Neeravari Nigam Limited) is constituted as per the Hon'ble Chief Minister announcement
made in the budget speech vide G. O. No. WRD/32/KBN/2003 dated 12-5-03. The Nigam is proposed to
raise 15,000 Million INR in the period of three (3) years for completion of al ongoing works and
modernization of completed projects in Cauvery basin. Concretely, it controls the reservoirs from where
water isreleased for ShivaAnicut.

Main Objective of the CNNL: to complete the works of the ongoing irrigation projects including lift
irrigation works, and such works of minor irrigation and CADA (Command Area Devel opment Authority).
Also to maintain, operate, improve or modernize the irrigation projects and dam operation in the Cauvery
Basin entrusted to it by the Government of Karnataka.

(3) Priority of Water Use
National Water Policy reviewed in 2012 by the National Government, has set up priorities for usage of
water in the following order.

i. Drinking Water

ii. Irrigation Water

iii. Hydropower

iv. Navigation

v. Industrial

vi. Other uses

6.2.4 BWSSB Allocation for CWSS Stage | to Stage IV

BWSSB is an autonomous body formed by the State legislature under Bengaluru Water supply and
Sewerage Board Act on 10" September, 1964 for Water Supply & Sewage disposal. Sinceitsinception in
the year 1964, BWSSB has executed several water supply and sewage schemes for the city, including the
prestigious Cauvery Water Supply Scheme (CWSS) Stages |, I, 11 & Stage IV Phase 1 and Phase 2; 300
cusec (733 MLD) for the total of Stage | to Il was approved by Government of Karnataka as per GO
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PWD/41MMM/04/Bengal uru dated 10" December, 1984, and additional 300 cusec (733 MLD) for Stage
IV asper GO HUD/MNI/90/ Bengal uru dated 27" July, 1994. The allocation result is shown in Table 6.2.4.

Table 6.2.4 Allocation for CWSS Stagel to 1V

Allocation
Cauvery Stages
Cusec MLD
Stage |
X 730
Stage |l 300
( 733 is rounded)
Stage 11
Stage |V Phase 1 300 730
Stage 1V Phase 2 (733 isrounded)
Total 600 1,460

Note: 1 Cusec = 28.317 litres per second
Source: JICA Survey Team

6.2.5 CWSS Stage V

Government of Karnataka allocated additional 10 TMC (775 MLD) of water from Cauvery River for the
water supply requirements of BBMP. In other words, allocation to BWSSB was increased from 20 TMC to
30 TMC.

In Clause X1V of “Final Order and Decision of the Cauvery Water Disputes Tribunal” it is stated that the
water diverted from any reservoir by a State for its own use shall be reckoned as use by that State, and the
measurement for domestic and municipal water supply as well as the industrial use shall be made in the
manner indicated below.

“By 20 % of the quantity of water diverted or lifted from the river or any of its tributaries or from any
reservoir, storage or canal.”

Under the above conditions, additional 10 TMC (lifted) shall be measured as 2 TMC (20 % of lifted 10
TMC), which shall be alocated from 17.64 TMC of non-specified purpose water for Karnataka State (A
total of 6 TMC to be measured coinciding to 30 TMC water right is allocated from 17.64 TMC). Thus, no
influence to other states by this arrangements. In addition, this arrangement in the Karnataka state is based
on the National Water Policy in 2002 giving first priority to drinking water supply and adjusted by
concerned parties under the leadership by the aforementioned CNNL.

Generally, allowable water volume to be taken shall follow the water right and monitored at the intake
point. However, in case of intake amount in the TK Halli, the following concept is introduced.

The water intake in TK Halli is planned both for the water treatment plant and hydraulic power plant at
Shiva Anicut point as shown in Figure 6.2.1. The WRD intends to monitor the water right at Shiva Anicut
based on the following idea and BWSSB will submit transmission flow record from the TK Halli
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Pumping station.

e There is no need to monitor intake amount for the hydraulic power plant, since used water at the plant

is returned to the river.

e It isnot clear that monitored intake amount is used for water supply or not, because the water is taken
at the same time both for hydraulic power plant and water treatment for drinking purposes.

e As far as the water volume for transmission maintains the water right, there is no problem even
intake amount is beyond water right for water lossesin the WTP.

HANDA |

i
MARNLOIS (To TK Hal T

PIPE_INTAKE
INVERT LEVEL 608.3M

SHIVA BALANCING
RESERVOR
(FORBES SAGAR)

CANAL INTAKE
BED LEVEL 610.67M

Shiva Conal (1.8km)
(C=74.0m’

POWER CHANNEL TC
WSHIVA_POWER HOUSE

(To Power Station)

SHIvA aNicUT _(Nater 1ntake)

Source: BWSSB
Figure6.2.1 Location of ShivaAnicut for Power Channel and Pipe Intake

Although there are some conditions as mentioned above, water right for the WTP shall be 775 MLD for

this project.

6.2.6 Present Flow Condition
The locations of the Dams, water intake point and flow gauging points along the river are shown in Figure

6.2.2.
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Source: BWSSB and JICA Survey Team
Figure 6.2.2 L ocations of Dams, Water | ntake Point and Flow Gauging Point along Cauvery River

Biligundulu Gauging Site

Flow data of Cauvery is available from 1972 to 2016, though data from 2013 to 2016 are not sufficient, as
shown in Table 6.2.5, plentiful flow as 95th day, average flow as 185th day, low flow as 275th day and

drought flow as 355th flow at Kollegal point, which is nearest flow gauging station located 14 km upstream
of intake. Thistable shows the average draught flow is2,539 MLD and it exceeds the intake requirement of
2,235 MLD =1,460 + 775.

Table 6.2.5 Cauvery Flow from 1972 to 2016 at K ollegal

Unit m?3/sec MLD
Rank Plentiful | Average L ow Drought | Plentiful | Average L ow Drought
95 185 275 355 95 185 275 355

1972 335 89 28 12 28,970 7,664 2,445 1,063
1973 368 95 43 22 31,761 8,208 3,689 1,901
1974 260 31 18 12 22,455 2,678 1,512 994
1975 400 104 32 16 34,560 8,994 2,739 1,400
1976 101 74 52 29 8,683 6,428 4,458 2,514
1977 311 119 51 38 26,853 10,238 4,389 3,275
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Unit m?/sec MLD
Rank Plentiful Average Low Drought Plentiful Average Low Drought

95 185 275 355 95 185 275 355

1978 293 107 57 28 25,324 9,236 4,925 2,445
1979 225 127 65 39 19,423 11,007 5,616 3,396
1980 326 108 51 31 28,201 9,323 4,424 2,696
1981 235 111 63 28 20,313 9,547 5,409 2,445
1982 125 75 57 46 10,809 6,515 4,890 3,974
1983 144 57 41 28 12,450 4,951 3,516 2,393
1984 246 130 63 43 21,272 11,241 5,460 3,707
1985 129 73 52 37 11,102 6,324 4,527 3,205
1986 137 44 29 22 11,845 3,758 2,532 1,901
1987 87 51 38 28 7,506 4,406 3,309 2,436
1988 156 69 41 31 13,513 5,930 3,572 2,647
1989 151 63 34 13,055 5477 2,955 0
1990 150 81 46 31 12,934 6,998 3,950 2,688
1991 194 108 48 33 16,744 9,297 4,134 2,861
1992 315 110 42 23 27,233 9,461 3,599 1,985
1993 171 91 49 34 14,748 7,847 4,258 2,957
1994 265 105 54 33 22,913 9,081 4,704 2,874
1995 170 77 44 22 14,697 6,653 3,763 1,889
1996 200 66 37 24 17,315 5,702 3,197 2,074
1997 235 90 59 34 20,304 7,770 5,077 2,930
1998 253 108 73 40 21,825 9,331 6,307 3,456
1999 203 106 52 28 17,539 9,176 4,478 2,458
2000 223 108 52 28 19,268 9,359 4,510 2,396
2001 191 109 63 39 16,460 9,425 5,417 3,391
2002 152 71 46 27 13,124 6,107 4,002 2,357
2003 151 73 24 13 13,038 6,305 2,070 1,151
2004 167 87 34 13 14,432 7,519 2,967 1,156
2005 342 79 57 37 29,589 6,803 4,908 3,231
2006 263 140 85 52 22,715 12,072 7,355 4,468
2007 361 109 59 27 31,216 9,446 5121 2,310
2008 224 82 63 42 19,354 7,057 5,438 3,636
2009 230 43 34 28 19,833 3,751 2,973 2,380
2010 170 49 27 19 14,717 4,246 2,373 1,670
2011 211 74 41 28 18,213 6,380 3,509 2,407
2012 64 30 24 18 5,552 2,628 2,059 1,553
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Unit m?/sec MLD
Rank Plentiful Average Low Drought Plentiful Average Low Drought
95 185 275 355 95 185 275 355

2013 132 184 46 11,405 15,898 3,974
2014 14 1,210
2015 23 1,987
2016

Average 213 87 50 29 18,406 7,518 4,344 2,539

Note: Complete Data for the years 2014 to 2016 are not available, Source: Central Water Committee

Source: JICA Survey Team

Figure 6.2.3 shows the comparison between Cauvery drought flow and intake requirement. Datain some
years are not available, thusfigureis prepared using those in available years.

On the other hand, 2012 flow is sometimes below intake requirement as shown in Figure 6.2.4.
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Figure 6.2.3 Intake Requirement and 355" Flow of Cauvery at Kollegal Point

The water for the BBMPisreleased from four (4) damsin the Cauvery River basin. The capacities of these
dams and other details are shown in Table 6.2.6. They are under control by Water Resource Department of
GoK through CNNL. Usually Cauvery flow is controlled by K.R. Sagara dam and Kabini dam for
BWSSB water intake but in case water is not enough such as special drought year, Harangi dam and
Hemavathy dam are requested to be discharged. Water intake is limited for drinking purpose during
drought seasons. Capacity of these four (4) dams are shown in Table 6.2.6 total live capacity is 2,583
Million m® and it is equivalent to seven (7) Million m¥day (7,000 MLD) for 365 days.

6-8




Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report

Daily Flow(MLD)

Cauvery Flow at Kollegal Point in 2012
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Figure 6.2.4 Intake Requirement and Daily Flow of Cauvery in 2012 at K ollegal Point

Table 6.2.6 Capacity of Dams Upstream of Water Intake

Gross Capacity Live Capacity
No. Dams — —
TMC Million m3 TMC Million m3
1 Harangi 8.500 241 7.75 219
2 Hemavathy 37.103 1,050 32.731 926
3 K.R.Sagara 49.452 1,399 41.074 1,162
4 Kabhini 19.516 552 9.706 275
Total 114.571 3,242 91.261 2,583

Source: JICA Survey Team

As no report has been made on the difficulty of water supply by BWSSB, adequate discharges of water
from the dams seem to have practiced as of today (Required flow for the water supply by BWSSB was
ensured even in 2012, when minimum flow was recorded in the last 5 years)).

6.3 Planned and Potential Water Sources with Amount
6.3.1 Surface Water
The needs of new water sources were recognized by the Government to meet water demand through the
future for the growing population in the BBMP area. The expert committee was established for the water
source study purpose in November, 2010. The committee has identified schemes for getting fresh water
from various water sources as well as other proposals such as reduction of UFW in the existing
distribution systems, revival of the flow in the Arkavathi River, diversion of effluent discharged from
STPs, rejuvenation of lakes and rainwater harvesting for raising groundwater table to sustainable levels.
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Water allocation for drinking water of Bengaluru city from Cauvery River with 10 TMC (775 MLD) to be
converted from irrigation use was authorized in January 27, 2014 (letter from Principa Secretary, Urban
Development to Chairman of BWSSB). The water from Cauvery River with additional 10 TMC as
alotted by the State government shall be fully utilized up to year 2034 and further development may be
studied considering the following proposals prepared by the Expert Committee which was established for
the study of water source for Bengaluru water supply. The outline of the Committee is shown in Table

6.3.1.
Table 6.3.1 Outline of Expert Committee
Name Expert committee for identification of sourcesfor sustainable water supply to BBM P
The Government having realized the immediate necessity for identifying new sources to meet the
drinking water needs of Bengaluru for the fast growing population vide their Order dated 25" November
Backaround 2010 constituted an Expert Committee under the Chairmanship of former Chairman of BWSSB,
9 Bengaluru with 9 experts as Members and the Chief Engineer (Kaveri), BWSSB as Convener. The
Committee has to collect the necessary data and work out the future population and water demand for
the next 10 years up to 2021 and also for a further period of 40 years up to 2051.
To examine the need for supplementing fresh water through rain water harvesting, reduction in
Purpose unaccounted for water (UFW), reuse of treated waste water, and using ground water also as a source.
To examine the technical and financial eval uation of the various alternative proposals.
|. Superintending Engineer WRD,
2. Fomer Prof. of 11Sc., Bengaluru
3. Citizens' Action Forum, an NGO
4. The past and present Chief Engineers of BWSSB
5. Engineer from Krishna Bhagya Jala Nigama
6. Professors from the Global Academy of Technology, Bengaluru
Member 7. Former Additional Chief Secretary to Government of Karnataka and presently Chairman of the

Centre for Policies and Practices

8. Senior Consultant of E.I. Technologies Private Limited

9. Ex-Member of NCA and former Additional Secretary to Government of India
10. Chief Consultant of M/S STUP Consultants Private Limited

11 Chief Engineer, Upper Bhadra Project

12. Managing Director, Lake Development Authority

13. Superintending Engineer, WRD

Source: JICA Survey Team

(1) Optimal Utilization of Existing Sources
i. Reduction of UFW in the city’'s distribution network from about 48% to 16% to save about 307

MLD.

ii. Rejuvenation of water in the Arkavathi River and diversion of effluent from the STPsin the city into
the Arkavathi catchment.

iii. Rainwater harvesting, rejuvenation of lakes and others

iv. Laying of dual pipeline for potable and non-potable water supply. Based on this arrangement, the
demand for fresh water gets reduced by two thirds.

v. Conservation of water by creating awareness among water users on the scarcity of water and
methods to conserve the same.
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(2) New Water Sources
i. Withdrawal of additional water from the Cauvery River within the frame work of the Cauvery water
disputes tribunal award
ii. Diversion of water from the Linganamakki reservoir, the present hydropower reservoir
iii. Inter-basin transfer of water from Konganahole and Kakkattuhole to the catchment of Cauvery
iv. Diversion of water from the West Flowing Etthinahole and other streams to provide drinking water
v. Withdrawal of water from the Hemavathi reservoir to the Arkavathi catchment through the existing
irrigation canal
The locations of Linganamakki, Konganahole and Kakkattuhole, Etthinahole project with intake quantity
and estimated cost are shown in Figure 6.3.1. These projects are concluded as "long term proposal”.
New dam development plan for drinking purpose is not considered in the committee report.

Source: Google Earth and J CA Survey Team
Figure 6.3.1 Location of Proposed Water Sources

6.3.2 Groundwater

As of year 2013, atota yield of groundwater for domestic use in the Core area of Bengaluru is estimated
at 569.70 MLD (Water source expert report as described herein below) using number of deep wells
registered at BWSSB, hourly yield per well with daily operation time based on the experience at present
and assumption of the percentage of active deep wells. It is of utmost importance that extraction of
groundwater should be a gable levels equivalent to the quantity replenished every year. The
replenishment has to be improved by increasing the quantum of water that percolates into the ground.
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There is no data on groundwater for assessment of total groundwater potential and fluctuation of deep
groundwater level.

Besides, exploitation of groundwater source should be so regulated as not to exceed the recharge to
ensure sustainable supply. Thus, future potential of groundwater from deep aquifer in the Core area and
ULBs shall be maintained at least on a present level of withdrawal. In this connection, potentia supply
amount using groundwater for domestic use may be assumed to be 70-80% of present availed amount
estimated at about 400 MLD (which is equivalent to projected amount by BWSSB based on the study
result by Water Source Expert Team). The water to be used from groundwater in the Core area and ULBs
is supplementary amount to the “ domestic water supply” (which includes some commercial and industria
water supply for small size users) by the BWSSB. While, currently in 110 Villages, groundwater either
from dug wells or deep wellsis used. In the fact that some deep wells in the villages are registered to the
BWSSB, about 100 MLD of ground water may be assumed to use for domestic water supply through the
future (The amount is estimated in application of same manner as used for the estimate of groundwater
amount available in the Core area; No. of registered deep wells, active well 50%, yield per well and
operation hours).

On the other hand, according to the study report on groundwater hydrology and quality prepared by
Department of Mines and Geology, eighty eight percent (88%) of the samples collected from shallow
wells in the Bengaluru city (259 samples) have shown E-coil and total-coil presence. The concentration
varies between 1.1 and 1,600 MPN/100 ml. The average value with respect to E-coil and total-coil are
488.17 and 489.44, respectively. The presence of pathogenic bacteria in the shallow wells is believed due
to anthropogenic activities. Theinflow of the bacteria may be caused by inappropriate sealing at the upper
part of the well casing or contamination of shallow aquifer caused by polluted surface water. In addition,
about 30% of examined samples contain excess of nitrate (>45 mg/l), which indicates the effect of the
human activity and a significant level of pollution. Under these conditions, it is not recommendable to use
shallow wellsfor drinking purpose.

The Committee concluded that “at present approximately 570 MLD of water is being extracted from the
ground which will go up substantialy after the groundwater recharged”. In consideration of this
conclusion, available amount of groundwater from deep aquifer in the Core area may be assumed as
present quantity of 400 MLD. Likewise, 100 MLD of groundwater (deep aquifer) may be counted for
drinking water supply for 110 Villages.

6.3.3 Re-use of Treated Sewage

(1) Existing tertiary treatment and its water use

BWSSB has been operating 14 secondary sewage treatment plants and 4 tertiary treatment plants (TTP)
for reuse of water. The total treatment capacity of the secondary treatment plantsis 721 MLD as shown in
Table 6.3.2. The treatment efficiency of the BOD is about 90% (inflow BOD: 250-350 mg/l, effluent
BOD: 30 mg/l). The BWSSB has been constructing additional 12 STPs with a total treatment capacity of
339 MLD in the ULB area. The outline of the existing tertiary treatment plants are presented in Table
6.3.3.

6-12



Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report
Table 6.3.2 Existing Secondary Sewage Treatment Plantsin BBMP
No. Name of STP Capacity
(MLD)

1 | Vrishabhavathi valley treatment plant 180
2 Kempambudhi water reclamation plant 1
3 Mylasandra 75
4 Nagasandra 20
Sub total for Vrishabhavathi 276
5 Koramangala and Challaghatta Valley treatment plant 248
6 Madivala water reclamation plant 4
7 K adabesanahalli 50
8 Labagh (Tertiary) 15
9 Cubbon Park(Tertiary) 15
Sub total for Koramangala and Challaghatta 305
10 | Hebbal valley treatment plant 60
11 | Yelahanka (Tertiary) 10
12 | Jakkur 10
13 | Krishnargja Purum 20
14 | Rgjacana 40
Sub total for Hebbal 140
Total 721

Source: Identification of Sourcesfor Sustainable Water Supply to BBMP,

Report of the Expert Committee Constituted by the Government of Karnataka

Table 6.3.3 Outline of Existing Tertiary Treatment Plants (1)

Treatment | Capacity Treatment Treatment Efficiency Supply Conditions
Plant (MLD) Process  |Parameter| Design | Actual
V Valley 60 | Trickling filter, pH 7-8 7.1 | Biggest Trickling Filter in India
Coagulating SSmy/l <5 34 | Proposed to supply water to Bidadi
Sedimentation, |BOD mg/l| <5 3.0 | Power Plant
Disinfection COD my/l 16.6 | Supplied to Arvind Millsand other
industries for non-potable use
Water charge; 15 INR/KL at plant site
and 25 INR/KL through pipeline
Yelahanka 10 | Conventional pH 7-8 7.7 | Being supplied to International
ASP with | SS mg/l <5 3.5 | arport, BEL, Rail Wheel Factory,
Filtration, BOD mg/l| <5 3.97 | ITC, IAF and other industries
Chlorination COD my/l 53.0 | Water charge; 15 INR/KL at plant site
and 25 INR/KL
Source: BWSSB
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Table 6.3.4 Outline of existing Tertiary Treatment Plants (2)
Treatment | Capacity | Treatment Treatment Efficiency Supply Conditions
Plant (MLD) Process Par ameter Inflow | Design | Actual
Cubbon 1.5 | Membrane pH - 6.8-8.0 | 6.58.0 7.2 | Supplied for
Park Bio Reactor |BOD mg/l 330 <4 <2 | landscape, irrigation
(MBR) TSS my/l 450 <3 <1 |inCubbon Park
Turbidity NTU - <2 0.05
F. Coli MPN/100ml | >16000 Nil BDL
Coli 109-1010 23 BDL
Lalbagh 1.5 | Extended pH - 7.0-80 | 7.0-80| 7.34 | Suppliedfor
Aeration, BOD my/l 330 <5 2.24 | landscape, irrigation
Plate Settler, |TSS mg/l 450 <5 1.09 |inLalbagh
uv Turbidity NTU - <3 0.79
Disinfection  |F. Coli MPN/100ml | >16000 Nil BDL
Coli 109-1010 23| BDL
Source: BWSSB

(2) Future Development for Re-use of Treated Sewage
The following are proposed by BWSSB for future development to use treated water.

o Supply of tertiary treated water to KIADB area near Devanahalli

e Construction of 40 MLD TTP

o Secondary treated sewage pumped from Raja Canal STP through GRP with distance of 19 km

e Supply of 60 MLD to Karnataka Power Transmission Corporation Limited (KPTCL) for the power
plant at Bidadi

e Construction of 60 MLD TTP at Hebbal on DBOT basis to supply treated water in the neighboring
area

o Supply of bottled water after Reverse Osmosis (RO) treatment of tertiary treated sewage (1.5 MLD)

o Apartment houses with more than 20 rooms are obliged to construct sewage treatment plants and they
must use the effluent for flushing water of toilets and gardening.

(3) Re-use of Treated Sewage by the Owners with Larger Buildings

Adoption of dual piping system and providing modular sewage treatment plants have been published on
February 2, 2016 as Bengaluru Water Sewerage Regulations. The following are major points to be
implemented.

i. Requirements: Concerned parties are any owner, occupier or builder who constructs any buildings
considering of twenty or more houses or apartments or flats within BWSSB juris-diction shall
provide modular sewage or grey water treatment plant within its premises and dual piping system,
one for toilet flushing purpose and the other for al other purposes. Only treated water from the
installed STP. GWTP shall be used for toilet flushing purpose in such buildings.

ii. The required facilities shal be provided by the owner/occupier within the date specified by the
BWSSB. The treated water from the STP/GWTP shall be used for toilet flushing after the date
specified by the BWSSB.

iii. Any owner/occupier or builder who has constructed or constructs building for non-domestic
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purpose is a sital area of one hundred m? and above shall provide dua piping and STP/IGWTP
within its premises. Only treated water shall be used for toilet flushing purpose.

iv. Penalty clauses for the owner/occupier/builder of domestic or residential building: If they fail to
provide both dual piping system and STP, they shall be able to pay an additional levy of 25% of
water and sanitary charges for the first 3 months and thereafter an additional levy of 50% of water
and sanitary chargestill both the requirements are provided.

v. Penalty clauses for the owner/occupier/builder of non-domestic or non-residential building: If they
fail to provide the both requirements, they shall be liable to pay an additional levy of 50% of water
and sanitary charges for the first 6 months and thereafter an additional levy of 100% of water and
sanitary chargestill both requirements are provided.

Under the strict application of the above rules for the re-use of treated sewage for toilet flushing purpose,
per capita water consumption for some people may be reduced to 105 Ipcd (150 Ipcd — 45 Iped) following
National standard (for communities with population above 100,000, the water demand varies from 150 to
200 Ipcd and out of this quantity, 45 Ipcd may be taken for flushing toilet).

6.3.4 Rainwater Use

Annual rainfal in BBMP area is about 800 to 900 mm/year. Accordingly, rainfall amount in the BBMP
(800 knv’) arrives at 1,750 to 1,970 MLD. In assumption of available amount of 35% to the rainfall
excluding the losses caused by evaporation and infiltration into the ground, about 613-690 MLD can be
utilized. However, it is difficult to use the water after storage due to annual rainy day islimited to only 70
days, therefore, indirect use of the water after recharging into the ground seems to be redistic. Existing
lakes are preserved to maintain groundwater table. Lake Development Authority manages a total of 262
lakesinthe BBMP.

At present there is a mandatory requirement to adopt “Rain Water harvesting” for every owner or
residents of existing building with premises of more than 60’ x 40’ (222.97 m?) and for newly constructing
building with more than 30" x 40 (111.48 m?). Sir M. Visvesvaraya Rain Water Harvesting Theme Park
demonstrates the people the methods of ingtaling rainwater harvesting. The facilities include
channelization, filtration, storage and groundwater recharge.

The facilities are effective, especialy in the built-up area where natura rainwater infiltration area is
reduced in provision of concrete road and houses/buildings. However, recycling use of water is limited to
miscellaneous use in its quality just removing debris/sand. Groundwater re-charge will contribute to
shallow aquifer. Under these conditions, rainwater use will not directly affect piped water supply amount,
such as planned domestic water supply with 150 Ipcd.

6.3.5 Saving by the Reduction of UFW
An average UFW (mainly leakage) at present is 48% as studied in sub-section 5.3. Based on the previous
study, the following UFW percentages in Core and ULB areas are assumed up to final target of 16% in
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the year 2049, considering gradual reduction/ improvement. Table 6.3.5 summarizes UFW % for subject

years.
Table 6.3.5 Planned UFW % by Subject Year for Core& ULB and 110 VillagesArea

Year 2016 2019 2024 2034 2049
Core & ULB 48 37 33 23 16
110 Villages 16 16 16

Note: The construction of water supply facilities for 110 Villagesis assumed to be completed by the year 2023.
Source: JICA Survey Team

6.4 Water Distribution to Three Areas Considering Water Demand and Present
Issues
6.4.1 Assumptions/ Conditions for Water Balance Study
Assumptiong/conditions are summarized for the water balance study between water demand and potential
supply amount for the two categorized group areas: Core & ULB area and 110 Villages area. Some of
them are studied in the previous sub-sections.
i. Proposed three projects by Indian side (Stage V project in CWSS, UFW reduction project in the Core
area and water supply and sewerage project for 110 Villages) are considered as basic conditions.
o Water supply by CWSS Stage V will start from the year 2024 as a result of one phase construction for
the utilization of 775 MLD.
o Water supply servicesfor the 110 Villages will be commenced by the year 2024.
e The following implementation schedule is assumed:
= Stage V project and 110 Villages Water Supply and Sewerage project: 2017-2019 L oan Agreement,
Selection of Consultants and D/D of facilities; 2020-2023 Selection of contractors and
construction work
ii. Potential water source is limited to surface water from Cauvery River through Stage | to planed
Stage V, groundwater maintaining present yield and UFW to be reduced.

6.4.2 Population to be Served by the BWSSB Water Supply

Water consumption by study area (Core & ULB area and 110 Villages ared) is projected by multiplying
unit water consumption rate to served population. In this regard, population for the three areas was
projected in subsection 5.1.

Population trends for the three areas in case of high projection are illustrated in Figure 6.4.1. In the fina
target year, population in the ULBs and villages are expected to increase considerably, while in Core area,
only amoderate increase.
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Figure 6.4.1 Population Trendsfor the Three (3) Areas

6.4.3 Water Demand and Supply
Water demand is projected by study area in Chapter 5. Available water sources are surface water from
Cauvery River, groundwater and UFW saved water, as studied in section 6. Based on the study the
following water supply volume is considered.

i. Amount of water source from Cauvery River: 1,460 MLD as atotal from Stage | to Stage IV projects,

CWSS; Planned supply amount of 775 MLD by Stage V project

ii. Groundwater: 400 MLD in Core and ULB areaand 100 MLD in 110 Villages area

iii. UFW saved water: to be calculated based on UFW assumptions

The water demand and supply at present and target years are summarized in Table 6.4.1.

Table 6.4.1 Water Demand and Supply at Present and Target Years

Demand (MLD) Supply (MLD)
y 110 = Balance
ear age
Total Core ULB _ Total . Stage V Ground | ;| p)
Villages -1V water
2016 1,955 1,306 549 100 1,960 1,460 500 5
2024 2,215 1,187 673 355 2,735 1,460 775 500 520
2034 2,608 1,201 903 504 2,735 1,460 775 500 127
2049 3,456 1,300 1,361 795 2,735 1,460 775 500 -721

Source: JICA Survey Team

6.4.4 Water Balance Study

(1) Overall Weter Balancein BBMP
The balance study is made in above condition and Figure 6.4.2 presents water balance in BBMP for the
target years. Potential supply amount up to year 2024 is short, then in the provision of Stage V project,
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required demand would be satisfied up to medium target year 2034.
Water Demand and Supply by Water Source
4,000
3,500
3,000 /
2,500 I Cauvery
g 2,000 [ Groundwater
1,500 e Consumption
1,000 = Demamd
500
0 -
2016 2019 2022 2025 2028 2031 2034 2037 2040 2043 2046 2049

Source: JICA Survey Team
Figure 6.4.2 Water Balancein BBMP

Comparison on water balance between those by BWSSB and JICA Survey result is summarized in Table
6.4.2.

NJS Consultants Co., Ltd
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Table 6.4.2 Comparison on Water Balance between those by BWSSB and JICA Survey Result
(MLD)
Year |Study Area Demand Supply Balance
Source MLD Groundw Cauvery URw | Tertiary Fireter Total @ | between
CWSS 1-4 Stage V , Treated [ =@+(0)+
ater Current | UFW SV | water Har\gctmg ©+@d)+
O @ (b) Effective | Saving UFW © @ (e) (e)+(f) ©-©
2022|BWSSB |Core& ULB 2,700] 400 1,460 557 250 150 100 2,917 217
110 Villages 318 100 0 218 318 0
Total 3,018 500 1,460 775 250 150 100 3,235 217
2024|J1CA Core& ULB 1,860 400 1,460 759 219 482 520 2,380 520
Survey (110 Villages 355 100 0 0 0 0 255 355 0
Total 2,215 500 1,460 759 219 482 775 N.A. 0 0 2,735 520
2034|BWSSB |Core& ULB 3,500 400 1,460 470 300 200 150 2,980 -520
110 Villages 480, 100 0 305 50 25 480 0
Total 3,980 500 1,460 775 300 250 175 3,460 -520
JICA Core& ULB 2,104 400 1,460 759 365 336 371 2,231 127
Survey (110 Villages 504 100 0 0 0 0 404 504 0
Total 2,608 500 1,460 759 365 336 775 N.A. 0 0 2,735 127
2049|BWSSB |Core& ULB 6,000 400 1,460 215 350 250 150 2,825 -3,175
110 Villages 760 100 0 560 50 50 760 0
Totd 6,760 500 1,460 775 350 300 200 3,585 -3,175
JICA Core& ULB 2,661 400 1,460 759 467 234 80 1,940 -721
Survey [110 Villages 795 100 0 0 0 0 695 795 0
Total 3,456 500 1,460 759 467 234 775 N.A. 0 0 2,735 7L
Note: N.A.; Not Applicable

1) UFW savingin JCA Survey is calculated:
(UFW saving) = ((Current UFW) - (Planned UFW)) x (Cawvery Stage 1-4)
= (48% - 33%) x(1460) =

Source: JICA Survey Team

(48% - 23%) X (1460) =

= (48%- 16%) x (1460) =
2) Current UFW is 48 % and 33 % in 2024, 23 % in 2034, 16% in 2049 for JCA Calculation
3) in 2049 allocation of Stage V is given priority to 110 villages

219 MLD at 2024
365 MLD at 2034
467 MLD at 2049
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(2) Water Balance for Core & ULB Areaand 110 VillagesArea
Three cases on the water balance for the two group areas are studied in terms of the allocation of the 775
MLD through Stage V project as follows:

1) Case 1: Additiona supply amount produced by Stage V project is firstly alocated to satisfy the
demand of 110 Villages through the future. Remaining water amount is supplied to Core and ULB
area.

2) Case 2: The priority to allocate the water from Stage V is given to Core and ULB area, as required
through the future. After satisfying the demand in the Core and UL B area, remaining water is supplied
to 110 Villages.

3) Case 3: The dlocation of the water amount to be availed from Cauvery is made between Core & ULB
areaand 110 Villages areain proportion to required demand.

Table 6.4.3 shows water demand and supply by CWSS from 2016 to 2049. Water demand and supply is
balanced in the BBMP up to the year 2034. Therefore, alocation study was made for the year 2049.

Supply reduction rates required for the three cases were calculated to meet fixed total supply amount
available. The rates is applied for Core and ULB in Case 1 and 2 and all three areas for Case 3.0 % and
100 % reduction rate is applied for 110 Villages in Case 1 and 2. The following are manner of
calculation for the rates.
Case 1: (Demand of Core and ULB - shortage) / (Demand of Core and ULB)

= (1,007 + 1,254 - 721) / (1,007 + 1,254)
Case 2: (Demand of Core, ULB and 110V - shortage) / (Demand of Core and ULB)

= (2,956 - 721) / (1,007 + 1254)
Case 3: (Demand of Core, ULB and 110V - shortage) / (Demand of Core, ULB and 110V)

= (2,956 - 721) / (2,956)

Table 6.4.3 Demand and Supply of CWSS and Allocation to Three Areas

Demand of CWSS (MLD) Supply (MLD) Reduct
Total Core ULB 110V Total Core ULB 110V | Shortage | ion rate
2016 1,455 1,013 442 0 1,455 1,013 442 0 0
2024 1,715 894 566 255 1,715 894 566 255 0
2034 2,108 908 796 404 2,108 908 796 404 0
2049 2,956 1,007 1,254 695 2,235 1,007 1,254 695 -721
Casel 2,235 686 854 695 0 0.681
Case 2 2,235 995 1,240 0 0 0.989
Case 3 2,235 761 949 525 0 0.756

Note: 110V=110 Villages
Source: JICA Survey Team
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In assumption that Stage V project will be completed by 2024, the total supply amount from Cauvery
River source for entire BBM P exceeds the demand from the year 2024 to 2034, as shown in Table 6.4.3.
For the year 2049, planned total water supply amount from Cauvery River (2,235 MLD) is allocated to
the two areas in proportion to their demand in 2049. A total shortage in water supply amount is about

721 MLD.

The water supply amount to be allocated from Stage V project (775 MLD) isillustrated in Figure 6.4.3.
Allocations to 110 Villages by the case are: 695 MLD for Case 1, None for Case 2 and 525 MLD for
Case 3. It means no water alocation is made to 110 Villages if water is supplied to Core/ULB to meet

thelir demand.

900
800
700
600
500
400
300
200
100

MLD

Supply Balance for CWSS V (775 MLD) in 2049

Case 1l

Case 2

Case 3

H Core&ULB
H 110Villages

Source: JICA Survey Team
Figure 6.4.3 Allocation of 775 MLD, StageV Project to the Two Areas
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Chapter 7 Present Sewage Volume in the Three Areas and Projection
of Sewage Generation Volume for the Project Area

7.1 Present and Planned Sewage Generation Volume by Area

7.1.1 Per Capita Sewage Generation Volume

As mentioned in section 6.3.3, unit water consumption rate for domestic use is planned at 150 Ipcd, i.e.
water quantity reaching the consumer tap. As per Section 3.5 “Per Capita Sewage Flows’ of the CPHEEO
Manual on Sewage and Sewage Treatment, ideally all consumed water should reach the collection system.
However, the observed dry weather quantity is less than per capita consumption, since some water is lost
due to evaporation, seepage into ground, leakage etc. In Dry and Arid regions, the mean sewage flow can
be aslittle as 40% of the water consumption, whereasin fully developed areas, the flow may be as high as
90%. A conservative value of 80% is adopted for Bengaluru as used in Sewerage DPR for 110 Villages.

As per Section 3.6 of CPHEEO Manua on Sewage and Sewage Treatment, the design infiltration value is
suggested at 10% of design sewage flow. Thus, per capita sewage volume is calculated at 132 Ipcd {= 150
Ipcd (per capita water consumption) x 80% (sewage generation ratio) + 10% of domestic sewage genera-
tion volume (groundwater infiltration)} .

7.1.2 Sewage Generation in Core Area

For the calculation of sewage volume by target year, projected population for Core area is used as shown
in Table7.1.1. Table 7.1.2 shows sawage volume to be generated by target year in the Core area. The
calculated volume of 745 MLD in 2016 islarger than the total sewage treatment capacity of existing STPs
(721 MLD).

Table 7.1.1 Projected Population for Core Area
Population (persons)

2016 2019 2024 2034 2049

East 1,928,782 | 1,974,268 | 2,052,473 | 2,218,306 | 2,492,509
West 1,461,314 | 1,495,776 | 1,555,028 | 1,680,667 | 1,888,413
South 2,246,722 | 2,299,706 | 2,390,805 | 2,583,971 | 2,903,374
Total 5,636,817 | 5,769,750 | 5,998,306 | 6,482,944 | 7,284,296
Source: JJCA Survey Team

Zone

Table 7.1.2 Sewage Generation Volumein CoreArea

Sewage Generation in MLD
zone 2016 2019 2024 2034 2049
East 255 261 271 293 329
West 193 197 205 222 249
South 297 304 316 341 383
Total 745 762 792 856 961

Source: JICA Survey Team
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7.1.3 Sewage Generation in ULB Area
Table 7.1.3 shows projected population in eight zones of ULB area. Sewage volume to be generated by
target year in the ULB areais calculated at 323 MLD in 2016 as shown in Table 7.1.4.

Table 7.1.3 Population projectionsfor ULB Areas

Unit: person
ULB Name 2016 2019 2024 2034 2049
Bytrayanapura 359,282 408,589 497,148 708,064 1,122,021
Y elahanka 179,597 204,245 248,513 353,946 560,874
K.R. Puram 354,891 403,596 491,072 699,410 1,108,308
Mahadevpura 293,928 334,266 406,716 579,266 917,924
Bommanahalli 428,781 487,626 593,316 845,032 1,339,064
R.R. Nagar 183,697 208,907 254,186 362,025 573,676
Kengeri 80,913 92,018 111,962 159,462 252,689
Dasarahalli 559,102 635,833 773,645 1,101,865 1,746,050
Total 2,440,189 2,775,079 3,376,559 4,809,072 7,620,605
Source: JICA Survey Team
Table 7.1.4 Sewage Generation in ULBs
Sewage Generation in MLD
UL B Name
2016 2019 2024 2034 2049
Bytrayanapura 47 54 66 93 148
Y elahanka 24 27 33 47 74
K.R. Puram 47 53 65 92 146
Mahadevpura 39 44 54 76 121
Bommanahalli 57 64 78 112 177
R.R. Nagar 24 28 34 48 76
Kengeri 11 12 15 21 33
Dasarahalli 74 84 102 145 230
Total 323 366 447 634 1,005

Source: JICA Survey Team

As shown in Table 7.2.3, next section, ten units of STPs are under construction through BWSSP Phase 2,
which will be commissioned by 2019 with combined planned capacity of about 336 MLD. Hence most of
sewage to be generated in ULBs area would be treated (about 92 % in 2019). These STPs are planned to
provide services for ULB and part of 110 Villages.
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7.1.4 Sewage Generation in 110 Villages Area

Table 7.1.5 presents projected population for the calculation of sewage volume in the 110 Villages. Cur-
rently certain areasin 110 Villages are served by some sewerage systems for ULB areas with reference to
watershed. Excepting for such areas, there is no sewerage system in the 110 Villages.

Table 7.1.5 Projected Population for Five Zones by Target Year

Unit; person
Name of Zone 2016 2019 2024 2034 2049
Bytrayanapura 303,641 339,849 413,004 588,921 933,196
Mahadevpura 281,489 315,053 382,874 545,957 865,116
Bommanahalli 356,028 398,482 484,259 690,523 1,094,195
R.R. Nagar 257,218 310,618 375,453 524,910 817,245
Dasarahalli 241,769 270,606 328,847 468,914 743,037
Total 1,440,145 1,634,608 1,984,437 2,819,225 4,452,789

Source: JICA Survey Team

Due to absence of CWSS water supply system in the village area, they are served by either public / pri-
vate wells or water supplied by BWSSB / private contractors via water tankers. As aresult, the current per
capita sewage generation volume may be much lower than 132 Ipcd. The generated sewage is either dis-
charged into nearby channels/drainage or into septic tanks and in some cases private STPs built by large
residential complexes. However, for design purposes the per capita sewage generation volume is assumed
at 132Ipcd. Total sewage volume generated in the 110 Villages areain 2016 arrived at 190 MLD as shown
inTable 7.1.6.

Table 7.1.6 Sewage Generation in 110 Villages

Unit: MLD

Name of Zone 2016 2019 2024 2034 2049
Bytrayanapura 40 45 55 78 123
Mahadevpura 37 42 51 72 114
Bommanahalli 47 53 64 91 144
R.R. Nagar 34 41 50 69 108
Dasarahalli 32 36 43 62 98
Total 190 217 263 372 587

Source: JICA Survey Team

7.1.5 Overall Sewage Generation Volume

The total sewerage generation volume in BBMP area is summarized in Table 7.1.7. The total sewage
volume generated in 2016 arrived at about 1,258 MLD. The sewage volume for the three areas is also
shown by target year in Table 7.1.7.
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Table 7.1.7 Sewage Generation in Bengaluru in the Planning Year s

Unit; MLD
Area 2016 2019 2024 2034 2049
Core 745 762 792 856 961
ULBs 323 366 447 634 1,005

110 Villages 190 217 263 372 587

Total 1,258 1,345 1,502 1,862 2,553

Source: JICA Survey Team

7.2 Comparison between Projected Sewage Volume and Capacity of Sewerage
Systems

7.2.1 Capacity of STPs

As shown in Chapter 4, existing STPs (up to secondary treatment) are located at 14 sites, and the total

treatment capacity is 721 MLD, main treatment target is from the Core area and ULB area (see Table

7.2.1).

