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1. FAEDOHH

2050 EH—AR v =2 — b T VO FEBUTANT TIE, S O IR F L3 EHE LW EFIC IV T
b, JV—U b T RATr—A—var, WhwH GX ZHEL TS ZENRRARTHY, 29
L7 TIC BV TR B Z FEBT 572010, SR a7 R bRFELZEI L, ZEH T o
JBICHTRE T 52 L, 77205 CCSICHT 2 FHEREARMT 52 L BMNETH D,

ZD, RFEEBDOFERITB O THRFZITV, SF641 Al THEEID LD CCS I
RAHIERHEOIED FIZHOWT] 2AFRLTEY, FE2 A2 T2 bRZEOITEFEICET
DAL DNRERRE I, 213 BEFEES A~ S, F4ES5 Ik - 28 S,

[T R F ORI FEICBT 28] (BUF [CCSiE) LvH,) ICBWTHIRl S b FEITIX
MR, TR, MR ¥ B NEEMEFE] O4OBFETLHEZATHLN, Z0DH
L, R, IR EER L OEEEEEREOEMICE LT, REBERESC THEEE . B
WG & VST REBIHINREND Z & o T D, BIRIC OV TIX, CCSIEDATIH 6 H
HURNICHATT 22 & L7ro TR Y | —Bolul e Gt « BARMEN BB L 705, AFHEIL, CCSIEID
BT DARLEHT O HEE N O BABRGITAR D RN LB R ROFELATO L A HIE Lz,

2. AN

(1) FHEOHT X ERLZHE OMFHI LI E RO F A

CCSHEIZB W THTRE I L, IrR FETMF B T DR HE OFLHEL, REBREDORE,

TR FELGOBRA & Wolo, ITEEEDOEMICEE L TRE L R D REHENESHIT O T
W5, CCSIEIZHBWTHII SN OITHEFEICH > T, AMEOIEN 2 <, AL CO2 i
TICHEEVELT B2, ERILILIZFEIT D CO2-EOR * EGR (1 F DA S0 RIRH A DRI % 1Y i
T 272DIZ CO2 ZIEANT D) ICBWTEBET T HEITN A, 1 PSR S
BZBRWESIZTTHZENMEIIRDEEBZOND, EDI2D, CO2 DUFRITE S REHEIZD
W, FEFIIRBEMNITIRELEBEZOLNDINEICOWTHEEIT- 1=,

HARENCIE, KE ONEAL GEFELERIEEEZ ST, ) ) RN (HHAL (EU FEHR0ER
W ETe, ) ) . EEHE ISO BLWIEA) @5 Hnb 5 SOREZERY, ZTNENIZENT
FHEFITRDOTWDHEHEE (B2, HEY, #HEk{bF, RN FEOHELND, TNENE
R ERFEHRB 25552 L, ) VR vRXT AL MRE, S0 CCS FHHITBWT
FHINTNWDY AT wRT A FOEKRBREFIZONT, TEFRHEZIT S & & b, LEIZ
JIRCCHEEES~SHREL TV v 7 %2fTo72,

o, bR#E e E A BAEICRWT, IR EEETT O 2 L PRSI R 5 A7
WZ & ZREAT D720 OFFEIHE  (BIIE, #ES, MER(ES:, MERDFEEOHLNL, The
NERICHE R ERR 2515452 L, ) REEHR) A7 w1V A v P FEF 2R L,
B ELDEToT,



(2) B TR D HAF R EORGHI L B R RO A

CO2 EFMIE T I I N AEEETHEI SN A E T AEEFEELHHU L TWAZ b, TR
TAEY) O HAT HEHESC 13 B A APRZZIENT IS < Hffr FEUESE O [E N O (2 4% D Bl L E 2 A L
7=,

Fro, ESMIBT D CO2 A T T A x> T DR (ISOX° DNV %) <, CO2 /3 7
FTA T D RERBONE « BIAEIC OV THRAEZITo72, MAT, CO2 A T T A D
MEHRRE (B RIETT) SOk OWRIE DB M K 2 sl SEPERE SN B 2 3R, I 2 OB JEHEE
@i L EWIDNSA T T A VEORRVEARD FERT —F | T OMOTERORAEE1T -
77

k. ESOREXRZRICHONTIE, (1) EEERISKESEKRM ., EEERE 5 5 SRR 4 3
FE R L, FRKAT & ek L7c B ORI ZRIHAST R A2 RIE LTz, £ OB, CO2 IR D RIS
HWEFOEGOMMEZEE X, TOHMNEEZRTTT 2 Z LB E LR HT0, K2 CO2 Ot
(IS L TRAZITo 72,



3. FEEHEOHTANIMRLHEOMRFHI M ERE RO

3.1 REAMEIOBRIZ BT DR E 4R D A

CO2 7R A b DOFHFFATICEB T, M FHEEICEREL B2 0K )2 T 27200 & LT
WL 72 DBEAEIZ OV T, ISO I TNT CCS BHFEDNSEAT L TV A KE GEFR) . BMES, /Ly =
—. 2 EIFBLOFEA—A T U TIMN) OBEHIFHEAEZ L7,

3.1.1 ISO

ISO 27914: 2017 (Carbon dioxide capture, transportation and geological storage) (%, CO2 O i/ fi7H4
(ZBIT D EORFIH LW FIH A ML 2 ETH Y, kel EOITE YA MIEMRETH 5,
CO2 TRV A FDARZ U —= 7 < J8IE - TP, UV A7~ A b, &XEH LTS, #HE, *
=V 7 EREE, A FRASICBE T DIREIA G L Ao T D GFRI 7 r e A L1 N
Bk OWIIIZOW TSI (K 3-1 B8, 209 5, CO2 fFEY A hORHMEREE ) 20 T+
AA Y MY 28 LR FHOME 27T, 2k, FSCRIBESGEREETTH Y | 2026 4 2
AEICSETRRABITTETH D,

Limits of the Standard

Investment Start of Cessation
decision _l injectiun_l ofiniecti(}n_lr
Period name Sltescreenllng Slt? . Deslgn anc Operation Closure Post-closure
and selection |characterization| development
Project
operator
Regulatory
authority

3-1 CO2UFRET =7 bDT A 7% A 7)1 & 1SO 27914 D5} G !

3.1.1.1 YA NEEtERiE

CO2 HFBY A N OFMERHBICIH N T, FEHKIZTT VLV RI TR RAA L MIUERT—4
BRTAT D, VA FORMERHTE ET Y U ZIFMHAICEEST 2720, F—0HEICEENR TV D,
32 2 DERFEHOMER &R T,

' IS0, ISO 27914: 2017, Carbon dioxide capture, transportation and geological storage, 2017
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5. 94 bNAOU—Z7 - EE - BiEBE
Site screening, selection, and characterization
EFEY - bDRIVU—"2.7 (5.2)

Site screening

EFERH 1 haEE (5.3)
Site selection

FEY FOISTIBEE - FF@ (5.4)
Site characterization and assessment
- B0 —w hohEFN S SUAGHhEFE DR
(5.4.2)
- HUASHEOFIHERE(5.4.3)
- EERL—)LOEHEE
- CO.MERICHT 3R/ (U POiFHHER
- ASEKBOEEHN SIS COHBEEROISHETM
o HEREFAIFHEONR— 251 >/(5.4.4)
» WBEBNZENFEOS—2A5124(5.4.5)
+ BEEHOFHERE(5.4.6)

EFU>Y (5.5)
Modelling
« WEETIL(5.5.2)
ﬁ—%%)b(iss)
MEFET)L(5.5.4) EZIUTEEE (9)
WENFETIS.5.5) Monitoring and verification

FEASTE (8.2)
Design of CO; injection
operations

X 3-2 1SO27914 DY A F AT U —= 7 « IE « Frfe 2l o Bk EIEORER

3..1.2 VR =RY AR

FEEIT0 D2 FDOTA T A 7 NVOREMEZHE L, s SRR ) R 7~ 32D A
YIETREREEM LTI LR, VAR A L N e RO A A7) —=
VBRI - BRI ICE L, TP b IA T A 7 ADEKEE L TRILOZE(L
ZEEL, BAMLEWUMOH 2B ARERE TRV IR LERT 2 Z EREELY, ¥ 331220
FURFEHOMRN Z R T,




6. URAOIF AT B
Risk management

[ U RZSHEOERIBHRORIE (6.4) |
. Context
URDHBEEDRTE (6.5)
Risk evaluation criteria

URIRHSA > Mt BORE (6.6)
Risk management plan

Lrtl—fxcgﬂs (6.9)
Review and
documentation

&l (6.10)
Risk communication
and consultation

UZRIFEAAZ (6.7)
Risk assessment

o UROOWE (6.7.2)
- URIOHH (6.7.3)
. UZOOHME (6.7.4)

| DR IADHIGEE (6.8) |
Risk treatment plan

3-3 1SO027914 DU A7 <R A b OBRFIEDHER

3.1.2 kKE GEH)
3.12.1 UIC a2 F A

KENZET 5 CCS 1E, KEBREET (EPA) MFTE T 2 LR FEEK OMElR 2 HB9 & L7z ikt
Tdh 5 E2HEKIE (SDA : Safe Drinking Water Act) (Z55-3% | UIC (Underground Injection Control)
T s T AMIEVHHI SR TWS, UIC 7177 AT, #FICEAT 2WEORHHC H ISR T
THH % Class I~VI @ 6 FEHEIC/ L THY . CO2 B D7z DHUHIE Class VI HiH & L CHII
LCW5%, Class VIFUHIZE W T, T4 MR, 7V 27 & L2 —XIk (Area of Review :
AoR) DOFfE, =4 U U ZIRENTMHAICEE L T Y, TOBRELZEK 3-4 177,



Site Characterization

N, [/

Computational Modeling/
AoR Delineation

l

: ; Monitoring System
Model Calibration Design

Proposed Operating
Data

A 4

Monitoring Data
Collection and Interpretation

3-4 Class VISIHIZRBIT 294 MR - T V0 7L L E 2 —KIOSFE - T=X V) 7
TLEY DA A EAFR?

CO2 BT D A MR L T U 7 AoR OFFEICEE T D15 & A XV ALEIILL T O
LB,

40 CFR Part 146 Subpart H, §146.81~§146.95 (2010 fE363)

e UIC Program Class VI Well : Site Characterization Guidance (2013 4F¥81T)

e UIC Program Class VI Well : Area of Review Evaluation and Corrective Action Guidance (2013 4
)

(1) WA Ntz

UIC 7’0t 77 5@ Class VI JUH O EFIT RS & | FHEA T CO2 N LEITEATE, #HFEEK
RIS B L RFE 0K 012, @U7REE YA FE3RE LT ude 6720, @MU g o
B BIOZNCHEAET 52 2370004 MERICBEET 2 E#E, £ 3-1 [T77,

% 3-1 Class VI HUHDORFE T A b OREIEIRIC B 2 B o fF3Es 4

A RSGi7zd | o TRRIND CO2 DM EAEZITAND DT+ o7&, JBIE, LR
X JEYE RRBROD HDITEENFELTND L
(UIC§146.83) o EMEICH W TCHIEREE EOREN < EA LT CO2 iitds L UM
JEHAREE CAD D Z ENFARETHDL L
e JEALT CO2 WiiDEEME) AL I3 2 " IRAY 7R E S FAE L
CO2 D E LA Z Wi D Wikt X O AMFERE T, Yik/giNT
IEARER L, BMARE=2 1 7 fRFEE, [EERFRET

i

2 US EPA, Underground Injection Control (UIC) Program Class VI Well Area of Review Evaluation and Corrective
Action Guidance, 2013a
3 40 CFR Part 146 Subpart H, §146.81~ § 146.95

4 US EPA, Underground Injection Control (UIC) Program Class VI Well Site Characterization Guidance, 2013b
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bHZLERLMNTT DI L (REDNLE L L25E

WS 27 —4 )/
FERET D HHR

(B A N FReiEfndE
A{ B ALE)

PP A RSB DA OE L

8 JE J5 L OV g o b BT A i

CO2 WMBHIH DM BRI R E N DI 5 2 2 578

WrREJE 0> CO2 Wi DT RI A &

MER R O 21

THRRE A (ZOEBIINEATIERLS, BEINTZITFE YA
MZ IV TR 23+ 22 TR A FF 72 720 s, CO2 Fi SRR 5 T
REMED B 2 & R IWTE HFAET D5 A2 DA FERE)

FFATHGE TR T S
DB DT —H
(UIC§146.82,

A b REEREE A
X AE)

JEAFE, LE2—XKi, LEa—KBRNORESNHZETHT X TOR
YRR 2 5 Lo B4 2 etk 2 7R 9 Hi X

L E = — XKk o #iX 3 L OWhHE X

L b — KN OIS % R D Wi B K OV R ofTE . TR, FF
PEZR B ONZZENAE CIAD DT IT 22 B 7202 & DOFEH
BIRDIAAE L IRE 2 T, HEOR AR T 21 Wi K OHE
TEEVE CIAD DEHIT & 72 & 720 iER

WHE =T, @\EAT — ¥, HURRE, YUFRE. 74—V FT7 =212
BN HUE - FOZE L E T, BITREE R K OVEfE OBREE, HH,
JEIE. SRR, FLERER, RER, B L OEMEENCETS
T—4H

WEREIE N DR, 15T, JEYE, SEATREE, 3 KO in-situ PRRESC
B9 % HE B /) RO R

LB — XN OB, AKSCHVE, 6 X OHEREZ 5 T& 21
B, HEX, i

LB o — KIS T 5 #FORCEKIR, H7 . 38 & KOHEH & |
HreAE & DT BIfR % R L7z HiXFs & OW i 4

LB 2 — XA OF X TOH FEEKIRZ & Te, HU N OHUE 2B
LHERALF RN — AT T — &

B3 O AR R
51
(UIC§146.82, %1 b
FRlE iR 7 A & 2 A
E)

HubromER LORBRPICE o T — 2 IS, IFRY A b
BLOZO B8 5 #UE o HE R 7 & ONT K EHUE Rtk 12 B
T HIEHR
CO2 it & ATRAJE DR, I L ONTR @ & i O g & BT,
BLON YOI S & & o8
O HTNURIA - Ji4 & OB

HERALFEET Y 7 ()

FANES ]

YA bOTF =& ECENCES < Fam BREMZRI O E
@ YU B & OB TN

PANES ]

ETFTV T




BEAF SCHRIZ He D < HUERAL S22 BT 2 565 72 i it
o HUERBROMR
DI EBUTZED D
AR
H RSN
W~ e
FLBs R A
ZZRJE (fracture finder log)
o HUICHET AT ARXTORNMAERRELS LORET 0 /T 50T
—4
® TN
a7 h T JENE LBERUE D) S BRI
ayux s CaH, @R, Ikt HERHE. Hep/Em.
Fefihif, AHRRRCAE CE AR DR | YA, B,
LEEED D) & aT O T RGN CafaFE LU,
FM B RRE . MU ) FRORHEZ B0 D)
@ HiE R
R Y — v &2 O CTHINE ), IREE, pH, HiEER
(SC) (BT 21 4 B s
IAXY—=FA Y7V o 7EEZ N TliEY 7L
Z B ER
Q@ LD FFE
ATy T L— T A MR DHEBIELEORE (XU R
— VIR F M F % HELE)
@ JENY — v OIRKCHE L RHE O R
7 F =LA 7 AR
JEARRER & KR

(2) VAIZ~HxVRAU b

U2 —KiiE CO2 DIEANC LV REEZZITHARENOH 2L ERINTEBY, FEHIX
IR A PB IOV E 2 —RIEOME A FZ5ET 2729012, [JEAT 5 CO2 D & H ) 5 FH DY EEfY -
LR EZZEB Lo Ba— 2T U U IS E, LE 2 —RKEAEE LARTIER b0,
U b a— K& RET 5 BIE, RIEFAESLERT X COHIICLEREELZHEL, Z07n
TARTO Y27 FEREBUTERSND ZE2MEICTILETHD, LE a—KINEFEd
23 Ea—XE7 V7T, A MEEERICBWTERE L7 07 —ZI1I2ikoS%, CcO2 7
Jo— I b HETRIROARE S5 KT & TE T EOBEZ FHI LA T uEse S0,

Class VI HIHIZY 227 72 A A MIPFRBICER SRV, 2O L E 2 —RKIROFHA Y A
IJT7RAAL N EFEFEOMEDT EEZHND,

3.122 NETLRXRA NS0T 4 A~v=a T )b



KE= 3 —4 (DOE) OENZ-F/LF—HAibsEpT (NETL) (X, KEOHETr Y =7 |
[ FBR BRI X — N F—3 > 7" (Regional Carbon Sequestration Partnerships : RCSP) %@ U C#& 5
NIZFFREENTIES &, CCS I L TT =~ BICRA N T 7T 4 Axv=a 7 VaER LTV D,
FIRRIE 2011 4RIZFEAT L, 2017 FICUGTIRZFEITL TV D, 22T BIFORA T T 7T 1 A
V=T NG A MREEER L U X7 TR A MCET D NEOBE 2R T,
. Site Screening, Site Selection, and Site Characterization for Geologic Storage Projects’

. Risk Management and Simulation for Geologic Storage Projects®

(1) WA MRtz

WA MEEDTZODO T u AL, A FRZ U == 7 YA MRE, T MRS
BpsiictERd 5 (M 3-5) o Y MRS, TRIRrEfEE ) & TREMRrIEEE] o 2 >0
BB oD, THIHREER ] 3BEFO T — 2 LEREMEN Lotz El T 2B TH Y . 8
TIZIBM 2T — 2 ORfG2 HE L T D TEE 2 M4 25 O3 TREMFR IR OB L 2%,

{ Potential 4 5
', Sub-Regions / Basin

——/ Potential

', Sub-Regions

Selected Potential Qualified
Areas Sites Sites

;' Potential .‘:
\, Sub-Regions /

Ready for
= R Characterization Permitting

Site Selection

Site Screening

3-5 WY A NEEDT-HD Tt RS

TR MERESR | 13X 3-6 1R K D RN TER L, BEFOT —Z REWRN LT O & 5 7ttt

TSRS LE L A2 B,
o HUETES K OMERMESE T — 2 YA S OEAE & RS 0 MU 55 & O BRI B
7o R 2 W 2

o HIEKMLFEMT — & JEAJE L JEANE B T AKBFEIET D BT K BN OTRIRIZB T 2 HiEk
CFT — 2 DR—RAF A ST 5

o HWENEMT— X ENE LTS OB RO R— R T A LRSI D

o KRIMEFHIT —F  JEA LT CO2 OREERE CIADD =0T, ENE & g DK SCHNE
FHIRHE A NI D

e, TV IRV UTEEMT DI LNTE D,

> NETL, BEST PRACTICES: Site Screening, Site Selection, and Site Characterization for Geologic Storage Projects,
2017 Revised edition, 2017a

® NETL, BEST PRACTICES: Risk Management and Simulation for Geologic Storage Projects, 2017 Revised edition,
2017b



o MY A S OF - BT T LA
s YA NEFOT—F B

o NIRA=ZRNRNYUZTVRMEDT A ST VAT ASEET N ET AL
o ETNO—EMEREEMEE T D T2 ORI R & ik

[ EVALUATE NEXT POTENTIAL AREA J

ASSESS OUTREACH NEEDS

L

PR
Does public
outreach plan

support a
Public Public vighle site?
Goals and Outreach Stakeholders and
—>|  Outreach ‘ Outreach N ———————
Needs Activitles Team Soclal Climate Program
) YES
Does Potential Site
meet regulatory
AMNALYZE REGULATORY ISSUES reqirements?
Regulatory | Applicable UIC Permit
— Requirements Regulations WellElants) Planning "
YES
Do reservoir framework
characteristics support
w CHARACTERIZE SUBSURFACE GEOLOGY aviable site?
2
= NO
=z
w
=
2 —
Do modeling
ATE MODELS results support
b bbbt Ay aviable site?
> ModelDala —> gt Test Models el v
o | y YES
Can a suitable site
e g i i development plan
CREATE INITIAL SITE DEVELOPMENT PLAT be created?
Site |
—> Development —1 Detalled Characterization Phase Development Phase ,* N ——
g _ YES
POTENTIAL SITE,
READY FOR DETAILED
CHARACTERIZATION

REAMAS PR | 13 3-7 R T E D R CHEIE L., FHZICUUTFTD L D 7T — 2Rl OEL

ﬁs\‘\‘gk fcﬁ%)o

o FHUHMA (Outcrop Studies)

3-6 AIHIRHEILIED 7 B —3

Mg~ 7, o7V 7 e L

o HWEZMT — X OEUS (Geophysical Data Acquisition)
EAEERRFE ORI 2 ST 572012, 2D F720E 3D BPEIRT F 7213 Ofth o HIERY) FRER

& i

o §HMmH: (Appraisal Well)

CLENDG UCRMIHE 2 A L Cr V&2 5tsk L, irEE o1 NER

DR & B D e 2 e

e JEARID CO2 ~X—RA 7 A > (Pre-Injection CO2 Baseline)

D RFE SAVIAEM Y A S QLI H D AT E LR E o X o

TAHEHIT, JEARTD CO2 L_XALDR—R 5 A B FEST
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ACQUIRE ADDITIONAL DATA OR ‘f
_ SELECT NEXT POTENTIAL SITE |

UPDATE AND ENGAGE IN CONTINUOUS OUTREACH o
Update Project Timeline, Public Update and Engage
fjﬁ“ﬂml Canerns, Stakeholders ‘ Qutreach Pian "
YES
e — p rﬂawdata
e e — 2O 8- 5 cupport Dualified
ACQUIRE AND ANALYZE NEW DATA Site for further
Geological and |
<
E Site for further
g development?
(-9 |
L o teration | votpeomers @ 0
l!_ﬂ I YEs
m'nin_n
ASSEMBLE COMPLETE PERMITTING PACKAGE poveirird
—>  Permitting — Qualify Site Assembie Permit Data W
\ J l J YES
Potenttal Site, which has
successiuly passed hitial
Characlenization Process. Quallfied Site, ready
QUALIFIED SITE for Gaologle Storage
_. Devebpment,

%NETL (2017a) (Z—#hn4gE
3-7  FEHIARMEIR O 7 o —S

LITICZE N EN O CHRAGAIRER 7 — # MR O 2R 7,

@ 9 (Outcrop Studies)

PRV A FNEB X OHTFE YA MEEOITREE DO (facies) & BE DM~ vy B 71280
Irig)E & BES D HIE N O B REE ORI EMOBREZRT ZENTED

BrRg i L i E DO HE S OB ENE D ATREME &2 BRAE L | JEASE DS ELE AT AR 2R BT O ER R E D
FEMEO &S TN IEFICEE

FTOHIL, ATHEE L OIS OBEMES LA A EEBIE T o R TE, SHOM, B
B #HOREM R~ v B 7 a2 E Ty, Bl COMERMIEDORIE & 4773 AT 6E

@ HWEZHT— % D% (Geophysical Data Acquisition)

(5P p PR A ]

2D BPERIRE T —Z 2 L, IrREORE. JBE. #E 2 n 3 E MR lrim 2 ER & %
(FHHEET LRV I 2 L—y g VETVCERZ R L EAFOMEZIRET D e L

2% AIREMEDN B D)

WrfE o O oOREE EOAREFINET 2D 7 — % TH LR DGR H D (EEIZEWVSGAS

BAINIZE A ETR WA ZRL)

3D HMERIRA OFRA T Y TN E T Oy r JIHIE T — Z ZBET 5 2 LT, 3D &

FEAR YU = — 2 (3D depth volume) Z4AKTE 5

11 -



®

PRI B YEAEHT (seismic attribute analysis) & AT EATIE. RrfEJE & HERKE O %5 A RFIE O IR
WCHWAH Z ENTED

PP S REAT IR, SOHVE T VICHAIAT 2 E DN TE DRE YA N OEE, LR, A%
HETED

HEOTHE A L E—F R PO REOFEIZ LV LR L OMBEBERNA R I NS
BNV HTREO LR O 3D T 7 /L AMER AT RE

[vsP]

WEAFORRHEALZ B LT 3D VSP A Z £ TE
VSP 7 — 4 6 GUHIT ORI & JEkE O] O IF 5 I FEM 72 A RFE D HEE FTRE

[FERPRA L]

BREEHMN (BRNE7 77 40, NLIEBRERESLE (CSEM) | HMIHHEXER N €77
T 472 ) 1L, BRI &R 2 HEE T S E CTEER A FE
B EORRIZ, XR—RT A T —F L5 2 & T CO2 faFnsyAn DRRIREHIZEL 238

e =T
ZZA[HE

[Z DB T 7 0 —F ]

WLZehi s BT — 213, WESSH e et FOMBEMEDOANLIEEL 25

I (Appraisal Well)

HF ORI 8 & IERE O FE R~ v B 70 IR R R N FTRE AR BEAFH AN R WG A REAT
HOWHINUNE L R D551 H D

FHIHE IR BRI e e T — 2 OBUG, 2 7 L E IR ETRIR Y o T L OB
DST (KU VAT AT A N) %&Eli

HrAJE & E & BB 2 SIS T 2358120, Bilc b2 i35 L0 b BEfFEHD
DTG, SUFRER, IR ARRE e 2 BN EHREIRRENGERH D

@ JEARHTD CO2 ~X—AF A > (Pre-Injection CO2 Baseline)

HFEITL D CO2 7T v 7 ADX—AF A L (JEARID CO2 7 T v 7 AE) ZRET H 72T,
THE EAE. R T OKEOHERL Y o S AR NSO

4D F721% Time-lapse HMEE T — % DX—R T A & U THEABAGETORTHE & O & fif4 5 o
BEBRS L T LERD D

CO2 JEAIZ L HDMBEDFEROERSOME DT =X Y T T H_R—AT A VEET — X & T
T HIOIT, HIREN GRS A RET D ENTED

JEARTZOIEPIRELZFEHA LT, #ITO CO2 fafin iz ET D &N TE S

Fle, TV UCTICEVUTZHERMT LI LB TE D,

BEDYA FOFK « BIET WVICHTZICBE LT — X 26
HHHEET LV EITREEY I 2L —r g 2w B (refine)

(2) VA=V AL
CO2 IR 7uy =7 DY AT <R A hOERESIL. IFEENLOFHES O CO2 B
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DR D RO IICEE T 5B H D, —H T, KEKHICBT LT r =7 FTHD
RCSP Tid, /oM EFfH CHRAET 2 FZLBORII CORRER L, Ymy=s MIEET S
ZOff (CO2 FrADIEALSN) DOWAER2 ) 27 bFE LTV e, BARIICIE, AR 2L, &
B (ERER) ~0%e2ME, GHG HEH ., RIREROBEE, 7ro =7 FORIE, BEF/MRRSE
IXZ DM BT R ABARE OMBE L7 SICBE L T,

NETL {2, "ANT T I T 4 A= T WIBWT, VAISRIAL B YRI5 Y R
THARAL FDOKIZ) AT <3P A2 MiHE (RMP) #KE « £+ 2 XENRTrE 2L LTE
#LTWD, ZOWEKEZR 3-8 1277,

~TABLISH CO
gsTho NTEy

Identity

=70,

~

Characterize

ONICOMM i N

Rank/Prioritize

= OV
W":Uhgqun.'uoﬂt'

34

Y Develop Mitigation [

F J,L' y

MPLEMENT RVF

X 3-8 NETL BNEFET BV RAIZvRIAL N Tt X6

YR =X DA h7rt AOKBERE TEMT 2NE 2L FIIRT,

O VARIZ=3T AL NORPLOHEST
TaY s NOURATTEEE 2 DRt O & D N &AM ER ORE A B e, NEEER
i, ey =7 FF—A EREE. REREML EONBGRE . X OMEMSUELRE 7R L
WEEND, SNTERICIX, Bl BOARR EOINBEIRHE . 3L OBOK, B, R, RFR

BOMm & RBL, TunY =2 MIEBEEE AL RO H 5H,. B, BLOZOMOERNE

=N,

@ VA7 OKE
Tulx OV A NEAOFEMERT L, BENR Y X Z7IEEZEAFEICY A 5, RCSP @

RN D, LTDOL SR Y 27 OFRENEETH D Z La2mme L THD,
o CO2 B LUHIBEIRIAKDAK N M ORE) & & Ui
o CO2 BLUMHIEIRIADIEE M OFBE) & & LiA®D
o CO2 BIUMIBIIRDYH (BEYIHET) O DI EE LA

. WRME
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RERA RO 2

@ VRIZTEAAL N (VAT
YR TEAA L ME, UTOFHRPGEEND,

(1) UVRAZ ARy EPFEAET HHEFORTE (exposure assessment &5 1)

(2) BV AT AR MR DBERDORE SOWRGE (effect assessment 5ZEAT)

(3) BB-HWET—FEHAHL T, VAT OEMRN, FEEN, FIXEENRRELERT S

(U 2 7 HPERTAH)

RCSP Tix, Yuv=7 hJ A7 OfR

AV PFEZEH LTS,

EWERY AT TEAA L b ST EFERY AT OREMRLE

R 5720, UTO3MEOY A7 7+ A

DR E SITHOWTIHFEIER 72

HEEMICHEDSZFHMI L, U A7 3P A hOEBIRIIRFEAMN & FLAE 2 121k

%
iz

WEBIY R TERAAY N %< D
. EMENTEEERNTFEOWM GG LE., VAT w324 OB EBI 23T

<
il & HAfE 2 it

BMURITHEAR N 8FEIFERY AT OREMRE
FHIE L, UARAZ =R AL bR 72N & B A 1Rt

DR E SITOWTHIER 224

B BAROBER LU E S SEIET — 2 i L

RCSP TiE. T 32 R T EIRVARITERAA L N —AEHEH LI EEBAM LTS,

# 32 RCSP T L7 CO2QEFRED Y A7 TEA AL NV — /LD ¢

V—)v

Fik

Carbon Storage Scenario Identification

Framework (CASSIF), TNO

TR, VU A=

Vulnerability Evaluation Framework (VEF),
U.S. EPA

FETERY

Screening and Ranking Framework (SRF),
LBNL

FEPERY + B SOHIT O R

CO2QUALSTORE %A FZ A ., DNV

EMER/FEEN+JREN DA 7 v b

Quintessa FEP 7 — 4 ~<— A

PEB+HEMFIZLDL FEPs DA Y —= 7

TNO Risk Assessment Methodology

A
A

Risk
Quantitative Evaluation (RISQUE), URS

Identification and Strategy using

iE
FEEA+ MW OMR RO~ Y 7 R
EEA+EMZHW OMR RO~ Y 7 R

CarbonWorkFlow Process for Long-term CO2

Storage

YFERK+ U A7 < B 7 AEIC L SEMZHIE O
FEPs 7 > 7 {1}

Performance Assessment (PA), Quintessa

EEMFEOENT — % L REERT — X ZXBI4
DAL IS < B E SRR (BSL) (3 E)

CarbonSCORE software to pre-assess potential

R+ PSS~ C AR, Sl CRF -
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CO2 storage sites i)
Oxand Performance & Risk (P&RTM) | &M+ U A7~ KU 7 A2 X 53

Methodology

CO2-PENS, LANL EREN+NA TV RYAT AT BERAET )V

NRAP-IAM-CS iE#H)+CO2-PENS N H L LTenA 7Y v R
T AT AET )V

Certification Framework (CF), LBNL ERI+ AT A L-YLET )L, HERITE ST

7 P—im A L TR

@ VAT AL NEE (RMP)
YR DOEERPY AT TEAA L M, BERY R OT 74D AEFH LT, VA2
=X U7 M, BT 57005 EEERT D,

® RMP O3l
RMP OFEMIZIZaIa=lr—ra r ETRHESKLETH Y, RMP OEMRET, E, %
FEhi+ %,

3.1.23 7'm¥ =7 5 : Ilinois Industrial Carbon Capture and Storage (IL-ICCS)

Archer Daniels Midland Company (ADM) thid, KEA U/ AINDFEEAA A5 7 — VSl ik
P BIEI L 72 CO2 % UIC Class VI #F [ 2437251 [CCS#2) 2 B4 100 J7 h > (3,000 k> /H)
TR 7,000 7 4 — b (2,134m) @ Mt. Simon W5 BIZJEAL TS (K 3-9), Zo7rY2” |k
I% Illinois Industrial Carbon Capture and Storage (IL-ICCS) &#rLTE Y, 2017 I EAZBAA LT,
Zovavey NORIE LR DHIEFET 1Y = 7 | 1llinois Basin-Decatur Project (IBDP) 1% NETL (Z
X % RFREEHIE N — N —2 T DOONE D TH D Midwest Geologic Sequestration Consortium 0 3
oL E, AU A KFO Tllinois State Geological Survey (ISGS), ADM £, Schlumberger Carbon
Services fl:7g &3 LA THEJE L TV 7z, IBDP Ti&, UIC Class I #F Al & 157251 [CCS#1) 725 2011
F D 2014 4F0 3FEMTHKI 100 7 D CO2 ZHEA L, 2021 FFIZIFEABZLE=F Y  TE2KET L
TW% (CCS#1 IFEAF T OEANT Class VI §F Al 25 LT\ %), IBDP OJEAS: CCS#I & IL-
ICCS DA CCS#2 1359 1,127m DEREETH V7, CCS#I IZEA L T /2 CO2 (3 IL-ICCS #Bi A
%I CCS#2 1Tk, EASHTNDS,

7 US EPA, Underground Injection Control Permit: Class VI, Permit Number: IL-115-6A-0002, Attachment B: Area of
Review and Corrective Action Plan, 2014

8 ADM, Illinois Carbon Capture and Storage Project, Project Overview, Lessons & Future Plans, 2012 NETL CO2
Capture Technology Meeting, 2012
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JLLINOIS

InousTRIAL CARBON
CapTURE & STORAGE IBDP

JEAJE : CCS#l
(BEYLHE )

BLRIG: © VM#1
IL-ICCS

JEAJE : CCS#2
. B - vM#2
Compression VW : Verification Well
(DR grauon GM : Geophysical

JADI Facllity 2

[ 0

CO; Collection monitoring well
JBlower Area

3-9 IL-ICCS @ AF: CCS#2 & A D%’

(1) WA MM
ADM #H1E, A MRRERICE W CLL T O & 9 ik 2 FEhE L7 ® 9,
o HHEMEJEEE (2D & 3D)
o HHMEEREEAOT — X AEL L HJE (Geocellular) &7 /L OREEE
o BHPEIGIRA OWRAT - Mg
o IFHBOILIRER L IRER
o HUBOWEE
o EGE (EESCWIEOFER L)
o BINEYZeERRE (ZkANY T
o FEARQEWEZEBETLLONRRNI L
o AEEOHHI
o ATH T WK T ORI BE
o HUERMELE T L ORESE

A NEFEER ORE R #KEIZ CO2 WEfiET 2 2 L Tt kT2 2 ic kY AREE AL b
HIRETDAREMENH V. i, WEROTAVUCKT 2@ A E S5 &) T E LA
REMERH D Z LR ENT, o, IO FEET VICE D2V I a2 b—va id, 2otk
{EOEBIRERLO TR L E2RE L,

bz, Fr~vA MNETHZEfE (EauClaire) X, IFREN TORIL TIHE SR - T2 5% ¥
CO2 IZRDIREEZIT D, 100 77 F D CO2 DEAE 100 FHDOET VL, FEAS L2 CO2 1HE
/& (Eau Claire) O FAEMICEEE T HAENRIICHEET 5 IRt TIRWZ L 2R L
7o £, BENEM LT ELTH, 20 EMOEREIL CO2 I3 L TFEAEREETH DT
B, CO2 IFTRFETE R0,

° ADM, Illinois Carbon Capture and Storage Project, Eliminating CO2 Emissions from the Production of Bio Fuels - A
‘Green’ Carbon Process, Bioeconomy, 2017

10 ADM, Final Environmental Assessment, Industrial Carbon Capture and Sequestration (ICCS) Area 1 Project, CO2
Capture from Biofuels Production and Sequestration into the Mt. Simon Sandstone, 2011
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(2) U A7

@ AoR OHE

ADM %I, Schlumberger 1> ECLIPSE 300 (v2011.2) CO2STORE £ = — L & iTRE Y 2 = L
— X & HWT AoR Z 5 L7z, BFRBOET U > 7 Tld A MR OB P IcBG S -2
OF—=ZRFEOEFET 1Y =7 | IBDP OBAFE THRIZIERICHESE, R 33 1R THAZRE
L7,

# 3-3 AoR OFFEIZHE/RIEH

HH KeE DT/ NE
HE L ARSCRAIEE | o SEfT9 5 IBDP OJEAH: (CCS#1) DOHmHI & srHHBRPIZINE S
7~ 15

o AU ANMEFRAFT (ISGS) 7> b DELAFIE

o a7 YU INTFT—H ISGS OF —H X— 2+ EAHED (50~
130km LAN) DA Kb OB = 7 537

e IL-ICCS DJEAJ (CCS#2) - B (VWH#H2) b U A Y —F A
Vo7 L VW NS D3 T o OREROBEAEN ) & D g

o 3D HMREIRAT —& (2011 4F)
— JENJE R 12 53 BT RTRE 7 Sl 35 U TR O il R R &

Niginoi=
o EEHOHTKIZOWTIH, BEOT =X LET ) U THEROR
£ L AER o ATEEJE (Mt Simon) &KL F D FEOERE (Eau Claire)

FLBg R JENJE :
o LEILFER  CCSH2 OMETFE & BERE (HyikE)
o AMLIEE . (RoNTED) a7 oI Ao~ yaRny A—

H—IZ X DME
RS
o ISGS T— & R_R— A D a T WG RICIES T HEE
R JEAJE
o ERETOET U U TIE, AT L CCSHI OYUHRERE RIS
X RTE

o aATHUTINADORNKRENTOWTIL, Bk & FLBRE S HEE

o ATV T LHURIEMETH b B

R -

o VM2 OIE LT AKEXEORaT 7N (334) , HEIX[H
OEaATHrTN BK), VA Fur—nrar 2K IZESEH

JE
o AT HUTILDISGS T —H = AN BIRIE RO PR A S

11 US EPA, Underground Injection Control Permit: Class VI, Permit Number: IL-115-6A-0001, Attachment B: Area of
Review and Corrective Action Plan, 2017
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MR T & JEANEE : CCSHLIZRBIT D AT v 7 L— FRBRIC KV HEE

[ EARA g : 77 > 2 (Minifrac) 12 & 0 #IE

ILIES TS o VWHIZEBIT DAY T AR (5 DDOEWE) & CCSH2 IZHBIT 5

IRERED D R, HEES) . WRIREE, TDS (AR )

ZRE (2015 4F)

BES A o ITEE &ERUE S R AR TEE L TV D LRE L, BT LD B

& T O BERC R T A5 S S % i A

JEh7a v hOFEE | o UIC 7v 277 A Class VI D AoR « RIEHED H A # A30E (2011

FUREFOFLR) (RO FIEEEH L CEHE

AoR WOBEFFHOFE | o AV /A INHEFERT (ISGS) . A U /A MAKEFAF ISWS) |

E AV A MKIREPR (IDNR) OFFHICIELS & FFE

—>EE 1,065 DEEFHZRE (1ZE A EDRIKIFF)

—IBDP & IL-ICCS 7' u ¥ =7 hOJEAF L BIHIH: (CCSH1, VWHI,
CCS#2, VW#2) ZBRrZ. AoR WOl % Bl 253720 -
7=

—SEABGAN R B E S LE R e o T

@ FEPIZHESL Y A7 Bl

FATOHEFET v ¥ =7 F T2 IBDP 142008 /12 FEP (R, F5:, 7mtR) ITES Y R”
FEATG 22 2205 LTV D, 2011 4RITIE, IL-ICCS DA MREMEAEE TS L72#i7e e 7 — # 2D AdL
THEY RZFHIZFERL TVD

2008 FED U A7 FHETIX, Y mY =2 FOHME T N—TPEE (failure) OJFIR E 72 13H#IZ
L BEBEO RO VTN NICEES S 119 O FEP 245E L7122 £ 5 B B 19 O FEP # K
U227 (MAXRISK) JHIZZ » 7 fHF L, FH Y 227 (AVGRISK) & & HITRLTWD (£ 3-4),
BRY A7 OB KB ZH L2 E—OBEMFIC L 25 02 K L, SFY 27 OFfEIZ) 27
SIS LIe T R COFEMEDa 2o A2 KL TWD, BAL 19 ® FEP ® 95, 8 O (R
Pr) 73 CO2 DIEA L AT B L Tuhe,

12 NETL, Overview of Potential Failure Modes and Effects Associated with CO2 Injection and Storage Operations in
Saline Formations, 2020
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# 3-4 2008 4V A7 B CREE S iuiz AL 19 @ FEP?

