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[ 2-2-1] F=ol 5 A7k 2Pl 3t 244t
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Al

2

HA7}2 A4k 1,129 BTU/cu ft = 331/28.3=11.69 Wh/1’

Laminaria saccharina & 4901/kg®] volatile solids(VS)E A4t

VS=15EF 89% A =AZFHF] 9.26%(Chynoweth et al., 1987)

wetA] 45.41/kg-fresh wt.=530Wh/kg-fresh weight

Go] F HA7FA AHlE . 2000 7]F 1.033x102 Wh

Laminaria saccharina =% 1.95x10° €] I Qg

o
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N

AF : 70=/ha(Druehl, 1988)

28x10 ha = 280,000 kit 283 = 1.1xH 2] S HAA

* 1BTU = 1,055] = 0.2931 Wh

g v oF ti7]= (NOAA)°| A= National Marine Fisheries Service(NMFS)<}
National Sea Grant College Program(NSGCP)E %3l 424k, 213t A3 Akddz] o
A e o o9A vithe] AEAAES QIzto] o] &FAARII g HIHES A Al
3ta ot Hvith AEjA Y kA3t E FUkRIUoA =ojE Byl o}yl National Marine
Aquaculture InitiativeNMADS} & A7 =202 AFHu xYPH Aot E3] 3
kol A o] oF2l3 2 x|l kA (trophic leveDo] tigk A7 TR o g 3foF
ANET S AAE FA3A st Ut
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(free-floating cultivation system)& &-&3te] AJ4bsta ok 28y ol g W
F AME S8l AR He S0l AA FH FE F4 %

83 HA4 & Zlsolgte @ao] Aot

g
re BEA7} QL3 o}z

PROCESSING PLANTS, HOLDING SPACES,
LIVING QUARTERS, BUDYANCY CONTROL
AND NAVIGATION

T KELP HARVESTING SHIP

STAUCTURAL MEMBERS
(AND NUTRIENT DISTRIBUTION SYSTEM)

(18 2-2-8] ThAIWE F4) Al 2=®[21]
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PE tubes (floatng) for
. buoyancy -

[18 2-2-14] Pe-pipeE o] &3} s =792,

[ 2-2-2) M@= 44N 28 o] ATk

System Advantage Disadvantage
SeAe B89 AER | %4 ARl ol
At Al 2E) w7k AuA] kot AF B oolEo] o Ho.
(windfarm-mariculture Aol gt 714 o] Qi)
system) Al H 2 o] G

2] o] Fe] 7hesit
2N o AYatol ZFo}F vl ottt
7Fs st

B2 A 2d

(Bouned floating structure)
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& Fr19l8 A
longline #+&[19 2-2-15-2al& 4] 50me] Aojolw, 24 AFE ZEE 114
st Qo B E ZZto g w1 A 2.5kgel EEFE AX T o] W2 Kain
7} Dawes(1987)0ll oJafl & o= A&-E o H ot
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A grid 722 TR A
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WEUT N 2ZRo FAY wed] steey] MR $5& T AMIAY &3
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g 4 oy a8y FEEEd ol Al Blgo] ulg Fol AAAHQ FHoA H
dasitt BE g FEREY FE8HRJ] F8T VTS AN gl RolE 2HIe A
oty 1~1.5mE frASfofrto] Parg WAetH AL &S o FEF dlog

_36_



D o o

(ball-like) i 10m

(torpedo- a/' ; J o
¢ like) & s ball-ke floaters

pencil-like fenders

unit

concrete blocks

| .
‘ﬁ

“omGx) \ (anchor stones)
)i

[18 2-2-15] Longline, Ladder, Grid 7+ =21 %[22].

_37_



central buoy |

- _

central
guide ring carrier

culture
line
lower
Crow's
foot
central
stesl
cable

[1¥ 2-2-17] AZ#1E ©]8-3F Laminaria <+

_38_



o] A-y @de vwEAN 3 AHolth long-line F+F+=
ot SARE QoA e & Fa, 27/, bbgol] o <t

= AL H&o 7 Aiko] JhEsithe Ao|th
g 7z deows ALt Wt woe ol YA F& FHE FxE0] & AL
T Q7] wiol el ko] Jhsaith wheka Qo] sEF i FALHS S8 A]
= Qs Y =hdA ALDF e TREY dA] A sxF AAwrte] dite] H
3kt

System Advantage Disadvantage

long-line system A7 Aok

ladder, grid system A7 A TZ=2 H§o] HiAL.

TEE2 Al o

o] At B2k @7t u s,

Ring structue

4) L&

(The ocean Sunrise Program)& F%13ta ot Hlo] L o &h-&-S
sbabz] Sl A7 wERY SfGAE o w2an A FdAT A, = S

Folol At FAg A

o2 Q3] ol eolvhe AMATE F G
Atk At FA4F AMS U WEDY SAPME = 20019 e BaHo) A mAE G
g ANsgten, ManAERATE 5 AN T 100g T 30mle] olege A
Ao EM ol 2ol He e Fatstel Pe AU FAA A dHAE BE BEEo|
BAAYE A OZA M Fijo] ke ofnlErie] FWOE AHT A 289
1 272 F43e A8 dAol

_39_



Seaweec

Anchor
(1" 2-2-18] sl %% nlolm A df&oral 7 =[23]

(5) F=

THE AAANA 7 2 A 2R/ Aitete vetolth 59 EEE
JE okl A trte] QEd o] o)A long-line WHOE hHEE HEFES A, Y
stal 9t} long-line Al2~®le AMEZE 594 FYP3HA 3t =9 F2ojtt. g
I FHEAgA 1-2m ZolE fFASoF @tk AdFRsanggowe] MEF H YT ol&
(28 2-2-19]94 &5 Atk A8 F92 450mu, A R4S o &
FAAE 99 40,000 muz FAAEHO A THmu=800n).

o] AL MA AAHR O 1%7} o F, 55%7F SEF, 44%= IHFolH, I A=
=77 2,200RMB/ton, 3|+ 600RMB, &+ 40,000RMBe]t}.

T

s

Sanggou Bay Aquaculture Characterisation
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[ 2-2-5] |7 AWz ¥Hs)sol (+<): ha)
TE 20023 2003 20043 200543 20063
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24,810 74+ 20061 d o= 23,989 7H= A 2ol low, gAmtE A9’ tiFEo
=F FH oAd7HTIE AT Aasta A sixF & AdUbTeE A et
& o7k 30%E AASE Wb Adsde MAL] 17.7%=2A4 sjx2F FHo7k=
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Target(2008)
Microalgae bireactors

Ulva small ponds

¥ High
Ulva large ponds 9
¥ Low
Kelp long lines
Kappaphycus long lines
0 10 100 1000 10000
US$/Ton DW
(18 2-2-22] blo]l @ oA o] A4rtg g9l 2714,
21
2 0o
~ 300,000 2000 500,000 500,.__.
S 250000 | o 1,000%ton S Souo | 010008k =
= | Froduction 1500 &8 = &, s
= 200,000 8 :300 oo+ B Production g
2 150000 f 0o s gt 2502
S 100000 | oy & 3 200,000 + &
8 s00m | T§ 210,000 2
o 0 0 > n 0 0 =
BT MM NEBUNY T T
Year Year
CHAIO} x
.. 40000 1000 — 40000 2000 .
£ o 1,0003/on E = =
= 30000 ¢ @ Production 750 & =30000 o 1,000$#en 1500 &2
5 s = duct =
2 20000 ¢ 500 2 .2 20000 Plen 1000 =
= 10000 | 250 5 2 10000 | 500 3
= © o= ©
s 0 0 # o 0 Lo, 0 -
BS BB 71 7477 B0 B3 BE B0 92 95 96 01 04 BB TS ENREEN N
Year
Year
[Z& 2-2-23] H 30383 =W s/ &2 s 2 74 ¥
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=TT Al
Al Q Makrl=
o} # (A) A -8 Na71s % A
TE h 2 X 4 & (B) H A (ha) (ha)
a a
(ha) (B-A)
B3Nt 529 586 57 ?
el <t 62,002 99,125 37,123 ?
A3 9k 8,161 16,198 8,037 ?
] 70,692
A A 115,909 45,217 3,000%+
(20053 A} 5)
*A 8 KW AR EZAH1988)A =
*F AR A: e AASTE] dE S 9
[ 2-2-9] =R/ =4 A4k
T CRIs A 42H44 (F/ha/ year)
zd) 2~4
TEF
SZ7HAHE 20| 8H(F4)
Sl 20
oA o} 40
=z
= 10
A 7.7
T+ 13.9

Ak
o
2
A=)
%
(o

Am . =
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(2) dAo =7/ vlo] w2 AY4HE]E
Azl g e B P A

|
Z Aolg Hdnh wEA @A ol & A= 3l

=
—{o

=y EX A )
A FEE AMET & F e A, vY 2 oA A5 e E 10has 7|
Fow 39 W AL FHS B AW [ 221019 2ok Z e A4S =
P20 10hadlA 2008e AMEAS A9, 9LRE 5974 ANAINE SRS
W o] whol@ujs A4S 10ha B 66,0008 Uoln], AFEY 155 AL71AL AL
3} Eohd 10,000~20,000H o] HTk v]e] A% 10haclA 200t)e] A5e At 10
YRE 3E7HA ALAZIE ARG P Y npo] Quf o] AJ4kR]E-2 10haw 23,000

9 291 AFEF 1Y /4L 1050890 Bk ThAvle] A5 duEolge] 4zt
Ae AF% 18 10-009 02 vigucks 4 7Hze] A4to] B Yk,

GebA @A) ol TolAL Yt 4§ AEF iAo P §S DA FH3

2 9euee SxF YAuIEe nolen AR ol galy] A BE YNA AFF

1€ 100-5002 (19 2-2-22] BUE wl$ 2o spAos gito] 153E tehya

gtk @A olTolAL A s FPA AW J1EH WY vpolovl s thF

[ 2-2-10] s =/ Hiolemj AJ1bn] &

PRNEE 714 yareg
% [¢) = €] H] :_]__7‘

(d€¥/10ha) | (HY/E-dry wt) | (E-dry wt./ha)

=
EENFA

x4 66,000 10,000~20,000 0.4 10ha-200#

9L~5d L7 F=

O:] 2= 2= '6‘]_/\]
s 23,000 10~50 2.8 10ha-200tH
10€~3L 47|+

o) 2222 512)
1,500~4,500 ST

ChA u} 27,000 45 10ha-200tH
(H59e]8 10~20) R
11E~7d 47+

TR FHEFT o7PE &25ARFG FAE,2002)
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2. T AZF ANBYAN2E FF

gArtE x4 7 S8% BAA JHAE AC xRt dF B T
ZES AES dllF FAle] 1952 AjFbste] AYLbEFo] 1980t 7bA] A &EH o= FTts)t
o Az T 200,0005FS 5% 1,500,0008)s 2A3A T dA Falojxke] oF 209+
o] AN A ThAlute] ek oF 2999] 71X & YERATH

T 7R Z1EAQD FfA gAlel Al o] k. g JHAE ThARE 28 o)
dol(single-raft) Ajuist= o, B2 3 7IXE 3 tAlnp ZZ(double-raft)E A}
&3t Afste WHolth of 60mAcle] i £ fE Ee SH2goE e
Folg o] gt sjrrel AFEIL A He| Ao AFEeh 2 tAlnl 22 2m
Ao =® o 30 o] HUTh single-raft WA= thAvtEo] F{F2 EE2FEH o=
gy 3 Fe Ex74o2 FAE F=th double-raft WHolA = F MY gAvt &
o] AAHAY stte] £ & s Eo] /o Ut hanging kelp rope WH-2 <HA
Agell Aol JYARE thAmte] FAo]l 2R ¥rke AS zZra ok horizontal kelp
rope WL TAute] AAE 124 s WA SRl AgEe] "Hojziths ©o] 9l
}.

(13 2-3-4] == 24 ot sfz3 o2
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3. A9 |l xF AW 2E T

o opAolo ATt o] o]

so £OE AW AEF Mg 4FoE B 5 Yk oA
< AR 2 Ted & =FYHoE FAE
outhern California®} Baja California A & q z

MOP WTT" z=F oRglA An

AN

Floating Raft (SRFR) 7]&o] Z& F4& Zte W AddA HEHa ot A
10mme] 21 EFZ=EEA 225 209 A AolEe] e UFE5sd uAHsta, B
AS AH&Ste] FFAIZIAL ojuf Alo]Eo] Aole 49 ZHHE ot Z47rE 25~3074 9
PRAZL FRSAHL FH 2 G =zl st
Hof| Fatste] FRo0R XE {4 5&13}. dRkA o & Cracilaria edulis®] 107] ZA}7} 7}
2o ZAFHH F 2EA)Y AL ZmE FARIG HIToE T A7 A H
of thot=el 4= AT 7Ieside] &its] o Fojxa .

Anchor cable Rope with seaweed Stone
fragments

[1¥ 2-3-7] Single Rope Floating Raft culture technique® =A%

_55_



ol

=~
i)

224 slxzF Aadiad $F

ZgHAe] Zamboanga del SurdlAde F2 EF G FAEE ATV B
llana "H& FAC0E 119 o Ueht e EAENA siEzF ikl o]FoAa .
7}. Tabina

Tabina= Zamboanga del Sure] FHygotel] IAIg 3¢ =AZ F2 AFS v
o2 F2 oo FASIE Algo] Bl d|E2F $2le TabinaolAl Ho] wHEo gt
t}. San Vicente, San Andres, San Sebastian, Abong-abong$} & 3o R &+ Al
Sxojgkal, Z 65haolA 607F+71 s =F/ °“‘°ﬂ TAbeta ok B4 AS

1}, Dimataling

Dimataling Zamboanga del Sur®] 5ol < ]-Ey:} =3 o
o] @}, Dimatalingol A sl =5 A4ke 1980t Fuk A4zl Fx
o UA ARZ 9 YUy sxgE ko] st 0}1;}1— A7
2-3-9]= Dimataling®] HeHA == el ok

t}. Dinas

Dinas= Zamboanga dele] dZol|Ax 714 & dt=A] F2 sluo|tt. Baganian
Peninsula®] ¢ *]3}<}, Dimatalings} dZrol #H3}a, San Pablogl EZo Hala it
Dinas®] oJLFTAMAELS 1980dt) HF J=F S-S At 1 o] % Barangays
Tarakan, Sambulawan, Sungayan, Pisaanol| A &|Z&F &F&4S A%t Dinas= 7Hg 2 3l
25 A8l =AHYUT. E3] TarakanS 1000ha o]4te] ok2lojato] zA = o] &gtk
Ao 2RE 6km el 7bA] SAEol glow HA QAT F 95%7t slxzF FHol FAS
3 ok [28 2-3-10]& Dinase] AHA =S Yela QUoh

2}. San Pablo

San Pablo= Baganian ¥F=ol X3t 9lom 150 7}471 sl 25/ o$F2lo FA}
skal ot 1y Ticala Aol ol HEE= oo AH] dAWW xR/ F2ol
7beatH, I 99 F9L @A AAZF =EHo sEF AR TS wenh 1F
< San Pabloo] HEIA=E el o, Ticala doll 23 GAAEFe (s &
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A & Atk sEFO Aul EE 40~100719] HE HWE AHe AAH 1-3me] AL
2 AAZ 3] 200~250 g9 HEZFEZ 57 in FFASE At HERFE MLl Ay
A1 kgoldel =il 2kgolde] HW FE3th AT FHELS BT 45-609 Abold
A=y duF oS o] g3t F83ith [ 2-3-1112 San Pabloo] AEA=E U
el Qo

-

u}, Pagadian

Pagadian2 Zamboanga del Sur®] &E&Z&o ¢ X|sla. 13 Labangand} d4&o #
stal o, BZ 02 Dumalinao®} Hstal At} Zamboanga del Sure] A=A, XA
A= EFeta, Pagadian® AAE FE O EHH oAdAd oEsa Jdth
Pagadianol Al sl =/ 22> 1980t +xtol] A5 A[ZtE o] 1990 Fxrko] §43% &
7HE RAY 2R/ FHAHS oF 29%9ha 5 180harl 7}&E Al 31, Barangay bombael
4] 100 haol’do] 7Fsxa ot [18 2-3-12]2 Pagadian®] AEIA =5 RoFo

v}, Labangan

Labangan= Zamboanga del Sure] &Z] {X|3l1 A= FHEA°lt}. Pagadian
I A& A FH3slar, Tukurans} illana U]':ﬂ]' G5&o A H3sta ). Labangane] 3| &+
G2 2001 AAE QI 965 haol FaojF oz o] Fox] Ut} o5 oL HEE
Barangays Combo2] €d¢toll x|ttt HA A9 80%7F sN=F A4itol] FASEAL AT
[719 2-3-13]2 Pagadian®] M EIA =S Ho &t}
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— s
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Tabina
] 1 I
123207 12340

(19 2-3-8] " g]¥ Zamboanga del Sure] & ZF AAEA.

Legend:

{7 - Shalow Area

s

[} - Coral Resffrea

- Mangrove.

W - Seagrass

maz-—ﬂgar—agar

[ -Fehpod

Area

125Z17E

1Z=22'E 1Z=23'E

[1Y 2-3-9] Dimataling®] Ay e} A =.
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LEGEND
Cimat FEi dpman

u
b 4 At b

Mangrmen
— Lo

[19 2-3-10] Dinase] A eI A =.

