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o Z2Z & A (decommissioning)+= 482 3% = HE(topside,
jacket %), 3% FolzZekel, sfA ZH], A H(conductor) 5ol F& A
7 g A el HW, el A A AAR TFEREES T FAR
wEEo #HYlE AYHAY dF= 1FELE AvfEcH(Genuine &
Olaide, 2019). #<oll&= 3iAl v]& AzS & F2E59 dFEs &
EAolyp o AHER AR ATt AR S7tske FAlolth
(Chandler et. al, 2017). "= Wl&F5 Abst s A= &=, 1A 2
&= (BOEMRE, US Department of the Interior Bureau of Ocean
Energy Management, Regulation, and Enforcement)ol]l 4] @ #3sl+= Lk
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ZUE A A EH B, e A2 G 9ol Al H]
Abol= A E g 72w B 2 AAFEY YA
= AA
Well Plugging and Abandonment(3]# 4 %-2¥)
Conductor Removal(ZA9 & #|A)
2ol v A =9 A
Y% A7 gAtel= 2 A AA
o]z eiql B He AolE #H7
A7 zaf= A

Site Clearance

@
L 1
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* Z . Society of Petroleum Engineers

(https://petrowiki.spe.org/Offshore_decommissioning)
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A WA eF A=A MY Fag Aol s
A s A AP AA Fx2E AA Z<d(complete removal), -
2 325 AlA #F<d(partial removal), 31d F G0 dF= GAFE 2
A (leave in place) 522 AEF}(Chandler et. al, 2017). AA] F+Z2E
AAS 735 AW ool H A%k b FEREVMA] BT FRigle] Ak
skl A A-sAeAl fh o] #{lo] Y }HAE HIEE g P g
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o]t} (Bressler & Bernstein, 2015)
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ToR QA TAT U+ A

(Parente et. al, 2006). ©o]<} SHA, =71 A9 7+ Ao
A AH A A v

s Bt ez AEE A7 Bt (Techera & Chandler,
2015). ol® A g EAES A doH TxE S FeHow A
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to—hit-record-36-hillion-over—-the—next-3-years/)
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(Rystad Energy, 2019).
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Home + Tour Packages » Selected Packages » Mabul Island: Seaventures Dive Resort (Dive Rig)

MABUL ISLAND: SEAVENTURES DIVE RESORT (DIVE RIG) SPRINT

TOUR CODE: ABTW-DO4
DESCRIPTION: MABUL ISLAND: SEAVENTURES DIVE RESORT (DIVERIG)
REGION: Tawau
DURATION: From 3 Days 2 Nighte
L MINIMUM: 1Pax
AVAILABILITY: Pre-Book Reguired

PICK UP POINT:
PICK UP TIME:
ii DROP OFF POINT:

DROP OFF TIME:

[72¥ 5] Scuba Dive Resort, 24| Q. #3% F 7 o]X

xZ 2] @ https://www.amazingborneo.com/package/
mabul-island-borneo—divers—mabul-resort

=
(3
il

g,
rlo
o,
2
2

4 2 n
I
¥ a2

o] A el 7hedrt Soll wet A AE ThsAdel AdE

= g3l e Feldck(Kruse et. al, 2015). al%¥ 374 o WX, &%k
9 Be 9 =3 AAE AEE T8 8 #F Ad AL Rds
Aelet ], AN o]Foll = o d3] AA ke o] #F 2]
e ToR S Y B o9 WA, Y Ad Rigte oFE &
AEA FAY 235 O S71E S dow, dAT Al7I7F A o


https://www.amazingborneo.com/package/

Fol ® e AL He

AY AsAE AT 5

g0 7

=
A @ Aol AL Abg) Ak gl BT A% s
17, 5 7 ol
< 4

[721¥ 6] Tourism project offshore oil platforms in Saudi Arabia

*Z ] © https://www.pif.gov.sa


https://www.pif.gov.sa

]

A
o

]
|

o]

&

o
o

H, A7

0

-

A Ao A9
°]

3, 201439

1]

7} =2

=

ZUlE "ol A Ao A

RES

o

T

o FEH

1} & ol] A
AbZ AQFA Al Al ZFE] @] 31 (Chambers, 1998;

0

oM

3]

1=
=1

J o]t

q

R

(Gulf of Mexico)
1-

7

GARE 1990
Kaiser, 2003), H| & of & gFo]

A AE gl 3 A

A AAH o=
SIS RNER

(=

.

)8 2] (offshore aquaculture)

et 4ol vtie S

2) o3 FAF AME

o
5

Aol 7]

=
T

9], 2008). MAIHLoE o

z1, 2020), ©]

Sieh. ol
Fp2 o)

et

o
Hr
g
o

A

kA 2019%

Sttt

o

Holx g7 %=

i
o
JJ

7

wloh =) o}

e, deel s

o

o]
1=

af

S

bl



o] =
}\}\_L_

=
T

'+

el

12]]
2y

l

o= 3

3 AR A REE A&7

2

T 4

9|

aj e Al 7F

, 2018). °]& ¢

1t

A

-

2=
=

7]

3}
of

3 o3}

S

=

el A 20166 698 PHAUO R ha AN FREE B

k<]

o

il

—_—
1o

o

o

ﬂDvO

»{51,

g 9

o Al

p=2
[}

]

]

H2EWE= 81, grd

7K
ol
m

oo
o

2t
=3¢
2l
50
o

el

tol, AA4, 744
A Holl A B

[<]

=

:?Z

=

=

AL

st AR

AT mdol ws] 2
[}

s

.
"o

3 A

G

s
00
o

o

o
Top
50
o

ES

!
T
il

10

o
i
e
o
sl

m
=
;Qn_

N



o
=K
TR

o)
N

Ho

¢

AFojx9 MNIAFY 7%

7},

Hoﬂ

NI

Jl.._

i~

1
-

artificial reef)

N LT,

M

Ho

0

I (N#g. inland sea)?]

3|

< W

R Nl g

Z o
50

I
=

o
=

Ho

@73 A
ol Th(

o 4%

=

I

AE A

3

2A,

o
3

)
ZO

o]

)

HO

2] #

1 =}
SES

L=,

SKe)

My

o

TR 2019; Macreadie et. al., 2011).
seaweed reef) RT+%E U] o}

Xo
o

1}

=)
ST

olo

CERNEE R

-
X

o] ofue},

pase]

op

wal

o

ol

R RS

of Q1T xS

I

]

o
1l

10+ (Bell et. al., 1998). W3l

=
R

Sk

3

of glth. webA

N}

o

2=
53

o] ol vt}

o] & Folt(o] A&, 2009).

3

o

g
N

Mo

0

=
5

&

2] of (FEF6) - 01 (4

t}(Basile & Vona, 2021). webA, ¢



=

B

o

o <]

=
[€)

,E:ﬂ
= o

=

sel o

3

TEAHoR <t
o 14 ] o]
)

Mﬂw%ﬂ
=0
B O
_ZLATOLMETQJ =T L
Jﬂo oy T o N Ur _nmo E b o _Wﬂ o B
—_ O o - AR xR | a R N K] ]
5 %.%7 o 1 v T < ,
<%¥$ﬂ],n,.umui = M F < N o= M
ay .,obugod_% qorﬂo%aafmr Ollegu_.oo 5
= X G- T %AAT " Er —
o H e 5 r S T = JERCI
A ‘,nUDHm_K OL e ﬁl umO mMﬂVI R ..ﬂ\.ﬁmm ‘;|o @ Aﬁﬂc_o
s B %éﬁgk%.laz ﬂ@qﬂox T B
) = aaNrJoWDAMMd;] ,f1r7LE|i _ Bl
™ ﬁuioﬂ MYETtAqrM ﬂw%uiioﬁc% wm_v_iu_.
X0 o — —_ __ @ _10;0 —~ — - <0 &
A 4 wxno%mw@.m%@ %%ug%_,% P
— Hﬁﬁu%fbwommﬁﬁlﬂo wﬁgazﬁﬂﬂwﬁﬁo 1@0
H7| K < e = Lruv GLS w _ iy gy T . Bk B
N woﬁAiﬁo_EﬂmW% ﬂmuﬂﬂég o
WT 7 _11,%7§oﬁiﬂc§mﬂAﬁzt ]Qﬂﬂo ,_@aﬂ Llﬂk%
9 527 g g g o = RO
= —_ J X N Hr = | T I ~ N Ho
X n_Alqﬂmﬁ o P Lo S 0 R U Nl o LMo =
ﬁwm R ‘nx_vubo.wme_uJEcxﬂ d.mgiﬂuoaao mﬂme
X\./ ! Rl ]. o
» M %ﬁvwwmﬁ%ﬂm%% mwmu%drwnﬂml%ﬂ%
g% " mogw oS W Now
—_ ) i Nd iy <O i = <] M- & ' T
X 1 ﬂa: r R —_ Mo — ‘M‘o| *o‘l,q
ot o il ﬂu ;& =K — Eo _uj = _lrl H_T Q — Eo On* ﬂw‘_ fo) D_.E
. o A1urmux ﬂ,ﬂnﬂwd, =R Mﬁgo]ko
il I Koo AT T W oos W . TR oo W og 5 © o= )
3 : (ﬁ{wuxﬁa Ho5ﬁeriﬂw uzoﬂr1E
Y ﬂﬂod.%i qul D 5 X
‘m io V3 — Onﬁ ‘Nﬂ ~ N XE % \m\ﬁ % o dl \Dﬂ_ ~o i 7 ;Oﬁ
o W B X E Tz= < Ga«urqu#u%x
ﬂ,._ 0 N.HL.F,WQ,ElLﬁON A ,mﬂy‘mﬁmu\)ﬁ X - ;oo‘_J_AI o
4ox%¢m%g ¢aﬂ%wwa%wm
TR T b ﬂﬂﬁyéﬂ%m
T oo 2 2 N B m @M [ L T E
I Hﬂ_/lﬂwg =
HTwzwwﬂyuo&%
S T I
T

o

p==%
[}

B x)
T U].Lj_ Ho]-xl

- 28 —

al



Har vkl Al ], 2022). A= W

o A kel R

2 A1 A

S|

=
[€)

=}
28l =

=

dE A

3

A]

WE GG
o H B @
) Bote S 2
< . LN N
T < W |_._._m =W ol h/m.x. =
" % #0 < 70 nﬂm ﬂ Hel N_n .
i . 5 %! S
3 M._ me.xA._OT %o o K Otdlﬂ.]o;J ol
T L ol Wi I e CERO
H = < s} 8o ~ o
i) 2 4 O o ® w B
Gl RI K N e pd = < I+ M o = A_UW o o0 il
‘mﬂ .A_l - L o T n .m-ﬂ ﬂ ﬂ \Mﬂ dl ﬁo ‘Nﬁl HDA O#O
10 ) _._._u_ [ ] _|_ il ._O 1> ——
@ WKW g R @K ol | o oyt m o
o) il r o~ B
° - i K 1 & ) w_m _u__ £ =K —_ ﬂ Pr@l o MJI m.m
ny % mx._umnm_...r_e %0 _HV B,.mn_ _HV @ o Y SECE
ol 3 - .~ c ~ or © 9 zo = RO
— < O._L o _n_u_ - 5] K 70 Iy
<" . K <+ o FQ 0 - W = X o M Iz NI
= o ks uo < [ X0 " )] my o
— B0 -~ — 3 (=] s
X of B H 7 B0 %0 o 3 oy o=
Wo— < <Y H 1 30 I ™ M X oo
o T W oo of oF = R o NN W 2o
wn R oF 81 ®o 2 Kk < Nw — Bon Wu W n
1—,AFO i ~ Al ._I_O._IL ..ﬂld- o _.Al_ L \U‘E — m
= ol 2} - TR = X
gl my <0 g o ° ~d —_ o
it <+ = ro <o) o) o T
oy ~o . H_A.nll_ — ) e i XH
&M N o ° N . ol %o o}
N o % No o ) HA
o
7 ! N s
XER o w N OB
O o oV TE X

(72789 <], 2007).



