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An overview of R&D for the natural gas hydrate of new energy in the
21st century : a vision of the multi-year project in Korea
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Abstract : Korea an energy-resources-poor country, 1mports 100% of its,0il and. natural gas supplyl Wthh accounts for the
greater part of its total primary requirements. One of the important task of the government is diversification of .available
energy resources such as oil and natural gas. Natural gas hydrate, which is non-conventional types of natural gas,
distributes worldwide, especially in marine and permafrost. It would become a target of natural gas resources in the near
future. Especially sigrificant amount of hydrates are expected to be located in the East Sea around Korea Peninsular. This
paper describes about a multi-year overall project framework of basic research and technological development of natural
gas hydrate in Korea focused on the interpretation of the seismic survey, the characteristics and physical properties of the
natural gas hydrate, and the utilizable technology of natural gas hydrates from the status of research and development of

the world.
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technology
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Table 1. Geometry of cavities.

Hydrate Crystal Structure I I il

Cavity Small = Large Small . Large _ Small Medium Large
Description 5 567 5t 5%* 54 4556° 51%6?
Number of Cavities/Unit Cell 2 ' 6 16 8 3 2 1
Average Cavity Radius, A 3.95 433 391 4.73 ) 3.91° 4.06" 5.71°
Energy Density, kcal/m® T 53IXI0° 146X 10° ' 1.90X 10°

Volume of Methane, m’ 56.02 154.08 Ve 20093

a : Estimates of structure H cavities from geometric models.
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Fig. 1. The structures of natural gas hydrates.
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GHAZ Hol Utk (Jeffrey and McMullan, 1967 ; Lederhos
et. al, 1992). Y¥E o2 HA7LE ol=yo)Ex A Y
AARFZE olFolA Jom, A4 AW T2 1 (body-centered
cubic structure I, sI), Tholer2 =3 ¥ % I(diamond cubic
structure 11, sIDS} S FX H (hexagonal structure H, sH)
5o olFojA Yvh (Ripmeester, 1991 ; Sloan, 1996). EE3H
B 200M3= zhztel 5 (cavity) 2719 vz ¥R B-g ulE
Witk (Jeffrey, 1984 ; Sloan, 1998 ; Khokhar, 1998). z} ©}
HAe] WRFEe 7= g v 39 ~ 47 AFmoH, o

Table 2. Estimates of in situ methane hydrates.

Permafrost Hydrates  Oceanic Hydrates

[m] ] Reference
5.7X10" 5~25X10% Trofimuk et al. (1977)
3.1x 103 3.1Xx105 Mclver (1981)
34X 10 7.6 X 10" Dobrynin et al. (1981)
14Xx10" Meyer (1981)
1.0x 104 1.0X10% Makogon (1988)

1.8 10% Kvenvolden (1988)
74X10" 2.1 X10% MacDonard (1990)
26~139X10'  Gomitz and Fung (1994)
10% Gisburg and Soloviev (1995)
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Fig. 2. Conditions of methane, carbon dioxide and hydrogen sulfide hydrates
formation.

| 50 7k ZAPE FREHL oY TR AT FHeld

(Jeffrey, 1984).

7t~ sloj=o|E = ¥y
7} Blolugo|Ex Tt ALo] AeldA oMo g ZxA)s}
Ed 7127} wER] We slo]=golEey] BE ogde 28 29

* UERAT} (Claypool and Kaplan, 1974). ] Z@olA] wg &

o|Eg0]EL] & FHL (eCollA 2671%, 10°CAlM 76719 ol
o] o] apHTA St &g o] 2l HEe)edx
ol g 9 Pl 3lo|EH0|EY AHIEE R
aA27le] ME 9% ¢ FEo] So|=Ho|ESY B RE J9&
Ve, Q% oz FEo| felrkiet Bo| F&se I9E
WeRZ St} o] ZYPoBRE oliisietadt sy wE
sto|=Ho|ERT) AL AYlA FEE AL & = Urh [93%
HE - 7% ol RAE Vel A3 [98% HE - 2% 33t
FAE Uepls A4 dige oksldAE 1% ER§ sk
& Zelpdrt 2% EFE 7h2e] ks FolEHolEY RE 2
Z1& vehd Roltt. olA Y H' sel=go|ERr} ¥ x7o]
2 - AgolA slelmHo|Ert A 4 Jon, kg EF
P 739 EO] vt B Fo] 2EF oY= o|Fs ¥
oltl, EFE 7k 3lo|=do|Exr &% Tk So|=HolE
o] FREHY Fho g o|Fd Ag B F Uk =S M -
3.5% GIIEFEAIE ERE AP 35%Y] FFEES X
T3 S S AT HEstolmao|BEE QA AGFHE e}
A Aojth. &3 B8 ARG AHT < 1°C A2ofA] A4
HA At olYow EFE, oMHEH L fFVIEA 55 FAvt
39E o= Fu W2 I 52 2x0A slolzao|Eq
AdETal B3l o) (Saito e al, 1996).

