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Numerical Analysis of Dissociation Behavior

in Mesoscale Gas Hydrate Production Experimental System

Sung Min Lee

Department of Energy and Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

With increasing energy demands and environment problems, gas hydrate
may serve as a potentially important resources of future energy
requirements. Gas hydrate is solid clathrate compound in which a large
amount of methane is trapped with in a crystal structure of water.
Depressurization method can be considered to the most productive and
effective method for gas hydrate production because gas may be

continuously produced.

There are many researches and expeditions to develop the gas hydrate in
USA, Canada, China and Japan. In Korea, the first Ulleung Basin Gas
Hydrate drilling expedition(UBGH1) was performed in 2007 and the second
Ulleung Basin Gas Hydrate drilling expedition(UBGH2) was performed in
2010 at the locations that have high potential gas hydrate bearing sediments
in Ulleung basin, East Sea of Korea. Based on this expeditions, numerical

simulation has been performed by considering the experiment of the gas



hydrate production in core scale. However, it is limited to immediately
apply to field production test using the result of core scale because the
researches related to the productivity and stability are insufficient during the
gas hydrate production. Therefore, Korea Institute of Geoscience and Mineral
Resources(KIGAM) experimented with the Mesoscale Gas Hydrate Production
Simulation Experimental System to solve this problems. It is necessary to
analyze the results of the experiment with the numerical simulation for

applying to field production test.

In this study, numerical simulation model, reflecting the Mesoscale
production simulation system, has been made for the extension of the field
applicability and verified by comparing experimental and simulation results.
The parameters related to fluid flow are changed and simulation results of
the dissociation behavior are compared to the experimental result. Also.
sensitivity of the sediments properties has been analyzed to predict gas,

water production and flow behavior by gas hydrate dissociation.

KEY WORDS: Gas Hydrate 7}23}0]=#o|E; Depressurization Method 7ZHH;

Mesoscale production simulation system; % 7F& AJLFRAL Al 28]
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Fig. 1 Geologic environments of gas hydrate occurrence (Boswell, 2011)
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Fig. 2 Amount of Methane hydrate in ocean regions (Maribus, 2014)
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Overburden 30 235,620 126,300 53.6
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Middle 100 60 471,240 217,240 46.1
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Underburden 75 196,350 104,460 53.2
(mud)
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Table 2 Time and location when the resistance is increasing (KIGAM, 2014)

Middle(sand) Underburden(mud)

12.4hr: height=80cm, radius=40cm
14.7hr: height=70cm, radius=35cm
16.7hr: height=60cm, radius=30cm
18.0hr: height=50cm, radius=25cm
21.7hr: height=40cm, radius=20cm

22.0hr:
height=30cm, radius=15cm

Mud(Overburden)

12.4 hr

N *
| 147 hr |

3

=]

5

|
|
- ' 0.60 m

l¢——— 050 m R

Mud{Underburden) 025 m

Fig. 11 Schematic diagram of tme and location when the resistance is increasing
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3.1 TOUGH+HYDRATE 7] &

o] AFollA+= ml= LBNL(Lawrence Berkeley National Laboratory)ol 4 7l
&3 TOUGH+HYDRATE A4k 4 208l s Abgstslon, o= o
4 md 2 FEA WolA e B aAdE 74 &2 EAVE 7Hs e TOUGH
Ak s ZEE 7F2Eo] B ol E gy B A Sl et A F e
BEAZE 7bsst S g 5l Hed REo|th

TOUGH+HYDRATE«= 4& 72 =4 (H,O, CHy, CHi-hydrate, water soluble
inhibitors; salt ¥+ alcohols)® 4% 79| “(gas, aqueous liquid, ice, hydrate)
of tiste] Aol 7Hed HMatrdolnt AsjA HAS Bl FTFEESNA &
5 W3l & Jp2sio]=H o] E 712 3 2)(non-isothermal gas release), <3}
Hk-§-(hydrate reaction), A & (flow of fluids), <% 8 4 (hydraulic) ¥ &3
(thermal) A%, ‘Y83 (thermodynamic) A& EEHo]

TOUGH+HYDRATEE °] &% A 7lIxslo|=golE delet A4S

A

40?;
@ O
g o
%

O

o
e,
¥ ot 12 rr

AA L] FE) dFo] 7hesttt Ztastol = olE A4 sl tie
< B3y Ed(equilibrium model)# &2 X (kinetic model)E2 F3E
ow, 7tzstol = olE sz Ig AWE A doju= 437 495
32 BAME g AT Alz=Ele] EHshE e o] mel 7hasto] = o] ERE

7t AatFe A2)2 G 4t} (Demirbas, 2010).
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CH, » N, H,0= CH,(gas)+ N, H,O (liquid or ice) 2)

