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A Numerical Simulation of Water Flow by Opening The Floodgate of Embankment in Isahaya Bay

Yusaku KYOZUKA", Kensaku FURUSHO™ , Yoichiro KIMURA™

The embankment of Isahaya Bay has been a big social problem since it is suspected as the main reason of the seaweed
crop failure in Ariake Bay in winter from 2000 to 2001. Laver farmers insist to open the floodgates of the embankment. The
investigation and the countermeasure have been discussed by the so-called third party committee. Marine environment is not
simple because it consists of various factors by physical, chemical and biological effects. The flow in the bay, however, is
primary important as the diffusion of materials is govemed by the flow as the background. We tried to simulate the flow and
the diffusions inside and outside of the embankment associated with the opening the floodgates. The numerical results on the
velocity distribution around the gates, water flux through the gates during a tide, tidal exchange rate of the reservoir through
the gates, diffusion pattern of water from the reservoir at Isahaya Bay and the residual flow changes with/without the

embankment are presented by graphics.
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Table 1 Values of parameters used for simulation

f 7.94x10” sec” | Coriolis parameter

g 9.8 m/sec’ acceleration of gravity

0o 1022.5 kg/m3 reference density of sea water
KE 15 number of levels

Ax 200 m horizontal mesh size
Ay
Vb 2.6x10° friction coefficient of bottom
Ve 1.ox10* friction coefficient of wall
At 2 sec time step

Co 1.475m amplitude of input tide

To 12 hour period of input tide

pa | 1.2x10%kg/m’® | density of air

Ay 5 m’/sec horizontal eddy viscosity

Ay 0.0001 m*/sec | vertical eddy viscosity

Table 2 Condition of calculation

case-1 Gate Full Open

case-2 | Gate control to keep reservoir water level —1m
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Table 3 Water discharge through gates during one tide

case volume of  |volume of water exchange per tide (m>
reservoir (m3) north gate | south gate total

1 1 047TE+08 3.877E+07| 2.707E+07| 6.584E+07

37.0% 25.9% 62.9%

> 7.995E+07 6.101E+06| 3.650E+06| 9.751E+06

7.6% 4.6% 12.2%

Tidal Velocity
(m/sec)

Maximum Flood Tide e
case-1

Fig.6 Distribution of tidal velocity at maximun flood tide

in Case-1

Tidal Velocity
(m/sec)

Low Tide
case-]

Tidal Velocity
(my/sec)

Low Tide
case-2

Fig.8 Distribution of tidal velocity at low tide in Case-2



—212—

B OEZ T RGYEKFID BB S REN- DV T

3.3 BFEHEIZX3FHEhoTEL

Fig.9 13, Case-1 Iz DWW T/AMBIMKN S 24, 48,
72, 96 FFfEI DRI T OWBRBZHE Lz b D
Thd. 24BMBEOFEREHD L, FEHBANTTIT
MFDBEERDIRNVESBHIRICRoTNB Z LR
BB, TSNNSO ABPERRICEALE
D THD. KELDLDERO N EZ— 25T,
B HEREIC X > TRV EILTEDTHEIOR
ERERYTHDEINE I DOV TIE, S%BRH LR
TR b, Kz, B ORIFOIBRE
BBE, BFSLHICR T IXBEE RN > THE
LTWBDIZxt L, EM»bohiFIIEETS L0
LETTHH0D 2 INV—FRHBE3CHLSB.
COEIRRERCRDIEHELTIE, aVFVAHE
BEEBOERICLAEBREIOND.

48 PR DRIFOIEBRILE A B &, HYSEOR
FRHRBBLEEIZER > TVWD Z & & ST m
POREBLZHT, FUBZBEELZ Y R LRy
Bhd. EbiT, T2 B TIXFAEMAN ORF50
BY, BEEEN»OFEREANIEBL TV ETF
D5y Y, 96 Rl CIL S LM b HichrF33F
gD FRE D 5 VAN B LT EF RS
»5.