Mok R

Tl Y we

7t~ sloj=2o|EQ| ILHL| THE #E

7tE Blo|EYo|EE o] 83] SFiME o 7HX9] 71&F -
AR AA7E em2 HA JY WAl xEs TeHEE
Mg} Bl Aoksl (Messoyakha) 7k o9l glon, o
o] f-Z WAYAI} Sl G FEAH oM oA EHE
AZ7F 2,000 km ©ol/de] HIZ FEA G molzEg]l A, B
Y g 2k F3) oy 5o HeElgo] dig Be] 2257 9
Folth sidolME iR wiAYXsE A 2,000 m oM de
o] HEFo] glonz Ao AMErlest B 7le B
o] Jfgo] " st} mpebs AP Jede $std 7 Fo 7
s/ Bk merslr, @4 7] tid 271 UzlE 2 o)
g Fo] HYsld AL ¥ A7NES AAsldor dot

7t stel=do|Ee] AEE Hsted Eod dyEols 2
A 71 G, ol871E, BAF 2 7k Y Bokz ERE #
uom, ® 33 Zho] vepd 4 3lth Makogon, 1997). ©JH&E
7t slol=io|Eel BHE dpPoks whFsly] wEo) 4F .
g - Aol F71220 FRAAIL o) FAARA R R, 7k Flol=
HolEd tigh 7isvdol o2g Roez dAdE),



22 o9 - WY - 2 - IR - B

Table 3. Schematic of gas hydrates technologies.
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Table 4. R&D program elements of U.S.A.

Activites

‘Sub-elements

- Resource Assessment (Near-Term)
- Laboratory Studies

- Field Geophysical, Geochemical, and Microbiological Studies

Resource Characterization - Predictive Models

- Resource/Reserve Assessment (Mid-Term)

- Economic Validation (Long-Term)
- Technology Development

- Primary Product, ion Research (Near-Term)

Production

- Reservoir Simulation and Process Design (Mid-Term)

- Production Testing: Demonstration Well & Alternative Production Evaluation (Long-Term)

- Mechanisms and Processes of Hydrate Flux (Near- to Mid-Term)
- Consequences of Methane Release from Hydrates (Mid- to Long-Term)

Global Carbon Cycle

- Methane Release in the Geologic Record (Near- to Mid-Term)

- Integrated Model Development (Long-Term)

- Greenhouse Gas Mitigation (Near- and Long-Term)

- Basic Research in Safety and Sea Floor Stability (Near-Term)

Safety and Sea
Floor Stability

- Advanced Safety and Sea Floor Stability Model Development (Mid-Term)

- Development and Field Demonstration/Testing of Safety and Sea FloorStability Mitigation Techniques (Long-Term)

% Near term: 2000~2004 year.
Mid term: 2005~2009 year.
Long term: 2010~ 2014 year.

