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Application of artificial neural network in tide forecast

BAI Long-hu', XU Hang?, L1 Yi-fei, ZHU Jiawei?, LIN Chen-hao?, YE Ming-ji€®

(1. State Key Lab of Ocean Engineering, Shanghai Jiao Tong University,Shanghai,200240.
Email: hangxu@sjtu.edu.cn;
2. Shanghai Min Hang High School, 200240)

Abstract: The variation and prediction of tidesis an important task in determining constructions
and human activities in coastal and oceanic areas, which is related to the installation of structures
in the marine environment and port operation in coastal areas. The traditional harmonic analysis
is usually used to analyze the tidal components and predict the tidal level. Because the harmonic
analysis is a static model for astronomical factors, it requires a large number of observed data
records. However, the harmonic analysis does not take into account non-astronomical factors
such as air pressure and wind force, so the prediction accuracy is limited. In this paper, artificial
neural network is proposed to predict tide. Different from traditional harmonic analysis, artificia
neural network has good nonlinear mapping ability, which can predict tidal level with high
precision, and short-term sea level registrations need be collected and analyzed. Sealevel records
from the Portland, Maine are used to implement this method. The results of the methodology test
show that short-term sea level registrations can be efficiently employed to produce accurate tidal
prediction.

Key words: Tide; Harmonic analysis; Artificial neural network; Prediction
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Numerical simulation of solitary wave reflection at a vertical wall

ZOU li*?", LI Yong-gang", HU Ying-jie, WANG Zhen®, YU Zong-bing*

(1.State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology, School
of Ship Engineering, Dalian, 116024,
2. Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, Shanghai 200240;
3. Ddlian University of Technology, School of Mathematical Sciences, Dalian, 116024;
E-mail: zoulidut@126.com)

Abstract: Based on the potential flow theory, the initial solitary wave shape and wave velocity
are given according to the third-order solitary wave theory. The boundary element method is used
to smulate the propagation of a nonlinear solitary wave and the reflection at a vertical wall. The
evolution of the waveform shows that after the reflection, the wave height slightly decreases with
wave train trailing. Under different dimensionless amplitude ratios, numerical solutions such as
the run up, the wall residence time, the instantaneous pressure force are analyzed. The numerical
simulation results are compared with published theoretical solutions and experimental results,
and consistent conclusions are reached.

Key wards: Solitary wave, Reflection, Boundary element method, Pressure.
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Numerical simulation of seabed jet scouring sand dunes

ZOU Li"*", YUE Cai-xing', SUN Zhe', WANG Zi-wei', XU Wei-tong'

(1.State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology,
School of Ship Engineering, Dalian, 116024;
2. Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration, Shanghai 200240,
E-mail: zoulidut@126.com)

Abstract: In this paper, based on the FLOW-3D sediment erosion model, the
numerical simulation of the vertical jet erosion effect is carried out. The numerical
simulation results are in good agreement with the experimental results in the
literature, which verifies the reliability of the calculation model. On this basis, for
the problem of non-contact submarine trencher scouring the dune terrain, the effect
of different nozzle speeds on the erosion effect of dune terrain was studied. The
calculation results show that in the range of nozzle speed 6m/s~10m/s, the groove
depth and groove width of the erosion section of the ridge line varies linearly with
the nozzle speed, and the dimensionless ridge line erosion section reflects A good
geometric similarity is provided, which provides a certain reference for the design
and construction of non-contact submarine trenchers.

Key words: Non-contact trencher, numerical simulation, sand dune erosion,
erosion section.
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Sudy on the application of wave environment contour method in the

sea area near iSands and reefs

LIU Xiao-long™?, SUN Ze"? CAI Zhi-wen™2 CHEN Wen-wei* 2, DING Jun?, YE Yong-lin"?
(1. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang 214082,
China, Email: 13861734471@163.com;
2. China Ship Scientific Research Center, Wuxi 214082, Ching)

Abstract: Idands and reefs in the South China Sea (SCS) have typical characteristics of coral
reef topography and geomorphology. Because of the complexity of topography and
geomorphology, waves propagating from the deep water area to the islands and reefs area deform
much. The short-term characteristics and long-term distribution characteristics of the waves are
very different from the deep water sea. In this paper, based on the long-term hindcasting data of
the set points outside the lagoon of the typical idands and reefs in the SCS, Bitner-Gregersen
model is applied to obtain the joint distribution of wave heights and periods, and IFORM model
is employed to evaluate the environmental contour profiles of joint distribution of wave heights
and periods in different return periods. The results of this study lay a preliminary foundation for
the accurate description of the characteristics of long-term wave conditionsin the SCS.

Key words: Coral reef; Bitner-Gregersen model; IFORM model; Environmental contour method;
Joint distribution of wave heights and periods.
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Numerical simulation and analysis of tidal current characteristics in
raft culture area of North Yellow Sea

XU Hui, KANG Ya-ru, ZHANG Ming-liang

(Dalian Ocean University, School of Ocean Science and Environment, Dalian, Liaoning, 116023,
Email: zhmliang_mail@126.com)

Abstract: With the development of offshore aquaculture in China, the floating raft culture has
gradually formed a scale in the North Yellow Sea coastal waters. It is necessary to analyze the
hydrodynamic characteristics and water exchange capacity of raft culture area because raft
culture requires high quality of dynamic factors and water environment conditions. Based on this,
this paper uses FVCOM (finite volume community ocean model) to simulate the tidal current
characteristics of the floating raft culture area in the North Yellow Sea. The results show that the
tidal wave is regular semidiurnal tide in the study area. The direction of the main stream is
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SW-NE when the tide is rising rapidly, and it is opposite to the direction of NE-SW at the ebb
tide, there has obvious characteristics of rotational flow except for the channel area. The study
can provide scientific guidance and technical support for the planning and layout of typical
aquaculture rafts in the North Yellow Sea.

Key words: Floating raft culture; Zhuanghe sea area; Numerical simulation; Hydrodynamic
characteristic

-2075 -



9=t Jm A EKE R 2 1R R

TR BB FERAER TEERRX = 48KE0 7
HUS AL BUE AR

WEE !, AR, EER BRI KHERT

(LKEFERS, RSB fe, KIE, 116023,
2. KIEWGHER S M A0, K% 116023, E-mail: zhmliang_mail@126.com)

WE: JIAEWESEFEMAE 2 FETHR. #EREEs, HxEEkiRig
J1. BEA R AR RERAINRE N HE — . AR TIA, BEEEN
B KA, Al Fluenti k771 7 B3, 88 RIMEAEWER THHEKRH#AATHEE
WM, FREAEHKXOER LA E S, RRASTNEIZL, B o X8 AT W A& A 5
AR, URIERBEEENITESE R, NAERN A, FFEM T 0K A RAE 2
Tt &R, FRET: TREAAEM L ZEFERK, EHXMEHADER, XA
BHRMEAER—ERENTAEZE, RSN AEEENTHENEZI REFEATH
=5, MR AEEMAFERBH RN EN. ARERT Y FARGETIE, FMEXEE
BRASTEFIRNERRERFESEKIE,

XEIR: B ; Fluent; WML, HWiRslt

1 WE

Il

KRBT WA SO Z A B R AR, P KRBT B A =2R: It
KA FREG SIFEN. WMPUKESA R, fert B, MRS, MAeM
FARAEREARFERB VORI, RS, BT XY/ R IR AT DU 28 22K
Tk RERRER, SR B2 SRR A SRR R oL, H LR 42
PRI 8 KP4, BN IEIE Th 2 FRRTIE iRt RE . BRI, JT R
IR BRI P R4 DX KB JIRIE T, DA UK A R AT R A A7 AE (K A B A
PN E R T A

BB K A TS . Ve TR St 7 TARSE T A 2] 7T 2 KIS, RIS 1 BT

REWH: K ESHRTRITH 2019YFC1407704);  [H 5 [ R RF 225 42(51879028)
SEEEE: KR, B, BORILEARN, L, B, EEREUKS L. B AESBE AT R TR

-2076 -



9=t Jm A EKE R 2 1R R

I FORCR . T, AR 2 A BT RUE A R R R T AR RSB RF L T T
W TAE. (EE 4L, anWilson %5 d i H(E BEAUE 7T T AN 18 1 5% ME A W nd /K AT 20 0 B
M. Ahmad %% FH FLuent 37 77 % B SR /KCIAE (6 2 o RIURE 0 708 1 3 16 29 AR, 45
H TR IX A i O SRR AR R . ZETE P, B AP hE i AR %04 JR -4 T Boltzmann
VS R TR AN 5 U O P A ) B SR KRR PR HEAT T RT3k A s A e
T = YEARUE M k-e XU RE TR ECA IR, 25 18 R HE B TR /KB IR 52, R R BH 0 1
NIRIINAN 2Bl 85 R A 75 F2 AT 20 A 5 RV TR AR XS AR R SR 1K 30 1y
e T BRI Mike2 1-FMAS AU B A0 I /K REAT B0, 20T 1 W42 B A 5C IK R AE
AR BT DL AE R R K ket o X UK BB IR, A 3R R A
TG, £ AR AT A o R FOR B AR B, I 2 B N DR R
B E T et P M R AR 8 U i (41 v P B 1T P oo LIRS o 0 T AL A
7o BB T T U SRR R K R Y R R S AR A, 4E R EAT R A
R L, REEMNEETREMKRSREMAIL N, Wi s ERUR T ZE TR
FERARX o BT SCRRA AT AL, AT A AR R SR ] K 25 e 38 T 7K S 36 R 7T A
WAFAENT B B REM , BB ALY, 32 B2 A 3t B 7R R i B 702647 faf A, i ox B
WK B I S RE A TR FH RS A0 A BLDURHE 7 i BN 2 0L, AH ORI 9L AR T &

