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Abstract: Vertical reorientation fracture is a new hydraulic fracturing technique, which has been proved very effective in oil re-
covery enhancement, particularly in anisotropic reservoirs. In this paper, an analytical model has been derived to evaluate the
productivity of the refractured wells drilled in anisotropic reservoirs by using sink-superposition theory, and computing compar-
ison has been presented for illustration. It is concluded that the angle between the orientation of the secondary fracture and that
of the dominant permeability has a little effect on the productivity rate when wells are drilled in isotropic formation, but it does
have a strong impact on the productivity enhancement when wells are drilled in anisotropic formation; f{racture orientation angles
can influence the inflow area of fluid from the formation into the fracture along the dominant permeability direction; and the bigger the
inflow area, the larger the dimensionless productivity index. Therefore, it is suggested wells drilled in formation with strong anisotropic
properties should be preferred candidates for refracture treatment in order to obtain better economic benefits.
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Fig.1 The sketch of a vertical reorientation fracture
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Fig.2 The sketch of a fracture with an orientation angle

Miskimins, 2009 ; #1255 Fl14F , 2013 ; BEAK i 55,2016
TR AEAE,2016) B2 O T 3G ™ HLER 7 I A TR A CBESR.
AR iE B 15 2Z A0 00 B 0B 3 G e R
FUEAT TSR L, 875 % 1] 3 B R4 5% (138 7~ LB

B T H O LAE R B WY AL & 2 s, B
FEIE AL R 5 18 3 A8 3k 7 [n] — 2, 07 2L 48 5 Ak
T il B e — 1 BE O (R 1 #1) SRR 2R — ek, S
AT PR O o 24 2% SR AR A1 AL 4% L B U2 [R) A3 BT A 0 AT AR
SCHE N BB R TT - SESK A R 2 50 A Bl R
18 [ 1, LLST- T Y SE Ak R0 3 B 8445 0 TG IR
S AR LAL A I AU 7 R 2 AR S R )
Sy ARRETY P S NS R B8 T 52 ) bR B A RS R
e B A EE IS5 R DR A5 k3 1A FRUAS 78 1) A b £ S
P N A ) S P A )2 B AL R 4 ) [ M A )2 L O R R
A e ) R R AUAR S PR RE VR k.

1 RSB IE S04

TEB B RN b WL S0 BUE R B LT

(2 vy o) A A — 171338 B IR 1 590D LUE 2
e g BB REE T AN E B IR R
AR B8 J1 4046 (Ozkan, 1988) .

quB
Ap(xayst) = pug () — p(xayst) = ———G,(x.y),
¢ a, Mh '
(1 +, F v
G,,(.z‘,y;xw,yw)ZZRyf 77\3/ Y \+y +,y —+
xe \ 3 2ye 2y,

’

Zi 1 coshlu, .~ y+y, D/x.] wa, wx
— : cos cos
fn sinh (u,y./x.) Ze X

D)
Horpok WAERBBEFR (mD) s¢ HIELERE] () s K
ARG BE (mPa » s) 3 B MR EB R (m®/
m®) sq¢ AHM=E (m*/d) sh HEEZEE (m) e, .
v HEGE MR A (m)sa, AN HE R
(2mX 3.6 X 24X 10 7)) M H i “ =7 By W& S
PR fatb)=fCa)+ (D) su, =nm.

B o BN (ew.y ) ERKN L Hm &
g MIRTELILE S R m ASFBLEE i TR
BN (rws v KER AL E R Ag(Aq =
[gB/2L] « Al , Az = Alcost) ¥ — F BB WA
T ARl 22 1 2 o it B RN ) o A5 OC &R L JERR S AR
HLIL A EIIER .

GB 1
A SeVol) — —— G o V3T wi 9 Y wi Al
R 214; (223 3wt 2D

@
Lm0, AT BRI 3

L ¢

quB 1 J .
A LoV - ° > V3T wi +Vwi -
p(xsy.t) a b 72[4[7 G, (x5y 320 sy )l
q#B C;L(‘I Vi3 w ’yw) ’ (3)
a,kh

XL PR Gy 2P R B Herh B R i (o ) R
Yo A s AR B (s v o ) AR ELZRAL P 2 AR 5 4
| v—yo |<LicosO #1 | x —x, | < L;sinf , F3{
Moy G AT 458 .

(DY 0=n/2 W, R

1 ! TV R
I:yiii\y y \+y EIAWE
3 2y. 2ye

2n T

e 1 ocoshlu, (y.—ly+ye D/x] | u,L;
=2 = : sin =~
L= u? sinhCu,y./x.) T

n=1

UTw  ULT
COS —.
z.

cos

(4)
()4 0<o0<<wn/2 W}, K .

