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ABSTRACT 

The mines of the Permo-Carboniferous coalfield in North China and the Late 
Permian coalfield in the South are seriously threatened with Karst water from 
limestone, which r?sillts in frequent water inrush and mine inundation. The 
mines in the areas of the Yellow Huai and Shongliao plains are generally 
endangered by the water from Quaternary alluvium. Therefore, groundwater 
disaster is one of the main problems of coal mine safety in China. 

After liberation, a great deal of research work on protecting against mine 
water has been done under the direction of the Ministry of Coal Industry. 
Successful results have been obtained in respects of studies of mine water 
inrush mechanisms, dewatering and depression of aquifer, sealing water inrush 
spots by grouting and cutting-off water flow by cement grout curtains, 
protecting against water at ground and underground as well as investigating 
the hydrogeological conditions in a mine area and calculating the mine inflow. 
Many practical problems in coal production have been solved, and the theory 
and technology of mine water control with China's typical features, have 
gradually been formed. However, further study and solution of some problems 
will be required because the hydrogeological conditions of the coalfields 
in China are extremely complicated. 

China is rich in coal resources. There are more than 10 coal-forming 
periods, from the early deposition of stone coal in the Cambrian period to 
the latest deposition of peat in the Quaternary period. The coal-bearing 
strata controls the distribution of coalfields, coal-forming period, sediment- 
ary types and qtrl~ctural features, and also determines the hydrogeological 
characterj-5;~:s of' different types of coalfields. Therefore, coalfields in 
China can be divided into six hydrogeological type regions [ 61 (See Figure 1 ) .  
Therein, Permo-Carboniferous coalf'ields in North China and Late Permian coal- 
fields in the south of China belong to the Karst type reglon; coalfields in 



Figure 1 Sketch of hydrogeological type regions in China 

the areas of Yellow-Huai and Shongliao plains are endangered by water from 
Quarternary alluvium. Hence, hydrogeological conditions in these coalfields 
are complicated, and coal mines are seriously endangered by groundwater. 
According to the statistical studies of the Ministry of Coal Industry, there 
are 222 pairs of state-owned shafts threatened with water, that have a 
productive capacity of 110 million tons, which is 30 percent of the whole 
productive capacity of state-owned coal mines. From 1955 to 1985, hundreds 
of mine flood accidents caused by groundwater inrush happened, which 
resulted in the great loss of 3 billion Yuan in the economy and 100 million 
tons in coal yield. From what has been mentioned above, it can be seen that 
groundwater disaster is the main problem of coal mine safety in China. 

CALCULATION OF GROUDWATER INFLOW 

The calculation of groundwater inflow is one of the key problems in the study 
of protecting against coal mine water. It not only has a direct relation to 
the disposition of mine water protection and discharge facilities, but provides 
an important basis for drawing up the overall plan for a mine water control 
project. The following four problems in research work of mine water control 
can be solved by calculation: 

1. prognostication of normal mine inflow, the maximum inflow and inrush 
inflow; 

2. design of an optimal scheme of dewatering and depression; 



3. evaluation of the effect of the cement curtain for cutting off ground- 
water flow: 

4. quantitative demonstration of hydrogeological conditions in the mine 
area. 

Although the four mentioned above are different in statement and focus of 
attention, the calculation methods are much the same. The methods adopted 
are mainly the hydrogeological analogy method, the hydrologic balance method, 
the correlation analysis, the analytical method, the systems engineering 
method, the modelling-analogue and the numerical methods, etc. At present, 
the numerical methods in common use include finite difference method, finite 
element method, subdomain balance method, boundary integral equation method 
(the boundary element method for short) and the combination of finite element 
and boundary element methods, etc. Whatever kinds of numerical methods are 
to be adopted they are based on clearly known hydrogeological conditions in 
the mine areas. The mathematical models must be set up first, which could be 
two-dimensional (including double-layers and multi-layers), or three- 
dimensional models. For instance, for the unsteady flow in a two dimensional, 
inhomogeneous, isotropic and confined aquifer, the mathematical model is 

where 

h = head 

T = transmissivity 

w = source function 

S = storage coefficient 

x,y = space variables 

t = time 

R = flow region 

a/an = normal derivatfve ( ~ R ~ u ~ R ~  = a ~ )  

gl ,g2 ,go = known functions 

If the Galerkin finite element scheme is used and the flow region is divided 
into a number of triangular elements, the discretization form of Equation (1) 
is 



where t h e  e l e m e n t s  o f  t h e  m a t r i c e s  [B] [C] and EFI a r e  

c = 88 s$,$, dx dy ;  
P 9 q  cn) 

where is  t h e  b a s i s  f u n c t i o n .  By s o l v i n g  E q u a t i o n  ( 2 )  t h e  mine w a t e r  i n f l o w  
and  p i e z o m e t r i c  h e a d s  i n  t h e  v i c i n i t y  o f  t h e  mine c a n  be  o b t a i n e d ,  which is 
c a l l e d  s i m u l a t i o n  o f  t h e  s o l u t i o n  o r  t h e  d i r e c t i o n  problem. U s u a l l y ,  t h e  
h y d r o g e o l o g i c a l  p a r a m e t e r s  T and S i n  E q u a t i o n  ( 1 )  a r e  unknown. These  
p a r a m e t e r s  can  be  de te rmined  by means o f  a n  o p t i m i z a t i o n  t e c h n i q u e  and 
h y d r o g e o l o g i c a l  t e s t  d a t a ,  which is  c a l l e d  t h e  s o l u t i o n  o f  t h e  i n v e r s e  
p rob lem o r  p a r a m e t e r  i d e n t i f i c a t i o n .  Many methods c a n  be  used  t o  s o l v e  t h e  
i n v e r s e  problem. However, i t  h a s  been shown from p r a c t i c e  t h a t  t h e  
p a r a m e t e r  c o r r e c t i o n  method and  t h e  Gauss-Newton method [ 3 ]  a r e  more 
powerfu l .  The d e s i g n  o f  a n  o p t i m a l  d e w a t e r i n g  scheme f o r  mines  i n c l u d e s  
t h e  d e t e r m i n a t i o n  o f  o p t i m a l  a r rangement ,  numbers, d i s c h a r g e  and head o f  t h e  
d e w a t e r i n g  w e l l s .  The main methods used  i n  t h e  c a l c u l a t i o n  a r e  l i n e a r  
q u a d r a t i c  and i n t e g e r  programming [ 3 ] .  The a l g e b r a i c a l  e q u a t i o n s  formed by 
t h e  n u m e r i c a l  method,  s u c h  a s  Equa t ion  (21, compose c o n s t r a i n t s .  Accord ing  
t o  t h e  d i f f e r e n t  p r a c t i c a l  demands, t h e  o b j e c t  f u n c t i o n  c a n  be  w r i t t e n  i n  
v a r i o u s  ways. I n  g e n e r a l ,  i n  t h e  c o u r s e  o f  d e w a t e r i n g  i n  mines ,  t h e  
minimum d i s c h a r g e  is e x p e c t e d  t o  form t h e  cone  o f  d e p r e s s i o n  a s  l a r g e  
a s  p o s s i b l e ,  s o  a s  t o  e n s u r e  t h e  s a f e  min ing  a t  t h e  g a l l e r i e s  and  t h e  
work ing  f a c e s .  From t h i s  p u r p o s e ,  t h e  c a l c u l a t i o n  o f  t h e  o p t i m a l  d e w a t e r i n g  
scheme c a n  be  f o r m u l a t e d  a s  t h e  s o l u t i o n  o f  t h e  f o l l o w i n g  l i n e a r  programming 
problem: 

