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Fig. 1 Physical property distribution in the first order and second order finite difference schemes, with the top figure showing

flat distribution of averaged physical properties in first order scheme, and the figure below showing piece-wise linear distribution

of the physical properties in second order scheme
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Table 1 Composition of injectant and injection speed during different stages, measured by cumulative pore volume injected

SEMAAR /IS, S R) B R 22 Xt

A 0.0~0.679 PV 0.679~0.989 PV 0.989~2.039 PV 2.039~3.739 PV
HEAHR mL/min 0.491 0.052 0.052 0.052
FKMEHERISTE vol% 0.000 0.020 0.000 0.000
REW TR wt% 0.000 0.150 0.015 0.000
AT 10~ mol/L 7.333 0.110 2517 1.662
5 B IR 10~ mol/L 0.084 0.084 0.084 0.068
BERS T 10~ mol/L 0.040 0.040 0.040 0.125
RIEAR B TR 10°mol/L 0.087 5.119 0.087 1.567
NS FUREE 10~ mol/L 11.248 13.227 3.816 4535
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Fig.2 1D ASP reservoir recovery process simulation using different number of grid blocks
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Fig. 3 The reservoir recovery of one-dimensional ASP flood using different time step sizes (different CFL values)



HT v A XA R R BE 1 B A

219

AL A B, AR R RS B
22 ZHEEBIEHE E R MRS RS T

AT A A, K 1m, %E1m, E0.1m,
AAVER . AR M EAT RS 2.1 th—ZE A S

B3 AN SEHENASMH, LT
XA E 1 A L A=, R4 FR
] XA RO 6 ) — M AU R AT AL, BDZE . . =
50 4 B A E SxS5x 1, 10xX10x1, 20X20% 1,
30x 30 x 1 PIASEL, THBCRIBCREIZE R AnE 6, 458

0.008
0007 - ®10x1x1 © 20x1x1

® 40x1x1 ® 80x1x1
0.006

5 ©160x1x1  ® 240x1x1
N
2 0.005
&
x
5 o000 ‘
1
1= 0003
. ‘.
i @ o®
'S
0.002 s
ePe
o
0.001 ". ¢
° [ ]
0 | [ ] [ )
0 02 0.4 0.6 0.8 1
HEEE| T ENE S

4 RAFFEMIBEIT—% ASPE IS EI R R EFEEFEFR 584> % (0.735 d)

Fig. 4 The volume fraction distribution of surfactant in simulation under different number of grid blocks in one dimensional

ASP flood (0.735 days)
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Fig. 5 Oil saturation distribution in simulation under different number of grid blocks in one dimensional ASP flood (0.735 days)
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Fig. 10 One-dimensional ASP recovery process by using different number of grid blocks and different numerical schemes
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Fig. 11 The volume fraction distribution of surfactant in one-dimensional ASP model by using different numerical schemes and

different number of grid blocks (0.735 days)
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Fig. 12 Oil saturation distribution in one-dimensional ASP model by using different numerical schemes and different number

of grid blocks (0.735 days)
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Fig. 13 Simulated two-dimensional ASP recovery process using different difference schemes and different number of grid

blocks
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Abstract The accuracy of reservoir simulation depends on the grid block sizes: the smaller the grid sizes, the higher the
modeling accuracy, and also the closer towards the converged result. Using large sized grid blocks is often associated with severe
numerical diffusion. Chemical flood is a complex Enhanced Oil Recovery (EOR) process. Due to its complex mechanisms (the
emulsion phase behavior as an example), chemical EOR often requires very small grid blocks to achieve accurate simulation
results. In this work, we explore the possibility of using higher order numerical schemes to improve the accuracy of chemical
EOR simulations. First, we conduct a comprehensive review of the three major methods for improving the reservoir simulation
accuracy, including the upscaling method, adaptive mesh refinement and the use of higher order schemes. Considering the
particular problem of chemical flooding, we choose the use of a higher order scheme as our approach to solve this accuracy
improvement problem. Furthermore, we tested the one-dimensional and two-dimensional Alkaline Surfactant Polymer (ASP)
flood simulation problems. We found the simulation accuracy highly dependent on the grid block sizes used. In order to obtain
close to convergent results, chemical EOR requires much smaller grid blocks than normal water flood simulations. In one-dimen-
sional chemical EOR modeling, the larger the grids, the more artificial averaging we observe for key physical properties such as
surfactant concentrations, which ultimately lead to less recovery. Finally, by using second and third order numerical schemes,
we have found great enhancement in modeling accuracy when simulating one-dimensional and two-dimensional ASP flooding.
Using a coarse grid and higher order schemes may get the similar level of accuracy as fine grid simulation. Higher order schemes
serve as powerful solution to reducing numerical viscosity, increasing accuracy, reducing the required number of grid blocks and



HT v A XA R R BE 1 B A 231

computational time. This method shall also assist the implementation of fast and accurate field scale chemical EOR simulations,
history matching, and optimizations.

Keywords reservoir simulation; chemical flooding; simulation accuracy; higher order differential scheme; numerical simulation
efficiency
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