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- An Experimental Study on Dynamic Characteristics of Deep Ocean Water.Upwelh'ng

Floating Structure for Eutrophication

by Eiichi Kobayashi, Member Kiyoto Oe
Yojiro Wada, Member Yuhji Fukushima, Member
Hiroaki Miyabe, Member ‘Kazuyuki Ouchi, Member

" Summary

The Marino Forum 21 started an R&D project in fiscal 2000 with grants from the Japanese
Ministry of Agriculture, Forestry, and Fishery to develop the equipment for the eutrophication of the
sea by upwelling deep ocean water, sending into euphotic zone and increasing phytoplankton.

First, some concepts of moored floating structure with a riser pipe for deep ocean water
upwelling at the water depth of 500m were investigated and evaluated by computer runs. Second,
based on the investigation, basic design of the structure was undertaken. Next, scaled model tests
were carried out in an experimental tank at several wave conditions in order to evaluate dynamic
response of motion of the structure, mooring force and riser pipe stress. Finally, based on this
experiment, possibility of the structure and validity of the computation were verified.
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‘ _Table 1 _Environmental conditions

Significant wave height 10m
Mean wave period 14s
Design wind velocity - 50m/s
Residual current velocity 0.2m/s
Current 0.1m/s
Wind drift 0.5m/s
Durability ~ 10years

Table 2 Principal particulars of the floating structure

Height About 60m
Breadth 30m
Displacement 5,750t

‘| Internal diameter of riser 2.50m
Length of riser About 400m
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Fig.1 . General arrangement of the floating structure
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Fig.2 Response in regular waves without mooring

lines( operatirig draft )
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Fig.3 Response in regular waves without mooring

lines( maintenance draft )

Table 3 Specification of mooring chains

o " Casel Case2 Case3
Chain dia. [mm)] 76 ' 76 g 56
Length [m] 1,100 1,375 1,375
Weight in water . B ' N
4 1100 - L 597
{kg/m]
. ST 219
Breaking Type 1 219 124
load Type 2 307 174
tonfl - Frype3 438 248
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Fig.4 Definition of mooring characteristics
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Fig.8 Mooring characteristics

(length of chain on the sea bed )
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Table 4 Mooring particulars for 3 cases of chain’
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(vertical component of tension )

Chain Dia. LH[m] TV][ton] TA{ton] XB[m]

Case 76mm 920 115 150 30

Case2 76mm 1195 115 150 305

Case3 56mm 1240 80 120 40
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Aluminum pole = FRP pipe
Fig.9 Construction of riser tube model used in the

experiments
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Table 6 Wave conditions in the experiments

Condition Waves

*Irregular waves _Significant wave height 10m, Mean wave period 14sec

Operation *Regular waves ~ Wave height A'Sm. Wave period 14sec

Maintenance | -Irregular waves  Significant wave height. 1.5m, Mean wave period  6sec

*Irregular waves  Significant wave height  Im. Mean wave period 6sec.
8sec

Light

(Full scale values)

Table 5 Conditions and particulars of floating
structure in the experiments

Scale : 722
Item Full scale Model scale

Depth of water ' 460 m ' 6375 m
Riser .
Length . 410 m 5682 m,
Diameter 2545 m 0.0353 m
Internal diameter 2500 m 0.0346
Weight in water 1.220 ton/m |- 0.229 kg/m
Elastic coefficient E - 2.000E+06 kg/cm?| 2.704E+04 kg/cm?
Bending rigidity EI 2.837E+06 ton-m?| 1.415E+04 kg-cm?
Mooring line (60mm @ chain)
Length 900 m 12473 m
Weight in water 68.55 kg/m 0.01284 kg/m

Horizontal length LH 600 m . 8315 m

Floating structure and nser (op eration)

Displacement Aa 5,784 ton - - 1502 kg
Draft d* . 4500 m 6236 m
Diameter 30,0 m 0416 m
GM 186 m 0258 m
KG * . 3977 m 5511 m
Initial tension TA 38 ton 0.099 kg

B N T -
Floating structure and niser (maintenance)

Displacement Aa 3,960 ton 10.28 kg
Draft d* 4192 m 5810 m
Diameter 300 m 0416 m
GM 344 m 0476 m
KG * ’ 3887 m 5386 m
Initial tension TA 42  tol kg

n 0.109

Floating structure (light)

Displacement Aa 3,000 ton 779 kg
Draft d ** 77 m 0107 m
Diameter 300 m 0416 m
GM 143 m 0.198 m
KG ** 60 m 0083 m
Initial tension TA . 42  ton 0109 kg
* from riser bottom
** from structure bottom
Video camera for
measurement of motion Ta rget for measurement
of motion,
Accelerometer
E Wave
Water surface & s E
: &S
s S
e
30m (0. 416m) -
£
ﬁ
Mooring tension - meter ‘C';’
F 3 = 2
Mooring line AJ{T\
\ "4. \“ NE
" ™ P
<
Sinker L
. Strain gauge | &
=
- J'_A ~~~~~ I e
/’ i I ?’E,
Bottom ‘ § s,