Min Z = C Wi 

where Z r e p r e s e n t s  t h e  o b j e c t  f u n c t i o n ;  W r e p r e s e n t s  t h e  d i s c h a r g e s  o f  
d e w a t e r i n g  w e l l s ;  H r e p r e s e n t s  t h e  s a f e  head .  Of c o u r s e ,  t h e  c o s t  o f  

d e w a t e r i n g  w e l l s  and d r a i n a g e  f a c i l i t i e s  and s o  on c o u l d  be  t a k e n  i n t o  
c o n s i d e r a t i o n  i n  t h e  o b j e c t  f u n c t i o n .  

The c a l c u l a t i o n  o f  mine w a t e r  i n r u s h  i n f l o w  is  one  o f  t h e  k n o t t y  problems 
i n  t h e  c a l c u l a t i o n  o f  mine w a t e r  i n f l o w .  T h a t  is b e c a u s e  t h e  f a c t o r s  
r e s u l t i n g  i n  t h e  mine w a t e r  i n r u s h  a r e  q u i t e  complex.  Many o f  t h e s e  f a c t o r s  



a r e  d i f f i c u l t  $0 e x p r e s s  q u a n t i t a t i v e l y .  From t h e  a n a l y s e s  and  s t u d i e s  o f  
t h e  w a t e r  i n r u s h  p r a c t i c a l  c a s e s  t h a n  happened  i n  some mine  a r e a s ,  i t  h a s  
been  p r o v e d  t h a t  t h e  w a t e r  i n r u s h  is random a n d  o b s c u r e .  T h e r e f o r e ,  t h e  
f a c t o r s  a s s o c i a t e d  w i t h  t h e  mine  w a t e r  i n r u s h  h a v e  been  s i e v e d  i n  t e r m s  
o f  i n f o r m a t i o n  t h e o r y ,  m a t h e m a t i c a l  l o g i c ,  o b s c u r e  m a t h e m a t i c s ,  s y s t e m s  
e n g i n e e r i n g ,  p r o b a b i l i t y  and  s t a t i s t i c s .  The  f o r c a s t  model  h a s  b e e n  s e t  
up  and  b e t t e r  r e s u l t s  a r e  o b t a i n e d  [ I l l .  I t  c o u l d  b e  e x p e c t e d  t h a t  t h e  
r e s e a r c h  work o n  p r e d i c t i o n  o f  mine  w a t e r  i n r u s h  w i l l  g e t  i n t o  a  h i g h e r  
l e v e l  w i t h  t h e  d e v e l o p m e n t  and  a p p l i c a t i o n  o f n e w  s c i e n c e s  s u c h  a s  c y b e r n e t i c s ,  
s y s t e m a t o l o g y  and  a b r u p t i o n  t h e o r y ,  e t c .  

I n  t h e  p a s t  30 y e a r s ,  t h e  c a l c u l a t i o n  o f  mine  w a t e r  i n f l o w i n  o u r  c o u n t r y  
h a s  made g r e a t  p r o g r e s s .  I n  o r d e r  t o  s o l v e  t h ~  p r o b l e m s  a b o u t  mine  w a t e r  
i n f l o w  p u t  f o r w a r d  by many m i n e s ,  s u c h  a s  Z h i b o ,  F e i c h e n L  5 I, F e n g f e n g ,  
J i a o z h u o ,  Enkou,  M e i t a n v a ,  Hua inan  and  Heshan i n  Kuangx i  P r o v i n c e ,  p l e n t y  
o f  r e s e a r c h  work a n d  c a l c u l a t i o n s  were  c a r r i e d  o u t  a n d  good  r e s u l t s  wh ich  
s o l v e d  many p r a c t i c a l  p r o b l e m s  i n  c o a l  p r o d u c t i o n  h a v e  b e e n  o b t a i n e d .  

WATER INRUSH MECHANISM 

W a t e r  i n r u s h  i n  m i n e s  is  t h e  mos t  w i d e s p r e a d  phenomena o f  g r o u n d  w a t e r  
d i s a s t e r  i n  c o a l  m i n e s .  I t  is  r e f e r r e d  t o  a s  a  phenomenon t h a t  t h e  w a t e r  
f r o m  t h e  a q u i f e r s  o f  t h e  r o o f  o r  f l o o r  o f  a  seam ove rcomes  t h e  i n t e n s i t y  
o f  t h e  r e l a t i v e l y  i m p e r v i o u s  r o c k  body be tween  a q u i f e r s  a n d  t h e  r e s i s t a n c e  
o f  t h e  s t r u c t u r a l  p l a n e s  o f  f a u l t s  and  j o i n t s ,  and  e n t e r s  t h e  mine  g a l l e r i e s  
u n d e r  t h e  a c t i o n  o f  t h e  w a t e r  p r e s s u r e  and  t h e  m i n i n g  p r e s s u r e .  W a t e r  
i n r u s h  mechan i sms  s t u d y  t h e  f a c t o r s  c a u s i n g  w a t e r  i n r u s h e s ,  t h e  i n t e r n a l  
r e l a t i o n s  o f  t h e s e  f a c t o r s  and  t h e  o c c u r r e n c e  o f  w a t e r  i n r u s h e s  a s  w e l l  
a s  t h e  p r o c e s s e s  o f  i t s  d e v e l o p m e n t .  