KHI T TSR SD 1505 FOCA Fluent, X PEMB 2 A UK MR AR A8 B WP AL B 7
W SRR PLREAT 1AL B B AR ADL E edl IR P BEE AR R 6 i S A 1 A 7R ) HE Al
P, BET 7 BT UK AR AN B A N (KB A3 AR AR, JFXHEYIRT e
Y )i PRI 10 AR 25 50 o P 9 2 ) e A A EAT T 4R

2 HpRA

2.1 BIERESE

Fluent F AR A FRARFE S8 =4k N-S J7fE, MK E SR A 7730 (SIMPLE H
) RIGEEG T FRE . EARTFH, RAARME k-e I B E ) N-S A2 S ERN ] .
e SAbR e R 24 0 — AR B AR 22N T 1107,
22 BRFHEE

FEAN T A B2 A EN 1, R I A A 7 H 0 3 T 3 S 7 ) e
SR TCHE RS (1) [ BE 2 s FE/KTH, REKITG B VIR EE, 4 E b mmAb .

3 KR,

3.1 BRIKEHEK B LEI

KA ¥ 50 A FEAR TR I6 /R AR R (T e S0, A PR eI KA K 16 m, S
B8 KA T N 2 SRR, KA s=0.125%, SEIGMIN DR EN 17.72l/s. ZSZIAERRK
FERE R 8.2~11.2m FIMEHh & BT . MW ERN 0.6cm, HEYFEY)Z B HI4THE 2

-2077 -



9=t Jm A EKE R 2 1R R

3cm, FREESE 2cm. XSS WAL TFEEAE B 9.6 m &b, 7EWITH e BV AN I s v IR FE
J5 I HEAT S I, 4 AN S B AL BRI A 8 em 13 em. 22 cm. 26 cm. {ERUE AR,
B2 Meshing %1508k 1 XA HEAT S5 AL IS R 3 B T HEAR AR AE S EUR S B B 4%,
ERT SHE T AEL AP DX S T A D 2, DAORAIE SRAS A0 b 2 IO SR, IS S 80 7486965, #
KR KA 0.6667cm, He/NRAK LKA 0.150em. B 1 45 H 7 &0 i AL FE UK
TOT T AR S Xt L, R AR Rk, HiZEWT LA, WS 1 BT
FEVIAELE, FEAE X N I v KR T AR AR BE /N, FERE RS et 25 B 3 3ol B A A PR i
B, W 2 AT MR AT B AL, KR E RIS S TR, (BT SR AR A AN,
F B R KRR A NIE, B % R KRR R 2 BRAR (s, s 3 A
M4 IEBEFEX, H R KR T IR E A . B 2 A E UK R
(e T T R A 2R L, B TR A B LS R A 28 3 R A ) /K AR St B 080N T R
IR R B K, Bk nT £, TR 0 R A7 78 2 38 o 3 4 et Jat o ) B4

[ o st [ o sk(ktit)

SENE
o ZRME | —

—aE

| ——HBUREH)

08

0%

06

04

02

© 600000 @ Sooy:

UNo » U/lvo U/Vo U/No
(a)y=8 cm (b)y=13 cm (c)y=22 cm (d)y=26 cm
Bl 1 52 ST T SRR R AR A L

P2 5 AL 10 3R QT P W T ek S5 2k

TERE S B ERE L, @ SN &R (10.95 Lisy 17.72 Lis. 22.21 L/s) #FFA
AR B KR B IR . ] 3 4t T AN T &0 A R T b, 4
BoR: TEHAM AT, AN CREGEK, SR E I 32 008 A S k. &
4 NAFND M T iR sh et thgs 1, K 4T & H, 78 Hr=0.6 4 B & UTKEY)

-2078 -



9=t Jm A EKE R 2 1R R

T = 5K (R, AR = AR DX sk ah BERE N ik (AU AN, A OE = DA

E DR B RERE DR I TG K B 4(b) RO R TR S A AL, RN
R, sl ReE AR IR, BRI ARS8 B 4(c). B 4(d) i s AL

T, Hmiiah e m sOE I AL TSR ES, BN e TR

1 22215 ! 22.211/s
N ]
p===-- 17.72l/s [ N RS 17.72ls '
08 . \ 1
== 1095l/s ! - = 10.95l/s
. ]
06 ! !
£ ! !
0.4 N "
. i j
22.21l/s 22.21l/s 1 1
0.2 1 .
17.72l/s [ 2 17.72l/s Vi
. — . = 10.95//s - - = 109505 a2l ez . .
0 0.2 04 0.6 08 0 02 0.4 06 0g O 0.2 0.4 0.6 08 o 02 04 0.6 0.8
U(m/s) U(m/s) U(m/s) U(m/s)
(a)y=8 cm (b)y=13 cm (c)y=22 cm (d)y=26 cm

B3 AR AU R 25 A N T o xt bl

22.21l/s
22.21],
----- 17.721/s s
L 17.72/s
- = 1095/s |
h

22.211/s
----- 17.72)/s
- - = 10.95l/s

= - = 1095l/s

0.6 \
I 1
0.4 22.211/s .
[
----- 17.72l/s .
0.2 !
- = 1095l/s

: : : : : n A n ran n J L L T ,
0 0002 0.004 0.006 0.008 0010  0.002 0004 0006 0008 0.0l 00005 0.001 0.0015 0002 0.0025 0.003 o 00005 0001 00015 0.002 00025 0.003
AL EE () TTRERE() TR SR AE0)

(a)y=8 cm (b)y=13 cm (c)y=22 cm (d)y=26 cm
E 4 ANEN DR A T i sh s st b

22 SEIFEBEIACTRBEMLIE

K H] Tseung FRIRER A 9 B IR N L ABRAE S0, BRI MK Y 15m,
VIR AR SE Tom, A EALORAL A MOFE TR 2 TR 2.469m”,  FEAAT 078 BE /K AEAE 1 1Y)
3~4.08m VB P, FEE 163 B NIRIAFRI/KARTEE N 0.1m/s. PSR 75k E 2.1 5
BIAERE, Pk SEC 10048414, S/NMEEAKA 0.2em, HKMAKILEKA 25cm. B 5 K&
TR B R AR 5 D S P U S A AN S R X b, AL BRI AN AL, I S T
B, MRS RSNEMEFEEE . B TEYAAESIHKR A B RER, WA u.
v wiIEITE x/108=0.2 kb LR KA, WoKIIZsh T, HEE RN s . A
X IR B A RN, WKIRIZBN 7 ), i s Re WG, B S A R DX I 18 3
KAG . FEWINE y/2 4b, EBUEYIRT. W HEY)E 3 AMLE, R S iR Eh A
T LR I HEAT X LE 04T (B 6 RN 7). BT 6 T LG HY, LR AR A (X A 7 P 0 1 e
K, HEPE AR s, Ui G A7 AR /NS B R AR I X 3. EEF A LT
DX 35 ) 2P ) 5 B 350 R T AEL A X PRI A I TR, 5 BV R A ) A7t 2 s M T P I U e

-2079 -



9=t Jm A EKE R 2 1R R

AT AT IR 0 A e L 7 R LA H RS S AR e s 5 7K A A8 57 T AL T s RE e K
YL RIFERE R S /KU IS T B L IR IR B RE RS ik o

03
]
81 8
S ® & 02 |
0.8
.y/— [
S 06 - @ ype139 < a
= © y/b=139 . ¢ ‘ ‘ ‘ ]
04 I 02 02 04 06 Q_o_.g,e- 1
= i 7 < o __-
y/b=1.39%1 7! 51 ;:) ° o--""
[ 2 y/o=-1398%  TSs~el L "
0.2
" . . )
02 0 0.2 0.4 0.6 0.8 1 03
x/1.08 ’ x/1.08
0.06 8 f<]0}
] 6 o
0.04 Q o
o 5]
N ° a ';a
3 ..o J 4
- ~
0.02
Q 2 [e] B
5]
_ Bt 5 =]
02 0 02 04 06 038 102 0 0.2 0.4 06 038 1
¥/1.08 x/1.08
¥ > NITRP S RPN N -
BIS BHIR u. vy w S BE RIS RE BT S AW B B R L
________ >
— AT
----- [EEL
- .- HWE
o 02 04 06 08 1 12 0 0.0001 0.0002 0.0003 0.0004
u/Vo T s AEQ)

K6 WIERMEMIAT. . JEIARTTELLE &7 WREYET. . )5 K iish e

ASSCR S Fluent P o0/ A AR 52 3T TE AT 25 T R4 10 W SR AT A 4 1 £
EAEAL, 20T T MR A A AR B SR KR K B IR S o JE I X EE R 45 R AT B
B, FEEAMN R A RS TR R B BL TS5 E: OFIIER
MUK (LR B R A, N A8 A i os R A & 0

- 2080 -



9=t Jm A EKE R 2 1R R

S BHEREIPI, BB FIRE 2 HOd S RE 7 E AR . @%F T 5 TUKIEAR IR
ATER YL, FEHAFAF AR T REE A SR RO, AN RN A A0 AR RS K
TSI RE SR A S — . @R T & IR DI IR UL, A Al b XSk i e 31 g
B, WAEKFITT I, sl REA g s ik sh o) 5 ) 28 30 56 L I 2 1) 0 A
MUEARAL, FEREY S KIS T A R DR, DR AR A A AE R I e R A e

S K

1 Wilson C A M E. Flow resistance models for flexible submerged vegetation[J]. J. Hydrol., 2007, 342(3-4):
213-222.

2 Ahmad M. Numerical investigation of the flow characteristics through discontinuous and layered vegetation
patches of finite width in an open channel[J]. Environ. Fluid Mech., 2019, 19(6): 1469-1495.

