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Abstracts

Underground coal spontaneous combustion, means thal the coal layers underground are burned by natural
or some arfificial factors, Changing with time, the roal fires spread bigger and bigger, and the coalfield fire
disasters ( here briefly called coallires) gradually generale. Underground coal spontaneous combustion is a kind
of nature disasters, it is the very serious problem in many countries in the world, such as United States,
Australia, India, Indonesia elc. Coalfires occurred very scriously in coalficlds in northern China, and have been
lasting for a long period. The coalfires not only result in the loss of million of tons of coal resources annually,
but also break the ecological envirenment, cause air pollution, and influence the people’s living quality of the
coalfire areas.

In recent years, many countries in lhe world make a lot of efforls to fight the underground coalfires ,
especially in the detection of underground coal fire, all these researches provide the reliable techniques and
methods for the coalfires investigations, managements and mining safety. Tn our countrv, the governmenl and
enterprises, have put in a lot of lunds te carry out coalfires detections, preventions and extinguishments. The
probes of coalfires are the premises and foundalions of the coalfires managements , because the occurrences, the
distributions and developments of underground coalfives appear complicatedly. 1t is a very difficult problem in
the world 1o probe the information about the underground coalfires positions, burning appearances, oxygen
supply passages availably. A lot of researches have been done in coalfires explorations in China and foreign
countries,, 36 kinds of probe methods have heen developed in 5 major survey fields which are geological survey,
remole sensing, geophysical and geochemical explorations, driltings. All these methods have shown good
results , and the remote sensing and geophysical deteclion technologies are the key methods, they have played an
very important role in the coalfires explorations and provided the important basis for the coalfires detecting,
managing and extinguishing,

Compared with airhorne remote sensing, satellite remote sensing method is quickly and effective for the
earth” s suiface and vicinity surface coalfires survey, and it is extensively used. In coal fire areas of Northern
China, a lot of satellile remote sensing projects have been finished by domestic orgunizations, some Furopean
countries and international organizations joined in the cooperation researches.

(zeophysical detections of coalfires mainly include the magnetic, electric, temperature probe methods
etc. . Among them, the magnetic and radon measurement are mostly used they are the two effective methods
which have shown very good results in coalfires explorations in the regions of Pingding, Shanxi provinee,
Zaozhuang, Shandong, province Tangshan and Xingtai, Hebei province Ningxia Rugigon ete.  Airborne
geophysical survey has been used for coalfires detections in ahroad , and the good resulls have been achieved. In
Wuda, it is the first case in China 1o use airborne geophysical survey for coalfires exploration.

Normully remole sensing can get the information of coalfices on the earth surfuce only, and geophysical
exploration methods can probe eflectively Lhe information of underground combustion hodies. So, it is a
relatively comprehensive and effective method to integrate geophysical and remote sensing methods for coalfires
detections. The combined method can overcome Lhe shorlages of a single probe method.

In order to resolve the key technical problems of underground coalfires detection and improve Lhe efficiency
of exploration, prevention and extinguishment of coalfires, the office of Information Acquisition and Processing

Topic of National 863 Plan established the research project— “The Key Technolagy Research of Remote
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Sensing and Geophysical Detection of Underground Coal Spontaneous Combustion” . The typical coalfires areas
in northern China had been chosen as the application study regions. As the two major exploration methods,
remote sensing and geophysics are completely applied i1 the same underground coal spontaneous combustion
largel, a set of effective integraled methods and procedures of remote sensing and geophysical coalfires
detections has been summarized by the project. The 3-D inversion model based on remote sensing and
geophysical data has heen successfully set up, and the aim to detecl the coalfires [rom surface 10 underground
has been realized, the project promoles the development of underground coalfires detection lechnologies greatly.

The main lask of this project is that the key technology of high resolution remole sensing data and
geophysical methods for underground cealfires should be applied in the typical coalfield or coal fire areas. In
order to provide monitoring technologics of coallires in northern China, the 3-D detection modet and moniloring
methods based on remote sensing and geophysical probe lechnologies should be established.