L I TaTs
* )
8 I:
Legena: !
0] - shatow amea 3 = Lomarm
[E.! -comimerara
W - Seagrass
- Mangrove
T2y Agar-agar
[ ]-FishPona e
k.
- Abandoned -
l Fish Pong ol i
Frawm
TN
Bubual EEE&
L
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[18 2-3-12] Pagadian®] Ay Ef A =,

{Marine Sanctuzry
f o [30hs]

LEGEND
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’, Mangrove

1
12330 1280

|
1233
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_60_

12330

T4



=

5. 2909 2FHF AABTA2E ETF

FHAAE z2F Aitol BAsIe] R&D AV AFFSA A 37 A=
Atk A E = s 2R7o) F& wf A, F2 7HF0] ¥ Fo gt F= A2 3AL
ANA Auistar Ak siE2F A FHFES FTHATI7] st Aol M £ WHE
< AHgeta FEHS TS ste M T& AMEste] RES] A S FAIALT
At 2ol F2 AiE= siFF+= Kelp(Laminaria hyperborea)®} Knotted
wrack (Ascophyllum nodosum)e] ¥ o 2 Kelp:= 997+ 130,000~180,000 tono] AJ4+E ar
Knotted wrack-2 10,000~20,000 tone] Aj4tdch. =2 /NWH oy REFH, o=
To|A d|xF A4ko] o]Fojxm Aalr]&ZE  Norinet (Porphyra, Ulva - protected

;

areas), Long line (Laminaria, Macrocystis - open areas), Closed bags in open sea (Bodvin

et al, 1996), Land based tanks (Chondrus cripsus)®] Wi Eo] AFRE 1 9t

4] z,
// 1

[28 2-3-14] =29o]oA F=2 YiE e =7/
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6. Ul AN=F ARBYA 1Y B

[ 2-3-119 [& 2-3-21% Sefuet 2 AWFS Yehs B2 7, 19,
ARbb Fe oA Folth 19909 A0WES SlaF ANES UE olF 19909 Fu
A Aol AAh rasitil 2 ASAL 2715 Uehlle] 20080 Selvetel sz
F QAT of 3% E 7Salgith AAl AxFFOoR FWEY 10-20%E] B3
Foz AxF FaRFol 1 YA FL 4 AT

(& 2-3-1] Euete] xF

A 2FeF(1990~1998)

u= 1990 1992 1994 1996 1998
A 442,193 604,201 777,096 561,900 482,363
27 30,324 24,238 26,899 22,910 12,594
z 3,533 69 77 189 635
oA Pk 7 - 164 1,795 500
ASREI RS 756 399 1,190 120 15
o s 201 108 388 68 19
S ] < 5,075 3,459 5,388 6,642 784
3 | oAy 8,339 6,742 7,581 3,551 3,136
d 71 E}7FALE] 325 394 213 57 116
A 565 1,215 514 381 280
= 7,222 4,327 5,814 8,086 3,856
u}-2f 1,425 578 527 373 61
7] etsi 2,876 6,941 5,015 1,594 3,191
27 411,869 579,963 750,197 538,990 469,769
4 97,637 163,555 269,581 166,199 191,578
= Zahsl s 8,084 9,560 30,421 35,640 7,931
il s
ZBE e 269,333 371,432 411,602 305,813 239,742
2] b Eay 427 - 1 8 -
= 23,920 18,163 31,669 23,054 24,993
a2 12,463 17,248 6,918 8,272 5,298
7 e}l 25 5 - 5 4 227
AR FHFAAFR FH o)A, o] JAAEA A 2E]
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[ 2-3-2] +-euete] sl =F A 4H=H2000~2008)
ds 2000 2002 2004 2006 2008
A 387,479 507,984 545,808 778,667 934,890
A 13,023 10,427 9,060 13,754 13,866
x4 1 29 3 2 1
O R 350 88 - 12 2
RIS 15 2 48 473 1,170
s 29 - - 1 260
. m) & 1,717 1,089 719 3,569 3,114
© X 71 AL 2,872 2,150 1,791 3,012 1,093
71 E}7HALE] 66 117 11 328 63
7} 220 558 616 2,875 1,400
L 6,062 5,081 5,284 2,933 2,721
a}-2f 64 412 71 164 295
71 et =7 1,627 901 517 374 3,736
27 374,456 497,557 536,748 764,913 921,024
¥ 130,488 209,995 228,554 217,559 224,242
ChA B 14,160 24,873 22,510 201,919 285,221
o - 919 1,059
Zaf) 2] m) & 212,429 242,135 261,574 322,371 381,076
z:Ray 164 72 142 165 1,186
= 11,654 11,016 22,814 21,125 17,701
u}-2f 5,288 9,291 1,154 682 8,003
7 Ebel 22 273 171 - 173 2,536
A5 FHFAAFR EH o)A, AGALEA A 2H
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18] ool A AMo] ozl BAZ 1290] Fud AR Wol§ AN FR
£ sola AElolA 49l kel Awt Thalnk Al YA T P 45em W9 w

Yo 125.1cmE A FL °o]F BEL o

2 Qg 7dole 93.7cm=E A AT TE 3-1-30D. &3] wFoliel A3 thAnt 4
A= QabdeolA FAAEE ASsn Qom AFE AAsE GAsh Frel 4
oEo] 3t thAlnte] et & AAGE S A dHallA ALKH o2 AL AFE Al
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SRS
[ R
ol B
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Month
(29 3-1-30) Qa1 F4 ThAthel gigel W),
Wb g%

s

1587190 7ol AREEI} tha "old 115m AASAT(1Y 3-1-31). AT
Folgel NEYH hAntE @43 37 JdEe] APuse Ao mUHY @
A2 o)k,
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June July

Month
[29 3-1-31] AdFuFAR F2 thAnke] JF2] W3}
(th 2%

e A 559 #Hglol AKHoRE Aol o|Fojx 549 3.5cm, 6¥
4.3cm, 7€ 4.5cmE AEHH o T AAo] o] FojHHI 1Y 3-1-32D. A -5 thAIntrt
FAEIL e A wet wsete o] gubHlY AR gxrt ZsAY 2R/7L
g 3ol gArtol A E717F ot Al FolA= BE¥FS UEE Aol dnkA ol

_l

(=h MA+

Qafol ANAHE AFnFoAFANA AF AT TArte] S 2ET 732 A
T Wik Ao el o] 6ol WE3 HE woteld IFom 72 JiASF
7 A9ty w) oo ' o] Fof 5 T0/MAI/Eel2H, 69 59MA/Sel~E A-
Aol Tdol= 6MAFH2HE SASATHIIE 3-1-33D. ol HF o= a427]
A2 BT BASIAANE A gARkY AAlF ae Ul ey HEe 3
A3 Fol IA FES FAH HERE Ao AdHT

Lo
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(2% 3-1-32) AFagols &4 Thalnte] Aabel W,

80
60 |
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O L L
May June July
Month

(29 3-1-33] AFaEF F4 ThAuke] AA S Ak

(mh) A ZF

oaf o] AT uFolFed FEE YA F N FHT AFEH TAnY A
AFe 59 0.9kg/cluster, 6¢ 3.1kg/cluster, 72 1.9kg/cluster = 1/}5}1/}([ 2 3-1-34]), W
THe] A o] A el mz7tA R A FS 69 Ao Hujel 23 & Ex530] 3479
doju A 7eolF A o] Fdte Ao® Yt AR slxF Hio]l e
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[19 3-1-34] A7FuFod 4 TAlvke] AT ¥tk

Zels 20109 1290) AFENA AYY 52 o g3l AyTistm A
FAEY HE2F FRAGANN FFAE Lol Au] TS WYL,

o|F 297t AN FEE Mot 05cmE AT FEE 20119 390l FALE
Wb AR A 147 SN A4 DIER dheld A2 F AAAA B A
AYe 59 Fol Utk BAAA FUE AFFAT A3} APl AE THel I BT
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[19 3-1-35] Al

R
o X X kX ok k]
B o R K K
Rttt T

HEE R
e e e e e e
Liponnennann s

L o e e T e B

jang

B G

10

May June July

Month
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Mar.

N

—o0

R

[Z19 3-1-36] Al
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7 Aol wmE FA 0MAE FoE AAFES vuATt 1Y A 30MAE

Wi AT 49 1200004 7ol 5847008 Z71et T, PR E 49 3.0g00 A 7

4 437.4g£1i =75t 307H7‘<ﬂ“f A FL 71-ANA 2 FHF F7HE UEUHAY. o=
2710 AEEHE A3 & AAESF sHAA R, TEHIE G R

EHXJ. EAdS 7RI E e 28 1 A A7 Sl Uepd 7RSI g e a9

ojsf o]’k A Fe] Apol7t YEhd Zlo] obdr} AdEn

600

500| | B Gijang
Wando

400

300
200

B,
Bttt R
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100 -

e
o
e,
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7
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e

Apr. May June July
Month
[T19 3-1-37] A4 el A= e}

() dH Y E5+=

Zele 5 ol AEshe dA dlxe S4S JHAE slxelH x3sd Sm o
AR weto] WEstE dfjxolth wEtA £F kol Felds o R FAshe ZE 9
A AQGHAA B mEA 550 JAPH= A 2 7 Aok AEHY €55
< 7183 gxolA 62 YET] AlFste] 79 @A QA ATRY dFEI fFAEE
Aol A&Ea Jok(ay 3-1-38D. olH g ZHH g2 AAHQ Ao FAHF
AEE Ueue 559 AR AdZ W 55 d@Ltd dAAste A&SHew =
Al AES] & d Aol
(mh i e A= Y=

7173 s golA AF FA T ZEie] dHel AXske siAAAES YA
B2 SUvto)7)d e (Membranipora serrilamella)9}; l W Sertularella levigata) 79+ 72
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S FETH TERF H2A%(Polysiphonia) N ZEA 7% FAFH o2 YEh}r] A

STHIY 3-1-39) 71ael s TAlvtel nhskA 2 Bugel 7 8e st G ARz e
2 BaEE A4e moln Ao B:go] dojut ReldAE HIZaRI AF
How Ayt 54 b}emm we G AE HH =R Heds xR B
8o et QAo Awiol s e 7)ol wls) agel vlnd A &
Aot EAe Uehath SHAET AaaEe] A9 thAviel niAtR sk )

SABAe A5 ZvoM v, FETL o] Folxel B Aow AZH

(19 3-1-38] AR Zehe) %-‘#% a4
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(29 3-1-39] A2 e siad=E 2 A=
A&B, 7174F ZHeol A FU o]z
(Membranipora serrilamella) <} g5l =
(Sertularella levigata)5; C&D, &+=4F Zrejol] 2
A B3 el Sertularella levigata)w ot FTZF
B2 % (Polysiphonia) 3 %

KT

ot AR Y] HE

AA7EA ] NP G AAE EHE oArte] S AESHE 1dA oA vke
550 JAFHCE Yee 7¥ ol F&st= Zlo] tAnte] FZQl SHE
ool FALE stk =Y ohAnE i EAAARS fEiA = 50cm HA SR F
BE Aske ZET 25cm AR FRE AskE o] dELted feld o=
Wk hAlul k2] ofdRlEe] Ui HAEERAME FaAldEAlet 2ol Fe¥4 5 Y
A Yo R FAste] ThArtE AL A9 A 50,000kg.w.wt./hags AL F Ae
Zo® eyt mebs ofddEoe] gAntE A4ete A8 FATHS wiAsta, &
9 AAAEFS dd A5 Tt xR e WA A0t /ha, 1
00m= lhatv 1% 2,000mell si)ol thdste] AFAYNFE 2= vas) BH
7142 A%, A5 1the] Aol 100m, TEAMIAIY F82H 114& 25cm, HH

A AkeF 16.3kg/ 21 2Bl & A 431H,

o
o

1

£
o

2
g <
o> x
——_—

(100m/25cm) X 20/ha x 16.3kg/cluster=130,400kg.w.wt./ha(Z] )& A2+ 4= A
=9 AS e 40 TEAAANY F82H 114 50cm, HohAAREF 24.3kg/

o
o
Y 2HE A83tH

El

(100m/50cm) X 20/ha x 24.3kg/cluster=97,200kg.w.wt./ha(+ =)& A4+sk = gt}
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meld AEe] AL MAET HxE vRo] ouj
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AAA S BemE 2B, FobFA B o] thAAtel freshek
I BPHT o WHelE @ b4 1T Mol Atk IS HBANE
1% B Aol wE AEAAE D o ul F7he] Hefo] ks A} 5] ol
Aol BFolt Ued =7k &S A9 ofF AMel d = doks BAH] ¢
2 2e FHoz YAEHAL e 59 gu

o} o]y 3 HES TAu} ofFo AL

ul, Ao gA1 dl A x|
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YAZ 5 HT W dARPE 950 S48 TS dFAUT. U 15 B
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= 4%°] A, & Od:r%ﬂ/‘ = 4

AE TRV 27 €=, fAdE 279 ARE AFA X o] FES FUME T

B oA dom AAo|mANtE: AYEQY FHEAYM] A o]Fod el AN

7ol A ALEFHFTA AQFH AHAE BUE AN FAL A AFAD A
£ S8l FUIE dToEAY SAT AAFES nluste] B4 g Ao

FY AR 2A 713 dEE Hasds W, dEs9S gAute] "ol F

Al Euai 71 g viE) A AlREY g7 ol2HME Ao A

A=ol Aol AAYAAANME Fed W, 7 GoAM = 6LHE 2550 5479

A= e P 5=2 514 vto) 7|8 dl(Membranipora serrilamella)$} © 3| e Sertularella
levigata®yt 9AY) A ERG TR AEs WAt 2 gorE= Brlse JH 5
© AL B8, AR AAZHAAA ol FHAECIY FABES AAN FA g
il ] | 2/E 7HAE F e TAAC Uyt oA gAlvp FAREE
i Hugtxs 7| So] AFe d SHAA B &4 =dda E 4 Unh 19
U 7%

o] A oAzl Ao AT 26 2 o]F o] F43%] FsEtr] A%

_Pv
jn)
S
An)
2

] ANRET, HANES] GAjo
Aol A7l o] 2 6¥ AP FTHL
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z
A
o

A 2F SN AR HEFE HFE §E2 A=

t ARl web @A H =
Boh e Bt gFel AEFE Aol AUAGAOZN HEFE A4S 5
o @A FAFA YW 93] Aol AEFE 3] o] Fol npo] Qujag
2 g8y APRAE BA5L DBESI AxzFel st NEARE Agsa
A gk,

I
=

s

o

b AT e

- 2ale gale] dUd B4 F WA, F9 B4, NOy, PO

- 2aloh QalolA FA AlzFol o At AFTHE B S 9w Ad wes)
2, 38

- A sxRe] RepE, A A AT 2HRA

7h AdAA B A=

s A8 i, Aol FA =/

AdA=]: 33l=Z, Kjeldahl &3l74%], Flow injector, Soxhlet 7-X]
Shimadzu HPLC +43: Shimadzu LC-20AD pump, CTO-20AC oven, Sil-20AC
auto-sampler, RF-10AxI fluorescence detector, CBM-20A system controller, LC
Workstation software, SPD-M20A photodiode array detector, or SPD20A UV/vis

detector

AN RS AOAC Wl wheh BASIYT F FRES 105C Axy, z3re
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550C A3, =D micro-Kjeldahld, =AW soxhlet FZFW, ZAFe

Henneberg-Stohmann7) &FH o] o]sle] B4t Q 1 B43ES 10004 A, 2o, =

pump, CTO-20AC oven, Sil-20AC auto-sampler, RF-10Axl fluorescence detector,
CBM-20A system controller, LC Workstation software(Shimadzu Corporation , Kyoto,
Japan)E o] &3t U9 Egl= jon exchange Shim-pack ISA-07 (4.0Xx 250 mm) 4]
column3} Shim-pack ISA guard column (4.0x 50.0mm)S AF&3FHATE o] 54 Agqoz
potassium borate (pH 8)3 B89 © & potassium borate (pH NS AL-&3tP =6 BEWS
oA 0%°o.2 AZbsle] 308 50%°0.2 F7FA7]1a 5080 100%0.2 Z713te] 158
1 100%0.= fFA[3te7] 658 o] Foll 0% sty F 9079 &4 Ao = 33
o}, 1n]ect10n volumne 10 #LFY3+H post-column =S o] &3sle] 3AFS /=438
3t & 33 AZ=7](Ex=320, Em=430)5 A}&3le B39t vH-gA|Fo & 1% arginined}
3% boric acidg ot &AS AMESIAT T EFEEE & 0|23 SR &
A AIA 0.5~20 p«L/mL BHe] TF8YS ZA5e] HPLC £ A A|3lal peak area®
B AZFAAS At At

Q) A Ak

|x)eo] A AgFS Blighet Dyer(1959)2] Wl odte] AL FE3o FHH
o8 =43¢tk Trimethylsulfonium iodide®} sliver oxideS %4 methanol-& 4ol A wk-3-&}
o] 0.3M trimethylsulfonium hydroxidee Y3l ©] & methylation Al¢fo.2 ARE-3tT} o] A ¢k

250 £19F A& 1 mg(A &E pyridined] 343t 1 mg/50 1] pyridine2 TETHS &85t
2 gasZ £7]15 FFEt & 2=tk 50T ovenoll A 3083 AX|star 1ulE GCol|
slo] Aubake B35tk A kgl 248 GC(Shimadzu GC-2010, Shimadzu Co, Ltd. Kyoto,
Japan)E  AF&3StH o™ columne  SP-2560(100mx0.25mm 1D, 0.2xm film, Supelco
Inc.Bellefonte, USA)$} ovene] &%+ 150C oA 583 HEI 3C/minE Al A 250C of A
58 FASHE T FHEZ|A= helium&2 18cm/secZ3F 2. split rate= 1:.500.2 3} T
FID(flame ionization detector)Z A|®H4Fe A E3F T} Injection porte} & FIDo| &%=+ 72
270C ¢} 250C &2 3t T

()

inss
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)ﬂ|

A2E47)(EA-1110, CE IC)E o] &ate] o] &2, Fa, 44, A, Fof o
& HES S48t dao] =AWMEE #Z3H Tin capsuleo] °F 10-0.2 mg A=< ¥
I 1600C=Z 7tE®"  columnl® AlsE 48 Al gasE GCEOC)Z BT st
TCD(thermal conductivity detector)& AF&3le] ®a, 4, 4b4, A4, &
o sz Re] Sy uRFrt Tdske 4], @] s SA4s] A% W

Mo ALEA7IE AHEFTH

&
o
=
Z
e

N

1o
R
o
ftlo
—
&

oA uke] ti g S THs S Adsk] sk 4l 0.5m(71E AW, =T,
Im, 2m, 3mollA 2€ 58 7T€71A Aol o] 59 FA4Y AES BAsAT. 74849 A
2[5 3-2-1] ~ [ 3-2-8lo] Yehiglen & 4932 [3& 3-2-9]° Yepfidoh. 7+
wol /3t Y= T2 arabinoseo]™ I TFS-O F galactose, mannose, glucoses O.&
Uetgth FoEE 74T S B Aot glen 7S g= o A4 A=
UEtA] Zdth =3 AldAoRE gAante] S Zolrh fiith obF REEA ol
A8 Foll dom HIFHo=w 33 vy & FA A2 & A7 vebgd Zo=w AdH
}.

