IR NRS TR

MARINE GEOLOGY & QUATERNARY GEOLOGY

T 17K 3l 1 R B H N A T S B B W L

TRMG, HEE, AL, EFMIE, KRR, ALK 3 K

Hydrodynamic characteristics of Longkou Bay and its response to artificial island groups
FEI Chengpeng, HU Rijun, LUO Minyi, JIANG Shenghui, ZHANG Xiaodong, ZHU Longhai, and LIU Bo

TEZR L View online: https://doi.org/10.16562/j.cnki.0256-1492.2021021301

LT RERGBR A HAN S R

Articles you may be interested in

a3 — ORI 5 i R A BEASEAE, . R PR E T BT Ay 4]
Numerical modeling of the coupling between strike—slip faulting and sedimentation: A case from the Yangjiang Sag of northern South

China Sea
T S5 DU 20 . 2021, 41(5): 139

R T PSR R 2 ORI D b 1B AR B A R
Characteristics and controlling factors of suspended sediment transportation in summer spring tide in Funing Bay

TR LTS 2R PO 20 . 2021, 41(6): 53
HEMIERZVURYE SR I ATRE . 15940 5 R B

Spatial distribution of heavy metals in the surface sediments of Laizhou Bay and their sources and pollution assessment

T S 2R U2 ML . 2021, 41(6): 67
PP 2R AR PSPt S VR ISR R IIE A LU R S HLIE 13 1 L

Characteristics and genetic dynamics of mud diapirs and mud volcanoes on the western slope of Okinawa Trough schematic

geographic map of studied area mud diapirs with different morphology in multi—channel seismic section

T T AR DU 20 M . 2021, 41(6): 91

A T P R DRI == A AR A U0 1 B HORE AT Sl g 1

Changes of evolution models of China's large river deltas since Holocene and their responses to anthropogenic activities
TRETE LTS 2R D020 . 2021, 41(5): 77

VL BT WG 55 DU 2 TR DAL JBE 5 R A AR E S PRI R

Characteristics of grain size and magnetic susceptibility of the Late Quaternary sediments from core 07SR01 in the middle Jiangsu

coast and their paleoenvironmental significances

TETEHL T 555 U4 H . 2021, 41(5): 210

SHERAE AT, PR



ISSN 0256-1492 W PR 55 U4 R 94285 5 1
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.42, No.1

PG, 59 H A, MBS, AE. e 10 K Bl g AREAE B X T R A A e 7 [, T LT B DU 48 B B, 2022, 42(1): 81-95.
FEI Chengpeng, HU Rijun, LUO Minyi, et al. Hydrodynamic characteristics of Longkou Bay and its response to artificial island groups[J].
Marine Geology & Quaternary Geology, 2022, 42(1): 81-95.

o AE KN FFHIE R E X A T B 852 1% B Ml iz

TR MG, B 2 MO0, T, KRR, K AEE, x|
1. v 2 KAV PR S R 22 B, 15 266100

2. P SRR SR BE AR B EHE LR E, H15 266100

3.9 SR AR X [ AR PR IR R, T 5 266200

T A T A 0 B AW U 3k 0 K 3 Fo A+, AU Mike2l SR AERBEIN T AT & A6 0939 R (A AR L F
FERINFAE, RITTALGHERNA BRI AFREN 0, EREAVALLEREEZRETAOERAGHFIERK
RIBFHER, BRNZIALHHMEE, RikERE D, AFERNARENH XN TELAT AREA, A ELEK, 2AH R
S B TRABAENFHHFERAREXALFAAREK, MABHIBXALANRERE, TALLER
R, AL BB MR RIR GG RA SRS ERB A, BB BIERRRNL T BRI EERGER, £RAME
AFHALLHAFRKENREZTNAR, ATHAERXABE LB T AT EBOR, FHELAN TR IR, KX FEZILHH
Fo du B0 B K AT By A AR N R KGER D AR, A T B R K AR RER Y AR IR ETNGEERE, AL
BAEAEFHEATENGNA RR AT AR KT BRF R AFIERG, I RETE KRG HEHETAHRLAR L,
KB AL KBV A AT BB B

