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A Study on the Improvement of Safety Job and Organization of
Government-funded Research Institutions

Youngho Song, Youngman Kim, Taesoo Kim, Gabdong Park,
Hokyu Han, Taeok Kim
Korea Laboratory Safety Expert Association
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A Study on the Separation and Storage Criteria by Chemical
Substances Properties

Keunwon Lee*, Narin Yoo, Minji Kim, Jinbaek Lee, Yongpil Kim™, Yeongho
Song”
Department of Environmental Engineering, Ajou University, Department of Environmental
and Safety Engineering, Ajou University, '~ Duegosystem

8 o

HZ FME #371e Bof AFAREY ol AF BF FAAY] FRE
d S7beta om AT Aba E=S A&Ho R HAsta Qv E=I 20199 AT
A b dejzAlb At w2 tiste] AEGHAE A st okl M mE
T HERA MY B NS ARG de & Aok AE e Baelddth
a8y Sel B AFES A Z1Fel d ARIE AR AAEH A T
AZ o)A kot AT FF FTAAIE Aloke] A4E Ed B JlEs Afsts H o
2ol e

B dAFdAME FEdY &y B# J|E(aiteria)E AR 918

CRW(Chemical Reactivity Worksheet), Cameo 5 &8&EZ w4 TH ALZEY
E Z8&3t gt eSS AESAY. =3, seEd AAE 9 Ed )
Fo 2 AR HEAHRA~RNCI)S v+ ~ulz=tiste]  Chem Tracker
£ HAESIAH. o5 AFAE &8st I (et addH] A2 Ex 19
£ 7|9t g e EEE A4E EE By 71F, CRW 2 CAMEOE &&3% 3t
gEZ A AR 5 &8sty FEd A4E 2y BE Es AFEAnh
ojF AFMNE ZF Al W3AS HESAY AH3 54 Hr) WS A5k
Y #HA FA &7 BY AFE AAFste dl &8st =2 jkgAdd 7)<l
g AT ALE g s ZleE AdEH

- 38 -



[ 2022 ]

ATA SYTIA ASAE dA & HE A

el S, T
B3] & AGAARE, FZL7] S AFAARE

Design and Application of Toxic Gas Utilization Facilities in
Laboratory

Hwang won, Yim hyun jong, Jang won young"
Disaster and Safety Headquarters, KAIST “Disaster and Safety Headquarters, KAIST
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A Case Study on Establishment of the KIMM Safety and Health
Management System

Kyungchun Kim, Kiyeon Jeong, Dongcheol Ryu, Daeun Moon, Hyejung Shin,
Okran Han
Department of Safety and Health, Korea Institute of Machinery & Materials
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Development and demonstration of ammonia thermal cracking
hydrogen pilot plant

NakWoon Choi, Sangyob Kim, Chikyu Lee, Daechwan Oh, Eunsu Noh,
Yonghun Kim, Boosung Kim, Jip Kim,
lotte Fine Chemical
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A Development of Real-Time Responding Hydrogen Fueling
Protocol (RTR-HFP) for Heavy-Duty Hydrogen Vehicles

Chungkeun Chae, Jae-Ou Choi’, Seung-Kyu Kang”, Byung Heung Park™,
Yeonsoo Kim™, Suhyun Lee
Mirae EHS-code Research Institute, "Pohang University of Science and
Technology, “"Korea Gas Safety Corporation, = Korea National University of
Transportation, = KwangWoon University
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Issues and Solutions for Gas Mixing in Low-Temperature Water
Electrolysis System

Chi-Woo Roh
Hanwha Solution - HZ2 technology R&D center
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ATF2dst2 A% 71T W3t 97)o] t-&3str] AAsiAl AW AR AREo] A AA
Hog wEA =3 Atk olHd HIAUAE A R FF Fokoll AFH o] &3k
SR AU A R ARGt Qo A oA Y 1t Adolgte 544 o H7]el
UA= A% 2 &Fo] &olg 35t oA E ®I A AR st A FHE
53 oA Fihd AVANUAE ARZ/EE37] Y% Power to gas (P2G) 7]l
gt AF7F HE et A A= A
&dz+e] =48] (Alkaline water electrolysis, AWE) Al =88 7]&o] 83| A
A3 olm] 43t Ha Qe VIEE, ¢E AF Aol bgF3Ad B s ARESH
Fejoltt. Eedo] taAolr] wWwel +4 B 447} crossover Fof wtHE A
o AolA "ot webA 2 AFolA BASE T4 F bR o] FES| Bol
A crossover® Z1AE 34 ¢ e 2HAAT kA W FAEE 2% ©|3h ¢kd
SHAl =1 4 St

ol¥l 7}2 crossover &AI7F A o2 A, @oJARE B GeH AT F4 AL
FE W, = AR dAXE ¢ 3 Alzglo] o] w3 EAES
ALgsteE A Al 2E ot} kol w3k A3 (Proton exchange membrane
electrolysis, PEMWE), o] n&9 <423 (Anion exchange membrane water
electrolysis, AEMWE) 7} o]ol ®gHt}t &2 EaluS A&3}H crossoverz <13)
B 502 dojrlke Ata e 49 o] HojAW v¥E SHoAE ¢hd
TE ol A &Ho] rhssith ol e EAOZE A EHoZ Wkl FFol

A
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Malsls Bod 2 FY 21 5o Adeldx BHe AAA Ty wF WY
NAE SHA ol% glol F-atel thsim FAs AzEe 2AF F 9lo] PGR

2 3tgd o] oyt

B dxois A dstE&EFHANA Ndsta = AEMWE 71&2 X33 7t 4
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Techno-Economic Study of Green Hydrogen Production

Ga Woo Park, Byung Kyu Kwon, Jeong Ung Koo, Min Woo Woo

G-Philos
a o
JRsat B, FY 5L B ANS AV 2o A BN AN 5

a5 Eig. adsa Agke fEiAs FAE Jlee AR tiEAR] A6
712 = 47ERJI(AEC: Alkaline Electrolysis Cell), PEM(Proton Exchange Membrane
Electrolysis Cell), AEM(Anion Exchange Membrane Electrolysis Cell), SOEC(Solid
Oxide Electrolysis Cell) ®#2jo] <t} o]F %H’}E}Oh% PEM 2l 4831 oA
(TRL: Technology Readiness Level 9), AEM, SOEC= ¢+4Z SA(TRL Level )=
24 9ok £ U A8 Sa PEM » AEC > AEM > SOEC <0 % A1),
20303712 9 U A3 Ag-S AEC(31%) > PEM(25%) > SOEC(21%) > AEM(13%
HRh) moltk. 4o AAAY E42 Vs, FHElrle, 94 BOP(Balance of
Plant)e] ¢, F49 £5 5o a4d wel ZH - 7BEE o7l & £ gow
2 539 HelHE dEHoE v H&sr= ofdr. ot Olﬁﬂ«l HolE
3l A& EAHE, "= AU AE Z8(2020d 990 wEH, PEM A 7=, 4
= 7+A $1,500/kW, A8 (grid) H715 $0.05~0.07/kWhe 7]—7531' 3%, :l_%l_—m.
7b old AW W2 L3 gul S 6L $5-6/kg-H2E FAHT. 14
49 7= §4.22~6.09/kg-H2E HEHJY. O-F4LY 7HHo] o ¥ AR
= H, ol AR AT Bkl W2 AP A 7}7—%01]/‘1 H| 23k,
oAg =A% 7HEe % XPEOH WEW g4 LA §2.5~6.8/kge] W9 HE
TRHASG. A = AUAFE FAZF4 74 S 10d ool Sl/kg HxE Al
Alstal AThD Wkl ol 3 ExA7F @8 3, AR ol WA E =&
AARE BY g A Hol 4k Huko] FaFE mH ZoE otET2

1) Department of Energy, DOE National Clean Hydrogen Strategy and Roadmap,
September 2022.

2) dE Eo], 429 AS$ F4 1kgo® 30kmE FHAstH, F42714 $l/kge $1E
kmE AERA FBT 5 odrks AL o,
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Grid-connected Alkaline Water Electrolysis to Realize Net-Zero

Hae In Lee, Hee Soo Kim, Dong-Ha Lim
Green Materials and Processes R&D Group, Korea Institute of Industrial
Technology, Ulsan 44413, Republic of Korea
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Analysis of operation characteristics of new technology
hydrogen production facility and deduction of risk factors

Jun-Yeop Kwon, Jae-Jin-Lee, Ji-woong Yeom, Ji-An Choo, Jung-Woon Lee'
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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20219 HE WEAHAME AT A2 7IEHFozHN gy F ko] Aeg
of meh, A MAVE 247t~ wES Hasksr] f8 =E¥€3ta Ao FadUA =
LAk wjEo] glE AAdUA YR Fgo] yisEte] FioHA g #FH
AT ¢ o] EsiAl o] FoiA A Qla, fES FAAS At #Hd AF=E &
WSHA o] FoA 3 Utk FAaARE AL wEl 071K Ago R FERE =,
gExdoz aaraAd ARE MASY F4AE Aitsies HHIY B8 EIstd
Aakste Wao] k. U FAAE Ak BHEE AAVELS FaFEY] kY]
F(KGS AH17THF FHs)du] A7 EEKGS AH271)©] Al FolW, o=
(NH;) % 2 1A431E FHSNSOEC) 5 Y7 27|E FaA4 Al ¢
Z 7ol Q3 Aol

2 AFE B @A MEHT JAAY, AFHAC Jde AVE FAA
st &3 B4 B4 2 ¥ 24E B35t o]o wrE hHyE AT A
ZE39Y. dEYols AADT AdUAEET =31 AF Al FRolA e 4F
bar) 0.2 AAo] 7lEdte FAAL ARE FERIFI Yoy, FEYol A<
3 dryol EajgAA LAYSE Nitridinge] EAAE & Jdom, FH wg
S(TDM, Thermal Decomposition of Methane)?] 74-¢ YU4FslEA(CO)7F AA =
A ¢k TAGRC)7F BAPHER ojx A SFAE & T A EEE AL
o] 7bEshy A2(1,000T o) &xo wWE o] EAgtt. 1A A LS E
FAFSOEC)E =2 %94 275+ Gibbs free energy’} Z o], *& <ol
A EHo] 7hssle, A E80] & Aol oy, n2o "adk dox
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Risk Analysis for the Development of Safety Standards for
Ammonia-Based Hydrogen Generator

Ji-Woong Yeom, Yu-Rim Jo, Ji-An Choo, Jung-Woon Lee"
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Development Status and Future Plan on Solid Oxide Fuel Cell
System of STX Energy Solution

Dongwon LEE, Seunghwan PARK, Junhaeng HUR
STX Energy Solution Co. Ltd.

8 oF
STXAU A &EFH 2 2010d TALSHE AEZA|(SOFC) BOP 7o 23l o]
N2 FA7A kWH AEE SOFC Al=H 749k 2 AFEE F=H|5kaL Qo) 2018
WRE oy 7|&Hrtde] A Ye wol 23 9¥ £853 “kWd A E8 SOFC
A83) 7le M FAE T3 F 32719 Al2=He O 4% S FYsATh
o] AAE T3 <F 8oMWhe Mg AJAik3 oF 14,000A17te] A% 3H3
o AT AT #}AHES £, SOFCS #e 1L ABAAY ¢ 3HA|
ok 9k 700C9] 1 HHZE AHE A/2"el kg HH fAE o2
Helsl= EYES At AT 1 IJEZ Aojstes g E o
ZQ3%He dgith
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Consideration on the Design of Fuel Cell System based on
Tentative Standard Plan for Fuel Cell System for Vessel

Daeyon Kwak
Bumhan Fuel Cell, Co. Ltd
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Simulation analysis of carbon reduction effect of tri-generation
system based on high-temperature polymer electrolyte fuel cell
for data centers
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Meeting A Study on the Direction of Conformity by Portable Fuel
Cells
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Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Study of Non-compliance Case of Hydrogen Fueling Station for
Measurement Standard Model Development
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Institute of Hydrogen Safety Engineering, Korea Gas Safety Corporation
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Experimental Study on Hydrozen Permeability of Type IV
Container Liner for Hydrozen Vehiclesl
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A Study on Development of Safety Standards for Ammonia
Reforming Plant for Hydrogen

Jung Jea HwanT, Lee Moon Jae, Park Yong Seok, Choi Jae Wook , Yeom Ji Woong
Korea Gas Safety Corporation
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A Study on Hydrogen High Pressure Parts Permeation Test Method
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A Study on the Development of Standard Model for Overcharge
Prevention and Statutory Measurement through Real-Time Monitoring
Effect Analysis of Hydrogen Refueling Station
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Institute of Hydrogen Saféty Engineering, Korea Gas Safety Corporation
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Type4 Composite Cylinder Hydrogen Tube Trailer Skid Frame
Design and Performance Evaluation
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Development status of 10 Core Technologies for