RANK by
plurality
of high-risk FEP MAXRISK | AVG RISK
scores
1 ToXC geologic comaonents (metals)
2 Contamination of groundwater by CO;
J Undeiecied features
4 Human activities in the surface emvironment: on site
] E xogenous ecenomics: Supply prices
6 Near-surface aguifers and surlace waler dodies
7 Accidents and unplanred events: Projact
8 Community charactenstics
g Legallregulatory: Property rights and trespass
[ 10 Fracturss and 5auﬁ
11 Schedule and planning
12 Reservoir pore architecture
7 -
1% Actions and reactions: Local community
15 GO; solubility and aqueous spaciation
16 Seismicity (induced earthquakes) - -
17 Actions and reactions: Nationalfintemational Special Interest Groups
2nd Non-Governmentzl Organizations (NGOs) 12 BiA

18 Legalfregulatory: Construction, discharge, and other operations permits 12 5.0

18 [ Land and waler use 2 K

2011 D U A7 G TIE, &0 BARH7Z2 2T U A4 (MPEOFIK & O WREME 2 A G DR
D) ZRTZEBRAREL R o7z, 2011 DY AT FHIO AL 14 O F U A& Y A7 NEICZT >~
7T LIERiR 2R 3-5 1R,
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£ 3-5 2011 £V X7 FHlTYEH U A 7 JIE

2008 & 2011 4FD 2 DD Y A7 G T EALIZ T > 7 fF1F & iz CO2 DJEAN &I
FEP & v U A D#g A% 3-6 IR,
BN D Z L AR L TN D
(2L D H KB

ZiE
) < Co2

L CW ks E

TV LI AL 1A DT ) A 12

Scenario Group

Scenario

—~
[ Seismicty

CC52 increases reservoir pressure, triggers a felt seismic event, and regulators
shut down both projects pending investigation.

Plume Footm

Plume migrates beneath sensitive area or unexpecledly far, increasing monitoring
requirements and cost.

Avg

I;?m;?’ )Rggu_latory agency is surprised to leam of a connection between ssismicity and
N o injection, and requires shutdown pending investigation and additional monitoring.
ulam CCS2 logs show a fault cutting the Mt. Simon that looks important (as a patential
Permitling source of seismicity or influence on fluid movement), and regulators require IBDP 794
N Closure __~] injection ta stop.
New and untested technologies malfunction, increasing cost, and impairing data
Plume Footprint isition. 794
Data The IBOP project data is required to be made public without ime for adequate
Interpretation and | analysis andfor significant publications from the project team, resulting in 775
e misrepresentation of the information.
= Seismicity ICCS does not effectively apply IBDP research on microseismicity, and induces 785
#; seismicity that causes regulators to shut down both projects. :
Operations, "\
Machanital/ Packer in CCS1 fails and a costly workover is needed. 7.53
N Im%gy
and A valuable subcontractor has scarce resources and does not send appropriate staff 753
jse levels to complete a job. i
- IBDP operations cause seismic event that is feit by people in Decatur, leading to 250
—_— news reports that CCS causes earthquakes. )
Heallh, Safety. | injury from a common industrial o driling hazard 729
Environmental | Westbay multilevel groundwater characterization and monitoring system fails 689
Menitoring beyond repair, and YW1 must be re-completed. i
Public An unplanned event occurs; news media become involved; key people are
interactions unavailable but a public response is needed.
Budget, Cost DOE funding Is reduced, and not enough funds remaln for proper site/project

closure.

%o HRRIIC
1. 2011 4RI

%NETL(2020)

(2 BEH

ES R A4

— R X

BB DT leb LT HERNH DL E LTINS,

\Z— g

£95

ZOlEIX, 2 B0 R 7 FHECRB ST U AOE
L2008 ETIfLE 2 THoTHEDE (&R
YIS E TR o7z, F T2, 2008 FEIT 16 ALITHLE
L2011 ARICIE L ISR ERH T B v (2 Oz b EERE HUE
MWa4DT 740 LTND), ZbOE X, Hilf) 27 0B{bTidia<,

(BT ST U A

IJ‘ o Eﬁk

13 Hnottavange-Telleen, K., et al., Risk management in a large-scale CO2 geosequestration pilot project, Illinois, USA,

Energy Procedia, vol. 4, 2011
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& 3-6 2008 4E L 2011 FED Y A 7 Ffli : CO2 DJEAN LRI BE T 5 FEP & > U F D Lhig 12

¥ 2 2008 FEPs Potential Failure 2008 FEP
st * nssociated Wi Mode o Potential Failure Effect Risk Relative 2011 Scenarios Associated with 2008 FEPs
5 as defined in this Report Ranking
Toxic geolagic components) 1o il Failure Effects) 1
(metals)
Contamination of USDW None associated Not applicable
Contamination of i
Cont ation of -LUSDW 2
groundwater by CO» ntamination of non
Undetected features (any | (potential Failure Modes)
unknown aspect of the 3 _
subsurface [154]) Lateral Containment Eailure CCS2 [IL-1CCS] logs show a fault cutting the Mt
) ) i Simon that looks important {as a potential source 1
Vertical Containment Failure of seismicity or influence on fluid movement), and
(Presumably detectabie) Induced and Triggered 10 regulators require IBDP injection to stop
fracturas and faults Seismicity
Reservoir pore 5
architecturs
(Potential Failure Modes) ’ -
Plume migrates beneath sensitive area or
Reservoir geometry Lateral Containment Failure 13 unexpectedly far, increasing monitoring 2
n : . raquirements and cost
Vertical Containment Failure
COg solubility and agueous 15
speciation
CC52 [IL-ICCS injection well] increases rasarvoir
pressure and triggers a felt seismic event, and 1
regulators shut down both projects pending
investigation
Regulatory agency is surprised to learn of a
connection between seismicity and injection, and 3
raquires shutdown pending investigation and
|Potential Failure Mode) additional monitoring
Induced and Triggered
Seismicity CCS2 [IL-ICCS injection well] logs show a fault
Seismicity (induced ) ) o cutting the Mt. Simon that looks important (as a
earthguakes) (Potential Failure Effect) potential source of seismicity or influence on fluid 4
Physical Damage to Surface mavement), and regulators require IBDP injection
Infrastructure and/or tostop
Topography -
1CCS [IL-1CCS] does not effectively apply IBDP
research on microseismicity, and induces 7
seismicity that causes regulators to shut down
both projects
IBDP operations cause seismic event that is felt by
people in Decatur, leading to new reports that CCS 10
causes earthquakes
Not explicitly mentionad in 2008's highest risk FEPs Packerin iﬁ?;\fﬁgf mle:?::;:j:]dfaih A A 8

UZ7FMTHRIE LT AZIZZERENE D K IS 5 h% 7R Project Risk Register % ik
LTWDIET ThLN, ABERNGIIMB &>/, IBDP & IL-ICCS D 3 7= — XL 7R
% CarbonSAFE Illinois — Macon County ® 7' 12 ¥ = 7 |k CERL & 417z Project Risk Register D % LT

BT %,
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3% 3-7 CarbonSAFE Illinois—Macon County (Z331F % Project Risk Register

() ™

RISK RESPONSE PLAN AND REGISTER
Riskdentification [ Response Strategy Risk Monitoring and Notes
Dete Evauale
#| HSE || Storage
Models | 2 2 | Feminity |2 10-20 N T el Response Techniques|-
g
é.’_ Commercial § Perception| & an:“ﬁnem BGICED RED - Intolerable Avoidance/Reduction
3 .
£ 2 [ Develop
9| rusic 8] S | § | commercial | -9t0-5|YELLOW - Undesirable|  Acceptance
4 gl cuany | | “EE
3 £
wel 8] mee | 410-)
k] s
Risk Pariners |~ | Financial | = BB 5LUE - Negigivle Mitigation Commentsi
D Description of Risk WBS roups | | Risk Score Risk Response Remarks Action Items
] e res0urces Invested In T65arvor
51 ggﬁs’f‘“'gj;‘“er:e‘jrﬂzt° extrepolate injection and seal 66 Models | ScopeiQuality EVE‘F“::;;“‘(’;@ 44 Undesirable Mitigation Pathway ”ﬁﬁ‘"w characterization is needed to have a
physical prop better aerial understanding of the AOR
(oA aSss T Tose crenration et
or cement squeezes
| Ensure good drling procedures to
Loss circulation resuiting from under pressured formations with Eveluate Storage Pathway riskinto
[ ity 73 wel Financiel s 23 Mitigation e T edice overbalance
-Under extreme conditions, casing could
recuire the nstallation of an addiional
s Ling.
E%ﬁo" of 1055 circulation materialin
corment slurty, excess cement over hole.
5 |Loss circuation while comenting,resuting cbtain adequate 73 wel cronca | Eveluate Storage |, Migaion Patvay riskinto (ST SUY: 0% cerient Ove
coment coverage in the casing-wellbore annulus. Feasiilty Phase Il
requirement to perform remedial
cementing operations.
S b g e wiT B performed
Failure to obtain adequate cement bonding. Cement bonding in on the casing strings to demonstrate the
54 |the annular space between the casing and formation is required| 7.3 Well Financial E“Q;‘Zg“gage 22 Mitigation Pattveay TSI Joonding_ If adequate bording s not
forisolation between intervals demonsirated by the cement bond logs,
Lemedil coment can appled
[-Conduct alled pefrophysical evaluale
of existing St Pete Sandstone data. Core
Insuficient injectiviy in the sit in the St. Peter Sandstene. This Evaluate Storage Patnway risk nto [colection across St. Peter. Find
55 |could require drling desper and the use of multiple wells 4 Well | SeepelQualty | T coagpity 48 Unez= it Miigetion selll |resources within project to dril the wiell
deeper into the Knox Dolomite, even i
-Can 50 do a sLD-Tegonal evaualon of
20 seismic deta indicates pervasive overburcen fauting, Eveluate Storage Patnway riskinto
99 lindicating area might not be suitable for carbon Storage o8 Well | ScopelQualty | ™ o ocipiy 44 UnE=TeED Miigation 4m sell [ Peng Koo oaslcores for signs of
R o s Ines o
3D seisimic deta incicetes pervasive overburden fauling, Eveluate Storage Patfay risk nto [appraise a broader regicn and have
57 [incicating area migh nct be suitable for carbon storage " Models | ScoperQualty | ™ eeaqipiity 48 Uieeles Mitigation 4m Phase Il [multple targets developed for well
location
-Ensure 2D seismic Tnes are collected
<5 [Pervasive overburden faulting, indicating area micht not be Eveluate Storace | Pathway riskinto [irst over a broad recion to appraise the
9 |suitable for carbon storage Feasibility - sl [tergsted area and identify features before
lg
Collect core from top seal nterval
L thology of top seal indicates lack of fine- grained material to
59 |act as a top seal, indicating area might not be suitzble for 62064 | Commercial | ScopefQualty | EYaUate Storage | Undesirable Mitigation Patfway riskinto | Collect high resolution image log data
Feasibility Phase Il [over top seal formation to ensure top sedl
carbon storage.
is not fractured, — e
AsSess reqonaTWel Gore TaaTor
Precsire testing of reservair unit ndcates near-wellbore
60 [boundaries that, indicate the area may lack the capacty 6264 | Commercial | scopeiuaity | BLEES0ES | 36 Miigation Pelfiey fiinto |sealing formeions prechi, Cotect core
necded to be a cerbon storage fecilly. e g
[hology of M Smon reservol nacates lack o coarse graned -Perform well tesTs f0 etermine volume
61 |material, indicating area micht not be suitable for carbon 62064 | Commercial |Scope/Quality EVE‘F“::;S““(’;E@& 37 Mitigation Pathway ”ﬁﬁ Into | ¢ connected pore space available for
storage at desired rates njection in well
LS Wb ey SperaeT
wihin manufaciure provided limits end
62 |Limited or spotty availabilty of comprehensive legacy well deta. | 65 Well ScopelQualty | B Zé‘;“;g“gzge 22 Mitigation Pathweay ”Sk‘ im0 | o intaned periodically to avoid any
adverse impact on progress of the
ject.
-Ensure Tabs are Ty squpped o preform
Lab equipment construction, repair or new equipment Evaluate Storage Pathway risk into
B e e vty 74 Data | Scopeiaualty | BV Sl 31 Miigation e oW oroject sk pricrto tarting the task or
ubiesk ab worlc
implement an agresd upon COVID- 10
64 [Potental sk of exposure of COVID-19 to persomnel working {1 1 | parners Hoe | RiskMenegement | 60 T JvcidancelReduction Pathway riskinto [oreparedness plan for the project which
sell [will nclude best practices per CDC
quiceiines

*7=. IL-ICCS TR I 27 D

RAfiC D&, £E=2 ) T %

X1 % A T Monitoring,

reporting, and verification (MRV) FHEIZIWT, JHBUIZDOVWTER 3-8ITR T K 9 IZFHME L TV D15,

# 3-8 IL-ICCS ORI D

Al

WY 27

TR, U T2 S DR & IRp i

TRTRLRE IS

CO2 MRS D FIREME A B
HEWDIX, EAT AT AOH |
fii% (CO2 ik A 774 v (&
&9 1.5km) & HLH)

H R DRREESLDRIA & 72 %
AIREME D e B R

7T VR R TR AT D AT ReME
S b E D

AT TV DEEFRDE DR
MZE 0 RBAET DR S D
HECHRKEIC L DBBICEY
BAET DR & D

W& (failure) £— RlZ kv B b
FERDBHRPEZRIZ LV | KRED
CO2 RN—BECcRKPITHEHEh
D AREME DS B B

— 5T, 7T VEERO Y — VR
(AN [ RN /(L T E ¢
BAMTRAIPICHEEIND
CO2 lZb P kg o & K57
REMED ® 5

H EREE 2 B OURIMIT)E AN B
DB DY 27 (JEAKTIC
X2 ORENSORRMY 2 7%

14 Tllinois State Geological Survey, Project Risk Assessment and Monitoring Report for CarbonSAFE Illinois - Macon
County, Task 2 Technical Report, 2021

15 ADM, Monitoring, Reporting, and Verification Plan CCS#2, 2017
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fhEm : AIREMESH U (possible) 72 72%)
Hliipo s o JEME (BauClair B) #HEM@LT |« WMWY A7 NIFATREMER L)
BEGLIE WA BT IBDP OJFEAS: L G DIZDHEE L T
HIBLOIL-ICCS DJEA L RR-lH: | o Mg/ 2@l LT EEICBE) L
DI TR AN FEGLH 418 U C IR (T
e INBHIETRTUIC @ Class VI E BT o aREHIIH 03, O X
HICIEVEBR ENTRY . ZOfk O RIRMIIth T =421 T
EWEEHNICE=4Y v 7T 5 B T KkE=FV 0 7RE) I
e AOR NOZ OO HLHITHZE ) Xomtians & riREshs
5 760m LLi% (A JE (Mt. Simon
J&) Ofc B 55 910m F) T
HD
fhww : BYLHSERBEEBL TV
W7z, NZIEAEEMEZ L (almost
impossible) (EoTH5137)
XL Wi B |+ IL-ICCS YA hDYf% 40km LN | o HIEROHBIZ L W Bie 2
B 1 oD HIBE & Wik, (BEEo) Mk RO/ | o JEAPR EIIXIE AR ICHIE D 3
i B IIFETE L7220 A LTSA. ZOREE TICh
¢ IBDP BXWILICCS 7r¥ =/ JEIZEA LTz CO2 DAEENEKE
FO—E L LT 53T L7z 2D B HL AT i & 4 2 AT REME 2%
BLO 3D HMEEREET —Z 1T & H%
0, EfEEEET D RERMIE | o HUEIC X IR, HEERAEKK
ROMHIIAFE LN 2 & 2 iR PH P DEFEDORIZHEET S
o S504ELINIZ 50km LIN T~ 7 =F
22— K 50 U EOHBEREAT D
TERIT 1% A
o HUERIGEHIC X B R ANEEL
50 4ELANIC 10%G % #8 2 5 e K1
2%
e ILICCS YmY =2 hx 7T
CEfkE L 2o FlchprHgo
BN L, JEARED D ORI
AT DAREMENAE T D L5 72)
KB MR R AT DU A7 1%
/N (minimal)
fEEm o AR TR EEME MKV (highly
improbable ) ~ IF (X 7 88 1% 2% 22 \»
(nearly impossible)
MR ORI | o B (BauClaire /&) (21X, 7’2 | ¢ Eau Claire B & F D LD ke —
(limitations) Tl M A B 27km LA JVIE DR FMEITR S | IR O HIE
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WIZ IBDP & IL-ICCS DOHLH-LISL
DOEEFNDO B AT/ <. KFEHMIC
RN D EAERD NS Y | ERNTD
T (<1 )

. 75 v 7 (mini-frac) 7 A hn D
0.93~0.98 psi/ft DT /) AKL

s ROV ARIYF—NaTFITr
25, 0.000344mD DK HZFE

e Eau Claire @O a7 &A1Y J
A MWHERAETTT —Z X— AN
FF7-12%E 1% 0.000026mD, FLER=E
1% 4.7%

e i< (130kmdk) D7 4 —/L Fh
LERE L7 126mD a7 &5 L
7o AE SR, 0.100~0.871mD D#iFH D
5 OO ERRE, EEIRFEEIL
0.001~0.001mD A

. Eau Claire f#® 9 HiREMEOE W
J@TH o—EH e LTHERET D
EH A %

o E DR AZ I Lo iRIRIE
Eau Claire B THER I T2
NSRRI REIC LD D

i am M8 D TR BEMEDME VY (highly

improbable ) ~ IF (X 7 88 1 2% 22 \»

(nearly impossible)

WEFEF I &N

RIIE =R — LB ZE DD
g %zl - T EGICBET 5%
ERH D=, MERIZIRINT S F
TORIIIEF IR B H4ER
)

HEAFEIX

B

o IPHEEOHIFHIX, Class VI OEH:
WZHE-> TE Y (IBDP 2> 5 OfEER N
IL-ICCS T &4v, HiHN6 0
R Y A 7 Z R L T\ %

wEam o HBD TR BEMEDME VY (highly

improbable)

IR DAL & & BB OB S I2I8
L T.CO2 DT EE~ T kg (2
72 5 FTREMEN B B

N B 8 D P Ak H IS B =
U7 LTWnbd, IRk FHE
HEEAPHFTIND
BENFETT5ET CO2 Wk
Zh/NRICH 2 5 72 oY) 72
R FNHEE A Fehits S 41D

CO2 SHIR IR 2 R,
WONLE E CO2 BEENIT 5 HiE
WXV ERD
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3.1.3 BRINEA

EU 13BRBE B2 472 CO2 DR BRI 2 Ik L 72 & B 6D 5 728D, 2009 4E1Z CCS 74510 % il
E L7, CCSHEFDOBEIZOWTIL, EU & RRINRR I (EEA : European Economic Area) @l
ENCE A S 4, A NRESEWNE THRT 2 0ERH D,

T, CCS T DOEMZEET Z2HHUTUTONA X AZFBITLTEY, 33T 2024 4F12K
EMEAFRLTND,

o TAXLAL:COQEFHEDIATHA I NBLIOI) AT ELOT7 L—LT—7

o HAXLA2: AT Ly 7 ZORHERE, CO2 DMk, E=% V7 I A R

SIRIESIEAE LG E R IEHE

o AKX A3 EEEA RO RERBEILYE
o HAXLUA4: MBINRIEE BB AT =X A

T, YA NMEHIRE YA N TR AL MET A HEOMEA UL TSR,
3.1.3.1 YA MR

CCS N DOMBEICIRT 2 NEDRIFEY A PO X, I a7 Ly 7 M IO
JEDHIE O RFE IR & R Z2 FEhE L. EARZRIRIR Y R 7 BIEEET. 20, BREEIMEE~OE

KRV AT DIFELIRNZ ENRRMEL 72> TS, CCS HBHOMBENIES IR a Ty
A3 X OVE I s 0 FEAM OB A X 3-10 (2,

A= R
MEEFILIEE

BHEFIL
[C X BEEFIE

FHOZEICHITIE EBITLvOIIAD

g ETUBEOLESD FBIVTLYIRD COEANCLBETED %
i) T—YERE FIERREE DT ORADENE FTILD/SA—IDE TetoESHosEHE
R [EfZER
W BBEISTLYIRIC - EIRSYTON - EATECORME  c EFARMOETC - /\U— FOSEHER
= HISER =1 HEEAL— WIBISA—SDHR - (F<ETHE
B WEF—S oIk - FEEOLEORE . #SU0URETY  EOBEHR =i
5 BENT—4 i A oERE (2 - UZSHE
g8 " KIS 5 — & - BEDWELR SRS ZalL—23>TH
« FREIFNT—4 FEEREOFET ZEZDAEIER)
- HERMEENT—4 - BB O - EACOMDEED
- WEHENT—4 (DEIF FIETOtTR
- HhEEEE - ILhmEsiE - BB ZalL—33
« CO.MBHRBLICA « HERABODTO > (BEOEes
THREEs)/RHiE R—2SA > n)
i3 - EOMDEEESE - BERSLCREDE
REiDniEH Zal—23>

CO,MEFERICED T
EEEZ(T20E
Dds 3 gk

« A0

- REER

« ETELISMDEEIED
BEEA

+ CO.HFHIE & (DEEEE
E@wmEry FO—5

Xl 3-10 EU @ CCS it DM BENCESIE a7 Ly 7 Z0OFMOME

CCS FERIZRBIT B YA FMREDOTOOFIAZ R THIBEIOFHEM 2N Z L FIZRT,

16 Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the geological storage of
carbon dioxide
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O FT—HDOUE

)

Dl LB a T Ly 7 AT LU N OEREINEST D

W T — & & MERY LSRR T — &

KREHVE 7 — % (FRIZIEBR SN D HETK)

IR TR 7 — 42 (CO2 EAD T2 DL AFE O FHH & e KITHE FIRe & O R 2 5 1r)
HERALY 7 — % (BRRIEEE . SR L)

HWE T — 4 (BFEHR, L)

HuFR AR

CO2 @ BRI LN L2 B BRI DAFAE & RAE (I RS & 72 2 FIREME D & 2 Hidds K OE
maEte)

Fricir = v 7 by 7 ZAFRAOTEHRICE L T, UTOREZRT b0 LT 5,

CO2 DT L > CTHEBEZ T HAREMO H L IFE a7 Ly 7 A0 0 KR

HTEEY Ak O# EE IS 381 B N 43R

B R RIRNE R & DTk

IR a7 Ly 7 2D TOMES), B3I 6OMESEE OMAER O R (RIEKFE DB
. EPE, BTR. WOKE OB, N KOOI E ORI %)

CO2 IR & DERE (A ELAICHTRIICFIH ATREZ: CO2 DR EDHEE 2 & ie) 6 KONl 72
EXRY NU—7

HHE) 72 ZRTHUE £ 7 L ORESE
WHELET =2 2FfH L TR EE 7 V28 L, il a 7Ly 7 ZADLUTF OFeE%

fEIAY %,

WHE) b T v T OHEREE

IrfE o FEoH)E - EiE . ZIUE CHEMED H 2 g, FILHE O R (M )R - H
ERIL2H))

ERPB LOWE AR B KON LTI 22 G AR Bhit s O 77 1E I B4 2 Rtttz

fr = 7 vy 7 2 DHPH

FLERART (LB DI A & & Te)

AR D AT DN—A T A

Z Ol o> B

® BTET T X B ZFEEEMN

ET VI BWC, DK EBLLUTOEBAEEET D,

JEAT S CO2 i DFrER K OJEAL— K

AT AT Y VI OREME (22— a3 VICBWTEHERIZIED L ) ITHAEMT
% h)

RIS7atAx (EALT CO2 B ERIS L, ZFNBET/MICED L HITKBES D H)
LY I 2 b—v gy (BREORREZMGET 272DICEHEO T I 2 b—v g Va2 n
LHEENRH D)

- 26 -



HHBLIOEHOL I 21— 3 2 (CO2 DK~DEWIREEZ G E0 DB THEOHLICE

7% CO2 DEFZALNIT D)

FROHBZZBRL, 7V ZICK VU TOBEIZLZPALINTT D,

REF R EA L — b B KL OBRBEEAN RIS U iFEEORE - 177
FEETRGEIC &> TRBEN L 7= CO2 DK I ONEEE 0 % [
R Z ST, ITREIZBIT 5 CO2 D%HE)

o CO2DIT T AN=ZALEZFOHE (ALK A v MOAEBLOEEDO Y —LVEET)
o oL T Ly U ALRIZEBIT D ZIRIBRE LIAD S AT L

B84 A N ORFRARE & ) Al

I g L ONERUBIC X RN AEL D U R
ERENIZ CO2 MEATHY A7
YA R D ORI Y A7

BEREE (L OITEEICB V)

o &Y —Y 7L — | (fracture sealing rates)

HE OFAMEERE D LB LTS KD RIE (pH DAL HM D A BK)
HEPRIZ BT D TR E R
SO E MFKE D L5

e

@ RT A —H O
BHEIO I 21— a v EEL, BELEETAONRT A —XOEFICKHT AREEEZ B 50
2T %, BEEREANS AR, VA ZEMCBWTEB LZ2ITIER 5220,

3132 URAZ=RY AL b
U A7 FEEIEY A MEEO L LTEETARETH D, VA7 il UTONEEEDD

DETD,
) BT Lo 7 250 CO2 IRIMOD ATREMEIZ BT 2 st 217 9,
2) a7 vy 7 IO NASRLRE R X O ERIREE S, CO2 MR L7z
BB 0% A B E L CAORBICZE 2 2 EBOFMEZ1T 9,
3) CO2 DR LEGAEDOEa 7Ly 7 AFIOERESL A 2 =T 4 IITDHHED
FHIAAT 9. ZAUTIE CO2 IRIRIC L D pH AR FX° CO2 MtIC & £ HMOMEIC K 55
bE A, RFEIAY - 22RO BR 2 B8 L CRMI A2 1T 9
4) Y= FORERR, 1E < BN, RERHE A ERE L7z O 2 CHEMR JORHB R
A NOLREMEOFMZIT 9, ZAUTITIRIR Y R 7 R0URE L7256 OBRESC A O~ FE
iz 560 %,
314 L7 x—

/vy = —ix, EU OMBEETII72 0y, BN R (EEA) IZFTB L TW5, £D7=H, CCS
EDAZESFTAMLENHY ., /AT o —IZRBESICES S ENEOEME 2014 4 12 A £ TlLzE
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LTCTW5 (3£ 3-9), %A FEERE L U A7 3B 2 HUE RN E1ZIER— & 7> TV D720,
PRI DI Z SR 720,

# 39 L =—@ CCS Bh#EES

A LRI TR BENE il i £F
AT ABHFEIZFE D | Regulations to Act relating to petroleum activities, | CCS #§ 45 @ | 2014

CCS 7’m ¥ =7 bk | Chapter4a: Storage of CO2 (Petroleum Regulations) | [E/PN4H{R

WA ABHFELAAL @ | Regulations relating to exploitation of subsea reservoirs | CCS fi§ 43 @ | 2014
CCS 7wu =7 K | on the continental shelf for storage of CO: and relating | [EPNFHLR
to transportation of CO: on the continental shelf

(Storage Regulations)

CO2 Safety Regulations Bz 24 | 2020

o
FTRTD Pollution Control Regulations, Chapter 35: Storage of | BREEFT A] 2014
CCS 7u ¥ = 7 K | CO2 in geological formations

3.141 7'm ¥ =7 MEf : Northern Lights

Northern Lights (%, Equinor f1:, Shell #1:, TotalEnergies fLiC L5 a1 >k« XU F v — (JV) M
IV = —TCTEET 5 CO2 itk - fFE 7R Y= M T, CO2 MINZEDI-TNVAr—LTay =
7 M TLongship) &FEEILTW 5 (X 3-11), Northern Lights TiX, / /b7 = —EWNF TR S 41
72 CO2 Zfnfiflait L, Oygarden \ZHE% L7- A% — X F /L C—RefiTik L7- %%, 100km OUFE A
TIA AT X VIEAIE TRt L, MK T 2,600m O Johansen FEIZEAT D, 2020 4EIC AR &R
ENFEREN, F1 72— XL RDENMOEABFIGIL 2025 FRTESNLTVD . H1 7 =2—XT
IR 150 77 b 2D CO2 DILERNRFIRE L 725, 52 7 = — A TIXAER 500 17 k> BLED CO2 DL
HNTIRE L 725 K O BB Z M T 2 TETH D,

{" LONGSHIP (NORTHERN LIGHTS SCOPE

Permanent storage

€O, is injected into a saline aquifer.

{ Capture from industrial plants. LiqudcO; ~Intermediate onshore stora
i Liquefaction and transported by ship.

