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A Study on Decommissioning and Reutilization of
Abandoned Offshore Facilities

Kwak, Min Yeong

Department of Marine Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Thousands of offshore facilities are approaching obsolescence and will
require to be removed within the next decades. The decommissioning of
offshore facilities are unavoidable issues at some point in the future as the
platform reach end of their useful production lifetimes. Since the
decommissioning project is not a business that generates economic benefits
compared to the massive decommissioning cost, it can not easily be
undertaken by companies and governments. Also, decommissioning of
offshore oil and gas platforms raises many complex issues including
regulatory requirements, technical feasibility, health, safety, socio-economic,

environmental impacts, economics and strategies.

The first objective of this study is to investigate international and
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regional regulations and decommissioning procedures in order to strategically
develop the rapidly growing offshore decommissioning market. The second
is to propose ’rig-to-reef’ option and ’offshore aquaculture’ option, which
are methods to reduce the cost of decommissioning and create economic
and environmental benefits by reutilizing the structures. Finally, this study
analyzes business feasibility for two reutilization options by conducting a
legal, technical and economic assessments of the abandoned offshore

platform in Indonesia.

KEY WORDS: Decommissioning, Rig-to-reef, Offshore facilities, 3| FZHE 3]
A, WFZHE A &E.
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A 2 A& HYZAE & A (Decommissioning)

2.1 JFEHE A /MdE
N FZWE af Al(decommissioning) AFFolgh FAHLY AAHF o] EAU FHF
o] =332 I3t ¢ oo EHE +Fo] EVIE uf AFEAE Y AL

Mo AR EE ARE AU AL BFANA BA EE At AP o

n 3t} siA o2& Fg 13 o] g2 3= 2E(topside, jacket), 3}
olxzg}el, A An = AYE(conductor) 5& E3H3T} AolA AAR =
E2 AT SAE olFHo HAVER AYHAY, die 1HE Avdn. H
ol slA vge HAE st FRE HES B 5XoE QLI

A= F7hska Qe Aol

(a) Topside (b) Jacket

Fig.1 Decommissioning facilities (source : www.shell.co.uk)
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2.1.1 sjA Az}
HAE A= A AAHER - SiA - AARAF R UHE 4 gAlA
I 7lE T AESL AU AHlY FxE 54, Z27]d #E

= @AY SATAE FHstr] HHE B4
A

2 9 BAGFAYE AASe WA, S1eH, ZAH L B BIYS

Table 1 Decommissioning process (general)

A7 ] GE 32
(Pre-decommissioning) (Decommissioning) (Post-decommissioning)
HE A% Well .P&A
AR A Bg gw | | B EdmmeD |
oS BAA AT & Subs§a Cleaning (3H o)S_lte clearance
oW Topside #l| A (SANAATZE &4
AAAY 4 > I

Jacket A7 H 7)1 8 2g
B} 73 = AHFIS) _ :
5 - 3 A dn] A A AE BUEY
A dF Bt _
N N AATZE SAZ &%
BRSS! 8= ) )
AAzZ E R E A

2.1.2 3iA U4

s Ao WH-2 Table 22 Z©] complete removal (A A), partial removal
(FEAA) & leave in place (I Aol EAF= ZA)S=Z E R/} complete

removal SIETFEZES AW ofg7tA Aaste] sfASHE WHol™, partial

_4_
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removalts SFTEE F UNEL YATIL FEHOR AAL 5 = Wy
otk A e FxEO T FAlel weh ARH, Fe T 4
olait}. wetA slAl FAE AT ol hel 7k Aol A AHgati gl aA

=
=
FAT FEE 77 8 FAS TR ARt AP A P e

oF e,

Table 2 Decommissioning options (general)

Decommissioning options

Complete removal Partial removal Leave in place

2.2 AFEAE AAANE &

TAAE A= =5 stE A B b Ao BRI E S FEEY Fa
flog AAst7] AstT. 53], sl o= Fek Aduke] gsjE W
dfstal s UTF L FES FEete Y AHlE ANk ks =4 Hofo=w
AArd 2 AFsk7] Alzsksitr. Douglas-Westwood A2
By M2 2015 7]+ fixed platforme] = ¢F 7600 7= [1], fixed
platforme®] 7+& S Hol 309z 7RSS o, i FAFS FF
10d o= sfA = ojof st= AR AGHAT. F=2 XA AFRI Visiongain
o= BIYZHE A AFANA 2018 CAPEX(Capital Expenditures)=
6,551.99 " &7} € Ao 7 o3y o o= 2013 CAPEX 3946.899 9t -
H o} vlustH oF 66% s FXolth [2] = 2] A XA} Market Research
Futureo| A ®F7FSE  “Offshore Decommissioning Market Research Report -
Forecast to 2023° oA 2017W =3 E 2023 371A] A ZAE AN A
B 6.93%% 844E Aow 43t

ook

o
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&
2
o
(il
=
(m
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2.2.1 B3l A7 A%

Table 32 2017 F¥ 2025 7kA] 38 A< AN 2= 49 ZHAF
o] & Yehd mo|th & A GoA= 20251 74A] 563712 oA 3047]
o] ZHES HAG Ao, F= tFEFAAE 98719 FREFS HAL
Aotk [3l F= afAAZS 2010 AlA sfAIAAE A=7dH] 2% A 20161
d+= 7%(12¢ =)= st or, 3 2025 714 9= tiE5o AXA
| s Ar AE Aste] of 1709 =& A= ASRE 4stal Uk
29 o] SAAS 20100 AA AN A =AM S 2%(4Y TeE) RO
H [3], =29¢°] A ©]A3](The Norwegian Petroleum Directorate)ol A+
2021 7bA] Al Hl-go] 89 HRE/A F7HSE Ao sttt (4] Faf A
H2 A #H HE VIS Bfotal o FREAHA A Ad L AR

22 s FAdn e A S AEstal Ao, ol Hajx

oo AANG B F 2o Agshu k.

_

AN

Table 3 Decommissioning activity across the North Sea, 2017 - 2025 [3]

Number of fields Number of
Coastal States with decommissioning platforms for
activities removal
Northern North Sea and West 45 12
of Shetland
Central North Sea 77 19
Southern North Sea and Irish 92 67
Sea
Total UKCS 214 98
Norwegian Continental Shelf 23 14
Danish Continental Shelf 6 17
Dutch Continental Shelf 106 77
Total 563 304
- 6 -
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2.2.2 HA =T A A%

A ZTHGulf of Mexico) OCS(Outer Continental Shelf)oll= <F 2,99671(2012

712l A4k production) S Fo] AAHo] lom, AxH A 25| He=
E3stE AL ZH;Eo] AAS 40% oS AL Uk HAFRE 2] S of A
= siFArlolA e A g 7hs AgabkeFo] Aol whek 1980 th Bl A AL
A= 143}919—“4 AA7EA ARkl g sfiefF AnZb HAEHAY AAHAUS
HA T A2 A AAY 32%2] sFESHEFC] A H A= AGe=w A
A7l 7}72} g A e, 19 H 130719 SREFS AL Aok vl=
olxl 9 #1733 =(Bureau of Safety and Environmental Enforcement)el] u}=
20159 2€ ol% O o] “AAHL=E &4 e A FAY AAT &
do g st sfAlHojoF sk FHEFY F= oF 5357]01H, FAlol wWE
Ay FAHEFS = Fig 49 2o [51

L

(0

6=

= (B9 feet)
m 100 0|5t

N 100- 500

= 500- 5000

H 5000 0|

Fig. 4 Statistics for platforms on expired or terminated leases [5]
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2.2.3 o}No} A A
obAlo} A ee] HANFL HomE B .
Ao igol sjoel AAEo Yo, A AAS 26%°] sLTAZTo] A
5

Hoj A= AHolr] wWZolth

ikt g2 &2 sl AAFHA dew Hajd wis) 5=
doH ez Pt ook Zo] ofrot A Hel A I A BAEAL
o= zhgste] 20237k dE T 15.1%% 4ZE o=
Bl A QE} 2u) o4l Aotk [2]. Table 4= 2010
71 ofAlo} A Yo X AgvE 20 o3l FHE AFS YERAL

Table 4 Offshore installations over 20 years in Southeast Asia [6]

Coastal States | Installations > 30 years | Installations 20-30 years | Total
Indonesia 169 187 356
Malaysia 110 99 209

