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Study on statistical characteristics of wind and waves during typhoon processes in
the northwestern South China Sea

Zhang Qi', Li Jiagian®, Xie Botao', Liang Bingchen’’, Shao Zhuxiao’
(1. CNOOC Research Institute Co. , Lid. ; 2. College of Engineering, Ocean University of China;
3. State Key Laboratory of Coastal and Offshore Engineering, Ocean University of China)

Abstract: To investigate the statistical characteristics of wind and waves during typhoon processes, based on 40-year ( 1979-2018)
hindcast wave data and reanalysis wind speed data, the wind speed and significant wave height data during periods of significant
typhoon influence at three study sites in the northwestern South China Sea were extracted using trajectory tracking and time matching
methods. The joint distribution characteristics of wind speed and wind direction, as well as significant wave height and wave direction,
were analyzed, and the delay characteristics of wind and waves during typhoon processes were examined. Furthermore, based on the
extreme value theory, the maximum significant wave height and maximum wind speed samples during each typhoon process were
extracted. Based on the three-parameter Weibull distribution model and Copula model, the extrapolated values for 50-year, 100-year,
150-year, and 200-year return periods under univariate and joint return periods were calculated. The results indicate that in the
northern part of the study area, strong waves exceeding 6. 0 m driven by typhoons are mainly distributed in the 33. 75°-123. 75° sector,
and the time difference between the peak wind speed and peak significant wave height in the study area is mainly concentrated in 0-
20 h. Because a broader risk range is considered, the extrapolated values of the joint return periods are greater than those of the
univariate return periods.

Key words: the northwestern South China Sea; typhoon process; statistical characteristic; joint distribution; three-parameter Weibull

distribution; Copula model
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Fig.3 Rose diagrams of joint distribution of wind speed and wind direction during typhoon processes
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Fig. 4 Rose diagrams of joint distribution of significant wave height and wave direction during typhoon processes
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Table 2 Frequency distribution characteristics of significant wave height and wind speed samples

o _ G _ A%z
SEPE/m FRAEZ/m i P [535°8 EHME/ (m/s)  ARifEZE/ (m/s) i 5 IE35°3
Al 3.5953 1.8176 0.6928 2.7668 15.0709 4.9334 0.3630 2.7941
A2 3.8934 2.0227 0.8015 3.3884 15.2121 5.1939 0.3350 2.8716
A3 3.3074 1.7832 0.8913 3.5868 13.766 4 4.6107 0.2644 2.8738
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Table 3 Parameter estimation results of significant wave helght and wind speed samples

i, BT [
o 1 B SE/m RESE/m TEARSHL WESE/ (m/s)  REZSH/ (n/s) RS
Al 0.1960 1.9967 3.8510 3.5964 3.5964 3.5964
A2 0.2900 1.8858 4.0723 1.3531 1.3531 1.3531
A3 0.2690 1.8068 3.4313 2.4886 2.4886 2.4886
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Fig.5 Empirical and theoretical cumulative probability distributions of significant wave height samples
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Fig. 6 Empirical and theoretical camulative probability distributions of wind speed samples

x4 BRHESFXEFEAR K-S #3650 RMSE £

&R

Table 4 K-S test and RMSE results of significant wave height and wind speed samples

e A W
WHHE A
AfE P1E RMSE/m AfE PH RMSE/ (m/s)
Al 0.0492 0.7334 0.0236 0.0368 0.9529 0.0121
A2 0.0436 0.8833 0.0171 0.0410 0.9217 0.0144
A3 0.0533 0.5085 0.0225 0.0305 0.9849 0.0120
£S5 AEAEMHTEIRESNRERIMNERE
Table 5 Extrapolated values of significant wave height and wind speed under different return periods
T _ ﬁiﬂﬁﬂi%/m _ _ JXUE:(WS) _
WHFER Al WHFERL A2 WHFE AL A3 WFFE A Al WHFER A2 WHFER A3
50 9.20 10.22 9.16 29.08 29.24 26. 84
100 9.76 10. 88 9.76 30.33 30. 44 27.95
150 10.07 11.25 10. 09 31.02 31.10 28.56
200 10. 28 11.51 10.32 31.49 31.55 28.98
3.2 BRESmaHm

ST = S HORAT IR AL A R Copula #7130
o TE 3 DS S IEAS T 5 AMEE Copula £%! {8 Cramér-von Mises it (S,) KT IS LR, 458

F6 iR, 36 45 R FM , Frank-Copula BERIYE 3 MFFE 55 KB S O3S M 6E S, (B4 A f/h
— LI AE B AT SR B Frank-Copula #5555 14 1 B 4 43 A5 HE R 5 3%

— AR T A A i XU P BB 5
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Table 6 Cramér-von Mises statistics of joint distribution

S,
WFIE -
Gaussian-Copula t-Copula Clayton-Copula Frank-Copula Gumbel-Copula

Al 0.0259 0.0255 0.0374 0.0203 0.0299

A2 0.0200 0.0187 0.0346 0.0151 0.0216

A3 0.0240 0.0231 0.0401 0.0199 0.0242
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Fig.7 Empirical and theoretical joint distribution probabilities of significant wave height and wind speed samples
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Table 7 Extrapolated values of significant wave height and wind speed under different joint return periods

\ H R /m N/ (m/s)
BAERH 2 W5 AL WFITAT A2 WF5T, A3 WFFT, Al WF5Ts A2 5T A3
50 9.74 10.87 9.73 30.31 30.38 27.95
100 10.28 11.48 10. 34 31.48 31.57 28.93
150 10.58 11.84 10. 65 32.13 32.19 29.53

200 10.79 12.09 10. 86 32.57 32.61 29.95
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(1. oA R W R IR BE R TP A A 75 2. TR A T

WE. A THRRGER QIR L 2024 SF AR E R EFR” A H) BT HAEEMIF KT Yan Meng
R AR 6 B BB HT, FFREREW  Yan Meng R BER ) @Rk T+ ELEREEAHH
TR ORRKNEFZEEMARL, EASHFHERRA RN FZ2ZEMX X Z; FIOME S EMA
v FoE Rk AL K ; Yan Meng R A2 A R & ik i 5 2 R oG A stiz £ TAE 2 20% VA A, T 39 45t
% £ ML 2m/s VAR ;Yan Meng W7 B A R B % 5 & R BFR P B A BIF6Ep M, T AT
FE LS R E 6 R-4E

K17 . Yan Meng R BLA ; & R BEL ;< BB & R AR AT 5 3R £ 54T

Parameter sensitivity analysis of Yan Meng wind field model
Lu Zhike' , Hong Junling’, Zhou Lidan’, Xu Wanhai’, Li Sa'
(1. Huaneng Clean Energy Research Institute Co. , Lid. ; 2. School of Civil Engineering, Tianjin University)

Abstract: To explore the characteristics of wind field models, by taking Super Typhoon “Yagi” in 2024 as an example, a parameter
sensitivity analysis of the Yan Meng wind field model was conducted via numerical simulation. The results show that the surface wind
speed calculated by the Yan Meng wind field model is positively correlated with the pressure profile constant and the maximum wind
speed radius, and the pressure profile constant is positively correlated with the maximum wind speed radius. A smaller equivalent
roughness height leads to a higher surface wind speed. The relative error of the surface wind speed calculation results of the Yan Meng
wind field model can be stabilized within 20% , and the average value of the mean absolute error is within 2 m/s. The Yan Meng wind
field model exhibits good adaptability in the study of typhoon wind fields along the coast of China, and it can be applied to the
evaluation of typhoon disasters along the coast of China.

Key words: Yan Meng wind field model; typhoon wind field simulation; Typhoon “Yagi” ; sensitivity analysis; error analysis
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Distribution characteristics of Stokes drift velocity in adjacent seas of China

Wang Jingfu'> | Tao Aifeng'’, Xie Shuya'’, Qin Shufang'’, Yin Yan'’, Wang Gang'”’
(1. Key Laboratory of Coastal Disaster and Protection, Ministry of Education, Hohai University;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: Based on ERAS reanalysis data, the spatial distribution characteristics of Stokes drift velocity in four seasons in adjacent
seas of China from 1980 to 2023 were calculated and analyzed, and the variation characteristics of Stokes drift velocity under typical
typhoon conditions were analyzed. The results show that the Stokes drift velocity in adjacent seas of China exhibits significant latitudinal
differentiation and seasonal variation characteristics. Except in summer, the high-value areas of Stokes drift velocity are all located in
the adjacent seas of the Taiwan Strait, China, where the average velocity can reach 0. 1 m/s, and the direction is generally southward
and southwestward. In summer, the high-value areas of Stokes drift velocity shift to the southwest, located in the southeast of the Indo-
China Peninsula, with velocities ranging from 0. 08 m/s to 0. 09 m/s, and the direction is generally northward and northeastward.
Affected by topography and monsoons, the Stokes drift in the Yellow Sea and Bohai Sea regions presents the characteristic of northward
propagation along the coastline, which is closely related to the northward transport of floating objects on the sea surface. Under the
influence of extreme weather such as typhoons, especially in the seas near the typhoon generation area, the Stokes drift velocity along
the typhoon path increases by 1.5-2. 3 times.
Key words: adjacent sea of China; Stokes drift velocity; ERAS reanalysis data; spatiotemporal distribution characteristic
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YRR BT A TR TR B 15 51 Stokes TEIR , 2 IR A BRTE Bl Stokes T3 B A SRR A0 A1 | 33 6 B A 185
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ESTE. FFARBEI AT FITE (52271271) ;1T [ RRF 3L 4 A H 7542554000 3 ( BK20220082 ) 5 7K FI3%6 & KRk 501 B ( SKS-
2022025)

TEBEE N, i (1999—) , B W+, EENFKWE S %05, E-mail :211303020035@ hhu. edu. cn

BIEESE. WEE(1978—) 5 #8824, TENF KBS 240158 . E-mail ; aftao@ hhu. edu. cn



55 4 1) Faule 5 PEABITER Stokes FEUR M 17

VI TR RS e My T R T RO 5 PINER S5 A0 M T B T R AT Stokes 1235 10D (Indian Ocean
Dipole) FF IR , KPP BEHE A M) Stokes I A9 ZS [H] 434 5 KR AHALL, 52 KUHT 52 48K, T 28 [] Stokes 15
TR T AR AR IS . (H2 BT AR SR BR T X 42 3RV Bl Stokes 15201 25 19 14 43 A 19 KB
WA I ELAE T A5 ik ) 255 R s

AR ST WM 3 RS AR H O AR BE R 1980—2023 4F ECMWE Reanalysis v5 ( ERAS) F40 88 4
Y BRI RS IR Hr AR I Stokes YL I A 20 AR R (BRI E R/ NFI T 1)) | IRy
MF T I Stokes VI AU A& 1 R | IS i X TR AR L e A T A TA AL, o oA i 25 451 2 40 o i as T 43t
S

1 RX#HR

o ] 0 A VA Sl A 55 T T | B AR R R LA K v [ 5 9 AR A Y KT SR, AR SCBIE ST XY L
0°N~41.5°N 105°E~135°E, iy NI A2 8 77 km? P2 7K I 18 m, 7 ThI it i 9 1A 1 e 5
I , T 3 AL AR TS R ARSI | DY RR VRS AR e A P SRR 2 5 Ny, BRI AR AT Y
RBEZE B A 38 T1 km? SFRI7K IR 44 m 880 A 2K 1 7900 o 5% P Ve e 1 ) e v ol 5 H A ARE . R
M2 LT IR A 2008 AR 77 T3 km® P-347K 08 340 m, By SRR A 508 5 RAEE 5 | H A TUN Fi
BREFS T HISE . R ARy 350 0 km? A Tt B ANAHE SO ARAY 2. 8 4, P RIUKIE 1212m, F5if
0 & L A Bt R 8 e BT A B ) 2R P e R A T P I AR RO (AR [ | BRI RN
AR AR, R 2 118 5 S 5 L B S R P A SO

2 WIRBIEMHARTIE

2.1 WIRHE

ERAS SR b 91 R A I b HE R 0928 AR BT B 22 (] T ECMWE 545 Tl R 4t (Integrated
Forecast System, IFS) H1 CY41R2 [R5 780 15 4% 25 2 LA Je D0 24 A8 53 5 Rl Ak Be R . A8 F ERA-Interim, ERAS
(R 7KV RN I B0 H0 % 0 B 4 5, ERAS B AE T 88 22 1 7= (i S8 LA B g/ N 1) 1R 43 B = i 45 81 T [ 9 4b
B BRART R IZas L, A0 BREE T R T ERAS FEAMHTEEE 00T 1 2017 45 Hh [ 2R 3 K il 28 5 13 T
FIVE A TRV BE T A B 25 0 A R A, 9T T 12000 3ak B 0 A A5 3 b 5 45 R ERAS PR 5580 , oA
TVGAE L S AR 1979—2020 4 A9 BT 3 B2 25 (8] /AT 2219 ikl 2 AF AR L i 35

ERAS AT DA LA = 05 B 114 4 2RV BB D IR S 8 , B T8 DL AR 4, A48 B A TR A X
BRI ) D RIS AR SOl 1980—2023 4R AP IR , FORHE 2R 1 h, 2 Al HER
0.5°x0. 5°, 23 [A]JLH A 0°N ~41. 5°N [ 105°F ~ 135°F , 504 2 B 5 1R A IR A 300k @ 2405 1) 72405
W1, RIHEAE BB ] 4338260 1 h, 23 [ 483828 0. 25°%0. 25° 50 S50 55 10 m K ou 2R 10m K v
e

AR AR G E LRI . HEF N 35 H; EE N 68 H; kE R 9—11 H; &% N
12 ARMB4E2 A,
2.2 HARAE

ot TSR K T A% FEK P4 — ELIENER 40 F |, Stokes ELNE T u, FKikaH'™

u, =u,e’ (1)

Hrp u, =aokk
K u, WIFHESR)Z Stokes TR IE ;o MIEIRIF ;o R PNTR b IR 2 MR K Nl 8, ifg
PE46)Z Stokes T AT B4 A B AR 5 20 . — &R A Tamura 25 (BRI R 73, — RAKFTIR S5
W ST K% . BT ERAS PR AT RO 625 1T Stokes U UL 38 T 75 19 25 00240, IR MG AR SC% T

NSOV Stokes TR AT . W HES:, ol LIAF B A R H, P08 T 2 RAY Stokes R
I

2, 42
us = usoesﬂ el <2)
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21 HP
Horp Uy, = 3 K
. T
Krpog MEIMHEE
3 HRE5HW

