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Strategy for Development of HSE Management Framework for
Offshore CCS Project in Korea
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A T2 slE s A8 ] CoE 75 A1 5 Sl 3|9 CCS(Carbon dioxide Capture and Storage) A5
9 -85 SulelA] ] Foltt. #lYF CCS AFY Al A B 8ES o R tiifE CoE 75, 74, A%
sk 71EEM, FE TY Ak A Al 1, 87, A Tl & FElE o8 FAIA s S 7R AL Qi whebA
¥ CCS A P3-& FHal] flsiAe AolT7]oll AAA 7k At siokEE] F3h= 9148 HSE(Health,
Safety and Environment) #2] #<to] QF&t), kARt =] oﬂb CCS Aol A 7153 HSE ¥ = 7130 Q1S
ek op} Tl A7 mlnjgh Adglo|t, o]of] & AFtellx= FZWE T HSE ] APHE, 3l1eF CCS HSE
e 7to| =Rl W 9] AHIE AL, o] & st :L‘ﬂoﬂ/‘i 3%F CCSE 14| HSE #2] ZH|d 9= -5l I

3 QARRE SESISiT) ol & 28l % TollxlE WA MEA 0w Fgu= AF AEERER] 1SO 310001 EH?‘}
< T8It 58 SFENE HSE HHAAE AAF SR 75 29 51 =9o]9 =2 @ CCS HSE
7hol =Rl 9l A& AblE 72t ‘r‘” SIStk o] F EO|Z sulellA 319k CCS A F+%14] HSE ¥ =993 7
=& 99l 5 ti Fesllorst AF8Eo & HSE Philosophy?] 2Md<] H A4S T&3l5iar Aell5=7] ©hAlel e HSE
] ZEAAE ARSI & w=tollA] AREsE HSE ] Y9 aE B3l =l 3l CCS A5 AR FX1A] 7]
g AA D}‘Z"TH HSE &2 githd Kok Qbdstar A AIA Q] A& o33t 4= 9l& 210 = 7|ojdrt.

_L40

Abstract — Korea is preparing an offshore carbon capture, transport and storage (CCS) demonstration project which is
recognized as one of important CO, reduction technologies to mitigate climate change. The offshore CCS project
aims to transport, inject and store large amount of CO, into offshore geologic formation, and has a potential risk of
leakage which might cause disastrous damage to human health, environment and property. Therefore, in order to
ensure the safety of the offshore CCS project, a strict HSE (health, safety and environment) management plan and
its implementation are required throughout the project life cycle. However, there are no HSE domestic laws or reg-
ulations applicable to CCS projects, and the related research is insufficient in Korea. For the derivation of the
essential and urgent requirement in HSE management framework applicable to the offshore CCS project in Korea,
we analysed the HSE management methodologies and foreign CCS HSE management guidelines and cases. First,
this paper has analyzed ISO 31000, a generalized risk management principles. Second, we have investigated the
HSE management practices of CCS projects in Norway and UK. Based on the analyses, we suggested the neces-
sity of developing the HSE Philosophy and the HSE management process through the whole life cycle. Applica-
tion of HSE management in early phase of an offshore CCS project will promote systematic and successful project
implementation in a cost-effective and safe way.

Keywords: HSE(Health, Safety and Environment; X 71-917-8+-7), CCS(Carbon dioxide Capture and Storage;
ol kslekA 7 9l A7), Risk Assessment($1$ 37}, Risk Management($13 #-2])

Corresponding author: kgkang@kriso.re.kr
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L Principles II. Framework III. Process
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)org:r?i;aatipoanralo I(2) Mandate (L) Establishing fs
processes ang t the context

¢) Part of decision commitmen c |
making 2| [ me ris

d) Expllm'g[y addresses TI(2) Design of B assessmant z
uncertamty framework @ i 2

e) Systematic, structured for managing S m(2-1) Risk o
and timely risk \ o identification pe.

f) Based on the best 6 = °
available information Ie3) 5 - 2

g) Tailored Continual Implemen- | | | '% Jo] m2-2) Rlsk <

h) Takes human and Improve- ting L analysis =
cultural factors into ment risk g 20
account of the manage- = m(2_3) Risk A

) .Tralnsparent and framework ment S evaluation =
inclusive =

j) Dynamic, iterative and 1(4) %
responsive to change Monitoring

k) Facilitates continual and review -
improvement and of the I tIII(3’): R'Skt [
enhancement of the framework reatmen
organization Q

Fig. 1. Risk management principles, framework and process suggested by ISO 31000 (ISO[2009]).

