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ABSTRACT 

Acid mine d r a i n a g e  i s  a  major  env i ronmenta l  and economic problem. The 
abandonment of  acid-produc ing  mines  i s  of p a r t i c u l a r  conce rn .  The 
U n i v e r s i t y  of Idaho i s  c o n d u c t i n g  a  d e t a i l e d  i n v e s t i g a t i o n  of t h e  Bunker 
H i l l  Mine, i n  n o r t h  Idaho ,  t o  d e t e r m i n e  t h e  mechanisms c o n t r o l l i n g  mine 
r e c h a r g e  and a c i d  p r o d u c t i o n  and t h e i r  impact on abandonment a l t e r n a t i v e s  

The Bunker H i l l  Mine d i s t u r b s  20 c u b i c  k i l o m e t e r s  of h i g h l y  f r a c t u r e d  
q u a r t z i t e s  of  t h e  R e v e t t  and S t .  Reg i s  f o r m a t i o n s  ( B e l t  Superg roup) .  The 
mine c o m p r i s e s  240 km of t u n n e l s  and d r i f t s  and 9.6 km of ma jo r  i n c l i n e d  
s h a f t s ,  r a i s e s  and winzes .  The mine h a s  31 l e v e l s  e x t e n d i n g  n e a r l y  
1830 m i n  d e p t h .  An a v e r a g e  of 190 l / s  of wa te r  i s  d i s c h a r g e d  from t h e  
mine. m e  d i s c h a r g e  t y p i c a l l y  h a s  pH abou t  3.0 and z i n c  c o n c e n t r a t i o n s  
i n  t h e  100 m i l l i g r a m s  p e r  l i t e r  r a n g e .  G r a v i t y  d r a i n a g e  a c c o u n t s  f o r  
a b o u t  30 p e r c e n t  of t h e  f low.  Pumpage from lower  l e v e l s  a c c o u n t s  f o r  t h e  
b a l a n c e .  

Recharge t o  t h e  mine o c c u r s  f rom f r a c t u r e s ,  e x p l o r a t i o n  d r i l l  h o l e s ,  and 
a r e a s  where mine workings ex tend  t o  l a n d  s u r f a c e .  Unders tanding t h e  
t empora l  and s p a t i a l  wa te r  f l o w  and q u a l i t y  c h a r a c t e r i s t i c s  w i t h i n  t h e  
mine i s  e s s e n t i a l  t o  t h e  d e s i g n  and abandonment p r o c e d u r e s  t o  m i t i g a t e  
long- t e rm env i ronmenta l  and economic impac t s .  

Resea rch  h a s  been conducted underground i n  t h e  Bunker H i l l  Mine s i n c e  
e a r l y  1983. D i s c h a r g e / q u a l i t y  m o n i t o r i n g  s i t e s  have been e s t a b l i s h e d  t o  
document b o t h  g r a v i t y  d r a i n a g e  th rough  t h e  upper  workings and pumpage 
f rom lower  l e v e l s .  P r e l i m i n a r y  e v a l u a t i o n  of d a t a  show d i f f e r i n g  temporal 
p a t t e r n s  of f l o w  and q u a l i t y  w i t h i n  t h e  mine.  Data c o l l e c t i o n  i s  c o n t i n -  
u i n g  w i t h  s p e c i f i c  emphasis  on i d e n t i f y i n g  s p e c f i c  a r e a s  and c o n t r o l s  
f o r  r e c h a r g e  and t h e  f l o w  p a t t e r n s  i n  ac id -p roduc ing  a r e a s  of t h e  mine.  

INTRODUCTION 

Acid mine d r a i n a g e  i s  a  s e r i o u s  env i ronmenta l  and economic conce rn .  
Dur ing  t h e  p r o d u c t i v e  l i f e '  of a  mine,  t h e  c o s t s  of a c i d  d r a i n a g e ,  
i n c l u d i n g  pumr c o r r o s i o n  and wa te r  t r e a t m e n t  a r e  p a r t  of t h e  o p e r a t i n g  





overhead .  An abandoned mine, however, produces  no income t o  pay f o r  t h e  
n e c e s s a r y  w a t e r  t r e a t m e n t .  P y r i t e  o x i d i z e s  when a i r  and wa te r  come i n  
c c n t a c t  w i t h  i t  and s u l f u r i c  a c i d  i s  produced.  Th i s  lowers  t h e  pH of 
t h e  w a t e r  and i n c r e a s e s  t h e  s o l u b i l i t y  of many m e t a l s .  

