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Abstract

Ocean Thermal Energy Conversion (OTEC) demonstration plant in Okinawa prefecture deep seawater research center
(OPDSRC) in Kumejima, Japan has started the operation for 2 years ago by Okinawa prefecture. Where, the maximum 13,000
t/day of the deep ocean water (DOW) is pumped up from a depth of 612m, which is the largest flow rate in Japan. The utilization
of DOW has been expanded as one of the biggest industry and employment generation in Kumejima-island after for 10 years
of the operation. For further development, the confirmed seawater data such as temperature, salinity and ions...etc. is required
as well as the expansion of the seawater intake facilities. However, there are few available seawater sampling data at the coast
of Kumejima-island. Moreover, for OTEC, although the biofouling of heat exchangers especially for the evaporator using
surface seawater is the one of the critical issue for the performance of the power plant, the heat exchangers in OPDSRC has a
10 years of long operation without cleaning and/or maintenances. Hence, the paper describes about the analysis results of
sampled seawater at the coast of OPDSRC for the design of OTEC and for other multi-purpose utilization of DOW with the
cooperation of the training ship of National fisheries university “Koyomaru”. Furthermore, the sampled surface and deep
seawaters drawn at OPDSRC are analyzed to confirm the composition of the Nutrients and the elements concentration.
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B 1B A S U 7oz s, ERBIRLAIE, R R VX —t e o A= IORE YT T A b
WO (PRI A TE AT OV KBRS 23 STV TV AIEAN Ol & Uiz, Z oW,
AR T WG AT CRAlICEL 725 THR Y, PEROBUKE R E AR 23K Th 5.

BUALS AR 1R, JAE, 2016 451 H 13 HIZK 1127 T St1~St4 (2Tl Lz, BLUASOKEET,
782~1,019 m, BUNEPHIL, dbfE26° 23.000 ~26° 2589 , HFE 126° 50.177 ~126° 5498’ TIr1-7-.

Table. 1 Observation point

St. No. Latitude longitude Depth [m] Temp. [C] Press. [hPa]
1 26° 2589 N 126> 50.17 E 929 15.2 1022.5
2 26° 2387 N 126° 51.87 E 1,019 15.8 1023.1
3 26" 23.000 N 126° 51.94 E 908 15.7 1021.2
4 26° 2317 N 126° 5498 E 782 15.6 1020.5

Fig. 1 Observation area
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3. RERBRUEAAE

AT ERFBAIRE M OB L. Ao Ee4-1E, 87.59 m(R X)X 13.60 m(1#) X 8.8 m(EX),
EIBSH b o %02,703 t, fiEE ) 14.0knot, EEITAF 1004 GRME 924, HE T4, FE604) THHOK
PER AR — Dri— ),

2 \ZHBITEE 2o~ BUHE, CTD(Sea-Bird Electronics, Inc. SBE 9 Plus) & VN C, /K¥%E, /K, ¥4y, 1AFE
FRRLETNENOBMIETCID YA »F (99.53 mmX5000m) (Z&VEFICHERAL, k1.0 m/s LIF
THETL, REDDIFEISIVIEE CBRIL, B O 2EEKE (=A2F AR MVI0LX12A) 20
THE L. RICEBAKLEAER EEREZRT. 22T, MERAIK IR LG THSD.

Table. 2 Observation item

No. Item Unit
1 Pressure (Depth) db
2 Temperature C
3 Conductivity S/m
4 Dissolved Oxygen mL/L

Table. 3 Sampling depth of observation point

No. St.1 St.2 St.3 St.4
1 0 0 0 0
2 50 50 50 50
3 100 100 100 100
4 200 200 200 200
5 500 500 500 500
6 800 800 800 752
7 850 850 850 -
8 900 900 868 -
9 950 - -

4 BARUVSH#HER

4-1 BBABRICEITRKEDHNES T

B4 2(@)~(DIZHHLE (St1~Std) (2B DMKIREOE S M A R~T. K26, FRET23.1 CT, K100
m 13T F CRAARIESOAKIRITER S IZEFE U2 R L0525, 100 m BIEICZR D L AR R 65,
B B AKEEDGENT — H BEG Z 70TV B IR 2(b) T, K% 200m CiE 19.1 °C,300m € 16.4 °C,400m C 14.6 °C,
500m T 123 °C, 600m T9.4 C, 700m T 6.9 °C, 800m TIFFI 5.6 CTTH Y, A 100m 75 800m £ TIXE
BRI T D, 800m LR TIRIBE DMK FOMERLNZZ2 Y, 900 m, 950 m TZENZEN 47 C, 44 CThH-
7. Lo C, ZOWE S TOLOR (1 AR 2k 2IREZE, £ &K% 600m Tl 13.7°C, 800m T 17.5C,
900 m T 184 CTH Y, AFDREAETRNLF—DORE IPMERIN. Fio, # 4 DOBIS TOKIROEHE
AT, KR 150 m AFITE KOV 600 m A1 THI 1COBENWR A LD 0, 1 ZIER BB TH D Z Enmnd.

