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Prediction model for fracture width changes in vug-fracture oil
reservoirs and its application

WANG Chao' , ZHANG Qiangyong' , LIU Zhongchun®, ZHANG Yue', LI Xingjun'

(1. Geotechnical and Structural Engineering Research Center of Shandong University, Jinan 250061, China;
2. Research Institute of Petroleum Exploration and Production, SINOPEC , Beijing100083, China)

Abstract : In vug-fracture oil and gas reservoirs, the fractures are not only the main reservoir space, but also the seepage
channels between the vugs and caves, so the opening and closure of the fractures have an important influence on oil and gas
production. In order to predict the variations of the fracture width, a finite element mechanical model was established, based
on the geological data from Tahe Oilfield, considering the change of internal pressure, in which the closure process of the
fractures under different conditions can be simulated. The effects of various factors on the closure of fractures were analyzed
via an orthogonal testing method. Based on multivariable regression analysis, a model to predict the variation of the fracture
as a function of fracture dip, fracture length and lateral pressure coefficient was established. The simulation results show that
fractures with a longer length and a larger lateral pressure coefficient are more vulnerable for closure. The effect of fracture
dip on fracture closure can be influenced by the local stress distribution. In the strata that the tectonic stress is smaller than
the vertical stress, the fractures with smaller dip are easier to close. The lateral pressure coefficient has a larger effect on the
closure of fractures than that of the fracture length and fracture dip.

Keywords : vug-fracture oil reservoir; length of fracture; lateral pressure coefficient; fracture dip; prediction model
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Fig.2 Closure process of different length fracture
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Fig.3 Closure process of different angle fracture
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Fig.4 Variation of fracture width with formation pressure decline under different influencing factors
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Fig.5 Variation of fracture width with different influencing factors
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Table 1 Relationship between fracture width

and influencing factors
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Table 2 Orthogonal experimental design table

g BBER L (b U)ESw| RBETE
- L/m 0/(°) 2K we/mm
1 0.4 0 0.35 0.79
2 0.4 30 0.62 0.90
3 0.4 45 0.84 0.78
4 0.4 70 1. 00 0.80
5 0.4 90 1.20 0.62
6 0.6 0 0.62 0.61
7 0.6 30 0. 84 0. 60
8 0.6 45 1.00 0. 40
9 0.6 70 1.20 0.25
10 0.6 90 0.35 1. 80
11 0.8 0 0.84 0.13
12 0.8 30 1.00 0.11
13 0.8 45 1.20 0. 00
14 0.8 70 0.35 1. 65
15 0.8 90 0.62 1.73
16 1.0 0 1.00 0. 00
17 1.0 30 1.20 0. 00
18 1.0 45 0.35 1.02
19 1.0 70 0.62 1.30
20 1.0 90 0.84 1.26
21 1.4 0 1.20 0. 00
22 1.4 30 0.35 0.34
23 1.4 45 0. 62 0.36
24 1.4 70 0.84 0.40
25 1.4 90 1.00 0.42

3 EXHAGHEERESTER
Table 3 Diversification result of fracture width

in orthogonal experiment

BEBtR o 3R
20T HEERE FLEENTA My 2%
k, 2.390 0. 306 1.120
ky 0.730 2.010 2.600
ks 0.724 0.512 0. 634
k, 0.716 0. 880 0.346
ks 0. 304 1. 166 0. 174
R, 2.094 1.704 2.426

3.2 ZREASWEIREZEETHTNAK

T TR AT AT B TR T R LK
JE B R RS RN R AR R RIBA,
N7 122 RIS I RL4% v B AR A 52, >R ]
220 R 53 ATy g a4 T FE AR AR T A 2

FHZ R RERT LU i e iR 38 wi e 5 3 A
RZIMOCER , U 22 KR S T (Y 2488 vi JiE
AT A2, AT B B SE B w, S RLEER I L
SABEMIS 0 M1 REL K ZAELEQTT sREOC R
w,=A, L’ +A,L+B,0° +B,0+C K> +C,K+D. (4)
A, A, A, B, .B,.C,.C, Fl D NTFEFREL,