T h i s  r e s e a r c h  i s  t a k i n g  p l a c e  a t  t h e  Bunker H i l l  Mine, l o c a t e d  a t  Kel logg 
i n  n o r t h e r n  I d a h o ' s  Coeur d ' ~ 1 e n e  mining d i s t r i c t  ( F i g . 1 ) .  The Bunker 
H i l l  i s  a  l a r g e ,  underground l e a d  z i n c  mine n e a r i n g  t h e  end of i t s  
o p e r a t i n g  l i f e .  The mine i s  n o t  p r e s e n t l y  i n  p roduc t ion  b u t  i s  b e i n g  
o p e r a t e d  on a  c a r e  and maintenance b a s i s .  The Bunker H i l l  d i s c h a r g e s  
a c i d  w a t e r  by a  combinat ion of g r a v i t y  d r a i n a g e  and pumpage amounting t o  
a b o u t  152 1 1 s .  The pH i s  2 .8  and t h e  z i n c  c o n c e n t r a t i o n  a v e r a g e s  120 
m i l l i g r a m s  p e r  l i t r e .  The d i s c h a r g e  i s  t r e a t e d  and r e l e a s e d  t o  t h e  sou th  
f o r k  of t h e  Coeur d ' h l e n e  R ive r  a f t e r  mee t ing  NPDES s t a n d a r d s .  The Bunker 
H i l l  i s  one of t h e  f i r s t  a c i d  p roduc ing ,  h a r d  rock  mines f a c i n g  c l o s u r e  
s i n c e  t h e  e s t a b l i s h m e n t  of t h e  NPDES s t a n d a r d s ;  i t  i s  t h e r e f o r e  impor tan t  
t o  s tudy  and u n d e r s t a n d .  

The o b j e c t i v e  of t h i s  p o r t i o n  of t h e  r e s e a r c h  i s  t o  d e s c r i b e  q u a n t i t a t i v e l y  
t h e  wa te r  f l o w  systems and wa te r  q u a l i t y  d i s t r i b u t i o n s  i n  t h e  mine i n  
o r d e r  t o  e v a l u a t e  t h e  b e n e f i t s  of a l t e r n a t i v e  r e c l a m a t i o n  p l a n s .  
Concur ren t  r e s e a r c h  i n c l u d e s  i n v e s t i g a t i o n  of s u r f a c e  f e a t u r e s  which may 
c o n t r o l  r e c h a r g e  t o  t h e  mine and a p p l i c a t i o n  of computer mode l l ing  t o  
e v a l u a t i o n  of a l t e r n a t i v e s  f o r  r e c l a m a t i o n .  

HYDROGEOLOGY 

The g e o l o g i c  s e t t i n g  of t h e  Bunker H i l l  Mine i s  complex. The mine i s  
l o c a t e d  a l o n g  t h e  c o n t a c t  of t h e  Burke and S t .  Reg i s  members of t h e  B e l t  
group of metamorphic r o c k .  The c o u n t r y  rock  i s  p r i m a r i l y  meta- 
q u a r t z i t e s  w i t h  some a r g i l l  i t e .  The o r e  m i n e r a l s  a r e  predominant ly  g a l e n a  
and s p h a l e r i t e  i n  a  gangue t h a t  c o n t a i n s  c o n s i d e r a b l e  c a l c i t e .  P y r i t e  
i s  a s s o c i a t e d  w i t h  t h e  o r e  m i n e r a l s .  Hydrau l i c  c o n d u c t i v i t y  i s  f r a c t u r e  
c o n t r o l l e d .  Water e n t e r s  t h e  mine by one of two mechanisms : e i t h e r  by 
i n t e r c e p t i o n  of s u r f a c e  wa te r  by mine workings o r  by i n t e r c e p t i o n  of 
ground wa te r  by d r i f t s ,  s h a f t s ,  s t o p e s  and e x p l o r a t i o n  d r i l l  h o l e s .  

