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ABSTRACT

Methane hydrate is ice-like solid compound consisting of mainly methane and water, and is
stable under specific low temperature and high pressure conditions (HSZ : methane hydrate
stability zone) that occurs in permafrost regions and in the ocean floor sediments. Geophysical
survey was implemented in the southern area of the East Sea, and the HSZ of the study area
is determined by the témperature, pressure and local heat flow obtained from the survey and
well data. In the study area, methane hydrates could exist in the sediments below the water
depths of about 300 m, and the base of HSZ is about 600 m beneath the seafloor. The
acoustically blanking zones in the sediment and phenomena of gas seepage were detected
from the seismic section. These sediments have the sufficient physical condition for the
formation of methane hydrate. The temperature and pressure conditions were experimentally
measured for the dissociation of methane and propane hydrates in pure water. Equilibrium
conditions of methane and propane hydrates were obtained in the pressure range up to 19050
Kpa and 401.3 Kpa. Under same temperature condition, propane hydrate was dissociated at
lower pressure than that of methane hydrate.

1. ME

Wgt Sol=HolEr iHozr FHAHOlE (clathrate)2 EEle 712 o= 9]
AdFo2 7 TEAGH A&A HAZFA FEHY UE in-situ 7t Fol=HolEL gl
2AAsY, F2AEE = 3AMY AR (hydrogen-bonded solid lattice) Wol &3}
(hydrocarbon) 3% % 7Fg 9od 849¢ vidoe] 5o FAHA AFez 457 v
1H EHEojrt

T g Jol=HolEE EEA 46704 8 wigEZAst TS FR-IE YA
AYPA=Z, 29 24L& CHs- 57 H02 FEAAY (Fig. 1). 28y 2@ vige) Z29 3
Feho] 19% o4 E¥E A% T2/t 48 (Yousif, 1994). FZ-1& 6719 14-hedra (5%
large cavity = tetrakaidecahedron; 12 pentagonal face & 2 hexagonal face)®} 2719} 12-hedra
(5 small cavity = pentagonal dodecahedron; 12 pentagonal face)2 TAHo on, TZ-II=
16709 12-hedrast 8709 16-hedra (56" large cavity = hexakaidecahedron; 12 pentagonal face
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Figure 1. Basic crystall cavities and structures of gas hydrate (GS], 1995).
left : crystall cavities, middle : structure-l, right : structure-II

& 2 hexagonal face)2 FAHo Yok, EYHE 7129 FHE TFZ2E FASE cavityd
azjd wel ¥IHE= Jt2e FF7F AR skx Bx9 2 Aol 528 miwel wig, dd,
A%, FaFL, oitsegsr T2 TF-1E, T28Y Sg 52 FR-NE A&} (Sloan, 1990).

g sol=golEE AL 1Y A (AsH, JtA A 1 m’e vg sol=goEE
Ae, AgAA 172 m*e] wgrtast 08 m*) B2 MSBE#Ech (Okuda, 1996). wlge JAstes
712AQ 929 #7182 (organic carbon)®] A% 9 1 x 10° go] wg sfol=oE ulo
THEH glon, ol FA duUA (fossil fuelol EFE F71e49 2u7t S Hoist golot
(Kvenvolden, 1988). E& Ut @AiA] LAHE oitstgdae] o] dX AHEHIL Y+e
Aol vstd 078 AEZ o g &4 Aotk (A& 4, 1994). WM I+ FEA A
AaA HHZ FEASA EEHY Ue v o= oEE nHo AR dUXYLEN =
< ZAAHEE MR Ao

gt Fol=dgolErt 39 #7 WEld unAEe AL wig A WA So] AT
257 AA oA glon, o= HE IJolEHolESY A JdL ANt wHE sig
(dissociation)$} 7|29 W& L of7] Az, o2 Q3o AF9 25E O5 ¢ AsHH,
0 o 8 49 verztxart wEHn 24383 (greenhouse effect)s 7FH5 2 Aotk F,
716 2gEH e Jtx 49 Frke AF &EE A2 0006 °C WA 008 °C BE s
Al719, o] A% 100d Wl 7 FEXY JA =48 Aol (Engelozos, 1996).

