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T h e  S u n n y s i d e  M i n e  is l o c a t e d  a p p r o x i m a t e l y  8  m i l e s  n o r t h  o f  S i l v e r t o n ,  C o l o r a d o ,  in 

n o r t h e r n m o s t  S a n  J u a n  C o u n t y .  S l i g h t l y  a c i d i c  w a t e r  w i t h  m o b i l i z e d  h e a v y  m e t a l s  

f l o w s  f r o m  b o t h  a c c e s s  t u n n e l s  t o  t h e  m i n e .  S u n n y s i d e  G o l d  C o r p o r a t i o n  (S G C )  

p r o p o s e s  t o  i n s t a l l  u n d e r g r o u n d  b u l k h e a d s  in o r d e r  t o  c o n t a i n  m i n e  d r a i n a g e  a n d  a l l o w  

a  r e t u r n  t o  a n  a p p r o x i m a t i o n  o f  p r e - m i n e  h y d r o l o g i c  c o n d i t i o n s .  T h i s  r e p o r t  e s t i m a t e s  

t h e  i n f l u e n c e  t h a t  l o c a l  h y d r o g e o l o g y  wi ll  h a v e  o n  t h e  e f f e c t i v e n e s s  o f  t h e  p r o p o s e d  

b u l k h e a d s ,  t h e  i m p a c t  t h a t  t h e  p r o p o s e d  b u l k h e a d s  will  h a v e  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 ,  a n d  t h e  p r o b a b l e  e f f e c t s  t h a t  i n s t a l l i n g  t h e  p r o p o s e d  b u l k h e a d s  will  h a v e  

o n  t h e  h y d r o c h e m i s t r y  o f  g r o u n d  w a t e r  a n d  s u r f a c e  w a t e r  in t h e  v i c i n i t y  o f  t h e  

S u n n y s i d e  M i n e .

In t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e ,  g r o u n d  w a t e r  m o v e s  t h r o u g h  f r a c t u r e s .  

P e r m e a b i l i t y  in t h e  a r e a  is a n i s o t r o p i c ,  w i t h  g r e a t e r  p e r m e a b i l i t y  in a  

n o r t h e a s t / s o u t h w e s t  d i r e c t i o n  d u e  t o  t h e  d o m i n a n t  f r a c t u r e  o r i e n t a t i o n  in t h e  E u r e k a  

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

t h e  S u n n y s i d e  B a s i n  ( w h e r e  t h e  S u n n y s i d e  M i n e  w o r k i n g s  a r e )  t o w a r d s  C e m e n t  C r e e k .  

T h e  o r i g i n a l  g r o u n d - w a t e r  f l o w  d i r e c t i o n  is e x p e c t e d  t o  e v e n t u a l l y  b e  r e e s t a b l i s h e d  if 

t h e  p r o p o s e d  b u l k h e a d s  a r e  i n s t a l l e d .



F l o w  t e s t i n g  o f  b o r e h o l e s  in t h e  A m e r i c a n  T u n n e l  y i e l d e d  a n  e s t i m a t e d  h y d r a u l i c  

c o n d u c t i v i t y  o f  5 x 1 0 '5 c m / s e c  ( 0 . 1 5  f e e t / d a y ) .  H o w e v e r ,  r o c k  in t h e  v i c i n i t y  o f  t h e  

f l o w  t e s t s  e x h i b i t s  m o r e  f r a c t u r e  p e r m e a b i l i t y  t h a n  is t y p i c a l  f o r  t h e  A m e r i c a n  T u n n e l ,  

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

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

p r o p o s e d  b u l k h e a d  s i t e s  s h o w e d  a  r a n g e  f r o m  1 0 '8 t o  1 0 ' 10 c m / s e c .  L a b o r a t o r y  

m e a s u r e m e n t  o f  t w o  f r a c t u r e d  c o r e s ,  w h i c h  a p p e a r  t o  r e p r e s e n t  l o c a l  b l a s t  d a m a g e ,  

s h o w e d  h y d r a u l i c  c o n d u c t i v i t y  o n  t h e  o r d e r  o f  1 0 6 c m / s e c .

T h e  S u n n y s i d e  M i n e  w o r k i n g s  a r e  e x p e c t e d  t o  fill w i t h  w a t e r  un t i l  a n  e q u i l i b r i u m  is 

r e a c h e d  b e t w e e n  w a t e r  f l o w i n g  i n t o  t h e  m i n e  w o r k i n g s  a n d  w a t e r  l e a v i n g  t h e  m i n e  

w o r k i n g s  v i a  n a t u r a l  f r a c t u r e  p a t h w a y s .  B a s e d  o n  h i s t o r i c a l  i n f o r m a t i o n  t h e  

e q u i l i b r i u m  w a t e r  l e v e l  is e x p e c t e d  t o  b e  a p p r o x i m a t e l y  a t  F l e v e l  ( 1 1 , 5 0 0  f e e t  m s l ) .  

O n c e  a  b u l k h e a d  is i n s t a l l e d  in t h e  A m e r i c a n  T u n n e l ,  it is e s t i m a t e d  t h a t  t h e  w a t e r  

l eve l  will  s u b s t a n t i a l l y  r e a c h  e q u i l i b r i u m  (8 6 %  o f  e q u i l i b r i u m )  in a p p r o x i m a t e l y  1 0  

y e a r s .

T h e  r a t e  o f  l e a k a g e  t h r o u g h  t h e  b e d r o c k  in t h e  i m m e d i a t e  v i c i n i t y  o f  e a c h  p r o p o s e d  

b u l k h e a d  is e x p e c t e d  t o  b e  l e s s  t h a n  1 g p m .  H o w e v e r ,  if t h e  p e r m e a b i l i t y  a n d  

e q u i l i b r i u m  w a t e r  l eve l  a r e  b o t h  h i g h e r  t h a n  a n t i c i p a t e d ,  s u c h  l e a k a g e  t h r o u g h  t h e  

b e d r o c k  c o u l d  b e  a s  m u c h  a s  2 5  g p m .



T h e  o v e r a l l ,  g e n e r a l i z e d  f l o w  t h r o u g h  t h e  f l o o d e d  m i n e  w o r k i n g s  t o  t h e  s u r f a c e  a l o n g  

n a t u r a l  f r a c t u r e s  is e x p e c t e d  t o  b e  a p p r o x i m a t e l y  7 0  g p m ,  b u t  c o u l d  b e  a s  g r e a t  a s  

2 0 0  g p m .  T h e  d i s c h a r g e  t o  t h e  s u r f a c e  is e x p e c t e d  t o  o c c u r  p r i m a r i l y  a l o n g  C e m e n t  

C r e e k  b e t w e e n  t h e  M o g u l  M i n e  ( to  t h e  n o r t h )  a n d  t h e  S i l v e r  L e d g e  M i n e  ( o n  t h e  

s o u t h ) .  T h e  d i s c h a r g e  is e x p e c t e d  t o  b e  d i f f u s e  r a t h e r  t h a n  c o n c e n t r a t e d  a t  o n e  

s p r i n g .  H o w e v e r ,  if t h e  e q u i l i b r i u m  w a t e r  l eve l  in t h e  f l o o d e d  m i n e  w o r k i n g s  is m u c h  

h i g h e r  t h a n  a n t i c i p a t e d  ( 1 2 , 2 5 0  f e e t  m s l ) ,  u p  t o  a n  a d d i t i o n a l  1 6 0  g p m  c o u l d  

d i s c h a r g e  v i a  t h e  M o g u l  M i n e .  T h e  t r a v e l  t i m e  f r o m  t h e  f l o o d e d  w o r k i n g s  t o  C e m e n t  

C r e e k  is e s t i m a t e d  a t  a p p r o x i m a t e l y  1 5 0  y e a r s .  U n d e r  t h e  u n l i k e l y  s c e n a r i o  t h a t  t h e  

e q u i l i b r i u m  w a t e r  l e v e l  in t h e  f l o o d e d  w o r k i n g s  is a t  1 2 , 2 5 0  f e e t  m s l ,  s o m e  o f  t h e  

w a t e r  c o u l d  r e a c h  C e m e n t  C r e e k  in a s  l i tt le a s  4  m o n t h s .

T h e  c o m p u t e r  p r o g r a m  M I N T E Q A 2  w a s  u s e d  t o  m o d e l  t h e  g e o c h e m i s t r y  o f  t h e  r o c k -  

w a t e r  r e a c t i o n s  t h a t  a r e  e x p e c t e d  t o  r e s u l t  f r o m  t h e  p r o p o s e d  b u l k h e a d  i n s t a l l a t i o n s .  

A t  t h e  A m e r i c a n  T u n n e l  b u l k h e a d ,  t h e  m o d e l  i n d i c a t e s  w a t e r  is n o n - r e a c t i v e  w i t h  t h e  

c o u n t r y  r o c k .  T h e  w a t e r  b e h i n d  t h e  T e r r y  T u n n e l  b u l k h e a d  is e x p e c t e d  t o  b e  s i m i l a r  

t o  t h e  w a t e r  c u r r e n t l y  d i s c h a r g i n g  t h e r e .  R e a c t i o n  w i t h  t h e  c o u n t r y  r o c k  s h o u l d  b e  

m i n i m a l  a n d  will  p r o b a b l y  d e c r e a s e  m a t r i x  p e r m e a b i l i t y  w i t h  t i m e .

In t h e  a b s e n c e  o f  t h e  ab i l i ty  t o  s i g n i f i c a n t l y  o x y g e n a t e  t h e  f l o o d e d  m i n e ,  t h e  m i n e r a l  

l o a d  o f  t h e  i m p o u n d e d  w a t e r  s h o u l d  b e  e s s e n t i a l l y  t h a t  o f  t h e  w a t e r  t h a t  fills t h e  m i n e .



T h i s  w a t e r ,  o n c e  e q u i l i b r a t e d  w i t h  m i n e  m i n e r a l s ,  is n o t  e x p e c t e d  t o  r e a c t  f u r t h e r  w i t h  

v e i n  m i n e r a l s  o r  c o u n t r y  r o c k  a s  it m i g r a t e s  l a t e r a l ly  t o  d i s c h a r g e  a t  t h e  s u r f a c e .

T h e  m o d e l e d  w a t e r s ,  u p o n  d i s c h a r g e  a t  t h e  s u r f a c e ,  will  e q u i l i b r a t e  w i t h  a t m o s p h e r i c  

c a r b o n  d i o x i d e  a n d  o x y g e n .  T h e  g r e a t e s t  c h e m i c a l  c h a n g e  t o  t h e  s y s t e m  will  b e  t h a t  

o f  c h a n g i n g  f r o m  r e d u c e d  ( s u b s u r f a c e )  w a t e r s  t o  o x y g e n a t e d  ( s u r f a c e )  w a t e r s .  

O x i d e s  o f  m o s t  o f  t h e  m e t a l s  a r e  l e s s  s o l u b l e  t h a n  a r e  t h e  m i n e r a l s  a s s o c i a t e d  w i t h  

r e d u c e d  s p e c i e s  a n d  m o s t  o f  t h e  m i n e r a l  l o a d  will  b e  p r e c i p i t a t e d  f r o m  t h e  w a t e r .  

T h i s  is a n a l o g o u s  t o  t h e  p r o c e s s  w h i c h  f o r m e d  t h e  n a t u r a l  i r o n  " b o g s "  in t h e  a r e a . '  

U s i n g  c o n s e r v a t i v e  a s s u m p t i o n s ,  t h e  i n s t a l l a t i o n  o f  t h e s e  b u l k h e a d s  is e x p e c t e d  t o  

d e l i v e r  t h e  f o l l o w i n g  m e t a l s  l o a d  ( l b s / d a y )  t o  C e m e n t  C r e e k :  i r o n ,  <  . 1 ;  m a n g a n e s e ,  

<  . 1 ;  z i n c ,  8 . 1  t o  2 0 . 3 ;  c a d m i u m ,  . 0 0 9  t o  . 0 3 6 ;  l e a d ,  . 1 6  t o  . 4 0 ;  a n d  c o p p e r ,  . 2 2  t o
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2.1 Location and Brief Description of the Sunnyside Mine
T h e  S u n n y s i d e  M i n e  is l o c a t e d  a p p r o x i m a t e l y  8  m i l e s  n o r t h  o f  S i l v e r t o n  in t h e  E u r e k a  

m i n i n g  d i s t r i c t  in n o r t h e r n m o s t  S a n  J u a n  C o u n t y ,  C o l o r a d o  ( F i g u r e  1) .  T h e  S u n n y s i d e  

M i n e  is p r e s e n t l y  o w n e d  b y  S u n n y s i d e  G o l d  C o r p o r a t i o n  ( S G C ) ,  a  s u b s i d i a r y  o f  E c h o  

B a y  M i n e s .  G o l d ,  s i l v e r ,  c o p p e r ,  l e a d ,  z i n c ,  a n d  c a d m i u m  o r e s  h a v e  b e e n  p r o d u c e d  

f r o m  m o r e  t h a n  1 5 0  m i l e s  o f  u n d e r g r o u n d  w o r k i n g s  w i t h  a  v e r t i c a l  e x t e n t  o f  2 , 0 0 0  

f e e t .  T h e  m a j o r i t y  o f  t h e  m i n e  w o r k i n g s  a r e  l o c a t e d  b e n e a t h  S u n n y s i d e  B a s i n  a t  t h e  

h e a d  o f  E u r e k a  G u l c h  (F i g u r e  2 ) .  Y e a r - r o u n d  a c c e s s  t o  t h e  m a i n  p a r t  o f  t h e  m i n e  is 

v i a  t h e  1 0 , 0 0 0  f o o t  l o n g  A m e r i c a n  T u n n e l ,  t h e  p o r t a l  o f  w h i c h  is l o c a t e d  a t  a n  

e l e v a t i o n  o f  1 0 , 6 1 7  f e e t  a t  t h e  a b a n d o n e d  t o w n s i t e  o f  G l a d s t o n e .  S e c o n d a r y  a c c e s s  

is v i a  t h e  T e r r y  T u n n e l  l o c a t e d  in E u r e k a  G u l c h  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  

1 1 , 5 6 0  f e e t .  T h e  j e e p  t rai l  t o  t h e  T e r r y  T u n n e l  is i m p a s s i b l e  d u r i n g  w i n t e r  a n d  s p r i n g .

2.2 Statement of the Problem
S u n n y s i d e  G o l d  C o r p o r a t i o n  is w o r k i n g  t o w a r d  c l o s i n g  t h e  S u n n y s i d e  M i n e  w i t h  a  g o a l  

o f  r e c l a i m i n g  t h e  m i n e  p r o p e r t y  a n d  r e e s t a b l i s h i n g  a n  a p p r o x i m a t i o n  o f  t h e  p r e - m i n i n g  

h y d r o g e o i o g i c  s y s t e m .  A s  a  p a r t  o f  t h i s  p r o c e s s  S G C  p r o p o s e s  t o  in s t a l l  u n d e r g r o u n d  

b u l k h e a d s  in a t  l e a s t  f o u r  l o c a t i o n s  in o r d e r  t o  c o n t a i n  m i n e  d r a i n a g e .  D r a i n a g e  f r o m  

t h e  S u n n y s i d e  M i n e ,  w h i c h  p r e s e n t l y  f l o w s  o u t  o f  b o t h  t h e  A m e r i c a n  T u n n e l  a n d  t h e  

T e r r y  T u n n e l ,  is s l i g h t l y  a c i d i c  a n d  c o n t a i n s  m o b i l i z e d  h e a v y  m e t a l s  ( S i m o n  H y d r o -
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S e a r c h ,  1 9 9 2 ) .  T h e  b u l k h e a d s  p r o p o s e d  b y  S G C  a r e  I n t e n d e d  t o  r e t u r n  t h e  g r o u n d ­

w a t e r  s y s t e m  t o  a n  a p p r o x i m a t i o n  o f  t h e  f l o w  r e g i m e  w h i c h  e x i s t e d  u n d e r  n a t u r a l ,  

p r e - m i n i n g ,  c o n d i t i o n s .

2.3 Reports Prepared to Evaluate Impacts of Proposed Bulkheads at the Sunnyside Mine
T h i s  r e p o r t  e s t i m a t e s  t h e  i n f l u e n c e  t h a t  l o c a l  h y d r o g e o l o g y  wi ll  h a v e  o n  t h e  

e f f e c t i v e n e s s  o f  t h e  p r o p o s e d  b u l k h e a d s ,  a n d  t h e  i m p a c t  t h a t  t h e  p r o p o s e d  b u l k h e a d s  

wi ll  h a v e  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  in t h e  v i c i n i ty  o f  t h e  S u n n y s i d e  M i n e .  A l s o  

c o n s i d e r e d  a r e  t h e  p r o b a b l e  e f f e c t s  t h a t  i n s t a l l i n g  t h e  p r o p o s e d  u n d e r g r o u n d  

b u l k h e a d s  will  h a v e  o n  t h e  c h e m i s t r y  o f  g r o u n d  w a t e r  a n d  s u r f a c e  w a t e r .  T w o  o t h e r  

r e p o r t s  h a v e  b e e n  p r e p a r e d  t o  d a t e  w h i c h  p e r t a i n  t o  o t h e r  a s p e c t s  o f  t h e  p r o p o s e d  

b u l k h e a d s .  A n  a s s e s s m e n t  o f  t h e  n a t u r a l  ( p r e - m i n i n g )  h y d r o l o g i c  s y s t e m  a n d  p r e s e n t  

h y d r o l o g y  w a s  g i v e n  in " P r e l i m i n a r y  C h a r a c t e r i z a t i o n  o f  t h e  H y d r o l o g y  a n d  W a t e r  

C h e m i s t r y  o f  t h e  S u n n y s i d e  M i n e  a n d  V ic in i t y ,  S a n  J u a n  C o u n t y ,  C o l o r a d o "  d a t e d  

F e b r u a r y  1 1 ,  1 9 9 2  b y  S i m o n  H y d r o - S e a r c h .  E n g i n e e r i n g  a s p e c t s  o f  t h e  p r o p o s e d  

b u l k h e a d s ,  i n c l u d i n g  m e c h a n i c a l  s t r e n g t h  o f  t h e  b u l k h e a d s  a n d  a d j a c e n t  w a l l  r o c k ,  a n d  

t h e  c h e m i c a l  a n d  p h y s i c a l  i n t e g r i t y  o f  t h e  b u l k h e a d s ,  w e r e  a d d r e s s e d  in " B u l k h e a d  

D e s i g n  f o r  t h e  S u n n y s i d e  M i n e ,  S u n n y s i d e  G o l d  C o r p . ,  A n  E c h o  B a y  C o m p a n y "  b y  Dr.  

J o h n  F.  A b e l ,  J r . ,  PE.



T h e  p u r p o s e  o f  t h i s  r e p o r t  is t o  a s s e s s  t h e  h y d r o g e o l o g i c  a n d  h y d r o c h e m i c a l  a s p e c t s  

o f  t h e  p r o p o s e d  u n d e r g r o u n d  b u l k h e a d s .  S p e c i f i c a l l y  t h i s  r e p o r t  a d d r e s s e s :

t h e  l ike ly  r a t e  o f  l e a k a g e  in t h e  i m m e d i a t e  v i c i n i t y  o f  t h e  b u l k h e a d s ;
► t h e  a n t i c i p a t e d  e q u i l i b r i u m  w a t e r  l eve l  in t h e  f l o o d e d  m i n e  w o r k i n g s ;
► t h e  a p p r o x i m a t e  r a t e  a t  w h i c h  t h e  m i n e  w o r k i n g s  will  fill w i t h  w a t e r ;

t h e  n a t u r e ,  r a t e ,  a n d  t i m i n g  o f  m o v e m e n t  o f  w a t e r  f r o m  f l o o d e d  w o r k i n g s  t o  
t h e  s u r f a c e  a l o n g  n a t u r a l  a n d  m a n - m a d e  p a t h w a y s ;

► t h e  l ike ly  c h e m i s t r y  o f  w a t e r  w h i c h  w o u l d  b e  i m p o u n d e d ;
t h e  e x p e c t e d  r e a c t i o n s  b e t w e e n  i m p o u n d e d  w a t e r  a n d  c o u n t r y  r o c k  a n d  

m i n e r a l i z e d  v e i n s ;  a n d
t h e  e f f e c t s  o f  t h e  p r o p o s e d  b u l k h e a d s  o n  t h e  c h e m i s t r y  o f  l o ca l  s u r f a c e  w a t e r .

T h i s  r e p o r t  b u i l d s  u p o n  a n  u n d e r s t a n d i n g  g a i n e d  d u r i n g  p r e p a r a t i o n  o f  t h e  e a r l i e r

r e p o r t ,  " P r e l i m i n a r y  C h a r a c t e r i z a t i o n  o f  t h e  H y d r o l o g y  a n d  W a t e r  C h e m i s t r y  o f  t h e

S u n n y s i d e  M i n e  a n d  V ic in i t y ,  S a n  J u a n  C o u n t y ,  C o l o r a d o "  ( S i m o n  H y d r o - S e a r c h ,

1 9 9 2 ) .  A d d i t i o n a l  w o r k  c o n d u c t e d  in s u p p o r t  o f  t h i s  r e p o r t  i n c l u d e d :

Fie ld  e x a m i n a t i o n s  o f  p r o p o s e d  b u l k h e a d  s i t e s  in t h e  A m e r i c a n  T u n n e l ,  T e r r y  
T u n n e l ,  F - L e v e l  B r e n n e m a n  v e i n ,  a n d  B -L eve l  B r e n n e m a n  v e i n ;
C o n d u c t i n g  f l o w  t e s t s  f r o m  b o r e h o l e s  in t h e  A m e r i c a n  T u n n e l  in o r d e r  t o  
e s t i m a t e  t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  f r a c t u r e d  v o l c a n i c  r o c k s ;

► L a b o r a t o r y  m e a s u r e m e n t  o f  p e r m e a b i l i t y  o f  r o c k  c o r e s  t a k e n  f r o m  p r o p o s e d  
b u l k h e a d  l o c a t i o n s ;
D e t a i l e d  c a l c u l a t i o n  o f  t h e  v o l u m e  o f  m i n e  w o r k i n g s  (in v e r t i c a l  i n c r e m e n t s  o f  
1 0 0  f e e t )  f o r  u s e  in e s t i m a t i n g  f l o o d i n g  r a t e s ;
S i m p l e  n u m e r i c a l  m o d e l i n g  o f  t h e  r a t e  o f  m i n e  f l o o d i n g ;

► A d e t a i l e d  a n a l y s i s  o f  t h e  d a t a  t o  e s t i m a t e  h y d r a u l i c  a s p e c t s  o f  t h e  p r o p o s e d  

b u l k h e a d s ;
P e t r o g r a p h i c  a n a l y s i s  o f  w a l l  r o c k  f r o m  t h e  v i c i n i t y  o f  p r o p o s e d  b u l k h e a d s ;  
C o l l e c t i o n  o f  s e c o n d a r y  m i n e r a l i z a t i o n  (wal l  e n c r u s t a t i o n s )  a n d  s u b s e q u e n t  
t e s t i n g  f o r  a c i d - g e n e r a t i n g  c a p a c i t y ;
G e o c h e m i c a l  m o d e l i n g  o f  w a t e r / r o c k  i n t e r a c t i o n s  u s i n g  t h e  M I N T E Q A 2  c o d e ;  

a n d
A d e t a i l e d  a n a l y s i s  o f  w a t e r  c h e m i s t r y  a n d  m i n e r a l o g i c  d a t a  t o  e s t i m a t e  t h e  
h y d r o c h e m i c a l  i m p a c t s  o f  t h e  p r o p o s e d  b u l k h e a d s .



T h e  g e n e r a l  h y d r o g e o l o g y  in t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e  w a s  c o v e r e d  in 

" P r e l i m i n a r y  C h a r a c t e r i z a t i o n  o f  t h e  H y d r o l o g y  a n d  W a t e r  C h e m i s t r y  o f  t h e  S u n n y s i d e  

M i n e  a n d  V ic i n i t y ,  S a n  J u a n  C o u n t y ,  C o l o r a d o "  b y  S i m o n  H y d r o - S e a r c h  ( 1 9 9 2 ) .  

S e l e c t e d  a s p e c t s  o f  t h a t  d i s c u s s i o n  a r e  e x c e r p t e d  b e l o w .

3.1 Geology Pertinent to Ground-Water Flow and Chemistry
R o c k s  in t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e  a r e  p y r o c i a s t i c s  a n d  f l o w s  w h i c h  e r u p t e d  

f r o m  l o ca l  c a l d e r a s  a p p r o x i m a t e l y  2 8  mi l l ion  y e a r s  a g o  ( S t e v e n  a n d  L i p m a n ,  1 9 7 6 ) .  

T h e  S u n n y s i d e  M i n e  is p r i n c i p a l l y  l o c a t e d  w i t h i n  t h e  B u r n s  F o r m a t i o n ,  w h i c h  g e n e r a l l y  

c o n s i s t s  o f  m a s s i v e  s i l i c a - r i c h  l a t i t e  f l o w s  w h i c h  h a v e  lo c a l l y  b e e n  a l t e r e d  a n d  

m i n e r a l i z e d  ( L a n g s t o n ,  p p .  3 4 - 3 9 } .  T h e  h i g h e s t  m i n e  w o r k i n g s  ( a b o v e  A  level )  e x t e n d  

i n t o  t h e  o v e r l y i n g  i n t e r b e d d e d  l a v a  f l o w s  a n d  a ir - fa l l  t u f f s  o f  t h e  H e n s o n  F o r m a t i o n ,  

a n  a ik a l i - r i c h  a n d e s i t e  ( L a n g s t o n ,  p .  4 9 ) .

T h e  B u r n s  F o r m a t i o n  w a s  e r u p t e d  f r o m  v e n t s  w i t h i n  t h e  S a n  J u a n  c a l d e r a  ( S t e v e n  a n d  

L i p m a n ,  1 9 7 6 ,  p .  1 1 - 1 2 ) .  T h e  d e g r e e  o f  w e l d i n g  o f  t h e  u p p e r  B u r n s  f o r m a t i o n  

g e n e r a l l y  i n c r e a s e s  t o w a r d s  t h e  w e s t  in t h e  d i r e c t i o n  o f  t h e  v e n t  s o u r c e  ( L a n g s t o n ,  

1 9 7 8 ,  p .  1 1 ) .  T h e  H e n s o n  F o r m a t i o n  a l s o  w a s  d e r i v e d  f r o m  v e n t s  l o c a t e d  w i t h i n  t h e  

S a n  J u a n  c a l d e r a ,  b u t  t y p i c a l l y  is l e s s  w e l d e d  t h a n  t h e  B u r n s  F o r m a t i o n  a n d  c o n t a i n s  

m o r e  p y r o c l a s t i c  u n i t s .



T h e  e x t e n t  o f  f r a c t u r i n g  in v o l c a n i c  r o c k s  is d i r e c t l y  r e l a t e d  t o  t h e  d e g r e e  o f  w e l d i n g  

if o t h e r  f a c t o r s  a r e  e q u a l .  H e n c e ,  t h e  m o r e  w e l d e d  B u r n s  F o r m a t i o n  t e n d s  t o  b e  m o r e  

f r a c t u r e d  t h a n  t h e  H e n s o n  F o r m a t i o n .

A f t e r  t h e  d e p o s i t i o n  o f  t h e  B u r n s  a n d  H e n s o n  f o r m a t i o n s  t h e r e  w a s  a  b r o a d  r e s u r g e n t  

d o m i n g  b e t w e e n  t h e  S a n  J u a n  c a l d e r a  a n d  t h e  U n c o m p a h g r e  c a l d e r a .  T h i s  r e s u r g e n t  

d o m i n g  r e s u l t e d  in e x t e n s i v e  d i s t e n s i o n  f r a c t u r i n g  in a  n o r t h e a s t / s o u t h w e s t - t r e n d i n g  

d i r e c t i o n  ( S t e v e n  a n d  L i p m a n ,  1 9 7 6 ,  p .  1 3 )  a s  s h o w n  in F i g u r e  3 .  L a t e r  c o l l a p s e  o f  

t h e  r e s u r g e n t  d o m i n g  a l o n g  s t e e p l y  d i p p i n g ,  n o r t h e a s t / s o u t h w e s t - t r e n d i n g  f r a c t u r e s  

f o r m e d  t h e  E u r e k a  g r a b e n .  A r c u a t e  f a u l t s  r e l a t e d  t o  t h e  c o l l a p s e  o f  t h e  S i l v e r t o n  

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

f a u l t s  o f  t h e  E u r e k a  g r a b e n .  A l t h o u g h  s o m e  l a t e r  f a u l t i n g  e x i s t s ,  t h e  E u r e k a  g r a b e n  

f r a c t u r e  s y s t e m  w a s  t h e  l a s t  m a j o r  s e t  o f  f r a c t u r e s  i m p r i n t e d  o n  t h e  a r e a  o f  t h e  

S u n n y s i d e  M i n e .  D u r i n g  m i n e r a l i z a t i o n  1 3 . 0  t o  1 6 . 6  M Y B P  ( C a s a d e v a l l  a n d  O h m o t o ,  

1 9 7 7 ) ,  t h e  f r a c t u r e s  o f  t h i s  s y s t e m  s e r v e d  a s  f l o w  c o n d u i t s  a n d  s i t e s  f o r  o r e  

d e p o s i t i o n .

T h e  S u n n y s i d e  M i n e  is l o c a t e d  w i t h i n  t h e  E u r e k a  g r a b e n  a t  t h e  j u n c t i o n  o f  t h e  R o s s  

B a s i n  f a u l t  a n d  t h e  S u n n y s i d e  f a u l t  a s  s h o w n  in F i g u r e  4 .  F i g u r e  4  a l s o  i l l u s t r a t e s  t h e  

d o m i n a n t  n o r t h e a s t / s o u t h w e s t  f r a c t u r e  t r e n d .  In t h e  v i c i n i t y  o f  t h e  m i n e ,  t h e  d i p  o f  

o r i g i n a l l y  h o r i z o n t a l  s t r a t a  n o w  r a n g e s  f r o m  1 0 *  t o  1 4 '  t o  t h e  s o u t h w e s t  ( L a n g s t o n ,  

1 9 7 8 ,  p .  1 7 ) .



Present location of Sunnyside Mine 

Approximate Axis of Resurgent Doming 

Trend of Distension Fracture 

Taken from Langston, 1978

San Juanan County Mining Venture 
Silverton, Colorado______
Dominant Fracture 

System of the San Juan 
Caldera

Hydro-Search, Inc.
HYDROLOGISTS-GCOLOGlSTS-ENGtNCCRS 
R«no D*nr*r IfllvoukN ln*w

DATE: 10/ 10/11

ORAWN: KEK
CHECKED;

APPROVED:

DWO NO:
PROJ.: 464110361

Figure 3



CASAN-JUAN\ACAD\464GM001.BVG Figure from Casadevall ond Ohmoto, 1977

San Juan County Mining Venture 
_____ Silverton. Colorado

Structural Geology in the 
Vicinity of the Sunnyside 

Mine, San Juan County, Co.

Hydro-Search, Inc.
HYDR0L0GISTS-GEQ-0G1STS-ENG1NEERS 
tono Dw m t  MRm u Icm M m

DATE: 10/ 10/91
DRAWN: < £ <

CHECKED:

APPROVED:

DWG NO;
PftOJ.: 4S41103S1



R o c k  a l t e r a t i o n  a n d  m i n e r a l i z a t i o n  is w i d e s p r e a d  in t h e  v i c i n i t y  o f  t h e  S a n  J u a n  

c a l d e r a .  " P r o p y l i t i c  a l t e r a t i o n  h a s  a f f e c t e d  m a n y  c u b i c  m i l e s  o f  v o l c a n i c  r o c k s  

t h r o u g h o u t  a n d  b e y o n d  t h e  [ S i l v e r t o n ]  c a l d e r a "  ( B u r b a n k ,  1 9 6 0 ) .  In t h e  p r o p y l i t i z e d  

r o c k s  " p y r i t e  is u b i q u i t o u s  a n d  f o r m s  b e t w e e n  0 . 1  a n d  2 . 0  p e r c e n t "  o f  t h e  r o c k  

v o l u m e  ( C a s a d e v a l l  a n d  O h m o t o ,  1 9 7 7 ,  p .  1 2 9 2 ) .  In e x c e s s  o f  o n e  bi l l ion  t o n s  o f  

p y r i t e  a r e  e s t i m a t e d  t o  e x i s t  in r o c k s  in t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e  ( a s s u m i n g

5  c u b i c  m i l e s  o f  p r o p y l i t i z e d  r o c k s  w i t h  1 . 0 %  p y r i t e ) .  T h e  w e a t h e r i n g  o f  t h i s  

d i s p e r s e d  p y r i t e  a s  w e l l  a s  o t h e r  m i n e r a l i z a t i o n  h a s  r e s u l t e d  in t h e  p e r v a s i v e  s t a i n i n g  

w h i c h  is c o m m o n  in r o c k s  t h r o u g h o u t  t h e  a r e a  ( e . g .  R e d  M o u n t a i n s  1 ,  2 ,  a n d  3) .

3.2 Bedrock Permeability
F r a c t u r e  p e r m e a b i l i t y  in t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e  is a n i s o t r o p i c .  P e r m e a b i l i t y  

is g r e a t e r  in a  n o r t h e a s t / s o u t h w e s t  d i r e c t i o n  d u e  t o  t h e  d o m i n a n t  f r a c t u r e  o r i e n t a t i o n  

w i t h i n  t h e  E u r e k a  g r a b e n .  In a d d i t i o n ,  f r a c t u r e  p e r m e a b i l i t y  is g r e a t e r  in t h e  w e l d e d  

t u f f s  a n d  f l o w s  t h a n  in t h e  u n w e l d e d  u n i t s .  T h e  s o u t h w e s t  d i p  in t h e  v i c i n i t y  o f  t h e  

m i n e  r e s u l t s  in z o n e s  o f  g r e a t e r  p e r m e a b i l i t y  w h i c h  d i p  s o u t h w e s t  a l o n g  t h e  m o r e  

h i g h l y  f r a c t u r e d  u n i t s .  T h e  o v e r a l l  e f f e c t  is t h a t  t h e  g r e a t e s t  p e r m e a b i l i t y  z o n e s  t r e n d  

n o r t h e a s t / s o u t h w e s t  a n d  d i p  a b o u t  1 0 °  - 1 4 °  s o u t h w e s t .  F ie ld  e v i d e n c e  f o r  t h i s  

a n i s o t r o p y  in p e r m e a b i l i t y  i n c l u d e s  a  p r e f e r r e d  o r i e n t a t i o n  f o r  o r e  s h o o t s .  F i g u r e  5  

s h o w s  a n  e x a m p l e  o f  a  n o r t h e a s t / s o u t h w e s t  t r e n d i n g  o r e  s h o o t  w h i c h  d i p s  s o u t h w e s t .
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F r a c t u r e  p e r m e a b i l i t y  g e n e r a l l y  d e c r e a s e s  w i t h  d e p t h  a s  t h e  f r a c t u r e s  a r e  m a d e  

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

o b s e r v e d  in b o t h  t h e  A m e r i c a n  T u n n e l  a n d  t h e  T e r r y  T u n n e l .  A t  l o c a t i o n s  d e e p  w i t h i n  

t h e  m i n e ,  w a t e r  e n t e r s  e a c h  t u n n e l  o n l y  w h e r e  m a j o r  f r a c t u r e s  a r e  e n c o u n t e r e d ,  a n d  

m o s t  o f  t h e  b a c k  a n d  rib o f  t h e  t u n n e l  is d r y .  H o w e v e r ,  a s  t h e  p o r t a l s  a r e  a p p r o a c h e d  

d e c r e a s i n g  o v e r b u r d e n  p r e s s u r e  a l l o w s  r e l a t i v e l y  m i n o r  j o i n t s  t o  t r a n s m i t  w a t e r  a n d  

d r i p p i n g  w a t e r  b e c o m e s  c o m m o n .

In t h e  d e e p e r  p a r t s  o f  t h e  f l o w  s y s t e m ,  s i g n i f i c a n t  q u a n t i t i e s  o f  w a t e r  a r e  t r a n s m i t t e d  

o n l y  b y  m a j o r  f r a c t u r e s .  T h i s  is d e m o n s t r a t e d  b y  t h e  f a c t  t h a t  t h e  d e e p e r  p a r t  o f  t h e  

p r e s e n t  A m e r i c a n  T u n n e l  ( b e y o n d  t h e  D a y l i g h t  C o r n e r  a t  a p p r o x i m a t e l y  2 7 0 0  f e e t  

f r o m  t h e  o u t s i d e  e n d  o f  t r a c k 1) h a s  i n t e r c e p t e d  1 3 5 0  g p m  o f  g r o u n d  w a t e r .  O f  t h i s  

1 3 5 0  g p m ,  9 0  p e r c e n t  c a n  b e  a c c o u n t e d  f o r  f r o m  t h e  i n t e r s e c t i o n  o f  f i v e  m a j o r  

f r a c t u r e  z o n e s  ( t h e  W a s h i n g t o n  v e i n ,  t h e  S u n n y s i d e  v e i n ,  t h e  B r e n n e m a n  v e i n ,  a  

f r a c t u r e  z o n e  a t  t h e  0 7 0 0  r u n a r o u n d ,  a n d  a  f r a c t u r e  z o n e  l o c a t e d  3 0 2 0  t o  3 2 2 0  f e e t  

f r o m  t h e  e n d  o f  t r a c k  ( s e e  s e c t i o n  4 . 2 . 1 ) .  F i g u r e  6  is a  s c h e m a t i c  d i a g r a m  s h o w i n g  

t h e  m a n n e r  in w h i c h  f r a c t u r e  p e r m e a b i l i t y  c h a n g e s  w i t h  d e p t h .

