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Annexure 2.1: Case Study 

1. Puri City 24×7 Water supply under DFT Mission 

The water supply infrastructure in Puri was mainly augmented under JNNURM and AMRUT 
schemes until 2019. The water was supplied from ground water sources on intermittent basis. 

Under the DFT Mission, comprehensive assessment of infrastructure gap was carried out and 
zone wise DPRs were prepared for conversion of intermittent water supply into continuous 
water supply and migration to surface water source (Bhargavi River) followed by execution of 
work and installation of household connections and meters. 

1. Policy Interventions 

Puri enabled policy interventions which are as follows: 

1) Right to water 
2) Execution of connection by PHEO/WATCO as public works 
3) Household need not bother to obtain road cutting permission for connection  
4) Easy instalment on connection charges 
5) Explicit component of community participation now 100% coverage  

The administration has relaxed house connection norms for the poor which are as below: 

• Water connection with indemnity bond 
• Waiver of connection fee 
• Providing house connection with two taps at Govt. cost under AMRUT for the slums 
• Covering all uncovered slums under AMRUT and now under State Plan 
• Shift from hand pump, tube wells to Piped Water Supply - equity in water distribution. 

 
2. The Project  

The scheme is executed by the Water Corporation of Odisha (WATCO). The scheme is 
designed for a minimum average residual nodal pressure of 14 m and a residual chlorine of 
0.2 mg/L. All zonal reservoirs have been integrated with WTP. Flow, pressure, and water 
quality is monitored on a real-time basis. The scheme is web-monitored. For this, a dedicated 
server is provided for monitoring water levels in 18 numbers of service tanks, pressure, flow, 
residual chlorine. This data analytic work is being carried out under the guidance of National 
Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  

1) GIS mapping and hydraulic modelling was done. 
2) GIS based consumer survey was done.  
3) Infrastructure for 100% coverage of water supply was implemented under AMRUT. 
4) 19 DMAs were created each with about 2000 connections. 
5) Flow control valves (FCV)s, pressure reducing valves (PRVs), bulk and household 

meters were installed for all DMAs by investing about Rs. 32 Crores (per capita cost of 
Rs.1350). Total investment under JNNURM and AMRUT was about Rs.178 Crores. 
Overall per capita cost is Rs.7000. 

6) Woman self-assistance group, called “Jalsathi”, have been engaged in billing and 
revenue collection and also in identifying illegal connections. They could achieve 90% 
collection efficiency and helped in eliminating illegal connections. 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 
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(ii) Submergence is linear dimension. Hence, submergence measured 
from lip of bell mouths/inlet to minimum water level shall be in ratio R. 
In the example, if submergence for prototype is 1.9 m, the 
submergence for model shall be 1.9	 ×	7

>
   = 0.475 m.  

The test should be conducted at minimum required submergence for 
model.  

(iii) The external surfaces of the bowl assembly including bell mouth, and 
internal geometry from bell mouth to eye of impeller must be modelled 
to scale R. 

(iv) Model test should be conducted at two velocity values, i.e., velocity as 
per Froude number and also at least 1.5 to 2 times the Froude 
velocity.  

(v) Any surface swirl, surface dimple, dye core air bubble, or air core 
should be observed at free surface and subsurface (below water level) 
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4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
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Annexure 6.1: Economical Size of Pumping Main 

In view of the principles of design given in the subsection for the economic size of the pumping 
main, a stepwise design process is given below in the form of an excel sheet in print media 
which can be easily written in electronic media: 

1. Establish data required for pumping main. 

a. Design period - 30 years 

b. Design life of pump sets - 15 years 

c. Supply of water in two stages each of 15 years 

d. First stage supply rate is the average of the initial and intermediate flow rate in MLD 
(for energy cost only)  

e. Second stage supply rate is the average of intermediate and ultimate flow rate in 
MLD (for energy cost only)  

f. Hours of pumping - 22 hr 

g. The cost of pipes, at prevailing rates in Rs/metre (if required, the cost includes the 
cost of excavation, lowering, laying, and jointing of pipes and specials filling of 
trenches, etc.) can be included. However, these costs are, more or less, constant 
in different alternatives.   

