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Fig. 1 Geographical characteristics of water conveyance line and five typical units in the middle route of South-to-North Water Transfer Project
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Tab. 1 Middle route of South-to-North Water Transfer Project risk event possibility index
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Tab. 2 Middle route of South-to-North Water Transfer Project

risk level matrix
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Fig.2 Engineering risk assessment process under over-standard rainstorm flood conditions
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Tab. 3 Extreme rainfall migration (planting) scheme for 5 typical evaluation units in the middle route of South-to-North Water Transfer Project
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Fig. 5 Design and over-standard flood in 5 typical evaluation units of middle route of South-to-North Water Transfer Project
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Fig. 6 The review results of hydraulic elements in the design and verification standard flood of each typical unit
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Tab. 4 Flood risk analysis results of 5 typical evaluation units of middle route of South-to-North Water Transfer Project under extreme rainfall scenarios
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Tab. 5 Possibility and risk level evaluation of 5 typical units risk events under over-standard rainstorm flood conditions

e R e TR AR AR AR
TEHEK TR HE OISR (B b 52 ) 18 15 2 2.0 3 6.0 I
HR&E AR 2
B Y R S R 5 5.0 5 25.0 v
B b R 1
AR BOR T 1
ey SIS A B R R 1 1.5 5 7.5 II
eSS 5 1
SRAR I H BB T 1
AT I SR TE (e gluTIPN 5 5.0 5 25.0 \Y
S TR 1
HECARIR (B ) 1 TR 4
VOV HESL Y ) 48 4 19.2 I\
B gidini 4
4 it R 551, BT 43 KT LA 0] 58 S T Ak 3

ARHFGEXF 639 AN K BATT Y TR XURS: 544 1T g
PR RS S5 R BTy, X T e E ST L BT L 47K
W AT T AR 5 A BLARIEAS PR, dENy AR
KX —28 S — A7 7 W T X7 /K A TR A
[ — ZE K A TR i a FE B AR R T KT
MR BT A AR RUBS: 175 200, Ak X v 4 TR Y 3 R
AR RSN

1E 639 TEAL H T, XRS5 T BB 145 B LA
1 A ERRICERZ, R ITTEN 56.5%; 18500 4 1)
ot /b, A BT 6.3% . KU AR R T 4%
(— B JRUBS: ) 19 BT 7 H e K 38.4%, IV 4% (FE KA
B ) BT i L /MR 5.3%

AT R A RR KK SR 25 R
K, IR EE AR R R A 2 1 I FH T A% B Y BT
AU PEA o % B 75 B0 5 (7% e AR 3 o 2 i 4t /K
PR R 2 T s, e UK EHUIALT 300 4F—
BT, AEXTE KA 3 AR A A BBURR AR, 2 3T 500 4F
— I8 B, AE X K AR AR AR A Y R v

WS AR PEAL BT AT S SR A, “7.207 F
TR TR T 7587 PR I 25 TR RS FH () 175 S5 %)
P A B AARUETE K . “7207 FF R F TN FEH

FIREREFRUEN LK, “75+8” WK 1 TR RS FH (A8 175
SR, 3 AN MR TEAR BT R AR 500 A — i it
Ko EEXFYPIEEATE, “63+8” HhKAH Y T 500 4E— i
IS AR IR AR UE, “968” HEAKATIAE B R
M, H “63+8” /K B TR AR ML K T “7+207 HFEK

FE 5 S SR B T b R K (S I 4K
T S ) T R ) DRSS (R X A1, 350 T — TR
65 V0 T FlE TG A Sy % I A A ] el R
T A7 2 v XU, 340 8 1 2 K AU o

S 3

(1] 5, 2B, ROk F, 4. F/KAbiA rh 2 — 39 T A%
ST IR A K R AR AR L] KR S K AR
e (FhHE30), 2022, 20(3): 600-609. DOI: 10.13476/j.
cnki.nsbdgk.2022.0061.

(2] 2= M, PRIGEAm, BRSC2. mE /Kb o 2k s gk
59 2% THD e R 7 4P R AT 00 vl [ AR R K R K H
2022(10): 143-147,153. DOI: 10.12396/znsd.212008.

(3] EhERig, T 2R, sk, &5 p/KALI 2k £ CA)
I B Im) A S PR A3 A 0] N BB, 2020, 42(2):
128-131. DOI: 10.3969/j.issn.1000-1379.2020.02.027.