3.1 Stokes iZifiift i K/t 2= 4> T 451

PRI Stokes LT K/ NI RIS B VI, 32 W2 KR G %, W37 225 AR 1L 520 Stokes 1223
T A S RO 5T XU 21 P O sl ot LA SR T AR PRAR AR L AR SRS 1980—2023 4F ERAS T4t
B TR A TR I DR RO A A A5 2] r [ SR Y45k Stokes TR AL V- 147 U 3 1Y 2 Y 40 A RRAE 5 4545 TR 301X
YA, it — 2040 R T ST 1 G i 2750 o A A

a. PESPITIREIR Stokes IR K/ IN R B S 1) 45 ) 43 A FLZE TR AR AR R 4 B M X Stokes TR
TR T I B b DX, B2 R X 3, Stokes IS I A/ NEETIBE/INE 0, LRG0T 2R B, v B 4R 3 TR 3R
Y ZE 5 AR X Stokes V3Rt I 43 AT FRRAE A2 M B Bk, 2% | B 2 Stokes T5LI I L BMA RS /N KR A ZR TR
WK, I £ T R BRI TR Stokees SEUE IL I Bt 2 1 AR AR BH G, I B A VR IR U A AN K

b. % ZE Stokes UL it ARL X 5 3= AR 7R v [ B TSR R BT, RARLIX B i R A 0. 07 ~0. 08 m/s,
X2 P T 2 R 08 T 3l X AL XA T P A ) IG5 s v e g R s il it R
VS VU R B2 V00 11 Stokees T3 U0 U0 T e A A KT 8 VA Sl A AR 1 14 KU 265 K, D VR A AR D R K, ik 3
1.5~1.7m {H 2595 B IR 58] 7. 55, UL Stokes 3 I HAE R /N, 7 0. 04~0. 05 m/s,

c. H 7 Stokes LI KA DX I8 ) PU R B IRAS , 07 T H RS 2 55 10 45 35, M IX A9 VLA 0. 08 ~
0.09 m/s, A X I Stokes LI EL /N, 52 BB 26 5 1S 00 B a0/ IN I 08/ N AR RRAIE o o 60 Vg B 28 XL
KAE KA T B S AR, 5 Stokes T3 i RAE XA B WA

d. FKZE Stokes T35 3t it HAH A 520 22 S AT TG O, A DX 3 0 [l 28] v ) 5 2 g e R A Vi 3, e R
EAAE] 0. 1 m/s, [RIA, VAR 0 B AT VA 388 Stokes V323 It 3 AT BH (2 388 K, BU{E T 34 0. 08 ~0. 09 m/s, 7
] Vg AE Rk R Ak T 2 R W I, A7 T XU K DX 1% i [ 5 9 e 0 1 v e 8 2 5 1l 2 XU e, DRl ) R A1
DX 43 7 T 5 Vg e A 5 VS R 3 A BN e LI AR VR LA AR R 9 e S Sy R )N

e. 4% Stokes TSI T 431 5K 43R, AEB AR BAE TR AT 38 K, B DX 8l 6] 5 285 Vg e T i) £ i
R A T IA 0. 13 m/s, RG5O 45 ma R BB AT 3k 0. 08 m/s, H ARV IRE IR A (E 1T 34 0. 08 ~0. 09 m/s, &
Z A v [ WG A KB X R AR A —PU R E 1], p A P KGR PO AR (B X, — 76 [ vk b E 59
B AR B ) X, — N AR G R R T R XU R R P B AR R Xk, H AR TR A I AT E LR,
{HAZ: W K TRk IR A2 Stokes 13237 i B tLls K Tk 3,

3.2 Stokes iZEitimiE 7 6] B = 43> R HFAE

Stokes IFEIRE XTI HR B9 4 RS B BIORIAE e MR A EL FELVE T PR 9T Stokes VR 7E — A2
(] Pl PN A% 7 1), A B T T i SRR Y HORAE . 35T ERAS BB 88 b 1 R 7 1) 5580 | 43 Bt
75351 1980—2023 4 Stokes {52 F- ¥4It 2% & 119 DU 253 A 0L

BRI Z=A0, v E ABITVEI Stokes 153 UL 34 7 10) R4 A g 1) RTPY R 1), 2 2% Stokees IS U i 77 ] G A R L
[ RIZRAC I e B A 3 S VA 8 4 IX a2 2 b 2 R0 255 B2 ), Stokees 22970 2> 52 PR MY 170 30T 3 A4 488 A AR AE
285G R TRI 27 114 F ] 410 30T T 3R K37~ 25 X 43 A 155 0 T LA % B QDF5 2% , T 1 | 1 A 5 R 7 V8 i 0 Vg )
Stokes I J7 0] SV A PU R ], AR IEEACHRAZ MR 5200, 553 Stokes IR U UL /7 [0 & 26 % | ) i e A o X
sl T HEZE P EASE R DRI AR KR 3=, v B 5 BT A T 7R AU XL, m AL AL VE IR K 32, B
AR AR AT SR AARAE XA = bR 25 HBIE 2 (R B2 M A1, Stokes B9 3 Ty ] 5 KU i e R R, @K
Z v AT IR Stokes TELU L T 1) & AR L . PR Stokes YELIAL L 7 1A] H 7R R (0 P 1) AR S AR L]
RV EE IR Stokes LI AT 1A Ab W], R AEHRE . ILZR TLIR 4B Stokes T3 I 48 14
Wi R AL, B R I N 2 O | TR R TR M i b ) iz o AR 6] DR A IR A —
SEFCIR o A0S ST VA 3uk R 2 A gl G i 2 s i, 46 S 43T 30 v g IXURITRE XU R I Stokees 122 37 7 3
05 ) 5 K] FL AR A RKZS, B IR FIAVEAY Stokes LI L J 8] 43 A6 5 2= LUECHAMLL,, A R PU RG], 7
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BRI, Stokes WG 7 4TS A g 1], I B4 B AEAR e , 7= Az 0] R AL 36 19 Stokes 10, Y < g
BEAERKRA T 2 K I, AT g XU T] o3 A 2 L b ] 5 A O R T e 2 28 5 e XU e 4, AR
JEXCh =, Hopdfe s an bt AL APG AL X 32, AR A LAZR G XUy 3 T P 76 P 450 04 P i XU i o 56 42
IR @& Z, dE 4RI R Stokes I J7 1) 437 58k Z a0 MR, B A R P R 1h) , (075 i T 350
A 22 5 038 Stokes T5L I TR T 1] K 2 1) A A 1) RV 1 [0 A7 20 SR DU R 1) 3K 2 FH it el e
K757 F|5i KA ZRIUAE K, Stokes 3L I 18 7 1] 55 IR 56 2 KL
3.3 BEIAKEMHET Stokes iZ i it iE 5 7 4 1E

TE 5 WX PPl i LG A5 T |, Stokes 153t It 388 1 40 A1 ML G FREIE 23 R AR R ARk, A SCLL 2014 4
5510 5B N FEI N, 3 M KSR T 1Y Stokes TR /A F5

BN (SRE NG T 7 A 18 H 2 BFFE PG AL i i A i, A= sUS R m g AL 5 A5 30,23 H
0 I 15 /P E B A 6 AR BRI £ Wi B bl , BB o B R i & XU, oo BB s R KT 14 H(42m/s) 5
23 H 15 B 30 4376 4 828 i T 5 LU BEL VT 0 P B il | B Bl ol 5 B 0 555 Sy i Al U2 Rt B R AU 11 2%
(30m/s) s BB VEAT,24 H 1 BE =B OJCER AL i wdt 7 m# 50,24 H 8 B AE 23 L1355 NI 55 S #4us IX
5, Z R HE ATTPE4RSEL F 525 H 18 B FE LLIZR B PR A, 5 B S iy KR g

FFE A Z B BRI ERAS TR0 80d0E , 43 Hr 15 21 v [ 40 i 3 Stokes MU s B (H 0 A . LK
£ R M) IE (2 2 3@ 13 il 1980—2023 41 Stokes 12297 it i 5 2543 A i L, AT A& B 5 KX Stokes 23
T R/ INFITT ] 3 23 P2 AR 3 KRG

Wr 5 K 2 B5A% , Stokes BRI AT A E] 0. 07~0. 08m/s, B H ZEH KM 0.04 m/s YR E
HURHK, S 6T —3, 78 G WA BRI, Stokes B2 I A (EIA R 0. 1 m/s, B [A]
FRBE 2~ 3 d, 2R T7 0] B U ) AR S 7R 5 IR RN i8I Stokes I HEE U 0. 03~0. 04 m/s,
HWRT 1.5~2.3 4%, ZGREREERITIE AR, TR 1Y 3E e A 25 3 3, 53K Stokes V2 3 i A7 B
B RTR  E JBE  A E

4 & it

a. TPEAPIT IR Stokes LA I AN S BH I AR 45 0] 0 A1 A 215 PR A0 A RAIE | $E T 2R 38 X 38, Stokes 12237
T/ INB WIS 0, BRE ZEHL, Stokes IR L KA DXL T 63 V5 g e B 3w 96 Sl , - 347 35t 38 ] LA 3k 2]
0.1m/s, HZ Stokes {5 It it 2 K AA XI55 1) VG R 40 A%, 052 T b pig 2 B A9 2 1l 940, L IXC ) g 3 51 L oAy
0.08~0.09m/s,

b. BREFAN, f ESBUE IR Stokes EEHL Iy RS A R ) APG R 1), 2 Bk dbm AR AL, R
PTG Sl B B T T 03 DX 52 B MR FH 2R 1 52 0], Stokees T3t 23 52 B 1) 30T 12 A4 48 U ARPALE

c. 2014 45 10 5 K Z BB ST 3 KERAR 1Y Stokes IS K 2 0.07~0. 08 m/s, FIEH
KA TR R T 1.5~2.3 £, JUHIETE & WA LA I 1 358, Stokes {52 Uit 2 1Y /N 7T 345 3
0. 1m/s,J7 [6] PG AL ) 28 2R 1]
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Simplification of ocean energy power generation scenarios and optimal capacity
allocation based on characteristic index clustering
Sun Yimeng', Qin Chuan', Tang Ying', Zhao Zixuan’, Jiang Anni’
(1. College of Electrical and Power Engineering, Hohai University ;

2. State Grid Jiangsu Power Supply Company Huai’ an Power Supply Branch;
3. State Grid Jiangsu Power Supply Company Yizheng Power Supply Branch)

Abstract: Aiming at the strong random volatility of ocean energy generation, power characteristic indexes, including amplitude
stability, duration stability, and the coefficient of variation, were calculated for wave and tidal current power generation. A feature
vector constructed from these power characteristic indexes was then used to perform dimensionality reduction and clustering of the time
—series data of ocean energy generation power, thereby obtaining typical output scenarios of ocean energy generation. With the goal of
optimizing the consumption rate, a model for optimizing the allocation of ocean energy generation capacity is constructed and
transformed into a linear programming problem for solution. The calculation results based on actual data show that the optimized
configuration results after clustering of characteristic indicators are basically consistent with the measured output data scenario, which
verifies the effectiveness of the method.

Key words: wave energy; tidal current energy; characteristic indexes clustering; power generation scenario simplification; optimal

allocation of capacity
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7% & Kantorovich P 5 0 [F] 25 R GRURGT I B 542 N 14 375 S5t 4 400 Vol hy M — 1) SR B 55 2 B
KRG B UG RY K-means 85075 H 8 RIS IS0, 58 BUXHL 07 R 2 JF 4 gt Al 37 5 15
O B 28 XU AN R P TR T AT, SR P T 14 (40 A% A0 BIR 2 > LASE B 500 JXU B 2R X Ji] | 32 - Bt LA R 1k
PRI LIS B R A ASH 2 P, PRl IS ) K-means JA LA e A7 5: DA/ MR

FEGRIRA AL B I, H AT oT 24 b XU DIk AERESFREVRZSAY . T Miss" " DIk i Rl
Hbx, # K F /K E fE(UPHS) 25t 0 AL i B AR AR | 485 5 50 XU 25 1 | SR f IR HILZH 5 7K T i BE 1 B b
R S st o g IS AR PR A i KO HAR, DA 880 1 4% s 220 1) el fp i e OBk A8 17 4%
), SN2 DAFRA A 45 B s o BB, 19 B 2 B B A5 2, 8 3 T olodb AL 9k 1 PVE HIEHR A RGN
A BARAR D B R AR A S SR = i 4 A s o G Ak 2E A RS AT SR, ST T B[] R ik
R RER mACALIC B, MRS, £ IR A8 W BE Y A Hi R IR OC AL E = A S B A B, Horp
AR R R IR AR A SOR T RE & LR i AT T TERE VIR B AL B B

X BB & L D 3R Y s B LI B M, AR SR FH R L ) 238 i IR BSR4 | 4 2 BsF R AR e AR S R 8K
3 ANREPEFRBR Y XHVETERE & F A0 TR A R O T R e A SR AT, A5 BV TR AR G SR B s DA B e
WA BFFERT G2, AIE AN R B ok H A be) S 1 e A FE 25 5 D0 AL B BB Y | R AL 700 2 Ak hy 4 M R 40 [ f o
fite, I U I E TR
1 BFREABEIERITE
1.1 EREERHE

PSR SR U TR B e e i R AR i g Hh Dl R & L TR on

P=nB %Hz T ~ nBH,T',, (1)

Ao P ONE TR B RIS AR TE AR ST 5 mp UK R H R e T I s o S Tk g
H,,, AR T s AR EH  n il AR SCHR 0. 441,
1.2 #iReERHE

T AL RE A P2 i s D] LR R R

0 v < 0.5
1
—pAvC, 0.5<v<15
P =12 (2)

1
PAC, X 1.5 v > 15

. P NI AR R I o T A S KARALI TR SR IO B SN 10 m; €, A RE AL R
BOBL0.31, BT EH T R RA R 1.5.0. 5m/s, SEESHER BT 48R0 TR RE e 2l ] 75
N 20 a, FE 2N 40 kW W RE A& FEL 25 B 4 20 a, B E 25 5N 100 kW,

2 EEFEBEEXBINESFEISIR

W IR RE 55 RE AR LA B I BEML Y sh M | L T R i B 3R 28 A R s T g U s 22
R, & B I Fa e e A 0 &, SR I REL RS R I A3 2 It ) B e M AR 53 22 B0 TR BE 5 39 37k RE & HL 1)
SRR A TR AR B, TR AT R 28000, R4S LR I iR A,

a. WEAEESE N M A & v S R An ek i i KA 5 e/ IMIE 2 22, vl B Ry JE I 9 & o DR IR 3 (8
AN,

b. FREEAT R RE T 48 & W RS [l R g M A /N, ] R A LI D9 2 B DI R IR Uk B, X 2 B )
ARG  ShRASEE S F R Ish, N T RALIZIEbME, & XISt [a)Fa e T b & B Th R AE bR fE LA
PRS2 % SN B

c. ARSERB WL DR B R RE B KN
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Table 1 Proportion of optimal clustering numbers for each clustering evaluation index of wave power generation
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Fig. 6 Clustering results of wave power generation
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Fig.7 Typical scenarios of tidal current power generation Fig.8 Clustering results of tidal current power generation
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Table 3 Variation of source-load matching degree and consumption rate with penetration rate
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Table 4 Optimal allocation results of consumption rate
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The influence of loads on pipeline stress during trenching and lowering of
in-service subsea pipelines
Liang Kai' , Wang Yaqiong', Xu Wanhai’, Zhao Yunhe', Zhai Libin', Li Qinan'
(1. China Petroleum Pipeline Engineering Corporation; 2. School of Civil Engineering, Tianjin University )

Abstract: In view of the current lack of systematic analysis and quantitative research on the load mechanism and pipeline stress
evolution during the trenching and lowering of in-service subsea pipelines, OrcaFlex software was used to numerically simulate the
secondary trenching and lowering of in-service subsea pipelines, and the influence of key load variations on pipeline stress under
different trenching depths was quantitatively analyzed. The results indicate that temperature difference, pipeline pressure difference,
and wave-current load show a linear or nonlinear positive correlation with pipeline stress; the pipeline residual tension has little effect
on the pipeline stress; the existence of soil resistance can effectively reduce the stress effect of wave-current load. Under different
trenching depths, the maximum variation rate of pipeline equivalent stress under the same temperature difference can reach
130 MPa/m, and the maximum stress variation rate under the same pressure difference approaches 175 MPa/m.