h. Cost of first stage pump sets at prevailing rates in Rs/each pump set (pump+ 
electric motor)  

i. Similarly, obtain the cost of second stage pump sets  

j. Cost of electrical energy at prevailing rates in Rs/kWh 

k. Cost of operation and maintenance cost as per estimate framed for pumping main 
in Rs/year  

l. Average hour of pumping (1st Stage) = (S. No. (f)/intermediate flow rate) × average 
flow rate for first stage 

m. Average hour of pumping (2nd Stage) = (S. No. (f)/ultimate flow rate) × average flow 
rate for second stage 

2. Select appropriate pipe material considering topography, soil condition, as well as the 
quality of water to be conveyed. 

3. Select different sizes of pipes of chosen material by using Lea’s formula.  

4. Calculate velocity and frictional losses in pipe length of pumping main and 
appurtenances for first stage intermediate flow rate and for second stage ultimate flow 
rate for the selected pipe size. 

5. Determine the class of pipe considering total pressure head (static head, i.e., 
difference of level between the axis of pump and delivery point + head losses due to 
friction in pipe length of pumping main and its appurtenances for ultimate flow + 
residual head required at the delivery end). Also consider surge pressure, calculated 
by formula as given in the section of ‘WATER HAMMER’. 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 

Annexures
Part A- Engineering  Annexures 

880 
 

7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 

Part A- Engineering  Annexures 

1022 
  

 

6. Determine the total head of pumping of the first stage (static head + frictional losses in 
step 4 + residual head) and for the second stage (static head +frictional losses as given 
in step 4 + residual head). 

7. Determine kw of pump set taking the total head of pumping and flow rates as given in 
steps 4 and 6. Add 50% for standby pump sets. (Calculate pump kw by the formula 
given in “Chapter 4 Pumping Station and Machinery”. 

8. Calculate the annual cost of energy as follows: 

The annual cost of energy for the first stage = kW of pump × average hours of 
pumping/day (as given in step 1(l) × 365 days × cost of electrical energy at the 
prevailing rate as in 1(j). 

Similarly, calculate the annual cost for the second stage taking average pumping hours 
as accurately given in step 1(m). 

9. Capitalise annual cost of energy and O&M for first and second stage as given: 

First Stage capitalised energy cost = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 Ž7L(7G3)
1+

3
è  (Eq. 1) 

 Where:   

           AEC = Annual Energy Cost 

 r        = Rate of interest 

 n       = Number of years 

First stage capitalised O&M cost = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 Ž7L(7G3)
1+

3
è  (Eq. 2) 

           Where A.O.M = annual operation/maintenance cost. 

      Similarly, calculate the capitalised cost for energy and O&M for the second stage. 

10. Calculate the PW of future capitalised cost of energy and O & M of the second stage.  

   (Eq. 3) 

     (Eq. 4) 

        (Eq. 5) 

PW of second stage pump set   =   mnHo	np	$Jq	Horst	lukl	HtoH
(7G3)+

 

11. Determine the total investment cost for the selected pipe size as given below: 

Pipe size        

a) cost of pipe length 
b) 10% cost of pipe for the cost of specials 
c) cost of pump sets for the first stage 
d) capitalised cost of energy for the first stage 

n

Capitalized 2nd stage energy costPresent worth second stage energy cost = 
(1+r)

n

Capitalized 2nd stage O&M costPresent worth second stage O&M cost = 
(1+r)

n

Capitalized 2nd stage pump setPresent worth second stage pump set = 
(1+r)
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The administration has relaxed house connection norms for the poor which are as below: 

• Water connection with indemnity bond 
• Waiver of connection fee 
• Providing house connection with two taps at Govt. cost under AMRUT for the slums 
• Covering all uncovered slums under AMRUT and now under State Plan 
• Shift from hand pump, tube wells to Piped Water Supply - equity in water distribution. 