3(2@JODC (2003 4E 1 H 17 H, 25° 1'N-126° 50°) OF—4 (JODC AT —4#), @201449 4 2 H~3
B i U 7= AK BRI OWEERE CR D= AKIROT —4  (RHEf, 2014) GIX 2()DT —# % L U 7= KiE
Dhfiz . AKEEDESROEZE (9 A) ORBOWKIREL 296 CThHY, SEFAELFEMm L1 A
T D L 6.5 COEWADH Y, KIE 150m (T E ClERe 2@ 235 5. 150m LUROERE AL, KIZE 200
m~300 m T & 600 m~700 m (3L CHT-OEVY (02~1.3 C) BAHLNDN, 1 FEFR UEEZRLTRY, MEE
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TRIE K DIKIRZETEN R ENTWA. F72, JODC OF —& L thifigd 2 & BHAFFANZIER CTh 505, 2003 4
L2016 EDTFT —F TlE, TRFI L7COE UK 200 m £13F) 2386 0 FT- R DM A2 R LTV,
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Fig. 2 Vertical seawater temperature profile
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Fig. 4 Vertical seawater salinity profiles (St.1~St.4)

4-3 BBARICETIBFRREORESF

5(a)~(d) ZAH (St 1~ St BT D 117k F(Dissolved Oxygen; DOYDENE A 9™, X 5 6, 4l
JUC, R DK 120 m AL E Tl 4.5~4.46 mL/L & 1FIEE U DO CEMIZRENE M 2R LT\ D, X 5(b)
2, St2 T, 120 m 225 180 m F TIIHEAAIHZMK F23% Y 120 m THJ 4.5, 180 m TiIAJ 42 mL/L TH
. 180m 75 400 m 13 % TIHAEL/ITIL T L, 200m TH42mL/L, 300m T4.1 mL/L, 400m T#J3.9mL/L
TdHD. 400 m LU 800 m T HE AR E <220, 500 m T3.5mL/L, 600m T 3.0mL/L, 700 m T 2.2
mL/L, 800m TiIHJ 1.9mL/L TH Y, 850 m LIUETITETDIE F3H 65035, £ 1.7mL/L & RERZ2fEZ R LT
W5, F72, StI~St4 £ TOZNENOEMLSIZIBWT DO OEENMAIXIFIER T TH D Z L AR TE
B, TIUHOFER L KIROSRE S % T 5 LA OB AMELE > TV S 728, DO OFRE /AR IFKIR DA
DRENZ ERGIND.
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Fig. 5 Vertical DO profiles
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TG AR LT D, FRICKIEAY 20 CLLFCIE, Wix
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Fig. 6 Comparison of water mass
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5. ARERBKRVEBFRBKDES I

51 SWRERUVAX

TEBERFMHET N T —WTE o 2 —DOKREYT 74 DTS, BT 2 iR A2 B IEGRE Y T - b &
D3R LTcR 2 L CO/NED 2T =7 T o 3 2 285 KPR AL E b OVK SR RS E OaE i e 7 L
— FARBSHAGR OB NRRE 21T > T 5. ZOREMK & RBIHEKZ EHRICEROK L, REHRESCTEICHE,
TERFAEAE I OW TN M O A 2 EfE L 7. £ 2N OMKOBUKTREEIX, K&K 15m, TREKD 612m
THD.

5-2 REBBOSTHER

F 4122015 4E 4 H~2016 4 3 H £ TOXRBHEAK (SOW) LIEFEEEK (DOW) OZEFEH O SR %2 R
Tk, EREESCTUKEVE S OMIIE R A T F 0 AT L0 ERRERE DB L U RO R A A F20 L
TR,

AR (Si0Y) OFTREFIE, SOW TIL 0~72uM OFIPATHRE L, AT —Z D)L 25uM TH -T2,
DOW T, 10 A & 11 A2 60 u M LI EDHHEVMEZ R LT Y, 43~63 1M OFFHTHER L, P59 50 1
M T, SOW DFJ 20 [5DIEETIH -7z,