Key words: in-service subsea pipeline; pipeline load; pipeline stress; secondary trenching; OrcaFlex
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Influence of pile spacing on local scour characteristics in cohesive sediment beds
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(1. College of Engineering, Ocean University of China; 2. Second Institute of Oceanography, MNR;
3. School of Civil and Environmenial Engineering, Ningbo University;

4. Shandong Provincial Key Laboratory of Ocean Engineering, Ocean University of China)

Abstract: In view of the local scour problem around pile groups in cohesive sediment beds, the local scour characteristics of a single
pile and 5x 5 pile groups under various pile spacing conditions were investigated through laboratory flume experiments. In the
experiments, 0.038 mm quartz powder was used to simulate silty cohesive sediment. Combined with geotechnical parameter
measurements and three-dimensional topographic scanning technology, the variation law of scour depth over time, the integral
characteristics of pile group scour, and the influence of pile spacing on scour efficiency were analyzed. Moreover, the differences in
scour mechanisms between cohesive and non-cohesive sediments and their physical driving factors were discussed. The results show that
the temporal variation of local scour depth in cohesive sediment can be divided into an initial scour stage, a scour development stage,
and a scour equilibrium stage. The scour depth behind the pile is generally greater than or equal to that in front of the pile, which is
significantly different from the local scour characteristics around piles in non-cohesive sediment. Furthermore, the local scour efficiency
of pile groups decreases with the increase in pile spacing; the maximum scour depth reaches nearly six times the pile diameter at three
times the pile spacing, which is 2.4 times the local scour depth of a single pile. The local scour depth of the piles in the first three
rows is generally smaller than that of the downstream piles, and the scour depth tends to be stable after the third row.

Key words: pile group; cohesive sediment; pile spacing; local scour; scour depth; flume experiment
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Research on verticality control during suction pile penetration for deepwater
oil and gas well construction
Zhang Minghe, Yang Jin, Li Jiahao, Fu Chao, Zhu Guojing, Wang Jiakang
(College of Safety and Ocean Engineering, China University of Petroleum ( Beijing) )

Abstract: To address the problem that non-vertical installation of suction pile can easily lead to shallow soil instability and wellhead
overturning, a study on verticality control of suction piles with different diameters and installation depths was conducted through a
combination of theoretical analysis and simulation tests. A calculation method for verticality control of suction piles in deepwater oil and
gas well construction was proposed based on the structural dimensions of the suction pile and the properties of the formation soil and was
validated through simulation tests. The results show that the diameter of the suction pile, the penetration depth of the suction pile, and
the properties of the seabed soil are the main factors affecting the verticality control of the suction pile. Under the same other
conditions, a smaller diameter of the suction pile and a shallower penetration depth pose higher verticality control requirements on the
wellhead. To ensure the stability of the deepwater seabed wellhead, the inclination angle of the suction pile wellhead shall not exceed 6°.

Key words: suction pile; deepwater oil and gas well; subsea wellhead; verticality control; simulation experiment
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Analysis of horizontal cyclic bearing characteristics of tripod bucket foundations in soft clay

Tang Penghui, Wang Kunpeng, Cui Chunyi, Liu Hailong
(College of Transportation Engineering, Dalian Maritime University)

Abstract: Based on the HSS constitutive model, a three-dimensional finite element model of a tripod bucket foundation in a soft clay
seabed was established; the bearing characteristics of the tripod bucket foundation under horizontal cyclic loading were analyzed, and a
multi-parameter sensitivity analysis on the accumulated deformation of the foundation was conducted using the range analysis method.
The results indicate that during cyclic loading, the axial force transmitted to the top of the buckets via the tripod frame contributes the
most to resisting the external total overturning moment. Under the serviceability limit state, the foundation stiffness degrades to 96. 3%
of its initial value, and the vertical displacement difference between the front and rear buckets is relatively small, resulting in a slow
growth rate of the accumulated rotation angle. Under the fatigue limit state, the foundation stiffness degrades to 86. 5% of its initial
value; the vertical displacement difference between the front and rear buckets increases correspondingly, and the accumulated rotation
angle continuously increases with the number of cycles. As the spacing between the foundation buckets increases, the rotation center
becomes deeper, and the foundation tends to exhibit a translational movement. The accumulated deformation of the foundation is highly
sensitive to the loading frequency and bucket spacing, followed by the initial shear modulus of the soil and the aspect ratio of the
buckets, while it is least sensitive to the threshold shear strain of the soil.

Key words: tripod bucket foundation; soft clay; cyclic loading; bearing characteristic; HSS constitutive model
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Fig.1 Finite element model of tripod bucket foundation (unit: m)
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Table 1 Constitutive model parameters of HS and HSS for clay '*"

BB c'/kPa o'/(°) ¢/(°) R, P/kPa  E . /MPa Es /MPa E, /MPa v, Ky m  Go./MPa vy,
HS 2.8 21.4 0 0.9 100 0.82 1.02 15.12 0.2 0. 64 1
HSS 2.8 21.4 0 0.9 100 0.82 1.02 15.12 0.2 0.64 1 42 1x107*
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Fig.2 Validation results of finite element model
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Retrospective simulation of “23 - 7” flood event in Qingshui River basin based on
surface-subsurface dual retention grid model

Zhang Yuanyuan', Yao Cheng' >, Wang Rong’, Yang Fengyuan®', Gong Junfu’, Bai Yunpeng®,
Zheng Aimin‘, Du Yunchen*
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Abstract: In response to the “23 + 7”7 extreme storm-flood event in the Haihe River basin, the Beixindian watershed of the Qingshui
River was selected as the study area. Based on the grid Xin’ anjiang model, a dual retention grid model was developed by coupling
surface and subsurface retention modules. The “23 - 7”7 flood process was retrospectively simulated, and the rainfall-soil water-
groundwater response relationship and the regulation and storage effects of the surface and subsurface retention reservoirs were
analyzed. The results show that for 11 historical flood events from 1980 to 2000, the dual retention grid model achieves a 100%
qualification rate for runoff depth and a 64% qualification rate for flood peaks, and the proportion of events with a deterministic
coefficient greater than 0.5 is 64% , which are superior to the grid Xin’ anjiang model and the existing forecasting schemes in the study
basin. For the “23 « 77 flood process, the simulated errors of flood peak and runoff depth by the dual retention grid model are
constrained within 4% , with a deterministic coefficient of 0. 91. The spatiotemporal variation of soil moisture has a regulating effect on
the formation and recession processes of the “23 + 7” flood. The surface retention module of the dual retention grid model has a flood-
retention and peak-reduction effect, and the subsurface retention module improves the agreement of the recession curve.

Key words: dual retention grid model; “23 - 7”7 extreme flood in Haihe River; flood forecasting; retrospective analysis; Beixindian

watershed ; Qingshui River basin
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Intelligent prediction method for water level in tidal river networks

Wan An', Lin Jiawei' , Yuan Saiyu'’, Tang Hongwu'"
(1. State Key Laboratory of Water Disaster Prevention, Hohat University;
2. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Minisiry of Water Resources, Hohai University;
3. School of Civil Engineering & Transportation, South China University of Technology)

Abstract: To address the problems that the water level of tidal river networks exhibits nonlinear fluctuations under the coupling effects
of tides, runoff, and sluice-pump regulation, and that topographic differences of water systems result in low accuracy of holistic unified
simulation and high cost and complexity of individual station modeling, an intelligent water level prediction method for tidal river
networks was proposed based on a multi-scale fusion spatiotemporal attention network ( MSTANet) with spatiotemporal clustering. By
integrating multi-scale temporal features and spatial dependencies, this method enhanced the simulation capability for water level
evolution processes under multiple disturbances, such as tides and sluice-pump regulation; meanwhile, spatiotemporal clustering was
introduced to achieve watershed subdivision modeling, effectively mitigating the performance degradation caused by spatial
heterogeneity. The validation in Wennan Water Control Area of Shanghai shows that this method has good simulation accuracy and
computational efficiency and possesses engineering practicability and application prospects.

Key words: tidal river network ; multiple disturbance; water level prediction; clustering algorithm; ensemble model ; machine learning
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Fig.1 Flowchart of water level prediction for tidal river networks
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Table 3 Prediction accuracy of each model on test set

TRETR NSE RMSE/m SMAPE/% MAE/m
ANN 0.775 0.131 4.325 0. 098
RNN 0.850 0.092 2.912 0. 066
LSTM 0. 883 0.082 2.543 0. 057
GRU 0. 883 0.081 2. 504 0. 056
MSTANet 0.925 0. 066 2.001 0.045

i} 25 B 2% MSTANet 0.947 0.052 1. 609 0. 036
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An LSTM model considering physical constraints for multi-factor flood simulation

He Chang', Li Zhijia', Niu Haoran', Liang Shiqiang”, Li Jingbing’
(1. College of Hydrology and Water Resources, Hohai University; 2. Beijing Hydrological Station ;
3. Anhui Provincial Hydrological Bureau)

Abstract: In response to the issues of single simulation results and lack of interpretability when using data-driven models to replace
traditional hydrodynamic models for rapid forecasting, an LSTM model for joint simulation of multiple factors was constructed based on
a multi-task learning framework, and the fitted physical relationships among factors were incorporated into the loss function as constraint
terms. Furthermore, the interpretability of the model was explored by combining the comprehensive feature evaluation results of random
forest, Spearman rank correlation coefficient method, and principal component analysis (PCA). Based on a database of simulation
results of 17 flood events in Tunxi District by a two-dimensional hydrodynamic numerical model, the LSTM models with and without
physical constraints were trained, respectively. The results indicate that the computational speed of the LSTM model with physical
constraints does not decrease significantly, which can realize multi-factor simulation within 1s. For the overall simulation of multiple
flood events, the LSTM model with physical constraints performs better, and the simulation accuracies of water level, discharge, flow
velocity, and inundation area are improved by 20. 38%, 17.03%, 4. 02%, and 14. 07% , respectively. The LSTM model with physical
constraints demonstrates a stronger capability in capturing small floods and higher accuracy in simulating regular floods, but its
performance still needs to be improved under extremely complex conditions.

Key words: urban flood ; multi-factor flood simulation; two-dimensional hydrodynamic model; physical constraint; LSTM model
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Fig.1 Schematic diagram of study area
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Fig.2 Multi-factor overall error distribution of two models on training and validation sets
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Table 1 Evaluation indicators of multi-factor simulation results of two models on test set

. MAE RMSE R*
LSTM ##7 PR LSTM HE LSTM #5784 PR LSTM H5 LSTM ##71 PRy LSTM A58
KL 0.1247 0.0887 0.2585 0.1881 0.9650 0.9849
Wit 13.6554 9.3322 182.2208 153. 606 1 0.9166 0.9453
HiTBLs 4.5222 4.0071 0.0527 0.0519 0.9759 0.9759
W TR 4.7499 3.6464 56.5735 47.0298 0.9767 0.9853
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Fig.3 Simulation results of factors for typical flood events
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Fig.4 Water level simulation results for typical flood events
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Table 2 Evaluation indicators of simulation results of two models for typical flood events

- " MAE RMSE R?
g A = - - = T = = g =
LSTM A7 bRy LSTM AR LSTM #5A1  piedkfd) LSTM #5581 LSTM AR A PR LSTM A5
K AL 0.0962 0.0905 0.1740 0.1425 0.9433 0.9571
i 58.4749 13.2766 66.179 1 56.7884 0.9061 0.9259
2015080908 .
it 3 6.7443 6.5314 0.0515 0.0424 0.9293 0.9481
WV T AR 7.7682 6.0935 46.5370 41.0116 0.9422 0.9516
KA 0.0639 0.0587 0.0898 0.0954 0.9889 0.9867
i 5.9100 9.4056 21.7861 32.5906 0.9957 0.9901
2016071420 .
it 2.5114 3.1429 0.0149 0.0221 0.9953 0.9893
W TR 2.7993 3.8836 19.0180 23.9742 0.9928 0.9885
KA 0.4487 0.3329 0.7113 0.5951 0.6820 0.9060
Wi 20.9793 19.0474 626.1127 575.4035 0.4178 0.5930
2020070604 .
bRz 5.6620 8.5339 0.1051 0.1694 0.8483 0.8413
VT AR 6.9813 5.8038 139. 1499 123.3115 0.8574 0.9272
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Table 3 Evaluation of input features for improved LSTM model

A FFAEAL Wt B R S BRAR R AR M X PCA TR i
FEAE KAE ikt W R KA it VM WA R AERER/ % PRI
Q 0.005  0.006  0.007  0.006  0.966  0.967  0.969  0.966  3.609  72.16 0.959 0. 644
Q, 0.983  0.987  0.979  0.983  0.975 0.976  0.976  0.975  0.954  19.07 0.928 0. 962
Qs 0.007  0.005  0.008  0.007 0.947  0.948  0.948  0.947  0.261 5.22 0.957 0. 637
Z 0.003  0.00  0.004  0.003  0.922  0.922  0.923  0.922  0.108 2.17 0.914 0.613

P 0.001 0.001 0.001 0.001 0.237 0.238 0.240 0.237 0. 069 1.38 0.274 0.171
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Adaptive evaluation of multivariate compound disaster systems
Huang Li', Zhang Yizhe’,Wan Xuzhe’, Wang Wei’, Song Yue’
(1. College of Public Administration, Hohai University; 2. College of Harbour, Coastal and Offshore Engineering, Hohai University)

Abstract: By considering the superposition ( reduction) effect of disaster losses, an adaptive index formula for multivariate compound
disaster systems was derived, and an adaptive evaluation index system for multivariate compound disaster systems was constructed from
the two major dimensions of disaster prevention capacity and disaster response capacity. The entropy weight-TOPSIS method is used to

evaluate adaptability of each region, and ArcGIS software is utilized to map the adaptability zoning. The application results of the

3

Guangdong-Hong Kong-Macao Greater Bay Area case show that for the “rainstorm-landslide” and “rainstorm-collapse” multivariate
compound disaster systems in the Guangdong-Hong Kong-Macao Greater Bay Area, the regions with high adaptability are mainly
concentrated in the southern area; the regions with relatively high adaptability are mainly a few areas in the central part; the regions
with medium and relatively low adaptability are mainly distributed in most areas of the central part and the southwestern and eastern
areas; the regions with low adaptability are mainly located in the northwestern and northeastern areas, respectively. When facing
multivariate compound disaster systems, the regional adaptive index is significantly lower than that for single disasters.

