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Gas—water two—phase productivity analysis for the
fractured horizontal well in shale reservoirs
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Abstract : Traditional shale gas productivity models do not consider the effect of gas—water two—phase flow on the produc-
tivity during the backflow of fracturing fluid. This study proposes a new shale gas productivity model that considers the ef-
fect of gas—water two—phase flow as well as the effect of shale gas adsorption , desorption, diffusion, slippage , stress sensitivi-
ty,and capillary imbibition. The model calculates the productivity of shale gas and the distribution of formation fluid satura-
tion using the SS method based on the finite difference theory. The model was applied to a real field case to analyze how
shale gas productivity was affected by the permeability of fracture network , the permeability of artificial major fractures, the
length of artificial major fractures, the adsorption and desorption of shale gas, and the capillary force on shale gas. The re-
sults were compared to field observations. In the early period of production, the daily shale gas production first raised,
peaked, and then dropped due to the backflow of the fracturing fluid. Compared to the case considering no backflow of frac-
turing fluid, the case considering the backflow of fracturing fluid has significantly lower shale gas production at the early pe-
riod but similar production at the later period. The shale gas production at the early period increased with increasing frac-
ture network permeability, artificial major fracture permeability, and artificial major fracture length. The shale gas adsorp-
tion and desorption had little effect on the shale gas production at the early period. The capillary force ,however, would lower
the backflow rate of the fracturing fluid , thus increasing the shale gas production,which is consistent with field observations.
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tivity
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Fig.1 Influence of fracturing fluid backflow
on shale gas production

31 RHRESEXWTAESK =M

G3 AT RLEE S BN SUR ST s B R (18] 2) &
B, G 2815 37 R, SR LY R MW AR
AT, H PR WA B0 A s [ L e (e 5, 49
WS . MMM BIE R KT 1 mD ], 3
BUSS g IARIH S . AT R, o1 =S
SRR R 5 PR AR R AT K O R N R T BB i K A
BfE N T R REE KR (L) 3, B =R et g g A
S, A 0E 1 BT ) W G 5 3 PR R AE R B VRR
Hed B AR I A R A, N T R A K
X H S R S N, N T R A K 3
B 0 R SLRIE 2 | ST A KA N R AR
PLAE LA T 2 0 R AR AN T, PRI H R A
BRI RTINS S B A R iy, sk
() AR RN K R 25 2 i 20, BRI H 7 Ao ) e {1
fR WL B ) o B L, A - AR KB 5
T, N TR BiEREs , wi < E
=
32 MESEMBRERESFERHE

3T U S B figp R e 7 A= i s e (81 3) &
I FEA R R AR b )2 R TN R R, DA SR W




-120- LTS NS T | G 201945 H
R T O AE—SERE LA T MR AR MR
— K N0. PR - . . N R
o | — KR0SmOREE e PR BTN | 7 B (B R 1 2 B
<= — KNImDHS & -2 o777 o N - v s . N NS
o f L E RTINS IR BRI TR S A I 4
=TT - < " T I q B
= L2t T 17z T B B A AT AR R IR R
~ 6 Pt - Z o
I T ko g | o U i Wz H0 Y DA OB 22, b 2 R T T A g BRI
e L KN0.1 mD R A=A 8
Ny CokmeswRESE |2 g
m 7,0 --- KN KR A= 4 A e ) .
21 4 33 EENMNNESFERERBRHAEENZN
A T R 0 H1 B8 1o DA ™ B 1) 7 A4 R (181 4)
0100 200 300 400 500 600 700 500 AT LA % 5 R A PR R0 B TR
. R TR IR 7 800 d I % IR B4
V=E=N preny ul
10 ~ . . - 20 jj'f/lzﬁﬁﬁ/‘]%ﬂ:{?:_hittz:%[ﬁ% Bjj'ﬁzﬁﬁﬂg;%i\
L4990 mH AR P N :
— Lgajmmg;ﬁi PR 1.T7% SRR R B T AR, oA
~ 8 LN150 m SE_--70 -7 16 ~ -~ A o
I e e T £ T REEM L TR S KA ) RS (I 5) o 72
= el T T K e D7 = > !
= 6 T 12 m%ﬂ BMAERT M 208 R A0 [R] I, — & 0 1) 224
=, S e e |2 SERATRAIEIL ORI KRS Y e
I B R K 4 s8] He - N — ) = fr L
Lo o LmmBREE N T RO D U R
For/ o 1o E g R ARG R W (7
A . 6) il LI EBE TEERT , R8I0 5 2 Bk
0 100 200 300 400 500 600 700 800 B A BL4E 25 TRTED L 800 d i 2L R HERAU N
) Aﬂgfgiﬁ{w 25.2%; M A% 1& B4 18 AL 800 d J HE 24 1R HiE
RN IA 40.3% , K LA B T LI 4L BT S B
14 . - 1
—— K: 92000 mDH = it ]2 2 HE 5% b DY == = GBI
0 —Kiﬂ\jSOOO mDH =5 & ”_::::, @ﬂFK@f&\FWE&W@WE’J}L%O
o~ — KpN10000 mDFA Ul -=22-77 " o o 10 - 7 20
> -2l 7T E — HEBE AR o
-~ [=) .. "
. 1.2 ~ 8 FEEEEHAFAR _or 116 ~
= - 12 = = . ”’;;f,;/ ‘s
it} . Sy r E 6 225 112 2
r K:92000 mDEM R 4 gy ) Lzt Z
g —— K,H5000 mDZ AR Y = Lt ‘ ﬂfﬁ
m — KK10000 mDEB A | 5 Mﬁﬂ sb N\ ooommemammsas L T
R /;j/ - AEEEENEBRTAE ®
m 1/ Bk
! ! ! L 0 2k 4
0 100 200 300 400 500 600 700 800 e
Hﬂ‘l‘ﬂ(d) ] ] ] ] ] ] ] 0
4
e AT RS 0 100 200 300 ET?;)(d)soo 600 700 800
R
E2 HESEHWNTESKTENEMN B4 EEAWNTESEEHSN
Fig.2 Influence of fracture parameters on shale gas production Fig.4 Influence of capillary force on shale gas production
10 - , N q 20
— V. N0m /kgH A& -
o s\ vowooos m’/kgH r*%%i::::,}:::—’_ 16 ~
~ Pt =
: 1
S 6 Rocrial 12
z PO ; 3 o g B iz
e P — VLj\jO.Olsm/kgEI;E;\‘j e
© 4t Ve \JOm/kg;%ﬁm R 48y
y P — == V. 2N0.005 m /kg R AT 1
o, _/,' ~=- VOO0l m kg BB AR |, B
/ a1 4 1 b—800 dJFi c—800 dJF
L L L L L L L 0 AREEEE ) CBEEEEN)
0 100 200 300 400 500 600 700 800 S AR
I 1] (d) 0 0.2 0.4 0.6 0.8 1.0
E3  FUs SRR S B R — T —
Fig.3 Influence of desorption and adsorption of BS5 RERZEKBMESH

shale gas on shale gas production

Fig.5 Water saturation distribution of fracture system
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