Hydrogen Safety Management

Hyunjin Kim
Institute of Hydrogen Safety Engineering, Korea Gas Safety Corporation
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Safety Requirements and Performance Evaluation of Tube
Trailer and MEGC for High-Pressure Gas Transport
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A Study on the Status and Safety of Hydrogen Facilities
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Institute of Hydrogen Safety Engineering, Korea Gas Safety Corporation
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Design and Operation Plan of the
1 MWe Class Liquid Air Power Generation Process
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Institute for Advanced Engineering
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Design of Carbon Dioxide Liquefaction Process
from Exhaust Gas after Combustion in Urban LNG Power Plant
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Institute for Advanced Engineering
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Study of efficiency increase in electricity generation
by CO; capture from LFG
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Fig.2 Schematic of experimental system
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Fig.3 An example of measured pressure Fig.4 Solubility of CO, in aqueous MEA

of CO, at reaction tank solution

%27] &9 50 kPa, MEA &9 H]E 0~50%°] 3 &= =4 ZAIE= Figsst
2ot 71 =T mole,/moley ® HERATE AT[1119] 23}, CO,°| MEA
of gk gal=e B A AA}E vwstH Figset 2, b B Ao &3

=7t 1€ A7 AAe HHd ASE ¢ Arh A} gz FHE Hax
© EPEANE &7t Aarqu COo, %< BF3 FAst= Aol Tad<
& g AT ey dbHo® xsghe W2 ghEolr] Wi 54 ARERE F
k= oﬂ?ﬂ Fads & o At COo, 23§49 AAE S e B2 T8
& AA dgE FAY £ A d9 =¥ CH.G &= FA Ads, & AT
AE HelA Ccool Hiske oF 32~42% Wl AFITS & F A

-73-



[ 2022 ]

100

——— T=313K /

—— T=33 X ! // 1 /
— — T=393K / "/ ! J
50 vol % MEA solution A N

14 !/
I /
/

7 4 1/

//
{/ = =1=313k
/ S ! maT=335K

4 -—-T=393K
X This work 30 vol % MEA solution|

Peo (kPa)
~
-
-~
-

1

T T T T
0.0 0.1 02 03 0.4 05 06 07

Ocop

Fig.5 Solubility of CO, in aqueous MEA solution of this work and
reference[11]
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o] Are ARG EHRFARDY AUOE FTATABY AU o}
FPH AU No. 2022H1D8A3037396).
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and regression of solubility using machine learning
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29 Y7)|F HWi2S ZFol1 WAt F9 WE(CH) 52 o mgA 7t~ o
& A7 WA HEEE Folt AL FaW sEolth MAA IzA BT v
ge gr|Fos WESA i A4E B39 UAE da Co, FHE v E3HA
HH 7|3 s dsle® 79 E A #h
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IR = 34 2439 2y 7] HE S o5ty Flglﬂr 2ol Wslr] wjEo] Wiy
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Fig.1 Monthly variation of methane from the domestic landfill site[1]
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& AFoAE 2HE COE F& 2 AEE F Ae 7Es A7 dFoH
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2 Yet itk Table 191+ A% 21074 249 §=5 YeRU AT

Table 1. Experimental conditions and 0
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?:ILE—:! 2~ Q ol %‘%HE 902 E>' 40
(kPa) | "o | (BER)| (sec) 5
(%) 3
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50 17.8% 1816 @
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~ O,
44752 30 9.5% o7l Fig.2 Comparison of solubility between
50 5.7% 475 CO, and CH,
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Fig.3 CO, solubility curve and tgpo, Fig.4 CH, solubility curve and tgoo,
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Fig.6 Example of predicted solubility(underway)
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A Study on The Improvement of The Standard for Extended
Application of Multi-family Housing, etc. to Resolve The Dead
Zone of The Urban Gas Pipelines Safety

Young-Joo Choi, Kyung-Sik Lee, Keun-Jun Lyu
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Adsorption Filter Design using VOCs Adsorption and Desorption
Characteristics

Jeon Donghwan, Lee Jieun, Shin Eunju, Min Heungki, Jung Seokwoo,
Park Hoonmin"
Institute for Advanced Engineering, Emsolution Co.,Ltd
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A Study on the Current Status of Vehicle Collision Protection
Facilities in Outside Piping of Hazardous Chemical Substances
and the Presentation of Technical Standards
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" Chonnam National University, Department of Chemical Engineering
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Procedure for Evaluation of Hydrogen Pipeline under Seismic
Loading or Operating Condition

Ki-Wan Seo, Hee-Seo Koo, Yun-Tae Kim, Hune-Tae Kim", Ki-Seok Kim"
Department of Mechanical Engineering, Korea University, "Central Research
Institute, Korea Hydro and Nuclear Power, " Steel Solution Laboratory,
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sbglom) oo WX FAaF S Gl disl A4S AT 3-4).
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(2) Dadfarnia M, Sofronis P, Brouwer J, Sosa S. Assessment of resistance to
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with hydrogen. International Journal of Hydrogen Energy 2019;44:10808 -
22.

(3) AJ, Drexler ES, Nanninga NE, Levy YS, McColskey JD, Amaro RL, et al.
Fatigue crack growth of two pipeline steels in a pressurized hydrogen
environment. Corrosion Science 2014;78:313 - 21.

(3) Amaro RL, Drexler ES, Slifka AJ. Fatigue crack growth modeling of
pipeline steels in high pressure gaseous hydrogen. International Journal
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Comparison of combustion characteristics for LPG and NH3 fuel
in direct injection engine
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Institute of Machinery & Materials**, Hyundai Motor Company***
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Research on facility health management and safety
pre-diagnosis through digital transformation of hydrogen
refueling stations
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Safety Evaluation Program
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A Development of Robot Vision Algorithm based on YOLO and
CNN for Task Automation of Gas Accident Investigation
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Korea Gas Safety Corporation
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A study on the development of gas leak detection technology
using ultrasonic technology
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A study on the development of gas leak detection technology
based on Al Image Analysis

Hoseong Rho, Joonhyuk Lee, Byeongjun Park
Fire Insurers Laboratories of Korea(FILK)
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Study on The Relationship Between Magnetization and Strain of
Steel Pipes under The Bending and Compression Forces

Choi Won Mog, Ko Jae Pil, Kwon Sun Gil, Jang Yun Chan
KOGAS Research Institute
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BOG generation behavior analysis through process
computational simulation of the LH2 receiving terminal with
membrane storage tank

D. H. Kim, Y. B. Lee, H. S. Seo, Y. S. Kwon, C. W. Park, H. W. Kwon
Research Institute KOGAS

8 9

Fa dUAE FHET ojyE AAHeREE co2 T AEE T &4 ¢ 7
F 243 IS5 gS HdeE gFHL At ARE 29 4 A4 ddE
A8t Fa A, &%, AA, Td FEokdd i 2=WlS AAStL ARHd FA
2 BA43E el thAE Yot Qo

2 33 s d3tes A ZokddA tiEFoE AT & v LH2 WEH A
AR A JAF7|A ] g 34 A4 AlEHA Bl FEFs5ta olF T3 AFTIA
%+ ¥ 2 BOG(Boil-off Gas) A A&& 4% u&oltt.

A LH2 B AFYA JAF7 A AAACRE EA6A o, 83
H A8 LH2 AN A =3 mFd dAoln. Ty vl i Aol
2435 Ao AR E7E oo thAsteiof qhth. LH2 WHEHQ AZH A <A

ZIAE HE&EF dsris AR Faxd £ F Ae Fo3 Wto|th

A4k AlEdH ol mdo] tide] He LH2 WEHA A I A57]|A 7} of7 &
AstA e7lell, AF LNG HEHQ AZBA A57|A A5E Faste 7|AHF,
IR T4, LI20E 7HAst HEA71l, videl LH2 WEHA AAEa
F7)A] AAGA S EANTH 920 WA 9 FAAMN A BHAHE AFH
ZofF Zoh,

B B0 Aspen plus(ver. 11) AlE#HOIEES ALgRa, dEYst mdAe
REFPROPE 2 &3} T},

- 102 -



[ 2022 ]

Mutg s MEYI FM=o| We

—_

o

27} oHE7IE B4

OlSH, BB, 2T
FR7h QA FA Thagk AT

Analysis of Additional Safety Standards Required for
Manufacturing Liquid Hydrogen Storage Tanks for Ships
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Instructions of Various Vacuum Insulation Methods and Their
Application to the Storage Facilities for Liquid Hydrogen

Yeongbeom Lee, Heungseok Seo, Donghyuk Kim, Yonggi Mo, Yongsoo Kwon,
Changwon Park, Hweeung Kwon
R&D Institute of Korea Gas Corporation
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Risk Assessment of Additional Metering System in Hydrogen
Station and Performance Evaluation Device

Hyeon-woo Jang, Hwa-young Lee, Jae-hoon Lee
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Investigation and Analysis of Specimens for Verification of
PAUT Procedures
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Latest trends and achievements in international standardization
of hydrogen technology

Kang Seung Kyu, Kim Hye Lim
Division of Hydrogen Research, Korea Gas Safety Coporation
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A Study of Technologies for I H, Starage & Transportaion

JOE CHOONGHEE, HWANG BOMCHANY, KIM HYUNJUNG
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Institute of Gas Safety R&D, Korea Gas Safety Corporation
1390 Wonjung-ro, Maengdong-myeon, Eumseong-gun, Chungcheongbuk-do,
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A Study on Quantitative Risk Assessment of a Hydrogen
Cylinder Refueling System

Boo-Seung Kim, Choong-Hee Chof, Jeong-seok Oh
Institute of Gas Safety R&D, Korea Gas Safety Corporation, Republic of

Korea
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Analysis of Risk Assessment of Hydrogen Fueling Station Using
Quantitative Risk Assessment Tool

Dong-Hwan KIM, Choong-Hee Joe
Korea Gas Safety Corporation Institute of Gas Safety R&D
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Analysis on Factors for Reduction of Green Hydrogen Production Cost

Yoon Namgoong
Research Institute of Economics & Management, Korea Gas Corporation
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Analysis of CO, emission and capture technology application at
hydrogen production process
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Refueling Station using Biogas

Hyoungwoon Song, Hwan Kim, Su-been Wi, Hyeong-rae Kim
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,

Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

Q ¢

AF2d3ts sdsty] A SdAFHS v T8 AFF olgrolH, o]et A
A=o] st Ao A &3t FhANUAR HEL 247t~ A g vj¢ T8
Weto® HAEHD P4 HE&EHI gt oo B AFdAe frIRHVIES 7]
AstA e A B3 AYAHA L] vlo]| 7t ~E &85}
gbata &89 FUY Hx vig 2ol SFubol L aUF AT A
H7bE st 3ok, FFubol L b AT AT 202219 39
A& Fo2 FQ8 AuE IA Hio| U2 AA AN, FaA4EE], FAS AN

G5/ FH)E %Llﬂrao% Mul A1EEt 14 BHE RSt 244
o

B

[‘

off

—~~

&R eT A
AL wol AT

- 117 -



—

2022 ]

HIO|27kA 0|8 SAMA U ESO CHEt ZHA 2

S8, =27(&, 244, 4o
I57lEdTY, 17180 A7 SUAA AU WA A2 51124 175-28

Evaluation of Operating Performance of Green Hydrogen
Refueling Station using Biogas

Hyoungwoon Song, Gi Hoon Hong, Sung-Pill Yun, Ye-Won Kim
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,

Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA
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An Analysis of Hydrogen Refueling Station for Hydrogen cars related
to the Urban

Jihyo Baek, Jung Hoon Kim, Kyung-Sik Lee
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Preliminary Studies of Biogas Hybrid Plasma-Catalytic Reforming for
Hydrogen Production

Hwan Kim, Subeen Wi, Sangyeon Hwang, Hyoungwoon Song
Institute for Advanced Engineering
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A2 71F wstel O3 ek A b AuALe BF FE2 s vele 7}
29 AZe Agel B Balo] koh wlolertat nade 2 Aol Wy 2 A
B 2 ARIEA 8 BoklM AF ASEL EW, wolertns AL F

3l A TtaE AZIMEEtY nHEIIEA] A4 A8 9 38 EFS de o AEE
F Aol B Zguka glth HEo] @ 7} A= CHL(40~80%)$F CO,(60~20%)2] F 71HA
T T4 848 FAEY vlo]ortxe] xR AE HHA F7] 7l (Steam
Methane Reforming, SMR) & ¢ ®E-g-o|7] wiol wgte] AAAQl HAeS 3] 1
2(700~1000 C)ollAl ZsafloF 3t =2 ddo] EFHola, COo, AF&o] drhe
So] Ut B AFoME Holed &S Eol7] Y AAY Ades =T
ZukE o] &3ty BslrAAsE JMAst EHEtxvy wHoeR sty AdHE 4
4 Co, HIE T3l d9styoz B vlolertx M wEEY §88 Eole=
ATE FPtFtt ol & f8 =gold otaS o] &3 Hio| vt~ Fehzuk A
g A4S A st wet EdHvted e, S A 9gr1E TS S/IC
H, ZFNES, 72 FFFd @2 A AeHsd rAs 8 JAAE =&
UM =E2H F2 AAE o83y slolH = Zgznk-Ev) WIS FATFAS
, stolB g = MAELHIIE F3l vlo]ertx stolHgE Egtzvk-FHu) AE R

3% AH 33k
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A Study on Expected Effects and Solutions
for Hydrogen Blending in City Gas Pipeline

