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Reservoir grain size profile prediction of multiple sampling points based
on a machine learning method

LIU Shanshan, WANG Zhiming

College of Petroleum Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Abstract The particle size characteristic (d50, the particle size value corresponding to 50% of the cumulative mass fraction
of the sieve analysis curve, um) of formation sand is a key parameter in sand control design. In order to obtain the vertical dis-
tribution profile of particle size, the response relationship between reservoir particle size and logging curve based on a machine
learning method is studied. Classical machine learning often lacks a feature extraction process inside the model. Moreover,
when a single sampling point is used as the input, the adjacent data association relationship is missing to reflect the horizon
information. Considering the geological continuity of reservoirs, using the trend and background information of logging curves,
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taking the depth adjacent data points as machine learning eigenvalues, a grain size profile prediction method based on multiple
sampling points is proposed. A prediction model based on random forest, support vector machine, Xtreme gradient boosting tree
and artificial neural networks is constructed and trained. The results show that, compared with the single point mapping model,
the prediction accuracy of each model considering the vertical geological continuity of reservoir is higher than that of single point
prediction. The five point mapping ANN model (ANN -5) has the best prediction effect, with the highest correlation coefficient
0.819 and the least error measures 9.59 of the testing set. It is proved that multiple sampling points are used as input to implicitly
utilize part of the stratum information and effectively improve the prediction accuracy. The influence of feature point density
on the accuracy of the model is also studied. The Gaussian kernel density distribution of the feature points of the samples in the
two-dimensional input space of the training set and the feature point density of the training set at the sample points of the test set
are calculated. It is concluded that the RMSE of the sample points of the test set in the high-density area is generally low. The
prediction accuracy of the model will be further improved as the number of training samples increases. AHP is used to determine
the weight of each factor affecting the model selection, and fuzzy comprehensive evaluation is used to optimize the machine
learning model. According to the optimized model, the grain size profile of the reservoir in adjacent blocks is predicted. The

predictions capture well the trend of grain size change and simulate its peak value.
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Fig. 1 Wireline logging curve
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Fig.2 Paired scatter plot between characteristic variable and predicted value
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Fig. 3 Histogram of characteristic single variable
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Table 3 Comparison of model prediction results
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RF-3 0.800 99.778 7.189 9.989 0.650 325.324 13.344 18.037 112742
RF-5 0.808 95.612 7.059 9.778 0.681 296.981 12.942 17.233 137632
SVR-1 0.660 169.423 8.620 13.016 0.618 355.506 12.078 18.855 2993
SVR-3 0.679 160.126 8.057 12.654 0.621 352.746 11.445 18.782 998
SVR-5 0.703 147.893 7.778 12.161 0.646 329.032 11.250 18.139 1995
XGB-1 0.664 167.746 9.727 12.952 0.623 351.116 14.785 18.738 791513
XGB-3 0.725 137.151 9.047 11.711 0.636 338.306 14.502 18.393 45879
XGB-5 0.798 100.594 7.000 10.030 0.706 273.864 12.296 16.549 33910
ANN-1 0.757 121.252 7.993 11.011 0.674 302.965 12.908 17.406 130945
ANN-3 0.839 80.417 6.578 8.968 0.741 241.067 11.712 15.526 168717
ANN-5 0.891 54.425 5.759 7.377 0.819 168.422 9.590 12.978 100349
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Fig.10 Comparison histogram of model prediction results
80
3500000 —RIIBEIZE, IF TN R Y TR R R g, i —
7 | [ so00000 & I A B
& . . . 2500000 @:P(
= 2 K3 0,0 s Y,
z 00000 3 PRSI BONITE
1500000 1=
60 R
1000000 1 L SR g P R L AL o b
BLAR 2 2 R A e PR A — i R b 2552 i B4 43
40 500000 N . s N =
S . BT, ot G kbR, AP EARBO, R
Den/(g/cm®) FH)Z RGBT 0 SE R R 45 I R AR, SRS
_ eae— FIFES & MR A LB B T
HEXHRE WA H

B 1 “BE-HARRE" XRZERNHSE
Fig. 11 Two dimensional thermal scatter diagram of “density

root mean square error” relationship

BT R A m AP IR, S

A n VB IERR SRR ) R (5K 7).



102 AOMBREER 20224R3 71 7 EE 1
A:@@LWG=LL.MnU=LL.wn) (7) 0 x<a
ot a, R T AN R I R A(x) =274 s )
SR BRI ILA S T 10 TR, A PR
b K RO, AT L T Y A ), 2
LA R . BUR LSk g ST @R M, bR AL, x
e s e R
M AR . RMSE. Traintime A PFM 2R . k451X 4L
e S XA HERRT Ay, HES HIMEARE (% 5), T
PR HE BRI B (32 4), U045 )7 48 ELIAHE ok 1o
o (= kR 6).

fE AR RE Y
K FIBETE 23 A 5 2 B6 T8 4313 pREICH 2 S5 T8 B2 pR R,
PEATIH— AL BE, R? K. RMSE 5 Traintime i 7]V
IR, HRAE (8) A1 (9) 2 a3 Jg FE SR RV,
/N (e INBR AT ), DLIED 12as

1 x<a
A(x)= i:; a<x<b @®)
0 x>b

PRI GBS ), WLIET 12b.