Table 5. R&D program performance in Japan.
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Fig. 3. The organization of natural gas hydrate R&D project in Japan.
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Mineral Resources, VNIIOkean Geologia, Sankt-Peterburg)= 4]
#ge] Thxsto|=do|E RopellA 7P Bo] gzl et A
T ZFoln, HHEe] TFE Zlol|=olE BA, AT EF
3 A8t gL g AL F g o Fokelld AT AgE
Jem, o @Fart Holgh A MAHFop wiokst
(Messoyakha) 7t27de) tigt A& 2Asdrie Aolth AlA
= Aol 78 olFtun] AlMjle}l E40] A cryosphere B
A(Institute of Earth Cryosphere of the Siberian Branch of
Russian Academy of Sciences, IEC SBRAS, Tyumen)Z AlH
gAA BEHIMA AT Thidto|=gelEL] TSl i
ATE 7 2 7P AHE A7 aFolvt A ddvks |
7k 7]1% A gAJol @74 (All-Russian Institute of Natural
gases and Gas Technologies, VNIIGAZ, Moscow)?} XZAZH}
¥ e (Moscow State University, Moscow)?] REZx=u} 2
JE Blel=go|lE aFOoRA 7|2 EANA @7 A5 AE 3
FAF7A F Wi sisstel=go|Ee] A Eolof] g At
o]Fo)x 2L 3t} (Dr. Viadimir Yakushev home page). ©1/d<llA
o} o] 1990dd] ool W A7t IYHUL, A=
2 AT TFS lou, FHI2d F7HEoE A A
of &g Aol Qe o= wotdnh

2 9 F7he] e 8%
HolA AFE F7t o|ol= st Blo| = olEd #B
7HQl AHellA Aldg s Sle FTiRE A=

Ml

2
A
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F ok 19979 39 A= A{AGNLAAE (the Oil
Industry Development Board of India)olXe 7k Slol=ale]&
o] AL 2] oisl 209 B (56003 US$)E FATHIL
gEsiy oy, ou 19 Fue @43 Ase SIF B4
(Phase )& {18 A7r=ERATka do). wlmakse) WAL Ale]d
Qxe] B2 skl e AE 600 m o142 7k do|EdlelE
e gAY 91 A8 97 AL AlE (Phase Melle 2719]
go] a8 AF ' EFEaL Ut o]gh Tk Flol=d|
OE Zzoe F AR Afe] oY d= AAES 998, <
tle} 7k F2A3)A} (Gas Authority of India Limited)s} $1tio}
71€ dF4 (the Indian Institute of Technology)E2] HAEVIE
ZHE 7oA stAE A A% NEE VeEE T
Aztsl7] A APt (Collett, 1998).

EF 27HE Aol Y g Age FAHT AR FA| T
olg 7lge] e 3 g€ dF ANE FFEF veke =249
olti 2ol Eale] Tommeliten Gamma fieldlA Edda &
AEZ7A] 12kmoll o|2v AE dolmeElE AMsL Adst
2:9] QA . ol 7hA Flolmo|Ee] HAI AJdAs| Al
B3 AFE HA B 3k (Austvik and Meland, 1992). ¥
gk ol spoj=do]Ed] o rtA AR B FEol AT Fe
4 g 2 34 gl #ste AAYolE AR Akarrbete] F
T A7 A3t A& oz 2R, 53] J1Ee] dF £F
Q) LNGAZ~"s) vadte] oF 24%2] Hl-gd7to] o 4ds o]
RNeg A Sl thih B ARREY o] AT ot
(Gudmundsson et. al., 1994). @A =EoldlMe 19975E 7}t
2 glo|ego)|Be] A% il BT ATFE ILRA]Y] Y
Gudmundsson {7 2F, Aker AR F 3AL H 67l 2
FAFEC] Fodte] RRIE Aul2ER] ZZAE (Joint Industry
Project at NINU)E A3t UTh (NGH at NTNU home
page).

o] ol FollMe HA7HA AL AG] e LR % By
£ flou 7t23jARl BG pledliAle AAZIER 1997 Sl
72 Blo|EHPlER 1Y 1&E AAE & e #olE 3L 1
Aale] 29 20 e ALE Kol o] o ARE o] Eop
et A3 sde] o)FojW HAe=E HUHT}t (BG technology
home page).

o] foj= A, SIdolt, =4, F5F, ¥ duiE 5 45
AMe F7Ee e AY =E F7 A A AYe
HEA) dgkAlgt 71gA 2 diShEolA X&Aola FH LA
A77E AT et

aluzle| kA SO|=M0|E &N Wk

o] Holollx] zHTHAH $Elugte 2 72 Fo|=HoE
71eME e S84 S dauiel A9QEe Af3in
Qomz 7t RoloM 5 AF &5 g AAHY AF +
gz 8o 2 7ET Yot g FE ERE b~ gol=
goleg] gt - Aaks} ol olf e EoplM 5 % A
A Zlende) T3, &35 2070d B¢ AE 1~2 D= vid
A AAEE, vpAlg 3 SAE IIEeE FEE], A 40