Table 7.2.1 Existing STPsin Bengaluru (up to secondary treatment)

Capacity (MLD)
No. Name of the STP 2016 2034
1 Cubbon Park STP 15
2 Hebbal Valley STP 60.0
3 ITI Colony STP (Kempabudhi) 1.0
4 Jakur STP 10.0
5 Kadabeesanahalli STP 50.0
6 K&Cvadley STP 248.0
7 Krishnargja (K.R.) Purum STP 20.0 :
8 Lalbaugh STP 15 Samee;asﬂf'ty as
9 Madiwala STP 4.0 g
10 Mailasandra STP 75.0
11 Nagasandra STP 20.0
12 Raja Canal STP 40.0
13 Vrishabhavathi (V.) Valey STP 180.0
14 Y ellahanka 10.0
Sub-Total 721.0

Note: A renewal program for STPs commissioned by 2019 to be undertaken in 2034 including review of capacities
Source: JICA Survey Team

7.2.2 Reuse of Treated Sewage from BWSSB Tertiary Treatment Plants

An advanced treatment method is adopted for some of the existing STPs, and treated sewage is utilized by
some users as shown in Table 7.2.2. It can be seen that the data indicates about 6 MLD to 8 MLD is sold
to various consumers.
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Table 7.2.2 Current Reuse of Treated Sewagein Bengaluru

Name of the User Jan-16 Feb-16 | Mar-16 | Apr-16 | May-16
Arvind Mills 14.941 17.495 13.626 18.908 16.515
Bhagyalakshmi Farms 1.847 1.692 4.767 4.848 4472
Chinnaswamy Stadium - - - - 744
Horticulture Dy. Director 71.158 72.189 78.960 81.020 84.865
Karnataka Golf Course 26.037 16.171 18.618 19.484 13.467
NECE 0.600 0.600 0.600 0.600 0.600
Paranjape Schemes Bangal ore 0.019 0.135 0.098 0.132 -
Project Manager L & T 0.040 0.077 0.013 0.021 0.042
STW 0.630 1.057 - 1.259 1.176
Tangline Development Ltd 1.078 1.277 1.538 14.752 13.049
TTW 72.935 76.286 74.292 90.438 81.291
Wonder Blues 0.600 0.600 0.600 1.200 0.600
Grand Total in ML/Month 189.885 | 187.579 | 193.112 | 232.662 | 216.820
Grand Total in MLD 6.33 6.25 6.44 7.76 7.23

Source: BWSSB

Note: Monthly reuse amount (ML/Month) by consumer is presented from Jan, 2016 to May 2016, while daily amount (MLD)

consumed/sold out is also shown at last linein the table.

7.2.3 STPs under Construction and Proposed by Existing DPR
STPswhich currently under construction or proposed are shown in Table 7.2.3. In 2034, 721 MLD will be
treated by exiting STPs and 1,094 MLD by under construction and proposed STPs. Thus, 1,815 MLD will
be treated by public STPs. Among these, 16 STPs (equivalent to 133 MLD) were proposed in DPR pre-
pared by BWSSB. In this JJCA Survey, numbers of STPs arerevised as 14 STPs (equivalent to 114 MLD,

refer to Chapter 10).

Table 7.2.3 Under Construction and Proposed STPsin Bengaluru

STPs existing / proposed under Capacity
No. NEIIEC TSP specific proj ects (MLD), 2034
1 Existing STPs Asper Table7.2.1 721
2 Under Construction and Proposed
(1) BWSSP - Phase 2 (JICA funded )
1 Bellandur Amanikere STP 90
2 Chikkabanavara STP 5
3 Chodenapura STP / Doddabelle STP 20
4 Horamavu STP 20
5 K&Cvalley STP Under construction. 60
6 Kadugodi STP Would be commissioned by 2019. 6
7 Kengeri STP 60
8 Nagasandra STP 20
9 Raja Canal STP 40
10 Y ellamallappa Chetty STP 15
Sub-total 336
(2) Funded by other sources
1 Anjanapura STP BDA funded 20
2 Puttenahalli STP Additional transition phase 10
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STPsexisting / proposed under Capacity
No. e specific projects (MLD), 2034
3 Varthur Kodi STP (KMRP) 15
Doddabelle Tertiary STP (140MLD ter-
4 tiary only — primary and secondary treat- | Megacity Project -
ment considered in other plants)
5 iaskl\lﬂ(trDST P upgrade - from 10MLD to BWSSB funding 5
Sub-Total 50
(3) Already tendered or being by BWSSB from GOI / GOK schemes
1 Sarakki 5
2 Hulimavu 10
3 Chikkabegur AMRUT 5
4 Agaram STP 35
5 K R Puram 20
6 V Valley 150
7 Doddabele 40
8 K & CVadley Megacity 150
9 Hebbal Valley STP 100
10 Bangalore University 60
Sub-total 575
(4) 110 Villages (Scheme under consideration) **

1 Billishivale STP 18
2 Chikkabanavara STP 5
3 Doddabettahalli STP 8
4 Doddabidarakallu STP 4
5 Hagadur STP 17
6 Hemmigepura-1 STP 13
7 Hemmigepura-2 STP 11
8 Herohalli STP . . 7
9 | Hosshalli STP/ Kachohalli STP 110 Villages Proposed in DPR 7
10 Kariovbanahalli STP 10
11 Kattigenahalli STP 7
12 Naganathapura STP 5
13 Pillaganahalli STP 3
14 Somapura STP 8
15 Thalaghattapura STP 5
16 Y elahankakere STP 5
Sub-total 133

Total ((1) +(2) +(3) +(4)) 1,094

Note: A renewal program for STPs commissioned by 2019 to be undertaken in 2034 including review of capacities
**Number and Treatment capacity of STPsin the DPR are revised in Chapter 10.
Source: JICA Survey Team

7.2.4 Comparison between Sewage Generation Volume and Integrated STP Capacity

From the above study, sewage generation volume and integrated STP capacity in 2016 and 2034 are
shown in Table 7.2.4. About 57% of generated sewage was treated by public STPsin 2016, but it is ex-
pected that almost all sewage generated in 2034 will be treated. However, thereafter expansion of STPs
will be required to meet the increase of population.
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Table 7.2.4 Sewage Generation in Bengaluru in the Planning Year s
2016 2034
Item Core& 110 Total Core& 110 Total
ULB Villages ULB Villages
Population
(Thousand person) 8,077 1,429 9,506 11,292 2,843 14,135
Sewage Generation 1,068 190 1,258 1,490 372 1,862
(MLD)
STP Capacity (MLD) 721 - 721 - - 1,815

Source: JICA Survey Team
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Chapter 8 Water Pollution Status in Public Water Bodies

8.1 Drainage Basins in BBMP

Bengaluru islocated in the watershed of two (2) principal river basins, Arkavati to the west and Pennar to
the east. The local topography is characterized by a series of well defined major and minor valleys which
radiate from the ridge of high ground to the north of the city and fall gradually in awide belt of flat land
extending beyond the limits of the metropolitan areain the south. Figure 8.1.1 showsvalleysin Bengaluru.

There are three mgjor drainage basins namely Hebbal (H) Valley, Vrishabavathi (V) Valey [including
minor two valleys namely Arkavati Valey and Katriguppe Valley] and Koramangala& Challaghatta(K &
C) Vadley [including aminor valley namely Tavarekere Valley].

H. Valley
To Pennar River Map Showing Existing Sewerage Zone
V. Valley
Flow Direction
Pennar River
» Flow Direction
Flow Direction K&C. Valey
Arkavati River

4 0 4 Klometers

I e ————
Source: BWSSB

Figure8.1.1 Drainage Areain BBMPArea
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Due to topographical conditions, the drainage comprises the storm water drains, streams, valleys inter-
spersed with lakes, naturally forming lake series. There are 2,789 lakesin Bengal uru Metropolitan Region
and 596 lakes listed in Bengaluru Development Authority area limits.

The prominent |ake seriesin Bengaluru in the major valleys are listed below.
1) Hebbal valley (H. Valley)
= Madavara Lake Series
= Yellamailappa Chetty Lake Series
2) Vrishanavathi Valley (V. Valley)
= Puttenahalli Lake Series
= Byramangala Lake Series
3) Koramangala and Challaghatta Valley (K& C valley)
= Varthur Lake Series
= Hullimavu Lake Series

The two magjor valeys namely V Valley and K & C Valley run generaly north to south. H Valley
(Yellamalappa Chetty Lake Series) forms the drainage zone north of the ridge and runs in the north east-
erly direction and joins Pinakini River. The Madhavara lake series of Hebbal starts with Chikkabanawara
on the North West and ends in Madavara L ake South West of Bengaluru and flows into Kumadavathi, a
tributary of Arkavati. The Byramangala Lake series flows into Vrishabavathi, a tributary of Arkavathi.
Both theserivers enter the Cauvery basin. The number of the lakesin BBMP area have reduced in overall

numbers as well as size over the years due to development pressures and siltation.

8.2 Annual and Seasonal Fluctuations in Water Quality

8.2.1 Outline of Master Plan for the Improvement of Storm Water Drainage

A Master Plan for the Storm Water Drains (SWD) was prepared by Bengaluru Development Authority
(BDA) covering an areaof 710 km? (225 km? for Core areaand 485 km? for peripheral area) in Bengaluru
in 2013. The total water shed areais 1016 km? with total length of 840 km. Out of this about 240 kmisin
the Core area and remaining 600 km in peripheral areas. Figure 8.2.1 shows the study area for the master
plan for the SWD. Some of the photos taken during the preparation of the Master Plan are presented in
Photo 8.2.1.
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Source: Master Plan for the SWD

Figure 8.2.1 The Study Area of Master Plan for SWD

Status of SWD in Bengaluru

Status of SWD in Bengaluru

Status of SWD in Bengaluru

Status of lakesin Bengaluru

Source: Masterplan Report on remodeling of Storm Water Drains (SWD) in BBMP
Photo 8.2.1 Status of SWD and Lakesin Bengaluru
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In addition to flood protection, one of the objectives of the Master Plan is also to improve the health and
environmental sanitation conditionsin the surrounding vicinity of the SWD and water bodies aswell asto
protect the existing waterways and water bodies from environmental degradation. Data on water quality at
SWD isnot available.

The Master Plan aso aims to improve the ground water levels by holding rainwater in the water bodies
and provide an alternative water sourcein case of emergency. The cost of the Master Plan is given ad-
joining graphic. BBMP hastaken up implementation of SWD worksin piecemeal fashion depending upon
the availability of funds from different sources. Table 8.2.1 shows required cost for the improvement of
SWD in the Master Plan for the SWD.

Table 8.2.1 Cost required for Improvement of SWD in 2010

Sl. No. Name of the Zone Amount
(INR in Crores)
1 East
2 West 654.22
3 South
4 Bommanahalli 665.14
5 Yelahanka 655.26
6 Dasarahalli 508.99
7 Mahadevpura 914.91
8 Rajrargjeshwarinagara 759.73
Total Estimated Cost 4,158.25
Say 4,160.00

Source: Master Plan for the SWD
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8.2.2 Water Quality in Lakes
Studies have been conducted by various
agencies regarding the water quality
status of lakes in BBMP area. Studies
and papers are available for some lakes
in the city, namely Belandur Lake,
Shoolkere Lake, Madivala L ake, Ulsoor
Lake, Jakkar Lake, Madllathalli Lake etc.
A technical report entitled “Wetlands,
Treasure of Bengaluru published by
Environmental Information System
(ENVIS) in Jan 2016 studied 105 lakes
in Bengaluru as shown in Figure 8.2.2.
Out of these 25 lakes were completely
covered with Macrophytes and hence
not considered by the study. A physi-
co-chemical monitoring of 80 lakes was
carried out in 2013 for a period of 24
months. The highlight of the report
states that 98% of the lakes are en-
croached and 90% of the lakes are pol-
luted.

Bengaluru
Figure 8.2.2 Sampling Frequency in Lakes

Source: Wetlands, Treasure of

The physico-chemical analysisfaling under V. Valey, K&C Valley and H. Valley were undertaken. The
parameters included water temperature, pH, total dissolved solids, eectrical conductivity, turbidity, dis-
solved oxygen, COD, BOD, total dkalinity, chloride, total hardness, calcium hardness, magnesium
hardness, nitrate, orthophosphate, sodium and potassium. Some lakes were sampled more than once.

Figure 8.2.3 presents the range of water quality for major parameters (COD, BOD and TSD) at inlet,
Middle and Outlet of the lakes by Valley. The study results concluded that lakesin K & C Valley are more
polluted than V. Valey and H. Valley as well as receiving larger flow. The data also revea that inlet
parameters are higher values comparing with outlet parameters, because of sustained inflow of untreated

sewage.
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Figure 8.2.3 Lake Water Quality in Major Valleys

The Centra Pollution Control Board (CPCB), in collaboration with the concerned State Pollution Control
Boards, has classified al the water bodies including coastal waters in the country according to their
"designated best use' as shown in Table 2.2.6, Chapter 2. This classification helps the water quality

managers and planners to set water quality targets and identify needs and priority for water quality res-
toration programs for various water bodies in the country.
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It can be seen in that about
79% of Bengaluru lakes are
classified as E category (lrri-
gation, industrial cooling and
controlled waste disposal, see
Figure 8.2.4).

It can therefore be concluded
that a high percentage of the
sewage generated in Benga-
luru finds its way into the
lakes.

The lakes like Sankey, Da
sarahalli, Ulsoor, Anchepalya,
Bomsandra, Kamsandra | and
Il have growth of Algae in-
dicating continuous sewage
inflow and high nutrients.

Source: Wetland, Treasure of Bangalore

Figure8.2.4 Lake Classification as per CPCB Criteria

The Lake Development Authority (LDA) isamain body to coordinate the rejuvenation and maintenance
of lakes and wetlands. It aims at communication
with various government bodies, civic agencies,
media, and people (including public awareness).
Examples of lakes rejuvenated by LDA are

1) Vengaianakere Lake
2) Nagavaralake
3) Sankey Lake

4) Hebbal Lake (Seein Photo 8.2.2)

Photo 8.2.2 Hebbal Lake after Rejuvenation

8.2.3 Water Quality in the Existing Drainages
During the course of preparatory survey water quality examination was conducted for the water in the
drainages to get information on the status of water pollution. Water samples {two (2) times each: 1¥ time
11/19-11/21, 2016 and 2™ time 12/18-12/29, 2016} were collected from 21 points; two (2) pointsin Core
area, two (2) pointsin ULB areaand remaining 17 pointsin 110 Villages. Table 8.2.2 shows examination

results at a total of 21 points. Figure 8.2.5 presents the locations of sampling points and Figure 8.2.6
shows the results for BOD concentration at sampling points (SWD and Lakes). The BOD in the drainage
at some points shows almost same quality of raw sewage. On the other hand, the quality in the lake
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seems to be diluted during the course of flowing (about 1/10 of raw sewage quality).

Inflow and effluent quality at the existing STPs was examined having obtained common quality in BOD
and TSS (Total Suspended Solid) except for the one examination results at Rgja Canal STP. In the absence
of sewerage system at present in 110 villages, the sewage sampleswere collected from channel s/drainages
near planned STP sites. Since water sampling for two times was made during the dry season and
groundwater level islow, the water quality seemsto represent discharged sewage.
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Table 8.2.2 Water Examination Resultsat 21 Points at Existing Drainages
No | Planned Sample Particulars pH [Turbidity,| TSS COD BOD [Amm-N| Total P| DO |Total N |NitrateN| Coliform Remarks
STP No NTU mg/l mg/l mg/l mg/I mg/I mg/I mg/I mg/l | Group/100ml
1 |STPNo.5| Mouth of Belandur Lake 7.47 18 14 809 | 276 | 337 | 27 | <10 | 452 | <01 9.2 x 10°
7.43 7.4 17 53.6 20 383 | 14 28 | 659 18 24x10°
2 |STPNo.6| Channel near Naganathapura 721 | 1045 44 | 3761 | 210 | 542 | 56 | <10 | 789 | 151 22x 107
7
Bus Stop 765 | 1625 | 388 | 659 | 93 | 449 | 115 | 56 | 595 7.9 17x10
. . . 7
3 |STPNo.7| Drainage near Pillaganahalli 753 | 1665 | 78 | 5996 | 200 | 1023 | 78 | <10 | 1409 | <01 | 28x10
STP
7.82 30.2 140 | 2389 | 117 | 765 | 53 | <10 | 899 7.9 5.4 x 107
4 \}faﬁgy Inflow sewage to existing STP 7.19 125 132 474.2 240 2.7 26 <1.0 84.2 31.3 1.7 x 10° Existing STP: 30 MLD
STP | K&CValley STP 749 | 841 | 300 | 527 | 255 | 45 6 33 | 1007 | 67 5.4% 107 in Core area
5 \*faﬁ; Effluent from existing STP 7.70 0.6 2 9.1 2.4 12 13 5 19 | <01 | s54x10° in Core area
STP | K&C Valley STP 7.75 1 <1.0 12 3 3.3 0.06 8.7 22.8 134 1.6x 10*
6 | RgaCa |Inflow to existing STP 7.41 1315 80 370 195 53 10 <1.0 78.3 19.3 5.4 x 107 Existing STP:40 MLD
nal STP 745 | 1415 | 120 | 5603% | 1000% | 1094 | 82 | <10 | 1781 | 523 2.4x107 inULB area
7 | RgaCa | Effluent from RgjaCanel STP | 7.78 17 60 | 140 | 33 57 | 073 | 68 | 981 27 9.2x10*
in ULB area
nal STP 7.62 17 6.0 48 15 75 | 015 | 47 | 229 | 135 1.6 x 10°
8 |STPNo.4| Channel near the Bileshivale 735 | 408 3 | 1892 | 105 | 427 | 28 | <10 | 662 | 138 35x 107
Lake 7.29 25.6 82 | 1978 | 98 539 | 49 | <10 | 635 6.6 22x107
9 [STPNo.1|Channel near Kogilu Lake 749 | 408 26 | 1563 | 98 349 | 29 | <10 | 487 7.8 1.6x 108
7.33 195 41 | 1318 | 675 | 509 | 18 | <10 | 599 5.4 2.4%107
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No | Planned Sample Particulars pH |Turbidity,l] TSS COD BOD |Amm-N| Total P| DO |Total N [NitrateN| Coliform Remarks
STP No NTU mg/l mg/l mg/l mg/| mg/| mg/| mg/| mg/l | Group/100ml
10 [STPNo.2|Channel near the Lake| 8.3 279 220 4194 67.5 58.4 0.79 4.4 95.2 30.1 2.4x10°
Kenchanahalli, Road

8.53 46.3 72 94.8 9 47.9 <0.05 7 56.3 4.8 5.4x10°
11 | STPNo.2|Channel near Yelahanka Lake, 8.82 194 80 275 34.3 6.6 0.64 8.7 51.2 28.3 1.7 x10°
8.2 47 74 103 16.8 53.9 0.44 6.7 66.6 3.6 1.6 x10°
12 |STPNo.8 Drainage near the lake 8.39 153.8 140 452.3 270 54.7 4.7 <1.0 75.6 15 1.7 x 10’
7.81 10.5 80 148.3 60 63.2 33 12 82 7.3 1.7 x 107
13 [STPNo0.9| Channe near Sompura Lake, 8.38 21 18 253 6 <0.5 0.05 5.6 159 11.8 5.4x10°
7.85 46.5 14 28.8 9.9 12 0.13 4.1 85 55 5.4x10*
14 STP |Channel near Varhasandra Lake,| 8.21 20 20 78.1 39.6 17.1 15 <0.1 25 15 1.6 x 10°
No.10  \VarhasandraMain Road 7.74 6 8 | 824 | 20 | 139 | 12 | 23 | 267 | 85 | 24x10
15 STP |Channel near the lake, Hem-| 8.36 62.5 80 2385 96 29.9 31 <10 474 0.9 35x10°
No.11 - |migepura Main Road 755 | 815 | 202 | 4202 | 210 | 425 | 32 | <10 | 662 | 7.3 1.7x 107
16 STP  |Drainage near planned STP 8.38 140 120 476.9 260 24.7 34 <1.0 50.3 15 1.7x10°
No.14 7.6 141 320 469.7 246 32.8 3 <1.0 48 55 9.2x10°
17 STP  |Drainage near planned STP 8.3 2375 472 756.6 300 57.6 59 <10 93.8 15 5.4 x 10°
No.15 7.71 68 112 3543 | 168.7 42.5 4.3 <1.0 67.4 10.9 5.4x10°
18 STP  |Channel near planned STP 8.45 232.5 960 589.4 230 56.4 6.1 <1.0 58.5 15 2.4x10°
No.13 7.81 1024 2520 | 4944% | 2300* 86.3 51 <1.0 120.3 14.6 2.4x10°
19 STP  |Channel near planned STP 8.41 80.5 40 176.8 84 435 2.6 <1.0 83.8 15 2.4x10°
No.12 7.69 40.3 148 140.1 45 42.5 18 2.9 59.5 6.7 2.4x10°
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No | Planned Sample Particulars pH [Turbidity,| TSS COD BOD [Amm-N| Total P| DO |Total N |NitrateN| Coliform Remarks
STP No NTU mg/l mg/l mg/I mg/I mg/I mg/I mg/| mg/l | Group/100ml
20 STP Channel near Chikkabanavara | 8.55 231.3 532 123.4 30 47 35 4 57.3 0.9 2.4x10°
No.16 Lake 7.64 81.5 74 | 1154 | 285 | 348 11 | <10 | 569 4.2 2.4x 10
21 |STPNo.3| Channel near YelahankalLake | 8.35 345 20 86.4 42 323 23 4.4 37.3 0.3 9.2x10°
7.34 825 213 395.5 150 354 2.9 <1.0 60.5 6.6 2.4x10°

Note: Two (2) times of water quality examination results are tabulated. *The results of BOD and COD at No 6 and No 18 are quite different. The larger values seem to be

caused by examination failure in view of common experience on the water quality of sewage or inflow of industrial wastewater. Two times examination; upper line from
11/19 to 11/21, 2016 and lower line from 12/18, 2016 to 12/29, 2016.
Source: JICA Survey Team

8-11



Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report

Figure 8.2.5 L ocations of Water Sampling Points

(mg/L)

Sampling
Point

Design Quality

350mg/L

Inland Surface Water
Effluent Standard: 30mg/L

1

Drainage

Lake

Figure 8.2.6 Resultsfor BOD Concentration at Sampling Points
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8.3 Water Pollution Status and the Need of Sewerage Systems

8.3.1 Existing Sewerage Services

Geographically, Bengaluru consists of three areas; Core area, ULB area and 110 Villages. The population
of Core areain 2011 were about 5.4 Million. The population in the Core area have been almost saturated
with a very low annual growth rate projected over the next thirty years. Most of the Core areais covered
by sewerage systems with 14 STPs (total treatment capacity of 721 MLD).

While, the population of ULBSs (incorporated into BBMPin 2007) in 2011 were about 1.97 Million. Main
sewer lines and household connections have been constructed using KMRP fund. The construction of
STPs has been under way using the fund for BWSSP Phase 2 and is likely to be completed by 2018. ULB
areais expected to be sewered under the BWSSP Phase 2 project including 10 STPswith atotal capacity
of 336 MLD.

The 2011 population for 110 Villagesis about 1.1 Million. Currently the water supply inthe areais mainly
from deep wells and tanker water. There is lack of municipal sewerage system in the area. A limited
number of large housing societies have constructed and maintain private STPsto reuse water for flushing
and gardening purposes. The sewage in most cases finds its way to the local storm water drains and
channels and finally flowing into the lakes.

8.3.2 Analysis on Present Water Pollution and Sewerage Services

Presently sewage collection and treatment have been provided in the Core area (100% coverage) and
part of five (5) ULBs (R.R. Nagar, Mahadevpura, Dasarahalli, K.R Purum and Yelahanka; overall aver-
age is 50%). Table 8.3.1 shows served population in the concerned ULBsin 2011.

Table 8.3.1 Present Served Population by Concerned ULB

| LB poul: | srvc pou | e [
No. | ULBsName L ocation STPsName tion in 2011, lation, 2011, (%)
(person) (person) (MLD)
1 | Yelahanka Y elahanka Y elahanka 144,948 28,452 384 20
(Allasandra)

Jakkur 116,496 15.73 80
2 | RR. Nagar R.R. Nagar Mailasandra 148,257 31,826 4.30 21
Mahadevpura | Mahadevpura | Kadabeesanahalli 237,222 23,463 3.17 10
4 | KR Puram K R Puram K R Puram 286,423 92,884 12.54 32
Mahadevpura | Kadabeesanahalli 105,914 14.30 37
5 | Dasarahalli Dasarahalli Nagasandra-1 451,237 95497 12.89 21
R.R. Nagar Mailasandra 144120 19.46 32

Total 1,268,087 638,652 86.23 50%

Source: JJICA Survey Team
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A trial calculation on generated sewage volume in 2011 was made for the sewerage service area covering
entire Core area and part of ULBS, referring to the report prepared by the Expert Committee for identi-
fication of sources for suitable water supply to BBMP and BWSSB study on available water sources.

Table 8.3.2 summarized generated sewage volumes in the served area.

Table 8.3.2 Generated Sewage Volume at Present and Overall Treatment Capacity of the Existing
STPsin Coreand ULB Area

Item

Calculation

Water supply to Core & ULB areas (con-
sumed)

Cauvery water 759 MLD, groundwater 400 MLD (total 1,159 MLD)

Population in Core & eight (8) ULB areas

5.4 Million + 1.97 Million =7.37 Million

Average per capita water consumption

157 Ipcd (1,159 MLD/7.37 Million)

Corearea: 157 Ipcd x 5.4 Millionx 0.8 x 1.1 =746 MLD
Part of ULBs: 157 Ipcd x 638 thousand x 0.8 x 1.1 = 88 MLD
Total sewage volume generated: 834 MLD

(sewageisassumed at 80 % of water consumption and 10% infiltration
of groundwater into sewers)

Sewage generated volume in Core and ULB
area

The total sewage treatment capacity in Core
areaand eight (8) ULBs

721 MLD (536 MLD in Core + 185 MLD in part of 8 ULBS) in av-
erage flow

Comparison between present generated

= 0,
sewage volume and treatment capacity 834 MLD/721 MLD=1.16 (116%)

In assumption of service coverage in the Core and ULB areas (100% in Core area and about 50% in 5
ULBSs), generated sewage volume is equival ent to about 116 % of the total treatment capacity at present.
On the other hand, in the on-going Water Supply and Sewerage M/P, inflow sewage volume is referred
to at about 70% of the treatment capacity of the existing STPs (According to daily average sewage flow
records in the last two years from September 2013 to August 2015, inflow volume is reported at about
70% of the total capacity of the 14 existing STPs { actual sewage inflow volume (509 MLD) / design
capacity of STPs (721 MLD) =70%}.

Although above mentioned generated sewage volume is based on some assumptions, it seems that about
40% {325 MLD (834-509)/834 MLD} of sewage are not collected in the service area, even if along
time has passed since completion of sewerage systems and partial sewage collection from drainages has
been practiced using interceptors. In this regard, there seems to be a limitation on the installation of
house connections. As aresult of the study on sewerage service coverage, a considered coverage may be
60% in the existing sewerage service area. Figure 8.3.1shows present sewage treatment status in the ex-
isting sewerage service area.

In the 110 Villages, presently, channels/drainages are playing a role as sewers, but are polluted with a
high BOD and SS concentrations of organic substances, as confirmed by the water quality examination
results. It was revealed that BOD concentration of the inflow to the STPis more than 200 mg/l and wa-
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ter quality in the public channels is 20-40 mg/l as a result of dilution effects with lake water, groundwa-
ter infiltration, natural purification, etc.

Based on the above studies, further augmentation/improvement of sewerage systems in Core/ULB areas
are required, especialy with reference to the installation of house connections as well as expansion of

the STPs.

Proportion on sewage treatment
& discharge to Public Water body

Figure 8.3.1 Present Sewage Treatment Percentage in the Existing Sewer age Service Area

Based on the above studies, further augmentation/improvement of sewerage systems in Core/ULB areas
are required, especialy with reference to the installation of house connections as well as expansion of
the STPs and the construction of sewerage systems is a'so urgent for 110 Villages. The following are
concrete requirementsin provision of sewerage systems in the entire BBMP area.

1) Reduce the sewage from entering the storm water drains, reducing interceptorsincreasing house

connections

2) To improve the ecology and environment of the lakes

3) Aid inincreasing the ground water table especially in selected |akes where STPs are constructed

4) Facilitate reuse of treated sewage

5) Provide better hygienic conditions

8-15



Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report

Chapter 9 Project Needs and Implementation Arrangements for Pro-
posed Projects

9.1 Project Needs and Expected Benefits
Bengaluru city has expanded rapidly with establishment of job generating industries. Recently, there has
been a drastic change in the city growth trend in various sectors. Thisis mainly caused by migration of
people from neighboring states. The changes in land use to meet the increasing housing demand, industri-
al infrastructures and commercial establishments have resulted in the increase of water demand and need
of sanitation improvement such as sewerage services.

Currently, water supply for the BBMP area is provided using surface water from Cauvery River and
groundwater. The survey results of “Groundwater Hydrology and Ground Water quality in and around
Bengaluru City” assisted by World Bank in March/2011 revealed that over exploitation of groundwater
has resulted in fast depletion of groundwater table and deterioration in quality in the BBMP area. In this
regard, limited withdrawal of groundwater and effective use of it have become important day by day re-
quiring the increase of the water supply from the Cauvery River.

A lot of foreign companies have been investing in the Karnataka State. Among them, there are atotal
of 451 Japanese establishments in the State as of October/2016 (information from JETRO India),
which is about three (3) times of that in 2010. There are nineteen industrial areas in the Bengaluru
Metropolitan Region as shown in Figure 9.1.1.

Source: Jones Lang LaSdlle, IP, Inc. Map
Figure9.1.1 L ocation of Industrial Estatesin Bengaluru M etropolitan Region
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As mentioned before, Bengaluru city has been expanded from the Core areato ULBs, then to 110 Villages.
The surrounding area of the 110 Villages is expected to be further developed as discussed in the popula-
tion projection in Chapter 5 (Bengaluru and Hyderabad Urban Agglomerations are expected to grow con-
tinuously through the future.). Under this land development in the current BBMP area, the industria areas
operated by foreign companies are no more developed in the Core and ULB areas, located out of 110 Vil-

lages.

The water supply in the 110 Villages from where the employees commute to the industrial areas and their
surrounding areas where many enterprises are located, is presently provided by individual groundwater
sources. Additional water supply through Stage V Project to the BBMP area, especialy for 110 Villages
will alow for the use of the limited groundwater available in the industrial area until piped water supply
would be provided, since the available groundwater is taken from the same aquifer in the BBMP area. The
sawerage services in the areas are also quite limited. The improvement of water supply and sanitation
sector in the above mentioned areas are urgently required against the contamination of the groundwater
sources and water pollution caused by direct discharge of sewage to public land or drainages.

Aside from the above mentioned genera project needs, specific needs and benefits of 110 Villages Project
in water and sewerage sector to improve living standards are summarized bel ow.
e Uniform water supply services can be provided for entire BBMP area upon completion of 110 Vil-
lages Water Supply Project together with CWSS Stage V Project.
¢ Asconfirmed in the water balance study, water demand for the BBMP area can be satisfied at least up
to 2034 in provision of water supply by CWSS Stage V Project. Asaresult, 24/7 water supply will be
practiced through the cooperation by all concerned stakeholders (at least technical feasibility for the
achievement of the normal services was confirmed through water balance study).
¢ Development in the 110 Villages can be accelerated and migration from Core areais expected result-
ed in the alleviation of population density in the Core area.
e Profile of the city with environmental soundness can be enhanced including hygienic environment.
Investment in BBMP area both by domestic and foreign companies will be promoted, resulted in the
creation of pathway for new economic growth in the BBMP.

9.2 Implementation Arrangements for Proposed Projects

(1) Project Component Connected to 110 Villages Water Supply Project

All projects proposed by BWSSB are to be implemented at the same time to meet the above needs. How-
ever, due to their cost requirements, huge areas to be covered and large range of scope of work, priority
and/or arrangements for the implementation were studied as included in Chapter 9, Supporting Report.
The study included the following:

e Basdline plan for the implementation of proposed projects

e Study on aternative arrangements for the implementation of proposed projects

* Rough cost estimate for aternative options using cost base in the existing DPRs
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(2) Additional Project Components to Complete Proposed Projects

During Preliminary Survey, additiona two (2) project components were identified to complete proposed
projects by BWSSB. These are connected to Stage V Project and 110 Villages Water Supply Project as
enumerated below.

1) Project Component Connected to Stage V Project (Branch Feeding Pipes)
Because of the water shortage in Core/ULB areas in the medium term period, the total water allotted for
110 Villages (775 MLD) was planned to share to Core/ULB areas in the medium term period without
staged increase of intake amount in Stage V to meet required demand in 110 Villages through the future
(DPR planned to adopt staged devel opment to meet demand from 2034 to 2049).

2) Project Component Connected to 110 Villages Water Supply (Feeder Pipes between GLRs and OHTSs,
OHTs and Pumping facilities)
BWSSB commenced water supply project for 110 Villages to expedite services in 2016, as a temporary
water supply systems using water to be saved in the Core area and some sharing water transmitted by
Stage IV Phase 2 Project. This project covers feeder pipes between existing five GLRs (Stage 1V Phase 2)
and connection point to main distribution pipes at each village, and pumping facilities. Upon completion
of Stage V Project, the following facilities shall be replaced/constructed to establish permanent water
supply systems for 110 Villages.
- Feeder pipes should be replaced to connect between planned 13 GLRs and planned OHTSs for 110
Villages
Construction of OHTs
Construction of booster pump, water sump and pump house

(3) Grouping of All Component Projects
The proposed projects were sorted into two groups; one for those to prepare preliminary design of facili-
ties by JICA Survey and another to be undertaken by Indian side utilizing local funds, as shown below.

1) Projects for preparation of preliminary design of the facilities: (1) Stage V Project excluding Branch
Feeder Pipes and (2) mgjor sewerage facilities for 110 Villages Sewerage Project

2) Projects to be implemented by Indian side: (1) 110 Villages Water Supply Project including those to
be required to connect between planned GLRs and OHTs, OHTs and pumping facilities as well as
distribution pipe networks, (2) Branch Feeder Pipes to share water to Core/ULBS, (3) upstream sew-
age collection facilities (lateral sewers) for 110 Villages Sewerage Project and (4) UFW Reduction
Project

Table 9.2.1 summarizes the reasons of the sorting proposed projects into two groups (identifying priority
projects for foreign assistance). This arrangement was proposed in consideration of major three factors;
(1) urgency of the component project to catch up the needs affected by rapid population increase in the
110 Villages, (2) availability of local funds for the development of relevant sector in BBMP area and (3)
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currently practiced financial assistance from Greater Bengaluru Water Supply Project (GBWASP) / Kar-
nataka Municipal Reforms Project (KMRP) (assistance to ULBs is under way). BWSSB has initiated fi-
nancia arrangementsin September 2016 for the project components to be undertaken by Indian side.

Table 9.2.1 Sorted Reasonsfor Project Implementation

I mplementation
Arrangements

Projectsto be studied /
to be undertaken

Reasons

JCA
Project

Survey

Stage V Project

The Project is alarge size with huge cost requirements (difficulty
to manage by only local fund). In addition, the Project is very
urgent among proposed projects and one-time construction is
advantageous technically, economically and for the augmenta
tion of servicesin the entire BBMP area.

Revised DPR was submitted to GoK for financial assistance at
the beginning of September, 2016.

Major Fecilities for 110
Villages Sewerage Project

Need of the introduction of technical expertise for plan-
ning/design, construction and O&M of sewerage facilities for
maintaining stable and higher quality of effluent discharged from
STPs.

A revised proposal in combination of Stage V Project and Sew-
erage for 110 Villages was submitted to GoK for financial assis-
tance.

Undertakings by
Indian side

110 Villages Water Sup-
ply Project

Need of immediate water supply: GoK assistance (67% ap-
proved in October, 2016) and BWSSB BCC Funds (12 Billion
INR) can be expected to start work in 2017.

Need of system completion connecting to distribution networks
to be constructed by BWSSB in advance: Facilities required to
connect between planned GLRs and OHTs, OHTs and pumping
facilities, which are connected to distribution pipe networks con-
structed by on-going project.

On-going water supply project for ULBs may be referred to.

Staged expansion of water supply systems is adoptable without
large investment at one time.

Stage V related project to
share water to Core/ULBs

Need of additional work for Core/ULBs, beyond proposed pro-
ject for 110 Villages. Branch Feeder Pipes to share water to
Core/ULBs.

Latera Sewers for 110
Villages Sewerage Project

The project can be started during the implementation of Stage V
project expecting finance from BCC (Beneficiary Capital Con-
tribution) / GBWASP/ AMRUT (Atal Mission for Rejuvenation
and Urban Transformation) / GoK.

UFW Reduction Project

BWSSB has experience in managing UFW reduction project.
GoK (approved in Oct., 2016) /BWSSB BCC fund is expected.
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Chapter 10 Scope of Work for JICA Survey Projects

10.1 CWSS Stage V Project

10.1.1 Planned Water Supply Facilities and Their Respective Design Flow

This Project was planned to supply water for 110 Villages using 775 MLD from Cauvery River having
obtained water right from GoK. Required facilities include those from intake to distribution reservoirs
located in Bengaluru City.

The design flow for the Stage V facilitiesis the total supply amount (775 MLD) required for 110 Villages
(355 MLD) and the amount to be shared to Core and ULB areas (420 MLD) for the medium target year
2024. For 110 Villages water supply, water supply amount (equivalent to water demand) required by zone
by target year is summarized in Table 10.1.1 referring to “Chapter 5 Water Demand Projection for the
Three (3) Areas by Target Year”. Magjor factors adopted for water demand projection are as follows;

i o Per capitawater consumption rate through the future: 150 Ipcd

I o UFW (Water Losses) % for the water supply systems to be newly constructed: 16%

The water demand for 110 Villages reached to about 800 MLD in 2049, which is 25 MLD larger than the
privileged 775 MLD from Cauvery River. The additional need should be supplemented by groundwater
(available potential groundwater amount in 110 Villages is assumed at 100 MLD in the water balance
study).

Table 10.1.1 Water Demand and Water Balance by Target Year for 110 Villages

2011
- Name of Zone Area(in | population | Projected Population (Person) Water Demand (ML D)
Sg.Km.) as per
census 2024 2034 2049 | 2024 | 2034 | 2049
1 | Bytravanpura 55.0 241074  412012| 588875 933240 74| 105| 167
(26 Villages)
o | Mahadevpura 51.0 223510|  382787| 545911 865154 68 971 154
(23 Villages)
3 | Bommanahali 64.3 282660  484150|  690468| 1094248 86| 123| 195
(33 Villages)
4 RR Nagar 314 164307 375360| 524868 817285 67 o4 146
(17 Villages)
5 Dasarahall 25 101955 328782| 4esg7e| 743073 59 84l 133
(11 Villages)
2252 1103515 1984000 2819000 4453000  354] 503 795
Total 1,100,000 1,980,000| 2,820,000| 4,450,000f 350 500 800
Water Source
Cauvery 775 778|775
Ground water 100 100 100
Balance 521 372 80

Note: It isideal to reduce groundwater use increasing the use of surface water. In 2034, the balance is 272 MLD after supply of

transmitted water from Cauvery River to 110 Villages.
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Design criteria and flow for the facilities are shown in Table 10.1.2 including mgjor facilities and pipe-
lines.
Table 10.1.2 Design Criteriaand Flow for Major Facilitiesfor StageV Project

Facility Design Criteria Design Flow
(MLD)
Intake Facility Water production of 775 MLD 775
Conveyance Pipeline ditto 775
WTP ditto 775
Pumping Station ditto 775
Clear Water Reservoir ditto 775
Transmission Pipeline ditto 775
GLR 12 hours of detention time 7 Nos.

10.1.2 Study on the Configuration of Major Facilities in Bengaluru City with Reference to
Water Distribution to 110 Villages and Core/ULBs
(1) Required Number and Locations of GLRs in Consideration of their Respective Service Areasin 110
Villages

The water supply and sewerage plan for 110 Villages has been studied since 2008. The water source ex-
pected in the DPR prepared in 2013 was the part of water devel oped by the CWSS Stage 1V, Phase 2 Pro-
ject. Since water shortage had not been solved even after completing the Stage IV, Phase 2 Project, an-
other project was planned as CWSS Stage V including water source development of 10 TMC (775 MLD)
with WTP and transmission pipelines. GLRs and distribution systems are planned under the same concept
both in the 110 Villages DPR and the CWSS Stage V DPR, where transmitted water from Cauvery River
is planned to storage at the GLRs followed by OHTsin the 110 Villages.

There are differences in number and locations of the GLRs planned between the DPRs for 110 Villages
Water Supply and Sewerage project, and that for CWSS Stage V project. The DPR for 110 Villages Water
Supply and Sewerage Project planned atotal of 10 GLRs (5 existing, 3 on-going and 2 new GLRS) to de-
liver 775 MLD, while the DPR for Stage V planned atotal of 12 GLRs including new seven (7) , two (2)
existing and three (3) on-going to deliver 775 MLD. As of March, 2017, three (3) on-going GLRs are un-
der construction by BDA.

It was confirmed in the field that planned sites at Gottigere and Singapura for the new GLRs fall on va-
cant land. As the result of the study on the GLRs, the adequacy of the plan for GLRs by Stage V Project
(advantageous conditions including higher elevation, location to cover subject service area and public
land availability) was confirmed. A comparison of water demand between the two plans in the respective
service areas by existing and proposed GLRsis shown in Table 10.1.3.
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Table 10.1.3 Comparison of Water Demand between the Two Plans by Existing and Proposed GLRs
CWSS Stage V (applied) 110 Villages
Zone Name of GLR Water Name of GLR Water
E: existing Demand E: existing Demand
P: proposed (MLD) P: proposed (MLD)
GKVK -E 20 GKVK -E 38
L Bytrayanapura Chokkanahalli -P 128 CRPF -P 128
(26 Villages) Vasudevapura -P 17
Sub-Total 165 Sub-Total 166
Kadugodi -P 85 HUDI -E 128
5 Mahadevpura Doddakanahalli -P 43
(23 Villages) OMBR -E 26 OMBR -E 26
Sub-Total 154 Sub-Total 154
Doddakanahalli -P 44
3 (Bsc;rr\llrn?ggazsa)l l Gottigere -P 150 Gottigere -P 195
Sub-Total 194 Sub-Total 195
Gottigere -P 66 Gottigere -P 75
RR. Nagar BDA SMV 6 -E 28 BDA * 38
4| (@7 Villages) BDA BSK 6 -E 19
Sub-Total 113 Sub-Total 113
Lingaderanahalli -P 92 Hegganahalli-2 -E 92
5 (leisz\a/rﬁ:]:g;) Singapura -P 40 Singapura -P 40
Sub-Total 132 Sub-Total 132
Tota sy L6 760

Note: It's planned to provide water to BDA service area by connecting to feeder main in 110 Villages DPR
Note: In CWSS Stage V DPR, it's planned to send water to 2 GLRs under BDA

The following are the relationship on the distribution systems between the two (2) plans.

