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Figure 1 (Color online) Schematic diagram of spontaneous imbibition
measurement apparatus.
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Table 1  Statistics of the experimental samples
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Figure 2 (Color online) The curves of imbibed water per unit mass with times for different samples. (a) Water imbibition curves for different shale
samples; (b) typical three segments water imbibition curve for shale sample.

@ . — ®) !
i y/,:"(" ———————————— I %’ ____________________ _:.. --------------
B[ e | B ;
% E SRIBAREM, o ‘%ﬁ I:
BIREE : He :
i i
0 BRI 0 BIREYIE log (D)

B3 (MO E)BR IR K. () B2, (b) X H bR

Figure 3 (Color online) Schematic diagram of imbibition curve. (a) Cartesian coordinates; (b) logarithmic coordinates.
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Figure 4 (Color online) Comparison diagram of imbibition capacity
for different samples.
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Figure 5 (Color online) Comparison diagram of diffusion capacity for
different samples.
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Figure 6 (Color online) Curves of electrical conductivity with time for
different shale samples.
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Figure 7 (Color online) SEM images of different shale samples. (a) Chang-7 segment of Yanchang formation; (b) Longmaxi formation.
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Figure 8 (Color online) NMR monitoring of the imbibition process for samples from Longmaxi formation. (a) Sample 1; (b) sample 2.
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Figure 9 (Color online) NMR monitoring of the imbibition process for
shale sample from Chang-7 formation in Yan’an.
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Figure 10 (Color online) Changes of permeability and water content with imbibition time in different rocks. (a) Shale sample of Longmaxi formation
in Baojing area; (b) shale sample of Chang-7 segment of Yanchang formation in Yan’an area.
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Figure 11  (Color online) Figure of water saturation for different shale
gas reservoir.
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Figure 12 (Color online) Formation pressure coefficient change with
flow-back rate through simulation.
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Table 2 Comparison of dynamic imbibition parameters for different shale gas formations
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Figure 13  (Color online) Grading evaluated results of water-block re-
moval capabilities for different shale gas formations.
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Imbibition characteristic of shale gas formation and
water-block removal capability

SHEN YingHao, GE HongKui*, SU Shuai, LIU DunQing, YANG ZhiHui & LIU JunRong

Unconventional Natural Gas Institute, China University of Petroleum (Beijing), Beijing 102249, China

Large scale hydraulic fracturing is one key technology for shale gas development. Thousands of liquids are pumped into
shale formation. However, fluids flow-back rate is surprisingly low for same cases, which is always lower than 30%. The
production is not influenced too much by the low flow-back rate and some of these wells even have higher productivity.
This phenomenon cannot be interpreted by conventional theory, in which gas will be blocked seriously by the water.
It indicates that shale formation has water-block removal capability. Experiments are proposed around this fracturing
imbibition issue including water imbibition and solution conductivity online test, nuclear magnetic resonance tests with
water imbibition and pulse decay permeability tests with water imbibition. The interaction between water and shale and the
dynamic effect are analyzed to make clear the relationship between water imbibition and water block removal. Fracturing
fluids are imbibed into the formation matrix and complicated physical and chemical effects happen between fluids and
shale. There are huge differences between different shales including the imbibition capacity, diffusion capacity and ion
exchange capacity. The imbibition capacity, diffusion capacity and fracture induced capacity are the main factors affecting
water block removal capability. Pressure enhancement, Liquid diffusion into deeper matrix and micro-fracture induced by
water-rock reaction are treated as the main mechanisms of water block removal through the study. A water block removal
potential valuation methodology is proposed taking account the initial water saturation, imbibition capacity, diffusion
capacity, fracture induced capacity and clay chemistry effect. The water block removal potential can be evaluated by the
water imbibition, nuclear magnetic resonance and plus-decay permeability tests. A grading evaluation of typical shale gas
formation is proposed based on this method. The work is the pioneer study analyzing the water block removal mechanism
and controlling facts, and it is valuable to make clear the shale gas productivity factors and put forward guidance to shale
gas reservoir stimulation.

shale gas, water-block removal, fracturing fluid, imbibition, mechanism
PACS: 47.56.+r, 47.55.Ca, 47.55.nb, 47.55.dr
doi: 10.1360/SSPMA2016-00538
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