1
—G. =T, +F;;
2m



http://www.earth-science.net

B
e
Do
g

1298 i BRF 2
) yor 1 ¥ 434  (Licosd)
I“] = -+ 2 =+ I 2 -
z.\ 3 2y: 6ye
v+, +Licosh)* —4yyw+
Zyc L(COS@
3[(re —xw)eosd — (v — v )sind F 4 cos’ 0 —22)
12y.Licod) ) '
coshu, ¥, + coshu, s . U,
——————————sinu, . cos
E Zosinf & wlsinh (u,y./ x) Ze
: Y/ O — coshu,ys + coshu, Y . UnZ
o Siu, X 08
wlsinh (u,y./x.) Ze
sinhu, Y1 + sinhu,,y» U,
o COSU, X COS +
208 & wisinh (u,y./x) Te
2L; u—1 | Sinhw,y; — sinhu, Yy U, & '
————————————COSU, T3 COS
wisinh (u,y./x) Te
o)
Hrr,
Zy + Lsind ye— (v, + 3+ Licosd)
Xy — Y1 — 4
X e Xe
ye— ¥y — ¥+ Licos)
Y2 = ’
Z.
xw — Lysind ye— (¥ + ¥, — Licost)
Xy — — Y3 — ’
X Xe
Ye = (y =y, + Licos)
Vi = - .

FI A (3) 7] 45 B HBE R J1 5 (Gringarten and
Ramey, 1974)

pavg(t) — Pw = @GL(IW + iLrsinﬁ,yw —+
a,kh 4
3
IL;COS@;IwayW) . (6)
JE SCTC i WA AR BN
Jo= b =
P k[P (t) — p ]

1

G (x, + %Lfsin@,yw + %L[cosﬁ;xw s V)
7
AR E W T A PR R R S S sk
FA# 2 0 JUART AR A DG, 58 8 4 v J i A i 4
HE 1Y I PR,

2 BB S X R A R
HLREE 7 RE RIS

XF T 4% 1) S PR A )2 8 SUATT AR
' =JBx.y =y/JB 0" =arctan(B 'tand),
L' =L/Bcos’d+p " sin’d ,

0.20
018 f——f—==—— e
T
_— - ™~ ~
< 0.16 = ~._
o ~ ~
0.14
o=kl kx=1/25 —- ky/k:e=25/1
0.12 [ [ [
0 15° 300 45 600 75 90

0
3 RLEE R X TT 5 40 A 7 98 Hth £ 1052 )
Fig.3 The effect of fracture orientation angles on dimen-

sionless productivity index
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Fig.4 The effect of permeability anisotropy on dimension-

less productivity index
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Fig.5 The production of a vertical reorientation fracture

80° 90°

UL T AR /) DR BT A 7 T 22 R 7 R )N

AR SC B PR B N5 SR R TR AR A
B U IR ST T e ) o AR Y 7 RE PR AR L 3
o B o M AT S0 LU A B DL 45

(DTEB RIS 2 10 [F PR 2 . REE (R
o005 3 W (9 77 RE o T 249 23 2% i) S5 A 19 2 00 1) A2 2
M H: 1) 7 e

(2% T ¥4 2] 25 1) S P Ak = o 1 3 1) e R4
HEERH AL T EOE B R G ETT 1 1A A U 1A
AR AT B T BB A L 14 T R 4 2R 7 4 RO
N Y

(BB 135 RV T 45 ) 57 PR B i 6 = 47
e 1) S 28 BEAS ARAT B4 3 7 ROR

(4R A SCHR A s 7 R B8 8 8 4005 ) e B, A
SCHY 45 SRR AT LT A 1 S kO R R ) R
FERETIN.

WL A o AR SO B8 B 2 — Fof R L B AR IR L O L
P9 P — R = B SRS L IR T 45 T 24 Y i
W 235 SR i 1) 244 1 BILGEE AR A RN R 4 L R AT
A BRI, 23 O T /INBE N AR SR R AR 2488 T 4
AR T 4 RN O A

References
Benedict, D. S., Miskimins, J. L., 2009. Analysis of Reserve



1300 HERBLY:  http://www.earth-science.net 42 4

Recovery Potential from Hydraulic Fracture Reorienta-
tion in Tight Gas Lenticular Reservoirs.SPE Hydraulic
Fracturing Technology Conference, Woodlands.