Brunei 87 99 146

Thailand 16 64 80

Philippines 6 - 6

Vietnam - 12 12

China 1 23 24
-g-
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2.3 AFEIE JAMLA 4% R Afad

2.3.1 B78a<l
(D =%39 A 59 F7}

Fig. 39| AAl 1782 ZAF] HX 2015 7|2)elA & + Axe] A
AA FHell= oF 7,600718] A4 FHFe] AAH U aF A" A
200 o] e FHWEFY 7F thE-EolH, FF 1093t oF 50%(F8A) %
o] ZYEo] sA|FoloF e Ao g ottt FHAAuE o FFgFow
F2jo]l Ho] Fx2E Wgol oA, HWAAREe] FARJelY Hae =
< 3% g oug 5o Ad AR Qldl FERE0] &4E F&= Utk olHd

=
=0 =R dFE T2E0] oA Ao APl =EE FEol At

-

Fig. 3 Global floating and fixed platforms by region in 2015 [1]
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2.3.2 A el

D =2 ¥ &

HAHES A, AAAE, FHAFY FTF, AE 2 S Aol ot
VAW EZo] & Ho|th =3 1998\ o] AxH sk thejAE &3
AAHN =S AAEJAT, 1 oo dzH dgdnle] gt A DA
A AAE LHEkA ol EFE SiAl A Al 22 H8o] &8E & Aok
E3] 2ol At s nle] tiiito] 70~80dth AxE ARl B
F Axste dAA dAE EekA ga A" AU Boh B33sta v
go] ol &85 ATAE AN 8-S AHelstes adoE A8
o 53] iFAERE FIHFI A el BElstal e okAlot AHY B¢
iR o R e A Aﬂﬂ]@gi T HARE g2 g Aurt AXEHol dF

_<|>_
ol zgjle Hts|of s
s e AR A% SJA-AE AFHoF Tt Shellol A
Brent ¥ =9 ZHYPXZ A= AH
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P1.e N P2.o
Submit Pre-FUPP- Physical-and-administration-
checkinge PS.
Physical-and-administration- checking-
And-asset-assessment.
P3.¢
Submitting the final WOP. |
) v
P7.
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Execution-of: P
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pd - execution.
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2 Approvalfor-write-off-asset.
P11.0
Write-off-asset

Fig. 4 Diagram national assets transfer/deletion process in Indonesia
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3.1.1 1958 i FH-=oF

gt Anl siAet #HAI} Hx2Y Fo A FoFE 1958 WHFEXoF
(Convention on the Continental Shelf : Geneva Convention)e]t}. 3| T ZE2]
AA R A2 #d 232 A5z 53] WAHAUY tFExRdAME #H 7
HAY ¢ o] &dsA &= sl FdHlol tiste] ¢hxs] AASoF ok B
AEo] gom, B ek Ao Z 3to] w=33m e AA L g
oy =4 deks @] Az

3.1.2 1972 A

g FxEo MEet #dEd F oA F8 gk 19729 AdE Ay ef
olm] F24 WAL ‘Hr|E 9D JE B Er)d 93 sjked

& ¢F’(Convention on the Prevention of Marine Pollution by Dumping of Wastes
and Other Matter : London Dumping Convention)o]t}. @E gefol A= F-EH
g HIIE A F2E T ti A4S AA S LA AE

skl Aut, &) 2 s FEn T leFEEcld s Hrlw 3 7]E
=4 F718 A8k Ak E=JE 397 HeE FHo2 FHFoly J]E
AETEES Ershs A5 A B2 Eestal glof ¥ o] 7HEshA]
e Ao thate] YA e BEZ o2 gsor dh

3.1.3 1982 UNj 2k & o

AA s g AHee BAste] =rte] Aol FE FAS A s A B
of gk AF wiES 9t 1982d FAlsFHFKUN Convention on the
Law of the Sea : UNCLOS)& @3ttt FrdsiFageF A60= 3 =
HER] AA| FoollA HEAAY HrlE dH B FERES FHY s
BASH7] Y8kl AAEoF @t AFsATE EZ o] F AASLY] HAE
o2 9], ¥ 4 BE B E=o dYe g5 M uyste FPst
ofof &, M3 AASA L o tisiAe FE= A, Z7] E
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54 ol Tl R} o] FolH ok sk @A E e itk

3.1.4 1989 IMO A A

=7 A3 A} 7] F+(International Maritime Organization)ol A= FAsiFHPF A
6025 IA=E st 1989 i R Hietd AA| s g siF T+x2=9
HA &S AF 2L 7151989 Guidelines and Standards for the Removal of
Offshore Installations and Structures on the Continental Shelf and in the
Exclusive Economic Zone (IMO Resolution A. 672 (16))& m}& 3t}

MO Aol B 19983 19 19 olde] AP AFZAE] el
| 75m olat 1ElT ZHRES] A7 40008 oletY A AHFAuE 9
AANE ST FAGOH 19989 19 1Y o]Fo] Ax
. %4 100m o)} 1Ela SeEe] BATF 40008 oY A
Foha FASGTh TSol 19989 19 1Y o] F T 5 2o
A" e Pl gadt AAHoT AT} HeIES

A
1 HAEo] gt} Table 5 IMO A4 AF3 aiA 71&S A3

é_\dcjlﬁr}d—\g
2 o o x>
S B
2

B S
(o3 o
= -
T

g

Table 5 IMO decommissioning guideline

Date Installation and Structures Size Guideline

Depth<75m
Installation beforel1998.1.1 Weight <4,000ton

time Depth<100m
after 1998.1.1 Weight <4,000ton

Entirely removed

Entirely removed

After 1998.1.1 Design and construct to be able to entirely remove

MO A Hell mad 72 7HestA AU +82 + §
Anlgol BAFAY A EE G B AP Fulshe 7
RolAe FAEFE AR A=
Atk WA E k. IMO A3 A3Z 53 B 6FollA= FEAHOZ A A
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315 AR ¥4 & A3
Table 62 =%3td sjFdre] sfAlel ddE FAFSFES AT HA wheh
g &9

A ke s okdnlo] thate] 9hd 3] A A (entirely removal)’ EHojof dtta &
J=lo] ok AT I o] %o AAR IAFkNA =  C‘entirely’ TGAE A

>

gAY A TlEe FEsle TRES AR FEZQ AAR Jhests
= 8 S Sttt FEAAE sl &Fe=A fd AR A A
& 5 e ALE AT 5 e §iA Bl&e dAANE F UAES ST
=3 AdF FAFSFANME Fx2Eo ALEdd P =de HEE vidste] ¥
7ol e RS S3tsidth dd ek A3 b (i)dlXs dofe 54 &

7] ol&je] B} H& S 9|3k H]X|(placement)= F
ko, IMO A% 21]31 128 m2d AAE F2ES JF
Al

Table 6 Table of international convention

Entirely Partial

removal removal Reuse

International convention

1958 Geneva Convention article 5 (5) - -

1972 London Dumping | .46 11 a) (ii) | artide I @@ (i) | artide I () (ii)

Convention
1982 UNCLOS article 60 (5) | article 60 (5) -
article 3.1
1989 IMO guideline article 3.13 article 3.2 article 3.12
article 3.6

_']6_
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3.2 AY ek

321 83 AY
Baj AGellA Hgatn dE hEHS Pk 1992 OSPAR Fefo|t}. 1992
: o HF BA RIS 3 Fof
f

OSPAR  &ekeo]l A4 BAL HsuAs
(Convention for the Protection of the Marine Environment of the North-East
Atlantic)e. &, 1972d 3¢ HrlE Frld #3d &= 1972 Oslo
Convention on dumping waste at sea)¥} 1974d S o ZHE sty WA
5 9% 21 <k1974 Paris Convention on land-based sources of marine
pollution)S 53+ FeFolt}. 1992 OSPAR EoFe BmthA ek Q12 157]=9]
7tdd AGatdolA Fefor, A¥dE v HIEY F7
SUAYY AYFBBEES st 4 59 =85 2790 53], =53}
jFdrle] Q&g AAE L FH7 gk FAH)] A= ZAXE v

2]3}a] OSPAR Decision 98/3-8 u}# 3} th.