Yeongki Yoon, Wonguk Han, Sangwon You, Youngjo Ryu, Chaesik Gwak
Korea Gas Safety Corporation
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A Study on the Risk Rating through Real-Time Monitoring of Hydrogen Station

Yura Song, Dong-Hwan Kim, Choong-Hee Joe
Korea Gas Safety Corporation Institute of Gas Safety R&D
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A Study on Improvement of Production Design to Increase
Productivity of Heavy Oil in Cold Region

Seonghak Cho, Chayoung Song, Ingu Kang, ' eonghwan Lee
Dept. of Energy and Resources Engineering, Chonnam National University
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717  Aesta A Agtr]so] wEdtel wEt Ho] oH YUY FEA Aol A H]
e Ad/hded g #Ao] FobAa Utk F3A Y O“?Eﬁi(peﬂnaﬁost)"ﬂ%
A AA L7k FERS oF 22% o] wWiAd AR FAHHAG AN S
A Afr AL Al FREAZTOZ] dEHo] B fEAo] AstEIL o= <l
3l *3@“301 oAl = ZAZE Aok olE sty faEl A8 W (artificial lift)
= AAF Ddd(nsulation)se 7|EES AHEST B AFo|A = Alaska North
Slope A9S Ul4SZ Schulmbergeriib 2] PIPESIMZ ©] &3t 14 L A4t
A SHE A AAEA NH dFE PRt TsESS FA, AAFEY 9d
A AAFF D TR, AFTANFHY 48 HeE Ao, AlEdEHd ATE
TPt Fr1e] Werh A "3"“4011 nA & YIS E4EAT. AlEd el AR

FEZY FAN FALTE Y FeAS dFEHJeH, ddA e HAef AF
AFraHel Hde82 AHES 7H“§f A AR AHHT. F$ ESP (electric
submersible pump), 7}=E] ZE(gas lif)s2] THES HELEI FrHFHA AFE 3
il

A A
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A study on sensitivity analysis of NWAG in heterogeneous
Teservoirs

Hyeri Park’, Seungmo Ko', ¥ Hochang Jang"™
*Department of Energy and Resources Engineering, Kangwon National
University
*Division of Energy Engineering, Kangwon National University
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TollAeE EdEEY FEALY ojdd o] wFd AF{FFT RIS 7=
i, NWAG ¥ d&iad vz B4 Fdstdth ol& 93
GEM=< AR&3sted 3-D RdS T3 om AR{FIF B

Dykstra parson coefficient& 0.6°2.2 AT =3 W
TSk F9, Wi Ao =AA A dde 7387 #el Larsen? Skauge
3% %L‘:H—r*}‘: olgdYd RAS HE3AT NWAG ¥ &A= FH7Al-
7k v, €80 Abolz, FAUVIRE, FAFT], YA sEE2 AAEa e WUt

mﬁgm
re rlo fnt rf

= w4 A3 FYRAINE Wgel 2UASEI} CO, AFY Wsol AF 2 I
o v AoR HAPeh Aol et O, F& HH] gon ARt
FRAGT AAL W, NWAG FHE 2UA+ZAR COo, A wHAL AN
Aez FvHn.
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Impact of CO, with impurities from coal gasification on
geological storage capacity

Seungmo Ko', Hyeri Park’, Yong Seok Lee™, Si Jun Yang™, 'Hochang Jang™
"Department of Energy and Mineral Resources Engineering, Kangwon National
University
“Division of Energy Engineering, Kangwon National Universtiy
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AE7E 20219 RS AR FARAA ol JEAG wEdH Sguee
2025 FE EFFAE A4Asly] AlFE] 20309 757 E, 2050d74A] 2005 =
o2 g qAFolty. EFFAE FAVIAE MASAY s 7hxsiEte] FAE
e S E oS EAS CCSE AHEsheE S gt Agrtaste Ads
B daste] it YA EAR o]Fojx FAVIAE AASE FAoIth FA
Zhzmoll Eehd dAstgAE el FFUI8 FATEEA SR -S(water gas  shift,
WGS)& 53l F&et ojitstatA= HIAAZ 5 Quh. G FAFNA B o]itks}
SaE I w BEEo] 2FE ¢ Jdow AAF FUEA ol g 1yt E8
sttt

2 AFdAe Aertzest B2 F syl A ehrh23t 5518 d A (integrated
gasification combined cycle, IGCC)olA WAsl= EEC] ETH o]itggrio]
g9ty EAS =EFIAT vlT duAR|FolA 2002 TEFE Wabash River
coal gasification repowering ZZAHEo] WEWH IGCCAA A= ETES] F
7o &/ CH, 191~229%, N, 1.9%, Ar 0.6%, H,S 83.36~107.2 ppm COS
111.80~162.13 ppm(Z"A) 24.22~36.63 ppm(ZviB)oltt. EEEo] o]it3ekA
A ZA A A= dFS H7EsH7] 98l CMGAFS] WINPROPS o] &3] 7+ A &9
e mE olitserae Ry, AR, AT WHIE AP oH, AR
54 Ao 23 Soave-Redlich-Kwong(SRK) AElA2]S 2 &3ATH oS
Bl BEEo] olkbstetA AFAA A& FFS HAE AS AT+ AUTH
EEd e 2983 SN F5 oigeA Y HuF AT 282 A
o7 7|tH
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A Study on Performance Improvement of Deep Learning-based
Permeability Prediction Model with the Feature Processing of
Well Logging Data

Minsoo Kim, Yubin An, Doyoung Kim, Jaeyun Kim, Sunil Kwon
Department of Energy and Mineral Resources Engineering, Dong-A University
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ARE P, BaEE BY, AFolF B4, AF5 4% 5 09w 4% 43
of met PHEe] AolE Hols] wWEe| FrhH BAL Fa Yo xe AR
£ HYY & Ytk =3 B AFNA A8 AFY A/NAZ AL Deep,

Medium, Shallow® T3 ZAMAEE 7HAH AR |die} Bu@dxdie]l H7nA
Fks AFH R A= AHEEHI o] & o &3 JAWHS o] Jhesith
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Machine Learning Based Multi-Optimization by Reproposing
Production Wells During CO,-EOR+

Yoonsu Na, Youngsoo Song, Sungjun Jun, Kyuhyun Kim, Donghyun Kim, Jihoon
Wang*
Hanyang University

CO.-EOR+(Enhanced Oil Recovery)= ©l4tsterd Hol A Add HHS & Af
Z72 7|Ho R 7]E CO,-EOR(0.3 tCOs/bbDRET} =& Ty A7 AAGF F o)Lk
A 77H0.9 tCOy/bbDES 7T o] 7S &8 A9, olitsgda A4 4
S| 5 FAA Fdse A EE, A4S FUAHoZ HAFste T 71E A

AZgste] AAA FRI7F 7Hest B AT s ZAESS 1 o537 H A
71 & 8§, CO,-EOR 3] Zx=9] CO,-EOR+ A3 Alo] HZA HAE =&3la
AT B Ao i Y& v= g Aabx AqE Farnsworth Unito 2, 20103
CO,-EOR©| R 3Y=o] 20221371 oF 4897t bble] odo] Frhzoz Ak
AT Fre S FAAHoRE AFs= AL 7PEEA, 2030@71A 2 HFH
AA =& 2d& /fEstH . WA, Latin Hypercube Sampling(LHS)®} = E &= (Petrel)
S o] g3te] HoHAES F3=3 ¥, Artificial Neural Network(ANN)-S &85} F
AA A T 297|7+e WFE 3 ZEA mdS AAIFATE ©]F, Genetic
Algorithm (GA)E &3l Hdl olitsiebh AR, Hd Af AT Alveled HF
AAE =& 2 29, YA W3 glo] &9 Al oF 87007+ Eo o]4ksleba
T2 FUE & AU, ol Frb od AAHFS oF 39 bblE VERE
FUAS AT A9, 619 BAE OFo] FUHSE HIEHE Ao olitsigt
AT oY AL o] ALAQC AoE o ZHYT) ojisterA H A
EX2 A A FUAH HAES A 2= A bl oF 30%e] AFFol Fst
B2 AA Al <F 28%9] Ao TUIEE ALE Y
2l COEOR+ & 9% HA3 Y =& A &

T 3L bhglo X

do 38 do b Lt
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A study for the deduction of CH, diffusion coefficient with
simulation software and CBM production experiment using lump
coal.

Donghyun Kim, Youbin Oh, Youngsoo Lee
Chonbuk National University, Department of Mineral Resources and Energy
Engineering.
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2 dAqes @3 27108 483 CBM A4t AES FsH7] 98t 31A E37)
2(CHy @ CO; @ Ny 1 95 @ 2 : 3)9 S o83ttt gty oz sitA+E &4
371 Y= A S H(Canister test)7} AFEEU AlF A A F ] o of3}

28FE @Ho] Utk B AFdAe= FHe] T4 (Lanmguir
Isotherm) S4<S 9 HHSAY Ad AA9 CMGAFS] GEMS o] &3t A&
9 7t Aste] mE Mge] R WHslE 439
Ao AHEH AEE oldAHE T3 =FHOEA, ZF WHol 5 ecm A7 A

800 psi, 318.15 K ©]t}.

Ak BA AFAT B A AFS =7] 4™ 800 psit-El YAIREAE 300
psiZhAl 7Fdel AFEHE 50 cc F 9F 39 cc/f AAENOH, Jlxe] A

B 0 psiZ}A| 6Aol AA F 785 cc7b AAE AT
FHH o2 AT EEE A% AlEHCHAE TR
A3 FFE°] /M UHs MR FAEshe AS FRASA 1=
Ao} 3 2Ed AL F33F 32 x 10" em?se] FAHAFE =E3A T

AfH o2 B AFE 53l CBM A4t Al T8 AR FAHAIFE Al EH oA
I g2 AFAAE 5o TE/IET AS FAstH o, E&FQ0 S 25t
Aak ey z2Adn) 0 WE AYak AF o F£Ho] Bads AT

ARDAS
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Analysis of Intake Plugging Effects on Electrical Submersible Pump (ESP)
Operation Using Nodal Analysis.

Joseph Iranzi', Hanam Son', Jihoon Wang’
Pukyong National Universityl, Hanyang University2

Abstract

Electrical Submersible Pump is not efficient when handling solid-laden fluid. Therefore,
the intake screen is customarily employed at the ESP intake to counter the solid entry
into the pump. Unfortunately, the small opening intensifies pressure drop around the
pump intake, accelerating the solid build-up leading to the ESP intake plugging. The
intake plugging problem significantly depletes the ESP performance, reducing the oil
production rate and sometimes leading to the production shutdown. This study presents
the approach of evaluating and understanding ESP operational conditions during the intake
plugging and how the abnormality is identified for effective monitoring. The rate derating
factor approach was proposed to evaluate the intake plugging effects. Based on the new
ESP operating speed calculated using the affinity law, nodal analysis was performed to
reflect plugging effects. It was found that the maximum head derating was at the shut-in
point, while the maximum rate derating was at the AOF (absolute open flow). The result
shows that intake plugging reduces the ESP operating rate and increases both pump
intake pressure and annulus liquid level. The results’ finding agrees with the downhole
data signature (field cases) observed during the intake plugging problem. The intake
plugging impedes the intake fluid to the pump, changing the ESP operating point and
causing unexpected underload trips, which can lead to an abrupt stop of the pump,
production losses, and downhole ESP components damage. To overcome these effects, the
following ESP well-monitoring aspect can be taken: utilizing the VSD (variable speed
drive) to adjust ESP speed at the variable operating rate, adding annulus liquid level
signature to downhole data to unveil the ESP abnormality, and deadhead test to make
sure that intake plugging is the problem to plan for acid washing.

