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Tab. 1 Dam failure paths of Nanshui Reservoir
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Tab. 2 Defect detection indicators, methods, and classification of the dam
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Fig. 1 Coupled 1D river channel — 2D surface hydrodynamic model for the downstream area of Nanshui Reservoir
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Fig. 2 Calibration results of the hydrodynamic model
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Tab. 3 Depth—loss rate (%) curves for various land use types
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Tab. 4 Results of dam defect detection and optimism coefficients
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Tab. 5 Calculation results of dam failure probability for Path 1
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Bt 1 e E— E— — 6.43

x6 FREFERIMFEITEHRR

Tab. 6 Calculation results of dam failure probability for all

paths
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Tab. 7 Inundation area by water depth grade under different flood return periods for each path

A5 YK R A km?
X b7 35 g A K I /a

0.05~0. 5 m 0.5~1m 1~2m 2-3m >3m it

1 48. 86 32.14 50. 09 39. 80 197.17 368. 05

10 48.43 33.20 47.85 41.53 211.59 382. 60

Hi21.3.4 100 49. 04 32.23 48.00 40.70 228.29 398.26
1000 46. 67 32.53 46. 52 39. 86 245.28 410. 85

5000 46.37 32.04 47. 44 37.61 254.53 417.99

1 48. 61 32.48 49.33 40. 56 205. 13 376. 11

10 48.62 32.63 47.66 41.65 215. 47 386. 03

B2 2 100 47.56 32.85 46.97 39. 88 239.26 406. 52
1000 46. 57 32.69 46.59 39.57 247.06 412.47

5000 46.55 32.05 47. 44 37.59 255. 34 418.97

1 46.39 27.71 43.62 34.20 121.92 273.83

10 47.70 29.27 45.11 35.40 136. 24 293.72

H125.6.7 100 49.89 31.34 45.14 37.51 150. 57 314. 44
1000 50. 23 33.67 46.75 38.20 167. 99 336. 84

5000 50.97 32.18 50. 02 38. 64 176.37 348. 18
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Fig. 3 Distribution map of inundation depth under typical flood return periods for Path 1
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Tab. 8 Direct economic losses from dam failure for each

path under different flood return periods

iRt Rk SENL IV

la 10a 100 a 1000a  5000a

B2 1.3.4 26.97 28. 85 30. 60 32.23 33.08
%1% 2 27.81 29.15 31.29 32.42 33.14

H125.6.7  20.14 22.26 24.50 26.75 27.82

R9 EREAREXERHPTRINSBHEREZFRE
Tab. 9 Direct economic risk from dam failure for each path

under different flood return periods

AN AR BT 2855 WUz /oT

la 10 a 100 a

Az
1000a  5000a =82l

421 2211.23 836.77 2570.02 3674.08 11082.31 18 163. 18
H4£2 139.03 233.21 1470.51 7619.57 4739.46 14062.75
A3 296.63 144.27 2080.50 5414.43 8733.52 16372.72
Bi%4 13.48 28.85 30.60 96.69 1224.02 1380.15
B’A%5 342,37 311.61 832.84 1391.12 1752.55 4288.12
%456 40.28 155.81 220.46 347.78 361.64 1085.68
AT 221.53 222.58 269.45 561.80 2336.73 3390.56

58 743. 17

B2k

(1] SRR LR, F ST T E KR B S 5t P AL 3 4
(3] R HARRL,2017,47(12) : 1313-1320.
Zhang Jianyun, Yang Zhenghua, Jiang Jinping. An Analysis on
Laws of Reservoir Dam Defects and Breaches in China [J].
Scientia Sinica (Technologica) , 2017, 47 (12) : 1313-1320. (in
Chinese)

(2] B, 2 B R BEmT . KR R A fiv B R G4y
BrlJ]. KRR TR, 2023(1) - 1-15.
Sheng JinBao, Li Hongen, Sheng Taozhen. Statistical Analysis of
Dam Failure and Its Loss of Life in China [J]. Hydro—Science and
Engineering, 2023(1):1-15. (in Chinese)

[3] Tt LA Bk F X A [D T, KM A
MR, 2023,
Wang Xiuwei. Identification of the Failure Mode and Failure

Risk Analysis of Earth-rock Dams [D]. Zhengzhou: Zhengzhou

University, 2023. (in Chinese )

(4] HED, FYTR. KRBT D 2 T ].
IS, 2021,47(22):172-174.
Xiao Zhibin, Zhou Xianmao. Study on Application of Probability
Calculation Method for Dam Break Link of Reservoir [J]. Shanxi
Architecture, 2021, 47(22): 172-174. (in Chinese)

[5] BESAR, XILEAR, EHF . RF KU FEAE R [T ], HARK
E24],2010,19(6) :8-16.
Huang Chongfu, Liu Anlin, Wang Ye. A Discussion on Basic
Definition of Disaster Risk [J]. Journal of Natural Disasters,

2010, 19(6): 8-16. (in Chinese)

(6] FEMAS, AHide TR E 45 JET HEC-RAS 9 17 £E ME/K i 3%
Tt It K R A AR A R A M ()] N RGERYLE, 2021, 42(1)
65-72.

