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Abstract: In order to clarify the effect of stress sensitivity and non-Darcy effect on unstable seepage in dual-media gas reservoirs, a
seepage model of carbonate gas reservoirs considering both effects was established. The perturbation principle was introduced to solve
the model in Laplace space, and the analytical solution in Laplace space was obtained. The solution in Laplace is transformed into real
space solution by using Stehfest numerical inversion algorithm. Based on the solution result, the production decline analysis chart was
drawn, and the sensitivity of parameters was analyzed using the production decline analysis chart. The results show that both stress sen-
sitivity and non-Darcy effect can significantly reduce gas reservoir production. The larger the stress sensitivity coefficient is, the stronger
the stress sensitivity is, and the faster the decline of gas reservoir production is. The smaller the non-Darcy coefficient is, the stronger
the non-Darcy effect is, and the faster the decline of gas reservoir initial production is. The established seepage model and production
decline analysis method can improve the understanding of the percolation law of carbonate gas reservoirs, which provides a theoretical
support for the analysis of the production law of such gas reservoirs.

Keywords ; stress sensitivity ; non-Darcy effect; dual media; seepage model; production decline analysis; productivity evaluation; car-

bonates ; seepage characteristics

TERBIZ N SRR R AR B B H SRR T i, Y, BBA SR AR T X R B 1B AR A R A i) 2
BOASEAT 7R IS, Faw LA 50004 W O HURJIX T8 B SR 005 Wi A T E 00 2 7 e I

2019-07-02 ¥r#5,2019-08-10 {&[a],2019-08-21 #£3%,2019-10-20 MR & = www.ygjcs.com



$28dE HS FEFI A BRAR L A SR B

(RS E Vi o A WA K WIRFS 9

W ERT] ZWE () o Jones F. 0.2 SRRk R £h 44 52 br:
A NE S O, lat S R K, B8
RIS AR 5 R B A 4G R o Duan Y. T. 260
AT ARSI, 15 B T — RPN R4k
FRRUCER A Jo i 6L ) SRR M B OB O v . MR A
28 A2 B A 22 U A I R AS T A 0 SR L
ST AR A B AN R E B TSRS, Zhao L.
SEUTIEAT T R UL R 2 B, B R AL S
JEST AR R o 7 Sl 1 B 7 S ST
FENT T A B R BE K ) BRI S R T B
IR AR BRI AR | WA 1 0L 7 A0 1 %o 9 A
BB R R . IR A AT S I X S A
IR 3BT, R 1 I U i 2 P v A
Fre R ), SR A S g X 5 RO )
ST S IR RIS X L, B S A 2 N )
BRI RY ] LUK R R A AUk . [RIRE 7E AR I 7Y
B U R AR AR AR D7 T, B AN BT T —E 1Y B
8o RREFIE A X6 3 K 9 M A 2 A K P 9B O A4 )
AT TGS, DFE 4 SRR, TR 2 & KR T,
JEIX PGB I R AR BCE N TRV B i . BRI
SO SR AT AT S B IR B IR A Lk 5
TR R = BE A S IR PU B R AR L R, Tt
PTEARLAMEB i, i 28 52 K, 3 B Be R IR B
o #ms' " B TIRBBETEATIT L M A0 X 38 s
MERIANTR] ST T AR B3 AN T A Y -5 PR
A BRI EAL, R B2 AT & SLbr kb 2 i 3l 4%
o RGPS g T &l 3k R Shk Ak
SN T Y 3 AR AR IR P B I e AR R S T A
RERSHFERE AR P R T 4 AL M 4%
BREARVFNSER A AL 1) SAARR SRR IY , 5 | AR A TR
B s SRR AR S S8, 2N AH N I BRAR U 2
BOEpim sk e HEST TR B BRI W
RANE O BEURR R, AR e s e A 7Y
A UBL R 375t W [ T G G5 s W

FEFE ST B A TR RN 7 R VA B B T
Raghavan R.45"" #1125 (k43 5| i J2 ) 46 &
He AUBRIE KB 2 R0 22 Ak, XTI % b s 3
AR 45 SR 7 A R o RSP S MR
(77 e -5 b 5T 2 BORTIN i RS B X R Y gt
SYHT BRI THENT A R TR A A AR S BN
D5k S TR AT R R AR R e, B
AR S T = FLRE O Ak A Rk
RSB MBAY TE Laplace 23 [A X #E B JEA 75K i, OF

