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Design and application of personalized PDC bit for volcanic rock
formation in Longfengshan Gas Field

FENG Yunchun
(The Northeast Oil and Gas Branch, SINOPEC, Changchun Jilin 130062, China)

Abstract: The main reservoir of Longfengshan Gas field in Changling Fault Depression is distributed in Yingcheng and
Huoshiling Formation where the igneous rock 1s abundant. The high quartz content and abrasive nature of the reservoir
rock results in low ROP and short footage per bit, which greatly increases the non-productive time such as tripping and
bit changing and thereby seriously restricts the drilling speed. In this paper, the rock mechanic section is established and
corrected by the well logging data and the rock mechanics experimental study. A 6-blade shaped PDC bit was designed
for the volcanic rock formation in the block by PDC bit composite design and optimization. It has been applied in 3
wells, compared with other common PDC bits, the average footage is increased by 42.2% and the average machine
drilling speed is increased by 36 % , which shows a remarkable effect for drilling speed up and cost reduction.
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Table 1 Statistical table of whole rock minerals of Yingcheng Formation and Huoshiling Formation in Longfengshan Block

. REE/ N a¥/  wEka/ KA/ M Mt BB/ Axsal/
5 FE i JE AL
m % % % a/% o Mm% % %
. 4-47/54 3778.29  FEhEH 52.30 4.00 18.00 4.50 17.20 3.70
ALz 5-28/42 3871.40 K ATIAH 32.70 4.80 27.60 10.60 20.80 1.80 1.30
2-22/39 3544.81  Eyh4l 25.10 10.50 29.70 14.50 19.00 1
2-38/39 3547.37  EH¥4 26.60 14.60 32.60 9.20 16.20 0.8
3-8/32 3743.37 kA4 24.70 11.90 45.90 4.80 11.50 0.9
Jb 2%x-1 3-15/32 3745.08 kAL 23.60 9.20 45.60 8.90 10.50 1
3-20/32 3745.97 kALY 25.30 10.50 42.10 7.30 12.00 0.8 1.7
3-26/32 3747.21  KAHIEH 20.40 11.50 51.20 3.40 12.20 1
3-32/32 3748.58 K AL 23.90 11.70 48.10 1.40 13.70 1
YX5 3521.39 K ATIAH 21.60 8.20 48.10 1.50 18.90 0.2 1.4
b 2#%-2HF
YX7 3523.64 kALY 21.40 5.60 42.40 12.00 16.40 0.1 2.1
5-4/47 3093 IR 25.40 6.40 47.20 9.10 8.50 1.5 1.8
4t 2%7 6-34/57 3309 B 51.50 5.20 9.60 1.80 30.30 1.1
7-41/48 3521 KA 2 28.60 11.30 33.30 5.60 14.30 3.3 3.2
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A ATl e A R S BN AR S A M B R P AR
M, RALME A A 1 TR 50 A Z BRI — A 2
24 I A RO A Sk 7R — R 0 Bl 2%

AL e R DA E AT B . HBRCSY /T 5426—
2016 47 9 AR S H TR A A v B T E 4 )
ATl AR HEAT , IS T A PR (B 5.5~7 .59 (3R 2) .
1.2.2 A AFEESL R

A% 352 6 SR FH 04 52 06 5 1 IR B o A R S el 7

F2 ERLRREHA CNARHATHELE
Table 2 Drillability test of Yingcheng Formation and Huoshiling Formation in Longfengshan Block
Fe HOHS BE/m B Bl /N SHRPTTARITE S SR /s AT BRSO
1 521 %3
1 6-5/20 3468 HIR4 1000 47.4 / / 47.4 6.6
2 4-30/35 3512 EWA 1000 64.9 61.9 / 63.4 7.0
3 1-18/32 3560 EIA 500 134.4 23.5 67.9 75.3 6.2
4 4-24/35 3596 kAL 1000 94 .4 / 118.9 106.7 7.5
5) 1-20/32 3610 kA BA 500 64.5 35.0 40.8 46.8 5.5
6 7-5/48 3646 K AAA 1000 34.6 33.8 / 34.2 6.1
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Table 3 Reference standard for classification

of rock abrasiveness

T 15 28 5 T 24 ) BB/ mg

e ARG TR 5 1 0~1

2 1~5
IR S

3 5~0

4 10~20
Hh SERIF S 1 5 20~40

6 40~90

7 90~120
e BAF B 8 120~160

9 160~200
. v A s 10 200~1000

ERSEIR T 5 b ) v B e 46 78 T S b v TR T
e a0 ke T IR LR AR b B — 1R
B ARE B H ] 4 AT 1) 339 A A AT R AR 1)
A, — Al T D b 1 R AL o FE ) N
L2 A A1 R AR, T RN A8 e B e R T 9 3074
VERAENLAAE G5 2R IR 6, )8 T rh— @ PR s

