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Abstract ; The study took Chang 6 reservoir in Ansai oilfield of Ordos Basin as an object to demostrate the essential ch-
aracteristics and the formation mechanisms of waterflood induced fractures,based on the analysis of dynamic production
features of the water-injecting lowpermeability reservoir. And the main formation mechanisms of waterflood induced frac-
tures in the study area were numerically simulated in the end. Waterflood induced fracture is an injector-centered open
fracture or a fast flow channel ,which is formed when the water injection pressure exceeds the opening pressure of various
fractures or the formation fracture pressure during the long-period waterflooding of low-permeability reservoirs. The frac-
tures are an artificial geological attribute and the main cause of heterogeneity for waterflood development of low-permea-
bility reservoirs,and they are widely occurring and inevitable in these reservoirs. Three formation mechanisms of water-
flood induced fractures were summarized as follows: (1) when the water injection pressure exceeds the opening pressure
of natural fractures,the natural fractures become open and are extended; (2) When the water injection pressure exceeds

the formation fracture pressure,new fractures are developed throughout the injection life; (3) Other types of artificial
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fractures are generated by production or stimulation measures such as perforating and fracturing around the injector. In

Chang 6 reservoir, high angle structural shearing fractures,in en echelon arrangement, are widespread approximately along

the direction of major principal stress, and the dominate fractures are the first type of waterflood induced fractures. Ac-

cording to numerical simulation results ,the bottom hole pressure of the injeciton well exhibits a continuous irregular peri-

odic change with the continuous expansion of the waterflood induced fractures.

Key words ; waterflood induced fracture, waterflooding development, low-permeability reservoir, Ansai oilfield, Ordos
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Fig. 2 Plane view water content distribution map at different time in Block B of Ansai oilfield

a. 1990 TP RAFBL s b. 1991 AETF R AFBL 5 c. 1994 4ETFRAFIL 5 d. 1996 AETFRAFOL 5 e. 2003 4ETF KA UL 3£ 2012 AETF R F B



5434 R 1 Ji, A5 RIS IR K S S R R SO L P 699
160 100
140 | —HPWE  HAPER —EkE
120 | 1%
< 100 {60 £
gﬂi 80 = M* )
m 60 F o = 4 =40 47:11
40
120
20
0 s n ‘ . . ) . s . . . S
1998-09  1999-10 2000-09 2001-09 2002-09 2003-09 2004-09 2005-09 2006-09 2007-09 2008-09 2009-09 2010-09
3 ZZER I Y1 A= B A2
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Fig. 7 Tracer monitoring of Ansai oilfield
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W4 WEH)/m ZEEm/(°) 6/(°) v po/MPa pp/MPa o/ MPa o,/ MPa B8/(°) pi/MPa
A4 1107.7 72.1 69 0.19 26.70 8.88 20.75 17.69 5.1 24.71
1007.1 85.3 72 0.17 25.17 8.08 18.86 16.08 18.3 24.76

1012.7 114.3 74 0.19 23.52 8.12 18.97 16.17 47.3 27.61

AS 1030.8 68.8 77 0.19 24.04 8.27 19.31 16.46 1.8 19.26
1041.9 9.2 83 0.18 26.24 8.36 19.51 16.64 29.2 24.42

1010.9 77.0 80 0.19 24.37 8.11 18.93 16.14 10.0 20.65

1011.6 39.5 82 0.19 23.99 8.11 18.95 16.16 27.5 23.65

A6 1020.2 46.9 84 0.19 24.30 8.18 19.11 16.29 20.1 21.77
1020.7 50.0 87 0.19 24.31 8.19 19.12 16.30 17.0 19.93

1034.1 20.1 88 0.19 25.64 8.29 19.37 16.51 46.9 24.02

A8 1034.1 71.0 79 0.23 24.52 8.29 19.37 16.51 4.0 21.07
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Fig. 10 Formation process of waterflood induced fractures



