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(a) Regional geological characteristics; (b) representative geological profiles;

and (c) composite geological histogram of the study area
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Table 1 Measured porosity and corresponding logging data in the study area

H B/ WBEE/m GR/API SP/mV CAL/m  AC/(us/m) CNL/%  DEN/(g/em®)  RXO/Q  RT/Q  SllfLBREE/%  TRNFLBREE/%
890.53 67.89 70.27 9.83 126.06 41.26 2.15 1.41 0.96 37.60 38.79
CQ1-9 7
912.38 61.76 62.19 9.85 124.98 45.38 2.11 1.99 1.35 37.20 37.20
579.70 50.44 128.13 8.99 73.10 59.19 2.06 352 3.6l 34.80 33.43
P60 4 : : : : : : : : : : :
581.10 50.44 128.13 8.99 72.44 71.28 1.99 4.11 4.17 27.70 33.43
299.45 68.21 74.57 13.55 143.20 41.67 2.13 1.56 1.78 35.90 35.90
P66 8 : : : : : : : : : : :
950.40 29.42 69.95 9.23 69.38 27.56 2.40 559 599 15.00 15.00
389.60 23397 89.96 9.58 130.56 16.77 2.45 2.35 2.37 7.10 7.10
P605 7 : : : : : : : : :
391.55 162.42 77.39 10.29 165.08 33.29 2.14 1.86 1.84 6.90 6.90
961.00 90.68 100.49 11.12 124.76 40.49 2.14 1.75 1.74 26.90 26.90
P606 4 : : : : : : : : : : :
962.65 76.55 95.36 10.25 112.44 30.51 223 7.37 3.98 7.20 7.20
344.20 67.15 78.67 10.52 153.06 50.82 2.09 2.23 1.43 40.80 36.93
P607 3 365.50 68.51 79.48 11.91 116.58 44.63 223 5.05 3.36 40.10 34.37
366.60 76.05 81.74 11.30 131.02 43.98 2.12 337 430 40.20 40.20
226.19 182.48 33.90 1031 125.36 17.86 231 36.37 1.91 3.30 3.30
P609 29 : : : : : : : : : : :
317.95 72.62 44.24 10.58 122.42 38.47 2.29 4.40 1.18 8.30 8.30

T GR. H AR 5 SP. H AR FL 037 5 CAL. H142 5 AC. A U I 2% ; CNL. 'h F ; DEN. %5 Ji ; RXO. Wyl B B % ; RT. 2 fL P %,
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(a) Heat map between measured porosity and well log; (b) relative variance contribution for well logs in the study area



5 53]

SR AL T T A T = STV =P LB E 000 o 4 1oz 1563

50
YIRS
o ik gE

45F

401

$=0.94x+1.59

2=
ol R*=0.92

FoUFLBS £/ %
[
&

0 5 o 15 20 25 30 35 40 45 50
MBS %
K3 WFSE X S -5 T £L B e 52 2 &
Fig.3  Cross plot of measured and predicted porosity

in the study area

33 BHSH

T8 3 % B A £ 1 P09 FH-L5 4 T , 4% SR
AF S0 AL B R 5 S L B B A — B (&1 4) . JFB
FL B2 0I5 S ) S SR ), R ) e TR B A
215~225 m Z 1], SCIFL B B A 345 TP R B A8
RUTIUINAE f2 e X AN a3, 5 bR, A it 22

R S AETE , B ANTE 300 m H-BE e Ay, Al fE R T
FLBEE 550 AR it 22 ] AR DG M3 22, S B0 X (1]
TAEAE R 22 (HJ2, 58 M7 WA L, i e
AL ih 22 A L BB 5 s B (2 230 m, 290 m,
310 m A2 A7) 5 SEFLBR BEAE W 4, A I BeAEAE
W40 2 591, AN B B Wl 1L S FL IR BE 5 O — D7 T, DN i
TR LB EE (1) 53 B 2 A X 8K , B W 7E 200~210 m A7
225~235 m B, Ml R ORI — REGE =
ST B B v B AN o] SE PR i, RS (IL T
FEMZOLFLBR B, R e ARG, ) AR fh e i
B X 35, TR LA A 0 A5 SR o (LAY S AT
ATz, a2k Ak

