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Study on minimum miscibility pressure of CO,—crude
oil system based on GPR-DE model

HOU Zhiwei, LIU Yong, YE Feng, GUAN Zhirui, SHI Dan, YANG Xingchao

(Exploration and Development Research Institute , Liaohe Oilfield Company ,CNPC , Panjin City , Liaoning Province ,124010, China)

Abstract: Based on the statistics and processing of injected gas composition , reservoir temperature , crude oil composition,
critical temperature of injected gas, and minimum miscible pressure of 35 CO, flooding reservoirs at home and abroad, a
new GPR-DE model integrating Gaussian process regression (GPR) and differential evolution algorithm (DE)is proposed
for predicting the minimum miscibility pressure of a CO,—crude oil system. The accuracy of the GPR-DE model is evaluat-
ed with regard to statistical errors and graphical errors. The model results are verified by experimental data and sensitivity
analysis and compared with the prediction results of existing models. The results demonstrate that, compared with other
models, the GPR-DE model has higher accuracy and wider applicability, with the average absolute relative error of only
2.060% and the standard deviation of only 0.053 2. The GPR-DE model can predict the minimum miscibility pressure of
the CO,—crude oil system and other gas and crude oil systems.

Key words: CO,; minimum miscibility pressure; Gaussian process regression; differential evolution algorithm; GPR-DE

model

CO, TRAHIE Y L E 515 EAR R R DG BB, 2end 98 ), St g & 5, eyl — & 5¢

T CO, 5 L ik B IR AR P 89 5 /D 1A )
(MMP) . H Firi € e /MR AR R 3 8905 5 224 52
B 05 VRN 5 vk, S ik SR AT A S
ETPRMAGE FERE R K A 2%
TR AT 1 VA /A L 86 07 1 4, LS g o 7

Wk H 391 :2021-03-09,

Y T AL ST E 15 000 TG, Ml i — 58
FE IR A AE S A W R A 22 40 000 30T, #hE
Tk RS 2Rk B RS TR B
HE I BRI LA S, Hirh, &m0k
R TR R T e R A — e Tl R R 1) O A

VEZ A A EE(1993—) , 5B b A7 ZEE L, BB TR0, A1, WM S MR & TAE. E-mail : 288959021 1@qq.com,
LTI H « v LA AR SR 2 v F R L T S T B T R R DG AR 5T 5 0 (2017E-16)



28k 3

P Hi55 35T GPR-DE BALY CO,~ il A &R s/ MR AR E T IS -127-

AR A, 1 P B8 A i B 3 22 5 RS DT Ak
TETT R R/ IR A TR 7 I 5 AR 40 il 8 ) B AR
THE TR R, 17280 5 HL TR AT pR B B A
R0 TR X 5 S5 EASE A0 D 0 B L O ) S 6 B O
il , FEAT PVT B UG, g Sr BB B | i 1 o e
ANBEAR T A S AR HUA R

ULAFA , B R RE DU P53 A i o TR Uk )
JZ R VF 2 A R FTZ SR B CO,- i

PEFURS B 1 , BB X A A 78 & 5 % AR =2 A 1Y
R RRZMATER, Bt s aE FEAMANT
B e O I ¥ L= 7 SN o = S L 2= Bl -+ Nt
LR m AL RS R R R LR A RA
PRI  H RS /NE AR R S A AR
FEAFAE LU Bl s, QBRI I T PR A B
SOIF R G025 . QBT AT 2% S 850R
UL 1A S BB T A PR . DS 28 i 4 A DGk
AN BE 1 1 b A8 A fe /NIRRT B A S B AR Y
A AR S 56 B , e/ N AR e T 7 I 2 T K T
JEE 18 T 3 T 3 K, AR T — S T30 A A B (A B+ 3

S fife R E RS Y b B A A D IR RS B
FAR A [P R, $1 3 g 3073 2 [0l 05 (GPR) A1 2243
# 1L 3: (DE) (9 GPR-DE #5750 CO,— J5 il 14
R/ NEMET .

1 BORGST

11 HiERREMSH

T A 5 M 3 P | T S A A
P55 (1 P R Al K dhs 1) 4 T PR LA RO AT G . A
YR FH B0 808 T, LG LA SRk v Bl BE 22, 45 T3 8K
B A HUELE FRIL BT, 32 A A R TE AR
PR A [ 20 53 B 2E 08B v G, 210 Y 43 1 o
(MWCs,) JE b8 & 4105 [ 4120 B9 P (. TEA
PR B e 530 2 R e/ NTR AR ) 458, LS R0l 32