HRKMWALSEIRZAELELLARKAARL 349


https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.12396/znsd.212008
https://doi.org/10.12396/znsd.212008
https://doi.org/10.3969/j.issn.1000-1379.2020.02.027
https://doi.org/10.3969/j.issn.1000-1379.2020.02.027
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0061
https://doi.org/10.12396/znsd.212008
https://doi.org/10.12396/znsd.212008
https://doi.org/10.3969/j.issn.1000-1379.2020.02.027
https://doi.org/10.3969/j.issn.1000-1379.2020.02.027

F21% B2l @A S ARA RS CEESO

2023 4 4 A

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

=350 -

W 2R, KGR B /KL IR 2 Sl T ARG AR WF
FE 1. KRR R, 2020, 41(2): 32-39. DOL 10.
15974/j.cnki.slsdkb.2020.02.007.
IME R, 205w, LA, 45, R EARMAERREIE T 5
AKALT R G TSR S L] AL /KR K g R
SR (FAR BRI, 2020, 41(5): 46-52. DOL: 10.
19760/j.ncwu.zk.2020062.
i, 2, MR, F K AL 2 R RE (4 )in At
T LEE KBS PP [T]. W AR K= 4 (F SRR
i), 2018, 58(7): 639-649. DOL 10.16511/j.cnki.
ghdxxb.2018.25.030.
WP, R, R0, 45, FKAL IR 2R IR TRNE T M
W VA AT (0], m KL SRR R, 2013,
11(6):98-101. DOI: 10.3724/SP.J.1201.2013.06098.
KONG X M, HUANG G H, FAN Y R, et al. Risk
analysis for water resources management under dual
uncertainties through factorial analysis and fuzzy ran-
dom value-at-risk [J]. Stochastic Environmental Re-
search and Risk Assessment, 2017, 31(9): 2265-2280.
DOI: 10.1007/s00477-017-1382-3.

KA S, RS, TR, A5, mKALTR b TR ZEHE
T HE 7 0t XU U 00 K R B R (v 35 30,
2021, 52(3): 112-121. DOI: 10.13928/j.cnki.wrahe.
2021.03.013.

97, RIDUAR. mE KA TR K SR8 17 % 2 A
W PEAN (3], N RETT, 2022, 44(3): 138-143. DOL:
10.3969/j.issn.1000-1379.2022.03.027.

-, TEIRMS, kS B, 45 R /KL b 2 T B B
HERUS A D7 ik I (0] ZK 2417, 2003(4): 40-
45. DOLI: 10.13243/j.cnki.slxb.2003.04.008.

R, XTE, PR, 45 F/KAL T TR s AT AU
FERIRIR L] FE /K AL S KRR, 2009, 7(4): 10-
12. DOI: 10.3969/j.issn.1672-1683.2009.04.003.
(30, Wi, kH, &5 F/KALI b 2 TR =
M0l g AR R T AR A K N (0] K A
SRR BHE (), 2022, 20(6): 1158-1167.
DOI: 10.13476/j.cnki.nsbdqk.2022.0114.

HS A, A, A, A5 B i 2 T UM T AR
7N B XU T R geF 5 (0. KRR, 2022,
46(4): 953-964. DOIL: 10.3878/j.issn.10069895.2112.
21191.

FEE, KRR, BKALTE Tk TARRE AT KU (1],
IKFIK A (Th3E30), 2011, 42(3): 85-88. DOL:
10.13928/j.cnki.wrahe.2011.03.024.

HRKMLAESELITHRGZAETLESL A RKAEL

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

T2, S, TR, 25, “2177 T B W K A
B & XAE 0], K5 588 R %, 2022,
45(2): 75-85. DOI: 10.16765/j.cnki.16737148.2022.
02.008.

by, XU R, ST BRI P4 TR K &
52 BR Je Ay B 3. FE KBRS KRR, 2018,
16(1): 95-99,143. DOI: 10.13476/j.cnki.nsbdgk.
20180015.

KIS, TR, R, S RV R KA b
2 TR 2T R m (1], ARAITL, 2021,
52(11): 212-218. DOI: 10.16232/j.cnki.10014179.
2021.11.035.

Al /NS, FEFS, RIS, 4. ST DL 37 9 2% () g 7K
e b 2 TR R TR KU 2347 (1], K AL 5
K F B, 2012, 10(4): 10-13. DOIL: 10.3724/SP.J.
1201.2012.04010.

T, RIEHE, MR F KA 2R TR AR TR
557 20 SRR R []. R K AL TE 5 KRR,
2017, 15(2): 1-8. DOI: 10.13476/j.cnki.nsbdqk.2017.
02.001.

AU, THE, SR IADE. mE KL LR T AR XU
Btk oA (7], N RAKYT, 2005(10): 4-6. DOL:
10.16232/j.cnki.1001-4179.2005.10.002.

T35, R S8 A G R rh 2 TR KU PR )
KA ], KB 5 T AR, 2017(4): 82-
85. DOI: 10.19733/j.cnki.1672-9900.2017.04.029.
1123 I 58 = s [ i e B2 S N 520
F8(—): m KGR 2 T AR RUBS: 181 ] rg /K AL A
5K FI B, 2010, 8(3): 1-5. DOIL: 10.3724/SP.J.
1201.2010.03001.

JABE A, ZEME. T AR B R I e ] REE DT
Wk ge (], KAILFF# B Bediz, 2011, 28(2): 10-15.
DOI: 10.3969/j.issn.1001-5485.2011.02.002.

Wik KB ES K T AR KU PP TR [J]. K
PR 51531, 2020(5): 86-91. DOI: 10.3969/j.issn.
1672-2469.2020.05.020.

