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Abstract; Target window optimization has significance for marine shale gas reservoir stimulation. Taking the
marine shale gas reservoir in the Longmaxi Formation of the Changning Block in the southern Sichuan Basin as the
research object, argon ion polishing scanning electron microscope, Brazilian disk experiment and fracturing
operation statistics were carried out and the influence of mineral size, cracking toughness and crustal stress on
hydraulic fracture penetration, propagation and diversion were analyzed. In view of the inadequate fracturing-
quality effect of the current methods on the prediction of target window in shale gas reservoir, a new target window
prediction method based on the network fracability theory, illustrated by the morphology of logging curves, was
established, using brittle-ductile index calculated by sonic, density, gamma and mineral content logging data, and
stress difference index calculated by the optimal stress-stress difference coupling model derived from the mechanics
theory and experiment in a fast track. The results show that the I-type target window, showing a considerable
overlap between the curves of brittle-ductile index and stress difference index with “double-trough” , is the most
favorable for development, followed by the successive cross-overlap as the Il-type and the discontinuous cross as
the IMl-type. The application in the Changning Block shows that most of target windows in each well have the
“double-trough” shape, but the corresponding layer of each target window is different. The target windows from
west to east have changed from the 1% layer to the 2" layer and then back to the 1 layer. The high drilling-
encounter rate of various target windows in different well-controlled zone positively controlled the stimulation
reservoir volume, test productivity and cumulative productivity.

Key words: target window prediction; brittle-ductile property; stress state; network fracability; drilling-encounter
rate; Changning Block
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Fig. 1 Location and relationship between thickness of each layer and target window of 0~8 m in the Changning Block
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Table 1  Geological parameters in each layer of a typical well in the Changning Block
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I UNF i s
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Fig. 2 Fluid sketch (left) and presupposed (right) path in straight, inter or trans-granular fracture with different particle size
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Fig. 3 Quartz grain micro-size distribution with the higher (>60% ) and lower (<60% ) silicon contents
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F2 MEIBHASMNEFRUERMTE (RESHEFMEFEA 0°)
Table 2 Practical and calculated results of I-type fracture toughness of shale ( The angle between the fracture and the loading direction is
0°)
e "% D/ BEE L HVK e B e, SCMBIERBME, Yt DTC/ W p/ ity GR - T W 2R A/
7 cm cm cm kN MPa-m®*’ (ps/m) ( g/(;m3 ) APL MPa-m®*®
K1-1 5.28 2.2 0.8 9.876 0. 858 89.6 2.57 67.3 0.893
K1-2 5.16 1.98 0.8 8. 66 0. 855 70. 4 2.49 58.3 0. 836
K1-4 5.52 2.12 0.8 10. 354 0.893 79.7 2.64 75.6 0.914
K1-6 5.24 2.42 0.8 10. 458 0.832 72 2.51 67.5 0. 825
K1-8 5.36 2.24 0.8 11. 544 0.97 91.2 2.61 125.9 0.935
K1-9 4.92 2. 16 0.8 9. 66 0.917 79.4 2.53 99 0. 891
K1-11 5.18 2.22 0.8 9.322 0.818 63.3 2.47 62.4 0. 844
K1-13 5. 64 2.1 0.8 10. 236 0.872 75.5 2.52 70 0. 861
x3 MENRBRIVETNE R (RESHFTMEFEA 30°)
Table 3  Practical and calculated results of ll-type fracture toughness of shale (The angle between the fracture and the loading direction
is 30°)
s D/ R R HEEK e, BT P/ SEMERBIME, e DT/ W p/ MMD GR/ O T MR/
N cm cm cm kN MPa-m"’ (ps/m) (g/em®) API MPa+m®?
K2-2 5.31 1.95 0.8 5.98 1.407 78.6 2.61 116.5 1.502
K2-6 5.07 2.45 0.8 6. 788 1.337 78.9 2.52 118.8 1.235
K2-7 5.67 2.38 0.8 7.584 1.362 65.9 2.56 86.5 1.312
K2-8 5.42 2.29 0.8 6.325 1.24 53.9 2.58 113.5 1. 115
K2-9 5.45 2.58 0.8 8.214 1.42 63.8 2.63 101.7 1.377
K2-12 5.02 1.88 0.8 5.557 1.442 61.3 2.68 63.5 1.395
K2-13 5.16 1.78 0.8 4.892 1. 301 58.5 2.65 61.5 1.326
K2-14 5.43 2.05 0.8 6.633 1. 449 64.9 2.69 78.6 1.528
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Fig. 4 Relationship among minimum principal stress and shut-

