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Abstract To reduce the subjectivity in indicator weighting and the fuzziness of grading criteria in
favorable area evaluation of tight sandstone reservoirs, we develop an integrated method that couples
combined weighting with a normal cloud model, and apply it to the X subunit of the Member 3 of the
Qingshankou Formation (Q3) in the Qianshen Block, southern Songliao Basin. First, subjective weights
are derived from expert judgment using the Analytic Hierarchy Process ( AHP). Objective weights are then
obtained from the dataset using the CRITIC method. The two sets of weights are finally integrated to
produce combined weights, improving both geological rationality and data-driven objectivity. Meanwhile,
a normal cloud model is introduced to characterize uncertainty during grade assignment. Standard cloud
parameters—expectation (E_ ), entropy (E,), and hyper-entropy (H,6)—are determined from the score
intervals of evaluation grades under constraints of a boundary membership threshold, enabling a flexible
mapping between evaluation grades and measured data. Results show that sedimentary facies belt, oil-
bearing property, and effective thickness are the dominant controls on favorable areas, with combined
weights of 0.253, 0.182, and 0. 124, respectively. Evaluation of 20 wells identifies 12 wells for Class
I, five wells for Class I , and three wells for Class Il wells; the outcomes show 95% agreement with
previous interpretations, with a Cohen’s kappa coefficient (k) of 0.91. The method therefore provides a
practical and reliable tool for favorable area evaluation of tight sandstone reservoirs.

Key words favorable area evaluation, AHP-CRITIC combined weighting method, cloud model,
Songliao Basin
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Fig. 1 Basic geological maps of the x subunit in

Qianshen Block of Songliao Basin
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Fig. 2 Distribution map of geochemical characteristics of source rocks of the Member 1 of Qingshankou Formation

in Qianshen Block of Songliao Basin ( modified from Liu, 2023)
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Fig.3 Top structure map and seismic profile along AB line of the x subunit in Qianshen Block of Songliao Basin
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Fig. 4 Standard cloud map of the x subunit in

Qianshen Block of Songliao Basin
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Table 3  Quantitative scoring of each well’s indicators for favorable area evaluation of the x subunit

in Qianshen Block of Songliao Basin

5 u, u, Uy U, us U Uy ug Uy uy, Uy, U,
Qb49-23 27 27 9 27 27 27 3 27 9 1 1 3
Q11-26 9 27 27 9 9 27 3 9 9 1 27 1
Qb43-19 27 9 9 27 27 27 3 27 27 1 1 3
Q1-1 27 9 9 27 27 27 9 9 9 3 9 3
Q10-21 9 3 3 9 9 9 27 9 9 3 9 1
Q3-7 9 27 27 9 9 9 27 9 9 1 27 1
Q1-11 9 9 9 9 3 9 3 9 9 1 27 1
Q21-21 3 3 3 3 3 3 3 9 3 1 9 1
Q12-17 27 9 27 27 27 27 27 9 9 3 9 1
Q25-4 9 3 3 9 1 27 3 9 9 1 1 9
Q12-10 3 3 3 3 3 1 3 9 9 3 3 1
Qb15-8 27 9 9 27 27 27 3 27 27 3 1 3
Q13-03 9 9 3 9 3 9 3 9 9 1 3 1
Q7-8 27 9 27 27 27 27 3 9 9 3 9 1
Qb47-29 1 3 3 1 3 3 3 9 9 1 1 1
Ql1-22 27 27 27 27 27 3 9 9 9 1 27 1
Q15-26 9 3 9 3 9 3 9 9 1 9 1
Qb47-15 27 9 9 27 27 9 3 27 9 1 1 27
Q15-24 27 9 9 27 27 9 3 9 9 1 27 1
Q215-1 27 27 9 27 27 3 9 9 9 3 9 1
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Table 4 Weight of each indicator for favorable area evaluation

of the x subunit in Qianshen Block of Songliao Basin
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Fig. 6 Comprehensive index cloud map of 20 sample wells of the x subunit in Qianshen Block of Songliao Basin
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Table 5 Favorable area of various indicators for well Qb49—23 of the x subunit in Qianshen Block of Songliao Basin
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