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Study on utilization ratio of remaining oil in fractured low permeability reservoirs
at different water cut stages

FANG Yujia, YANG Erlong, YIN Daiyin

(Northeast Petroleum University, Daqing, Heilongjiang 163318, China)

Abtract: In order to explore the effect of fractures on oil displacement in low permeability reservoirs, the oil displacement effect of
fractured reservoirs in different water cut stages was studied by a series experiments on glass model micro—oil displacement, micro
core dissection and natural core oil displacement, and then the utilization status of various remaining oil under the action of frac-
tures was obtained. The results showed that the saturation of cluster residual oil decreased with the increase of water cut, while the
saturation of film, blind end, droplet and column residual oil increased. The residual oil saturation of the fractured models were
higher than that of the non—fractured ones, the displacement fluid was channeling in the fractures, and the swept volume was re-
duced. When the model permeability increased, the cluster residual oil saturation increased, but the other types of residual satura-
tion decreased. The distribution and variation rules of residual oil in micro core dissection experiments were generally consistent
with that of the photolithographic glass model, thus proving the reliability of the photolithographic glass model. Seen from the core
water flooding experiment, the water flooding law curve of low permeability core was an “S” curve. Water breaks through earlier in
the fractured cores than that in the non—fracture ones. And the larger the permeability ratio of fracture to matrix (ki/k,) was, the
smaller the anhydrous recovery would be.
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Fig. 1 Saturated oil of glass etching model
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Table 1 Distribution characteristics of various types of residual oil in different water cut period
(Conventional water flooding without fractures)
P i -
Zi}aéi/ KB (2N FER FINEEIN JEAR EEE N A ;ﬁl?:
107 WA B, MR B feR L fem kRl e RRl DRy
BEL% % % % % % JE% % % % &
TIKFE30%  38.843 75210 3.760 7.280 3.558  6.890 2.546  4.930 2939 5.690 51.646 16.700
TIKES0% 30456 61.556 5.066 10240 7.231 14.616 2.740 5.538 3983 8.050 49.476 20.200
6 TIKETO% 26419 56.664 5865 12580 7.461 16.003 2.763 5926 4.115 8.827 46.624 24.800
TAKI % 20961 50.012  6.153 14.682 7.653 18.260 2.853  6.806 4292 10.240 41912 32.400
TIKFE100% 17.004 44320 6261 16.320 7.876 20.530 2908  7.580 4316 11.250 38.366 38.120
HKHK30%  38.595 79.274 2936  6.030 2.829 5.810 2.023  4.156 2303  4.730  48.685 25.100
TAKS0%  31.829 69.261  4.010 8.726 5512 11.994 2.091 4.550 2.513  5.469  45.955 29.300
16 TACRT0O% 27530 65.060 4.361 10307 5.685 13.436  2.101  4.965 2.638 6.233 42315 34.900
FAKKI % 21962 58.863  4.552 12200 5.877 15753  2.112  5.660 2.807 7.524  37.310 42.600
FKE100% 17.077 51.870 4711 14310 5943 18.050 2.124 6.450 3.068 9.320 32.923 49.350
HAKK30%  39.029 82.703  2.605 5.520 2.015 4.270 1.405 2977 2.138 4530 47.192 30.600
EIKES0%  33.655 76.852 3232 7.380 3222 7.358 1.459 3.332 2224 5.079 43.792 35.600
45 TAETO%  29.113 72936 3.390  8.492 3.582 8.974 1.490 3.733 2.342 5866 39.916 41.300
TKEI0 %  23.023 67.046 3513 10230 3.836 11.172  1.530 4.455 2437 7.097  34.340 49.500
TIKHE100%  17.188 59.140  3.656 12.580  4.092 14.080 1.587 5.460 2.540 8.740  29.063 57.260
R2 AEEKMEELEFI KM L (EIAKIRFHLE)
Table 2 Distribution characteristics of various types of residual oil in different water cut period
(Conventional water flooding with fractures)
HRIER it el
ﬁl&iii SOKBES /@ﬁ%ﬂﬁt - ﬁ@ﬂjﬂﬁ A AR » JECAR A . IEEEIN A ﬂ Al R,
, 0 W, A b, fRT Eefl, A B A %
L% % L% % L% % L% % L% %
HAKK30%  41.059 79.120  2.896  5.580 3415  6.580 2.356  4.540 2.169 4.180 51.894 16.310
FAKHES0%  31.360 62.600 4.439  8.860 7.860 15.690 2.495 4.980 3.943 7.870  50.096 19.220
6 FACRTO% 27524 58260 5.367 11.360 7.427 15720 2.707  5.730 4219 8930 47.244 23.810
TIKFEO0 % 22,604 52.030 5.969 13.740 7.798 17.950 2.776  6.390 4297 9.890 43.443 29.930
TIKE100% 19.885 48.050 6.415 15500 7.867 19.010 2.905 7.020 4312 10420 41.385 33.250
FAKHE30%  40.098 80.535 2425 4.870 3.259 6.546 2.011 4.039 1.997 4.010 49.790 23.400
TAKKS0%  32.875 69.762  3.836  8.140 5273 11.190 2.161 4.585 2980 6324 47.125 27.500
16 TAEKTO% 28393 65.489 4434 10226 5355 12351  2.164 4991 3.010 6.943  43.355 33.300
TR0 % 23494 60.747 4.586 11.857 5.399 13.959 2.167 5.602 3.030 7.835 38.675 40.500
TIKFEI00% 19957 56.670  4.606 13.080 5438 15440 2.173  6.170 3.043 8.640 35217 45.820
TAKK30%  41.748 84.682  1.992  4.040 2.051 4.160 1.350  2.738 2.159 4380 49.300 27.500
TIKES50% 35429 78.231  3.010 6.646 3.070 6.778 1.434  3.166 2.345  5.179  45.288 33.100
45 HAKRT0O% 29616 73.570  3.122  7.756 3.604  8.952 1.485 3.688 2429  6.033 39916 40.800
FIKEIO %  24.180 68.806 3.172  9.027 3.749 10.667 1.528 4.347 2.514  7.152  35.142 48.320
FKFE100% 20330 64.560  3.187 10.120  3.851 12.230  1.587 5.040 2.535 8.050 31.491 53.690
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Fig. 2 Distribution ratio of various types of residual oil in different watercut period when the permeability is 6 x 10~ um’
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Fig. 3 Distribution ratio of various types of residual oil in different watercut period when the permeability is 16 x 107 wm’
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Fig. 4 Distribution ratio of various types of residual oil in different watercut period when the permeability is 45 x 107 um’
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Table 3 Basic data of experimental core
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Table 4 Test results of cores
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Fig. 6 Relation between watercut ratio and recovery degree

of fractured core with different permeability
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ratio of fracture to matrix(ki/k.,) in the process of development
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