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A method for oil recovery prediction of sandstone reservoirs in the eastern South China
Sea based on neural network

LI Wei', TANG Fang', HOU Boheng', QIAN Yin®, CUI Chuanzhi®, LU Shuiqingshan’, WU Zhongwei

(1. CNOOC Shenzhen Company, Shenzhen, Guangdong 518067, China; 2. MOE Key Laboratory of Unconventional Oil & Gas
Development, China University of Petroleum, Qingdao, Shandong 266580, China)

Abstract: At present, the methods such as numerical simulation and linear regression are mostly used to predict the oil recovery of
sandstone reservoirs in the eastern South China Sea, but some of them are time—consuming or with low accuracy. In order to predict
the oil recovery quickly and accurately, 50 developed reservoirs are selected as the data samples. Based on the feature extraction of
the influencing factors of the principal component analysis on recovery, a recovery prediction model suitable for sandstone
reservoirs in the eastern South China Sea is established by the neural network. Compared with that of two methods of support vector
machine regression and linear regression, the prediction results of neural network regression model have high prediction accuracy,
which can evaluate the development potential of the similar reservoirs quickly.

Keywords: neural network, eastern South China Sea, sandstone reservoir, oil recovery, prediction model, principal component

analysis

e [ i Vg AR BV RH D S R B A A T IR BE AR . SRS T TR AR A e i RCR WOR A B . A,
fitt 2 PIVERF IR RE B 78 A5 i, KBGO WA SRR TN 5 A SR BB BRI 28 S e,
LT IR, Lﬁ%J:‘i’lHEHE‘J?Fk?’:TTﬁT% ‘ilﬂﬁﬁ%@ﬁiﬁﬁﬁﬁﬁkiﬂ’ﬂﬁlﬁﬂl]\jjJT:?%‘H%
S, DIAERE X b oK SRAD A e i) RO 22 5628 A JHECR R A T F

s HH5:2021-04-26,,
F—EEEN AH501972—), B AR, S TN, FENF A RIS TAE. Huhk ) A8 WRIN T R L X T i RIS B )
3168 5 HEEHE A JE , HREC S : 518067, E—mail:liweil @cnooc.com.cn
BEEEE N AL (1970—) 55, #dz LASI, NGB RIS T ZBAREVIE TAE. il IR H ST RS
AP % 66 5 H A IR () A3 B AT R BB TR S S0 2, B4R : 266580, E-mail:ccz22008@126.com
EETH : HR ARREIL I H “ SO 2 B R 2K 285 T s R SR 7 (51974343) 5 1 S T -1 S5 R BF9E 00
H “BUs im AR 2 R A AL S S EUR AL 9T (qdyy20200084)



2021 4F
B HSH

AR, A TP 2% 1 R T 2R T SRR SR T T 3 731

IS QRAE 2 = BB E SIns Ju o LI1/S R v
S EAEVERE IS ESH TR ¢ INEVE Ry RF S DO R oY &'
(WS SIN NP R E S AT /A D S )
LSRR T A RE A ST B PR R, 285 4 A S
T PR T R MR R R AR R 2
i AR 2 B S OR BRI R 0 , S Bt
TR NI, S T VRS R A2 A IR Gt TRl
G HR M N 3R Z [ 1 5C A, 1 S BT X A % ok
(RESL Ty TR i 37k A S E e D i PN N S
Bl TURYE SR 18 A 22 W 28 [l 507 ik, ST
T P T AR TV AR D S i R ) SR AR T A L
PREEPEANIRT A0 7, 48 Tl A

1 PRz s m] I Jr 2

MR 2 S — > H LD AR 28T 39 5 2L
A2, iy AR 2 i AR RORUZ it = 7
MATTEERBEATINGE i 2 0 26 ) FACEE A (o)
S PREESSMIVPS N EL PN Rl S-S DS
KR o METTH R UL B 15
I e L (b) , THEAT B IAURT, AU R R (R
2t RS i il A RSN TS A
PR SRS R 22, 2 A 2 et H AR A B
UL i s

HENL— D2 R M SRR, P S B e R
BARFEA T S R A R 5 A H AR B 5, A D A
FEAS AN S A JZ J5 45 IR — 52 He o0 U255 Bk
EAMNRALE . SRS, B e R 280 B B M
WIGRERE Ba , AWl 2 R 45, AR5 B B A
P8 T DETASRR i A5 5 TEE R A o £ ) 45 [ L
B o WFFEET X 8 TRl R K 1) [ 73 A, A1t
FHT RRALL S A A 0 26 J2— > RUZ 45t 9 4% , 7
BB Z AT — A sigmoid 1452 s R, 7Ef 12 A — 4
ERESEE

2 HF ER AR RIS
21 BARRAMEE

PR AR TR T 2 T AR TR AR U T4
G, DI 122 TR K RE 8 , LLRARBE SR IT AN
o ISP T A Bl RS TORE, AR
IR A2 R 28 [l U AR REAS . PEFRREAS T 50

