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Figure 1 Risk classification of cascade reservoirs [2].
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Figure 2 The simple mode of connection reservoirs based on Bayes
network model [11].
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Table 1 The estimation methods of life loss
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Figure 3 Rapid loss of life risk assessment module [22].
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Figure 5 Evaluation method and steps of economic loss of cascade dam break [40].
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Figure 6 (Color online) Predictive change curves of REI index values
at different construction periods of Lancang Cascade [55].

Ve SR TERIE A SR (O 2) HA A B 2R
HRARFR. 5T N O R IUR 4y T35
DRSS AT RS AT 52 RS AR e Uz 44 [X
s, BB R GRS AR AE R ) E SR 1 BAR KA. BhE
KRS R AE A E, BE % RS SR AR A XU 2K,
W EE ERR I A AR, TS AR 4 R GE X
& BB R, BRI R X
BT 45, 5 B — KU L, sl S 8 BT T
FEMUALANE, HARGUAR K AR, HEZERIRK,
AR RS AE, 2725 N 35 B 20 5 Ay 5
P KRB IEHIBI =BG, Frh B ZUKERE
B PSS — AR HD R T F A B K UK T, B
N TR RS o 1 P 2 i D B 5 ALARPHE N L A=
i VNS A EIE VN a7 Sl ey s G R
JUL R B — B A R A B, B Bk
PR IR BT AN KU AR AE, B K KU
PRUERTEESLIE R SE R, HHRWT I 2 SR ARAE BT AR
e ORI« XU Bt v 55 77 T
FERIIT R T, PPUKEREN R — 55
ARZABEG, RIF R AL R A f, %48
22 4 e T B E A Bl kb o 22 A8 B — RIStk b
oL, AN E el M TR SUK FERE R BT, 7 E
LA IR AR A 3R, BLIAUERA 507, 52 8T A Bl it
MBI hE. BT A e XM R T EZ . B

1369



ZE P WESE YR SR PR S /) Ak FUidt e

(a) X107 T ) 1107 3 (c) 1x107
E = B, E BEBHISR, 3
m@ﬁ*@?@ ] RENFISR 1x10-2 4
1 : il 1x10+ ,
1x104 Eenliblo ot E BRAIIES REATRB K,
5 ER i ] - IBRRBITE §1Xm*=
= = 1x10% E 5 \\\
K 1 K 3 1K 1107 5
& 1x10% e ] & E
] . FRYANTEA 5]
3 3 . g P T R
& ] ol i BB s ] R TS
1x10°5 1 L
1%107 R E
] LHRZALARPEIIN, ] LARALARPERINE, 1x10° 4
{ ReIUSR RETUST 3
X107 {——-Htry i M-t - 1210 | i — o — %108 -y e
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000

N-SRIBE T AN N-SRINIET AL N-SRIBET AR

B 7 s AR RRAE. (a) SR K HUR BARIE; (b) 25 BRI BRAE; (c) ISR AR it

Figure 7 Dam risk criteria in some countries [1]. (a) Australian dam risk criteria; (b) American dam risk criteria; (c) Canadian dam risk criteria.

SLBINGE T BUR B TRE BT e hnifE, A cE
AU e NIRRT TR R i A
HESEAS St TR TRRRF U S, A TR
PRI RS bR i £ BUE(2), I DL gt oK 2
BRI R bRE.  FERCS S N5 A% 22 4 301 Atk
&, JFESRERE B3R 1R e A DI 2 A R AL
b, A NI g 4 AT GO R 1 £
BE, 3T ER TR i R K P e vy XS A L
MR, FOL TR R MR- AT e SR bR- 2 A A
BN IR LA bR R R R R

LA_E ARG AR R R RIE FE 28 DA A BIAT 1) JRURSE e E S i
A, & B e A AR eAh, AN
S I AN [R] A X 196 2 2 G XS s 24T 5t 52
. BTHUAR AR, AR 285 AR DL 2%,
LIKE /K P R B RS A 9T FExs 5, TS dr 1 [
PSETEIE A AR AR BRI AR v, PR TR e &
FIWTER I R GEHI KB ARAE. MBS R K A E, TREERK
e NS 3o U T 5 491 LA R 49 W 110 7 4R 1+ T B 4
K PER) 224, T IE L BT 2R St ) R332 2 Fi AL
TS A REEAT BB IO R A B, A
WESPE TR AR, HOCE M B GUK R R G %
PRAE— AR TR G, 38 I ARG R T 34 ) L B A
R R G VSR T TR, ABGUKE R R
e ER S, WAL BIREREG ML, T
St N1k 3 ek £ 5 PR N AT B Ak, RN
LIRS T IE T ORISR A A 2 SRS AR

1370

e, IX b HE R RT 0 2 K e T DR A 1 B o
FE.

TERBR ARG BT TH,  H i KRR A A 1)
SL483-2017 (/K XU gl 5 )) . SL/T164-2019
R AR AR RE) « SL602-2013 ([t KUK
PRSI AR SL/Z720-2015 7K 28 K 22 4= 5 3 v
ATERHEH G PP 20174, KA KRR
Beih A=k gmii] T CBRZOKERE RSB 12 S0 A (B
K EERE A Ay RIS S BT, IR EREHK
JEE AU 43 B RS BRI T RV 5 R SO HF

5 BEBOKPEREIE RS 2 B ifF 5%
5.1 B—BRR (oA IR XS5

TG R IC R, B B GUR B AL i
B, 2B FORE K R R LA, o, 53002 XU
oh ) B e AR, MR RS, PRI 2 B [ A A
Iz AL MRS & E BRI Gt ok, LA
FISIRE95% A b, Horh 3151k 93%, BN %
ORI ) L3, 2 ISR 2 K P R A 347 v,
LA AU F B TN G, O E A B
R (A U B AT,

AT, E1 0 SR — A 4 = U s XU 2 A,
A0S BIGIUR G A BB AR B
TR 6 25 A B o S LB 3 P2 e vk K T 0 S T
WA



hERE: AR 2021 £ F 51 % 11

%2 R IR R g

Table 2 Recommended value of risk control standard for super earth-rock dam [10]
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Figure 8 (Color online) Fundamental cascade reservoir [84].
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Research progress on risk analysis of cascade reservoirs in river basin

LI YanLong', WANG ShengLe', WANG Lin', DU XiaoHu” & ZHOU XingBo’

! State Key Laboratory of Eco-Hydraulics in Northwest Arid Region, Xi'an University of Technology, Xi’an 710048, China;
* China Renewable Energy Engineering Institute, Beijing 100120, China

Hydropower construction in China is at the peak concerning the development of cascade reservoirs in river basins. A series of cascade
reservoirs have been planned and constructed. However, due to different geological conditions, risk design standards, operational-
aging degrees of each cascade in the river basin, and the interaction among different cascades, the risks associated with cascade
reservoirs are higher than in a single reservoir. Risk analysis of cascade reservoirs in a river basin is related to engineering safety and
social public safety. Based on descriptions of the development, construction status, and risk characteristics of cascade reservoirs in
China’s river basins, this paper summarizes the research progress in the risk analysis of cascade reservoirs such as risk/loss
assessment, the probability risk of dam failure, risk standards, cascade failure risk, and the overall risk management of cascade
reservoirs. The paper posits that the combination of multisource and compound risks in a watershed system, cascade failure mode,
system failure probability under specific risk combinations, the joint operation of reservoirs and risk disposal measures, and the
formulation of safety standards for cascade reservoirs will be the key research directions in the future. The research results are
expected to provide valuable reference for the rolling development, safe operations management, and risk emergency disposal of
cascade reservoirs in river basins.
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