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PREFACE

Energy consumption is the pillar supporting economic development of every country in
the world. In China, coal is a basic and strategic resource as well as an important raw ma-
terials for chemical engineering. In the 60-some years since the founding of the People’s
Republic of China, coal has dominated 70% of the one-time energy consumption and will
remain so for a long time in future. At present, China is at a critical point of industrializa-
tion and urbanization, the need for coal in power generation. steel production and chemical
engineering is soaring and the demand for coal remains at a high level.

China is a major consumer of coal and, at the same time, a major coal producer of con-
tributing about half to the global coal production. According to the preliminary prediction
in the 12" Five-year Plan of the National Coal Industry, coal demand in China will reach 3.
5~3. 8 billion tons by 2015, which requires at least 4 billion tons of coal production to
keep up with. Currently, production growth relies on opening of new mines and develop-
ment of existing ones. For the latter approach, the authorities generally look for ways to
narrow water/sand-proof coal/stone pillars in the waters of the Cenozoic loose beds and to
upgrade mining limits, for the considerations of closer-to-the-ground coal reserves, smaller
gas risks and lower production cost.

The mines in the North China are mainly concealed coalfields covered by thick loose
beds. In the past, to keep production from the menace of the waters in the loose beds,
safety coal/stone pillars of 50~ 100 meters were obligated at planning. This has led to a
large conservation of coal resources. There is as much as 5 billion tons of coal reserves in
the water/sand-proof coal pillars in coal mines in Jiangsu, Shandong and Anhui, among
which 1.5 billion tons are in Anhui (Huainan and Huaibei). Considering the current annu-
al production of the major four coal mining groups in Huainan and Huaibei (namely Hua-
inan, Huaibei, Wanbei, Xinji), coal reserves in the water/sand-proof coal pillars can ex-
tend the service life of the coals mines by more than 10 years. Therefore, mining of the
water/sand-proof coal pillars in the waters of thick loose beds answers the call for resource
saving and energy efficiency, as well as to ensure orderly production in coal mines.

In the 1980s,a large amount of research was carried out in Huainan, Huaibei, North
Anhui, Xinji, Zaozhuang, Jiaozuo, Fengfeng, Xingtai and Handan with focus on how to
upgrade mining limit in shallow coal seams. Useful results and rich experiences were gen-
erated from the experiments and practices, promoting technology advancements in mining
of thick loose-bed covered mines. In recent years, water disasters took place from time to
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time in loose-bed waters across the country’s mining area. causing heavy casualties and e-
conomic losses and attracting wide social attention, This shows that the key water/sand-
preventing technology has yet to be conquered in coal mining from loose-bed waters. When
upgrading mining limit. there is an urgent need for water/sand-preventing technologies to
achieve high production and efficiency and to ensure safety. In Huaibei, Anhui, there lies
a number of technical challenges in coal mining from loose-bed waters. First of all, the
loose strata are as thick as 60~500m, breeding several aquifers (such as 1%, 2™, 3, 4"
and even 5" in local area). The 4™ aquifer is usually in direct contact over coal strata, be-
ing the direct water source for lower coal mining. Secondly, upper overlying bed rock is
thin to ultra-thin. Especially in low-lying locations of ancient landform, overlying rock is
even thinner as to zero in some places, where mining work face is very close to bottom aq-
uifer in loose-bed seam with higher risk of water/sand burst. Thirdly, weathering of bed
rock is heavy with low intensity for self-bearing. The high places are mostly supported by
trestles. At faulting area, support crushing, roof fall and water/sand burst often happen
at one time. Fourthly, water abundance is high in 3™ loose-bed aquifer. Local parts are
vulnerable to shear fracture in top coal caving. This poses challenges to the stability of the
3" aquiclude under the 3™ aquifer, making the 3" aquifer a potential risk to shallow coal
mining.

The causes of water disaster in Cenozoic loose bed can be generalized as followings.
Firstly, high water abundance in bottom aquifer in loose bed. Hydro-geological conditions
were not fully understood before mining. Secondly. the deformation and destruction pat-
tern of overlying rock was not accurately confirmed under different mining technologies.
Safety coal/rock pillars were not verified or mining limit was upgraded without verifica-
tion. Thirdly, limited understanding of water/sand burst in shallow coal mining in loose-
bed waters coupled with insufficient prevention measure.

Coal mining practice demonstrates that underwater coal mining involves interdiscipli-
nary technologies, such as coal mining, geology and hydro-geology. geophysical engineer-
ing, rock mechanics, mine survey., numerical mathematics, etc.. It also builds upon many
research accomplishments, such as research on the deformation and destruction pattern of
overlying rock, safety coal/rock pillar verification, underground seepage field characteris-
tics, working techniques, and exploration technology. For the complicate mining technol-
ogies, this book will focus on the following research results.

