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Numerical Analysis on Dissociation Behavior of
Gas Hydrate bearing Sediments by Depressurization

Seong Min Gil

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Gas hydrate is solid clathrate compound in which a large amount of methane
Is trapped within a crystal structure of water. There are estimated 6~8 billion
tons of gas hydrate bearing in Ulleung Basin of the Korean East Sea. Prior to
the field production test, the production analysis is conducted by using the
flow characteristics and the application of production techniques at the deep
sea sediment. Throughout studies, it was found that the gas productivity was
delayed due to the depressurization in high gas hydrate saturation. Therefore, it
is significantly important to know about the critical gas hydrate saturation at
the field production test site. For this reason, Korea Institute of Geoscience
and Mineral Resources(KIGAM) conducted the experiment with mini pressure

cells from various gas hydrate saturation.

In this study, the numerical simulation model, which reflected the mini
pressure cell, was built to verify the experimental results and to figure out the

critical gas hydrate saturation. To extend the field applicability for the critical

Viii
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gas hydrate saturation, the numerical analysis was conducted by the gas
hydrate experimental production system. The numerical simulation model was
built with the consideration of mini pressure cell. The experimental results and
the numerical simulation results were compared and analyzed by normalizing
the fluid densities and CT values. As a result, the changes in the fluid density
and CT wvalues due to the depressurization showed similar trend. The
numerical simulation model was utilized in order to determine the dissociation
behavior and productivity at various gas hydrate saturation(10~80%). Gas and
water production were delayed between 50~60% of gas hydrate saturation.
According to the numerical analysis which considered the gas hydrate
experimental production system, it showed the similar production trend with the
mini pressure cell results. As the results, it suggested that the critical gas

hydrate saturation existed under the 50~60% of gas hydrate saturation.

KEY WORDS: Gas hydrate; Critical gas hydrate saturation; Numerical analysis;
Depressurization method.
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® Gas hydrates samples recovered
® Gas hydrates occurrence inferred

Fig. 1 Gas hydrate distribution map(Merey, 2016)
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Fig. 2 Gas hydrate experimental production system by
X-ray CT scanner(3r= =& 2} A5, 2016)
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A : Cross section of Area (cc)
L . Length of sample (cm)
Nys . Mole of gas hydrate (mol)
P, - Final state pressure (psi)
P, . Initial state pressure (psi)
P, . Standard state pressure (psi)
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7} : Gas hydrate generation temperature (K)
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hesolSdolE 14 44 F Les GEagon, dyun te x
&2 st F7hHQ Fhxdtol 34
Ak Fesstelselel= 23 A4 F 48429 B N

=2 A&t HZ '5*:—'? %S’Jr 7h2slo| B o] ERE A =S 3t 01,

I
m

211_ /é]%tq: Cell E—E =
Cell i CT#k &3 W3l tiste] Fig. 3o WetdiAth ©]& s HI1G,=0.17),
H2(Sh=0.51) W %7] 7}2=stolEdo]EVt #dstA 89 AS A4d + AN
o},

Table 1 Properties of experimental cells(3+=F 2] 2 A4 AT, 2016)

_ Gas hydrate .
Cell Number Porosity , Initial Temperature
saturation
H1 44.7 0.17 16.5
H2 42.7 0.51 16.6
Cell 1% Gas Hydrate 2" Gas Hydrate S
Number Formation Formation Water injection
H1
(Sh=0.17)
H2
(54=0.51)

Fig. 3 CT value distribution according to the experimental phase
(Fr=AZAALd AT, 2016)
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3} thFig. 4. ¥ A¥ Cell =% 71280
43 A3 A S
< H2G,=0.5D+= HIG=0.1713 wlmste] AJ4kqte] thn] CTEE W37t 23
ZAaste AL A = YAtk HIG=0.17)2 3% 7txstol=golE &g 7}
oF 2,500psi 24 s = AT H2G,=0.5D+= 7+t
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CT#t H3E =Asx] EaHom, A Cel W &= 2 48 HIE T of
2,200psi 274 sig]7t gEE e AS ettt olE Sl o]
of wet 7] 7txsto| ol EXS g0l w2

