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Research and application of special-shaped tooth PDC bits in
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Abstract: For the efficient development of oil and gas resources in Bayanhetao New Area, research has been conducted
on special shaped PDC bits. Based on well logging data, core assay and actual drilling data, the lithology analysis of the
strata in this area is carried out, and finds that the drillability of the strata in the deep Cretaceous and the Archean gneiss
strata is poor. The drilling results of special tooth bits in poor drillable formation in this area and the outer blocks are
investigated, and show that the footage per bit in Cretaceous strata below 5000m and the Archean strata is small with
low mechanical drilling rate, while drilling speed is remarkably increased in the Tarim Tahenan difficult area. The rock
breaking mechanism of plane teeth, axe teeth, polygonal teeth and conical teeth is compared and analyzed, which
provides theoretical support for subsequent optimization design of drill bits. Field tests were carried out on special-tooth
bits, which significantly improved the penetration and ROP compared to conventional PDC bits. Twenty-one of the
wells achieved “one-trip” drilling for the second well section with a total footage of more than 30000m. In short,
according to the formation drillability, to improve the drill bit and formation compatibility through the optimal matching
of plane teeth, axe teeth, polygonal teeth and cone teeth can significantly improve drilling efficiency.
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Fig.1 Drilling time of Well Jihua 1-1
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Fig.2 Drilling time of Well Jihua 1-2

3 B 4 3 AR 1-1 IR AR 1-2 R 2
AN TR BR 2 A BB B0 e 38 e sl K B B AN [ 5 Y
FESEM AR K BB L 1.

R ucs IFA W
/m [0 psia 100000[0 deg 90
=
200
300 =
400 =
500 =
600 :
700 — =
T
800
900 = g
1000
=

3 EHEL-1HFNHFEE
Fig.3 Logging data of Well Jihua 1-1
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Fig.4 Logging data of Well Jihua 1-2
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Table 1 Compressive strength and internal

friction angle data

Pils B SR B /M Pa P EE B £ /()
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Fig.5 Core and testing results
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Table 2 Experimental data of rock mechanics

* 5 FHOGy  KE/mm EHE/mm BEE/MPa HRISUEREE/MPa JARALL KR/ MPa NEEHEA/(C)
1-6/16-2 48.20 25.04 0 69.7660 0.210
FHE1 11.88 42.36
1-6/16-1 51.84 25.10 10 155.9713 0.204
3-1/6 52.30 25.00 0 73.8845 0.225
AL 2 12.92 41.42
9-5/10 52.66 25.02 10 155.6401 0.228
F3 IEESI1HREHLZITR
Table 3 Data of deep drill bits in Linhuacan—-1 well
Hi 3 RSF/mm i Sk 2 Y Bk Be /m STl b )2 R /m HUAR 38/ (meh ")
216 PDC %3k 4728.65~4868.76 EEZEA 140.11 5.84
216 L ENGTS 4868.76~4877.36 SEFA 8.60 5.73
216 PDC %3k 4877.36~4992.60 [EEZES 115.24 4.12
216 ETEREIDS 4992.60~4993.61 EEZA 1.01 0.20
216 EREPS 4993.61~5005.00 SRS 11.39 1.63
216 PDC %3k 5005.00~5158.00 SRS 153.00 1.46

212 Ky Fiub)z
R R KT AR AR RS al g 22, W

MPDC B LA AZ B . A AR 1 X H R ], 12 X B
TP T W M PDC 4k 7l 5, il e 45 R R 0T,
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HERUD R RO 8, Jim 39132 X5 bR 3t J= 24k
MRS, IR B el Sk =008 1 A PDC &
A2 ARk, HAFEIPUAMES AN 2] 4 m/h.
AR AT Gt S B LR 3 3.57 m/h,