3 R, Aok, REMH,E HREGR-HET Boltzmann 7 AU RIPEE A IR K mAFVET]. 7K 3)
FIEERE R S (a 1)), 2019, 34(4): 503-511.

4 SRS, VKB R AR AR SR B = R TR B ARO[ R R A S AR AR, 2009, 17(3):
402-411.

50 T8 FOE, BURSE. EEAER T IERAIDKR T BUE BT R I]. o ER A KRR, 2019, 8:
105-109,115.

6 B, XU, KD, PEHBAR B0 25 2 M T A T R R B T )], TR S HOR, 2019,
51(1): 158-164.

7 BLSCAE, BRAE, Mprhe. WS IE VR A KR PN e R AR G R BT AT (D). KR AR AR, 2018,
49(4):5-11+26.

8 MviA IR KR ) B e A R FE[D]. DU DU IR, 2006

9  Tseung H L, Kikkert G A, Plew D. Hydrodynamics of suspended canopies with limited length and width[J].
Environ. Fluid Mech., 2016, 16(1): 145-166.

- 2081 -



9=t Jm A EKE R 2 1R R

Fine numerical simulation of three-dimensional hydrodynamics in
vegetation area under submerged and floating vegetation

YANG Ying—yil, MA Yong—shunl, ZHAN Ze—rongl, FANG Shu-Lin?, ZHANG Ming-Liang b

(1. Dalian Ocean University, School of Ocean Science and Environment, Dalian, Liaoning, 116023;
2. Dalian Marine Environmental Monitoring Center Station, Dalian 116023, China, E-mail:

zhmliang_mail@126.com)

Abstract: Both submerged vegetation and floating vegetation exist widely in rivers, lakes and
coastal waters, and they have certain effects on the flow capacity of river channels, the
circulation movement of lakes and bays. In this study, for the uniform flow of open channels with
submerged and floating vegetation, the software of Fluent was used to carry out fine simulation
of flow hydrodynamics in open channels with rigid vegetation. Considering the complex
distribution of vegetation and complex flow pattern in the plant area, the grid encryption
processing was carried out in the vegetation area to ensure the high-precision calculation results.
This model was applied to calculate and analyze the influence of hydrodynamic characteristics
under condition of the submerged and suspended vegetation, the results showed that both cases
for submerged vegetation and suspended vegetation, the velocities in the vegetation domain
significantly reduced, which caused a certain degree of adverse effects for the river ability. In the
cross section of vegetation domain, there were significant differences in the turbulence intensity
and Reynolds stress, under the suspended and submerged vegetation, the turbulent kinetic energy
had max value near vegetation canopy. The research results can provide scientific and reference
basis for the implementation of river flood control engineering, river shoal regulation and
ecological bank revetment.

Key words: Vegetation effect; Fluent; Fine simulation; Turbulence energy
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Impacts of upstream weir slope on fluctuating frequency of live bed

scour depth around submerged weirs

MA Li'%, WANG Lu'*", NIE Rui-hua'?, MA Xu-dong'?, LIU Xing-nian'~
(1. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu,

Sichuan, 610065.Email:wanglu@scu.edu.cn

2.College of Water Resourceand Hydropower, Sichuan University, Chengdu, Sichuan610065)

Abstract: Submerged weirs are river training structures, which span the full width of the channel,
for raising upstream water level, maintaining navigation water depth, and limiting excessive bed
degradation.However, the flow over such structures can lead to local scour, causing structure
damage or ultimately failure. The fast evolution of underwater mobile topographies and
propagating bedforms increase the complexities of the scour process at the submerged weir under
live-bed scour conditions. Experiments were carried out in a 12-m-long, 0.38-m-deep, 0.44-m-
wide glass-walled recirculating flume with adjustable slope,measure stopographic time-series
data.This study aims to investigate the relationships between fluctuating frequencies of the
approaching bedforms and live bed scour depths around the submerged weir.By comparing the
test results of rectangular submerged weir with different upstream weir slope, the influence of
upstream weir slope on the relationship between fluctuating frequencies of the approaching
bedforms and live bed scour depths isanalysed. The results show that upstream weir slopecan
effectively reduce the upstream scour depth, but it does not affect the fluctuating frequencies of
the upstream scour depth in live-bed scour condition; The upstream weir slope can considerably

increase the fluctuating frequencies of the scouring depth of the downstream.

Key words: Submerged weirs; Live-bed scour; fluctuating frequencies; upstream weir slope
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An analytical model for the distribution of transverse velocity

along the open channel with a model vegetation patch

YAN Chun-hao, SHAN Yu-qi, LIU Chao, LIU Xing-nian
1. State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065

2. Institute for Disaster Management and Reconstruction, Sichuan University, Chengdu 610065

Abstract: This paper proposes an analytical model for the distribution of transverse velocity
along the open channel with a model vegetation patch. The governing equation was derived from
the momentum equation and flow continuity equation and the drag force of vegetation was
considered. To obtain the analytical solution of governing equation, two dimensionless
coefficients K| and K, are introduced to represent the flow exchange in the vegetation region and
non-vegetation region, respectively, in the same cross section. K; is determined by the average
velocity of vegetation region. Similarity, K, is determined by that of non-vegetation region. A
series of experiments were carried out in the open channel with a model vegetation patch and the
distribution of transverse velocity along the channel were measured in detail. The experimental
data are used to verify the analytical model. The measured values of each cross-section are in
good agreement with the calculated values from the analytical model.

Key words: vegetation channel; distribution of transverse velocity; analytical model.
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Experimental study on bed-load transport rate of bed material with
wide size-distribution under discharges variation

WANG Qi ', SHAN Yu-qi %, LIU Chao ", LIU Xing-nian '

(1. State Key Lab. of Hydraulic and Mountain River Eng., Sichuan Univ., Chengdu 610065, China;
2. Institute for Disaster Management and Reconstruction, Sichuan Univ., Chengdu 610065, China.
Email: 599953159@qq.com)

Abstract: Flume experiments of bed armoring by clear water (no upstream sediment supply)
were carried out to study the influence of discharge variation on bed load transport rate of
bed material with wide size-distribution. The results showed that the maximum discharge at the
first time was the control factor for the formation and destruction of armoring layer for armored
riverbed with alternating discharges’ scouring; Under the condition of not destroying the
armoring layer, the higher extreme discharge didn’t necessarily lead to the higher bed load

transport rate, and the process of bed armoring slowed down.

Key words: Armoring layer; Bed-load sediment transport; Clear-water scouring
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Research of hydrodynamic properties on the net structure
under regular wave

MIAO Yu-ji'**, DING Jun', TIAN Chao'*, GUO Xiao-yu’

(1. China Ship Scientific Research Center, Wuxi, 214082; 2. Field Engineering College, PLA Army
Engineering University, Nanjing, 210007; 3. School of Naval Architecture, Ocean & Civil Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China; 4. Southern Marine Science and engineering
Guangdong Laboratory (Zhanjiang), Guangdong Zhanjiang 524000. Email: miaoyuji@cssrc.com.cn)

Abstract: The net is the main structural element of the fish cage, and the analysis of
hydrodynamic properties of it is so important for the design and safety of offshore fish platform.
The net is made of lines, and it always consist of a lot of net meshes. The screen model is used to
simplify the net structure in this paper, and the numerical calculation model is built by Fortran
codes. The wave hydrodynamic responses of net with different solidity are calculated under
regular waves by using above numerical calculation model. Besides, the model tests were carried
out in the wave flume, and the numerical results were verified by the measured data. Then the
wave forces of net structure were calculated under different wave conditions of different wave
periods and wave heights by using this numerical model. The comparison results show that the
net solidity is one of main factors on the wave forces of net structures; and the horizontal force of
the net structure increase with the increasing of wave period and wave height, but the horizontal

force will become bigger at the big wave steepness.

Key words: net structure; aquacultural engineering; drag force; numerical simulation; model test.
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Analysis on the characteristics of ''8.20" rainstorm flash flood

disaster after Wenchuan earthquake

DENG Zhi-yuan, WANG Yi-kui, YAN Xu-feng, WANG Xie-kang"
State Key Lab. of Hydraulics and Mountain River Eng., Sichuan University, Chengdu, 610065

Abstract: The 2008 Wenchuan earthquake caused extremely serious surface damage in
Wenchuan County, resulting in a large number of loose deposits. In recent years, due to heavy
rainfall, Wenchuan County frequently occurred flash flood and sand disasters. Based on Strahler
area elevation analysis method, digital elevation model (DEM) is used to analyze the
geomorphological characteristics of watersheds. Combined with the investigation of "8.20"
rainstorm flood disaster area in 2019, KW-GIUH hydrological model is used to analyze the flood
process of Shouxi River, Yuzi River and other watersheds. The relationship between the flood
disaster prone area and the landform and flood characteristics of watersheds is proposed to

provide the basis for the study of flash flood and sediment disaster prevention and control.