d

i
alt
X
ol
rr
ol
it o

= AZE

37 =
8 Aol AT S Qe o9FAE MER BAsE. CFdE : Gnla,

3.2.2 HA AR A Y

19539 8¢ AAA W FEHHThe Outer Continental Shelf Lands Act :
OCSLA) % Aldif=alo] me} OCSollA Ad/NEs $g ddi(ease) AleF A2
Al Ao i3k A FE EEEojof it} dHiFoE o) TIsEYEHE 1

G FS AFAAATT FxE0] AMsHA Kettta AdEH=

O ol =FshA & FA A5, At 2 Aoz 5 3d ol d

_’]7_
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718 oF gt}

HASZRE X Ho A T o] 4
sl J|BoRE 3 Ykl
BOEM) % <otd = A FsY=(Bureau of Safety and Environmental
Enforcement : BSEE)%©] Ath WAI=ZW A9 20108 ‘HHYE Zeol&
(Deepwater Horizon)” Ak o] & sfjkebd 9 7o) diste] JA3A #Els)7]
3k #4121 Minerals Management ServiceS REjE s kol x| B A 3} <F
A g AP TS AR e, 53 siFTES] A #E AA D A
e tigh AP EAE HeliAE A F A TS FalofF gk

& FEA e G Avle AA B AYE B
2] 3 (Bureau of Ocean Energy Management :

A&
7d
A

3.2.3 o}AJo} A Y

ofAlo} A He Eaf gl @AY A9y DE O o] FEA Fe
sfFAdniel AlA B Aol e A|q Fefo] o] FolAA] 3ttt thal ASEAN
Aol =9 MF A AFA] opAlt HH YIS (ASEAN Council on
Petroleum : ASCOPE) oA o}AQF Aol xos5le gffAdnle] &3zl
AYE st AH B 7k A[Hel g A Tho] =2I(ASCOPE
decommissioning guideline for oil -and gas facilities : ADG)S TE3} Tt
ASCOPE®] ajA 7iol=eile Al Az}, afA 7&, A2E FHAS 23
sk AAYH 5o W&S 23t Jon, IMO AH, Haff 3 A FTHe
A G efol] BAIH A= A AR R FAE Fxst] A AEAT sHA|RE
g ARME GEHIL s B ME FEEHe] v 5] oy

(]

OF-Ee] ofAlo} A w=3stE  FAnY A BAHEHE WHEO
mhEE o A Rtk =TklA A Al 2 Aol dEEE 4 =7hE
A A Hloly Fog Wo| HaAdeS YFehA Xkl k. ofAlof
7t A s =53tE sdnle] sjAlE S8t
5ol B aFFd AT HA st A
=7HEE 7HAS =A defel oEsta e AAo .
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B, WAz 9 olxo} A9 A FAHS FFHOE B 95t
B, "= B JA=YAete siH #FAES Hustdth =7 AR TS
18 ngo =, &g AdeA 7H B siAt

%83 483k UKCS(United Kingdom Continental Shelf)oll Ax]Eo] &=
sl Al o] A FAME E9eteE 713 OPRED(Offshore Petroleum Regulator
for Environment and Decommissioning)s AlAd3stgoem  UKCS Al
7hol=eRlS AFstr] $3sked  ‘Decommissioning of offshore oil and gas
installations and pipelines - Guidance Notes’ 2 A 2+3}Ath [8].

Hl=& OCSoll A9 A H 7h2AY &9 B AJAe] A<t Add A <
ST7AES WHEE w3 30 CFR part 25001 9).o™, BSEEC|A &4
SAFE #Eskal Ao

AEU Aotz &4 Z2AES APk AFo] flom, =538 FFdnE
)3} Agsle  HEEe 7|#ol gt d=dA ot

ANHAF=ALd Fol e sl F2dnle] siAek #dste] Permen ESDM 1/2011 -
Technical guidelines for dismantling of oil and natural gas offshore
installatione A|AsIF oY He AFEAHS YF3A Est A= AAFo|th
A Aduro] e HEF riFo] fla A WEE I "= A
Hlsle] FEAsich afjA il tig 7]Ee] EWEstal complete removalel
gk delatAe] HER  A|AHH o | &tk =3I SfiA Trol=gkldl=
Q&g AH WEo] AdgHo] YA &tk Table 7 =, vl % AZU|A| o}
=7ke] A S Hlag #o|th

_']9_
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Table 7 Table of decommissioning regulation comparison

Category United Kingdom United States Indonesia
- Installations that are
Plannin no longer in use
& |~ Two to five years in | - Within 1 year after should be demolished
of . - . o
advance of cessation the lease or pipeline entirely within a
Decomm . . . . .
issiortin of production right-of-way terminates certain period as
g defined by the Director
General
Competgnt _ OPRED _ BSEE - No competent
authority authority
- 5 stages _ QR approvaigen, - 11 stages
. the appropriate )
Approval | - Summit . - National assets
— District Manager(BSEE .
process decommissioning . ! transfer/deletion
officer) and Regional
programme(DP) . process
Supervisor
Cost |~ Decommissioning | g ety hond - ASR obligation
securities agreement
Faciliies | - Fixed steel - Platform
tobe | - Concrete(gravity - Pipeline - Offshore
disman] floatin subsea)’ - Other facilitiesincluding | installation
antie 8 templates and pilings)
- Dismantling is a
- (onplete renoval to land | - Complete removal work: of partlal or
i i total cutting of the
- Partial removal to land | - Partial structure ) . )
. installation and moving
Method | - Leave wholly in place | removal .
L [transporting the
- Reuse - Toppling in place .
) dismantled parts to
- Disposal at sea - Alternate Use RUE :
the predetermined
location.

Collection @ kmou
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Table 7 Table of decommissioning regulation comparison (continue)

Categary United Kingdom United States Indonesia
- Cut the conductors,
piles and the guides
five (5) feet below
the mudline or
- Steel installations parallel to the sea
weighing less than floor if the distance
Complete 10,000 tonnes - At least 15 feet between mudline
removal | - Cut depth of 3m below the mud line and the seabed is
below the natural less than 5 (five)
seabed level meters
- Cut conductors into
Segments with maximum
segments length of
twelve (12) feet
- Would not become
an obstruction to
other users
- 'Footings’ of large - Must use divers and
steel jackets the ‘seafloor
. weighing more than sediment stability
Partial
removal 107090 tonnes poses safety concerns -
- Minimum water - Water depth is
clearance of 55 greater than 800
metres required meters(2,624 feet)
- Structure becomes
part of a State
artificial reef program
Retilization | - Possible - Possible - No regulation for
reutilization
- 2'] -
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A4 HFdng A R A¥E T

41 B4HQ sHopanle) A Az

AABAE SFolM e FAR SNA At FA ol Az,
FHE B AURAR S Vgl FYFHEE A SIS BHAIE o]
W Eas, Ged wadd 44 3

management)E 3 Azt

JE g (project

5 FEsta ZF SAE A FAel Bad )Y, &

], b Fo] 2d glol BdE & J=F: dAS 2&aof 3tk sFdr Y
A -sA Aat= Fig. 59F o] dnkyg o

=2 well plugging & abandonment,
structure removal (topside removal

jacket removal), onshore disposal
clearance W}A]9} S 2 monitoring 22 YA

Removal options Complete ‘ Partial

site

Leave in place
removal removal
Well Plugging & Topside Jacket Material disposal Site clearance
Abandonment || removal | removal
1 1
v v
Pipeline Conductor
decommissioning removal

Non-hazardous
waste

Disposal options

Hazardous
waste
|
| [ |

|
‘ Re-use H Re-sale HRe-utiIization ‘ Landfill ‘

Fig. 5 Decommissioning process

_22_
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4.1.1 Well plugging & abandonment

Well P&A TAl= BEA A FZE9 HA FAF oA

)

dstel BASGAch Do Vel p&/u A%
J BHoz AP = ek AA AABA F
& sk FAOIY, P B vlgo] MR

)
ro
ol
Jo

e AT F A TAE AAEH] o, AYE 9 vo]x
[e)

2
30,
32
o
)
AN

A& o]F < ‘hydro-carbon free’ AHlZ &g & HA FA
E AAloF gt} xS F2E AA SAE WAt oA FRIAe Bt
o FxE AHE sty s RES Ay Aoy FxEY FAES
&8t HLV(Heavy Lift VesseD< &HIsloF gty AGd 7252 TFE &
HHdolu viA S B3l S 2 eutE. dgolAle FAE THEd wWE A
d o ZE APES gud= Zo] TR, ol & fEAE A Fosto F
AHE s o dk B A TRES SAE oIy HIE AYY &
Ae ok=(yard) o] $1A1¢F FRE L Etofof gt