The Bunker H i l l  i s  a l a r g e  mine t h a t  c o n t a i n s  more than  240 km of d r i f t s  
on 31 l e v e l s ;  t h e  d r i f t s  a r e  connec ted  by 96 km of i n c l i n e d  s h a f t s  
r e a c h i n g  a  dep th  of Tore  than  one m i l e .  The main hau lage  e n t r a n c e  t o  t h e  
mine i s  t h e  Kel logg Tunnel on t h e  9 l e v e l .  Water o r i g i n a t i n g  above  t h i s  
l e v e l  g r a v i t y  d r a i n s  through a  maze of s h a f t s ,  s t o p e s ,  o r e  c h u t e s ,  and 
manways down t o  t h e  9 l e v e l .  Water from t h e  deepe r  workings i s  pumped 
up t o  9  l e v e l .  A l l  wa te r  from t h e  mine d i s c h a r g e s  through t h e  Kel logg  
Tunnel . 

DATA PRESENTATION AND DISCUSSION 

The wa te r  f l o w  and q u a l i t y  c h a r a c t e r i s t i c s  a t  s i x  s i t e s  i n  t h e  Bunker H i l l  
Mine f o r  1983 a r e  p r e s e n t e d  i n  t h i s  s e c t i o n .  The s i t e s  a r e  d i s c u s s e d  i n  
o r d e r  of i n c r e a s i n g  dep th  i n  t h e  mine. The f i r s t  t h r e e  s i t e s  a r e  g r a v i t y  
d r a i n a g e  s i t e s  above 9 l e v e l  ; t h e  remaining s i t e s  a r e  pump d i s c h a r g e s  
which c o n t r i b u t e  wa te r  made below 9 l e v e l .  

The f low and z i n c  c o n c e n t r a t i o n  a t  t h e  Becker Weir a r e  p reqen ted  on 
F i g u r ?  2 .  T h i s  w e i r  measures f low d e r i v e d  from s u r f a c e  and n e a r  s u r f a c e  
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colluvium and f r a c t u r e s  a s  w e l l  a s  underground s t o p e  dra inage .  Two 
d i s t i n c t  peaks i n  f low occurred i n  1983. A peak i n  z i n c  c o n c e n t r a t i o n  
from our  samples occurs  a t  t h e  same t ime a s  t h e  f i r s t  peak i n  f low.  The 
a b s o l u t e  peak i n  z i n c  c o n c e n t r a t i o n  probably occur red  p r i o r  t o  the  
sampling on day 83 .  The second peak i n  f low d i l u t e s  t h e  z i n c  c o n c e n t r a t i o n .  
The i m p l i c a t i o n  of these  p o i n t s  a r e  noteworthy.  l h e  i n i t i a l  high z inc  
c o n c e n t r a t i o n  occur r ing  near  a  peak i n  f low i n d i c a t e s  a  f l u s h i n g  of 
r e a c t i o n  produc ts  from t h e  d r i f t  and s t o p e  w a l l s  and/or  a  f l u s h i n g  of 
poor q u a l i t y  wate r  pooled on t h e  d r i f t  f l o o r s .  The f l o o r s  of t h e  d r i f t s  
undula te  and s t a g n a n t  pools  of very  poor q u a l i t y  water  c o l l e c t  in  t h e  low 
a r e a s .  The s p e c i f i c  e l e c t r i c a l  conductance of some of these  pools  i s  
over  20,000 micromhos per  c e n t i m e t e r .  The d i l u t i o n  occur r ing  a t  the  
second peak i n  f low i n d i c a t e s  t h a t  much l e s s  r e a c t i o n  product  and pooled 
poor q u a l i t y  water  were a v a i l a b l e  i n  t h e  f low pa th .  The n a t u r e  of the  
hydrograph i n d i c a t e s  t h a t  t h e  f low a t  t h i s  s i t e  i s  in f luenced  by s u r f a c e  
water  o r  n e a r  s u r f a c e  ground water  f low systems. 