=
#e et =3 A
a3y #AE FTAEH (finite difference method)S ©]-&3F 2]
Aoldtt, 1A et HAGe #AHd AFFE F(mass flux term)S A (4)e &

©] Darcy W&ol &3] BAZF 7He 3T (Pruess et al., 1999).

d K v, f K, 7 f K
7 fV“M % F”F ndA + V”q av 3)
V, V, : volume, volume of subdomain n [m’]
M" : mass accumulation term of component A [kg/m’]
A, T, : surface area, surface area of subdomain n [mz]
FE : Darcy flux of component & [kg/m?*:s]
n : inward unit normal vector
g~ : source/sink term of component A [kg/m’:s]
t : time [s]

P S RF R XER K108

B=1,..N,

_ k505 “)

Fy=—k (V Ps—psg)
Hs

X5 : mass fraction of component A in phase 3 [kg/kg]

k : absolute permeability [m?’]

k., : relative permeability of the aqueous phase [dimensionless]

s : viscosity of the aqueous phase [Pa‘s]

P, : pressure of the aqueous phase [Pa]

g : gravitational acceleration [m/s’]
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E 2343 Thastol =0l E 2l E EAFSEY] 98] TOUGH+HYDRATEC]

+ Peng-Robinson 7JHl 4 2] (Peng and Robinson, 1976)= &3l 7} 49
AES U 259 oY oA ¢FE (compressibility), d % (density),
7, &% Z1AY gy 8 i Ay AE AdeH. ol9olx Fuller et al,
(1969)3 Chung et al. (1988)%] binary diffusivities, Riazi and Whitson (1993)
o 7t AARES} AEEE AT F As AS o8 F Atk ol A
of tha 17 olf]o= 7txslo|=dolE g HATAAMY &R} FAF
o] ®sto] gk T8 FES AAst AAFA o] Jhssith 5 W
o FAIZE A st B T 3ok o] wAste] 1A (solid phase)o] T
34w Add w wjde] §A A ddel 2EAH, e md o
vA =de] HHo=m Qs FAL EiHEo] YolAA Hol FAFAET A
stAl H o,

m{o
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32 A4 2l £

o] AFollA AHEF HAFA R FE Jh2dto|EH o] E YARAL A
2H]o BeFH {5 T5S W9 YFF (cylindrical) 22 = Fig. 129 20|
TS THLE FH W BEASAT A 2d2 APz FX1%
H2ZH LT FAL 115emz Ao, AFA 2" W HAHF G
A= A7t 2 deE AL A JES(B0em), $IF AHE S (60cm), 3HF-
HES(25cm) o2 T8t AR A 2"l Jhasto]l =g o] EVF BEEH S
= G % Al HESEHG AHdFe] AR

o
=
n
d
fru

T = —
dgstnon, A28 W o¥-S BFd(hydrostatic pressure)

Aol el e At

N
=
[y
<
}ﬁ
QO
filo
A
N
o
1>
G
il
of
o)
L
Y

P=P,+ pgh (5
P : pressure [Pa]
P : reference Pressure [Pa]
oy : fluid density [kg/ m’]
g . gravity [m/s’]
h : depth [m]
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A7k tg =4S dEstr] st AARA APoA 43 ARE ol &
st IS8 % Slo|=HolEXSES ?ﬁ.ﬂ%v}. EI gkt RS 4
o -+ & 7 = (absolute permeability), 7 th-+* % (relative permeability), 2
% (density), Hl<¥(specific heat), &% _I_E(thermal conductivity)= Moridis et
al. (2014)°] A& Fall =FEAo =4S RIS AHEFe A Al
AFHREE 89 AP 12500mdE AHEstRoen, 35, vd, 4=+

B2 ALOYS] BAL viEo s AT 1eY HdT AEEE Fig

13~14%F o] 2=of wt ®st= 540 JJem=E 2(6)~ (7)) ©l&dtd =
Aae A=A H(Touloukian and Buyco, 1970; Morrell, 1987). =3 €X =%

s
AAFS 3T W 2P e 95, hxol o Wstns hEa

A = 5.5+ 34.5exp{—0.0033 (7—273)} (6)
C, = 1.0446 + 0.0001742 X T~ 0.0002796 % 7> (7)
A : thermal conductivity [W/mK]
G, : specific heat [J/gK]
T : Temperature [K]
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Axisymmetric model

T [y
30 cm Mud (Overburden)
hd
Y
=
5 B 115 cm
# = z
AT A 5 3
ligy 5 & Bocm Sand(Hydrate Layer)
e AV | [P = m_
> l % £
¥, Mud S e
'i' S
= r?
f Mud
" 25 cm Mud(Underburden)
Y
a—r— 50 cm —I-‘

Fig. 12 Schematic diagram of numerical simulation model considering the

mesoscale gas hydrate production simulation system
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Table 3 Input parameter of TOUGH+HYDRATE simulator