¥ ( )iModel values

Fig.10 Measured items and arrangement of

- apparatus
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:” h g
Tension  / % <
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\ = Fig.13 Definition of motion
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/ SN 4.2 REBER
314n (4. 354m) 314n(4. 354m)] FRL— g VIREE, A T AREE, BRERE (B
. . . i} . ] nx l—-
p—— . p =
L 866m (12m) . ' FHREE) IZOWTOREITER % Table 7~9 (IR T, #%
%( ):Model values WTIRHAT - OBE*EEL, FEE- - ZKEEL

TE Ll RBRRLE Fig 141277

Fig.ll , Arrangerhent of floating system in the\
Table 7 Results of experiment at operation

experiments
condition
[Irregular wave]
- Crest Trough Double amp.
A fem | Unit [ i Significnt| Max [Significant| Mex | Significont| M
- R Water surface
Floating structure i Sway m | 24 | 49 89 49 9.0 89 177
r/ / Al Heave m | o1 25 48 24 44 48 90
"= Cancra support || & Roll deg | -01 20 33 22 41 39 6.1
) , ~J = LaerdlAcc.[ G |0000| 0113 | 0190 | 0113 | -0201 | 0215 | 0391
Camera of g Vetical Acc] G |-0001] 0041 | 0070 | -0037 | 0063 | 0074 | 0132
underwater ; = .
PR - Moment]l [tonm| -14 | 1272 | 1,955 | -1,325 | 2407 | 248 | 3,87
g § & Moment2 [ton'm| 48 | 1010 | 1475 | -1,101 | -1,714 | 2063 | 3,008
Z| s 1 2 Moment3 |ton'm| -29 | 1454 | 1957 | -1,552 | 2272 | 2886 | 4014
&l & g Tensionl | tn | 05 34 86 34 70 63 156
- . =)
— 1= ® M2 [1 Tension2 | tn | O1 30 5.7 -30 .| 60 5.7 109
E . OE .
— : w
=3 o
= £
g 8 [Regular wave]
~ E1 .| Mean
%E Ttem Unit value Double amp.
: - el
. = Sw.«xy' m -1.7 34
g Heave m 0.1 24
y ’ M3 _ E(: : | Roll deg 02 .26
: ‘Es Lateral Acc. G 0.002 0.086
T Vertical Acc.] G 0.000 0.042
;:: Moment! | ton'm -1 1,285
Riser : : .
se Bottom d: Moment 2 ton‘m 55 1,794
: U \ Moment 3 ton'm -36 2,626
T S Tension! | ton 04 32
: . Tension 2 ton 04 24

Fig.12 Arrangement of apparatus for the

measurement of riser tube response
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Table 8 Results of experiment at maintenance . EBRERICINE, ARL— 3 VRREOREERS
» condition : HTHHrEHEEE 10m, qu‘/]?ﬁifgi% ldsec IZBWTEHSR
[Irregular wave] , BT TEHE-2. 4n OISR K9, SRR EHE
. mtﬁm&wjém &ﬂr@m %zfﬂ; 0° ZPLICEL BE, #FE—2Y MITAY—ID
_ | s | values | vies | vatues | vahes | vales i3 THR K 2400ton-m (S HEIRIE 22. 3kg/mm?) , £&

Svay m |36 12 | 41 | c13 | 44 | 22 ] 49 | » B AT 3R S (38ton) +9ton, -Tton BE L 2o 7,
et T T o T2 T T es 1 O, AVT U ARETIHRAERE O RS
LaealAcc | G | 00B| 007 | 0129 | 0074 | 0148 | 0146 | 0252 1.5m, EEEER 6sec 2BV TEABENSEIIE-3. 6m
Vetial Ac| G | 0000] 083 | 0050 | 0081 | 008 | ocs2 | o121 b L an B MRS B, dFE— 2

Ml |wom| 182 | @ | 1001 | 49 | -0 [ os | 1813

M2 |tnm| 46 | 197 | 347 | 25 | 38 | 4@ | &3 VHMETAF—h R L Y RROTE M) B K UHERY
Moere3 ftavm| -3 | 524 | LBO | 54 | LW7 | 1072 | 217 {413 %8 (M1) T 1100ton F2EE, tREIAILFHIRS 42tont
S B B B B BT v B ston BIE & iR o Tz, EBITTA F—HRHFNTVRVER