3-11 Northern Lights 7’1 ¥ = 7 OHFE

17 Northern Lights ¥ = 7 %1 I, About the Longship project, https://norlights.com/about-the-longship-project/
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(1) WA Meetetds

Northern Lights DR ME, 2017 4 £ TiXALiED Troll ' A H D HIZ(L{E T % Smeaheia Xk
ORFREEE T2 2 ENFE SN TV e, L, 3D PR ZEA 2 HV T Smeaheia IR0 A7 g D
WP RA 2 i & HUJE RIS 2 1AM L 726 8. CO2 DT F D AR JE o Hif CHERT 2 #iPH DT < [ HEERY
ZHNTFAET D AREEEIB L7218 0, 272, 2018 4FFRIZ, IFHE A RS Troll 7 A HDEFIC
f7{E9 % Aurora XIH D Johansen JEIZAH 417z, FHEFIL 2019 4 11 AiC, IFEEOE., EHET),
WERRIE OE & RFET DM 2155 - OIZFHEIH: (BEos H) ZHHIL TRV, BIJEAHL RS TH
el

HFRA A N ORI, FRCHEK P A~BIET 2 ATREME O & 5 T X CTOWIERN . TRH BRI
HAZEVCTEm SN, LT XS 2FHE £, FFHHLTWD 181920

. KV REFH OB YT — & L REM A BT 2 L2 K D HERE S T U A OREST

o 3D WMEEBRAEICESHEET VY v ROMGE

o HEFET T U A EEL To O O FMERNE (seismic response) & HRIE 53 A7 O FEAT

s CO2 7/ N—LOBENOEERER TH HHEEMER 2 REZH# (depth conversion) (2 X 0 HEE

o BB A S e HUE G

- AEFT 171 OWE ORERMNE E

o BT X DHATHE LB O HERE O TE

o IFHBORIET LI

o IFHBOBIRET LR

o MHEREORMFEMEMRE (CO2 T N—L20MHDYIal— 3 )

o RUXAEEANZIRRY X7

s CO2TN—LDE=FY 7 FEf R Z T D 72D CO2 (%4 2 HIFEE) G DR
o IREETMICE D, 0.8MUAESIHDEAZ ER T E 5 BT X O R

o IFHBET VLD, FHEHOAE, HUHRITT D — & O R HE A 7 3 R R O REAT

o ITRABOFMALO -0 OHHRR (7 u—TF X b UTEAT A MZ X B EAMEO )
o IWIREJEAPHDM A X JE~DFEOFAM : LUT D K9 2B S IR O ATREMEDME W & AR

- EEOMERE DO1FAE

C Troll AR RIS HISHE ATAET B0, MR T MR 2 66 b D S — LA
biviginois

_ IR CO2 DJE AT L U W@ 2N EIEMEAL T 2 AT REMEIC B 2 B 5 L kR

S B

- CO2BEIOYIalL—var
o IR ORI T D HIE Y X7 ORI
- University of Bergen ® / /L7 = —[E N HIFERX > hV—2 (NNSN) ICXDE=4V 7
- Aurora DR E OREAVEIL Troll 7 A H & [A%ENZENLL ETH D EHEE (I g Ot

18 Equinor, Northern Lights Project Concept report, RE-PM673-00001, 2019a

19 Equinor, EL001 Northern Lights- Receiving and permanent storage of CO2, Plan for development, installation and
operation, Part II - Impact Assessment, 2019b

20 Vebenstad, K., et al., Containment Risk Assessment of the Northern Lights Aurora CO2 Storage Site, Proceedings of
the 15th Greenhouse Gas Control Technologies Conference 15-18 March 2021

2! Furre, A., et al., Planning deep subsurface CO2 storage monitoring for the Norwegian full-scale CCS project, 2020
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DNHUEIZ L v 5 ATREE TR

A SRR ORE R, 3-12 (R HUE A & JFE ARG 6 25 4EE D CO2 7 Ib— L DRI
RN BT i I ANGATR

3181 U5+ Est 3452 3124 U3
Planned injection well

Troll Field

\!
S‘EGat\daH i

*—
praupe FI \

1
viing 69 ‘I
Storage Complex

[Dunlin Gp. in EI._FJOI) prent G?';,e'a\

"u P! 9
e Dra\“’-ﬁm'

.

Seabod B Rogaland Gp secondary seal complox B Dravpio Fm secondary seal complox. B Heather 8 I Hoathar A 1 Cook starage uit El Arundsen
[ MNerdlond Growp [N Shetisnd Gp secondary senl compiex I Hoathar C B Fensfiord B Brent . EBurton I Stafiord
0 Hordoland Gioup I Cromier Knoll Gp secondary sesl complex I Sognefiord B ovesford B Orake primary sealunit 7] Johansen storage unit i Trol \est gas provinee

[4 3-12 Northern Lights D= AV A ~OHEREE & | JEABLE G 25 FRICTHEIND CO2 7V
—ADJENRY Zor im0 CO2 X, Troll # AH O FIZ& % Dunlin Gp. D& PASHERIZ A1) E
MECBEHTLIEEZ LN TND

(2) VA7

Northern Lights (X702 ¥ = 7 FOREKN) Y 27 ORWAFMT H720D, LTOX A7 25T
AT =X YA MR L TWDH2,

s vz bDURY (BEEHS) ERETD

o KURITDOEIEMNREE (VAT ORAMRREET) ZiHIT 5

o FERIHE A RE L CEEIAM Z 1T D

o URAT LZRIUCKIGT DAEFNHEE &2 B 2

DYV AT <RI AL hD—BE LT, Northern Lights [ZEREE V) 2 7 GHIl=CE Uik sd U & 7 34l
ZEEL TS, BEUAZTEAALY ME, 2019 2/ VY = — O = F 8B TH 5 DNV
WXV FEMINTIEY, CO2BFREY A b, CO2 ik XA 7T A v —WEIFE A O ik 2 5 O
WU ACBT DREFELZMORNEG L LTWDEE, ZOBRKEY A7 7T EARA L T, CO2
IR A B2 D OIRIBIZOW T, MEICEET 2 R0 dH 5 TR 12X 2MKO pH £kl
X DBREBERENERERLE > T,

22 Equinor, Northern Lights FEED report, RE-PM673-00057, 2020
23 DNV, Miljerisiko for EL001, Northern Lights, mottak og permanent lagring av CO2, 2019
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— T HUIADY R T EARX L M TIE, MEICEEL2VWH N TORREZ ST X TORR
KA G L LTEY . ZHIEERIMNO CCS #5457 mﬁféﬁ@kﬁ%kﬁofméo%:?\$%
BETIHECIADY A7 THEARAY Maextgil L, LTICEOMEEZ R,

Northern Lights OEf CiAH U A7 TEA AL M T, FIZRVZAIECELIDV AT TERAA LB
EENEMTET D PERBNRV A TEAA L FEEL TS 2,

@ RUFAIEITED Y 227 FH b

YA AR LD Y A7 FHETIE, IER 25 5w 2 Il 2 R iE L, IR 2 L2 Co2
TR A BT IE E 73R 2 720 DN T 2R RE & F2 i L7c, o /2T — 2 RfpRIC K 5 B
AIREZRRGT & 7o TRV o FHEHF O R EI R I RIE LS BT L7z, 3-13 (ZHFIE S NI IEFER) 72 TR

¥
R A RT,
Flows Vertically Draupne Fm.
via NW/SE Faults above Aurora
Vo1 CO, at Seabed
above Aurora
Leaves
Flows Vertically V1 storage e
via Svartalv Fault complex Injection well
vertically
V1‘ Svartalv fault
Troll
Flows Verticall Along fault leakage
=y Drake Fm. H- Caprock
above Aurcra

€0, in Viking Gp.
at Trall

C0, at Seabed
above Trall

Vo I Va

Injection well

]

Legacy exploration
& production wells

3-13  Northern Lights @ Aurora THEE S AU/ IETERY 72 IRTRAR I 20

BrE LTZIRIRER IS 2 812 CO2 DAl 72138 57200 7 23 MR R T & A
PYERE LT, — P& 3-14 1ZRT, N T EERRE, GEA EOFIR, B K OB B i
Bar7FLy 7 AF=2 ) VIHEILLDLONRGEEN T\, RUXA1ZiE, N ToORRE

FFHDHER E ., FOREBEEMT L7 ODORRBPMAAENT-, KRIZ, NV TOFMEEF DA
EMEET XIS EFE L (K 3-15) , RUZADOEHICELD ., XU TOHEREICET S
AT FEME DN 2 (AR L 7
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Leak Path 5:

igekacs Sowds L] LI

Properties of the Monitoring injection
Drake seal - thickness, behaviour and CO2
litholagy, facies plumes. Intervention
distribution, if necessary e.g. stop
permeability, capillary injecting or change
entry pressure injection pattern ————
BT3: CO2 in
Johansen/Cook

formation in Aurora

Stress (pressure/
cooling) of injection
causes fractures in

the seal/cap rock

™ ™
L

Acidic fluid will Caprock becomes
equilibrate with more sealing due to
primary seal and, mineralogical changes

unless fluids are from carbonation

replenished, no
secondary pathways *+
are created by

disselution of minerals

Acidic fluids
perforate primary
caprock (Drake)

CO2 leaves
Storage

Complex
vertically

Low diffusion/flaw rate
into/through Drake

3-14 Aurora 7> 5 OHVE FHRIMERE O R T ¥ A K OH] (—FHOxFR) 20

Effective The control is continuously in place, functions pro when tested, and ,, N - N
= requires only infrequent rzpa.f For controls r:mmn the actions of Reasonably certain The effectiveness rating is based on expert judgement and project-
people, the individuals are deemed competent and their training Is up to specific evidence, data or analysis.
. Trichides geologicel coekrols it Yoy b il Partially certain The effectiveness rating is based on expert judgement and may rely
partially effective The control is mostly effective when required, but may for example on relevant evidence, data or analysis from other projects / locations.
require regular adjustment in order to pass function tests. Individuals
mostly have up to date training. Includes geological controls which act The effectiveness rating is based on expert judgement but there is no
as "buffers’ or “baffles”. relevant evidence, data or analysis.

Ineffective The control is missing, failed or rarely functions effectively when
required or, for controls relying on the actions of people, the individuals
do not have up to date training or are not deemed competent. Includes
geological layers which are highly permeable.

X 3-15 NUTOEIEL FORMEEEMEDT X TOEHRD

@ FERMY AT TEAAL b
R B2 A G e T 72012, FEEM Y AY 5587 (Semi-quantitative Risk Analysis : SQRA) (2

£V %< OIRIRREE OBE & FERNHEE Sz, SQRAFEEA R L T\ oo, HFD Co2
IFBRICBT 2B EDOT —XIXNE LA EHFE LW D, 2D OEIZERICHEMAZ O AW IS
TND &V RUITHEENLETH Y . SQRA OFERITHEIHE Tld7e < FRIRE & U CRERkd 2 LB
H5, SQRA X, Bhi#REfi#tr (Layers of Protection Analysis : LOPA) 7 7' v —F & iH L THElti I
776
¥ 3-16 {Z SQRA DIXAEMRHT DOxfG: & 70 2 ImIAR . % 3-10 12 SQRA OFEROME % /r7,

AUE, & oM, BREE, FIIM ORI AL KT AREOH DIFRIC L HEKRRY R
TIIRFE SN2 D272 Z L BR LTV D,
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'y
C, d g, h) l
2
f £ I )
I Draupne Fm. caprock
L]
b L] "
| ' ‘ a,gj | g £
svartalv I Svartalv Fault
Fault T ' Juxtaposition
. bl W — —
8 | N\J& /SE : h \ Drake Fm. caprock
Faults Y i, m -
Injection Licence Troll Legacy
Well Boundary Well

X 3-16 SQRA DHUEMNT D35 & 72 2 IRTRAREE DA ] 20

7% 3-10 SQRA OFEFEOMEEE (a~n IFIFIEARE) 20

Consequence (Release Rate & Duration Combined)

Small Medium Large Catastrophic
<0.1% <1% <100%

Very Small
<0.01%

Very Remote =1E-6
Remote 1E-5
Highly unlikely | 1E-4
Unlikely 1E-3

Possible 1E-2
Probable 1E-1
Likely 1

Aurora DE CIAD U A7 7EAZA L NI, IR 7Ly 7 2B 0 CO2 ORI K 2 K
~OURHOFRENEIZIEF IR ), MHEHTELRETHY . b FORESREICHEL 52 2HK
RU AT WIRNZ EERL TV, VAT PRONERERIL, BERZ2RGKEOZEIC XV iE)E
VAT AOFHMENRFIES LTINS RN Y T (K5¥8 L7- Viking ERE (Troll BrfdfE) & % Dl
fies AT DOFFE, BERABRALKE ORI L 0 EfRIE S AT AOFMENFEIES N TNDH72H T
H2) DIHFETH D,

CO2 NHBCWTE 2/l L TP 2> 7L v 7 A B mEICKBE L, HEICIRINT 5 ATREME TR
2KV (very low probability) &HEE L7z 2, Ziud, BrHEE O EEICH 5 Troll JENIZIZ A0
ZDOEREBMITETFEL OB CLIAD LN TEY | HMEEEE CRERIFRNS R SN2 o72Z &M
BT Lo TW D,

RAH OBEAFH & 72 IZHHI L7z Bos FRCBIT 25U 7 25, /HTIc RS & 5428 U T
Frid g 2> BRI T D ATREME IRV (unlikely) & f&amfd 7z, E£72. CO2 MBLOITERD T A H
D RALKFEHTRE BRI 2 WREME © IEF TR (very small likelihood) & LTV 2%,

B UIAD U A7 Gl TRl L 72 MRS~ OWTER 2RI T U A0 5 B HiHo b O E 72 1380
HIZIH o TR O RN, BUFTRER B A S| SR TR H o7 2, 72 L, Z OWRE Tk
ZHEOBEWVERSCAERMEEINTE LT, 20T U AOREENMEN D, CO2 KM BE
THEEE Y A7 XM TE B/K (negligible/low) & L7z,

Frequency
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3.5 ZM GEFR)

F—A 7 U7 TR, BN EEST DA 0K E %S & LT, Offshore Petroleum and
Greenhouse Gas Storage Act 2006 (OPGGSA) 7% CCS OFFFB Al E A E AL T\ 5, S 512 OPGGSA
(DX LT 4 SOBAIZHIE LT D,

. Offshore Petroleum and Greenhouse Gas Storage (Greenhouse Gas Injection and Storage) Regulations
2023 : PREFFAICIEAT A B AR EOFFAHIEL, Y MEERAE, £=4 ) 7P A MH
BHFEDOZE 2 T % KR

e Offshore Petroleum and Greenhouse Gas Storage (Environment) Regulations 2023 : &= U 72317
% A1 {HBAZE > GHG B8 D BRETE BLOD 7230 O EA 2 785D 2 B

. Offshore Petroleum and Greenhouse Gas Storage (Resource Management and Administration)
Regulations 2011 : A jHBAFE R GHG IR EIZB T 57 — % O U) 72 & B0 U Ol M D HERy
2B % BAN

e Offshore Petroleum and Greenhouse Gas Storage (Safety) Regulations 2009 : {5 fE#% D 22 &M B
ERAY L

ZHOHAID 5 5| Offshore Petroleum and Greenhouse Gas Storage (Greenhouse Gas Injection and
Storage) Regulations 2023 (GHG Injection and Storage Regulations) 2SHLET 2 VA ~RHER & VA
F7 A AL MY D 2 LIRS,

3.1.5.1 Yo MR

GHG #EEF 7 (GHG assessment permit) . GHG YV —A{£A+ (GHG holding lease) . GHG J£ A
74 &> A (GHG injection licence) % L <ITAMAFET A & A (petroleum production licence) %
ERAT 5 FEEN THEETEE] (23875 GHG Il EE RO e Ha12id, EnafEird
J& (Identified GHG Storage Formation (IGHGSF) ) & L CHFETHZ LN TEX 5D,

MEtEIT g LE, FREOHIRICRE DG THEAINZ, FFEDOED GHG DOIEAR)RITH
(i L2 E 2 BT 5, ZOMFREIL. A< e b 10 75 b D GHG 2T FTRE T2 L7
SRAYAN

BEEOHEF AR L > TRRO LN HEIC, BEE L2 bR ETHE (IGHGSF) & L Tadi
Shd, FrElridE (IGHGSF) OHFEICEW TR T & fF Rz LU FIoRT,

o IRBYRIRBEED A T = X b & BTl E O HVE FRIRHR
o ZRAVRIBEED A U = X L& G L B FRIRHE O FEM 2 04T (PR RIS TR SN 2 BB OFE
RETYV T EETD)
o ITREOREEMEICET D 1F R
- HEERTRTOY R ZRET D OIS BERMERE 2 1+ 8L TVWD 2 L arR
THO . FEMICREHET D
- HEIT DR EBUTORNETETRTLERD D

i. RFREE DB & & DA 4 DfESE
ii. iy

iii. WP & 7o RS (A TE T 2 Wr)E
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MRS DAL LR E R

: Wi OE A OFSE L I 95 GHG W'HE & OBUSHE

vi. JRFTE1%5 . BERME ) AEL, Wifg D2 ENE, B XN JEAITK T 2 iri g o g T
H B 2 BEAT 3 2 B8 g o0 HVEL "7 3 BT

vii. ik, B, IRECET 27— 2 2 &T, IFREOWK AT 2 —4

viii. HERTEEY OB 2 5 de, Ml o HUE G )

ix. £ E 721X GHG W OB A TR B o S it Jig JiE

X. BEGLHOFIEDOA T (YO EZ R THIKZET) . &M OB, YO B
FHik, IR &t A > FoOfEE, 2 OMBIHOMEED, HiEE R AF i
AR

HreA g & i |2 B 9 2 ir R g o HERE £ 7 L

GHG PREFFAT, ARV — ARAME, JTEAFFAT S L < 1T MAERERF AT O %G X IR LIS O XI5k

BT S M A G T, GHG MEORMOLRRATHICEE T 2RO H 5, Z Do H

1

iv. [igRe

3152 VA=A b

GHG [EAT A & ZADOHGEIZIE, Y batEl (=2 U > 75HE - ¥4 FASGEZET) 26

LT ER B0 B FEHEICIXEARRITR N L 2N OWERTHH Z L zitA L, #E>
Y 27 2HE L, GEEICEATRER IRV B HMA TV LA TE LD THDH I L aRT I L
WROOEND, FA FEHETTRTREND HHHA 2L FITRT,

FIRAATREZR T — X 2B L, BUEOHEMMAICE S EhirTfe/2#H T, ¥4 MY GHG
ERENPOEANCIFETEL L

WMENZIG UT, B2 FRERHE & 7R 3 e 8 BT B O SR E

BRI Y 27 BEO, HILWY Z7 E£73EGFEDO Y 27 L LD ERORE
BT DY A7 PR E I ATRER IR KT 2 Z &
UR7ZPBRLUTGOERE Y A7, FFRATRER L~V ERD b

F I 0D S it | 3 ) 7 B

FHEOE B L OESFICR DT =4 U v 7, sk, W OMEY) 72K

SR E I IIIEAEWEIR, BX O, VEEOMORIE (B A, #Rk, ) okt o
TER 72 BB EBURTRE R IR 0 IRV 2 &

FHE O YEGFIZ IS 1T 2 BIHIY /. EAL Hk S O e LV OO EE (FEE R, BT
DAT = RNF— (AWt i, #EEE) L la=r—va Y EFERTD)
BLANZEAS < Z oI X TO DT

3.153 7uv=7 MEH| : CarbonNet

CarbonNet 7’1 ¥ = 7 ME, 2010 4 HA—Z b T U 7@ BUF & © 7 b U 7N BUR AL THY

REBEDDLCCS TrY s T, BT = — X TITHR KA/ 500 5~ D CO2 % 25 F/IEAL.
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2030 FLIEDYER 7 = — XA TITHRKRAEM 2,000 5 b ZEANT LHEE &> TV DH2 P81 b
e VU TINDFA T 4 - AL« B —F 8km #E D Gippsland 2210 Pelican B8 TH Y |
B D 2 — P —|Z CO2 Bk A 7T A v LIPS ~DT 7 v AT D5 THEETH D,

- -
R 4
. -ugpm T S

3-17 CarbonNet 72 =7 b DfrE?»

(1) WA Mrprkfndz

CarbonNet (. 7 ABAFE D% A 72 Gippsland 22 HIIZ 351 D 5B TH 572, BEFICMMEI R4
CBT 52 < OBEFET — 2 BEEL T e, 07, 2015 FEE TITBERM L 22501 &Y IA
LA PRIV —=0 T R5ET LTS, A NATZ U —=2 TIZHOWTILE = FEGEE TH 5
DNV (Z L 5% A R OFEITAREMDFRRE (Certification of site feasibility) & ¥4 FaFliEtH (appraisal
plan) ORGEEZZ TS 2,

24 Hoffman, N., CarbonNet storage site selection Process & certification to DNV-RP-J203, AAPG/SEG International
Conference & Exhibition 2015

25 McNally, R., The CarbonNet Project — The Next Phase, JOGMEC F{# Z:/{ &2 kU 7JH : CarbonNet 7 23 =
7 b IS — ~BiH CCS FHITKIT HBUREZFED ~, 2022
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1
Pujuoesry
ieuciBey [ slewg

|
Bujuaaisg
g 7 alleg

ite - Pelicar i)

3-18 CarbonNet D hEETE 7 11k A2

|
|esieddy
g £ alers

TA NEEERE T, A R A2 U —= 0 ZI2 X 0 R S U7z Pelican BrRY 8 & %4212, 2018 4F
(2 3D BRI ERAS . 2019 45~2020 4FIZFHMH Gular-1 Z48HI L, #ii-27 — X 2B LT\ 5, 7F
i Gular-1 Of7{E 1% 3D FEER R O RIS EPE L, Gular-1 TiE, LU FORBROSHT &
FhE LT\ D,

. gAY —4 2 -n

o m—XU—fllH=ar

o a7 5 (89m)

o HKHER

CarbonNet TlX, CO2 IFRRIZRBW T b EEAQRERILERE, ToRICIFEEOE (EAM) %
ZHEFTW B 26,

ORI

Jreg g O HfEHREIXIZIE TN ER Y Thoe RE TN 5 FEARHE Lo EEARER =
i 3.5m, BEHEMRSEIT 12.2m) 2, HPEEJE &2\ OB 7Y — A BT B SN 22 i E 2 R
SNz, I EEOERIEIL, HEORILKFED NT v 7L Gl Gular-1 % & T2 OBEFHH
DRTCENEEAREDOT =228V 2OV —/VEENBGEH STV D,

26 CarbonNet Project, Why Gippsland is suitable for CCS, Z2/{ &2 & U 74N : CarbonNet 717 I F—
(JOGMEC F:#), 2022

2?7 Hoffman, N., Marshall, S. and Horan, S., Successful appraisal of the CarbonNet Pelican CO2 offshore storage site,
GHGT-15, 2021
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§ =
| .-

£

« - HPMICF messurement

¢ - Direct entry pressure of
supercritical OO, by CSIRO

3-19 CarbonNet BT J& 0D B B HE IR D ik 5. 26
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@ ErRREOE (EAM)
HVE )RS S OARRBIE, BUH DR 72 H R T 3 RIOIG iR 2 52 U CRPEMER STz 77,

JENOWEBEFEICEY) RFTZ2RET) ES 233 2 g oteix, BT Gular-1 1281
LIEARBREOEINME T ICESEERERL S, BRI AT ABFICER T 2 60 4 DAL PEREIE
WX B A IRDOE NGB LY EE(L I N7z Y, Gular-1 (281 B JEAGRERICH S % | Pelican fF
BB EAMERER A TS (B 3-20, K 3-21),

Injectivity - k times h
"N 100 ktpa 1Mtpa \ 10Mtpa TYPE 1
TYPE 2 '@
K12-8 0 2%
Q rance Sleipner
Gorgon ®
f o
@ O \2%
fﬁ- White Rose = pilot
% hoy Surat Fort 0 demo
£ 4 (CtsCo) peison B At
- ‘ ustralia
g e ® .#m iz c3] + Offshore
. CarbonNet
Cranfielg-. J - 4 Onshore
E m A .%‘ @; Pelican Site ik
FOR & % .
acid gas Quest Gular-1 Test
In, a ]
Salah o
@ -
ZeroGen Sn@hvit 1
*
TYPE 3 \ Otway
10
1 10 100 1000 10000
Permeability - k (millidarcies) C
N TYPEL (b)) 1Rk - /A O CIRa X Mo ey =7 MERATRE, TYPE2 (H) 1%k
BT LTV A 3 A TOMMEIXIRV, TYPE3 (FR) (XSO NEBYAFFE S 7 v FHO T

oy k

3-20 CarbonNet O HTEE & D £ A 26
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Initial injection period ~ 2 bpm Injection rate is negative by convention

Main injection
period — ramp up
graduallyto 7.4

bpm (10711 bpd)

Final Fall-Off
Initial Fall-Of

Produchon
Lhigad ratw | STR/DY
il i

Fill up surface lines/
] top up string

Gradual clean up

Final injection pressure

Pressure
Previare [paia)
§

Well kill operations

—

TCP firing T ' )

1
1301200 1/OL020 1012
senuence L. = — = U IO —— g :
[ ©] 2 » © % © ]
Tiense [he)
Guns fire

Pressure data from bottom hole gauge corrected to top perforations

3-21 CarbonNet (Z351F 2 E AR (Step Rate/Fall-Off) il 5 DAL 26

F 77 Gular-1 & 3D BMHRIEE O RICHESEX BT T LOEE L ERE T )L OREEIZRTI L.
145 2,500 7 ko &0 ) BFRER B A ML LT B 21 28,

(2)  VURTFHE

CarbonNet Tl&, RUZAEIZLD U R T 55H0U A7 5 lL% D ) A 7 % risk register & HIV TR
LTWo, BLTOK 3-22 & X 3-23 1% 3D FEPERERACRHMm I O IR AN M & 0 2 AR 2015 4F
REROBDXHTHY, BEMDRHD EEZZONHM, LIEOERHIMR TE ol

28 Hoffman, N., CarbonNet Project Update, International Workshop on Offshore Geological CO2 Storage, 2021
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Accident
Inherent (unmitigated) Risk Rating

Risk Class

Aggregated Risk

Inherent (unmitigated) Risk Rating

Poor Engineering Performance ‘

Risks dominated by Subsurface Uncertainty

1 Nearshore Approach of Plume

2 Subsurface Characterisation

3 (Crestal) Seal Integrity

Vertical Escape of CO, Through Seals
Inherent (unmitigated) Risk Rating

Poor Storage Performance
Inherent (unmitigated) Risk Rating

3] (Crestal)

Lateral Escape of CO,
Inherent (unmitigated) Risk Rating

1] Nearshore
Approach of

Plume
(Saddle Area)

‘.‘.m’:? il 4 Legacy Well Integrity
Risks during Field Operations 5 Field Operations
Risks relating to acceptance by regulators, 6 Regulators and Legislation
ST —— stakeholders, and community 7 Stakeholders incl. Community
Risks relating to design and operation of new g E::ifli:iiutl)}; Si'in:nr;d (?p’:::;?]n
ot facilities, including injection (and monitoring) wells 70 Project Integ?aﬁon
4
[6] Regulators
CONSOLIDATED

RISK CATEGORIES

Storage performance
Vertical Escape

Lateral Escape
Engineering performance
Accident

Approvals & Permitting

166 FEP’s => 42 Storage risks => 10 Aggregated risks => 4 Risk Classes
3-22 CarbonNet (2B DR T ¥ A L& W2 U 2 7 4547 24

Post-treatment Storage risk

(60% of untreated)

11.9%

10.2%

8.9%

@1 Nearshore Approach of Plume
02 Subsurface Characterisation
3 (Crestal) Seal Integrity

04 Legacy Well Integrity

@5 Field Operations

[l 6 Regulators and Legislation

@7 Stakeholders incl. Community
@8 Well Design and Operation

[0 9 Facilities Design and Operation

[0 10 Project Integration

3-23  CarbonNet (21T % U A 7 x4lLi% O risk register*
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3.1.6 ZM (FEA—ARZ U T

PN IS K OMEIN D BURF 3 EHE T 5 [elikids L OVEED D 3MERUNIZOWTIE, &ML EINOES
WHED, 2024 FIUE, CCS BT DMELBIE L TWDIMNFLLTDOLBY TH 5,

e FiA—AFNZ U TN : Energy Resources Act 2000 ([#Hik)

e B2 MU T M : Greenhouse Gas Geological Sequestration Act 2008 ([#15)

Offshore Petroleum and Greenhouse Gas Storage Act 2010 (74 /=15k)
o JA—rRX7 > KN : Greenhouse Gas Storage Act 2009 ([#2l5k)
e P —AKZ U TN : Petroleum Legislation Amendment Act 2024 ([l « 71 FEIik)

D9 B, 2024 4 10 HIZHESEABIAA L 72 Moomba CCS 7' 2 ¥ = 7 MM EST HHA—A T Y
TN CCS BIMERIH 2 AP DG & Liz, FgA—A FZ U 7 M TIX. Energy Resources Act 2000
OHFPFRDO—>L LT, CO2 X CO2 FrRBORMBEEN TN D, AERITES LT ORI
DHIE 4V TV %, Energy Resources Act 2000 & % @ #iHI] Energy Resources Regulations 2013 (34
RRRH A, B G F X —HRERZ IR L LTERY, BUED CCSITFHEL T anZ &
ICHE SNV,

*  Energy Resources Regulations 2013 : HiH A RIEENI 92 7 A & o A HGE, [HENEMELR

Bk (2B 5 Bk A E D L HiH

3.1.6.1 Vo1 MR

CCSITHHb L= A MBREEESEIIHESNTELT, T4 B A HEIZHT Y HEICHEE S
BT ENBEIND, CCS ICH#ETARTA L AORFTERINAFERELLTOFE 3-11 I2F
LT,

#£ 311 EA—ARZUTINO CCSIZRETHE T A AHFETERINDER

TA & AOFEE HEEIC G 0 D &I
FTRTOIA A |0 REIZARSINTT +— LOPEIRZ M LI HEEICEET 5
Sy gt P D (RI6E T & AT HIEE )

o HIGHICEEEY D Xk oo Hi X

o HEEOMR LR L KIROERE (km2)

BHEIT A L A | BETHEES 0TI LONEBLIOFEEICBIT 2=

exploration licence Z BT 2

o HHXKBOAEMEEZFE L, RETOMEET 1 ST ARH LM
EED X HITHEE LTV S0 E R g Hi s E

o RAFOLAITIE, REFEEITHINT D Z & OEY]

RETA 2 o RETIEXET BT T LONELLIUFFEEZITE T A =
retention licence Z BT 2

(AR T A | o RENUTOFEREZFET 2 72OICGHMICHERTTO
2 B 57 ) T

TA & ADTEH CO2 BT BES L IR g Ol &
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ROZTHIDIZHEEATHLINE H
CO2 HTREIZBE# 9~ % BT84 T8 O 1 FH S BLAE P 3 A0 SR 8L AT
RETIEZ2 W, EiE, AETIER VDI, 4BV R
PGSR TNDNE 9 D
HTRA @ % (9~ 2 FTREPEAS i\ & RELSHIT L 72354, 15 4ELL
PICEFRE R Ml S 2 ATREME S R\ i & D i & 4= 5 72
DICHBRAYNC LR T N TOMHR (TR S 2RI EE K
ET RO H HEK &V 27 OFEHli & &)
RETHY 7T OMELZ/RTHIK

HFETA A o HGEXIOME L BT 5 &R (IrEE) ONE 24 i

production licence o TABUAITHSHEEERRG R S ERBE 12 » HRIIZT A
(AR T A&~ R ESETHIEND ABEANEIZET 215G H

A : gas storage licence | KELIZ X 2B AEDIEMEL DL FITRT

ats) o FPEOHEICHIHG GG IFRE) NEETLH 2L

o BEEMICHITRERFATARETH 20, 5% 24 A LUNICRER
(AT ATREIC 70 D ATREME DS BN 2

3162 VA< AL b
UAZTHEAAL MIBEET ZE ML LT, LFOLEDERNER SN D,
o REFZE LA — (Environmental Impact Report : EIR)

. Statement of environmental objectives (SEO)

EIR |3 —X A2 BREE R ETIN E & FAR D CEZA, FHIOMGITFRIC LV RELZ T 5 2 LR
BHIICTHSNOIUTOERETH D,

o EBRELEBEfFO LA

o TR V=2 LEROYEEEOELES G241 555)

o RRITAEoREN (RENERTL5E

EIR MBHET 21T, ML F OB A= 3 Z L3R DHND,

o AT UANPHI., BB THETHD

o [EWMoOFMICE T HHIRFEEPATLT S

o EHMABEICREL TS, I AAMIEENEWIEE ZRFET D

o BT 2HEPHICH T D, MENEHEINTLHEORKRE L RENRY ThDHZ &3tk 5 f
HLIGEAICAEL D DERI AV ERET D

o BN EARBE < &b BRERED LYWW TR E RIS W REE T
TZEMTED

SEO (%, EIR [ZHED & FeiE LIZIEIN R B0 Y A 7 IS % 72D OHEE & & DRk 2 HIlT
IO DEREZRTLETHY  UFTONEZGL I L REREND,
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o BRI RIEB O M E D BREEDORR % 72 BFRITR 2 B~ DXL % B AR
o FFEDT—RIZEBWT, EO LN RENER SN E 5 ) OYWNIEH S 5 21

SEO MMt 2 1EHIZ. U TOEMfZM-+TZ L AnRd5N5,

o AT UANREIL, FBIHITHIRTH D

HROFMIZH T 2 HIRFHEZHATT D

HHRBEZEICARELTWD, FHIEREEESEHWVER 28ET 5

B~ 2 #iPRIC T 5. IRENEE SNHEDRE & RENTRY Th D Z &3 k6
LG BICELD DERI AT ZRET D

KENERT HiHLAE E T HND

TRt L2 T ud e 6 2 ERO ELFEMIZ OV T, KEDNED D BT D

FIEPHEBEO BRI BEILR VA, FEIC L DIBERNREERL Y X 7 1TV 5 7= 0 O E
EFDOEREBHMT D Z ENTREN TV D,

3.1.63 7nuY =7 MEEH| : Moomba CCS

Moomba CCS 7'©t 2= 7 b, Santos f1:35 & U Beach Energy L7233 [FIBH%E L TV %, Moomba #
AAVERSERE S CO2 BN L, 1B H AWM Th 2 Strzelecki 35 L X Marabooka (ZJEAT 5 H DT,
2024 4 10 HICHEZBIME L TV D, IFlEY A MImA—A 7 U 7D Cooper HIINLE LTI
. CO2 H/EJH TdH % Moomba 7 AKLER N 7% D HE HUITAI 45km DIEBEICH D (K 3-24), F[HIHY
170 7 R @ CO2 Z[EUX L, K 25 FMEAT LI EHHEL LT 5,
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T T T T
120° 130° 140° 150°

Bonaparte CCS (INPEX) ©
P
Bayu Undan CCS Q [ 3 J 10°4
I & P DARWIN
Bonaparte CCS (Santos) |
o L o 0 750km
O Cstoret 7 4 e
Browse CCS O
I
y
i £ i @
i I
Karratha CCS ‘ |
Reindeer CCS e 0 |
Gorgon CCS 02 = ! bz z = s
e ) ~
\ ."!! A Camatvon Basin CCS | I =, awb 20°
L | S N
|
|

i
\

~ £
i Moomba CCS ¥4 CTSCoCp ™ BRISBANE
i SATRREE N [ St S ke

3 : Moonie EOR i)
li X\ n -
Cliff Head CCS Nsw /7 By 200
i
- PERTH 13 \
South West Hub § 7
ADELAIDE N - SYDNEY
f=s

v
ey 7 CANBERRA, ACT
;

CCS project location C MELBOURNE

and status : N A,
2023 Greenhouse Gas o Otway Intemational ~ X7 Rk CarbonNet
Storage Release Area @ Operational Test Centre o [\ SEA CCS Hub
Existing greenhouse gas @ Vicerconstiucion ~
title (assessment) O Advanced development 3 g 40°
L Gas Pipeline @ Early development
ipeli O Feasibili jr| HOBART
---= Gas pipeline (proposed) 3

| L i | L AECR72

3-24 Moomba CCS 7u v = 7 KD E?