 
2. The Project  

The scheme is executed by the Water Corporation of Odisha (WATCO). The scheme is 
designed for a minimum average residual nodal pressure of 14 m and a residual chlorine of 
0.2 mg/L. All zonal reservoirs have been integrated with WTP. Flow, pressure, and water 
quality is monitored on a real-time basis. The scheme is web-monitored. For this, a dedicated 
server is provided for monitoring water levels in 18 numbers of service tanks, pressure, flow, 
residual chlorine. This data analytic work is being carried out under the guidance of National 
Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  

1) GIS mapping and hydraulic modelling was done. 
2) GIS based consumer survey was done.  
3) Infrastructure for 100% coverage of water supply was implemented under AMRUT. 
4) 19 DMAs were created each with about 2000 connections. 
5) Flow control valves (FCV)s, pressure reducing valves (PRVs), bulk and household 

meters were installed for all DMAs by investing about Rs. 32 Crores (per capita cost of 
Rs.1350). Total investment under JNNURM and AMRUT was about Rs.178 Crores. 
Overall per capita cost is Rs.7000. 

6) Woman self-assistance group, called “Jalsathi”, have been engaged in billing and 
revenue collection and also in identifying illegal connections. They could achieve 90% 
collection efficiency and helped in eliminating illegal connections. 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 
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6. Determine the total head of pumping of the first stage (static head + frictional losses in 
step 4 + residual head) and for the second stage (static head +frictional losses as given 
in step 4 + residual head). 
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given in “Chapter 4 Pumping Station and Machinery”. 
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Similarly, calculate the annual cost for the second stage taking average pumping hours 
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9. Capitalise annual cost of energy and O&M for first and second stage as given: 

First Stage capitalised energy cost = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 Ž7L(7G3)
1+

3
è  (Eq. 1) 

 Where:   

           AEC = Annual Energy Cost 

 r        = Rate of interest 

 n       = Number of years 

First stage capitalised O&M cost = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 Ž7L(7G3)
1+

3
è  (Eq. 2) 

           Where A.O.M = annual operation/maintenance cost. 

      Similarly, calculate the capitalised cost for energy and O&M for the second stage. 

10. Calculate the PW of future capitalised cost of energy and O & M of the second stage.  

   (Eq. 3) 

     (Eq. 4) 

        (Eq. 5) 

PW of second stage pump set   =   mnHo	np	$Jq	Horst	lukl	HtoH
(7G3)+

 

11. Determine the total investment cost for the selected pipe size as given below: 

Pipe size        

a) cost of pipe length 
b) 10% cost of pipe for the cost of specials 
c) cost of pump sets for the first stage 
d) capitalised cost of energy for the first stage 

n

Capitalized 2nd stage energy costPresent worth second stage energy cost = 
(1+r)

n

Capitalized 2nd stage O&M costPresent worth second stage O&M cost = 
(1+r)

n

Capitalized 2nd stage pump setPresent worth second stage pump set = 
(1+r)
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Annexure 2.1: Case Study 

1. Puri City 24×7 Water supply under DFT Mission 

The water supply infrastructure in Puri was mainly augmented under JNNURM and AMRUT 
schemes until 2019. The water was supplied from ground water sources on intermittent basis. 

Under the DFT Mission, comprehensive assessment of infrastructure gap was carried out and 
zone wise DPRs were prepared for conversion of intermittent water supply into continuous 
water supply and migration to surface water source (Bhargavi River) followed by execution of 
work and installation of household connections and meters. 

