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Development and Performance Evaluation of an Organic Silicon
Water-Absorbing Expansion Selective Water Shutoff Agent
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Abstract: Water production from oil wells would result in sand production,bottom-hole flowing pres-
sure increase,flowing stop of the natural flowing well, underground equipments corrosion, and even more
serious accidents of oil wells. The application of selective water shutoff agent developed worldwide is limit-
ed due to their undesirable selectivity and high cost. Organic silicon active functional groups were intro-
duced into anionic,cationic and non-ionic monomer terpolymer through water solution polymerization reac-
tion,a new organic silicon water-absorbing expansion selective water shutoff agent was developed. In the
synthetic formula,it contains water 40 ml.,acrylamide 6. 2 g, methanesiliconic acid 5.0 g, 2-acrylamide-2-
methyl propane sulfonic acid 4. 2 g,tetramethylammonium chloride 1. 0 g,organosilicon coupler GL-1 0. 03
g.organosilicon coupler GL.-2 0. 10 g,K,S,05 0. 025 g,and NaHSO; 0. 05 g. The synthetic condition was to
reacte for 8 h under 60 °C. Test results of the performance evaluation showed that: new selective water
shutoff agent has good selective plugging ability for oil and water, water shutoff rate is more than 95%
while oil shutoff rate is lower than 10%. It can selectively seal high penetration throats and water layers
while have little damages to low permeability reservoirs. It also has high sealing strength, and its water
breakthrough pressure gradient is more than 10 MPa/m,which meets the engineering requirements of wa-
ter shutoff for oil well on-site.

Key words: producing water;organosilicon compound;selective water shutoff agent;water shutoff rate
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Fig. 1 Swelling times of the selective wate shutoff a-

gent in NaCl solution
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Fig. 2 Swelling times of the selective water shutoff a-

gent in CaCl, solution
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Table 1 Swelling times of selective water shutoff agent at dif-

ferent temperatures in NaCl solution

Nat [ ik it JE / R I
(mg+ L7H 25 C 50 C 80 °C
5 000 112 145 173
10 000 58 67 72
20 000 40 51 56
50 000 31 39 44
100 000 29 37 42

F2 AEBETRFEEKTE CaCL, BEPHBKE
Table 2 Swelling times of selective water shutoff agent at dif-

ferent temperatures in CaCl, solution

Ca?" R/ Ik
(mg+ L7H 25 C 50 C 80 C
100 172 160 155
500 120 122 116
1 000 94 98 82
5 000 71 69 74
10 000 33 30 28
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Table 3 Matching relationship between particle size and permeability of selective water shutoff agent
Ky/D $/pum p,/MPa Ki/D Ap/(MPa+ m™1) P,/ MPa K;/D 7, %
0. 886 30 0. 46 0. 291 15. 70 0. 98 0.000 17 99.9
3.762 60 0. 30 1. 276 3. 30 0. 86 0. 000 37 99.9
15. 044 90 0.01 6. 660 0. 83 0.17 0. 225 00 96. 6
13.199 130 0. 20 6. 336 0. 96 0. 03 0. 363 00 94.3
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Table 4 The shutoff effect in high/low permeability cores of selective water shutoff agent

BERRE Ky/D ¢/ pm p,/MPa V/mL Ki/D b,/ MPa K:/D 7. %
0. 844 30 0. 70 26 0. 200 0. 30 0. 0050 98

=0 0. 122 30 0. 70 25 0. 097 0. 30 0.000 5 99
1.163 80 0. 02 12 0.065 1 0. 14 0. 000 6 99

00 0. 180 80 0.02 10 0.015 2 0.14 0.006 2 59
4,206 130 0. 40 60 1. 533 0. 30 0.110 5 93

101 0. 415 130 0. 40 30 0.225 0. 30 0.082 1 63
13.199 130 0. 20 85 6. 336 0.03 0.3630 94

169 0.799 130 0. 20 13 0.120 0.03 0.0350 70
( 3.645 90 0. 02 30 0. 968 0.03 0.152 0 84
209 0.174 90 0.02 13 0.018 0.03 0.018 0 0
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Table 4 Plugging effect of the plugging agent on oil and water

Kwi1/D Ku2/D s Y0 Ko /D Ke2/D s %
0. 186 0.005 0 97.3 0.162 0. 147 9.6
0. 280 0.008 1 97.1 0. 244 0.221 9.6
0.675 0.001 4 99. 8 0. 587 0.531 9.5
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