¢ The locations of GLRs are different each other, but the service areas by GLRs are aimost same:
CRPF and Chokkanahalli in Zone 1, HUDI and Kadugodi in Zone 2, Hegganahalli and Lingaderan-
ahalli in Zone 5.

e Newly planned distribution systems (in Stage V plan): Vasudevapura GLR in Zone 1 is newly
planned to cover the service area separated from the exiting GKVK GLR large service area. The oth-
er new system is planned a Doddakanahalli in Zone 2, which is divided from the Gottigere service
area.

¢ Additiona congtruction of three (3) GLRs in BDA areas in R.R. Nagar zone (in Stage V plan), alt-
hough there is no plan on the GLRs in 110 Villages water supply plan.

Figure 10.1.1 and Figure 10.1.2 present existing and proposed GLR locations and their service areas for
adopted GLR arrangements in the both DPRs.
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Source: JICA Survey Team
Figure 10.1.1 L ocations of GLRsin DPR for StageV Project

Source: JICA Survey Team
Figure 10.1.2 L ocations of GLRsin DPR for 110 Villages
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As the result of the study on the requirements and location (near the service area and higher elevation as
well as available public land) of GLRs for 110 Villages water supply, the plan in the DPR for Stage V
project were basically adopted. However, utilization of an additional existing GLR was recommended due
to the following reasons.

Water demand to be covered by the proposed Lingaderanahalli GLR is calculated at 92 MLD. However,
available land areafor the GLR islimited alowing for the retention time of only 4.5 hours, which is short
to achieve the purpose of the GLR. As the solution to ensure required retention time, the subject service
area was divided into two (2) sub-areas. Then, one (1) of the divided service area was planned to receive
water from the existing Hegganahalli-2 GLR, which has sufficient capacity to manage the requirement.
Finaly a total of three (3) existing GLRs: GKVK, OMBR and Hegganahalli-2 will be connected by
planned city trunk main pipelines. Figure 10.1.3 presents the locations of GLRs to be used for this project
and atotal of 13 GLRswill be used for 110 Villages water supply as shown in Table 10.1.4.

As described hereinbelow, OHTSs are planned in each village for distribution and the water is from GLRs
shown in Figure 10.1.3. The designed detention time is appeared in Table 10.1.20 and all proposed GLRs
have more than 10 hours of it except Lingaderanahalli GLR asits limited area. Hegganahalli-2 GLR is an
existing GLR near Lingaderanahalli GLR and it has enough capacity and elevation to distribute water to
some villages in Lingaderanahalli service area. Thusin this study, Hegganahalli-2 GLR is planned to dis-
tribute 45 MLD and Lingaderanahalli GLR provide 47 MLD.

Source: JICA Survey Team
Figure 10.1.3 Locations of GLRsto be Applied for 110 Villages Water Supply
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Table 10.1.4 Population and Water Demand for Each GLRs

SN. Name of GLR Zone vnEZéZf fed Population Water Demand (MLD) Bres?)lfj(:zgn?nog\(;\:lgter
fromnGLR 2024 2034 2049 2024 2034 2049 Cauvery |Groundwater
Bommanahalli Zone 23 319418 457,952 727,076 57, 82 130 130
1 Gottigere RR Nagar Zone 8 173223 243,976 381,517 31 4 68 68
Sub Total 31 492,641 701,928| 1,108,593 88 125 198 198
Bommanahalli Zone 10 162,027 231,709 367,172 29 41 66 66
2 Doddakanahalli |MahadevapuraZone 10 107,845 153,959 243,600 19 27 44 44
Sub Total 20 269,872 385,669 610,772 48 69 110 110
3 Kadugodi M ahadevapura Zone 9 213,335 303,839 479,150 38 54 86 86
4 Chokkanahalli Byatarayanapura Zone 18 321,209 458,534 725,721 57 82 130 130
5 Vasudevapura |ByatarayanapuraZone 6 40,839 59,221 94,543 7 11 17 17
6 Singapura Dasarahalli Zone 5 100,502 143,726 227,750 18 26 41 41
7 Lingaderanahalli |Dasarahalli Zone 4 153,181 168,642 266,650 27 30 48 48
8 Hegganahalli-2 |Dasarahalli Zone 2 73121 148,062 248,673 13 26 44 44
9 OMBR Mahadevapura Zone 4 59,936 87,948 142,404 11 16 25 25
10 GKVK Byatarayanapura Zone 2 48,507 70,383 112,976 9 13 20 20
Total 1= 101} 1,773,143| 2,527,951 4,017,232 316 452 719 719
1 BDA SMYV 6th RR Nagar Zone 2 42,245 60,413 95,731 8 11 17 11 6
2 BDA SMV8th [RRNagar Zone 1 55,204 77,914 121,711 10 14 21 16 5
3 BDA BSK 6th  |RRNagar Zone 6 113,408 152,721 218,326 21 27 38 29 9
Total 2= 9 210,857 291,049 435,768 39 52 76 56 20
GrandTotal = 110| 1,984,000| 2,819,000/ 4,453,000 355 504 795 775 20

1loday euld
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(2) Arrangements for Water Distribution Systems and City Trunk Mains for 110 Villages Water Supply
The distribution system in the DPR for 110 Villages water supply was planned in provision of 137 units
of OHTs to maintain required water pressure and adjust the fluctuation of water demand through the day,
receiving daily demand required from GLRs. An OHT is, in principle, planned for each village. Pumping
facilities are planned between relevant GLR and OHT, as required to ensure required water head for the
service area. The capacity of pumping facilities is planned to meet daily average demand, while the dis-
tribution main pipelines after OHT are planned for the peak demand (hourly max demand). The planning
conditions in the above are reasonabl e and to be adopted for the design of permanent distribution facilities,
although the number of OHTs shall be reviewed during D/D stage entailing topographic survey.

BWSSB started a bidding in November 25, 2016 for the construction of distribution systems for 110 Vil-
lages using saved water through UFW reduction project in the Core area and sharing some water supplied
for the ULBs. The services are planned as a temporary measure for next five (5) years from 2019 to 2023
until completion of Stage V project.

According to the bid documents for the construction of distribution facilities for 110 Villages, construc-
tion of OHTs are canceled. Instead of the application of a gravity supply system, a direct pumping method
is adopted. As available water amount to be supplied for this temporary measure may be limited, water
supply will be insufficient. All required facilities shall be provided before 2024 (the planned year for the
completion of Stage V project) to establish permanent distribution systems. For the requirements, prelim-
inary study is made in Chapter 11 asthe project to be undertaken by Indian side.

There are many disadvantages in application of the direct pumping method, which makes stable operation
difficult, and allows more leakage because of sending water with higher water pressure through the day,
and even causes the cancellation of 24/7 water supply. The need of OHTSs, especialy for a smaller water
supply systemis discussed as the review results of existing DPR in Chapter 11.

Hydraulic profiles for the City Trunk Mains between Tataguni Pumping Station and GLRs are shown in
Figure 10.1.4 and Figure 10.1.5 for the Western route and Eastern route, respectively. In the Western route,
water is transmitted by pumping to the farthest GLR, while water flows by gravity to concerned GLRs
after Gottigere GLR in the Eastern route.
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10.1.3 Water Intake Facility and Conveyance Line

(1) Water Intake Facility
The raw water is taken from the Cauvery River at Shiva Anicut (weir) through a head regulator into aca
nal which flows for about 1.9 km to Forbes Sagar/ SBR (Shiva Balancing Reservoir). From the balancing
reservoir, some water flows through the Shivasamudrum power channel to the Shiva Power station where
it is used for power generation and then returns to the river. Another cana controlled by a head regulator
leaves Forbes Sagar and flows for about 8.5 km to NBR (Netkal Balancing Reservoir).

The 1,750 mm dia. water transmission pipeline was developed by Stage | and 1l projects, 1,950 mm dia.
pipeline by Stage 111 and 1,900 mm dia. pipeline by Stage IV, Phase-l project. Recently in the year 2012,
under Stage 1V, Phase 2 project, 3,000 mm dia. pipeline has been laid from Forbes Sagar to NBR and
2,600 mm dia. pipeine has been laid from NBR to TK Halli. All pipelines run paralel up to the WTP
complex at TK Halli.

A conveyance pipeline with 2,750 mm dia. has been laid by BWSSB from the intake point at SBR to
NBR for alength of 6.3 km for Stage V project, as planned in CWSS Stage V DPR. But the use of the
pipeline was once changed by BWSSB for the water transmission of Stage | to |1l instead of Stage V,
however, BWSSB decided to use for Stage V as Figure 10.1.6 shows. Presently, the work for proposed
pipeline with 2,750 mm dia. for 9.95 km from NBR to TK Halli for Stage V has been started (BWSSB's
own fund).

Stage 4 (Phase 1) _
300MLD, 1900mm TK Halli WTP

Exsting Plants

Stage 1: 135MLD
Stage 2: 135MLD
Stage 1 & 2 Stage 3: 270MLD
270MLD, 1750mm | Stage 4 Pha 1: 270MLD
N Stage 4 Pha 2: 500MLD
Stage 3

270MLD, 1950mm

Stage 4 (Phase 2)
700MLD, 2600mm

600MLD

Stage 4 (Phase 2)

1000MLD, 3000mn Proposed Plant

Stage 5: 775MLD

T T stages = ™
775MLD, 2750mm

Valve Chamber
Under Construction (BWSSB Fund)

= 10 km

Pipe Intake

Figure 10.1.6 On-going and Proposed Conveyance Pipelines

The water intake is planned from pipe intake point which was constructed in Stage IV Phase 2 project.
The intake amount shall be 775 MLD for the Stage V project. Photo 10.1.1 shows the intake point. There
are three (3) gates for water intake and three (3) intake pipes are installed;

o Left : 3,000 mm for stage 1V to connect to TK Halli

e Center  : 3,000 mm extended for only 30 mlong, thisisfor future use

¢ Right : 2,750 mm to connect to NBR, which isto be used for Stage V project
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Photo 10.1.1 Intake Facility Figure 10.1.7 L ocation of Conveyance Pipeline
(Right & Center Gates are Viewed) from IntaketoWTP

Intake water for Stage | to Stage |V passes Forbes Sagar / SBR, where sedimentation effect of sand and
grids is confirmed. The water taken for Stage V is also planned to pass the SBR, thus, a grid chamber is
not proposed at the WTP.

(2) Conveyance Line
As described above, the pipeline with 2,750 mm dia. made of MS for 6.3 km from SBR to NBR is not
required for the Stage V project. The location of conveyance pipeline from intake to WTP is shown in
Figure 10.1.7. An application of gravity flow was confirmed hydrologically for the pipeline. Table 10.1.5
summarizes on-going and proposed conveyance pipelines.
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Table 10.1.5 On-going and Existing Conveyance Pipelines (Excluding JICA Survey Project Scope)
L ocation Specifications
1 SBRto NBR Use Existing one
Gravity Flow MS Pipeline; 6.3 km, 2,750 mm diameter
) NBRto TK Halli On-going (in tender process) MS Pipeline: 9.95 km, 2,750 mm diameter
Gravity Flow Bridges for River crossings: two (2) sites at Hulluhalla and Shimsharivers

10.1.4 Water Treatment Plant (WTP)
(1) Physical Conditionsin the Planned WTPArea
i. Location: Adjacent to TK Halli WTP compound (BWSSB property: refer to Photo 10.1.2)
ii. Area: 38 acers (15.4 ha)
iii. Current Land Use: Staff quarters and school are located
iv. Land Usein surrounding area of planned WTP
West: BWSSB Quarters
South: WTP (TK Halli) across Bima River
East: Agriculture use
North: Residential area across aroad
v. Exigting and Design Elevation
Existing elevation: North West +597.5 m and South East +586.8 m
Design Elevation: +595 mto +590 m
vi. High Flood Level: +586 m

Source: JICA Survey Team
Photo 10.1.2 Layout of TK Halli WTP Complex
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Residential area

Source: JICA Survey Team
Photo 10.1.3 Proposed WTP Site

(2) Basic Conditions for Design of WTP and Treatment Process

1) Raw Water Quality

Data on raw water quality were collected for the period from 2009 to 2014. Turbidity was analyzed as
shown in Figure 10.1.8. The turbidity is commonly less than 5 NTU, but rises during July to October
(monsoon season) between 20 and 65 NTU. Figure 10.1.9 shows the daily fluctuation of the turbidity in
2015. The left graph shows time basis and the right one shows the results of frequency distribution analy-
sis. The highest turbidity is 55 NTU, but not exceeding 5 NTU for 189 days.

Source: BWSSB
Figure 10.1.8 Raw Water Turbidity Variation from 2009 to 2014
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Source: BWSSB

Monthly average pH in 2015 are shown in Figure 10.1.10. It varies from 8.05 in November to 8.28 in
January and February. Considering other water quality examination reports, the raw water quality criteria

isshown in Table 10.1.6.

Figure 10.1.9 Raw Water Turbidity in 2015
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Source: BWSSB
Figure 10.1.10 Raw Water pH in 2015
Table 10.1.6 Raw Water Quality Criteria
Raw Water Parameter Units Design Value Design value of DPR
Turbidity NTU 100 max  Ave. 16 100 max <20 NTU: 80%
pH pH units 7.0 min 8.5 max 7.0min 9.0 max
Alkalinity mg/L as CaCO; 200 max 30 min 200 max
Total hardness mg/L as CaCOs 160 max 30 min 160 max
Total dissolved solids mg/L 500 max 70 min 350 max
Calcium mg/L 75 max 5min 40max
Iron mg/L 1.0 max 0.3min 1.0 max
Magnesium mg/L 28 max 3 min 28 max
Total Coliforms MPN per 100 2000 max 2000 max
Temperature oC 19 min 36 max 19 min 36 max
P Ave.: 26 Ave.: 26

Source: JICA Survey Team
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2) Required Water Quality of Treated Water
The treated water quality requirements are specified to meet the CPHEEO Manua (May 1999 - Third
Edition, Ministry of Urban Development), which are shown in Table 10.1.7.

Table 10.1.7 Guidelinesfor Drinking Water in CPHEEO

RECOMMENDED GUIDELINES FOR PHYSICAL AND CHEMICAL PARAMETERS

SI. Characteristics *Acceptable **Cause for
No. Rejection
/1. Turbidity (NTU) 1 10

~ 2 Colour (Units on Platinum 5 25
Cobalt scale)
< 3. Taste and Odour Unobjectionable Objectionable
o4 pH 7.010 85 <6.50r> 92
5.  Total dissolved solids (mg/T) 500 2000
6.  Total hardness (as CaCO,) 200 600
(mg/)

7. Chiorides (as (1) (mg/]) 200 1000

8. Sulphates (as SO (mg/l) 200 400

9. TFluondes (as F) (mg/T) 1.0 L5

10, Nitrates (as NOy) (mg/I) 45 45

11, Calcium (as Ca) (mg/l) 75 200

12 Magnesium (as Mg) (mg/)) <30 150
SL Characteristics *Acceptable **Cause for

No. Rejection

1F there are 250 mg/l of sulphates, Mg content can be increased to 2 maximum of 125 ’

mg/| with the reduction of sulphates at the rate of 1 unit per every 2.5 units of

sulphates

13, Iron (as Fe) (mg/l) 0.1 1.0

14, Manganese (as Mn) (mg/) 0.05 05

15.  Copper (as Cu) (mg/l) 0.05 1.5

16.  Aluminium (as Al) (mg/]) 0.03 0.2

17.  Alkalinity (mg/1) 200 600

18.  Residual Chlonine (mg/l) 0.2 >1.0

19.  Zinc (as Zn) (mg/]) 5.0 15.0

20. Phenolic compounds (as Phenol) 0.001 0.002

(mg/1)
21, Amionic detergents (mg/l) (as 0.2 1.0
MBAS)
22,  Mincral Oil (mg/l) 0.01 0.03
: TOXIC MATERIALS

23.  Arsenic (as As) (mg/1) 0.01 0.05

24.  Cadmium (as Cd) (mg/l) 0.01 0.m

25.  Chromium (as hexavalent Cr) 0.05 0.05

(mg/)

26.  Cyanides (as CN) (mg/l) 0.05 0.05

27.  Lead (as Pb) (mg/l) 0.05 0.05

28.  Selenium (as Se¢) (mg/l) 0.01 0.01

29.  Mercury (total as Hg) (mg/l) 0001 0.001

30.  Polynuclear aromatic 0.2 0.2

hydrocarbons (PAH) (ug/l)

31. Pesticides (total, mg/l) Absent Refer o WHO
guidelines for
drinking water
quality Vol I. -

1993
RADIO ACTIVITY+
32 Gross Alpha activity (Bq/]) 0.1 0.1
33.  Gross Beta activity (Bg/1) 1.0 1.0

Source: CPHEEO Manua
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Based on the above standards, the treated water quality criteria for design of facilities are shown in Table
10.1.8. Regarding to Iron removal, it is supposed to be achieved by the cascade aerator as the density is
low in raw water.

Table 10.1.8 Treated Water Quality Criteria

Item Perfor mance Requirement

Turbidity Lessthan 1 NTU for 100% of the time;
lessthan 0.5 NTU 90% of the time

pH 7.0t085

Color Less than 5 units Pt/Co scale

[ron Lessthan 0.1 mg/L

Al Lessthan 0.03 mg/L

Coliforms Total Coliforms 0/100 mL (Nil)

Source: JICA Survey Team

3) Treatment Process

A typical treatment flow in CPHEEO Manual is shown in Figure 10.1.11. The manual says as follows;
i ¢ |n case of surface water where the water has turbidity below 10 NTU and free from odor and color, :
i plain disinfection by chlorination is adopted before supply. .
e In surface water with turbidities not exceeding 50 NTU and where sufficient area is available, plain
E sedimentation followed by slow sand filtration and disinfection are practiced.
i e Conventional treatment process including pre-chlorination, aeration, flocculation (rapid and slow :
i mixing) sedimentation, rapid gravity filtration and post chlorination are adopted for highly polluted i
+ surface waters with algae or other microorganism. i

Based on the raw water turbidity as indicated, the conventiona treatment process was considered as
shown in Figure 10.1.11.

The processes for aeration and pre-chlorination seems not to be required under present raw water quality,
however, they are considered in the previous projects for the following reasons:

i o Raw water is stored in SBR and algae may grow in the tank, i
» e DO may be exhausted in the underground pipeline of 16 km !
i o A conventional treatment processis adopted and operated at al existing WTPs. i

Therefore, the processes for aeration and pre-chlorination are employed for this project. The schematic
diagram for proposed WTPis shown in Figure 10.1.12.
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Source: CPHEEO Manual

Figure 10.1.11 Typical Treatment Flow in CPHEEO Manual

Aeration
(Reaching) Chlorination
) 4
[ Flush Mixing H Flocculation HSedimentation '—)i Rapid Filtration

\ 4
Post
Chlorination
Pumping

Figure 10.1.12 Proposed Conventional Water Treatment Process

(3) Disinfection Method

Chlorination facility is planned to provide safe water to consumers, holding disinfection effect in water
digtribution pipelines. Liquid chlorine is applied at the existing WTPs. The same manner of disinfection
shall be used for this project.
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(4) Sludge Treatment Process

The discharge of treated sludge into the Shimsha River is not permitted. A lot of sludge will be generated
in application of conventional treatment process for design flow of 775 MLD. For the treatment of the
sludge, it is preferable to apply a mechanical dewatering process instead of a dudge drying bed from the
view point of foot print required within the limited area. A centrifuge type of dewatering equipment has
been adopted in the existing Stage 1V Phase 2 project as it has advantage in maintenance and cost per-
formance. Then the same type of the equipment is recommended for this project.

10.1.5 Transmission Pipeline and Pump Station with Water Hammer Countermeasures
(1) Design Condition
i. Hazen Williams C Value of 140 is adopted for centrifugally lined M S pipes as shown in CPHEEO
Manual (refer to C value in Table 10.1.9).
ii. Velocity of water in the pipeline is assumed to be 0.6 m/sto 1.8 m/s.

Table 10.1.9 C Value of Hazen Williams Formula

Pipe Material Recommended C Values

New Pipes®  Design Purpose

Unlined Metallic Pipes
Cast Iron, Ducule Iron 130 100
Mild Steel 140 101
Galvanized [ron above 530 mm dia. # 120 100
Galvanized Iron 50 mm dia and 120 55

below used for house service
connections. #

Centrifugally Lined Metallic
Pipes
Cast Iron, Ductile Iron and Mild
Steel Pipes lined with cement mortat

or Epoxy
Up to 1200 mm dia 140 140
Above 1200 mm dia 145 145

Source: CPHEEO Manua

(2) Diameter of Transmission Pipeline

If diameter of pipe becomes larger, purchase cost becomes higher, on the contrary O&M cost may be re-
duced as aresult of decreasing of friction losses. The diameter of transmission pipeline was determined in
Stage V project considering Life Cycle Cost (LCC). The design diameter arrived at 3,000 mm in the LCC

analysis after comparative study with a variation from 2,800 mm dia. to 3,000 mm dia. (The differenceis
less than 1%).
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(3) Pipe Materias

Usualy Ductile Iron (DI) pipe and Mild Steel (MS) pipe are used for water supply. For alarger diameter
pipes (more than 1,000 mm dia.), as the low cost and good in the joint connection, MS pipe is selected.
For the procurement of larger diameter pipes, there are two alternatives, 1) purchase fabricated pipe or 2)
purchase raw material and make pipes on site. In the application of later method, the procedure of fabri-
cation is required followed by welding, inner/ outer lining, and it is important to make sure of quality as-
surance. The fabrication on site was adopted in the Stage |V Phase 2 project. Employing the same manner
for this project, the procurement procedure shall be determined through the evaluation of the price and
technical proposal from suppliers.

(4) Design Criteriafor MS Pipe
¢ The pipeline will be buried with a minimum cover of 1.20 m under the existing ground level.
e The wall thickness of buried steel pipe shall be sized taking into consideration the pressures/forces
impacting internally and/or externally to the pipes as follows,
= Earth pressure due to backfill
= Uniform collapse pressure
= Super imposed concentrated or distributed line loads of vehicles at road crossings
= Buoyancy forces on empty pipelines
= Handling stresses
= Sub-soil water pressure
¢ Pipelaying shall be followed by AWWA manual M11.
e Theinternal design pressure shall be considered 1.5 times the working pressure.

(5) Transmission Pipeline

1) TK Halli to Harohalli

The 3000 mm dia proposed MS clear water transmission pipeline will be approximately 43.9 km long
from TK Halli to Harohalli. As seen from the ground profile, the ground eevation varies from 590 m at
the beginning to a maximum of elevation 700 m at 21 km chainage near JK Doddi. There is however a
low point (elevation 620 m) at 30 km chainage and again rising to the same elevation 690 m at about 40
km chainage. The pipe ends at 43.9 km chainage at the Harohalli pumping station at an elevation of 690
m.

2) Harohalli to Tataguni

The transmission pipeline length from Harohalli to Tataguni is approximately 21.5 km, According to the
ground profile, the ground elevation varies from 690 m at Harohalli to 820 m at Tataguni with no signifi-
cant peak. The lowest point (elevation 670 m) in this stretch is at about 49.5 km from TK Halli.

3) Tataguni to City Entry (Vajarahalli)
The stretch from Tataguni to Vg arahalli crossing involves about 4.05 km of pipeline aong the existing
pipeline route. The total length of the transmission line is 69.45 km including above mentioned 4.05 km.
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The outline of transmission pipdineis shownin Table 10.1.10.

Table 10.1.10 Length of Transmission Pipeline

_ Diameter Length
Type of Transmission System Reach
(mm) (km)
TK Halli to Harohalli 3,000 43.9
o Harohalli to Tataguni 3,000 215
Clear Water Transmission System : : :
Tataguni to Vajarahalli 3,000 4.05
Total 69.45

Source: JICA Survey Team

(6) Pump Stations

1) Outline of Pump Stations

The three stage pumping to deliver treated water from TK Halli to Bengaluru shall include installation of
new pumping stations at TK Halli, Harohalli and Tataguni. The site boundaries for each of these pumping
stations were identified by BWSSB. The proposed site for CWR and PS at TK Halli is planned at the
WTP compound adjacent to Stage 1V, Phase 1 and 2 CWRs and pumping stations, which is near Bhima
River.

The proposed site for PS and CWR at Harohalli is identified near the Stage | and Il CWRs. The site falls
on generaly flat area. The proposed site for PS and CWR at Tataguni isidentified near the Stage |V phase
2 pumping station. Design flow and pipe length are presented in the Table 10.1.11.

Table 10.1.11 Design flow and pipelength for Pumping Station Design

SIN Section Design Flow (MLD) Length (km)
TK Halli - Harohalli 775 43.90
Harohalli - Tataguni 775 21.50

3 Tataguni—Vajarahalli Junction 775 4.05
Total - 69.45

Source: JICA Survey Team

2) Clear Water Reservoirs (CWRS) at Pumping Stations

The capacities and water level of the proposed CWRs at three locations are indicated in the Table 10.1.12.

Table 10.1.12 Capacity of Clear Water Reservoir and Planned Water Level

o Capacity Minimum Water Maximum Water HRT
S/N | Description 3 : :
(m®) Level in CWR (m) | Level in CWR (m) (Hr)
1 TK Halli 68,000 585.03 591.03 2
2 Harohalli 34,000 687.50 693.50 1
3 Tataguni 34,000 820.00 826.00 1

Source: JICA Survey Team
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3) Discharge Flow Rate

In the DPR, eight (8) units of pump facilities are planned to operate at each pumping station. The capacity
of pump unit is planned at 4,160 m*/h. Thus, the total discharge rateis 798.72 MLD at each pumping sta-
tion. The specification for the pump unit in the DPR is planned with safety/surplus factor of 3% to the
required design flow (775 MLD). However, in this study, the discharge flow rate of the pump does not
consider the safety factor.

4) Total Head of Clear Water Pump

Comparative study was made between required total head and proposed total head in the DPR as shown
in the Table 10.1.13. The proposed heads in the DPR meet required heads, thus, those in DPR are adopted.

Table 10.1.13 Comparison of Total Head of CW Pumps

Discharge | Static Head Required Total Head
Name of PS of Pumps | Head* | Loss** Total Head in DPR
(m’h) (m) (m) (m) (m)
TK Halli 32,320 108.47 19.20 127.67 130
Harohalli 32,320 139.00 1141 150.41 152
Tataguni 32,320 136.50 9.71 146.21 150

Source: JICA Survey Team
* Maximum Water Level of the destination - Minimum water Level of the pump well

** The amount calculated by Hazzan formula as c=140 +3 m (as loss of around pump) +1 m (residua pressure)

5) Type of Pump
As mentioned in the DPR, horizontal shaft double suction volute pump with single stage impeller is the
most efficient type, which is also used in the Stage IV Phase 2. Therefore, it is adopted in this project.

6) Number of Pump Units

Number of economical pump units to be operated was studied for each pumping station. As the result of a
comparative study on purchase cost, electric power consumption and foot print in cases of nine (9) units
(proposed six (6) units working and three (3) units standby ) and 12 units (planned in the DPR, eight (8)
units working and four (4) units standby) of pump facility, nine (9) units of pump operation was recom-
mended.

a) Purchase Price of CW Pumps
A comparison of relative purchase price of the pump units is shown in Table 10.1.14. The purchase
cost for nine (9) pump unitsis 5.6% cheaper than that of 12 pump units.
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Table 10.1.14 Comparison of Unit Cost of Transmission Pumps
Pump
) i . Nos. of Relative Relative
Alternatives Pump Station | Discharge Rate i i
3 ; Pump Unit Unit Cost Cost
(m*/Hour/Unit)
12-pumps TK Halli
) - 100.0 1,200
(Working 8+ Harohalli 4,040 12
: (Index) (Index)
Standby 4) Tataguni
9-pumps TK Halli
. - 125.8 1,132
(Working 6 Harohalli 5,390 9
(Index) (Index)
+ Standby 3) Tataguni

Source: JICA Survey Team

b) Electrica Power Consumption
Since the total discharge flow rate and pump head required are pre-conditions, required pump input con-
ditions are to be fixed. The difference of electrical power consumption depends on the efficiencies of
pump and motor units. The highest efficiencies among data collected from the manufacturers are shown
in Table 10.1.15. Consequently, the 9 pump units plan is 1% more efficient and annual €eectrical con-
sumption cost is 20 Million INR cheaper than the 12 pump units plan.

Table 10.1.15 Electrical Power Consumption Cost of CW Pumps

Electrical Power
Pump Pump M otor Total )
. . . » . . Consumption
Alternatives | Pump Station | Discharge Rate | Efficiency | Efficiency | Efficiency G
o
(m3/h) (%) (%) (%) (Million INR/yr)
12-pumps TK Halli
(Working 8 Harohalli 4,040 86 96 82.56 1,809
+ Standby 4) Tataguni
9-pumps TK Halli
(Working 6 Harohalli 5,390 87 96 83.52 1,789
+ Standby 3) Tataguni

* Calculated as 4.5 INR per kWh, Cost = 0.163* 775,000 m*/d /60 /total efficiency x (130 m+152 m+150 m) x 365 d/y x 4.5
INR/KWh
Source: JICA Survey Team

c¢) Footprint for the Installation of Transmission Pump units
It is possible to accommodate nine (9) pump units at the planned Pumping Station, where 12 pump units
are planned to install in the related DPR.
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(7) Countermeasures against Water Hammer

1) Considerations for the Selection of Countermeasures

Generally, water hammer occurs caused by sudden changes in flow velocity in a pipeline in short period.
In the actual operation of the facilities, it may occur at the time of starting and stopping pump operation,
and opening or closing valves. Since the most serious problem occurs at the time of sudden stop of all
working pump units affected by power failure, a transient analysis shall be made with an assumption of
paralel operation of all six (6) pump units. In the DPR for Stage V, the protective devices against water
hammer are proposed, as shown in Table 10.1.16. However, its analysis was only based on past experi-
ence, and actual transient analysis for this project had not been carried out. Thus, the protective devices
were reviewed and the hydraulic transient analysis aong the transmission pipeline was made in use of
hydraulic transient modelling software, PIPE 2008 of KYPIPE LLC.

Table 10.1.16 Surge Protection of the PSs (DPR)
Pump Station Protective Device Facility L ocation Remarks

. 9 units of chamber
Air Chambers
TK Halli (each 100m°)

One-way Surge Tank 20 m Dia. 4m high At JK Doddi. | Chainage 20.47 km
7 units of chamber

Near the PS.

Harohalli Air Chambers (each 100m?) Near the PS.
. . 7 units of chamber
Tataguni Air Chambers (each 100m?) Near the PS.

Source: JICA Survey Team

Genera countermeasures including item (1) to (7) are shown in Table 10.1.17. Considering the length and
flow rate of pipelines for this project, “(2) Conventional surge tank”, “(3) One-way surge tank”, and “(4)
Air chambers’ are likely to be adoptable, while, other countermeasures may be difficult to apply as enu-
merated bel ow.

“(1) Flywheels’ are not effective in case of along pipelines and “(5) Air valves’ are not reliable as the
main water hammer protection equipment, because they have a fear of clogging. “(6) Enlarging pipe di-
ameter” is not economical and not practical. Although “(7) Change of pipeline level/route” may be appli-
cable in some cases, but the effects are limited.

The following are the comparison among potential countermeasures as mentioned above. Installation of
“(4) Air chambers’ are the most suitable right after the pump's discharge with high pressure comparing
with “(2) Conventional surge tank” and “(3) One-way surge tank”, because these are opened to atmos-
phere to observe water hammer without maintaining water level in the tank.

However, the effective range of “(4) Air chambers’ to the water hammer is limited with reference to the
length of pipeline even if tank capacity per unit and number of units are increased. The pipeline for this
project is extraordinary long. In this case, a combination of other device(s) with (4) Air chambers is re-
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quired, probably selecting from “(2) Conventiona surge tank” and/or “(3) One-way surge tank”.

Table 10.1.17 Water Hammer Counter measures

Counter measures

Principle

Feature

Notes

(1) Flywheels

The flywheels that are equipped
with between the pump and the
motor keep rotational energy to
a certain extent when the motor
stops, which aleviates the am-
plitude of pressure drop.

Simple structure and few
maintenance.

No effective measure for
large pump at long pipeline.
The upper size of flywheel is
limited by the size of motor.

(2) Conventional
surge tank

(3) One way surge
tank

When a pressure drop occurs in
the pipeline, the tank supplies
water through the connecting
pipe to decrease the impact of
pressure drop. The tank is
opened to the atmosphere.

Simple structure  without
check valves.

The tank level and height are
limited by the hydraulic gra-
dient level.

When the hydraulic gradient
level is high, the tank’s height
can be more compact than
conventional surge tank.

Check valves are required to
secure water level properly in
the tank.

(4) Air chambers

When a pressure drop occurs in
the pipeline, the air pressurized
in the chamber forces water out
into the pipeline immediately to
decrease the impact of pressure
drop.

The chambers can be effec-
tive even if right after the
pumps because it can store
the high pressure energy.

If the pipeline is far long, the
effects become smaller.

(5) Air valves

When a negative pressure is
generated in the pipeline, air is
taken into the pipeline through
theair valve.

Reasonable in price and con-
veniently used.

Due to fear of clogging by
foreign material, it should not
be counted as countermeasure
of water hammer.

(6) Enlarging pipe
diameter

The pressure drop is relieved by
lowering flow velocity.

If pipeline is short, it may be
reasonable.

Not reasonable at most of
case.

(7) Change of pipe-
line level/route

Lowering the pipe level where
the negative pressure occurs can
relieve the pressure drop.

At most of case, it is difficult,
because underground pipe
may have to be deeper or for
other reasons like as land
acquisition.

Source: JICA Survey Team

2) Transmission Pipeline from TK Halli PSto Harohalli CWR

One-way surge tank is recommended in the existing DPR. It was found in the hydraulic profile along
pipeling, that the installation level of the surge tank is not adequate, because the tank’s planned water lev-
el, +708.800 m, is higher than the hydraulic gradient level, +702.700 m. For the water hammer protection,
the water level in the tank should be lower than hydraulic gradient level. (refer Figure 10.1.13 and Figure
10.1.14) Therefore, proposed plan in the DPR was revised. Referring to the hydraulic profile, a conven-
tional surge tank with a diameter of 20 m was planned at the same place where the one-way surge tank is
planned in the DPR, aside from Air Chambersjust after pump units.
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Figure 10.1.13 Hydraulic Profile of Transmission Pipelinefrom TK Halli PSto Harohalli
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Figure 10.1.14 Section of One-way Surge Tank in DPR

Nine (9) units of air chambers with a capacity of 100 m® per unit and a conventional surge tank with a
diameter of 20 m are recommended, as shown in Figure 10.1.15. The maximum negative pressure after
power failure is estimated at 6.05 m at the distance from approx. 45 km from the PS, which is within
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safety range, because it is not more than seven (7) m as a criterion for judgement.

Maximum Pressure

s0uq

o4

10 1% 20 25 30 * 40 a5

G Pump: Distance (km)
14

5
97 1/sec = 130mH = Inertia 2800 Nm2 = 6 Nos.

Source: JICA Survey Team

Figure 10.1.15 Transient Phenomenon after Power Failure (TK Halli)

3) Transmission Pipeline from Harohalli PS to Tataguni CWR

According to the analysis, four (4) units of air chambers that have a capacity of 100 m® per unit, number
of which isreduced from the DPR plan, are suitable, because the negative pressures are not more than 7m
aong entire transmission pipeline route from Harohalli PS to Tataguni CWR. The maximum negative
pressure is5.10 m at the distance of 21 km from the Harohalli PS, as shown Figure 10.1.16.

950
Maximum Pressure

500

Cl 11 PN [N ) [ . Tataguni CWR

] 2 4 13 (] 10 12 " 16 18 2
Distance (km)

CH Pumps
1497 1/sec * 152mH * Inertia 3000 Nm2 = 6 Nos
Source: JICA Survey Team
Figure 10.1.16 Transient Phenomenon after Power Failure (Harohalli)
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4) Transmission Pipeline from Tataguni PS to Chokkanahalli GLR and to Gottigere GLR

Based on the analysis, seven (7) units of air chambers planned in the DPR are not recommended. The air
chambers should be increased from seven (7) to eleven (11) chambers to lower the negative pressure to
less than 7m. The transient phenomenon in the case of eleven (11) air chambers is shown in Figure
10.1.17 and Figure 10.1.18 for the two (2) GLRs.

Source: JICA Survey Team

Figure 10.1.17 Transient Phenomenon (from Tatagini PS to Chokkanahalli GLR)

10001 Maximum Pressure

Gottigere CAR

Source: JICA Survey Team

Figure 10.1.18 Transient Phenomenon (from Tatagini PSto Gottigere GLR)

5) Proposed Surge Protection

As the result of hydraulic transient analysis using a hydraulic transient modelling software, PIPE 2008 of
KYPIPE LLC, required surge protection devices are summarized in Table 10.1.18.
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Table 10.1.18 Proposed Surge Protection (revised from the DPR)
Name of PS Protective Device Description L ocation Remarks
. 9 units
Air Chambers 3 Near the CWPS.
TK halli (each 100 nv)
Conventional Surge Tank | 20 m Dia. 4 m height At K Doddi. Chainage 20.47 km
. . 4 units
Harohalli Air Chambers 3 Near the CWPS.
(each 100 m°)
. . 11 units
Tataguni Air Chambers 3 Near the CWPS,
(each 100 m°)

Source: JICA Survey Team

10.1.6 City Trunk Mains and GLRs
(1) City Trunk Mains
The clear water from Tataguni pumping station is conveyed to different city GLRs located along eastern
and western routes in Bengaluru city. The clear water shall be pumped from Tataguni pumping station to
al the GLRs along the western route and up to the Kadugodi GLR in the eastern route. There are eight (8)
GLRs along the western road, namely, BDA BSK, BDA SMV 6th stage (Kodigehalli), BDA SMV 8th
stage (Herohalli), Lingaderanahalli, Singapura, GKVK, Vasudevapura and Chokkanahalli GLRs. No
booster pumping stations are required for the proposed trunk mains. There are four (4) GLRs along the
eastern road. The clear water is at first pumped to Gottigere GLR from Tataguni in order to send water to
Doddakanahalli, Kadugodi, and OMBR GLRs by gravity. Table 10.1.19 shows specifications on City
Trunk Mains.

Table 10.1.19 Specifications City Trunk Main Pipes

East Route
Label Start Node Stop Node Digan:{)er Material L?rr:gth (Sﬁ\g) \2,:5:3/
ER-1 | C-1 |Tataguni PS C-2 |Vgarahalli 3,000| Mild Steel 3,800 775 127
ER-2 | C-2 |Vgarahalli C-20 |Gottigere GLR 2,200 Mild Steel 8,638 419 128
ER-3 | C-2 |Vgarahalli C-3 |BSK 6th Block Tapping 2,000| Mild Steel 1,853 356 131
ER-4 | C-3 |BSK 6th Block Tapping C-4 |BSK 6th Block GLR 600 DI 199 29 119
ER-5 | C-3 |BSK 6th Block Tapping C-5 |SMV 6th Block Tapping 1,900| Mild Steel 13,147 327 1.33
ER-6 | C-5 |SMV 6th Block Tapping C-6 |SMV 6th Block GLR 350 DI 1,538 11 132
ER-7 | C-5 |SMV 6th Block Tapping C-7 |SMV 8th Block Tapping 1,900 Mild Steel 1,245 316 1.29
ER-8 | C-7 |SMV 8th Block Tapping C-8 |SMV 8th Block GLR 400 DI 164 16 1.47
ER-9 | C-7 |SMV 8th Block Tapping C-9 |Pipeline Rd. JCT near Herohalli Lake 1,800 Mild Steel 3,274 300 136
ER-10| C-9 |Pipeline Rd. JCT near Herohalli Lake | C-10 |Hegganahalli-2 GLR 1,500 Mild Steel 2,940 223 146
ER-11| C-9 |Pipeline Rd. JCT near HerohalliLake | C-11 |Lingaderanahalli Tapping 1,600| Mild Steel 244 256 147
ER-12 | C-11 | Lingaderanahalli Tapping C-12 | Lingaderanahdli GLR 700 DI 421 48 1.44
ER-13| C-11 |Lingaderanahalli Tapping C-13 |M S Palya Circle 1,600| Mild Steel 14,250 208 1.20
ER-14| C-13 |M S Palya Circle C-14 |Singapura GLR 700| Mild Steel 1,043 41 123
ER-15| C-13 |M S Palya Circle C-15 |GKVK Tapping 1,300{ Mild Steel 159 167 1.46
ER-16| C-15 | GKVK Tapping C-16 |GKVK GLR 500 DI 34 20 1.18
ER-17| C-15 | GKVK Tapping C-17 | Yelahanka JCT 1,300{ Mild Steel 3,309 147 128
ER-18| C-17 | Y elahanka JCT C-18 | Vasudevapura GLR 500 DI 3,043 17 1.00
ER-19| C-17 |Yelahanka JCT C-19 |Chokkanahalli GLR 1,200| Mild steel 8,775 130 133
Total 69,513
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West Route

Diameter . Length Flow Velocity
Label Start Node Stop Node (mm) Material m) (MLD) (mised)
WR-1 | C-20 |Gottigere GLR C-21 | Doddakanahalli Tapping 1,600| Mild Steel 15,656 221 127
WR-2 | C-21 | Doddakanahalli T apping C-22 | Doddakanahalli GLR 1,100{ Mild Steel 5256 110 134
WR-3 | C-21 | Doddakanahalli Tapping C-23 |Kadugodi Tapping 1,100| Mild Steel 11,936 111 1.35
WR-4 | C-23 | Kadugodi Tapping C-24 |Kadugodi GLR 1,000| Mild Steel 7,238 86 127
WR-5 | C-23 | Kadugodi Tapping C-25 |lOMBR GLR 500 DI 4,863| 25 147

Total 44,949

*The pipeline diameter is considered by the water demand of the year 2049 and only ER-10 pipelineis considered by the demand

in the year of 2024 (13 MLD) and the sharing water to Core and ULB areas (210 MLD).

