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Uncertainty Analysis of the Risk in the Safe Operation of Small Reservoirs
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Abstract: There are a number of small reservoirs in China, but they are in poor security situation with the lack of effective secur

ity monitoring and out of date management, therefore they have high risk in safe operation. Over the years, the security identift

cation for reservoirs mainly focuses on qualitative evaluation, and the quantitative assessment of operation risk and impact on

dow nstream properties of dangerous reservoirs are missing. The operation risk of small reservoirs varies and remains uncertain,

and the uncertainty is often interactive and interdependent. In this paper, the uncertainty of operation risk was considered as a

grey system, and the grey theory and stochastic probability method were combined to develop the power function. The modified

first order second moment method can convert the calculation of grey stochastic probability into the calculation of general sto

chastic probability, which can better quantify the uncertainty of operation risk of reservoirs. The case studies of application of

the above method demonstrate that the calculation can provide good guidance for the safe operation and reinforcement of small

reservoirs.
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Fig. 1 Procedure of risk id entification

S /NRUKIE, Hoe 40847 I R & IR 2, K80 B
TILE,

(1) Bt bRt AR o 7728 R 2 My E R
U BT R 817 R PREAE LU IR 7R (R B R AR I /)N 284 7K R v vk T
KE AHAEE, fin w0 JE 78, R A AR, LB T B K
114 B N LK N K7 A e, L 28 U0, SRR AR 5
Bl

(2) K¥UpiR 2. K 2800 BUKEEX: @t T 20 4D 50~
70 AR, EBRF RUREOR A 5D it T BME 2 22855 it 1%
WG TR AN, 1 ORI A . R RS
A RN 5E 1, a6 0 HY — S 1565 B i

(3) B, KHUBTEZE WK 2 akE, B =AJm:
WUAB IR BT SRS TR, LUK I R i 2 1) &
AR BB . BIRIR R T UUREEE LR, AL T SURIHSIM
BB ) 22 M B, B T BT WU RS (3 2, ™ E
I Wb o2

(4) W . — 7 MY EIES T R 4hh, B 3 X3
ehs ) T, HETT AL JE R O Bl WOl ORI IR, X
KINIE Bt o

(5 BATEHZE . MUK Z HCHBME B, 482
ARG FSE, f T SR I ™ S R AR 2 R R T e 1N
LI B, —ANZEIIE AT B BUN RS A B i .

(6) MU S AT HL M AR o BUARIX RN HE R
PR AB— HR AR, W X AR 48 Ak 45 F 3 B IR, S L) 2
AR K o He ) 5 B, JU T 88 7K 52 31 AN R R JE
N
1.2 A fEit

AT 5 SR AN B PRI R AR 3 DR R AR R RN
PR P, DRI RS it T B P R AR AT <A AE A 0 KU TR 3%
i SR T B R AE M SRR R BT Ik FE . B
b U, X K R T 5, S5 K IR SR A0 A2 L, I3 1 XU FR) 3%
BATTAS, Rk T30 Ak 5 Al XSGy R 3 32 Bl 35 300 £ Ak
RN 1R 5 T K

MR H R B TR AN [, KU 32 224 A o 28 il ML 2R
FUAf i 2 =00 T ffy e 2 XU 2 it IR IAE 2204 1,
Jr A S A R LA AR B 1R R SE IR 45 R B REEE AT TSR XU ; B
HLZR AU 2 FR B AL HH B 15 B RRIR A R 2B 1 HE=R B 2
PRI I 5 AN e 28 X S 4 H B0 5 R 2 2 L MR 1 o
SRR o AR, JK RIS AT FI S (51 B K R A

132 ¢ Kk B B OE

G IV LRSS 2 o AN s 2 XU 1 A0 AR S TE R
AR MR, 5 A X TR)YE « = f a0 A v B O i e se o
SIAVE I R SRR DL IR R A A
AHLEIRT &, — X Z BRI B M 40 A0 2 SR s B AR
S THE TAEEA KRS S, R & G/ B EERE /L

— IR R B IE AL BT, R Rackwitz 554 HH T
O ) — R I A . AR AR R IR BRI B
FEAESR D AR s B — B, TRl L RS A IR .
BT HITBEA TR . 18 HNZIET W S, 76 R AR
R IEASAMES T, KBS E A 2 R, 2 2K FEIsAT
ROLEZ &l P R AR DR s e 35K, I B A0 X B A 31 I
MIEZ M. B, R. Rackw itz 3F— 532 UK R IEAR AR
AR R W RS Y IEAS O A, B et B (0 8RRy A iK% CDF
A BB RN A 26 3 5 e 0 P 1) 008 #1855 AR IE & 4045 (AR
NAEAH ], B

Fo(xi)=®(x] = x,V)/0,V ] (1)

Failxi )= SN ] = ™) 70 170 (2)
U F. (%7 N (x7 )M R7AR S xf b X B SRR bR
# CDF FIRLER 55 2 o6 3 PDF; & F £ Y 3 55 by b v 1E 2 00 A
() AR A1 B KL CDF R WL %% B B8 5L PDF; Y il oY) 43
SN RS IE S 3 AT 3 RAR v 22
1.3 R

UG PE O S — N PR S R, i 7 R 6 TR B UG £ 1 1
Al b, Y CATAE RS 2 ) DA AL, XU 42 ) i it et
3G, DL G far i g TR Bl AR R ek 2D AU o KR
RIS AL HE T FRAS G (0 KR, i B H6 4 iy XU L 22
B S A 25 SPR BT G o e A RO S5 90 e 18l [ 155
S A JE R KR 2 50, WD 4 T R /N BYK R
B FRIEE( K 1) -

