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Abstract

In this report, two semi-enclosed bays (Shenhu and Quanzhou Bays) which are
located at the middle coast of Fujian Province are studied using numerical models.
The major focus are put on the local tides and tidal currents, periodical wetting and
drying of tidal flats, wave development and water level increase in Shenhu Bay due to
the passage of 100-year typhoon. Based on the validated model results, the different
mechanisms influencing the local sediment dynamics are examined further.

The simulations show that the coastal water along Fujian Province is
characterized by semi-diurna tides. Due to large tidal range, some tidal flats,
wetlands as well as shoals may be exposed to air on the ebb, whereas inundated again
on the flood. It is aso shown that as astronomic tides propagate into shallow waters
from open oceans, the nonlinear advection of continuity and momentum and the
nonlinear bottom friction will induce the decay of major tides and the growth of
subordinate tides (shallow water tides with higher frequency), which, as a
consequence, induces the tidal asymmetry between flood and ebb. Furthermore, the
tidal residual currents will determine the long term transport of pollutants and
bedl oads in theses regimes.

As 100-year typhoon passes through narrow and shallow bays, the increase in
water level is mainly ascribed to the water intrusion from far fields. Comparably, the
water level change due to variations in the local wind field or atmospheric pressure is
small. In addition, the simulations also show that if the research region is small, the
synthetic water level variation can be taken as a simple addition of the changein tidal
height and that due to other mechanisms. Error analysis shows that the computed
result obtained from this method deviates, within 1%, from model results with all
mechanisms considered simutaneously .

The dynamic mechanisms inducing vertical transportation of sediments include
tidal currents, surface wind stress and wind wave, which adjust the magnitude and
direction of water-sediment flux by changing the bottom friction stress. As bottom

friction stresses exceed the critical value for sediment erosion, surface sediment will

\
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resuspends into the bottom layer of waters; otherwise, resuspending sediments in the
bottom layer of waters will settle and become the new surface sediment. Two
processes are independent and could not happen at the same time. By comparisons, it
is found that the wave-induced bottom stress is strongest among three mechanisms,
and one or two order larger than the other two mechanisms, depending on the
magnitude of significant wave height. In view of shallow water depth in two bays,
surface wind stress can action on seafloor through momentum transformation and
then induce bottom stress, which generally is no smaller than that caused by tidal
currents, and even one order larger as 100-year typhoon passes through. Identifying
different mechanisms is conducive for us to better understanding the local sediment
dynamics.

As regiona economy develops, more reclamation is needed for the construction
of port, harbor and dock. Therefore, it seems that an objective evaluation of
reclamation projects is essential for the scientific and reasonable exploitation of
marine resources which guarantees the sustainable development. In this study, we
also evaluate two reclamation projects in Shenhu and Luoyangjiang Bay, respectively,
on the basis of validated simulations. The examined items include the possible impact
of reclamation on the local hydrodynamics, sediment deposition and erosion, and
pollutant transportation. We hope our conclusions can be used as reference by policy
makers.

Keywords. Numerical model, bays of Fujian Province, tides and tidal currents, wind

waves, sediments, pollutants

Vi



JE RS e iR

0.1 TKEN JJ BT ceveeneeeeee ettt e e et e e e e e e s
9.1.1 ECOM (1 — Ui iE R 23t T il eeeeeeeeeaensenannansansansasiansannannns 4

0. 2.2 UGS ST [T A evveenveeeeetererernensraniansaeeeeeteeteerecanan e

I o DT N TR LR Ey T
0.5 KN VD I AR TE I Pl e veeeeeereeneensnssnssnsenssnssss s s 11
2
2

NI \C R NG}
\]
o O O o

0. 2.6 FNVBTRTTT AT i evv ovvvnemnemmemmemmemneneinere ettt e 13
0. 0 T TR RV [V B T L e eevvememmseeeeeeseee ettt e e 13

0. 0.8 TKIHEVL AL SR TE AT vevrennennnrnernerreerteeitts e 14

0. 3.1 P IBAZI| T e vvveonennemnennemnennennentrtre e 15

0. 3.2 YEIHG JECJEEHRIRG JJeeeerennennnnnnnsnennerseeeueemutuniiannaaneneeenees 17

B R it ok L P 18

R AR i E | L R 18

T i e ) o U 21

3.3 YRYTT (R IKE TR vevevvenvennnmnmonnennansansensenreeneeseereen et 24

R T B L b Ol R T T O PP 24

vii



JE RS e iR

3.3.2 {%q&i—\‘g%%ﬁng/}ﬁj:rﬁﬁ ................................................ 25

3.3.3 ngﬁ{iﬂYyﬁEE@%E/U{Eﬁ .......................................... 27
3.4 Eﬁgﬁﬁm%@ﬁglﬁﬂgfgp\jij( ............................................. 28