[ 3-2-1] i Zz7(4] 0.5m) &4 TAvtE 3L AAFAT A rte] Fod S
(&2]: g/100g)

T49 i £
& 3 st & 3 st
Rhamnose 0.04 0.04 0.04 0.05 0.05 0.10
Ribose 0.05 0.06 0.04 0.07 0.05 0.02
Mannose 0.30 0.27 0.25 0.32 0.31 0.37
Arabinose 2.28 219 1.78 1.42 1.33 1.73
Galactose 1.14 1.04 0.70 1.01 0.81 0.65
Xylose 0.13 0.15 0.08 0.16 0.14 0.12
Glucose 0.34 0.30 0.31 0.27 0.29 0.43
Total 425 4.00 3.18 3.25 294 3.33

COAE 3Ee GATE 1/33e] BREl o, ¢ FE 3, A9 € PEe
oz B
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[% 3-2-2] 240 ImolA P43 ThAIkE 320] A2 ske] BAF Thalvke] 598

LA Tr (<] g/100g)
717 4=
T
& 3 st s 3 st
Rhamnose 0.03 0.04 0.04 0.04 0.04 0.06
Ribose 0.06 0.05 0.05 0.06 0.06 0.07
Mannose 0.30 0.28 0.23 0.35 0.37 0.46
Arabinose 1.95 1.85 1.77 1.55 1.56 2.03
Galactose 1.00 0.87 0.77 1.04 0.87 0.95
Xylose 0.15 0.13 0.14 0.18 0.16 0.24
Glucose 0.26 0.27 0.28 0.35 0.32 0.54
Total 3.72 3.45 3.24 3.52 3.34 4.29
* OAIRE sk AlREE 1/3%Fe] B REo] &, T FiE A, 94 € FEe
Jo= FBiF

[% 3-2-3] 54 2mel A &A@ ThAIvLE 39 At BT ThAvle] 29

AT (H91: g/100g)
71% 4=
Rk

& < Bl & 3 Bl
Rhamnose 0.03 0.04 0.07 0.05 0.05 0.07
Ribose 0.05 0.05 0.03 0.05 0.06 0.05
Mannose 0.34 0.27 0.28 0.36 0.35 0.27
Arabinose 2.30 2.05 222 1.62 1.58 1.81
Galactose 1.03 0.88 0.76 1.01 0.74 0.80
Xylose 0.12 0.16 0.14 0.14 0.16 0.15
Glucose 0.30 0.41 0.47 0.29 0.32 0.36
Total 415 3.83 3.90 3.47 3.22 3.45
“OAT AFek OATIE 1/339] RelREo] o, 21 BE 4, 99 E RES
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[ 3-2-4] 41 3mol A &A@ ThAmhE 39o] AHte] BAS ThAmte] $9)

Ty (&F: g/100g)
717 4=
ik
o = St o = St

Rhamnose 0.04 0.04 0.05 0.04 0.05 0.08
Ribose 0.05 0.04 0.05 0.05 0.06 0.06
Mannose 0.31 0.23 0.25 0.36 0.42 0.37
Arabinose 221 1.93 1.89 1.45 1.76 2.23
Galactose 0.93 0.68 0.72 0.99 1.05 0.99
Xylose 0.10 0.07 0.09 0.13 0.22 0.23
Glucose 0.27 0.23 0.34 0.29 0.40 0.46
Total 3.88 3.18 3.33 3.27 3.91 4.34
* OA R FFsk OAREE 1/331e] BeREe] &, T FE 3, 919 £ FEE

Aoz B

[ 3-2-5] =T (54 05m) ¥4 dArE 49 AFHT gk F9E 4T
(&H91: g/100g)

717 =
T4

A > 3} A = 3}
Rhamnose 0.04 0.03 0.04 0.04 0.02 0.04
Ribose 0.06 0.05 0.04 0.04 0.04 0.05
Mannose 0.36 0.28 0.33 0.39 0.37 0.34
Arabinose 2.57 2.28 240 1.44 1.44 1.50
Galactose 1.15 0.92 0.88 1.00 0.90 0.81
Xylose 0.09 0.08 0.07 0.12 0.15 0.17
Glucose 0.35 0.31 0.36 0.39 0.35 0.36
Total 457 3.92 410 3.39 3.25 3.23
AL FFR CATEE 1/33Fe] Be o] o, 21t & 3, A9 B FEe
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[ 3-2-6] 41 Imol A k213 ThAmbE 490 AHste] BAS ThAmte] 29

TG (9): g/100g)
7178 4=
TP

& 3 st & 3 st
Rhamnose 0.04 0.05 0.04 0.11 0.06 0.09
Ribose 0.04 0.04 0.04 0.04 0.04 0.04
Mannose 0.27 0.29 0.35 0.46 0.44 0.38
Arabinose 1.94 1.94 1.71 2.00 212 1.94
Galactose 0.73 0.69 0.70 117 1.05 0.74
Xylose 0.07 0.08 0.10 0.18 0.17 0.16
Glucose 0.26 0.25 0.37 0.55 0.36 0.42
Total 3.31 3.29 3.27 4.40 419 3.67
FOATE §FE OATURE 135he] el R Eol 3, Bt BB 3, A9 € PEe

[3E 3-2-7] 74 2moll A F47E TAnHE 440l AF st £493 ThAjvte] F-92

LA (F$]: g/100g)
71 % 4=
T
& = s} & = st

Rhamnose 0.03 0.04 0.07 0.03 0.04 0.07
Ribose 0.05 0.04 0.05 0.03 0.05 0.05
Mannose 0.25 0.28 0.26 0.44 0.45 0.46
Arabinose 2.00 1.93 2.07 1.94 2.08 2.38
Galactose 0.93 0.68 0.80 1.16 1.10 1.23
Xylose 0.09 0.13 0.09 0.10 0.22 0.29
Glucose 0.28 0.28 0.35 0.28 0.32 0.46
Total 3.59 3.34 3.62 3.96 4.21 4.88
* A

ob 3FSE GATEE 13skel ool o, 21 RE 4, 99 B S
Fo= FiF.
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[ 3-2-8] 40 3molA FA T THALE Q0] A sted BT Talvle] Reld

TG (%1 g/100g)
7178 4=
TG
& 3 st & = st
Rhamnose 0.02 0.04 0.06 0.05 0.05 0.07
Ribose 0.06 0.05 0.05 0.06 0.05 0.05
Mannose 0.33 0.32 0.31 0.42 0.40 0.39
Arabinose 2.61 2.46 2.34 2.25 2.40 2.50
Galactose 1.14 1.02 0.88 1.42 117 1.13
Xylose 0.11 0.10 0.13 0.24 0.26 0.31
Glucose 0.32 0.36 0.36 0.33 0.32 0.40
Total 4.56 4.32 4.07 4.72 4.60 4.79

FOHAUE 3 FSh CAEE 13ske] B R Rl o, 4t R 3, 919 € RES

(H$1: g/100g)

) = 717 U=
L s -
A7l ¥ F 8 % % 3
0.5m 4.25 4.00 3.18 3.25 2.94 3.33
Im 3.72 3.45 3.24 3.52 3.34 4.29
34
2m 415 3.83 3.90 3.47 3.22 3.45
3m 3.88 3.18 3.33 3.27 3.91 4.34
0.5m 4.57 3.92 410 3.39 3.25 3.23
Im 3.31 3.29 3.27 440 4.19 3.67
4%
2m 3.59 3.34 3.62 3.96 4.21 4.88
3m 4.56 4.32 4.07 4.72 4.60 4.79
F A 3ok GATHE 13ske] PRl o, 24 R 3, A9 € FEe
How B
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[ 3-2-10] 3ol ANHAT F4lol T F2 et Fopd AAE=H%) Pl
717 4=
z[:
% 3t 3 = 3
N 2.71 1.99 3.21 2.68 1.58
0.5m C 37.67  33.10 37.67 36.88 35.63
H 6.05 5.34 5.79 5.69 5.51
N 2.73 2.15 3.06 2.57 2.31
1m C 37.02 34.23 38.93 38.37 37.86
H 5.92 5.55 6.05 6.00 6.16
N 2.58 1.37 2.87 2.59 2.39
2m C 36.67 3437 38.83 38.67 37.45
H 5.93 5.76 6.04 6.20 5.87
N 2.57 2.34 3.19 2.67 2.19
3m C 38.95 37.42 40.33 39.56 37.05
H 6.13 5.97 6.28 6.41 5.75
[(E 3-2-11] 4L =% of ME ¢ thAlnte] Bod A4TEH%) vl
717 4=
.Zr:
F B 4 F B
N 2.53 1.90 2.77 2.39 2.16
0.5m C 39.05 33.10 39.28 38.95 37.24
H 34.97 5.34 6.39 6.37 6.15
N 2.78 1.75 2.47 2.03 1.72
1m C 51.99 25.54 38.44 37.20 35.05
H 8.37 4.04 6.16 5.85 5.82
N 2.39 1.80 2.63 2.39 2.11
2m C 36.99 34.38 39.57 38.79 37.90
H 5.52 5.23 6.49 6.12 6.22
N 2.26 2.03 2.72 2.55 217
3m C 37.67 36.68 38.87 38.40 36.26
H 5.68 5.63 6.09 6.03 5.84
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el we A TAnke] UiEMANE (B
Atk & A Akl A A, F, Shel w
e

5
ChAlule] AuA RS BRAE 82 [¥ 3-2-12]9 [%

Z
kv
o
-
Q
£
™)

H] 1
717 4=
T AR
€ F 3 < F 3

T 10.13 10.23 10.24 10.24 10.18 10.16

Thul g 10.22 8.62 6.79 10.72 8.71 5.18

0.5m A 0.72 0.81 0.78 2.49 3.28 221
3 & 16.05 16.92 20.68 15.20 18.16 18.69
g3tE 62.88 63.42 61.52 61.36 59.68 63.77

T 10.18 10.16 10.12 10.12 10.21 10.16

Tl g 9.77 8.89 7.10 9.65 8.07 7.28

Im A% 0.69 0.78 0.84 3.56 2.34 1.28
3|7 16.71 18.65 2216 14.99 16.11 17.19
grslE 6264 61.52 59.79 61.68 63.27 64.10

T 10.21 10.16 10.24 10.24 10.15 10.19
ol 9.79 8.40 4.54 8.92 8.03 7.52

2m A 0.65 0.71 0.62 243 1.72 1.79
3 15.61 17.56 19.33 15.63 17.26 19.66
el E 63.74 63.17 65.27 62.78 62.85 60.84

T 10.15 10.19 10.13 10.13 10.14 10.12

Tl g 9.18 7.85 7.32 9.84 8.18 6.91

3m AW 0.77 0.84 0.57 1.72 1.87 1.95
3|5 16.28 17.52 19.83 15.02 16.25 18.62
g3stE 63.63 63.60 62.14 63.30 63.56 62.40
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7% 4=
T4 AR
€1 3 3t & =

T 10.13 10.23 10.24 10.24 10.18

ol 10.22 8.62 6.79 10.72 8.71

0.5m A 0.72 0.81 0.78 2.49 3.28
3|7 16.05 16.92 20.68 15.20 18.16
g3t E 6288 63.42 61.52 61.36 59.68

i 10.18 10.16 10.12 10.12 10.21

e LR 9.77 8.89 7.10 9.65 8.07

Im A% 0.69 0.78 0.84 3.56 2.34
3% 16.71 18.65 22.16 14.99 16.11
g3l E 62.64 61.52 59.79 61.68 63.27

T 10.21 10.16 10.24 10.24 10.15

oz 9.79 8.40 4.54 8.92 8.03

2m A 0.65 0.71 0.62 2.43 1.72
3% 15.61 17.56 19.33 15.63 17.26
g3l E 63.74 63.17 65.27 62.78 62.85

T 10.15 10.19 10.13 10.13 10.14

) 9.18 7.85 7.32 9.84 8.18

3m A 0.77 0.84 0.57 1.72 1.87
3% 16.28 17.52 19.83 15.02 16.25
g3l E 63.63 63.60 62.14 63.30 63.56
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AL I AF ol xS 1

(78 4-1-1] & A7 A7

SEE 9 AT0E.

2. AT

o8 slzF{F diFdFdel tid AIHEAE AN F&Ed vl Zo] F 6TA
ATHEE Ao, 1 F 3 dE2F HFFH] FERE A Ad BHd o
g A5 FH Y B A 2 A A 24 o FHe Ve dAfd FRE o,
Umz AFaAE A7 P B FollA Attt 53], e A S S o
A FARE Aol thete] vlm B o A sxF Aol LI o] Fojx
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AA) AgtlA ol FolAE ANxF FHF Fu NFEY FHL =AY s
%

o 7179 4= 1a AlFSFA A Ui 3 P fFesAEFS AAEAT 2AHHS
(719 4-1-21¢} Zo] =AsHoH, 713 AddA A A= Google earth T2 18 A
ol A e, S5 AlgdAde d=FHdA AFe HT AF=ol ZASAL

Zzbel NP Ao 9 - A HAFE [F 4-1-110) YeRRAT. =A7IEe 7139 A5
20119 2€ 18¢Y 14:00FH 2€ 21¢ 15:007}A]olH, &= ¢ 2011d 3¢ 13¥FH 3
4 31g7tA eIt 5 AH 25 g g A(Compact-WH)E iAo A AIF|aL B
oA 5m Aol f<%A(Compact -EM)E AlFste] & AHoA A%, 5 ARE
g5tk (19 4-1-312 714 A@FAHANA gdauA et FEAE AA sk AzlolH

S5 ANGFAGANE FA Yo E UASAT

(© F7 4 d) =02

[ 4-1-3] 714 AFFARANA AL - f5A A A

S

(% 4-1-1] 13 AFFAR 9 - A% HE 9 54

A= A= 4 (m)
717 35° 18" 09.77” N 129° 17" 1092”7 E 20
4= 34° 18" 50.77" N 127° 04" 2595" E 16
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1 1
0 128" 00"

[j—a]u 4_1_5] %7]'6‘]] Oo]:

Egcs= ol E3ZHS JehE Z%(rradiance)® Fdo] stsstm=z, 74+
2 g=oA sjzFo AT SFAFAATNY] FHES A AP EdES FashH,

(th shekel olsheta] @z
Aol olststd AN wF TAFAHRLNA ATHE AR F JP5A

L

&<l pH, DO, SS, COD, TN, TPE ZFA o= 1997dRE 200997129 714 2 95 3
o9 29, 1199 +d4EE BAsIGTh