1
Table 1 Qualitative description and probability

of the occurrence of destructive incident in small reservoirs

SE PR IR AHN Mg 2R BT A 3
FAFATT G KR 1x 10%~ 1x 10™ A
AR 13104 13102 e o e a
HAFT AR A Ix 102~ 1x 107" %ow 45 1, Ih45 A K

P B PER I 22 A HAN K
R AR R A 0.1~ 0.5 W2 F P S i
HAATT RE KR 0.5~ 1.0

2 -

IKPEIEAT HIANH 2V, WA 35 7K P 4% SR AR B AN
SEME, AL AN A RGNS BSI0 R EE M. Jon
C Helton #4525 RZE (KA 52 1k 43 Dy AL ASH 2 2k A0 300
A5 P, SCH BEAL AN PR G0 v S A, R
T 5 VLR LB 2, T i A £ B v I LA i
2.1 KRE FARE AT

3 3 S YR T AR P B AT B R 2 R 6 Bk
R LR, R 2 B IR KK 5 5k T ARG b L, S
A SRR AL, T H R e P 26 IR ARTE 5 (AT G
P, (ELA SO R LR S



MR o MUK % 4 AT U B 9 AP A AT

F K AR D IKOREE, DN RN —
AR R X o= (Xon, Xy o X ) 75, IXEEAS LI
PNEPIER 'R SR G (A ER RPN
oA, AKPERF R FARETERRN g(Xe)= 0. K, K
A S 2 0 A R AT R R h (X ) < 0o

FEJLIT 2% b g( X o) = 0 Ras—A> n 4 HTH], X2 — ANl
SR o TR R X o B VR, RGATAE 20 NI T .
G 5 N B T d= (d, day e do ) 7R,
B/ M TR G5 10 KUK S, B B R, X R,
2, W o PRI, K BB AT 16 R T 5 AT e /N B
) e /MBS B KA R L2 W[ min( d) , max (d) ] /K
DRI

Re= [ ,vpreof xg (Xe)dX g (3)
K fag (X o) WAL Xo (RVIBEAMER B 06 5T
2.2 RE AR e it

R (3) T A R %, %58 B/ RUKFE K % 4510
A 7 B 2% TRUBERIAN A A 0, 2 SR P B — Tk B AR
3 3o 4 R 3) 11 At LR 50 MR R R T A E) B XU
M5, AR 1 BRSO — TR AR VARG IR RE AT BT, R34
AR DR 26 S BOUK R R (358 3 1926 R R X A) . KA X
W R 228 B X G AR AR R K/ (S0, RS 45 DR 26 11—
Y R I P A A, AP A SR AR KRR AR
Re, FE5 — 2 rh R A i KR MER A R, WK 2k AR

Re=[R+, R ]=
[min(P{g(X¢ )< 0)), max(P{g(X¢)< 0})] (4)

3

3.1 TAEMA

LT K AL T HE T SO R M 0 w22 17 A IR B =
L, B X 17 kmo AR PB4 H15E SRR 4 65 km?,
SR 624 )7 m’®, BEBLTH AL 580 hm?, S RE LLHEME ) 3, 3
JBST T RIS A AR AN 1) BUK . K 1959 4E 12
HEERL, FEEE WA KISR0 R 5 R
RS . KI8T FE 77 0 m, SR
21 5m, MIAGE 5 m, MK 152 0 mo 7K PR A far 544
LY 2 A S, T AMTER, AO L8 A, KRH 1 333.33
hm?®, FEAT 40 BRI RS 3 . KPR — BRI, B 45 T i
HRAFHRAA RS .
3.2 A%

R 22 4> % e R, WL 75 K 12 2 BEARAE LU R LA R
5475598

(1) By R RS RIAN 536 ETE 2 f 31—y vt
BT i L IR b TN IR S ARG T AR AL L K A7, 5T L

(2) B AR . WUEE WU AE 7R AN ) B2 1412 U i)
P BB IE IR T VR, HE KB AT R U8, Rl I

(3) LREBENAR . bR sden A&, &
R8BI, AR SR A T S R (i AR, St 3 oA B TE T RE, TR
R T AR,

(4) BATA TR BRI o TE AL 2248 W it et
BRI Z AL, £27F (ABUEE, &8N R, Lg% %,
3.3 et

g b3 R TR 343 B RTAE e X, Ko, Xa, Xoo 3 T8
M il 0 A A3 R KA S 5B, OF RN Gunr
bel S A7 Fu( X )= e 530 T X0 X5, 245 K U B
HRZ RS I A e A K, T % 18 A A A ) A

Plae)= RORL=N g Wy — BRSBTS

J;EBXP[- %(x; 41

T OKPEIZAT I 46 (AL 3B KO i 34 A1 48) R g
P PERE(R R I LAt W) TR 55) 1 K (A il e
Pk, SR B A5 BEAUBER 20 B 5L DB, 2P 5k f) — Tk Bl
AT VAT AR SO I — IR I AR K 2K, 5 2O AR IE
A& AR B s AR IE A ) A, SRAT AR IE & AT
1 XY Fibsife e o) . SEILEE e, AR D3R A R K
RS2 RE 7 0 i) R R AL Dy RV AR H Ry AE S 80AE — 7€ v
PA B HLAZ By 0 1)L, B 2 Hcfh 1 17 B4 00 A T i)™ ZE AR,
i 125 R LMK, RO W] REPE R . THER A R IR 2.

2

Table 2 Parameter values of risk factors in Gongqing Reservoir
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