Hopo|lM $38 47 71&ME AL sgsiATt. opAal
A8 2 7kA slolZao)E 247] 7leAE Ade =
i A 7& sol=HolE BE 7|eg wEoz oIr)e
A we WAulele fFrkaTAe} FFARATL §
o AYF ARG AYAAR 42T A2 1WAS A
sz TAH SAE AR Ao] AR ke Aejolch.

o] A7) 1% MY AYS)] HEW 1 VAL 20004%E
200497k S B2 FFIRAFAA 1598 ExpE B
AEF 119 E262)o 2 FZTALE 7L, T=72FA B S
oA AAF Foln, WA} Boks E3lo] $ERAE T 7Y
o2 FRae] FAeALS AAsle], BSR BEEE e 2
2 RGeS AQFT. T3 7)2H BA 2 HAAskRe] &
Ao Fhxanitt thEr] wio] 2o tg ska dol=go|Eg]
ARe 7z 2 HY2AL AEs, 24 A7 2 Bajo) o3
£y 2L $YIT TF olf s1& Hope sk 3
olzao|Ee] AYAA Az AXE A 7 2y 2 o
2 W3E BN E% 2gANE AP AEE EdE
BE suxdolre] AUYEMIE Salste, AP X HF
7 2w Woke AN, B4 7l 2 AL ZIeies
ZYHT 5 FL)E BoiNE AR A A (pilot
plant)e} A} Aol Ny Aot} uix|gt 3gHAME 7}
& So|zgolee] sda} skao) WA HE ERE S 84
dNel AlE7E A AF, AR AN 2 TR 9, A
HoAe] A Byl iR whE AR FrIE AN
T e7|e BolME b 2 ARl Fi5e AL &
Yo}, o3t Fkx so|=Fo|E si& Ade] BRE ATHO
2 2] 98 dsle 7 Bopixe] 98 AnEd ohe
2 2ok s

Ao Hg

Al 712 slo|mg ol Bl Al 2 7)&A ] At AR o
go 94 o] FAE F7HHQ) FAE WSS it BE &
SRR et FEgrke o ks 7|2ATE Ao
ok gt} 7i2 slo|mEolE BAF € Zlesiidel] s AR
e BE AF7IE Add gAY S5 AgEne 25
7} 71ed Age #E &AFol oshdE ik 20053%E 44
g sid 28A Aldele oF 200909 olge] &8E Aoz #
gHEz 7|galet ArlHe] SRF0EE & F gl WHE
o] 71e/iErido] AAH o QTS JHH7) YsiMe =7
ol R BAE sloobgt & zloz dAvrd). ueld 3kEo
AR HFAHQ oo} Fue) BE 7S fU1FoE HAEI)
o 39 AAE =52 F e AF9 g&o| 7|gdct

AR Ffjolld] 712 slol=rjolEe] A3 BAF Aol A
FEAQ77) 8 Sl d i) s gATAY dFo] o
@3] Hox AR, 53] 35 A E 7he glelsgelEl] #
A 2 71E7del B35 194 AZS $YEle SN 2R
ol /14 E st =3 2000858 £ 194 sihd AFdl
FEHQ ATS 7|2 AAHULH, FAEAT o|RAR F
e 2 Al wet 284 AdezA LA Bl tisk 7
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e ARglo] o]FojAot & Ao dErk IgBg skk F
ol=Ho|ES] FleL AIAE FFAHLR oA fEiME
P AT SAS AW 2o, F B 3 A Ve e
A B Hgto] 7chErt

71448 9

FFAQ BACL o]F7R] FGRAE A B Al7te] 27E
= 7R SlolEgfelE o) i) FAlE a7sie A A
el & Flojt}. z} =9 ojoA HE 7iA gol=go|Ee) &
AR " ARG Z1GA B 7EESAE B Beg TR o
© flo, AAzR]] FE oME Rz FYF «i §]
o 28X =9 doA] 7k Fhe|mdolE Foke] dAF sl
of BAlsks 7123)At of9je) ZIYAIZt P ke AL G
4 3dr}.

