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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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Annexure 6.9: Design of Air Vessel 

DATA 

Discharge through pipe line                                               = 1.944 cumecs 

Material of pipe line                                                            = Steel 

Diameter of pipe line                                                           = 1550 mm 

Thickness of pipe (ct)                                                          = 10 mm 

Static Head                                                                          = 120 mm 

Length of pumping main                                                     = 18000 m 

Total Head including friction                                             

Head & other losses of 15 metre.                                        = 135 m 

Design head of pumps.                                                        = 150 m 

Atmospheric Head                                                                = 10 m 

H0 = Absolute Head = Total head + Atmospheric Head  = 135 +10 =145 m 

 

V0 = Initial velocity                                                                =	 7.::>

w78x(7.11)
# = 1.03	m/sec	  

 

C = Water Hammer Wave velocity, 
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#.-=-3-3=3.3-]
= 896.27	𝑚𝑚𝑚𝑚/𝑠𝑠𝑠𝑠 

Water Hammer Head =|+3
,

= ?:;.$0	×	7..%

:.?7
  

                                                =  94.10 metres 

Pipe Parameter                ρ  =	 |+3
$,'3

  

                                     =	 ?:;.$0	×	7..%
$	×	:.?7	×	7>1

 

                                     = 0.324 

                                          2ρ = 0.65 

AIR VESSEL PARAMETER = 2C.C/Q.L 

Referring Chart f0, kc as 0.50 for limiting upsurge to 1.20 H0 and down surge to 0.5 H0 

 Air vessel parameter for 2ρ = 0.65 is calculated as follows: 

From chart for 2ρ = 1.00	 ×	(2𝐶𝐶𝐶𝐶.𝐶𝐶𝐶𝐶/𝑄𝑄𝑄𝑄.𝐿𝐿𝐿𝐿) = 10.50 

For 2ρ = 0.5, 2𝐶𝐶𝐶𝐶.𝐶𝐶𝐶𝐶/𝑄𝑄𝑄𝑄.𝐿𝐿𝐿𝐿 = 6.50 
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By interpolation for 2ρ = 0.65 and for 𝑘𝑘𝑘𝑘| = 0.5 

Air vessel parameter 2𝐶𝐶𝐶𝐶.𝐶𝐶𝐶𝐶/𝑄𝑄𝑄𝑄.𝐿𝐿𝐿𝐿 = 7.70 

Volume of air 𝐶𝐶𝐶𝐶. =  0.0	×	7.:>>	×	7?...
$	×	?:;.$0

 

                              = 150.31 Cubic metres 

Volume of Air Vessel =𝐶𝐶𝐶𝐶.[𝐻𝐻𝐻𝐻./𝐻𝐻𝐻𝐻9S6]7/7.$.  

                                      = 150.31[(145)/0.5	 ×	(145)7/7.$.] 

                                      = 150.31	 ×	(2)7/7.$. 

                                       = 267.20 Cum 

Increase the capacity by 20% to cater for upsurge of 1.20 H0 

                                       = 267.20 × 1.2 

                                       = 320 m3 

WATER COLUMN SEPERATION LENGTH 

The water column separation is calculated on the basis of the following formula: 

⬚7
$ − 𝑉𝑉𝑉𝑉$$ = (2𝑔𝑔𝑔𝑔/𝐿𝐿𝐿𝐿){(𝑡𝑡𝑡𝑡7 − 𝑡𝑡𝑡𝑡$)	𝑉𝑉𝑉𝑉7	{𝐻𝐻𝐻𝐻 + 𝐹𝐹𝐹𝐹	(𝑉𝑉𝑉𝑉7$/𝑉𝑉𝑉𝑉.)}]  

H = Static Head, (Absolute Head) 

F = Loss of head due to friction 

𝑉𝑉𝑉𝑉7, 𝑉𝑉𝑉𝑉$ = Velocities at instances t1 and t2. 

(t1-t2) = Period between time intervals in seconds. 

V0 = Initial Velocity. 

