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ABSTRACT 

The Gays ~ i v e r  zinc-lead deposit is hosted by a carbonate reef 
complex and overlain by the evaporites gypsum and anhydrite. 
Erosion at the carbonate-evaporite contact took place during the 
Lower Cretaceous period.  his erosion led to the formation of a 
karst topography which was in turn overlain by lacustrian and 
fluvial sediments. Soil piping structures in these sediments 
have made mining very costly and dewatering uncertain. The 
history of the effort to control the water is discussed. 

INTRODUCTION 

The Gays River Mine is located in the Milford area of Nova 
Scotia, approximately 70 km N.E. of Halifax. (Figure 1) 

The mineral deposit, a Mississippian Age, carbonate-hosted 
zinc-lead body, was discovered in April 1973 during a drill 
program carried out jointly by Cuvier ~ i n e s  Ltd. and ~mperial 
Oil Limited, with Imperial as operator. 

Originally presented at the 1982 Annual Meeting of the Minlng 

Society of Nova Scotia, in affiliation with the Canadian Institute of 

Mining and Pfetallurgy and reprinted with permission. 



F i q q r e  1: Gays R i v e r  L ,oca t ion  Map 

SINKHOLES IN 
RELATION TO SURFlClAL GEOLOGY 
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Figure 2: Sinkholes in Relation to Surficial Geoloqy  



Knowledge o f  t h e  e x i s t e n c e  o f  l e a d  a n d  z i n c  i n  t h i s  a r e a  d a t e s  
b a c k  t o  1824 a n d  p o s s i b l y  t o  t h e  1 7 0 0 ' s  ( 1 ) .  The a r e a  was 
e x p l o r e d  s p o r a d i c a l l y  o v e r  t h e  y e a r s  b y  s e v e r a l  c o m p a n i e s .  I n  
1 9 7 2 ,  C u v i e r  Mines  d i s c o v e r e d  h i g h  g r a d e  b o u l d e r s  t o  t h e  s o u t h  o f  
t h e  known d e p o s i t ,  s t a k e d  t h e  a r e a  a n d  t h e n  o p t i o n e d  it t o  
~ m p e r i a l  O i l  L i m i t e d .  By l a t e  1 9 7 4 ,  a  t o t a l  o f  460 d i a m o n d - d r i l l  
h o l e s  had  b e e n  p u t  down o u t l i n i n g  a n  i r r e g u l a r  m i n e r a l i z e d  z o n e ,  
a p p r o x i m a t e l y  4  km l o n g  b y  220 m w i d e ,  a t  d e p t h s  v a r y i n g  b e t w e e n  
20 m and  200 m  b e l o w  s u r f a c e .  

Be tween  l a t e  1975  and Augus t  1 9 7 6 ,  a n  e x p l o r a t i o n  d e c l i n e  was 
d r i v e n  a c r o s s  t h e  c e n t r a l  p a r t  o f  t h e  m i n e r a l i z e d  z o n e  t o  v e r i f y  
m i n i n g  c o n d i t i o n s ,  t h e  g r a d e  a n d  c o n t i n u i t y  o f  m i n e r a l i z a t i o n ,  
and  p r o v i d e  b u l k  s a m p l e s  f o r  m e t a i l u r q i c a l  t e s t i n g .  

D u r i n g  t h e  n e x t  two y e a r s  v a r i o u s  f e a s i b i l i t y  s t u d i e s  w e r e  
c a r r i e d  o u t  a n d  I m p e r i a l  O i l  ~ i m i t e d  a c q u i r e d  1 0 0 %  i n t e r e s t  i n  
t h e  p r o j e c t  and  t o o k  t h e  d e c i s i o n  t o  b r i n g  t h e  p r o p e r t y  i n t o  
p r o d u c t i o n .  R e c o v e r a b l e  p r o v e n  p l u s  p r o b a b l e  r e s e r v e s  w e r e  
e s t i m a t e d  t o  b e  4.7 m i l l i o n  t o n n e s  a t  2 .8% l e a d  and  4.2% z i n c .  

C o n s t r u c t i o n  o f  s u r f a c e  p l a n t  a n d  m i l l  p r o c e s s i n g  f a c i l i t i e s  
commenced i n  1 9 7 8 ,  a n d  t h e  m i n e  was f u r t h e r  d e v e l o p e d  t o  s u p p o r t  
a n  i n t e n d e d  p r o d u c t i o n  r a t e  o f  1350  t o n n e s  p e r  d a y .  M i l l  p r o d u c -  
t i o n  commenced i n  o c t o b e r  1 9 7 9 ,  a n d  b y  mid-summer o f  1 9 8 1  a  t o t a l  
o f  554 000 t o n n e s  o f  o r e  and  272 000 t o n n e s  o f  w a s t e  had  b e e n  
m i n e d .  T h r o u g h o u t  t h i s  p e r i o d ,  e f f o r t s  t o  a c h i e v e  t h e  f u l l  p r o -  
d u c t i o n  r a t e ,  a s  w e l l  a s  e f f o r t s  t o  m i n e  a r e a s  o f  h i g h e r  g r a d e  
m i n e r a l i z a t i o n  w e r e  c o n t i n u a l l y  t h w a r t e d  by t h e  c o m b i n a t i o n  o f  a n  
e x t r e m e l y  complex  g e o l o g i c a l  s e t t i n g  and s e v e r e  h y d r o l o g i c a l  
p r o b l e m s .  

P r o d u c t i o n  o p e r a t i o n s  a t  Gays R i v e r  Mine w e r e  s u s p e n d e d  i n d e f i -  
n i t e l y  o n  ~ u g u s t  1 5 ,  1 9 8 1 ,  a s  a  r e s u l t  o f  c o n t i n u i n g  p r o b l e m s  
w i t h  o r e  grade c o n t i n u i t y  and  u n d e r g r o u n d  w a t e r .  T h i s  p a p e r  
d i s c u s s e s  t h e  g e o l o g i c a l  and  h y d r o g e o l o g i c a l  e n v i r o n m e n t s  w i t h  
r e f e r e n c e  t o  t h e  m i n i n g  o p e r a t i o n s  u n d e r t a k e n .  

GEOLOGY & GEOHYDROLOCY 

The g e o l o g y  o f  t h e  Gays R i v e r  d e p o s i t  and g e n e r a l  a r e a  has  b e e n  
r e v i e w e d  i n  s e v e r a l  p r e v i o u s  p a p e r s  a n d  t h e s e s  ( 2 ,  3 ,  4 ,  6 ,  7 ,  8 ,  
9 ,  1 0  1 1 2 ,  1 3 .  F i g u r e  2  i l l u s t r a t e s  t h e  s i n k h o l e s  i n  
r e l a t i o n  t o  t h e  s u r f i c i a l  g e o l o g y  a t  t h e  m i n e  s i te .  

S t r a t i g r a p h y  

The d e t a i l e d  s t r a t i g r a p h i c  s e q u e n c e s  a t  t h e  Gays R i v e r  Mine a r e  
g i v e n  i n  T a b l e  I .  F i g u r e  3 i l l u s t r a t e s  t h e  h y d r o g e o l o g i c a l  u n i t s 1  
and  g e o l o g y  a t  t h e  Gays R i v e r  Mine. 



The G o l d e n v i l l e  F o r m a t i o n  is composed o f  t h i c k l y  b e d d e d ,  h i g h l y  
j o i n t e d  q u a r t z i t e  ( s u b g r e y w a c k e ) ,  w i t h  m i n o r  s l a t e  a l o n g  t h e  
b e d d i n g  p l a n e s .  The F o r m a t i o n  is  g e n e r a l l y  i m p e r v i o u s  a n d  d r y  
w i t h  t h e  e x c e p t i o n  o f  r a r e  f r a c t u r e  z o n e s .  

T o p o g r a p h i c a l l y ,  i t  h a s  c o n t r o l l e d  t h e  l a t e r  u n i t s  d e p o s i t e d  and  
t h e r e f o r e  had  b o t h  a  d i r e c t  and  i n d i r e c t  e f f e c t  o n  t h e  g r o u n d -  
w a t e r  f l o w  s y s t e m .  

The b a s a l  u n i t  is composed o f  a n g u l a r  b l o c k s  o f  t h e  G o l d e n v i l l e  
F o r m a t i o n  bounded by  a  d o l o m i t i c  c a r b o n a t e  m a t r i x .  