& sol=olEQ RES I H R AAstE Wde gAdT ©AL A7) wAE gAL
MT &AL s aiA”d F -8 ZAL Fol Ao olF &7 A7l 7P & o,
gAALs AdlA YElYE acoustically blanking zonedt ©]¢] 39le] yEl}E= BSR (bottom
simulating reflector)= ®l¥ 3lo]=#|o]E 2] acoustic velocity®t BE 7|€ Aojt} (Max et
al, 1997). g soj=HolEs}l AASA HFZH REIHI] sldM= o gEHg 2%
Z70] ZZHolol v, ol &5 ¢HL ued ¥ & stxo FFo ¥ zgn
A&zgo 95 o 9L vl (Sloan, 1990; #A& 4, 1994; Maekawa et al, 1995;
Engelozos, 1996). ®l& 3dto]=olES J & RS motdlr] Hgte] A o s 739)
BFF o]y, o]E Y 2%, 4¥ E A& Fu] (geothermal gradient) &7} 8 Fdd.  $-¢
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vzt sigejAe] wigt gol=o]lE BE sS4 HHE AT EEArst £ ¥ dE€As
I5¢ % A7 28 45F oF 200 km #NAN FRHAJG ST SFARE A
acoustically blanking zone¥} 7} 9] seepageZ |G HE AZTE A5 £33 I5d AEE
o]-&3le] EAg A Arg o AEJ detve HAEFE EF 4 F 300 m o]t
£3xd HAZOE vg slol=HolEr AAIA REE F e B 28 RE, 4E)E
FE3n gov, ve Fol=olE AR AAdY FFLE A HAA oF 600 m Zold A EE
Ao 2 WA

Hg ol olEE QAFHoR FAGL o= l 5“*51 gade 229 4" zx4Ag
T AL A FHdA wg o= olEL RE X BE JH5A G dE wetd
EE JA7t2g Mid £5 A HAHE FAHES aﬂ?é#?l A E of$- Fasioh EI
olgigt A¥ HAAE &Y AT &F ojidslEL F AT A 24 9E A3 FHol=ElE
JHEZ AR ¢ AS AR BUdy. &% EdA v dol=golErt FAHD seHE
dHe 2=/t L4F F/HEd. &, W@ dol=dlolEY HY AL 2744 K (= 125
°C)ell A} 2410 Kpa, 291.1 °K (= 17.95 °C)4llA 19050 KpaZ ZA AL F2-IE FAsi= &
tol=dlo]E9 A9 dwig Hoh AY v oA P &t "9, ¥y 2L 2753 K

(= 215 °C)A A 199.9 Kpa, 277.6 K (= 4.45 °C)oll A 401.3 Kpaolt}.

2. HiEt slO|=2|0]E2| BE Jis4
ol €t Stoj=aol E EHAL

S8 vt g9 v o= olE BE /54 7HE Astd AL T4 gE-2%
g o)) ¥ FFEZo2 o 200 km "ol HY ]"1 ‘3F 0 L-km®] A ¢3E T3
3tk (Fig. 2). 97AYL 55 94 98-S z2E 44 HAYLZ ojfofx A4y HAE
Aol YA o, FAHL EFFoR JIHA oz E}. A vE SolmHolEY HES
HdH o2 A A&+ acoustically blanking zoned} BSRe #2108 H5xoz 9o, BA pock
markZt 24" XH & FALEZ USAIH F wgdd A F9E #BIo FYPATh FAA G £
A& ¢ 700 motA 1500 mell g3t

BFAME air-gun seismic system, sub-bottom profiler @ multi-beam& ©]-§3t HF-dA %
o] & 6719 BA-FE #HEe A 5/ F F 1 S distdq AAEAT EE-EA
Ao} BS- SH 2 4L 2 kmE Aoy, H5M-FF ©F FH9 AL 8 kmE BAHHA
L2239 £EE A 9 HT 5 knot2dd BALE $38QY 09 positioningS YA =
Furuno G-80 GPS Receiver®} Simrad ECDIS SDN 602 01%3}9&‘4

aAd g4 gAztE A5 A £ Axe Adnp Fd 39 250 m AR, Ao (air
gun)& An F948 50 m Fol HAXdAY. £ FX = Benthose MESH200P Hydrophone
ArrayE Al-831 29, active section Z o]+ 30m, AQ-1 Hydrophone Cartridge &34 %}7F 200
N WEz JdZFd 172E9 AeA gAME FX71E AHgEen, Fod¢ $ES 03 Hz - 3
KHzelth, &334 X Bolt 1900LL Air Gung AME33 o, 83L& 54 - §5 F49 7
$ 290 inch’, @A - BE M9 Z$ 90 inch® & A4 &9 2AFAE Hamworthy

JN oof
J

K]

58—



FXAHA D%
A 53 SewEs w2 (1998)

1297 1307 a3 13277 1
Y T T T

=

[-36°00"

|-35°50

survey fine

[ pock mark

] i )
129°50" 130°00° 130°10"

Figure 2. Study area and survey lines.

