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ABSTRACT

This field test was conducted to investigate the hydraulic transient at a pumped storage power plant with four 250 MW pump
turbines. The occurrence of a hydraulic transient may be a problem related to the water hammer that occurs during the pump
start and pump input power shutoff or turbine start and turbine load rejection, which affects the hydraulic pressure change,
flow-rate change, and rotational speed change of the pump turbine caused by the water hammer of the penstock and tailrace.
The water hammer was field tested to investigate such hydraulic transients. Accordingly, the main factors in the field test must
be determined to analyze the water hammer. We monitored the main sensors attached to the pump turbine and those attached
to the inlet valve. The result after the field study confirmed that the occurrence of the water hammer during the pump start
and pump stop under a normal operation of the pump turbines was not problematic. Moreover, during the load rejection test,
an upsurge occurred in the penstock under the rapid closing of the upper and lower wicket gates, while a downsurge occurred
in the draft tube and spread to both the upstream and the lower stream. As a result, the pressure rose in the penstock, and
the pressure rapidly fell in the draft tube. Subsequent to the full close of the upper wicket gate, the water hammer repeatedly
rose and fell in the tailrace between the pump storage power plant and the lower reservoir. Moreover, the pressure in the draft

tube rose, and surging occurred in every 2 minutes.
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Fig. 2 View of pumped storage power plant
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Fig. 6 Main sensor monitoring screen that installed pump turbine
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Fig. 8 Hydraulic transients according to normal start of pump

Table 2 Transient characteristics according to normal start of pump

Description Units Value
Start | Maximum End
Penstock pressure bar 87.31 89.30 86.84
Spiral case pressure bar 6.40 8743 84.99
Draft tube pressure bar 6.66 7.16 6.48
Pump speed pm 0.0 605.0 603.1
Upper wicket gate opening % 0.0 80.43 80.43
Lower wicket gate opening % 9.38 80.51 80.51
Pump flow rate mY/s 0.0 57.86 38.19
Inlet valve opening % 0.44 99.45 99.45
Total active power MW 0.0 260.0 258.0
Runner back pressure bar 6.66 89.15 76.20
Remark : 1. Water level of upper & lower reservoir : 925.6 m, 119.8 m
2. Start time : 01:12:00, End time : 01:25:00
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Fig. 9 Hydraulic transients according to normal stop of pump
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Table 3 Transient characteristics according to normal stop of pump

Description Units Value

Start | Maximum | End
Penstock pressure bar 87.48 88.33 88.14
Spiral case pressure bar 85.68 86.82 6.73
Draft tube pressure bar 6.23 8.51 6.83
Pump speed rpm 603.0 604.9 0.0
Upper wicket gate opening % 78.58 78.58 0.0
Lower wicket gate opening % 78.47 78.47 9.36
Pump flow rate m’s | 37.01 57.61 0.0
Inlet valve opening % 99.84 99.84 0.56
Total active power MW | 2545 255.6 0.0
Runner back pressure bar 76.21 89.31 5.17

Remark : 1. Water level of upper & lower reservoir : 932.1m, 118.0m

2. Start time : 06:25:00, End time : 06:35:00
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Fig. 11 Hydraulic transients according to normal stop of turbine

Table 5 Transient characteristics according to normal stop of
hydraulic turbine

Description Units Value Description Units Value
Start | Maximum | End Start | Maximum | End
Penstock pressure bar 87.34 87.87 85.81 Penstock pressure bar 86.29 87.72 86.95
Spiral case pressure bar 6.68 86.55 84.63 Spiral case pressure bar 84.52 86.06 6.15
Draft tube pressure bar 6.68 7.75 6.41 Draft tube pressure bar 6.99 7.48 6.36
Turbine speed rpm 0.0 607.4 602.8 Turbine speed pm | 603.3 606.0 0.0
Upper wicket gate opening % 0.0 94.88 86.68 Upper wicket gate opening % 45.90 45.90 0.0
Lower wicket gate opening % 9.37 95.05 86.85 Lower wicket gate opening % 45.93 45.93 942
Turbine flow rate m'/s 0.0 36.70 32.62 Turbine flow rate mYs | 20.68 21.14 0.0
Inlet valve opening % 0.26 99.25 99.25 Inlet valve opening % 99.83 99.83 0.63
Total active power MW 0.0 264.0 251.4 Total active power MW | 1425 142.5 0.0
Runner back pressure bar 7.34 78.80 78.80 Runner back pressure bar 74.90 74.90 5.86
Remark : 1. Water level of upper & lower reservoir : 929.2m, 120.5m Remark : 1. Water level of upper & lower reservoir : 921.2m, 120.9 m
2. Start time : 14:56:40, End time : 15:12:00 2. Start time : 23:49:00, End time : 23:55:00
sESFHIIHSE == M22d, M53, 2019 41
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Fig. 12 Hydraulic transients according to load rejection of turbine
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Table 6 Transient characteristics according to normal stop of
hydraulic turbine

Description Units Value
Start | Maximum | End
Penstock pressure bar 86.34 91.74 87.32
Spiral case pressure bar 85.09 9235 6.37
Draft tube pressure bar 6.51 7.60 6.43
Turbine speed pm | 602.8 705.7 0.0
Upper wicket gate opening % 56.60 58.17 0.0
Lower wicket gate opening % 56.73 58.39 9.41
Turbine flow rate m3/s | 24.80 26.58 0.0
Inlet valve opening % 99.53 99.66 0.40
Total active power MW | 1849 189.5 0.0
Runner back pressure bar 76.08 82.68 6.86

Remark : 1. Water level of upper & lower reservoir : 927.3 m, 120.9 m
2. Start time : 17:02:00, End time : 17:24:00
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