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Effect of Wettability on Water Cone in Bottom Water Reservoir
HU Junjie', MA Zhenfu’, SHAO Xianzhen®, QIAN Jun’, LI Yuesheng’, ZHANG Guicai', WANG Xiang'
(1. School of Petroleum Engineering, China University of Petroleum (East China) , Qingdao, Shandong 266580, P R of China; 2. Hekou Oil
Production Plant, Shengli Oilfield Branch Company, China Petroleum & Chemical Corporation, Dongying, Shandong 257200, P R of China)

Abstract: Rock wettability has an important effect on delaying the rise of water cone after the water cone is pressed in bottom water
reservoir, but the degree of influence is not clear. Therefore, four kinds of wetting agents with different wetting abilities were
preferred with the contact angle as an index. The wetting agents were dissolved in oil-soluble viscosity reducer, then the effects of
the viscosity reducing system on viscosity reduction of heavy oil and inhibition of water cone rise again were evaluated. The internal
relationship between wettability and production physical condition was quantitatively described. The action mechanism of the
wetting agent was analyzed. The results showed that the four wetting agents had no effect on the viscosity reducing performance of
viscosity reducer. The reservoir under the action of lipophilic wetting agent had the best effect of restraining the rise again of bottom
water. The equilibrium pressure ratio reached 3.75, meanwhile the net recovery degree was increased by 15.17%. However, the
equilibrium pressure ratio of the reservoir under the action of a strong hydrophilic wetting agent was only 0.54, meanwhile the net
recovery degree was increased by 6.51% . There was obvious regularity between wettability and recovered physical property.
Adjusting the wettability of reservoir could effectively restrain the rise again of water cone, and therefore improve the oil recovery.

Keywords: wetting modifier; viscosity reducer; water cone rise again; recovery factor; equilibrium pressure ratio

(_L#55 6431, continued from p. 643)

The elemental analysis of the crude oil and colloid was determined by elemental analyzer. The molecular composition of the heavy
oil and the colloid was identified by electrospray technology (ESI) combined with high-resolution Fourier transform ion cyclotron
resonance mass spectrometer (FT-ICR MS). The results showed that the colloid content of the crude oil was 43.19% , the asphaltene
content was 0.31% and the residual content was 56.5%. The elemental analysis results showed that the nitrogen content in the
colloid was about 2.3 times as high as that of the crude oil, the content of O and S in colloid was 1.82 and 1.29 times as high as that
of crude oil, indicating that the main emulsifying active components of Jimsar crude oil came from colloid. In the —~ESI mode, the
relative molecular weight of non-alkaline compounds was within 200—600 Da and the mass center of crude oil and colloid is at m/z=
350. The molecular structure type and relative abundance of various compounds in the mass spectrum were then analyzed. The
content relation of each component in the mass spectrum was, N;>N,0,>N,0,>0,>0,. It is speculated that the higher content of
carbazole(N,;) compounds leaded to the increase of the emulsification and water-binding capacity of the crude oil; in addition, N,0,
and N,0,, the oxidation products of N,, increased the hydrophilicity, polarity and emulsification of the crude oil. The structure of O,
(acid) and O, (phenol) was also analyzed. Their existence further enhanced the emulsification ability of the crude oil. In the +ESI
mode. The molecular weight of the alkaline compounds of Jimusar crude oil and its colloid was within 200—600 Da. The mass
center of crude oil was at m/z=350, while the mass center of colloid was at m/z=340. In the +ESI mode, there were two types of
nitrogen-containing heteroatoms, N; and N, of which N, domained the absolute predominance, which may be compound of
octahydroacridines, octahydrophenanthridines, quinolines or isoquinolines. Such substances enhanced the emulsifying ability of
crude oil under acidic, neutral or high temperature conditions. It was inferred that the main cause of the serious emulsification of
Jimusar shale oil was the polar components in the colloid, which had high interfacial activity and were easily adsorbed on the
interface to promote the reduction of interfacial tension and the increase of interfacial membrane strength, hence was conducive to
the stable existence of the emulsion.

Keywords: shale oil; heavy oil; colloid; emulsification; FT-ICR MS
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