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Abstract: With the hydrological and topographic data from sea area near Yulong Island, Shandong, the sedimentary dynamic patterns of
current, erosion and deposition, water exchange rate before and after the cross-river engineering (bridges or tunnels) were simulated numerically,
and the impact of the engineering on the internal sedimentary dynamic environment of the Yulong Island was discussed. Results show that the
engineering would decrease the tidal current velocity in overall, and the maximum reduction is over 20 cm/s. This situation would weaken the
hydrodynamic environment such as the erosion and deposition in waterways, and change the micro erosion environment. In some regions,
siltation would occur and the maximum annual siltation is over 2cm. In addition, the project will influence the water exchange within waterway.
The rate of water exchange would be reduced by less than 60% locally. As a whole, it is suggested to build bridges across Jingyi River and
Jinger River, while to use pipe and culvert in Weiyi River would be the best option with a minimal impact, which accords with the actual
requirements of engineering construction. Coastal engineering construction should prioritize marine environmental protection and achieve
coordinated development between engineering and the environment.

Key words: cross-river project; water exchange; tidal current field; Yulong Island

T S N 9B T B 5 Y R W — L 32 N A e et o QU R R ol (1 e S TAE i A
FHEMKE. BETAESREESICVEERIES,  Rtimi 95T SV 0 1k 0 a5 i
SRS HEIOK 3 JI IR S o Kassas™ A i 2 T [ 22 34 im] 11K Bl AR B2 e, A TR A &
T ) A e 2 5 BT T VR O O WAL L IR A K Bl S 5 LDk S (1NN e 4 N S B ST RS 21
A R84 . Byun S5 IA S i 15 1 R TR R RAEAL, B i 3 5 Sk 7K 38 e 1 B AR O S O

BENIR A : [ 5 G AR R T 4 R KR AE R R 35 7K T = A I o i sk A2 % b 550 = 9 AL ) —— LA BT S5 K 98 = A T R 1 (42276172)
YEZ B T (1990—), 5, Wi, TR, 3220 )\ i 78 b T 24 0F 5%, E-mail: 865090611@qq.com

BINAER: 2R (1981—), B, M+, BRI, 52 FM U ) 5%, E-mail: 540986464@qq.com

W #s B #8: 2022-10-25; 2[5 HHA: 2023-05-30. KB o S i


https://doi.org/10.16562/j.cnki.0256-1492.2022102501
https://doi.org/10.16562/j.cnki.0256-1492.2022102501
https://doi.org/10.16562/j.cnki.0256-1492.2022102501
mailto:865090611@qq.com
mailto:540986464@qq.com

192 YRR M J5 5 56 D0 20 b TR

2024 4 2 A

A DX it o 3 U/ oV S R A £ B B
B e v i ds , IR i R AR BT E TE R E B g 1V,
Ranasinghe 25 I\ Ay ¥ 5 97 5 B2 A9 2 8 0F o 2 i i
T 35 ) e U A ORI Bl A U AR 7 A T R I
Neumann 51 A N it Z a0 TR E L E 25k
A BROUESF-TET - T R A R e R . R
R 06 ot TRE S AT b s /N I TR KRR, R AP s
ORI 2 05 ] SE I TR 0 15 4 o i oA 3 T AR
/N, B T BN U D10, S K AE U, T
WA A . Rusdiansyah 5 U2 | FH 0 (E 4
UBEFE 1 FE 0 A V5 i 3 1Y) T X VA VS A3 = 1) 52
Ml . Barnes 551" A S N T 5 1) 15 25 ol A8 i AT Vi
B0 b T %, L5 e R S0 0 ) 9 A AR A
B, NTABE T 2k 35m K s e fie J10, ol e i 7
15,