&4 EMNHiERR

Table 4 Evaluation index

RV Y500k, ARG 18 b5 S5 B B A 454
PR, T PR IR ) SR R BE (R, Ik
7R, R A R SR Bk e T PN AR f e A A6
#45A ANN-5,

4 FORILSIE S
AT IRz AL RE S, AR X

MIFZE 55— 0 H WZ11-1E Bz U TR B A (.
dS0 2 Im) ) T S TN, BN AR A S A AL

Bk YL R YI1%:4E RMSE AE R? 4 RMSE YRR} ] fus
RF-1 0.772 10.664 0.631 18.528 152578
RF-3 0.800 9.989 0.650 18.037 112742
RF-5 0.808 9.778 0.681 17.233 137632
SVR-1 0.660 13.016 0.618 18.855 2993
SVR-3 0.679 12.654 0.621 18.782 998
SVR-5 0.703 12.161 0.646 18.139 1995
XGBoost—1 0.664 12.952 0.623 18.738 791513
XGBoost—3 0.725 11.711 0.636 18.393 45879
XGBoost—5 0.798 10.030 0.706 16.549 33910
ANN-1 0.757 11.011 0.674 17.406 130945
ANN-3 0.839 8.968 0.741 15.526 168717
ANN-5 0.891 7.377 0.819 12.978 100349
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Fig. 12 Calculation basis of membership function
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Table 5 Judgment matrix

BRI A5 2R o DA A 68 S B b (DA B L b 22
Hisk, I 13 DS i d50 i, RsEkrg L

Y1144 RMSE MASE R 342 RMSE INZEmtia) us
YI4E R 2 0.2 0.2 3
I Z:4E RMSE 1 0.2 0.2 3
WLE R 5 1 2 3
i 4E RMSE 5 0.5 1 3
YR ] us 1/3 173 1/3 1
Fz6 IEBRNE ®71 TEREREE
Table 6 Index weight Table 7 Membership degrees of different models
Eiztun & g
T .
ISR 0.1207 RF-13.5 0203 0296 0.405
I Z:4E RMSE 0.0982
o SVR-1,3,5 0.074 0.1 0.204
W LE R 0.4024
WA RMSE 0.304 XGBoost—1,3,5  0.019 0.187 0.491
SEEIA] /s 0.0737 ANN-1,3,5 0.335 0.641 0.991
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Fig. 13 Logging curve and D50 prediction results of wz11-1E well



104

FIMBLEER  20224F3 H B T7EFH 1Y

KL 5 BN ELHEA T LA, B AS RARGr sl B2 7
AR, BT I

5 4B

(DARSCREH T % B A2 G i e Sk 0 b = R
HRELILAS = > IO 7 3, 3207 1% 800 A T - i £k
DRI AR A IR A5 AN DU Bt 2 ) SCHR i 6035 15
B WRBIZDURE S Ay JEE A 1L 38 FT 0 1m) AL 5
HP A 2 ) ROBERRONE o 388 2o e I T ) ST SR A L,
SE M-S B AREA, AR HHZE 2 BB,
PG W TURRI A e, BAT MR SR R) o o 1) 1
Yo Plgss D RS AR M R BB A R TBE,
FAT, Pldves~d 5 TSRS G Tk, F2EE
BN, B R ARG R AR . CATOTTEERY,

%75 ik

W SR TR A R B 1) 24 SR sk S 6 4 B LA ]
DL S B8 i A SR R T, 0 — A5 4 v A )
KiZ

(2)2k I 4 B AL #% 2% ) J7 % (ANN, RF. SVR,
XGBoost) HE 57 T #H 4K 0 (1) d50 THIAR A5 4T T XF
Feas, ARSI ph G 25 R, I mE
LR RIS T RESEL, TR T HRAE A BT
REHDRE BE 52 . FOT S RR T, TCIe R BEFP AL
2T, 2 SR S TN B4R B A v TR S T
FET 5 A RFF S ANNBIRLAEYN ZRAE Rl 4 v BAy
BB R AR RMSE . #2 ) T AR BCA 255 1 1)
Lk AL gn e IR vk, B BT [ FORE B2, 5
B F A, HRPE O E H A ANN-5 BRI T X B fif 2
BRI AT, BT T RAROR .

(6]

(9]

[10]

(1]

[12]

[13]

BIXENMAN, P.W., TOFFANIN, E.P., and M.A. SALAM. Design and Deployment of an Intelligent Completion with Sand Control[C].
Paper presented at the SPE Annual Technical Conference and Exhibition, New Orleans, Louisiana, September 2001.