FIF Stehfest 5E 523 22 i 1T 7= 1 3ok iy £ A R A
PrEEhk . Jordan C.25M™ R AL SGE 00« g I 7
2, S MR T R LA M T B BR A I o 8L
T FADLSE ) 9 2 40 i ST T 5 SR oS- A B A AR 2
SOEREH IR, S AR A S R AU
TF RS, A S M E B e, #1585 8
SR TSN ) U B P R R B
I X P LA BUR D I A Y RN i BE T S
B, AT T ORI 2R S 4% 1 AR T2 BB IS 8 R (10 AR
PRBEAE o 2Rk 25 35—l 9 — 35 XK A7 4
B O b PR SRR S v PR AR B 1 S
XA A2 AT T L 7 S R 1 P R Ao
AL RS PR REI S, R AR A s T
25 RN S U R R IR T R B R ks
TSR e 5 e

AR SCAE T ABF ST B R L, 5 FE AR R £k A R
Sk LAY JE A, - [ B 2% 5 1 77 S Fn AR 28 7
BRNE ARSI, ST T B TR 2 ST 11 358 4SS A8 A 7=
BT T

1 WENRSEASREHE

TR e i AR R £ o DU A 5 A
BT H A Z , oA R 4 2R e 2, AR AL
BN RGN FEB P i LA
B IEE B R G R T AR T, AL 4
55 LB B SR 7 W B 22 5, B R LR B &
26 BRIRER A RAETT K R oh B RIRA N
AW, B R LB S B, RS AR
S A AR R AR A A R BB R
FLBR SRR E WIS R A AR, R BN I ) UK
PERSAE o JOF HL, BB TF R IHEAT , f#J218 35 A
FEREARAT I T R TR, A2 4 JE A I AN R B TR
A SR EAR S PE IR R AE | AR5 P B W
REPEANT BURZ MR L 2 AN AT 20 F) o DRI, i3 S R TR
A BUE A TR 5 TS BT, A BE 2200 1L 480
SRR AR K VU 5O, ) 52 6L, 2 [ I 2% 08 — 3 %) 7%
P BERIRZNA , H 37 FCIE I T XA BB B
TR
2 SRRENET

T [ 12 2 P sk B £ o XU A1 Jo U A A A

— H B, MR Bmt AR SR PR A
OIE IR T



10 2% e 2019 4¢ 10 J
O R IEE 2 W T, AR AT @%LE RS
@%%%E@ﬁ%@ﬁﬁﬁ@, ( _ K op; _ K, ap;
@ % B 2R 3 A TR T B 5 T Ty
B2 A5 1 AT F1 1 S0 5 Copyo oL
©% e st 15 0 e SE P, TR 1) S 2 AR 1 S pe 2 dpy
TR 9 9 d(pd;)
DA B RSN R0 ant v P (T pr) =TT e (5)
R R FT LSRR ek R o) o= o,
K, = Ke 7" (1) Khr, o,
Hoeh BLBEH Y m4B, =0

= ia_Kr (2)
K[' alpl
Sl K W BERGE I mD; K, % RAERSME
BRI A 08 mD 3, Wi bR,
MPa™ ; o, U2 W) IR L T3, MPa®/ (mPa-s) ; o
WHSERGEIE S MPa’/ (mPas)

TR 267 T LA 31 A 57
A RO S )

e 3

Sl g, HCAREE P, RBHEALIE o/
S HAATIRAL o' sp RRIREIE ha/m.

I 451 7 O 1
iR,

Vi

OF e
[ K., op., K. op.,
Umx:_aii’ vmV:_ L
moox o mo 9y
1 1 dZ
Clpn)=— =
Pu 7 dp,
9 9 (p) (4)
ax( pvmx ) ay( pvmy ) (")l qm(
lrllm(r’t) |t=0:¢i’ lrllm(r’t) |r=r(,:l!/i
Khr, o
_ qu —_f 3&
L ar r=ry

K v, WEFREBREE, cm/s; K, NEEFTR
G B, mD; p, NIEFTAG)E S, MPa;u ik
B, mPa-s; C, SRS R A MPa ' Z SR
B 25 280, /NEG b IR RGALBRE /NG .0 A
UG R GE ) (B ik, m®/ s o, ARG
L), MPa®/ (mPas) 50 ARSI ] hsg
SO, MY/ A B, SRR R4, 105 5 h N
)RR, m; v, SRR, my r, AR IS

4
1 ,m,

r=ry

»‘/ff(r,t) ‘,:,e:lﬂi

e v WRERGB L, om/s; K; b 3L5%
REWMBER, mD; p, HHRU% RS L T, MPa; ¢,
RHHEE R G LB, NG ¢, MR R G E

71,MPa’/(mPa-s) .
FIASUE 7 ek %, B
’ Do
b =2f (6)
P
bo=2f (7)

$e(6) A (7) o BIUA (4) A (5) K,
et fr A P 5 A, BRI

(bmll’m Cnn awm
- a K — ) = 8
a, m<¢m llbl) 3.6 ot ( )
awa 1 o o, :
Sty (_) +
or roor ar
ame ¢ Iu’ Cl adj
((pm - lzb[) = = . : (9)
s 3. 66K, ot