e AT I AR A e 1T e S R I )
(I 1), B AR 35.23 km?, B 7B R AT
o AT R B WA TR Z 05T, X4 M550 2
FH MIKE21 #4454 T 125 K B 30 1 3 1) e TR 37 ALK
B 1 AT T RIS s 2 UG SR A MIKE21
BRI T M e B TS B L TR L Y
N S Y & DA RS (107 2 R N B
XS T 171785 7K Bl 3 PR 5% 10 52 i 5 %) 2 b 45 U9 R
MIKE21 AR 1 44 e 5 AN ] 2 15 7 28 60 e 11 7
UL A LR IS A AR Y RE o SR, TN A B
98 2B TP TR Y 0 1V B T I XA KR T
B, Uy il E A T . IR K S
107 L, N T I S R TR P s T T TR
VO UL BN 1) A B2 i R G AR Do Rtk A
SCAER X LU ZR AR s 5 PN 12 VAT A TR ) S R X TR
B I IREE RS AT T B A H S .

38°]

370 =
0 20 40km
| | | Aﬁé
119° 120° 121°E

BT e i s 2 Ay A
Fig.1 Location of the Yulong Island

e By N ER A N T8 Z WA 2 25 K 16 5 S
TSR AR, D T e B I H B R Sk e i B R
R TIPTEN B S 127 E 3/ N W7 el (1 B £ A LI P 2
18 TR BT S0 AR R T AN RO R MR
SRV G X DX Sl T 3 BRI R W /S, R B A
1 T T R A 5 Sl A TR AR, B DN, (HE:
X PRI R AR o Fe T TR B PR I, 15
W Z IR N, RaTaE B . i, % %
X L 43 A1 AN [] #5558 X LR Bl g R4 Y R )
2 SO FAF 5 DX R A 8 S ) 90 5 30 9 L K TR MBI
RIZVURY . DRERG . BEETOR, & HBUER
R IT vk, FEOK SN Ty HUE M3 rh 3 L K 52
SEJT TS T AT B TR 12 AR5 T IE TR W) 2
BT SR UURR S ) BT Y R0, Sy 5 ) T TR
SEBEROR S, o e B TRE Y i S i BRI VR 3R
AR A PR HE BRI AR U0,

1 5T X R AR

T 1V 2 e 38k 15 % 5 v 0 R AR — SR AR T
TS, R M TS 18— B T V8 v 1), o A b 34 AR
PEIGAIR, Mg 3222 wp B I B8 1 O L, g
Y 2 By H 1 5 B B O R Y, 9 K TR R
L8 A1 3 /N T 10 m, 7 N 32 DU P R AR 4
o, EE LA RD FNRD A P, T LA B 2
Hom ok 3, Wiz she X E 2 i g m .

M 55 DI 3 2% 2 KB 430 S e — ] | 42—
£ 1, KGHE 55 N 40~400 m, XK IR 4 m, 3L
T B AR 12 N B AR, R4 — e ) G TR
1.2, 3, &— i TR 4, 5.6, 7.8, & ik
WA TR 9, 10, 11, 1218 2) . #uk 2021 FJE, 4i—

—— KAt S

0 1 2km
R S

K2 BSiiE LR AL E K

Fig.2 Location of the cross-river project



a4 51

F, A5 IR T B 15 1T TR X DU 3 ) S8 5 B Y 193

T 3, Z—EE 6 A i@ IE 10 B A
Il B T8 6, O HLR U0 . A 2 58 S A T B
2515 m, I EARZY 1 m, AR 7K T8 B 2 A B
TN A A TR O 58 A L T Y B 2 15 m, TR AR
29 1 m, G 4 R

2 HIRHE

BT TR B TR Bl ) 5 5 MK 38 4 55 O
TR 72 A B R MR 262N S B 4 R ) 4 A s 18 7 ot
AT EUEA

5 % Ve FTAT T T TR A A A

D5 % 2: e — Al Al TR A AR R, HiAv ik
B, BIGEIE 1.2, 3.9, 10, 11, 12 @, i 18
4,5.6, 7. 8 EENL;

JrEE 3 A TR L, 4 — 5 18 T2
12 A B TR, AR i 22, BIG@E 1. 2, 3. 6,
10 FEV A, W IE 4, 5. 7. 8.9, 11, 12 BN 3%

W5 4 Ge—0] | 2 T S GE TORR A A R
STl TR AR, B 1, 2, 3 iR
i, EIE 4. 5.6,7.8,9,10, 11, 12 B BEHFE,

3.1 HEFEE

A 5T R F MIKE21 A5 75 A () 7K sl A B | e
VO BRI AT BB, X5 DX i ek A 3 U
Yy HuIE M55 o gt A K A8 e R4 T B AR 0L 250, d stk