[ e SR AR |

N2
[k || seiese || ik |

4 e R
oy
\!I J
| |

é k2 R

w Ltk

= O, i
S l J

i AR R AT

ES I N LR T VR b

Fig. 1  Flow chart of neural network regression
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Table 1 Training samples of neural network regression
W A A )RR LB S A MR T F 1 %5 g Bk Hpfght  RIBCE
#F (k) (m) (%) (%) (MPa) (107 pm¥mPa-s)  (Fl/km?) (107 um?) (10* m*) (%)
N1 7.2 3.5 15.8 61.0 28.6 822.1 0.98 271.3 164 76.5
N2 7.5 6.4 16.2 63.4 29.0 737.9 0.79 317.3 368 67.8
N3 8.9 2.0 16.5 61.1 29.0 656.5 0.13 282.3 134 64.5
N4 7.8 2.9 22.2 63.6 18.5 196.2 0.14 14364 305 47.9
N5 5.5 5.2 15.4 61.6 29.2 534.2 1.09 192.3 193 73.4
N6 9.8 5.6 21.6 60.6 14.3 138.5 1.96 637.0 681 61.9
N7 6.4 2.8 19.9 46.5 16.0 143.5 3.21 660.0 149 62.2
N8 3.7 34 20.5 53.2 16.4 123.7 2.70 569.0 127 51.9
N9 10.9 5.6 21.3 75.8 20.1 3454 2.11 1 088.0 912 67.0
N50 2.6 33 23.0 63.2 20.2 651.0 0.50 2929.7 129 44.4
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Table 2 Analysis results of principal component

PSS FHIEE R (%) B EMEER(%)
1 2.91 34.19 34.19
2 2.03 23.84 58.03
3 151 17.71 75.74
4 0.90 10.54 86.28
5 0.45 5.23 91.51
6 0.36 4.28 95.79
7 0.21 2.51 98.30
8 0.10 1.17 99.47
9 0.04 0.53 100.00
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Fig. 2 Fitting of predicted recovery ratio by neural network

regression model
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Table 3 Model test sample data

W SRR MR LB SrbiR A MR T J o0 2 BiEE TR ORICE

HFR (km?) (m) (%) (%) (MPa) (107 pm¥mPa-s)  (H/km?) (107 wm®)  (10'm’) (%)
H1 4.9 34 183 53.1 17.1 75.5 2.66 2393.7 155 46.97
H2 52 44 242 75.6 18.2 369.9 4.42 3587.7 402 53.87
H3 8.2 4.1 23.7 73.3 20.2 435.5 3.02 2526.1 559 72.30
H4 9.1 4.3 25.0 71.8 223 534.2 3.13 3098.3 668 69.72
H5 10.4 10.5 21.6 66.1 24.2 439.9 5.98 1659.8 1485 69.85
H6 2.4 2.0 21.9 58.8 19.6 284.3 1.60 1648.7 60 64.56
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Table 4 Comparison of results predicted by different models

T FPRRIE MZMEHIE  AXNRZE SCEEELRA SN ARZE RERAEINE AR
2R (%) (%) (%) (%) (%) (%) (%)
H1 46.97 47.23 0.55 51.77 10.22 49.60 5.60
H2 53.87 58.43 8.46 56.97 5.75 60.72 12.72
H3 72.30 63.71 11.88 56.10 22.41 60.00 17.01
H4 69.72 71.46 2.50 49.99 28.30 64.38 7.66
H5 69.85 73.55 5.30 64.42 7.77 77.84 11.44
H6 64.56 59.33 8.10 58.23 9.80 55.22 14.47
x5 HMEZRKE
Table 5 Influencing factor level
K ERTEA MRS fLBREE S AE MR ] WEE I 0o 25 i /ﬁﬁz
(km®) (m) (%) (%) (MPa) (10° pm¥mPa-s) (H/km?) (107 pm?*)
1 2 2 15 0.60 16 60 0.5 500
2 5 5 18 0.65 20 300 2.5 1500
3 8 8 21 0.70 24 540 4.5 2500
4 11 11 24 0.75 28 780 6.5 3 500
*k6 HEHW
Table 6 Results of variance analysis
SPEIt w2 AmE FE FIRSYE REME STE SR A FE  FInfYE R
Eealliliasas 124.00 3.00 203 928 AEFE || HUZEH 61.00 3.00 1.00 9.28 PNTE
2R 3324.00 3.00 5460 9.8 e i 852.00 3.00 14.00 9.28 e
FLER 174.00 3.00 286 928 ARE || HMEE 1 489.00 3.00 2447 9.28 3
SRR e 131.00 3.00 215 928 ARF BB 631.00 3.00 10.36 9.28 B
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Fig. 3 Production history curve of XJ reservoir in the

eastern South China Sea
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Fig. 4 Relation between recovery ratio predicted by model

and well pattern density
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