Marine 3TH90W100B Air Compressor& AH&3tgon, ¢= F719 &S 2000 PSIZ 34 5
* A0z WAEIAY. 71¥ A X+ EPC 9802 Thermal Graphic Recorder, Krohn-Hite 3700
Band Pass Filter, Technics XR-2000R Analog Magnetic Tape RecorderE Al-&3te] FAlq 7]
Z3t9Y. 712 A filterd A S 20 Hz - 200 Hz& sty ew, z7] Hol= (magnetic tape)ol
analog® TEd (& E AWA digital AEE A3t AAA L7} 7h5A SFAT

AAA 2 AAE 9= GeoAcoustic SE88] Sonar Enhancement Work Stationo]™, Al&d
software= version 35°Ith, AR AAAE]lE= analog A7) HolZo =2¢ ©Ad NI E
A/D converterg ©]&38td E#olA 3 4%E Ims tACE TR digital AR E A3EA
on, offfiot Fe A AAE T HF MAXNFT dWE #48Ad ; Gain (Base, TVG)
Recovery, Contrast Stretching - Gamma Correction, Rectification, Swell/Wave Compensation,
Band Pass Digital Filtering, Long Multiple Suppression, DC Compenent Removal, Water
Column Removal, Single Channel Stacking.

71 AAZE T ASHIT AHEd ARY FLE 3o, dHdedA acoustically
blanking zone® 7}~ 9] seepage® HGHT AFE s welr wg Fol=dojE] A
g3 3 AR E #d3dr] HgME FF AYEAIE FP3 2 AVO E& velocity analysis®)
8ol g FHT}
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22 otk stol=rolEQ ot HHn FE JisH

gAu 2BALRLE AdlA] acoustically blanking zone, 73 WHAMY, JlA2 X9 EHA &3
7229 seepage @’Fol HAHAUT sdEtz g Fol=olEr FEHAJGD BRY FE
itk vig Sol=HolE S 5% Ex9 ¥ A AT AAA EAFE F Ut
oleldt EEHQ =AL WHEH7 A9 OF Ad &F SHIIE o] &3t AN H&
AAete FAES FAHIAeH, ojw oj&E AvE YFFH P ; Simrad EMI12/EMY90
Transducer & Receiver, Transceiver Unit, Bottom Detect Unit (BDU), Operator Unit (OPU),
Merlin (data logging system), Naptune (data processing system), IRAP (data presentation
system). S5-&9 HFEA Fvlet Fo] vF Ad SF 47 9A AY] AdAE F
A2 WMHAI|= transducerE o8& SHE BAAITY HAE U= EE THEY
AU B wil o wgoez wAd T ¥ F47]9 $£3217] (transceiver)dl =g = o]
&3 qUAZE Al A7) R Ao AU g Ayl 7|EHA Eo ©EgAM A8
HAS3 A Al Neptuneolgte AZEJolE ol&3td g 5 Qe dizt misi¥sFEQl
rolling, pitching, yawing, positioning, tide, heaving, sound velocity §¢ 2A& 3sHct
ATAFe) B FHEAM EFZLE 7MEA £l AR ZojRh

agtel] FALA A M9 wg ol=HolE tAFFY FHES Y& 59 36° 065832, T 130°
06.2636" AHoA FAHdA wE & FASAY. olw o]&d A¥= F34 XBT probe
(expendable bathythermograph)Z 3%=¢] £3 5= ©X]7] (probe), BA7|E F3lst BA7]¢
ZIBZAE A7 o2 AF& FE= F317] (launcher)9t 159 7|53 B, g B AF T
Fdste @L7] (XBT POZ FA4H . &A Ad FFAME F&o] 43 3tAsh,
F4 % 200 mollA SARAA] FAAXE olF HoldlMe olF HEA FHAE I 4
14604 m9] sAAAN HA +£2L 0.128 °C2 SAHAJYG. A& ] (geothermal gradient)=
A G A FERog dul Wgolxzx ¢ Zd AFd ;I 1-1¥9 & GB1 °C/100 m<e
o] &3ttt

