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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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If the section to be disinfected is short, weighed quantities of calcium hypochlorite or chlorinated 
lime in powder form may be placed at regular intervals inside the pipes while they are fixed into 
place. When water is introduced later, the powder will mix with it and produce strong solution of 
chlorine. The disadvantage is that the powder will be flushed to the far end of the section even 
the water is admitted slowly, and no uniform distribution of disinfectant is possible. 

While disinfecting solution remains in two pipes, the valves, and hydrants in the section of the 
main should be operated to ensure that all surfaces come into contact with disinfectant. The 
valves at either end of the treated section should remain shut during the whole period of contact 
to prevent the loss of disinfecting solution.
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Annexure 5.1: Design Calculations for Pumping Machinery 

1.0 Data of Scheme 

 

 1.1 Daily demand of water   116 ML/day 

 1.2        Hours of pumping, considering loss of one hour 
 due to tripping and other minor interruptions            23 hrs per day 

1.3.1 Maximum (Top water level)  11.0 m 

1.3.2  Mean WL  9.0 m  
  

1.3.3  Minimum WL  7.0 m  
   

1.4 Rising main 

1.4.1 Length  2,575 m 

1.4.2  Diameter (Internal)                                      1,200 mm 

1.4.3 H-W Coefficient for MS mortar lined pipeline   140  

1.5 RL of point of discharge destination  59.0 m  

1.6  No. of pumps (Based on the preliminary analysis) 

1.6.1 Duty pumps  4 

1.6.2 Standby pumps  2 

 

1.7 RL of ground level at the pumping station  8.25 m 

 

1.8  RL of high flood level  10.5 m 

 

1.9 Altitude of the site above mean sea level  1,250 m 

 

1.10     Ambient temperature           40 °C 

 
2.0 Size of pipes and fittings for the pumping system for Q = 0.35 m3/s per pump 

 

2.1     Inlet bell mouth for VT pump 

Design velocity 1.4 m/s 

Bell mouth diameter  0.564 m 

                                     Say 600 mm 

           Actual velocity                                                                                    1.24 m/s 
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4. Distribution System 
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2.2    Column pipes 

Design velocity                                                                          1.75 to 2.75 m/s 

                                         Say, 2.75 m/s (for higher flow) 

Column pipe diameter                                                        0.402 m 

      Say 400 mm 

 Actual velocity 2.79 m/s 

 

2.3  Delivery pipes and valves  

 Design velocity   2.0 m/s  

 Diameter of delivery pipe, delivery valve and NRV 0.472 m 

     
  Say 500 mm 

 Actual velocity    
  1.78 m/s 

2.4  Suction pipes and valves  

 Design velocity  1.5 m/s 
    

 Diameter of suction pipe and valve  0.545 m 
   

   Say 600 mm 

 Actual velocity  1.24 m/s 
    

2.5  Suction bell mouth for centrifugal pump 

 Design velocity  1.2 m/s 
    

 Diameter of bell mouth  0.609 m 
    
  Say 700 mm 

 Actual velocity  0.91 m/s 
    
2.6  Suction eccentric reducer 600 × 500 (assumed)  1.78 m/s 
   

3.0  Pump head and required head range 

 

3.1 Combined discharge of four pumps 

In parallel (116 ML/d × 24 hrs.)/23 hrs. 121.01 MLD 

 

3.2 Rate of total flow with 23 hrs. running of pumps per day      1.4 m3/s 
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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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2.2    Column pipes 

Design velocity                                                                          1.75 to 2.75 m/s 

                                         Say, 2.75 m/s (for higher flow) 

Column pipe diameter                                                        0.402 m 

      Say 400 mm 

 Actual velocity 2.79 m/s 

 

2.3  Delivery pipes and valves  

 Design velocity   2.0 m/s  

 Diameter of delivery pipe, delivery valve and NRV 0.472 m 

     
  Say 500 mm 

 Actual velocity    
  1.78 m/s 

2.4  Suction pipes and valves  

 Design velocity  1.5 m/s 
    

 Diameter of suction pipe and valve  0.545 m 
   

   Say 600 mm 

 Actual velocity  1.24 m/s 
    

2.5  Suction bell mouth for centrifugal pump 

 Design velocity  1.2 m/s 
    

 Diameter of bell mouth  0.609 m 
    
  Say 700 mm 

 Actual velocity  0.91 m/s 
    
2.6  Suction eccentric reducer 600 × 500 (assumed)  1.78 m/s 
   

3.0  Pump head and required head range 

 

3.1 Combined discharge of four pumps 

In parallel (116 ML/d × 24 hrs.)/23 hrs. 121.01 MLD 

 

3.2 Rate of total flow with 23 hrs. running of pumps per day      1.4 m3/s 
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3.3 Discharge of each pump                                               0.35 m3/s 

 

3.4 Mean static head (59 m - 9 m)  50 m 

 

3.5 Frictional loss in straight pipeline  2.237 m 

for combined discharge 

 

3.6 Minor losses in bends, valves, and other fittings and exit loss 0.2237 m 

in rising main at 10% of (3.5) 

 

3.7 Station loss (head loss in suction, delivery piping, valves, manifold, etc., at pump house).  

 

Table Showing head losses in piping and valves in the pumping station 

S. 

No. 

Fitting/Equipment Size (mm) Velocity 

(m/s) 

K/C* Head loss 

A) Delivery side (VT/Centrifugal Pump) 
1 Enlarger 400 × 500 2.79 0.4 0.16 
2 Tee for air valve 500 × 500 × 

100 
1.78 0.3 0.05 

3 Non-return valve 500 1.78 2.5 0.40 
4 Dismantling joint 500 1.78 0.3 0.05 
5 Delivery valve (BFV) 500 1.78 0.4 0.06 
6 Distance piece 1 m length 500 1.78 110 Negligible 
7 Knife gate valve 500 1.78 0.3 0.05 
8 30°/45° tee at manifold 500 1.78 0.8 0.13 
9 Manifold (L = 14 m) 1,200 1.24 110 0.02 
10 90° bend 1,200 1.24 0.75 0.06 
11 NRV/DPCV 1,200 1.24 2.5 0.19 
12 Dismantling joint/flange 

adopter 
1,200 1.24 0.3 0.02 

13 Isolation valve (BFV) 1,200 1.24 0.4 0.03 
14 Flowmeter 1,200 1.24 0.1 0.007 
    Total 

(A) 
1.23 (rounded 
1.3) 

B) Suction side (centrifugal pump only) 
15 Bell mouth 700 0.91 0.1 0.004 
16 90° bend 600 1.24 0.5 0.04 
17 BFV 600 1.24 0.4 0.03 
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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 
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• Shift from hand pump, tube wells to Piped Water Supply - equity in water distribution. 

 
2. The Project  
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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. 
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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  
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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S. 

No. 

Fitting/Equipment Size (mm) Velocity 

(m/s) 

K/C* Head loss 

18 Suction piping/reducer 500 × 600 1.78 0.20 0.20 (assumed) 
    Total 

(B) 
0.28 (rounded 
0.3) 

 

*Head loss in valves and fittings = k x L
)

6= 

 

Where  k = Coefficient depending on valve/fitting  

   (Refer Chapter 6 Part A of Manual) 

 

*Hf in pipes = 4,..M1
8!.#$ 	× 	12%.#/)3 2 × 𝐿𝐿𝐿𝐿 

 Where  Hf = friction loss in straight pipeline 

   Q = discharge, m3/s 

   L = Length of pipe 

   D = internal diameter, m 

 

3.8 Design pump head for VT pump = (3.4) + (3.5) + (3.6) + Total A = 54.0 m (Rounded) 

 

3.9 Design pump head for centrifugal pump = (3.4) + (3.5) + (3.6) + Total A + Total B  

= 54.3 m (Rounded) 

3.10 System head curve 

Table showing co-ordinates of heads and discharge for system head curves at max WL, 
mean WL, and min WL (discharging RL at destination = 59.0 m). 

