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An Ecohydrodynamic Model for Environmental Impact Assessment
of a Mega Float in a Bay

Yusaku KYOZUKA™, Atsuhiko ISOBE*, Changhong HU**,
Hiroyuki HASEMI*** and Akio HIKAT'

A preliminary study on an ecohydrodynamic model for the environmental assessment of a Very Large

Floating Structure (VLFS) or Mega-Float in a bay is presented.
Tidal currents and steady currents by the density anomaly are
calculated in a bay with/without Mega-Float in the hydrodynamic model.

rodynamic model and a marine ecosystem.

The model consists of two parts, a hyd-

A simplified marine ecosystem

composed of nutrients, marine planktons and organic matters floating freely in the ocean is newly developed

and combined with the hydrodynamic model.

Numerical calculations with/without a Mega-Float in Tokyo Bay are demonstrated and the results are
discussed by comparison with the existing computations and measurements.
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Fig. 1  Marine ecosystem model

{L¥RIERFERE (COD) IZOoWTHMI LTy
IS=PMAVPEREZEZTOVDLH, INhbITHTHRD 55
KRB TH 5.

INLOEY - PEIZET, BAKFTHEELTVD
boELTRYEDbR, Z0EENIBFTILETRERIC
LoTRmkansg, Bz WY rss2 b (P

ICDNT iR
P 0P 9P 9P
ot Yox Yoy "oz
o aP.  [OP\#
+myw+am%?+%ﬂ 19

THhhY), CORDHLDE
HTH5.

DIF, REREERTAEI /=P AV MZDW
TEREEIT) 25, HERIIIITHE - BEOEYEH
EWBOEEREZ TRV, JITE, w{2»d
HHEETNODVODON, THE Db DEEREL,
PG EEB L ORI E 1T o 2. BEMIZTTOSTHRIC
HAHLLT, TICEHREROFHHEL TS,

2.3.1 YIS0 (P)

ZDA = b AT NTIE, MEERKER, BEIC
M AEEORLBZEHOWM T N EHD.
FORFWEME L P, (mgCim?) &4 1L, EWBRE
WX BB EIIARIC L > TRIET 5.

BROENFERRICHET 5

dP;\*
(%) =B.~B.~B,—B.~B,—B,

IAYARDR
By AR L A5 (1 KRAEE)
B, . fRBg Ao
B, PR
B, 8BTSy Ik ABE
B, #4736
B; . ihkE



— 218 —

AR R MR EEEY GO ABIET LA A Y POLODOEREREFIVIIONT

BT, SEGICHESS.

(a) FARIC L 2185E (B)

W7oy 7 b OB, XARXOXIICFELELT
KR, HEERES L UHBEICL > THRIATY
BrEZLNTNAS.

B, =uv(T) + tu(DIP) « u,(I) + P @y

ST, WMWTT o b OBKEERE (v (D)
B3

U1(T) = 01eXp (BIT) (22)

=72,

a  0CIEBIFAEAKEZE (1/day)

B IRERE (T, fi1=1,01/10)

Qo BELRIIOCH S L EOHEEX
TEHEZONTWA,

FoEE (D TR T 2HREREE (D) Kon
T, BRICRELEEE (L) 25D

(I = %Mexp a- %ﬂ) @3
WCEoTEBETS., 2612, KhOKEEITHEICL
S THETBHDT (TN b - ET (Lambert-
Beer) D)

1(z) = Lexp(—kz)
2. 2B, BEEOAEIIOVWTIE, ROES
(1967) ORUC L > TEHT 5.

Io(t) = Ipagsin® <ﬁt)
YAhAR DS
Lnez - BB H =
DL HOH»SHEEFTORE
T/, REEREICLIZREREFEDOHIR 1 (DIP))
FIHNTLYA - AT UVORTEHT S, 22T,
REHELTY VEEE DIP) FUREZLDT

m(DIP) = | brp J 29

Kp;p + DIP

=72,

Kpip i V) YER3E (DIP) OBEUCE T % A EH
LB, BROFREELZEZ 2HEEEFNROOAD
w&/MEEZ IS .

(b) HERAAVUWE (B.)

