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Trend of International Standardization on Mine Hazard Management

and Mining and Direction of Managing National Standards
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Study on South Korea’s Standardization and Analytical Technology
Strategies for Stabilizing Global Critical Mineral Supply Chains and
Securing Leadership
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International Standardization Trends in CCU and

Korea’s New Work Item Proposal for International Standards
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The Strategic Use of Korea's ODA for Critical Mineral
Supply Chain Cooperation
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Preparation and Implementation Strategies for ODA Projects
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Establishment of Mongolia Rare Metals Cooperation Center (ODA)
and Strategy for Securing Critical Minerals
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Korea—-Uzbekistan Rare Metal Center under ODA and

International Standardization for Supply Chain
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AR ZoF A 9] 28 7 A& = olotaL, AARe] Aol A Sl oo M E 7 |Hh SR HA E=aEE eS| ARt

Q

o2 ) Al ofl o] H1= 7] 4] th g AR 3l o] 312 A BB, AT okl A of o] AE 7|3 A E BT} 7HA & 4= Q=
ARl H G T WA B At
A At

o] At Aol EFAHS Ol EATUNA a3 “H e g2 o] 3 GPR HAER 14 §997(2025-1436-01) A
20261 o4 A0 Sogatately|& 215 Ue] AU 79 AT B4 B 7S e R
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Xsd ZE| 2USXls Go|IME 7]Hio|
XEE JH XIPaEt HRA M Y ZREEle] 7
7™

Design and Prototype Implementation of an Autonomous Virtual
Geoscience Laboratory Based on Intelligent Multi—Al Agents

Ju-Won Oh™

] e} A= I AR 2ok AFAEe] 2 A 02 FHYshe AT A AAS 7INte = W sfgiot. ey A
EAUE FHO o] F, Bop I F A, ALA A+ YA A T2 AT AT A1 LS A ke
A AR A A= o] gk 22 i F o] HEl 7|uE AL o] E 7|5 o) G453 UL ol gt Al ok 2R o2 A
B34 Qe 7He S G QUeh T ool BT} opd tha= o] o3 B3} of o] HESo] 2A1H 0 7 k= HE of o] A
E A 2" AA At 0] E¢ ot Y WAlS AL ol A AE e 5 e A S 7 AL QLo o] & 57 3he
=|Qlell 53t Fej= T Al obF vl AlgtA o] ok,

& U3 A= ol g & Al ek AFE St okl A-8-skof AAskAL Qe AT MY Ata ] ol e A e
ZEE] - & aieIth E A A AA Y Ao 22 FE2E RHR sho] B0 ot 2RO AEE
AE ], 2 el sl ok HEAS WAERE AL o] ESo] gttt o o] ESS Fol7l AT IS HEsto]
T 2L AR B4, AlEE ol 3, A3t s A, BRI 2 o] o] 2= A Ale] 2 AREE AR A 7 ashe E A A
S ATk T A AsekE ol AR A o 222 i) 2|4 S30] 7hett RS A ¥, 2 g Ale FA
7HA o] A A3} F e F-Rstalt itk

Al At

2 ATE IS REAE U JREAV|YH/ U] AR REATA U AT PR SRl ST
(Task No. RS-2024-00431580). T3, 2 A= 3lsl7| e R EAIH O] 2§ 9] 0 2 SF= A LA tH(NRF) 2] | -2 Hlo} 423
% 15U THNo. RS-2024-00410397).

*Corresponding Author: juwon24@jbnu.ac.kr
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MCP 7|t LLM-E2 %5 O0|HE Al AJARIS| M U 73

ZNE™

Design and Implementation of an MCP—Based LLM—Drone Integrated
Agent Al System

Seoung—Jun Cho™™*

2022 119 ChatGPTS] ZA|2 7] H.0.2 Zakel 7| olo] meEl(LLM) 7t AL A Akg] Eoko]] A4 Q32| %(Al)
£Q1E 718kl 0.0, A9l E ) o Eat oleist 5.80] dlel7) ohch. B8] 202548 HEsle] 222iE o] WE
A171%:& LLMe] -3t o5} Qe o] A% do] A2 Q5 ao] 7Hs e & A A1 0% Aokl 4 98-S 1ol
Z0, A7)V AVE] 0] 218 2305} Sk 23 ko) Eelea) Bos mlAled W Held 5 ket AL S e
Ao 2 ALl ghom, oo HE Al 7134 oM e Aed ek 4P star it Lejut AlS] A-§-o] AFm A 2] Fof
o A= &dhs] o] Fo R AL Q= W, AL R 85 Fofol| A 9] SH-8-2 At 4 0. = m] Zgh A A ofth. 3 EE2 e EhAL A}
235 Fopo] H4l& AlsH, 32 A S5 vl Eoho] A 'hAL WA FAE AATEHAL 0= A8 H 9 E A 54]
o & gjata gtk 2 Ao AE EE of|o]HE Al 7|52 Sasto] AFlo] 719he] AHE HhAL & Hlo] B ghAK(vibe
exploration)’ 2] A& 7}»« 4 S eI R) SFS T o] & 93] Claude Desktop B3 of| 4] AFl o] W & E5 E22 94 A
o]3}H= A| A ES 15 T A A E) o} 7] "l A= Claude Desktop, MCP(Model Context Protocol) AW, =& #|o] o Z£]
AolA, 181l E20 7 AT} =22 SDK(Software Development Kit)7} A 3-%+= DJI Mavic AirE AFE-3}3.0. 11,
Claude Desktop=- -3} 912 At o] B& E& Ao B 22 HEst= MCP AW & #5313l th E& Ao] of E2]7
0] 42 Android StudioE &-8-51¢ 7]2+5}93 32, Claude Desktop & MCP A W7} L5 5= PC E2 2E7|o 25
Hh T 7] F4l o= WebSocket 2 & 25 2185151t A A| A|AF]S] 4L E 9o} 7HE-2- Claude AT $H7 o] A HEo]
B Fd](vibe coding) 2] 0. &2 =385} ) A A3} Claude Desktop2 S35F x}ol o] o] E2o) AEs] AR o] o=
S2to] RS Slekqlnh S 2 A AHE HAF B2 A8-5ko] &8 §I9E s, w54 0% 22 LLMY}

O] AAE Sl AR Aol E ALY w22 Al2 9| 25 +40g A glojrt.

iﬁ

i O

AL At
B AT SRR AN AT 71 ARI(263212)9) A0 R S H et

*Corresponding Author: mac@kigam.re.kr
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Al Olo|HEIN LIX|Z AIX]: XiE F4h A|ARIC| O]24

zoa™

From Al Agents to Physical Al
The Future of Autonomous Mining Systems

Yosoon Choi™

N

2|2 2l ¥ A= (Artificial Intelligence, Al) 7|2 d| o] ¥ 24 F41 9] Q1% & Al(Cognitive AT)ol| 4] A A& Al(Generative
Al), 18] 31 2R A APE A& 3 Bh= ofl o] A E Al(Agentic ADE W= A Wskal glom, o= &2 4 &7 ol 4]
A4 e 5L 2512 0 7 4235} 1] 2| 2 Al(Physical A2 2H4E| 11 QlT}. o] 2|3t 7] % vl o T x| 27 of 4 2]
A& Yol A7 A1) A 2817 2214 ) S Aolshs A A AR 1B A1%50) 4.8 9IS Shefsa glon, ok
]EOHH A2 s ATk MShE Skl vk 55] AFLAR S =3 A 2, ot ] -8, oFd S
%502 Qo) mRE A AN HEY, TS B, A& AT 7140 48 7Hs A0l B g EH
7?%‘4 F| o= QlF A1 F 716ke] HlojE] 24 2 A A 2| Y 7| Hol, Al o] E o} 54| A
gk Ag 0 A2gol that A7 el FE T glon, ol MO 3AH Al 7|vke] 44E A
(Autonomous Mining Systems) 0 & 0] W7 7l544-& A ARSI B 2o A= 2L 13RS 7|&Yy i 3582
AL 28/33 AL of|o] & Al 12|11 9] 24 AIS] ©HA1 A 213} T of| A A A, o] 23t 7)< s 2ol o] AdArd of ]
A A A8 7S BAgie, nhxjero = 9 Ahelateio] HlofE 71k oA A A AlATE o] AL7IHE A& 2
X280 2 WS 7Hs AL S I, Al oo HER} 31X 2 Al 7]40] AR MG A& AF A28 9] o1 e}
St 2] AP A BA| S A A sFaLAL gt

r
Ho 2 9|
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HSKE EXIZAIMS] X|IF=2IEAIS] Fet

=1 =1 A2
oM™, AP

Geophysical Methods for Site Characterization of

Deep Geological Disposal
Seokhoon Oh"* and Hyoung—seok Kwon?

TG A 71O A R 1Kk A B3 917k B Es] Sk W4 whe] Heko.E, AR 5K 9] 24
a1 QAT 3710 el 4SSt Aol FastE) o] S 9o A ATE, T3 W shaleh B, i B 5 A5}
§732 Yok BX 2 S, AT B FAE AR 4D YRS u)nh H 0 R 5T 5 gk Ay V4R B
et 22 URE, 299, TYA, AL of e Skl ASH Y A L 5 o] AR, HEY 5 5
31 7] SUERE 918 AT LA 224901 T B0 ek & Aol UEALY RALAN 2
FE 20 AT/ T 9] 2§ Al s, 51 ok Aol A e mEseTh AEAE 1A
P N R U R R
SPAH B HQ) A T} o AT shotate] 2 A S Al o] B En, kA 0.2 e W AR
AFGEE. A E AR Wb ST EAL 71614 AL AMT 84} So] 2Hg-Elo] 4% AW R0 B BE
S Ytk AF R B AFT AT E GHTGS 5o W) L BASR B 4L sopsin ghit 7
2 il 50) STk 3210 A A ubthgnace A2 9] F2), A2 412 71334 A AR, 22912201 2D 93D ¥
Apd Ak gAY, 5 THIAFRE A o] AMT EhAk, 291 Forsmarke] A58 2} 5] 4988 ul ik, Sfol A=

AT Gl FA 2N thFRt 2R HA A8E o A A et TS k] S4& ek 0]
gt Zl?gﬁl‘% = FEA AR AU F2] 5407 dA A 02 B-8H v, F 5 TRt S HAF AR Y] S B4
A ALY g T3l HSAE FA B7He] A= de FEAE = S A2z 7 diE

=
%
- e

L
=)
ot
H
(e
by
s
r [¢]
2}
2

B A= 20249 % R (HRpE Y H%ﬂ)A Aoz A S A g 4] 7] S EAR]
TFO](RS-2021-KN066110) A 0 2 S8 =] 9l 51T},
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stors™* o|mal, Aoz, Agst, Ax|s?

State of Geophysical Investigation Research for
Deep Geological Repository Site Characterization

1)%

Manho Han™, Jeong—Hwan Lee”, Mijin Kwon", Yuhan Kim" and Jiho Shin”

D2 WAV H 7B AE5H7] flstke] B2 vhetol| A A5 A & 300~500m 2] 0] 2] A A A S A e skar gl o,
U A& A0 - A S A Aol thgh AA Q181748 X dYstar Qi) =i A22) arE 9| E e 715242 (Qh)
of| what F A A4 AAFE 2hrakal 139 oW of] Al S A EA A FA & S ek AS F3EE shaL glof, A A A &1 7R 24
T AT a&2 g-go] atHr

FAAAGE e ZAF A= 3A| 7|2 2AE A S 2A] F HA 2 R o] F21E | ot} 7| 2 2AF A of| A =
o 9 A F19] 2|5k {5 7 &2 Bk AFot] $ERAE GE55HL, S 2AEA oA = o TA| L] v #jE s
29 A5 A o ol it FE dlold ghH o 23wtk FAEA a7 9 XA HIt AR fA|1gkE
AL 7|HE 0 2 A A g e 2] W 0 2 HE o AR H A EA] H7Ee] £Q HQEo & thekgh Al A 2 7 e 2 S
FUH O R 133D A EA] Bl Y= E A ash= o] del &85 Qi

ASH & FA2ALY] T a1 E4AE 1S off, At E AL 7w 2842 Wi =k 2 AtolA = AT AR
Al F2| Aol Aot X GtE e Ak A 8-S AESHL, TAE et 1S g At S FR-shala) gtk
AL At

2 A= 71 Fo v A2 F(MCEE) 2] ¢ o & ATl A myte| 4] 7] = /B EAFY ©HEKSNF) 2 gh=o| | x| 7|«
77} 2(KETEP) Q] 7] 918 who} 2235 5LAF9] o] th(No. RS-2021-KP002658).

*Corresponding Author: mhhan@korad.or.kr
D) S g g d 1E2Yr)aidd AR7ed

24



2026 The 126" Spring Conference of the Korean Society of Mineral and Energy Resources Engineers

Forsmark AI2SSHHz XEUHOAQ| X1 TiEUO| H-HSHX XI5t DEE
SxM'?* Haimeng Shen'®, Arno Zang®, Flavio Lanaro?

Thermo—mechanical evolution of a 3D DFN at the
Forsmark SNF disposal rock mass
1)

Jeoung Seok Yoon'?*, Haimeng Shen'®, Arno Zang® and Flavio Lanaro
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Prediction of Uranium Migration near a High—Level Waste Repository

Weon Shik Han™ and Won Woo Yoon”

The long-term safety assessment for a high-level waste (HLW) repository necessitates a thorough evaluation of the
complex physicochemical phenomena using high-fidelity model. Furthermore, uncertainties in subsurface environment
require that complex models be solved repeatedly across a high-dimensional input parameter space, which is computationally
expensive. To resolve this problem, this study introduces a computationally efficient surrogate model for uranium transport
problem under seawater intrusion utilizing a physics-informed neural network (PINN).

The training dataset was generated using PFLOTRAN, a high-fidelity model configured to simulate key physicochemical
processes such as groundwater flow, advection, diffusion, aqueous speciation, adsorption, and kinetic mineral reactions.
Within these simulations, five critical input parameters governing uranium migration were systematically varied to create the
dataset: fracture permeability, dry density of bentonite, pressure gradient, pyrite volume fraction, and the seawater mixing
ratio. Subsequently, the PINN was trained to predict the total mass of uranium in each domain at 10,000 years. A mass
balance equation was integrated into the loss function as a physical constraint to enhance the model performance.

Trained PINN achieved a predictive R2 value exceeding 0.985, while accelerating computations by a factor of 107 relative
to the original high-fidelity model. Incorporating the physics-based constraint allowed the PINN to surpass a conventional
deep neural network in terms of both predictive accuracy and physical laws. The developed surrogate model was then
employed to conduct feature importance analyses using permutation feature importance and SHAP values. The results of the
feature importance analyses helped to understand the relationships between the input parameters and long-term uranium
migration, enabling the identification of the key input parameters. Moreover, the exceptional computational speed of the
PINN enables swift exploration of the high-dimensional parameter space, which can be used to identify parameter combi-

nations that meet specific safety standards.

Ab A}

This research was funded by Nuclear Research and Development project through the National Research Foundation of
Korea (NRF) funded by Ministry of Science and ICT [project number: RS-2021-NR056192]
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Establishment of Engineered Barrier Demonstration Facility and

Current Research Status to Enhance Disposal Safety

Jin—Seop Kim™ and Jang—Soon Kwon?

