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AN INVESTIGATION OF WATER EXCHANGE AND WATER QUALITY MANAGEMENT
METHODS USING NATURAL POWER IN OHFUNATO BAY
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It is often considered that water quality becomes worse after the construction of port structures; however,
port structures may contribute to water purification. This paper describes water quality processes in
ports using Ohfunato Bay as an example. In Ohfunato bay, the bottom layer becomes anoxic in summer,
due to the formation of a thermocline. In this investigation, it was found that the bottom water inside the
bay was carried outside on the ebb tide, depending on the strength of the thermocline. Numerical
simulations using a two-layer model confirmed that internal waves carry bottom waters from the bay.
Finally, mention is made about water quality management methods using this mechanism. Upwelling of
bottom nutrients is prevented by the thermocline, thereby repressing red tide phenomena.
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Fig.3 Velocity distribution along the bay axis (see Fig.1), comparison between flood tide and ebb tide, 1997.9.30.

16 32
Tide /\ AN LN A/\ A /\f“ fivs
A YAV »\/ ’\f\vn/‘x\_/\r,/\/\‘ f Y
15_ A AN i A ‘ ANCAA N [ \(/‘ /\/\ '\z Y ',\/ \1 / /\/ | VoV Voo I F31
>\ M\ i (/ ’ J f\ \f\ w\/\v,«/ ’W\/ / 1/ \f \/ \/ Vo J Y R
‘ V Y oy é
O 14’: 16m depth, inner bay (St. A),\ W‘M— 30
g 13; 16m dt\a\pth, out)er bay (St.D) \ N\ w/u y\ M 20 &
= ] \ . : X ’ A A S o 'WJ/ «f.m/ W' [ =
= ] . N\ LA ~y Py famgh P W ‘»J\N \‘v =%
é““—mﬂwvw/""“m’” P A “"T\ ﬁﬂ: o % ém 28 &
s ] 7 ] 1l B ﬁ Jﬁ % g
sud . an Jby d % lﬁ *’é% \ “V L%‘ o f“ f27E
= j | % Rl / ) A - / U’”’ ’ ! /) J\
2 ! Ledd 28 U ). ij o mj / \ i W el ﬁ,
ﬁ ro ot HL‘I \JM 'L[U \ { / i
;’f /% H Lf I \1% W B \ LR 30m depth, inner bay (St.A) s
l' W Iy ‘ 16m depth, on the mound (St.C)
8- T T T T T T T T T T T 24
160 165 170 175 180 185 190
(9.June) Time Day (9.July)

Fig. 4 Water temperature variation around the mound (1998.5.30 - 7.15)

QBWARICEFEFEL T

Fig.31L19974E9 H 30 H O LT HIRE, TV WiRE (BN 25
#790cm) IZB VN TADCPIZ LD Hl E SN 72 K FE20mET
OWIE ERIFES A THD. 728, FRE, BT
F(Fig 1 OB Ths. b o#tat, B>
iR TR E R L TERY, BALLBER~ORARIE
ELTWA. BRI, 0 (St D) M DO R L5 T
5. ETHIEE, THMEBWTAOHREIZBWTHED
WO R EOTENHESH KEIL>TEY, £DOKE
JiT EFEIERC£920cm/s, TP EIRHZHI 13em/sE e o
Tb. BT ERICIEE DB N O JE A E
THRLIZHEAL, BOY = B (3800m) Toem/sf2
FEDOBERA~MPITEA BN, FIFWEIZIL, B
T B BERIBROTEANS LB, BIZHE-3<UTD
AT, WRIADEALL TOAE O SE PN O i i E

TOFHEE, BT TS, a8 LoE
BTOWmMAUTITEAE 2,

3 TITERFICELESERNERBKDEN~DHE

(WA E ORI EENERBKELOBFR

Fig.d4iZ, 199846 HOH BT H9R FTO 1, A ke
RESNFEANOSLACKEE16m,30m), <7 NE LD
St.COKE16m), & OSt.DOKIELIEMIZ I T BKIED
H#F‘i/?’r{t%i%w_%mfz%é Ko EEizik, St.ATH|
EEN T GHURSO BRI ORREIZELL O/ T
HD. KEE, wUUR J:f%%dtér@{@]bfia@, <y
R EOKIEE, ES16mEEPNI0mIZI T HKIEDH
DEZE>THS. Figdhnh, <7 R EOKEBIE T
IR FTRL, BB LRL ThDZENbn5.