Skt — 25 B UE AR Y ) o A P i S B i
He PR EEAE A IE . 2018 4F , P646 H: X 397 14 Tl N fif
15 1 236.98 T, 2019 4F, #Hr5e4hiit PX73 3t (&
1 a) FAERDI MR . 76 PX73 I B, 1 534.60~
1 536.50 m Al 1 538.50~1 540.00 m P B H 7= il & ik
9.01 m*, ity %) K 74.24 m*, H4E GR.AC.CNL
FTRXO JH-Ed , W 1 PX73 H-FLBRE I m (E 5) .
P T 0, ZE T R v A B, LG Ay LB B

GR L LA R AL
—_— 40 —————— 200 i} L PR 52
20 e %% TCus/m) oy T [ Do 50
A ’ I)' X b tv :ﬂ" ‘/‘\){F
Wz | RE 0—CAL o 0 CNL_ oo gboostHi Il LK
/m /m /% 0 50
SP DEN 0.1 2% 1400 SEFLBR
5— 100 glom 5 Q i 2 i
T g
I
— 200 \
[4
\
/
- 1
¢
]
/
- 1
/7
4
~
L%
3
<
h
— 250 ~
\f
\
K ¢
— \
7
<
<
s
L z
N
t
P
B Y
7
\f
= <
s
i
2
— 300 1S
(
>
(
L )
?
b S
(4
pd
~

B4 BF5E X P609 H- T I £L BT BE A IR &
Fig.4  Predicted porosity profile of well P609 in the study area



1564 IR AR H414E
GR % il ) 3 1.
) o1 — XL _ | goo | B ARRFLBRE
| e g CAL I 50 "
= i bk 0—7——40 5
& |l == SP 0.1 RXO_ | o | XgboostilfLIE |
1 40 . QO 0 50
mV

K5 W5 X PXT73 T Il L B e A AR

Fig.5 Predicted porosity profile and production test results of well PX73 in the study area

W, YO BT R S AR A R SRR, [R5 0
fifp R FL B RE I 2R B AT X L A B, LB E S A E fh
e — 2. TR Y REAL S R Rl A UL 4R
PEn] SER B

4 758

(1) L7~ T e J5E L 2 ) 28 A bRy i 2
HOR AT o BIFSERI, LASE D FL B RS ) - Edhe
S LA R AILAS 2 2T Tk, R TR A IO ) 1 i R AL
BT 5 T D0 T R HE e R 14 5 s

(2) Xgboost F- 1L 7 A FAL B BE 55 10 -5 £ =[]
B AR OC &, F B B0 i 0 38 0 Az
1k

(3) A SCHEST 1) Xgboost FL P O ASAY | 76 3
WA 2 HAT R R FHASCR , Al S IS XM
JECPE O AL ] SE R | () I g AR LTS 5 R
JRALBR R B R

it FRERRPHBEOAZE R EIHK
WIRZH T L RT, A HEBHIEIT LR R
AT A KRR, e — R,

2 Z 3Lk (References)

[1] Taud H, Martinez-Angeles R, Parrot J F, et al. Porosity estima-
tion method by X-ray computed tomography[J ]. Journal of Petro-
leum Science and Engineering, 2005, 47(3/4): 209-217.

[2] Robin V, Sardini P, Mazurier A, et al. Effective porosity mea-
surements of poorly consolidated materials using non-destructive
methods[J]. Engineering Geology, 2016, 205: 24-29.

[3] BRI, A8ARE, ELEL, 55 hEEVEIMIEO R J R
FEAHIE XGTRAT T ]. AR, 2012,33(3) :343-350. [Jia
Chengzao, Zou Caineng, Li Jianzhong, et al. Assessment crite-
ria, main types, basic features and resource prospects of the tight
oil in China[J]. Acta Petrolei Sinica, 2012, 33(3): 343-350. |

[4] Fusi N, Martinez-Martinez J. Mercury porosimetry as a tool for
improving quality of micro-CT images in low porosity carbonate

rocks[J]. Engineering Geology, 2013, 166: 272-282.



551 TR LR 2T 7 iR AE TR 2 MDA 8 i 2 L B 8 T30 e %) 1 1565
[5] Jian K, Fu X H, Ding Y M, et al. Characteristics of pores and M H-f e A N F LT ], Al sk B 4%, 2019, 54(2) : 447-