As e a r l y  a s  i n  t h e  1 9 5 0 s ,  i t  was r e a l i z e d  t h a t  w a t e r  i n r u s h  had  b e e n  a s s o c -  
i a t e d  w i t h  t h e  p r e s s u r e  o f  w a t e r  i n  a q u i f e r s ,  t h e  d e s t r u c t i o n  o f  r o o f  
and  f l o o r s  c a u s e d  by c o a l  m i n i n g ,  t h e  r e l a t i v e  t h i c k n e s s  o f  w a t e r - r e s i s t i n g  
l a y e r s  a n d  t h e  e x i s t e n c e  o f  f a u l t s  a n d  j o i n t s .  F o r  e x a m p l e ,  when s t u d y i n g  
t h e  d e w a t e r i n g  p l a n  f o r  Xu J i a z h u a n g  l i m e s t o n e  i n  Z h i b o  Mine a r e a  i n  1961 ,  
we c o n s i d e r e d  t h e  f a c t o r s  m e n t i o n e d  a b o v e  a s  a  c o m p r e h e n s i v e  phenomenon.  
On t h e  b a s i s  o f  t h e  s t a t i s t i c  d a t a ,  we d e v e l o p e d  a  c o n c e p t  o f  w a t e r  i n r u s h  
c o e f f i c i e n t ,  w h i c h  is  d e f i n e d  a s  t h e  c r i t i c a l  v a l u e  o f  w a t e r  p r e s s u r e  
b o r n e  by t h e  u n i t  t h i c k n e s s  o f  a  w a t e r - r e s i s t i n g  l a y e r .  I n  1 9 6 6 ,  a  s i t e  
t e s t  i n  w h i c h  w a t e r  was p r e s s e d  i n t o  f a u l t s  and  w a t e r - r e s i s t i n g  l a y e r s  
t h r o u g h  w e l l s  was c a r r i e d  o u t  t o  s t u d y  i h e  p r o c e s s e s  o f  w a t e r  i n r u s h .  
From t h e  t e s t ,  i t  is r e v e a l e d  t h a t  p i e z o m e t r i c  w a t e r  w i t h  h i g h  p r e s s u r e  
o v e r c o m e s  t h e  r e s i s t a n c e  o f  s t r u c t u r a l  p l a n e s  i n  w a t e r - r e s i s t i n g  l a y e r s  
and  s e e p s  i n  mine  g a l l e r i e s .  Meanwhi l e  a  g r e a t  amount  o f  p o t e n t i a l  e n e r g y  
c o n v e r t s  i n t o  k i n e t i c  e n e r g y ,  t h e  s t r u c t u r a l  p l a n e s  a r e  washed and  e x p a n d e d ,  
and  i n r u s h  i n f l o w  becomes l a r g e r  and  l a r g e r .  The  l i m i t  i n t e n s i t i e s  o f  
d i f f e r e n t  r o c k  b e d s  i n  t h i c k n e s s  p e r  m e t r e  o b t a i n e d  f r o m  t h e  t e s t  a r e  
10 kg/cm2 f o r  s a n d s t o n e ,  7 kg/crn2 f o r  s a n d y  s h a l e ,  5 kg/cm2 f o r  b a u x i t i c  
s h a l e  and  3 . 5  kg/cm2 f o r  f a u l t  z o n e s .  T h e s e  v a l u e s ,  however ,  a r e  f a r  
g r e a t e r  t h a n  o n e s  o f  a c t u a l  w a t e r  ~ n r u s h .  T h i s  was b e c a u s e  d e s t r u c t i o n  
o f  t h e  f l o o r  by m i n i n g  p r e s s u r e  and  t h e  t i m e  e f f e c t  o f  t h e  r o c k  i n t e n s i t y  
w e r e  n o t  t a k e n  i n t o  c o n s i d e r a t i o n .  F o r  t h e  s a k e  o f  t h e  a p p l i c a t i o n  o f  
t h e s e  v a l u e s  t o  p r o d u c t i o n ,  a  c o n c e p t  o f  e q u i v a l e n t  t h i c k n e s s  o f  t h e  w a t e r  
r e s i s t i n g  l a y e r  was p r e s e n t e d  i n  1977 .  T a k i n g  t h e  i n t e n s i t y  o f  a  s a n d s t o n e  
body a s  a  s t a n d a r d  u n i t ,  we g a i n e d  c e r t a i n  r a t i o s ,  f o r  example .  0 . 7  f o r  
s a n d y  s h a l e ,  0 . 5  f o r  b a u x i t i c  s h a l e  and  0 . 3 5  f o r  f a u l t  z o n e s .  Thus  



equivalent thickness of a water-resisting layer is its ratio times the 
actual thickness of water-resisting layer [TI. 

In 1979, the site observation to the destructive depth of the floors caused 
by coal mining was made in the Handan Mine area. By means of the observation 
wells with different depth, the destructive depth of the floors under 
mining pressure was determined to be from 8 to 12 metres. In 1982, the 
rupture and deformation of the floor beds arising from coal mining were 
tested and observed by using comprehensive methods with different observation 
instruments, such as water injection through boreholes, ultra-sonic detection 
and borehole radio-frequency detection, steel-string instrument and pressure 
pillow, etc. (See Figure 2). The results illustrate that the destructive 
depth of the floor usually is about 12 metres, the maximum less than 
14 metres. 

Figur'e 2 Sketch of a co~nprehensive test for the destruction of 
the floor by mining in Huai Nan Mine 

The research work in water inrush mechanisms and regularity, especially 
Karst water inrush from the floor of seams under the high pressure, have 
guided mine water prediction and protection, so that great amounts of 
coal has been safely exploited in China. 

