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Well testing curves of fractured horizontal wells in low-permeability gas reservoirs;
characteristics and influencing factors
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Abstract: For fractured horizontal wells in low-permeability gas reservoirs, actual curves and theoretical curves of well lesting are dif-
ferent in flow regime and shape. Accordingly, in this paper, theoretical type curves were generated using the mathematical model to
highlight the impacts of length of horizontal section, fracture half-length and number of fractures on well testing curves. Based on case
studies, root causes for differences between actual curves and theoretical curves were analyzed. The study results show that flow regimes
in fractured horizontal well can be classified into 5 stages; bilinear flow, radial flow, reservoir linear flow, transitional flow and system
radial flow. Compared with conventional horizontal wells, fractured horizontal wells display clear features of fracture bilinear flow or lin-
ear flow before the characteristics of the first radial flow are observed. Moreover, the longer the fracture half-length is, the more appar-
ent the differences in initial linear flow and fracture radial flow are; the longer the horizontal section is, the later the fracture radial flow
occurs, while system radial flow displays uniform regime in the late stage. In conclusion, contamination of near-fracture reservoir by
fracturing fluids and inter-connected fracture networks formed in near-wellbore zones are key causes for differences between actual
curves and theoretical curves of well testing. The result can provide an evidence for selection of the optimal model for interpretation of
well testing data in horizontal wells.

Keywords: low permeabilily; gas reservoir; fractured horizontal well; well testing data interpretation; flow regime; fracture half-

length; length of horizontal section; skin factor; case study
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Fig.1 Physical model of fractured horizontal well
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Fig.2 Double logarithmic curve of fractured horizontal well
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Fig.3 Double logarithmic curve of horizontal well
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Fig.6 Double logarithmic curves for different skin factors

10° ¢

f — pt.- a
[ e P;'ﬂ
IOI I; — p.:!‘ IJ
j-t? i = Pb
& T —
[+ W) 3! B
E 10 2 PL-L‘
2 10}
.::t .
a ' -
IO - 3
I()II PRPEETTT BRI ETITT BRI RTTIT BT REPEPE ST B ST SRR T MErarerer RS e e ey
10 10+ 104 10 100 10° 10" 100 100 10+ 108

t'h
a:5=0.1,n=20,x,=20;b:5=0.5,n=20,x,=20;
¢:5=0.5,n=20,x;=10.

B7 655 XU E 2
Fig.7 Double logarithmic curves for different parameters
K7 ] DL AR 2804 G ks 800 15
SR ZE N KW R B SR E S R Gt



#2178 H2W R ARBIE R

TR i 2 RRAE A e R 36 5

BN AN e A
3 Wi ?z@ﬂﬁ*ﬁ

XF LGB PR B A 232 0 S R h e
SRS e iy 22 5 M5 | ke 22 S DA
3.1 ¥ IHTsh £k

KRB XL, B ENKBES
S, fif 2 AR 2 820. 0 m, fif )2 - 4 FL IR E 6%
BBERLE0.1x107° ~ 1. 5x 107 wm? Z 6], & <Ml
FE 70% , 34 3 Z R E 20 m, A H2 7 K

FEZKFH: , 485 S5 I, B IR 5 R SR,

ZUsEARZEAIE . A HFF 2015 4F 8 H #EAT 6 EIK
T, RO B 2 AT 7 se 48l A 2k an &l 8 A
9 FR , BRI Ry e 24K S+ S B+ JE I i R, 2
WeF K ZKCN 0.3, Kh fHM 6.5%x107 um® - m, 24 4%
Ak 35,0 my, W B RO E I 26 5 B T
B A E I 2 5, R R e JE B T M B
b, RG22 YL AR X ™ H 1 S5 B 2 B R SRR
HERANE] 80% , 35 2 1Y s 24 A7 BF 76 24 4% &5 0 it
JZ 1 R A G

kY

]

™

10 b

107 ; *”gé-~§\;1

P p'.__./(IVIPa:'(]n]’a-s)")

