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Abstract: Due to the complex pore-throat structures and strong heterogeneity of low-permeability

reservoirs, a comprehensive classification and evaluation based on pore-throat characteristics and flow
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capacity is of great significance for guiding subsequent development. Taking the Chang 6 oil-bearing
Formation in the southern Ordos basin as the research object, this study systematically evaluates the
petrological characteristics, physical properties, microscopic pore-throat features, and flow capacity of
the reservoir using an integrated suite of analytical methods, including thin-section petrography.
scanning electron microscopy (SEM), X-ray diffraction (XRD), mercury intrusion capillary pressure
(MICP), nuclear magnetic resonance (NMR), and oil - water relative probability. Based on K-means
clustering method, the reservoir is classified and evaluated. On this basis, a comprehensive evaluation
parameter is calculated, and furthermore, the factors controlling the quality differences among different
reservoir types are discussed. The results indicate that the Chang 6 oil-bearing Formation in the study
area is predominantly composed of fine-grained lithic feldspathic sandstones. The reservoir spaces are
mainly residual intergranular pores and feldspar dissolution pores, and the pore - throat assemblages
are characterized by medium-to-small pores coupled with fine throats. Accordingly, a comprehensive
classification and evaluation system is established, dividing the reservoirs into four types: Types [ and
[l are high-quality reservoirs, Type [l are moderate reservoirs, and Type IV are poor reservoirs. The
distribution areas of different reservoir types correspond to distinct development strategies. The
differences in reservoir quality are primarily controlled by sedimentary facies type, diagenetic intensity,
and the content and type of clay minerals, among which a certain content of grain-coating chlorite could
improve reservoir quality.

Key words: low-permeability reservoir; pore-throat structure; seepage capacity; reservoir quality;

reservoir evaluation; Chang 6 oil-bearing Formation; Ordos basin
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Fig.2 Petrographic features of sandstones from the Chang 6 oil-bearing Formation in the study area
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Table 1 Rock structure characteristics of Chang 6 oil-bearing Formation in the study area
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Fig.3  Cross-plot of

porosity versus permeability for the

Chang 6 oil-bearing Formation in the study area
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Fig.4 Frequency distributions of porosity and permeability for the Chang 6 oil-bearing Formation in the study area
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Fig.5 Porosity and permeability plotted as a function of depth for the Chang 6 oil-bearing Formation in the study area
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Fig.6 Main reservoir space types in the Chang 6 oil-bearing Formation in the study area
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Table 2 Pore-throat parameters of the Chang 6 oil-bearing Formation derived from conventional mercury intrusion porosimetry
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Table 3 Pore-throat characterization of the study area based on constant-rate mercury injection

X P A ROFE R/ um RO E A/ cm® BRI AR L A7 BAL I AR AR L W T S SR A R EE / %
i 0.79~2.46 0.017~0.023 166.68~178.47 0.65~0.71 16.54~20.59

h 1.63 0.020 172.58 0.69 18.57
. 1.27~2.67 0.041~0.045 269.59~362.66 1.32~2.12 38.28~40.51
LK

1.97 0.042 316.13 1.75 39.40

20k 0.76~2.26 0.004~0.021 360.72~627.29 1.86~4.58 6.09~18.70

7
" 1.51 0.010 494.01 3.23 12.40
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Table 4  Classification scheme of the Yanchang Formation Table S NMR-derived movable fluid saturation parameters for
reservoirs based on movable fluid saturation*! the Chang 6 oil-bearing Formation in the study area
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Fig.11 NMR movable fluid saturation characteristics of the Chang 6 oil-bearing Formation in the study area
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Fig.12 Oil-water relative permeability curves of the Chang 6 oil-bearing Formation in the study area
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Table 6 Oil-water relative permeability experimental parameters for the Chang 6 oil-bearing Formation in the study area

g RPTIRER  wae SR kR YRR BORER) %
L FIEE /% BEH/(107 % pm?)
20.34~31.27 49.37~68.60 0.012~0.239 33.44~39.75 25.65~33.87 47.63~59.80
R 27.57 58.09 0.092 36.00 31.35 50.64
e 21.83~38.28 38.40~67.70 0.025~0.218 28.50~44.92 20.50~36.52 48.86~59.89
wE 29.49 51.80 0.112 35.26 27.89 55.34
Ak 19.50~29.42 43.70~68.10 0.016~0.247 20.73~37.93 28.70~55.98 44.84~54.43
23.38 54.34 0.068 28.09 40.78 46.80
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Table 7 Grey relational coefficients between reservoir

parameters and the reference sequence for the Chang

6 oil-bearing Formation in the study area

i J22 FRAE 2 IR B
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A Sy U A A 0.789
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Table 8 Optimization of parameter weights for the Chang 6 oil-bearing Formation in the study area

SRAFNEE 50 00 fLig 42

28 fi# )2 it BT X )5t 2 5L T Bl P AR R / %6 SHELE/ %
JE 71/ MPa SXME / pm
A E 0.149 0.222 0.176 0.152 0.151 0.149
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methods for the Chang 6 oil-bearing Formation in the
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Fig. 14 Frequency distribution of reservoir types for the

Chang 6 oil-bearing Formation in the study area
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Table 9 Integrated classification scheme for the Chang 6 oil-bearing Formation in the study area

xX  GAETHN LB Y, BiEA/ fi#h 2 i B fLikpAz SRAHE 50% — Ak ML/
-yl 9 IWIR -
i S8 107 *pm?) A ¥ FHME/ pm i £ 71/ MPa TR %% %
13.52~16.25 1.22~1.56 0.27~0.31 0.35~34.25 10.97~26.04 0.23~0.57 41.25~62.96  4.59~12.35
1 =>0.50
15.36 1.35 0.29 7.30 12.10 0.40 48.37 7.44
12.58~15.17 0.75~1.28 0.18~0.32 0.10~28.85 7.09~24.35 0.03~0.37 36.02~46.48  3.18~12.00
Il 0.35~0.50
13.25 0.85 0.26 5.33 10.59 0.16 39.22 6.95
6.35~12.36 0.45~0.89 0.18~0.31 0.57~16.75 1.53~19.24 0.06~0.25 30.35~45.48  2.10~12.50
Il 0.25~0.35
7.35 0.65 0.24 4.88 8.06 0.14 34.91 5.80
2.58~8.36 0.10~0.36 0.08~0.27 0.14~12.70 1.18~24.52 0.05~0.38 20.43~42.48  1.40~11.00
I\ <20.25
5.28 0.27 0.14 3.05 6.64 0.18 27.79 3.11
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Table 10  Single-parameter classification scheme for the Chang 6 oil-bearing Formation in the study area
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Fig.16 Planar distribution of reservoir classification results for the Chang 6 oil-bearing Formation in the study area
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Table 11 Diagenetic characteristics of the four reservoir types (Classes I —IV) in the Chang 6 oil-bearing Formation in the
study area
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Table 12 Summary of dominant diagenetic features in different regions of the Chang 6 oil-bearing Formation in the study area
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Fig.18

bearing Formation in the study area

Box plots showing clay mineral content variations across different reservoir types (Classes [ —IV ) in the Chang 6 oil-
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Fig.19 Occurrence of chlorite andillite in the Chang 6 oil-bearing Formation (SEM images) in the study area
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Fig.20 Relationship between the occurrence of clay minerals and pore radius in the Chang 6 oil-bearing Formation in the studey

area
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