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

methane adsorption of low-rank coal in China[J]. Journal of Nat-
ural Gas Science and Engineering, 2015, 27: 207-218.
Xiao L, Mao Z Q, Li G R, et al. Calculation of porosity from
nuclear magnetic resonance and conventional logs in gas-bearing
reservoirs[J]. Acta Geophysica, 2012, 60(4): 1030-1042.
Miah M 1. Porosity assessment of gas reservoir using wireline log
data: A case study of Bokabil Formation, Bangladesh[J]. Proce-
dia Engineering, 2014, 90: 663-668.
Reichstein M, Camps-Valls G, Stevens B, et al. Deep learning
and process understanding for data-driven Earth system science
[J]. Nature, 2019, 566(7743): 195-204.
BEBEUR, EAY B8, 9258 55 L JETHLARE I RN B A B R R
A AL 598 S (], 35 bROR A A i LR )
2022, 52(2) : 644-653. [Hou Xianmu, Wang Fuyong, Zai Yun,
et al. Prediction of carbonate porosity and permeability based on
machine learning and logging data[J]. Journal of Jilin University
(Earth Science Edition), 2022, 52(2): 644-653. ]
Nourani M, Alali N, Samadianfard S, et al. Comparison of ma-
chine learning techniques for predicting porosity of chalk [J].
Journal of Petroleum Science and Engineering, 2022, 209:
109853.
Ahmadi M A, Chen Z X. Comparison of machine learning
methods for estimating permeability and porosity of oil reser-
voirs via petro-physical logs [J]. Petroleum, 2019, 5 (3) :
271-284.
T2 R AR, A B T [ U 1 2% 4 i
FESHANE &L ] B R S TR, 2017,17(31) 1 46-
52. [Xiang Yunfei, Kang Zhihong, Hao Weijun, et al. A com-
posite method of reservoir parameter prediction based on linear
regression and neural network[J]. Science Technology and En-
gineering, 2017, 17(31): 46-52. ]
BOAAE, BE R AN SRR AR A R A — LI
JEE TG £y 1 LD ], Bl BOR 5 T AR, 2020,20(3) £ 1001-
1008. [ Duan Youxiang, Wang Yanfei, Sun Qifeng. Application
of selective ensemble learning model in lithology-porosity pre-
diction [J]. Science Technology and Engineering, 2020, 20
(3): 1001-1008. ]
HAR BB O, SRR, 55 . DU )2 LB B2 00 Y itk
R [T]. B VCRME K247 ,2017,27(6) : 621-625. [ Deng
Shegen, Teng Xinbao, Hua Guigian, et al. A novel prediction
model for porosity in sand shale reservoir[J]. Journal of Hei-
longjiang University of Science & Technology, 2017, 27 (6) :
621-625. |
Al TGRS TREET AF L SR TR R SRR I LIS
ST [T]. W AR 2015, 39 (4) : 450-454. [ Yuan Wei,
Zhang Zhansong, Zhang Zeyu, et al. Permeability prediction
using support vector machine based on reservoir classification
[J]. Well Logging Technology, 2015, 39(4) . 450-454. ]
=T B, Y%K, 4. XGBoost BIATEBUR Y AR

[17]

[19]

[21]

455. [ Yan Xingyu, Gu Hanming, Xiao Yifei, et al. XGBoost
algorithm applied in the interpretation of tight-sand gas reservoir
on well logging data[ J]. Oil Geophysical Prospecting, 2019, 54
(2): 447-455. ]

Pan S W, Zheng Z C, Guo Z, et al. An optimized XGBoost
method for predicting reservoir porosity using petrophysical logs
[J]. Journal of Petroleum Science and Engineering, 2022,
208: 109520.

GuY F, Zhang D Y, Bao Z D. A new data-driven predictor,
PSO-XGBoost, used for permeability of tight sandstone reser-
voirs: A case study of member of chang 4+5, western Jiyuan oil-
field, Ordos Basin[J]. Journal of Petroleum Science and Engi-
neering, 2021, 199: 108350.

Zhao X B, Chen X J, Huang Q, et al. Logging-data-driven per-
meability prediction in low-permeable sandstones based on ma-
chine learning with pattern visualization: A case study in Wen-
chang A Sag, Pearl River Mouth Basin [J]. Journal of Petro-
leum Science and Engineering, 2022, 214: 110517.

GuY F, Zhang DY, Bao Z D. Lithological classification via
an improved extreme gradient boosting: A demonstration of the
Chang 4+5 member, Ordos Basin, northern China[J]. Journal
of Asian Earth Sciences, 2021, 215: 104798.