Parameter  Hf Total H at 

max WL (m) 

Total H at 

mean WL 
(m) 

Total H at min WL 

(m) 

WL - - 11.0 9.0 7.0 
Static head - - 48.0 50.0 52.0 
Q(m3/s) 0 - 48.0 50.0 52.0 
 0.25 0.101 48.101 50.101 52.101 
 0.50 0.365 48.365 50.365 52.365 
 0.75 0.775 48.775 50.775 52.775 
 1.00 1.314 49.314 51.314 53.314 
 1.25 1.986 49.986 51.986 53.986 
 1.50 2.783 50.783 52.783 54.783 
 1.75 3.703 51.703 53.703 55.703 
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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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S. 

No. 

Fitting/Equipment Size (mm) Velocity 

(m/s) 

K/C* Head loss 

18 Suction piping/reducer 500 × 600 1.78 0.20 0.20 (assumed) 
    Total 

(B) 
0.28 (rounded 
0.3) 

 

*Head loss in valves and fittings = k x L
)

6= 

 

Where  k = Coefficient depending on valve/fitting  

   (Refer Chapter 6 Part A of Manual) 

 

*Hf in pipes = 4,..M1
8!.#$ 	× 	12%.#/)3 2 × 𝐿𝐿𝐿𝐿 

 Where  Hf = friction loss in straight pipeline 

   Q = discharge, m3/s 

   L = Length of pipe 

   D = internal diameter, m 

 

3.8 Design pump head for VT pump = (3.4) + (3.5) + (3.6) + Total A = 54.0 m (Rounded) 

 

3.9 Design pump head for centrifugal pump = (3.4) + (3.5) + (3.6) + Total A + Total B  

= 54.3 m (Rounded) 

3.10 System head curve 

Table showing co-ordinates of heads and discharge for system head curves at max WL, 
mean WL, and min WL (discharging RL at destination = 59.0 m). 

Parameter  Hf Total H at 

max WL (m) 

Total H at 

mean WL 
(m) 

Total H at min WL 

(m) 

WL - - 11.0 9.0 7.0 
Static head - - 48.0 50.0 52.0 
Q(m3/s) 0 - 48.0 50.0 52.0 
 0.25 0.101 48.101 50.101 52.101 
 0.50 0.365 48.365 50.365 52.365 
 0.75 0.775 48.775 50.775 52.775 
 1.00 1.314 49.314 51.314 53.314 
 1.25 1.986 49.986 51.986 53.986 
 1.50 2.783 50.783 52.783 54.783 
 1.75 3.703 51.703 53.703 55.703 
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The system head curve is illustrated in Figure 5.1.A.1.  

 

3.11 Head Range 

As seen from the system head curve, actual head variations are from 48.0 m to 55.7 m which is 
-11.1% to +3.1%.  However, as per guidelines and IS, the head range for the VT pump (which is 
finally selected) shall be +10% and -25%. 

Hence, head range based on duty head of 54.0 m shall be 59.4 m to 40.5 m. 

4.0 Selection of Type of Pumps - VT or Horizontal Centrifugal Pumps  

4.1  VT Pump  

VT pump shall be installed at a floor level above the maximum WL in the sump.  The maximum 
WL is 11.0 m, which is above HFL at 10.5 m.  There is no necessity for priming in case of VT 
pumps. Hence, a VT pump is feasible and generally suitable for any installation with sump and 
pump house located above sump. 

4.2 Horizontal Centrifugal Pump 

The pump shall preferably be a double suction, single stage, horizontal split casing so as to have 
a low NPSHr. 

It is necessary to check the feasibility of a centrifugal pump installation to ensure that the pump 
mounting floor is not dangerously below GL and the risk of the motor getting waterlogged if any 
valve or piping inside the pump house burst.  The feasibility checks shall cover the following two 
vital points. 

 
i) The top of volute of the pump should be below minimum WL by the magnitude of head 

losses in suction piping and valve to ensure that the pump can be fully primed without 
any vacuum pump 

ii) Suction specific speed (Nsss) of the pump at the site installation shall be below 145 
(SI)/7,500 USCU as discussed in Chapter 5, subsection 5.8.4. 

 
4.2.1 Pump installation level from the aspect of the case of priming 
 
Size of pump volute and installation level 
Figure 17.40 and the equation for impeller diameter in the book ‘Centrifugal Pump’ by Karassik 
can be referred to calculate impeller diameters.  See Figure 5.1.A.2 reproduced.  The dimensions 
are head in feet and Q in US gpm. 
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internal diam
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3.8 
D

esign pum
p head for VT pum

p = (3.4) + (3.5) + (3.6) + Total A = 54.0 m
 (R

ounded) 

 3.9 
D

esign pum
p head for centrifugal pum

p = (3.4) + (3.5) + (3.6) + Total A + Total B  

= 54.3 m
 (R

ounded) 

3.10 
System

 head curve 

Table show
ing co-ordinates of heads and discharge for system

 head curves at m
ax W

L, 
m

ean W
L, and m

in W
L (discharging R

L at destination = 59.0 m
). 

P
a
ra

m
e
te

r 
 

H
f  

T
o

ta
l H

 a
t 

m
a
x
 W

L
 (m

) 

T
o

ta
l H

 a
t 

m
e
a
n

 W
L

 
(m

) 

T
o

ta
l H

 a
t m

in
 W

L
 

(m
) 

W
L 

- 
- 

11.0 
9.0 

7.0 
Static head 

- 
- 

48.0 
50.0 

52.0 
Q

(m
3/s) 

0 
- 

48.0 
50.0 

52.0 
 

0.25 
0.101 

48.101 
50.101 

52.101 
 

0.50 
0.365 

48.365 
50.365 

52.365 
 

0.75 
0.775 

48.775 
50.775 

52.775 
 

1.00 
1.314 

49.314 
51.314 

53.314 
 

1.25 
1.986 

49.986 
51.986 

53.986 
 

1.50 
2.783 

50.783 
52.783 

54.783 
 

1.75 
3.703 

51.703 
53.703 

55.703 
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 The system

 head curve is illustrated in Figure 5.1.A.1.  

 3.11 
H

ead R
ange 

As seen from
 the system

 head curve, actual head variations are from
 48.0 m

 to 55.7 m
 w

hich is 
-11.1%

 to +3.1%
.  H

ow
ever, as per guidelines and IS, the head range for the VT pum

p (w
hich is 

finally selected) shall be +10%
 and -25%

. 

H
ence, head range based on duty head of 54.0 m

 shall be 59.4 m
 to 40.5 m

. 

4
.0

 
S

e
le

c
tio

n
 o

f T
y
p

e
 o

f P
u

m
p

s
 - V

T
 o

r H
o

rizo
n

ta
l C

e
n

trifu
g

a
l P

u
m

p
s
  

4.1 
 VT Pum

p  

VT pum
p shall be installed at a floor level above the m

axim
um

 W
L in the sum

p.  The m
axim

um
 

W
L is 11.0 m

, w
hich is above H

FL at 10.5 m
.  There is no necessity for prim

ing in case of VT 
pum

ps. H
ence, a VT pum

p is feasible and generally suitable for any installation w
ith sum

p and 
pum

p house located above sum
p. 

4.2 
H

orizontal C
entrifugal Pum

p 

The pum
p shall preferably be a double suction, single stage, horizontal split casing so as to have 

a low
 N

PSH
r. 