A l o w e r  p e b b l e  c o n g l o m e r a t e  u n i t  is  n o n c a l c a r e o u s  s u g g e s t i n g  a  
p r e c a r b o n a t e  complex  r e g o l i t h  o r  p e r h a p s  a  b e a c h .  The u p p e r  p a r t  
o f  t h e  u n i t  i n c l u d e s  b o u l d e r s  u p  t o  2  m a c r o s s .  T h e s e  two 
l i t h o l o g i e s  a r e  d r y  e x c e p t  where  t h e  r o c k  is  h i g h l y  j o i n t e d ,  and  
a t  t h e  c a r b o n a t e  " t r e n c h "  c o n t a c t  w h e r e  t h e  o r i g i n a l  d o l o m i t i c  
l i m e s t o n e  h a s  b e e n  a l t e r e d  by c a l c i u m  s u l p h a t e  r i c h  w a t e r  t o  a  
v u g g y  b l a c k  l i m e s t o n e  ( d e d o l o m i t i z e d )  . 
The e v a p o r i t e s ,  gypsum a n d  a n h y d r i t e  a r e  i m p e r v i o u s  b u t  s o l u b l e ,  
w i t h  gypsum b e i n g  a b o u t  20 t i m e s  more s o l u b l e  t h a n  t h e  a n h y d r i t e  
u n d e r  m i n e  and  r i v e r  w a t e r  c o n d i t i o n s .  W i t h  t h e  a d d i t i o n  o f  
w a t e r ,  a n h y d r i t e  is a l t e r e d  t o  h e m i h y d r a t e  and  t h e n  t o  gypsum. 

( a n h y d r i t e )  
h 

CaS04 H20 + H z 0  --- CaS04 . 2H20 

The s o l u b i l i t y  o f  gypsum i n  w a t e r  is somewhat  g r e a t e r  t h a n  2000 
ppm ( 1 4 ,  1 5 ) .  T h i s  s o l u b i l i t y  is  i n c r e a s e d  i n  t h e  p r e s e n c e  o f  
s o d i u m  c h l o r i d e  o r  magnes ium c h l o r i d e .  

.n 

The m i n e  w a t e r  d i s c h a r g e  was t y p i c a l l y  1 2 5 0  t o  1300  ppm S04 ,  
w h i l e  t h e  Gays  R i v e r  SO4 c o n c e n t r a t i o n  g e n e r a l l y  v a r i e d  b e t w e e n  
6 0  ppm ( w i n t e r s )  and 400 ppm ( s u m m e r s ) .  

T r e n c h  

B e f o r e  or d u r i n g  t h e  l o w e r  C r e t a c e o u s  p e r i o d ,  a  g e n e r a l  u p l i f t i n l  
o f  t h e  a r e a  ( F i g u r e  4 )  w i t h  r e s p e c t  t o  s e a  l e v e l  s u b j e c t e d  t h e  
s e q u e n c e  t o  s u r f a c e  a n d  s u b s u r f a c e  e r o s i o n  w i t h  t h e  s o l u t i o n i n g  
o f  v a s t  q u a n t i t i e s  o f  e v a p o r i t e s .  The m o s t  s e r i o u s  e r o s i o n ,  f r o  
a  m i n i n g  p o i n t - o f - v i e w ,  t o o k  p l a c e  i n  t h e  e v a p o r i t e s  a t  t h e  
p r e s e n t  or a n c i e n t  e v a p o r i t e - c a r b o n a t e  c o n t a c t .  Here, d o l o m i t i c  
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t rench contact  

l a t e  h o r i z o n s  
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l i m e s t o n e  o f  t h e  r e e f  complex  was a l t e r e d  t o  a  v u g g y  b l a c k  
l i ~ a e s t o n e ;  t h e  qypsum f r o n t  was e r o d e d  b a c k  f rom t h e  c a r b o n a t e  
complex  b y  s e v e r a l  m e t r e s  t o  1 0 ' s  o f  m e t r e s ;  c a v e s  were formed  i n  
t h e  gypsum a n d  numerous  p i t s  a n d  s i n k h o l e s  fo rmed  a  k a r s t  
t o p o q r a p h y  a t  t h e  s u r f a c e  o f  t h e  e v a p o r i t e  s e q u e n c e .  The 
e r o s i o n  o r  s o l u t i o n  " t r e n c h "  was t h e n  i n f i l l e d  w i t h  mud, s a n d ,  
s i l t y  s a n d ,  g r a v e l ,  and g y p s i t c  ( t h e  i n s o l u b l e  r e s i d u e  f rom 
gypsum)  . ~ a t i n g  o f  t h e  " t r e n c h "  i n f  ill m a t e r i a l  was b a s e d  o n  t h e  
i d e n t i f i c a t i o n  o f  t h e  s p o r e / p o l l e n  a s s e m b l a g e  a n d  p e r f o r m e d  b y  
t h e  E s s o  M i n e r a l s  R e s e a r c h  L a b o r a t o r i e s  i n  C a l g a r y  ( 1 6 ) .  

The q u a n t i t y  o f  g r o u n d w a t e r  f l o w  t h r o u g h  t h e  t r e n c h  s e d i m e n t s  is  
unknown. Underground  t h e  m a s s  o f  t h e  p o o r l y - s o r t e d  s e d i m e n t s  
a p p e a r s  i m p e r v i o u s  b u t  s i g n i f i c a n t  i n f l o w s  h a v e  o c c u r r e d  t h r o u g h  
s o i l  p i p e s  n e a r  t h e  c a r b o n a t e  c o n t a c t  and  a t  t h e  t r e n c h - e v a p o r i t e  
c o n t a c t .  

  he g e n e r a l  b e d r o c k  and  " t r e n c h "  a r e  o v e r l a i n  b y  a  t h i c k  m a n t l e  
o f  c l a y e y - g l a c i a l  t i l l  w i t h  some l o c a l i z e d  g l a c i a l - f l u v i a l  
d e p o s i t s .  The c l a y e y - g l a c i a l  t i l l  r a n g e s  f rom 20 m t o  40  m i n  
t h i c k n e s s  w i t h  more where  r e m n a n t  s u r f a c e  h i l l s  o c c u r .  The t i l l ,  
i n  t u r n ,  is  c u t  by  g l a c i a l - f l u v i a l  d e p o s i t s  o f  s a n d ,  s i l t y  s a n d ,  
and  g r a v e l  and  i n  p l a c e s  t h e s e  s e d i m e n t s  may b e  i n  c o n t a c t  w i t h  
t h e  b e d r o c k .  The f l u v i a l  s e d i m e n t s  c u t  t h e  t i l l  i n  t h e  p r e s e n t  
Gays R i v e r  V a l l e y  i n  t h e  mine  p o r t a l  a r e a  and  t h e  118-119 m i n i n g  
a r e a s .  T h i s  u n i t  is b e l i e v e d  t o  h a v e  a  r e l a t i v e l y  h i g h  
p e r m e a b i l i t y .  

P r e s e n t  e r o s i o n a l  p r o c e s s e s  a r e  d e p o s i t i n g  s i l t  and  f i n e  s a n d y  
s i l t  i n  t h e  Gays  R i v e r  and i ts  f l o o d p l a i n .  T h i s  m a t e r i a l  is  
r e l a t i v e l y  i m p e r v i o u s ,  b u t  c a n  e a s i l y  b e  b r e a c h e d  by  s o i l  p i p i n g  
s t r u c t u r e s .  

M i n e r a l i z a t i o n  

The l e a d  and  z i n c  m i n e r a l i z a t i o n  o c c u r s  a s  g a l e n a  and s p h a l e r i t e  
d i s s e m i n a t e d  t h r o u g h  t h e  c a r b o n a t e s  i n  t h e  f o r e - r e e f  t a l u s  and 
r e e f  c r e s t  a r e a s ,  i n  p o r e  s p a c e s  and f r a c t u r e  f i l l i n g s ,  a s  w e l l  
a s  i n  m a s s i v e  v e i n s  o f  r e a s o n a b l e  c o n t i n u i t y ,  l o c a t e d  a t  t h e  
p r e s e n t  c a r b o n a t e - g y p s u m  o r  c a r b o n a t e  " t r e n c h "  c o n t a c t .  The 
t h i c k n e s s  a n d  g r a d e  o f  t h i s  t y p e  o f  m i n e r a l i z a t i o n  is  e x t r e m e l y  
e r r a t i c  and  v a r i e s  f rom a  few m i l l i m e t r e s  t o  o v e r  5  m  w i t h  s a m p l e  
g r a d e s  u p  t o  69 .5% ~ b  and  55 .5% Zn b e i n g  o b s e r v e d  ( F i g u r e  5 ) .  