— 1081 —



ZOZEE, TTHEBRICENERIZHD

12 14 16 18 20 22 24 temperature °C
B VO N T Y e

{EKEABES TR Ea@E@dL, BT 0
BRI IIB A D ABES =T R EE @@L 1

104

TWBIEERL TS, £z, 16mDKIE  £15]
ZERNITHARBZE, 2FICE(LOBER gzg
Q257

IXFCTHBH, BRNOFHBBIMNIE A 20
TEEESKELI2->TEY, TOFEHIT 35{f

temperature °C l|8 2|0 2|2

2224
." I SIS

55 ) " |6.(tsunami breékwaier)& 5 o 7
Distance from river mouth km
16 18 20

%A ThB. 3
FigSiZ@199749A2R, 19974F9A @2 o
30H, @1997F11A17H (W T b K# 2_—

#) O T R BRIl S B B R R 10

fHETOARANELTLIELDTHS. 2 °]
BRDOEYARDRENI=TTT7AME  §2s]
I ADDOEMEN5.7km (St.12) £6.4km gg
(St.15) DR (FE# : T I BIkE, SR : 40

LIFEER) 2RI D THS. (ODEY (b)59
ARIZIZBRZT 723/ T @ 0

BIFBKEBEAMERLTNS. (@), GO 5
ROAITRLE-EBADKEBETTT 74V 9

£ 15+
b, EFHEEE T EEOT 0T 74V £204
EHBT L, THHRHC TROKES 2210

B2 TVBILNDNS. ZORRIE, 35/,

T ————
tsunami breakwater)
( )6< 5

Distance from river mouth km

TR BN R OKIR AR SR 40 !
WADFIHIZE 2> T ERA~FH LT (© 11117
b, =R EB L TESMMImHELTY
BIEERLTWDS. £, ZOEITEIX

T(tsunami breakwater) '
6.5

Distance from river mouth km

Fig. 5 Water temperature distribution around tsunami protection breakwater during

ebb tide
(Figures in the sides of graphs (a) and (b) show water temperature profiles at 5.7

km and 6.4km. solid line ; during ebb tide, dotted line ; during flood tide. The left

KIBIZES TR TWA. FTIiT#E,
ESOTREIZIA281I/17.5°C, 9H 30
BIiZf16°COKBMBIFET D. ZDTLIE, 9A2RIZIX
DI &b A ERI20m, 94 30 BIZITAKEFI30mD kB
DT EL R TEIMIIEL TWAZ &% RL T
W5, BDEIZRLIZENDIA2H E9A 30H DKIE
DA EETEE, KBENHEND15mLLRDIRE A
BIZF N FN#0.275°C/m, $90.225°C/mTHY, 0.05°
C/mDENEITERIZEEL TWBILIZRD. £/, K
BB 2<72-7=11 A 1TBIZX, BRAOKIB DA
IZENHLNT, 2KIBIZBWT, BAROTHEAI
ZoTWBIEN LMD,

Q2BETIVIZESRNIGEOER
LAY —ET NVERWT, A THLMICLIZER
ERKIRABROEHN~DOHHOBERIEZITo72. Lk
TROESH FEABIONER F R A HFERLL,
leap—frogRIICETE 2D T-. 728, K BDKEiEENRS
PEAREIE, 10m?/sEL TV 5. FigblalZ, BEHIF 5T

hand side graph in (c) show water temperature profiles in three periods.)

BEMEATRT. OIS MLLT, BERTEEFKE»L
23méL, EEBOEE#1024.5kg/m®, TROEE%
1024.75 kg/mYZERELT-. WAIER B LLT, B4
AHIEIE0.4m, EHA12.4285R Dsin 2 A SILT=.

Fig. () RHIRED b TIRF £ TO R EZEH), Fig7Iz
TR (x /2) D@ LBORESIML, () TE
DOFE~SI MV EREEGHOFERERE T . FigT (b)
WRLEEREOBORNERS T LR, BOESIT TR
#FRT. LB TIE, Fig30BRAIBRERRKIC, vTUF
FHEDRIMBFIZKELRR>TEY, FrIBLVE
BTOFEIT/NELIe>TWB (Fig7@). =7 Nl
ZRTBREIE, R ()2, R ELK
0.2m T Ao TWABH, FIFMIZEbR>T, fha i<y
VREBOREIZERL, 1/2(€)2527/3(0) D
KEZET, THE(A)ETHEILTWS. £,
Fig.6(b)EFig.7(b)2 5, HEERMEIL, 2.0km, 6.0kmftiT
ZHE, 4. 2kmfHiE B LI EARE—ROREPZRL T

— 1082 —



BY, ZOFERIIBELEIITREN
TWABBANEREL —BL TS, 2
NHOZENG, Fig5TRLUE FIF#
BN ESE KB OIS ~DHEH
i, Wiz kA R o LR LB
BIENHDEE Z B,

4. KEEBEFEDRE

(MFRFO M

Fig.81%, 19984E7 H 16 H DIRTFHE
HHEY L DIP) DB N THD.
R TIDICHRBORE LR DK &
i, BNEBICEE-TEY, X8
TIIZEA EARLIR . THUIE, '
EREOIEIEICEY, ETFREOAB
PRESENITN T, EIRMDIEH
L7zVo s bz L3220, &
izt FE-TNDHIEERL TN,
TOZEE, BB OMETENE K&
LU= ARBA Rz LD, LIEE
TOFRMOREAZIHIL TODLFTHE
PEAETRL TS, FZEE, KREETO
K NEMO R OFAEITIE
IR ThHAD.