It is necessary to check the feasibility of a centrifugal pum
p installation to ensure that the pum

p 
m

ounting floor is not dangerously below
 G

L and the risk of the m
otor getting w

aterlogged if any 
valve or piping inside the pum

p house burst.  The feasibility checks shall cover the follow
ing tw

o 
vital points. 

 
i) 

The top of volute of the pum
p should be below

 m
inim

um
 W

L by the m
agnitude of head 

losses in suction piping and valve to ensure that the pum
p can be fully prim

ed w
ithout 

any vacuum
 pum

p 
ii) 

Suction specific speed (N
sss) of the pum

p at the site installation shall be below
 145 

(SI)/7,500 U
SC

U
 as discussed in C

hapter 5, subsection 5.8.4. 

 4.2.1 
Pum

p installation level from
 the aspect of the case of prim

ing 
 Size of pum

p volute and installation level 
Figure 17.40 and the equation for im

peller diam
eter in the book ‘C

entrifugal Pum
p’ by Karassik 

can be referred to calculate im
peller diam

eters.  See Figure 5.1.A.2 reproduced.  The dim
ensions 

are head in feet and Q
 in U

S gpm
. 
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A
n

n
e
x
u

re
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.1
: C

a
s
e
 S

tu
d

y
 

1
. 

P
u

ri C
ity

 2
4
×

7
 W

a
te

r s
u

p
p

ly
 u

n
d

e
r D

F
T

 M
is

s
io

n
 

The w
ater supply infrastructure in P

uri w
as m

ainly augm
ented under JN

N
U

R
M

 and A
M

R
U

T 
schem

es until 2019. The w
ater w

as supplied from
 ground w

ater sources on interm
ittent basis. 

U
nder the D

FT M
ission, com

prehensive assessm
ent of infrastructure gap w

as carried out and 
zone w

ise D
P

R
s w

ere prepared for conversion of interm
ittent w

ater supply into continuous 
w

ater supply and m
igration to surface w

ater source (B
hargavi R

iver) follow
ed by execution of 

w
ork and installation of household connections and m

eters. 

1
. 

P
o

lic
y
 In

te
rv

e
n

tio
n

s
 

P
uri enabled policy interventions w

hich are as follow
s: 

1) 
R

ight to w
ater 

2) 
E

xecution of connection by P
H

E
O

/W
A

TC
O

 as public w
orks 

3) 
H

ousehold need not bother to obtain road cutting perm
ission for connection  

4) 
E

asy instalm
ent on connection charges 

5) 
E

xplicit com
ponent of com

m
unity participation now

 100%
 coverage  

The adm
inistration has relaxed house connection norm

s for the poor w
hich are as below

: 

• 
W

ater connection w
ith indem

nity bond 
• 

W
aiver of connection fee 

• 
P

roviding house connection w
ith tw

o taps at G
ovt. cost under A

M
R

U
T for the slum

s 
• 

C
overing all uncovered slum

s under A
M

R
U

T and now
 under S

tate P
lan 

• 
S

hift from
 hand pum

p, tube w
ells to P

iped W
ater S

upply - equity in w
ater distribution. 

 
2
. 

T
h

e
 P

ro
je

c
t  

The schem
e is executed by the W

ater C
orporation of O

disha (W
A

TC
O

). The schem
e is 

designed for a m
inim

um
 average residual nodal pressure of 14 m

 and a residual chlorine of 
0.2 m

g/L. A
ll zonal reservoirs have been integrated w

ith W
TP

. Flow
, pressure, and w

ater 
quality is m

onitored on a real-tim
e basis. The schem

e is w
eb-m

onitored. For this, a dedicated 
server is provided for m

onitoring w
ater levels in 18 num

bers of service tanks, pressure, flow
, 

residual chlorine. This data analytic w
ork is being carried out under the guidance of N

ational 
Inform

atics C
entre (N

IC
) B

hubanesw
ar. The salient features of the schem

e are as follow
s:  

1) 
G

IS
 m

apping and hydraulic m
odelling w

as done. 
2) 

G
IS

 based consum
er survey w

as done.  
3) 

Infrastructure for 100%
 coverage of w

ater supply w
as im

plem
ented under A

M
R

U
T. 

4) 
19 D

M
A

s w
ere created each w

ith about 2000 connections. 
5) 

Flow
 control valves (FC

V
)s, pressure reducing valves (P

R
V

s), bulk and household 
m

eters w
ere installed for all D

M
A

s by investing about R
s. 32 C

rores (per capita cost of 
R

s.1350). Total investm
ent under JN

N
U

R
M

 and A
M

R
U

T w
as about R

s.178 C
rores. 

O
verall per capita cost is R

s.7000. 
6) 

W
om

an 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 elim

inating illegal connections. 
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 7) 

P
er capita w

ater supply reduced to 130 LP
C

D
. P

reviously, the per capita w
ater supply 

w
as ranging from

 50 to 350 LP
C

D
 w

ith a large inequity. 
8) 

N
R

W
 reduced from

 54%
 to 15%

. 
9) 

100%
 m

etering achieved. The cost of house service and m
eters (up to m

eters) w
as 

borne by W
A

TC
O

. In the new
 connections, saddle sets w

ith com
pressor fittings w

ere 
provided to prevent leakages. D

ue to this, w
ater leakage cam

e dow
n drastically. 

10) A
ll the h

o
u

s
e
h

o
ld

 s
u

m
p

s
 a

re
 b

e
in

g
 d

e
lin

k
e
d gradually as w

ater is reaching up to 3rd 
floor. W

ater is directly reaching from
 pipeline to overhead tanks and taps. 

11) S
um

ps are perm
itted for the residential and com

m
ercial building having m

ore than 
three storeys. 

12) N
o additional w

ater source is required for 24×7 w
ater supply. 

 
3
. 

B
rie

f o
f P

ro
je

c
t 

A
fter successful running of 24×7 in pilot zones for about a year, especially supply to slum

/low
-

incom
e group areas, the schem

e w
as scaled to the entire P

uri city, covering a population of 
2.4 lakhs and having 32,300 house connections spread in 32 w

ards and 64 slum
 areas. A

ll 
these are spread over an area of 16.84 sq. km

. A
dded to this, P

uri being a very im
portant 

pilgrim
age centre, on an average about 50,000 pilgrim

s visit the city every day. This w
orld-

fam
ous pilgrim

age city has been visited by nearly tw
o crore people annually adding to the 

challenge of supplying drinking w
ater to this large population. 

K
ey Inform

ation of P
uri city is as follow

s: 
1) 

P
opulation: 2.5 Lakh (approx.)  

2) 
S

ource: R
iver B

hargavi  
3) 

S
lum

 population: 66,000 w
ith 471 connections 

4) 
N

o. of households: 32,017  
5) 

W
TP

: 42 M
LD

  
6) 

Total w
ater dem

and: 38 M
LD

  
7) 

N
o. of G

S
R

s: 5  
8) 

N
o. of E

S
R

s: 19  
9) 

N
o. of w

ater testing laboratory: 1 
10) 

O
Zs: 19  

11) 
N

o. of D
M

A
s: 19 N

os, one per O
Z w

ith 1000 to 2000 connections 
12) 

Length of w
ater distribution pipelines: 275 km

 
13) 

C
lear w

ater rising m
ain: 46 km

 
14) 

R
aw

 w
ater rising m

ain: 800 m
etre  

 
4
. 

D
is

trib
u

tio
n

 S
y
s
te

m
 

There are 19 D
M

A
s in P

uri city. The jurisdiction of each E
S

R
 has been considered as the area 

of the D
M

A
. O

ne service tank is show
n in Figure 1. O

utlet arrangem
ent of E

S
R

 is show
n in 

Figure 2. It is to be noted that on outlet, isolation valve follow
ed by the bulk m

eter and then 
flow

 control valve (FC
V

) have been installed. 