Source: JICA Survey Team

(2) Capacity of Ground Level Reservoir
The manua on Water Supply and Treatment, CPHEEO states that a GLR shall have a capacity of eight
(8) to 12 hours for the HRT, while 15 hours for HRT is applied in the DPR except for some GLRs. Table
10.1.20 Proposed Reservoir Capacities shows proposed capacities of the planned GLRs.

Table 10.1.20 Proposed Reservoir Capacities

HRT
Demand Proposed GLR Capacity
SIN Name of GLR Proposed 12hr 15hr
(MLD) (ML)

(Hrs) (ML) (ML)
1 | Gottigere GLR 198 1129 13.7 108.50 135.60
2 | Doddakanahalli GLR 110 48.0 10.5 43.50 54.40
3 | Kadugodi GLR 86 48.0 134 42.50 53.10
4 | Chokkanahalli GLR 130 64.8 12.0 64.00 80.00
5 | Vasudevapura GLR 17 10.8 15.2 8.50 10.60
6 | SingapuraGLR 41 24.0 14.0 20.00 25.00
7 | Lingaderanahalli GLR 47 17.8 9.1 46.00 57.50

Total 629 326.3

Source: JICA Survey Team
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10.1.7 SCADA System

(1) Centralized SCADA System

It is proposed to have a centralized SCADA centre (herein referred to as CSC) to integrate all local data
from Water Supply and distribution System, and the sewerage system to be established under Stage V.
The proposed centralized SCADA centre shall be established at Shimsha Bhavan, adjacent to the existing
centralized SCADA serversingtalled under Stage IV Phase 2.

It is to be noted that the existing Centralized SCADA centre installed in stage IV Phase 2 is currently un-
der operation and maintenance period by the contractor. The SCADA servers are sized to integrate data
from water supply system and the sewerage system only installed in the stage |V Phase-11. Further, due to
the rapid advancement in the field of control and automation technologies, IT software & hardware, the
current system shall be required to be completely overhauled and replaced in a few years. Hence it is re-
quired to have a complete new setup of SCADA servers, software and IT software’s and hardware to in-
tegrate the water supply system and the sewerage system to be established under Stage V.

The proposed CSC shall be broadly divided into two server series, each catering to water supply system
and the sewerage system, respectively to be established under Stage V.

o Water SCADA (Water Supply System)
o Sawerage SCADA (Sewerage System)

1) Water SCADA (Water Supply and distribution System)
The water SCADA server to be established shall be designed to integrate the following facilities on a
mi ni mum:

a) Proposed Water treatment plant (WTP) at TK Halli

b) Proposed water pumping stations at TK Halli, Harohalli, Tataguni

¢) Proposed Ground level reservoir (GLR) to be established under Stage V

d) Existing & proposed overhead tanks (OHT)

e) Exigting Master SCADA servers for UFW and AMR packages

f) Existing centralized SCADA center for Stage IV Phase 2

g) Proposed UFW Master SCADA system and AMR Master SCADA system for Stage V

Note: The SCADA servers shall be designed to accept bulk data transfer from the local facilities.

2) Sawerage SCADA (Sewerage System)
The sewerage SCADA server to be established shall be designed to integrate the following facilities on a
mi ni mum:
a) Proposed Sewage treatment plants (STPs) along with proposed terminal sewage pumping stations to
be established under Stage V
b) Proposed intermediate sewage pumping stations (ISPSs)
¢) Exigting centralized SCADA center for Stage IV Phase 2 for sewerage SCADA
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The above mentioned facilities shall be equipped with afully automated PLC based SCADA system con-
firming to OPC & IEC standards for integration.

The PLC based SCADA system design at the above mentioned facilities shall incorporate a configuration
which shall enable the integration of these facilities with the CSC at Shimsha Bhavan.

3) Proposed CSC Water SCADA and Sewerage SCADA Software and Hardware:
The CSC system for Water and Sewerage SCADA shall consist of the following software and hardware
on aminimum:

a) Redundant SCADA servers

b) SCADA server software shall be of un-limited tags. (The software tags shall be configured for future
expansion of I/0’swith minimal programming effort)

¢) Blade servers of optimum capacity shall be installed for Water SCADA server.

d) A LED based video wall shall be installed and configured as a Water SCADA mimic to provide dis-
play facilities for plant status data and process values, event /adarm indications and historical and
real time trends.

€) SCADA software and Programming shall conform to latest OPC specifications and IEC Standards.

f) Multi-layered SCADA security with hardware based firewalls, system data encryption shall be im-
plemented for securing the data in the network.

g) Historian Package server for analyzing historic data shall be established.

h) Online and Offline printing would be implemented for alarm/event analysis and trend support.

Note: It is also preferable to minimize the number of SCADA components manufacturers in order to have uniformi-

ty of the components and standardize the same.

Table 10.1.21 to Table 10.1.24 illustrate the typical data that shall be monitored by the Water SCADA &
Sewerage SCADA servers on aroutine basis:

o Table-1: Typical Datafrom Water Treatment Plants at TK Halli

e Table-2: Typical Data Collection from Water Pumping Stations (TK Halli, Harohalli, and Tataguni)
o Table-3: Typical datafrom Ground level reservoirs and Overhead tanks

o Table-4: Typical Datafrom Sewage Treatment Plants

Table 10.1.21 Typical Data from Water Treatment Plantsat TK Halli

SIN Description Parameter
1 | PlantInlet Flow
2 | Combined Filtrate Channel Flow
3 | Raw Water Quality Parameters Alkanity, pH, Turbidity
4 | Settled Water Quality Parameters | Turbidity, pH
5 | Clear Water Quality Parameters Alkanity ,pH, Turbidity, Residual Chlorine
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SN Description Parameter
6 | PLC Pane PLC diagnostics, Hot-Standby Status
7 | Communication/I nterface Panel Panel Hardware diagnostics
Redundancy Status, status of every equipment, chemical consump-
8 | Local Plant information tion through reports generated by the system, general plant operat-
ing status, etc..
9 Pumps Pump status, pump performance characteristics, working hours
10 | Balancing Reservoir Flow, Levels, Motorized gate status
11 | Electrical Parameters Primary: Voltage,

Secondary: Voltage, Ampere, Power Factor, Frequency, Power
(kW), Power integration / consumed (KWHTr)

Table 10.1.22 Typical Data Collection from Pumping Stations (TK Halli, Tataguni, and Harohalli)

SIN Description Tag
1 Pumps Pump status, Pump performance characteristics, Temperature and
Vibration on both the pumps and the motors
2 Process/Plant Flow, Pressure Individual Pump Discharge Flow, Total Plant Outlet Flow and Pressure
on the common delivery pipe
3 Surge Vessdl Surge Vessel status
4 | Water Reservoirs Level status
5 Analytical Parameters Residual Chlorine Level
6 Electrical Parameters Primary: Voltage, Secondary: Voltage, Ampere, Power Factor, Fre-
guency, Power (kW), Power integration / consumed (KWHTr)
Each Pump: Ampere, Power Factor, Power (kW), Power integration /
consumed (KWHTr)
7 PLC Panel PLC diagnostics, Hot-Standby Status
8 Communication/I nterface Panel Panel Hardware diagnostics
9 Surge Tank Surge Tank status
Table 10.1.23 Typical Datafrom GLR & OHT
SN Description Tag
1 Flow Total Inlet Flow, Outlet Flow
Level Level in GLR, OHT

Analytical Parameters

Residual Chlorine

Pump

Pump status, Running Hours, Maintenance schedules
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Table 10.1.24 Typical Data from Sewage Treatment Plants
SIN Description Tag

1 Flow Total Inlet Flow, Plant Outlet Flow

2 | Analytical Parameters Dissolved Oxygen Parameters, ORP, Residual Chlorine, Turbidity
(Sludge Density of Sludge Feed to Dewatering Unit)

Terminal Sewage Pump Pump status

4 Electrical Parameters Primary: Voltage,
Secondary: Voltage, Ampere, Power Factor, Frequency, Power (KW),
Power integration / consumed (KWHTr)
Each Sewage Pump: Ampere, Power Factor, Power (kW), Power in-
tegration / consumed (KWHTr)

5 PLC Pandl PL C diagnostics, Hot-Standby Status

6 Communication/I nterface Panel Panel Hardware diagnostics

7 Loca Plant information Redundancy Status, status of every equipment, chemical consumption
through reports generated by the system, general plant operating status,
etc.

(2) Communication Network

The centralized SCADA centre (CSC) shall be equipped with both wired and wireless communication
technologies to monitor both water SCADA (Water supply and distribution system) and Sewerage
SCADA (Sewerage system).

The CSC shall communicate with the water treatment plant at TK Halli and the water pumping station at
TK Halli, Tataguni and Harohalli locations via redundant Fibre optic cable (FOC) network. The FOC
shall be laid al aong the pipeline proposed under the stage V project up to Shimsha Bhavan. The FOC
network shall allow for rea time monitoring of the facilities and alow for larger bandwidth to be trans-
mitted and integrated.

The ground level reservoirs and overhead tanks control system shall communicate with the CSC servers
viaredundant GPRS (General Packet Radio Services) wireless communication network.

The sewerage treatment plants, 1SPS shall communicate with the CSC servers via redundant GPRS wire-
|ess communi cation network.

Summary of communication networks is shown in Table 10.1.25.

Table 10.1.25 Summary of Communication Networks

SIN Description Communication Technology Functionality
1 | Water Treatment Plants, Water pumping stations, | Fiber optic cable (FOC) network | Monitoring
Proposed ground level reservoirs)
2 Existing ground level reservoirs and overhead tanks | GPRS Monitoring
3 Sewerage Treatment plants, | SPS GPRS Monitoring
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(3) SCADA System Functionality and Security

The SCADA system shall follow the International Standards Organization (1SO), Open Systems Inter-
connect (OSl), reference model guidelines. All centra system hardware and software devices shal be in-
terconnected using a bus topology data highway. The communications protocol used shall generally meet
the requirements of the 1SO.

The system shall provide efficient and safe operation of the process plant by detecting alarm and error
conditions, aerting the operator to these conditions both visually and audibly, monitoring all important
system parameters and providing facilities for plant optimization. The System shall perform all the nec-
essary functions for the optimum monitoring of the entire system.

For each abnormal condition, Plant failure, Plant unavailable or failure to respond to a command within a
given period, the HMI shall provide the appropriate alarm. Printed and archived alarms shall be time and
date stamped for occurrence and acceptance. Alarms, logs and reports shall be output to separate printers.
Alarms shall be in red. The ability to generate alarms within the system software based upon digital and /
or analogue events and set points shall be provided.

Provision will be made for the adding of further software tasks as and when required. All software func-
tions will be user friendly, with instruction and messages to aid the operator. The servers shall utilize a
real time multi-tasking and networked operating system with a proven track record in real time control
applications. The Application Software shall provide communication with other industrial standard open
networks. The Software shall support Object Linked Embedding for Process Control (OPC).The System
shall support fully distributed 64 bit Client/Server architecture. The System shall include Visua Basic for
Applications (VBA) as a built-in programming language. Facility shall be available for building custom
objectsusing VBA, Object oriented graphics and tools to easily build reusable control strategies.

The SCADA software shall support ODBC Application Program Interface (API) capable of collecting and
writing secure real-time electronic records to one or more relational database. The software shall support
OPC standards as both a client and a server for fast and reliable communications with a wide variety of
hardware devices. Software shall provide Active-X controls with selection of third-party Active-X con-
trols for ready-made solutions without VBA programming. The SCADA software shall use SQL server as
the integral database. A standard software package, such as Crystal Report shall be provided to facilitate
generation of free format, intuitive and presentation quality reports.

VDU mimics will display dynamic color details of flow rates and pressures, pump status, well levels,
alarms, electrical power supplies and other general equipment status conditions. All requests and com-
mands shall be viaicons, whether menu linked or linked to equipment control actions. A permanent dy-
namic alarm banner shall be displayed at the bottom or top of each operator screen. Each control action
will be routed through a series of confirmation routines.

The reports shall be available for printing in graph or tabular format. Dynamic trend displays shall also be
available for al analogue flow, level and pressure values. Custom, as well as preconfigured reports and
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trends shall be available to a higher level of entry.
An operator helping utility shall be provided, offering help linked to the particular action being carried
out by the operator at that time. At least one help screen per screen page shall be available. This facility
shall be preconfigured with an option for updating by operators, via a password entry.
The Application Server software shall be configurable to provide for the monitoring and control of all
points, loops, and systems through graphic display screens and hard copy reports. These shall include:

o Parameter Displays for signal control

e Control Loop Status Displays

¢ Real Time and Historical Data Trend Displays

e Event Displays and Log Reports

e Alarm Displays and Log Reports

¢ Equipment Diagnostic Displays and Reports.

The system shall provide on-line diagnostics that display the current status and operation of the local area
network and its nodes. The diagnostic display shall include the LAN adapter status for the machine
showing the display, as well as the current number of messages, errors and retries.

The system shall conform to and take advantage of industry standards.

1) SCADA Security

The key to efficient management of network is the availability of the real time information and remote
operation/monitoring of the utility distribution network. The distribution is effected from the transmission
level through a number of geographically distributed local stations. The centralized SCADA system in-
volves installation of Remote Terminal Units (RTU) /transmitters at the local stations/I&D structures &
sewers locations which interfaces with the receiver system at the centralized location. These distributed
RTUs communicate with the centralized SCADA Center through various communication media such as
Radio, Fiber optic, Leased Line, Public communication networks like PSTN, GPRS etc.

This defines a new meaning to SCADA system security, as multiple remote sites are connected a master
control center. The SCADA system security has to be clearly defined in order to achieve a better security
model for the proposed Master Control center.

SCADA systems are vulnerable for internal & external threats.
e Internal Threats: SCADA systems may suffer sabotage by disgruntled insiders’employees, acting in-
dividually or collectively.
o External Threats: SCADA systems may be attacked by external agencies to spread mayhem among
the general public, disrupt operations & for terrorist activities.

a) Probable Consequences:

¢ Enterprise network security may be breached, may have financial consequences, customer privacy is
compromised, systems may need to be rebuilt, spam gets sent, etc.

o SCADA security breach property can be destroyed and people can be hurt or killed
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b) Proposed SCADA Security (Local SCADA/Remote Sites)
Thelocal SCADA stations/remote sitesinstalled shall be programmed for better SCADA security.
A threelevel of SCADA security would be implemented at the local level
o Plant Operators (restricted Log-In Facility limited to only monitoring of plant process operations)
o Plant Supervisor (Access to some restricted areas, but restricted from gaining access to other screens.
E.g.: Programs, database, Security configuration)
o Engineer (Systematic access to system administration layers of security privileges would be incorpo-
rated)
o A SCADA password management model will be implemented.

¢) Proposed SCADA security between Remote sites and CSC
The SCADA integration turnkey contractor shall be responsible for implementing a comprehensive
SCADA security model which shall ensure total security of the local SCADA system and the integration
component.

2) Protecting the SCADA Network

a) Thefirst step
The firgt step towards securing SCADA systems is creating a written security policy, an essential compo-
nent in protecting the corporate network. Failure to have a policy in place exposes the center to attacks,
revenue loss and legal action. A security policy should also be aliving document, not a static policy cre-
ated once and shelved. The management team needs to draw very clear and understandable objectives,
goals, rules and formal proceduresto define the overall position and architecture of the plan.
Key personnel such as senior management, IT department, and human resources department all should be
included in the plan. It should aso cover the following key components:

¢ Roles and responsibilities of those affected by the policy

o Actions, activities and processes that are allowed and those that are not allowed

e Consequences of non-compliance

b) Vulnerability Assessment

A key aspect of preparing a written security policy is to perform a vulnerability assessment prior to com-
pleting the written policy. A vulnerability assessment is designed to identify both the potential risks asso-
ciated with the different aspects of the SCADA-related IT infrastructure and the priority of the different
aspects of the infrastructure. This would typically be presented in a hierarchica manner, which in turn
sets the priority to address security concerns and the level of related funding associated with each area of
vulnerability.

For example, within atypical SCADA environment, key items and the related hierarchy could be as fol-
lows:

e Operational Availability of Operator Stations
o Accuracy of Real Time Data
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e Protection of System Configuration Data
e Interconnection to Business Networks

¢ Availability of Historical Data

o Availability of Casual User Stations

A vulnerability assessment also acts as a mechanism to identify holes or flaws in the understanding of
how a system is architected and where threats againgt the system may originate.

To successfully complete a vulnerability assessment, a physica audit of all the computer and networking
equipment, associated software and network routings needs to be performed. A clear and accurate net-
work diagram should be used to present a detailed depiction of the infrastructure following the audit.
After defining the hierarchy and auditing the different system components, the following areas of vulner-
ability need to be addressed, as they relate to each component, as part of the assessment process:

i. Network and operating environment security

e Application security

e Intrusion detection

¢ Regulation of physical access to the SCADA network

It should also be understood when dealing with the SCADA infrastructure that there are commonalities
and differences between SCADA-related IT security and I'T security focused on typical business systems.
For example, in a business systems environment, access to the server is typically the key focus. Whereas
in a SCADA environment, the access focus is at the operator console level. This difference produces both
alternate network topologies to provide the necessary availability as well as a different focus on what el-
ements of the SCADA system would be of highest priority to safeguard against security breaches.

ii. Further Security Measures

As previously mentioned, SCADA networks were once separate from other networks and physical pene-
tration of the system was needed to perpetuate an attack. As corporate networks became electronically
linked viathe Internet or wireless technology, physical access was no longer necessary for a cyber-attack.
One solution isto isolate the SCADA network; however, thisis not a practical solution for budget-minded
operations that require monitoring plants and remote terminal units (RTU) from distant locations. There-
fore, security measures need to be taken to protect the network, and some common security mechanisms
apply to virtualy all SCADA networks, which have any form of wide area (WAN) or Internet-based ac-
cess reguirements. The Core elements of each method are discussed in the following:

iii. Firewals
A firewall isaset of related programs, located at a network gateway server that protects the resources of a
private network from outside users. A firewall, working closely with a router program, examines each
network packet to determine whether to forward it toward its destination. A firewall aso includes or
works with a proxy server that makes network requests on behalf of workstation users. A firewall is often
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installed in a specially designated computer separate from the rest of the network, so that no incoming
request can get directly at private network resources.

In packet switched networks such as the Internet, a router is a device or, in some cases, software in a
computer, that determines the next network point to which a packet should be forwarded toward its desti-
nation. The router is connected to at least two networks and decides which way to send each information
packet based on its current understanding of the state of the networks to which it is connected. A router is
located at any gateway (where one network meets another), including each point of presence on the In-
ternet. A router is often included as part of a network switch.

It isimperative to utilize a secured firewall between the corporate network and the Internet. Asthe single
point of traffic into and out of a corporate network, afirewall can be effectively monitored and secured. It
is important to have at least one firewall and router separating the network from external networks not in
the company’s dominion. On larger sites the control system needs to be protected from attack within the
SCADA network. Implementing an additional firewall between the corporate and SCADA network can
achieve thisaim and is highly recommended. Figure 10.1.19 illustrates additional firewall.

Figure 10.1.19 Additional Firewall

In practice, most utilities use a combination of network, host and/or application-based IDS systems for
observing network activity while also monitoring key hosts and applications more closely.
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To summarize the above:

e Comprehensive SCADA password management model should be implemented (both local
SCADA/remote sites & Master SCADA control center)

o Ghost password (authentication credentials of long-gone employees that are still active. ) should be
removed.

o Data encryption should be implemented.

e Firewalls should be implemented at both remote site end and the CSC end.

o Double layer data encryption should be implemented for transmitted data.

o Un-authorized access to CSC should be prevented by implementing bio-metric security model.

SCADA System firewall rule base: - In simple terms, firewall should enforce the following rules:
¢ No communication is allowed from the Untrusted Enterprise to the Trusted SCADA
¢ No communication is alowed from the Trusted SCADA to the Untrusted Enterprise
o A set of least privilege rules alows only necessary communication between the Untrusted Enterprise
and the Semi-trusted DMZ
o A set of least privilege rules allows only necessary communication between the Semi-trusted DMZ
and the Trusted SCADA

10.1.8 Recommended Scope of Work

The scope of work for water supply facilities with reference to Stage V Project is summarized in Table
10.1.26 which includes additional work, Branch Feeding Pipes (to be undertaken by Indian side). Figure
10.1.20 presents outline of JJCA Survey Project for Stage V.

Table 10.1.26 Recommended Scope of Work for Water Supply Facilities (Stage V)

Facility Capacity (MLD) Contents
Raw Water Intake 775 Utilize existing Facility
Raw Water Conveyance 775 Diameter 2,750mm
(Indian side project) Length Approx. 6.3 km Existing and 10 km on-going (Gravity flow)

Adjacent to existing WTPin TK Halli
Water Treatment: Rapid sand filtration
Disinfection: Liquid Chlorine
Sludge Treatment: Centrifuge
Transmission Pipe: Dia. 3,000 mm
Length Approx. 70 km
Water Transmission Pipeline 775 Pump Station: 3 Nos (including CWR)
+ TK Halli, - Halohai, - Tataguni
Conventional surge tank: 1 Nos; Air Chambers for all PSs
Length Approx.114 km  (Dia 500 mm - 3,000 mm)
GLR 13 Nos. (New 7 Nos., Total Capacity 326,280 m°)

Water Treatment Plant Production 775

City Trunk Main and GLRs 775

Branch Feeding Pipes to share
water to Core/ULBs 360
(Indian side Project)

+ Dia. 1,200 mm - 1,400 mm, 11.5 km (Vajarahalli JCT - CLR GLR)
+ Dia. 600 mm - 1,400 mm, 17.4 km (Hegganahalli-2 - HGR GLR)
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Figure 10.1.20 Outline of JICA Survey Project
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10.2 Construction of Major Sewerage Facilities for 110 Villages

10.2.1 Projection of Population for 110 Villages and ULBs by Zone

There are 5 zones in the project area for the development of 110 Villages sewerage project. Population
projection for major three areasin the BBMP areais made in Chapter 5, 5.1 Population projection by Ar-
ea. In this sub-section, population for component villages and ULBs by zone for base year and target
years are projected using a uniform growth rates to al villages. Population in 2034 and 2049 for all zones
are projected at about 1.7 times and 2.7 times of the population in 2019. Table 10.2.1 presents projected

population for the five zones for target years.

Table 10.2.1 Projection of Population for 110 Villages and ULBs by Zone

ULB/ | CMC/TMC/ Population Total
Zone Villages| 110 Villages
2019 2034 2049 2019 2034 2049
Bytrayanapura 408,589 708,064 1,122,021
| us
1.Bytraura Y elahanka 204,245 353,946 560,874 952,683 1650931 2,616,001
yanap Sub-total| 612,834 | 1,062,010 | 1,682,895
26 Villages 339,849 588,921 933,19
K.R. Puram 403,596 699410 |  1,108308
ULB
Z.yarr\zde Mahadevpura 334,266 579,266 W94 | ooois| 1epaeas| 280138
P Sub-total | 737,862 | 1,278,676 | 2,026,232
23 Villages 315,053 545957 865,116
3Bomara. | ULB _|Bomanahall 487,626 | 845032 | 1330064 | gorioo| ieaess | oamaosg
halli 33 Villages 398,482 690,523 1,004,195
R. R. Nagar 208,907 362,025 573676
ULB -
4.EI.R.ar K engeri 92,018 159,462 2269 | giom| 1oma97|  Lesasio
g Sub-total| 300,925 | 521,487 826,365
17 Villages 310618 524,910 817,245
5.I;])a]aﬁara- ULB. Dasarahalli 635833 | 1,101,865| 1746050 | ool 1e70770|  24s0087
11 Villages 270,606 468914 743,037
Total ULB 2,775,080 | 4,809,070 | 7,620,606
Total 110 Village 1,634,608 | 2,819,225 | 4,452,789 | 4,400,688 | 7,628,295 | 12,073,395

Note: CMC: City Municipal Corporation, TMC: Town Municipal Corporation
Source: JJCA Survey Team

The overal population in 2049 are projected at 12,073 thousand, which is broken down into ULB 7,621
thousand and 110 Villages 4,452 thousand. The zone with maximum population among the five zones is
Mahadevpura (2,891 thousand in 2049), while the minimum one is R.R. Nagar (1,644 thousand in 2049).
Population projection by zone is presented bel ow.
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(1) Bytrayanapura Zone

This zone consists of 2 ULBs and 26 villages. The population of the ULBs are about 60% of the zone to-
tal from base year 2019. Average population of the villages are projected at about 13 thousand in 2019 to

36 thousand in 2049 (see Table 10.2.2).

Table 10.2.2 Population Projection for Bytrayanapura Zone

. . Population

No | ULB/110Villages CMC/TM C/Village 5019 2034 049
1 Anantha Pura 9,849 17,068 27,044
2 Doddabetthalli 17,007 20473 46,701
3 Chikkabetthalli 24,858 43,075 68,255
4 Harohalli 13,342 23,120 36,635
5 K enchnehalli 6,789 11,763 18,640
6 Govindapura 4,309 7,466 11,832
7 Vasudvapura 520 902 1432
8 Manchenhalli 369 639 1012
9 Kattigenahalli 28,383 49,185 77,938
10 Srinivasapura 3,246 5,626 8,915
11 Bellhalli 4,085 7,078 11,217
12 Tirumenhalli 1,753 3,037 4,813
13 26 Villages Chokkanahalli 3,570 6,185 9,799
14 Dasrahalli 20,130 34,330 55,268
15 Rachnehalli 13,078 22,662 35911
16 Thanisandra 57,090 93,932 156,766
17 Chalakere 47911 83,022 131554
18 Horamavau Agara 24,182 41,905 66,405
19 Amani Byaratahikane 977 1,692 2,679
20 Geddalahalli 10,887 18,866 29,895
21 Kottanur Narayanpura 10,068 17,448 27,648
22 K ottanur 11,961 20,726 32,841
23 N Naganehalli 2,712 4,699 7447
24 Kylasanahalli 7,838 13583 21,523
25 Byrathi 9,753 16,904 26,788
26 Bilishivalli 5,183 8,935 14,238
Sub-total 339,849 588,921 933,196
27 2 ULBs Bytrayanapura 408,589 708,064 1,122,021
28 Y elahanka 204,245 353,946 560,874
Sub-total 612,834 1,062,010 1,682,895
Total 952,683 1,650,931 2,616,091

Source: JICA Survey Team

(2) Mahadevpura Zone

This zone consists of 2 ULBs and 23 villages. The population of the ULBs are about 70% of the zone to-
tal from base year 2019. Average population of the villages are projected at about 14 thousand in 2019 to

38 thousand in 2049 (see Table 10.2.3).
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Table 10.2.3 Population Projection for Mahadevpura Zone
: : Population

No | ULB/110Villages CMC/TM C/Nillage 5019 2034 049
1 Balagere 5,397 9,352 14,818
2 Bellanduramanikere (B) (P), 656 1,138 1,804
3 Belthur 36,862 63,376 101,218
4 Channasandra 33,415 57,903 91,752
5 Devarabeesanahalli 10,839 18,783 29,763
6 Gunjur 13,107 22,713 35991
7 Hagadur 29,966 51,927 82,283
8 K adabeesanahalli 5,185 8,986 14,239
9 Kariyammana Agrahara 4,865 8432 13,361
10 Kadugodi Plantation 17,543 30,401 48172
11 K hanekandya (B) 656 1138 1,804
12 23 Villages Kumbena Agrahar (P) 3,376 5,850 9,270
13 Nagondhalli 3,977 6,392 10,920
14 Panathur 8,591 14,887 23,590
15 Ramagondanahalli 8,462 14,664 23,237
16 Siddapura 4537 7,862 12,458
17 Sorahunise 12,311 21,334 33,807
18 Tubarahalli 35,063 60,760 96,280
19 Varthur 26,637 46,159 73,143
20 Kalkere 23,566 40,836 64,710
21 Horamavu 14,567 25,243 39,999
22 K.Channasandra 10,906 18,899 20947
23 Varanasi 4571 7,920 12550
Sub-total 315,053 545,957 865,116
24 2 ULBs K.R. Puram 403,596 699410 1,108,308
25 Mahadevpura 334,266 579,266 917,924
Sub-total 737,862 1,278,676 2,026,232
Total 1,052,915 1,824,633 2,891,348

Source: JJICA Survey Team

(3) Bommanahalli Zone

This zone consists of 1 ULB and 33 villages. The population of the ULB is about 55% of the zone total
from base year 2019. Average population of the villages are projected at about 12 thousand in 2019 to 33
thousand in 2049 (see Table 10.2.4).
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Table 10.2.4 Population Projection for Bommanahalli Zone
. . Population

No | ULB/110Villages CMC/TMC/Village 2019 2034 2049
1 Alahalli 26,225 45444 72011
2 Ambalipura 4,062 7,039 11,154
3 Anjanapura 8,146 14,117 22,369
4 Basapura 2,990 5,182 8,211
5 Basavanapura 9,742 16,882 26,751
6 Beguru 50,076 86,776 137,503
7 Bellandur 23,784 41,214 65,308
8 Chandrashekarapura 882 1528 2421
9 Doddakallasandra 8,100 14,037 22242
10 Gollahalli 9,749 16,894 26,770
11 Gottigere 21471 37,207 58,958
12 Haraluru 8,001 13,865 21971
13 Junnasandra 5,352 9,274 14,695
14 Kaikondranahalli 8,778 15211 24,103
15 Kalenaagrahara 7,339 12,717 20,151
16 Kambathahalli 4,125 7,148 11,327
17 33Villages Kammanahalli 15545 26,938 42,686
18 K asavanahalli 8,058 13,964 22127
19 Kudlu 49,472 85,730 135,846
20 Parappana Agrahara 16,898 29,282 46,400
21 Pillaganahalli 5,314 9,208 14,592
22 Raghuvanahalli 2,733 4,736 7,505
23 Talaghattapura 15,733 27,262 43,199
24 Thippasandra 1,789 3,100 4911
25 V ajarahalli 9,595 16,627 26,348
26 Y elenahalli 2,183 3,782 5,993
27 Bharathena Agrahara 1,684 2917 4,624
28 Bhoganahalli 3,851 6,674 10574
29 Chikkabelandur 9,500 16,463 26,088
30 Chikkathoguru 5,043 8,739 13,847
31 Doddakannahalli 19,334 33,590 53,225
32 Doddathoguru 20,235 35,064 55,562
33 Naganathapura 12645 21,912 34,720
Sub-total 398,482 690,523 1,094,195
4 | 1ULB | Bommanahalli 487,626 845,032 1,339,064
Total 886,108 1,535,555 2,433,259

Source: JICA Survey Team

(4) R.R. Nagar Zone

This zone consists of 2 ULBs and 17 villages. The population of the ULB is about 49% of the zone total
from base year 2019. Average population of the villages are projected at about 18 thousand in 2019 to 48

thousand in 2049(see Table 10.2.5).
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Table 10.2.5 Population Projection for R.R. Nagar Zone
. . Population

No | ULB/110Villages CMC/TM C/Village 2019 2034 5049
1 V asanthapura 43,207 74,872 118,641
2 Ullalu 30,733 53,256 84,389
3 Sonnenhalli 4,037 6,996 11,085
4 Ganakallu 10413 18,044 28,592
5 Hemmeigepura 54,105 88,258 125,642
6 Somapura 33,716 50572 79,827
7 V arahasandra 2,004 3473 5,502
8 Manavarthkavalu 1,484 2571 4074
9 17 Villages Lingdernahalli 2,619 4538 7,190
10 Hosahalli 5,193 8,998 14,258
11 Arehalli 10,420 18,056 28,612
12 Vaddarpalya 2,617 4536 7,187
13 Uttrahalli 38,164 66,133 104,794
14 Subramanyapura 17,563 30,435 48,226
15 Gubbullalu 7,828 13,564 21,495
16 Turahalli 3,056 5,295 8,392
17 Giddakonenhalli 43461 75,313 119,339
Sub-total 310,618 524,910 817,245
18 2 ULBs R. R. Nagar 208,907 362,025 573,676
19 K engeri 92,018 159,462 252,689
Sub-total 300,925 521,487 826,365
Total 611,543 1,046,397 1,643,610

Source: JJICA Survey Team

(5) Dasarahalli Zone

This zone consists of 1 ULB and 11 villages. The population of the ULBs are about 70% of the zone total
from base year 2019. Average population of the villages are projected at about 25 thousand in 2019 to 68
thousand in 2049. The large figure in average population is caused by 4 large-size villages with 35 to 87

thousand population in base year (see Table 10.2.6).
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Table 10.2.6 Population Projection for Dasarahalli Zone
. . Population

No | ULB/110Villages CMC/TM C/Village 5019 5034 049
1 Abbigere 12,548 21,744 34,456
2 Chikkasandra 13941 24,156 38,277
3 Shettihalli 10,129 17,550 27,810
4 Sidedahalli 43,740 75,795 120,103
5 K ariobanhalli 35,083 60,794 96,333
6 11 Villages Handrahalli 17,541 30,396 48,165
7 Myadarahalli 2,365 4097 6,492
8 Doddabidarakallu 35,092 60,808 96,356
9 Lingadeeranahalli (B) 8,770 15,196 24,081
10 Herohalli 86,924 150,627 238,683
11 Hosahalli 4473 7,750 12,282
Sub-total 270,606 468,914 743,037
12 | 1ULB | Dasarahall 635,833 1,101,865 1,746,050
Total 906,439 1,570,779 2,489,087

Source: JJICA Survey Team

10.2.2 Projection of Sewage Volume for Target Years for 110 Villages and ULBs by Zone
Present and planned sewage volume for the total of 110 Villages is estimated in Chapter 7. Population by
village are projected in previous sub-section 10.2.1. Sewage volume through the future is estimated in this
sub-section by zone using per capita sewage generation rate of 132 Ipcd, as studied in Sub-section 7.1.
Sewage volume for target years by zoneis summarized in Table 10.2.7.

Table 10.2.7 Projection of Sewage Volumefor Target Years by Zone

Population Sewage Flow (MLD)
Zone Name

2034 2049 2034 2049
Bytrayanapura 1,650,931 2,616,091 219 346
Mahadevpura 1,824,633 2,891,348 241 383
Bommanahalli 1,535,555 2,433,259 203 322
R.R. Nagar 1,046,397 1,643,610 139 218
Dasarahalli 1,570,779 2,489,087 208 329

Source: JICA Survey Team
Sewage volume of component villages and ULBs for target years are presented by zone as follows;

(1) Bytrayanapura Zone

Table 10.2.8 shows planned sewage flow for target years. Total sewage flow to be generated in 2034
(Stage | target year) in the zone is estimated at 218,580 m*/d, more than 60 % of which is generated in the
ULBs.
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Table 10.2.8 Projection of Sewage Volume for Bytrayanapura Zone
No | ULB/110Villages| CMC/TMCAVillage Population Sewage Flow(m’/day)
2034 2049 2034 2049
1 Anantha Pura 17,212 27,274 2,270 3,600
2 Doddabetthalli 29,722 47,097 3,920 6,220
3 Chikkabetthalli 43439 68,834 5,730 9,090
4 Harohalli 23,316 36,946 3,080 4,880
5 Kenchnehalli 11,863 18,798 1570 2,480
6 Govindapura 7,529 11,932 990 1,580
7 Vasudvapura 910 1,444 120 190
8 Manchenhalli 644 1,021 90 130
9 Kattigenahalli 49,601 78,599 6,550 10,380
10 Srinivasapura 5,674 8,991 750 1,190
11 Bellhalli 7,138 11,312 940 1,490
12 Tirumenhalli 3,063 4,854 400 640
13 . Chokkanahalli 6,237 9,882 820 1,300
26 Villages -

14 Dasrahalli 35,175 55,737 4,640 7,360
15 Rachnehalli 22,854 36,216 3,020 4,780
16 Thanisandra 99,769 158,096 13,170 20,870
17 Chalakere 83,724 132,670 11,050 17,510
18 Horamavau Agara 42,260 66,969 5,580 8,840
19 Amani Byaratahikane 1,706 2,702 230 360
20 Geddalahalli 19,026 30,149 2,510 3,980
21 Kottanur Narayanpura 17,596 27,883 2,320 3,680
22 Kottanur 20,901 33,120 2,760 4,370
23 N Naganehalli 4,739 7,510 630 990
24 Kylasanahalli 13,698 21,706 1,810 2,870
25 Byrathi 17,047 27,015 2,250 3,570
26 Bilishivalli 9,061 14,359 1,200 1,900
Sub-total 593,904 941,116 78,400 124,250
27 2 ULBs Bytrayanapura 708,064 | 1,122,021 93,460 148,110
28 Yelahanka 353,946 560,874 46,720 74,040
Sub-total 1,062,010 | 1,682,895 140,180 222,150
Total 1,655,914 | 2,624,011 218,580 346,400

Source: JICA Survey Team

(2) Mahadevpura Zone

Table 10.2.9 shows planned sewage flow for target years. Total sewage flow to be generated in 2034
(Stage | target year) in the zone is estimated at 241,450 m*/d, more than 70% of which is generated in the
ULBs.
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Table 10.2.9 Projection of Sewage Volume for Mahadevpura Zone

No | ULB/110Villages| CMC/TMCNVillage Population Sewage Flow(m’/day)
2034 2049 2034 2049

1 Balagere 9431 14,944 1,240 1970
2 Bellanduramanikere (B) (P) 1,148 1819 150 240
3 Belthur 64,417 102,077 8,500 13470
4 Channasandra 58,393 92,531 7,710 12,210
5 Devarabeesanahalli 18,942 30,016 2,500 3,960
6 Gunjur 22,905 36,296 3,020 4,790
7 Hagadur 52,366 82,981 6,910 10,950
8 K adabeesanahalli 9,062 14,360 1,200 1,900
9 Kariyammana Agrahara 8,503 13474 1,120 1,780
10 Kadugodi Plantation 30,658 48,581 4,050 6,410
11 Khanekandya (B) 1,148 1,819 150 240
12 23 Villages Kumbena Agrahar (P) 5,900 9,349 780 1,230
13 Nagondhalli 6,950 11,013 920 1450
14 Panathur 15,013 23,790 1,980 3,140
15 Ramagondanahalli 14,788 23434 1950 3,090
16 Siddapura 7,929 12564 1,050 1,660
17 Sorahunise 21515 34,004 2,840 4,500
18 Tubarahalli 61,274 97,097 8,090 12,820
19 Varthur 46,550 73,764 6,140 9,740
20 Kalkere 41,182 65,259 5440 8,610
21 Horamavu 25457 40,339 3,360 5,320
2 K.Channasandra 19,059 30,201 2520 3,990
23 Varanasi 7,987 12,657 1,050 1670
Sub-total 550,577 872,459 72,670 115,140
24 2 ULBs K.R. Puram 699410 | 1,108,308 92,320 146,300
25 Mahadevpura 579,266 917,924 76,460 121,170
Sub-total 1278676 | 2,026,232 168,780 267,470
Total 1,829,253 | 2,898,691 241,450 | 382,610

Source: JJICA Survey Team

(3) Bommanahalli Zone
Table 10.2.10 shows planned sewage flow for target years. Total sewage flow to be generated in 2034
(Stage | target year) in the zone is estimated at 203,460 m®/d, about 50% of which is generated in the

ULB.
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Table 10.2.10 Projection of Sewage Volume for Bommanahalli Zone
No | ULB/110villages| CMC/TMCNVillage Population Sewage Flow(m’/day)
2034 2049 2034 2049

1 Alahalli 45,829 72,622 6,050 9,590
2 Ambalipura 7,099 11,249 940 1,480
3 Anjanapura 14,236 22559 1,880 2,980
4 Basapura 5,226 8,281 690 1,090
5 Basavanapura 17,025 26,978 2,250 3,560
6 Beguru 87,510 138,670 11,550 18,300
7 Bellandur 41,563 65,862 5490 8,690
8 Chandrashekarapura 1541 2442 200 320
9 Doddakallasandra 14,156 22431 1,870 2,960
10 Gollahalli 17,037 26,997 2,250 3,560
11 Gottigere 37522 59,458 4950 7,850
12 Haraluru 13,982 22,157 1,850 2,920
13 Junnasandra 9,352 14,820 1,230 1,960
14 K aikondranahalli 15,340 24,308 2,020 3,210
15 Kalenaagrahara 12,825 20,322 1,690 2,680
16 K ambathahalli 7,208 11,423 950 1,510
17 33 Villages Kammanahalli 27,166 43,048 3,590 5,680
18 Kasavanahalli 14,082 22,315 1,860 2,950
19 Kudlu 86,455 136,999 11,410 18,080
20 Parappana Agrahara 29,530 46,794 3,900 6,180
21 Pillaganahalli 9,286 14,716 1,230 1,940
2 Raghuvanahalli 4,776 7,569 630 1,000
23 Talaghattapura 27,493 43,566 3,630 5,750
24 Thippasandra 3,126 4,953 410 650
25 Vajarahalli 16,768 26572 2,210 3510
26 Y elenahalli 3,814 6,044 500 800
27 Bharathena Agrahara 2,942 4,663 390 620
28 Bhoganahalli 6,730 10,664 890 1410
29 Chikkabelandur 16,602 26,309 2,190 3470
30 Chikkathoguru 8,813 13,965 1,160 1,840
31 D oddakannahalli 33,874 53,677 4470 7,090
32 Doddathoguru 35,361 56,034 4,670 7,400
33 Naganathapura 22,097 35,015 2,920 4,620
Sub-total 696,366 1,103482 91,920 145,650
34 | 1ULB | Bommanahalli 845032 | 1339064| 111540| 176760
Totd 1,541,398 | 2,442,546 203,460 322,410

Source: JJICA Survey Team

(4) R.R. Nagar Zone

Table 10.2.11 shows planned sewage flow for target years. Total sewage flow to be generated in 2034
(Stage | target year) in the zone is estimated at 138,700 m*/d, about 55% of which is generated in the

ULB.
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Table 10.2.11 Projection of Sewage Volumefor R.R. Nagar Zone
R 3
No | ULB/110Villages| CMCTMCHVillage Population Sewage Flow(m /day)
2034 2049 2034 2049

1 V asanthapura 75,505 119,648 9,970 15,790
2 Ullalu 53,707 85,105 7,090 11,230
3 Sonnenhalli 7,055 11,179 930 1,480
4 Ganakallu 18,197 28,835 2,400 3,810
5 Hemmeigepura 89,005 126,708 11,750 16,730
6 Somapura 51,000 80,505 6,730 10,630
7 Varahasandra 3502 5549 460 730
8 Manavarthkavalu 2,593 4,109 340 540
9 17 Villages Lingdernahalli 4576 7,251 600 960
10 Hosahalli 9,074 14,379 1,200 1,900
11 Arehalli 18,209 28,855 2,400 3,810
12 V addarpalya 4574 7,248 600 960
13 Uttrahalli 66,693 105,683 8,800 13,950
14 Subramanyapura 30,692 48,635 4,050 6,420
15 Gubbullalu 13,679 21677 1,810 2,860
16 Turahalli 5,340 8,463 700 1,120
17 Giddakonenhalli 75,950 120,352 10,030 15,890
Sub-total 529,351 824,181 69,860 108,810
18 2 ULBS R. R. Nagar 362,025 573676 47,790 75,730
19 Kengeri 159,462 252,689 21,050 33,350
Sub-total 521,487 826,365 68,840 109,080
Total 1,050,838 | 1,650,546 138,700 217,890

Source: JICA Survey Team

(5) Dasarahalli Zone
Table 10.2.12 shows planned sewage flow for target years. Total sewage flow to be generated in 2034
(Stage | target year) in the zone is estimated at 207,870 m®/d, about 70% of which is generated in the

ULBs.
Table 10.2.12 Projection of Sewage Volume for Dasarahalli Zone
No | ULB/110Villages| CMC/TMC/Village Population Sewage Flow(m'/day)
2034 2049 2034 2049

1 Abbigere 21928 34,748 2,890 4590
2 Chikkasandra 24,360 38,602 3220 5,100
3 Shettihalli 17,699 28,046 2,340 3,700
4 Sidedahall 76,436 121122 10,090 15990
5 K ariobanhalli 61,308 97,151 8,090 12,820
6 11 Villages Handrahalli 30,653 48574 4050 6,410
7 Myadarahalli 4132 6,547 550 860
8 Doddabidarakallu 61,323 97,174 8,090 12,830
9 Lingadeeranahalli (B) 15,325 24,285 2,020 3210
10 Herohall 151,902 240,709 20,050 31,770
11 Hosahalli 7816 12,386 1,030 1,630
Sub-total 472,882 749344 62,420 98910
12 | 1ULB | Dasarahalli 1,101,865 | 1,746050 145450 | 230480
Total 1,574,747 2,495394| 207,870| 329,390

Source: JICA Survey Team
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10.2.3 Establishment of Sewerage Systems for 110 Villages by Zone Together with Loca-
tions of STPs
(1) Alternative Study on Sewerage Systems by Zone
1) Planned Sewerage Systemsin the DPR for 110 Villages Water Supply and Sewerage Project
Sewerage systems for the 110 Villages are generally determined considering watershed/s in the study vil-
lagels referring to the locations of rivers, drainages and lakes. Accordingly, the sewage generated in each
sewerage system is basically collected by gravity.

