%40 5% 2 M 5 W & B K X Vol. 40 No. 2
2012 % 3 A PETROLEUM DRILLING TECHNIQUES Mar. ,2012

A
&

doi:10. 3969/j. issn. 1001-0890. 2012. 02. 015

>
SAKEWEEETRIEAHEEREEHEERMU

Y R A 72

L. A A B R TT & A BR 28 7] L A6 3T 10002952, W LA I R 2% (R 4O G il TR 2B, WA AE 25706153, Hilg il AfF 58
BBE L b5 100027)

H

S X
P

f

W ERRAKGDUBEETFTRL—ANASHELNAEFEHENFABRESLATRE, BTAXRAA
KEDBFRGARLEF FTAREN LEALEABDBEMERA T A, AXKED BB RN BIRE KRE. &
ILHBEBEOBRTRARTHATE., AR BRED S BABERGIN LA S ELENOBEER T, &
ZTRARAKEHBAKABEFBAEMEHFREA IINBHARNEN, FELT RAAUKEHHEEIF R
] 78 Ak B AL M 5 AT B LR R Z AR AR 3T ROR ALK A IR R TR E A B AL 0 — LB REAT T 44T, O
LT HBREDGGERETEEZSN T &, ARKA K G0 5 MR R e K o 0 i K 4 EAG T ) £ %
REABBEERNG TR EHR KRG BESERTHELZ A FHERIDKFRE N T O ERTRR
Z ARG REEE TR EREEANTRKEY X ‘3/%‘747&4%}2—7\@

KPR RAKAKESY GRERFR B FEMES BN ERAE”EZ

HESES . TE32 XERARIRAD . A XEHES.1001-0890(2012)02-0076-06

Numerical Simulation of Near Wellbore Reservoir Stability during
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Abstract; Gas hydrate production from reservoir by depressurization is a non-isothermal flow process
in porous medium involving hydrate phase change and fluid-solid coupling. The existing study on produc-
tion of gas hydrate reservoirs is mainly limited to productivity simulation, without consideration of fluid-
solid coupling effect. Due to hydrate decomposition, the near wellbore formation of hydrate bearing layers
will have weak consolidation,low strength and high porosity and permeability. And the stability of the near
wellbore formation shall be taken seriously but the relevant researches have not yet begun. Therefore,in-
corporating the effect of gas hydrate dissociation into the interaction between porous fluid flow and rock
deformation,a gas-water two-phase non-isothermal fluid-solid coupling model was established and a corre-
sponding finite element program was developed based on the sand production criterion. The general rule of
the stability of near wellbore formation of hydrate reservoirs has been analyzed,and a method for critical
drawdown pressure determination has been proposed. The research shows that the effect of gas hydrate dis-
sociation is the dominant factor affecting the formation stability and the effect of the fluid-solid coupling on
stability is negligible. The stability of near wellbore formation is relatively weak and the wellbore in the di-
rection of minimum horizontal ground stress is in the worst in stability,where the sand production may oc-
cur first. The stability of the transient area is between the dissociation area and the undisturbed formation.

Key words: gas hydrate reservoir; depressurization; sand production; fluid-solid coupling; numerical
simulation;critical production differential pressure
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Fig. 1 Flow diagram of the software

3 FEIRIT R H i = R Vo A

3.1 ARTEEREMURANELSY

SR FH - 170 AR B =TT fb BT A, A5 B o AR A R
S 10 mX 10 m, H RPN 0,15 m, WAl 2 fr
7 s R FH B P BRTE RE R e K A W I 3 AR S 8t
TR,

/N KT MR )
AR TR T T
10m
> -~
£
10m ~
> -~k
> —
X

/N 7NN

B2 HNERETRE

Fig. 2 Schematic diagram of mechanical model
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Fig. 4 Distribution of stability index of near wellbore reservoir

it [ R A VR 52 ), A B0 T KT B A R A
AT TR (A )2 R A AR A L PR s O DX A
2 W R E PR B JE R B8 2 A BT R L N TR G
G35 RCRAR 2 22 1) 5 IR g 2 DX I T IR 3 B
Y1 S BN 52 A An] TR 22 52 1) L A 2 B o T 48 BUIR 45
JERAE E K- (14. 285 MPa)

FFIA T 80 min J& , JFBE CAE I I 4% fifa e
PEFEECANE 5 iR .