L A e AARAJAA B R s (A EEH 014D

A A=F Fao] BWI oFfAL Y= U F A

-qu O 170 =
e PO YT L AFRF FAANBANEL 0§l T AGIHF 3
g8 A5sold Art A9 Sz oF

b 2d3A 9 A=

SWAN stAlEdold Z2I9S o] 8ste] 74 H d=sfidqe A 44
1A AT gEHE $Xx43e Delf HydraulicolA 723 A 3At) S =d <l
SWAN version 40.725 ARg3}9ch 2 2y Fu @A) 2 AH(Wind generation), &5
I Aol o3k =™ Refraction), TxEo o3 3 H(Diffraction), Al <3k 3}
(Wave breaking), 2™ w©}z(Bottom friction)ol] 2]gF ol =] Z+Haf, 4= ¥ (Shoaling), %
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wtegto] vl AE A5 2A8(Quadruplet, Triad wave and wave interaction)oll tha+ 2 8&-o] 7}
53tth SWAN =d-& spectral actional balance WA 2]S 7|20 2 3t o}g3 Zt})

oN oc,N ocN odc,N oc,N 5,
oLV + Y + + (% _ tot
ot ox oy ol o0 o

Ac)
K

fl
2
2
o
é‘
w2
2
ot
ro
[\
B
e

AYESE AMES B Ao e AZET. 1

FollAe] gy A o] MutE ojustH, v HAE

9] o]&(Shifting &35 YERI oH, Al MAls 4 3 550 o3 =4S 9

gt 539 5, FgoldA e B (Generation) 2 %&H(Dlsmpatwn) g3 AR

vl (Redistribution)oll & = =

msk, ofgf o] o' FHol Y
Syt =S TS5 S TS0 T Suss T Sust

ds.w

(o

=] &

1= O

= TS, FAFeluAe  BAFE(S,, S, WY
(White-capping), siA& o}z 2 oz QA3 oldA (S, 0 Spp Sy oE TAE
o} glom, SWAN R = 2 ol e vt 34 2 sAdse a8k Aok
HAlm el SWAN =¥ 988 W (Phase-decoupled approach) (Holthuijsen et
al,, 2003)& wEo2 el we} Ao o FIHAQ AZuF oA kel sdE
= arstal ok

2 Rmygonre foun Ha HdF7] T, o3 o] ~¥9EY mdE

o sl 4t

N

ot

H =4ymy, T, 6= %, where m,, = /Oof”E(f)df
' 0
FARYE GG YAk A e WA Al =71 (Radiation boundary condition)S 2]
AAE roaaset HFF7)d 9gk JONSWAP F3t4 ~HEH [5]3}

of WFEAElcos"0e AHEst NAPAEAE Bt an, S =dT



I 919 RE AAGAE dFAUAS SFEAY AAE BHAA stgo] A

2 oAl AR = 9AL A Al =7 (Radiation boundary condition)S A A&t X

A ZTE 0.04 Hz~1.0 Hzol A 347, weke 36715 Barshe] & 12247) HEv=
E

o] o
- —
A]

—\Jé

FARFAPAAE =4, 34d, Mgt gEo] Hajgox BAst= HAdE 97
5 A4 Triads, 183 @A A o] 23] BAst= W s (Whitecapping) 2 <138+ 3o

UA A8 Aol welsach £, FAo B2 An@ge A4S H/ht 062

ZAS Agstgon, AHnpEe] w2 oux 7+2]E JONSWAPS AF4=21 0.038m?/s” [5]
S ARSI BE A4S A4 E(Stationary mode) = A A 83tk

FAANS FEE N LT 504 AN AHUAT 20S hPo=
shgor, 1 AYe 20059 129 FFAFATU CANY AANHAR FARIA T
o AT #e ASFHAT T Y 2ALS ARE L AAE HFBZHo|

A #SE HT 10820019 19 ~ 2010 =3
she] $X AP AASAOH, folv U AARE w2 AR 4-1-2).

rL
—
[\
e
N
o
R

3} = 71740 < A=Y
AL & Bod SWAN Version 40.72 (Delft University of Technology)
A« 50 W= Als) A A vt 50 W= A8 A A vt
- (3N FA 9, 2005.12) (3N A9, 2005.12)
A X
t 4 9 437 km x 375 km 83 km x 72.2 km
T 8 | AAA 100 m &4A= 200 m 5%A=
7 A 5 163,8757} (437x375) 149,8157] (491x418)
71% s FH T VZ9]: 083 m FHITIZFS]: 3.84 m
(A 7IEHdx2L) HAs|H: 041 m B3] E: 1.92 m
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2 5 TA R

b 233A 2 A=

EFDC(Environmental Fluids Dynamics Code) A%k, 3, T4 s
o 7% ¥ EAFFEE BRodte 3xY FARPEA v|= Virginia A< 2 SFATE
A A7l ATFAEY o7 mZolA ATEAeH, st A7TH, =T, AR
A7 Sl e AEHI T B Aol AHEE RIS U8R H= $AA
(US EPA)S] A& wWho} A &£AQl {2, #g 2 FFE st 3 <
EPAS] &<l RE=E XA Ho Ut

EFDCE= A #&, B3 Eols, 89 Al 242 FA4H AoH, fFe=2d 7
S &3 die] ¢ 1" A HgAEAe 7EoRE 3 ZEA)] =832
TZ+ POM 2d, vl=r SFFHTHUS Army Corps of Engineers)e] CH3D-WES =@l dl
TRIM =&} FAks, EFDCE A4 2] fF5dds adstr] 9t Zaas 53
2dE AETEl og A, Hal Aol uel o3 Gy xHEFHAY oY T
T a8 F Utk

EFDC 2d2 dA7HA T8 sige] Ao 8= fton, <l
Z AFEZE vs WA Yool James and York RiversollAdl @i oz <l
3}, st 3}, shellfish larvae o]%o] #3 AF, m= Z =2t} Indian Lagoon and
Sebastian RiverollA |4 H Yol tigt A7, vl= Evergladesoll A el tiiF=E FX Eoo
A3 AF, vF Z 28t OkeechobeeZ ol A & =] #3 A, thuk NanWan o
gk A&, vl= Potomac Riverell Wigt 2§, 3= Algts 2 A7|vte] gk A& Fol
At EFDC =9 F 33t 539 /MFAQ] 355+ [18 4-1-6] AA = At

O

ok
Tt 4y
m

o

==
=
J

A
~

Freshwater Flow Bathymetry

Hydrodynamics

Atmospheric Forcing Bottom Friction
Free Surface . Turbulent .
Elevation Velocity Mixing Salinity Temperature

[1¥ 4-1-6] EFDC Hydrodynamic model®] 7| & Z&%.
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2B Al ’:}Xé o= Smagorinsky type diffusivity%: AFE3TE A Xéo—d.ff_}@ 744 7
Boussinesq <AHE A &3t 7|2 S e 2ol UEd & Qo

om Hu om Hv
3mC + Vi + X + omw

o Z=np ] Al =
TS et ox ay oz 0
=524
omHu + —(mHuu)+—(m Hvu)+—(mwu)—(mf+vim —uim )HV
ot Y x ox Y oy X
ah oH\op o ( . au)
= —mH——(gC+ —2 2 DA )+
m (gC p)= X g 1) ) 8z 0z m v oz Q
omHv 0 0 1o} 1o} 0
o + X (m,Huv) + oy (m Hvv)+ > (mwv) + (mf—l— Vo My ua—me)Hu
oh oH _ ov
= —mH O A, Y
m, (gC+p) (ay z ay) + az( vy ) T
op
o = —gllp—p)p " = —gllb

9 o A =9 g-ia 9
(m, HuS) + oy (m HvS)+ p» (mwS) p» (mH ™ 'A, p S)+Qq

|

o o 0 ) = (-t
(mHT) + o (m HuT)+ oy (m HvT)+ p» (mwT) - (mH ™A, - T)+Qr

0 0 0 1o}
. (mHC) + — (m,HuC)+ o (m HvC) + =/ (mwC)
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Coriolis parameter, A :

’

) =
= -

p:

&,

source-sink

T3 g9 source-sink &, Re,Qc

1o

301- o

E+= 9] F source-sink

S+ A
==

!
[~
o

—_—

X

+

o 22 O &5 % vk =< (turbulence closure model)o] AF-&

HtHMellor and Yamada, 1982; Galperin et al., 1988).

¢l = 0.4(1+36R,)" ' (1+6R,)'(1+8R,)al

A, =

Ay =¢,al = 05(1+36R,) 'ql

gHo,b ¢2
¢ H’

R, =

o

, Ry Richardson number, b:
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=
T
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ol
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T AT FEGR HA4Y 2 FEGR SRS 44 ved 2ol 28T 5 Tk
9
b

0 ou ou  ov
Q, o (2Ay 8_) + . [Ay (8_y E)]
0 ov 0 ou  ov
Q, = £ (QAMa_y) X [Ay (a_y &)]
) a(T,S),, @ a(T,S)
Urse = 5 (A ax I+ ay Ay ay ]

AZIM, Ay : W ERAAAS, A FE GRIWAS
SHGF AAATE FHIGF FAAS HHe 7

A4 = Smagorinsky2}(Smagorinsky, 1963)% o] &3ttt}

A AZ1e &5 AF el o8
1/2

S (p (o 4 2

A71A, &4 C& 0.10~0.209] gko] AMEEHH, ANAARTE FE3] 2 B F
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(c) Californiacll A1 e] thAlm} x§# 2+ (Kelco)
(138 4-2-6] 3l=F AFH vl 3] =),

(a) Norway (b) The coast of Brittany, France

[C13 4-2-7] Mechanically harvested kelp using flat-bottom vessel.
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[19 4-2-8] Full Automatic Seaweed Gathering Ship FCQJC9-8A (China).

- 207 -



[32 4-2-2] Main Measurement FCQJC9-8A
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0] (m) 3.3
AAAo] (m) 93
FZ (m) 32
g4l (m) 13
T (m) 4
A= (m) 0.6/1.0
HAF () 252
=9

[Z1¥ 4-2-9] Electric and Automatic Mowing Ship FCGC7-3A.



[3£ 4-2-3] Main Measurement FCGC7-3A
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[18 4-2-10] Design of the 10 acre Ocean Farm Module.
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[2138 4-2-11] Mlustration of delta marine farm test unit.
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[1¥ 4-2-12] Pacific equatorial macroalgal farm - platform and conversion
system.
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[1¥ 4-2-13] Pacific equatorial macroalgal farm - platform and conversion

system.
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Ao|x] EsoH(1¥ 4-2-14)).

cantral buoy ﬁ

il ———
central

guide ring carrier

upper lr Topes

~ A

crow's
foot
il
steel cable '\ culture
line
lower
—_—
thimble

crow's

foot ¢
central
steel | metal
cable cuff
warble

(19 4-2-14] 5L 9] 7N A 3.

oy
& _:;.‘_3_.@—‘_;?}_

v

1 2 3 4 5

P R R -

6 "¢ 4 & & - ;
[ IR | 1

[719 4-2-15] Long line system.
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Q) A L olF BF FAAN=E =9 ALY

Y &=9] ECN (Energy research Centre of the Netherlands)oll A 201013 ol 7§t
G2 A 2~" o] ¢ Line system3} Net systemo] ZA3E A|x¥lo =2 PEFHS} PVCH
2 FAFHY Aok SEFE 2T T AFHAES o] &35 PEFH Alolel = netsoll A
ZFE AMF T AFHAAANA AFHAD sxFe FZE ol &l HAALCE FAA Zﬂ
12 olFHEY. AFdE AlzHE FHEAOY FXE= [ A o] A

A

3 3z
2L

rlr
o OI

29 A9 o] AA AxEe A ol e AAMAM HAHOE o] 3}
SAlmbsl ol AA Y =] # Aol ol & £37] U APl 2msh AL

4-2-16], [ ¥ 4-2-17D.

‘ PE tubes (fioating) for
buoyancy

[——=4
PVC tube for
.. SO

.

PE tubes I e
(ﬂuﬂﬂg] for
PYC tube for o g o T p S g T g T e T e

[13 4-2-16] ECN (Energy research Centre of the Netherlands)9] 2] 4] ~=I[19].

[1¥ 4-2-17] ECN (Energy research Centre of the Netherlands)e] ¥ 2 %
Al 2~E[19].
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sﬂ, ~Bolar Colector
|
G AVl '%

=~ oy

Steal Beafalding
Mutnsent Debvery Tubs

Concrete Cap with M armway

Cantral Codurmn and
Opticel Conser

—Lignt Difusng Paneis

2. MEGA-REACTOR CUTAWAY VIEW

Concrate Sha

./‘[; e

4. EXPLODED VIEW

3. MEGA-REACTOR SECTION

(18 4-2-18] @i x=Foll 3t Fa 3t 3 A =H.
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@ BEH N5e THHE P A2 F9 A
2 Aolih seiash AAF FAA s e e

N%e FASIL R P A29T AFT 5 dE el Atk AW o]HF A
2 S lAne GBS 9T WG] Bo| 2

a Az @S, 27, BF Dol O T2 HgLe BAY} 62

Nxf Y2RS5 TR

do
élr
X

Ir
>
[>
fui)
o
.y
A
N
e

Mooring

(19 4-2-19] &3l 3ld5e A AA S s/ I Al2=H.
(Bela H. Buck, Alfred Wegener Institute, DE.) [20]

PROCESSING PLANTS, HOLDING SPACES,
LIVING QUARTERS, BUDYANCY CONTROL

AND NAVIGATION

-
ESTING SHIP 33

T KELPHARV
i-';.,..____ sl

L2277
s

.....

NS
POLYPROPYLENE LINES :
SUPPORTING KELP PLANTS o

STRUCTURAL MEMBERS

\\\\\\\ * (AND NUTRIENT DISTRIBUTION SYSTEM)

“1.000 FT LONG UPWELLING PIPE .- L P & A

"o

7

[Z18 4-2-20] Conceptual Design of 400 ha Ocean Food and Energy Farm.
(Chynoweth, 2002)[21]
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o sl =F AHMHarvest) F2AA A"l B Q4

2F ol E Qg A5E AHEs7] A E ARl FrEooF g
o AR AETE FEE TEY dF o] o] FoAH A2 Hgo=m AFH Mok &
I AF dEle MRS Foof ) 9 dldY FREE FHEY AT ALt F
¢t FX AQFHFA =2 4 ook ot aEal AFH Al Hejet o] IFS
TE AR EF UF FH FxF, T PTHAIBE 28 AR AHER TPl A
ok ol 24 E Qostd ot o1 4-2-21).

(1) A A} FAl(Capacity Ton)

(2) A IE AF==(Yield in Unit Time)
(3) A5 3HAutomation)

(4) 7148 (Mechanization)

(5) 75, 55, vteE(Wave, Current, Wind)
(6) 3N =F = F(Seaweed Species)

(7) A% "] (Entire plants removed, Vegetative and Reproductive)

Harvesting
System

_ Capacity Ton

(1% 4-2-21] AHA ="l Yk vA= 84
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(713 4-2-22]1& A 2B A 253} cutting Al 2~Hl, Adjo]ojHEZE o] &35}
o]

Hgol AxFE AAT 54 o$T = Yx léﬁ“«l Mera

Description
SRH F20 U
XIT cutting Al &

) #itojof BE
| @ HyD
@ Hx| M

(2% 4-2-22] A58 AH D o] EA2E BAE

Hop A2 HHES Asstd, AFH - SIS S FRE e xR
Z59 oF2 who] ol AAF ) Long-line system3Eje] k2] Al ~Elo] thate] )
o] &old& fal fAAE Folr] A% = We} xR/ Aste = BE R0
7hed Bog AAste AMFH AP A o dA" = BE wE sty AT ¢
Ao Rztxlo] Qe HolE AA IH(2H 4-2-23]). 1 o]F & B)o F3E A=
MzfFe 7 7HA FH A2 A & F vk BEdE = BF ddolo HEV}
ko e AFAMD A= o &dths cutting machineE o]-&3f A4 oA A=
Ud 2H H slzRe Cuttmg machine B}Z olg]HE 2=4< 93 238 HlA A 714 9]
oA 9= Aw ]0]01 ol mpAHo R o] FstA A9 4-2-24]). = thE
2 ZdHjo]o] & 5l‘r cutting machineo] ZrFol&d Q= AL 22 H2lojy EEdH & B
E U A2 &y AFH A F2 5ol A= FHE AFH = Aot ol F
e flsiAs Aulojo] MEZE Ary S &KolA ol 7hA] oo glojok j
o} oluf cutting machineel oJaf FH A =77t /ol os] WU A F=F B
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AR5t sjz=FE AHFH doH(1™ 4-2-25)).

Buoy

/

T T 7T 7 7

? 9 92 % %9
A
P g9 e
°© 5 8 0 o L

/r Stretching

(B)Line as Cultivation
Substrate

Ring

(718 4-2-23] 98 sl=/F A 7Hd =

(B) Line as Cultivation Cutting Machine

;bstrate / Conveyer Belt
: \ \
v

4

Harvesting Ship

(1% 4-2-24] AH A== 9.
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Conveyer Belt
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/

Cutting Machine
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Illllﬁllll

(19 4-2-25] A5 A== ofzh).

(B) Line as Cultivation
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I 219 4-2-26)).