N

1o

E

=

=

4L
R

Ea

S

Z}
2}

dE = A

3L

g, 2 SellM = AAn £1(2007)

=
AR -

<}

ok 3D =

O]

]_

S

o

Al

=2 R
H =2

ks

o) A 8h+=

=
=

p—

0

Ay

ofy
Ho

‘_w.uﬂo

7ol

B

3}

o 5
=

o

B0z o

e Al

3

3L

|
a

o
°] 3D
A= W

=
o

=

it o] 7 3D

0

[e)

7] wiel, &

L Akl A ], 2022).

=

=

oz Aol 7}
o7 4
=

o

=
T

o}
N

Ho
or
o

p—

0

Hlo
4o
»AO

o}
-

o

il

ol

ow el FAlol.

"
<
&H
1

j
o

CEEERRER T

k)

24
ot} 4

=
R

o

‘JT

o 9

=
[€)

e

]
=

o~
T

AFoxe] Heoh 1

1
.

ol w22

At 7le

ki3

H71 <l

S

o
o
H

]
=

o, 21¥

.

I oHEs e Ao AiE =

@ o3

oF

s o
oA & A2l Al

HS

B

o
N

Ho

0

o
oL
(¢}

=

aff ol

o

SR

(¢}

LY

A= 1170 Al

7] GARA, &

=

20213 7]

T

=,

1971

e

-

b Ul AbE 2 F
2] L 2fol] A

o

3

231,645hacll &l Fghoh(al Ak, 2022). 19719 FE JHAIE = <

ol = AFY LS 19844 717

1,446,77771 ¢



O, E]—]: Oy

T

1985~1991 &<t €

e
T

o

s 7N

o ¢

=
=

A

o]
H

o] =W

N

Mo

 AH =

<)

se) ol

i,

derst 9ls

79 37 2

S ES

2022).

gol A FrstE Aol g4t EE L, 2020).

1990\ tff = WHE-E

3

el

g oA =M, HA 24 AL

GPS(Global position system)®] A8 3}%

-
R

oF
3

s}

il

o

dl

A = At 2004 5B =

5|

Y

P
T

&
~

1o =2

dolg Hlo]2~E TSakAl H AvH(E Fait, 2022).

o

adl

Ho
0

L

X

Ho

el

JI

-

o 7)o 20109 ©]F

e 74

BK

B

o

-
o

ﬁo
)

A AA ] A A 5 2

——
fils)

—_
o

el

At A7, o el W dAas

al

o

ﬂ%o

ﬁo

2022).

et A AAHOZE QFolx

1 2120 27}

3

Hol= ¥
=55 9

9|



oA A = A, o] 3l = HshH, AL Al A AU 8T
AtH(Vivier et. al, 2021). T3+ oA Bt} tpdslue EF3 AE
&

H

Jn e K

o}

sl Atdl o] S7hshol wel, 54 1 AE o
AatE 715 S A AFo]xo] Aty A= X
20223 7= ol lFolxel Az dE U AR FIEES T4

2 Agstd <x 2>, [29 8], [2¥ 9] 53 2t}

<HE 2> A= gz Al &3}

Al-=d ™ (ha) A A ZFGH | AR (k)
A 231,645 1,466,777 1,318,268
HAkg o A 3,382 15,053 23,607
Q13 F A Al 12,024 69,797 89,135
=g A 2,658 20,475 18,291
7= 6,228 43,884 68,256
AR 23,903 131,362 120,914
THEE 19,106 96,446 116,710
G 17,581 69,336 89,478
Aehd = 46,033 305,023 229,992
B 24,060 177,862 124,962
= 38,685 298,758 190,370
Al FE5E 22 = 37,985 298,281 246,553

w3 A LA b (2022). flEolx Al B AI(1971~2021)



70000000

f=] (=] o [ =] = =
E & § E &8 B Sosc
e S s} 5] 5} 5 No o
2 2 2 & & 2 =) NO -
o~
g s e
NO™NO o @
No-® - ‘WE
I R= T
No~® —
NO - N O - XE
NOo—m
e B oo T
NO - ﬁu NO -
=) No-o0
ora Nooo ﬁo
B nmE — Noom
noro — o No o~ Bl
Nooo < nr Noow®
~noow® " ~No o )
NOOo™
.1# Noo s at
Noow Z ...mo Noo®m o
roan ey ﬂ NO o™ <
— A
o io NO oo E -Xlw
feas — w_q_ ooo T
NSO - = it
NOoOOoOo .o _rﬁ_h — O 0 M.F_ Mw
L o M coor~ I 7_0
-~oom _'Tl L —mm N
PR -0 oW g
—mmo ..__.m ﬂAl.._ wl — o o = 0
—oow a - o
commes 2 T _.;_ oo~
Toam X | oL {o -
] m bl -ooo X
AR " -, w o
i % — oo o T
~oom — L
- 3w~
- 1T ~ —
- @ w© o~
— o™~ — —cn oa 6 O
~mmw o~
R — o W = (@]
o)) — oo m
—mwen - oo~
—
~noo — - W - =
— -ome o0 - ®©o [e))
& o il ) -~ =
o
g K & B - TR - o~
Wﬂ_." o mh -~ — o~ —
< w < T 1 —-o~ @ »
_ ] [—) — O~ 0
TR —o; .mmU
o -®~m _I_
—orm -—o~N
—mo | -~ —
-G
CHNOoOWONOoOWOIOWOWOWONOW
o o o o o o = = = o COPVANFRODWNFTTO®ONN -~ =
s ] g S s 8 s s 2
< o L= o [=3 (=] (=] (=} (=]
8 8 2 2 2 = 8 4 &

100,000

of &= Al FA(1971~2021)

15

o

AHE(2022).

1



FFEEAOA A o]

[e)

R

(steel)

J

=

A8l

, A AL R

=

ki3

omR A

Als

i)

)

fIfe)

Mo

il
4

B

-
-

o]
o]

I

A

%l
A A e

b

74 o)

fex
i

&

1oz o= o (Roy
I 2o o= ‘s

A=

I

=
g

5

=
T

J

P
Aol .

Bl fAA 2w, =

A

=
T

)

-
<
T

T

]_

S

7}
3

[€)
20% o©]
&

=

’

[e)

T

l

S

==
=

H]
H7)] 842 oF 2600m’=

-

R

!
A o]

A

I3

=

7 917FA(
pS|

=

[e)

BHE-TRE 9 Alo]Z:= WgF 85m x 85m x 36m (VFExA ExEo],

o] A €]

SES
ol x7F AA
=}

]

Johnsen, 2007) ZA A4 Q& ze W+
H

2 Ho I a8t FE
2022 8¢9
o o] Fol

o

ﬁo
o
;mo
i)

)

K

)

—
fite)
X
ol

i~

i
N

Ho

)

=
-

v 7} A Al
H

At ofell, 7]

Al Topple-in—place(AFA ] A A

.

-

5

°

2 &7 #H7

—_
o)

Uz

N
olo

B
=

ko3
T

e,

HH o

LN

2~ ol o
T)\)]\E

1

kel
=

274 flsiAd glol Abg AE

3}, of

J2] B} e AAH ol=58 FH
=N

A

g
Ao el A o ukx &

HFAEA A

S



<E 3> A el FolE (W)
BN AP, FREAAATE (022). AFOIE A0
77 s | 2% |@Adw
ot L4 JA%s
Qe WA o | hExdzExze) | &7 e | 2 d7h/aA
dEels 3 A g xzol) N o
(m) (m¥ (ton) | (W)
AR 11.0x11.0x13.2 923.0 33.1 1 ¥ 165,662,000 ¥ 165,662,000
AR 12.0x12.0x10.7 841.0 33.4 1 W 197,498,000 ¥ 197,498,000
A 12.0x12.0x10.7 840.8 27.8 1 ¥ 179,352,000 | ¥ 179,352,000
[£}9) 374101 2]




o o o o
S S S S
S S S S
ol o ol =
o e} o N
3] © 3] V|
g o g o0
= & = e}
— — — —
o o o o
S S S S
S S S S
ol o3 o\ S
e} e} e} i
™ © ™ N
g} o g o0
= & = o
— — — —
— — — —
< o k! —
— Lo o) Q
™ ™ o\ N
< < < <
S N o o0
<t ) N —
o0 & & o0
3
3 o ™

o3} . !