75 7 A B 1) B A S L3 B, 4 i ok 2017 4F 5 A
1—31 HAI2018 4E 5 A 1—31 H . BRLR FHAELEH
= PR 3B, SR AR IE Galerkin A FR T %
HEAT K V-2 B) B w5 ) b SR A 2 R 25 0 4 =X
BRSO R S s R BT R L
LT B VD TR R L AR X 0 B T e DA B L i A
B S I, AR e 5 B A i S8 A T R
% ([ 3), /K24 6 m,

JK TR B JE 16 B 2005 4 DAk [N R ARt il 2
Y W A UE AR A 12 100 J7 I & (10011 5 ),
1:1507 # K (113705 | 11570 % | 11710 % .
11770 5 | 11840 %5 | 119105 ), 1:2577 ¥ A
(11891 *5) J 2018 4F i [ ¥ v K 2= TE 4 e & B 3T
A 1 K BRI I £ R}, R AR 2014—2017 4F
1) TR AR TR E o AR R R 2 2018 4R
FEAR B 5 B 30 96 0 A 1) 3% 2 O R R AL D R
RIZVURY) I A GORE, B DU 2 A | P T L hr
FERHIESFAHOC S A, KBRS IO 1R 4 0k 2002—
2006 4EFE H BERMGETE, B 12 DX A T XU B0 5
AR AT 5

32 AkXRiITEFZE

1 RE A 7 B 3T T AT R R 1 3 A A IR S T
Gey, 7K A v i G o i e R 3K B R — A 1Y
A W, HAIGR I 22035 55 73 A 78 BE K0, i
IR I 45 RE Xl TR T 2 5 R R 0,
TR AN [ s 220 G Ao g S PO o BEE AL o, 0 T o A
AR [ B 220 B DX AP K R A 0 LR (L
IKARZZ 3, RS LA [R5 T7 S8 46 e B N B K

i

)
40°F
N
o
- B
W
380 -
< FRTIRE 27 RS
o W T A 2 ‘
123°E

ak 2
37°45' -
N
37040 ke
- 25_‘\
37935/
= S TALRAIE S
7. 4 8km
— L \I =~y lﬁui 1
120°00" 120°10° 120°20'E

B3 Rk A R e i o B

Fig.3 Grid distribution and tidal verification sites on tidal level (red dots) and tidal current (blue triangles)



194 T b 5T 5 5 DU 42 b 5 2024 4E 2 A
SIENEDI % NE X o - B SR B AT Bk 5 [ B 38 P o ] W VR OK 2 2017 4R
n=We—W)/W, 57 10—11 H ZE 058 X B 3 247 79 2 A>3 457 (C4.
—trl_' n j‘77j(1zl:§5ﬁ$ W jﬂﬁﬁﬂﬁ{'ﬁ %{ZUJ—{E C6> {E‘ﬁ{i})h%yb{lj *’LJE %L\TIE gﬁlﬂi/n%%@%,
W4 o

ztxxaiﬂuﬁjzu% W%B{Tﬁ&ﬁ%]ﬂ 2km A
90 Bl Y TRE S A R /K A B R X R (A 2)

4 4k

4.1 ARG

FIHACIE | I, i £ PS8 ad ) . R3],
ik JRRME . N S B DS 10 N
il 77 st SO Ak 28 9 RN A B S BT BE M, S, K.
Oy YA 43T B 9 03 500 i 1 I 3 R s 47 51

Coufifi —il
201745 10-11H

0.4
0.3
0.2
0.1
0
4567 910111213141‘5 017 1819 20 222324
-0.3 .