Y7o > b rid, RERICL VEEL -EHEY
D—E A BAREERD & L THlgs icHEE 5. 2h

AHIBAGWMERER SWEIEXZOO7T7 1 a
(Chl-a) O E LTRARXTEIONS,

B, = us(P) - B, ](26)
23(P) = 0.135 exp{—0.00201 + [Chl—a: C,] + P}

7L,

[Chi—a: Cpl : MR D Cp i23F S % Chl—a O
5id

(c) IfEE (Bs)

FEBN & o THEE SN EERIIZIFRIC L > THE
BEishs, ZZTRERNICEL-TE5 2 5.
B;=uvy(T) + P } -
v3(T) = azexp(B:T)

ZZT
az L 0TI BT 5 I (1/day)
B L IREAREL (T 1nQu/10)
(d) #%E (Bs)
Z T, MR R REISE R RE LRI &
>2TH5 25,
Bs=uvs(T) - P } o
v6(T) = asexp(BsT)

ZZT

as L 0CIZ BT A iH5EEE (1/day)

Bs - IREAREL (T InQuo/10)

(e) bR (N PRIZXBHHA) (B

EREIC L BNV P AORAEHKEREY RN LT
525, ZOEFIVTIIERY L OFREEOERIZE
A TWi,

B,=v;(T) + P(mgC/m? day) @9

23.2 BTSS0S (Z)

BHEOBM TS v brorv—TengEL, &
TNV—TOEWT T b IS EEETOET
DEEH LB CEHN LB T 7 P ELTHR
v, B R R OTREIC & B AR AR E
BLRW. K 7NV—TOBY TS o by ORER
BE Z,(mgC/m®) OEYBREIZL 2 BEELEIEL
ToOREHNCCEET S,

<dZ,~

*
dt> = Bs+ Bs — By— Bip — By — B & By

@0



TR 9

o
Be

WF

THME $£19% £25 —219—

272 L,
B, {7y OBEE
By I FHMIIRADEE
By, HEE
B, HER
By, I BAREL
By iRFE (RUV PRI BHE)
By . HESER
(a) B& (B)

BT b OBREREIZA T LT (vlef,
1945) HEERRNEB L WERERELZE L TRATE R
5.

B4 = U4(T) A ](31)
vy (T, P) = a4 exp (B, T)[1 — exp{A(II* — I)}]
AYAN DR
2 ATV IER

I, I SRR B L UL & WE

a, B  BEERFEICHET 2 IRERE

(b) HEFE (Bo) BLUHEHR (Bu)
HEBLIOHRIIEEEB LUCRADE (o B
URBEE (g9 2o TRATEHR 5.

By=(1—¢) - v(T,P) - Z &7
Byw=(e—g) - w(T,P)Z 33
(¢) HZIET (Bu)
W75 b ERAKRIZLTRRTER S,
By=uv/(T)-Z }

(4
vr(T) = as exp(BsT)

(d) HEEERE (B

B 7o s b v IERICERBIC, BRIZTRICE
BT ABUIMOENT WS, ZOEEBEL, HEC
B AYHOMERRICERZERREERLL TS L
EZONBED, T TIIEWICUTTE25.

w, () = — wdown'Sin(%t)

}

o T, KADL) REHREZ LT3,

0,(8) =ty sin {75 (¢=DL)

2,

Bas = w,(t) 5z

2.3.3 BBEERY (FrUY4ER) (POM)
EREAWE O V8= b AV N TR, BIBREARR
FHAL POC (mgC/m®) TEHE%ITV, TEMHARL
P/C B XU N/C lIZX ) POP (V) ) % PON
(82BF) ICHET L. POC OEYWBEREICL ML
{LEIRLTOXTEET 3.

Np

dPOC

* . Nz . ; B
(%) = Epi+ SEu+Bi— By
— By — Bis — Bis + groc (36
=L,

B, MIEIZX B POC OEHILLSHE

Bys GHRERYIC LD DOC DA

Bis : POC Dikls

groc - R 5 DA

(a) MIEIZX BT M) & 2ADEERL (By)
IZTI, BELBTFEE DO) 12X TRAD
525,

B, = vs(T,D0O) - POC

Ua(T,DO) = O exp(,BsT) . (37)

DO
DO,+DO

72721, DO, 3B OBERFIROLEAETH 5.
(b) F Y I ADBIFE~NDEE (B
2T, HiELTRRTE x5,
Bi;=§&: By, @9

2L, ERARREMERDEIETHS.