A AT TGN 2 A5 AF AP AL T2 AT 2] S Sla T Ao 7o)
B AFALRA, AU 712473} A ATAAKURT) BFABE Aot 7y Age 3ok A8 78
SR QT AL 0F400% FHE ALY ol FE LA A AF leto]m, FoHa A 299 4 2
Z3H 7] A% BIHE 919 ChRRE 48 BB T A S 250 ek 28 FHO R RARE, 3 BE A
SCHA5ho] ) 7 BE, 7H0)F BA 1Y BE, BN PG AL BE, B E ol 9on], FF MTS 4
224 270k O CT 4 5 17ke] Ao Qg7 o] ok 2 AFAL she] 4R 42750
o) HABE ATLE S WA 70 2 TEE T 90, P Tl 254 P A TN R el Hop AR
12 P2 913 AR ABME F A3 4TS FYT Aot

Ab AL

2 At WIS HSARS] QYo s AHgTad w4 7] /AR TH2021IM2E1A 1085193, RS-2021-
NRO056198)2] 2] 1< ubo} Zea)w] ol 1] ).
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The Role and Challenges of Safety Case for Ensuring Safety of
Deep Geological Disposal

Jinyong Park”, Jeheon Bang” and Jeongjin Kim?*
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MIE L CO, T Al OlMl 33 7I517E7}
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Pore—Scale Geometric Effects on Thermodynamic Cooling and
Phase Change of Injected CO:

Soojung An™ and Byung-Dal So?

o] 1tglgta: 2|5 A ZHCCUS) I ol A A A5 0= COE U ) T Sh= A 84 A shs 74
St AR FIHE IS WY Aol 20 BCO7H AYSAF 2 e e Al ol e &
242 919 A7 FL EF7H S e B0zl 31 Gtk 140 % FYH COr FL B FRo|H S5
7halu] 7] k%40l 218 235 W (perforated tunnel) 2 o]0} A= ta—ww B8 71 o] 2ol A e
ofgh W7He 7 om] AL 917 0] ZAE o] 29l A el A Al 718, i 7selo] Edjo] 2 A4l of /| 4 oIk 21
2L} 1 B 9lRo] AWEL ARHS ThEA AR ol 20l 910 COy7} ALz B 7 vul7} olRleh. T v
0] B4t m] Al g=(pore throat)<r F5t= COx= H A% 7161814 H4 2 Q18f| =42 Q1 ‘1] A| Z=E(micro-nozzle)’ &
= A 511;} H Lo A= AJE thAk(single-component multiphase) 2 A& THH (lattice Boltzmann method)S &

:5}0], 5% 227 Qo] Al AISHE C0,0) A 7 W APs) 71 58 3719102 | BAYSI ST, S8 A4 8744
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A= 2UAGH R eE& TN COm MAF=o2 AYS o WAsh= 75 S7Hek a4t 4 99 4

T g7l o] 3t W@ ZH(Joule-Thomson cooling)2- 22 & J’B}i‘iq lﬂiﬂ%*ﬁ 2 J’S =33 YT R
A Q1 42k (flashing)E oF7 |51, -5 I 2}/ 220 A| e gt < 5
A st HotE AT =M, AT AGS U CO, =Y Al S —’F %% Z‘?J’“ A5F d4 P% olsfjalaL QHg A
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o} 423 % &1L (RS-2023-00254680).
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Optimization of Cushion Gas Injection Strategy and
Well Placement for Underground Hydrogen Storage in
Aquifer using Particle Swarm Optimization

Donghee Kim", Eunsil Park”, Daehyeon Jang”, Jihye Jeong”, Bohui Kim" and Honggeun Jo™

A AA A 2 eaFyS QelA olv A Agko] 7h&3bg of whet tf 1 2527 o | 2] Aol 7Hagk A A F A%
(Underground Hydrogen Storage, UHS)¢| =55t 31 ¢l th(Heinemann et al., 2021). UHS 9] A A S &1 517] Yl A= A]
S0 74 $49] S48 AL 4] =8 Frikshis 20 34 Tl e (Ramsar etl., 2025). 3 A A= A
off whAF 4] TS B @ (Cho etal., 2026)0] UHS &9 9 A 73 1Abo]| gt iz 4 - 9 Al 53 91%] 2] 2|5}
= seapaieh 7] 9o Alue] o A2 Bl 27014 39 Sk uld 2@, FAZ AL, B, F
271270 D)E HHESEAL o] % F=7F A 717HO7 )& A Gt o] AU L E v o= A 7hA 29 7|XE, AL F
P ARE L5 W12 U, o4 QEe Ho) 15 vk RS QY AR AAste] 44 B4go] et UIgE B
A& Ak, WIZHE B4 o] 3 4 7hA 2915k T4 7hA ) 717k A5 E 9IRS A MR AHSII 40 Bl
T} h0) SIEE Hhslel] 245 Atk 2 AT Fol 045 UHS A ARI0)A Sk 487 2 F4L

§

F

P
O3t 09 QA W A £ 2AL AN, FF T iR 4h AFAT A L LG HF YL A/ 2 ARE
38 5 9l Ao 7| H}

A A}

2 A= AR A )] Loz Fharol | 2] 718 71 o] 2] (RS-2025-14383289, 1 Fafith&
T AILS CO 718G B AR U7l 7|9 F7HLE e A5 (e | e g RE Al A d 2 gt A
2] 4-& ol 428 =] 9] 51 THRS-2025-25436989, RS-2025-24803244).
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Evaluation of Mineral Carbonation Reactions in Basaltic Systems and
the Potential Use of Coal Ash as an Additive

Junbeum Lee” Sangyong Bae? , Hoonyoung Jeong and Eunhyea Chung

Olﬂﬁ- 2~ 323] 9l 22 (Carbon Capture and Storage, CCS)2 CO,-5 =& A75l7] Y3t 4l 71& 5 3lU= FEu
on, 53] @A Aol Bt F= e T F714 A T 1A 7ol AAE AL e (Hellevang et al.,

2017), BRGEE Ca, Mg, Fe 50| 194 4.2 thaF 3151 91o] COO} M-3510] ST B bl B2 3413k 2o 91
A& A o 2Rt S0 Qlsf) A Aol A &) B FEoh Rhe-2 CCS 7] 9] AT} A&/ BHe s}
A% 0% 97 ok dsn .

AT A L AR Aol A S B BBEE UL B4 B $J5te] BRI SR S80S o] 83 UHE A
B2 -apSSIC], 90 U] IS o RO S B IS H 541 SISl 0], HIe S 2715 h
SRR A EOHR 2700 v msto] U A5 B bealct A ASHE IO 2 Wl Nk e A BRI
o 542 HrsHg o0, ulAA 7L H7bE A AL kS Bel GRS 4 Qs Ths o] Sl gle B A7 @
5} Aol 4 0] B T2} UES-S oS3k, ALYl HAHES] RIS AT 28 4 Qs TPe A B Sl
7% A58 AFH A B,

Ab AY

o] =-22023 A AR (7| HSAR) Y] YO & gha A AT A& ol 423 E -9l (No. RS-2023-
00218913).
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Defining Environmental Safety Margins in Geological Carbon Storage
Projects with Existing Legacy Wells Using Support Vector Machines

Aitiana Sanchez”, Eunsil Park” and Honggeun Jo"™*

In geological carbon storage sites containing existing wells, it is crucial to evaluate in advance the leakage risk arising from
impaired well integrity. However, since storage safety is governed by the complex interplay of geological and engineering
factors, it remains challenging to translate large-scale simulation results into practical design guidelines. To overcome this
challenge, this study develops a machine-learning framework to derive environmental safety margins for geological CO,
storage in deep saline aquifers containing adjacent wells. A dataset of approximately 7,000 CMG-GEM simulations is
generated by varying reservoir, caprock, aquifer, and well integrity parameters, including injector-to-well distance and well
damage severity (Moghadam et al., 2023). Storage outcomes are evaluated using an environmental storage integrity metric
representing the fraction of injected CO, that remains securely trapped in the reservoir. A support vector machine classifier
is applied to distinguish environmentally secure and non-secure storage conditions and identify the boundary separating both
regimes in the design space. Bootstrap resampling is further used to quantify uncertainty and derive percentile-based safety
margins (P10, P50, and P90). The results demonstrate that the proposed approach can transform large simulation datasets into
practical and interpretable safety guidelines, supporting rapid screening and risk-informed design of carbon sequestration

projects.

Al A}

= A7 AR FAUARE )] AU o2 gh=of U 2] 7]<5 7kl o] A (RS-2025-14383289, =<2 13: &l =
o ML CO 7T S A el 7| B 7E ) ZH )2t g R (e ] 5 g g Al i) 2] Al el 0. = k= A e
A 4L o} 523 £ 915U THRS-2025-25436989, RS-2025-24803244).
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Numerical Modeling of the Impact of Fault Healing on CO. Leakage
Chan—Hee Jang™ and Byung—Dal So®
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Speciation—based Selection of Deep Eutectic Solvents for

Valuable Metal Recovery from Nickel Mine Tailings
Won Jung Ju"”, Sangyong Bae? and Eunhyea Chung®*

2 70717 W 2] A1) o] FA gl mhek U 2N 48 7F FESHAM, U2 AL A 8 4 0ol A s o]
20 B2 Aok AU A ULT SO F T TR Z AL Tk NI AL A W oHE 0 = ) (Cu), TLE
(CO) 59l §-8F4S SUSHE 497 Bow], ol 5 34 S T39I AR H B8 ZHel 4 FaAo] St

o]
£35] Cots M2k HAHE, Cul SUFER Phe o] (AR BAA AR, 2023), Ni 342 o] %

ZHE Fu| 2 HE Cuel Cos
7} 3l A2 A F A8 AL S AT 5 e o ul sk Hheto| o B Ao A= ghAl L oFAF A&
©] Ni 94342 tjalo 2 Ba|slelz - 2slz EA4S 371519tk XRF(WD-XRF-1800, Shimadzu) 24 7&?} A Bofl=

NiO 11.31% 2]l = CuO 1.20%, C0,03 0.37%7} &-G-E|o] A= Ao 2 sFolZ|Qith E3HISO 11466 7| &of = &4~ 2
Z 3 ICP-OES(Agilent 5800) #4 A1}, Ni 13,305 mg/L, Cu 1,399 mg/L, Co 395 mg/L7} AZ& 5| 31t} o2 XRD(Rigaku
MiniFlex 600) 242 £3] Cux= =& Chalcopyrite F ] & Z2A5l= A 0 &2 YENY, A & R th= 3554 23 e &
TefghAlE) 2] 42 Aeke] Wao] A7 Hgich olo] H AT E U A A v 2 4834 Adgoz
3|43517] Yotuketo g, 71& 9] u| A F 7HAE A& o Al &4 & e (Speciation) -4 o] 7|5t Deep Eutectic Solvent(DES)
A& A4S Algkstarat gk, A A 02, FFS Tessier A5S-S5 2-8-510] Cul Cool £ FEE Exchangeable,
Bound to Carbonate, Bound to Iron and Manganese Oxides, Bound to Organic Matter, 2! Residual 28] © & JL 5.5} 37(Tessier
etal., 1979), zF 23] 9] 3}5}+# st EA] 3} DES 9] proton activity 2 8] ¢ A4S HFY S 2 A (HBA:HBD)S A A3t 2 4
A 340 HeE YE A2 7 ol goleh o 2d ML CustCodl HE|H 3148 PAPA|7| T Fedl 22 B4
2o B4 AEE oA5tel 4 AA B HHE ART S Ye A0E 711’41%} ATHOR B AT U FAL R
AEo| Belalete YR B4 B1E nigo R, HeHo|n AR A S-§F4 85 T LS A /12 RS
Aed Aoz 7|t

Al At

2 A= A AT (MOTIE) 9} =0l U 27|58 7 (KETEP) ] A& ol =33k 1 244 ¢ L Th(No. RS-
2025-02634555).

References

Tessier, A.P.G.C., Campbell, P.G. and Bisson, M.J.A.C., 1979. Sequential extraction procedure for the speciation of
particulate trace metals. Analytical Chemistry, 51(7), 844-851.
AV B, 2023, LY F2 8 3 RS S5 Y G E B I A

*Corresponding Author: echung@snu.ac.kr

D At UAALA 7 &4 BAS AT
2) AEsta A AA|ARF S A AL

3) AE&rhst oA A -

39



2026 The 126" Spring Conference of the Korean Society of Mineral and Energy Resources Engineers
|

HZsa-M2|4 HSHIM CO. FHUS oISt
il 7= HAH &S

OI7IR", ZEEP*, ZHP, wasd, AZZY, wRis, Uk, Ucksd

Characteristics of Manganese Removal from Mine Drainage Using

a CO-—Saturated Steel Slag-Limestone Reactive System

Ki—Rim Lee”, Duk—Min Kim®*, Young—Min Kim®, Jae—Hyun Park®, Jun—Kyeong Kim®,
Jin—Hyeok Park?, Dae—Gyu Im® and Da—Som Kim®

790 212 T ARO A MASHS WA e pHOH 8 B4 T4 SRR Q19 A4 40l 42 welvt a et 59
U (M AHS W oRkze] 2SI = A A7} olel9) ok X2 5 F7hA1el e B4l P astch. 7120 kot
He) WAL o AT &K A BV 5O B ATk B, A 1 e B 25§15 S u
240717 S13l Fetol A pH AZA S 913 A8t 28 F7hael o] FAo] AHCh B AT o] sksteha
(COE W3- A2 g 5to] Al §h3-5-8 4 aoka, Ag&a -4 84 k712 ol g3t Yrhul = 414 34
2.8 7Ks 42 B7hshich ABol (415)4 SAPS §54-8 AHga190r] 7] £2.2 pH2.9, Mn 148 mg/L, Al40.5

: 6 (vh) Bl & F3I5te] TR, A%

A7 S COp 33} of hof| uh-2 A 2] 54 W stk COE E3FA 2 27 A AFAIZE 134170014 pH 7.0,
Y7HH 2 5.7 mg/LE YERR O W, CO, 28} 20| A= pH7} 7.92 4531l W7 2 5 523= 2.0 mg/L7HA] fh4ste]
ESAA BES HATh EJFCO, 23} 270 A= Hhe 7] TA ol Al 2| =7} 2|t 220 mg/L as CaCO3714] 5-7F5}
o] EAtA &5l Aot Ao] Bl . A= TGA 40l = ¢F 650 °C oA CaCOs Zafjol] mhe A
HarhgelE o] gt g @40l ol Fol Rl 2SIt SEM-EDS 4] 23t &l 71 oA Ca, Mn, C, 0 42
o] A ZE5l= Al o] W E o] MnCO; H CaCO; FE 2] B H5do] Jdd 2l o2 wehe ). =3t 924 A3 oA
&= COp 33} 20| A eAE G Aol Sfsl Mn A7 RS-0 HX1 5= o] FAE At FHA 22 CO, 23k = S8 -
A 2] 4 RESA ol A SAHA 55 A esto] pH P otet W7t = AlA &8s A7 A 22 Yehidth & dollA
AR A& -4 8] 4-CO, 2o 342 wleg =8 7N AT FA ol Al Fake A28 3 oateheha B85 I4T
T AE 7SR, SFStefE AR 2 AvfelH A g Al BT = gt 7he Rt weg BtEE A R 28 vt
5/ AR

Ak

mg/L 712] 3 Fe 1.4 mg/L& UEhe). A% w871 Al g2 e) o} 48 4.8 4
7)%) ghe

Ab A}

Q1 7] 01 A8 F(MCEE)SH 850U 217 £ 7HA(KETEP)2) 2] 918 49%0 1 (No. RS-2025-02310648),
20261 FTHHBYF O 2R ATH]S A Lkol 2T ALY Y
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Enhanced Selective Lithium Recovery in an Electrochemical LMO/AC
System Using a Monovalent Cation—Exchange Membrane

