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Evaluation criteria and classification of shale gas reservoirs
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Abstract ; Establishment of shale gas evaluation criteria and reservoir classification methods is important for shale gas explora-
tion and development. Based on investigation and survey of geological features,gas generating capacities, gas storage capacity
and recoverability of typical shale gas plays in the world,10 parameters for shale gas reservoir evaluation were selected in com-
bination with the specific geological conditions of Sichuan Basin and their scores for shale gas reservoir classification were also
determined. Grey relational analysis method was used to define the relationship between these factors and to calculate the
weights of the principle and secondary factors and the comprehensive evaluation factors of shale gas reservoir quality. Shale gas
reservoir classification was further performed on the calculation results. Shale gas reservoirs in Sichuan Basin are similar with
that in the 5 major shale gas basins in the America. The comprehensive evaluation factors of shale gas reservoirs in the Long-
maxi Formation and Qiongzhusi Formation are 0. 48 and 0. 45 respectively ,which are very close to that of New Albany shale gas
basin. Case study shows that the reservoir classification results accord well with the practical production situation. This evalua-
tion method can be applied to shale gas reservoir evaluation and selection in China.
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Fig. 1  Relationship among factors influencing shale gas development
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Table 1 Parameter comparison between eastern North America and Sichuan Basin

F b2 R FPEHA PRI FREET A WERKI A XA DU 1 b 2
2T e 7 L 7 T it 2t 2 7 30 L A I it . 42 I it . 42 T it 2t 2
TUA 2R Antrim Ohio New Albany Barnett Lewis o HIEH AT
TOC/ % 0.30 ~24. 00 0~4.70 1. 00 ~25. 00 4.50 0.45 ~2.50 2.48 0.34 ~2.80
R,/ % 0.40 ~0. 60 0.40 ~1.30 0.40 ~1.00 1.00 ~1.30 1.60 ~1. 88 1.20 ~2.88 1.83 ~3.23
HRERE /m 21 ~37 9 ~31 15 ~30 15 ~60 61 ~91 35 ~80 50 ~200
R/ (108 m® - km™2)  0.66 ~1.64 0.55~1.09 0.76 ~1.09  3.28~4.37  0.87~5.46 0.87 ~2.45 0.74 ~1.52
FLBRE/ % 9.0 4.7 10.0 ~14.0 4.0~5.0 3.0~5.5 2.0~4.5 2.0~4.5
SRR/ (m 17! 1.13 ~2.83 1.69 ~2.83 1.13~2.26  8.50~9.91 0.42 ~1.27 1.92 ~3.45 0.43 ~0.86
W (S Bt/ % 70 50 40 ~ 60 20 60 ~85 27 ~60 38 ~64
fi#)2 T3/ psi 400 500 ~2 000 300 ~ 600 3000~4000 1000~1500 5000~8000 3 000~6 000
SR/ m 180 ~720 600 ~1 500 180 ~1470 1950 ~2550 900 ~1800 2300 ~4100 2700 ~3 600
TR o AR i< PR i< i< i< i<
R 8 % 30 ~42 35~50 41 35 ~44 28 ~55 53 25 ~36
PR/ (m? - d7h) 0.79 ~79. 49 0 0.79 ~79. 49 0 0 — —
FEEE/(10°m? - d7h) 1.13~14.16  0.85~14.16 0.28~1.42  2.83~28.32  2.83~5.66 — —
SRR/ % 20 ~60 10 ~20 10 ~20 8~15 5~15 — —
B/ (10°m®) 566 ~3 398 425 ~1 699 425~1699 1416~4248 1699 ~5 663 — —

71 psi =6 894.76 Pa( LI FIA) o
x2 WEREXTNHSH
Table 2 Parameters for identification of shale gas play fairway

FEBRAFAE M 2E (M)

R et an
100 ~75 75 ~50 50 ~25 25 ~0
TOC/ % >2.0 20~1.0 1.0~0.5 0.5~0.3
R,/ % >2.0  20~1.2 1.2~0.6 <0.6
HRESE/m >80 80 ~55 55 ~30 35 ~10
?%4%/72 >1.5 1.5~1.0 1.0~0.5 <0.5
(10° m> « km ™)
FLERE % >8 8 ~4 4~1 <1
GE&/(m® ) >10 10 ~5 5~1 <1
W% S B % >70 70 ~45 45 ~20 <20
f# 2 J1/ psi >3500 3500 ~1500 1500~500 <500
R R /m <1000 1000 ~20002000~3000 >3 000