MR (4) DA 2 B A as R i 2
JUIT AR SR A Al 45 2 20 (4) B 2 R AL 395

A% 5T B BB RE | S A% o 1y RN R RO Al Y

w,==7.1x107 L>+0. 000 9L+0. 000 16 +0. 000 46 -
0.5K°-0. 5K+0.9. (5)

A(5) A R EOLE] 0. 92, K R, il
W (5) AT DS B R S R T b 2 TR ) A2 Ak
o e R T AL
4 TFELFINA

PHERA fl R ST 2R ik B SR 4 S 75 P 5 S BT R
HUICER S =L T 8 < VAN S et (i bl /A=W VA BE!
FIRE R LR A T Bhoe i R Y 6 4554
HEFT oM, SR 2 4

F4 IEXFISWER
Table 4 Results of project instance analysis

g e MES 5E5E

Mg e ) ZHK  w/mm HEERTS
251 1.5 90 0.62 0.99 KA
ZsE2 1.3 48 0.62 0.62 KHAE
23 1.6 39 0. 62 0.19 K&
g4 2.0 25 0.62 <0 ke
ZsEs 1.8 0 0.62 <0 [Eikey
k6 2.2 71 0.62 <0 ik

H1 4 Al 2848 1 ~ 3 TR R fad R rp 284%
B MIE REE 4 ~ 6 KA & UEWIAE S PR 43l
Tk R v 27 A R R A . A 38 TT 3 TSR aed
e rp R VPR R AR I R A ) RN B A
JEREGER T R MRV TR B REE M 5

5 & i

(1) 1EZEEM G R b | 5% P i H BN ) 4R
HH X, I AR SR BN W 7 i | S S S T T
NG, BEE M T AR, 2 8E P32 3% AN I
BER, RBEVE LI/, 2 M J2 T ) AR B — i
HEESEEMG MO TR REE

(2) RBEI I BE M i Ak 3t J2 00 s 7 2% Bk
K, BB AT Ty VR s IBUAR X L4 AL 5 TR 52 ) 5 i A
WoR 155 5  AERIE N 1/ T3 BV R E
0 78I 14 L S o DAL 45 5 O T R 8O0 2R84 )
BN R, REER LR 2 e Wi/, DS
AR IEHIE ST RN Hm Rk T
(3R TIT R |l S REBE P 5

(3)) I P S 1) 2R 4 5 R 78 A TN 28 2T XA
[) A 77 s 37K F T B 248 P 5 1 DL EA T T, D 5%
e T3 A A RS T B



I OB E AR R EEAATUMAER RS A .91 .

S

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

FEEAL. b AR AR IR £h A it A VA AR R 5 Tl
SMAE[T]. KRR TE,2008,28(6) :1-12.

KANG Yuzhu. Characteristics and distribution laws of pa-
leokarst hydrocarbon reservoirs in palaeozoic carbonate
formations in china[ J]. Natural Gas Industry, 2008 ,28
(6):1-12.

ZERH. B BB 5 S TR Ry e R e By 12
[J]. faim2:4e,2013,34(1) ;115-121.

LI Yang. The theory and method for development of car-
bonate fracture-cavity reservoirs in Tahe Oilfield [ J].
Acta Petrolei Sinica, 2013,34(1) :115-121.

OKASHA T M,FUNK J J, AL-SHIWAISH A J. Evalua-
tion of recovery efficiency and residual oil saturation of
two distinct Arabian carbonate reservoirs [ R]. SCA 2003-
37,1998.

ZHANG Dong, LI Aifen, YAO Jun, et al. A single-
phase fluid flow pattern in a kind of fractured-vuggy
medial J].
(10) ; 1030-1040.

ZERTFT R T, 0 X4, 5. SR A i )2 4 i sh A AR
P B R B W R AR [T ] b A 2 i
(FSRBHERR) ,2011,35(5) :76-81.

LI Dagi, KANG Yili, ZENG Yijin,et al. Dynamic varia-

tion of fracture width and its effects on drilling fluid lost

Petroleum Science and Technology,2011,29

circulation in fractured vuggy reservoirs [ J]. Journal of
China University of Petroleum ( Edition of Natural Sci-
ence) ,2011,35(5) .76-81.

