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Abstract: The formation drillability, as a key indicator for measuring the ease or difficulty of drilling the formation during the drilling
process, serves as an important basis for rationally selecting drilling methods and optimizing drilling operational parameters. Addressing
the issues of high cost in acquiring drillability information during deep geological drilling and the lack of corresponding formation drillability
range standards for many rocks, this paper proposes an intelligent inference method for deep drilling formation drillability based on a
drillability knowledge graph. Firstly, a drillability knowledge graph incorporating the key characteristics of rocks is constructed , and

a drillability reasoning algorithm based on rock similarity measurement is designed. This approach extends the 67 rock drillability levels
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specified in the geomining industry standards to 292 known types of rocks. Secondly, through dynamic analysis of borehole formation

lithology and intelligent inference of drillability, the distribution of formation lithology is analyzed in real-time, and the drillability level

of the formation being drilled is inferred. Finally, the effectiveness of the proposed method is verified through micro-drilling experiments

and indentation hardness tests. This method lays an important foundation for the intelligent control of the deep geological drilling process.

Key words: deep geological drilling process; acquisition of formation drillability information; knowledge graph of rock drillability;

feature extraction.
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Table 3 A comparison between the inferred results and experimental calibration outcomes for the drillability of nine common rock types

SG AR SE (1T A
Y ES ] ' T e 9 £ BB
PEG 5
HzA 6.82 6.00 M=%
PR P 3.87 [1.00, 4.00] ARz A
A ViAsE 8.22 [8.00, 10.00] Ak
VeE 2= 12.00 [10.00, 12.00] VaE o
KR 5.81 5.00 KA
e 5T v 3.00 [3.00, 4.50] T IO L (B B O
Fay/ & 5.17 6.00 Mz
e 6.00 [6.50, 8.00] BrRb e RE A
) KEH AYAE BORA Bafalh s Batb Gy g ANEeH iRk
THH 6.50 [6.80, 7.30] _ N N —
AR R RRE B ANAE AINE ORA S
B g 7.00 6.00 B R s Baakhs BOors
SR 7.00 [6.83, 7.67] FINEHE B R CH 2 BH R S BH AN IS s RS
N A BHCIN KA R B A A IR S A AN B s M N
BEAIERSA 8.00 [7.40, 8.10] ) o L L )
AR BEA LIRS A RS R
R 9.00 10.00 R
Sl £ iR 10.00 [8.00, 11.00 ] K




5 8 1] TR LT ATl A L 0 VA 1 2 T B 4 3073

AR gy DAl GO O Bl £, BIRUR R DA A K RO Al B GO B AT B LR M 2007 9k i 0
HVRERG CTRCE e ORRRE CEAIERA OF TEC MR HA AR ZUN S 0 A i S
KA A A TR, A B 1 R S i 2% ]l 4 R FUbm o A0 d 0 H 0 9 e A REAS ORI R SE A L
TSR T T A A AR JEE A ATl A B

/
7 Gkt & B8 H MR 46
Fig.7 Micro-drill experimental apparatus Fig.8 Indentation hard-ness testing apparatus
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Fig.9 Rock sample image

a. 1 %+ dolomite ; b. 1 AL#P %5 medium sandstone; c. 4£ %] %5 moorstone; d. £ 9& 7+ quartzite; e. KEL 7 marble; f. Y85 U1 #+ muddy shale; g. f1 /K
A limestone ; h. fA Bk breccia; i. T#4 phyllite; j. A% schist; k. BRAL A granulite; 1. 7 A IFE £ %5 nepheline syenite; m. #1445 gabbro;n. 1l £

ik 7+ volcanic breccia
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