1 All footages along the American Tunnel are referenced to track repair footages as marked 
on the tunnel wall. The track repair footages have a zero point ju s t outside o f the portal.



Bonita
Peak

Gladstone
(Portal)

EXPLANATION

Zone where minor fractures transmit significant 
quantities of water.

Major fractures which transmit water even under 
considerable overburden pressure.

Sunnyside
Basin

Mine workings.

/inr4/Mnny«d*/18711225/187«*003JHtf8 NOT TO SCALE

Sunnyside Gold Corporation 
San Juan County, Colorado

DATE: 03/ 14/93
DESIGNED:

Schem atic of Differing 
Fracture Permeability 

With Depth

CHECKED:

APPROVED:

DRAWN: R JJ
PROJ-: 187112251

i i s i  s i m o n
I l s J

Figure 6



3.3 Pre-Mining Potentiometric Surface
S i m o n  H y d r o - S e a r c h  h a s  u s e d  o b s e r v a t i o n s  f r o m  1 9 5 9  a n d  1 9 6 1  t o  e s t i m a t e  t h e  

e q u i l i b r i u m  s t a t i c  w a t e r  l eve l  b e n e a t h  t h e  S u n n y s i d e  B a s i n .  M r .  B o b  W a r d  ( m i n e  

s u p e r i n t e n d e n t  d u r i n g  c o n s t r u c t i o n  o f  t h e  A m e r i c a n  T u n n e l )  p e r s o n a l l y  s a w  t h a t  t h e  

s t a t i c  w a t e r  l e v e l  in t h e  W a s h i n g t o n  I n c l i n e d  S h a f t  w a s  a p p r o x i m a t e l y  5 0  f e e t  b e l o w  

F l e v e l  d u r i n g  t h e  s u m m e r  o f  1 9 5 9 .  Mr.  W a r d ' s  r e c o l l e c t i o n  a p p e a r s  r e a s o n a b l e  in 

l igh t  o f  a  l e t t e r  f r o m  D, H u t c h i n s o n  t o  M e s s r s .  W i l l i a m  R. M c C o r m i c k  a n d  R o b e r t  M.  

H u r s t  d a t e d  F e b r u a r y  3 ,  1 9 6 1 .  T h i s  l e t t e r  s t a t e s  t h a t  d u r i n g  J a n u a r y  o f  1 9 6 1  ( a f t e r  

t h e  A m e r i c a n  T u n n e l  h a d  i n t e r s e c t e d  s o m e  o f  t h e  f r a c t u r e s  u n d e r  t h e  o ld  w o r k i n g s )  

" t h e  w a t e r  w a s  9 7  f e e t  b e l o w  F l ev e l  a n d  f a l l ing  3Vi f e e t  p e r  d a y " .  T h e  o b s e r v e d  

w a t e r  l e v e l s  in 1 9 5 9  a n d  1 9 6 1  w e r e  b e l o w  F l eve l  w h e r e  d r a i n a g e  t o  t h e  s u r f a c e  

w o u l d  h a v e  o c c u r r e d  v i a  t h e  T e r r y  T u n n e l .  T h e  1 9 5 9  s t a t i c  w a t e r  l eve l  r e f l e c t s  a  l a c k  

o f  d e w a t e r i n g  d u r i n g  t h e  p r e c e d i n g  2 0 - y e a r  p e r i o d  d u r i n g  w h i c h  t i m e  t h e  m i n e  w a s  

i n a c t i v e .  T h e  1 9 5 9  s t a t i c  w a t e r  l eve l  is t h o u g h t  t o  r e p r e s e n t  a n  e q u i l i b r i u m  c o n d i t i o n  

o f  i n f l o w  t o  t h e  w o r k i n g s  v e r s u s  o u t f l o w  v ia  n a t u r a l  f r a c t u r e  p e r m e a b i l i t y .  It is w o r t h  

n o t i n g  t h a t  t h i s  s t a t i c  w a t e r  l eve l  is d e e p  e n o u g h  t h a t  m o s t  o f  t h e  m i n o r  j o i n t s  w o u l d  

b e  c l o s e d  b y  t h e  o v e r b u r d e n  p r e s s u r e .

D i r e c t  s u r f a c e - w a t e r  i n f l o w  t o  t h e  m i n e  in 1 9 5 9  w a s  f a r  l e s s  t h a n  in 1 9 9 2 .  H e n c e ,  

t h e  s t a t i c  w a t e r  l ev e l  in 1 9 5 9 ,  e s t i m a t e d  a t  1 1 , 5 0 0  f e e t  a b o v e  m e a n  s e a  l ev e l  (m s l ) ,  

is a s s u m e d  t o  a p p r o x i m a t e  t h e  s t a t i c  w a t e r  l e v e l  in t h e  f r a c t u r e d  b e d r o c k  p r io r  t o  

c o m m e n c i n g  m i n i n g .



L a k e  E m m a  w a s  a  g l a c i a l  t a r n  in S u n n y s i d e  B a s i n  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  

1 2 , 2 5 0  f e e t  m s l .  O n  J u n e  4 ,  1 9 7 8  L a k e  E m m a  d r a i n e d  i n t o  w o r k i n g s  o n  t h e  S p u r  

v e i n  c a u s i n g  m a s s i v e  d a m a g e  t h r o u g h o u t  t h e  m i n e  (Bird,  1 9 8 6 ,  p.  1 3 5 ) .  In a r e a s  o f  

h i g h  p e r m e a b i l i t y  a  l a k e  c a n  u s u a l l y  b e  c o n s i d e r e d  t o  r e p r e s e n t  t h e  w a t e r  t a b l e .  

H o w e v e r ,  t h i s  d o e s  n o t  a p p e a r  t o  h a v e  b e e n  t h e  c a s e  f o r  L a k e  E m m a .  T w o  s a m p l e s  

o f  t h e  l a c u s t r i n e  c l a y s  w h i c h  f o r m e r l y  w e r e  u n d e r  L a k e  E m m a  w e r e  t e s t e d  in A u g u s t  

1 9 8 8  a n d  s h o w n  t o  h a v e  p e r m e a b i l i t i e s  r a n g i n g  f r o m  1 . 6  x  1 0 ‘7 t o  6 . 7  x  1 0 '9 c m / s e c  

u n d e r  9 5 %  r e l a t i v e  c o m p a c t i o n .  T h e s e  p e r m e a b i l i t y  v a l u e s  a r e  v e r y  l o w  a n d  lit t le 

w a t e r  w o u l d  h a v e  b e e n  t r a n s m i t t e d  t h r o u g h  s u c h  m a t e r i a l .  L a k e  E m m a  is c o n s i d e r e d  

t o  h a v e  b e e n  p e r c h e d  o n  l o w  p e r m e a b i l i t y  l a c u s t r i n e  c l a y s .

3.4 Pre-Mining Direction of Ground-Water Flow
P r io r  t o  t h e  e x i s t e n c e  o f  t h e  m i n e ,  t h e  g r a d i e n t  w a s  a p p r o x i m a t e l y  0 . 1  f e e t / f o o t  f r o m  

t h e  h e a d  o f  S u n n y s i d e  B a s i n  t o  e i t h e r  C e m e n t  C r e e k ,  a t  G l a d s t o n e ,  o r  t o  t h e  A n i m a s  

R i v e r  a t  t h e  s i t e  o f  E u r e k a  ( s e e  T a b l e  1) .  If t h e  p r e - m i n e  h y d r a u l i c  h e a d  u n d e r  

S u n n y s i d e  B a s i n  h a d  b e e n  h i g h e r  o r  l o w e r  t h e  h y d r a u l i c  g r a d i e n t  w o u l d  h a v e  a 

d i f f e r e n t  v a l u e ,  b u t  t h e  r a t e  o f  c h a n g e  in g r a d i e n t  w o u l d  b e  a b o u t  t h e  s a m e  t o  t h e  

s o u t h e a s t  ( t o w a r d  M i d w a y  Mill s i t e )  a s  t o  t h e  s o u t h w e s t  ( t o w a r d  G l a d s t o n e ) .

use s i m o n  h y d r o - s e a r c h



T a b l e  1. E s t i m a t e d  P r e - M i n e  G r o u n d - W a t e r  G r a d i e n t  wi t h i n  the 

F r a c t u r e d  B e d r o c k

E l e v a t i o n 1 
( f e e t  msl}

D i s t a n c e 1 f r o m  
W o r k i n g s  u n d e r  
S u n n y s i d e  B a s i n  

( f e e t )

G r a d i e n t 2 
f r o m  h e a d  o f  

S u n n y s i d e  
B a s i n  t o  

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

Cement  Creek near Portal 
of American Tunnel

10,50 0 9 ,5 0 0 0 .1 0 5

Discharge Zone near Mogul 
Mine Portal

1 1 ,250 6 ,3 0 0 0 .0 4 0

Animas River at  Site of  Eureka 9 ,8 5 0 1 5 ,600 0 .1 0 6

Eureka Gulch near Midway 
Mill Site

1 0 ,480 9 ,3 0 0 0 . 1 1 0

1) Estimated from U.S.G.S. Handies Peak and Ironton 7 1/2 minute quadrangles

2) Assum es  the  pre-mine hydraulic head ¡n the  fractured bedrock beneath  Lake Emma w as  
approximately 1 1 ,500  feet  above mean sea  level {based on the  19 5 9  water-level observation 
of Mr. Bob Ward).



If p e r m e a b i l i t y  h a d  b e e n  h o m o g e n e o u s  a n d  i s o t r o p i c ,  t h e  g r o u n d w a t e r  w o u l d  h a v e  

m o v e d  in b o t h  d i r e c t i o n s .  H o w e v e r ,  a  s t r o n g  a n i s o t r o p y  e x i s t s  w i t h  e n h a n c e d  

p e r m e a b i l i t y  b o t h  in a  n o r t h e a s t / s o u t h w e s t  d i r e c t i o n  a n d  a l s o  d i p p i n g  s o u t h w e s t .  In 

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

t h e  v o l c a n i c s  is e x p e c t e d  b e n e a t h  t h e  G l a d s t o n e  a r e a  t h a n  b e n e a t h  t h e  S u n n y s i d e  

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

f a c i l i t a t e  g r o u n d - w a t e r  m o v e m e n t  t o w a r d  C e m e n t  C r e e k .  H e n c e ,  t h e  m a j o r i t y  o f  

w a t e r  in t h e  b e d r o c k  f l o w  s y s t e m  is i n f e r r e d  t o  h a v e  m o v e d  f r o m  t h e  S u n n y s i d e  B a s i n  

t o  t h e  C e m e n t  C r e e k  d r a i n a g e  w h e r e  it d i s c h a r g e d  a s  s p r i n g s  a n d  s e e p s .

Fie ld  e v i d e n c e  s u p p o r t s  t h e  i d e a  t h a t  t h e  p r e f e r r e d  g r o u n d - w a t e r  f l o w  d i r e c t i o n  is 

s o u t h w e s t  r a t h e r  t h a n  s o u t h e a s t  in t h e  v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e .  Field 

o b s e r v a t i o n s  b y  S i m o n  H y d r o - S e a r c h  s t a f f  d u r i n g  J u l y  a n d  A u g u s t ,  1 9 9 1  l o c a t e d  a 

g r e a t e r  n u m b e r  o f  v i s i b le  s p r i n g s  a n d  s e e p s  in t h e  C e m e n t  C r e e k  d r a i n a g e ,  a b o v e  

G l a d s t o n e ,  t h a n  in E u r e k a  G u l c h .  F u r t h e r m o r e ,  t h e  s p r i n g s  a n d  s e e p s  in t h e  t w o  f o r k s  

o f  C e m e n t  C r e e k  a b o v e  G l a d s t o n e  a r e  p r e f e r e n t i a l l y  l o c a t e d  o n  t h e  e a s t  s i d e  o f  t h e  

c r e e k ,  i n d i c a t i n g  a  s o u r c e  t o  t h e  e a s t  is m o s t  l ikely.  F ina l ly ,  b a s e d  o n  t h e  v o l u m e  o f  

d u m p s ,  t h e  S i l v e r  L e d g e  M i n e ,  l o c a t e d  o n  t h e  e a s t  s i d e  o f  t h e  S o u t h  F o r k  o f  C e m e n t  

C r e e k ,  a p p e a r s  t o  h a v e  a p p r o x i m a t e l y  t h e  s a m e  e x t e n t  o f  u n d e r g r o u n d  w o r k i n g s  a s  

t h e  Big C o l o r a d o  M i n e  l o c a t e d  d i r e c t l y  a c r o s s  t h e  c r e e k .  Y e t ,  b a s e d  o n  t h e  p r e s e n t  

f l o w  f r o m  t h e  p o r t a l s ,  t h e  S i l v e r  L e d g e  M i n e  i n t e r c e p t e d  a p p r o x i m a t e l y  t e n  t i m e s  a s  

m u c h  w a t e r  a s  t h e  Big C o l o r a d o  M i n e .



T h i s  s e c t i o n  o u t l i n e s  t h e  o v e r a l l  h y d r o l o g i c  s i t u a t i o n  w h i c h  is e x p e c t e d  t o  r e s u l t  f r o m  

t h e  I n s t a l l a t i o n  o f  u n d e r g r o u n d  b u l k h e a d s  p r o p o s e d  b y  S G C .  M a n y  o f  t h e  d e t a i l s  a n d  

s u p p o r t i n g  e v i d e n c e  f o r  t h i s  c o n c e p t u a l  h y d r o l o g i c  m o d e l  a r e  p r o v i d e d  in t h e  f o l l o w i n g  

s e c t i o n s .

O n c e  t h e  b u l k h e a d  is i n s t a l l e d  in t h e  A m e r i c a n  T u n n e l  ( n e a r  t h e  u n d e r g r o u n d  p r o p e r t y  

l ine  w i t h  t h e  G o l d  King M i n e )  w a t e r s  p r e s e n t l y  l e a v i n g  t h e  S u n n y s i d e  G o l d  p r o p e r t y  

a r e  e x p e c t e d  t o  b e  i m p o u n d e d  b e h i n d  t h e  b u l k h e a d .  T h e  p h y s i c a l  a n d  c h e m i c a l  

i n t e g r i t y  o f  t h e  b u l k h e a d  i t s e l f  a r e  c o n s i d e r e d  in a  s e p a r a t e  r e p o r t  b y  A b e l ,  1 9 9 3 .  T h e  

r a t e  o f  l o c a l i z e d  l e a k a g e  a r o u n d  t h e  b u l k h e a d  is c o n s i d e r e d  in S e c t i o n  7 . 3  o f  t h i s  

r e p o r t .

It s h o u l d  b e  n o t e d  t h a t  t h e  p r o p o s e d  b u l k h e a d  n e a r  t h e  u n d e r g r o u n d  p r o p e r t y  l ine  is 

e x p e c t e d  t o  i m p o u n d  t h e  w a t e r  w h i c h  o r i g i n a t e s  o n  S G C  p r o p e r t y ,  b u t  a  s i g n i f i c a n t  

a m o u n t  o f  w a t e r  o r i g i n a t i n g  o n  G o l d  King  p r o p e r t y  will  n o t  b e  i m p o u n d e d .  F i g u r e  7  

s h o w s  t h a t  a p p r o x i m a t e l y  9 3 0  g p m  p r e s e n t l y  f l o w s  p a s t  t h e  p r o p o s e d  A m e r i c a n  

T u n n e l  b u l k h e a d  s i t e ,  b u t  t h a t  a p p r o x i m a t e l y  a n  a d d i t i o n a l  6 5 0  g p m  f l o w s  i n t o  t h e  

A m e r i c a n  T u n n e l  f r o m  G o l d  K in g  p r o p e r t y .  H e n c e ,  t h e  A m e r i c a n  T u n n e l  p o r t a l  is 

e x p e c t e d  t o  f l o w  a n  a v e r a g e  o f  a p p r o x i m a t e l y  6 5 0  g p m  e v e n  a f t e r  i n s t a l l a t i o n  o f  t h e  

p r o p o s e d  b u l k h e a d .  T h e  r a t e  o f  f l o w  d o w n s t r e a m  o f  t h e  p r o p o s e d  A m e r i c a n  T u n n e l
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b u l k h e a d  s i t e  is n o t  e x p e c t e d  t o  i n c r e a s e  s u b s t a n t i a l l y  a f t e r  b u l k h e a d  c o n s t r u c t i o n  

b e c a u s e  n o  s i g n i f i c a n t l y  p e r m e a b l e  f r a c t u r e s  h a v e  b e e n  o b s e r v e d  f o r  t h e  n e x t  3 0 0 0  

f e e t  d o w n s t r e a m .

T h e  S u n n y s i d e  M i n e  w o r k i n g s  a r e  e x p e c t e d  t o  fill w i t h  w a t e r  un t i l  a n  e q u i l i b r i u m  is 

r e a c h e d  b e t w e e n  w a t e r  f l o w i n g  i n t o  t h e  m i n e  w o r k i n g s  a n d  w a t e r  l e a v i n g  t h e  m i n e  

w o r k i n g s  v i a  n a t u r a l  f r a c t u r e  p a t h w a y s .  If t h e  o n g o i n g  r e c l a m a t i o n  w o r k  in S u n n y s i d e  

B a s i n  is s u c c e s s f u l  in d i v e r t i n g  s u r f a c e  w a t e r  f r o m  e n t e r i n g  u n d e r g r o u n d  w o r k i n g s ,  

t h e n  t h e  e q u i l i b r i u m  w a t e r  l e v e l  in t h e  f l o o d e d  m i n e  w o r k i n g s  is e x p e c t e d  t o  b e  j u s t  

b e l o w  F - l ev e l  a t  a p p r o x i m a t e l y  1 1 , 5 0 0  f e e t  m s l  ( s e e  S e c t i o n s  3 . 3  a n d  7 . 1  f o r  d e t a i l s } .  

If s u r f a c e  w a t e r  i n f l o w  t o  t h e  m i n e  is n o t  s u b s t a n t i a l l y  d e c r e a s e d ,  t h e n  t h e  e q u i l i b r i u m  

w a t e r  l e v e l  m a y  b e  c o r r e s p o n d i n g l y  h i g h e r .  T h e  a b s o l u t e  m a x i m u m  p o s s i b l e  

e q u i l i b r i u m  w a t e r  l eve l  is a t  t h e  e l e v a t i o n  o f  l a n d  s u r f a c e  in t h e  S u n n y s i d e  B a s i n  

( a p p r o x i m a t e l y  1 2 , 2 5 0  f e e t  m s l ) .

A l t h o u g h  e q u i l i b r i u m  w a t e r  l ev e l  in t h e  f l o o d e d  w o r k i n g s  is e x p e c t e d  t o  b e  j u s t  b e l o w  

F - lev e l ,  t h r e e  a d d i t i o n a l  b u l k h e a d  l o c a t i o n s  h a v e  b e e n  p r o p o s e d  b y  S G C  t o  i m p o u n d  

w a t e r  in c a s e  it r i s e s  a s  h i g h  a s  t h e  l a n d  s u r f a c e  in S u n n y s i d e  B a s i n .  A  p r o p o s e d  

b u l k h e a d  in t h e  T e r r y  T u n n e l  is i n t e n d e d  t o  k e e p  w a t e r  f r o m  f l o w i n g  o u t  o f  t h e  T e r r y  

T u n n e l  p o r t a l .  T w o  s e t s  o f  p r o p o s e d  b u l k h e a d s  o n  t h e  B r e n n e m a n  v e i n ,  o n e  s e t  o n  

F - l ev e l  a n d  o n e  s e t  o n  B - leve l  ( a t  a p p r o x i m a t e l y  1 2 , 1 5 0  f e e t )  a r e  i n t e n d e d  t o  k e e p  

w a t e r  f r o m  f l o w i n g  i n t o  t h e  M o g u l  M i n e .  A l t h o u g h  o n l y  o n e  t u n n e l  c o n n e c t s  t h e



S u n n y s i d e  a n d  M o g u l  m i n e s  ( a t  a n  e l e v a t i o n  o f  1 1 , 9 0 4  f e e t  m s l ) ,  a c c e s s  t o  t h a t  

t u n n e l  is s o  d i f f i c u l t  t h a t  it is m o r e  c o n v e n i e n t  t o  p l a c e  t w o  s e t s  o f  b u l k h e a d s  a t  

l o c a t i o n s  b e f o r e  t h e  w o r k i n g s  c o n v e r g e  t o  a  s i n g l e  t u n n e l .  T h e r e  a l s o  e x i s t s  a  

c o n n e c t i o n  b e t w e e n  t h e  S u n n y s i d e  M i n e  a n d  t h e  G o ld  P r i n c e  M i n e  ( w i t h  a  p o r t a l  in 

P l a c e r  G u l c h ) ,  b u t  t h e  c o n n e c t i o n  is a t  l e a s t  1 5 0  f e e t  h i g h e r  t h a n  l a n d  s u r f a c e  in t h e  

S u n n y s i d e  B a s i n .

O n c e  a n  e q u i l i b r i u m  w a t e r  l e v e l  is e s t a b l i s h e d  in t h e  f l o o d e d  m i n e  w o r k i n g s  ( a n d  

p e r h a p s  e v e n  ea r l i e r )  s o m e  w a t e r  is e x p e c t e d  t o  m o v e  a l o n g  n a t u r a l  f r a c t u r e  p a t h w a y s  

f r o m  t h e  f l o o d e d  m i n e  w o r k i n g s  t o w a r d  t h e  C e m e n t  C r e e k  B a s i n .  T h e  n a t u r a l  p r e ­

m i n i n g  g r o u n d - w a t e r  f l o w  d i r e c t i o n s  ( d i s c u s s e d  in S e c t i o n  3 . 4 )  a r e  e x p e c t e d  t o  b e  

r e e s t a b l i s h e d .  T h e  m a j o r i t y  o f  t h e  g r o u n d - w a t e r  f l o w  is e x p e c t e d  t o  b e  t o w a r d  t h e  

w e s t  a n d  s o u t h w e s t  a s  i n d i c a t e d  o n  F i g u r e  8 . M o s t  o f  t h e  p e r m e a b l e  f r a c t u r e s  a r e  

o r i e n t e d  s o u t h w e s t ,  b u t  t h e  B r e n n e m a n  v e i n  a l s o  a p p e a r s  t o  b e  s o m e w h a t  p e r m e a b l e  

a n d  is o r i e n t e d  w e s t - n o r t h w e s t .  T h e  e s t i m a t e d  r a t e  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  

f l o o d e d  m i n e  w o r k i n g s  is d i s c u s s e d  in S e c t i o n  8 . 2  a n d  t h e  t r a n s i t  t i m e  f r o m  t h e  m i n e  

w o r k i n g s  t o  t h e  s u r f a c e  is c o n s i d e r e d  in S e c t i o n  8 . 3 .
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Note* Locations of stopes In Sunnyside Basin are generalized.
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5 .0  ESTIMATION OF HYDRAULIC HEAD AND HYDRAULIC 
CONDUCTIVITY FROM FLOW TESTS

T h e  a v e r a g e  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  f r a c t u r e d  v o l c a n i c  r o c k s  n e a r  t h e  0 7 0 0  a n d  

1 5 0 0  r u n a r o u n d s  in t h e  A m e r i c a n  T u n n e l  is e s t i m a t e d  t o  b e  o n  t h e  o r d e r  o f  5 x 1 0 ‘5 

c m / s e c  ( 0 . 1 5  f e e t / d a y ) .  T h e s e  c o n c l u s i o n s  a r e  b a s e d  o n  a n  a n a l y s i s  o f  f l o w  t e s t s  

d e s c r i b e d  in d e t a i l  in t h e  r e m a i n d e r  o f  t h i s  s e c t i o n .  R o c k  in t h e  v i c i n i t y  o f  t h e  f l o w  

t e s t s  m a y  b e  s o m e w h a t  m o r e  p e r m e a b l e  t h a n  is t y p i c a l  f o r  t h e  d e e p  r o c k s  in t h e  

v i c i n i t y  o f  t h e  S u n n y s i d e  M i n e .

C o n s t a n t  d i s c h a r g e  f l o w  t e s t s  w e r e  c o n d u c t e d  o n  D e c e m b e r  1 7  a n d  1 8 ,  1 9 9 2 ,  f r o m  

t w o  l o n g h o l e s  ( d i a m o n d  drill h o l e s )  l o c a t e d  in t h e  A m e r i c a n  T u n n e l .  T h e  p u r p o s e  o f  

t h e s e  t e s t s  w a s  t o  e s t i m a t e  t h e  p r e s e n t  h y d r a u l i c  h e a d  o v e r  t h e  A m e r i c a n  T u n n e l  a n d  

t o  e s t i m a t e  t h e  a v e r a g e  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  f r a c t u r e d  v o l c a n i c  r o c k s  in t h e  

v i c i n i ty  o f  t h e  t e s t s .  T h e  a n a l y t i c a l  t e c h n i q u e s  a p p l i e d  t o  t h e  t e s t  r e s u l t s  c a n  o n l y  

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

5. 7 Description of the Drill Holes Used for Flow Testing
In t h e  T e r r y  T u n n e l  (F - leve l )  a  d i a m o n d  drill h o l e  w a s  d r i l l ed  in l a t e  1 9 9 2  f o r  t h e  

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

t h e  g e n e r a l  v i c i n i t y  o f  o n e  o f  t h e  b u l k h e a d  s i t e s  p r o p o s e d  b y  S G C .  A s  e x p e c t e d ,  t h e  

h o l e  d id  n o t  e n c o u n t e r  w a t e r  a n d  n o  f l o w  t e s t i n g  w a s  c o n d u c t e d .



In t h e  A m e r i c a n  T u n n e l  t h r e e  l o n g h o l e s  ( 7 0 0 ,  7 0 2  a n d  7 0 4 )  w e r e  c o l l a r e d  a t  t h e  1 5 0 0  

R u n a r o u n d  o n  t h e  s o u t h e a s t  r ib a n d  d r i l l ed  t o  t h e  s o u t h e a s t  a t  d i f f e r e n t  a n g l e s .  T h e  

l o n g h o l e s  w e r e  o r i g i n a l l y  d r i l l ed  f o r  m i n e r a l  e x p l o r a t i o n  o b j e c t i v e s ,  n o t  f o r  e s t i m a t i n g  

h y d r a u l i c  p a r a m e t e r s .  H o l e  7 0 0  w a s  d r i l l ed  a t  a n  u p w a r d  a n g l e  o f  V% d e g r e e ;  h o l e  7 0 2  

w a s  d r i l l ed  a t  a n  u p w a r d  a n g l e  o f  1 0  d e g r e e s ;  a n d  h o l e  7 0 4  w a s  dr i l led  a t  a  

d o w n w a r d  a n g l e  o f  1 0  d e g r e e s .  " D o w n h o l e "  s u r v e y s  w e r e  n o t  c o n d u c t e d  in a n y  o f  

t h e s e  l o n g h o l e s .  All t h r e e  h o l e s  w e r e  g r o u t e d  a t  t h e  c o l l a r  a n d  f i t t e d  w i t h  s h u t - o f f  

v a l v e s  a n d  p r e s s u r e  g a u g e s  in p r e p a r a t i o n  f o r  t h e  f l o w  t e s t s .  T w o  l o n g h o l e s  ( 7 8 1  a n d  

7 7 8 )  w e r e  l o c a t e d  a t  t h e  0 7 0 0  R u n a r o u n d .  H o l e  7 8 1  w a s  d r i l l ed  i n t o  t h e  s o u t h e a s t  

r ib a t  a n  u p w a r d  a n g l e  o f  1 7  d e g r e e s ,  b u t  w a s  n o t  s u r v e y e d .  H o l e  7 7 8  w a s  dri l led  

i n t o  t h e  n o r t h w e s t  r ib a t  a  b e a r i n g  t o  t h e  n o r t h - n o r t h e a s t .  C o n t i n u o u s  d o w n h o l e  

s u r v e y s  s h o w  t h e  h o l e  s t a r t e d  a t  a n  u p w a r d  a n g l e  o f  9  d e g r e e s  a n d  f i n i s h e d  a t  a n  

u p w a r d  a n g l e  o f  2 4  d e g r e e s .

5.2 Flow Test Methodology
T h e  f i r s t  f l o w  t e s t  w a s  c o n d u c t e d  f r o m  h o l e  7 0 0  a t  a  c o n s t a n t  d i s c h a r g e  o f  1 3 5  

g a l l o n s  p e r  m i n u t e  ( g p m ) .  A W a t e r  S p e c i a l t i e s  C o r p o r a t i o n  m o d e l  M L - 0 4  f l o w m e t e r  

w a s  u s e d  t o  m e a s u r e  d i s c h a r g e  a n d  A s h c r o f t  3 0 0  ps i  g a u g e s  w e r e  u s e d  t o  m e a s u r e  

w a t e r  p r e s s u r e s  in t h e  d i s c h a r g e  l ine  f r o m  h o l e  7 0 0  a n d  a t  t h e  c o l l a r s  o f  h o l e s  7 0 2  

a n d  7 0 4 .  H o l e s  7 8 1  a n d  7 7 8  a t  t h e  0 7 0 0  R u n a r o u n d  w e r e  c h e c k e d  d u r i n g  t h e  t e s t ;  

h o w e v e r ,  n e i t h e r  h o l e  r e s p o n d e d  t o  t h e  f i r s t  t e s t .  T h e  f l o w  t e s t  w a s  c o n d u c t e d  fo r



f o u r  h o u r s  a n d  f i v e  m i n u t e s  ( 2 4 5  m i n u t e s ) .  R e c o v e r y  w a s  m o n i t o r e d  in h o l e s  7 0 0  a n d  

7 0 4  f o r  9 0  m i n u t e s  a f t e r  h o l e  7 0 0  w a s  s h u t  in.

T h e  s e c o n d  f l o w  t e s t  w a s  c o n d u c t e d  f r o m  h o l e  7 8 1  a t  a  c o n s t a n t  d i s c h a r g e  o f  

a p p r o x i m a t e l y  4 8 . 5  g p m .  T h e  t e s t  l a s t e d  f o u r  h o u r s  ( 2 4 0  m i n u t e s )  a n d  r e c o v e r y  w a s  

m o n i t o r e d  f o r  9 0  m i n u t e s .  T h e  l o n g h o l e s  a t  t h e  1 5 0 0  R u n a r o u n d  w e r e  n o t  m o n i t o r e d  

d u r i n g  t h e  s e c o n d  t e s t .

5.3 Measurement of Hydraulic Head
N o  w a t e r  w a s  e n c o u n t e r e d  in t h e  drill h o l e  in t h e  T e r r y  T u n n e l  (F - leve l ) .  H o w e v e r ,  

c i r c u l a t i o n  w a s  l o s t  in to  a n  o p e n  f r a c t u r e  a t  o n e  p o i n t  i n d i c a t i n g  t h a t  t h e r e  is s o m e  

f r a c t u r e  p e r m e a b i l i t y .  T h e  l a c k  o f  w a t e r  in t h e  p r e s e n c e  o f  f r a c t u r e  p e r m e a b i l i t y  

p r o v e s  t h a t  t h e  f r a c t u r e d  r o c k s  s u r r o u n d i n g  t h e  T e r r y  T u n n e l  ( n o m i n a l  e l e v a t i o n  

1 1 , 5 6 2  f e e t  m s l )  a r e  n o t  p r e s e n t l y  s a t u r a t e d .  U n s a t u r a t e d  r o c k s  w e r e  e x p e c t e d  a t  F- 

l eve l  b a s e d  o n  t h e  a p p a r e n t  e q u i l i b r i u m  w a t e r  l e v e l s  o b s e r v e d  in 1 9 5 9  - 1 9 6 1  ( S e c t i o n  

3 . 0 ) .

W a t e r  f l o w s  f r o m  all drill h o l e s  in t h e  v i c i n i t y  o f  t h e  0 7 0 0  a n d  1 5 0 0  r u n a r o u n d s  in t h e  

A m e r i c a n  T u n n e l  ( n o m i n a l  e l e v a t i o n  1 0 , 6 6 8 ) .  T h i s  i n d i c a t e s  t h a t  t h e  A m e r i c a n  T u n n e l  

is b e l o w  t h e  w a t e r  t a b l e .  T h e  p e r m e a b i l i t y  o f  t h e  v o l c a n i c  r o c k s  is g e n e r a l l y  s o  l o w  

t h a t  w a t e r  o n l y  e n t e r s  t h e  t u n n e l  in a  f e w  p e r m e a b l e  f r a c t u r e s .



Table 2. Hydraulic Head Measured in Boreholes in the American Tunnel

H o l e
N u m b e r

L e n g t h
(f e e t )

A n g l e
f r o m

H o r i z o n t a l
( d e g r e e s )

E s t i m a t e d  
E l e v a t i o n  

C h a n g e  A l o n g  
H o le  
( f ee t )

S t a t i c  
H e a d  (ps i)

S t a t i c  H e a d  
A b o v e  

A m e r i c a n  
T u n n e l  L ev e l  

( f e e t )

7 0 0 20 2 2 + 1/2 + 18 132 3 0 4

702 101 2 + 10 + 176 79 182

7 0 4 - 10 ... 129 298

781 6 6 0 + 17 + 193 132 3 0 4

eunny\wp\traci\2251\Mar1993, Rpt



T h e  s t a t i c  h y d r a u l i c  h e a d s  m e a s u r e d  in t h e  drill h o l e s  a r e  g i v e n  in T a b l e  2 .  T h e  

m e a s u r e d  h y d r a u l i c  h e a d s  r e p r e s e n t  m i x  o f  h e a d s  o v e r  t h e  l e n g t h  o f  t h e  b o r e h o l e s  a n d  

it is n o t  p o s s i b l e  t o  p r e c i s e l y  r e l a t e  t h e  h y d r a u l i c  h e a d  t o  d i s t a n c e  f r o m  t h e  A m e r i c a n  

T u n n e l .  H o w e v e r ,  it is c l e a r  t h a t  t h e  h y d r a u l i c  h e a d  in t h e  v i c i n i t y  o f  t h e  t e s t s  is 

g e n e r a l l y  a p p r o x i m a t e l y  3 0 0  f e e t  h i g h e r  t h a n  t h e  A m e r i c a n  T u n n e l .

T h e  a r e a  o f  t h e  t e s t  is r e l a t i v e l y  h i g h l y  f r a c t u r e d  a n d  s e r v e s  t o  d r a i n  w a t e r  f r o m  t h e  

f r a c t u r e d  b e d r o c k  i n t o  t h e  m i n e .  H e n c e ,  t h e  m e a s u r e d  h y d r a u l i c  h e a d s  d o  n o t  

r e p r e s e n t  t h e  s t a t i c  e q u i l i b r i u m  t h a t  w o u l d  e x i s t  w i t h o u t  t h e  m i n e  w o r k i n g s ,  b u t ,  

r a t h e r ,  a  c o n e  o f  d e p r e s s i o n  i n d u c e d  b y  t h e  p r e s e n c e  o f  t h e  m i n e .

5.4 Estimate of Hydraulic Conductivity
B o t h  l o g - l o g  a n d  s e m i - l o g  p l o t s  o f  t h e  r a t e  o f  p r e s s u r e  c h a n g e  w i t h  t i m e  d u r i n g  t h e  

f l o w  p e r i o d s  f o r  h o l e s  7 0 0 ,  7 0 2 ,  a n d  7 0 4  ( f i rs t  t e s t )  a n d  h o l e  7 8 1  ( s e c o n d  t e s t )  a r e  

g i v e n  in A p p e n d i x  A.  S e m i - l o g  r e c o v e r y  p l o t s  o f  p r e s s u r e  b u i l d - u p  v e r s u s  t / t '  ( t im e  

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

T h e  d r a w d o w n  p l o t s  f o r  t h e  f i r s t  t e s t  d o  n o t  p r o v i d e  f o r  s i m p l e  a n a l y s i s  b y  t h e  T h e i s  

o r  C o o p e r - J a c o b  ( 1 9 4 6 )  m e t h o d s .  T h i s  is p r o b a b l y  d u e  t o  t u r b u l e n t  f l o w  w i t h i n  t h e  

s m a l l - d i a m e t e r ,  u n c a s e d  l o n g h o l e  ( h o l e  7 0 0 )  a n d  b o u n d a r y  e f f e c t s  a l o n g  t h e  h i g h l y  

t r a n s m i s s i v e  f r a c t u r e s .  H o l e  7 0 0  d r a w d o w n  d a t a  s h o w s  a  m o r e  a t y p i c a l  p l o t  t h a n  t h e  

d r a w d o w n  d a t a  f r o m  h o l e s  7 0 2  a n d  7 0 4 .