This work was supported by the “Development of Intelligential Diagnosis,
Abandonment Process and Management Technology for Decrepit Oil and Gas Wells”
of the Korea Institute of Energy Technology Evaluation and Planning(KETEP)
granted financial resource from the Ministry of Trade, Industry & Energy, Republic
of Korea (No. 20216110100010).
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Proposal of the CCS regulations in Korea and its field
applications based on the regulations of Australia, Canada and
Norway

Donghyun Kim, Youngsoo Song, Sungjun Jun, Kyuhyun Kim, Yoonsu Na, Jihoon
Wang*
Hanyang University
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Analytical study on pressure loss change due to hydrogen mixing in
city gas pipeline network in Gwangju using Synergi Gas

Lee Jong Su, Chung Gi Sun’, Lee Ju Ho', Kim Kab Lyoul", Yoo Sun II"
INNO-BI Solution, "Haeyang Energy, ~DNV
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Analytical study on pipe pressure drop due to NG-Hydrogen blending
in high pressure natural gas pipeline using Synergi Gas

Ju Kyung Min 1, Lim No Hyun 2, Lee Jong Su 3™ Yoo Sun Il 4™
INNO-BI Solution, *DNV
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Analytical study on the change in hydrogen mixing rate by region
according to the difference in hydrogen mixing rate by supply point of

the city gas pipeline network in Gwangju using Synergi Gas

O-BI Solution, "Haeyang Energy, "DNV
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A Study on the Utilization of the LNG Cold Heat for the Reduction
of the Power Consumption in iquid Air Energy Storage system

Munkyu Yoon, Chunsik Lee, Choongsub Yeom
Institute for Advanced Engineering
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A Long-term Forecasting Model for Natural Gas Demand
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Research Institute of Economics and Management in Korea Gas Corporation
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Technology development trend and industrial development di-
rection of cryogenic rolling bearings for LNG Pumps

' Yongbok Lee
*Dept. of Energy and Environment Engineering, University of Science and
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“Dept. of New Clean Energy Technology Research Center, Korea Institute of Science and
Technology
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Experimental Research for Fault Detection by Measuring
Friction Torque of Bearing used for LNG Pump
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Dept. of Energy and Environment Engineering, University of Science and Technology
"Dept. of New Clean Energy Technology Research Center, Korea Institute of Stience and
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A Study on the Accident Frequency Analysis in LNG Terminal
Plant

Keunwon Lee, Boo-Hyoung Bang®, Somin Park, Gwangjae Ahn, and Mimi Min
Department of Environmental and Safety Engineering, Ajou University,
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The Experiment for Effects of Insulation Materials on the
Sloshing Impact

K.H.YIM, Y.B.LEE, YXKKIM , B.SJANG, HB.Ju , C.S. Kwon
KOGAS RESEARCH INSTITUT, SEOUL NATIONAL UNIVERSITY,
KOREA RESEARCH INSTITUTE of SHIP & OCEAN ENGINEERING

2 o

N
ETES
-
)
-y
o
ofy "8
o —
o & sz
jf f
(o]
— r'lO
of
S o
i e
e
)
9,1‘,
Y
f
us)
9'15
rr
18
ofr
filo
o
£
—
b
Q
Lot
1]
oM

" o
2
o
O

iy ot =& A

b o 1

N
Jo
b

iy Mo
offt
=2
lo
:‘n)l'_',
=
=
Q
A
oo
)
o
e
>
ol

)
o
i
ox
e
£
o

P T B e 12
2
L
2 ofl o oot
)
Uy

2y Adge AAe 28 LNG sEF &

A4 &3E HEFstA Xote STk oAl gal, €24 AFA

23 83E Cargo TankE 1A Rigid wall®t 22 =2 7143}

2Tk o] =Hd A= FEAQ Insulationol] 23 $FEIE 17

712 Aol A Insulationel] e 95 G35 dF AFS 53 Ro=

U, olgd AFELS F4AEY '3 o] ofd Hxe AFAHE &
£24 2y Agdgd A3 93l

r
2
P X

2 N W
1o

: B M B

% oo o
o
ok

ob

R

tlo
o2 )

5 rlr
)

By

2 A ok I ok g
i

) geAE AL FASA

sy

- 143 -



[ 2022 ]

L& ol X[e] EtaSE et

a8y
7 g A)

The Measurement of Net Zero in Heating Energy
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Cryogenic Hydrogen Storage System for Mobility

Yong Nam Choi
Korean Atomic Energy Research Institute

8 ¢
20130 A As Aol 93] EA1E Hxo Y Fa ZHUYEHEGER 09 A%
B3 350 719k BaAl &7]olla, @A Y& = 700 714y HEA 87171 AF
S53 Aot Y& HAE dF5Th 8719 A2 FaAAHY UEE oF 24 kg/ms
2 58 wt% Tolth O B FAE AT et e vdY 4 2dE g
 FaAd dort A F4E FAL T4 AZA2Ho gA=E

E 1A vele) FaAg Asde) N A
NZRFAAZEE | Holding
AR A A 2H) i
TEAG A Z 2w | Balgl) | Time
4 A& gH=ZF2 (7000ar) 42 24 -
= BA G4 AR A (BMW, 2006) 8.1 42 17 hr
ME | FAL tE=42 A28 CcH, (ANL 500 bar) | 7.3 430 | 88 day
2005 55 0 10 day
inj
[k 5 DOE Target Ultimate 65 50 14 day

HAel EUYEE AA T4 AFBIE HASEdEHMAWP)FEe] vl g w2 3t
(GM 2001, 7.0 bar ¥ BMW 2006, 5.1 bar)©. & AA3AATH HZ 20219 49)
Lindeol A1  470%t Daimler LH, Trucke] HAE = A4 A" I AL=
Subcooled LH2 Fueling Protocololl ¢]3t™ ZHh&|-&<43 gho] 20~25 bar= AA = AL,
ZA 8 N9 &x @ dH Fo] 26 K, 16 barZ WA & oz dHA At
n 2UYEE AT AZ LT ode FAL 8T YddE A4 W sol
S5 HEE Vel AFSATd B FAL =¥o] a5 ol
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The current Research Activities of Design Engineering
to secure the Safety of Cryogenic Tanks for Liquefied Hydrogen

Daeseong Kim, Kyungsoo Kim, Dongwoo Lim, Seong-Ho Hong, Keunjong Cha",
Kyung Chun Kim"
Cryos Co.,Ltd. , "Daechang Solution PLC , “Pusan National University
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Optimal Design and Structural Analysis of Type 4 Composite Pressure
Vessel using Optimization Process

GUNWOO KIM, HANSANG KIM'
School of Mechanical Engineering, Gachon Universtiy, 1342 Seongnam-daero, Sujeong-gu,

Seongnam-si, Gyeonggi-do, Republic of Korea

Q

Tods 9 ga wE 5o A F-3 EAlel wet g

A=A Aol gk #Ao] Frksta ok ol whel, &
7]

g AR AT B F2AFEI) qF AT Lol FuH o B
oJFoi Qor 1 F, 8710 AuHE Sl MFE PolUE BED Type 4
£AG I B APt AL Y FAIT B ATAE Type 3 FAAZ

|79 g2 52 489S A ¥ FAE 5840 Hold Type 4 +42A%E7]

71E& &7]d tiulste] bHAS FAAZIIA HAHE ZEAAE
&3 H2 AA g3 AFE AR B AN EAZ Type 4 FLA%
8719 ol F+= AL6061-T6 % PA6 AZS &3t eH HJAZE F= T700S
AAS F8sted 2AE APsiAt. FE RS 98] 48 F=x34 ii:’-%\_
ABAQUS % ABAQUS9| Plug-inQ] WCM(Wound Composite Modeler)E &85}l ©|
%, 2d99 tolHE EUE Fx)AE Tl TLAGET sty Fo A9
Ho A W AF 2 4F 39 gE B E dFste AFE APsA

e 1o,
il
)
ol
path
o
g

o]
o] XA 3l Ptyhon CodingE %3] AFo2 EFAR F9 &4 H# A= 4=2
Wsty FaAd8719 FE 2333 FxIiHS JAPstes HH3 zeA2E A
Al ZEste] Hzo oY dHe Ao, A v BF I B 4=
%Q% AN ZIoZH IMPa ©)e] 1t £7] QEAY| 9l 2258 wkEsly =
&710l tinlste] AL S FIA7I= AHE FHd B =EdH.

ATE AGEAAYDEMOTIE) S 3= U A 7% HF7HA(KETEP)2] “Al A4 o
A A7) 2 /NEAS]” A DS dol AFg FAJ YT (NO. 20203010040010)
ATE A EAALAEMOTIE)S 3= o|uA] 714 H7FYA(KETEP)S “AlA)A8 of
AN A7) MEAD” A Y-S Tol A3 FA QYT (NO. 2022303004020A)

e ©re

- 152 -



—

2022 ]

L ASMAE 100 MPag =YX EE7|(Type-1) HZE7|& U
AtEsE ot

2=

i
0
)
M
N

|

M

Manufacturing Technology and Evaluation of Service Life of 100 MPa Pressure
Vessel(Typel) for Hydrogen Stations.

Yong-rok Oh, Hyeon-joon Jung, Hyun-joon Ji
Aether CT Co., Ltd.
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Structural Performance Study according to Shape of the Sealing of
Type 1 Hydrogen Storage Vessel for Hydrogen Station

CHOI IN HO, KIM HAN SANG
School of Mechanical Engineering, Gachon Univ. 1342, Seongnam-daero,
Sujeong-gu, Seongnam-si, Gyeonggi-do, Republic of Korea
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Diagnostics of Hydrogen Storage Tank during Operation Hydrogen
Station using AET

Kwang Bok Kim, Bong Gi Kim, Woon Kyeong Kim, Sang Bum Lee
Integrity Diagnostic KOREA, R&D Center
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Feasibility Study for AE/PAUT linked Re-Inspection for Re-Inspection
During-Operation of Hydrogen Pressure Vessel Filling Station

Hye-Jin Cho, Min-Kyung Lee, Min-Joo Kim, Jae-Hoon Lee
Institute of Gas Safety R&D, Korea Gas Safety Corporation
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Development of LNG Cargo Tank Using High Manganese Steel for
bunkering

Junghwan Byun, Hyungchun Kim, Keunjong Cha, Daeseong Kim, Kidong Kim",
Yonggi Mo"
Daechang Solution Co., Ltd., KOGAS"
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Research on high-accur acy level measuring device for eco-fr
iendly fuel vehicles

Jong-Min Chung, Chae-Ho Lee, Won-Mu Son, Dong-Hyun Lee
HANLA IMS CO.,LTD.
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Development of LNG Fueled Ship Bunkering Module for
MTTS(Multiple Truck to Ship)

Sungjin Park, Junghwan Cho, Jaeyoung Heo"
Hanjun FR Co,. Ltd, "AP Green Co., Ltd.
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Development of the International Standard for LNG as Marine
Fuel using Truck to Ship Bunkering

Cahyani Windarto * " Ocktaeck Lim
"Graduate School of Mechanical Engineering, University of Ulsan, DacHak-ro 93, Nam-gu,
Ulsan 44610, South Korea
7LD«:'pt. School of Mechanical Engineering, University of Ulsan, DaeHakro 93, Nam-gu,
Ulsan 44610, South Korea
(Corresponding Author)

Abstract - The establishment of global environmental regulations related to sulfur and
nitrogen oxides contained in maritime industry has strengthened the strategy to comply
with the regulations is to fuel ships with liquefied natural gas (LNG) rather than with
traditional heavy fuel oil. The increasing number of LNG fuelled vessels can pursue
economic and environmental simultaneously. This study intends to measure and
standardize the actual LNG bunkering supply of truck to ship bunkering of LNG fuelled
vessels using coriolis flowmeters and gas chromatography to quickly calculate and store
the vessel’s quantity/quality, thereby reducing time lost in the ship’s flight schedule and
reduce stakeholder disputes caused by supply/demand quantity differences. This paper
provides a comprehensive development of truck to ship bunkering of LNG standard
systems in International Standard Organization (ISO) by comparing the legislative and
normative rules of respective countries regarding of maritime transportation. The results
show ISO DIS 6919 as procedures and requirements for transporting liquefied natural
gas (LNG) from trucks to ships (TTS) using the combination of Coriolis mass
flowmeter (MFM) and gas chromatography (GC), which gives guidance for portable
packaging of the combination system in mobile form which minimizes facility storage
space and streamline the use of development systems. Output from the system in calorie
units is applicable to commercial transactions between suppliers and users of liquefied
natural gas (LNG) as marine fuel.

Acknowledgement : This work was supported by national standard power improvement
project by Korea Evaluation Institute of Industrial Technology (KEIT, Korea) [20006864,
Project Name: The Standardization of Quantity Measurement System for LNG Fueled
Vessel with Truck-to-Ship Bunkering]. This research was financially supported by the
Ministry of SMEs and Startups in 2022. Thank you for your research funding support.
("Project name: Multiple Truck to Ship bunkering module development for ship LNG fuel
supply, Project number: S3276425 ')

Key words : liquefied natural gas, truck to ship, standard, mass flow meter, gas
chromatography
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Development of a system for efficient measurement of the depth of the
burial of a river crossing pipe

Kiyoung Son
Yesco Co. , Ltd.
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Abstract - Natural gas supply industry had originated early 80s starting
from national capital region. Since that era, 34 companies within city gas
industry are furnishing more than twenty million customers as of now. To meet
surging demand, around 47 thousand km pipeline had constructed nationwide.
Among enormous underground pipeline network, some pipeline was built under
river or creek.

Due to unstable underground situation in riverbed, all city gas companies had
regulated to measure and maintain the burial depth of underground pipeline.
That regulation has the base on city gas business act and KGS Code
specifically Standard of Maintenance of River Crossing Pipeline. That standard
was amended on August 25, 2020.

Currently most city gas companies are measuring the burial depth of pipeline
with the equipment for probing pipeline. This measuring method 1is not
justifiable in case of cost performance ratio because it usually requires long
operating hour and lots of manpower.

After long period of research to find more accurate and efficient method of
measuring the burial depth, we’ ve developed far better gauging way throughout
absolute coordinates of GPS (X, Y, Z).

