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Laboratory Study on Channeling Blockage System of Offshore Heavy Oil Thermal Recovery
WU Chunzhou', WANG Shaohua', SUN Yubao', JIANG Ping’, XIAO Sa', WANG Cheng'
(1. COSL Production Optimization, Tanggu Marine High-tech Development Zone, Tianjin 300459, P R of China;?2. Institute of Petroleum Engineering,
China University of Petroleum (East China) , Qingdao, Shandong 266500, P R of China)

Abstract: Aiming at the problem of gas (steam) channeling in offshore thermal recovery, a kind of temperature resistant,
high-strength and environmental friendly channeling blockage system was investigated, and the effect of apparent viscosity, gel
temperature and pH value on gel forming time and gelation strength was investigated and the thermal stability and blockage ability
of the system were measured. The experimental results showed that the viscosity of the system, composed of 5% alkali lignin+2%
potential aldehyde crosslinking agent HDI + 1.5% phenol crosslinking accelerator DB +0.5% amide temperature resistant modifier
UR + 1% high molecular nitrile toughness modifier PL, was 4.7 mPa-s at temperature (25°C ), indicated that the system had good
pumpability. The gelation temperature of the system was =75°C , and the gelation time at 75°C was 30 h. When the temperature
increased, the gelation time of the system shortened, and the gelation strength decreased slightly. When the temperature was up to
280°C, the gelation time was 5 h and the gelation strength was 0.068 MPa. The optimal pH value of the system was 7.0—9.0. When
the system was placed at 250°C for 60 days, only a small amount of water was dehydrated, and the strength could still reach 0.067
MPa, meanwhile the weight changed within 5% , which showed that the system had strong thermal stability and could meet the
demand of high temperature reservoir. Core plugging experiments showed that the residual resistance factor of the system was 114.3.
And when the system was combined with foam system (2.5% sulfonate anionic foaming agent COSL-07) , the residual resistance

factor was 123.2, showing good plugging effect. In parallel core experiment, the composite system reduced the volume fraction of
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liquid produced by high permeability pipe from 80% to 55% , and increased the volume fraction of liquid produced by low
permeability pipe from 20% to 45%, the comprehensive recovery increased by 16.9%. It was indicated that the system had excellent
selective channeling sealing effect and diverting ability, which could play a good role in channeling control and plugging, and
effectively improve the oil displacement effect of steam flooding.

Keywords: offshore heavy oil thermal recovery; alkali lignin sealing system; gelation strength; gelation time; plugging and sealing

(35546 71, continued from p.46)

Development and Application of Instant and Intelligent Diverting Acid
GAO Feng', HU Jun', CHENG Fang', CHENG Xiaoliang', ZHAO Zhongcong’
(1. Xi’ an Changqing Chemical Group Company Ltd, Changqing Oilfield Branch Company, PetroChina, Xi’ an, Shaanxi 710018, P R of China;
2. College of Petroleum Engineering , Yangtze University, Wuhan, Hubei 430100, P R of China)

Abstract: In Changqing oilfield, there is a wide variety of additives for acidizing liquids, which makes it impossible to apply
immediately on-site after mixing. To improve this problem, two kinds of amphoteric surfactants, CQYS-1and CQYS-2, were prepared
from oleic acid and N, N-dimethyl-1, 3-propanediamine, and compounded with multi-alkyl pyridine quaternary-ammonium-salts to
form thickening agent. As the sole additive of the acid, this compound thickening agent was added to 15% HCI solution in
proportion of 2.2%—2.6% to prepare diverting acid. The formula of thickening agent was optimized, the properties of diverting
acid were studied, and the application was carried out in Sulige gas field of Changqing oilfield. The results showed that the
optimum mass ratio of CQYS-1, CQYS-2 and corrosion inhibitor was 67.2: 12.8: 20. The thickening agent quickly dispersed or
dissolved when exposed to water, and immediately became sticky when exposed to acid. The thickening rate was over 95% of the
acid system when the temperature ranged from 0 to 30°C. The diverting acid had good resistance to high temperature and shearing.
When the dosage of HCl was 15% , fresh acid viscosity was around 60 mPa-s. It rose to 110 mPa - s when the dosage of HCI
decreased to 8% —10%. Finally, the acid viscosity decreased to below 5 mPa - s when the dosage of HCI was less than 6%.
Intelligent steering and intelligent breaking were realized during the reaction between acid and rock. In the core flooding
experiment, the permeability of core increased remarkably after diverting acid flooding. This diverting acid was successfully
applied to a total of 15 wells in Sulige gas field of Changqing oilfield. The on-site application immediately after mixing was
realized, indicating obvious diverting effect.

Keywords: instant ; surfactant; thickening agent; corrosion inhibitor; diverting acid; automatically breaking

(3555751, continued from p.57)

3.41 times after 192 hours of hydration and expansion, which indicated that the DPCD had a good effect of hydration and
expansion. In the process of injection, some supramolecular DPCD systems would stay at the end face of the core, resulting in the
end face effect. The lower the permeability was, the more serious the end face effect was. The increase of injection speed could
make the DPCD system enter the core deeply, which was conducive to the deep migration and sealing of the DPCD system.
However, for heterogeneous reservoirs, high injection rate would make a part of the DPCD system enter into the low-permeability
layer, resulting in a decrease of the suction differential pressure of the low-permeability layer and the final recovery factor. The
alternative injection of water and the DPCD system could improve the final recovery to some degree.

Keywords: dispersed profile control and drive system; injection speed; end effect; particle size distribution; transport and migration;

alternate injection
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