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Fine Quantitative Characterization of Inhomogeneous Etch Degree of Acid Rock Reaction and Analysis of

Its Sensitivity Factors

CHENG Limin', LIANG Yukai', YUAN Hui', QI Ning’, LI Yitian’

(1. Zhanjiang Branch, CNOOC (China) Co., Ltd, Zhanjiang, Guangdong 524057, P R of China; 2. College of Petroleum Engineering, China
University of Petroleum (East China) , Qingdao, Shandong 266580, P R of China; 3. Intitute of Exploration and Development, Offshore Oil & Gas

Company, Sinopec,Shanghai 200120, P R of China)

Abstract: Acid fracturing is one of the commonly used measures to increase production in carbonate reservoirs. The degree of

inhomogeneous etch on fracture morphology plays an important role in the conductivity and final effect of increasing production
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after acid fracturing. With the aim to describe the degree of inhomogeneous etch more comprehensively, the inhomogeneous etch
coefficient was introduced to characterize the degree of inhomogeneous etch. Firstly, the point cloud data of core slices before and
after acid rock reaction was obtained by three-dimensional laser scanner, and through the software Geomgaic and Matlab the point
cloud data was processed and the surface morphology characteristic parameters was calculated furtherly, including the extended
interface coefficient in the horizontal direction and the standard deviation coefficient of acid corrosion height in the vertical
direction, and the inhomogeneous etch coefficient was obtained by weighted summation. The higher the degree of inhomogeneous
etch, the greater the coefficient of inhomogeneous etch. Considering the influence of different factors, the factors was sorted by
parameter sensitivity analysis, and the order relationship of primary and secondary influencing factors was obtained as follows:
acid concentration (59.94% ) >dolomite content (19.78% ) >rotating speed (14.08% ) >temperature (6.19% ). The proposal of
inhomogeneous etch coefficient can provide a possibility for fine quantitative characterization of inhomogeneous etch degree of acid
etched cracks, and also point out the optimization direction for acid fracturing design.

Keywords: three- dimensional laser scanning; inhomogeneous eich coefficient; acid fracturing; parameter sensitivity analysis;

quantitative characterization
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Rheological Properties of Quadripolymer Solution and Its Fracturing Fluid
TANG Luxin',ZHANG Xiaogi',LUO Yansheng', FANG Bo',ZHAI Wen’, LU Yongjun®
(1. Chemical Engineering Rheology Laboratory , East China University of Science and Technology , Shanghai 200237 ,P R of China; 2. Langfang Filial
of Research Institute of Petroleum Exploration and Development , PetroChina , Langfang , Hebei 065007 ,P R of China )

Abstract: In order to enrich the gel fracturing fluid system, the new quadripolymer synthesized by methacrylic acid (MAA) , 2-
acrylamido- 2-methylpropane sulfonic acid (AMPS) , N, N-dimethylacrylamide (DMAM) and sodium p- styrenesulfonate (SSS)
was used as a thickener, and the organic zirconium crosslinking agent was used to crosslink it. The rheological properties of the
quadripolymer solution at different concentrations and their cross- linking processes were studied. The effects of shear rate and
temperature on the relationship between viscosity and time during cross- linking process were investigated. The rheological
properties of polymer crosslinked gel’ s breaking processes were studied too. The effects of breaker dosage and temperature on the
relationship between complex modulus and time during gel breaking process were investigated. The results showed that the viscosity
of polymer solution increased with increasing polymer mass faction at 170 s™'. The steady-state viscosity of 0.6% polymer solution
was 107.7 mPa- s, and the flow curve was conformed to the Cross constitutive equation. The viscosity of cross-linking system
decreased with increasing shear rate and temperature. The curve of viscosity varying with time in cross-linking process could be
described by 4- parameter cross- linking process model. In the experimental range, the more dosage of breaker and the higher
temperature, the better effect of gel breaking process was. The rheological kinetic model of 4-parameter gel breaking process could
be used to describe the curve of complex modulus varying with time in gel breaking process.

Keywords: quadripolymer; rheology; cross-linking process; gel breaking process; fracturing fluid; thickener
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