X o, WERIEREF 0’ €, HRTERGELS
Egﬁi%ﬁ’ MPH_] 5 C[f ﬂg%%‘%%éﬁ%/ﬁ\}i%%ﬁy
MPa™" s ¢, JpP ISP a), TR K

TCHUE SLUF
Tq
= . 10
Y T 78 489K 1" (10)
3. 6K, (11)
i = ‘,
b Iu’ir\zv(d)mcm + d)l'C[)i
r
ry = — (12)
r.e
78. 489K h
Yy = T (g =) (13)
q
78. 489K h
me = (lpl - wm> (14>

Tq



$28dE HS FEFI A BRAR L A SR B

(RS E Vi o A WA K WIRFS 11

A=a,r (15)

w = ¢ Cy
(6.C. + &Cp),

sy ATCRIRB I BURREGT MIRE, C s ¢
ICIHIRI ] 5 o, A TRAARI AR R , mPa~s; ry 90
Ub\ﬁiéﬁi,s yﬂ%‘%ﬁ%%&,jﬁﬁ\;lﬁm ﬂl l/me ﬁj\jnﬂjﬂfl
SLEREE TR G TR J7 54 98 i R %L, G
UK, F K 2350 o SR 54 2R G2 B 0 05 12
H,mD; 0 HREERA L, TN by N RLEE RGN
i AL B, NBGCE T RBE R G IR TR 4R
¥, MPa™' |

LN AZWE , A1

TR YR 5T 28 e R A ] 5 e

(16)

d m
_/\(wmn _lpff)):eymwmn(l _w> :;[/l >
D

QTR IR 44 2 G Fe AT
T Wy o\
Yw 1 W (a¢) _

(17)

2
arp ry orp ary

IRZVZERl W
6 Ity
It 5 A
Y (rostn) [oyoo=Yan(rostp) [ 2o=0 (19)
RS

A
+§(¢1D _lme)] (18)

Y m ad[m - _
(e 5%) B 1 (20)
VISUR LS SR
N
=0 21
e (21)

Aors ry MR AR
DN i 25i) b B !

1
'wbﬂ)(rl),ll)> == Tln[l - ')’f[)nfl)(rl) 5t[)>] (22)

D

1
wmn(rn Jp) == _lnl: 1 - 7{l)nuyxl)(rl) sty :l (23)

Y
s my I m 53518 458 RN L BT R 1 JC IR
e,

BOEBr s s Je , 4 21 56 A 448 2 G0 (0 R A
U RS
O RS

Moump

L, (24)

_)\(’ﬂomD - 77011)) =1 -w)

QRS
aznom 1 Mom ® 9Mom
+ — =— +
ar,> oy oy 8 Aty

A
E( Nomw ~ Mompd ) (25)

WIS AT
(5 8"’7011)) -1 (26)
arp =1
SN G
9Mom -0 (27)
ary

™D =TeD

it':'j Nom H M0 mD %%Uﬁﬂ%éé$ﬂ%}ﬁ§\ébﬂﬁﬁ\&ﬁ
I EF s
3 =EBIKAR
B TR BB 147 Laplace 28 Ak, 7E 7 [C %5 (1]
TR
SR AR, B
L[‘)’]D(r[, yt[)) } = ;D(r[) ,u)
= [CauCrou)e o, (28)
B (28) ARA (24) KB E TR G PR | T
R TR B
- Aeizs(;om - ’;oﬂ)) =(1- (U)eizsu ;,()m[) (29)
F(28) AARA(25) K, 1 4 R hi W | T
P R B

d? Mot 1 dnoy A a5, T —
+— dr +-—¢ " (Mowp ~ Mow) ~
D

)

2
dr]) ry
w
—e

0
Fe (28) :ACA(26) 2, A3 PL RS 0] R B A 2 57
ZAF, B

“umgy =0 (30)

(5 d 7]0{1))
dr,

B (28) ACA(27) 2 A3 PR 0] F A9 032 5
ZAF, B

- (31)

p=

9 Nom

ary

=0 (32)

™ =TeD

HRA7.(29) —(32) 3, SR AAF51) «



12 W2 # w4 2019 4F 10 /1
o = - -
" uSWlI( 725uf( )) ]< e—zsuf(u ro) Ki( e—zsuf<u> ):I
L(vVe Zuf(u))  I(vVe " uf(u) YK (Ve Puf(u) r,y)
1
: : : (33)
5 m[llwe“uﬂu) VK (Ve Puf(w) ry)  Ki(Ve Puf(u) >]
I(We P uf(u)ry) Koy(Ve " uf(u) ) Ky(ve " uf(u) )

