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Methods for classification and evaluation of low-permeability tight reservoirs: A
case study of the lower Yanchang Formation, Ordos Basin
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Abstract: The classification and evaluation of low-permeability tight reservoirs remain a pressing challenge in
hydrocarbon exploration and exploitation. Traditional approaches are either tailored to conventional reservoirs or
oversimplify the categorization of low-permeability tight reservoirs, limiting their practical applicability. Although some
recently developed evaluation methods have shown promising results, their broad adoption is hindered by difficulties in
parameter acquisition and high implementation costs. In this study, we examine the general reservoir characteristics in
the study area using casting thin section observations, scanning electron microscopy (SEM), and high-pressure mercury
injection (HPMI). Based on these results, combined with extensive data processing and multiple clustering algorithms ,
we propose a K-means clustering-based classification and evaluation method for low-permeability tight reservoirs.
Furthermore, we mathematically define the classification boundaries using porosity-permeability cross plots. The
proposed classification and evaluation system offers several advantages. By adopting an algorithm-driven approach, it

overcomes the limitations of traditional experience-based criteria, thus providing more scientifically robust classification
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results. Although the proposed method integrates eight key parameters that capture reservoir physical properties and
pore structure characteristics (i. e. , porosity, permeability, sorting coefficient, median pressure, median pore radius,
displacement pressure, maximum mercury saturation, and mercury withdrawal efficiency) , the final classification and
evaluation results rely solely on porosity and permeability , which are both the most indicative of reservoir quality and the
most accessible. Therefore, this method addresses the limitations of traditional ones, including difficulty in acquiring
evaluation parameters and challenges associated with widespread application. Employing mathematically defined
classification boundaries, it avoids the oversimplified “one-size-fits-all” cut-offs inherent to traditional classifications.
The method has been applied to the classification and play fairway prediction of low-permeability tight reservoirs in the
Chang 7-9 oil groups in the lower Yanchang Formation, Dingbian-Fuxian area, Ordos Basin, providing a reliable basis
for sweet spot evaluation in this area.
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Fig. 1  Tectonic location of the Dinghian-Fuxian area in the Ordos Basin (a) and the composite stratigraphic column of the Yanchang

Formation in the area (b) (modified after reference [ 16])
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Table 1 Pore structure classification for reservoirs in the Chang 8 oil group, Ganquan area, Ordos Basin
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distribution of flow zone indicator (FZI) values in the Dingbian-
Fuxian area, Ordos Basin
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Table 2 Classification of hydraulic flow units (HFUs) for reservoirs in the Dingbian-Fuxian area, Ordos Basin
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Table 4 Judgment matrix of influential factor weights for reservoirs in the Dingbian-Fuxian area, Ordos Basin

Eiesi LB /%  BEF/(107 pm?)  SPEREL PEIE/MPa PEER/um HERESI/MPa BOKS, /% BRORECR%
FLBEE 1.00 1.54 2.0 2.0 2.0 2.0 2.0 2.0
BER 0.65 1. 00 1.3 1.3 1.3 1.3 1.3 1.3

G3 ik REL 0. 50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
THEH ) 0. 50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
e 0.50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
HESK g 0. 50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
BKS,, 0.50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
IRORAR 0.50 0.77 1.0 1.0 1.0 1.0 1.0 1.0
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Table 5 Data on classification of reservoirs in the Chang 7-9 oil groups, Dingbian-Fuxian area, Ordos Basin
D 5773 -3 N
BRSO AFEE AL éﬁ—ﬁ)m MBS ISP E’jfi:é’ HEIIE NP kS, e ARG
SN[ 16. 10 6.58 2.97 10. 88 0.76 2.67 90. 46 56. 63
S e/ ME 10. 90 0.30 0.08 1.02 0.07 0.11 72.26 18. 86
EEIE 13. 60 1.56 1.22 4.31 0.34 0.58 81.81 38.26
ICON 15. 00 10.97 3.17 39. 84 0.92 7.65 97.70 52. 84
IS e/ ME 6. 40 0.06 0.05 0 0 0.11 42.59 0.10
S 11.20 0.61 1.31 10. 39 0.15 2.16 78.92 31.05
ICoN: 11.90 1.39 6.48 136. 61 0.98 24. 11 99.05 55.22
ms e/ ME 3.00 0.01 0.05 0 0 0.12 14. 96 3.66
FHE 8.00 0.16 1.09 19.15 0.06 4.37 70. 92 26.20
PN : ] 7.20 0.45 4.73 127. 64 0.16 39. 84 95.87 68.71
S He/ME 2.10 0 0.08 0 0 0.51 11.52 3.66
EHIE 4. 64 0.06 1.03 20. 32 0.02 7.04 51.77 27.59
T2 Sy, WHERIANE o
*6 SHMRSHIEMEIN—E B Fisher #I5IAF 5 HE R 5 100
Table 6 Discriminant function coefficients of Fisher ’s method
for reservoirs in the Dingbian-Fuxian area, Ordos Basin 10}
S GE I
1 2 3 4 T
FLBREE 6.328 4.652 2.881 1.375 E
Bik% 6.332 4.099 2.483 1.470 i 0y
e 21. 904 7.830 0.769 -3.269 '
HEIK K 77 /MPa 0.426 0.510 0. 659 0.783 001 ¥
BKS,, 0.162  0.227 0. 269 0.243 y=3320 4o Rk
B 0. 445 0.375 0.322 0.356 0'0010 5 10 s 20
(Hhb) -68.364  -44.636  -28.309  -18.535 LB %
T 2 S, R HESRAANEE 5 2 B fE 40 531 bR KR K 12 SRR Z Wi —a B X LB 3 -BU% 625028
M FL-B & E
F7 SMRESHIEMESN—FEEMRXELEFFEAR R R

Table 7 Discriminant function coefficients of linear discriminant
analysis (LDA) for reservoirs in the Dingbian-Fuxian area,

Ordos Basin

P Vet ho
1 2 3 4

fLBEE 6.319 4.634 2.874 1.370
BB 6.071 3.848 2.269 1.243
I3 IR R 5.238 5. 040 4.294 4.554
L eV -0.077 -0. 084 -0. 063 -0. 064
LR 25. 844 11.375 3.997 0.229
HEDK s 0. 841 0. 925 0. 999 1. 139
K S, 0.172 0.241 0.277 0.250
IHRACR 0.512 0. 440 0.377 0.415

(F ) -73.636 -49.589  -31.853  -22.505
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Fig. 12 Porosity-permeability crossplot for the classification and
evaluation of low-permeability tight reservoirs in the Dingbian-

Fuxian area, Ordos Basin
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