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Automatic reservoir history matching method based on adaptive
mutation strategy and differential evolution algorithm

ZHANG Jinding',ZHANG Kai"?,ZHANG Liming', LIU Piyang’, CHEN Xu'
(1.School of Petroleum Engineering, China University of Petroleum (East China) , Qingdao City, Shandong Province, 266580,
China; 2.School of Civil Engineering, Qingdao University of Technology, Qingdao City, Shandong Province, 266033, China)

Abstract: As a classical evolution algorithm, the differential evolution algorithm has the advantages of global search ability, easy
implementation, and no gradient. It has been widely used in automatic reservoir history matching. However, the setting of param-
eters in the algorithm has a significant influence on the result of history matching, and there is convergence stagnation in high-
dimensional problems. In order to solve the above problems, an automatic reservoir history matching algorithm was proposed based
on the adaptive mutation strategy and differential evolution algorithm. Firstly, based on the principal component analysis method,

the high-dimensional parameters of the reservoir model were reduced, and the reduced parameters were used as the parameters ad-
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justed in the differential evolution algorithm to compress the search space of the variables and improve the search efficiency of the
algorithm. Secondly, based on the adaptive mutation strategy and differential evolution algorithm, the historical experience in the
search process of the algorithm was used to guide the update of the current population. When the individual of the population
stopped converging, the mutation strategy of the differential evolution algorithm was switched to change the iterative update mode
of the population to avoid the situation that the reservoir parameters stopped optimization and adjustment. In addition, to make the
updated model parameters consistent with the prior distribution characteristics, the quantile transformation strategy was applied to
transform the distribution of the updated parameters, and the data of non-Gaussian distribution was transformed into Gaussian distri-
bution so that the updated model was more in line with the constraints of the actual geological parameters. The proposed algorithm
was tested and verified on a three-dimensional reservoir model. The results show that compared with the traditional differential evo-
lution algorithm framework, the improved differential evolution algorithm can improve the convergence effect of the history match-
ing solution, and the inverted reservoir model parameters are more in line with the actual geological characteristics. Under the same
calculation conditions, a better history matching model can be obtained, and the data matching effect is more significant.
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Fig.1 Differential evolution algorithm
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Fig.2 Automatic history matching process
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Fig.5 Permeability of prior model and reconstruction effect after parameter dimension reduction



-158- moR o w5 R ol % 20254E3 H
8 4.80 -
7 —— DE/rand/1
6 —— DE/best/1 4.00 -
—— DE-SHS
*EE;[ 5 DE-SHS-QT fé
% 1% .
m 4 = 3.00 F
S ~
&3 I
2.00 |- ?
2 1 181 1 1 1 1
0 20 40 60 80 100 DE/rand/1  DE/best/1 DE-SHS  DE-SHS-QT
BRI AL ENEE: SR
a. HAr R B s AR 1 b.a . H R ek EUE 53 A % L

6 B3hHEE B EE KSR

Fig.6 Convergence effect of objective function of automatic history matching

WS . M Es A A N AR SR S, AH LT PR
Kenli i) 22 73 4L 3% (DE/rand/1 5 DE/best/1) , DE-
SHS Bk W S g . 454/ i #i )5 |, DE-
SHS-QT 53k By WL SK 1 fie -

(%] 6b Ji& 7N B Fh 53812 17 3R A5 19 S0 Fe AR R 1Y
3G OL (S RS IZ AT R 250 B , B AT LA
i1, DE-SHS-QT 5375 AR A5 () S5 UL B A bR/
4 TP ARAT 1 B I B A R BSR4 (8 5 b o 22
WER R . XFF 50 Attt B A eR 500 - 3418
DE-SHS-QT 53 A kb 7 DE/rand/1 57 . DE/best/1
815 F DE-SHS 535 43 51| B A% 48.77% . 14.24% FI
6.70%. X T A H bR sk £ 945 E 25, DE-SHS-QT
VLRI bRME2E /N o MR EE SRR, % = 4
IR b, 2 Fh A% G0 1 2 53 300 Ak 530k 280 A A 2 W k4
i 14 [ L, AT SO ) 25 0 AR SR AR T T bR pR A
IS SRBE R
4.4 RESH S

X} [t DE-SHS-QT %75 5 DE-SHS .15 1 4%
R, 856 MRS B RSSO A —

040 " 040
7N\ === N,

i PN ER i
0.35 ' om0

0.30

0.25 0.25

ik g
f=]
sk g
g

5.0
AR A
a5 MR AT

R4
b5 AL A O
E7 ST EAREREOERBESH L

Fig.7 Updated model parameter distribution by quantile transformation method
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