3. 4.1 *ﬁﬂﬁﬁ%{%ﬁ:ﬁ(ﬂ%E ................................................ 28
3.4.2 T8RN B D TS YR A oo eeemmnerrmmmmneermnnnniine 28

3. 4.3 YT K LA A0 AT e veeeneenensennennennenniniiiiiiiiiiieni, 30
3,44 FF—TBY XTI e vereeseenerentantetntiitiiiiiniiiiiiiiiaiiaiiiaas 31

3.5 FAE 18 E RS BRI TR AT AL, oe v eeemvnsermmmserememnneeaieiieinneeiinnens 33
3.6 WIS, SRR 5 LR I vveeee e 37
3.7 WIS IR RIS L BT P e vvinnssesvnneee 43

3.8 [HIEHEIT ] I TTIUPEDEAy veeeeerenevnnernsmmnsimniniiiieean 48
3. 8.1 TTIETteeeeeevenceessennnetunieniiuiiiiiiiiiiineeeee 48
3. 8.2 FHIEIERT G K BN JIIREE [ AB AL, ceeeeemensensennenninniiiiiiinin 49
3.8.3 [ BT S AT M T I AD L e veeervvnreemnnrernnecininiiiinnn 59
3.8. 4 F UG S IR S K AT o [F ARl oo eoemvmvemeenesensennannnenne 59
3.8.5 FIEUGHT S YRS PR ([ G AL, oev oo eereererereenmenmuninnnsnnernaenns 53
3. 8.6 PALE flevrsnssnrnnsnnsnnsnrunnunnsnntnnennenreareaiers s 55

4.2 BNV AR AR GE R (R JE BB, o ee e mmmemneeninni 56

4.2, 1 W KL 25 BLAS AT eeennneerennnnsenennenrnneneeeeeeeiieeeeeeeeeenes 57
12,2 AT DRI R, L S2 B e vveeeeoeoones 60
4.2, 3 il eeeeereencenreetiii 62

4.3 SIS YR TR JJHER P eeveveeermveseneeseennneer s eee et s e et e e ee §0
4.3, 1 WA eoevsesseoorsasorseoasssssuossvaocssooessaossssssssssssssruaosssersasons 69
4.3, WINZE BLAYHf e eeennnsereneneeeennrmreueeeiteinreeeeeteeneeeees 65

4.3.3 EEﬂ(ﬁﬁﬁgﬂ/\]{ﬁﬁ ................................................... 69
4.4 EJ\H/%‘E/‘vj\(g;j]jﬂ%?E;ﬁ{E*ﬁTu ................................................ 70

4. 4.1 B FEIIAL B T i e e ceeesenseseestintiiiiiniiiiiiiiitiiiiiiianene. 70
4. 4.9 T’%ﬁ%ﬂﬁﬁz&ﬁ%ﬂﬁiﬁ ................................................... 72



JE RS e iR

A, 4,3 S M T S A [EIAEAD eveveeeeeeeneennnnnrnrnssenaanannans 74
A, 4. 4 YT G EIAEI e eevvvevneernessnsereessssssnnesessnteaeesessssaneaas 79

4.5 YRUPEN STE A (BRI v eeeeerrnrermmneriinnunieiiiiiiinniiceiinneen oo 8()

O T -

5.1 JEEIAKYE oeeveceeermnnrreiiniiiiiiii i a0 8
5.2 VEPHYTIE [ ZK BN JJ L e vvveerseenesmnmernreiiniuiiiiiniiis e eeenn 85

5. 2. 1 FETY 2 HE Ky L5 LA JF e eeeseensrnneetiniunitinii it 85

5. 2.2 W AR PRI ceevvecereesernssrmmnnrrmniniiiniiinn ]7

5. 2.3 Y Q2 fvrerrrrreeraenennasisnturetteteeens st rarasaee s e saaeas 91

B. 0. 4 ZEYfeeececenteiiiiii 99

5.3 Ik Z5 B UG TR o) L 70 IR S e eveeeemmmoeemmsennssenneeensnnneeenn. 99

5. 4 35 25 B HELUE TR Sh 200 K BT o v omvoneeeismnnmnnsetse e e 97

5.5 I Z5 [ IEUE TRE ST VR TR IR I BL M oo veeeemmmeeemmsmnnniiniitiiininn e 97
5.6 AUVEHE S AR VS YL Lo oo vnnernseessrmnmniiiiniiniiieian 98

S s B LT P PPN 107
B evvvvererererenassonnastnnetiseeeteteni sttt teteseeese et retaeaeeaesse et aeaeaeeas 113