(1) Topside removal

FHT2EQ topsided] A, 4H B BEC] 9AF mE] § W] A

g &= Qm, REWE Austel o) B2z AAT £ Ak A A PR
=
=

(2) Jacket removal
SHETZER] jackete] E A= FE MAANA o] FoX = FAR TE THA 9
Hlal Bxettt. 7zt X 9e] Ao wet AlA WHol Ee A, Ao FRES

Aslr] 9lsiA diamond wire cutting saw, internal cutting tools 2] A H],

_23_
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ol 8 ROV7} Sl ojo} @},

4.1.3 Onshore disposal

o
scrap yard=2 &R¥k$tT} Scrap yarde MATFEES AT F Jde= 7|9 F
A2 Aasor s AHggn @ B@AAHo] FFEO glojof Tt KFAR &
AR A FRES AL L AAEo] THed ALHEN Y dRES A9t

= 239 AsAY #7122 2@

4.1.4 Site clearance

(il
o
i

ZE AARYES FEI T trawlers dragging net 5& T3t
500m 79 W &ojASlE oy siA Ml Hopsl= drill cuttingsE A
of gttt 34® I o drill cuttingst= BolA AEst A HIl W
of weh A=zt [91

X
o)

1,
i

4.1.5 Monitoring

sAAztglo]l Sud FE 2 Aol FAo| wet A% 2UHPL skl
ol

o "detes, 5 3 7 od 249 s EUERS B9
|

i
)
3
(o]

AR s AFAE A A 2 =7 2 Ag ARANA A =
sA 7] w2} complete removal, partial removal ¥ leave in place & St
7HA] W& A A3t} Fig. 62 1989 IMO A 3o w2 tefst 25 AA |
Holw, thREE] I7tellA st e A ot 725 AA WHES

A7) Yk AR aEAEe s ST RE AT 91X, piece large/small,

— =

_24_
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lifting ®WXo] Aot Fx2= A THES 2As7] fsiA Fx=E A &
sAA A Bl AFBAAEC] Foste e A TSt 89

Bryste] 7Hd A3 FxE AA YHe AT

c
F{E FE
1%

Examples of possible decommissioning options for steel
jacket platforms under IMO Guidelines and regulations

| “““““““““““ nl

Steel jacket
platforms
|
[ ] [
| Additional buoyancy | | Toppling | ! Other options |
Jacket with :
[ ‘ part:ial i:.:m:::rz Jacket only
——————————————————— t =
Other options | | Crane vessel || Piece small || Piece medium | RECES

,,,,,,,,,,,,,,,,,,,,

| Single lift | | Multiple lifts |

Fig. 6 Decommissioning options under IMO guideline [10]

53 A9 F2E AA HS AASH] At ¥lau¥ b (comparative
assessment)S A&k Ath OSPAR Decision 98/39) ulg}, sfuFAdn] LPA+=
A WHE AAsH] st ARZHJ] HIUME FAM R oFTF glom.

WH7PFHE Fot] ABAHQJ] AFE ANt HAZ HARHES AA s oF
Stoh, Bl w7 S 7823 02 complete removal to landg 7|+ CS. 2 H| ws}
H, v FE-S otH(safety), 7 (environmental), 7] < (technical), AF3](societal)
g A Al(economic)elth. 7z 5ol Uit Hrt= 7} dEo o) AAAE] FA
st AAEHojoF sk, HIwHI7IE FFstr] Hg H7FA k= Table 83 2t

- 25_
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Table 8

Comparative assessment framework (source :

OPRED)

Decommissioning options

Assessment
criteria

Matters to be
considered

Complete
removal
to land

Partial
removal
to land

Leave
wholly
in place

Disposal
at sea

Safety

risk to personnel

risk to other users
of the sea

risk to those on
land

Environmental

marine impacts

other environmental
compartments

(including emissions
to the atmosphere)

energy/
resource
consumption

other environmental
consequences
(including
cumulative effects)

Technical

risk of major
project failure

Societal

fisheries impacts

amenities

communities

Economic

MEDIUM

LOW

Collection @ kmou
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421 7+2E Agd ¥y
D 3RFXES Ad 94X AA

Fig. 73 #Zo] Fx= dHHS AAsH7] fsixe da fxe dad +
Z=9 AV|E 1Y oF . FRE HAE AASH] A = AR
e Fdpile) 2 HAHHE Adsto] EgAIACF &, A o= A3t
71 Y= stETF2E stEHE<Ql footing 2 drilling templateE A £ 3+ FES
AASAG [11] sfjH ot 55m A Fe Adste] AAsfoF et waps
o A4 Aol wet siA WRio] ARG, FHetde dd X7 2AHH
H FERES 3 Holl s AAY AJA, FEH o= MH(section)s Yo

AJNA ayete ot AAe] Afoe FxRE AAE Wl L8FHE
AE 29 F AT F2REE o287 HAe & & Aol F

a3tk 49 ol TxEY ARAAFol FAREE o] A9 7}

SAo] BrE wxo] Jtk SRTEE Adel ol M Fad ask 8
RpzEe] hgolA sl ST 4 1 FHRES @ W) 9T 5 9
AW A" TUAEF AQSHE Zolth 2B ZE, T 2 Mg
nEe PEste AWe dugy s dds °4°k stel, A9 BN A FHRT
2o 1§ W54, ¢, WAYE D AP 5w o} At

1. Cutting point 2. Piece large/small
| | | |
Below the Leave Below the
seabed/mudline | | footings/Drilling waterline Piece large Piece small
(3m,5m,15ft) Template (85ft/55m)

Fig. 7 Consideration of structure cutting
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(2 Aa 7l¢ 2 FH AF

TEE A9 AA7F AAEHATH AR o] dutd Ak g Mg ste]of
oy gk o) Abarel] FAE A A F o %}*ﬂé}ﬂl He F7HEE §A9 &
ot AdstEs Hlad wE AZE gl Awstal FgstA e & e &
HE Adgsks Zo] Fasith dadnls dd 93 g ojacket legel T
(thickness), & A ¢k(access constraint) L HrA|7bol] wel 24 Ao =3 A

el -5 ROVE #do] Baste=z g7 e oof 3,

Lo

FHA, AAZT 2G| AE o 67%S] ZUAE A FALNA FFRTRES A
o7 Zo-E(explosives) 35 AHEE AT [12] 05
< TEE HstdFo] AYsted A= HORE g gl A
slalo] Qbdalal BlRo] Al AgPTE Aol Uk AW 3
A s o] f@Adol ol HIFe] A EolEa A= AAolH, m=
9] B Aol Ao ARESHA =T

i

of
i
flo
|
o
s

i

H
o]£
Z

s

B
b

o] O
H=

2o oWy

Fig. 8 Template removal by explosives
(source : Demex International)
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=3
i)
=2
St
>
ol
£
it
e
ol
rlr
o4
i
o
£
N
rh
o
o
s
it

i
gt A4 ddo] 7bsstH Fig. 9 (@9 Z2o] Addol
Z-3skt). =% internal abrasive cutter= siA ™ ol 2] jacket legs S AHs)

7] 98t AMgE= AnlolH Fig. 9 (b)2} 2o} Internal abrasive cutter& I}
[e)

h=|
S SHAAA Ayt 23E aJTE BAAA Aot Oil&Gas UKe] ®H
2 abrasive AEGEHLE FoA Ho 1.8m7MA Aatd 4 o,
S UYHE A4 2.3m7tA A 7HsstH2012Wd 71+ [131.

