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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. Parameter Formula 
Immediate 

Stage 
Ultimate Stage 

13 Bottom RL of BPT LSL-0.5 403.822-0.5 = 
403.322  

14 Top RL of BPT   410.826+3.5 = 
414.3 m 

15 F = Friction constant   
 

15.070 15.361 

16 AT = Cross-sectional area 
of BPT(m2) 

 

 

  

188.872 97.767 

17 DBPT= Diameter of BPT  
 

 

15.51 

(Selected 10.0 
m) 

11.16 

(Selected 10.0 m 
by reducing area 
by about 25%) 

18 Volume of BPT AT × (FSL-Bottom 
RL) 

550.10 

 

550.10 

 

19 Retention time (minutes) Volume/Q 7.20 5.28 

 

Conclusions: 
i) From above Table A-1, the diameter of BPT is 10.0 m and retention time is 7.20 

minutes in the immediate stage and 5.28 minutes in the ultimate stage. 

Thus, though the length of gravity main is about 31 km and the pipe diameter is large 
i.e., 1500 mm, a very small BPT is adequate though, the downstream pipeline remains 
practically filled under no-flow conditions. 

ii) Even though the BPT area, as per S. No.16, is reduced from 188.87 m2 to 78.54 m2, 
i.e., a reduction by 58.40%, the maximum WL attained in the immediate stage is 406.31 
m as against steady state WL of 403.82 m (S. No.13). This shows that overshoot above 
steady state WL is marginal and much below FSL. 

iii) The diameter of 11.16 m calculated for the ultimate stage is reduced to 10.0 m, thus 
reducing the cross-sectional area by 24.5%. On computation on basis of equations, 
WL rise above steady state WL (410.82 m) is just 0.10 m and thus very marginal 
compared to a safe margin of 3.0 m to be provided above FSL. 
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Annexure 6.8: Design of Thrust Blocks 

To design a thrust block for 900 mm diameter main conveying water at 11 kgs/cm2 pressure 
(P). 

The deviation angle α is 45° and density of concrete is 2,300 kgs/m3. Soil density is assumed 
to be 1800 kgs/m3 and angle of internal friction ϕ = 300. 

Assume minimum cover of earth is 600 mm. Cohesion is 0 for sandy soils. 

Horizontal Thrust:          F = 2	pA	Sin	α/2	  

Cross-sectional area A = #v
>
$ (90)$ = 6364	sq. cms. 

Sin	α/2 = 0.382 

F = 2	(11)	(6364)	(0.382)	(10%) = 	53.48	tonnes  

(i) Lateral resistance to counteract the horizontal thrust: 
Try a thrust block of size = 3.2M × 3.2M × 3.2M 

Weight of thrust block = 3.2M × 3.2M × 3.2 M × 2.3          = 75.36 tonnes 

Weight of water in the pipe = 0.785 × (0.9)2 × 1 × 3.2        = 2.03 tonnes 

Weight of earth = 0.9 × (3.2) (0.6) (1.8)                                = 3.11 tonnes 

                                                                             Total Weight     80.50 tonnes 

 

Total force available considering frictional resistance of soil = 80.5 (0.3) = 24.15 tonnes 

(ii) Lateral resistance of soil against the block:  

𝑓𝑓𝑓𝑓- = 𝛾𝛾𝛾𝛾*
(H)$

2 ∙ 𝐿𝐿𝐿𝐿 ∙
1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
1 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

+ 2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐿𝐿𝐿𝐿”
1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
1 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

By assuming cohesion as 0, the above equation 

Yields = 1.8
(3.2)$

2 	(3.2)	
(1.5)
0.5 = 88.47	𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

(iii) Lateral resistance of soil when the thrust block is free to yield away from the soil mass i.e., 
the portion of projected pipes - 

𝑓𝑓𝑓𝑓[ = 𝛾𝛾𝛾𝛾*	ℎ	
7L)S6K

7G)S6K
− 2𝐶𝐶𝐶𝐶w7L)S6K

7G)S6K
          

 = (1.8)(0.9) (..1)
7.1

= 0.54	tonnes  

Total lateral resistance = 24.15 + 88.47 + 0.54 = 113.16 tonnes/m2 

Total horizontal thrust = 53.48 tonnes 

Factor of safety = 113.16/53.48 = 2.19 which is O.K. 

