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Identification of Uncertainty on the Reduction of Dead Storage in Soyang Dam
Using Bayesian Stochastic Reliability Analysis
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Abstract

Despite of the importance on the maintenance of a reservoir storage, relatively few studies have addressed
the stochastic reliability analysis including uncertainty on the decrease of the reservoir storage by the
sedimentation. Therefore, the stochastic gamma process under the reliability framework is developed and
applied to estimate the reduction of the Soyang Dam reservoir storage in this paper. Especially, in the
estimation of parameters of the stochastic gamma process, the Bayesian MCMC scheme using informative
prior distribution is used to incorporate a wide variety of information related with the sedimentation. The
results show that the selected informative prior distribution is reasonable because the uncertainty of the
posterior distribution is reduced considerably compared to that of the prior distribution. Also, the range
of the expected life time of the dead storage in Soyang Dam reservoir including uncertainty is estimated
from 119.3 years to 183.5 years at 5% significance level. Finally, it is suggested that the improvement of
the assessment strategy in this study can provide the valuable information to the decision makers who
are in charge of the maintenance of a reservoir.

Keywords : sedimentation, reliability analysis, stochastic gamma process, Bayesian MCMC, informative
prior distribution
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et al,, 2001), EJA}&(sedimentation rate) 24 2 37}
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Al 2 Aol A= A W HAspgow Qe A
ZH(deterioration) 5= A8l B3k TAIS HHF7] 9
ate] FAIHA ot g o) 89 AlE = B4V
83kl o] AR AFAl Ag3te
o] AggeF Azl w3 A45 FPAE 53 vt
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o] Bayesian MCMC 7
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EjAbFe] FTh AA] Wi B o] WAE o] F A AlA
(t)0] Bap=H, HAHS())e] FH o= sl EAlgo]
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Fig. 1. Deterioration of Reservoir Storage by Sedimentation
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Karlin and Taylor<1975)L A7 (normal distri-
bution) & ©]&3}e] S Wol| &A]5}= IA}E 9] B3k
e FASH 0w gHs: wAS AN v} Ak 2

3} Kallen and v Noortwijk (2006)
g o] AME-S AREEt Bf Qlvh FAEHA
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9 tH(van Noortwijk et al., 2007). wghA E Ao =
EA g o] wAe e ARl A ME S 714

w2 FA% vl B4 A el

Galaa, §) = 7y a~exp(— o) foy(@) @

A7IM, a st pe= 42 & i 7= F B R4 (shape
parameter)®} &FH XS (scale parameter) S UERNH,
Ty (@) =12 27} 0~c0 o] WMol A= T gk 7HA
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7 & (stationary) el tek FASHA kb L Al
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alt) =at, FHRF g5 452 15T 5 9o, Abdel-
Hameed (1957) ool tfgt &2 =345 Eq. (6)7 2
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X(t)ol gk 7|oigkat 24Hs A EA4 3 (moment
generating function)& ©|&3s}o] 31 Eq. ()3 2,
o] A2} W5 Al (coefficient of variation, cov)& AH&-
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Eq. QoA e 70z, zy,...,x,) = AFFEE
(posterior distribution), $-¥ A+ 7(0) = APHEXE
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f(x,10) - f(z,)0) = DA F &= BE 7FsAES 1
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el A 53 Bayesian 71W& ©]-&-3F B4o] 4L
AR ZHE AL Bl Ui Frel Bl igh kA <]
AY wE FAS AAEEE 2o 24 Bl gl
2o B uigh ge] 1 HHo] Qlfal & 4
ATt Bayesian 7|9ollA 53] Eq. (9) WA EE
A -] FEUEET] A o R AR
7] olg¥ A$7F Bkou, <t sl 2 ot

FAF)Fe Fofol| A Bayesian WHe| %-g-o] ki)
(Coles and Powell, 1996; Kavetski et al., 2006; Kim and
Lee, 2010; Kuczera, 1999; Kuczera and Parent, 1998; Lee
and Kim, 2008; Reis Jr. and Stedinger, 2005; Reis Jr. et
al., 2005; Seidou et al., 2006).