(a) water abrasive cutting internal manipulators (b) internal abrasive cutter

Fig. 9 Internal abrasive cutter (source : Oceaneering)

Diamond wire cutting 3%-2 dde &TE AME3ste tololE = nl =7} B
gl ofo]loE & IHAA ZAE Hdste dAFHoIT FAloly x|
Agre] glom n&HG0] Jhsdte] APYATS AAANE F Aes Ao
ot SHAIRE Nk Mok FHEG A6lE giosis vlgo] =2 Holth Oil&Gas
UKol iAo w2 diamond wire cutting &%-< Ao 274 3m(120¢1 %))l
A FH A& 0.45mA8AAN7HA At 7Hsd Ao =2 ghetE 2012y 719 (131
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Ak A PE A, 7)) 9 dnp dw gule] A4S AuHon ge 4
AAE E}E PFF 5 douh FA0l Ze FolAe TEEL 100% A7
g 5 oglth b SAE AW PEe TR o]gd PPN HAHBA

3z

s

A9 o 202 A|oko] wol| 1L
A b ARE 5 Qe A

go] =3 HAAE Hlwd A3 diamond wire

r {
2
N

4.2.2 FZE lifting Y

qFolA TEES B HAsiAe ddd sETEs Ade e S
2 S9o] 29 cargo bargeo] &3] ujjx s} Ir*o“’i =Hslof st o] of
=9 A7} FA & Este] A3 lifting HHS

B
e BN

TAE AA %—@‘3}:‘:— Zol E7}SIEE =W “3*1510% A=
2}-$-El(grouting)®] o 3-¢} marine growthe] <ol wa} F712¢ FA S g

sFA s oF sty o & A<l lifting W S 2+ buoyancy W, heavy lift
vessel AHg W 2 single lift vessel A& ®WH Fo] ot A HE F
vessel 8459 S o =9 fHHS 9% mobilization/demobilization H
Astes vlFol ABR AlFsHAl ZAAsiok st <Hr(safety)’ o SHE
afj o Jhrt.

(D Lifting 7€ ¥4 - Buoyancy

R
£

ofo
o
>

Buoyancy W& Ad3t m7]e] ¥ B 3E jacket legol| H&Est= WHO
2, CVBS(Controlled Variable Buoyancy System) % BTABuoyancy Tank
Assembly) W GSo] St BTA WS 7Y g3z A3 sFEFRE9]
de-ballast HA-S v F=€o] Fo] ALHo & W=7} B s TES
T2 WP FE wWeET WHRE IJFTEES B|IIHEES F3 o= Fg.
109} #Zo] S¥og2 FAAW FAAA UmA SfAAGS HA
2008\ TotalA}e] Frigg cessation projectoll A &gt lifting =
steel jacket(8,200%)3} module support frame(3,400%)o] &3l AlFZFo=

u:E
jﬂl
)
g
[\
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T3 o] 9t Buoyancy WH-S
st ™ol oy, EA, dF o FEF

glom, 5e gae] oAFoR A% 9194

nlaa wlgol AYstL FARFT} 2
2 §A=29 o|Fo] ofEg 4
I gk

o

o

(@) buoyancy tank assembly (b) buoyancy tanks attached DP2 jacket

Fig. 10 Buoyancy tank assembly and tanks in Frigg cessation project

(source : Frigg field cessation plan close out report, Total)

(2) Lifting 7]& ¥4 - heavy lift vessel

Heavy lift 7]&<& 7} R#Estd lifting 7|0, 7+2& AA Ao g7
(rigging) AX|(ift clamp )& F-2sle] Il 39 AZAS AejoA 2=

< Adste] o] &8E 7]<o|th Heavy lift 71&S 242 AALS 39 9E o
£3}e] cargo barge(CB)ol| A Astmz Aol Alo]=9} FAZ
g =2 &Fe 2Ask= Aol Tasit HLV 3 CBE &41st”
=7} cabotage rulee ZAEs|oF 3hH, HVLES E} Z7lolA] £48 A
mobilization/demobilization B]-&-& A &3tA HESIAoF gt}

(3) Lifting 7€ ¥4 - single lift vessel

Single lift 7€ ¥ Fx=< &9 JdHH} ZHE FAste] @73t

A F AdE 71EE hFEFH SLVE AllseasAte]  ‘Pioneering Sprit’o] o}
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SLVE g shadulel 4X 2 iAol SAHE M

3 9 mAMoR HAY Bask glol BHAM M2 $AZ g £ 9
AT el A WFFEES S0l 2° we| sF Mupe] 2L
3m, AZHA e 37 dPassol AT & Yok vl AUt

FHAoE HtE FERES AYstr] fste HFTH o= Fig 119 22 ==
Az Aok @t 2ol T2 THE EFatL sk, A (safety),
$}7 (environmental) 2 Zd(quality) ZAFS 33t HZE AdHS 2As)

H HYWHOoZ = AALE(reuse). A Fuf(resale), A &-S(reutilization) H v H
(landfil) S°] Utk

OFFSHORE ONSHORE ONSHORE FINAL
OFFSHORE  rpoANSFER  BASE  TRANSFER  TREATMENT

Redundant
Installation & Supply vessell Waste treatment/ Bulk transport Re-use/Recycle/

e Heavy Lift vessel Dismantling yard carrier/Skips Disposal to landfill

Skips sorted and Non-Hazardous Waste
Offshore Y ,
) Multi skips in single | waste separated into * Re-use
destruction/Reverse shipment individual waste >, R l
installation P ecycle
streams

* Disposal to landfill

A 4

Hazardous/
Major items Special Waste
Transfer of complete dismantled and s Treatment
Single lift modules with multiple |  broken down in to > . .
waste streams individual waste * Incineration
streams * Recycle

* Disposal to landfill

Fig. 11 Waste management process (source : Chevron)
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BT 2E(opside)d] A FAEH e AHl T dFES AAHEIA A
Ab&(reuse)ste Ale @At o, stRFEES A FE A (scrap)
A& stAY & B ow ALgEtr] 98] A&t Aok 4 m7PE 7=

Table 9 Material disposal regulation [12]

Country Material disposal

e 30 CFR 250.1726. Platform or other facility disposal plans must be

a
1= submitted during initial removal application
e National Agency for Industrial Safety and Environmental Protection
for the Hydrocarbon’ s:Sector Act. “Secondary Laws” of Energy
H A= Reform 2014, created National Agency for Industrial Safety and
Environmental  Protection, which will grant environmental impact
authorization
5= e The Environment Protection (Sea Dumping) Act 10B, 10C, 10D.
=

Operators may not dispose of materials without the required permits.

e Ordinance 422/2001. An EIA must be prepared for offshore oil and
B4 gas activities. Specificity of the EIA will vary depending on the
sensitivity of the area being developed.

e SOR/2009-315 #6. Submit application for authorization with a
description of equipment and procedures

et

e Chemical Substances and Products Act. Soil Contamination Act.

Environmental Liability Act. Waste is regulated in integrated
dlnp3 environmental permits by Environmental Protection Agency. Special
Rules - Statutory order no. 1502 of 2004, Consolidated Act no. 1072
of 2010, Directive 2012/19/EU, & Directive 2000/53/EC.

e Maritime Transport Act 1994 - Submit request to Environmental
Protection Authority

=y
(1
£
[

e The Petroleum Act Section 5.3: The Ministry will determine the

appropriate disposal method and the time frame in which the
EE299] operator must carry it out. The operator is then responsible for
ensuring that disposal is carried out as directed. Section 44: Provides
specific requirements for decommissioning plan’ s Disposal.

o e The Petroleum Act 1998 (Guidance Notes). Platform or other facility
disposal plans must be submitted with decommissioning programme

- 33 -
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43.1 3{FFZE AW - 23 (scrap)

SIETRES HrIsk] fElAe H7IE HEF AAo] Fasit. Auks
TZE AHE §AZ 31Y(offloadingd 4+ U= 1Y
K &

23 AT F A= it opF

-p:
l-
o

il

Fgog oJof It FEHE s St
FrxzeEs 239 AYT 45, d2afy s Aduste] TS He S
°]-& 3|ttt mmolAel 1E 714 2018 5¢¥ V=S & Table 107 2t

o)
FH-S 2018 5¥ 7]& structural steel scrap 1% 180E ] o]u:] =30l e
1=% oF 215091Qk, QI=vAol 1AM A L 159 22088 &2 F89. ARt
ZF A9 @A ARHEE0l sk sjAlFTAE ST I 9 Ao
A Ael 2 e A X A9 FH&0]l FUtE B "k Hobd
A%, 239 &R nF@BurEAo]l ve 5 glor o] AHgols A ]
go] F7tE TAsHA Aok

AN

Table 10 Steel scrap price in USA (source : www.rockawayrecycling.com)