Fig.10 X, Case2 iZ-o\ T Fig9 L EELEE Y
FRLEBDOTHY, Fig. 9 L B+ 3 & BKEE.
7, 24 RO EIC OV T, REHMA DRI
FERZIZHMLTHS. Zhid, Case-l DX HiT
APCROFENREALTIRWEDTHS. #£E
SLDRFIZOVTHE, Case-1 & EEICBWLTiIAsE
BRWEDIZBbh, HHEOAZ—-Y, FIEFE
WML IR FIXEE L, dLMH S ORFIIE
ToORESH LS.

A8 FFEIDIERER D &, kDN FOBE
NHERFILMIC K & RBEERB XD, £, B
DEBREBICH > THENAL SR FiL Case-1 LR
HETRIZH»> TV, HEBFRELETO
BT OB L B OBEFIE 20 BRoTNE.

Eblz, 72 KL 96 REEOBRE 5B L2
HORFEOILHOFEF R ERNHEY KERRNT
EBFMB. Thix, ORI 24 BB THREROE
KRB ZFIIZE EEAL T 2N DHTHY, Case-1
DFER L BT B LRBHUANOR FRERFVZ L
BonG.

3.4 WEMOWAIZBE

REFPER OB, TOTRBER-TEY,
AFREOREBA DD T TROE{WIERZFIA
TRETHDEVWHIFERBI. 2L, kMEH

U7 BEIAMEB L T EDBEDHARRYITH
No50H, HEINMIENL HVORETHRELORE
KBZEEND D, Lol fBHiL, ABROH
E%2EBZD ETEAOPOBEDLDTHAH.
Fig.11 1%, Case-1 L Case-2 OBLEEOLEL S
OAB/ITL-oTHEBLELOTHS., BEOENET
RMEZBEKLZL & THSB. Case-l TiE, KRS
CTRFRHAY 280 RETOT, BEABERIIEY
B TIRET 54, Case-2 TiIAMZHA LTV SR
ITRLFOHA D BRVOTHRERIZED LT\ =
BB, ZORRTIE, Case2 ODRFEEIT
Case-1 [ZHARTAHRDFIZL b LT, BiR
& LTiX Case-1 DL LW R->THEY, FHEL
LITHEARTHBER RN L 5 RERIC 2> TWS.
L2EHEASORBRIZER LT 1LEBYHORS
Rz LI Figl2 0 X 5 RRIELNREBERIE LN
AB,FNn%

R()=aexp(-B-1)

(16)
W2 &K o TR L 7=, R S e R i
_hroca
KT an
IE»TEHEz LN,

Table 4%, ZD & 52 LTKRD S ERHERE
BORKEER LTS, Case-l DEAICILG 3 H2%
THI 2/8 DWBARBRZBMENDZ L IThD. Ei=,
Case-2 D & 5 2/KFIOBT FTHH 1 BRI TR
TN DU KD 213 EEBNEHREND - LICRSB.
7L, REFHEABWHRIEL LThE Bt
15m) ZRELTWD DT, /WM LIZHo0WTik
BIRHETIMERD .

3.5 W¥EER
BRI, BAERNRENLE»Y TR BREICEBG
T—EHE~DEFHREN b HES>TWS. Bbi
FRE LTI, #EOREBICLDROREITHES
BEHRENTHD. WEOIEEEE 2 BB,
BEMBREOEERDOFEDFRRENVNEENTEH
0, Tl AWEOHRMEIINPE LLEETHS.
T, BEREFELNRAMOMBICEITSE
EMEERCLT, BEOKMEAUZRERBI W
K% Case-l1 ORI LIS OBERZ LB L
. ZZT, BERIINI PATHBOTEL YD
EORLBZPBETHETHBM, =2 TIREARD
F O CREFROEEDESL L o7z,
AU =0y |~[U (18)