The Williams Weir measures f low from underground d r i l l  h o l e s  and 
f r a c t u r e s  wi th  a  small c o n t r i b u t i o n  from s u r f a c e  water  ( ~ i g u r e  3 ) .  The 
f low peaked e a r l y  i n  t h e  y e a r .  High z i n c  c o n c e n t r a t i o n s  occurred a: 
n e a r l y  t h e  same t ime which sugges t s  a  f l u s h i n g  mechanism s i m i l a r  t o  the  
Becker Weir. The z inc  c o n c e n t r a t i o n s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  minor 
f l u c t u a t i o n s  i n  f low l a t e r  i n  t h e  y e a r .  The peak i n  f low e a r l y  i n  the  
y e a r  fol lowed by a  g radua l  decrease  i s  i n d i c a t i v e  of a  shal low ground 
wate r  f l o w  system. 

The d a t a  from t h e  Cherry Weir a r e  presented i n  F igure  4 .  The water  
measured by t h e  Becker Weir and Williams Weir a r e  t r i b u t a r y  t o  thz  Cherry 
Weir b u t  account  f o r  only about  h a l f  i t s  d i scharge .  The f low sho,cs an 
e a r l y  peak fol lowed by small f l u c t u a t i o n s  and 3 gradua l  r e c e s s i o n  a f t e r  
day 133. The i n i t i a l  z inc  c o n c e n t r a t i o n  pealc probably was missed.  The 
e a r l y  h igh  z i n c  c o n c e n t r a t i o n  i s  s i m i l a r  t o  t h e  t r i b u t a r y  g r a v i t y  d ra inage  
s i t e s .  A gradua l  d e c l i n e  i n  z i n c  c o n c e n t r a t i o n  fo l lows  except  f o r  a peak 
n e a r  day 150. This  peak i s  a s s o c i a t e d  wi th  P O  measurable i n c r e a s e  i n  
f low. I t  i s  p robable  t h a t  t h i s  r e l a t i o n s h i p  i s  caused by a small i n c r e a s e  
i n  f l o w  from some source of v e r y  poor q ~ a l i t y  wate r .  Some sources  
t r i b u t a r y  t o  t h e  Cherry Weir have z i n c  c o n c e n t r a t i o n s  of over  20,000 
mi l l ig rams  per  l i t r e .  Seasonal f l u c t u a t i o n  and r e c e s s  ion a r e  ev iden t  a t  
t h i s  s i t e .  

The n e x t  t h r e e  f i g u r e s  show t h e  f low and z inc  c o n c e n t r a t i o n s  fro71 tne  
pumps which dewater  t h e  lower workings of t h e  mine. All t h e  water  from 
t h e  mine f lows  o u t  through t h e  main h a u l a ~ e  por ta l  on t h e  9 l r v r l  . 
Figure  5 p r e s e n t s  t h e  d a t a  f o r  t h e  10 Level p u r ; ~ ~ ;  t h i s  water  i s  pumped 
from 10 l e v e l  t o  9 l e v e l .  The 10 l e v e l  puqp d i scharge  has  high ;!ow 
e a r l y  i n  t h e  y e a r  wi th  a  very s t e e p  r e c e s s i o n .  T h i s  hy.!rc~gr<qph i s  
i n d i c a t i v e  of a  f low system dominated by d i r e c t  recharge  %>f s u r f a c e  
wate r .  Th is  h y p o t h e s i s  i s  supported by the temporal p a t t e r n  of the  zlnc 
c o n c e n t r a t i o n .  During h igh  f low, t h e  z i n ~  c o n c e c t r a ~ i o n  i s  lo1.~ and 
d u r i n g  low f l o w  t h e  z i n c  concer . t rat ion IS  high, i n d i c a t i n g  a d i l u t i o n  of 
t h e  poor q u a l i t y  mine wzter  wi th  c lean  t r P t e r .  €1-OT the s u r f a c e .  This 
mechanism i s  s u b s t a n t i a l l y  d i f f  ~ 7 . e n t  than t h e  ilushL:-.g ynechani sn>s 
c h a r a c t e r i s t i c  of t h e  upper l e v e l - .  

