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Development of an Integrated Assessment Model for
CCUS Greenhouse Gas Abatement Pathways

Jongsoo Hwang"*, Chi Kyu Ahn" and Kunwoo Han"
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Development of Real-time ROP Optimization Model

Seil Ki", Chulhwan Lee", Jongkook Kim"”, Namjoong Kim" and Changhyup Park?*
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A8 7}FA FNEEARQ] ol A AFE-X|S(Capital Expenditure, CAPEX)2] 714 & 8|5 ZHA|5H= Q4 & 5l A]3=H]80)
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Table 1. Well-logs and drilling operation parameters as the input dataset in the study

Data type Abbreviation Unit
Bulk density RHOZ g/em’

Sonic travel time DT psec/m
Well-logs Gamma ray GR gAPI

Formation resistivity RT ohm'm

Neutron porosity TNPH fraction

Formation photoelectric factor PEFZ barns/electron

Drilling-operation Weight on bit WOB Tonne

Parameters Rotary speed RPM r/min

*Corresponding Author : changhyup@kangwon.ac.kr
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2) BAUE AL E
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Fig. 1. Comparison between the raw data and the pre-processed ROPs (Lee et al., 2025)
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Fig. 2. Results of K-means clustering
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Fig. 3. ROP prediction : (a) well location; (b) transfer learning
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Assessment of Acidizing Effectiveness through DST Interpretation
in a Carbonate Reservoir Exploration Well

Youngwoo Yun", Sungjun Choi"” and Seungpil Jung”*
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Figure 1. Interpretation of Log and MDT results.
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Figure 2. Summary of DST operation history.
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Figure 3. DST interpretation using pressure transient analysis: pressure and pressure derivative curves.

Table 1. Comparison of productivity and reservoir properties before and after acidizing

Pre-acidizing Post-acidizing
Productivity index” (scf/day/psi®) 0.21 4.83
Extrapolated pressure (psi) 4007 3985
Permeability (md) 0.793 1.297
Skin 22.03 -1.46

*Note: The productivity index was compared using the value corresponding to 3 MMscfd of gas rate.

28
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sto] AA| -5 5 Tl 710151 9eS HoAED ¥IE HAMY AASAId ARme] A9 AAIE EE]Y o= QI
ShAof] A7 EBHA/o] EAISHAIRE AFA P A5 At A A A FadE SE5] LT webA
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- 59 Qo] £ A ¥HEA Ao T I3t v T2

oloh 2 GAYL 53] GARI AN DEAEO] v 5o HUHT 3 429l Aol that Fpot
29o] o] 2122 Tisin, LAY SPUANAE H0 A§3LT ek olo] FARE oliT BHUYS AN
wto] 8 7H ek

*Corresponding Author : donguk@kogas.or.kr
1) A=7EATAL SR ER & 7FAETFY
2) BRI ATAL A7 A G
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93d 7|t E&P 7]&EA] A8 9 TAH

SAPIAE ol £AIE A ] et Rt = Hisky} =¥ IA|E A 8ste] Akeks 7Nt ged =8 959t
3L o] WAe} Sto] FAF ol gHoll AEBIAT: g 7'M Al 2AAtRet Adu Abm 7 AJREAE oHET
7tAaS EA 7Fs/dE cl5vhe W4l th(Byun, et al., 2020).

SAE gl A-837] flsiA @7 ElolE o 2 Bl Aol E dalEEd 24 =S A9} 5kl of 3
oA Hlol8 A= AAE ISt T B 545 vF T ¢ A= dY HeE 2SI B Hed 229
StE= shA 37 W T2 Al 352 A8k HlolE QCE w352 o2 &5l Al d k5ol Aghet aEd |

[B1& ZHslL, o] F L7 A|5E2 blind-well2 X5t FF 24 Ao A= 3} A4 28 79 AlaLshltt.
G At GF FRoME 7IE A ABer AEs] AL dSthe § Qv Sl AHE =E5IH 53,
blind-well testol| A == F-83 A& 52 HolH 7|&4] 7hs/de RS o, thaat 22 A7 1= /T
- BT} STt 2 A Fo)A oS A5 A8t
- Shs5 HlolE 2} ol dt A1 7ol A A8/ ARt

]

ol #lg P7IoIA S Bl Mast e E40) et Ald4o] SEsIA gof, Held mdo] o2 H3hrt
AR 9] 0 2 Tebeich. webd B oS A ATE AL AT T Elo]H 7t BET RS nal
e o] 2.9 2 347} =9tk

A3 A E&PY|E HARY 75

AP Al 712 AE3ks 7190 Dl 7]Hat 29 dlols L A Shsle] e ATE PAsks 7]4e]
o}, o= T #igto] ol thaktt 7Hs e ATHE BAI0] 4T 4 Itk EAS 7Rtk olefat 4L 4HnY 758
AT e BANA the T} e RS A B,

- A3 Blo]8 S A E Tkt Autel 2 B b

712 HolEolA] Ts)x) e TfEl7lA] S B4 s

- thaeo] ke EOH B4 We AN

£3] Hlo]E 7} kel SN AehA Aol SN AR DS B8 A, 71 HlolE o] S shsto]
H2e H4722 4457 A4 Hol8 S Bat 4 It 7Hs4o0] 98-S Shlsiart.

BAY A BA S L S TF

TAH AR AL 7S SR 919 deko] dgto w AL-hol WAAAS FEAL, o]F Vo Tl 7]40) @4
48 543 B8 HAS SYHOR AEsha Urk Y Al H ThRh 49 Hokol 4 R A elet oAb
A1) BEAE AT 4 U WY V]S F2UT 90w, T4 Q9 2L o] HE AT T Hlo]H F8el
7 HE G M 1 A 7HsAo] FA e Uek(o, et al, 2025)

TAHE Y AL B8 3lo] HAES SlaT RE S V]S AAmEe 2 Wt okbad shgolAle] 48t e
P52 Srfaka ik, 78 4 8 ofele} Uk,

REE = EEEREEE PSR

SR RUT EES SR SRR A4 A9

Al AR oo that 27] H7H A

£5], Aol Bol AR S BHS AT 7R B80] Hs e SIStk B, TRt Hol B

7ol HisiA BdF Al 282 gefisfuta o oln, T3t FFrofl= F2A e feto] oyt Ak, 7 AluE| 2
7HS A A gA|= 2 2 8o] 7he g A o= VHEn
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28
2

=
ol
v
ol
N

Aol Bhe] AL Aol A Ay BeHA T} 72 F A m § 7140 S S B,
ol2 netaly] g3k uRto = AT Al 740] 28 7154S AR,

A Al HlolE BEE 7vto g okt AT AT 4 9l B4 B, 712 T 23 3419 a4 404
Soluh Heh g oA Ago] 153hE Hststh 3] HlolElvt AlvkE ANAE K8 F1sstel, Tt A
el 7lut Bag Eo) wah Wl A oA 5eAe AT 4 e Ao vdhet.

FFol R BT A S B AS 48 ek, 71E Bel /1 o4 L PR /) Eate) $3L 59 4
4 Y71 B8 AAS 75T B Ak ]S B3 FARE dlojel /U AU/ Sfke Patst, sl 34

g2 AaLsto] =7 AAANLEE ol 71918 ALz 7.

A A}

E ATE =ETATAR] S A LUNEALE =9 IOl 49 Akm E A5 A @Y AIE 7o R SE L
SYtoh
References

Byun, et al(2020)., Machine learning based supervised learning for gas reservoir exploration, Hanyang University
Jo, et al.,(2025) Generative Al-driven geological modeling II: Uncertainty Quantification through SinGAN-based
Augmentation. in 2025 Fall Joint Conference of KSMER-KSRM-KSEG-KSPE
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KRS AlEdolME Set X oLx] A+

esel, Hrjel

Geothermal Energy Study using Reservoir Simulation

Hyunmin Oh"* and Daein Jeong"

E
£ A7 ARS AR ol 4S B8 sto] thoret Aol A ALRES BAY 4 91S AN o) 18] B3t 5
7191 24 9 e sk, A1 ) ki) R, A5 AR 2 el 1217 & $ Y heat i)} 2L £

214 2458 TSI o2t 2458 T 2 WYt M A F A AR AES Bt 3] &5 = 92
o, AlgdolAdol 445 B7H R FAsto] antAQl =72 E-8-E & 322 st
ZF90]: Geothermal energy, reservoir simulation, hydrothermal, enhanced geothermal systems, advanced geothermal

systems.

x
rhu

ShAF YT o] Hglo] FREHA, FY Ao 1 A& 7haE oA Yo RA X FoR]9] F2/0] F7F8HL
o} Ao A= 71 A 56 AP0 & &8 7Hssith= Axdo] glom, AlAH {30 et AAHQ] {A| 8k 0|85
£ 4 A|AH|(hydrothermal, Figure 1-(a)), A5XHC R #FS FAol= TFAHE AE A]AH(Enhanced Geothermal
System, EGS, Figure 1-(b)), 18]1 HHE £33 +25 &-85l= AT X E A A"l(Advanced Geothermal System, AGS,
Figure 1-(c)) 2.2 F-=Hth e U o] gt thafgt A AR O] 582491 /-E oA = AR5 W -4 Asol gt
JFA olsf7} DA ot olof] AFT AlEdol S 71&Y |7EARA S A8k &% o] 2ol thgk A|E A|AF Y
‘5 S dAC o= &8d 4 Utk

60,000 ft / 20 km !!!

(a) (b) (c)
Figure 1. Various types of geothermal energy systems; (a) Hydrothermal; (b) Enhanced Geothermal System; (c) Advanced
Geothermal System.

r
o

AT ARE A B0l HS TE5te] charat ALoful ) Al2dlo] That H4o0] 75 ehe AASHL, o] S
wojof 3 2 224 AES FYAT 4, 1D AL §A AFS HTS mA] AL BE
2 23} 379 9o 9 S BAo] WHH 0 M solof k. 53] L& U 4 Wsto] W2 yuisiel 24

2R
o &

*Corresponding Author : HOh@slb.com
1) SLB D&I
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Wk G A 9 A4 ol A8 G nFIT 0]9 G|, AR AFERE FYE= H(heat influx) 7] 4
A A AU 02, 5ol 410 A9 Aol S A

ESt A S(natural fracture) W 54T}k (hydraulic fracture)& 53 E0] 2551 FH FS T45M=EGS2] 3%
248 mA0) B, T8 AEASL FA RE 250 & S5 2EE AT 4 SAS, 15 29 B
04 4% AA] AT A5 Ajo]7h ZA WA 2 9o Figure 22 AR AL 2o L A% @0} AAEL
£ o]% T= 4 o]= EI}% (dual porosity and dual permeability) EH-S 55 1125t -2 ()9 FY A =& v sH
J19olh. TI”oA] SIS 4= Al AT E2 AR A S Adsks Y JEE b7 "ol ARS WY F4

A9 A5 2 JFL v1HS L4 Urtk

}r;f;[]cnm:nmlallun (Tracer{INSW) Tracer concentration (Tracer(IJW)
Ganeral ecr\eenlrallen (Tracer(INJW) TBLK')

o8 (13 ad

4 o8 1

2 o -
=, - -

FEEEEENEENERE
]

- - - -

Figure 2. Comparison of ilnjected water concentration between single porosity and dual porosity and permeability model;

(a) Single porosity; (b) Dual porosity and permeability.