..

o S

K 4

K P E VR KA T 2018 4E 5 A 18—19 HE
WF 5% X B T 25 47 (9 2 4~ 3 2 (D1, D3) Al 2017 4F
57 10—11 H (K1) 78 #F 5% DB #4779 6 A3
Hi(Cl, C2, C3, C4, C5, C6) Ik 27 /NI i i [l 2 1%
S PR ST A AT IR AIE . B IE S R R B,
X IO ORI 5 4 0 9 A S A 1 A 4L 2 SR 5 S
TR A, BEAS 4 b b S WL AF 5% X ] 300 35
TR O o BR s 8 B 1, ASBIF 58 AL 51 1 BB B AF oY
DX A8 3T 1) 3l A7 A7 36 TF i 4% (C6. TE 1T, [ 4) il
W IE £k (D3, C6 i, F 5)

yARY —it
201745 10-11H

= 45678 §101112131415141718192021£223242526
5} ) /h
—0.4

—0.6

o2l
0.6

éﬂi/m

T L B # 2

Fig.4 Tidal level validation curve

DAL —itgg + 5l
4004
3501
300 1
2501
2004
1501
1004

501

20184E5 H 18-19H

FRI/(°)

16 20 24

12
i [)/h

Co¥fifir — e S
400 1 20174E5 7 10-11H
350 t
300 t
250 |
200 f
150

100 ¢

W/(°)

0 4 8 12 16
Al /R
K5

D33z — it . S

201845 18-19H

4 8 12 16 20 24

I [)/h

C6¥fifir — e S
201745H10-11H

Vit /(cm/s)

16 20 24

0 4 8 12
IRl /h

T AL T B 2

Fig.5 Tidal current validation curve



a4 51

F, A5 IR T B 15 1T TR X DU 3 ) S8 5 B Y 195

SR FH H LN B 2 10 ) A 0 T DR IE
A 13 2002 41T 1 R 1992 45 1 B K TR b
BEORBEIE AT X b A A, TSR i R R TR K TR AR AR Ak
(I 6), B T2 G BRI By AR A o it A2 1k 1 5 7 14
IR AE Ak it TE AT T EL, 56 F e R 5 AR AR 1) o
P BB OR, B T M-M'Wrifi 5.5 km 4k F N-N'
WrTd 2.7, 3.6 km &b HEAT T IE B2, KRB KR Z
Ab, BRI E IR R LR, ARUE S 5
WE AW & (B 7)o

42 WRIFHEMULER
AW FE ST AT TR BT A 4 B[R] TR

37°42'
N

37°38' -

37°34'

120°10’ 120°15' 120°20'E

Bl6 KRS A S L W T A ]

Fig.6 Location of the comparison section for water depth changes

0.05
0.03

0.01

AR RWAGEM R, 4582 IT .

(1) TR AT

ik 2B, G — RN 15~40 cm/s; £ — ] #%
A 1 b 15 B R, U M 30~ 60 em/s; 28 A HE A
At 1) B B, B /N T 10 em/s, B U A AR ] X 3,
T 10~30 cm/s.

% 2 WF, G — I N 20~ 40 cm/s; £ — ] #
1 H R 1 B, i S 20~ 45 em/s; 28 A K
JL L, WA 10~30 cm/s([8] 8) .

QEHRFEI

Wk 2 B A SR, IR AT B S A, E Al Vg 1
T AR N, — N T S em/s(E]9) o

VB ITE?2

ik 22 RSt A& st 2 — Ja] T2 ] A I A
KB/, — /N T 5 em/s; 48— ] B AR 3l 30~
50 cm/s( &1 10)

(BB E3

ik 2L, A — Al R I R T /N T S ems;
28— R A iy b ) g O, BRI /N T 10 en/s

T SR, S — TR A T N T 5 emsy 42—
)R A py g i AG O, e I /N F 10 enys, d6 AR
A 10~ 20 cm/s; 28 3] 5 MU 38 /N T 5 ey, b
97 33 R 10~20 em/s([& 11) .