Key words: multivariate compound disaster; adaptive evaluation; risk propagation model; entropy weight method; TOPSIS method;
the Guangdong-Hong Kong-Macao Greater Bay Area
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Fig.2 Adaptive zoning map of multivariate compound disasters system in Guangdong-Hong Kong-Macao Greater Bay Area
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WE. FEREREGFATHE, AR LR ERKA BAFE L KRAE ZANK 52 B85 £ R EAR
A AR K AR 3B e A AR i8R R E b e AR A B AR A NS ALK B OR B kR
REFERHE FEZEIHTREENKRAEZANR AR BT BEN YR, LA IELRERA . A
TRILER L LRAT e KR shs ey E bt EFERAREFATREST Z, 75 EHRLR
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Study on scheduling of hydro-wind-photovoltaic-storage complementary system considering
seasonal regulation characteristics of hybrid pumped storage power stations

Su Huaying', Wang Zhenni’, Zhang Yan' , Wang Rongrong' , Wang Yujian' , Deng Jiali', Tan Qiaofeng’
(1. Power Dispaiching Conirol Center, Guizhou Power Grid Co. , Lid. ; 2. Institute of Water Science and Technology, Hohai University;
3. College of Water Conservancy & Hydropower Engineering, Hohai University)

Abstract: By considering the seasonal regulation characteristics of hybrid pumped storage power stations, a long-and short-term nested
scheduling model for hydro-wind-photovoltaic-storage complementary systems was established with the objective of maximizing power
generation benefits. In view of the high-dimensional features in solving the model, the dynamic programming successive approximation
algorithm was improved by introducing the pumping-generation conversion model of hybrid pumped storage power stations, and the
impact of hybrid pumped storage power stations on the operational benefits of the hydro-wind-photovoltaic-storage complementary system
was quantitatively analyzed. Case study results indicate that for hybrid pumped storage power stations built relying on hydropower
stations with seasonal or higher-level regulation capabilities, a seasonal regulation scheduling scheme of hybrid pumped storage is
recommended. Compared with the scheme without hybrid pumped storage, this scheme can effectively reduce the curtailment of
renewable energy (99. 37%) and increase the power generation benefits of the system (4. 34%). By pumping water from the
downstream reservoir to the upstream reservoir in advance, additional flood control storage capacity can be provided for the downstream
reservoir, reducing the water curtailment of cascade reservoirs (93. 35% ). Compared with the daily regulation scheme of hybrid
pumped storage, this scheme can improve the power generation in dry periods and increase the comprehensive energy conversion
efficiency of the system (6.88%).

Key words: hybrid pumped storage; seasonal regulation; multi-energy complementary; benefit evaluation
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Fig.2 Solution flow chart of long- and short-term nested scheduling model for hydro-wind-photovoltaic-storage

complementary system
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Table 1 Characteristic parameters of hydro-wind-photovoltaic power stations
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Fig.3 Long-term energy processes of cascade reservoirs under scheduling schemes without hybrid pumped storage and with

seasonal regulation of hybrid pumped storage

-o- KPL (BIRE ) ——KA GREZRT)
1160 975 840
1140} . s> 970 \ —p————o—
£1120 \‘“\,, /v("" £ 965 \ / £ 838
E \ =l \ / E
21100 / % 960 \ 4 ¥ 836
1080 AV 955
1060 s L 950 - . . . 834 .
1 2345678 9101112 1 2345678 9101112 1 2345678 9101112
Ay Ay Ay
(a) SHE—BKIE (b) Gk (¢) B=GuKIE

B4 EREREFATEEARTHELKENKEKAAEE
Fig.4 Long-term water level processes of cascade reservoirs under scheduling schemes without hybrid pumped storage

and with seasonal regulation of hybrid pumped storage
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Fig.5 Typical daily output processes of complementary system under schemes with and without hybrid

pumped storage power station
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Fig. 6 Short-term scheduling processes of complementary system under different meteorological conditions and schemes
with and without hybrid pumped storage power station
x2 BEMRZEARAEARTHAESER

Table 2 Scheduling results of complementary system under different scheduling schemes
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Fig.7 Output and water curtailment processes of third-level hydropower station under schemes with and without

hybrid pumped storage power station
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WE. A KL EANR AT ZRE ST N S B SFR FAHTHIPNE M, MET BTN,
AR ZHE EARARRAESRS MNREEG3BIFNIEAARE RETETHASGBRRS=HT
ST RO LR AR AR A | Z AL @ i AHP-Z= AL RS I 4 2 £ AAE | 5] AN PR I A% 3R BUE LA
A TFREIES TR ERS, FEAEZMAERT AT EWE TN ERELEL 15,
508 S R ONR M A 36 A T A I AT 3 %) B it A2 P g RAALIE 3 S5 AT B L
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Evaluation of hydro-photovoltaic complementary capacity allocation schemes
based on cloud matter-element analysis

Guo Xiaoxi' , Huang Xianfeng' , Wu Di’, Li Xu’, Zhou Wen', Fang Guohua'
(1. College of Water Conservancy & Hydropower Engineering, Hohai University;
2. POWERCHINA Guiyang Engineering Corporation Limited; 3. Huaneng Lancang River Hydropower Inc. )

Abstract: To address the multi-attribute, multi-level, and uncertain evaluation problem of capacity allocation schemes for hydro-
photovoltaic complementary systems, a three-level evaluation index system covering five factor layers of security, environmental
protection, economy, technicality, and sociality was constructed, and a comprehensive evaluation model based on combined weighting
and cloud matter-element analysis method was proposed. In this model, subjective weights were determined through correction by the
AHP-cloud model; objective weights were obtained by introducing the improved entropy weight method; weight fusion was realized
based on Euclidean distance. Moreover, the cloud matter-element theory was applied to calculate the membership degrees of each
scheme to evaluation grades and the comprehensive scores, expanding the grade boundaries from rigid thresholds to flexible
distributions, thereby more reasonably depicting the random fluctuations and fuzzy transitions in the evaluation process. The results of
the case verification for the clean energy base in the Xizang section of the Lancang River indicate that the model exhibits a good
differentiation effect in the comparison and selection of multiple capacity allocation schemes. The evaluation results are consistent with
the engineering operation characteristics, and the conflicts among multi-dimensional indicators can be effectively coordinated. The
comprehensive evaluation model considers both the comprehensiveness of weight determination and the robustness of grade judgment,
and it can provide scientific and reliable decision support for the capacity allocation of clean energy bases.

Key words: cloud matter-element analysis method; hydro-photovoltaic complementary capacity allocation; index system; improved

entropy weight method; comprehensive evaluation
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Fig.1 Evaluation index system for hydro-photovoltaic complementary capacity allocation schemes
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Table 1 Grading criteria and grade range classification for evaluation indicators
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PR A x,/ % X,/ % x5/ % x4/ % xs/m xg/ Y% x7/ % xg/ (J6/ (kW « h))
I (%) <20 <70 >45 >55 <3 >95 >95 <3
(R 20~<25 70~ <80 >35~45 >45~55 3~<4 >90~95 >90~95 3~<3.3

I (— /) 25~<35 80~ <90 >25~35 >35~45 4~<5 >80~90 >80~90 3.3~<3.5
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Table 2 Membership degrees of H,P, scheme to evaluation grades at indicator level
. . - PEN SRR o
HE  f8hs EWAE FUKRE HAEHE TEPRIE i Y o At M S
%, 0.0505  0.1025  0.0825 23. 06% 0.0006  0.9989  0.0002  0.0003 K
x,  0.0707  0.0722  0.0813 73.40% 0.0070  0.9930  0.0000  0.0000 R4
Y, %3 0.0775  0.0536  0.0662 40. 02% 0.0019  0.9981 0.0000  0.0000 R AT
xy  0.1098  0.0353  0.0617 55.69% 0.8321  0.1679  0.0000  0.0000 7
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’ x5 0.0529  0.0542  0.0457 45.13427C 0.0605  0.6531  0.2559  0.0305 R4
x£3 HP, ARITFMERER
Table 3 Evaluation grade results of H, P, scheme
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3.2.3

Table 4 Membership degrees of various capacity allocation schemes to evaluation grades at target level

L % S RRRE YE
T (k) (=) NORAH)
H,P, 0.1691 0.3713 0.4533 0.0063 86.97
H,P, 0.0823 0.6736 0.2386 0.0055 89.07
H, P, 0.1596 0.7652 0.0734 0.0018 90. 81
H,P, 0.1319 0.6424 0.1721 0.0536 89. 89
H,P, 0.1684 0.3515 0.4755 0.0046 86.78
H,P, 0.1111 0.6313 0.2543 0.0033 89. 67
H,P, 0.1222 0.6892 0.1871 0.0015 89. 81
H,P, 0.1312 0.6088 0.2574 0.0026 90. 05
TR 5T

H, P, R AL E 7 RIER B EITFN IAR T LS, 8 8 MA R E T R B, %A
S IR IR K B LA O 2 OBIRALEAL AN 00 SR B AR 3 755 St A SRR, 1A
W TIPSR 2 4 A% MRS 24 H AR h i RS I . SRR3R R 5 T RE A 29 SRR [

L5 H,P, I

ERAE SN

FEPRZ PN R RIR LR FE N R IR B — T LB 74T
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Research on siting and sizing of reactive power compensation devices considering multiple
operating scenarios and multiple optimization
objectives in new energy power systems

Guo Jinpeng, Zou Luo, Pan Xueping, Zhang Haiyan, Sun Xiaorong
(School of Electrical and Power Engineering, Hohai University )

Abstract: To address the problem that the reactive power compensation configuration of new energy power systems is mostly based on a
single operating scenario and is often solved by single-objective optimization algorithms, a reactive power compensation configuration
scheme considering multiple operating scenarios and multiple optimization objectives simultaneously was proposed. Considering the
randomness of wind power output, typical wind power output scenarios were generated by the Monte Carlo sampling method and K-
means clustering method. An optimal configuration model of reactive power compensation devices under multiple typical wind power
output scenarios was established by taking system voltage deviation, active power loss, and configuration cost of reactive power
compensation devices as optimization objectives, taking installation locations and compensation capacities of reactive power
compensation devices as optimization variables, and setting power flow, node voltages, and power source outputs as constraints. At the
same time, a multi-objective particle swarm optimization algorithm was used to solve the optimal configuration model to obtain the
optimal installation locations and compensation capacities of reactive power compensation devices. The simulation analysis on the IEEE
39-node system with wind power shows that under multiple operating scenarios of the system, the proposed reactive power compensation
configuration method can effectively reduce system voltage deviation and active power loss, and the configuration schemes are more
diverse.

Key words: reactive power compensation devices; multiple operating scenarios; multi-objective optimization; active power loss;
configuration cost
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f(w) = (K/C) (0/€) ™" (3)
1€ K SE1H Weibull 53 0 R SHONTAR S, 7730 5ot R 5 PROBHR e HI 375 40
Weibull 4319 BN BRI
Fo)=1-e 0" (4)
L5030 (2) ~ (4) TT LAFSEI R et HLALA Sy 3l 5 04 (R ME 3 60 BB, o T M 52 R e BL LA By 3
it O RE R A | RS2 18 R N AN Weeibull 434 AROBEHLEC 0 T 425 3580 L KB
TR REA B R BE U K-means SHERG N AN RGHHES TSI N, A SR SR, T8 S A~ KUk L
91t 7 g T 5

2 STATCOM W& Birfi kBB F 3

2.1 HirEE

R E T A GE R G E T R A R R B AR (1) A B A S R G A 25 dRe DS A TR
i85/ STATCOM P B A /N oA H bm R, 57 22 BARLAE LY

REHIEmZE f, M.