Yongwoo Lee” and Eunhyea Chung®*

Sv

A2 Q) 26 =8 F71ol thet AbE & 2] Bol AKX A&4= 28 g FEs AW 43323 %

g YA, IEE, ke -2 o)) ofol 2.0] 38 A7) 3lelA sl B o A Bl E AEA S
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Assessment of Impurity Metal Removal and Rare Earth Element
Separation from Coal Ash Leachates

Junbeum Lee”, Geonhee Jangz), Kyeongmin Kim? and Eunhyea ChungS)*
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Radiotracer Application for Investigation of Flow in a

Passive Treatment System of AMD
Sung—Hee Jung' e , Jinho Moon” , Jangguen Park” Jayhyun Park? and Seung—Eun Ji?
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Development of an Al Agent—Based Integrated Platform for
GPR Data Processing

Jongchan Oh” Wanjoon K|m Mrinal Kanti Layek” Daeung Yoon™ and Bohyun Lee?
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Developing an Expert Training Platform for Resource Engineering
Based on Researcher—Al Co—Reinforcement Learning

Ju-Won Oh"*
AFAS 7149 F43 Iy} 37 L5 as W AT Fokol A e AlS 283 3k A1 Eqt-50] 2Es] == 9l
oh 2y gl B A E e e Al SIS 7S SHE woFo] A

gk
OZi
-0 2
-
e M

AR A4S AL 2R of] A efsto] a-&3 ¢l 4
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2D/3D Q—compensated Viscoacoustic Reverse Time Migration for
Enhanced Detection of Small—scale Clandestine Tunnels

HaKyeong Seong” and YongChae Cho?*

S7H 7220 Bol S g §1g A5 By
ARR 2\ 2 3) o o) 73 7R B4 o)A
o K] 235 BIEA 0] AP AShe} A5 ofshE ek 24 9| 2
7] §3}e] GSLS(Generalized Standard Linear Solid) 744] R E-& o35t BAM} AAF 531 Ba|d A ol-gul-d 4
(decoupled viscoacoustic wave equation)©f 7]HFs Q-2 A A7t L2 X A (Q-compensated RTM) 7| H-& A|otstal 1 &
|73 EA5AtE 53] Ate] AR Q #2F B 5517| of Bl AA| FAF 25 AL s, A XS G glo] A
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A2 Q1 vl 7 7+4] 7384 (background Q-trend)THS: HFI S A o = QP A Q] Q-H A ATE =&3F 4= 9182 F2l5}4]
o 2249 Bl 32 2] AlE o] A Ax, A|QHE 7R Q HEl o) R4 B of] | o)E6HA| ¢l ZhA = Qlsf of
sly] 72ul AR kA o7 2ol oA} oS HASO ZH 7|2 | EA RTM 8] 8FAME BHx] A% 2ok
55] =3k o[ A WAL AL T - B kR Q1s G thrl7F A E Qe m, 1 At Ao Al Z TS HI(SNR) T3 3F
A= AS RISk o g gt A b= v A A H 7 AIEHA §1 7 A A ] F |HAL eH ol A = = 7] o] A§-A Q]
SR R o B-8E o = AlAkR

AL ety S B EAIR O] 1] YL Hio} 3H2 2] A A} ALY (KIGAM) 7] ¢ AL (GP2025-021)2] Uslo &
3y El AHUH B3 2 A4 715 Y A S F(MCEE) 2} 3h=1 0| 2] 713 7} (KETEP) 2] 2] & who} 4283} <
T+ 7HA] 21U tHNo. 20224000000120).
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Development of a Prospectivity Index for Geothermal Reservoir
Assessment in Hot Sedimentary Aquifers

Jwagyum Kim", Sigue Lee'?, Jaewook Lee® and Joongmoo Byun'™*

o] AL 1.2 E] A tfj4=2(Hot Sedimentary Aquifers, HSA)o| 4] X WL 4=385}17] 95+ 2312 Q A 52 H7t 3
A8 201, 94 WA S A KRS A A3 A A (Prospectivity Index)' S ASHakeh. 413 B 24
of FH I5HA E3E 5= HSAZF A A g3 AdS a7 Yo« A4 & FE5 AT = =St 229
=& B e7} d4A o|th(Bearsmore, 2024). 951 X921 F 5 F2(South Australia)@] T3 £ X (Cooper Basin)+= 3} 3
7ohe] o ALY WA o] X XS Sal AT, B ) HE W Al 2 AR AW 5 BT SNEoR
8l F30] §74 BHAAI] ol S CHIMER, 2014).

o) 25t FAE et 93], o] Aol 3R TH oAl Bl | PEASH o4 ge) melel e stel U
A58 AEEAT. o A £2E T AL 2] Sz HolEnl, £ FA B e A e 204 &
2 42 A EE A s o] Bk A Y& 7 A o] i & upA O = tf gttt 2| F A 07, o] FA X pE A FTY =
T A e 9 A E R oA Aot g B0 SR A AFS B S AS Eoklh 3 22 9 33k s uk A
of o] F7} & A8 A}, =2 FHET} ol R = S 3R A o 2 Aldetar 24 0] A f A oS 5t
2o g gelalA =& 4= STt
AL AL

2 Aqte 7150 | A8 F(MCEE) 2} ol | 2] 7] % 3 7}HA(KETEP) 9] A& Ho} =333t &1+t 2hA) 9] Y th(No.
RS-2025-16063339). & A-Lof] AHE-% 2D/3D §Hd 3} o] B = T3 H 3 5 5= Y5 (Government of South Australia)©f 4]
A|8-3F Cooper Basin 2Dcubed Reprocessing d] o] B AlS &-8-5}91<51 o). 18] 32 HampsonRussell (HRS) 4~ E ¢Jjoj o}
Petrel 2~ E §]|0] 9] Sh&-§ WA 2lo| A A5 A58 541 GeoSoftware@} SLB|| ZFAR] QIAHS A gyt
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4D Monitoring of Fracture Networks using Elastic RTM with
a Rotated Staggered—Grid Linear Slip Model

Dongho Kim", Seunghun Choi® and Yongchae Cho®*
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w H(fracture)> F-4| o] 51} Fite WIS Aotz T8 A F L2 2, A LZ AT, ol4kshetas 215 A4,
A H 7| = A 22 A 5F 3-8 g ol A A BE T A QHE A& A Sk S A Q4o 7] ol A
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0| ZAHE A 0.2 Hrelo}x) Halol, Sa) 44 @elol 43 4 gl o] EAfaieh.

H Ao A=A E 9 7|5H4] AL 0 parameter = -3-I= F stiffness matrix S A| 28k}, Elastic wave equation matrix, 6 7]
vt linear slip matrix ' 3 M3}t matrix 2 3§ 2 A A5}l rotated staggered-gridE ARE-5)o] BHA 3} A& R} A 3517
A3t At matrixE- ©]-8-3]] forward/backward propagation©. 2 4-2 1542 divergence?} curl 2 P3ke} Sut
E2)35t F cross-correlationS 423§} P-P, P-S, S-P, S-S & 47] 9] elastic RTM o] 1| x| & EE5}$ T
Bl AEE 93 22+ Marmousi model-& A-8-5}o] 3t A o] §l= baseline¥} £ 279 layero]] AR ot A7} EA) 5}
= monitorE A A8} T} Z} caseo)| A elastic RTMS =385} 11 97]1 2] multishot ©] 1] x| = stacks}o] Wl Ak, 47}%] o]n] %]
olA] B ig F o) o]l A BE 4 AT 2 A7 HAR 2 QA4S TS Sfa A mawixE A A5},
o2 7]9HO.2 clastic RTME o F% U E|o] 7155-& Rolzrh. Yol 37 3219] 0 parameter 7|5+ stiffiess
matrix 2 9] 3 7sA = 7| = ok

o rr

=

bu

Al At

B AT B S AR EAIRY A LS ol G WA AT AKIGAM) 7] £ AT AL (GP2025-021)9] Q18ko 2
S gl

£ AT 7] Fol U X2 £ (MCEE)SH §H5tol 1 7] % B 7HA(KETEP)] 4|22 Wl 42843 617 34| L th(No.
20224000000120).
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Full Waveform Inversion Imaging and Interpretation of
Seismic Data from the Beaufort Sea, Canada

Seunghoon Han", Seung—Goo Kang®, Hyunggu Jun® and Yongchae Cho®*
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Comparison of Monte Carlo Dropout and Diffusion—based Approaches

for Uncertainty Quantification in Seismic Fault Detection
Jaehyeok Ko”, Byunghoon Choi®, Sangin Cho? and Sukjoon Pyun®*
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fir ot wr
(A T

ehA Aol A % 34 2 ofsal7] $1ak 4 W0l A 7| E 0] AAS F25] 9130 314 B
ARESISLR AT SR S Gl el d 71 65 4 7100] W B gIe el el /1
selof A= sigmoid B4 5} 345 0] 835101 2} YKol 4 T 2A) SHES AHEFA T, o] el ghe 7 At o
9] confidence S LER I 5 Ut At m = HE 4] 7hHs3t thefet J—}—J &/0Iu oS 23t Ao A e
iym Hg zl 24 7(4 oz Yy o}x]% %6-}1:}-.

Hed 71Nk ek s Aol A ol A ko] S2d/d S Akl #1%t W 2. 2 Monte Carlo (MC) dropout 7|RE f 0]
A ¢kl vl Slth(Feng et al., 2021). MC dropout2 5+ ThA|of| A &= dropoutg -4 ?F AE = B -& BT A 3)sto] tha=2]
o= A3E AAstaL, 1 BARS AXKSHe] o|= Aabo] HEAS A5t B o) $HH, Diffusion model (Ho et al.,
2020)2 H|oJE 25 Sh5ote SHEA A RHARA FAR A Ahmof His Rt 2HE A 5 A ol E 2
ot ST AR 2R E o2 &5 s AP LS AT = e, A Aae] Wtk ZAkE Sl i s 2
ot el 2 AThe] WEAS AT 4

t 7]

4?
5 32
L

r‘\" e
]I_L.

. 91 20] 4] MC dropout 7|4k 1223} Diffusion 7141 41 2 §-5ke] 5 spalel A LehL b o2 Asho] w4 2
41491 52170 542 ¥l ek, MC dropouto] 5250 skeb]el o] SHE) RS 2Afsted o 2 231 241 2ol
Hp4Jolebel, Diffusion %722 S14r ) dlo| 8 SR Y E ofe] 34 ATHE A1 ANTIORN 7Hse 14 Avtel B
YT 4 9k o] HILE B3 Yeld 71 St B S Aol A Lhehuis ol Axte] ME AT 4 Bat Al
A4S BASIL RS B 4 Aol AR Htel T8 7Hse BN B P o) B4 ojshud e,

Ab A}

o 1L 2025UE FR(AIAFAAAR)O) A0 ALG AR Tl A LA T B BV 4714
7}91 0] 2] 912 uro} 2235 o LAFY] o] tHNo. RS-2021-KP002658).
o] ATHe AR S HEAN)Y A UO T AT 2| 2L Wop S8 A7) (RS-2025-24523155).
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P/S—wave Separation from Downward—Continued Elastic Wavefields

Using Helmholtz Decomposition
Heeju Hong”, Seunghun Choi? and Yongchae Cho®*

Shd} g Aol 4] Putol Sue] Rulgt el 2|5} 20) B4 uhol 9 A R o 8]
Aol FA o]t} &2 & Lo A= 315F A<(Downward continuation)¥ BT} upEAke] AEF
position) £ 2| g 3], | FEulo] A0 B} 7] 20 e Puiol Sul ARS HalAoR Helsh A4 W ES Aot
3ttt o] & 93l CFS-PML(Complex Frequency-Shified Perfectly Matched Layer) 73 A 272 %851 22} S-3tx}& 7| =
Ehg W e g Salsto] FuT el Hlo]H S AS TR0, 4714 71 BH A& WSl 712G AN IgoR 5
o QA1 o el SHEARS Belahsin,
s91%) w5 Ao o3} ¥} ] Ghikel MHAKDivergence) 2} 5 (Curly S 2 85to] Z17zte] pe} st 1S St

Ih, A|jHE 712 kg 1M o] AR G ollA e F A HEhe] Eelsi = 4
. -

[e)
3
TR A 2GS Al ofote] i vhE o =S SEsI e, oA E2]E A

B AT B8PS HEAIR Y 2| 2L ol 35K AR A AT AKIGAM) 7] EATARI(GP2025-021)9] AFHo. =
FREAFUS 2 A= 71| X 2 F(MCEE) 2} 3h=ol | 2| 7] B 7FA(KETEP) & A& whof =83t &+t 1}
A Q1 EH(No. 20224000000120).
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Effects of Carbon Addition on the Leaching of
Sulfate—Roasted NCM Cathodes

Dongyeon Lim” and Kyoungkeun Yoo™

S Eol A QLG FAMA SEd AdE A Sl 3 BE
FAHHLS04) 2 BB A (H0,)F 083 H& o] F2 B85l Jlon %’r il ﬂ ﬂlxﬂ L M* W k= o) A 8ol gt
A7h2Es) Y= o lek. 53] wl el 2] A28 2ol A T WA= At (NaySOs) S Bt vl o A g
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2(EDE H7Iste] At HAE 38 £ E A 2lE HE 7

Hjj 2= 91> Muffle Furnaceo]| 4] =34 =] %107 Na,SO, G, vl 4~ 25, 5 &
7Ysto] ICP-OES 2 54 JEE-S 245HAL vl 42 % A& A= XRDE &
T AT} NapSO.2t 5312 s Aol 7K 2704 2l M Eol 7P w7 Hebdth 53] NaxS04 63,
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WE, P AEHA fok 2lEe] A9 gl }—B‘P—"—ﬂolo}‘ﬁu} XRD #4]
FHE9l LiNaSO, 2 Li;CO; e 2 4 3te] ounq A2 1l 4 Z YA 2 2Hg5}o] o] Al
gtk 2y 5AS Igold FYE A E %%%Ol 28] gashe S EATE o= =7 AT NayS 040k
259 A& Waletil §3 w7t W LiC0:9 A HI&S Z7HAIF 7] o Aot ke 1E & S
Ca(OH), o2 Y&t At 5 FAFo| S71ed45 2 F W&E0l S7Iske 4F< At of
g E o] RS0l ol Al Al R LixCOs7}H Ca(OH), 9 HH-8to] F7H4 0.2 8 i
25 HEE Aste] 99 T shue ey S WAYS 8-S HsiAle F7HY 24 o] sttt
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_IIOlt = m[

Al At
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Selective Recovery of Platinum Group Metals from Spent Catalysts

Using Methanesulfonic Acid
Seunghyun K|m Trinh Bich Haz) Junkun Songs) Yunho Ku® and Jaeryeong Lee™*

w| Zull(spent catalysts) = ¥ == =<5(Platinum Group Metals, PGM; Pt, Pd, Rh 5) §-3-3F t 3£ 2] Q1 22} A} 0. &2 =}
2 37 B9} 9134 71 Aol vfeh £ 19 515 7)142) FRA4J0] A48 0.2 27)ekx Stk Sl A5 A 7]k
A3t ZufjoF 22 | Floll = w2 AA A 7 E A eSS g50] Z3HE 0] glof o] & e Aol 1L
7] o3t HAA Y BA Ay Baks) A E Qlek B ool A v w A 3 282 o|n obA A o)
(methanesulfonic acid, MSA)2 X &A| 2 AFE-8lo] |2l 2 HE] 3E F459 AHZ 347154 S %7}0} _L_X]' O].oﬂr,].

