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A Study on Hydraulic Transient Phenomenon of a Pumped Storage
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ABSTRACT

This study performed a field test for the occurrence of a water hammer in a pump storage power plant and compared and
analyzed the conducted numerical analyses. The pump storage power plant had the capacity of 1000 MW, had four pump
turbines with a capacity of 250 MW, and had an available head of 817 m. A numerical analysis was performed on the water
hammer that occurred in a simultaneous emergency stop and in a simultaneous load rejection during an operation of the four
250 MW parallel pump turbines. Furthermore, a study related to hydraulic transients was also conducted to secure the reliability
and safety of the pump storage power plant, pump turbines, penstock, and other equipment. The results of the numerical
analysis on the water hammer are then analyzed. These results show that an abrupt load rejection occurred when the four
turbines failed under the occurrence of the maximum pressure of the penstock and the minimum pressure of the draft tube when
the lower reservoir was at a high level and the lower reservoir was at a low level. Moreover, the minimum pressure of the
penstock and the maximum pressure of the draft tube occurred when the upper reservoir was at a low level; the lower reservoir

was at a high level; and four pumps had an emergency shutdown.
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Table 1 Pump design conditions

Items Units | Maximum I(\}I{O;::g)l Minimum
Net pump dynamic head| m 832.4) 825.0 782.57
Pump discharge m’/s 28.44 28.89 31.30
Pump input power MW 254.19 255.47 261.15
Rated speed rpm 600

Note : " Maximum net head for 1 pump

' Minimum net head for 4 pumps

Table 2 Hydraulic turbine design conditions

Items Units Max. | Normal | Min. NO', of
turbines
"
Static m | 8215 | 8030 | 7785 | —
head
817.0" | 7984 | 774.0 1
Net head m > S
804.9” | 7857 | 761.7 4
Turbine output power | MW | 26534 | 25830 | 245.53 4
Maximum discharge | m’/s 371 371 36.43 4
Guide vane opening % 98 100 100 4
Note : Y Maximum net head for 1 turbine
2 Maximum net head for 4 turbines
% Rated point
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Table 3 Transient characteristics comparison according to

moment of inertia for emergency stop of 4 pumps

Pump outlet Pump inlet
Moment of (penstock) (draft tube)
inertia Maximum | Minimum | Maximum | Minimum
(kem®) pressure pressure pressure pressure
head(m) head(m) head(m) head(m)
2.17x10° 874.81 612.99 143.53 60.95
5.43 > 10° 892.49 536.60 156.92 60.95
3.30<10° 887.24 456.01 172.13 60.95
Remark : ALSTOM is presented as I=5.43x 10°kg-m? in the basic
plan.
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Fig. 9 Pump speed change according to moment of
inertia for emergency stop 4 pumps
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Table 4 Water level change in surge tank according to
moment of inertia for emergency stop of 4 pumps

Moment of | Maximum | Occurrence | Minimum | Occurrence
inertia water time of water time of
(kg'm?) level(m) Max.(sec) level(m) Min.(sec)
2.17x10° 130.499 63.8 107.763 0.0
5.43 % 10° 130.504 38.5 107.763 0.0
3.30 < 10° 130.531 375 107.763 0.0

Remark : Bottom height of upper chamber is 129 m
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Table 5 Transient characteristics comparison with/without

orifice for load rejection of 4 hydraulic turbines

Penstock Draft tube
Surge Maximum Minimum Maximum Minimum
tank pressure pressure pressure pressure
head (m) head (m) head (m) head (m)
With 1,174.04 708.64 90.49 2274
orifice
Without | 2546 | 70954 97.47 23.60
orifice
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Table 6 Water level change in surge tank with/without

orifice for load rejection of 4 hydraulic turbines

Maximum Oi;nmeril; ¢ Minimum | Occurrence
Surge tank water water level |time of Min.
level(m) Max. (m) (sec)
(sec)
With 129.180 155.7 82.582 70.6
orifice
Without |5 o4 1773 70.434 719
orifice

Remark : Bottom height of upper chamber is 129 m
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