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Gas hydrate stability field in the southwestern Ulleung Basin, East Sea
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HA7ks gol=olBE XY - AR 2SN E3} AArtert At 4 IS JFER ANHOE sk
sol=golER BejH, 75EAGH Aol A siA e HAZl P EEH] Utk kL dle|=doE <t
Y92 sol=Ho|Ert F4E F sER dx Ao HgsA FEE F e FYeloh v w4ds gd
Tl #EAEE AW 2R WAPE (bottom simulating reflector; BSR)}S 712 Fpo|Edo|Ee] REL XAshe A
Zo] Whatdoz 7tk Slol=gelE PgFY] sty Yehdth. & A7olxe T3 S8R HANEGM Y 7t
£ Spo|EgolE PGS Sl BAES Blaste] ks go|=do|E & Y-S WAl sgich ArA
2ollA] XBT (expandable bathythermograph)E ©]-8-3t9 F&ulE FAASH, ALTule AFAGY AFF AR
£ olgsiirt. AFdoIA wekr7tAgt NaCl 3.0 wi% 84L& 018351 Jis slo|=go|B FHUHL 274,15 KollA
2,920.2 kPa 22| 289.95 Kell4] 18,090 kPaz2 ZHEHUTE A7AGellM e 71 slo|=FolE Py 4 A 5
Aol oF 400 med A|%e] B 7k dloj=dolE HFFHe 2 AR RNE A= oF 210 mol, F4H°] 1,100
m 2 9ol AR RE M oF 480 moll YRSk ZAoE teixth wd BT BAbtEet Y B4 4
g wlwsl] & ) BSRO] Yehhs Amst PR sgte] Aok Aol dxjsiark

F20] : 7k& so|=golE, A AR, P Y, e, A7)

Abstract : Natural gas hydrate, a solid compound of natural gas (mainly methane) and water in the low temperature and
high pressure, is widely distributed in permafrost region and deep sea sediments. Gas hydrate stability field (GHSF),
which corresponds to the conditions of a stable existence of solid gas hydrate without dissociation, depends on
temperature, pressure, and composition of gas and interstitial water. Gas hydrate-saturated sediment are easily recognized
by the bottom simulating reflector (BSR), a strong-amplitude sea bottom-mimic reflector in seismic profiles. It is known
that BSR is associated with the basal boundary of the GHSF. The purpose of this study is to define the GHSF and its
occurrence in the southwestern part of Ulleung Basin, East Sea. The hydrothermal gradient is measured using the
expandable bathythermograph (XBT) and the geothermal gradient data are utilized from previous drilling results for the
adjacent area. By the laboratory work using methane and NaCl 3.0 wt% solution, it is shown that the equilibrium
pressures of the gas hydrate reach to 2,920.2 kPa at 274.15 K and to 18,090 kPa at 289.95 K for the study area.
Consequently, it is interpreted that the lower boundary of the GHSF is about 210 m beneath 400-m-deep sea bottom and
about 480 m beneath 1,100-m-deep sea bottom. The resultant boundary is well matched with the depth of the BSR
obtained from the seismic data analysis for the study area.

Key words : gas hydrate, bottom simulating reflector (BSR), gas hydrate stability field, hydrothermal gradient, geothermal
gradient

M 2 stability field : GHSFy& ¥4t (28 1).

AA7F2 Slo|=#|o|E (natural gas hydratey= A2 - X% =
7l F2A%E e LA AR (hydrogen-bonded solid
lattice) Woll AA7I27F 28 Eo] PHE A= JFF5E A
Gt g4lo] & A HHFe] FEAH FxE] glom, o
W o 7i2 slo|=dlo|ER BT # dAyolMe wgdTt vt
A BARGZ 2RE FRRlEe] wiajre] EQlE B3 25EA
A S ofxe] 7k slol=olE RE FAEE W7l 9
glef, AT R FolAle] 7k slol=go]E eF8E S (gas hydrate

