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Application of response surface method and BFGS
algorithm in well test analysis

LI Daolun, CHEN Gang, ZHA Wenshu, XU Enhua
(School of Mathematics, Hefei University of Technology, Hefei 236009, China)

Abstract: Well test analysis is a typical inverse problem that analyzes the formation and wellbore
parameters using the time-varying data of the bottom hole pressure measured during shut-in. Based on the
response surface method, a new method for automatically evaluating parameters was presented to solve the
numerical well test interpretation. Select the uncertain parameters and their scope, the experimental
examples were determined, and then the polynomial approximation function was obtained by matching
method, that is, constructing the response surface model. Using the response surface model, the objective
function of the deviation between the calculated value and the actual observation value was constructed.
The minimum value of the objective function was obtained by using the BFGS algorithm and the Latin
hypercube sampling to obtain the uncertain parameter value. The numerical examples show that the
method can effectively match the bottom hole pressure and the pressure derivative, and thus has a good
potential for application.
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Tab.1 Calculation results of the uncertain parameters

S5 C/(m® -
K/mD K,/mD
4 (MPa) 1)
FUSI{H 165.044  159.03  0.867 3  —1.818
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Fig.2 Objective function value changing with iteration
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Fig.3 When the first group is true value, the results of the automatic matching based on the response surface
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Fig.4 Objective function value changing with iteration of the remaining three sets of uncertain parameters
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Tab.2 Calculation results of the remaining

three sets of uncertain parameters

3 .

BHsH K/mD  K/mp (T
B9 109.119  124.652  0.661 8  1.783 3
B 109.219 125.516  0.691 6  1.784 2
HESfH 137518 106.599  0.3310  —2.356
% 137.879  105.535 0.323 —2.398
EYH 126.712  163.765 0.6888  0.516 5
B 126,183  165.806  0.704 5  0.539 1

MR 22 0.33 1.323 0.017 9 0.052
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Fig.5 When the second group is true value, the results of the automatic matching based on the response surface
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Fig.7 When the fourth group is true value, the results of the automatic matching based on the response surface
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Fig.8 Gridding of contrast model
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Tab.3 Calculation results of the uncertain

parameters under incorrect model

ZH4F K/mD K,/mD C/m*®+ (MPa)' S
ESMH 165.044  159.03 0.867 29 —1.818
fi%fE  132.19 199.526 0.1 —1.265
HESfH 109.119 124.652 0.661 8 1.783 3
A 100 138.038 4 1 3.0
HJE  137.518 106.599 0.331 0 —2.356
ik Bl 100 132.678 1 —0.05
HSE 126.712 163.765 0.688 8 0.516 5
IR 100 199.526 0.1 1.388 4
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Fig.9 When the first group is true value, the automatic matching results based on the incorrect model
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Fig.10 When the second group is true value, the automatic matching results based on the incorrect model
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