FE 535S P736 RKARIRAD: A DOI: 10.16562/j.cnki.0256-1492.2021021301

Hydrodynamic characteristics of Longkou Bay and its response to artificial island groups

FEI Chengpeng', HU Rijun'?, LUO Minyi’, JIANG Shenghui'?, ZHANG Xiaodong'’, ZHU Longhai'’, LIU Bo'
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Abstract: With the hydrological data from Longkou Bay and adjacent waters, hydrodynamic patterns of current, wave, tidal prism and water
exchange rate before and after the construction of artificial island groups are simulated using the numerical model Mike21. On this basis, the
impact of the construction of artificial islands onto the hydrodynamic environment of Longkou Bay is discussed. The results show that the
construction of artificial islands has significantly changed the characteristics of current field in Longkou Bay in addition to water movement
path. Flow velocity within the bay is generally reduced due to the obstruction of artificial islands, and the local tidal current movement has
changed from the reciprocating flow to a rotating flow. The flow direction also changed greatly, and the residual flow forms multiple vortices.
As the local regional velocity increases, the residual flow velocity also increased outside the bay due to the rippling effect of dike heads, which
result in the increase in tidal current. There is no obvious change in the form of flow movement. Due to the masking effect of the artificial
islands, the significant wave height at the artificial islands and their surrounding areas generally decreases. In Longkou Bay, the maximum tidal
range decreases in the north and increases in the south, and the change of tidal range is most obvious due to backwater. The construction of
artificial islands has directly occupied the area of Longkou Bay, resulting in the decrease of tidal capacity, the increase of water exchange rate in
the south and north, and the decrease of water channel in the north and in the area inside the artificial islands. The change of hydrodynamic
environment caused by artificial islands is the main reason to the change in water exchange rate. The construction of artificial islands has
weakened the hydrodynamic characteristics such as tidal current, wave, tidal capacity and water exchange of Longkou Bay, which is
fundamental to the change of hydrodynamic conditions in the bay.

Key words: numerical simulation; hydrodynamics; artificial islands; Longkou bay
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Table 1 Tidal prism before and after construction of artificial island

i BTN F/m’ WG /m’ A E/m? A%
PN 1.3620x10° 1.1749x10® —1.8710x107 -13.74
/NI 9.1227x107 7.8660%107 —1.2567x107 -13.78

FHy 1.1371x10° 9.8075%10’ -1.5635x107 —-13.75




88 TR T 35T 15 58 0 44 5T 2022 4F 2 A
— |
37° 37°
40 + 40 +
N N
Je A ARk
37° 37°
35 [ @By 35 [ @dwE
LHFE/ % L/ %
[ [
1 80~90 1 80~90
L1 70~80 1 70~80
1 60~70 ] 60~70
B 50~60 B 5060
37° . 40-50 370 B 40~50
30’ Il 30-40 30’ P 30-40
Bl 20-30 Bl 20-30
1020 Bl 1020
5 -0 5 -0
M o5 o5
- a 1 1 1 1 - =0 1 1 1 1
120°00'E 120°05" 120°10" 120°15" 120°20" 120°00'E 120°05" 120°10" 120°15’ 120°20"
B9 AT REWHE 30d /KT K
Fig.9 30 days water exchange rate before and after construction of artificial island
4 e (C B I) F T T 85 37 8 £ D A PR 1 T —

41 NI BHEEXEHRHH N

(1)L it 1] 224k

N T S0y B4 S 8 5 A 3 O 1) ) 2 ),
A SCHR N T By 2 BT A AR S AT T B I
A AL W] A DR AT T R RO (BT 10, 1) .
AN T By i, ARk S 2N TR v R (A
DX 3 ) 3 16 TR i e, N T 8 R0 DX (B X 3
P ISR B T 3l A8 Gt P VS5, 0 O O 17 7 Ik
AR g SR, R T B O A, N T

