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Observation of discharged flow from Density Current Generator

using physical indicator

Kenichi Fukuda' and Takahiro Ishiguro’

Abstract: Water quality controlling in enclosed water is essential for human to maintain the
valuable resource. One of main challenging issues is to improve concentration of oxygen and
sludge in bottom during summer. Furthermore, recently we encounter oligotrophic conditions
during seaweed (Nori) cultivation season in Japan coastal areas. To control or improve such issues,
we attempted to install an innovative device, which could generate an artificial density current
by mixing upper and lower waters in stratified environments in Kojima Bay, Okayama, Japan.
Kojima Bay is struggling with impacts of low dissolved oxygen and eutrophic conditions, while the
mouth of Kojima Bay, known as the area for seaweed cultivation, recently becomes oligotrophic
conditions. The installed device has potential ability to transport water widely and improve bottom
condition due to pumping up water. The designed device could discharge 3.1x104 m3/day by intake
of upper water (2.48x104 m*/day) and lower water (0.62x104 m’/day) with 5.5 kW motor. The field
experiment started in 2011 and two detail physical field experiments were conducted to investigate
artificial density current produced by the device on April and July, 2012. It was confirmed that
salinity was changed during the device operation. The results indicated that the device can produce

artificial density current properly.
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Fig.1 Image of density current. a) early stage, b) late stage
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Fig.2 System of Density Current Generator.
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Fig. 3 Lactation of Density Current Generator.
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R =810 m, S =910 m.
Fig.4 Sampling location in April.

Westerly distance from device is A =430 m, B =330 m, C =250 m, D = 180 m,
E =110 m, F =30 m, G =5 m, Easterly distance from device is H=5 m, [ =50 m,
J=110m,K=160m,L=210m,M =270 m, N =410 m, O = 510 m, P = 600 m,

Q=700 m,R=810m, S =910 m.
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Fig.5 Sampling location in July.
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Table 1 Information on April sampling.
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P A=430m,B=330m,C=250m,D=180m,E=110m,F=30m,G=5m, §fll/5:H=5m,I=50 m,J = 110 m,
K=160m,L=210m,M=270m,N=410m,0=510m,P=600m,Q=700 m,R=810m,S=910m
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Table 2 Information on July sampling.
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Fig. 6 Salinity and temperature profiles at 5 m, 510 m and 910 m from device -low tide sampling in April. 120412: April 12
sampling, 120413: April 13 sampling, 120414: April 14 sampling, 120415: April 15 sampling , 120417: April 17 sampling.
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Fig. 7 Cross-section of salinity at low tide under different operational conditions.-: westerly distance

from device, +: easterly distance from device.

CTD 7Z WKl - 72 HE L.

7 H 26 HFAERHZ, 25 Hh 5 EREE SRR 27 By
BOMEHRFICHE L, ZOREEEZEH ST THS
6 7 [P CHEE BN U PRI D 7K - H5 2 & LTz,
75 538 h B B LD 2EE D S 50 m A7z i
F CHIE U7 (75 701, 90 7314, 105 70%%, 120 731%).
iR ORER DS, B ETERWVE S IO
CTD 72 W\ kil - M Z2HlE Lz

m R

4 BEET
X 6 (TR D T E A HE IS BT %, ki -

22

WoathE s fzRd. K6 Kb, HEEEHKER
(120412) OWEHIKERSE (1-2 m) OFREE A
bix, HEEMS 5m, 510 m &T 910 m #HifSIcBW»
TEEDIR VRS EAE 2R U, £z, EIK
BIRFIC BV TIE, EORTT & BHE RG]
HEXNahote. LML, ZEEEILR (120413) 1,
5m KO 510 m HIEICHBWTKEEO0S, 1.5 U 1.8 m
I 3 BRSO 2iakii - a2t g NU
910 m Hi FIC BV TIEZIKIFE 05 KT 1.5 m {3l 2
ERBE O BEfE DB & Nz, 2 R EI (120414) 13,
FEMN S 5 m OIS BV T IEE i g B
Nixh-ole. Tz, KEHKBEKE, EKEDS 5m
Hifi & 510 m I B TEHEHOKE (1.5 m) O