&0, AlET YR Z3l A AHE B3 E2 S8HA7]= AGSS] A§- A3 WReF ARS 7H9] Quehk 5a%t
18 840t AlEF Y 5419 o]F Il A WAt G 9 Gk AA A4 B8 JFE v|A|H, o] & 5t
3171 Y3l wellbore heat transfer HEo] I Q35}ct. Figure 32 Z+Z} closed loop system2 7121 well trajectory™2}
wellbore heat transfer -2 72314 k2 F-(a)Q} &t FX(b)9 AFZ &% EE B3t 13 o]ct T304
FO1e 4= 5= ARF BdS 1 HG 2t AFS HH S 2% BT} wellbores FH 0 2 T 7 Hslel= AS &0
T %E‘r. oj2fet 2% Wdh= AIAE] HAS] 8& oS & IF= vE 5 371 Hﬂ—roﬂ Wellbore heat transfer T @0] AJA
o 58 20| AT 4T 2AVE L5 Uek

Tampersture (TEMP)

Temperaturs (TEMP)
Relatlve temperature [degF) Relative temperaturs [degF]
s
500

s
500

400
0

400
00

00
-

g ¥

W
H

RN
EEEEEEEEEERN
i

B
i

(a) (b)
Figure 3. Comparison of reservoir temperature between the cases without (a) and with (b) considering wellbore heat transfer

model.
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oloh e TRt B4 AHS BUHOR MHRCRM, ARE ABHOIHLS Tt 34 §5 S14L Hol & 3]
%88 P4, A2 ZJXJE}%E} ot ZHlol A 8 24 £ 78 28 & 9l
Az
B ATE ARE AR 4 Fol R AolUR] ALRE T 0 BAT 4 9SS AL o2 91
402 TeiHolore F0 Be4 RUES oStk B3 5719 B4 ok 29 HUY, A F3ARE 1 AL
o, 173 9% d 99 5 D Al2T0) A%SE HEE oS5] 9ist Ay Aok ofefat 25 FUHoR W
chefshe o 1ol 4 ek, BRole

et AEAOL S Ao A Apite] BEARS Folw, 4445 BEHS
woh st Bel 599 4R @Y dolH el ST Fo Y Alag s 4
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S duEs oy HIEo 2 oPdd T A A+t

1
pAES= 1k

Dx

0o

=
=]

iz}

Operational Reliability Improvement of Multi-phase Pump
in a Onshore Oil Field

Soomyeong Kang" and Jongpill Lim"*

EX

S4BT 27 %2 TP (Multi-Phase Pumpyi= BAA) 0]5:2] 34 71724 15 7114 Seal 0]
SHe SA7H BT QR SRS AL YAk GBS Suste v A% SRl ol 2] $A% Q4R A8
Ft}. 2 QA7ol 4 g Aulo] 488 7] Seal plan®] 27 A EASlo], 7] Scal Plano] 3] th0] 1%
9 A% A S RS B AL TAo] WA LA ) BHE B7HA71T, AH] 29 5L AL 4 9]
22 Selshglrt.

o]o] 7] Seal plang API seal plan 716-& 71902 B4] 7] F419] Tt T2 ATA5H /1A WLk Al
FOom], A A2S AR Hrjo] 483 AT Seal system A ol WA WIE} sk wAL SAelwgict. £
T TH B Seal A5 AAGNA 7158 QLA R AR S0 TS Teie el S A
g,

ZF90]: tHHI, 714 4] Seal, Seal Plan, B34, Ts}

ME

S BARgTol A= A S Tl 9 o]ES sl tFet FEY] 371717 E8Ea itk 5 thiEE
(multi-phase pump)i= B4HE FA1E B E 9] A4 (Separation) 378 glo] ZH o]&e 4= Qlth= A= <lsl de] &
L= Qo E3E YA A AH O] theslel HH| 2] 84 S T Esto] R FFoAME THIEEE PEE -8
Sk k. o]t THAFE L] QYA Q1 W2 A4 ] WA 9] 7HEEL BE G AAtol A Q] IS v A=
A4 g et st 4 9l

53] 3371719 8 74 2421 7] A4 Seal(mechanical seal)2] A12]/d-2 1] 2] 27 F4 2 SE k=t 3lo]
$- 3851t 71A14] Seal o]FE= FAIVE BE QEE FAEE RS Adots 9T-S o1, Seal 4 Yol A
45 ¥zt 9 g8 2710] {A = olok QA Q1 27 0] 7hsoltt. o] & ol AbY E ol A= YW 0 & API Standard
6820 4] AA|H THFst Seal plan©] 285 T 9).o.m, thEA © 2 Plan 11, Plan 52, Plan 53 0] A&},

T oheFet 4 2745 arEsto] AA GA oA AARRE B 9T A%, AR &4 oA = 5l HA
9 G 5 SHOA 22 EAIE oP|T = Ut 50| th9] B2 v 9 AlS A7} 23 Seal plan A|AF] -
25 B0 i, 4 A9 Agget metal £4-Z o HA T Q1o & A-88 4= Qltt.

£ AFolA = 4 AL Fo A AR 4S9 T IO Seal plan 274 AHE 4510, 7129 BT Seal
plang API Seal plan 7|9F9] Thegh 22 A4 9 H-850 24 M| 24 QM3 4-A 3] &S A Akl
£ AAIskaLA} gt

*Corresponding Author : soomyeong.kang@knoc.co.kr
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rh

=

7]Z Seal Plan 27 33}

2 A9 i dHl= SA e A Ftoll AAE I EEEA B4 {AE A2 AB|E olgsly] gt FHow
G At g Arl= 7] AA DACNA 7141 4] Seal9] FY A Q1 242 FHSE7] fi5] B 1A ZJw g Seal planO©]
HE|9000], Seal ¥ 3 44 22 324G 9T ] R vjEat £ A U DS 92 AS P B
=0 ek

7] Seal planZ HI Y5 FAHE G835t &8 20 . H 2 Rl AT FE= 4= 0] 3lom, Seal ¥ W
Al =82 B9l Seal EHOA LAY Stz B A A6t PP ARQ] 4 2AS FAoHe S A=t LUt AR &%
A IGof| A= o] HGE A AH LAY B 02 Qs 24 ] SHOIA o8 71| &A1 71 2]l = ot

£5] th=9] vl 2Rl AlS AR 7F 23E R = W AHE Z8F 0 & mlolsly] o2l flom, o)A WAy Al 9l
Ao ARt AlTte] &8 E = EAIZE ERIEQITE T3 BT vl A RAIES A Al 23S ASHAA AH|
8E&2 Adflot= 8 8210 & ZRE-513int.

A 7183 §A HS o] F S B3 A} Seal system T 7 2 gH] Z}o] gEEH O E 3|1 gllom,
g &A1) I A7 gttt o] 2Rt Aib= HA HACIA 1E 7154 AT Al 4 ol A
T 2 B4 bl Zol7t 2AT-E AR

i

Mo Ho

i)
4
)
% o
ok
S~

Seal Plan T3} 7] A Wt

2 Ao A= 7] Seal plan2] T4 24:9 7|52 AHESI] AA| &4 EF0A BrAR] 755 THLE A|AH
<= Tedbohs 7AWk =SSkt 71 Bl A= 71E Seal planof] ot 7 vl SlY} AlS A9 A2 &
A5}l Seal HH W 54 <81 ¥7 7155 FAISh= Hl BRTH 4 345 SH O R AIARE Akl
59| 7|& A 2”04 24 B B34S SV 2AES 93lst 21 API Seal planofA] A€ 712 7l
<= Farsto] Hop A3l FE| = A5G o5 B5f Seal AW W) HYA I FA 28 FAISHAA E AL
[4E F200h= WFOR Seal plang /HAISHAT.

—dd]  Coolng
‘water out

Cooling
waterin

Vent
(normaly losed)

APl
PLAN - 54
Make-up barrier liquid

Liquid barrier out (LBO) (romaly losed)

Optional
pressure
indicator

Bladder charge comnection
Liquid barrer out (LBO) (normally closod)
To external source

Bladder accumuiator

.
| ¢ BN
z = N
f - L= —
) L] From extemal source l | Pressure transmitter
v = el with local indicator
| M ’ !
' o Optional valve
f - ol ‘m (for checking accumuiator
bladder integrity)
- b
Liquid barrier in (LBI)

APl
PLAN-53-B " [E———

Temperature indicator
(i specied)

i

[7]29] Plan 54] [# 735 Plan 53B]

ERH7]E0] BEtAL et 24 AloJAAE S HethAA 22kES A0t 4 Qe AlAEE ST ol
T2 A9 71224 Seal B2 2 88 752 FASIAA e 24 BN RAES 88 PV AS TR

st

28 A% 9 24 5 B7t
7HAdE Seal plan A A4+ Avlo] 28 o]F A4 717 5] 24 HolHE 7oz 452 F7Helit 48
B3}, A2 F20] ok 3| Au] AEof tigt steto] BolsiH o, 24 B SHolA ARkl o] FE
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E 0% FRIHI

TS FAES A 8 Al 4 TeskE s A} Aol A E e, AR A 9 ARl &8 5= AlRte] &
A8k= 7ol YA ETF Seal system 7 o)A A8 Wl JA| ZHAsk= A7t ER1E|91 oW o]= Seal plan T
S7F AR e 4 MY/ ol 3 A B¢ 13t

A=
£ Ao A= S AT A 4S9 THIE Y] Seal plan =4 A E B4t 7]1£9] B33 Seal systeme
B} ot 22 JRASH S Xﬂ*] Poﬂﬂr 4 A3, “741 SANA 764 S FHsH| Yol A8 Bx4gh
Seal plano] A4 &% 24 oA = &4 ] I FAES SHA A S 7HA]E= Ao 2 SRletAt.

o]of w}e} Seal plan 4 845 AHESIL AAFE 1_+9}0P‘ A S A8t om, AA| A 48 At -2
A T2 fA1 T G&o] FERE G ERIEQITE £ A7 X7 7|(THIE ) Seal A|AH AA A] 71553 <L
333 TA Al 29 T 4 TEAdS 1Es A A 89S A

FT E AFETE AR 4 S 2= S 98- A Aol A 37]7] Seal AAE AA E 241 Mk 49
e AT AR 2 E8E ¢ S A= V| Hrh