L = Length of pipeline 

Initial velocity will come to rest over a time period after the stoppage of pumps. Assuming a 
time interval of 0.20 seconds and by using above formula, the subsequent velocities are 
calculated till the final velocity (Vn) is almost Zero. The water column separation length I is 
given by Laws = 

                          Iwcs Σ [V1 + V2 + ……… Vn] (t2-t1) 

For the given diameter of pipe and for the calculated water column separation Length the 
volume of water required to be stored in Air vessel is calculated. 

For Worked Example 

(1.03)$ − 𝑉𝑉𝑉𝑉$$ = 2	 ×	
9.81

18000	(0.20)(1.03)[145 + 15
(1.03)$

1.03 ] 

(1.01)$ − 𝑉𝑉𝑉𝑉%$ = 2	 ×	
9.81

18000	(0.20)(1.01)[145 + 15
(1.03)$

1.01 ] 

 

Repeat n times till Vn = 0.01m /sec 
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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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By interpolation for 2ρ = 0.65 and for 𝑘𝑘𝑘𝑘| = 0.5 

Air vessel parameter 2𝐶𝐶𝐶𝐶.𝐶𝐶𝐶𝐶/𝑄𝑄𝑄𝑄.𝐿𝐿𝐿𝐿 = 7.70 

Volume of air 𝐶𝐶𝐶𝐶. =  0.0	×	7.:>>	×	7?...
$	×	?:;.$0

 

                              = 150.31 Cubic metres 

Volume of Air Vessel =𝐶𝐶𝐶𝐶.[𝐻𝐻𝐻𝐻./𝐻𝐻𝐻𝐻9S6]7/7.$.  

                                      = 150.31[(145)/0.5	 ×	(145)7/7.$.] 

                                      = 150.31	 ×	(2)7/7.$. 

                                       = 267.20 Cum 

Increase the capacity by 20% to cater for upsurge of 1.20 H0 

                                       = 267.20 × 1.2 

                                       = 320 m3 

WATER COLUMN SEPERATION LENGTH 

The water column separation is calculated on the basis of the following formula: 

⬚7
$ − 𝑉𝑉𝑉𝑉$$ = (2𝑔𝑔𝑔𝑔/𝐿𝐿𝐿𝐿){(𝑡𝑡𝑡𝑡7 − 𝑡𝑡𝑡𝑡$)	𝑉𝑉𝑉𝑉7	{𝐻𝐻𝐻𝐻 + 𝐹𝐹𝐹𝐹	(𝑉𝑉𝑉𝑉7$/𝑉𝑉𝑉𝑉.)}]  

H = Static Head, (Absolute Head) 

F = Loss of head due to friction 

𝑉𝑉𝑉𝑉7, 𝑉𝑉𝑉𝑉$ = Velocities at instances t1 and t2. 

(t1-t2) = Period between time intervals in seconds. 

V0 = Initial Velocity. 

L = Length of pipeline 

Initial velocity will come to rest over a time period after the stoppage of pumps. Assuming a 
time interval of 0.20 seconds and by using above formula, the subsequent velocities are 
calculated till the final velocity (Vn) is almost Zero. The water column separation length I is 
given by Laws = 

                          Iwcs Σ [V1 + V2 + ……… Vn] (t2-t1) 

For the given diameter of pipe and for the calculated water column separation Length the 
volume of water required to be stored in Air vessel is calculated. 

For Worked Example 

(1.03)$ − 𝑉𝑉𝑉𝑉$$ = 2	 ×	
9.81

18000	(0.20)(1.03)[145 + 15
(1.03)$

1.03 ] 

(1.01)$ − 𝑉𝑉𝑉𝑉%$ = 2	 ×	
9.81

18000	(0.20)(1.01)[145 + 15
(1.03)$

1.01 ] 

 

Repeat n times till Vn = 0.01m /sec 
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Then V1+V2+V3+...............Vn (0.20) = say = 6.1 metres. 

For a pipe of 1.55 per dia volume of water required to fill this separation length 
𝜋𝜋𝜋𝜋
4
(1.55)$(6.10) = 11.51Cum 

 

FIXING THE SIZE OF VESSEL AND LEVELS OF WATER AND AIR IN AIRVESSEL 

CHAMBER 

(i) Air And Water Volume 

              Air Vessel volume required = 320 Cum 

              If two vessels are provided volume of each vessel = 160 Cum  

              Provide 90 Cum of Air and 70 Cum of water in each vessel. 