JE RS e iR

1. 1 i&EBUKYE

WA T RE ARG, 568 RIS, HEE LR 13.6 J7 km’,
2y A E AR B b iR R L AR B A 535 km, HJE K
L F) 3324 km, JEAEEE A7, RARIFLITTEN 1621, JRAE AL
g A T HTT (e o 2 P AT Jf AR > 5 DA TR R/ IR ST 125 A, o 6 A 11
22 Kb BT 20~ 50 JTMEGKIANT . MhAh, WRIEIE Sy AT THARAE S00m” L
BN 1546 A, BU5 R TEIFAZ) 1400km?, 055 2% K 2804 km.,

ARSI A . HEL S T B TR I B IR AR (R0 5 XA A
B e A L W ORI L WAk LU LI Y 58, TR TR H
aa) WA PIE AR X A A Y 13.4 %, FR0G T A 40.2% A,
TR T4 E 2 60% (1) GDP (2001 4F) , IXANE A 3R A & e 7 4R 24 Btk ,
DR AP T3 DX W P SR 0 0 O e HAT B I s i S

HE N2 b, Wb PRz, NBIBHBAL 0.5 5 CHIMS
XA 0.3 ) , KT AEFECE, Wzl A ERRR AR AL
Bt 0.8 By AR KT it 2 e 78 2 265 DX R L IR PR T« T o3l T
ST A B R R LA FET L BN A SR b S v, b S A% R
YR 2 DA ARSI 20 Fe B AL R U IR T RS, AR K 5 1R — e (R A ]
LA . 2005 4F 1 &1 CRRAEIEEDIRER KIY DXRIT 1.3 J5 23 B il
PR X, TAETURES T 4.47 JT AWK EEETR. BEgit, A
1956 A= LIRSE R B I H , i b A Sk 1t weofn g ok, R T
HFE AR ) 25%, 4300 =909 39%. BEVE 49%. Dbl 21%. YHIIE
49%. SRMNE 24%. I 15%. KT 23%.

A48 BRI H oK 22 R AEAE 2 I IR R (R RS R MR X o B R S5
IRETHARGR /N KASHRBE D) NI IR R A, AR SEUREIHE A, ™
L HE DA AR e o RIS, W TR N IE 25 RS9 B R T 0
VBTG G BRI AR o [ BRI — Loy MEVS O, BRI TR U . TR R
SRS, JCFR A R, DU G B T (R 7K A P . 2R
TEW L TR W B TR, AR . AT 1 0R U b BE 5OR e U0 %

1



IR R

PR R, IFHiR™ B RIIRE PR BRI AL 25 (), $Blh 50 248 AL 25 1) ]
R R .

7 T (R A B A FAT T = i e e % T RS I A B T RS AT 7R 0 1Y)
IR, AT AT DR £ B DR 37 3 1 58 50N e e 2 25 DR U P 22T AR
WY, [N 3 B AR Ak 2 PR AR S PR sk, O R ) 22 D A i PR B 25
RIS St ARSI BRI R PR SR o ASCHE AR A 3t
s Ay B BEAR AU 5 VS A A B 0 [ P AN —— IR S AR SIS 1
PREERFIEA — AN LU AR TR T

hGliongwu

“Google

o alt 42.54 mi

B 11 WPE GERAERTEIXE) FRME RLTE SR

L2HHRAE

TENEIE B RIS 7K B T K& eI 3h TR PR BB A Y, 25 5 il
PRI S R DV, LABORE S A 4cdia 20 A BRI R ARG 7 11 s At



JE RS e iR

AASTREEROW, SR O VP4 % R G B, IR R
BERD IS PR R R

LIS PR I ) SR K E AR, B2 LS AL I3
ARHE, DRI, NI HAE ) % I BB e
FERLHFIE, FRMHEIR A0 2 ORI DS 0B, JFARAEA R D
0 2 S W 035 R PG R A S 0 5 26 0.4
V3 B S YD R P S8 R SR L 5 B 5 A
BB

e TR ARSI A2 7 R KRR R M I, 5 40 2 P B 1K
RGOk UG, A SCBRLIRTTRS A RO 5 T F1 4 KT
SRR LIRS MOS0, B FE T S BB TR 2 1 IR M IE B4
it



JE RS e iR

FoE RAGRR

2.1 KB SER

AWFFER K S SR 2 1 Blumberg Al Mellor (1987) JF & ) = 4R} s
JS e T RRUG IS, 3TV 1 R R K B D A IR s SRR TR A
R S e Vb TR, IZAR B FK ) ECOMSED.
211 ECOM H—MUFAE KA HIT5 72

