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Abstract: Numerical well test interpretation of massive multistage fractured horizontal wells can be used for the fracturing
effect evaluation, which is very important for productivity evaluation. However, few field case studies have been conducted.
Numerical solution of oil-water two-phase flow based on PEBI grid and description of stimulated reservoir volume (SRV) by
main fractures with infinite conductivity and improved permeability of the region with minor fractures are used in combination
to interpret the transient pressure of massive multistage {ractured horizontal wells in tight oil reservoirs in Daqing oilfield. The
interpretation and sensitivity analysis of permeability of exterior region show that the value of pressure derivative becomes
smaller at early time and becomes larger at late time when the permeability of exterior region decreases, compared with pres-
sure derivative without permeability modification, which indicates a turning point on the curves of pressure derivative. Prior to

the turning point, the pressure derivative with smaller permeability in exterior region is relatively smaller, while after the
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point, the pressure derivative is larger. The time of appearance of the turning point is related to the magnitude of permeability

between those of exterior and interior regions. Therefore, when good fitting of pressure derivative curves achieves at early time

and bad fitting of pressure derivative curves at late time, adjustment of permeability of exterior region cannot wholly improve

the fitting effect, and other parameters need to be adjusted to improve the fitting. This study can facilitate future transient pres-

sure analysis for massive multistage fractured horizontal wells in tight oil reservoirs.

Key words: multistage fractured horizontal well; stimulated reservoir volume; fracture half length; perpendicular bisector grid;

numerical solution; oil-water two-phase; petroleum geology.

0 5lFH

O AR & BRI A e s R E B
AL /R AR AL B AR 1 BUR B 5 2 (9000 R 45
2016541 KL AF . 20165 4K K AE L 2016) . K Rl 1
T 2013 AETFIATE Je R & 5 1 S5 TF IR BUR I T
K EBAEIIFT IS 84 1A 0 B FLBR B £ 240
TE11%~16% F B FLBEE S 13.900: B E R £ &
SARTE 0.1~1.5 mD,FE¥HBiEER K 1.23 mD.

KA I R A R 2400, I SRV (stimulated
reservoir volume) [ B, 32 2L 4% > K S X I+ & 7 &
8 BT VP e A R AE 4 G B R A
153 T SR AR BUX 26 S8 1 2 T vk 2 — AR K OF
IR 22 B 24045 i e 52 31 1 PR R

TG RO e 24k it 5 10 b 22 1 o ™
T AR 1 TZ2RK KPIFERZTE 10
BV b RBREFEER 2~4 5, R G R4
Oy SCRBE  SCAE RN 3 A IRAN 4 5] R S TR R (45 e 2
B B8 3 R0 A A 5] AN TRl B iy 8 38 R A
R P ERES D ZLENEERE R
Br.y i =

fife AP i X Sl X S A 34 B 0 A R AR T A L fE
o AR 1] 52 DR At 3 AR 38 P, HL7E SR A X as g R
REA — M ) 5 G DX, AN Al X A4~ 24 4% T [l i
B3 STV R AT 4 3 DT o At BT T 3 X IR A s 4 3l 2
Uit 20 1) 3R BE ) R K A2 BR AR H FLh A T
i >R F B BB R 0 Oy X AT IF & 8 08 R
0 R 1 Al 49 5 M R G 20 1 5 e T B AU AR ) B
SR AR I o A T A P XT3 00 il /<80 %) 3L 3 B A
PR AR KPR AL 21 I & 5 20T fige A A
(907 HI 4 T kK.

BT LA B BARIR Z o F AR T R R R
PR 245 1 b 2 2 500 R 1 e A B Y (B4 A 3R
32 A0 ) T KA . TE A% BT A% 5 T, Brown et al.
(2009) .Nobakht and Clarkson(2011) ,Ozkan et al.
(2011) WE 55 (201 D B 5T T 2 BE I ROK P Rk

R AR 55 (2006)  EAS B (2013) 0 24K
SEHR R B AT T 5T s Medeiros et al.(2010)
S 2 f # AR Y, Cipolla et al. (2010) . Li et al.
(2014) JU) 1 4% 5% FH BOME J7 36 #E AT SR . Li e al.
(2010 Xf Z2 B BOK - I 047 7 BUE AL 5T, &
A FH W A5 % % R R St & T 5
HE TR A R 25 S, AT PR R LR AR 2o
XoF U Y AR U AT T e A OFSE L I Clark-
son and Pedersen(2010) 3 T Ik T i 53 s 1 19 78
BERIGE ST 1 28 M i) 19 285 0 0 BT O 125 7 550% ol v 1Y)
W FH s Clarkson and Beierle (2011) F) FH B £k Bt 5 ¥
JEN ISP IR RS A SR TR R AR
I 7843 1) 08 22 A 0 50 90 44 T 24O

