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Application of rock pyrolysis experiment in oil-bearing property evaluation of
shale oil reservoir: a case study of the Jurassic Lianggaoshan Formation in the
northeastern Sichuan Basin
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Laboratory of Shale Gas Evaluation and Exploitation )

Abstract: Shale oil is an important strategic resource to ensure China’s long-term steady and increase of oil production. The evaluation of oil-bearing
property and oil mobility has an important guiding significance in sweet spot prediction in shale oil exploration. By applying the liquid nitrogen
freezing sampling and rock pyrolysis experiment methods, experimental research on oil-bearing property and mobility evaluation of shale oil series
in the Jurassic Lianggaoshan Formation in northeastern Sichuan Basin is conducted, and the influencing factors of oil-bearing property are analyzed.
As a result, understanding is obtained in the following four aspects: (1) The liquid nitrogen freezing sampling technology effectively avoids the loss
of light hydrocarbons in samples, and the obtained oil-bearing property parameters can better reflect the oil-bearing property of the reservoir; (2) By
using the multi-stage rock pyrolysis method, the oil-bearing property is characterized by free oil, bound oil, and solid hydrocarbon content, and the
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oil mobility is characterized by the proportion of maximum mobile oil content (free oil/total oil content); (3) The oil-bearing property and mobility of

shale oil reservoir in Lianggaoshan Formation are jointly affected by organic matter abundance, maturity, lithology, as well as hydrocarbon expulsion,
migration, and accumulation in the source rock system. The greater the organic matter abundance, the higher the oil-bearing property of the reservoir,
and the higher the maturity, the better the oil mobility. However, a better oil-bearing property and oil mobility will more easily cause the short-distance
oil migration and accumulation in the reservoir, thus changing the oil-bearing property of the reservoir; (4) After the comprehensive analysis of oil-
bearing property, oil mobility, geochemical characteristics, physical properties of the first and the third members of Lianggaoshan Formation, as well

as the development demands of shale oil wells, it is found that the first member of Lianggaoshan Formation is a high-quality interval for shale oil

exploration. The rock pyrolysis experiment provides a new idea and method for the evaluation of shale oil-bearing property and oil mobility, which
effectively supports the prediction of shale oil sweet spot area and the design of development plan.

Key words: shale oil, freezing sampling, multi-stage rock pyrolysis, oil-bearing property, mobility, northeastern Sichuan Basin, Lianggaoshan
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Table 1 Basic data of experimental samples
W= /%

e B I e Al Fereirs 7 e e M

1 1751.25 1.81 0.005 2.10 3.00 459 45.5 54.5 — Ak =y
2 1751.59 2.37 0.005 2.40 4.24 459 53.7 46.3 — Ak =y
3 - 1761.11 1.71 0.006 1.60 2.05 463 30.5 68.2 1.3 VRSO RD
4 ;? 1764.22 2.15 0.004 1.80 3.45 460 54.7 43 — yiE=s
5 H 1765.07 1.43 0.006 1.77 2.69 456 46.9 51.8 — e s
6 1765.55 2.28 0.005 1.72 3.60 464 50.4 44.3 3.9 T
7 1766.17 2.14 0.005 1.70 3.75 464 53.2 46.2 0.7 BT
8 1892.04 2.17 0.006 1.65 3.05 465 48.2 51.1 0.7 P TUE
9 1900.07 2.03 0.006 1.73 2.44 466 41.9 57.2 0.9 biayignisieay
10 - 1904.75 1.44 0.007 1.27 1.79 465 49.9 50.1 — TIE
11 fi 1907.38 1.22 0.006 0.97 1.38 468 41.2 58.8 — PRI
12 + 1916.47 1.02 0.005 3.47 2.08 470 31.8 66.8 1.4 STk b
13 1917.99 1.04 0.005 1.17 1.26 470 34.4 57.9 7.8 el sy
14 1918.88 0.93 0.006 0.67 0.86 471 34.7 64.6 0.7 biax3nitlceay
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Table 2 Comparison of conventional rock pyrolysis experimental results between conventional and liquid nitrogen freezing

sampling of core sections in the first and third members of Lianggaoshan Formation in Well HQ1

BRI PR TR VR B RE B FUE A PV
wE | B
S,/(mg - g') S,/(mg - g") OoSl/(mg-g") | S/(mg-g") S,/(mg - g") 0Sl/(mg - g")