57 9

¢

29 o]F A, Aol

el A

[e)

Kl /1\51]-9-
fed 2

d

sl AH=

S

s o

S

2 %

[¢)

B SR =9
A

o
=

T

HEA 41 9

E
=
Eolet A A%

a

€]

I3 Al=glel 2

8
&) 48 ux

i 2 of] 4]

§_]__
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(3) °]& A8 (Moving Distance)

(4) A A FAl(Capacity Ton)

(1D <4 (Continuity)
(2) A14(Speed of Ship)

A

el

[¢]

d o

Z(_]
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g
o
2%
2
2
rg
1P
2~
(o

om AH A E=I HAAS TInEs A 2 AFH #Ade] 7hs s

Ax Hx A FN ELske Ate €Y F Atk

Continuity

/| Transporting ‘
System

FH 2guAH e o gA FEE AEFE AN U BB A% FHS
AAA Ak HEFE oo dUAE BEH] AL S wHA FEE @
oF @tk olFe] FHNA Mol :-rxm Aol Al Wt 3744 A5 A B 4

ged A MAZ A FEe) AEE T FAL 93 SolZaele o g %A=
e&ahe Yol Utk TolLE ol gal LI WP AFH FFS WA @o
M "o we YR ¥ 2T F Utk AAW A3 £ Aol Aezt Ao
stolZepel e FHEHEE AV} gol ARHT =W o|F 2957 4 2Pt ol
WA BTHZY 4-2-27). F WAL w94 Jele] 98 B3 MA8L 0§ §A%
A &% ok o] WHel A sk &Aoo As} kA FUHOE ol

Aoh Aol TENAAL 9% HAANL vhdsok shm s4g
Qe APE WA B otk 4-2-28). Al WA PP
2 e5elA %I HolA WE dux HE AT T A

e5HE Ay S ENE B 5 Aok AW o F AsAE

A AYel BE sA-e AY & s ARE ZFofof dn(1d 4-2-29).
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Primary Process
(Sludge Processing)

: Minimize the Distance
\ with Cultivation Field
N Nearby Island

~
~

\N‘*-->‘

Transportto
Land (Pipe)

)

Tidal current

Offshore Cultivation Field J

\ [ W S S e —
\ —o—o o o o o
\ ¢ 9 ¢ o o o
! —o—9 o o o o
Continuous Harvesting
Loading Small Barges

(19 4-2-27] AHH F oA 2=H A =-1.

Minimize the Distance
with Cultivation Field
Nearby Island

~
e

\\“h)ﬂ

Transportto

N Land (Barge)

|

L2 N 2

© & 06 ¢

- Densisssen ™

Transporting
System

Tidal current

——

Offshore Cultivation Field [

Automatic
Harvest
Vessel

i

© 6 ¢ 0

[ I

¢ ¢ ¢ 9

® ¢ 06 9

ContinuousHarvesting
Loading Small Barges

(19 4-2-28] AF 5 o]FA=H AE=-2
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Tidal current

Offshore Cultivation Fild |

Minimize the Distance

@l Gl el el

Storage with Cultivation Field Antoniatic
5 Nearby Island Harvest 4 A : g : : : : :
Processing System I € -=__ Ved o
. > ™~ ~ D > > > > > > > >
Conversion System > . \ =
In Island ; > | ¢ & 4 4 o A
\ > < e b ° % > @ @ )
\ \ *—— o4 9 9 <@ ed <@
\\ \ [ S — @ ° @ @ o >
& l @il L el <@ 9 o <9

- l -
=3 ‘ Continuous Harvesting

Loading Small Barges

(13 4-2-29] A H E o]FA2=H /E=-3.

4. 8. 8l A

o}
S, AFe] gold e g8l AXNE FolFr] A 2 AxF A FL GRFo)
e 7

M@ Yo Adste] AH Ay A Yo Add FL
2 5ol gt FolE AA Bk 1 olF FAF A Yt HxFE T A

_'_'6'_

P AR AFH T 5 Ut EHEH =2 =
A2 Eo] TS cutting machineE ©]-&3f A9t oA A=21 YA 2(FH & =R/
£ cutting machine H}Z o} RE FH&
HEE F3] vAASeRE oFsiAl Ho ® TE WHe oo WESL cutting
machine©] ZtFolx e AL 22 WAooy £2d & BE F4U A= Folew A
kA a3l e de FHE Zolth, o]y g e AsiAe Zuo]o] ¥
EV} Aulyg S FolA Frotg7hA] oo glojeof ghrh. o]w cutting machined]] ¢
3 AHA Hx2F7F 2/l s HUHA F=F FE 2AGA ExFE AFH T

=H I ® A
Ta2dfor 3l nEg&9] FE3 A5 AnE HA soF I =3I HEF AF
S K
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=
z
o
2
&
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N
N
)
X
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Y
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stul 714 ds) $A g 9 3
T A

(D) 2A9 52 5 oI5 24

(2 FH &7 9 AA =19 =4 2 4
Q) AAAN=E ] 5484

(4) sub-systeme] /N2 7|5 EA4 17

5) Ul g, 717 vl ge] BE Asw A W A A A%
6) F8& FAFE A4 BA

&g viel o] AF Az®lol o3 AFHE ERFE AN HAHA A=
Zulojo] MEC] ©J3 aF HANCR §7A AEHUARE AZte Fol7] Al=H

.

o] a7 weof <A H s Eet A AEle MEF Fol ARt mE A7}

AN
>

27 gttn ARRTE £FuAde] 31, Mozl oA, AAM s, s F
A FHFOE Bolor ATE AZEH 23 olge £¥ HMAMel £98 & uk
o F Axde Aesu mHMe §4¢ TA Sold YHIE oFALE FoluA

=% v Jtkels Mgkl glold A%HoE A

D €8A ZHe 9458 s 38< 9l HAol=zedde o83 SAZ Fsh= WY

o St} FHo]ZZ o] g eFste WHE WG H N dFe BA wow Had
u

gt 989 FS 28T 5 Atk AW M §A4 Aole] Aelsh Urhw spolzmep
Qe TEehEE AT Bol 2EHD EF o]F 2987 9% 2Fusl Soluhs
"ol 9
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I
GATEEE 414 BEERS HAHe] dAvke] U 8 AR e} v}

@ Y/ st st

off

L R R

S Bl A3t S B gAuke] dAtabol=E AA st or, v EH R
A S ol &3t AR RE o &4 EE A4S HAS st 317‘@}‘_ e R
L BE F Ee IR aAE F gibe SR o83 FUb AAY F e AR
IAEE 71ER st Ea VbR AEE HUE L4 2EEE Y A 29 9 FU1
2 Aol daAs gl

bz Wztz2 pAE 3824 dukrer)E JE

120 mLe] ¥5goz 27 25 cm, F7 1.5 mm, %¥°] 36 cm
il 255 457 g HEe gy 2EAE A3
d A WiAAE Fa AL VHE, A=, £l

7} Z4ZF 64 c¢cm, 17 cm, 35 cm?l ZSHA Y FeE Ao, WFo 5 kW/hel 7}
G715 A&t 300C7HA 2ExHo] JFestEE At 2&7E vHEAIMES =4S
7] $1% Etelm 9 REE7]9 o]F S Aot A wrAE AFegon, tAE &%

=4

=
24718 At 42 Nkex 25 31l = oo

o
NI
S
of
ol
_,d
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[1¥ 4-3-1] Experimental apparatus of batch process (O timer and counter, @
operator’s control box, @ voltmerter, @ ammeter, & digital themo
controller, ® digital indicator, @ bath (cooler), ®,® bath (heater), 10 batch
reactor, @D electric motor, @ power swith, (3 main switch.

(2) A3 =

B2 Ao e =4 OAIrkE 45ColA 24A12F A =xska 8, 14, 30 mesh® &
Asted Z7|HA2 AREstRom, EX4S E¥Es] 9% ¥vhESmi =+ HyS04 HCIL, NaOH,
Na,CO;, NH,OH &9, &4 &8 F 71 AAgE A S =& HS04 8
<= o] &3AT

v Ay Ak

D Ad=4d

b &4 ¥z HASE AT AFAA
A R R R Q7]A A4S ggstr] e A EA (Response

Surface Methodology; RSM) AoH, FAFAAE (Central Composite Design)-<

ANE) Sfe) ol APe FASATE ol P VLT, WAL, FuEEE 5

filo
>
op

ol
ok
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2 Zjes (X3 e Ay

fdom, 3WT 37 EFUA AA (3,3—fract10nal factorial de51gn)°ﬂ w2} 6712
starpoint?} 37§¢| centerpointel] #3 APES 33 W& FPeAo. AFAA+= SAS
(Statistical Analysis System)E ©]-&, BAASE EAst] FEHF (Yol gk 3A%A
e FEOEN HA WS A5t

W) &a&7teisls B2t
100 mL A& gt==el 0.5 g9 glucan &< 7|E£o2 3 7|23} 0.1 M Sodium
citrate bufferE o] & B3 50 mL7} =& 3+ &, Celluclast Novo Co., Denmark) 30

FPU/g-glucan¢} Novozyme-188 (Novo Co., Denmark) 70 pNPGU/g-glucans #7}ste] 5
0C oA 4843 &< ¥H&& FaqstAT dFAZE O, 1, 3, 6, 9, 12, 18, 24, 36h) 4o
Z A3 A =9 glucose &%+ RI detector (Waters 2414, Waters Co., USA)7} &-=2H=#
HPLC (Breeze HPLC system, Waters Co., USA)E ©o]&3stod B3Rt ZH-S Aminex
HPX-87H (300 x 7.8 mm), ¢]&/FS 2= 5 mM H,SO, F&HE& A&3HoH, 35 £%
£ 0.5 mL/min, 283} HE719 €5+ 65T, 50C = 212t A5

7 ditF o2 o] &y ¢4 AFEAH o 2= Kennedy and Bradshaw =
[22]°] At} o] WH-S Polyhexamethylenebiguanidinium chloride (PHMBH'CI)A]¢FS o] &

S HAAANZ & HA"E &74+e] F=E UV spectrophotometerS o] &3}
AMEAHOoR A FHf GFA vEE SAHSIE ol H, ¥E AEE
g T A&sHrde HEY APHAARE AFF = W
HEF0] trJrEE‘r. A B AT A EXIAUES (Sigma Aldrich, USA)S 4.0(w/v)%
NaxCO3 F8de dof 1, 10, 30, 50 g/Le] T=& 2tz ZAstal 140C oA 158 &<t
HE-3-A1Z1 3 RI detector (Waters 2414, Waters Co., USA)7} &-2+=l HPLC (Breeze HPLC
system, Waters Co., USA)Z &4, &4k =9 vEd 3 AAE 7 A= &304 73 &
ZFa ¥ 3E (Derivation A, B, O& &2ste (19 4-3-2), o] T ©& 29 A= ¥

A9} AXA &= Derivation B2 Refractive indexE ¥ ®E 4714k9] &S Hrlsts A
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=2 AHESth

g Derivation C
| Derivation A Derivation B

(18 4-3-2] HPLC chromatogram of alkali treated sodium alginate.
Conditions; 4(w/v)% Na,COs, 140C, 15 min.

ANz ZgE e v©5stEY AHFEA2 NREL/TP-510-42623 [23]0] e}

g 0.3 g 72.0% HSO4 =88 3 mLE test tubeol] ¥ 157 20%
T E o] &3t HoJFHA 30CNA 242 B v-EAAT A 7HE
a). Wkgo] B F 84 mLe FFFE Ut A FEE 4.0%E Y311 autoclave
(8000-DSE, Nap Co., Korea)& ©]&, 121TC A 1AIZF &2t ¥-SAIATE QA 7hp=3)). 2
2k 7RV B AR B E (CaCO)e2 5313 %, RI detector (Waters 2414,
Waters Co., USA)7} #2td HPLC (Breeze HPLC system, Waters Co., USA)E o] &3}
EAstg o £42012 U-(D-(het sttt vhs & BallEe 3o s 2As
7] #8l A= Sigma AldrichARe) EEA k& A3 T

(ch B2, B8 9 222 B4
thAoke] whlA B NREL/TP-510-42629 [241e] whe} Sajsigon, & o
22 EAe NREL/TP-510-42622 [25] @ NREL/TP-510-42619 [26]o] whe} x13)sdch

4o

3. A7 A3

[ 4-3-1]2 =4 gArkE FAEES UEhd Zolt. &<3kE<l glucan &

7h. ThAIOE T
4_3 % pud
+ 0.52%, ¥4 (AMG) 52 1.0% wlvto]lom, HgFsiE] dizds

e 5.78
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8.69 = 0.86%, 3]&E2 24.09 £ 1.23%, F=E2 144 = 1.19% (&S F=& 14.28 *
1.16%, A4t F=&5 012 £ 0.03%E Uetldc. EAEZ o9 7|gEd FHFS
46.04% Q=4 o] Fd= &714+37} laminaran $°] A@E Z3E o Q& Aoz HATH
=
[3£ 4-3-1] Chemical compositions of Laminaria japonica
Glucan | AMG* | Protien Ash Extractive (%) Others
(%) (%) (%) (%) Et-OH | Hexane (%)
Ltanﬂna'na 5.78 <10 8.69 24.09 14.28 0.12 146,04
Japonica +0.52 10.86 +1.23 +1.16 +0.03

“Arabinan, Mannan, Galactan

A EIRE

&71AF By

T- -

% A= Derivation B Refractive index¢} glucose
Zzke] Zujg o] &3t S W A= Derivation B
YER Tjzelty. d7] FuE o] &3

Hol 2

UZQL‘

& o)

Derivation B¢] Refractive index”7} 2

Derivation B<¢] Refractive indexZ
glucose”’} oF&F
NH,OHE A}&3%

< = =
&4 BFE 37

=
=
73
Eis

=5Aem  (HSOq
$-o] = glucose”}
= Na,COz= Attt

AMAsH7] Y8 4.0%2] H.SO, HCI, NaOH, NasCOs,
NH,OH =& tAn} 395 F go] 140C oA 15&

30.4%,
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mm Derivation B
o000 | — Glucan
—— 140
[T
*
=
p=3
= 490 @
@ 2000000 =
o o
= :
@ —
= {m= &2
= oo
L]
i
% 1000000
10
d d

HoSO4 HCI  NaOH NH40H NasCOa

Catalyst

[1¥ 4-3-3] Refractive index of Derivation B and glucan contents after fractionation of
alginic acid from Laminaria japonica with various catalysts. Conditions;
140°C, 15 min.

o dA =27 AA
H=2 gAluE A o] 8 mesh ©]4, 8 ~14 mesh, 14 ~30 mesh, 30
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[13 4-3-4] Refractive index of Derivation B after fractionation of alginic acid from
Laminaria japonica with various particle sizes. Conditions; 4(w/v)% Na,COs,
140°C, 15 min.
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[1¥ 4-3-5] Refractive index of Derivation B after fractionation of alginic acid from
Laminaria japonica with (a) various Na,CO; conc., (b) reaction times and (c)
reaction temps.
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[3£ 4-3-2] Estimated response (Refractive index of Derivation B) by the Central
composite design for the fractionation of alginic acid from ZLaminaria japonica

Process variable Response
Coded value Real value
Refractive Index
X1: X2: X3 | T(C t(min) C (%) (V%)
-1.68 0 0 123. 2 30 4 61780
-1 -1 0 130 20 4 84874
-1 0 -1 130 30 3 88236
-1 1 1 130 40 5 59329
0 -1.68 0 140 13.2 4 62968
0 -1 1 140 20 5 77061
0 0 -1.68 140 30 2.32 81976
0 0 1.68 140 30 5.68 94714
0 0 0 140 30 4 82797
0 0 0 140 30 4 51034
0 0 0 140 30 4 87190
0 1 -1 140 40 3 67207
0 1.68 0 140 46.8 4 75109
1 -1 -1 150 20 3 72771
1 0 1 150 30 5 56533
1 1 0 150 40 4 86833
1.68 0 0 156.8 30 4 85923
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[1¥ 4-3-6] Response surface representing the variations of the alginic acid
fractionation efficiency as a function of the (a) reaction temp. and
reaction time variations, (b) reaction temp. and Na,COs; conc. variations,
(o) reaction time and Na,CO; conc. variations.