Meta}atn' M 'Y Price
Steel $0.05 - $0.085/1b
Light iron $0.06/1b
Cast iron $0.11/1b
Brake rotors $0.11/1b
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4.3.2 3{FEFZE A2y - A& &(reutilization)

u]= BSEEo| Al 713 Decommissioning Cost Update for Pacific OCS Region
Facilities R A¢] w=w A shAHE = 22 AA 2D 27 ¥LL 50%
£ ARt 91o ™, material disposal Hl €2 12%E At Aok [12] A A
AXoZ H7|E A HE&S Fol7] 938 1972 @ ek, 1989 IMO A3 59
A G A FEES Aol B FHES 3 AnjA](replacement) & 5§
st Qom, ol ZAR 319 FETFERES A -E(reutilization)dt= AFH €l
st AFstAth AT EE A 2, AzEA 2 EE 5o AR

AETEES kel Rordtel el EeEE AR ALS 9 Fo
otk SNGBAE A0l TESA ol FoIAT X B ofAlok Ao A
= A ge Haste st wFEY PENE Bl AAse] Hels
Anck s B, AF AT R S S B AJTH AAT] ABET

Sl webe mAlss ATy} Bus W Folu.
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FANAE AP E] A 734 B4 28T HEA FuR 24 Py
JTH@FFAAURE T AFAZ AL ZAYE, AT FO8 AFR
% S d Jqo=z

g AAs vl EQFoRA HTE, wEY 5 24t A
AAHOE B aAEe BASAAI] Astel FAT 9tk

Fig. 129} o] #WA|sigt A o] sjFdn] Frol= Aol utel 10,0000 4
20,000mt2] 9] o F7E MAstal lem, o= QAT sgET 20-508 =2
Zo|t} [18]. whehA wl=t HRoME slFdne] AAE Iz 9 ofF AA7}
s Boslg on, 19989 HE MMSE A§ 9 7ha TREO AAES
A Q3= National Artificial Reef 3 2-& 7§39t} Rig-to-reef(R2R)= a5+

28E ABOIRT ABEIE AUL sy, FFAES ST EEo]
AFoIZsh fASTHE M, FAE AN APPE Mol wusTe A

o
NI
e ol

FEste] /M= Ak HAIZTE A= 2018 4€ 7]+ oF 532719
o] JIFAAx=Z AL o [5] oo} X Fox = HF o], T o]A
ol ] Rif-to-ReefAtd S Z3§st Hd o] ot

_l

o

poh
i

],

Fig. 12 Marine habitat surrounding platform (source : www.bsee.gov)
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44.2 tol¥ ZERIE A

Fig. 13¢ 1= Z2eth 9| USS Oriskany TholB ESIEZ 2006 2]
ot FoAE 5o 3F7] 4412 USS OriskanyZS <1+ Pensacola 38 ¢F7}oll A
oF 36km ol 4 64m Ao rigkers] fold EJJAE=R JiEsit
2013 W= <ehutek(Alabama) A GolA = Aol 82m HHs=A<Ql LuLud<
BfQHA I withol] HEAA At ol ZRJIEZ /WEEATh oA AF
TZES F83te] A5F told EJEER Lo, ol 3o AY 3
FHFHES 43 AV BAHE ATk 2T FolAE toly EIE

S 3] toly o3 #BE AF 2209 2, AAF oldad 3607 &
2, 67709 Ay A= E 10T 2 Y AA ol AT TRAT
[14].

(

i i L ...; DA 1 e
Fig. 13 USS Oriskany diving point
(source : www.gigglinmarlin.com)

4.4.3 Seaventures DIve Rig

19853744 Af 2 st~ Mug 8" ZUES Jfxste jack-up

accommodation module® &-83}1 %+ Seaventures dive rige= NAE A
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HI S sjofdg Au2 A3t Je dEAQA Abgelt). Seaventures dive
rige= Fig. 149} o] g ojAlo} B2 @ Sipadan 1+ Mabul ®ithol x| F
o] o, YXE F tolH %‘%ﬂii AREE T UTh BT AReE HRE
A FEANAEE AAet BAFAEe] € F JEF steH, stEe ga1Es A

B3le 6719 legEs %}%0}04 thol)) 2o = o] st Ut

Fig. 14 Seaventures dive rig (source : www.seaventuresdive.com)

4.4.4 913 %2

A7 1919 o} FaulFe 1990 d ) i 14.4kgol A 2013 19.7kgo.= =7}
fom, 20139 7= 711%} o] 1919 o Favl e 188kg AR e Qk
8

azt ﬂ%i 1ol S7lsks FAlolH, 2 & ”"‘71 Hsﬂfﬂ 01%‘# A &
s

A AFE AT A FAE Al P Age A 20d Bl
gshel pAol e 20149 A ol AT oF 44%Q] 7,380 Eol T
o} [15]
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— Aquucuhure for human see Tofal capture fisheries Capture fisheries for human
consumption consumption

Fig. 15 Global capture fisheries and aquaculture production to 2025
(OECD and FAO) [15]

AA FRANFANA S8 AABIL Y opAok e o opyet

Fo] st Ao = #AAXo] Eoh 1 F 9] U2 (offshore aquaculture)e

o

Agtol A & AzulE Holg ol Xl dAste] FF A E 2
e oA gHoln, A2 2ol AYBHl ABHRNA F4F TN ARE
Askel Mt SINZ o] FAAL QU FAlel RS F4 gHolth o)
4g mtzoz B A FAF Ful BUHY AR AT
FA2HE ARG SANAE 9hdow DY 5+ RS Ao} a)ra
2] dAste RUANE F2 2R g2 gy 2 4H4S Sushs
Rl olftks wgol AUtk EW AAFH S e HEoh AAAHZ 5t
AaEe] he8 9@l Acke Bgel Atk [16] oY T BHES R
lste] wFEE PN SHTEEL TN A PR I
Babs ol AU I gtk Ba) 4GS FHOE BB g FRF AW
AR S Y Bass delgA e AR ZRAEd U ATE
sgom, o8 Fstel I A4 YW FE 5 AN GRE AF
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A5 A =FHY fFAu A L ATE Pt B

51 24 o SAE A 2 A P 24

51.1 /18

= 04?01]*1 w5stkd sFAul Y Al B ALE e BAs] AR =
XZ o 3L o

P AEd Aol ‘AT WEo] MAo] gl ‘A FYPBFOE MFIYL
o, %%HE-J =9, TaA4 2 AT AR et AA L ABE
ko] thakel mAshA. 517 Oﬂ/ﬂt— SYEe] AA WHI A g
Wate] BAsA 1 A3} ghe 5289 ABE Wk BA 8 oo g A%
AR AT

A=v|Alof Zejutet AFel] A Hol = A SHEFL 1976 |
FAL ¢ 221ft(67 4m)o|t}. Table 112 AZ A E2] AdS Uetll& #olt}. &}
RpzEo A= 1858, marine growth 59 FA7} £3td FAo|th A
ZYPE2] Folol-S Fig. 169} o B Ao A= conductor, riser 52 A
= AAskE Aoz nEstion, 34 9 Hxjpol|l= ZgetA| FUTh

Table 11 Specification of A platform

Platform production platform
Water depth 221ft(67.4m)

Topside size 21.64m X 20.73m X 8m
Topside weight 539.7 ton

. top : 12.19m X 12.19m
Jacket size base : 23.8m X 23.8m X 70m
Jacket weight 844.7 ton
Leg 4
- 40 -
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Fig. 16 Platform A layout
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A ZYEL Hg 179 A =¢f o] Zve (R =24 Q) 44 FZ°] Makassar
ol 2x3ta o™ Bontangoll Al ¢F 36km ®ojR Lol X3t} S Lo

A 7W7kE AHl 2 Hlo] & Santan A Holl A% B Hu|'dE o8t Stk

=&
Bontan
4 |
?}} Santan
4 m
‘A’ platform
ebulu g
ggarong §.%
Atpict

Samarinda y
S

Fig. 17 Location of A platform

513 A S F AA ¥

A FPEE 19989 1€ 19 oA A=A 4lo] 75m olst, F+x=
FAZF 4,000 o]ste]= 2 1989 IMO Ao wegh AAH o2 A Ao g
g AHEFERES AAT £ sREFEES I Agd T WHE JHssith
wetA AZHF HE 7Hes siAl WS complete removald} leave in

placee] ™, sIAMEE A% AA PS AHs7) Sske] oheo AF welA)

(1) Complete removal

o SIEFZES AW A A FHE HAE AAT A A= Ao}
Permen ESDM 1/2011¢] we} stRT+xE9 AW X=  ‘Below the
mudlineGbm)’ 2 2 A =t}
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e Piece large/small : Fig. 189} o] AaghAT Ax} 3R FxES T2 3
ARE HIEOE SEFERES 2 FEOE Yo AASE AR I

