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ABSTRACT 

The paper desc r ibes  t h e  g e o l o g i c a l  and geo techn ica l  b e h a v i o ~ r  of a  
s i d e  w a l l  s lope  of an open c a s t  excava t ion  i n  a  l a r g e  l i g n i t e  mine i n  
Nor th-Western Spain. The d e t a i  1  s  o f  an hyd rogeo log ica l  i n v e s t i g a t i o n  
a r e  g i v e n  i n  o rde r  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  between t h e  s t r u c t u r a l  
and 1 i t h o l o g i c a l  behaviours  of t h e  rock  mass, o f  T e r t i a r y  and Paleozoic  
ages, and t h e  ground water  c o n d i t i o n s  i n  t h e  hos t  r o c k .  The l a r g e s t  
g e o l o g i c a l  s t r u c t u r e s  o c c u r i n g  i n  t h e  area are r e l a t e d  t o  a  complex 
systems o f  f o l d s  and f a u l t s .  It was obv ious,  from t h e  ve ry  onset  of t h e  
i n v e s t i g a t i o n ,  t h a t  t h e  s i d e  w a l l  s lope  would be uns tab le  w i t h o u t  
r e d u c i n g  t h e  water  p ressu re  i n  t h e  hos t  rock  by a p p l i c a t i o n  o f  advanced 
dewate r ing  techn iques .  

The s tudy  shows p r e l i m i n a r y  hyd rogeo log ica l  i n f o r m a t i o n  developed 
i n  o rde r  t o  s e l e c t  t h e  advanced dewater ing techniques t o g e t h e r  w i t h  t h e  
m o n i t o r i n g  programme adopted. Dewatering techniques such as sur f  ace 
open d r a i n s  and g r a v e l  t renches ,  h o r i z o n t a l  bo reho le  d r a i n s  and 
bo reho le  pumping w e l l s ,  were t e s t e d ,  as w e l l  as m o n i t o r i n g  c o n t r o l s  
such as p i e z o m e t r i c  obse rva t ions  i n  boreholes,  measurements of f 1  ow 
r a t e s  i n  s u r f a c e  d r a i n s ,  h o r i z o n t a l  d r a i n s  and pumping we1 1  s, t o g e t h e r  
w i t h  hydrochemical c o n t r o l ,  and water  temperature and r a i n f a l l  r eco rds .  
T h i s  s tudy enabled a  comparison t o  be made among t h e  techniques f o r  
dewa te r ing  t h e  s i d e  w a l l  s lope  i n  o rde r  t o  s t a b i l i z e  t h e  area under 
i n v e s t i g a t i o n .  



INTRODUCTION 

The s lope s t a b i l i t y  i n  an open c a s t  mine i s  a  bas i c  requi rement  
f o r  s a f e t y  and economic m in ing  opera t i on .  Along w i t h  o t h e r  f a c t o r s ,  t h e  
presence o f  ground water on t h e  face  o f  m in ing  s lopes o f t e n  c rea tes  
s e r i o u s  s t a b i l i t y  problems. Th is  i s  caused by an inc rease  i n  f i s s u r e  
water  pressure which reduces t h e  e f f e c t i v e  shear s t r e n g t h  and inc reases  
u n i t  weight  and, as a  consequence, t h e  shear s t r e s s .  I n  r e c e n t  years,  
v a r i o u s  techniques o f  advanced dewater ing o f  su r face  m i n i n g  s lopes have 
been developed i n  o rde r  t o  s t a b i l i z e  excavated s lopes.  The most 
f r e q u e n t l y  use techniques i n c l u d e  su r face  d r a i n s ,  h o r i z o n t a l  d ra ins ,  
b a c k f i l l e d  t o e  d r a i n  t renches,  pumping we1 1s w i t h i n  o r  o u t s i d e  t h e  mine 
and dra inage a d i t s  o r  t unne ls .  

The most appropi  a t e  dewater ing method f e a s i b l e  f o r  a sur f  ace 
m i n i n g  p r o j e c t  depends upon t h e  geology and hydrogeology o f  t h e  mine 
s i t e ,  scope o f  dewater ing,  m in ing  method and t h e  c o s t  e f f e c t i v e n e s s .  

SITE DESCRIPTION AND MINING ENVI2ONMENT 

The Puentes open c a s t  l i g n i t e  mine i s  l o c a t e d  a t  North-Western 
Spain ( f i g u r e  1  ) i n  t h e  b a s i n  o f  Eume R ive r  and occupies an area o f  14 
km2 . The l i g n i t e  d e p o s i t s  here were known i n  t h e  l a s t  c e n t u r y  and 
e x p l o i t e d  on a  l i m i t e d  sca le  u n t i l  1972. The l i g n i t e  f i e l d  can be 



d i v i d e d  i n t o  two bas ins,  j o i n e d  by a  s t r a i t  i n  t h e  c e n t r e .  Rowadays 
m in ing  a c t i v i t i e s  are concen t ra ted  i n  t h e  Western l i g n i t e  bas in .  T o t a l  
rese rves  o f  l i g n i t e  a re  es t ima ted  as 420 Mt, ou t  o f  which 320 Mt can be 
economica l l y  e x p l o i t e d .  The average c h a r a c t e r i s t i c s  o f  1  i g n i t e  are 
g i ven  i n  t a b l e  1 .  