 

(ii) Determination Of Size of Air Vessel 

               Absolute Head at working head of pumps 150+ 10.35 160.35 metres.  

               Maximum upsurge permitted 160.35 ×	1.2 = 192.42 metres 

               Pressure 19.25 kg/cm³ 

               Using 25 mm thick MS Plate i.e., 22 mm+3mm for corrosion allowance 

																																																													𝑑𝑑𝑑𝑑 =
2𝑓𝑓𝑓𝑓= 	× 	𝑒𝑒𝑒𝑒	 × 	𝑡𝑡𝑡𝑡

𝑝𝑝𝑝𝑝
 

𝑓𝑓𝑓𝑓= = Permissible tensile strength in steel plates = 1260 kgs/cm² 

e = Weld efficiency say 0.9 

t = Thickness in cms of plate = 2.2 cm 

P =Pressure in kg/cm² 

   = $	×	7$;.	×	7.:.	×	$.$.
7:.$1

 

   = 259.20 cms 

   = Say 260 cms 

Provide 2.60 m dia of vessel with a length L and two hemispherical ends. 

Volume of (two hemispheres) spherical portion =>
%
	× 	𝜋𝜋𝜋𝜋(1.3)% = 9.2	Cum. 

Total Volume of cylinder = 160 cum - 9.20 = 150.80 cum 

Length of vessel of 2.6 m dia with volume 150.80 cum is = 28.40 metres 

Provide 2 vessels each of 2.6 m dia and 28.40 m long with hemispherical ends. 

(iii) Fixing of Levels of Water and Air in the Vessel 

The levels are fixed by trial by assuming a depth and calculating volume in cylindrical and 
spherical portions,  
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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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By interpolation for 2ρ = 0.65 and for 𝑘𝑘𝑘𝑘| = 0.5 

Air vessel parameter 2𝐶𝐶𝐶𝐶.𝐶𝐶𝐶𝐶/𝑄𝑄𝑄𝑄.𝐿𝐿𝐿𝐿 = 7.70 

Volume of air 𝐶𝐶𝐶𝐶. =  0.0	×	7.:>>	×	7?...
$	×	?:;.$0

 

                              = 150.31 Cubic metres 

Volume of Air Vessel =𝐶𝐶𝐶𝐶.[𝐻𝐻𝐻𝐻./𝐻𝐻𝐻𝐻9S6]7/7.$.  

                                      = 150.31[(145)/0.5	 ×	(145)7/7.$.] 

                                      = 150.31	 ×	(2)7/7.$. 

                                       = 267.20 Cum 

Increase the capacity by 20% to cater for upsurge of 1.20 H0 

                                       = 267.20 × 1.2 

                                       = 320 m3 

WATER COLUMN SEPERATION LENGTH 

The water column separation is calculated on the basis of the following formula: 

⬚7
$ − 𝑉𝑉𝑉𝑉$$ = (2𝑔𝑔𝑔𝑔/𝐿𝐿𝐿𝐿){(𝑡𝑡𝑡𝑡7 − 𝑡𝑡𝑡𝑡$)	𝑉𝑉𝑉𝑉7	{𝐻𝐻𝐻𝐻 + 𝐹𝐹𝐹𝐹	(𝑉𝑉𝑉𝑉7$/𝑉𝑉𝑉𝑉.)}]  

H = Static Head, (Absolute Head) 

F = Loss of head due to friction 

𝑉𝑉𝑉𝑉7, 𝑉𝑉𝑉𝑉$ = Velocities at instances t1 and t2. 

(t1-t2) = Period between time intervals in seconds. 

V0 = Initial Velocity. 

L = Length of pipeline 

Initial velocity will come to rest over a time period after the stoppage of pumps. Assuming a 
time interval of 0.20 seconds and by using above formula, the subsequent velocities are 
calculated till the final velocity (Vn) is almost Zero. The water column separation length I is 
given by Laws = 

                          Iwcs Σ [V1 + V2 + ……… Vn] (t2-t1) 

For the given diameter of pipe and for the calculated water column separation Length the 
volume of water required to be stored in Air vessel is calculated. 