()BT L4

Wk SR, S N TS emys; 82— T
A 1 b 15 B R, U M 30~ 60 em/s; 28 A HE A

M-M'7 1

IS

—0.01 f

JKIRAE AL/ (m/a)
(=)

—0.03

i
-0.05 -

0.08
0.04 |

4 5 6 7
BB /km

==Yl —e— L)

N-N'iTH

0.5 1.5

—0.08

IKIEAEAL/ (m/a)

-0.12

r%——:]'” )
_oqel T W —e—fil

—0.04 - P 89/km

Bl 7 FKIRAS XS LB IE 45 2R

Fig.7 The results of comparison and validation for water depth changes



196 YRR M J5 5 56 D0 20 b TR 202442 A

i
¢
(¢
&
i
37°36' 37°3¢'
N N
p 4 — 1m/s t
1 2km !
37°34' [ A 37934’ : ' A
0 0
b _ 11{00 0 3:0t :00) 11100 200 3:0 :00
120012 120°14  120°16'  120°18'E 120012 120°14°  120°16'  120°18'E

8 LRl BCHTEK SN FIVE SN R

Fig.8 Tidal current field during flood tide and ebb tide before cross-river engineering

37°36" 37°36' [

37°34'

.':A /"> { S —
o 37934
o {iloo Yo 300 H00
=i

120°12’ 120°14 120°16’ 120°18'E 120°12’ 120°14

B9 J7% 1 ik S FE SR
Fig.9 Tidal current field during flood tide and ebb tide of Plan 1

37°36' 37°36'ff

— 1 m/s

0 1 2km

1
37°34'
0
11j00 Y060 3:08_ JA:00
h "

= 1

37°34'

{1 Sttt o

120°12" 120°14 120°16’ 120°18'E 120°12’ 120°14 120°16’ 120°18'E

Zoh

B 10 7 5 2 Bk N TE S
Fig.10 Tidal current field during flood tide and ebb tide of Plan 2

At 1) B i, A6 00 B N T 10 en/s, B R B N AT SRR (E 13, 14), 45 R A AL
10~30 cm/s. T B DL BR i o 32, Herh i — iy

% I, A — I R N T 5 em/s; 48—k DR o, 2R 00 G AR, 4F 8 i /N T 2 emy 22— 0]
P i R T BT, TR R 20~ 45 em/s; 28 IR AR LR 3, ARAR il 2~ 8 emy 28 i 6N DUAR
AC TR, W 10~30 emy/s(&] 12) o A, AR R 4~ 8 em, R MR AR, AR IR AR

HHN2em A,
4.3 M SR R AR L2 .. . .
RIRRBER 7% R DU Bk 4R B 1 em 72
A FE 53 IR T LR AN 4 RO [A] TR s i iR b, 4R R RN T 2 em,



a4 51

197

37°36’ b 37°36'
N . S N
‘;s =1k :35_ '
<70 1 2km A o
1
37934/ Y 37934 ) l
0 - 0
11100 0 3:0 -0 1100 200 3:01 :00)
¥ . 1 . L B 1 -1 1
120°12’ 120°14' 120°16’ 120°18'E 120°12’ 120°14' 120°16’ 120°18'E
K11 775 3 ik SO RIE SOk WA
Fig.11 Tidal current field during flood tide and ebb tide of Plan 3

37°36' |

37°34'

37°36'

37°34'

g i

°12' 120°14'

120

120°16' 120°18'E

120°12' 120°14' 120°16' 120°18'E

12 775 4 ik SR RIVE SR R 32
Fig.12 Tidal current field during flood tide and ebb tide of Plan 4

37°36" |

37°34'
0 1.3 3km -
e : 2
120°12' 120°14' 120°16' 120°18'E

K13 TR AT A e AR AL
Fig.13 The annual changes in erosion and siltation before

construction of river-crossing project

T35 2 4 — W U AR, IR AR N T 2 om; &
— i LR R 3, ARAR IR 2~ 8 emy 28 i LA
PR R 3, AE R E /N T 2 em, 28 7] pg A 00
AR /DT 2 em,

J7 % 3 BARLUIGOR U &, AF IR R 1 em /2
Ay G AU U T, AR DR E /N T 2 em,

J7 5 ALk — GO AR, AR T R /N T 2 omyg

Ze— LR oy 3, AR R i 2~8 em; 2 il
ML R0 3, AFR R 4~ 8 em, 48 3R] R ] 3%
TR, AR IR 2 2 em.