2.3.4 BEEEHEYH (DOM)

BARE Y OEYERIC X ZRBEIEIIOVT
bIBHREARY & FRICBERAERRERM (DOC)
TEtE»Tv, TEHER P/CHEBI T NC 1S
DOP % DON #8845,

(

AR AR DR
Bis HEIZX D DOC R
gooc - FHr b OET
I I T, By id POC DAL L FHRIZ L TRAT
525,

dDOC
dt

% Np
) = 2B} + Bis— Bis + goc 69

i=1

Bis = v(T,DO) - DOC

. 40
vg(TvDO) = oy exp(B;T) -

DO
DO,+DO:

72720, DO, 3ERFEHIROFEFNETH 5.



—220— B RAR G EE SR D RBIET L AA Y NDLODEREREFVIZONT
2.3.5 U BEE (DIP or PO,) DERIL (Bis) ) BEREEIE

WYTS 7 N oABLEETAEBEIRL LTEY »
BRiE L EHREZFE (DIN) 25d 1), £O—F0RIT
THEETE LV, EoTC, BEWCEEHF L ERET
NETHIHH, TITHEREERIEETHL LK
EL, JVVEEOAZEM T T V7 b ORERIREA
F& LTHEEMNLE Y CBRIE PO, (mmolP/m®) O
AEYBREIC L AEBEELEEUTORXE B CEHET
5.

N. Nz
(BEEY* = $1p, - C)u—Bi + By + 2Bl
dt i=1 j=1
+ [Py . Croml Biz + [Py © Cpoul Bis
+ gorp @1

72720,

qorp - V) VENE

(P,:Cli TS 7 L ORERE (Cw) 12
e pY (P OME
236 8 & B % (DO
BHREEE DO (mg/l) CH L CIIARBNOEEIC
By sEREZT, UToXEH W TEYBRICL
LEHMEELEIET 5.

<dDO

*
__d;—> =D, —Dy—Dy— Dy — Ds + Dy “2)

7270,
D, A L B G
D, TS5 Pl BB
D8BTSy L BEE
D . POM O3\ L BIEE
Ds . DOM DA fRIZ & B EE
J S
(a) A& AEEEMA (D)
AR L ABRBEHREBEIARNTHZONS.

D1 = [TOD . CP] . Bl (mgOZ/l‘day) @3)

ZZT, [TOD: C,] i&ar/)i—r XA bR
FEkE (TOD) LREZEOHMBILAERLTVA.

(b) 7527 b OPRIZL ZEEEE (D) D)
T N OWRIZE B REMNBEABERETL
IR L5,

Dg + D3 = [TOD . cp] ° Bg + [TOD‘Cz] ° BIO
(mgQ,/l-day) - )

(c) HFWOEMILIZH BREE (D), Ds)
MERAERYOEKRIL (B BLUBEERERY

D,+Ds=[TOD : Cpoyl * Bi2+[TOD, Cpoul * Bis
(mg0,/1- day) @5

d) HBR (D)
HEECOBBRIKICOVWTIIRR TS L 5.

D; =k, + (DOs — DO)/hs (mgOs/m?- day) 4o

72zl )
DO; : fafBF =
ke | EBRRAH

hs I RBOLANVES

2.3.7 {LEHEFEKE (COD)

LB FEERE COD (mg/l) DEYWBRIZLS
BEE LRI SS o Ny, BTS2 b,
BREAEY (POM) B L OEHEEARY (DOM)
DADDERW I = A FOEBL Y, [EE
o COD/C xRV TUTORTHEENS.

dCOD\* _ #» . apP; | Az . daz;
@77)_gwmxahﬁ+gwm%abm
+[COD: CPOM]M
dt
D
+[COD . CDOM]%‘Q =+ geop 7)
2770,

geon - RAD B OB
3. REEOW & MRS

BRI 60km, FFEH 30km DR VNGB
ThY, FHKEIH 20m LiEv. BOFKL, 44
L OWRCIAHIR SN FETH ), BEHOIE
S ERERT, B TEERE D5 OHEK R &CTERDNE
A, 1970FERFWOICIIREBEOREL o7z EHED

f CHIBA /
30 ®
E
x 20 -
>
10 [
YOKOSUKA
YOKOHAMA
P | | ENPEST RN SR ST RN SA SN SN NS R
10 20 30 40 50 60
x [ km}
Fig. 2  Contour map of Tokyo Bay and location of
Mega-Float