Key words: Wenchuan County; Geomorphological Characteristics; 8.20 Rainstorm; Flood

Disaster
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Study on early warning of flash flood disaster in Baisha River Small

Watershed under the change of soil moisture

JIN En-ze' ,YE Chenz, SUN Tongl, WANG Xie-kangl*

1.State Key Lab. of Hydraulics and Mountain River Eng., Sichuan University, Chengdu, 610065;
2.Port and Environmental Engineering college, Jimei University, Xiamen, 361021

Email: wangxiekang@scu.edu.cn

Abstract: Climate change has caused mountain flood disasters to become more frequent and
severe in recent years, which has threatened public security and social development. Therefore,
efficient early warning of mountain flood disasters has become particularly important. Based on
Arc GIS hydrological analysis tools and Storm Water Management Model (SWMM)), this paper
uses higher resolution DEM images to analyze the Baisha River Basin. After the SWMM model
is calibrated and verified by the measured rainstorm data, it is shown that the model has an
effective simulation effect on mountain areas. The kind of design rainfall that happens only once
every 100 years was used to simulate the water level process curve and water level change rate
process line of the Yangliuping section of the river, to explore the changes of water level and
water level rise rate under different initial soil moisture in the watershed. A real-time early
warning model of mountain flood disasters based on dynamic monitoring of soil moisture was

developed to improve the accuracy of early warning.

Key words: mountain flood disaster; Baisha River watershed; initial soil moisture; SWMM

model; water level warning.
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Simulation study on storm flood process in Baisha River Basin, a
Tributary of Minjiang River

ZHANG Zhi-hao', XU Ze-xing®, CHENG Kai’, WANG Xie-kang”"

1. Chengdu Hydrology and Water Resources Survey Bureau of Sichuan Province, Wenjiang, 611130
2. State Key Lab. of Hydraulics and Mountain River Eng., Sichuan University, Chengdu, 610065

Abstract: Wenchuan "5.12" earthquake seriously damaged the underlying surface structure of the
basin and changed the flood collection process. In recent years, the flood volume and flood
events in Baisha River Basin have increased significantly. Based on DEM and soil characteristics,
GIS technology is used to derive the hydrological parameters of the basin, and the SWAT model
and KW-GIUH model are applied to the Baisha River Basin. Daily runoff and flood process
simulation are conducted on the historical floods in the basin, and the SWAT model and The
simulation effect of KW-GIUH model on two time scales discusses the applicability and
limitation of SWAT model and KW-GIUH model in the forecast and warning of storm floods in
southwest mountainous areas, and the simulation effects of SWAT model and KW-GIUH model
on two time scales are analyzed and evaluated. In addition, the applicability and limitations of
SWAT model and KW-GIUH model in rainstorm flood forecast and early warning in southwest
mountainous areas are discussed, which provides basis for the application of hydrological model

in similar areas.

Key words: Baisha River Basin; Flood Simulation; SWAT; KW-GIUH; Hydrological Model.
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Reliability analysis of early warning method for “7.10” flash flood
disaster in Cutou basin of Wenchuan County

YANG Po',YE Chen?, SUN Tong, LUO Ming', WANG Xie-kang'
1. State Key Lab. of Hydraulics and Mountain River Eng., Sichuan University, Chengdu, 610065

2. College of Harbour and Environmental Engineering, Jimei University, Xiamen, 361021

Abstract: Mountain area in southwest China often shows the characteristics of steep terrain,
complex geological structure, broken surface. Since the "5.12" Wenchuan earthquake, the

secondary geological disasters such as collapse and landslide have provided abundant loose solid
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materials for the formation of flash flood, resulting in the prominent problem of the mountain
flood and sediment movement coupling causes the disaster. At present, non-structural measures
such as monitoring and early warning are mainly used in mountain flash flood disaster prevention
and control in China. Hydrological analysis method based on rainfall-runoff-stage relationship is
used to calculate early warning indexes. However, the influence of sudden change of sediment
supply on the reliability of early warning of flash flood is ignored, such as bed morphology,
riverbed erosion and deposition, and rapid change of section water level flow relationship. In
order to analyze whether the early-warning rainfall calculated can play the expected effect in the
muddy basin, taking the “7.10” mountain flash flood disaster in the Cutoubasin of Wenchuan
County as an example, the critical rainfall was calculated by the traditional inversion on water
level/flow, and then compared with the actual accumulated rainfall when the disaster occurred.
The results show that the warning rainfall calculated by the traditional method is 126 mm (about
100 year return period), However, the accumulated rainfall during the actual disaster is only 100
mm (about 30 year return period), that is, under the coupling of mountain flood and sediment, the
rainfall with 30-year return period forms the mountain flood with 100-year return period.
Therefore, it is suggested that the early-warning rainfall ignoring sediment supply is larger than
the actual disaster causing rainfall, which is a kind of missing alarm and significantly reduces the
warning accuracy of mountain flood in this area. Influence of water and sediment coupling
movement, riverbed response and water level change on early warning indexes should be
considered in order to provide a scientific basis for the prevention and control of flash flood in

such areas.

Key words: Coupling disaster of mountain flash flood and sediment movement; critical rainfall;

inversion on water level/flow; mountain flood warning.
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Simulation of flood based on Liuxihe Model in Chabagou Basin
YU Hai-ti', L1 Jing >, ZHOU Xiang-hang', WANG Xie-kang'"

1.State Key Lab. of Hydraulics and Mountain River Eng., Sichuan University, Chengdu, 610065

2.Yulin Bureau of Hydrology and Water Resources, Yellow River Conservancy Commission, Yulin, 719000

Abstract: The Chaba Gully, a tributary of the Dali River, is located in the hilly and gully region
of the Loess Plateau in Zizhou County, Shaanxi Province. ~The watershed is characterized by
broken topography, scarce vegetation, severe water and soil erosion and short and exceptionally
intense rainfalls, making it highly susceptible to mountain torrent disasters. In this paper, the
ArcGIS software was used to process data pertaining to the DEM topography, land use types and
soil type maps of the Chaba Gully watershed, and Google Earth was employed to estimate the
sizes of river cross sections. The processed data was then fed into the Liuxihe Model software.
The floods occurring on August 1, 1970 and July 27, 1978 were selected as the calibration period
and the flood occurring on August 26, 1987 as the verification period to construct an hourly flood
forecast model for the Chaba Gully watershed. The applicability of the Liuxihe model in
cloudburst flood forecast and early warning across the Loess Plateau and its limitations are
discussed, thus providing a reference for studies focusing on the application of the Liuxihe model

in relevant regions.

Key words: Liu Xihe Model;Arcgis; Flood Simulation; DEM; Chabagou Basin.
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Steady and unsteady hydrodynamic characteristics of inland vessel
crossing bridge piers in restricted waterway

DU Peng"?", HU Hai-bao”>, HUANG Xiao®

1 Research & Development Institute of Northwestern Polytechnical University in Shenzhen
2 School of Marine Science and Technology, Northwestern Polytechnical University

Email: dupeng@nwpu.edu.cn

Abstract: The dynamic process of an inland vessel passing bridge piers in the restricted
waterway is investigated based on OpenFOAM. The motion of the vessel is realized with AMI
(Arbitrary Mesh Interface) technique. The influences of the water depth, distance between bridge
piers, draught, speed, etc. are studied and validated with towing tank experiments. It is found that
the influence of the restriction effect of the waterway is dominant for the ship resistance. This
influence greatly affects the unsteady hydrodynamics during the passage, but not the steady
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(averaged) hydrodynamics. Regression analyses are carried out for the resistance and the squat.
Polynomial equations are proposed for their predictions. The Kelvin waves are also analyzed as
functions of the vessel speed, water depth and pier distance, which lays foundation for revealing

the restriction mechanism of this process.

Key words: Restricted waterway; Bridge pier; Hydrodynamics; Ship waves.
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Largeeddysimulation of flow through rigid emergent vegetation

LI Han-mei, MAO Jing-qgiao, GONG Yi-qing, DAI Jie

(College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing, 210098.
Email: 191302030004@hhu.edu.cn)

Abstract: Aquatic vegetation generally grows in the form of community in rivers and lakes. The
flow structure around aquatic vegetation has altered through flow-vegetation interactions. In this
paper, the LES is used to model the flow field with vegetation canopy. The vegetation canopy in
the channel is generalized as a circular patch, while the stems in the patch are simulated by rigid
circular cylinders. The stem-scale and patch-scale flow structure of vegetative flow are resolved
with extremely fine grid system. The accuracy of the numerical model is thoroughly verified
against experimental data obtained from flume experiments. The simulation results show that the
flow can directly pass through the permeable patch from the gap, causing the change of flow
structure in the wake region behind the patch, which is significantly different from the wake
structure characteristics of a solid cylinder with the same scale as the patch. In addition, the

stem-scale flow properties are also varied with the position of the stem within the patch.