[, i T 2 B 28K - It 19 I % 75 =0, PEBI
(perpendicular bisector) P 4% #% & & {#i F (Clarkson
and Pedersen, 2010; Clarkson and Beierle, 2011;
Li et al., 2016a). PEBI [ K 4 3t 38 1A Ay J2: il 76 4%
(BRSO Y 25 = AR A%, B A BB 34 52 A I R RRALE | )
AF SR Jy F AE AZ T B 5 22 43 A% AR AH AR 1 £
(R A A% 2, TE B S TR B b A DL iz Ad ] (21
e FNEE SCEF L 2013) AL AT I, 8 38 2800 A | W 2 55
SO A I RO E BT — A IR KRR 2 4
PP AT BREE 1 R A0 4 08 6T 090 A 2 X DA fige e st
[F) 0, SR T PEBI A% 75 1) 58 JHLAS 4 5 1 .

RZ 2 FH W9 T )5 8 K J1 B FBE (Pascal, 19813
Prada and Civan, 1999; 2% % 7545, 2008 2214 =2 Mty
K42, 20085 X HE IR FNXY ZEHE, 20115 Caiy 2014).Li e
al.(2016b) K BRAE XT3 Bh e 7 46 15 fik Je 301 4 1 7 5 40
i B L UUR Bl R B A S 0 ) S Bt e
1 10 TR e R 0 TS B A R T T aE T 3
Ji B s 7376 BE AR AIEAS B i 33K 7 DK B Yl FE %) S i 2k
R B R P H R & BOR I B A AE R AR
SL5% 0 )R B M BT 3 008 8 R AT R 0E
PO G0, 287 AT R B O i 3 82 e JLF- 7T L2
W 87 T RS AL o AR SRR Y YA, 55 7 g U AR PR 4

Syt A SCR R Y il oK P A B A, T



1326 HERBLY:  http://www.earth-science.net

A2 4

PEBIM 4% T & KA AL 4% L I 3 T BOE R AU A8 BF 52
B 15 AR AR K P B 25 TR 3 R R RR AR B 50 L O 45
AL L

1 Beafil

S SCHIT 2R FH ) 3L 0 8 gl 2 S A 2R e 4 3 7K
P AR AR R i 21 70 T A

v. Uff{B':wm—n vz>}i(9§;> — o s
(D
K5y Ti e
Ve [fw[;r:(pr—}/w VZ>]:(%(9‘§WW>—QWSF ,
(2)
R
2nKK . h
q ose :#OBO [nCr/ro) +S] (p:i —pw) s (D)
K=
G e 2nk K b (pi— pu) + (D)

" uuBy [InGro/r) + ST
Horbr,r Oh 2448 S 2 BIAH AR IS P BE S, mosr N
FRAETFEMEK, m Py AR E.Pa; K 4
MK BBER, m*; K, NHXBER, O N
h PR EIREE, mos po BT m 2 HME GRS R
i WIMIAE IR ST, Pas p, L AHBYTRARKE B ., Pa » s 5 B,
Rl MBI RE, m®/ m® s S, SR LA A
JEL TR S A RE R TRWE; Ths (=

0, W, 2o/ A 5 KA.
EIRH BT M E T AR, B, 2 K &
FEERBAR TR
2nkh
,;W#,B, (nCr./ro) £ 8] P70~
C
E([J;’Jl —pu) =Q , (5

Hrp, C B E m®/MPa; Q b Hb i i
L, m' /s EANRS SRR A (D ~ (5
A AT RO M 2 3 3 R

PEBI W4 Y X8 [ #% J2& Delaunary = ff1 4% .
AHAB I o o500 3 26 5 40 30 3 BT 4 (220 1 R 4
A, 2013) . Z2 B SR AR 454 PEBI M A% il
SR B UL Li et al.(2014) 3% HL DL AR A 6] L 45 H 4L
E TR S R B DA @y 2 i A L R A
il A FRE %o 5 A 2 M IR Rk B A L X 55 I 4R

PEIFUR TR AL R BT Ay 28, 04

IT 0\ "
DTy Bp, —dp, 4+ pt— p)+ D, (as )+-

J

(p) — pid8S,.. = (Copdp; +CoudSyi) T qid
(6)
Hri, 8p =p" — p' 8S, =Su" — Si.n
Ryt [E) 2
A 7 R A K R T O I R
AR R BRI A% 1) g 30 ARURE A5 L 220 W T 1 T i EE
BN < = (| S 1=/ W
qo =
WI,.A% C-f,

