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Abstract: Based on the characteristics such as lithology, a predictive model for anti-drilling characteristic

parameters suitable for the Shunbei block was selected. By analyzing and calculating logging data, anti-drilling

characteristic parameters for 22 wells were successfully obtained. Subsequently, a three-dimensional geometric
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model was established based on well locations and stratigraphic information, and a three-dimensional anti-drilling
characteristic parameter model was obtained through assignment, well roughening, and longitudinal and transverse
Gaussian interpolation. A detailed analysis based on the model revealed the longitudinal distribution characteristics
of anti-drilling characteristic parameters from the Neogene to Ordovician and the lateral distribution characteristics of
Permian strata. The results showed that the abrasiveness of shallow layers in the Permian is relatively low, while the
abrasiveness of layers below the Permian significantly increases. From the Neogene to the Ordovician, the anti-
drilling characteristic parameters of rocks show an increasing trend, with the Permian and Neogene strata having
larger anti-drilling characteristic parameters compared to adjacent strata, and showing a more obvious alternation
between soft and hard layers. In the Shunbei block, the overall anti-drilling characteristic parameters of northern
Permian strata are higher than those of southern strata, while the difference in anti-drilling characteristic parameters
between eastern and western parts is not significant. The successfully established three-dimensional rock anti-
drilling characteristic parameter model provides a basis for further research. Finally, the predicted results of anti-
drilling characteristic parameters for Permian and Carboniferous-Silurian formations were applied to optimize drilling
bit selection and drilling parameters, The mechanical drilling rate (ROP) in the Permian formations increased by
53.80%, and that in the Carboniferous-Silurian formations increased by 35. 10%. This method not only effectively
improves the matching between the drill bit and the target strata but also provides important theoretical basis for
rapid drilling in the Shunbei block.

Key words: oil and gas well engineering; Shunbei block; three-dimensional model; anti-drilling characteristic;

Permian; drillability; abrasiveness

G 381 AL v ] LA e G SR 9 T e
AL, ALAE 4D X, RIS 1.7 x 107 LA
b, RIEARER R EEO AR 2 — . R
fifRE, b A A 13 5 WA, FEANRIX
WAEPTE 1S 455 SR . ZXEIRR &
e AR IR | A AR 2E A MR
SRR FEOMAAR TR PR, QSRR SR Bk
B R E WA R A R (polyerystalline diamond
compact, PDC)E kb At 45 .

HAT, A TR E 2R PDC AL AR,
BEE ZHOR AL, BOFRCRAT R, [
BT RAAA BT . PDC AN S FE A A SRS
R S E R o FhE 28 M 19 40 80 4EAR 1 5%
B4 2 2021 4R 1 90% LA 1721, R0, PDC Bk 7ETR
PIOMERS 02 P B HERCR I A IAR . R 2
— BN E PR R RAEA R, RN AL ERCS T
BRI G 2 X RCR P AN R, AT
BHUMAHEREAR. b TR s, 52
FEIVRE T aamea TRNE. [Fny, 72
USRS TR TR B 2 .

APV A TR P A Sk R B Y B
SRR, B, Tz X R A DU R R AL
ALEG eI R L L. ARBCA A AT B PR
BB PPN ZE O . Sk L A A

J12E TN AN T8 Bk A0 {E R B PR IR
ARG, T TIPS FEE A 2SR S8 2], AT ) 7
AR SRR . P PN 22 T 07 S5 RE S 14 2]
He—BUB )RS — A B E, XELITE R
TP, T E & Bl BT B R T S8 S AN
FEo . PRI G — T 4 7 1R AR H IX F B A
AAOPU R ES R AABEFEEE TN M B 5%
B, ARYE TS P R £ S A X AR
P TREFEPES R, M AR R 554531
HOPURFFIES R, IR Petrel BPFEE ST =4EHT
BERFIES OB . ARIEAS 2 B RS SR
OrM B BB BT PR R AL T A A A o] B
PEGRAE, S AL 3 DX B B T i B R 4R A7 T
S