PIEEHRERIC K 2 H I IRPLECEE > © O K DB

X 20 T—ETHSH, 910 m HiS TIdE 713K

eI U -, EEEHEE 4 HEoR-BIC BV
T, 910 m #ig 3 Dthod 2 Hii g & Fhlig U TR

Wi Z2 7R Uz, FEHKEEGTE (1.5 m) I8 0T,
ZNFNOREHICHBNT, EOIENMLITY
B Uz (5 m i :10/50 em, 510 m #h5:10/50
cm, 910 M5 :12/50 cm).

T HARRMNRE, 45 1R N OF RSB IR 0D 22188 JE] 320350 (V8
1] 430 m A 5 B 250 m) DI Z2 K T IR .
F AR IR R O B BRI E BT (0 m D) D
HHCKFEIC BN CEBERET (0 m 35 THEOZE
{EABERIE =D, 50 m DL FEEN 7= #S Tl s
DAOENUIBE Nixh - Tz, EEE IR
Ti&, FEHI430 m 75 200 m M5 FE TOKE 12 m
379 THBHH, FoOHEIOEMIE, 1m LX?%
W 9 BB S Nz, £z, EEEIERETIE,
%%MD*%LSmﬂHmK%VTK@kﬁj%W
OZAL DRI E Nz (3~4/20 em). 557 30 DI AT
@4ﬁuaf@omﬂﬁ,wqwaf@ﬁMmo
m gL, 4 H 14 HTEPEH 300 m Hig{E TA DA
ATED,HEHICE > Tl > 20t 2R Uz
R (1 m DR ok, ko fF8c
b 53, EotiiTts ERMEN (] 12°C =F)
15°C) ZmRU7z (K6). FrCEEE (5 m i)
&5 HRET 4°C ER Uz, EEEIABER: (120413)
&, BEEUKRERE OKRZ) (FHEEMHH CKEE
T, 5, 510, 910 mHiffic BV T HEIENAED -
7z. UL, ZE@EEIER (120414) (33&E@EHTTK
ZE15m T,5,510,910 m #ifc B TKRZ(E B
2°C) MBI E N7z, EEFHEEHEZ @ H 14 HLIR)
X, 7K 1~2 m TKIEZEA 5, 510, 910 m Hii x5
BN THEIIE Nz,

4 BIRE R

X 8 Il RE D B EH I B B, K -
HPRE DA 2R T . TERFIC 3500 % 2508 B AR E)
KFD 5m & 910 m M D ERE A1 3 BB DR
& (0.5, 1.5, 2m) ZERL T\,

WEF LB OE D E ARG ST TRz > 72
22" U7z, 910 m HipSid 7k 0.5 m & 2m I
DEAEDBRIE N, 5 m S TIEKE 1S mH
525mIIENZENAH D, 510 m HigS TIEIKE 1.5
m /N5 32 m LB iz,

FHEE 1 HEOME S MXIEEELTD Gm) &
510 m D&, KELISmMA DS 2m X TRALIC
WL TEHD, HEREZZEE N THRVA,

23

910 m HiI I /KEE 1.1 m L TR E R LDEIHIE
N7z, 72910 mHgi3OKER3 m (L & THRDRA
WU 7z,

TARE & RO HFEIC BV T, K T m H
52m OHPHTHECT % &, £ DGE, TR,
EEBEHOGHEICH D S TS OB (B »
BRI NLTh o .