7k: Fo|EF o P H stol=dolErt EA4E § sz
(dissociation)=]A] 231 FAY (solid phase) & Pl =AE
T e F9eE o] B} L AxdMe 7k sfol=yolEt
sl2l=lo] 7k (gas phase)oZ EAEHA "t 7k fol=H|
olER ¥3hE EHAHZFMS BT £& (Vpe T Ev 7R
x3b8 HHFo Al w2t} (Tucholke er al., 1977; Stoll and
Bryan, 1979; Collett, 1983; Davison et al, 1983; Dillion and
Paul, 1983; ©Pearson et al, 1983; Kvenvolden and
MacDonald, 1985; Prenski, 1995). ©1=2 <l3s}] 712 soj=g|o]
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Fig. 1. Location map of the study area.
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Fig. 2. (a) CMP stack derived from the NMO corrected CDP gathers for the
Line 98GH-00. (b) Zoomed stack section for the BSR with phase
reversal.
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&, slo|=Ho|E ] s FAHANME B4
7 &% % dx Xpolo] 71918k 94l (phase reversal)S &
gk 73K E o] wEAPAQL BSR (bottom simulating reflector)©]
el A Aok (2% 2). =3 BSRY] Aol WEE BE S04
= 7k slo|=golEe] wA3 (cementation)ol]l 71913 €Al T
ANEA gFo] F4sH= 2FFU (acoustically blanking
zoney’t UERH, SPRoM e g Tt Tt gdaskA 9o
(Shipley et al, 1979; Andreassen et al., 1997). &]A 5=
(slumping)°ll &gt EAE9] WEAPH, A (volcanic ash) 22
3 el 9E-A (opal-A)et SE-CT 3-& 93-CTe A4
(quartz)®] ZAIBAA 7k2 Slolzgo|Eel] 93+ BSRIF A
7R Z2] WAbHol UERd itk webA vk Slolsgo)E 7
&g Bvh B8 #9E] sl e FUEE (interval
velocity) 42 & BSRO] Uehe 4xe) slo|mgolE o
e skl Azste) Hlwrt ezt

712 SPolEHo|E Y YY B4S fsiME dlolzaolEe]
@27 (equlibrium condition), =274l (hydrothermal gradient)
2 2274 (geothermal gradient) 59 ZF7} Basith 71A
stol=golE FERAL 2xot ¢He BE Ik W AEp
(interstitial water)2] A& Eof] JEL wh=r} (Sloan, 1990; ¥4
A 9], 1994; Mackawa et al., 1995; Engelozos, 1996; o184,
1997; FHA 9], 1998a, 1998b; Kang et al, 1999). & &
B 22y Fo|=go]EQ 9 FUd 2= 2ASPIA v 5}
ol=go]Ee| Hlsle s W YoM FAHH (0134,
1997; FHA 2, 1997, 1998a), &4 Hrr}t F7Iehd slol=
do|Eo] HYYBE Foldt;t (Maekawa ef al, 1995, FHA)
2], 1998b; Kang et al, 1999). ]9} 7o) 7l slo|=golE
SHIF A FFE nAle 29EL X9 Sy 283 A
A BA wlzt xfe)7} Qo).

B dolide 25EA GAR slgoae] ris slelsgelE
APFAE BAs7] Hsted $ Tl XBT (expandable
bathythermograph)& ©]&8fd SA31P o, A2l AHA
o] A|FF ARE oLt k& Foj=gele HYzAL
AYATE E3l 43T =3 ST s geld
BSR Al&8 2 A7 ofs) ¥ 7kx spol=goE g
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7k sloledolEe] FP2AL sl HAE: W 25k 1
Y2 7129 Aol FaS Bol W] wEe, o xg9e] EAJe|
2 ARk gt F3e] 271 HA (Oki Ridge)s}t 71Eh-oF
ulE E# I (Kita-Yamato Trough)*llXl <=3 E ODP Leg 1279
Site 798 799¢] AT A, AW F23 A= < 500 moll
wadE BHHE U 79 95 (salinity)s ¥ 3.5%9 3.0%=
SAHAAT Swrz er al, 1992). W2 2 AP o] ODP
a7 27 2#HEY NaCl 3.0 wt% S8 58 &8ss 7t
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SR} ELES AAS] 989 2] €H (line filter)E A X
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& AA A} Sol=olEY FAE X717 A v
71 Well 28 =ik (magnetic spin barys X2, W37
k9ol A3 2 AA (magnetic stirer)E ©]-E-51e] A4
< FHAAA Thadt B EFSIGC. WU We] 28 dA
A FRAANZ7) Yl AL - F F3ERE o83kt vk
71 el 22 EA% (thermocouple)d o83ty =A3H S
o, 97} + 0.01°CY $& EAE olgat] BA3A v
$71 el 48 40MP7A £4 71 QA7F £ 50kPa
¢] o]z YHA (Heise pressure gauge)s ©|8-5t AU
o, Whe-7] o] ¢4¥H-g 24d3p] H3] #= FE (hand pump)
& AREEIT.
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Fig. 3. Schematic diagram of experimental apparatus for the determination of
phase equilibrium condition of gas hydrate (1: Gas cyclinder, 2: Line
filter, 3: Check valve, 4: Heise pressure gauge, 5: Thermometer, 6:
High-pressure pump, 7: Equilibrium cell, 8: Magnet, 9: Magnetic
spin bar, 10: Bath, 11: Cooler and heater).
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E dAFeMe wher)e g o 2K 7HoE #H3A7|HA
NaCl 3.0 wt% s&dor vgh slo|=Ho|Erl BAE £ )z
He dge S48 48 25, 274.15K =1°0eiie HY
@S 29202kPa 2B L 289.95K (=16.8°C)ol A= 18,090
kPa2 ZAHATH & 1). o] Aol ZHE FHFUHE Kang
et al. (1998 23k Fisty md.g Z3 &% w3t wiwd
Az, & dAFE & F UKD @™ 4). wEpd BFel

