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Advances and application of key techniques for enhanced recovery of the Puguang
sour gas field
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Abstract: The Puguang gas field, the first sour gas field developed in China, has maintained efficient and stable
production for 15 years. As it enters the mid-to-late stage of development, however, three major challenges threaten its
long-term production stability. First, elemental sulfur deposition, unique to sour gas fields, combined with strong edge
water incursion, makes it extremely difficult to maintain stable production over an extended period. Second, the
effective and economic development of low-permeability gas reservoirs is critical to the stable production of the gas field.
However, these reservoirs cannot be accurately identified using conventional methods. Third, wellbore pressure
boosting is recognized as an important method to reduce the abandonment pressure of gas reservoirs and enhance the gas
recovery of a gas field in the mid-to-late stage of development. However, there has been no precedent for the application
of wet gas pressure boosting to a sour gas field, and the technical scheme for such wellbore pressure boosting remains
unclear. To achieve long-term stable production and enhanced gas recovery of the Puguang gas field, we identify the
patterns of water invasion, sulfur deposition, and differential seepage in the gas field through experiments on their
mechanisms. Accordingly, four key techniques are developed: geological and engineering integrated synergistic water
control, whole-process sulfur deposition prediction and treatment, fine-scale characterization and effective production of
low-permeability reservoirs, and wet gas compression tailored for high-acid gas fields. The application of these
techniques has yielded significant results in developing the Puguang gas field, enabling stable production for 15 years,
five years longer than the original design. Furthermore, the gas recovery is projected to exceed 70% by 2025. These
advances have reinforced the leading position of sour gas fields operated by SINOPEC among their global counterparts in

terms of development indices.
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Fig. 1 Microscopic water displacement experiments on thin sections of core samples from the Puguang gas field reservoirs
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Fig. 2 Curves of water invasion rate and gas production vs.
pressure attenuation in water flooding experiments on long core

samples from the Puguang gas field reservoir
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Fig. 3 Images showing the depositional morphologies and distribution of gaseous-liquid and gaseous-solid sulfur via microscopic

visualization of core samples from the Puguang gas field reservoir (thin sections)
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Fig. 4  Cross plot of seepage coefficient vs. permeability in single-
tube long-core water flooding experiment for samples from the

Puguang gas field reservoir
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Fig. 5 Relationships between flow proportion and pressure
difference in samples with different permeabilities in the water
flooding experiment with three long cores in parallel from the

Puguang gas field reservoir
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Table 1 Classification criteria for reservoirs of the reef shoal facies in the Puguang gas field (modified after reference [8])
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channel factor and the rise rate of the water/gas ratios
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Fig. 8 Profile showing the monitoring results of the gas-water front dynamics in the Puguang gas field using the seismic-electromagnetic

integration method
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Table 2 Classification criteria for the degree of sulfur plugging severity in the gas wellbore of Dawan block

F 7 S ——— AR —

R iE % Y 5E JEE I TE
Bk s R /m <1000 1000 ~ 1 500 >2500
IR /mm <5.5 5.5~7.5 >7.5
AR/ (%/d) <0.2 0.2~0.4 >0.4
THIL 3R/ (C/d) <0.10 0.10~0.15 >0.15
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