Table 1  

Average c h a r a c t e r i s t i c s  o f  l i g n i t e  a t  Puentes Mine ---- --- -- - 

Minimum c a l o r i f i c  va lue  

I M o i s t u r e  con ten t  

Vol a t i  1  e  con ten t  

Sul phur  

R a t i o  overburden / l i g n i t e  

The e n t i r e  l i g n i t e  p r o d u c t i o n  a t  Puentes Mine i s  used t o  generate 
e l e c t r i c i t y  i n  a  thermal  power s t a t i o n  which has a  t o t a l  c a p a c i t y  o f  
1400 MW. The l i f e  o f  t h e  mine i s  es t ima ted  a t  20-25 yea rs .  F i g u r e  2  
shows t h e  genera l  l a y o u t  o f  t h e  m in ing  s i t e ,  i n d i c a t i n g  t h e  l o c a t i o n s  
o f  mine, power house, coa l  t e r m i n a l ,  and waste d i s p o s a l  area.  

--'I I I 

-+ Bucket wheel excavator 

S Spreader 

F4gu.ze 2. L u c u t ~ u n  map o f  nune und f u c i A i L e o .  



The p r o d u c t i o n  i s  o b t a i n e d  by f i v e  bucke t  wheel e x c a v a t o r s ,  wh i ch  
bave a  t h e o r e t i c a l  p r o d u c t i o n  c a p a c i t y  o f  3400 m3 /h ,  w e i g h t  2050 t, 
maximum c u t t i n g  h e i g h t  42 m, l a r g e s t  d imens ion  120 m  and wh i ch  u t i l i z e  
a  maximum e l e c t r i c a l  power of 2600 k i i .  

The c o a l  t r a n s p o r t  i s  c a r r i e d  o u t  by  s e v e r a l  1.6 m  w ide  b e l t  
conveyo rs  w i t h  t o t a l  l e n g t h  of 18,205 m and an ave rage  speed o f  5.2 
m is .  The t r a n s p o r t  o f  overburden f r o m  t h e  mine and ash f r o m  t h e  power 
p l a n t  i s  c a r r i e d  o u t  by  24,150 m  l o n g  and 1.8 m  w ide  b e l t  conveyo rs .  

Waste d i s p o s a l  i n  t h i s  mine i s  a  v e r y  i m p o r t a n t  s u b j e c t  because 
t h e  t o t a l  amount o f  overburden t o  be d i sposed  o f  i n  t i p s  i s  i n  t h e  
c r d e r  9 f  700 ~ n ~ .  A t  t h e  p r e s e n t  t h r e e  sp reade rs  a r e  used t o  d i s p o s e  
t h i s  r e s i d u a l  m a t e r i a l  w i t h  a  machine c a p a c i t y  of 1500 m3 /h ,  w e i g h t  
1356 tonnes,  maximum h e i g h t  32.5 m, l e n g t h  102 m  and maximum power o f  
2977 kW. 

The p r o d u c t i o n  o f  Puentes Mine f o r  t h e  l a s t  y e a r s  i s  g i v e n  i n  
t a b l e  2 .  

Tab le  2  

Ou tpu t  S t a t i s t i c s  o f  Puentes L ~ g n i t e  M ine  
- - - - . - - . - - -- - - - - - - .- - - -- - - 

The mine i s  h i g h l y  mechanised and a l l  t h e  bucke t  wheel e x c a v a t o r s  
a re  r e m o t e l y  o p e r a t e d  f r o m  a  computer c e n t r e  l o c a t e d  a t  t h e  m ine  
o f f i c e .  A l l  t h e  bucke t  wheel excava to rs  work c o n t i n u o u s l y  f o r  24 hou rs  
a  day, f o r  365 days a  yea r ,  w i t h  an e f f e c t i v e  u t i l i z a t i o n  t i m e  o f  55-60 
", and an e f f e c t i v e  c u t t i n g  c a p a c i t y  o f  1200-1300 m 3 / h .  The manpower 
r e q u i r e d  f o r  each bucke t  wheel excava to r  can be a p p r e c i a t e d  i n  t a b l e  3. 
I n  a d d i t i o n ,  f i f t e e n  a t t e n d e n t s  pe r  s h i f t  a re  r e q u i r e d  t o  m a i n t a i n  
f i f t e e n  b e l t  conveyors  f o r  t h e  t r a n s p o r t  o f  c o a l  and ash.  Ope ra t i ons  i n  
t h i s  mine a r e  v e r y  e f f i c i e n t  as t h e  o v e r a l l  O.M.S. i s  35.0 tonnes.  

