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Abstract

The risk of dam failure is increasing due to environmental changes such as climate change and extreme
weather events. As a result, there is growing interest in the aging of large hydraulic structures both
domestically and internationally. The need for stability analysis methodologies to estimate the potential
risks of these structures, along with international regulatory directions on dam safety management, has
become evident. This study proposes a probabilistic safety evaluation model using Bayesian techniques.
Analytical methods based on the binomial distribution and Poisson distribution were developed for aging
assessment under both stationarity and nonstationarity conditions. Furthermore, the analysis was extended
to include a population variability model that incorporates prior information reflecting data variability to calculate
risk probabilities. The proposed aging evaluation model is expected to provide a basis for quantifying the
aging of dams, thereby enabling the determination of remaining service life and the optimal timing for
maintenance and repair.
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Figure 1. The relationship between dam water levels and discharge volume

Figure 2. Evaluation of the characteristics of dam water levels and discharge volume at different time scales
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Figure 5. Discharge and water level variation of OOO Dam
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Table 1. Results of statistical validation of simulated posterior probabilities (Binomial distribution)
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Table 2. Statistical validation results of simulated posterior probabilities (Poisson distribution)

Variables Mean Stand. Dev. | MC error 2.5% Median 97.5% Start Sample
a -8.98 0.64 0.02 -10.25 -8.96 -7.76 5001 9000
b 0.71 0.07 0.00 0.57 0.71 0.86 5001 9000

& sample. 000 2170 —
o . b
[T’Q v ..
E% 3 5 \\ 8 201 .." -
(:i T T~ T T — T E .'
120 160 -1 -;3"' .,'
’ E .
b sammls: G000 \EI_“ .l'
oo E -
o - 195 o
o _ _ "
aly T T T oy
a4 2 BE 1.0 1.2 19: . - lambda = 0.05
f . .

1a |I1I |Ii.;‘lla
Figure 11. Convergence of parameter posterior probabilities

of \ consi dering time variability Figure 12. PSA analysis based on nonstationary Poisson

BgS Tl w9t A=S miyhie] nid
st FIFH o2 AAE = 3o o)
=]
=

FUYE AP} FsAAT 3, A



46 Crisisonomy Vol.20 No.12

AlE =%3} %‘7}5’—65‘% ol Ho| =S s ARt
S8 Joje gl
2 AN, 288 F IS ZoE Akent

w2 AdEd FHSFAET] Ad oz FHAF

References

Berti, M., M. L. V. Martina, S. Franceschini, S. Pignone, A.
Simoni, and M. Pizziolo. 2012. Probabilistic Rainfall
Thresholds for Landslide Occurrence Using a Bayesian
Approach. Journal of Geophysical Research: Earth
Surface. 117(F4): 1-20

Chan, A. B. and N. Vasconcelos. 2009. Bayesian Poisson
Regression for Crowd Counting. In 2009 IEEE 12th
International Conference on Computer Vision. IEEE.

Choi, Byung Hwan. 2015. Disaster Risk Analysis and
Management Plans of Agricultural Reservoirs. Master’s
Thesis. Kyungpook National University.

Choi, Hong Geun, Uranchimeg Sumiya, Yong Tak Kim, and
Hyun Han Kwon. 2018. A Bayesian Approach to Gumbel
Mixture Distribution for the Estimation of Parameter and

its Use to the Rainfall Frequency Analysis. Journal of

the Korean Society of Civil Engineers. 38(2): 249-259.

ICOLD. 1994. Ageing of Dams and Appurtenant Works. Bulletin
93, Committee on Dam Ageing, International Commission
on Large Dams. Paris, France.

Kim. Tae Jeong, Byung Jin So, Min Suk Ryou, and Hyun
Han Kwon. 2016. Development of Dam Inflow Simulation
Technique Coupled with Rainfall Simulation and
Rainfall-runoft Model. Journal Korea Water Resour.
49(4): 315-325.

K-water Convergence Research Institute. 2016. Study on
Diagnosing the Structural Integrity of Aging Dams for
Performance Improvement(|Il). K-water.

Peng, M. and L. M. Zhang. 2012. Analysis of Human Risks
Due to Dam-Break Floods-Part 1: A New Model Based
on Bayesian Networks. Natural Hazards. 64(1): 903-933.

Zhang, L. M., Y. Xu, and J. S. Jia. 2009. Analysis of Earth
Dam Failures: A Database Approach. Georisk. 3(3):
184-189.

Korean References Transiated from the English

Received: Oct. 23, 2024 / Revised: Nov. 8, 2024 / Accepted: Nov. 8, 2024



Reliability Evaluation Techniques for Improving the Safety and Maintenance of Aging Dams 47

w3 o] ok 9 RAIZE| NS 95 A=A B} |

r (o]
o
o2
ofe
f
fo
e
oX,
o
Hir
ed
B

2 3 glek. ole] ket Fuj)
S PR =T UF FHo] ZT Yok FA W ABY FA WP TEE
% 2o Baxol s glom, ol & AT

< 28 FEEH P W7 IS A =58 gt o s

o
w3
2
o
o
b
|
E o
ol
ol
ol
N
Ho
)
rO
oL
ox
=
N2
ok
'

= 47373 (stationarity) % P17 /43 (nonstationarity)oll ™ ©] SHE 3 (binomial distribution)$} 3o}
% X (Poisson distribution)E 7]1¥He] 34 WS AEsATH =3, A5 WS WY

A ARE &85t Y98gES 43t Z 3 (population variability model) 2.2 &gsto] 4
ST E AFFFoZN o] £ HAH By

x
A7l T B9 F e 2AE ATE F AS A= Jddn.

-

<)
T

FHof: & =3} HIZYY, OZEE, 205 BX

Profiles  Hyun Han Kwon: He received his M.A. and Ph.D. from the University of Seoul, and later worked as a postdoctoral
researcher at Columbia University. He is currently serving as a professor at Sejong University, conducting research
that integrates hydrology, climatology, and data mining to address water resource issues, as well as combining data

mining techniques with physical and statistical models to study hydrologic systems (hkwon@sejong.ac.kr).

Byoung Han Choi: He received his M.A., Ph.D. from Chungbuk National University. And he worked at North Carolina
State University as a postdoctoral researcher. Now he is serving as a Principal researcher at the KRC Rural Research

Institute and conducting various studies in the field of disaster reduction and safety management (hanl1020@ekr.or.kr).

Jang Won Moon: He received his M.A. and Ph.D. from the University of Seoul and later worked at ISAN Corporation
in the Hydropower Department. He is currently serving as a principal researcher at Sejong University, conducting

research in the fields of flood and drought to address water resource issues (jangwon moon@naver.com).