EUE MR ¥/ MPa

! I 1 ! I I
0 004 008 012 016 02 0.24
AL RPEA S PEA /m

=

5 HEBEAENMEZEAHNREGELS S
Fig. 5 Stability index along curve AE

MES A& H IR AE WA 53] E
Mo R R s Bl — 2.77 MPa & i B &=
—3.50 MPa, 1 BE I e /NKSE R 105 ) E s AR
E PR B /N

6 i e /NK V- FE R 1 7 a1 (DE 3D i 2 %
EVEIR R . A E 6 WA HY . A2 20T IR
X35, KA o0 i 500 B i R A 1 A5 I &R
W L5 G R, A 2 AR T 48 B IR % 2 B Il AT
Hop DL R0 2 B A A o0 B 355 IR RE R/ KOE &
N5 4 )2 CE s BT A B i R P o 22, 2 i



« 80 % e 233 K # A 2012 % 3 A
A e . 10
18.0 |l v=0.642 8 x-8.047 | x+15.515
R=0982 8
E
= 2
o ﬁ
S &=
= g2
= H
o —— FF 480 min
0.0
—A— JFH:4 60 min -10 1 |
0 1 7] 3 4 5 6
6.0 L L L ' ! A7 % /MPa
0 2 4 6 8 10

WEDLE PR AP LB/ m

B o6 m/NKFERNFEMBEMSIEH
Fig. 6 Stability index along Line DE
Lifr LR A RS W o i XL P XL REUIR
il J2 I 1R A B 2 P 8 52 Wi TR 38O [ 5 LA
MPLHLAS 5, 2 B R A KR E IR B E = W .,
ALK B W o0 ik DX A i V2 A R X B 22 1 IX
S0 AL AP o Y N e Y A B T o D R O
AMER I RSB A E s P B AR E
UG T 0, A GEZHRA 22 HRD , AR I E 5
JIv A A TR A R R P AT AT D T LR i B A
Fe R 2ZE AT

3.3 &REFEESH

A 7 25 X i 2 R M I R e A S 2 S D T
5 AR e 25 KU/ G R B T2 AL IR T ) B I
BT R 22K TR R DA 2 A RO )
NG R R = S N 1) =S el a ek PN
A0 1 AT BB R 3 O 5 LR L AR 77 R 22 R /NSE K G W 4y
fiff S A R 25 B K B W Oy A R K B W Oy
il S80I 55 W R Sk 3 it )2 R A P R TR S LR
LR W N

TR A SR TR A K2R 1.5,2.0,
4.0 1 5.0 MPa B K GW1# 2 E 09 e Y8 2L
GERULE 7, XFE 7 B AT A3 E] E AR
EARE S AR RN

S=0.642 8Ap* —8.047 1Ap-+15.515 (12)

T S=0 A/KA YR IG R B ER A, i,
AR A2 ET 0, RAFIZAK A Y0 I A 7= R 2%
g 2. 38 MPa,

HE 4 £ 57 09 I 5 2B 7 R 22 43 b O i, ATk —
A AT R W K A ) I S i 2 A P DR Y R
PESY T #E ST AN R R R B2 Wi R I R R 25 A
LA

B7 AREFEETREEEH
Fig. 7  Relationship between the stability index and

drawdown pressure
:l.: N
4 45 1B

1) IR W) 53 A 800 S 2 Wil 73 A DX A 2= A 1k
B R I o i X6 R A 55 R4S IR
S JEE e L R 98 R ORGP R A L O I
VR EA BT 3 v o0 i XA 2 A S A A LX)
i )2 58 B AT LR R I SO0 J2 A E MR IR AR /) 5
FHR AL 52 Wi AR T J 5 A% I HR S A8 v N 1Y
fitt )= .

2) AT H I3 Ak DAk T2 AR W A X 22 L T BE A
NIV MR 3 75 1) i R R e 22 L B R
IR V-

3) 32 UL I AE A VR TS R 2o 0 DX )= 9P A
A BT e AR R 5k B AT AR A L il SR AR E Tk A I
TR ARR B0 AN KA T K S o0 i X ROIR B
Rz 18,

4) R — 2B I i K AR SR & W RO i =
T R P52 0 DR 3R S0 AP o L % 3OS TR TR R R i
K Py R TR T SR M St A 7 T 22 AR A R

2 £ X #

References

[1] Tan C P,Freij-Ayoub R, Clennell M B, et al. Managing well-
bore instability risk in gas hydrate bearing sediments[ R]. SPE
92960,2005.

[2] REJ7. Wi, B, % RRSOKEG W R Y2k

LR T T L) . Al 2241, 2010, 31(4) 1607611,
Cheng Yuanfang,Shen Haichao,Zhao Yizhong, et al. Study on
fluid-solid coupling of physical variation of gas hydrate reser-
voirs during natural gas development[]]. Acta Petrolei Sinica.,
2010,31(4):607-611.

[3] ki, KKK G Yy I JF R Ui I RS & (i A SDUBT 52



% 40 X% 2

VAR E . R AR A KA YR R TR VT Ak B A T A AL 81

[4]

[DJ. A8 : A E AR RO £ il TR 2 Bt . 2009:58-109.
Shen Haichao. Fluid-solid coupling numerical simulation on
natural gas production from hydrate reservoir by depessyriza-
tion[ D]. Dongying: China University of Petroleum ( Hua-
dong) ,College of Petroleum Engineering,2009:58-109.
LT LR, B 45 00 55 LA U R AR UK & W R 43
fift A BRITRAN L) . o I oK s A 4l B AR B AR IR 2009, 33

(8]

9]

Yousif M H, Abass H H, Selim M S, et al. Experimental and
theoretical investigation of methane-gas-hydrate dissociation in
porous media[ R]. SPE 18320,1991.