T o t a l  

manpower 

593 

741 

946 

11 14 

151 0 

Yedr 

i 979 

1980 

1981 

1982 

1983 

-- 

P r o d u c t i o n  

M t / y  

- -- 

1 .13 

2.9G 

5.22 

7.31 

11.09 

11.75 

13.39 

12.80 

.- 

Overburden r a t i o  

m 3 / t  1  i g n i t e  

0.81 

1  .32 

0.86 

0 .84 

1  .24 

1 .98 

1.83 

1  .OO 



Table 3 ---- 

Manpower -- 

GEOLOGICAL ENVIRONMENT 

D r i v e r s  

E l e c t r i c i a n s  

Mechanics 

Helpers  

Foremen 

TOTAL 

The l i g n i t e  d e p o s i t  a t  Puentes Mine, o f  Miocene age, i s  l o c a t e d  i n  
a  t e c t o n i c  depress ion c l o s e d  by Paleozoic  sediments ( f i g u r e  1  1. 
Pa leozo ic  r o c k s  are c h a r a c t e r i z e d  by c r y s t a l  l i n e  mono-metamorphic and 
polymetamorphic fo rma t ions ,  a f f e c t e d  by seve ra l  deformat ion phases of 
t h e  H e r c i n i a n  Orogeny. Th is  t e c t o n i c  a c t i v i t y  f o l d e d  and f a u l t e d  t h e  
sediments, g i v i n g  a  ve ry  complex s t r u c t u r e ,  which has an impor tan t  r o l e  
i n  t h e  i n s t a b i l i t y  o f  t h e  open c a s t  s lope.  Some of these f a u l t s  were 
r e a c t i v a t e d  d u r i n g  t h e  Miocene, caus ing a  depress ion o f  more than  300 m  
a t  t h e  Nor the rn  bo rde r ,  i n  which were depos i ted  t h e  T e r t i a r y  sediments, 
w a i n l y  composed o f  1  i g n i t e ,  carbonaceous c l a y ,  c l a y ,  mar l y  sand and 
basal  conglomerate. The th i ckness  of t h e  l i g n i t e  seams i s  r e l a t i v e l y  
un i fo rm,  b u t  v a r i a b l e  between 0.5 t o  25.0 m. The th i ckness  of 
i n te rbedded  l a y e r s  i s  even more v a r i a b l e ,  hav ing a  maximum i n  t h e  
Nor the rn  h a l f  o f  t h e  bas in ,  where t h e  overburden i s  more than  120 m. 
The d i p  of t h e  l i g n i t e  beds i s  ap rox ima te l y  ] O W E .  Near t h e  Nor th  
t e c t o n i c  bo rde r  t h e  l i g n i t e  seams have been f o l d e d  and a f f e c t e d  by 
i n v e r s e  f a u l t s  ( f i g u r e  3 ) .  

2  

1  

1  

2 

1  

7 

. . .- 

./ - lKm 

Tertiary sediments 

P O I ~ O Z O ~ C  rocks 

F+LL/L~ 3 .  5eo-Copca-C ~ 4 0 4 4  4ec.tion thltough .the & p u k e  depon i t .  

The hos t  rock  surrounding t h e  1  i g n i t e  d e p o s i t  i s  m a i n l y  q u a r t z i t i c  
s c h i s t  ( w i t h  a  v a r i a b l e  p r o p o r t i o n  of q u a r t z )  t oge the r  w i t h  p h y l i  t e .  



Tt ie  r o c i s  were a f f e c t e d  by  w e a t h e r i n g  b e f o r e  t h e  d e p o ~ i t i o n  o f  t b e  
T e r t i a r y  s e d ~ m e n t s ,  and a l s o  by  shear  b e f o r e  and d u r i n g  t h e  d e p o s ~ t i o r r  
o f  tne T e r t i a r y  c a u s i n g  m y l o n i t e  zones. The w e a t h e r i n g  ?r id  my1on:ti. a r e  
c. ;   or)^ I D ~ P  f o r  t h e  p l a s t i c  b e h a v i o u r  o f  t h e  r o c k  mays. 

STABILITY PROBLEMS AND RESEARCH O B J E C i I ' l E S  

The  rock  mass i n  t h i s  a rea  i s  c h a r a c t e r 1 : ~ d  by t r l e  f o l l o w i n g  
f ac toy - i  : 

. The P a l e o z o i c  f o r m a t i o n  i s  a f f e c t e d  by  f - i u l t i n g  ( 1 - e s u l t i n g  i n  
m y l o n i t e s ) ,  f o l d i n g  and w e a t h e r i n g  wh i ch  i s  r c spon ; i b l e  f o r  a  l o w  
r o c k  mass s t r e n g t h .  

. The u n c o n s o l i d a t e d  T e r t i a r y  d e p o s i t s  i n c l u l c  , l ~ q ,  n i a r l y  c l a y ,  a~nd 
o t h e r  p l  a s t i  c  f o r m a t i o n s .  