4.4 KT R

ARHFGE 5 BB T AR AR A 4 FOAS [A] T AR
AT H 14 dKASHAF B (15, 16), 25 5]
0, TR A BEHT K TE N KR 100% %2R 58 #e, IR AS H
B 7 56 1K P 4 O T 4 IX K 58 e SN T
60%, 7K SRR 225 Tr 5 2 Ai— T | 28 3] K43 IX
SRR S8 AN T 60%, 28— T 2K 58 4 R it 90%;
7% 3 KAE N RKER 7 X 37K 28 481 /N T 50%, KA
b de; Jr R 44— WK M543 DX BUK S
i 50%, HARIKIE K 324 H M i 90%, K AS AT

5 s

51 KENAZMWS R
M T {3 A K TE A T A2 e T N O



198 YRR M J5 5 56 D0 20 b TR

2024 4 2 A

37°36' i
N

37°34" 1
0 1.5

- 0
! 0
o 0.01~0.02
i % 0~0.01
; ~0.02~0
~0.04~0.02
3 km e ~0.08~0.04

120°14' 120°16'

T7 %1

120°12' 120°18'E

37°36' |
N

37°34" |

S S

120°12'

0 1.5

¥

3 km

—

120014"

120°16'

37°36" |
N

37°36' |

37°34' |

EY)

N = 6‘,,
.. \ M ¥y
2 AR /m

0 1.5 3 km

[ | Rnmananng
72
EL
S

120°14'  120°16'
EL

120°12' 120°18'E

K14 %07 RE IR

Fig.14 The annual changes of erosion and siltation of each plan

37°34"
0
120°12' 120°14' 120°16' 120°18'E
TI%3
j
{
37°36' //
N o
IRIAZE A% \ /
>90
Bt /
=k /
37°34' B 10-50 - o
B 30~40 . 7
B ’
LG Sl R
120°12' 120°14' 120°16' 120°18'E
Bl 15 TR BT K S R o A B

Fig.15 The water exchange rate before construction of

river-crossing project

TEREI , R 1 43 BT 45 5] 3 TR X 7K 38 9 I 3 1Y
SR, ORI — > 58 B A (13 h) 597 B0
BT H, FELE— | 22— | 4 ] 43 e E S A
TR 8L, 3 15 ASFEAE AR T I L (18] 17) o

F 245 S TR, AT S TR K T P I O O
TRU /N, X AKGE K 3 IR B P A T — e, A —
VG, 45 07 G806 T AU M R A K, TR R A
O DA T /N, U/ T 3K 20 emd/s 22 AT, AR AR

E=]

R 90% ZE A7 i — I AR EB, J5 %8 4 XU It 2 52 )
BN, HL AR O 86 1 I O S R K, R Tk 2
T 7 em/s, ZEALR 70% Fidys B, T2 )T
A4 XIS /N, 5% 1L T e 3
G0N D O AT 20 emys, A AR R
80% 72475 £ IR L AN, I R A5 T 58 Y U e 4
BE/IN, TR X ) I U T AN G5 2 ] R
T3 %8 4 X W1 I U R e A /D, LA T R AR 9 O
A 45 /0N, AR AR 1 70% (3R 1, K1 18) .

MK Bl 7 25 0, KB K Bh i, AR X
s Y B, AR TR AR R R RS K
JEU, AHEFE R 5 4 1 RN 56 3 6 I O R e
B, TR E B K T K B I 55, R 4y X3,
W/ T Seny/s, HBAGE . R 2HEL— I
2 ] R R e B . B 4 S R I
it R M BN, JKIE K Bh R, XK B 1 S BE