S HER 160 m, Hod PDC 43k P2 3E R 82.9 m,
BB AL 3 3.59 m/ho A AR Sk CF k171
m, F B AU AG 3 3.54 m/h, 1 SEAE I I (2 4) AT L
F 1 PDC i 3k Rl 56 5 S MURURG 3R 35 A1, PDC )
S i B L ROAS & A 56 48 3k 19 50 %6 &

x4 WS HFRHBIE
Table 4 Actual drilling data of some wells

* 5 Hi 3k R5F/mm Bl 3o T Bt I B /m JIT A 1 )2 PR /m MUK 33/ (meh ™)
216 PDC 4fi 3k 484.66~587.16 Kty 102.5 3.62
JHZK5 216 EREBS 587.16~759 PN 171.84 1.96
216 EREBS 760.5~800 Kb 5t 39.5 2.08
216 PDC &3k 345~529 pNUR 184 5.41
216 UEEES 627~728 K 5t 101 4.04
Hel 216 PDC #fi 3k 728~942 Kifr 99 3.96
216 F ok 827~942 Kitr 115 3.65
216 T gk 942~1050 PR 108 3.48
HE1-2 216 PDC 443k 966~1050 Kty 5 84 3.36
216 PDC 443k 433~496 PN 63 3
A 1-1 216 PDC 43k 496~562 NG 66 4.71
216 ERIEES 562~681 Kb A 119 3.31
1% 216 6 3k 450~600 NG 150 3.33
216 UEEES 600~808 Kt 5t 208 6.93
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Fig.6 Comparison of actual drilling data of special

tooth bits in some wells
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Fig.7 Stress nephogram of rock breaking with

conventional cutting
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Fig.8 Plow-type rock breaking stress nephogram
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Fig.9 Stress nephogram of rock breaking

with cone-pressing
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Fig.10 Cutting tooth shape
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Fig.11 Axe tooth + conical tooth bit
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Fig.12 Polygonal tooth + plane tooth bit
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Table 5 Application of axe tooth+ conical tooth bit in Well Linhua 1X

Fik RF/mm il kA BRI B /m ST Al b 2 HER/m BB B2/ (meh )
311.2 L PDC &3k 3191~3362.88 Wik &R 171.88 3.37
311.2 HHLPDC &l 3k 3371.38~3763 HiER 391.62 3.16
311.2 FIE A +HEE R PDC A Sk 3763~3873 HER 110.00 5.79
F6 IEEIXHEiRE+TEHEHLEABERL
Table 6 Application of polygonal tooth + plane tooth bit in Well Linhua 1X
i3k T /mm ik AR ik I B /m Tl b 2 #ER/m HLAAG 3/ (meh ™)
215.9 HHLPDC 3k 4897~5359.46 SN 462.46 4.53
215.9 Z i+ P15 PDC 43k 5367.56~5612 EEES 244 .44 6.98
215.9 W HLPDC 43k 5612~5709 PN 97.00 5.39
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(2) 74 30X H 401~3200 m H B & A 4 m wb
Te s, o2 Pl A M AR AL . D B s LA A 3, 3 D0
Wik H 2w, 2R IR %Y 7] 1B R — N
e, VI DA s 32 fioh w2 42 iy =X0n 2 2R e /N i
J7EP O] AR AR A, F T I v b )2 D R S A S )2 A
Bl U0 B0 38 FH i R0 06, 48 v Al Sk o A AR FRURE o
M T Yo L R 2 B T A e Sk g i R
BE o I A, Sk R 2799 m, S LA AL 3 30.42 m/
h, 8 (A I B )22 42 78 82.5 6 (L3R 7).

x7 THEIXHFHLEZABR
Table 7 Bit usage in Well Jihua 30X

EIEIN - kB g ik ‘mm%
5t /mm )2 R/m #/(meh™)
215.9 ZHHE+F  401~3200 FHELFR 2799 30.42
i % PDC %
%
215.9 HWHMPDCAHE 3200~3350 H¥EZAZ 150  16.67
DS

(3) 7 4 36X J 400~2728 m I Bk |2 & A ik
IR MU AT B AR AL K SR T AR 30X 0
401~3200 m - B T FH i &t 2k o e 4 Sk 2F IR 2328
m, FE AU 21.96 m/h( £ Q) , 3L T —HF —
il 7

x8 FHIXFHLEABSR

Table 8 Bit usage in Well Jihua 36X
Bk R

ey THEIEBE/PER R/ UM
St /mm o m M2 m #/(meh?)