For Worked Example 

(1.03)$ − 𝑉𝑉𝑉𝑉$$ = 2	 ×	
9.81

18000	(0.20)(1.03)[145 + 15
(1.03)$

1.03 ] 

(1.01)$ − 𝑉𝑉𝑉𝑉%$ = 2	 ×	
9.81

18000	(0.20)(1.01)[145 + 15
(1.03)$

1.01 ] 

 

Repeat n times till Vn = 0.01m /sec 
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Then V1+V2+V3+...............Vn (0.20) = say = 6.1 metres. 

For a pipe of 1.55 per dia volume of water required to fill this separation length 
𝜋𝜋𝜋𝜋
4
(1.55)$(6.10) = 11.51Cum 

 

FIXING THE SIZE OF VESSEL AND LEVELS OF WATER AND AIR IN AIRVESSEL 

CHAMBER 

(i) Air And Water Volume 

              Air Vessel volume required = 320 Cum 

              If two vessels are provided volume of each vessel = 160 Cum  

              Provide 90 Cum of Air and 70 Cum of water in each vessel. 

 

(ii) Determination Of Size of Air Vessel 

               Absolute Head at working head of pumps 150+ 10.35 160.35 metres.  

               Maximum upsurge permitted 160.35 ×	1.2 = 192.42 metres 

               Pressure 19.25 kg/cm³ 

               Using 25 mm thick MS Plate i.e., 22 mm+3mm for corrosion allowance 

																																																													𝑑𝑑𝑑𝑑 =
2𝑓𝑓𝑓𝑓= 	× 	𝑒𝑒𝑒𝑒	 × 	𝑡𝑡𝑡𝑡

𝑝𝑝𝑝𝑝  

𝑓𝑓𝑓𝑓= = Permissible tensile strength in steel plates = 1260 kgs/cm² 

e = Weld efficiency say 0.9 

t = Thickness in cms of plate = 2.2 cm 

P =Pressure in kg/cm² 

   = $	×	7$;.	×	7.:.	×	$.$.
7:.$1

 

   = 259.20 cms 

   = Say 260 cms 

Provide 2.60 m dia of vessel with a length L and two hemispherical ends. 

Volume of (two hemispheres) spherical portion =>
%
	× 	𝜋𝜋𝜋𝜋(1.3)% = 9.2	Cum. 

Total Volume of cylinder = 160 cum - 9.20 = 150.80 cum 

Length of vessel of 2.6 m dia with volume 150.80 cum is = 28.40 metres 

Provide 2 vessels each of 2.6 m dia and 28.40 m long with hemispherical ends. 

(iii) Fixing of Levels of Water and Air in the Vessel 

The levels are fixed by trial by assuming a depth and calculating volume in cylindrical and 
spherical portions,  
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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. 

Part A- Engineering  Annexures 

1089 
 

(a) Normal Working Level 

Volume of Air = 90 cum 

Volume of Water = 70 cum 

The normal working level is fixed by trial by assuming 1.15 metre of water by depth from 
bottom. Volume of water = 70.95 Cum which is more than required 70 Cum. Hence normal 
working level will be at 1.15 m from bottom of vessel. 

(b) Upper Emergency Level 

Air dissolves in water in the vessel. Assuming that 10% air dissolves in water the level of water 
rises by 10% of volume of air, i.e.: 

Volume of water = 70 Cum + 10% of 90 Cum = 79 Cum. 

The depth of water from bottom will be 1.35 m which gives volume of water as 79 Cum. 

Hence upper emergency level will be 1.35 m from bottom of vessel. 

(c) Lower Emergency Level 

When pumps trip as per water column separation about 11.51 Cum of water is required to fill 
the pipeline. As calculated volume of water at a depth of 1.00 m from bottom of vessel = 56.43 
Cum. Volume of water at normal working level is 71 Cum. 

Quantity of water available is the difference between normal working level and lower 
emergency level.


