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The Design and Field Testing of Two-Stage and Two-Speed Drilling Tools
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Abstract: In order to fully exploit the technical advantages of PDC bit in rock breaking, and to further improve its
ROP in low permeability formation drilling, a two-stage and two-speed drilling tool was studied and designed. A
numerical simulation method was used to establish the bottom hole petrophysical model during the two-stage and two-
speed drilling, stress field distribution and rock breaking/speed-up mechanisms of two-stage and two-speed drilling
were analyzed. The common structure of two-stage and two-speed drilling tool and its technical advantages were
presented. Based on the research results and field site requirements, the two-stage two-speed drilling tools for ¢215.9,
$241.3 and ¢311.1 mm diameter borehole were optimally designed considering flow rate, output torque and rotary
speed, drilling tool length, etc.. The tool was tested in 3 wells of Shengli Oilfield and it showed that the WOB, pumping
pressure and tool performance are stable, and the ROP is 80.37% higher than that of the offset wells with normal tools.
The designed two-stage and two-speed drilling tool presents a good comprehensive performance and can be used to
improve ROP in low permeability formation drilling with good application prospective.

Key words: two stage two speed drilling; polycrystalline diamond compact cutter; rock breaking mechanism; structural
design; parameter optimization; penetration rate; field test
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Fig. 1 Stress distribution of bottom hole rock distribution
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Table 1 Drilling data of NOV's two-stage drill bit and the comparison of ROP with conventional PDC bit

i3k A% /mm | BB #/(mh )
F5 W= /KN 3/ (r-min ) #Rm A ERE]/h
—ZEhsk T4k WAL PDC 45k
1 171.4 215.9 b 54~68 171.30 36.5 47 32
2 127.0 165.1 WU 9~14 487.30 109.5 45 3.3
3 177.8 250.8 WU 68~82 1101.60 118.5 9.3 6.4
4 171.4 215.9 WHITE  59~100 70 ~ 140 174.00 25.6 6.8 3.6
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Fig.3 Schematic of concentric split two-stage and two-
speed drilling tool
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Fig.4 Concentric split two-stage and two-speed drilling
tool designed by Baker Hughes
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Table 2 Casing program of Well Y66-X98

K Ak EARmm HRm £ HAZ/mm S T R /m
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Fig.5 Comparison of ROP between two-stage and two-
speed drilling tool in Well Y66-X98 and the
conventional drilling tools in offset wells
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