£ F, 1) ZE LA A, 13) 18] o)8y,
1(4) =] o] RUEly 9 2, 11(5) Zald9ae] dAss
TEAA ZH A YA AE2AR1 JHO|ES o]sshs FHiolt,
ML $1332] Z2AIE (1) 332 A7 (Establishing the context). 2.
2 5 AR o] 3L ]S A EAlse] SR Al
T QlE Q11 FellA| gotel= @Otk 1 the
MR) 98 #H7HRisk assessment) 1] o] 3752 111(2-1) Y
2] ylek(Identification), TT1(2-2) $13 2] 2] (Analysis), IT1(2-3)
$13 9] 37K (Evaluation)®] TAIE AZILE 11(2) DAl =4
A A7, Aol Y, AP A B TS T2
H3R] M3) 918 thA] (Treatment) TEAlAIA= 138 WAL
AR 7= 2] A RS EEskaL HHsk= #k9jo] o] Fojint.
HI(1), (2), (3)2] #72 MI(4) 2AHaE 2 A" (Communication
and consultation)2} 111(5) ZUEI % 4! 7] & (Monitoring and review) =
ol Rs=oof st 1. 913 el ¢, 1L 29 A, 1L =
2A2 7F AF3EE Fig 190 PR R Z el gl
ISO 310002 13| ] AURka] A2 b gl7] wiel &
g wofell ZdlE FgA1717ell= Fel 7k oletk. o] A9 &
op g WMo MFES Alste] ARE-gitt. 3%k CCSe] -9 1SO
310000 A M2 BFo] oA 7kA|= AYE ] Fho B,
dloF ccs FxIA] sk cessl 7 ARt -7k S EHES)
SHAS B o7 AFE ISO 17776(1SO[2000])S F&aH= Z1o]
vl st} 1SO 177762 1SO 310005 IO 2 A g9 B30
2 fr7ks dleE A E Anlel|x]e] 917 Tiet 9l HrhE 9)g W
oW 7)zo] ek WS gz Qo) 1SO 17776014 Alokeh= )

=1 O
s =

=}

& ot "l F7h 2L 180 310002 ZZ A 2ol sdshs T
o= oo} o] A 3AE thFozi,

- 1IGASIRE e - A1 B, 7R w29 E fA
Aaf, eAS 23 5 Akl e yetslle
WAleME A B, =8 84 223, delEE S
< o 2AES $A e ofof gt
2HASIAE B7D - AGA, A 9 B0 Ad 5 9E =
e agste] S8 g7sliof gt o] WAl= A
AL gfoh, ARl X3 o], Al Ay 2HE gl o 57}
= X SSE e 8 o= AR R V)E
& 7 3L 3cdsljof gt

3RASEY AZ == AA) oA S AAEA 2
ZAJACF Bt ALaLS] EHE B ElE WE T ol k]

sete o] whAlel weke),

f
o
=

S

it
ol
_E
m\l

1SO 177768 712~ AFdellA 2] 3ok A4k 9 Ao f13aelE
&l EslElo] WHEol7 RAog 1)AZ T} 9 e} B} A F
2 AR, 3 A, 42, SyElAl 2 A2, 6)EFAde] 8
& AW AR AF st 9l 7 i Al 18] AFE 7A14
o= ANk Qlek. CCS M 5 A 858 S3e S8l
19703t 5-E] A% EOR(Enhanced Oil Recovery) 715 <llA] 8]
59 2 H(IPCC[2005]), A AAAH o R FH 11 Q= o]
CCS AFdell 2do] A7 9] 58%7} EORS HE|E n]a gtk
(GCCSI[2014]). 1SO 177762 6<HA 71'd-& 3l%F CCS AFdell 4
A7, o o] AelE 4 ik (1) %19k 9 e T gaL-

2o



=4l 3% CCSAIIS] HSE T a9l

Level 1

Exec.
Summary

@

Qverview
of
Levels
3&4

&

Hazard Management
CCS Chain Overview
_CO, Characteristics
CO; Haz. IMan Aspects
CO, Genenc Hazars

Level 2

Level 3

/ Generic CO, Haz Man, Bow-Tie \

K= 75 A= 29

- Al

Fig. 2. Structure of CO2RISKMAN (DNV[2013]).
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safety and the environment in the petroleum activities and at certain

onshore facilities)= (Petroleum Safety Authority Norway[2016])
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Definition), $+73 % & 3 7H(Environmental Impact Assessment),
S24491 a3} ¥4 (Immediate Effects Analysis), 227 2 314
2 (Muster and Refuge Analysis), B th-8- 4! th] -4 (Emergency
Response and Evacuation Analysis), %3/3%] $18 %7H(Qualitative Risk
Assessment), 352 $13 3 7H(Quantitative Risk Assessment) 5©]
St
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3.2 UK Safety Case
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Major Accident Hazards Regulations 1999(COMAH)®] 1} Pipelines
Safety Regulations 1996(PSR)3IIM COZ 18 E4=Z g3t
Q1] ek}, EFA|NE CCS R AE 9} o] tjEke] 0,2 ks
A1) 73, COZ} 2 ARzt Slojupul oluix), Bet wl sfo

1

1

\ 1

! . 1
Prevention .
1

1

Consequence

Mitigation

_Barriers Barriers

Fig. 3. Bow-Tie methodology for risk management.
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Executive?lX1= HSWAS] 3F¢] HE<] Installations(Safety Case)
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5 2&5t] BE U EHE )] gt HSE Safety Cases
Health and Safety Executive®l| #|&3st=5 4 38}3}9 th(UK
H.S.E.[2016¢]).