S u r f a c e  D r a i n a a e  

The Gays R i v e r  Mine is l o c a t e d  n o r t h e a s t  o f  t h e  c o n f l u e n c e  o f  t h e  
Gays  and S o u t h  Gays R i v e r s .  The Gays R i v e r ,  w h i c h  a c t u a l l y  f l o w s  



o v e r  a  p o r t i o n  o f  t h e  o r e b o d y ,  d r a i n s  a n  a r e a  o f  a b o u t  1 9 4  km2. 
The a v e r a g e  a n n u a l  p r e c i p i t a t i o n  i n  t h e  a r e a  is 1250  nun p e r  y e a r ,  
b a s e d  on d a t a  f rom H a l i f a x  I n t e r n a t i o n a l  A i r p o r t  and n e a r b y  Upper  
S t e w i a c k e .  The a v e r a g e  f l o w  i n  t h e  Gays R i v e r  i s  7  m 3 / s ,  
a l t h o u q h  f l o w  r a t e s  i n  t h e  v i c i n i t y  o f  t h e  m i n e  r a n q e  from a  low 
o f  0 . 1  m3/s d u r i n g  d r y  p e r i o d s  t o  o v e r  1 7  m3/s i n  f l o o d .  F lows  
i n  e x c e s s  o f  1 1 . 9  m 3 / s  s p i l l  o u t  o v e r  t h e  r i v e r  f l o o d p l a i n  and 
t h i s  c a n  o c c u r  t h r o u g h o u t  t h e  y e a r .  

P r i o r  t o  m i n i n g  a c t i v i t i e s ,  t h e  g r o u n d w a t e r  f l o w  s y s t e m  was i n  
e q u i l i b r i u m ,  w i t h  r e c h a r g e  e n t e r i n g  t h e  s y s t e m  a t  h i g h e r  g r o u n d  
a n d  d i s c h a r g i n q  f rom t h e  o v e r b u r d e n ,  " t r e n c h " ,  and b e d r o c k  
s y s t e m s  to  t h e  Gays R i v e r ,  i t s  t r i b u t a r i e s  and a d j o i n i n g  b o g s  and 
w e t l a n d s .  

MINE DEWATERING 

O r i g i n a l  C o n c e p t  

Many o r e b o d i e s  h a v e  b e e n  s u c c e s s f u l l y  mined  u n d e r  v a r i o u s  b o d i e s  
o f  w a t e r ,  b o g s ,  o r  w e t  o v e r b u r d e n .  I n  some c a s e s ,  g r o u t  c u r t a i n s  
o r  f r e e z i n g  t e c h n i q u e s  may b e  r e q u i r e d  t o  p e r m i t  t h e  i n s t a l l a t i o n  
o f  a  c o n c r e t e - l i n e d  a c c e s s w a y  b e f o r e  t h e  b e d r o c k  o r  d e p o s i t  
i t s e l f  p r o v i d e s  a  b a r r i e r  a g a i n s t  i n f l o w s  o f  w a t e r .  I n  o t h e r  
c a s e s ,  a  c a p  r o c k  o f  s o l i d  o r e  may b e  l e f t  i n  p l a c e  o r  e v e n  
r e n d e r e d  more  i m p e r v i o u s  b y  g r o u t i n g  t o  h o l d  t h e  w a t e r  o u t .  
D e w a t e r i n g  o f  t h e  m i n e  c a n  u s u a l l y  b e  a c c o m p l i s h e d  b y  conven-  
t i o n a l  pumping w i t h  t h e  o c c a s i o n a l  g r o u t i n g  o f  i n f l o w s  o f  w a t e r  
f r o m  f r a c t u r e s ,  f a u l t  z o n e s  o r  o t h e r  n a t u r a l  w e a k n e s s e s  i n  t h e  
r o c k .  

The Gays  R i v e r  d e p o s i t  is  o v e r l a i n  m a i n l y  b y  i m p e r v i o u s  
o v e r b u r d e n ,  w i t h  t h e  r i v e r  f l o w i n g  o v e r  o r  a l o n g s i d e  a  
s u b s t a n t i a l  p o r t i o n  o f  t h e  d e p o s i t .  The a e r i a l  e x t e n t  and 
c o m p l e x  g e o l o g i c a l  f e a t u r e s  o f  t h e  d e p o s i t  r e n d e r  some o f  t h e  
u s u a l  a p p r o a c h e s  u n e c o n o m i c a l .  W i t h  a p p r o x i m a t e l y  0 .9  km2 o f  t h e  
m i n e r a l  d e p o s i t  s u r f a c e  i n  c o n t a c t  w i t h  o v e r b u r d e n  a n d  " t r e n c h "  
m a t e r i a l ,  i t  was deemed i m p r a c t i c a l ,  a s  w e l l  a s  u n e c o n o m i c a l  t o  
a t t e m p t  t o  e s t a b l i s h  a  g r o u t  c u r t a i n  o v e r  t h e  o r e b o d y .  F r e e z i n g  
t e c h n i q u e s  w e r e  a l s o  r u l e d  o u t  f o r  t h e  same r e a s o n s .  

The a p p r o a c h  a d o p t e d  was to  d e w a t e r  t h e  o v e r b u r d e n  i n  t h e  
v i c i n i t y  o f  t h e  p o r t a l  b y  means  o f  s u r f a c e  wells ,  t o  e s t a b l i s h  
i n i t i a l  a c c e s s  t o  t h e  d e p o s i t  and  t h e n  u s e  t h e  r o c k  or a  p o r t i o n  
of t h e  d e p o s i t  a s  a  b a r r i e r  a g a i n s t  w a t e r  i n f l o w s .  I n i t i a l  
c r i t e r i a  f o r  e s t a b l i s h i n g  a m i n e a b l e  ore r e s e r v e  i n c l u d e d  
m a i n t a i n i n g  a  6 m  " s a f e  b a c k "  b e t w e e n  a n y  m i n e  o p e n i n g  and  t h e  
o v e r b u r d e n  or " t r e n c h "  c o n t a c t ,  e v e n  t h o u g h  t h i s  s t e r i l i z e d  
c o n s i d e r a b l e  m i n e r a l i z a t i o n .  I n  a d d i t i o n ,  6 m  o f  s o l i d ,  c o r a b l e  



e v a p o r i t e s ,  i m m e d i a t e l y  o v e r l y i n g  t h e  o r e  z o n e ,  were  r e q u i r e d  f o r  
m i n e a b l e  r e s e r v e s  u n d e r l y i n g  t h i s  zone .  I t  was b e l i e v e d  t h a t  6 m 
o f  s o l i d  r o c k  would p r o v i d e  a  s t a b l e  p i l l a r  and  a n  a d e q u a t e  
b a r r i e r  t o  p r e v e n t  e x c e s s i v e  i n f l o w s  o f  w a t e r .  Mine d e w a t e r i n g  
c o u l d  t h e n  b e  a c h i e v e d  by  c o n v e n t i o n a l  pumping,  r e q u i r i n g  o n l y  
o c c a s i o n a l  g r o u t i n g  o f  i n f l o w s  e x p e c t e d  f rom t h e  i n t e r s e c t i o n  o f  
d i a m o n d - d r i l l  h o l e s .  The i n i t i a l  u n d e r g r o u n d  pumping s y s t e m  was 
d e s i g n e d  f o r  a t o t a l  m i n e  d i s c h a r g e  o f  1 9 0  l/s. T h i s  was b a s e d ,  
i n  p a r t ,  on t h e  r e s u l t s  o f  a r e c o n n a i s s a n c e  h y d r o l o g y  s t u d y  
c o n d u c t e d  i n  1 9 7 4 ,  which  i n c l u d e d  i n s t a l l a t i o n  o f  a  g r o u n d w a t e r  
o b s e r v a t i o n  w e l l  n e t w o r k  and a n  i n i t i a l  e v a l u a t i o n  o f  e x i s t i n g  
g r o u n d w a t e r  c o n d i t i o n s .  