(QFEBRBEZFIALE-ENER
HOBREKRDEN~DHEH
VAR, PNV LAMEDHER R

W BT-DOITFig R LH70HEK

ARSI EINTND. 2

NERWT, EAOREESRAKMRE

BWNIEEORIRMIZEIZI LN

TENE, BRNOFKE OKIR) Atz

INER T B EMTED. BEARD

INELp i, Figlolz =339

DR AN SIS R A=Y - A S A oA Sy

BEEFIALT, BXELLIZAS

OESN~DOHHZARHETHILNT

5. EROFRMIHIZ R L OB

MO — AL TEDRED ED

WAKERAZELDRE IS HOR

BTHHD, ZOFEFEBTENZ,

BB T T NTLDHEK

HLFEEHE AT —aANTHE

Level of thermocline m

()_;,, V_ — I T
53 A=04m
10_3 w=12.42 hour
E 15
.20
o ]
2 25
30
35 tsunami
E breakwater
40 ' T |1 1 | R ' i T
0 1 2 3 5 6 7
Distance from river mouth km
(a) Conditions for calculation and bathymetry along the bay axis
3.5 ]
] high
33 B ide(0)
L IS
2
%_ —A— T3
1.5
i E —— T2
0 55 —= 23
0] o su6
0.5 low
1 % tdem
= 1 T 1 AR A R 1 ' ' T ' 1 L I
] 1 3 4 5 6 7

Distance from river mouth km

(b) Border surface movement from high tide to low tide

Fig.6 Simulation of border surface movement using the two-layer model

(a)

Upper layer

20

40

60

1

70
Mesh Number (Imesh 50m)

0 90

(b) Lower layer

Fig.7 Velocity vector and Border surface movement at ebb tide (70/2)

— 1083 —



107 - S
’:-:/_20- inside ul 4"l outside
S T e "
=l - TaNC
30 I//ﬁ A
40 T T T T T T // e ‘,‘ ; s cheen
0 1000 2000 3000 4000 6000 / o ~Srea.watér'efxvchéngab'lér TN

distance from river mouth(m)

Fig8 DIP distribution (1998. July. 16)

tsunami breakwater
Fig.9 Water exchangable breakwater

, Red tide -
Discharge of )
river water
« 4 Eutrophicated bottom water

Expediting of drainage using sea water
exchangable fsunami breakwater

mound

i se i . .
Nutrient release from <+ Generation of <|—— Generation of thermocline

sediments anoxic water

‘Fig.10 Drainage of eutrophied bottom water during ebb tide

BHFRREITOIZED TED. IR 2RI AL 7K
FiEE, BAOHEKEFLZRETDODENRFIE

D—2ELTERDILNTES.

5. HhYIc

KAMEBIZBWT, KEOBEBMBARERE, TIF

BN L7 CRE SR O ER A DB N BB K ANE ST
e S N 5 1S 2 BB E REFT BB RN 5 S
Mmizl7z.

OBRITBNOTIE, 48 FarLREBRBIERSN
IEIU®, 9B EICBBA &IRERD. IEAERBIHTIL,
BEREOERELHICEBRLIETL, 9 EIZ
TEERIRRELD.

QFEL, MW O LT T FIinbbd, o<y
VR ETRLREBRS>TCNS. £, oI BFHEE
DIBRTOFRAIUTIZEALE 2.

Q) F T HIRFIZIZB NIEE B OEIRASRAENA DT
HizebieoTER~RD Bifbh, ~ U REEx
TEIMCHEHESNS. TOHHEL, BAKDIRE
AEENNS WEEKREL RS, EIFEEICITEH
DOARBENR =T R EEEEL T,

WBNEETOEIBAEIBANTEL T HHEBEOE
BE, LA VY—EFTIIZ2ZHWTT> /2. TOE
R, BOWEEETHERE— FONHAEIRE)
MNEN, BNERKDBI N OHE LS DTN IR
R ENKE NI EOER SN

(5) RARTEVS TIPSR OFENERE(L L 72K
ZEREICEED, LEETOIRE OFRE Z ]
LTWws,

(6) TTHIRFIC BT 2 BANEBAKBORS LITHEE
ZRATNIE, BARBICEEINTNIER
FKBEBANDRAHH TE 5.

I A RILERY F _EBERERROBIOLEIITON
7o, Fiz, 1997 FOKIE, BHEEROT —HIEFR
KEFER B Z—0bR %A, ZTIZEL T
HEERTLOTHS.

BE X

DERAH, B)IRE: KEEEENLRENE T — N T
EY (KA EEE OKER) NERNICRIETEE -, hE
YEVERFSE/ —1, 55 32 %, 1 5, pp.29-38, 1994.

2) BB RS -BAL— BTFBRE /N EEB BT 4R
FROEFEBELFENBOLERER~DEE, tAkFES
WA T 53R 305 [45](2),pp.1081-1085,1998.

R - BEBIE— ¥ EFI 5 - HFE - T B RE: RANED
DB LB EE RSB T 2B BRI, T AZESERT
EFHICEE[44](2), pp.1066-1070, 1997.

4) BLLEFE S - B EEBCE - EEA KR EE CORBMERK
BOTERLETH RS, TARFE KT FiRCEM3], 1999.
S)FHARRE  LEDHEEYEES, P.342, RiEKFHES,

1993.
(1998.9.30 1)

— 1084 —