2
BE HPom, ot AW B HAeA S AT Fo AnL FE
(o]

o T CT o
normalized CcT inal C]—;mz‘ml

cr’ . . . : Normalized CT value

CT; : CT value during depressurization

CT ivial . Initial CT value before depressurization

CT il : Final CT value after depressurization
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Fig. 4 CT normalized results depending on gas hydrate
saturation(gt= A A 2L A7, 2016)
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o] AFAE AP A2HE BARE Aikex 2ds 7538
AN A 7§g TOUGH+HYDRATE 4k AlEdold T2
o, ol 34 wjd @ FEdA WA - S 74 5 2AF R A
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o}, TOUGH+HYDRATE+= #3+sH A& A 4572 =4dH0, CHy, CHy-hydrate,
water-soluble inhibitors : salt T+ alcohols)ol] thaF & &o] 7}538tH, o] Zt
Z+-& gas, aqueous liquid, ice, hydrate 4F5F2] Ao that A& oS 7T
A= AAEa] mdg dHstd ool T7hssle] 7t2sto]| g olE gt F
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g TtzstoledolE sy AE AlEdelAde] 7heskH, Darcy H3A,
A1 YA 2l(mass balance equation), €3 =4 2l(heat balance equation)
7|Rk0 8 Tt gto| EEo|E -t E A Fol A Y Tk A4k AFol thgk A
s oldo] 7Hsstth 3 ITEFES H Ad HASANA 2= WHEt wE
7}2= 3 2l(non-isothermal gas release), 3} ®k-3-(hydration reaction), & -
(phase behavior), A %(flow of fluids), 4= 3% (hydraulic) A%, <3
(thermal) A&, Oé‘?j:‘@}x*(thermodynamlc) AES 2dygdd = glon, 712350
THOlE sget S s 4E, 2%, AAAS Wt wEl xF Yo
A 983 EA(RY, =5, FAXsE, g7 5 )9 dFo] JHesith
7h=stolEdo|E A sfefo] e Rd® e HE Ed(equilibrium model) ¥
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al., 2008Db).

TOUGH+HYDRATEE= 2] ()& E3}o] 7}A3lo|=go|EZRE WEZF2AS] A

AbeES AFEE 4 K Moridis et al., 2008b).

CH, « N . H,O= CH, (gas)-i—NmHzO(liquid or ice) (4)

N, : Hydration number

oA71M, N, AAFTZR Jtxaslo|=do|lEE AT o] 7t & BA
of a3 = FA FE vy, dutdo® WErtaE 69 e et ®
g, A e met B4 Z YA B3 A 4l(mass and energy balance
equation), ZH#EHF<% WAHX(mass flux equation), @ FZ& A 2(heat
accumulation equation) 3712} XA A S AREST 2 9 & HFPo #A
= A EAEH(ntegral finite difference method)2 ©] &3} (Pruess et al,
1999), A #-F<(mass flux term)< Darcy W2l o)s] =AL7F 715 ck(Moridis
et al., 2008b).
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32 ¥lY Tt Cell AF A45H 2l 74
o] AToNAE AAFANNL Bal FHALALATAQENA ST T
Y 38} Cell 4@Ae] B Wi - A5 FAsn ddzdo]l 23E o

3k Jp2slol =g ol EXBE ZA(10~80%) A2 il A

% 'E]:_“"l =0
sto] RN DAY FHAS] A Trzstol =g o|EXEE S deofstaal &3
t}. o]E 93l TOUGH+HYDRATE ZHA&=x8)4 =2 a3e ALgste] Ag2ds
ofe] wla - FA4S A% AMFA 2dS 53 HFE. 5. Atz o

s T35 A /é}j Celle] 27|48 & whgste] 2,900psi(20MPa)
o

4 S
2 Adgsiion, 27|59 At AFA2EY oF A dFer 7 Yy
Cell @ =7] 257} 7o o}oq :joﬂfﬂ z2A49 7t Cell @ 27|L5E W3}
of AAAT At W BAYS FAANRY BHL st UE, I
=%, 0 52 q¥sigon, AaAERE, d 55, 238 AP =