Bayesian A4t W ol 4 Metropolis et al. (1953)9]
2]3}e] WHEoZ Metropolis—Hastings ¢85S 83+
A7 Bom, o] daglFel #3k o] &4 A2 Lee and
Kim (2008)¢] AA+E H]5E3 th2] A (Reis Jr. and
Stedinger, 2005; Seidou et al., 2006)°l| 4] Zro}E- 5= gl o
n=2 gAs A kel th Metropolis-Hastings &
THoZ FHIIER AEs A&

AYEFS FYPstaL = A=
3t 4% ByEe] Hird 22 SAH 5EA4XE A

o : & SAEAA AR = 4]
F7 }(confldence interval JJr SAVEE e AlgT7r
(credible interval) & A& = 3L o] & o]&3fo] FH %

2o B3 S 28T g itk wHESle] FEE B
9 g, n %ﬂ*’?%(&gmﬁcance level), ao°lA
Bayesian MCMC el gk 41877k 100(1-a)%=

U= Eq. D% %Lﬁ‘r.

¢

Ba/2nl 010 —a/2n)) (1D

AukH o 72 APHREFEE ‘A1 A AR I (informative
prior distribution)’ @} ‘FAH XA A}AE-¥E(non-informa-
tive prior distribution)’e] & 714 He|2 F+&& = Utk
ARA APART = XSRS 243517 93 g3t A8
MAA o7 AL, HEA o2 EAAte] F7 A

il
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ZE 3 (conjugate prior distribution) & F=2 AM&3HA @
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= ]

o] A7} 98 4 JE FEolH, el Bayesian
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AU AFRG 52 s
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Table 29} Zo] A4 ¥ ¥ (noraml distribution), 77} &
¥ (gamma distribution), GEV ¥ (generalized extreme
distribution), =147 ¥¥(log normal distribution) 2
2W < ololE H¥(2 parameter Weibull distribution)®l]
et x*test, K-S test, CVM (Cramer Von Mises) test
£ Aldsath

Table 29| A¥}ZY¥-E A5t F¥Eo} ZaHF EE7}
VY G kg vehle AL o 5 o, AFHo
2 xXtest A3V} 7P FEI AT BES AHNEER
ARG, & YR ARRER A4¥ FEREE
Eq. (12)9F 2-& 93F 739233} F5=0A} 237345 7HA &=
rHE3EelH, o & Fig. 39 13711¢] BEAMF 259} s

7 R A

4. Bayesian MCMC7|®2| 2 X XMx22|
ME|IE BN Znt

1 M8 8y

A N

Aol A 7 etE Bayesian A%
U2 Fig. 4004 FAIE &9 d5A oty 2973
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mRock
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Yellow

BAcid Brown
Lithosols
ol ithosols

mRed-vellow

aGley

BAlluvial

Betc

Imha
Juam

Andong
Namgang

Table 1. 13 Sedimentation Rates Per Unit Area at the
6 Dams

Name of the dam | SOUTentiie me pr ot
Soyang 500 / 1,039 / 930 / 914
Chungju 1,000 / 1,007 / 853

Daechoeng 616 / 725 / 628

Seomjingang 459

Hapcheon 639

Imha 300
e 19739 gkEEo] 9l skl fXE A A el
e 524 9 $53FE FH0R du e .
Holr}, A AAEol= 123mola, & A58
) F A Zb2E 1,900 < 10°m’ 2 2,900 x 10° m’
oltk. EF 2 Aol 2w wHeld AFgHor AME
Hi 297 HAHEE 280 x 107 mo] o) 2297
o] el WAL 2703km’0] 3L, o] F92 AR
(9238 k), A $91(1,0693 km”) 2 279
(7099 k) 2.2 FAF o] 9lom, 1973 o] FHE o|%
frod o R e FAEE FAPF AGA el BHE T 3
5 9 oK Ewiniar) ] AaFo =

I
o] 2804 7t grt A g Eo] &5
| BHAE| = STk
A A4 (Korea Water Resources Corpo—
ration, 1974)14%= 1000 XS 135 10° m’ = o) =3}

o
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S & 5 21em, Korea Water Resources Corpora- Hop B2 FAPE AgA] el B4 5 a5 & 5 3
tion (2010)°] AAI8kaL Sli= 2471 33]ell A A AR 101 o, o= &g v §rEEeHd Fdd I
F719] 2% AAl tigk HA 2AF A ool S VR T UEE ¢ sk

Table 33} #Zt}.