704 M5 KRR b iR

539 &

—_ —_
~ oo

—_
(=2}

HEARIFIIRES) / MPa

14

13

]2 L 1 1 1 1 1 1

0 50 100 150 200 250 300
HKREL/d
BT K S R G A K IR TR
AL B

Fig. 11 Changes of bottom hole pressure of water injection

well during the formation of waterflood induced fractures

it ]

K12 K DRI REETT IR I —A
JH 14 P T A A
Fig. 12 Pressure change within a cycle of fracture

opening and extension induced by water injection

B K AR 52 2 — g K (DE Bt) , € 1
PEER)— UMY R . TR B K B FREE, I
PR S BA SN T 55— REE SRR R 1 J& 392
erIRILR B B (EF B o

1) TRV T REE AR IR (FRIK) 18 8 7 K I
FEATF S B v, K Ty ad #5  REETT iR TR )
B JZ R S T LR LK I A oo i e 8 E T
JA R S PREOK RIS o K TS T REER RS
FBC I KT A v 2 B T B9 A ot o s A A =
ZL AR B, X TR AR I8 o2 Tih Rk 1 B A
3k 1 R SRE o

2) MK AR AR Al A, A T
PRI B Sk SR , IR HE A, AN ) A
SN o I o T S BT D) Rghe SR 20 0§ NS TN
THARRIR PG UL, A 7 (v — i 5 8 i R4

DL R - SN S e YA W e G B BV S 7 A
S8 BRI by i R J7 10) L Al H PR g
T KB, T 24 % N 7K 8 2 9 L /DS, K Ak R
285 TEK P REE L UE— DB A2, B K2
BT KT & IR L, 1K 75 5 AR LBOR A g™
R XHEEAR I B R LB

3) RS i BT A AR R IR R4 e A TR 2 Y
N T34 (A5 11K 75 5 2448 B T fE B A AN TR
R P PEY/ AP BUR=IY U (Y S D =PI LIPS
SRR TKTT 9 R ANSE AR, sl i b 2 R ) 45
JZ RN W AR R RS, el T K IR 2 Al
I AL AN S A P ER T B A [ 2 B AN TR
BESKIT MY A R TE /K VB 4B D R 3 2B 0L B 5
IR Z2 T 4 MU S A AR I8 2 b R o 7 v 7 A o Y
Deag , KI/KOT Acad R b, oKk Jy it Kok
SETT A TRy, S O i SR ST AE (i R T4
I, R XK TS T RS T 2OE LR

2 % x #t

[1] 245, skeR, THE, % ML A T HIOR RS &

FEERAE SR RE R [T]. HBTRHE,2012,47 (2) :454 - 469.
Li Deyong,Zhang Jinliang, Yu Xiaoyu,et al. Characteristics and form
factors of ultralow permeable reservoir in Haituozi area in the south-
ern Songliao Basin[ J]. Chinese Journal of Geology,2012,47(2):
454 -469.

(2] 2, AEZR. Bmim i =Xy =B 4 i H S B A iR 2 R

ZERRMERTF ()] . AR 5 0T % ,2000,27 (6) :39 ~41.
Li Yang, Cai Juhong. Characteristics of fracture systems in the 4th low
permeability sandstone zone of Member S3 of Block 3, Bonan oil field
[J]. Pertroleum Exploration and Development,2000,27 (6) :39 —
41.

[3] AT, XUHikt, 2 LAt SR Z M faih =& R IE KA BB E

fif )2 308 e B [T ] A S KRR 5T ,2009,30(2)
156 - 161.
Deng Xiuqin, Liu Xinshe, Li Shixiang. The relationship between com-
pacting history and hydrocarbon accumulating history of the super-low
permeability reservoirs in the Triassic Yanchang Formation in the Or-
dos Basin[ J]. Oil & Gas Geology,2009,30(2) :156 - 161.