. P a l e o z o i c  and T e r t i a r y  sed iments  a r e  s a t u r a t e d  w i t h  w a t e r ,  g i v i n g  
r i s e  t o  a  h i g h  po re  and f r a c t u r e  p r e s s u r e s  and e f f e c t i v e  shear  
s t r e n g t h .  

The o b j e c t i v e  o f  t h e  p r e s e n t  s t u d i e s  was t o  e v a l u a t e  v a r i o u s  t e c h -  
n i q u e s  o f  d e w a t e r i n g  o f  t h e  h o s t  r o c k ,  i n  o r d e r  t o  i n c r e a s e  t h e  
e f f e c t i v e  shear  s t r e n g t h  and, consequen t l y ,  t h e  s t a b i l i t y  o f  t h e  open 
c a s t  s l o p e .  

ANALYSIS OF VARIOUS DEWATERING TECHNIQUES 

1  . Need f o r  Research 

The ma in  o b j e c t i v e  f o r  t h e  d r a i n a g e  d e s i g n  was t o  i n t e r c e p t  t h e  
s u p e r f i c i a l  and underground wa te r  f l o w  a r r i v i n g  a t  t h e  m i n i n g  
e x c a v a t i o n ,  s a t u r a t i n g  t h e  open c a s t  s l o p e s  and mak ing  them l e s s  
s t a b l e .  The ma in  d e w a t e r i n g  t e c h n i q u e s  c o n s i d e r e d  f o r  t h e  p r e s e n t  
s t u d i e s  were  as f o l l o w s :  

. C ! ~ r f a c e  d r a i n s .  

. :'?v.til:dl ~ u n p i n g ~ e i l s .  

. F o r i z o n t a l  d r a i n ? .  

I n  o r d e r  t o  e v a l u a t e  t h e  pe r f o rmance  o f  t h e  above d e w a t e r i n g  t e c h -  
n i q u e s  an e x p e r i m e n t a l  s i t e  was s e l e c t e d  on t h e  s i d e  w a l l  s l o p e  o f  t h e  
open c a s t  viline w i t h  t h e  f o l l o w i n g  c r i t e r i a :  

. The a rea  a f f e c t e d  by  t h e  e x c a v a t i o n  w i t h  a  known s t a b i l i t y  p rob lem 
was e a s i l y  a c c e s s i b l e  and u n d i s t u r b e d  b y  m i n i n g  o p e r a t i o n s  d u r i n g  
t h e s e  i n v e s t i g a t i o n s .  

. The s t r a t i g r a p h y ,  t e c t o n i c s  and hyd rogeo logy  o f  t h i s  a rea  were 
c o ~ n p l e x  and amenable t o  a  d e t a i l e d  s t u d y .  

2 .  R ~ s e a r c h  Approach 

The r e s e a r c h  s tudy  c l lmn r i spd  t h e  f o l l o w i n g  d i s t ~ n c t  s t e p s :  



. The s tudy  i n  d e t a i l s  o f  r a i n f a l l  f o r  t h e  pas t  twen ty  f i v e  yea rs .  

. The s tudy  o f  su r face  water  f l o w  p a t t e r n .  

. The s tudy  o f  t h e  performance o f  ground w a t e r i n g  d i v e r s i o n  
t e c l i n ~ q u e s .  

2.1 R a i n f a l l  

The r a i n f a l l  i n  t h e  area i s  f a i r l y  h i g h  and, due t o  l i t h o l o g i c a l  
c o n d i t i o n s ,  i t  i s  c h a r a c t e r i z e d  by h i g h  degree o f  r u n o f f  and by l ow  
i n f i l t r a t i o n  ( t a b l e  4 ) .  

Table 4 

R a i n f a l l ,  r u n o f f  and i n f i l t r a n t i o n  f o r  t h e  l a s t  twen ty  five 
-- 

yea rs  

2.2 Surface Water Flow P a t t e r n  

I n  o rde r  t o  des ign  t h e  maximum c a p a c i t y  f o r  a  dewa te r ing  techn ique  
t h e  p r e l i m i n a r y  s tep  was t o  es t ima te  t h e  q u a n t i t y  o f  water  f l o w i n g  
towards t h e  excava t ion .  The parameters s t u d i e d  were: i n t e n s i t y  and 
d i s t r i b u t i o n  o f  r a i n f a l l ,  morphology o f  t h e  bas ins ,  d ra inage  p a t t e r n ,  
vege ta t i on ,  s o i l  pe rmeab i l i  t y  and i t s  mo is tu re  con ten t .  For  t h i s  
h y d r o l o g i c a l  s tudy  f o u r  techniques were used: s t a t i s t i c a l ,  r a t i o n a l ,  
u n i t  hydrogram and e m p i r i c a l  methods. The above s t u d i e s  i n d i c a t e  t h a t ,  
f o r  t h e  twen ty  f i v e  yea rs  of p r o j e c t e d  l i f e  o f  t h e  mine, t h e  maximum 
r a i n f a l l  i n  a  p e r i o d  of 24 hours would be 113 mm and t h e  co r respond ing  
maximum r a i n f a l l  f o r  one hour would be 18 mm. 

