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Abstract

It is of marked importance for drilling to understand the physicochemical mechanism and me-
chanical characteristics of frequent instability occurrence of borehole at Chang 73 formation in
Ordos Basin. The physicochemical mechanism of borehole instability at Chang 73 formation was
analysed by the scanning electron microscope (SEM), X-ray diffraction, rolling recovery and zeta
potential test. The results showed that rock bedding, microcracks and microfractures were de-
veloped and the content of quartz in mineral components was the highest (average 28.33%), fol-
lowed by clay minerals (average 18.5%), in which clay minerals were mainly Iraq/Mongolia in-
terlayer (average 62.67%) and illite (30.33%), belonging to typical hard brittle shale formation.
The recovery was 97.32%~98.62%, the CST capillary test was 13.65 s~20.67 s, and the absolute
value of zeta potential is between 8~22 MYV, indicating its weak hydration dispersion. Physico-
chemical analysis showed that the wellbore instability of Chang 73 formation was mainly due to
the change of shale structural force caused by the penetration of drilling fluid into the formation,
leading to peeling and block falling. The results of rock immersion by the different drilling fluids
showed that after the filtration entered the microcracks illite and Montmorillonite reacted with
the solution under alkaline conditions, which changed the mineral compositions of bedding surface
and reduced the friction performance of microfracture surface, thus affecting the rock strength.
Among them, the variation range of rock mechanical parameters was the largest after soaking in
water-based drilling fluids, reduced by 32.40%. The mechanical parameters of rock tended to de-
crease with soaking time, and the reduction ranged from 11.11% to 36.81%. With the increase of
soaking time, the stress intensity factor at the tip of microcrack increased, the critical fracture
toughness decreased, and the crack was inclined to expand.
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Figure 1. Core of Chang 73 member of Yanchang formation in the
southeast of Ordos
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Figure 2. SEM results of Chang 73 shale rock sample
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Table 1. Analysis results of whole rock minerals of Chang 73 shale (%)
1 KBRNERLET MHINER(%)

% 5 A% WRn KA BKa A Aasa BB B Tiha KMt

4-12/53 22 - 11 12 4 - - 34 - 17
4-19/53 23 - 8 7 3 - 5 16 11 27
5-20/58 27 9 - 15 2 - 3 18 2 24
5-30/58 23 - 22 27 - - 2 9 3 14
5-41/58 25 - 15 18 - - 1 21 - 20
6-18/57 50 7 - 15 10 5 3 1 - 9

Table 2. Analysis results of clay minerals in Chang 73 shale rock (%)

=2 K3 RTERMLIT MR (%)

95 IR A (K) Ze41(Ch) PRI () PZRZWS)  FHERIEZ H(%.S)
4-12/53 0 3 33 64 17
4-19/53 0 3 21 76 15
5-20/58 0 5 40 55 15
5-30/58 0 4 25 71 20
5-41/58 0 5 35 60 13
6-18/57 5 17 28 50 20
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Figure 3. Hydration properties of Chang 73 shale
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Table 3. Zeta potential comparison

%% 3. Zeta BB X EE

Zeta HAL/mV

W' -
Zeta HIAZIMH S britE 22

4-12/53 -1426 -13.74 —13.00 —13.66 +0.63
4-19/53 -14.60 -15.42 -16.52 —15.51 + 0.96
5-20/58 -19.53 -21.18 -20.44 —20.38 +£0.82
5-30/58 -16.52 1252 -15.85 -14.96 +2.14
5-14/58 —7.97 -9.98 —7.80 -8.58+1.21
6-18/57 -20.81 -20.76 —22.41 —21.32 £0.93
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Table 4. Changes of core mechanical characteristics under different drilling fluid immersion
4 TEHHFRZETE L NFZFETLER

B BRI 5 EE/MPa PR E/MPa TR L K% F1IMPa W BEE A1
SR 150.31 17089.15 0.28 26.1 35.6
TR R H 101.61 9460.51 0.19 20.3 26.7
IR 125.92 13370.14 0.26 25.1 332
e Ve RE RS 111.4 9144.1 0.22 22.6 28.1
BE I 118.83 13373.68 0.23 24.1 29.3
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Figure 4. Tensile fracture of rock sample after
soaking in drilling fluid
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Table 5. Changes of core mechanical characteristics after different soaking times
F* 5. AERBEHERES L HFEFEELER
RIS [a)/R PR GREE/MPa SEPERUR/MPa THIAEE K% J1/MPa W EERE ST

0 150.31 17089.15 0.28 26.1 35.6

1 133.59 14964.6 0.24 25.3 34.1

3 119.63 11863.2 0.23 24.6 33.2

22 94.98 9460.51 0.19 20.3 26.7
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