H o w e v e r ,  t h e  s e m i - l o g  p l o t s  o f  t h e  r e c o v e r y  d a t a  f r o m  b o t h  7 0 0  a n d  7 0 4  p r o d u c e d  

s t r a i g h t  l i n e s .  T h e  c a l c u l a t e d  " t r a n s m i s s i v i t i e s "  f r o m  t h e  r e c o v e r y  p l o t s  f o r  7 0 0  a n d  

7 0 4  a r e  2 , 0 0 0  g a l l o n s  p e r  d a y  p e r  f o o t  ( g p d / f t )  a n d  1 , 3 0 0  g p d / f t ,  r e s p e c t i v e l y  (T a b le  

3 ) .  D u e  t o  t h e  n a t u r e  o f  t h e  t e s t i n g  t h e s e  c a l c u l a t e d  v a l u e s  s h o u l d  n o t  b e  c o n s i d e r e d  

t r u e  t r a n s m i s s i v i t i e s .  R a t h e r ,  t h e  c a l c u l a t e d  v a l u e  is a  f u n c t i o n  o f  t h e  a v e r a g e  

h y d r a u l i c  c o n d u c t i v i t y  a n d  t h e  l e n g t h  o f  t h e  h o l e .  T h e  c a l c u l a t e d  h y d r a u l i c  

c o n d u c t i v i t i e s  r a n g e  f r o m  0 . 1  t o  0 . 2  f t / d a y .  T h e  c a l c u l a t e d  h y d r a u l i c  c o n d u c t i v i t i e s  

a r e  e x p e c t e d  t o  b e  o f  t h e  c o r r e c t  o r d e r  o f  m a g n i t u d e .

B o t h  t h e  s e m i - l o g  d r a w d o w n  a n d  r e c o v e r y  p l o t s  f o r  t h e  s e c o n d  t e s t  ( h o l e  7 8 1 )  

p r o d u c e d  s t r a i g h t  l i n e s .  T h e  c a l c u l a t e d  h y d r a u l i c  c o n d u c t i v i t i e s  a r e  o n  t h e  o r d e r  o f  

0 . 2  f t / d a y ,

T h e  g e o m e t r i c  m e a n  o f  t h e  c a l c u l a t e d  h y d r a u l i c  c o n d u c t i v i t i e s  is 0 . 1 5  f t / d a y .  

H o w e v e r ,  t h e  r o c k  in t h e  v i c i n i ty  o f  t h e  f l o w  t e s t s  e x h i b i t s  m o r e  f r a c t u r e  p e r m e a b i l i t y  

t h a n  is t y p i c a l  f o r  t h e  A m e r i c a n  T u n n e l .  T h e r e f o r e ,  t h i s  c a l c u l a t e d  h y d r a u l i c  

c o n d u c t i v i t y  is e x p e c t e d  t o  b e  c o n s i d e r a b l y  h i g h e r  t h a n  t h e  g e n e r a l  a v e r a g e  f o r  

f r a c t u r e d  r o c k s  in t h e  a r e a .



T a b l e  3. H y d r a u l i c  Conduct iv ities E s t i m a t e d  f r o m  F l o w  T e s t s  In t h e  A m e r i c a n  

T u n n e l  . ■ ..........

Hole

Calculated 
"Transmissivity" 

Early Time 
gpd/ft

Calculated 
"Transmissivity" 

Late Time 
gpd/ft

Data
Type Length

Estimated
Hydraulic

Conductivity
ft/day

Hydraulic
Conductivity

cm/sec

700 2,000 1,325 Recovery
Test

2022 0.1 3 /0 .09 4.6x1 O'5/ 
3.2x1 O'5

704 1 ,300 Recovery
Test

1012 0 .17 6.0x1 O'5

781 980 Drawdown
Test

660 0.20 7 .0 x1 0 '5

781 930 Recovery
Test

660 0 .19 6.6x10*5

Geometric
Mean

0 .15 5.3x10-*



6 . 0  R A  T E  O F  F L O O D I N G  O F  M I N E  W O R K I N G S

T h e  r a t e  a t  w h i c h  t h e  u n d e r g r o u n d  w o r k i n g s  will  fill w i t h  w a t e r  a f t e r  i n s t a l l a t i o n  o f  t h e  

p r o p o s e d  b u l k h e a d s  d e p e n d s  u p o n  t h e  v o l u m e  o f  m i n e  w o r k i n g s ,  a t  t h e  r a t e  o f  i n f l o w  

o f  w a t e r  t o  t h e  m i n e  w o r k i n g s ,  a n d  t h e  p o r o s i t y  o f  t h e  s u r r o u n d i n g  f r a c t u r e d  v o l c a n i c  

r o c k s .  T w o  m e t h o d s  o f  e s t i m a t i n g  t h e  s c h e d u l e  o f  m i n e  f l o o d i n g  p r e d i c t  t h a t  t h e  

w a t e r  l e v e l  wi ll  s u b s t a n t i a l l y  r e a c h  e q u i l i b r i u m  (8 6 %  o f  e q u i l i b r i u m )  in a  r a n g e  o f  

b e t w e e n  o n e  a n d  t e n  y e a r s .

6.1 Estimate Using Volume of Workings and Constant Flow
S G C  s t a f f  u s e d  d e t a i l e d  m a p s  a n d  s e c t i o n s  o f  t h e  u n d e r g r o u n d  w o r k i n g s  o f  t h e  

S u n n y s i d e  M i n e  t o  c a l c u l a t e  t h e  v o l u m e  o f  m i n e  w o r k i n g s  in i n c r e m e n t s  o f  1 0 0  

v e r t i c a l  f e e t .  S e c t i o n s  a l o n g  s t o p e s  a n d  t u n n e l s  w e r e  p l a n i m e t e r e d  a n d  c o m p a r e d  t o  

w i d t h s  o n  p l a n  v i e w s  o r  t o  m e a s u r e d  s t o p e  w i d t h s .  T h e  r e s u l t i n g  m i n e  v o l u m e  d a t a  

a r e  s u m m a r i z e d  in T a b l e  4 .  A  m o r e  d e t a i l e d  v o l u m e t r i c  a n a l y s i s  m a y  b e  f o u n d  in 

A p p e n d i x  B.

O n e  m e t h o d  o f  e s t i m a t i n g  t h e  s c h e d u l e  a t  w h i c h  t h e  m i n e  w o r k i n g s  wi ll  fill w i t h  w a t e r  

is t o  a s s u m e  t h a t  t h e  v o l u m e  o f  w a t e r  e n t e r i n g  t h e  m i n e  w o r k i n g s  will  r e m a i n  

c o n s t a n t  un t i l  a n  e q u i l i b r i u m  w a t e r  l eve l  is r e a c h e d .  T a b l e  4  s h o w s  t h e  s c h e d u l e  o f  

f l o o d i n g  u s i n g  t h i s  m e t h o d .  T h e  e s t i m a t e d  t i m e  t o  f l o o d  t h e  m i n e  t o  t h e  a n t i c i p a t e d  

e q u i l i b r i u m  w a t e r  l e v e l  o f  1 1 , 5 0 0  f e e t  m s l  u s i n g  9 3 0  g p m  ( t h e  p r e s e n t  f l o w  r a t e  a t



T a b l e  4. V o l u m e  o f  S u n n y  side W o r k i n g s  b y  L 

C a l c u l a t e d  T i m e  to F l o o d  W o r k i n g s

e v e l  a n d

V e in
S e c t i o n

T o t a l  
C u m .  c u . f t .

T o t a l  
C u m .  G a l .

D a y s  
9 3 0  g p m

D a y s  
1 2 3 0  g p m

1 0 7 0 0 1 4 3 1 6 8 0 1 0 7 1 0 4 6 2 8 6

1 0 8 0 0 4 2 3 5 2 4 0 3 1 6 7 9 5 9 5 24 18

1 0 9 0 0 7 2 9 5 7 2 0 5 4 5 7 1 9 0 6 41 31

1 1 0 0 0 9 3 6 9 2 8 8 7 0 0 8 2 2 7 4 52 40

1 1 1 0 0 1 0 8 3 4 2 0 8 8 1 0 3 9 8 7 6 61 46

1 1 2 0 0 1 1 9 5 0 0 0 3 8 9 3 8 6 0 6 0 67 50

1 1 3 0 0 1 4 3 7 8 8 5 2 1 0 7 5 5 3 8 1 3 80 61

1 1 4 0 0 1 8 2 8 9 2 2 8 1 3 6 8 0 3 4 2 5 102 77

1 1 5 0 0 2 6 1 2 0 2 8 9 1 9 5 3 7 9 7 6 2 146 110

1 1 6 0 0 3 4 2 8 4 8 7 1 2 5 6 4 5 0 8 3 5 191 145

1 1 7 0 0 4 5 3 7 3 4 7 7 3 3 9 3 9 3 6 0 8 25 3 192

1 1 8 0 0 5 3 4 3 3 5 9 4 3 9 9 6 8 3 2 8 3 2 9 8 2 2 6

1 1 9 0 0 5 9 9 8 5 3 6 0 4 4 8 6 9 0 4 9 3 3 3 5 253

1 2 0 0 0 6 4 3 8 5 5 6 8 4 8 1 6 0 4 0 4 9 3 6 0 27 2

1 2 1 0 0 6 7 8 8 9 0 4 0 5 0 7 8 1 0 0 1 9 3 7 9 28 7

1 2 2 0 0 7 0 3 5 8 3 5 2 5 2 6 2 8 0 4 7 3 3 9 3 29 7

Note: Calculation as sumes inflow rate is const ant  and surrounding rock has no porosity



t h e  p r o p o s e d  A m e r i c a n  T u n n e l  b u l k h e a d  s i t e )  is 1 4 6  d a y s .  A s s u m i n g  a  c o n s t a n t  

i n f l o w  r a t e  o f  1 2 3 0  g p m  { the  A m e r i c a n  T u n n e l  f l o w  r a t e  p l u s  s l i g h t l y  m o r e  t h a n  t h e  

h i s t o r i c a l  a v e r a g e  f l o w  f r o m  t h e  T e r r y  T u n n e l )  y i e l d s  1 1 0  d a y s .  In a c t u a l i t y ,  t h e  r a t e  

o f  i n f l o w  wi ll  d e c r e a s e  a s  t h e  w a t e r  l eve l  r i s e s  in t h e  f l o o d i n g  w o r k i n g s .  In a  m o r e  

c o n s e r v a t i v e  c a s e ,  t h e  t i m e  r e q u i r e d  t o  c o m p l e t e l y  f l o o d  t h e  m i n e  w o r k i n g s  w o u l d  b e  

s l i g h t l y  o v e r  t w o  y e a r s  if t h e  a v e r a g e  i n f l o w  r a t e  is h a l f  o f  t h e  p r e s e n t  A m e r i c a n  

T u n n e l  f l o w  r a t e ,  a n d  t h a t  t h e  e q u i l i b r i u m  w a t e r  l eve l  is a c t u a l l y  a t  t h e  s u r f a c e  in 

S u n n y s i d e  B a s i n .

6.2 Estimate Using a Ground-Water Flow Mode/

T h e  e s t i m a t e d  s c h e d u l e s  o f  t h e  f l o o d i n g  o f  m i n e  w o r k i n g s  d i s c u s s e d  in s e c t i o n  6 .1  

d o  n o t  c o n s i d e r  c h a n g e s  in i n f l o w  r a t e  w i t h  t i m e ,  n o r  p o r o s i t y  o f  t h e  f r a c t u r e d  

v o l c a n i c  r o c k s .  T o  o v e r c o m e  t h e s e  s i m p l i f i c a t i o n s  a  n u m e r i c a l  g r o u n d - w a t e r  f l o w  

m o d e l  w a s  d e v e l o p e d .  T h e  U . S .  G e o l o g i c a l  S u r v e y  M O D F L O W  c o d e  w a s  e m p l o y e d  

t o  c r e a t e  a  s i m p l e  m o d e l  o f  t h e  m i n e  d r a i n a g e  v i a  t h e  A m e r i c a n  T u n n e l .

T h e  m o d e l  e m p l o y e d  a n u m b e r  o f  s i m p l i f y i n g  a s s u m p t i o n s  i n c l u d i n g

initial  h y d r a u l i c  h e a d  p r io r  t o  m i n e  d e w a t e r i n g  is c o n s t a n t  a t  a n  e l e v a t i o n  o f
1 1 , 3 7 0  f e e t  m s l ,
h y d r a u l i c  c o n d u c t i v i t y  is c o n s t a n t  a t  0 . 1 5  f t / d a y  ( t h e  g e o m e t r i c  m e a n  o f  t h e  
r e s u l t s  o f  f l o w  t e s t i n g  in t h e  A m e r i c a n  T u n n e l ) ,
t h e  f r a c t u r e d  v o l c a n i c  r o c k s  a r e  o n l y  p e r m e a b l e  d o w n  t o  a n  e l e v a t i o n  o f  9 6 6 8
f e e t  m s l  ( 1 0 0 0  f e e t  b e l o w  t h e  A m e r i c a n  T u n n e l  L ev e l ) ,
t h e  s t o r a t i v i t y  is c o n s t a n t  a t  0 .0 1 ,
t h e r e  is n o  r e c h a r g e  f r o m  a b o v e  o r  b e l o w ,  a n d
all i n f l o w  t o  t h e  m i n e  is f r o m  c o n s t a n t  h e a d  b o u n d a r i e s  a t  a  d i s t a n c e  o f  o v e r  
f o u r  m i l e s  f r o m  t h e  m i n e  w o r k i n g s .



A l t h o u g h  t h e  initial  h y d r a u l i c  h e a d  e m p l o y e d  in t h e  m o d e l  is s o m e w h a t  l o w e r  t h a n  t h e  

e x p e c t e d  e q u i l i b r i u m  w a t e r  l ev e l ,  t h e  e s t i m a t e d  d r a w d o w n  a n d  r e c o v e r y  r a t e s  w o u l d  

n o t  b e  s i g n i f i c a n t l y  a f f e c t e d  b y  t h e  d i f f e r e n c e .  In s p i t e  o f  t h e  s i m p l i f y i n g  

a s s u m p t i o n s ,  t h e  m o d e l  is u s e f u l  f o r  o b t a i n i n g  a  r o u g h  a p p r o x i m a t i o n  o f  t h e  f l o o d i n g  

s c h e d u l e .

T h e  A m e r i c a n  T u n n e l  b e g a n  d r a i n i n g  t h e  S u n n y s i d e  M i n e  in e a r l y  1 9 6 1  { a p p r o x i m a t e l y  

3 3  y e a r s  p r i o r  t o  e s t i m a t e d  b u l k h e a d  c o n s t r u c t i o n ) .  D u r i n g  m o d e l i n g  t h e  m i n e  w a s  

a l l o w e d  t o  d e w a t e r  t h e  s u r r o u n d i n g  f r a c t u r e d  r o c k s  f o r  a  m o d e l e d  t i m e  i n t e r v a l  o f  3 3  

y e a r s  v i a  a  d r a i n  a t  t h e  A m e r i c a n  T u n n e l  L e v e l .  T h e  d r a i n  in t h e  m o d e l  w a s  c a l i b r a t e d  

s o  t h a t  t h e  a v e r a g e  d i s c h a r g e  f r o m  t h e  d r a i n  w a s  8 9 9  g p m  { c o m p a r e d  t o  a  p r e s e n t  

d i s c h a r g e  o f  a p p r o x i m a t e l y  9 3 0  g p m ) .  T h e  m o d e l  p r e d i c t e d  h e a d  a f t e r  3 3  y e a r s  o f  

d r a i n i n g  a l s o  c o r r e s p o n d s  w e l l  t o  t h e  o b s e r v e d  h e a d s  n e a r  t h e  0 7 0 0  a n d  1 5 0 0  

r u n a r o u n d s  ( S e c t i o n  5 . 3 ) .  A f t e r  t h e  3 3  y e a r s  o f  d e w a t e r i n g  t h e  d r a i n  w a s  " p l u g g e d "  

t o  s i m u l a t e  b u l k h e a d  c o n s t r u c t i o n .  T h e  m o d e l - e s t i m a t e d  r a t e  o f  m i n e  f l o o d i n g  is 

s h o w n  o n  F i g u r e  9 .  T h e  m i n e  is m o d e l e d  a s  b e i n g  8 6 %  fi l led w i t h  w a t e r  in 1 0  y e a r s .

R e a s o n a b l e  e s t i m a t e s  o f  h y d r a u l i c  p a r a m e t e r s  w e r e  e m p l o y e d  in t h e  m o d e l .  If t h e  

a c t u a l  a v e r a g e  p o r o s i t y  is g r e a t e r  t h a n  t h e  m o d e l e d  v a l u e  (0 .0 1 ) t h e  m i n e  will  refill 

s o m e w h a t  m o r e  s l o w l y  t h a n  m o d e l e d .  If t h e  a c t u a l  a v e r a g e  h y d r a u l i c  c o n d u c t i v i t y  is 

l e s s  t h a n  t h e  m o d e l e d  h y d r a u l i c  c o n d u c t i v i t y  ( 0 . 1 5  f t / d a y )  t h e n  t h e  m i n e  will  a l s o  refill 

s o m e w h a t  m o r e  s l o w l y  t h a n  m o d e l e d .  T h e s e  e f f e c t s  s h o u l d  b e  m o r e  t h a n  o f f s e t  b y
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t h e  f a c t  t h a t  t h e r e  will  b e  s o m e  r e c h a r g e  f r o m  t h e  s u r f a c e  w h i c h  wi ll  p r o b a b l y  b e  

r o u g h l y  e q u i v a l e n t  t o  t h e  a n n u a l  a v e r a g e  d i s c h a r g e  f r o m  t h e  T e r r y  T u n n e l .  In 1 9 9 2  

t h e  a v e r a g e  T e r r y  T u n n e l  d i s c h a r g e  w a s  a p p r o x i m a t e l y  2 1 5  g p m ,  b u t  it is e x p e c t e d  

t o  b e  l e s s  t h a n  1 0 0  g p m  a f t e r  c o m p l e t i o n  o f  s u r f a c e  w a t e r  d i v e r s i o n s  in t h e  S u n n y s i d e  

B a s i n .

3 9



7 . 0  R A  T E  O F  L E A K A G E  A R O U N D  B U L K H E A D S

T h e  r a t e  o f  l e a k a g e  t h r o u g h  t h e  b e d r o c k  in t h e  i m m e d i a t e  v i c i n i t y  o f  e a c h  p r o p o s e d  

b u l k h e a d  is e x p e c t e d  t o  b e  l e s s  t h a n  2 5  g a l l o n s  p e r  m i n u t e .  S u p p o r t  f o r  t h i s  e s t i m a t e  

is d e t a i l e d  in t h e  r e m a i n d e r  o f  t h i s  s e c t i o n .  T h e  b u l k h e a d  d e s i g n  b y  Dr .  J o h n  A b e l  

( s e e  " B u l k h e a d  D e s i g n  fo r  t h e  S u n n y s i d e  M i n e :  S u n n y s i d e  G o l d  C o r p . ,  A n  E c h o  B a y  

C o m p a n y " ,  1 9 9 3 )  is i n t e n d e d  t o  m i n i m i z e  t h e  a m o u n t  o f  l e a k a g e  t h r o u g h  t h e  b u l k h e a d  

i t s e l f ,  a n d  a t  t h e  c o n t a c t  b e t w e e n  t h e  b u l k h e a d  a n d  t h e  b e d r o c k .  T h e  a n t i c i p a t e d  

o v e r a l l  r a t e  o f  g r o u n d - w a t e r  f l o w  f r o m  t h e  f l o o d e d  m i n e  w o r k i n g s  t o  C e m e n t  C r e e k  

is d i s c u s s e d  in S e c t i o n  8 . 2 .

7.1 Equilibrium Water Level Behind the Bulkheads
T h e  w a t e r  l e v e l  b e h i n d  t h e  p r o p o s e d  b u l k h e a d s  is e x p e c t e d  t o  r i s e  un t i l  t h e  r a t e  o f  

o u t f l o w  f r o m  t h e  f l o o d e d  m i n e  w o r k i n g s  is e q u a l  t o  t h e  r a t e  o f  i n f l o w  f r o m  t h e  g r o u n d  

w a t e r  s y s t e m  a n d  o p e n i n g s  in S u n n y s i d e  B a s i n .  T h e  o u t f l o w  wi ll  b e  v i a  n a t u r a l  

( f r a c t u r e )  p a t h w a y s  b e c a u s e  all p o s s i b l e  m a n - m a d e  p a t h w a y s  wi ll  b e  b l o c k e d  b y  

b u l k h e a d s  all t h e  w a y  u p  t o  t h e  l eve l  o f  t h e  s u r f a c e  In S u n n y s i d e  B a s i n .

T h e  e q u i l i b r i u m  w a t e r  l eve l  in t h e  f l o o d e d  m i n e  w o r k i n g s  is a n t i c i p a t e d  t o  b e  j u s t  

b e l o w  F l e v e l  ( a p p r o x i m a t e l y  1 1 , 5 0 0  f e e t  m s l ) .  T h i s  is b a s e d  o n  h i s t o r i c a l  

o b s e r v a t i o n s  o f  w a t e r  l e v e l s  in t h e  S u n n y s i d e  M i n e  a f t e r  2 0  y e a r s  o f  i n a c t i v i t y  ( S i m o n  

H y d r o - S e a r c h ,  1 9 9 2 ,  p p .  1 8 - 1 9 ) .



D i r e c t  s u r f a c e - w a t e r  i n f l o w  t o  t h e  m i n e  w a s  l e s s  d u r i n g  t h e  a f o r e m e n t i o n e d  

o b s e r v a t i o n s  ( 1 9 5 9 - 1 9 6 1 )  t h a n  d u r i n g  r e c e n t  y e a r s .  T h e  i n c r e a s e  in s u r f a c e - w a t e r  

i n f l o w  in r e c e n t  y e a r s  h a s  r e s u l t e d  f r o m  t h e  o p e n i n g  o f  t h e  L a k e  E m m a  H o l e  a n d  a u t o -  

s t o p i n g  o f  o t h e r  m i n e  w o r k i n g s  t o  t h e  s u r f a c e  ( S i m o n  H y d r o - S e a r c h ,  1 9 9 2 ,  p p .  3 5 -  

3 6 ) .  H o w e v e r ,  o n g o i n g  r e c l a m a t i o n  w o r k  in S u n n y s i d e  B a s i n  h a s  fi l led t h e  L a k e  E m m a  

H o l e ,  a n d  b l o c k e d  o r  d i v e r t e d  m a n y  o f  t h e  o t h e r  s o u r c e s  o f  s u r f a c e  w a t e r .

If t h e  a m o u n t  o f  s u r f a c e  w a t e r  i n f l o w  c o n t i n u e s  t o  b e  g r e a t e r  t h a n  d u r i n g  t h e  1 9 5 9 -  

1 9 6 1  o b s e r v a t i o n s ,  t h e n  t h e  e q u i l i b r i u m  w a t e r  l eve l  m a y  b e  c o r r e s p o n d i n g l y  h i g h e r .  

T h e r e f o r e ,  l e a k a g e  a n a l y s e s  c o n t a i n e d  in l a t e r  s e c t i o n s  o f  t h i s  r e p o r t  c o n t a i n  e s t i m a t e s  

b a s e d  o n  b o t h  e x p e c t e d  e q u i l i b r i u m  w a t e r  l e v e r  ( n e a r  F l ev e l ) ,  a n d  a  m o s t  c o n s e r v a t i v e  

c a s e  ( s u r f a c e  l e v e l  in S u n n y s i d e  Basin}.

7.2 Permeability at Proposed Bulkhead Sites
C o r e s  w e r e  t a k e n  o f  t h e  w a l l  r o c k  a t  e a c h  o f  t h e  p r o p o s e d  b u l k h e a d  s i t e s  ( A m e r i c a n  

T u n n e l ,  T e r r y  T u n n e l ,  F -L ev e l  B r e n n e m a n  a n d  B -L eve l  B r e n n e m a n ) ,  T h e s e  c o r e s  w e r e  

s u b m i t t e d  t o  P e t r o l e u m  T e s t i n g  S e r v i c e ,  In c .  o f  C a l i f o r n i a  f o r  l a b o r a t o r y  m e a s u r e m e n t  

o f  p e r m e a b i l i t y  t o  w a t e r .  P e r m e a b i l i t y  w a s  m e a s u r e d  u s i n g  E P A  M e t h o d  9 1 0 0  w i t h  

a  2 5 0  p s i  n e t  c o n f i n i n g  s t r e s s  a t  7 4 ° F .

H y d r a u l i c  c o n d u c t i v i t i e s  r a n g e d  f r o m  1 0 '8 t o  1 0 ‘10 c m / s e c  f o r  u n f r a c t u r e d  c o r e ,  t o  1 0 ‘6 

c m / s e c  f o r  c o r e  s h o w i n g  f r a c t u r e s .  R e s u l t s  a r e  s u m m a r i z e d  in T a b l e  5 .  T h e



T a b l e  5, Permeabilities B a s e d  o n  L a b o r a t o r y  t e s t i n g  o f  R o c k  C o r e s

S a m p l e  I .D.
W a t e r  P e r m e a b i l i t y  T e s t  

2 5 0  p s i  N e t  C o n f i n i n g  S t r e s s  a t  7 4 * F

E f f e c t i v e  P e r m e a b i l i t y  
m i l i d a r c y

H y d r a u l i c  C o n d u c t i v i t y  
c m / s

B-Level Nth Rib 0 .0 0 2 2.08x10®

B-Level Sth Rib 0 .0 0 2 2 . 0 8 x 1 0 ‘®

Brenneman Back 0.001 5 .31x10-’°

Brenneman Nth Rib 0 .0 0 6 6.25x10®

Brenneman Sth Rib 0.001 6 . 3 5 x 1 0 '10

Terry Tunnel Back ** 4.27 4.44x1 O'6

Terry Tunnel Nth Rib 0.002 2.08x1 O’0

Terry Tunnel Sth Rib 0 .0 0 2 2 . 0 8 x 1 0 B

American Tunnel Back 0 .0 1 3 1 .35x1O'0

American Tunnel Nth Rib 0.001 1 .0 4 x 1 0 ‘9

American Tunnel Sth Rib ** 9.27 9.66x1 O'6

** Fractured sample 
* EPA Method 91 0 0



e x t r e m e l y  l o w  h y d r a u l i c  c o n d u c t i v i t i e s  w e r e  e x p e c t e d  in t h e  u n f r a c t u r e d  v o l c a n i c  ' 

r o c k s  ( F r e e z e  a n d  C h e r r y ,  1 9 7 9 ,  p . 2 9 ) .

T h e  f r a c t u r e d  c o r e  is t h o u g h t  t o  b e  t h e  r e s u l t  o f  r o c k  d a m a g e  c a u s e d  b y  b l a s t i n g  

d u r i n g  c o n s t r u c t i o n  o f  t h e  u n d e r g r o u n d  w o r k i n g s .  S u c h  b l a s t  d a m a g e  is l im i t e d  t o  t h e  

i m m e d i a t e  v i c i n i t y  o f  t h e  m i n e  w o r k i n g s ,  t y p i c a l l y  e x t e n d i n g  n o  m o r e  t h a n  5  f e e t  

( W o r s e y ,  1 9 8 5 ;  W o r s e y ,  1 9 8 6 ;  a n d  S i s k i n d  a n d  F u m a t i ,  1 9 7 4 ) .  H e n c e ,  a  d a m a g e d  

r im  a  f e w  f e e t  t h i c k  a r o u n d  t h e  t u n n e l s  is e x p e c t e d  t o  h a v e  a n  a r t i f i c ia l l y  i n d u c e d  

p e r m e a b i l i t y  o f  1 0 ‘6 c m / s e c .

F l o w  t e s t i n g  o f  b o r e h o l e s  in t h e  A m e r i c a n  T u n n e l  r e s u l t e d  in a n  o v e r a l l  h y d r a u l i c  

c o n d u c t i v i t y  o f  5 x 1  O '6 c m / s e c  w h e n  a v e r a g e d  f r o m  b o r e h o l e s  o r i e n t e d  p e r p e n d i c u l a r  

t o  t h e  g e n e r a l  o r i e n t a t i o n  o f  t h e  f r a c t u r e  s y s t e m  ( s e e  S e c t i o n  4 . 0 ) .  T h e  h y d r a u l i c  

c o n d u c t i v i t y  o f  5 x 1 0 ‘5 c m / s e c  r e s u l t s  f r o m  a  r e l a t i v e  f e w ,  w i d e l y - s p a c e d  f r a c t u r e s .  

T h e  p r o p o s e d  b u l k h e a d  s i t e s  w e r e  s e l e c t e d  in a r e a s  w h e r e  n o  m a j o r  f r a c t u r e s  w e r e  

o b s e r v e d .  H e n c e ,  f o r  t h e  p u r p o s e  o f  c a l c u l a t i n g  l e a k a g e  in t h e  i m m e d i a t e  v i c i n i t y  o f  

t h e  p r o p o s e d  b u l k h e a d s  a  v a l u e  o f  5 x 1  O'5 c m / s e c  is p r o b a b l y  t o o  h i g h .

7.3 Leakage in the immediate Vicinity of the Bulkheads
D a r c y ' s  e q u a t i o n  w a s  u s e d  t o  e s t i m a t e  t h e  r a t e  o f  l e a k a g e  t h r o u g h  t h e  f r a c t u r e d  

v o l c a n i c s  in t h e  i m m e d i a t e  v i c i n i ty  o f  t h e  p r o p o s e d  b u l k h e a d s .  D a r c y ' s  e q u a t i o n  is:



Q  ss KIA w h e r e :

Q  =  d i s c h a r g e  (i .e.  l e a k a g e )

K =  h y d r a u l i c  c o n d u c t i v i t y

I =  g r a d i e n t ,  a n d

A =  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  " a q u i f e r "  t h r o u g h  

w h i c h  w a t e r  f l o w s .

A  s p r e a d s h e e t  ( T a b l e  6 ) w a s  d e v e l o p e d  in o r d e r  t o  a l l o w  a  r a n g e  v a l u e s  o f  h y d r a u l i c  

c o n d u c t i v i t y ,  g r a d i e n t ,  a n d  a r e a .  T h e  e x p e c t e d  v a l u e s  c o r r e s p o n d  t o  a  h y d r a u l i c  

c o n d u c t i v i t y  o f  1 0 '6 c m / s e c ,  a  h y d r a u l i c  h e a d  n e a r  F -L e v e l ,  a n d  a  b l a s t  d a m a g e  z o n e  

o u t  t o  3  f e e t  f r o m  t h e  m i n e  w a l l s .  T h e  l e a k a g e  t h r o u g h  t h e  f r a c t u r e d  v o l c a n i c s  is 

e x p e c t e d  t o  b e  l e s s  t h a n  0 . 1  g a l l o n  p e r  m i n u t e  ( C a s e  B o n  T a b l e  6 ). C o n s e r v a t i v e  

v a l u e s  c o r r e s p o n d  t o  a  h y d r a u l i c  c o n d u c t i v i t y  o f  5 x 1 0 ‘5 c m / s e c  a n d  a  h y d r a u l i c  h e a d  

a t  t h e  l e v e l  o f  t h e  l a n d  s u r f a c e  in S u n n y s i d e  B a s i n .  T h e  l e a k a g e  v i a  t h e  f r a c t u r e d  

v o l c a n i c s  in t h e  c o n s e r v a t i v e  c a s e  is st i l l  l e s s  t h a n  2 5  g a l l o n s  p e r  m i n u t e  a t  a n y  g i v e n  

b u l k h e a d  ( C a s e  I o n  T a b l e  6 ).
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Performed by Bob Butler 12/24/92 revised 12/28/92

Adit ;: i:; 
v- :- - (name):

: ; Permeability ; 
;K:': (¿m/sec)

Permeability 
: (ft/day) ̂

Adit 
Elevation;; 
: : (feet) x:

Length 
of Plug ; 
(feet) v;

Hydraulic Cross Sectional 
Gradient Plug Area ; ; 
(feet/foot) f : (feiet*) y ;

Cross; Sectional; 
Row:& Plug Area
:-:J-Fj(feet*):-:' - '

Cross Sectional 
Row Area -

Calculated
Flow
(gpm)

Calculated
Row
(flPd)

fol Brenneman B 1.00E-06 2.83E—03 12122 3 42.67 100 256 156 0.10 141
A Brenneman F 1.00E—06 2.83E—03 11562 8 86.00 100 256 156 0.20 284
S Terry F 1.00E—06 2.83E—03 11562 8 86.00 144 324 180 0.23 328
È American 1.00E-06 2.83E-03 10668 25 63.28 169 361 192 0.18 258

A Note: Assumes Static Head Elevation of 12250 (Lake Emma)
and 3 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Sectional Cross Sectional Calculated Calculated
Adit, Permeability l Permeability Elevation of Plug; Gradient PlugiAréa Row & Plug Area Row Area Row Row
(name) : :: (cm/sec) : : (ft/day) (feet) v (feet) : : (feet/fòot) : ■ (feet*) (feet*) ; (feet3):: : <9Pm) (flPd)

Fcl Brenneman B 1.00E—06 2.83E—03 12122 3 • 100 256 156 * *
A Brenneman F 1.00E-06 2.83E—03 11562 8 3.75 100 256 156 0.01 12
S Terry F 1.00E—06 2.83E-03 11562 8 3.75 144 324 180 0.01 14
;:E American 1.00E-06 2.83E—03 10668 25 36.96 169 361 192 0.10 150

B Note: Assumes Static Head Elevation of 11592 (’F*Level plus30 feet)
and 3 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Sectional: Cross Sectional Calculated Calculated
Adit Permeability Permeability Elevation : of Plug Gradient Plug Area Flow & Plug Area Row Area Row Row
(name); (cm/sec): (ft/day) (feet) (fèet) (feet/foot) (feet3) (feet3) (feet*) (flP"™) (flPd)

Fc] Brenneman B 1.00E—10 2.83E—07 12122 3 42.67 100 256 156 0.00001 0.01
A Brenneman F 1.00E-10 2.83E—07 11562 8 86.00 100 256 156 0.00002 0.03
S Terry F 1.00E—10 2.83E—07 11562 8 86.00 144 324 180 0.00002 0.03
•\E American 1.00E-10 2.83E—07 10668 25 63.28 169 361 192 0.00002 0.03

C Note: Assumes Static Head Elevation of 12250 (Lake Emma)
and 3 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Sectional Cross Sectional Calculated Calculated
■ Adit Permeability Permeability Elevation of Plug : Gradient Plug Arèa Flow & Plug Area Row Area Row Row
: (name)' (cm/sèc) (ft/day) (feet) (feet) (feet/foot) (feet2) (feet2) (feet*) (OPm) (flpd)

rc Brenneman B 1.00E—10 2.83E—07 12122 3 * 100 256 156 * *
A Brenneman F 1.00E-10 2.83E—07 11562 8 3.75 100 256 156 8.61 E-07 0.001
S Terry F 1.00E-10 2.83E—07 11562 8 3.75 144 324 180 9.94E-07 0.001
E American 1.00E—10 2.83E-07 10668 25 36.96 169 361 192 1.04E—05 0.015

D Note: Assumes Static Head Elevation of 11592 ('F1Level plus 30 feet)
and 3 foot fracture distance from each side of the plug.
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pprfr»rm«H hv Roh Rutier 12/24/92 revised 12/28/92 --------------
Adit Length Hydraulic Cross Sectional Cross Sectional Cross Sectional Calculated Calculated

• Adit Permeability Permeability Elevation of Plug Gradient Plug Area ; Flow & Plug Area Row Area Flow Row
(name) (cm/sec) (ft/day) (feet) (feet) (feet/foot) (feet2) (feet2) (feet*) (flpm) (flpd)

Brenneman B 1.00E-06 2.03E—03 12122 3 42.67 100 400 300 0.19 271
Brenneman F 1.00E-06 2.83E—03 11562 8 86.00 100 400 30U 0.38 547
Terry F 1.00E—06 2.83E—03 11562 8 86.00 144 484 340 0.43 620
American 1.00E-06 2.83E—03 10668 25 63.28 169 529 3tiU 0.34 483

Note: Assumes Static Head Elevation of 12250 (Lake Emma)
and 5 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Sectional Cross Sectional Calculated Calculated
Adit Permeability :Permeability Elevation of Plug Gradient Plug Area Row & Plug Area Row Area Flow Row

(cm/sec) (ft/day) (feet) (feet) (feet/foot) (feet2): (feet2) : (feet2) (flpm) (gpd)

Brenneman B 1.00E-06 2.83E—03 12122 3 * 100 400 300 • *
Brenneman F 1.00E—06 2.03E—03 11562 8 3.75 100 400 30U 0.02 24
Terry F 1.00E—06 2.83E—03 11562 8 3.75 144 484 340 0.02 27
American 1.00E—06 2.83E—03 10668 25 36.96 169 529 360 0.20 282

Note: Assumes Static Head Elevation of 11592 (’P Level plus 30 feet)
and 5 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Sectional Cross Sectional Calculated Calculated
Adit Permeability Permeability Elevation of Plug Gradient Plug Area Row & Plug Area Row Area Flow Row
(name) (cm/sec) (tt/dav) (feet) (feet) (feet/foot) (feet*) (feet2) (feet2) (flpm) <9pd)

1.00E-10 2.83E-07 12122 3 42.67 100 400 300 0.00002 0.03
Brenneman F 1.00E-10 2.83E—07 11562 8 86.00 100 400 300 0.00004 0.05

1.00E—10 2.83E—07 11562 8 86.00 144 484 34U 0.00004 0.06
American 1.00E—10 2.83E—07 10668 25 63.28 169 529 3fc>U 0.00003 0.05

Note: Assumes Static Head Elevation of 12250 (Lake Emma)
and 5 foot fracture distance from each side of the plug.