>

References

Seal Plan 54 https://www.aesseal.com/en/resources/api-plans/api-plan-54/

Seal Plan 53B https://www.aesseal.com/en/resources/api-plans/api-plan-53b/
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QAUME &9 SOR MAS flet ES-SAGD ¥ NCG 3H H|uw S

2, s, 058"

A Comparative Study of ES-SAGD and NCG Injection Processes
for SOR Reduction in Oil Sand Reservoirs

Min Kim"*, Jaekyung Park" and Jongyong Lee"

=

I

£ AFoAE LIME FFo)lA Steam-to-Oil Ratio(SOR) A 3t tiE% FH<Q Expanding Solvent-SAGD
(ES-SAGD)2} Non-Condensable Gas(NCG) ¢ T 9] 284S A F= A& 0)AS E3) vn B4} 7] &3
A AR D 9 multi-well pair SAGD Al &do]Ad RdllS gh85l0] = FHo] 0 ZAt 9l AE A7t gilE AJFH o= i
ZFetsiet.
AlEFold A3}, ES-SAGD FHZ 28T solventE SA] U} =M HIFH HHEE G 02 HAAA 7]E
SAGD tjH] °F 23%9] @Y APikeF F7Het oF 23%9] CSOR A4S UEHHTE ¥HH, NCG = T2 Y AP4kgo] oF
29% AR o, AR 7tAS A e A oA aTtE AY ARgeo] oF 55% A7 E|Qlon], A3A 0 & CSOR
< 2F 35% 74 = it
olejgt A1 ES-SAGD 30| 0.2 44t Fefsto] Eael vhel, NCG 59 FHL
%

—m

ABe
ZF80]: QM= SAGD, SOR(Steam-to-Oil Ratio), ES-SAGD(Expanding Solvent-SAGD), NCG(Non-Condensable Gas)

=0]
Ty

ME

—

Steam Assisted Gravity Drainage(SAGD)= 3|43 71§ (Enhanced Oil Recovery, EOR) % SI= 9-3-2] A7} o}
R18-50] ol ol AIA] O BHAE SRe/] ATt BB HoIE. 53] B/ U1 2 © YW= (Oil Sanch] Ml
(Btmen) 2 /N 5155171 515 ALteh PSS Athabascs) 21901 2] A5 SI0k T SAGD B9 %
2 29 Agrow QI8 £9 B8 271 W LA Wl Z71eh BAE AT 9low, olo] wek SOR A% 714)
9 4Jo] {4502 A7)5|7 ek

UG 5(2023) 75 AE R AP AS5S H3l 5|28 v A+E +FSIAL T LS 7|Hte = A
AR 8 A1 FUFE oS3l A7l 5(2024)2 Multi-well pair SAGD A 75 A& 0] d& £-83t0] 4lt Pad A1
SAGD well paer A A7 9 well spacinge 235} 5191t} E3H AT 520252 AEHFIFH A7 B2 0 & SAGD
well pairof| A A8 919 NCG A3 A& o] 7] A1E 3513t

H Ao A= 7] =5 A A X2 E 9 multi-well pair SAGD A H-& A& 0] A& &-8&35}0] ES-SAGD2INCG Y &
o] 842 HFH 0 R lw BHGHT, A6 Alob R AL Bio] 2 27 B M8 7|28 AXA P

r

2

ES-SAGD B4& £€3} 479 Solvent $A]0] 915K FH.02 A u] AA0]H S5 Solvents v FHL
8|4 A1A 290 Gt 3 v R AHES FAAIORA 2 HARES S7HAIRITh S, Solvento] -2 Bl 83}

*Corresponding Author : m.kim@knoc.co.kr
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S Solvent |- ESSAGD B4 AR B7lol4 2 B4 4102 2gehh NCG 9 FHL el
(CHy), (N, ORFEIRER(COn% 28 M85 4] 71AE AH T SAlo] ZUshe FHOR 8 HHl 20| 7a
5940w QgAY A7 T AW AAOR 09 B4 Bk AR 4 Utk

ES-SAGD®} NCG Y 392 Ayttt Wf tho] @l A& Folm, Table 12 F8 AHIE A=t #oloh
ConnacherA}9] Great Divide-Algar T2 A E = o %91 ES-SAGD &-& Ald|o|th(Connacher, 2013, 2025). Pilot Phase 1
of| A Diluent(10~15 vol%) 5% 21}, @ U AJAEF 28% =7}, SOR 16% 74, Solvent 3158 89%= ZAI N TH Connacher,
2013). Phase 1.594]%= Solvent %] H|EE 4 vol%7HA] =20 24 AAFZFO] 30% Z715}1, SORS 4.594] 2.9
=2 32% A= I tH(Connacher, 2013). 0|5 HIE 2 & 20225 67l well-pairc]l AQ 2 SofE A F-o]t}(Connacher,
2025). MEG Energy®] Christina Lake &2 E(eMSAGP)= Phase 2Bo]|A] 4329 SAGD A3 T NCG(HE]Sl, ~20
mol%) 9]0 2 AT THMEG Energy, 2024). 1 ZT} SORL 2.004 1.22 40%, CSORL 2.594 2.12 7| A=t
Connacher Al GA] 2022 5-E 407l well-pairc]] NCG FU-& A &ofjs}o], SORS 4.5904] 3.22 29% A 7ol 7|&4]
-84 YSAH Connacher, 2025).

Table 1. Summary of Representative Pad/Field Applications for ES-SAGD and NCG injection Projects.

Project Implementation Period/  Solvent/NCG &

Technology . Key Results Reference
(Operator) Scale Concentration
[Pilot] .
. Oil 1 28~30% (Connacher,
o 11~13/ Diluent (4~15 vol%)
Great Divide - . SOR | 16-32% 2013)
3 well-pairs
ES-SAGD Algar ~
a

(Connacher) [Pad] Light hydrocarbon SOR low 2.52 (23) (Connacher,

’22 ~ Present /
6 well-pairs
[Multi-pad]

solvent (5~10 vol%) 2-yr CSOR } 20~35% 2025)

Christina Lake i3 P " NCG (CHa) SOR | 40% (MEG Energy,
~ Presen

MEG Ener ~20 mol% 2.0—1.2 2024

( &) Multi-pad (Ongoing) ( ) ( ) )
NCG -
L. . [Field] SOR | 29%

Injection Great Divide -
2021 - Present NCG (CH,) (4.5—3.2) (Connacher,
Algar & Pod One . .
Field-wide rollout across ~ (3~5—~100mol%)  Steam redeployment to 2025)
(Connacher) .
40 well-pairs new pads

2 Ao A = 4719 well-pair2 F/d% Multi well-pair #5735 Al&do]d HEE F55t0] 2412 35k th(Fig.
1). ES-SAGD2} NCG ¢ A3 A]8-2 202749 192 44351901, Solvent= A Q1(Cs) 2 Mol%, NCG= H]E]|Q1(CHy) 2
Mol%= 247 AAslnh. AFS 27| 27, $2-,BRA T H|(Kv/Kh)et AT T (relative permeability), 29 &
7 52 5|2 D ujA A3 A+ AIE FSFATHIIA B 5, 2023; A Y1 5, 2024, 2025).

ES-SAGD Al&d|o|Ad 23, 2027 FE 20328 7H4] U AFE2 7]E SAGD tiH] 9 23% F715+9 21, CSOR-Z
OF 23% FAsh= 2 0 & UEETh E3, Solvent FE-2 oF 70% 20 = W QI BEY| A 23t FARE
S BT o= solvent T o]l Wh2 H/AJE A BT P4V RO 24 7118 ongie

HHH, NCG F A& oA Aol A= 71& SAGD tH] 9F 29% .U AJAtego] ZHASHIA| T, A8 FAF2 7|& o
H] oF 55% A= ]lY, 1 A3} CSORE 9 35% A= QI o] = 4 7tAS B dE 4 A L A8 &8 &
& 3710 7191t Ao 2 wekErt
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Fig. 1. Multi well-pair simulation model.

E
E Aol A LUME F70] SOR ZHst g uldsly] 93] 475 AEH oS B85te] ES-SAGD FH 7t
NCG 79 32| SOR A7t HTHE vl BA51 900, he3t 2 A2 maaloict.

A, ES-SAGD B @ & A oF 23% B7H7] 3L CSORG ©F 23% 24171 ATHE trehol, At 5]
£ 53 SOR 7|4l Azl &42_% 1137}511‘4-

EA,NCG 79 382 0 Yk o= Eotal A8 AR 9F 55% H33sto] CSORS 9F 35% 7Adshs 2
g Hylon, AH AeF 24 1% a8 Fistet: v fEet o2 wdEch

AEA o7 T FHLO MZ OE B3 vAYSS 7Hto g slug, s3] A TF 24, A ZE, FA4 84
=528 Z3t- 07 1Esle] AR o2 H25t= Ao] WQsh, TS Ao AL solvent Y H]E L NCG &% #H3}o

2 g7HE BT} 51, solvent 31228 9 AE] H]8-S 2315t AR A H71E Edlslo] A 90 ATkS 23} ool

R

a
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Field Scale Channelized Reservoir Generation Using Spatially Conditioned
Patch—based Diffusion Modeling

Eunsil Park”, Junil Yoon?, Donguk Kim? and Honggeun Jo"*

M o] A/ WEdet A B A2 ARS 543t -5 dlSol 20X, 71Ee] " 71Nt A4 7T
= lolEiAle] &3] whizoll A=t Aljte A AR{S A0l A-8shkes d A7 e & AFolM=
A 715k SHY | A 22 BART FLUVSIMC & A3 &l A7S HdS vigto = 3249 wfjz] 7|4t diffusion 22
= WS SHE 33 A9 S A GHdS 83 A F2E ShEokal, implicit diffusion
samplingS B8 & £EE =0lch Aokt R 192 x 192 x 64 37|19 AFS BdS gAsh, A A%4, &

ojA/dE avH o ® AFTITh E3F bt 3AH A K-S oF 77 ol Y ¢ AS2 HoiF
of, glolel7} ARt SN = @R 2 ARS LEHN 28 7Fe TS AARH.
9 of: Diffusion model, patch-based generation, 3D geological modeling, channelized reservoir, spatial heterogeneity

ME

Hg7ha AEOIA A8 wdPe B4 72, ol U4, BEAT T2 AU BHo| A5E AES HLUIE
of| A &8 5}tH(Eaton, 2006; Pyrcz & Deutsch, 2014). 53] 5543 B2 A oA = ) B2} AZ /0] #Al 75 BES
[t AL o2} AR 842 FYE A2 o] v MIgSktkMorris et al, 2025). E3k Al 2|5} P2 7]
e W5 Ao 2 FE5] st] of# Y, A REYE 124 B v A Bre A oA S
913t A4 7]46ko] EtH(Caers, 2011).