Cai,B.,Ding,Y.H.,Lu, Y.J.,et al.,2012.Study and Applica-
tion of New In-Fissure Fracturing Technique for Impro-
ving Stimulated Reservoir Volume. Petroleum Geology
and Recovery Efficiency,19(5):108 —110 (in Chinese
with English abstract).

Du.Z.H.,Li,].Q.,Nie, H.L..2013.A Probe of Secondary De-
flection Fracturing Treatment in Hydraulic Fractures.
Xinjiang Petroleum Geology, 34 (3):349 — 353 (in
Chinese with English abstract).

Gringarten, A. C., Ramey Jr., H. J., 1974. Unsteady-State
Pressure Distributions Created by a Well with a Single
Horizontal Fracture, Partial Penetration, or Restricted
Entry.SPE Journal ,14(4) :347—360

Kang.Y.S.. Deng. Z., Wang. H. Y., et al., 2016. Fluid-Solid
Coupling Physical Experiments and Their Implications
for Fracturing Stimulations of Shale Gas Reservoirs.
Earth Science, 41 (8):1376 — 1383 (in Chinese with
English abstract).

Liu.H., Lan, Z. X., Zhang. G. L., et al.. 2008. Evaluation of
Refracture Reorientation in both Laboratory and Field
Scales.SPE International Symposium and Exhibition on
Formation Damage Control, Lafayette. doi: 10. 2118/
112445 —ms

Maxwell, S. C., Zimmer, U., Gusek, R., et al., 2007. Hydraulic
Fracture Reorientation across a Thrust Fault. SEG Annual
Meeting,San Antonio,1282—1286.doi:10.1190/1.2792737

Ozkan, E.,1988.Performance of Horizontal Wells (Disserta-
tion).The University of Tulsa, Tulsa.

Siebrits, E. ,Elbel, J. L., Hoover, R.S., et al.,2000.Refracture
Reorientation Enhances Gas Production. Journal of Pe-
troleum Technology, 53 (4): 61 — 62, doi: 10. 2118/
0401—0061—]JPT

Spivey,J.P.,Lee, W, ].,1999. Estimating the Pressure-Tran-

sient Response for a Horizontal or a Hydraulically

Fractured Well at an Arbitrary Orientation in an Aniso-
tropic Reservoir. SPE Reservoir Evaluation & Engi-
neering »2(5) :462—469.doi:10.2118/58119— PA
Wang,X.D., Luo, W.]., Hou, X.C., et al.,2014. Transient Pressure
Analysis of Multiple-Fractured Horizontal Wells in Boxed
Reservoirs. Petroleum Exploration and Development s41(1) :
74—78,94 (in Chinese with English abstract).
Weng.D.W.,Yao,F..Li,Y..et al..2006.Reservoir Numerical
Simulation Study for Refracture Reorientation. Oil
Drilling & Production Technology ,28(6):65—67 (in
Chinese with English abstract).
Zhang.G.S., Zhao, B., Shi, H.N., et al., 2009. Finite-Element
Simulation Analysis of Re-Fracture Reorientation Based
on ANSYS. Journal of Oil and Gas Technology, 31
(6):141—144 (in Chinese with English abstract).
Zhang,L.,Luo,]J.,Cui,G.D.,et al.,2016.Mechanisms of Cold
Shock during Coalbed Fracturing Assisted with Cryo-
genic Gases.Earth Science,41(4):664— 674 (in Chi-

nese with English abstract).

Bt iR 325 B Sk

AT B2 54, 2, 201248 15 D A 10 7 2 48 5 1)
FEZ A R K H Ll SOHh S R I, 19 (5) .
108—110.

MR ZAERT Bt J1, 2013, 48 Y R B 1 R 2R R IR K.
T 9 M M R L 34(3) ¢ 349 — 353,

FREACH B E LT 4. 2016, 30 — [ HE A 1) B AR 480 92 96 &
Hoxl A B W R e . H Bk B 2, 41 (8D
1376—1383.

TR BT AR 55 2014 50 T8 3 K 2 B TR 24 7KOF 3
AREE I AWM E L, 411D . 74—78, 94.

BN Wk KL ZRIH L %, 2006, 5 5 T 4 54 4% B i 1o i 9 5
BRI 5T A MG R T.25.28(6) : 65—67.

SR FE L BRE A BUT L 48, 2009, T 4 44 4L 48 ) B AN-
SYS A BRIGELLL A7l R AR 224K, 31C6) : 141 — 144,

K, B B R AR 2016 ARIR AR B A2 R R P Y
b L. M BRBL 2, 41(4) : 664—674.