AHOAIE MSA S, A5j0l8 S5 WAL B2} uEE 2de] 13 A%l Ak AR AAHoR 2Ae)
At} o] 2 93] MSA 5L 1-5 M H 9 & A A a9 o, o5o] e LE-S 93] NaClL A 7lele] 2 =2 0.52.5M 42
oA 243Gt P3lo| Lo T E TL0| LA S GF Zo| > FH 2 8l Y ZA B ER S EElo] H & BSS =15}
L oJ&kS ahe). ok w2 E 24 0] A2 22 517] 93] AFSHA| 2 Hy0,2) NaClOs S AFE-3191 01, AFSHA 2= 0-5%
B glolA B A 1 Gee vl asloleh BE Y& A 190u] 19%(1 /100 mL) 24 S E g on], 7} g 24
o A A& Lol B Aslo] W= 240] 2282 Hylslgict

== o O O
A AL, MSA 559} Goto] & v, 123 A 5wk MEE F450] B FAT GFL X A0 B
QIE|9IT}. 53] MSA -5 3 M, NaCl 52 1.5 M, ABHA] 352 5% 71004 ©F97%¢] i H2-8-2 Shelstgick. olefat 2
vhe 445 gotol & But ARS8 £A4o] W] 9] W o Hol & A a3t AT Pk A2 onlgich,
G AP A MSA Y 15 2 S W3S 3R R0 ST Sl R 5
A 7162 BEE 5 Yor], B WFE F5) Aud Lo w A AT AAE T AL 972 AR B

2 AR 7|dEH.

Al A}

B ATl AR EA A B(MOTIE) 9} §H0) Y ] 7|14 8 7FI(KETEP) 2] ] 98- who} 4331 915 74| ¢ 1 thNo. 20
229A10100070).
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Leaching of Iridium from Alkali—fused Iridium Scrap Using
Methanesulfonic Acid

Hyein Kim"” and Jumno Ahn™

o] 2] & (Iridium, Ir)> W55 Y4 F P2 903k WA, WEA o §4d0] glo] e Aol A 2 o]-8-E| 3L Qi
53] o]g]&-2 PEM =218 A2 o) 4] Sl A &2, el 54 A Sl of 3 =8 F717) ol Th Ty o] 2l E
A A\ A| ofrg o] w9 AgHA o], AFS] oF 91%7} ol el 7ty sl HEE o] Qlo] 35 gjA =7t EA Rt whet
A, H A Q1 AH gHELE 9l 22} AL 0 R ELE o] 2 F-E 3|45k S 719 Aol BaA o)t gk, o] el E& 2
ok WS Qo) SA4 R FA) AL QubA 0.2 7ak 571 4bo] AHE B, o) 2 1s) Au] 54 W gl vk Ay 5
of A7} 9lct.

2 Aol A= 7714k HlEHE £ H(Methanesulfonic acid, MSA)S thA| M &A= ARS8t f7ha<s JEAE 2
T2 AGE £35F9n) Iro] ZE E #) X] 4214 Al - =H(Dimensionally Stable Anode, DSA) A~ 232 Na,0,= &2
A2 AHg-sto] Ir dhe] 88 skt &Ze] 865 Ir scrap thAF O 2 MSA F%(1-10 M), 284 F (1
M), A% 12 (25-00°C), pulp density(5-15%)% W42 A 4st0] BEATS ajelich 449 158 dole 2 v
2 =9 1 d(Shrinking Core Model, SCM)2- Z-&-5}0] &78] -85 Ir scrapd] Ir I & HH-3- £ =28 B A5

4

do -

o w

==
A5 Aab MSA %71 1 MojA 10 MZ Z718o| whet Ir JEE9] 45%9) 4] 99% = Z715191 2™, 10 M MSA, 80°C,
pulp density 5% 2104 0|2l JEE-Z 99%°l =L st3ith. 2HH, 31& g ol A HAatatax o] FoFe mlv|shA| vet
won o] = w2 2w oA T4tk ol E o] ARSIA| 2 4 9] Akt Ay wiZolth HE S = E B4 A1, S
I Z TiO, A sl =50l A=, o] 5§ 24k A vl v # U F(Diffusion through the product layer)& T2
= Ao® Yt M %71 25°Co 4] 90°C o2 F71ete] whet Ire] HEE0] 7%0lA 97%E F7Fekelon, 243}
of| 4 X](Ea)+= 106 kl/mol it} wehA], & Ir 2 & HF-8-2 3}8HH-8-8-4(Chemical reaction controlled mechanism) ¢S 291

shirt.

—_
Q
—~
—_
O
-

@ = 25°C—e— 50°C——60°C+—70°C—+80°C <« 90° 035 25°C ® 50°C A 60°C v 70°C ~ 80°C 4 90°C

S 10 _ “ -

Z , S " R=o09m .R¥=0.7988

S 80+ - —_ ! -

= S 0254 / -7

5 T <« Pie

.E 6 : 0.20 ,’ - g

L= . / e R? = 0.969(

15 = 015 - -

o0 Q g9 .- T

=] V0107, - _--"77 R*=0.9998

) ) B =099

-S — 005! -1 -]

& v L a--""" _R2=0.994

L f o.oo-r-;.-;:..=&==::::::::__2_____
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Fig. (a) Effect of temperature on Ir leaching efficiency, (b) plot of 1-2/3a-(1- a)*” versus time at various temperature ((MSA
=10 M, pulp density 5%, 24h, stirring speed 250 rpm]

Al At

o] QT 2024 = AR BAAL U 2 24 71457157 AKEIT) 171 2] 20] 03k €157 4) (RS-2024-00435506).
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Co—extraction of Ni, Co, and Mn from Synthetic-Methanesulfonate
Leachate of NCM Black mass Using D2EHPA

Hyunsu Jung” and Junmo Ahn?*

Wk ZAHMSA)E AR, e F A, e 5719 50 BAE Uehe 218 %7bEick. etA, o)
2lEol 2l E 2] 282 1% tiA A=A = 2-8-0] 7Fs st e 2] 282 A2t A& HE 4 o] %, Ni, Co,
Mn, Li, Cu, AL 5] 250, 0] 3458 Tl 402 elel] s 89032 370l Basich Lot ol
574 Al Ni, Co, MnZ 7 2| 0. 2 3]3h= 42 Bl 2] sttt uhehA, o] & Teslslr] ffal, & Aol M= 28
7 Al A& MSA & BLAFY U] Ni, Co, Mne D2EHPA 24| 2 3535 7Hs/d& AESIIH-

bis-(2-ethylhexyl) phosphoric acid(D2EHPA), Bis(2,4,4-trimethylpentyl) phosphinic acid(Cyanex 272), 2-ethylhexyl
phosphonic acid mono-2-ethylhexyl ester(PC88A), Versatic acid 102 =& 4| 2 3} Ni, Co 3-F=A| A4 A€ Xsys}
Utk A9 23, D2EHPA 247} B 24| thv] Ni, Co®| 5% pHso ZHo]7} oF 0.48=2 2} A 545:9] Al e 4] Ee]Hh
3=l Agsh, A2 o2 Y2 pHoj A F&0] 715} 1i%°l el AT ™. 1a). ©] % Ni, Co, Mn, Li &3
MSA AL 4} 1.0 M D2EHPAE o] -85} pH 5.0 27 oA 52 A 23}, Ni 95%, Co 97%, Mn 99%, Li 38%2] 5=
82 DA, ).

7170l &= Lig AAs] 913), 0.1-0.2 M MSAE o] 83t 32 Al A3 A3}, Li A &2 83% %21 Ni 73%,
Co 48%6e] 41 AHo] MAISHel 7k o] WAISHSIL. ole] wieh ol mabl 4830 A4 4 Aok L
98%] 42 M4 B-E HE 0], Mn 2% A BT AP ) 71402 2554 42 Nisk Co2] 4 WF&2 7}
7} 24%, 11%§ YEPGtHIE. 1c). =, 0.1-0.2 M MSA A4 24 )4l 0]-& w3t AN 2835t 49 =0 i JAET}
37 Ni 59%, Co 30%2] iﬂ%lﬂgxl S s AT 2 A MSA 545 -89 tiANi, Co, Mn 355 7|1He]

d

3 AEAE

T4 T8 b AS Helshom, £ NCM ATA] A% FHOR B /HsAS AT
a 06 MD2EHPA b pH50 C
—~ 100 —m—Ni-MSA ~1001 & & 4 A 1004 . |
- Li 243 mg/L 89%
S —e—Co-MSA X 73: 2 in organic > 98%
= = . = phase
S 80 4 9 80 - Ni 95% ) 804 68% Li 78 mg/L Li 13 mg/L
S S Co 97% S ° in organic in organic
9 = Mn 99% = phase phase
u% 60 ﬂ‘:_) 60 Li 38% Q 60 —=—Mn
c ° /V/v % e—L
§ w0 . - ] o
= = _ 3 (0.25 M MSA, Ni4 g/L, o 4 g/L)
© o1 . o . e 5
£ 20 |ApHso (Ni - Co)| _,; 20 —0—'\0/'0 2 204 2,3 stages )
X 0.48 A +Lin g (0.25 M MSA, Ni 1 g/L, Ch 1 g/L)
0 0 0 o —

30 35 40 45 50 06M 08M 10M 12M 14M 1stage 2 stage 3stage
equilibrium pH molar of D2EHPA (PH50)  (PHSO) (P 49)

1% 1. (a) D2EHPAS ©]-83} Ni, Co2] pH isotherm, (b) D2EHPA =% o] W2 Ni, Co, Mn, Li &% A%, (¢) 474
(D2EHPA)o]| S=&% Mn, Li®] A A5

Al At

QT 20260 AR (/14 HEAR)Y A0 R AFAE STAFTATEY A
2025-25444020).

(o
o
=
(]
f

W] U THRS-
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K=Y, BEz™

Optimization of Carbon Content for the Direct Recycling of Spent LFP

Junsang Yoo" and Kyungjung Kwon™

A AAH S 2 2 0 A s dsty] 1ot A712F A2 437 w2t 2]+ o] 88 2] (Li-ion battery, LIB)2| <=8
7h2As] S7FskaL glom, BA T kg /d ol Ho 2l E AP (LiFePO,, LFP) F=A 9] A8 ERE whE 7)) =)= 1
SAEF. ool whet - = W #| LFP vijej 2] o] WA Fo] §43] S71e A o= ofdrt. 7|2 4eA =4 Li, Ni,
Coot -2 f7ha4& 7] sl et Ald 54 0] 28531 9LoLt, LFP2] -9 Li A| 213t Feol PO} A 4] 73]
7P ot w4 Blas 7N A 2S£ 2 Aol AltA ook mhebA] Al o] A 2 S AR A AE-Eehs A A
-&-(direct recycling) 37 o] EIHA Q) tho 2 =R 9l

LFP2] 7 - olivine -+ 25 7}A| 1 W2 o] & 9 7] A4S 7FA] 7] wjZ0]| carbon coating®] B2 0 & @ LT} 71
L WA Q1 S 133d g ol A carbon coating S A © & EAE U] St A T S-S FASH AL A A8
Aol A = ol ZFo] carbono] E-E R 288 4= glrk whH AR Z4of carbon AA] 2] I of A el £-917] B4 U
ARG S FAoll 71918 4= glof 11 o Tol] izt W2kt 2] 4] o] Wastrh £ oAz 57} carbon source S 0-20
wi%e H9Jofl A TElshs A0 R HA1E3l 9l ot A carbon ghigel] tis A= dtute Aoleh AakE Kol 9l

= Aol A= 2 A8 2 ol A %ko] carbon coating B carbon & <=0] K 7] ekt 4ol n| A= Y-S HHFA
© 2 A3l o] & 13l carbon coating 5-0] EA 1= Al E2} coating 5 B 7]} carbon <& A7 Al 2E ML
ko] A3 sttt 1 AT, 24 &1 700 °C B 7} carbon 3 10 wi%e 2710014 1594 mAh g ™' 9] & 7] 8%
S e 1o m, 20 Corateo] A == 97.8 mAh g ™' 0] 9423 &4 £4J-& B1I5HgIch 3T carbon Tt &4 54 7he] 4
YHAE AFH R ZAT 2N AHAHLE-E T oAA 875 = 24 carbon & A|ASHAT.

Al At

2 AT TS| S B EAR U BB A7) H 7109 hSHCTATAIE A o] A7 AL 400 ] 9L S(IITP-2026-
RS-2024-00437494).
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Influence of Residual Impurities (Al, C, and F) on Cathode Active
Materials in Direct Recycling of Lithium—lon Batteries

Suyean An’, Jihyeon Bae” and Kyungjung Kwon"*

2ol ZHlEl 2] A7) w AT S ofl whet wul e 2] A o] A LA 0= FUhstaL 9lo, ofof uhel A8, Atk
&g 7|40 FHr =23 1A 2 551 9ok F - A &-8(direct recycling) 2 7|2 541 W A A Al 4 =] o
U A] aoH], A OF ARSIl BhA Bl S-S A AR 4= Qe 302 FEWA Qloh U A 3 A= EREY &
A7 AAZF oA F 7] diimoll A Z=4 o) A718keHA e Ashzh a4 Sl
2 Aol A= A-AEE A 2T = Q= TR EE e AL FE A=
A= AR B 2(C)7F A A E= LiNi0.65C016Mn1902(NCM)o|| 1] 2] = Zk7ko] ol
A=
=

o
FYENCM T T2 72 W 4718508 B4l 0] : G Bk 2 Bo B A2AI WA, vhele, =
)9 g eloto] Sa151) 1o 5151 5 o 0N 2 et A ool B3 850 04 4
2 SFENCM = ZE22 A 23519 tF: NCM65-Al, NCM65-F, NCM65-C. H A A - 2128 T4 oA o & &
VeRe
o

ol 2 TE é_l% EA}E‘S} | 913} W= Al2E 2 M NaOH 8- o]l 4 3027} 5121 25} 3}, NCM65-Al A| 2.9
NaOH #] 2] 3} ol A Al A& B3} o7 7 sto] A A7 g ol A d2d 4= 3= Al 22 BASHIH.
0]= carbon black 2 PVDF/NMPE- 717t Q13131 500 °C A 2] & 43 5to] =2 9 vpelt] @ 2 A4S BABIG S
W, o5 2l HEat A& F ol A e d & Alzstolnt. A7 ekeh] 7} Ak NCM65-ALI}NCM65—C A #+= oF
ko] A5 A e HERdH Rhd, vielE| o A f-allE NCM65F A= 27] 83, Afo| 2 1 B &< SAlA 7178 2 4
T AsHE Btk o= @A) 2ol A PVDF viele| 7} el = A 43 LiF7} A} st o] =77 g =)o, w2 A
XWEEE Zhe AR S0 R 2-g-ato] meh Ak AE L Lit shike Aeiiy] vhEo 2 sk

A+ A= 2RSS NAM AL Bew F UM fEl F AR A of = 22 o Aristes s
7}%% QS U] A 4= 9lSS Kol wpebd 1A% AKX T BEA 2 9le AL A - YE-E FA A Al F
At = A Al A Bk urelE A7 9} olofl FR F Emo] Aol T 83e AlARIG

o2

Al At

QL S| SHHEAIR W R FA 7] 2B 7109 FSHCTTAIE AL 9] 48T 43 5 9L-&(IITP-2026-
RS-2024-00437494).

