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ABSTRACT

Recently, the importance of eco-friendly power generation facility using renewable energy has newly appeared. Hydropower plant is a
very important source of electricity generation and supply which is very important to secure safety because it is commonly connected with
multi facility and operated on a large scale. In this study, a scenario-based analysis method was suggested to assess vulnerability of a
penstock system caused by water hammer commonly occurred in the operation of hydropower plants. A hypothetical hydropower plant
was used to demonstrate the applicability of a transient analysis model. In order to verify reliability of the model, the prediction of pressure
behaviors were compared with the results of commercial model (SIMSEN) and measured data, then a real hydroelectric power plant was
applied to develop all potential water hammer scenarios during the actual operation. The scenario-based simulation and vulnerability
assessment for water hammer in the penstock system were performed with internal and external load conditions. The simulation results
indicated that the vulnerability of a penstock system was varied with the operating conditions of hydropower facilities and significantly
affected by load combination consisting of different load scenarios. The proposed numerical method could be an useful tool for the
vulnerabilityty assessment of the hydropower plants due to water hammer.
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Scenario-based Vulnerability Assessment of Hydroelectric Power Plant * 13

3. U] £37 54

3.1 71ER S &8st AR HE

TRANSHAM O] A 0] 21-87d Bl 412 R E flofl 7/ S A-85le] +FA0A 48721 SIMSEN
9] 54 A w-E Foll 4125 HESHITE SIMSEN 232 A1 o] fRIAIARIT} Y| EL|Fof tigt 4
Aol TR o= AQIAS] EPFLOIA Fksto] ZHEE| Gl ™ tha-o] Atzlof ofal Bl o] 4=l do] H3H vt Itk
(Nicolet et al., 2002). /iR el A2 AEES 915t A 2 elo] A1 Table 137} Zth

Table 1. Conceptual Model Composition

TRANSHAM ver.01 SIMSEN

T

I;I'}‘ Jtot Clutput
LIJ

y=fil
Frog

— |

El.m =260m

Reservoir

Turbine MJ
FPaints
Emergency closure ‘ EMERGENCY SHUT DOWN ‘
MEREE A5 P2 Rl 0 2 5|90 0 Q] Sk du]e] 720w B A ATt g ARE 270

2 a9t A4 2710 2= Bl (Governon)2] 71370 olaf W85 61.7 MW EJHlo] 44.8 MWE oF
30%2] 7|5/ o] WAot= 2 0 & syt R AP L=500 m, D=5m, £=0.013, a=1200 m/s 5= 7/
5]of Qlom, FARIAITES 182, ARIIAL 0.2%0]ck. WO Ao RPM=200, 274 EZA Q=115 m’/s, E
£ Tp=4.11(10)'Nm, E]§1¢] 3]70¢3 WR2=4.81(1O)6§ A g5tk

Fig. 2:= TRANSHAM™} SIMSEN 9] <=3-A0| 2|t F 270 ¥-5-5 Wl alet Aot} Wicket gate”t &5]= K4
27150 QRIS A5t Aste] 7717} R AAshe A0 Uehte] S3) At 4o} 217 304.2 mSh
306.6 m= °F0.76%2] ©2H& W0 2 Aiglo] PR AASH= 202 epith. shEAIRE 52 016 AT o
A5} Ao A L= 7 g Je7ho] X 2jo]= ol S 20l 4] SIMSENS] Q& #4=7} o thokslm g ]
o] 2po] 2 LreRsiT,

320.0

TRANSHAM

3000 | o
----- SIMSEN

Pressure Head(m)
B & @
(=] (=] [=]
(=] (=] (=]

2200

200.0

Time(s)

Fig. 2. Comparison of TRANSHAM and SIMSEN Analysis Result



14 « J Korean Soc Disaster Secur Vol. 14, No. 1, March 2021

3.2 2L =S 85t 2| M2|d HE

THET U 54 s e A2V ] HAHSTE R oAl d e} et WE HUEH ghe] A uE 53t 4
ojet. eut AA = W e o] it 54 A9 2 A Aot A QFA o High ZAE AR ] QL
A RUEE 4L 50l ojzze] ek

olofl eof|A R 54 dele T RUET ¢o] Ay wE Bl RHe] A12/3S HESIS Catalan Hydro
electric Power Plant+= E{7]9] -84 R Z]5of] A4 X0 2 2F 80 km Ho]7] Seyhan 74l Y1x|5kal glom,
19973 2F =i}, W85 56.3 MW 2] Francis EJH10] 37] =] QJct.

Catalan Hydro electric Power Plant+= EJ§19] Ax] 2|5 4=QPAy0] Z ok W75 Qo] =5 A0l tist T2 EEl}] H|A
EE Sastodet. ebdate] 74 © A9l Fig. 3 € Table 201 ERALIL, Table 32 A4 E712] A ¢lo]ct.

i olN

rlo
I
oo
he)

119.00 m

Fig. 3. Penstock of the Catalan Hydroelectric Power Plant (Bulent et al., 2004)

Table 2. Details of Penstock Properties for the Catalan Power Plant (Bulent et al., 2004)

Pipe No. Diameter D (m) Length L (m) Wall thickness t (mm) Wave speed C (m/s)
1 5.5 10 26 823
2 5.5 10 24 800
3 5.5 10 30 864
4 5.5 240 24 800
5 5.5 220 26 823
6 5.5 10 26 823
7 45 20 30 921

Table 3. Specifications of Turbine (Downstream Boundary Conditions of the Penstock (Bulent et al., 2004))

Turbine characteristics Value
Turbine output, P 5 52.8 MW
Rotational speed of the turbine, n 166.7 rpm
Runner diameter, Dr 3.87m
Initial wicket gate opening, $0 22.5°
Steady-state flow rate, Q0 106 m’/s
Reservoir head, Hre 119.00 m
Pressure head at downstream end of penstock, p/ v 54.40 m
Elevation head at downstream end of penstock, z 61.00 m
Tailwater head, Htw 64.10 m

Net head for turbine, H 53.60 m
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Table 4. Reservoir Flood Level Analysis Results
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Table 5. Waterhammer Analysis Scenario

Loading Condition Probability Flood frequency Scenario No.
100-year Scenario 1
Load-rejection 500-year Scenario 2
PMF Scenario 3
100-year Scenario 4
Emergency Shutdown 500-year Scenario 5
PMF Scenario 6
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Fig. 8. Waterhammer Analysis Result by Scenario
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