(4] AEI, B2, BER,E. B B0E6HZ MO AR T7 8k

K 538 L — AR IR 2 407 A (X 8 e )2 [T ]
friheE4R ,2011,32(5) :820 - 828.
Shi Yujiang, Xiao Liang,Mao Zhigiang,et al. An identification meth-
od for diagenetic facies with well logs and its geological significance
in low-permeability sandstones: A case study on Chang 8 reservoirs in
the Jiyuan region, Ordos Basin [ J ]. Acta Petrolei Sinica, 2011,
32(5) :820 - 828.

(5] #Rpi, oo, FHE, 55, HEB /R G0t = & #h DX /K 4R
B EREIZBNHLEI[T]. £1i0A4,2012,33(5) 758 - 771.

Cao Yingchang, Yuan Guanghui, Wang Yangzhong, et al. Genetic



5 4 1]

L 1) J, A5 RIS IR K7 T SRR SO LB 705

[10]

[11]

[12]

[13]

[14]

[15]

[16]

mechanisms of low permeability reservoirs of Qingshuihe Formation in
Beisantai area, Junggar Basin [ J ]. Acta Petrolei Sinica, 2012,
33(5):758 -771.

BRI, R IR, L T, A5 B AR IR AE B AR REE 1Y
PRI —— LSRR 2 i AR X 7 Zomt = il ]
M5 R AR KB ,2016,37(1) ,62 —71.

Zhao Xiangyuan,Zeng Lianbo,Zu Kewei, et al. Brittleness character-
istics and its control on natural fractures in tight reservoirs; A case
study from Chang 7 tight reservoir in Longdong area of the Ordos Ba-
sin[ J]. Oil & Gas Geology,2016,37(1) ,62 -71.

HASCHR. T ER S I AR BRSOk E T ARRR A, 2009,
11(8):29 -37.

Hu Wenrui. The present and future of low permeability oil and gas in
China[ J]. Engineering Sciences,2009,11(8) :29 - 37.

TR, ABT R, RIREL, 55 (R05 B BUK K 3l 25 R4 R
BeREAEIL LT ). A iR 5 9T %, 2015 ,42(4) :496 —501.

Fan Tianyi,Song Xinmin, Wu Shuhong, et al. A mathematical model
and numerical simulation of waterflood induced dynamic fractures of
low permeability reservoirs[ J ]. Pertroleum Exploration and Develop-
ment,2015,42(4) :496 -501.

BT EERIRBE I REE ORI M . Jbat: £l Tolk
Hi it 2013.

Wu Zhiyu. Stable yield technology in development of Ansai low-per-
meability oilfield[ M]. Beijing; Petroleum Industry Press,2013.
XL IR, B E A, 55 REEXT A B ARS8 B D 5
JEEAREIREM [ T]. A A2 CH AABLA ) ,2005,29(04)
74 -78.

Liu Hongtao,Zeng Lianbo, Fang Baocai, et al. Influence of fractures
on injection for low-permeability sandstone reservoir in Taizhao area,
Daqing Oilfield[ J ]. Journal of the University of Petroleum ( Science
and Technology) , China,2005,29(04) .74 -78.

HhE G, SR RGE, A8 A, A5 KRS 15 3 il e 7K F i i
HARBIFE[T]. £1iM%4412,2007,28 (1) .83 - 86.

Han Dejin,Zhang Fenglian,Zhou Xisheng, et al. Study on adjustment
technology of waterflood development of low-permeability reservoirs in
the periphery of Daqing Oilfield [ J ]. Acta Petrolei Sinica, 2007,
28(1):83 -86.

I i RS B A I IIT 2 [ M. J8 50 A7 3 Tolk iy R A,
1997.

Li Daopin. Development of low permeability sandbody oilfield[ M ].
Beijing: Petroleum Industry Press,1997.

Jacques Hagoort, Brian D Weatherill, Antonin Settari. Modeling the
propagation of waterflood-induced hydraulic fractures. SPE 7412,
1980.

