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Preface

China is the country where coalmine natural disasters are most severe in the world. An index for mor-
tality rate per million tons of coal production was up to 2. 81 in 2005, After several years of gas controlling,
the index was reduced to 0. 749 in 2010. However, the gap is still large compared to that of the developed
countries in the world. A general situation of the mortality rate per million tons of coal production was as
follows in major coal producing countries in 2009 : Australia 0. 01, USA 0. 018, South Africa 0. 07, India
0, 176 and Russia 0. 19, The index of China is roughly 75 times of that in Australia, 42 times in USA, 4. 3
times in India or 3. 9 times in Russia. Among the natural disasters in coalmines, gas hazard is “the first
killer” for coalmine safety. Gas occurrence in coal seams is released during mining. Gas burst or coal-gas
outburst is the greatest threat to miners’ safety. Therefore, control and mitigation of gas disasters were a
very heavy and challenging task in China.

The current situation for gas-disaster control in China could be summarized as follows: On one hand,
since gas disasters involve various types of gas formation and complex geological environment of gas occur-
rence, control of gas disasters has been very difficult; On the other hand, coal mining and coalbed methane
(CBM) exploitation could make gas-disaster control more prominent. According to the 12" Five-Year Plan
for Exploitation and Utilization of Coalbed Methane ( Coalmine Gas) in China, the CBM production in China
will reach 300 billion m* by 2015, and the number of accidents and deaths due to gas disasters will be re-
duced by more than 40% , compared to those in 2010. Obviously, the task in control and mitigation of
coalmine gas disasters is very urgent faced by scientists and engineers in this field.

Control and mitigate coalmine gas disasters must rely on the gas-geological theory and method ultimate-
ly. Mapping of gas geology had been proved to be an effective method and important mean for control of gas
disasters. Based on the comprehensive summary of research achievements on coalmine gas geology in China,
the theoretical basis, working procedures, methods and achievements for drawing of coalmine gas-geological
maps in China were specified and designed systematically in this book, which had been used to mapping of
coalmine gas-geology in various provinces (districts and cities) and the whole country.

1. Fundamental theoretical basis for coalmine gas-geological mapping in China

Gas geology is an emerging frontier subjectinitiated by scientists and technicians working on researches
and practices in control of gas disasters. Starting from the relationship between tectonic structures and gas
occurrence, it cloud be used to solve problems related with the distribution laws and characteristics of
coalmine gas (CBM) occurrence, which provides an important theoretical basis for coalmine gas controlling.
Gas-geological mapping could be carried out based on the gas occurrence laws and gas geology studies. The
gas occurrence laws at various scale regions in China are identified from macroscopic and microscopic levels,
which is great significance for safety production and CBM exploitation in coalmines. Therefore, the funda-
mental theoretical basis for gas-geological mapping in coalmines is gas geology.

The following are some aspects proposed from viewpoint of gas geology in this book which have pro-
grammatic significance to mapping of coalmine gas geology in China:

(D China is a country which has the most complicated geological conditions of coal basins in the world.
The distribution of coal basins and coalmine gas (CBM) occurrence were the result of tectonic evolution

processes, Plate tectonics control the orogenic activities, the characteristics of formation, uplifting, depres-
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sion, extrusion, tension, taphrogeny, magmatic activities and hydrogeology of coal basins. Due to the
difference in tectonic locations, degree of plate tectonics and regional tectonic evolution background for coal
seams are different at various coal basins in Mainland China formed at different geological areas. the sedi-
mentary environment, stress field, the temperature field. and so on., which further lead to difference in
coal deformation and coal metamorphism. Large-scale tectonic extrusion and shear activities result in large-
scale deformation and geophysical-chemical reactions in coal seams, and tectonic coal prone to gas outburst
forming due to coal mass fragmentation. Large-scale tectonic and magmatic activities lead to intensified coali-
fication, higher gas content or highest-rank anthracite without adsorptive. Large-scale tectonic tension and
taphrogeny and large-scale tectonic uplift and erosion also lead a great amount of coal seam gas releasing.