AT BT A B, N R 0 (D X)) 0 U
1] 390 FF 1A 2 (181 10) o 7 7 ik 20 T 5 e B
CA DX i fia) WSTESS 1 2, T 85 AR (B X80
fi B A b 30 I e, N PN (C X0 AT
5 w0 (D DX ) 3 1 308 B - e (T 1)

(2) 1 it 1 A2 1k

AR 3 531 B MY TR A U S R A0
Z0 RV I 20 (4 O S BEAT TR L (R 12) .
M IS LA, e 0N TR EBEHT IS, WS XA T
WHRHE R A T8O W B AL, JEHREAN T
BF T X 3 A Al B O B I, HAR R B N 7

370 b
40" |-

37°L
35

)

~
o

T

0 2.5 b5km

Tk

— BBEMIRRA
A gkpE

120°00'E 41'2'0‘;05' 120°10 120°15'

120°20"

B10 AT 8 R e I ik 2 I 0 o BT ORI

Fig.10

Current direction during flood of tide before and after construction of artificial island (spring tide)



W LR SR

BN, 55 e 111 K 3 0 R B R AT I A A AL 114 o i 89

37°L°
40" |/
N
37000
35[0
37? [ — AR
30 — B
5 A R
7 0 2.5 5km
s i FEDAL . ) )
120°00'E 120°05" 120°10’ 120°15" 120°20’
K11 AR %5 % 2 Z0n mxd Le i O D
Fig.11 Current direction during ebb of tide before and after construction of artificial island (spring tide)
37° 37°
40" 40" +
N N
37°L 37°L
35 34
TR/ (ls) kAN (mls)
| | >0.40 | | >0.40
B 0.32~040 Bl 0.32~0.40
Bl 024~032 B 0.24~0.32
37° 0 0.16~024 37°1550 0.16~024
30 0.08~0.16 30" | 0.08~0.16
0 ~0.08 0 ~0.08
-0.08~ 0 0.08~ 0
;-0.16»-0.08 ; g.;‘(r—g.(l!ﬁ ® 25 &m 3:
- 0.24~ - 0.16| - .24~ - 0. -
. <024 DT e 1 | RN - <024 JAEE T AR
120°00'E 120°05’ 120°10" 120°15" 120°20" 120°00'E 120°05’ 120°10’ 120°15" 120°20"

P12 N8 g AT ok S R V8 B R T L ] R
Fig.12 Current velocity during flood and ebb of tide before and after construction of artificial island (spring tide)

ST 7 I B A DX 3 ER T B AR ) R R, R K
T AR L i 0.4 m/s, A2 LR 1] IK 60%, ik 2T )
L AR AW AH LU VR 2 2 AR A R, B B B I A
T, AR AR N o 2 g Y AE T Mike21 B
X BT JE ) R A Sk o DX s KRG Sk TR EAT T OB
98, 45 HE R TRE 5 B U 5 OO B | VR AR 2
PRI 19 55 W Sy 8 I 23 A8 K, N T B 1 A A
P47 43 DX S8l S A I 0 O 2, SO0 I I I O
AN, FEN TS AR, I B Ak /)N, Bk i 20N
Bl K Z 4 0.08~0.16 m/s(ZE LK 30%~ 70%) , /0>
X U T 0.16 m/s; V& ST 209 AR AR, itk
I /N 3 0.16 m/s( A8 Ak 2 24 70%) 1 X3 K i 3

s 8N T8 P K GE DL B N T8 e 3 Xk, 3t
A N =N A R 5o £ O R A N
& 14 0.08~0.16 m/s( A2 1L 3 30%~70%) , 7F 1]
1R — /NS 4 DXl g 3 9/ R 3 0.16 m/s ]
PRV 11 Rk ST =5 B v N Wt | o 1 Ivie R R
H K HE 7= AR R DA B N T 5 v A & A e B
ZF

)R

F T AT N T B e VS 4 3 S
AR S BTV AL SO 45 R v — A e B KN R
(15 %) W9 3 U ) 11550 17 N T 5 BT 5 i 5 X
MR (B 13), IR AT 1T 22X (T 14) o A