- < oS <
oy 3 — @)}
op) . x b
— N S g

o 4

g - 2 2
= N = S

. op)
o) —
—
3 53 53 3
-~ ~ . ~
N N N NO

]

A o] %

T

70
O

[




Z&A 14.0x14.0x9.0 804.0 21.8 1 W 143,412,000 | W 143,412,000

7 A 10.0x10.0x8.3 630.0 314 2 W 182,208,000 | ¥ 364,416,000
[Z2 A 7 A o %]

A 12.0x12.0x9.15 550.0 39.3 2 W 211,018,000 | ¥ 422,037,000

A 14.14x14.14x6.0 480.0 19.9 2 W 147,114,000 | W 294,228,000




12 #12.8x6.0 407.0 19.5 W 111,839,000 | W 223,779,000
13 11.55x11.55x7.0 372.0 17.0 W 129,750,000 | ¥ 389,251,000
14 10.0x10.0x7.0 367.0 18.4 W 123,932,000 | ¥ 371,796,000
15 10.0x10.0x5.0 339.0 11.8 W 70,546,000 w 211,964,000




o o o o
S S S S
S S S S
o) o~ o) )
e Te) Te) &
— o} o= ©
o3 Te) ) o~
oy =) p) Lo
faN| a8} fap) 8}
o S o o
S = S S
S A S S
e e o3 e
N X & o]
0~ - <t Lo
o} s o —
o)) S o0 o~
o o <t Te)
© N a 2
o~ © 7o) o
— — — —
S < < S
< o~ © <t
D~ © Te) ©
[N N QN —
faN| o S
S 7o) ) N
<t > ~ X
M < > ©
Te) oS S S
N —~ 0 —
— > X b
Q < S O
o
S 0 S
53 = = =
~o ~o ~o ~o

PPN SN
Bes: it 4 = 1 N

]

A o] =

}

O

e

=pd

16

17

18

19




ofo
ol
o
£
2

Ho W

o[\ oo
o

T

o

oX rob

(o]
of
2
m Mo -
N >
W
Mg o
o2

o T e
:oé

b

o

e

:‘n)L_',

oS

& o

& ofeltol7} ofu}.

=
ZAHE 3otEa JfEE Rigs-to-Reefs (R2R) Z 213

)

sk 2e A AAAAS BAG B w7}

=2
>
2 O
A=)
oX,
o
ftlo
X
i
™ ¥ 2
k
i
)
ol
ftlo
[-'0
£
2
BN
fru
)
rigt
ol
s
S
>
ofo
ol
rlr
sl

Sl =
g 4 Qlrh 1984y H] ]3] %S % (The National
Fishing Enhancement Ac HeE2 ¥ x7F oY &
ol gt Fold & A a, ¥ FOM, state) JF7F =
o] #HriE fF EHAES 2 Agstes Aol = ok
1 o]% 2 WA= wke] 57H(Texas, Louisiana, Mississippi, Alabama and
Florida) 8¢t F(JN)oll A+ Rigs-to-Reefs (R2R) T 2135 AJgglo
), o] A9 5007 o]l EEEo] Ql¥olxE HIEJAoH, olF
R IOMe do]Alofet B frtole] tpikdo| e AT
Bl 3%k sot AU F-(DMCR, Department of Marine and Coastal
Resources)= 2019199 Chevron Thai Exploration and Production,
Ltd.(Chevron Thai) % Chulalongkorn University®} 7 E =+ wH(Gulf
of Thai) F~gtE}Y F3<HKoh Pha-Ngan)2] Chaloklam Bay <1<-2] 3f
F % A AY BE ATE A vhes 9 Y Z9E AA
(jacket)S <Ql3olx=2 AR&steE Ao &3 T4 (MOA)E A ZAsHA
th oole T 4 2 AHEA 74 84 A9, EUHEY E HUlet

o
N—"
2



Ho

ol

N

el
Hn
=
K

AL
OO
o

3

9 tH(Chevron Thailand

M7E s

=

Exploration and Production, Ltd., 2023).

=g
=

putol

<)

Ho

—~
o

A

el

0

o
W

o
alo
ol

il

Ho

0

=
=
~

;01_

Hlo
3

oF

ol % A glo]

714

=

ol

FTh 1950 o) =

S

L
S

g A=

9]

L
a

], 1960 th7+A]

A=

= A

oz A

AFAAE o]0} A A

—_—

Agol <

)

Zr
w3

—_—

A7} obd, ARAG ¥

bl o,

S

S
| .

;:51,

F 3l tHSwett et. al., 2011). o]

KeR
=

il

R

T
Hr

AL
00

o

<
+

o)
oy

N

Mo
o

)

—~
fite)

o, 7§ o vttt uj

FAH7 9

5

R
=

-2 A €]

ATt A &,

1o

Ak
=

HE Al E o] stow, o] A S7F S

ol
Gl

e

Ha vk(Vivier et. al, 2021). 92 2&ojx Atd Al

3

7} A =7}

¥ gH(Jensen, 2002).

ofp

w o
o W
TR
o
uh M
o)
W Mo
wr o
o OE
{p He
~ =
K
X
T o
Mo o
\Ol _?T
~ H
" oy
ol
IS
o
JJ
o o
W
wl A
LN
o) W
Y
ﬂo e
50 T
T o

A3k Jh(Vivier et. al,, 2021).



a, Agolz

9

Lo i A

AN

()]

N #@lA-thol® 3]
7] &olal

o

-
a

9] o]

3l
ZS|

o B o W %0 B W oF

B BRF godgd
X fan - -
i P o T m w2
o~ ) 1_1__._or T Mo o M N
) R
T EXaTagmd
G C -
o g BHHE N
® =L
X ol moo = o
Fo O O
L T W ook R
O_EU,H' ‘I_'.,ZT ];A QOrE
o o A VL CI IS
WoE oo X o
L R
X . ,ﬂJﬂ%@
r e A o <0
Mo m%%iﬂowo_e
R otuumo#ga;.ﬁ
-0 :i . ﬂﬁ,l__/l,WEO
CU o N m W .z
o= 9 Zo T T o W
Hlulmlo%qu%ﬂﬂr
EY S me T e
-
Fal G = o X°
ﬂ_/ﬂoTo_u.._ﬂl m_woqﬂﬂg
o o M T ER:]
o BT TN g W oo
L N S N R
oo B o N Mo = o) o°
o J.Hﬂ_”
I T
oy X O W U o T ®
o X T M T RO B

. https://tpwd.texas.gov

]

&

=
=

[Z2¥ 10] Fish habitat a reefed oil platform
k



o
—Lio
o Awe

O]Zg

7}, 3
HOJ: %
1:1_04 o

wm
N —_
i)
Jn_n:a
)AO
wiﬂ n;m%owmg
% xﬂ;ﬂoﬁa =
H OAoﬂr..]@ﬂmr# gﬂu
iy ﬂ___)Aju - eﬂEcT]
° ﬂo»ézaﬂ - Ex
AT\mﬂ MM&O _!L]
: %;i _J%;j
\D‘Ul.#n;oa 7NM_r o wa_ﬂﬂ_ =
ﬂAﬂEwAﬂui,_ﬁ_E h@ﬂwhﬂ%ﬁﬂlo# B
EEJIEE,%EUELTLC t7ﬂﬁ_%,|wmpoo,mﬂﬁ ‘mﬂﬂl,ur,
kﬁ _ =
oHooﬁ o° o mL wm Hw %ﬁ, N WW Wy d.Wm@ ok )| uﬂhnsn
;o,al\.lﬂuﬂo..%o_/A\W”D III,M%X]%I,W‘._‘F\@I \ul.mW‘_LlMu_.o
iy Pm‘f e . i,f%.@éw_mjl ]ﬁv%uot
m@mbi}ﬂoﬁa _fﬁquﬂ < = wamy
Eé“%@g ﬂﬁooUrﬂqld z]uoTTH
I} Ed%}o um% HEM@ o -
® E,éAm X T Y ar.o
oﬁaﬂo_EL Qﬂn&rofﬁ,mﬂurv aLL%i
g X riy = o_eelgﬂl ~ il ° = A d e 7e1xr£
gﬁo%idrgomm% MOML@.Q%]@& Eﬁﬂ@mﬁ
mge?omf 7%ﬂ%ixoﬂwr oqiﬁ
e - . = B ef_xl A
EﬁHTﬁo,lr‘mﬂn_:W ;bﬂ ATOMWE uw%]rﬂﬂl X
h_,g_qorL 5 oof T < y Hp gy = M = B I
T o = & T d é?% ﬂ@ﬂla
Leﬂlﬁﬂw‘_m_uﬁo oﬂA ai QEUF,E =
<R T ﬁr w oy o H b3 W N W o ) 0
ﬂl%aﬁhq o ﬂﬂ%ﬂtoﬂﬁl
wrouo;%ﬂ@ i B Ea%iooﬁoa%mou@
;umﬂ,ﬂu_i T OB AJ@Q%@ Nol],ﬂona
]}ﬁﬂ,ﬂ%ﬂ% _iamMﬁ_/os _scw o
- = T g iof { T.M de
Hoﬁlow,@f 5 %lgmb,_ﬂg@ T
do e Ho o ﬂﬁyx L_Lﬂogﬂ
F X ° oy D Wy © Nfo
@%@%w wwnngﬂ%ww i
%m%ﬁﬂ%ﬂwﬁﬂto Arokgonxn
o i _ .Jcmylo» <
s dﬂeaﬂoﬁ‘_%wu%%#ew*mr
iu,ﬂljlﬂLloXZoonlT7ﬂ_%
__QH_,W‘_I!H‘O' ﬁﬁy H;l’ Om ;.oE O_H’Mﬂ
G zl}ﬂ @141
gﬂ%%w‘ 5 3
= = )
ooﬂux_w_voﬁui
}ﬂﬁ
Ao‘ﬂAll,%
0

P

A

SRl

] ]H/\
1 S
990 ~
A
O] oﬂ

9



Tolx= A

2]

;oT

B e (A E, 2019), =

)E)]—

w5

34

(monopile)¥ A7 (jacket)

Ho

o

=
%)

e
w
o

e

X
o

oF
Wt

0

¢+

~

LOE

o
el
B
ﬁo
G2

AG SAEY ATAREY AEE WY

Y.

BAA S Aft hag )

a5

Aoz ¢k 10,0007 ©]

(fixed type

steel jacket platform)o. = LA Joh(E| F5AE 2017). webA, o] #

9} (monopile) ¥ =}

&

= AA

Al (jacket)

E

b2

251 W2 A,
I, Al o8 ¢

3

A 1 F71=

S|
=

]

o] FEHAY, AA A

pSKe)
1

i

ﬁrﬂo

T
alo]

i
=
B
50
o

el
O
&
=t

Ho

0

o}

=
i

FoH(FAT 9], 2019). A EFY

TReoF T

L
0

-
R

A el HEAoR AEH

Eis

-

oz A&} el

=ago] A%

3L

212 Rigs-to-Reefs (R2R)°]™, 1980t} $4te] R2R

°F 3,00071 ¢

-
1

ol g & WA 3 (Gulf of Mexico)el 4]

7l o]

Sl

Py
i
[mt

N

Ho
0

el
%0

2] (Topple jacket in

H}

&

(Lift

H

place) ¥}

Transportation jacket to reef location) 2.2 A& ¥t}



2 D% Y ZHE g5 FxE AAE ZUAES ol&ste U=
3 Wgow dolmegl= WA 1D Q=% g FHE 5 T
2= A (AL Addst §F Ao r dud FET dojme =
A2y 12007 v th(Les Dauterive, 2000). o] W28 24 & W
ABRTE AZke] d AQ8%1 FALE BwA g AR = FHES
O R FolxE MASY FA 9T F v YA FHol A

o] Qlojof stt}i(Basile & Vona, 2021).