Key words: Rigid emergent vegetation; Large eddy simulation; Solid volume fraction; Wake;

Flow structure.
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Numerical simulation of the influence of gravity on the precision of

the flow field around the pier

DAI Jie, MAO Jing-qiao, GONG Yi-qing, LI Han-mei

(College of Water Conservancy and Hydropower Engineering,HohaiUniversity,Nanjing, 210098.
Email: dj145@hhu.edu.cn)

Abstract: Inorder to study the influence of gravity on the precision of the flow field around the
pier, a 3D numerical model of a sharp-nosed pier was built, using the VOF model and the
rigid-lid approximation to trace the free surface respectively, to compare the precision of
hydrodynamic parameters according to the experiment. Results show that simulations using the
VOF model are in better agreement with experimental data than those using the rigid-lid
approximation. Moreover, VOF is able to reproduce the local slow down of approaching flow in
front of the pier at mid layer. Importantly, the rigid-lid approximation and the VOF model are
qualitatively different in turbulent kinetic energy(TKE): the simulated TKE of theformer rapidly
decreases to 0 with the increase of the height, while the latter increases slowly with the increase
of height, which is more consistent with the experiment data. It indicates that the change in
free-surface around the pier directly affects the flow field in the area under the influence of the

gravity.

Key words: Free surface; Rigid lid; Pier; Numerical simulation
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Probabilistic tsunami hazard assessment and application to southern

coastal areas in China
ZHAO Guang-sheng, ZHANG Xiao-xuan, NIU Xiao-jing
(State key laboratory of hydroscience and engineering, Tsinghua University, Beijing, 100084.
Email: nxj@tsinghua.edu.cn)

Abstract: Manila trench in the eastern South China Sea is seismically active. It is generally

believed that the tsunami risk in the South China Sea can not be ignored. In this paper, a

probabilistic tsunami hazard assessment (PTHA) method is used to assess the tsunami risk caused

by earthquakes in Manila trench. Through the analysis of historical earthquake data, considering
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the randomness of magnitude, focal depth and epicenter location, a set of potential earthquake
scenarios is established. A large number of tsunami scenarios are simulated by using the
approximate method, which is based on the linear assumption of tsunami wave in deep water.
The tsunami wave at the target location is simulated by the linear superposition of the water level
disturbance of the unit point source, which can greatly reduce the computational cost of
numerous scenario simulations. Based on the statistical analysis of the time series of water level
in each scenario, combined with the probability distribution of seismic parameters, the exceeding
probability and return period of specific wave height in the target area are given. The study found
that the offshore area of Shanwei City has more risk of tsunami from Manila Trench, comparing
with other regions along the coast from Sanya City to Xiamen City.

Key words: PTHA; Manila Trench; South China Sea; exceeding probability.
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Mangagement and application of enviromenttal data of winds, waves
and currents near islands and reefs in the South China Sea

ZHANG Yan', LIU Xiao-long'?, ZHANG Xin', HAN Lu-yang'

(1.China Ship Scientific Research Center, Wuxi, 214082, China, Email: zhangyan@cssrc.com.cn;
2. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang, 524025, China,
Email: liuxl@cssrc.com.cn)

Abstract: Practical engineering application of marine structures in sea areas with islands and
reefs makes it necessary to have a profound understanding of the environmental characteristics
near the islands and reefs so that reasonable design parameters can be obtained. Measurement
devices were arranged in several areas with islands and reefs in the South China Sea for
continuous collection of environmental data of winds, waves and currents. Based on the
measured data, an environmental data bank concerning the areas in the South China Sea with
islands and reefs was established for unified management, capable of making statistical analysis
of wind, wave and current data like scattering statistics, wave spectra and ultimate values, and
providing the actual distribution characteristics of winds, waves and currents in sea areas with
islands and reefs. The data bank provides a data foundation and supportive services for the design
and implementation of marine structures near islands and reefs.

Key words: islands and reefs; the South China Sea; wind and wave data; data bank
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Numerical study on long waves trapped by a circular island
GAO Xing-yu, NIU Xiao-jing

(Department of Hydraulic Engineering, Tsinghua University, Beijing ,100084.
Email:nxj@tsinghua.edu.cn)

Abstract: Tsunami is a very destructive natural disaster. Historically, it has been observed many
times that tsunami wave energy can be trapped by islands and caused large tsunami runup. So far,
most researches on tsunami wave energy trapped by islands are analytical studies.Niu (2017)
providedan analytical solution based on the long wave equation and found that resonance modes
can be excited in some cases.In this study, the numerical model ‘Celeris’based on Boussinesq
equation is used to verify the wave resonance phenomenon and analyze the effect of the incident
wave frequency on the energy capture near the island. The numerical results show that the
relative wave height around the island does not change monotonously with the period of the
incident waveand obvious resonance characteristics occur in some frequency bands, which
validate the theoretical results of Niu (2017).

Key words: Tsunami waves; Islands; Energy capture; Boussinesgequation
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Study on breaching of landslide dam with artificial open chutes
LIU Jin, MA Fei, HAN Jian-jun, LIU Yu-xuan, WU Jian-hua

(College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing, 210098.
Email: mafei921@163.com)

Abstract: Landslides caused by earthquakes, rainstorms and other natural disasters block rivers
and form dams, posing a real threat to the economy and safety downstream. Digging artificial
open chute is one of the most important and effective engineering methods for tackling landslide
dam breaching. However, the influence of material composition on the breaching of landslide
dams is still unclear. In this paper, the Baige landslide dam on the Jinsha River was taken as a
prototype, and the physical model experiments were performed to study the breaching of
sand/stone- and earth- constructed landslide dams with artificial open chute. Results indicate that,
according to the geometric similarity criterion, the breaching of the sand/stone-constructed model
landslide dam 1is significantly faster that of the prototype dam, while the earth-constructed
landslide dam is more similar to the prototype. Therefore, it is more reasonable to use earth as the

model material in the simulation of landslide dam breaching.

Key words: Landslide dam; Artificial open chute; Material; Scale effect; Dam breaching.
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5.4.2 P EiECm

P AR R LE AN [F) 1 2 T AN I sl B2 - W1 9 Bz BEAE KRN, Pt )
3 35 W S B E AN [RLIE T Se 3 K Ik, T A BT B PR e BT i T 1. BN
G, T N T RN B N R, R B AR,
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14 o —=—Fn=0.238| | 12
/ —e— Fn=0.331 '
12} / —4— Fn=0.339] |

. . . . .
05 1.0 1.5 20 25 05 1.0 1.5 2.0 25
ML ML

(a). T R (b). i 5555
.11 e R AT 35 AT B 5

6 MRS
AR AR S 28500 Star CCMAIFJE T 3R ONRT FHAA i AR £ iz s AT BE 194
R PEI B M, 3B AT AT LA B DL R 458

(1) BEEBAHIIEIN, A BT EAS FATE S IR B 88 (5 e 38 K5 080N, AEIZ Bl
R X LA 2 K

(2) PGSR AR 3 357 RS M J30 55 FE R 0 X B SRR AL, AR X B A AR LR ML . Bl
TR AN, T G BT RO B AR B, WA K B B A N TR
Wi 7 550~ T M0 AR I S BT AR AN K

ASCHEFT T BN R AE AN [R5 i AT I (R A2 shmi L ATRE D 398 el T A P T, i
RAFEIMIRAUT PR AR . S Ja, AR — Pt SRR IR Th i S Bz 123, A
Lo WA E RHR AR s I8 s A B34 (. ASCZ 2] T TS A RAL L TR (45 -
0261140079, 0262140558).
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Numerical study on the response of nonlinear motion of tumblehome

ship in waves

ZHANG lie-jie, YAO Chao-bang, FENG Da-Kui, ZHANG Zhi-guo

(1 School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology
,Wuhan 430074, China
2 Collaborative Innovation Center for Adv anced Ship and Deep-Sea Exploration, Shanghai 200240, China
3 Hubei Key Laboratory of N aval A rchitecture and Ocean Engineering Hydrodynamics, Wuhan 430074
. Email:M201971694@ hust.edu.cn)
Abstract: The tumblehome ship has a wave piercing hull design with tumblehome sides and
transom stern, which making the variation of the water plane area and the restoring moment of
the tumblehome ship are very different from other conventional ship. In order to explore the
motion performance and added resistance characteristics of the ship in waves, based on viscous
CFD software Star CCM +, combined with overset technology and numerical wave making, the
numerical simulation of ship motion under different wavelength and height is carried out, and the
reliability of numerical simulation is verified by experimental data. By analyzing the heave and
pitch response amplitude operators of different wave heights (4// = 0.0159, 0.0191, 0.03178) and
different speeds (Fy = 0.238, 0.331, 0.397), it can be concluded that the heave and pitch

responses of the tumblehome ship are nonlinear.