2 (Zw|U—1|) (5)

S WY EBGw, TR FAUE Nﬁw = ‘f";'zﬁl C ARG L ACE U, S R IRAE
%%E‘ﬁﬁ]ﬂ&ﬁm N

S

fow = 2ow, Y, G(U; + U = 2U,Uscos 6,) (6)

c=1 ijeNy

XN, WRGE BB G, .0, 430 i j 2 IR R S A S A A 2
STATCOM WL %% C, EEQU\rﬁ%ﬁf%ﬁﬁﬂiﬁfﬁﬁ'%ﬂﬂﬂﬁiﬁﬁfﬂﬁk AN,

Co=Cr+Cy= Y, w[ZQCW/(HT) + HC, | (7)
K. C, A STATCOM — R % 3 H ;5 ﬁﬁﬁfﬁﬂf‘%ﬁﬁ M 4% STATCOM B R E8, 0, N s &
STATCOM () TEINAMEZ R ; Cop N STATCOM 4 kvar BANE 25O AR s 7 MIT PRk ﬁﬁﬁﬁfﬁﬁﬁ;H HiEhT
B A B B A LB R 8
2.2 AREH
2.2.1 %@’Qéﬁ;ﬁk#

&5 AT R A DR IC T A 2R
P..-P..=U, ZU(GCOEG + Bsind,,) (8)
Qo + Qe = Q. = U, ZU(csme - B,cos,,) (9)
X pg W TR e T E’JZi%HLIJJK%J#H AT ;0 10 Qi Qe PN ¢ TR

E’JﬁEEij:IjJtHjJ JeH g Fl STATCOM I JC I #ME 25 5 B, S5 45 0 AT 5] ZIEHE’J%% U, W% c
T R R AL
2.2.2 REXYGREHMH

BN &SR RRHIFED R XL DY) % 5 ) STATCOM 14 & STATCOM fY £h
(EE A Jw N e e S U
Uic,min = Uiv = Uic,max
S(},ic,min = SG,,:I: = SG,ic, X
Py < Py <Py
1<D,<D,,.

QS,sc,min = QS,SU = QS,sc,max

(i=1,2-,Nss = 1,2:-- M) (10)
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KN U, i Ui P05 ¢ BT U BRAE L BRAEL 3 S i in ~S e mas S PR L0 B9 A AHILAE
Yyt ¢ TRAEDART BRAE B BRAEATZ A LRSI Py i Py P e 780715 50 BB HLAE )
5o FASIER TR, EREAZENL J15D, D, .. S s  STATCOM 7Ed75% ¢ T BYAMEETY i
G 5 FAMEE TS R 5 B EBRAELS Qo+ Os e~ Qs 2P HIFRIRES s &5 STATCOM 1E37 5% ¢ T TEUIAMEE TR
{i . LFRAEAN STATCOM [ TEIAME
2.3 fRULEERRE

K (5) ~ (10) M RL T3 BoBiReii 2 1 J1 475 1) STATCOM WA AT EAR AL | AR & — > 2 on AR 4t iR
IR, ¢ LAk i 742 15 STATCOM #ME AL B8 R Z8 i, A8 SCR I 2 B bRk £ BE 54 (multi-objective particle
swarm optimization, MOPSO) XA TR i, 22 H bk T HEB e — Mk TR AR B Ry R A B S
AT RADL SR B B AT, (DR TR A 2 (] R AN B A, [R5 & 2 F AR ek, DA 4R 24 B AR Z 1Y
Pareto BITTIESE . ALHC BRI 1 FroR,

O ATy oy S )
[ RAZHEEREEERN RS R | |

yu !
| st [ SR FHK-means 5 54 WUt b 5 A N S8 U 17 5 | :
| R |
|

v
| [ B ks A U R L R 3

LR E =1

r

7 i
=9 =l

N c
THE e

1=}

|
I
Y

2 57 5 T R R AR 22 B N

?; | HHEG R FRRERE. AR, RERA | :

H#7 I
I
|
|

7=
[ HERG) - HEFFRSE £ fior Co |

B ————————————— = —————— =
AR | MR S AE S R TR T A IS AR i A Pareto i 4E | =]
1

[ P ReHR B S — £ R e BB IR, B8 RN, M, O fiPareto IR |

!
[ 70708 BB 1 B 20% IR o e 4 B 0, |
!

| BEHSR TR R, MESRARENE |

%

(1w

P

4 e At ParetofifE 5, AR S Br 7 SR A
TE TC TN AMa2 2 B 1) 2o B bt i DM 25 o

|
|
|
|
|
|
|
|
|
|
|
|
| S
|
|
|
|
|
|
|
|
|
|
|

E1 RUEEERE

Fig.1 Optimal configuration flowchart

3 EHHIIEE

3.1 RENAE

AR TEEE39 7 s RGNS i $ STATCOM R ALEC & J5 vE AT 5, &1 2 R ie iRz 2k ik, Horp
30,3132 1 A XA 2 35 kV/220 kV B TH RS FE g i A B M B K R4l 3 8 65K
AL, KU ML R AU RN 528 K ) & R ML AR ( doubly fed induction generator, DFIG) , i i A T Uy %
H 1.5 MW BEAEZN R 1.5/0.9MV - A WG KA DhZhZ 5 i 15 MW A& Te), WA X
3m/s, BUE G 11. 8 m/s, UIH XU Ry 25 m/s, IR 2B 48 0 35. 2 m, 28 B 1. 39 kg/m’ . STATCOM 11
AV E A PQ 1 A5 XU S AR 1) 2 H6 3% 32 55 (point of common coupling, PCC) , it & [ #5537 STATCOM
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Fig.2 Structure of IEEE 39—node system

3.2 REHAHBREGSHER

B Weibull JEARSE K=2, RESH €=8. 5" il 5245 R 2 18 SRR 3R15 2000 DU 5 X 5
AT K-means ISAFE] S AL R H 375, N [R]HLAYXUH HS 37 5 00 7 4 XLk SR BRARE SR il 4 dn 1= 3
7R o

— WA ARG MR 5 BB 2 40 A1) BRI 28 JR ZBUE AR 2k

10 1.0 1.0 e
0.8} 0.8} 03|
g&‘; 06} %JF 0.6 g 06|
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Fig.3 Comparison of cumulative probability curves of wind speed under typical wind power output scenarios
HITE 3 AT, 24 S=5 i, 3G BT S REMEAR M 20 5 I R AR I 2R IR 220K, 21 §=20 1, U5 B i 2
FREAR R A SR 2 S 7 ST KU 75 B 2 | MR SRR R DL G R v, (L 3 ST XU
1 S, T TR 2 A B SRR, e = LA RS BE A TR, DA R A
SCUFEATE AT 10 AL ALg R0 UE . 10 LA S p )GE XL ) R ILE 1,
®1 AAXBEHHNGHSE

Table 1 Typical wind turbine output scenarios

Yk G/ (m/s)  KUBEHLI F1/p. u HEH Yk G/ (m/s)  KUBEHLI S1/p. u Wi
1 1. 593300 0 0. 037202 6 8.272100 0.104915 0.137673
2 3.234120 0. 005266 0.112241 7 9. 604656 0.155021 0.105613
3 4.581708 0.017780 0. 149784 8 10. 973520 0. 180000 0.072416
4 5.811464 0. 036623 0.161609 9 12.523047 0. 180000 0. 043 854
5 7.049178 0.065313 0. 152550 10 14.261721 0. 180000 0.023167
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3.3 SEHRNTHEISSRREIERE
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RV EBEYIN 1, FERMETALN Pareto fRAE T, ELAT S /INH e A 22 55 e /N ) P90 90 ik e /) 88 AR 1) e
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WSS 2 . FR BT 4 W0 F T A 25 R A T DO 458 1) S A AE 164X 10 YR A2 A 1l 328 ¥ - B e 83, WA s e
T B A (8 SR AR AE R AR 130 IRAATIA RIS . Ry T ORIEFT A H AR 5843 o sk, i AR W 8 H Ar
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Fig.4 Convergence curves of external solutions
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Fig.5 Distribution of Pareto solution sets before

and after considering scenario factors
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Fig. 6 Comparison of system performance indicators before and after considering different scenario factors

%2 STATCOM ELE AHHIEIRER
Table 2 Indicator results of different numbers of configured STATCOMs

i B AL & LA 25 F1/p. u. H Y/ p. u. i & A AR /4200
0 166. 0312 61.4477 0
1 140. 5435 61.1329 1.0985
2 92.2267 60.3207 4.1235
3 94.3476 59.8454 6.6167
oEs ofid#Els oflEf oiE3G
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. . 501
£ :
= g Y
;4\-4‘ _@l‘}‘::’ 30}
& E
= =] 20}
: = o ML
R S il
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E7 ZERGSEZEFRESREEENT
Fig.7 System performance analysis before and after configuration considering scenario factors

I 2 FNIED 7 AT, bt TG A A 3 0, 2R 0 1Y) PR A 00 RIS AR 0 345 2R [R) A2 B2 1 s (R e &
WAZEHE K, SR E STATCOM A EL , B 1 5 STATCOM Ji , Hi Rl 22 A R BN 15. 35% , A Th R
FIRFEE R 0.51% ; 5HCE 1 4 STATCOM A EL, Bl 'E 2 5 STATCOM Jii , B T 25 F1 R [ 34. 38% , 7 3))
R RN R R#R R 1.33%, SHBCE 2 /5 STATCOM M, B & 3 f5 STATCOM J& , #4315 i ya [l B 0. 9 ~
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Fig.8 Comparison of indicators for different
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configuration schemes
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HE. AMATABRAVBEMNBEZT RS GHRLEN ARG TE, ABRMAGRET —FLT
POD-RBFNN FM-A8 80 4 XM K bk it Hoy ok, A A TARAA AR RF KL T T
9 F SR B IE BT AMEER 5B (POD) A RBR I FEERBESZAH, 620K JHHANEZER
% (RBFNN) 2 5 K A2 A 5 AL S £ 202 1) 09 S AR ZZ B ST, 52 ILBL N 35 S A4S 3 09 B ad A TR
M, H) R R EAE BHRIE N A B EAE A &4 T, POD-RBFNN M H-4£ A o Fam) 45 R
5 AR (FEM) 45 A4 R4 BAF T3 ATiE £ 4 0.35% ,-F 34 45ti% Z4LH 0. 003 2 mm, F &
A EAR T ARG BRI T 3004 45,
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Rapid calculation method for static response of dams based on model order reduction

Cheng Jing' , Hu Qiaohua', Yu Lei*, Niu Zhiwei'
(1. College of Water Conservancy & Hydropower Engineering, Hohai University ;
2. Dam Safety Monitoring Center of Guizhou Province)

Abstract: To resolve the contradiction between massive monitoring data of twin models and high-fidelity rapid response, a rapid
calculation method for dam deformation based on a POD-RBFNN reduced-order model was proposed taking an arch dam as an example.
Based on static response data under different water level conditions obtained through finite element simulations, dominant modes and
modal coefficients were extracted using the proper orthogonal decomposition (POD) method. Combined with a radial basis function
neural network (RBFNN) , a high-accuracy surrogate mapping between water level parameters and modal coefficients was established,
achieving rapid and accurate prediction of the static displacement field of the arch dam. Calculation results show that under the
condition of considering only hydrostatic pressure and structural self-weight, the prediction results of the POD-RBFNN reduced-order
model agree well with finite element (FEM) simulation results, with an average relative error of 0. 35% and an average absolute error
of only 0.003 2 mm. Meanwhile, the calculation efficiency is improved by 3 004 times compared with the finite element simulation.

Key words: arch dam deformation; digital twin; proper orthogonal decomposition; reduced-order model; radial basis function neural

network ; rapid calculation

IKPER I Sy [ G BRSO , HL 2 A0 g 1s AT HH G R BN 322 4 | PRIHONS HEXUR: 1E AT 52 8l 253
M SEREE BN EYITR " . BEEECE L R RE LR AR A PR S J | B0 2R A A S by A K R 2R 11 56
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% Krylov F25 ALY XL T W7 B EE A ROM 75 | 3 57 /5 B A H0RS Bt A0 0 B4 o D AR A T R
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FHAILIR ; AE32 07 EE R I R A Sk v B AURK (] NG PRAR R P AR A At 4 SR B = TS M O W B A RS . LG 2
T B A B TR ) s A0, 455 Z2 1001 X W) )97 AT ( response surface methodology, RSM ) 01 A% 1) HE PR B (radial basis
function, RBF) " A T #2824 (artificial neural network , ANN)Z& " Y w7k ) T 5 4004, 1 40 ABE R A 5
FERAETSHOS RGN A2 R e T RIS
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PABCAa I e/ PSR ZE e IR GE 725 (0], #HE POD BB R AY | 75 Sebe ab bR R o | HOBCH mT ) 1 52
B a4 Dy S SRR ELAE T A RO 2 A TR A R UE AR AR FE AR IR AR S [, SRy AR SCR
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KT PR PR BEEALL N, N C AT BRI 2 AE SRR I ], T o7 25560 € 5 D=
X'X Y9 AR A EZRAEAE, HARPE D B8R BT AR €, BRIk, AT RLE A (2) SRAFHERE D AYRFIE(E A,
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Ay

Ds = Ay = e @ 0 ey (2)
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D = X¢A71/2 (3)
U A € RYY BG40 1 X A 2 TR 26 A, BIVES ¢ A5 1 R G (8, LA (T B 7 B (A, >
Ny>eeshy) sy SRR D BORSE ) BRI bt g, Ak FHE (B A, ORI 150 ik @ Sy by 22 40 €
HOAE B B POD 7S,
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R, 2BEAE) POD FERTALI T 58 1, T i KB 2 Ml ] Rox o @, FEi% 25 ) PR U B e %
AR AT B T - B SRS A AL A T R

XJ‘ z(prAj = ; a;p; (5)
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X @, HT r PS4SR POD BESTERE A, 95 j AP IR AR R BUE RS 5 0 950 @ BB S AO RS
1.2 ZEEMHZML(RBFNN)

HRAE POD BEAS B | p PR U P4 53 A5 21 19 POD B 2L A M —fif e | (HHOXT I AR S R AR 2 Bl T 000
SRR AR LA, S8 TR AL A A S AR L M B OG- A S BiZ AL H i i T A 2
5 POD S R BRI AR L ME SRR A | S AT AR AR AR S R B R (W PR T . E AR AR BASE A
Py A A v A A ) BE pR AR A | 22 3 e 1 TR R Y 45 ) HLrh RBENN RBARKHE /55 A% eR 508 LAl
LNE WL, E MBS AL 28 44 ] Tk P Y BE Al - REAS AT K028 A e 2 Ao A rp i 4 B2 JOME , 3 ] T A S e 9

=[15-18]
=38 o

RBFNN R HHLAI) 3 JZ R 284, B A2 | B2 Flda
BRI, Hod x S E M5 A JZ b RIREZE ,y M H)Z,
HILARZER N 1 7R, RBENN FEAIEX N .