(1) VA MRrtEinR

Santos fHi, LA FOEFRITEEDE CO2 ¥ N OHVEHEE 23l L. 28E L72%,
o IB{ERYR CO2 ITREA B

o FHUADAN=ALLZDOITHEEE

o JEAME (RBEMOICHTERELT T T-OICLEBREAFOR L ZRRFEAL—])

(B CIAD ] OFHIICIE, BB L7232V CO2 DIRIRFRE O ATREMEDFE & FHliA & 110, 2 b
DOFHMIE, FE1Z Cooper NI 1T DT 2 DAEFERERE D D157 ARG BEF O M IS X EE L |
VBTN U TBIMOGHTET VA Lz, REAKEOFMIX, HES, KERER, St v
AT TIEmML TS,

@ WAERY7 CO2 TRILFER IS O R

MR LT HIFREBEOFMIL, VA R—ZAOT7 7u—FTElE Lz, Zhidid, Co2 2 Co2 iy
B O RRREZ DR WY R 7 2RI BT 5 fREMO & 2 IETER 22 IR 2 frE L. 7
g5 EnEEND, BEMIZIZ, LT X D REBTERRIRERAR S LOBEET 2 EELRE L
Tn5,

() g
CO2 IFEE D FFHE] - B3t DO RV B TP g N OBEFHUHE O R E & MO RN 2 3256 L 7=, STt
DRESPERR 53724856 CO2 DIRIERRES & 7 B aeMEN H D, LEIZG U T, IR DO U 27 28

2 Geoscience Australia 7 = 7 ¥ b, Australia's Energy Commodity Resources 2024: Carbon capture and storage,
https://www.ga.gov.au/aecr2024/carbon-capture-and-storage
30" Santos, Moomba Environmental Impact Report: Carbon Storage, 2021
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WYNCEFLESND K02, SUHFoUWEE-I3RIE 2 EifiT 5, YiHo4eMix, Santos £E> THEH] -
f: EF B L OS2 S BN [THEWVEBET LS, CO2 ERAENREWVHIETH D720, KFiIT
CO2 D¥EEEETH L LTS,

(ii) Mg - =%

M, I, HEICET 2BEFOHFHROEOMO =T v A% RE L, Il E % Bl £ 7o 13
JEIZD7R3 > THY | CO2 IRIMAREE & 72 D FTREME D & 5 @ /K MRS D W REME & FriE L 7o, RAKAKTE
OFBETRIE X, 8%, €O X5 G DOFE LK Z R T 02 WA H 0 . Zh b o
&z Rl D BROMEAIL, A ADEPERIE L | T OAPETRB DM IE DR 2 T2 WREMED &
LINESIINTH D,

(iii) £ DA 2 A PETEE)

A —A ~Z U T7MD Cooper i & Eromanga Z2H1TiE, 2,500 A% 2 25 A A H A S
THEY ., IKFAMWEZERIEZME SN TN D, HARLKIGEIZ K 2RI 2 & el o 4 PETE
DL Ea—iE, CO2ZHFHET D DUFEEOREEEMD Z LIZoR1 5 L LTS,

(iv) i E

I8 L7 CO2 25, bl & OFEEHTIS 392 il d O FLER 238 U TR B9~ % arett 2 58l L7z, =
OFEMIL, HERRE S, ET1, ALK & T RO, B X ONTEE L B oK == > |k
EMAT AR FETEE) 20 U TSR 7 v — 2B 21 e & BEFDIRFREHIZ S & FEhi L T
W5, ERENEEIFET 5356 . CO2 OBENIXIT 2BMMZR ) 7 & LTHEE LT,

(v) v virKigoE 2k

B CIADHE Z R 2 R OERUEIC L 0 ITREE & DS N TV D72, CO2 DIEAN R
KEADIENZEALZFZR T2 3720 E PHELTWA, CO2 DIEANIC XY EHIH D R /e
JED EARTRINDED, YA N OASHZRICITIZIZEREE CHIT 2 & TRIL T 5,

(vi) CO2 kAL

Moomba 7 A AVERfiE% 1355 10 AEI2 D= W EE L T b7, T2 CO2 DAL+ /72 B
fEL TR, b EERAMDIL, ITREEICHRT 2BEIR(ELAKTE & ZOMOMBEORRWE L L
TW5, 2B ORKIL CO2 DEFF RIS OT B % 5 2 505, i ORFEIEIIZE T 5 CO2
ORZEENHEE H 2 ZIFEEETIEIARWVWE LTS,

@ irEET NV

IFREOET Y o 70%, VARl & REH A SR T D72 DIZFE i L T\ 5, I g o Rtz &
ETFV7F, CO2ITRAREAHEE L, EALITROEEZEH - £=2 U 7T 57D+
Do Vialb—varETMI SEIERBERMETTO CO2IRIRS TV A2+ 272012
AT %,

EFTFV UZE, AMERORA ST T 7T ¢ ZTHEV, FIHFREZRBEFEOME T — & & AEERIE
T—2EFIAT 5, HESGROIFEIEOBME SIS U TET A TRIEPGENC 2 5720, EREBREN
TeNT STV B IRALKFEOFGBIFRE T8 O A X MR oW T iE TR RSB AR HDH L LT D,
FERRZ, BEFHSC 3D MR REE (2001 ) o007 —XEFH L2 ST 6 LTV AR,
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K70 Y=y bOT=d ORI R IRA 2 M L7 & WV O IR b o7,

@ fE
*g LT HUPEREIX. Cooper 221D Toolachee JENIZH V. DO TRIRT ANE LiAd BT

7~ XI5, RAIKR 722 DIL. Toolachee J& & Z D ¥#3D Callamurra BN D L k & s ~FEZE 1L
T2k E CTH D, CO2 IFEDOXERTH 5B A W Strzelecki & Marabooka D58 H A & &34 D
Toolachee JF1Z1%, D72 < &b 5 DDOWNIWENT 4L, PV ME, S, ARBLZAEIZEZ2 LT
W5 (F 3-12), BPEOREREITRK 8m, FLERZRITHR K 20% (- 12%) S0, HTc k- Q3iRE
% 1,000 mD B % T\ 53,

Strzelecki DA ILELIR DI 110m O LIS 22 BB RN CTH 0 . PRI A & FALHIZ 23T T
AR D —HOWEEAH D L LTS, 2720, ZASDOWEIL, Strzelecki DE LA D D4
MEHELD DO TR, ZHERETIHEICDTZYZ ORRT AR L CE- ENGHLE L
T3,

# 3-12 Moomba CCS 7n ¥ =7 FDIFEa 7Ly 7 ADfEF 3!
Description

Ave depth to Ave thickness Lithology

top (m) (m)

Regional Seal Bulldog Shale 970 270 Marine mudstone and siltstone
Permeable Interval Cadna-Owie Formation 1215 7 Silstoneamd shallovermasine
sandstone
: Lacustrine siltstone and
Tertiary Seal Murta Member 1330 53 iHtarbedded SEndstons
Permeable Interval MecKinlay Member 1380 Inderhedden siltstans.and
230 sandstone
Permeable Interval Namur Sandstone 1390 Sandstone with siltstone interbeds
Secondary Seal Birkhead Formation 1610 43 Interbedded siltstone, mudstone
and sandstone
Permeable Interval Hutton Sandstone 1655 Sandstone_wnh it siiEione
interbeds
102 -
Permeable Interval Poclowanna Formation 1745 M s b
and coal
NI Group 1755 70 Interbedded mudstone, siltstone
and sandstone
Primary Seal
Top Toolachee Interbedded fluvial sandstone,
: 1825 10 ;
Formation siltstone and coal
Storage Reservoir Toolachee Formation 1835 55 Interbec_ided Ruvial Eantisione,
siltstone and coal
Underlying Interval Murteree Shale 1890 18 Siltstone with minor sandstone
Underlying Interval Patchawarra Formation 1890 80 Interbec_ided Huvial sangstone,;
siltstone and coal
Underlying Interval Pre-Permian Basement 1890 - Various (Warburton Basin)

a7 Ly Z20oWEX (K 3-25) 2%, CO2 #E A7 5 Toolachee JED A7 —/L (FR)
&, Z®O EIZH D Hutton (FK) & Namur (5/7R) HrEEOAMW/ T AT —VERL TS,

31" Santos, Moomba CCS project — Strzelecki and Marabooka Toolachee monitoring and verification plan, 2024
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Depth mTVDSS

2300 2100 2100 2000 1900 400

3-25 Moomba CCS a7 NOIFEYA N OWrEX 3!

F—Z2 FF U THFED ISO27914:2019 (ASISO27914:2019) & —FTHFEIZLY, ¥4 T I v
JHFREET NV E W GEEEOS 25T VTR ZER L T\ 5, #ELZET VIT Strzelecki 7
2 H & Marabooka 7 A HOAREREFER I ONEBREE —E L. S/ROIEIEDOHRTH - 7=,
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X 3-26 JEAKETEEOD Strzelecki frf 2 7' Ly 7 2 (SREAIIRTH CO2 O T HIEIHH) 3!

(2) U RZEHM
HUTIADY AT TEA AL K TliE, Moomba CCS 1 V=7 MIZXD CO2 MFEEIRENCBEE - 2
YA %BELTWD BEFOMT A EFETEBNCRE T 2 U X 71365400 3, 5l 3 20 )E
B Z T CO2 NBENT D AlHEMEN D 19 /37— ORI 285 E LT\ D, 1~10 [ZHH O
EPEY 27 1~ 18 THUE Y 27 [ 1913 E OMICBIE T 5K L 2> TB Y | TN L O
3 3-13 TR T,

# 3-13 REREOSZ — LU 27 EE

BT Y — U 27 ER
HWHIHTOR® AL M DO R
FLWBHFTOE A M X DRREEORE
HWHIHTO CO2 12k bt A2 gk

HUHOmEEME | BLWIHTO CO2i2X 5t Ay ol

R HWHIHETO CO2 Ik ar—o v VR

LW To co2ick s r—yv R

HWHHTO CO2 I LD F a— T Eid iy h—DRE
HLWHLHTO CO2IZLDF 2— T Eid iy h—DRE
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9 HWHHO CO2 ICLA5IAY—VDORE

10 HLWIIHO CO2 12X A5AY—LVORE

11 e E 28 U 7= B BLEIC L DRI - CO2 OB EhL, JEA CO2
DENDIKR ERHEEOHE TRAT D AREM N Kb E L .
CO2 D1 h3 e fE oo BT ) % 8 2 7= RpI2 AT 5

12 BEAZE DO W E O FIEMAL - BEFE OB S - WE BN s b7 %
& BRI S HUER (LSRRI ST K 0 . W AN IRIRAR S & 72 D
AIREVEDN B D

13 FEARL—LEN L TCHEREINZZE CO2 [ EAICT LY EH

—VOEAPEBIIIRT D L. EAFFOELS THRE SIS R
\Z¥R > T CO2 ORI AT HAREMEN H D

14 HARMERTEE) « i = 7 Ly 7 ZAOHEIPHN T H AR e LT
B S S &, WrEPEEME T D
15 | U&7 RKIRDERKETNIF R — N 2@ HWE  WEHERNICEH KN D

D86, ETIIWTER 25 TR ERILE L TW LS 56,
_EEROOMERE 2 W5 CO2 DIFRARRE & 72 %

16 CO2 IZ kD FHEp v — DAl FER T — /L OHEKILFRIZAL
WZED =BT T 5
17 Nappamerri B & 2 FeE 7 [ 1288 3 2 888, & 72 1% Nappamerri

R O K40 - Eromanga J& O FEEAFEAIZ &V | Nappamerri JE#$
& Toolachee & FHEEAME R S 41, Toolachee iTHifE & E D LDV =
Z ACSE D E T D ATREMEDN 8> D

I8 PRBLHEE DAV~ K T H OB : 1T 7 v 7 I
RESNDFD. AENEA L N CIRENRAET S
P 2o F=FN LA T - IO PR S UF & L C I a

OWERE #REE L. CO2 2N EBlcEi+ 5

MoombaCCS 7' m ¥ =7 ME, HUIADY RV ZEHT L1200V A7 3hax L T\Wd, &
URA7 &R D) A5 %R 3-14 (¥, POHEIZEIC, SiHOREEOBEE, 1 hE
E. BLIOTHEBEEHCTHY . BELLBAWFEROAREMEZKL T 27O E T 5, BRI
FIZ, F=F VU VEHTEE L RWERZBIBL, 7uP =7 MiA FIA4 o extic g
BT 2L THY, BELLRVFROEELZRNT 2 7-0ICET 5,

Santos LD U A 7§ 7 & & RZHEV, &V A7 D2 (consequence) & FIHEME (likelihood) %
AL, VA~ hY ZARCESEL—T 4 T EED YT TND, TOREEE 3-14 17T, T
BMENDEBY AT V=T 4 7&K 31518 7T, FBRY A7 DL L, HWHIHOMENE, ¥
I DOE A ML DBEEORESC, W TO CO2IcL bt Ay FHLICBEEL TV, £
DIz, 2023 FITHHOREMEEEIEENTE T LRI, TG L TY A7 3HliZ BHT5 & L
Tn5b, WESHY A7 OFEEY 271 F MRV F720F THEFIEy) s TRy, ®EL
IEEEE (KB Y AJ8) OEMERMET — XX, BWEEERSH L 2 ARSI T 5,
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Risk Name

% 3-14 MoombaCCS 7u =2 FDVU A7 L—F ¢ 2 7 EEH 3!

Risk detail

Migration of >1 Bscf of
CO; from storage

Noisolation aver Nappameri
seal due to poor primary

Financial cost to identify and remediate
problem well.

Controls
P - Preventative
M - Mitigating

P - Well integrity review has identified wells with poor quality cement
which will be remediated or abandoned prior to the start of €Oz

INHERENT

Risk
rating

RESIDUAL

Risk
rating

1 ;‘“T‘;?‘ / Pi‘;’;;ﬁ"‘e“‘ ~ | reservoir to overtying cement job in an old well. Nefifieation to regulator. injection. This work was successfully completed in 2023. W e High W | b Low
cpaanon; | O Hutton Sandstone (yellow M - Monitoring plan will identify migration of GOz above the
LOC). seal into the Hutton
Migraion of >1 Bscf of | No isolation over Nappamerni | Financial cost fo identify and remediate | P - Well designed for COz service and drilled with current best
Financial ! | Poor cement. | COz from storage seal due ta poor primary problem well. ) practice.
2 | Reputation | newwell resenvoir to overlying cement job in a new well Lost revenue while well offiine to M- Monitoring plan willidentify migration of GOz above the V| d High Vb Low
Hutton Sandstone (yellow | (injector). remediate. Nappamerri seal into the Hutton Sandstone.
LOC). Nofifieation to regulator.
Migraion of >1 Bscfof | COz reacts with csmentin | Financial cost to identify and remediate | P - Well integrity review has identiied the type of cement used on all
o Degradation of | CO2 fom storage an old well causing problem wells. old wells and concluded that reactions with C Oz are likely to be
3 | Financial/ | S9ERTER | reservoir to overlying compromising isolation over | Nofification to regulator. limited. v | e High V| b o
Reputation | %) Hutton Sandstone (yellow | Nappamerri seal. Likely that M - Monitoring plan will identify migration of COz above the
LOC). multiple wells would be Nappamerri seal into the Hutton Sandstone.
affected.
Migration of >1 Bscf of CO; reacts with cementin a | Financial cost to identify and remediate P - Well designed for CO2 service with COz resistant cement.
, Degradation of | CO? ffom storage new well (injector) causing | problem wells. M - Monitaring plan will identify migrafion of COz above the
4 | Financialr | SOECTEON | reservoir to overlying compromising isolation aver | Lost revenue while wells offiine to Nappameri seal into the Hutton Sandstone v | & High w | & Con
Reputation | #=7) Hutton Sandstone (yellow | Nappamerri seal. Likely that | remediate
Loc). multiple wells would be Nefification to regulator.
affected
| Loss of well barrier. COz and water carroding Financial cost to identify and remediate | M - 2 barrier well design (corrosion resistant casing for monobores).
carbon steel casing in an old | problem well or accept higher risk P - A well integrity review identified wells that posed an
Financial ! | C35ing well k Wells were
5 | Reriaton | camosion-old External corrosion near or remediated in 2023, and some wells are targeted for enhanced 0| d | Medium | W | b Low
putation :
well surface. well integrity surveillance:
M - Well integrity checks will identify casing leaks from the
roduction casing annulus.
Loss of well barrier inan | GOz and water corroding Financial cost to identify and remediate | M - 2 barmer well design
Financial; | €259 injector which would carbon steel casinginanew | problem well i P - Well designed for COz service and drilled with current best
& | Reputaton | Forosion- fikely need to be fixed well (injector) Lost revenue while well offiine to practice e Low ml s o
new well External corrosion near remediate. M - Wellintegrity checks will identify casing leaks from the
surface. production casing annulus.
Loss of well barrier. €Oz and water corroding Financial cost to identify and remediate | M - 2 barrier well design (corrosion resistant casing for monobores)
carbon steel tubing or problem well or accept higher risk P - A wall integrity review identified wells that posed an
Finangial ) | Tubng/ sing packer seal element Wells were l ;
T | Remiaton | Packer failure - il in an old well suspended o remediated in 2023, and some wells are targeted for | Il | d | Medium | Wl | b Low
P old well enhanced well integrity surveillance.
M - Well integrity checks will identify casing leaks from the
casing annulus.
Loss of well barrierinan | GOz and water corroding Financial cost to identify and remediate | M - 2 barrier well design.
Financial /| Tubing/ injector which would carbon steel tubing or problem well P - Well designed for CO2 service with corrasion resistant tubing
B | Reriicon | Packer failure - | need to be fixed causing packer seal element | Lost revenue while well offiine to and suitable packer | e Low | b Low
P new well to fail in a new well (injector). | remediate M - Well integrity checks will identify casing leaks from the
casing annulus.
Toss of well barrier. COz causing wellhead Financial cost to identify and remediate | M - 2 barmer well design
Financial | | Wellnead seal packer seal element to failin | problem well or accept higher risk. P - Well integrity review has identified wells with high risk tubing /
9 R:ﬁ;;';m failure - old an old well. packer which will be remediated, abandoned or risk assessed prior |4 Low. | b | VeryLow
P well to the start of CO2 injection

M - Well integrity checks will identify wellhead seal failure

Risk Name

Risk detail

Loss of well barrier in an

Causes

CO:z causing wellhead

Financial cost to identify and remediate

Controls
P - Proventative
M- Mitigating

M - 2 barrier well design.

INHERENT

Risk
rating

RESIDUAL

Risk
rating

1o | Financialy | Welthead seal | juie cior which would packer seal element fo failin | problem well. M - Wl designed for CO; service with suitable seal elements. i e - | b [
Reputation | =y need to be fixed. anew well (injector) Lcsl;venue while well offline to M - Well integrity checks will identify wellhead seal failure.
remediate.
Tigration of >10 Bscfof | GOz column buoyancy Financial cost (o identify problem (would | P - Sile selection - Toolachee reservoir has held a gas column with
CO:2 from storage pressure exceeds capillary | likely involve well several well alarger buoyancy pressure over geological time
reservoir to overlying entry pressure of the Top interventions) and addiional monitoring | P - Seal capacity tests (MICP) on Top Toolachee and Nappamerri
Hutlon Sandstone (red | Toolachee / Nappamerri (2.g. seismic). seals have confimmed sufficient capillary thresheld pressure.
Financial¢ | CaPilary LoC) seal. Significant reputational impact affecting | P - Primary seal thickness has been mapped across the area of the
M| peicton | failure of approval of future CCS projects. storage complex and is at least 40 m. A capillary leak throughthis | V | a | Medium | IV | ac | Verylow
P primary seal thickness would likely be very slow.
P - Storage capacity of Toolachee reservoir limited to original gas
filled structure.
M - Monitoring plan will identify migration of CO2 above the
Nappameri seal into the Hutton
Migration of >10 Bsciof | GOz injection changes the | Financial cost {o identify problem (would | P - Site selection - Toolachee reservoir has held a gas column over
CO2 from storage stress in the storage likely involve well severaf well geological time so faults must have sealed in initial stress state.
reservoir fo overlying complex causing a faultto | interventions) and additional monitoring | P - All major faults have been identified from 3D seismic.
12 | Financial! | Fault Hution Sandstane (red | reactivate and open fo flow. | (6.9. Seismic). - I study has considered ivation and v | s | v | s R
Reputation | reactivaton | LOC) Potential early closure of the storage pressure will be kept below minimum threshold to reactivate a fault.
complex. M - Monitoring plan will identify migration of CO2 above the
Significant reputational impact affecting Nappamerri seal into the Hutton Sandstone.
approval of future CCS projects.
Wigration of >10 Bscfof | COg injection pressure Financial cost to identify problem (Would | P - Site selection - primary seal thickness has been mapped across
CO2 from storage exceeds fracture pressure | likely involve well several well the area of the siorage complex and is at least 40 m, requiring a
reservoir to overlying causing a fracture to.grow | inferventions) and additional monitoring | significant amount of energy to propagate a fracture to the Hutton
Induced Hutlon Sandstone (red | vertically through the Top (e.g. seismic). Sandstone i
13 | Financial/ | fracture Loc). Toolachee [ Nappamerr Potential early closure of the storage P - Geomechanical study has considered fracture pressure and v | a Piisane | v | < EET
Reputation ugh seal. complex. injection pressure will be kept below this threshold
primary seal Significant reputational impact affecting | P - Downhole gauges wil be installed in all injectors o continuously
approval of fulure CCS projects. monitor bottom hole pressure.
M - Monitoring plan will identify migration of CO2 above the
seal into the Hutlon
Migration of >10 Bsciof | A natural seismic event Financial cost 1o identify problem (would | P - Geomechanical study has reviewed the frequency and
CO2 from storage causes a breach of the likely involve well several well magnitude of natural seismic activity and assessed the site as
reservoir fo overlying storage complex. interventions) and additional monitoring | suitable
Financial / | Natural Hution Sandstone (red (.g. seismic). M - Monitoring plan will identify migration of CO2 above the
14 | Reputation | seismicity Loc) ( Potential early closure of the storage Mapgiarnistd il Hu“gn biutid V| aa Low V| ad | Verylow
complex.
Significant reputational impact affecting
approval of fulure CCS projects.
Migration of >10 Bscfof | Primary Top Toolaches | Financial cos! 1o identify problem (would | P - Sils selection - Toolachee reservoir has held a gas column over
CO2 from storage Nappamerri seal failure due | likely involve well several well geological time so faults must have sealed in initial stress state.
Natural resenvoir to overlying 10 a fault or fracture (possibly | interventions) and additional monitoring | P - All major faults have been identified from 3D seismic.
Financial / | fracture Hutlon red ib-seismi (e.g. seismic). M - Monitoring plan will identify migration of CO2 above the 3
15| Reputation | through LoC). ( Poential early closure of the storage Nappamerri etk Huﬂgn Sk V| a | Mediim: V| ac SRS
primary seal complex.
Significant reputational impact affecting
approval of fulure CCS projects.
Wigration of 10 Bsei of | Primary Top Toolachee/ Financial cost to identify problem (would | P - Site sélection - Toolachee reservoir has held a gas column over
COx from storage Nappamerr seal failure due | likely involve well several well geological time with 2 CO> concentration of ~10% mole.
reservoir to overlying to partial ion of the ntions) and additional P- ical study has assessed the mineralogy of the primary
Degradation of Hutton Sandstone (red seal when exposed to COz. | (e.g. seismic). seal and modelled possible reactions with CO2. The seal was found
§ £ LOC) Potential early closure of the storage 15 e ol unfesichive
Financial / | pimary seal gely 5
16 | Reputation | from exposure complex. o P - Primary seal thickness has been mapped across the areaofthe | V | a | Medium | V | ab Low
P 10 CO- Significant reputational impact affecting | storage complex and is at least 40 m. The progress of a reaction

approval of future CCS projects.

front through this thickness and any associated leak would fikely be
very slow.

M- Monitering plan wil identify migration of COz2 above the

N i seal into the Hutton
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i INHERENT RESIDUAL
Objective  Risk Name Risk detail Causes Impacts P - Preventative
M - Mitigating Risk
rating
Migration of >10 Bscfof | A permeable pathway exists | Financial cost to identify problem (would | P - Site selection - Toolachee reservoir has held a gas column over
COz from storage through the primary Top likely involve well several well geological time.
reservoir to overlying Toolachee / iseal | i ions) and additional P - Primary seal thickness has been mapped across the area of the
Stratigraphic | Hutton Sandstone (red due to erosion of the (e.g. seismic). storage complex and is atleast 40 m, providing some margin
T, a“wf i LOG). Poolowanna into the Potential early closure of the storage against Poolowanna erosion. i i
7 | i [N Nappameri or at the complex. P - Erosional edge of the Nappamerri is mapped to be outside the | W [ a | Medium | V | ac | Verylow
P roug i erosional edge of the Significant reputational impact affecting | storage complex
pamary ses Nappamerri approval of future CGS projects. Starage capacity of Toolachee reservoir limited to original gas filled
structure.
M - Monitoring plan will identify migration of CO2 above the
Nappamerr seal into the Hutton
Lateral migration of >10 | Volume of COz injected into. | Financial cost o identify problem and P - Site selection - Toolachee reservoir has a well-established
Bscf of CO2 outside of the storage reservoir addifional monitoring. . capacity from gas production history. o .
B all | L 1 the Marabooka / exceeds capacity of closure Potential reduced injection rate into P - Storage capacity of Toolachee reservoir limited to original gas
L I et mf'e:ﬁa“ Strzelecki / Marana or reservoir does not fill storage complex. filled structure and volume of CO: injected will be measured. V| ¢ | Mediom | 1 | b Low
P 9 structures (red LOG) evenly. Meoderate reputational impact affecting | 1 - Monitoring plan will identify lateral migration of CO into
approval of future CCS projects. adjacent structures (i e. Marana and Nanima).
PIM - Ongoing modelling and of well injection rates.
Migration of >1 Bsci of | Activity of a third party (e.g. | Financial cost of additional monitoring. P - Santos holds exclusive pefroleum licenses over the storage
T CO2 from storage drilling a well) breaches or | Potential early closure of the storage complex.
19 | pnancs ot parly reservoir fo overlying interferes with storage complex. P - Toolachee reservoir will be dedicated for storage without | b Low | a | Verylow
epulation [ Interlerence | Hitton Sandstone (yellow | complex. Significant reputational impact affecting | attempting enhanced gas recovery.
Loc) approval of future CCS projects. - Monitoring plan will identify anomalous pressure behaviour.

E3Ke

(%8 I-VIONATHEN) . L (FIREME © ad, ac, ab, aa, a, b, ¢, d, e, f DMETEEI) . P (FF;
). M GREFSR)

% 3-15 BHUIAHDURAZOEEZY A7 31

Number Risk name Category
1 Poor cement — old well Low
2 Poor cement — new well Low
3 Degradation of cement — old well Low
4 Degradation of cement — new well Low
5 Casing corrosion — old well Low
6 Casing corrosion — new well Low Vel inkogrity
T Tubing / packer failure — old well Low
i) Tubing / packer failure — new well Low
9 Wellhead seal failure — old well \'fery Low
10 Wellhead seal failure — new well Very Low
1 Capillary failure of primary seal Very Low
12 Fault reactivation Low
13 Induced fracture through primary seal Low
14 Natural seismicity Very Low
Geological
15 Natural fracture through primary seal Very Low
16 Degradation of pimary seal from exposure to COz Low
17 Stratigraphic pathway through primary seal Very Low
18 Lateral migration Low
19 Third party interference Very Low Other
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EHEL TS, 723, DIN (RA ) [ ZRBTANRAL T T4 UBHGETHY CO2 x5 & LT
WRW2b, XA T T A UMEHZ DWW TIEERY BT,

K 43 AT TA MBI D ESMANEE O BUE

K, Kk F AR BIHINES
1. | ISO 27913:2024 ® M OEEIX, 1SO3183 £721X CO2 A R U —L DT T
DA L7~ OREAEIZHES = &, % API 5L Line Pipe”

Povany

=5
® Al L e DM BHE, BB, WEEES, FEL, AR L
DRNZRET D RN O & HINRICHIEAE T2 2 &,

2. | DNV-RP-F104 o HHKDOEHPEEENDIHE, MMz ERE L., FEEDO
FERIZE G 95 CRASHE Z2RET H 2 L,

® H2S #FLee. HHIKEROAEIZERR, U —H
AR T OFMBLIE L 72 D,

3. | BSIPD 8010-1:2015 | ®  ISO 3183:2012 PSL2 % 7=(% API 5L 2012 PSL2 (Z#EHL L T\

+A1:2016 L2 &, maaiem A4 (CRA) Tik. APISLC,
ASTM A312, A790, B444, B423 ZEZHERLT 5 = L,

®  JiEtECIEMEIT LT A D D K O ITIBET HMENRH
%, ARECTHIVE, EMEREO R & 4 2 &

® EMERGEEAZFIRICKVREET S, Mo s T v T L
AR HEFRETDH L,

4. | 49 CFR Part 195 o FiX, NWEBLOMEMEICK L THoMmELR>, &
F, (KEEH, Tothos&chsrz b,

4222 [MHEM: - EEIE A EERS Ik

ISO. #E[E, FA Y., KETIEMENZEBETDLZ L EHELTWD, EEEMEMEDRIEIZ S
TIE. ISO & DNV Tl ERA sk it &b Z2r U, KIE & JEE TITEMER 2 EREFIHLE LTV D,
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K 44 NATTA 2 OWEIET L ESMANTREE O BUIE

Bl Biks T Bl

1. | ERSEEUERRAS HEERFPEEN Z EZEET D L,
ISO 27913:2024 T ANER LRV ERET SRS 2 R,

2. | DNV-RP-F104 TAUNHER LR VORGSR E R,

3. | BSIPD 8010-1:2015 HERF O, B LEET LK,
+A1:2016 TRE CHIVUTHEE R T T v 7/ T LA Z ORE & B
;}QO

4. | DIN EN 1594:2024 o JEEINAAS (ML . HES) Mzl s

0 KRHAETNIRKRHT AL KFENRATTA L DIREH AT
DT OEIEEIE OB EEZRd,  (CO2 DL HID)
T ADFARAN B2 BGAIT IR, fthod X RE RN 2 v 72
SR ECAN YA AN

<

5. | 49 CFR Part 195 o R, IRE). BUZLLMPHE. REDHEESN DM EITEZE
THZ L, RFTREER L UL MERENIRILE S
ETHZ &,

& TUERABEMNTLLIICKRTDHI &,

423 FxEF - EHICETOHE
423.1 JEESHIE - LeET AT L

HETIE, mEfEHECREHE N AR L LT, @O\ iR & 2o E O S R
SEORBE & TR L, V%A GRIEMNICAE U 220875 B BRC L IFA SN D RIRIEA HE,

K 45 AT TA 2 OEDHENZ BT 2 FESHAHEEE O BLE

FRHIL A TR RN
1. | I1SO 27913:2024 o [ENFENERHIENEBZD)IENZHE TE RWEAE R

T, JENRE AT D EERT 22 L, EEREND
110% Z i L\ 2 &

BAIEREIZ KM S AL S 720 K D ICIENHIET 2 2 &,
CO2 DRI & » TERENE LWEREIZS b S
NDHZERRNE I, FRTREICERNRPEL H 272
WEOIZT DL,

2. | DNV-RP-F104 ® DNV-ST-F101 {28\ T, BFHE/ OBEITA/E T 1/100 &
WOMRETHZ L,
SEHRCIED 10% R EBIRT 2 Z LITFFR S5,

3. | BSIPD 8010-1:2015 | ® IHEMFEHENZEB25ZEnHHEE. BafE. AT
+A1:2016 FIRENRERET D I L,
o (BREMARIENEFEBIET D20, LENDDHHAITIEE
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PHlb R E 2 RIETH 2 L,

ROV —VENCRT HHF 2T 528, h—UExE
BRA RS EFIXERFHED 10%%2 i Lanwz &,
XIMPERNTAE T BRI E T ER-

4. | DIN EN 1594:2024

WEBREENERRGHE N 2 B2 LR B 720,
WHEEERIC S, T IA AT LADT X TOEFOES
WIREBREIE N B2 720 XD ITESHIEI S 2 T 2hs dif
INRTFNTR B0,
JE A AR O R E R ) T e s B E S E ) D 2.5% LA T D
P COMIBITHRE SN D,

BEBCEE N BB 2 D)2 BEECHIRT 5 v 27 A0
HOGEETIE, REROES B b REEBEE O 15%F
THREND, ZFHEND 40 [IELL F DAL 7T A T
R L > TE 20% ETHEIND,

5. | 49 CFR Part 195

W=7 EORARICT S @ AL IO 110% % B L7232
Nk, %ﬂﬁﬁ%k% EHEE AR D,

4232 RATTA L DXMELE

ISO CTIXXMAEl GEWRrREE) 13XV A7 FHMHIC S R&E &L, #EE R TH ISO & [Alkk
WZHEIZ R LTV, DNV TII O T FHIR 2SR L THE L. KETIT NS 7T A VERESMC

FOBEL TS,

F 4-6 AT TA DD OIRMOBEIZET 5 BT EHEO R E

sk

T Bl

1. | ISO 27913:2024

be LA 7T 4 OGE. W78 v 7 VT OALE &1
REEMFIE, BRI Y A 7 FHIIC RS RETH D,

2. | DNV-RP-F104

Ve kXA 7T A OMWRF O E X, Mk DB ER

FEBI WY A7 EFHEKIEIZHES Z &,

CO2 A T T A N OB DN TIX, T H OFEHE

CSA-Z-662-7 IZRSNTWD (v —v a7 A1 EH

EML, vlr— 377 A2~41F 15km LLF),

xur—arr7 A (LC) X, EE/FEEEMEC A D
BEIZL > TEZIHIEX S TUTDEEY,

LCl: W, V¥ KT DL 5 7 IEE 1 Mk

LC2: AV 50 A /km2 A 038 B HIg

LC3: A HEEE 50~250 A/km2 OHSTH &7 ik

LC4: ANHEFE 250 Nkm2 DL EofEFE, T3k

LC5: BV, ZZiEfE, T haak 2 g HE 3 2 Mk

3. | BSIPD 8010-1:2015
+A1:2016

EFHMERE R A e L, (A[REZe D) I FICRET 5,
W, 77 AME HBEE DS ORESCHEARY ZEE L
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THRBENEZRET D,
CO2 A T T4 DG, ZRHIIC &V FFREZRE L,
XE 5 E LT IEFE T 72 LR S 258 2 R
T, EREAER LT D,

4. | DIN EN 1594:2024

RATTA VAT MIAVTIZ L KESET %,
AVTIIRRIL, BEEET), R ST YA DB
VBRI, B OB EREORNH LIS L
T ONLE SRR E,

5. | 49 CFR Part 195

CO2 & fEpriit i Cixak i Mk I LR 32km AR (FE RS2
Mg 24km, A FEE S 12km)

(%) ASME (T & HakiE MR LR © 213 8km~
32km, LPG°7 V=T LT - f¥ - (EEHETIX
12km,

4233 JwAVKE

ISO. #[E, KETIEH., ) Wi Ialt—Yay (FrIA4 LV TAEA LHEEY I 21—
g ) WL AIREHEY AT LA EHIE L TWD,

# 47 NATTA DD OIRMOBEIZET D BT EHE OB E

sk

T Bl

1. | ISO 27913:2024

TR M A IR L, SHGR 2 L5 2 LS HE
THO., VAZIHIREE Y R =2 b — 3 X IR
LG LTI E 2 E Rk TR &,

HEML SN2 A 7T A VIR S AT ARHER S
5. BEOBMFEEZFIH LT, BBWmAEm L, /I HEEY
FODH T ENHERIND,

2. | DNV-RP-F104

BRI 2 IR BN AT, A 7T A NEW O fse Y
IR ANT A JENRE OB, JES L EDOELRDOE
=27 BIarva—Xcir28ME7) 70
BEND,

3. | BSIPD 8010-1:2015
+A1:2016

T E T LT 2o /B9 T, — MRE A A
WIZRA T T A EBRY AT AE2IRO—HTHDHRE,
BRI 7R IR N T 1R UE . XA 7T A N O Y
IR ANT A FENEOE, T EREOELEDE
=XV 7 BRXOBWET Y VI REERD,