Key words: ONRT, added resistance , RANS, seakeeping
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T ORI R LR RS IKACTR
K B R T 75 &
v, FiER

(FIBF K% R 22 5 TP, i 200092, Email: yinhailong@tongji.edu.cn)

BE: FALE HALER (TN) 2PN AKAER RN E TG, K E Tk k458 2
HA TN ¥ 575 AL RUEATREHE L E, A RREETRHBIAE L5
ELBBE AN T ALERFEHATEUTN. EF%H: 5 BPHE W% (BPNN) ZlliRE
WP IRZE (MRE) 4 10.6%48 1, EHME % (RNN) BEN TN Z &% &,
W E GRU # E % &, MRE % 5.25%, At RNN F4Z s 52 k44 4 % E GRU>% 2
LSTM># /= RNN, [ &t #m A\ Dropout IE Ut & & 13 Filill MRE &1 0.18~0.71%.

KR FALAE; BAHENLEL;, EA

1 515

T KALER) (R K TN S 2R ) 2R G P BE AN R I )38 AT i B AR R, MRS o A=
W I R RE AN B A A s I AR A ST LAY, FE N H K FR AR AR B s 32 S
fr, (RN R A B AT RS BN S S B0 e E . B 2R I A R i
AR FE A PR AR P
T, SEEdE RSN H AN V5 K A IS FE AT FAL 50 BT B T R — PR R A e S
AR IR S5 & Gt F 077k MWL 52 21 71 . LB EA W 3Rk F R0 ik
EEHT. SCRERENL. FELARME (RF). N THEMZ (ANN) %5, Hi ANN Hfis
BB PS5 Rt A 2 e RO A RO R A, TR AT S T K AR B T Y. bR A
HT ARIMA HERIAT BPNN O AL B M40 SEEUmIT 256 R AERT 6 Tt /K bR sk
LA K BTN, FR42 K& HE T 3% 19 RBF #1444k ORP. DO FliR /4% 8 1
A FEAE bR SEHIR K R R AR L TS, 2552 NIET BP #4455 1 JR W] K ki i 2t
AKE 5 T KIRFR & MLSS Al MLVSS 25 8 AR SEHUG AR EU el % re 2i5 K
AL AR (0 AT B T 580, RNN HE & T3 T S8 s, Fit, Aurs
K RNN FHE RNN 6T 24 517 B Z1 0 328 7K 8 R A g 52 H K 3B AR SCE 7K TN B F]
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2 RNN 5 RNN

2.1 RNN &

BPNN A8 R R BRI N ARSI, BE28 i s AR T 4 ai N, (E27ET5 K
AbFR R RE A, SRS 2 () HA 7K S T — AN B T S P gk A AR AR S i s e, R 2 —
BRI TR) )t 7K AH 9 o XA 1 N 50808 3 75 22— ol B SR O 1 DX 48 SR i e o 70 2R 1 28 I 2%
(Recurrent Neural Network, RNN) f&—3BAF M WHLIZAE A gl JLatif RNN
ML 1 Frs, E—AEAEPRES & -1 5 R0 TRER N x, ST 81t A8 #
Ja, ISR AL tanh 53R FPIRAS & Aro JEI B IR WX 2% (] 9 25 0 P () A5 3, B
BE PR B b — AN 1A RS S o AT S5 7K Ak 38 Tk AL A Foil] S ) 1) H 7K B e 2 i —
AN A B Rt KRR bR AR R DL KR PRI TR .

@) b
t t

RNN Cell = RNN Cell

® ©

IRNN H:7iti 544

2.2 RNN Bumfnpgigt i 8y

PEIR A 220 X 248 7 2 > ik B8 o (1) 32 3 ] i E T R A BB R ) R, AR AR AR B [
[ B RS Z IR R R . TRRHAPRMTESSE XIS, Hh—FuE K a0z M
#%(Long Short-Term Memory, LSTM). FHXI T-J:AliH RNN B2 RF—ARE & h,, LS
T™ #idf 7 — ARSI EC, FRGIN T T 1% (Gate) P, 18T Gate R4 HIE 5115 = Al
o BFRENE oM h, b ofEH LSTM MINFIRA &, ATLAERAE )y LSTM 194
1% Memory, Tl h 37~ LSTM i, AXTT-E:AHEE RNN >R, LSTM fEAH Me
mory FUIH 28 2 MR, FINFIH 3 AN A I(nput Gate), i [](Forget Ga
te) FI i 17 (Output Gate)Ref% il A B A5 2 B AD -
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i f i
- O > .
LSTM Cell _T r—'é r*t LSTM Cell
ALLE- N I K
é W G!D \iéﬁ)\l‘)]\ it (’ID
Fl 2LSTM FE it 45 4

A2 [T 4% (Gated Recurrent Unit, GRU), GRU & f&i4Lfi LSTM v i)
2R —, GRU ENHIRES M EMR M EEIH, SRS E L, [THEEE W
BE 24 AT (Reset Gate) M BEHT 1] (Update Gate) .

ki

gl

"
3GRU F:fli 454

2.3 Dropout =

Bt o AP 2 X A TR i A 4%, Ai4E (Optimization) F1yZ 4k (Generalization) 2 [f]H]
XPSLIZHETN o AT T TR DAPE N SR EAS BB R R, 2 ALIB I ZRir A B LE
R EIERRIFIR . YIZTFaaRT, BEERARCRIIRT, AR 1B HIR & . Sl 288
R EREYE, B LR AR R, WIBRIT4A 4 (Regularization) Y. Hinton
R il dropout 2 M4 IE AL FBOR BT IR A LR - B0 7 ke Y 25t FE PR HLE 77
P Te S O, MBS SR RE, T FRIRIE A IR . A FUX 2 Fh RNN Z5H 255 N
7 dropout 2 LLBAR I LA B G, $& m A Y T .
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3 TRt

3.1 B SKIRE S\ i T =B

A A VLR ARG KAR ) 2019 I THER . 1% H TG EEAELA R 18 5
e o 1F 7K 43 A I 3dE N5 7K A BRA SRR G o He R 8 5 ¢ IR AR T 2R B AAO AW IR i,
10 73t EARTEAMR RS EAEY ONIL . 48 HKIEPr AR, Fa s B K TS 4
HEBARHED (GB18918)H ) —Z A FrfE. Hi TN H/KIIMESE —% A drvfEr S H/KAHEE
AT, AR KIRIE R 54.87%, TN iAFRAHEAT & BRI E R s, ARHE I8 /K &
BAE AL TR i A% i

7 12019 £ KIEIRHE
gE| COoD BOD5 SS TN NH3N TP
— 2% A bR 50 10 10 15 5(8) 0.5
2019 FF KA 16.84 2.40 4.60 8.23 0.40 0.13

ZgK] K H S8R KK E . KR B, 3K COoD. /K BODs. i
7K SS. #E/K NH3-N. #7/K TP. #/K TN, tH7K COD. Hi7K BODs. Hi7K SS. Hi7K NH3-N,
H7K TP AT /K TN 223844 15 W48 8 2019 SE424F 365 4617 sL B v 5, o0 Bl HEAT I 25
IGAE AR B 7K TN R FR 2 51 5 H K TN A S 204 & B0, e gk 7K i BODs
MM S HK TN FHCMEE ZE, MRMEREAE 0.1, TR2KIX =IEmalkk. HEER
H7KSZ ) 2 J LR K E2 M, B2 R AR LRI B 11 TUEARE A4 I 48 (N AL &,
R — A H 7K BB R S — A Sx 11 1 J7 SR

22 BHEBURRTES WK TN B

AR B4R 5 HIK TN A AR B4R 55 7K TN AR
W -0.14 Hi7k COD 0.25
7K COD 0.18 Hi7K BODS 0.04
#/K BODS 0.02 Hi7K SS 0.11
K SS 0.15 HKE R 0.18
HKAR 0.40 Hi7K TP 0.22
K TP 0.22 BRI E 0.15
HEK TN 0.41 FEr -0.00

3.2 iR AL IR
IS, T KRR RE KR B ) SR A B B — ERFAE B TR IR LR TR AL A
], & TR b 1 A Y6 22 350K, #E7K COD ¥ME ik 343.8, H/KE AR A 0.40. UL,
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THERIREE R , BUEVE BIRHR IR 2R 2 AE M, PRI R EEXRE A B 25 AT T 2,
A B R K BUE X 18] .
R 3 RBMAT BRI

#ok #E oKk #bk 3 oK #EE K oK HUK K oK kK
COD SS A TP TN CoD  SS A TP B

fem

oH R

FH{E 16.02  343.80  142.70  32.77  4.21 4481 16.84 4.60 040 0.13 213

8
PRz 111 9436  44.71 6.06  0.86 730 426 092 0.28 0.04 6.13
/ME 1075 95.6 46 11.8 1.15 21.2 9 2 0.0753  0.024 0
wAE 18.56 722 401 64.3 7.37 759 312 8 1.98 0.293 309

R FAFRE I — AR B — 4R 58— R RO IIME N 0, J7 2200 1 INIEHE 724 . B N
MR TR AERE x, BAVET R ERBEN T % SRS AR IR 25 4
{8, JRAELARAERS, 152 AL E .