Kuo M C T,Hanson H G, DesBrisay C L. Prediction of fracture exten-
sion during waterflood operations. SPE 12769 ,1984.

Petter Eitvik, Tom Skoglunn, Antonin Settari. Waterflood-Induced
Fracturing; water injection above parting pressure at Valhall. SPE
24912,1992.

Steven L Bryant, Ramoj K Paruchuri, K Prasad Saripalli. Flow and

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

solute transport around injection wells through a single, growing frac-
ture. Advances in Water Resources. 2003 ,26(8) :803 —813.
WEAL, R, BT 4 SR 2 b = RS e = A
TR AL ). Hu B 244 ,2004,6(3) :307 - 315.

Wu Fuli,Li Wenhou,Li Yuhong, et al. Delta sediments and evolution
of the Yanchang Formation of Upper Triassic in Ordos Basin[ J].
Journal of Palaeogeography,2004,6(3) ;307 —315.

YR T, SRR, T, A SRR 2030 A MR 3 T A0 Bty M R A
WEFEHE LT ]. FrAhil <, 2012,19(5) : 15 - 20.

Zhao Zhenyu,Guo Yanru, Wang Yan, et al. Study progress in tectonic
evolution and paleogeography of Ordos Basin[ J]. Special Oil and Gas
Reservoir,2012,19(5) :15 - 20.

REX, Mk, L4256, 4. 2 MR X 23 XK 6 =
B JZ AR R B 2 A o A [0 ] DOAR & 41, 2000, 18 (2) 1279 -
283.

Zhu Yushuang, Qu Zhihao, Kong Lingrong, et al. Analysis of oil dis-
placement efficiency of Chang 6 reservoir in Wangyao and Pingqiao
areas of Ansai oilfield [ J]. Acta Sendimentological Sinica, 2000,
18(2):279 -283.

W A, A B SRR 2 £ G — A K 2 ) 4R T
FRRHEL)]. A 57T % ,2010,37(2) 181 - 187.

Yu Jian, Yang Yajuan, Du Jinliang. Sedimentation during the trans-
gression period in Late Triassic Yanchang Formation, Ordos Basin
[J]. Pertroleum Exploration and Development,2010,37(2) ;181 -
187.

XU, 38 , 28 SCJE, A6 T Mt DX IR 2 ORI 9 [ T ] R AR
S HLERBLE,2004,15(5) 1492 -497.

Zhao Hong, Dang Ben,Li Wenhou, et al. Microfacies characteristic of
Yanchang Formation in Ansai District [ J ]. Natual Gas Geology,
2004,15(5) :492 —497.

BRI, R 0%, SR A SRR A A = AR LRI
BB )2 SR AE SR [T ], B % 3z, 2007, 81 (2)
174 - 180.

Zeng Lianbo, Li Zhongxing, Shi Chengen, et al. Characteristics and
origin of fractures in the extra low-permeability sandstone reservoirs of
the upper Triassic Yanchang Formation in the Ordos Basin[ J]. Acta
Geological Sinica,2007,81(2) :174 - 180.

RS sk k. HR T S BT & [ M. JEst Arih Tl i)
Jiit:,1997.

Li Zhiming,Zhang Jinzhu. In-situ stress and peroleum exploration &
developmend[ M ]. Beijing: Petroleum Industry Press,1997.

R L, R B, B0, 45 RBEMEARS B AD A b S B K R
H——LISRR Wi a i 2 38 H B2 R FI ], A5 RARK
)% ,2015,36(5) ;855 - 861.

Zhao Xiangyuan,Zeng Lianbo, Jin Baoguang, et al. Discussion on op-
timal injection pressure of fractured low-permeability sandstone reser-
voirs-A case study from Wangyao Block in Ansai oilfield , Ordos Basin
[J]. 0il & Gas Geology,2015,36(5) :855 —861.

Gadde P B, Sharma M M. Growing injection well fractures and their
impact on waterflood performance[ J]. SPE 71614 ,2001.

(¥ KRER)