Safety Case® ZZ A E M=} (duty holder)”} 2 A1l ¢
(major accident risksye THIE = Sl 7 4 50| a2
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=

=
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Case’} 5?10] @ 4= Q=F 5=th. Health and Safety Executive
7} 7HA AL QA= Safety Case®] HFw-2 Al -FH L A= el
EWE An|2] Aol Tt U85 vPE o djof sk, sdE
WHE] G A HAE= T2 AR A54 0= Safe Casedll
Hhed s ofof sk}, whebA] Safety Caser= 2HoFlE 41 (living
document)2} & 4= 3131, G| A &AQ1 A7) vl Hes
Zoletar shdEch

£ Aelxli= a9k CCS Safety Case] ARIEHA 4=12] Scottish
CCS Project®] Design HSE CaseE 2] 3 tH(ScottishPower CCS
Consortium[2011]). Scottish CCS projecti= Longannet 3}3 273
ZoA A COE S3uo]ZelRl 0 F MIRIEHA A (St. Fergus)
7k BuE7kA] Fatal, aiA Tol elelE Faf Feole]l £
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(Goldeneye Reservoir)oll 5=]5l= ZZ A Eo|t}, A7t 2009HE 2]
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Fig. 4. HEMP process run by Shell.

371 sk A% A7E k] A, 4) A2 BAYO T op7|H I
3 2] 3] AR Y-S B ST} Shell> Bow-Tie 71"& &
§3to] HEMPE Faisit}. 191¢] mjet 4l g7te] dAex= 9
3 7} v EZ A (Risk Assessment Matrix)E 53l 9] +HE
Aokl o]& “913 Q455 (Hazard Register)’2 % “g2] I}, o] uf
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Fig. 5. Concept of offshore CCS project in Korea.
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Table 1. Elements of Hazard Identifications and Risk Analyses

AU A

ol 771 S 2% 82 or 9% v
) II:/IHAAI‘»I - Preliminary Risk Assessment
Mg . . - Risk Matrix
- Hazard Register P .
-ENVID - Proactive ERA
- Preliminary FMEA
- Preliminary CO, Release and Dispersion Modeling
- HAZID - Preliminary QRA
FEED - Hazard Register (Updated) - Preliminary EERA/TR
- Preliminary HAZOP - Preliminary HRA
- Preliminary ERA
-1SD
- FMEA
-HAZID - CO, Release and Dispersion Modeling
AFA 2 A - Hazard Register (Updated) ) SEI/:A TR
- HAZOP )
- HRA
- ERA
EPCI - HAZID (for Construction and Installation) -JHA
- Hazard/Risk Register (Updated) -HRA
- Implement Residual Risk Control & Recovery Measures
- HSE Training
- Residual Hazard/Risk Register - Contingency Plan
- HAZID (for operation) - Monitoring and Review
£-9 . . A - Environment Management
- Checklist, PTW, JHA (for routine activities) . . .
. . - Evaluation of Operating HSE risks
- HAZOP (for non-routine operation) - JHA
- QRA (for major modification to the installation)
- ERA & Health risk assessment (for operation changes)
- Checklists - Risk reducing measures
SR -PHA -JHA
- HAZOP - HRA
Q4 J5o|| kAT o] $t AiS arefete] 7)€ ‘%%fdr, WA Bl AAl 2o e EREljof it
AE 24s diAsAY AaA7le 2319 A8 50 af A ol#lst Ao HSE #e] ZEAM 2 8 A, m2go]9
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%Japsl Pl HSE H-4olh, 58 918l WEA] SaEojol s HSE Bele) Mo 4
4718 dAE FAAE AAHA h2 AE AF A B G910, HSE ¥ WE =9 #ll%F CCS HSE ¥ AHIIE &
(Residual Hazard Registerys 2Pao] €91 o]3 thilol walel  Alaigic). slrZ el Ko} HSE #e] AL 2 £95 7 9l =
of g} B PARISC) A ek BR G eow HSE W =slo)sl 5o A9 tjste) C0,% T CCS ARIE @Al
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Table 2. Scope of HSE activities
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