1. Policy Interventions 

Puri enabled policy interventions which are as follows: 

1) Right to water 
2) Execution of connection by PHEO/WATCO as public works 
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designed for a minimum average residual nodal pressure of 14 m and a residual chlorine of 
0.2 mg/L. All zonal reservoirs have been integrated with WTP. Flow, pressure, and water 
quality is monitored on a real-time basis. The scheme is web-monitored. For this, a dedicated 
server is provided for monitoring water levels in 18 numbers of service tanks, pressure, flow, 
residual chlorine. This data analytic work is being carried out under the guidance of National 
Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  

1) GIS mapping and hydraulic modelling was done. 
2) GIS based consumer survey was done.  
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meters were installed for all DMAs by investing about Rs. 32 Crores (per capita cost of 
Rs.1350). Total investment under JNNURM and AMRUT was about Rs.178 Crores. 
Overall per capita cost is Rs.7000. 

6) Woman self-assistance group, called “Jalsathi”, have been engaged in billing and 
revenue collection and also in identifying illegal connections. They could achieve 90% 
collection efficiency and helped in eliminating illegal connections. 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
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6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 
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e) capitalised cost of o/m cost for the first stage 
f) PW of capitalised energy cost for the second stage 
g) PW of capitalised o/m cost for the second stage 
h) PW of cost of pump sets for the second stage 

 

     A total of (a) to (h) is the total investment cost for the pipe size. 

12.  Repeat steps (4) to (11) by selecting the next available size. Compare with the total 
cost of the previous alternative, If the total cost is lesser than that of the previous size 
the process will be continued. Else the previously selected diameter is considered an 
economical diameter. 

13. Prepare comparative statement for total investment cost for each selected size of 
pipes and select pipe size of least cost investment which is the most economic size 
of pumping main. 

Excel worksheets can be programmed to simplify the calculation. 

Economical diameter of rising main - Design steps 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 
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1st 15 years  2nd 15 years 

1) Discharge at installation   5 MLD   7.5 MLD 

2) Discharge at the end 15 years  7.5 MLD  10.0 MLD 

3)  Average discharge    5+7.5/2  7.5+10.0/2 

4) Average pumping hours during the  (22/7.5) × 6.25 22/10 × 8.75 
 period      = 18.33  = 19.25 

5) KW required at combined efficiency 

 of pump set =  

           Where:   

 Q = discharge at the end of 15 years in lps 

 H = Total head in m for discharge at the end of 15 years 

 h =  combined efficiency of pumping set 

 

 

6) Average annual charges for electrical energy 

 = KW × Average pumping Hours × Average days per year × Rate of energy charges 
per unit 

= KW1 × 18.33 × 365.25 × 5   = KW2 × 19.25 × 365.25 × 5  

=  33475.16 KW1     = 35515.31 KW2 

7) Capitalisation factor for annual energy charges and OMR for converting them to the 
start of their periods 

 

Where:   

Cf  = Capitalisation factor 

CR = Annual cost of energy charges + OMR 

r    = MARR, i.e., minimum attractive rate of return = 6.5%  

n  = period in year = 15 

 

8) Capitalisation factor for second stage pump cost (CP)  
 CP = 4

(4ST	)1		 	= 	 4
(4S,.,.0)%/		 = 0.39  

 

9) Capitalisation factor for the capitalised energy cost of the second stage to convert at the 
beginning of the first stage (Ce) 

102
QH
h

-n1- (1 + r)CR  
r

Cf
ì ü

= í ý
î þ

-151- (1 + 0.065)CR   =9.4
0.065

Cf
ì ü

= í ý
î þ

  67.5x10 1KW1=   =1.33H1
22 3600 102 0.7

xH
x x x

610x10 2KW2=   =1.77H2
22 3600 102 0.7

xH
x x x
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quality is monitored on a real-time basis. The scheme is web-monitored. For this, a dedicated 
server is provided for monitoring water levels in 18 numbers of service tanks, pressure, flow, 
residual chlorine. This data analytic work is being carried out under the guidance of National 
Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  

1) GIS mapping and hydraulic modelling was done. 
2) GIS based consumer survey was done.  
3) Infrastructure for 100% coverage of water supply was implemented under AMRUT. 
4) 19 DMAs were created each with about 2000 connections. 
5) Flow control valves (FCV)s, pressure reducing valves (PRVs), bulk and household 

meters were installed for all DMAs by investing about Rs. 32 Crores (per capita cost of 
Rs.1350). Total investment under JNNURM and AMRUT was about Rs.178 Crores. 
Overall per capita cost is Rs.7000. 