2022 4 2 A

: NS
N\ ARy,
0 IAM‘J///I\‘

120°00'E 120°05" 120°10" 120°15 120°20’

13 N LB 2B e R TR

Fig.13 Residual current characteristics before and after the construction of artificial island

90 TR T 35T 15 58 0 44 5T
37°
40" 1
N
37°| SliiIIzooiion
35’ R
iNgY W
37°F
30 0.2m/s
-
, 0 25 Skm
g T ARH L .
120°00'E 120°05' 120°10 120°15' 120°20'
37°
40" |
N
37°L
35
AL/ (m/s)
| >0.40
Bl 030-040
B 020~030
37° L 0.10~0.20
30’ 0.05~0.10
0.03~0.05
0 ~0.03
‘-o.os~ 0
[5- 0.05~ - 0.03 A
> 0.05 AR ) )
120°00'E 120°05" 120°10 120°15' 120°20"

Bl 14 N B 8 Bl 5 AR VR X LE
Fig.14 Comparison of residual flow velocity before and after the

construction of artificial island

T8 ST, R 11V T AR I i 28 £ B ST DX A AR U
T )R A A, 3 7 0.05 m/s 2 AT, FEUE
S 5 G A6 A 0P 0 53 590 8 B — A GBS i i A
T IRF T S 0.05~0.15 my/s, i i P Al 77
TE— AN A T 3 i, HL I A 0.05 m/s 22T TS AT
T A A, AN e D PR A S 4 R
P S, — S0 PR B I BT S AE R S AR
Iy — SRR 38 B A T 11V R A A

AT S#EE, AR AR LA B A2k,
BN AR R B, BB N T8 vE
TV I — A~ 396 B 4t G 2 %) BT e 109, L A A A, B OR
JE R 0.03~0.4 m/s, N\ T 5L 4 i Bk 14y R

P 52, — SO0 IR B Az RS A UT 3 B BRI HE O 11,
TH RN T BRI, 55— S s 32 e A
T 7 e SR A AL AL A R, AT P e
DX Il Y0 R O L g DY R 7 1) B, R A T A
BRI/ o

42 AT BEiEXERIZHIZME

TRE B TR 37 0 43 A AR 5 KR | B IR XU XL
B R B YN G, 7E R 4ok | IR O | K
DA B 5 T I TR TR A% R ok AR v 2 R A — s T
U BRI A IR L G 0, AR SR T G b Ay B A
T8 T IR 7 i s, N T AT e 1
AR T 2 EXT (B 15), 78 SW ] 6 2 XUAE
L T S O =1 N e L R AR R e A AR e o
B TR N T B A0 ER S K E X A, Ko AT
DAL S DX 35 00 v AR A ek B A, N T B X X3k
F14) 45 WA FH 305, 5 B30 200K = 78 BE B N, A
R T VNS B 0.3~ 1.2 m(Z8 4K 24%~96% ) ;
N T AU ER M N T 5 (Ve /N, 2% X 38
R =N, JENE LR 0.15~0.6 m(ZE 3K 12%~
48%) . TEN [0 6 HWAEH T, AN R0 = ok & A
B0 AR fE, VS AR AL R B e N T8 K N T
5 PG R N X3, N T A IRVE S BOZ K8 A
R fe R G N T B2 1A T R AR/, R N T B B
BRANA B /N AT K 1.2 m, ZRAE RT3 96%.