A s i m i l a r  a n a l y s i s  a l s o  i n d i c a t e d  t h a t  t h e  maximuin r u n - o f f ,  i n  t h e  
exper imen ta l  area,  d u r i n g  24 hours p e r i o d ,  would be 15.8 m  I s ,  and t h e  
co r respond ing  e s t i m a t i o n  f o r  t h e  t o t a l  m in ing  area would be 260.0 m / s .  
Based on t h e  above e s t i m a t i o n s  t h e  s i z e  of t h e  p e r i p h e r a l  su r face  
cana l ,  su r round ing  t h e  mine, was designed. The maximum r u n - o f f  reco rded  
d u r i n g  t h e  l i f e  of t h e  mine i s  1  m3/s/km2. 

P r e c i p i t a t i o n  

mm 

2604 

1021 

1649 

Year 

1950-51 

1975-76 

1947-82 

I 

I n f i l t r a t i o n  + Runof f  

2.3 Performance o f  Dewater ing Techniques 

Rainfall 

Maximum 

Minimum 

Average 

mm 

1965 

548 

1037 

F i g u r e  4  shows t h e  l o c a t i o n  of p e r i p h e r a l  cana l ,  su r face  d r a i n  and 

% o f  

p r e c i p i t a t i o n  

7  5  

54 

6  3 
+ 



Figu/rc? 4 .  C;xpeaimenta4 / ~ i t e  con d ~ ~ a t e n i n g  fechruqueo, w i f h  Locaix-on of 
pe.r iphua4 canal ,  /~u/rcace d.rcuiz, pumping we44 and obouvuix-on p i e ~ o -  
rnetezd. 

Horizontal droins 

Closs 1 

Class 2 

Class 3 

Closs 4 

Pumping well 

Fault 

Fold 

Landslide 

Y, 1 1  : r ,  5. f l o / i i ~ o n t a i  & U ~ T , J  / bu/zehoie,~ 1 ,  c ( a ~ 4 i L i e d  by ca.tego/rieo acco/rchg 
w i f h  .thein w a t e ~  y i e l d .  





b e r t ? c a l  pumping we1 1 ,  t o g e t h e r  ~ l t i i  the o b s e r v a t i o n  p iezometers .  
F 3 g u r e  5 S ~ O W S  tvit p ~ s : t : o n  ?f q07 i t l  5f h o r ~ z o n t a l  d r a i n s  i n  t h e  
e>per i rx i  l t d l  <ire: :rrg?Lher w i  ti-I tl e 1 0 5 1  t : r~ r ,  of t h e  main g e o l o g i c a l  
s: :rciiir a ]  c 1 i r(>?t  1nii7tlei. The ,ndln 0 b j € ~ t l v e 5  o f  t h e  p i e z o m e t r i c  

I V-S.LOI d we-e to i n v e s t i g a t e  t h e  e f f e c t  o f  r a i n f a l l  on 
I r ,+ i  I t r a t i o n  and t o  observe t h e  e f f i c i e n c y  o f  t h e  d i f f e r e n t  dewa te r ing  
techniques employed. 

( i 1 Surfdce D r a i n  

The purpose o f  t h e  sur face d r a i n  ( f i g u r e  4 )  was t o  i n t e r c e p t  t h e  
s u p e r f i c i a l  and sub-surface water  f l ow  no t  c o l l e c t e d  by t h e  p e r i p h e r a l  
cana l .  It was dug by a  r e t r o - e x c a v a t o r  i n  t h e  ; : l l u v i a l  sediments t o  t h e  
depth o f  t h e  g e o l o g i c a l  c o n t a c t  between T e r t i  a r y  and Paleozoic  
f o r m a t i o n s .  The water c o l l e c t e d  i n  t h e  su r face  d r a i n  was taken  t o  a  
sump f r o m  where i t  was pumped t o  t h e  p e r i p h e r a l  cana l .  A t  a  l a t e r  
s tage,  i n  o rde r  t o  savs manpower, t h e  water f rom t h e  s u r f a c e  d r a i n  was 
conveyed by g r a v i t y  t o  t h e  main sump. F i g u r e  6 shows t h e  pumping 
performance o f  t h e  sur face d r a i n  aga ins t  t h e  r a i n f a l l .  It can be 
cbserved t h a t  t h e  water  y i e l d ,  r i s e s  r a p i d l y  t o  a  maximum, 
co r respond ing  t o  t h e  r a i n y  season ( w i n t e r / s p r i n g )  , f o l l o w e d  by a  r a p i d  
f a 1  1. The maximum recorded y i e l d  was 4000 m3/d, w i t h  an average y i e l d  
o f  500-1000 m3/d i n  t h e  r a i n y  season. The r e l a t i o n s h i p  between month ly  
r a i n f a l l  and t h e  d i scharge  from t h e  su r face  d r a i n  i s  shown i n  f i g u r e  7 
which g i v e s  a  good i d e a  of t h e  e f f e c t i v e n e s s  o f  t h i s  dewa te r ing  
t e c h n i  n l l ~  

Roinfoll ( mm /month) 

F~gune  7. R c l a ~ o n  beheen m o n t h l g  a u i n c a l l  and pumping waken b o r n  -the 
uizcLOzuge w e l l .  



