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Gas-injection measure and the key technique using additive casing
in underbalanced horizontal drilling
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Abstract: The use of the gas-injection underbalanced drilling(UBD) in horizontal wells or high-angle deviated wells is one of the sig-
nificant aspects to broaden the UBD application. Currently, gas-injection measures include mainly the drill-string gas injection and
annular gas injection. When the drill-string gas-injection measure is used, the conventional downhole dynadrill and mud-pulse meas-
urement-while-drilling(MWD) tools usually can not work normally. while existing annular gas-injection measures, such as parasitic
casing and dial casing, are not applied widely due to higher cost and many technical problems. Thereflore, combined with the theory
and practice of underbalanced drilling and horizontal wells, the present paper proposed a new annular gas-injection measure with atta-
ched casing, and its key techniques, including the design of advanced gas-injection casing head, the proper size design of casing and
bit series, and the depth calculation of the annular gas-injection point, were theoretically analyzed and verified. This gas-injection
measure solved some special problems in drill-string gas injection, constituting a set of {easible annular gas-injection underbalanced
drilling techniques for horizontal wells.

Key words: underbalanced drilling(UBD) ; horizontal well; gas-injection measure; casing: advanced casing head
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Fig. 1 The gas-injection measures of aerated fluid drilling
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Table 1 The suitability of each directional surveying techniques

in different drilling fluid
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Fig.2 Principle of annular gas-injection through

special string
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Fig.3  Wellbore structure of deepening surface casing
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Fig.4 Wellbore structure of widening casing program
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Fig.5 New casing head setup for double casing string

gas-injection
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Table 2 Conventional wellbore structure programs for additional casing gas-injection

B I B 251 34 /mm LKIZEE/mm HAREE /mm W I E &/ mm P EE /mm
- EERF 762. 0 508. 0 339.7 244.5 177. 8
b6
HHR R ) 914. 4 660. 4 444.5 215.9/212.7
EERF 762. 0 508. 0 339.7/244.5 177. 8 127.0
wIt " ”
FHIR R ) 914. 4 660. 4 444.5/311. 2 152. 4/149, 2

% R — P AREE GRIOBWDKF BEE.g/em’ 0. NEEMEZHEFE g/cm’.
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3.3 FERERRERITERR ¥ B HRAR B4 02 B0 B A TR SO O AU
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RE, 244.5 mm, NN 220. 5 mm, g H 0. 96 m’ /min, £

B 5 I3 25 K 07 2 3, SR TE AR AR 3 JEH 3mPass, B 1. 05 g/cm’ - H 55y 2 m/h,
B0 ARG R B 28 TR RS 7 A I R R R A T HIE P EAN Amm, GB R 2. 6g/cm’, 1 [H]
SRR A S E IR 7S R B & 100 kPa,
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Table 3 The change of gas volume inflowing rate with bottom hole pressure drop

under different annular gas-injection point depth

A S TE 1 F3E i JE J7 % /M Pa

A
PRI 0" 5" 10° 15" 20 25" 30" 35" 40° 45" 50"
" Pin Pn Al P Al Pe APy P AP P APs Pe APs P AP Pe AP Pao AP P A
300 312 1.7% 1.3% 1.3% 1.74 1.14 1.98 1.00 2,12 0.91 221 0.84 228 0.79 2.33 0.76 236 0.74 2.38 0.72 240
600 6.23 421 2,02 3.45 2.78 2.96 3.27 2.61 3.62 2.35 3.88 2.15 4.08 2.00 4.23 1.87 4.36 1.78 4.45 1.70 4.53

900 9.35 6.90 2.45 5.87 3.48 5.15 4.20 4.64 471 4.24 511 3.90 545 3.63 572 3.40 5.95 3.21 6.14 3.06 6.29
1200 12,47 9.70 2.77 851 3.96 7.61 4.86 6.93 5.54 6.40 6.07 5.96 6.51 5.58 6.89 5.25 7.22 4.98 7.49 4.74 7.73
1500 15.58 12.56 3.02 11.28 4.30 10.26 5.32 9.46 6.12 8.79 6.79 8.24 7.34 7.77 7.81 7.36 8.22 7.01 8.57 6.69 8.89
1800 18.70 15.45 3.25 14.10 4.60 13.01 5.69 12.12 6.58 11.37 7.33 10.72 7.98 10.15 8.55 9.66 9.04 9.25 9.45 8.87 9.83
2100  21.82 18.34 3.48 16.94 4.88 15.80 6.02 14.85 6.97 14.03 7.79 13.31 8.51 12.68 9.14 12.12 9.70 11.63 10.19 11.20 10. 62
2400 24.93 21.25 3.68 19.80 5.13 18.61 6.32 17.61 7.32 16.74 8.19 15.97 8.96 15.28 9.65 14.66 10.27 14.12 10.81 13.63 11. 30
2700 28.05 24.16 3.89 22.67 5.38 21.43 6.62 20.39 7.66 19.48 8.57 18.66 9.39 17.93 10.12 17.26 10.79 16.67 11.38 16. 14 11.91
3000 31.17 27.07 4.10 25.54 5.63 24.27 6.90 23.19 7.98 22.24 8.93 21.38 9.79 20.60 10.57 19.90 11.27 19.26 11.91 18.69 12.48

o B SR R m®/min,
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