FORIEF A 35490 L 5 I 845 T 45 T S 50U E
WHI(E 1D,
1.2 HEEEKFEE
121 #HAfidf2e)a
GPR & 3& T DU 372 > Fn g iF B8 K J e ok
B —Fh AL 2% > ik AR PR i e B R AR e S5 2
Ze 1l U [n] @ AT R, BRI
:'J'fgéo
0, it . BRI G g R E N D =
()= (o) o o R A it i
MLad B2 . GPR Hy ¥ {8 bR 5L m () 11 J5 22 PR AL
E(x,x")B05E , L, GPR AT AE SUA
f(x)~ GP[m(x),k(x,x’)] (1)
k(x.x) = E[f (x) = m()][f (&) = m(x)] (3)
— BB, GPRASEAI AT LU H -

y=f(x)+e (4)
H T, ~N(0,07), K (4) XA 255
y~GP[0,k(x,x')+0’i] (5)

ik DL S 2 MR S D = [ (X ]
T B I R 4 R th 9 05

Aii A .
y )~ 0’[1( (X.X) + o1, K(Xx)]
ye K (x..X) b (x,.)
TEUN 2% S AR e 2 B € ), ol AT
L UL A4 I B AR R A A

(6)

v Xy Xo ~ N[ ycon(y.)] (7)

yoe K X) [Ke)+ o]y (8)
cov(y.) = k(x.,x.) = K(X,2.)"

[K(x.X)+o21,] K(X,x.) (9)

B NGRS R 7 22 R R AR IE E
PR, H FH AN T3 202 R B P D5 $8 BpR 5L

x1 TRESHHEBELEE

Tablel  Value range of different parameters

- HEATRALG IR O 6k (%) VAR WHGR R4S MWC,  RUNEA
o, 0,8 C, C;—Cs N, I i (K JE(K) R 2H 53 (g/mol)  JEJJ(MPa)
I/IMA 40 0 0 0 0 220.85 295.89 0 135.74 6.5
S IN] 100 50 20 25 9.8 380.98 397.85 13.81 302.5 34.67
A5 {H 86.94 5.85 4.79 2.65 0.21 302.85 340.89 1.6971 189.65 1478
P2 15.28 13.31 6.71 5.26 1.08 10.73 22.81 2.10 32.67 5.33
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Table2 Partial prediction results of GPR-DE model

AR S B IR i (%) A TR R MWC,, SR s
o, 0,8 C, C—Cs N, I AR (KO £ (K) rE] 2 53 (g/mol) #i(MPa)  2R(MPa)
45 45 10 0 0 323.95 331.98 187.80 0.74 1038 10.39
80 0 0 20 0 304.41 322.04 187.27 1.50 9.66 9.12
80 0 0 20 0 304.41 338.71 187.27 1.50 10.50 10.42
90 0 0 10 0 304.29 322.04 187.27 1.50 10.07 9.15
80 0 0 20 0 304.41 322.04 187.27 1.50 7.93 9.11
86.4 0 10.7 2.9 0 292.05 346.48 227.00 771 23.09 23.13
90.84 0 7.97 0.99 0.2 294.77 353.15 165.59 4.62 16.1 16.72
925 0 75 0 0 295.65 327.59 185.83 0.14 1035 10.396
95 0 4.9 0 0.1 298.43 344.26 207.90 0.32 16.83 16.81
925 0 75 0 0 295.65 327.59 185.83 0.14 10.4 10.93
100 0 0 0 0 304.17 377.55 153.96 1.77 22.00 21.91
100 0 0 0 0 304.17 355.35 261.64 0.33 21.35 21.16
100 0 0 0 0 304.17 327.55 168.39 1.01 11.8 11.78
100 0 0 0 0 304.17 330.93 202.61 0.42 11.7 11.79
100 0 0 0 0 304.17 385.37 213.5 1.16 24.1 23.70
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Table3  Comparison between statistical errors in prediction

results of different models

e SR LI AR R 22 (%) SEHI RN IR 22 (% ) ¥y aiR 2 FrifE2E
YELLIG(SEBASTIAN )18 18.34 7.55 4.41 0.236 0
YELLIG(ALSTON) 18] 19.61 12.67 471 0.248 7
ALSTON!! 19.57 0.10 4.68 0.253 8
ALSTON(SEBASTIAN )1%) 21.77 4.37 5.23 0.293 1
SHOKIR!'®! 24.67 7.18 5.12 03150
KAMARI[10) 27.30 -10.44 5.27 0.183 1
FATHINASAB and AYATOLLAHI!?! 12.17 245 2.53 0.158 7
ANFIS-BP!13) 10.87 -3.85 1.98 0.0196
ANFIS-PSO!13) 7.53 -1.36 1.68 0.0121
ANFIS-GAL! 8.10 -0.85 1.61 0.0122
ANFIS-ACO!'3! 9.16 -2.18 1.87 0.0150
ANFIS-DE!3) 11.49 -1.19 2.03 0.0213
GLASO(ALSTON)!20! 29.04 -13.29 5.47 0.360 3
GLASO(SEBASTIAN )20 31.83 -21.31 5.77 0.4100
CRONQUIST(SEBASTIAN ) (2! 21.97 -13.84 4.53 0.301 4
CRONQUIST(ALSTON) 2! 22.08 -8.00 4.65 0.2952
ORR(SEBASTIAN )22} 18.21 -4.9 4.33 0.2520
ORR(ALSTON )22 18.79 -0.71 4.72 0.2529
LEE(SEBASTIAN )23/ 18.46 -2.33 4.15 0.2510
LEE(ALSTON)!23! 18.55 233 4.25 0.249 7
GPR-DE 2.060 -0.183 0.655 0.053 2
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