Cfo| o
DIWL G Fanh +Tf

Forr, fo = a4
B I 007 B AT R B e B A

C-f,
t— pr;wcz . (D

P nt
i

e 995 Iq;
@t =ql 5 0ps g 98w (8)
IR @A AKXG) A
STsp, ot pr e+ 3 (57
j j IO w +
(P — piI8Sw = (Copdpi +CoudSui) +
Condp + Cu [0 =020 Q2| 4 55705
9
Horp
oo WI,.AL C-f
DWW (AL + Al .)+C fo AT
2 W @+ A% N
g,
asS.,

, C-fo . ,
WIAL (2 WI, Gty A% *T) — D WL Gy an ) - WL
J J

S, )+
(}_ 0 200+ )

f%thHQﬁEWVR%M%iE#KW

N

aq,
as.,

B A SIS ITAE S 0, B Cuy 5

B 0.
2 JRERPGE XA 7

KAV 52 KRB R 20 i s, 5% 2 3
SCHETR) R SO FE SR BE T 5 o SCEE D O SR T
NSRS s A R LR R 2 T
B BE T I R 22 5, AR SCHT TG R = R ok 32



%8 ZETE A 55 BUR I R AL 2L B R 47K 3 i B S AN IX 38 08 R X iR il 48 0 2 g 1327
JE B S K 2 \ \ JEBL G X \ B /NP RS B ROEE /N | R SR n 5 )2 R %

K1 SFMERBERESHXERE
Fig.1 Schematic of equivalent main fracture and permeabili-

ty improved region

TN R I 2%
- —
N ON

AT
Iiimuilil

Bl 2 PEBI M # %5 5 3 244%
Fig.2 PEBI gridding and equivalent main fracture

4%, FHHE K8 15 2R i 14 5 3 5% (Clarkson and
Beierle, 2011).Medeiros et al.(2010) . #8 H , XF #
FL R 1) e U i O A R AR 5 5 T BR A% T X U B 4
A BB  AH XS 3 =, A BR A% 5 38 1
(4 1 7 9 X Bl AR /. Cho et al. (2012)30 7
FEXS T 0UA YR B2 05 A8, AR W/ B a2 51
TC MR A% 5 B FRALE.

1 8 W 2R, Horpdn iR 1 2 8k R
R DX TR R DX 2 T R X 1 8
375 A AL R T R R i X 2 B iE R S AL
B SRV X IR AM 1935 17 3 5 LK B N 2 b 2 9 I
WS

KFHEERZ B ZHEERN, —Bhal jEf
2~ 4 TR RLEEY R SO R T B M 2 A
oy A A P X B A EREE R AT LR —Be 2
i 1) T R 205 A 1 2 A A A0, 0 AT D O e R 2R A T A
W — B 20 S RO R B 2 DT R
BB — ARG T Rk,

TE &) 43 v, 28 350 32 2 R0 43 A IR
HEA TR S WA W E 2 Fros 55800 £ 548%
Uit 30 A8 3 3 AR Sy T R A% 5 1) D RLA T e (1D D7 X
oy EREE S oy SR g R RO AR R R R L IX
(2) YL 5 35 R 5 SLEE 115 35 A 22 A5 50K T
ZLAE ]I TERRAZ T2 53 40, B T KO IR

M AU Ry ZEE S I R IR 5 O T A AR A L K
P 1 R T LA 25 78 I T B0 5400 v KPR
% AT 1 Ok

3 IEWATERRIE

B R AC RS (1 16 5 P 75 BB 5IE (Li er
al., 2014 ;25484 ,2015) 3% B3 3o 52 B 3 191 ok 36
TEASE Y (A7 R0 A2 S TR DR T P RS 38085 0 I K
HEK 2010 m. HEH 15 B =N 1.7 m, H1B
M nE 3 fron.

