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Research and application of chemical gel wall protection and plugging

technology in fractured zone formation drilling
PENG Boyi, YU Peizhi’
(China University of Geosciences, Beijing 100083, China)
Abstract: In view of hard rock drilling difficulties in fracture zones during ocean drilling, and with the summary of the
main technical difficulties and solutions in drilling of the fracture zone formation at home and abroad, this paper analyzes
the characteristics of the fracture zone formation often encountered in the construction with regard to field cases, and
proposes a new idea of applying chemical gel technology to solve complicated problems in fractured zone formation.
The basic formulation of the chemical gel system suitable for different formation temperatures has been developed.

Through orthogonal experimental design, a complete operation procedure for high temperature resin gel wall protection

has been formed for deep-sea drilling.
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Fig.1 Cores from broken formation
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Table 1 Orthogonal experiment formula for

chemical gel plugging slurry

- PSS EE | S | I Wi i 2 4 B Jig i1
A/ % B/% C/% D/ % /%
1 6 1.5 6 6 5
2 8 2 8 8 5
3 10 2.5 10 10 5
4 12 3 12 12 5
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Table 2 Orthogonal experiment of chemical gels at 30 ‘C

i BIFMA/ G ZRBERIB/ %0 WUBSGN C/ % EIRFID/ Y% IgiE /0 WIEERT ] /min  ZEERFIE] /b BEREER B /mm
1 6 1.5 6 6 5 120 18 68
2 6 2.0 8 8 5 115 18 68
3 6 2.5 10 10 5 105 16 63
4 6 3.0 12 12 5 80 14 43
5 8 1.5 8 10 5 90 15 62
6 8 2.0 6 12 5 85 14 65
7 8 2.5 12 6 5 65 12 64
8 8 3.0 10 8 5 100 15 55
9 10 1.5 10 12 5 100 15 50
10 10 2.0 12 10 5 90 14 48
11 10 2.5 6 8 5 115 16 68
12 10 3.0 8 6 5 90 15 68
13 12 1.5 12 8 5 80 14 55
14 12 2.0 10 6 5 80 15 60
15 12 2.5 8 12 5 75 14 60
16 12 3.0 6 10 5 65 14 64
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Table 3 [Experimental data processing results of initial setting time of the chemical plugging agent at 30C

& Kl K2 K3 K4 K1 K2 K3 K4 R
BIRHIA 420 340 395 300 105.00 85.00 98.00 75.00 30.00
LI B 390 370 360 335 97.50 92.50 90.00 83.75 13.75
U C 385 370 350 315 96.25 92.50 87.50 78.75 17.50
WA D 355 410 350 340 88.75 102.50 87.50 85.00 17.50
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Table 4 Experimental data processing results of final setting time of the chemical plugging agent at 30°C

A% K1 K2 K3 K4 K1 K2 K3 K4 R
IR A 66 56 60 57 16.50 14.00 15.00 14.25 2.50
R B 62 61 58 58 15.50 15.25 14.50 14.50 1.00
B C 62 62 61 54 15.50 15.50 15.25 13.50 2.00
WA D 60 63 59 57 15.00 15.75 14.75 14.25 1.50
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Table 5 Experimental data processing results of gel strength test for the chemical plugging agents at 30°C

K% K1 K2 K3 K4 K1 K2 K3 K4 R
BIFEF A 242 246 234 239 60.50 61.50 58.50 59.75 3.00
EHRH B 235 241 255 230 58.75 60.25 63.75 57.50 6.25
BB C 265 258 228 210 66.25 64.50 57.00 52.50 13.75
¥ D 260 246 237 218 65.00 61.50 59.25 54.50 10.50
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Table 6 Orthogonal experiment of chemical gels at 90°C
G5 RIEF A/ SZHERIB/ Y MUK C/ Y HIRAID/ % AR E/ Y% WIEERE/min S hIREE/mm 12 h3RE/mm
1 6 1.5 6 6 5 42 Y4 52
2 6 2.0 8 8 5 40 56 52
3 6 2.5 10 10 5 37 38 37
4 6 3.0 12 12 5 30 40 40
5 8 1.5 8 10 5 27 46 36
6 8 2.0 6 12 5 35 56 44
7 8 2.5 12 6 5 29 56 49
8 8 3.0 10 8 5 25 45 42
9 10 1.5 10 12 5 35 42 33
10 10 2.0 12 10 5 21 37 31
11 10 2.5 6 8 5 28 54 43
12 10 3.0 8 6 5 32 50 40
13 12 1.5 12 8 5 20 34 32
14 12 2.0 10 6 5 15 32 22
15 12 2.5 8 12 5 15 40 35
16 12 3.0 6 10 5 35 50 43
R7T O CHUEERFNEMBLRBIFLEER
Table 7 Experimental data processing results of initial setting time of the chemical plugging agent at 90C
K= K1 K2 K3 K4 K1 K2 K3 K4 R
BIFH A 149 116 116 85 37.25 29.00 29.00 21.25 16.00
SEHRH B 124 111 109 122 31.00 27.75 27.25 30.50 3.75
B C 140 114 112 100 35.00 28.50 28.00 25.00 10.00
WA D 118 113 120 115 29.50 28.25 30.00 28.75 1.75
®8 WCHFERASHEEIHHIELELER
Table 8 Experimental data processing results of 5h strength test of the chemical plugging agent at 90°C
(SN K1 K2 K3 K4 K1 K2 K3 K4 R
BRI A 191 203 183 156 47.75 50.75 45.75 39.00 11.75
ZEHRH B 179 181 188 185 44.75 45.25 47.00 46.25 2.25
B C 217 192 157 167 54.25 48.00 39.25 41.75 15.00
w7 D 195 189 171 178 48.75 47.25 42.75 44.50 6.00
R WCHFERFL2hEEIRHFELELR
Table 9 Experimental data processing results of 12h strength test of the chemical plugging agent at 90°C
K2 K1 K2 K3 K4 K1 K?2 K3 K4 R
BTIEAA 181 171 147 132 45.25 42.75 36.75 33.00 12.25
W B 153 149 164 165 38.25 37.25 41.00 41.25 4.00
B ) C 182 163 134 152 45.50 40.75 33.50 38.00 12.00
w3 D 163 169 147 152 40.75 42.25 36.75 38.00 5.50
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Table 10 Effect of chemical plugging agent composition on gelation time at 30C

i BIER/ o WG/ V0 NG/ % SRR/ e I/ 0 WIBERFIE]/min ZRBENS(E]/h BERCHREE/mm

1 12 3.0 12 12 5 55 11 44
2 12 3.0 15 12 5) 50 9 45
3 12 3.0 15 10 5) 72 13 50
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Table 11 Effect of chemical plugging agent composition on gelation time at 90C

Gits  REN/6 SBGN/ Y URR/ 6 SR/ 6 /% IEEREE]/min 12 h5& & /mm
1 12 3.0 12 12 5 25 36
2 12 3.0 15 12 5 18 33
3 12 3.0 15 10 5 35 40
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