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Abstract: In order to quantify the effect of water saturation on sand production, a series of core tri-axial testing was performed u-
sing 27 cores from a medium strength sandstone reservoir in an oilfield abroad, in which different water saturating time and water
saturation at various surrounding pressure were applied for the measurement and analysis of the failure strength, elastic modulus,
Poisson ratio, cohesive force and internal friction angle of the rock samples. The variations of rock strength at different water satu-
ration conditions were revealed in the experiments. Based on the experimental data, an empirical ultimate strength exponential
model was fitted to quantify the relationship of rock strength and water saturating conditions. The results indicate that the failure
strength of the rock samples and elastic modulus decrease obviously with water saturating time varying from O to 50 d, and can drop
to 70% of their initial value under water saturating time of 50 d and surrounding pressure of 40 MPa. With water saturation chan-

ging from 0 to 100% , the compressing failure strength, elastic modulus and cohesive force decrease dramatically at the early stage,
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then slowly to a stable state, the final dimensionless strength ratio of which is about 72% . The empirical model can be further used

for the prediction of dynamic sanding behaviors. The increasing water saturation to 0. 85 can cause a reduction of the critical san-

ding pressure drawdown (CSPD) by 25% —30% . Meanwhile, a 30% reduction of the reservoir pressure can lead to 10% —-11% de-

creasing of the CSPD. The increase of water saturation and reduction of reservoir pressure in the Iraq reservoir studied can be the

main inducing conditions for sand production in the process of future production.

Keywords : medium strength sandstone; water saturation; water saturating time; rock mechanical parameters; tri-axial fail-

ure test; dynamic sanding prediction
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Table 1 Core samples for test

iy RE/m KE/mm BHE/mm 6 FE/MPa HUKE/%  HRUKERE/D g &
1* 3653.24 49.5 25 K- 40 30 40
2* 3669. 34 49.5 25 K 10 80 40
9* 3673. 81 49.5 25 K 10 100 40
12 3675.60 48.0 25 K 40 50 40
4% 3676.59 48.0 25 K- 20 30 40 ALK BE Z 4 R ikt
24%  3676.63 48.0 25 K 10 30 40 BE 3
25%  3677.05 48.0 25 K- 20 70 40
26 3677.50 49.5 25 K 20 100 40
27*  3653.05 48.0 25 FH 40 90 40
28%  3670.07 49.0 25 S 20 50 40
3* 3669. 60 49.0 25 K 10 50 40
7* 3672.63 49.0 25 K 10 50 30
15 3676.87 47.5 25 7K 20 50 20
16 3677.54 49.0 25 7K 40 50 40
17 3678.27 48.5 25 K 20 50 30 ENGL RG-SO
18%  3678.80 47.5 25 7K 40 50 30 ORIy
23%  3675.55 48.0 25 K 20 50 40
35 3677.96 48.0 25 FH 40 50 50
30 3672.07 49.5 25 MH 10 50 20
31 3673.74 49.5 25 MEH 20 50 50
6* 3672.40 50.5 25 7K 20 — —
8* 3673. 63 48.5 25 K 10 — —
10 3674.56 51.0 25 K- 10 — —
11*  3674.76 49.5 25 K 40 — — AR B
13%  3675.82 49.5 25 7K 20 — —
19 3669.66 49.5 25 K 20 — —
33%  3675.75 49.5 25 FEH 40 — —
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Table 2 Initial strength parameters test result
in prime conditions

R

i/ R/ PR

P

MPa %5 (g-cm™) GREE/MPa  Hi/GPa AL

0 10" 2.144 86. 193 11.969  0.214
g* 2.021 86. 802 13.304  0.313
6" 2.059 144. 300 15.003  0.341

20 19 2,152 135.730 14.778  0.340
13*  2.555 134. 943 16.794  0.374

40 33% 2,220 204. 606 14.249  0.257
1" 2.088 200. 230 17.263  0.304
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Fig.1 Pictures of 33 core sample before
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Fig.2 Stress-strain curve of 33" core sample
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Fig.3 Fitting of cohesive force and internal

friction angle
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Fig.4 Variation of tri-axial failure strength with water saturation in different confining pressure
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Fig.5 Tested elastic modulus and Poisson ratio varying with water saturation
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Fig.6 Tested cohesive force and internal friction angle varying with water saturation
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Fig.7 Tested tri-axial failure strength varying with water saturating time
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Fig.9 Tested tensile strength varying with

water saturating time
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Fig.10 Test data fitting of tri-axial failure strength varying with water saturation and time
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and reservoir pressure of four wells in N reservoir
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