Ak 2 9 5 qlek mebd 29l A% A A

Table 2. Results of the Statistical Test for the Selection of the Prior Distribution

Distributions E—test K-S test CVM
(Table value=3.84) (Table value=0.36) (Table value=0.46)
Normal 1.02 0.13 0.05
Gamma 2.31 0.12 0.06
GEV 6.67 0.13 0.05
Log normal 1.46 0.13 0.02
Weibull 2.69 0.14 0.46
— Normal
5 distribtuion .
Sgyang Dam Basin
4.0 /
>
o
S 3.0 \
-]
o
s
w
2.0 /
-
/ N
0.0 T
0 200 400 600 800 1000 1200
Sedimentation rates per unit area
Fig. 3. Selected Distribution and the Frequency Fig. 4. Location of the Soyang Dam

Table 3. The Surveyed Data of the Sedimentation in the Soyang dam

Ttems Estimates Survey 1 Survey 2 Survey 3

in Designs (1983 year) | (1994 year) | (2005 year)
Amount of Sedimentation (x10° m’) 135 309 55.3 815
period from 1973 year (years) 100 11 22 33
Sedimentation rate per unit area (m>/km?/year) 500 1,039 930 914
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T HARHoR QI3 AR Al Bt AdES
YehN = polm, 242 345 $13)A4 Bayesian MCMC
71" % 34l Metropolis-Hastings ¢ate]50] AFHEH
21t Metropolis—Hastings &118]&S MatlabS ©]-&
sto] P HAOH, o] darE]FS 110,0003] WHEA]A
110,000712] p& TAAALE o] HAdX HE AT, cov
belo] B4 At g 2HE ALkste] 0300 diaiaiRt
Al on, duEFS Fall 49 110,00071
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2 Bayesian MCMC 71% 9] 483} #zid
TFA| 9 sholRE H Ao A3l
713 71 F 10%E Asts WHS AN

w3 Fue B P AFH] 9

K

0;

2 o
2 o W
2o ¢

A3
I I

i,

fo

N

)

=

E-(average acceptance rate)< 7
Eolg dagFe] vhE3|<ro|
H HEE oulEhy, A E]

we] RS grol FAUA W A

W=
o ot

ot
o
=2,
(S

e
o
)
H

oAl Hegk Algto] PRt R RHESIFE FIHAI7| A
w o] AlLkrlzke] U Zoj|
Hdg Qe &
Robert et al. (1994
ol Al 05 Abol & Adst AHER
TollA AP AHELS 03865 (38.65%) % 71 AT}
Sol A AEES] M9 dlol o] darg]Fo] 34
olgl= AS & 4 UMk Fig. 5oll= =719 &orAsh
10,000712] FAHAE ALlg 10000071 F4 ko] Wa}
= Yepilon, gl Hat A 72299
2 2bgEar, o] #he & Ao HEALES o]
ah= Ao = 9= mkm’/yearo|th

Table 40l Bayesian MCMC2| A3Z 9559% A=

P
S SIEN
d
g Lo
o
oX,
_E
u
X
o)
X
%2,
o
i

Gamerman (1997)-2 0.2
AAISE v} Q= 2 A

o BT A EAISIATE o] Table=FE A%
Aot A7 722,99 m/km’/year, SFEHEES 56446 m’/
km’/year, 8-S 86310 m/km’/year= AHHH S-S
& = Stk Table 49014 YUeRd vle} 2o] AMS-H 1A
APRARE O] S 739.23 m/km yearo| ], EEAAE
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