1 N
o=y x® (1)
n=1
N
2 1 n) 2
0 =2 ) (™ gy @)
n=1
m _
s = X a (3)
o

3. 3 MEELEMZIT RESHINE
BPNN [ NFBARA 6 TR ALK SR R, TiE DA TS 8 Tifahr. MIKZLEHIRA 8
GRNE) 32 (BEZE D 32 (BEE 2 -1 a2 HIMK STl gaE— 2t
12K H RMSprop, EAAE I E R 100 £, HF—ZHE0ERECR H Relub KA, KK
BON P45~ Z (MAE, MeanSquaredError). YIZREE 240 2%, WAEEHE 60 2%, Wit
g 50 %%
Moalyl = il
1T (4)
Wil RNN M5tk (5x11 GRNERRE -32 (BREE) -1 Gtz BIm
ik, WZ LSTM MZE AR (5x11 CRIANZEHERE -32 (BEE D -32 (REE2) -1
R 2D Mg . 2R 5 RTEILE S5O TR . IIGREE 240 2%, WAEEERE 60
2k, MAEAE 60 2% .

MAE =
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R 4 HEMBLERRSRIRE
WA 2% £ 4 b CRToEEd fefeas HREE IRRIEEE AN
BPNN 8-32-32-1 Relu6 RMSprop MAE 4: 1 100
RNN 5*%11-32-1 Sigmoid RMSprop MAE 4: 1 100
LSTM 5*%11-32-1 Sigmoid RMSprop MAE 4: 1 200
GRU 5%11-32-1 Sigmoid RMSprop MAE 4: 1 200
2-GRU 5%11-32-32-1 Sigmoid RMSprop MAE 4: 1 400

4 Hi7K TN

K F 35 45 % 1% 2 (MAE, MeanAbsoluteError ) 1 °F 35 41 %J i% 2 ( MRE,
MeanRelativeError) JIFA IS B AN [6] (0 00 4% 435 1 (R A0 HE /K 485 SR o DRA A R AT i 4
HSeny, SR AR E IR A0 SRS B X A A 25 57, FTDASE R 2B MAE Al
MRE ¥R 1545 A8 I 2 P06 S 56 (1 3518

LG = v) /vl

MRE = m x 100% (4)

4.1 BPNN FUlI&5 8

T BPNN HIl Gt fE s, THEIIGRERIGIEE IR R B R, TUES, b
F IR UEIE N, I GRANIEAE 3 ZE SR 1, I0F4E 5 I ZREE I MAE 35 2 IUEHK /K
P2 S R R A I & . AR A X R 25 10.60% .

' === Train Error
251 H Val Error
]
i
I
] 14 4
2041
— ! °
by ! 12 A
v 1
z 1
g i
=154 @ 10 4 L]
8 ! g
& ! E
g ! g 8 c
o Q .
;’-; 104 1 g ° Po o
i ! T 61 ®
i | g
= H o
I 4_
544
)
L 21
'»
04 TTTTTEEEEEEEEEEEEEEEEEES 0 T T T T T
T T T T T T 0.0 2.5 5.0 7.5 10.0 125 15.0
0 20 40 60 80 100

Epoch True Values [TNe]

B 4 I ZRAE RN 0 IE S (K453 2% bR 40 MAE /8 Hh T A8 5 32 S s
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4. 2RNN K 24i# RNN g9FUN L5 R

o3k 2 Tl RNN [ 0 28 45 R fian N\ 77 50 B EAT Y11 25, %5 300~350d 1 HH 7K 5080 14 AT F0
ZER WL S, FET BPNN f MRE KT 10%, F:T RNN 257 R0 25 45 1) T Hi 7K TN [
MRE #&T 10%. RNN H1, Fil2h 54055 HiF 2 24K %08 2 J&2 GRU>GRU>LSTM>RNN.
- HAE S PR R 5] N dropout .G H N 25372 A6 B8 1 B4 T dropout HIT 4% .

® 5 MEMERBI TSGR
MRE (%) MAE (mg/L) 5 BPNN AL FE# T (%)

BPNN 10.60 0.887 /

RNN 8.92 0.747 15.85
RNN-dropout- 8.21 0.687 22.54
LSTM 7.71 0.645 27.28
LSTM-dropout 7.32 0.613 30.94
GRU 6.37 0.533 39.90
GRU-dropout 5.80 0.485 45.31
2-GRU 5.25 0.440 50.44
2-GRU-dropout 5.07 0.424 52.20

5 4518

BT 5 KA SRR ) 6 Tk HKFRbR. KE MR SRR, B HUN K TN (4
2 AR

(1) f§1/H BPNN 25 45 #) (A5 B0 7R A b 0 TR0 AE X 1R 228 10.60%. TR B 458
=] o

(2) f#1 ] RNN P28 5544 BB AL 7R AR b B Tl iR ZE7E 5.18%~8.92%, AU HH i £
&k N 2-GRU, GRU, LSTM, RNN. #H%fF BPNN Tl #E T2 15%~50%.

(3) f#iH dropout HLyCHF P48 IEMIAL, PR BY S 0 A I 5 mT LA R0 e B 2 T kS
o Bl 2 R R B 2, R E AR T 851k

i RNN X5 KA EE | (1) A= b B FR AT RS ABL TNt 7KK A A 38T f s i S 7K
FROE « H KGR b T AR S 3 85 5 5 T LA — 58 W SE PR R . FETRIASE AL J, K
JRAREREN 2 HARLAL, X A S i SO 5 KA B )RR LA T REFEFE. TE N
SERRAL AR . R, RNN A S g th R, 5T 5 AR B5 /K438 s
T R AL RN ALEE . Wk S E % R & AR B N FEBR 2R, kSR TR B 4t
B S HLEAA [B] N EBR R, RBVELTIN S, RS HMR TR, B KRR EEHEIKS)
FARTE 15 7K A2 T T () L RO
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Prediction method of effluent TN in wastewater treatment plants
based on improved Recurrent neural network

LIAN Qing, YIN Hai-long

(College of Environmental Science and Engineering, Tongji University, Shanghai, 200092.
Email: yinhailong@tongji.edu.cn)

Abstract: Total nitrogen in effluent is the important indicators for evaluating the performance of
wastewater treatment plants. Accurate prediction of short-term effluent TN in the future can
provide data support for the optimal operation of wastewater treatment plant. In this paper, the
data mining technology based on improved recurrent neural network is proposed to simulate and
predict the effect of wastewater treatment. The results show that the analog prediction accuracy
of the Recurrent neural network (RNN) is higher, the double-layer GRU accuracy is the highest,
the MRE is 5.25%, compared with the Mean relative error (MRE) of BPNN by the test data is
10.6%. The accuracy of other RNN is single-layer GRU > single-layer LSTM > single-layer
RNN. Adding the Dropout regular layer will reduce the prediction MRE by 0.18 to 0.71%.

Key words: Wastewater treatment; RNN; TN
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4

el

7B PRBUR %o 3t 7= i) 2 B BB AR TR 52

kA, Hf, TR, HEH, TEHE

CRIEB T R2E WAL TREE K E A=, KiE, 116024, Email: maxzh@dlut.edu.cn)

BT KB 7 & T Boussinesq 77 42 B FUNWAVE-TVD # & #8477 46 B DA% /& M0 B i
RN, ARAGEER CHRBEHRTRIE. RAZERAARRTHERDI THEA R
B RL, SR KA, ERHNABRDNHERF LT UFLBEARTYN IELTHH
AAE B HE

XK. BiEIR%; HE; Boussinesq 7 A2; ATEEH

1 5

illl3

WEVBIRG vl HH 2 PR IR RO, Qg . HIFE . (R SRS W R vl e
ST D E R RR R R Rip RGN, MU T LS| & R B K AR Sl
WG . SR, B RETHEE AR R T R 51 Rk 43 KSRGS, dnii v R R, e
HORE 51 R PSSR v AR5 2 RE BT AL .

— MRS, WA T 225 B R s, AR AR 2D B85 RS HE Y K AT Hh
FE I R o R 25 FE B M R R I R A RE 0.1~10's, T 1 AAE FE B a5 =
e, BT HHGESIRMESIRGYLIIE A I, B 708 IR 1 RE ) e
I, BEA ) TR E AR R S .

WS TR LB ENIA, IR At RSN NN /KIARIZ 3 v LS A SR AL . VAE
R A TR C =R ) N R S S = 1 NN K= 239 o 2 T L7 g R I < 152 M 2 ) NV B A
R I T e R e R %, s & ARg MK 5 FEPIA Boussinesq 5 F2P 4. 4R
MM, X775 FE B A 1 52 B3R KA E I BR ], 2 (m) R il RUBE 5 /KPR AR RS 2 L /N T
1/10, XAEEAFFE SR LIREN . FIEM2&, O ME ARSI R EAEAE N
ACPRHMIER B, PRI TR E 51 R A KR RGN S, X 4 2 A B
S1i (V8

FERFEE AN T ARSI rh 45 372 {6 ] FUNWAVE-TVD #EAU BT 55ttt . 44k
ZEVEIY Boussinesq J7RETF R IO, W DUBLIL B IRAT S . Seat . Rt BIRARGMEAR AR
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SRR R . ARFFUK FUNWAVE-TVD #HT T ¥k, 81 7EZ) & 77 FEus b i ]
AL IPRITOR T FEHBRR AN o %40 A5 3 7 B SC I 85 R I RiE . B, R T
R B DIFERE A N RIENS GOT AR 51 K A KPR AIR 5 RO 7

2 FEARR AN AL

EHEERT, LIRS KA. N T BREL R AR, AT AL R R
[ 5 7E S P b, BT AR S Ry AR RS BN R RS2 . SN T IR N
T 1Y) FUNWAVE-TVD #5# 7 F2 00 F

