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Fig. S1: Location of case studies
1. Theory of Bernoulli’s theorem
Energies per unit weight of the fluid
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Mathematically, the Bernoulli’s theorem is written as,

(1)
(2)










Fig. S2: Total Energy Line (TEL) and Hydraulic Grade Line (HGL) for real fluid moving from point (1) to (2).
2. Mathematical formulations for determination of operational energy


Where, Q is discharge in m3/sec, and H is pump head in meter.



Where, L in length of pipe in meter, d is diameter in meter, Q is discharge in m3/sec, and C is Hazen Williams coefficient of roughness.

Where, Ep in pump energy in kWh, and Qv is discharge volume in m3.


Where,

Where, 
ir is rate of interest on capital investment, which is considered as 10% per annum.
if is rate of inflation for replacement cost, which is considered as 6% per annum.
n is design period, which is considered as 30 years.
Unit rate of power is considered as 0.067 USD/unit[footnoteRef:1]. [1:  Exchange rate of currency 1 INR=0.013 USD on 24th July 2021] 














Fig. S3: Cash flow diagram for present worth calculation with inflation rate

3. Site visit to the study area
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Fig. S4: Shaft at Bhima river WSS, Solapur, Maharashtra. (a) Old shaft (before 1984), (b) New shaft (post 2015).
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Fig. S5: Shaft at Pise weir WSS, Thane, Maharashtra. (a)- Pise weir, (b)- Pump house, (c)- Old Shaft and (d)- New shaft.
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Fig. S6: Schematic of transmission network between pump house to WTP of Pise weir WSS, Thane, Maharashtra, India. (a) From 1998 to 2009, and (b) From 2009 onwards.


image4.jpeg




image5.png
§l




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg
Top level: 35.00 m

GL:28.00 m
v

Water Level: 33.50 m

N

Shal

Diameter: 4.00 m
Height 7.00 m

1

Raw Water Rising Main
Diameter:1244.00 mm
Length: 10.44 km

Elevation 16.00 m_|

Water Level: 8.5 m

Pump house

600 HP pump, 4 Nos, 2 working, 2 standby
Discharge through two pumps 120 MLD

Top level: 35.00m_ _ _

Water level: 17.50 m

T

Raw Water Gravity Main
Diameter: 1000.00 mm
Length: 5.80 km

Stilling Basin at WTP

GL:28.00 m
V.

Bottom RL: 23.50 m

| Water Level: 28.0 m

A

Raw Water Rising Main
Diameter:1244.00 mm, 2 Nos.
Length: 10.44 km

TT

Elevation 16.00 m

Water Level: 8.5 m|_

Pump house

600 HP pump, 5 Nos, 3 working and 2 standby
Discharge through 3 pump for 240 MLD

2

Shaft
Diameter- 400 m
Height 11.50 m

Water level
1750 m

Raw Water Gravity Main
Diameter: 1000.00 mm
1400.00 mm

Length:5.80 km Stilling Basin at WTP

Raw Water Rising Main

Raw Water Gravity Main




image2.jpeg
35.0°N-

30.0°N-

25.0°N-

20.0°N

15.0°N

10.0°N

5.0°N

70.0°E 75.0°E 80.0°E 85.0°F 90.0°F 95.0°E

0 250 500km
[

35.0°N

30.0°N

25.0°N

20.0°N

15.0°N

10.0°N

70.0°E 75.0°E 80.0°E 85.0°E 90.0°E 95.0°E

5.0°N




image3.jpeg
22.0°N:

20.0°N:

18.0°N

16.0°N

74.0°E

76.0°E

78.0°E

80.0°E

1 - Solapur
2 - Thane

150 km
L '

76.0°E

78.0°E

80.0°E

22.0°N

20.0°N

18.0°N

16.0°N