Giving priority to geographical conditions for the establishment of sewerage systems, some generated
sewage in the villages and ULBs concerned in each sewerage system flows either into planned STPin the
village or into the STP planned for the ULB.

A total of 33 sewerage systems are either existing (7 systems), on-going (under construction: 13 systems
including 3 expansion systems at existing systems) or proposed in the DPR (16 systems) for sewerage
services to cover 110 Villages and part of 8 ULBs. Table 10.2.13 shows existing/on-going and proposed
sewerage systems by zone in the project area. The sewerage systems for the 110 Villages including part of
ULBs are presented in Figure 10.2.1.

Table 10.2.13 Existing/On-going/Proposed STPsby Zonein the Project Area

No Zone STP ) Status of On-going Proj ect
No Name Existing | On-going | Proposed
1| Bytrayanapura |4 |y tigenahalli @)
2 | Yelahankakere O
3 | Doddabettahalli O
4 | Bilishivalli O
17 | Puttenahalli O Under planning
O O _Upgrading of (_::xisting STP constructed
18 | Jakkur in Phase 1 Project
19 | Horamavu O Under construction in Phase 2 Project
20 | Allalasandra O Phase 1 Existing (Tertiary Treatment)
21 | RgaCand O O Under Construction in Phase 2 Project
2 Mahadevpura 5 | Hagadur O
22 | Varthur Kodi O Under planning
23 | Amanikere O Under construction in Phase 2 Project
24 | Kadugodi O Under construction in Phase 2 Project
Y ellamalappa O o _
25 | Chetty Under construction in Phase 2 Project
26 | Kadabesanahalli O
27 | K R Puram O
3 Bommanahalli 6 | Naganathapura O
7 | Pillaganahalli @)
8 | Talaghattapura @)
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STP
No Zone _ X Status of On-going Proj ect
No Name Existing | On-going | Proposed

28 | Anjanapura @) BDA Project: under planning

4 R.R. Negar 9 | Somapura O

10 | Hemigepural @)

11 | Hemigepura?2 @)

Doddabele
@)

29 | (Chodenapura) Under construction

30 | Kengeri @) Under construction in Phase 2 Project

31 | Mailasandra O

5 | Dasadndli | 45 | bogepidarakallu

13 | Karivobanahalli

14 | Herohali

15 | Hosahalli

O|0|0|0|0

16 | Chikkabanavara-2

32 | Chikkabanavara Under construction in Phase 2 Project

O
33 | Nagasandra @) @) Under construction in Phase 2 Project
Total Number 7 13 16

Note: On-going projects include under construction and/or under planning/bidding process

Source: BWSSB

2) Alternative Study on Proposed 16 Sewerage Systems
Proposed sewerage systems in the DPR were reviewed in view of adequacy of the service areas to be
covered by respective sewerage systems, economic advantages in capital and O&M cost and environ-
mental considerations. The following are specific conditions considered for the study.

Topographic conditions in the planned service area

Planned location of STP site and itsland availability

Merging possibility of the study sewerage system into the neighboring sewerage system
Conservation of water environment, especially for the protection of the lakes

Y V V V

The planned sites for the STPs in the DPR were confirmed in the field survey and inadequate sites in
terms of ownership, available land area and environmental conditions were replaced by aternative sites
through joint work by JICA Survey Team and BWSSB personnel in charge of land acquisition. In case
that the new sites are identified, BWSSB shall proceed required procedures for land acquisition. BWSSB
decided the location of all STP sites for the project and started the procedures to acquire the land.
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EXISTING STP & ON-GOING/OTHER PROJECT

gljrce: JICA Survey Team
Figure 10.2.1 Sewer age Systemsfor 110 Villages Including Part of ULBs

NJS Consultants Co., Ltd
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The followings are study results on sewerage systems by zone with reference to the plansin the DPR.

a) Bytrayanapura Zone
Four (4) sewerage systems are proposed for this zone in the DPR as shown in Figure 10.2.2. Relevant
information and study results are summarized by the planned sewerage system.

Source: JICA Survey Team

Figure 10.2.2 Proposed Sewer age Systemsin Bytrayanapura Zone

i. Kattigenahalli (Jakkur) Area

The areais topographically mild being occupied by built-up area. The area belongs to Kattigenahalli Lake
drainage area. The site for the STP was planned in the DPR near the upstream of the lake, where the
sewage flowsin. But presently the site is under devel opment by the private sector. Also, outer ring road is
planned around the area. Thus, the new site at Jakkur existing STP was selected, which is located about
4.6 km downstream from originally planned site. Existing sludge drying bed will be demolished for the
construction of a new STP. BWSSB has already started the rehabilitation/arrangement of the existing
plant to make the required land available.
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The sewage generated in the study area was hydrologically confirmed to be collected by gravity to the
newly selected STP site. A main sewer line is planned along existing drainage to finally connect to the
planned STP. Photo 10.2.1 shows alignment of the main sewer line and location of STP site.

Location of STP & Alignment of Main Sewer Line Proposed site at Jakkur STP

Photo 10.2.1 Location of No.1 STP and Alignment of Main Sewer Line

ii. Yelahankakere Area

This area is generally plain area. Land development at present seems to be in the initial stage, although a
railway crosses the area. The sewerage system is planned for the drainage area of Yelahankakere Lake.
The site for the STP in the DPR was planned near the south-western edge of the lake, where sewage in the
drainage flows in. But, it was found that the land is owned by the private sector and it is under develop-
ment.

A new site at the northern edge of the lake was found, where sewage in the study area flows into the lake.
The land is owned by public authority without development plan so far. In the beginning of January, 2017,
BWSSB finally selected a new STP site with larger land area available at the eastern edge of the lake. The
land area at this site is sufficient enough to treat additional sewage from Kattigenahalli Area. The main
sewer line is planned along existing drainage to connect to the planned STP. Photo 10.2.2 shows align-
ment of the main sewer line and location of STP site.

Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.2 Location of No.2 STP and Alignment of Main Sewer Line
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iii. Doddabettahalli Area

The land development in the area seems to have been initiated recently, although there are some built-up
areas. The service area is planned for the drainage area of Veerasagara Lake, where there is not so much
undulation. The STP site was planned in the DPR near Veerasagara Lake, where sewage flows in. But
land has been under development at the candidate STP site. An alternative site was found about 1.2 km
away from the planned original site. The collection of sewage by gravity to the newly selected STP was
technically confirmed and the site was determined for this project.

An alternative plan was studied to merge the study area into Yelahankakere sewverage system sending
sewage via ISPS in the fact that there exists an illegal house in the selected STP site. However, this alter-
native plan was not adopted and BWSSB will ensure above mentioned site for the STP with a careful ar-
rangement with an illegal house. The main sewer line is planned along existing drainage. Photo 10.2.3
shows alignment of the main sewer line and location of STP site.

Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.3 Location of No.3 STP and Alignment of Main Sewer Line

iv. Bilishivale Area
This area is generally a plain area. Built-up area is formed all over the study area, which falls on the
drainage area of Rampura Lake. The STP site in the DPR was planned near sewage inflow point at the
lake. However, the site is located within the lake and currently illegal land reclamation is in progress. An
alternative public land was found, which is located about 0.4 km from the original site, where generated
sewage can be hydrologically collected by gravity. The main sewer line is planned to install along ex-
isting drainage. Photo 10.2.4 shows alignment of the main sewer line and location of STP site.
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Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.4 Location of No.4 STP and Alignment of Main Sewer Line

v. RgjaCanal Area
This areahas an existing STP (Rgja Cana STP) with a capacity of 40MLD and presently under expansion
for additional 40MLD under Phase 2 project. An ISPS is planned in the DPR (Bellahalli ISPS) to send

sewage to the existing sewerage system. The adequate location of the ISPS, as recommended in DPR is
presented in Photo 10.2.5.

Location of Proposed Bellahalli ISPS Bellahalli ISPS Site
Photo 10.2.5 L ocation of Bellahalli | SPS and Alignment of Main Sewer Line

b) Mahadevpura Zone

One (1) sewerage system is proposed for this zone in the DPR as shown in Figure 10.2.3. Relevant in-
formation and study results are summarized for the sewerage system.
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Source: JICA Survey Team
Figure 10.2.3 Proposed Sewer age Systemsin Mahadevpura Zone

i. Hagadur Area
The area is developed as the built-up area, where land is undulated. The sewage generated in the study
areaflowsinto therivers. The STPfor the sewerage system was planned in the DPR at the confluence site
of the two rivers. But the site is owned by private sector and land acquisition seemed to be problem. Thus,
a new public owned site, about 0.7 km from the origina site, was found, where generated sewage in the
study area can be collected by gravity.

However, because of limited land availability, it was planned to merge study area into the Varthur sewer-
age system which is under planning by BWSSB. The sewage generated in the study area will be sent by
ISPS to be constructed at the planned STP site. The Varthur STP for the merged sewerage system is
planned to be constructed in this project, because of no financial arrangement for Varthur STP project as
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of now. There is an issue that an access road shall be developed to the proposed STP site. The main sewer
line shall beinstalled along existing drainage.

Photo 10.2.6 shows an alignment of the main sewer line and location of STP site.

Location of STP & Alignment of Main Sewer line Proposed |SPS Site

Proposed STP Site The River along Planned Main Sewer Route

Photo 10.2.6 Location of No.5 STP, Hagadur | SPS and Alignment of Main Sewer line

¢) Bommanahalli Zone
Three (3) sewerage systems are proposed for this zone in the DPR as shown in Figure 10.2.4. Relevant
information and study results are summarized by the sewerage system.
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Source: JICA Survey Team
Figure 10.2.4 Proposed Sewer age Systemsin Bommanahalli Zone

i. NaganathapuraArea
The area is developed as the built-up area where it is rich in topography. The study area falls on the
drainage area of Raisandra Lake, where generated sewage in the study area flows in. Two alternative sites
for the STP were proposed in the DPR near the sewage inflow point into Raisandra Lake. One of the
proposed public sites was selected for the STP. It was found that the land is not suitable for the construc-
tion of the STP and illegal houses exist. However, no alternative STP site was found near the planned site,
resulted in the need of the transfer of the sewage to neighboring drainage area.

Under this constraint, available information on the sewerage plan and on-going sewerage project was
collected. There is a plan of main sewer line “named as T$S426", about 2.5 km from originally planned
STPsite, which is planned to connect to the Amanikere STP (under construction). Since the design of the
main sewer line will be made under preliminary design of this project and it was found that the Amani-
kere STP would have alowance in the land area and the capacity of an existing main sewer named
TS-4213. Because of the reduction of service areafrom original plan for Amanikere STP, the sewage col-
lected from Naganathapura area can be sent to the Amanikere STP for the treatment (planned sewage is
13 MLD in 2049).

According to this revised plan, an ISPS shall be constructed at the site where BWSSB selected as an al-
ternative STP site as mentioned above and the main sewer line shall be installed along existing drainage
to connect to the planned main sewer line for other planned sewerage system. Photo 10.2.7 shows an
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alignment of the main sewer line and location of ISPS and STP site.

Location of STP & Alignment of Main Sewer Line Proposed | SPS Site

Construction of the Facilities at Amanikere STP Main Sewer Connection Point
Photo 10.2.7 L ocation of Naganathapura | SPS, Amanikere STP and Alignment of Main Sewer Line

ii. Pillaganahalli Area
The overal areais a built-up area with a mild topography. The sewage generated in the study area flows
into the rivers. Two STP sites were proposed in the DPR at the bank of the rivers. One of the siteis under
development and no more available for the project. Another site, about 1.0 km far from the mentioned
above site was selected, which allows for the collection of sewage in the study area by gravity. The main
sewer line shal be planned along existing drainage. Photo 10.2.8 shows alignment of the main sewer line
and location of STPsite.
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Location of STP & Alignment of Main Sewer Line Proposed STP Site
Photo 10.2.8 Location of No.7 STP and Alignment of Main Sewer Line

iii. TalaghattapuraArea
The overdl areais a built-up area with a gentle topography. The study area fals on the drainage area of
Talaghattapura Lake. Two STP sites were proposed in the DPR near Talaghattapura Lake. It was found in
the field survey that the land area available for the planned STP sitesis not sufficient enough. Thus, a new

site with required land area was selected, which is about 1.5 km far from the south western edge of the
lake.

The main sewer line shall be installed along existing drainage. Photo 10.2.9 shows alignment of the main
sewer line and location of STPsite.

Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.9 L ocation of No.8 STP and Alignment of Main Sewer Line

d) R.R. Nagar Zone

Four (4) sewerage systems are proposed for this zone in the DPR as shown in Figure 10.2.5. One of the
sewerage systems is planned with an 1SPS to send sewage to the existing sewerage system. Relevant in-
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formation and study results are summarized for the sewerage system.

Source: JICA Survey Team

Figure 10.2.5 Proposed Sewerage Systemsin R.R. Nagar Zone

i. SomapuraArea

Two (2) highways are located in the northern and western part of the study area. Sanitary sewers are in-
stalled in the magjority of the study area which is the drainage area of Sompura Lake, where sewage gen-
erated in the study area flows in by gravity. The STP site (public land) was planned in the DPR at the
point near the lake where sewage flows in. The main sewer line shall be installed along existing drainage.
Photo 10.2.10 shows alignment of the main sewer line and location of STP site.
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Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.10 L ocation of N0.9 STP and Alignment of Main Sewer line

ii. Hemigepura-1 Area
The part of planned Hemigepura-1 area is provided with sewers in the process of land development, but
more than half of the area are not covered with the sewer system. The study areafalls on the drainage area
of Varahasandra Lake, where generated sewage in the area flows into. The planned STP site for the area
in the DPR islocated in the public land near Varahasandra Lake, but available land areais limited and no
expansion will be allowed because the site is surrounded by privately owned land.

Under the above critical condition on the land acquisition for the Hemigepura-1 area, combined sewage
treatment with neighboring Hemigepura- 2 area was studied, “newly selected STP site (refer to Hemi-
gepura- 2 area study iniii) of R.R. Nagar zone)” of which is located near planned STP for Hemigepura-1
area and has sufficient land for the two areas with about 4 ha. The collected sewage in Hemigepura-larea
shall be pumped up to the STP planned for Hemigepura-2 areain provision of ISPS at the site planned for
the STPfor Hemigepura -1 area. The main sewer line will be installed along drainage for the gravity sew-
er section, while under the road for force main section. As a result of the combined treatment of the
Hemigepura -1 and -2 areas, the sewerage system will become Hemigepura sewerage area (see Photo
10.2.11).

Location of ISPS and Main Sewer Line Proposed |SPS Site

Photo 10.2.11 L ocation of 1 SPS and Alignment of Main Sewer Line
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iii. Hemigepura-2 Area

Most of the Hemigepura-2 area planned in the DPR is covered with a sewer system. The study areafals
on the drainage basin of Vrishabhavati River, where generated sewage in the areaflowsin by gravity. The
site for the STPfor the study area was planned along Nice Road near Sompura Lake, but it was confirmed
in the field that the land is owned by private sector. The land owned by BWSSB was found, just opposite
side of the planned land along the Nice Road. The identified land is sufficient area for the STP and alows
for the collection of sewage by gravity in the study area. This newly selected site shall be used for the
sewerage treatment in the Hemigepura area. The main sewer line will be installed along drainage. As dis-
cussed in the study for Hemigepura-1 area, Hemigepura-1 and 2 shall be combined to treat sewage at
newly selected Hemigepura STP. A sewage treatment plant (Doddabele STP) is under construction, which
is located near planned STP for Hemigepura area. However, the combination of Hemigepura area to this
on-going sewerage system was not considered due to limited land area available. Photo 10.2.12 shows
newly selected STPsite.

Location of STP & Alignment of Main Sewer Line Proposed STP Site

Photo 10.2.12 L ocation of No.11 STP and Alignment of Main Sewer Line

iv. Kengeri, Mailasandra and Doddabele Area
There are three existing STPs (Kengeri, Mailasandra and Doddabele ared) in this study area, constructed
by Phase 2 and other projects. An ISPS is planned in the DPR (Arehalli ISPS) to send sewage to the ex-
isting main sewer (TS 521) to treat at existing STPs. The adequate location of the ISPS shown in DPR is
presented in Photo 10.2.13.
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Location of Arehalli ISPS Arehali ISPS Site

Photo 10.2.13 L ocation of Arehalli I SPS Site and Alignment of Main Sewer Line

€) Dasarahalli Zone
Six (6) sewerage systems are proposed for this zone in the DPR as shown in Figure 10.2.6. An ISPS is
aso planned in the DPR to send sewage to the existing sewerage system. Relevant information and study
results are summarized for the sewerage system.
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Source: JICA Survey Team
Figure 10.2.6 Proposed Sewerage Systemsin Dasarahalli Zone

i. Daddabidarakallu Area
The land development in the study area has just started with a limited built-up area. Topography in the
area is rich with undulation. The study falls on the drainage area of Anchepaya Lake, where generated
sewage in the area flows in. The site for the STP in the DPR was planned within the Anchepalya Lake,
which is inadequate for sewerage development. It was confirmed that there is no available public land
near the planned STP site. There is an on-going sewerage project in the neighboring area (Nagasandra
area under JICA loan assistance), where additiona public land can be used for the expansion of the STP
for Daddabidarakallu Area. For the ISPS to send sewage to be collected in Daddabidarakallu area to Na-
gasandra STP, a new public land was found near the planned STP site (near Anchepalya Lake). Thus,
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Daddabidarakallu area shall be merged into Nagasandra sewerage system. The main sewer line shall be

installed along existing drainage for gravity sewers and under the road for force main sewers. Photo
10.2.14 presents locations of 1SPS and Nagasandra STP,

Locations of proposed |SPS and Existing STP Site for Proposed | SPS

. Proposed STP Expansion Site
Existing Nagasandra STP -
(Vacant area at Nagasandra Existing STP)

Photo 10.2.14 L ocation of Daddabidar akallu 1 SPS, Nagasandra STP and
Alignment of Main Sewer Line

ii. Kariovbanahalli Area

The study areais located at the eastern side of highway, where built-up area is formed and rich in topog-
raphy. The study area falls on the drainage area of Gangodanahallikere Lake. The site for the STPin the
DPR is proposed in the opposite side of the lake along Nice Road, where available land area meets the
requirement and generated sewage in the study area can be collected by gravity. Thus, the proposed site

can be adopted for this project. The main sewer line shall be ingtaled along existing drainage. Photo
10.2.15 shows location of STPsite.
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Location of Proposed STP Proposed STP Site
Photo 10.2.15 L ocation of N0.13 STP and Alignment of Main Sewer Line
iii. Herohalli Area

The study areais located at the eastern side of the highway, where a smaller size built-up areais formed.
The areaisinrich in topography. The study areafalls on the part of the drainage area of Kodigihalli Lake,
where generated sewage in the area flows into. The site for the STP was planned opposite side of study
area dong the highway, where generated sewage in the study area can be collected by gravity and availa-
ble land area meets the requirement. The site is employed for the project and main sewer line shall be
planned along existing drainage. Photo 10.2.16 shows location of the STP.

Location of STP Proposed STP site
Photo 10.2.16 L ocation of No.14 and Alignment of Main Sewer Line

iv. Hosahalli Area
The study area is developed as built-up area with undulation in whole area. The study area fals on the
drainage area of Kachohalli Lake, where generated sewage in the area flows into. The site for the STPis
planned at the opposite side of the highway against Nice road, which is ensured by BWSSB. The site is

employed for this project and main sewer line shall be planned aong existing drainage. Photo 10.2.17
presents location of the STP.
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Location of STP Proposed STP Site

Photo 10.2.17 L ocation of No.15 STP and Alignment of Main Sewer Line

v. Chikkabanavara Area
The study area is same as existing sewerage service area; Chikkabanavara area. The project is planned to
augment sewage treatment capacity to the on-going project; currently, Chikkabanavar STP is under con-
struction through Phase 2 Project. For the expansion of the STP, there is no public land in the vicinity of
the on-going STP site. A candidate site was found aong the lake, where sewage from the on-going STP
can be ensured to reach by gravity. Therefore, the newly selected site is employed for the project. The
main sewer line shal beinstalled along existing drainage. Photo 10.2.18 shows location of the STP.

Location of STP Proposed STP Site
Photo 10.2.18 L ocation of N0.16 STP and Alignment of Main Sewer Line

vi. Kengeri, Mailasandra and Doddabele Area
An ISPS is planned in the DPR (Herohalli ISPS). The site of the ISPS is located in the Dasarahalli zone
near the border of R.R. Nagar zone. The sewage is sent to the existing sewerage system in R.R. Nagar
zone. The adeguate location of the ISPSin DPR is shown in Photo 10.2.19.
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Location of Herohalli ISPS

Herohalli ISPS Site

Photo 10.2.19 L ocation of Herohalli I SPS Site and Alignment of Main Sewer Line

(2) Plan of Sewerage Systems by Zone

As aresult of the study on sewerage systems covering 110 Villages, a total of 14 sewerage systems is
recommended. With regard to the merging arrangements, five units of ISPSs are added to the plan in the
DPR. While, atotal of 13 STPsis planned including 1 unit of expansion and 12 units of newly construc-
tion. The proposed sewerage systems are shown in Table 10.2.14 in comparison with those in the DPR.
Figure 10.2.7 shows planned sewerage systems, and locations of planned STPs and |SPSs.

Table 10.2.14 List of Proposed Sewerage Systems

DPR Proposed
Zone Remarks
Sewer age System STP/ISPS Sewerage System STP/ISPS
Kattigenahalli
Kattigenahall Kattigenahalli STP Jakur STP area is merged
into existing
Y elahankakere Jakkur area
There is a poten-
Bytrayanapura | Y elahankakere Y elahankakere STP ?F?h ankakere tia of water re-
use
. Doddabettahalli . Doddabettahalli
Doddabettahalli STP Doddabettahalli STP
Bilishivalli Bilishivalli STP Bilishivalli Bilishivalli STP
Hagadur area is
Hagadur ISPS
Mahadevpura Hagadur Hagadur STP Varthur ag merged into Var-
Varthur STP thur area
Naganathapura
. Naganathapura area is merged
Naganathapura Naganathapura STP | Amanikere 1SPS into Amanikere
Bommanahalli area
Pillaganahalli Pillaganahalli STP Pillaganahalli Pillaganahalli STP
Taaghattapura Talaghattapura STP | Taaghattapura 'Is'{a_lsghattapura
R.R. Nagar Somapura Somapura STP Somapura Somapura STP
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DPR Proposed
Zone Remarks
Sewer age System STP/ISPS Sewer age System STP/ISPS
Hemigepural
) . ) area is merged
Hemigepura 1 Hemigepural STP Hemigepura Hemigepura |SPS into Hemigepura
2 area
Hemigepura 2 Hemigepura 2 STP Hemigepura STP
Daddabidarakallu
, Daddabidarakally | &€ is merged
Dadidabiderakallu | D2092P1rEkallU | Neoeenira ISPS oo Negesandra
Nagasandra STP Expansion of
STP
. . . Karivobanahalli . . Karivobanahalli
Dasarahalli Karivobanahalli STP Karivobanahalli STP
Herohalli Herohalli STP Herohalli Herohalli STP
Hosahalli Hosahalli STP Hosahalli Hosahdlli STP
Chikkabanavara-2 g?g"‘aba”a" aa Chikkabanavara-2 g‘g‘kaba”a" A%2 | Additiondl STP

Note: All STPs except for Jakkur and Nagasandra STP are to be newly constructed. Proposed STP will be newly

constructed next to the existing plants in Jakkur and Nagasandra STP.

Source: JICA Survey Team

(3) Design Sewage Flow for Planned Sewerage Facilities
Design sewage flow for the planned sewerage facilities is studied applying different target year by facility

asfollows:

STP for year 2034 and ISPS for year 2049. Design Sewage Flow for Planned Sewerage Facilities are
shown in Table 10.2.15 and Table 10.2.16. Sewage flow calculated in DPR is also shown as reference in-
formation. The following are some problems found in the DPR and the provided countermeasures.

Sewage flow for some STPsin the DPR iswrong because of miscalculation/typographical errors.

* Thereis 5.0 MLD differences in the design flow for No.2 Yelankakere STPin 2049. Thisis because
of the inclusion of 5.0 MLD from neighboring Puttenahalli STP, the capacity of which will be in
short in 2049 due to limited land available (Refer to DPR Puttenahalli STP, August 2015).

* The sawage flow for No.3 Doddabettahalli STPis miscalculated in the DPR.

* The sewage flow for No.5 Hagadur STP is different between DPR and JICA Survey; 2.0 MLD in
2034 and 4.0 MLD in 2049. The additional flow was considered by the instruction of BWSSB.

¢ The sewage flow for No.6 Nganathapura STP in the DPR is calculated using wrong population, re-
sulted in lessflow (3.0 MLD).
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v

PUTTENAHALLI

Source: JICA Survey Team
Figure 10.2.7 Planned Sewerage Systems, and L ocations of Planned STPsand | SPSs
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¢ Asaresult of the study on sewerage systems, Hemigepura-1 and Hemigepura-2 are merged with No.
11 STR. Therefore, the comparison is made for the combined Hemigepura area. The difference of
sewage flow between the DPR and JICA Survey is attributed to the additional flow considered in the
DPR. The flow is considered for Chodenapura STP (under construction by Phase 2 Project) to treat
the sewage flow beyond its capacity.

¢ |n Chikkabanavara area, there is on-going STP with a treatment capacity of 5.0 MLD. Remaining
sewage to be generated in Chikkabanavara area is planned to treat together with the sewage to be
collected in Chikkabanavara 2 area.

Table 10.2.15 Projected Aver age Sewage Flow for Planned STPs by Target Year

Proposed Sewage Sewage Flow in
Zone STP Flow (MLD) DPR (MLD) Remarks
No Name No Name 2034 2049 2034 2049
. From Kattigenahalli area by
1 | Jakkur 7.0 11.0 7.0 11.0 gravity flow
dlahankak 10.0 5 MLD is added for 2049
1 Bytrayanapura 2 Y an ere 6.0 (15.0) 5.0 15.0 sewageflow
3 | Doddabettahalli 7.0 10.0 4.0 7.0
4 | Bilishivalli 17.0 27.0 18.0 30.0
2 | Mahadevpura 5 | Varthur 15.0 24.0 17.0 270
7 | Pillaganahali 4.0 6.0 3.0 4.0
3 | Bommanahali
8 | Talaghattapura 5.0 8.0 5.0 8.0
9 | Somapura 8.0 12.0 8.0 11.0
4 | RR. Nogar . Hemigepuralin DPRis
11 | Hemigepura 13.0 20.0 240 35.0 merged into Hemigepura 2
Daddabidarakallu in DPRis
31 | Nagasandra** 9.0 13.0 8.0 13.0 merged into Nagasandra
13 | Karivobanahalli 10.0 16.0 10.0 16.0
14 | Herohalli 3.0 5.0 3.0 5.0
5 | Dasarahali X
15 | Hosahalli 6.0 10.0 7.0 10.0
Sewage flow beyond the
capacity of Chikkabanavara
. STPisplanned to treat at
16 | Chikkabanavara?2 4.0 10.0 5.0 5.0 | Chikkabanavara2 STP
Tota (14 STPs Proposed) 114 187 129 207

Note: Jakkur* STPis an existing STP. The sewage flow shown in the table is only for diversion flow from Kattigenahalli area.
Nagasandra** STP is an existing STP. The sewage flow shown in the table is only for diversion flow from Doddabidarakallu
ISPS.

Source: JJICA Survey Team
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Table 10.2.16 Projected Sewage Flow for ISPSs by Target Year
Proposed Sewage Sewage Flow in
Zone ISPS Flow (MLD) DPR (MLD) Remarks
No Name No Name 2034 2049 2034 2049
1 | Bytrayanapura 1 | Belahalli ISPS 0.9 15 1.0 1.6 Proposed in DPR
Hagadur STP in the
2 | Mahadevpura 5 | Hagadur 15.0 24.0 - - Dp%e
. Naganathapura STP in
3 | Bommanahalli 6 | Naganathapura 9.0 13.0 (5.0 (10.0) | the DPR
2 | Arehalli 1 ISPS 11 1.7 0.5 0.75 Proposed in DPR
4 | R.R. Nagar _ Hemigepura-1 STP in
3 | Hemigepura ISPS 1.6 24 - - | the DPR
4 | Herohalli ISPS 0.5 0.7 0.5 0.75 Proposed in DPR
5 | Dasarahalli Doddabidarakallu Doddabidarakallu STP
7 | 1sps 8.1 12.8 - - | inthe DPR
Total (7 ISPSs Proposed) 36.2 56.1 2.0 3.1

Source: JICA Survey Team

For the projection of sewage flow by respective sewerage systems, distribution of population for target
years by village was made to concerned STPs. Table 10.2.17 shows a sample of the study in Bytraya-
napura Zone. Sewage flow by target year is estimated multiplying per capita sewage rate to the popula-
tion to be served by planned STP.

There are many cases in the 110 Villages that generated swage is planned to be treated at the STP in the
ULBs, while sewage flow to be treated in the concerned village is minimal (2 areas in the 5 zones). The
study results for 5 zones are included in 10.2.1 Supporting Report.
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Table 10.2.17 Connection of Main Sewers and Population by Target Year by Village: Bytrayanapura
Zone (Sample Table)

No Village Connection of M ain Sewer opltion Cei=Ey) Remarks
Year 2034 Year 2049 STP
1 |ArartraPua 0O-1 Connecting to C—? .of Yelahanka ULB 7,945 12,589 Puttenahalli
0O-2 Connecting to Existing TS for ULB 9,123 14,455 STP
Total 17,068 27,044
O-1 Connecting to Proposed STP 15,476 24,522 Doddabetthalli
2 |Doddabetthalli  |0O-2 Connecting to Proposed STP 13,997 22,179 |STP
Total 29,473 46,701 From Village No 3
O-1 Connecting to MH-152 of Doddabettahalli 4,519 7,160 Doddabetthall To Village No 2
O-2 Connecting to Mh-242 of Doddabettahalli 9,885 15,663 STP To Village No 2
3 |Chikkabetthall 0O-3 connecting to Mh-281 of Dodddabettahalli 3,756 5,951 To Village No 2
39,481 gr;kabanavar Excess Flow goesto
0O-4 Connecting to MH-1 of TS-821 (ULB) 24,915 Chikkabanavara 2 STP
Total 43,075 68,255
O-1 Connectingto MH-1 of TS-121 15,946 25,268
4 |Harohdlli O-2 Connecting to MH-32 of TS-121 1,973 3,126 Y elahanka STP
O-3 Connecting to MH-37 of TS-121 5,201 8,241
Total 23,120 36,635
0
0O-3 Connecting to MH-53 of TS-121 3,157 5,002
5 |Kenchnehalli O-1 Connecting to MH-42 of TS-121 2,486 3,939 Yelahanka STP
O-2 Connecting to MH-48 of TS-121 6,120 9,699
Total 11,763 18,640
0O-1 connecting to Mh-54 of Proposed TS-121 6,448 10,219
6 |Govindapura Yelahanka STP | To Village No 7, and
1023 1621 again come back to
0O-2 Connecting to MH-1 of Vasudevpura Village No 6
Total 7,471 11,840 Village No.8
7 |Vasuvapura O-1 Connecting to Mh-75 of Govindapura 902 1,432 Yelsharka STP To Village No 6
Total 902 1,432 From Village No.6
8 |Marchenali O-1 Connecting to MH-82 of Govindapura 639 1,012 Yelahanka STP :
Total 639 1,012 To Village No 6
) ) O-1 Conrecting to Proposed STP 49185 77,938 K attigenahalli
9 |Kattigerahall Total 49185 77,938 STP
] Lateral System
10 |srnvasspura | e Village qoes to ULB Area (Bx- Jekkur STF) 5626 8915  |Ex-Jakkur STP Consideerd inULB
in "Green Belt Project .
Project
11 |Balgli O-1 of MH-58 Ct.Jmecting to Proposed ISPS 4889 7,749 EX-Jokkur STP
MH-157 Connecting to Proposed ISPS 2189 3,468
Total 7078 11,217 To Village No 12
O-1 (MH-21 of C-10 Yelahanka ULB) 2,040 3,233
12 [ Tirumenhalli 0-2 (MH-35 of C-10 yelahanka ULB) 693 1,098 EX-Jakkur STP
O-3 Connecting to MH-49 of Chokkanahalli 304 482 To Village No 13
Total 3,037 4,813 From Village No 11
O-1(MH -35 of C-10 Yelahanka ULB) 3,181 5,039
13 |Chokkanahalli 0O-2 (MH-549 of C-29 of Bytrayanapura ULB) 1,673 2,651 Raja Canal STP
0O-3 Connecting to MH-1 of TS-224 1,331 2,109
Total 6,185 9,799 From Village No 12

Source: JICA Survey Team
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10.2.4 Plan of Main Sewers

In the DPR, the sewer with a diameter of more than 300mm is defined as “main sewer”, which includes
Trunk sewer and Sub-main sewer. The differences between trunk and sub-main sewer are not clear. In this
study, a sewer line with more than 300mm in dia. is defined as a main sewer line according to the interna-
tional practicesin the sewerage sector project.

(1) Design Flow

Design flow for main sewer is calculated multiplying a peak factor to daily average sewage volume for
the target year 2049 in consideration of the fluctuation of sewage flow through the day. Peak factors are
assumed in CPHEEO manual in India as shown in Table 10.2.18.

Table 10.2.18 Peak Factor to be Adopted for Calculation of Sewage Flow

Contributory Population Peak Factor
UPto 20,000 3.00
Above 20,001 to 50,000 2.50
Above 50,001 to 750,000 2.25
Above 750,001 2.00

Source: CPHEEO 1993

(2) Manner of Design of Sewer line

The main sewer line shall be designed in application of a gravity system as much extent as possible ex-
cept for the pumping at 1SPS. The sewers shall be constructed underground with minimum earth cover of
1.0 mto prevent from scattering of sewage and odor from sewers as well as protection from live loads.

(3) Plan of Sewer Network

In the DPR, sewer networks are planned/designed in consideration of existing land development includ-
ing road networks and housing areas without city plan for the future. The main sewer line is mainly
planned along existing drainages. This arrangement may be adoptable through the future for economical
alignment of sewers in view of hydrology. Photo 10.2.20 presents typical drainages, along which main
sewer line may be installed. While, sewer lines are sometimes laid under the river bed as shown in Photo
10.2.21. Installation of sewers in the river/drainage is not recommendable because the facilities disturb
the river/storm water flow. Sewers shall be, in principle, installed under the road.
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Existing Drainage in Bytrayanapura Zone Existing Drainage in Dasarahalli Zone
Photo 10.2.20 Typical Drainage, along which Sewer Lineis Planned
Excavation of Existing Drainage Manhole and Pipe Installation in the Existing Drainage

Photo 10.2.21 I nstallation of Sewer Line under Drainage Bed

(4) Scope of Work for the Construction of Main Sewersin the 110 Villages

In the DPR, three kinds of main sewer lines are referred to as follows;

a) Proposed main sewer lines for new/expansion of sewerage systems for the plan in the DPR

b) Main sewer lines planned /designed by other planned projects

¢) Existing main sewer lines

The scope of work for this project covers item @) and the part of item b) which have not yet financially
arranged for the construction work. Table 10.2.19 presents required main sewers (diameter and length) by
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zone based on preliminary design together with those planned in the DPR.

The total length of the main sewers arrive at about 202 km, most of which are planned to be constructed
using open-cut method. While, pipe jacking method is employed for about 1% of the total length of the
sewer lines for the crossing the highway and railway. The longest main sewer lines are planned for Bom-
manahalli Zone with about 30% of the total length.

Table 10.2.19 Main Sewer Length by Diameter for the Five (5) Zones

Zone JICA Survey DPR
Range of Pipe Size Length (km) Range of Pipe Size Length (km)

Bytrayanapura ¢$300 ~ ¢1,000 50.3 ¢$300 ~ ¢$900 4.4
Mahadevpura $300 ~ $800 4.7 6300 ~ 900 43.6
Bommanahalli 300 ~ 1,200 65.0 300 ~ ¢1,000 58.8
R.R. Nagar $300 ~ ¢500 14.8 $300 ~ ¢900 19.0
Dasarahalli $»300 ~ ¢700 275 $»300 ~ ¢600 239

Total 202.3 189.7

Source: JJCA Survey Team

Layout plan of main sewer lines (shown with red lines) for al zones is shown in Figure 10.2.8. Planned
main sewers by zone are summarized in comparison with those in the DPR.
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PUTTENAHALLI

Source: JICA Survey Team
Figure 10.2.8 Layout Plan of Main Sewer Linesfor All Zones
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1) Bytrayanapura Zone
Total length of main sewer lines for Bytrayanapura Zone is 50.3 km and the longest main sewer line be-
longs to Rgja Canal sewerage system (see Table 10.2.20). Figure 10.2.9 presents layout plan of main

sewer lines.
Table 10.2.20 Main Sewer Length in Bytrayanapura Zone
Treatment Ar- Range of Pipe Size Length (km) Connection Sewer to
ea (mm) JICA Survey DPR STP
Kattigenahalli $300 ~ ¢500 6.9 21 Proposed Jakkur
Yelahanakakere $300 ~ ¢ 600 4.2 4.6 Proposed
Doddabettahalli $300 ~ ¢400 3.8 23 Proposed
Bilishivalli $300 ~ ¢1000 74 7.4 Proposed
Puttenahalli ¢ 300 17 1.7 On-going
Jakkur ¢ 300 21 21 Exsting and On-going
Horamavu ¢ 300 2.6 2.6 On-going
Allalasandra — — — Exsting
Raja Canal $»300 ~ ¢700 21.6 21.6 Exsting and On-going
Total 50.3 444

Source: JICA Survey Team
Figure 10.2.9 Layout Plan of Main Sewer Linesin Bytrayanapura Zone
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2) MahadevpuraZone
Total length of main sewer lines for Mahadevpura Zone is 44.7 km and the longest main sewer line be-
longs to Varthur Kodi sewerage system (see Table 10.2.21). Figure 10.2.10 presents layout plan of main

sewer lines.
Table 10.2.21 Main Sewer Length in Mahadevpura Zone
Treatment Area REMEE G FpBES Length (km) Connection Sewer to STP
(mm) JICA Survey DPR
Hagadur $300 ~ ¢600 12.8 11.7 Proposed
Bilishivalli 6300 ~ 800 6.7 6.7 ;{)‘?}%‘))Sed (Bytrayanapura
Varthur Kodi $300 ~ 600 122 12.2 On-going
Amanikere $300 ~ $500 8.2 8.2 On-going
Kadugodi $300 ~ $450 4.8 48 On-going
Total 447 43.6

Source: JICA Survey Team
Figure 10.2.10 Layout Plan of Main Sewer Linesin Mahadevpura Zone
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3) Bommanahalli Zone
Total length of main sewer lines for Bommanahalli Zone is 65.0 km and the longest main sewer line be-
longs to Amanikere sewerage system (see Table 10.2.22). Figure 10.2.11 presents main sewer lines in
Bommanahalli Zone.