The f l o w  and z i n c  concent-rat ion ~ h a u a c ; e r , s { - i c s  ti1 ~Eir I r  l e r c i  . x r r  are  
shown on F igure  6 .  This dLschar c e  con - :, - s f  b . 7 ~ + F ~ 2 ~  pt~,ttpeu UP t 9 

l e v e l  from d r a i n a g e  C O T  l c z  t ed  : rr I i r  $3 3 " " tt +"LA, 7 % ~  ty*:' ..,gnrtiph 
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shows v e r y  l i t t l e  v a r i a t i o n  and no d i s c e r n a b l e  peak i n  f low. A very h igh  
peak i n  z i n c  c o n c e n t r a t i o n  n e a r  day 150 i s  ev iden t  i n  t h e  15 l e v e l  d a t a .  
The t lming  of th i ' s  peak i s  j u s t  s l i g h t l y  l a t e r  than t h e  s i m i l a r  peak a t  
t h e  Cherry bteir,  and l i k e  t h e  Cherry Weir even t ,  i t  i s  accompanied by no 
measurable ' i n c r e a s e  i n  f low. The f low c h a r a c t e r i s t i c s  a t  t h i s  s i t e  
sugges t  a  r e l a t i v e l y  c o n s t a n t  d i scharge  from t h e  lower workings i n  t h e  
mine w i t h  l i t t le  seasona l  v a r i a t i o n .  

The 1 7  l e v e l  phmp d i s c h a r g e s  water  t h a t  d r a i n s  o r  i s  pumped t o  the  1 7  
l e v e l  from 16 ' throGgh 29 l e v e l s .  Th i s  pump, d i scharg ing  on 9 l e v e l ,  
r e p r e s e n t s  water  from t h e  deepes t  workings i n  t h e  mine. Water pumped 
a c r o s s  from a  ne ighbour ing  mine c o n t r i b u t e s  t o  t h i s  d i s c h a r g e .  F igure  7 
p r e s e n t s  t h e  1 7  l e v e l  pump f low and z i n c  c o n c e n t r a t i o n s .  The apparen t  
v a r i a t i o n  i n  f low r e f l e c t e d  on t h i s  graph i s  dece iv ing  because of t h e  
s c a l e  on which i t  i s  drawn. The percen tage  v a r i a t i o n ,  from h igh  f low t o  
low f low,  i s  v e r y  n e a r l y  t h e  same a s  t h a t  of t h e  15 l e v e l  pump j u s t  
d i s c u s s e d .  Peaks i n  f low from t h i s  pump occur  l a t e r  i n  t h e  y e a r  than a t  
any o t h e r  s i t e .  Peaks i n  z i n c  c o n c e n t r a t i o n  a r e  l a t e r  and l e s s  d i s t i n c t  
than  a t  any of t h e  o t h e r  s i t e s .  

The c h a r a c t e r i s t i c s  of t h e  f low and q u a l i t y  a t  v a r i o u s  s i t e s  can be 
compared by s tudy ing  t h e  d a t a  from t h e  s i x  s i t e s  p resen ted  on a  s i n g l e  
g raph .  F igure  8 shows a  p l o t  of t h e  l o g  of d i scharge  and t h e  log  of z inc  
l o a d i n g  p l o t t e d  v e r s u s  time on t h e  a r i t h m e t i c  s c a l e .  Loading i s  t h e  
r e s u l t  of m u l t i p l y i n g  t h e  z inc  c o n c e n t r a t i o n  t imes t h e  f low a t  a  s i t e .  
The r e s u l t s  a r e  p resen ted  a s  ki lograms per  day. This  g i v e s  an i n d i c a t i o n  
of t h e  magnitude of t h e  problem a t  t h e  s i t e  and t h e  a s s o c i a t e d  t rea tment  
c o s t .  The hydrographs w i t h  c l e a r  seasona l  peaks and r e c e s s i o n  
c h a r a c t e r i s t i c s  a r e  those  of t h e  Becker Weir, Wil l iams Weir, and 10 l e v e l  
pump. These hydrographs a r e  i n d i c a t i v e  of a  s h o r t  f low pa th  and recharge  
from a  s u r f a c e  wate r  o r  shal low ground wate r  f low system. The Cherry Weir 
h a s  a  more subdued hydrograph;  however, peak d i scharge  occurs  a t  t h i s  
s i t e  e a r l y  i n  t h e  y e a r  wi th  a g radua l  r e c e s s i o n  dur ing  t h e  y e a r .  The 1 5  
l e v e l  pump shows v e r y  l i t t l e  v a r i a t i o n  i n  f low and no recognisab le  peak 
d u r i n g  t h e  y e a r .  The 1 7  l e v e l  pump hydrograph shows some v a r i a t i o n  i n  
f low.  However, t h e  response i s  damped. The damped c h a r a c t e r i s t i c s  of 
t h e  15 l e v e l  and 17 l e v e l  pumps a r e  t o  be  expected because longer  f low 
systems feed  t h e  deeper  l e v e l s  of t h e  mine. 