Adit Length Hydraulic Cross Sectional Cross Séctional Cross Sectional Calculated Calculated
Adit Permeability Permeability Elevation of Plug Gradient Plug Area Flow & Plug Area Row Area Row Flow

(cm/sec) (ft/day) (feet) (feet) (feet/foot) (feet2) (feet2] (feet2) (gpm) (gpd)

Brenneman B 1.00E-10 2.83E-07 12122 3 * 100 400 300 * *
Brenneman F 1.00E—10 2.83E—07 11562 8 3.75 100 400 300 1.66E—06 0.002

1.00E—10 2.83E-07 11562 8 3.75 144 484 340 1.88E-06 0.003
American 1.00E—10 2.83E-07 10668 25 36.96 169 529 360 1.96E—05 0.028

Note: Assumes Static Head Elevation of 11592 ('F* Level plus 30 feet) 
and 5 foot fracture distance from each side of the plug.
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Note: Assumes Static Head Elevation of 12250 (Lake Emma)
and 5 foot fracture distance from each side of the plug.

rerrormeo dy doo 
Adit Permeability.:: : :: (cm/sec)

Permeability
: (ft/dav) :

Adit: : 
Elevation : {feet)' :

Length : 
of Plug: 
'(feet) :

Hydraulic
Gradient:
(feet/foot):

Cross Sectional 
Plug Area : J 

' ; (feet*); V

Cross Sectional : 
Flow & Plug Area ;; 

•. ■ (feet2)
Cross Sectional:
; Flow Area: v 

; ffeet̂ : ; : : :
Calculated
Flow
(gpm)

Calculated
Row
(flPd)

Brenneman B 5.25E—05 1.49E-01 12122 3 42.67 100 400 300 9.9 14,249
Brenneman F 5.25E—05 1.49E—01 11562 6 86.00 100 400 300 19.9 28,722
Terry F 5.25E—05 1.49E—01 11562 a 86.00 144 484 340 22.6 32,551
American 5.25E-05 1.49E—01 10668 25 63.28 169 529 360 17.6 25,360

/



8 . 0  M O V E M E N T  O F  W A T E R  F R O M  F L O O D E D  W O R K I N G S

T O  T H E  S U R F A C E

A n  e q u i l i b r i u m  w a t e r  l eve l  is a n t i c i p a t e d  t o  o c c u r  in t h e  f l o o d i n g  m i n e  w o r k i n g s  in l e s s  

t h a n  1 0  y e a r s  ( s e e  S e c t i o n  6 ). U n d e r  e q u i l i b r i u m  c o n d i t i o n s  t h e  r a t e  o f  i n f l o w  t o  t h e  

f l o o d e d  w o r k i n g s  wi ll  e q u a l  t h e  r a t e  o f  o u t f l o w .  T h e  g r o u n d - w a t e r  f l o w  w h i c h  p a s s e s  

t h r o u g h  f l o o d e d  m i n e  w o r k i n g s  is e x p e c t e d  t o  b e  a p p r o x i m a t e l y  7 0  g p m ,  b u t  c o u l d  b e  

a s  g r e a t  a s  2 0 0  g p m .  T h i s  g r o u n d  w a t e r  is e x p e c t e d  t o  d i s c h a r g e  o v e r  a  l o n g  s t r e t c h  

o f  C e m e n t  C r e e k .  T h e  t r a v e l  t i m e  f r o m  t h e  f l o o d e d  w o r k i n g s  t o  C e m e n t  C r e e k  is 

e s t i m a t e d  a t  a p p r o x i m a t e l y  1 5 0  y e a r s .  U n d e r  t h e  v e r y  u n l i k e l y  s c e n a r i o  t h a t  t h e  

e q u i l i b r i u m  w a t e r  l e v e l  in t h e  f l o o d e d  w o r k i n g s  is a t  1 2 , 2 5 0  f e e t  m s l ,  s o m e  o f  t h e  

w a t e r  c o u l d  r e a c h  C e m e n t  C r e e k  (v ia  t h e  M o g u l  M in e )  in a s  l i t t le a s  4  m o n t h s .

8.1 Nature of the Discharge from Flooded Mine Workings
W a t e r  l e a v i n g  t h e  f l o o d e d  m i n e  w o r k i n g s  is e x p e c t e d  t o  m o v e  p r i m a r i l y  a l o n g  n a t u r a l  

f l o w  p a t h s  t h r o u g h  f r a c t u r e s  in t h e  v o l c a n i c  r o c k s  unt i l  it d i s c h a r g e s  a l o n g  C e m e n t  

C r e e k .  T h e  g r o u n d  w a t e r  is e x p e c t e d  t o  m o v e  t o w a r d  C e m e n t  C r e e k  b e c a u s e  t h e  

n a t u r a l  f r a c t u r e  s y s t e m  h a s  e n h a n c e d  p e r m e a b i l i t y  in t h a t  d i r e c t i o n  a n d  b e c a u s e  t h e  

h y d r a u l i c  g r a d i e n t  b e t w e e n  S u n n y s i d e  B a s i n  a n d  C e m e n t  C r e e k  is t h e  s a m e  a s ,  o r  

g r e a t e r  t h a n ,  in o t h e r  d i r e c t i o n s  ( S e c t i o n  3 . 4 ) .

B a s e d  u p o n  t h e  p r e f e r r e d  f r a c t u r e  o r i e n t a t i o n  ( S e c t i o n  3 . 2 )  t h e  g r o u n d  w a t e r  w o u l d  

b e  e x p e c t e d  t o  m o v e  g e n e r a l l y  s o u t h w e s t  f r o m  S u n n y s i d e  B a s i n  t o w a r d  C e m e n t

•unny\wp\traci\2251\Mar1993.Rpt 4 8



C r e e k .  H o w e v e r ,  s o m e  g r o u n d  w a t e r  m a y  a l s o  f o l l o w  p a t h w a y s  a l o n g ,  o r  p a r a l l e l  t o ,  

t h e  R o s s  B a s i n  f a u l t  ( B r e n n e m a n  v e i n )  a n d  B o n i t a  f a u l t .  T h e s e  p a t h w a y s  w o u l d  a l l o w  

f o r  g r o u n d - w a t e r  d i s c h a r g e  a l o n g  a  s t r e t c h  o f  C e m e n t  C r e e k  b e t w e e n  t h e  M o g u l  M i n e  

( o n  t h e  n o r t h )  a n d  t h e  S i lv e r  L e d g e  M i n e  ( o n  t h e  s o u t h ) .

A  c r o s s  s e c t i o n  a c r o s s  C e m e n t  C r e e k  b e t w e e n  t h e  M o g u l  M i n e  a n d  G l a d s t o n e  ( n e a r  

t h e  R e d  a n d  B o n i t a  M i n e )  is c l e a r l y  a s y m m e t r i c a l  r a t h e r  t h a n  a  c l a s s i c  " V "  s h a p e  

( F i g u r e  1 0 ) .  T h i s  a s y m m e t r y  c o r r e l a t e s  w i t h  t h e  d i s t r i b u t i o n  o f  p r e s e n t  a n d  f o r m e r  

i ron  " b o g s "  a n d  is t h o u g h t  t o  r e s u l t  f r o m  s p r i n g s  d e p o s i t i n g  m i n e r a l  p r e c i p i t a t e s .  T h e  

bu i ld  u p  o f  p r e c i p i t a t e s  w o u l d  h a v e  g r a d u a l l y  f o r c e d  C e m e n t  C r e e k  t o w a r d  t h e  w e s t .  

H e n c e ,  b a s e d  u p o n  t h e  lo c a l  g e o m o r p h o l o g y  g r o u n d - w a t e r  a p p e a r s  t o  h a v e  d i s c h a r g e d  

p r e f e r e n t i a l l y  a l o n g  t h e  p a r t  o f  C e m e n t  C r e e k  b e t w e e n  t h e  M o g u l  M i n e  a n d  G l a d s t o n e .  

F u r t h e r m o r e ,  t h e  d i s c h a r g e  a p p e a r s  t o  h a v e  b e e n  d i f f u s e  r a t h e r  t h a n  c o n c e n t r a t e d  a t  

o n e  s p r i n g .

If t h e  e q u i l i b r i u m  w a t e r  l ev e l  in t h e  m i n e  is s i g n i f i c a n t l y  h i g h e r  t h a n  e x p e c t e d ,  s o m e  

p o r t i o n  o f  t h e  o u t f l o w  f r o m  t h e  f l o o d e d  m i n e  w o r k i n g s  m a y  d i s c h a r g e  t o  E u r e k a  

G u l c h .  T h e  p o s s i b l e  d i s c h a r g e  t o  E u r e k a  G u l c h  w o u l d  o c c u r  v i a  t h e  m o r e  g e n e r a l i z e d  

f r a c t u r e  p e r m e a b i l i t y  w h i c h  e x i s t s  a t  s h a l l o w  d e p t h s  w h e r e  o v e r b u r d e n  p r e s s u r e  is 

r e l a t i v e l y  l e s s  ( S e c t i o n  3 . 2 ) .
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A t  t h e  e x p e c t e d  e q u i l i b r i u m  w a t e r  l e v e l ,  t h e  A m e r i c a n  T u n n e l  will  b e  t h e  o n l y  m a n -  

m a d e  p a t h w a y  o u t  o f  t h e  m i n e ,  a n d  it will  b e  b l o c k e d .  In c a s e  t h e  e q u i l i b r i u m  w a t e r  

l e v e l  is h i g h e r  t h a n  e x p e c t e d ,  all o t h e r  m a n - m a d e  p a t h w a y s  o u t  o f  t h e  S u n n y s i d e  M i n e  

will  a l s o  b e  b l o c k e d  w i t h  b u l k h e a d s  ( a t  t h e  T e r r y  T u n n e l ,  F - L e v e l  B r e n n e m a n ,  a n d  B- 

L ev e l  B r e n n e m a n ) .

8.2 Estimated Rate of Flow through Flooded Mine Workings
T h e  p r e s e n t  r a t e  o f  d i s c h a r g e  f r o m  t h e  A m e r i c a n  T u n n e l  is r a t h e r  c o n s t a n t  a t  

a p p r o x i m a t e l y  1 6 0 0  g p m .  O f  t h i s ,  a p p r o x i m a t e l y  9 3 0  g p m  o r i g i n a t e s  u p s t r e a m  o f  t h e  

p r o p o s e d  b u l k h e a d  s i t e  n e a r  t h e  u n d e r g r o u n d  S G C  p r o p e r t y  l ine .  T h e  f l o w  f r o m  t h e  

A m e r i c a n  T u n n e l  is a l m o s t  all g r o u n d  w a t e r  r a t h e r  t h a n  s u r f a c e  w a t e r  i n f l o w .  T h e  

f l o w  r a t e s  a r e  s t a b l e  a n d  a p p e a r  t o  r e p r e s e n t  a n  e q u i l i b r i u m  c o n d i t i o n .

A s  d i s c u s s e d  in S e c t i o n  3 . 4  t h e  p r e - m i n i n g  g r o u n d - w a t e r  m o v e m e n t  w a s  f r o m  

S u n n y s i d e  B a s i n  t o w a r d  C e m e n t  C r e e k .  T h e  w a t e r  e n t e r i n g  t h e  A m e r i c a n  T u n n e l  

u p s t r e a m  o f  t h e  b u l k h e a d  s i t e  h a s  m e r e l y  b e e n  c a p t u r e d  o n  i t s  w a y  t o  C e m e n t  C r e e k  

a n d  s o  t h a t  i t s  t r a n s i t  t i m e  is r e d u c e d .  T h e  c a p t u r e  z o n e  f o r  w a t e r  e n t e r i n g  t h e  m i n e  

w o r k i n g s  e x t e n d s  w e l l  b e y o n d  t h e  m i n e  w o r k i n g s  t h e m s e l v e s .  T h e r e f o r e ,  t h e  g r o u n d  

w a t e r  w h i c h  wi ll  p a s s  t h r o u g h  t h e  S u n n y s i d e  M i n e  w o r k i n g s  a f t e r  a n  e q u i l i b r i u m  w a t e r  

l eve l  is r e a c h e d  will  b e  f a r  l e s s  t h a n  9 3 0  g p m .



D a r c y ' s  e q u a t i o n  c a n  b e  u s e d  t o  e s t i m a t e  a  l ikely o v e r a l l  r a t e  o f  g r o u n d - w a t e r  f l o w  

e x p e c t e d  t o  p a s s  t h r o u g h  t h e  f l o o d e d  m i n e  w o r k i n g s .  D a r c y ' s  e q u a t i o n  is:

q  =  KIA w h e r e :

Q  =  d i s c h a r g e  
K =  h y d r a u l i c  c o n d u c t i v i t y
I =  g r a d i e n t ,  a n d
A  =  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  " a q u i f e r "  t h r o u g h  

w h i c h  w a t e r  f l o w s .

B a s e d  o n  f l o w  t e s t s  in t h e  A m e r i c a n  T u n n e l  ( S e c t i o n  5 . 4 ) ,  t h e  h y d r a u l i c  c o n d u c t i v i t y  

in u n u s u a l l y  f r a c t u r e d  a r e a s  is e s t i m a t e d  a t  0 . 1 5  f e e t / d a y .  H o w e v e r ,  t y p i c a l  h y d r a u l i c  

c o n d u c t i v i t y  is e x p e c t e d  t o  b e  m o r e  t h a n  a n  o r d e r  o f  m a g n i t u d e  l e s s .

D a r c y ' s  e q u a t i o n  w a s  a p p l i e d  t o  f o u r  s c e n a r i o s  in o r d e r  t o  o b t a i n  a  r e a s o n a b l e  r a n g e  

o f  v a l u e s  f o r  t h e  g r o u n d - w a t e r  f l o w  e x p e c t e d  t o  p a s s  t h r o u g h  t h e  f l o o d e d  m i n e  

w o r k i n g s  ( T a b l e  7 ) .  C a s e  1 is c o n s i d e r e d  t h e  m o s t  l ikely,  w i t h  a n  e q u i l i b r i u m  w a t e r  

l ev e l  in t h e  m i n e  a t  F l eve l  a n d  a  s o u t h w e s t  f l o w  d i r e c t i o n .  C a s e  1 u s e s  t h e  m a x i m u m  

w i d t h  o f  s t o p e d  m i n e  w o r k i n g s  o f  4 5 6 0  f e e t .  T h e  r e s u l t i n g  e s t i m a t e d  r a t e  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  f l o o d e d  m i n e  w o r k i n g s  is a p p r o x i m a t e l y  7 0  g p m .  C a s e  2  is 

s i m i l a r  t o  C a s e  1 e x c e p t  it a s s u m e s  t h e  a b s o l u t e  m a x i m u m  p o s s i b l e  e q u i l i b r i u m  w a t e r  

l e v e l  o f  1 2 , 2 5 0  f e e t  ( l an d  s u r f a c e  in S u n n y s i d e  B a s i n )  a n d  r e s u l t s  in a n  e s t i m a t e d  f l o w  

o f  2 0 0  g p m .  T h e  f l o w  in c a s e s  1 a n d  2  w o u l d  b e  e x p e c t e d  t o  d i s c h a r g e  o v e r  a  l o n g  

s t r e t c h  o f  C e m e n t  C r e e k  a s  d i s c u s s e d  in S e c t i o n  8 . 1 .



Table 7. Estimated Rates of Ground-Water Flow Expected to Pass Through Mine Workings to (dement Creek
Equilibrium W ater 

Level in Mine 
(Feet msl)

Elevation o f 
Discharge Zone 

(Feet msl) Gradient

Saturated
Thickness171

(Feet)

W idth of 
Flow Zone 

(Feet)
Area181

(Ft2)

Hydraulic
Conductivity

(Ft/day)

Discharge
(GPM)in i
(rounded)

Case 1 11 ,562m 10,500 '31 .105 ISI 894 4560(9t 4x106 0.03 70

Case 2 12 ,250w 10 ,500 ‘3> .  18(Sl 1582 4560 t9i 7x108 0.03 200

Case 3 1 1 ,562m 11,400141 .0 6 lsl 162 500 tlO) 8x104 0.15 4

Case 4 12 ,2 5 0 (21 11,400w 

11 ,850n41

.3 2 ‘61

.6 7 t12)

450

400

5001101

500not

2x105 

2x10B

0.15

0.15

160113'

NOTES:

(1) Elevation of F-level (anticipated equilibrium water level in flooded mine workings).

(2) Elevation of land surface in Sunnyside Basin (maximum possible equilibrium water level).

Elevation of Cement Creek near the portal of the American Tunnel. Expected elevation of ground-water discharge would range from 10,500 to 11,400. Hence, the calculation uses the lowest
¡a
WA

d f

3

value for elevation and will result in an overestimate of discharge.

Elevation of the Mogul Mine main level (which intersects the Brenneman vein).

Calculated using the distance between the Sunnyside Basin and the American Tunnel portal (9,500 feet).

Uses the scaled distance of 2,640 feet between the nearest stopes in the Sunnyside and Mogul Mines at an elevation of 11,400 feet msl.

If? ) Equilibrium Water Level minus Elevation of Discharge Zone. This probably represents a maximum effective thickness and is expected to result in an overestimate of flow through the flooded
workings.

^jpj) Saturated Thickness multiplied by Width of Row Zone.

Maximum width of flooded stoped workings in the Sunnyside Mine, 

ffjo ) Assumed width of highly fractured zone associated with the Brenneman vein. This is probably an overestimate and is expected to result in an overestimate of discharge via the Brenneman

-n vein-
p j l  > Discharge calculated as Gradient times Area times Hydraulic Conductivity. As discussed in previous footnotes, these estimates may be somewhat high due to conservative assumptions. 

3*2) Uses the scaled distance of 600 feet between the nearest stopes in the Sunnyside and Mogul Mines at an elevation of 11,850 feet msl.

(13) This number results from adding the flow via the two paths. One path drains at the Mogul Mine main level. The other path drains at the Mogul #3 level.

(14) Elevation of the Mogul #3 level (which intersects the Brenneman vein).
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C a s e s  3  a n d  4  a s s u m e  g r o u n d  w a t e r  p r e f e r e n t i a l l y  m o v i n g  a l o n g  t h e  B r e n n e m a n  v e i n  

a n d  u s e  t h e  h i g h  h y d r a u l i c  c o n d u c t i v i t y  f o u n d  in u n u s u a l l y  f r a c t u r e d  a r e a s .  S i n c e  t h e  

f l o w  f r o m  t h e  B r e n n e m a n  v e i n  is a p p r o x i m a t e l y  e q u a l  t o  t h e  f l o w  in t h e  a r e a  o f  t h e  

A m e r i c a n  T u n n e l  f l o w  t e s t s ,  it is r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  h y d r a u l i c  

c o n d u c t i v i t i e s  a r e  a l s o  s i m i l a r .  T h e  w i d t h  o f  e n h a n c e d  f r a c t u r e  p e r m e a b i l i t y  is 

a s s u m e d  t o  b e  5 0 0  f e e t  f o r  t h e  c a l c u l a t i o n ,  b u t  it is p r o b a b l y  l e s s .  If g r o u n d  w a t e r  

d o e s  m o v e  a l o n g  t h e  B r e n n e m a n  v e i n  it will  e n c o u n t e r  t h e  M o g u l  M i n e  w o r k i n g s  a t  

a  d i s t a n c e  o f  2 6 4 0  f e e t  a t  a n  e l e v a t i o n  o f  1 1 , 4 0 0  f e e t .  C a s e  3  a s s u m e s  t h e  e x p e c t e d  

e q u i l i b r i u m  w a t e r  l ev e l  a t  F l ev e l  a n d  r e s u l t s  in a n  e s t i m a t e d  f l o w  o f  4  g p m .  C a s e  4  

a s s u m e s  t h e  a b s o l u t e  m a x i m u m  p o s s i b l e  e q u i l i b r i u m  w a t e r  l e v e l  o f  1 2 , 2 5 0  f e e t  a n d  

r e s u l t s  in a n  e s t i m a t e d  f l o w  o f  1 6 0  g p m .  T h e  f l o w  in c a s e s  3  a n d  4  w o u l d  d i s c h a r g e  

f r o m  t h e  p o r t a l  o f  t h e  M o g u l  M i n e .

W h e n  c o n s i d e r i n g  p o s s i b l e  f l o w  a l o n g  t h e  B r e n n e m a n  v e i n ,  it s h o u l d  b e  e m p h a s i z e d  

t h a t  n o  f l o w  is e x p e c t e d  t o  t a k e  t h i s  r o u t e  u n l e s s  t h e  e q u i l i b r i u m  w a t e r  l eve l  in t h e  

f l o o d e d  m i n e  w o r k i n g s  e x c e e d s  1 1 , 4 0 0  f e e t  m s l  ( t h e  e l e v a t i o n  o f  t h e  M o g u l  M i n e  

m a i n  l ev e l ) .  A t  a n  e q u i l i b r i u m  w a t e r  l ev e l  a b o v e  1 1 , 4 0 0  f e e t ,  g r o u n d  w a t e r  c o u l d  

b e g i n  t o  m o v e  v i a  f r a c t u r e  p e r m e a b i l i t y  t o w a r d  t h e  M o g u l  M i n e .  A l t h o u g h  a  t u n n e l  

c o n n e c t i o n  b e t w e e n  t h e  S u n n y s i d e  a n d  M o g u l  M i n e s  e x i s t s  a t  a n  e l e v a t i o n  o f  1 1 , 9 0 4  

f e e t  m s l ,  t h e  a c t u a l  t u n n e l  c o n n e c t i o n  is n o t  e x p e c t e d  t o  s e r v e  a s  a  s i g n i f i c a n t  c o n d u i t  

f o r  w a t e r  m o v e m e n t .  A t  t h e  p r o p o s e d  b u l k h e a d  s i t e s  a t  b o t h  t h e  F - l e v e l  B r e n n e m a n  

a n d  t h e  B - leve l  B r e n n e m a n ,  t h e  b u l k h e a d s  w o u l d  a c t u a l l y  c o n s i s t  o f  a  p a i r  o f



b u l k h e a d s  a t  e a c h  s i t e .  E a c h  m e m b e r  o f  e a c h  p a i r  o f  b u l k h e a d s  w o u l d  b e  c o n s t r u c t e d  

t o  t h e  s p e c i f i c a t i o n s  r e c o m m e n d e d  b y  A b e l  ( 1 9 9 3 )  f o r a  s i n g l e  b u l k h e a d .  T h e  t w i n n e d  

b u l k h e a d s  a r e  p r o p o s e d  t o  b e  s e p a r a t e d  b y  a  d i s t a n c e  o f  m o r e  t h a n  1 0 0  f e e t .  T h e  

p u r p o s e  o f  t w i n n i n g  t h e  b u l k h e a d s  is t o  r e d u c e  t h e  c h a n c e s  o f  a  r a n d o m  p e r m e a b l e  

f r a c t u r e  s e t  in t h e  r o c k  b y p a s s i n g  a  s i n g l e  b u l k h e a d .

8.3 Transit Time for Flow from Mine Workings to the Surface
T h e  t i m e  r e q u i r e d  f o r  g r o u n d  w a t e r  t o  m o v e  f r o m  t h e  f l o o d e d  m i n e  w o r k i n g s  t o

C e m e n t  C r e e k  c a n  b e  r o u g h i y  e s t i m a t e d  w i t h  a  f o r m  o f  D a r c y ' s  e q u a t i o n :

V  =  KJ W h e r e :
n

V  w v e l o c i t y ,
K =  h y d r a u l i c  c o n d u c t i v i t y ,
I =  g r a d i e n t ,  a n d
n =  e f f e c t i v e  p o r o s i t y .

A s s u m i n g  f l o w  is t o  t h e  s o u t h w e s t  ( a s  in c a s e s  1 a n d  2  in S e c t i o n  8 . 2 ) ,  p o s s i b l e

g r a d i e n t s  r a n g e  f r o m  0 . 1  a s s u m i n g  a  h y d r a u l i c  h e a d  in t h e  S u n n y s i d e  B a s i n  t o  b e  j u s t

b e l o w  F - L e v e l  ( t h e  m o s t  l ike ly  c a s e ) ,  t o  a  m a x i m u m  o f  0 . 1 8  ( a s s u m i n g  a  h e a d  in t h e

S u n n y s i d e  B a s i n  t o  b e  a t  l a n d  s u r f a c e ) .  H y d r a u l i c  c o n d u c t i v i t y  in h i g h l y  f r a c t u r e d

a r e a s  is o n  t h e  o r d e r  o f  5 x 1  O '5 c m / s e c  ( 0 . 1 5  f t / d a y )  b a s e d  o n  f l o w  t e s t i n g  in t h e

A m e r i c a n  T u n n e l .  H o w e v e r ,  t h i s  h y d r a u l i c  c o n d u c t i v i t y  is e x p e c t e d  t o  b e  h i g h e r  t h a n

a v e r a g e  c o n s i d e r i n g  t h a t  t h e  d e g r e e  o f  f r a c t u r i n g  is s o m e w h a t  g r e a t e r  t h a n  n o r m a l  in

t h e  v i c i n i t y  o f  t h e  f l o w  t e s t i n g .  A v e r a g e  h y d r a u l i c  c o n d u c t i v i t y  is e x p e c t e d  t o  b e  f a r



l e s s  t h a n  0 . 1 5  f e e t / d a y  a n d  is  a s s u m e d  t o  b e  0 . 0 3  f e e t / d a y  f o r  t h e  m o s t  l ikely c a s e .  

P o r o s i t y  f o r  f r a c t u r e d  c r y s t a l l i n e  r o c k  r a n g e s  u p  t o  1 0 %  (D r i sco l l ,  1 9 8 6 ,  p . 6 7 ) .  

C o n s i d e r i n g  t h e  h i g h  f l o w  r a t e s  m e a s u r e d  d u r i n g  t e s t i n g ,  t h e  p o r o s i t y  is u n l i k e l y  t o  b e  

l e s s  t h a n  1 p e r c e n t .

T h e  f i r s t  p a r t  o f  T a b l e  8  l i s t s  t h e  p r o b a b l e  m i n i m u m ,  m o s t  l ike ly ,  a n d  p r o b a b l e  

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

w o r k i n g s  a n d  d i f f u s e  d i s c h a r g e  a l o n g  C e m e n t  C r e e k .  T h e  s e c o n d  p a r t  o f  T a b l e  8  l i s t s  

t h e  m o s t  l i ke ly  a n d  p r o b a b l y  m a x i m u m  v e l o c i t i e s  a n d  t r a n s i t  t i m e s  o f  g r o u n d  w a t e r  

w h i c h  m i g h t  f o l l o w  t h e  B r e n n e m a n  v e i n  a n d  i n t e r s e c t  t h e  id le  w o r k i n g s  o f  t h e  M o g u l  

M i n e .  If t h e  e q u i l i b r i u m  w a t e r  l eve l  is a p p r o x i m a t e l y  a t  F l eve l  ( a s  e x p e c t e d )  t h e n  t h e  

m a j o r i t y  o f  t h e  w a t e r  p a s s i n g  t h r o u g h  t h e  f l o o d e d  w o r k i n g s  ( e s t i m a t e d  a t  7 0  g p m )  is 

e x p e c t e d  t o  t a k e  o v e r  1 5 0  y e a r s  t o  r e a c h  C e m e n t  C r e e k ,  b u t  a  l e s s e r  a m o u n t  

( e s t i m a t e d  a t  4  g p m )  m a y  m o v e  v i a  t h e  B r e n n e m a n  v e i n  a n d  h a v e  a  t r a n s i t  t i m e  o f  

a p p r o x i m a t e l y  1 6  y e a r s .  In t h e  u n l i k e l y  e v e n t  t h a t  t h e  m a x i m u m  p o s s i b l e  e q u i l i b r i u m  

w a t e r  l ev e l  is r e a c h e d ,  t h e  e s t i m a t e d  t r a n s i t  t i m e s  w o u l d  b e  r e d u c e d  t o  a b o u t  1 0  a n d

1 . 5  y e a r s ,  r e s p e c t i v e l y .
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Table 8. Velocity and Travel Time for Ground-Water Fio 
Between Mine Workings and Cement Creek

W

G r a d i e n t

H y d r a u l i c
C o n d u c t i v i t y

F t / D a y P o r o s i t y
V e l o c i t y
F t / D a y

T i m e
in

Y e a r s

Assuming Southwest Flow and Diffuse Discharge Along Cement Creek
Slow Case . t o 111 0 .0 0 3 .05 .006 4 3 0 0

Most  Likely Case , 1 0 5 MI 0 .03 .02 .01 160

Fast Case . 1 8 l!l 0 .15 .01 2.7 9.6

Assuming Flow Along Brenneman Vein and Discharge Via Mogul Mine
Most  Likely Case . 0 6 m 0 .15 0 .02 0 .4 5 16

Fast Case . 6 7 121 0 .15 0 .02 5.0 0 .32

(1) A s s u m e s  t h e  e x p e c t e d  e q u i l i b r i u m  w a t e r  l ev e l  a t  F - l eve l
(2)  A s s u m e s  t h e  u n l i k e l y  e q u i l i b r i u m  w a t e r  l eve l  a t  l a n d  s u r f a c e  in t h e  S u n n y s i d e  

B a s i n .



9.0 WA TER CHEMISTRY AFTER INSTALLA TION OF PROPOSED BULKHEADS

9. 7 Introduction and Methodology
T h i s  s e c t i o n  s u m m a r i z e s  t h e  r e s u l t s  o f  n u m e r i c a l  m o d e l i n g  o f  t h e  g e o c h e m i c a l  

q u e s t i o n s  a s s o c i a t e d  w i t h  t h e  p r o p o s e d  s y s t e m  o f  b u l k h e a d s :  e s t i m a t i n g  t h e

a p p r o x i m a t e  c h e m i s t r y  o f  t h e  i m p o u n d e d  w a t e r ,  i d e n t i f y i n g  w h a t ,  if a n y ,  r e a c t i o n s  

m a y  o c c u r  a s  i m p o u n d e d  w a t e r  m o v e s  e i t h e r  t h r o u g h  t h e  c o u n t r y  r o c k  a r o u n d  t h e  

b u l k h e a d s  o r  a s  it m o v e s  t h r o u g h  t h e  n a t u r a l  f r a c t u r e  s y s t e m  b a c k  t o  t h e  g r o u n d  

s u r f a c e ,  p r e d i c t i n g  t h e  c h a r a c t e r  o f  t h e  d i s c h a r g i n g  w a t e r  o n c e  it e q u i l i b r a t e s  t o  t h e  

a t m o s p h e r e  a n d  p r e c i p i t a t e s  a n y  o v e r s a t u r a t e d  m i n e r a l s ,  a n d ,  f in a l ly ,  e s t i m a t i n g  t h e  

i m p a c t  o f  t h e  d i s c h a r g e d  w a t e r  o n  t h e  o v e r a l l  c h e m i s t r y  o f  C e m e n t  C r e e k .  N u m e r i c a l  

g e o c h e m i c a l  m o d e l i n g  is t h e  c o m p u t e r - b a s e d  s i m u l a t i o n  o f  t h e  c o m p l e x  s y s t e m s  o f  

r o c k - w a t e r  i n t e r a c t i o n s .  It p e r m i t s  t h e  s i m u l t a n e o u s  c o n s i d e r a t i o n  o f  n u m e r o u s  

c h e m i c a l  e q u i l i b r i a  s t a t e s  a n d  r e a c t i o n s  a m o n g  s o l i d ,  a q u e o u s  a n d  g a s e o u s  s p e c i e s .  

G e o c h e m i c a l  m o d e l i n g  is v a l u e d  a s  a  c h e c k  o n  c o n c e p t u a l  m o d e l s  b e c a u s e  it p e r m i t s  

1 ) e x a m i n a t i o n  o f  a  t o t a l  c h e m i c a l  s y s t e m ,  a s  w e l l  a s  c r i t i c a l  s u b s e t s  o f  t h a t  s y s t e m ,  

2 ) p r o t e c t i o n  a g a i n s t  o v e r s i g h t s  t h a t  c a n  o c c u r  w h e n  c o m p l e x  s y s t e m s  a r e  

o v e r s i m p l i f i e d ,  a n d  3)  r a p id  i n v e s t i g a t i o n  o f  m o d i f i e d  o r  a l t e r n a t i v e  e x p r e s s i o n s  o f  t h e  

c o n c e p t u a l  m o d e l .

T h e  m o d e l  u s e d  w a s  M I N T E Q A 2 ,  v e r s i o n s  3 . 0  a n d  3 . 1 1 .  T h i s  is a  m e t a l  s p é c i a t i o n  

p r o g r a m  d e v e l o p e d  b y  B a t t e l l e  N o r t h w e s t  L a b o r a t o r i e s  a n d  d i s t r i b u t e d  b y  t h e  U n i t e d



S t a t e s  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  t h r o u g h  t h e  C e n t e r  f o r  E x p o s u r e  A s s e s s m e n t  

M o d e l i n g ,  A t h e n s ,  G e o r g i a .  T h e  p r o g r a m  w a s  d e v e l o p e d  t o  m o d e l  a d s o r p t i v e  

r e t a r d a t i o n  a n d  q u a s i - e q u i l i b r i u m  s p e c i a t i o n  o f  m o s t  m e t a l s  o f  e n v i r o n m e n t a l  c o n c e r n  

a n d  p e r m i t s  i n d e p e n d e n t  a s s i g n m e n t  o f  o x i d a t i o n  s t a t e  t o  e a c h  o f  2 5  r e d o x  p a i r s  

a m o n g  m e t a l s .  F o r  t h i s  p r o j e c t ,  t h e  a d s o r p t i v e  r o u t i n e s  w e r e  n o t  u s e d ,  a n d  t h e  m o d e l  

w a s  r u n  a s  a  full  e q u i l i b r i u m  m o d e l .  T h e  p r o g r a m  is d e s c r i b e d  in t h e  E P A  d o c u m e n t  

" M I N T E Q A 2 / P R O D E F A 2 ,  A  G e o c h e m i c a l  A s s e s s m e n t  M o d e l  f o r  E n v i r o n m e n t a l  

S y s t e m s ;  V e r s i o n  3 . 0  U s e r ' s  M a n u a l "  (A l l i son ,  e t  a! . ,  1 9 9 1 ) .

T h e  o b j e c t i v e s  o f  t h e  m o d e l i n g  w e r e :

M o d e l  t h e  c h e m i s t r y  o f  w a t e r s  a s s o c i a t e d  w i t h  t h e  p r o p o s e d  A m e r i c a n  
T u n n e l  b u l k h e a d  s y s t e m

E s t a b l i s h  i n - s i t u  w a t e r  c h a r a c t e r i s t i c s  ( r e f e r e n c e  w a t e r )  a n d  
c o m p a r e  t o  c u r r e n t  m i n e  d r a i n a g e ;
P r o j e c t  c h e m i s t r y  o f  w a t e r  i m p o u n d e d  b e h i n d  d e e p e s t  b u l k h e a d  o f
t h e  A m e r i c a n  T u n n e l ;  a n d
I d e n t i f y  r e a c t i o n s  l ikely t o  o c c u r  a l o n g  f l o w  p a t h s .

M o d e l  t h e  c h e m i s t r y  o f  w a t e r  a s s o c i a t e d  w i t h  t h e  p r o p o s e d  T e r r y  T u n n e l  
b u l k h e a d  s y s t e m

M o d e l  a  r e f e r e n c e  w a t e r  f o r  t h e  s h a l l o w  m i n e  l e v e l s ;
P r o j e c t  c h e m i s t r y  o f  w a t e r  i m p o u n d e d  b e h i n d  b u l k h e a d  in t h e
T e r r y  T u n n e l ;  a n d  

► I d e n t i f y  r e a c t i o n s  l ike ly  t o  o c c u r  a l o n g  f l o w  p a t h s .