A},

_ Top Side
- 539.7ton |

~ Jacket Part.l
- a01.7ton

Fig. 18 SACS model with weights
e Lifting W : Table 12& FWEF A9 Fx& lifting ¥HS &4
o, 7} 23 lifting W o 2E HLVS crane bargeE o]-&

TEES €0 &° F Aol AdAste] nHkets ot =

e

QL

&

i)
oo L
o il

9

=)
rO
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e Piece large/small : APAF A FEFZES TF 43

T AAE 3 Holl AARH.

o Lifting WY : ARFXZES A9} miscellaneous F-AES ¥ 3t Table

129} FL7 Aoz A IO

Table 12 Structure lifting method

ethods
Results Buoyancy HLV SLV
o FHTEE, S
e TEES 278 F=z=25E F
o2 Yo AA A A= A3 ZaEe] MO
ER F2E 5397TEY. g;f;jo] “ o)
B e HHEEIZE o)L | e miscellaneous F-7| 14‘; ivLSfV o ¥
& Ay g2 A 2 SEeA 10 oy wmeyn
Ae 2wsor 3| 58 Fysted z T N
oZ HEg A9 gl %S oF
FA FnlsjoF &
HAHAR B3 A% B3

514 A ERF Az ¥y

A FRES A D ATE WAL LA 95t ARTEB HY
%

o
< AT H7IE AZsts WHoR FdsHA 2T dF =

Aol A 23 Aol Auhst
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Ao, =7k 8 A

ol

e Y=g vy

o Ael ol thshe] AT Holuh

le]l AAs)oF 3t} Table 13& A S E

Table 13 Structure disposal method

ethods

Results Scrap Reutilization
SHET2E 1384.4EF9 11EH e QAZuY Ao} 2P ofAlo}
< AEE F de 729 =7t 5 39E AAFL
oFA LS AR om [20], siFTFAtde]l =
H}Xl*doﬂ AAE e T 7H FHAYCIER, s

4 E& Irx] stdE 4+ A #AE AQ2E Ak =7t
= Avl9 5% o 2 A HALZ] o] FH A<
TE=9 01%—% & 4-3}stal ZHE el A9 AFEATH
T oleEE  FHSHL oflE g H I %L &
e oFFA AARERIAA =3 £ ke Adaido] o3
Santan A< ¢ oz I N -
Agen | SO A ad A | R B AR e

52 A&E& ¢ £H 2 B}

5.2.1 /18

514004 ABE HS BT AT PR B ABE Pero] Yz
Agstths Anrt =
Porow S b B 274w A

2 HIhesd
(1) Case 1 : Rig-to-Reef(R2R)

rr

1%

RZR R & sfiFrat 39 A28 Weto = 7P &3 Wiolw RZR A4}

WS Fig. 199 2ok A S35 AAZH R sfjAd|=o|oF st dd 93
o2 AAHO o}
o] w2} Topple jacket in place®} Lift & Transportation jacket to reef location

-k

‘5m below the mudline’ =2 RZ2R #HH o == Fig. 19
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S A3 4 At Topple jacket in place WHE FRFTXES A3 5 3
st FHEWEgo T Jdojxmy = ®Holr, Lift and Transportation

g
ges &g
jacket to reef location WL ZHYEZ FWHo] T sFAdnrt BgsiA AX
g FA 2g Ae,

Hof AAY dFolzelel e sjAAnz )
9] | FEEFH(conservation area)elyt HE7HE Sl reefing pointE 24
3hof o5 A7) W,
Well plugging & Topside e Material Site
abandonment ) removal j disposal > clearance
Jacket
removal
]
Jacket removal options ‘ Complete Removal ‘ ‘ Partial Removal ‘ Leave in Place

=

Below the seabed/
mudline

Leave footings/
Drilling template

Below the waterline

Lift & Place on the seabed
next to the bottom
portion of the jacket

Lift & Transportation
jacket to reef location

Topple jacket in Leave in place

place

Rig-to-Reef
options

Source : Les Dauterive, 2000, Rigs-to-Reefs Policy, Progress, and Perspective

Fig. 19 Rig-to-Reef process and options

AP, A4, -

ST EES JAFAxE F83t7] HdiAe s FEHA,
A, gdod & A HAAE AASE AU B 88 Bontang A Y

$13te] 5,121.383Et =0 Eal=
T ZE AZLEE= Weko A reefing
Ho=w Lift & Transportation jacket to reef

o
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33.45m, =o] 20.70mo|H F &4 5400ni o], 200tone] oJFE A

AUTO FEEDING SYSTEM

ACCOMMODATION &
MONITORING SYSTEM

EL(93rer > n N
B (400" i FEEIJINGPIPELINE Ji _:_ | MsL
> i

B pare MONITORING CABLE LINE

EL f) 100"

EL ) 181"

Fig. 20 Concept drawing of auto feeding & monitoring system

52.2 HA 18 A
(1) Case 1 : Rig-to-Reef(R2R)

AEUAJotell HAH e BE HfF B 7l dule FHALBMN R
TAE o, A=A o} AF-FolA Attt sfFdnle] siA Bl A&
< faMe =/ ALFBMN)S AZsAY Frste RS Fdsior .
BMN A& Axt= AFF 4 No. 96/PMK06/2007°] wet #AHE™ 53] A4
2 7l A3 BEE BMNS A3 4 135/PMK.06/2009 the Management
of state property originating from the contractor of cooperation contractel] uw}
20 elx=yAol= R2ZREBHE Ao EEZ glor reefing A4 AA, A&
Z 27, AFAx #AY Y AlF 7IEe] mtaEo] A FT wepA AZE
ZHoA RZR A2 7] siAs d=uAol ity 2 AR
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(2) Case 2 : 93 ¥4

Indonesian continental shelf &% A<l Indonesian Law No 1 of 19739 uw}
Zd AxY Aol AR= AfF @ 7t A4 FHAE T A$E A9 (G00m o]
sh 2 A A Y(1,250m o|shS HAAst #A 9 Aute] &
ok weEbA Qs AEE Ats FEsr] fsiAde ERFY AU R

A% ks A BT WAL HA @ NGB Bl Aol AR

ds FASL A

A platform

5.2.3 Az £4
Fig. 222 QIx=uAot A ZHFS oz oA, dgolx & s o

Qrol THE FAAAE =28E 1

mlm

uich
o
v

(1) Case 1 : Rig-to-Reef(R2R)

>
Og{;.“
>
_>|.1_r‘
©

jus)

RIRZAF SR sk S4H9 37 Ak wES W, R2R
FYPARE ARTZES AVY F §A2 ewed Ase wAg A
S e Aoz sotEn A FREL) FARTREL HFHoZ AFORE T

§37] 9Iste] AA=uiAlo} Bontang + e HYRETHOE o] FAA FuY
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_]
< A FAET SA 2] HME, sHRTEE SHHlE, ETERE AT
x4

deFA o ABLT A5 FRTEELS AASNA ¢ 1) ANLE
2 SRTEE A7, SRTRE euk 2 A BV g FpHe 9
nEe RASE AYe FAF ¥

u

AN 2E 3 AEH o)y

AN Offshore
Decommissioning
acquaculture

Well P&A Well P&A Well P&A
Topside removal — Topside removal — Topside removal
Jacket removal Jacket removal Jacket maintenance
Cutting pile 5m Cutting pile 5m \L

below the mudline below the mudline Site Clearance
Lifting and Lift & Transportation Installation offshore
seafastening Jjacket to reef location aquaculture
Transportation to L Transportation to L Transportation to
onshore onshore onshore
Wstetal dikpass) Top5|c.1e material | | Topsu?!e material
disposal disposal
v
Site Clearance Site Clearance Monitoring
v v
Monitoring Monitoring

Fig. 22 Decommissioning and reutilization process
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53 BAA =3

FRTEEC ABE PAOE AN ANFAF Pote] AAH THE o
o o 3

ol\
Qlt
N,

(0]
Qlt
2
-0,
b
i)
>
S
o,
o
AV
[
it
&
Ll
)
o
o
fru
rot
o

&, AAFA 8 #YRlE 5 A
st EA4stien [22], AAA &xel dF:H 42 #;e/MmEREB/C

ratio), =@ A7FX(NPV), WHEFE(RR)7IH 5 A &3t FASAT

EN

aferal ol EoRE  Elo]A  IFJH(tiger groupenES  AABIATH
JA=UAel=s AAAC= 7 & %Y  FH=71E, BolA IFds
AU Aol F2 Age 8 F5 S5 A MAE & ofFoltt [23] EtolA