( i i )  Pumping Well  

The o b j e c t  o t  t h e  pumping w e l l  was t o  i n v e s t i q a t e  t h e  p o s s i b i l i t y  
o f  advance dewater ing o f  t h e  P d l e c ~ r o i c  rocks ,  reduc ing  t h e  water 
p ressu re  on t h e  T e r t i a r y  sediments. Accord ing t o  seve ra l  purnDInq t c , t .  
c a r r i e d  ou t  i n  t h i s  we1 1 t h e  hydt-ogeoloqqcal pat stnet- i 1 

Paleozoic  r o c k s  a t  t h i s  p o i n t  were: 

. Transmi s s i v i t y  3 x  l o - '  t o  7 x lo - '  ~r,'/d 

. Permeabi! i t y  4 x  lr4 t o  9 x  13-4 m/d 

These d a t a  i n d i c a t e  t h a t  t h e r e  are poss i  b i  l i t i e s  o f  d e d a t c r i n g  t h e  
Pa leozo ic  f o r m a t i o n s  by pumping w e l l s .  1he punping r e c o r d ,  over a 
p e r i o d  o f  f o u r  yea rs ,  showed t h a t  t h e  r a t e  o f  dewater ing i s  independent 
o f  s h o r t - t e r m  r a i n f a l l  ( f i g u r e  8 ) .  The pumping y i e l d  o f  t h i s  o p e r a t i n y  
w e l l  was low (0.2 l / s ) ,  b u t  a  r e g u l a r  drawdown i n  t h e  Paleozoic  
p iezometers  was observed. Th is  exper ience proved t h a t  t h e  system o f  
dewater ing by we1 1  s  i s  e f f e c t i v e  i n  Paleozoic  fo rma t ions .  

( i i  i 1 H o r i z o n t a l  D ra ins  

The main purpose of t h e  h o r i z o n t a l  d r a i n s  was t o  lower  t h e  
p iezomet r i c  su r face  near t h e  m in ing  excava t ion  thus  s t a b i  1  i z i n g  t h e  p i t  
s lope.  



A l t o g e t h e r  56 h o r i z o n t a l  d r a i n s  ( f i g u r e  5 )  were d r i l l e d  w i t h  a  
minimum diameter  o f  76 mm between 50-150 m  l e n g t h ,  and r i s i n g  a t  an 
ang le  o f  2'. From some l o c a t i o n s  t h r e e  boreholes were d r i l l e d  i n  a  
f a n - f a s h i o n  t o  i n t e r s e c t  t h e  p o t e n t i a l  water f l o w  th rough  f a u l t  p lanes.  
The boreholes were l i n e d  w i t h  38 mm diameter  uPVC p i p e s  p e r f o r a t e d  w i t h  
3 mm diameter  ho les .  The spac ing of  t h e  h o r i z o n t a l  d r a i n s  was 
determined by t r i a l  and e r r o r  method and was between 20-50 m. Four 
d i s t i n c t  groups o f  d r a i n s  can be i d e n t i f i e d  acco rd ing  t o  t h e i r  
performance : 

. Boreholes which are v i r t u a l l y  d r y  w i t h  d i scharge  u n a f f e c t e d  by t h e  
r a i n f a l l .  

. Boreholes w i t h  ve ry  l i t t l e  d i scharge  b u t  g i v i n g  a  s l i g h t  increase. 
i n  d i scharge  f o l l o w i n g  a  r a i n y  p e r i o d .  

. Dry bo reho les  which can y i e l d  an apprec iab le  amount o f  water  a f t e r  
a  r a i n y  p e r i o d  w i t h  a  r e l a t i v e l y  s low r e d u c t i o n  i n  t h e  y i e l d .  

. Boreholes w i t h  a  h i g h  r a t e  o f  d i scharge  d u r i n g  t h e  r a i n y  season 
which can suddenly d r y  up i n  t h e  d r y  pe r iod .  

The f i r s t  group of d r a i n s  corresponds t o  t h e  r o c k  mass hav ing  ve ry  
1  ow permeabi 1  i t y  and no s t r u c t u r a l  d i  s c o n t i n u i t y .  The second and t h i r d  
groups o f  d r a i n s  i n t e r c e p t e d  some t r a n s i e n t  water f 1  ow and pene t ra ted  
t h r o u g h  a  r o c k  mass w i t h  a  l ow  h y d r a u l i c  c o n d u c t i v i t y .  A l t e r n a t i v e l y ,  
t h e  corresponding ho les  i n t e r c e p t e d  a  v a r i a b l e  water  t a b l e  near t h e  
su r face .  The 1  a s t  group correspond t o  d r a i n s  i n t e r c e p t i n g  g e o l o g i c a l  
s t r u c t u r e s  o r  m a t e r i a l s  f a v o r a b l e  f o r  water  f l o w  such as f a u l t s ,  f r a c -  
t u r e s  and p e r v i o u s  rocks .  The instantaneous r e d u c t i o n  o f  f l o w  i n  a  
h o r i z o n t a l  d r a i n  i s  o f t e n  i n d i c a t i v e  of ground f a i l u r e  damaging t h e  
p ipe .  