We have no doubt that new gauging system will save measuring time and manpower
dramatically and make possible to accumulate more accurate date of underground
pipeline. We hope new gauging system contributes risk free maintenance and
help decision makers to develop better idea about gas pipeline management .
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Development of City Gas Safety Technical Training Center Based on
Metabus

Young-Ho Baek, Chul-Min Ju, Chang-Sik Min
Seoul City Gas Co., Ltd.
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A Study on 'User fixing type hazardous gas alarm device for gas boiler'
to Prevent CO Poisoning Accidents

Dong hyeon, Cho, Jin Hae, Kim, Bang Hwan, Choi, Chang Soo, Jang,
Jun Su, Jung, Jun Hee, Choi
Formally Known as Jungbu Citygas, JB Corp.
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Abstract - In the past five years, 23 of the 39 cases of carbon monoxide
poisoning in Korea were boiler-related, and 59 were injured and 26 died out of
85 casualties. In order to prevent such accidents, a gas alarm is used in gas
boiler facilities to notify the user of a warning sound after detecting harmful gas.
The above device can be used in a place where an alarm system is implemented,
but there is a limitation that it cannot be used when a user temporarily stays in
a place where an alarm system is not implemented, such as a lodging
establishment. Therefore, this study proposed a 'User fixing type hazardous gas
alarm device for gas boiler’ to prevent carbon monoxide poisoning accidents and
consisted of one module to facilitate installation even in places without alarm
systems. Also, when a harmful gas occurs more than a certain concentration, the
valve is automatically blocked and the alarm level is changed according to the
concentration of the gas to effectively recognize the user.

Keywords: Carbon Monoxide Poisoning, Gas Boiler, Gas Alarm
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Introduction of additional methods for leak-test using ultra-precision
vehicle gas detector

Tae woo Bae, Sung tae Kim, Mu kyung Baek
Busan City Gas. Co. Ltd
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A Study of Efficiency Comparison and Implications of
Korea-Japan Gas Industry

Jiyong-Roh, Heeyung-Chung
Korea City Gas Association
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Korea’s city gas industry has a history of 50 years, but Japan’s city gas industry has a 100-year his-
tory that is longer than that of Korea’s city gas industry. There are similarities and differences between
the city gas industry in Korea and Japan. One thing in common is that Korea and Japan import most of
their natural gas in the form of LNG. The difference is that, unlike Korea, in Japan, various operators are
actively participating in the gas market through full liberalization of the energy market.

The city gas industry in Korea has passed through the growth phase and has entered the maturity
phase, and the growth has slowed. This paper examines the current status of the city gas industry in
Korea and Japan, compares and analyzes the growth potential, efficiency, and profitability of each in-
dustry, draws implications through this study, and studies the development direction of the city gas in-
dustry in Korea.

Key words : Korea’s citygas industry, Japan’s citygas industry, comparison, efficiency, gas pipeline
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A Study on the Intelligent C.P. Management System Based on the
Internet of Things

Yong-Sul Kim, Pan-Sang Kim, Hyun-Ik Son
KyungDong City Gas, Korea
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Key worlds : City Gas, Cathodic Protection, IoT, Rectifier, SCADA, Potential, IR Drop
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Standardization method for utilizing city gas big data
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City gas long-term welded valve safety management plan

Gunmo Yang
Yesco Co. , Ltd.

oF

SAZks FFo) 309 o4 ALHPA 2Py AT FFAUY =FIE A%
CRIRES

SAZbE FFE JhAE MBe Fu LA FFse uw, B2 5o 37
Mol A7) GO =FeE T Qe FF v AAN Bl @At st
M, QLA el® 4B Yok =0 Basith

53, 47148 WE W $3 BA0E B, 1 5 Ayo] WASLE Wy B
A9 4w qPo| AFHA 1Y B 5 YLF AT WY kA L AFE @A

#el7} B asi,
2003 ol 2AL 243 Mo W) AW HEA open F 2o oI5} ¥ g
A ol o] ¥Ho2 A E Adh Aldin, E9 TY AAw
97 EY @Al ATl FAR AR AW ATE Hdd] FA s kg
hgFol fAMk @ Aotk

olol, £H3 Wy U WA Wro) thste] HAM HYAA BE el B AAm
% AN AANLE BASL, EATIE FIIAEAR ] tE AAH B
b e o)Al @ Aol

N

0 EH : 2AVI2: HHE SAVFSAGY A2 [E3E5]

2o} Pyt mjAdEo] e WHOEZRE TAITFAO AMEATE AFSHAY A
3 EAO o2& HiBOoEA ZTAAE 65mm(KS M 35149 wWE JlAfE oY
AFe] Aeole A 754 EE DIhE 2H3t= Aole g3 wo| =
N7t2E A48 ADANZ F e AAE 52 Ee 7t2AEAY 595 9o O
B2 Qb AA 77ke ol A & A

Abstract - As the supply of city gas continues for more than 30 years, the
facilities that were initially established are beginning to deteriorate.

Systematic management and replacement of supply equipment such as pipes,
valves, etc., which are supplied to consumers through gas pipes by cities, are
obsolete due to long-term use, It is necessary to search for measures to
strengthen safety management
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In particular, phenomena such as corrosion and sticking occur in a damp
environment inside valves that have been used for a long time, so maintenance
plans and appropriate safety management are required so that the original
shutoff function of valves can proceed smoothly.

While opening the purge valve seal cap in the welded type valve installed
before 2003, there was a case of gas leakage due to loosening of the ball
cover screw joint due to sticking. Since there was an opening of the flange
type purge valve ball cover, similar incidents should be prevented and a
stable gas supply should be maintained.

As a result, the operator before purging the purge valve in the welded valve
1s checked and given safety training to prevent safety accidents.

Systematic management of facilities for long-term use of city gas must be
carried out.

[] Attachment : City Gas Enforcement Regulations[5]

In the case of polyethylene pipes for gas with a nominal diameter of 65 mm (KS
M 3514), the pipes running parallel to the road to land owned or occupied by
city gas users must exceed the nominal outer diameter. In the event of an
emergency, 1nstall a place near the boundary line within the road or within
the land with the consent of the gas user, where the city gas can be quickly
cut off in an emergency.
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Gas remote meter reading device development
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KyungDong City Gas, Korea
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Key worlds : City Gas, Smart City, remote meter reading device, Gas Meter,
Volume Corrector
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Abstract — The city gas business is an infrastructure business that stably supplies gas to
a widespread using plumbing facilities. Each business operator (national city gas business:
34 companies) builds and operates supply facilities according to the characteristics and
needs of the region.

City Gas Company operates a control room (24-hour remote monitoring system) for safe
gas supply, monitors supply pressure, shut-off valve, communication and blackout events
for local static pressure equipment, indicating an important facility for gas supply.

City gas business supply facilities are distributed over a wide area. In case of problem
occurs, it has to take action promptly. Depending on the skill level of the dispatcher

(new employee, change of position, etc.), there is a differences in the time taken for
action, etc., so a method to compensate for this is necessary.

Therefore 4th industrial technology was introduced and XR (extended reality) contents
that can respond to the on-site situation were produced. (returning the emergency shut-off
valve)

The on-site dispatcher could take correction to establish a safety management system that
can safely solve problems through remote communication between 3 parties (skilled
personnel & situation room & dispatchers). By producing realistic AR contents, the local
static pressure machine disassembly and inspection education was improved so that the
education could be conducted efficiently in the limited physical space and time. Through
this project, it was possible to confirm how the 4th industrial technology can be
introduced in safety management work. It predicts how the current level of development
of the 4th industry technology can be considered in future.

Keywords: 4th industrial technology, Regulator, XR (extended reality), AR (augmented
reality)
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Current status of Methanation promotion of Japanese city gas
industry for carbon neutrality and domestic implications

Han Suk, Lee, Yu Jin, Bang
Korea City Gas Association
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Abstract - As a result of international efforts to respond to the worsening
climate  crisis, major countries including Korea  have declared Carbon
Neutrality. Japan declared ‘carbon neutrality by 2050’ in October 2020 and
presented a target of reducing carbon emissions by 26% in 2030 compared
to 2013. In Japan’s city gas industry, Methanation has been adopted and is
being implemented as a carbon-neutral implementation plan for gas sector.
Methanation is a carbon-neutral gas by synthesizing methane from recovered
carbon dioxide and renewable energy-based hydrogen. In addition, since the
composition of e-methane is the same as that of natural gas, there is an
advantage that existing infrastructure and facilities can be wused as they are.
The purpose of this study is to wunderstand the current status of Methanation
and to find implications such as the possibility of domestic introduction.

Keywords: Methanation, Synthesizing methane, Japan’s city gas industry, Carbon neutrality
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Parameter Analysis on the Knock Occurrence at the Large-size
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Risk Analysis And Evacuation Distance of LPG Small Storage Tank
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A case study of Smart plant for Platform development
of Intelligent information

Byounghak Cho, Seogsoon Kim, Hweeeung Kwon
KOGAS Research Institute
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Development of Donor and Acceptor Trailer Type Hydrogen Filling
System
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Hybrids Auxiliary Fuel Research Using Waste Coffee Sludge

HAN JONG IL1*, PARK SUNG SU2**, SHIN SUNG BONG2 ***, LEE JIN
WOO4****  SE JEONG SOQS5*****
KOGAS-TECH New Energy Center

2 ¢
Al - QM| A FFFESFAERPS)S P2 WAAYATE 500MWol o] A
Ve ARE BERS A, F A dFEE Al - AANUYAE o] &3t FF 3
oF 3t} 1 H]go] 20158 % ¢F 5% A 2040 o] Zo= 17%7HA F71e Aol
HALJ(EAE S B AT EHADTS E&8mix) o] &3 A oA M
HALE AT A AL F e FAHAEAE HASE = Aok A Al
AR AL F dve S 7HAL Ao Ao $HFedS Fola, BAFTHA
) £2%3 dADFALES)OE & AoE KA
olglgt olfFE AloUAE grel AdAUAYd AFIIAYE & vlES AASE
Aol vtE oA Astolt), B A= Hulole HAES ITZ F4, 1FYE
S Al Aty 71E AFNES FHEAT. FERE I FAA AAAHE
Bio-Char7} A44F 7122l BOG(Biochar Oven Gas)@} Bio-CharE Ay4+ataz} 3ok &
AoA 259, d5EE YFo] AL b2 S gRlsiden 257 a1 wk
52 U Bio-Chare] o] #&4= BOG W 42 g#Fo] F71ge syt
AgHow AuHAZ] 4EE I BOGE 50% F4E XT3 ARoew k"
Bio-Char®®o] AH 1P FT2ES Festych
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&XAR Block type TPRD 2Z Aol st 917

OlM, WA, UYL, OIS, Hsla, U, ofx/2*
dAClgF), *A4FAh G AEA T4

A Study on Design of Block type TPRD for Hydrogen Station System

Hang Sun Lee, Woo Seok Jung, Young Woo Kim, Dong Gun Lee,
Hee won Park, Hyoun Soo Kim, Chi Woo Lee*
DK-Lok Corporation, *Gyeongsang National University

2 ¢

2,000 o] Eo1eWA 71 W3 9 24 Thzof ik AT 233 A4, vAY
A A o] A AAZACE tFHHA A A3 B y5& w3t ek 9o
3 stA oA Abgo] AIE I AU EZ, olAFste A B ]l EFo] )
SHA &gv FE 18 AsAte] ik 2 77F FUtstEA, A dARE WA
7b2s, F7], 9 A, FAARHA S 2 A ouAE tAsiHe AT N
o] &3 FXHI AFHH
2 AFdA st ste AFe FAaASHA dE7h2=ARE Block type
TPRD(Thermally Activated Pressure Relief Device) 2592 § 53, 7|2 L o]
A AsAFHAL AE7IE S B3 SEVIE(A Y 20189 10¥, AHFE AR
TADel Wl =7k An) do|wgo g 1.65m 3 RY AXSEE FAE Q)
FUth 7]Edd AHgeta v E As4 kW EE fEE # Bulb Wl 55 o
AE Yol AAHE %ol Bulb7l 714 ®WH7} ZEstes Haoz2 A S <
E3ta AdHFUTE FAE A A EE Bulb typee] ol Fuse Type 4 ¥R
AA 253 A5AEE7]8 TPRD/NE-S 45t on, d=7tx=ebdF AL ECT9 <
< g5AFYLE ol AFoA = 7€ AFEo 2 /PE Fuse type 578
3 TPRDE FT4&TH4A ¢=F7l2 AHld AL 7Msstes AAsAeH, Fx2384

[*]

(¢}

4 fF5S T3 A ASE JAPsAFUY. =3, AAEF AFS T3 HA5H
7He AYste 7E AFL Az E WEsEA FdstaAr Fudh

ApARSl 2 2 ATe 202295 AR TS ARSI A7 S A G A (A
M3 20006921)2] A& ol =3 AFAA YUY
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A Study on Design of Check Valve for Hydrogen Fueled Cell Vehicle

Young Woo Kim, Woo Seok Jung, Dong Gun Lee, Hang Sun Lee, Hee won Park,
Hyoun Soo Kim, Chi Woo Lee*
DK-Lok Corporation, *Gyeongsang National University