TR A W2 R 4 B R TR R B4 0 ot
v, 200 W R e S e 2 K 38 38 R X RN A
(98 35 G S T R R8BI A Ab s, 2
4 JA TR (0 IX 3010 8 05 % R 4.8 mD, Hifh 3 X () 5 15

1.0T
— )
—e— Kw
0.8 |
0.6 |
N
04 r
0.2}
00 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Sw
B3 B ML

Fig.3 Curves of relative permeability

o
fLBRIZ 9=0.139

(@)
[ 4 il B B0 I B
Fig.4 The sketch of the interpreted reservoir
a MK I ALY R 4 640 m X3 900 m;b. iR E N 1.7 m



1328 HERBLY:  http://www.earth-science.net 42 4
10" e TsemEss 84T
oL |— 82t
— HIES T
—_ 8.0
§1m- g
5 %73—
< 107 &
“ 76+
10* . 74k
(a) (b)
10° L I L L I | 7.2 L L L L | L L |
10 10" 10° 10' 10° 10° 120 125 130 135 140 145 150 155
IRF ) (h) I 1) (d)
Bl 5 EABALER
Fig.5 Pressure fitting result
a JE AR B H R A I O s b g s LA A L
1 FRERENEXSH SR IERA R AR R LA 5] A BCER. T HRE
Table 1 The related parameters AT IR
EZS e
SRR/ (m X m) 46403 900 4 A X R 2R 1Y R )
WIH K F1 (MPa) 13.15
WU K A 0.633
SR FE (m) 1.7 fife BN DL AR R BRI iR AT LA A L
HATRGIE (1/MPa) 0.000 58 HRAE A0 X 5 375 8 /N o TR S 50 (8 B R i) AR
Hﬂ"‘ﬁ*ﬁg(mpd' s) 0.6 e S 4 N AT = -, S 3
I 1 FEHEAT 200 B R AR SR A B T TR AR 3 9053
WK (mPa » ) 1.45 S B fif RS R AT BUBAE 23, 0T 245 S EOR R
A BB 1.23 FHOCE. 2R 2 45 T ik S0 00 B 40 ik e 5 SR o st
FLER 0.139 S 2 Al R
SRV i Bl (m?) 115716 TTHY 3 A GURAE ST BT 5 61,
KO 218 7 0 Bl 6 4t TR K15 K2 418 F 1 JE ) ek
KV IE I (m* /MPa) 25 R FLF B0 et e X BB, Y A S HOH ) . X K 2

0.8 mD. LI Y FLBREE Ry 0,139 il BE 1Y 15 4%
AN LR BN 46.43.36.,47 42,47 m AR 9
FMEELPRKE R 42 m T REB B RN 4.8 mD 1Y
DX ol gl 2 R 24 B s 1 DX R, R BLED S SRV, SRV
AT ALE 1.1 X10° m’ R Ao & 5 i
MRS BN R 1 iR, Al WL, 35 07 5 S
JE S A B RO AR 17

MG R LR b T B SHOH R s
DX KN S 35 5 Rl K B E R AR
BER K R T IR RN ] X B 0 R
B LK IR AN 2 $U A 0 M i 78 B R I 1 A R 5
R of, f R ORI SULA 16 LR AT T 3R S8 BT
WA A A ik L A R R R T AR R E
pNSCIEIRERERON (3 YN ISP S8

MG R R EH R IE RUERR A “ S X
BB RN H L R 5 B0 e R ) B,

W

(95 35 e Ag A AL AT B 25 TR g e o7 R AiE 9 B A AN R
FHIEL B e I B 22 57, AN KB iR K2 A
B, B2 W i KN B BE R RIS 22 5. K2 B
RN LR B A B X N BB RN L I
Sl ER RE R 7P A2 R, DT R R T 5 ROE
INHE E R B ML b ABRKRZER, W
6b K.

6b £, HMXBEH K2=4.8 mD,0.8 mD
(1 R 5 1 480 £ 5 HL A I T 1 T 0 5 Ze M
A2 R I [R] 5 1 DX 95 355 A6 AR O L 8 38 380N L A 23S 1Y

