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Abstract: Aiming at the problems of low prediction accuracy of rate of penetration (ROP) during drilling in complex formations and
strong non-monotonic, nonlinear coupling among parameters: traditional correlation coefficients such as Pearson and Spearman
mainly measure linear or monotonic relationships, which cannot effectively characterize such complex dependencies and tend to
result in underestimation of key features, this paper aims to develop a dynamic optimal correlation modeling algorithm. This
approach is designed to enhance both the accuracy and engineering applicability of ROP prediction. Using 21, 912 data sets from
ten oil and gas wells, we performed data preprocessing including median imputation for missing values, IQR -based outlier
removal, and Savitzky-Golay smoothing. By comparing four correlation theories: Pearson, Spearman, Kendall, and Chatterjee:

key parameters affecting ROP (such as mud density, solid content, and well depth) were identified. A sliding window technique
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(window size: 400, step size: 100) was introduced to achieve local dynamic modeling, with a Random Forest model serving as the

core for regression prediction. Experimental results demonstrate that the Chatterjee algorithm performed best in screening the top 5

features. The architecture combining the sliding window technique with the Random Forest model achieved an average R* of 0.985

on the window test set of the 10th test well, representing a significant improvement over global static modeling (R*=0.96). The

resulting optimal correlation ROP modeling algorithm can adapt to abrupt formation changes and effectively capture local

correlations between parameters. This provides a high-precision solution for real-time ROP optimization and it provides effective

technical support for the transformation of drilling engineering from empirical trial-and-error to data-driven decision-making.
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Fig. 8 Dynamic selection based on random forest
a. Pearson 5.7 ;b. Spearman 814 ;. Kendall 8.7 ;d. Chatterjee 5. 7%

®2 BFAEMEEFRITICE

Table 2 Statistical summary of performance of various methods

. . FEAEH WAL WAGERR I
ik EHION "
L 16 e 2% R
Pearson 800 15 0.9738  0.0267  0.9988
Spearman 800 15 0.9739  0.0262  0.9986
Kendall 800 15 0.9716  0.0274  0.9986
Chatterjee 400 5 0.9790  0.0208  0.9991

BE WS OB RS AN 1B 9 TR
4.4 B % 505K
ASCE 4.3 B 44 A3 T AH R sh & i
AU SRR | BRAE A 33 AN B AU SRR X i L R AU
(B30 SR AT I Rt , 8K i % 19 A A 7 S A 1) 1 1
MRS RAEAT HLEE , 4R 2 56 T AH M o0 W 1) de
BRI AR, LR 2 S 45 R P 10 DL R 3% 2 i
Ay BT L T R R RE X EL I B A T A R

Ll A1) Pl A B 45 7 1 R 48 I 8 28 mT < ) o 3
T A R A3 AT H0CHE I A4S 11 i I 4R 7 2 R%
Bb 4 Jm I3 4 R (4 Jmi M 4 R 22 i 5 4 19
0.96), ¥ BEIEH] 0.97 LA I, KRB+ 43 75 , Chatter-
jee FVL MY B 1M 4R P 4 RAEE 2T 0.98, #E 8 1
TR E 2 AR R R T 700 2 1,
i 7 94 Chatterjee 5%, 35 81 7 98.4 %, 78 f A
K R2Z 1 & Chatterjee 8 ¥ it &5, 35 ) 7 0.999
1, [A B} Chatterjee B3 B9 sl 8 11 K /N A 400, B4~
1 BN I8 TR R AR 2 8O R R R
SEHEAA TS MBS E A5 AL 2R IRV AE X
A B L Z o, B Chatterjee 8% F 17 45 F
2500 i 1 (36 BURE A 20 1 HE 4 10 5 AR IE 2500
FA T S 1 B E (B 1R/ 400, 26 K 100) 3
F 7 B AL AR PR R R LG AR 75 10 T 1 B EL A HE A
{14 500 45 3 (ROP)