4. | DIN EN 1594:2024

RATTA L DORENT, WYIREEDR s o —)v, R
W, T 7 AN L DA TFTAE=R Y T2 LY
Wb A LN TE D,
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5. | 49 CFR Part 195

S B E 2O BUAR TIIE T D ERIEIR A 7T A 1
40CFR195.444 |ZHESLOIRILBIN S AT L& 5 Z &
API RP 1130”Computational Pipeline Monitoring for Liquids”
@ 4.2 #i” CPM System Features” D B IZHE> Catd 5 2
Lo

424 NEBARICETHE

BSI (#£[E) . DIN (R ) . CFR CKE) TiX CO2¥FDHEITRL . BFEDO AL T T4 1
PNBLHELE U THS, 1SO TiZ, CO2 KL O FIRE A2 EREIT L L THIR. DNV T3k
BN ) DHEEGKBEICHLTIRUTEREL TS,

K 48 AT T A CWNHEOPRIZET 2 FEAHAHEE O BLE

sk

T Bl

1. | ISO 27913:2024

CO2 A I U — LD 2 BB WM & L THE® A Table
Al (5AH) | Table A2 (REAHM) (TR 7, ZaMEEMGE
L7 BT, ZZ2THIAR LB L 0 @ L L O R % 5
KTHZLELAETHD,

JEIRREERT D72 ONHE 2 —T 1 > 7%, KT
JRAIE U CHESE S 72 u, IREM TR & TRy,

2. | DNV-RP-F104

WEERRF O R EKEIL, KOBBENE Y 5 H3HEE
KEIZKR LT, BofREAE 20U LT 5L,

Wil 2 —7 ¢ U 7 I3HBET 20 H D, KRBT AL T
TA LT, NEa—7 47 Re5HHDIE, CO2 /31 7F
A NN T 258 XRBEO FTREME 2 ETT 5 2 &y

425 BEAFRFIERIZET LHE

ISO. BSI (FEZ[E) . DIN (FA YY) TiX CO2 B DHEILRL . BEIFED /XA 7T A DI
ELFUTHD, DNV &KETI CO2 DEEEEE L= BRARSHSFHHER 2RO T\ 5,

% 49

e B B9~ % E AR FR #15 OHUE

B, Bk

TR AN

1. | DNV-RP-F104

BRI AT X, CO2 FFiE, LR, CO2 /"1 7'Z
A VR OBERFESEBE LIEKR, 528,

2. | 49 CFR Part 195

CO2 DFME & BB FEZ 5| S Z I W REMED & 5 IRPL & 78
L, BESHSIIM T v 7T AEER LERT 5 Z &,
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43 EHRNNDNA T T4 FEOREMINRDERT — 7 | s
431 CO2 AT T4 DR
43.1.1 HE

CCS TIEXMED CO2 45 T ANL W, KOBIFET D& SMBPEE LT WERE L 72
D

I CO2 Ok TR TlE, Wik E N OESIZEENT L0 KRBT L, 2 OHIZJFENT 2 36 KL OMLER
Tat AT LY IS D ARMPEIRT D Z LTk BREESER SN D,

FEAMPIT, H20, SOx, NOx, 02, CO, H2S 2 & TH D, LinL, ZHo AP OFFRIRE
2OV T, ISO R SE CIEHMEIZIZR S TUvieny,

FAED CO2 \Z K D IRFMMOEAEE L, IRE T & CO2 /3E Peo2 IZIKIFT D, RFEHD CO2 Ji
BT Veorr 1E. IRE L CO2 45 E & ORI, BEERAYICLL T O (DeWaad-Milliams 2) 7355 D 370,
7272 L. Pco2 OFFHILIAME TIiLav,

D CO2 JEEAIHEE Veorr (DeWaad-Milliams 30)
Vceorr =5.8-1710/T+0.67Log(Pco2)
A7 : Veorr [mm/4F], T[K]. Pco2 [bar]

4-1 |12 CO2 Bt O 2 /-3, JRFEHH & 5 CO2 OIICIRIRE SR S D & RH#
F I REMSIER S D, 7/ — RETIE Fe NAEH L, 7Y — R IR mc B a4k
Wk LT FeCO3 T 5, CO2 /34 T T4 T, KBFET LHEICEKENER I, 6
BEJEDHEITT 5, FeCO3 MEEITHTIN T 250 Tik, SRFEM & T OBt 23 1 S 4, ROk
TEMmzond,

AT T A T, CO2 LIS, K, SO2, NO2, H2S 2N EfF4 2 & SMEmICERNE & 7= 135
L7 AKIZH ARG DN EIRT 272, R EEDIRK & 722530, JLEOREHREITRR & & HICKT
L. /KOfafn L7- G CO2-S02-NO2-H2S-02 OBREECTid, KRR T 2 L ERIFE L REE R
MO EMHERIZENT 5, Rl a & LBEER CO2 DA DEAEEE (2E &, uniform corrosion
rate) 1L, L mm/AERETH D,

CCUS ¥ CIE B ZBA LT 5I121%, 4 v e EX —DRMBEZ TH D, KOEF L - R CO2-
S02-N02-02 OEgHi Tld, B X7 2> (piperazine, C4HION2) 231 b EX — & LTHZTH D *,

CO2 BRI ET DR FE2E 410 1T7-7T, WEBRFL LT, CO2 ToksgE OKIRE). pH.
T, W, ES, HFEAAY (CH) . Wand D,

PRFIN IR CO2 L il L CHBRET | KNFET L2 LI ko TEREMEE SN D, R
CO2 A T T A v DYE ., KON TEEPIET 5, KOBEIZIZEMEN & 5, SO02 &t
HEEE S CO2 /XA 7T A L DYE, SO2IREZE FITH X0 &, KAREZ T 55 EEIENC2h R
WD,

36 Yong Xiang, CHEMICAL TREATMENT, November 2018, pp.2-5.
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| -
[COZRM] = ~>r U —ER X COHIE

COz(=ol)

ol Hsod COz + H20 = HzCO3
H2003=H*+ HCOx

4 - e HCO3- «H++ COr

4-1 CO2 & AHrEy

pH 28EWVME & HREIFES 20 | REE MK T3 2,

FOEAVELS 72 212 L8, WRABEIIHE T, ZHUd, @E TIEA A ORENINE S 1, BERARN
MOLEAEL T 2NRBH D120 ThH D,

RENE < 72D & ALZERURMERE U, BERIEEEN B2 5, FETE, CO2 DR~ DERSF 2z letE 9
DHRBDHY . HRERET D,

HFEA A ISR HOMIEZBIE S 20T, RMERzERSES,

R, AR OME, MREZ LS, BREREZMEITL2OR1H D,

M OEIESR, HEET 2 2 mP—o95 LA007-1 H)

- 71 -



£ 4-10 CO2 JBE~DFEIR 138

Influencing factors Effect

Water content The carrosion rate of carbon steel materials tends fo accelerate when the water content in CO; increases.

pH The higher the pH is, the lower the hydrogen ion content is, and the corrosion rate of carbon
steel will also be reduced.

Flow rate High flow rate can accelerate the rate at which the corrosion medium reaches the surface of metal pipes,
potentially generating pressure that can disrupt the initially stable and compact corrosion product film,
theraby increasing the corrosion rate,

Temperature High-temperature environment can promote electrochemical reaction rates and accelerate CO; corrosion.

Pressure Within a certain pressure range, the corrosive ability of carbonated water formed by CO; and formation of water
gradually increases with increasing pressure.

Cl Cl" has minimal impact on uniform corosion but primarly affects localized corrosion, such as pitting comrosion.

(il phase environment

Ol can alter the structure and chemical composition of the corrosion product fim, thereby
playing a role in inhibiting corrosion.

43.12 CO2 Dtk

(1) CO2 »RHEX

CO2 IFFIFETIIRAETH Y | KR RIKEER (R T A 7 A Z) HIfFT 2 3 HAT, -56°C,
52XETHD, CO2 DREBRHZM 4-2 127, METDHZ T, BIRTHRIKRIZELL, 51T
B L E % B, 31.1°C, 72.8 R[JELL L2/ % b ERAURAE (Super-critical Phase) & 725, 74
YA TR ST CO2 kSN D56, BEFREE 2T WERFRE Tt sh b

ZEMLZUN,

38 Ting Yan et al., iScience 27, 108594, January 19, 2024
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Quo / T T T T 1] T T T T 1
140 120 100 B0 0 A0 -20 o 20 a0 60

Temperature (°C)

4-2  CO2 DYREER®

FRED CO2 OEFIETIX, M CO2 721 THak SN b Z Lid/e <, K2 LML ORMPMREEN
%, CO2 IZfE: 0.1 mol%® H20 & N HH,A D CO2 DFHFRIEXK %K 4-3 12~ d, (EHfho
HfZIE bar T, 1bar=0.1 MPa=0.987 RJETHD,) 0.1 mol% D H20 BNEENTWTH, 3 HED
IREE & FENTR E B RIZ Vs, -20~25°COR &P C LB = ) MR WA 2. RO

CO2 HZ H20 Wik & L CIHAFT 5,

3% BUILDING OUR WAY TO NET-ZERO: CARBON DIOXIDE PIPELINES IN THE UNITED STATES, Global
CCS Institute, 2024, https://www.globalccsinstitute.com/wp-content/uploads/2024/05/Building-Our-Way-to-Net-Zero-

Carbon-Dioxide-Pipelines-in-the-United-States.pdf
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]
]
. 1
- . Supercritical CO, |
:
N Critical Point 1
>.< - -
70 /
'E' &0 7
; /]
= 50
2
a | /]
$ « — solid O, \ Liquid CO, / / Gas CO; —
N /
- Triple Point ! €O, gas + Liquid H,0 //
. ____,.....--’""'-/ -_//

-100 80 50 40 20 D 20 40 60 80

Temperature [°C]

4-3  CO2-0.1mol% H20 MLk RER

(2)  CO2 ~DIKDFRSRE

Wik 5 CO2ICH20 BN EEND L, REMEOBRDFR L 7225, ¥ 4-41%CO2 DS LR
FENREAL LT2E D, CO2 T~ H20 DEEREE DA 79, H20 REENFHI#R O FAZ & 2 5
A, H201X CO2 LIRG LI2RIBIZH D, Sl L0 b EANCH 256 1%, %7 H20 23504
ELTCO2 FITHIET D Z &I D,

JE 23842 60 bar LA F T CO2 BRIEDGE . D LRI E - T H20 ORI IR T3
Do SHIZESNN EF LT CO2 BMAIRREL 725 &, H20 OWEREEIT2E L, ZO®RITENN
ALTH, BMEITIHEY ERLR0,

RENEVIEE, H20 OB ITE, Bl 21X, 80bar, 25°C CTIIIAMEEE L 2400ppm T 5 73,
[l U 80bar C 4°COGAEIL, 1800ppm (& T35, F7z, IR TRDIEE, BMEITKLS 785,

JEEINE, K OEEEZZ T 50T, KR, RENITRDI1TE, H20 #HAER L, BEEKG
ZAET D AREMENE L 72D, LI - T, (KR, KESTCOo2 ik 2541, H20 RE%
BEBICHIET D Z AN L e D,

40 Materials challenges with CO2 transport and injection for carbon capture and storage, J. Sonke, W.M. Bos, S.J.
Paterson, International Journal of Greenhouse Gas Control 114 (2022) 103601
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X 4-4 CO2 ~® H20 DYAfRE Hf4

43.13 L IiLDH CO2 DR

WD T T A THRES TS CO2 X, Hih ot CO2 3 (Natural) 7 HRAET 54,
QANANIRAAMET 7 v " ORET DM ET, miT bbb, £ 4-11 (WD 7T 4 > T
EINTWD CO2 DAL DH 2R,

HAT T MInBI3AET D CO2 1E. KA3DS 20~122ppm & FLEGHIER YV, — 5, RIRIZFEH T2
Wik, 315~630ppm & KD EHNEUN,

2T T 2 R TIEIRWD, ARBEE KT EFT OYER AT A TIE EN 2 A MMERRIE. F84
BOWIRIZ Lo TEAT D, F 4-12 12 OF1ZRT, BAEER L OBREEEICET Z & T, &
HEBYIZ SO2 13X 34~135ppm F2E . NO2 1X 35 ppm Riifilc £ TR T4 5,

BT 2 K DT, CO2 HDOARGZLARMMIL, RFEME OB RDIFINE 722703, CO2 ITAHMMNRE
ENDLLGEITFHATE D ROKSIRE, AHiiRE (BEfE) 13, ZhETEEE LTIED LR
TUNRUY,

LU, BN CIE—E OB BEZ R (T TR EREZT > T D, BN CO2 k7 =7 k
TED LN TV DM E R OB 2K 4-13 12T,

K531, 500~600ppm A, SOx 1% 100~1500ppm AJii TH %5, SOx DIFEE LAV VIEE FF-> T
W5,

4 DYNAMIS CO2 quality recommendations, DYNAMIS Consortium 2006-2009
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#* 4-11

WD CO2 XA T T AV THgik STV 5 CO2 DR

Canyon reef Central basin Sheep mountain Bravo dome source  CoITez pipeline ‘Weyburn (Visser  Jackson dome Sleipner (Visser snohvit
carriers {Schremp pipeline (Gale and Davison,  (Oesterlamp and [Oosterkamp and eral., 2008; (Oasterkamp and etal., 2008; [Oosterkamp and
and Roberson, (Oosterkamp and 2004; Kinder Ramsen, 2008 Ramsen, 2008; Gale  Boot-Handford Ramsen, 2008) Boot-Handford Ramsen, 2008;
1975: Qosterkamp  Ramsen, 2008: Margan, 2015; Galeand Davison,  and Davison, 2004:  eral., 2014) etal, 2014) Maldal and Tappel
and Ramsen, 2008:  Kinder Morgan, Boot-Handford 2004; Kinder Baot-Handford 2004;
Gale and Davison, 2015: McCollough  etal,, 2014) Morgan, 2015; etal, 2014) Boot-Handford
2004; Kinder and Stiles, 1987: Boot-Handford et al. 2014)
Morgan, 2015 Boot-Handford etal,2014)
Boot Handford etal., 2014)
etal.2014)
Location usAa usa Usa USA UsA UsA and Canada UsA Norway Norway
Operator Kinder Morgan Kinder Morgan BP BP Kinder Morgan Dakota gasification  Denbury Resources  Statoil Statoil
company
Length (km) 352 278 i 350 803 328 295 153 160
Capacity (Mtiyear) 4.4 20 9.2 73 193 5 Not specified 07 1
Source Anthropogenic - Narural Natural Natural Natural Anthropogenic - Natural Separation from Separation from
gasification plant gasification plant natural gas natural gas
CO; (volx) 85-98 98.5 96.8-974 99.7 95 9% 98.7-99.4 93-96 Not specified
CH, (vol.%) 2-15(CgHy4) 02 1.7 - 1-5 07 03 0.5-2.0 total Not specified
hydrocarbans
Nz (vol.%) <05 13 0.6-09 03 4 <300 ppm 03 3-5 Not specified
non-condensable
HzS <260ppm <26 ppm - 20 ppm 9000 ppm - 150 ppm Not specified
G~ (volz) - - 0.3-0.6 - Trace 23 - 0.5-2.0 total Not specified
hydrocarbons
€O (volx) - - - - - 01 - - Not specified
0y - <14 ppm - <70 ppm - - Not specified
NO» Not specified - - - - Not specified - - Not specified
S50y Not specified - - - - Not specified - - Not specified
Hy (vol.%) = = = Trace = 3-5 Not specified
non-condensable
AT (vol.s) - - - - - Not specified
non-condensable
water content 122ppm 630 ppm 315ppm Notspecified 530 ppm 20 ppm 418 ppm warer-saturated 50ppm
(catrosion resistant
alloy pipeline)
L %= = - A~ % v 43
K 4-12 ARBEE KI)FEEFT DY A FIZE £ D A O
Contaminants
S0z S04 NO:2 HCI Hg?
No contaminant control 0.6-44wtk 42-579 ppm 24-111 ppm 36-835ppm 23-261 ppm
S0; control by a wet FGD 337-2403 ppm 21-302ppm 18-87 ppm 2-44ppm 2-27 ppm
scrubber
NO, control by LNB/SCR 06-44wt% 42-579 ppm 10-44ppm 36-835ppm 23-261 ppm
NO, control by LNB/SCR plus 337-2403 ppm 21-302 ppm 7-35ppm 2-44 ppm 2-27 ppm
50, control by a wet FGD
scrubber
NOy control by LNB/SCR plus 34-135ppm <(21-302) ppm <(7-35)ppm <(2-44) ppm <(2-27) ppb

50; control by a wet FGD
scrubber, and also assuming
MEAS-based CO; control unit is

used to trap COz

Note: FGD = flue gas desulphurisation, LNB=low NO, burner, and SCR= selective catalytic reduction.

F 4-13 BN DYNAMIS 7' =

Y7 k& Alstom O CO2 ikl 1T D AHidiE BLo i+

Component DYNAMIC CO; quality recommendations (adapted from

Visser et al. (2008))

Alstom CO; q

Dugstad et al.

uality tolerances (adapted from
(2011a))

Concentration limit

Reason for limit

Low limit

High limit

Reason for limit

CO; >95.5vol.%

Ni2/Ar/H2  <4vol%

0 Aquifer <4 vol.%, EOR
100-1000 ppm

CHy Aquifer <4vol.%, EOR <2vol.%,

H,0 500 ppm

HaS 200 ppm

co 2000 ppm

SO, 100 ppm

NOy 100 ppm

Balanced with other
compounds in CO;

As proposed in ENCAP
Technical: range for EOR due to
lack of practical experiments
on effect of 0z underground
As proposed in ENCAP
Technical: below solubility
limit of H;0 in CO;. No
significant cross effect of Ho0
and H;S, cross effect of H20
and CHy is significant but
within limits for water
solubility

Health and safety

Health and safety
Health and safety

Health and safety

>90vol.% (storage)

<4vol.%
<10ppm

<4%
<10ppm

<10ppm
<100 ppm
<100 ppm

<100 ppm

>85vol.% (EOR)

<1000 ppm

<4%
<600 ppm

<15,000 ppm
<40,000 ppm
<1500 ppm

<1500 ppm

Low - storage requirement
High - EOR requirement
EOR requirement

Unclear

EOR requirement
Corrosion prevention
requirement

Low - health and safety

High - EOR requirement
Low - health and safety

High — EOR requirement
Low — health and safety

High - EOR requirement
Low - health and safety

High - unclear

% FEH DYNAMIC & & 5 DL DYNAMIS OFRFE

42 Influence of SO2 on tolerable water content to avoid corrosion, Yong Hua et al, International Journal of Greenhouse
Gas Control 37 (2015),412-423.
43 Influence of SO2 on tolerable water content to avoid corrosion, Yong Hua et al, International Journal of Greenhouse
Gas Control 37 (2015),412-423.
4 TInfluence of SO2 on tolerable water content to avoid corrosion, Yong Hua et al, International Journal of Greenhouse
Gas Control 37 (2015),412-423.
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43.1.4 Koy DR

A & 5 VT ZAUTIEVIREBIZE 1T D CO2 I RIZKITT KR DEEIZON T, WL DD
AN 7R SNTND

Chong Sun %1%, HERSCIRIED CO2 12 L 2 RFMOE I IT 5KEHFEORIMEZ LD
ENOHIH L, L0 FEEHTND, TNEE 4-14 (RT, BRESRMICE D, KO0 488~2120 1K
& ppm DL FCTHIVUL, BREORREIIFFARFAN & W5 ST\ b, F£7- Chong Sun %5, 50°C,
10MPa (100 bar) @ CO2 (2, A% & LT 200ppm 02-200ppm H2S-200ppm SO2 % hlzx., K43 %
200ppm 7> B B FIPEEE D 4333ppm F T X 1T, X65 OBEFFIRIE T COE T2 THA L (B
BEDHALIL, ifmﬁmmm:ﬁ%*#%%445:\ﬁ%#%%x4smﬁﬁo

Bl 4-5 12773 K D12, KR 1500ppm £ Tl B EIEEITECHITHIMT 5, 1500ppm % # %
% & BEEE TR LA 5, 1500ppm T O AEHE X 0.022mm/4, 2000ppm TIE 0.18mm/4,
4333ppm Tl 0.55mm/4ETH 5,

NACE RP0775-2005 1%, JERHEIZ L - CERORRE ZNEN AT LT D, ERHEE 0.025mm/4F
A VXL 2 (mild corrosion) | 0.025-0.12mm/4F (X FFEE & & (moderate corrosion) ,  0.13-0.25mm/
FILEEE R (high corrosion) . 0.25mm/4F-#8 Z 1T EEE R (severe corrosion) Th D, ZDXHFIC
BES & K4Sy 1500ppm LA FIZEEEEJE A, 2000ppm 15 £, 4333ppm IZEEE RIS N D,

ZOFERNG, BERRE (EEEE 0.025mm/FAN) % FFA P & 940X, 200ppm 02-200ppm
H2S-200ppm SO2 233777 2 fiF FUIRHE CO2 T CTOKIIEE D ERRIE 1500ppm & W X5,

K 4-14 BRI R 2 —7 RIS STk E A B O RFES

M Tempéraiiie (FC) 0. (MPa) bty Comiliueil e —
Carbon seed 4 B - 1 0400 prim
Xk 35,35 48 : B0 HH
s L ] - 1601} ooy
Xi5 Fa 10 : 122 pprmv
L4 &% I A iy S0 418 ey
il 1% ] 0 ppemy Oy, 50 ppmy 50, 2120 ppens
A% kL) i 20 ppmv Oy 100 prmy 50, 1 850 ppeny
X & L} (0] Mi's Oy, 0.2 MiFa 3, S00% RH
* ppmy Is volume pam and ppon s mosz ppe, where 1 ppm Ho0 = 244 pomy B0 [11]; BH refers 1o the relatve humidiny

45 Chong Sun et al, Corrosion Science 137 (2018) 151-162.
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# 4-15 REREM (EERSD 2

Temperatiine Test time G0 iy H;5 50y H.O
(") {hl (MPa) {ppmv) {(ppmv) (ppmv) {ppmv)

0 72 LY 200 200 200 200
500
1000
1500
2000
4333 "

* 4333 ppmiv 15 the saturated solubility of HaOrin CO5 at 10 MPa and 50 °C.

0.6 [
[ nm|
055 o0 ]/
b oo [
£ B =
E : gt
% 9,3: 0 —%36 7000 500
o t 1
& |
8 02f
G
S
0.1k
I
i
[ " s
0.0 La—ae——+" -

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Water content (ppmv)

4-5 KO GHEEIC X DGR DL S

Yong Hua %1%, X65 Z VT, CO2 2 X 2L KITTKGRIE L SOx RIEDEZ AL
7o RBREEE ORI A 4-6 1237, RE, EJ). K, SOx OFRBREMEEZ K 4-16 12T,

RHEEOHEE Z K REIC LT T ey F LIERREX 4-7 18T, K9P 1770ppm %82
%L, REEEOBEHEEITZMICIET, SO2 OFETERZMESES, LirL, BREENRA
HIZHET K5y 1770 ppm £ Tl SO2 12 L B EOIEENFIZ/NE W, SO2 DAL, K533 1770
ppm 2z 5 LBEAFEITIR D,

ARERAICIE, REEREOIENCLE BRI, TORMRZN 4-8 (TR T, ILEOKEEEREIX
REEROEE XV EV, 700ppm DK OFHET, LEEE T 0.lmm/EEBZ D,

IKFUREE & SO2 I B DI AT T T 8% 3 eI BL L 7D 4-9 Th D, (RIHEE
BLABICHTTERRLTWD,) KON, SO2 OHIN, & bITHAHEZ D528, S02 LY
HIRFDFERRKE W,

JEEFR R 2 R S 5 BUEMFAET D, 0.1mm/AFLL FOBRMEZ AL, T EOME L 72
LREXHEEERT DL, REBEBL LU EORFEILRK 4-10 DX 512725, REBEDKY
TEREOBMEIL. SO2 JEEIZ X > TELT 5, 0ppm SO2 DAL 3400 ppm. 100 ppm SO2 DAL
1850 ppm 23 /K53 DEETH 5,

FLAIE SO2 BIE DA 21T, 500ppm EETH 5,
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NaOH Solution

Pressure gauge Release valve
> 8} <
Needle Vaive Inlet port
AV AV
a JAY
= / N\
Temp controller
CO:
Regulator Sama
JOISO: Autoclave
ture
4-6  FRBRIEME (BAX)
* 4-16 ABRE:

Water-saturated CO;

Temperature (*C) Pressure (bar) H,0 (ppm) S0; (ppm]) 0; (ppm) Immersion time (h)

35 80 Above solubility limit of 0,50, and 100 20(0ppm for 48
3437 ppm through addition of 0ppm S0z)
34,000 ppm water

Under-saturated CO;

35 80 1770 0,50, and 100 20(0ppm forOppm 48
1200 50:)
700
300
(1]

46 Yong Hua et al, International Journal of Greenhouse Gas Conctol 37 (2015),412-423.
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1 E
__E -
E 0.1 =
"] -
] s
® |
-5 Q0L = ES
w - I
o C :
S S ] B 0 I I
0.001 l I T [N T I | - | D -
300 1300 2300 3300
Water Concentration (ppm mole)
=0 ppm S0, 0 ppm O,
=50 ppm SO; 20 ppm O,
w100 ppm SOz 20 ppm O

Corrosion rates (mm/year)

0.8 ¢

07 &

o6 | Fd
0.5 //

04 |

03 | 1"’ /i
02 vasv

0.1 -r//

0 500 1000 1500 2000 2500 3000 3500

Water Concentration (ppm mole)
sy ppm SO, 0 ppm O,
={=50 ppm SO; 20 ppm O;
“=te=100 ppm S0O; 20 ppm O;

4-7 JKAYVERE & SOx RFEIC K A ISR (E s B Db « ¥k, 4 FRJiib)te

H
—
E 1
£
@
s
LT ]
=
=
(-9
0.1 . : aame . '
300 1300 2300 3300
Water concentration (ppm)
=@=0 ppm SO, 0 ppm O,
~@=50 ppm SO; 20 ppm O,
=100 ppm S0, 20 ppm O,

Pitting rates (mm/year)

3¢
25 |
2 |
15 |
o
05 |
0 B-m
0 500 1000 1500 2000 2500 3000 3500
Water concentration (ppm)
=f=0 ppm SO, 0 ppm O;
=50 ppm SOz 20 ppm O
w100 ppm 50; 20 ppm O

4-8 KITVRIE L SOx IBEIC X DI RHEALR)D AL « ik, £ : SR
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|:’:|T

08

=
@0

=
o

Ganeral ¢ omosce rate (mmiyear]
=
n
=

OO0 e,

b |

M
:4:;:-;“*
1800
WWisr cortant (PEm mok) L S0 SOMMNE (DET o]
(a)
16
14
%_ 12
z 1
= = g
=
B 0%, " '
& s ) o
) == = - . 04
KN - >
: 02
i}
Wisbof et e i) 0o S0, Cortent (ppm moks)
-
(b)

4-9  JKSYVEEE L SOX ML DJE AT I KIET 4 (a) REBAE  (b) L&

£ 3 3500 100
oo
€% 3000 | :
EE : 80
] :
S - = 5
-E-E E 2000 60 ;E
V2 E 1500 2
554 : a0 =
gg"‘ 1000
Eg 500 ; 1 20
P L) Il
D%‘ 0 — - 0

0 ppm 50, 50 ppm 50, 100 ppm 50,

Impurity content

M Critical water content - general corrosion
= Critical water content - localised corrosion

4-10 ARG A & FLE Ok AT e B 40
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S.Sim %%, RFEH (0.16C-0.5Si-0.8Mn-<0.01P-<0.01S) % W T, #BERS CO2 F TOB R EIZ &
ET KD EORELFEL TN D, 4-11 O & 5 7l 2 Huy, /7 8 MPa (80 bar), 40 °CD
RS SR AE T, H20 % 100~50000 {4FE ppm OFiPH CAEL S THEREEZNE L1z (R 4-17),
2E. K411 HBREE BK) o T, KOME CO2 EAROREZ/RL TS, CO2 %
oM UHERSURRBIC 72 D &L AKITERBAE NI T 5.

RERAE R A 4-12 17T (K, FRE s U2 alE) , KoRESEITIEE, BRI
2 5o FEIZ, KGTH 1000 (KFE ppm i 2 5 & BB HI T,

R AIHEL, Yong Hua D FBRE] 4 LV H003 < 7Zeo TN D,

Inlet pressure Outlet pressure

l

Supercritical CO,
(8 MPa, 40°C)

Steel samples

4-11 AREpEE (BAX) v

# 4-17 ARBREAEY

P (MPa) T(°C) H.C (ppmw)
8 40 100
8 40 200
B 40 300
B 40 400
8 40 500
8 40 1,500
B 40 6,000
B 40 25,000
8 40 50,000

47 S. Sim et al, Corrosion 70 (2014), 185-195.
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4-12

g4 *® Average scale mass
® Average mass loss
E 59 0.34 mmy I\
&
£ .
o 44 0.27 mmy
g
[
& 31 0.20 mmy I
= .
® 24 012 mmy b I
g L] - b e a 1 +
L S sirnt
14 ; = ] u
Bj0es
100 1,000 10,000
Water Concentration (ppmw)
{a)
mﬂ-.ﬁﬁ MMy
e Average scale mass
» Average mass loss
5 .
E .
4 Ly
L= L ]
(&)
E 8 i . .
D ™ L4
= . §yo»
1 A - . i e |
] 0056 mmy”
i ...1.500 ’ 10000 PR
Water Concentration (ppmw)
(b)

BRI KD EEEUIC RIAT IR WE DR Y
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K

Water Concentration (ppmw)

1,000

100

0.1 s

4-13  FLERFE I RUT R A oD 2 47

ZOERTIE, REBART TR RBTICLR b SN, K 4-13 I B ORMERE LK
IREDOBRZ R, ALREORREEIR, M 4-12 18 LI REEREORE LY b,

1500 ppm FREE F TOFLB ORI L, TR 4 OfF L R TH D, STk 6 Tk, K528 1300
ppm LA BT 1 mm/AELL BICHES 223, X 4-13 TIX/KS3AS 1500 ppm Z#8 2 T b, M 22 B 13 7
Y (AN

Yong Hua I%, JEDFER L IZHOERT, X65 ZHNTH 4-18 DLETHERRBRAIT - 724, HBER

48 Yong Hua et al, International Journal of Greenhouse Gas Conctol 31 (2014),48-60.
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HRHE (80 bar) D CO2 HDKSGy % Rafi~fafnE cAbsH, RE% 35°CL 50°CTHEIH,

R R 2 B 4-14 1R T, IREOREZ L & FREEIL50°CL Y b 35°COT R E, 35°C
TOREHET 0.1 mm/FRETH D, Zhid, M 4-10 DBEOR R L RFR%ETH 2,

50°C TR DOMELITINEL 72 D5 DIE, 50°C T FeCO3 M2 ENINTHIIE 2 TRk L C ISR H & 73
W, EEBEEZIHT 5720 TH D,

R RPN BAE T RTIRE ORBE K 4-15 1R T, KODPREMORETH->TH, REER
OIREEIL, 50°CE D b 35°COLED TR RE, 50°CTIEAKS 1600 ppm & Tik, EEEEITEZ
SRV, 35°CTIE 300 ppm THEEBENE Z S, 7277 L. ZOHEL 0.003 mm/AEFEE &/ &
v,

ISR T TR, 35, 50°CE b, ALEHEIT 1 mm/AELL RICET S,

#£ 4-18 HABREMHY

Temperature () Pressure (bar) Hz0 (ppm) Immersion time {h)
Water-saturated CO;
50 80 Above solubility limit of 3400 ppm through addition of 34,000 ppm water 14,24, 48
35 80 Above solubility limit of 3437 ppm through addition of 34,000 ppm water 14,24, 48
Under-saturated conditions at 50°C
50 80 2650 48
50 80 1600 48
50 80 700 48
Under-saturated conditions at 35°C
35 80 2800 48
35 80 1770 48
35 80 T00 48
35 80 300 48
016
—— E
5 0.14
z
0.12
E s
T ﬂq- 1 _-_
] "
3 o008 |
= -
.§ 0.06
5 0.04 |
0.02 |
0
14 24 48
Immersion time (hours)
W50°C, BObar W 35°C, 80bar

4-14 ARG CTOBREE ¥

4 Yong Hua et al, International Journal of Greenhouse Gas Conctol 31 (2014),48-60.
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10

=
=

o Corrosion Rate (mm/year)

10

Rate (mm/year)

0.1

g:lrmsinn

0.001

50°C

Mo measureable

No measureable

corrosion carrosion l
700 1600 2650 water-saturated
Water Content (ppm) 3400ppm

m General Corrosion Rate

| Average Pitting Rate

35°C

il

300 700

4-15

1200

1770 2800

Water Content (ppm)
B General Corrosion Rate

H Average Pitting Rate

JE BT R T IKWE L IR DR Y
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= 4-19 JERERBRSEED

Sample = Pressure (bar) Temp. ('C)  Time (days) H:O (ppm) COs (Phase)

1 1 25 336 1000 Gas
r 50 25 336 1000 Subcncal
3 4] 25 336 1000 Suberitical
4 70 25 336 100 Subenrical
3 o5 25 336 1000 Supercritical
Corrosion Rate vs, CO, Pressure
09
04
= 07
>
%0&
*
£
E o5
£ g4
=
Q
o 03
=]
Qg2
*»
0.1
-*
[
0 10 20 30 40 50 B0 70 80 0 100
CO; Pressure (bar)

4-16  CO2 BJFEIT X B A D24 0

ERHHTIZZ2 DY, 0.044C-0.0018i-0.237Mn-0.025P-0.009S (&S Fe) ZfkEk#t & L T,

® H20 OAFAE FCTHREIE CO2 HCOBRERBREZITo 7003 H 5 P, BRERABRSMEELE 4-19 1TRT,
/K43 1000 ppm, RS 25°CT, CO2 JE/1% 1~95bar £ T L S H T, M OB RHEE 2 A L T

W5, RBRIREE & LT, CO2 1T5UR~ G R~ G SRR IC D 5,

REBEREZX 4-16 12”9, 1bar CO2 DGEIL, BEITEE o7z, [URHETF (HEERL) @ 50
bar TIL, 0.0533 mm/4E. 70bar0.56 mm/4EE 230D | 95bar GBEERSL) TiE 0.78 mm/AE £ THl@4

}:)o

4-16 DFERZ X 4-5 LT 25 & RERENEDO DX 4-16 TITHERSIREED 25°C,
95 bar, 1000 ppmH20 TOJF A 0.78 mm/4FTd 2 DITxF LT, 4-5 T, 50°C, 100 bar,