From t h e  a n a l y s i s  o f  t h e  f l o w  p a t t e r n  i n  t h e  h o r i z o n t a l  d r a i n s  t h e  
f o l l o w i n g  conc lus ions  can be made: 

. There i s  no r e l a t i o n  between t h e  d i r e c t i o n  and l e n g t h  o f  
h o r i z o n t a l  d r a i n s  and t h e i r  r a t e  o f  d ischarge.  

. The most permeable rocks  i n  t h e  zrea are l i g n i t e ,  Paleozoic  
format ions,  1  i g n i t e  and a1 l u v i a l  sediments. 

. The boreholes g i v i n g  maximum d ischarge  are p laced  i n  t h e  f a u l t e d  
area o r  i n  t h e  areas o f  s lope  i n s t a b i l i t y .  

. T e r t i a r y  depos i t s ,  o t h e r  than  l i g n i t e ,  have ve ry  low p e r m e a b i l i t y .  

F i g u r e  9 shows t h e  t o t a l  d i scharge  f rom t h e  h o r i z o n t a l  d r a i n s  t o -  
ge the r  w i t h  t h e  r a i n f a l l  f o r  a  p e r i o d  o f  two yea rs .  It can be seen t h a t  
t h e r e  i s  c o r r e l a t i o n  between t h e  r a i n f a l l  and t h e  h o r i z o n t a l  d r a i n ' s  
d i  scharge. 

3. Pumping By A i r  L i f t  

The o b j e c t i v e s  o f  t h i s  s tudy were as f o l l o w s :  



. To c l e a n  t h e  p iezometers  e l i m i n a t i n g  t h e  accumulat ion o f  c l a y ,  
b e n t o n i t e  and f i n e  sand p a r t i c l e s .  

. To o b t a i n  ground water  samples f o r  hydro-chemica l  a n a l y s i s .  

. To determine t h e  t r a n m i s s i v i t y  and p e r m e a b i l i t y  o f  d i f f e r e n t  
s t r a t a .  

The equipment used f o r  t h i s  t e s t  was a  p o r t a b l e  a i r  compressor 
ope ra ted  by a  d i e s e l  motor  and p roduc ing  Gn a i r  pressure o f  0 .8  MPa. 
Normal ly  water  was e j e c t e d  f rom a  depth o f  60-70 m  f o r  a  p e r i o d  o f  an 
hour f r o m  each p iezometer .  Dur ing  t h i s  p e r i o d  t h e  r a t e  o f  d i scharge  and 
t h e  water  temperature were measured and water  samples were a l s o  
c o l l e c t e d  f o r  t h e  hydro-chemica l  a n a l y s i s .  For t h e  f o l l o w i n g  one hour  
p e r i o d  t h e  recovery  o f  ground water  t a b l e  was recorded w i t h  t i m e .  The 
p e r m e a b i l i t y  o f  t h e  r o c k  mass was es t ima ted  us ing  t h e  Theis  recovery  
f orrnul a: 

Q l o g  t/t: T  = 0.183 ------7 

where : 

T  - t ransmi  s s i v i t y  (m2,'d), 
Q - w e l l  d i scha rge  (m / d l ,  
t - t i m e  f r o m  t h e  b e g i n i n g  o f  t h e  pumping, 
t '  - t i m e  r e q u i r e d  f o r  t h e  recovery  o f  t h e  p iezomet r i c  su r face  s ince  

s topp ing  o f  t h e  pump and 
c '  - observed drawdown a t  t h e  p iezometer .  

The t r a n s m i s s i v i t y  and p e r m e a b i l i t y  i n  t h i s  area ( t a b l e  5) were 
es t ima ted  from t h e  above t e s t s .  

Accord ing t o  t h i s  da ta  i t  can be concluded t h a t  t h e  genera l  
a q u i f e r  c o n d u c t i v i t y  i n  T e r t i a r y  sediments i s  v a r i a b l e  and low, b u t  
t h e r e  a r e  some i n d i c a t i o n s  o f  t h e  Fresence o f  l a y e r s  hav ing  
c o m p a r a t i v e l y  h i g h  permeabi 1  i t y .  Accord ing t o  t h e  Casagrande 
c l a s s i f i c a t i o n  t h e  sediments t e s t e d  i n  3 piezomel=ps are f u l l y  d ra ined ,  



Table 5 

Hydrodinamics parameters 

i n  15 t h e y  a re  p o o r l y  dra ined,  w h i l e  i n  3  t h e y  a re  p r a c t i c a l l y  
imperv ious .  Other p iezometers  presented some o p e r a t i o n a l  problems. 
Three o f  t h e  above w e l l - d r a i n e d  p iezometers  were l o c a t e d  i n  t h e  f a u l t y  
zone and i n  t h e  area o f  s lope  i n s t a b i l i t y .  F i g u r e  10 shows t h e  r e l a t i v e  
permeabi 1 i t y  c o n d i t i o n s  ob ta ined  from t h e  a i r - 1  i f t  t e s t  t o g e t h e r  w i t h  
t h e  i s o t h e r m  o f  t h e  pumped water .  It can be seen t h a t  h i g h  temperatures 
occur  i n  t h e  areas o f  f a u l t i n g  2nd s lope  f a i l u r e .  