I n i t i a l  a t t e m p t s  t o  d e v e l o p  t h e  m i n e  w i t h o u t  a d v a n c e  d e w a t e r i n g  
were  s o o n  impeded by u n p r e d i c t a b l y  h i g h  i n f l o w s  o f  w a t e r .  
Development  c y c l e s  were  d i s r u p t e d  w i t h  w a t e r  i n f l ~ w s  f o l l o w i n g  
b l a s t i n g  o p e r a t i o n s ,  which  r e s u l t e d  i n  f l o o d e d  h e a d i n g s  b e i n g  
a l t e r n a t e l y  pumped down -- mucked -- pumped down, and  s o  o n  u n t i l  
t h e  r o u n d  was mucked o u t  enough  t o  p e r m i t  c o n s t r u c t i o n  work t o  
c o n t r o l  t h e  i n f l o w .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  p r o x i m i t y  t o  
o v e r b u r d e n ,  t h e  K a r s t  f e a t u r e s  and  t h e  " t r e n c h " ,  m o s t  w a t e r  
i n f l o w s  c o n t a i n e d  s o l i d s  ( c l a y  and s a n d )  which  b u r i e d  pumps, c u t  
pump i m p e l l e r s  and  m e c h a n i c a l l y  e n l a r g e d  t h e  i n f l o w  c h a n n e l ,  t h u s  
compounding t h e  p r o b l e m .  The i n f l o w  o f  w a t e r  and s o l i d s  t o  t h e  
m i n e  e v e n t u a l l y  l e d  t o  s u r f a c e  c o l l a p s e  and t h e  f o r m a t i o n  o f  
s i n k h o l e s .  I n f l o w s  c o n t a i n i n g  s o l i d s  t h e r e f o r e  had t o  b e  s e a l e d  
q u i c k l y  t o  p r e v e n t  b u r i e d  pumps, m e c h a n i c a l  e n l a r g e m e n t  o f  t h e  
i n f l o w  c h a n n e l  and  e x c e s s i v e  s i n k h o l e  d e v e l o p m e n t .  T h i s  was 
u s u a l l y  a c c o m p l i s h e d  by  a  c o m b i n a t i o n  o f  c o n c r e t e  b u l k h e a d s ,  w i t h  
o r  w i t h o u t  g r o u t i n g ,  and by  f i l l i n g  and l a n d s c a p i n g  s i n k h o l e s  a n d  
t h e  g e n e r a l  s u r f a c e  a r e a  t o  h e l p  r e d u c e  i n f l o w  a n d  i n c r e a s e  
r u n o f f  . 
T e s t h o l e  p r o c e d u r e s  were  d e s i g n e d  t o  m a i n t a i n  a  6 m " s a f e  p i l l a r n  
a n d  v e r i f y  t h a t  t h e  r o c k  a h e a d  c o n t a i n e d  no  m a j o r  c a v i t i e s  o r  
h e a v i l y - f r a c t u r e d  w a t e r - b e a r i n g  z o n e s .  B e c a u s e  o f  t h e  u n d u l a t i n g  
a n d  s i n u o u s  n a t u r e  o f  t h e  o r e  t o p o g r a p h y ,  l o n g  t e s t h o l e s  w e r e  
i m p r a c t i c a l  and  i t  was n e c e s s a r y  t o  d r i l l  two a n d  s o m e t i m e s  . t h r e e  
1 0  m  t e s t h o l e s  a h e a d  o f  e a c h  r o u n d  and  t o w a r d s  t h e  o v e r b u r d e n  o r  
" t r e n c h "  c o n t a c t .  D e s p i t e  t h e s e  a n d  o t h e r  a t t e m p t s  t o  l o c a t e  
f l o w  c h a n n e l s  and w a t e r - f i l l e d  c a v i t i e s  by  t h e  u s e  o f  e l e c t r o n i c .  
means  ( s i d e  s c a n n i n g  r a d a r ) ,  t h e  u n e x p e c t e d  i n t e r c e p t i o n s  o f  
w a t e r  c o n t i n u e d  t o  d i s r u p t  d e v e l o p m e n t  s c h e d u l e s .  

D e w a t e r i n g  D r a i n s  

The n e x t  s t a q e  was a n  a t t e m p t  t o  d e w a t e r  t h e  o v e r b u r d e n  b y  
d r i l l i n g  d r a i n s  f rom u n d e r g r o u n d  t o w a r d s  t h e  o v e r b u r d e n  a s  m i n e  
d e v e l o p m e n t  a d v a n c e d .  T h i s  a p p r o a c h  a p p e a r e d  to  h a v e  r e a s o n a b l e  



success in the reef crest development and down to the No. 5 sump 
elevation. However, as development proceeded underneath the 
"trench" and evaporites, it was apparent that while the water 
table was definitely lowered in some areas, other areas had 
little drawdown with a static head at, or close to, surface. 
This placed some underground headings under a pressure of 0.7 to 
0.8 MPa, making any inflows extremely difficult to seal off. 

In late 1979, unexpected water interceptions and high water 
pressures in some mining areas appeared to be the major obstacles 
preventing the realization of tonnage and grade targets. An 
investigation was initiated to determine means of depressurizing 
the deeper workings without dewatering the entire orebody (17). 
Unfortunately, systematic records of the response of the 
groundwater system were not maintained during the development of 
the mine from 1976 to 1979, thus creating a serious gap in the 
hydrologic record. In 1980, additional monitoring points were 
established and maintained in an attempt to define the 
groundwater regime and determine the movement of groundwater 
through the various structures. preliminary studies of possible 
river diversions and channel improvement were also conducted and 
later abapdoned as being of little benefit because of the 
relationship of water sources and general area geology. The 
final report (17) concluded that three relatively independent 
groundwater systems affected further development of the mine: 

1. Unconsolidated materials which in-fill portions of the 
"trench" consist of fluvial sands and gravels with high 
permeabilities, which are capable of transporting large 
volumes of water into the deeper portions of the mine. 

2. The groundwater system associated with the Gays ~ i v e r  and 
floodplain is, for q large part, "perched" on top of the 
glacial till which itself has a relatively low permeability. 
As a result of observed changes in groundwater levels with 
development of the mine, it was inferred that the "trench" 
was only weakly interconnected with these near surface 
groundwater systems. 

3. The flow of water through glacial outwash s3nds and into the 
mine workings is controlled largely by the surface topography 
and underlying bedrdck surface, 

Depressurization Wells 

A depressurization scheme was subsequently devised (28) which 
involved the drilling of dewatering wells from surface to 



i n t e r s e c t  t h e  s a n d - f i l l e d  c a v i t y  s e c t i o n s  i n  t h e  gypsum f r o n t  
n e a r  t h e  " t r e n c h " .  A s y s t e m  o f  s e v e n  o b s e r v a t i o n  and t h r e e  
p r o d u c t i o n  w e l l s  were  l a i d  o u t  and  d e s i q n e d  t o  i n t e r s e c t  
c a v e r n o u s  z o n e s  i n  t h e  d e e p e r  s e c t i o n s  o f  t h e  " t r e n c h " ,  i n  
v a l l e y s  b e t w e e n  t h e  two p r i n c i p a l  m i n e r a l i z e d  a r e a s  l o c a t e d  i n  
t h e  c e n t r a l  zone  o f  t h e  m i n e .  T h i s  p rogram was o n l y  p a r t l y  
s u c c e s s f u l  s i n c e  p r o b l e m s  a s s o c i a t e d  w i t h  d r i l l i n g  t h r o u g h  
a p p r o x i m a t e l y  30 m o f  o v e r b u r d e n  a n d  t h e n  i n t o  a  k a r s t e d  gypsum 
b e d r o c k ,  c o n t a i n i n g  l a r b e  c a v e r n o u s  z o n e s ,  r e s u l t e d  i n  t h e  
f r e q u e n t  l o s s  o f  c i r c u l a t i n g  medium and t h e  n e c e s s i t y  t o  i n s t a l l  
s e v e r a l  s t a g e s  o f  c a s i n g  w i t h  s u b s e q u e n t  r e d u c t i o n s  i n  h o l e  
d i a q e t e r .  I t  was n e c e s s a r y  t o  s t a r t  a  h o l e  a t  50 o r  60 cm i n  
d i a m e t e r  i n  o r d e r  t o  o b t a i n  a  minimum 20 o r  25 cm c a s e d / s c r e e n e d  
w e l l .  F u r t h e r m o r e ,  t h e  " t r e n c h "  and a s s o c i a t e d  g e o l o g y  was n o t  
p r e c i s e l y  d e f i n e d  b y  diamond d r i l l i n g  and i n t e r p o l a t i o n  b e t w e e n  
h o l e s  p r o v e d  less t h a n  s a t i s f a c t o r y .  The e n d  r e s u l t  was t h a t ,  
w h i l e  f i v e  o b s e r v a t i o n  w e l l s  w e r e  i n s t a l l e d  w i t h  r e a s o n a b l e  
s u c c e s s ,  o n l y  o n e  o f  t h e  t h r e e  p r o d u c t i o n  w e l l s  e n c o u n t e r e d  
w a t e r .  The o t h e r  two w e l l s  f a i l e d  t o  i n t e r s e c t  t h e  a q u i f e r  
s t r u c t u r e  a n d  a t t e m p t s  t o  f r a c t u r e  them b y  b l a s t i n g  w e r e  
u n s u c c e s s f u l .  H y d r q u l i c  f r a c t u r i n g  was c o n s i d e r e d  b u t  t h e  i d e a  
abandoned  b e c a u s e  o f  t h e  s h a l l o w  d e p t h s  and  t h e  p o s s i b i l i t y  o f  
f r a c t u r i n g  to  t h e  r i v e r  o r  r i v e r  f l o o d p l a i n .  The o n e  s u c c e s s f u l  
w e l l  (DW#3) was pumped a t  60 l/s b e g i n n i n q  i n  March 1980 and  
o b t a i n e d  s i g n i f i c a n t  drawdown o v e r  a  c o n s i d e r a b l e  a r e a  w i t h  some 
r e s p o n s e  n o t e d  u p  t o  1000  m  d i s t a n c e .  