ECOM 1 Ay i A5 0 Y DARBEBLI] 130T 2 7K 38K 3h T3 A R e i, LA fn R
FEARFAE : 7KV RIEE 157 0] 43 500 R H IR A i 2 AR bk S RN BH BT AL AL 1Y sigma AR bR
Fi AR T DA AL AR 8 TRKSE T 18 (YR A3 B0 R 2.5 B
Mellor-Yamada (1982) it /1 & #5201 Smagorinski #5545 Py AMEZ 73 1) Ab #EH
JEE N 1) P T R T P 2 PP A T DA e A B S R 4

SEARPEH TR W .

on ouD oJvD Jwo
—+ + +

= (2-1-1)
ot odx 0y do
2
auD+auD+auvD+8uw_va+gDa_n
ot 0 X dy do ot (2-1.2)
2
_ 9 (KM 8uj_gD J'{ap c'dD dp' }da+F
do\ Ddo) p, ox D oxdo!
2
avD+8uvD+avD+ava)+qu+gDa_n
ot 0 X oy 00 ay
(2-1-3)

2
_ 9 (KM avj gDJ- dp' c'dD dp' do+ F,
oo\ D do dy D dydo'

A, X YA sigma ARFR R AKTARRR: tIEINTE; uv, @3 B EAT X, y, 0 7 111

Bl

5y, D=H+m, H,np0al@&KEMKA; geE s p=p,+p'>
IR AE BIAT U A SE BRI K 1, Boussinesq UL 56 B R g s f
ARHR I FRHG Ky A7 ki R Kl MY 2.5 B R
SHRAS: o R MRRRAR i J5 7 A A T )



JE RS e iR

=R OR B AR ZR P 1) W o AR B TR IR BE AT R K R

oD dn oD adn
—w—u ¢ 22 40|y 22 0 _[502 00 2-1-4
@=W U(Gax+ax) 68y+ayJ (aat+atj (2-1-4)

ERERTRE FLF, BT T O, SRR R

d d
Fx=&(fox)+a—y(ery) (2-1-5a)
F =i(Hr )+i(Hr ) (2-1-5b)
Y Ox Xy ay 1%
/\EP’
ouU ouU oV oV
T, =2A, vk Txyzrysz,,(a—y+ ax)’ TW:ZAV'a_y (2-1-6)

AR H R Y BCE H 2.5 B Mellor-Yamada  (1982) Wi A8, i
BT REW R

2 2 2 2 K 2
oq’D _ 0Ug’D | aVG'D | daxy :i{ﬁai}

ot oX oy do  Jdo o
~ 3
+ 2y {(8_U)2+(8_V)2}+2_9KH8_/)_2DQ +F (2-1-7)
D | do” do p, do Bl ¢
aq2ID+aUq2ID+8Vq2ID+aa)q2I _ 0 | Ky oq’l
ot oX oy do do| D do
K,[ U, oV 9. 95|~ DO
E<—M (=) +(=—) —K, —W- F (2-1-8)
+ 1{ D {(ao_) +(ao_) }LES,OO H aa} B +h

2 ~ = 5%
e, @ et RV, W=1+E,0/ k) REGEITER AL 1
FLU'=n-2"'+(H-2"; E,E,,E,B & 2.5/ Mellor-Yamada (1982) it 4]

GRS F, R OACERRIL, R RIIE (Lot ql), k.

J J
F,=—(Hg)+—(H 2-1-9
e qx)+ay( q,) ( )

M
/)
+



JE RS e iR

¢ 20
=2 ) =2A, — (2-1-10)

2.1.2 &4
(1) TEHIB A
NI IEAIONTRUSUE S S (L

®(0)=w(-1)=0 (2-1-11)
ERSEIE=IpIp Ul 2 L

Ky (du dv)_ o
poF(aG,an—(rax,ray), G —0 (2-1-12)

A, oy WKL 7,7, 0 A KSR x, y J7 A RIK T, AR
(Taxs Tay) = PaCo (U +V0)"* (U Vi) (2-1-13)
X, p AT U,V 200 10 SKAE XG> Cp i i &R
B, W34 Large F1 Pond (1981) BN 20Kk
C, =1.4x107 4<U, <10 ms’ (2-1-14a)
Cp =(0.49+0.065U,,)x107° 10<U,, <26 ms’" (2-1-14b)
X T ARSI N T, RN ) 7, =7, =0;

MY INE PARUR S SIERF

K,(du dv 1/2
g(aach:CJW+“) (uv) o=-1 (2-1-15)

Kok C, W R, 1S

k2

(2-1-16)
[In{(1+0,,,)H/z,}]

C, =max -,0.0025

KB RITHEL «=04; z ZHEHREE, AR 2 o O 0.01m; oy,

6



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