U VB (POsY) OHTRER LY, SOW X, 11 AIdHEKIE 08 uM Z/- L TCWADAY, ZDd AL 0~0.5uM
OFPHTHRB L, KT—XDOWENT02uM L7220, 1FF 0 ITITVVETH-7-. —J5, DOW Tl 1.7~2.1uM
OFPHTHERL L, T 1.9uM & SOW D 10 (FDIEETH 7=,

At (NO™NO>) DO/HHrfERIE, SOW L, 8 Hid45uM S &l L TEWEE R LTV, 8 H
DIARCIE 0~0.3 u M O#IFHCTHERS L, 8 LSO FEEIFIFIE 0 Tho7z. —J, DOW Tl 21.6~49.3 u M D4
FACHERS L, 266 M THRIEKE KT D E@MONBETHD Z LR TE D,

DLEDOFER L 4 - 5 HiOICKEITED 1 B OWEREOT —X L5 &, FABENPH50uM, U R
F19uM TIRFEF—FH L TCWD. WEBEHEIIEEREOT =223 uM LV ETEVETH D2, S HD 493 uM
ZRRATIVRIZIER UEZTR LTS, E72, AKBIZBWTEUK LT % R EK R OVRE KO FIEHE O
ITZELTND Z DR T -,

Table 4 Analysis of Nutrients

DOW [uM] SOW [uM]
Date
SiO4* POs* NO*+ NO* SiO4*+ PO4> NO*>+ NO*
2015/4/8 433 1.7 222 1.1 0.0 0.0
2015/4/23 49.1 2.1 21.6 0.0 0.2 0.1
2015/5/26 46.6 1.8 493 15 0.1 0.2
2015/8/3 48.9 2.1 272 32 0.3 45
2015/9/24 44.8 1.9 25.1 32 0.1 0.3
2015/10/19 60.9 2.0 242 26 0.5 0.0
2015/11/27 62.7 1.9 25.0 72 0.8 0.0
2015/12/14 50.4 1.9 243 2.1 0.1 0.0
2016/2/18 48.9 1.8 244 22 0.1 0.0
2016/3/8 50.1 1.9 252 24 0.2 0.0

2016/3/29 49.6 1.9 24.1 2.1 0.1 0.1

31
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5-3 FERREOSTHRR

512201544 A4 ~2016 -3 A £ COOMERETRT. 6D, 7 MU U LANa)lL 9,485~12,944mg/L T
¥) 10,765 mg/L, 71U U AEK)E, 352~475 mg/L T 389 mg/L, ~ 7R T AMe)E, 1,111~1,534 mg/L C
1,233 mg/l, BT A(Ca)l, 392~496 mg/L T 455 mg/L, HFR(CHIL, 17,223~21,085 mg/L THJ
19,370 mg/L, RFEBr)iE, 38~99 mg/L TV 70 mg/L, HisE(SONE, 2,316~2,843 mg/L CTV-#) 2,594 mg/L TH
v, NEARPICE D F2oeHk & £ OVREEFIREAT, 1996)] LIFF—HL WD, Alh, FEOCRIFLE
L7 RTIEE L, IRAFED SN2, KPR R OSRIE AR —RIRE ThH 2 DT, SREEH L TR,
KEIZ L > TEWVEIR LRV, £, R6D, THNOHOSHHRERIC &LV FETFRBITFEM 28 U TRENE
ELTWD I LR ENT.

Table 5 Analysis of Elements

DOW
Date Elements Concentration [mg/L]
Na* K* Mg?* Ca* Cr Br SO4*
2015/4/8 11015.7 391.9 1242.6 476.9 19989.6 67.5 2641.4
2015/4/23 11031.8 390.0 1239.0 476.6 20083.1 68.4 2679.0
2015/5/26 10635.1 376.9 1191.7 458.1 19440.3 68.0 2586.1
2015/8/3 10504.0 378.0 1171.0 475.0 18810.0 62.0 2516.0
2015/9/24 10014.0 360.0 1113.0 471.0 18067.0 65.0 2420.0
2015/10/19 10898.1 388.3 1229.9 496.6 18621.3 62.9 2507.2
2015/11/27 10711.5 400.9 1260.2 452.4 19592.9 99.8 2638.0
2015/12/14 10811.6 398.3 1271.7 448.6 19859.4 66.9 2711.2
2016/2/18 10879.8 3974 1274.7 418.2 19963.1 77.8 2687.3
2016/3/8 10777.1 394.2 1264.1 410.8 19764.9 71.8 2666.6
2016/3/29 10421.1 379.1 12224 3925 18773.9 743 2505.6
SOW
Date Elements Concentration [mg/L]
Na* K" Mg?t Ca?" Cr Br SO4*