¢ "\ by 42
A hz
m @ <\ z h3 77;)]‘ S Y
y= 3w (6) R L

Hpr b, =expl - || (w —c,) | */20]] (z=1,2,---,m)

AR

K ie, o, b, 73R BAEJENT A 2 Hl sl B AL TERE sh, A 1 EREEHENEENREE
Az AR ) B R L Fig.1 Schematic diagram of radial basis
HUC S BRI TS 25 B S TR A AR 5 A AT AR . X T/ NVEE function neural network structure

AR ANARSC ) 80 ANREAS , W] B R FIAEAS SSVE Ry vl s s TN

KA, )5 38 3 AT T7 I3 A A (0 o S DR SRR . S50 b, B 2 5 A RS
PSR R AR AR SR 0 L AT 38 R 00, B CRAR B AEAS ] E AR eR AT 2 RBARAS e it g . AR mT 3 o SR i e
AMb TR

1.3 ET POD-RBFNN AN R BE B it & 7 %

FETHHRIR S RN AR A] 73R Bk SEEL PP B, B 2B Bl i 15 AU [ J7 WA A4 # POD-RBF f%#
AR | 2 I B DA TR By 2 ) A DR R figt i 2 B0 o7 ) it , 52 TR 28 49 0 7 ) e 205 90 1200 B30I 25
M 1 15 R ZE AR AT - ORSRIRERY 3 FHE A SE PRIz 17 RRAF , 2R BOCHE T 30 S 8O REE X [R], 2R
B IC A BB R BT A B IR A R R RS | 38 4 POD 75 $E HUBEZS 575 R4, I AR 4 i = o HL R
WA r RS ST POD FREFIAREAL, QBRI BE T 25 BRQOAE B FE A A5 G R I T r BYARS RR
B AR BRAE , IR FHAR ) S p 22 M8 A T 2k, LA S, TS B S IS R B [ B AR PR SE &R
QUG ER , LB TOLSEER A CVNZRA A 0] Fph 28 W 26 TR S R 88 B X (5) B 35 POD #
BHATENEL G, B AT ARATHE I 52 3 S5 4 (3 RS ],

2 EfI5EiE

SZES AT E A ECCE W . Windows11 #:4E & 48, CPU 2 AMD Ryzen 9 7940H (4. 00 GHz) , GPU N
NVIDIA GeForce RTX 4060, AF 16 GB,, BEFMEAIFY & 5l 254 MATLAB A58 R 52 A,
2.1 REBEMRNESEREER
2.1.1 BMFHEAELAHAER

DL BianY 7K ZEHEA 56 [ A R0 T I0AIE KA T 2 5 N 2 4 B | T 6 = 3 Tl BR VT3 bRt
IKTIK 2R Iy ) A TR HE I B K 38, 42 m, TR 9% 3. 0 m, M TR 166. 8 m, 31 T5 5 2
879.636 m, UK 15. 2 m, & H 0. 396, I P DXl 11 LU AR A A BR TR R A 6] 2 B, JHG v S04 R 4 56
FEBTHUR 55016 ~HLIT,60 698 AT &5, WL KIS DU &R a6 B 29 8 1 H3 T 00 IEH S ks, J
KR SR B IE R B KA 878. 216 m, IR /KK 37 m, SIMACKI 3 AL 1A 2R FH R s A R Al 1A
TREE TR 24 kN/m’, #UPEBL &R 22 GPa, JAFA LN 0. 21, A7 3UE 58 26 kN/m’, 25 B AR U B >
9 GPa, JHIA LN 0. 25; ZE MR 458 26 kN/m”  ZE A AR TE L5 R 8 GPa, JHFA LR 0. 25, MIILZAEE 27kN/m’, 25
BASERER K 52 GPa, TAKA L 0. 26,



128 TR F M (B RE R 554 4

(a) RINRJE X R 44 (b) Hifk
2 BianY #tIA R LA

Fig.2 Finite element model of BianY arch dam

2.1.2 POD B &M
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T 13 WREB 7 5 Y HORHESE i i A A BROCHE AR s AR A, A SCOR FHHL T 88 37 7 R AR ik
(LHS) 21 80 ZH T AE A T4 s WUAA B 7 R B [ X,

N POD 35X R B R 700, TR B2 B M1 POD A2 @, J G ERAE(E A, . B 3 SMTT 4 B
BB AR Forh | YL B T HEUR AR B 1 T BARAE , S b T LU AR ASTE LA s Bl B B
RS XA A% (1) DT IR TR, (H T RERAE SR R4 R AIE . 11T 20 B RRAE(EL RS T 431 1 4 0 8 B0 i 4
(P 4) FUURBMES 88 R0 F 2R 171 8 By Ritaetm b LT 2K T 99. 99% , i & Ao ), s m s ot
80 B R 2 8 YRR Fas i), i —2 AKX (5) SRAFAS BB KT I 805 REERE A FH 48 ot 25 1)
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Fig.3 First 4 displacement modes
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PAAKASE hyfiin AR B A5 R B0 it A8 Il 25 RBFNN K1 3RA519 80 4TSS R EUE M I 2R 4 A 4
AT HE RS BN G ot 20 4l T ZRde A4 rO B2 Z 8V o Sk 48, Tl
PRI RAARIOCR PRSI B, T & 4 28 SURAIEES TR R R 3 D7 iR 2 IR REAR R R 3 H &
NIRRT 746 RIS BEPLEE £ k-1 DT HA N IIZREE 1A e H T S uEASE Y Y 3
DIVERE . 24 & A5 TAEAS SR | 33X b 58 SUSUERR N B — 138 LHHIE (LOOCV )

HIPE 5 w0 B e AR R 1.8 15 16 LU X IR 22 B, W AT 00 28 20 A R LA B AR e ) T2
DL IS ZRAE A 25 [8] 73 A AR AR %, B50fdEpi 22 0 26311 it 78 vl SRR A5 58080 B2 AR B8, RiE e 46 =
M 2827~ AN 22 10 208 Bk AT 50 8080 X Bl A e, 008 HG R R S T R A 3 AR 0 A% DX, T R X 22
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AU AT 7 73413 14 320 S b 7, e 28 3 B30 48 DX Il ) 0 00 4 52 10°
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APTTEE g T LB
2.3 POD-RBFNN MM #RI% 2% 1% a O T w2
IR SR A SR T FORE B RS 40 %502 (MAE) 2 o =
SPHIHINEIE (MRE) 1 R e P R R AT AL AT BT. 0~ 107 2 &
HUE POD-RBFNN B R RS BT 445 50 1 7T 4 v, TS0 e 4% , ) %
ISR FH FFAEE R POD-RBENN [ 75 15 45 BT 77 e X HE 010 5 0 15 0
TR R AR, STt XT H PR 7 B A R R 45 R, R H BawE

T AR 15 TR 2 AR S SR 6 i, B4 BT 20 BHEASHORHE R RIRRER S L
HEIR R 3 5000 14 B R 4 X% 254 0. 003 2 mm, L IRTESRS 8 4, Fig.4 Eigenvalues and cumulative energy
XF AT K Sk H=8. 69 m; fie KAHXHRZE R 0.35% , HITESS 15 ratio of first 20 modes

20, X REIRT K Sk H=23. 84 m,,

IS R %107

or 135 1072 -~ MAE -1.0
sl —- MRE 108
_10k : 12.5 = é 06 8
~15+ -e-POD¥: 15 E E:J 102k {04 E
> > M 0.2 2
40
. 10 . . . -0.2
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Fig.5 Relative error of 1st-order Fig. 6 MRE and MAE of displacement field predicted by
modal coefficient POD-RBFNN reduced-order model

& 7 NIEGIFEESS 8 LIS 15 ZHAEAS Y POD-RBFNN MM A 54 FRIC T a5t He = B, 55 8 21 e K 4 %ot

R4 0.0062 mm; 55 15 i KANHR (A 1. 14% . 7] W, POD-RBFNN [ [ 455 U RE i 4 tif- Hb iz W 36 IF AR
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00.10.203 04 05 0.6
x2S H

(a) #5841 (b) #1524
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Fig.7 Comparison of displacement fields predicted by POD-RBFNN reduced-order model and finite element method
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AMHEIN 537, HESUU IO (7 B8 2 PEAG HE I 25 44 42 e P i R B4R An . A Ik, 3108 T 50 F 48 0 047 B8 (1)
MAE 5 MRE, 455 4n1& 8 fir/x POD-RBFNN F& B A5 54 S0 iy 300 151 457 78 5 47 BR o0 7 vk 45 R 7 — 2, e RF
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Fig.8 MRE and MAE of dam crest displacement
predicted by POD-RBFNN reduced-order moldel
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Research on optimal depth of cutoff walls in ultra-deep complex multilayer foundations

Liu Yuting, Wang Zhaojie, Wang Ruiqi, Luo Yulong
(College of Water Conservancy & Hydropower Engineering, Hohai University )

Abstract: In view of the problems that existing research lacks an analysis on the optimal depth of cutoff walls in ultra-deep multilayer
foundations containing an impermeable layer, and the influence laws of seepage under high external water pressure remain unclear, a
generalized vertical anti-seepage model was established based on a hydropower project. By analyzing the seepage fields of the dam
foundation under different cutoff wall depths, the influence laws of cutoff wall depth variations on the seepage field of the dam
foundation in ultra-deep complex multilayer foundations were discussed, and on this basis, an optimal cutoff wall depth satisfying the
standards of both soil seepage stability and seepage discharge control was proposed. The results indicate that the presence or absence of
an impermeable layer in ultra-deep complex multilayer foundations significantly influences the evolution laws of the maximum hydraulic
gradient at the cutoff wall tip. When the dam foundation does not contain an impermeable layer, the maximum hydraulic gradient at the
cutoff wall tip shows a U-shaped trend with an increase in the penetration ratio and changes significantly when the penetration ratio is
less than 0. 2 or greater than 0. 7. When the dam foundation contains an impermeable layer, above the impermeable layer, the
maximum hydraulic gradient at the cutoff wall tip shows a U-shaped trend with an increase in the penetration ratio and changes
significantly when the penetration ratio is less than 0. 2 or greater than 0. 7; within the impermeable layer, the maximum hydraulic
gradient at the cutoff wall tip decreases rapidly with an increase in the penetration ratio; below the impermeable layer, the maximum
hydraulic gradient at the cutoff wall tip increases slowly with an increase in the penetration ratio and increases rapidly when the
penetration ratio is greater than 0. 7. Considering the possible inhomogeneity and uncertainty in the deep parts of the ultra-deep
overburden foundation, combined with existing engineering cases, a final cutoff wall depth of 200 m is recommended.

Key words: deep overburden foundation; multilayer foundation; suspended cutoff wall; optimal depth; seepage stability
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Fig. 1 Generalized geological profile of a project
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Effect of vegetation on topographic evolution of river mouth bars in the Yellow River Delta
under water and sediment regulation

Yu Ziqi' , Wu Guoxiang'’, Wang Kemeng', Liang Bingchen'~
(1. College of Engineering, Ocean University of China; 2. Key Laboratory of Ocean Engineering of Shandong Province)

Abstract: By taking the Yellow River Delta as a prototype, an idealized model featuring typical river mouth bar topography was
constructed using Delft3D. The model was used to simulate and analyze the influence of vegetation on the topographic evolution of the
river mouth bar in the Yellow River Delta under water and sediment regulation. The results show that with vegetation, the sediment
deposition volume of the river mouth bar after the water and sediment regulation is reduced by 63. 7% compared to the scenario without
vegetation, which contrasts with the general understanding that vegetation promotes sediment trapping and accumulation. The flow
resistance effect of the vegetation on the river mouth bar alters the flow partitioning ratio between the bifurcated channels and the river
mouth bar, reducing the flow discharge over the bar by 70%-85%. This redirects sediment-laden flows primarily through the river
channel to the sea, leading to a decrease in local sediment supply and trapping on the river mouth bar. Furthermore, the geomorphic
effects of vegetation differ significantly between the water-regulation period and the sediment-regulation period. In the absence of
vegetation, vertical accretion and lateral expansion of the river mouth bar mainly occur during the sediment-regulation period,
characterized by low discharge and high sediment concentration, with almost no deposition during the water-regulation period. In
contrast, when vegetation is present, significant vertical accretion of the river mouth bar occurs during the water-regulation period,
while its lateral expansion mainly takes place during the sediment-regulation period and is confined to the direction of sediment supply.

Key words: river mouth bar; water and sediment regulation; vegetation; geomorphic evolution; the Yellow River Delta
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Table 1 Water and sediment characteristics during water and sediment regulation period of
the Yellow River from 2008 to 2022

G OFERE/(mY/s) BREE/(m/s) ROKBHEBIAY FHEPE/ (kym') BREDER/ (kym’) ®REFUEDIHY

2008 462 4050 06-29 5.30 56.0 07-05
2009 421 3730 07-01 4.22 15.9 06-25
2010 612 3900 07-08 8. 66 69.7 07-10
2011 584 3230 09-23 5.03 40.1 07-11
2012 895 3530 07-04 6.48 36.7 07-11
2013 751 4360 07-30 7.30 29.5 07-25
2014 362 3150 07-07 2.63 19.6 07-12
2015 423 2720 07-09 2.35 10. 4 07-05
2016 260 1480 07-28 1.29 4.4 07-26
2017 284 813 12-08 0. 860 3.1 04-28
2018 1058 3670 07-11 8.89 48.1 07-20
2019 989 4060 08-12 8.68 26.3 07-21
2020 1140 4580 07-03 8.73 24.1 07-30
2021 1399 5240 10-08 5.51 37.9 07-10
2022 827 4030 07-02 4.79 39.2 07-24
Ty 698 3465 5.38 30.0
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Fig.4 Water and sediment regime at Yellow River Lijin Station (2014-2023) and schematization of runoff boundary
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Fig.5 Velocity distribution at river mouth bars with and without vegetation conditions
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Fig. 8 Sediment flux and net deposition at river mouth bar boundaries
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Rl R FE FoL i A B
BOE B P EAAC,E AT, ERE AR KL

(1A R MK 2 B 5 2. TR A TR R SIS Be 5 3. T TN IS KA A FRA WD 5
4. WA KA I WFFEBE (T AR e LRI FE B ) )