1 2.10 3.00 116.02 2.92 3.22 161.52
2 2.40 4.24 101.27 3.22 4.24 135.99
3 1.60 2.05 93.57 2.43 2.33 141.84
4 B 1.80 3.45 83.72 3.02 3.77 140.31
5 :Q 1.77 2.69 123.78 2.91 3.29 203.20
6 1.72 3.60 75.44 2.83 4.33 124.24
7 1.70 3.75 79.44 2.43 3.94 113.74

S 1.87 3.25 84.15 2.82 3.59 143.14
8 1.65 3.05 76.04 1.96 3.26 90.27
9 1.73 2.44 85.22 2.49 2.95 122.43
10 1.27 1.79 88.19 1.86 2.25 129.49
11 by 0.97 1.38 79.51 1.43 1.65 117.23
12 ; 3.47 2.08 340.20 3.96 2.08 388.36
13 1.17 1.26 112.50 1.57 1.26 150.90
14 0.67 0.86 72.04 1.24 1.19 132.84

Sy 1.56 1.84 121.96 2.07 2.09 161.65
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Table 3 Comparison of multi—stage rock pyrolysis experimental results between conventional and liquid nitrogen freezing

sampling of core sections in the first and third members of Lianggaoshan Formation in Well HQ1

LB 7 B A i TR R RBURIRE 7 Bos 4 i
PEl s s | ses | s e /TR s sy sy | s e | B
(mg - g7)|(mg - g™)|(mg - g)|(mg - g™)| (mg - g™ y  |(me-g)|(mg - g (mg-g")(mg-g")| (mg- g v,

1 0.03 2.00 1.78 0.62 3.81 53.28 | 0.60 2.18 1.86 0.70 4.64 59.91
2 0.06 2.21 2.57 1.03 4.84 46.90 | 0.86 2.79 2.59 1.07 6.24 58.49
3 0.05 1.73 1.54 0.72 3.32 53.61 | 0.85 2.00 1.61 0.81 4.46 63.90
4 | B 0.0 1.74 2.33 0.96 4.12 43.45 | 0.85 2.55 2.36 1.01 5.76 59.03
5 5:3 0.04 2.16 1.88 0.45 4.08 53.92 | 0.70 2.86 1.96 0.58 5.52 64.49
6 0.05 1.77 2.66 0.97 4.48 40.63 | 0.95 2.39 2.73 1.03 6.07 55.02
7 0.05 1.67 2.46 1.08 4.18 41.15 | 0.79 2.19 2.47 1.22 5.45 54.68

Sy 0.05 1.88 2.16 0.83 4.09 47.42 | 0.82 2.42 2.29 0.94 5.53 58.82
8 | B | 0.05 1.45 1.28 1.13 2.78 53.96 | 0.65 1.70 1.48 1.13 3.83 61.36
9 ;L 0.03 1.82 1.43 0.79 3.28 56.40 | 0.86 2.13 1.61 0.96 4.60 65.00




%11 PR gRis: A PARSRIS A8 TUAI B SR b 4 R 171

gk
BRI 2 B A i TRV VRBURIRE 23 B P
z E} S/ S,/ S,/ S,/ e/ iﬁ?ﬁ% S/ St/ S,/ S,/ | REmE / ij;ié%

(mg - g)|(mg - g™ (mg - g )|(mg - g™)| (mg - g v |(me- g)|(mg - ¢g™)|(mg - g)|(mg - g™)| (mg - g ) "
10 0.03 1.39 0.75 0.63 2.17 65.44 | 0.62 1.77 0.89 0.77 3.39 72.86
11 0.03 1.04 0.57 0.50 1.64 65.24 | 0.40 1.41 0.77 0.65 2.58 70.16
12| B | 0.04 2.62 1.06 0.35 3.72 71.51 1.97 3.19 1.11 0.37 6.27 82.30
13 é 0.02 0.93 0.52 0.43 1.47 64.63 | 0.32 1.37 0.57 0.45 2.26 74.78
14 0.01 0.72 0.43 0.42 1.16 62.93 | 0.15 1.08 0.45 0.48 1.68 73.21
Sy 0.03 1.42 0.86 0.61 2.31 62.87 | 0.71 1.81 1.00 0.69 3.52 71.04
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Fig.2 Correlation between total oil content, free oil content, bound oil content and organic carbon content of

Lianggaoshan Formation shale in northeastern Sichuan Basin
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