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Development index prediction of multi-slug microbial flooding
in low permeability reservoir

CHENG Mingming, XIA Tian, LEI Guanglun, GAO Jianbo, LI Baosheng

(School of Petroleum Engineering in China University of Petroleum, Qingdao 266580, China)

Abstract: Different reservoir conditions cause the different effect of microbial enhanced recovery and its adaptability to the
reservoir, the optimized injection parameters predicting the development index are needed. On the basis of frontal advance
theory and experienced regression method using experiment data, plus considering some objective factors, such as the oil vis-
cosity reduction by the microorganism and oil-water relative permeability influence, a prediction model was established. This
model can predict the development index for microbial flooding through the combination of oil well productivity and variation
of water cut. Microbial flooding experiments show that the multi-slug can improve the recovery by 9. 24% compared with sin-
gle-slug. Also the water breakthrough time of multi-slug microbial flooding can be extended by 40. 10% —40. 14% , and the
water-free oil recovery can be increased by 18.44% . This model can predict almost exactly the dynamic oil production, lig-
uid production and water cut of the microbial stimulation well. The max relative forecasting error of single well is less than
10% , the total error of the block is less than 3% , and the forecasting error of water cut is only 0. 25% . In the field experi-
ment, five slugs are adopted to inject the profile control microorganism and oil displacement microorganism alternately. In the
test block the increased rate of water cut decreases from 8. 1% to —4.3% , and the composite decline rate decreases from
13.3% to 4.4% , indicating the effect of water control and oil production stabilization is significant.
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Fig.1 Core flood experiment model
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Table 1 Results of microbial physical simulation experiments
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Table 2 Oil viscosity changes before and after

microbial action
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Table 3 Coefficient of standardization

relative permeability
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Fig.7 Moisture content derivative of single slug flooding
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Table 4 Development index prediction as original drainage radius being 75 m

PN Q/(m® - d7)

FF ARG R Su SW(Sw) Ey AEy 3 7 10
t/a At/a t/a At/a t/a At/a t/a At/a
7KK 0.59 5.90 16.55 — 15.15 — 5.05 — 2.16 — 1.52 —
B SERA IR 0.89 3.78 24. 81 8.26 23.62  8.47 7.87 2.82 3.37 1.21 2.36 0.84
ZEEMEYIR  0.65 3.01 32.44  15.89 29.7  14.55 9.90 4.85 4.27 2.11 2.97 1.45
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Table 5 Development index prediction as original drainage radius being 125 m
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KK 0.59 5.90 45.98 — 42.09 — 14.03 — 6.01 — 4.21 —
B RERMA IR 0.89 3.78 71.68 25.70  65.61 23.52 21.87 7.84 9.37 3.36 6.56 2.35
ZBIEWMAEYIK  0.65 3.01 90. 12 44.14  82.49  40.40 27.50 13.47 11.78 5.77 8.25 4.04
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Fig.9 Calculation and physical simulation

results of microbial flooding
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Table 6 Design of microbial injection parameters
5iH /1J§J%IJFH R/ ) EK%HL GZRETR ;%i:rii AR/ ff/x
WEY t EYITE Uifesl t JER/ m® (m® - d™") At A/ d

BrIE 1 24.930 8.170 — — 24.950 25 11

BtoE2 — — 38. 420 — 38.370 25 18

B3 — — 37.629 — 37. 650 25 16

BroEq 12. 050 0.897 — — 12. 020 25 6

BLIES — — 43.489 0. 899 43. 462 25 22
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Table 7 Calculation and field measurement results of Block W1-8
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w224 5.42 1.02 81.18 5.53 1.19 78.48 5.62 1.22 78.31 1. 60 2. 40 0.17
w21-5 3.04 1.73 43.09 3.12 1.93 38. 14 3.38 2.07 38.79 8.23 7.09 0. 65
W19-6 4.44 0.85 80.6 5.11 1.06 79.26 4.61 1.02 77.95 9.87 4.20 1.31
wWC22-3  4.91 0.21 95.72 4.52 0.27 94. 03 4.95 0.25 94.93 9.53 7.08 0.91
X He 34.4 7. 66 77.73 35.07 8.93 74.25 35. 89 9.15 74. 50 2.34 2.48 0.25
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