The graphs of z i n c  load ing  demonstrate  c l e a r l y  t h e  f l ~ w / ~ u a l  i t y  c h a r a c t e r -  
i s t i c s  of t h e  mine. The s i t e s  which a r e  in f luenced  most by n e a r  s u r f a c e  
recharge  (Becker Weir, Williams Weir) show a  h igh  peak i n  load ing  e a r l y  
i n  t h e  s p r i n g  fol lowed by a  g radua l  decrease  throughout  t h e  y e a r .  T1,e 
Cherry Weir graph a l s o  has  a  peak z inc  load  e a r l y  i n  t h e  s p r i n g .  
Secondary peaks a r e  ev iden t  a t  t h e  Cherry Weir l a t e r  i n  t h e  y e a r ,  
sugges t ing  t h a t  r echarge  a l s o  i s  coming from systems w i t h  longer  i l o w  
p a t h s .  The 10 l e v e l  pump graph shows a  peak load  occur r ing  s l i g h t l y  
l a t e r  than t h e  Becker Weir and Williams Weir; l e s s  seasona l  change i s  
e v i d e n t ,  and t h e  magnitude of t h e  load  i s  smal l .  The peak zinc load 
from t h e  15 l e v e l  pump occurs  l a t e r ,  and l e s s  seasona l  v a r i a t i o n  i s  
e v i d e n t  he re  than a t  t h e  h i g h e r  l e v e l s .  The zinc load ing  from t h e  1 7  
l e v e l  pump e x h i b i t s  the l a t e s t  peak and very l i t t l e  tempordl v a r i a t i o n .  

A comparison of t h e  z inc  load above and below t h e  9 l eve l  r e v e a l s  two 
noteworthy c h a r a c t e r i s t i c s  (F'igure 9 ) .  The load ing  a t  t h e  Cherry Weir, 
which r e p r e s e n t s  g r a v i t y  d ra inage  from t h e  upper workings of t t ~ e  mine, 





e x h i b i t s  s t r o n g  s e a s o n a l  v a r i a t i o n  w i t h  a  peak i n  t h e  s p r i n g  and g r a d u a l  
r e c e s s i o n  through t h e  remainder  of t h e  y e a r .  The z i n c  l o a d i n g  of t h e  
t h r e e  pumps which dewa te r  t h e  lower  workings of t h e  mine a r e  sunnned t o  
o b t a i n  t h e  second c u r v e .  Seasona l  f l u c t u a t i o n  i s  much l e s s  and t h e  peak 
o c c u r s  l a t e r  i n  t h e  y e a r .  More i m p o r t a n t ,  however, i s  t h e  magni tude of  
t h e  z i n c  l o a d i n g  of the upper  workings compared t o  t h e  lower  p a r t  of t h e  
mine. I n  t h e  s p r i n g ,  t h e  l o a d i n g  c o n t r i b u t e d  by g r a v i t y  d r a i n a g e  i s  f i v e  
t imes  t h a t  b e i n g  pumped o u t  of t h e  mine. Throughout t h e  y e a r ,  more t h a n  
t h r e e  t imes  a s  much z i n c  d r a i n s  f rom t h e  upper  workings a s  i s  pumped from 
t h e  lower  workings.  

IMPLICATIONS ON ABANDONMENT ALTERNATIVES 

The f l o w  and q u a l i t y  c h a r a c t e r i s t i c s  j u s t  p r e s e n t e d  h a v e  ma jo r  i m p l i c a t i o n s  
on t h e  abandonment a l t e r n a t i v e s  f o r  t h e  Bunker H i l l  Mine. Some of t h e  
abandonment t e c h n i q u e s  which have been used a t  o t h e r  mines  a r e  : 
( 1 )  s e a l i n g  t h e  mine e n t r a n c e s  t o  p r e v e n t  a i r  movement, ( 2 )  d e c r e a s i n g  o r  
e l i m i n a r i n g  r e c h a r g e  t o  t h e  mine, (3)  f l o o d i n g  t h e  mine and ( 4 )  combina t ions  
t h e r e o f .  

