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Fig. 1 Material objects and well locations of isolated cave model
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Fig. 2 Experimental diagram of nitrogen foam flooding
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Table 1 The experiments scheme of studies on injected slug size

o KB /KB B (I§7K 2 1 mL/min) TEHIIR B BE (JIEZK A 1 mL/min)
AR FETEmAL A BRI AL BTt TEABIERA
A v 0.2 PV
B 3mL/mi o 3 mL/mi o Eii 0.4 PV
mL/min £.=98% mL/min 1.=98% ) 4 .
¢ R0 0.6 PV
F2 FEAMHHRIEHTE
Table 2 The experiments scheme of studies on injection time
JEEIK BB
== be: VLT s <7k 1 mL/mi
i’ T Py Ik HEIRETHL (7K 1 mL/min)
A 3 L /min —03 (Sb&1s TR KRGS RIS TR
B £, =98% ez 7E 3 mL/min FEHE KSR IR
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Table 3 The experiments scheme of studies on injection wells and production wells
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(b) 0.2 PV
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(c) 0.4 PV

(d) 0.6 PV

Fig. 3 Experimental results of injected slug size studies on horizontally isolated caverns
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Fig. 4 Experimental results of injected slug size studies on vertically isolated caverns
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Fig. 5 Dynamic production curves at different injection time
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Fig. 6 Experimental results at different injection time
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Fig. 7 Experimental results of different injection wells and production wells of horizontally isolated caverns
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Fig. 8 Experimental results of different injection wells and production wells of vertically isolated caverns
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Fig. 9 Gravity effect mechanisms of foam flooding
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Mechanism and parameters of nitrogen foam flooding in cave reservoir
bodies of fractured-cavity reservoirs

QU Ming, HOU lJirui, MA Shixi, WANG Qian, LUO Min
Research Institute of Enhanced Oil Recovery, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Karst caves are the main storage space of fractured-cavity reservoirs. Due to karstification, the development of the
caves is complicated. Because of the difference in density between oil and water, the residual oil is enriched in the upper part
of single wells during water-flooding. In order to study the oil displacement effect of nitrogen foam flooding under different
injection parameters after water flooding, a visual cave model of a fractured-cavity reservoir was designed and fabricated to
carry out an experimental study of injection parameters of nitrogen foam flooding and visualize the oil displacement effect. The
experimental results show that in terms of the cave reservoir body, there exist optimal nitrogen foam slug sizes, which vary with
the characteristics of the cave and remaining oil distribution. Compared with nitrogen foam flooding after water flooding, the
nitrogen foam flooding after bottom water drive could shorten the high water cut period, reduce both the water injection amount
and the cost of water injection. The distribution of remaining oil after nitrogen foam flooding by a low-position well or a high-po-
sition well was different. Besides, the nitrogen foam and the bottom water could generate a synergistic effect, which changed the
oil and water distribution in part of the karst cave after water flooding. The main EOR mechanism of nitrogen foam is gravity
differentiation and reducing interfacial tension between oil and water. We defined a three-phase gravity criterion of foam, oil and
water to describe the synergistic effect of foam and bottom water. The reduction of interfacial tension resulted in redistribution
of the flow field. The results of laboratory experiments can provide reference for the development of the remaining oil in a cave
body reservoir.
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