DEWATERING AND DEPRESSION 

Dewatering and depression refer to dewatering of aquifers in the roof 
of the seam and depression of aquifers in the floor of the seam in mining 
areas. In the 1950s, dewatering was carried out for Shanqing and Fuqing 
limestone in the Fengfeng mining area, for Taiyuan limestone in the Xushou 
mining area, and depression carried out for Xu Jiazhuang limestone in 
the Zhibo mining area. In the 1960s, the investigation of the procedure 
and the exploration method of dewatering was made in the Handan mining 
area. In the 1970s, the control of mine water inflow was studied to regulate 
the cone of depression in the Lianzao mining area [8], and a numerical 
method was d~ur~sped for the calculation of water inflow at the same time. 
In the early l08Us, the overall study was carried out on dewatering and 
depression for Taiyuan limestone at 9 mines in the Huainan mining area. 

The process of dewatering in mine exploitation can be divided into three 
stages - the de~aterinq exploration, the test dewatering and the dewatering 



for mining, each of which has its corresponding work contents and 
requirements. The dewatering exploration on the basis of the real situation 
in China, is a supplementary hydrogeological exploration for dewatering. 

Its purpose is to further investigate hydrogeological conditions in mine 
areas, to obtain the information required by dewatering, to determine 
the necessity, feasibility and reasonableness of dewatering and to put 
forward ascheme of dewatering. In China, the dewatering exploration 
is accomplished by tests of pumping, discharging, hydrochemistry, hydro- 
geophysics, and laboratory modelling, etc. In the old mining area, the 
discharging test is commonly adopted, for it has the advantage of similarity 
to the real situation of dewatering and its e~~gineering can be maintained and 
used as a part of dewatering engineering 191. The traditional method of work 
of dewatering and depression can be seen from the example of dewatering 
of the the Xuazhuang-Lijin mine in the Zhibo mining area. There is a Xu 
Jiazhuang limestone bed of a thickness of 5 metres, which is 25 metres beneath 
the floor of No 10 coal seam at the Xiazhuang-Lijin mine and 25 metres over 
the Ordovician limestone of a thickness of 600 metres. On the 28th of 
October 1968, an accident of water inrush at the -6 metre level took place at 
the stope of No 10 seam and the gallery flooded. From analyses, the water was 
from the Xu Jiazhuang limestone. In order to avoid a similar accident when 
mining the No 10 seam, we used the vertical boreholes for depressing the water 
pressure of the Xu Jiazhuang limestone. The discharging boreholes were placed 
in the roadway of the -80 metre level of No 9 coal seam. There were six 
discharging boreholes with an interval of 100 metres. The discharge test 
was performed in the order of single borehole, double-boreholes and multi- 
boreholes, so as to determine the quantities of the recharge and the inter- 
ference, the cone of depression, the residual heads and the hydraulic 
connection with other aquifers. The situation of the discharge test is 
shown in Figure 3. 

Figure 3 Sketch of depression in Xu Jiazhuang limestone at Zhiba Mine 

After 200-days of water discharge, the target of depression was hit and the 
coal operation in No 10 seam above the -80 metre level was under a safe head. 
Then the stage of mine dewatering began. 

In recent years, with the use of submersible pumps with high-lift and large 
discharge in mines of our country, the swift development of advanced 
dewatering and depression will occur. 



G r o u t i n g  f o r  S e a l i n g  Wate r  

I n r u s h  S p o t s  and  Forming  

Cement C u r t a i n s  f o r  C u t t i n g  - 
o f f  Groundwate r  Flow 

S e a l i n g  t h e  w a t e r  i n r u s h  s p o t s  a n d  c u t t i n g - o f f  g r o u n d w a t e r  f l o w  is  o n e  
o f  t h e  i m p o r t a n t  m e a s u r e s  o f  mine  g r o u n d w a t e r  c o n t r o l  i n  C h i n a ' s  c o a l  
m i n e s .  From more t h a n  3 0  y e a r s '  p r a c t i c e ,  e x p e r i e n c e  is  o b t a i n e d  i n  r e s p e c t s  
o f  s t a n d i n g - w a t e r  g r o u t i n g  and  mov ing-wa te r  g r o u t i n g  t o  s e a l  w a t e r  i n r u s h  
s p o t s ,  g r o u t i n g  and  f o r m i n g  cemen t  c u r t a i n s  o u t s i d e  t h e  mine  a r e a  t o  c u t -  
o f f  g r o u n d  w a t e r  f l o w  and  s o  on .  S t a n d i n g - w a t e r  g r o u t i n g  is u s e d  f o r  
s e a l i n g  t h e  w a t e r  i n r u s h  s p o t s  when t h e  mine  w a t e r  l e v e l  is  i n  a  s t i l l  
s t a t e  a f t e r  t h e  mine  is c o m p l e t e l y  f l o o d e d .  I n  t h e  e a r l y  1 9 5 0 s ,  t o  r e c o v e r  
t h e  X i a  J i a l i n g  c o a l  mine  and  t h e  Shuangshan  c o a l  mine  i n  t h e  Z h i b o  m i n i n g  
a r e a ,  s e a l i n g  t h e  w a t e r  i n r u s h  s p o t s  by g r o u t i n g  was a d o p t e d  and  its 
e f f e c t i v e n e s s  c a m e t o  o v e r  90%. Up t o  now, t h i s  method h a s  s t i l l  b e e n  
u s e d  t o  r e s t o r e  t h e  f l o o d e d  m i n e s  i n  some c o a l  mine  a r e a s .  The  t e c h n i q u e  
o f  s e a l i n g  t h e  w a t e r  i n r u s h  s p o t s  by g r o u t i n g  c a n  b e  i l l u s t r a t e d  by t h e  
real e x a m p l e  o f  t h e  B e i  D a j i n g  mine  i n  t h e  Z h i b o  C o a l  Mine B u r e a u  [ 1 2 ] .  
I n  t h e  May o f  1 9 3 5 ,  when No 1 0  c o a l  seam was  b e i n g  mined  i n  t h e  B e i  D a j i n g  
m i n e ,  t h e  g a l l e r y  c u t  i n t o  a  n o r m a l  f a u l t  w i t h  a  t h r o w  o f  3 0  m e t r e s ,  a n d  
t h i s  r e s u l t e d  i n  K a r s t  w a t e r  f r o m  O r d o v i c i a n  l i m e s t o n e  r u s h i n g  i n t o  t h e  
m i n e  w i t h  a n  i n f l o w  o f  443  m3/min.  The mine  was  c o m p l e t e l y  f l o o d e d  7 8  h o u r s  
l a t e r  a n d  530  m i n e r s  w e r e  k i l l e d  i n  t h i s  a c c i d e n t .  I n  t h e  J u l y  o f  1 9 7 2 ,  
t h e  l o c a t i o n  o f  w a t e r  i n r u s h  s p o t s  was d e t e r m i n e d  i n  t h e  same a r e a  m e n t i o n e d  
a b o v e .  The  l o c a t i o n s  o f  t h e  s p o t s  a n d  t h e  p a t h s  o f  w a t e r  f l o w  i n t o  t h e  
m i n e  w e r e  d e t e r m i n e d  by means o f  t h e  b o r e h o l e  r a d i o - f r e q u e n c y  d e t e c t i o n  
t e c h n i q u e  d e v e l o p e d  by IGX. B o r e h o l e  g r o u t i n g  f rom t h e  s u r f a c e  was u s e d  
t o  s e a l  t h e  s p o t s  and  t w e n t y  b o r e h o l e s  were  l a i d  o u t  i n  t h r e e  rows  w i t h  
a  t o t a l  d r i l l i n g  d i s t a n c e  o f  5000  m e t r e s  ( S e e  F i g u r e  4). U n t i l  t h e  May 
o f  1 9 7 5 ,  t h e  w a t e r  I n r u s h  s p o t s  w e r e  c o m p l e t e l y  s e a l e d  by u s i n g  
9 1 0 0  t o n s  o f  c e m e n t ,  115m3s o f  w a t e r  g l a s s  a n d  115  m's o f  p e b b l e ,  and  
t h e  e f f e c t i v e n e s s  r e a c h e d  100%. 
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Moving-wa te r  g r o u t i n g  is u s e d  f o r  s e a l i n g  t h e  w a t e r  s p o t s  u n d e r  t h e  c o n d i t i o n :  
of mov ing  w a t e r  when a mine  is n o t  c o m p l e t e l y  f l o o d e d .  I n  1 9 6 9 ,  t h e  g r o u t i n g  
& a s  c a r r i e d  o u t  a t  t,he Daf'en Mine o f  t h e  F e i c h e n  Coa l  Mine  Bureau  t o  s e a l  



