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Fig.1 Relationship between viscosity and dissolution time

of polymer system
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Fig.2 Viscoelasticity of polymer systems with different cur-

ing degrees
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Fig.3 Change of injection pressure with fluid volume of

polymers with different curing degrees
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Fig.4 Relationship between injection volume and the visco-

sity of produced liquid for the polymer systems with
different curing degrees
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Fig.5 Pressure change of multi-point pressure measurement

model for the polymer systems with different curing
degrees
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Table 1 Oil displacement results using heterogeneous model

for the polymer systems with different curing de-
grees
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Table 2 Oil recoveries of each stage of micro oil displace-

ment
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YUAN Fuqing SONG Qian JI Yanfeng LI Haitao

Exploration and Development Research Institute Shengli Oilfield Branch Sinopec Dongying Shandong 257015 P R of China

During the injection process into the formation polymers undergo severe physical and chemical degradation resulting in

significant viscosity loss. In order to reduce the viscosity loss during the polymer injection process the concept of partially cured
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polymer oil displacement technology is proposed. At 70 polymer systems with different viscosities and curing degrees ranging

from 60% to 100% were prepared by varying the stirring time of mechanical stirrer. The study investigated the seepage

characteristics and oil displacement performance of polymers with different curing degrees in porous media based on macroscopic

and microscopic models. The results showed that compared to fully cured polymers partially cured polymer systems exhibited

better viscoelastic properties enabled better mobilization of residual oil and improved microscopic oil displacement efficiency.

Partially cured polymer systems could establish higher resistance coefficients and residual resistance coefficients and then could

retain higher effective displacement viscosities after shearing through porous media. The degree of polymer curing was too low to

facilitate the entry of polymers into the deep part of reservoir. In polymer system with curing degree of 60% the blockage mainly

occurred near the injection end of sand-filled tube at 0 1/5 distance while in polymer systems with curing degrees of 80% and

100% the blockage mainly occurred near the injection end of sand-filled tube at 1/5 2/5 distance. Compared to water flooding

the incremental oil recovery rates of macroscopic oil displacement for polymer systems with curing degrees of 60% 80% and 100%

were 26.2 percentage points 29.0 percentage points and 23.3 percentage points respectively. Meanwhile the incremental oil

recovery rates of microscopic oil displacement were 37.3 percentage points 44.9 percentage points and 36.0 percentage points

respectively. For heterogeneous reservoirs the residual undissolved polymer particles in partially cured polymers exhibited good

plugging and conformance control properties. As a result the liquid absorption in low-permeability layers was increased the

affected volume was expanded and thus the recovery rate of low-permeability layers was enhanced. The research results could

provide theoretical guidance for field tests of partially cured polymer oil displacement.

polymer flooding curing degree seepage characteristic plugging profile control and oil displacement enhanced oil
recovery
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In order to explore the effect of RhlA and RhlB gene expression on viscosity reduction in microbial oil recovery a

real-time fluorescent absolute quantitative Q-PCR method for RhlA and RhlB genes was established and the Pseudomonas
aeruginosa X7 fermentation broth and Karamay Oilfield at different culture stages were detected. The expression levels of RhlA and

RhlB genes in different formation waters were measured and their rhamnolipid production surface activity emulsifying activity

emulsifying stability and crude oil viscosity reduction rate were determined. The results showed that the expression levels of RhlA

and RhlB genes were positively correlated with rhamnolipid production surface activity emulsifying activity and crude oil

viscosity reduction rate. With the increase of fermentation time the expression levels of RhlA and RhlB genes in the fermentation

broth increased continuously and reached the maximum at 24 h then decreased and stabilized at 60 h and the maximum expression

levels of RhlA and RhlB genes were 2.51× 106 and 3.25× 105 copies/µL. The highest expression level of RhlA and RhlB genes

reached the maximum value of 824.08 mg/L at 60 hours. The surface activity of the fermentation broth crude oil emulsifying

activity and heavy oil viscosity reduction rate also increased with the increase of fermentation time and reached the maximum value

at 24 hours 48 hours and 60 hours respectively. The rhamnolipid crude extract in the fermentation broth had good stability and

could work stably under certain extreme conditions. RhlA and RhlB genes probably affected microbial oil recovery by affecting

rhamnolipid production surface activity emulsifying activity and viscosity reduction rate of crude oil. This study preliminarily

revealed the influence of functional gene expression related to biological surface activity on the viscosity reduction effect of heavy

oil which was important to promote the industrial application of microbial oil recovery.

rhamnolipid functional gene heavy oil viscosity reduction microbial oil recovery