3114

R

http://www.earth-science.net

51 %

Ak B 2 J5 4

v

B E 0

K /N800/400)2 K100

Il

% F1800/400

HR3 A 97 295 AL ol

M

N B B

Pl Wiy

YA

A2

RN

HEAT ¥ R L350
(1 1)

Vv

45 HAROPTI NI 1

v

AL 6 UE

eI 8 A ARE IR T

Fig. 9 Sliding window model architecture

5 HIEEIE

EF AL AR # T 2E . E 4
FR S B P A DG P il AR AR AR R A B T
S PRZE R 2 5 R Bl 1 B X A A AT
Ay M BB O R /INBE R 400, 25 KBk R 100, B
F1 p ] Chatterjee 55 7% HE 47 R5 1IF 2 50009 0 3% |, &
P 2R B HE 2 58 0T 09 5 A FRAE S8, R X 5
fEZ 205 3 (ROP) 19 £l | 8 57 Bl AL AR AR 7Y,
I J5 A3 B (ROP) Y 0000 {8, 5] B 53 1) 455 78 (1 44
AETE A R?. #5548 10 LM A e ATk, + 5 9t
M S 11 s

25 B T AT, AR e DR R DG il R A B
ZRAG TS 10 Fl S AT 20 B B D IR R T 1
R*HE ik 2] 0.992, # 13K 4 1Y °F ¥ R* fig ik 3
0.985, Jf H W% w] %0, FI F ¥ gl 8 0 k47 8h 850 #r
BERY (1 7 A Y V3 RO & T B AT R R
A R I A R (4 SR R RO R R2 R
0.981) , 3 . W 9 14 11 >f 1% 5 O AH G P 4Bl 3l g e 4
T AL 2 B b A3 75, BE S LU ORS 1 b TR0 A 1
FH A & 3 (ROP).

6 48t

A SCEF X 52 % i 2 Al O A b Bl (ROP) il
DUOKT BEAR 2 8O & 6 R B A4 i ME R, 2 11 O 30 Uk
TR T E A E U O S BT T Y Al R A
TRAEZE X 10 B 52 Bl A ih B 0 TR B 42
P50 A5 DUS F2A5 D

(1) #2752 35 09 B0 0 4k B 5 45 AE 3740 K
F i Gis M DB 5T TQR B RE(E AL B | Savitzky
~Golay g V-1 0 — AR A 84 T+ 1 Bl B
i . il ad X} Pearson .Spearman ,Kendall & Chatter-
jee 4 MRH S BRAS , PRU Bl BE LA S
FEUR S I W 1 L A R B B Y A0 3
PR R, H T REAE L a0 < Bl O v % 3 T e Tk
E R RO R ), 9 BE AR S 51 R RE R AR (It
Bo B ok v D) SO R KON Y R A HE DL B
B, B B o i Bl AR A TR R
Bl I U U A P e W A (CBR VR KRG B (B ) 4
JER 25 TR AE , [6) f Jonn Ji at Sk s 458 A0l 2L 8 A KU
AT Sk 25 e ATCATL B0 3 5 e R 498 n 1 B 5 b )22 T 52
PR Th e ATl AR 2% | (] I BR 2 TR RE R I R 2%
B, T BB TR R BT R BT VR EE S D L
Y B A 22 e W R e T N R T RS s A



5 8 1) B I B A S R0 R 3115
1.000 -
0.975F
0.950F
g 8
% 0.925F 8
& 3 i
° 8
0.900F ! ° 2
0.875r ° o
a R °
0.850 Pealrson Spe:clrman Kelndall Cha;terjee
(% L1800) (% 11800) (% 11800) (7 11400)
H TR HTAR

ROHEZE S KRR REE AR, SIS B IR,
S8Rl A R BEL O PR ) i e 4 T

() B8 T IS5k E 22 5 e i
BEFR ST, B AL ZR AR Y A T30 B X o A T 2 2
JERANHL . B AL AR AR 1 5 2 B PSR, BE T 4 b
b B I 2 B0 1 A2 2 Al 2 M S ELAE T, LG I
FLA o