HAb ANFRER2REH g5d 2%, 4 (A € AL vl @3 7€ dxd ve

3tol= g o)E 2] phase boundaryE =X plottingd 23, BA APy 2% 54 <% 300 m
ol3te] X d HAZFAAME wWg dol=o]EN A A F&EE F Ue 2L FHFIn
Ron, AFPdA FFL AANHOLZRY o 600 mol YA} Aoz FRIAAY (Fig. 3)
gy gARlg A A acoustically blanking zone® 7}A 9] seepage AL Z #GHE AZ7)

299 HHIANE W sol=dolErt A 722 £ de BYUH 2] FFHE
Aoz ANHAJYYG (Fig. 3).
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Figure 3. Methane hydrate stability zone in the study area. The stability curve of methane
hydrate is based on Field and Kvenvolden (1985).
—— : Gas hydrate phase boundary (stability curve of methane hydrate)
------- . Geothermal gradient, + * < + : Hydrothermal gradient

3. HIEt ¥ Z2E Sl0|=Y0lE2] HY 3 YH =AU
3.1 AEEA

vigst a2 slol=dolEe FAH HY =20 HAHFE A3 ALRE 77lE ZA dol=4
olEE AL HHAIE YR WS cell (high pressure hydrate celd)# F¥ 7]712 74
Hol 2t} (Fig. 4). 2YE cell 316 stainless steelZ2 AZIHAUR B 9E 5652 ccol™, 257}
ZAHHE 3 (temperature controlled water bath) Wel E9lt} stol=golEvl JAHT &g
He d4€ #2388 £ AEE celld) ¥ FHol sapphire glassE AA3Acl o] o AHgd
sapphire glass® Z7j& AAel 4 cmol FAE 15 cmE & ¢#E2 30 Mpaoly. 7t~
cylindersll X U2 7129 B4ES AAZ7) YA line filterS AP AFS $As7] 9
8 check valve& |3t

7t dtol=dolEY AL FXAIZ AN EF st HERE FIHAIACE gt o]
£ 939 magnetic barg A8 EF JtAE EFFAT Celld d3te 222 FAAT7] A3
AL - F& c3r2E o889 4 g9 EF thermocoupled |83 FAZHUOH,
thermocouple2 2.2}7F = 001TCQ F£& 24 E ol 83ld BA 9. ou SAHE=E 2329
23E £ 005TC ot e &AL ¢35t 40 MpaZtAl §3 7153 heise gauges ©] 8353
o, 2= £ 50 Kpaoltt, Cell®] &8 2 hand pumpE A8t At

o
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Figuue 4. Schematic diagram of experimental apparatus for the determination of phase
equilibrium condition of gas hydrate.

32 Alg uy

7}2= Bol=ElolE AP S 4Y (phase equilibrium) THAAN & o Fo4R 2xAA A
e &g gEol AZE Zolol doh e Jtaet Eof é‘?}d&i RAHQ 7t stol=golE
7t ARHE 4L AdPFHoRY o]EHoE B[ FAS UERZ] diEd] JlE o= olE
o A =& FEsA Far17F e APl e dE WA tdik Aol dEehdY. ¥
¥ 21 TESE A4Y Yo RE 24, T94E 2 534YE & 5 Ut B AN
T2AYLCR Y449 viagd Z=9 3}°]‘:31]°]_E_7]' $x3) siele HHE 2P AHegn o
?5}93. 9, 48 3HE OggH 2 vk celld] 2 S Ydts 2ECAA Fol=dHolEN A
B 4 9 9" ¥y =o gHe 8xA 7 FolmHoES} HNY I L2 AR
FAFHEA AAE MM TAAFHOEZA o= olEe HY S FIh o o FHE ¢
o] ¥sle LEE SAAIIBR Fstoof it

B AYorMe &4 & (53F9)F Scientific Gas Production Co.9lA AArd +X7} 99.97%
9l wlgtrb2 9 PRAXAIR Co.9 &% 995%¢ Z2wrt2s AHg3tdch $-g Ja S8 ASs
A A& oF 2000 moll 2380, o]+ 20000 Kpa2l ¢#H & gnst= Zolth waty vg sfol
EHolEY A% celld) 2EE 125 °ColA 1795 °C7lx] ¢ 2 °C tF oz WAz FHu
19050 Kpa7hAle] 3y Qt&Eg F3ch 223 FoltgolEY A= 47Hx] &5 XA A
HY =48 Fadd. =3 AAFoZ Ad FA9 ALz A4 Ao dF HA5E s
o B AYE T3 Ao AHXE AF7A YFdA LEE 7|E9 A9 A vus.
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33. 48 ¥