TR 9 4

T K 2 K 2 B e BT

i

%

FEE $19% 25 — 221 —

Table 1  Parameters used in flow simulation
Horizontal mesh size Ax.dy 1km
Number of levels N.(4,) 5(0,-2,-5,-15,-50m, bottom)
Time step At 6s
Coriolis parameter f 8.4x105s7!
Gravity acceleration g 9.8m/s?
Bottom frictional coefficient T, 0.0026
Reference density of water 0o 1025 kg/m?
Density of air oa 1.226 kg/m?
Horizontal eddy viscosity An 50m?/s
Horizontal eddy diffusivity Ac 50m?/s
Vertical eddy viscosity Ko 1X10™m?/s
Vertical eddy diffusivity Keo 1X107*m?/s
Tidal level at open boundary No 0.373m (M,)
Solar radiation under clear sky Qso 756cal/cm? day
Temperature 7, 27T
Relative humidity fa 80%

Table 2  Loading rate of rivers
Discharge (m?/s) DIP (mmol/s) POC (mgCl/s) DOC (mgCls)
Turumi River 20 100 0.09 X 10° 0.2x10°
Tama River 30 120 0.1x10° 0.3%X10°
Sumida River 30 460 0.1x10° 0.3x10°
Ara River 50 320 0.25X10% 0.6%10°
Edo River 50 500 0.25X 10° 0.6x10°
Table 3  Values at open boundary
level 1 level 2 level 3 level 4 level 5
temperature (C) 25.5 24.0 23.0 19.5 16.3
salinity (%o) 31.5 32.0 32.5 33.5 34.0
P (mgCim®) 500 500 500 500 500
Z (mgC/m®) 50 50 50 50 50
DIP (mmol/m®) 0.6 0.6 0.8 0.8 0.8
POC (mgCim®) 600 600 520 260 150
DOC (mgCim®) 1500 1500 1260 540 300
DO (mg/l) 8.0 8.0 8.0 6.0 6.0
COD (mg/l) 2.5 2.5 2.5 2.5 2.5
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Table 4  Biological parameters used in ecosystem
compartment item symbol value
max. growth rate ay, B 0.851, 0.054
respiration rate s, B 0.03, 0.0519
mortality rate o3, P 0.01, 0.0693
max. light intensity Lpaz 856 ly/day
opt. light intensity Topt 200 ly/day
Phytoplankton
half saturation const. K, 1.0 ug-atP/l
sinking rate w, 0.173 m/day
extracellular release rate 13.5%
ratio of carbon to phosphate [Cy: Pl 117
ratio of carbon to chlorophyl-a [Cy : chil-a] 50
max. grazing rate gy P 0.18, 0.0693
natural mortality rate s, Bs 0.054, 0.0693
threshold food concentration It 50 mgC/m®
Zooplankton
assimilation efficiency e 0.7
max. growth rate g 0.3
ratio of carbon to phosphate [C.: P] 124
decomposition rate of POC o, Bs 0.1, 0.0693
POC sinking rate . Wpoc 0.432 m/day
fraction transfered to DOC IS 0.25
ratio of carbon to phosphate [Cpoc : P] 172
decomposition rate of DOC ar, B 0.02, 0.0693
boc ratio of carbon to phosphate [Caoc : P] 337
ratio of TOD to Cp [TOD : Gyl 0.00347
ratio of TOD to C. [TOD: C.] 0.00348
DO ratio of TOD to Cpee [TOD : Cpoc) 0.00329
ratio of TOD to Cuoc [TOD : Cyocl 0.00329
re-aeration constant Ka 0.15
ratio of COD to C, [COD : C,] 0.00151
ratio of COD to C, [coD: C.] 0.00155
cop ratio of COD to Cyoe [COD : Cpocl 0.00146
ratio of COD to Cyoc [COD X Cypcl 0.00138
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Table 5 Initial values for ecosystem
level 1 level 2 level 3 level 4 level 5

P (mgCim®) 500 500 500 500 500

Z (P(mgClm®) 50 50 50 50 50

DIP (mmolim®) 1.0 1.0 1.0 1.0 1.0

POC (mgCim®) 800 800 720 460 300

DOC (mgCim?) 1800 1800 1560 840 600
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