W+ YE R % >40 40 ~30 30 ~15 <15
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Table 3 Principle and secondary evaluating factors
Gass T0C/%  R/% 1 iﬁfﬁ/ (loiiﬁffi/_z) ?Llﬁirﬁ/ ( :ﬁ;ﬁ{) ww?ﬁi/ %Ejt/ *ﬁifﬁj?é?i/ ﬂﬁf&/
Antrim 0.30 ~24.00 0.40 ~0.60 21 ~37 0.66 ~1. 64 9.0 1.13~2.83 70 400 30 ~42 180 ~ 720
Ohio 0~4.70 0.40~1.30 9-~31 0.55~1.09 4.7 1.69 ~2.83 50 500 ~2 000 35 -50 600 ~1 500
New Albany 1.00 ~25.00 0.40 ~1.00 15 ~30 0.76 ~1.09 10.0~14.0 1.13 ~2.26 40 ~60 300 ~ 600 41 180 ~1 470
Barnett 4.50 1.00 ~1.30 15 ~60 3.28 ~4.37 4.0~5.0 8.50~9.91 20 3 000 ~4 000 35 ~44 1950 ~2 550
Lewis 0.45~2.50 1.60~1.88 61 ~91 0.87 ~5.46 3.0~5.5 0.42~1.27 60 ~85 1000 ~1 500 28 ~55 900 ~1 800
AR 2.48 1.20 ~2.88 35~80 0.87 ~2.45 2.0~4.5 1.92~3.45 27 ~60 5000 ~8 000 53 2 300 ~4 100
AR 0.34~2.80 1.83~3.23 50 ~200 0.74 ~1.52 2.0~4.5 0.43~0.86 38 ~64 3000 ~6 000 25 ~36 2 700 ~3 600
®4 M SBIRELEE
Table 4 Standardized data of evaluating parameters
ek TOC R, AR fifi b 2 fLBE ERE WMAEE HMERES MLoWSE BRI
Antrim 1. 00 0.20 0.33 0.39 0.75 0.22 0.96 0.08 0. 68 0.19
Ohio 0.30 0.34 0.31 0.24 0.39 0.28 0. 88 0. 40 0.79 0.94
New Albany 0. 80 0.28 0.26 0.25 1. 00 0.18 0. 68 0.09 0. 67 0.27
Barnett 0.30 0.53 0.37 1. 00 0.42 1. 00 0.27 0.70 0.75 1. 00
Lewis 0.13 0. 67 0. 84 0.83 0.35 0.09 1. 00 0.25 0.77 0. 86
Je TR 0.17 0.81 0.72 0.43 0.27 0.28 0.55 1. 00 1. 00 0. 00
HATSFLH 0.13 1. 00 1. 00 0.23 0.27 0.07 0. 68 0.90 0.57 0.04
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A(i,0) =1 XV (i) - X7 (0) | (5)
Amax = max,max, | X'V (i) = X'V(0) 1 (6)
Amin = minmin, | X'V (i) - X" (0) 1 (7)
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Table 5 Comprehensive evaluation and classification of shale gas reservoirs
WEAR TOC R, AR BEREE AME &SR RMSER BEES TV e %‘tﬁg&' o
Antrim .00  0.20 0.33 0.39 0.75 0.22 0.96 0.08 0.68 0.19 0.529 5 II
Ohio 0.30  0.34 0.31 0.24 0.39 0.28 0. 88 0. 40 0.79 0.94 0.5152 1I
New Albany 0.80  0.28 0.26 0.25 1.00 0.18 0. 68 0.09 0. 67 0.27 0.493 2 Il
Barnett ~ 0.30  0.53 0.37 1.00 0.42 1.00 0.27 0.70 0.75 1.00 0.609 3 |
Lewis 0.13  0.67 0. 84 0.83 0.35 0.09 1.00 0.25 0.77 0. 86 0.557 8 I
Jeiged  0.17  0.81 0.72 0.43 0.27 0.28 0.55 1.00 1.00 0.00 0.475 6 \Y
AT 013 1.00 1.00 0.23 0.27 0.07 0. 68 0.90 0.57 0. 04 0.445 3 \Y
WEZREH 0.1560 0.0795 0.0885 0.0935 0.1163 0.0866  0.1025 0.0840  0.0857 0.1075
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