PRI A REW, B0 AN TR @RESHT
T2 B0 3 DX S8 ) TR TR A 0B e AR YR/ )N, HL R e 91
FEERTENT SN, BRCT SE 545 R bR
Y T 5 it T ) 9 e 72 AN B A T AR DX B



iy

) 42 4 5 1 PG, A5 e 1V 7K Bl ) FRAE B R N B T 1A 1 T g 91
370 370 U
40" 40" N
N N N
% o
R yARF:]
37°L 37°
35’ 35
AR /m R A /m
L] -015~ 0 -0.15~ 0
T ] -030~-0.15 -030~-0.15 H DL
370 [ -045~-030 370 | -045~-030
30" [ - 0.60~-0.45 30 [ - 060~-045
Bl -0.75~-0.60 Bl -0.75~-0.60
= - 0.90~-0.75 = ?8?3;(5)
- 1.05~- 0.90 - 1.05~-0.
B - 120--1.05 B - 120-- 105 - @25 gwo
] $-120 T ARE ) X - <-1.20 [ Fikm ) )
120°00'E 120°05" 120°10 120°15 120°20" 120°00'E 120°05" 120°10 120°15 120°20"

K15 AT B VR 5 SR 37 % EE 1]

Fig.15 Comparison of wave field before and after the construction of artificial island

AT, AR A B A X 2
43 AT BRI IEX AR

B SV 7 15 25 3 B0 67 7 A — 2 1 AR AR B,
i, FATAEN T8 A6HE . vE3 . LA A T
WEBAEEE BT 12 AMRER AL D 4358 T K
91—~ R P A A RO 25 AR Ak, T RAE RNk 2
B o a3 X Ay B B, AE N T8 b R 22 0
IN, B R 22 A TE—0.017 m A4, X EEEHR T
N T 83 ) 3 U (A5 32 X 3 %7 8l 1 a3, 3
e 78 /NI AN T I VAN 22 28 AR BN, S R
N T I 78 72 A A /N Y s N T i S 2
K, BT 5 1000 m (1957 B 81 22 15 K24 0.014 m, i
BN T8 AR A W AR /Ny N T8 R K G T 2B K
1 0 25 A8 Ak B o B B, B KO 25 A8 fb AT Gk
0.047 mo  JBE M V55 55 g R AT ) S 8 T s M ¥ i 2 1
R 55 /N 0.01 m® A H e 0N T B & ik 5|
FA ) 2 AR A A /N, R B R O N T8 S AR
A 7K T AR A B A, X K A AR AU ) 5 ) B

44 AT BREIEIHEBEHIENN

N TS B Y B BBz o5 T AR DX A v B
AR, OB T AT KB AR, e BN T B R
AR SO DX A v 358 T FRDA /D 20.68%, R 49360
I 13.74%, /N A0 2 08 D 13.78%, T3 9A
IR 13.75% AR SCEE BT AN F R [R] ¥
20 ) 2 (A BIF 9 AR (36 3), a3k X Bb e B, S T
5 VS ] SV 3 A A v T AR 2D o 4 o Y 52

#2 AIBERATRERARSEUEL
Table 2 Tide changes before and after construction of
artificial island (spring tide)

RLE S TREATECORI 2 /m TR G SO 728 /m i K 22 84k /m
1 1.080 1.063 -0.017
AL Ak
2 1.076 1.063 -0.013
3 1.095 1.087 ~0.008
AT &P 4 1.100 1.094 ~0.006
5 1.109 1.104 ~0.005
6 1.107 1121 0.014
AT 88 7 1118 1.126 0.008
8 1.138 1.139 0.001
9 1.085 1.066 -0.019
10 1.092 1.139 0.046
AT
11 1.091 1.070 -0.021
12 1.097 1.144 0.047

UERE I 2 N G Bl A 2R S N R 63 AT AR
), HRINTE L R | VL LA K R L i i AR
i /1N 5| A 11 A A A A R N (R AR A R K
Tribp s A AR AR, T DL, AR ST DX I A i Y
ARAL G N AE BIE B AR, SR E, AT
K T A R T AL B DX B ) D 1) R
P, X 5 1 2 T 1 5% ] 0 52 ) 3 S50 A ) i/ Y
LERIEANLT I o

45 AT BREIZITKIZHRAEN
N TR REE T, A SCHF 7% X 38 1) b I i 2878



92 YRR M J5 5 56 D0 20 b TR

2022 4 2 A

#x3 TEEGTHHETUITEE
Table 3  Variation of tide prism in different bays
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