@ Extremely complicated tectonic evolution background was encountered in the study on coal seams
and coalmine gas (CBM) occurrence in China. The coal seams in China. mainly formed in 7 geological eras,
namely Carboniferous, Permian., Triassic, Jurassic, Cretaceous, Paleogene and Neogene periods, which
were distributed in the three small cratons of Zhongchao, Yangtze and Tarim, many micro continental mas-
sifs and orogenic belts. The coal secams had undergone tectonic movements in multiple periods, such as Her-
cynian, Indo-China, Yanshan and Himalayan tectonic movements, Tectonic structures and their evolution
were controlled by three dynamic systems in sequence, namely the ancient Asian Ocean. the Tethys Paleo-
Pacific Ocean and the Indian Ocean-Pacific Ocean. In terms of tectonic properties, the micro continental
massif could be divided into Siberia affiliated blocks. Gondwana affiliated blocks and ancient China affiliated
blocks. The orogenic belts belong to three orogenic regions, namely ancient Asia, Tethys and Circum
(Marginal) Pacific. In the geological history, they were located at the border and transition zone between
the two giant continents of Gondwana and Siberia, which were the transitional tectonic regions between the
two continents. The geodynamic evolution process of mainland China was the orogenic process before the
ancient Asian Ocean and Tethys Paleo-Pacific Ocean disappeared. It was the result of collisional orogeny be-
tween at the small continental blocks and micro continental massifs at the continental margins, instead of di-
rect strong (hard) collisions between giant Siberia and Gondwana massifs (Ren Jishun, 1999). The com-
plex tectonic evolution background led to the extremely complicated tectonic controlling characteristics for
coal seam gas occurrence in China,

3 Theessential cause of coal-gas outburst disasters in China lies in intensive failure of coal seams due to
tectonic extrusion and shear in the multiple orogenic periods. The failure led to formation of tectonic coal
highly prone to coal-gas outburst, low permeability of CBM, great difficulty in exploitation and frequent gas
disasters. Before 1990, there were 274 mines prone to coal-gas outburst, and more than 10867 coal-gas
outburst events happened in China. However, the number of gas outburst mines increased to 1146 and
more than 16741 coal-gas outburst accidents occurred in 2011. In average. the number of gas outburst
mines was increased by 41 and over 280 coal-gas outburst events every year,

2. Purposes and historicalfoundation of coalmine gas-geological mapping in China

Theessential purpose of coalmine gas-geological mapping in China is to clarify the distribution character-
istics of coalmine gas (CBM) occurrence in various fields at macroscopic and microscopic levels, and being
used to vividly reproducing gas-geological maps which could guide coal mining, CBM exploitation and gas
disasters mitigation.

