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Risk analysis of the water diversion project based on system dynamics:
a case study of inverted siphon project
WANG Fang' , HE Yongjun'*?,LI Hongen"**

(1. Nanjing Hydraulic Research Institute , Nanjing 210029 ,China;2. State Key Laboratory of Hydrology .Water
Resources and Hydraulic Engineering s Nanjing 210029,China; 3. Key Laboratory of Failure Mechanism and Safety
Control Techniques of Earth-rock Dam of the Ministry of Water Resources , Nanjing 210029, China)

Abstract: Taking the risk instability of inverted siphon in the water diversion project as the research objective, considering the
complex and dynamic relationship between the four factors such as nature, engineering, man-made and management,a risk analy-
sis feedback model based on system dynamics was established. The importance of factor which may affect the stability of the in-
verted siphon project was analyzed. The results of the analytic hierarchy process were used to validate the feedback model. The
results showed that the model had good accuracy and applicability, which may provide a new way for risk assessment of water

diversion projects in the future,
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Fig. 1 Fishbone diagram of risk factors for inverted siphon instability
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Fig. 2 Risk analysis and evaluation system for inverted

siphon body instability
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Tab. 1 Nine-level scaling method
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Tab. 2 Calculation results of weights and final weights of each layer

=yl NE —BPEAGIS IR A7 NE — BRI A E
Cu 0.428 6 RI=0. 58; 0. 065 3
B 0.152 4 Crz 0.142 9 Cl=0; 0.021 8
Cis 0.428 6 CR=0<0. 1 0. 065 3
Ca 0.500 0 0.195 0

RI=0.90;
Ca 0.166 7 0. 065 0

By 0.389°9 Cl=0;
Cos 0.166 7 R0 0. 065 0
RI=0. 905 Cos 0.166 7 ’ ’ 0. 065 0
CI1=0. 0145;

R Cy 0. 399 4 0.155 7

CR=0. 0161<°0, 1 RI=0. 90,
Caz 0.081 2 0.0317

Bs 0.389 9 CI=0. 0385;
Css 0.359 9 0.140 3
CR=0. 0428<0, 1

Cas 0.159 4 0.062 2
Cu 0.258 3 RI=0. 58; 0.017 5
B 0.067 9 Cre 0.637 0 CI=0. 0193; 0.043 3
Cus 0.104 7 CR=0. 0332<°0. 1 0.007 1
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Fig. 3 Typical feedback loop for inverted siphon body instability
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Fig. 4 Risk recognition feedback model for

inverted siphon instability project
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Tab. 3 Back-siphon body instability risk factor feedback loop

IR IR A 51 % i o a1 Bk
1 Crs—>+Cy
2 Ci3—>+Cs—>+Cs
3 Cy—>+Cy>+Cy
4 Crs—>+Cys—>+Cy
5 Cry—>+Coy—>+Cp—>+Cyy
6 Ci3—>+C351—>+Cs3—>+Cyy
7 Ci3—>+Cs3—>+Coy—>+Cs:
HIRAZ Bl o BLRG Crs 8 Ci3—>+Co3—>+Coz—>+Cs2—>+Cs
9 Ci3>+Cs3>+Cos—>+Cs2—>+Cs1
10 Ci3>+C3>+Coz—>+Cao>+Cy)
11 Ci5—>+Cs—>+Cq1—>+Cs3>+Co
12 Ci3—>+Cs3>+Coy—>+Coo—>+Cs—>+Csy
13 Ci3>+Co3>+Co>+Cs—>+Cs3—>+Cos
14 Ci3>+Cs5>+Co—>+Cos—>+Cy—>+Csy
15 Ci3>+Co3—>+Cop—>+Cyo>+Cs1 >+ Cs5—>+Cay
1 Coz—>+Cr2
9 Coy—>+Cyy
3 Coy>+Cop>t-Coo
4 Coz3—>+Co—>+Cs
5 Co3—>+Csp—>+C51—>+Csys
6 Cos—>+Cy>+Cs5—>+Cy3
TR B, WA oo ! o S
8 Coz3—>+Cop—>+Cop—>+Cs—>+Csys
9 Coz3—>+Cop—>+Csp—>+Cy1—>+Cr3
10 Cos—>+Csp—>+Cq1—>+Cs3>+Cy2
11 Co3—>+Cs>+Cs—>+Ci3>+Cs3—>+Cxy
12 Coz3—>+Cop>+Co>+Cy—>+Ci3—>+Css
13 Co3—>+Cy—>+C31—>+Cy3—>+Coy—>+Cy3
14 Coz—>+Cop>+Cip—>~4Cy1 >+ Cyz—>+Coy—>+Ci3
. Coi—>+Cy
2 Cs1—>+Ci3
5 Cy1—>+Ciy—>+Css
A Cyr—>+Ciy—>+Coy
5 Cyt—>+Cys—>+Co
6 Cy—>+Cry—+Co—>+Cs
7 Cy1>+Cy3>+Cor—>—+Cs2
S Cy1—>+Cs3>+Co3—>+Cs2
9 Cy1—>+Ci3—>+Cs3—>+Co
ABIZ By WK Co v o
11 Cy1—>+C13—~>+Cos—>+Cro—>+Cso
12 C31>+Cy3—>+Cop—>+Coz—>+Cs2
13 Cy1—>+Cs5>+Cos—>+Coa—>+Csp
14 Cs1—>+Ci3—>+Cs3—>+Co3—>+Cs2
15 Cy1—>+Cs3—>+Coy—>+Ci3—>+Cso
16 Cy1—=>+C13—~>+Cs5—>+Cro—>+Csyo
17 Cs1>+Ci3—>+Cs3>+Co3—>+Coro>+Cy2
18 Cy—>+Cayy—>+Coy—>+Cry—>+Coy—>+Cy
19 Cy1—>+Ci5>+Cs3>+Cop>+Cos—>+Csz
20 Cy1—>+Cay—>+ Cos—>—+Cry—>+Cog—>—+Cor—>+Csy
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