77,+V'[H(ua+l_12)]=0 ()

u,, +(u, - Vju, +(g-a)Vp+V, +V,+V,-a"=0 )

H VKRR T, H = h + n2E0KEE (RIEKE N EBRSHEm&EED ), a,
fla’ = (ax, ay)%zliﬁﬁﬁiﬁﬂﬂﬁﬁi&%@ﬁlﬁ‘]‘fﬁﬁﬂﬂﬁﬁ, g RHEITINIESE, Thrt &

AR EG u, . W, Vo VAV, BAARREAILS]. s A RABIERHEL K(Q2)
M5 RS EE R
MM 1 2 ,
V +V. {T} V[E(‘g - az)(n + ZhU)} =7, (V -1,

+H(u, w0, +u,-Vu, - V=V, -V +a)+(g—a)nVh

a 2

3)

HbM = H(u, +1,), V=~H(u, + V), VRV BEKELS]

B TT ()M BN & TTFE3) K A BRARBNE S8, M ICR A PR Z 0. RH
V9K MUSCL-TVD JiiEsf U E @ . KA B A2 e 1 = Runge-Kutta 7775 1EAT I
B fERF Runge-Kutta #BH, I AT UIE N (A AR 7 L4245 21, 1ok B ad i SR i —
XA FETS 2. SR AT Courant-Friedrichs-Lewy (CFL)7H I (1] 5 i& S [A] 20 K 7 % .

K FH SCHR[6] 14 B AR R S 56 235 SO SO A5 B 3R A7 B00IE S50 AT J5 LI 1, /KA1 0.57m.
KUR 0.15m. ARYE AT AR, T UF SRR SR — B A IESE o= 6.058 rad/s. 2 5L 50
B, KK RZARZAAM KBS . B3 73308 0.583 wo (case 1) 1 1.0 @ (case 2),
Stk 7 AR AR AN IR S5 1 o KA T 32 0039 3 R 23 3R 0.0624 m/s” Ccase 1) A1 0.175 m/s” (case
2,

case 1 HI45 UK 2(a)~(c)Fr, W WHUE M S5 S0 45 RV & B S I
HII G2 BT R AR 5 K AR ARE IR A 0T 7 A 1 o CEPRIE RIS I, BUE MR
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R & SR IR A5 R, IX AT RERE T RE I 59 CL BUE R ) S 2T . case 2 USRI 2 (d)~(D),
A B AR S s 4 2 T SR G RIS . PiIS S 2B 1 aRARZ M, P IEARBE
PARARM . P PG K, FEAE 0.16m I, BE RO A E T 20T E i e L.
1 Ca 1
1# 24 3

[N

0.02 0.027

0.285

\
030

—— 0.15 —

0.57
~— KHHiz3)

BT SCHR[O] R0 B AR 2R S8 A7 =)

@ —BdER - LRE 0@ 1 —BdE o RBEE Py
EO- \¢ ;“EL P S ~ S S0 N g o
= = o
-1+ -10 4
_idoy2n ' ' ' _10d(e)2#
g, 5
= =
-14 -
1) 3# -
g
: S
=

10 15 20 0 1 2 3 4 5 6
Time (s) Time (s)

K2 ISAEH ] case 45 . (a)~(c):case 1; (d)~(f):case 2
3 HBFEAEF T HE R M BT AL

DUEFLEE W (R IRAR T A 5 LI 3. TR/ (3.76x3.84)  km?, IS K/ dr =
dy = 4.0 mo HJE @ AR DT M DX I ) S /K PR BN o 7 B R 12 /KRR T 19m [
Xk, KIRGE—HN 19m. KT 8GR BIRIETH R A A s 3, FETHEIRDY B 1 B 40
2 (E 3 B X R) . A 3 MUAER S 4N Gl - G3.

AT R AT x 7 1 AT 5228 A, i B IRIR B 0.6 mys®, Xt B HEFTHE s
X35 975 4E— B A E IR AT . IS BN Ssy 3s. 1s, XHRIEIN case A, case
B, case C. T ERTK N 5000s, FHHHT 30 s JyHLREAE H RS TE .

-2213 -



F =t WA EUKE R 2R R

B3 R B T HIEOR B A

EHUEAER T, G1~G3 HUEE s Gd sk R4 e 4 froas. 7TUUEH, Gl &k
IR TH —FFUE A M IR G I A, 1 G2 AbIIBE K2 25s e A IR, X ZFINTE x
T AR 5 G2 A FTAE AL EE AT, IRt G2 4 Al v M At B 7= A AR SR
G3 AP TEENAX G1~G2 KU ARF TS, X2 F s SN BB T E SR R B v
SR IR 4 2 BTN . TR PN AR R IR TS B — AR 2 A R AEHE Y, B S A i
O et RS Re R . R A R TS S B RIZ . BREA

R T ARBAAE S, 1000~5000s #9911 H LLZEAT (8 Lt AR R AR IR 1S (&l 5). A
DLEH, s iE—RINE L, KRR ORISR . 55 R R 1
AAE LT3R 1o X80 ] 15 OR8] T Sl B Rk 2 At i DU 84 35 (1) AR JA A —
B, VLB T ARSI R AT DAAR G AL I EFE B S (0 A AE JE BRI

BB 25 RN, R IR 1 = UG A SR BRI ) R i o R P 1 BE T DA A
BRRIE PN BT b E I PRI R AN AR B, U BE P2 B PR M 2 B A 1 7 S A 38 K
WK, BRI A BRI B T B B .t BB R R O, A S A B P K
WIZB IR R % .

BT RIRZEAR, FRAT A B A BA A B B FE B, AR A R N B A 7
Ji% ETRMARMEZEE) . X R EHs A KRTEZ SR BRSNS, KBS R ES
R T ARG s, X 2EHEE LE KSR KBIRIZ SR . N RIAMZEsIN A
TR BAFEAEE T U B E 70, HE I IRIE 3 B s AR B S RV ASAE i AR T, 1R

-2214 -



F =t WA EUKE R 2R R

W RE R DU R RN FL B IE B R .

@ GI G3 G3
0.4
g 0.0 LA, S AL
= _o.aJlll{l:
0.8 g ey -
0 50 100 150 200 250 300 350 400

o NANINRYAN )

350 400
-0.15+ — : : : . . .
0 50 100 150 200 250 300 350 400

Time (s)

K4 G1~G3 HEM & SOE R I (B FE51: (a)case A, (b)case B, (c)case Co M _EFITN, HufZ il i
WIS 5. 3s 1 1s.

@ Gl e G2 b
0.06 ®) 0.03
MIM2 M3
_004{ | : . 0024
E Lo : )
E <
0024 | 0.01
0.00 ek : J\ ‘ 0.00 17
0.00 001  0.02 0.00

K5 G1~G3itkMIRIERE: (a)case A, (b)case B, (c)case C. HEILSIFIEWM LRI N 5. 3s Fl 1s

-2215 -



F =t WA EUKE R 2R R

® 1 HREEXMEARG T

P2 M1 M2 M3 M4 M5 M6
FE (s) 1333 190 71.4 35.7 24.1 18.3

EE

1 EiX, @R, £, Bei, EEE. SR TSGR, 1. §FER, 2017: 1-13.

2 Ardakani, H.A. and Bridges, T.J., 2011. Shallow-water sloshing in vessels undergoing prescribed rigid-body
motion in three dimensions. J. Journal of Fluid Mechanics, 667: 474-519.

3 Antuono, M., Bouscasse, B., Colagrossi, A. and Lugni, C., 2012. Two-dimensional modal method for
shallow-water sloshing in rectangular basins. J. Journal of Fluid Mechanics, 700: 419-440.

4 Su, Y. and Liu, Z.Y., 2016. Numerical model of sloshing in rectangular tank based on Boussinesq-type
equations. J. Ocean Engineering, 121: 166-173.

5 Shi, F.,, Kirby, J. T., Tehranirad, B., etc. FUNWAVE-TVD Fully Nonlinear Boussinesq Wave Model with TVD
Solver Documentation and User's Manual (Version 3.0). R. No. CACR-11-03, University of Delaware, 2016.

6 Liu, D. and Lin, P., 2008. A numerical study of three-dimensional liquid sloshing in tanks. J. Journal of
Computational Physics, 227(8): 3921-3939.

7 Gamage, P. and Venkatesan, S., 2019. Evaluation of seismic hazard in low to moderate seismic regions, Sri
Lanka—a case study. J. Journal of Seismology, 23(3): 579-611.

8 Dong, G, Zheng, Z., Ma, X. and Huang, X., 2020b. Characteristics of low-frequency oscillations in the

Hambantota Port during the southwest monsoon. J. Ocean Engineering, 208: 107408.

Numerical study of seismic response of wave motion within a harbor
ZHENG Zhen-jun, MA Xiao-zhou, DONG Yu-jing, MA Yu-xiang, DONG Guo-hai

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, 116024.

Email: maxzh@dlut.edu.cn)

Abstract: The Boussinesq-type wave model, FUNWAVE-TVD, is extended to include seismic
effects. This extension is validated against experimental data. Subsequently, this model is used to
study the seismic-induced harbor oscillations. Results show that natural modes of a harbor with
periods of roughly 100-1000 s can be triggered by seismic excitations with periods of only 1-5 s.
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