SR /N
5.2 RS 5R R R e 53 AR

AR LA SR, TR i B, A P9 R AR LA
Rk =, AU i — 0 AR 0 0 28 3] g ) 2 A
B AR 2 om Zefh o P38 1 RIT5 56 3 JKaH B K



a4 51

F, A IR e B 5 AT AR XU Sl ) SR BT A B 5 199

37°36' | 37°36" -
N \ N
IKAEAEH /Y IR/ %
>90 >90
80~90 80~90
70~80 s 70~80
§6%60 G 880
el £ 33| R
20~30 20~30 >
10~20 10~20 \ 0 1 2 km
| - <lo <10 Y ; —
120°12/ 120°14’ 120°16/ 120°18'E 120°12/ 120°14' 120°16/ 120°18'E
i ik
= )
2} I j
- % J
e g
37°36' | iz
N N
Kk
>90 $
80~90
w 1 70~80 e
S0~ < A N 940 4
373 is(Mo 3734 ig*g:ig 1
s 0 1 n ’
<10 " m <10 i
120°12/ 120°14’ 120°16' 120°18'E 120°12/ 120°14’ 120°16' 120°18'E
T%3 Ji R4

B 16 %7 SEK AL 3 Aii

Fig.16 The water exchange rate of each plan

B 17

Fig.17 Location of comparison points for tidal current velocity

T AL AL B s o B

IR AL 32, AF IR B lem 24 TR 2 TR
4 £ — ] 1 22 ] mE ) LA GO R 3 AR T R
2 cm A2, G — RN 2 il AR A B AR il R = A
R Ry 2~8 cm. 5 R EIRTAKGE w7 A T —
FEFL, J7 %8 1 T 48 3 s MR, 1 Kl Py oK T
FURE 7% 2 P52 4 52/, AL B T 46—l
) ST AR

K Bl J1 B iR 55 L B R Tl TE P A R AR Ak
IR 2 B0 A B ZE, 15 Y il g, e E S TR
AWK, SREVZ 2 BRI, A T 5
MIFRE o WSS 1R Il d A 1 130T 38 RS s e g
B, AR T I E R kR . AW A& &, I
R 25 e A i BUAR R R, O 6 2 MO &R 4 XL
RS ) IR BE 52 e A XT30S

53 KT

HRAE 14 d K ASH R IR 45 0L, TR i X /K i
P K 58 40 5 i A Sk I G o TR AR T K 3 4 R h
100%, 7K 3245 7 58 1 7K T8 N 26 R 73 X 80K A2
RN T 60%, KASHALFE; T7 58 2 dhi—il . R
o X UK A e N T 60%, K S WAL R A 255 T
%8 3 /KIB N KER I3 IX K S22/ N T 50%, 7K S8 55
25 7 %8 4 i — 00 P 0 OB A3 DX K 22 e R KT
50%, HAKIE K S e AR L 90%, 7K A LR LT

MK E I, TT 3 1, TR 2 TR 3K
IR, AR T KI5 e 8. TR 4K
H AT, W A2 K T K AR S8 4 (0 75 AR T R
Bifrdr .

925 R T A e B PN S K T O A



200 T b 5T 5 56 DU 40 b 2024 4E 2 A
#z1 FTRIAFRBFMEBNFIRER
Table 1 The average velocity at feature points of each plan cm/s
Ui S Wi w2 W3 W4 W5 1 12 13 J4 15 J6 17 18 19 110
AT 23.7 26.1 27.1 11.6 9.7 29.4 30.1 49.9 21.9 23.8 2.1 8.1 28.2 9.7 6.1
JEL 6.1 3.6 3.6 1.9 1.8 52 53 47 1.9 3.1 22 8.7 5.6 3.4 0.7
E ) 2.8 13 0.8 4.0 24 33.6 26.5 36.8 21.9 243 1.9 3.6 4.1 1.1 0.4
J&3 2.1 1.1 0.7 2.7 2.4 7.4 2.6 4.1 7.2 7.9 1.3 5.2 45 1.4 1.9
E ! 2.9 13 0.9 9.1 7.8 37.8 23.1 33.0 18.6 20.5 2.1 7.8 23.0 7.8 53
R R TRL s FR2 s TR w R4
50
40
E 30
S
10
0
Wl w2 W3 W4 W5 1 2 13 14 5 J6 17 18 19 710
pol= =Y A
18  AN[E 7 ZUFAE 55T Py S Xt LE
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