Input value

Parameter
Overburden Middle Underburden
(mud) (sand) (mud)
Porosity (%) 53.60 46.10 53.20
NaCl concentration (%) 3.00 231 3.00
GH saturation (%) 0.0 255 0.0
Absolute permeability (md) 0.21 12,500 0.21
Rock grain density (kg/m’) 2630 3900 2630
Thermal conductivity of
1.00 20.67 1.00
dry rocks (W/mK)
Thermal conductivity of
1.00 20.93 1.00
fully saturated rocks (W/mK)
Rock grain specific heat
. 800 758 800
J/kgC)
Initial pressure (MPa) 20.10
Initial temperature (°C) 15.20
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Specific heat (J/gK)

1600

1.5 =
——’/"—‘-—-__ﬂ_‘-_'#'-
14 g
05 =
0 | | 1 ! } ] ]
200 [ 200 €00 00 T BOO 1000 1200
Temperature (°C)
Fig. 13 Specific heat of alumina (Touloukian and Buyco, 1970)
40
2 Data from Truesdale et al., (1960):
L] 3.86 Mgm*
& 3.30 Mgm
a - 3.84 Mgm-3, 3pm gra!n sze
3.84 Mgm-3, ain Sze
& 30 4 - 3.90M3m—3.?lﬁgain‘j;e
-..E o . Data from manufacturers:
E . O CAlsiMag TIZ
(V) "Crystalox’
o W & 'AD-995
2 - =
= L
S 20 4 2
‘g 'EI::I' o
L ™~
= .
£ Ay
] e o
; -
= 10 + ) ®any €
= ~r fav e e
o L] L] L] L] L]
0 200 400 600 800 1000 1200

Fig. 14 Thermal conductivity of alumina (Morrell, 1987)

Temperature (°C)
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32 A4px] sjAdy va-HE
7Aeke 7] 4¥(20.1MPa)ol Al Tl 71}7hA] -042MPa/hr 452 2835t 7
] M-S TR, TR Ttasto]mdolE A BAF Ao 1
2 A1 Aol vlalste] Ak Bde HFeaa shdn olE H
3l TOUGH+HYDRATEE &&3te EHAH3S U Tori] &3 o] A= A
A5 FUFAFAEE HSAA dFAAg HabeR A AE vu-HS
= itk 2o AUFAFAEY] A A(8)F 2 van Genuchten-Mualem
2d& AH83EH S (Mualem, 1976; van Genuchten, 1980), 7}2=9] 739 2](9)

7} 22 Modified Stone =& (Stone, 1970)S AH&-3F 3 T

S* o SA - *S;TA
*S;erA - ‘SYZ'TA
* * A A 2

V== [P S S ®)
krA =

1 SA = ‘S;nT,A
0=k, =1
k. 4 : relative permeability for aqueous
Sy : saturations for aqueous
S, 4 : irreducible aqueous saturations
S, a : maximum aqueous saturations
A : parameter of van Genuchten
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b= S¢S e
' 1=5,4 9)
0<k =1
k. : relative permeability for gas
S : saturations for gas

S 40 Sy irreducible aqueous and gas saturations

n,Ng : exponent

AEE Tl SA4E =3 7tz AUFAFEAE ge Fxste] oA
7 ]

J3
B=5 AAHsH o, Fig. 159 2L AdlF4l
(e}

|
o §E7F2 Aol FARRE FFES Hole A FRIstH e, 7txstol =y
olE dg|2 dAH = st E oF 20AIHRE AakE o] F 2,05919] JpAv)
AHALE A THFig. 16(a)). ol Aol S8%F 7k~ A4 2,325L9F Wl a8kl &
22} 718%2 fFAMS e Holw, TYS AUYEEE |4 7HA ekt
AakeA e 3 A 11,232L2] 71271 A4to] =
T3 FY3 2HoA Fig. 178 2ol 12 A7 5 & e 2L
AR A FAHT & BAF 190LET 22 gS Holw, ti7|g7hA Zdd 2
1 2F ERT f540] Fof 7h23t
czHolE gyt My E 20~42A e 7hne] Asko] o] Foj e g}
Z

Bo| Aol ZaF AL HASATL B VT A HPAAS AW
= =

i
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Water Saturation

Fig. 15 Relative permeability curve for history matching of the gas production
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Fig. 16 Gas production of experiment and simulation results
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Fig. 17 Water production of experiment and simulation results
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Fig. 18 Spatial distributions of pressure during the depressurization
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Fig. 21 Spatial distributions of hydrate saturation during the depressurization
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4.1 3lol=#o|EXSHE W3}

SestolEdole i HAZ W d= WHE T stolsyole
cAstmz dolsdd sl BE AT 5
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Fig. 29 Simulation result of water production depending on

the absolute permeability of sand layer
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Fig. 31 Simulation result of water production depending on

the thermal conductivity of sand layer
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