&A1 AFEAH B2 B/de 7HIe 31t S0 7INstE 2 B 20 A2AS 555 HASH=
9 QA ek o) A A3k e FRA A4 Aol felshAlE B 12 o] Aokl Y I(Strebelle,
2002), T+ SA|(Multiple-Point Statistics, MPS)= 0] & Y& H 35 4= 9l o}t & o|u|X| 9] tjFA of w76t T2
32+ BEA o A= A4 v]-8o] AThPyrez & Deutsch, 2014). 44| 718F 2@ (Object-Based Modeling, OBM)- A &5}
Moz A4 lset 338l TRE AL 5 AT, AT 271 wdo] ARHo|T 27 7} Z7IeRE AR Bkl
ARTHL et al., 2023).

oleiet TS BYS] ) ol A4 QEA 71 A2 2 o] e A7E T ek e A A
73 (Generative Adversarial Networks, GAN) 7|5t ®PH-2 321 A} dl A3 2ASo| -85 o] 231 (Kim et al.,
2024; Park et al., 2025; Jo et al., 2020), 2|10+ Bt} QF 20l sk} Q<=3 AA] EA-S Al 3-0l= diffusion L& o] 7
o5t oo 2 FEHk QItH(Di Federico & Durlofsky, 2024; Lee et al., 2025). L&} @4 1 12.9] 31 A2 24 A A
< oAs] w2 AL HGH H T @FF o= Q5| o). 55] Al @M= B8 7T AR 7t v ARt
ooz, AlgiE ARuto R B1F FRE ok vl o]u]x] 7|uk A4 mHleo] ZRe tielo] Hck. Single Image
GAN (SinGAN)2 7F5-4-2 1.0§229] 0 UK(Liu et al., 2025; Park et al., 2025), At} 81 7|dto|g}e B4 0 & ol5) sl
OFY A} 53] R Aol = 3HA7} Qlet. o] 2 K3 Single Image Diffusion Model (SinFusion)&- 02} 2+ 3HA|S &
3 olal A T Park et al, 2026), B4 2] 3349 A4 o] 4 Hgs}7]of o5 Bt o} AL vl ZT

N

i

_l
ol

*Corresponding Author : honggeun.jo@inha.ac.kr
1) QI5teehL o X AF g3 et
2) I=TIAZAL
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of Aefo] gict.
olo] £ AN Aekel B A BolA] B 720 339 A AFE 2 A
% 719e A8eh g A /e Hx masE SHE 3309 A 259, 4
o 4 A ook 30 088 sty B0 A DA FE 8 E o
o )3t o) A S A gto] X 7 AL sk, WY T2 ARE md A
A AR D A BL4E BASIA e

] 7]9t SAF e
o %3lel A BES
ﬂﬁi@%ﬂﬂ@#wﬂ
A3k A ] A2

Lo, o
>~l' 0::1
O_L4
mIo
:te
%
£

re

=

Denoising Diffusion Probabilistic Models (DDPM)

2ol BYY AY TR} B ol WYS AAT 5 9
DDPM-Z H|o]E{o]] 7F-A|Qt leo| 25 HA A 0 8 F7)sh= R
A3 372 Shsshe 28 718 A/ EEo|th(Ho et al., 2020). 35 Alofl= 2 AIRF @A O A o] =27} 3271 A x,9F
AZEAE. 15 HFFO.E UNeto] FUE ol RS oSS TR, A Aol &5 1ol 2 o)A AlES

10|28 ¥R H 08 AASH HEH o AR FAAS 2, S BUFT. Y T4 TS Eq. 13} 2o] ERE,

2= Ja 20+ /1—ae M

o714 2,2 AZF B (o149 o] =7k 27 o] ]|, 2y U o]u] K], g, A7HEA 1744 A Em Y o]n]
9] A7} §AEE FEE Uehis, ek ofu]Ajo] S7hels 7k9AI9t o] =S ofmjgitt. ol A4 THL Eq. 29
o] BRAE|, 10|27} xokel @A) B9 o]l z, 2EE ol T oA z, | 5 HAH 0w Besl HAolc,

m

el
131, O::

WY ABAs 78 AdEdgo] F2u gk
AL BT, o} AT ARG Helshs o

F 2

il

N

O
r-lOlA

1 1—a
— ¢, (z,t) [+ 02 )

Li—1 = Xy —
Va; 1—oa,

ojef x,_ 1= AZFGA ¢ — 10412 o] GA A FUHE oln||o|H, a,= A TACIA o] oW XS] HB I} §
A5 B &S YERfE AlGolth 34, €, (2,1 )& A3 H0] &3 o] = A&, 0, QI BY 3ol A F71E=
FEH o|29 A7|E EQOPU% 2= B g A AL ERE —ir 7FS-AIQF o] 2 E Ofu|gltt,

DDPM2 g4 Ql 53} 52 S Al5alAI, vtz oz FE3t sss glo|E7} 8 FH ). SinFusion ©]2{gt
SHAIE Bty Yol At T ou]R] 74k ghak ’%“El e, ohte] ojw| At vt ko 2 1 SRAF K Y S5o] 7}
“55FtH(Nikankin et al., 2022). ©] W82 &Y & o]u]X|of|A] thafst FFa} F& HES HHEA 02 /g5f sl o]
HE s, 929 £8 37 1 +2E FA 22 MEE AF/detth(Fig. 1). ©H2hA SinFusionZ E-83 5= Q=
A x o] ulj-9- A|gHA Q1 739l 2§ 7P—§ AMH B Rl 2 4 Q.

Fig. 1. Schematic illustration of the SinFusion training and generation process
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Spatially Conditioned Patch-based Diffusion Modeling (SCPD)

71& SinFusion F= T oJu| X & HiiF oz A|be W0l Eg, o] & F4 1122 32kl A Bl £Aof 283
719l Al 0] ¥ @ 122 sk b AA7E 3l ool & Aol Ae © olulA] 7]ut gt dlo) Zde
Bt Al o] o] e XA WE Aol 285171 9I3H, Yang et al. (2025)2] patch-based diffusion 7H'd-& vhg o= A
QoS FHEE 27 WA 92 LU 0|S 35 L Aol B TRE TStk B 3D 2LS I
ol A2johd v e ARG At BT 525] SRR, Y S8 o9 9] 4 A= ol gk Hlo]
B2 A 2 19 A 91X RS A wredste] B21A B §ASES Soick. Eat A TACIAL ol
A A WAE LSt e o7 vy w2 E BYsAY Zeete e mf2] 2t EE5S Folal A 29
LI HokaLA SF3ITH(Fig. 2).

[ CJ:Background  [[J: Sand  [l: Leeve [ Overbank_|

Single Traihing Image A Generated Realization

Fig. 2. Schematic illustration of the proposed spatially conditioned patch-based diffusion framework

Denoising Diffusion Implicit Models (DDIM)

DDPM QH 9] 80 75 31A1h, - wA0] o e} Al Seo] B s) A &2/} elch. olo] 2 @io]
A= iR 33 T3] A9l BE-2 017 915l DDIME: A3/ ©Ao] A-8-5131tH(Song et al., 2020). DDIM-Z DDPM
o) S} T2 FATEAE 3 BAS AL 2 9l vt R HEGE Fo) 4L sepl O M2 FEE THs
37 ek DDIMS| 4153 42 Eq. 39 o] hehd 4 9t

. =Ja,_xytJl—a,_ | —ciey(x,t)+ o, 3)

A7NA zo BA A 2, 2RE BUT QR o] 343, 0, WS A] FUhEE A |20 5712 v
Qtt}. webA] DDIM<Z patch-based SinFusion®] Alit 882 oA = tif i 32k A1 729 S AE2o= &
Fol] Y A AEY 7oz 82 & AU

@ divtE AR 7534 A

2 JPLoae EATE sHYEATAL bt FLUVSIM 7]8ke] 331 Ad 2L zxpda 2-859ch
FLUVSIM-Z 29 Al9(channel sand), X+<1 A% (levee), T (overbank), H] A FZ(background shale)T} 22 B Q@ A
£ FEsto] e IE, AKA, A5 TS BEY 4= Uhk(Deutsch & Tran, 2002). & AFoA4= 192 X 192 X 64
A719] Y HES 64 X 64 x 32 27|19 S HAZ Esto] g Hlo|H = -85kt

k5 HElZ o]-8-51o] F 100712 334 A A REllS AAJ5HQItt Fig. 3(a)= Y= IR P 33 Afd +2E R
olZu, Fig. 3(b)2} Fig. 3(c)= A2t patch-based diffusion model 2 A3t of|A] Hdllo|c}h A HHIEL Qo] A Le}
U channel sand®] A&, A2 G4, 12131 levee I overbank®] 3714 82| & AW 0 & & AT SAlO] Al
R 3T G54 A7) FdellA= Zol& Ko, AKeE o] A2 XA EAJS HESTHA & ohfgh 32k +&

£ 4% 5 %L It
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H:l: Background |:|: Sand .:Leeve .: Overbank |

¥ ‘ . : P i 0
BN < 150, B sy il 4 B

Fig. 3. Original reference model (a) and reservoir realizations (b, ¢) generated by the proposed model

Fig. 4(ay= Y& 2d3} 100712] A4 o] tfst chxkl 2 & ¥ (Multidimensional Scaling, MDS) Z3+2 UERH,
YE ndo] Y el Ex fjHof YX|st1 Q& BojETt. ol = AE X E HdEo| YE9 x4 A4S ANty
© 2 gtgEat Ao, ARY F7olA] P RS 235 g2 o] Bxgo 2N BN 2o HFEX &2 FH|
2 tFstA AAFE A2 AIAFSICE Fig. 4(b)= A4 ZEES] oA v]& EXE Yehlid, 7 oF4Fe] vl&o] Autzoz
AR QoA FAE 1 Y& B9 F H-E FA| S 22 1] Hjofl YRS Kol o]= A Qg mElo] Ajd
T-20F AR of gt AGAHRI A 24 B T3 A BESHL S-S grieith EeE BE Sskol= oF 9A|710]
AQE|IL, 192 x 192 x 64 27 9] 32} 2 17} AAoll= oF 720 £ Q5 Q)ct. o] 2§ Axke At Wwo] i+t 3
2 A- 2 Aol A AL 88T A8AFE B0 EET 5= S-S BojET)