2 SHEBHREEK
Table 2 Fracture half-length of each case

HEERFIXHABIESR  HA X E SR

B

K1(mD) K2(mD)
il T 1) 45 2R 4.8 0.8
PO A3 BT R 1 4.8 0.1
U S T A 2 4.8 0.01
SR A3 BT A 3 4.8 4.8




ERR T A S - BB RS 22 B R 20K 3 3 B S A X35 33 R i I il 46 1 52 1329
10° [ —m— K1=4.8 mD, K2=0.8 mD, #/J#f = i
——K1=4.8 mD, K2=0.8 mD, ¥Jt& S
—&— K1=4.8 mD, K2=0.1 mD A K=4.8 @Eéf'iK:O-S mD
—&— K1=4.8 mD, K2=0.1 mD A / oA S
| —e—K1=48mD, K2=0.01 mD .
= 107 b —=—Ki=4.8 mD, K2=0.01 mD
& —v—K1=48mD, K248 mD _#Z = \
=) ——K1=4.8 mD, K2=4.8 m &
5 y = 10 Iﬂi& DEHJ;E 5K=0.01 mD
5 5 B A M AR
10°
—s— K1=4.8 mD, K2=0.8 mD, #J4f
—&— K1=4.8 mD, K2=0.1 mD
—=— K1=4.8 mD, K2=0.01 mD
B (a) — K1=4.8 mD, K2=4.8 mD (b)
10 1 1 ] 1 ]
10' 10 10° 10' 10 10°
I [ (h) 5 [ (h)
6 A K15 K2 44T 8BRS R 7 R 41k
Fig.6 Characteristics of pressure transient response under different combination of K1 and K2
ISR W4 EYLE Y/ ON
or —a— K1=4.8 mD, K2=0.8 mD, ¥]#4 018" e k148 mD, K2-0.8 mD, 1106
o K1=4.8 mD, K2=0.8 mD, ¥l 0.16 b —=— K1=4.8 mD, K2=0.8 mD, ¥J%
—o— K1=4.8 mD, K2=4.8 mD = K1=4.8 mD, K2=4.8 mD
—=— KI=48 mD, K2=4.8 mD 0.14 - —e— K1=48mD, K2=48 mD
—~ 10"} —_
£ g 012
= =
) L e 3 28, TE B 5 A, < 0.10
Y K2=0.8 mDJE /7 G £ /. Y
= £t 25, K2=0.8 mDIY JE = \
10 UL ¢5N Sl AT A, 7 B A
0.08 K2=0.8 mDJ¥ /) % ¥ /.
TE Ik 25, K2=0.8 mDI) J&
T3 K.
R (a) (b)
10° 1 1 | 0.06 1 1 I
10° 10 10° 10° 20 30
It 1) (h) I} ) (h)
K7 SR BER K2=4.8 mD 5 K2=0.8 mD A& £ ) it 2%t Lt

Fig.7 Comparison of pressure transient curves between permeability of exterior region K2=4.8 mD and K2=0.8 mD

a. 2R [ 5 b Xl 7 A Y JR R R

A A e, B 7 45 TAMNX B iR K2=4.8 mD
5 K2=0.8 mD MBS Sy i xf th. i F K2=
4.8 mDI}, K2=K1, 38R J5 . B 1% B b ¥
I B 7 i e ) S RO A A — A 3T A AE %
s w 5 > B S 800 B R e - AR B T A5 AR X B
%A K2=0.8 mD 1Y JE J1 3 B0 e BE I /N 1
e )R . K2=0.8 mD BYJE J1 58U H Y55 2
KT, A X8 35 R/ I e ) K 5
FUBE T K 2=0.8 mD B K 7 55076 97 391 46 /08.
AR X2 7 2R /0N, e 70 S 45 25 1 B T S A, DA
MAEJE IR R ) BT s SR X S8 T 5
W TR S SBUEE KL R K2=0.8 mD % 11 $ %
FE S T R 3 Al ] DL R i R . i TR AR
PRI T M 2% S 1 T 458 R 2 A ) 1 A0 ISR N 1 8
i RARAT R JIIKE%  AR R S i [ AT 7 3 5K
SE A X /N o SR 5 R X B AL T DA Oy O b B i

Hp ANXBE RN, YIRS T BUR B 2o A A
— K TS BUE ) FEM R — R B 7 s (]
YT R RIEE 24 h.

B84 TAHX BB R K2=0.8 mD.,0.1 mD
(14 R A5 g il 2 5 L. R 7 S5 8000 B T a5 24 o OGO
JG i 60 hu7E 60 h HIl AN X B35 RN, 1 S 5UME /.
60 h 5 AMNXBERN RS REE R 5K 7
o, 8 I Ah X298 05 e R S e 1/7 I e 4t s iy
L[] 292 DAHTAY 3 45,

B9/ TAHNXBIER K2=0.01 mD,0.1 mD
(RS FE ST 2 %0 e 18 9a £ W], AP X BB R K2=
0.01 mDHF, JE 1 8 — EHE /NN T HEHEH Y, B
9b HEAT T AR N Al DL H 690 h 2 I i I
T TR R EUE /N 6 Br 0576 690 h i, b IX B
#ER K2=0.01 mD B & 77 806/, £ 690 h
G ZE I B AR SR 8 M, B 9 A X -