D e p r e s s u r i z a t i o n  D r a i n s  

As a  r e s u l t  o f  t h e  d r i l l i n q  d i f f i c u l t i e s ,  h i g h  c o s t  and  
u n c e r t a i n t y  o f  i n t e r s e c t i n g  t h e  d e s i r e d  a q u i f e r  s t r u c t u r e  w i t h  
s u r f a c e  wells ,  t h e  i d e a  o f  u n d e r g r o u n d  d r a i n s  was r e s u r r e c t e d .  
As m e n t i o n e d  p r e v i o u s l y ,  t h i s  method  was u s e d  d u r i n g  t h e  i n i t i a l  
d e c l i n e  work a n d  l a t e r  mine  d e v e l o p m e n t  when p r e s s u r e s  w e r e  more 
m o d e r a t e  T h e  t e c h n i q u e  was i m ~ r o v e d  t o  p e r m i t  i n s t a l l a t i o n  o f  
v a l v e d  d r a i n s  i n  a r e a s  o f  h i q h  p r e s s u r e  ( +  0.7 MPa) and  f l o w s  u p  
t o  + 6 5  P/ ' s  ( F i g u r e  6 ) .  The t e c h n i q u e  i n v o l v e s  d r i l l i n g  a  1 5  crn 
kcr?e, B - 5  m i n t o  t h e  s o l i d  q u a r t z i t e  u s i n g  a  l o n g h o l e  m a c h i n e .  A 
f l a n g e d  1 2 . 7  cm c o l l a r e d  p i p e  is  t h e n  i n s e r t e d  i n t o  t h e  h o l e ,  
r o c k b o l t e d  and  " p r e c o - p l u g g e d W ' i n  p l a c e .  A 50 mm d i a m e t e r  h o l e  
is t h e n  d r i l l e d  i n s i d e  t h e  f l a n g e d  i n s e r t  t o  t h e  c a r b o n a t e  con- 
t a c t ,  r eamed  t o  1 0 0  mm d i a m e t e r  and  f i n a l l y  r e d r i l l e d  a t  50 mrn 
d i a m e t e r  t h r o u g h  t h e  c a r b o n a t e s  t o  t h e  gypsum c o n t a c t  o r  
" t r e n c h u ,  A f l a n g e d  v a l v e  is  t h e n  a t t a c h e d  t o  t h e  i n s e r t  b y  o n e  
b o l t ,  t h e  v a l v e  o p e n e d  and r o t a t e d  t h r o u g h  t h e  w a t e r  s t r e a m  i n t o  
p o s i t i o n  a n d  f i r m l y  b o l t e d  i n  p l a c e .  The v a l v e  p e r m i t s  c l o s i n g  
t h e  d r a i n  i n  e v e n t  o f  power o r  pump f a i l u r e .  



F i q u r e  5 :  P h o t o  o f  M a s s i v e  S p h a l e r i t e  - T r e n c h  C o n t a c t  
S p - S p h a l e r i t e ,  T r - C o l l a p s e  B r e c c i a  i n  T r e n c h  

UNDERGROUND DEWATERING W E L L  

Q u a r t z i t e  Carbonate 
Trench 

~ i g u r e  6 :  T l n d e r q r o u n d  ~ e w a t e r i n g  W e l l  S e t - u p  



S i n k h o l e s  

Through  t h e  combined e f f o r t s  o f  pumping f rom DW#3 and  t h e  under -  
q r o u n d  d r a i n s ,  t h e  w a t e r  t a b l e  d r o p p e d  m a r k e d l y  i n  t h e  v i c i n i t y  
o f  t h e  C e n t r a l  Zone. One phenomenon n o t i c e d  was t h e  g r a d u a l  
c r e a t i o n  o f  s i n k h o l e s  o n  s u r f a c e .  T h e s e  v a r i e d  f rom 2 m  t o  5 m  
i n  d i a m e t e r  and  f rom 2 m t o  4 m i n  d e p t h ,  w i t h  m o s t  b e i n g  l o c a t e d  
i n  t h e  g l a c i a l - f l u v i a l  s e d i m e n t s  o v e r l y i n g  t h e  119  m i n i n g  z o n e .  
No n o t i c e a b l e  s o l i d s  were  b e i n g  drawn i n t o  t h e  m i n e  a t  t h i s  t i m e ,  
s o  i t  was b e l i e v e d  t h a t  t h e  s i n k h o l e s  were  f o r m i n g  by  t h e  
c o l l a p s e  o f  m a t e r i a l  i n t o  c a v i t i e s  o n c e  t h e  w a t e r  was w i t h d r a w n  
f rom v o i d s  c r e a t e d  a s  t h e  gypsum was t a k e n  i n t o  s o l u t i o n  a s  w e l l  
a s  f rom t h e  s i l t  f r a c t i o n  b e i n g  s t o p e d  f rom w a t e r - b e a r i n g  c r a c k s  
t h r o u g h  t h e  n e a r l y  i m p e r v i o u s  t r e n c h  m a t e r i a l .  I n  o r d e r  t o  l i m i t  
d i r e c t  r e c h a r g e  t h r o u g h  t h e  s i n k h o l e s ,  t h e y  w e r e  f i l l e d  w i t h  
w a s t e  r o c k  and c a p p e d  w i t h  c l a y  ( F i g u r e  7 ) .  L a t e r ,  t h e  e n t i r e  
a r e a  was c l e a r e d  o f  t rees ,  g r a d e d  a n d  l a n d s c a p e d  t o  l e a d  w a t e r  
away and p e r m i t  r a p i d  r u n o f f .  