FH | ZFslE®F 400 - 800gel™ [24], IZuvAotoll A 2] o &2 7|3
12789 wgtolt} [25].  JsfFx& o g wl= OceanSpar(¥ A innovasea)Al2
HEzk4=2] oF 2l ZH(submersible  cage)?l Sea-Station 5400 E@=2 A HYIHT

Table 142 Sea-Station 5400 =2 9] A¥-S JEIJE= Fo|t)

Table 14 Specification of aquaculture cage

aquaculture cage size volume | farming scale | service life

Sea-Station 5400 33m X 20m 5,400 i 120ton 10y

B AFo A= 2 af o2 AH(Sea-Station 5400) 2z F 300,000m}2] o] E}o]A
I8 Xo@B T 2597 dalEe] 700g¥ W Estele AowE HASA
o, T FAVIEE 2NER HEeATh & &(discount rate)2 vl el 7HA|
E FAVIAE f3ste AATES ou|sty 7| AR duEdE RA &
& FZAAQRINANA AT 4.5%E AL&stAth. KRW7]&S & USD 1 =
KRW 1,1002.2 &t}
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o SRTFRE ol MY AFHIFFA2Y L BUHY AxE vge
T Sl 719G ool FH Gl 2F 18e

L H
FA3F] 100,000 4 o2 4k sla o) Fal A
AR T W] AA NS I BV FFAA TGl e AF e
1E0 2 4HAenh Table 15+ EtolA 173 QiAo 7] AHEA
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Table 15 The facilities investment costs of tiger grouper offshore aquaculture

Description Qtylunit | gy To00) @A%O}{%o)
Sea-Station 5400 2 set 400,000 800,000
Feeding and Monitoring 1 set 100,000 100,000

system
Buoyance 4 set 1,100 4,400
_ Generator 1 set 83.300 83.300
(main + emergency)

Total 987,700

2) AoH]

HolA s Aol F2 slmaAlel AwolA sk Robdold B3
stal lom, Xojeo] AlA7FAL 0.06 USD/cmeolth. x| ojv|&= F
10cm Efol7l 153 Ao 127)enit} Flels Aow

(3 Al=H]
A=Y Aot A= BlolA IFHY ARE F2 trash fishE AH&stal Ao
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™, trash fish®] FCR(Feed Conversion Ratio)= 6.26°|™, lkgd 7}4L USD
0.42/kgelth [27]. B}olA IFH 9 FA| o] 675g0]lal ALEASFCR)7F 6.26<=
HrgstE 1270 B AFRTS 9F 4,226kgelar, 1nbe] & AFEH|ES USD

1782 8L 4+ Aok

4) +9H|

- =
£HE AREY AAHI Z3Hoo Ut Ar|F o R QU AS HAY
SAAHE, AT *ERE 2 ALY

o 2
(T Iﬁ i)
N oo of M oo

ON
rok
~
X
=
=
(@]

[ep]

Table 16 Summary of the expenditure of tiger grouper offshore aquaculture

. Amount
Description Breakdown KRW 1000)
Fingerfing J ES% \())(./6 gg()g()g()é)gg = USD 180,000 xKRW 1,100 198.000
Feed J ES]IGDQ 3&728?34%%%% = USD 534,000 xKRW 1,100 587.400
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Table 16 Summary of the expenditure of tiger grouper offshore aquaculture
(continue)

Amount

Description Breakdown KRW L000)

e manager(senior Engineer)
USD 5,000 12month <2 = USD 120,000 <XKRW 1,100
= KRW 132,000,000

e engineer(Indonesian) [29]

Labor USD 5,200 X lyear X 10 = USD 52,000 XKRW 1,100 215,283
= KRW 57,200,000

e technician(Indonesian) [30]
USD 247X 12monthx8 = USD 23,712 <KRW 1,100
= KRW 26,083,200

e maintenance [28]
KRW 987,700,000(facilities investment cost) x5%
= KRW 49,385,000

e medication [29] 51,860
USD 250 xXKRW 1,100 = KRW 275,000

e others [29]
USD 2,000 xKRW 1,100 = KRW 2,200,000

Fixed
operation

e office rental, permit, management cost and
Office others [29]

operation USD 20,000 x1year = USD 20,000 <KRW 1,100

= KRW 22,000,000

22,000

e fuel & vessel = USD 1,000 x 12month

= USD 12,000 KRW 1,100 = KRW 13,200,000 13,200

Supply vessel

Logistic e total cost expenditure X 10% 108,774

Total 1,196,517
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KOTRA® A 2313k 2018 QIEU Ao} X=He HuAd m=m 2014
201539 IEUAloF BV ES 6~8% R o™, 20161304 20173 &7}
5o 3-4%2 HA s2elATh KOTRA A4k OBCD %44 271448
o] 5 ARE FYHOE AR FF ARUAl BHISEL 35%2

ST

o =2

ol —lN‘ 0{)‘ >

X

532 ¥ £4

Hhgsle]l YEES 90%E FASADL wWEkA xo] 270,0000HHE U4
S ¢AzF AAabEe 189,000kg o 2, o17]14 A|A7FAUSD 8.77/kg)S FEF Azt
o)af okl 429]& USD 1,657,530% UFERRET)
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©
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o Mo
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B 7EA] 3,880,184,690 =H <, AA7HA|

20199 z=7] ANAFEAR lste] Blwz Z dawEo] TASHI
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Table 17 The estimation of cash flow

s 2714 e AA7H
H g e | We-ulg | g | WY ng | He-mg
A | 15024517451 | 18904702141 | 3,880,184,690 4.5% 14,464,188916 | 11,914,410,514 | 2,549,778,402
2019 | 2,184,217,520 0 -2,184,217,520 0.957 0 2,090,160,306 | -2,090,160,306
2020 | 1,238,39%,633 | 1,823,283,000 | 584,887,367 0.916 1,669,634,853 | 1,134,035,973 | 535,598,880
2021 | 1,281,739480 | 1,887,097,905 | 605,358,425 0.876 1,653,657,486 | 1,123,183,954 | 530,473,532
2022 | 1,326,600,362 | 1,953,146,332 | 626,545,970 0.839 1,637,833,012 | 1,112,435,782 | 525,397,230
2023 | 1,373,031,375 | 2,021,506,453 | 648,475,078 0.802 1,622,159,969 | 1,101,790,464 | 520,369,505
2024 | 1,421,087473 | 2,092,259,179 | 671,171,706 0.768 1,606,636,907 | 1,091,247,014 | 515,389,893
2025 | 1,470,825,535 | 2,165,488,250 | 694,662,716 0.735 1,591,262,391 | 1,080,804,459 | 510,457,932
2026 | 1,522,304,428 | 2,241,280,339 | 718,975,911 0.703 1,576,035,000 | 1,070,461,833 | 505,573,167
2027 | 1,575,585,083 | 2,319,725,151 | 744,140,068 0.673 1,560,953,325 | 1,060,218,179 | 500,735,146
2028 | 1,630,730,561 | 2,400,915,531 | 770,184,970 0.644 1,546,015,973 | 1,050,072,550 | 495,943,423
Table 189} %Fo] &U& 4.5%, AA7IZE 10, =7Hd<E 35%< W9 o,

Hl-go] dAZIAE 11,914,410,5149, Helol A7 = 14,464,188,9164 0. =
TAAZIAINPV)E  2,549,778,4029920  AoZ  gotsn YR E(RR)S
25.58%% JERATE B2 9 HL(B/C Ratio)2 1.2102 AAA gaAd 7134l

Vg FEH] HFRTREL ARET HolA 17 AHINF A 7

Table 18 The estimation of NPV, IRR and BCR
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T8 Z=EuRd 71E
Heolol A TIA| 14,464,188,916
| g o] #A)7}1 11,914,410,514¢
NPV 2,549,778,402¢ NPV > 1¢
IRR 25.58%
B/C Ratio 1.21 B/C =
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Table 19 Comparison of R2R and offshore aquaculture project

R2R Offshore Aquaculture
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Table 19 Comparison of R2R and offshore aquaculture project (continue)

R2R Offshore Aquaculture
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