*Corresponding Author: kikwon@sejong.ac.kr
1) AlEdistal oy A2 -5-shat

62



2026 The 126" Spring Conference of the Korean Society of Mineral and Energy Resources Engineers

ol =3 A =13 = =
olZ =¢! 1-*._*-?- "".‘_"E
stolal), zaa) 298], MM WM HBE

Artificial Mixed Hydroxide Precipitate as a Versatile Intermediate for
Li—ion Battery Recycling

Yerim Han”, Hyeoncheol Joo”, Yuri Kim", Jungwook Choi”, Byungseon Kim” and Kyungjung Kwon™

A2 A7) 4373t 3| 2 o]-=24)  2)(Li-ion Battery, LIB) 2] Ag-5Fo| 57151 HA] | LIBY] A28 7] ol it
2410] 50} 3 9l 53] 4] FAo) A BolH %45 0 8519] LilNi,Co,Mn,]0; (NCM)2 AEHg 5=
&L QLo MES=oll= Al Cu, Fe 5 thefg E-=o] A skl A dE =24 450l dF= =+

= A&, pHE 2451 ol =345 A E(Mixed Hydroxide Precipitate, MHP)& A 23}1L o] & A3
sfo oF T2 AT o) TSI T MHP B A7 2| 0L 9.9 vl iLo}ol B4 44 mae} 27|55

=
4% 7k

7] LIB 3150l 4 M NaOH 942 17}5}0] pH 6-9 271014 uhg-A17 €13 MHPS A 23k 0.0), 448 F 322
0:]3'—]' 7 ]z 0]'031 MHP /\] E(MHP6 MHP9)‘§‘ %4 2;\_] . O]-?—, Ll[Nlo 5C0() 2M11() 2]02 ZH?;.]'/\é g -?—]'5]1 Nl CO Ml’lo] 9]‘@3] ;;{j]

¥ MHPOZ 4185}o] 2 M H;S0,9} 5 vol% 0,2 o] 83 41328 435 ich. MHP &4 9 )72 3ol A Fei oF
50% O14-] A A &< B 0.0 o]tz MHP 4 714 o] Feo] hematite 725 24 jo] 24 Aujdh x| s}z ols) &
SN 7k gk 7] w02 TekElc, o] efgh A Lk 918) MHP 4|54 T4 NCMOL ) LIB H24-2 24 o
B5to] QAT Al R AE H718keHA A2 Lrebilh ol F 7P ATHE o] 89 AW &4 b 0 AAlslo]
Al Fe, Cu 59 548 2 0.1 mol‘V A EE oo, A HErE AT NCMIP= -8 Ao o=
AT NCMT} AR 271 318H %S Lehdl S SRIges,

o) LIB 3249 pHE 285 @LA;@MHP% A &5te] 9 NCM o) LIB 224256 245 NCM} ] 123
S, B2 AA|Y) B QLS SHIsterh Eok MHP 1542 AAISI] 9 A4 AE42 5 T4 NCMS
AFg AloF0 2R E| g3 NCMT} ARt 271818 4% Lehlich. wheb A MHPL: #) LIB AJ2H6-2 913 fbajel 3
AR AHE 4 9 A0 Bk,

—

B AT Y| S HEAR L FHE A7) 215709 SHCTATAE AL ) A7 2Tk 400 ] 9 (1ITP-2026-
RS-2024-00437494).
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Zainab Sheikh”, ZIX|&2*

Determinants of Hydrogen Electrolysis Project Progression to

Final Investment Decision and Operation
Zainab Sheikh! and Jihyo Kim?*

Green hydrogen is widely seen as an important option for industrial decarbonization, yet very few announced projects
move beyond the planning stage. According to the IEA, only around 4% of announced low-emission hydrogen projects have
reached final investment decision (FID) or construction, while existing research has paid more attention to future demand,
policy roadmaps, technology pathways, and infrastructure needs than to the empirical drivers of project-level advancement.
This study examines dedicated renewable-based hydrogen electrolysis projects and asks which project and country
characteristics increase the probability of reaching FID or operation. Using the IEA Hydrogen Production Projects Database,
released in September 2025, I construct a global sample of 1,371 dedicated-renewable projects across 106 countries, drawn
from a broader universe of 2,618 hydrogen production projects, and combine it with country-level indicators of governance,
water stress, FDI restrictiveness, hydrogen policy intensity, renewable energy availability, and hydrogen-related infra-
structure. Project success is defined as a binary outcome equal to one if a project has reached FID or operation and zero if it
is in concept, feasibility study, or demo stages, and the baseline analysis estimates a logit model using approximately 1,195
observations. The results show that technology is a strong predictor of project advancement: compared with the reference
category, alkaline electrolysis projects have about 9.5 times the odds of reaching FID or operation, while PEM projects have
about 5.4 times the odds. Renewable energy availability is also positively associated with success, whereas larger project
scale is negatively associated with observed advancement in the baseline model, likely reflecting maturity effects because
many very large projects remain at early stages. Overall, the findings suggest that both technology maturity and country-level
energy readiness matter for whether announced green hydrogen projects move toward implementation, contributing early
global project-level evidence on the determinants of hydrogen project progression.
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Development and Application of a Tool for Life Cycle Carbon

Footprint Assessment of Mine Reclamation Projects
Mina Sim”, Inho Kwak”*, Daehyung Wie” and Soolo Kim?

| F9717H Bk A RATRA 4L 0 27 TR QLA T gLom], 2 ARe] Ao A Tha e Al
AL 15 ThaFe oS Hekg 27151 Sl ol efat 715:917]o] i S317] $Iske] 1 AA A 0.2 SATEA E S Slat e
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Analysis of the Effects of Time—of—Use Period Redefinition on

Commercial and Industrial Electricity Demand in Jeju
Kyubin Oh” and Jihyo Kim?*

Sefubetol Az 19904 o] F thifm A2 Anl ko] 40 1) S 1) Aol FAT A 2 HSAITY THE 445
+ AAE 25A(Time-of-Use, TOU)E Al 33531t 12|y AlF=of A= e g g Srfjof] whef A= o] % A9 A7ty
o =557 S EHHA, 20219 9 1Y Al 5= 2] Ao ghsff AAE QA o] F-SPAITFH (2] - 577 587k 7| = ek
AL AR QA AL Akl ek 9 A1el8 A e 4|12 2020 99 RE] 20224 8L 7HA] 9] 1A]7F e A Y
vl oG5 S e Stel, T AR} B R RS B A7) WA A5 A4 dEo] .o A of
w7 Sebglex 345k A7 Ak, Rtk A ol F Mgk tol Al o 2 /15t 8~164] o= M4 a7}
2715 b, Aeleka Fo] AT H o R QAR 162240 A4 2717} Al 202 tehyitt. o)l d Eke
%1% 2 0 .olo] we} 2ol E W on], Helhu|aal He £u|u|FE o] §7 A0 A BE AV 02 dvkE Aur) 3t
olE| it} o] HalA|7 ) fHo] AL a B AtH oz AHe|2 Ao

o, Ao RS B AR AN aFA QAT S GO BRE AT f AT PHoR 715 4 0SS A
Afgiet.
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From Courtrooms to Capital Markets: The Financial Impact of the
ICJ Advisory Opinion on Climate Change

Juan Diego Amaya—Gomez” and Ji—hyo Kim?*

Do non-binding international legal pronouncements influence financial markets? This paper investigates whether the
International Court of Justice’s (ICJ) Advisory Opinion on climate change affects investor expectations about future climate
policy and the valuation of carbon-intensive assets. Although advisory opinions lack binding force, they carry significant
interpretative authority and may strengthen domestic climate litigation by clarifying states’ obligations under international
law, including duties related to emissions reductions, due diligence, and human rights protection. As such, the ICJ Opinion
may signal a higher probability of more stringent climate policies, increasing stranded asset risk for fossil fuel firms while
improving the expected profitability of renewable energy companies.

To test this proposition, we implement an event study examining abnormal returns and changes in systematic risk for
low-carbon and carbon-intensive equity indices across the European Union, the United States, and global markets. The
empirical design exploits eighteen major announcements related to the ICJ Advisory Opinion between 2019 and 2025 as
exogenous information shocks that update investor beliefs about the credibility and future enforcement of climate policy
commitments.

We expect these announcements to generate positive abnormal returns for renewable energy firms and negative returns for
fossil fuel companies, particularly coal-intensive and reserve-heavy firms exposed to stranded asset risk. By analyzing market
responses to these legal signals, this study contributes to the emerging literature on climate finance and international law by
evaluating whether non-binding international adjudication can shape investor expectations and influence capital allocation in
the global energy transition.
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Valuation under Market and Policy Uncertainty: A Real Options

Analysis of Biochar Project Investment in the Voluntary Carbon Market
Shinaje Kang” and Jihyo Kim?*
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Al Research Themes in Geoscience and Mineral Resources Research
Institutions and Industrial Organizations using Probabilistic Topic
Modeling and Contextual Language Modeling

1)%

Eun—Young Ahn
A8 Q3| E-E2 FA4| B4 23 ¢l Latent Dirichlet Allocation (LDA) 5=
R1o{m ol BERT 25 0.2 7] 9= 1 7] #1412 soich v =4 4 %
AF2=(USGS) 2] 2025, 2026 of] A A A @ Ak 1 2F R of| A A AR} Hof o132 5 AM 7| Y =S =&3}o] Web
of Science = A& 28,3677 = skich. thetat 5 347 7|1, SHA7] 2 HlES AAF o H, A AR}
HEOF AR FF A7 2 S A AR A(CGS) 31571, 1] =3 2] A 2 Ak (USGS) 19871, KIGAM 17371 & & Uefyie.
STFFAG7IY(CNPC)2 % 34874 0 & BERT L& 0 & £ 9 tho] = A7} learning seismic, geological modeling 5
o|m =AY 4] A= reservoir parameter = 31| 2] ¢F-2 5= €} enn fault 7] 9] =] gt 7l A4 2 LrERd BEH, LDA 4]
A Aibs AR7ks, Y7k 3 HE 5 90 FAIR UEsTh 1637 A A Q S54 53187 Y (SINOPEC)
BERT Z 1} 7] 9 & reservoir seismic. 2. 2 H]| 23 47] 47} £ & 59 O U LDA 4] B4 Al A 7tA, ek 487}
2 3 of 2] A = etk CGS 9 79 FEALY, A X, AR 7] 91 =7} =& 5| 9 0™ BERT 4= ARALEY, R 5l
EoFolm LDA A= FEAH, A7k, 7EAsto| 28 o] E, ARAe, X840l th. USGS Q| BERT 4= A| %, B}4to]
™ LDA 7] 4] A3b= 2 I of 8 A 9F A2 F2247F =& = ik KIGAM 9] 7] 9] == 4bALe 2 BERT2} LDA
A B4 At w5 AR A9 el R R =1L S A8, hAsto| EYo] E A7 =& E Yok S o
2421 CSIROQ] BERT 7| 9] £} = 23 O] 24| = A sl @} FEA ol ot JA] FFAF4¢ EE=2 BERT 4=
AHAFERR, A1, SR, 3 B BOF 5ol ™ LDA A= Ak T of 2] 24 9F AbAbe o] ot BERT K& 9] 2] %] ¥ 5
Aol A building damage7} A HA| 7| Y =2 Y42 EA o] Qith TgtA F3HH L1429l CNRSO A= 2001-2003 aquatic
ecosystem, 2019-2024d 2|2 7] Eo| ™ LDA FA|= AMAME], 21 T of 8] A2, 41 B seaice’} 7FE F 8
3t ho] 2 L& EAl o] Qlt}. BERT Z 1= sea ice FA| 9] A& 2l 7] =2 sea surface, sar image, ice thickness”7| LS.

AR, 284, ARAFE T A 7 LT CNRS Q) ARAME 24| 7] 9] = = landslide susceptibility, building damage,
damage detection, flash flood = A 8}A| U= Al o] 57 o|tt. i -4 7= BERTL} LDA S| Bl 22 £ of| whe} =4
27} golsH mEEE H ol itk BERT 28 Auk= At %3k (building damage 5)} Zro] et 7|HEO. 2 AFARH 2
MR o} 1T 2] Al 71 9= S A akolrh. B L ATRE 2| A9 ok Q1 F A5 AT FAe TR F|4S 919
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Dynamic Impacts of Rare Earth Element Supply Chain Disruptions by
China on Ciritical Industries

"™ Hayeon Yang® and Sungwoong Han®

Mingi Jung
X 0] ] & E(Rare Earth Elements, REEs) ] ZH1 B3FA 4 o] 2] =0 d14] AFJ(A 7] 2}, BEE )|, 4-6-8}8h) 9]
o] 2 A Atel WA= FEl A F 3 Al 27 tho] i) 2 (System Dynamics, SD)E &-8-5F0] 24811t} 3] Ef= T
At 7] Abg o] 4= dxpfolut, A2 Al A o] 2| 2] A HF 0 & Qo) XY sH o A0 A4 =&
et 71 A5 7NE YAA 9 714 HE Aol =56l o 7 At A I ER AR 9 LA zfol e}
A’dZHGDP)of| 2 v AP A =8 F7F (X AH & UAFS Al )yS mddlof whgsto] A7) 8 3y o] ubF 5315 4
shatoith= HolA 2pE S Zh=tt
2 Y F2) AU 25 AA st
= o2 = B EW xS FLE5Gnh 58] A7|AFAF
A HdoM = BlE, WA 5 22 AA] 94 F=e] 7H4 WEe A2 AFQlste] &9k A A ef(Multi-resource
constraint)’ 48} s}of| 4] 9] Ab¢] H oS HIAESHGI T
2 A= @714 %1 A L 8] S(Strategic Stockpiling) £]ol| &= 7] thA| & 913 R&D FAF A A 243} 9 F5%] thHst
7t 35 w24 (Resilience) 2 of] m] 2] = 9 A| A|ZK(Critical Time)& AF&3}o], 452} 71 O] A A4 A} ¢FE A
2 gl AFA Q1 AR AL S Al-g-ghr.

Al A}

= A7 A AT (MOTIE)2} 2h=toll U 2] 7] &8 7HA(KETEP) 2] A| 5 whof =3¢t
RS-2025-04442986).
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A THNo.

References

Keilhacker, M. L., & Minner, S. (2017). Supply chain risk management for critical commodities: A system dynamics model

for the case of the rare earth elements. Resources, Conservation and Recycling, 125, 349-362.