MDS (% = original) Facies ratio distributions
1000 7/
80 T 1 1
o : : [] shale [] Levee :
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Fig. 4. Quantitative evaluation of the generated realizations: (a) MDS embedding of the original model and 100 generated

realizations, (b) facies ratio distributions of the generated realizations and the original model.
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QJ+= Spatially Conditioned Patch-based Diffusion Modeling< A|QFolA T @Y AA| 71HF 28-S S H 331 sjx ]2 &
esto] 5t 97 YIS £ B RS whelonl, 4] T4 DDIM )4 453} inpainting 7
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Ab A}
2 A= AF7FATAR] A (RD2025-0071, A4 F Al 7]9E A 2 d /45t 54 AlZh o2 4= lsuyth
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Well Placement Optimization under Geological Uncertainty using
Deep Reinforcement Learning

Woosung Jo"”, Dogyun Kim?, Youngchang Kim" and Jonggeun Choe®*

EX

2 7 AP ndo] MARE ASolE § A AAHS 2T 4 U 4% Aokt S Aokt Lur
o2 Agndo] W vkt §9u X HA5HE bl Sstol SR Akl go] Z7Kekt. o] shast7] 91 6
AR AR AL S Feekg ololdES AASET 24 34 A BAS thgos A 29
42 AXSHES shsaton 37 ARRdel SFHA e BoSATh BE SAA/AE 85 Wk 2o et

ston] QakgR] 2125} Aiel 72 wink eje} ulset 2L wolrh
Z=80]: Well placement optimization, Deep reinforcement learning, Geological uncertainty, Waterflooding, Feature-based

action representation

ME

FAMEAE L 89 92, FF, 2924, AlF AT 22 5 | A
735 e AR Aol AR S R &) A= ARS Ul FAIEES A5ks A AANSE
LA AUtk 7R FAEIA] 23] 7t - 271 gzl o] EAl= FRHA 02 A[S AlEdolA Z|Hk 225 24|
2 g FoiRH 4 garElEo|y AR A K (Particle Swarm Optimization, PSO)2} -2 Y A3} 7|Ho] g
&g x]o] 2Fh(Kim et al., 2022; Son et al., 2023; Yang et al., 2017).

A A7SolAlE AR FAAER Q8] A FoH] E2/o] EAIRIT ol & 1E5}7] P18 o A ERdS A
Sto] E4S sk, it d I Am7t SAEHH S| AR WA S S5 ARG ZHo] A&H & AHo|EHTHAhn
and Choe, 2025; Lee et al,, 2024). 53] §74H13] Ak A4 ele] B4 SA4of wizkal] QJRke 1] o] melo]
W45 A9 229 5392 E3k 2ebd 5 9k oleigt BAo)ME A wdo] Yulo|= ufuich $3uA HHsie
ohA] Se8et Ak Slek. el vl HAsh e e ARS ABdol e RTel R vhEAel 1siE Sael]
P e

# 7oA Az do] Msshe BAOIAE S4uA AATHS v el g AR S S 2 i A
Zsels SRS ARSI, 71 Zskohe 71 S 4HA ATOINE AAHIES Y Aol w02 G

S A 9]5}th(He et al., 2022; Nasir et al., 2020; Zhang et al., 2024). 0]2]3} B4l E4 2| A wglo]| 4] 855 97|

wiglo] gEstEg =g A r o] tiejis 71E Bd fARE A AlAsHz TAZE it & dFolAde
A9 =24 EFAHEE 7INte s fAuA] P52 A ofoto] Aefslsy ool ETT {7 EiA] A% g
HES sieich

I ol)ll

oy M > ot
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=
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Figure 1. Reinforcement-learning workflow for training and testing under geological uncertainty.
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Figure 2. Comparison of two unseen permeability realizations used for evaluation.
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Figure 3. Well-placement decisions obtained by (a) the proposed method and (b) PSO.
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Table 1. Final net present values (MMS$) for the six unseen geological realizations.

Model Test #1 Test #2 Test #3 Mean Std. Dev.
Proposed method 106.8 97.4 49.6 84.6 25.0
PSO 84.9 86.2 438 71.6 19.7
zz
£ Aol AP rdo] M ol SNA HA5E v Saysta) A HS SUT 5 U 4
78¥51s 719 SguIR] M AQISh AT, ARSI ThAl ARS AE Ashs EAHRE o] 8sto] 4 B
2 gofsgion ol B A2 BE AYRLIAT A 7Rse A JAEH FHL SEHES Shrk. oI
A AR EZ o]- 83 7 A|RBeE -2 P Al R Hl A A2 st o H PSO% AR 22 &FATHAE
ey
Ab AL

H A= oY R 7|&H 7FA(KETEP) A7-1HA(RS-2025-16063236, “Development of an Integrated CCS System
for Network Optimization and Safety Assurance”)2] X Q& Hro} =3 =5t
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SRL-based Evaluation Framework for CO, Storage Site Screening
and Assessment
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£ g BAsT B4 23k N5 8 949 9%, A% A1) do] © 4A) Zut A4 A

o FR3 G 2 2 21 7ol ST, o) AAY A2
Aol glol AAH HAsht Baghe
E9 7] £94L T HAsE %ﬁH 94 0] 99T Hago s Suste A%S Hgow, o}E Fol A4
WOl AAHS AT 5 Y-S SIS 53], HA} 28 A 5 BA B8] Udsks Zu7 ek, A7) 4 ¥
Aot A9 Al Hlg Aol 7]ofe 4= 98-S Slstr.

AT NG DS EHI A5 84 U HE 7R AS AP0 B 5 Ak e AN, FF =
A @A 9] A Lolul ) B TS 1% 712 AR BEE 5 US A0 JH,

=

A~

el

Q.
[e]

w =R

AL A
2 e 7| TR 7o Ao e=ebgatdv|ed o] SR SaqiAl tE SHRE TlerfEAriel A1

& o}, EbAZY 7]4DB 7|5 A7k 7HEE Bt Aqitto] eyt ATHEQ] (FHAM S RS-2025-02213131)
o] A&l 2025¥E AR(V|ToUREAR)S HMYPoR s UR|7|&BIIhe] AYS wo} SgE d7Y

(RS-2025-16063236, CCS Fg Al2H YER 2 2{s} 5l /g &E 7]& 7
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2R, g2ay, 2830, MHEY

CO; Injectability Assessment Based on Machine Learning Using
Reservoir Properties

Jeonghwan Seol", Eunsil Park”, Honggeun Jo" and Hyundon Shin"*

2=
4 X% A%} (geological carbon storage, GCS)2 7] & CO, A7 Yot A4 7|&=2, Y 01'@*3 Q—Eﬂ- 2973
ot 3¢ 7] 34 (bottom-hole pressure, BHP)2] FATH A5l 34 o2& ¢ (AT 22 3} & Ato]

o 2 AollAes SAY 1A 52 7N R CO, Y 7he A= B ] A3l wAleld XdE Zﬂ%ﬁ}%i}. 52,000
Mo AFS Bde 755, 8 =42 v BEE Bt St =g Ak 2N, oVdAIE AARH 1,977 H
olH & &85ttt Xd H] A7} XGBoost7} 2F R? = 0.83, RMSE = 1.02 MPaZ 7P 9431 J5-& B 3ich T3t 744
B7HE Fastsly] Y3l 71 EAdgeE 89 Ay, a7t HlEo] HastiME oS FoEe RAIFHNT. oS
&l TdR ARS 22014 CO, Y 7He =S Aol B7FE o= 9122 SIstlth

F80]: g A5 A, TR} ¥, COo, 7% 753 B7h HAlEd

ME

715 W3} S 95t Al 71491 ¥4 X|= A (geological carbon storage, GCS)S CO,S A 720 Y- A45Ho]
471 F 5% 57]‘5 AAok= 7]&o|th(Albertz et al., 2023). o|of] AF-3 4 A2 5 HA8T A5 o AE 3l
A-AQ JFE v H, E3] Y 7] &= Y ool A (Bottomhole pressure, BHP)O] 23] A5dl= o4 T2
(e BHP) 2] MRS Kim et 2018, 12 Y A FUT 229 5 5 Qe O, ) 7k
T 5 534 8910 sl HAstH, A e 27 o e £ A = U BE FAF rEH T2 EAE
2 ik

BAY 12T A7) 4o DA Yol Y B BT e Asjeh 22 2 Heo] A=A (Kim et
al., 2018; Kim et al., 2024), 7]& Al&Fo]A 7|8F {22 =2 AL vl83 4 S 0= s ohfdt 2 gt
M A 7lo] QS AP B8] 7] Qe ABL B AR B Gl sl e B4 el o 1l
AoHA BEEStEE, 9] 7hsAdE B7HsH | fIsiAl = tige] AlEd|e] o] 8 FE ). ofof whe} thlRt A/ 2ol A
9] 8 A5 wiEA &35kl o] & 7|Wte & CO, ¢ 7Hs/d= B7FE &= Sl= Aol Z asitt.
TS GCSoA = Dt oIS A Rt A 7EE Aok Bad] oS0l Fastth 34 Y2 AA T WA o
2 13 343 715 ok . Aok S o Sl e e el 3209 32
2 X759 CO, F9Y 7FsdE& AFH o &2 gristal, @ o $4l9 H4A A& =357 At ks AT
20 5% Ao

o

~

ﬁ J[N-

E

1 AT FAY 32 2 B2 C0, FY 7542 W] Slof Park et al. (20258 F3le] 5 2,000742)
B ARE 2 FE0D LAL0S WASHC, 2 290 2 B R, 335 S0l B QL)
G0l thod QR ARIE QA U £4 A% 5 1449 28 ARE BS99 WeE dysiglon, 24
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T Aol o W9 HollA 5 ER2E 7IREe & FAL9] A ste] thRt B4 29 HEgshelth

T 29 24 BT oS Bdlo] ARde G| {9, AR5 2 88 I BT oA Al
Agiz o7 sl A F 02 TAQt 1T 71 30 MPa (modlﬁed from Park et al., 2025)S 23}5l= 4 9-Z o|4F
g oJstal o] & A|ASto], HFH & 1,977719] Hlo|E & &40l &-&-53itt o] % A W4 2F 9] Ao = QIF £ W
429] T 5hE-S HFR| 57| Q)5 EFSHnormalization) S 4~95}0] Eﬂ‘ Z-8.0] oY AL SR 5T

HAE A Ao 2 e 3AY 128 a7% 0 2 d|=35}7] 93l Random Forest (RF), Gradient Boosting (GB),
XGBoost (XGB) 22 v w3}t 2 A5 ZAAGT(R?)Q} HHAl S22 2Hroot mean square error, RMSE)E 7|&
o8 g71s9nt. 1 A3} XGB Eo| 7MY 9453 A2 e oH, GB BHE XGB BT} GARR $20] 452 1
itk hel RF RS AThH 02 B 18 ekt Table 1). ol e 27 vleko 2 3e) 28 vlvoe o
Q1754 W710] 714 Aget w2 XGB RS ek

Table 1. Comparison of R? and RMSE for each machine learning model

RF GB XGB
R2 0.7533 0.8313 0.8333
RMSE [MPa] 1.04 1.02 1.02

%9 7154 WAL RIS H Aok Aol FR5EE XGB B9 S 1go] ol uHst] Slef 24w
7190 2 LEE Rofshs b £AUE Agaisict SABE Bt o) Aolaisict A SNBSS 3
T2 34 AN TR A7 b H 9ol i dElS Fofulo} g kshe W02 S-S 51 Hck,

2
2 w; yf7 ue ypred)

1—1

{a, if Yyrue > Yprea (underestimated)
w; = .
1, (otherwise)

‘/l\" %}: X}E"] 7HT> Yir ue‘g} ypl r)d‘— 71—71— /\]%E"O]/qoﬂ/ﬂ OLQ‘ }éxﬂ 1;(1?:]— ﬁ]ﬂ, ‘ﬂﬂ‘ﬂ%
wEls o2 BAY 1S onlgh. als Tl te 7IEAIR, 5300 HelolA WSA7]0] A5 st 2l

K5 £UUSE 28T AT HHEAE SIRISE TR} H1 L ek A% BYOR, PO 71% oF 043004
0.29 55714 3hTh. B3] 7K 100 oV F2bolA] ks fapy + S el 1.

