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Oil shale in-situ conversion technology triggered by topochemical reaction
method and pilot test project in Songliao Basin
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Abstract; China enjoys huge oil shale resources, and underground in-situ conversion is considered as an important approach to achieve
clean and efficient utilization of oil shale resources. Specifically, the in-situ conversion technology triggered by topochemical reaction
method (TSA method) is characterized by low energy input, fast heating and high oil recovery. In recent years, the process imple-
mentation scheme has been developed by establishing TSA method-based fundamental theory and key technique system. and it has
been verified to be technically feasible by the pilot test project in Songliao Basin. This paper systematically summarizes the research
achievements on TSA method, including triggering and cracking mechanisms of TSA method, indoor physical simulation, research
and development of key techniques, as well as pilot test in Songliao Basin. The industrialization advantages of TSA method and main
technical difficulties faced by have been comprehensively discussed, including the damages to reservoir seepage capability at high tem-
perature and high pressure, group well process control strategies, limitations of hydraulic fracture network, long-term reliability of
key surface and downhole equipment, in-situ catalytic methods for quality and efficiency improvement, as well as safety issues

throughout the mining process. Moreover, targeted suggestions and research directions for future development are proposed. Ac-
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cording to the process characteristics of TSA method, China’s strategic layout of “carbon peaking, carbon neutrality” and the devel-

opment trend of geothermal energy resources, the paper proposes an integrated development innovation system for geological engi-

neering based on TSA method for in-situ oil and gas conversion of oil shale resources, waste heat utilization and CO, geological stor-

age, and the research results can promote the comprehensive, clean and efficient development and utilization of oil shale resources.

Key words:oil shale; in-situ conversion; topochemical reaction method; downhole heating; reservoir stimulation; underground envi-

ronment sealing; Songliao Basin; pilot test project
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Principle of oil shale in-situ conversion technology using topochemical reaction method
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Table 1 Comparison of oil shale in-situ conversion technologies at home and abroad
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Fig.2 Oil yields by means of oxidative pyrolysis and

anaerobic pyrolysis
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Fig.3 Trigger mechanism of topochemical reaction method for oil shale
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Fig.4 Thermogravimetric curves of oil shale by means of

oxidative pyrolysis and anaerobic pyrolysis
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Table 2 Oxidative pyrolysis reaction model of oil shale

1 TESHE Kerogen=0. 0107 HO+0. 0097 LO+ 0.0071 HC+0. 6411 Prechar ~ 3.0X 103 213.50 —4.20
2 H AR HO=0.6613 LO+1.5048 HC+ 13. 4175 Prechar 1.0X 1013 226.09 ~46.50
3 12 5 v 24 fi LO=3.2378 HC+5. 1822 Prechar 5.0X 10" 226.09 = 46.50
4 0 £5 S it Prechar=0.01718 HC+ 0. 9902 Char 1.0X 1013 226.09 - 46. 50
5 T W& AR & b Kerogen+ 0. 1052 O, = 1. 4225 Prechar 6. 47 X 10* 64. 32 27.89
6 7 AL LO+21.864 0, =16.260 H,O+ 15. 260 1G 2.61X10° 72. 68 7794. 69
7 BREREK HC+4.9265 0, =4.1650 H,O+ 3. 1600 1G 2.61X105  72.68  1759.46
8  HEFHAL HO + 38. 538 O, =28. 170 H,O+27. 170 1G 2.57X 107 118.44 13735.40
9 Tl £ 4 Ak Prechar + 1. 1723 O, = 0. 5750 H20+0. 9769 1G 6.02X10%  133.91 454. 84
10 FERk AL Char +0.9 0, =1G 6.02X10%  133.91 315. 80

1 Kerogen— T ML s HO— 2 il ; LO—42 Jfi il s HC— 25X s Prechar— il ££ ; Char— &6l ; IG— ] 80% ) CO» il 20% 1) CO 4H % .
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Fig.5 Relationship between heat absorption of oil shale by oxidative

pyrolysis and heat release by semi-coke oxidation
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during oxidative pyrolysis
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Fig.7 Temperature changes in the fixed bed during in-situ conversion triggered by topochemical reaction method
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Fig.8 Oil and gas yield during oil shale conversion by topochemical reaction method
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Fig.9 The experimental system for simulating oil shale in-situ conversion in high-temperature and high-pressure conditions
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Fig. 10 Physiochemical process within the sample during oil shale in-situ conversion by topochemical reaction method
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Fig.11 Efficiency evaluation of oil shale in-situ conversion 6
using TSA method
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Fig.12 Anisotropy coefficient of oil shale
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Fig.13 Morphology and distribution of hydraulic fractures in oil shale
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Fig. 14 Downhole heater for oil shale in-situ exploitation
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Fig. 15 Principle of the sealing technology using grouting

curtain for oil shale in-situ exploitation
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Fig.16 Principle of the sealing technology using gas flooding

for oil shale in-situ exploitation
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Fig.17 Regional structure of Songliao Basin
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Table 3  Geological parameters of target reservoirs at the pilot site

1 i HbpR#m/ as/ LgE/  BBExR/
s m %o % mD

ik

Ae 3% 64~72 3~6 2~8
A 477~486 3~6 2~5

0.001~1.000
0.001~1. 000

2R VR 48 L Tl K A3 B AR L TE kS5 I D 5 9
HERGHE(E A8 EH 19 LHEANTESE. Y
FERFMRESHM T L RS HE SR, U
LA T 2w AR e # il A KRR BE R AR 1 LA B
A

5.1.2 T Hia#

JEA AL T2 F R Fs iy TR A 5 58 5o )R R IR
BT, TR HE TF R X 4 A 3 L 2 B J
I fih 4 R AR L 200, TP 3% X 4 b 32 5l
T AV TR I A J2 D R TG b T K R S R AR A R
BB R, AR EL T HRIFEA 100~200 C RS T 1
JEZL G M 2 o L IF SR I 77 7K G 28R JF 1 I Oy 45
70 U0 T R B B AT 10 d, b2 B R ik &
S T 2 51 ) 2l b 2 N A BT R [ i S RN Y
By B, LA S 5 ) )2 T A A E 350~500 C
F14 8 T RS (B B R 50 » /NS L 190 284 £t 30 H IX 358
PR 23 S AT il kSR Ak 2 RO . e X B Ry A E B

@ HHIH

O Wit

@ HEM/IFRH
O Wi

[ FREEX
[ &®K

[] LPG ¥

18 REWRESREIEALHED
Fig. 18 Well location layout of pilot test project in Nong’an area
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Fig.19 Process flow of pilot test project in Nong’an area
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Fig.20 TSA process program of pilot test project in Nong’ an area
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Fig.21 First barrel of oil and its components of pilot test

project in Nong’ an area
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