[2% 12] Rigs-to-Reefs w H+ AA W2 (partial removal)



. Les Dauterive (2000). Rigs—to-Reefs Policy, Progress, and
Perspective

]

&

[(2¥ 13] Rigs—-to-Reefs #1 o]s ] %] 2] (tow-and-place)

=
=

%k

~
HO

ﬂ
Bin
=
B
=0

o
E3

;OT
A

=
o

il

f

]
NF
Hn
=
B
=0

o
3

;OT

ol

WA (14 13)

ER R

o)

vl e

=

=

AA A

Al " H(Salcido, 2005). o] FAolA A =g o

e
)

hA

shoh(Mcginnis, 2005).

L
a

3k71

Hl—/kg 5

=

Ho



oy
NI

ﬂo
B

=K

Ho

= AR A=A
CEERELER

5

o

o= Ae] A AE A AN BH7A FAel AEsE A

2]
&

AR 2Ab} 7]

5_]_.

V71 el v A

0

"o

o
el
T
N

o

e

A

I GA, ARSlel B 71 ¢ ol ARl Ardem A

hSS

ol
oR



A, AAA,

T
o

A&

o229

NEERE -

Ho

=

3

3 Fa Ak 5o o)

o

, wuel &

)

B9k o]

A}
=

T
—_

—~
fIfe)

T
Hlo

—
"o

!

A

7

-

‘_Iuyl

N
ﬁo
)

‘_Hyl

]

o
iﬁ

T

7v. Ak F BEA N

el

el

AL
00
o

)
;OM
N

ﬁo
)

_EI

AL

|ARE 7

o

N

T

o
o
o7
oo
ol

o).

N

Ho
0

To
)
50
o

B

[
"o

AL
00
E3

!

NJo

Mo

0

B

e A A

m
=

;Qh_
"

ﬁo
o

dlo
T
=

o)
Hin
=3¢
]

AL
00
o

(=2

wato

54l

A

d

A, ikl E e A A

e

Ho

ol

o

ofpy

2]

3} u

A

ol

I AAeiAel 7

9|

AL

Ho



Al a7 RuHY|E o (ATIA, 2008, BFES, AIREA A E,
2000; %<, 2005, Charbonne et. al, 2002; Glarou et. al, 2020;
Seaman, 2004; Tsiamis et. al., 2020), o2} £ F%-3F AuA 5
3 2o by A5, BFE A4 AAR 37 5 AA2GA 24 2
9 Z0e B9 AT 27k oY F4 27 59 2 AA4 5w
Z HAs =, AAA g5 4249004 ¥z BAstaAF sk

rigs as reefs

The Ecosystem on a California
Oil & Gas Platform

<]

\

<)

\

=<

A

N

<

A

NS\ T IN N\ DONTISSTR N

)

[29 14] &9 shy-rxEol AAshe A
* & & http://www.anglersforoffshorewind.org/

« $- 22 https://www.bluelatitudesfoundation.org/

Bl A QFolxe] FE Y AU AM-BY sk T
A Bal AZHAT. 1990~20009 kel Tz} sfede] QA
0% AME AFolzE UFW £F AREY A4 YL FF F
TRy BEe FAF BAG, o2 A8 HY Age £ A A



of 34 &S v FHoF HIHT(Bell et. al, 1998; Seaman,
2004). o]} FAFSE WEto A A3 E W= (Tsiamis et. al., 2020), A< 3l
(Charbonne et. al.,, 2002) A A% AFojx A|HZ Q& dlE =9
AE A= T %8 o] As-3dd Ao=m By

o, #% A=59 S = HH, o]& B

g4 ds 9 a5 AU 5o 7oAl H W (Glarou et. al., 2020,
ATz FHo 2= AA AEEY ZHIAE 59 "AE 2 U
of AAsteE &Y oF T2 {9 U}%H& Mol dejel F&ak= = o
55 fEdE FREA ATToEA, BE oJFEY gFE @ = ¢
%V‘é% FsAZ '/r‘ A tHBuckley & Hueckel, 1985; Layman &

SESES ROEEER
3 Aska ABFoEA, AFlxe F GFYL

FRel s BA, ofFomMY PAYE B F :
1

2015; HL?-’F, A A, 2004).
&

30 oly
o
=

=z
=4,

= T A=EEY AH 54 Hol AtEs 7 x
Tol Faste SFHEY A2, Abd, Hol AF, B2 T d4S Al
TEOEN, T AEEY FFE AFY T Ud$H de T FXF
T Ao (EH At 2008), olE Fa 7P EdAHolHAME AAsd e W
Aom g5 AuHA MA-Hdd 719d & vk (Glarou et. al, 2020).
Lk AT xoA MYEHE 5 HEES T5 A7]IES T8 F
Alell, e s Fd PAES AFse VivE g9FgeEA, 4 sl
g% A AE F JdH(Khairullina et. al, 2022). 2 A3tE E3)
A AEEY TRE B8 Wk A0 AR e 58 FETS
2H4, AT xE sty 5HE L7 E T AEHABiotope) 2 715
T Atk QIFoAxE &8 FF5-AlY VHA HL2> A A FHo
L Fgele Al Adetas g A Al Aledal B o dth



A ARS] = 20306 7HA] A AAl sl WA 30%E BE Yo w
A Q87| 2 eyt A (A =, o]Fro}, 2022). o]« ‘AAS fg BAE
o] Mo (Leader’'s pledge for Nature), A& U U%A BHE Ao g o
3H(High Ambition Coalition), AlAl al & A3 (Global Ocean Alliance) &
o o8 FrHi J=d, FevetE oo A5 s3sta v (3T,
2021). W3, AlA 5t Aol muf H 2 TR ER =7F s e
A Tl A A Beoh £ A HdE He44 =

Alell, g AEE 5l ket AAbel e AE, WS
A3z} T WAoo wA F ALY A& Thedt ol &
et e gloltth

=
i

o
e

’

g

worlr

i o
b

gl ]

B o b



|IH Iz

- o

- il
i

g, AA 5 Aol Syl Azl ARYW T G A4
S 4% AUA B4 HLAH Tx
3 g :

k<X
s Baw =y waheh dxd g A

A E A, LS, B,
HF A0 5% PYFORA, AF AU A% AF5d ol F 2 B4
o Zelet,

7bedt 8ol Aud Hxek AAA v F



&
ﬁo
B
B

Nfo
)

el
)
2
o

"o
0

o

UNO
B

=K

Nlo
N

Mo

0

Ho

FAY 2

7] A1 &

A evtss

brtel

A~ = =]
T T O

o] #Hu) ol

o

Bl

o

Eis

)

JK

4r

%

o)
{r
&+
e

—_
1o

1o

0

do
o
T
N

Mo

—_—

o]

Ea
| .

(

A, ol <t 2008).

A A Ad

204 7]

fite)

o

A

B A AA

il

=)

Nfo

B

of wet 24 b ulE

S}
k=

7}

=

[

=

—_
o

{Jo

]

[ex
il

]
™

w7t

il
Al 23t

=

] 7} 2~ (Greenhouse Gases,
[e)

tol A7 =

k!

°©

=

=

S
}7h A
o v

=

T

Q

o

|

o
1l

1

= gFEAnEHE =S, 2012).

1997 wE G = 2d R

<ol
‘I-

o
1l

AT 7]
b, o=

GHGs)®9 %7 oA 24

s

A

2022).

S

(IPCC,
3} 4

A

-
R

l

3

Mo

p—

o
o

==
=

il

A A 717871

=

A2, &2 7}

=

=

19853 9

SR e e e e

2011). ©]

fex]
=)

olm]

[e]
ukg)

R

HE 9leh(

ol = 6t =2 7]A] wj
3tets 5 7FE'(Carbon dioxide equivalent, COo.e)

}

<)

6ol 71A<Q1 o] Akst e A (CO,), ™IEHCHY), oFikstd

A

:1

A
R

]

.
52

= A

]

q_go

2(N20), F4= 38 (HFCs), ¥&3F5 2 (PFCs), 5+ %1% (SFs)
_2’4

(WMO) <} =54 A 51374 Al 8] (UNEP)

7] olaksh

= o o
=4FsE 5

ol

el

o A

KeX
=

/1\1'

]

o

‘

o
<

vA
(s

mu



2

—_

I
Ho

%

min
N

ol

ﬁu
o
Jo

o)
_.AO

Hr

oy
i

& e
F

-

B o=

<
Nlo

Nfo  NJo
oy of

(=
N AR
o
N o
™

o] xk3}

vl
=

7o ‘Geri k(i FEL)

el

o Al &=

i+
.*.o#.h

{d
m

ol
o
wr
o)
o

—

<

o
i+

)
O

rJ
N

o
-

)

o
Mo

Eas

bo<l, 2023). o]babeka

A1

(

A

=
|

W& e Eole W olv AA £

—~
fite)

B

)

.EH

B

s

3

A]

[©)

p=2
O —

F 7}’ (blue carbon)

=

(green carbon),

‘lg 7]__]1—17

[e)
4=

% <], 2014).

H(@w 2hg

29 AR gy A S

7 A

2018), &

bl (o 2 4,

R e L

o

]

2~ 0
T

o
]

19

l
=

=
=

Al
2]

TR

i

el
Jlo

-
_EB

204171

A

—_
file)

uh o}

-cﬂ_

zh
9

st=

8
X

™

Nlo 75
oF

i
o

n_mO
o
il

AE AA Zh=oll A

Y

=
a1

A

7141 9]

o
T

3l '} (nature—based solutions. NbS)

A 7]

W

il

g]

== =
% A%

HES Detth(Kabisch et. al, 2022).