(3) B AE T 9% 3 %7 1 B8 7 3l 245 A A5 op 4 £ ik
PR ME R I B S S 800 SCERE B A B 0 O
Broe S AW Sl 0 Ok AT R A, BE 4 2 2 M
J2 5 A5 A 1 A PR BRAE , H IR 4 O 3 Ry 3k 3|
0.97 Yk I, B3 & T2 R A E#E I 8UR

Cc

T 4R
10 HAE REB 45 1
Fig. 10 R? calculation results of the window test set
a. B M4 R%b~e. % 0L F 4% i, 4K YK i Pearson/Spearman/Kendall/Chatterjee

(4) W5 T fe 0 A OGP Bl o A S 40 A 5 96 T
W,k H] Chatterjee 535 HEAT RRAE 7 € (Top5 F#1E) ,
SEA WS 1 (5 1K/ 400, 22 K 100) 5 Bl AL 7R AR
R 26 7 R R I ECH 6 AR 5 DR
5 Gk G, R A R I A O 2 R Gk
0.985, JE Bl T MR 5 197z AL g 1 5 FUIDRS B

HH AL ZE G T HAA A @ E 8K
HERALRABFTFAL ATHFTANDEINE
ot T A E R EBBERRR (% T :2024NSFSCO
817) ;P il o (P B ) A MRS A B “ il B3k
WEZE20007 74T EABBERAFRFRAK
AIORRHESHEFEZGRERKRFRL(%HF



3116 HERFL=  http://www .earth-science.net %51 &
1.00 .\
o«
A A NN Nt s
0.99F LA e
A .
098 N/ '\ o~ \./!/_ v B
g
3 0.97F
=
0.96F

0.95F ~® @HIIZE
— & HR AR 9 6(0.985)

0.94 ! ! !

&= R AR
- AL 4R (0.981)

— HW 2R 218 (0.993)

2.5 5.0 48

10.0 12.5 15.0 175 20.0
7 01551 5

IR = R R
Fig. 11  Test results of Well No.10

CNOOC-KJ135ZDXM38ZJ05Z]). 7 # & &5 # T X
FRERKIZ, FPEHLEI SN KRB ZH AT
TR A4S B

References

Bourgoyne, A. T.Jr, Young, F.S.Jr, 1974. A Multiple Re-
gression Approach to Optimal Drilling and Abnormal
Pressure Detection. Society of Petroleum Engineers
Jowrnal, 14(4): 371— 384. https://doi.org/10.2118/4238
pa

Cao, Z., 2023. Research and Application of Real-Time Pre-
diction and Optimization Algorithm for Rate of Penetration
in Drilling Proces(Dissertation). University of Electronic
Science and Technology, Chengdu(in Chinese with English
abstract).

Chatterjee, S., 2021. A New Coefficient of Correlation. Journal
of the American Statistical Association, 116(536): 2009 —
2022. https://doi.org/10.1080/01621459.2020.1758115

Dong,L.J.,2024.Changes in Land-Sea Temperature Difference
and Its Correlation with Extreme Precipitation in Eastern
China Basedon MODIS Data(Dissertation). Zhejiang Ocean
University, Zhejiang(in Chinese with English abstract).

Ehsan, B., Ebrahim, D.B., 2022. Computational Prediction of the
Drilling Rate of Penetration (ROP): a Comparison of
Various Machine Learning Approaches and Traditional
Models. Journal of Petroleum Science and Engineering,
210: 110033. https://doi.org/10.1016/].petrol.2021.110033

Gan, C., 2019. Intelligent Modeling of Formation Drillability
Field and Drilling Rate of Penetration Optimization in
Complex Conditions(Dissertation). China University of

Geosciences, Wuhan(in Chinese with English abstract)..