Table 10.2.22 Main Sewer Length in Bommanahalli Zone

i i Length (km i
Treatment Area | R@ngeof PipeSize gth (km) Connection Sewer to
(mm) JICA Survey DPR STP
Naganathapura $300 ~ ¢500 6.5 6.5 Proposed
Pillaganahalli $300 ~ ¢400 2.2 0.9 Proposed
Talaghattapura 6300 ~ ¢700 2.8 11 Proposed
Anjanapura 6300 ~ ¢600 16.2 16.2 Proposed
Amanikere $300 ~ ¢1,200 37.3 341 On-going  (Mahadevpura
Zone)
Total 65.0 58.8

Source: JICA Survey Team
Figure 10.2.11 L ayout Plan of Main Sewer Linesin Bommanahalli Zone
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4) R.R. Nagar Zone
Total length of main sewer lines for R.R. Nagar Zone is 14.8 km and the longest main sewer line belongs
to Doddabele sewerage system (see Table 10.2.23). Figure 10.2.12 presents layout plan of main sewer
lines.

Table 10.2.23 Main Sewer Length of R.R. Nagar Zone

Treatment Area | R@NGeOf PipeSize Length (km) Connection Sewer to
(mm) JICA Survey DPR STP
Talaghattapura $300 ~ ¢500 0.8 1.9 Proposed
Somapura --700-(Canceled) - 15 Proposed
Hemigepura $»300 ~ ¢400 1.0 2.6 Proposed
Doddabele $300 ~ ¢500 13.0 13.0 On-going
Total 14.8 19.0

Source: JICA Survey Team

Figure 10.2.12 L ayout Plan of Main Sewer Linesin R.R. Nagar Zone
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5) Dasarahalli Zone
Total length of main sewer lines for Dasarahalli Zoneis 27.5 km and the longest main sewer line belongs
to Nagasandra sewerage system (see Table 10.2.24). Figure 10.2.13 presents layout plan of main sewer
lines.
Table 10.2.24 Main Sewer Length of Dasarahalli Zone

Treatment Area REeSET FIOSTE Length (km) Connection Sewer to STP
(mm) JICA Survey DPR
Nagasandra 6300 ~ 6600 6.2 6.0 gﬁ%‘gﬁ;’ Existing  and
Kariobavanahalli $300 ~ ¢700 53 45 Proposed
Herohalli $300 ~ ¢400 11 0.8 Proposed
Hosahalli $300 ~ ¢600 48 44 Proposed
Chikkabanavar $300 ~ $400 51 32 Proposed
Doddabell $300 ~ ¢600 5.0 5.0 Ongoing (RR.  Nagar
Total 27.5 239

Solurce: JICA Survey Team
Figure 10.2.13 Layout Plan of Main Sewer Linesin Dasarahalli Zone
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10.2.5 Sewage Treatment Plant

(1) Basic Conditions for Design of Sewerage Facilities

1) Characteristics of the Sewage to be Treated
Sewage generated in the study area is domestic origin. Industrial wastewater must be treated before dis-
charge to public sewer or public water body according to regulations on the effluent control.

2) Required Conditions for Design of STPs
Table 10.2.25 summarizes required conditions for design of STPincluding design flow, required land area
and effluent receiving water body. The public land is, in principle, selected for the construction of the
STPs. According to the requirements, land acquisition process shall be proceeded by the BWSSB except-
ing for the obtained two sites.

Table 10.2.25 Required Conditionsfor Design of STPs

Zone e Design Flow (MLD) STP Sitearea Effluent Receiving
2034 2049 (ha) Water Body
Jakkur 7.0 11.0 0.8 Jakkur Lake
Y elahankakere 6.0 15.0 20 Y elahanka kere Lake
Bytrayanapura
Doddabettahalli 7.0 10.0 1.0 Attur Lake
Bilishivalli 17.0 27.0 45 Rampurakere Lake
Mahadevpura | varthur* 15.0 24.0 35 Pinakini River
Bommanahall Pillaganahal i 4.0 6.0 24 Bilvardalli Lake
Talaghattapura 5.0 8.0 2.6 Talaghattapura kere Lake
RR. Nagar Somapura 8.0 12.0 24 Somapura Lake
Hemigepura 13.0 20.0 4.0 Vrishabhavati River
K ariobavanahalli 10.0 16.0 17 Gangodanahalli kere Lake
Herohalli 3.0 5.0 3.7 Herohalli Kere Lake
Dasarahalli Hosahalli 6.0 10.0 0.9 Lingadeeranahalli Lake
Chikkabanavara-2 4.0 10.0 12 Chikkabanavara kere Lake
Nagasandra* 9.0 13.0 3.0 Arkavathi River

Note: The sewage generated in Daddabidarakallu area will be treated at the STP to be expanded at the Nagasandra
STP site. Nagasandra* STP isan existing STP. Varthur*STP is planned by other project. The sewage from Hagadur
areawill be treated at the new STP to be constracted at the Varthur STP site.

Source: JJICA Survey Team

3) Environmental Conditions
Thereis no particular regulation in India for the development of the infrastructures to control odor, noise,
vibration, etc. However, recently GoK enacted that any facility should not be constructed within 75 m
from the boundary of the lake (Section 14. Acts prohibited in lakes, KARNATAKA ACT NO. 10 of
2015).

The details on this act was confirmed with Lake Authority, especially, in case of important public facili-
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ties; sewage treatment plants. Four (4) lakes are planned as receiving water bodies from No.3, 4, 9, and 16
STPs. In this connection, discussions were made by concerned parties if the construction of the STPsis
acceptable or not. It was concluded that the plan for the related STPs does not violate the act as far as the
siteis out of the lake.

(2) Inflow Sewage Quality to the STP
Inflow sewage quality for design of sewerage facilities was determined through comparative studies on
the following data/information.
o Inflow sewage quality at existing STPs
e Estimation of inflow sewage quality using unit organic substances in the CPHEEO manual and de-
sign per capita sewage generation rate
o Inflow sewage quality employed by on-going project in Bengaluru

(3) Inflow Sewage Quality to Existing STPs

1) Inflow Sewage Quality by Existing STP
An average inflow sewage quality (BOD and SS) in 2015 is shown in Figure 10.2.14 for 12 existing STPs.
A comparatively higher sewage quality is reported at V. Valley (180), Yeahanka and Nagasandra STPs.
Inflow of industrial wastewater into these STPs may be affected to the quality. While, the quality at Ka
dabesianahalli STPislower than average figure, which may be caused by the delay in the construction of
sewer networks.

500
450
400
350 —
300
250
200
150
100

Influent (mg/1)

W BOD
TSS

v Average of 2015

Source: JICA Survey Team
Figure 10.2.14 Average I nflow Sewage Quality in 2015 at 12 Existing STPs

2) Yearly Fluctuation of Inflow Sewage Quality (BOD)
Figure 10.2.15 shows yearly fluctuation of BOD at the existing STPs. According to the statistics, BOD at
Kadabesianahalli STP had been increasing in pace with the provision of sewer networks. Likewise, BOD
a Mailasandra STP increased from 200 mg/l in 2011 to 330 mg/l in 2013-2015. While at V. Vdley STR,
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BOD decreased from 350 mg/l in 2012 to 220 mg/l in 2014 and 2015. In general, for the subject STPs,
BOD values had been fluctuated within the range from 200 mg/I to 350 mg/l.
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- ; %&r
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100 /\/
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== K&C Valley(218)
pe K& C Valley(30)
=== Kadabesianahalli
== KR Puram
== albagh
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= Nggasandra
Rajacanal
V Valley

Yelahanka

Source: JICA Survey Team
Figure 10.2.15 Yearly Fluctuation of BOD at Existing STPs

3) Seasonal Fluctuation of Inflow BOD and SS at Three (3) Existing STPs
Monthly data on BOD and SS were collected from three existing STPs; K& C Valley (30) STP, KR Puram
STP and Rajacana STP, which are standard STPs in terms of treatment capacity, no inflow of industrial
wastewater and adequate provision of sewer networks as of now. Remaining 9 STPs are omitted because
of some conditions as follows: V. Valey (180), Yelahanka and Nagasandra STPs receive industria
wastewater; Kadabesianahalli STP service area is in short in provision of sewer networks at present;
Cubbon park, Jakkur, Lalbagh and Yelahanka STPs have treatment capacity of less than 10 MLD; and

K&C Vdley (218) and Mailasandra STPs have treatment capacity of more than 50 MLD.

As shown in Figure 10.2.16, the average quality from 2011 to 2015 (5 years) in BOD and SS has been
fluctuating within a certain range, no big differences between dry and rainy seasons. BOD values are be-
tween 200mg/l and 350 mg/l and SS values are in the range of 200mg/I to 450 mg/l.
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Figure 10.2.16 Monthly Fluctuation of BOD and SS at 3 Existing STPs
Source: JICA Survey Team (Figures at Left side: BOD, at Right side: SS)

With regard to COD, T-N and T-P, collected data from the three STPs are studied on the seasona fluctua-
tions (see Figure 10.2.17). COD values for the three STPs are different each other; 500 - 700 mg/l at K&C
Valley STR, 400 - 600 mg/l at KR Puram STP and at Rgjacanal STP 500-600 mg/I in 2011 and 2012, but
about 800 mg/l after 2013. Although COD at Rgjacana STP was very high, in general COD value may be
regarded as 400 - 800 mg/I.

For nitrogen and phosphorous, there is no available data on yearly fluctuation. Data on TKN and T-P at
Kadabesianahalli STPand TKN at K& C Valley (30) STP from January to May in 2016 were obtained. A
minimal fluctuations of these values are observed and almost constant value is reported for respective
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STPs. TKN valueiswith arange of 35 to 45 mg/l and T-Pis between 4.4 and 6.7 mg/I.
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Figure 10.2.17 Monthly Fluctuation of COD, T-N and T-P at the three STPs
(Figures at Left side: COD, at Right side: T-N, T-P)

Design values for inflow sewage quality are calculated using per capita organic substances shown in
CPHEEO manual and per capita sewage rate (refer to Table 10.2.26).

4) Inflow Sewage Quality Employed by On-going Project in Bengaluru
Presently STP construction project for JICA assisted Phase 2 has been implemented. In the project, BOD

350 mg/l and SS 450 mg/l are employed for the design purpose.
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5) Inflow Sewage Quality for Design of Sewerage Facilities
Table 10.2.26 summarizes above study results on inflow sewage quality for design of sewerage facilities.
Design values to be adopted for concerned indices are shown in the last column of the table. The follow-
ing are additional explanations on the finalization of design values.

Table 10.2.26 Compar ative Study Results on Design I nflow Sewage Quality

Item CPHEEO Manual EXE;E?T P gt&';?:gﬁ;e Apps'tyui(;‘ythis
Unit Ipcd gpcd mg/l mg/l mg/I mg/I
BOD 132 45-54 340 - 409 200 - 350 350 350
COD 132 72-103 545 - 777 400-800 800 800
TSS 132 70-145 530 - 1098 200 - 450 450 450
T-N 132 6-12 455-909 14.4- 45.3(TKN) (TK N7()) (TK N7())
T-P 132 0.6-45 45-34.1 4.40- 6.70 7 7

Source: JICA Survey Team, *RajaCanal

e BOD: In consideration of the following, 350 mg/l is recommended. The maximum BOD of the stud-
ied three standard STPs is reported at 350 mg/l. The estimated value in use of CPHEEO manual ar-
rived at 340-409mg/l. On-going STP project employed 350 mg/l.

e COD using CPHEEO manual arrived at 545-777 mg/l. In the on-going Phase 2 project, 800 mg/l is
adopted. Thus, 800 mg/l is employed.

e For SS, 450 mg/l is adopted referring to the experience at the three existing STPs and CPHEEO
manual .

e Available data on T-N and T-P are limited. The value 70 mg/l is comparatively high as a raw sewage
quality and aso is employed for the on-going Phase 2 project, which is within the range of 45.5-90.9
mg/l according to CPHEEO manual. Likewise, for T-P, 7 mg/l is adopted.

(4) Effluent Quality to be Achieved

Target quality of the effluent to be discharged from planned STPs is assumed according to recommended
standards by CPHEEO as shown in Table 10.2.27.

Table 10.2.27 Target Effluent Quality (Recommended by CPHEEO)

Item BOD TSS T-N T-P F
Coliforms
Target standard 10 mg/l 10 mg/l 10 mg/l 2mg/l 100
g MPN/100mL

Source: JICA Survey Team

Target effluent quality shall comply with the latest discharge standards in India (CPCB New Standards,
27th April 2016). The transition of discharge standards in recent yearsis shown in Table 10.2.28.
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Table 10.2.28 History of Effluent Standardsfrom STPin India
NGRBA Guidelines CPHEEO Manual CPCB New Standards
(2010) (2013) (27" April 2016)
Water Quality Item
Effluent Standards for diss | Recommended  Guide- Parameters Limit
chargeinto water bodies linesfor Treated Sewage Not Authorized
pH - 5.5-9.0 - 6.5-9.0
BODs mg/| 20 Lessthan 10 Not more than 10
COD mg/| - - Not more than 50
TSS mg/I 30 Lessthan 10 Not more than 10
NH;-N mg/| - - Not more than 5
T-N mg/| - Lessthan 10 Not more than 10
T-P mg/l - Lessthan 2 Lessthan 2
Fecal Desirable- 1,000
Coliforms MPN/100mL Permissible— 10,000 Lessthan 230 Lessthan 230

Source: JICA Survey Team

(5) Sewage Treatment Methods

1) Sewage Treatment Methods Used at the Existing STPs and On-going STPs
Table 10.2.29 presents information on the existing and on-going STPs. Majority of the existing STPs use
EA process, while on-going project adopted SBR process. However, ASP process is also employed for a
large-size STPs in consideration of tertiary treatment for reuse of treated sewage. There are some STPs
using TF or UASB processes which are economical in O&M of facilities, but it is difficult to meet the
required effluent quality for the updated regulations.

Table 10.2.29 Summary of Treatment Process Applied in BWSSB

Treatment Initial Capacity
No. STP Name Area Process Status (MLD)
1 | K&CValley (1) CoreArea ASP Existing + 218
(Upgrading) (ASP+PG) Under Con- (60)
struction
2 | V.valey CoreArea TF Existing 180
*Tertiary Treatment for
water reuse *60 of 180
3 | Hebba CoreArea ASP Existing 60
4 | RgjaCana 5 COfeAfeaCMc EA Existing + 40
rayanapura
(Upgrading) yayene (sBR) Under Con- (40)
struction
5 | K&CVadley (2) CoreArea EA Existing 30
6 | Madivara CoreArea UASB+ OP Existing 4
+Constructed wetlands
7 | Cubbon Park CoreArea MBR Existing 15
8 | Labaugh CoreArea EA Existing 15
9 | Kempbudhi (Iti Colony) CoreArea EA Existing 1
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Treatment Initial Capacity
No. STP Name Area Process Status (MLD)
10 | Mailasandra R.R. Nagar CMC EA Existing 75
11 | Kadabesanahalli MahadevpuraCMC EA Existing 50
12 | Nagasandra Dasarahalli CMC EA Existing 20
13 | K.R. Puram K.R. Purum CMC UASB Existing 20
14 | Yelahanka Yelahanka CMC ASP+Filtration Existing 10
(Allasandara)
15 | Jakkur Yelahanka CMC UASB+EA Existing 10
16 | Horamavu Agara Bytrayanapura CMC SBR 20
17 | Kechohalli (Agara Core Area MBR (Canceled) 3
Lake) - Canceled
18 | Kadugodi Core Area SBR 6
19 | Nagasandra Dasarahalli CMC SBR Under Con- 20
- - struction
20 | Chikkabanavara Dasarahalli CMC SBR in 5
21 | Kengeri R.R. Nagar CMC ASP + Tertiary Filters | BWSSP Phase2 60
22 | Bellandur Amanikere MahadevpuraCMC ASP 90
23 | Doddabele R.R. Nagar CMC SBR 20
24 | Yellemall-appa Chetty MahadevpuraCMC SBR 15

Note: ASP: (Conventional) Activated Sludge Process, TF: Trickling Filter, UASB: Up-flow Anaerobic Sludge Blanket, OP: Oxi-
dation Pond, MBR: Membrane Bio Reactor, PG: Power Generation from Sludge (Digestion Facility),

* Tertiary Treatment: Trickling filters, Densadeg clarifier, Flopac filtration, chlorination unit in V. Valey STP. The chlorinated
recycle water is supplied to M/s Karnataka Power Corporation Ltd. at Bidadi and M/s Pulikesh Power Corporation Ltd. at Kum-
balgod for their power generation plants.

Source: JICA Survey Team/ BWSSB

According to the sewage treatment experiences by BWSSB at existing STPs, there are many STPs which
have achieved the stringent standards (BOD 10mg/l and SS 10mg/l) using EA process without provision
of tertiary treatment processes, as shown in Figure 10.2.18. Among the STPs, tertiary treatment processis
applied at Yelahanka, Lalbagh, Cubbon Park STPs, the effluent of which meets required standards. On
the other hand, the effluent quality at the STPs applying UASB, ASP and TF processes is beyond the re-
quirements of new standards. However, in case of Ragja Canal and Mailasandra STPs, effluent meets new
standards under operation of EA process in application of old design standards. The effluent quality at
Kadabesianahalli STP is beyond new standards seemingly inadequately operated (MLSS is considerably
low with 400 mg/I thorough the year).
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Figure 10.2.18 Aver age Effluent Quality in 2015 at Existing STPs Operated by BWSSB

2) Alternative sewage treatment method adoptable
In consideration of new effluent standards, an application of modified aeration tank to remove nitrogen
under secondary treatment process is recommended to save congtruction cost without tertiary treatment
facilities (a larger aeration tank shall be provided), which plays a role as tertiary treatment process
(A-SRT: 4-5 days) to a certain extent. This arrangement will aso allow for the required removal of SSto
meet required standard.

In order to satisfy required effluent standards, the need of proper O&M of STP is indispensable. Under
adequate O& M of the STP, effluent quality could satisfy the stringent standards as practiced in Japan. Ta-
ble 10.2.30 presents the experience of secondary treatment plants in Japan with higher level treatment
efficiencies (lessthan 10mg/l BOD and SS).

Design of sewage treatment facilities shall be made considering required volume for the aeration tank to
remove nitrogen meeting target T-N 10mg/l. Under this arrangement, the volume of aeration tank in this
design (A-SRT; retention time of aerobic solid) is larger than common aeration tank used for standard
secondary treatment process (design effluent quality, BOD 20 mg/l).
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Table 10.2.30 Secondary Sewage Treatment Experiencein Japan
Inflow BOD (mg/L) SS(mg/L)
No. Name of STP (m3/day) Inlet Outlet Inlet Outlet
Design Actual Design Actua Design Actual Design Actual
1{Chubu Ryuiki, Ginowan 87,190 240 210 17 34 230 171 17 3.0
2|Chubu Ryuiki, Naha 127,320 260 290 18 3.4 200 207 15 2.0
3|Kagoshima City, Nanbu 119,797 210| 283 15 2.4 190 304 17 2.0
4|Kagoshima City, Kinko 22,630 210 265 15 5.6 190 196 29 4.0
5|Nobeoka City, Myoda 27,440 180| 150| 19 2.3 140 130 16| 3.0
6|Miyazaki City, Oyodo 34,486 200 160 20| 3.0 200 190 20, 3.0
7|Miyazaki City, Miyazaki 68,971 200 130 20| 3.3 160 130 16 4.0
8|Beppu City, Chuo 43,813 160 125 16 17 160 143 24 2.0
9|Qita City, Benten 31,163 250] 160 20 1.6 250 120 20 2.0
10| Oita City, Miyazaki 22,098, 250 190 20, 2.4 250 200 20, 2.0
11|Oita City, Harayama 26,258 250 180| 20, 4.8 250 160 20 3.0
12| K umamoto Hokubu Ryuiki 45,709 180) 160 15 10.0 180, 183] 18 4.0
13]Y amaga City, Y amaga 18,074 140 174 20| 2.1 120 183 20, 3.0
14| K umamoto City, Nanbu 30,200, 200 267 15 9.0 140 124 14 8.0
15K umamoto City, Tobu 56,098| 200 219 15 5.9 180 207 14 4.0
16|Kumamoto City, Chubu 30,258 180| 180| 15 2.0 140 159 14 3.0
17|Sasebo City, Chubu 36,739 270 202 15 1.4 170 180 15| 3.0
18|Nagasaki City, Seibu 43915 200 230 15 3.3 190 223 15] 2.0
19|Nagasaki City, Chubu 44,230 200 223 20| 3.4 190 153 40 4.0
20| Matsuyama City, Chuou 92,202, 180 135 18 4.8 125 155 13 2.0
21{Imabari City, Imabari 40,381 190 122 19 4.1 150 119 20, 2.0
22|Kamobegawa Ryuiki 118,923 174 143 20 2.0 135 181 30 3.0
23| Takamatsu City, Tobu 69,652 200| 268 20| 83 200 234 20 5.0

Source: Sewage Works Statistics in Japan

Asshown in Figure 10.2.19, BOD is projected at 4 mg/l in application of A-SRT 4 days. The BOD may be
lessthan 8 mg/l in consideration of 2 times of BOD as annua average quality, which islower than stringent
standard. Figure 10.2.20 shows relationship between BOD and SS.
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Figure 10.2.19 Relationship between Effluent BOD and SRT
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Figure 10.2.20 Rel

Based on the experience in Japan, interrelatio
In use of the Figure and assuming 8 mg/l of

ationship between BOD and SS

n between BOD and SSis reported at about 0.74 (SS/BOD).
BOD, SS arrives at 6 mg/l (8 mg/l x 0.74), resulted in pro-

jected effluent quality both for BOD and SSisless than target quality.

Alternative secondary sewage treatment methods to achieve newly adopted effluent standards are studied

to apply for the planned STPs. In other words

, Without provision of tertiary treatment, modified secondary

treatment methods will be employed elaborating design of facilities and O&M measures. Table 10.2.31

shows the experience of secondary treatment
to the requirementsin India.

Table 10.2.31 STPsin Japan Achiev

processes, which achieved the effluent standards equival ent

ed the Effluent Quality Standards of I ndia (2013)

Sewage ProcessMethod - Actual Elimination Rate
BOD SS T-N
Oxidation Ditch 140 98.6% 97.6% 83.1%
Activated Sludge Process 127 98.5% 98.0% 84.1%
Step Flow Multistage Nitrification Denitrification 13 97.1% 96.8% 84.5%
Sequencing Batch Reactor 11 98.6% 98.4% 86.5%
Anaerobic Aerobic Activated Sludge Process 10 98.8% 95.2% 82.8%
Long Aeration Method 8 98.2% 99.0% 88.1%
Advanced Oxidation Ditch 7 99.1% 98.9% 91.5%
Circulated Nitrification / Denitrification Process 6 99.0% 99.1% 89.4%
Anaerobic Anoxic Oxic Process 6 98.7% 98.9% 80.8%

Note: Based on “ Statistics of Sewage in Japan 2013” (JSWA, 2015), process which past adopted records are more than 5 nos. are

made up.
Source: JICA Survey Team
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Based on the above experiences, the candidate processes are listed below.

- Oxidation Ditch Process (OD)

- Sequencing Batch Reactor (SBR)

- Extended Aeration Process (EA)

- Moving Bed Biofilm Reactor (MBBR)
- Anaerobic Anoxic Oxic Process (A20)
- Membrane Biological Reactor (MBR)

a) Oxidation Ditch Process (OD)

Oxidation ditch (OD: refer to process flow in Figure 10.2.21) is one form of an extended aeration system
having certain special features like an endless ditch for the aeration tank and rotors/aerators for the aera-
tion mechanism. The ditch consists of along continuous channel usually oval in plan. The channel can be
earthen with lined doping sides and lined floor or it may be built in concrete or brick with vertical walls.
Sewage is aerated by a surface rotor/aerators placed along the channel. The rotor/aerators not only aerates
the sewage but also provides a horizonta velocity to the mixed liquor preventing the sludge from settling
in the ditch.

Oxidation Ditch Process (Normal and Advanced)
(OD)

Influent Effluent
—_— Final —>
Oxidation Ditch Sedimentation
Tank
RAS
_/

RAS: Return Activated Sludge
WAS: Waste Activated Sludge

Normal: Carousel Aerator, 3m side depth 1
Advanced: Fine Bubble Aerator, 5.5m side depth WAS
Source: JICA Survey Team
Figure 10.2.21 Process Flow of OD

b) Sequencing Batch Reactor (SBR)
The sequencing batch reactor (SBR: refer to Figure 10.2.22) is atype of activate dudge treatment system
which treats sewage by aeration and sedimentation in a single tank. Period of each process can be adjust-
ed flexibly in this process.
Since anaerobic, anoxic and oxic condition can aso be flexibly controlled, nitrogen and phosphorus re-
moval corresponding to loading variation is possible according to the operation condition.
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Source: JICA Survey Team

Figure 10.2.22 Process Flow of SBR

It should be noted that an advanced type which is a kind of SBR, has been attracting attention recently
India. It performs multi-processes in a single reactor like SBR, and has a proprietary technology for au-
tomatic control by DO monitoring, a blower and a decanter etc. This allows for shorter cycle times as
well asthe omission of a separate denitrification cycle. Hence, no mixers for denitrification are necessary.

¢) Extended Aeration Process (EA)
Single-stage systems are those in which nutrient removal is achieved in a single basin and clarifier. Re-
moval of nitrogen is achieved by combined nitrification (under aerobic conditions) and denitrification
(under anoxic conditions). A single-stage system using one anoxic zone can achieve 65 to 70% of T-N
elimination factor as normal influent. The process flow is shown in Figure 10.2.23.

Extended Aeration (EA)
Nitrified Mixed Liquor

v

Influent
_> |
4 Anoxic
Tank

robic
Tank

Source: JICA Survey Team

Effluent
> Final —
Sedimentation
Tank
RAS
u RAS: Return Activated Sludge
WAS: Waste Activated Sludge
WAS

Figure 10.2.23 Process Flow of EA
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d) Moving Bed Biofilm Reactor (MBBR)
This process is similar to ASP with plastic membrane. By separate aeration tank with wall as anaerobic
zone and aerobic zone, it is possible to eiminate Phosphorus effectively. The process flow is shown in
Figure 10.2.24. Organic substrates are supplied from influent sewage into the anaerobic stage and the re-
turn sludge comes into contact with the carbon source only in the anaerobic stage. Faster uptake of or-
ganic substrates in the anaerobic stage is the key for bacteria to win in the microbial selection in the en-
hanced biological phosphorus removal process.

Moving Bed Biofilm Reactor (MBBR)

Influent Effluent
Primary ) erohic > Final —>
Sedimentation Tz;enrlt()lc B%’k'c Sedimentation
Tank ahR Tank
! RAS
' 7
} u RAS: Return Activated Sludge
l WAS: Waste Activated Sludge
WAS

Source: JICA Survey Team
Figure 10.2.24 Process Flow of MBBR

€) Anaerobic Anoxic Oxic Process (A20)
In this process as shown in Figure 10.2.25, sludge flow returns to reactor in the order of anaerobic tank
-anoxic tank-oxic tank, with circulation from oxic tank to anoxic tank as shown in Figure 10.2.25. This
enables simultaneous removal of nitrogen and phosphorus as advanced wastewater treatment.

Compared to ASP, the anaerobic tank and anoxic tank are needed for this system, it needs the construction
areawider.

Anaerobic Anoxic Oxic Process
(A20)

Influent
Primary
Sedimentation
Tank

A 4

Effluent
aerobid Anoxic Oxic hia
Tank Brank B rank Sedimentation

Tank/
: RAS

Nitrified Mixed Liquor 7\

u RAS: Return Activated Sludge
WAS: Waste Activated Sludge
WAS v

Source: JICA Survey Team
Figure 10.2.25 Process Flow of A20
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f) Membrane Biological Reactor (MBR)

MBR is an activated sludge process similar to ASP. The difference isin the method of separation of liquid
and solid. In the MBR process, the bio-solids are separated by membranes. Figure 10.2.26 shows process
flow. MBR does not require final sedimentation tanks and the reactor tank volume can be smaller than
ASP due to high MLSS concentration. Disinfection is not needed because coliform is removed by the
membrane. However, the flow equalization tanks are usually equipped because the flux of membrane is
not so flexible to variation of flow. When the site is small, MBR has advantages. Much air supply is re-
quired to protect the fouling on the membrane surface which causes power cost high. Chemicals cost for
periodical cleaning of membrane and membrane replacement cost is necessary. O&M cost for MBR is
higher than that of ASP.

7 ¥ Effluent

RAS: Return Activated Sludge
l WAS WAS: Waste Activated Sludge

Source: JICA Survey Team
Figure 10.2.26 Process Flow of MBR

3) Evaluation of Candidate Sewage Treatment Process and Recommendation of Processes to be Em-
ployed in the Project
Comprehensive evaluation of concerned sewage treatment process was made in application of scoring
method. Table 10.2.32 presents scoring results comparing potential treatment methods. Advanced Ex-
tended Aeration Process (EA), and Advanced type SBR are selected as appropriate processes, because
past record of Indiais comparatively higher than other processes.

Recommended two (2) processes have been used in Bengaluru; EA is applied at Rgja Cana STP and
many others, and Advanced type of Sequential Batch Reactor (SBR) is sdlected for Stage IV Phase-l|
(on-going) project.
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Table 10.2.32 Evaluation of Sewage Treatment Processes
Advanced Extended
s . Seguencing . Moving Bed AnaerobicAnoxicc Membrane
Oxidation Ditch Aeration _— . .
Batch Reactor Biofilm Reactor | Aerobic Process Bioreactor
Name Process Process
Without Primary Sedimentation Tank With Primary Sedimentation Tank
Advanced OD SBR EA MBBR A20 MBR
Nitrogen rem oval 5 5 5 5 5 5
Treated Water
_ 4 4 4 4 4 5
Quiality
Lot for
3 3 3 3 3 3
Treatment Process
CAPEX 3 3 3 3 2 2
Easiness of
. 3 3 3 3 2 2
Maintenance
OPEX 4 3 3 3 3 3
Past Record
] 1 4 4 2 1 1
InIndia
Total 23 25 25 23 20 21
Adoption Better Best Best Better Fair Fair

Note: Evaluation score 5:Best, 4:Better, 3:Fair, 2:Poor, 1:Bad
Source: JICA Survey Team

4) Alternative Study for the Treatment Process
Considering above evaluation results, experience at existing STPs in Bengaluru and new stringent efflu-
ent standards adopted in April 2015, Extended Aeration process (EA) and Sequencing Batch Reactor pro-
cess (SBR) are listed as the candidate treatment processes. However, these processes need enhanced
nutrient removal to meet the new effluent standards as described bel ow.

a) Extended Aeration (EA) Process with Enhanced Nutrient Removal

EA process consists of a reactor and a fina sedimentation tank, where a primary sedimentation tank is
omitted. Instead of omission of primary sedimentation tank, the reactor should have a larger volume than
ASP. For nitrogen removal, the reactor has anoxic tank and aerobic tank, where nitrification and denitri-
fication are carried out by circulating nitrified mixed liquor from aerobic tank to anoxic tank (see Figure
10.2.27). For phosphorus removal, alum is added to mixed liquor before flowing into the Final Sedimen-
tation Tank. If phosphorus concentration of raw sewage is over 7 mg/l, anaerobic tank should be added to
the reactor for biological phosphorus removal, because overdose of alum affects nitrifiers.

There are some existing STPs applying the mentioned above process without dosing Alum, which are K
& C Valey STPR, Mailasandra STP and Rgja Canal STP. It was confirmed that nitrogen is removed to meet
the new effluent standard at these STPs. However, phosphorous cannot be removed without dosing Alum.
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L__! Advanced Part

RAS: Return Activated Sludge

WAS: Waste Activated Sludge
WAS -

Source: JICA Survey Team
Figure 10.2.27 EA Process with Enhanced Nitrogen and Phosphorus Removal

b) Sequencing Batch Reactor (SBR) with Enhanced Nutrient Removal
SBR-process is carried out in a single tank, where cyclic actions are repeated: fill, aeration, reaction, set-
tling, and decanting (see Figure 10.2.28). To remove nitrogen, either putting anoxic reaction time in a cy-
cle, or making an anoxic zone in areactor is required. For phosphorus removal, alum is added to the SBR
basin at the end of aeration period before settling. If phosphorus in the influent sewage is over 7mg/l, the
phaosphorus removal to meet effluent standards may not be easy.

AUTOMATICCONTROL

f "1 Advanced Part
| I

Source: JICA Survey Team
Figure 10.2.28 SBR Process with Enhanced Nitrogen and Phosphor us Removal

¢) Comparison of Biological Treatment Process
Results of comparison between the biological treatment processes are difference depend on condition like
as characteristics of influent sewage so that the condition should be set before the comparison. Therefore,
the condition has been set as shown in Table 10.2.33.
To estimate a volume of reactor, the following items are needed,;
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- Required volume to secure nitrifier in aerobic tank,
- Required volume for denitrification in anoxic tank,
- Circulation rate of nitrified mixed-liquor to achieve desired nitrogen removal performance.

If the above values are appropriate, BOD removal performance also will be achieved.

Table 10.2.33 Assumptions for Comparison of Biological Treatment Processes

Item Design Value
Temperature 20 °C
MLSS 3,000mg/l
Water quality Influent Effluent
BOD 350mg/I 10mg/l
COD 800mg/I 50mg/l
TSS 450mg/l 10mg/l
T-N 70mg/l 10mg/l
NH4-N 45.5mg/l 5mg/l
T-P mgl/| 2mg/l

Source: JICA Survey Team

The comparison between those processes that are supposed at the influent sewage characteristics are
shown in the Table 10.2.34. Considering performance and easiness of maintenance, Extended Aeration
system is recommended. Since the planned STPs are ranged from 3MLD to 17MLD as comparatively low
capacity, daily flow fluctuation may be high. Thus, SBR system may require flow equalization tank to
balance the flow.

Table 10.2.34 Comparison of Biological Treatment

Process EA SBR

Perfor mance 4 3

to meet new standards.

Footprint area 5 5

Primary Clarifier No need No need

Reactor HRT= 25hr HRT= 32hr

Final Clarifier HRT=7.0hr No need

Capital expense 5 4

Operational expense 4 5

Electrical power Moderate Moderate to low

Alum consumption Moderate Moderate

Maintenance & repair Moderate Moderate

Easiness of maintenance 4 3
Flexible operation can be done | At the maintenance of a decanter
easily. or diffusers, the operation is not

easy.
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Process EA SBR
Past record in Bengaluru/ India 5 4
Total Score Evaluation 27 24

Legend: 5: Excellent, 4: Good, 3: Fair, 2: Poor, 1: Bad, 0: N/A (Not Applicable), EA: Extended Aeration,
SBR: Sequenced Batch Reactor

Source: JICA Survey Team

5) Disinfection Process
As agentsfor disinfection of the effluent, ozone, UV radiation, and chlorine are commonly used at STPs.
Disinfection with ozone is used for reuse applications due to its ability to reduce trace constituents. How-
ever, capital and power cost is higher than the others (UV and chlorine) in case of no application for ef-
fluent reuse.

Disinfection with UV radiation is more compact than chlorine disinfection, and chemical consumption is
also less than others. In addition, it does not generate byproducts such as Trihalomethanes (THMs) or
Haloacetic acids (HAAS). However, the experience a STPsin Indiais limited and more stringent water
quality control is required because particles affect its germicidal effectiveness. Therefore, an elaborate
investigation is necessary to apply this technology.

Chlorine is the most common agent for disinfection having high effectiveness for bacteria and viruses and
its continuity. However, it will produce THMs and HAAS in presence of precursors. To meet the envi-
ronmental standards for “no residual chlorine in effluent alowed for discharging to waterbody”,
de-chlorination system may be required. The comparison among the three (3) methods are shown on Ta-
ble 10.2.35.

Considering cost, experience, and effectiveness for bacteria/ viruses, chlorine is the most applicable and
reliable. Provided that high concentration of chlorine is required to meet the new discharge standard of
fecal coliform less than 100 MPN/100ml. Moreover, sensitive control of chlorination dosing will be re-
quired or de-chlorination system may be required to meet the environmental standards.

Table 10.2.35 Comparison of Disinfection M ethods

Items Chlorine UV radiation Ozone
Germicidal Effective- 5 4 5
ness Depend on TSS
Capital expense 4 3 3
Larger reactor than the others. The most compact reactor. HRT > 10min
HRT > 30min. Special painting for ozoneis
Tanks for de-chlorination re- required in reactor.
quired.
Building for chemical dosing No building required. Most of equipment must bein a
facility and storage is required. building where ozone concen-
tration monitored strictly.
Less devices than the others, | Many devices required.
(Gas preparation unit, ozone
generator, Off gas destruct unit,
0zone monitoring system, etc.)
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Items Chlorine UV radiation Ozone
Operational expense 4 4 3
Chemicals Chlorine_ an(_:l chemical for No required. No required.
de-chlorination.
Electrical Power Least consumption More than chlorine The most
Consumable parts Dosing facility etc. UV lamps Filling material for Off gas
destruct units

Easiness of O& M 4 4 3
Track Record S 3 3
Total Score

22 18 17

(Evaluation)

Legend: 5: Excellent, 4: Good, 3: Fair, 2: Poor, 1: Bad, 0: N/A (Not Applicable)
Source: JICA Survey Team

6) Sludge Treatment

a) Common practices on sludge treatment and disposal
During the process of sewage treatment, excess dudge is generated, which shall be treated. The dudgeis
generated at primary and secondary sedimentation tanks. The moisture content of the udge is about 99%,
requiring concentration for disposal. The method of concentration includes sludge thickening and me-
chanical dewatering. Power generation is also applied at larger scale STPs using biogas generated at
dudge digester. Usualy sludge is dewatered by sludge drying bed after sludge thickener. Then, dried
dudge is used by farmers as organic fertilizer as shown below.

Sludge Sludge Drying —  Organic fertilizer
Excess Sludge | — ) —
Thickener Bed (Farmer)

The generated dudge at the 14 existing sewage treatment plants in Bengaluru (where information is
available) is summarized in Table 10.2.36. Currently, 36.3 tons of sludge is daily generated as by-product
of treating 594 MLD of sewage and being disposed of as organic fertilizer.

Table 10.2.36 Sludge Generation at Existing STPs

No. L ocation Sewagg treatment treDa?lrLyer?;I(\e/ro?S?ne Da”ysl?J%ngeerz e Sludge Disposal
ezppE iy (L D) (MLD) (tons)
A
2 | K& CVvaley 30 30 2.0 Ditto
3 | Kadabeesenahhali 50 45 19 Ditto
4 | Labaug 15 15 0.1 Ditto
5 | Cubbon Park 15 15 0.10 Ditto
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No. L ocation S(?aNpZ%i;r?I?/}Tg)] t trga?l*yer?rsro?geme Dallysl%?jngeé e Sludge Disposal
(MLD) (tons)

6 | Hebbal 60 56 455 Ditto

7 | RajaCana 40 35 2.36 Ditto

8 | K.R. Puram 20 22 154 Ditto

9 | Yaahanka 10 6 0.38 Ditto

10 | Jakkur 10 8 0.44 Ditto

11 | V. Vvdley 180 100 6.25 Ditto

12 | Mylasandra 75 75 6.09 Ditto

13 | Nagasandra 20 18 1.13 Ditto

14 | Kempambudhi 1 1 0.06 Ditto

Total 717 594 36.3 -

Source: BWSSB

b) Policy for Sudge Treatment by BWSSB
Currently BWSSB adopts mechanical thickening and mechanical dewatering for the treatment of gener-
ated dludge as shown below.

Mechanical
Thickening | — _ -
Dewatering

Simplified compost- | —  Organic fertilizer

ing facility or Storage (Farmer)

Sludge thickener is used for decreasing sludge volume to reduce a capacity of dewatering facility. How-
ever, there is less advantageous for applying sludge thickener in the smaller scale STPs according to the
experience in Japan. Direct dewatering machine is available and this method is getting popular these days
in Japan for smaller size STPs. Therefore, omitting thickener is more economical in case of the STPs with
lessthan 10 MLD capacity.

For BWSSP Phase 2, digestion facility is only applied for K& C valley STP (60 MLD) whose capacity is
large. Since, the planned STPs are small ranging from 3 MLD to 17 MLD, generation of sufficient sludge
can't be expected to produce biogas for power generation, even in provision of digestion facilities. Also,
the maintenance will be complicated because the number of mechanical equipment will be increased.

The dudge generated at the STPs is expected to be utilized for agriculture, since industrial wastewater is
not collected in the sewage systems. However, the demand of fertilizer has been reducing considerably in
the urban area. It is necessary to consider disposal of sludge using landfill.

Policy for sludge treatment is summarized as follows;
 The STPsin 110 Villages are located in the outskirts of Bengaluru city and are proximal to farming
land. Thereis higher possibility that farmers may approach the STPs for manure.
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»  Mechanica methods of dewatering can help in reducing the footprint of the sludge drying beds.

» Incase of lack of demand from farmers, provision for disposal on land fill may have to be explored.

»  BWSSB should explore the feasibility of installing central sludge management units.

»  Direct dewatering without thickening process may be applied for smaller size STPs to minimize the
capital cost and O& M.

¢) Sludge Thickening
Thickening of dudge is required to reduce the dudge volume before transferring it to digest-
ers/dewatering unit so as to reduce the digester volume and/or dewatering unit. Thickening technologies
are explained below.