► M o d e l  s u r f a c e  d i s c h a r g e  o f  r e f e r e n c e  w a t e r s  a n d  m i x e d  w a t e r s ;  a n d

► I n v e s t i g a t e  t h e  i m p a c t  o f  d i s c h a r g e  w a t e r s  o n  s u r f a c e  w a t e r  c h e m i s t r y .  

D e t a i l s  o f  t h e  m o d e l i n g  a r e  i n c l u d e d  in A p p e n d i x  C o f  t h i s  r e p o r t .  T h i s  s e c t i o n  

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



W a t e r t h a t  will  b e  i m p o u n d e d  b e h i n d  t h e  A m e r i c a n  T u n n e l  i s  c o n c e p t u a l i z e d  a s  g r o u n d  

w a t e r  f r o m  t h e  f r a c t u r e d  v o l c a n i c  r o c k s  t h a t  m a k e  u p  t h e  c o u n t r y  r o c k .  W h o l e  w a t e r  

a n a l y s e s  o f  t h i s  w a t e r  w e r e  c o l l e c t e d  f r o m  drill h o l e s  e x t e n d i n g  s e v e r a l  h u n d r e d s  o f  

f e e t  b a c k  f r o m  t h e  t u n n e l  a n d  a r e  t h e  b e s t  e s t i m a t e  o f  t h e  b u l k  w a t e r  c h e m i s t r y .  T h e  

c h e m i c a l  a n a l y s e s  o f  t h e s e  drill h o l e  w a t e r s  a r e  s h o w n  in T a b l e  9 .

I n t e g r a t i n g  t h e  d a t a  f r o m  t h e s e  a n d  o t h e r  w h o l e  w a t e r  a n a l y s e s  f r o m  t h e  d e e p e r  

p o r t i o n s  o f  t h e  A m e r i c a n  T u n n e l ,  m e t a l s - o n l y  a n a l y s e s ,  p é t r o g r a p h i e  d a t a  ( A p p e n d i x  

D a n d  C a s a d e v a l l  a n d  O h m o t o )  a n d  l o c a l  a n d  r e g i o n a l  g e o l o g y  p r o d u c e d  a  m o d e l e d  

r e f e r e n c e  w a t e r  f o r  t h e  A m e r i c a n  T u n n e l .  T h i s  r e f e r e n c e  w a t e r  is d e s c r i p t i v e  o f  b o t h  

t h e  i n - s i t u  g r o u n d  w a t e r  o f  t h e  c o u n t r y  r o c k  a n d  o f  t h e  w a t e r  t h a t  will  b e  i m p o u n d e d  

b e h i n d  t h e  A m e r i c a n  T u n n e l  b u l k h e a d .  T h e  c o m p o s i t i o n  o f  t h i s  w a t e r  is s h o w n  in 

T a b l e  1 0 .  T h e  r e f e r e n c e  w a t e r  is a  c a l c i u m  s u l f a t e  w a t e r  w i t h  s i g n i f i c a n t  b i c a r b o n a t e  

c o n c e n t r a t i o n s .  B a s e d  o n  b e i n g  in e q u i l i b r i u m  w i t h  b o t h  c a l c i t e  a n d  p y r i t e  t h e  

m o d e l e d  w a t e r  is s t r o n g l y  r e d u c e d  (pE  =  - 2 . 5 )  a n d  is s l i g h t l y  b a s i c  o f  n e u t r a l  (pH =  

7 . 2 ) .

M I N T E Q A 2  s h o w s  t h e  r e f e r e n c e  w a t e r  t o  b e  a t  s a t u r a t i o n  o r  e q u i l i b r i u m  w i t h  b o t h  t h e  

r o c k - f o r m i n g  m i n e r a l s  o f  t h e  c o u n t r y  r o c k  a n d  w i t h  t h e  p r i n c i p a l  o r e  a n d  v e i n  m i n e r a l s  

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

n o  s i g n i f i c a n t  r e a c t i o n  b e t w e e n  t h e  A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r  a n d  m i n e r a l s



HSI Sim
on 

HYDRO-SERRCH

Table 9. Water analyses from the American and Terry Tunnels
T h i s  t a b l e  g i v e s  t h e  r e s u l t s  o f  l a b o r a t o r y  a n a l y s e s .

L o c a t i o n D a t e - - S o u r c e

F l o w

M G D

F i e l d

p H

F i e l d

C o n d u c t

F i e l d

T e m p

d e a — C

L a b

p H

L a b

C o n d u c t T D S T S S

A M E R I C A N  T U N N E L

DH—781 10/07/91 p»pe 7.32 1140 13 7.06 1540 1360 6

DH—778 10/07/91 pipe 7.54 1200 12.8 6.39 1610 1420 63
DH—778 01/04/93 woe 7.50 1810 1600 4
T E R R Y  T U N N E L

Upstream of Lime Treatment 06/11/91 ditch 1.30 5.60 10.0 5.33 528 359 92
Upstream of Lime Treatment 06/17/91 ditch 1.80 4.40 9.9 4.2 587 426 166
Upstream of Lime Treatment 07/11/91 ditch 0.33 4.10 3.32 933 726 54

L o c a t i o n

M a j o r  A n i o n s  

S u l f a t e B i c a r b F l u o r i d e C h l o r i d e

M a j o r  C a t i o n s  

C a N a M a S r A l K S i

A M E R I C A N  T U N N E L

DH—781 905 102.0 1.33 <0.1 390 4.6 6.2 4.99 0.8 <.1
DH—778 925 153.0 2.97 <0.1 414 3.0 4.0 3.78 0.6 <.1
DH—778 1100 104.0 0.92 1.30 400 6.3 44.0 13.70 0.1 0.40 >3.7
T E R R Y  T U N N E L

Upstream of Lime Treatment 264 3.05 2.37 1.42 55.7 1.5 33.9 0.56 0.9 1.14
Upstream of Lime Treatment 300 0.00 3.38 5.31 117.0 2.2 0.1 0.61 1.5 1.73
Upstream of Lime Treatment 544 0.00 5.56 0.30 160.0 1.7 19.0 0.98 3.2 1.20

L o c a t i o n

M e t a l s

I r o n  

. . ( D i s s ) ,

I r o n

( T o t a l )

M n

( D i s s i

M n

( T o t a l i

Z i n c

( D i s s i

Z i n c

( T o t a l i

L e a d

( D i s s i

L e a d  C a d m i u m  C a d m i u m  

( T o t a l )  ( D i s s )  ( T o t a l )

C o p p e r  

( D i s s i

C o p p e r

( T o t a l i

A M E R I C A N  T U N N E L

DH-781 <.05 1.17 0.05 0.02 <.002 <.01
DH—778 1.59 6.91 4.25 <.02 0.030 <.01
DH—778 <.05 0.13 1.21 1.25 <.01 <.01 <.005 <.005 <.002 <.002 0.01 0.01
T E R R Y  T U N N E L

Upstream of Ume Treatment 0.1 29.1 20.1 20.41 0.06 1.00 0.09 0.06 1.43 1.83
Upstream of Lime Treatment 0.7 37.4 25.3 0.06 0.02 2.77
Upstream of Lime Treatment 4.1 13.2 76.8 77.8 47.3 47.6 0.88 1.05 0.19 0.19 5.05 5.11

M e t a l s  ( c o n  t )

L o c a t i o n M e r c u r y M e r c u r y A r s e n i c B o r o n  C h r o m i u m G o l d S e l e n i u m S i l v e r

( D i s s ) ( T o t a l 1 ( D i s s i ( D i s s i ( D i s s ) ( D i s s i ( D i s s i ( D i s s )

A M E R I C A N  T U N N E L

DH-781 <.001 <.005 <.01 <.02 <.05 <.005 <.01
DH—778 <.001 <.005 <.01 <.02 0.060 <.005 <.01
DH—778 <.001 <.001 <.005 <.02 0.005 <.005 0.030
T E R R Y  T U N N E L

Upstream of Ume Treatment <.0002 <.0002 <.002 <.05 <.02 <.05 <.002 <.01
Upstream of Lime Treatment <.0002 <.002 <.01 <.02 <.05 <.002 <.01
Upstream of UmeTreatment <.0002 <.0002 0.008 0.08 <.02 <.05 <.002 <•«



T a b l e  1 0 .  R e f e r e n c e  w a t e r s
(THIS  T A B L E  G IV E S  T H E  R E S U L T S  O F  M IN T E Q A 2  M O D E L I N G )

A M E R I C A N  t U N N E L T E R R Y  T U N N E LAnalyte Concentrationma/L Anaiyte Concentrationma/L
S u l f a t e 9 2 5 S u l f a t e 5 4 4
B i c a r b o n a t e 1 5 0 B i c a r b o n a t e 6.41
C h l o r i d e 0 . 0 5 C h l o r i d e 0 . 3
F lu o r i d e 2 . 9 7 F l u o r i d e 5 . 5 6
P h o s p h a t e 0 . 0 0 7

C a l c i u m 1 6 0
C a l c i u m 4 1 4 M a g n e s i u m 19
M a g n e s i u m 4 . 0 3 S o d i u m 1.7
S o d i u m 2 . 9 9 A l u m i n u m 3 . 2
A l u m i n u m 0 .6 P o t a s s i u m 1 .2
P o t a s s i u m 0 . 0 5 S i l i ca 5 . 3
Si l ica 5 . 9 3

Iron 1 3 . 2 4
Iron 2 . 7 5 M a n g a n e s e 7 7 . 7 8
M a n g a n e s e 8 . 0 8 C o p p e r 5.11
Z i n c 5 Z i n c 4 7 . 6
S t r o n t i u m 3 . 7 8 S t r o n t i u m 0 . 9 8
C a d m i u m 0 . 0 4 C a d m i u m 0 . 1 9
L e a d 0 . 0 2 5 L e a d 1 .0 5

p H 7 . 1 8 P H 7.01
P E - 2 . 4 6 P E - 1 . 5 0



a l o n g  e i t h e r  m i g r a t i o n  a r o u n d  t h e  b u l k h e a d  o r  a l o n g  t h e  f r a c t u r e  n e t w o r k  b a c k  t o  t h e  

s u r f a c e  a n d  t h e r e f o r e  n o  s i g n i f i c a n t  c h a n g e s  in w a t e r  c h e m i s t r y .

9.3 Impounded Water at the Terry Tunnel Level
D r a i n a g e  f r o m  t h e  T e r r y  T u n n e l  t h a t  will  b e  d i v e r t e d  i n t o  t h e  m i n e  w o r k i n g s  a n d  

p o t e n t i a l l y  i m p o u n d e d  b y  a  b u l k h e a d  t o  b e  p l a c e d  in t h e  T e r r y  T u n n e l  is a  c o m p o s i t e  

f l o w  o f  w a t e r  d r a i n a g e  i n t o  t h e  m i n e  w o r k i n g s  t h r o u g h  s u r f a c e  o p e n i n g s  a n d  

u n s a t u r a t e d  f l o w  t h r o u g h  t h e  v a d o s e  z o n e .  T h e  o n l y  a v a i l a b l e  s a m p l e s  o f  t h e  T e r r y  

T u n n e l  w a t e r  a r e  m i x e s  o f  t h e s e  s o u r c e s  o f  w a t e r .  T a b l e  9  s h o w s  t h e  a v a i l a b l e  w h o l e  

w a t e r  a n a l y s e s  o f  T e r r y  T u n n e l  m i n e  d r a i n a g e .

I n t e g r a t i n g  t h e  d a t a  f r o m  t h e  w h o l e  w a t e r  a n a l y s e s  w i t h  a n a l y s e s  o f  m e t a i s - o n l y ,  

p e t r o g r a p h i c  d a t a  a n d  r e g i o n a l  a n d  lo c a l  g e o l o g i c  i n f o r m a t i o n  p e r m i t t e d  a  T e r r y  T u n n e l  

r e f e r e n c e  w a t e r  t o  b e  m o d e l e d .  T h i s  r e f e r e n c e  w a t e r  is d e s c r i p t i v e  o f  t h e  w a t e r  t h a t  

wi ll  l ike ly  b e  i m p o u n d e d  b y  a  T e r r y  T u n n e l  b u l k h e a d  a n d  is b e l i e v e d  t o  b e  

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

u n s a t u r a t e d  f l o w  t h r o u g h  t h e  v a d o s e  z o n e .  T h e  c o m p o s i t i o n  o f  t h e  T e r r y  T u n n e l  

r e f e r e n c e  is s h o w n  in T a b l e  1 0 .  T h i s  r e f e r e n c e  w a t e r  is a l s o  a  c a l c i u m  s u l f a t e  w a t e r  

b u t  w i t h  v e r y  r e d u c e d  b i c a r b o n a t e  c o n c e n t r a t i o n s .  B o t h  i n - s i t u  a n d  w h e n  i m p o u n d e d ,  

it Is b e l i e v e d  t o  b e  n e u t r a l  (p H  e s t i m a t e d  a t  7 . 0 )  a n d  r e d u c e d  ( b u t  n o t  a s  r e d u c e d  a s  

t h e  A m e r i c a n  T u n n e l  w a t e r ) .  A l t h o u g h  t h e  t o t a l  d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n  is l e s s  

t h a n  t h a t  o f  t h e  A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r ,  t h e  i n d i v i d u a l  a n d  t o t a l  m e t a l s  l o ad



is s u b s t a n t i a l l y  h i g h e r .  C o p p e r  is p r e s e n t  in t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r ,  

w h e r e a s  it w a s  n o t  p r e s e n t  in t h e  g r o u n d  w a t e r  a t  t h e  A m e r i c a n  T u n n e l  lev el  in 

c o n s i s t e n t l y  d e t e c t a b l e  c o n c e n t r a t i o n s .

M I N T E Q A 2  c a l c u l a t i o n s  s h o w  t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  t o  b e  a t  e q u i l i b r i u m  

o r  o v e r s a t u r a t e d  w i t h  m o s t  o f  t h e  m a j o r  r o c k - f o r m i n g  m i n e r a l s  t h a t  a r e  p r e s e n t  in t h e  

c o u n t r y  r o c k  a t  t h a t  l ev e l .  T h e  i m p o u n d e d  w a t e r  is e x p e c t e d  t o  b e  s o m e w h a t  

u n s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c i t e .  T h e  o v e r a l l  r e a c t i o n  w i t h  c o u n t r y  r o c k  s h o u l d  b e  

m i n i m a l  a n d  will  p r o b a b l y  d e c r e a s e  m a t r i x  p e r m e a b i l i t y  w i t h  t i m e .  T h e  l o w e r  s u l f a t e  

c o n c e n t r a t i o n  o f  t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  ( r e l a t i v e  t o  t h e  A m e r i c a n  T u n n e l  

r e f e r e n c e  w a t e r )  is o f f s e t  b y  c o r r e s p o n d i n g l y  e l e v a t e d  c o n c e n t r a t i o n s  o f  m e t a l s .  

C o n s e q u e n t l y ,  t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  is a l s o  e s s e n t i a l l y  a t  e q u i l i b r i u m  w i t h  

m a j o r  o r e  m i n e r a l s  a n d  s h o u l d  b e  n o n - r e a c t i v e  w i t h  t h e m  a l o n g  t h e  m i g r a t i o n  p a t h .  

T h e r e  m a y  b e  s o m e  d i s s o l u t i o n  o f  r h o d o c h r o s i t e ,  w h i c h  w o u l d  f u r t h e r  n e u t r a l i z e  t h e  

w a t e r  a n d  i n c r e a s e  i t s  b u f f e r i n g  c a p a c i t y .

D i lu t e ,  o x i d i z e d  s u r f a c e  w a t e r  t h a t  m a y  e n t e r  t h e  m i n e  w o r k i n g s  s h o u l d  b e  d e c r e a s e d  

in t h e  f u t u r e  a s  a  r e s u l t  o f  s u r f a c e  w a t e r  d i v e r s i o n s  u n d e r  c o n s t r u c t i o n  a b o v e  t h e  m i n e  

w o r k i n g s .  A n y  s u c h  w a t e r  t h a t  d o e s  e n t e r  is e x p e c t e d  t o  b e  d r i v e n  t o w a r d  r e f e r e n c e  

w a t e r  c o m p o s i t i o n  b y  d i s s o l u t i o n  o f  o r e  m i n e r a l s  it c o m e s  in c o n t a c t  w i t h  a l o n g  t h e  

f l o w  p a t h s .
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9.4 Overall Chemistry of Impounded Water Expected to Move through the Ground­water System
W a t e r  w i t h i n  t h e  f l o o d e d  w o r k i n g s  is a n t i c i p a t e d  t o  r e p r e s e n t  a  m i x  o f  A m e r i c a n  

T u n n e l  a n d  T e r r y  T u n n e l  r e f e r e n c e  w a t e r s .  A t  d e e p e r  l e v e l s ,  c h e m i s t r y  s i m i l a r  t o  t h e  

A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r  is e x p e c t e d  t o  d o m i n a t e ,  a n d  a t  s h a l l o w e r  l e v e l s  t h e  

c h e m i s t r y  wi ll  b e  m o s t  l ike  t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r .  E n g i n e e r i n g  e f f o r t s  a r e  

b e i n g  e n a c t e d  t o  i n h ib i t  t u r n o v e r  w i t h i n  t h e  f l o o d e d  w o r k i n g s ,  s o  u n i f o r m  m i x i n g  is 

l e s s  l ike ly  w i t h i n  t h e  m i n e  w o r k i n g s  t h a n  is a  s o m e w h a t  s t r a t i f i e d  t r a n s i t i o n  b e t w e e n  

e n d  m e m b e r s .  F u r t h e r  m i x i n g  b e t w e e n  m i n e  w a t e r s ,  a n d  w i t h  g r o u n d  w a t e r ,  is 

e x p e c t e d  t o  o c c u r  a s  t h e  W a t e r  m o v e s  t h r o u g h  t h e  n a t u r a l  f r a c t u r e  s y s t e m  t o w a r d  

C e m e n t  C r e e k .  M o d e l i n g  o f  4 : 1  a n d  1: 1  ( A m e r i c a n  T u n n e l : T e r r y  T u n n e l )  m i x e s  o f  t h e  

r e f e r e n c e  w a t e r s  i n d i c a t e s  t h a t  m u c h  o f  t h e  m e t a l s  l o a d  is l ike ly  t o  p r e c i p i t a t e  o u t  o f  

s o l u t i o n  w i t h i n  t h e  m i n e  w o r k i n g s ,  d u e  t o  r e d u c i n g  c o n d i t i o n s .  T h i s  p r o c e s s  is a n  

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

b e  c o n s e r v a t i v e ,  t h i s  l ikely  p r e c i p i t a t i o n  w a s  n o t  p e r m i t t e d ,  a n d  t o t a l  m e t a l s  l o a d  w a s  

r e t a i n e d .  H e n c e ,  t h e  m o d e l i n g  m a y  y ie ld  a  s o m e w h a t  g r e a t e r  m e t a l s  l o a d  t h a n  is 

e x p e c t e d .

9.5 Anticipated Chemistry of Surface Discharge
S u r f a c e  d i s c h a r g e  o f  t h e  c o m p o u n d e d  w a t e r  w a s  s i m u l a t e d  b y  e q u i l i b r a t i n g  t h e  

r e f e r e n c e  w a t e r s  a n d  t h e  t w o  m i x e s  o f  r e f e r e n c e  w a t e r s  t o  a t m o s p h e r i c  

c o n c e n t r a t i o n s  o f  C 0 2 a n d  0 2 a n d  t h e n  p e r m i t t i n g  o v e r s a t u r a t e d  m i n e r a l s  t o  

p r e c i p i t a t e .  T h e  s u i t e  o f  p r e c i p i t a t e d  m i n e r a l s ,  d o m i n a n t l y  m e t a l  o x i d e s  (or



h y d r o x i d e s )  a n d  c a r b o n a t e s ,  d r o p s  m o s t  o f  t h e  m e t a l s  f r o m  s o l u t i o n .  T h i s  is 

a n a l o g o u s  t o  t h e  n a t u r a l  p r o c e s s e s  w h i c h  f o r m  t h e  i r o n  " b o g s ” in t h e  a r e a .  T a b l e  11 

s h o w s  t h e  c o m p o s i t i o n  o f  t h e  m o d e l e d  d i s c h a r g e  w a t e r  f o r  e a c h  o f  t h e  r e f e r e n c e  

w a t e r s  a n d  e a c h  o f  t h e  m o d e l e d  m i x e s .

9.6 Effects of Discharge on Cement Creek
T h e  e n v i r o n m e n t a l  i m p a c t  o f  t h e  s u r f a c e  d r a i n a g e  c a n  b e  a s s e s s e d  in p a r t  b y  

c o m p a r i n g  t h e  a n t i c i p a t e d  c o m p o s i t i o n  o f  t h e  d i s c h a r g e  t o  p r e s e n t  s u r f a c e  w a t e r  

d r a i n a g e  i n t o  w h i c h  t h e  d i s c h a r g e  wi l l  e v e n t u a l l y  f l o w .  In t h i s  c a s e ,  t h a t  s u r f a c e  

d r a i n a g e  is  C e m e n t  C r e e k .  T h a t  c o m p a r i s o n  is m a d e  b e t w e e n  t h e  t w o  m o d e l e d  m i x e d  

w a t e r s  a n d  C e m e n t  C r e e k  a t  p e r i o d s  o f  h i g h  a n d  l o w  f l o w  in T a b l e  1 2 .  A l s o  i n c l u d e d  

in T a b l e  1 2  a r e  t h e  r e s u l t s  o f  a  f l o w - p r o p o r t i o n a t e  m i x  o f  t h e  d i s c h a r g e  w a t e r s  w i t h  

t h e  c r e e k  w a t e r s  a t  h i g h  a n d  l o w  d i s c h a r g e .  T h e r e  is n o  d i s c e r n a b l e  i m p a c t  o n  

C e m e n t  C r e e k  w a t e r  q u a l i t y  t h a t  will  r e s u l t  f r o m  m i x i n g  t h e  m o d e l e d  d i s c h a r g e  w a t e r s  

w i t h  t h e  s u r f a c e  d r a i n a g e .  T h e  o n l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  w a t e r s  is t h a t  

t h e  m o d e l e d  d i s c h a r g e  is o f  h i g h e r  p H  a n d  c o n t a i n s  c o n s i d e r a b l y  m o r e  c a r b o n a t e  

b u f f e r i n g  t h a n  C e m e n t  C r e e k .  T h e  r e s u l t  o f  s u c h  m i x i n g  c o u l d  b e  t o  i n c r e a s e  C e m e n t  

C r e e k ' s  b u f f e r i n g  c a p a c i t y  a n d / o r  d e c r e a s e  t h e  a c i d i t y  o f  t h i s  s t r e a m .

B a s e d  u p o n  t h e  c o n c e n t r a t i o n s  o f  t h e  m o d e l e d  d i s c h a r g e  w a t e r  a n d  t h e  p r o b a b l e  

d i s c h a r g e  v o l u m e ,  w i t h  t h e  c o n s e r v a t i v e  a s s u m p t i o n  o f  n o  o t h e r  l o s s e s ,  s u c h  a s  

a d s o r p t i o n  o f  d i s s o l v e d  m e t a l s  o n  p r e c i p i t a t e d  o x i d e s ,  t h e  i n s t a l l a t i o n  o f  t h e s e



HSI Sim
on 

HYDRO-SERRCH

AMERICAN TUNNEL 4:1 MIX AMERICAN TUNNEL TO TERRY TUNNEL 1:1 MIX TERRY TUNNEL
MINTEQA2 MINTEQA2 MINTEQA2 MINTEQA2
Com ponent mg/L Com ponent mg/L Component mg/L Component mq/L

s o 4— 926 S04— 850 s o 4— 735 S04— 544co 3— 33.9 C 03- 33.4 CO,— 13.9 CO,— 0.77
C l- 0.05 C l- 0.10 C l- 0.18 C1- 0.30F - 1.11 F - 1.00 F - 1.09 F - 5.56
Ca+ + 337 Ca+ + 361 Ca+ + 284 Ca+ + 160
Mg+ + 4.04 Mg+ + 7.03 Mg+ + 11.5 Mg+ + 19.0
Na+ 3.00 Na+ 2.74 Na+ 2.35 Na+ 1.70
AI+ + + ND AI+ + + ND AI+ + + ND AI+ + + 3.08
K+ 0.05 K+ 0.28 K+ 0.63 K+ 1.20
H4Si04 ND H4Si04 ND H4Si04 ND H4SiO. ND
Fe+ + + ND Fe+ + + ND Fe+ + + ND Fe+ + + ND
Mn+ + ND Mn+ + ND Mn + + ND Mn+ + ND
Zn + + 0.97 Cu + + 0.26 Cu + + 0.24 Cu+ + 5.11
Sr+ + 3.79 Zn + + 8.98 Zn+ + 22.5 Zn+ + 47.6
Cd+ + 0.006 Sr+ + 3.23 Sr+ + 2.38 Sr+ + 0.98
Pb+ + 0.025 Cd + + 0.01 Cd + + 0.04 Cd + + 0.19
pH 7.87 Pb + + 0.18 Pb + + 0.44 Pb + + 1.05
pE 13.81 PH 7.82 PH 7.82 PH 2.60

pE 14.18 PE 14.18 dE 19.68
PRECIPITATED MINERALS:

m g precipitated m g precipitated mg precipitated m g precipitated
per liter per liter per liter per liter

of solution of solution of solution of solution

Calcite 191.171 Pyrolusite 34.88 Pyrolusite 68.00 Pyrolusite 122.93
Pyrolusite 12.780 ZnSi03 8.55 Hematite 11.20 Hematite 16.78

ZnSiOj 8.728 Hematite 6.55 ZnSiOj 8.27 Ca-Nontronite 5.72
Fluorite 3.826 Fluorite 5.15 Fluorite 6.56

Hematite 3.944 Tenorite 5.1 Diaspore 4.23
Diaspore 1.338 ZnO (Active) 4.24 Brochantite 3.86

Otavite 0.052 Diaspore 2.49 Otavite 0.12
Otavite 0.10 Cerussite 0.12
Plattnerite 0.06



UO
UJ

IS
IS

H
Date Source Flow

MGD FieldoH
Hekt 
Temp deo—O

Lab
pH

Major Anions SuGbfe Bicarb Fluoride Chloride

105/31/89 Cement Creek 15.67 3.9 12.0 4.1 50 4.807/02/87 Cement Creek 11.47 3.9 8.8 4.2 60 0.0 0.4 0.0
j 4:1 Spring Wtr 0.11 7.8 9.0 850 33.4 1.0 0.11:1 Spring Wtr 0.11 7.4 9.0 735 13.9 1.1 0.2
i 03/29/91 Cement Creek 0.32 4.2 5.0 4.5 462 0.0 2.2 3.1102/11/91 Cement Creek 0.23 5.7 1.9 3.5 439 0.0 3.1 2.0

Dote Source
Major Cations 

Ca Na ug AJ K
Metals

Iron<Diss) Mn(Oss) Zinc(Oss) Capper(Dtss) LeadfOssi Cadmium (Oss)
05/31/89 Cement Creek 17 8.4 0.2 1.8 0.9 1.2 0.5 1.4 0.24 0.04 0.0107/02/87 Cement Creek 16 1.0 4.0 0.8 0.0 0.7 1.0 3.8 0.13 ND 0.03

4:1 Spring Wtr 361 2.7 7.0 0.0 0.3 0.0 0.0 9.0 0.26 0.18 0.011:1 Spring Wtr 284 Z4 11.5 0.0 0.6 0.0 0.0 22.5 0.24 0.44 0.04
03/29/91 Cement Creek 147 2.3 14.1 5.2 0.6 0.3 6.8 6.0 0.26 0.25 0.0202/11/91 Cement Creek 135 4.1 15.2 6.7 0.7 1.1 8.3 7.4 0.40 0.29 0.07

Cement Creek water quaMty after bulkhead instaMation:Major Anions Suttate Bicarb Fluoride Chloride
MajorCations

Ca Ha Mo AT KHigh flow and 4:1 mix 13.68 61 0.3 Z9 0.0 19 5.3 1.8 1.4 0.5Low flow and 4:1 mix 0.385 566 9.5 2.1 1.9 205 3.0 12.4 4.2 0.5
High flow and 1:1 mix 13.68 60 0.1 2.9 0.0 19 5.2 1.9 1.4 0.5Low flow and :1 mix 0.385 533 4.0 2.1 1.9 183 2.9 13.7 4.2 0.6

Cement Creek water quaMty after bulkhead installation: iron(Oss}
Mn

(Dissf
MetalsTine

ftXsst
Capper
(Obst

Lead/Dfes* Cadmium
WisstHigh flow and 4:1 mix 1.0 0.7 2.4 0.19 0.02 0.02Low flow and 4:1 mix 0.5 5.3 7.3 0.30 0.24 0.03

High flow and 1:1 mix 1.0 0.7 2.5 0.19 0.03 0.02Low flow and 1:1 mix 0.5 5.3 11.1 0.30 0.32 0.04

sunny \wp\traci\2251\TaWe12.WK3



b u l k h e a d s  s h o u l d  d e l i v e r  t h e  f o l l o w i n g  m e t a l s  l o a d  ( l b s / d a y )  t o  C e m e n t  C r e e k :  i ron ,  

< . 1 ;  m a n g a n e s e ,  < . 1 ;  z i n c ,  8 . 1  t o  2 0 . 3 ;  c a d m i u m ,  . 0 0 9  t o  . 0 3 6 ;  l e a d ,  . 1 6  t o  . 4 0 ;  

a n d  c o p p e r ,  . 2 2  t o  . 2 3 .

9.7 Acid-Generating Potential of Wall Encrustations
T h e  p r e v i o u s  p a r t s  o f  S e c t i o n  9  h a v e  c o n s i d e r e d  t h e  m o s t  l ike ly  e f f e c t  t h a t  c o u n t r y  

r o c k  a n d  p r i m a r y  v e i n  m i n e r a l i z a t i o n  wi ll  h a v e  o n  i m p o u n d e d  w a t e r  a n d  v i c e - v e r s a .  

S e c o n d a r y  m i n e r a l i z a t i o n  { e n c r u s t a t i o n s  o n  m i n e  w a l l s  f o r m e d  a f t e r  t u n n e l  

c o n s t r u c t i o n )  is c o n s i d e r e d  in t h i s  s e c t i o n .  A t  s o m e  o t h e r  m i n e s ,  w a l l  e n c r u s t a t i o n s  

h a v e  b e e n  s h o w n  t o  h a v e  s i g n i f i c a n t  a c i d - g e n e r a t i n g  p o t e n t i a l .

C o a t i n g s  o f  s e c o n d a r y  m i n e r a l s  a r e  r e l a t i v e l y  r a r e  o n  t h e  w a l l s  o f  t h e  a c c e s s i b l e  p a r t s  

o f  t h e  S u n n y s i d e  M i n e .  T h e  g e n e r a l  l a c k  o f  s e c o n d a r y  m i n e r a l i z a t i o n  is p r o b a b l y  d u e  

t o  t h e  o v e r a l l  l o w  p e r m e a b i l i t y  o f  t h e  f r a c t u r e d  v o l c a n i c  r o c k s  w h i c h  r e s u l t s  in m i n e  

w a l l s  b e i n g  q u i t e  d r y  in m o s t  p l a c e s .

D u r i n g  D e c e m b e r ,  1 9 9 2 ,  a  S i m o n  H y d r o - S e a r c h  h y d r o g e o l o g i s t  w a s  t a k e n  t o  l o c a t i o n s  

w h e r e  S G C  s t a f f  h a d  r e m e m b e r e d  s e e i n g  m i n e r a l  c r u s t s  o n  t h e  w a l l s  o f  t h e  m i n e .  

M i n e r a l  c r u s t s  w e r e  s c r a p e d  f r o m  t h e  w a l l s  a n d  p l a c e d  in r o c k  s a m p l e  b a g s  f o r  f u t u r e  

a n a l y s i s .



T a b l e  1 3  s u m m a r i z e s  t h e  r e s u l t s  o f  t h e  a n a l y s e s  o f  t h e  w a l l  s c r a p i n g s .  T h e  c o m p l e t e  

l a b o r a t o r y  r e p o r t  i n c l u d i n g  m e t h o d o l o g y  is g i v e n  in A p p e n d i x  E. W a l l  s c r a p i n g s  f r o m  

b e l o w  B - leve l  { n o m i n a l  e l e v a t i o n  o f  1 2 , 2 5 0  f e e t )  all h a d  a  p a s t e  p H  o f  g r e a t e r  t h a n

4 . 5 .  A  p a s t e  p H  r e p r e s e n t s  a  m i n i m a l  a m o u n t  o f  w a t e r  a d d e d  t o  a  s a m p l e  a n d  will  

t y p i c a l l y  y i e l d  a  w o r s t  c a s e  p H .  A  p a s t e  p H  o f  g r e a t e r  t h a n  4 . 5  i n d i c a t e s  a  v e r y  l o w  

p o t e n t i a l  f o r  a c i d  g e n e r a t i o n .

T h e  t h r e e  w a l l  s c r a p i n g s  f r o m  B - teve l  all h a d  a  p a s t e  p H  o f  l e s s  t h a n  4 . 0  a n d  

w a r r a n t e d  f u r t h e r  e v a l u a t i o n .  S a m p l e s  1 - 5  w e r e  all m i x e d  w i t h  a  w e a k l y  b u f f e r e d  

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

s o l u t i o n  r e s u l t i n g  f r o m  s a m p l e  5  ( f r o m  B-l ev el )  s h o w e d  a  p H  o f  5 . 7  a f t e r  m i x i n g  w i t h  

1 0 0  p a r t s  o f  w e a k l y  b u f f e r e d  w a t e r  t o  o n e  p a r t  o f  s a m p l e .  T h e  s o l u t i o n s  r e s u l t i n g  

f r o m  s a m p l e  4  s h o w e d  a  p H  o f  6 . 7  a f t e r  m i x i n g  1 0 0 0  p a r t s  o f  w e a k l y  b u f f e r e d  w a t e r  

t o  o n e  p a r t  o f  s a m p l e .  T h e  a c t u a l  r a t i o  o f  w a t e r  fil l ing t h e  t u n n e l s  t o  v o l u m e  o f  w a l l  

c o a t i n g s  is g r e a t e r  t h a n  1 0 0 0  t o  1 e v e n  if o n l y  t h e  i m m e d i a t e  v i c i n i t i e s  o f  t h e  w a l l  

c o a t i n g s  a r e  c o n s i d e r e d .  T h e  s o l u t i o n  r e s u l t i n g  f r o m  s a m p l e  3  h a d  a  p H  o f  4 . 9  a f t e r  

m i x i n g  1 0 , 0 0 0  p a r t s  o f  w e a k l y  b u f f e r e d  w a t e r  t o  o n e  p a r t  o f  s a m p l e .  T h e  m i n e r a l  

e n c r u s t a t i o n  w h e r e  s a m p l e  3  w a s  t a k e n  c o v e r e d  a n  a r e a  o f  o n l y  2  b y  6  f e e t ,  s o  o n l y  

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

o f  t h i s  z o n e .  If t h e  full  v o l u m e  o f  t h e  m i n e  is c o n s i d e r e d ,  t h e  a c i d - g e n e r a t i n g  c a p a c i t y  

o f  t h e  o b s e r v e d  w a l l  s c r a p i n g s  is i n s i g n i f i c a n t .



Table 13: Acid-Generating Potential of Minerai Encrustations on Walls

Sample
Number Location

Paste
pH

Slurry pH 
1 pert sample 
in 100 parts 
of solution

Slurry pH 
1 part sample 
in 1000 parts 

of solution

Slurry pH
1 part sample in 
10,000 parts of 

solution

1 F-Level, 100 ' East o f 
proposed bulkhead site

4 .62 6.60 ... ...

2 F-Level Brenneman vein 
localized, brown-black mud 
flow stone, located 100 feet 
tow ard  W ashington Shaft 
from  proposed bulkhead

6.10 6.05

3 B-Level, near proposed 
bulkhead site, localized white 
flow stone 2 x 6  fo o t zone

2.49 2.75 3 .6 4.9

4 B-Level, near proposed 
bulkhead, %n th ick local 
deposit, brown flow stone

3.11 3.45 6.7 ...

5 B-Level, W ashington Vein 
near W ashington vertical 
shaft-wall scraping 1/16" 
th ick

3.56 5.70 — ...

6 D-Level, wall scrape, 2700 
stope, localized flowstone

6.50 ... ... ...



T h e  o n l y  o b s e r v e d  s e c o n d a r y  m i n e r a l i z a t i o n  w i t h  a c i d - g e n e r a t i n g  p o t e n t i a l  w a s  o n  B- 

l eve l  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  1 2 , 2 5 0  f e e t  m s l .  T h e  e x p e c t e d  e q u i l i b r i u m  

w a t e r  l ev e l  o f  t h e  f l o o d e d  m i n e  w o r k i n g s  (if s u r f a c e  w a t e r  i n f l o w  t o  t h e  m i n e  f r o m  

S u n n y s i d e  B a s i n  is l a r g e l y  a b a t e d )  is j u s t  b e l o w  F - l ev e l .  H e n c e ,  all  o f  t h e  s a m p l e d  

m i n e r a l  c r u s t s  a r e  e x p e c t e d  t o  b e  a b o v e  t h e  e q u i l i b r i u m  w a t e r  l e v e l .  T h e  o n l y  

o b s e r v e d  m i n e r a l  c r u s t s  w i t h  s i g n i f i c a n t  a c i d - g e n e r a t i n g  c a p a c i t y  w e r e  a t  a n  e l e v a t i o n  

o f  1 2 , 2 5 0  f e e t :  o v e r  7 0 0  f e e t  h i g h e r  t h a n  t h e  e x p e c t e d  e q u i l i b r i u m  w a t e r  l ev e l .  

