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2D NMR studies of fluids in organic-rich shale from the
Qingshankou Formation, Songliao Basin
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Abstract: Shale may contain a large amount of oil and gas that can be commericially exploited. Clarifying the content
and occurrence of different fluids in shale is crucial to the development of shale oil. High frequency (23 MHz) two-
dimensional (2D) NMR technology that can be used to quickly, nondestructively and quantitatively measure protium-
containing ("H) fluids in shale is employed to test shale samples (from the Qingshankou Formation in Songliao Basin)
before and after extraction as well as during spontaneous imbibition and constant temperature rising experiments. The
content and occurrence of different fluids in the samples as well as the loss of fluid from the samples after a period of
static settlement are quantified and analyzed. The results show that on the 2D NMR maps, the signals of analogous solid
organic matter and movable hydrocarbons, roughly separated by T,=0. 1ms, are mostly distributed in the region above T
>10 ms. Good linear correlations can be observed between the signals and TOCs or S,. Oil is either free or absorbed in
shale samples from the Qingshankou Formation. Higher clay content means more absorbed oil and less free oil in shale.
The 2D NMR spectrum obtained during spontaneous imbibition experiment indicates water swelling of clay minerals.
The vacuum heating process of the samples shows both volatilization of light hydrocarbons and significant loss of water.
Samples from sealing core drilling combined with 2D NMR can be used effectively in the restoration of the original oil

saturation and water saturation.
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Fig. 1 Tectonic units and stratigraphy of the Songliao Basin
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Table 1 Organic geochemical parameters and mineral composition of shale samples from the

Qingshankou Formation, Songliao Basin
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o . | B Pl pem L B T+
I m % C (mg-g™) (mg-g™) VeE S K& A Asfa m Hi+
ZERR
1 1480.28 2.49 450 1.20 21. 10 0.05 0.50 31.0 18.7 0.9 3.6 8.8 37.0
2 1486.94  2.68 449 1.50 19.20 0.07 0.72 30.2 20.2 1.5 0 10. 1 38.0
3 1492.70 2.40 448 1.20 17.20 0.07 0. 63 31.9 16. 4 0 0 10. 4 41.3
4 1498.13 2.84 447 2.00 20. 60 0.09 0. 84 33.6 23.5 1.7 0 8.0 33.2
5 1506.95 3.49 448 1.50 26.90 0. 05 0. 66 29.6 18.5 5.8 2.3 9.7 34.1
6 1510.72 2.27 449 1.00 22.40 0. 04 0.47 32.6 17.2 0 0 8.5 41.7
7 1512.78  3.39 451 1.10 30. 10 0.03 0. 61 63.9 10. 1 0 2.1 2.9 52.6
8 1524. 64 1. 81 447 2.20 14.90 0.13 0. 88 31.4 10.5 1.3 4.8 21.2 30.9
9 1527.86 3.41 449 1. 80 25.70 0.07 0.77 39.2 10.7 0 0 6.9 43.1
10 2046.55 4.10 445 4.63 25.28 0. 15 — 35.8 9.0 3.4 12. 1 2.0 37.7
11 2055.80 2.56 438 2.56 16. 68 0.13 — 32.2 10. 1 0 2.0 9.0 46.7
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Fig. 2 Plots showing the characteristics of organic matter in shale samples from the first member of Qinshankou Formation, Songliao Basin
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Fig. 3 2D NMR spectrums showing 'H compounds in shale samples from the first member of Qingshankou Formation, Songliao Basin
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Table 2 Heterogeneous 'H compounds detected by 2D NMR

g w ik
v h , i o > P T e
Fifkle P/l B (pLeg™) T (pLeg™h) 5/ B B o (pLeg™
(pL-g™) (pL-g™) g (pLeg")  (uL-g")  (pLeg™)

1 20. 62 863 6.2 1.7 15.3 18.6 19.4 645 4.0 1.6 20.3 7.4
2 20.79 853 5.9 2.3 15.5 17.3 19.9 653 3.3 1.3 24.5 3.7
3 20. 68 987 5.0 2.2 22.4 18. 1 20.0 696 3.4 1.5 24.9 5.0
4 20. 98 730 6.5 3.1 12.5 12.7 20.0 564 1.7 1.3 20. 4 4.7
5 20. 96 803 7.8 2.4 13.2 14.9 20.0 602 3.1 1.3 23.7 2.2
6 20. 86 871 7.4 1.9 18.5 14.1 20.0 780 6.7 1.1 27.8 3.5
7 20. 50 1 006 9.1 2.2 23.1 14.7 19.7 814 7.5 2.1 28.3 3.4
8 20. 41 869 4.5 3.9 19.1 15.1 19.0 798 1.4 2.2 33.8 4.6
9 20. 96 961 7.6 3.3 17.7 17.3 19.5 723 4.3 1.4 27.9 3.4
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