AR (33) 3R XUAL BB A B I S P 2% 1
T Laplace %5 [l fi 47 fi# , F| FH Stehfest %5 {53015 i
FIRUE BT, 759 2 5225 8] A8 mo , TRA(34) X, A
M2 1% o, B

1
lvl,fD(rDJD) =——1In[1

FIATCR Iy Jo P st 1), B
Ipg =1Ip X (35)

1
1
5 (= DIy =

WS P S o W1 v B/ 7/ i R R ] S
T A BRI (1) i -
OTCH K= 5

_ Wy

qp = ( GFD)

@JC H s i ™ F ARy
1 (tod

qpai :T . qpa(7)dr (37)

AT
dgpg

A 38
q pai dint,, (38)

RIS b A A5 TR 25 A I 222 1) B R e XU A
3R ) JE A R B DR R 2 (18T 1)

= YoNon(Tp,ty) ] (34)

(36)

p=1

@ TIH K%

— R RS — RS RH

10+ 10°* 10 10' 10 10" 10> 10° 10*

th

10+

E1 XENRSE~=®E M %
Fig.1 Production decline model curve of dual-medium
gas reservoir

BRI ER DU o AT 4 RSB, 5
— By B 4E R G 1] H- A E’me 3 o B B LT

] SLEE BRI B B, 0 R e AR S Rl 2 R I —
AT BT A TR, 7 DA A
AP B Ry 448 2 Ge RS AR n) TR B B B, 7 B U
Jpfe s 55 DU B B A 3 5 B0 B B, 7 R R DR 7
BT SEERI A — 1 el

4 FmMEERSH

W& 2 R, TR UGS EE 3R vy SUSE TV 7980
SRR R R0 %I{J\f’*‘m}i*ﬁiijﬁ AL
SR ., = i B R . X TR ER ROk
UL, RBELH  TEIPRE R, BEE LB TR 8
RAEAERIE , BEREER, P RIBRR.

Ol e e PR PR A
- IOU
s
w: ::"i:‘.
S
N
102

10° 107 10+ 10° 102 10" 10° 10! 10?7

tl Od

B2 MASRMENNEN TSR~
Fig.2 Effect of stress sensitivity on gas productivity in
dual-medium gas reservoirs

Wi 3 FiroR, AR A P R RS S T AR Ik
PUXHHERR R A S0, s E I P R HOE N, ARk 7Y
RO S, DS 7 A, B o7 AR T

10!

FERRS — FERS P
0" 100 10° 100 100 10 10° 10° 10'

t])d

B3 BEIEEAREMNENRSE~ENT N
Fig.3 Effect of high-speed non-Darcy effect on
gas productivity in dual-medium gas reservoirs




528 %

555 1 FREFIT 45 R TR A ORI B

(RS E Vi o A WA K WIRFS 13

5 KBS

M1 J-F 2012 4F 12 7 6 HE AR, )2
BRI 4 679.0 m, #)30] H P itk 30x10* m*/d 2013
41 R 3] 60x10° m’/d, 2013 4E10
12 H, HFES 77.0x10° m*/d, HPzk &K 6. 18 m*/d,
KA N 0.08 m*/10* m*, LR B4 ¢ =
4.64% ,h=38.4 m,u, =0.025 mPa-s,B,=0.002 57,
C,=6.1x107 MPa™',r_=0.061 m,q,=30x10* m’/d,

&4 g M1 7= sl D i 4L (8] . AR
AP B SRR, N7 1 77 BE PP A AU X%
A8 A% 2 SEAT LA RS, U B R A 2R K=
0.48x107° wm®,S=14.7,0=0.004 8,1 =1.53x107",
. =8.06x10 v, =0.01,8=0. 61,

10!

10°0

10°'f

1072

107
104F
10°1
107
107
Vs 10 100 107 10 _10° 100 10°  10°
oI R )
4 Ml #HFEREERLE L& E

Fig.4 Fitting curve of production decline interpretation
in Well M1

1z FH SRR fige R S0 14 A 7 sl S B R
20 7 — I Ta) A] FASKR SOF Y=o 181 S O M1
AP RETI N2k o 2 1 Dy M1 507 B i 45

8

To B R

55 T I
. HEMER | TR EB | RRTI B
5 (I 1
B SO et r~& |
2 ﬁn*SN
Z Y ——— ]
r s 1 1
e 1 |
= 1. I
40 : ' :
900 1000 1100 1200 1300

BRI Rl/d
5 M1 FE7=RETN i £k E
Fig.5 Productivity prediction curve of Well M1

x1 Ml FFEWMER
Table 1 Production prediction results in Well M1
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Table 2 Production prediction results
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