2
2 AFoA Mtz st AFS T4 AB8HA A A8 A A2HE
HTV(High pressure Tank Valve)oll #/4#F<1 Z39t8 Automatic ValvedUytt 4
A8 AA AEapAA AHLEHE 20948 HTVE 700bar 39 11y 45 AA3t
I §HEE 2d3te AAEMN, FAEAFLEE SHeolt WH, wjwd ¥E, TPRD,
AawE, S8E W8, A5 HH § Ot FFoFE 7R sy 247t~
F7E= Qg AF2d3t A4, vARAR IS AA A= wE 7t A FeE
AAAGAAA] A ot Frteta o, AA A= ARES 4% S F
3 I AAEAe] Bgs sty AU A A&AAFTAE A7 A-FA2k
T4 ARAA AFAE A B YA, FiA AEHA Asae] JhEs 9
2001 ©HAERT AR vhEolxl &7]E o] &3 350bar HHO®E 4= AR A
2HlS HAx=Z JfdsidsUY. ol A7) AsAtet BAe fldl FIAAYUE =97
213k 700bar YHOZ Za2 A=3le] AAFE= A|2H s o] o]Zojx 1 Y&y
ohool¥ AFAE BARA AEste] HAG F4& ARHA AFA-E Automatic
Valveo] AAHE F=xA 2 FElAS T3 A AFSS IR, A
700barw Automatic Valve AlAIF A4 2 AeHrtE ddste], 7Ltz dd
700bars Automatic Valve®] 7€ s 2 25 dso] Az TFIste= AE &g}
AEUS, =3 AFAe] AA 3 25 ZHAY 22t 3 XS 3 A

WE olgstel AT BAsHF,

ApARSl 2 2 ATe 202295 AR TS ARSI A7 S A G A (A
M3 20006921)2] A& ol =3 AFAA YUY
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Analysis of pressure drop in refueling line to hydrogen fuel cell
vehicle

Hyo Min Seo, Byung Heung Park*
Department of Chemical and Biological Engineering, Korea National University of
Transportation
*b.h.park@ut.ac.kr

2ol 28 F4AE YRE AVE TAYAT| L ol F

ol Ft FAATHAAFTAE FTHLAAY FEAdEH AF ) A A oY

ztolo oJsted FAZF s2& AGS ol&std FHEG olwl, T oA A
g B A

=

B AFoAs F4& A5 HAA 2AF T FAHAA dA FHEA
GFS F= 32 =E/YANEZ, Jo|xz,

2 2 golzs THoF =E/FAMEEL &5 w2, UEE JA /%
3

, o A
Atk OUE 2E, 4y F4 248 /F0E FABAAA YR 4 F5
B nd A% AA FAGAS) b T GFL F= 8aE BuAA 4y F3
Qo] ¥l Ak
AL 2

Ayt (FAHZ: 210HTI-C163280-01)
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Development of correlation equations for thermodynamic
properties of hydrogen applicable to hydrogen refueling station
simulation

Hyo Min Seo, Byung Heung Park*
Department of Chemical and Biological Engineering, Korea National University
of Transportation

*b.h.park@ut.ac.kr
2 o

sRe] RREH AHOR AW Bl AfE RAZ gEHUN A8
AUAU FholiAo] he Bl oA Utk 48 UL B85}
7l AL FRARAA AP F2E FFY F e FaFAL I} B3
oltt. Holle, ¥ FaTAL ol HA F& FHA FHo] AERHIL 3o
2T BAE SellAs AEI F4 249 AlLtel astt

Ta BAS dAE 230 wjgF Aol ofs) eE24 Faet v FaR FEY
e, LEa FaE T oAt BYe] 20 2w, det Fhe) AeolE 23
Wgol A utrjolth EERAHUINE S2h Fad) veh Fad WE

2 AFdAM e FAAEHA 2AF A4 A 25 9 gYo g2 F4H EAFGS HE

3] AArslr] Yt T4 BAE 224 F£A4 2T Fih g FARE BFE

Zb e oigk EAGS B doleERE FEIATh 20 K < T < 233 K 9

0.1 MPa < P < 100.1 MPa® 2%, ¥ HelolA &9 4ol tigh 43 #A

A& At gt F4& EAS TYUS 7S G835 AN F AEE A

sttt Aol Hagk Alge MAleY WHE o83t FItgen WAAE 74
v

AL 2
B dTE SEALTHY TEAFANIEITAKAIAG A LS wol 3d AT
Ayt (FAIHZE: 210HTI-C163280-01)
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Thermo-flow Analysis with Refueling Method to Hydrogen Tank Using
Computational Fluid Simulation

Gyu Seok Shim, Hyo Min Seo, Byung Heung Park*
Department of Chemical and Biological Engineering, Korea National University of

Transportation
*b.h.park@ut.ac.kr
a2 o
T2 2020 FEI TS AA HzxE ABFo=A A AAL v s
S Axsr] S8 WAE vksta Aok o] FAC e FhE ES dyA &
&, B948 5 3HASE dAG v AEN FHEL Y, FLAVRE F
Ao g dah, v 5 BEE % ok #82 4 o, AMEsta kg HAHA
5] JYS Feted 2 715 & Aotk dA F4aH7A T4 A 18k 4
7k2E ol &dt] FHAEA Hed, o] HABAA e, W2 $8A 5 Aol 3
© T4 AR s Wi d¥o] Skl weEl 2=UF st dAY 2% A
s A FHE A HE dold el AL, o2 IZF W=l dEo] dojd
At B ATolA= CFD modele F3l <HAdstal wE SHS A% 4 54 ==
EZQ SAE 601 A= T4 WA} v WS AlEdoldste B WE-o
259 FHE, 7t29 fF5 & v, EA4SAT. Wl AgEHE 4 AR 8
A(~Tkg)E AMZAL FtH oY, ke FF EEE MYt A A 52l g9

M

B Wil HAd2xEs FF&E Zole HIEA @ e vlsl o HA11~27), T4
E(S0C)] 7% &4 w4ol B ol FAHALH, & T5S Tt T Il

2 d7s AYSAAdRet d=olluA7|EH 7MY (KETEP) O] A d& o 33
AFAYch (FAHE: 20203010040010)
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Comparison of Flow in Hydrogen Refueling Tank by Gas Model

and Turbulence Model

Ga Hee Lim, Hyo Min Seo, Byung Heung Park*
Department of Chemical and Biological Engineering, Korea National University of

Transportation
*b.h.park@ut.ac.kr
a o
7 Sd=de] AHAQ ey 2AVFRe] R SUHe] dlew, AR v
o ouAE gE duxgen mAsteE wae] 2 7HI itk olsh wAs

I
Fa AUALL oA J&o] Fa 247FATF wiEe] fivks HollA J&A oY
AZA, mEe] FAAA A duA Lo ARHI vk FaE AL A, &

At e Vlas Bl vELS dquxdeR &8d 4 glen, 34 A A o
e e o Bl b 2AE s BeAoR aardn 2 Aol s
T A BAE e R i AT S 22 5 Wl WEE I JE
A Bda i EdelA wlal wAsta, Adg updoe s At Bds A4t
Atk ®A WF e s O ® A dEH e sideR ddsgion,
COMSOL  Multiphysicso.2 333ty 7k~ 2dE dAsr] 93

S ]
Peng—Robinson(PR) =243} Soave—Redlich—Kwong(SRK) EdE& Hln FEA3} i,
dHF 2dS A7) Y= k—e® 9, Realizable k—e2 9, k-2 2 v WA
th ol% de] A3 Ay vuwE T HTol o]FAX. AiE Ay, Ak
on] SRK RHlo|A L k—emo] 0.444% 2 HpolZ mglth weba
T4a AHEAA R = SRK Edo], UF EEEE k—e B 7MY A S &
Q13 o,

el 2

ArAyct. (FAH 3 20227310100060)
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Characterization of Biogas Steam Reforming on Nickel Catalyst

Subeen Wi, Hwan Kim, Sangyeon Hwang, Hyoungwon Song
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

2 °F

AAYAUA R ARE = TR A4S 98 B2 77 IgEa eH,
o] @7t~ 5 &83 T4 NE A7V FEHT Jdo SE Z83 niol ks
N dvs Sus F83 A4 A, £57] M A5 AYH D . SelE
283 A4 ME A7 A g4 A P Zujo YA Astel dHEE wAF ol
Rel, 28E F&3 vlo] vt xo] 37 ME A7 Qs violUtAE &
gt FF7) MA g2 Su) o] FAE o 37 o] BolX WA Fujrt T A
U, 7HES #3717 SAHA Fu) Abole] Fol A EHA AE HAsE AANE T
ATk B AT 27 SHf o] ot AP oE @ol AMEHI AAA
o] £ Ni FujE &3t nlo] 7t BAZEA(CHiCO=6:)5 571 7HE3HA
3, Ful AF 53 HAs 9 FAE AAste NE 89 Ass HrbstaA &
o} kst FHE4= 2 S/C ratio(steam to CHy ratio) 2AANA £57] Md Add8&
218ste] MA Bss vl Ni Zvil= pellet @eje] Zvwil Hyprogen R-70<
Abggl o™, GHSV 6000~10000 h™, S/C 2.0~3.5914 7/Hd A%< H Pk GHSV
6000, 8000 h'el A& wWgh HAg&o] 95% o] 4S Yeblon, S/Co] ZH&F= o]4t3}
g4 AEEo] FUtske AEFS UERla, viol ks tinl 4 &2 §/Col 7
5 FUste AES BRIt

Keywords: Hlo] 7}~ 4 AL +=27] Md, &9 A, &) A% H7}
AFAL
“B AREL HPHAAER B B EPRENN, FENEH HUOE ¥
37} 2~
(¢}

5 %)
YA EIE 1B AT AP AP EFATALAG T AnhEFTHEA 74
217 &N e AU whol 2T 98 (421045-03)”
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F2FE7| Tail gas CO0f CHEF LNG HEEE A F s} Lo
duy 45

AN, R, ZETF, AP, O|XE
PN I R

2 %

AT 2d37F A 7hEEE o wep AlA Aol A BATHS ddsda, o4t
Bleka WEd 4L 2 Fadux 8 5 =8E 7|20l Ak AV|FHOoRE AN
ANUAE AME3 JAFAVF 43S AT <L
R F4E AisteE ME 4 Az &8 ok AHE FAa A
b= o) 4bstekATt A E 7] wjiEel ojtstEta 23 W Hgl Fo| AHEE FAl
AYPste] EFFLEZ Artste w¥o] IFF o2 AYPHI JTh FaFE7] A
W7k COE XRS5 L-COE AT AF £ 2 A3 FAEYH Ho] =
F Ao} 12} PSAA FAE FEII A7l (tail gas)E WUl HIZ B9 tail
gasoll Al =2 TUF FAE A4dsteE Ao HEEHoE d8HATY AGE £ & 9
. LNG ¥ &< &83t9 ztodrtxe CoE AA Agstd Co, 8 & F4 F7F
skl o] Ho] S Zoe=w FJuHT ] FAH U EEAHE 2
gas COE AUYHoZ EiE, dAgstes FAHS AT A2 &4 &%
£3 2n]gol U dn AALES HEJT FHTAHLS Co, EYEES
A% EAn), AW A FAHo AWAALS BA ] % dF A o
T4, Distillation columng ©] &3 CO, HIEEA|2H o2 T3S Tail gasolAl
INGHYE S 83 HIHOZ 358 60%°]7, = 99.99%0] thsk AlE oA 2
I A o JYA AL HS oF 5700,000kWh/yrZ kWhe 1059 0.2 akali oF 69 9
ol ix] Hlgo] ot X H C0O9 wWEdS 45t oF 5898 AHA7I AHuE
2l ZAAZ ke oF 300,00 Y/yrolth Tail gasolA ¥iEE & CO&= A i
29| 50~60%7+A Tk 2A 3] W R BREFA ZHoAE HEasFHo|g. co, o
3t3d +nle gREES 2AAE M uE2 HY Argu| ey, dAHTH COo,
E ggstr] s el el "astt uEkA WA wlEFe] 50~60%T 3535}
3, Sgn)go] W tail gasoll Ao ZAHAE WHEGE A28 SR kAT x
A 2 A3 gnlg S HjE7lzoA Co, 2 E I FAHS FEII=
Zol FEld Ao=E AddHAY. F5 wlE/txoA HAA 2 I3A L A5 FAHS F
=% F A7 HuHEE st g

q it
N
o |0
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Characteristics of Plasma and Catalyst Hybrid Reforming Reactor

Dongkyu Lee, Hyoungwoon Song, Sangyeon Hwang, Hyengrae Kim
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

8 o
A AAHeR #74 o #A HAL 8 e w¥e sl vk I F 3
HUE RS R BROT QAGNEA Asl o ol F49 2718 3l
T 2 F ARz Y MEER 5 84 BAZ AUt o 4714 AR
< 8T vhol o} =
o

AT E tﬂiﬂff F AE FL FAZA ddolt} o

gk okt A7 JE T ok AT vlol ek A
<} H oz gg 44 218 9H]F7] f8 F1E
A dY FFeo] Fasiy, nio] vt A WA Coe E&HA e 497t
2ol Co, £ FAHS FUlslokste AV ok B AFoA = viol o7t BAZE
22(CH4:CO=6:4)E 53 #i—% 340}71 28 Egt=vket Fu) A S stolEE =
2 Y3t Ful v 255 9HFI, vlolevtx Yo Cco, AFES Fol7]
8 348 Zgeld ofa FEulE A &S A}%omqﬂ Ao 5KV, 600mA =
£ AC Y FF AAE AHgste ZEt=vld AY e FFIIIY ZeRvkst
Zu] MEALS slolBYg=E AP S uo] FHZF o Zd% 271 $13l S/C ratio 2~39]
HE Goll A 7tz S BAste HdEE, *v,% g v R Fezuie} S
stol B = nlo] vt~ A AAAAHE FY7F~Y %— % 12.6L/m, S/C ratio 2.5,
A8 12kw & o, WE HEE, 4 TS 98.74%, 63.01% o AHE HAT