4 RMSEL= OF 1.02 MPaol A 2/t 1.15 MPa 502 £ 7181911, R oF 0.83 552014 2 W5} glo] $75)
oAk ol ol Hekwo] 2 A3t glo] Bad eSo] s ehe ojulsiet.
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Fig. 1. Change of evaluation metrics with increasing weight () (left: underestimated ratio, right: RMSE, lower: R?)
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o, B A4 AE H2HE B Xi%% B 20 B 29 715 G5 9 3
= A8791 ho] =2l AT, o] R GCs W] 29 £ 2 47 % a3 ]
NHQ) 572 B89 Fo2 7|k

A

olr
O oX
Io

l
o

i

2 1

dm o W

ol
@

<
l~>

3
3

A

7 eigol
o &
g9t

ik
2 41453

[e)
©) ojx}2%

a~]
wn
o
N
N
Jf
2 'y

O

H1
F.E..

]

s
pu i)

=
=

o g0
O
o Jl)l'

PN et
-l
ft o
Y g
19 ﬂi\
O
-Il'>' roh
O.\.; é

o
5]

ol

4

ig

iz

>
o
ol
—_
i
ol'

AL AL

E A= 20269 % AR AU o] 7] & H7FA(RS-2025-16063236, CCS B3 A|AE YEYT =35}
9 bdA BH 7% AEh ) SHE A A TH(RS-2025-25436989, Digital Rock Z Al 7]HF CO2 A54174 oHg4- 84 T
F2 A AAME B4 24 2 B8 ARt 71 i) 9 A1ele ot aiE A7y

References

Albertz, M., Stewart, S.A., and Goteti, R., 2023. Perspectives on geologic carbon storage, Frontiers in Energy Research, 10,
1071735.

Kim, D., Kim, D., Jo, W., Choe, J., and Jo, H., 2024. Improved injection schedules of CO2 for Pohang Basin, Yeongil Bay,
South Korea: Regarding field security and injection effectiveness, Lithosphere, 2024(4), Article ID
lithosphere 2024 176.

Kim, N.H., Jung, H.S., Kim, G.D., Jeong, H., Shin, H., Kwon, Y.K., and Choe, J., 2018. The stability assessment of an
aquifer in Pohang Yeongil Bay due to CO2 injection, Journal of Engineering Geology, 28(2), 183-192.

Park, E., Kim, H., Shin, H., and Jo, H., 2025. Deep learning-assisted THM-integrated InSAR modeling for CO2 storage
characterization and surface deformation forecasting, International Journal of Greenhouse Gas Control, 147, 104461.

47



2026 The 5th Spring Conference of The Korean Society of Petroleum Engineers

Advanced Process Automation for Well Placement Optimization

Gunwoo Kim", Sookyung Lim?, Minseo Yang®, Jaehun Kim® and lisik Jang®*

Pt
ol riz g
e}

ojo Eﬁo

TollA = HAlEd 7S E-85t0] =3 A 71R](Net Present Value, NPV)E SHialoh= th= FA O] A5 9141
d0.2 A 91 AEoke A LA AS ARHHh H4 A1 913 AL Slol multilevel grid A2
S0, ol B 311G BAHOR ZAstEA HAel] 2UL 4 AEE AASIAT multilevel grid 4
9] A8k A HlolE 9] Y at AEdS SHESH AL BEAS TIAIZI7] ol B4Rl 4= TEE
. O] & S13fl whol A 7]8te] 2F53t A| A”RE: A 55t oW, 2 DHAl= A& U2 S =] B Akt g7 v
189155 AN, AR AESF AL ALeA IS A4TAT Hole Hele] YIS RATOZA
ZEEE AASSI o™, 1 A1} o 74 1A A5t A4 2] EA A&  Aake] A=dE Al
A= A0 ey

FQ0]: NPV, TZA|A 53}, Multi-level grid, 5 84 911 &5}t
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ol X

>

™ 39 o @
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ME

AEA Ag LA I A%/ HE RSO Bs Bl AL AU BT 4 Uk %
Sehg Ak H1.83} Alke] Ik SIS AHAITh B3], AR50 Mg SHOR Q8] BAgs
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o,
39,
lo
&

19 s
o
ol
o
iy

25 Lhete, o) H2ak olAle] 43 S Adshs 34 a9l 2§tk Ek, UEAQl ABH ol
o] R7H| T 2 A1) o] WeshA] ek Folk A A4t B&Ao] A Astehe EAL 2RIt

Multi-level grid A|2519] 98-8 58 228} P50l 4, 27] A4 o] TS S4sla, ol g
2 94 Qo2 A0 S Wl AT A A 1] 82 HaStEAE Hale) B F g PN 19
U 7} leveld A7 Al2RE 75T 1, 712 YABR L)AL AR AAE 7R Fato] ofaA] 2GR, Y2 Hlo]
B el L A2 A% A AT 4 Gl AR s, 2 ARl A Auo] A=t Aske THsAe] A%
o}, olefet LSS THE 42 SAI0] Lefalok sz Be AR BAoIAE B4 Bk J]shada or S7kstel,
248}k 3ol HlagH o R AW 4 ork.

B QA7 ojeist BAKE A, A% 91X HAst 3y Aol o] kg A A|9E H28ks}7] 918, muld-level
grido] Shold 7]H0] A5} LR AL 75 BEE Tk o2 Bol, 05 44 9K Hash EA 4] AL 22T
A3t AP PN AL BH o2 B

ftl
>
o
ila}
>

EREEE)
2 Aol AL Aol THE NPV AL 98] BT 5D AT U Wit A 97
I A57E AT A2, A5E T, 455 A Fahgo] ST B Bk A1 717 1092
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NPV7} AR EIT} ANN 6] 452 41517 98] &4 ago)A] A E= =S A= glo]g = vzl o g 5}
o519t o= B3, B2 AR oA the)mdo] B AV APDAE, A H 05 B wakE ], bl 7k
Ao Ha5te ATE IS $ U= THFATHFig 1).

tlo o

2

T rad drsemoek AN DEOTIRCE

= = 4 . s = =
WE BE NI 3T NI WD NI BT D

Fig. 1. ANN model for prediction of reservoir performance.

EE P!

Multi-level grid A|A8]9] THAH grid A|AH 128 A535}1617] gt S Fig.20] ZAISFATE. Step 1-2 level 1 grid
systemol] Efsh ANN BRS AHg3le] 225t 2742 49 NPV7E e 979 A8 AZ13KE Roleh. 324 A0
2 EAE A} level | gridS e, 1 24199 %8 B A% ks 91215 LERiT o] J3to g o) 3
AL B3 t}S A oA 1E|slof T P AL Step 20]] FAISF T Step 3= level 2 grid systemS X-83F 749 e Z7k
= Aot ZAA 4= e 7€ 9= BT AoIH, o]& 7IE2E level 2 grids system= 48]t 0] Step 40 #
A3IAT. Step 5o1A= 71E FH2 AAT F Step 69F 0] level 2 grid system W] A5 7 HAIE EAIL 4= Ut
ols} -2 4L sol4l T2 Feslol FsHsATh

o conter con HHHHHH
FTH o maiaion” HHHHH
H l
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] ol |
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Fig. 2. Schematics of process automation.
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A7 7)E B2 90] A dole) Hel L AZHE B A T 4 U ASE A YT % 9
of# O.FE QZ ANH dlo|e] A sk W5 91h A5 91X HHs}ubg A AR AYL H
sll A4 0 & glo]g] Al TS =0]7] 98] Multi-level Grid AF=3} T2 AS L2519t}

BN AL Y] e HIEE 245 9] V1 9 BR9E shE ABdold Aol o)yl A7
o) P TRAA AF0E U AR A3kl §7 91X W A B0l 3152 vl wSH9Lh Table 17} 2= 574
9799 917 H218} AvkE ¥ L3 Folck.

B

Table 1. Comparison of manual and automated processes

Manual Process

Automated Process

# of Simulation NPV(M$)| # of Simulation NPV(M$)
1 1,885 7,433 2,049 7,289
2 1,597 7,424 1,599 7,418
3 1,801 7,418 1,735 7,425

Table 2. Comparison of required time for manual and automated processes

Level 1~3  |Manual Process Al-lptomated
T rocess
(Process Stage) perind
Level 1 1 Hour
3 Minutes
Level 2 1 Hour TETtey
Level 3 30 Minutes

71E HAEERS ZEAA 2RSS AlE Y ol 23S Bkl o AAA QI AlEH el 32k NPVOA] 7] A}
o7} fl= A& BARISIH. ol & Fol ZEAA AEsE I OIM ZA7E §lES DA SAO] 71E ZRA|20A A
39 74 A AE st ZeAAR BE AT ARl 52 DA E 7€ ZRA LA 27-5= Al
L2A| 2 A0S B9 87 AIREE BlskelE 1 90% o] Al Aire Hlow, AlEgdeld A g et
A7 A 37%0 1 2] A3t Aate SRISHAH:

A AL
B AT AAEAUR] AL R AT 4714 HAUKETEP)S] 4 2(No. 202120102000101S ol 5] 9)
Syt
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Machine—Learning—Based Estimation Model on Lithium Concentration
in Produced Water