Table 1. Three-phase H-Lw-V equilibria and for the water +NaCl +
methane system.

Temperature
System Pressure (kPa)
K) 0

274.15 10 2920.2

276.35 32 3580.0

278.40 5.25 4550.0

Water + CH, + 280.65 7.5 5640.0
NaCl, wt% 282.95 9.8 7648.0
285.65 12.5 9750.0

288.00 14.85 13765.0

289.95 16.8 18090.0

H : hydrate phase, Lw : liquid water phase, V : vapour phase.
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Fig. 4. Experimental equilibrium conditions of methane hydrate in 3 wt%

sodium chloride solution (The predicted results are after
thermodynamic model of Kang er al., 1998).

NaCl &0l 3.0 wt% TRE HEZA vg sto|=do|ET}
P48 T SlgEx g A EAE] fHalMe 1°ColA
29 719k, 10°ColA 80 713t o3¢l §tEle]l a4 due= AL &
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Zo 2 g

72 &lo|=0|E oY

orgeie] 24

7k Sol=HlolE QPgGRe e, U, 1E4 B Thkel 4
2, e 5o} g wom, o 2L e we} B
Jol7h QITk. Wb Tk slel=solE YRS
] SRiaE ApAlddeliel el 2 Aewi) 29T
SGeroh 7has) Rl 24T BAHolol BT, =9 BAE

N

olt

e XY
4
4y
Lo
XN
[
oX.
[ghd
I8
i
2
fit
N
[
o
L
in
o}
2
{m
o
o)
ot
B
r'\l
L

A= oo} g},

ArAGolA 9 (Ee Al e 28 ZAE] XBT
z2HE olgslgon, Add wE F2ule WlEs Wdst
71 A8 el ¥ Ao (350 26.893 N, 129° 47.581 E)
Ao A9 (350 52.767 N, 129° 52.283 E) F oA Y3
o (2 5a). £33 Ade] wE £ ©¥slE #otelr] #3)
197920 FAE 2 A8 @8 shet vlasidich ¢
2 a9 59iA Be upe) o] 4 OF 150 m7HAE ol F
73] 74, o] Bt} Ze FAdAME o] vg- meksiA

Temperature (C) Temperature (T)
I

-10 o 1 » -10 0 10 20 30
° 1 L L 0 : ' L
(a) (b)
200 200
400 - 400 -
PN ~
& =1 E w
£ £
8 800 4 D 800
1000 100¢ —
1200 — 1200 o
140 100

Fig. 5. Hydrothermal gradient in the study area.
(a): measured on Jul. 1998, red line for shallow area (35°26.893N,
129°47.581E), blue line for deep area (35°52.767N, 129°52.283E)
(b): measured on Sep. 1997 at 36°05.583N, 130°06.264E.
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Fig. 6. Gas hydrate stability field (GHSF) in the study area.
Gg represents the geothermal gradient
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