HSO; 784S o] &stea] 71 AAg 3 Avole AR G.8%ET °F 8 ~10
v, 224 28 34 S A8 FFERG oF 258 w2 glucan & (44.6~59.7%)°] &t
A Ro} vEg Fo EAFFo] Auzoz ar=2 (#HH dHolHE AYsiA &), ol&
A3 F7H AAY A5 288 Aow Addn

[3£ 4-3-3] Glucan contents of Laminaria japonica after alginic acid fractionation and pretreatment
using H,SO4 as a reaction catalyst

Extreacted H,SO, treated
Untreated | Fractionated (Perez
method) 1.0% 2.0% 3.0%
Glucan
5.8 23.4 19.3 59. 59.3 44.6
%) 9 9.7 9
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(18 4-3-7] Enzymatic digestibility of Zaminaria japonica after alginic acid fractionation and
pretreatment using H,SO4 as a reaction catalyst.
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3 3 0~30m +4% 0~30m +1%
g v 9 0~360° +10° 0~360° +1%
g F 7] 1~40s +0.1s 1~40s +0.1s
JHes -2~40°C +0.1°C
Bl & E-A} 0~2k W/m?* +0.03k W/m* 0~2k W/m? +0.001% W/m?*
7] 2 -50~50°C +0.1°C -50~50°C +0.1°C
F = 0~100% +5% 0~100% +2%
7] < 850~1,050mbar +0.1mbar 850~1,050mbar +0.11mbar
T % 0~360° +1° 0~360° +1°
X & 0~80m/s +0.15m/s 0~80m/s +0.005m/s
R B 0~25cm/h +0.0lcm/h
3 & 3} &
pH 0?;51;4111:1’5{ +0.1pH 0~14pH +0.02pH
DO 0~2000¢ +0.02ml/1 0~15ml/1 +0.01ml/1
A a PP +0.01ppt 0~20ppt +0.01ppt
% A o | 0057459 —at/l +3% 0~451g— at/1 +1%
= T P 0.01~25ug— at/l o Hg—a =
ol xA+A 0.1~1400 — at/1 +3% 0~2.5p9— at/l +1%
T 4k 4 ’ 5‘806~50 +3% 0~140pg — at/1 +1%
Ql 4k & ,U.g_atkl +4% 0~5.0pg — at/l +1%
=] A~ 0, 0,
sl i 0~100mg/1 +5% 0~100mg/1 +1%
3 o A &
2=z=d 0~0.02mg/m? +0.26 g
O A HEALA = 0~100dB +1dB 0~100dB +1dB
2~350kHz +1kHz 2~350kHz +1kHz
TELS -6~60dB +1dB -6~60dB +1dB
20Hz~200kHz +1Hz, kHz 20Hz~200kHz +1Hz, kHz
ol (344

- 246 -



[ 4-4-3] s FAE AL L) AS - AF BA¥] £7

= :
o g | AEsA Sa7)sE
Ak | 7HAEY | B, 5FARR ‘ﬁ AAARH, 5 TV, T34 A
Serbo Near Slotf&Al, 2234 FFF5A, @Z]"i]%f’ék%é?ﬁ],
FraFfr Oé*d*—]‘%‘ok%‘—?ﬁ] 3l 7+ ¥, Parachute Dragh, 5 HE |,
HF o] o}
s} 8k} 37 FdA A, oA FA, 2SS9, VtEEA g A,
3ld | I ghetA), e o)A o] g4
4H ——— -
A 7§§Z§§, HE2F, 2590254, FdAd =27, A &d=7],
|
Aemo | THHZEA, SFFAY], AESAVIIES), B&2=A,
FETE I Ase s, HowaAbe=A, Av] 2= A, BT, XBT
Y= | S(CTD)Al XSTDA| 2=®l
&= TFuFdE Samler, 3| FEHSIFAEA A 2H
FHE | AYAEZGFE=A(UVA), 3424, pHA
s | FRES | FHES
123 FEESEA(GEA), AEFEA
A 25 | $EREA, FEAEA, FAAAS
=& Ao gE5A, sFER DY
25 =7 ol& o] &4y, CTEMAY, A -89 8, Telesounder
7l 5% | Bio Telemetry
2] & A} Abol &= 270 A1}, Multi Chanel Beam4\Y}, Tho| ¥ =1
TZ ttF3+-2- 7], Sub Bottom Profiler, t}E 441287
=4 NGz A, shAFHA
= Sl G A= A, 8 A A Al
=] 2
s A X 2 A, 3l A 73 A
e | NALEFEA
EZAXA | HAATGA 7], ZAFJYAIF 7], ScrewPointH U A & 7]
FE | GAEE | TEHEAN, AVTEAN, 95 AN, A EARY
sl | rleds | vsH ALY
=9 | AT | FEaLA
T4 AN 471
8l <=
A& | &E, Sediment Trap
s e BERAE | EHISVE, SZFIEANRY], AFA
=
FARE | AF
AAAE | AU 7], Grabx 7], TrenchzY 7], =224 33 7]

- 247 -



o9 8, ZAAT GO ek,

SERIEREER S

K
oF

°
o)
bl

<

T

she 497} g

S

A dorg FAd A=

}

)
pi

3%

)
=

o]

i)

0
Ar

i

iin

K

= 3f A =41 E (Korea

1

9
pi

Fee

Aol

=
T

T—
T

o
A

b4 oie B2 el 2 7HEn

9

2F8E ol 7ta

i
Oceanographic Data Center, KODC)ol| 4]

A

siso Bl A= EAlol &

2 YFE L=

o H

=

~

—~

;OL

Gl

P [ 4-4-4]9F 2. WA g

S

=

<}

Jo = ZAEs ol

™ 2%(Sea surface temperature), 7% (Suspended

RYA

i

2
114174 AlSlope), 4=, &+&, pH, COD, %}

9]

™

solids), 4=4}(Bathymetry),

4-4-5]9} 2T}

-
At

sk [

10 =771 U<

R

24 gu] ZolA T

o)
o
;OL

-

L
;00

&, BOD, COD, && <%

b

ful

=A
=

FaoleEE, §

o
o

K

X
all
BH

K

wAs g, A

=1
=

9, A7l

=
K3

A A7,

=i
=

HAAE, A7

=i
=

PN
T4

el

X
%

0
—_
o

ol

K

-

xr
i
iz

_Zﬁo
H

-—

X

=
o

K

2

4-4-4] PG EAAR ] B

-
At

[

ol

[——
o

ol

AL
00

o
;0~1

o

3f &

]

=

]

Al

- 248 -




[ 4-4-5] sl=7 AFAFEUEHAE S AT F2 sz gy d%

= -
ok Kiaey
EHAX Roof SE, Corner
3f) o 51} BER4 I, 30|, [, ~HEY, E25< Dpescription
HZM miRos 233 smoo1
MAS83A aAci110~230V +HIAH
EHUAA wheel
‘H o&:‘{l\‘é Description
Multiparameter Monitaring
DAY ysI 6500 Sonde
EXMAA wheel
%ii-‘g DescriptionChlorophyll Fluorometer
HZM  Seapoint Sensors, Inc. D32 Chlorophyll Fluorometer
AHBAA s.20VDC, 15mA avg., 27mA pk. 2HIAH
AN FOHEE
5,‘—_19__0‘3 .E_ Descriptiont| & Al 2t
nge b
A+HIA™
EXHA J|HEIY2E, EMH1Ea
= ‘o]:%‘é:‘ DescriptionWind manitor-MA

2AF  ps5106

£HBS sma

XX JIEEHE
DescriptionTemp & humidity sensor
D93 pMmpasa

£HBH ama

Video
(CCTV)

Unsbrrmabes
(58 ’0\“‘* ‘

‘h._--‘
o

m'.sulll

Hecenbes Honeg

Self-Recording Video System

-Number of Pixels: 768(H) x 494(W)

-Lens: Auto-Iris, 6mm, F1.4

-Field of View: 56 degrees horizontal, 43 degrees vertical
-Video Output: Composite Video,

-Resolution (Horizontal): better than 500 TVL (center)
-Minimum Illumination: better than 0.1 lux scene
-5/N Ratio: 50dB(AGC Off)

-Power Supply: DC 12V at 100 mA

-Operating Temperature: -10C to +40C

-Weight: 3.25 lbs in air, 1.25 lbs in water

-Material: Aluminum, anodized

-Depth Rating: 1000 meters
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[Z 4-4-5] A%

W

= SEE:
0 to 100 mgy/l-MN

e, ELECTROSE

- s3ue
10~200 mmHg
= Time Constant :

30sec
- ApEE A,
1500m(4000mEZH 7}

=71

- Sz
10 cm/sec (1/5 knot)
~ 7.9 meters/sec (15
knots}

= Accuracy:

‘= Detection range:

+ 2 pM (0.028 mg/l) or £ 10% of reading, whicheveris greater

0.5 to 2000 pM *{0.007 to 28 mg/-N)

= Thermal Compensation: 0 to 40°C

= Salinity Compensation: 0 to 40 psu

. Depﬂ.'} rating: 1000 m

= L ength: 24 inches (608 mm)

= Diameter: 4.5 inches (114 mm)

= Weight: 11.0 lbs in-air (5.0 kg) 1.5 lbs in water (0.7 kag)
* Housing material: Ancdized Aluminum

= Operating temperature; 0 to 40 °C

= MHy Berthelot reaction
= PO, Molibdate, Ascorbic

acid

= NO;+NO: Cd reduction
MNED, SAA

= NO; NED, SAA.

= ammonia (NHs-Nj

= orthophosphate (PO.-F)

= nitrate + nitrite
(NOz+NOJ-N

= pitrite (NO;-N).

= ammonia (N-NH:)

» orthophosphate (P-POJ

= nitrate + nitrite N-
{MO:+NOg)

= nitrite (N-NO,).
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HY o AAE dgstid st =@ A4E 20E gon Uiy myE
Azde B ERSAAD olB HBOR Fo HFBHAA BEA 2] 2
B8 Adge AASDA A

O ABREA [E 4471 AFBAAA 2471E 2L 9T 2o Axe] B
£ Uehidl Zlolth A%Hos JPAE BHS BN H5Ho Fa AEAE
A, e, AR FERE 24, 9, 718, J19 v, B9, pH, DO, 2E2E
g9 4 Ak ol AYBY BUHY AzHe] BEHokE APAAE A HFE
AR} NP FUAAE TREL btk

Z2 62t
SfclLict ¢eto] 8 B3
=2 (2003-2008¢) 22X

2

Surfice seawaler temperature ('C)

1 2 3 ]
Maonth (2003-2008)

Month
m 1 ) 3 4 5 6 ¥ 8 9 10 11 12
Gangreung 8.7 7.59 8.91 11.32 1352 17.42 2092 2292 21.77 19.07 1535 10.73
Ulsan 10.63 10.78 11.95 13.79 1571 1842 1994 23.16 23.75 2056 16.18 12.71
Wando 8.07 7.63 922 1243 1566 18.76 21.03 23.58 23.77 | 2012 1502 10.74
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Anheung 6.13 4.26 4.92 7.48 1197 15.0 19.52 21.83 21.08 18.84 14.88 10.54
Seongsanpo 127 12.02 12.80 14.83 16.84 19.83 22.76 2554 2353 21.08 17.80 14.48
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Table 1. Parameter requirements for Japanese kelp aquaculture development in the southem part of Hokkaido Island, Japan.

Parameters Interpretation parameter Optimum  Reference

Sea surface temperature  Favourable temperature for kelp culture 9-12°C Scopgan et al. (1989), Fang et al. (1996), Suzuki et al (2008)
Suspended solids indicates level of water clarity (wrbidity)  <2gm™*  Otero and Siegel (2004), Nezline et al, (2005)

Bathymetry Favourable depth for hanging culture 10-30'm Scoggan et al. (1989), Kawashima (1993), Fang et al (1996}
Slope Favourable slope for hanging culture <10 Bushing (1995), Bekkby et al. (2009)

Relationship between major brown algae and their habitat’s environrental factors

Major habitat environmental factors

L Feh, Hag, Wave
Species wller water el pH™ con® HHAN™ DIN™ height”
tenm” temp” (s (e { s Tl {wmald)
3 [ ] (md
lainaajONR® g an.p4 - ce8 - 00~70 01-280 25
o 2—14 20~27 > 237 - <28 3~75 2=18.0 148
Hisenia Bieycls 44 ga-g7 3300 - <16 00~27 05089 25
Eckionia cava
MM 1016 2327 > 309 = <13 007593 0353320 6.0
.
Okamura, B~14 26~27 »>318 - < 1.4 008 02208 2.1
5 hornert = "
Hh 4~19  20~28 > 268 < 2.2 DI7-4E 030785 1.0
gg;;f:; §=20 24~28 > 298 - <13 138 2.20 1.0
= ”,_m”"‘g‘m"’* 716 22-37 >308 - <13 043 3.68 4.0
« FEE, o« B B, v EETEFEERES
o = s i}
(18 4-4-5] sl &7 A4 M Q5= g AadAe HE He

- 257 -



)

B!
)

o

-
;OO

—_—

0
"
t

Nlo

o

N
o

ol

3

He=

/1\_]_.

] 1@ Aol &, Akl A

J|

Hl a7}

1

o

Feh

B/
N

|

[Z% 4-4-6] Yl =33 7ZTY &

3k 7

b1

7}

3

2}

1

1]

S
yal

23} olo] @t »

el

=

00

S AA(1995-2009) 9 =

o

o

Al Bl A A

sk,

g

g gk A=l

A #5(1997-2009)

717
o G BEY AE

KeN
| .

717

+(2007-2009 )] AR E,

5

s

= =]
= [¢)

739l
of thajA &, 9, pH, DO, COD, S5, TN, TPl 77} 4=

F

A

=34

L
T

N A8

3|

Aeah A,

o
=

e

T
T

=
i

293 1199 2%

5}

Aol A =4

A1
&

3)

FSA T

S

-
At

Bl 2009744 ¢

1ol 1997 7

7173

(2% 4-4-713% [1® 4-4-8]

(13 4-4-6] =9} 7138l 9

- 258 -



N
[ )

=

Water temp.(oC)

e e b
[—I = a

22

2.0 -
1.8
1.6
= 1.4
£ 1.2
2 1.0
8 0.8 -
0.6 1
0.4 -
0.2 1

0.0

1.4
1.2
1.0

= 0.8

Z 0.6

H
0.4

0.2 -

-]

[ -]

97/02 99/02 01/02 03/02 05/02 07/02 09/02

Y 9503 99702 0103 03703 0503 0703 05/02

Mean value=15.20

97/02  99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

2 ]\KAAM- o]\
R wy\.

Mean value=8.1

1o,

[

Time(yy/mm)

AW\f\

i

Mean value={0.91

Time(yy/mm)

:Meanvallle:&}fz A AW
oy W

e

Time(yy/mm)

(19 4-4-7] &=38199] 19973

97/02 99/02 01/02 03/02 0502 07/02 09/02

36

34

Water salinity(PSU)

30 4

29

14

12

DO(mgl)

SS(mg/l)

- 259 -

33 4

&V. 2, N\?Tf\/\\ ﬂﬂ

32 4
31

o

JVVV

Mean value=33.27

97/02 99/02 0L/02 03/02 05/02 07/02 09/02
Time(yy/mm)

10-

{\wﬁww P Wy
U Sy

Mean value=8.29

97/02  99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

Mean value=18.46

oM
I

97/02 99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

iMenn value=0.031 MA A J.q'\
or

1&1V‘Oy“"

97/02  99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

RE 200997449 ®E BES AU}



N
(= -B— T A Y

=

Water temp.(oC)
e e
~ [

[
=

7.6

@i—li'—li—ti—iﬂl\)!\)

COD(mg/1)
@

1.4

=
= N~

TN(mg/l)

S o = =

(]

Mean value=16.10

TR
UL

[ - -]

= i

R SR )

= = ®

Y o503 9902 01703 03703 0503 0903 09/02

97/02 99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

gl

{Mean value=8.14

97/02 99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

1 Mean value=1.09

1,
Thiy

Time(yy/mm)

Mean value=0.249

R E'3 » 8
RAETARY

Time(yy/mm)

97/02 99/02 01/02 03/02 05/02 07/02 09/02

36

34

Water salinity(PSU)

30 4

29

14

12

DO(mgl)

SS(mg/l)

Mean value=33.47

33 4

31 4

JaAM
N

97/02 99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

10

Nl ]
. \WMVL‘

Mean value=8.68

97/02  99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

Mean value=5.65 ’\

9702 99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

Mean value=0.025

T

97/02  99/02 01/02 03/02 05/02 07/02 09/02
Time(yy/mm)

(1% 4-4-8] 71&si 2] 1997d 58 2009A7kA1 9] 5 Ho-2 i3

- 260 -



§ T
S rim
< —
o5 0 =
o ‘mwo m ﬂ_H O._
o- I 7 el = o) T
£ 5| [T i s TEErE
= . ——\ g YRy ID
T T ¥ : . e )
b z L: o Mo N o AF o
= NI @ s X0 oG ™
e X g o B [Ny _ﬁ g
~ N 2 z = L 5
_u_ 5 2 5 Ho WM ] o mh MM M = W
o M= e 1z B d B4 o &
w W oy K = 28 T < O W iy o 7
MM rWu [+ % ‘w- mAno . _v,u_ ,_Ir,% el ~
T o 4 H _ALEE T o o) z 9 ™ o
a5t = 5 o tER il I w_ o
= = 'S —~ N - )
S = W s |8 [z = [T L 4 SF
S 5 2 : L F = __o.xgﬁwr <
m 9B : s s & = & |t ¥ EW%%W% G
.H_._ o} _.ﬁ (wor o1 %) spanpod w3 = 3 / W < ﬂv.u\_ O# ,NrL o® e ,_I/_I o
T o : S AT ERTE R d2eivg 23
m ﬂ“ o . :_a:o_im.u:_ua.amuuu...suuw. = EW o) _ul o i~ ﬁL il ‘DF ME H_E
| r z o N ov —
S r— § TeEiaicEd
0 — < - 2 o 2 0 ~ o . o
s o] ) ® L g T o ST AT
5oe T 2. %8+ 5 g
» g I $ : I mﬂ%cma%ﬂo_
-~ g _ |2 5 - ) & Boowe o
T L B i oy %%ﬂ@&__&_m
NSk ” zZ @ N i AR N =
= ' 4 2 it oW E:T%A&
19 o = = 3
+ 7 ? ) Y wnxwwgagmrevuﬁ
o T o = :E oY — T B o o) NS
r g = jo = il 2
3 S : Do) o do T
= o) ToP & 2 ey O_L o — b
C N E : 9 IR 5o o B
P f L T srpatiiid
s e £ = To ¥ B
% ~ Sgs8e2¢ggss \H\\V 2 el < Mm o o X iy fo o ~
= No XL AmR i on B R BN
M (uoy m.c; x) s1onpo. & o i ? H T™H /vM\ _ X ﬁl N O_E
s ad ETEEEEEEEE 8 N @ T o = i
(uoy ZRE 58 " e N ﬁ_.: o O ﬂu H
{01 x) spanpoad spaame N ﬂwo —_ |
3 0 o = __%U O <
R r
w7 N A
T oeox o [