I . Quaternary loose-bed and aquifers and aquicludes imbedded

Loose-bed thickness, distribution, lithology and structure, aquifer and aquicludes are
the key factors to water burst and mining limit. Take Huaibei as an example. Sampling
and testing of the mines, research focused on the geological and hydro-geological condi-
tions of the quaternary loose bed and imbedded aquifers and aquicludes. It was to study the
sedimentation, mineral composition and hydraulic characteristics of the 3™ aquiclude and
4™ aquifer and to accurately evaluate the water resistance of the 3™ aquiclude. On the basis
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of though analysis of 4™ aquifer, discussion was carried out on its sedimentation, forma-
tion, water abundance and seepage stability.

[I. Lithology research of weathering zone in bed rock

Weathering bed rock, as a key layer of water/sand-prevention in shallow coal mining,
bears importance for research and study. Through compare and comparison of typical coal
mines in Huaibel, thickness distribution was studied and understood. From a large amount
of sample analysis and mechanical index, lithology research of weathering bed rock was to
evaluate scientifically the mineral composition and characteristics, as an effort to prevent
water/sand burst and roof fall.

. Research on deformation and destruction pattern of overlying rock

The key issue in underwater coal mining is the maximum height of roof fall zone. Es-
pecially of top coal caving, the responsive mechanism of overlying rock and its deformation
and destruction pattern are different from that of thin coal seams mining or stratified min-
ing of thick coal seams. So far, quantitative calculation has not been identified. There-
fore, this book selected working parameters and used similar material simulation and cou-
pled numerical simulation to understand the patterns of deformation and destruction as
well as the heights of roof fall and fissure zones under the conditions of thick loose-bed,
ultra-thin overlying rock, thick loose-bed and thick overlying rock.

IV. Mechanism of water/sand burst in different mining projects

There are majorly two plans of underwater shallow coal mining in loose-bed. One is
the top-down approach (from the upper to lower working faces). The other one is bottom-
up approach (from the lower to the upper working faces). In different mining plans,
differences exist in responsive mechanism of the overlying rock and the deformation and
destruction pattern, including the evolution of the seepage field in the regional aquifer.
Therefore, the research applied liquid-solid interaction numerical simulation, analyzing 4™
aquifer seepage field and water pressure changes and discussing water/sand burst mecha-
nism in underwater shallow coal mining in loose-bed.

V. Water/sand-prevention in shallow coal mining

On the basis of understanding hydro-geologicalconditions and water/sand burst mech-
anism, analysis was further conducted for practical water/sand-preventing techniques. For
example, comprehensive consideration of multiple factors, safety pillar verification to pre-
vent water and sand and to recycle coal resources to the maximum. To improve techniques
for varying mining technologies, including reinforcing roof. controlling roof fall and the
height of fissure zone. From the results of similar material simulation, numerical simula-
tion and field testing, to modify the hydro-geological conditions of aquifer, in which way
will lower risk of aquifer and protect other aquifers (non-direct contacting aquifer) from
mining.

This book is divided into four parts and twelve chapters. Chapter 1 is authored by Gui
Herong. Chapter 2 by Song Xiaomei, Gui Herong and Chen Luwang. Chapter 3 by Gui
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Herong. Chapter 4. 1 by Gui Herong,Lin Manli,Chen Min, Song Xiaomei and Liu Xiang-
hong. Chapter 4. 2 by Gui Herong,Ma Jie, Lin Manli,Chen Song,Peng Weihua, i Zhich-
un and Chen Min. Chapter 4. 3 by Gui Herong,Ma Jie and Chen LLuwang. Chapter 5.1 by
Gui Herong,Ma Jie, Lin Manli, Li Zhichun,Peng Weihua,Chen Song and Chen Min. Chap-
ter 5.2 by Gui Herong. Chapter 5. 3,5. 4 and 5.5 by Gui Herong, Chen Luwang. Qin
Yuan and Song Xiaomei. Chapter 6 by Gui Herong. Chapter 7 by Tu Min and Gui Her-
ong. Chapter 8.1,8.2 and 8.4 by Gui Herong. Chapter 8. 3 by Chen Luwang. Chapter 9
by Chen Luwang, Qin Yuan and Gui Herong. Chapter 10 by Gui Herong. Chapter 11. 1
by Gui Herong. Chapter 11. 2 by Chen Luwang, Qin Yuan. Liu Xin and Wang Xi. The
whole book is complied by Gui Herong.

Due to research limitations, mistakes and inappropriateness are inevitable. We are

looking forward to comments from the readers.
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