50" MGR Mahlobo et al, IOP Conf. Series: Materials Science and Engineering 272 (2017) 012032
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1500 ppm H20 TOJE AL 0.022mm/AFIZILE > TV D, F72, K 4-7 TiE, 35°C, 80bar, 1770
ppmH20 TOFREHEIX 0.03 mm/FFREETH D, X 4-12 XK 4-15 OFEEERSEME T, FERIC

0.05 mm/ERTHDOFEHER G LN TND, FHLEEBREMETH > THK 4-16 2T BFHITHWEE
HEEZRLTND, ZOEEOFRRIZHAL I TIIZR,

43.1.5 Ry oig

(1) Wk

SCHER ST, TR A 10~50°CIZZ b S, JEJ7 100 bar, 50 &FE % D /K4y % & T CO2 IEMEFHN TO
X65 DFERE ZMA Lz, Mime LT, BeE (02) % 200ppm GT5E & B ERWEEDED
FEL TS (F 4-20),

CO2 DN DILWFFIEREE N CIRE DREZ I ONK 4-17 Thd, RED LA L EHIER
WL EAT A, £72, 0223200 ppm FEND &L FRIEL T 50~120%H ML TW 5,

CO2 Vil % 22t S IR R DX 4-18 Th 5, WOHDHENMIT > TR AEE TN 2, &<
wT@%QTE%TﬁéJ?Cﬂﬁ—éMmﬁﬁwﬁw%%ﬁEﬁTéwﬁT%éﬁSWCﬂiw
~30um OPNER AR T D, FRIENELS 2D & PRI L o> THEDH| O v i 1 : SR <
INSK 2%, Z ORI B RITHIFFTE 20,

# 420 HABERSM LRS!

Exp. No: IFE-ta | IFE-1c | IFE-1d | IFE-1e¢ IFE-2a |FE-2b | IFE-Z¢ | IFE-1b
Temp, °C_ 10| 20 0 _ | S0 | 10 | 20 0 20
Pressure, bar =100 | =100 | =100 | =100 | =100 | -100 =100 =100
0, ppm_ o_| 0 ] 0 | 200 | 10 | 200 | 0
H;0, vol oU 0 50 20 a0 o al al)
Exposure, days 13| 14 14 14 | 13 | 14 18 -
Uﬂumnfsuﬂar;a- ratio, cm'fem’ 16 16 16 16 100 16 100 16
Fe' (end), ppm 748 800 300 | 80 320 500 30 | 480
Estimated start pH 30-32 [3.0-32 3032 [3032 [3.0-32 [3.0-32 | 3032 [3032
Estimated final pH_ =47 | 48 | -a3 | =38 =43 =45 =43 -4.5
Type of attack Uniform Localized | Liniform |
Average corrosionrate, mmly | 05 | 08 0.5 27 | 12 | 13 0.6 1.1
Pitling rate, mm/y - - - - - - ir .
Film thickness, pm 23 | a3 387 3 | a5 | 33 076 | 16

31" Arne Dugstad et al , Energy Procedia 4 (2011), 3063-3070.
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4
ﬁ 35 —#-no 02
-EE.“' 3 —a— with 02 .
2.5
$ ~
i
E 15 //
.g 4 A—A
505 l"'/./
@
0 10 20 30 40 50 60
Temperature, C
4-17 JBREEIZ KT TIRE L 02 REDFES!
45
=% 50 C
E 35
. 30
o /
© 25 /
E 20 /
g1 / 12 C + 02
5 10 —4
o / —  s13c
. e T
0 1 2 3 4

(2) SO2 * NO2

Flow velocity m/s

4-18 JEAEEIC KT TIRE & CO2 Wi o 2k S

SCHR 2 0%, HEERS CO2 BREE &5 L T, CO2 +7) 10MPa (100 bar) . ¥R 40°CIZ351F % X70 D
ISV EREVEZMEZ K 4-19 1R T HIGES I RRBRICEVFAEL T\ D, BREE L LT, fafl
BIEDOKyEMZ, AL LTS02 BL02 #HM LTz, PIHIOFIEOT HHEIL 1x10%/s T
B D, ISEREEIBAZNE Ic (%)X, KK TORWHION L0 & 8 ABREE T CORKIH O Lt 285
UTFoXTRDOLND,

Ic = (1-L/LO) x 100 (%)
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Tensile system

T g el
Control system Tail gas treatment High temparatme and Booster pump Gas cylinder group
pressure kettle

K 4-19 #EESR CO2 BiE P CoMIKHED | B EE (R) 2

SO2 e 2 2 L ST BA (02 RN & SO2 35 KT8 02 I 2 28 b S BT BA OIS SO
A 4-20 (27T, SO2 REEDEENN, SO2+02 JREDEMIZ K - T, MK IRFHER O ONIIK
T %,

Fe sk DR BRI, 4-20 (b)? 200 ppm 02 () & 1500 ppm 02 (B> 7) (SO2 iZEHLHEH 200
ppm) FHEST D Z L THMND, BROBOITBBEHI O NS 2o TEY | IS EAEIURS
PWEEDD Z EBNIND,

SO2 R A 8k S B 1256 DI B BEIVEZME e OZ(bEZ ] 4-21 127539, SO2 3832 & |
IS ERENA~DOEZMHIEEL e b,

420 R ZETe CO2 BREE T TR S 3R i Jy— i Ol 52
(a) CO2-SO2. (b) CO2-02-SO2

52 Wenhe Wang et al., Energy Reports, Volume 9, December 2023, Pages 266-276
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o0 - (@)
600 =
W = a |
w00 %' g
300 |- I moair - Im E‘_ﬁ-_, - i “H‘"”;’lth
zef e | ORAPACO, M0 SO, i MPAC Y, + 20ppend, + H0ppmS0,
¥ [ 1 OMPRCOy  S00ppmE O, - e [P0, LS00, + 200ppmS 0
[~ 1EMENCO 1 DR O, e (MO, 200ppmT, | M ppmS O
wo L LOMPRCO, + 1 S00ppaSO, - -
3 [EEPE |.- TR I L - ) (P NI PR SR PR T PR N T R
a0 L6 60 V.5 1000 1261650 17.5 20,0 326 25.0 [ 1 6 & I 12 14 16 1§ I 2
Straine Strain s



] 040
LUV
B
A
x .
I: Pt »
'}: [ ¥
8
‘%. 5o 3
2 aof
g »
5 3P
w L
20 F
1
10
fl L A i A 'l A i 'l 1 L
il =00 400 B0 #00 oG 1200 1400 D600
Contents of SO5/ppm

4-21  CO2 Ji fHsHE SO2 WeHE OIS E RFIRZ M~ DR >

ZOEIIT, R L LT S02X 02 3T 2 & ST EFINESZENE L 725,

IS RENOMEIL, BRIECER LIKRIZE 2KFEFRENLE SND,

HBEGR CO2 234 T T A Tl T 554, S02, 02 WAMimE LTEEND &, ISHERN
AT D AREMED B D,

STk B3k, EERR O/ N A— 7 L—T7 &2 T, EERR CO2 (R 25°C, 77 100 bar) Dt
MO CTOREARI A P Lz, FHWEIT 0.2m/F), kit 138 I/ 5, (313 X65 T
HY. K5y, S02, NO2 BEEAELSH T, £ 421 OFMFTRBREIT ST,

1222 ppm £ TOKYIET T, A SO2 & NO2 2 & £2WEA, BRITEZ Lo Tz,

FHli) SO2 & NO2 WEFEN DA DBFRMEZ X 4-22 1Z/r7, K% 1222 ppm & A4, NO2 73
191 ppm 725 478 ppm (ZH§ T & | JERBHEIIIEM L T\ D, NO2 1TE R ZEdET 5,

® 421 RBRRMERR (KRR LEE) 3

Exp. Temp Fressure H:0 S50 ®0O: Exposure Rotation Typeof Corrrate

No aC bar ppmy  ppmv  ppmv davs r/min attack My
Wl 25 ~100 488 14 3 . No
w2 25 ~100 1222 14 3 No
SW1 25 ~100 488 100 14 3 Spots <0.005
SW2 25 ~100 488 344 14 3 Spots <0.005
SW3 25 ~100 1220 344 14 3 Spots 0.02
Nw1 25 =100 1220 478 10 ] Umiform 1.6
Nw2 25 ~100 1220 191 10 3 Umform  0.67
NW3 25 =100 488 191 20 3 Umiform 0.06
NW4 25 ~100 488 96 3 3 Uniform 0.17
NSW1 25 ~100 488 138 191 7 3 Umform  0.017

533 Arne Dugstad et al , Energy Procedia 37 (2013), 2877-2887.
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10

01220 ppmv water

% m488 ppmv water
£ | m 488 ppmv water + 138 ppmv SO2
& 1
2
=
2 .
S 01 1—

0.01 . L

478 191 86
ppmy NO,

422 CO2 JEAHEREIG AR IE I RITT /K45y, NO2, SO2 )& o B4 53

& AN, K3 488 ppm T, NO2 73 96 ppm 7> 191ppm (28 L7551, 191 ppm OSB3 E R
HWENE 2o TWD, F7z, /K43 488 ppm, NO2 191 ppm (Z SO2 138 ppm Db > 7254 1E, &
WCBEEEMI T LTWD, Zhuk, BB -HECe LT A= b7 b—=7OHERhE L, iR
MU 7= R SR SOE CIHE SN BITERNEE /< 720 . NO2 191 ppm TREEHEE DK F L
TFREMERE X BiILd,
JEE LTz OREIREZ X 4-23 1277, R SO2 D56 ERITBELSIR TH 2 DIkt
LT, NO2 DBAIFRHEBRE /> TND,

SCHR S, EREO S02 A ETIRE O EHE LA L T D, BREREEIX 25°C, 60bar DY
FURAET, SO2 IRHEEZE 0~5% DO CA(L S W CRFEMOEREE 2 A Lz, REMORIIE
0.044 C-0.01 Si -0.237 Mn-0.025 P-0.009 S-0.001 M0-0.0007 V-0.0001 Nb -0.001 Ti-0.01 Cr-0.005 Ni -0.01
Cu-0.035 A1-0.0002 B -0.0038 N T 5, Migkicir <. S ICHWDEHSTITZR,

AR A 4-24 [ ZR” T, SO2 28 0.5% A5 &, BEEEL 2mm/AFE THEINT 5, 2O, fL
BHRAELTND, BRIZEDAEMMIL. FeSO3 TH D,
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4-23  REIIC L D IERTHE D FHE >3
(1)H20 1220 ppm+S02 344 ppm () H20 1220 ppm+NO2 478 ppm

SO, concentration Effect

Corrosion rate (mny/yr)

0.0 0.5 1.5 5.0 6.0
SO, concentration (%)

4-24  SO2 PR\ X B ISR E DA

3% MGR Mahlobo et al, IOP Conf. Ser. Mater. Sci. Eng. 272 (2017) 012031
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(3) H2S

SCHR 55 1, FEH UNS K03014(0.065C-0.25Si-1.54Mn-0.013P-0.001S)D, 1 wt% NaCl /Ki&iE-CO2
(120 bar, 80°C ¥ 721 80 bar, 25°C)-0~200ppm H2S DEEL COEAHE 2 A L T\ 5D (£ 4-22),
Fo. £ 423 ITRT 2 HEOA e X — (Cll, CI2) OZEL ATl Lz, RBRERBIIC 1
wt% NaCl KIEE NG ENTND Z EICHEENRLETH D,

4-25 27T K 91T, 12MPaCO2, 80°COEREETIL, FRERPHAREL %L 100mm/FIZ3EET 2 Al
FENBIR S 73, 20 RE A2 5 B RIEEIIMK T LT 5, ZAULFEMIC FeCO3 JEMER L
T, BEKCZENH LED 5720 Th 5,

A X —ZRIM LT HA OB AEE LK 426 (7T, A e EX—%2FRNTH2 L THR
ERELIHIESID, LavL, 200ppm TIXEMICA T4 T, REBICEHEEITHINT %, 400ppm
FTA B EX—%BINT 5 & WRP Rz, R IT 0. lmm/AFLL NI T L C M mTRE P
ICAD,

# 422 BEREBRSMS

CO; Pressure Temperature
Condition (MPa) H.S (ppm) (°C)
CO, 12 0 80

12 100 80

12 200 80
CO./H,S 8 100 25

8 200 80

F 423 AL b EX—OFK S

Product | Description | Active ingredient Components
cn Inhibitor tail oil fatty acid/diethylenetriamine (TOFA/DETA) imidazoline + Sodium 10% CH3COOH
blend thiosulfate

13% C4sHeOCH2CH20H

20% TOFA/DETA imidazoline

6.28% NayS,055H.0

Balance water

Cci2 Generic tail oil fatty acid/diethylenetriamine (TOFA/DETA) imidazoline 10% CH3;COOH

inhibitor 13% C,;HgOCH;CH,0H

24% TOFA/DETA imidazoline

Balance water

35 Yoon-Seok Choi et al, Corrosion 75 (2019) No.10, 1156-1172.
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Time (h)

4-25 CO2 JEBHEMEIE kT & BB OIS (1wt%NaCl ag-12MPa CO2, 80°C)

100 .*-x —— Uninhibited
FE -y 8 ®— 200 ppm CI1
E = . —&— 400 ppm CH
[ ha
10 B
g I "
E i .o o0 _andiiace !
@ i
e 1k g
c E W
o L
0 L A ;
g [ ® A
8 a1} i e SR
, A A
0.0 < ’ : ; .
0 10 20 30 40 50
Time (h)

4-26 JEEEEIZKIETA e EX =R (1wt%NaCl ag-12MPa CO2, 80°C)

A & LT H2S N L7256 ORBRE R4 X 4-27 127 F, H2S OfFEICL Y, EAREET
KTFT+2, H2SIEBEOEWE LY, BAFEE /NS5,

H2S #WINd % & RFEHFEMEICIZ, FeCO3 & FeS MNAMKT 5, 200 ppm £ TH2S Zmo 5 &,
REIHEE R BRI S, BEFEEOIEIC SRR > TWD, 7272 L. H2S OFEE OB &M 1T
KT 223, ZOMIMET 1Smm/AERE & &<, ENTELKREITETT 2000 TRV,

H2S DIFAEFT, A e X —ZiRMLTeREREZ K 428 ITRT, A e X —ZIRINT 5 &,
B ENMEI SN D, FHCA v e X —CI2 ZIMLTRA. o2 E0RETH-TH, B
FHEIE 0.02mm/AFERREE TE T LTS, 20X 51T, 400ppm FED H2S THE, 1B
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=R LV IERZHHIT D2 ENARETH D,

.~. —&—0 ppm H,S
"-__
100 - -..".. - ®— 100 ppm H.S
- ‘i _,.H-__.__ o '\\ —d— 200 ppm H.5
[ n
— L N"- -
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[} A \
w© A !.\
': 10E 00000000000 0 o o 00
I':i .- S
'g 'y .\__1k
= - & x.
o ~a
(] F - - "
g
A A A oa o,
1’ [ L 1 1 1 [
0 10 20 30 40 50
Time (h)
427 JERMEEICKIET H2S IEDOFE S (1wt%NaCl ag-12MPa CO2,

100

Corrosion Rate (mm/y)

0.1

0.01

10 ¢

—8— 200 ppm H.5
& 200 ppm H,S / 400 ppm CH
I —&e— 200 ppm H,S / 400 ppm Cl2
]
L
b .
.
.
.—- ™ "
| B
Rlepg u g u g g
E "% pe g @ .
R =
'. b = LR S B N
[
| @
L \_\\ i
I il A A A A
1 1 i i i 1 1 1
0 10 20 30 40 50
Time (h)
4-28 JEEHWEICKITTA e X —BEDRES

(1wt%NaCl ag-12MPa C0O2-200 ppm H2S, 80°C)
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4316 F&

WL DINOMIC A R TE TS, HERE T O BEFSURIED CO2 12 X 2 REBEWMOBELITIE, CO2 H
WZEEN DK DOFBENRKE, FFIZKIDS 1500 ppm ZHE 25 & BEMIEREMIZETZ &n
FERCHERR ST 5, NACE @ NACE RP0775-2005 (ZHE 5 LCh . /K4y 1500 ppm B2 F Tl
BRITEZ2H0OREEREOEEL 0.02 mm/FREDOREBEORFAIZE EF > TV D08, 7J<)7
2% 2000 ppm ZHEZ 5 & E R IIREICH KT 5, EREE, iﬁ@ﬁkff&<%ﬁ#%
ﬁéﬁA%%é<ﬂﬁwﬁﬁﬁﬁigaﬁ BOMBAEE L0 &K&W, R TR 2000
ppm ZHE X % & AUHIZHE TS, FLEIE 700 ppm LA CRREE A HE T,

KUSAO RS & LTid, BEFE (02), SO2, NO2, H2S ENERICHEE KIET,

- FESE AN 200 ppm BREEHICAD Z & T, EEBEEITE ERWIEE L AT 2 (SRiIRICH KT 5,
- SO2 IFE A A MEHET D43, S02 LV KGO HFBBRE~DOEBEIIKE Y, F7- SO2 DIFFET,
M OIS TTERENERSZMERNEE D Z BRI TN D

- H2S 12 & » T HABERSE CO2 H o> R FEHH O & £ HMIE e éﬂé‘m@%ﬁﬂ#aiﬂé REE T
FEBRTHHMN, H2SICEAEEIFA L E X —DOFIMC Lo TRE IS5,

CO2 AT T AV TCHEINDHROKSIEIL, EHEL L TUIED TR, Ll K
D CO2 734 7T A 2 TIEAKST I 500~600ppm Aiii, SOx (X 100~1500ppm Ajifi OHiJH TR EL X
NTWD, Ziud, ZOHEFA THIUI A 7T A OBEFEFMITIBOTRGIED CO2 T ~DUfE
B FlEl>TRY AKMPFE2ME LTHHTSZ E2METE 2005 Th D, SOx O FFFHIZ 100
~1500ppm AJili & MEIAVAS, 1500 ppm % _EFR & B - FLHIZE N TlEZe vy,
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4.3.2 EHAEMEAEE
4321 A

1S027913-2024 DAL EIEMERIEDOBL 1L (REAH) D5y DKETIL, DNV-RP-F104 (2021) (285
WTWND, X 4-29 12 1S027913-2024 % & T CO2 73— A b EERfE R L O FREG A & o bl & 7R
¥, 7272 L. DNV-RP-F104 (2021) |Zi%, 3 4-24 DNV-RP-F104 (2021) Ol fEEafgqs: 1k 3T
i >3 PR R 3- FHEH B D = L ICEBESLETH D, E7. DNV-RP-F104 (2021) D~_—
AL T o T FEREFERR T, X 4-29 IR STV D 4 #(CO2PIPETRANS, COOLTRANS, SARCO2B,
CO2SafeArrest) T 5, ZHHDEBRODNEIZHONWT, IETEHT S, EREGOMEL £ 425
(R

FREEBRICKA CO2 DfFlIE72< . DNV RISO D_N—Z L2 o>TWA Ny T LOFEBRAL, Kk
CO2 IZOW T DEMMEIIRIER TH D, E7o, WET DL AMMIIN2, 02 F2 G AIEERITITON
TWDHR, REHOREZONTE, SHROBELE I TWD

0.35
¢ CO2PIPETRANS_Arrest
ﬁ gglj {E*ﬁ O A COOLTRANS_Arrest
0.30 ] 0] B SARCO2_Arrest
%ﬁ ® CO2SAFE_Arrest
¢ CO2PIPETRANS_Propagate
i 025 A COOLTRANS_Propagate
Q é 0 SARCO2_Propagate
r>\<1 0.20 O CO2SAFE_Propagate
@ ---- BTCM
- — 1S027913-2016
0.15 —— DNV-RP-F104
0.10 - -
0 10 50 60
1 OOOx@ MEEE |::>
C (Uf X\/RT)
Cv IVIE-IXRILF— () E S#M4EE: 2.06x105 MPa
Ac SvIVE—RBRF ORIERE(80mm2) o, LS : HUE TIREHASEE +69MPa
R Ilii’J B1Z: (D-t)/2 (mm) T BE(mm)
S2LSEIRIGTI(MPa) D EB4ME(mm)

X 4-29 CO2 /N—R b SEERfERI L OVE RN & o bhigse

# 4-24  DNV-RP-F104 (2021) 0D i3 A LA 1842 - 3416 o> 36 P i i 57

HH IR
1 CVN /L F— 2501 ULk
2 AT T A IR 16inch ~ 36inch
3 AT T A R 10mm ~36mm
4 AT T L —FR X60~X65

% RITE, ME¥MEFHS AL - WERAGHRLZ2 RS “BREIrFERe/ N EES (F2h) &
£k, 1S027913:2024 Pipeline transportation systems
57 DNV-RP-F104 (2021) 5.6 % Control plan for running ductile fracture
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2 4-25  EHAEVERIE S BRS8

PA=DZES/A SRR

i B EE A, FEBRIE 7, B A TR
406.4x6.2- X60&X6 | HF1& 1nno o
CO2PIPETRANSI 127 5 SMLS C02:100%,88.5barg,30°C
406.4x6.2- X60&X6 | HF1& 1nno R
CO2PIPETRANS?2 127 5 SMLS C02:100%,91.5barg,8.6°C
. 0 . 0 . 0, . 0,
COOLTRANS 014.0%25.4 X65 SAWL H2:1.0%,N2:4.0%,02:1.8%,CH4:2.2%,
148.3barg,13.1°C
H2:1.1%,N2:3.4%,02:0%,CH4:1.8%,
COOLTRANS?2 914.0x25.4 X65 SAWL 150.6barg,10.5°C
H2:1.1%,N2:6.6%,02:0%,CH4:2.0%,
COOLTRANS3 610.0x19.1 X65 SAWL 150.2barg,15.0°C
610.0x12.7- HF1& 2 o0 o
SARCO2B-1 137 X65 SMLS N2:3.8%,129.5bar,13°C
SARCO2B-2 ?;07'())(12'7_ X65 SAWL N2:6.0%,127.7bar,17°C
610.0x13.5-
CO2SAFEARREST1 15.0 X65 SAWL N2:9% , 150.4 barg,11.6 °C
CO2SAFEARREST2 | 610.0x14.5 X65 SAWL N2:10.2%,148.7barg,12.8°C

43.2.2 CO2PIPETRANSY

(1) vy MiE

2008 4-, DNV GL (&, [ L3 XOVEIE/SA 77 1 > TOREM CO2 Dkl B4 2 HELHETT
(RP) ZBH¥%9 25 Z L&A HAE LT, CO2PIPETRANS EMEEN D EFEE T =27 b (JIP) %37
HEF7, 2L T, ZORERZ KB LT 2010 4 4 HIZ, DNV-RP-J202 23 —#%IZ Y U —A SN/,
Z® RP OBAFEMEEET W< ONDOHERD X v » THREE S, £ OIEROTZHICDNVGL 3 2011
4£\Z CO2PTIPETRANSJIP O 7 =—R 2 ZBAthL7-, 2O 7 =—X2 T, BEM CO2 =TT
IVORRRET — % . AT T4 L OEFUEIL, BRBRG L STz,

JIP X 15 ®»/8— hF—#fk, DNV (/L' =—), Arcelor Mittal (7 7> &), BP (¥£[H), Endesa
(ARA ), EniSp.A (£ %1V 7). Eon (FA), Gassco (/ /L7 =—), Gassnova (/L7 =—),
Health and Safety Executive (HSE:#:[F), Maersk Oil (7 > ~—7 ). Petrobrass (77 /), Petroleum
Safety Authority (PSA:/ /L7 =—), Shell (47 > % /5[E), V&M Tubes ( KA /), Vattenfall (A

v x—7 V) CTHRSh,
K71 =7 POERERIT, DNVGL OHELEIT, DNV-RP-J202 O BHNI K ST,

(2) e A VRN SE IR

7 xR 2 TR, R CO2 Wik A 7T A o OHEVEE ZYF IR & RGET D 72> D BTCM D
MEFHMET 22 EZBME Lz, TA R ET A2 EMEIIND 2 DD S0 ik e M 358 Sk 73 52
MEE T, BIFICZONEEE LD,

KT 2 RNTIE, BENH 5.5m, SMEDK 16 A »F (406 mm) O 4 SO kL EE
OHBYERE SR S (B 4-30 BIR), BE W1 & Bl 3, IEMEREEAMERE L ORIk T 5 LA

¥ 422~425 TRLEMEIZLD
% E. Aursand, Fracture propagation control in CO2 pipelines: Validation of a coupled fluid—structure model.,
Engineering Structures 123 (2016)
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ENDHRATTHD, 2 RKOIMUDOEE (W2 & E2) IZH AU HF——L LTHEEL ., N T X
MoRA T a il LT RICER/HEE LS EA Z LA HBE LTWD, o, KEENENMERET S
WEEZ BT R NWE I RESEZRMIET S, 2 oOF 2 FTlE, BERUCEEORKET A L
AT U FRMER ST, éu7mm@%Wﬁﬁk?iv~Avx@MB)T%Okﬁ\%ﬂu
SROFT R TOREE T SEKGEE (HF) 1 7 Th o,

Sand Cutter

W1, 6.2mm El, 8.0mm

Compressed quarry
~21.5m

A
Y

[ 4-30 CO2PIPETRANS mHIEMEAIE T 2 b7 v a U ORLE

FBRIGTIX, A TIE L — P — UL T S e B A IR EICEE Sz, ACEH OB
XEFIRT D7D, TAMEZ v aroiicar sV — 7oy 7 NEE S, 8% W2 B
FOVE2 O EIIZIZ 1| A= MLOBOEMDRELEITo7, HE W1 BLO El IZIX, A 7 DHE

BOYIyOEE L1EK 0.5 A — MV E TOREJEM SN O R LT,

FHANCE 2528, NENEE 7 —7, 24 207U (XZMPREEREM) 2% Sh
Too Fiz. FRATERICHESWT, 800mm OB & RIL, MBI 290 g/ mm OETHE—IZFEH LI
To AR ME ] STz,

(3) ZEERAHER
TA N1, 2 OERBGEMEEEREE 426 £ [¥ 4-31 127 F, Crlength |3 &2 S, Psat IE
faf1+7) T Span-Wagner JREEHFEXAMH L. WIHIRENOHE b —2E LTEEAELEZD
DTHD, Avg Ve I EZEHEE | ta 1TXZUZ LR THY | WINHIEE»SHEH LTS
72l TARLI T, A7 UVAVICEAMMEIIFAEAICEIVHEZ T, ©75 AR o7
T O EEEEIIREMETH Y , TNAEMH L S ZUZ LR O R IEfEL 7o TS Z LICHE
DLETH D,

# 426  CO2PIPETRANS &3 sE LAl 58 F2hR 551 & i

Test Pi(bar) Ti(°C) P (bar) Pipe Stoke Avg.Vi(ms') Crlength (m) t,(ms)

Test 1 88.5 30.0 64.0 West 1 185 5.08 27.5
East 1 135 5.16 34.4

Test 2 91.5 8.6 38.6 West 1 118 1.4 21.7
East 1 78 1.0 29.8
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(a) A M1 (b) 7A k2
4-31  CO2PIPETRANS 15 8 4IE P il s 51

TAN 1 T, WL BEOEl 2500, W2 BLW E2 /1 7 OJEFHIE#ELCEIE Lz,
4-31 OFRWVRANT W1 & Bl O s 2R3, £72. 7 A 2 Tk, W1 & El O E25
BB 14m & 1.0 m B LEE, WAL TNs ) v 77 A=A ML > TEIER
L7z, Z DR, 511 100~150mm &=k L7, 7 A & 2 CTIXET T DMEME L LE Lz, 7
AR 1 THEILLRD o7& W) 1T, FEBRIT BTCM O Pl —H L7,

4.3.2.3 COOLTRANS

(1) Ymy=2 MiE

COOLTRANS WF9E~7" 1 777 KM%, R (bR E (CO2) HMmikd HkE b1 774 D4
ISR, BEt, R, EMICB T o HERMBEARE L, AL, BT D700 800 AR
R 3 4R (2011 4D 2014 4F) ORI a Y =7 hTh b, FEEIZEHBW T, National Grid
Carbon 7' Ry =7 ML, FH L7z, SMEZE - ##kiX. Nottingham University, University
College London, Leeds University, Kingston University, HSL (Health and Safety Laboratory) ., GL Doble
Denton (2013 4£(Z DNV IZWUADF S 4u, Bift4 DNV GL)., Newcastle University, Atkins, Pipeline
Integrity Engineers, Penspen, MACAW Engineering, Manchester University, Tyndall Centre TH Y | 9
NTHEENHR 2R > T D,

COOLTRANS O HfutaTh 0 IR ERIE, RN, R, i, <> b BLUOT LA —1
SRIGHEEBR TR S NLD . KB OMEHRER T 0 7T A ThD, ThbOFERIT, MRS
ATTALNTCOZNEDEIITHEBL, EDX D ITIHA - HEHT 2 & BT 272 DI Thi
7o B2 7 U TIND Spadeadam FEERYG T, 100 Z##8 2 535k (X LI BAERET 5 50 % 53
BR) 233 S e,

Btk IGEM/TD/1 3 L OVENELYE PD 8010-1 O &EIEMMR /A 7T A v ORI IR &3k %
CO2 A T T A T HILET 2 2 L ~DRahrel e LTEH S,

0 J Barnett ftfi, The COOLTRANS Research Programme: Learning for the Design of CO2 Pipelines, IPC2014-33370
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(2) rEn e A P A S B!

Spadeadam SEBRH T, 3 [BD 7 )V A 4 — L@ AEMEREE R ER AN T oL, 914 mm (36 1 > F) b
BXA7TTO 1 mEE 2 BIHOT A FTHE, 2 BRETVZMHEH L TIT - 2 PHIN A EM CIER
SFITCH D Z ENRENTL, FHESIL TV EAME 610 mm (24 A > F) I —7 Uy —B XUV
N—= CCS AT TA DT A L AT ORIEIILRE ) Z 5T 5 121%, £ OARZ M L7z 3 [|
HD 7NV —)VEERTOIIZ,

AT, 3EHDOEBRFECOWNTER L, EBRT A (610x19.1mm, 7 L — F L450), &/
—7 . BLOBEET HMBEE L HFE TR SN, BE 30895m OT AT A %, FAl—DY
P=X 2 DT AT v a TR ST, BRIO Y =D XX 110.56m, HHD Y
— DX 11832m Thot-, F/2. 7A MBI v aryOEXE 79.07m THolz, U HF—N
EEBRA— 1, 4B E 75 mm OREIORY UL CEEM CHIE S LTV, T AR Ve

FEEA ST ode, T A BT A VIFAKRESH LT 05°OAE TR S, T4 & ORHN
RVRIZZ2 D X2 IZHENBHIZAN > T FREIERI LT\ e, TAMFA 33, 7O EEET
1.2m DOFEESETRIROR LA =R HITH D BTz,

AbhETvarlVP—RZiE BEN T VAT =Y GENEEN N T AT =Y, 7

—ZIZHY T BV EVE R, F 7T, TR SN EVER, BLXOF A I T AR
i STz,

(3) EBHER

TANEZarOLA Ty b EXEREER 4-32 1RT, K& Va oS THIE S
CAMED RT, [ 4-33 ICEEEMERIEERRAE R, X 4-34 122 BhiRET L (BTM)FHE % =T,

1980 4FARIC/ ST AV GESIFZEATIC L o THIFE &7z 2 #ifRE TV (BTM)IC, BRBRAOH IEARER A
HALIZETATT AR L, 7 A b 2012)1%, THIfh#HR T & ZUE L & ZZURIEORSFII 32315 5
NWixhole, HIT, 7 A b 32014 % AT T2 MIERSF R fER L 72 o 7272 T LW IEREL D 2
BN INT,

61 Andrew Cosham fffi, ANALYSIS OF A DENSE PHASE CARBON DIOXIDE FULL-SCALE FRACTURE
PROPAGATION TEST IN 24 INCH DIAMETER PIPE, IPC2016
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(a) 7

4-33

A b1

- 103 -

(b) 7 A K2
COOLTRANS =38 sl P Al e FE 5 it IR 2

10.80m 10.88 10.63 10.80 10.72 10.72 10.51 10.82m
3w 2W 1w 1E 2E 3E 4E
26 47 44 32 41 42 48 25
. - ~ »
N S|N S[N S|(sS N[S N|S N|S N|S N
331J 302 273 259 226 201 183 186 213 202 207 224 273 267 292 330J
(@ 7AR1
11.96m 8.58 10.81 10.70 10.81 4.04 M1.71m
3w ] 2w 1w 1E 2E [3E
13 44996 62 34 61 43 |14
T — — e e
S N S N[N S|N S|S N|S N
369J 388 227 230 212 179 179 187 191 203 217 356 405J
246
(b) 7A K2
12.05m 11.68 9.05 11.69 11.33m length
2W 1w 1E 2E designation
65 78 2 81 66 pipe number
s N[N S|A B|S N|N s end
344 342 152 152 97 106 172 174 328 331J toughness
() 7AF3
¥ 4-32 COOLTRANS EBat /v ar DL A7 7 kL 4?3




|914x25.4 mm, L450 X
350 | X

Test 02

N
o0
o

x arrest
O propagate

N
(=]
o

TestO1

/W‘Ihowsm etal (1977) correction factor

56 60 65 70 75 80 85 90
saturation pressure, barg

©.a00 O® XO

1/1 CVN impact energy, J
&
o

-h
o
o

(42}
o

4-34  COOLTRANS2 Hif#E7 /L (BTM)#Ff 2

4324 SARCO2

(1) Fmo=7 MiZR

SARCO2 [Requirements for Safe and Reliable CO2 Transportation Pipeline] 73, RFCS (Research Fund
for Coal and Steel) ’'m =27 k& LT, EPRG (European Pipeline Research Groupe) & DNV D&l
TATOI Tz, WIHIZ 2011~2015 45T, TRITREE1,174.879 Tho72, HEYE, ABH CO2 /3o
TIA L OWEBEGEARETED LT L2/ UNTERET L L H Y OLEMMIEDEIT %
HF D720 D=2 B OBMENE, @ BAEBLOENERENBHR L BE L SRR EA R
N EFIET 272D OEM, @ 7T A UHEHEREO CO2 JHITBIT 2 EBRT — ¥ OINEE kG &
L7, & 427 ICRMRI 222 R

%% 427 SARCO2 7u ¥ =7 NBIMEZE

g
CENTRO SVILUPPO MATERIALI SPA (CSM) AZVT
CORINTH PIPEWORKS PIPE INDUSTRY AND REAL ESTATE Uy
ENI SPA AZVT
EUROPIPE GMBH KA
GDF SUEZ SA 7T A
NATIONAL GRID CARBON LTD H[E
SALZGITTER MANNESMANN LINE PIPE GMBH FA
SALZGITTER MANNESMANN FORSCHUNG GmbH FA
VALLOUREC DEUTSHLAND GmbH KA
DNV JIV = —

62 Summaries of RFCS Projects 2003-2024. https://pq-ue.ani.pt/brochuras/h2020/rfcs/summaries-rfes_en.pdf
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(2) s A A SR R e

CSM 1T, A1 Z VT Or—<M5EIZ 60 km @ Nettuno FEHREKEEY T, 2 [BD 7 )V R 7 — N 5H
TANEFEM LT, TARTA RIEOR SIFIK 400m T, EBEBIMET, FRF A 29T
DEMRILEBMEA RGET D7D S, EBRO/SA 7T A o L [FERIC T A OWIJE A AT HE

2T DO, BRE 24 A F BEN 86m DU —"NTF R M7 v a »OiiimlfilE iz,
%xhﬁayayk%)#~ﬂwﬁ: . TR MRBEO AL TREEUEREZ PRI TE RWGE I
XTI T oI T VA NREFBIORE I,

TARNLITIE, TAMEZ v aidk, 2EF 48m O 5 KoA 7 (BAE A7 1 KRET A B
NRAT 4 R) THERR S, AL 2 KO HEW 234 7 FEMINC 2 KO SAWL /3o FNFRE S
72o AL /A 71, telescopic layout | ZHE - CHEIE S A7z, SUPEDS @S 73 BHBG A S DR
BENR L DI ONTEE S, SN T A P> TRIET B IO THEEEHFI AR L 51272
S TWD, FERIOSA FiE, B— 7RI IE > TRE Sz, EBEOBIGORNEZ FELT 572
DIZ, TA 2T 14m OB LTHD S, Ef Sz,

7 A N 2 T, AL — 72 UAMERERL, B2 telescopic layout TiTHiu7z, Ll N2 (1%
SAWL /A T, R LSMI HFW <1 7Mbbz,

(3) FEBRKER
Z b 1T, FZUTALANC 0.8m, FENS 0.4m B2, ERRELED DAV, FEBRFEME DX
A T OIMBUZIESN T X 4-35 O K O ITAEERIE N HEE 47z, T ORIE, FLOES WS O
ES T S v, RS, TR TERLEZEEZRL TN,

AN \RA
YAYAY

T
I
|
T
}
!

