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Study on speed-up of PDC bit in deep highly
abrasive formations of East China Sea
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(1. SINOPEC Shanghai Offshore Petroleum Company, Shanghai 200120, China; 2. School of Mechanical
Engineering, Southwest Petroleum University, Chengdu Sichuan 610500, China)

Abstract: The H3 Formation of the HG Group in the ZZ Block, East China Sea, is characterized by the development
of thick, highly abrasive sandstone sequences. This challenging geological condition leads to a low rate of penetration
(ROP), short footage per bit, extended drilling cycles, and consequently high operational costs. To improve drilling
efficiency and shorten the drilling cycle, this study conducted systematic field trials based on a comprehensive analysis
of formation characteristics and historical bit performance records, investigating the impact of bit size, cutter layout
parameters, crown profile selection, and PDC cutter type on drilling performance. The results indicate that within the
H3 Formation, ©215.9 mm bits demonstrate significantly superior performance in both ROP and efficiency compared
to ®311.15 mm bits. PDC bits with a deep inner cone crown profile exhibit stronger aggressiveness and achieve a
higher ROP. Furthermore, axe-shaped cutters experience significantly less wear compared to conventional flat-faced
cutters, effectively increasing footage per bit. Additionally, rotating cutters substantially improve cutting edge
utilization and heat dissipation, enabling a breakthrough of 1250 m in a single run. These findings provide an effective
technical solution for enhancing drilling efficiency in the highly abrasive formations of this block, offer vital technical
support for oil and gas exploration and development in similar offshore formations, and hold significant importance for
safeguarding national energy security.
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Fig.1 Uniaxial compressive strength curve and geological stratification of three exploration wells in ZZ block
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Table1 Usage records of bits in H3 and below formation in HG formation of early exploration wells in ZZ Oil and Gas Field

WH &k RSF/mm B S AFHRE/m WIHEE/m #ER/m m(f%ilf/ TADC 41 5 %
ST616 3385 3671 286 4.78 1-4-WT-A-X-I-BT-PR
CK406 3671 3820 149 3.31 1-2-WT-A-X-I-NO-PR
S SKFX616M 3820 3848 28 2.66 0-1-WT-A-X-I-NO-CP
72 SKFX616M-2 3848 4129 281 3.44 1-1-WT-A-X-I-NO-TD
CK406DW 4129 4392 263 5.9 2-3-WT-A-X-1-CT-PR
2 QD506FX 4392 4800 408 5.26 1-2-WT-A-X-I-NO-TD
SKFX616M 3580 3691 111 8.04 1-1-WT-A-X-I-NO-CP
SKFX616M-2 3829 3997 170 6.05 1-1-WT-A-X-I-NO-CP
7 2109 SKFX616M-3 4024 4244 220 4.21 1-2-WT-A-X-I-CT-LOG
TM1365R 4248 4423 175 2.75 2-4-WT-A-X-I-CT-TD
ST317 3503 3813 310 4.83 1-2-WT-A-X-I-CT-TD
S MSI616VH 3813 3958 145 5.43 1-1-WT-A-X-I-NO-CP
77-3 TM1663WX 3958 4277 319 5.97 1-1-WT-A-X-I-NO-TD
215.9 CK406XL 4297 4347 50 1.93 1-1-WT-A-X-I-NO-PR
MSI616UB 4347 4459 112 4.04 1-1-WT-A-X-I-NO-TD
DP506X 3566 3784 218 3.46 1-4-WT-A-X-I-CT-PR
1115 ST616 3784 3820 36 2.69 1-5-RO-A-X-1-CT-PR
CK506KS 3820 3833 13 1.02 1-5-RO-A-X-1-CT-PR
274 MSI616VH 3833 3916 83 1.83 2-8-RO-A-X-I-WT-TD
MDSI616L.B 3916 4035 119 6.93 1-1-WT-A-X-I-NO-DST
213.7 DP506 4035 4262 227 4.43 1-8-RO-A-X-I-WT-PR
MSI6161LB-2 4262 4500 238 4.66 6-4-BT-A-X-I-WT-TD
311.15 154.9 3.3
F-HH
215.9.213.7 201 5.0
- 311.15 113.9 1.4
PR 22
215.9.213.7 100.1 1.7
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215.9.213.7 50 1.93
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215.9.213.7 408 8.04
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Fig.2 Vertical projection of superimposed strata of well bore structure and trajectory of ZZ—-AS and ZZ-A7
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Table 2 Bit usage records in HG formation in ZZ-AS5 and ZZ-A7
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Table 3 Records of bits with different crown shapes in H3 formation of HG group in Well ZZ-AS5