Fig. 5 Plane diagram of numerical simulation model

considering mini pressure cell
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Table 2 Input parameters of TOUGH+HYDRATE simulator

considering experimental system

Parameters Input value
. H1(5,=0.17) 44.7
Porosity (%)

H2(Sp=0.51) 42.7

Absolute permeability (md) 1,200

NaCl concentration (%) 3.0

Rock grain density (kg/m?) 2,650

Rock grain specific heat (J/kg/‘C) 800

Thermal conductivity of 100
fully saturated rocks (Wm™K™) '

Thermal conductivity of dry rocks 145

(Wm™'K™)

Initial pressure (psi)

2,900 (20MPa)

N H1(5;=0.17) 16.5
Initial temperature (C)

H2(5,=0.51) 16.6

Production time (hr) 40
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hedto|2HolE B HAZe] BAE S ERRE
Aol 21H 2 FqFS nAE Q4T T ATES F sl2slo]l=g o)
Exggo mME {FAFAE WHst 2o AAHJATHMasuda et al, 1997,
Hong, 2003; Kleinberg et al., 2003; Kumar et al., 2010; Konno et al., 2017). ©]
AT A A3 Ttndlo|EF ol EXSIE WE SAELE WIS 2 (5)
o} Zom(Masuda et al, 1997), @& AN FHAY EHHARE o] &5}
SAHE AFAH FAR AFES Hol=E: FAFHE F4L AFmE 1002

27 a1 A okFig. 6).

K=K @1-5,)" (5)

K : Permeability reduction by gas hydrate saturation (mD)
K . Absolute permeability (mD)
n . Permeability reduction exponent
S, . Gas hydrate saturation (fraction)
1.0 Q
O Experiment (KAIST, 2016)

o Masuda Model

s 0.8

2

S 06 -

Q

£

Q

o

- 0.4

@

N

E

o 0.2 A

pd

(o]
0.0 Y —o0—0Q e v
0 0.2 0.4 0.6 0.8 1

Gas Hydrate Saturation

Fig. 6 Change of absolute permeability depending
on gas hydrate saturation
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o

o AUFAERE FAHL 2 (6)~(NDF o] van Genuchten-Mualem *==
(Mualem, 1976; van Genuchten, 1980)< &-&3t¥oH, 7}29 HUFAEFL=
ZMe A (8)7 7S Modified Stone =€ (Stone, 19700 AH&3le] Fig. 73 2
] EEsIATHAEAT 5, 2016).

* Sy =S4
a Sn:cA_Sz'rA

7]

VS5l [s1")) 8 < S

k,{. A - 9 0 é k:T A g ]_
1 SA = SmwA

k. 4 . Relative permeability for aqueous

S" : Normalized aqueous saturations

Sy . Saturations for aqueous

Siva . Irreducible aqueous saturations

S, ed : Maximum aqueous saturations

A . Exponent parameter of van Genuchten

bo=|———5—| , 0<k =<1
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Table 3 Input parameters of TOUGH+HYDRATE simulator

Parameters Input value
Porosity (%) 46.10
Absolute permeability (md) 1,200
NaCl concentration (%) 3.00
Rock grain density (kg/m?) 2,650
Rock grain specific heat (J/kg/’C) 800

Thermal conductivity of

- 1.00
fully saturated rocks (Wm™K™)
Thermal conductivity of dry rocks L45
(Wm™K™ '
Initial pressure (MPa) 20.00
Initial temperature (°C) 16.00
Production time (hr) 150
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Table 4 Total gas and water production at 150hr

Gas Hydrate Saturation (%) 50 60
Total Gas production (ml) 43,880 50,808
Total Water Production (ml) 107 87
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Fig. 23 Spatial distribution of temperature at
gas hydrate experimental production system
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