In P
uri, each tank has one O

Z, w
hich itself acts as one D

M
A

. There are 19 tanks and 19 D
M

A
s 

in the entire city. P
eak factor of 2.5 has been considered in the design of distribution system

. 
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n in Figure 1. O

utlet arrangem
ent of E

S
R

 is show
n in 

Figure 2. It is to be noted that on outlet, isolation valve follow
ed by the bulk m

eter and then 
flow

 control valve (FC
V

) have been installed. 

In P
uri, each tank has one O

Z, w
hich itself acts as one D

M
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. There are 19 tanks and 19 D
M

A
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in the entire city. P
eak factor of 2.5 has been considered in the design of distribution system
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13. Status of 24x7 Water Supply Projects in India 

 

S. 

No

. 

Nam

e of 

the 
city 

Name 

of the 

state 

Name of 

the water 

supply 
project 

Total 

popula

tion 

Popula

tion of 

the 
project 

area 

Tot

al 

Are
a  

Area 

cover

age 
under 

24×7 
water 

suppl

y  

Status of the 

project 

(Commission
ed/Ongoing/

DPR 
approved) 

Project 

implemen

tation 
period 

Cost of 

augmen

tation 
of 

source 
(Rs.) 

Total 

Projec

t cost 
(Rs.) 

Total 

length 

of pipes 

% of 

replacem

ent of 
pipes 

% of 

repla

ceme
nt of 

HSC 

Per 

capita 

cost 
(Rs.) 

1 Alnav
ar 

Karnata
ka 

 Providing 
Water 
Supply 
Scheme 
to Alnavar 
Town with 
Kaali 
River as 
source. 

Alnavar 
town-
23,078 
and 14 
Enroute 
villages 
- 
21,570 
Total = 
44,648 
for the 
prospe
ctive 
year 
2045 

 21,480 
(Presen
t 
Populat
ion) 

10.
59 
sq. 
km 
 

 10.59 
sq. km 

Commissione
d on 
30.06.2022 

 2 years  Rs. 
4190.00 
lakhs 
(Kaali 
River 
source 
is 
located 
at 35Km 
away) 

Rs. 
6100.0
0 
lakhs 

 RW & 
TW 
rising 
mains - 
35.0 Km 
Distributi
on 
network 
- 57.0 
Total = 
92.0 Km 

 100%  100
% 

 Rs. 
13,662/
- 
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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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 Q = 0.35 m3/s  =  5551 US gpm 
 H = 54.0 m   =   177.17 feet 
 
 Ns (specific speed)  = 𝑁𝑁𝑁𝑁+𝑄𝑄𝑄𝑄	/𝐻𝐻𝐻𝐻..01  
 
Where N = rpm 
  Q = US gpm 
  H = head, feet 
 
If  N = 980 rpm,  Ns = 1,503 USCU  

and   N = 1,480 rpm, Ns = 2,271 USCU  

 

Referring to subsection 5.7.1 of the Chapter Ns = 1,503 USCU is low and not suitable.  Ns = 
2,271 USCU is acceptable.  Hence, the pump speed shall be about 1,480 rpm (1,500 rpm 
synchronous) if a centrifugal pump is selected. 

From the Figure 5.1.A.2 for Ns = 2271 USCU (double suction pump) 

 f = 1.03 

Using the equation given in the book, 

H = # !#U
7?>.f

$
$
 …… H in feet and diameter of impeller, D2 in 

             inches 

Substituting and on calculation 

D2 = 17.05 inches = 433 mm 

Usually, volute outside diameter is 2 to 2.25 times of impeller diameter 

 

Volute outside diameter = 975 mm 

 

Assuming that the combined height of feet of pumps, base plate, and c.c. foundation as 500 
mm, 

Minimum height of the top of volute above pump floor level  

 = 975 + 500 = 1475 mm = 1.475 m = 1.5 m 

The safe margin for assumptions and variation of the volute size of different pump 
manufacturers  

 = 200 mm = 0.2 m 

Therefore, the design height of the top of volute above the pump floor  

 = 1.5 + 0.2 = 1.7 m 

Head loss in suction piping, fitting, and valve (as per 3.7 above) = 0.3 m = 300 mm 

Hence pump floor level  = Min WL - 1.7 - 0.3 
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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. 

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. 

P
a
rt

 A
- 

E
n

g
in

e
e
ri

n
g

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A
n

n
e
x
u

re
s

 

10
03

 
  

 

 

Part A- Engineering  Annexures 

1004 
  

 

 Q = 0.35 m3/s  =  5551 US gpm 
 H = 54.0 m   =   177.17 feet 
 
 Ns (specific speed)  = 𝑁𝑁𝑁𝑁+𝑄𝑄𝑄𝑄	/𝐻𝐻𝐻𝐻..01  
 
Where N = rpm 
  Q = US gpm 
  H = head, feet 
 
If  N = 980 rpm,  Ns = 1,503 USCU  

and   N = 1,480 rpm, Ns = 2,271 USCU  

 

Referring to subsection 5.7.1 of the Chapter Ns = 1,503 USCU is low and not suitable.  Ns = 
2,271 USCU is acceptable.  Hence, the pump speed shall be about 1,480 rpm (1,500 rpm 
synchronous) if a centrifugal pump is selected. 

From the Figure 5.1.A.2 for Ns = 2271 USCU (double suction pump) 

 f = 1.03 

Using the equation given in the book, 

H = # !#U
7?>.f

$
$
 …… H in feet and diameter of impeller, D2 in 

             inches 

Substituting and on calculation 

D2 = 17.05 inches = 433 mm 

Usually, volute outside diameter is 2 to 2.25 times of impeller diameter 

 

Volute outside diameter = 975 mm 

 

Assuming that the combined height of feet of pumps, base plate, and c.c. foundation as 500 
mm, 

Minimum height of the top of volute above pump floor level  

 = 975 + 500 = 1475 mm = 1.475 m = 1.5 m 

The safe margin for assumptions and variation of the volute size of different pump 
manufacturers  

 = 200 mm = 0.2 m 

Therefore, the design height of the top of volute above the pump floor  

 = 1.5 + 0.2 = 1.7 m 

Head loss in suction piping, fitting, and valve (as per 3.7 above) = 0.3 m = 300 mm 

Hence pump floor level  = Min WL - 1.7 - 0.3 
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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 
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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    = 7.0 - 2.0 

    = 5.0 m RL 

 

4.2.3 Pump Installation level from the aspect of safe suction specific speed (Nsss) 

For cavitation-free operation,  

Nsss £ 145 (SI) 

Using the equation in subsection 5.8.4, Nsss = EN2
EOFCP0.$/  

Where, NPSHa = Net positive suction head available 

Here for Nsss, half Q for double suction pump is to be considered.  Solving, 

NPSHa ³ 6.92 m 

NPSHa at site installation (refer to subsection 5.8.3) 

= Ps - Hfs - +*
#

$,
− 𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍 −	𝑉𝑉𝑉𝑉- 

(The parameters are defined in the relevant subsection, hence not repeated). 

