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Abstract ; Establishing the productivity model aimed at the percolation mechanisms and development characteristics of
shale gas is the key means to realize a reliable prediction of shale gas productivity and guides its reservoir development
efficiently. Shale gas has multiple transport mechanisms and multi-scale flow effects in the matrix-fracture network sys-
tem, which lead to complex mathematical descriptions and difficult coupling solving processes. In order to deal with
these problems, considering the characteristics of desorption, diffusion and seepage of shale gas, the coupled model of

shale gas seepage in the matrix-fracture system is revised and improved by means of high-pressure isothermal adsorp-
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tion model and generalized permeability model derived from a series of experiments and combining matrix-fracture fluid
channeling model. Then, the PKN model of principal fracture propagation is embedded in the dual-porosity fracture-
bedrock model to establish an equivalent fracture network model of triple-porosity media, which consists of bedrock,
secondary fracture system and principal fracture. By coupling the equivalent fracture network model with the improved
seepage model, the productivity prediction considering the multiple flow mechanisms and multi-scale transportation of
shale gas has been realized. The case study for the new productivity prediction model shows that the fitting effect of
the gas well production data of 1 435 days using the integration curve is satisfactory, revealing the reliability of the ap-
plication of the new model. Equivalent bedrock-fracture network parameters of the well are also regressed using the
proposed model. The new model is used to predict the well productivity for past 20 years. Compared with the contrast
model, the predicted production results in the first 10 years are basically the same, and those from 10 to 20 years are
eradually deviated. The EUR ( estimated ultimate recovery) by the new model is 133 million cubic meters, which is
5% higher than the 127 million cubic meters of the comparative model. The study shows that the new model, which
considers the comprehensive seepage mechanisms and coupled fracture network, fully reflects the motion of adsorbed
gas and the increasing diffusion capacity for gas wells at low pressures in the later stage of production, and is consist-
ent with the actual production situation of gas wells. The proposed model is, therefore, more reliable for the mid-long
term productivity prediction of gas wells. And for shale gas horizontal well production capacity prediction, the new mod-

el closely relies on on-site construction and production data, and is characterized by being solved and applied easily.

Key words :shale gas; coupled seepage model; fracture network model; production capacity model

TUASAEACSE g KR E AR & R iR
ReliE st 7oA I AR FE . JCHR AR
MY IUA ST ARSI T Pl RERUAR T, — R A T3
] DA SRR BT TS 5 Y A B NS s BB BT
FARMER T ZERM B TR AR A B 28,
SERL T R USSR R b7 B SR TR R
SRAMBE S Rz e Y Rl 3R A SO &
P8R AT 25 5 A RDUE R AR, b ™= R T 2 ot 2
SIS R 2 —

H AR 0 7 vk 32 AT AR A R a3 ek
FUBUE RN, AT TR 2 e iU ik etk
— 57k Arps £ 50 77 3 Jk vk M Duong ¥ B IE
(T FE RO I AT A . Hoh et DU ik 2 2E
FHEAR) Z 0 U AT S, 455 vUA SO PR E FE
TUALERIE T = RE AR AT A 30 Bk — k% R U
SIS, S5 A B e TR B R E L 2
JEIE 53 87, 8 1F — A5 R B0E 2 57 2 5077 B
FEUT L Arps 2006 7 803 ol 72 MR B 328 D P42 43 S 4
st Yok, 8 2 9 B AU S L 2tk Duong ¥E &
FEFAE P ET UR AOE DR AR L o 3 BRI
5 T L I e i 5 ol T ) — b AT R L B IE
R B0 D8 o3 AT i 7 AU R 3 B It 2 T RO
AR BPR B, B A T A S AR OMOBL A 3 e
T IUA B SOKFLBR oK FLBR R IR R4 |
N T RS 22 RS AL R AU AV ik
RV Z R A TUS S IF R REAE B v