H e n c e ,  s t o r e d  a c i d i t y  in s e c o n d a r y  m i n e r a l i z a t i o n  is n o t  e x p e c t e d  t o  b e  a  s i g n i f i c a n t  

p r o b l e m .
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P.O. Box 177 .Silverton, CO 81433  ̂'
Phone {303) 387-5533 . Telecopy (303) 387-5310January 13, 1993

Mark D, Stock, Hydrogeologist 
Simon Hydro-Search 
5250 South Virginia Street 
Reno, Nevada 89502
Dear Mark,

Per your request, please find attached the calculation for 
mined volumes at Sunnyside Mine. The calculation starts at the 
lowest workings of the mine, American Tunnel level, and is 
calculated at 100 foot elevations starting at 10,700 feet, for open 
workings below that elevation. The calculation stops at 12,210 
feet or the elevation of the surface diversion ditch around the 
former Lake Emma.

The 80 scale engineering vein sections were used as a base 
source of information for the calculations. The area was 
calculated using a planimeter. The area was multiplied by average 
widths from geologic mapping and engineering measurements where 
available. When no width information was available, the stope 
widths were extrapolated from adjacent stopes. The volumes listed 
are cubic feet.

Cut and fill stopes in which waste rock was used for fill, 
calculated volume was multiplied by a 50% factor to allow for the 
volume consumed by fill.

Flat lying vein systems were mathematically corrected in order 
to reflect true volumes.

The waste drift volumes were calculated from horizontal 
measurements on 200 scale engineering plans and multiplied by 
average drift profiles on each level. Miscellaneous volumes such 
as shops, cutouts and hoistrooms were added to this calculation. 
The volumes listed are cubic feet.

The volumes are summarized by vein section or drifts for 
volume necessary to reach the elevation listed. There are also 
summaries for cumulative cubic feet to reach elevation, gallons 
added per 100 feet increase in elevation and cumulative gallons 
necessary to reach an elevation.

If you need additional information please call.
Si ncerely,

William B. Goodhard



mm. m usmw 
sum vsu e  niie
tffcfER MOUKS ft E1EYAT10N lO i.n.)

ELEVATION

10660 10700 10000

to to to

VEMSGCTIW 10700 10800 10900

1900 0 0 0

LITTli IWW 0 0 0

SUNffSHE 0 0 0

WASHINGTON 306,040 2,448,320 2,679,120

BELIE O E U 110,890 355,040 381,360

2150 F00TNN1 0 0 0

2150 EH  ̂0 0 0

2150 HAN6IKWLL 0 0 0

SPUR 0 0 0

SPUR SPLIT 0 0 0

SPUR NEST 0 0 O

2250 0 0 0

IOMTA1N 9EEP 0 0 0

PORTLAND ft EAST 0 0 0

PQRTUWI FM WEST 0 0 0

PQRtiJM) BX EAST 0 0 0

PQRTUM) Bl NEST 0 0 0

JOKER 0 0 0

NO NME 0 0 0

DRIFTS AND IUSC 1,012,960 0 0

TOTAL 1,431,880 2,903(360 3,060,480

10900
to
11000

0
0
0

11000
to
U100

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11100
to
11200

11200
to

11300

40,960 512
0 0
0 0

881,640 1,403,200
132,400 53,520
60,800

0
0
0
0
0
0
0
0
0
0
0
0
0
0

492,160
230,300

0
0
0
0
0
0
0
0

55,IS
96.000 

0 
0

96.000

11300 11400 11500 11600 11700

to to to to to

11400 11500 11600 11700 11300

136,1% 152,320 528,640 465,920 483,840

97,920 282,240 282,810 1,111,040 816,000

0 0 92,700 504,440 169,200

773,440 1,864,000 1,391,920 2,119,200 1,900,800

86,800 251,440 261,520 597,760 421,280

539,760 1,657,952 1,140,608 2,394,160 996,800

423,000 1,187,500 1,211,000 675,600 241,280

5,600 389,120 546,380 486,240 403,280

0 0 124,840 915,370 534,300

0 0 0 0 0

186,300 253,600 95,200 0 0

25,920 124,488 109,738 314,665 196,880

40,320 120,960 11,200 0 0

76,028 214,177 300,721 285,378 37,200

0 319,336 375,558 135,764 0

347,898 342,046 223,132 85,367 19*200

272,668 671,882 312,275 0 0

0 0 0 0 0

0 0 73,200 930,290 573,440

898,530 0 1,083,060 67,412 1,264,617

11800 11900 12000 121U0

to to to to

11900 12000 12100 12210

96,560 0 0 0

647,680 232,128 151,168 24,576

616,640 294,560 412,880 549,120

1,908,800 1,777,600 1,206,400 919,600
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964,160 746,400 568,800 0
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PORTLAND BX EAST 0 0 0 0
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NQNAK 0 0 0 0

DRIFTS NO IUSC 1,012,960 1,012,960 1,012,960 1,012,960
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830,658 
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0
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535,180
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0
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20,751,640
3,546,368
8,248,400
3,968,680
1,863,020
2,623,214

0
535,180 

1,016,971 
172,480 

1,018,65b 
830,658 

1,07a,795 
1,352,825 

82,950 
1,811,810 
4,562,099

1,906,944
3,469,818
1,677,540

22,529,240
4,067,568
8,994,800
3,968,680
1,863,020
3,373,614

0
535,180

1,084,171
172,480

1,018,656
830,658

1,072,795
1,352,825

82,950
1,622,530
4,562,099

1,906,944
3,620,986
2,090,420

23,735,640
4,466,408
9,563,600
3,968,680
1,863,0»
3,780,718

116,320
535,180

1,084,171
172,480

1,018,656
830,658

1,072,795
1,352,825

82,950
1,828,130
4,758,459

1,906,944
3,645,562
2,639,540
24,655,240
4,662,168
9,563,600
3,968,680
1,863,020
3,958,894

254,560
535,180

1,064,171
172,480

1,013,656
830,658

1,072,795
1,352,825

93,730
2,153,830
4,925,819

TOTAL



9MIYS10E GOLD CüAPORATION 
SUNNYSIK hl*
MATER VOLkfCS BY ELEVATION (gal.)

GALLONS OF HATER TO FILL TO ELEVATION LISTED
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxmxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

VEIN SECTION 10700 10800 10900 11000 moo 11200 11300 11400 11500 11600 11700 11800 11900 12000 12100 12210

1900 0 0 0 0 0 306,381 3,830 1,018,716 1,139,354 3,954,227 3,485,082 3,619,123 737,229 0 0 0

LITTLE WAY 0 0 0 0 0 0 0 732,442 2,111,155 2,115,419 8,310,579 6,103,680 4,844,646 1,736,317 1,130,737 183,823

SUMYSIK 0 0 0 0 0 0 0 0 0 693,3% 3,773,211 1,265,616 4,612,467 2,203,309 3,086,342 4,107,418

MSH1N6TQN 2,304,139 13,313,434 20,039,818 13,412,538 9,574,699 6,594,667 10,495,936 5,785,331 13,942,720 10,411,562 15,851,616 14,217,984 14,277,824 13,2% ,448 9,023,872 6,878,608

BELLE CREOLE 829,382 2,655,699 2,852,573 2,097,751 1,382,902 990,352 400,330 649,264 1,880,771 1,956,170 4,471,245 3,151,174 3,209,219 3,89B,576 2,983,323 1,464,285

2150FOQML 0 0 0 0 0 454,784 3,681,357 4,037,405 12,401,481 8,531,748 17,908,317 7,471,024 7,211,917 5,583,072 4,254,624 0

2150 EXT 0 0 0 0 0 0 1,722,644 3,164,040 8,882,500 9,058,280 5,053,488 1,804,774 0 0 0 0

2150 HAMBING WU. 0 0 0 0 0 Ù 0 41,888 2,910,618 4,086,922 3,637,075 3,016,534 242,352 0 0 u

SPUR 0 0 0 0 0 0 0 0 0 933,803 6,846,968 3,996,564 7,844,306 5,612,992 3,045,138 1,332,756

SPUt SPLIT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 870,074 1,034,035

SPUR HEST 0 0 0 0 0 0 0 1,393,524 1,896,928 712,694 0 0 0 0 0 0

2250 0 0 0 0 0 0 0 193,882 931,170 620,840 2,353,694 1,472,662 1,834,694 502,656 0 0

MXMTAIN9CEP 0 0 0 0 0 0 0 301,594 904,781 83,776 0 0 0 0 0 0

PORTLAND FH EAST 0 0 0 0 0 0 0 368t689 1,602,044 2,249,393 2,134,627 278,256 786,537 0 Ù 0

PORTLMO FU MEST 0 0 0 0 0 0 0 0 2,388,633 2,809,174 1,015,515 0 0 0 0 0

PORTLAND BX EAST 0 0 0 0 0 0 412,537 2,602,277 2,558,504 1,669,027 638,545 143,616 0 0 0 0

PORTLAND BX ICST 0 0 0 0 0 0 718,000 2,039,557 5,025,677 2,335,817 0 0 0 01 0 0

JOKER 0 0 0 0 0 0 0 0 0 0 0 0 620,466 1 0 0 80,634

NO NAfC 0 0 0 0 0 0 0 0 0 547,536 6,958,569 4,289,331 1,756,902 80,186 41,888 2,436,236

DRIFTS m  ((ISC 7,576,941 0 0 0 0 0 733,040 6,721,004 0 8,101,289 504,242 9,459,335 1,028,650 0 1,767,973 952,653

TOTAL 10,710,462 20,969,133 22,892,390 15,510,289 10,957,602 8,346,184 18,167,753 29,249,612 58,576,336 61,071,073 82,942,773 60,289,675 49,007,210 32,913,556 »,205,971 18,470,454



SlKttSlIt fifiLO W ttATtiK 
SUHRSU£ I1INE
OlttATWE HATER VOUICS BY ELEVATIW (gal.)

VEIN SECTION 10700 10800 10900 11000 11100 11200 11300 11400 11500 UbOO 11700 11800 11900 12000 12100 1221».

1900
LITTLE MOT 
SUMiYSIX 
UfiStitfTON 
BELLE Cfi£QLE 
2150 FOOTWU. 
2150 EXT
2150 HANGING HALL 
SPtf
SKA SPLIT 
SPUR MCST 
2250
R0UNTA1N 5^£P 
PORTLAM FN EAST 
PORTLAND FU l£ST 
PORTLAND BI EAST 
PORTLAND BI NEST 
JOKER 
NO Nfllt
DRIFTS AMD RISC

o 0 0 0 0 306,381 310,211 1,328,927 2,468,280 6,422,508 9,907,589 13,526,712 14,263,941 14,263,941

o o o 0 0 0 0 732,442 2,843,597 4,959,016 13,269,595 19,373,275 24,217,921 25,954,239

ft n o o o 0 0 0 0 693,396 4,466,607 5,732,223 10,344,690 12,547,999V
2,304,139

V
20,617,573 40,657,390 54,069,928 63,644,627 70,239,294 80,735,230 86,520,562 100,463,282 110,874,843 126,726,459 140,944,443 155,222,267 168,518,715

829,382 3,485,082 6,337,654 8,435,405 9,818,308 10,808,660 11,208,989 11,858,253 13,739,025 15,695,194 20,166,439 23,317,613 26,526,833 30,425,409

0 0 0 0 0 454,784 4,136,141 8,173,546 20,575,027 29,106,774 47,015,091 54,486,115 61,698,032 67,281,104

0 0 0 0 0 0 1,722,644 4,886,684 13,769,184 22,827,464 27,880,952 29,685,726 29,685,726 29,685,726

o 0 0 0 0 0 0 41,888 2,952,506 7,039,428 10,676,503 13,693,038 13,935,390 13,935,390

o 0 0 0 0 0 0 0 0 933,803 7,780,771 11,777,335 19,621,641 25,234,633

0 0 0 0 0 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 1,393,524 3,290,452 4,003,146 4,003,146 4,003,146 4,003,146 4,003,146

o o o 0 0 0 0 193,882 1,125,052 1,945,892 4,299,586 5,772,249 7,606,943 8,109,599V
o o o 0 0 0 0 301,594 1,206,374 1,290,150 1,290,150 1,290,150 1,290,150 1,290,150V
o 0

o
o o 0 0 0 5b8,689 2,170,733 4,420,126 6,554,754 6,833,010 7,619,547 7,619,547V

0
0
o

o o 0 0 0 0 2,388,633 5,197,807 6,213,322 6,213,322 6,213,322 6,213,322V
o o 0 0 0 412,537 3,014,814 5,573,318 7,242,345 7,880,891 8,024,507 8,024,507 8,024,507

o 1) 0 0 0 718,080 2,757,637 7,783,314 10,119,131 10,119,131 10,119,131 10,119,131 10,119,131V
(\ 0

o
0
o

o u u 0 0 0 0 0 0 620,466 620,466V
o 0 0 0 0 0 0 547,536 7,506,105 11,795,436 13,552,339 13,632,524V

7,576,941 7,576,941 7,576,941 7,576,941 7,576,941 7,576,941 8,3<rJ,981 15,030,985 15,030,985 23,132,274 23,636,516 33,095,851 34,124,501 34,124,501

14,263,941
27,084,975
15,636,342

177,542,587
33,408,732
71,535,728
29,685,726
13,935,390
28,279,771

870,074
4,003,146
8,109,599
1,290,150
7,619,547
6,213,322
8,024,507

1(1,119,131
620,466

13,674,412
35,S9£,473

14,263,941 
27,ftfi,SO- 
19,743,75' 

184,421,19! 
34,873,01:
71.535.721
29.685.721 
13,935,39» 
29,612,52:
1,904, W: 
4,003,14« 
8,109,59-: 
1,290,15'! 
7,619,54. 
6,213,32c 
8,024,5*)' 

10,119,13;
701,10'

16,U0,b4i

36,845,1c'.

TOTAL 10,710,462 31,679,595 54,571,986 70,082,274 81,033,876 89,386,060 107,553,813 136,803,425 195,379,762 256,450,835 339,393,608 399,683,283 448,690,493 481,604,049 50?,810,019 526,2S0,4-.



APPENDIX C
D e t a i l s  o f  G e o c h e m i c a l  M o d e l i n g



C-1 AMERICAN TUNNEL

C~ 1.1 Overview

T h e  i n s t a l l a t i o n  o f  a  b u l k h e a d  in t h e  A m e r i c a n  T u n n e l  a t  S u n n y s i d e  M i n e  will  i m p o u n d  

w a t e r  a n d  f l o o d  t h e  m i n e  w o r k i n g s  t o  a n  e s t i m a t e d  e q u i l i b r i u m  w a t e r  l e v e l  o f  1 1 , 5 0 0  

f e e t  m s l  ( s e e  S e c t i o n  3 . 3 ) .  A s  t h e  w a t e r  l e v e l s  r i s e  in t h e  m i n e  w o r k i n g s ,  w a t e r  f r o m  

t h e  f l o o d e d  w o r k i n g s  is e x p e c t e d  t o  b e g i n  t o  m o v e  t h r o u g h  n a t u r a l  f r a c t u r e  s y s t e m s  

t o  d i s c h a r g e  z o n e s  a l o n g  C e m e n t  C r e e k .  A m i n o r  a m o u n t  o f  w a t e r  m a y  a l s o  m o v e  

a r o u n d  t h e  b u l k h e a d  t h r o u g h  c o u n t r y  r o c k  a d j a c e n t  t o  t h e  m i n e  t u n n e l .  G e o c h e m i c a l  

m o d e l i n g  w a s  u s e d  t o  a s s e s s :  1 ) t h e  n a t u r e  o f  t h e  w a t e r  t h a t  w o u l d  b e  i m p o u n d e d  

b e h i n d  t h e  p r o p o s e d  b u l k h e a d ,  2 ) w h a t  r e a c t i o n s ,  if a n y ,  m a y  o c c u r  w i t h i n  c o u n t r y  

r o c k  a s  w a t e r  m i g r a t e s  a r o u n d  t h e  b u l k h e a d ,  3)  w h a t  r e a c t i o n s  m a y  i m p a c t  t h e  

i m p o u n d e d  w a t e r  o r  t h e  m i n e r a l s  a l o n g  t h e  m i g r a t i o n  p a t h  t o  t h e  s u r f a c e ,  a n d  4 )  t h e  

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

V e r y  l i t t le w a t e r  f r o m  t h e  w o r k i n g s  a b o v e  F - l ev e l  d r o p s  t o  l o w e r  l e v e l s  a n d  e x i t s  

t h r o u g h  t h e  A m e r i c a n  T u n n e l .  W a t e r  t h a t  c u r r e n t l y  d i s c h a r g e s  f r o m  t h e  A m e r i c a n  

T u n n e l  i s  g r o u n d  w a t e r  t h a t  e n t e r s  t h e  m i n e  in r e s p o n s e  t o  t h e  h y d r a u l i c  g r a d i e n t  

d e v e l o p e d  b y  d e w a t e r i n g  t h e  m i n e  w o r k i n g s .  T h e  w a t e r  t h a t  will  b e  i m p o u n d e d  b y  

t h e  A m e r i c a n  T u n n e l  b u l k h e a d  is e x p e c t e d  t o  b e  s i m i l a r  t o  g r o u n d  w a t e r  w h i c h  is 

c u r r e n t l y  f l o w i n g  i n t o  t h e  m i n e  f r o m  f r a c t u r e s .  It i s  f u r t h e r  c o n c e p t u a l i z e d  t h a t  t h a t  

w a t e r  wi ll  e v e n t u a l l y  r e a c h  t h e  g r o u n d  s u r f a c e  a n d  e q u i l i b r a t e  w i t h  a t m o s p h e r i c  g a s e s ,  

p r e c i p i t a t i n g  a  s u i t e  o f  o v e r s a t u r a t e d  m i n e r a l s .  C h a n g e s  in m i n e r a l  p r e c i p i t a t e s  o r  fluid



c o m p o s i t i o n  b e h i n d  t h e  b u l k h e a d  a n d  a l o n g  t h e  f l o w  p a t h s  will  b e  d i s c u s s e d  o n l y  

q u a l i t a t i v e l y  d u e  t o  l i m i t a t i o n s  in t h e  m o d e l .

C-1.2 Data
M o s t  o f  t h e  a n a l y s e s  f r o m  t h e  m i n e  w a t e r s  w e r e  r e s t r i c t e d  t o  m e t a l s  o f  c o n c e r n  fo r  

e n v i r o n m e n t a l  a n d  p e r m i t t i n g  p u r p o s e s .  H o w e v e r ,  a  t o t a l  o f  1 4  w a t e r  s a m p l e s  

c o l l e c t e d  u p s t r e a m  o f  t h e  p r o p o s e d  b u l k h e a d  in t h e  A m e r i c a n  T u n n e l  w e r e  a n a l y z e d  

f o r  m a j o r  i o n s ,  m i n o r  c o n s t i t u e n t s ,  a n d  t r a c e  e l e m e n t s .  O f  t h e s e ,  all b u t  f o u r  w e r e  

s a m p l e s  t a k e n  f r o m  t h e  d r a i n a g e  d i t c h  o f  t h e  A m e r i c a n  T u n n e l .  O n e  s a m p l e  w a s  

t a k e n  a t  a  s p r i n g  in t h e  S u n n y s i d e  C r o s s  C u t  ( b e f o r e  m i x i n g  w i t h  o t h e r  w a t e r  h a d  

o c c u r r e d ) ,  a n d  t h r e e  w e r e  t a k e n  f r o m  t w o  drill h o l e s  ( # 7 7 8  a n d  # 7 8 1 )  t h a t  h a d  b e e n  

e x t e n d e d  i n t o  t h e  A m e r i c a n  T u n n e l  w a l l s .  E i g h t  o f  t h e  s a m p l e s  a r e  f r o m  m i n e  d r i f t s  

a n d  m a y  b e  a  m i x t u r e  o f  g r o u n d  w a t e r  a n d  o x y g e n a t e d  w a t e r  t r i c k l i n g  d o w n  s t o p e s .  

A n a l y s e s  o f  t h e  w a t e r s  a r e  s h o w n  in T a b l e  A - 1 .

T h e  drill h o l e s  e x t e n d  h u n d r e d s  o f  f e e t  b a c k  i n t o  t h e  c o u n t r y  r o c k ,  i n t e r s e c t  n o n - o r e  

m i n e r a l i z e d  f r a c t u r e s  a n d  a r e  u n c a s e d .  T h e s e  f o u r  s a m p l e s  c o l l e c t e d  f r o m  t h e  drill 

h o l e s  a p p e a r  t o  b e  t h e  m o s t  r e p r e s e n t a t i v e  o f  t h e  g r o u n d  w a t e r  in t h e  f r a c t u r e d  

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

T h e  drill h o l e  w a t e r s  a r e  v e r y  s im i l a r  in o v e r a l l  c h a r a c t e r .  T h e  f ie ld  p H  is e s s e n t i a l l y  

n e u t r a l  a t  7 . 3  t o  7 . 5  a n d  f ie ld m e a s u r e m e n t s  s h o w e d  n o  d i s s o l v e d  o x y g e n .  T h e



d o m i n a n t  a n i o n s  a r e  s u l f a t e  a n d  b i c a r b o n a t e .  C a l c i u m  is t h e  d o m i n a n t  c a t i o n  a n d  

t h e r e  i s  a  m o d e r a t e  d i s s o l v e d  m e t a l s  l o a d .  A n a l y t i c a l  i o n  b a l a n c e  f o r  m a j o r  e l e m e n t s

w a s  w i t h i n  o n e  o r  t w o  p e r c e n t .

I r o n  a n d  m a n g a n e s e  c o n c e n t r a t i o n s  a r e  c o n s i s t e n t  a m o n g  t h e  w a t e r s  f r o m  t h e  drill 

h o l e s ,  b u t  z i n c  c o n c e n t r a t i o n s  a r e  q u i t e  v a r i a b l e .  T h e  w a t e r s  a r e  c h a r a c t e r i z e d  b y  

r e l a t i v e l y  h i g h  f l u o r i d e  a n d  s t r o n t i u m  c o n c e n t r a t i o n s  a n d  l o w  c o n c e n t r a t i o n s  o f  l e a d  

a n d  c a d m i u m .  C o p p e r ,  m e r c u r y ,  a r s e n i c ,  b o r o n ,  g o l d ,  s e l e n i u m  a n d  s t i v e r  a r e  all a t

o r  b e l o w  d e t e c t i o n  l imi t s  f o r  t h e s e  e l e m e n t s .

F o u r  a n a l y s e s  o f  t o t a l  m e t a l s  w e r e  a l s o  a v a i l a b l e  f o r  s a m p l e s  f r o m  e a c h  o f  t h e  t w o  

b e d r o c k  drill h o l e s .  T h e s e  s h o w e d  c o n s i s t e n t  r e s u l t s  w i t h  t h e  w h o l e  w a t e r  a n a l y s e s  

f o r  m o s t  m e t a l s .  Z i n c  a n d  m a n g a n e s e  s h o w e d  t h e  g r e a t e s t  v a r i a t i o n ,  v a r y i n g  f r o m  

b e l o w  d e t e c t i o n  t o  g r e a t e r  t h a n  1 0  m g / l  f o r  e a c h  e l e m e n t .

C-1.3 American Tunnel Reference Water
T h i s  s e c t i o n  d e s c r i b e s  M I N T E Q A 2  s i m u l a t i o n s  w h i c h  w e r e  u s e d  t o  d e f i n e  t h e  

A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r .  T h i s  r e f e r e n c e  w a t e r  is t h e  b e s t  c h a r a c t e r i z a t i o n  

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

g e o c h e m i c a l ,  g e o l o g i c  a n d  p e t r o g r a p h i c  d a t a .  T h e  g e o l o g y ,  m i n e r a l o g y ,  c h e m i c a l  

a n a l y s e s  a n d  g e o c h e m i s t r y  w e r e  i n t e g r a t e d  t o  d e f i n e  t h e  b e s t  a p p r o x i m a t i o n  o f  

g r o u n d - w a t e r  c h a r a c t e r i s t i c s  w i t h i n  t h e  f r a c t u r e d  v o l c a n i c  b e d r o c k  a r o u n d  t h e



A m e r i c a n  T u n n e l .  C o n c e p t u a l l y ,  t h i s  w a t e r  c o l l e c t s  b e h i n d  t h e  b u l k h e a d ,  m o v e s  

t h r o u g h  t h e  b e d r o c k  a r o u n d  t h e  b u l k h e a d ,  a n d  m o v e s  t h r o u g h  t h e  n a t u r a l  f r a c t u r e  

s y s t e m .  T h i s  w a t e r  is e x p e c t e d  t o  d i s c h a r g e  t o  t h e  s u r f a c e ,  e q u i l i b r a t e  w i t h  t h e  

a t m o s p h e r e  a n d  p o t e n t i a l l y  m i x  w i t h  s u r f a c e  d r a i n a g e .

T h e  w a t e r  f r o m  drill h o l e  # 7 7 8  ( a l s o  k n o w n  a s  t h e  0 7 0 0  N o r t h  drill h o l e )  w a s  s e l e c t e d  

a s  t h e  t y p e  a n a l y s i s  f o r  m a j o r  io n  c h e m i s t r y .  T h i s  drill h o l e  e x t e n d s  t h e  f u r t h e s t  i n t o  

t h e  c o u n t r y  r o c k  a n d  t h e  w a t e r  a n a l y z e d  b e s t  r e p r e s e n t s  a n  a v e r a g e  f r o m  t h e  g r e a t e s t  

v o l u m e  o f  r o c k .  T h e  a n a l y s i s  u s e d  w a s  f o r  t h e  s a m p l e  c o l l e c t e d  o n  1 0 / 0 7 / 9 1 .  A 

s e c o n d ,  r e c e n t  s a m p l e ,  c o l l e c t e d  0 1 / 0 4 / 9 3 ,  d e m o n s t r a t e s  t h e  o v e r a l l  c o n s i s t e n c y  o f  

t h e  w a t e r  c h e m i s t r y  w i t h  t i m e .  B o t h  o f  t h e s e  a n a l y s e s  a r e  c o n t a i n e d  in T a b l e  A - 1 . 

T h e  a n i o n  a n a l y s e s  f r o m  1 0 / 0 7 / 9 1  f o r  s u l f a t e ,  b i c a r b o n a t e  a n d  f l u o r i d e  w e r e  u s e d  a s  

i n p u t  i n t o  M I N T E Q A 2 .  T h e  c a t i o n  a n a l y s e s  u s e d  f o r  m o d e l  i n p u t  w e r e  t h o s e  fo r  

c a l c i u m ,  m a g n e s i u m ,  s o d i u m ,  a l u m i n u m  a n d  s t r o n t i u m .  T o  e n s u r e  a p p r o p r i a t e  m i n e r a l  

a n d  a q u e o u s  s p e c i e s  a s s e m b l a g e s  w e r e  c o n s i d e r e d ,  p o t a s s i u m  a n d  c h l o r i d e  w e r e  

i n c l u d e d  in t h e  m o d e l i n g  a n a l y s i s  a t  5 0 %  o f  t h e  r e p o r t e d  d e t e c t i o n  l imi t.

T h e  m e t a l  c o n c e n t r a t i o n s  u s e d  fo r  d e f i n i n g  t h e  A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r  w e r e  

a n  a v e r a g e  o f  t h e  d e t e c t i o n s  a m o n g  t h e  f o u r  t o t a l  m e t a l  s a m p l e s  a n d  t h e  w h o l e  w a t e r  

s a m p l e .  In e a c h  c a s e ,  t h e  m o d e l  i n p u t  c o n c e n t r a t i o n s  w e r e  g r e a t e r  t h a n  t h a t  o f  t h e  

s a m p l e  f r o m  drill h o l e  7 7 8 .  M I N T E Q A 2  h a s  t h e  c a p a b i l i t y  t o  c a l c u l a t e  r e d o x  

s p é c i a t i o n  f o r  s o m e  e l e m e n t s .  T h r e e  r e d o x  p a i r s  w e r e  i n c l u d e d  in t h e  m o d e l  r u n ,  H S ‘



/ S 0 4= , F e + + / F e + + + , a n d  M n + + / M n + + + , w i t h  t h e  s t i p u l a t i o n  t h a t  t h e y  e x h i b i t  a  

c o m m o n  o x i d a t i o n  s t a t e .  B e c a u s e  c o p p e r  w a s  a t  o r  b e l o w  t h e  d e t e c t i o n  l imi t  f o r  all 

s a m p l e s  f r o m  drill h o l e s ,  t h e  C u +/ C u ++ r e d o x  p a i r  w a s  n o t  i n c l u d e d  in t h e  A m e r i c a n

T u n n e l  m o d e l i n g .

A n  initial  e q u i l i b r a t i o n  r u n  o f  M I N T E Q A 2  u s i n g  f i e l d - m e a s u r e d  p H  a n d  a t m o s p h e r i c  

e q u i l i b r a t i o n  w i t h  o x y g e n  m o d e l e d  o v e r s a t u r a t i o n  w i t h  r e s p e c t  t o  C 0 2 a n d  c a l c i t e .  

B a s e d  u p o n  p r o b a b l e  g r o u n d - w a t e r  f l o w  p a t h s  a n d  p é t r o g r a p h i e  d a t a ,  it is g e o l o g i c a l l y  

l ike ly  t h a t  t h e  o n - s i t e  g r o u n d  w a t e r  is a t  o r  n e a r  e q u i l i b r i u m  w i t h  c a l c i t e ,  b u t  p r o b a b l y

n o t  o v e r s a t u r a t e d .

T h i s  m o d e l  r u n ,  a n d  all s u b s e q u e n t  m o d e l  r u n s ,  a s s u m e d  a p p r o p r i a t e  i n - s i t u  

t e m p e r a t u r e s .  T h e  field p H ,  t h e  b i c a r b o n a t e  c o n c e n t r a t i o n ,  a n d  t h e  o v e r s a t u r a t i o n  o f  

t h e  a n a l y t i c  c o m p o s i t i o n  o f  t h e  w a t e r  w i t h  r e s p e c t  t o  c a l c i t e  a r e  b e l i e v e d  t o  b e ,  in 

p a r t ,  a r t i f a c t s  o f  s a m p l i n g  p r o c e d u r e s .  G r o u n d  w a t e r  s a m p l e d  a t  t h e  7 7 8  b o r e h o l e  is 

u n d e r  a p p r o x i m a t e l y  1 0  a t m o s p h e r e s  o f  p r e s s u r e .  T h e  r e l e a s e  o f  t h i s  p r e s s u r e  w i t h  

a  c o n c o m i t a n t  e x s o l u t i o n  o f  C 0 2 e q u i l i b r a t i n g  t h e  P ( C 0 2) o f  t h e  s o l u t i o n  t o  

a t m o s p h e r i c  c o n c e n t r a t i o n s  w o u l d  r e d u c e  t o t a l  i n o r g a n i c  c a r b o n  in t h e  w a t e r ,  e l e v a t e  

t h e  p H ,  a n d  i n c r e a s e  t h e  a p p a r e n t  s a t u r a t i o n  w i t h  r e s p e c t  t o  c a l c i t e .

I n o r g a n i c  c a r b o n  l o s t  t o  C 0 2 e x s o l u t i o n  is i r r e t r i e v a b l y  l o s t .  F o r  t h e  s y s t e m  u n d e r  

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



M I N T E Q A 2  w a s  u s e d  t o  d e t e r m i n e  t h e  P ( C 0 2) ( a n d  t h e r e f o r e  t h a t  p H )  a t  w h i c h  t h e  

a n a l y z e d  w a t e r  w o u l d  b e  in e q u i l i b r i u m  w i t h  c a l c i t e .  T h e  m o d e l  i n d i c a t e s  t h a t  in - s i t u  

p H  u n d e r  t h e  a s s u m e d  c o n s i d e r a t i o n  o f  e q u i l i b r i u m  ( r a t h e r  t h a n  o v e r s a t u r a t i o n )  w i t h  

c a l c i t e  is 7 . 1 8  r a t h e r  t h a n  t h e  f i e l d - m e a s u r e d  v a l u e  o f  7 . 5 3 .

G e o l o g i c  a n d  p e t r o g r a p h i c  d a t a  i n d i c a t e  a  u b i q u i t o u s  o c c u r r e n c e  o f  d i s s e m i n a t e d  

p y r i t e .  It is p o s t u l a t e d  t h a t  t h e  i n - s i t u  w a t e r  is in e q u i l i b r i u m  w i t h  p y r i t e .  M I N T E Q A 2  

w a s  i t e r a t i v e l y  u s e d  t o  i d e n t i f y  t h a t  e H  a n d  p H  c o m b i n a t i o n  u n d e r  w h i c h  b o t h  c a l c i t e  

a n d  p y r i t e  w o u l d  b e  in e q u i l i b r i u m  w i t h  g r o u n d  w a t e r .

S i n c e  s i l ic a  w a s  n o t  a m o n g  t h e  a n a l y t e s  f o r  t h e  e a r l y  s a m p l e s ,  M I N T E Q A 2  w a s  u s e d  

t o  e s t i m a t e  t h e  p r o b a b l e  H 4S i 0 4 c o n c e n t r a t i o n s .  S i l i ca  s h o u l d  b e  c o n s i d e r e d  b e c a u s e  

s o m e  s i l i c a t e  m i n e r a l s  s e r v e  a s  p H  b u f f e r s .  P e t r o g r a p h y  a n d  m i n e r a l o g y  s u g g e s t  

q u a r t z  s a t u r a t i o n  is p r o b a b l e .  T h e  p r o g r a m  w a s  u s e d  t o  i d e n t i f y  t h e  s i l ic a  

c o n c e n t r a t i o n  a t  w h i c h  t h e  s a m p l e d  w a t e r  w o u l d  b e  in e q u i l i b r i u m  w i t h  t h e  m i n e r a l  

q u a r t z .  T h e  s u b s e q u e n t  l a b o r a t o r y  a n a l y s e s  f o r  s i l ic a  in t h e  1 9 9 3  s a m p l e  f r o m  

b o r e h o l e  # 7 7 8  c o n f i r m e d  t h e  M I N T E Q A 2 - m o d e l e d  e s t i m a t e .

T h e  m i n e r a l  a p a t i t e  is c o m m o n l y  n o t e d  in t h e  a r e a .  S i n c e  p h o s p h a t e  c o n c e n t r a t i o n s  

in t h e  w h o l e  w a t e r - a n a l y s e s  w e r e  b e l o w  d e t e c t i o n  l im i t s ,  M I N T E Q A 2  w a s  u s e d  t o  

i d e n t i f y  t h e  p h o s p h a t e  c o n c e n t r a t i o n  t h a t  w o u l d  b e  in e q u i l i b r i u m  w i t h  t h e  m i n e r a l  

h y d r o x y a p a t i t e .  T h e  m o d e l e d  e q u i l i b r i u m  c o n c e n t r a t i o n  is w e l l  b e l o w  t h e  d e t e c t i o n



l imi t  r e p o r t e d  In t h e  l a b o r a t o r y  a n a l y s i s  a n d  t h e  n o n - d e t e c t i o n  o f  p h o s p h a t e  is, 

t h e r e f o r e ,  c o n s i s t e n t  w i t h  k n o w n  c o u n t r y  r o c k  m i n e r a l o g y .  M o d e l  s i m u l a t i o n  r e s u l t s  

a r e  s h o w n  In T a b l e  A - 2 .  T a b l e  A - 3  is a  p a r t i a l  l ist  o f  a v a i l a b l e  m i n e r a l s  f r o m  t h e  

t h e r m o d y n a m i c  d a t a b a s e  w i t h  w h i c h  t h e  r e f e r e n c e  w a t e r  is a t ,  o r  n e a r l y  a t ,  

e q u i l i b r i u m .  T h e  s a t u r a t i o n  i n d e x  f o r  e a c h  m i n e r a l  is g i v e n .  G e n e r a l l y ,  a  s a t u r a t i o n  

i n d e x  g r e a t e r  t h a n  z e r o  i n d i c a t e s  o v e r s a t u r a t i o n  w i t h  r e s p e c t  t o  t h a t  m i n e r a l  a n d  a 

s a t u r a t i o n  i n d e x  o f  l e s s  t h a n  z e r o  i n d i c a t e s  u n d e r s a t u r a t i o n .