1.4)%

Yosep Hong", Hayoung Kim", Ji-Hyun Kim?, Daein Jeong® and Kyungbook Lee

2

£ AFoAE 770 F80]&(Na', Ca¥', K, Mg™, CI, HCOy, 80,9 5 =5 E-85to] B4k Y 2B =s F45H=
71 AISHs 2@ ettt vt el 2| 9] A SRR 1,192 3 Extreme Gradient Boosting €17 2] &2 At
Skt &l R s Hole Bleses L35t 35, 50, 75, 100 mg/LE 7o 2 ok, 45 X 7 AREAS v
SHLE. e mEe FrEGRA AAAS 0.793, FtAlFZ A 12.456 mg/L B FAE ) 22} 6.854 mg/L] A5
= BT ¥]E 75 mg/L o1/f9] A= FRolA AR BB rleke Aol e, BlE A ko] FAIR 7]E A|skehE
AAtEo] 2 28 4= ol it Ul BlEs e Bl -8 Ao = 7| E.
=9 0]: Lithium, Produced water, Machine-learning, Geochemistry, Alberta

ME
A od A7) 200 wheh A71AF g ol AAA Ao Higt =27 Solu 2lEA SE F8790]

ZZE| 31 Qlek. FA| A R] 7] 7o Th2H 20409 2 E<8E 202319 oF 8l E7HA] Z718 A 02 ofjAtE|o], Faf o]
FARZT GS 2 WA B35 2 BAARS 147} QITHIEA, 2024). X A 2] 532 (direct lithium extraction) 7|4
AT vEo] AR AT D 7AW 8EEEole] MR FEAY gEyeto s FERry gtk
(Dugamin et al., 2021). 53] 7juth HERA] 9] X|Zof| A Z{of 140 mg/LY] BE-5%7t HilH o] #2& F4AdE Ad
202 HUEATh(Eccles and Jean, 2013). &Y A5 W SEsEe AHA AFE/G0) te} FHEAE Holn=
(Butler et al., 2025), A= =0 AH71= o)A 2Usly B3t Az st 7} Waao|c}, s}A|uk, 34 9 7FAHo|
A HEE diFEe] AststR g 2 E st B o, ats AES F7t F 5okl A5 wlofls Wi Azt
3} v]-go] 42 Fch o2 AE BY5L7] 93] Peng et al. (202512 A WA R} Q0] 5w S 7] AR50 E-g35}o]
Lufet A0 HEEEE ASorTt did AT ARG HEEEE 35, 50, 75 mg/Lo| YAIGS 7€ 08 5ot
+ BAIE Aotk ol2jgt BRude §UA 9 Aol §-801A1%, AR AAIgHS oA YEAtme] R
Ao S Hotof e}, B ST E AFH 08 AA5HA Rotn g REF Bt Brkssich

webA £ Aol it AsteEA AR 9] F80]2(Na', Ca™', K, Mg™, CI', HCOy, SO, &3] 2lE s
LiNg A4 F45ke AL ES Estaa) gict. o]5 B3 S71HQ A5 Aghshea] A9 glo|x 7] 245
F 7t AR S S8t RATRIR HE s F Yokt gtk

=28

AR o] AM8H AEE Ayt el A - FAFA(Alberta Geological Survey)ollAl $H=]qlch AA|
2,33471) ke AR MRt F, BlEe et FR80129 =Tt B EAISh: AR= 1,192 AEsieith. AEE A

*Corresponding Author : kblee@kongju.ac.kr
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Ser AR e T FR0]20] BRE M0 ke o] oS Halth BhERE 2AREE Aelr] A Li
9} 59012 7 AVTAS ATk Na', Ca¥, Mg, CI7HLi 9} 0.6 o140 4.2 A4 Holw, 551 K'o] 49 0.8
o0 & 7H A YEstTh ¥HH, HCOs 9} SO,™ = 742 -0.099F 0.25 2 A2 e A& Bt

2 A= FgEsE F40 tidt 7S gRlsk] gt At E EFE P jlol, 77l 8012 HAIE HEsE F
Ardo) xR ARGt AEH 1,192719] XA RS B H 9 Sh<5(train), 7S (validation) H T 7H(test)
£ 918l 3:1:19] H]e2 Bt ojnfl, T 72| o] ofd, A4 e A B7HE A% 71 s =(0-
35, 35-50, 50-75, 75-100, 100 ©]4} mg/L)E 7|40 2 AEH &2 535} tH(Marza et al., 2024; Peng et al., 2025).
o|& &3l Am7t A A g A2 15k fEAETt 54 AR HE= A WAIshL R o] dulsl 52 &
Hakarat sheich

H Lo A= E 7|4 FAFHE 73 Q1 Extreme Gradient Boosting(XGBoost)S 7| Aleks R d g1 gj&0 g2 AA5HY
TH(Chen and Guestrin, 2016). XGBoost= A2 Bt A o]l ZHdst Q1A 7+o] Bt o285 wotsh=t] gt
‘do= Hol= A0 2 dHA, 4o YP=F Hol= AHEAAR FRT A0 & wHsilth B3, 12 EARE &
off = o] wetnlE(Bh5E, o], #E2FE HE, ERE SEAFE 1S, 4 AP7HSADE 24stskginh

HH3E YESE 2R o, A% L W7k ARE el A B 24 B R 2 2HAS
(coefficient of determination, R?), B4l L2 XHroot mean square error, RMSE)2} B2 tH 2 X (mean absolute error,
MAE)E Alibseto] 2Eo] Z5-S Hrlslor}. sk5AtE.9] R%= 0.984, RMSEE 3.514 mg/L, MAE: 2.03 mg/L= VFER
o, AEAF|AE R*= 0.801, RMSEE 12.386 mg/L, MAEE 6.837 mg/LZ, B7FAIE0A& R*E 0.793, RMSE=
12.456 mg/L, MAE= 6.854 mg/LE YESITH S5Atg0] vl 745 9 H7F Ak&29] R*%:= Wil RMSESF MAEE &7 1
ERL}, HElo] Uuts} 5ol tha Wil SgAtE HAYE A Hole ZACE wtErh EI BE AREAA
RMSE7} MAER T} 7| U 21, o] = 75 mg/L °1/d9] Aa = Apmof sl 7ide Rdo] BAg7oh= A el
Ao 2 At AmiT oA AFH F5& PRSI E B0t T ALs=7H] A=t 99712 AA AL
& 1,1927]] tfjH] A o]7] wiZoltt. AR o' Nk fFoA 9] 5ol F-E3] o] Fo| A A] got AXT 5 K
Q1 Ao = HetE o5 7|5 ] s sk shsAtR o] 371 EE = o] 258t TlEo] A5 B4R R} 5
SH YA AR AEEE D AEAEE JGAEE F7lok= 20| QT A0 & wekE

A 2lEsE 2R HEFaES BIgh A}, Na'9] 2% 0.036, Ca”E 0.066, K'= 0.551, Mg™'=
0.026, CI'2 0.208, HCOy = 0.078, SO = 0.0342 UEth 71 =2 = £ HOl K'= A B4 A9l 9%
SholF. Sk, 71 e A & W SIE HCO: 7} K' & A|2]g ol 2t 7] Lt 22, elo] Li'el HCO: 9] v]
AP 2 TAE 531925 Au|ith. 5, Na', Ca™', Mg™' 52 Bl 2 A4S 7HIE U2 S8 S B9
£, ol= K'Y CIrie] th5341/d 0 2 Qlsf| 2d WollA] Algshs AR S50l 317 fiE o & sfA et wehA
A AAo]| et EASFE B Bl 9D 5740l 2o Ao = Hlr

=
£ Aol A= Ayt EHjer B2] AJako] RS RR F 0|25 E YRR EEoto] i U ZlE
L5 F5H= XGBoost 71812 7| Alg5 R ES 7Rttt A9 8 222 oh3at At

A, AL fE s 2AREL HrixkE 712 R 0.793, RMSE 12.456 mg/L, MAE 6.854 mg/L 2] 35-2 UFebit).
RMSE7} MAER T} OF 1 84 =7 Uehd A2 54 1ol 4] Ak o] 9] JgFo] AuiA A AlALsHH, E3] 75
mg/L o]F9] A=A = (9970 thet st R0 = dfd Lol A A 23 52 HQl Ao = wE) o] g A
FE57] I8 FF Aolxls XRtE Qo A2 A2t A E 9 A H5HY FA RS F71E ¥Hgste] s E
5ol gt 495 e Algo|t.

E4, XGBoost] HrF 8 B3 2|53 A 7HE =3 A K7 7R 22 719 %2(0.55)F B 2lE5
T 39 HARJARJNE ERIst ). §H, AT A7 71 @9k HCO; 7F Ef ol 2Kt} 52 S35 Hel 22 &
do] Li'9} HCOy 7te] H|A 8% TAIE |-astA sh53S-S 9nlgitt Na', Ca™', Mg™' & 2 Aol = Bt o
FTAZCE A AHH R F2 F o 5 e

2 Aol A Akt ArRE EHE FH R 5= /NS, elgRAgto] e A |- 7kAK 9] A gfst
AR R S244 0 & H8olo] glEeE F40] 7HsotER 27 AE Qo] 4 @919 BlEAtd A S Bokok=T
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71012 4 91 Ao® gkETh

AL AL

2 Ae 2025 AR FAUAZE 9] QPR ol x| 71487 HIKETEP) ] 2] U(RS-2025-148289,
SIS ALS CO27194 H A Yie7l&7|9h Bk 7S ol Sy S Th E]F 2025 = A F(SH
FFAHD O] Ao SggAtatel &2 B U] A|(250000636)2 Wot 3 ALY S&P Globaliit o] €2
o} Accumap, Acculog, QEUSTOR 5-9] 484 E 9o} 5 &-85f] =P =3l 0 H o]of] ZAEHU ),
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Material Balance Approach for Estimating CO, Storage Capacity in Saline
Sandstone Aquifers Considering Dissolution Trapping

Sangkeon Park”, Yeongju Kim? and Hoonyoung Jeong®*

e
o] A theE ] CO, A §S ek 2] VS| Slo) Bo) LS TR BUHFY A MBE) UL
AT, 71 MBEL 72 2 4% EE Nefstol e 3718 7ot A 8L IaSAHe WAL slck
AGHE e T REAH 176%2] FTHQAE Ko 71 MBEH(7.18%) ] HBHEst FEom, thert =
o ‘I

AAE ATE A5-S S015Ht}. 3 Sleipner L9 B AZ0]A] 1.53%2] @212 Lrebft).
Z 9 o]: Carbon storage, CO, storage capacity, material balance equation

715 5} -8 gk 24 7tA 35 H=ko)| A ojAlslekA 23] W A& (Carbon Capture and Storage, CCS)2 525+
71€2 A E T Qe cCS Z2AE] FFHl $PFS HaiME it ASe] drhyt w2 COzE EAsHA A 5=
UEAE AHFH 07 Yriohs Aol o, 53] ARS A S7P A 8¢ Aok F8 At alo = &

2 Y A2 EAE %‘Q%}—’FO‘OUEXVPQE*&WPL A At 2A4S

12510} 4 E|ofo} gt
A CO: Aot e EfRat 5 24, S0 =0l £ 44 ANSOR 48U 724 o
5 EAL Co7HEFE 47 AR3te] 9 S0 R WX v, 89 EAHL CO7t @] SNl B

2 AR Q1o 3710] Bl o] AUIH02 ek, ol gk Holol ¥ 7VE A §% B Bl
88 Edgol 35| weuA gL 97t ek,

O, A 8% W WpHoRE NRS AR, A, A, Tein SUHFHH A (Material Balance
Equation, MBE) 7|31 #hjo] 9le}. o] 5 BABYug4 e v md et Ao 2 A4 §oke 248 4 Alrhe
7o) lort, thRRY 71E AL S B e Teish elokths S Uk mebd £ Aol €0, &
o =S NSt AR TGP 70 A 8% 34 PEL AL, 1 JES Bk S,

21
é
_Lz

QTN CO, 79 A FAHTE ARE U A BR2 Tefstel BAFYPHAL Y. COt gl
FEw o] s 472 o] F sk CO7F EABHE Gt G4 Jofo] TRHTE CO EABHE FelAE 3T
2 HRH €O B CO7H A B0t BBNEIA RS B4 BAlol EAfatet.