v 759 o TkASAlA = 7hE slo|=#|o|Ee] o] &
Zlele Hof B3] ¢4 B AF e Hopol Be 7 933
‘ATHE BREIT ee B 4 Utk 53] 929 BG pled
ZAelle AA A Ve Ag A QHE 7T 13, R
EH#7}2 (Toshihara, 1997)9F ©AM}7F2 (Kenji and Akira,
1999), 18]2. =Ye] Ruhr Gas (Nixdorf. and Oellrich, 1996)
o] Aoz olgfdt £ 9 A 7lg Eopoll B2 AHE UL
Re AeE HuFHI JEbiaiejrt of Bojoll oMz e
219 scale-updt FolZE EWES] AFol A3t vlgo] oas
ng A4t 2] &Y, FHAL AA gy AR 24 U=
(needs)E Hesl= A F YIS & sfdsfor & EAYEC]
Brial shlch. 22847 7k slol=g|o]E9] o]E 71&o] LNG
71&3 vlZsle B2 Hg AHzke) J1EdEE INGZIEEE 7
Ado] HolRe Fh 79 e o]88 4 gtk Aol
el o] EopollA A o]o] iR szt

A 7t slo|=go|Ee AF AT FHYRE TA|Hoz @
#3794l A9 e AFelAw, A8 2 AR 53 L9
Aol #AAS 23 e ZIPAEL 1~2 AT dg Aol
o] oA A& & x=24oje] Mut AE ¢ Aoy IAE
o Bx7t F2 o7t €@ 4 g Holth LNG &% 2 AF
dH] Azl B2 x3-E 2T e Y AFAF 2 dAYY
F IALEo] % 2 AR Foko] AT el B #H AF
o] oo Yrie Ao] B A& AT st a2
HRg gt Hokol B o7 sfgnlgo] 4835 7hA o
=golEe] A AR B4 ST &5 ge 714
E9 o} 48 Ego] slui=n)

Wetel 9@

7k stol=dolEe dAFe SN 71 ol diE 283
A7} Aot tige] skAo] A oigk AATER A,
B4R &4, 293ty W32 A7, tFE ol a7 A

SReIAle] 712 stolSdlolE Folo] e A
A 8] RE 5ol s12H - mEH2 Sleho g
g, @] AYE HthElolol ¥ Row A BE

olle] AYF F47] 71N Wetel WA 1WA AYE A
& 7k hde] Bad Aol FHEU) HRlAD AAF
o2 7 WA ARz Aol B A9 BN 7z B4
W A77h gHske] o FolAekl EHo)n 4B ARE
g & 2lg Rolot.

4 =2

7t dolEelEE UG el S5 5402 <
3 2ol FEER Bie] FFHL o, AFdME 77ke
vl HA7ks A AhegA FAHT ' EHolh. &3
S FE ThsAe]l g R S FEE F e
B2, A% - Ad7kE e AL £ddke sHUEAR o
of gt Zlee AL FAfopt & Fojth. 2y et
2] 7k sjol=go|ES A Eolke olF 2R WAlolH,
53] 24 A= EY FEA Reba, dAFHY A7 AY =3
BA @ dAoltt. webd o|¥A ERAS tEde S A4
BollMe 7 sol=glelEe] FAY) Zleid ke 25
AL A R AYAEE 2 - AR, HFTHoE g
yete] 74 sloj=Ro|Be] BALE T migR Hrkeh ke
A 7iENEE BAHE vk EY sk Fel=golE
oS58 5L ol8T ¥ 2 AR 2@l 9
Tt Byl £RE F YESF AT A7IM AN F
B71 Z1eNE S AN 7k dle|=dolE ARIS s
Zag ol 71BAQ FETS Ied 202, JE3 nHe] o
HE g 7ts sho|=golE Zled AKdel dFA 3
< s &7 ¥ HWrht AUA] el gk Bol BellM =
Hre HehE Jls i Alfo] FAld] ookt & oz
T, o} TlEo] Zik dlol=glo]Eef At AF A &
3 ol g BF, AF-2A A1, 7194 2 izl o
HHos £a7} WaHolop & Zlog wdkdrt
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