*Corresponding Author: mg322@snu.ac.kr

1) ShA8AMd B E ESGIARAE 44

2) AEsta A AA|ARF S A AL

3) Aedista 54 7eH I AAGAHDT AA

73






ILAE
POSTER







2026 The 126" Spring Conference of the Korean Society of Mineral and Energy Resources Engineers
|

GPRE OI23t M2 HISHH AEfTyoAS| XI5 MN B9 Hg

22, M, maE

=

ot

Application of a Conditional Generative Model to Bridge Deck

Condition Assessment Using GPR
Byunghoon Choi'?, Hwi—young Chae® and Sukjoon Pyun™

WFF T2 AEelT, i B dokE AT 5 TR fele ol AlS A 22 g Eo| A0 ke Y EHER,
o|aL A1 FA = A H 77T 585k X F 2 o] 5 (Ground Penetrating Radar, GPR)+= B]2}3] 2] 0 2 w &k v}
HE d&H 0T 95T 5 Qo] §A\The] RoolA] 2] SHEE 1 o), et AR Aol e
3407b0] 421z o} ho] uteh A b 4 Qe 2L ek, Aol o] e BAIE o)
J(Deep Leanring) 7] A5 314 7] o] Fura) A7) 1 9oL}, chopst A4 2710 T2 GPR 415
& 20| RhgstaL s 4 Aute] A= dE& dA B7Iske Hlolle o Ad3] of#&ol Atk
o] Aol A= GPRE ©]-6-3t alwf Biet A el g 7ol 2205 A/ WS 8ok et ARS-oF A/ B2 Diffusion &
D&, 2hmo] AR F7hE S N A7 s 7h o] ARE Rshe o] AL oltk(Ho et al,
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Physics—Aware Deep Learning—Based Interpolation of
Micro—CT Core Slices

Seung Won Baek", Hyeonsu Jeong?, Juan Lee® and Yongchae Cho®*

A3 Fo] T2 2|9 nl A 2 W 2 A)-S 1ok} al F=FE(Porosity), H] 3£ 4 (Specific surface area
nectivity) 5 #1735 24 APES sl o $lo] S 83 JTE oh= Akmolth AlF Aol 2 v|uty] 4 W Ql Xeray
CT, Micro-CT, Nano-CTE &-8-51¢] thHof| tf gt 20| o] 2 oAt} 1L} o] 35 CT 7|5 A 3=
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o] oL
o] 339 425 Q7] $I5fe] 9 2 7HA 0] HOJS AFER A|ZHA, 1] 4] Hgto] EAIFITH B AT A% o]
o] 33191 T %] & g4 (Digital Rock) 21525 Tl 4102 50 thl 71 27K Interpolation) & 2] 0.2 -8}510. 24 271 71

78 SISIRAE Tojo] 724 SATHBA JRE BESHs WS A,

o o)) AF&-E Hlo] Bl = 9 Z A AR Tl % Berea sandstoneS 53} Th4=9) /\}% AlF=
22 Ao 2 gic) dATE QYA 7HA o] o] HE uf 11 Alo] o] THH-E- o 013} H}A) © & x| U-Net 7]8Fe] A A 7]
(Generator)2} PatchGAN 7]919] ZHE 7] (Discriminator)E 7|2 A& 3= 2AF MAAZA Ao A7 (conditional
Generative Adversarial Network, cGAN) %25 =3t 244 ©d = B 712 g o] th& X =8F<5(Multi-axis supervised
learning) ¥} A}2 2 7H4] 1) 4| % A (Tri-axis consistency fine-tuning)S 2-8-5}o] do| g 27} 119} 321 3L F A9
st Ao B3 s 3HE B ol et 358(9) H Bl (SA) AE Hadehs B HE S
(Physics-aware loss)2 M7 HF9 314 th A4S 21}, Aot 71 -8 A4 X 7H(Linear interpolation), 3x} 2~Z&2}-2] X 7H(Cubic
spline interpolation) W 7|2 CNN 7|4F U o v] SL2% §-AF= X <(Structural Similarity Index Measure, SSIM) 5 3H2] %]
FojA AT LE By o, T H|THA 24 035 7FAA 7|1 AT ATA-E FFAAA FH T 2712 33}

o] of tfj gt Micro-CT &+ &}
o=z
%

A 71 md v} v wste] AR 59 A 5S SAEHHA R 2 AT Y Al |82 T A4 93-S EelskATt
QF glolg o thalj A= B2t 7 aTFe] dlo| g e} Z-2 A|7He] 7 5 (Calibration fine-tuning)S 53l 52 ¢H

o 72 3H 4= 9)8-8 5ol it & ¢t Digital Rock 7|8 24 3] A3} CT & A7t h&2-& Ao 9AS 4= 9l =
Alg210] H7F 2| TE A|A|5hn, FF X-ray CT, Micro-CT, Nano-CT &7 of| A} A|7F-3JAM e A Z(Time-resolution
trade-off)& % 2]3lsh= o] Z-82 4= o2 AARITH

Al At

B3 0elr| &Y HEAIR ] 2] L ol $H x| WA} AL A(KIGAM) 7] =T AF] (GP2025-021)9] Ugko =
AU & A= 71T u A OT(MCEE)Q’]' gh=of| U 217158 7HI(KETEP) 9] 2] l5 whof =3 ek i+ 3}
191U thNo. 20224000000120).
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Development of 3—D seismic data transformation method from
2—D seismic data based on an artificial neural network

Juan Lee”, Seunghoon Han?, Soohwan Park® and Yongchae Cho®*
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Long—term Monitoring of Arsenic and Heavy Metal—-Contaminated Soil

Remediation Sites: Evaluation of Stabilization Efficiency and Soil Quality

Young Dong Noh”, Jeong Wook Kim", Soon Won Jeon", Seung Ho Park”, Hyeong Min Park”,
Jeong Won Chae”, Sang Min Lee” and Myung Chae Jung”*

r [*]
~
10
N
Y
it
oﬁ
032

= AhE A ohE S a7t Ao AT, Akl stel Ak A 5 Q1914 B
@ o] =2 o & shibem QIA| o A A ol FAH A f1siE m] A | 2

ZALRF A S AAISEAL, 2008 FE 242 Q) BoAMY & %15

A& L 5 PSS FE3t Fo] o] Fol oL, B o] 5o A7 A QHA ket B4k 7] 35 o e oAl 5
25| HSHA Stk whEbA] & Ao A s BeANg o] R E A S o= B7] RUE P& st &
T EoF A WIS A o 2 Hrkskala) skl

HUEE A= 2SS (EFE5 A0, L899 5 75, A8 M3 7 L EA o] F3(H- S 54 o=
gsto] A= 5 1470 A& AR B4 W HES I MY 3lol A ESS AFeta e, A 4], SBRC 2
SPLPE 35to] 2 =49 ]5*51 %A e 7S B ok BESF A 7S $18ll pH, EC( 71 =
), CEC(%Fo| 2 gh-g-aF % 28} th(Poggio et al., 2008).

EG A EA AT, EH A9 of| A pH, EC, CEC &2 7] 9 S frAIsH A Abe 147] 219 5 97 A1
oA 7]EX]of mldet A Oi gRlE o], 2= Kol BAZE i o o] Y5 Flot = Uehith (st a g
B7HE 913 SBRC A of| A= 17 A& A| 2 7H 137)] A9 o] 7| o] = Lkt o m, SPLP A f of| A= K& At A1
o] 7]2] o5t & gl e o] o] FF4=of o3t L HEA §F HS B2 0 & H7LE ltk(Juhasz et al., 2009). H9FEF
A Aatol A= BYAR Al o] M} vl wste] B L] 2o A FallF<: FETt AR 0 & 3FAst o, o] 4
N AG e BEdederE nie s HEE

TR, HUEY A3 tf 72 59 A Fol A= S FEoHA FAIH AL o, A Ao A= et |
& Aotet B A 3] & ] Fo] gl Eqleh. 3t oy Ate] sZRFE|A] oL 2| o of TRt A e ufoto] of 2] REsict. whet
A Foole RYEE RIS Sista, EA) o8 S4B B AAE 5T vt itk ol & F8l St
Ao anE A o r HEska ﬁ%@‘ﬂ’\?{%ﬂ et mpdof 7]ofd 4= & A= 7|t H ek

1%
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AO|ESHH Hi AES 0j8SH HHEAMY 54 B4

Analysis of fault damage zone characteristics using

Schmidt hammer rebound hardness
Jeongdu Noh™, Seung—Seong Kang?

SEUE 2GR dELAT R PR GEHE R | 71 Wge] AFE BEO R G50 n)1eixe]
MR 70| o B AT W o] vl T U 1ore)] o e) S B E 4 gl §-3o]TH(Choi etal., 2016).
S 29 FH, 29 UE 5 ol g3l ERE AW, HE} S wo] vet i) o8 S gk B AT S
thel Belolet BA4E ol §ote] HOkTE AT LR 9I5 7| 2T E pul Sl e s A EE o] §tent.
7% OF 30 me] Wk Hlo] e G5 ThE HS- 13 HS-29] 27] 4] 9 0 & JEslo] fpu| E sl S ehAstgic. 1 A3 me
3} AT 79 Fru] Efo uhi AE7} 2 E 90, TSl Al whtk A=k urehbx) 9gkh Wb HE L mok
SeAl) AR A 71 A SRR, B Al T7h0 2 AQIE o) F B8] dastolrh. BA] At g o] vt
WAE 2§01 AT o §te] B4 WIS HRE 4 9 208 BekE o Be AE 23 a1 A4 2
5 Aol vl BAE P astel
A AL

2 AT 20050 YR (IS0 A0 2 ATATA T 4 Y& wob 57T 7] 2 AT A 2 (No. 25411851).
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LFP HHEIZ[OIN SIS0 UE 2lF 2+ A+

HEE 2o xE=H*

Study on Lithium Recovery according to Leaching Agents in LFP battery

Hyojung Kwon" , Minhyeok Kim" and Jongmun Cha?*

e AT X137 oy R Aglo] 7k o whel A 7] A5 XK (Electric Vehicle, EV) & o] 2| & AF4)-X] (Energy
Storage System, ESS) v‘f‘_—okoﬂ A Bl ujg g9 a7 F71slal Qe £38] LFP(LiFePO,) v Bl 8l= 714 ZAAdE ) =
© QPG uhe o 2 A% H o] S E T 9low, o]o] uteh A F LEP we| 2] ) bk ok 2715k glck Ab-
5 LFP wjE|2loli= 28 §7h244 elEo] EghEo] Qo] &9 215 2l% 7|4 9] Wao] 7453 gk olo] &
Ao A= AHE 5 LFP HiE 2] &t o2 thfdt &A1& 28519 2l & 84 342 vlastit). 71& 244t 7k &
A AV w5 e A o] 241, 2l EE ofY 2t Fe, Al 58] 552 Ao &A1 7= Bl g A SAS
b5 27FA Q1 ZA 34 o] 8 tE . o] & e sto] fHHHS0y), oFAE L E((NH,):S05), SAHHCH 04 HEA
2 AL =, Oﬂx%j,] e &AL e er W pHl &2 HEE skl A2 5§88 8| wstgch A &
of| A= Li 87.65%2 S| 82 B O Fe(74.74%), Al(84.84%) 2] F-A| HZ0] ZA| YETE 1 o} 3FARI 52
Li 65.69%2] A& :q:%% UrE}L” 25k Fe(0.97%), Al(2.75%)2] 2 Z&o] uj$- o} 2] 5 e F &0 S2)3t EAL 59
o} SRS o] 83 FEol A= FH) Li97.52%9] & A& B85 UetWlon A din] B2 349 IS0l s
SHIsEATh & A Aibe 714 R E] 719 JEA7E 71E A I S A - e R
2 284 7hs/d S AABHTk

o

o
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lo |
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Fig. 1. Effect of different leaching agents (sulfuric acid, ammonium sulfite, and oxalic acid) on the leaching efficiency of Li,
Fe, and Al
Al At

2 A AUEEE ) £24191(16330)2) 2| flo.m S E et
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Mx|S'2 233l 2822 mMaeP uisoR) diS) @oiad mmzR*
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Evaluation of Stabilization Efficiency of Stabilizers Applied in

Non—Remediated Agricultural Experimental Plots

Ji Ho Seo™. Gyu Jin Kim", Jeong Wook Kim?, Soon Won Jeon?, Hyeong Min Park?,
Jay Hyun Park?, Youn Soo Oh® and Myung Chae Jung?*

0]
SHolME ol % ZAIE s 23t iote] EFNTE FUAA = Sl % E}Xﬂa 34%3}L X@Plgol Hlﬂ %El
o, Ab =3 I ol A 2-g-5h= R A & A A S 7] sl ERAIA A 22 B Y E o] =aE 1L )l
T2 AR = A ook AW A A @A o] ol e Etekal AA| A8 P eI SR AIA o=
g A ZaA SRl sig AAbe] dig A = e do] A7) =L Rl o]l & Aol M= BN 5
Abiol R E A 2 H3AT QI A E Ao 2 ARAIEFE AAISHAL QP oA A& uhE BEF 54 et 3 v

0] A% S4E ¥ L-F7sHct

AT YA L7 E JRRAARE /WO R 0 F BHL Tefste] AFsHE o], AN 754 ujgo = 43,
A& A BN AR S T BT PHEAS HE 8 A BT YR TE AA STk AF T BESI PYEE
o TR} 2B 0], AIRT 4] ol F =] AH), H/IHEE(EC), AU, Okomm;‘o:a(azcy e

e e 3}9&@. 5 QF A3} A8 H7HE $151e] SBRC(Solubility/Bioavailability Research Consortium) 7|

Su
HF A= o] 8 7hed 1} A55E(Wenzel etal, 2001) 242 =38 o1, A&7 2415 Folf (P SHA| 2]-8-0f wh
Tus 5 545 s

EG A 97 243 pHe BE ATl T4 HAE A2 M, EC 9 CEC E3H A3+ 72 2Fo] & Kol A] gFof
A 280l w2 =oF2 =2 ook V)5 A ohe 2Rl E A kT SBRC 24 A} B &0 AEsha] M2 Ad
TEE A} F IS HALH, 53] =22 o] FE= Al ol AR div] 2 ke HERTh d55E Aol
© O] Ao A o] =7 2 F4 B FS 28] 0] oF 55~77%2 P-A| 51 Ll v 47t 2 HAkeks A 3l A R4S
FHIZ A o= A= BRI A2 24 23S 2F ATl e 7=, 2] H okl o 7 14 Ao
LRI o, S5t 1009 Al ol A= P SHA| 280l mheh A=A W] 4 s =7} o 28 ] fhash= el
LrERt T

ojAto] Ak QY BIA| A8 EI EOF EA, 0 Bl R =X o] & 2ol whel A Urehd 4= 918 Al AR,
P 429 AT BUE P B8 3} 7|40 4
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HLICIO|ES| 72X Mol & o|M S5 =l
ol

2™ Huifang Xu?

Structural Control and Micro—domain Partitioning of
Vernadite on the Enrichment of Strategic Metals, REEs, and
PGEs in Hydrogenetic Ferromanganese Crusts

Seungyeol Lee”™ and Huifang Xu?