t h e  w a t e r  i n r u s h  s p o t s  w h e r e  t h e  i n f l o w  is 1500  m 2 / h ,  and  n e a r  w h i c h  t h e  
a c t u a l  f l o w  v e l o c i t y  m e a s u r e d  i n  l i m e s t o n e  a q u i f e r s  is 8640-31680 m 3 / d .  
The  e f f e c t i v e n e s s  o f  t h e  g r o u t i n g  was 99%. 

I n  t h e  J u n e  o f  1 9 8 4 ,  g r o u n d w a t e r  f r o m  a  K a r s t  s u b s i d e n c e  column i n  t h e  
O r d o v i c i a n  l i m e s t o n e  s u d d e n l y  r u s h e d  i n t o  t h e  m i n e s  w i t h  a  maximum i n f l o w  
o f  2053  m3/min a n d  a  t r a g i c  d i s a s t e r  happened  a t  t h e  Fan Gezhuang mine  
o f  t h e  K a i  Luan C o a l  Mine Bureau .  When t h e w a t e r l e v e l  r o s e  t o  t h e  a l t i t u d e  
o f  -156 .7  m e t r e s ,  t h e  w a t e r  b r o k e  t h e  b o u n d a r y  p r o t e c t i n g  p i l l a r  a t  t h e  
-232 m e t r e  l e v e l  w h i c h  b o r d e r e d  o n  t h e  Lu J i a t u o  mine  a n d  b u r s t e d  i n t o  
i t  w i t h  a n  i n f l o w  o f  3 0 0  m3/min.  I n  t h i s  c a s e ,  a  s e r i e s o f n e w  t e c h n i q u e s  
w e r e  a d o p t e d  i n  g r o u t i n g  f o r  s e a l i n g  w a t e r  i n r u s h  s p o t s ,  s u c h  a s  t h e  combln-  
a t i o n a l  g r o u t i n g  f o r  b l o c k i n g  up g a l l e r i e s  u n d s r  t h e  c o n d i t i o n s  o f  r u n n i n g  
w a t e r  w i t h  a  h i g h  v e l o c i t y .  T h i s  method u s u a l l y  h a s  t h r e e  s t e p s :  f i r s t l y ,  
i n j e c t i n g  a  l a r g e  q u a n t i t y  o f  s a n d  i n  f r o n t  o f  t h e  g r o u t i n g  s e c t i o n  t o  
f o r m  a  w a t e r - r e s i s t a n c e  s e c t i o n ;  s e c o n d l y ,  i n j e c t i n g  m a i n l y  a g g r e g a t e  
i n  f r o n t  o f  w a t e r - r e s i s t a n c e  s e c t i o n  t o  f o r m  t h e  b l o c k - w a t e r  s e c t i o n ;  
f i n a l l y ,  a f t e r  t h e  s t a t e  o f  f l o w  changed  f r o m  p i p i n g  t o  s e e p a g e ,  g r o u t i n g  
t h r o u g h  m u l t i - b o r e h o l e s  s i m u l t a n e o u s l y  t o  r a p i d l y  s e a l  t h e  g a l l e r i e s .  
I n  a d d i t i o n ,  s e v e r a l  k i n d s  o f  i n s t r u m e n t s  w e r e  u s e d ,  s u c h  a s  t h e  h o r i z o n t a l  
w e l l  f l u i d - v e l o c i t y  m e t e r ,  t h e  b o r e h o l e  r a d i o - f r e q u e n c y  d e t e c t o r ,  Kawa 
d r a g - b a r - b a c k - g r o u t  p l u g  a n d  s o  on .  I n  t h i s  g r o u t i n g  o p e r a t i o n ,  7 5  b o r e h o l e s  
w e r e  u s e d .  The  t o t a l  d r i l l i n g  d i s t a n c e  was 32700  m e t r e s  a n d  47100  m3 
o f  s t o n e ,  63100  m  o f  d r e g s ,  79100  m3 o f  s a n d  a n d  9000  m3 o f  w a t e r  g l a s s  
w e r e  u s e d .  The  e f f e c t i v e n e s s  o f  i t  r e a c h e d  more  t h a n  99% i n  t h i s  work ,  
w h i c h  is t h e  b i g g e s t  a n d  t h e  mos t  c o m p l i c a t e d  o n e  i n  t h e  h i s t o r y  o f  c o a l  
m i n i n g  i n  t h e  w o r l d  [ 2 ] .  