Keywords : HFo] @7} Zetxul /|2, Zu) /Ad, 4 YA

AFA}
“H AFELS AGEAAARY AYoR LR 7R 7MY KETEP)S] AUS
ol o 502, (20213030040070)”
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Studies of green hydrogen production process modeling and optimization through direct
reforming of biogas

Gi Hoon Hong, Sangyeon Hwang, Hyoungwoon Song

Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Bacgam-myeon,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

2 oF
H 7HEA FUbehe 247k WiES $sletaal cor2l ¥ COP2s 5 = Ald
Aok os) 2030d 24712 wlE AW X|(BAU, Business as usual) THH] 37%2] =&
A7k wilE A H37F AAFHAeH, olF 45t AT ©@AFHA ALt
7ol FEHI Utt old vAhuEH A 9H HAAGAA vlnE AFEE YA
2ol ]:]]-0]_9_7].}\E o] &3t FAE AAEIE WAl JElF4d fid BAlo] =of

A Aakr)e o] 8 FE I T

BE ulolerlag B3 W5 Ao Ae wolestzd FHHE ojusiEa
2 g EeEES AAste 1483 AAS 74%4 HEe] 25 £2 vlo]emgte
2 AT F A Reforming) THE T3 Aot ok, B ApelAE o2
Jb2<0] mAS W Az ZA 9 *6‘7&341, 7:1;q]x4 o] &2 nlo|ovtAE A T4}
o J¥FAE AY4sHE 50 Nmhd vlol vt AANA S T3 2dFAE A T
Ag walgsta 4 A4 AHss APt

keyword: HFo] @7} AHMNA, &AFY, 1854, 34 =AY
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Studied on the treatment characteristics of complex air
pollutants in a advanced oxidation and neutralization unit
including wet electrostatic precipitator

Gi Hoon Hong, Dong-Hwan Jeon, Sunghyun Uhm
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

82 ¢

Aol 1E3Ut JPEHEA A FAEER EFEHQ 2dEdo] dAstH ol &
Adstz] flsl Ld=d wiEArE A3t e AAolt T Aokl A
A st (2)PAIEA 9 371383 =(VOCs, Volatile organic compounds)¥} 42F
AR = A o G350 U2 3E3}1353E(PFCs, Perfluorinated compounds),
NOx % SOx & t7led 4 A 7lso] Az Jdon, 3AH EFAA o
2ol Y3 T FAEE A¢UF ol o] E A oE FA AAY F Ae I
A 34 Aol BFHol.

o

2 AFoAes L3479 o E2q4sL-F3HEg F4 AR E A, T
ste] SER W& A9 252 Toluene@ Xylene ¥ HEEA A|H & o2 ALEE
IPA(Isopropyl alcoho)E VOCs L E =2 AAsta, (R)VAAR Y ZAEZ A A A

4310, 5, 3 CMM), && FUHFO3NOx = 1.0~1.5) L 4 @A77 AgF
Te HMFE Fo BEFoHdEE AREARES Flstax AFAFEE AT &
Fo] fFYdEol S wEl NOx AAEES] F7HE B oY, VOCs A 2ol A
frolm gk Mshrt SRlE=] Ut ()AL FF 20 mAoldolA AARE

4

ofN rlr riX o
(o3

- 198 -



[ 2022 ]

M7t WeteEl SNm’ha SoiHE7[9] Hiol27tA JHE §4
Usey, s¥L, B, /5T
157ledTY, 17180 A71= &<UAl Al Webd kR 51H4d 175-28

Characterization of Biogas Reforming on 5Nm?®h Catalyst Reformer
integrated with Burner

HyengRae Kim, Hyoungwon Song, Sangyeon Hwang, Dongkyu Lee
Institute for Advanced Engineering, 175-28, Goan-ro 51 beon-gil, Baegam-myeon,
Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, Korea

2 %
AAZAY G453 TR AT 5] S/ wet {7148 #d71Ee dAZFo] F
7FetH A wlol vt LA FE %7}8}1 Qlth Hlo] Q7 AE  CH4(40~70%),

CO,30~60%)E TAYE EFEZ HZ ey, odyA Aduzd e &4 2
HaE fF7189 71 &S] vlolert~E 83 i Aze B2 xgo] o]FojXa )

o #AA] vlo]I7FAE o] &3 A& A= Zﬂéﬁﬂ;ﬁ_(Dry Reforming, DR), 447}
22 3 (Water Gas Shift, WGS), A EA 2+s} 7] & (Partial Oxidation, POX) 5©°] oW,
T2 o] 7t 57| 7l (Steam Bio-gas Reforming, SBR)< °]&3la it} o]
g FF7) MNAL A FENEo] FRIHERE, 52 dYS 9= ) o] ¥k
1A HEAE HEs Agdgstr] g 72}217} T7}ﬂ% A5 AAA 2" AR
7} AR ER, &1 2 {FAHEo] FIMsteE EA7F

B2 Oﬂ?OML HMS’Jr MEAFe BAEAS HAssH] f8t] HUE FAHSE 6
Me] MARE 605 5 (HASE wjxste] AHEF Zui/fd7|E ALt AES
A A tﬂLﬂﬂ B3ty Zuj/) A7) o] AL HEo] @ 7~ (CH.:CO, = 6:4) 5Nm’/hS
HU o} A F e EujulE WA Fgste 2 RO 2xwst W dF Exx9
He 13g, F4 & T i F4 B =4S FAsA

Keywords: Blol@7b2, =4 A}, #3571 A, A4 A, S0 A2

ARA}

‘B ARELS TEHSANER 2 AU RFAE, FEITAHY AdoeE F
A7 718973 AGRQ] 2untERA TN EAY GO AntERTRA ) 7] A
a7l EA o] A YL ol AT A -8(421045-03)7
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Development of high-purity acid gas removal technology for hydrogen
production from syngas

Seung Jong Lee, Deok-Kyu Youn, Hye Soo Kim, Chul-ho Lee, Jae Young Lee,
Mi Jeong Kim
Institute for Advanced Engineering

2 ¢

A7 2 Z1NE SR 71Ee vlol Uk, A ZA, HYE FY AgAdE
7taglete] FA7IAE AAEta o] E A, HE U BEste A5 Askste V)
%ol 712312 B A" A 720l H,S, COS 53 28 A4 7L~A7F d-f
o] om, dA7IAE o] &t Ao m FAE L] fsiAE olHd A
7}22& 0.1 ppm ©|3tE A A= 1eE AAZF Q5o

i AA F FE= BAEQ MH ZT20 A FUddA Az 1009HE o] Ao)
e, 2 By Ad8E AEHI Aok 3 AAEE AF 2325 A" 5
25 AstET o8 A7, 2022 T A A 48 AR 47THES] 30%
Q BHF 400E ] FAE AT 5 U

B AFdAE AF 232z 7128 E T U~ ppmlE TAEHE HS9
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Performance evaluation of COS hydrolysis
for water-gas shift process from petcoke-based syngas

Chul-ho Lee, Deok-Kyu Youn, Jae-Young Lee, Seung Jong Lee
Institute for Advanced Engineering

Abstract

The interest of hydrogen is on the rise as the alternative energy carrier, instead of
fossil fuel. Gasification of carbonaceous materials has more advantages of environmental
and economy, comparing direct use of those. The products of gasification process which
named syngas are mainly consist of carbon monoxide (CO) and hydrogen (H,). CO in
syngas could convert to H, from the water-gas shift (WGS) reaction. For the WGS
reaction, it must be eliminated that the sulfur species exists in carbonyl sulfide (COS)
and hydrogen sulfide (H,S) forms from syngas. WGS catalysts are highly susceptible to
sulfur poisoning but there is a lot of interest for fuel processing depending on the sulfur
removal philosophy.

In this study, the series of desulfurization system were evaluated with petcoke-based
syngas. The proposed syngas desulfurization process is consist of COS hydrolysis reactor,
scrubber, H,S absorber and adsorber. COS hydrolysis reaction was conducted with
alumina-based commercial materials from company K and C. Bench scale COS hydrolysis
reactor was designed by lab scale performance test results and operated with petcoke-based
syngas. COS hydrolyzed to H,S was removed by the following H,S absorber. The
developed desulfurization system had been shown stable interconnection operation
characteristics of COS hydrolysis, scrubber, H,S absorber and adsorber.
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A Study on hydrogen supply valve for its air mobility
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Regeneration Characteristics of Activated Carbon Fiber According to
Steam Supply Conditions
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Suitability analysis of hydrogen station in Gangwon-do using
multi-criteria decision analysis
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Study on the Development of the Product Standards for Portable Fuel
Cells for Tractors of Agricultural Machinery under the Hydrogen Law
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Analysis of Standards and accident cases related to Ammonia
Hydrogen Generator
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Analysis of Domestic and Overseas Hydrogen Accidents
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Experimental Study of Explosion Pressure on Fire Explosion of
Hydrogen Vessel

Dae Hyeon Kim, Jae Geun Jo, Young Don Ryu
Fire Explosion Research Department, Energy Safety Empirical Research Center,
Korea Gas Safety Corp.(KGS)
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A Study on the Analysis of Leakage Explosion Pressure by

Combustible Gas in an Open Space
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A Study on the Analysis of Leakage Explosion Pressure by
Combustible Gas in an Open Space

Dae Hyeon Kim
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Comparative Analysis of Evaporation Theory of Liquid Pool and
Experimental Results
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A study on the High-Pressure Hydrogen Tube Trailer Fire Accident
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Korea Gas Safety Corporation
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A Study of CO Carbon Mono-oxide Generation Mechanism during the
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Output characteristics of tunable infrared gas sensor for mixed gas
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Department of Mechanical Eng, Korea National University of Transportation
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A Study on the Explosion Proof Location Using CFD in
Semiconductor Process
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A Study on the Frequency Analysis for Generic Corrosion of
Buried Pipelines

Seungkyu Dan, IK-Keun Yoon, Ho Jin Jung
KOGAS Research Institute
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Quantitative Risk Assessment System of Natural Gas
Buried Pipelines

Ho Jin Jung, IK-Keun Yoon, Seungkyu Dan
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Derivation of Hazard for hydrogen refueling stations using
HyRAM+
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Analysis of Jet Fire Impact by Hydrogen Refueling Station Equipment

JaeYong Lee, Jaeyoung Lee, Hyesoo Kim
Institute of Advanced Engineering
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Analysis of the Damage Impact Extent of Ammonia Storage Process in
Combined Cycle Power Plant
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Fluid Flow Characteristics According to Shape Change of ACF Filter

Jeon Donghwan, Min Heungki, Jung Seokwoo, Park Hoonmin®
Institute for Advanced Engineering, Emsolution Co.,Ltd
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Structural Integrity Assessment for Crash of LNG Fuel Vehicle
Container using ANSYS Dynamic Analysis
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A Study on Crack Propagation Behavior of Pressure Vessel for
Hydrogen Filling by FEM
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The Cause Analysis on Leakage Accident of the Hydrogen Storage
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Analysis of the cause of the accident due to the damage of the heat
exchanger of the petrochemical plant
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Development of a New System and its Performance Verification Test
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Analysis of tank lorry sloshing according to breakwater board shape
using CFD Program
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Fluid Pressure and Thermal Behavior Analysis of
Type 4 Composite Pressure Vessel during Refueling

CHUNG KYUNG HYUN, KIM HAN SANG
School of Mechanical Engineering, Gachon Univ. 1342, Seongnam-daero,
Sujeong-gu, Seongnam-si, Gyeonggi-do, Republic of Korea
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An Experimental Study on the Measurement of Production Obstacles
for ESP Failure Diagnosis and Prediction in Oil and Gas well

Chayoung Song*, Sung-Jea Lee™", Jun-Ho Choi™, i eonghwan Lee"
"Dept. of Energy and Resources Engineering, Chonnam National University
“Kwang Sung G-M Co.,Ltd
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714 4% 3 E(electrical submersible pump, ESP)= 3} <& (overheating), T} (wear),
T2 (corrosion) ol sl A FHol FAstH, =5d HE wA ©E F7}

H| &3 A4 Fho] WAsy] wFo| £HE dFste Zo] Fasith old B AT
ol A= ESPE &&3 A+ 54 2 WY A wAYUSS E43ta, ESP ¥
T golz e dFE vAe wHeE AFHoE B8t ESP flow loop
testE THStATE WA ESP FXA o HdF AFSS 3

tes)= B3l 45 Hz =7 A PNA 3045 psie

S

g’] ) H
increment) @ 3 ol WE s ¥ FAHE RIS o2 B 79
H &S 283 27 FAl2 Htwo phase test) AFS F3sFTh 72 FHS 1A
Mapping test®} & FFS A3 Surging testE 53| ESP A 5] 743Sl= Surging
pointE FRIHF I o] F T ESPY HA &% UL =59t £ AT A%e
HAE fr7l2Ae] d5A84 S5 93 ESP 3§ Ao A@AHoz &85 Bl
olye}, ESP BX Az 9 4 AR #d 79 $HEE AT + = 7=