1 HFURAR A 45 H R

1.1 HhBRHFAE

AL A R AL Ak 25 5 3, e R M
JEXMER IO SRR WA R R, Uies
PEGEHZERANE 1(a) B () Fin. Hi, &R
T IR A TR A IR A M H A B R
Y. WEMRSEZ, B AMZRE, J
e BRZEA 156 m, WHE 1(a); AK—i&EHE



156 RN 22 R B T I 2B
o 105 1000 1 489 800
=150 : g 8007 £ 600
125 o i =
w600 il
431. | 400 |
= 10 59 i:& 400 | %
31@ 50 Elld 2000 136 218 1T 200F
0 2 oL 133 |_| 24 16 0 i
%e% P @ SO % %
)3&4 ;q;x‘/c' Y ;;5)5 X,éé& *: )<\L‘ R\ @Q\ {ék )ﬁk
A {7
A z:f’i Ak
(a) LB B HM)Z (b) JeEBam—E R R HE () by Z b2
zzz r 461 1500 1 1384 40 18
Emoo- i{ 1000 | 30 30
= i
it i
i 200} 178 % so0 g 20
* 100} 2y 46 75 : |2_5|2 135 “ 1210
o L= [ 1 0 = 0
\>> W N 37 7 %7
9 Xé’ ,q;r @ Q}fk )ﬁkﬁ\ )< %’/i% /ﬁ %\’g\,)/@ :@L&
© N
Ak ﬁl“;k Ak
(d) B SRMZE (e) FHAR—ER RIZE £) AR R M2
B A X 12 A A 1 B R E G4

Fig. 1 Statistical results of accumulated layer thickness of different lithologies in Shunbei area. (a) Northern Permian formation. The

orange, green, purple, yellow and blue columns are dacite, basalt, sandstone, tuff and mudstone respectively. (b) Northern Carboniferous-

Silurian formation. The orange, green, purple, yellow, blue and pink columns are respectively quartz sandstone, sandstone, siltstone,

mudstone, chlorite and limestone. (c¢) Northern Ordovician formation. The orange, green, purple and yellow columns are mudstone,

micrite, marl, chlorite and limestone respectively. (d) Southern Permian formation. The orange, green, purple, yellow, blue and pink

columns are dacite, basalt, sandstone, tuff, mudstone and limestone, respectively. (e) Southern Carboniferous-Silurian formation. The

orange, green, purple, yellow, blue and pink columns are respectively siltstone, limestone, chlorite, micrite, mudstone and quartz

sandstone. (f) Southern Ordovician formation. The orange and green columns are gray mudstone and mudstone respectively.
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Table 1 Model optimization results
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Fig.2 Correlation between longitudinal wave velocity and

drillability index. The black square represents the measured

value and the red line represents the predicted value.
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Fig. 3  Drilling resistance characteristic parameter of No. 1
fracture zone. (a) Well 1-1X, (b) well 1-2X, and (c) well 1-3X.
Black, red and blue are single-axis drillability, three-axis

drillability and abrasiveness, respectively.
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Fig. 4 Drilling resistance characteristic parameter of No. 4
fracture zone. (a) Well 4-1X, (b) well 4-2X, and (c) well
4-3X. Black, red and blue are single-axis drillability,
three-axis drillability and abrasiveness, respectively.
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Fig.5 Drilling resistance characteristic parameter of No. 5
fracture zone. (a) Well 5-1X, (b) well 5-2X, and (c) well 5-3X.
Black, red and blue are single-axis drillability, three-axis

drillability and abrasiveness, respectively.
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Fig. 6 Longitudinal distribution of anti-drilling characteristic parameters in Shunbei area. (a) Single-axis drillability, (b) three-axis
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Fig. 7 Lateral distribution of drilling resistance parameters in Permian formation. (a) Single-axis drillability, (b) three-axis drillability,

(c) abrasiveness, (d) uniaxial compressive strength, and (e) triaxial compressive strength.
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