A e g oF upalgt s A AHGA] oF 2,150 m)of| A A& E = 424 A7 hydrogenetic ferromanganese crust)2 thAFS
=, YHMn) 4H8kEQl #utho] E(vernadite) 9] 335814 G-£9F H 4 Bl §AS Akl A A a4,
3|E 2 9 4(REE), W22 9 A(PGE)] %2 m]AUZS FwWsl 9t} WA 7147] 7]4ko] PDF(Pair-distribution func-
tion) A2} B4 7} Ta|AFE XRD, TEM, SEM-EDS, EPMA 5 Hth 5.4 7| < 2314 0 & 2938 A1}, Jupy} 7ho]

F T BELZTAY10A FH A S 7= viytho| E Q] T3 (interstratified) Urie b 0 2 Q1 T 3 H(Fe)> &9
ARVAE (p)AFEHE @ o2 EA517| Bk Hytho] E -2 W5, 55] W T A| S-(Mn layer)o]] 2| 2He| Ay A gt
3} 3 Elj (Fe-bearing vernadite)S w|:= 7 © & UEFGTH1,2]. F ol 2F 421 m¥go] Edl= =& v EH A} 10 nm o] 512 U
e BSFo] Wk o] Lhie )] 2 o4 ] chabe 24 ol £0] B2 $3 18-S Shsiohe g BB o R g3
. 212 AR 8 0] 4] 2 2410 T2, B eho] E |30 Fe %3 (Fe-rich) 4 %12} Mn 2 (Mn-rich) % ¢} o] 3
1517 e, 2 sfeba) 2ol et A2 e A A4S AlHA 0 R SHsH: w4 9ol e @Ate] Yojueh
Fe -5 ¢ ool A<= QI(P)} REEZ} 5818 4 54 3k Hol=t], ol & Woll =Y FeE vhg o= 3445 Qlit
< (phosphate) A8 Z2¢A}7} 7 AH(hard Lewis acid) 4§ 8 2] REEE 3814 © & 7}51A) 14517 wj&o|c). HbH Mn &5

3ol YANI), ZHE(Co) 5 A A 553} o] Ma(P)S 2303 PGEZL AFA & #agit) o] A4t
(soft Lewis acid) /3 &r2] PGE ¥ Zo]F<4;0] Mn(IV) AFehz $3 705t 31 23S F4d3k= 712 7]<lstH, £3] 10 A
wLtetol £ o) Sl 57 B 7to] MR Bl S 48 el 3 AH A0 2 mISHe o] b f2la 27 o 1S A gl
AR M A24 08 2 A Hytho| E 9] 27F 12(7/10 A), Fe a
oA Aol A Y4 FuliE Aloldtrhs S < AR skeA mdS A AR o

4
3
5]

lo
fr
BN
)
H1
i
[
o

B AT S AT 4| YA (A 5 RS-2024-00342773), 2] 11 81 A A SF G-LAMP AR (ZH4| 1 5 RS-
2024-00445180)2] %] 18- o} =3 =] Q&5 U .
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off F7|xt OIBAI= RTHO| WSSHA| =Tk
7tz Fo| HICHEAT} 712 A5 SiMo] B AE oI
otx|Y, UX|E*

Muted Price Signals: Empirical Evidence of Price Transmission
Asymmetry and Its Effect on EV Charging Behavior

Jiwoo An’ and Jihyo Kim?*

Ui Aol W H2 AFO] Fe4 BS99 1713 FA 287 ) F o] FrhE T glrk. H e wof A%
o 219 A3k §Eski ok, an) Ago] AAE a7 T Qs mul ARe) 7 As st du|Rjel A L5 A
51 SEEh Sk A A7 e A3 olE S v olefil /bl 418 ) 41 g et
ol 10] ol §re] A4 5 A% L fAA A4 Bhiel v X QJaFS HH o2 BASHE AL BIER Bt o) F 913

AN E 23R (Time-of-Use, TOU)7F 918 §HH A2 gAb2] oo B8] U k5 320 o] o} 309 234 A4S 28
S /A AR S 0] Tl A BE VL WA, WA 3 7|k FeASE R ol 34
AR AZE5 AT o] T2 ARG AL o WAE AlERT) o 2 O R 9. A 83 A Kol S vhadd 817 Y
S, 7k Aol o) 27171 AR 3 A Aol WSS St folulgt Hael A2 AE5a 34 4201 712

O

E _l O

Ble S 2Aslt) BAS Ea) wuf A|AFe] 7HA BlE A o] Au A|&Fe] @2 TR0 o] A EE 7] 4|2 A= 2 Q)
Y T 87 A A S T E 2 HERIT 53] 714 450 vkE-317] 9l8f] o] 8417} fhdh= B v]-8-2] A
HAE EE&otaA; gt o] & B8l 7HA A5 7F AA =8 IR oo X = HAYUSS FHTCEN, FE ARG =+
Qe AR 58 9 4Y 7h] A 7| 2 AR 2 28 AL 7| dE
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'HU-(CDD) SZut M = HIZ: oX| AH| X HE0| 45 EY

I, oyt

Economic Effects of Oil Price Shocks: A Comparison between

Korea and Taiwan
Subin Jung”™ and Hayeon Yang

T2 715 0s} skl o U 1) Agto] AMEE 7hed] o 5 A2 WA e E7ho) QoS BASI e du]
7}4Tﬁ%a—%xg 2] 0 @ sfofstiia} gtk A ol 7| £ W 407} F7hsks T, 4713 814 5 ou %] Hgk
Aol A o1l %] dm]o] W AFES RO Glo] W 429 F717E 715 aelol o AIK) Eiz vl 4] T

3o whE QI of] TRk o] FR AL QlTh. o] & Sl 2 A= vl AU A H EA(EIA)O] Al5-6t= P =Y
(Cooling Degree Days, CDD)¥} A 84| AH|, HA7IA AH], g 4|9 YW do]gE ARyl on, B4 7|7k
20108 H g 2025 71x]o)t}. 24 HH 0 2= VAR(Vector Autoregression) =& 7} 22 HH-3-3F=(Impulse Response
Function, IRF)E #|-8-5}0] CDD %2 0] of| | A] 4x#]of| n]2]= Oq%k,% 75kl

24254, 4505 5 20742 o] V1o 091 59171 CDD 524 714 WA ke 0.2 ehiton, 3

2712 24 A L1015 gkl Stefshis Aol stelsglct. 9 42 2018 A

SR A HE 83 4S8 A2 £H17CDD 0] 40 2 S g el
W3- H| 2L A A[gHA] Q1 A o 2 Uyttt o] 2|et Ak e 4H] $719] 8 AHS 715 213 o | R 48] -2 ¥
s}z ool 4 02 shotat UaA S AV Uolrh HE R S7HE kel 40 3] st oo} 7.2
S/go] ubeh Apske A2 Sa P2l Ak kS et 18 A,
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st 4l

ol

Economic Effects of Oil Price Shocks: A Comparison between

Korea and Taiwan
Hayeon Yang™ and Subin Jung”

A A LA 7+

7% 2o tha gHk ojue] A4 A A whg 2ol & vlmste] Al2e) F4) 4
| 2 4R 722 7143 9)

H

F FEE AR RTE w7 AU Al 9 SERT R AR 9 o HFo
L, AR F20F 229 7F2]ARS(Global Value Chain) W ]3] of| A= ZFo] & H eIt -4 ol = gh= 3 t ko] A=
7R (PPD) 2} =&l o] YW glo]E] & ARE-31Y 0.1, 7] 7F2 2003 W HE] 2025 7HA| & diAF o 2 33t 171 52 0] 7t
Hrol| U)X 9FFS ulotslr] 98] VAR(Vector Autoregression) W3S 1&6}11 32 WHS-3H(Impulse Response
Function, IRF)E &3l }14= 7F ¥H-g-3 =45 3iTh

A A}, 17F S0 tigh PPI”L 259 WhE-2 = 7ol A A= ThE e U= A o= B E Sl 71
Z Aol 2l tfwte] PPIS} CPli= Sh=1 it} B =A| ¥-3-6H= BHH, 525 N2 ol A o] X421 §h-g-o] Lyttt o] 2]
gk Afol= (A 714 FA 0] 4 57t Ao AL E= B 27 S UsHA & 7He A= AR B8] Al 4 A
N A et FEH ZFAARE W A& Aol 7t §7 54 9 wha Fdoll S T 5 e Holeth 2 At e
= tiuke) Bl E ol 77 54 0] A Hol A= v AT H AL AR G2 2o |7t A 71 A 9 A
A& ghgof] o] w gt ofu| & 7FA| =415 FA gtk Holl A o2& 7HRI
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Estimation and Comparison of Cooling Degree—Day Base
Temperatures Using Sectoral Electricity Demand

Sungwoong Han™

} %= 2(Cooling Degree Days, CDD)2] 7] =& = (Base Temperature)7} 4249 A g o| njz|=
AR ol HE o] gate] AE Geof e A 7| E2 =5 F74 53Ut
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AT, 12408 7P 2 A9shs CDD 7|2 Bk e utet Aolat 202 ekttt ol 9l 7| 2 2wg
UEH 0% A G5k WHAlo] S A 4] o] 7.8 RS F83] hgshA) H8 4 QL8 A0, 7 7). 7k
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Al—-Based Automated Joint Extraction Framework for the

Engineering Assessment of Rock Discontinuities
Hwihun Park”, SangSeob Kim?, GyoungWon Lee?, TaeHyun Kim? and Kwangyeom Kim®*

QU EASTE o4 ) iAol el K ow ehaE WMo e, B 22 A ot A% oS4 Bug 1) A
349 B7k REE 0 faoleh DL /1R BALH Bk B 71679 AR 2R A Bero] 27 o) Eskn
9lol, B7e] ZATht A4 B o] AA L Glek. o] e GAS HesH] 9lof Aol ABASADS B HAL
WOl AHE 52 2 S4B Q7 s SE 3 gk Thil, 7] & A R EL 4 oS FA O 2] Y
UG ARG TR SAS F28] WMGeH Roka, 35 Aute] AT AR REO R Q1) FoHE Bbo] A &
§3te Aol it

5 whge) 2% A5 st T2 g Ateket. o2 913 @
1415 HFAAY 714 Tl oh T dolo] 54 $8 /1S A
34 71HS Estel T4 99 35 FUEE P

F2E BASU AL 1Y) 913 2R E 7]

boick. ol 5 W )Nk Mol B RS uhgo = Aeld Aa

PP e Ae PR TEAAG AFH O, AL S
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Reservoir Heterogeneity of a Multi—Source Sediment Routing System
in a Rift Basin: Insights from 3D tank Experiments with Application to
the Xihu Basin
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VLM(Vision—Language Model)—based Optical Character Recognition
Error Detection Considering Visual Noise of Mining Site Documents
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Current Status of Mineral Processing Technologies for
Different Types of Nickel Ores
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Feasibility of Direct Atmospheric Acid Leaching for
Coarse Nickel Laterite Ores

Jeongwoo Kim", Heewon Kang", Jaehoon Lee" and Hyunjung Kim"*

Nikcel demand has been steadily increasing with the recent expansion of electric vehicles and energy storage systems. In
the hydrometallurgical processing of laterite ores—a primary source of nickel—sizing and classification are generally
performed to screen for optimal particle sizes and enhance leaching efficiency. During this process, coarse particles are often
further comminuted or excluded from processing. However, comminution is one of the most energy-intensive steps in
mineral processing and can affect the overall process economics. In this study, Philippine saprock and limonite ores were
classified into coarse, intermediate, and fine fractions, and atmospheric acid leaching (AAL) was conducted to evaluate the
effect of particle size on nickel leaching behavior. This results showed that the coarse fractions achieved nickel leaching
efficiencies of 70% for saprock and 60% for limonite, which is comparable to the fine fractions. This is attributed to the
structural characteristics of the coarse particles, wherein micropores and microcracks facilitate lixiviant penetration and
induce internal dissolution. In addition, to assess the efficacy of comminution, the leaching performance was directly
compared with that of finely ground bulk ore. Comparison with finely ground bulk ore showed that nickel leaching efficiency
after grinding was not significantly improved, reaching 76% for saprock and 59% for limonite. These results indicate that the
direct use of coarse laterite ores in the AAL process without additional grinding can reduce energy requirements without a
significant loss in nickel recovery. Therefore, this study proposes the feasibility of direct leaching for coarse laterite ores,

providing a fundamental insight for optimization of cost-effective nickel recovery processes in the future.
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Leaching behavior of nickel laterite agglomerates:
Effects of ore type and binder content

Jaehoon Lee", Heewon Kang", Jeongwoo Kim" and Hyunjung Kim"*

Recent growth in the electric vehicle (EV) battery industry has led to an increasing demand for nickel, thereby raising
interest in technologies for recovering nickel from low-grade nickel laterite ores. Heap leaching has attracted attention as an
economically viable alternative due to its low energy consumption and process simplicity. To ensure adequate permeability
and mechanical stability during the process, the ores are agglomerated using a sulfuric acid binder prior to leaching. In this
study, agglomerates were prepared using a sulfuric acid binder from nickel laterite ores with different mineralogical
compositions. Leaching experiments were conducted under static and dynamic conditions to evaluate the effects of
mineralogical characteristics and binder dosage on the leaching behavior of agglomerates. In particular, the unsaturated flow
regions in the flow channels of the heap leaching system and the saturated flow regions inside the agglomerates were
simulated to analyze how mineral reaction characteristics under different flow environments affect metal dissolution
behavior. This study provides fundamental data for understanding the leaching characteristics of nickel laterite agglomerates

under different flow systems and for designing an efficient heap leaching process.
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Development of a Scaled Collaborative Manipulator Experimental
Platform for Robot Learning—based Autonomous Mining Equipment

Hojun Yang” and Yosoon Choi®*
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Particle Size—Dependent Beneficiation Characteristics of Low—Grade
Nickel Laterite Ore for Optimizing Reduction Roasting Followed by
Magnetic Separation

V" and Hyunjung Kim?*

Dohyeon Roh"", Kwanwoo Jeon
Nickel (Ni) is a critical element for high-tech industries, such as Lithium-Ion Batteries (LIBs), aerospace engineering, and
defense industry. The primary sources of nickel are nickel sulfide and nickel oxide (laterite) ores. While nickel sulfide is
relatively straightforward to concentrate using froth flotation, laterite presents significant processing challenges due to its
complex mineralogical characteristics. Consequently, laterite received less academic and industrial attention until recently.
However, as nickel sulfide reserves deplete amidst surging global demand, the exploitation of laterite has become
increasingly vital. In response to this trend, there is a growing global interest in advanced laterite enrichment processes.
Previous studies reported that the reduction roasting followed by magnetic separation process is increasingly recognized for
its ability to induce phase transformation and enable the selective magnetic recovery of Ni-Fe alloys. The formation of Fe-Ni
alloys during reduction roasting was identified as a key component of the process. Therefore, in this presentation, (i) the effect
of as-received laterite particle size on the concentrated Ni grade was investigated, and (ii) the Fe-Ni alloy formation
mechanism was characterized using Scanning Electron Microscopy and X-Ray Diffractometry.

Keywords : laterite, reductive roasting, magnetic separation, Fe-Ni alloy
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Analysis of Anchor Placement and Position Accuracy of a UWB—based
Indoor Positioning System for Robot Motion Data Acquisition

Yeanjae Kim” and Yosoon Choi?*

229 3 ¢4 A|AE(Global Navigation Satellite System, GNSS)2] Al-g-0] 6122 AU T o A= 25 52} ¢ o]
HE AdstA 7155t7] f1et $1A] 4] 7]&o] . asit). Ultra-Wideband(UWB) 7|8t 4
Positioning System, IPS) & 352 917 41w o} 4l x|7F 20| 7bs5to] 22 54 glo]e]
UWB 7|5 IPS 2] %] & Iei= Y 7|(anchor)®] 7| 51814 vljx|of] 24| FoF= wrom, o]=
Dilution of Precision, GDOP)o]| &]3]] ] 2| @2} =2 o]o] 2l 4= Qlt} B A LofA= 25 F A g|o]E] =%
7IHEIPS o] f A v 2| of] w2 93] &= HSHE A st AA| A5 HA| 28 o Woll oo Al S sk A=
THE 321 YA vl 2] 27101 4| GDOPL 9]2] A5 H|wL skt TR A8 2522 end-effector = A5+
Halo] 712 AT UWB 719HPS 54 714 7he] 22408 B el oleh. 2 7 23 2l & 913 54 ol -7 8
ZgollAl fH A0l i A uijA] AAE fI7t 712 AR E ARk

it

*Corresponding Author: energy@sejong.ac.kr
1) AlEdstal oA X 2b-gahat Bkabaky
2) AlEdhstal A L-setat ws

102



2026 The 126" Spring Conference of the Korean Society of Mineral and Energy Resources Engineers

Im
r
1N}
flo
d0

ol

ef|HA] 22X AAHD} Al 0fj0]H ot m|X[Z Al 2lE{H|0|A JHE:

Development of a Physical Al Interface for Connecting Al Agents with
Legacy Robotic Systems

Sanha Choi" and Yosoon Choi?*
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Adelya Zhamasheva’, £|Q#2*

A Disruption—Risk—Based Framework for Strategic Nickel Stockpiling
in South Korea

Adelya Zhamasheva” and Yosoon Choi?*

Nickel is a critical mineral for stainless steel production, advanced manufacturing, and the rapidly expanding battery
sector, making supply security a major concern for import-dependent economies. This study develops a mineral-specific
strategic stockpile evaluation framework for South Korea by adapting the Disruption-Risk (Dis-Risk) model to reflect the
distinctive characteristics of the nickel market. Using historical data on prices, import volumes, exchange rates, and
macroeconomic indicators, the study identifies disruption patterns and estimates their frequency, duration, and severity. The
proposed methodology integrates probabilistic risk modeling with simulation-based economic evaluation to analyze the
trade-off between stockpiling costs and the mitigation of supply-shock losses. The analysis shows that nickel exhibits a
tail-driven disruption structure, characterized by relatively infrequent but high-severity supply disruptions. As a result, the
optimal stockpile strategy differs from those of other critical minerals even under a shared analytical framework. The results
provide an estimated optimal stockpile range for South Korea’s nickel supply system and highlight the importance of

mineral-specific risk characteristics in designing strategic stockpile policies.
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Comparing Human Document Exploration Patterns and Multimodal
Attention for the Digitization of Mining Field Documents

Jeonghwa Hong", Jiu Han?, Junhyeok Park®, Huiuk Yi¥, Sebeom Park® and Seonghyeon Moon®*
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Study on Combined Beneficiation Method for Grade Improvement of

Tin Concentrates from Avdalant Mine, Mongolia

EunYeong Park™®, DoHyun Jeong®®, SeongMin Kim®, ByungHun Go?,
HeeKyung Choi*?, Jieun Lee® and HoSeok Jeon®d*
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Table 1. Chemical composition of studied sample.