0! 102 10°

t/h

8 A FUXHIUS Lk
Fig.8 Double logarithmic fitting curves of well A

T

| 2013 2014 2015
E4
9 AHENEMEGHME

Fig.9 Pressure fitting curve of well A

B 4 5 Bet AT R, T 2011 4F 10

H A7 S FE 1, SR H 74 8% 10 m?,
ROEGEUE #h Ze T ) s L& dh & 10 11
7R SR R BOKAF- I+ 1 Jot + 40 18 257 0 SR ASE R fi

p/MPa
o

qgf’: 10*m3-d")
o wn E
—_—
4
L™

e, B R ZBCH 0. 1,Kh fH ] 5.6x107° um® * m,
f“é%#tcjj 25 m; PUTREICHE () 00T 85 28 ) 40 3 R
HPAT IO RRRE 2Rl BOfE O — e R T M1 B, 3R
W2 A — R B A 5 G, Sl IR VR A 5 4
JE 5 YL n] B 1 ST 2R 5 BT T R A A
S JEA

—
j S i—-‘*};ﬁ. ] }/ﬁgf

Mo b, & o] TR

p,.p'/(MPa*(mPa-s)")

10 102 107 107 107 10° 104
t/h

10 B FXTHIUS H £
Fig.10 Double logarithmic fitting curves of well B

- LB

s

213 N

~ 08

=

Z 10 ruﬁ

= UL i|'|||||1H“'||

a2 ) k= I ._...
2012 2013 2014 2015

B 11 BHEHSEMSHLE

Fig.11 Pressure fitting curve of well B

3.2 ERE5XNHLERBERSN
A o B AR S il £ 43 AT, S8 S B0 B
R R ASGE T )2, T W5 Ye R X, 3L
S o e M ZOBOBE A, S TR 24K S 552 00 R0k %5
AT B A I OBk R L R T S AR Il I B B
M FEZF A, B 37 24000 R HE R 4811 45 1
F,ZE X PR HERTE 65% ~85% Z [8] , AT 8 A4IK
&ﬁﬂ’]ﬁtﬁ”{&iﬁﬁﬁﬁﬁﬁ*,iﬁﬁi*fﬁ&ﬁﬁ‘]
GYL . TEIR SRR BRI ) 2 S50 R 4
E%ﬁwf}%uﬂmﬁﬁﬂﬂéﬂ%%}ii@ﬂﬂ%ﬁﬁ&%%‘
() ELRA
T — 7], FERARZAGE RIS K T A Xk, 280 K
BN TR | 78 2 PR SO V-IR R A T
S ZLAE AT BEAH BT H0 , A6 XY i =B AE
RS L SHEE 2 YR MK I ERRKER,
T TR AR 8 2 A 12 05 0L, K-
B DO 4 ] DX 05 37 R A iy, G X B 1 R, B
BRSO EL M HT B T MUARHAE , AT B PR i 2k
PRI B AR 1) B B, X R O T, TS A K F- 3



6 W 2.4 w4

2018 4 A

BB AR R AT I A RS
4 ZEig

-

<~

(1) TE 53 AT TR K- B AR R ) it B )
g 5 AN FEF BB, B T £ B B s S At
UASAE, ST L, R ROK IS — A2 [
TR B B2, HAA B ) SR A% L2k I ki £k
PEGARFIEEL

(2) A PSTHE, br R B R KB
FREE AR AE SO Fe 2K 8 it 4R v 52
455 I A 53 B 5 | e KO S i 26 5
Mgz M EEL R R,

(3) W T 3K H 5 K il o h ey i
TIPS i A AL (0 38 BRI AR R . 1% T
SURP T i 2k B U 3 A ] LR i i R 4
t—EnE T, SR B %N R RO
FFih £k B2 i 75 i — 20T
Bt 2t P B B b IR T LA R IR A A LA R0 L F,
Tt PR EF

2 £ X M

[1] DAVIAU F, MOURONVAL Q BOURDAROT G et al. Pres-
sure analysis for horizontal wells [ J]. SPE Formation Eval-
uation, 1988,3(4) .716-724.

(2] ODEH A S, BABU D K. Transient flow behavior of hori-
zontal wells pressure drawdown and buildup analysis [ J].
SPE Formation Evaluation, 1990,5(1) .7-15.

[3] ISSAKA M B, AMBASTHA A K. Drawdown and buildup
pressure derivative analyses for horizontal wells [ J]. SPE
Rocky Mountain Regional Meeting. Society of Petroleum
Engineers, 1992.155-166.

[4] OZKAN E, RAGHAVAN R, JOSHI S D. Horizontal-well
pressure analysis [ J]. SPE Formation Evaluation, 1989,4
(4): 567-575.