[ Dissolved Air Floatation (DAF)]
DAF is effective in thickening of sludge by introduction of microscopic air bubbles which adheres to in-
coming solids and form a buoyant blanket. This blanket rises to the surface of the DAF tank and is re-
moved by mechanical means.

[ Gravity Thickener]
This conventional means of thickening utilizes the natural tendency of higher density solids to settle down
in liquid to concentrate the solids. Gravity thickeners consist of circular tank with conical bottom fitted
with centrally driven scrapers.

[ Gravity Belt)
It works on the principle of separating liquid from solids by gravity drainage through a porous filter
cloths and belts through a system of rollers.

Typical sludge thickening processes are compared in Table 10.2.37.

Due to less energy consumption and no chemical requirement, gravity thickener is recommended for STP
with more than 10 MLD capacity in this study. Gravity thickener can be omitted for the STP with a ca-
pacity lessthan 10 MLD, instead applying direct-dewatering. Details are explained in next section.

Table 10.2.37 Comparison of Sludge Thickening Equipment

Dissolved Air Flotation

Items Gravity Thickener Gravity Belt
(DAF)

Sludge is thickened by the | Sludge is thickened by in- Sludge is separated by grav-
natural tendency where troduction of microscopic ity drainage thorough a po-
higher density solids are air bubbles which adheresto | rousfilter cloths and belts

. settled down in liquid to incoming solidsand forma | through a system of rollers.

Description . .

concentrate the solids. buoyant blanket. This blan-

ket rises to the surface of the
tank and is removed by me-
chanical means.
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Dissolved Air Flotation
Items Gravity Thickener Gravity Belt
(DAF)

Performance 3 5 5
Ach|evabl_eSoI|d 2-4% 4-6 % 4-6 %
concentration
Solids recovery rate 80-90 % 95 % 95 %
Capital expense 4 2 3
Footprint Large Moderate Moderate
Civil/ Building Moderate High High
ME Low High Moderate
Operational expense ° 3 3
Chemicals None None High
Electrical Power Low High Moderate
Repair Low Moderate Moderate
Easiness of O& M & & =
Required Skill Low Moderate Moderate
Corrosion High Moderate Moderate
Odour problem Serious Moderate Moderate
Track Record India 5 4 3
Total Score

21 18 18

(Evaluation)

Legend: 5: Excellent, 4: Good, 3: Fair, 2: Poor, 1: Bad, 0: N/A (Not Applicable)

Source: JICA Survey Team
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d) Sludge Dewatering
Dewatering of dudge is required to reduce the sludge volume to dispose so as to reduce the number of

truck for sludge disposal and footprint for dudge storage yard at the STP. Thickening technologies are
explained below.

[Belt Press])

It works on the principle of separating liquid from solids by press through a porous filter cloths and
belts through a system of rollers (see Figure 10.2.29).

Source: http://www.protecsales.com/Belt-Filter-press Page 2 Im.gif
Figure 10.2.29 Typical Image of Belt Press

[ Centrifuge ]
The centrifuge utilizes the centripetal force for the separation of solids from liquid due to the differ-
ent densities. Usually solid-bowl centrifuges with differential scroll drives are used for sludge thick-
ening (See Figure 10.2.30).

Source: https://www.google.co.jp/search?g=centrifuge+sl udge+%EF%BF%BD& tbhm
Figure 10.2.30 Typical Image of Centrifuge
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[ Screw Press)

Screw press is a mechanical system in which thickening is accomplished by gravity drainage at the

inlet end of the screw and then by reducing the volume as the sludge being dewatered is conveyed
from the inlet to the discharge end of the screw press (See Figure 10.2.31).

Source: http://www.hydrofluxindustrial.com.au/wp-content/uploads/2013/08/screw-press.j pg
Figure 10.2.31 Typical Image of Screw Press

[ Volute Dewatering Press]

Solid is separated directly from liquid by afilter element that consists of two (2) types of rings. Fixed

rings, moving rings and a screw thrust, squeeze, transfer and press the filter element and the sludge
(See Figure 10.2.32).

Source: AMCON INC. catalogue

Figure 10.2.32 Typical I mage of Volute Dewatering Press

Table 10.2.38 shows the comparison of dewatering equipment. Centrifuge is the most suitable option for
thickening as it has most compact footprint, capital expense and experience.
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Table 10.2.38 Comparison of Dewatering Equipment
Volute Dewatering
Items Centrifuge Belt Press Screw Press Press (without gravity
thickener)

Performance 4 4 4 4
Dewatered Cake 18-20% 18-20% 18-20% 18-20 %
Solid
Solids recovery 95% 95% 95% 95 %
rate
Capital expense 5 4 3 3
Footprint Moderate Large Moderate Moderate
Civil/ Building Moderate High Moderate Moderate
M&E Moderate Moderate Moderate High
Operational 4 4 5 5
expense
Chemicals Moderate Moderate Moderate Moderate
Electrical Power High Moderate Low Low
Wash water Moderate High Moderate Low
Repair High Moderate Moderate Moderate
Easiness of 4 3 4 5
maintenance
Required Skill Moderate High Moderate Low
for operation
Noise level High Moderate Moderate Low
Odour problem Low Serious Moderate Moderate
Tra_ck Record in 5 4 3 3
India
Total Score

. 22 19 19 20
(Evaluation)

Legend: 5: Excellent, 4: Good, 3: Fair, 2: Poor, 1: Bad, 0: N/A (Not Applicable)

Source: JICA Survey Team

Figure 10.2.33 shows an economical study on necessity of gravity thickener. As a result of the study,
gravity thickener plus centrifuge dewatering is recommended for the STP with more than or equal to 10
MLD. For the STPswith less than 10 MLD, direct dewatering without thickening process such as *Volute
Dewatering Press’ is recommended.

Also, there is a lot of experiences in Japan for direct-dewatering (without thickener) called volute De-
watering Press in case of STP with a capacity of less than 10 MLD. It will reduce the mechanical equip-
ment and maintenance work for sludge treatment.
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Rotary drum is not considered as it has issue with cloth media clogging and replacement, requiring
equipment downtime.

9,000
—--THK +DW Power
8,000 .
—--THK + DW Repair
7000 | THK + DW Capital
= —THK + DW
¢ 6,000
5 —--DW (only) Power
o
n2= 5,000 —--DW (only) Repair
s | e DW (only) Capital
S 4,000
E —DW (only)
S 3,000
2,000 e
1000 |
o L mmE=Es
0 5,000 10,000 15,000 20,000 25,000
STP Capacity (m3 / day)

Note: THK=Gravity Thickener), DW =Centrifuge Dewatering Process, DW (only) = Centrifuge De-
watering Process only (Without Thickener)
Source: JICA Survey Team

Figure 10.2.33 Economical Study on Necessity of Gravity Thickener

€) Sludge Digestion
Sludge digester is applied only for the STP with capacity more than 50 MLD. Therefore, sludge digester
is not considered for 110 Villages sewerage project. However, centralized treatment may be considered in
the future because some of STPs are located closely.

f) Sludge Disposa
Presently, dried or dewatered dudge is utilized as organic fertilizer. However, demand by farmers has
been reducing considerably in the urban area. As sludge disposal process in urban area of Japan, de-
watered sludge is incinerated to reduce the volume for reduction to landfill or re-use as cement mixing
materials. However, proposed STPs are located outside of the city nearby farmland, thus reuse as fertilizer
seems to be redligtic. Also, the sludge is safe to use as fertilizer, since industrial wastewater is not accept-
ed into the sewerage systems.

Under BWSSP Phase 2 assisted by JCA, K & C Valley STP (60 MLD) has power generation facility,
whereas Kengeri STP has gas production facility, but there is no power generation capability. The other
plants are provided with sludge drying beds.
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For existing plants, BWSSB has entrusted the responsibility for disposal of the dudge generated at the
STPsto the O & M contractors. O & M contractors dispose the treated dudge by generaly selling it (as
manure) to farmers at a nominal price / free, with the farmer arranging for transportation of digested
sludge. Where there is no demand on sludge from farmers, the O&M contractors may have to arrange the
sludge for landfill.

In newly tendered STP projects, the Design Build Operate (DBO) contractors heed to maintain the plant
for a period of 7 to 10 years. During this phase, BWSSB considers lead charges for disposal of treated
sludge assuming 5 km distance for transportation. Contractors shall identify the proper landfill site/s and
get approval from BWSSB before starting the operation. If the demand on sludge from farmers is not
confirmed, the DBO contractors may have to arrange the sludge for landfill.

The screenings collected at the inlet screens have to be disposed at landfill site. The contractor has to ar-
range for such disposal aswell.

7) Sludge Treatment Method for Planned STPs
Sludge Treatment method for planned STPs are summarized in Table 10.2.39. Extended aeration with en-
hanced nutrient removal followed by chlorination disinfection shall be applied for sewage treatment
method.

Table 10.2.39 Treatment Method for Planned STPs

Average Treatment M ethod Sludge Dis-
Zone Name Flow |
(MLD) Sewage Sludge ezl
Jakkur 7.0 EA + CHL (TH)+Dw | Fertilizerfor
farmland
Doddabettahalli 7.0 ditto ditto ditto
Bilishivalli 17.0 ditto TH + DW ditto
Mahadevpura | Varthur 15.0 ditto TH + DW ditto
Pill ahalli 4.0 ditt TH) + DW ditt
Bommanahalli ' agen I I ° ( )_ I °
Taaghattapura 5.0 ditto ditto ditto
Somapura 8.0 ditto ditto ditto
R.R. Nagar - , "
Hemigepura 13.0 ditto TH + DW ditto
Nagasandra* 9.0 ditto (TH) + DW ditto
Karivobanahalli 10.0 ditto TH + DW ditto
Dasarahalli Herohalli 3.0 ditto (TH) + DW ditto
Hosahalli 6.0 ditto ditto ditto
Chikkabanavara-2 4.0 ditto ditto ditto
Note: EA: Extended Aeration Process, CHL: Chlorination, TH: Thickener, ( ): Possibility of Cancel, DW: Mechanica De-
watering

Nagasandra* STPis an existing STP which will be diverted the sewage flow from Daddabidarakallu area.
Source: JICA Survey Team
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10.2.6 ISPS

(1) Required ISPSsin Application of the Study Resultsin the DPR

| SPSs (Intermediate Sewage Pumping Station) are planned at three (3) sitesin the DPR. The requirements
of 1SPSs were further studied based on the hydraulic calculation of sewer linesin the preliminary design.
In this sub-section, atotal of seven (7) I1SPSs are planned including three (3) ISPSs in the DPR and four
(4) I1SPSs planned instead of STPs which are included in the DPR, through above mentioned study on
sewerage systems. The locations of the seven (7) pumping stations are shown in Figure 10.2.34.

Table 10.2.40 shows planned ISPSs. The size of the three (3) ISPSs (Naganathapura, Hagadur and Dad-

dabidarakallu ISPSs) is large with about 13 MLD or 24 MLD in 2049 to transfer collected sewage in re-
spective service areas.

Table 10.2.40 Design Sewage Flow for Planned | SPSs

. ISPS Design Flow (MLD)
one
Name Revised from DPR 2034 2049
Bytrayanapura Bellahalli Design Flow 0.9 15
Mahadevpura Hagadur Changed from STP 15.0 24.0
Bommanahalli Naganathapura Changed from STP 9.0 13.0
Arehdli 1 Design Flow 11 17
R.R. Nagar -
Hemigepura Changed from STP 16 24
] Herohalli Design Flow 0.5 0.7
Dasarahalli :
Daddabidarakallu Changed from STP 8.1 12.8

Note: This design flow shows daily average flow.
Source: JICA Survey Team

The pump capacity required shall be determined considering a peak factor. The peak factor shall be ad-
justed depending on popul ation size as shown in CPHEEO standard (see Table 10.2.41).

Table 10.2.41 Peak Factor for Contributory population

Contributory population Peak factor
UPto 20,000 3.00
Above 20,001 to 50,000 2.50
Above 50,001 to 750,000 2.25
Above 750,001 2.00

Source: CPHEEO 1993
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HEMMIGEPURA

Source: JICA Survey Team
Figure 10.2.34 L ocation of 1 SPSs
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(2) Application of Different Types of ISPSs
Different types of pumping stations are adopted depending on inflow sewage volume, sewage quality in-
cluding impurities. These types are as follows:
e Type 1: standard Pumping Station provided with a series of facilities; screen, grid chamber and
pump well covered by Pump room
¢ Type 2: Basically same as Type 1, but grid chamber is omitted.
¢ Type 3: Manhole type pumping station (submergible pump)

In Bengaluru, existing pumping stations use Type 2 or Type 3. For example, the biggest pumping station
with a design capacity of 65 MLD in Agaram located in the Core area adopted Type 2. Photo 10.2.22
shows existing manhol e type pumping station.

Photo 10.2.22 Manhole Type Pumping Station (presently not being oper ated)

Type 2 pumping station is recommended as a standard facility in India (see Figure 10.2.35). The two
types of 1SPSs shall be employed in the preiminary design; type 2 for alarger size and type 3 for small
Size pumping stations.

ROGM i
LUMIEUL FANEL L

50w Dl EY PIPR TO ot
RIPRT - CHAVIZR: OF ST, prememuney 2
B0 M LONGOWFRORY T A Lt

SECTIONAL PLAN AT FL. 2405 M

Source: Indian Guideline

Figure 10.2.35 Plan of Standard Pumping Station in India
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(3) Plan of ISPSs

Of the planned ISPSs, a manhole type ISPS was planned for Herohalli in the DPR. However, this type of
pump station is not recommendable in Bengaluru as shown in Photo 10.22 (not functioning). Although it
is advantageous in the area where available land is limited, without proper O&M of facilitiesit is easy to
become non-functioning (No space for the installation of generator set is also one of the issues for stable
operation.).

Table 10.2.42 shows the planned land area in the existing/on-going project. Required land areas for the
five pumping stations to accommodate generator set and electrical panel room for ISPS are estimated as

shown in Table 10.2.43.

Table 10.2.42 Land Areafor Existing/On-going | SPSs

Name Capacity Dimensions Land requirement (ha)
Sarakki |SPS 18 MLD WxL=30mx40m 0.12 ha
Chikkabanavara TSPS 5MLD WxL=10mx15m 0.02 ha

Source: JICA Survey Team

It was confirmed that required land areas for planned |SPSs will be ensured, thus, Type 2 ISPS shall be
adopted for al 1SPSs.

Table 10.2.43 Land Area for Planned | SPSs

Flow in 2049 Required land Available public
Zone I SPS Name (MLD) . et srEm (e

Bytrayanapura Bellahalli 15 0.01 04
Mahadevpura Hagadur 24.0 0.20 0.5
Bommanahalli Naganathapura 13.0 0.10 0.2
Arehalli 1 17 0.01 0.1

R.R Nagar -
Hemigepura 24 0.10 0.2
Herohalli 0.7 0.01 0.1

Dasarahalli

Doddabidarakallu 12.8 0.10 0.2

Source: JICA Survey Team
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Chapter 11 The Projects to be Implemented by Indian Side

11.1 General

Three major projects are proposed by BWSSB to improve/expand water supply and sewerage services in
the BBMP area. These projects are categorized into two groups from realistic view point considering cur-
rent development for the realization of the planned projects including local fund availability.

Nevertheless, all projects for water supply and sewerage services, which are categorized into JICA Survey
project and Indian side undertaking project, need to function timely and properly in the overall BBMP area.
In this connection, facility plans for the additional two component works; required facilities to establish
permanent distribution systems for 110 Villages in line with Stage V water supply and Branch Feeding
Pipes for water sharing to Core/ULBs were prepared on a preliminary basis in this Chapter.

The following projects are proposed to be undertaken by Indian side to complete overall needs.

1) 110 Villages Water Supply Project:

a) Urgent need: Feeder pipes between existing GLRs and pumping facilities which are connected to
main distribution pipes for each village water supply. Distribution pipe networks by village and
Booster pump units are also required.

b) Permanent need: Feeder pipes between planned GLRs in Stage V and OHTs, OHTs and pumping fa-
cilities

2) Stage V related Project:

a) Conveyance Pipeline

b) Branch Feeding Pipes to share water from Stage V Project to Core/ULB area

3) 110 Villages Sewerage Project (lateral sewers and house connections)

4) UFW Reduction Project

Firstly review results are summarized with recommendations on the above mentioned projects prepared in
the concerned DPRs considering updated information on the projects.

11.2 110 Villages Water Supply Project and UFW Reduction Project for Core Area
BWSSB will implement 110 Villages Water Supply Project and UFW Reduction Project for the remaining
area in the Core area, not taken up in Stage IV Phase 2, with financial assistance from GoK (66%),
GBWASP (Greater Bengaluru Water Supply Project) and BCC (Beneficiary Capital Contribution) funds.
This on-going water supply (110 Villages distribution facilities) is temporary countermeasures using wa-
ter to be saved through UFW Reduction Project and some to be shared through existing five GLRs con-
structed for Stage | to Stage IV Phase 2 services.

In September 2016, original DPRs for the both projects were revised. Then, a combined report for the two
projects was submitted to GoK for its approval. The combined DPR was approved by GoK through its
order dated September 2016.

11-1



Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report

11.2.1 Review Results on Original DPR and On-going Project for 110 Villages Water Sup-
ply

The distribution networks from GLRs for 110 Villages (existing and newly constructed GLRs) are
planned in the DPR. Likewise, OHTs of 137 units were planned to connect to the GLRs in the DPR,
however, all OHTs are cancelled for the on-going project, applying the pump direct distribution method,
as a temporary water supply. The bidding was commenced in November 25, 2016. This arrangement was
made to meet urgent needs in 110 Villages compromising an intermittent water supply under limited wa-
ter available before completion of Stage V Project. The following are relevant information on the
on-going temporary water supply project.

(1) Outline of Urgent 110 Villages Water Supply Project and UFW Reduction Project
1) Scope of Work
BWSSB commenced a bidding for the construction of the facilities as shown below.

a) Main pipelines with diameters ranging from 762 mm to 1,829 mm, which are made of Mild Steel with
a total length of 205 km

b) Distribution pipeline networks with diameters ranging from 100 mm to 600 mm, which are made of
Ductile Iron with a total length of 2,979 km

c) Inline booster pump, construction of pump houses, pure water sump and Diesel Generator (DG) room,
office, etc.

(2) Review Results of Original DPR
Planned water supply systems in the DPR are reviewed and summarized with recommendations as fol-
lows:

1) System Configuration

a) Review on the route and capacity of pipelines from GLRs to OHTSs is required as the locations of
GLRs were changed from original DPR.

b) The DPR planned to supply water through 137 OHTSs controlling water pressure and flow to each
service area to meet the water demand. The planning concept is reasonable and recommendable
when Stage V Project will be achieved with sufficient water supply to achieve permanent sys-
tems.

c) Stage V Project is planned to meet the water demand for 110 Villages in the target year 2049 and
surplus water amount in the intermediate years can be shared to Core and ULB areas. The manner
of transmission arrangements for the sharing water to Core and ULB areas is included in this
Chapter.

d) Present water supply services in Core and YKBs is an intermittent base (6 to 8 hours every other
day). However, planned water supply amount meets the demand for 110 Villages upon comple-
tion of Stage V Project. Thus, it is recommended to supply water on a 24/7 base.

e) In order to control flow rate, pressure and pipe condition, it is recommended to introduce blocked
distribution system complied with bulk flow meter and valves. SCADA system is recommended to
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monitor each condition to detect water leakage and to increase tariff collection. District Metered
areas should be introduced at the onset for better management of water supply system.

a) BWSSB may also introduce efficient methods for billing in 110 Villages

2) OHT Tank

a) Advantageous Function of OHT
Over Head Tank (OHT) is applied in the original DPR prepared in 2013 (refer to Figure 11.2.1). Their
advantageous functions are as follows:

950m

900m

850m

Distribution of water by gravity maintaining adequate water pressure (even during night time)
Required daily demand is sent timely from WTP to manage the fluctuation of water demand
through the day in the respective service areas. The capacity of the OHT is determined to ac-
commodate required amount for hourly maximum water need.

There are some disadvantages in application of pump direct distribution system; A continuous
pumping through the day need additional energy. Flow adjustment at the pump unit is difficult
excepting adjustment by number of pump units. Pumping with high water pressure (to meet
hourly demand) causes leakage problem.

Water supply is not affected at least for short time electricity cut.

OHT needs pump.
Pump is needed for these
areas even omit OHTs.

OHT can be filled by
e gravity. Pump is not
" necessary for these areas.

LINGADEV ARANAHALLI GLR
GL o 92000

1 76/300/0.99

.
¥ mam

-+
| T6/300/0.67,
0/1.00

| 6122500051

1622/ 1067109

'!1_!‘-:‘2 _‘_IKI 099

i
[TOB/450/1.04 |
| > 1O84/965/0.90 4 352/914/1.18/

Source: JICA Survey Team

Figure 11.2.1 Typical Distribution Arrangements
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b) Problems Caused by Pumping System without Application of OHT
Following problems may happen by a pump direct system without application of OHT.

o Water supply to ensure 24/7 may not be achieved, artificially controlled through intermittent water
supply (even water source is sufficient to meet demand).

e Construction cost is required for OHT, but O&M cost for a mump direct method is much more ex-
pensive in use of pumping through the day for hourly maximum water demand. There are some
OHTSs which are not used presently in Bengaluru. This is because of the shortage of supply amount
against required demand.

e In case that distribution from GLR to service area is ensured by gravity:

= No big influence without OHT

= The connection pipeline between GLR and service area shall have the capacity for hourly maxi-

mum flow.

= There is a possibility that water pressure at lower areas becomes very high.

o In case of the application of Booster Pump:

= Continuous operation of the pump unit may be required.

= The required capacities of Pipelines and pump units located downstream of GLR shall be hourly

maximum demand as shown in Figure 11.2.2

= Intrusion of contaminated water into pipes may happen, when pump operation is stopped as shown
in Figure 11.2.3.

Pipe and pump capacity shall be
peak flow if directly distributed

from GLRs
{ri/hr} vemge

crresponding to OHT)

*

Pipe and pump capacity shall be
Average flow if directly distrib-
— utedviaOHTs

1500
11:00
12:00
13:00

Source: JICA Survey Team
Figure 11.2.2 Comparison of Capacity of Pipe and Pump via OHTs and Direct from GLRs
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Source: JICA Survey Team
Figure 11.2.3 Negative Impact when Pump Operation Stopped

c) Specific Conditions for 110 Villages Water Supply
e High lift up pump unit is required for many distribution systems to fill water in the OHTs
¢ Especially in West Route
= Ground elevation at Doddakanahalli GLR is low. Pumps are needed for distribution from GLR,
however, to distribute from transmission main directly, gravity flow may be possible because hy-
draulic gradient is much higher than the GL of service area, as shown in Figure 11.2.4. In case to
apply this method, OHT is necessary to equalize peak flow.

..........

Source: JICA Survey Team
Figure 11.2.4 Alternative for Doddakanahalli Distribution
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d) Recommendations to Install OHTs

o It is necessary to install OHT for the control of water pressure and flow rate to ensure 24/7 water
supply.

e In case of the provision of OHT, there is no need to consider hourly maximum flow for the pipeline
from GLR to OHT and pump units.

e Continuous pumping is required in the service area without OHT to prevent from intrusion of muddy
water.

e In the DPR for 110 Villages water supply, OHTSs are planned. It is necessary to review the require-
ments after the study to control distribution system/s providing DMAs.

e In the tenders floated by BWSSB for water supply, components of booster/ pumping systems have
not been included. BWSSB may evaluate the provision of OHTs for 110 Villages. During detailed
engineering stage, BWSSB may optimize the number of OHTs/ Booster pumps required along with
consequent changes to water supply network designs in the DPR.

3) Water Pipe Materials

a) It is designed to install DI pipes for transmission pipe from GLR to OHT and for distribution main
with the diameter above 100 mm in DPR. It is well known that DI pipes are tough and durable, but
recently PE (Polyethylene) pipes are installed in other projects, as PE pipes are also durable and
economical. Therefore, it is worth studying on selection of DI pipes or PE pipes. Although a butt joint
is applied widely because the material cost is low, an electro fusion joint is applied in some cases to
ensure the performance of leak free, referring to “24/7 Water Supply is achievable, September 2010,
Field Note, The Water and Sanitation Program (www.wsp.org) The Karnataka Urban Water Sector
Improvement Project”.

b) There may exist various piped water supply using groundwater and/or treated effluent. It will be easy
to avoid improper pipe connection, if colored pipe materials are employed based on their function.

4) Operation and Management
a) The master plan for the rehabilitation/replacement of water supply facilities such as WTP, PS, GLR
and pipeline network is required, as most of the facilities in Stage | were constructed in 1974 and aged.

b) The water supply systems were constructed by stages in respective service areas. It is easy to control
supply amount to meet demand by each system, but mutual accommodation of water supply between
neighboring systems is difficult, since distribution network is made of tree systems with dead end. In
view of risk management, arrangements to connect city transmission pipelines in different stages is
recommended. Under this arrangement, a Gridiron system, Circular or ring system or Radial system
with installation of SCADA system is recommended to monitor and control the water quantity, pres-
sure and other operation indices.

c) It is necessary to promote the reuse of treated sewage and using rainwater and groundwater, since it is
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difficult to further develop Cauvery river as water source. In this connection, it is necessary to collect
information constantly on the viability and safety of groundwater in use of a water monitoring system.
At the same time, it is also necessary to collect tariff or license fee properly for using groundwater.

(3) Recommendations for the Permanent Water Supply System for 110 Villages
BWSSB started to construct water distribution facilities for 110 Villages in advance of Stage V Project.
However, these facilities are not enough to achieve planned water supply for the 110 Villages with refer-
ence to planned Stage V Project as follows:

o The distribution systems planned for the on-going project are to be operated using water from exist-
ing GLRs. But, the water provided by Stage V Project shall be distributed through Planned GLRs for
Stage V purpose.

e On-going project cannot ensure sufficient water supply for the 110 Villages, since available water
from existing water supply is limited. However, upon completion of Stage V Project, sufficient water
will be provided allowing for 24/7 services. Sufficient water supply shall be ensured to meet daily
fluctuation of water demand in provision of OHTs, as required.

Therefore, countermeasures as shown in the next sub-section are recommended to achieve permanent
water distribution systems for 110 Villages.

11.2.2 Permanent Distribution Facilities for 110 Villages Water Supply

The plan of required distribution facilities for 110 Villages, upon completion of Stage V Project was pre-
pared for the establishment of permanent distribution systems. There are three major component facilities
to be constructed: (1) feeder pipes between GLRs and OHTSs, (2) Pumping facilities and OHTs and (3)
distribution pipe networks after OHTs. Among the requirements, (3) distribution pipe networks will be
completed in earlier stage as a major part of on-going project. Thus, upon completion of Stage V Project,
the works for item (1) and (2) shall be integrated to form permanent water supply systems for 110 Villag-
es. In this connection plan and design of required facilities were studied on a preliminary basis.

(1) Design Criteria for Facility Planning
Table 11.2.1 summarizes design criteria for planning water distribution facilities.

Table 11.2.1 Design Criteria for Distribution Facilities

Item Criteria

Design Period Design period of 30 years

Per capita water consumption 150 Ipcd excluding losses

A grid pattern, where the different mains are interconnected keeping dead

Distribution system pattern ends to a minimur.
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Item Criteria

Distribution system shall ensure equalization of supply of water throughout
the area. The neighboring zones may be interconnected. The difference in

Zoning pressure between different areas of the same zone or same system does not
exceed 3to5m.
Peak factor For population less than 50,000 peak factor is 3.0.

The following minimum residual pressure at ferrule points.
e Single story building - 7m.
e Two story building - 12m.
Distribution system is designed for minimum residual pressure of 12 m.

Residential water pressure

Minimum pipe sizes of 100 mm for towns with population up to 50,000 and

Minimum pipe size 150 mm for those above 50,000. For dead ends less than 100 mm.

DCIP is used for the pipes with diameter equal to or less than 700 mm in dia.,

Pipe Material while MS is planned to use for larger diameter pipes than 700 mm in dia.

Source: JICA Survey Team

(2) Scope of Work
The scope of work is shown in Table 11.2.2. Distribution networks after OHTs are not included as these
works are to be undertaken by BWSSB through on-going water supply project for five (5) administrative
zones. The consultant and contractors were selected in May, 2017.

Table 11.2.2 Scope of Work for Distribution Facilities in 110 Villages
Component Work; Required Facilities/Equipment Quantities

DI Pipe: Dia 150 mm ~ 700 mm: 149.7 km
MS Pipe: Dia 800 mm ~ 1,750 mm: 49.7 km

Feeder pipes between GLRs and OHTs

OHTs 135 Units
Pumps 61 Units
Monitoring equipment for SCADA system To be included in Stage V Project

Source: JICA Survey Team

(3) Facility Plan
Facility plans for (1) feeder pipes between GLRs and OHTs, and (2) Pumping facilities and OHTs are
presented by GLR service area by administrative zone, as a result of hydraulic calculation.

1) Feeder Pipes between GLRs and OHTs
All proposed lands for OHTSs in the existing DPR are existing facility site and/or public sites (park etc.)
and the routes from GLRs to OHTs are selected considering road width, traffic, existing pipes, existing
cables etc. Locations of OHTs are shown by zone in Figure 11.2.5 and Figure 11.2.15. The water supply
network by GLR is shown in Table 11.2.3 and Table 11.2.4.
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Bommanahalli Zone

Table 11.2.3 Length of Feeder Main by Diameter and GLR Service Area (1/2)

Bommanahalli Zone

Bytrayanapura Zone

Bytrayanapura Zone

Bytrayanapura Zone

Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length
(mm) (m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
Gottigere GLR Service Area Doddakanahalli GLR Service Area Chokkanahalli GLR Service Area GKVK GLR Service Area Vasudevapura GLR Service Area
150 0 150 0 150 105 150 0 150 0
200 7,132 200 2,331 200 5,051 200 0 200 1,884
250 7,258 250 4,850 250 5,346 250 0 250 874
300 5,021 300 1,428 300 2,979 300 1,657 300 2,083
350 1,966 350 1,436 350 446 350 90 350 0
400 2,343 400 8,760 400 4,395 400 413 400 0
450 2,255 450 0 450 417 450 0 450 952
500 2,002 500 1,616 500 8,654 500 74 500 484
600 3,613 600 6,790 600 0 600 341 600 159
700 2,262 700 0 700 3,253 700 0 700 0
800 0 800 2,229 800 1,323 800 0 800 0
900 2,231 900 5,425 900 2,728 900 0 900 0
1,000 3,951 1,000 1,424 1,000 565 1,000 0 1,000 0
1,050 0 1,050 0 1,050 0 1,050 0 1,050 0
1,100 3,952 1,100 4,899 1,100 0 1,100 0 1,100 0
1,150 0 1,150 0 1,150 0 1,150 0 1,150 0
1,200 5,779 1,200 0 1,200 1,054 1,200 0 1,200 0
1,250 0 1,250 0 1,250 0 1,250 0 1,250 0
1,350 3,169 1,350 0 1,350 398 1,350 0 1,350 0
1,750 1,026 1,750 0 1,750 0 1,750 0 1,750 0
Sub-Total of DI Pipe 33,851| | Sub-Total of DI Pipe 27,210| | Sub-Total of DI Pipe 30,645| | Sub-Total of DI Pipe 2,575 | Sub-Total of DI Pipe 6,436
Sub-Total of MS Pipe 20,107| |Sub-Total of MS Pipe 13,977| |Sub-Total of MS Pipe 6,067| |Sub-Total of MS Pipe 0| [Sub-Total of MS Pipe| 0
Total 53,958 Total 41,187 Total 36,712 Total 2,575 Total 6,436
Source: JICA Survey Team
Table 11.2.4 Length of Feeder Main by Diameter and GLR Service Area (2/2)
Dasarahalli Zone Dasarahalli Zone Dasarahalli Zone Mahadevpura Zone Mahadevpura Zone
Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length Pipe Diameter Pipe Length
(mm) m) (mm) (m) (mm) (m) (mm) (m) (mm) (m)
Hegganahalli-2 GLR Service Area Lingaderanahalli GLR Service Area Singapura GLR Service Area Kadugodi GLR Service Area OMBR GLR Service Area
150 0 150 0 150 841 150 0 150 0
200 0 200 0 200 1,153 200 447 200 507
250 612 250 2,558 250 1,256 250 372 250 755
300 1,498 300 565 300 0 300 572 300 1,291
350 199 350 1,410 350 94 350 1,897 350 1,693
400 799 400 925 400 656 400 2,176 400 0
450 1,383 450 406 450 1,514 450 693 450 981
500 352 500 1,625 500 0 500 2,077 500 0
600 1,084 600 2,465 600 627 600 6,956 600 4,228
700 0 700 730 700 1,586 700 0 700 0
800 1,245 800 351 800 4,838 800 769 800 0
900 1,779 900 0 900 0 900 0 900 0
1,000 0 1,000 0 1,000 0 1,000 582 1,000 0
1,050 0 1,050 0 1,050 0 1,050 0 1,050 0
1,100 0 1,100 0 1,100 0 1,100 0 1,100 0
1,150 0 1,150 0 1,150 0 1,150 0 1,150 0
1,200 0 1,200 0 1,200 0 1,200 0 1,200 0
1,250 0 1,250 0 1,250 0 1,250 0 1,250 0
1,350 0 1,350 0 1,350 0 1,350 0 1,350 0
1,750 0 1,750 0 1,750 0 1,750 0 1,750 0
Sub-Total of DI Pipe 5,927| | Sub-Total of DI Pipe 10,684 | Sub-Total of DI Pipe 7,727| | Sub-Total of DI Pipe 15,190 | Sub-Total of DI Pipe 9,455’
Sub-Total of MS Pipe| 3,024| |Sub-Total of MS Pipe 351| [Sub-Total of MS Pipe 4,838( |Sub-Total of MS Pipe 1,351| |Sub-Total of MS Pipe| 0
Total 8,951 Total 11,035 Total 12,565 Total 16,540 Total 9,455

Source: JICA Survey Team
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Source: JICA Survey Team
Figure 11.2.5 OHTs’ Location in Bommanahalli Zone (Gottigere GLR)

Source: JICA Survey Team
Figure 11.2.6 OHTs’ Location in Bommanahalli Zone (Doddakanahalli GLR)
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Source: JICA Survey Team
Figure 11.2.7 OHTs’ Location in Bytrayanapura Zone (Chokkanahalli GLR)
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Source: JICA Survey Team
Figure 11.2.8 OHTs’ Location in Bytrayanapura Zone (GKVK GLR)
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Source: JICA Survey Team
Figure 11.2.9 OHTs’ Location in Bytrayanapura Zone (Vasudevapura GLR)

in Distribution Pipe
tribution Area
1ganahalli-2 GLR

Source: JICA Survey Team
Figure 11.2.10 OHTs’ Location in Dasarahalli Zone (Hegganahalli-2 GLR)
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Source: JICA Survey Team
Figure 11.2.11 OHTs’ Location in Dasarahalli Zone (Lingaderanahalli GLR)
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Source: JICA Survey Team

Figure 11.2.12 OHTs’ Location in Dasarahalli Zone (Singapura GLR)
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Source: JICA Survey Team
Figure 11.2.13 OHTs’ Location in Mahadevpura Zone (Kadugodi GLR)
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Source: JICA Survey Team
Figure 11.2.14 OHTs’ Location in Mahadevpura Zone (OMBR GLR)
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2) OHTs and Pumping Facilities
Detailed information on OHTs and needs of booster pump units is presented by GLR by zone. For R.R.
Nagar zone, only required OHTSs are studied. Table 11.2.5 to Table 11.2.15 show the information related to
OHTs and Pump facilities covering five zones.

a) Bytrayanapura Zone
There are 30 OHTs under three (3) GLRs in Bytrayanapura zone and their specifications are shown in

Table 11.2.5 to Table 11.2.7.

Table 11.2.5 OHTs’ Specifications under Chokkanahalli GLR

) Population | Demand OHT
B(;;'f:yzggp?:;z:e in2049 | in2049 |Capacity|Detention| GL | LWL |Booster
(People) | (m/day) | (m®) |Time(n) (m) () | R
Chokkanahalli (Proposed GLR)
1 |Bellhalli Tank 11,305 1,990 500 6.03| 930.50| 924.30| Required
2 |Billishivahalli Tank 14,357 2,527 500 4.75| 909.83| 903.63 -
3 |Byarathi Tank 27,004 4,753 1,000 5.05| 935.20| 928.10| Required
4 |Chalakere Tank-1 34,787 6,122 1,500 5.88| 920.60| 912.90| Required
5 |Chalakere Tank-2 32,408 5,704 1,500 6.31] 922.61| 914.91| Required
6 [Chalakere-3 65,477 11,524 2,500 5.21| 923.13| 915.43| Required
7 |Chokkanhalli Tank 9,881 1,739 350 4.83| 939.60| 933.30| Required
8 |Dasarahaslli Tank 55,740 9,810 2,000 4.89| 936.28| 928.58| Required
9 |Geddalahalli 30,151 5,306 1,000 4.52| 918.00f 910.30 -
10 |Horamawu Agara Tank-1 24,103 4,242 1,000 5.66| 919.53| 912.43| Required
11 |Horamawu Agara Tank-2 23,597 4,153 750 4.33| 918.56| 912.06| Required
12 |Horamawu Agara Tank-3 19,269 3,391 750 5.31| 914.15] 907.65| Required
13 |Kattigenhalli Tank-1 40,335 7,099 1,500 5.07| 938.56] 930.86/| Required
14 | Kattigenhalli Tank-2 38,262 6,734 1,500 5.35/ 934.90| 927.20| Required
15 |Kothanur Narayanpura & Kothanur 61,002 10,736 2,000 4.47| 923.80| 916.10 -
16 |Kyalasanhalli Tank 21,703 3,820 750 4.71] 913.18| 906.68 -
17 |N Nagenhalli Tank 7,511 1,322 2,000 36.31| 919.27| 913.17 -
18 |Rachenahalli Tank-1 13,368 2,353 500 5.1 934.31| 928.11| Required
19 |Rachenhalli Tank-2 22,848 4,021 750 4.48| 926.60| 920.10| Required
20 |Thanisandra Tank-1 45,184 7,952 1,500 4.53| 941.69| 933.99| Required
21 |Thanisandra Tank-2 74,791 13,163 2,500 4.56| 930.51| 922.81| Required
22 |ThanisandraTank-3 38,118 6,709 1,500 5.37| 917.40, 909.70 -
23 | Thirumnehalli Tank 4,858 855 150 4.21| 932.46| 927.21| Required
Sub-Total 716,059 126,025 28,000 - = = =

Source: JICA Survey Team
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Table 11.2.6 OHTSs’ Specifications under GKVK GLR
Population | Demand OHT
GLRs and OHTs in . . . -
Detent
Byatrayanapura Zone in 2049 in 2049 [Capacity | Detention|  GL LWL |Booster
(People) | (m%day) | (m%) | Time(n) (m) (m) | Pump
GKVK (Existing GLR)
1 |Chikka Bettahalli-1 33,087 5,823 1,500 6.18| 935.08/ 950.08 -
2 |Chikka Bettahalli-2 35,751 6,292 1,500 5.72| 928.63| 940.63| -
3 |Dodda Bettahalli 47,095 8,289 1,500 434 929.20| 944.20 -
Sub-Total 115,933 20,404 4,500 - = = =
Source: JICA Survey Team
Table 11.2.7 OHTSs’ Specifications under Vasudevapura GLR
Population | Demand OHT
GLRs and OHTs in . . - -
Detent
Byatrayanapura Zone in 2049 in 2049 |Capacity | Detention| GL LWL |Booster
(People) | (m%day) | (m%) |Time(hn| (m) (m) | Pump
Vasudevapura (Proposed GLR)
1 |Anantha Pura 27,276 4,800 1,000 5.00 941.68| 934.58| Required
2 |Herohalli 36,944 6,502 1,500 5.54| 941.00| 933.30| Required
3 [Kenchnehalli 18,800 3,309 1,500 10.88| 922.78| 922.13| Required
4 |Govindapura, Vasudvapu 14,393 2,533 500 4.74| 941.30, 935.10| Required
Sub-Total 97,413 17,144 4,500 = = = =

Source: JICA Survey Team

b) Bommanahalli Zone

There are 60 OHTs under two (2) GLRs in Bommanahalli zone and their specifications are shown in Ta-

ble 11.2.8 to Table 11.2.9.

