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Abstract 6 

Thermal spallation drilling is a promising technology expected to exploit 7 

hydrocarbons in hard rocks. In this paper, thermal spallation experiments are 8 

conducted on six types of rocks. Comparisons are made in terms of mineral 9 

compositions and micro-structures. Spallation temperatures are obtained, and 10 

analytical results are compared with experimental data. Results show that spallation 11 

temperatures obtained by analytical method show good agreement with experimental 12 

data. Additionally, drilling performances can be continuous or intermittent for various 13 

types of rocks. Quartz expands in different rocks after thermal impact. Calcite 14 

increases and dolomite decreases due to thermal decomposition. Moreover, the 15 

induced thermal stresses in sandstone push against the micro-particle and melting may 16 

occur. For granite, micro-cracks and micro-particles exist after spallation. In contrast, 17 

there are no cracks in shale, but melt holes and micro-particles distributed randomly 18 

due to reaction. For limestone, there exist relatively large cracks, micro-cracks and 19 

micro-particles. For dolomite, no obvious micro-particles remain but only a few 20 

micro-cracks. The variations of elements correspond well with mineral changes. 21 

However, under the conditions of this paper, marble fails to break due to strong 22 

homogeneity. All results can provide guidance for the further study on the 23 

rock-breaking of thermal spallation drilling. 24 
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1. Introduction 26 

Rock has been traditionally drilled by imparting mechanical stresses to cause 27 

failure, which gives rise to bit wear and limits penetration rate. Therefore, the increase 28 

of the world-wide hydrocarbon usage is impeded by the high costs of the drilling 29 

process (Rauenzahn et al., 1985). Consequently, alternative drilling methods may be 30 

economically potential. 31 

Thermal spallation drilling is a non-contact and efficient technology, which has 32 

been applied extensively in the 20th century and is suitable for hard polycrystalline 33 

formations, such as granite (Augustine et al., 2009; Calaman et al., 1968; Browning et 34 

al., 1965). It uses downhole combustion to generate high temperature media (e.g., 35 

flame jet) to heat the bottom rock, which induces non-uniform expansion stresses 36 

within the rocks (Heard et al., 1980; Li et al., 2014). Then fragmentation occurs and 37 
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