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Figure 1 (Color online) The yield development trend of shale gas and
natural gas in USA
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tries in the world
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Figure 2 Multi-stage fracturing technology of horizontal well and
“well factory” mode (http://frack-off.org.uk)

KT 4 PKNAE R FIKGD I 272807 3). KGDAE
R 15 24 4% hy & 5 [ 0 19 - T IR 24 4%, 2448 1 5
TR AT, 7T (5 48K 1 Ak —FF- 1 R AR AR A, 220
B T ) 1 W ) B S AR v i AR v R g, A
A ] b S [ 9 B 1 400 2% i TR 4 4% W I s BEL 0 R i o
PRI In) B WA R R R, DT A5 H 4 I A% S 1Y
AR LA, AR S TR KN TFEE R L KEFRK J
JEZAE L. PRINAE Y [ R (5 248 ey 32 B ol 70 4 1Y
HZEE P, AWK EMEEY R, EXT
ZABEY J Jy 1) (1% 0 AN (5 A T Ak S T AR IR A
K A W L) R AR AN, A AE A K
N i 3 =1 51 |1 S A N A S g a

T R AR R BR A AE A e, AE R
MR K B B — 5 [ 3. A T i LT K )
FEZUHOR, 40l = iR A (P3D) I ] = 445 % (PL3D)
32 i AR P 3 YA R S e e S0 AR e A e AR AL,
TN Ry LG F A (B0 TR AR ) 17 A A, 3 S KGD A AU 3
B YR, HPKNEAR IRy R, sk T3
gy RUEN S| A 2455 = 8 S 1. (HP3DAAUT R 4%
P — e Bl , 7E 24 4% 3 i) ZE {458 R R I AN 3 .
S 301 % R S T = AR R TN R - T S 4% TR T )
FR AP, LS A A R s K
K HEERN A R AR, BOESENIRIR N EH 2
W, FLUTEETE )y M o . AR T 1 i e S

@ ——=—— ©) cmm— D —

WA
-

<
L —
EDD "
X |

1
L
et

we(hy)
hy

B 3 PRkl EREADRE R (a) KGDEAY, (b) PKN
Fistl
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KGD model; (b) PKN model
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Figure 4 (Color online) Idea and construction of 3D volume fracturing theory
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Figure 5 Comparsion of the hydraulic fracturing response (a) and the
gas fracturing response (b) of rocks
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Figure 6 (Color online) Comparsion of the hydraulic fracturing failure
(a) and the gas fracturing failure (b) of rocks
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Figure 7 (Color online) Comparsion of the hydraulic fracturing failure
(a) and the gas-driven fatigue fracturing failure (b) of coal
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Table 3 The composition and distribution of gravels in glutenite
cores
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7~9 24
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Figure 8 (Color online) The spatial distribution and form of fracturing cracks. The imgaes in columns represent the results of different horizontal
stress ratios oy/oy, i.e., 1:1, 1:1.3, 1:1.5, 1:1.7 and 1:1.9. The vertical stress is 20 MPa and the minimum horizontal stress is 10 MPa. The first row

shows the appearance of the fractured samples. The second row presents the CT images of the fractured samples. The third row demonstrates the recon-
structed models of the crack network of glutenites, in which the gray parts are matrixes, and the white parts are mineral particles in models
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Shale gas has become a preferably alternative energy resource and national strategic goal for many countries for its noticeable
advantages, including huge reserves and potentials, green, and broad distribution. Successful exploitation and utilization of shale gas
has profoundly impacted global economy, regional politics, and even military strategies around the world. China holds the largest
amount of recoverable shale gas reserves in the world. The shale gas recoverable reserves of China rank firstly in the world. However,
most of the shale gas formations in China are low-permeability deposit and in conditions of geological complex, tectonic active, and
lack of water, which makes the exploitation of shale gas difficult using the current methods. It is imperative to renovate the methods
and techniques for stimulation of shale gas formations and to establish theory and technology for achieving high-efficiency
exploitation and utilization of shale gas in China. This paper briefly reviews the adopted methods, principles, intractable issues and
challenges in reservoir fracturing. A promising reservoir stimulation idea, i.e., 3D volume fracturing, and its principles and technology,
are proposed. The volume fracturing of shale rock is defined as a three-dimensional fracturing process from the mechanics point of
view, taking into account the interaction, growth, bifurcation between internal pores, inherent joints or cracks, and artificial fractures of
reservoir rock under complex geostresses. The volume fracturing of shale rock is a failure process featured by large scale, multi
cracking, high strength, and intensive energy release. The paper preliminarily frames the 3D volume fracturing theory from the aspects
of 3D fracture modes, growth mechanism, interaction between artificial fractures and structural cracks, crack networks and
development, loading type, modes and media for realizing large-scale volume fracturing, visualization of 3D fracturing process and
computing programs, and stimulation implementation. Based on the early laboratory and field tests, we discussed the key scientific
issues and technical challenges in realizing this promising stimulation technology for shale gas reservoirs.

shale gas, reservoir stimulation, fracturing, volume fracturing theory, technical measures
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