T . A xTHROR 3R BV IR TN 22 30 0 X 25 RAm AR F | SE R IR sh AL A) B 2 M) B2 ALH] 5] 549 19)
MBI EARE S B RS UER F Il HEC-18 X5 Melville 7 X AF AL R, A5 = )3
FiE AR AE PRI T X G BAEA ML R, B A AR K JHOP EREER L HEHRLEHFTE
VAR K, MET HEAZE L5 2485 R % E RS HL(PSI-MLP) B A FRAF LR T X
o) EAA L R IR 3h 09 % JE RS HUAE BD S K e 3 PO AR AY N TR A B BE AL T AR M B — B
PG AN T AT AT T PSI-MLP AR AL 55 &3k v 2 b AL a9 b ik 2 57, B B AR T 56 40 TAZ 5Ll 4k
YoM T PSI-MLP A E IR TA2Y % P o R shEfeiz bt /), 4R A9 . PSI-MLP A £
MIRIE L o3 F AR ZE R A M A AR F LR E R A4 0.234.0. 88 A= 0. 928, /A% &
AESFHCARR M AR Z R KRBT 34.8% , k28 AR T ERHEZRERRIEZT 16. 4% 4=
25.9% ; PSI-MLP #:7) k % 18 45 5 K 3h /) 3289 A PSI-MLP 224 £ 71. 4% 69 T 3L F AB*T3% £ /s
T 25% T HARZHAX S R EIER , HEZ 8545 22088854 Rk ae R A &
H e TARBESMEFM T 091E w5 TN FE 2
KB AR AR R e RV L TN B BR e R K M BRAS LAY B W & 55 e )3 T R PR AT

Prediction model for local scour depth around bridge piers based on coupled
physics-informed and symbolic regression constraints

Geng Xingle' , Chen Hong'”>, Wang Jinquan®, Xiao Long’, Xia Xiaoliang’ , Wei Ronghao*, Zhang Huiming'
(1. College of Water Conservancy & Hydropower Engineering, Hohai University ;
2. Suzhou Institute for Advanced Research of Hohai University; 3. Ningbo Hangzhou Bay Bridge Development Co. , Lid. ;
4. Zhejiang Institute of Hydraulics & Estuary ( Zhejiang Institute of Marine Planning and Design) )

Abstract: To address the overly conservative predictions of empirical formulas and the lack of physical mechanism guidance in purely
data-driven models for predicting the local scour depth around bridge piers, a multilayer perceptron ( PSI-MLP) model based on
coupled physics-informed and symbolic regression constraints was developed. In the PSI-MLP model, the HEC-18 equation and the
Melville scour formula were introduced into the standard multilayer perceptron framework as physical constraints, explicit equations
extracted from data by the symbolic regression algorithm were combined as additional constraints,and the loss function integrates data
loss, physical loss, and symbolic regression. With extreme gradient boosting, support vector machine, and purely data-driven
multilayer perceptron models as benchmark models, the performance differences between the PSI-MLP model and each benchmark
model were comparatively analyzed from multiple dimensions of prediction accuracy, model interpretability, and physical consistency.
Meanwhile, based on 56 groups of field-measured engineering data, the cross-scale extrapolation and generalization abilities of the PSI-
MLP model in practical engineering scenarios were analyzed. The results show that the root mean square error, coefficient of
determination, and Kling-Gupta efficiency coefficient of the PSI-MLP model on the test set are 0. 234, 0. 88, and 0. 928, respectively.
Compared with the benchmark models, the root mean square error decreases by up to 34. 8%, and the coefficient of determination and
Kling-Gupta efficiency coefficient increase by up to 16. 4% and 25. 9%, respectively. The decision logic of the PSI-MLP model is
consistent with hydrodynamic theories. The relative error of the PSI-MLP model is less than 25% under 71. 4% of the working
conditions, which is superior to the traditional empirical formulas and benchmark models. The coupled constraint mechanism of

physical information and symbolic regression can improve the adaptability and prediction stability of the model under complex

1EEREAN . Bk IR (2002—) , 55, Eﬁ‘f“ﬁﬂﬁﬂi FEMNF K R e L BT SY . E-mail . . gx1123993121@ outlook. com
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engineering-scale extrapolation conditions.
Key words: local scour at bridge piers; prediction of scour depth; local scour formula; physics-informed neural network; symbolic

regression; interpretability analysis
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Table 1 Statistics of experimental data

GISEAEE o/ (m/s) v/ (m/s) y/m d/m dsy/mm d./m
PN 1.50 1.27 1.80 1.00 7.80 1.15
e/ MHE 0.17 0.19 0.05 0.01 0.22 0.01
SR 0.39 0.43 0.22 0.15 1.46 0.14

1.3 EAEXLiER
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UEAR AR b RE AR HFARE (R? 430002 0. 876 F10. 880) , R LB it #0145,
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Table 2 Hyperparameter optimization results for different models

Ay SR BSERUE Al TBSEL SR
learning_rate 0.00245 learning_rate 0.01885
physics_weight 0.00169 max_depth 7
. XGBoost .
PSI-MLP sym_weight 0.00217 n_estimators 285
dropout_rate 0.11894 subsample 0. 68742
number of layers 4 C 7.25722
learning_rate 0.00262 SVM kernel thf
MLP dropout_rate 0.103 15 ’ epsilon 0.04834
number of layers 4 gamma 2.83443
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Table 3 Comparison of prediction performance of different models on different datasets

o RMSE R? KGE
- pIIEERES LN M4 YR ISR DA s IS M4
PSI-MLP 0.163 0.249 0.234 0.943 0.876 0. 880 0.949 0.915 0.928
MLP 0.316 0. 346 0.318 0.784 0.761 0.783 0. 807 0.779 0.787
XGBoost 0.293 0.365 0.359 0.810 0.718 0.756 0.782 0.750 0.737
SVM 0.259 0. 347 0.322 0. 852 0. 744 0. 804 0. 897 0.858 0.851

2.2 FIERMSNEYWE LR
2.2.1 TS
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2.2.2 HE-FHELEE

AR R o/v, 5 d /d PR E R ARLE G B . B BRI 5 RERIAE LL o/v, 1108 730 BEAK
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K, d /d ITIE FEIHFFEAMES ;24 oo, WREA 2.0 )5 ,d,/d FIRZEE FIH REHETH 2 Dbk, 2
Wb VKA T B d/d 3B RE o/v, BOERITEAAEITIN, IFAE o/v, = 1 REIRBNEE 1 A B0 (R 24 ik
I s S, SR R TR I PRI V0 b 25 S i), PG A3 Ik 25 2 AL, RIS PR UG, PSI-MLP
TR T 45 2R 5 X — 22 AL AR — B T o/, = 257
1.0 B 52 21 1 35 K ol 1) 2l PR bl (9 5% A2, BEAS 20t
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flow velocity
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2.3 SCBILSIE

RS PSI-MLP BERIAE 52 BR TRE 5 i )R A9 SMEFNZ AL RE T, AR 1 56 20 S5 PRz 180UR) o v il 552
BRI TIRUE S TARSTMEIR ST 3 4, 18 4 XF T8 80 5 TR SSMEHE /R A = (v/d v/v, |
d/ds, T Fr) B3 AT22 5 . " RBARTERD y/d /v, HEIT NG FHE I X RIREA S A0 3 4 O — e R B 5
TR Fro B T00 1 TR S BIRAE R y/d 8 o/v, PAICK d/dgy X8R5 HTE 7, BB S il KK I | 1 ke
FRRFEBHGRAE T RYSEBR T, Xf LRI, TR S B AR B se i fe i A oA EAF e — g S, 7T
TR PSI-MLP #EAU {5 100 5 15 ROBEZ AL e RE

*4 IEZNEHESIT
Table 4 Statistics of field-measured data

GAHHIEE o/ (m/s) v/ (m/s) y/m d/m dsy/mm d../m
IS oN[T] 1.90 2.59 9. 40 1.50 6. 80 2.50
e/ME 0.20 0.35 0. 60 0. 60 0.12 0.25
T 0.94 0. 60 4.14 0.99 1.01 1.05

Pk TSI

0.5r 207
» 041 N 15
& gl
¥ 0ol E
ol =
01k 05F
0 3 6 9 12 15 0 1 2 3 4 5
yid V/Ve
(a)yd (b)vw
6.0 51
S 45 4r
= = 3h
¥ 300 &
= =
1.5 Nl
0 1000 2000 3000 4000 5000 0 02 04 06 08 1.0 12 14
d/dso Fr
(¢)didsy (d)Fr

ARG APE EE X (RS ES,
B4 ¥ REESTEITNEETRSEXLE
Fig.4 Comparison of working condition characteristics between augmented and field-measured data

i3 5 AT, PSI-MLP HERUTE A X 32 25 /N T 8045 T 25% B9 IX ) A AT 40 dUREAS, 1 71, 4%, & T
MLP(51.7%) XGBoost(41. 1% ) Fl SVM(44. 6% ) , LG5 22 B A K ht 22 T4 5 1 7 18 S 4 203 Ak £
FEXFER 22K T 100% X ] A, PSI-MLP AEAIREAS (5 AN 1. 8%, 1] MLP  XGBoost H1 SVM i Lt 73 il %]
5.4% .10.7%F 12. 5% ,Z50 A2 5 e w35 25% L b 76 AR S 55 58 Pyt g A7 76 RUBE oK i 4 AF
SRR OL T, PSI-MLP BOENR 25 T W35 25 755 AR5 29 o) TR A0, 2 B0 8o iz A, %2

BOTBCRORE T80 10 TIUIHE B2 It 1 A oo i 22

x5 FHENREXEHEAREH ST

Table 5 Statistics on number of sample groups in different relative error intervals

ARHR 2/ % PSI-MLP MLP XGBoost SVM P55 1] 05 5 7 HEC-18 &  Melville #i) A3
0~25 40 29 23 25 9 23 3
>25~50 14 16 23 22 21 11 11
>50~75 0 4 3 1 12 6 2
>75~100 1 4 1 1 6 2 13

>100 1 3 6 7 8 14 27
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H & 6 71, 7E 0<y/d<1. 0 B, XGBoost ,SVM 5 255/ 3 (1) F- B A X 1 22 B A A R, A L 22T il 28 0 4%
RERIZE FOORS B b AT — 3 AR 1. 0<y/d<2.0 Fl y/d>2. 0 B2 T F , PSI-MLP #5584 Jj 3 1 f6 T 46
B DR ShAR Y G T A E M, SR A X IR 22 BRI AR 20% LA, BRI, TR A ol w0 A T A R A R AR
IKGIE I, 51T E LA RE S A 2080 N R G i 25 B T ) TR B T i

%6 ARAAMKEIRTHARE L

Table 6 Comparison of prediction errors under different relative water depth conditions

TR FEA LR BRI R 22/ % ‘ _ ‘
PSI-MLP MLP XGBoost SVM MERIE AR HEC-18 2 Melville kil 2y 2
0<y/d<1.0 6 32.05 15.45 65.70 100. 86 117.32 76.55 98.28
1.0<y/d<2.0 14 18.96 50. 06 73.92 67.75 89.99 87. 46 95. 65
y/d>2.0 36 19.95 33.49 26.25 31.91 43.94 67.06 100. 58

H1 & 7 AT, i /K W (O<v/v,<0. 9) B, PSI-MLP 455780 55 HC A 4 B4 9K Sl A 784 1) -3 A KR 22 37 30%
AR BT 23 A IR EUR  J X (0. 9<v/v, <1.1) #1,PSI-MLP F A MLP #4234 X R 25 70531 A
17.06% F1 12. 27% , A0 T4 205 2 i BRI s E SR M X (w/w, > 1. 1), SECHE SR SR 2 30 4 B 4 1)
1 N PEIR K, MLP XGBoost 5 SVM P-4 AH X158 22 3 13 28 40. 50% ,49. 8% 5 56. 62% ,ixX 3R W FE Gk = W
YIBRHLE] S| TS LT B GHLAR2% 2 S LA BB A8 sl R A5 1 T T VD #h 45 5 il [ 7% 22 ] &2
ZMAE L2 AL, B MEE i TR P A K 25 . A2 T, PSI-MLP B8 - AH X 52 25 oy
20. 40% , % MLP IR 50% , ALK T XGBoost 15 SVM, X —£5 FAIE W | 78 AR S50 A S AR whil 1X, 9
PE B 5SS mH AR & 4% 1 DGR IE AR HT, A Gl 1 2E8E X SR 1) f 22 |, T TR0 5T i
(SRS E P 5 TTAEVE 7K ] DRI X Y MLP 3 R 2l 45 48 3K sh AR 2 B4 B 400 5 R ) BURE A 45 i i
/i, PSI-MLP B8 i T 75 200 2 P8 — St M M et ) 22K SR i B{E R 25 S BRI A R
HE— YN )X H T LW F] 5 ol 285628 X 1 S0 45 SRR TR, PSI-MLP A5 RIZEHLER 5 Sk &2 2% 1) 3h IR ol X
TS BEAR T K sl X, X —J5 & i T HEC-18 ZUAT Melville i) 28 282 2R F A BIR 42 il 25 1 ) i ) 1t
BT SEULRIT, 5 SR T T 74 250w 22 , 1 PSI-MLP BRI LB R & Sk 724 ] e Sh R bl
DX 0] 3 2 B 2 RO I R B S B ) v B A 2 5 28 B AKON R AT A M, DT 7 B0 PR i) DX 52 BRORS JE $2
T3 75— 7, AN A TR K ] X, PSI-MLP A RE 35 DR ki) DX ) 49 38 24 o 22 (R B0 ok S A1 5 7 o ] 1] 9% 1y
RG] T R P EIEAR" A 24 5 LX< B R g ARORSE BE Ay e ol A TR i T A Ak ) P A
5B SH, DA AR S PR X S S AR RIS SRR 5 TR 1

x7 FAEMBEXREIR TR EX

Table 7 Comparison of prediction errors under different relative flow velocity conditions

TEA FEA L SRR % - ‘
PSI-MLP MLP XGBoost SVM ST HEC-18 X Melville il A
0<v/v,<0.9 10 25.11 24.89 28.97 26.03 65.34 50.77 65.63
0.9<v/v,<1.1 4 17. 06 12.27 19. 65 18.07 53.71 65.98 94. 67
v/v,>1. 1 42 20. 40 40.50 49. 80 56. 62 63.75 93.96 87.16

