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Numerical simulation and field experimental study on rock breaking
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JING Yinghua', YUAN Xinwei', JIANG Lei’, ZHANG Heng”, NI Hongjian®

(1. CNPC Xibu Drilling Engineering Company Limited, Korla 841000, China;
2. School of Petroleum Engineering in China University of Petroleum( East China) , Qingdao 266580, China)

Abstract: In order to improve the rock-breaking efficiency of deep well, a new high-speed rotary impact drilling assembly
mode combine with high-speed rotating PDM and percussion drilling tool was proposed. The dynamic fracture process of rock
under different working conditions of single PDC tooth was studied by numerical simulation and the filed test was carried out.
The results show that during rotary impact drilling, the depth of the PDC eats into the rock decreases as rotary speed increa-
ses, the forward resistance increases. The fluctuation is more severe, and the rock breaking efficiency increases. Also the bit
rotation speedis improved by the self-oscillation high-speed rotary drilling technology, which is combined with PDM and self-
oscillation rotary drilling tool. And the eating depth of the PDC teeth is improved compared to the single PDM drilling.

Keywords : rock breaking simulation; percussion drilling; PDM; self-oscillation; field test
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Fig.1 Physical model and its meshing of PDC
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Table 1 H-J-C material model parameters of concrete
G/GPa . A B c N D, D, K,/GPa K,/GPa
12. 61 7.0 0.79 1.6 0. 07 0. 61 0.04 1 85 -171
p/ (kg m>)  Pous/GPa Meorush Prock”/ GPa Miock EF .. f./GPa F, T/GPa K;/GPa
2240 0.016 0. 001 0.8 0.1 0.01 0.0371 -1 0. 003 208
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Fig.3 Forward resistance fluctuates with time
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Fig.2 Equivalent stress cloud map of rock at different times
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Fig.4 Rock elements failed at different speeds
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Fig.6 Rock elements failed under different impact forces
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Fig.7 Depth of PDC penetrating rock under

different impact force
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impact frequency
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Fig. 10 Depth of PDC penetrating rock under

different working conditions
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TH10435H F-H1 TH12272 H-#E47 T 35856 .

4.1 TH10435 #

TH10435H Sl PR F R 9 e 5% oh i B
FETE, AT 2 BBl 1804 ~6047 m,
Al B IE] SR 260. 6 h, I MRS 16.3 m/s,
B L 4« @250. 88 mmPDC + @203 mmZJXC +P197
mmPDM + @203. 2 mmDC + @248 mmSTB + ®177. 8
mmDC+ @127 mmHWDP +XO0 (411 x520) + P139. 7
mmDP, 55280 Bl % 40 ~ 100 kN, 5434 50 ~ 60 1/
min, H{EHE 31 ~32 L/s & 21 ~22 MPa, & H-0%
JE1.29 ~1.30 g/em’, 2 o TH10435H F-5 [T
i JZ2AH R Bl S B0 3 00 A8 B feff T MRAF
ELAHUES EO L, AT LA R 2 I R PR A
90. 5% , F-HAHE R IE 60. 9%

F2 RIEH TH10435H 548H TH10417X HLaEEEXTLE

Table 2 Comparison of ROP between experimental well TH10435H and adjacent well TH10417X

5 FHE/m AL E/h HUBALE/ (m - b7ty HUAREN SR SR/ %
S TH10435H 1 804 ~5 006 141.5 22.63 90.5
Xt et TH10417X 1804 ~4 994 268. 5 11.88
S TH10435H 5006 ~5 142 32.0 4.24 24.3
Xt TH10417X 4994 ~5 124 42.6 3.05
S TH10435H 5142 ~6 047 236.2 3.83 44. 4
X H I TH10417X 5124 ~6 047 348.3 2.65

4.2 THI12272 #

TH12272 H4hiE 2 1 2 RN GAS 5 R 4 I
5172 m I}, B A H ARG e vh i 8 TR 8
BSEETIF R 6318 m, M ffi H — & T H., 4l g i) 1]
167. 48 h, #1146 m, F-HHUMAELH 6. 84 m/h, Bl H
ZH45 . @250. 88 mm PDC+@203 mm ZJXC+P197 mm
PDM+@203. 2 mm DC+@®248 mm STB+@203 mm DC+

®177. 8 mm NDC+@177. 8 mm DC+P165.1 mm DC+
@127 mm HWDP+XO0(411x520) +@139. 7 mm DP, 3
3 4 T SEEGH TH12272 5 B 3 b J2 A4 () 4 FH 4l
FESHOHE 1 R0 FHAH ) - B B {48l L i ML
RCEN S X B BSOS 56 45 SR R B v B e 1l
TH12272 FHXT 5Ll A S8 AT 1 i 48 I TH12266 il
TH12256 , P32 AR 53510 35. 51% F145%

£3 RIH THI2272 51 FH TH12266, TH12256 HLH ¢4 RSt bk
Table 3 Comparison of ROP between experimental well TH12272 and adjacent well TH12266 and TH12256

TH12266 TH12256 SEEGHE TH12272
252 B ML HLA AL B4 B/ A ML
(m-h™") PEE/ % (m-+h™") EE/ % m m (m-+h™)
K,y 9. 06 140. 00 10. 71 103. 00 65 5201 21.75
i 4.59 294. 83 7.43 144.13 100 5301 18. 13
T;h 7.31 -10.12 4.14 58.71 155 5456 6.57
T,a 11.03 36. 68 4.63 225.92 190 5646 15.08
T,k 3.51 262. 64 4.64 174. 52 65 5711 12.74
C,kl 3.71 50.31 3.29 69. 49 227 5938 5.58
C,b 3.02 355.94 3.04 351.96 300 6238 13.76
D,d 3.87 -0.95 4.00 -4.25 78 6316 3.83
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