Chemical composition (%)

Sn02 SiOz A1203 F6203 CaO MgO Kzo NaZO TiOz MnO P205 SO3
2.06 52.7 12.14 1.66 1.19 1.03 3.88 0.87 0.29 0.05 0.86 0.18
At A

£ AT ALY FAIF(MOTIR)®} 8540l U %] 7] 48 7FI(KETEP)2] 2] 22 ol a3k 1723k 2} U] th(No. 20227A
10100020).
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Development of an Al Agent—based Decision Support System for
Optimizing Ore Haulage Operations in Open—pit Mines

Mingyeong Jang” and Yosoon Choi?*
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A Performance Evaluation Framework for Open—pit Mine Haulage Systems
Using GMG Standard Time Classification and Event Log Tagging
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Selective Removal of Aluminum Foil from LFP Black Mass Using
Cementation followed by Magnetic Separation

Minjeong Jo" and Kyoungkeun Yoo?*
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Cementation Followed by Magnetic Separation for Separation of
Cathode and Anode Materials from Spent LIB

Jiyeong Kim” and Kyoungkeun Yoo®*
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Effect on the metals leaching by chemical composition of
methanesulfonic acid(MSA) based deep eutectic solvent(DES) from
alkali—fused iridium scrap

Hyewon Jung” and Junmo Ahn™*
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Application of agricultural by—product as an alternative reductant in
methanesulfonate leaching system for High—Nickel NCM black mass

Jeonghwan Won" and Junmo Ahn™

Ao A HAA A BH S B3 MRS EAHMSA) W2 Al 280 A H2) ol Luje 2] A 2Bl Sau) s Y%
A, EHxﬂ h91R|Ql ko] 43 uol 2u 2 2198 BA A o] 2 54 e AEsi.

4, o] 9914 5eg 2e1517] $18) NCM 2] Fol Lue 2] Salu) 2 ol 1 &2 a5t
Li, N1 Co, Mn &5 242 5.8%, 36.6%, 5.7%, 2.1%°]t}. E S A =2 MSA 1.3 M Z A0 A &

o
T_ [
L 0.01-0.8 M& E9J5}to] X85ttt 22 A17E, P/D(pulp density), 12 &%= 44|17k 20 g/L, 80CE FU3t 2707
A7kl

MSA 1.3 M, P/D 20 g/L, 80°C, 4 hr MSA 1.3 M, Glucose 0.3 M, P/D 20 g/L, 80°C, 4 hr
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Fig. 1. (1) | NCM Hl{ | 2] £l th 4} Glucose w0 WhE 54 M55, (2) 3 NCM v & 2] &2 2 4} Glucose
03 M 28 5Q) Qo] 2 34 158
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Elaheh Mohammadi Valikandi”, %|Q&2*

Al—-based Instance—level Image Analysis for Quantifying Bubble
Loading in Froth Flotation

Elaheh Mohammadi Valikandi" and Yosoon Choi?*
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Evaluation of Fine Fraction Enrichment of Rare Earth Minerals Using
Particle Size Classification

Hyerim Kim"?, Seulgi Kwon", Junseop Lee” and Jungmi Lee™
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Study on Lithium Adsorption Behavior Using

Lithium—Manganese—Oxide Based Adsorbents
JUNSEOP LEE”* and HYERIM KIM‘)

B Ao A= g]Ho]| & HF% 7|4 (DLE ; Direct Lithium Extraction)S 23] 3t & A4 ARz R
4= € (Lithium Manganese Oxide) S-2H| @A & -8-5to] 324 23 21§ 5219 535 &48t
28-S 22} 5 Th Ad o] AFEE 4= 3|4=(k) ]l (Lithium Chloride anhydrous, 98%)A] &S % 713}0] 3
TAANE Azt o, S WA 3mm AFAE 7 F2HEE 30 60g4 A3t

AR5 A9 S AT A% A Ak, 4w} 7b whE 71 3%19em S04 Ho 27.6mge] €] Fol&o] Al
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Preliminary Assessment of Wave Energy Resource Characteristics,
Energy Production, and Economic Feasibility along the

Yeongdong Coast of Gangwon
Yun—Jae Kang", Don—Hyeon Lee”, Seung—Hyun Lee”, Yeong—Sang Yoon” and Sung—Min Kim?*
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A Preliminary Analysis of Green Hydrogen Production Based on

Measured Renewable Energy Data in Gangwon State
Don—Hyeon Lee”, Seung—Hyun Lee", Yeong—Sang Yoon’, Yun—Jae Kang” and Sung—Min Kim®*
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Comparative Techno—Economic Analysis of Energy Storage Systems
in a Standalone RE100 Microgrid for Al Data Centers

Jimin Hong” and Yosoon Choi®*
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An LLM—-based Framework for Automated Analysis and
Design of Photovoltaic Systems

Taeheon Kim" and Yosoon Choi?*
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Development of a Solar Irradiance Simulation Program for
Evaluating Solar Power Potential on the Lunar Surface

Mintae Choi” and Yosoon Choi®*
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Economic Viability and Structural Decomposition of Vehicle—Integrated
Photovoltaic Roofs: A Cross—Country Comparative Analysis

Jangwon Suh”*

o7 AT A o] AT w WERL AL FeraslE 9o A7|A) wito] ShibE R k. Te} el a el Bet
AT QL me u 0] T HEhe 2n| 210 7134 S BARS §USHL Qs Agolet o] gt vk BArd
O 2 A 9] A}FEshe A7) 2 &2k X (vehicle-integrated photovoltaic roofs)«= S8 7| 2] Z71Eut ol 2 24 v]-& 27T,
A 02 gk, ol U] A4 710, whel 2] s} ¢hah 0] thabet o 8 a4 9l A0 7| w3 k. whebA
2 P AU A1 el ol 719 5 s vl 0 el o sl Aol v A4 ey
2 WIS, AAA o] AL IR T GQIES BE W B 918l HAIA 184S Ao &
gt Lol Alof, Mu|o] 45, AAL 0l BAT, S &4, d3l8 S8 maaled 201 71e] <7t El-xiak(%xﬂak)% 2519
th o2 ShE zk A 4 FUUIE Austel A1k 37 AU ANSHEOR, &ehR 20| 4§ IR
S UL Relstel IS Bbslatch Se o] 217t o] Y5l Hrh TS A stel HATHA,
84717k V34201 B 50 AAA A S BTk 187450] te Lol 4A1H B Ala 1 1S chore 7
oA L4517 §18) £RAIA EZol el QY T2 8ol BohE Fal LBATH) ARe] 42 7)ol =g
epotsioich $4 A &eb o) AAA B e 714 9 Aol §-B(X]2] 7| TR rHs ST A 8.0 3
ARE AN o 2 GFL TE A0 FA U} el F7PE Avjo] 483} FHRAE o2 Seprae
A ARGEDE AL F718 SR 42 B Y AN AF YIS AL B ST A kA2 7
T AR W F B AR A4 Skl BAIShE 915 ohH nhela AR Wl See] | 24 RS AR
912 Ao.g 7]t

)Jl

o] it FF (7| e HEAT) ] A2 A Te] A eE ot =Y A (RS-2024-00395878).
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Numerical Simulation of CO: Injection Considering Porosity and
Permeability Updates

Jeong—Won Seo”, Chan—Hee Jang® and Byung—Dal So®*

AR 7] 13} o33 g A7 AR O S £ COE A5oll Aok 7|0 FHEUAL QIth CO, =Y Al =4 5
of whet 2] 50 thaehd W E o) WA s, o] 2jet HE2 F=A A 5 2o HskE ol v =E Y
£ Guret 4 ek kA A% 94 F900] T 1120) 2] kA A5G sh4lal7] sk ohEEk
STEEL FA S Al tﬂﬂé 2 ‘]EA}Oﬂ uked st g @ 7} glck.

A ZF A Y 2] BA A= T %= (single-phase flow)2 7]Wk 0 2 3} th3- ek (poroelasticity) &} thAF S
(multi-phase flow) 5 2lo] 12 3 %Eu‘t+q+aﬂage%%w2ﬂwnen o W92 4B B 85
L, 7] Ab} 2] A} Ao (el B3t COy)o) A HAISH KAk} At =4 o] ]3] LS THA S B4
71 oI9S 4 5 L2 B WSk 2 TR 0 A Aolo) 02 1ol 23] ) ol
B2 BT S AT 120 WIS AR el 37 9lck. 2 welo] 94l B elshy] 98 £ el
oo ehd BelS AR A7t AlRbE o] $Eout, ebd Ag(fully Coupled) A2 AL Fgo] At o] of Bisl ek
5L(tW0-Way coupling):> B 2] Thegt A4t 25 7R AN =83 B A 0] 784l Rl 7} A Aito] | X =
SHETG Zavk it &2 Ao s LE LA {3 a s EHE OpenGeosysE o] &5t F=EL F4Ag BAS |t
G o e-tha e S AT el AE askoith ol & Sl MY, 3, L L A As BEE Sl &
J5taL, 351 FAe A5 A RS Frekqioh
= WA 3 So 2 A 2 A B S AL, 358 W FrAY A Rl o W& =9, Bl
A

VB o] 5 BATHAL B ATEE G L S TRE WA, BAT AF T2 T AT v
L e st
Ab AL

BT 2023 LAk 2 910 2 St} 5] £ 591 0) 7] 98 ot 53 E AATL9)(RS-2023-00254680).
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Optimization of WAG Injection Strategy and Sensitivity Analysis of
Injection Rate for CO. Storage in Saline Aquifers

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

2 9] R & AAS 915t WAG(Water-Alternating Gas) =]
Al9) B3/} chofsta A A7} uheral 7|
Qlat7] 9la) M2 The BAS U
21 9] 912 T3/} AT AT, CO0H 0] 4] 7178 W B, AR O E3HE C0,9] A& 24}
92 sl ARl S A4S S0 WAGRE 2125 /Mo 10 4 vl o

e R EE B R R R R rifver
A5 Ade St a2l WAG A ﬁ%*% 7@1*]‘?}@-

B L= ARISARIQ R O] A 0 2 Fh=tof| 1 2] 7] 3 7FA(KETEP) 2] #]9(No. 20212010200010)2 o} 4238 =] 9}
FU T SLBeF CMGE] Az Eg)of A3rof] A=yt
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Simulation Study on the Effects of Salt Precipitation on Injectivity
during Geological CO. Storage in a Saline Aquifer

Minchae Kim”, Minkyung Chae” and Baehyun Min™*
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Hydrogen systems and tectonic environments for
natural hydrogen exploration

Juhwan Woo" and Seungyeol Lee?*

A AAZ QL U2 47|20 bk eha g BE 913 2|4 st W AL R A2 ) 4ol Tt A
o] G213 Z7k5ta1 QUeh. 2 AT M Aol FhAb] WA 9l 4ok A2 S OBk, o] A 7]t B E
£ 9 F8 A TE B0 T Al Bl SRA 02 DASTh Sk A AR E 2] Ftol Hst7]uel telA
S A TUGAYH A2 T $20 o5, EY 2 W IS EYSHE O] F-RHE ALY OB PH
A 5:4:0) 70 44 7180 2 2H 71N U] Fe T6 2] A5} 3ol A ISk ALRQISE 218, 2l A}
590 91580 WAL 810, 220 71850 14 42050 o] gk siol, o AR IS AL B ) el vl
Y55 8 Sh A RS WRITh A7) Lo g ALY BT ThE FUE, B A, O E 5 ke
A2 Q34 2P S, 2 4740] 1 Skl B 8 o) A Ech B A AR H3) B 2E 2ol o
3 27bE meloleky 2 Hel 2 @u)Seto] Erh A HAt Aol v, thF vl el 4 A H o] Zuiere) TRz
£ ek A7) B, el 9 94 247tk A8 o]k B8] A7) el 2 avthe] A%, 94 3ol A
S 1) S gigol ) A1t 5SS S ek ol ST REAU AL BAE ol

SPAI 2] At 7182 B34 o] BAHoleh. | 5 Pl o] 4 Z(Fairy circles) A'H2 913 17 FAfol =

1>

Y, A4 *é‘*é% Jé‘ 7+e 1% HAs TAL 5O A ErekA o] asieh 3, Ao ot ThE ) W
BE sl 5 ZPFA, 7~P71 A FHMT), BTt FALS B asto] i Al 2F] A4 8 8 A wstsfof o, X5
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Implementation and Feasibility Study of a Deep Learning—based
Approximation Model for White Hydrogen Prospectivity in the U.S.

Using Integrated Geological and Geophysical Data
Hojin Kang” and Sukjoon Pyun?*

SadH AdE A A AR L= A 9 4x(White Hydrogen)= 352 ZJ A1 7 274 2] #HA 2o W8kl
NELE, A0 22 5/ T BRI A A5 7S o2 QlsiM HE A9 E SAst=H 71e ] o Hwol AR a4
FHE TS A 27 DA A A ALY B E v o2 4 BE Vs o] 2 98 A e dstete 3ol
o] AL Ao} o] a1u]-go] 2R B= 2 9] 2| AFE | Aestal 'A AR O] A A BhE/d & A== 2l ¢
AR A 0] g T o Al 22y 71 &0 pa FE A2 AZ 7] A ddef sk 97 Eot
34 Aake] Ao Al oF i vl o] Bl o) ALt A 2o fHAI7E EA R 2 Ao A= ol 2Rt & ehetslal
A ZRA| LS BEE NS 8l A7 3t A U 84 S ok 2hil(Label) 2 2-8-51= H Y 7]
HhO] fE 34 B G S-S ARt ARk Rl 2 whdul gl F- A48 5 53 Al E ] Am ek A A E 5o A
Aps 2He) vl G A A S shg ko] A27Ee] s AAE A o2 s, A 2Ab Ao sl EE0hE A
2 7|Ee 82 S o] Aude Reehe vl SHE l:r‘ZiE}- - 23, Aljke datelE2 At 2
WS A | Hok 12 A 232 E8 Rt B =2 A o4 7o 898 =i 4 3lee Fsie
o, o= I35 FHALH OB Ao w2 SAEAY ZRA L A =S ?SXJX—*. R A= 72 ARR BEE

Ao 7|taty.
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Hydrothermal Reactions in Banded Iron Formations and Mechanisms
of Natural Hydrogen Generation: A Preliminary Study

Inkyeong Moon” and Seungyeol Lee?*
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