C-1.4 Verification of Mode/ Resu/ts
T h e  c o n c e p t u a l  m o d e l  is t h a t  g r o u n d  w a t e r  f r o m  t h e  f r a c t u r e d  v o l c a n i c  b e d r o c k  is t h e  

p r i n c i p a l  s o u r c e  o f  m i n e  d r a i n a g e  a t  t h e  A m e r i c a n  T u n n e l  l e v e l .  T h i s  c o n c e p t u a l  

m o d e l ,  a n d  t h e  m o d e l e d  r e f e r e n c e  w a t e r  c h a r a c t e r i z a t i o n ,  c a n  b e  t e s t e d  a g a i n s t  f ield 

a n d  l a b o r a t o r y  a n a l y s e s  t o  v e r i f y  t h e  v a l i d i t y  o f  t h e  a s s u m p t i o n s .  T h e  l a b o r a t o r y  

a n a l y s e s  f r o m  m i n e  d r a i n a g e  s a m p l e s  ( T a b l e  A - 1 )  a r e  f o r  w a t e r  t h a t  h a s  h a d  t h e  

o p p o r t u n i t y  t o  p a r t i a l l y  e q u i l i b r a t e  w i t h  t h e  a t m o s p h e r e  a n d  p r e c i p i t a t e  o v e r s a t u r a t e d  

m i n e r a l s .  T h e s e  p r o c e s s e s  c a n  b e  s i m u l a t e d  w i t h  t h e  p r o g r a m .

M I N T E Q A 2  w a s  u s e d  t o  i d e n t i f y  t h e  e q u i l i b r i u m  s t a t e  o f  t h e  w a t e r  u n d e r  a t m o s p h e r i c  

c o n d i t i o n s  ( i . e . ,  P ( C 0 2l =  0 . 0 0 0 3 2  a t m  a n d  P ( 0 2) =  0 . 2 1  a t m ) .  M o d e l - s i m u l a t e d  

e q u i l i b r a t i o n  o f  t h e  w a t e r  c h e m i s t r y  t o  t h e  a t m o s p h e r e  ( p e r m i t t i n g  p r e c i p i t a t i o n  t o  

o c c u r )  p r o d u c e s  t h e  m i n e r a l  a s s e m b l a g e  a n d  r e s i d u a l  f lu id  c h e m i s t r y  s h o w n  in T a b l e  

A - 4 .  T h e  t o t a l  m e t a l s  l o a d  h a s  d e c r e a s e d  s i g n i f i c a n t l y  a s  i n s o l u b l e  m e t a l  o x i d e s



p r e c i p i t a t e .  It is a l s o  n o t e d  t h a t  t h e  p H  h a s  i n c r e a s e d  d u r i n g  p r e c i p i t a t i o n .  T h e  pH  

i n c r e a s e  r e f l e c t s  t h e  c o m b i n e d  e f f e c t s  o f  p r e c i p i t a t i o n  a n d  f lu id  d e g a s s i n g .  N o t e  t h a t  

t h e  c a l c i t e  p r e c i p i t a t e d  ( T a b l e  A - 4 )  o n l y  p a r t i a l l y  b a l a n c e s  t h e  r e d u c t i o n  in C 0 3 

b e t w e e n  t h e  i n - s i t u  ( T a b le  A - 2 )  a n d  p r e c i p i t a t e d  ( T a b l e  A - 4 )  c a s e s .  T h e  b a l a n c e  is 

e x s o l v e d  a s  C 0 2 g a s ,  t h e r e b y  r e d u c i n g  h y d r o g e n  ion a c t i v i t y  a n d  r a i s i n g  p H .  T h e  

l a b o r a t o r y  v a l u e s  f o r  p H  f r o m  w a t e r  f r o m  t h e  m i n e  w o r k i n g s  ( T a b l e s  A-1 a n d  A - 5 )  a r e  

a  p h y s i c a l  a n a l o g  o f  t h i s  p r o c e s s  a n d  s u p p o r t  m o d e l  s i m u l a t i o n s .

M i n e  d r a i n a g e  s a m p l e s  f r o m  t h e  s h a l l o w e r  s e c t i o n s  o f  t h e  A m e r i c a n  T u n n e l  s h o w  p H  

d e c l i n e s  r a t h e r  t h a n  t h e  i n c r e a s e  i d e n t i f i e d  in t h e  p r e v i o u s  M I N T E Q A 2  r u n .  T h i s  is t h e  

r e s u l t  o f  d e g a s s i n g  p r io r  t o  s a m p l e  c o l l e c t i o n  a n d  t h e  s e q u e n t i a l  p r e c i p i t a t i o n  o f  

m i n e r a l  a s s e m b l a g e s  a s  t h e  s o l u t i o n  e q u i l i b r a t e s  w i t h  t h e  a t m o s p h e r e ,  w i t h  n o  

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

p r o c e s s  c a n  b e  s i m u l a t e d  w i t h  M I N T E Q A 2 .  T h e  f ie ld  p H  o f  t h e  r e f e r e n c e  w a t e r  w a s  

7 . 5 3  w h i c h ,  g i v e n  t h e  b i c a r b o n a t e  c o n c e n t r a t i o n ,  i n d i c a t e s  o v e r s a t u r a t i o n  w i t h  

a t m o s p h e r i c  p a r t i a l  p r e s s u r e s  o f  C 0 2. T h e  r e s u l t  o f  t h e  P ( C 0 2) d e c r e a s e  f r o m  

f o r m a t i o n  c o n d i t i o n s  is a n  o v e r s a t u r a t i o n  w i t h  r e s p e c t  t o  c a l c i t e .  If t h e  w a t e r  is 

p e r m i t t e d  t o  d e g a s  a n d  p r e c i p i t a t e  c a l c i t e  a t  t h a t  p o i n t ,  a n d  t h e  r e m a i n i n g  w a t e r  is 

t h e n  o x i d i z e d  t o  a t m o s p h e r i c  P ( 0 2). a  l o w e r  p H  ( 7 . 1 )  f in a l  s o l u t i o n  is o b t a i n e d  a n d  t h e  

f in a l  t o t a l  m e t a l s  l o a d  is h i g h e r .  T a b l e  A - 6  s h o w s  t h e  p r e c i p i t a t e  t o t a l s  a n d  f ina l  w a t e r  

c h e m i s t r y .  H e n c e ,  t h e  o b s e r v e d  w a t e r  c h e m i s t r y  in t h e  A m e r i c a n  T u n n e l  d r a i n a g e



d i t c h  is in p a r t  d u e  t o  t h e  l o s s  o f  s o m e  b u f f e r i n g  c a p a c i t y  c a u s e d  b y  m i n e r a l  

p r e c i p i t a t i o n  p r i o r  t o  c o m p l e t e  e q u i l i b r a t i o n  t o  a t m o s p h e r i c  c o n d i t i o n s .

C-1.5 Impounded Water Chemistry
T h e  w a t e r  t h a t  wi ll  f l o o d  t h e  m i n e  w h e n  t h e  A m e r i c a n  T u n n e l  b u l k h e a d  Is i n s t a l l e d  Is 

t h e  r e f e r e n c e  w a t e r  d e s c r i b e d  a b o v e .  I t s  c h e m i c a l  c h a r a c t e r i z a t i o n  is p r o v i d e d  In 

T a b l e  A - 2 .  E q u i l i b r a t i o n  w i t h  a t m o s p h e r i c  g a s  c o n c e n t r a t i o n s  w o u l d  b e  e x p e c t e d  

Ini tial ly a s  r e f e r e n c e  w a t e r  f r o m  t h e  c o u n t r y  r o c k  fills t h e  p l u g g e d  m i n e .  T h e  p r o c e s s  

o f  s e q u e n t i a l  p r e c i p i t a t i o n ,  a s  r e f e r e n c e  w a t e r  fills t h e  m i n e ,  m a y  o c c u r .  If t h i s  

o c c u r s ,  It w o u l d  b e  s im i l a r  t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  d r a i n a g e  a l o n g  t h e  t u n n e l  

f l o o r  w i t h  o n e  i m p o r t a n t  d i f f e r e n c e .  W h e r e a s  t h e  m i n e  d r a i n a g e  l e a v e s  t h e  

p r e c i p i t a t e d  m i n e r a l s  b e h i n d ,  m i n e r a l s  a n d  f lu id  w i t h i n  t h e  f l o o d e d  m i n e  w o u l d  r e m a i n  

in c o n t a c t  a n d  c o u l d  p o t e n t i a l l y  r e a c t  w i t h  e a c h  o t h e r ,  m a i n t a i n i n g  m u c h  o f  t h e  

o r i g i n a l  b u f f e r i n g  c a p a c i t y  o f  t h e  w a t e r .  T o  t h e  e x t e n t  t h a t  t h e  r e f e r e n c e  w a t e r  

e n t e r i n g  t h e  m i n e  w o r k i n g s  o x i d i z e s ,  It will  r e g a i n  s o m e  ab i l i ty  t o  d i s s o l v e  o r e  m i n e r a l s  

It c o n t a c t s .  T h e  i m p a c t  o f  t h i s  o n  w a t e r  q u a l i t y  will  b e  d i s c u s s e d  l a t e r  in t h i s

A p p e n d i x .

C-1.6 Potential Reactions Along Flow Paths
T h e  s a t u r a t i o n  s t a t e s  o f  t h e  A m e r i c a n  T u n n e l  r e f e r e n c e  w a t e r  ( t h e  w a t e r  t h a t  is 

e x p e c t e d  t o  f l o o d  t h e  d e e p e r  l e v e l s  o f  t h e  S u n n y s l d e  M i n e )  a r e  r e p o r t e d  in T a b l e  A - 3 .  

T h e  r e s u l t s  c o n f i r m  t h a t  t h e  s a m p l e d  w a t e r  is a t  e q u i l i b r i u m  w i t h  t h e  c o u n t r y  r o c k .



In a d d i t i o n  t o  t h e  f i x e d  e q u i l i b r i u m  s t a t e  w i t h  q u a r t z ,  c a l c i t e ,  a n d  p y r i t e ,  t h e  w a t e r  is 

a t  o r  n e a r  e q u i l i b r i u m  w i t h  r e s p e c t  t o  m u s c o v i t e  ( p e t r o g r a p h i c a l l y  a s  s e r l c i t e ) ,  k a o l i n l t e  

a n d  o t h e r  c l a y s ,  f l u o r i t e ,  h e m a t i t e ,  m a g n e t i t e ,  a n d  d i a s p o r e .  E a c h  o f  t h e s e  is 

d e s c r i b e d  in r e g i o n a l  g e o l o g i c  l i t e r a t u r e  a n d / o r  in t h e  p é t r o g r a p h i e  d e s c r i p t i o n s  f o r  

s a m p l e s  f r o m  t h e  A m e r i c a n  T u n n e l .  F u r t h e r ,  a m o n g  t h e  f e l d s p a r s  In t h e  M I N T E Q A 2  

d a t a  b a s e ,  t h e  w a t e r  is n e a r  e q u i l i b r i u m  o n l y  w i t h  l o w  a l b l t e  a n d  m i c r o c l l n e .  T h i s  is 

a g a i n  c o n s i s t e n t  w i t h  t h e  k n o w n  m i n e r a l o g y  o f  t h e  p r o p y l i t i z e d  c o u n t r y  r o c k .  T w o  

m i n e r a l s  in t h e  z e o l i t e  g r o u p  a r e  i n d i c a t e d  a s  b e i n g  o v e r s a t u r a t e d :  l a u m o n t i t e  a n d  

l e o n h a r d i t e .  W h i l e  n e i t h e r  is p e t r o g r a p h i c a l l y  I d e n t i f i e d ,  b o t h  a r e  l ikely  p l a g i o c l a s e  

a l t e r a t i o n  p r o d u c t s  o f  t h e  f i n e - g r a i n e d  v o l c a n i c  g r o u n d  m a s s .  T h e  n o n - d e t e c t i o n  o f  

p h o s p h a t e  in t h e  a n a l y s i s  is c o n s i s t e n t  w i t h  k n o w n  a p a t i t e  in t h e  c o u n t r y  r o c k .

In a d d i t i o n  t o  e q u i l i b r i u m  c o n d i t i o n s  e x i s t i n g  b e t w e e n  t h e  c o u n t r y  r o c k  a n d  t h e  w a t e r ,  

t h e  c a l c u l a t i o n  s h o w s  t h e  r e f e r e n c e  w a t e r  t o  b e  a t  e q u i l i b r i u m  o r  o v e r s a t u r a t e d  w i t h  

r h o d o c h r o s i t e  ( M n C 0 3), a s  w e l l  a s  e a c h  o f  t h e  s u l f i d e  m i n e r a l s  w h i c h  c o m p r i s e  t h e  

v e i n  o r e s :  p y r i t e  ( d e f i n e d ) ,  s p h a l e r i t e  a n d  g a l e n a .  T h e  d i s s o l v e d  c a d m i u m

c o n c e n t r a t i o n s  c o u l d  r e p r e s e n t  e q u i l i b r i u m  w i t h  e i t h e r  o r  b o t h  g r e e n o c k i t e  ( s u l f id e )  o r  

o t a v i t e  ( c a r b o n a t e ) .

E q u i l i b r iu m  a l s o  e x i s t s  w i t h  g y p s u m ,  a  c o m m o n  s u l f a t e  m i n e r a l  in t h e  a l t e r e d  c o u n t r y  

r o c k  a n d  m i n e r a l i z e d  v e i n s  a t  d e e p e r  l e v e l s .  T h e  r e f e r e n c e  w a t e r  is a t  o r  n e a r  

e q u i l i b r i u m  w i t h  t h e  c a r b o n a t e s  o f  c a d m i u m ,  m a n g a n e s e ,  i ro n  a n d  z i n c .  A s  w i t h  f l o w



t h r o u g h  t h e  c o u n t r y  r o c k  m i n e r a l  a s s e m b l a g e ,  t h e  r e f e r e n c e  w a t e r  w o u l d  f l o w  t h r o u g h  

o r e  b e a r i n g  v e i n s  in t h e  S u n n y s i d e  M i n e  a r e a  w i t h  v i r t u a l l y  n o  r e a c t i o n  a n d  n o  c h a n g e  

in c h e m i s t r y  e x c e p t  p o s s i b l e  p r e c i p i t a t i o n .  T h e r e  w o u l d  a l s o  b e  n o  t e n d e n c y  f o r  t h i s  

w a t e r  t o  d i s s o l v e  v e i n  m a t e r i a l ,  t h e r e b y  e n h a n c i n g  m i g r a t i o n .  T h e  e q u i l i b r i u m  o f  t h i s  

w a t e r  i n - s i t u  w i t h  c o u n t r y  r o c k  a n d  w i t h  v e i n  m i n e r a l i z a t i o n  is r e l e v a n t  s o  l o n g  a s  t h e  

o x i d a t i o n  s t a t e  r e m a i n s  u n c h a n g e d .



C - 2  TERRY TUNNEL

C-2.1 Overview
T h e  d i v e r s i o n  o f  m i n e  d r a i n a g e  f r o m  t h e  T e r r y  T u n n e l  i n t o  d e e p e r  l e v e l s  o f  t h e  m i n e  

w o r k i n g s  a n d  t h e  i n s t a l l a t i o n  o f  a  b u l k h e a d  in t h e  T e r r y  T u n n e l  m a y  i m p o u n d  w a t e r  

w i t h i n  t h e  w o r k i n g s  t o  e l e v a t i o n s  a b o v e  t h e  T e r r y  T u n n e l .  C o n c e r n s  r e g a r d i n g  t h i s  

p r o p o s e d  b u l k h e a d  i n c l u d e :  1 ) w h a t  is t h e  c h a r a c t e r  o f  t h e  i n - s l t u  g r o u n d  w a t e r ,  2 } 

w h a t  is t h e  c h a r a c t e r  o f  a n y  i m p o u n d e d  w a t e r ,  3)  w h a t  r e a c t i o n s  m a y  o c c u r  a l o n g  

f l o w  p a t h s ,  a n d  4 ) w h a t  is t h e  e v e n t u a l  c h a r a c t e r  o f  t h e  w a t e r  a f t e r  it r e a c h e s  t h e  

s u r f a c e  a n d  e q u i l i b r a t e s  w i t h  a t m o s p h e r i c  g a s  c o m p o s i t i o n s .

C-2.2 Data
T h e  c h e m i c a l  s y s t e m  a s s o c i a t e d  t h e  w a t e r  p r o d u c e d  f r o m  t h e  T e r r y  T u n n e l  is 

c o n s i d e r a b l y  l e s s  c o n s t r a i n e d  t h a n  t h a t  f o r  t h e  A m e r i c a n  T u n n e l .  T h e r e  a r e  t h r e e  

w h o l e  w a t e r  a n a l y s e s  t h a t  a r e  f r o m  s a m p l e s  t a k e n  u p s t r e a m  o f  t h e  d i s c h a r g e  

t r e a t m e n t  f a c i l i t y  a t  t h e  T e r r y  T u n n e l  p o r t a l .  T h e s e  a r e  c o m p o s i t e  w a t e r s  f r o m  t h e  

m i n e  f l o o r  r a t h e r  t h a n  w a t e r  c o l l e c t e d  f r o m  a n y  s p e c i f i c  d i s c h a r g e  p o i n t .  T h e r e  a r e  

n o  d a t a  a t  t h e  T e r r y  T u n n e l  l e v e l  c o m p a r a b l e  t o  t h e  drill h o l e  d a t a  f r o m  t h e  A m e r i c a n  

T u n n e l .  T a b l e  A - 7  c o n t a i n s  t h e  a n a l y s e s  o f  t h e s e  t h r e e  s a m p l e s .  N o  f ie ld  d a t a  a r e  

a v a i l a b l e  f o r  t h e s e  s a m p l e s  s o  n e i t h e r  s a m p l e - s p e c i f i c  t e m p e r a t u r e  n o r  f ie ld  p H  a r e  

a v a i l a b l e .  T h e r e  a r e  a  s u b s t a n t i a l  n u m b e r  o f  r e c o r d s  a v a i l a b l e ,  h o w e v e r ,  f r o m  s a m p l e s



c o l l e c t e d  f o r  m e t a l s  t e s t i n g  ( S i m o n  H y d r o - S e a r c h ,  1 9 9 2 )  t h a t  c a n  b e  u s e d  f o r  

g u i d a n c e .

T h e  t h r e e  a n a l y s e s  f o r  T e r r y  T u n n e l  w a t e r  a r e  f r o m  t h e  p e r i o d  o f  0 6 / 1 1  / 9 1  t h r o u g h  

0 7 / 1 1 / 9 1 .  D u r i n g  t h i s  p e r i o d ,  t h e  f l o w  v o l u m e  r a n g e d  f r o m  1 . 8  t o  0 . 3 3  mi l l ion 

g a l l o n s  p e r  d a y  ( S i m o n  H y d r o - S e a r c h ,  1 9 9 2 ,  F i g u r e  8 ). T h e  f l o w  v a r i a t i o n s  r e p r e s e n t ,  

in p a r t ,  a  m i x i n g  o f  g r o u n d  w a t e r  w i t h  m e l t  o f  t h e  s n o w  p a c k  a n d  w i t h  e a r l y  s u m m e r  

r a i n s  t h a t  e n t e r  t h e  s y s t e m  t h r o u g h  o p e n  w o r k i n g s .  A c o m p a r i s o n  o f  t h e  c h e m i c a l  

a n a l y s e s  w i t h  t h e  d i s c h a r g e  r a t e s  d o e s  n o t  s h o w  a  s i m p l e  d i l u t i o n a l  v a r i a t i o n .  R a t h e r ,  

t h e r e  is s y s t e m a t i c  v a r i a t i o n  w i t h  t i m e  a m o n g  v a r i o u s  g r o u p s  o f  c o n s t i t u e n t s  t h a t  m a y  

r e p r e s e n t  t e m p o r a l  v a r i a t i o n  o f  r e a c t i o n s  o r  t h e i r  r a t e s ,  in c o m b i n a t i o n  w i t h  d i l u t i o n  

e f f e c t s .  T h e  p r e c i s e  n a t u r e  o r  r e l a t i v e  c o n t r i b u t i o n s  o f  t h e  d i f f e r e n t  e f f e c t s  c a n n o t  b e  

i s o l a t e d  w i t h  t h e  l im i ted  d a t a  s e t .  F o r  p u r p o s e s  o f  m o d e l i n g  t h e  T e r r y  T u n n e l  w a t e r ,  

t h e  a n a l y s i s  t h a t  c o r r e s p o n d s  t o  t h e  l o w e s t  d i s c h a r g e  v o l u m e  w a s  s e l e c t e d  a s  t h e  b e s t  

a v a i l a b l e  c h a r a c t e r i z a t i o n  o f  t h e  s y s t e m .  T h i s  s a m p l e  w a s  c o l l e c t e d  0 7 / 1 1 / 9 1 .  It is 

f e l t  t h a t  t h e  l o w e s t  f l o w  is t e m p o r a l l y  m o r e  r e p r e s e n t a t i v e  o f  t h e  s h a l l o w e r  w o r k i n g s  

a n d  it is c o n s e r v a t i v e  in t h a t  it r e p r e s e n t s  t h e  h i g h e s t  c o n c e n t r a t i o n s  o v e r  t h e  p e r i o d  

s a m p l e d .  In a d d i t i o n ,  t h e  w a t e r  s e l e c t e d  h a d  t h e  l o w e s t  pH  o f  t h e  t h r e e .

D a t a  o m i s s i o n s  in t h e  T e r r y  T u n n e l  a n a l y s e s  i m p a c t  t h e  i n t e r p r e t a t i o n .  T w o  o f  t h e  

t h r e e  a n a l y s e s  r e p o r t  n o  c a r b o n a t e  o r  b i c a r b o n a t e .  T h e r e  is a l s o  a  s u b s t a n t i a l  c h a r g e  

i m b a l a n c e  ( 1 3 - 1 4 % )  fo r  t h e s e  t w o  a n a l y s e s  a n d  t h a t  i m b a l a n c e  s h o w s  a  r e l a t i v e



d e f i c i e n c y  o f  a n i o n s .  W a t e r  a n a l y s e s  f r o m  t h e  A m e r i c a n  T u n n e l  l e v e l s  o f  t h e  

S u n n y s i d e  m i n e  s h o w  m u c h  b e t t e r  b a l a n c e  a n d  s h o w  a n i o n  c o n c e n t r a t i o n s  a r e  in 

e x c e s s  o f  c a t i o n s .  T h e  l a t t e r  is r e a d i l y  e x p l a i n e d  in t h a t  t h e  c a t i o n  c o n t r i b u t i o n s  f r o m  

t h e  m e t a l s  a r e  n o t  n o r m a l l y  i n c l u d e d  in t h e  io n  b a l a n c e  c a l c u l a t i o n .  A n  i n c l u s i o n  o f  

t h e  m e t a l s  c o n t r i b u t i o n  in t h e  T e r r y  T u n n e l  w a t e r  a g g r a v a t e s  t h e  i m b a l a n c e .  T h e  

s i n g l e  s a m p l e  w h i c h  d o e s  r e p o r t  i n o r g a n i c  c a r b o n  s h o w s  e x c e l l e n t  c h a r g e  b a l a n c e

A n  a d d i t i o n a l  a n o m a l y  w i t h  r e s p e c t  t o  t h e  T e r r y  T u n n e l  a n a l y s e s  is t h a t  s u s p e n d e d  

s o l i d s  r a n g e  f r o m  7  t o  2 8  p e r c e n t  o f  t h e  c o m b i n e d  t o t a l  o f  d i s s o l v e d  a n d  s u s p e n d e d  

s o l i d s  b y  t h e  t i m e  l a b o r a t o r y  a n a l y s e s  w e r e  r u n .  T h i s  s t r o n g l y  s u g g e s t s  t h a t  

c o n s i d e r a b l e  p r e c i p i t a t e  m a y  h a v e  f o r m e d  a n d  t h a t  t h e  w a t e r  a n a l y s e s  in T a b l e  A - 7  

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

i m p o u n d e d  b y  a  b u l k h e a d .

G e n e r a l  w a t e r  c h e m i s t r y  a t  t h e  T e r r y  T u n n e l  l eve l  is s im i l a r  t o  A m e r i c a n  T u n n e l  w a t e r  

w i t h  s o m e  s i g n i f i c a n t  d i f f e r e n c e s .  S u l f a t e  is a g a i n  t h e  d o m i n a n t  a n i o n ,  b u t  t o t a l  

c o n c e n t r a t i o n s  a r e  o n l y  a  t h i r d  t o  a  q u a r t e r  a s  h i g h .  S im i l a r l y ,  t o t a l  d i s s o l v e d  s o l i d s  

a r e  h a l f  o r  l e s s .  I n o r g a n i c  c a r b o n  in t h e  T e r r y  T u n n e l  w a t e r  is p r e s e n t  in l o w  

c o n c e n t r a t i o n s  o r  is u n d e r - r e p o r t e d .  C a l c i u m  is t h e  d o m i n a n t  c a t i o n ,  b u t  is 

p r o p o r t i o n a l l y  r e d u c e d  w i t h  t h e  s u l f a t e  c o n c e n t r a t i o n .  C h l o r i d e  a n d  p o t a s s i u m  l e v e l s  

a r e  h i g h e r  a n d  s t r o n t i u m ,  f l u o r i d e ,  a n d  s o d i u m  c o n c e n t r a t i o n s  a r e  c o m p a r a b l e .  B o t h



p r o p o r t i o n a t e l y  a n d  a b s o l u t e l y ,  t h e  T e r r y  T u n n e l  w a t e r s  s h o w  h i g h e r  c o n c e n t r a t i o n s  

o f  m a g n e s i u m ,  i r o n ,  m a n g a n e s e ,  z i n c ,  l e a d  a n d  c o p p e r .  A n a l y t i c  r e s u l t s  a r e  s h o w n

in T a b l e  A - 7 .

T y p i c a l  f i e l d - m e a s u r e d  p H  v a l u e s  f r o m  l a t e  s u m m e r  p e r i o d s  o f  l o w  f l o w  a r e  f r o m  6  t o

6 . 5 .  L a b o r a t o r y - m e a s u r e d  p H s  h a v e  d r o p p e d  t o  a s  l o w  a s  3 . 3  f o r  t h e  w h o l e  w a t e r  

s a m p l e s  a n d  v a l u e s  f r o m  3 . 5  t o  4 . 5  a r e  c o m m o n  f o r  m e t a l s - o n l y  s a m p l e s .  T h e  p H  

d e c r e a s e  is a s s o c i a t e d  w i t h  a  h i g h  p r o p o r t i o n  o f  s u s p e n d e d  s o l i d s  b e l i e v e d  t o  b e

h y d r a t e d  m e t a l  o x i d e s .

C-2.3 Terry Tunnel Reference Water
E s t a b l i s h i n g  a  p r o b a b l e  c h a r a c t e r  o f  t h e  i n - s i t u  v a d o s e  w a t e r  o r  t h e  i m p o u n d e d  w a t e r  

b e h i n d  t h e  T e r r y  T u n n e l  b u l k h e a d  is m o r e  p r o b l e m a t i c  t h a n  a t  t h e  A m e r i c a n  t u n n e l  

l e v e l .  T h e r e  a r e  f e w e r  a n a l y s e s  a v a i l a b l e  a n d  t h o s e  t h a t  a r e  a v a i l a b l e  a r e  l e s s  

c o n s i s t e n t  a n d  l e s s  re l i a b le .  I n f e r e n c e s  m a d e  f r o m  t h e  d a t a  a r e  l e s s  c e r t a i n ,  b u t  s o m e  

c a n  sti l l  b e  d r a w n .

T h e  a n a l y t i c  c o m p o s i t i o n  f o r  t h e  s a m p l e  c o l l e c t e d  0 7 / 1 1  / 9 1  w a s  u s e d  in a  M I N T E Q A 2  

s i m u l a t i o n  in w h i c h  p H  w a s  d e t e r m i n e d  b y  a t m o s p h e r i c  e q u i l i b r a t i o n  w i t h  C 0 2 a n d  t h e  

r e d o x  s t a t e ,  b y  a t m o s p h e r i c  c o n c e n t r a t i o n s  o f  0 2. A s  w i t h  t h e  A m e r i c a n  T u n n e l  

s y s t e m ,  s u f f i c i e n t  s i l ic a  w a s  m o d e l e d  t o  b r i n g  t h e  s y s t e m  n e a r  e q u i l i b r i u m  w i t h  q u a r t z .



T h e  C u +/ C u + + r e d o x  p a i r  w a s  a d d e d  f o r  t h e  T e r r y  T u n n e l  m o d e l i n g  t o  r e f l e c t  t h e  

a n a l y t i c a l  p r e s e n c e  o f  c o p p e r .

T h e  s i m u l a t i o n  r e s u l t s  f o r  t h e  w a t e r  a n d  a n  a b b r e v i a t e d  l i s t  o f  c o m p u t e d  s a t u r a t i o n  

i n d i c e s  f o r  m i n e r a l s  o f  i n t e r e s t  a r e  s h o w n  in T a b l e  A - 8 . It is n o t e d  t h a t  t h e  c a l c u l a t e d  

p H  o f  t h e  w a t e r ,  3 . 7 ,  is fa i r ly  c o n s i s t e n t  w i t h  t h e  l a b o r a t o r y  v a l u e  o f  3 . 3 ,  b u t  w e l l  

b e l o w  t h e  t y p i c a l  f ie ld  v a l u e  o f  6 . 4 .  A t  t h e  a s s u m e d  g a s  a c t i v i t i e s  a n d  s i l ic a  

c o n c e n t r a t i o n s ,  t h e  a n a l y s i s  r e m a i n s  o v e r s a t u r a t e d  w i t h  r e s p e c t  t o  c l a y  m i n e r a l s ,  

o x i d e s  a n d  h y d r o x i d e s  o f  i r o n ,  m a n g a n e s e  a n d  m a g n e s i u m ,  a n d  is a t  o r  n e a r  s a t u r a t i o n  

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

i n o r g a n i c  c a r b o n  c o n c e n t r a t i o n  o f  0 . 8  m g / l  a s  b i c a r b o n a t e  ( s p e c t a t e d  a s  H 2C 0 3).

T h i s  s i m u l a t i o n ,  a n d  t h e  l o c a l  g e o l o g y  a n d  p e t r o g r a p h y ,  s u g g e s t  t h a t  t h e  t o t a l  a b s e n c e  

o f  i n o r g a n i c  c a r b o n  is u n l ik e ly .  C a l c i t e  is a  c o m m o n  a l t e r a t i o n  m i n e r a l  a s s o c i a t e d  w i t h  

t h e  r e g i o n a l  p r o p y l i z a t i o n  a n d  it is a l s o  a  c o m m o n  v e i n  m i n e r a l  in t h e  u p p e r  p o r t i o n s  

o f  t h e  r o c k  s e q u e n c e .  In a d d i t i o n ,  r h o d o c h r o s i t e  is a  c o m m o n  v e i n  m i n e r a l .  T h e  

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

p r o b a b l y  r e l a t e d .  It s h o u l d  b e  n o t e d  t h a t  a t  f ie ld p H  v a l u e s ,  i n o r g a n i c  c a r b o n  w o u l d  

o c c u r  d o m i n a n t l y  a s  b i c a r b o n a t e .  H o w e v e r ,  a t  p H s  r e p o r t e d  in t h e  l a b o r a t o r y  

a n a l y s e s ,  t h e  d o m i n a n t  c a r b o n  s p e c i e s  w o u l d  b e  H 2C 0 3.



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

t o t a l  a n d  d i s s o l v e d  m e t a l  l o a d s  s u g g e s t  i r o n  c o m p o u n d s  a r e  a  m a j o r  c o n t r i b u t o r  a n d  

t h e r e  a r e  l e s s e r  c o n t r i b u t i o n s  f r o m  z i n c ,  m a n g a n e s e ,  c a d m i u m  a n d  l e a d .  T h e  

c o n c e n t r a t i o n s  o f  d i s s o l v e d  c a d m i u m  a n d  l e a d ,  a n d  t o  a  l e s s e r  d e g r e e  m a n g a n e s e  a n d  

z i n c ,  a r e  c o n s i s t e n t  w i t h  c o m m o n  c a r b o n a t e  c o n c e n t r a t i o n s .  T h i s  s u g g e s t s  t h a t  

c a r b o n a t e  p r e c i p i t a t i o n  is c o n t r o l l i n g  t h e  d i s s o l v e d  c o n c e n t r a t i o n  o f  t h e s e  m e t a l s  

t h r o u g h  e a r l y  p r e c i p i t a t i o n .  If a  r e p r e s e n t a t i v e  c o n c e n t r a t i o n  f o r  C 0 3 o f  4 x 1 0 8 m g / l  

is u s e d  a s  a  f i x e d  c o n s t r a i n t  f o r  M I N T E Q A 2 ,  t h e  m o d e l  p r e d i c t s  a n  i n o r g a n i c  c a r b o n  

c o n c e n t r a t i o n  o f  6 . 4  m g / l  a s  b i c a r b o n a t e .  T h i s  b i c a r b o n a t e  c o n c e n t r a t i o n  is d i r e c t l y  

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

9  s h o w s  t h e  r e s u l t s  o f  t h i s  s i m u l a t i o n  a n d  l i s t s  t h e  m i n e r a l s  t h a t  a r e  a t  o r  n e a r  

s a t u r a t i o n .  T h e  c o m p u t e d  p H  f o r  t h i s  s y s t e m  is 7 . 0 .  T h i s  v a l u e  is s l i g h t l y  h i g h e r  

t h a n ,  b u t  c o n s i s t e n t  w i t h ,  f ie ld p H s  c o l l e c t e d  d u r i n g  c o m p a r a b l e  p e r i o d s  o f  l o w  f l o w  

in l a t e  s u m m e r  a n d  e a r l y  fall  ( S i m o n  H y d r o - S e a r c h ,  1 9 9 2 ,  A p p e n d i x  C) .  F u r t h e r ,  

a l t h o u g h  t h e  a d d e d  c a r b o n a t e  d o e s  n o t  e l i m i n a t e  t h e  c h a r g e  b a l a n c e  p r o b l e m ,  it d o e s  

h e l p  r e d u c e  it. T h e  m o d e l e d  i n o r g a n i c  c a r b o n  c o n c e n t r a t i o n  is b e l i e v e d  t o  b e  a  

m i n i m u m  l ikely  v a l u e  f o r  v a d o s e  w a t e r  e n t e r i n g  t h e  m i n e  w o r k i n g s  a t  t h e  T e r r y  T u n n e l

l eve l  a n d  a b o v e .

T h e  d i s p a r i t y  b e t w e e n  f ie ld a n d  l a b o r a t o r y  m e a s u r e m e n t s  f o r  p H  f o r  t h e  T e r r y  T u n n e l  

d i s c h a r g e  w a t e r s  a n d  t h e  s t r o n g  p r e c i p i t a t e  f o r m a t i o n  a r e  a  c l e a r  i n d i c a t i o n  t h a t  t h e  

w a t e r  is n o t  a t  e q u i l i b r i u m  w h e n  s a m p l e d .  T h a t  d i s e q u i l i b r i u m  is l a r g e l y  a  t r a n s i e n t



c o n d i t i o n  a s  a  f l o w  o f  r e d u c e d  v a d o s e  w a t e r  e q u i l i b r a t e s  w i t h  a t m o s p h e r i c  

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

r e d u c e d  v a d o s e  w a t e r  a n d  o x y g e n a t e d  s u r f a c e  w a t e r  t h a t  e n t e r s  t h e  m i n e  w o r k i n g s .

D u r i n g  p e r i o d s  o f  l o w  f l o w ,  a  h i g h  p r o p o r t i o n  o f  v a d o s e  w a t e r  t o  s u r f a c e  w a t e r  s h o u l d  

e x i s t .  T h e  w a t e r  s a m p l e  f r o m  0 7 / 1 1 / 9 1 ,  a  l o w  f l o w  p e r i o d ,  w i t h  r e s t o r e d  i n o r g a n i c  

c a r b o n  c o n c e n t r a t i o n s ,  w a s  c o n s i d e r e d  o v e r  a n  o x i d a t i o n  r a n g e  f r o m  p E  =  1 8  t o  pE 

=  - 3 .  T h i s  c o r r e s p o n d s  t o  t h e  r a n g e  f r o m  a t m o s p h e r i c  c o n c e n t r a t i o n s  o f  o x y g e n  t o  

a  r e d u c e d  s t a t e  s l i g h t l y  l o w e r  t h a n  t h a t  m o d e l e d  f o r  t h e  w a t e r  f r o m  t h e  A m e r i c a n  

T u n n e l  l e v e l .  W h e n  s a t u r a t i o n  i n d i c e s  f o r  v a r i o u s  m i n e r a l s  t h a t  c o u l d  s e r v e  a s  s o u r c e s  

f o r  t h e  a n a l y z e d  t o t a l  m e t a l s  a r e  p l o t t e d  a s  a  f u n c t i o n  o f  p E ,  it  is o b s e r v e d  t h a t  t h e  

m i n e r a l s  p y r l t e ,  g a l e n a ,  s p h a l e r i t e  a n d  c h a l c o p y r i t e  a r e  e a c h  in e q u i l i b r i u m  w i t h  t h e  

a n a l y t i c  c o m p o s i t i o n  o f  t h e  w a t e r  a t  e s s e n t i a l l y  t h e  s a m e  o x i d a t i o n  s t a t e ,  a b o u t  p E  =  

- 1 . 5 .  T h e s e  m i n e r a l s  a r e  t h e  m o s t  a b u n d a n t  o r e  m i n e r a l s  f o r  i r o n ,  l e a d ,  z i n c  a n d

c o p p e r .