n 

F i g u r e  5 S k e t c h  o f  g r o u t i n g  f o r  b l o c k i n g  u p  w a t e r  a t  Fan Gezhuang  Mine  

I n  t h e  e a r l y  1 9 6 0 s ,  IGX u n d e r  CCMRI h a s  a p p l i e d  cemen t  c u r t a i n s  t o  c u t t i n g -  
o f f  w a t e r  f l o w s  f o r  c o a l  mine  w a t e r  c o n t r o l .  C o o p e r a t i n g  w i t h  t h e  c o a l  
mine  b u r e a u s  o f  Xuzhou,  Xinwen,  J i a o z h u o ,  Zhaozhuang  and  s o  o n ,  we s t u d i e d  
t h e  a p p l i e d  c o n d i t i o n s o f  t h e  c u r t a i n s ,  t h e  me thod  o f  c u t t i n g  o f f  w a t e r  
f l o w  a n d  g r o u t i n g  t e c h n o l o g y .  I n  t h i n  K a r s t  l i m e s t o n e ,  cemen t  c u r t a i n s  
s u i t a b l e  f o r  f o u r  t y p e s  o f  d i f f e r e n t  h y d r o g e o l o g i c a l  c o n d i t i o n s  a r e  b u i l t  
u p ;  t h e  t y p e  o f r e c h a r g l n g  f'rom t h e  l i m e s t o n e  t o  t h i n  l i m e s t o n e ,  t h e  t y p e  of' 
r e c h a r g i n g  f r o m  a l l u v i a l s  t o  t h i n  l i m e s t o n e ,  t h e  t y p e  o f  r e c h a r g i n g  f r o m  
O r d o v i c i a n  l i m e s t o n e  t o  t h i n  l i m e s t o n e  and  t h e  t y p e  o f  r e c h a r g i n g  f r o m  
r i v e r s  t o  t h i n  l i m e s t o n e  [ l o ] .  A l l  o f  t h e s e  h a v e  p r o d u c e d  c e r t a i n  r e s u l t s  





i n  c o n t r o l l i n g  mine  w a t e r  a n d  k e e p i n g  t h e  e c o l o g i c a l  b a l a n c e  i n  mine  a r e a s .  
The  cemen t  c u r t a i n  f o r  c u t t i n g  o f f  w a t e r  f l o w  i n  t h e  J u a n g b e i  Mine o f  
t h e  Zhaozhuang  C o a l  Mine B u r e a u  is shown i n  F i g u r e  6 .  I n  t h i s  mine  t h e  
C a r b o n i f e r o u s  c o a l  seam is  e x c a v a t e d  a n d  t h e  w a t e r  f l o w  comes d i r e c t l y  
f r o m  t h e  L I 0  l i m e s t o n e ,  h a v i n g  t h i c k n e s s e s  f r o m  5 t o  8 m e t r e s .  The  L I 0  

l i m e s t o n e  is  r e c h a r g e d  by K a r s t  w a t e r  f rom t h e  O r d o v i c i a n  l i m e s t o n e .  
A f t e r  a n  i n v e s t i g a t i o n  i n t o  No 4 f a u l t ,  t h e  ma in  r e c h a r g i n g  s e c t i o n  was 
d e t e r m i n e d  t o  b e  460 m e t r e s  l o n g  w i t h  a  r e c h a r g e  o f  3 2  m3/min.  The  cemen t  
c u r t a i n  was b u i l t  i n  t h e  L I 0  l i m e s t o n e  by u s i n g  77  b o r e h o l e s  w i t h  i n t e r v a l s  

o f  10-20 m e t r e s .  The  t o t a l  d r i l l i n g  d i s t a n c e  was  1749  m e t r e s .  The  
q u a n t i t i e s  o f  i n j e c t i o n  cemen t  and  w a s t e  w e r e  1017  t o n s  a n d  948 t o n s ,  
r e s p e c t i v e l y .  A f t e r  c o m p l e t i n g  t h e  c u r t a i n ,  t h e  d i f f e r e n c e s  i n  p i e z o m e t r i c  
l e v e l s  b e t w e e n  b o t h  s i d e s  o f  t h e  No 4 f a u l t  was 1 2  m e t r e s  and  t h e  i n f l o w  
r e d u c e d  t o  20% o f  t h e  o r i g i n a l  o n e .  A l t h o u g h  t h e  c o s t  o f  t h i s  e n g i n e e r i n g  
r e a c h e d  3 3 0  t h o u s a n d  yuan  i n  t o t a l ,  t h e  c o s t  s a v i n g  f o r  t h e  w a t e r  d r a i n a g e  
was t o  b e  150 t h o u s a n d  yuan  e a c h  y e a r .  F u r t h e r m o r e ,  t h e  p rob lem o f  d r i n k i n g  
w a t e r  is s o l v e d  i n  t h e  mine  a r e a  b e c a u s e  t h e  s p r i n g s  i n  t h e  O r d o v i c i a n  
l i m e s t o n e  t h a t  d r i e d  up  s u b s e q u e n t l y  r e s t a r t e d .  

UNDERGROUND FACILITIES FOR WATER PROTECTION 

The  p r i n c i p l e  o f  "Where t h e r e  is a  s u s p i c i o n ,  t h e r e  is d e t e c t i o n "  a n d  
" d e t e c t i o n  b e f o r e  e x c a v a t i o n "  is i n s i s t e d  o n  b e f o r e  c o a l m i n i n g t a k e s  p l a c e  
i n  a n  a r e a  w h e r e  w a t e r  d i s a s t e r s  may happen .  As t h e  p l a n  f o r  c o a l  m i n i n g  
is b e i n g  d rawn  up ,  t h e  p l a n  f o r  t h e  d e t e c t i o n  o f  d i s c h a r g e  w a t e r  is  a l s o  
made a n d  p u t  i n t o  e f f e c t  a f t e r  t h e  e x a m i n a t i o n  a n d  r a t i f i c a t i o n  by t h e  
c h i e f  e n g i n e e r  o f  t h e  mine .  I n  t h e  d e t e c t i o n  o f  d i s c h a r g e  w a t e r  f r o m  
t h e  a b a n d o n e d  m i n e s ,  f a u l t s  o r  K a r s t  s u b s i d e n c e  c o l u m n s ,  t h e  d i s t a n c e  
b e t w e e n  d i s c h a r g e  - d e t e c t i o n  l i n e s  is d e t e r m i n e d  o n  t h e  b a s i s  o f  t h e  
f o l l o w i n g  f a c t o r s :  t h e  r e l i a b i l i t y  o f  w a t e r  s t o r a g e  z o n e ,  t h e  m a g n i t u d e  
o f  w a t e r  p r e s s u r e ,  t h e  p h y s i c a l  a n d  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  seam,  
a d j o i n i n g  r o c k  a n d  t h e  g e o l o g i c a l  s t r u c t u r e .  