- 261 -



W, COD 37hA AAHE S7kete Agow $me Z5sh FUsa pH, DO, TNE tf
& Z7Rel webd AAEe e A%, 119 TP A% $UF AL el
360 I
40 . ®  Februwy . . .
£ s —_— Plotlliegl
= 30 /
2 oam| @ /S0 e O oe 0 .
5 m s
§- N I ; - _© o . ST ]
£ a0 ... Q:‘? o {r‘;ls\_ —— - % Ci _—_——O“o‘._!.
é i /b. @ — e e xi)“x\' G ee g ® oD O eee g ®
| g® & 02° |* & ¢ £
R T s 9 w o1 B
Water lqnpﬂ-;im-n‘( ) Water salinity(PSU) PH DOVmg 1)
360
40 . [ ] L] L]
z
-; 300
g 280 o ° .- o ST o
fe e o ~~2 oo
T o| L0 -w5" o T/~ T o~ge  ¢|%a>ne e o
o 0O e T - BOTCe @~ o am T<_go—o0
wl  g© - o . 6 & =~ - o ®
lwﬂ.ﬂ l;Z ﬂ:i 0:0 0..5 l:l'l l:! l:-l l:é l.‘s 2:0 = 1w 15 20 25 30 kS -I-I'l 0.00 0.0z 004 0.06 008 nam 0.z o4 0.6 LE] l..l'l
COINmel) S8(mgl) TRimg 1) TP{mgl)
[13 4-4-10] 9= al2f A s FrdJAARtY daddad val
40
. . o | * Hiot 1 s o e . o e ©
..; 30 O November . \
; Plat 2 Regr \‘ “
‘g el ] \ \\\\ \\
3 / \ N N\
£ 1 j . _ o
L LA e RN L —
/ S i \ b B,
e ce g o O 00 e °p GQ\O PR 00 %o
1m0 b 14 16 18 0 A2M32.632.533.033.233.433.633.834.034.2344 £ L] 7 8 L . 6 7 5 L) 10 11
Water temperaure*C) Water salindty(PSU} pH DOYme)
“
o o @ o . o oe
—2 3
E 20 //,
L e
§ 10 ,/ £ T -7
H ;L . e
ol m)/zé . ® Oceb o8| cepo e —0
04 06 08 LB 12 14 L6 LS 28 s 3 7 8 Ll OF0 001 002 003 0.04 005 0.06 0.07 DG 0.2 0.3 04 0.5 0.6 0.7
COD{mg 1) S5(mg 1) TNmg 1} TPmgl)
(19 4-4-11] 717438 =/ AL siFrdAdAzte] dsdad v,
M N=F FAs £AAR FURE - 9= AL FHo=
2 dve evat 95 sl taiA FASEAAT sHH o2 ofgA 2o
g Roltrke BSILA Stk ot ALYl AN FAlY REI G 93
ME2F FAAAE HAAHAA A vA= TS Hrleke 712H A5E 8 7ted o=
AR B ATl 488 YA ARE FPARLe] RS AR
g g A Age] #Ests Wxel tisiA &, 9%, pH, DO, COD, SS, DIN,

262 -



DIP9] 77 +AFES Agdtint. 2AH 2 [O1 4-4-12]0 Yebd 25} Zo] F 570
Axolv] 2t el SAE tEs] S st el AHCET.HH d3t Aol
TR fIAshs AH(EY UeA Aer FEE 5 Atk

FARA ARE AIROE S5 o 24 AHE g AduE
Zo] (27 4-4-1319 e 1 A3 AHEY s del siFshs ST4e] A =
&, 9%, COD7t thg A Sl WaiA vt DN, DIP7F ddix oz &2 AFS vehd
IS & Stk 28 AN A3 Adder A 2oiA A g A¥
S0 os) 7+ el A, s FRol EHER ol lvka ATk wehd FE
 HT AR s Ae] a7ETa & Aot

o
<
o
£Y

o
1
it
2
g

(2% 4-4-12] = 9 s FTd ZAE A (I Hr2r28He)

- 263 -



—&— 5.1 o

ST.2 —-%-- ST3 - -4— ST4 —-@— SIS8

3

"
h

20

Water tempertarue(deg,)

o
r

1996-1-1

—8— ST.1

T T T T T T T
1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 2008-1-1 2000-1-1 2002-
Time(YY-MM-DD)

O ST.2 -¥- ST.3 ~ - ST4 — @— SIS

L]

2%

26

B4

8.2

pH

20

1.8

70
1996-1-1

1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 2008-1-1 2000-1-1 2012-1-
Time(YY-MM-DD)

O ST.2 -¥- ST.3 ~ - ST4 — @— SI.5

in

COD{ppm)

o
in

(0]

1996-1-1

—8— ST.1

1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 2008-1-1 2000-1-1 2012-1-
Time(YY-MM-DD)

O ST.2 -¥- ST.3 ~ - ST4 — @— SI.5

i

[

=
w

DIN(ppm)
=

(8]

(0]

1996-1-1

1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 2008-1-1 2000-1-1 2012-1-
Time(YY-MM-DD)

[O19 4-4-13] &=

—8— ST.1 o]

36

34

!

32 A

Water salinity("/

28

26

1996-1-1  1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 20085-1-1 2000-1-1 2002-1-

—8— ST.1 [+]

Time(YY-MM-DD)

SI2  -¥-ST3 - A- ST4

DO{ppm)

1996-1-1 1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 200%-1-1 2000-1-1 2002-1-

—&— ST.1 a

Time(YY-MM-DD)

ST.2 -¥- ST.3 ~ - ST4 — @~ SIS

120 4

SS(ppm)
2 £

40

A

0
1996-1-1

—8— ST.1 [s]

1998-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 2008-1-1 2000-1-1 2012-1-
Time(YY-MM-DD)

ST.2 -¥- ST.3 ~ 4=  ST4 — @— SIS

(X2)

003

002

DIP(ppm)

0ol -

L0

1996-1-1 1905-1-1 2000-1-1 2002-1-1 2004-1-1 2006-1-1 200%-1-1 2000-1-1 2002-1-

- 264 -

Time(YY-MM-DD)

ez AR gl e



AEl B ZRolA d FAAN B mUEY Asge shie Axd

2 2 5 gk Axde Jse] BN Axde FASE LalemendEel A )

52 wINokRTh B A9 847h BolA Rz (ubsystem)} S B, BALHL
o

2Fete] AAN2EE TS Hie Aotk a2l B Ave] F@wAe] Zme)A
29 mE shte] 840t = A5 2

weka e a4Vt Fr5 2 BAAER] JE M S Ut aiRA R B
AN2zE 2 AAA2EE =753 2318 7]15S 712 4 . 84 = RA|AH )
F2pA 750l FA2E Eme HAAANZEY Fr5E AT d4drlsel 2 F= A, A
AA zHo A aFste 84 B RA 2R 75T o]Ee] 7Rl Fr)Eo] A st A5

= Ao
= FA2HOE IR NEL Al2H
7N

dolzt & & An. ol 7]E4

ANzEolyg gas MEE A2HS JEo] BREES WA, HAol rhesital M
e AR B ZUEE A2E T JdubERl AL oe (LY 4-4-14]9
2o

_ oot ZAF Aol BR Y SES FHHE 28

| enzw lgla ZW | OIZA Ea] 02 AAYe 42 ER-5Y 2E

td @ouul| 7|4|§_|, TS 2B W2t A AR T

> @ng 7|4|§|,  OuI SO ZEE AL ChE R A% AR T B
| eAam AI|-3—I oA | Ml M ABYES THSD AL 4

] @AI&E.L J|gg g AAEE NHE 28, BHE Ty

b Pl

| onruzges |

[13 4-4-14] F715F AN =" HTA Y =A.

- 265 -



)
=

o dulzAel A% BARUEHZ A28 s

N2E=

O

o

To
TH

<

o

B

S

)

—_
fite)

i

wK

pr
—
o

il

ﬁo
B

ol A AAA LA A

=
=

o=
oleh & % gtk

a3 d8A

)
—_
file)

B

A<l 7

e
o

o A%

Ao, GAAE

L
) .

at

o

od FRE 7HAA

T
)

&7, =

=

A

)

o
Plo

o
RS

o

Ao
&

A

EUEE Az el fe] ©, @dA= A

of whe} AAEol A

3
)

o] At =, FAA

t AN ofele

A TA o A

F71

J]

2ol WE A 482 oy

o 2257 wrolt w

o) 4ol WEHoln D-DRAZA AL

A4l &

=]
R

3

2

shchrh wa

o
T%

=
=

A A

/\01-

FEd

2 gol

ﬁo
)

AFAE 7l T ARATAARA, O A%

ﬁo
B

K

o
%

7K
To

l_ﬁmo

-

_O/]O

T

S

Pilot A

wK

o

o

o

o] @7t}

)

—
o

A
&+

oy

X

0

_'__rL

TEE AE AQEFAANE HA AAHA Gl o

(e

= @A7HA ¢

SERPY

H
L

ol

Aol webA sl sfx

b

.
g &

1

o
1

el

L
T

Bl

A1 e (3

o o
pu O]:/‘\_I

3
k=

- 266 -



JENE 23 o BN
A1) SHYSC| 8. s usa, M 8/xad
YAAN:7|E #F TLIEE HE/UH/S2 FAL

-SUH] ARI/HET} sl

F

e SE/7Ee FH

#7 ZLIEE 2] =5
e £R. Y 5

Auketd ZH, X8 =
MEjgE : EREHER MM FTAS S
L3822 92 DO,COD. TN, TP 5

SLIEE A|M 7|2 MA I |
UAA|M PHEM HIP = UAMAIM 7SN "HIP|=
A TG AL, [ | awszzn azzuz g
S/ Y ]
FAZER] 718 HE | izz oo ma sz osyss o2, o gzs 22
1

JAAE BE 2LIEE NEE Y

e FHANEE AAASN 3 ALZR] BARYE DS s ZUED Al
g FxE A 3 SA4dA 5 AT A FF T 72 AV aTH
At 53] Aol ik B B Ve et viet 2ol [F 4-4-1]9] o tiF
G A2 BAFRYUEZ Y ZsAAd 28] EEFHojoF & Aor Addn

Z, 7154s 18T F2E e dxfF A7 2 IY JAAEFR, d&, DO
TN, TP, pH S)E3 #Zo] xR/ A EFxdel 2ad s dAe] AARE WF
Fe At oY xRl HAH Y AS2Ae EYUEZE] At Z1ee] /NEdEAr
AAEHo o stH, HBAHS 1HI} FRE HAc AT B =2/ 5o AFAHEHA

%

- 267 -



Al

Aol A8t

2

de sozne

o]

=
=

)

stol =g o] &

°

Ea

14
=

Al 2~"l) Hlj 2] 7

1

0]
yil

) -3 AAL 2

N

9]

=

=

NAel Tt

(198 4-4-17]

Ho
=1

=

A7E S FBSA 2" AL
-] %ZJ-—!

]

=
= A

A

S|
1 ol (1% 4-4-16]

NAE AT B, AAFTFIAA, A2H

]

A
o

o,

o] B3 A9 7]

3)

19
=

AAE wefF BB AzT A

&F

<

A

=
Z5F 4

[——
o

L

—

+

25

f

3]

2e] Aroll A AJAFE 1L

of A3 gtk wEA

2 5E 5-6me] FAlolA o] am $A 10-12me] Z-&

0|3

A

ate] A glom vt dEe A

o A= 1z
FAME A3 o 4] 2D MAZTol welA v g Ajalg4lo] A}olrt

9ol -3}

N
_Z__l
s
)

ol
il

=1
=

W AR (19 4-4-18]

_]

A
hak

O;(Q]

- 268 -

<]
pi

b ko) gk

ATl A=

AN

(18 4-4-19]°1] AIA



Guard zone Guard zone

Station A
(Slave unit)

Station B
L1 (Slave unit)

Land Basfg
Station

Guard zone

Main Station
(Master unit)

Station D
(Slave unit)

Guard zone

[1% 4-4-16] 3 FAAAE FARYUEPH S AT AT 75 /g,

AN SNE Z2HEHZB N8
1) “"a‘te.r femperature D =
g; Isfa::in::‘wwaler light intensity g - e Suie ?) T ‘

(4) Water transparency T

(5) ph B L\
(6) COD S T &-HH_‘“

(7) Nutrients ™ £ e

(8) Wave action, currents ‘\"\ \m g Bl 5

(9) Water depth > i ata

(10) Drifting sand Tranport Spatial -

(11) Supply and dissemination of seedlings and seeds S g Ouia g \
(12) Whiting event (Isoyake, Barren ground) T A N

(13) Associated fishing activity ol =

(14) Weather data(wind, rain etc)

[T19 4-4-17] <8 FAAE &7 DAz

ko
°
An)
o,
il
o)
=
v
}rl

- 269 -



Master &
Slave unit

Air cond.
evel

Water surface
level

Middle water
level

Bottom water
level

Monitoring system(Structure)

3]

® 4uzd
® YN
® #x=&
® HzF o
® ous
® Haus

Signal condition unit:

Signal I/0 module Data acquisition  Wire/wireless Monitaring host{DB server)
& process system communication modeule & management system

ideo signal process unit:
Video I/0O module

Hi= f‘i: Weather condition — Temperature, Wind, Rain, Evaporation, Cloud, Sun, Humidity etc

View condition — Camera

He = Wave condition — Max. & Significant wave height and period

Current condition — Max, water current velocity

Mutrients, Cl=a, SS, Light intensity, Water transparency etc

Current condition — Max, water current velocity

e f‘[ Water quality condition — Temperature, Salinity, pH, COD, DO,

View condition — Camera

Nutrients, Cl-a, 8S, Light intensity, Water transparency etc

Ha = f Water gquality condition — Temperature, Salinity, pH, COD, DO,
Current condition — Max. water current velocity

Water depth condition— Water depth, Drifting sand(Sediment) etc

&

=

e

iE

op
[

&=
o2
i

=L

ook

171878 2/01F 8

12
=
2
re
od
K
-
o
ol
Ji

1) A2

e =—
= =
o =

rkl
o

K HO|H7| = o S8t
HESSME

- 270 -



Q) BHAEYEY A 2= 24

b g8l FxES 712 FH 23
@3 FHY SARUEA 2x FREEAE L 434(f1xed), 53 (floating),
Hh=8 (submersible), #43&(submerged) 5 4714 7|12 FHER FEIT £ Yrk(1™
4-20]). 19| 4712 FFR+ AT Fiol 17‘35101 AXEY, HT 1 %ﬁl% T =

4-
= AAYEEo g2 o)l EAZ

%

d F e olFA FEREEA AAV Ve Ao E AztE.
AR ol FEE] FHE AAstE AAE (27 4-4-21194 9 Zo] A4
of & AAZA HE&s 1A e F o T HLAY BE A2 S0 4
B s H(Shallow water) 30mojuje] Al thAlZ oz pile(Z5H)S o] &3 14
g FxEo 2L /HAY FY(Transitional watenol A= 14 d Fx2E3 Jacket &
ojAY olF HFHOR o]&3 P4& JHxth AT ojvth 22 Ao Als H(Deep
TZEZA Fol(buoy)}t ==,
5 2SI e & & Ak =3 [O7 4-4-22]00A4 SdTRE

= = =
ARAGE TS -9S A gAFoz tgeides 24 39 £8080 &
[e]

_>| = o

T 7T
| amy 3xg |- SHE S

|
|
— e \
—{  @xmyosw |

| s@™osy |

£84:0m 0m 60 m 900 m
~ hvd v hvg
Onshore Shallow water Transitional water Deep water

Muanoplle Gravity Base Supction fin e
Bisclort Tripad Gayed Truss
Monopile

(18 4-4-21] S4l0] oie T2 Yoo SHE LT A9

- 271 -



Substructure Cost

0 20 40 60 80 100 120 140 160
Water Depth (meters)

SYTEE ENTY

1.400 - @Other Foundation (incl. Tri-pies)

J mGes
Jackets

i | Monopiles

Foundations Imt:llnd-.
. ¥s88EB

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Beigium, Germany, Denmark, Scain. Findand. France, ireland, iy, Netherlands, Norway.
Sweden, United Kingdom. Baitic States

Source: NREL, *Energy from Offshore Wind”, 2006
GL Garrad Hassan, "World Offshore Wind Market and challenges ahead", Hamburg Offshore Wind Conference, 5-6 May 2010

[T7 4-4-22] 372 &84 8 2 AAAREETHY 4.