Han RY, Wang Z W, Wang W H, et al. Lithology identifica-
tion of igneous rocks based on XGboost and conventional
logging curves, a case study of the eastern depression of Liaohe
Basin[J]. Journal of Applied Geophysics, 2021, 195: 104480.
R R SR o T A R R S R S
(J]. ¥ 907, 2021,33(1) : 1-12. [ Xie Yuhong. Progress
and thinking of CNOOC oil and gas exploration under the back-
ground of low oil prices [J]. China Offshore Oil and Gas,
2021, 33(1): 1-12. ]

Faf, B8 FHET R A MR = ROW R T]. R
Ffrih A, 2013, 20 (2) : 20-24. [ Wang Jinzhu, Wang Xue-
zhong. Efficient exploration of lithologic reservoirs in the Che-
paizi slope zone of western Junggar Basin [J]. Special Oil &
Gas Reservoirs, 2013, 20(2): 20-24. ]

B . ZEHE ARG D TS A TR AR [T ). B
A5 THE,2020,20(5) :1734-1739. [ Lii Shichao. Thin interlay-
er reservoir distribute character of Shawan Formation in eastern
Chepaizi arealJ]. Science Technology and Engineering, 2020,
20(5): 1734-1739. ]

SR, gz B S, A HEPES R AT R R
B ¥t W A L SRR [T ], ARAeA il
4 , 2020, 44 (6) : 1-11. [Zhang Yuejing, Zhang Kuihua, Sui
Fenggui, et al. Coupling mechanism for sand control and sand
body prediction of Cretaceous sequence and paleogeomorpholo-
gy in the Chepaizi uplift, Junggar Basin[J]. Journal of North-
east Petroleum University, 2020, 44(6): 1-11. ]

AR, AR, BEHATT , A . MR DU A W) 02 Wl R I



1566

A

»y,
2

Eild

414

AT e 1 107 P < L B O A b A T T S S 4
[J]. £ 5 JF % , 2014, 41 (1) : 55-61. [Zhao Dongna,
Zhu Xiaomin, Dong Yanlei, et al. Application of seismic sedi-
mentology to prediction of beach and bar sandbodies in gentle
slope of lacustrine basin: A case study of the Lower Cretaceous
in Chepaizi area, Junggar Basin, NW China[J]. Petroleum Ex-
ploration and Development, 2014, 41(1): 55-61. ]
AR, AR AR, AT A MENE R A T X T
GEJZ PR E e R R T[T ], DU, 2013,31(6) :
1070-1080. [ Zhao Dongna, Zhu Xiaomin, Dong Yanlei, et al.
Sequence stratigraphic framework of Lower Cretaceous and its
main controlling factors in Chepaizi area, Junggar Basin [J].
Acta Sedimentologica Sinica, 2013, 31(6): 1070-1080. ]
W05, BRI, 14, 45 WE R A Ve b4 A T U X R A
WLy MR IR AR CH AR
JZ ), 2011, 35(5) : 20-26. [ Yang Yong, Chen Shiyue, Xiang
Kui, et al. Sequence stratigraphy and sedimentary evolution of
Lower Cretaceous series in Chepaizi area, northweastern margin
of Junggar Basin[J]. Journal of China University of Petroleum,
2011, 35(5): 20-26. ]

T, AP, EERR 5 MENE K G P R R A
AL B T2 AL [T ], RO 22 BERRL 21D , 2015,
45(4) :1132-1141. [Dong Dawei, Li Li, Wang Xiaolei, et al.
Structural evolution and dislocation mechanism of western mar-
gin Chepaizi uplift of Junggar Basin[J]. Journal of Jilin Univer-
sity (Earth Science Edition), 2015, 45(4): 1132-1141. ]
BRI, FE I B, 45 . N AR A AR R R A T U Al
FHIE R R [T ], il 5 RIA S HBT, 2016,37(4) : 556-564.
[Hu Qiuyuan, Dong Dawei, Zhao Li, et al. Tectonic evolution-
ary characteristics and their causes of Chepaizi uplift in Junggar
Basin[J]. Oil & Gas Geology, 2016, 37(4): 556-564. ]

WRAT, SRS R GAR , 45 RN R A PE b 4 = 01 i i
RHMAE I Al 5 RS HT, 2016,37(3) :322-331.
[ Chen Shi, Guo Zhaojie, Qi Jiafu, et al. Three-stage strike-slip
fault systems at northwestern margin of Junggar Basin and their
implications for hydrocarbon exploration[J]. Oil & Gas Geolo-
gy, 2016, 37(3): 322-331. ]

TRA M, 4, ZR AR, S L ENE IR A Hh DO AR U1 B e U b
BRALAEREAE R A7l i AR AR M sk [T, o
i, 2012,39(2) : 326-337. [Zhang Zhihuan, Xiang Kui, Qin
Liming, et al. Geochemical characteristics of source rocks and

their contribution to petroleum accumulation of Chepaizi area in

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Sikeshu Depression, Junggar Basin [J]. Geology in China,
2012, 39(2): 326-337. |