Here Ps = 9.55 m (atmospheric pressure at an altitude of 1250 m above  

MSL) 

 

Hfs = 0.3 m (as before) 

<>)
6= =	 4.M5)6G= 	= 0.16 m (assuming 500 mm suction nozzle for 600f suction pipe) 

Vp = 0.427 m (at 30°C water temperature for 40°C ambient) 

Hence, 

Zs £ 9.55 - 0.3 - 0.16 - 0.427 - 6.92  

 £ 1.74 m, say 1.75 m 

+ve value of Zs implies the suitability of the pump for a 1.75 m suction lift. 
Hence, RL at the eye of the impeller  £ Min WL + Zs 

    £ 7 + 1.75 

    £ 8.75 m RL 

Based on values calculated in 5.2.2 above, 

Pump floor level £ 8.75 - Q,,
6G4,,, − 0,,

4,,, 

       £ 7.80 m RL 

 

4.2.4 Conclusion about pump installation and recommendation 
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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. 
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As seen from 4.2.2 and 4.2.3, the lowest pump floor levels worked out are: 

 
i) For priming  5.0 m RL 
ii) For Nsss criteria  7.80 m RL, which necessitates a vacuum pump for 

priming and complex automation 

Thus, design pump floor level shall be 5.0 m RL, i.e., lower of these two values.  Ground level 
at site = 8.25 m RL (as per data). 

It is seen that the pump floor level shall be 8.25 - 5.0, i.e., 3.25 m below GL. 

In the event of any burst in delivery piping or valve, water will accumulate in the pump house 
up to at least 3.25 m causing submergence of motors necessitating motor rewinding or 
insulation, and other major repairs. Such mishappenings have taken place in some badly 
designed centrifugal pump installations. 

Therefore, the selection of a centrifugal pump is with serious risk and not advisable.  

5.0 Selection of number of stages and rotating speed (rpm) of VT Pump 

Pump head as per 3.9, H = 54.0 m 

Head loss at the entrance to 600 mm diameter bell mouth 

He = 0.1 V2/2g = 0.007 m 

Head loss in column pipe, assuming presently, 10 m length of the column and as per Figure 
(5) in IS 1710-1972 for 400 mm diameter, 

Hc = 0.25 m 

Hd, Head loss in discharge bend/tee = 0.20 m  

(Note: k = 0.5, v = 2.79 m/s, head loss = kV2/2g) 

Hence, bowl head, H = 54.0 + He + Hc + Hd = 54.457 m, Say 54.5 m. 

Six options on the basis of variation in the number of stages from 1 to 3 and speeds 980 and 
1,480 rpm as per Table below, are evaluated. 

Table showing options and evaluation of Ns and efficiency for variations in the number of 
stages and speed [Q(pump) = 0.35 m3/s and Hbowl = 54.5 m]. 

 

Option 

Number 

of 
Stages 

Head per 

stage (m) 
rpm 

Specific 

Speed 
(SI) 

Graph 

efficiency 
Remarks 

1 1 54.5 980 28.9 0.86 
Not accepted, 
unstable H-Q 
curve 

2 1 54.5 1480 43.65 0.90 Acceptable 
3 2 27.25 980 48.61 0.90 Acceptable 
4 2 27.25 1480 73.41 0.87 Acceptable 
5 3 18.17 980 65.87 0.88 Acceptable 
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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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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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As seen from 4.2.2 and 4.2.3, the lowest pump floor levels worked out are: 

 
i) For priming  5.0 m RL 
ii) For Nsss criteria  7.80 m RL, which necessitates a vacuum pump for 

priming and complex automation 

Thus, design pump floor level shall be 5.0 m RL, i.e., lower of these two values.  Ground level 
at site = 8.25 m RL (as per data). 

It is seen that the pump floor level shall be 8.25 - 5.0, i.e., 3.25 m below GL. 

In the event of any burst in delivery piping or valve, water will accumulate in the pump house 
up to at least 3.25 m causing submergence of motors necessitating motor rewinding or 
insulation, and other major repairs. Such mishappenings have taken place in some badly 
designed centrifugal pump installations. 

Therefore, the selection of a centrifugal pump is with serious risk and not advisable.  

5.0 Selection of number of stages and rotating speed (rpm) of VT Pump 

Pump head as per 3.9, H = 54.0 m 

Head loss at the entrance to 600 mm diameter bell mouth 

He = 0.1 V2/2g = 0.007 m 

Head loss in column pipe, assuming presently, 10 m length of the column and as per Figure 
(5) in IS 1710-1972 for 400 mm diameter, 

Hc = 0.25 m 

Hd, Head loss in discharge bend/tee = 0.20 m  

(Note: k = 0.5, v = 2.79 m/s, head loss = kV2/2g) 

Hence, bowl head, H = 54.0 + He + Hc + Hd = 54.457 m, Say 54.5 m. 

Six options on the basis of variation in the number of stages from 1 to 3 and speeds 980 and 
1,480 rpm as per Table below, are evaluated. 

Table showing options and evaluation of Ns and efficiency for variations in the number of 
stages and speed [Q(pump) = 0.35 m3/s and Hbowl = 54.5 m]. 

 

Option 

Number 

of 
Stages 

Head per 

stage (m) 
rpm 

Specific 

Speed 
(SI) 

Graph 

efficiency 
Remarks 

1 1 54.5 980 28.9 0.86 
Not accepted, 
unstable H-Q 
curve 

2 1 54.5 1480 43.65 0.90 Acceptable 
3 2 27.25 980 48.61 0.90 Acceptable 
4 2 27.25 1480 73.41 0.87 Acceptable 
5 3 18.17 980 65.87 0.88 Acceptable 
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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. 

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. 
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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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Option 

Number 

of 
Stages 

Head per 

stage (m) 
rpm 

Specific 

Speed 
(SI) 

Graph 

efficiency 
Remarks 

6 3 18.17 1480 99.49 0.85 

Not acceptable: 
shut-off kW is 
higher than kW at 
BEP 

It is seen from the above analysis that options 2 and 3 are to be compared judiciously for final 
selection. 

Considering that wear and tear and noise level at 1,480 rpm shall be more than that of 980 
rpm, the most appropriate option shall be Option 3 (980 rpm two-stage VT pump).  

 

6.0  Sizes/Rating of other design components and parameters  

6.1 Motor 

i) Lowest bowl efficiency as per 4 above is 0.90 

Allowing 5% variation for commercial offer design bowl efficiency is 0.85 

ii) Input to bowl assembly (refer to subsection 5.11)  

= 9.81 × 0.35 × 54.5 / 0.85  

= 220.15 kW 

iii) Thrust bearing loss (kW) = .....:$$1	e	A	e	U
7..	e	1.

 = 1.08 kW  

Where  

T = thrust in kg = F = 5,000 kg (refer to 6.2 below) 

N = operating speed rev/min = 980 rpm 

iv) Line shaft bearing loss = 0.5 kW (as per IS 1710)  

v) Input to pump [(ii) + (iii) + (iv)]           221.73 kW 

Considering 10% margin of power in motor, rating of motor required  243.90 
kW 

Rounding to commercial rating                    250 kW  

Note: Calculations for motor rating are to be done to enable detailing specifications for 
associated electrical equipment. Motor rating should not be specified in the tender 
specifications. 

vi) As the rating is 250 kW, as seen from subsection 5.20.5, HT motors at 3.3 kV can be 
adopted. In case of a generally clean, dry environment, Screen Protected Drip Proof 
(SPDP) or Open Drip Proof (ODP) motors (IP23) can be selected as they allow air to 
circulate freely through the windings for cooling and prevent water dripping from above 
entering the windings. This is normally adequate for most of the indoor pump sets. In 
case of dusty environment, frequent cleaning of the vents, (and fly and moth menace 
during nights which may be sucked into the motor) and risk of water splashes, select 
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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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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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totally enclosed, fan cooled, IP44 (TEFC) motors which allow external air inside the 
motor through a fan, but are safe against not only water dripping from above, but also 
water splash.  

vii) The motor shall be designed for Class F insulation with a temperature rise limit for 
Class B. As the altitude at the site is 1250 m RL, the temperature rise limit shall be 
reduced by 2.5 °C, i.e., at the rate of 1 °C for every 100 m higher altitude above 1,000 
m RL.  