Jiang Linjie, Fu Chenghua, Cheng Xinyu, et al. Evolution
Process and Impact Analysis of the Dam—break Flood of Baihuatan
Hydropower Station Based on HEC-RAS [J]. Pearl River, 2021,
42(1): 65-72. (in Chinese)

(7] EEH R RFIRE, 45 . T4 4 - 4B 1 i 5

LR Y K B B Ik K BT ] N RERAT, 2026 , 47 (2) -
37-46.
Lian Zhiwei, Cheng Qing, Song Lixiang, et al. Reservoir Dam
Failure=Oriented Flood Simulation Based on a Zero—Dimensional
and Two-Dimensional Coupled Breach Flow Calculation Model
[J]. Pearl River,2026,47 (2) : 37-46. (in Chinese)

(8] T, IR, w0l , 55 . BOZRK P 7 05t AU 43 A K it 7K G A6
WLT]. ANRIKIT, 2021,42(8) : 11-16.

Yu Zibo, Xiang Yan, Meng Ying, et al. Risk Analysis of

Sequential Dam Break of Cascade Reservoirs and Simulation of

Flood Routing [J]. Pearl River, 2021, 42 (8) : 11-16. (in
Chinese)
(9] BHEMN,ZE20R . FET InfoWorks ICM AR T P 9% 4 % T

N RBETE ()], FIRR E 241, 2021,30(2) : 71-79.
Huang Guoru, Li Bigi. Study on Indoor Property Loss of
Shenzhen Residents Caused by Waterlogging Disaster Based on
InfoWorks ICM [J]. Journal of Natural Disasters, 2021, 30(2):
71-79. (in Chinese)

[10] Wang Xiaojie, Xia Jungiang, Dong Boliang, et al.
Hydrodynamics—based Assessment of Flood Losses in an Urban
District under Changing Environments [J]. Natural Hazards,
2024, 120(15): 14755-14783.

(L] 220, X OR AT, APIE 25 T RS S50 A 3 7 IR 23
M e BT 5E (0], o [ A AR K R K L, 2009 (10) = 135~
136,139.



eI, 25 11

Li Na, Zhao Ranhang, Fu Haijun. Applied Research on the
Event—tree Method Based on Fuzzy Numbers in Risk Analyses of
Dams [J]. China Rural Water and Hydropower, 2009(10): 135-
136, 139. (in Chinese)

[12] 0, sKaRE , DB, 55 . VU R R i O B e A7 S5 U B
FE[J]. /KJ1%H,2023,49(3) :46-51,91.

Li Dacheng, Zhang Lucheng, Ma Li, et al. Research on the Dam

Failure Probability of an Extra-high Core Rockfill Dam in
Southwest China [J]. Water Power, 2023, 49(3) : 46-51,91.
(in Chinese)

[13] SRy, 4R B, RAF I . B T = MR EORIR 22 BG4 1 Xk
AP BRI NEE S A [T]. AN RERIT, 2021,42(6) :70-76, 84.
Guo Fang, Cui Yi, Chen Menglu. Dynamic Evaluation of
Regional Agricultural Drought Vulnerability Based on Triangular
Fuzzy Number and Connection Number Coupling [J]. Pearl
River, 2021, 42(6): 70-76,84. (in Chinese)

[14] Giachetti R E, Young R E. Analysis of the Error in the Standard
Approximation  Used for Multiplication of Triangular and
Trapezoidal Fuzzy Numbers and the Development of a New
Approximation[ J ]. Fuzzy Sets and Systems, 1997, 91(1):1-13.

[15] Liou T, Wang M J. Ranking fuzzy numbers with integral value
[J]. Fuzzy Sets and Systems, 1992, 50(3): 247-255.

[16] Ji 24, T XU, A% i , 5 . H T DL Breach #5270 (1 38 9 1 15t
PPIKIHTLT ] KRR R BEE ,2025,45(01) : 68-72+78.
Zhou Xingbo, Wang Shuangjing, Yang Ziru, et al. Analysis of
barrier lake breach flood based on DL Breach model [J].
Advances in Science and Technology of Water Resources, 2025,
45(1): 68-72,78. (in Chinese)

[17] R, B S8, 53K 58 . 2T BREACH B2 (5L K 2 1 30115t
WHRFELI]. NBRERIT, 2021,42(5) :86-92.