The w a t e r  t a b l e  o v e r  t h e  119 a r e a  h a s  b e e n  l o w e r e d  and  d e v e l o p -  
ment  i n  118  was p r o c e e d i n g  t o w a r d s  t h e  c o n s t r u c t i o n  o f  a  new 
sump. 1t was t h e r e f o r e  d e c i d e d  t o  resume m i n e  d e v e l o p m e n t  i n  119  
t o  v e r i f y  o r e  g r a d e  and c o n t i n u i t y  u n d e r  t h e  e v a p o r i t e s .  
~ l t h o u g h  t h e  a r e a  was s t i l l  u n d e r  some p r e s s u r e ,  t h i s  z o n e  was 
c o n s i d e r e d  t o  h a v e  6 m  o r  more o f  s o l i d  gypsum or a q h y d r i t e  r o c k  
o v e r l y i n g  t h e  o r e  z o n e .  ~t was t h e r e f o r e  deemed s a f e  t o  a d v a n c e ,  
w i t h  c a u t i o n ,  p r o v i d i n g  t e s t h o l e s  w e r e  d r i l l e d  a b o v e  and  a h e a d  o f  
e a c h  r o u n d  and  t h e  g r o u t i n g  o f  m i n o r  i n f l o w s  u n d e r t a k e n  
i m m e d i a t e l y .  However, t h e  t e s t h o l e  p r o c e d u r e  f a i l e d  t o  d e t e c t  
t h e  p r e s e n c e  o f  m a j o r  w a t e r - b e a r i n g  s h e e t - l i k e  c h a n n e l w a y s  a t  t h e  
g y p s u m - c a r b o n a t e  c o n t a c t  i n  t h e  119  E, F, and G h e a d i n g s ,  w h i c h  
w e r e  s u b s e q u e n t l y  h a l t e d  upon e n c o u n t e r i n g  i n f l o w s  o f  u p  t o  
100  l/s f o l l o w i n g  b l a s t i n g .  The i n f l o w s  w e r e  q u i t e  d i r t y  w i t h  
t h e  119 G i n f l o w  o f  100  l / s  c o n d u c t i n g  s o l i d s  i n t o  t h e  m i n e  a t  a  
r a t e  o f  4 t o  5 t o n n e s  p e r  h o u r .  The i n f l o w s  w e r e  e v e n t u a l l y  con- 
t r o l l e d  w i t h  c o n s i d e r a b l e  d i f f i c u l t y  b y  p o u r i n g  l a r g e  r e i n f o r c e d  
c o n c r e t e  b u l k h e a d s  t o  s e a l  o f f  t h e  d r i f t  f a c e .  I t  was now 
o b v i o u s  t h a t  m i n e  d e v e l o p m e n t  c o u l d  n o t  p r o c e e d  u n d e r  e v e n  
s u p p o s e d l y  s o l i d  gypsum u n t i l  t h e  a r e a  had  b e e n  c o m p l e t e l y  
d e p r e s s u r i z e d .  B e c a u s e  t h e  b u l k  o f  t h e  h i g h  g r a d e  m i n e r a l i z a t i o n  
l a y  u n d e r  c a v e r n o u s  gypsum o r  a d j a c e n t  t o  -the " t r e n c h " ,  a  
d e c i s i o n  was t a k e n  t o  s u s p e n d  p r o d u c t i o n  o p e r a t i o n s  a n d  d e t e r m i n e  
t h e  f e a s i b i l i t y  o f  c o n t r o l l i n g  t h e  w a t e r ,  a s  w e l l  a s  c h a n g i n g  t h @  
m i n i n g  method  t o  r e c o v e r  a  h i g h e r  g r a d e  o f  m i n e r a l i z a t i o n .  
F i g u r e  8 i l l u s t r a t e s  t h e  d e v e l o p m e n t  o f  s i n k h o l e s  a s  a  r e s u l t  of 
t h e  m i n i n g  o p e r a t i o n .  



F i q u r e  7 :  P h o t o  o f  S i n k h o l e  i n  G l a c i a l  F l u v i a l  S a n d s  Over t h e  
1 1 9  A r e a  

F i g u r e  8 ( a ) :  T h e  u n d e r g r o u n d  h e a d i n g  is a d v a n c i n g  i n  ore, 
t e s t h o l i n g  a l o n g  t h e  way. The  testholes m i s s  the 
p i p i n g  s t r u c t u r e .  



F i g u r e  8 ( b ) :  The  w a t e r - b e a r i n g  " p i p e "  is e x p o s e d  when t h e  r o u n d  
i s  b l a s t e d .  The  h e a d i n g  f l o o d s  w i t h  w a t e r ,  s a n d  
a n d  mud. S i n k h o l e s  fo rm o n  t h e  s u r f a c e .  

F i g u r e  8 ( c ) :    he d r i f t  is pumped o u t  a n d  a  r e i n f o r c e d  c o n c r e t e  
b u l k h e a d  is b u i l t .  The  h e a d i n g  m u s t  g o  t h r o u g h  
w a s t e  t o  b y p a s s  t h e  w a t e r .  



1IYI)ROLOGY TEST PROGRAM 

: ; o l u b i l i t v  T e s t  

'I'he f a c t  t h a t  gypsum is  r e a d i l y  s o l u b l e  i n  a  m a t t e r  o f  h o u r s  o r  
clays was v e r i f i e d  by  f i l l i n g  two 159 l i t r e  d r u m s ,  o n e  w i t h  qypsum 
r o c k  a n d  t h e  o t h e r  w i t h  a n h y d r i t e ,  r u n n i n g  r i v e r  w a t e r  t h r o u g h  
t h e  d r u m s  a n d  r e c o r d i n q  t h e  w e i g h t  l o s s .  T h i s  t e s t  c o n f i r m e d  
t h a t  gypsum is  read i1 ,y  s o l u b l e ,  w h e r e a s  t h e  a n h y d r i t e  is 
r e l a t i v e l y  s t a b l e .  E v i d e n c e  o f  s o l u t i o n  f r a c t u r e s  o f  c h a n n e l w a y s  
i n  t h e  gypsum was o b s e r v e d  u n d e r g r o u n d  o n  a t  l e a s t  t h r e e  
o c c a s i o n s ;  i n  t h e  119 e l e c t r i c a l  s u b s t a t i o n ,  118-3 h e a d i n g ,  and  
119-C h e a d i n g ,  where  m i n o r  f l o w s  o r  m e r e  t r i c k l e s  o f  w a t e r  
i n c r e a s e d  i n  a  m a t t e r  o f  weeks  t o  b e t w e e n  30 and  60  l / s .  As a  
r e s u l t  o f  t h e  s o l u t i o n i n g  e f f e c t ,  a l l  w a t e r  i n f l o w s  e n c o u n t e r e d  
i n  t h e  gypsum w e r e  s e a l e d  i m m e d i a t e l y  and  a l l  s u r f a c e  
d i a m o n d - d r i l l  h o l e s  cemented  d u r i n g  e x p l o r a t i o n  t o  p r e v e n t  l a t e r  
m i n i n g  p r o b l e m s .  

S o n a r  S u r v e y  

A s o n a r  d e p t h  s u r v e y  o f  t h e  Gays R i v e r  was p e r f o r m e d  t o  l o c a t e  
s i n k h o l e s  i n  t h e  bed o f  t h e  r i v e r .  M a r t e c  ~ i m i t e d  o f  H a l i f a x  
p e r f o r m e d  a  b a t h y m e t r i c  s u r v e y  u s i n q  a  F u r i n o  p o r t a b l e  Echo 
S o u n d e r  and  a  row b o a t  ( 1 9 ) .  The s u r v e y  i d e n t i f i e d  s e v e n  
p o s s i b l e  s i n k h o l e s  i n  t h e  bed o f  t h e  Gays R i v e r .  F o u r  o f  t h e s e  
w e r e  i n  a n  a r e a  o f  r e c e n t  s i n k h o l e  a c t i v i t y .  An a t t e m p t  t o  t r a c e  
p o s s i b l e  c o n n e c t i o n s  t o  t h e  m i n e  w o r k i n g s  by  d r o p p i n g  s a l t l i c k s  
i n t o  t h e  s i n k h o l e s  was u n s u c c e s s f u l  d u e  t o  h i g h  c h l o r i d e  l e v e l s  
i n  t h e  r i v e r  w a t e r  c a u s e d  b y  w i n t e r  h ighway  s a l t i n g .  

P h a s e  I :  T e s t  P rogram 

The t e s t  h y d r o l o g y  p r o g r a m  ( 1 8 )  commenced i n  e a r l y  November 1 9 8 1 ,  
a n d  d e t e r m i n e d  t h a t  " t h e  u n d e r g r o u n d  w a t e r  p r o b l e m s  a t  Gays R i v e r  
Mine o c c u r r e d  m a i n l y  a s  a  r e s u l t  o f  a  s e d i m e n t - f i l l e d  " t r e n c h "  
t h a t  l i e s  i n  c o n t a c t  w i t h  t h e  d o l o m i t e  r e e f  h o s t  r o c k  i n  much o f  
t h e  o r e  z o n e " .  I t  was f e l t  t h a t  t h e  p r i n c i p a l  s o u r c e s  o f  
r e c h a r g e  t o  t h e  now p a r t i a l l y  d e w a t e r e d  " t r e n c h "  s e d i m e n t s  w e r e :  

1. v e r t i c a l  l e a k a g e  r e s u l t i n g  f rom t h e  d i r e c t  i n f i l t r a t i o n  o f  
p r e c i p i t a t i o n  and  s u r f a c e  w a t e r  b o d i e s  ( t h e  Gays R i v e r ) .  I t  
was t h o u g h t  t h a t  l e a k a g e  t h r o u g h  t h e  t h i c k  c l a y e y  t i l l  was 
s m a l l  a n d  t h a t  more s i g n i f i c a n t  l e a k a g e  o c c u r s  where  t h e  t i l l  
h a s  b e e n  p a r t i a l l y ,  o r  p e r h a p s  w h o l l y ,  r e p l a c e d  by  p e r m e a b l e  
v a l l e y - f i l l  s e d i m e n t s .  

2 .  U n d e r f l o w  a l o n g  t h e  t r e n c h .  



3 .  L a t e r a l  l e a k a g e  o f  w a t e r  f rom t h e  e v a p o r i t e s ,  r e e f  complex  
a n d  G o l d e n v i l l e  F o r m a t  i o n .  