ZE ik, PSI-MLP #5254 A4 BRAIL ] -5 B0 A | 76 52 br TR 350 v e B0 1 0 0 (9 38 FPE 5 ] Sk
AEAE RUKIR T 45 02 2 T N5 Bk AR 8 O TR 22 | G 1 2 800 SR sh A U AE SR B H R 2k
H A8, B B A0 s ROREE N e 5 TR e, ml AR ) JRURS: A 5 150 1A A% H AL 300 T B R AR
SCHE L YRR AR A S i R LR AR T IR K T U S B, R R AE T ST A 1Y B VR 5 B W I A S 4
Al kA 2 A AR R IR SR VDR EE b Dy I SRR R A S R, BT A AR R AR R
TENFEL TERE AR TR 2 0 T 1038 A A, DARREE R TR 0 SRS B 517 1k e
3 4 i

a. YPGB S5 mH A RS & 20 R BENS 42 T 4l B s Bk 2l MLP R i) T RS B 592 4k B F1 ., PSI-MLP
RERIZEMRAE |19 RMSE (R* Fi1 KGE 435124 0. 234 0. 880 F1 0. 928 , fHE LW £55 291 MLP ,RMSE [

fI% 0. 084 ,R* #£%5 0. 097 ,KGE #2755 0. 141; H. PSI-MLP A8 AH 4 T [0 T 4T 55 0 (19 % AR XGBoost 5 SVM,,
TEIMRAE LY RMSE 23 5IB#ARZY 34. 8% 11 27.3% ,R* \KGE JRYAE BT T+, e BRKE ki 2 =X LA R A5 1|1 1
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Ti BRI AR SR BT EA A s WOORS B 59z Ak RE T .
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Experimental study on permeability characteristics of iron tailings-geotextile filter
under vacuum conditions

Wu Haimin' | Wang Wansheng' , Yang Long’, Zhang Zugang’, Ou Zhangwen’
(1. College of Water Conservancy & Hydropower Engineering, Hohai University;
2. Mining Branch of Nanjing Baodi Meishan Industrial City Development Co. , Lid. )

Abstract: To improve the drainage performance of iron tailings dams, permeability tests were conducted on geotextile filters in iron
tailings dams under different vacuum negative pressures. The particle migration laws within the filter and the variation laws of the pore
structure of the geotextiles were analyzed, and the influence of vacuum negative pressure on the permeability characteristics of the iron
tailings-geotextile filter was investigated. The results indicate that vacuum negative pressure can significantly improve the permeability
of the iron tailings-geotextile filter. Under stable seepage conditions, among the three types of geotextiles, staple fiber, namely filament
and filter cloth geotextiles, the permeability coefficient of the filament geotextile filter is the highest, followed by that of the filter cloth
geotextile filter, and the staple fiber geotextile filter exhibits the lowest permeability coefficient. The permeability coefficient of the
staple fiber geotextile filter increases significantly starting from a vacuum negative pressure of 70 kPa and then increases with the
increase of vacuum negative pressure. For the filament and filter cloth geotextile filters, the maximum permeability coefficients are
obtained at a vacuum negative pressure of 70 kPa, increasing by 94. 6 and 14. 2 times, respectively, compared with the stable
permeability coefficients without vacuum action. The improvement effect of vacuum action on the permeability characteristics of the
geotextile filter is influenced by the fiber thickness and fabric thickness of the geotextiles. For geotextiles composed of coarser fibers or
those with greater thickness, the improvement effect of vacuum action on the permeability characteristics of the filter is more pronounced.

Key words: iron tailings; geotextile filter; constant head permeability test; vacuum action; permeability coefficient
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Table 1 Basic physical property parameters of geotextiles
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Fig.8 Contents of clay, silt, and sand particles at measurement points of different depths
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b. 1t 40~80 kPa Y ELZS FURAEHIT | BEE 23 fU A B HE R, 1 22 FE A - TR Z 198 3 REGR
PR SE R R ) AR AR B 7R 70 kPa 25 TURAREHT R 8 18 R EUA BB KA, S KRB 3 R BN T R E =S A
MR35 T 94. 6 A5 A1 14. 2 %, ALY = T VIR )= 1918 8 2 BN S PR 15 A25 I 70 kPa JT45 ] i 4%
R M RI2F 1 TS 2808 R B T R E A RN T 7. 67107 em/s,,

c. TEARSCHASJLRIN , JELT + T4V 2 B Xl I 04 o D6 3102 67 B0 N S o sl e, i 4 22 A A+ T
LUIE R R B LA SURAEN 7T0kPa Zifh

d. o FEAAERIFT™ AR R R 28 128 L T4 A B85 — & IR, 8 02 SR X gk -+ T
ZUYR)ZE B R SR ROR 2+ TSV 2T 2 LA DL S 2 52 8 )5 ), Xof P AL 2T 24 2H i ) + T4
R A THWIEZ A8 BRI BA TR I BeE AR

e. AICAHAT T 40~80 kPa MY EZ B BIAR, X T HAETURKT 80 kPa itf , BREH™-+ T LWk =8 5
FE AR BLLL SRS 18 RO 15 2 A B S U R BB E 5 8 T A€ S5 RDEUR BEAEAS SC R A5 DU 2R
W, 125 22 A E i R — 2D R R A SRV ] IR R B S ) T 2 TARYIR= 8 S,

SE Lk

[ 1] FRUL. EANRY ME R 4T [ 1], &m0 10,2004 (34T 1) :49-52. ( Wang Fengjiang. Investigation and analysis of
tailings dams accidents abroad[ J]. Metal Mine,2004(S1) :49-52. (in Chinese) )

[ 2] sKAE. B FEBRIFREER[T]. KF2EH,2013,44(5) :594-600. ( Zhang Liting. Summary on the dam-break of tailing pond
[J]. Journal of Hydraulic Engineering,2013,44(5) :594-600. (in Chinese) )

[ 3] 350, AR, Wil B EB Tt R [ 1], AKRDK R 8, 2017,37(4) . 77-86. (Jiang Qinghui, Hu Limin, Lin
Hai. Advances in research of tailings dam failures[ J]. Advances in Science and Technology of Water Resources,2017,37(4) .
77-86. (in Chinese) )

[ 4] B8 TEd, VFme 55, BT 3 W 0 ik J3 86 BE X8 it f= b s i i e 5 [0 ] WD R 2 22 4l ( A AR B2 IR , 2024, 52
(5) :60-66. ( Liang Yue,He Huiru, Xu Bin, et al. Experimental study on the influence of hydraulic gradient on seepage erosion
based on transparent soil[ J ]. Journal of Hohai University ( Natural Sciences) ,2024,52(5) ;:60-66. (in Chinese) )

[ 5] WFu, T, g, 5. RO AL SN L TAR B i 2 B Rtk e [ ] R A, 2019,28(11)
175-180. ( Yang Chunbo, Wang Shuhe, Wang Yuan, et al. Radial seepage test model and analysis of seepage characteristics of

geotextile wrapped in slotted tube of tailings reservoir| J ]. China Mining Magazine,2019,28( 11) ;175-180. (in Chinese) )



55 4 39 RUFR S AP N RES L TEWEZ 8 SRR 167

(6]

(7]

FEMR, TR, XUk, 45 A I+ TAWE R SO iga i se [ J] . KRBT ,2021,39(3) :45-49. (Li Guodong, Wang
Yuan, Liu Sheng, et al. Experimental study on filtration properties of geotextile filter in tailings dams[ J]. Water Resources and
Power,2021,39(3) :45-49. (iin Chinese) )

Veylon G,Stoltz G, Mériaux P, et al. Performance of geotextile filters after 18 years’ service in drainage trenches[ J ]. Geotextiles

and Geomembranes,2016,44(4) :515-533.

[ 8] &M, 23 1e B4, 55, By S RISV 75 [ J]. T PO RFEFIM( HRBLENR) ,2019,44(3) :845-854.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(Yang Chunhe,Li Zehua,Mao Haijun, et al. Experimental study on the clogging mechanism of drainage system in tailings dam
[J]. Journal of Guangxi University ( Natural Science Edition) ,2019,44(3) . 845-854. (in Chinese) )
AR, 0%, X, 55 AR RKE T R 4 T2 2 SO R i sE [ )] KB RETRRL ,2022,40( 11) :98-102.
(Li Guodong,Wang Yuan,Liu Sheng, et al. Experimental study on reverse filtration characteristics of geotextile filter in tailings
pond under different water pressures[ J]. Water Resources and Power,2022,40(11) ;98-102. (in Chinese) )
HEE, ZEW. AR RS E T £ T8 SBR[ T]. A (04 )8 TR ,2021,11(9) :107-112. ( Cui Xuan,Li Ya. Preliminary
study on geotextile filter design in fine tailings reservoir [ J ]. Nonferrous Metals Engineering, 2021, 11 (9) : 107-112. (in
Chinese) )
R A, REE, & RREY EWKHB AR BIIR[T]. £E8 10,2021 (10) : 186-191. ( Wang Quan, Fu
Wentang, Xing Aiguo,et al. Experimental study on dewatering of red mud tailings pond by gas-driven drainage[ J]. Metal Mine,
2021(10) :186-191. (in Chinese) )
R, EWE, LAY T E RN TR BRI [ )], & TR, 2017,39 (3 F) 1) 1 161-165. (Wu
Gang, Lei Guohui, Jiang Hong. Experimental study on permeability of woven geotextile covered with soil[ J]. Chinese Journal of
Geotechnical Engineering,2017,39(S1) :161-165. (in Chinese) )
ORI, X024 A A5 R R R AE AR 1 - T2 s iR R 8 & A ML FE [ )] KRR R EOR (e s0)
2022,53(12) : 47-55. ( Lyu Congcong, Liu Mingguang, Lu Xiaochun, et al. Study on infiltration clogging mechanism of soil-
geotextile filtration system under different factors[ J ]. Water Resources and Hydropower Engineering,2022,53(12) :47-55. (in
Chinese) )
Wiot e ERIEIMR , 55 ARSI A OB A2 [ )] T R~ 224 ( A AR 22 i) L 2022, 50(5) - 82-88. ( Chen
Liang , Teng Yaozong,Cai Guodong, et al. Experimental study on the migration of fine particles in piping under variable water head
[J]. Journal of Hohai University ( Natural Sciences) ,2022,50(5) ;82-88. (in Chinese) )
Watson P D J,John N W M. Geotextile filter design and simulated bridge formation at the soil-geotextile interface[ J]. Geotextiles
and Geomembranes, 1999,17(5/6) :265-280.

(WoHs B #.2024 - 10 -27 Sk X IHéHa)



5 54 5 4 W) WO R EE AR (AR E R Vol. 54 No. 4
2026 47 A Journal of Hohai University ( Natural Sciences) Jul. 2026

DOI; 10. 3876/j. issn. 1000 - 1980. 2026. 04. 021

R B 45 55 B b 5 FE - B Ak e M I B 32
R, 24480, TRED
(1. E N R ICAE 92844 TRBN 5 2. v BIGEPE -2 R EERL A5 TR B s 3. A AR BTURARER — LRI BT )

FE. AT EHE LT 4B RA R BB bk AE S R A Z s B AR RB AR T &
NE 4545 R B 0 5% BT IR A Ik B At BUE R AR B S A B R, 5 A T Hvh RIS RE N
R R R F IR B TR B AT RIR G B R AEE N ER AL TR ANEEAKX, KL
RE AL N EE A IR A Z AR R R R R TR B S e AKX A2, 4R
2 R L AS TEMEAL  E B A 5 T K A w6 T S bk MR A R B A TR R 2 KRN T 25%, 4
BAXTHTELGHNEEEREE 31%~83%Z R 5 %A 6-F3HH 2 E R HER E
100~ 1600 kPa 2 8] 44 KAk 45 45 R BV XA 30 3T J5 AR b i 4& 5,

EEER RIS R SR I IR BRI - T e R 2 4RI 2 A X

Experimental study on strength and dilatancy characteristics of uncemented calcareous sand

Wang Xiaoli'*, Pei Huimin’, Wang Zhenhao’"’
(1. The 92844th Unit of the People’ s Liberation Army of China;

2. College of Environmental Science and Engineering, Ocean University of China; 3. First Institute of Oceanography, MNR)
Abstract: To achieve rapid and accurate estimation of the shear strength indicators of calcareous sand under emergency conditions,
drained triaxial tests were conducted to investigate the strength and dilatancy characteristics of uncemented calcareous sand. By varying
the relative density and effective confining pressure of specimens, the factors influencing the internal friction angle of uncemented
calcareous sand were analyzed, and empirical formulas were proposed to accurately predict the peak internal friction angle and dilatancy
angle of uncemented calcareous sand. The test results show that the peak internal friction angle and dilatancy angle of calcareous sand
are significantly affected by relative density. The formula parameters modified based on the test data can improve the prediction
reliability for the peak internal friction angle and dilatancy angle of uncemented calcareous sand. The prediction errors of the peak
internal friction angle are mostly less than 25%. The empirical formulas can be used for rapid estimation of the shear strength indicators
of uncemented calcareous sand specimens with a post-consolidation relative density ranging from 31% to 83% and a mean effective
normal stress at the stress peak ranging from 100 kPa to 1600 kPa.

Key words: uncemented calcareous sand; strength and dilatancy characteristic; internal friction angle; stress and strain response;

triaxial test; empirical formula
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Table 1 Internal friction angles and dilatancy angles measured in drained triaxial tests

R 5 Ky Iy/% py/kPa e/ (%) i,/ (%) @ /(%)
1 0.38 31 382 43.7 3.4 38.5
2 1 37 767 44.2 4.3 36.4
3 1 40 129 44.9 8.9 38.7
4 1 40 496 43.8 5.0 37.3
5 1 41 293 43.1 5.0 37.2
6 1 43 213 45.3 8.9 37.5
7 1 45 1431 42.5 1.2 37.7
8 1 46 141 46.6 11.8 38.2
9 1 48 382 44.4 5.7 37.9

10 1 51 1003 43.9 3.6 38.7
11 1 53 274 46.2 7.8 39.2
12 1 54 510 44.4 6.0 39.5
13 1 55 230 47.6 10.6 39.4
14 1 57 757 44.0 4.0 39.1
15 0.38 61 626 46.2 6.7 39.1
16 0.50 67 217 51.1 14.9 38.0
17 1 67 225 46.9 10.9 39.2
18 1 68 578 47.9 10.6 38.2
19 1 70 579 47.4 9.0 38.8
20 1 70 1077 45.9 6.4 38.8
21 1 71 535 48.3 9.4 39.8
22 1 72 803 45.7 5.7 38.1
23 1 73 318 49.8 11.8 40.1
24 1 74 1539 44.6 6.0 38.3
25 1 76 272 51.1 14.5 38.9
26 1 80 430 47.7 10.9 39.8
27 0.50 80 1088 47.6 8.9 38.8
28 1 83 1149 47.5 .2 38.4
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Fig. 6 Variation of critical internal friction angle

with relative density and stress level
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