R4 EEHEHENKER

Table 4 Test results of rock abrasiveness

g BOHE W /m B 1 7 4 5 41 B /e L L
1l 52 53 H/mg #iht/mg
1 6-5/20 3468 36.9 39.2 45.3 40.47 20.23 5
2 4-24/35 3596 78.6 130.7 86.4 98.57 49.28 6
3 4-30/35 35012 65.3 55.8 60.2 60.43 30.22 5
4 1-18/32 3560 45.3 82.9 54.3 60.83 30.42 5
5) 1-20/32 3610 65.4 96.4 89.7 83.83 41.92 6
6 7-5/48 3646 186.0 256.0 236.0 226.00 113.00 7
TE 7 SOOI 1 S92 30 4o P 4000022 V4 g A il R 2= S P iU IR L S R A A
x5 EAWENRKER
Table 5 Rock hardness test results
. H A P/MPa IR/
b HOGS W /m P 2w . VP 8 2 0 )
1 6-5/20 3468 1067 1186.05 1141.38 1131.48 5)
2 4-24/35 3596 1565.52 1672.41 1657.46 1631.80 6
3 4-30/35 3512 1077.56 926.78 1099.56 1034.63 5
4 1-18/32 3560 683.2 671.46 622.47 659.04 5)
5 7-46/48 3594 2232.1 1973.22 2107.31 2104.21 7
6 7-5/48 3646 1555.82 1616.76 1514.71 1562.43 6
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Table 6 Uniaxial compressive strength test

RN I/ m BUHE ELAR /mm WORAT 2 /KN FB TR R /MPa  BPERILEE/GPa JAMA L
4-24/35 3596 24.5 55.94 118.0 14.6 0.64
4-30/35 3512 24.6 107.5 14.3 0.4

1-18/32 3560 24.5 45.23 7.22 0.14
1-20/32 3610 24.6 98.6 9.54 0.02
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Fig.1 Stratum rock mechanical parameter profile of

Yingcheng Formation-Huoshiling Formation in
Longfengshan Block (vertical depth 2000~3850m)
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Table 7 Comparison table of bit selection

¥ AEGPERAE  PUETREE/MPa  BEESME/mg EESES /() PDC 4 3 & i
1 <4 <55 <20 <30° P13 19 mm E A KR PDC
2 4~6 55~110 20~50 30°~37° TLJIE 19 mm B4 HHA& PDC
3 5~7 110~170 50~80 37°~40°  ANF 19816 mm B & F 8k PDC
4 7~9 170~220 80~110 40°~42° N EJIFE 16813 mm & & KRR/ i1 PDC

b 64 XE T BT vh i BE T, AR B O T PDC 4, 4% 30
PEREIL 5 o

RSO e =8V T 5 6] 1A &1 i i - T 25 D
S I8 Vi BEAT Wi B2 AN b ol 2 RE X EE T A A
i FR dre /s Bt b OB L A% SRR O R LK 2,
S 25 R UL 8, T IAS SCBE T A = S Tk 1 fiE
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Fig.2 Tooth profile of each shaped teeth
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Table 8 Performance test results of shaped teeth
o mam emgg R EE
FE il i 28 W /um T /mm 160 O dr s/

A/ mm? w
=HAET 700~800 2.8 7.95 39.0
FIETL 700~800 2.5 10.35 26.0
WHLE KA 700~800 2.0 12.00 31.0
XM57(#E T 700~800 2.8 9.18 27.6
T 1)
XM53(#E 1 700~800 3.0 8.21 20.2
ST )
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Fig.3 Design of bit breaking line
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Fig.4 Bit gear design
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Fig.5 Diagram of nozzle arrangement and

bottom hole flow field
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FE B Sl IS SLE L2 9 F 7,
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AR Sk Al BOHE ok B O 2 4 Sk R 423.3 m,
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Table 9 @ 215.9mm personalized PDC bit usage statistics

. AW/ W%/ R/ digh/ ML / &R/ 0T 08 5 55k / Hiiw/ IR/
Pin= ) AT 5 [ o i
m m m h (meh™!) kN (remint) (LeS™H) MPa
4t 5-* 5155 5575 420 78 5.38 Al g 80~140 45~55 28~32 19~21
dt201-* 3498 4048 550 75 7.33 LR 80~160 45~50 32~34 23~24
b 2-= 3486 3786 300 73 4.11 P oE MR 80~120 45~50 28~30 20~21

Ty 4233 75.3 5.62
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Fig.7 Comparison before and after usage of the bit
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