4 .  V e r t i c a l .  s o l u t i o n - s t r u c t u r e  l e a k a g e ,  t h a t  a l t h o u g h  con- 
t r o l l e d  t o  d a t e  w i t h  some d i f f i c u l t y ,  h a s  t h e  p o t e n t i a l  t o  
p r o v i d e  v e r y  l a r g e  i n f l o w s  a s  c o r ~ d i t i o r ~ s  c h a n g e  w i t h  t i m e  or 
i f  a m i n i n g  m i s j u d g m e n t  is made.  

A ser ies  o f  E x p l o r a t o r y  T e s t  W e l l s  (ETW) w e r e  t h e r e f o r e  p r o p o s e d  
t o  e s t a b l i s h  t h e  p r e s e n c e  o f  w a t e r - b e a r i n g  s o l u t i o n  z o n e s .  F o u r  
d r i l l  s i tes  a t  s i g n i f i c a n t  " r e - e n t r a n t "  c h a n n e l s  a l o n g  t h e  r e e f  
w e r e  s e l e c t e d ,  w i t h  t h e  w e l l s  l o c a t e d  somewhat  t o  t h e  r e e f w a r d  
s i d e  o f  t h e  mapped l i m i t  o f  t h e  s o l i d  e v a p o r i t e s .  A l s o  
recommended was t h e  i n s t a l l a t . i o n  o f  a  p r o p e r  r e c o r d i n g  w e i r  t o  
c o n t i n u o u s l y  m o n i t o r  t o t a l  m i n e  o u t f l o w  and t h e  i n s t a l l a t i o n  of 
o r i f i c e  m a n o m e t e r s  and  pump h o u r  m e t e r s  o n  i n d i v i d u a l  o u t f l o w s  to  
g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  w a t e r  t a b l e  c h a n g e s .  C o n s t r u c t i o n  
o f  t h e  w e i r  and  o r i f i c e  m a n o m e t e r s  was c o m p l e t e d  and  t h e  
s e l e c t i o n  o f  a  w e l l  d r i l l e r  f i n a l i z e d  b y  t h e  e n d  o f  1 9 8 1 .  
S e l e c t i o n  o f  t h e  w e l l  d r i l l e r  was t i m e  consuming  b e c a u s e  r o t a r y  
e q u i p m e n t  and  t h e  c a p a c i t y  t o  d r i l l  w e l l s  t o  7 5  cm d i a m e t e r  was 
c o n s i d e r e d  e s s e n t i a l .  P r e v i o u s  e x p e r i e n c e  i n  d r i l l i n g  l a r g e  
d i a m e t e r  w e l l s  i n  p o o r  g r o u n d  was a l s o  c o n s i d e r e d  m a n d a t o r y .  

E x p l o r a t o r y  T e s t  W e l l s  

The f o u r  ETW's w e r e  c o m p l e t e d  d u r i n g  t h e  p e r i o d  J a n u a r y  1 5 t h  t o  
F e b r u a r y  2 2 n d ,  1 9 8 2 .  The w e l l s  were d r i l l e d  a t  25 cm d i a m e t e r  b y  
mud r o t a r y  t h r o u g h  t h e  o v e r b u r d e n  a n d  i n t o  t h e  e v a p o r i t e  b e d r o c k ,  
when 20 cm c a s i n g  was s e t .  D r i l l i n g  was t h e n  c o n t i n u e d  b y  a i r ,  
w i t h  w a t e r  r o t a r y ,  t o  t h e  q u a r t z i t e  b a s e m e n t .  Y i e l d  t e s t i n g  was 
u n d e r t a k e n  u s i n g  a i r  l i f t .  T h r e e  o f  t h e  w e l l s ,  ETW#l, ETW#2, a n d  
ETW#3, s u g g e s t e d  t h a t  t h e  " t r e n c h  r e - e n t r a n t s "  w e r e  g e n e r a l l y  
f a v o u r a b l e  s i tes  f o r  d e w a t e r i n g  w e l l s ,  w i t h  s i tes  ETW#l a n d  ETW#3 
f a v o u r a b l e  f o r  h i g h  y i e l d  d e w a t e r i n g  w e l l s  ( + 3 0  l / s ) .  ETW#4 was 
d r i l l e d  a n d  c a s e d  t o  b e d r o c k  w i t h o u t  e n c o u n t e r i n g  s o l i d  
e v a p o r i t e s  a n d  l a t e r  e f f o r t s  t o  p u l l  t h e  c a s i n g  i n  a n  a t t e m p t  t o  
d e v e l o p  t h e  w e l l  w e r e  u n s u c c e s s f u l .  R e p o r t s  o f  d i r t y  w a t e r  d i s -  
c h a r g e  f rom DW#3 d u r i n g  d r i l l i n g  o f  ETW#l, ETW#2, and  t h e  1 1 8  
b o r e h o l e s  a p p e a r  t o  i n d i c a t e  e x t e n s i v e  c o n n e c t i o n s  b e t w e e n  t h e  
c a v e r n o u s  z o n e s .  O v e r a l l ,  t h e  w e l l  d r i l l i n g  was s l o w ,  d i f f i c u l - t  
and  c o s t l y ,  s i n c e  t h e  d e p t h  o f  o v e r b u r d e n ,  k a r s t  s u r f a c e  o f  t h e  
gypsum b e d r o c k  and  s u c c e s s i v e  z o n e s  o f  c a v i t i e s  n e c e s s i t a t e d  
c a s i n g  o r  c e m e n t i n g - o f f  i n  o r d e r  t o  o b t a i n  t h e  r e t u r n  o f  c i r c u -  
l a t i n g  f l u i d  a n d  c u t t i n g s  a n d  p r e v e n t  h o l e  c a v i n g .  



A t  t h e  same t i m e  a s  t h e  ETW's w e r e  b e i n g  d r i l l e d ,  u n d e r g r o u n d  
c r e w s  w e r e  c o m p l e t i n g  t h e  new 118  sump a n d  pump s t a t i o n  i n  t h e  
d e e p e s t  p a r t  o f  t h e  m i n e .  T h i s  s t a t i o n  had  a  pumpinq c a p a c i t y  o f  
a p p r o x i m a t e l y  200 l / s ,  a n d  i t  was d e c i d e d  t o  o b s e r v e  t h e  e f f e c t s  
o f  pumping f r o m  t h i s  a r e a  b e f o r e  r ecommending  d e w a t e r i n g  w e l l s  a t  
t h e  b e t t e r  ETW s i t e s .  

The 1 1 8  pump s t a t i o n  was made o p e r a t i o n a l  o n  A p r i l  1 6 t h ,  a l l o w i n q  
u n d e r g r o u n d  d r a i n s  i n  t h e  a r e a  t o  b e  o p e n e d  f u l l y  a n d  a d d i t i o n a l  
d r a i n s  t o  b e  d r i l l e d .  D u r i n g  t h e  r e m a i n d e r  o f  A p r i l  a n d  t h r o u g h  
May 1 9 8 1 ,  t h e  t o t a l  pumping f r o m  u n d e r g r o u n d  i n c r e a s e d  t o  a r o u n d  
250 l / s ,  w i t h  e f f o r t s  c o n t i n u i n g  t o  i n c r e a s e  i t  t o  a  maximum o f  
400 l / s  u s i n q  t h e  1 1 8 ,  1 1 9 ,  a n d  1 0 1  pump s t a t i o n s .  A l t h o u g h  
p r e s s u r e s  i n  t h e  1 1 8  a r e a  d r o p p e d  f r o m  0 .7  MPa t o  b e l o w  0.4  MPa, 
f r o m  mid  A p r i l  t o  t h e  e n d  o f  May, a n d  i n f l o w s  t h r o u g h  t h e  d r a i n s  
d e c r e a s e d ,  e f f o r t s  t o  i n c r e a s e  t h e  t o t a l  o u t f l o w  w e r e  n o t  
s u c c e s s f u l .  F o r  e x a m p l e ,  a t  0 .7  MPa, two d r a i n s  e x c e e d e d  t h e  
c a p a c i t y  o f  t h e  1 1 8  pump s t a t i o n  w h i l e  a t  0 .4  MPa, s e v e n  d r a i n s  
f e d  t h e  pumps a t  a b o u t  7 5 %  c a p a c i t y .  

