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ABSTRACT: The abundant nutrients contained in deep seawater are delivered by natural upwellings from the deep sea to the surface sea.
However, the natural upwelling phenomenon is limited to specific areas of the sea; in other areas, the thermocline separates the surface sea from the
lower layer. Thus, the surface layer is often deficient in nutritive salts, causing the deterioration of its primary productivity and ultimately leading
to an imbalance in the marine ecosystem. Without a consistent supply of nitrogenous nutritive salts, they are absorbed by phytoplankton, resulting
in a considerable problem in primary productivity. To solve this issue, a floating type of artificial upwelling system is suggQested to artificially pump
up, distributeand diffuse deep seawater containing rich nutritive salts. The key technologies for developing such a floating artificial upwelling
system are a floating offshore structure with a large diameter riser, self-supplying energy system, density current generating system, method for
estimating the emission and absorption of CO2, and way to evaluate the primary production variation. Strengthening the primary production of the
sea by supplying deep seawater to the sea surface will result in a sea environment with abundant fishery resources.
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Concept design, Right : Operation)
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Fig. 2 TAKIUMI developed in Japan (Left : final fabricated
structure, Right : installed structure in real sea)



80 H53 - o3 - PEF - B4 - ol
7|2 o]tk 57 A2 Abel vkl A Ho] 3zt 3.1 BR4l Z8s X2
9TABE AAN Wi A ol A2 GEOE R ATFEALA Do K AR AL Bk A
At WEF7F A AR ek AL glEgon) 4 /A A FRBoT: FREL A A FRoE TEE,
BEYSE WY S B3 A% Aol B 2L R BHL o] ARTRE, ARAZY, T3 golAolt ARFREL A
FolAA B3k Alle] FRHUL BTN ZEAEE e AxE THLAS gAEE $ES AT 2awy, Joid
go] ZHolA B 71Ed 1AL BAAT, A AFESE  AYBHAIME HPE AF S4L Uehholor itk R
Qdd Aol sl offl e WALl B DA RS GAlnsel mel TEE P4 0 95} 2gRL, 59
ATER A3 HIE AUZ o] FAXA gk AUATF AlZFle] Ftel met AhrEe TE7F A7
Wzo] = Alzwle] JAS & meisiol Aok epuloA
3. YA ES QIBESE 2Ist /A 2IZES A8 SPARI AL HA| Al2dle] A7 Aso] A 2]
A|AE] SHAIOA T|& el F49 ¢ e 7RI AFTEES AFAL
- g Akl s P s A BN TlEe] adE A8E 5
o Aol AF vlsk wol, AR APAFFe AF ) e M el A Aol hegs Ges
Q2 1l JIA 2l HrO. 9Ol m A= O A~F=] /g% _cHgH 1 X]ﬁo] UHT a’ ]ﬂ ‘1,]-01_7]— @‘9'540101: O]'—i
5 2 I AW g A A7 2 83 Fasge. T TV Aa] or = -
ol il PUEo] E¥E QURL Waol BB oo SO TEHA AR K (A w2t
A2 Zoel Zleistd sigom, Mt Sagde o oo 98 MR oS g FAsly) Sde
BeapIE Senh de, QEESAsRe BaHe Ay o o3 dmelRe Heln e ‘%7} _A Feslole e s
BHE Sl e SUATIE o)) wpel, shEslel  caodE ATHET ATE A L8 Beliel we v
Z:]l?l 7Ht"ﬁl- goﬂE J—Elz—‘ﬂloizi?_] %ﬂoﬂ}ﬂ @:}7]_ O]—,—Oix40]: —T—BE‘G,} /\]"—{117]' /\)\ ]1_, ];HJFL%] E]'O]xif’ﬂ 37(1'?_]_' ?i:FL“C lﬂi"é—s}q‘
St 2 R Satold We] S 4 200m oo T F8OE A8 IRt selzel i@ A Wt
“ LR o T (o) = R h= _ _ - =
SobEa A9le olmas W S]] o) Mas max  OITOIAE Ak SelA) MelmE WA ofe 714 ans
= = v [e] O = h - -
]::1 ])\EE]_/] ]_1: oq 01;(4 o) _i_:q_b}_ o];ﬁ_ _/] 043]:0]] 73} —J—E:]ﬁ— '5_9_7]— }]\3‘_:_ ] Z%&H—E 8]1001:%75]01]}‘_] Ql—;\(jsal— “r: 9\15%
1o o T vy o [elxe] ol = - —
rxeso] Aol Zule] arslase] Pale] mAHT F29 724 F=F Mok Itk AAHoE EHo|olo}
- o o Y afe, At} Fo] golaob Ak sldln Hglo] golslws
% 1243 Solo] S1ode - Sk R ABES ol e oo ole 2 e
sEle] WAIEe 2 5NN HEE & Qen] 7 Hrs) v Ert Al HASIoF ATk A} M) vw Howl a5
PR e ey B B R 3% BAge] Baste, YT 2 A5
%2 Fig 37 o] el 2 & vk Table 1ol4E 2 247 ° e T e
Lol tlet eda olAel Aot s SO melEw 9o 2 Aol A8ste] Rejay} Bestne Y vFe] A Qo)
pud RS Tl o= AA .
" Fel3ht). Table 2004 FholA A2t 753t slo]zol tfa}ed
EANS BA% AnE BHeFu Juth SedaisZelsg

Self energy

Offshore plant, y’ supplying system

Riser, Mooring system .
= CO2 emision /

_ Absoption
Surface dispersion/
Density current

generation system

prediction

Prediction of
primary production
variation

Fig. 3 Key technologies for developing artificial upwelling sys-
tem in floating type
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Table 1 Influence factors and restriction elements for key technologies

Influence Factors Restriction elements

Offshore plant, riser, mooring system Pumping seawater quantity Large diameter pipe

Self energy supplying system Energy consumption quantity Energy production efficiency

Density current generation system Seawater temperature distribution Ocean current

Prediction of CO, emision/absoption Ocean environmental condition -

Prediction of primary production variation Seawater temperature Staying time at sea surface




Table 2 Pipe properties

HDPE Steel GFRP
250~280 > 2500~3000
Strength kef /cn? 4000 kgf/cm kef /e’
Elastic 2 2 2
modulus 8.0x103kgf/cm” 2.1x106kgf/cm” 8.x104kgf/cm’
Specific 0.95~0.96 78 1.8~2.0
gravity
Heat conduct 0.3 kcal/mhr'C 54 kcal/mhrC 022 lr<occal/ mh
Water quality Good Contamination Good
Roughness 150 100 100
Price USD73/ USD100/ USD58/
(300mm) m m m
Welding  Heat welding Welding Flange bolt
Construction Easy to handle Uneasy Easy
Enwron@enta Good Not good Good
1 point
Smaller than  Smaller than  Smaller than
Manufacture =3 5 25m 3.6m
Supply Domestic Domestic Domestic

Table 3 Natural periods(s) of GFRP pipe of 250m length
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Ist 131.7
2nd 29.5
3rd 10.3
4th 51
5th 3.0
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