Liu Fengru, Zhao Yuhao, Zhan Damei. Analysis of Earth Dam
Break of a Reservoir Based on BREACH Model 1 [J]. Pearl
River, 2021, 42(5): 86-92. (in Chinese)

[18] WImEsK , RAIHE: . HydroMPM2D 7K 3 J1 B HoAE A i B 5 0

B B 5 O IM . JE5t . K AR R G R, 2018.
Hu Xiaozhang, Song Lixiang. Principles and Applications of
HydroMPM2D Hydrodynamic and Its Associated Process Coupling
Mathematical Model [M]. Beijing: China Water Power Press,
2018. (in Chinese)

[19] FeBt®e  GERG I, TR SCG 55 . A DXORUEE Ja BB N 95 1 e Al A

AT S 2 N IV G PEAG [0 ], KK s Bk B, 2023,
43(5):73-81,106.
Qiao Xianling, Hou Jingming, Zhang Wenqing, et al.
Community Scale Refined Simulation of Inundation Process of
Houses and Indoor Property Loss Assessment [J]. Advances in
Science and Technology of Water Resources, 2023, 43(5): 73—
81,106. (in Chinese)

[20] ZTME, B4 O, EHATE, 55 . FMECA V76 B JR 85 A 1 A 3 A1

UL ALY ] K FDK A, 2018,49(S1) :27-32.
Peng Xuehui, Sheng JinBao, Wang Zhaosheng, et al
Application of FMECA Method to Concrete Face Rockfill Dam of
Altash Water Control Project [J].  Water Resources and
Hydropower Engineering, 2018, 49(S1): 27-32. (in Chinese)

[21] Turkel A O, Zaifoglu H, Yanmaz A M. Probabilistic Modeling of
Dam Failure Scenarios: A Case Study of Kanlikoy Dam in Cyprus
[J]. Natural Hazards, 2024, 120(11): 10087-10117.

[22] Montgomery M G, Yaw M B, Schwartz J S. Joint Failure
Probability of Dams Based on Probabilistic Flood Hazard Analysis
[J]. Water, 2024, 16(6). DOI: 10. 3390/w16060865.

Dam Failure Probability and Direct Economic Risk Analysis Based on Defect Detection and

Numerical Simulation
HOU Bochao', CHEN Jialei?, SONG Lixiang’

(1. Guangdong Power Group Nanshui Power Generation Co., Ltd., Shaoguan 512000, China; 2. Pearl River Water Resources Research
Institute, Guangzhou 510611, China)

Abstract: Accurately estimating the probability and consequences of low-probability, catastrophic events such as dam failure remains

a critical challenge. Existing studies on dam failure probability often insufficiently account for actual defects within the dam body and

involve considerable subjectivity in assigning probabilities to basic events, leading to deviations between calculated and actual failure

probabilities. Furthermore, few studies have integrated probability calculations with economic loss assessments to achieve a

comprehensive quantitative evaluation of reservoir dam failure risk. Taking Nanshui Reservoir as the study object, two major categories

comprising seven failure paths were established based on the event tree method. To reduce subjectivity in probability assignment,
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triangular fuzzy numbers were introduced to represent the probability of key failure stages along each path, and defect detection
indicators were used to determine the optimism coefficients in fuzzy number quantification, enabling precise failure probability
estimation. A coupled one-dimensional river channel - two-dimensional surface hydrodynamic model for the downstream area was
constructed using the HydroMPM model cloud platform and calibrated with water level and discharge data from the June 2022 flood
event. The DL BREACH model was employed to simulate flood inundation processes under 15 dam failure scenarios across the seven
failure paths. Direct economic losses were quantified using depth — loss rate curves, and direct economic risk was comprehensively
evaluated within the "risk = probability X consequences" framework. The results indicate that: MDMost structural indicators of Nanshui
Reservoir are normal, with only localized voids or cracks in certain areas. Except for Path 3, the optimism coefficients for all other
paths exceed 0. 6, reflecting the dam'’s overall good condition. @ The comprehensive dam failure probability of Nanshui Reservoir is
2.00 x 107°, significantly lower than the historical annual average dam failure rate for reservoirs in China, indicating a high level of
overall safety. Among the seven failure paths, Path 1 (overtopping due to dam settlement) exhibits the highest probability at 6. 43 X 10~
6. (3 Under the same failure mode, inundation area increases with flood return period, but the variation across different return periods
is generally within 20%. The inundation extent from overtopping failure is significantly larger than that from piping failure, with Path 2
(overtopping caused by flood discharge facility failure) producing the largest inundation area. @ Direct economic losses from dam
failure at Nanshui Reservoir all exceed 2 billion yuan, and the direct economic risk in the downstream area is 58,743. 17 yuan.
Analysis indicates that high-return-period (1000-year and 5000-year) loading conditions contribute the most to overall risk, suggesting
that priority should be given to preventing extreme flood or earthquake events. This study provides a systematic and quantifiable new
framework for dam failure probability and risk assessment.

Keywords: defect detection; fuzzy event tree; numerical simulation; dam failure probability; direct economic risk; Nanshui Reservoir
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