ZERE WA R A L HEIED J) R 2 HE DX i D5
Iy HET]. HuBkAk 2, 2021, 50 (5) : 492-502. [Li Erting, Jin
Jun, Mi Julei, et al. Analysis of crude oil sources in the Che-
paizi area, Junggar Basin [J]. Geochimica, 2021, 50 (5) :
492-502. ]

B0, WISCH, oK SO, 5 ENE R A L — A T i
S I A SRR RS T ], MBS T, 2005, 51
(5) :591-599. [Cao Jian, Hu Wenxuan, Zhang Yijie, et al.
Geochemical analysis on petroleum fluid activity in the
Hongshanzui-Chepaizi fault zone, the Junggar Basin[J]. Geo-
logical Review, 2005, 51(5): 591-599. ]
LR RV B A METE R A PO S e A Ak
FIAERHZ R 1] o E AR 24 (A RRE D |
2016, 40 (5) : 22-31. [Meng Fanchao, Cao Yingchang, Cui
Yan, et al. Genesis of Carboniferous volcanic reservoirs in Che-
paizi salient in western margin of Junggar Basin[J]. Journal of
China University of Petroleum, 2016, 40(5): 22-31. |

P W e DA 4 . WETES R A e R IRE S A
ARG ] ARSI K ,2010,37(4) :397-408. [He
Dengfa, Chen Xinfa, Kuang Jun, et al. Distribution of Carbon-
iferous source rocks and petroleum systems in the Junggar Basin
[1].
397-408. |

R, B BRI, 55 . MENE IR B0 4 HE TR il <58
PR 0 5 R L] v E AR, 2016, 21(3) 1 83-91.
[ Song Mingshui, Lii Mingjiu, Zhao Legiang, et al. Hydrocar-

Petroleum Exploration and Development, 2010, 37 (4) :

bon potential and accumulation model in Chepaizi uplift, Jung-
gar Basin [J]. China Petroleum Exploration, 2016, 21 (3) :
83-91. ]

rhie N R ] [ 5 Bk e A A 2 R , ] [ s v
A 5145 . GB/T 291722012 S04 ik [ 8], dbnt:
[ AR IR AL, 2013 32-34. [General Administration of
Quality Supervision, Inspection and Quarantine of the People's
Republic of China, Standardization Administration of the Peo-
ple's Republic of China. GB/T 29172-2012 practices for core
analysis[ S]. Beijing: Standards Press of China, 2013: 32-34. ]

Chen T Q, Guestrin C. XGBoost: A scalable tree boosting sys-
tem [ C J//Proceedings of the 22nd ACM SIGKDD international
conference on knowledge discovery and data mining. San Fran-
cisco: ACM, 2016: 785-794.



LERE] SR AL T T A T = STV =P LB E 000 o 4 1oz 1567

Application of Machine Learning for Porosity Estimation of Beach and
Bar Sand Bodies in a Lacustrine Basin: A case study of the Lower
Cretaceous strata in Chepaizi area, Junggar Basin, NW China
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Abstract: The facies of Cretaceous reservoirs are beach and bar, and the sandstone reservoirs are characterized by
thin and sharp vertical change in the Chepaizi area of the Junggar Basin. As a result, new challenges appear in esti-
mating the porosity of reservoirs. In this study, based on the measured porosity in the laboratory and corresponding
logging data, a new porosity estimation model was established using the extreme gradient boosting (Xgboost) ma-
chine learning algorithm. The results show that the correlation coefficients between reservoir porosity and GR, AC,
CNL, and RXO are 0.38, 0.42, 0.28, and 0.32, respectively, suggesting that porosity is influenced by the logging
data in the study area. Based on the input logging data, the predicted porosity using the Xgboost algorithm matches
the measured porosity, with a correlation coefficient of 0.92 and a mean squared error of 0.20. To test and verify the
predicted results from the Xgboost mothed, we use the production test result as collateral evidence. The results show
that the well sections with higher porosity match with the test data, indicating the reliability of the model. This result
provides fundamental data for reservoir evaluation and modelling, improving the exploration accuracy in the study ar-
ea. Furthermore, the model can be used in the study of reservoir porosity estimation in similar sedimentary environ-
ments.

Key words: machine learning; porosity estimation; beach and bar facies; Cretaceous; Chepaizi uplift