FEL 34 UM KRR B A B Tl W23k H2e =213~

24 HOURS 24 HOURS

48 HOURS

72 HOURS 72 HOURS

96 HOURS

Fig.9 Distribution of particles after 24, 48, 72, 96 hours Fig.10 Distribution of particles after 24, 48, 72, 96 hours

from opening the gate in Case-1 from opening the gate in Case-2



—214—

B0 T RTHEKFID R BA S B DWW T

Fig.13 1%, KFMPHA X - BREDOEER Y bV
DORPBERMOBETR A7 M EELIWEER
Ths. BEEESMUOKREE L FRBOESEME
T, HELEELERER~Z PLEFIILRE T
HBN, BIEOERERRY PITIBED L DTS
THL RoRER, BEROBEIEREZIZR->TWY
5.
Fig.14 3BEORZEROHNENOEEDOThE
EZLFWTEERLLTRLELOTHS. B
BRIOREE L FREOEATAIE TRDEFTRN
ENTEY, BERLFE RoTW5. ZOMHITIE,
FRICBRERBPKEL RoTWBLIALH DN,
MXHME L EEEE 22 LRI OERIC L - TERER
B Ro T ELDDTI VD,

Fig.15 I, BREORBTKMERITHEORE
MY bVE Figl3 L RRICIREOZN L R LT
HLOTHY, 1~ Fig.16 13, BEFKOEERBE
DEREHEBLELOTHE. ZRHOREENPD,
kP EBRK LR AE, REBORERIIESHTEHE
HLIEFRLL BlotbDitizoTLES Z &, —F,
Fig.13, 14 TE U TWEEBREICBIT 2 REMITE
EFELOEPFIEAERLSRSTLED Z RN 5.

4. ¥¥

ARG TIE, BREE OB TR PR OBRKIC
S WBOTFRIY I = L—v a VEITW, KPR
DOFEESA, ABEHMAORIE - HBAKH]RE - Fh
THEERERE, RAEM» LW HIWROFEH I I 2V
—¥ 3 VBIUEWEBIEBEORERIC OV THRL
2. BLRERIIUTTHS.

1. EHDORSITHNTKMOBIZRNA, K2
BROBE, KMFEB LSRRI NRYKRE.

2. KMLBOBEORBEHOMEKRIZHIL, K
BEEENAM 85 BTHD. i, WEBANDK
M —1.0m PUFICBX 2 TKMZEKT 55
BT ETHAN, ZhETFHEUECE.

3. REMHPOHDIEADD D, EMPLHDIKIT
BRER o THN, ERETHRECET
3.

4. BPBRICH > TREHRI/NE 2o TLES
TP REE L A REOESMAEICH D43,
AMERIT D ETICES. L, REBRNT
FEHFH LWRBRESHRTS.

BPLYIZ, SEOHEBYI2L—a Tk &
IZ18 50m OFEFORERR+HTH Y, FJIFHER
EhEEL TRV, £7, dREBRSILEERE
KBREENTWAZ L HRICRDBLEZIATHY, H
P SAFHEOLEERZR LTS, 5%
DFEL LTIE, WOBICE ThDEIRICH 55
BRERERL O L LT IMEC =51 3 @ Variable
Mesh (2L 3¥Ia2l—vasvOERAERRLTFE
Th5.

Table 4 Average residence time

Case-1 Case-2

a 0.965 0.974

a 0.118 0.062

O (hour) 84.75 161.30
Oy (day) 3.53 6.72
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Fig.11 Remnant Functions of Case-1 and Case-2 in

1003
90
S 80N
S0 A \
=S I

P N B -
=] : .
BAO o =
| ) SETPRRPPRRERI FRPRISRRRTRRS: oo heeees
§20 I R e —o—casel
& 10 ERRREEEEEEEE EEEEREEEEEEED AR —+— case2

......................................

%

..............................

.........................

=

Time(HOUR)

Fig.12 Remnant Functions of Case-1 and Case-2 in every
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Residual Current Vectors
Now - Past
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Fig.13 Difference in residual current vectors between
“Now and Past”

Residual Current Vectors
Fullopen - Past
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Fig.15 Difference in residual current vectors between

“Full-open and Past”

Fig.14 Difference in residual current between “Now and
Past”
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Fig.16 Difference in residual current between “Full-open

and Past”