1330 HERBLY:  http://www.earth-science.net 42 4
10 @ 030 (b)
—=— K1=4.8 mD, K2=0.8 mD, ¥]4 0.28 |- —=— K1=4.8 mD, K2=0.8 mD, ¥/l
—&— K1=4.8 mD, K2=0.8 mD, ¥]# | —=— K1=4.8 mD, K2=0.8 mD, ¥J#
—&— K1=4.8 mD, K2=0.1 mD 0.26 —d— K1=4.8 mD, K2=0.1 mD
=== K1=4.8 mD, K2=0.1 mD 024 | —— K1=4.8 mD, K2=0.1 mD
o
g 10 = 022
=3 S 020
, N
E 5 018
10tk SEEEATT A, ) ) & )
FE U AR, K2=0.1 mD )k 3 FH 0.16 :
TEUE FUR. K2=0.1 mDAIJE ) 58k K \
0.14 AT A, ‘
' 7 SR, K2=0.1 mDIFE 1 53080
R FEE RS, K2=0.1 mDIFFE /7 54080k
10 L L L | 0.12 L L L I L L L |
10" 10° 10 10° 10° 40 45 50 55 60 65 70 75 80
Tt} IF] () 15 51 (h)

8 HXBiER K2=0.8mD 5 K2=0.1 mD M BF& R S il Xt
Fig.8 Comparison of pressure transient curves between permeability of exterior region K2=4.8 mD and K2=0.1 mD

a. 42 JR) 8 5 b X I T AE 4 )R AR R

10°T
10"+
=
[=W}
Z
=
=
10° F —&— K1=4.8 mD, K2=0.1 mD
—— K1=4.8 mD, K2=0.1 mD
—e— K1=4.8 mD, K2=0.01 mD
— o K1=4.8 mD, K2=0.01 mD (a)
10 . . . . :
107 10" 10° 10 10° 10°
N [#) (h)

dp,dp’(MPa)

10 —4— K1=4.8 mD, K2=0.1 mD; dp
—— K1=4.8 mD, K2=0.1 mD; dp’
—o— K1=4.8 mD, K2=0.01 mD; dp 5
—e—K1=4.8 mD, k2=0.01 ; LHFK2=0.01 mDF)
SRk s
10"+
HARIEI K2=0.01 mDIfJ £ /15
MO A, (EH LThd R AR
(b)
1072 1 I
10' 10 10°
ISF ) ()

B9 AXBiEF K2=0.01mD 5 K2=0.1 mD fBEZ&E S Ml 26 %5 1
Fig.9 Comparison of pressure transient curves between permeability of exterior region K2=0.01 mD and K2=0.1 mD
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Fig.10 Enable to fit by adjusting permeability of exterior region

R AR ML S LMt L & W LF. AL K 2=
0.1 mD B i 7 5 K 2 Air 09 b S AR L 5 39 e S
s AT AR R K2 1998 8 8, i v F 30 il 42 5 52 0 il 4%



ZEIE S A - BUR I A 22 B ZROK S T i R X A X8 3 S0 1T i 2 14 3 i 1331

B K1=4.8 mD, K2=0.8 mD, Sl i £k
—a&— K1=4.8 mD, K2=0.1 mD
——— K1=4.8 mD, K2=4.8 mD

B2 K1=4.8 mD, K2=0.8 mD
I 282 P ot 2 g i it 2

dp'(MPa)
2
T

n
w"  RUBIALE, EBEU A LT, W AR
e ANREAE TS 215 S h 2R UL 5 4

10" 10° 10° 10*
it i ()
K11 al PR AN X B S R R RIA B B

Fig.11 Fitting by adjusting permeability of exterior region

WA B A AER IR LS B A R I 11 B, B
BT I ) 3 2540 B AR B (E 5 0 8 0 3 B & Y
22 AL K 2 195 3 R BRI IR UL & 1 B4y
RRTHIL G RICR A 22 1 . BIJCHE GE i IR 2 5
B K 2 fh AR AU G L I8 B R A S R

FEF PEBI WA . f 37 70 7K P9 AH B0 il A
T RHBEARBUR R SRV YRR 7 i 2 T 80E
AL T S I 54l 4 AT A R L O 2R AT AH I 1Y) SRR
BT BFSE T BUEAR R T E A KA X8 3 k)
T h 2 B 5 L AR 56 2598 B0 F BIE s - (1) ST %L
P v R R RS 500 SRV i I TE R =3 1
F AL BERY KRR KOk W R (2) M40 X
BfE R AR N R R ) S8R N SR R R R
BRSSPI 19 7 5 B AR A K 1 54
F /N B R 1 2 7 S50 BsT ) 598 38 22 R/ 6L (3) 24 i
W0 R 1 A 2 40 A FOCR I LR I R S 50
BRI S BE G 3 IR AN X 98 1B R LA
I 7 A A A 2B () HH SR BIF 5% 25 B % 80 it J2 I
PN EXVE SR R -9