Gas-geological mapping in China has a history of more than 30 years, In view of great difficulties in
coalmine gas disasters control in China. Professor Yang Lisheng of Jiaozuo College of Mining (now Henan
Polytechnic University) . the founder of gas geology studying in China. put forward an idea of coalmine gas-
geological mapping early in 1970s. In 1983, under tremendous support of the former leader-in-charge from
Ministry of Coal Industry, Mr. Zhao Quanfu and Mr. Fu Jianhua. Professors Yang Lisheng, Zhang Zimin,
Chen Mingqiang and Zhang Keshu awarded the project of *Mapping of coalmine gas geology in China”. This
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project not only received support from Professors Zhou Shining, Lu Guozhen, and Qian Minggao of China
College of Mining (now China University of Mining and Technology) . Mr. Zhang Tiegang of Pingdingshan
Mining Administration, Professor Wang Dazeng of Shandong College of Mining (now Shandong University
of Science and Technology), Mr. Wang Zong and Yuan Sanwei of China National Administration of Coal
Geology, Mr. Dong Qiantai of Shanxi Administration of Coal Geology, Mr. Wang Ruyi of Gansu Adminis-
tration of Coal Geology. Mr. Wang Tao of Jiangxi Administration of Coal Geology. Mr. Zhao Jingbin and
Qiu Lin of Xi’an Branch of China Coal Research Institute, Mr. Wang You’an and Yu Liangchen of Fushun
Branch of China Coal Research Institute, but also attracted great attention of some government leaders,
such as Mr. Zhang Baoming and Wang Xianzheng, the former directors of National Coal Industry Adminis-
tration, and strongly supported by the major leaders of Coal Industry Administration from 25 provinces
(districts or municipalities) , represented by Mr. Wang Tongliang of Guangxi Coal Industry Administra-
tion. Coalmine gas geological mapping work was led by Professor Yang Lisheng. More than 500, 125 and
25 gas-geological maps have been compiled for mines, coalfields and provinces respectively, The mono-
graphs titled “1 ¢ 2000000 Coal Seam Gas-Geological Map of China” and “Compilation of 1 * 2000000 Coal
Seam Gas-Geological Map of China” were completed in 1990 and published in 1992, With “1 : 2000000
Coalfield Geological Map of China” and “1 * 2000000 Predicted Distribution Map of Coalfields in China”
compiled by Ministry of Mining Industry in 1980, and the base maps from “1 : 4000000 Map of Tectonic
Structures in China” comp‘iled by Division of Tectonicss Chinese Academy of Geological Sciences, supervised
by Professor Huang Jiqing in 1979. The map namely “1 : 2000000 Coal Seam Gas-Geological Map of Chi-
na”, divided distribution of coal seam gas geology in China into 89 gas zones (including 36 high gas content
zones and 53 low gas content zones) and 20 gas subareas. As accredited by the appraisal committee organ-
ized by Technology Division, Ministry of Coal Industry in December 1990, including Mr. Zhao Quanfu, Jia
Yueqian and Guan Shicong, the Map was the initiative and reached the domestic leading level in China. This
important achievement has been the historical foundation for coalmine gas geological mapping in China.

3. National Development and Reform Commission and National Energy Administration decided
to carry out national coalmine gas-geological mapping in China

It has been more than 20 years since the first national coalminegas-geological mapping in 1990. Nowa-
days, China’s coal production has been increased from 1 billion t/a to above 3 billion t/a; the number of
mines in China has been increased from less than 1000 to more than 10000; the mining depth increases at
rate of 10~20 m per year from 500~ 600 m to more than 1000 ms; The production capacity of the large
scale mine has increased from 3 ~4 million tons to above 10 million tons. (Gas prediction and gas control
have become more difficult, In average, more than 40 mines per year are added to the list of mines experien-
cing coal-gas outburst. Coal-gas outburst disasters occur frequently.

Therefore, National Development and Reform Commissions and National Energy Administration decided
to launch a new round of coalmine gas-geological mapping in China.

On 15 April 2009, National Energy Administration issued “Notice on organizing and conducting na-
tional coalmine gas-geological mapping” (NEA Coal Document No. (2009) 117). It requested to establish
a leading group and a technical working group for coalmine gas-geological mapping in China. and to organize
and conduct mapping of coalmines, coalfields and provinces (districts or municipalities) and mapping of
coalmine gas geology in China. Mr. Fang Junshi, the director general of Coal Division of National Energy
Administration, was the leader of the leading group. and Professor Zhang Zimin of Henan Polytechnic Uni-
versity, was appointed as the leader of the technical working group. The technical working group drafted
the implementation scheme for coalmine gas geological mapping in China and the method for mapping of gas
geology in various mines, coalfields and provinces (districts or municipalities) range.