Ea

i, Aoz H-E

e, A A

of o

B
=

=

-y

‘X]

1
T

5t

o

of 7]
, 2021). A 7]t

[€)

, AE U X, A oS A

ale Al

3}

ﬁo
B

0

(=

2524

H
=

21471 9]

e

)3

[e)

of

fite)

o

P s odda YA 238 B

d|

Aol 71

X
=

3} A}

—_
fite)

e

)A

o
T
fron!

o
=0

A A Aul = 7]

i

4 AtH(Eggermont et. al., 2015).

=

i3

o2t 4]

o} 171

Zt

)

_?_

3

T
Nlo
ol
e

—

NI~
i

12 0=

b2

AF
=

o} oﬂ /\—]

<y

’

A RF

=

=

]

=

kel

-
ol
A

]

Mo

il

B
;On#

il

R

e
o
o

el
o
8r
T

o
)

B/

X
ol

F A7) 2L 9l vH(Alongi, 2022).

gl

M
dr

-
ojm

F(Mcleod et. al.,, 2011).
7} 508 =] a1,

olifelehil W e Qrh(Awlel, 2022 Alongi, 2022). 53],

P wFel 20%

A
jul

BEAEE



g obrhE A SYRTE wiobsh A FA B AT 5ol
U goluth Aol HE olF, AT eustE R4 = A
dolin BHA A% s EFAORH BT ARe] Fuwa g

(AR <], 2023).

of e TR AR AP el FHIUA, vhus AuAel F
242 Axdon FRaa w & 2HS w7 A Seletn) 9
s, $-¢ ARE 202390 59 109 ok ABA'2 AFA AP
s, ol WS oy g x2An 2 5

(7% 17) 5% ¢ o virhel 24E ATl x| vt &

(3] : https://hopel.soosoo—info.com/50)

v

@ A=, o ARud B oy 49

=R

] =

ARAom e Fe AW, A4
7



o
-
ﬂm m_wolof
‘@o;o UH%:.L_E’]
@E Wﬂx@nég%i
= ,
s am@%LEQM%@
o zoﬂoiAﬂw%x]ﬁ ES B T
7 X N_.WIML_@EM :Mﬂrﬂl%xaﬂﬁmé;
— — 0 L
dy i gy mﬂomomLoEﬂrk__Emv]EC]ﬁnnTol
0 X ﬂﬂﬁ340f1:olg$ i o_gg%dﬂ
¥ ,)}fw olo_ﬂlegx nﬁlz@x@r%
© O_EaAﬂzi N < 5 oE%%<owa1 o T
ﬁ_um :o.mg.Laﬂ.Odﬂu._ ,fj.oo,_fl T_lj.ﬂr L.A < !
_ ]rxox L‘_Mcolijim .uMen_rm.xo AE%E u_éﬂuor
w3 7a£]3@7§xoom 8 ?Z%nﬂ g Sl
¥ 5 PR aﬂqzam@% R o
2 ihaﬁwﬁﬁﬁ]ﬂefﬂumﬁ %uu Nlo wﬂﬂéﬁ.c 771x
&._oﬂo ﬂﬂf,ﬂﬂigﬂﬁa.ﬂuvﬁo ﬂa]i‘m UIJ.OJM - ofy
— ﬁ .MM q 10 _ JwNO o ‘w‘.._, E#E m 0 ﬂW ﬂ”_l :.L \IL X ~ \_Ll H_ArO s
i Efzﬁumgwwwﬁzngoﬂmﬂ:oxaﬂo wzm
7% ;Lgﬁm%WQ@E%@gmmggagqg 5 w5
o 5 ﬂ%)% 7 e xmﬂeﬂm@uL%ﬂog EN
Waﬁ %ﬂmm:.o_eurk,] Afﬂﬂﬁﬁowuﬂm%@ﬂofﬁo Mtdruuu
B ﬂﬂmuﬁmmqﬂﬁ_AZO%W e T S
Sy ﬂ(&ﬂéx%mh:% maﬂ~ﬁx§x il
o M (wro*oMATuﬂaéﬁ. o 5 Oé.ﬂ_ﬁ mﬂge
2 © Bk T ! ] ~ o f(wa_/rL =) A o w o
My loluo% . H](i S F o o
Jo R T om T e w G S o e
aﬁ]ﬂ %@oéucmrnomﬂﬂr]CaTJ] HLZ Lﬂ_e
571_.ﬂo 1r_; Lj_fﬂn 7mAﬂ.DhquMe_a€7u <
T ZAJ-HZ O‘.:LJ|7D s = LN ZOL J|AI HO\W/l
pif%xﬁwlr; o @&H% oﬁa_x 5 o X
AO}EEWQQAxLMuTo_Hoad_;VM_.aﬂo,_ﬂLdoﬂba imﬂ = K
ﬂﬂ7 T‘W7HJMH_6AHHO 44 juy Lu o A_vL.
._oaT&rmﬂdhm.rﬁ WJ%MlEEoHHTﬁ.lemfg%ﬂbﬂﬁdrﬂohuﬂ
= ﬂ.l.JhP 1rH _ — %O X
g;@%%z@@mgou%w;wuw%amﬁmx%ﬂ%
%jf?é f:;mmfiﬂ o < o
HM*maM¢W§ﬁna7fﬂk 1ﬁlo%%?ﬂoﬁe%
mmlfgymJoglwéﬁi@mﬁ%gé%7
5 T 5 LlLloi_/E.ﬁoﬁqﬂ_ZﬂzwL H ol
NE 877»& ﬁo%nooo_a N
Mo 1 mMmbNﬁL_%wL,oHOQEHiUET
%Paiuwmios]mﬂi il
wophv\_‘ao‘lﬂ‘lro ﬂ.A
ﬂurmmm@%;uiggﬁ
B,MOL o = b
< ﬂLLMLoLor_
N ;o,_ouHAT
Tonﬁ o
mﬂﬂ
® T

- 57 —



oz 9] wt}

gl

L}t

T

)

TR

A AT ks Aol

BHog 7

7]

T
W=

gl

o)
N

Mo
)

e
=

ﬂ.o
o

o)
N

Mo

0

ol
b5

)

.
fite)

i

RN e)
o=

W
o

<
)

g8

-

gl

o}
et

Mo

o

Ho

Y
otz
N
o

7
B
oF

il

)

B
)

N

il

;OL

olo
ol

¢+

Ak

]
=

S}
=]

i A =

EE R

ZEE

AJo

A, thdel A w0l

A

A 27 &

Folz

|

o

’

2l

& H

g

Fojz2 A

A
OO

G

t:;l_

9

o
—_

ol

b7t 7 HIEEE o]ojx]7] uf

!

2]

oA, o= FHHoR AT A



3, 2022)

2]

o
i
"

1)

i
o
ol

N

B

1 AA

2ge

2o A2

el

A

0
ﬂw_mo

wK

)A
No

2013; Kakimoto & Okubo, 1985; Polovina, 1989; Ropicki et. al.,

sy
)



wwe) stdo] wi

.

R

2 te}

o

5

oh ¥ e STkl

| e A

S

E
=

-

2 EERe

2006). ©]

PR g E TN T o T g N %) e B
wHﬂ.p \./ Juﬁl e 0 ) L
@ﬂ%mm izwa,%zﬂuﬁmw u%ﬁﬁ%@
No 2o 3r & < of . oy %0l E w«m GO X0
Frw LS wmw Ty Mooy o X Mo - 2 o= o
00 rogs A ~ < =
oy 8 ﬂ_m%uvﬂuxuﬂ%ﬂﬁ ¢ DER
) ~n A f
rEx 2T RoEZERe gTr Tap TR
],mulﬂuot zTﬂA _zTﬂHﬂ ;ﬁq,lr,._ .AoTJI,I_x
U AP epmed  x° BT ®0 T @4
=2 MQE@@LEJﬂmM Moo E e
PEE L T g T o T
T ¥ w_ Lo %Hmﬂ_oﬂw AT;T_E%M,M%
Y5 Eflepieffaowc T3 UR
T RCHI T o T T B N N
iiﬁv;oot oomuum ,70,51#2'_%?; N S
0| BT ® ™ %o No - W =K X o
- N S BN mo o o MO
g T aF g e T ReR s Ll 89F
U Te 2Ty Lr B g TS g
o Bo t]ﬁi?ﬁZaEﬂ@n dlmagodidgﬂ
o) Bl = =~ bo
Ter ol podhg, TETeps =@ g
I Mﬂmoﬂoarmx S R . s
) P E R gl d
wﬁﬂﬂuﬁ.iﬂﬂﬂﬂwﬁ%uﬁ%_o%ﬂ mruﬂr%.mam
I ;.O‘WM‘IL ‘OI a ~ JvE.OL; H.
%HDM%_,&M?M_E%%%ﬂjmﬂ@ THE s oW
) —
Tatglexb ¢ ZE8w i3  BoE»F
e 0 % H < o M = Ny B
,E%M%QQNMQEOH;HOMA A R
m ; - K o U
TS G TR Sl T R
o RHE BT ORI CFTG G R
o ST T T AHET RS TNK B B

5>¢f

hya
ar

4>, <

hya
ar

O‘o/]<

“

shig Aned o

S

2019 10€ ¢ 129 7kA 270

el H4 A F



79 CPUE+ H|o]

=

a o

1}
=

7} 27 A%

oM &

Ho] 27

.
R

7, BlRE) i) 1.28W, &) o279 CPUE

o, RIS

SR
SN—

il

Jﬂ_

o

an!

o
fy

o

i

Hjo 2 (§hk, Miheb) thu] 123w = of 2+t ZA

, 2019).

A

A 3(CPUE")

O;

22!
\Y

_ ™
a _E
T H
2 | © ™
- @ N <> — S
Mo =] =l .
% NE
= N _ _
5
m (o) 0 [oe) O (e —
2 N[5 ] SRR
O | = |«o |~ 812
| 0| o  oflolo| oo
e R|[N|R S| 6B |
o oo | o — [«2) o N © [aN} —
[ ||| 0 | Qo |®m| > | o
T = =] o | = | o ~
— N
.
o Ha Ol M| N | LN | M| ™m
o ,.wx o~ — — o)) on N ©
5
il il
3r ™| 2 = |2
e oR s oR
= of | — oF | —
e o= T =
_Z‘.ﬁ ‘I_|1_ _Z‘.ﬁ ‘I_|1_
£ (R B o -y | X
= N = M
3 k3
e " "
= g Bo

o 15|

x 2 m, ¢ 82mm)e}t

Lo i S

Nlo

o)
Uo

ol

shsh B #AE AY

=
_#Onﬁ
N
ﬁo
)
I-

;Onﬁ
&
ﬁO
5
B

—_—

0

&

ze)

)A
By

)0

il



<E 5> ¥R 2AEY AFS AlaE axst 9 AdI(TY)
Woj 27
Fo | ol9us | ¥ | 4 | wase | o
H] W (&) (kg) (C2)) (F9/319) Z
o) £}
o] =T 70 719.54 | 18,322,892 261.756 1.17
H| Siatly 13 111.25 2,658,709 204.516
@3 } 1.0
Eh H] <k 12 89.50 2,928,645 244.054
A A 95 920.29 23,910,246 -
o] =T 32 1,762.80 8,226,166 257.068 1.23
H| Siatly 8 936.40 1,519,160 189.895
=3 ) 1.0
AT | w Atk 23 92.50 4,982,850 216.646
A A 63 | 279170 | 14,728,176 -
x ZA Sl FAER(2019)