T3 Ab s BRI 3 DA R AR B 3 T SRAE AE
By 786 L AH A R B 3 A AR A R A 2 K S
1 I Z TR I B0 e D0 B8 BE R AE S 6% T I

References
Brown, M., Ozkan, E., Raghavan, R.. et al., 2009. Practical
Solutions for Pressure-Transient Responses of Frac-

tured Horizontal Wells in Unconventional Shale Reser-

voirs. SPE Reservoir Evaluation & Engineering , 14
(6):663—676.doi:10.2118/125043—PA

Cai,]J.C..,2014. A Fractal Approach to Low Velocity Non-
Darcy Flow in a Low Permeability Porous Medium.
Chinese Physics B,23(4):044701.doi:10.1088/1674 —
1056/23/4/044701

Cho, Y., Ozkan, E., Apaydin, O. G., 2013. Pressure-Dependent
Natural-Fracture Permeability in Shale and Its Effect on
Shale-Gas Well Production. SPE Reservoir Evaluation &
Engineering ,116(2) :216—228.doi:10.2118/159801 —PA

Cipolla,C.L., Lolon, E.P., Erdle, J.C., et al.,2010. Reservoir
Modeling in Shale-Gas Reservoirs.SPE Reservoir Eval-
uation & Engineering ,13(4):638 —653.doi:10.2118/
125530—pa

Clarkson,C.R.,Beierle,].J.,2011.Integration of Microseismic
and Other Post-Fracture Surveillance with Production
Analysis: A Tight Gas Study. Journal of Natural Gas
Science and Engineering »3(2) :382—401.doi:10.1016/
i.jngse.2011.03.003

Clarkson,C. R.. Pedersen. P. K., 2010. Tight Oil Production
Analysis: Adaptation of Existing Rate-Transient Analy-
sis Techniques.Canadian Unconventional Resources and
International Petroleum Conference, Calgary. doi: 10.
2118/137352—ms

Deng,Y.E., Liu,C.Q.,2001. Mathematical Model of Nonlin-
ear Flow Law in Low Permeability Porous Media and
Its Application.Acta Petrolei Sinica ,22(4) :72—77 (in
Chinese with English abstract).

Guo, Y.C.,Song, Y., Pang, X.Q., et al., 2016.Characteristics and
Genetic Mechanism of Near Source Accumulated Accumu-
lation for Continuous Type Tight Sand Gas.Earth Science ,
41(3) :433—440 (in Chinese with English abstract).

Li, A. F., Liu, M., Zhang, S. H., et al., 2008. Experimental
Study on the Percolation Characteristic of Extra Low-
Permeability Reservoir. Journal of Xi'an Shiyou Uni-
versity (Natural Science Edition),23(2):35—39 (in
Chinese with English abstract).

Li.C.L., Yang, Y.Q.,2008. There is not a Starting Pressure
Gradient in Low-Permeability Reservoirs at All Jour-
nal of Southwest Petrolewm University (Science &
Technology Edition), 30 (3): 167 — 170 (in Chinese
with English abstract).

Li,D.L.,Xu,C.Y.,Wang,].Y.L.,et al.,2014.Effect of Knud-
sen Diffusion and Langmuir Adsorption on Pressure
Transient Response in Shale Gas Reservoir. Journal of
Petroleum Science and Engineering , 124 . 146 — 154,
doi:10.1016/j.petrol.2014.10.012

Li.D. L., Yang, J. H., Zha, W. S., et al., 2015. Unsuitability of



1332 HERBLY:  http://www.earth-science.net 42 4

Using Superposition Principle to Solve Equation Incorpora-
ting with Threshold Pressure Gradient. Journal of South-
west Petroleum University (Science & Technology Edi-
tion) ,37(4) :81—89 (in Chinese with English abstract).

Li,D.L.,Zha,W.S.,2013. Theory and Method of Numerical Wellt-
est.China Petroleum Industry Press,Beijing (in Chinese).

Li,D.L., Zhang, L.J., Wang, J]. Y. L., et al., 2016a. Effect of
Adsorption and Permeability Correction on Transient
Pressures in Organic Rich Gas Reservoirs: Vertical and
Hydraulically Fractured Horizontal Wells. Journal of
Natural Gas Science and Engineering s 31: 214 — 225.
doi:10.1016/j.jngse.2016.02.033

Li,D.L.;Zha, W.S., Liu,S.F., et al.,2016b. Pressure Transi-
ent Analysis of Low Permeability Reservoir with Pseu-
do Threshold Pressure Gradient. Journal of Petroleum
Science and Engineering ,147:308—316.doi:10.1016/j.
petrol.2016.05.036

Li,S.S., Duan, Y. G., Chen, W., et al., 2006. Well Testing
Analysis of Fractured Horizontal Well. Petroleum Geol-
ogy & Oilfield Development in Daging »25(3):67 —
69,78 (in Chinese with English abstract).