Masuda Y,Fujinaga Y, Naganawa S,et al. Modeling and exper-
imental studies on dissociation of methane gas hydrates in Be-
rea sandstone cores: the 3rd International Conference on Gas

Hydrates, Salt Lake City, Utah,July 18-22,1999[ C].

(3):85-88. [10] Tsypkin G G. Mathematical models of gas hydrates dissocia-
Cheng Yuanfang,Shen Haichao, Zhao Yizhong, et al. Numeri- tion in porous media[ ] ]. Annals New York Academy of Sci-
cal simulation with finite element method on natural gas hy- ences,2000,912(1) :428-436.
drate decomposition by depressurization in porous medial[ J]. [11] Ji C,Ahmadi G,Smith D H. Natural gas production from hy-
Journal of China University of Petroleum: Edition of Natural drate decomposition by depressurization[ J ]. Chemical Engi-
Science,2009,33(3) :85-88. neering Science,2001,56(20) :5801-5814.

(5] TR EEK. K. E0ERRSKE Y2 H R E [12] Ahmadi G,]Ji C,Smith D H. Numerical solution for natural
iGN R 0[], A esIE R AR . 2008,36(3),59-61. gas production from methane hydrate dissociation [ J]. Journal
Ning Fulong, Jiang Guosheng, Zhang Ling, et al. Analysis of of Petroleum Science and Engineering, 2004, 41 (10). 269 -
key factors affecting wellbore stability in gas hydrate forma- 285.
tions[ ] . Petroleum Drilling Techniques,2008,36(3) :59-61. [13] Ahmadi G,]Ji C,Smith D H. Production of natural gas from

[6] ME.ZHFRAER L. RRSKE WX GEK B R 0515 methane hydrate by a constant downhole pressure well []].
JRUIE: Ko ok o e it (] . A Il A R 4 R . 2009, 37(3) . 17-21. Energy Conversion and Management, 2007, 48 (7); 2053 -
Bai Yuhu, Li Qingping,Zhou Jianliang, et al. The potential risk 2068.
of gas hydrate to deepwater drilling and production and the [14] Kim H C,Bishnoi P R, Heidemann R A, et al. Kinetics of
corresponding strategy [ J ]. Petroleum Drilling Techniques, methane hydrate decomposition [ J]. Chemical Engineering
2009,37(3) :17-21. Science,1987,42(7) :1645-1653.

[7] Holder G D, Angert P F. Simulation of gas production from a [15] Freij-Ayoub R, Tan C, Clennell B, et al. A wellbore stability

reservoir containing both gas hydrates and free natural gas

[R]. SPE 11005,1982.

model for hydrate bearing sediments[]]. Journal of Petroleum

Science and Engineering,2007,57 (1/2):209-220.

#2Y % 55 v B 3 4 AR T A X

Schlumberger 2 7] #E Hi 19 22 354 B 538 AR I AL (dielectric scanner) J& 47 3l AT b 55 — AN 57 ] £ 90 A
P AT HICR AS 0 0 S AS  B R o 0 00 )22 0 % e AR B BT R A A S TR AR B m R DL A 2 S T A He
8 145 200 X S8 S50 LT R AR 2 0l it e M e D A3 8. SR B4 A L 2450 H T A%
R 6% $12 (4L B 0 1) it 2 A0 R0 R 3

Dielectric Scanner Fi 1 M40 1% 22 1016 shildl 2 AR & 59 K 2% 4 MREEUCR 2 AN 2 A BT 00 4 8 F 0 4%
VR (R R IR SR A . 2 AR S R A T 16 S AR AR e, 4 AR 2 W50 R e Bk HE 9 A ke S R Sk 1 T A
TR FACR 4 R 22 S B A =X (O R0 R A2 1) b AT LRI [] B R B (25. 4~101. 6 mm) . IR HF .
AT 3o AT 2 SRR b2 AR AR R B . g N 1) S 5 e 32 AR A )RR ) 2 A Ak A A
X,

Dielectric Scanner [ 3 % & & HEATFL UM S0 AT B 28 0 BT N2 2 854 o0 i . D FLBR AR 73 . 4R
i 22 VR B e A0 2R 0 S L T AT R A e AR R B R AR AT L2 K AR L R AT DL AR R A T BB
A2 /AR A2 0 S I N T . 20 SR AT . AR A B I O T LSRR kA b 2 1Y
m A, LR D A 2 B A e IR R S R A R, 3D E R, MR 2 W R
1R 43 SR 0 2 5 T AR A T 2 A T L 10 45 1) S P A0 BT B IR R o 4 2 L R

S S