Reinforcement: 

The minimum surface reinforcement in all thrust blocks shall be 5 kgs/sq. m (as per IRG 21-
1972 Article 306.4). The spacing of these bars is not to exceed 500 mm. Hence provide 10 
bars at 200 c/c which is more than 5 kgs/sqm. 
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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. Parameter Formula 
Immediate 

Stage 
Ultimate Stage 

13 Bottom RL of BPT LSL-0.5 403.822-0.5 = 
403.322  

14 Top RL of BPT   410.826+3.5 = 
414.3 m 

15 F = Friction constant   
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16 AT = Cross-sectional area 
of BPT(m2) 

 

 

  

188.872 97.767 

17 DBPT= Diameter of BPT  
 

 

15.51 

(Selected 10.0 
m) 

11.16 

(Selected 10.0 m 
by reducing area 
by about 25%) 

18 Volume of BPT AT × (FSL-Bottom 
RL) 

550.10 

 

550.10 

 

19 Retention time (minutes) Volume/Q 7.20 5.28 

 

Conclusions: 
i) From above Table A-1, the diameter of BPT is 10.0 m and retention time is 7.20 

minutes in the immediate stage and 5.28 minutes in the ultimate stage. 

Thus, though the length of gravity main is about 31 km and the pipe diameter is large 
i.e., 1500 mm, a very small BPT is adequate though, the downstream pipeline remains 
practically filled under no-flow conditions. 

ii) Even though the BPT area, as per S. No.16, is reduced from 188.87 m2 to 78.54 m2, 
i.e., a reduction by 58.40%, the maximum WL attained in the immediate stage is 406.31 
m as against steady state WL of 403.82 m (S. No.13). This shows that overshoot above 
steady state WL is marginal and much below FSL. 

iii) The diameter of 11.16 m calculated for the ultimate stage is reduced to 10.0 m, thus 
reducing the cross-sectional area by 24.5%. On computation on basis of equations, 
WL rise above steady state WL (410.82 m) is just 0.10 m and thus very marginal 
compared to a safe margin of 3.0 m to be provided above FSL. 
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Annexure 6.8: Design of Thrust Blocks 

To design a thrust block for 900 mm diameter main conveying water at 11 kgs/cm2 pressure 
(P). 

The deviation angle α is 45° and density of concrete is 2,300 kgs/m3. Soil density is assumed 
to be 1800 kgs/m3 and angle of internal friction ϕ = 300. 

Assume minimum cover of earth is 600 mm. Cohesion is 0 for sandy soils. 

Horizontal Thrust:          F = 2	pA	Sin	α/2	  

Cross-sectional area A = #v
>
$ (90)$ = 6364	sq. cms. 

Sin	α/2 = 0.382 

F = 2	(11)	(6364)	(0.382)	(10%) = 	53.48	tonnes  

(i) Lateral resistance to counteract the horizontal thrust: 
Try a thrust block of size = 3.2M × 3.2M × 3.2M 

Weight of thrust block = 3.2M × 3.2M × 3.2 M × 2.3          = 75.36 tonnes 

Weight of water in the pipe = 0.785 × (0.9)2 × 1 × 3.2        = 2.03 tonnes 

Weight of earth = 0.9 × (3.2) (0.6) (1.8)                                = 3.11 tonnes 

                                                                             Total Weight     80.50 tonnes 

 

Total force available considering frictional resistance of soil = 80.5 (0.3) = 24.15 tonnes 

(ii) Lateral resistance of soil against the block:  

𝑓𝑓𝑓𝑓- = 𝛾𝛾𝛾𝛾*
(H)$

2 ∙ 𝐿𝐿𝐿𝐿 ∙
1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
1 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 2𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐿𝐿𝐿𝐿”

1 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
1 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

By assuming cohesion as 0, the above equation 

Yields = 1.8
(3.2)$

2 	(3.2)	
(1.5)
0.5 = 88.47	𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

(iii) Lateral resistance of soil when the thrust block is free to yield away from the soil mass i.e., 
the portion of projected pipes - 

𝑓𝑓𝑓𝑓[ = 𝛾𝛾𝛾𝛾*	ℎ	
7L)S6K

7G)S6K
− 2𝐶𝐶𝐶𝐶w7L)S6K

7G)S6K
          

 = (1.8)(0.9) (..1)
7.1

= 0.54	tonnes  

Total lateral resistance = 24.15 + 88.47 + 0.54 = 113.16 tonnes/m2 

Total horizontal thrust = 53.48 tonnes 

Factor of safety = 113.16/53.48 = 2.19 which is O.K. 

Reinforcement: 

The minimum surface reinforcement in all thrust blocks shall be 5 kgs/sq. m (as per IRG 21-
1972 Article 306.4). The spacing of these bars is not to exceed 500 mm. Hence provide 10 
bars at 200 c/c which is more than 5 kgs/sqm. 
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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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