AA, =9ste g FHEF A & AdFox=2] AL ¢ 1=
A3t AAFoxe] FA-EAse vty 54 vtk &9 FU7teE A& The
sk A E 7o F 9l A& e FAYTe 20161 F-E UN
o] 2% Hyuyde ¥ Z2H E3=2 HdJYst ‘A& Jbe wd B
(Sustainable Development Goals, SDGs)E o] - 421 Eoko H&-%
23 Jdolgta B 4 9tl SDGsE 20417] FWHEEH tFE 84 &
Ao Atz a2 Q& nxd =29 97 o4, A4 Sl FE35)h
WA o]y e AZHA Y QR nHE A AT A 5 EUE
=7F b 8y FxE Aete 1AA4H, GHAQ0 sHo2 283 5
AHAAFE 9, 2022). SDGsEE =2 AA B xS AdFojx SA4 A}
oAM= BHe7] 8l =8sta A= A7 283 Folt

‘A& Thse FAA’e] dF St TuldlA e 2022 59 #H 7]
# g olg] #AAA I FOE AAH <HIFAH F-odH>E MASA L,
a8 BEU2 A3 57 7R G EF5 A 18 FAE AdF



o] ©
e

AR A

S|
L)

o A=

==
[}

Bl

)

4

T A ORI AR FA o 7HEN

il
&kal Stk

}

5|
R

oF
ol

e

SEDEIE

=
o

)

ox

=

fite)

N

olo
T
el
Hlo

<
=

|

s 7

l

-
oA

o ICT 713 9l

=]
L=

L
a

FHo2A, FelA

E

ox

El

—
o

Nfo

—

NI
el

i

Ae) = )

50

|

B8 o}47hA v}

M

]

=
e

i
ol
JJo

i
o
o
ol

i
A

wH

pa—

0

Aol

[l
=

A7 Yrtel

e

)

A28 g Avisa

ase]

o

O

-—

<

—_—

Mo

i

oy

H_AIO
w
=
o
NJo
W
N

Ho
)

DS

o

ol
M

dr

fuy

Hrgoll A o] gt

s

9
HH
b

o

A A%, B AR A Bl AL, 3

sl
A

A1)

Jeg 5

5 %

Aok A}

-



3. AH8 A L3}

—_—
"o

<

vze)

B
W

;OT
A

2]

—_
1o

)

Hin

=

A-&stal AtHKruse et. al., 2015; Musa, 2002). ©] <}

=

=

%]

Ny o

B

7] wizol, ¥

o)/

A

—_
fite)

—

<

Nfo

e

Lo
nf

I~

T
VE

o)
o

A

—_
1o

Als

ZEE
F qrh

g

o
+

=

i el A -

9

s}k
=

)

el

B4 7HA = A YAl f

=

LN

A
il

Ho

el
Hlo

b

Az AAY oF

W

fite)

3}

Ho
o
o
3r

Fi g, ol

el
X
o

—_—

0
_—

Nlo
A

To
N

T
Ty

fite)

TH

A(NLL)= A

HA|

=)
il Ho]'

AFa AHCEEE, 2023).

=

=

7}

=N

}

kel



[Z2% 19] Oil rige &8sk gagold =51 tho]d
(A4
https://www.abc.net.au/news/2021-07-23/woodside—plans—-to—dump—part
—of-oil-facility -near—ningaloo-reef/100314478)

ojHd d¥oze Tl FAF AdS I Wel=lY Y Yo

EHE HIFowA FAAY 3 Ree B Y FAS B

ot dHole 7o = Qv 44 aaket AAA mated wsiA =

el AN Absl A g A APE] FedtuE FHAYE & 5

Atk oA A ¥z FAY FAdstel a9E Fdistety]

4 = skl 7l=A, F9A
o}


https://www.abc.net.au/news/2021-07-23/woodside-plans-to-dump-part-of-oil-facility-near-ningaloo-reef/100314478

T

o)
Hn
it
el

70
T
7
Nlo

A= FHEHA

az

&

, A4 A (Qualitative) ¥

ERE

o}
2l
=
B
50
o

—_
fite)

Nfo
o

ﬁo
B

t}. 204 7]
#H 7] <k

5= 71, AEA A

Aol F

3)

o
o

LOL

LOL

do ~
gl _
== jans
~X wme
o) X
i Gl
N o
mﬁo o
- %0
° w
o
RooL
o
e X0
mr %o
N =
w i)
o] w
o) ~
mwo E,._
ol £y
Jjo T
~ =
qr i
< )
- M-
S
~
o T
W 2
Nr 3% ©
BT O

2 27 (jacket) EFYE]

%= 3} (monopile)

EER

]

o
RN

N

Ho

&

Aoz

s AA=,

3} 245}

TR

el

—_
"o

0
il

T
N

| B ohsah 2o

9|

Z

Al

3

03

—_
"o

o
@

o)
o
o}

N

Ho

0

3

A4

~~
M

4
o

st

3



ZA 9]

hYA

olzwel AL

Ho

=}

3|
T«

2 9

S #e

o

=
"o

)

ol
Nlo
el
At
2

)

ox

£l
Nlo

—

NI

—

<A

o

No

—

0

M
e

%
gl

s
gl

7}

—_—

0

o)
Hn
=
K
50
o

A

oa
T

o)
{r

=
%)

o
X
o]
o
==
o

N

Mo

o

=y

|
—_

£l
T
k)
4

N2

file}

FHA, 1980 H] ol =

5]

Ho] F8

LOL

=

N

)

R

+

L

;OE
o
4
3

ol

™

2ot

(i3
=

3 oF

o

Ho

oo
N

s

Alell, &

1o
)

—~
1o

d 8t

T
o
o

o
)

7}

8

REE

)

R

=5 o

3

el

= = 3

o)
pin
=3¢
]

)

B
ol

=

T efskA]

o2

o}4 Suje] 274

ol

of FAZ 11 T8l B} AA FHL A

Al A7

3)

3}
ol

2 A

3|
A

gol glout, T

s

tlolel S gx

ki3

3}
ol

%o} 4



E

3

o}

A}
<,

A AR g

J|

Folghol =4

Hr
)

Al

&l

o) E79]

o s

p=%
[}

1=
4

A AL 24

5
1

Al
=

ATl =

ol
=

28

&l

)

—~
1o

)A

wK

R

el



¢}

l:]o]‘

-

e (2023).

Tor

o

o

Al A 2]

d Ak

2018-2028 W] |

Bitwte, 36(5), 173-187.

Z

o 3k

(2018).

7OL§]41.O]

.

Tor

AL
00
o

%

o
1)

EREE

T (2022).

Tor

ol

Bz

|
2

Jorael

0]

i 2k

I

A ek 7E A

17(2021).

Au
R4

]

k=
-

¥

Tor

A7,

i

kel
yad

Tholl ¥

e

T A A

}

°
pad

A Zhel =Rl Al AR ILA, 2008, 1-167.
ol 23

Tor

REIEE

COVIDI19

3(2023).

==

o

i

o]
A EAL 7 B 2

1

A

4o

o

oA 8ks] 7], 26(1), 89-101.

al

d 4, 2023.05.10.

2

™
e

B

BoY

oF

3)

A w5 (2021).

W_.
or
~n

e

X

ol



AU G- F3F AL 2015). GISs 83 dvofx9 AA A4
of ¥t A F=HAA-EAEE] =1A, 10(5), 629-636.
HEE(2023). Agtoidel 7]5dE vaiu]g &4 - SSP Ay s

el

Agslo], s FA A AT 38(1), 131-152.

o]
o T E RASE WES qgon Su7

o x|, WFALERS] =, o ghar,

AA -2 A - A ea(2007). B pH7F W= (Tagetes patula L.)2] A
= 9 gkl Zgo] mA= . A &= A, 20(4),
348-352.

AT (2022). F-2lvhetel A 715 ®sto] WE o g BAFES] W, S
A H s =3, 18(1), 194-201.

HE$(2012). A>3t Mg Agddus

A -k (2021). Me FFe wsAdd e vAdaA 545
Arad Bt =g A ska] A, 35(5), 569-575.

A30H2016). = A3l g FAALF A AT A9 = F
73 o 8t

A38]4(2002). FAFAALES] WSt mE =l o#fF o] &Yt
HZ, AL SE Q)= o] shod Aol 8,

rl
o
b
(o,

N

N
_i

https://www.mafra.go.kr/home/subview.

W dzH2021). A7 tEe #1d AA7|RFIRE (NDS) A T
Al FHa1A], 2021, 1-136.

WA &Y 2 A E(2021). ESG 49 7HA =94 dgy A, &



Q1 : opwl e,
S (2012), S S FEAF A6k DA dek S PR, 2A2)
70-102.
FAFEFEQ014). 20508 B2 AbElRe] AEe A AAA
g, e, 284, A E
4 2] 538}, 23(4), 61-72.
ﬂﬁi-ﬂ%%@%m el AFRETY BelAPt LA Wy
AR A AT, 37(2), 151-180.
L*%@%D UAV 94€ 288 B3/ 24708 A% © @9
A AEAE AL, A9 =R

=1 E HH

B S

r
1%
iu}
uul
[0
fo
s
[-'O
b
=
2

f
N

HF e A A - 71%]64(2000) AepE et Qlgolxe Jdo] digh <
T RPEEEEWSE, 21, 11-21.

MRS AR A AQ004). AFIE o FBAN oF AWl B
AT, FAHGE N A G AT AT, 4, 261-269
MER(018). TUAES o] Foluels Feld AR Az ¥ AR

S0 wek AT, MALE SR, of et
B2 (2020). £A% WANA A wvksl FAel FEAARH F

Agedw=E3, 2020, 13-31.
dhef o - & 71-8-(2021). ESGe] & : #3$ ESG 183 918§ ES+G. 1L
4 AR
A(2011). Al7-=sh 1 G g ME L §
%(2022). = AE A+ H 497E o] 4tk
dl e, 2022.07.26.
ARoH2022). A BAAZ wE BFEIRE F4 A B4 Al
%l\_"—‘_—‘j. —Es]-quqt‘sLﬁ
EHAH2008). s H A4S AT oz FETA 5. St s
2], 41(3), 215-220.
EAQ- 0] FH(2008). A F2st AdT)E AE 0 opxl.

uk3)
W



[e] S

B

AAE 971 A

=i
=

DNA barcoding

o &} 3,

FolAlo} HFEYE

17(2012).