S e a l i n g  t h e  mine e n t r a n c e s  h a s  been used  a s  a  way of keep ing  a i r  away 
from t h e  p y r i t e ,  t he reby  d e c r e a s i n g  t h e  a c i d  p r o d u c t i o n .  Too many p o r t a l s  
t o  t h e  o l d  upper  workings e x i s t  a t  t h e  Bunker H i l l  Mine f o r  t h a t  t o  h e  a  
p r a c t i c a l  a1  t e r n a t i v e .  The h i l l s i d e s  a r e  honeycombed w i t h  o l d  work ings ;  
some a r e  s t i l l  v i s i b l e  bu t  many a r e  l o s t  due t o  s lumps,  s l i d e s  o r  cave - ins .  

Decreas ing  r e c h a r g e  t o  t l ~ e  p y r i t e  r i c h  a r e a s  of t h e  minw would a l s o  
d e c r e a s e  t h e  amount of a c i d  p roduced .  The r e c h a r g e  t o  t h e  10 l e v e l  
a p p e a r s  t o  be c o n t r o l l e d  by a  s u r f a c e  wa te r  f low sys tem.  I t  i s  p o s s i b l e  
t h a t  a  s u r f a c e  d i v e r s i o n ,  a t  some a s  y e t  u n i d e n t i f i e d  l o c a t i o n ,  w u l d  
d e c r e a s e  r e c h a r g e  t o  t h i s  f l o w  system.  All t h e  o t h e r  underground s i t e s  
a p p e a r  t o  b e  c o n t r o l l e d  by sha l low o r  deep ground w a t e r  sys t ems .  S y s t e m  
of t h i s  t y p e  d r e  much h a r d e r  t o  c o n t r o l  o r  d i r e c t .  Research i s  c o n t i n u i n g  
t o  b e t t e r  under s t and  the  f low systems r e c h a r g i n g  t h e  mine i n  o r d e r  t o  
b e t t e r  e v a l u a t e  r e c h a r g e  d i v e r s i o n  a s  an abandonment a l t e r n a t i v e .  

F lood ing  h a s  been s u c c e s s f u l  i n  r e d u c i n g  p y r i t e  o x i d a t i o n  and a c i d  
produc t i o n  in  many mines .  At t h e  Bunker H i l l  V ine ,  i t  i s  p o s s i b l e  t o  f l o o d  
t h e  lower  workings up t o  t h e  9 l e v e l  w i t h o u t  s e a l i n g  any a d i t s .  d a t e r  
f rom t h e  lower p o r t i o n  of t h e  mine would e v e n t u a l l y  d i s c h a r g e  o n t o  t h e  
9 l e v e l .  During f l o o d i n g  p r o d u c t i o n  of a c i d  would con1 i n u e .  As a  r e s u l t ,  
a t  l e a s t  one mine volume of poor  q u a l i t y  wa te r  would e x i s t  i n  t h e  mine.  
The q u a l i t y  of d r a i n a g e  from t h e  lower  l e v e l s  would t h u s  i-emcl;n r)oor 
u n t i l  one mine volume had been r e p l a c e d .  However, even i f  f i ~ n r ,  r h r ;  [ h e  
lower workings e l i m i n a t e d  a l l  t h e  a c i d  d i s c h a r g e  f rom t h e  1obc.r t ~ r l t i r ~ g s ,  
t h e  g r a v i t y  d r a i n a g e  from t h e  upper  mine would s t i  11  c a r q  ::I- s u b s t a n t i a l  
z i n c  l o a d  t h a t  i t  c a r r i e s  now. 'The amount of d i s c h a r g e  fronl t h e  minc 
would bc reduced s u b s t a n t i a l l y ,  b u t  t h e  c o n c m t r a t i u n  of d i s s o l \ e J  ions  
i n  t h e  d i s c h a r g e  would be much h i g h e r .  Consequent lv  t h e  t l e c e s s i t v  t o  
t r e a t  thc. d i s c h a r g e  would r emain .   lood ding t h e  llpper p o r t i o n  of t h e  ii.ine 
would b e  d i f f i c u l t  i f  no t  imposs ib le  because  of t h e  l a r g e  volume of rlDar 
s u r f a c e  workings,  t h e  many mine open ings  and t h e  s t e e p  tapography . 