S initiation pipe N1

X 4-35 SARCO2 5 A k1 DX ZHRik

T AR 2 T, EREE DS T ONUIIESN T, K 436 D LD ICEHRBELRHEE SN
Tzo FENT BB CESECIZHE Y WG A T RIRIZIEA 5 T,

JBCiE, EZIIBE A TOBROROID /A T L 2 FHO /A 7T LEERBRIZIN > T
E(qmmgf% :@ﬁ%:m#@\77y77vx&«»)fmiokoQ\f@@ﬁi#
FWICHE (10-15ecm) TH Y, T4 OUIWNIFREE T, CA OFFIHENTNDLZ L ER LT,

%w TiX, EZUIBAMA A T OB DR D /XA 7T EHE (~120m/s) CTrERIIEPERIIZ IR A
V. 43m HBIZ 2 FHDO A T TIlkE -T2, ZO/A FTOEILIZAM T, {515 FTIC R 7202
JERRBE 2N T . ZOHRE S T A SUIWIERAE Lo Tz,

6 Di.Biagio ff., FRACTURE PROPAGATION PREVENTION ON CO2 PIPELINES: FULL SCALE
EXPERIMENTAL TESTING AND VERIFICATION APPROACH, 21th JTM
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Steel crack arrestor

N2 L2 | 1
SAWLI37 1 whi12s 1 wmgas 1 wmgs
| I 1 | 1

North side South side

A
A

240m

436 SARCO2 T A hEZI ardDlLAT 7 k& xZLRmM®

4-37 12 2 iFET L (BTM)OMIEAREGHTIZ <9, Z 2T, 1 & 2 73 SORCO2 DR TH
V. 3~5 X COOLTRANS OfERTH 5D, 7 A FOFEROT L A MEHAEREN S, 2 #ifRET L
(BTM)D —E DR EAE A TG TERWI LN oTz, UEINS OMIEREEZEHTE 5 L7
YRS, SOLRI[EET A MNBRMELE ST,

4 -
@® Propagation
35 @ Arrest @
3 - Upper line '
g Lower line
825 7
“——
§ 2 ® 8
°
S, o o ' 8 o
5 o
o
1+ ®
0.5
0 - . . . .
1 2 3 4 5

Test

4-37  SARCO2 & COOLTRANS2 ® 2 e /L (BTM)DH IEAAXAEAT

43.2.5 CO2SAFE-ARREST®

(1) FYuv=s MIHE

CO2SafeArrest Joint Industry Project (JIP) 1%, (1) AZRIHO “@{LikE (CO2) Zlaikd 5 <
AT TA L DELRYLFE LAFIEFFE, BEDY Q) BES N A T T4 U b OB #%“D CO2 DR
SILHZATIES D721, 2016 F0 5 2019 FFE THEES NIz, JIP OBMEIZ, A=A T V7T
@ Energy Pipelines Cooperative Research Centre (EPCRC) & DNV GL (3&[E// VT =—) ThDH, Z
O7aY el ME, A—A N7 U 7 HEABUFD Carbon Capture and Storage Research Development and

8 Valerie Linton ft, CO2SAFE-ARREST: A FULL-SCALE BURST TEST RESEARCH PROGRAM FOR CARBON
DIOXIDE PIPELINES - PART 1: PROJECT OVERVIEW AND OUTCOMES OF TEST 1, IPC2018
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Demonstration (CCSRDD) %£4x & CLIMIT (/ V7 =—) MH&E&RMEZ T, PHIX 40 MNOK C
HoT,

(2) s A A SR R

2017 459 A & 2018 43 A, #%[E Spadeadam ¢ DNV GL EBR#fZEY v % — T, M 610 mm (24
A U F)DOEFH R 2 L CIFEITE N, ERTHEH S A R AFFRIE 135 mm BEW
145mm O X65 ThHoiz, Fio., ERIEIZ, Pz E0LREM CO2 /31 7T 4 v OWIEFF
PEA T DR CO2-N2 IRAEW Th - 7o, FEBRERHHERZ X 4-38 12777,

T A N1 ORFAITUAMEIZR LT telescopic layout 2 H L7223, & 9 — 5 ORI TIZ A 7 A3 58E
OHEMNT DNECEE S TEY . UAMED T telescopic TIERM -T2, T OELEL, & ZURFEFHIE
ISSA T D UAMEETNIANA TOREICEDORERBEINDIEARET 220N, T4
M1DOTFTAREZ v a it im OEORE L TRECHD B,

7 A I 2 TiX, telescopic layout 23l CHEH S 4L, TR S D18 IEARFEHFEFITIT U U AR 358
R&iz, 7A 2T TAMEZ v a v O lEZEDIAR, &5 —FOMEBZBH L-EEICT
% Z & CIERBEDNE A S T,

anchor crack timing wires &
l‘i“':'*" arre “tt'T" in-.'lrumenlnlinn
. Initiation
: Point
o IEREREREERNERE] IRNERERERREREE] ._
7 ||||||||| |||||||i|| \
Perrrrernbengn trrerrerereent
\ | I" "’Jl’ i "‘!' ’]l‘ ’ "I | /
U HER RS
Reservoir A Test Section Reservoir B
\ 300mm (127) Loop 300mm (12") Loop X
XO Isolation Valve Isolation Valve O
Circulating E
Pump
300mm (12%) Flow Direction )
\_  Circulating Loop - Heat 1‘.Xl'|1|II'I?'I.'I'

In Ot
Cooling Fluid

< Overall Length 317m >

4-38  CO2SAFEARREST FEBri%{i DOHRk

ELHLDTANTEH, CO2 7], 751 FERERE, CO2 IREANET 572D DT EEH & 2L
BN SNz, £o, TAMOETHOKE L CO2 WEEHETH-OIC, FAI T UA
YEEN T U AI v =P ST,

439 ICT A NI DT A7 aDLAT U MURT, TAMEZ 9038 KOT A |
WA TN RKORIHFHERN D347 (PUP-E) THERL STz, 4W & PUP-E ZER<S X T/ A 7
DAFHEIL 13.5mm T, /31 7 4W B L PUP-E OAHAEIL 14.5mm Tholz,
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Telescopic layout based on é‘ Telescopic layout based

an increasing required arrest = on an increasing flat-bar

pressure  determined by = (FB) yield strength (Rp,,)

broken* Charpy specimens k=

.
8 4W m’ @3Wﬁ| ‘ﬁ 2W IW —— 1E 2E @‘ ’ﬁ 3E @‘ ’@ 4E ||PUP-E %
N N s N | s N N 5

Rp,, (RB)  [MPa]| 570 | 545 | 550 | 503 | 560 | 539 | 466 | 492 | 490 | 470 | 523 | 548 | 557 | 554 | 562 | 572 | 557 | 565 |Rp,,(RB)  [MPa]
Rp,, (FB)  [MPa]| 509 | 513 | 503 | 459 | 517 | 493 | 438 | 463 | 449 | 457 | 475 | 505 | 509 | 527 | 527 | 544 | 509 | 520 |Rp,, (FB) [MPa]
C, (all) [J] | 332 | 207 | 436 | 438 | 218 | 268 | 130 | 110 | 112 | 116 | 422 | 199 | 419 | 371 | 407 | 213 | 268 | 266 [C, (all) 1)
C, (broken)  []] | 296 | 207 | — | — [218 | 189 [ 130 | 110 | 112 | 116 | — | 199 | — | 341 | — | 213 | 114 | 266 |C, (broken)  []]
C, (unbroken) [J] 405 | — | 436 (438 | — (427 | — | — | — | — [422| — | 419 | 431 | 407 | — | 346 | — [C, (unbroken) [J]
DWTT (total)  [J] |8463 | 6478 | 8094 | 9062 | 5981 | 7122 | 4588 | 4428 | 4327 | 4598 | 7809 | 7273 | 7429 | 6475 | 6202 | 6227 | 7838 | 7843 | DWTT (total)  [J]
DWTT (prop.) [J] |5317 | 4222|5347 | 6166 | 3955 | 4735 | 3153 | 2984 | 3174 | 2903 | 5102 | 4901 | 4773 | 4448 | 3889 | 3934 | 4813 | 5285 | DWTT (prop.) [J]
Thickness ~ [mm]| 14.6 | 145 | 137 | 136 [ 135 | 13.6 [ 13.4 | 134 | 134 | 135 | 13.6 | 13.6 | 13.6 | 138 | 135 | 135 | 139 | 139 [Thickness  [mm]

*Unbroken Charpy specimen(s)
were used where broken specimens

were not obtained.

(3) EBER
EEUNNSAL T IW & 2W ZERE L.

VAT,

4-39

o TWADEZNIT A b g v EERIC

mm PPNIZEED

24T 2W

e e

l:' Based on broken Charpy specimen(s)

|:| Based on flat-bar (FB) yield strength (Rp, ,)

AT 3W T

CO2SAFEARREST 7 A M1 DT A &I a AT Uk

l:] Based on unbroken Charpy specimen(s) D Additional pipe section to assure fracture arrest

4,864mm (Hh7 m EEEE) TR E -

N TR, XA 7D EFS (TDC) 206 M JEH W 120

DA &AL 18 22> THEZR T DEAMEST [0 D 2 — LERHED b

W28 T OHE Z T

L. £ZTC TDC 2»bHK 215 mm B, X434 7
B> TH 950 mm 1
WCHEAEIE LT, 2SA A O TDC 26 LI-Bric s 2350 69, U v

WL, ZDOHSD

TATT D XKD RMEWHIITE S e o 7o, BIRRTEEE s DAZ IR R E To S MO K £1223.355m T

BT,
AT
WA~ XZ%

. A7 2E |
T TDC 5 HJE ST
TEIEL, VI F T L,

-7, 4-40 1Z

X, FEUTSA T LE, 2E B0 TIARD

E RO LIRS R T

FEHEES 2E3E %2 C 1,040 mm

ETDHETHESM 40 mm LIND A 7D BRI
K 300 mm BNz & ZAFE TEAT, SIS ToRRAI
EHOBAIE S HAF 1L E TORFG O REET 19.190m Th

LT,
TiEH, 22
"> T 3E

(a) VE{H

4-40
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T HIXHT S, BB CO2 Wik SNA T T A ST D AEITIEEAEE DE O F R~ D
BTCM i ATREMEIC B L Cilam S i, ko Bl B s s cns 5,

«BTCM &, 7 A MBI 5751 7 ORI 22 28 8) 2 @RI Dl U H 53 5,

o XZURMIENE 2 EO T L—ATEFEFEHASND | K%y e lIEET NS
BOoNLHEERMICTH I 8fE LY b RIFICKLS 725,

D DOFEL. BICM 23 CO2 734 7T A > O AT OIEMAIEE O %8 42 & B TR TE 7
W& D BEAF O EEIE R R OFE R Z S HICEM T DD TH o7z,

85 Guillaume Michal ff., CO2SAFE-ARREST: A FULL-SCALE BURST TEST RESEARCH PROGRAM FOR
CARBON DIOXIDE PIPELINES — PART 2: IS THE BTCM OUT OF TOUCH WITH DENSE-PHASE CO2?,
IPC2018-78525
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4.3.2.6 CO2SafePipe

INETAHTEINETr Y =7 F TR, SEEMD CO2 2 LR 9 DODT7 VA r—)b
DREARRET A S PVEfE S 7y, FEREFEFRIZKAE CO2 DfiliE72 <. DNV R ISO DRX—R L 725
TWL Ay 7 2 #liFET /L (BTICM) b, KK CO2 IZHOWTOEMMEIFRER TH D, Z D&
D IRRBUT TN T, RIZEINTREFED S 7T 4 % CO2 Wik T 5 2 & ofatdTbh
TWo, TORFHT, CO2 #ZMTRIET HZ & bR Y ) 2a—aThdZENERIN
TWo, ZORE, ERTIHREEMEZIXKHOBRIUCBE T2 4 A 70 R L HESREFIHOYEN K
HHENTND, £i2, £ DA F T4 F, DNV-RP-F104 [ZHLE STV 5 % 4.2-1 O DNV-RP-
F104 (2021) 0D s AEMER S 11 RFA 0O 8 JH G CTd 5,

L LZEEDZ CO2 AT TA VY AT AOMGHOX ¥ v 72D H -2, DNV IFER T Y
= 7 [CO2SafePipe] % 2023 4% 9 A2 20 fh& 8% 52 IN#E CHItA L7-, £ 4-28 12 [CO2SafePipe]
DRIGELET D My 7 A% md%,

# 4-28 [CO2SafePipe] DRHRETH FE v 7 A

w7 A

—_—

State of CO2 pipeline transport

Chemical composition- CO2 specification

Fracture arrest

Fracture arrestors- solutions and spacing

Potential low temperature brittle fracture

Safety and Environment

Pre-commissioning

Leak detection

O [0 [ I || | =~ | W[

Re-qualification/repurposing

—_
(==

Pre-commissioning, Commissioning and Operability

6 B.H. Leinumftfi, CO2SafePipe JIP: Design and Operation of CO2 Pipelines, Proceedings of the 2024 Pipeline
Technology Conference
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4327 L

4 SOFE7 1Y =2 k (CO2PIPETRANS, COOLTRANS, SARCO2B, CO2SafeArrest) (& - T,
D CO2 M LI2GE 9 DO T NART — VOMEBERTET A MR I SN NEZ A L
77

BTCM TiL, EHFREDEMBEERFBIIADEHRELEN L CHIATE L LMEL TN D, £L
T, KEER, FHRETAZHEH LT AVR S —LOT A RSO EEUE L L EFRITER LS
BIEIG S L~y (B OISH) RSN CAMEO T oy N TEHRTE D Z LR RENT,
DNV-RP-F104 (2021) @ ZF{bfFE/ A 7T A o OfkGHEEMTIX, SEEMD CO2 Zfkd
RA T T A 2 THAITT DIEVEREEDME LT 20 8 D AWML T 25 720 O Bl 7 BBy E 7 LN iE
AENTe, ZORBRET ML, RO 9 SOREEMD CO2 #EH L7 VA —LDT A K
WHDT—HEMHA L, BICM OF& 2 FIZES\Tn 5,

1S027913-2024 |%. DNV-RP-F104 (2021) [ZESWTW 5, BRI R F M S LB 2058tk (X 4-29 @
FRRGEESD) 13, —MZEMORRLERD L OIBESNTND2, OB TIILEME2 KL
RV EHGE IR TV D

AR D X 912, FEREERICRAE CO2 DflIE72 <. DNV IS0 DX—R L 725 T BTCM b,
SRR CO2 IZOW T OEHAMIIARMER TH 5, BTICM IZHES< | mdUEMERER (EFHEIX, 7 VA7
—/L D FEER & ORI IS < R IELIAMT . TR - RS AOERGGHRIC K D HIER S L.
CO2PIPETRANS 712 ¥ =7 hOF —4# %2, SINTEC (X v, REFEA L CO2 EMFKE &
DRARET V&, RER L XFUREE BB L= TRESERNTET A0 5, JitiR - #EH Ak £
TBHER SNz, FHROFETIE, ERHOES, EUREEE, B CTRER BRI Z
ERWESN TS, ZOHEE, L0 OYHEEREZBNT L2 LT, T VOEME ST
EWVWIHREITH Db OO, KLVENTZTRRAPHEOND RN DH D, £o, KV IEWAT A—
BEHTOTHRR, NTFA—ZEZHEAESELOD T VA — LB L OHBEET 2 s OBLEMEOK
RS CE 59,

7 E. Aursand, Fracture propagation control in CO2 pipelines: Validation of a coupled fluid—structure model,
Engineering Structures 123 (2016)
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433 F2 WO ECEE)
4331 MEEE

BRANERHGEHE OFERE L 70 0 | N DNEBEHIRE TOR/NEREREZ R ET 5729DI12, CO2 /3147
T A v ORI & BFEET NV OBFIMT Oz, FERIT/NWE (i, Eiid4 ) 7
S AN ERHIR (R ER, A 7RZOEE (2N, fullbore)) TiTHNTWD

T 2O R OIS EDI L, 441 DL, RNATTA U H O, T8 (near field : KEE
ECOME) . =mHY (far field : J5H0) O 3 EFEICET UL L TEZ LN HBANEZ,

AT TA D CO2 BHENnNd &, BERENRTREZ Y JEHEIREDET L L BIC
BEARP DX A~OMIEEBENEL D, SOIEIRE 2D, BERPERINDFREELH D, iR

I A T T A CNOTRNORERIRIE DRI B L 52 D AR b 5, B 7 vt ZeRiC
DI 2B R A EREC TR T 2 72D OMRBEH A DOEIN, AL (REMEDRIA~) OET
U7 EFERO TSN LB 5, 3% OIEBOFEIZIE, Bk Ih/7=E7 v & CFD &
TNANHY | FEELHERMZEZE L THERAT2MLERD S, EHGOEO AN, LD
HAOBHWENDOT, BHERWFEZ R O TG T EER STV D 5%,

BBCTHS RRADEIX. RIAT A ZARA LEMAKN DR TODAREMES S <, #E EIZHES D
FBOLTRXTHRIATARALEFRSR, RIALATAANRFEL, BHFEKLR 2D BEVWERR X
72 7o T, MIRETRKMD CO2 B E-> TWHAREMENRH H DT, HEEN/LETHD,

£ 429 1REHT 0V =7 bOEBRGEMHIEZ T, LB, D DOFEBRICOWTER LT,

iR 2] =75
Near-field Far-field
X = T ’
— o . % — ‘\(\ W/

Cloud development Dispersion

Wind direction | (\ €O, Cloud
, Lou
- L Air-mixing
\ e \\/
\‘\ Expansion \‘\ /
P i

—
\ Phace-c rng. \
\
1 \\ \\
Leakage | \ ., + Solid formations
[Lemge |\ (i — %
—n .
N CO, Rainout
( Prpeline< )
J

\\

\
\
}/

K 4-41 JRAVEHLEEEEOET L

% Matteo Vitali, Risks and Safety of CO2 Transport via Pipeline: A Review of Risk Analysis and Modeling
Approaches for Accidental Releases, Energies 2021, 14
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# 429 KW T BT =7 b OEREHC

1 4% yE 2 (YW
STy L AV 7 4 AR J+77 BB iﬁzﬁki(aﬂf R
mm MPa °C A3
CO2PIPEHAZ 6,25,50 (4B ) 2.7~6.1 | -9.6~5.9 2m3 INERIS ({A)
CO2QUEST 15,50,233 (4B 1) 7.6~8 %35 #J 6ton KHEH T RZE(F)
COOLTRANS 50 15.1 7.5 % 7Tm3 Spadeadam (%)
CO2PIPETRANS 10,20,26.5,35,50 10 | 2.9~13.7 ) 410kg Spadeadam (%)

4.3.3.2 CO2PIPEHAZ

(1) 7av=r MEED

CO2PIPEHAZ (Quantitative Failure Consequence Hazard Assessment for Next Generation CO2 Pipelines)
WERRINGEGE 7 7 L—AT—2 FaZZ A FPTO—>2& LT, 2009 4 12 A H 2013 424 Al
T%EH €2,725,645 TiTH47=, UNIVERSITY COLLEGE LONDON (%) 2N —F ¢ X — & —Z ¥,
NATIONAL CENTER FOR SCIENTIFIC RESEARCH (% U ¥ % ). INSTITUT NATIONAL DE L
ENVIRONNEMENT INDUSTRIEL ET DES RISQUES (INERIS : 7 7 > A) . Dalian University of
Technology (Ki#EHFE T K5~ : 1[E), HEALTH AND SAFETY EXECUTIVE (¥%), UNIVERSITY OF
LEEDS(3%), GEXCONAS (/v x—) D6 DD/ —hF—NHIL T, FEhShiz,

NZIL, CO2 /A T T A v DOREMEFELT D72 DRFHITT VORI E L OHBERTH
%o CO2 JEHNT Lo TR INDERIEIZOWTOIFEEVED 57212, BT VA RGEET D/
FJ KRB 22 RS F i S 7, ZEBRIE, INERIS, UNIVERSITY COLLEGE LONDON, 35 J OVKH
HTRZCE > bz,

K7y x 7 b OFEERGER & IR Z 28T (HSL) @ U A 7 3> — /L Quick-Risk %1 ]
LCHE CO2 /A 7T A DY A7 F AT S iz,

(2) REUKHER

Z 2 Tl INERIS O RKUMBERIZOW T T 5, #iA CO2 1, Wik 7z 2m3 Faslfk
Ban, 2F 63m&EBONMEIMUDTE T DA T DR S EET) OBER 50mm O/5A T %5
LCTHH ST, BEOEEOBD N HIRENR S, BaN & A T4 Y 7 ¢ A CTEE
ST XV, CO2 DIREMPE S NI, E7, EHIRBANLAY 7 4 20T LHTHES LT 2
FTa—HICkVPES N, T2, kI, CO2 EFtEI i » CTEVEXT L v o —1c X Bl
EPITONT, CO2IREXBFER YT —2nbitE I, EHOND 20m O CEDE%
WET D720, BVEXHIEROEICS L CEMAICEE S~ A MIOE i biviz, i,

69 232~235 R Lz HILIZ K D
70 CO2PIPEHAZ FACT Sheet, https://cordis.europa.eu/project/id/241346

I S.E. Gant i . Evaluation of multi-phase atmospheric dispersion models for application to Carbon
Capture and Storage. Journal of Loss Prevention in the Process Industries 32 (2014)
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IROMRE (IR) WA Z LR AT OW T EMHA L T T AT biigk I i,
FERIEE O 2 X 4-42 12 i SN2 CO2 ED B & X 4-43 12, EBRGMHH 2 £ 4-30 (2T,

Orifice |

o a—— Do’ww

4-42  CO2PIPEHAZ ZFHEr#EiE (INERIS) DOHEE

4-43  CO2PIPEHAZ JftH] &i7= CO2 EDHi

# 4-30 HFIA =2—7 CO2PIPEHAZ EBRS{4:15] (INERIS)

HH Test2 Test8
Average vessel pressure (MPa) 2.68 6.09
Average vessel temperature (°C) -9.6 5.9
Orifice diameter (mm) 6 25
Hight of release (m) 1.5 1.5
Ambient temperature (°C) -1.0 4.0
Amibient humidity (%RH) 90 95
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(3) REHR

F AN 2 DEBRSAITR LT, Phast’?, ANSYS-CFX”, FLACS™® 3 filHD Y 7 F 7 = 7B LW
ANSYS-CFX 1Zxf L Cit 2 BfEOSEMH Ty I ab—ra vy LR EEEZ . 4-44 B LUK
4-45 |27,

Temperature ( °C)

-110 R
0 1 2 3 4 5 6 7 8 9 10
Axial Distance (m)
8 Experiment ——Phast = - CFX Uol Profiles - CFX Averaged Profiles - - -FLACS

4-44  CO2PIPEHAZ (INERIS TEST2) "&yiililzis - 7= 15 EE 454

NN W W oa
vw © Vw O w o

CO, Concentration (% v/v)
=

o w

0 1 2 3 4 S 6 7 8
Axial Distance (m)

B Experiment ——Phast = = CFX Uol Profiles - CFX Averaged Profiles = - =FLACS
4-45  CO2PIPEHAZ (INERIS TEST2) MEFREIZIA - 7= CO2 IR 45 Am

ERELT, SESERETAND PRSIV REIIHEM & M7 —# %7~ L7-, INERIS
TEST2 Tix, T RXRTOETFTANR—HLT CO2 REZLZ 3 ~ 7% volivol RTH L7z, ZDHFR,
FV T 4 A6 CO2 RN IDLH B0 4% volivol (K N9 2 Hisi £ COMEEN 2 5K
iz,

R h 5.2 28R & LT, B R OBMER ZMEMEEY = > FEBO Y I 2 b— M
Rz, TNLIEOEERE CO2 HLHUE T /VITRMT 2 51E0, FfH CO2 DRIENE 2 b,

2 DNV Software 23Bf%E L7, AIRME E 72 13 B L F W E O RS E T T LT 20— FEili Y 7 b v =
7. https://www.dnv.jp/software/campaigns-202 1/plant-phast-safeti-kfx-ad/

3 Ansys CFX (LA RFFIERVREMENT Y 7 b =7 TH Y | —RIAREEOFTNSLSEMREN D | [FliEk
MR, AP E Thk & 7o iR L7 RHIBEIC# H ATRE,  https://www.cybernet.co.jp/ansys/product/cfx/

™ = —® GexCon tEANBHIE LTz, /KT « AIAIPED 2 DIBSEIRBEfERIEAT Db DY 7 D =7 T
o RBEIRIEARAT O] - TRIOM, IBEEDARTES, FIAMET 203N A DRI - JEik, KA,
W EENRE S DFRNT 72 & %4T 5 Z & 23 FlHE,  http://bakuhatsu.jp/software/flacs/

S B )R (DOHS) 12XV AMm ERBEICELIZAER TH S L R E 5 (immediately dangerous to
life and health) fi£, https://ors.od.nih.gov/sr/dohs/Documents/carbon-dioxide-safety-poster.pdf
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4.3.3.3 CO2QUEST

(1) Fuv=7 MEE
CO2QUEST (Techno-economic Assessment of CO2 Quality Effect on its Storage and Transport) (ERM| 18
AT 7V—AU—r Tus T 5 FPT O—o2L LT, 2013 £ 1 AND 2016 £ 6 AICHEE
€3,985,399 T{Ti i 7=, UNIVERSITY COLLEGE LONDON (¥%) A2 —F 4 F— X —Z b,
BUNDESANSTALT FUER GEOWISSENSCHAFTEN UND ROHSTOFFE ( it ) . UPPSALA
UNIVERSITET (A =—7 ), Dalian University of Technology (H), E-W.R.E. LTD (A A7 /L)
IMPERIAL COLLEGE OF SCIENCE TECHNOLOGY AND MEDICINE (3%), INSTITUT NATIONAL DE
L ENVIRONNEMENT INDUSTRIEL ET DES RISQUES (INERIS {A). NATIONAL CENTER FOR
SCIENTIFIC RESEARCH (¥ U ¥+ ), ONDERZOEKSCENTRUM VOOR AANWENDING VAN STAAL
NV (~L%F—)  UNIVERSITY OF LEEDS (3%) ® 95D/ /3— M F—R&HNL T, Efi S 47z,
CO2QUEST Tl AL ABREIEEF DRI S N T A E T IX @B LMD CO2 A MU —AIZEE
DR AR D OLZ A TIRRFEN i & I KX T IR 3 2 RN B 222 [
R HTeZ L2 HIYE Lz, ERBEANBAFEIE, 5 SOE¥E Ny r— U TES v,

WP1 — LR & A 25 H)

WP2 - CO2 ik

WP3 - CO2 RFRE D /N7 F—~ 2 A

WP4 — Bt v aFAlh

WPS5 — 8L U 2 7 3Fl
WP2 O—f& LT, Az Eie CO2 O/ KO BB o JEBREIIFFEIZ K - T, CO2
DREILENAE D U R 7 FHIFIESFE S 7z,

(2) RE&HBCHERT

AT T A TR OITEBES: CO2 Bt Se i LR E O FEIE. CO2 A T T A DY R
FHIOEE /2 FAECTH D, CO2QUEST Yu v = FOMEEE L LT, BX 258m OFET A
N ST A T T A4 b ORI, kRO CO2 Y= v b, CO2 ZDpHRE, B

TS CTO KT A4 7 A4 AR OFERNPTRE SNz,

HIEORETTIC AR 258m, WA 233mm O KB SA 7T 4 3l 4 @tk U, HHRe oo i
CO2 DITHEG R L JEBZE BRI S LTz, A 7T A 1% 16MnR fRIRKFEH CTIEH L. CO2 fik
HHAT 2T VT 4 A7 T T ARSAL L3048 AT ULV ABITH T2, T aT VT 4 AT T T A N
BIX. 20D T7 T F v —T A AT &L 2DODT 4 AT KRNAVE—, VYL /A RKNLTE 20017k
73 ar THESNNTEY, "7 IA4 0 2R RLRABRTE D X2 ICRGFEnTWiz, M7 T4
EL FTEOREEIZR TS L 912 50 kW OMEAT —7 LJEX 50 mm OWiEVE A2, 24 AD=
Y7 ) — MEEBETHILE 1.3 XA — MV OR SICFF ST, X 4-46 |2 FEBRER OB 2 7~

76 CO2QUEST FACT Sheet, https:/cordis.curopa.eu/project/id/309102
77 Xiaolu Guo ffl, Under-expanded jets and dispersion in supercritical CO2 releases from a large-scale

pipeline, Applied Energy 183 (2016)
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4-46  CO2PIPEQUEST B4 EEL

YU—=2FY 7 42035 0.74m BLO 248.6m DFEEETO/ A 7T 4 NOFEIZALIX, B
JETI N T VAT a—Y a2 EH L CESILE, TG COBMENENIE, ZENT VAT 2—H
ZEH L CL R E S hutz, FEGER D CO2 1R L EEEIEIE. K 4-47 (R X o i E 1.3
m DO SICHRE I 18 HOBEXE 19 HD CO2 EER Y TiTbhiz,

»
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o ¢ —— CO, concentration sensor
Flowmeter Signal line
Orifice
Axial direction
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Fig. 3. Distribution of measurement points in discharge area.
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EEBREMEOB Z2FK 431171, AV 7 4 A1 15mm, 50mm, 7R T (2FL233mm) Tho
7o T2 TIHBEES CO2 DILHUZ DWW TR T 5, FEBREERIL, 5% viv IREZ LS LT
XN TW5D, KEFHOERTIL, SEDKMETMD CO2 1ITxT DEREITHONTZT,

# 4-31  CO2QUEST ZEBrS41] (HEEH CO2)

Number Test1 Tes2 Test3
Pressure (MPa) 7.6 79 8.0
Temperature (°C) 35.1 334 36.9
Orifice (mm) 15 50 FBR
Inventory (tons) 3.14 6.27 3.59
Environmental pressure (kPa) 101.02 100.75 100.01
Environmental temperature (°C) 0.2-2.2 4.7 26.6
Humidity (%) 52.4-52.5 75.9 62.8
Wwind speed (m/s) 55-7.2 1.5 0.8
Wind direction 290-348 188 198
Atmospheric stability D B B

(3) HEEFR

4-48 [T TEST2 D HICHAZ DEDHAE, iR, BERORTZRLTWD, AU 7 1 ZEITR
ZAEAVEFTRICHAKRD CO2 L RTAT A ADR TR SN TEBY., LERoTY=y M
SR L RO AR TR SN Tz, RIA 74 ZRE S IcEE, BEER s DRA T
BEAPICHEL, Yy FOERE CO2 AHEDRR L L TCEGLORAMIREMETL, 2
2RV JEPHZER N D OKREKDEERE L. AMOBICRZ2ENAE U, KEAROSDEREN L./
TR 7R BRI B S IR T I B L 5 2 T D,

le 30m »l 10m |

4-48  CO2PIPEQUEST #F# CO2 fitikiz & 5E DI AR (TEST2)

4-49 |Z TEST2 O BEIR O BIHR IS > 72 IR EE & CO2 JREE DA (s TEST2) %",
GO EFERE L, KT DT ADERE RTA T A AR OFHIEORKRE UK T L, B
MR - T2IREE L, WREE DR LB S iR 72 KT A 7 A ZADEIG ORI LD R 21l L5
L7z, LT, CO2 OREIFEEDOEEICADE ThaIZ LR L, CO2 BESERMRIRLIEN
HIE mUE TN 100 BPIUER EIRAEAHMERF Lo, B TRE 312 ) 1o, B4V 7 4 A5 5

78 Xiaolu Guo ftf., Under-expanded jets and dispersion in supercritical CO2 releases from a large-scale pipeline,
Applied Energy 183 (2016)
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5m OEETD CO2 WIEEIT 3% viv IBEZB27-E £ Tho7=2, WEH%E 700 B E TIZ 1% viv
R Uiz,
Test2: 50 mm - Test2: 50 mm
280

240

200

Time (s)

160

120

40
&7
o B » 0 )
3456789101 6 8 101214161820
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(a) WEEA (b) CO2 ISR

[ 4-49  CO2PIPEQUEST At FRFD#l#R 5 niRE & CO2 L4 (EE&E 5t TEST2)

4.3.34 COOLTRANS

(1) 7=y P
4323 @ COOLTRANS (1) el MEELZZBHOZ &,

(2) KA =R

COOLTRANS 7'mr ¥ =7 hD—fL LTz, BERKHEIRERIZOW TR L7-, #®EK
BTN F AT A EBRT D, NV PV AT A, FHEI SNV b E RS o]
AT TA L DEBIZ R 2R LR D, A T T4 DEN 2 TE L7200 5B LR
FTFFD2L V) HITRES D, o, 70y 7 NV TERERY MAT — v 3 a7
FRCRRIET S22 & T, B va &gl LT, RKRFITHHESND CO2 DEAHIRT 52 N TE
Do —Ji. B STz CO2 A AR CO2 Kif-IZIEEE L=V . MKIRICIREE L7V 95 ATREMED
b2, £ T, XU MY AT AR, BIEOBIEN R L2 EORER B L =) A7 O )
DBLRNOFFRIEENIT2 D L) ICRFHB L O ET 2 LE R H D7,

National Grid DZEFEA %217 GLNoble Denton 23, FIE T A o (EA 150mm, £ & 132m). IHERA
Z5 (UME 610mm, £ 24), HEE (ER Slmm, B E 12m) BLOWERE (53 3m, AFELE
50mm) 7678 % FEEREEE CHEERKMMIER AT o 72, ¥ 4-50 | CHE R FEBHEE O, £
4-32 (CHEEHCHCRBRARA ., X 4-51 ([ZEBRRILEZ =T,

BRERREZEMAT H72010, fHRE 0K ) AV iREF SR E S, FiROES LR
FEIE, (BN O 9m BEALTZ 2 2T THIE Shv7z, Vs O FEERS T, 8E O A AT TR O