I TG | HLAEHER A0 H = K, i)
o S A AN AR E B ek, S ) 2 B AR A
77 o FERTIRET RS AL B S S RS BOT R B, 7
R AR (77 Rl 328 Vol 1 £ B4 EA T4 38 HE
TRERE R AT ARl BRAC™ da i ik
A 2 b PR RSO R S ) BP0 3 45, A 8 A 7™ 2%
PERYBRE , ol AEAT R 2 B9 3R, (EAE O 25 AR
A A R 250K, JCIEMER T e 7 RE
BUE AR A ISR X O 425, DASE T3 o - 48 1Y
XU A JFOASE BRI R ot — X A 4 ) — 32 4 8% 1) 22 F A ot
BERL AR, R T XALE IS = AL0E |
SRR A — RGBT DL R T 2 e [ A
) RE TR AR AR A 710 7= R FaT I B (RS AR AH X
FEREATR AT 2> 2R3 ol 24 07 3k £ 7 BE UL AN T 7
TETELAT B 588 4 B R~ e A AT o e LA R R R R
Peo T2 ARB . | ST BE IR RO — i H
A SRV DX Rtk 0 B i o 4y BT | BE S B
Tt J2 T A B SR BT 5t HRR REMS AR S 5 2Rk
HAURRYY S B IR BIs S L, 5 RS 9K LI
HR AR B 5 8 0 Knudsen §7 80, 9 B8 3 L 251 O,
VA 7K i 5 448 10 7 ABURARNE | 57 R 5 A I
2% (S B B S B RO B AR O ELRERS AL AR
[ AR YRR AL, S R SR N 2 i T AR A
HURE 5 75 M RERD 1AL DA SRR R 2K A
FEBIASHIE 1 G034, iR TUA S SRV IXKIUAR S
A SRR A 5 7 RE R UL A T, O DA



B

B e 5 BT A AR R

www.chinacaj.net

P F) BT ™ BE T T A 5 379

ST R SN BN AL A AR (U RE
TS A BT SRAFAE R A B AL T4 3001k 2
HA AT 22 X3 XS R A DRIE | 52 2 4 97 REAE
TN P32 5 T HE WA XEBE AR ST A, [t 22
LG IEI P IR SR R TR IR AB AL,
TE TS BETIUIN A2 JR 137 P 45 DA i 220 A8 U R A0 Joit ik
fifi b, #k A PKN 228484 AR it 57 fl 5 56 - IR
A R ARG - T SR 1) = A S AR A PR S B
TUA Y 22 ROBEARR-5 U sl i 38 AL T B 37t TR A
7R B 7 R e OB AIAT R, LAYk e
R ROT R AR BEEE R S AL AL

1 RERE

1.1 EfFgREs
111 BUA S0y M R e AR

H AT W B B 45 B R 22 2 B T ) o g
Sy AR Z A BB ST A, R e
g Eilke Langmuir AR % BT R .Langmuir-Freundli-
ch 2515 W% [ 5 AR . Langmuir 15 1E FE R DA-Langmuir
R SLD WK B R Gl AL A AR R 267 e
JEJ7 U FA R A 3 I R 3R W RS A BB A 3k
NP LA FERRCR (BRI R TR AT
Qb TR 7 FIIGLEE 15 B B b R FH Az FR O HL
XF T DU S SR BRI S AP AR R R ), 2
WA . I, 51AAS TR ZH 5 37 19 e IR B 1
BT

P 1
n(:x = VL 7NAV )

el e
:—EEEF‘, n, R 35 3| ”Xl]}ﬁ%, mg/t; Vi K Langmuir 1N
f/'j\,m3/t; P j{l’%‘ﬁiﬁjj, MPa; P, K Langmuir JE
71, MPa; p, WUFEIAHERE  ke/m® s M R H Gt 53 F 12 /K
i it , kg/mol; N, Sk Bl AR i 48 % & %%, 4 6. 02 x
10%/mol; V., B AR 73BT i ARIEAR R m®
1.1.2  BUASM) BE R IERR

B HL IR VG5 AR BRI 2 DUA AR RRR AL
BREEFREE T 1Y 5 22U B RAE , R B NS 3 R RAE
it Z B IR IAFAE R BRYE o BRI, 703K 1 2 i ) LAl
b EHER A EUE R EG 2% BALE Y 5SS
BRI R S5, PR T KRB TUA B
RIS MO 2R 0 9L 6 4% SR A0 A5 1 ST A
HRT BB ERA

K, =K_f(Kn) = AK_Kn" (2)