Gao,J.X.,2019.Prediction and Optimization of Offshore Drilling
ROP Using Deep NeuralNetwork Models(Dissertation).
Xi'an Shiyou University, Xi’an(in Chinese with English
abstract).

Hegde, C., Daigle, H., Millwater, H., et al., 2017. Analysis
of Rate of Penetration (ROP) Prediction in Drilling Using
Physics-Based and Data-Driven Models. Journal of Pe-
troleum Science and Engineering, 159: 295—306. https://
doi.org/10.1016/j.petrol.2017.09.020

Hou, L. L., Wu, S., Yi, J. Z., et al., 2024. Discriminating
Deposit Types Using Chlorite Trace Elements Based on
Machine Learning. Earth Science, 49(12): 4303—4317(in
Chinese with English abstract).

Huang, X. L., L, D. T., Song, J. M., et al., 2021. Real-
Time ROP Optimization Technology Based on Big Data
and Artificial Intelligence. Oi/ Drilling & Production
Technology, 43(4): 442—448(in Chinese with English
abstract).

Jiao, T., 2023.Real-Time Prediction of ROP Based on Deep
Learning Method(Dissertation).Xi'an Shiyou University, Xi’
an(in Chinese with English abstract).

Li,B.Z., 2024 Prediction Method for ROP Based on Attention
Mechanism of Convolutional Neural Network(Dissertation).
Yangtze University, Wuhan(in Chinese with English ab-
stract).

Pang,1..Y.,2023.Correlation Measurement and Spatial Domain
Division Method Basedon Spatial Transcriptome Data
(Dissertation). Guangxi University, Nanning(in Chinese
with English abstract).

Peng,S.W.,2023.Correlation and Similarity Analysis of Stock
Index Based on Data Mining Methods(Dissertation). Si-

chuan Normal University, Chengdu(in Chinese with English



%8l

BRRE S - T B DA DG 4 Al T A A 3117

abstract).

Ren,H.,2023.Research on Multistep Prediction and Optimiza-
tion of Drilling ROP Based on Cyclic Neural Network
(Dissertation). Xi'an Shiyou University, Xi’an(in Chinese
with English abstract).

Song,J.Y., 2024.Research on Feature Selection Method Based
on Correlation Analysis for Interval-Valued Data(Disser-
tation). Taiyuan Normal University, Taiyuan(in Chinese
with English abstract).

Wang, R.Y., 2023.Research on Prediction Method of Drilling
Machine Penetration Rate Based on Machine Learning
(Dissertation). Xi'an Shiyou University, Xi’ an(in Chinese
with English abstract).

Yan, G.X., 2022.Research on Drilling Machinery Drilling Speed
Prediction Model and Application Based on Optimization
Neural Network(Dissertation). Southwest Petroleum
University, Chengdu(in Chinese with English abstract).

Yang,J.S.,2019.Research on Correlation Knowledge Discovery
Method of Spacecraft Telemetry Data(Dissertation). Uni-
versity of Chinese Academy of Sciences(National Space
Science Center, Chinese Academy of Sciences), Hefei(in
Chinese with English abstract).

Yin,X.Y.,2023.Modeling and Correlation Estimation of RNA-
Seq Data(Dissertation). University of Science and Tech-
nology of China, Beijing(in Chinese with English abstract).

Zeng,X.L.,L1,Q.,Wei,H.C. et al., 2023.Rate-of-Penetration
(ROP) Prediction Model Based on Formation Character-
istics of Extremely Thick Plastic Mudstone in South China
Sea. Coal Geology & Exploration, 51(11): 159—168(in
Chinese with English abstract).

Zhang,H.J.,Zhang,G.F., Wang, G.N., et al., 2022.Classification
and Prediction Method for ROP Based on Genetic Algo-
rithm Optimization Random Forest Model. Science Tech-
nology and Engineering, 22(35):15572—15578(in Chinese
with English abstract).

Zhang,Y.H.,2017.The Study of Correlation Analysis and Di~
mensionality Reduction Methods and Their Applications
(Dissertation). Beijing University of Technology, Beijing(in
Chinese with English abstract).