7 Xingqing Yan fifl, Flow charactetistics and dispersion during the vertical anthropogenic venting of supercritical CO2
from an industrial scale pipeline . Energy procedia 154(2018)
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JEN EREPPE S NIz, @REH RO ET, MY TP o7 b— LSBT b = BB &
ER LT, 2 SOKVE TREOHESTb, METLDOT LA L, AP FRROERE H
[ 5 —E ORI & 2 MR B C R @ Sz, F7o, KRB & E i, &5 IR &R
HHE ST,

|Ventmpe
Charge line .\ Supply pipe

Storage vessel  Flexible
pipe
¥ 4-50 COOLTRANS B Jif i 52 B4 i 4 i 80

# 4-32  COOLTRANS FEE i FEER S (TESTI11) ®

Section Item Value
CO2 Phase Liquid
Vent Nominal diameter 50mm
Height 3m
Initial vessel conditions Pressure 151barg
Temperature 7.5°C
Atmospheric and external conditions Temperature (average field temperature) 3.46°C
-average value in 30s prior to test given | Relative humidity 100%
Wind speed at 2m elevation (mast A) 1.79m
Wind direction at 2m elevation (mast B) 257

[ 4-51 COOLTRANS TE[H i 25k

80 D.Allason fif., EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF PRESSURISED RELEASES OF
CARBON DIOXIDE, Hazards XXIII

81 Jennifer Wen fthi, Dispersion of carbon dioxide from vertical vent and horizontal releases—A numerical study, Proc
IMechE Part E:J Process Mechanical Engineering 227(2)
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(3) FEBRR

University College London 28 B&E 206 O o I = L —3 3 | Leeds University 23T #5553 3 =
L—y g UEITVD, ZOREREATEE LT, ®EHHDT I 2 b—3 3 % Kingston University 73
T, BIERBR L SN, K43-1203 2 b—varid, CO2 TN —LDRELA I T L
TN—LND CO2 WEITEL T, 6 DDA A > b3 X TTHIEM SR L~ L T,
4521203 ab—va r EHEMBORER AR, 384 2 FTOREAK, 2 KA & b TR
ThoT,

om} I
¥ | L Gou-Sumamen osl 9C34 - Expminre
wow ] FELL) ‘
i s
! 04l \
§om- \ §
| i | )
T Loaedl
s < 5 o () w5 & %
Time (s) Time (v)

(@) HAHARIZ 30 £, 40m (R°EK) (b)) H22HAKIZ 15 L 80m (—E)

cap
L OC31 - Bxpe dmant

i ,,“;'“J l /\/LV‘-\” .
B e ' e
% s =5 s

T (%)

(c) HHALIT 15 £, 100m (Rt )
4-52 I ab—3a v L RIEEO

4.3.3.5 CO2PIPETRANS

(1) FYuv=r M
422 ® CO2PIPETRANS (1) FmY =7 MIEAZZBHROZ L,

(2) R R

CO2PIPETRANS JointIndustry 7' 2= 7 MIHEEN TV S 200 A— ML EA 50mm D
KNS T D=7 5 100 barg DA CO2 Z 9 %, #[E > Spadeadam # A ~ TITHILIZK
LB EBREARINT Do KA TONBFEILAFF 432 U v bV () 410kg) OHFL7Z2 CO2 (5 °C,
100 barg) ZRFFCE R SICH ST 45 A— ML T EICHAEICERY T S, A% E&EiE 0.7 2

82 Hamish Holt ff., Hamish Holt , Discharge and dispersion for CO2 releases from a long pipe: Experimental data and
data review . HAZARDS 25
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— hLThoTz, K 4-53 [ZEBREE ORERL 7,
RATIA4 U ORIIIE, HAO 750 DR 750 PoORICHKET 4 272 77 U B3H0Y {4
T oz, T 4 A7 XEL 75mm T, 120 barg £5% TEiLT 2 L 9 IR E &z,

- — =}

TR
R

|
L ! 1

J"\ 3" Bursting Dise

Pressure & High Frequency Pressure & / \.:I s
Temperature Response Pressute Temperalue e =
Relief Valve Measuremenls Measurement Mamuummts el

Sel Pressure
110 barg «

~ -
T ZX e
*_4$ 7 mﬁﬁﬁ (}>:1; ol

T T T Release
Load Cell Load Cell l.oad c.u; Load Cell Load Cel
Rellef Valve
Sel Pressure
165 barg A
Note - Thetest rig Is 200m in length and the pressue
Co2 and temperaure instrumentation and load cells are
o co2 Supply distributed throughott the pipelines length and the
'\r? ? Pump schemalic only shows a representative quantity.
V2

4-53  CO2PIPETRANS K& B FZBREEE O

AT T A CNOEARDET)NT, 14 I FTOIERERREEISE N T AT 2 —H & RENEE 4 FT
#61#%%%Afﬁbﬁﬁééﬁﬁmﬁ%?Vx?n~%%ﬁﬁbﬂﬁénkoN%T?%V@
BEIREEIT, /XA T OHEE 12 DT EVER 2 AR v ML WIRDIREE I 38 2T o — A BV Xt
ERALMES N, 612, BHAY 7 0 2050 3mm LANIZEVE X L E S 4172,

FEBRTHI S 7z CO2 D3 BuE, K 4-54 IR STV DALE (5 SIEEARBIIC Im) 1ITHD 32
EoOmFEE LY —D7 LA ZMH L CHE ST, BFEE P —0RBME O IZ¥ A 7 1T) #\E
SABLE Sz, CO2 IREEMIEITIZ, 6 GOSN CO2 Miligrs 1| BDOA—7 L/ X CO2
MRz, £ 433 1ZEBREMFETRT,

MRS . s0m
. k—,'
wike_sa, :ntu': PP —
- e I|B’"nl‘:.‘{r:§l :'F -'-h"‘v‘.‘w-._,__ Pipe&
!__--,.-.m._.______’ ' Bursting disk
______ L & -
PR mm---t
ISR | et i e
- 1—-."-‘.-“‘
| m >
5 25m a5
E Som >
- 70m >
T\ \\ N :
Temperature & CO, Temperature & CO,
concentration concentration
at 3 heights at orifice height | Diagram Not To Scale

4-54  CO2PIPETRANS 147 — Z NN &
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# 4-33  CO2PIPETRANS K I8R5k

Test Onifice Diameter Initial Pressure Initial Temperature®
(mm) (barg) (C)
1 35 98.4 6
2 35 100.4 3.9
3ne 35 100.5 29
- 50 100.5 49
5 20 100.9 6.4
6 10 101.2 5.8
i 26.5 100.8 13.7
8 50 105 10.7

*Average temperature along the pipe at the beginning of the test.

** Test 3 was a repeat of Test 2 due to issues with load cell data

(3) FEBRASR

XA T OWHET —4 3, DNVGL Y7 b =7 Phast PIPEBREAK & FLfhiat &7z, X 4-55
BHEEOHBIITET VTR RO PEEATWD, BET—# TiE, I E8E
ITROEREL & HITHIMNL ., FERERIZROERE & HITED T2 2 ERHRTE I, BBz kb
FIZHR 2 EZORARI A 4-56 (77,

500
480 —Test 4 (FBR) - expelled
460 ~——Test 4 (FBR) - expelied excl LC1.2,45
440 - = = Test4 PBRK expelled mass
20 e Tt 3 (35mm) - expelied
400 e Test 3 (35mm) - expelied excl, LC1,2.45
380 = = Test 3 PBRK expelled mass
360 e Test 7 (26.5mem) - expelied ex. LCILCAS
340 + ———Test 7 (26.5mm) - expelled excl. 1€1,2,45.9
320 + = = Test7 PBRK expelled mass
300 + e Test § (20mm) - expelled
B0 e T2 § (20mm) - expelled excl, LC1,2.45
! 260 e Test 6 (10mm) - expelled ex. LC35
3 0 ~Test 6 (10mm) - expelled excl. LC1,2.4535
3 220 + :
& 200
180
160
140 4

o838 E8

01 1 10 time(s) 100 1000

4-55  CO2PIPETRANS ftHE &DHER
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X 4-56 CO2PIPETRANS hHfic &5 BIZH 2 DEDFRARI

4.3.3.6 ConsenCUS
(1) Fav=y MY

ConsenCUS (CarbOn Neutral cluSters through Electricity-based iNnovations in Capture, Utilisation and
Storage) (X MEI, FIM., BFICHBITDENIRN—ADA /) X"—=2a XD —Rr=a— TV
7T AL —] ZW@ LT, Xy hEaD =R OREA~OFEED— K~ o T2l 2 HIEL
T, Horizon2020 ®7 —~ & LT, 2021 ££5 AI22025 43 A £ TOTETHMBS LIz,
Zo7ry=Z ME, CCUS D3 SOFHEa L R—F 2 MIBITHROEMHFFH 2R L T\ D,
(a) HLWESEN /L (100 kg CO2 /FE) EfAG LTI VIRIIZHE-S < RFEEIL, (b)
BUED T YT T B G101 O CO2 76 Feds L OFEE~DLH, (¢) ATEDT= D O fE
FOHKE~D CO2 DZERIFERIE, THDHY,

Z 2T, () »—#BE LT, Safety in CO2 logistics®* D HID CO2 /XA 7T A L b DBFEAIIKL
HIZDWT, #BIr95, A HEIX 2024 424 A2, DGC (Danish Gas Technology Center) & GEUS (
Geological Survey of Denmark and Greenland) 7>5 /A &40 TW 5%,

(2) ¥Ialb—vavr

CO2 A T T A b ORI OFERET U 7%, —IZ, 1) BEEEIT A T b0
gt %7 AT D HUHERL 2) BB IR S D E & OBINWE 08 & £ 7 kT DIk
R, Z L THREZIC 3)CO2 DHEEOHEMEREDOEEBOTIIZHITOND, ZNHDY I 2L —
3 212X, DNV Phast 9.0 23MEH &7z,

434 ICEFERAR—ANRT A—=F ZRxT, VY7 =T ORIRE LT, EHEGTEILEIC A7
TAZH->TXh, EHICY &R0 A T T A KR OAEILHE TE 2R, BAEET
NOHIKIDD . RIAT A ADERITET MIEEN TN, o, CO2 ITRMMMmEE DL &
ITEH%ROMEE 72> TN D,

8 CarbOn Neutral cluSters through Electricity-based iNnovations in Capture, Utilisation and Storage ~ Fact sheet,
https://cordis.europa.cu/project/id/101022484

8% ConsenCUS HP, https://consencus.eu/results/

85 ConsenCUS-D8.6-Safety report on CO2 logistics — version 1 - 2404, https://consencus.eu/wp-
content/uploads/2024/05/D8.6-ConsenCUS.pdf
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#* 4-34  ConsenCUS FEE/RRN—A/NTF A —H
Basic of design Values
Case Buried pipeline
Media and phase Gaseous CO2 ( assuming 100% | Dense CO2 (assuming 100% purity)
purity)
Operating flow rate 22kg/s (80ton/h or 0.7MTPA) 168.6kg/s (607 ton/h or 5.3MTPA)

Temperature and pressure of
CcO2

30 barg and 5°C 120barg and 5°C

Mass of contained CO2 between
isolation Valve (20km)

155.9 tonnes 1,994 tonnes

Volume of contained CO2
between isolation Valve (20km)

2075 m3 2075m3

Release direction

Buried pipeline with vertical release

Release point

Halfway between isolation valves

Pipe inner diameter 363.5mm (API 5L 16 inch SCH 80)

Pipe length 65 km

Leak size Full bore rapture, weld-to-weld distance 12 m (i.e., fracture length assumed to be
12m)

Weather Neutral (Pasquil stability D and wind speed of 4m/s)

Distance  between isolation | 20 km

valves

Response + valve closing time 60s (assuming automatic leak detection system, i.e., instantaneous response)

Depth of caver + soil type 1.2m (clay)

Ambient temperature 9.85 °C

Relative humidity 70 %

(3) ¥Ialb—3 g kR

* 4-34 OfE

ICEDEM CO2 DY I ab—a UEREM 4-57 127 d, K 4-57 (a) 13 CO2 D

WO E S OG54 T, FTEDIRER. 4. 10%) DR RKOEMFEKZ =T, ALOT IEL (<10
m) ZFRWT, JREN 2% L ETHE CO2 BRHRICEFELRWERTH D, ()X, BIEHE 0.1, 1,
10, 99%DESCHEFEMERT,
100m a) - b) . 01%
! 1%
E T10%
= o £ 99%
2 T 2% 8 " (@ R
z /10% 4% : ¢
k’/ | _100m |
L":L'.‘)r‘l-;.Uunrjmvnl f Dstance Do nv'lmtld : " 25m
()CO2 & (b)BsEHE (i E 1m)
4-57  ConsenCUS N— AT A—Z |2 L HKHCO2 iy S 21— 3 v
X 4-58 [T_—RA/RT A —F T L DIREF CO2 DY 2 2 b—3 3 UHERZ IR, A O i

N B E A — PLVORE TFOHFE L~V THERZE CO2 JREL D, K[AHD L g L Tix
DINTIENWEFEEFERR E LTI, 1% ESEdhRITE T/ 300 A — MIZET D, ZOEWVI,
PBEIANA T T A MBI END CO2 DENILIDINITENTZHTH 5,
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s * -e - \ N ¢ e we e
Dstance Downwind / m 1000m Distance Downwing [ m

(2)CO2 W (b)yBEs (1 E 1m)
4-58  ConsenCUS X — 2 /8T A —H |2 L LM CO2 iy I =L —3 g9 v

X 4-59 [ZHIFENSA 7T A 2 LM ERRENA T T A DX CO2 DY 2 Lb— 3 rOfEREIR
T, i EFRE AL T TE TR TCOEH =R VX =R ERXZmTon TS, —F, HEASAM T
A Tk, CO2 DEFTHLF—L, 7 L—FBHIZ L > T—HNEER SN TS, 2D, H
RGBS T TA DD ORI S T T A AT ARTRLS T L b DI D, AU,
(@)D A%IRED 53T & (b)1% BOEREEGROM HITHEL TWD,

100m g > gy 15m iy
r‘a)i‘mj:ggﬁ —— Shive PR LS e ¢ b) — Hhme e e r-vm‘
£ AT TA £
-:\ ) |'(J—.] e M. ENNR =" cn i
5 < 'q/ ‘j WA T T 3 | m?
f P V4 - s S
g ( " /'/’ .; {
c R ll ol ]
W 100m 30m
B ) N D;nrsf:-ocnv:;unnu Trr . : h . ; Dsu;m'o D(;;un--ult; /m : .
(2)CO2 L (4%) (b)BFE=R (11 1m. 1%)

4-59 ConsenCUS B LM EFEANA T4 0 OFMHCO2 DY I 2 b— 3

4-60 ([ZHEGRSA T A L EMERENRA T T A VU DOBEBHCO2 DY 2L — g LOFERE
R, WER A T T A L OBGEIL, RAH CO2 DIGE ERRICT L— & ORI & » THEE = R /L ¥
—NHEEIND, FOID, A%DEE L 1%DFFERITHIFT < TEHEWEFHS/H L TW5,

140m 4) s B ) B e Nt b
- / . — \
£ H 7 o = S
~ ] ’@ ) \ = Ho bR A &
§=rHA £ |/ e oy
' [ - . A I

> wiA \ /
[

- I\ MRS A T T Rl J/
"] KL"~ s 1 b i 1 | |
== —— m To g \'\ - |
- oy poon o= e e P - = p -,__/ " 1 .e 390m‘

. 'b,«um't Dc-ﬁmr-d /m . ‘ ‘ Dstance Do-n-mm) i m ' -

(@)CO2 L (4%) (b)EsE=R (HE 1m, 1%)

4-60 ConsenCUS HE B LM FRE A 7T A4 LV OBEBEHCO2 DY I 2 —T g
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(4) CO2 OfERRMEFEESS
ConsecCUS Tix, M7z CO2 DEIEFEIZSOWT, BIEER (Lethality) Z2EHL TS, =
DFFHE G & O RIET 5 CO2 DfERMEFIE 298 L7,

(a) mEZ2MEAIT (HSE)
WELAMAT (HSE) (X, hEER (toxic dose) ZRD & HIZEFEL TS,
A=Crxt
Z T, t T AL ORI, C X ppm HZOWREE, n 1L C OEEERT, CO2 DA, n IX
8 THH, CO2 OHERE A ORALIT Tppm®min] 12725,
WEOFMEZ AT 572012, HSE X, X< O EHIMICE L QX #BIREEAZHAE T 5729
® DTL (fGl¥ it AT . Dangerous Toxic Load) OFHliE LTI TS D&% LT,
THIFIHEHE O 7212, HSE (X, EBIESEZTHDE LTSLOT  (FMEBIE L ~UL : Specified
Level of Toxicity) % &7 L7z,
CHEERICBI DIFEA LD AL NEEDOERE L b2 D
I BEHORET S NERELEL TS
ATADD A& PEINRRAELEL T LEEGEZA D
AR ERESELEENZFFObLO, HENZHEN S, —ERMICB T 2R EREDOIZ< &
FT, 1 -5%DBEEE
F 72, SLOD (B E /2410 Al HEM: L ~L : Significant Likelihood of Death) (%, HL[ENX < FEIZ LV 50%
DEWHERLLLHOLE LTERSNTND,
SLOT (X" & & 1.5E+40 ppm8min (ZAH24 L. SLOD [ZH 7R 1.5E+41 ppm®min (A9 5 Z &
e, X 4-61 DRERRE BN D,

25%
E SLOT DTL: 1.5x10"0 =c"8 x t
2 wmewmeS OD DTL; 1.5x10M"1 =c"8 x t
= 20%
= )
© ]
= \
= 15% \
S8 N
g -
O ---—-—-—------—--.
o
e
(o]
UN 5%
@)
(&)
& 0%

0 10 20 30 40 50 60

t: Exposure time in mins

X 4-61 SLOT & SLOD @ CO2 JEJE & SR o BALRST

86 ConsenCUS-D8.6-Safety report on CO2 logistics — version 1 - 2404, https://consencus.eu/wp-

content/uploads/2024/05/D8.6-ConsenCUS.pdf
87 Methods of approximation and determination of human vulnerability for offshore major accident hazard assessment,

https://www .hse.gov.uk/foi/internalops/hid_circs/technical osd/spc_tech _osd 30/spctecosd30.pdf
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HSE 12X BB0E T, [Hd £ 723/ F@%&iidamﬂ)ﬁ%é ik, Tk
BT D55 E O E @wﬁ%@%f13o SURIZEIT 5 2 & 3T & | kiR OFEROAR
m&%%%%%&iéﬁwjk FENTWD, CO2 @ IDHL [ZRBEEE 4% T, #EHE
2E+38 ppm®min (ZFHY T 5,
FECBAAORAEE LT IDLH 2T 21213, TORENLETH D,
« IDLH OfEMIE 30 LA FOREICIRE SN TEHY . L0 RWVIRERHIZEEN T 5 & IERST
HI72 JFINZRA D BAE L B,
« Fmbty FEE SLOT 7 7 u—F LIk d % & (IDLH (ZRIE ISP R 7250 R 2 A2
EHThs,
« IDLH /&, ERFHOV AZFIL Y &, WHO Y 27 E#Y —1 & UTHEMT 25058 L
T3,
o TRTCHOF—AT, IDLH (ZAEFATREMED FIRZ IR TR R LTV 5,

b)yA 7 X KEIEER S

F T U EKFEGIEFEERBFAT L) A7 HICET L =TTy 7 ) 813, St i
WHNLT ey NEBAMER LT, IREEORE L FEE O L RER I BEM T 2 HiEE R L
TW5%, HSEUK @ SLOD DEF TIE, FETHERD 50% (ZFHE LW & D, Rl OBREEIFHFIC
JARFED CO2 BEDEIER FELMR) 2atAT LN TED,

B 4-62 1T CO2 JREE & BINS N FRBIRFNCHES S BOEER A K 4-35 [TEIEMED 50% DY
B OREET HIRERFHE & CO2 RELZTRT, BREFEOLE, CO2 FiNohNDT-DIZFHFIND
RAICBA LT 6% (ICIREESNLD D 14% [ZIRBRSND P EETH D, 6 OBSERMMRIT
CO2 IRMOFBMEEZHEE L, U A7 28T 5700z extf e Efid 572 s D,

100
90
80
70

. =@t =8
X 60 hours
F —=—t=5
= A hours
o 40 =@t =1 hour
-

30

==t = 30
20 min
10
0 o e v w - =
0 5 10 15 20 25

CO2 concentration (%)

B 4-62 CO2 JBJE L IN S - BBEEIC S < #HEXR

8 dr. P.A.M. Uijt de Haag, dr. B.JM. Ale, Guidelines for quantitative risk assessment
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< 4-35 B 50% kT 5 ZEREE & CO2 & (SLOD ([ZFHY)

Exposure time | “SLOD”- CO, concentration (%)

1 min 14.1

5 min LS

10 min 10.5

30 min 9.2

1 hour 8.4
5 hours 6.9
8 hours 6.5
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(1) &AfH CO2 i FEsa

433 @ CO2 IR T, MHRL LI-DITREM CO2 Th o7z, KA CO2 D FBRDOHILD
72< . 433 @ CO2QUEST TITON TN ORETH o7z, JITHI Led &R CEBRRBRIE TIThh

TWHDT, MEZHEITT DY,

HOREZD S, AU 7 4 A2 Mo TRED B2 AW T, RSB im IC 8t L T D BNWED A
ZHZENRBoT, UL, CO2 WAV 7 4 A%EELTY =y NNTHEIET 2BICKIBICH A
Sh, EIE CO2 RiFNIER SN/ Z LITX D, K 4-36 IZFBRSMH] (KFH CO2) 2R, £70.
4-63 |Z TEST2 D Jig AR OEhHER IR - 72 & CO2 JRE D434 (%fH TEST2) %#/~7, 4.3.3.3
DR CO2 D HRFDOEFIE 7.9MPa T, Jititi®= (inventory) 723 6.27ton TH V. KMHDLE LV
HREDoTID, F~ORERRKE DTz, KAHOLE, JE R 35K T 10°CRE DK T T
bolz, W 5% EoFRkIL, KA T 25 B, 12m BERR K TH o723, BER T, 50 7,

18m FBETH o7,
7% 4-36  CO2QUEST ZEERZM-f (&HH CO2)
Number Test 1 Test 2 Test 3
Pressure (MPa) 4.05 4.0 3.6
Temperature (°C) 33.8 334 32.7
Orifice (mm) 15 50 FBR
Inventory (tons) 0.97 0.96 0.84
Ambient pressure (kPa) 99.6 99.7 99.5
Ambient temperature (°C) 26.4-26.8 27.5 236
Humidity (%) 87.6—-86.8 80.2 823
Wind speed (m/s) 0.6-1.8 1.6 0
Wind direction 120168 108 0
Atmospheric stability B B A
Test2 : Gas,50mm Test2 : Gas,50mm

250

0
45678 91011

10 15 20

Distance (m) Distance (m)
(a) WA (b) CO2 LT

4-63 CO2PIPEQUEST JiHilf O Ml#R J7 i & CO2 R4 (XUFH TEST2)

8 Xiaolu Guo fifl, Under-expanded jets and dispersion in high pressure CO2 releases from a large-scale pipeline,

Energy 119 (2017)
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JE\ D 5B M 5 % Ot
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% D.Allason ffi, EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF PRESSURISED RELEASES OF
CARBON DIOXIDE, Hazards XXIII

1" Christopher J. Wareing, Numerical simulation of CO2 dispersion from punctures and ruptures of buried high-
pressure dense phase CO2 pipelines with experimental validation,
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® [SO27914:2017 (Carbon dioxide capture, transportation and geological storage)

® UIC (Underground Injection Control) 7' & 27 A
» 40 CFR Part 146 Subpart H, §146.81~§146.95
>  UIC Program Class VI Well : Site Characterization Guidance (2013)
® NETL Best Practice Manuals
»  BEST PRACTICES: Site Screening, Site Selection, and Site Characterization for Geologic
Storage Projects (2017)

» BEST PRACTICES: Manual, Risk Management and Simulation for Geologic Storage
Projects (2017)
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o R
»  Offshore Petroleum and Greenhouse Gas Storage (Greenhouse Gas Injection and Storage)
Regulations 2023 (GHG Injection and Storage Regulations)
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»  Energy Resources Regulations 2013
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PRI OWTIR, A T T4 TEY ST AR, BREEE, SET AMRLEOBEER
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BE LI DG, REIRBE, REREINERE SOV T L7z,
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(1) &S

A S & Uz EAME RS (BB HIRER) & LU TR,

* 43 PHEXGE LI ESMRAREE (RN, Sfrtie)
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1. [E] B #EHI K 1SO 27913:2024, WFRABEG S AFE, KA CO2 XA T4 v

Carbon dioxide capture, transportation and

geological storage - Pipeline transportation
systems
2. AT HE#+ DNV-RP-F104,

Design and operation of carbon dioxide

WFRABEG R AFE, KA CO2 XA T4 v

pipelines

3. SH[EHIFS BSIPD 8010-1:2015+A1:2016,

M, H AL CcO2 (KAHAERE) . BI O

Pipeline systems - Steel pipelines on land

B DOl boNA 7T A

KA LB DIN EN 1594:2024,
Gas Infrastructure — Pipelines for maximum
operating pressure over 16 bar — Funtional

requirements

BETF NN 16 [IEEZB 2D, HEEEMER
R A, AT RAZ TR, KRBT A,
INEDIRETADE AR, TTA

KIEVEHL 49 CFR Part 195,
Transportation of Hazardous Liquids by

Pipeline

fERRi AR B X ONEARER IR SRR CO2 34 7
4 (K CO2 iZxt54th)

(2) B - BEICBET AT
ISO TIL CO2 DHIRL
VU = —) THEMEAEEI
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DR EBEL TV D,

ISO. BSI ([F) . DIN (FA ) | CFR CKE) TIHMEMEZERET L2 L LBELTVD,
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FETIE, FeEfl AESCRGHE D 2 e L U<, MA@ HE & e BRI
SEOBBE AR TR L, b —UFA GRIEMIZA U 2208721 5 BRI bR SN D ERREZ BLUE,
ISO TIEX4E GERrFRHERE) (XU A 7 FMIC S _& & L, BSI (JE) & DIN (KA )
T ISO & RBICHEMEIZTR L TWARW, DNV (/v T = —) Tl FZHEE 2B L THE L. CFR
CKE) TEIAATTA UREFFICLVBIEL TV D,

(4) Wz B

ISO, BSI (3%[E) . CFR CKE) Tix, HdlH) HEIab—yay (AU T7aA
LWEEY R 2 b—ra V) ICK DI S AT A& HERE L T D, DNV (/ VD =—) & DIN (K
A7) Tk, BMFEEZFRL TS,

(5)  WHEPIEIZET 2HE

BSI (¥[E) . DIN (R4 ) | CFR CK[E) TIXCO2 faDBEIT/R <, BEFD /A4 7T T A 1T
OWTOMENRH S, 1SO TiE, CO2 F/k5r D EIRIEZ ¥ FMEFT & L TR, DNV Tldk ot
LIV HAEEKEIZHLTIRUTEHELTWS,

(6) BAFRSRICET 2HE

ISO. BSI (¥[E) . DIN (KA ) TIiX CO2 ¥ DHEIT/2 < BEFED A T T A 2D TD
HENH D, DNV (/L7 =—) & CFR CKE) TIX CO2 DOFpEZ B & L 72 BRIt i G T ERk
ZRDTND,

43 EHNNDNA T T4 FEOREMINRD ERT — 7 | s

(1) CO2 AT T4 L DEFRE

CCS TIEXMED CO2 5 T ANL W, KOBFET D& SMBPEE LT VIR L 72
D

I CO2 Ok TR T, BB N OENEBC LV KM L, T OFIZJFEAT 236 X OMLEE
Tat AT XY IS D ARMPEIRT D Z LTk BREESER SN D,

YER L~ & R SUIRTE D CO2 12 L B RFHDFEREIZTIL.CO2 HIZE FL DK DEENKE N,
FIZIKRS3 73 1500 ppm ZHE 25 & EENIEERIZET 2 & NFEBR TR S TW\wb, NACE @
NACE RP0775-2005 |[Zf8 5 LT, K57 1500 ppm FREEE Tl BRITE Z 5 b OO E & DM
1% 0.02 mm/AERREE ORFEEE R OFPHIC L EE o TV D, KA 2000 ppm ZHE 2 5 & A E L

2IRICHRT 5, FﬁéﬁiA£ﬁfﬁtff@<%ﬁﬂ%i#é%é%%é LB DOREEE L,
PHEREOBEFHE LY & RE VW, REERHE KT 2000 ppm Z x5 & SHITH T3,
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A1E 700 ppm DL CHEEE S HE T,

KESA DR & LTid, BB (02), SO2, NO2, H2S 3B &I B A KIET, F2 R it
Hxxyk\Mk\aLcalnsﬁgﬁﬁéowa\:ngxﬁ%®ﬁ@%§:ow1m\mo
EHEHE TR ST,

- BEFEAY 200 ppm BREEHICAD Z & C, HEEEITE ERWIEA L AT 2 FRikiIC T 5,

- SO2 ITE R AT H A, S02 LV LK OFBERE~DEEIIKEZ, £z SO2 DIFIET,

HMF OIS TG REFINEZ DR E D Z EPHERINLTND
- H2S 12 & » T HEBERSE CO2 H oo R FEHH D & £ HMIE e éﬂé‘m@%ﬁﬂ#aiﬂé RELTO
FEBRTHHMN, H2SICEAEEIFA v E X —DOTIMIC Lo TRE IS5,

CO2 AT TAV THRINDIHRKOKSPEE L, ML L TUIED LN TR, LavL, B
WD CO2 734 7 F A L TIEAKSIIE 500~600ppm Afifi, SOx % 100~ 1500ppm il D i FH T HL X
NTWD, ZiUE, ZOFHTHNIE AL 7T A DOEZEFRMTIBNTKRDIEED CO2 T ~D i
JE%& FlEl-> TR KNF2HELTHET S Z L 2MKITE 2005 TH D, SOx OFHLFEPHIT 100
~1500ppm AJiii & HEJAVNAY, 1500 ppm % ERR & & D 72 BRI E D TIER W,

(2) e

4 SOFE7 1Y =2 k (CO2PIPETRANS, COOLTRANS, SARCO2B, CO2SafeArrest) (& - T,
D CO2 MM LI2GE 9 DO T NART — VOB T A SR FEf SN NEZRE L
72

DNV R ISO D_X—R L 725 TN DNy T AAOFERHRKX (RNy 7L 2 iiE7 /L, BICM) TiE
EHARRED IR I AN EHEAZMEA L CHATE 2 LEEL TS, £ LT, KE2EX,
FRIHAEFEH LT AVAT—OT A S5 6O X ZUE I L RFR I IERL SN2 IEIG ) L
v (ZFEEOIRT)) EEREENZCAEO T r Yy PTERTE DI /RS, DNV-RP-
F104 (2021) @ ZFB{LIRFE A 7T A L OFGEHEEHTIL, mEEMD CO2 ZHET 2/54(4 77
AV CHATT B IEMEREAME LT 208 9 DALY 2 T2 O M2 R BRAE T AV EA Sz,
ZORBRIET ML, ERRO 9 ODOEBEMD CO2 BHEM LTI A AT —L DT A RINE DT —
B EMHEH L, BICM ©O& 2 FIZHSNTW 5,

1S027913-2024 I%. DNV-RP-F104 (2021) [ZESWTW 5, KRR3I3 B 20 pEisk (X 4.2-1
BREE) (X, —EREMOFERL 2D L IIEESNTWDA, 2 OME Tl et 2 325 LT
LR b7 eI TV S,

AR X 912, FEREERICRAE CO2 DflE72 <. DNV IS0 DX—R L 725 Ti% BTCM b,
SRR CO2 IZOW T OEHAMIIARMER TH 5, BICM IZHES< | mdUEMERER (LR 6L, 7 VA7
—/L D FEER & ORI IS < R IE LM . TR - SR ADERGGHRIC K D HIER S L.
CO2PIPETRANS 7’1 ¥ =7 kD7 —# % 3|2, SINTEC IZ LV, JREFEXE CcO2 FMFKE &
DRARET V&, KRER L XFURREE BB L= TRESEFNTET A0 5, FitiR - #E A Ak £
TR SNz, FHROFETIE, ERHOES, EUREEE, B CTRER BRI Z
ERWESNTVD, ZOHEE, L0 OYHEEREZBNT L2 LT, T VOEME I HT
EWVWIHREITH Db OO, KVENTZTRRAPHEOND RN H D, £2, KV IEWAT A —
BEHTOTHRR, NTA =L EZHAESHELOD T VA — LB L OHREET 2 s OBLEMEOK
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B CTE %,

(3) WAy

BRERERHGEHE O LR & 70 0 | N DB EHIE E TCOR/NLZRIREZIRET H72012, CO2 /31
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AT TA U E JREH CO2 B ESnD &, RMAREINERTAEZ Y, ENEIREDIKT &
EDICREMENOXMEA~OHEENAEL D, SOIKRE R BEEANERINDATEEDLH D,
ARSI, A 7T A CNORNDRESLTAR D R B A 52 D AT H 5, i 7 r & X
EIRIC DT 5B R 2 EfRICEER T 2 720 O REE A ORIN, A2 EREMD D EAE~)
DET Y 7 BEHERO FENLEN D, ETHOILBOFHEICIE, Bk hzsT e
CFD E7 A3 H Y | FEELFHRERMAZE L CHERTORLERD D, EHGOFHROAITIE, &
B OHDBHNBN DL DT, B E R T EER ST\ 5,

BBCTHS RRADEIX. RIAT A ZRA LEMAKN DR TODAREMES S <, #E EIZHES 5
BOLTRXTHRRIATARALEFRSR, RIATAANRFEL, EBHFEKLR 2D BEVWERRX
7o T, BEETEKMHD CO2 B> TWDHHARENRH DO THEEDLETH D,

F 44 IREWNT r V27 FOERSGHAZRT, ZHUDDOERICOWTER L,

44 REHT 0Dl b OEREE

1 ol yE B (1) 48
ek AV 7 4 A J£7) R mﬁ%é;ﬁ SRR
mm MPa °C — /N E
6,25, INERIS
CO2PIPEHAZ 2.7~6.1 -9.6~59 2m3
50 (&BAR) (1)
15,50, FGEEE TR
CO2QUEST 7.6~8 #7135 #J 6ton
233 (£fHn) ()
Spadeadam
COOLTRANS 50 15.1 7.5  7Tm3 o
(3%)
Spadeadam
CO2PIPETRANS | 10,20,26.5,35,50 10 29~13.7 ) 410kg )
R_

CO2PIPEHAS C/NMFM/K T, CO2QUEST CTRMUSEAK Ak, COOLTRANS THE Y bk
. & LT CO2PIPETRANS Ti&, KHMBIKFHHR D<A FHROWRIET — Z IWAEIZ DUV THEBL L
7z. & BIZ, Horizon2020 ® ConsenCUS 722 H i, ¥ = bL— 3 V21T Th 5 0N R O ZU
9 & & A CO2 FkH DB 2 FEBR U7z, BEPR U 7o BOBCEBRIE, S 5 W ITBEER CTH 72D T,
BNID 72 W AEHE CO2 FEBRFs L UM > O O FHEER OFl 28N L, EE e KKK SR
OFEEZ MR LT, UL EOERBIL, WTN b BRBMIEREORRFA DR EDIZDD T I 2 L—
a VPRERBEOETLLE LTCT =2 2IELTZLDOTH 5,
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