A, TR TR AR s KUK R
HAL KU 5T (0], R 40 TR #Ie 5 5Lk, 2016,
36(12):3255-3264. DOI: 10.12011/1000-6788(2016)
12-3255-10.

kg, WA, whi, A5, JRULE SR A i PR R
FF IR 9 52t T S R m (00, K R R 5 3T,
2020(7): 65-69. DOI: 10.3969/j.issn.16722469.2020.
07.015.


https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.15974/j.cnki.slsdkb.2020.02.007
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.19760/j.ncwu.zk.2020062
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.16511/j.cnki.qhdxxb.2018.25.030
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.3724/SP.J.1201.2013.06098
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.1007/s00477-017-1382-3
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.13928/j.cnki.wrahe.2021.03.013
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.3969/j.issn.1000-1379.2022.03.027
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.13243/j.cnki.slxb.2003.04.008
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.3969/j.issn.1672-1683.2009.04.003
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0114
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.3878/j.issn.10069895.2112.21191
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.13928/j.cnki.wrahe.2011.03.024
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.16765/j.cnki.16737148.2022.02.008
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.13476/j.cnki.nsbdqk.20180015
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.16232/j.cnki.10014179.2021.11.035
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.3724/SP.J.1201.2012.04010
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.16232/j.cnki.1001-4179.2005.10.002
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.19733/j.cnki.1672-9900.2017.04.029
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3724/SP.J.1201.2010.03001
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1001-5485.2011.02.002
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.3969/j.issn.1672-2469.2020.05.020
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.12011/1000-6788(2016)12-3255-10
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015
https://doi.org/10.3969/j.issn.16722469.2020.07.015

BRI #, % AR RW KR T oA & TEE S A2 TRRIFRE

Risk assessment of each unit along the middle route of South-to-North Water
Transfer Project under over-standard rainstorm flood conditions

KANG Yajing', LIU Yu™, XIE Jiabi’
( 1. China South-to-North Water Diversion Group Water Network Water Investment Co., Ltd., Beijing 100142, China; 2. College of Water Resources
and Architectural Engineering, Northwest A & F University, Yangling 712100, China; 3. China Institute of Water Resources and
Hydropower Research, Beijing 100038, China )

Abstract: The middle route of South-to-North Water Transfer Project is a large-scale water diversion project with
cross-basin, large flow, and long distance. It is a major strategic infrastructure to alleviate the shortage of water
resources in northern China, realize the rational allocation of water resources, and ensure sustainable economic and
social development. With global warming, the frequency of extreme rainstorm and flood disasters has increased
significantly. Since its operation, the middle route of South-to-North Water Transfer Project has encountered severe
torrential rainstorm disasters many times, and is facing serious problems of water damage. Therefore, it is necessary
to further study the degree of risk in the middle route project when encountering over-standard rainstorms floods.

The channels and buildings of the middle route of South-to-North Water Transfer Project were taken as the
research object, and the method of combining the overall risk assessment and the typical unit analysis was used to
evaluate the overall risk of 639 units of the middle route project, and the five typical units of Guanqu River, Jia
River, Jinshui River, Shimen River, and Shagou were focuses on. In engineering risk analysis, methods such as
engineering risk event possibility index and engineering risk event consequence severity were adopted. In the risk
analysis of over-standard rainstorms floods, the risk of typical assessment units was analyzed through the
construction of rainstorms flood analysis model, extreme rainfall migration (planting) setting, scheme simulation,
and statistical analysis of results.

The results show that among the 639 evaluation units of the middle route of South-to-North Water Transfer
Project, the units with a risk event probability index of 1 account for the largest proportion, and the risk level is
mainly general risk. In the five typical units, the flood formed at the cross-section after extreme rainfall migration
(planting) presents the characteristics that the smaller the watershed area, the larger the flood magnitude. In addition,
the risk of overflow at the top of the irrigation canal river drainage inverted siphon is low. The Jiahe beam aqueduct,
Shagou flood discharge aqueduct, and Shimen River channel inverted siphon all have high engineering risks. The
erosion of Jinshui River channel inverted siphon meets the requirements under over-standard flood, and the project
risk is low.

The conclusion indicates that under the condition of over-standard rainstorm flood, the channels and buildings of
the middle route of South-to-North Water Transfer Project are generally low-risk, but some typical units have
engineering risks such as insufficient flood control capacity, overflow of trough body, and embankment top, erosion
and exposure of piers and abutments, and dam failure. Therefore, to ensure the safe operation of the middle route
project, it is still necessary to further strengthen the engineering and non-engineering protection measures, and
scientifically and reasonably formulate the revision mechanism of the over-standard rainstorm flood prevention
plan. The research results have guiding significance for the early deployment of defense against the over-standard

rainstorm flood in the middle route of South-to-North Water Transfer Project.

Key words: middle route of South-to-North Water Transfer Project; over-standard rainstorm flood; risk assessment;

typical unit analysis; extreme rainfall migration (planting)
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