Mes T2w stolzdolEs Yy He 23 24 AW AYL oS Be £HE 24
A% ;
LYo e@Fzd DAL B2BE AARY A5t St2g FYW

- ¥ F2E ol&sl9 APz e LEFE FAGUA Fol=doEN FAHE F 4
d&HE dHEg =& ¢HoE JtAE FYsdh

- ol=dolEE Jixg £ HEFUAAM FPIEd o HEFWE IUAIN7 A
magnetic stirerg AHEStATH Hx 9 Fol=dolEE wiA AL doju= RAANY FAE
F, BF Jt2e RAANLE Bt M2 AP Sol=ESE °FA €Y. stol=d)
olEZ} FAHWY Jtx7t Z3|A Ho wet bHo] FAFA dH.

- 44 stol=olEZe] FE3 AT WA 79 F, hand pumpE °] &3t FHE A
A8 ZFaA AT

- 4EE FAANY F ocell AATE HY Ao E2F 7 JAEE FES ADE T BEA 0}
Ao WY Aud E9sy] oldd 4HE tAl ZAAIE &Y tEo] dAle B
A SAHE LFE WA 94

- 9ot 22 ¥RE Stel=dolENE 448 AYd WA wEse, dAF SxAN stel=d
olEY & *HE FAFUL

34 4¥ 3 A E9
HES celle) SEE o 2 °C A o2 HEHAIAN & A olg —}o]t:g]o]Eﬂ. PR

o

o
)

d8e Lxo o Fager, zze &
. & AgA Aol A seldol=el AR 27
A ohd Aol ALH 717\ ol B ¥

_ﬁg
E
B
0]
mlo

T =

T z2HANM HY & Table 174 2
& JIE 9FA Hxd Q_?ﬂ z< o )
< 4 AUG (Fig. 5a).

Table 1. Experimental equilibrium conditions of methane hydrate.

Temperature Pressure
(°K) (°C) (Kpa)
274.4 1.25 2410
276.5 335 3640
278.3 515 4425
280.2 7.05 5470
282.2 9.05 6760
284.2 11.05 8350
286.2 13.05 10550
288.1 14.95 13150
290.2 17.05 16750
291.1 17.95 19050
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Figure 5. The experimental equilibrium condition of gas hydrate in pure water
a . methane hydrate, b propane hydrate

TZE-IE FAste T2 dol=olE HYP 27 gofg A A HA o &8
oj&3tglon, 4714 & ZAFAAM Y 4L FIHAUT Figure 594 e vl Zo)
398 &5 AN Z2 R Fo)=YolEL Hg Fol=olEd HlE 433 B2 A
P41 sedh

AFTre dxst ddd EFE o b= FF4 Fo]l in-situ WY FHol=wojEL
HyzxAd 9¥S v}t (Kobayashi et al, 1951; Sloan, 1990; #4& #+, 1994; Maekawa, 1995;
Engelozos, 1996). wWetA FIZ e 899 FEE HUIFAIY dIdd EFIH2E o) &3
HIxA 73 4] aFdoh

4. 4 B

T2 g #ddA dg sol=HolEY RE JEAR AdAGY AL 9% 2 A
acoustically blanking zone® seepage @At 2 WU H= AZTE FQl . E3
o] W& o= olE XA dYS M3 A, A% AFI Yt HASE ¥ A o
300m o]&te] EEX @ HAFZNAME vg soj=golEr St A REED F oy, dAHAGPe
313t AN eZRE o 600 m Hold A= Aoz WA

7k dtoledolE9 HY Z2H 7S st AF 7171E AFEALH, o5 o] § W
Z29 o] =Y olEE &% EdA JATHoR B 47t HY dEHAg 2EF SAHNY
o WS celld) 25 E 1.25 °ColA 1795 °C7HAl & 2 °C ZHA 22 woldA 107HA] &% 273
AN F2-1& F4se de sol=dolE9 &g e SASIACt & 4P A JsH
e dEe 2xV Fold we Frtste ReRE deikth E£E o] HE W& Sloan (1990)
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o £58 Be ATAS dstd $499 Ao vlud A% & SAHAT 445 CHA A
2% zASRNN Z2@ stol=dlEs A dPe Tahdon, Y A% FIG 2= EAs
X ZEH solsdolE: vw stol=eloEd us 4@ % A HUPE Aoz
ELF e

g8
B
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