The  s a f e t y  o f  p e r s o n n e l  and  mine  s a f e t y  a r e  p r i o r i t i e s  i n  t h e  d e t e c t i o n  
o f  d i s c h a r g e  w a t e r .  T h e r e f o r e ,  s t r i c t  demands a r e  s e t  o n  t h e  l e n g t h  o f  
w a t e r  d i s c h a r g e  p i p e  a n d  i ts  s e a l i n g  a n d  f i x i n g  me thod ,  t h e  w a t e r - c o n t r o l l i n g  
s l u i c e  g a t e  o f  v a l u e  o f  t h e  p i p e  e x i t  and  s a f e  m e a s u r e s  f o r  d r i l l i n g  
e t c .  

The  f a c i l i t i e s  f o r  w a t e r  p r o t e c t i o n  i n  m i n e s  a r e  m a i n l y  d r a i n a g e  s y s t e m s .  
A t  p r e s e n t ,  u n d e r g r o u n d  h o r i z o n t a l  pumps a r e  u s e d  f o r  d i s c h a r g i n g  w a t e r  
i n  m o s t  o f  C h i n a ' s  c o l l i e r i e s .  When mine  w a t e r  i n f l o w  s u r p a s s e s  t h e  d r a i n a g e  
c a p a c i t y  t h e  mine  is  e a s i l y  f l o o d e d .  T h e r e f o r e ,  i t  is i n d i s p e n s i b l e  t o  
b u i l d  t h e  n e c e s s a r y  s l u i c e  g a t e s  and  w a l l s  f o r  w a t e r  p r o t e c t i o n .  

S u c h  s l u i c e  g a t e s  a n d  w a l l s  m u s t  b e  c o n s t r u c t e d  a t  p r o p e r  p l a c e s  i n  t h o s e  
m i n e s  w h i c h  a r e  t h r e a t e n e d  w i t h  w a t e r ,  s o  t h a t  t h e  w a t e r  d i s a s t e r  may 
b e  c o n t r o l l e d  a n d  d i v i s i o n  s e g r e g a t i o n  o f  t h e  mine  may b e  made when w a t e r  
i n r u s h  h a p p e n s .  S t e e l  s l u i c e  g a t e s  u s e d  i n  C h i n a ' s  m i n e s  a r e  d e s i g n e d  
i n  t h r e e  s h a p e s ;  p l a t e ,  a r c h  and  m e m b r a n e - f l a t s h e l l .  Among t h e s e ,  t h e  
m e m b r a n e - f l a t s h e l l  g a t e  h a s  t h e  a d v a n t a g e s  o f  l i g h t n e s s ,  a n i t p r e s s u r e ,  
a n d  r e a s o n a b l e  s t r u c t u r e  o v e r  t h e  o t h e r s . M o s t o f t h e n e w  s l u i c e  g a t e s  a r e  
t h i s  k i n d .  The  w a l l s  a r e  d e s i g n e d  by u s i n g  two k i n d s  o f  c a l c u l a t i o n  me thods .  



One is t h e  c y l i n d r i c a l  c a l c u l a L i o n  me thod ,  w h i c h  is b a s e d  o n  t h e  f o r c e  
b o r n e  by s u p p o r t  s u r f a c e s  o f  two s i d e s  o f  a  w a l l .  The o t h e r  is b a s e d  
o n  t h e  r e q u i r e d  s h e a r  t h i c k n e s s  o f  t h e  w a l l  andembedded  d e p t h  o f  t h e  w a l l  
i n  t h e  s u r r o u n d i n g  r o c k  o f  a  g a l l e r y .  The  f o r m u l a e o f  t h e  me thod  a r e  

E = embedded d e p t h  o f  t h e  w a l l  i n  t h e  s u r r o u n d i n g  r o c k ;  

F = w h o l e  a r e a  o f  o n e  s i d e  o f  t h e  w a l l  b e a r i n g  w a t e r  p r e s s u r e  ( c m 2 ) ;  

F = n e t  a r e a  o f  o t h e r  s i d e  o f  t h e  w a l l  ( c m 2 ) ;  

L = c i r c u m f e r e n c e  o f  F2 ( c m 2 ) ;  

[ 6 1  = s a f e  c o m p r e s s i v e  s t r e n g t h  o f  t h e  c o n c r e t e  o f  t h e  s u r r o u n d i n g  
r o c k  o f  t h e  g a l l e r y  ( k g / c m 2 ) ;  

[ T I  = s a f e  s h e a r  s t r e n g t h  o f  t h e  c o n c r e t e  (cmZ). 