6) Woman self-assistance group, called “Jalsathi”, have been engaged in billing and 
revenue collection and also in identifying illegal connections. They could achieve 90% 
collection efficiency and helped in eliminating illegal connections. 
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7) Per capita water supply reduced to 130 LPCD. Previously, the per capita water supply 
was ranging from 50 to 350 LPCD with a large inequity. 

8) NRW reduced from 54% to 15%. 
9) 100% metering achieved. The cost of house service and meters (up to meters) was 

borne by WATCO. In the new connections, saddle sets with compressor fittings were 
provided to prevent leakages. Due to this, water leakage came down drastically. 

10) All the household sumps are being delinked gradually as water is reaching up to 3rd 
floor. Water is directly reaching from pipeline to overhead tanks and taps. 

11) Sumps are permitted for the residential and commercial building having more than 
three storeys. 

12) No additional water source is required for 24×7 water supply. 
 

3. Brief of Project 

After successful running of 24×7 in pilot zones for about a year, especially supply to slum/low-
income group areas, the scheme was scaled to the entire Puri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 wards and 64 slum areas. All 
these are spread over an area of 16.84 sq. km. Added to this, Puri being a very important 
pilgrimage centre, on an average about 50,000 pilgrims visit the city every day. This world-
famous pilgrimage city has been visited by nearly two crore people annually adding to the 
challenge of supplying drinking water to this large population. 

Key Information of Puri city is as follows: 
1) Population: 2.5 Lakh (approx.)  
2) Source: River Bhargavi  
3) Slum population: 66,000 with 471 connections 
4) No. of households: 32,017  
5) WTP: 42 MLD  
6) Total water demand: 38 MLD  
7) No. of GSRs: 5  
8) No. of ESRs: 19  
9) No. of water testing laboratory: 1 
10) OZs: 19  
11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
12) Length of water distribution pipelines: 275 km 
13) Clear water rising main: 46 km 
14) Raw water rising main: 800 metre  

 
4. Distribution System 

There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
of the DMA. One service tank is shown in Figure 1. Outlet arrangement of ESR is shown in 
Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
flow control valve (FCV) have been installed. 

In Puri, each tank has one OZ, which itself acts as one DMA. There are 19 tanks and 19 DMAs 
in the entire city. Peak factor of 2.5 has been considered in the design of distribution system. 
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1st 15 years  2nd 15 years 

1) Discharge at installation   5 MLD   7.5 MLD 

2) Discharge at the end 15 years  7.5 MLD  10.0 MLD 

3)  Average discharge    5+7.5/2  7.5+10.0/2 

4) Average pumping hours during the  (22/7.5) × 6.25 22/10 × 8.75 
 period      = 18.33  = 19.25 

5) KW required at combined efficiency 

 of pump set =  

           Where:   

 Q = discharge at the end of 15 years in lps 

 H = Total head in m for discharge at the end of 15 years 

 h =  combined efficiency of pumping set 

 

 

6) Average annual charges for electrical energy 

 = KW × Average pumping Hours × Average days per year × Rate of energy charges 
per unit 

= KW1 × 18.33 × 365.25 × 5   = KW2 × 19.25 × 365.25 × 5  

=  33475.16 KW1     = 35515.31 KW2 

7) Capitalisation factor for annual energy charges and OMR for converting them to the 
start of their periods 

 

Where:   

Cf  = Capitalisation factor 

CR = Annual cost of energy charges + OMR 

r    = MARR, i.e., minimum attractive rate of return = 6.5%  

n  = period in year = 15 

 

8) Capitalisation factor for second stage pump cost (CP)  
 CP = 4

(4ST	)1		 	= 	 4
(4S,.,.0)%/		 = 0.39  

 

9) Capitalisation factor for the capitalised energy cost of the second stage to convert at the 
beginning of the first stage (Ce) 
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r
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Annexure 2.1: Case Study 

1. Puri City 24×7 Water supply under DFT Mission 

The water supply infrastructure in Puri was mainly augmented under JNNURM and AMRUT 
schemes until 2019. The water was supplied from ground water sources on intermittent basis. 