IKIRICRI U TUE, Mo L FIRRIC, iR i3
BEREEHOFEICHIDET, KEImHSE2mD
HIPH CKIRDOB AN R SNz, 4 H 14 HEEEFH
B OZLENT] (S m) 2BV TE, FEHIIKEE
R TKIBRDE AR S Nz, Tl O o
SEERRMIRE (4 H 12 HERU 4 A 14 H) o2Esmd (5
m), 510 m fz O 910 m ik, ELEEHICHEWTHE
KR Z B U 72, REE IR, 3 MW T
KE1 m A5 2 m Tl E/KIEDBIIE iz, iz,
4 H 12 HOEmIRED 910 m HigIc BT, 7KZE0.8
m (T KRB & Nz, SE I oM
IKGERBE (12 m) Tl&, /KIRZ(EDVELC TWED,

EENSEEN AT 910 m) TiE, 0O L5 &%
BB E Niah - 7.
7 BIRET

X 91C, 7 H 25 HmIREaRE ORI 8iE /71 72
AU Tz, BEEE R OIRAED 5 5 {H) 24 7314 N UF%
il 60 734 ODIREED B {5 1EKE F T O/ ERE D D
RS | RN Oy
EEE - ERE (7 H 25I3)

TEEE TSI WNT, EEBEEHEZICH K
1.5 m S THAOZED B E Nz, 18 m g

DIKEE 025 m M5 2.5 m UL W T EEE B R
BT AR OZL BRI E Nz (B - 14/1.5

m, @I 1423 m). FERBHEZTIE, W8 m
ﬁﬁ BWTHEEDZLIB@E LAk TH - e

. BxM#) 6 731% 0 5IKEE 0.5 m LD A R IE)
%&R&LT@4%MLK.

HiERE-EEE T H25H)

'ﬁﬁﬁﬁﬁMWL%wf %ﬁ@m01%66\§

1R, JKEE 1.5 m AIARER ST OB 7 o0 A
b‘%ﬂiﬁ‘]‘é Nz, FEEIEEIE KR 1S m RO
’\bﬁiﬁbt B8 m HIFUTIHBNT, ) 66 7771%,

DR S IFEBITKZE | ~ 1.5 m THESPOIEK R
#ﬁﬂéht
X 10 1S5 I RE, BB

&, B 12 701%, 24 014,



RHE— - AR ES

Salinity Temperature (°C)
0 5 10 15 20 25 30 35 5 10 15 20
0 , 0 ,
!\ Sm Hi s 5m Hi i l{ !
1 \: 1 :
o0, __‘;;: . i
2 R0} S 2 7
— o, | — [
£ AN £ '
£3 ot L R =3
5] 5]
e )
4 120412 4 ———120412
5 120413 5 b B YRR 120413
-+---1120414 ---1- 120414
6 L 6 EE
Salinity Temperature (°C)
0 5 10 15 20 25 30 35 5 10 15 20
0 T 0 |
| 1
. \ 510m Hi . 510m Hi1 5 \ |
2 M U ) 5
—_— \ —_ r
E \ E /
<3 . <3
o 9 (o}
[0] []
e T )
4 4
120413 § ....... ot 120413
5 - 5
-4--- 120414 ----t 120414
6 Rl e Hanes
Salinity Temperature (°C)
0 5 10 15 20 25 30 35 5 10 15 20
0 — 0
1
910m 1 910nlﬂﬁﬁi5%‘i
1 1 /j ;
2 . . 2 ”
g N \\\ E ,f
£3 : s3
Q. [oR
[0 (0]
) =)
4 - 4
\
120412 p —— 120412
5 5
o:1204130 1 | T | e ot 120413
Si--41208240 0 0 || e 120414
o Ene 6 ey

Wik

X8 HENDS5Sm, 510m, 910 m DIy « KIRHE R - il D 4 H A, 120412: 4 7 12 Hil 4,
120413: 4 J] 13 Hil#, 120414: 4 J] 14 HiddE, 120415:4 F 15 Hif# 120417: 4 7 17 Hii.

Fig. 8 Salinity and temperature profiles at 5 m, 510 m and 910 m from device —high tide sampling in April. 120412:
April 12 sampling, 120413: April 13 sampling, 120414: April 14 sampling, 120415: April 15 sampling, 120417: April
17 sampling.
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Fig. 9 Salinity profile at near-device and 8 m away from device under different operational conditions on July 25.
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Fig. 10 Time series of cross-section of salinity on July 25.
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Fig. 11 Salinity profile at east-west near-device, east-west 2 m and 8 m away from device under different

operational conditions on July 26.
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