CONCLUSIONS 

S e v e r a l  c o n c l u s i o n s  a r e  i n d i c a t e d  a s  a  r e s u l t  of t h e  r e s e a r c h  conducted 
t h u s f a r .  Research a t  t h e  Bunker H i l l  Mine i s  c o n t i n u i n g .  The temporal 
v a r i a t i o n s  of f l o w  and z i n c  c o n c e n t r a t i o n s  va ry  wi th  dep th  i n  t h e  mine. 
The d a t a  from sha l low workings e x h i b i t  seasona l  v a r i a t i o n s  i n  f low and 
z i n c  load ing .  The d a t a  from t h e  deep workings i n  t h e  mine e x h i b i t  much 
l e s s  seasona l  v a r i a t i o n  i n  f low and a  r e l a t i v e l y  c o n s t a n t  z inc  l o a d i n g .  
Two d i s t i n c t  mechanisms a r e  i n d i c a t e d  by t h i s  c o n t r a s t .  The upper 
workings appear  t o  be  dominated by sha l low f low systems,  and poor q u a l i t y  
wa te r  a p p e a r s  t o  be f l u s h e d  annua l ly  o u t  of t h e  d r i f t s ,  s t o p e s  and o r e  
c h u t e  i n  t h e  upper  workings.  The lower workings appear  t o  be  c o n t r o l l e d  
by l o n g e r  f l o w  systems;  l i t t l e  ev idence  of seasona l  f l u s h i n g  e x i s t s .  

The mechanisms c o n t r o l l i n g  f low and z i n c  c o n c e n t r a t i o n s  have s p e c i a l  
i m p l i c a t i o n s  r e g a r d i n g  abandonment a l t e r n a t i v e s  f o r  t h e  Bunker H i l l  Mine. 
The deeper  p o r t i o n s  of t h e  mine can be  f l o o d e d ;  t h i s  w i l l  dec rease  
d r a s t i c a l l y  t h e  amount of wa te r  d i scharged  from t h a t  p a r t  of t h e  mine. I t  
may b e  p o s s i b l e  t o  r e r o u t e  o r  o therwise  c o n t r o l  t h e  sha l low f low systems 
r e c h a r g i n g  t h e  upper  workings t o  reduce t h e  f l u s h i n g  of a c i d  water  from 
t h e  mine. k o r e  r e s e a r c h  i s  needed t o  f u r t h e r  d e l i n e a t e  t h e  systems and 
mechanisms r e s p o n s i b l e  f o r  recharge .  Th is  type and i n t e n s i t y  of s tudy  i s  
needed on a l l  mines f a c i n g  abandonment t o  de te rmine  which abandonment 
t e c h n i q u e ( s )  would b e  most s u c c e s s f u l  i n  reduc ing  u n d e s i r a b l e  environmental 
and economic consequences.  F i n a l l y ,  t h e  r e s u l t s  of t h i s  r e s e a r c h  c a r r y  
s t r o n g  i m p l i c a t i o n s  wi th  r e s p e c t  t o  mine p lann ing .  The g r a v i t y  d ra inage  
f r o n  t h e  upper  workings p r e s e n t s  t h e  most d i f f i c u l t  problem a s s o c i a t e d  
w i t h  abandonment of t h e  Runker H i l l  mine. The many p o r t a l s  t o  t h e  upper 
workings p r o h i b i t  s e a l i n g  and f l o o d i n g  t h a t  p o r t i o n  of t h e  mine. 
Cons t ruc t ion  of a  mine wi th  t h e  main d i s c h a r g e  p o i n t  below t h e  n e a r e s t  
groundwater d i s c h a r g e  p o i n t  would g r e a t l y  simp1 i f y  t h e  even tua l  
abandonment of t h e  mine. 
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