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Tab.1 Later stage diversion planning of
Hydropower Station B
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&K HE H b

BB kb/m o Kkfi/m TR

Bt 1 655. 0 752.5 2021 4F 4 HIRE S A%
g 2 752.5 765.0 2021 4F 5 AHAIE 6 AJK
BBt 3 765.0 800. 0 2021 % 8 AWIE 9 IR
Fr Bt 4 800. 0 825.0 2021 4F 10 H#1ZE 10 HIK

P o2 EL ﬂ-l“,:;'_ 11
i EIE CERE gy KR
/(m” es ) m
2020 4F 11~12 1 % 2~ F 4 QWA TR 3720 F1~F 7GR 810.5

2021 4E 1~4 H % o~ F g S B

2021451 FI~F 3 RRALFI 2250 Tu~T 7RIl 834
20214 6~11 1 MrBrE K

2021412 Fu~T 7 BRRAL TN

W22 1~5 A F i~ 7 gpRilEE 3720 R

EAT—B L JE S 0 B B, 10000 R 2K R 3 S
SR I R B K T &R .
42 BFEHSRREITE

A B BRI R Q, =35 800 m® /s, B HL
Wik Q,=33 400 m’/s; it 7K E 55 Py B 38 34 Ik DA
=i, b TFBREUA @ =0.98.6=1,c=
L. 02 K4 2 1E A8 SR @ R BURE 2L 25 5 R IR S
B E=5,G=0.4; B XA A 6 R 0. 1;AB
R oG R E K 2 43 0 975,775 m; B A, 3 3% il
P/ e KKk A0 3R 90117 ms JEEFL R W 1 1]
ARPIKAK KN 182 m, HAK L F-HFEA M T 3
m/d, & KFRER 75 K PRIER,

BEMLAHAE 100 000 WK, 153 2K [\ K - 4L T
o e 5 1 R AR R UL 1. R L T
ML,MOKFERE o« N0 A E L, KN
[0.003%,0. 02% ], % Ji 4 & FH W A [5 000,
33 333 J4F H Y o =1 B, KUK A PE; 2 « =0
B, AU X ] A8 s Bl K, TRES B M EARR . H
a=0.8 W, XU K[0.09%,0. 13% ], %F i 24 & &
BIAL763,1 111 ]4E i A HLub Byt brifEFn B
HL 0 BETRBR o BT R 2 i, nl W 250K
PPl B A g A5 RE 00 XU 29 o8 2% 08, o IR 7 SR 7
B4 TR PN eI & AR A

0.022 .
e 0.018\\\ —}
52 0.014f —
= 0.010f i
L ././-/
0.006f /,/-/—-/
) e —
0.00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
XEEE

B1 AEKFEHENSREEFEHSRRK
Fig. 1 Later diversion risk of cascade hydropower

stations under different level sets
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Tab.3 Initial impoundment schemes for Hydropower Station B
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Prediction of Thrust and Torque of TBM Based on Information Fusion

and Stacked Convolutional Neural Networks
YANG Yao-hong'’, ZHANG Zhe', CHEN Jian-guo®’, LI Qun-sheng®, LIU Yu-xiang'

(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou
450046, China; 2. Henan Provincial Key Laboratory of Hydrosphere and Watershed Water Security, Zhengzhou
450046, China; 3. Henan Water Conservancy First Engineering Bureau Group Co. , Ltd. , Zhengzhou 450000, China)

Abstract: It is the key issues of reasonably and accurately predicting the thrust and torque of tunnel boring machines
(TBM) to realize the intelligent control of TBMs. This paper proposes a two-stage prediction method of knowledge-data-
driven spatio-temporal stacked convolutional network (KD-NTS-GAT). Firstly, based on expert knowledge and the
NTS-NOTEARS method, a new information fusion technique is proposed. The discrete expert experience and the contin-
uous NTS-NOTEARS indicators is mapped and smoothly fused through clustering. The causal relationships among the
key operating parameters of the TBM is quantitatively extracted to improve the authenticity of the causal relationships sig-
nificantly. Then, causality is further combined as a prior knowledge with stacked convolutional network deep learning
model for predicting thrust and torque of TBM. Taking the bid IV of Xinjiang Water Conveyance Tunnel Project as an ex-
ample, a comparative analysis of the KD-NTS-GAT method and the pure data-driven method shows that the KD-NTS-
GAT has better prediction capability on thrust and torque. The conclusions can provide a reference for the intelligent con-
trol of TBM construction.

Key words: TBM; information fusion; NTS-NOTEARS; stacked convolutional network
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Prediction of Diversion Risk in the Later Stage of Cascade Power

Station and Evaluation of Initial Impoundment Scheme

WANG Bei-bei', LIU Lian', LUO Li-zhe’, HUANG Jian-wen', LIU Le¢°
(1. Hubei Key Laboratory of Construction and Management in Hydropower Engineering, College of Hydraulic &
Environmental Engineering, China Three Gorges University, Yichang 443002, China;
2. Changjiang Survey. Planning. Design and Research Co. . Ltd. » Wuhan 430014, China;
3. Shanghai Excellent Ruixin Digital Technology Co. » Ltd. , Shanghai 200233, China)

Abstract: Predicting risks in later diversion stages is essential for the scientific evaluation of initial impoundment
schemes for hydropower stations. Considering the gradual development process from dam overtopping to the failure of the
diversion system, taking the later diversion systems of the upstream existing and downstream under-construction power
stations as the research objects, a later diversion risk model for cascade power stations based on level sets is established,
and the risk is expressed in the form of interval numbers. Based on the prospect theory, the initial impoundment scheme
of the cascade power stations is evaluated by taking risk loss, relative storage reservoir power generation benefits and
storage duration as the indicators. Finally, taking two adjacent under-construction power stations in the upper reaches of
the Jinsha River as an example, the results show that when the level sets change from 0 to 1, the equivalent recurrence in-
terval corresponding to the later diversion risk interval of the original impoundment scheme meets the flood design stand-
ard with a high safety margin. The staged storage time can be advanced by 40 days, which provides a reference for the
safety and economy of advanced impoundment.

Key words: later diversion;initial impoundment;risk model;level sets;cascade power stations