2
e BPT = 9le Ao suHn,

A} AF
2 dTe 2029% A EAAEEY Adez gh=o A 7] <% 7 (KETEP)
A YL whol £33 AT FA) YU THNo. 20212010200010). E3 B AFE FENE
HHERFHr|e1Ede] Ado FPEAS(FAIME RS-2022-00143541).
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A Study on the Improvement of Surface Chemical Properties of
Seawater-based Nano-smart Water to Enhance Oil Recovery

Chayoung Song, Seonghak Jo, Ingu Kang, Jeonghwan Lee*
Dept. of Energy and Resources Engineering, Chonnam National University

8 ¢
AFFL A (oil-wet)e] F&E(wettability) S54S Zkar 9o 1, 23
b oo xR o] HoldA Ao oluf, FFHAA FUF
|2 (potential determining ion, PDI)9] T =& ZH3 AufEYHE
3¢ S 7 Uk 23 YsdAe G Y F& E(wettability)9F
HAFNE MAAA F7H8Q 2E& 3|53t mea 2 dFdAE
=

4y
o
2 o2
o

tlo

s ©
o
=
)
fiu}
ot

4

e o fob
ultd
bt
o
=
do
v
ox
(o]

Ol
ol
(2 o

w 2

B fo
)
N
e
T,
o 2 (o oX

stel PDI w=E5 2As Y dAE HIIR Ul 2AvtE 91E 9
=7 FAstEEN O AeE WU Sd Y oA Ee A
S 4o, PDIS] Ff/E KCI, MgCl, MgSO,, K,S0,2 783+
asha Yo w=7F S7hgel wEt IFT7F #ast
e gas Y=g v Sk o s 3§
ACE deEh 585 54 A, Y- 2nEEE oF 4.3

om, 53] SO4* 2 PDI =4& & 75, F7HA] &
o & dgelM MR sia 7Nk Y- AuESfE = wit
Y AR AR2 o 3] gHoR T8 5 9l& JoR 7gdn.

=
Ao

o 122 4 o

lps|
—
i\
o o

o

oo

o
2

iy
2o
)
off &
SL
d

bt oXrfr S dok
=
W
“2
o
m
B
N
o

A} A}

B ATE 20295 AR@EH AYog FTATFAGY A YE ol P
71 Z A T2+ Y (NRF-2020R111A3060663). 3k 2 A= 20220 = A S AAL F9
Ao d=oux 7] &R 7HI(KETEP) S| A& whop 33t A A Y HhNo.
20212010200010).

¥ Corresponding Author(©]”d 2}), E-mail: jhwan@jnu.ac.kr

- 237 -



[ 2022 ]

cARlet HRSOIM MalTtel PRl LiefH B Fog S8
29 340 et NEYH 47

An Experimental Study on Oil Recovery of Carbonate Reservoir via
Cyclic Injection of SiO, and Al,Os; Nanofluid

Sunlee Han, Youngsoo Lee
Jeonbuk National University

8 ¢

S AFATA AT Y=fAe SAEdHe] HAELS FAAA oil-wet
A intermediate-wet 0.2 WH3AZ oW, dFH Y Y FAlE LYt AR
AAFHY &, A7 Y fAle FE B9 dTd ARiS s, 4570
T2 2Y9F AHURES 3§l 2YS TS YA
UFo] GefAe AAE vteo 2, o] AT BFES S
FrU Y fAE wx FYst] oY IFe HAE I okoﬂ sto] A ST
AN EE Bt EAS 7R SAbE eSS "']‘5“0]'93013'4(%" E: 0.15~0.18, £ =
26.74~21.55 mD), Y=< H %Et 0.05 wtp= 2AstAth HdAte] EAAS
FASH A9 FEE 493 SAHSIAROH, vff FBAHoE EAEES FAsAT
TUAAH Nﬁ]ﬂ-m’e‘j]‘% 1/} A, OLE“’]‘/}NEW'} 1’]’—3—71’;{]% 2v7y AU R
0.5PV FU3FAT. AEl7 U=fAE HA FUIFE 4$ breakthrough /‘]Z_]_"C‘
092 PVE 7} =g ol& Ag7 v 7<ﬂE E’“ﬂ 10101'010 o, 487 Y=
A7F gArE S A4S tﬂf’—]”‘]ﬂtq HAHd3] frE5s sta, I delE F4d Cﬂ’
FrHg Y A7 93 AHRESS HA fEst] WEed ¢FuyY YxRfAE
HA —Z,—?jg},{g 4% ®Hth 022 PV AAHAY. HIFHOE A7t U=fAE HA
FYU3E S W 2Y IFEL 545%F FUY U=fAE WA FYF HS
(51.8%)ETH 2US 27% U 35 o= Yeyth oldd dae YxdAe &
H 5ol 27] "o F &A1 Eqﬂj/} breakthrough A|Ztell Y& PIAIH, =&
breakthroughv 24 3|+E 7T Addn. gefA dedzte] 291 54
w2} breakthrough& Z]ﬂ/\]%_] T o, gk YA a3y AL Al
o] AFIHE B3l Y=fFAY &AE BT + Ut

o] A tieNls AR (ST AYoE F=mATFATRY AP ol £y
A 7-9) (No. 2019R111A3A01060375).
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Analysis of the Underground Injection Control Class VI Regulations
for the CO; Injection Well Design in Korea

Junghwan Yang, Youngtak Yoon, Youngsoo Song, Sungjun Jun, Kyuhyun Kim,
Yoonsu Na, Donghyun Kim, Jihoon Wang*
Department of Earth Resources and Environmental Engineering, Hanyang University

A AA 247tx dlEE 899 k=2 2030YW NDC(Nationally Determined
Contribution), 20503 4% H 59 &3 diH]g CCS(Carbon Capture and Storage)
TS A8 #E AT 2 HE HAS 5& FFolth. CCS T Al FUA
< CO, 7% 7FsAol 7M4 =7] wid, dds AFe4LE 183 AV 43
olth. W= A, CO, FYBE A FY ZEE(Underground Injection Control;
UIC) ZEIOHoA Fx VIR &/st, A4, 244 2 &9 A TS + Ue
TAAES PAFES FAstL AT, Uy A #d Aol vEFS 4
olty. E AFoAE v=Y UIC fAS #4351, &5 fElvgtelAe =44 A
A Al &gstaat gioh

HA, CO, +UAES ATdE AFe AFe 71& A E FUHL
= A= HEO}?&‘:} A FUA A, AolA, 7Y, #HA, AWE T FUYA
TALAEY &4 ¢ A, A Bk 9 AF/AE AE X (Surface  or
Down-hole Safety System)E IL#fsfoF 3t} ®EWH, 7|E H4bg & AL&stes 49,
AR FAHeAEY AEe 84 9 %Z‘i‘é% HEsIAoF gt sl el A 2] CO,
AF Ad<S Aty e vy A9, 98 FH8 459 EHdoE Q%
TE UMEAE 1He AAV B5HolH, %5] P e I D Y R e e S =R P ¢

o2 AdHYg. 17 T3 txHOEY CO, Y AA Al 71EY A4

= yoko] AAH R TEHAR, of w) Y FHLAES FE,
FAHe FE3 nedor ¥ Aoz ot B A7 An: FF Fu CCS
S % Co, FYH AA A BT AR 25D 5 9e ol AUeh

AFAL
B STE WILE ARGAGRIAUnY AUos AA4UILRLY A8
(No0.2021060002, TR ¥ )3 202295 AF(RSH, A F34AL)e A

2 K-CCUS Fx9] AA(KCCUS20220001, &4 7}~ %'?— AN F A S ot
FyE AFdUTh
Fued
[1] Office of Water, Underground Injection Control (UIC) Program Class VI Well
Construction Guidance, United States Environmental Protection Agency, (2012)
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Investigation on Critical Parametric Dependencies to Enhance CO2
Residual and Solubility Trapping Mechanism

Joseph Iranzi, Hanam Son*
Pukyong National University

Abstract

CO; is captured from its anthropogenic sources and disposed into the underground
formation (e.g., deep saline aquifer). Therefore, it exhibits different trapping mechanisms,
but residual and solubility trapping is the most effective. Understanding CO, solubility
and residual trapping governing parameters enhance significant practical CO, storage. This
study investigates the parameters that affect the CO, residual and solubility trapping.
(I) Engineering design parameters: (a) Brine water injection mechanism; the brine can be
extracted from the formation, providing space for CO, storage and reducing pressure
build-up. After that, water can be re-injected to improve the CO, residual and solubility
trapping. Injecting the brine on the top of the CO, plume or brine alternatively with
CO2 (water alternative gas (WAG)) improves CO, dissolution, accelerating the solubility
trapping. (b) Injection well completion technique; using a horizontal injection well
increases aquifers’ injectivity and capacity; well perforation affects solubility and residual
trapping (e.g., the shorter perforate, the higher solubility and residual trapping). (c) CO,
injection strategy; the high injection rate increases the CO, dissolution rate; however, it
drastically affects the near-well pressure build-up. Injecting CO, in the aquifer bottom
(known as the inject-low-and-let-rise strategy) improves CO, trapping by permitting the
continuous migration of CO, due to the effect of buoyancy and retard the vertical
movement to the seal. (d) Mixing CO, with impurities, the presence or addition of some
impurities to the injected CO, affects the trapping mechanism (e.g., the presence of the
CH4 impurities in the injected CO, improves solubility trapping; however, it impedes
residual trapping). (II) Aquifer parameters; (a) Formation thickness: The shallow
formation presents efficient contact with injected CO, and brine, which improves CO,
dissolution. (b) Permeability anisotropy: the high permeability impedes the residual and
solubility process. Also, the low vertical-to-horizontal permeability ratio increases the CO,
dissolution of CO, (due to improved CO, horizontal movement). (c) Temperature: the
aquifer temperature affects solubility and residual trapping (e.g., Cold aquifers provide the
largest storage capacity, whereas warm aquifers have the least storage capacity). (d) Brine
salinity: low-salinity formations offer greater storage efficiency than high-salinity
formations. In short, considering parametric factors that affect CO, storage in the
geological formation. Understanding engineering-related parametric elements provide a
pathway to optimize CO, storage. At the same time, aquifer parameters lead to a better
selection of the CO, storage area and how it can be engineered for efficient storage.

This work was supported by the National Research Fondation of Korea(NRF) grant
funded by the Korea government (MSIT) (No. NRF-2022R1F1A1075117)
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A study on the Necessity of Developing a Thermal Energy Service
Business to Improve Energy Use Efficiency

Wooho Kim, TaeHeon Kim
CNCITY Energy
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A Mechanical Integrity Evaluation of High Pressure LNG Pump

Joon-Ho, Kim - Jae-Pil, Ko * YoungWan, Kim - Won-Mog, Choi * Soon-Gil, Gwon
Recarch Institute, Korea Gas Corporation
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Research of Failure Mode and Effect Analysis in Gas Facility for
LNG Receiving Terminal

Young Wan, Kim, Joon Ho, Kim, Seung Hee, Suh’, Jae Pil, Koh
KOGAS Research Institute, "ATG Co. L.
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S 72 FANE LNGE 925 Aubs o] 83ty A FYste, AL
o HA=E AFAR I Eysta glow, WAL FA, 7MY TR wE LNGE
1SN A W@ FEl Aol V2R FgEsta ‘ilt}. LNG A&z A=
LNGE ®H3 Y 17‘4 FHazo o3| ZH"—‘@”H]E o|FE 3, AAsdr]oA 23 FH
2 HUIZ LNGE ¢F 7.8 Mpa?] ¢z &HdEol 1 7gr|2 FFdn. kA
H| o] A B HJ‘E”(Mamtenance) AR 27] o]F Aol &1, AlZto] Aol wef
Aol sott= 7H gkl AAEE A7IE FAIES(TBM, Time Based
Maintenance)S =33} Q24 v]= UAL(United Aitlines) 52 1% A& 55 4
HEH AZb wE dslRt= Ay 733 729 2% (Random Fallure)O] FE
o] F1 Yoty LEEI Gt ofo] wef AT~ AR Fa duld tiE
ARG Y d8 AEE 98t 8 A¥ F shuQl 19F LNG 23k Hzo ok
aFne 9 PR X (FMEA, Failure Mode & Effect Analysis)S <33l TF. FMEA =
FE840 IAFEHE ABA=HA Al2xglom 14 a2lE oFste WY
2, Nz="E FAstE 717 Z2 % So| o' nAs LASR S o, 1 170l
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Natural Gas Crisis in Europe and Global LNG Outlook

Minseo Jeong, Haksung Kim
GS E&C, Gran Seoul, 33 Jongno-gu, Seoul 03159, Korea
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The Design and Fabrication of Membrane type Closed Mock-up Tank
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Development of Engineering Operation Data Platform for LNG Plant

JaeMin Hong, JungHoon Ko, Hyungjoon Yoon#*
* UTEC Co., Ltd
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