11-16




Bengaluru Water Supply and Sewerage Project (Phase 3)

Final Report
Table 11.2.8 OHTSs’ Specifications under Doddakannahalli GLR
Population | Demand OHT
GLRs and OHTs in . . ; -
Detent
ol T in 2049 in 2049 [Capacity G.E' ention GL LWL |Booster
(People) | (m¥day) | (m%) |Time(n)| (m) (m) | Pump
Doddakannahalli (Proposed GLR)
Ambalipura,
1 |Kaikondnahalli 1 & 48,545 10,000 2,000 4.80| 882.69| 894.69 -
Kasavanahalli 1
2 |Balagere 14,945 2,582 500 4.65| 872.17| 884.17 -
3 [Bellandur 65,861 11,381 2,000 4.22| 885.36| 900.36 -
4 |Bhoganahalli 10,665 1,843 350 456| 889.48| 904.48 -
5 [Chikkabelandur 26,309 4,546 1,000 5.28| 889.48| 904.48 -
6 |Devarabisahalli 30,015 5,187 1,000 4.63| 887.80| 899.80 -
7 |Doddakannalli 53,678 9,276 2,000 5.17| 907.20| 919.20 -
8 [Gunjur-1 16,591 2,867 750 6.28| 883.29| 898.29 -
9 |Gunjur-2 19,704 3,405 750 5.29| 880.76| 895.75 -
10 |Haralur-1 5,714 987 200 4.86| 904.70| 916.70| Required
11 |Haralur-2 16,442 2,839 750 6.34| 907.20| 919.20| Required
Kaikondanahalli-2,
12 |Kasavanahalli-2 & 24,144 4,172 1,000 5.75| 905.38| 917.38| Required
Junnasandra
13 |Kayammana Agrahara 13,475 2,328 500 5.15| 883.29/ 898.29 -
14 |Panathur-1 28,955 5,003 1,000 4.80| 882.35| 894.35 -
15 |Panathur-2 & Kadabisanahalli 9,195 1,589 300 453| 880.13| 892.13 -
16 |Parappana Agrahara 46,795 8,086 1,500 4.45| 919.50| 934.50| Required
17 | Sorahunise & Varhtur 62,363 10,776 2,000 4.45| 884.80| 899.80 -
18 | Varthur Part 12,657 7,862 1,500 458 882.69| 894.69 -
Sub-Total 506,052 94,729| 19,100 - - - -

Source: JICA Survey Team
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Table 11.2.9 OHTs’ Specifications under Gottigere GLR
) Population | Demand OHT
;;R;:::hzz'z:; in2049 | in2049 |Capacity|Detention| GL | LWL |gooster
(People) | (m%day) | (m%) |Time(hn)| (m) (m) | Pump
Gottigere (Proposed GLR)
1 |Alahalli-2 35,292 6,211 1,500 5.80| 919.70| 937.70|Required
2 |Alahalli-1 37,329 6,450 1,500 5.58| 925.85| 937.85|Required
3 |Anajanapura 22,558 3,970 750 4.53| 907.05| 922.05 -
4 | Arehalli-1 13,616 2,353 500 5.10| 878.53| 890.53 -
5 |Arehalli-2 15,232 2,632 500 4.56| 870.92| 882.92 -
6 |Bartenagrhar 67,053 11,587 2,500 5.18| 927.60, 942.60 -
7 |Basapura 8,280 1,431 300 5.03| 924.87| 939.87|Required
8 |Basavanapura 26,978 4,662 1,000 5.15] 934.75| 949.75 -
9 |Begur-1 55,504 9,591 2,000 5.00f 897.14| 909.14 -
10 |Begur-2 28,291 4,889 1,000 491 92291 931.91 -
11 |Begur-3 9,102 1,573 300 4.58| 917.92| 929.92 -
12 |Begur-4 12,149 2,099 750 8.58| 913.16/ 925.16 -
13 |Begur-5 33,624 5,810 1,500 6.20] 912.70, 924.70 -
14 |Chikkatoguru 7,607 1,314 250 4.57| 926.33| 944.33|Required
15 |Doddakalasandra 22,431 3,876 750 4.64| 904.11| 916.32 -
16 |Ganakallu 28,834 4,983 1,000 4.82| 829.33] 841.33 -
17 |Gollahalli 26,996 4,665 1,000 5.14] 914.32| 932.32 -
18 |Gottigere Pilaganahalli 32,682 5,647 1,500 6.38| 941.12| 953.12|Required
19 |Gottigere-1 16,404 2,835 750 6.35] 948.20| 960.20 -
20 |Gottigere-2 9,850 1,702 350 4.94| 924.40) 936.50|Required
Gottigere-3,
21 |Pillaganahalli-1 & 26,662 4,607 1,000 5.21| 946.50| 958.50|Required
Kembathalli
22 |Gubbulalu & Turhalli 30,136 5,208 1,000 4.61| 886.51| 901.51 -
23 |Hosahalli Tank 14,379 2,485 500 4.83| 902.00f 914.00 -
24 |Kalenagarahar 20,321 3,511 750 5.13] 920.15] 932.15 -
25 |Kammanahall-1 9,185 1,587 300 4.54| 925.96| 937.96 -
26 |Kammanahall-2 33,862 5,960 1,500 6.04| 928.35| 943.35|Required
27 |Kudlu Tank-1 62,508 10,801 2,000 4.44| 922.26/ 937.26|Required
28 |Kudlu Tank-2 74,491 12,872 2,500 4.66| 921.74] 933.74 -
29 |Naganathapura 35,015 6,051 1,500 5.95/ 917.90| 935.90|Required
30 |Raghuvenhalli 7,570 1,308 250 4,59/ 890.00f 905.11 -
31 | Talaghattapura 43,565 7,667 1,500 4,70 891.20 906.20 -
32 |Tippasandra 4,955 856 200 5.61| 898.52| 913.52 -
33 |Uttarahalli-1 10,010 1,730 350 4.86| 880.70| 892.70 -
34 |Uttarahalli-2 6,279 1,085 200 4.42| 876.17| 888.17 -
35 |Uttarahalli-3 43,604 7,535 1,500 4.78| 879.83] 891.83 -
36 |Uttarahalli-4 45,791 7,913 1,500 4.55| 874.51| 886.51 -
37 |Vaddarpalya 7,247 1,252 250 4.79| 881.71| 893.71 -
38 |Vajarahalli 26,572 4,592 1,000 5.23| 887.82] 905.82 -
39 |Vasanthapura-1 38,450 6,644 1,500 5.42| 905.14| 911.14 -
40 |Vasanthapura-2 66,110 11,424 2,500 5.25| 915.72| 924.72 -
41 |Vasanthapura-3 15,088 2,607 500 4.60f 883.98| 895.98 -
42 |Yelinhalli & Chandrashekapura 8,485 1,466 300 491| 926.60 941.60|Required
Sub-Total 1,140,097 197,441) 42,300 = = o =

Source: JICA Survey Team
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c¢) Dasarahalli Zone
There are 25 OHTs under three (3) GLRs in Dasarahalli zone and their specifications are shown in Table
11.2.10 to Table 11.2.12.

Table 11.2.10 OHTs’ Specifications under Hegganahalli-2 GLR

Population | Demand OHT
GIID_;ZrZrLiIﬁ ';I;;n in 2049 in 2049 |Capacity | Detention|  GL LWL |Booster
(People) | (m¥day) | (m% | Time() | (m) (m) | Pump
Hegganahalli-2 (Existing GLR)

1 |Herohalli-1 47,085 8,287 1,500 4.34| 897.61) 906.61
2 |Herohalli-2 34,211 6,021 1,500 5.98| 884.11| 899.11
3 |Herohalli-3 23,099 4,065 750 4.43| 887.50, 905.50
4 |Herohalli-4 34,510 6,074 1,500 5.93| 913.14| 928.14|Reruired
5 [Herohalli-5 42,923 7,554 1,500 4.77| 892.40| 910.40
6 |Herohalli-6 58,882 10,363 2,000 4.63| 913.50| 931.50|Reruired
7 [Hosahalli 12,386 2,180 500 5.50| 884.20| 896.20

Sub-Total 253,096 44,544 9,250 - = = =

Source: JICA Survey Team
Table 11.2.11 OHTs’ Specifications under Lingaderanahalli GLR
) Population | Demand OHT
Gé‘;zg;‘iﬁ oo in2049 | n2049 |Capacity| Detention] GL | LWL |gooster
(People) | (m%day) | (m%) |Time(hn| (m) ()RR
Lingaderanahalli (Proposed GLR)

1 |Doddabidarkallu-1 48,020 8,451 2,000 5.68| 903.75| 915.75|Reruired
2 |Doddabidarkallu-2 15,117 2,661 500 4,51| 879.09| 897.01|Reruired
3 |Doddabidarkallu-3 34,037 5,990 1,500 6.01| 887.44| 902.50|Reruired
4 |Handrahalli-1 7,691 1,354 500 8.86| 913.61| 925.61|Reruired
5 |Handrahalli-2 40,883 7,195 1,500 5.00f 917.43| 929.43|Reruired
6 [Kariobanhalli-1 60,774 10,696 1,500 3.37| 912.45| 921.45|Reruired
7 |Kariobanhalli-2 36,377 6,402 2,000 7.50| 892.58| 904.58|Reruired
8 [Lingaderanahalli 24,285 4,274 1,000 5.62| 918.04| 930.04|Reruired

Sub-Total 267,184| 47,023.00f 10,500 = = = =

Source: JICA Survey Team
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Table 11.2.12 OHTSs’ Specifications under Singapura GLR
Population | Demand OHT
GIID_;Z;T%I(I? ;‘If_’];n in 2049 in 2049 |[Capacity| Detention| GL LWL |Booster
(People) | (m¥day) | (m%) |Time(hn)| (m) (m) | Pump
Singapura (Proposed GLR)
1 |Abbigere 34,748 6,116 1,500 5.89| 901.04| 913.04
2 |Chikkasandra-1 30,857 5,431 1,000 4.42| 898.70| 911.70
3 [Chikkasandra-2 7,745 1,363 250 4.40| 877.21| 892.21
4 [Myadrahalli 6,548 1,152 250 5.21| 886.50| 898.50
5 [Shettihalli-1 3,581 630 150 5.71| 896.89| 911.89
6 |Shettihalli-2 11,855 2,086 350 4.03| 898.52| 910.92|Reruired
7 | Shettihalli-3 12,612 2,220 500 5.41| 910.46| 919.46
8 [Shiddedahalli-1 37,118 6,533 1,500 5.51| 910.15| 922.15|Reruired
9 |Shiddedahalli-2 45,180 7,952 1,500 4.53| 897.29| 909.29
10 | Shiddedahalli-3 38,825 6,833 1,500 5.27| 897.84| 909.84
Sub-Total 229,069 40,316 8,500 = = = =

Source: JICA Survey Team

d) Mahadevapura Zone

There are 17 OHTs under two (2) GLRs in Mahadevpura zone and their specifications are shown in Table

11.2.13 to Table 11.2.14.

Table 11.2.13 OHTSs’ Specifications under Kadugodi GLR

) Population | Demand OHT
3';?; dae'\‘l‘;lﬁ:;;r']g iN2049 | in2049 |Capacity|Detention] GL | LWL |gooster
(People) (m°/day) (m%) | Time(n| (m) (m) | Pump
Kadugodi (Proposed GLR)

1 |Belthur 47,449 8,351 1,500 4.31| 859.80| 877.80 -
2 [Channasandra-1 40,205 7,076 1,500 5.09| 887.30| 896.30| Required

3 |Channasandra-2 52,324 9,209 2,000 5.21| 873.35| 885.35 -
4 |Hagadhur-1 64,243 11,307 2,000 4.25| 899.27| 908.27| Required
5 |Hagadhur-2 18,739 3,298 1,000 7.28| 899.00| 911.00| Required
6 |Kadagodi Plantation 48,582 8,550 2,000 5.61| 891.70| 906.70| Required
7 |Kumbenagrahar 63,977 11,260 2,500 5.33| 883.13| 892.13| Required
8 [Nagagondahalli 11,084 1,951 350 4.31] 892.34| 901.34| Required
9 [Ramagondanahalli 23,435 4,124 750 4.36| 879.24| 894.24| Required
10 |Siddapura 12,566 2,212 500 5.42| 879.24| 891.24| Required

11 | Tubarahalli 97,097 17,089 750 1.05| 883.41| 895.41 -

Sub-Total 479,701 84,427| 14,850 - = = =

Source: JICA Survey Team
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Table 11.2.14 OHTs’ Specifications under OMBR GLR
Population | Demand OHT
GLRs and OHTs in . . . .
Detent
Mahadevpura Zone in 2049 in 2049 |Capacity | Detention| GL LWL |Booster
(People) | (m/day) | (m%) |Time(hn| (m) (m) | Pump
OMBR (Existing GLR)
1 [Horamavu Tank-1 24,519 4,315 1,000 5.56| 909.55| 927.55| Required
2 |Horamavu Tank-2 15,820 2,784 500 4.31| 916.19| 931.19| Required
3 |K Channasanra Tank 30,203 5,316 1,000 4.51| 889.67| 901.67 -
4 |Kalkere Tank-2 33,300 5,861 1,500 6.14| 903.57| 921.57| Required
5 [Kalkeri Tank-1 31,960 5,625 1,500 6.40| 900.05| 918.05| Required
6 |Varnashi Tank 12,657 2,228 500 5.39| 893.00, 911.00| Required
Sub-Total 148,459 26,129 6,000 - = = =

Source: JICA Survey Team

e) R.R. Nagar Zone
There are only three (3) OHTs under BSK 6" GLR in R.R. Nagar zone. Most of the service area in this
zone falls on the BDA’s development area and the feeder mains have been installed by BDA already. The
locations of OHTSs are shown in Figure 11.2.15 and their specifications are shown in Table 11.2.15.

Source: JICA Survey Team

Figure 11.2.15 OHTs’ Location in R.R. Nagar Zone (GLRs under BDA)
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Table 11.2.15 OHTs’ Specifications under BSK 6th GLR
Population | Demand OHT
GLRs and OHTs in . . . -
Zone RR Nagar in 2049 in 2049 |Capacity | Detention| GL LWL |Booster
(People) | (m%day) | (m% |Time () (m) (m) | Pump
BSK 6th (Existing GLR)
1 |Hemmeigepura Part 19,198 3,379 7,500 53.27| 802.70| 814.70
2 |Subramanyapura 48,634 8,560 2,000 5.61| 882.00| 894.00
3 [Varasandra 5,549 977 200 491 813.52| 825.52
Sub-Total 73,380 12,916 9,700

Source: JICA Survey Team

11.2.3 UFW Reduction and Distribution Network Improvement Project
BWSSB commenced UWF Reduction Project in 2013. In the three sub-project areas, the construction
work for South area was completed under D2b Contract by the end of September 2016. The two other
contracts for Central and West parts of Bengaluru city under Contract D1a and D2a will be completed by
June 2017. Upon completion of the required construction work, O&M works would be implemented by

the same contractor for 5 years.

BWSSB determined to implement UFW Reduction Project in the East, North, and South East areas in the

Core area of Bengaluru city (see location of project area in Figure 11.2.16).

Source: JICA Survey Team

Figure 11.2.16 Project Area for UFW Reduction and Distribution Improvement

(1) Draft Scope of Work

UFW Reduction Project shall be achieved in provision of two kinds of facilities: (1) Transmission pipelines
and GLRs to be financed by solo BWSSB as maintenance work, and (2) Distribution Systems assisted by
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GoK and partially financed by BWSSB.

1) UFW Reduction Project and Distribution Network Improvement Strategy for Distribution Systems
The scope of work UFW Reduction Project for Distribution System has two major components as stated
below. The Asset Management component needs to be undertaken before UFW Reduction component.
o Asset Management and preparation of hydraulic models:
= To develop an asset database for water supply system by conducting asset survey, prepare a hy-
draulic model and a systematic improvement plan based on hydraulic model.
o UFW Reduction and Distribution Improvement Component:
= Understand the components of UFW in Bengaluru city using surveyed data and implement a UFW
reduction strategy in selected areas in Bengaluru city (including maintenance period). These are
further divided into 2 parts, a) Design & Construction and b) Maintenance period.

a) Asset Management and Water Network Hydraulic Models:

i. Detailed survey

o Water distribution network

o Topographical surveys

e Pumping data

e Pipe and GLR condition

o Customer information

ii. Development of GIS database

iii. Demand Analysis

iv. Flow and Pressure Measurement

v. Development of Hydraulic Model

o DMA Formation

o Preparation of Hydraulic Model in (in Water Gems) to replicate the current trunk main system and
operation from GLR onwards up to distribution level, Network Modelling for planning of operational
improvement and finalizing laying of mains for network strengthening and Calibration of the Model
based on measured flow and pressure in the system

¢ Post Model Analysis including Analysis of Supply vs Demand gaps and anomalies, baselining of
current level of losses under DMAs and overall Water Distribution System and Update water balance

vi. Preparation of Systematic Improvement Plan for distribution network

e Development of minimum replacement program

o |dentification and proposal of network augmentation in the distribution zone

b) UFW Reduction and Distribution Improvement Component

i. Design and Construction

o | eakage detection by Helium gas method along with any other conventional methods, and their repair
¢ Laying of additional mains for strengthening of networks

o Replacement of consumer service connections
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¢ Replacement of defective and aged water meters

o Procure and install Bulk flow meters to measure the incoming and outgoing water
o Monitoring of UFW levels

o Repair damaged pipes

ii. Operation and Maintenance

The activity includes the following. O&M Contract: - Maintenance Period - (5 years)

o | eak Repair & Pipe Maintenance

o Laying and replacement of pipe for cracks, bursts and wherever realignment is needed.

o UFW Monitoring and Control

¢ Replacement of defective Meters

¢ Replacement of damaged, leaky house service connections

¢ Collection of water samples, testing and rectifying the contamination cases

o Determination of UFW for all DMA on monthly basis and submitting the UFW report

o Determination of Cost-Benefit Analysis and submitting the final report

o Active Leakage Management — Implement multiple leakage detection methodologies and ascertain the
efficiency of each methodology on parameters of speed of detection, pinpointing leaks and number of
leaks in Urban Bengaluru environment.

The main object of this project is to reduce leakage by replacing distribution pipes made of C.I. pipes.
Table 11.2.16 summarizes proposed replacement of C.I. pipes by contract division.

Table 11.2.16 Existing Pipe Details and Proposed Replacement

- ine lines (km) Proposed replacement of
. ength of existing pipe lines (km .
Project | Nos. of ex-
Name of contract / ! o C.I. pipes
L Area |isting Con-
Division to be covered 5 . C.l Pipe with 75 mm / Length % to total
(km%) | nections | Total DI
lead joints PVC (km) C.1 pipeline
D1c - North 19 46,500 559 401 155 3 60 39%
D1b - East 38 84,800 732 502 229 1 108 47%
D2c - South-East 22 56,100 540 256 270 14 130 48%
Total 79 187,000 | 1,841 903 654 18 298 45%

Source: JICA Survey Team

2) Leakage Reduction Strategy for Transmission Pipelines and GLRs
This component strategically deals with Master Balancing Reservoirs and GLRs with all interconnecting
transmission mains. This work will be managed by BWSSB. The work procedures for this component are

outlined below.

a) Detailed survey on water transmission pipelines and GLRs including BWSSB’s water assets and
mapping of all the assets surveyed through GIS.
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i. Topographical Surveys: Walk through as well as detailed surveys for entire water distribution net-
work from MBR to GLRs using equipment such as GPR (Ground Penetrating Radar) and Metal De-
tectors etc.

e From MBR to Ground Level Reservoirs (GLRs), (Macro)

e Properties such as size, material, age, depth, alignment, leakage history will be recorded for all the
above assets and interconnecting pipelines from available data.

o All the infrastructure will be located using GPS

ii. Condition Surveys

o Condition assessment of all over-ground assets such as GLRs, pumping stations and recording the
observations in asset database along with necessary photos.

¢ Condition assessment of underground trunk mains such as pipes and associated appurtenances and
recording the observations in GIS database including necessary evidence.

iii. GIS Mapping

¢ Development of asset databases after considering BWSSB'’s existing GIS
= GLRs
= Transmission mains
= Appurtenances such as different types of valves, inverted syphons, crossings etc.
= Mapping on GIS, correction with BWSSB on alignment and interconnections. Tracing with

EPL/GPR at important and strategic points as necessary.

iv. Flow measurement: Assessment of trunk mains, GLRs, pumping stations (Bulk Supply Infrastruc-
ture) currently in operation to distribute the water in the network under each command area (ex: Ser-
vice Station).

o Flow Measurement at inlet/ outlet/s of every GLR/ OHT or drop test to check water level drop per hour
during non-supply time

e Flow Measurement at strategic points on the Trunk Main, if required

b) Development of Hydraulic Model for Transmission Mains and GLRs

i. Develop computer hydraulic model (in Water Gems) to replicate the current trunk main system and
operation up to GLR level

ii. Monitor the current flows in the trunk mains for period of up to 7 days continues to ensure under-
standing of the present scenario

iii. Calibrate the Model based on measured flow and pressure in the system

iv. Analyze Supply Vs Demand gaps and anomalies

v. Integrate Stage V and existing CWSS stages

¢) Make Bottleneck analysis for Transmission Mains and GLRs: Analysis of Bottlenecks/ Shortcomings /
Condition Assessment in the Bulk Supply Infrastructure for even Distribution of Water in Current
Scenario

i. Determine the operations on trunk mains

ii. Identify existing bottlenecks in pumping, reservoir capacity, power backup, trunk main (age, capaci-
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ty, pipe strength, joints), alignment, interdependencies
iii. Conceptual solutions to the observed problems such as leakages in transmission mains or its appur-
tenances, leakages in GLRs, etc.

d) Prepare the Asset Management Report and GIS Databases

i. Develop asset databases after considering BWSSB’s existing GIS databases and suggesting neces-
sary improvements to BWSSB. Development the GIS database with due consideration of earlier
available GIS and reconciliation of the differences

ii. Create mapping on GIS, correction with BWSSB on alignment and interconnections. Tracing with
EPL/GPR at important and strategic points as necessary.

e) Preparation of DPR based on Transmission and GLRs UFW Reduction Study

i. Classify GLRs according to priority based on percentage leakage

ii. Determine methodology of reducing leakages including repairs / replacement and present in con-
ceptual note to BWSSB

iii. Determine alternate sources of supply for affected households from nearby GLRs

iv. Based on BWSSB approvals to various conceptual solutions, undertake detailed engineering for re-
pairs / replacement including detailed calculations, drawings and Bill of Quantities

v. Prepare public awareness campaign

vi. Prepare DPR for Overall Components

(2) Technical Recommendations on the Revised Plan
¢ The following issues on UFW countermeasures are found and the improvement is required.
= Present UFW target of the performance contract is 16%, it is very difficult to achieve.
= The information on existing pipelines is insufficient to estimate the repair /replace work quantity.
= It may be necessary to consider extension of working period at narrow road and low workability
locations.
= The present UFW project have faced substantial obstruction/ interference from parties such as
BBMP/Traffic Police / BESCOMY/ Local governing bodies etc.
o It is difficult to detect water leaks as the water supply service is neither 24/7 nor has proper pressure.
¢ The scope could include asset surveys, valve condition / location surveys, location and sample condi-
tion assessment of existing pipe surveys and house to house surveys
o Additionally include flow measurement for more accurate calibration of the network model
¢ Reduce the reliance on asset replacement strategy alone and promoting other strategies for UFW re-
duction by using financial incentives
o Explore other business and financial models for funding and undertaking UFW reduction

(3) Recommendation for BWSSB
e Strengthen organization and develop capacity aiming at NRW reduction is recommended. One of the
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best benefits is financial gains from increased water sales and reduced water production, including
postponement of costly capacity expansion. The reduction of commercial losses, while politically and
socially challenging, can also improve relations with the public, since some consumers may be re-
luctant to pay their water bills knowing that there are many other services without being billed or be-
ing under-billed.

o Create teams in working level (Assistant Executive Engineers with Contractors’ Senior Engineers) at
each or a couple of District Metered Areas (DMAS). The team lead by Assistant Executive Engineer
(AEE) and assisted by the Contractor’s team shall have the specific Key Performance Indices (KPIs) to
implement the operation strategy co-developed with BWSSB for the DMAs/ Service Sta-
tion/Command Area under his jurisdiction and achieve targeted outcomes within predefined timelines
for daily supply, pressure improvements, leakage and NRW control, streamlining of operation elimi-
nating all intermediate valve operations.
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11.3 110 Villages Sewerage Project (Lateral & House Connections)

BWSSB has experiences on the construction of lateral sewer/ house connections through Phase 2 Project
for ULB areas by GBWASP/BCC (Beneficiary Capital Contribution) funds. A similar concept will be
used by BWSSB for the implementation of the sewerage project for 110 Villages.

The revised DPR does not include the facilities in the upstream of the sewerage system including lateral
sewers and house connections, since the scope of work is limited to the major sewerage facilities which
are considered for JICA Survey Project. Therefore, required cost for the facilities to be undertaken by
BWSSB is referred to the original DPR.

(1) Scope of Work
The scope of work for lateral sewers and house connections (HC) is shown in Table 11.3.1 and Table
11.3.2, respectively.

Table 11.3.1 Scope of Work for Lateral Sewers

Length of lateral Sewers(m)

Zone 200mm 5 230mm Total (m)
Bytrayanapura 367,871 11,291 379,162
Mahadevpura 360,595 6,884 367,479
Bommanahalli 764,249 9,253 773,502

R.R. Nagar 239,829 3,494 243,323
Dasarahalli 486,851 6,282 493,133
Total 2,219,395 37,204 2,256,599

Source: JICA Survey Team

Table 11.3.2 Nos. of Households

Area (Zone) Nos. of households
2019 2034 2049

Bytrayanapura 28,600 49,500 78,500
Mahadevpura 26,500 46,000 72,800
Bommanahalli 33,500 58,000 92,000
R.R. Nagar 12,900 22,500 35,400
Dasarahalli 22,800 39,500 62,500
Total 124,300 215,500 341,200

Source: JICA Survey Team

(2) Typical method for the Construction of House Connections
Figure 11.3.1 and Figure 11.3.2 show the standard facilities for house connections. Some house connec-
tion pipes are connected to the manhole and some pipes are connected directly to sewers. Photo 11.1
shows the actual construction site for the installation of lateral sewers and house connections.
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Typical House Connection Precast Concrete Manhole

Source: CPHEEO Manual
Figure 11.3.1 Standard Drawing of Connection Manholes
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Figure 11.3.2 Typical House Connection to Connect Directly to Lateral Sewer

NJS Consultants Co., Ltd
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Laterals and House Connection Pipe Installation Brick Manhole for Lateral Sewers

Photo 11.1 Actual Construction Site of Lateral Sewers and House Connections

(3) Technical Recommendations
The recommendations on 110 Villages Sewerage Project are mentioned below.
1) Water Pollution and Connection to STP

i. In some areas, lateral sewers and house connections were already installed and collected sewage is
directly discharged into nearby water bodies. These sewers shall be connected immediately to public
sewers upon completion of STP. In this regard, the outlet points should be recorded clearly.

ii. Sometimes connections are not properly arranged, such as connection to storm water drainage. Thus,
BWSSB shall conduct inspection on the completed connection work.

iii. Some illegal connection/discharge from industry or enterprise may be done. BWSSB shall request
the report on effluent quality to the customers, and also BWSSB shall conduct inspections on efflu-
ent quality. If the wastewater does not meet the regulation, instruct them to stop the discharge. Peri-
odical inspection to the industry /enterprise is also effective.

iv. Sewage treatment facilities are required for those buildings with more than 1,000 m? floor. It is
necessary to monitor such sewage treatment facilities to confirm the status on the treatment.

v. Connection point to invert level, diameter and sewage flow of existing sewers shall be carefully in-
vestigated before starting the design of lateral sewer/house connections. The information shall be re-
flected in the newly planned sewer network or main sewer design.

vi. Construction of public toilet shall be considered. There are about 500 numbers of public toilet in the
BBMP area (Source: http://bbmp.gov.in/toilets) including 110 Villages as shown in Photo 11.2.
However, some public toilets are not maintained properly and/or people are still not willing to pay
for the toilet. Therefore, it is recommended to construct free and well-maintained public toilet. There
are many construction works going on in 110 Villages and no toilet is available for the labour of the
construction. BWSSB together with BDA shall force the contractor to install temporary/permanent
public toilets for them to prevent the pollution.
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Pay & Use Public Toilet in Bengaluru 1 Pay & Use Public Toilet in Bengaluru 2
Public Toilet Not Being Maintained People are Still NOT Using Public Toilet

Photo 11.2 Actual Conditions on the Existing Public Toilet in BBMP Area

2) Technical Aspects

i. Commonly manholes are made of brick even under heavy traffic roads. Trafffic load has to be care-
fully considered in case of the design/construction of manholes under the road

ii. RWH facility is not only used for direct use of rain water, but also effective for groundwater conser-
vation and flood prevention. And also water reuse is recommended. But lack of experience causes
miss-connection of the pipes. To prevent from these miss-connection of sewers and rainwater pipe,
proper construction supervision applying different color marked pipes by function are recommend-
ed.

iii. Public sewer will be constructed up to the boundary of public and private land. Study shall be made
for the construction of junction box to connect to house connections.

3) Implementation
i. Many projects are implemented in parallel. Asphalt cutting and excavation are conducted for water
supply project, then after that again cut the road for sewerage project. Coordination with road de-
partment is recommended to adjust the construction timing and to confirm the future development
plan. Also, sewers and water pipe including house connections can be installed at the same time
ii. Proper use of water supply and sewer systems is necessary. Some people do not know how to con-
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nect to water supply and sewerage systems. Education and/or enlightenment activity has to start as
soon as possible for the smooth implementation of the project

iii. Safety measures are not considered properly at the construction sites at present. Safety measures
such as H,S gas prevention (fresh air supply) or temporary support for excavation shall be properly
conducted.

iv. To secure the construction quality high, the establishment of a registration system to local contractor
is recommended. The system shall be composed as follows; at first, train a technician of local con-
tractor, issue license to graduated technician, then the license becomes one of the requirements to
offer the specified works.

4) Operation and Management

i. A total of about 50 STPs exists and/or is planned in BBMP area including 15 STPs proposed in this
study. Therefore, automatic operation and remote control system shall be applied for effective and
efficient operation to keep stable effluent quality at all STPs.

ii. In Bengaluru, sewage inflow quality (concentrations) is on a comparatively high level, since the
water supply amount is limited comparing with per capita load discharged. There is a possibility that
inflow sewage concentrations would become much higher as a result of the promotion of water sav-
ing in the future. Thus, the design of STPs shall be carefully made considering the issues.
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11.4 Conveyance and Transmission Facilities Related to Stage V Project

11.4.1 Conveyance Pipeline from Valve Chamber to TK Halli WTP

The water conveyance pipeline for CWSS Stage V will be completed from the pipe intake near SBR to
TK Halli via the valve chamber located near NBR. The work for the section from the valve chamber to
TK Halli was commenced by BWSSB using local fund at the beginning of year 2017. While, existing
facilities from pipe intake near SBR to the valve chamber are utilized. Figure 11.4.1shows schematic dia-
gram on the planned conveyance pipelines for Stage V Project from Cauvery River to TK Halli WTP
compound.

Stage IV (Phase 2) I Stage v 4 |
TK Halli WTP
1000MLD, 3000mm 775MLD, 2750mm
. — e — . — ) Proposed Plant
Stage 5: 775MLD
Valve Chamber ~

Under Construction (BWSSB Fund)
= 10 km

Source: JICA Survey Team
Figure 11.4.1 Schematic Diagram of Conveyance Pipeline for CWSS Stage V

(1) Conveyance Facilities

The water conveyance pipeline crosses the rivers two (2) times (Hullahalla and Shimsha rivers) in the
section undertaken by local fund of BWSSB. The existing river crossings for Stages | and 1l are made of
RC-T-beam and Stage IV, Phase 1 & 2 are of RCC bridges. A similar RCC bridge is planned for the
crossing of conveyance pipeline of Stage V. The conveyance pipeline after passing the Hulluhalla River
Bridge shall be encased with concrete based on the experience on higher soil overburden (6 to 7 m) for a
length of about 300 m. The length of river crossings is shown in Table 11.4.1.

Table 11.4.1 Length of River Crossing

) ) Crossing )
Rivers and Chainage Type of Crossing
Length
Hulluhalla River @ chainage - 9.3 km
] . 108 m Stages | & 1I: RC T-beam,
(Chainage 0 km starting from SBR) )
- - - Stage IV Phase 1 & 2: RCC Bridge,
Simsha River @ chainage - 15.5 km o )
] . 300 m Stage V Pipeline: RCC Bridge
(Chainage 0 km starting from SBR)

Source: JICA Survey Team

It was confirmed through hydraulic calculation that planned flow of 775 MLD can be conveyed by gravi-
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ty using planned MS pipe with a diameter of 2,750 mm. The plan and profile of the conveyance pipeline
for Stage V is shown in Figure 11.4.2 and Figure 11.4.3.

Pipe Bridge

“_ﬁ ; : : :- ) Pipe Bridge

(Existing Conveyance Pipe 6.3 km)

Source: JICA Survey Team
Figure 11.4.2 Plan of Conveyance Pipeline

__(Existing Conveyance Pipe 6.3 km) (Conveyance Pipe Under Construction by BWSSB)

Y

3l
> <

Source: JICA Survey Team

Figure 11.4.3 Profile of Conveyance Pipeline

(2) Scope of work
This scope include the construction of conveyance from Valve Chamber to TK Halli WTP because exist-
ing conveyance can be used from Pipe intake to NBR.
The scope of work for the project component is as follows:

1) Procurement of material, fabrication of pipes and specials, and pipe laying including jointing and
testing the pipeline from NBR to TK Halli WTP.

a) Supplying MS pipe with a diameter of 2,750 mm (clear internal diameter after lining) fabricated using
Mild Steel Plates / HR Coils.

b) Laying, jointing and testing the fabricated 2,750 mm diameter pipeline for the length of about 10 km.
The new pipeline is to be laid parallel to existing BWSSB pipelines. The majority of pipe laying sec-
tion is proposed to arrange underground. The exposed portion is to be supported by saddles on ground
and by ring girders on pipe bridges. In some sections the pipeline laid underground needs concrete
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encasement at the places of higher soil overburden, stream crossings and road crossings.

c) External coating of 30 mm thick plastering/ epoxy painting and in-situ internal cement mortar lining of
14 mm thick.

d) Fabrication, laying and jointing of pipe specials.

e) Procurement and erection of valves.

) Construction of pipe saddle supports, thrust blocks, and anchor blocks.

g) Construction of valve chambers.

h) Construction of two (2) pipe bridges across Hulluhalla and Shimsha rivers.

(3) Schedule
The required period for the completion of the project is planned as 24 months according to the contract
document.

(4) Cost requirement
BWSSB has issued a letter of acceptance to the proposed cost to the contractor (M/s Sai Sudhir.) on 30" Jan
2017. The contract price for the conveyance main from NBR to TK Halli is 1,676 Million INR. The project
cost estimated in the DPR was 1,760 Million INR including price and physical contingency.

11.4.2 Transmission pipeline to Share water from Stage V to Core and ULB Areain the
Medium Term (Branch Feeding Pipes)
(1) Required Countermeasures to Share Transmitted Water from Stage V Project to Core and ULB Areas
in the Medium Term (Branch Feeding Pipes)

1) Water Balance in Core and ULB Areas
The water balance in Core and ULB areas in medium term is shown in Table 11.4.2. It is clear that water
shortage is significant in Core area. The saving water from the reduction of UFW will supplement supply
amount year by year. Never the less, water shortage in Core area from 2024 to 2034 is constant. While
additional water requirement for ULBs is much less than that of Core area.

Table 11.4.2 Water Balance in Core and ULB Areas

Unit: MLD
2024 2034
Available Available

Area | Supply | Demand shortage | Supply | Demand Shortage

Groundwater Groundwater

A B C A-B+C A B Cc A-B+C

Core 540 1,187 300 - 347 540 1,201 300 - 361
ULBs 770 673 100 197 770 903 100 -33

* Minus mark indicates water shortage amount

Source: JICA Survey Team (Chapter. 6)
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2) Available Water Amount for Diversion from Stage V Project to Core/ULB Areas
Water balance in 110 Villages for target years between water demand and planned supply amount (by
Stage V Project) is presented in Table 10.1.1, Chapter 10. After delivery of planned water to the 110 Vil-
lages to cater for water demand by only river water (without using groundwater), 425 MLD to 275 MLD
(if groundwater is used, 525 MLD to 375 MLD is available) may be supplied for Core and ULB areas
from the year 2024 to 2034 (refer to calculation bases below). During this decade, the water amount
available to share to Core/ULBs will be decreased gradually in proportion to the increase of demand in
110 Villages.

»2024: Cauvery River Source 775 - Demand 350 * = 425 MLD (If groundwater is used, 525 MLD is available.)

»2034: Cauvery River Source 775 - Demand 500 * = 275 MLD (If groundwater is used 375 MLD is available)

Note: * Refer to Table 10.1.1 (Demand and Supply)

3) Required Countermeasures to Share Water through Stage V Project to Core and ULB Areas

For the full use of available water from Stage V Project in the entire BBMP area, the manner of delivery
of the water to Core (The service is provided by Stage | to 111.) and ULB (The service is provided by
Stage 1V.) areas was studied. This study was not included in the relevant existing DPRs, because no shar-
ing of the water to Core/ULBs was out of scope.

In the water sharing, the water to ULBs will be
managed through existing Stage 1V GLRs (OMBR, 1201
GKVK and Hegganahalli-2 GLRs), thus there is no
need of additional measures for the ULBs. The

Approx.

Sap 360 MLD

840

Groundwater
scope of work to share water to Core area through

Stage | to 11l GLRs was studied.
About 360 MLD is in short in Core area in the next Supply

10 years as shown in Figure 11.4.4. The following 2004 vand bl

540

Water Amount (MLD)

alternative study was made.
Source: JICA Survey Team
Figure 11.4.4 Water Balance in Core Area

a) To Divert Water Transmitted by Stage V to Clear Water Reservoir of Stage | to 11l at Tataguni PS
Compound.
This method is to share water transmitted by Stage V project at the compound of Tataguni Pump Station
(PS) in use of stand-by pump units installed in the Stage I to 111 with comparatively cheaper cost. Pres-
ently, a total of 540 MLD is transmitted to Core area by pump facilities of Stage | to Stage I1l. Each one
of stand-by pump for respective stages may be used for sending additional water from Stage V to each
service area of the three (3) stages as shown in Table 11.4.3.
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Table 11.4.3 Present Pump Unites Installed for Stage | to 111 and Planned Pump Units for Water
Sharing at Tataguni Pump Station Compound

- Stage | Stage 11 Stage 111
Present | Planned Present | Planned | Present | Planned
Operating pump unit 3 4 3 4 5
Stand-by Pump unit 2 1 2 1 3
Pump capacity 1,890 m*/h x 160m 1,890 m*h x 160m 2,250 m*h x 170m
Motor output 1,250 kW 1,250 kW 1,525 kW

Source: JICA Survey Team

However, there are some issues and problems in the application of the above mentioned method as fol-

lows:
i

ii. Need of the increasing power reception capacity

Limited volume for transmitting water: In assumption of the operation of each one unit of stand-by
pump for the three (3) stages, 145 MLD (1,890 + 1,890 + 2,250 m*h) may be sent, however, it
seems to be difficult to ensure the amount from realistic view points, due to the increase of pressure
losses at the pump outlet and utilization of existing old facilities.

iii. Increase of power consumption affected by the increase of water pressure losses in transmission

pipeline

iv. Additional countermeasures, aside from the countermeasure at Tataguni PS compound, are required

to cater for the required volume to be shared for Core/ULBs

Because of some problems in the above case, the following method is recommended.

b) Expansion of City Trunk Main to existing GLRs of Stage I, Il and Ill in Core area (installation of

Branch Feeding Pipes)

A total of 360 MLD water to share to Core area is divided into the three stages in proportion to respective
transmitted water volume (Stage I; 25%, stage I1; 25% and Stage 111 50%). The water volume to be shared
to each stage is set at each 90 MLD for Stage | and Stage II, and 180 MLD for Stage Ill. Then existing
GLRs by stage were selected in consideration of larger capacity for effective distribution of water to each
stage service area; a total of six GLRs broken down into one, three and two units for Stage I, Stage 11 and

Stage |11, respectively. The water volume to be shared by selected GLRs by stage is calculated in propor-
tion to currently distributed water volume. Table 11.4.4 shows receiving water volume by GLR by stage.
The detention time of the GLR is considered to ensure more than six (6) hours.

Figure 11.4.5 presents Branch Feeder Pipes expanding from Stage V City Trunk Mains. There are two (2)
major expansion pipelines to reach selected GLRs. One is planned to expand from Hegganahalli-2 GLR

to HGR GLR. Another is expanded from Vajarahalli junction to CLR GLR.
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Table 11.4.4 Existing GLRs by Stage for Augmentation of Water Supply to Core Area

. Detention
GLR Receiving Water Volume Time (hour)
Stage = Planned
Capacity resent
Name MLZ(A) MLD % % Volume (A)/(B)X24
(Stage) | (GLR) | MLD: (B)

Stagel | CLR 27.0 49 25 100 90 7.2
Banagiri 18.0 23 31 28 15.4
Banashankari 225 34 46 41 More than 12

Stage 11 25
Byarasandra 25.2 17 23 21 More than 12
Sub-total 65.7 74 100 90 -

CJF 166.6 66 47 85 More than 12
Stage Il | HGR 58.5 75 50 53 95 More than 12
Sub-total 225.1 141 100 180 -
Total 317.8 264 100 - 360 -
Source: JICA Survey Team
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Source: JICA Survey Team

Figure 11.4.5 Branch Feeding Pipes from Stage V City Trunk Main
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(2) Scope of Work
According to the water balance study, the water transmitted by Stage V Project can be shared to fill in the
shortage in the Core and ULB areas until 2034. The scope of work shown below is used to come up with
approximate cost required.

Table 11.4.5 Scope of Work to Share Water of Stage V to Core/ULBs
Component Work; Required Facilities/Equipment Quantities

Branch Feeding Pipes (Vajarahalli junction and Heg- | pj Pipe: Dia 600 mm ~ 700 mm: 3.1 km
ganahalli-2 GLR) to Existing GLRs of Stage I, Il and 11

in Core Area MS Pipe: Dia 1000 mm ~ 1400 mm; 25.8 km

Pump Station (to be installed after Hegganahalli-2 GLR) | One pump station (Head 20 m: 6 units)

Dia 350 mm: 1 unit
Dia 400 mm: 1 unit
Dia 500 mm: 1 unit
Dia 700 mm: 3 units

Flow Meters to be installed at the inlet of existing GLRs

Monitoring equipment for SCADA system Water gauges for SCADA: 6 units

Source: JICA Survey Team

(3) Design Capacity of Transmission Facilities
Table 11.4.6 shows existing GLRs to be used with related information.

Table 11.4.6 Existing GLRs to be Used by Stage with Related Information

Capacity | Receiving Water Flow Meter
SIEER CILRINETIE (ML) Amount (MLD) | Diameter (mm)
CLR 27.0 105 700
Stage |
Sub-Total 27.0 105 -
Banagiri 18.0 33 400
Banashankari 22.5 48 500
Stage Il
Byarasandra 25.2 24 350
Sub-Total 65.7 105 -
CJF 166.6 98 700
Stage Il |HGR 58.5 112 700
Sub-Total 225.1 210 -

Source: JICA Survey Team

(4) Schedule
The construction work shall be completed before the completion of Stage V Project by 2023 from 2021
within 2 and a half year period.
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