Maximum 

Minimum 

Average 

o Bad dmimgl 

Good dminage 

Tempomture in 'C 

Transmi s s i  v i  t y  

(m2/d) 

7.0 x  10' 

2.3 x  

8 . 3 ~ 1 0 - I  

i i !tune ? 0. DacLinuge c a p a b * A ~ t i e / ~  b r  t h e  dc f f e n e n i  p i e ~ o m e t e / r ~  u c c o h g  
ui-th t h e  a i / r -L f . t  t e / ~ t 4 ,  und i ,~ohhemic  h e 4  of "pumped1' uuie/r. 

Permeabi 1  i t y  

(m/d 1 

5 . 5  x  10 - I  

1 .3  x  

4.6 x  

I n  t h i s  area i t  can be proved t h a t  t h e  ground water  f rom t h e  
I ' a leozo ic  r o c k  comes t o  t h e  T e r t i a r y  th rough  f a u l t s  and t h i s  water  i s  
I h e  major  f a c t o r  caus ing  t h e  open c a s t  i n s t a b i l i t y .  
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STUDY OF THE PIEZOMETRIC SURFACE 

A t o t a l  o f  47 p iezometers  were i n s t a l l e d  i n  t h e  area f o r  t h e  
purpose o f  obse rv ing  t h e  performance o f  va r ious  rock  mass dewater ing 
techniques.  Dur ing t h e  r a i n y  season t h e  behaviour  o f  va r ious  
p iezometers  can be c l a s s i f i e d  i n t o  two c a t e g o r i e s  ( f i g u r e  1 1 ) :  

. Where t h e  change i n  t h e  p iezomet r i c  su r face  was between 3 t o  15 m. 

. Where t h e  maximum change i n  t h e  p iezomet r i c  l e v e l  was o n l y  1  m. 

o Piezometer class I 
o Piezorneter class 11 

The f i r s t  group can be r e l a t e d  t o  t h e  area o f  h i g h  p e r m e a b i l i t y  
and f a u l t s  which p rov ides  an area f o r  recharge.  The second group forms 
an h y d r a u l i c  b a r r i e r  and i s ,  t h e r e f o r e ,  a  p o t e n t i a l  s i t e  f o r  a  s lope  
f a i l u r e .  The ground water f l o w  diagrams of t h e  s i d e  w a l l  s lope  are 
g i v e n  i n  f i g u r e  12 showing a  s imple f l o w  p a t t e r n  c h a r a c t e r i z e d  by t h e  
f o l l o w i n g  f e a t u r e s :  

. The p iezomet r i c  su r face  and t h e  morphology o f  t h e  area are p r a c t i -  
c a l  l y  para1 l e l  . 

. The su r face  and ground water  f l o w s  converge towards t h e  area of 
t h e  s lope  f a i l u r e .  

CONCLUSIONS 

The t r i a l  a p p l i c a t i o n  o f  t h i s  d i f f e r e n t  rock  mass dewater ing 



_M y o m  0 Piezometer 0 
-Underground water flow 

F i g u e  72. Biepmetn-ic mup of h i e  -07ve~L~ga-tcon 4 d e .  

techniques f o r  t h e  s i d e  w a l l  dra inage o f  open c a s t  s lope  g i v e  t h e  
f o l l o w i n g  conc lus ions :  

. Surface d r a i n s  are e f f i c i e n t  dev ices t o  i n t e r c e p t  t h e  su r face  
water  e n t e r i n g  i n  t h e  open c a s t  mine through a l l u v i a l  sediments. 

. Pumping w e l l s  a re  e f f e c t i v e  dev ices f o r  dewater ing Paleozoic  r o c k  
masses. 

. H o r i z o n t a l  d r a i n s  are an e f f e c t i v e  method f o r  dewater ing l i g n i t e  
and f a u l t e d  r o c k  masses, b u t  p resen t  a  danger o f  be ing  c u t - o f f  by 
a  s l i p  i n  t h e  f a i l u r e  zone, t h u s  making them i n e f f e c t i v e  and 
p o t e n t i a l l y  dangerous. 

The genera l  conc lus ion  i s  t h a t  t h e  su r face  d r a i n s  shou ld  be used 
t o  dewater T e r t i a r y  and a1 l u v i  a1 sediments, w h i l e  pumping we1 1s should 
tse employed t o  dewater t h e  Paleozoic  rocks .  
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