During 8 ~9 June 2009, National Conference on Launching of Coalmine Gas-Geological Mapping cum
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Training was held in Jiaozuo, Henan Province. Mr. Wu Yin, the deputy director and chief engineer of Na-
tional Energy Administration delivered an important speech. He stressed that “Coalmine gas-geological
mapping is a fundamental work for gas control. And the maps are the best archives for coalmine gas-geolog-
ical data, which were not only a high concentration of practices in gas prediction, disaster prevention and gas
extraction, but also could provide important theoretical and practical bases for guiding accurate prediction of
the amount of gas resources, emission rate and gas outburst proneness in the future. Drawing of coalmine
gas-geological maps highly summarized the gas geology information accumulated over the years. It could
clarify the effects of geological activities on gas occurrence and reflect the invisible laws on the map vividly.
Only if the difficulties and focuses on gas control are specified, can gas prediction and gas control have a defi-
nite object. A great number of practices have proven that gas-geological maps were the important technical
platform for researches, exchange and decision-making on gas control, and the important fundamental re-
source for gas control and accident prevention. ” Wu’s speech fully revealed the significance of gas-geological
mapping. More than 500 delegates and experts from 26 coal producing provinces (districts or municipali-
ties) participated this conference.

On 21 May 2010, the meeting on progress of national coalmine gas-geological mapping was hold by Na-
tional Energy Administration again in Jiaozuo, Henan Province. Mr. Fang Junshi, the director general of
Coal Division of National Energy Administration, presided at the meeting and delivered an important
speech. After the meeting, National Energy Administration issued “NEA Coal Document No. (2010)180”
- “Notice on dissemination of minutes of the meeting on progress of national coalmine gas geology”. On 8
August 2011, National Energy Administration issued “Notice on carrying out assessment of gas-geological
maps for various provinces (districts) and coalfields” (Energy Coal Letter No. (2011)41). An evaluation
and acceptance group was set up by the technical working group of national coalmine gas-geological map-
ping. The group head was Professor Zhang Zimin, and deputy heads were Professors Gao Jianliang and Pro-
fessors Zeng Yong. The group was in charge of review and acceptance inspection of coalmine gas-geological
maps for various provinces and coalfields.

Because of some local small-scale mines, those provinces namely Guangdong, Zhejiang and Hubei,
were not compiled gas-geological maps at the provincial level.

By the end of August 2011, coalminegas-geological maps for 22 provinces (districts or municipalities) »
173 coal fields, 2792 coalmines and the corresponding research reports had been completed. During this
round of mapping work, according to the theory of gas geology and actual data collected (gas geology data
collected up to the end of August 2011), 10 types of regional tectonic controlling laws of coalmine gas oc-
currence in China were specified. The distribution of coalmine gas occurrence was divided into 30 zones (in-
cluding 17 high gas and outburst zones and 13 gas zones). “1 * 2500000 Coalmine Gas-Geological Map of
China” was compiled. The map was first presented at National Conference on Control and Prevention of
Coalmine Gas held in Hefei city, Anhui Province on 11 November 2011, then was highlighted at National
Conference on Coalmine Gas Outburst Control and Prevention held by China National Coal Association in
Chengdu on 11 December 2011,

The data, such as 1146 mines with coal-gas outburst, 1988 mines with high gas content, the maxi-
mum gas outburst intensity points, the minimum outburst initiation depth, the maximum gas pressure
points, the maximum gas content points for all the mines in 17 high gas and outburst zones and 13 gas zones
are specified in “1 * 2500000 Coalmine Gas-Geological Map of China”. Meanwhile, the amount of coalmine
gas (CBM) resources, the depth of gas weathered zones, the depth where coal-gas outburst initiate, and
the regional tectonic controlling type for gas occurrence ete. , are marked in the map. In addition, a summa-
ry table for the distribution characteristics of coalmine gas (CBM) in China is presented in the map. It
shows the most concentrated sensitive gas information, such as the total number of mines subject to gas out-
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burst, the total number of gas outburst event. the maximum gas content. the maximum gas pressure, and
the amount of CBM resources etc. A complete list of zonation characteristics of coalmine gas (CBM) occur-
rence in China is compiled. which shows the laws of gas geology. the characteristics of gas emission, the
tendencies of gas outburst, and the distributions of gas occurrence for each zone, the foci and the difficulties
in control of and prevention of gas disasters. favorable zones and unfavorable zones for CBM exploitation.
Furthermore, a complete list of subordinate relationship between coalmine gas occurrence zones and
coalmines in China is also presented, from which the names of 1146 mines with gas outburst, 1988 mines
with high gas content and 173 coalfields and the relevant gas geology information could be found directly.