The main research is the effective and feasible geophysical and remote sensing detection melhods . including
the technologies of information acquisition, processing and analysis of underground coulfires, the establishment
technologies of 3-D detection model and the technologies of coalfires monitoring indicator system. As the
important research uspects, geological mechanism of underground coal spontaneous combustion and the
mechanism of geophysical & remote sensing detections have been researched and mastered. One of the key
research problems is 1o extract of the information of underground coal spontaneous combustion which includes
coal fire distribution, depth, underground appearance and the develop trend ete. , and the effective eombination
of detection methods and the monitoring technology indexes.

China Geophysical Survey and Remwote Sensing Center for Land and Resources { here briefly named AGRS)
1s responsible for the project. Beijing Remote Sensing Company for Land and Resources, Peking Normal
University and Remote Sensing Applicalion Institute of Chinese Academy of Science joined in the research and
completed the project with ACRS. Based on the good covperation of many unils and organizations, the research
solved some key technique problems of coal fire detections, the achieved results are mainly as the followings.

1. Based on the researches of geology courses and the ccological environment indexes of underground coal
spontaneous comhuslion, coalfires in Wuda can be divided into 12 successive burning phases. The rules of coal
fire generalion and development under the condition of modern mining technologies are principally obtained, the
coal fire combustion geological model which is based on coal fire transmit helt theory has been established.

2. With the implementing of Sino — Cermany international cooperation project, the advanced IMPUTSE
HEM system wus first time used in coal fire detection in China. Regional magnetic and EM data of coal fire
survey has been obtained for the first time, the flight line space is 50 m, the EM sampling interval is 1/10
second, and the international quality & technique standards are completely adepted in the survey.

3. Image characler and information extracting methods of QuickBird data for burning cracks, collapse,
burnt rocks, mining face have been rescarched. A lot of remote sensing data is used to estahlish Lhe stereo
detection system, such as high resolution satellile multispectral remote sensing data, thermal infrared data,
ground thermal infrared lemperature data and remote sensing data in the drillings.

4. The magnetic, electric and radioactive physical characters have been analyzed and researched. The rule
of geophysical character variations of the rocks for different burning phases has been concluded. By the
comparing and analyzing of different effective airborne geophysical survey methods, the optimal comprehensive
geophysical detection metheds are pointed out. The high sensilivity magnetic survey is the main effective
method, and the radon, KM and temperature measurements are the very important supplement methods,

5. Magnetic anomaly inversion of coal [ire depth in 3-ID, EM inversion, radon inversion, ground

temperature and intensity version of the coalfives sources have been researched. 3-1) analvsis models of

N



underground coal fire have heen established based on SurpacVision professional software which provides the
visual 3-D analysis environment for coal fire detection amd management.

6. The underground coal fire monitoring and detection index syslem of remote sensing & geophysical
methods has been established, the detection method and practical scheme are designed. Facing different coal
fire phases and detection demands, the integrated detection techniques of remote sensing und geophysics are
summarized,

This book is the research conclusions of underground coal fire detection, the main resuits reflect the up to
date progresses in the research field in the world, seme of them have been verified in coalfield, and some
techniques have been adopled in coal fire prevention and extinguishment.

The implementing of this “863" project — “The Key Technology Research of Remote Sensing and
Geophysical Detection of Underground Coal Spontaneous Combustion” has strongly supported by National “863"
Plan Office, the experts of thirteenth topic and National Remote Sensing Center. Thanks should be expressed to
Science & Foreign Affairs Department and Rasic Survey Department of China Gealogy Survey, BGR and DR of
Germany, Wuda Coalfield Bureau of ShenHua Group, the leaders and experts participating in the researches
from the organizations, they provided a lot benefit supports and instruetions throughout the “863” project.

This book could be a reference for coalfield geological and geophysical prospecling lechnicians, and it also
could be as a reference hook for applied geophysics and correlative professional teaching.

Due to the limited time and knowledge, perhaps there are some mistakes in this book. The comments and

corrections 1o this book are appreciated. Many thanks,

Authors
June 2006, Beijing
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