(b 8 FEE AE AT 9GAR
galel Ae AR FAB FAL AT Aol wal FAAHel 47 3

e & + Yt 2L HFol FESE HGoVIE Stk mekA SRS Fhol F
I gadel XS & Woels ole@ wstade] dFo ALS i, F U

& b Aol HES HAZ Rt ok olel Wty FAAMoltE Folvt B
oA Q¥ ATAE o5 olo] the AL B FAHAAL Yk,
kel HAgHonE A4 AHGH 3D 54 H2GY HFor TR
g 5 ok AA sFe PFREO A oo REHE AMES T Foz T
Soolh aEm §4 shEe FaBe 48st ¥Y, TaEel Wre) Agakt we)
39 gYOE AT 5 Ak (1Y 4-4-231 &
Al eiEolol T sFTelBAAAE FeF Slolth,

AN BUEY AxY TEE A

- 272 -



Wind Conditions Wind States Marine Conditions Sea States

Mormal Wind Profile Model (NWP) Normal Sea State (NSS) Normal Wave Height (NWH)

Normal Wind Conditions 7
Normal Turbulence Model (NTM) Sever Sea State (S55) Severe Wave Height (SWH)
Wave Extreme Sea State (ESS) Extreme Wave Height (EWH)
Extreme Wind Speed Model (EWM) Reduced Wave Height (RWH)
Extreme Operating Gust (EOG) Braking Wave Height
Extreme Turbulence Model (ETM) Sub-sea current
Extreme Wind Conditions Current N P t
Extreme Direction Change (EDC) oar Mirece cmen
Surf current
Extreme Coherent Gust with DC (ECD)
Water Level MNormal Water Level Range (NWLR)
f ater
Extreme Wind Shear (EWS) Extreme Water Level Range (EWLR)
Other Reduced Wind Model (RWM) Others Sea Ice, Marine Growth, Seabed movement, Scour

(03 4-4-23] FANH BUEY Ax9 FEE AR,

A= ALE FHoR st AEESY AAe A, td Aol A =de
a3 AA e A, =4, AE A FEE M7} 7= 4 FEY AF AHe 9
o ofHz=de AR dFAGY sy, AA, FHANEDRAMY T FE, S, AEEL
2 ARFAY Ao 5 AR MY =8 FAd = AFAL 2 aFdse
HEY ARG RS WESHA H2 o Ao HAH ARHe FEHE 5 = A
Ao 8 AAsts Aotk

O 718 35S ekt JEhd Aol [ 4-4-24]oltk. A & F Udxol
g el AAY stolA Al bFA 9 7leA side B A 4 FE A
ol AA=ofok stm, o] A9 AR Ve BAM, AA 2 B 2E T
o] zEAor JHHoJoF I of& P Yl B EE HAHZE fste] FHE
Aol wE Al stFo] Sl tid tiF, BE 3w Aol o thF, P =

2
fu)
e
fu)
i
ol
b
i<}
ro
gﬂ
I

- 273 -



x| M CHAMEO| MARZ(NE 2 4 3R
NE 2X7Hs SA AL 37], HYs

b
47 2/
-22|H 2 (A 22| g )
- BEfEHY QFH (YA A E2| 7|549)

H*(IQ-{I-I 3“)& E:t-l $|.|Jl:l)
H(E%{Alo{ gpg-Mo{)

02t
)
0-.- 0-.-

(18 4-4-24] W FAAEY A 285,

14y FEREY JxEE ety o® T57])x(Pile foundation)ol 39 Ett. Pile
2 Jacketd} Zo] AF FREF] A¥E A-ste FAEA &%) & HammerZ 3j 4]
zio] Wrs A sjA AFo wel bl rEdte vieh Fe FRVE U gukd o=
o] Al = Pilee [F 4-4-810) UEhA Hlo} 2o}

TxE9 2% D overturning moment w&Eo] legE E3+ piled] AEHE= =3k
=9 2 Ao At FxE HAAE IS A LABAF 7] AstAA =
Zol7kA YA Ak B}, [ 4-4-25]1= 1A F2E A 7124
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[ 4-4-8] 1Y FxE9 TH7x0pile)d T/

pile®] &

Driven pile

€o] £d piles F7], diesel ¥ Hydraulic hammer® &7
He &% Z2ol7kA ol Wzt A

Drilled and
pile 27 Hth

o}
ted pil
grouted pile ol grout® #& 7

. pile®] bearing ¥ uplift capacityE S7HA1717] 918+ pile
Belled pile

S TEYOZE YHI| A bell# pile Alololl= ZATYEZ W
+ A
legsoll A3 pilesTHo 2= F - 3o & A
Skirt pile overturning momentol] AHA X& 7o HAH, 537
AR AR Hol pile IFFZO)E FAAIACF & 750 A
A
Group pile
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Type
e Shallow to medium water depths
Monopile © - 30m)
Medium to deep water depths
Jacket (30 - 60m)
: Medium to deep water depths
Tiped (30 - 60m)
i Shallow to medium water depths
Gravily base (0 - 30m)
Floating Very deep water depths
structure (60 - 500m)

Saurce: EWEA Wind Energy — The Facts, 2009

Monopile type 7| &

- Steel tube, 4-6m in dia.
« Installed using driving or drilling method
« Transition piece grouted onto top of pile

- Steel tubes welded together, 0.5-1.5m in dia.
- Anchored by driven or drilled piles, 0.8-2.5m in dia.

« Steel tubes welded together, 1.0-5.0 in dia.
- Transition piece incorporated onto centre column
+ Anchored by driven or drilled piles, 0.8-2.5m in dia.

- Steel or concrete

- Relies on weight of structure to resist overturning, extra
weight can be added in the form of ballast in the base

+ Seabed may need some careful preparation

+ Susceptible to scour and undermining due to size

« Still under development

« Relies on buoyancy of structure to resist overturning

= Motion of floating structure could add further dynamic
loads to structure

+ Not affected by seabed conditions

Gravity type 7| %

Work Platform

Wark Platform Tower —
—
3
Intermediate Intermediate
Platfarm Platform Boat Landing
Bioat Landing
Shaft
External J tubes Substructurs Substructura
Internal J tubes
Grouted Under-hase
y
Scour Protectio
Foundation Foundation
ey
v
Source: EWEA Wind Energy - The Facts, 2009
Jacket type 7| X Tripod type 7| %
Tower
—
Work Platform Transition
Work Platform Tower
Interme diate Intermadiata
/'F'la‘lfnrm Platform
Cantral Column
Boat Landin at
¢ Intemal J tubes Eoiiwang
Substructure
External J Substructure
tubes
Emerging Internal J tubes
Dizgonal Braces
Pile Sieeves
0 10
: 1! Sea Bed Mudmsats
' ! ! > —— =
— e e Lo 3 -~ =
f ! Foundation i Piles or Suction Foundation
Caissons
y -
o

Source: EWEA Wind Energy - The Facts, 2009
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A 23 Mooring Buoy)2] Ak Ak oo A Z|FEe F3te] HA Y 7Hssitt
Atz o2 AXMFEEMooring Buoy)s F2 vk ukxe gl
Anchor® AuMA|F &9 RFolu 1 FxE= Uukxlog 1A, AFS,
Anchor So.= o]Folx Ut AAMFZ= A
A= ool Adute] AFTE FHow HAH
W R Fo ux@ o AR/sEla, A7 gutelm mule] Erlsdl o=
ol ol &dAH AHrdH B AFAIEEG A F
Hlg) By & garstol A AlFr 7beskal, IR
skl mlg) stz o) TEC] FAEAE F7F BHh SHARE P A Foll HlE]
AHEAE 9= g

4

#  KOGA(Korea Ocean Gate Array) sfidgel #A=wS 75311, ol 83+

BUHY 2 374 gel 2ws ARFel Atk ot FATFNYEH ATE 5
sl KOGA 193} elubere] sl 7190 Ashare] JABAE 24 FO2H /15 Wk 7
AR A B 0 e Wad 728 AFgel BHo] Ytk of sje] w0l
A sFRS o AzRe aslel (19 442717 2k BF 98] AN BAR
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2603.41

Buoy Hull

B0 H/W
- =244 BEMo =8 BH=E 74

- UEFEC 4% TESE 02 90| 93 T

&7
- AMERE 8 g 3R TEE Y

- ABAHOIE H5E W o= 2K
- olF S K2 0jge MM B2

£—— BUOY Dome

€— BUOY AR Rx=

BUOY Hull

<— BUOY NIFEA

Weight

[ 4-4-27] KOGA 3ol AA=

r&
o

HaotuHEoE 73
Jg SO 9= A
SETYE 0510 RHK| 314 Ths

2 QX HAE 0|88 MM XK XM B
01F &% &4l Al

RIS 0|83 =5 K| 75

+Z 8 EM BE T2
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Measurements of
temperature, conductivity,
current velocity, dissolved
oxygen, fluorescence,
turbidity, and etc.

Stops at programmed depths

A
Profiling with optimal speed at =
programmed time Intervals :

Profiling range
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1%t Offshore Wind Farm Horns Rev

0 2004 Klwwer Acaden Publi ¥, Pristed in the Netherhandy,
The offshore-ring: A new system design for the open ocean aquaculture of macroalgae
Bela Hieronymus Buck'* & Cornelia Maria Buchholz*

- E =:
a 50 100 150 Km
Tabte I, Site-specific cvaibtions f mearbore ad oflsbort st bcation.
Curent Sagnificant
Dl it Mo Sahnity Light (PAR} elocity  wwve
Loxcaiiom tide (i Seabotiomn (pw) Turbidiny omelomsT'y Waveespowre  (mos™ 1 height imi*
Offshone
Helgolund Farm 12-14 Sund 23 Liow No ihatn Exposed 0312 054
Roter Sund 12 Modiiland 2532 Modersie 10051750 Exposed 0521 038
Nearshore
Helgolind Roake & Come gravel 2030 Low-high | 00-280F Partlyespossd 0318 038
(Mg custemts )
Helgoland Hatbour  § Mudclay) 3933 High Mo datn Sheltesed o408 ol
Tidal hats of Sy | Mudclayt 3-8 High o Shelievd D410 18
Tarbrfe 2. Nulrient and ak and offshare test locations

Nutrients (prmolL)
- -— L
el -4 5_"::‘__.‘ vI " Location Months Ammoninm  Nitrate Phosphate  Temperature (°C)
= " Offshore
=/ Al Helgoland Dec~Feh.  3.0-6.8 1251103 0811 2290
— e Farm Mar=-May  1.0-62 138-738 0.1-15 48115
Jun <Ot 1.7=104 04248 0.=11 1.1=202
Sep=Nov. 2957 1381 0.5-1.2 Y178
Roter Sand Dec-Feb. 0344 L1-134 0.1-04 1850
Mar-May  1.8-5.9 6.1-554 0.2-09 6 1-113
Jun Dt 0965 02493 13-17 I4.1-154%
Sep~Nov. 0366 09-10.2 0.1-03 18.2-2.1

a7 ZYEE A3

[1¥ 4-4-33] =< North Sea®] Wind farm-mariculture integration ZUE & A},
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(a) (b) (c)

Iig. 2. Schematic diagram of standard long line hanging aquaculture farm from MEHRD, 2002 (a: ground plan, b: side
view) and mooring of the system (c). COMA BHEILE . AR

] | ﬂf
1 N;’ ﬂ';, I#MH "(p. | 3
| w“w iy ﬂ

Dato in 2009 ARE 4= AT
Fig. 4. Time series of seawater iemperature off Gijang in Korea obtained by real-time oceanographic information system for
long line hanging squaculture farm, Open circles ndicate scawater temperatune off Gijang in Korea obtained by Fig. 1. Buoy structure of real-time occanographic information
coastal oceanographic observation. system for long line hanging aquaculture farm.
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/ International Symposium on Seaweed Biomass Production & Bioenergy\

July 3-5, 2011 / ChangPoGo Memorial Hall, Wando, Korea

- Supported by : Ministry for Food, Agriculture, Forestry and Fisheries
- Hosted by : The Institute of Cleaner Production Technology, Pukyong
National University, Wando County

graM,

7.3 | 18:30~20:30 = Welcome Reception
08:30~09:00  * Registration
09:00~09:10  * Opening Remark
- 09:10~09:30  * Congratulatory Remark
: . | Dr. Kyeongkeun Oh
Sessionl | Chairman | (Prof. Dankook University)
09:30-10:20 Production of Bioethanol from Dr. Myung Kyo Shin
A Macro Red Algae (Vice-President, Biolsystems)
* Synthetic Biology for Mr. Yuki Kashiyama
10:20~11:10 = Renewable Fuels and (Co-founder & CEO of BAL Chile,
Chemical Production from Macroalgae = Bio Architecture Lab, USA)
11:10~11:20  Coffee Break
* On-shore Aquatic Biomass: M Jaihies Coke
11:20~12:10 = Opportunities and Challenges in the 20, Al ;
Mekong Delta - (CEO, Algen Sustainables, USA)
12:10~13:30 = Lunch
. . ' Dr. Heon-Tae Kim
T4 e ' (Prof. Pukyong National University)
13:30~14:20 Brown Seaweed Lipids as Dr. Kazuo Miyashita
: ¢ Nutraceutical Ingredients (Prof. Hokkaido University, Japan)
14:20~14-40 ° Current Status and R&D Roadmap of = Dr. Hee Chul Woo
i N Seaweed Biomass Technology in Korea (Prof. Pukyong National University)
14:40~15:00 Introduction to the Mass Culture Dr. Nam-Gil Kim
o System of Kelp in Korea | (Prof. Gyeongsang National University)
15:00~15:10 | Coffee Break
: : Dr. Yong-Cheol Park
HeRIOn 3 _ G | (Prof. Kookmin University)
15:10~15:30 ° Biological Conversion of Seaweed Dr. Kyoung Heqn Klm
’ ’ Biomass into Fuels and Chemicals  (Prof. Korea University)
15:30~15:50  * Potential Utilization of Sesweed Dr. Hyeung-Rak Kim
Biomass as Nutraceuticals | (Prof. Pukyong National University)
» Green Liquid Fuel Production from | Dr. Dong Jin Suh
15:50~16:10  Seaweed by Fast Pyrolysis and (Researcher, Clean Energy Center,
Anaerobic Digestion ¥01‘ea Institute of Science &
. Technology)
101700 ; . Chairman Dr. Hyeung-Rak Kim,
16:10~17:00 = Panel Discussion (Prof. Pukyong National Usiiversity)
7.3 09:00~ Discussion and Seaweed Farm Tour
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International Symposium oh Seaweed Eomass Production & Blioenergy
July 3-5, 2011 / ChangPoGo Memorial Hall, Wando, Korea

— Supported by : Ministry for Food, Agriculture, Forestry and Fisheries
— Hested by The Institute of Cleaner Production Technology, Pukyong Mational University,
Wando County

Program
Date Time Suhbject Lecturer
7.3 | 18:30~20:30 | - Welcome Reception
08 30~09:00 | - Registration
09:00~09:10 | - Opening Remark
09:10~09:30 | - Congratulatory Remark
. . Dr. Eyeongleun Oh
3 1 | Chairman
FeSIn (Prof Dankodk University)
0o-30-10:20 | Production of Bioethanol from Macro Red Dr. Myung Kyo Shin
) ) Algae (Vice-President, Pidlsystems)
N Mr. Yila Kashiyara
10:20~11:10 (S:flnm'?hi g”’l{fgg’ﬁ fmg‘me‘;;me Fluds = | (Co-founder & CEO of BAL
Bl Frotuclion om LMaeroaigas Chile, Bio Architechire Lab, USA)
11:10~11:20 | Coffee Break
1201210 | On-shore Aquatic Biomass: Opportunities Nt James Coke
) ) and Challenges in the Mekong Delta (CEQ, Algen Sustainahles, USA)
12:10~13:30 | Lunch
. . Dr. Heon-Tae Kim
3 2 | Chaimman
EesIen (Prof. Pukyong National Uriversity)
13301420 |~ Beneficial Health Effect of Seaweed Dr. Kazuo Miyashita
7 4 ) ) Bio-actives (Prof Holdmido University, Japan)
) 14-90~14-40 - Current Status and R&D Roadmap of Dr. Hee Clud Woo
) ) Seaweed Biomass Technology in Korea (Prof. Pulgyong Mational University)
. Dr. Mam-Gil Kim
- Introduction to the Masscult 1 f
14:40~15.0p |~ [oiroduetion 1o the Massculture System o (Prof Gyeongsang Naticral
Kelp in Korea o
University)
15:00~15:10 | Coffee Break
. . Dr. Yong-Cheol Park
3 3 | Chai
eesion e (Prof. Kookrmin University)
15101530 |~ Development of Biological Conversion Dr. Kyoung Heon Kim
) ) Process for Utilizing Brown Macroalgae (Prof Korea University)
15:30~15:50 - Potential Utilization of Sesweeds as Dr. Hysung-Rak Kim
) ) Mutraceuticals (Prof. Pulgyong Mational University)
Dr. Dong Jin Suh
15:50-16:10 |~ Green Liguid Fuel Production from Seaweed | (Researcher, Clean Energy Center,
) ) by Fast Pyrolysis and Anaembic Digestion Kore Institute of Sdence &
Technology)
: : . . Chairman Dr. Hyeung-Rak Kim,
16:10~17:00 | Panel Discussion B it R, T i
75 09:00~ Discussion and Seaweed Farm Tour
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