215.9 ZHHE+F  400~2728 HIEZR 2328 21.96
M4 PDC 44
%

4.3 Zweth -+ HEE U Al Sk i T IS

T 19X 4441~4591 m I B 2 A PE N oK
T FRRRLE (UL 13) , w B 2, B DR AR, 1
J2 SRR BE R o A DR B R G Sk gk R ] I e et
HUABES T, 3= U0 HI v 2 H 246 15, 286 45 76 30 2 U HI
T EIE I — B e, VI g DA s 4 fioh e 4 4 fioh 7 X
AR, v S S A e R R B R A OR . B B VT
Yo e FHHE R DI O fE B R B T R S rh T
g X R S Ay R AT A A [ A R ) 4 W A T

P& 15 3k T M R oh il e (UL IR 14) o il g Sk
HE 150 m, 2 HLAR AL 2 3.0 m/he A1l X L - i
i B L b b B S Sk 2 3F 95 m (Bt 4386~
4441 m) , 2y bl S e A Sk B R R 34,1548 4
i S T B ] P 2 LA B S 4R = 0.38 m/h. A 1)
XTEE < 12 b B s A 1X I 5709~5782 m kA B
RS Z PR 77 m, R I R 265, T A
2 i B R Al B ) 7 X LA R 5 0.57 m/h( L ER
9) o PRI bt PR, H AR Al A i ) Sk 0 T R
WAL

13 KERKHESERE
Fig.13 Archean granulite cuttings

Fig.14 Polygonal tooth + conical tooth bit

F9 HEVIXHEIEARER
Table 9 Bit usage in Well Jihua 19X

B BEEESE Brgh BERY HLBCH

T mm B/m R m d#/(mh)

HA19X  215.9 4386~4441 K% 55 2.62
HAH19X 215.9  4441~4591 KR 150 3.0
A 1X  215.9 5709~5782 KA 73 2.43




134 R TR

202249 H

2 DXl I SO O Sk R R, Hod 21 D RO 4 TR T SR AR B T 8 R A B AT T T
T T T (L3R 10), SR 30000 43 K PETEZMWEN.
F10 “—EE"HLEAER
Table 10 Bit usage in one trip drilling
P Fi 3k R5F/mm B HIEG T AR HE/m # R /m St /h LA/ (meh™)
A 2-217X 215.9 2V + T A 391~2719 2328 97 24.00
e 2-222X 215.9 Z 1 -+ 1 5 406~2449 2043 78 26.19
T8 2-283X 215.9 Z et -+ v 401~2495 2094 61 34.33
T4 2-335X 215.9 Z Vi Vs 403~2667 2264 86 26.33
e 36X 215.9 I+ "B U7 400~2728 2328 106 21.96
WA 32 215.9 I+ "B U 403~2746 2343 51 45.94
T4 2-332X 215.9 FIE AR +HETE 276~2729 2453 74 33.15
T4 2-317X 215.9 FRIE AR -+ HETE 276~2947 2671 80 33.39
T4 2-324X 215.9 FI W+ HEE U 275~2751 2476 69 35.88
H4E 2-318X 215.9 FIE W +HEE R 269~2874 2605 68 38.31
e 2-331X 215.9 B AL +HEIE 5 268~3057 2789 91 30.65
AR 26-1X 215.9 I -+ HEIE % 401~2465 2064 56 36.86
4 2-224X 215.9 L+ 300~2615 2315 81 28.58
T4 2-225X 215.9 Ltk + T 311~2725 2414 88 27.43
T4 2-228X 215.9 L0 1 + T 394~2571 2177 74 29.42
T4 2-230X 215.9 LW 1 -+ T 401~2667 2266 71 31.92
T4 2-284X 215.9 LR+ i 403~2460 2057 56 36.73
1k 2-328X 215.9 Z 1 -+ 1 5 400.5~2561 2160.5 64.5 33.50
T8 2-329X 215.9 2 U+ S TE 306~2699 2393 98 24.42
Foi 1 215.9 FI VG A+ i 300~910 610 33 18.48
T4 1-29X 215.9 7V + -1 102~716 614 68 9.03
(Natural Sciences Edition), 2019,21(2):1.
5 Zip [2] ZEZ2 R0 Al b, ™ e 4% 45 PDC B Sk G 5 T B7E 4R 1 M IR
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28 Ak S B, S A B Sk 7 B il iR IO 1 o Al
b X Al i 2 B o ol e ) St B AL o

(2) ZE V1 H W AR 3t 2 mT Al e e g 3 22 L AR
PEEF 5 FF A 2 b 1A 5 U0 ) 47 AR 90 3 = T
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