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Abstract ; The paper attempted to propose a new method of improving later stage performance of cold production from
heavy oil reservoirs in respect of forming secondary foamy oil through gas injection. A foamy oil unconventional swelling
experiment was designed and carried out to verify the feasibility of generating secondary foamy oil by gas injection and re-
veal its mechanism of enhancing oil recovery. And then based on the experiment,a sandpack experiment was performed to
study the formation of foamy oil during natural gas huffs and puffs,and continuous and intermittent gas flooding proces-
ses. The possibility of establishing a numerical model with gas injection characteristics of foamy oil reservoirs incorporated
was explored so as to serve for simulating the mechanism of foamy oil formation and later evaluation of EOR results of
secondary foamy oil with different ways of gas injection in fields. The results showed that gas injection formed secondary
foamy oil with better EOR results in that the oil facilitated the volume expansion, viscosity reduction and light component
increase in heavy crude. Compared with natural depletion,the natural gas huff and puff process, with a rich foamy oil fluid
generated ,was 7.24 % higher in terms of recovery percent of reserves;but the continuous and intermittent gas injection
processes yielded negative result as they weakened or totally destroyed the foamy oil. Numerical modeling also indicated
that the natural gas huff and puff performed better with a cumulative oil production increased by 14.7 % after 8 rounds of
huff and puff processes in 12 wells; while the continuous and intermittent gas injections as well as edge gas injection were
unable to generate secondary foamy oil fluids because of massive gas channeling.
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Fig. 1  Flow diagram of the unconventional foamy oil swelling experiment
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Fig.2  Flow diagram of the gas flooding experiment in sandpacks
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Table 1 Experiment results of injecting gas into sandpacks
TGS ES! VEY J%3 EL HES J%6 EY k3
FLEREE/ % 41.8 42.0 41.0 41.8 43.0 42.5 42.7 39.3
B SR BB/ () 7.48 7. 40 7.50 7.40 7. 80 7. 60 7.60 1. 80
B % 95.8 96.0 97.2 95.0 98.4 95.4 96.7 97.3
STI () I/ C 54.2 54.2 54.2 54.2 54.2 54.2 54.2 54.2
WIRIES)
B 8.65 8.65 8. 65 8.65 8.65 8. 65 8.65 8. 65
(2 J58R R ) /MPa
SR 25 TR ! ! ! ! 5 5 5
AL/ MPa 4.0 6.0 4.0 1.5 5.9 6.3 5.8
WA/ (ml - min~!) 12 15 15 15 15 15 15
TR HE/PV 0. 20 0.13 0.13 0.13 0.07 0. 14 0. 14
R G RIER % 19. 09 14. 84 1. 19 5.40 17.38 0.01 1.08 0. 16
SRR EER - i
KRR % 19. 09 26. 33 18.90 17.55 19.59 17.83 17. 41 16. 61
*x2 FEERERANSTK
Table 2 Changes in oil components after gas injection
EAS CO,/ % C,/ % C,/ % Cy/ % C,/ % Cs/ % Co/ % Cr/ % Cg/ % Co/ % Ci./% Cy ./ %
B R 43 2/ 70 1770 2/ 70 3/ 70 4/ 70 5/ 70 6/ 70 7/ 70 8/ 70 9/ 70 10+7 70 1+7 70
0.13 1.27 23.48 0.13 0.07 0.02 0 0.02 0. 30 0.21 0.42 0.49 73. 60
0.19 1. 40 28.48 1. 08 0.12 0.10 0.01 0 0.21 0.14 0. 10 0. 30 68. 07
0. 30 1.51 29.22 1.12 0.15 0. 05 0.01 0.01 0. 14 0.12 0. 10 0. 62 66. 94
0.51 1.52 31.61 1.20 0.24 0.02 0.02 0.01 0.11 0.11 0.05 0.13 64. 99
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Fig.3 Relationship between gas injection volume and bubble

pressure , pseudo-bubble pressure and viscosity of crude oil
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Table 3 Numerical modeling of natural gas injection
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