Under the DFT Mission, comprehensive assessment of infrastructure gap was carried out and 
zone wise DPRs were prepared for conversion of intermittent water supply into continuous 
water supply and migration to surface water source (Bhargavi River) followed by execution of 
work and installation of household connections and meters. 

1. Policy Interventions 

Puri enabled policy interventions which are as follows: 

1) Right to water 
2) Execution of connection by PHEO/WATCO as public works 
3) Household need not bother to obtain road cutting permission for connection  
4) Easy instalment on connection charges 
5) Explicit component of community participation now 100% coverage  

The administration has relaxed house connection norms for the poor which are as below: 

• Water connection with indemnity bond 
• Waiver of connection fee 
• Providing house connection with two taps at Govt. cost under AMRUT for the slums 
• Covering all uncovered slums under AMRUT and now under State Plan 
• Shift from hand pump, tube wells to Piped Water Supply - equity in water distribution. 

 
2. The Project  

The scheme is executed by the Water Corporation of Odisha (WATCO). The scheme is 
designed for a minimum average residual nodal pressure of 14 m and a residual chlorine of 
0.2 mg/L. All zonal reservoirs have been integrated with WTP. Flow, pressure, and water 
quality is monitored on a real-time basis. The scheme is web-monitored. For this, a dedicated 
server is provided for monitoring water levels in 18 numbers of service tanks, pressure, flow, 
residual chlorine. This data analytic work is being carried out under the guidance of National 
Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  

1) GIS mapping and hydraulic modelling was done. 
2) GIS based consumer survey was done.  
3) Infrastructure for 100% coverage of water supply was implemented under AMRUT. 
4) 19 DMAs were created each with about 2000 connections. 
5) Flow control valves (FCV)s, pressure reducing valves (PRVs), bulk and household 

meters were installed for all DMAs by investing about Rs. 32 Crores (per capita cost of 
Rs.1350). Total investment under JNNURM and AMRUT was about Rs.178 Crores. 
Overall per capita cost is Rs.7000. 

6) Woman self-assistance group, called “Jalsathi”, have been engaged in billing and 
revenue collection and also in identifying illegal connections. They could achieve 90% 
collection efficiency and helped in eliminating illegal connections. 
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Ce = 4
(4ST	)1		 	= 	 4

(4S,.,.0)%/		 = 0.39 

  

 
Table (3) 

Column 2 =  Cost of pump sets 

Column 3  =  Annual cost of energy charges and OMR 

  =  (33475.16 KW1 + OMR) = CR1 

Column 4 = Capitalised cost of energy charges and OMR for the first stage 

= Cf × CR1 = 9.4 × Column (3) of Table (3) 

Column 5      =  Total capitalised cost for first stage 

= Column (11) of Table (2) + Column (2) of Table (3) + Column (4) of 
Table (3) 

Column 6 = Cost of pump set for second stage 

Column 7 = Annual energy and OMR cost 

  = (35155.31 KW2 +OMR) = CR2 

Column 8 = Capitalised cost of energy and OMR cost for second stage 

  = Cf × CR2 

  = 9.4 × (Column (7) of Table (3)) 

Column 9 = Initial capital investment for annual energy charges, OMR changes and 
cost of replacement of pump set for the second stage 

=        (Column (6) of Table (3) + Column (8) of Table (3)) × Capitalisation factor 
for second stage pump cost (CP) as calculated at step No 8  

Column 10       = Grand Total of capitalised cost for 30 years 

                = Column (5) of Table (3) + Column (9) of Table (3)  
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