The  l e a v i n g  o f  c o a l  p i l l a r s  is v i t a l  f o r  p r o t e c t i o n  a g a i n s t w a t e r  i n  c o a l  
m i n e s .  I n  C h i n a ' s  m i n e s ,  a  l a r g e  amount  o f  t h i s  k i n d  o f  work i s b e i n g  c a r r i e d  
o n .  The  c o a l  p i l l a r s  i n c l u d e  t h o s e  f o r  p r o t e c t i n g  a g a i n s t  w a t e r  f r o m  
f a u l t  z o n e s ,  f r o m  s u r f a c e  w a t e r  b o d i e s ,  f r o m  t h e  r o o f s  o f  c o a l  s e a m s ,  
f r o m  t h e  f l o o r s  o f  c o a l  s e a m s ,  f rom a l l u v i o n s ,  f r o m  f l o o d e d  a r e a s  a n d  
s o  f o r t h .  A c c o r d i n g  t o  t h e  "Mine Hydrogeo logy  R e g u l a t i o n s "  e s t a b l i s h e d  
by t h e  C h i n a  C o a l  M i n i s t r y ,  s p e c i a l  d e s i g n s  a n d  p l a n s  f o r  l e a v i n g  p i l l a r s  
a r e  p r e s e n t e d  by t h e  p r o f e s s i o n a l  d e p a r t m e n t s e n g a g i n g i n  t h e  work  o f  mine  
w a t e r  c o n t r o l .  T h e s e  a r e  p u t  i n t o  e f f e c t  a f t e r  t h a y  h a v e  been  examined  
a n d  r a t i f i e d  by  t h e  c h i e f  e n g i n e e r  i n  t h e  C o a l  mine  b u r e a u .  T h u s ,  t h e  
c o a l  m i n e s ,  i n  a c c o r d a n c e  w i t h  t h e i r  own c o n d i t i o n s  o f  g e o l o g y ,  hydro -  
g e o l o g y  a n d  c o a l  s e a m s ,  p h y s i c a l  and  m e c h a n i c a l  n a t u r e  o f  a d j o i n i n g  r o c k ,  
t h e  c o m b i n a t i o n  o f  r o c k  f o r m a t i o n ,  t h e  c o a l  m i n i n g  me thod ,  t h e  i n t e n s i t y  
o f  e x c a v a t i o n  a n d  t h e  f o r m  o f  s u p p o r t  h a v e  a  b a c k g r o u n d  o f  e x p e r i e n c e  
i n  l e a n i n g  p i l l a r s .  

On t h e  b a s i s  o f  t h e  d e s i g n a t i o n  o f  " t h e  work r u l e s  o f  c o a l  mine  w a t e r  
c o n t r o 1 " p r e s e n t e d  by t h e  M i n i s t r y o f  C o a l  I n d u s t r y  i n  t h e  S e p t e m b e r  o f  
1 9 8 6 ,  c o a l  p i l l a r s  mus t  b e  k e p t  f o r  e a c h  o f  t h e  f o l l o w i n g  c a s e s :  

1 .  t h e  w e a t h e r i n g  z o n e  o f  a  c o a l  seam o u t c r o p ;  

2 .  u n d e r  o p e n  w a t e r  b o d i e s  and  w a t e r - b e a r i n g  a l l u v i o n s  a n d  n e a r  f l o o d e d  
a r e a s ;  

3.  f a u l t s  h a v i n g  h y d r a u l i c  c o n n e c t i o n  w i t h  a q u i f e r s  w h i c h  h a v e  good  
t r a n s m i s s i v i t y  and  c o a l  s eams  o f  j o i n i n g  t h e  f a u l t s  w i t h  good  t r a n s -  
m i s s i v i t y  ; 

4 .  abandoned  m i n e s  and  mined-up a r e a s  f u l l  o f  w a t e r ;  

5. K a r s t  s u b s i d e n c e  column and  c a v e s  o f  t r a n s m i s s i v i t y a n d  w a t e r  i n r u s h ;  

6 .  t h e  b o u n d a r i e s  o f  c o a l  m i n i n g  d i v i s i o n s .  

F o r  t h e  p u r p o s e  o f  s t u d y ,  v a r i o u s  mode l s  o f  f a u l t 2 i l l a r - s  f o r  w a t e r  p r o t e c t i o n  
h a v e  b e e n  b u i l t  u p  o n  t h e  b a s i s  o f  f e a t u r e ,  t h r o w ,  d i p  a n g l e  a n d  t r a n s -  
m i s s l v i t y  o f  f a u l t s ,  t h e  f e a t u r e  o f  s e a m s ,  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  
s e a m s ,  t h e  relationships be tween  seams  a n d  f a u l t s ,  t h e  c o n t a c t  r e l a t i o n  



t ie lween t t cL j  s i d e s  o f  a  f a u l t ,  t h e  w a t e r  p r e s s u r e  o f  a q u i f e r s  a s  w e l l  a s  
t h e  r e p e t ; i t i o : ? a l  d e s t r u c t i o n  t o  f a u l t s  c a u s e d  by t h e  p r c s s u r - c  o f  a d j o i n i r ~ g  
r o c k  i n  c o a i  m i n i n g .  The s i z e  o f  t h e  p i l l a r s  h a v e  been  computed by means 
o f  e x p e r i e n c e  e q u a t i o n ,  b a l a n c e  e y i ~ a t i o n  o f  rnecl?anicz and  e q u a t i o n s  o f  
w a t e r  i n r u s h  c o e f f i c i e n t .  

1. Aquifer 2. Fault as a path of water 3. Ruptured zone after coal mining 

a - Coal pillar for protecting against water a" - Expanded coal pillar 
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When a  f a u l t  h a s  a  s r n a l l  d i p  a n g l e ,  t h e  p i l l a r s  a t  t h e  u p p e r  s i d e  and  
l o w e r  s i d e  o f  t h e  f a u i t  s h o u l d  n o t  o n l y  a g r e e  w i t h  t h e  r e q u i r e d  w i d t h  
b u t  a l s o  t h e  a~inimum d i s t a n c e  f r o m  t h e  m i n i n g  boundary  t o  t h e  f a u l t  z o n e s  
o r  t o  a q u i f e r s  w h i c h  have  good t r a n s m i s s i v i t y  mus t  b e  more t h a n  t h e  p i l l a r  
v a l u e  c a l c u l a t e d  by t h e  fo r rnu la  ( S e e  F i g u r e  7). 

With  r e g a r d  t o  l e a v i n g  t h e  p i l l a r s  u n d e r  open  w a t e r  b o d i e s ,  Q u a t e r n a r y  
a l l u v i o n s  and  a q u i f e r s  w i t h  good t r a n s m i s s i v i t y ,  many c o a l  mine  bureau:;, 
s u c h  a s  K a i l u a n ,  F e n g f e n g ,  Handan,  Z,aoz,huang, Xingwen,  Xuzhou, H u a i n a n ,  
H u a i b e i ,  F u x i n g ,  B w i p i a o ,  X i n g t a i ,  and  L l a n z h a o ,  e t c ,  h a v e  a l o t  ot '  experience 

and  h a v e  t h e i r  own f o r m u l a e .  
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