 
6.2 Impeller shaft and line shaft diameter   

 

i) IS 1710:  Specification for vertical turbine pump stipulates the following formula for 
impeller shaft.  The same can also be applicable to the line shaft. 

𝑆𝑆𝑆𝑆	 = 	”e
63.7𝐹𝐹𝐹𝐹
𝐷𝐷𝐷𝐷$ f

$

+	•
492𝑝𝑝𝑝𝑝	 ×	10;

𝑁𝑁𝑁𝑁𝐷𝐷𝐷𝐷% –
$

 

 

Where S = combined shear stress in kgf/cm2 shall be either a 
maximum  30 per cent of the yield stress or maximum 18 per 
cent of the ultimate tensile strength of the shaft steel used 

F =    axial thrust in kg of the shaft, including hydraulic thrust 
plus the weight of the shaft and all rotating parts line 
shaft, impeller shaft, impeller, etc., supported by it 

p =    power transmitted by the shaft in kW (advisable to adopt 
motor kW) 

   N =   revolutions per minute (rpm) 

D =   shear diameter in mm at the root of threads or minimum 
diameter at undercut 

ii) Calculations for hydraulic thrust 

The first step is to determine, impeller diameters - outside diameter D2 and 
inside diameter D1. 

 Ns (specific speed) = Uf&
F3.56

 

Where N = rpm 

  Q = discharge, m3/s 

  h = head per stage, m 

h = 1>.1
$

 = 27.25 m, 89.41 feet 

N = 980 rpm 

Q = 0.35 m3/s, 5551 USgpm 

Hence, Ns = 48.61 (SI), 2512.5 (USCU) 
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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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totally enclosed, fan cooled, IP44 (TEFC) motors which allow external air inside the 
motor through a fan, but are safe against not only water dripping from above, but also 
water splash.  

vii) The motor shall be designed for Class F insulation with a temperature rise limit for 
Class B. As the altitude at the site is 1250 m RL, the temperature rise limit shall be 
reduced by 2.5 °C, i.e., at the rate of 1 °C for every 100 m higher altitude above 1,000 
m RL.  

 
6.2 Impeller shaft and line shaft diameter   

 

i) IS 1710:  Specification for vertical turbine pump stipulates the following formula for 
impeller shaft.  The same can also be applicable to the line shaft. 
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Where S = combined shear stress in kgf/cm2 shall be either a 
maximum  30 per cent of the yield stress or maximum 18 per 
cent of the ultimate tensile strength of the shaft steel used 

F =    axial thrust in kg of the shaft, including hydraulic thrust 
plus the weight of the shaft and all rotating parts line 
shaft, impeller shaft, impeller, etc., supported by it 

p =    power transmitted by the shaft in kW (advisable to adopt 
motor kW) 

   N =   revolutions per minute (rpm) 

D =   shear diameter in mm at the root of threads or minimum 
diameter at undercut 

ii) Calculations for hydraulic thrust 

The first step is to determine, impeller diameters - outside diameter D2 and 
inside diameter D1. 

 Ns (specific speed) = Uf&
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Where N = rpm 

  Q = discharge, m3/s 
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h = 1>.1
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 = 27.25 m, 89.41 feet 

N = 980 rpm 

Q = 0.35 m3/s, 5551 USgpm 

Hence, Ns = 48.61 (SI), 2512.5 (USCU) 
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Informatics Centre (NIC) Bhubaneswar. The salient features of the scheme are as follows:  
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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% 
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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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From Figure 17.40 from the book Centrifugal Pump by Karassik, see reproduced 
Figure 5.1.A.2.  

D2/D1 = 1.55 and f 1.15 

Using the equation from the above book, 

f = !#U
7?>.	√F

 

Substituting for f = 1.15,  h = 89.41, N = 980 and solving, 

D2 = 20.416 inches = 0.518 m 

Hence, D1 = 0.335 m (Nominal) 

Adding 2×6 mm (approx.) thickness of wearing ring, D1 = 0.347 m 
 

As per guidelines on Page 2.276 and 2.277 of Pump Handbook, 4th edition, refer 
to Figure 5.1.A.3 for an illustration of hydraulic thrust. 

Unbalanced area =	4
>
𝑥𝑥𝑥𝑥𝐷𝐷𝐷𝐷7$ 

      = 0.095 m2 = 946 cm2 

Unbalanced pressure (neglecting and assuming zero pressure on the suction 
side of the eye of the impeller due to submergence being of very low magnitude). 

 

= 54.5 m = 5.45 kg/cm2 

As per guidelines in the Pump Handbook, 70%-80% thrust is to be considered 

Hence hydraulic thrust = 946 × 5.45 × 0.8 

          = 4125 kg 

iii) Weight of 10 m long 65 mm diameter line shaft (and density 7,850 kg/m3) 

 = 4	h	...;1#h7.h0?1.
>

 

 = 261 kg say 300 kg 

iv) Weight of impeller (assuming void factor as 0.5 and width as 33% of D2) 

 = 4	h	!##h..%%!#h0?1.h..1
>

 

 = 141.4 kg say 200 kg  

v) Weight of Impeller shaft = 50 kg (assumed)  

Hence axial thrust, F = (ii) + (iii) + (iv) + (v)  

    = 4125 + 300 + 200 + 50 

    = 4475 kg, say 5,000 kg 

SS 410/416 as MOC of impeller shaft and line shaft is selected 

Yield stress = 28.2 kg/mm2 = 2820 kg/cm2 

Ultimate strength = 49.3 kg/mm2 = 4930 kg/cm2 



Part A- EngineeringPart A- Engineering
Part A- Engineering  Annexures 

879 
 

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 
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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 
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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 
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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Hence safe stress S = 30% of 2820 kg/cm2 or 18% of 4930 kg/cm2    
      (whichever is lower) 

      = 846 kg/cm2 or 887 kg/cm2 (lower of two) 

      = 846 kg/cm2 

Substituting values in the equation, (F = 5,000, p = 250, N = 980, S = 992) and solving 
by trial and error (as the equation is not linear) 

D = 53 mm at the root of screw threads or undercut due to sleeve  

Adding 2 × 5 mm depth of screw threads and 4 mm corrosion allowance and 
tolerances 

Nominal shaft diameter  = 67 mm 

6.3 Thickness of Column pipe 

The column pipe will act as a closed pressure vessel when the pump is started under shut-off 
conditions. Considering the specific speed and pattern of pump characteristics, the shut-off 
head is likely to be 80 m. 

The material of construction shall be mild steel. 

Hence design pressure (at 1.5 times shut-off pressure) 

P = (80/10) × 1.5 = 12 kgf/cm2 

For pressure vessel as per IS 2825-1969 

t = (PD)/(200fi-p) 

Where p, design pressure = 12 kgf/cm2 

D, internal diameter = 400 mm 

F, safe stress = 10kgf/mm2 

J, welding factor = 0.7 

Hence, t = 3.45 mm 

Adding 4 mm corrosion allowance as the pipe is subjected to corrosion from both inside and 
outside. 