Zhou, C. C., Jiang, J., Li, Q., et al., 2022. Research on
Drilling Rate Prediction Model Based on Fusion Feature
Selection Algorithm. Drilling Engineering, 49(4): 31—40
(in Chinese with English abstract).

Zhu,J.B.,Liu,H.Y.,Luan,S.C., et al.,2025. Prediction of On-
Site Peak Ground Motion Based on Machine Learning and
Transfer Learning. Earth Science, 50(5): 1842— 1860(in
Chinese with English abstract).

W X5 % Tk

WL, 2023. Bl R4l T S S AR AR S g 5 g (F
Tt 2EALR S0 . AR TR R

W, 2R, PR, 25, 2023, FET R LR MR TR A b2
FEIE A Rl TN AR Y R P b B S 8, 51(11): 159—168.

HE A , 2024. 2T MODIS B 19 H AR HS Hh D il i 25 25 1k
T 55 0 o o K A AR S MBI T (P 2 838 30 . W < i
VLR

I, 2019. 5 2% 2 T 3 5 AR Al AR A (-2
RIS 3C) . B E b TR A

R, 2022, F TG BE i 20 19 25080 (4 1 9 FE /Bl - 3 )y
PAFE (WA 24008 30 VE 4« TG 2 A0 TR 2

PEFRHT, Fby, Sy, 45, 2024, JETHLAS: > 2R P8 A1 Il
JCR AN IR | ek B, 49(12): 4303—4317.

WM, KA, R, 45, 2021 T KRB B A T8 RERY
Bl SRR AR B R L AR R T2, 43(4): 442—448.

SR, 2023, 3 TR HE 2 > J5 vk A R o S s TR0 A9F 5T (112
LW ). PG % PH A1 K 2

AR 2024, TR B I AL 00 26 FE R 28 ) 4 AL AW 3 3
J7 s CHE =2 738 30) . RIL K ITR 2

P F11., 2023. 5 F 45 A1 S5 20 55008 1) AR S - 0 2 i) Sk ol
Gy 5k (2508 30) BT )P R

SR, 2023, FE T RO F2 4 7 1 X TG B0 R G AR 4
PE AT (P A (03 3C) . AT < B8 DU )1 O 1 A2

1T, 2023, F T8 204 28 0 4% (9 4 JF ROP £ 45 70 5 41 1k
WFoE (2208 30) . P28 PY 243 K2

R4 K, 2024 F5FAH I S BT A X TR] 20 508 RRAE 2k £y 15 F
X (2030 30) . R A T 2 B

A, 2023, FFHLAR 2 T AR H LA AN Ty 5T (1
e 2E LIRS0 R VG R AR

B 25, 2022, T4k il 22 19 28 19 i BB Al ok 93000 A5 780 A%
N FFVRIF 5T (P24 07 48 3C) . LR < 76 3 A 7 K2

P B AR, 2019. TR 38 DN A FH DGR RUR 35 10 ot (T2
LIRS . 2R - v IR 27 B K2 ([ B 2% B [ K 2 TR R
2.

JEFE 1, 2023 RNA-Seq B (1 B4R T AR XEHEAG T (2= 00718
S0) LR ERE AR KA

TRUEZE ) sk, TR, 4, 2022, BTG A AL BEALAR
RIS () LA ARl S A 2 T Jr . B2 R R 5 R, 22
(35): 15572—15578.

T ZT, 2017 F00CH8 HH G 3 A R 48 5024 fRT O vk I ATF 5 5 g
(220738 30 AT b Tolk k2 .

JAKAR, A, 2B, %, 2022, FTF A RRAE R 5T v 1Y A
T AR AIF 5T . B TR 49(4): 31—40.

S, XIRZE, 2Rt A, 4%, 2025, JETHL AR S FIE %2 )

) B b 1l 7 S I (S TR . bR B2 50(5): 1842— 1860.