KK, WEIERBER, 107" m*; K, HAEX B E
#1070 m’ 5 f(Kn) NB B GBI RE, TR,
A RESIGE L, em® s Kn A 745 R E, RN B N
SIS R

1.1.3  JURSHEFUB A

BT RGBT RS IE 0 DU R
B 25 IR AR S AR Y 0 ) B 15 R AE IE AR A (5K
WA IEZE RS TR AR ) | 255 T 3B
AV QR W I A T = W T i e e
B (S(3) ), RESEINIL B T A 40 52 56 ) FHIE 43 At
() JIAEHE 5 4 77 sl BT

a (MPm ) (1 ) a (1 6 ) ( VLPm )
P + - R —_— [ — =
at\ZRT?™ Ol P P +P,
pK,
-B— (P, - Pp) (3)
na
. a MPm Mo b X7 A= TR a
R Y = 71N . 1_ R 1_
St | W S A (1-0,) 5
V,.P, . pK, .
5.) ( . )jzum—ﬁwma;-ﬁ PR o) o
PL+Pm Iu’a

B A Z AR EGE R T, JERWR G R S AR
H40,8.314 m® - Pa/(mol - K) ;T NEZKIRE ,K; 0,

ﬂv%)ﬁ&‘u&iﬁ,%;k%jmﬁ WS PRI I R8s r

SR B AR 53T BT o B RRIE AR m B=AKR" HB
BRAGIERE P, , Py o3 3R 38 5 AR R ) F 54 4%
AALB R JT, MPa,
1.2 HEgBRED

AT AR 30 5 M — 5 o — 24 4% 7S T AR PR T (]
IDIN (528 Y v LR N B e SN Rsi b E
HEVTRI T 0 i B, 38 o O S R A ST T -
SLHE W) STV R R B T ) AR BT B R T
FEFNZL4E R G h SRS T E S PE R, ey 244
RGP AR PGB S O R

|
|
|
5
)

/ dy

K1 BB -AE B T
Fig. 1 Matrix-fracture seepage unit
(BRI 5T~ L5815 Ut BT L A MY JBT
N pog AE %,y z 2 ABBRIY TR RN poy, puy
poeo WITE di IR PN, 25 AR R D7 o) 1 i A\ L4 B OT Y
U q REEIT R Ag AL TR DI K o i) R4 4% PR
TR B R ¢ 730N

)
g == (o) dadydzdi i =22 (4)
l
d
Ag =- 5(pgof)dpcdydzdt (5)
q' = qbdxddedt (6)



www.chinacaj.net

380 #H % F 1® 2020 445 45 %
o g, Ry B R T - 2 A% T O R g( )+ V( Kfvp) (9)
kg/(m? «s) o HFRESFE 2 A, A3t (4) ~ (6) or PP P

ARG G RER
Spe) == V() +a, (7
I RGN AT L, A3 2 R B
B R
] K;
o (Pe) == V(pr)’fqi (8)
M
13 ER-RER SR
R RGeS0 e e B A
PRI AT 5 TR R B R
7 TR T - AR A B B (R.(9)) | %
RS T I 9 — 4 0 3 5500, 5 2
- SR A BT

o\ ZRT*" ol e P\ wp,) T

N T

2 EREMEE

T Warren-Root [%) 2L 4% — 3 A W & 4 i A
RIEY e A PKN £ R ag i R LR 2 R
1 SRV ARF Ry 29 s 37 BE i - IR AE 4% R G0 - F2 4 4%
B = A T A AR
2.1 PKN F4gE5R

PKN 84571 ( if PERKINS Fl KERN 2 42 1 |
NORGREN Fl NOLTE™) & Ji& ff) 25 81 24 4 11 F A5 R )
JE LAY (R T8 LUAR K i 4 ™ JRASE AL, 132 1y
Tk IR F R S AR AT, K2 B
20 AR BN T 3 i T, SR B =
7 S 284 %) 7 4 HLASE R0 RN PN = 284 4 5 10 4 1] 2
FIiR o

B2 R B = R 2RI BB RURT PN 32 A A

Fig. 2 Simplified physical model and PKN main fracture model of single-stage three-cluster fracturing in horizontal wells
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