2015/4/8 10484.7 372.7 1183.6 452.1 18875.8 63.6 2518.6
2015/4/23 11203.9 397.1 1255.8 478.9 20422.8 69.6 2706.0
2015/5/26 10717.3 379.1 1201.0 459.3 19812.8 71.2 2636.3
2015/8/3 10607.0 382.0 1185.0 474.0 18980.0 52.0 2522.0
2015/9/24 10249.0 366.0 1143.0 467.0 18468.0 74.0 2469.0
2015/10/19 10085.2 359.5 1130.5 449.8 17278.3 38.1 2329.1
2015/11/27 11075.6 414.7 1305.4 464.3 201724 824 2694.1
2015/12/14 9485.2 3528 1111.7 405.8 172235 513 2316.1
2016/2/18 11418.0 4179 13434 433.0 21085.8 84.5 2823.9
2016/3/8 10813.0 398.8 1266.7 4724 19948.8 76.3 2667.8

2016/3/29 12994.6 475.5 1534.9 491.4 20919.9 83.0 2843.4
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5-4 fHEERFEHMEOSTRR

6122015 4F 4 H~2016 43 H £ COMBEMRARFEREZ /RS, £ 705, DOW 13, 3.90 X 10'~7.15 X 10* CFU/mL
FCTOFMTHER L CRBY, FHMMEIL 940X 102CFUML TH 5. SOW i, 4.80X10'~848X10*CFU/mL F TP
HPHTHERR B Y, EMEIL 2.01 X 102CFU/ML Tdh 5. DOW 1L, T mE < HEEEE N D ranZ L s b T
WA, ARIOHAFEF TIE SOW OMEENE TIRVMEEZ R L TWD. ZiUE, 4kike L Oz F20E LR
NEIEHTDMERH D, LovL, AKED SOW KT DOW 1E, 175 BB%OWKGET 10°~10* CFU/mL,
i, 2008) & bblgE S L yEEEED EO T & DM ERE S ATz

Table 6 SS and Heterotrophic Bacteria

DOW [uM] SOW [uM]
Date ) Heterotrophic Bacteria ) Heterotrophic Bacteria
Suspended Solid [g/L] Suspended Solid [g/L]
[CFU/mL] [CFU/mL]
2015/4/8 0.021 2.84%10% 0.017 9.56x10!
2015/4/23 0.025 4.60%x10? 0.037 1.43%10%
2015/5/26 0.016 7.66X 107 0.016 1.43%10%
2015/8/3 0.008 6.18% 107 0.009 2.84%10?
2015/9/24 0.009 3.90x10! 0.008 6.73%x10!
2015/10/19 0.004 4.57x10! 0.004 2.21x10?
2015/11/27 0.046 2.70x 107 0.003 7.35%10!
2015/12/14 0.002 2.12%10% 0.008 2.10x10?
2016/2/18 0.006 7.15%103 0.004 8.48% 102
2016/3/8 0.017 3.60x107 0.010 4.80x10!
6. #& H

DK I DRI E 2R B AT O 72 D OUFERAE L OV BN BT STV D RIEK &R
JEKRDIHT 2 fkfee L CTAT S TofE R, BLFDZ ERB 60T

() KIROFAES LY, AEEIA I L7-4ZF (1 A) 2B 2REZET, FE & KE00m Tl
175 CTH D128, AAKBTHEDIREFAT RV —DRT ¥ ¥ VINEN 2 & BFERST-.

Flo, TNETOBMKERE IR THEHZE 9 H) TIEEBEAKTH 6.5 COEWARHHH, K 200m
PIRIZB W CORIFIER TEm 27~ L TR Y, MEREKOKRZEM N RS-,

Q) T-SHAYT T LI, JKEOKBRIZIHRALTEEE & FIZE UHEECTH Y, RO 7 4 o— 13 Re 5
ZENDND.

() KBHEIEODHHERL Y, T ABEIIRE HKE200m £ TILIE 0 THH2, K% 950m Tk 120
1M TR 200 m OFJ 100 5 DETH D, U EEEIFIKEE 900 m (AN & 72D, 200 m OF 8 {5 T
B2, MHEEEITFRIES 100 m £ TIHIEFE 0 TH DA, /K% 200 m H 5L EPRIZHIIMER A H Y, 950m T
1% 35 uM T/KIE 100 m D 30 f5LL EOREZ R L TV D,

@) AKEVTTA FTHALTWDEREKEEEKE EHICERE UMIERE 2 56 L7-FER, miE s bic
B D I N T OTEFEN B <, FET T v M e EOHEGHEIROBRZIE & 72 515U IERR A E L
TE D AMREMEIVR STz,
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