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Research on the Method of Improving ROP and Designing Drill Bits to Mitigate
Drillability of Bottomhole Rocks

LIU Yongwang, LI Kun, GUAN Zhichuan, BI Chenchao, HUO Yunru, YU Puwei
(School of Petroleum Engineering, China University of Petroleum (East China), Qingdao, Shandong, 266580, China)

Abstract: In order to solve the problems of low rock breaking efficiency of drill bits and low rate of penetration
(ROP) caused by great hardness, strong abrasiveness, high in-situ stress, and poor drillability of deep formation rocks, a
new method of improving ROP was put forward to release the in-situ stress and reduce the drilling resistance of
bottomhole rocks based on the analysis of existing speed increase technologies. Based on this idea, seven new types of
drill bits were designed: bottomhole stress-induced unloading drill bits, concentrated energy attack-type unloading
bottomhole stress drill bits, differential pressure drill bits, central differential pressure drill bits, drill bits under the joint
action of induced unloading and abrasive jet, stairs type drill bits, and coupled self-excited axial impact and induced
unloading rock-breaking drill bits. The ROP increase effect of two types of drill bits were verified through laboratory
and well-site experiments. The central differential pressure drill bit increased its ROP by 30.01% in laboratory
experiments, and the highest ROP increase in well-site experiments was 318.11%. The drill bits under the joint action
of induced unloading and abrasive jet increased the ROP of limestone and red sandstone by 59.0% and 336.0% in
laboratory experiments, respectively. The proposal of this method and the development of drill bits provide new ways
for the ROP increase technology in deep formation with poor drillability.

Key words: stress induced unloading; deep formation; rate of penetration; polycrystalline diamond compact (PDC) drill
bit; drill bit design
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Fig.1 Structure of bottomhole stress-induced unloading
drill bit
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Fig.2 Structure of concentrated energy attack unloading
bottomhole stress drill bit
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Fig.3 Structure of differential pressure drill bit
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Fig.4 Structure of center differential pressure bit
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Fig.5 Special central differential pressure drill bit for
laboratory experiment
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Fig.7 Comparison curve of torque of central differential
pressure drill bit
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Table 1 Field application result of central differential pressure bit
eI XF et
— BRI, %
= B Brm Hilt/h B EY(mh ) IS Bt Be/m il P EY (mh )
A-1 100.00~500.00 21.13 18.93 129.21
A 9.00~399.50 9.00 43.39
B-1 20.00~353.00 30.50 10.92 297.34
A-1 100.00~500.00 21.13 18.93 106.02
B 20.00~410.00 10.00 39.00
B-1 20.00~353.00 30.50 10.92 257.14
C-1 30.00~452.00 28.94 14.58 318.11
30.00~400.00 6.07 60.96
c Cc-2 20.00~380.00 18.72 19.23 217.00
C-1 422.00~650.00 6.74 33.83 52.56
400.00~651.00 4.86 51.65
C-2 360.00~650.00 8.23 35.24 46.45
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