sk Rf/ AT H IR il 1/
g PR i s R TR gy PR I AR
mm B /m J¥ /m (m-h™)
U616S 3798 3921 123 5.63
TS516 3921 4102 181 4.24 K £ (160° P9 HE)
77-A5 311.15 -4 152 4.94
HP636MI 4102 4406 304 5.07 )
TPAFE I 2R (140° P 4
HP636MI 4406 4453 47 8.53
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Fig.6 Rock-breaking state and stress distribution

of cylinder and axe-shaped cutter
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Fig.7 Wear of HP636MDA
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Fig.8 Bit usage in H3b of HG formation in ¥215.9 mm drilling of five wells
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Fig.9 Utilization ratio, friction heat distribution and

wear performance of fixed cylinder cutter
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Fig.10 Structure of rotating cutter
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Fig.11 Wear of bits equipped with rotating cutters

12 EREHLERER
Fig.12 Wear of drill bits equipped

with axe-shaped cutters

R H 5 F R AR R e e 15 1 AR R OK, B
e EIUTH T B R RO B4 B T AR F
A, G BIESE AT BUKE 0215.9 mm R616 4k A
B O16 mm Jig 7% 15 B 3 5 D19 mm e 5% V5, B BB
) ZR619 e i 14 4 3k , I 76 ZZ-A3H J 0215.9 mm



104 BhiR T 7

2026 %5 H
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[ 5 I A Bl Sk P 3R AR & T 58.73% , M ©
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A11.727-A12.77-A3H J HG 4 H3b #b )2 0215.9
mm &3k FHiC R WL E 4,
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Table 4 Bit usage records in H3b of HG formation in Well ZZ-A11,ZZ-A12,and ZZ-A3H

W5 Bl kA LIRS Bt HB/m HER/m HUAR&SEE/(m-h) JE 8T 4%

77-A11 5325~6008 683 14.48 1-3-WT-A-X-1-NO-TD
7Z7-A12  HP636MDA (@16 mm %% 5008~5900 892 18.18 1-3-WT-A-X-I-NO-PR
RS 787.5 16.33

77-A11 4730~5325 595 10.92 1-3-WT-A-X-I-NO-DTF
7Z7-A12  R616 016 mmBEF % 5900~6600 700 14.73 1-2-WT-A-X-I-NO-TD
FEME 647.5 12.85

77-A3H 7ZR619 019 mm et 4240~5490 1250 16.78 2-5-WT-A-X-I-CT-TD

4 #ig KM 0215.9 mm MR, 76 7€ 1] 28 e )2 R S i
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BRI . A R TE H3 S DL R 2 A Al ik
R T B T 27 X 5l =058 U8 0 T R SR
AR ST B B E  E a  Sk RSE A R S8
Ko R 3k Yt AU AE T, JF R T B X HG 41 H3 K
PLR M2 B8 AR 5T, A3 20 LR £ 8458

(1)7E HG 46 H3 #1 )22 , #H 1L T ©311.15 mm 4h
R 02159 mm g Sk 5B Bl RCFHILAK Y 53
S R 236 %0 F192.83 %6, 4 L 1E % WY b, K 4
T

(2) B A S 5 PDC %3k 76 H3 5 A S 1 b )2
rh I X R R ML BB T O AT A ARRE K

(3) B HA MU 19 3D B 450 B 1L 57
T 14 59 VIR J =Xl A8 o 8 U0 -+ B R i e o, 7
77 XY HG 4 H3 /0 5 12 A, LS 1 4 5 i
BN A RUE R T B SR

(4) K Bl Sk va B 401 DX 3 1Y) [0 7 145 5 o Oy e %
P, AN A RE B U0 IV G R 3R I BE A3 OB AR
B, Sk T R HR s Sk A . fE ZZ KHLHG
21 H3 B A R FH S8 30T — il ok i R 28
PN T UET 2 & R EE - LS  7 W N

BT AT S A A 56 2538 R 5 B2 1 727
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