[5] GIGER F M. Low-permeability reservoir development using
horizontal wells [ C]. SPE 16406, 1987.

[6] HORNE R N, TEMENG K O. Relative productivities and
pressure transient modeling of horizontal wells with multiple
fractures [ C]. SPE 29891, 1995.

[7] CHEN C C, RAJAGOPAL R. A multiply —fractured hori-
zontal well in a rectangular drainage region [ J]. SPE Jour-
nal, 1997,2(4) .455-465.

[8] KARCHER B J, GIGER F M. Some practical formulas to
predict horizontal well behavior [ C]. SPE 15430, 1986.

[9] BROWN J E, ECONOMIDES M J. An analysis of hydrauli-
cally fractured horizontal wells [ C]. SPE 24322, 1992.

[10]NORRIS S O, HUNT J L, SOLIMAN M Y et al. Predic-
ting horizontal well performance: a review of current tech-
nology [ C]. SPE 21793, 1991.

[11] HEGRE T M, LARSEN L. Productivity of multifractured

horizontal wells [ C]. SPE 28845, 1994.

[12] B, ™/ BOK W Hs 24K F-IFR T i R 5 AU BAF 5%
[J]. AFIK, 2013,22(6) :5-8.

CHEN Wei, YAN Xiaoyong, DUAN Yonggang. Investiga-
tion of multifractured horizontal well model for well test in-
terpretation [ J]. Well Testting, 2013,22(6) :5-8.

[13] 250 ZF i 2 453 5 L E 1 /K75 i 1) 0% s

MR [T]. Ak, 1996,17(2) :91-97.
LI Xiaoping. Fluid flow through pay zones in relation to
draw-down profiles in a horizontal well intersecting several
vertical fractures [ J]. Acta Petrolei Sinica, 1996,17(2) :
91-97.

[14] FRBEIR, FEARAS, (BN, 55, AUBUR 2K ERES
AT [T]. RS AA 4, 2011,28(4) :579-583.
LIAN Peiqing, CHENG Linsong, HE Lipeng et al. Analy-
sis of transient flowing model for fractured horizontal well
in gas reservoir [ J]. Chinese Journal of Computational
Mechanics, 2011,28(4) :579-583.

[15] XMRT, Jrse, e i, &5, o8 2 2 48 K7 i o

JERIRTIASACHFAEL T ] 8t 41 ik 3057, 2003, 24 (4) 341
-344.
LIU Zhenyu, FANG Liang, AN Yanming et al. Pressures
behavior of horizontal well with multiple transversal frac-
tures [ J]. Xinjiang Petroleum Geology, 2003,24(4) ;341
-344.

[16] BLLE, sKIE, DAEm. 2R 520KV It r ik
Mg RIS LT ] I, 2014,23(4) : 15-17.
LYU Honglei, ZHANG Yan, MA Huali. Research on well
testing analysis method to multi-stage fracture horizontal
well and its application [ J]. Well Testing, 2014,23(4) ;
15-17.

[17] BROCHE A — e JBRBREE 55, ZRTEEOKF 0
BAFRIBE ST LT ] IR, 2013,22(4) 16-9.
GENG Wenshuang, YANG Erlong, ZHAO Yuejun et al.
Development of well test interpretation software for multi-
stage fracturing of horizontal and application [ J]. Well
Testing, 2013,22(4) :6-9.

[ 18] BREHFRF. BUm U B s 20K R ATE R 57
RG] AR, 2018,27(1) 1 14-21.
OUYANG Weiping. Comprehensive analysis method for
transient pressure and production of multistage fractured
horizontal well in tight gas reservoirs [ J]. Well Testting,
2018,27(1) :14-21.

[19] E5tA, ATt 2 BR 20K IF O Ml &R Ak 23 #r
[J]. fimfe R HT,2014,33(8) :9-11.

WANG Guisheng, NIE Renshi. Well test type curve ana-
lyzing for horizontal well with multi-fractures [ J ]. Petro-

chemical Industry Application, 2014,33(8) .9-11.
T EY

F—{EEB T HEE, Y, 1986 AL, WA, TR, 2013
SRR T R R B R A )Rl A F R Sh
Ay B Kol M SE TR, AL 3E: 010 - 83596646,
13581891320 ; Email ; changbaohua@ petrochina.com.cn, Hill:
AL L T T BH X 7 1E 44#(5 48 , MR ELZR A : 065007