7)1 MBE #2353 U] CO,THe TSI, B Aol A s @l B318l o2 ERsle] AR RHLS 7
getgiek. o2 Slel §52 CO7 SohE Aehot SoEIA) ke s ek, 2t fAS) WY W ] BAS 7Nt
2 A7) A2 FsH9t CO, §HEL Henry o] WE-S ol §3to] ALBIgom, 4o, L=, G2 JFL Mgstoict
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E3}FCO,2t ¥429] AL Peng-Robinson AFE|H A3} 7] & 3 AL o]-8-5}o] AlAlsleich.

Bt AFS A2 FUYA shut-in o]0 FAYHS o]-gsto] Y510, CO, EA F9] et Zole+=
Buckley-Leverett 0] 22 7]4F0 & A5}t o]t ?J[Eﬂl} ¥l B E o]falo] YA 4 F-=3H(Original Water
in Place, OWIP)Z AFg3}al, 0|5 BIG L2 CO, A% &2 AXtstoirh A% 832 AR5 Bt 4ol 58 7
Fd Aol =2 fqj71A] FY 73t CO9 Z‘%‘EOE olstit.

AR Y & A1 9 Y £13 DG 0|8 4 4BE T, 48 A73 AT CMG
GEM) Z3}e} v w3t} gH4 mEL 101x101x10 B2t F25 7AW, 335 0.2, £% FI % 150 md 244 CO,
£ 9 &= sk

1A, AljtE SAEFEEA HE COo. A 832 oF 1.76%9] A @2 2753l o, o]= AlEdeld 2
o} o) £ AAES RO vh, §9) EBS Telelx Ok 7% MBE H-S oF 7.18%0] 2415 rehuo] At
Ao g e Y= S HAth ol= &% COF 4 S7tol n|A= 9ol AZoll= ol & LB sHA] o= A5 A &
Fo| A 8E 4 2= vtk

w5t Tkt 2700] o Ak BAS et Ak, AQkE WIS CO, BBhE, shutin 717, F9 4, B2E U %
e H3L -5 TFet 2ANA = AR AR &7 4 A5 HAl

2712 0.2 Sleipner L9 ZElol -85t AT}, CO, A% 8 24 03 oF 1.53%= Lpepon], A4 tie 2740
HE 58 HYES §As1E 208 eI,

S
_%
K
o,

ME

Z2E
& A7OIAN= CO, &3l Edfge ARt =B IT74 7IH CO A &5 574 Wil A skalct. Al i
71& o] S A 0}01 8305 C0,0] A3ES vtelsto 2 Kol Jokal A&F 82 242 7Fss}4 s,
W Zd A tiaes o] it A8 A ARk S W2 QAR A S 4T o sl en gt
FA0NA = PRI A2 H Tk o= et Ak A ke o] EARt AR5 Algd oA flolE e o A &
e HrIeh 4= 9l A 8- 0] AL UL Hojr)
FF AFolM = A /% HlolE g &7t F7F A3 A, 871 A AF oM S8t F= EEE XA
LugoR dve Ay Yast Ao

oS,
)

-

AL AL
A= 7SRO AP o g F=3gArl7Ie ] SR TatA U8 S 71e/EAd ) A1
HPo} EAZ 7|&DB 7]4 24 7kA 753 B7} dttto] et AR Q) (TS RS-2025-02213131)
o] E=F2 2025d%E AR FNUATAR9] YOS R o uR|7|&H A AEe wol £PH A7
(RS-2025-16063236, CCS 3 AIAE) YER] A A5} & obd g gk 7]& i)
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Experimental Study on the Mitigation of Salt Precipitation via Wet CO;
Injection in Deep Saline Aquifers

Hanna Ryu", Hyunjoong Lim?, Sangkeon Park", Hyeongmin Kwon", Taewoong Ahn® and Hoonyoung Jeong®*

2

CCS ZRAE= =& BP0l A sie] 4|2 FAI5H7] 918l Dry CO. Jei & &3t0] A4ttt 124 Dry CO-&
HArSol FUL A7 T ZACNA A7t S5 Aol HAE 4= it ol= 3= 9 | 74 Fie d4AE
2319 CO. A5 A1 FYd2 AsHAIZI

2 A7 A AAE 98] fsf Dry CO. 4l Wet CO.E FUste S ARt Folfi-s AFS 53
20wt% Fe 22004 AR A= Dry CO:2F Wet CO& FUT F, 4219 283 A #AFIE2 57479
Wet CO. F%] Alofli= Dry CO. HiH] =8 ¢ Aol FAIFI& A7t 424 62.
7t G LS At A e FAR =M CO.9| FE/d0]
F0f: oitstea: A5 A%, A3, A 4, Wet CO.
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A 7287} 7HShE B ek 27 9 A5 A48 Carbon Capture and Storage, CCS) 7142 4129191318 5131 9]
o). 52-S thaet X oo A 9Is7) B o] folstu] the AR%o] ]3] A% eFo] Ark AHo] 9lo
U, ool A8 BAIZL US4 k. QubH 0.2 o] steka 44 A Tholmatel Ralg ouks}y] 919 S o] B4eA)
7 Dry CO.Z A1t ARt @450l Dry CO.E 38 49, 904 A4 Zo] ZLsto] w7t vt o]
oz Z7ks o WA WA I WAS B3 ukg 9 94 B7he A 2efehd, €O, %Y A T e
A W20 €O, A% A% FAHS AstAZ 4 Ak T 2 ATl A theiso] 452 EET Wet CO.E 59
ao] o WA BAS Pstol S Aokl ARe Bof ot BikE A0 2 sk gk,

=

Ol

2 A2 Berea A AR (A5 2.45 cm, Z0] 4.5 cm)E HF 0.2 = QUTh 20 wt% NaCl 45 ARE-5to] ti g
9 1k S 26O, 25k+= 40°C, Y2 Z2UA| Q] 1,150 psi2 F-A5HITE 14 A2 A= FYE
o} 500 psi =A FABFI oW, CO, fF2 Ay Aol Ay 2AE F5t] 1 co/minl 2 A 5FH HGrude et al.
2014). Wet CO= A|HA] HI Yo 245 A3 AR Z7H] CO.S EH 5] A|ZetATE AE A AEL Figure 1
I} Zo] §A| = X, Y 25 F-AI5k= Heat Chamber, 0] ET] 9 HiQ} 24 7|(BPR)E T-/J5}31 2™, Figure 2
O] Ao wet AR JaPstqinh. $4 2] AR =F 95) Klinkenberg S BHYTH 7kA FAIFIE 42 HAISH
o, A9 dAmIth AR FA, FFE, FAIFIES W S 59] o4 F IA AR A fAR TS P
5] AFE57] 9ll, 3 wi% H4E ISR A5 A FAIFTHE(0.5215) 7| 0 & E-8-5tof SHitselth
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Figure 1. Zo{ 549 Al A8 A A=

DS SLE Hilb

[Btap 1] AFSEAIR M2 9f 2
[3tep 2] A2t AR 92, 338, Hul RAED B 2 35] FH
I
H2E1 22 23
[85p 2] Rrne-C:07 Nry CN? ZAEH 2 Wat C0O? LHEH 2l 7
o gHETE B 2E RE BHEIHE ®Y 4 7a FHENE 2 Y
[Btop 4] Al AR $21 2 258 2= 38 5
H2E1,2,3
24z} 28] g
[8tep B] NE A 8 2E
[Btep B] At 23 228 = gHRDS 242 35| FF -

Figure 2. 510{f1-5- 43 A2

Dry CO, 5] A At} SARIEE A A= o] 30.16% ZHATIHOLE, Wet CO, 9] Ao 15.23% 7H40] 13
t}. o= Dry CO, TfH] 49.51%9] SAETE 74 5} BTV} ALS ol I WAo= g B3E 74t oA
Dry CO, 2:71(0.96%) 5.6 Wet CO, £71(0.36%)014 BA5] Rgkon], oF 62.5%2] 7412 Stelstsict. A4H el =
A 2785 A7, Dry 22056 ) TH] Wet Z3(0.175 20141 68.75% 7] BAEI RS- AZsI9T. 44 A= Hrl
THHOIH & Dry CO= F:8J R0l E2gh 9l 274o] A HHal, Wet CO.= b4t £-010]3 21 o] W=7 Qo

A FARE T=E 4 A
Wk At AR g Ak AR Y] Hd Ak AR e
(md) SHE®) (%) SHE%) ® SHE(R
AP AlE 388.46 - 22.08 - 0 -
Dry CO, 2713 30.16 21.12 435 0.56 0.56
Wet CO, 329.31 15.23 21.72 1.63 0.175 0.175
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£ A7 F3 S W CO. A A sk AA FA A0l S8l Wet CO. o] ARl AA 4 bl
Zo] & 4= A2 RIS Wet CO.= Dry CO. HH] FAIFIET 355 A4S 42 49.51%, 62.5%2 AT =
H, CCS =99 BAYT P82 T = 5 Sle A= Vi) ol A9 3 54 2l ti7] =2 3] 571
oM 7F100%0] EEshA] Zoke] ulAe o] SRt 2 AR Heth. FF Aol AA| Aok AR o
A e A8 A9 A% 2AL AlEF 0l S8 Wet CO. 9 71&9] 8% 2849L B HusHA 452
227}t

AFA}

£ a7 75U ea R fEo R SRAAr|S U] S BattA B Fawel 714 EAelo 1Y
S Wol, b5 71 4DB 7|8 AR 4Ee 97 dto] 29t AuHE U th@AME RS-2025-02213131)

o] EEE 205UE HR(CIFTAUATARY HUoR TR U] AU Wob Sy A7
(RS-2025-16063236, CCS B3 A7) Y|E912L 225} 9 Qb S 714 A
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