2R BB ZERGE, S R AL R R A
Ak ANSYS BHUBFFE[ )], RINTIBERFE 2011,22
(2) :340-346.

LI Song, KANG Yili, LI Daqi, et al. ANSYS simulation
of fracture width variation in fracture-cavity reservoirs
[J]. Natural Gas Geoscience,2011,22(2) :340-346.
grrate B iRk 4. RLAETEE TN A A PR oG EK
R[], RERA Tk, 2001,21(3) :47-50.

LIAN Zhanghua, KANG Yili, XU Jin, et al. Predicting
fracture width by finite element numerical simulation.
[J]. Natural Gas Industry, 2001,21(3) :47-50.

GRete BB R, . ST RE R T 2 T 4% B B T
MLI]. RIAAT,2003,23(3) :44-46.

LIAN Zhanghua, KANG Yili, TANG Bo, et al. Predic-
tion of vertical fracture widths near borehole face of the
wall. [J]. Natural Gas Industry, 2003,23(3) :44-46.
RIEL BB, sk, 5. BURRD A SR 2 4
e B AR AL TS ALETL D). BRI S e O
W ,2007 ,24(4) :57-59.

LI Xiangchen, KANG Yili, ZHANG Hao, et al. Comput-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

er modeling of the changes in width of two vertical frac-
tures in tight sand connected to borehole [ J ]. Drilling
Fluid and Completion Fluid,2007,24(4) :57-59.
SRAAAR B R, sk B B G T & DA £
SRR RIS T T[], Al RAA R
2##,2011,33(6) :132-134,138.
ZHANG Xudong, XUE Chengjin,ZHANG Ye. Research
and application of rock mechanical parameters and in-si-
tu stress in Tuofutai area of Tahe Oilfield[ J]. Journal of
0il and Gas Technology, 2011,33(6) :132-134,138
k. B IR ER A IV 1 - A R A A BT[]
HA IS TR, 2008 ,28 (1 1) :2656-2660.
LUO Qiang. Microstructure and stress-strain relationship
of carbonate rock[ J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2008 ,28 ( supl) :2656-2660.
JEUBEE Bk igs , Ph a8, 45, B R G AL b2 A
AFRE K B2 2 LT ). R 5T &,
2002,29(5) .8-12.
ZHOU Xingui, CHEN Yonggiao, SUN Baoshan, et al.
Rock mechanics characteristics in northern Tarim Basin
and its geologic significance [ J]. Petroleum Exploration
and Development,2002,29(5) .8-12.
EMEEL, 1 B, BRIEIR 55, BEHUR G P b XA
I ER R B R L[ )] 35 PR A4 (M Bk
BlEER) ,2012,42( 44 3) .101-110.
WANG Penghao, TANG Liangjie, QIU Haijun, et al.
Rock mechanics framework and its geological implication
in northwest Tarim Basin, China [ J]. Journal of Jilin
University ( Earth Science Edition ), 2012, 42 (sup3) :
101-110.
JAROT S, ARIFFIN S. Characterization, pressure, and
temperature influence on the compressional and shear-
wave velocity in carbonate rock[ J]. International Jour-
nal of Engineering and Technology, 2009,9 (10) . 80-
93.
SREUE, R TT L AN, 55 2 DX TR 22 42 5 i Il
FHESRER E O RE R[] R 5 A TR A,
2012,29(4) :543-548.
ZHANG Minsi, ZHU Wancheng, HOU Zhaosong, et al.
Numerical simulation for determining the safe roof thick-
ness and critical goaf span [ J]. Journal of Mining &
Safety Engineering,2012,29(4) ;543-548.
P ARG, EIRLL. RIE R 2 TR R HL I
[J]. BEB2£4,2006,31(1) :11-15.
JIA Peng, TANG Chun'an, WANG Shuhong. Destroy
mechanism of tunnel with stratified roof [ J]. Journal of
China Coal Society,2006,31(1) :11-15.

(it FE%

'3"/::67\)



