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Fig. 1 Transmission path of rainstorm flood risk

BIHRIE 7 v 2
r— [ sorg | [Heesg] [ g |
[ I |
v
[ s | [ sk |
EiHBRE [ ok | | ssk |

B2 ZFETEEFRYNLAESER
Fig.2 Transmission path of risks through passing, crossing,

and adjacent buildings

23 EHAMNEFBX o474

RS S5 R 43 7 i A RS AR P vk . AR T
HEPE AT DL RO O SRR, o B T 45 . AL
I 2R R 9 2 BT XU 5 i) (™ P ) AR XL 4 2% (AT
REPE) PR T AR BRI 2R, AT B X KU AT 1A . KL
557 o A 1o 3 o o) XU T RE M v IR RN S SR AR
PEAT e PR B S PEAL J5, B 2 AU 7™ B4 AN AT RE
LG, MR DAL 25 SR 22t JXURG: LT SR XU S
P00 5 TEA BT 45 2 R S IR S5 0

mFERBFEMERN ™ EE SRR
AEPEr R 5 RS, H b4 B RURS: R 43R 4 254,
B, — B B KU . T UK o IR XL
(R=(0~41), J@ nl #2252 KB o 1T 2 IXURS: “hy — P DAL B

(R=(4~9]), J& nI 25 20 AUBG:, F5 it hy W4 o T XS
R EERIAR: (R=(9~151), JB A AT 4232 KUK, 75 R L
TR It , (e DU 25 2 o 28 ) 75 2w i) 52 1 K -
IV GRS Ay B R XU (R=(15~251), J& A ] 28 24 XU,
o R U 2K i, AT R B TR, B A KU, — LR
AR, KB REE A REE. VR ER
SRS (R=(15~251) , J& A ] 25 25 XU, oz >R B iy
Jiti, A TS, Wl KU, — EUR AR, B
FFRIES | AR

F=1 NEFER

Tab. 1 Risk matrix

N FEE
Al gt

1 2 3 4 5
1 1 2 3 4
2 2 4 10
3 12 15
4 4 12 16 20
5 10 15 20 25

24 RERTE TR ARG ST

JER I IRALIL IR 22 IR 2R DR IR B kg 22
ANZ U B PR ER A AR L L AR AR AR [
Xob A~ E AR EL S | AR 24 64 Ak 22 R 24 LY
SR A E BRI I R G, SRR Mk vl At
] BRLS R TT vk . B AE AL SR IR A F AR Y |

BRrAKMREL5EKITFE 4]0



2% F3H BAAESARBEFE) 2024 5 6 A

P 25 JEUCHI WA | T2 O R e — B
JZREHE L — B A B . R R R
TR VAL B0 TR A KU AT 255 70

AR A MU 32 AR 45 2 W), A A ) 2R
Ber) TR G A MR 255 VA 2 A5 DLIAT 3. [R]—
R S ARG, o XS (i e KO SR A, IR
RRAEE R LR R (0. & HKIT ik

X IR M LR I AR T 9k 24T 5 R 0 A A R
MR A BT o SRR ) o DU R A S, S
NI R AR 0 IR B TR 22 A s, ARG B K
FTOMEREAE . R, ARG L AT 2 A
JZ K HEK G IR K 5B AR 4 S Y AL
H, SRR R AR (RBD .

WA AT (CREY) TR 4 XS T4l

HENZ

LR

R |
SN
%

?7,']%
=%
‘U_IX.F
Uic]

i

HE
K
£
i
W

HE
7K
i
1

NEER

3 RERIBEREHRELGEITEEREH

Fig. 3 Hierarchy of risk assessment for engineering safety of canal segments
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Fig. 4 Causal relationship diagram for risk factor identification of beam-type aqueducts
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Tab. 2 Risk factors and weights for the possibility of risk events
of scouring destruction of piers
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Fig. 5 The possibility of water retaining risk events in the aqueduct body of a beam-type aqueduct
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Tab. 3 Severity criteria for risk events of cross buildings
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Fig. 7 Hierarchical structure of buildings in the evaluated canal unit
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Tab. 5 Risk results of the assessed unit
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Comprehensive risks assessment of engineering safety
for long-distance water transfer projects

HU Jiang"?, YE Wei’, MA Fuheng'”
( 1. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2. Dam Safety Management Center of Ministry of Water Resources, Nanjing 210029, China )

Abstract: The major water transfer projects such as the East and Middle Routes of the South-to-North Water
Transfer Projects are the main framework and artery of China's national water network. These long-distance water
transfer projects have long routes and numerous buildings. The geographical environment and hydrological and
meteorological conditions of the areas along the water transfer routes vary greatly and are complex and variable. In
recent years, extreme meteorological events tend to be more frequent, more intense and more extensive. Extreme
rainstorms and super standard floods occur occasionally, threatening the safe operation of these transfer projects. At
the same time, with the economic and social development along the routes, some water transfer canal sections that
deviated from originally urban areas have become urban canal sections. The impact of human activities and natural
erosion and siltation of rivers have also led to changes in the external boundary conditions along the routes. In
addition, with the increase of operating time, complex engineering geological canals and buildings are also facing
their own risks of material aging and increase in hidden dangers and defects in anti-seepage and reinforcement
foundations. It can be seen that long-distance water transfer projects face engineering safety risks caused by external
environmental changes and internal behavior evolution during operation. To promote the high-quality development
of the national water network in China, it is urgent to propose risk identification and assessment methods, and
establish a full chain of risk control to ensure the safe operation of water network projects.

A study was conducted based on the comprehensive risk assessment results of a major water transfer project in
China. Various risk events faced by engineering safety during the operation period were analyzed, and the
scheduling units between two control gates were determined as the risk assessment units. The processes of external

risks transmission from left bank reservoirs, crossing rivers, etc. to water transfer projects were also analyzed. On
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this basis, a comprehensive risk assessment model for scheduling units based on analytic hierarchy process (AHP)
was proposed. A beam type water conveyance aqueduct was selected as a case, and the identification of risk factors,
risk event analysis, risk level classification standards, and risk assessment process for water conveyance buildings
were explained. The scheduling unit where the aqueduct is located was taken as the assessment unit to conduct a
comprehensive risk assessment using the AHP method. Finally, the risk assessment results of other scheduling units
were also summarized, and the main reasons for causing high risks were discussed.

The results indicate that the proposed method has good practicality. The risk value of the analyzed beam type
aqueduct was 11.4, which is a relatively high risk (Level Il due to changes in the crossing river, downward cutting
of the cross-section riverbed, and insufficient burial depth of the canal piers caused by historical flood erosion.
Based on the risk assessment results of the conveyance buildings, the risk value of the assessed scheduling unit was
calculated. The risk of the evaluated unit project is 9.49, which also belongs to a relatively high risk (Level IlI). The
risk value of the water conveyance buildings is relatively high, at 10.28, with the main risk being the presence of
diseases in the upstream reservoir and insufficient flood control standards, which poses a risk to the beam type
aqueduct. After analyzing and calculating the risks of other scheduling units, the safety risks of the overall canal of
the water transfer project mainly include the risks caused by the dam failures of the left bank reservoirs or flood
discharges exceeding the flood control standards of the water transfer project, the risks of insufficient flow capacity
of the crossing rivers, and the risks caused by poor discharge capacity of the left downstream buildings. Risk control
measures were also proposed, mainly including the reinforcement of the left bank dangerous reservoirs and the

improvement of their flood control standards.

Key words: water transfer project; risk assessment; engineering safety; analytic hierarchy process; risk control
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