Thickness of column pipe = 7.5 mm = 8mm 
 

Design rating of electrical equipment 

7.1 Transformer 

a) Total load of four pump motor sets 250×4 = 1,000 kW 

Hence transformers kVA required at 0.85 P.F. and 20% margin 

= 7...×7.$
..?1

 = 1412 kVA 

The next commercial ratings are 1,600 kVA and 2,000 kVA.  in addition to a load of main pump 
motors, load due to ventilation system, indoor and external lighting, power for crane, surge 
control devices, and water treatment plant are necessary.  Momentary starting overload of 
transformer on starting last working pump should not exceed 50% of transformer capacity.  
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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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Hence safe stress S = 30% of 2820 kg/cm2 or 18% of 4930 kg/cm2    
      (whichever is lower) 

      = 846 kg/cm2 or 887 kg/cm2 (lower of two) 

      = 846 kg/cm2 

Substituting values in the equation, (F = 5,000, p = 250, N = 980, S = 992) and solving 
by trial and error (as the equation is not linear) 

D = 53 mm at the root of screw threads or undercut due to sleeve  

Adding 2 × 5 mm depth of screw threads and 4 mm corrosion allowance and 
tolerances 

Nominal shaft diameter  = 67 mm 

6.3 Thickness of Column pipe 

The column pipe will act as a closed pressure vessel when the pump is started under shut-off 
conditions. Considering the specific speed and pattern of pump characteristics, the shut-off 
head is likely to be 80 m. 

The material of construction shall be mild steel. 

Hence design pressure (at 1.5 times shut-off pressure) 

P = (80/10) × 1.5 = 12 kgf/cm2 

For pressure vessel as per IS 2825-1969 

t = (PD)/(200fi-p) 

Where p, design pressure = 12 kgf/cm2 

D, internal diameter = 400 mm 

F, safe stress = 10kgf/mm2 

J, welding factor = 0.7 

Hence, t = 3.45 mm 

Adding 4 mm corrosion allowance as the pipe is subjected to corrosion from both inside and 
outside. 

Thickness of column pipe = 7.5 mm = 8mm 
 

Design rating of electrical equipment 

7.1 Transformer 

a) Total load of four pump motor sets 250×4 = 1,000 kW 

Hence transformers kVA required at 0.85 P.F. and 20% margin 

= 7...×7.$
..?1

 = 1412 kVA 

The next commercial ratings are 1,600 kVA and 2,000 kVA.  in addition to a load of main pump 
motors, load due to ventilation system, indoor and external lighting, power for crane, surge 
control devices, and water treatment plant are necessary.  Momentary starting overload of 
transformer on starting last working pump should not exceed 50% of transformer capacity.  
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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 
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 

1011 
  

 

Considering these aspects, a transformer of 2000 kVA, one duty + one standby is selected. 

b) Check for loading under the last/4th motor starting 

Momentary overloading of the transformer to be checked for condition N-1 number of pumps 
running and Nth pump started. 

Here  Number of duty pumps  = 4 

 kW each motor  = 250 kW 

Hence , kVA load for three pump motors running (assuming worst PF 0.85 and motor 
efficiency = 0.90) 

 = $1.×%
..?1×..:

 = 980.4 say 981 kVA 

Maximum starting kVA of 4th pump as six times being direct online starting 

 = $1.×;
..?1×..:

 = 1,960.8 kVA, Say 1,961 kVA 

Hence kVA load when 4th pump started  

 = 981 + 1,961 = 2,942 kVA 

Momentary overload = $,:>$

$,...
 - 1 

   = 47% (within the limit of 50%) 

Hence acceptable 

7.2  Breaker on incoming to transformer 

The power supply authority’s system is 22 kV (Design 24 kV) and the fault level is 500 MVA. 

Therefore, S.C. current 1..

7.0%$×$>
= 12.03	𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 

Full load current of transformer  $...

√%	×	$>
  = 48.11A 

Standard rating - 24 kV, 12.5 kA, 6,30A 

7.3 Motor Control Gear 

As the motor is 3.3 kV, vacuum circuit breaker (VCB) can be selected. 
(i) Current at 0.85 P.F. and lowest voltage 3.3 kV - 10%, i.e., 2.97 kV 

= $1.

√%×$.:0×..?1×..:
= 63.53𝑘𝑘𝑘𝑘	(0.9	𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚	𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒)   

Specify minimum available rating is 400A as per IS 13118. 

 
(ii) Short Circuit Current rating 

Normal impedance with 10% tolerance as per IS 2026 = 6.25 × 0.9 = 5.6% 

 Zmin = 5.6% 

 

Therefore, short circuit MVA of a transformer at 3.3 kV Bus 

= (2000 × 100)/(5.6 × 1000) = 35.71 MVA 
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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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As motor contributes 10 times its normal full load during fault, contribution of four motors. 

S.C. Current = 63.53 × 10 × 4 = 2.54 kA 

S.C MVA = 3.3 × 2.54 × √3	= 14.52 MVA 

Hence, total S.C. MVA = 50.23 MVA 

Hence, short circuit breaking capacity of the breaker at 3.6 kV design voltage as per IS 
13118 

= 1..$%

√%×%.;
 = 8.05 kA 

 

Breaker rating: 3.6 kV, 400A, 10 kA as per IS 13118 

 

7.4  Incoming breaker and bus-coupler breaker to HT Panel 

Normal current = 63.53 × 4 = 254.12A 

Specify 630A as per IS 13118.  Considering margin for future. 

Breaker rating: 3.6 kV, 630 A, 16 kA as per IS 13118 

S.C. MVA shall thus be 99.8 MVA 
 

 

Hydraulic design of Sump and General Arrangement of Pump House 

 

8.1 Sump 

As per guidelines in subsection 5.2.10.2, 

 

a) Clearance between the bottom of sump and lip of inlet bell mouth,  

C = D/2 = 600/2 = 300 mm  

 

b) Submergence above bell mouth and water depth 

Diameter of inlet bell mouth 0.6 m 

V (actual) [Refer 2.1]  1.24 m/s 

FD, Froude number  a

√,
 = 0.511 

 

S, minimum submergence required above Lip of bell mouth 

  = D × [1+2.3 FD] 
  = 1.30 m 

C (calculated as before) = 0.3 m 
\ Minimum depth of water below minimum WL (S+C) 



AnnexuresPart A- Engineering
Part A- Engineering  Annexures 

879 
 

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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11) No. of DMAs: 19 Nos, one per OZ with 1000 to 2000 connections 
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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 
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 

1012 
  

 

As motor contributes 10 times its normal full load during fault, contribution of four motors. 

S.C. Current = 63.53 × 10 × 4 = 2.54 kA 

S.C MVA = 3.3 × 2.54 × √3	= 14.52 MVA 

Hence, total S.C. MVA = 50.23 MVA 

Hence, short circuit breaking capacity of the breaker at 3.6 kV design voltage as per IS 
13118 

= 1..$%
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 = 8.05 kA 

 

Breaker rating: 3.6 kV, 400A, 10 kA as per IS 13118 

 

7.4  Incoming breaker and bus-coupler breaker to HT Panel 

Normal current = 63.53 × 4 = 254.12A 

Specify 630A as per IS 13118.  Considering margin for future. 

