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Abstract: Existing studies on wellbore integrity evaluation mostly focus on conventional oil and gas wells,
and there is a lack of quantitative evaluation method that integrates both expert experience and field data prior to
conversion of old wells to CO, injection wells. This paper establishes an evaluation index system and a combined

weighting model for wellbore integrity of old wells converted to injection wells, and presents a comprehensive evalu-
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ation method. The evaluation index system incorporates the primary indices such as wellhead, downhole sealing
devices and operations, and casing & cement sheath, and eight secondary indices including wellhead sealing, sus-
tained casing pressure (SCP) and hazardous gas, safety valve performance and maintenance, packer setting, stan-
dardized pipe—string running operation, casing thread sealing, cement bond strength, and remaining casing
strength. The fuzzy analytic hierarchy process (FAHP) was used to determine subjective weights, the criteria
importance though intercrieria correlation (CRITIC) method was employed to determine objective weights, and the
game theory was adopted to obtain the combined weights. The results show that the top three indices in terms of
combined weights are remaining casing strength (15.247%), cement bond strength (14.511%) , and safety valve
performance and maintenance (13.631%) , indicating that the casing load—bearing capacity, cement sheath seal-
ing capacity, and downhole safety control devices are the key aspects to be inspected before old—well conversion.
Application of this method to an old well in the Bai 21 block of Xinjiang Oilfield demonstrates the comprehensive
evaluation score of 73. 82 and the wellbore integrity level rated as “moderate” , consistent with the field operation
performance after conversion. Moreover, the wellhead sealing is identified as the main weak point of this well.
This method enables quantitative evaluation of wellbore integrity before conversion of old wells to CO, injection
wells, and the research results provide a basis for screening candidate injection wells and formulating risk preven-
tion and control measures.
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Fig. 1 Wellbore integrity evaluation index system
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Table 1~ Proportional scale of importance for indices
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Table 2 Weight calculation results by FAHP
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Table 3 Risk rating criteria for SCP in gas injection wells
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Table 5 Casing corrosion damage evaluation
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Table 6 Cement sheath performance evaluation
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