LIU S S, ZHAO Y P, WANG Z M. Artificial Intelligence Method for Shear Wave Travel Time Prediction considering Reservoir
Geological Continuity[J]. Mathematical Problems in Engineering, vol. 2021. , Article ID 5520428, 18 pages, 2021.

ez, 23, WESCHL, A% BE T S i MR DU 2 R I R O (D). VA R R (B AR, 2017,32(4) - 46—
49,54. NI W J,LI Q, GUO, W H, et al. Prediction of shear wave velocity in shale reservoir based on support vector machine[J]. Journal
of Xi ' an Shiyou University (Natural Science Edition), 2017, 32(4) :46—49,54.]

RIDER M.H. Gamma-ray log shape used as a facies indicator: critical analysis of an oversimplified methodology[J]. Geological Society
London Special Publications, 1990, 48(1), 27—37.

AR, AP, 2252, 45 TR R B 28 (0 22 RAE A U [0]. HUBRY B2 3R , 2018,33(4):1660—1665. [LI G H, ZHENG Y,
LI'Y, et al. Lithology recognition of multi-sampling points based on deep belief network[J]. Progress in Geophysics, 2018,33(4) :1660—
1665.]

By, BT, PAEZE, & BT LA 2 5 KRB HOR A 3 Bk 80 JF R Ge )], V4 28 A il R A R (A SRR 2 ),
2019,34(6):108—116. [CHENG X ,CHENG Y X,CHENG J H, et al. Geophysical logging system based on machine learning and big data
technology[J]. Journal of Xi ' an Shiyou University ( Natural Science Edition), 2019,34(6): 108—116.]

MRz K. BT LA 2% 20 10 I il 26 o#h 4 5 A2 il 9 [D]. db 50 K 2%, 2020. [CHEN Y T. Research on Well Log Completion and
Generation Based on Machine Learning[D]. Peking University,2020.]

OYENEYIN, B.M., FAGA, A.T. Formation-Grain-Size Prediction Whilst Drilling: A Key Factor in Intelligent Sand Control Comple—
tions[C]. SPE Paper No. 56626, 1999.

OLUYEMI, GBENGA , OYENEYIN, BABS , and CHRIS MACLEOD. Prediction of Directional Grain Size Distribution: An Integrated
Approach[C]. Paper presented at the Nigeria Annual International Conference and Exhibition, Abuja, Nigeria, July 2006.

FAGA, A.T., and B.M. OYENEYIN. Effects of Diagenesis on Neural-Network Grain-Size Prediction[C]. Paper presented at the SPE
Rocky Mountain Regional/Low-Permeability Reservoirs Symposium and Exhibition, Denver, Colorado, March 2000.

GRIGSBY, JEFFRY D., LANGFORD, RICHARD P. Effects of diagenesis on Enhanced-Resolution Bulk Density Logs in Tertiary Gulf
Sandstones: An Example from the Lower Vicksburg Formation, McAllen Ranch Field, South Texas[J]. AAPG Bulletin, V.80 No. 11
(Nov 1996), P. 1801-1819.

SIRON, DONALD L., SEGALL, MARYLIN P. Influences of depositional environment and diagenesis on geophysical log response in
the South Carolina Coastal Plain: effects of sedimentary fabric and mineralogy[J]. Sedimentary Geology, 1997,108(1—4):163—180.
KANFAR, RAYAN, SHAIKH, OBAI, YOUSEFZADEH, MEHRDAD, TAPAN MUKERIJI. Real-Time Well Log Prediction from
Drilling Data Using Deep Learning[C]. Paper presented at the International Petroleum Technology Conference, Dhahran, Kingdom of



FETHLAR: 2] 7 TR 20 RAE A5 A 2L 31 1 P ) 105

Saudi Arabia, January 2020.

[14]  Z=9F. 59 LSaAHURB R AL BETTF5E [D]. H EA I (dbat), 2012, [LI P. A Study of the Optimization Design of Mechanical
Sand Control in Weakly Consolidated Reservoirs [D]. China University of Petroleum (Beijing), 2012.]

[15]  ERME, B3, Smed, 45 2RO EEA 2 45 M BIRIE ST (7], P9 R A il 2424 ( HARRMAT), 2016,38(1):53—59.[WANG L
H,LouY S, MA XY, et al. Research on Neural Network Prediction Model of Reservoir Particle Size[J]. Journal of Southwest Petroleum
University (Science&Technology Edition), 2016,38(1):53—59.]

[16] PARZEN E. On estimation of a probability density function and mode[J]. The Annals of Mathematical Statistics, 1962, 33(3):1065—
1076.

[17]  ZENG Q S, WANG Z MI, YANG G, WEI J G. Selection and Optimization Study on Passive Inflow Control Devices by Numerical
Simulation[C]. Paper presented at the SPE Middle East Intelligent Energy Conference and Exhibition, Manama, Bahrain, October 2013.

(TR FHi K DHE)