in pressure, operation pressure of single well in Changning

SR VR B B4 7 Ak B IE R W Y S e A BT A R R
JURAS, RV Ry e 22 S e As . (D MR g B
ReslRM R f . it T S8k, I8 i %
BORE B BE, B2 omn TR MR AR (B 4 A,
2013) ; QbR g 22 St 25 5w R R, U
FZERB/IN, FLBE ST AR ORI B 0] BT I G R TN, 4
WEZREW S, BTS2 HN 2% 28 K
HEATHI RN S5 K/NFI 22 e (AR T, FEF
&L 2014), SR, ZARBOFAGEE WM 78
IR 125 . TR R F) 22 W Fp S PR 22 5 BRI
BT UUR A A W B R AT Rk /KR
TR (IR SE, 2015), [RIREPRIETE &
A B GER A BT RR S UE AT R T R TIN, RS
& IE A I ) 25 5% R 80, TR 1 -1 ) 5 #8
R (A 8), N SRR, N2 RAE
RS WmTILZES X Qo, M1 Ac B T &
Ko E/NKE R B R/N 22 85, X 1 G I A
MR HA TR M @Ac A - )Z AL R 7
RZS, BT 2 Mr 4 4% 4E 0 P R B M B R

JH S P $ bR

M1 ZE R

; < )
\/ ‘\| <2 ™~

) <

| 1< <
1% =1 & [ 1% (=]
I K8EH B IS )

B 5 ARIEI S ETASHMNEEFEKR

O IER KN ) 257 R 5K, A (8) A&
AT e 1 Bl A i J2 BRI, W 22 5 0 ) TE A
KGR FEOF N G A AU B A BEE, i it
X B S e 1N g 55 0 ) 3 AR R 7 AR Y Y
[F) 73
K =(o,, —0,.)/0, (7)
o=lglo, x (o, -0,,)] (8)
Kb, KN 225 28, LM, o Wi/PhK
FEN ST, MPa; o I 25486, TEHN,

3 BE WO F R A

WAL 2 RO EE ST B8 i, 42 R 5 1L ik
Jitko T e S R R A A B S, Al
HEEG NP —I80r; y—TJrm, BT ARSREA
PRJZ LAY R, e S2E 1 0 ) 22 4 Am i R
FRA AN R] a0 A 3 A {4 U R B AN
FTFHEE R (K) . Wik, -2, R
AR AR I SRS 2 e A
AR A Wy A SRS T AT N ) 25 SR AR B BT
S S I AR TS 2 DR S N
{H), B MBERTR/ N T T4 69 i /N 2 B R
il AT R 2 50 oL, IIZRAE ST (151 5)
SRR MEYE SR R S (B WA )
BEEEATHE . NS SR AL, KR AR,
A AR 2 A, BRI IR SIS A
Vet 9, A A7 eI 5, W aE o X LB S
TOC 4% HAT B fifk £ 10 0 19 L 7 4 D dme 2 1 T 2R
JERL, ST, Wi PTIE AR FE SR, IR AR
— AT PONELE, RN HTA Y, T
PEFEAR/INT 1,250 N1 22 AR AR/ T 3.0 oA Ak
TR

7
| -
1 LI LR i
R

Fig. 5 Targetwindow chart by identifying the logging interpretation curves
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Fig. 6 Predicted spatial distribution of network-fracturing target window in the Changning Block
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Fig. 7 Relationship between micro-seismic events and layers of group wells in the blocks A, B and C
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