I

1l..7t1!1:!

Fe

(e}
FEA

, 2012, 408-410.

= 3=

o

=3
"o

E
Tor
50
"o

%

op A

3] A, 43(7), 522-527.

1

°
o

1

9]

(2008).

o ©.(2018).

o

Rl

Tor

wir

5%

A H

RRED

3j) & of] A

[9)

DL T Y

AlZF 71215, 2018.10.21.

A& (2018).

o

QLA

?_]__

3

=
<]

A (2022).
}8}3] 7], 32(7), 578-587.

EA

73

o

oy
T
vzel
1
o
;O.ﬁ
o

ol
_—

o

ol

of MAsts L=

Folx

v o

, 26(1), 67-72.
<l

]

H

X
32(2), 179-199.

o] 2] & (2009).

.

Tor

;OO
.

__AL
4

o
H/

A -o] FLE(2004). A3 El

'ol—

o] X



1

o -
=9

A

ﬁo
)
Al
ﬁo
w
-

o
o
T
)

3]7], 22(1), 220-226.

G

g
ERERES

4 2k (2018).

F ajrel A

3 2H(2005).

O
[e]

]

&

o $-<=(2005).

o

Tor

o
o

al3

o

2zt A%

3], 4(1), 33-40.

1.

o
o

|

o
1l

SR
.o]o

A, 36(5), 62-73.

o L A w2, 2023.04.18.
2A2H2020). A48 oA Tju] 2°Ce} FC AFLrkal sEolA e Fol

B

ol

7

—

<
NJo

—_
%)

o]

~1(2016).

o
N

T A

A=

(2011).

o
do
ok
o

<A

3.

Iz
H

gk = AE A A E OSPAR
, 46(3), 75-114.

o

=

== A A A3 A, 12(4), 39-50.
a3

H

A Al

)

ES
FAOR,

3z
=2

(2022). 3¢
°F AAE
BA - HFREE (2005). A

o

T

b4

A

)
SO
LA
35
S
— N
P
o
o 5
yro X
+ 8
T3
wo =
ﬂm

o
W g
ﬂﬁN
= R
ﬂ
ﬂmo
e
~

2~ .3l
e

i
o = A 7l

go

A

job
50
A,.#o
N

gase]

ey

oiel

o
ofy

Hr

</

49

1

)

=]
RUS

& ol

=N

A7

] &(2013).

x

d

o

T TAE G EH, 44(3), 103-109.

4!

°

w
\m_.o
~H
o0
TH

%

o

Tor

AE - o] efo] =& 2 (2014).



o
m
e

| 6H°“£5H7il A A g
o _

= O . p A .
s AN (01D), S FF. A B PR,
G LU (019). SBRA AEE A ¢ @GR
2]

A" IE 30(6), 1968-1977.

el A A A o) 52 S P B (2018D). Z1F W el wE
gk ojzollel AE W Aol BF AT KEWEREHIL,
30(2), 598-607.

3 F=AHE(2019). S B A HIE I - AR 24 Fak oS gk

3 = 4H(2020). 2019 vtk =T AMY HAFR AL FAE S
Tk

FFF2EE(2021). A3F AR L ] 7| EA . At Sk

3 FabE-(2022). FA 2 A EA(1971~2021). F-AF ¢ S FFARE

3 k4= 2HE-(2023). BREA R

https://www.mof.go.kr/doc/ko/selectDoc.do?docSeq=49547&searc
hDeptName=&menuSeq=971&searchEndDate=&searchetcl=&sea
rchetc2=&searchetc3=&searchetc4=&searchetch=&currentPageNo
=1&searchSelect=title&searchStartDate=&recordCountPerPage=
&bbsSeq=10&searchValue=%ED%95%B4%EC%B2%B4
Y- ANA- AT AFA ST LQ017). AFE HE2z3 A AAHE
St9-23 QdFojxe ALxRA =3 KEREREE W, 29(6),
1903-1912.
FA-5(2019). BR SA4S et gk At adEE
Aber9l = o
s

Issue Focus(2022).

)
o
o,

7t

AR 2AA/AY-NFIE $5 L 2%



7hs gk sl e 2022-05-11.

sbn 7 22(2023). AAFA], Z7FE R A A EARY ‘AlE. 2023, 08.14.

Adedipe, T., Shafiee, M.(2021). An economic assessment framework
for decommissioning of offshore wind farms using a cost
breakdown structure. 7he International Journal of Life Cycle
Assessment, 26, 344 - 370.

Alongi, D.(2022). Impacts of Climate Change on Blue Carbon Stocks
and Fluxes in Mangrove Forests. https://www.mdpi.com.
Amelia, S., Latief, Y. Zawawi, N., Santos, A. J.(2018). Policy and

Institution of Offshore Platiorm Decommissioning in Indonesia
Oil and Gas Upstream Industry to Improve the Performance
of Navigational Satety and State-Owned Asset Management.
SPE Symposium on Decommissioning and Abandonment 2018

- Kuala Lumpur, Malaysia.

Basile, V., Vona, R.,(2021). Sustainable and Circular Business Model
for Oil & Gas Offshore Platform Decommissioning.
International journal of business management, 16(10), 1-20.

Bell, F. W., Bonn, M. A., & Leeworthy, V. R.(1998). Economic Impact
and Importance of Artificial Reefs 1n Northwest Florida.
Office of Fisheries Management and Assistance Service,
Florida  Department of  Environmental  Administration,
Tallahassee.

Bressler, A., & Bernstein, B. B.(2015). A Costing Model For Offshore
Decommissioning in California. [Integrated FEnvironmental
Assessment and Management, 11(4), 554 - 563.

Buckley, R. M., Hueckel, G. ].(1985). Biological processes and
ecological development on an artificial reef in Puget Sound,
Washington. Bulletin of Marine Science, 37, 50-69.

Chambers, M. D. (1998). Potential offshore cage culture utilizing oil
and gas platforms in the Gulf of Mexico. In: C. E. Helsley



(Ed.), Proceedings of an International Conference on Open
Ocean Aquaculture '97, Charting the Future of Ocean Farming
(pp. 77-87). April 23-25, 1997. Maui, HI: University of
Hawaii Sea Grant College Program #CP-98-08.

Chandler, J., White, D., Techera, E. J., Gourvenec, S., & Draper,
S.(2017).  Engineering and Legal Considerations For
Decommissioning Of Offshore Oil and Gas Infrastructure in
Australia. Ocean Engineering, 131, 338-347.

Charbonnel, E., Serre, C., Ruitton, S., Harmelin, J. G., Jensen,
A.(2002). Effects of increased habitat complexity on fish
assemblages associated with large artificial reef units(French
Mediterranean coast). ICES Journal of Marine Science, 59,
208 - 213.

Chevron Thailand Exploration and Production, Ltd., (2023)
https://thailand.chevron.com/en/news/latest-news,/2023/2023-rig
s—to-reefs

Douglas-Westwood(2015). World Offshore Maintenance: Modifications
and Operations Market Forecast 2015-2019.

Eggermont, H., Balian, E., Azevedo, J. M. N., Beumer, V., Brodin, T,
Claudet, J., Fady, B., Grube, M., Keune, H., Lamarque, P., Reuter,
K., Smith, M., van Ham, C., Weisser, W. W, & Le Roux,
X.(2015).  Naturebased solutions : New influence for
environmental management and research in Europe. Gaia—
Ecological Perspectives for Science and Society, 244), 243-248.

FAO(2016). The State of World Fisheries and Aquaculture 2016.

Ferrandis, J., Rodriguez, R., Chryssostomidis, C., Bonfiglio, L.,(2020).
Influence of Viscosity and Non-Linearities in Predicting
Motions of a Wind Energy Offshore Platform in Regular
Waves. Journal of OfiSshore Mechanics and  Arctic
Engineering, 1426), 1-12.



Friederichs, C., Dibello, F., Tignanelli, A. & Garzia.(2015). Reliable
and Innovative Approach for Decommissioning Study of Oil &
Gas Plants. in the Proceedings of Offshore Mediterranean
Conférence and Exhibition, 25-27, Ravenna, Italy.

Genuine, S. E., Olaide, A. W.(2019). Comparative Economic Analysis
of Offshore Platform Decommissioning Methods. Engineering
and Applied Sciences, 4(1). 11-15.

Glarou, M., Zrust, M., Svendsen, J.(2020). Using Artificial-Reef
Knowledge to Enhance the Ecological Function of Offshore
Wind Turbine Foundations: Implications for Fish Abundance
and Diversity. Journal of Marine Science and FEngineering,
&5), 1-25.

Hall, R., Topham, E., & Joao, E.(2022). Environmental Impact
Assessment for the decommissioning of offshore wind farms.
Renewable and Sustainable Energy Feviews, 165. 1-34.

Higgins, E., Metaxas, A., Scheibling, R.,(2022). A systematic review
of artificial reefs as platforms for coral reef research and
conservation. PLOS ONE, 171), 1-23.

Hou, X. X., Huo, H. B., Zhang, X. C,, Xie, T., He, R. B,, Lin, H. Xu,
D. S., Zhang, Li, Y. C, Song, Z. H., Liu, J.(2023). Minimizing
Environmental Impacts During Offshore Drilling and
Production Using Innovative Waste Recycling and Reutilization
Technology in China Bohai Oilfield. Offshore Technology
Conference, Houston, Texas, USA.

IPCC(2022). Global Warming of 1.5°C. Cambridge University Press.

Jensen, A.(2002). Artificial reefs of Europe : perspective and future.
ICES Journal of Marine Science, 59, 3-13.

Jensen, P. D., Purnell, P., Velenturf, A. P. M.(2020). Highlighting the
need to embed circular economy in low carbon infrastructure

decommissioning: The case of offshore wind. Sustainable



Production and Consumption, 24, 266 - 280.

Kabisch, N.. Frantzeskaki, N., Hansen, R.(2022). Principles for urban
nature-based solutions. Ambio, 51, 1388-1401.

Kaiser, J. B. (2003). Offshore aquaculture in Texas: Past, present, and
future. In C. J. Bridger & B. A. Costa-Pierce (Eds.), Open
ocean aquaculture: From research to commercial reality (pp.
269 - 272). Baton Rouge, LA: The World Aquaculture Society.

Kaiser, M. ]., Liu, M.(2014). Decommissioning cost estimation in the
deepwater U.S. Gulf of Mexico : Fixed platforms and
compliant towers. Marine Structures, 37, 1-32.