W i t h  t h e  i n c r e a s e d  d r a i n a g e  t o  u n d e r g r o u n d ,  t h e  w a t e r  t a b l e  
a p p e a r e d  t o  d r o p  b e l o w  t h e  c a v i t y  z o n e  t h a t  was  s u p p l y i n g  DW#3, 
a n d  t h e  pump i n  t h i s  w e l l  s h u t  o f f  b e c a u s e  o f  l o w  w a t e r  s e n s o r s  
a n d  s a n d e d  u p .  The  p u m p  was  s u b s e q u e n t l y  p u l l e d  a n d  t h e  w e l l  
u s e d  a s  a n  o b s e r v a t i o n  p o i n t .  The i n c r e a s e d  d r a i n a g e  t o  
u n d e r g r o u n d  r e s u l t e d  i n  e x t e n s i v e  s i n k h o l e  a c t i v i t y  i n  t h e  a r e a  
o v e r  1 1 8  a n d  1 1 9  w i t h  some new s i n k h o l e s  f o r m i n g  w i t h i n  t h e  
f l o o d p l a i n  o f  t h e  Gays  ~ i v e r .  O b v i o u s l y ,  e v e n  t h o u g h  f i l l e d ,  
t h e s e  c o n t r i b u t e  t o  r e c h a r g e  o f  t h e  u n d e r l y i n g  s t r a t a  w h e n e v e r  
t h e  r i v e r  o v e r f l o w e d  i t s  b a n k s .  The u n d e r g r o u n d  d r a i n s  a p p e a r e d  
t o  b e  c o n n e c t e d  w i t h  a n  e x t e n s i v e  h o r i z o n t a l  a n d  v e r t i c a l  
s o l u t i o n  c h a n n e l  s y s t e m  w i t h  v a r i o u s  s o i l  p i p i n g  s t r u c t u r e s  a s  
e v i d e n c e d  b y  o b s e r v a t i o n  w e l l  r e s p o n s e  a n d  t h e  l o c a t i o n  o f  
s i n k h o l e  d e v e l o p m e n t s .  S i n c e  a l l  t h e  s i n k h o l e s  r e c o r d e d  d u r i n g  
t h e  m i n i n g  o p e r a t i o n s  o c c u r r e d  w i t h i n  t h e  mapped a r e a  o f  
g l a c i a l - f l u v i a l  s e d i m e n t s ,  t h i s  q e o l o g i c a l  u n i t  may b e  e v e n  m o r e  
o f  a  c o n t r i b u t i n g  f a c t o r  i n  r e c h a r g e  t h a n  o r i g i n a l l y  b e l i e v e d .  
T h e  o b s e r v a t i o n  w e l l  n e t w o r k  a n d  u n d e r g r o u n d  p r e s s u r e  r e a d i n g s  
a p p e a r e d  t o  i n d i c a t e  a  r a p i d  r e b o u n d  o f  t h e  w a t e r  t a b l e  i n  
r e s p o n s e  t o  a n y  b l o c k a g e  o f  d r a i n s  o r  e x t e n d e d  s u r f a c e  
p r e c i p i t a t i o n ,  s u g g e s t s  t h a t  a  l i m i t e d  v o l u m e  " c a p i l i a r y "  s y s t e m  
was  b e i n g  r e c h a r g e d .  

A s e c o n d  M a r t e c  B a t h y m e t r i c  S u r v e y  p e r f o r m e d  f i v e  m o n t h s  a f t e r  
t h e  f i r s t  s u r v e y  (May 1 9 8 2 )  n o t  o n l y  s u c c e e d e d  i n  r e l o c a t i n g  t h e  
p r e v i o u s  s i n k h o l e s  i n  t h e  b e d  o f  t h e  r i v e r ,  b u t  i n d i c a t e d  t w o  new 
o n e s .  T h e  t w o  new h o l e s  w e r e  a l s o  l o c a t e d  i n  t h e  a r e a  o f  r e c e n t  
s i n k h o l e  a c t i v i t y .  



T h i s  a p p a r e n t  a c t i v i t y  i n  t h e  r i v e r  b o t t o m ,  i n  a n  a r e a  where  
s i n k h o l e s  w e r e  f o r m i n g  i n  r e s p o n s e  t o  i n c r e a s e d  d r a i n a g e  f rom 
u n d e r g r o u n d ,  had s e r i o u s  i m p l i c a t i o n s ,  a t  l e a s t ,  f o r  t h e  a r e a s  o f  
t h e  d e p o s i t  o v e r l a i n  b y  f l u v i a l  s ~ ~ n d s  and  t h e  r i v e r .  

As a  r e s u l t  o f  t h e  u n c e r t a i n t i e s  o f  e v e r  b e i n g  a b l e  t o  a c h i e v e  
t h e  n e c e s s a r y  d e g r e e  o f  mine  d e w a t e r i n g ,  i t  was d e c i d e d  t o  
s u s p e n d  f u r t h e r  u n d e r g r o u n d  o p e r a t i o n s .  

CONCLUSIONS 

I n  c o m p a r i s o n  w i t h  some M i s s i s s i p p i a n  l e a d / z i n c  d e p o s i t s ,  t h e  
pumping r a t e s  a t  Gays R i v e r  were  n o t  e x c e s s i v e .  A s i g n i f i c a n t  
drawdown o f  t h e  w a t e r  t a b l e  was a c h i e v e d  a t  m o d e r a t e  pumping 
r a t e s  t h r o u g h  a  c o m b i n a t i o n  o f  s u r f a c e  d e w a t e r i n g  w e l l s  and  
u n d e r q r o u n d  d r a i n s .  The 250 l / s  pumped is c o n s i d e r a b l y  l e s s  t h a n  
t h e  375  l / s  r e p o r t e d l y  pumped f rom t h e  ~ e w f o u n d l a n d  Z i n c  Mine i n  
1 9 7 6 ,  a f t e r  a  s i m i l a r  p e r i o d  o f  o p e r a t i o n  and  which  s u b s e q u e n t l y  
r o s e  t o  1 2 6 0  l / s  b y  1 9 7 9 .  However, t h e  d e w a t e r i n g  scheme a t  Gays 
R i v e r  Mine was a c h i e v e d  t o  a c o n s i d e r a b l e  d e g r e e  by  t r i a l  and  
e r r o r .  The w a t e r - b e a r i n g  p i p e  s t r u c t u r e s  p r o v e d  r a t h e r  e l u s i v e  
a n d  t h e i r  r a p i d  r e b o u n d  makes t h e  f e a s i b i l i t y  o f  a c h i e v i n g  
a d e q u a t e  d e w a t e r i n g  o v e r  t h e  e n t i r e  o r e b o d y  u n c e r t a i n .  I n  
a d d i t i o n ,  .the e x t e n t  of t.he g l a c i a l - f l u v i a l  s e d i m e n t s  i n  c o n t a c t  
w i t h  t h e  K a r s t  t o p o g r a p h y  o r  s o i l  p i p e s  and  t h e  s o l u b i l i t y  o f  t h e  
e v a p o r i t e s  r e m a i n  m a j o r  u n c e r t a i n t i e s  w i t h  r e s p e c t  t o  a c h i e v i n g  
and  m a i n t a i n i n g  s e c u r e  d e w a t e r i n g  o f  t h e  u n d e r g r o u n d  w o r k i n g s .  

The u n i q u e  a n d  complex  g e o l o g i c a l  f e a t u r e s  o f  t h e  Gays R i v e r  
d e p o s i t  a r e a  make a  s o l u t i o n  t o  t h e  h y d r o l o g i c  p r o b l e m s  e x c e e d -  
i n g l y  d i f f i c u l t .  A l s o ,  b e c a u s e  o f  t h e s e  f e a t u r e s ,  m o s t  o f  t h e  
commonly u s e d  t e c h n i q u e s  a r e  n o t  a p p l i c a b l e  o r  e c o n o m i c .  I t  
would r e q u i r e  much more t h a n  s i m p l y  d r i l l i n g  a  number o f  w e l l s  
a n d  pumping more w a t e r ;  d i v e r s i o n  o f  t h e  Gays R i v e r  may be  
n e c e s s a r y  a s  w e l l  a s  t h e . e s t a b l i s h m e n t  o f  a  g r o u t  c u r t a i n  b e t w e e n  
t h e  o r e  h o s t  r o c k  and  t h e  o v e r b u r d e n ,  o r  e v e n  g r o u t i n g  t h e  o r e  i n  
a d v a n c e  o f  m i n i n g  t o  r e d u c e  i n f l o w s  t o  t h e  p o i n t  where  e c o n o m i c a l  
m i n i n g  c a n  b e  u n d e r t a k e n .  
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