Breaker rating: 3.6 kV, 630 A, 16 kA as per IS 13118 

S.C. MVA shall thus be 99.8 MVA 
 

 

Hydraulic design of Sump and General Arrangement of Pump House 

 

8.1 Sump 

As per guidelines in subsection 5.2.10.2, 

 

a) Clearance between the bottom of sump and lip of inlet bell mouth,  

C = D/2 = 600/2 = 300 mm  

 

b) Submergence above bell mouth and water depth 

Diameter of inlet bell mouth 0.6 m 

V (actual) [Refer 2.1]  1.24 m/s 

FD, Froude number  a

√,
 = 0.511 

 

S, minimum submergence required above Lip of bell mouth 

  = D × [1+2.3 FD] 
  = 1.30 m 

C (calculated as before) = 0.3 m 
\ Minimum depth of water below minimum WL (S+C) 
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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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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. 
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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. 
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4) No. of households: 32,017  
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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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    = 1.60 m 
c) Distance between rear wall and centre of bell mouth, 

 
Bmax = 0.75 D = 0.75 × 600 = 450 (maximum) = 450 mm 
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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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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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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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11) Sumps are permitted for the residential and commercial building having more than 
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There are 19 DMAs in Puri city. The jurisdiction of each ESR has been considered as the area 
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Figure 2. It is to be noted that on outlet, isolation valve followed by the bulk meter and then 
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d) Rear False Wall 

The size of the base of the discharge head will be 1200 mm, i.e., 600 mm from the 
centre of the pump, whereas dimension B is 450 mm (max). Therefore, the column and 
rear wall of the sump will have to be located at least 1,200 mm away from the pump 
centre keeping a 600 mm margin for nut fastening, etc. Therefore, a rear false wall is 
necessary at a distance of 450 mm (clear) from the pump centre. A top or false wall 
will be up to 1000 mm above the maximum water level. 

e)   Spacing between pumps 

Desirable spacing between pumps is 2.5 D, i.e., 1,500 mm. However, the size of the 
lower flange of headgear/discharge head (accommodating stuffing thrust bearing 
and flexible coupling would be approximately 3.0 times column pipe diameter, 
i.e., 1,200 mm. Keeping about 900 mm clearance, the spacing will be 2,100 mm. 

f)   Slope 

As the seen minimum depth of water required is 1.60 m below the minimum WL. 
In order to minimise excavation cost, a permissible slope of 10° degree is taken. 
The slope will terminate upstream of the pump at a distance equal to 5 D, i.e., 
3,000 mm from the pump centre. 

g)   Straight Approach 

The portion under the pump will be flat from the line of termination of slope 
up to at least the rear false wall. 

h)   Baffles/Dividing Walls 

Dividing walls will be constructed between pumps to avoid mutual interference. 
Both ends of each dividing wall shall be rounded. The front edge of the dividing 
wall shall be in line with the front edge of the suction bell mouth. At the rear end 
opening 150-200 mm size shall be kept at least up to minimum WL. The top of 
the dividing wall will be up to 1,000 mm above the minimum WL. 

8.2 Pump House  
a) Number of floors 

 
As the delivery size is 500 mm, two floors shall be planned. The lower floor for pump 
installation and delivery piping and valve and the upper floor shall be the operating 
floor.  The lower floor shall be 1.25 m above HFL of 10.5 m or keeping 0.6 m freeboard 
above max WL of 11.0 m, which works out 11.75 m RL, say 12.0 m. 
 

Headroom between floors shall be 2250 mm. 
 

b) Corbel level for EOT crane shall be 5.5 m above the upper floor 
c) Headroom above corbel shall be minimum of 2.0 m for the bridge girder of the crane. 

 

Capacity of EOT Crane 

9.1 Design Basis 

EOT crane should have a minimum 25% higher capacity to lift maximum load in the 
pumping station.  The loads to be lifted are as follows: 



Part A- EngineeringPart A- Engineering
Part A- Engineering  Annexures 

879 
 

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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i) The motor can be de-flanged from the discharge head and lifted as separate 

equipment. 
ii) For dismantling column pipe or bowl assembly, the load to be lifted as a single 

load comprises the following: 
 

- Discharge head 
- Column assembly 
- Bowl assembly 
- Inlet bell mouth 

Load (ii) shall be higher than load (i) 

9.2 Load (ii) - Discharge head, column assembly, etc. 

a) Weight of discharge head 

The base of the discharge head shall generally be about 2.5 to 3.5 times column pipe 
diameter and height shall be about 1.25 times base and solid-void factor = 0.25.  The 
density is 7850 kg/m3. 

Weight  = 0.7854 × (0.4 × 3.5)2 × 1.25 × 0.25 × 7850 

             = 3776 kg 

b) Column assembly 

Diameter  = 0.4 m   

Thickness = 8 mm = 0.008 m 

Length  = 10 m 

The factor for the weight of flanges = 20% 

line shaft, etc. 

\ Weight = p × D × t × L × 7,850 × 1.2 

  = 947.0 kg 

c) Bowl assembly 

Impeller diameter (D2) worked out above 

 = 0.518 m 

Bowl diameter = 1.15% of impeller diameter 

            = 0.6 m 

Height of bowl = 1.25 times bowl diameter 

           = 0.75 m 

Solid-void factor = 0.5  

Weight   = 4

>
× 0.4$ × 0.75 × 0.5 × 7,850 

    = 370 kg 
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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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i) The motor can be de-flanged from the discharge head and lifted as separate 

equipment. 
ii) For dismantling column pipe or bowl assembly, the load to be lifted as a single 

load comprises the following: 
 

- Discharge head 
- Column assembly 
- Bowl assembly 
- Inlet bell mouth 

Load (ii) shall be higher than load (i) 

9.2 Load (ii) - Discharge head, column assembly, etc. 

a) Weight of discharge head 

The base of the discharge head shall generally be about 2.5 to 3.5 times column pipe 
diameter and height shall be about 1.25 times base and solid-void factor = 0.25.  The 
density is 7850 kg/m3. 

Weight  = 0.7854 × (0.4 × 3.5)2 × 1.25 × 0.25 × 7850 

             = 3776 kg 

b) Column assembly 

Diameter  = 0.4 m   

Thickness = 8 mm = 0.008 m 

Length  = 10 m 

The factor for the weight of flanges = 20% 

line shaft, etc. 

\ Weight = p × D × t × L × 7,850 × 1.2 

  = 947.0 kg 

c) Bowl assembly 

Impeller diameter (D2) worked out above 

 = 0.518 m 

Bowl diameter = 1.15% of impeller diameter 

            = 0.6 m 

Height of bowl = 1.25 times bowl diameter 

           = 0.75 m 

Solid-void factor = 0.5  

Weight   = 4

>
× 0.4$ × 0.75 × 0.5 × 7,850 

    = 370 kg 
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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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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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d) Inlet bell mouth (VT Pump) 

Weight   = 150 kg (assumed) 

\Total load  = (a) + (b) + (c) + (d) 

    = 5,243 kg 

= Say 5,500 

Capacity of crane = 1.25 × 5,500 

    = 7,000 kg 

Dynamic load of pump-motor set on Civil structure 

 

10.1 Dead Loads 
a) Due to the pump set 

 
As worked out in 9.0 above the weight of pump set = 5,500 kg 
 

b) Motor 
 
As per enquiry, 
Weight of motor = 3,000 kg 
 

c) Weight of base frame and sole plate 
 

= 500 kg (assumed) 
 

d) Weight of water in column assembly 
 

Volume of water 10 m long column assembly 
 

= 4

>
× 0.4$ × 10 × 1,000 

= 1,260 kg 
 

10.2 Dynamic load for the design of civil structural members 

 

As per IS 2974 Part IV, and as discussed in subsection 5.15(b) of Chapter 5 Part A, a dynamic 
factor of 3 is applicable for pumps and 2 for the motor.  This dynamic factor is logical for a 
centrifugal pump mounted on a foundation.  In the case of the VT pump, the bowl assembly is 
submerged in water and hence vibrations are dampened. Vibration in discharge head and 
column assembly are of low magnitude. 

Considering the above, low dynamic factor 2 instead 3 is applied for dead weight bowl 
assembly, column assembly, and discharge head.  For water in column assembly, a dynamic 
factor of 1.25 is considered.  For motor, the factor shall be 2 as per IS 2974. 

Hence, dynamic load = 5,500 × 2 + 3,000 × 2 
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      + 500 × 2 + 1,260 × 1.25 

     = 19,575 kg 

Adding 10% for inaccuracy in estimation, 

 

Design dynamic load on civil structure = 19,575 × 1.1 = 21,532 kg 

       = 22,000 kg (rounding off)