Kakimoto, H., Okubo, H.(1985). Fishery production from artificia
Ireefs. In Comprehensive Research on Artificial Reefs in the
Coastal Areas of Niigata Prefecture. Niigata Prefect. Fish.
Exper. St. 193-200.

Khairullina, T. P., Kalita, T. L., Naumov, N. M., Vaganova, A.,(2022).
Model of an Artificial Reef for Increasing the Bioproductivity
of Donuzlav Lake. European Proceedings of Life Sciences. In
Beketov, S. V., Nikitin, I. A., (eds.), Biotechnology, Ecology,
Nature Management, Russian : Moscow.

Kiss, B., Sekulova, F., Horschelmann, K., Salk, C. F., Takahashi, W.,
Wamsler, C.(2022). Citizen participation in the governance of
nature-based solutions. Environmental Policy and Governance,
32(3), 247-272.

Kruse, S., Bernstein, B., Scholz, A.(2015). Considerations in
evaluating potential socioeconomic impacts of offshore platform
decommissioning in California. [Integrated Environmental
Assessment and Management, 11(4), 572-583.

Layman, C., Allgeier, J. E.(2020). An ecosystem ecology perspective
on artificial reef production. Journal of Applied FEcology,
5711), 2139-2148.



Les Dauterive(2000). platiorms—-to-Reefs Policy, Progress, and
Perspective. U.S. Department of the Interior Minerals
Management Service Gulf of Mexico OCS Region.

Love, M., Nishimoto, M., Clark, S., Kui, L. Aziz, A., Palandro,
D.(2020). A comparison of two remotely operated vehicle
(ROV) survey methods used to estimate fish assemblages and
densities around a California oil platform. PLoS ONE, 15(11),

1-7.
Lyons, Y.(2013). Abandoned Offshore Installations in Southeast Asia
and the Opportunity for platforms—-to-Reefs.

(https://cil.nus.edu.sg/wp -
content/uploads/2010/08/Y ounalLyons—Disused-Offshore-Installa
tions—DecomWorld.pdf)

Macreadie, P. 1., Fowler, A. M., Booth, D. J.(2011). platformsreefs: will
the deep sea benefit from artificial habitat?. Frontiers in
Fcology and the Environment, 9, 455 - 461.

Mcginnis, M.(2005). 7he Political Ecology of the Offshore Oil
Plattorm Rig-to-FReef Policy Debate. U.S. Department of the
Interior Minerals Management Service Pacific OCS Region.

Mecleod, E., Chmura, G. L., Bouillon, S., Salm, R., Bjork, M., Duarte,
C. M., Lovelock, C. E., Schlesinger, W. H., Silliman, B.
R.(2011). A blueprint for blue carbon: toward an improved
understanding of the role of vegetated coastal habitats in
sequestering CQO». Frontiers in Ecology and the Environment,
410), 552 - 560.

Meyer—-Gutbrod, E. L., Kui, L. Nishimoto, M. M. Love, M. S,
Schroeder, D. M., Miller, R. J.(2019). Fish densities associated
with structural elements of oil and gas platforms in southern
California. Bulletin of Marine Science, 954), 639 - 656.

Moraes, F. F., Ferreira-Filho, V. J. M., Infante, C. E. D. C., Santos,



L.(2020). A Markov Chain Approach to Multicriteria Decision
Analysis with an Application to Offshore Decommissioning.
Sustainability, 14, 1-15.

Musa, G.,(2002). Sipadan: A SCUBA-diving paradise: An analysis of
tourism impact, diver satisfaction and tourism management.
International  Journal of Tourism Space, Place and
Environment, 42), 195-209.

Norwegian Petroleum Directorate, 2023. (www.npd.no/en)

Oil & Gas UK(2017). Decommissioning Insight 2017.

Parente, V., Ferreira, D., dos Santos, E. M., & Luczynski,
E.(2006). Offshore Decommissioning Issues : Deductibility and
Transferability. Energy Policy, Elsevier, 34(15), 1992-2001.

Offshorewind.biz (2022)
(https://www.offshorewind.biz/2022/05/04/orsted-trials—turning —
jackets—into—coral-reefs-video/)

PIF (Public Inverstment Fund)(2021)
(https://www.pif.gov.sa/en/Pages/NewsDetails.aspx?NewsId-20
3/PIF-announces—-THE-RIG.-project-the-worlds—first-tourism-
destination-on-offshore-platforms)

Polovina, J. J.(1989). Artificial Reefs: nothing more than benthic fish
aggregations. California  Cooperative  Oceanic  Fisheries
Investigations, 30, 37-39.

Qasim, R. M. Hasan, A.(2020). Investigating the Behavior of
Offshore Platform to Ship Impact. Civi/ Engineering Journal,
&3), 495-511.

Ropicki, A., Adams, C., Lindberg, B., & Stevely, J.(2006). 7he
FEconomic Benefits Associated with Florida's Artificial Reefs.
UF IFAS Extension University of
Florida(https://edis.ifas.ufl.ed).

Roy Johnsen(2007) Corrosion Behaviour and Protection of Copper and



Aluminium Alloys in Seawater. UK : Woodhead Publishing

RystadEnergy(2019)
(https://www.hellenicshippingnews.com/global-decommissioning
-set—to—hit-record-36-billion-over—the—next-3-years/)

Salcido, R. E.(2005). Enduring Optimism: Examining the Rig-to-Reef
Bargain. Ecology Law Quarterly, 324), 863-937.

Seaman Jr., W.(2002). Unifying trends and opportunities in global
artificial reef research, including evaluation. /CES Journal of
Marine Science, 5% suppl), S14-S16.

Seaman, W.(2004). Artificial reef monitoring in Florida coastal
counties. Florida Sea Grant College Program, 1-16.

Swett, R. A., Adams, C., Larkin, S., Hodges, A. W., & Stevens, T.
J.(2011). Economic Impacts of Artificial Reefs fr Six
Southwest Florida Counties. TP-178. Florida Sea Grant.
College Program, UF/IFAS Extension, Gainesville.

Techera, E. J., Chandler, J.(2015). Offshore Installations,
Decommissioning and Artificial Reefs: Do Current Legal
Frameworks Best Serve The Marine Environment?. Marine
Policy, 59, 53-60.

Trenberth, K. E. Jones, P. D. Ambenie, P. et. al.(2007).
Observations: Surface and Atmospheric Climate Change. In:
Solomon, S., Qin, D., Manning, M., et. al., Eds.,, Climate
Change 2007: The Physical Science Basis, Contribution of
Working Group I to the Fourth Assessment FReport of the
Intergovernmental Panel on Climate Change. Cambridge
University Press, Langdon, 235-336.

Tsiamis, K., Salomidi, M., Kiipper, F.(2020). Macroalgal vegetation on
a north FEuropean artificial reef(Loch Linnhe, Scotland):
biodiversity, community types and role of abiotic factors.
Journal of Applied Phycology, 32, 1353 - 1363.



Visiongain(2013). The Offshore Oil and Gas Decommissioning Market
2013-2023.

Vivier, B. Dauvin, J. Navon, M., Rusig, A. Mussio, I, Orvain, F.,
Boutouil, M., Claquin, P.(2021). Marine artificial reefs, a
meta—analysis of their design, objectives and effectiveness.
Global Ecology and Conservation, 27e01538), 1-22.



Abstract

A study on ways to recycle aged bottom-fixed
offshore wind substructures

into artificial reefs and the effects

Euikyoung Choi

Graduate School of Industrial Technology
University of Ulsan

Korea

This study was conducted to comprehensively consider recycling of aged
bottom—-fixed offshore wind substructures into artificial reefs and the effects
promoted by the expansion and revitalization of artificial reefs. In order to
achieve 'circular use of resources’ while reducing the technical and social costs
of disposing and decommissioning bottom-fixed offshore wind substructures and
offshore platforms, which have emerged as one of the global environmental
problems  since the mid-20th  century, various ways to recycle
decommissioned-aged offshore platform have been discussed. The recycling
methods that have been mainly discussed are recycling into marine tourism
resources, redevelopment into open—sea fish farms, and recycling into artificial
reefs, which are coastal aquaculture structures. Among these, artificial reefs
have been attracted high attention, because they have high utility and
effectiveness in many ways, and simultaneously using them was a sustainable
recycling methods.

Accordingly, this study analyzed the environmental, economic, and social
effects of recycling of decommissioned-aged bottom-fixed offshore wind
substructures and offshore platforms into artificial reefs through a literature
review, thereby establishing a ’sustainable cycle’ of aged marine platform
structures or marine industrial wastes, and its practical, industrial implications.

The results of this study are summarized as follows.



First, it was confirmed that the recycling of decommissioned-aged offshore
platforms including bottom-fixed offshore wind substructures into artificial reefs
creates many important environmental effects, such as protecting the marine
environment, increasing the species diversity and concentration of aquatic
organisms, Increasing the average biomass, restoring and improving the
ecosystem in the artificial reefs areas, and promoting the blue carbon function of
aquatic plants and algae in the artificial reefs.

Through these, it was confirmed that recycling of decommissioned—aged
offshore platforms into artificial reefs contributes to ‘circular use of resources’,
‘sustainable aquaculture’, ‘sustainable marine life conservation’ and carbon
reduction solutions of ‘nature-based solutions’. Based on these considerations, it
will need to develop and accumulate creative and progressive solutions, such as
the development and commercialization of eco—friendly techniques for the
recycling process of aged offshore platforms including bottom-fixed offshore
wind substructures into artificial reefs, strengthening of nature-based solutions
for sustainable use and management of installed artificial reefs(intensive
cultivation of future-oriented functions such as blue carbon), and application
advanced smart and A.l. farming technology.

Second, recycling of decommissioned-aged bottom-fixed offshore wind
substructures and offshore platforms into artificial reefs was found to create
desirable economic effects, such as increasing fishing productivity and fishery
resources in coastal waters. Paying attention to these effects, it should be to
seek ways to increase the utilization of artificial reefs as one of the future
alternatives that can resolve and alleviate the competitiveness and instability of
the domestic fishing industry, which has been steadily decreasing and declining
since the 1980s.

Finally, it was analyzed that recycling into artificial reefs creats meaningful
social effects, such as revitalization of marine tourism resources. that is marine
resorts, diving platforms, and underwater life experience platforms, and
protecting marine sovereignty by preventing illegal fishing. Paying attention to
these, it should be to continuously discover ways and novel ideas to increase
the social and educational use of domestic marine culture and marine resources

through artificial reefs.



Keywords : fixed-bottom offshore wind substructure, offshore platform,
artificial reefs, decommissioning, recycling, carbon emissions reduction,

sustainable marine life conservation, nature-based solutions
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