Medeiros, F..Kurtoglu,B.,Ozkan, E.,et al.,2010. Analysis of
Production Data from Hydraulically Fractured Horizon-
tal Wells in Shale Reservoirs. SPE Reservoir Evalua-
tion & Engineering, 13 (3):559 — 568. doi: 10.2118/
110848 —pa

Nobakht, M., Clarkson, C.R.,2011.A New Analytical Meth-
od for Analyzing Production Data {from Shale Gas Res-
ervoirs Exhibiting Linear Flow: Constant Rate Produc-
tion. North American Unconventional Gas Conference
and Exhibition, Woodlands.doi:10.2118/143990 — ms

Ozkan, E. , Brown, M. L., Raghavan, R., et al., 2011. Comparison
of Fractured-Horizontal-Well Performance in Tight Sand
and Shale Reservoirs.SPE Reservoir Evaluation & Engi-
neering »14(2) :248—259.doi:10.2118/121290— pa

Pascal, H., 1981. Nonsteady Flow through Porous Media in
the Presence of a Threshold Gradient.Acta Mechanica »
39(3—4):207—224.doi:10.1007/bf01170343

Prada, A., Civan, F., 1999. Modification of Darcy’s Law for
the Threshold Pressure Gradient.Journal of Petroleum
Science and Engineering s 22 (4): 237 — 240. doi: 10.
1016/S0920—4105(98)00083—7

Ren,D.Z.,Sun.W..Huang, H..et al.,2016.Formation Mech-
anism of Chang 6 Tight Sandstone Reservoir in Jiyuan
Oilfield, Ordos Basin. Earth Science , 41 (10):1735 —
1744 (in Chinese with English abstract).

Wang.B.C.,Jia, Y.L.,Li, Y.Q..et al.,2013. A New Solution
of Well Test Model for Multistage Fractured Horizontal
Wells.Acta Petrolei Sinica ,36(6) :1150—1156 (in Chi-
nese with English abstract).

Yang, Y.F.,Wang,C.C., Yao,].,et al.,2016. A New Method
for Microscopic Pore Structure Analysis in Shale Ma-
trix.Earth Science ,41(6):1067—1073 (in Chinese with
English abstract).

Yao,J..Yin,X.X.,Fan,D.Y.,et al.,2011. Trilinear-Flow Well
Test Model of Fractured Horizontal Well in Low Per-
meability Reservoir.Well Testing ,20(5):1—5 (in Chi-

nese with English abstract).

B 32 B % STk

B IR L X ZEHE L 2001 A1 B T L AR Z6 1 0 Ui 0 502 5 7 I
Hopi A Al 22(4) - 7277,

TR R JE AT L 4L 201655 48 M BUE A A R TR B
B AL I R AR B PR AL M R B 2% L 41(3) ¢ 433 —440.

2% 5 NN SR L 4, 2008 41K 95 35 TR 1B I AR AT SE 5
WFE. V6% Al R 2= (B SRR = R0, 23 (2):
35—39.

ZEAE 5% Mk 4, 2008, )5 B K F7 L SL I R AE AL P 7 A il K 2%
A CHRBF 2R ,30(3) : 167—170.

AEAE A A SCEF AR 2015, B0 PR BE SR % & 3
JE 180 B 8 T D RV B AT R 2 2 CH AR BRSO
37(4): 81—89.

AE AR, A SCET, 2013 BUE IR IR R 5 O ik dE Bt A ik T
b AL

ASHEAS , BN R L 25, 2006 JE 2Lk £ 4055 R G it
o HE KA M B 5 FF & ,25(3) : 67—69,78.

I, PNTL L B, 55, 2016 5B /K 22 7 40 Hb 40 5 il 1K 30 %
0 it 2 R LB b BR B 2, 41(10) ¢ 1735—1744.

FA R B AR AR A4, 2013. 2 B R B4 K 7 i - A
SRS 5 vk A AR R, 36(6) : 1150 —1156.

Bk K, TR B ZE 45,2016, T 25 KL 50 1000 L B 45 44 43 B
B M ER L, 41(6) : 1067 —1073.

Yo ZE BB Y BEAHE L 2L 201138 0 T Y R K R 3 =
2R R IRl A, 20(5) » 15,