S 1m, EHEER 6sec R 8sec DERBEIREIZHBWT
ERREN t4n, BiEnhxe BELRLIZLEEHVEE

Table 9 Results of experiment at light condition _
RRORKELEERFIZEELXET L LB S,

[Irregulaf wave] (Mean wave period : 8sec)
’ Mean Crest Trough | Double amp.
| o |\ [l o] foi b | 4.3 pMREOLE |
Svay m | 09| 07 | 15 | 06 | 15 | 11 | 24 O KERBOBHIO—DIIRHICER L TWAHEF
Heave m { 0t 05 1.0 06 | -10 11 20 EARITTBE L —(;3;)5 ) K?Tﬁ *@ﬁﬁ L E D%
Rdl dg | 00| 23 44 | 23 | 40 | as 73
Vet Acc| G |-0001] 028 | 0045 | 00 | 0054 [ 0054 | 0085 &g#%opﬁfg*ﬁ*%g{ﬂﬁ L,’c$1;jo) éﬁb\_ob\f
Tasonl | ©n | 05 | 24 41 24 4 37| a6 | 17 B L~
Tesn2 | tn | 04 | 20 31 20 36 37 59 = :
BV AT A TIEBECHESTHREROFES B
: : : o Ick&EL, BEOBRBICRITTHREROBMIETORE
[Irregular wavel (Mean wave period : 6sec) ‘ e
I Trough Doleanp PEBETERVWELEIOND, RERE 3 KT
tem | U] Gaie | S M | Sprfire) | M | Sipifire) | Mac v 7 RwxE AN TETMEL, %lXﬁS"ﬁ":n-—/ﬂ)@Eﬁ
Sway m|-36] 28] 35 | 34 | 44| si 75 2B & LT LT,
Heave m | -01] o5 09 | 05 | 08 10 16 A FHEAE S COREDEIEE L CREHORKIEI
Ral dg | 09 | 31 s2 | 31 | 49| s9 86 ot s ; . -
LacalAc | G |-0001] 0068 | 0104 | 0066 | 0058 | 0132 | 0197 DT, HERR L ERGERL L T Fig. 15, 16
Vatial Ac] G |-0002| 083 | 0051 | 04 | 0052 | 0065 | 0096 T, M, HEIEHEEREERL, O, A, O
Temfcnl tn | 07 34 . 54 -34 -57 67 103 §+g%%’ .’ A, . .ﬂ]‘iaﬁﬁ%%i LTV ‘50 EE
Tesin2 | wn | 01 | 23 39 | 24 | 39 | a6 |. 17 :

Bh, BEN CEYEEM 14sec D & SITHERROK
PEENIA/NS VDI, BiEL T A F—FE2—EORIE L
HIRLEHEE T2 Bbh s,
 REBRBLVOF o HOHEHE S EREILL
CBAIHELTEREY, RIERTIFERZATH
HEERD :
AR TOZ A Y — %@é@]&_ob v, 7.k7”"75r‘10>
BRISAE B LR Fig 17 (ORTs £/, 20
BRI E— A P OIRIE# Fig. 18, Table 10 (Z7RY,
HIRERE YT L BHER, ARL—Ya U RIE, EH
5m, JEH ldsec DFRMFEZMRIZERE LI,
F7z, HE TIIAKERBE CEHAI L RiE08E 2 AV
_ TI7AYP—EMOEMEERL, ZOEMEZRHIEA &
Fig.14 System model under measurement in LTE R, Bfnt, #idfe—X b bIqRER
irregular waves ( operation condition ) ERBERBLCHELTNDEFTR D,
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Maximum Amglitude ' Table 10 Amplitude of bending moment on the riser
20
- O Op '
w1 & Melotanance , v tube in regular waves
s [ — M1 M2 . M3
= 4
._.E . g wave period Experiment 643 ton'm 897 ton'm_{ 1,313 ton'm
é :; b ! T T ! ‘ Calculation | 343ton-m | 857ton-m | 1,143 ton'm
-12 ‘
-16
-20
o — T . a0 -| T
. - Al M1(48.2 m) e Calculation xlx
’ Maximum Amplitude :
10 T - St 100 O< 1.0 /X

oH

opo

§
g
Y
Z/

4T M2(150 m) 1.0 /
-2:0.0

NonN @
.-
Depth {m)

" Heave [m]

% Nean wavy period [sec] |

X33

L
5

RN S G
e
g B
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\\‘7 N
1
:
§
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N
=

- NEEDZ/

450 N -0 7, AN
 Maximum Amplitude _ e o
2° Iy IR R T i bob
18 ] A Maintenance 3 )
'i [l o L
R E .1 ' g : Fig.17 Calculated and measured distributibn of
e :; 3 L ! . horizontal displacement of riser tube
Mean wave period [sec] . .
-12
::,. : : Operation Regular Waves
: " ( Wave Height 5m, Wave Period 14sec )
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-Table 11 Particulars of floating structure for the

calculation
Conditon Operation
Draft d [m] 40.0
Displacement A- [ton] 5,784

Table 12 Environmental conditions for the

calculation
Current Wind

‘| 1.6 kn (surface)
0 (sea bottom)

Irregular waves

Significiant wave height 10m

S0m/sec Mean wave period 14sec

't

No.1

No.4 A No.2
/f/ —>Yy
Floating .
structure ’
Depth of Water 460m
No.3

( Bottom Clearance 10m )

Fig.19 Arrangement of mooring chains
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: Fig.20 Motions of system under. the designed

external disturbance for the various sinker position
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Fig.21 Chain tensions under the designed external

disturbance for the various sinker position
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