As one of “Twelfth Five-Year” National Key Publication Plan Projects, this book was [inancially sup-
ported by 2013 National Publication Fund, *Eleventh Five-Year” and “ Twelfth Five-Year” National Science
and Technology Major Projects (Grant Nos. 2008ZX05040-005 and 2011ZX05040-005), Scientific Book
Publication Fund of Henan Province and Collaborative Innovation Center of Coalmine Safe Production,
Henan Province. Academician Ren Jishun, Chinese Academy of Sciences and Academician Zhai Guangming,
Chinese Academy of Engineering, are the chiefl reviewers of this book. Taking this opportunity, we’d like
to thank the professors, experts, scholars and technical staff working at various coalmines who have partici-
pated in this new round of national coalmine gas-geological mapping, and express our gratitude to Academi-
cians Jia Chengzao, Ren Jishun, Teng Jiwen, Yao Zhenxing, Yuan Liang, Zhai Guangming, Zhang Tie-
gang and Zhou Shining, and the late academician Yang Qi; Mr. Wang Xianzheng. President of China Na-
tional Coal Association and Mr. Liu Feng, Vice-president of China National Coal Association; Professors
Cheng Yuanping, Chen Zhongsheng, Ding Anping, Fan Ningmin, Hu Qianting, Hu Qiuxiang, Jiang
Zhimin, Jiao Penghua, Li Ping, Li Shihua, Liang Junfang, Liu Jianzhong, Liu Shehu, Liu Xiuyuan, Lu
Jianzhang, Ma Zhenlin, Ning Yu, Qu Xianchao, Shen Baohong. Song Zhimin, Wan Qingsheng, Wang
Kai, Wang Shengquan, Wei Guoying. Wei Huixuan. Wen Shiyuan, Xia Peixing, Yin Zuoru,. Yu Qix-
iang. Yu Qing, Yang Shuguang, Zhang Hong, Zhang Mingjie, Zhang Qun. Zhang Xinmin, Zhang Yugui,
Zhang Zixu, Zeng Yong, Zhou Jian and Zhou Xinquan, who have always concerned and supported the de-
velopment of gas geology studies.

During compilation of “1 ¢ 2500000 Coalmine Gas-Geological Map of China”, postgraduates Wang
Chaoshuais Yang Fuling, and Gao Weiguo etc. , did a lot of work on data collection and preparation of illus-
tration figures. During compilation of “Distribution and Mapping of Coalmine Gas Geology in China”, post-
graduates Yu Hongguang, Peng Lei, Wang Baojun, Lin Chen, Wang Zehui, Bie Wenbo, Gao Zhisong,
Zhang Xiaoguang, Zhang Yazhou. Wang Tianyu., Xie Zhen, Zhang Yuzhu, Si Chenglin, Ma Shaoping,
Guo Xinyao, Dong Yanwu. Ran Xiaoyong, Huan Xuan, Ma Shuai, Wang Yuansheng, Zhang Qian, Li
Mingming, Wang Jiankang, Du Dongdong, Dong Linsheng, 1.i Yongsheng. Tao Dongdong, Wang Linz-
heng. Zhang Kai, Peng Yangyang, Chen Kun and Liang Songjie etc. . did a lot of work on statistics and

collation of data and preparation of illustration figures.

Committee for Coalmine Gas-Geological Mapping
October 2014
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