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surges in complex devices such as turbines, and problems caused by
neglecting safety precautions, may result in significant economic damage
and losses to the transmission system. On the other hand, electricity
production is very important for developing countries, and energy
production is a key factor for economic and social development of these
countries. Recently, institutions involved in electricity supply have
recommended pump as turbine projects as hydroelectric power plant for
supplying electricity to rural areas due to their economic benefits. The
issue under investigation in this study is the effect of pump shutdown on
surge occurrence and its effects on the water transmission line.

Materials and Methods: The case study project is the water transmission
line to the city of Masjed Soleyman located in the northeast of Khuzestan
province. In this study, by using WaterGEMS software, the route of the
transmission line, the type and diameter of the pipes, pressure relief valves,
tanks, etc., have been defined and modeled in steady state. After processing
the line in steady state, in order to investigate the replacement of the
pressure relief valve with a reverse pump and its shutdown effect on the
created water hammer impact phenomenon, the designed model is called in
Bentley HAMMER CONNECT software to analyze and investigate the
unsteady state. Since the Hammer software does not have the ability to
model the reverse pump, the turbine is used as a reverse pump in the
modeling. The phenomenon of surge has been investigated in three
scenarios as follows: The first scenario involves studying the flow
conditions in a steady state without any changes in the transmission line.
The second scenario involves replacing the pressure relief valve at
kilometer 0+054 from the Tang-e Mo reservoir with a reverse pump. The
third scenario involves replacing the pressure relief valve at kilometer
3+700 from the Tang-e Mo reservoir with a reverse pump.

Results: As the downstream pressure wave reaches the upstream side, the
pressure in the pipes before and after the reverse pump located at 3+700
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km from the Tang-e Mo reservoir increases in the second state and reaches
its maximum when the valve is fully closed. Over time, due to the friction
of the fluid with the pipe wall, the pressure wave created will be dissipated
until the flow will return to the initial steady state. In the mentioned pipes,
the maximum pressure created is estimated to be about 22.5 bar. The
modeling of the third mode shows that if the reverse pump valves are
closed, the pressure before the pump increases up to 20 bar momentarily.
As a result of the start of the surge impact and the decrease in flow rate, the
pipe pressure decreases to minus 10 meters. The shutdown of the 3+700
reverse pump does not cause significant pressure changes in the pipes
before and after the 0+054 reverse pump. About 14 cubic meters of water
vapor will accumulate in the area of the pipe after the 3+700 reverse pump.
Without the air valve in the line, the volume of steam created will prevent
the fluid passage.

Conclusions: The results indicate that the occurrence of the surge due to
the failure of the PAT(s) installed in the transmission line, despite the
creation of positive and negative pressure waves in the transmission line,
does not cause serious disturbance in the pipeline. It is also concluded that
the thickness of the steel material selected for the pipeline has the required
strength to withstand the maximum and minimum pressures. As a result, it
is possible to replace the reverse pump with a pressure relief valve and
extract energy without causing any problems. In the event of a ram impact,
the transmission line will have the ability to withstand the double pressure
wave created, and water supply to downstream cities will be possible
without disruption.
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Figure 2. The transmission line of Shahid Behnam Lander Dam.
Mohammadi treatment plant towards Tangmo reservoir.
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Figure 5. Flow changes in the pipe after the reverse
pump 0+054 km.
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Figure 7. Flow changes after the reverse pump
3+700 due to the shutdown of the reverse pump
0+054.
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Figure 4. Flow changes in the pipe before the
reverse pump 0+054 km.
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Figure 6. Flow changes before the reverse pump
3+700 due to the shutdown of the reverse pump
0+054.
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Figure 9. Pressure changes in the pipe after the
reverse pump 0+054.
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Figure 11. Pressure changes after the reverse pump

3+700 due to the shutdown of the reverse pump
0+054.
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Figure 8. Pressure changes in the pipe before the
reverse pump 0+054.
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Figure 10. Pressure changes before the reverse
pump 3+700 due to the shutdown of the reverse
pump 0+054.
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Figure 13. Vapor pressure at transmission line due

to the shutdown of the reverse pump at 0+054.
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Figure 16. Flow changes in the pipe after the
reverse pump 3+700.
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Figure 18. Flow changes after the reverse pump
0+054 due to the shutdown of the reverse pump
3+700.
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Figure 15. Flow changes in the pipe before the
reverse pump 3+700.

2800

we  Twe  See0 s loew 10 ISew S0 J0ew0 2 e D0
Time e Oyla
) O

J’é'} w‘,&w}‘yd}])édédﬂﬁ—\v‘)ﬁ

YHVer sSas oy (Bl S1 04008 fashS
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0+054 due to the shutdown of the reverse pump
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Figure 24. Vapor pressure at transmission line due
to the shutdown of the reverse pump at 3+700.
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Figure 23. Pressure changes at transmission line
due to the shutdown of the reverse pump at 3+700.
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Figure 25. Fluid speed changes at the transmission line due to reverse pump shutdown at 3+700.
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