If t h e  t o t a l  c o n c e n t r a t i o n  f o r  e a c h  o f  t h e s e  m e t a l s  is t h e  r e s u l t  o f  l e a c h i n g  a s  s u r f a c e  

w a t e r  r u n s  a l o n g  o p e n  f a c e s  o f  t h e  m i n e  w o r k i n g s  in c o n t a c t  w i t h  m i n e r a l s ,  it is a 

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

r e d o x  v a l u e .  A l t e r n a t i v e l y ,  if t h e  i n d i v id u a l  c o n c e n t r a t i o n s  r e f l e c t  a n  u n s a t u r a t e d  f l o w  

c o m p o s i t i o n  t h a t  f o r m e d  in c o m m o n  c o n t a c t  w i t h  all t h e  m i n e r a l s  u n d e r  a  c l o s e d ,  

r e d u c e d  s y s t e m ,  t h e n  t h e  c o m m o n  p E  a t  s a t u r a t i o n  w o u l d  b e  e x p e c t e d .  O f  t h e  t w o



s c e n a r i o s ,  t h e  l a t t e r  is b e l i e v e d  t h e  m o r e  l ikely.  T h e  m e t a l s  c o n c e n t r a t i o n s  ( to ta l )  

i n d i c a t e  t h a t  m i n e  d i s c h a r g e  a t  t h e  T e r r y  T u n n e l  d u r i n g  p e r i o d s  o f  l o w  f l o w  is 

p r e d o m i n a n t l y  c o m p r i s e d  o f  v a d o s e  w a t e r  t h a t  a c q u i r e d  i t s  o b s e r v e d  m e t a l s  l o a d  in 

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

s u l f i d e  o r e  m i n e r a l s .

T e r r y  T u n n e l  r e f e r e n c e  w a t e r  is d e f i n e d  a s  t h e  a n a l y t i c a l  w a t e r  f r o m  0 7 / 1 1 / 9 1  w i t h  

a  c a l c u l a t e d  i n o r g a n i c  c a r b o n ,  s u f f i c i e n t  s i l ic a  t o  a p p r o a c h  q u a r t z  s a t u r a t i o n  a n d  a  pE 

c o n s i s t e n t  w i t h  v a d o s e  w a t e r  in e q u i l i b r i u m  w i t h  t h e  p r i n c i p a l  o r e  m i n e r a l s .  T a b l e  

A - 1 0  r e p r e s e n t s  t h e  o u t p u t  o f  a  m o d e l  s i m u l a t i o n  o f  t h i s  w a t e r  a n d  i n c l u d e s  a n  

a b b r e v i a t e d  l i st  o f  m i n e r a l  s a t u r a t i o n  i n d i c e s ,

C-2.4 Impounded Water Chemistry
W a t e r  c h e m i s t r y  b e h i n d  t h e  T e r r y  T u n n e l  b u l k h e a d  s h o u l d  c l o s e l y  r e s e m b l e  t h e  T e r r y  

T u n n e l  r e f e r e n c e  w a t e r .  T h i s  w a t e r  will  b e  s u b j e c t  t o  s e a s o n a l  d i l u t i o n  a n d  

o x y g e n a t i o n  a s  s u r f a c e  w a t e r  f l o w s  i n t o  t h e  w o r k i n g s .  T h e  m a g n i t u d e  o f  t h i s  i m p a c t ,  

h o w e v e r ,  s h o u l d  b e  l im i ted  b y  t w o  m e c h a n i s m s .  F i r s t ,  a c t i v e  e f f o r t s  a r e  u n d e r w a y  

t o  d i v e r t  s u r f a c e  w a t e r  a w a y  f r o m  e n t r y  p o i n t s  t o  t h e  m i n e  w o r k i n g s ,  s o  t h e  h i s t o r i c a l  

s e a s o n a l  f l u c t u a t i o n s  s h o u l d  d i m i n i s h .  S e c o n d ,  t h e  d i l u t e ,  o x y g e n a t e d  s u r f a c e  w a t e r  

will  c o m e  in c o n t a c t  w i t h  t h e  s u l f i d e s  a n d  c a r b o n a t e s  in t h e  f l o o d e d  w o r k i n g s  a n d  

m o v e  q u i c k l y  t o w a r d  a  c o m p o s i t i o n  a n d  r e d o x  s t a t e  s i m i l a r  t o  t h e  T e r r y  T u n n e l  

r e f e r e n c e  w a t e r .  C o n s e q u e n t l y ,  t h e  i m p o u n d e d  w a t e r  b e h i n d  t h e  p r o p o s e d  T e r r y



T u n n e l  b u l k h e a d  is  e x p e c t e d  t o  b e  s i m i l a r  t o  t h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  a s  

d e s c r i b e d  in T a b l e  A - 1 0 .

T h e  m o d e l i n g  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  u s e d  t o t a l  m e t a l s  c o n c e n t r a t i o n s  w h e r e  

a v a i l a b l e ,  b u t  d o e s  n o t  c o n t a i n  t h e  full  m e t a l s  l o a d  o f  t h e  v a d o s e  w a t e r  t h a t  s o u r c e s  

it, n o r  d o e s  it c o n t a i n  a n i o n i c  c o n s t i t u e n t s  t h a t  h a v e  p r e c i p i t a t e d  f r o m  it. B a s e d  u p o n  

t h e  a p p a r e n t  c a r b o n a t e  e q u i l i b r i u m  a m o n g  s o m e  o f  t h e  m e t a l s  a n d  u p o n  t h e  

c a l c u l a t i o n s  o f  s e q u e n t i a l  p r e c i p i t a t i o n  f r o m  t h e  A m e r i c a n  T u n n e l  s y s t e m ,  it is l ikely 

t h a t  t h e  T e r r y  T u n n e l  w a t e r  t h a t  w a s  a n a l y z e d  h a d  a l r e a d y  l o s t  p a r t  o f  i t s  b u f f e r i n g  

c a p a c i t y  p r io r  t o  a n a l y s i s .  A l t h o u g h  t h e r e  is n o  b e t t e r  a v a i l a b l e  w a t e r  t o  c o n s i d e r  in 

b u i l d in g  a  r e f e r e n c e  w a t e r  f o r  t h e  T e r r y  T u n n e l ,  it s h o u l d  b e  e m p h a s i z e d  t h a t  u s i n g  

t h i s  w a t e r  is c o n s e r v a t i v e  b e c a u s e  t h i s  w a t e r  is p r o b a b l y  m o r e  r e a c t i v e  t h a n  t h e  w a t e r  

t h a t  will  c o l l e c t  b e h i n d  t h e  b u l k h e a d .

C-2.5 Potential Reactions Along Flow Paths
A n  e x a m i n a t i o n  o f  t h e  s a t u r a t i o n  s t a t e s  o f  t h e  m i n e r a l s  f r o m  T a b l e  A - 1 0  p e r m i t s  a  

q u a l i t a t i v e  s t a t e m e n t  o f  r o c k - w a t e r  r e a c t i o n s  t h a t  m a y  o c c u r  b e t w e e n  s e e p a g e  a r o u n d  

t h e  p r o p o s e d  T e r r y  T u n n e l  b u l k h e a d  a n d  t h e  c o u n t r y  r o c k .  A s  m o d e l e d ,  t h e  T e r r y  

T u n n e l  r e f e r e n c e  w a t e r  is u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  c a l c i t e ,  b u t  is o v e r s a t u r a t e d  

w i t h  r e s p e c t  t o  a  n u m b e r  o f  c l a y  m i n e r a l s .  T h e  T e r r y  T u n n e l  r e f e r e n c e  w a t e r  is a t  o r  

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

c a l c i t e  is e x p e c t e d  t o  b e  m o r e  t h a n  o f f - s e t  b y  p r e c i p i t a t i o n  o f  o t h e r  po re - f i l l in g



m a t e r i a l s .  A s i d e  f r o m  c l a y  p r e c i p i t a t i o n  f o r  e x a m p l e ,  c o m m o n  i o n  e f f e c t s  c o u l d  r e a d i l y  

c a u s e  g y p s u m  t o  p r e c i p i t a t e  a s  c a l c i t e  d i s s o l v e s .  T h e  r e f e r e n c e  w a t e r  f o r  t h e  T e r r y  

T u n n e l  is d e f i n e d  u n d e r  r e l a t i v e l y  r e d u c e d  c o n d i t i o n s .  T o  t h e  e x t e n t  t h a t  t h e  

i m p o u n d e d  w a t e r  m a y  b e  s e a s o n a l l y  d i l u t e d  o r  p a r t i a l l y  o x y g e n a t e d ,  it will  r e t a i n  s o m e  

ab i l i t y  t o  d i s s o l v e  c e r t a i n  o r e  m i n e r a l s  w i t h  w h i c h  it c o m e s  in c o n t a c t .

In t h e  a b s e n c e  o f  s u r f a c e  d r a i n a g e  d i l u t i o n ,  t h e  i m p o u n d e d  r e f e r e n c e  w a t e r  is 

s a t u r a t e d  w i t h  r e s p e c t  t o  s u l f i d e s  in t h e  v e i n  s y s t e m s .  M i g r a t i o n  a l o n g  t h e s e  p a t h s  

t o w a r d  t h e  s u r f a c e  s h o u l d  n o t  a f f e c t  e i t h e r  t h e  m i n e r a l s  o r  t h e  w a t e r .  S i n c e  t h e  

r e f e r e n c e  w a t e r  is m o d e l e d  a s  u n d e r s a t u r a t e d  w i t h  r e s p e c t  t o  r h o d o c h r o s i t e ,  s o m e  

i n c r e a s e  in d i s s o l v e d  m a n g a n e s e  c o u l d  o c c u r .  T h i s  w o u l d  b e  a c c o m p a n i e d  b y  

i n c r e a s e d  c a r b o n a t e  c o n c e n t r a t i o n s ,  a  c o r r e s p o n d i n g  i n c r e a s e  in b u f f e r i n g  c a p a c i t y ,  

a n d  a  m i n o r  r i s e  in pH.



The d iscu ss io n s  and m odeling to  th is  point have co n sid ered  th e  A m erican T unnel and 

Terry T unnel bu lkheads as  isolated  sy s te m s . In sp ite  of th e  e ffo rts  th a t  will be 

u n d ertak en  to  s low  ad v ec tiv e  tra n sp o rt th ro u g h  th e  m ine w ork ings (by collapsing ore 

p a sse s  and  sh a fts ) , mixing of th e  re fe ren ce  w a te rs  will probably  o ccu r. T he final 

d istribution  and  p a tte rn  o f mixing c an n o t be p red ic ted . H ow ever, so m e  o b serv a tio n s  

can  be m ade and qualitative calcu la tions perform ed.

Each re fe ren ce  w a te r  can  be considered  an  end  m em ber, generally  re p re sen ta tiv e  of 

th e  d e e p e s t  and sh a llo w est portions of th e  flooded w ork ings. As w ith  th e  re fe rence  

w a te rs , th e  shallow er w a te rs  are  likely to  be th e  m ost dilu ted , le as t reduced  and 

con ta in  th e  h ig h est m etals co n cen tra tio n s . The d eep e r w a te rs  will re p re se n t m ore 

reduced  cond itions, have higher to ta l d isso lved  m ass , and  have low er m etals 

c o n cen tra tio n s . Each re fe rence  w a te r  is essen tia lly  in equilibrium  w ith  th e  m inerals 

of th e  m igration p a th  to  th e  su rface , so  th e  n a tu re  of th e  m ass  tra n s fe r  to  th e  su rface  

is largely a qu estio n  of th e  relative am o u n ts  of e ach  end  m em ber in th e  final mix. For 

p u rp o ses  of considering  th e  im pacts of su rface  d isch arg e , tw o  mix ra tios are 

co n sidered : 4:1 and 1:1 (Am erican Tunnel re fe rence  w a te r  to  Terry Tunnel re fe rence  

w ater).



The MINTEQA2 program  c an n o t perform  an equilibrium  calcu la tion  th a t includes a 

redox prediction  for a com positional mix of tw o  redox w a te rs . H ow ever, it is 

rea so n ab le  to  a ssu m e  th a t  th e  oxidation s ta te  of th e  mix o f tw o  w a te rs  will lie w ithin 

th e  range of th e  end  m em bers. Table A -11 sh o w s  th e  resu lt o f th e  4:1 com positional 

mix befo re  and  a fte r precipitation w ithin th e  m ine w ork ings. The pE of th e  sy stem  

w as  ch o sen  a s  -2 .2 , w hich  is proportionally  c lo ser to  th e  A m erican Tunnel w a te r 

chem istry . Table A -12 sh o w s th e  resu lt of 1:1 com position  mix and  a pE o f -1 .8 , 

in term ed ia te  b e tw een  th e  tw o  end m em bers.

A lthough each  end  m em ber is a t sa tu ra tio n  w ith th e  m inerals a sso c ia te d  w ith th e  mine 

w orkings and  vein m inerals, e ither mix is o v e rsa tu ra ted  w ith  re sp ec t to  a num ber of 

th e se  and o th e r m inerals. In th e  m odel, if th e se  m inerals p rec ip ita te  w ithin th e  

w orkings or along th e  m igration pa th , bo th  th e  co n cen tra tio n  and  to ta l load of th e  

m etals  delivered to  th e  su rface  is reduced . Virtually all iron and  m a n g an e se  may 

p rec ip ita te . In th e  c a se  of zinc, up to  73 %  can  potentially  be p rec ip ita ted  before th e  

w a te r  reach es  d ischarge  a t th e  su rface . The precip itation  of m inerals from  th e  mixing 

of tw o  equilibrium  so lu tions is one  of th e  p ro c e sse s  by w hich  su p e rg en e  en richm en t 

can  o ccu r in sulfide mineral d ep o sits , a physical analog  of th is  calcu lation .

The program  requires an  ass ig n ed  redox s ta te  in o rder to  perform  th e  calcu lation . 

H ence, th e  am o u n t of p recip itation  is a function  o f th e  ass ig n ed  redox s ta te . For th is 

reaso n , th e  m odeling of su rface  d ischarge  will be considered  w ith  th e  full m eta ls  load,



n o t red u ced  by any  precip itation  w ithin th e  w orkings or along th e  flow  p a th . This is 

a co n se rv a tiv e  assu m p tio n , w hich will resu lt In an  e s tim a te  of m eta ls  load th a t  m ay

be so m ew h a t high.



Eventually th e  w a te rs  backed  up behind both  th e  p ro posed  A m erican T unnel bulkhead 

and th e  p ro p o sed  Terry Tunnel bulkhead  will reach  th e  ground  su rfa ce  a s  s e e p s  or 

sp rings issuing from  natural frac tu re s  in th e  volcanic rocks. The resu lt o f th a t 

d isch arg e  will be th e  oxidation of d isso lved  m etals  and  th e  precip ita tion  of any  ov er­

sa tu ra te d  m inerals. This p ro ce ss  will resu lt in less  im pact to  s tre am s  th a n  th a t of 

tunnel d ra inage  b ecau se  of th e  d issem in a ted , d istribu ted  n a tu re  of th e  p ro c e ss . Since 

th e  w a te r  will be m oving th ro u g h  porous m edia, it will m ove a t a s lo w er ra te  (and a t 

a low er volum e) th an  open  flow  th ro u g h  th e  m ine sy stem . It will a lso  have  th e  benefit 

of a larger su rfa ce  area  of g a s  ex ch an g e . This will resu lt in w a te r  th a t  equilibrates 

w ith th e  a tm o sp h e re  while in c o n ta c t w ith any  early p rec ip ita tes , perm itting  back  

reaction  and  full benefit of any  buffering cap ac ity  of th e  sy stem .

Table A -4 ch arac te rizes  d ischarge  w a te r  th a t w ould resu lt from  precip ita tion  of th e  

A m erican Tunnel refe rence  w a te r  in equilibrium  w ith th e  a tm o sp h e re . Table A -13 

sh o w s  th e  e x p ec ted  final w a te r  chem istry  of th e  Terry Tunnel re fe ren ce  w a te r , a s  well 

a s  th e  s im ulated  precipitation a fte r equilibration w ith  th e  a tm o sp h ere . Table A -1 1 

p re se n ts  th e  com position  o f a 4:1 mix of A m erican Tunnel w a te r  to  Terry Tunnel 

w a te r . This ratio  is approxim ately  rep resen ta tiv e  of th e  p re sen t relative d isch arg e  of 

th e  tw o  sy s te m s , excluding th e  spring run-off period of th e  Terry Tunnel.



Table A -12 is th e  1:1 mix of th e  tw o  re fe ren ce  w a te rs  d iscu ssed  ab o v e . T ables A -14 

and  A -15 sh o w  th e  mixed w a te rs  a fte r equilibration w ith  th e  a tm o sp h ere  and 

precip itation  of all o v e rsa tu ra ted  m inerals. It is im portan t to  rem em ber th a t th e  

sim ulations w ere  based  on  th e  a ssu m p tio n  th a t none of th e  m eta ls  load w as 

p rec ip ita ted  e n ro u te  to  th e  su rface  d ischarge .

The final w a te rs  are  dilute of significant m etals  c o n cen tra tio n s , have  relatively low 

to ta l d isso lved  solids and are  relatively neutral w ith re sp e c t to  pH. The m odeled 

p rec ip ita tes  are  th o se  w hich are  ex p ec ted  in se ttin g s  like th e  iron "b o g s"  th a t naturally  

o ccu r in th e  a rea . T hese  bogs a lm ost certain ly  re p re se n t th e  an a lo g o u s sy stem

opera ting  in n a tu re .



C - 5  M I X I N G  W I T H  S U R F A C E  W A T E R

T he final s te p  in th e  m odeling is to  consider th e  im pact of th e  d ischarg ing  ground 

w a te r , a f te r  reach ing  equilibrium , on th e  chem istry  o f C em en t C reek. For th is  effort, 

it w as  a ssu m e d  th a t th e  m o st likely volum e of d ischarg ing  ground  w a te r  su b jec t to  

possib le p a ssa g e  th rough  th e  m ine w as  75  gpm . E vapotransp ira tion  lo sse s  w ere  no t 

co n sid ered . The m odeled ch em istries  of d ischarg ing  w a te rs  a re  sh o w n  in T ab les A -14  

and  A -15. The chem ical ch arac te riza tio n s  sh o w n  in Table A -16 re p re se n t th e  w a te r 

In C em en t C reek above th e  mine during th e  tw o  periods of h ig h est and  lo w est flow  

from  w hich  sam p les  w ere  tak en  b e tw een  0 4 /0 9 /8 7  and  0 4 /2 3 /9 1  (Simon Hydro- 

S earch , 1 9 9 2 , A ppendix C). Also included in Table A -16 are  th e  resu lts  of th e  

m odeled d isch arg e  w a te rs  a fte r equilibrium  w ith th e  a tm o sp h e re  and  precip itation  of 

the ir m inerals. T he m odeled d ischarge  chem istry  will h ave  no de le terious e ffe c ts  on 

C em en t C reek w a te r  during periods of e ither high or low  flow . In all c a s e s , th e  

ca rb o n a te  c o n te n t in th e  d ischarged  mix will ten d  to  neutra lize  th e  acid c h a rac te r  of 

th e  s tream , raising th e  pH of th e  s tream . The c o n cen tra tio n s  of m eta ls  are 

com parab le  am ong low flow , high flow  and m odeled w a te rs . The natural w a te rs  carry 

so m ew h a t m ore iron and m an g an ese  and so m ew h a t less zinc, w ith th e  c o n tra s t 

g rea te r a t periods of high flow . The iron and m an g an ese  c o n ce n tra tio n s  are  probably 

a ttrib u tab le  to  som e com bination  of th e  low er pH in th e  s tream , disequilibrium  due  to  

th e  k inetics of oxide precip ita tion , and /o r poorly filtered su sp e n d e d  load from  th e

s tream  w a te rs .



It is o f particu lar in te rest to  co m p are  th e  chem istry  of th e  m odeled w a te r  from  th e  

Terry Tunnel a fte r  equilibrium  and mineral p recip itation  (Table A -13) w ith th e  

chem istry  of th e  b a se  flow  (low est d ischarge) of C em ent C reek (Table A -16). The 

ch em istries  are  very  similar. The m odeled d ischarge  from  th e  shallow  mine w orkings 

d u p lica tes  th e  natural geochem ical sy s te m s  o p era ting  in th e  a rea  w h e re  h e ad w a te rs  

are  fed by g ro u n d -w ate r sy s te m s  w ith  shallow  circulation.

B ased upon th e  co n cen tra tio n s  of th e  m odeled spring w a te r  (w hich p resu m e no 

precip itation  along th e  flow  path ), th e  probable  d isch arg e  volum e, and  th e  a ssu m p tio n  

of no o th er lo sse s  su ch  a s  ad so rp tion  of d isso lved  m etals  on p rec ip ita ted  ox ides, th e  

e ffec ts  of installation of both  bu lkheads are e stim ated  to  deliver th e  follow ing m etals 

load (lbs/day) to  C em ent Creek: iron, < .1 ;  m an g an ese , < .1 ;  zinc, 8.1 to  2 0 .3 ; 

cadm ium , .0 0 9  to  .036 ; lead, .1 6  to  .40 ; and co p p er, .2 2  to  .23 .



C - 6  M O D E L  L I M I T A T I O N S

O ne sign ifican t a sp e c t of th e  geochem ical sy s te m  a sso c ia te d  w ith flooding th e  m ines 

could n o t be reliably m odeled w ith MINTEQA2 a s  cu rren tly  d is tr ib u te d . B ecause  redox 

co u p les  w ithin MINTEQA2 are  independently  contro llab le, th e re  is no m ass  balance 

m ain tained  on  oxygen (in MINTEQA2, rep re sen ted  by th e  co m p o n en t e ) .  The 

program  a ssu m e s  th a t  oxidation s ta te  is fixed by defining a single redox coup le , by 

defining th e  e lec tro n  activity  as  a com m on co n stra in t for all redox co u p les , or by 

se ttin g  th e  partial p re ssu re  of oxygen  as  a co n stra in t. The MINTEQA2 m odel, 

th e re fo re , c an n o t be c losed  w ith re sp e c t to  oxygen  buffering if a sp ec ie s  involving 

redox c o n s ti tu e n ts  is titra ted  into th e  sy stem . In th e  c a se  of bo th  re fe ren ce  w a te rs , 

th e  Terry Tunnel w a te r and th e  A m erican Tunnel w a te r  w hen  o x y g en a ted , renew ed  

c o n ta c t w ith pyrite (or o th e r u n d e rsa tu ra ted  sulfide) in th e  mine or along m igration 

p a th s  w ould resu lt in d isso lu tion  of th e  m ineral(s), an  in crease  in m eta ls  load and 

su lfa te , and  potentially  a d e c rea se  in pH. In th e  c a se  of a w a te r  sy s te m  th a t is c losed  

to  con tinued  o x ygenation , th is  is a m inor ch an g e . In th e  c a se  of a highly open  sy stem  

w ith ac tive  o x ygenation , th e  c h an g e s  can  be m ore su b stan tia l.

Exam ples of th e  im pact can  be seen  in th e  anom alous an a ly se s  for th e  w a te r  p roduced  

from  th e  s tee l s e ts  along th e  A m erican Tunnel (Table A-5) and  from  th e  2 1 9 5  ore 

p a ss  (Table A-1). The la tte r w a te r  resu lts  from  a trickle of w a te r  c ascad in g  do w n  a 

sh aft, m oving th ro u g h  c ru sh ed  ore  in c o n ta c t w ith circulating air, essen tia lly  an  infinite



so u rce  o f oxyg en . The w a te r  p roduced  a t th e  "stee l s e ts "  in th e  A m erican Tunnel 

a p p ea rs  to  re p re se n t ground w a te r  th a t  h as re -o x y g en ated  a t so m e  po in t, lost 

buffering cap ac ity  th ro u g h  precip ita tion , and su b seq u en tly  re-equilibrated w ith  sulfide 

m inerals in th e  a b se n c e  of oxygen . N either th e  co n tin u o u s e x p o su re  to  bo th  ore and 

o xygen , nor th e  cyclic oxygenation /d isso lu tion  scen a rio s  are  valid analog ies  for th e  

im pounded  w a te r  behind th e  bu lkheads.



L o c a t io n D a te S o u r c e

W est—drift 03/05/91 floor
W ash -fw 03/05/91 floor
W a sh -h w 03/05/91 floor
W a s h -h w 03/13/91 floor
2 1 9 5 -o p 03/05/91 floor
S S -d rif t 03/05/91 floor
S S -d rif t 03/13/91 floor
S S -x c u t 01/04/93 spring
AT—7350 07/23/92 ditch

DH—781 10/07/91 pipe
DH—778 10/07/91 pipe
DH—778 01/04/93 pipe

AT—6400 07/23/92 ditch
AT—6400 01/31/92 ditch

F ie ld
F lo w  F ie ld  F ie ld  T e m p
M G D  p H  C o n d u c t  d e p - C

0.93 6.45 1850 14

7.32 1140 13
7.54 1200 12.8

1.30 6.68 1880 13.3
1.34 7.93 1740 13.7

L a b
p H

L a b
C o n d u c t

T D S T S S

6.71 1740 1670 56
7.24 1850 1700 1
7.54 1850 1710 <1
7.17 1990 1650 2
2.86 63200 7710 8
7.60 1340 1140 1
7.18 1430 1130 1
6.80 2070 1880 7
6.50 1770 1610 38

7.06 1540 1360 6
6.39 1610 1420 63
7.50 1810 1600 4

6.69 1750 1650 36
7.01 1970 1670 14



Location

West-drift
Wash-fw
Wash-hw
Wash-hw
2195-op
S S - drift
SS-drift
SS-xcut
AT—7350
DH—781 
DH-778 
DH—778
AT—6400 
AT—6400

MajorAnions 
Sulfate Bicarb Fluoride Chloride

Major Cations 
Cà

1150 62.8 7.08 4.08
1130 163.0 4.19 4.08
1220 79.3 2.47 4.08
1230 73.2 2.27 2.04
5550 0.0 2.47 9.19
769 100.0 2.39 3.06
766 98.2 1.79 1.02
1290 94.0 1.95 1.30
1200 31.7 4.82 0.51
905 102.0 1.33 <0.1
925 153.0 2.97 <0.1
1100 104.0 0.92 1.30
1210 54.3 4.08 3.60
1110 92.1 2.87 1.64

Na Mg Sr AI K

434 5.9 38.2 4.68 0.5 0.81
430 6.2 47.7 3.99 0.2 1.44
310 14.8 121.0 7.54 <.1 1.17
174 15.0 198.0 7.29 <.1 1.11
1860 9.8 285.0 3.62 101 2.09
267 12.9 40.4 6.03 <.1 1.13
252 11.9 52.1 5.78 <.1 1.05
430 40.0 65.0 12.80 0.3 1.30
363 8.8 18.1 6.79 1.3 0.50
390 4.6 6.2 4.99 0.8 <.1
414 3.0 4.0 3.78 0.6 <.1
400 6.3 44.0 13.70 0.1 0.40

379 7.6 15.1 7.09 1.5 0.39
495 7.3 6.0 9.28 0.64

Si

8.9

>3.7



L o c a t io n
M e ta ls

I r o n
( P is s )

Iron
(T o ta l)

M n
(P is s )

W est—drift 5.47 15.50 17.70
W ash -fw < .0 5 0.38 61.90
W ash -h w 0.07 0.17 2.01
W ash -h w 0.06 0.22 2.21
2195- o p 192.00 946.00
S S -  drift 0 .14 0.25 2.10
S S -d rif t < .0 5 0.18 1.87
S S -x c u t 2.56 2.68 15.10
AT—7350 1.99 35.20

DH—781 < .0 5 1.17
DH—778 1.59 6.91
D H -778 < .0 5 0.13 1.21

AT—6400 4.87 25.70
I AT—6400 0.17 6.62 11.2

M n
(T ota,t)

Z in c

18.65
64.29 

1.58 
2.18

1.83
1.94

15.30

1.25

11.33

17.90
34.30

0.75
0.98

701.00
0.09
0.06
5.38

29.00

0.05
4.25
<.01

21.20
7.84

Z in c  L e a d  Lead C a d m iu m  C a d m iu m  
(T o ta l)  ( P is s )  {T o ta l) ( P is s )  (T o ta lL

16.70
33.43

0.59
0.95

0.09
0.07
5.36

<.01

7.8

< .005
< .005
<.005
<.005

1.53
< .005
< .005
<.005

0.06

0.02
<.02

<.005

0.05
0.04

0.24
0.21
0.19
0.15

0.18
0.08

< .005

< .005

0.12

0.082
0.073
0.005
<.002
2.065
0.003
<.002
<.002
0.123

<.002
0.030
<.002

0.076
0.030

0.106
0.090
0.005
0.002

0.000
0.004
0.002

<.002

0.047



L o c a t io n

W est-d rift
W ash -fw
W a sh -h w
W a sh -h w
2 1 9 5 -o p
S S -d rif t
S S -d rift
S S -x c u t
AT—7350

DH—781 
DH—778 
DH—778

AT—6400 
! AT—6400

M e ta ls  ( c o n ’t)
C o p p e r  C o p p e r  M e r c u r y  M e r c u r y

( P is s ) (T o ta l)  (P i s s )  (T o ta l)

<.01
<.01
<.01
<.01

24.80
<.01
<.01
0.01
0.66

<.01
<.01
0.01

0.79
<.01

0.21
0.13
0.03
0.02
0.02
<.01
0.01

0.01

0.13

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

<.001
<.001
<.001

<.001
<.002

<.001

<.001

<.002

A r s e n ic
( P is s )

B o r o n  C h r o m iu m  
( P is s )  (P is s )

G o ld
(P is s )

S e le n iu m
(P is s )

S i lv e r
(P is s )

<.005 <.05 <.02 < .05 < .005 <.01
<.005 0.060 <.02 <.05 <.005 <.01
<.005 0.060 <.02 < .05 < .005 <.01
<.005 0.050 <.02 < .05 <.005 <.01
0.036 <.01 <.02 < .05 < .005 <.01
<.005 0.060 <.02 < .05 < .005 <.01
<.005 0.030 <.02 <.05 <.005 <.01
0.005 <.02 0.030 < .005 0.020
0.005 0.060 0.170 < .05 <.005 <.01

<.005 <.01 <.02 < .05 <.005 <.01
<.005 <.01 <.02 0.060 <.005 <.01
<.005 <.02 0.005 < .005 0.030

0.007 0.090 0.150 < .05 < .005 <.01
<.005 <.01 <.02 0.120 <.005 0.04C



Table A-2. American Tunnel reference water

A n a l y t e C o n c e n t r a t i o n
m g / L

S o u r c e M IN T E Q A 2
C o m p o n e n t

D o m in a n t
S p e c i e s

Sulfate 925 analysis h s - / s o 4— s o 4—
Bicarbonate 150 analysis C 0 3— h c o 3-
Chloride 0.05 1/2 d e tec t lim C l- C l-
Fluoride 2.97 analysis F - F -
P h o sphate 0.007 m ineral equil "0 0 1 I I h p o 4- -

Calcium 414 analysis C a+  + C a+  +
M agnesium 4.03 analysis M g+ + M g+ +
Sodium 2.99 analysis N a+ N a+
Aluminum 0.6 analysis AI +  +  + AI(OH), aq
P otassium 0.05 1/2 d e tec t lim K+ K+
Silica 5.93 m ineral equil H4S i04 H4S i04
Iron 2.75 com b, analysis Fe-f + /F e +  +  + F e+  +
M anganese 8.08 com b, analysis M n + + /M n +  +  + M n+ +
Zinc 5 com b, analysis Z n +  + Z n +  +
Strontium 3.78 analysis S r+  + S r+  +
C adm ium 0.04 com b, analysis C d +  + C d +  +
Lead 0.025 com b, analysis P b +  + P b C 03 aq

pH 7,18 mineral equil H+ h c o 3-
PE - 2 .4 6 m ineral equil e - M nO ,—



Table A-3. Saturation indices of selected minerals 
with respect to American Tunnel reference water

Mineral Saturation index

Greenockite 4.86
Galena 2.87

Sphalerite 2.65
Pyrite 0.00

MnS green -12.84

Diaspore 3.48
Boehmite 1.67
Qibbsite 1.65
Goethite 0.06
Ai(OH) 3 -0.10

Magnetite 6.36
Hematite 5.08

ai2o 3 -0.69

Fluorite 0.82

Otavite 0.73
Rhodochrosite 0.10

Calcite 0.00

Siderite -0.33
Smithsonite -0.77
Cerussite -1.00

Strontianite -1.44
Dolomite - 1.88

Aiunite 2.52
Gypsum 0.01

Anhydrite -0.33
Celestite -0.65
Anglesite -2.85

Fluorapatite 10.85
Hydroxyapatite 0.00

Leonhardite 15.62
Laumontite 1.34

Quartz 0.00

Microcline -1.28
Albite (low) -1.41

Nontronites 13.16
(Ca, Mg, Na, K) 5.86

Kaolinite 7.02
Montmorillonite 5.50

Muscovite 7.13
pyrophyllite 7.07

TVDB

cadmium sulfide 
lead sulfide 
zinc sulfide 
iron sulfide 

manganese sulfide

aluminum oxide/hydroxide 
aluminum oxide/hydroxide 
aluminum oxide/hydroxide 

iron oxide/hydroxide 
aluminum oxide/hydroxide

iron oxide (multiple) 
iron oxide (multiple) 

aluminum oxide (multiple)

calcium fluoride

cadmium carbonate 
manganese carbonate 

calcium carbonate 
iron carbonate 
zinc carbonate 
lead carbonate 

strontium carbonate 
Ca+ +/Mg+ -(carbonate

potasium sulfate 
calcium sulfate 
calcium sulfate 

strontium sulfate 
lead sulfate

F-/Ca++ phosphate 
OH-/Ca++ phosphate

frame silicate 
frame silicate 
frame silicate 
frame silicate 
frame silicate

(zeolite)
(zeolite)

(feldspar)
(feldspar)

sheet silicate 
sheet silicate 
sheet silicate 
sheet silicate

(clay)
(clay)
(clay)
(clay)

sheet silicate 
sheet silicate

(mica)
(mica)



TABLE A — 4

AMERICAN T U N N E L  R E F E R E N C E  W A T E R  
After Equilibration to Atmosphère and Précipitation

(THESE ARE VALUES GENERATED BY THE MODEL)

M IN T E Q A 2  " C o n c e n t r a t io n  
C o m p o n e n t ________m o l /L m g / L

s o 4— 9 .6 4 4 E -0 3 926

C 0 3— 5.66E—04 33.9

C l- 1 .4 1 2 E -0 6 0.05

F - 5 .8 5 6 E -0 5 1.11

C a+  + 8 .3 9 6 E -0 3 337

M g+ + 1 .6 6 0 E -0 4 4.04

N a+ 1 .3 0 3 E -0 4 3.00

AI+ +  + 6 .1 8 1 E -0 9 ND

K+ 1.281E—06 0.05

H4S i04 1.238E—07 ND

F e+  +  + 2 .4 8 6 E -1 5 ND

M n+ + 2.619E—16 ND

Z n +  + 1 .4 9 3 E -0 5 0.97

S r+  + 4.321 E - 0 5 3.79

C d +  + 5.344E—08 0.006

P b +  + 1 .2 0 8 E -0 7 0.025

pH 7.87
PE 13.81

D o m in a n t  
S p e c i e s  _

S 0 4—  
HCO3-  

Cl- 
F -

C a+  + 
M g+ +  

N a+  
AI(OH)3 aq  

K+ 
H4S i04

Fe(OH)2+ 
M n+ + 
Z n +  +  
S r+  + 

C d +  + 
P b C 03 aq

P r e c i p i t a t e d  M in e r a ls :
m o l e s  p r e c i p i t a t e d  m g  p r e c i p i t a t e d  

p e r  l i t e r  p e r  l i t e r
o f  s o l u t i o n ________Q f.spJjltiQ D .__

M in e r a ls  n e a r  s a tu r a t io n :

Calcite
Pyrolusite

Z n S i03
Fluorite

Hematite
D iaspore

Otavite

1.91E—03 
1 .4 7 E -0 4  
6 .1 7 E -0 5  
4 .9 0 E -0 5  
2 .4 7 E -0 5  
2.23E—05 
3 .0 3 E -0 7

191.171
12.780

8.728
3.826
3.944
1.338
0.052

G ypsum - 0 .0 4
Anhydrite - 0 .3 8
C elestite - 0 .6 0

C erussite - 0 .9 9
Strontianite -1 .3 3
Sm ithsonite -1 .3 9



L o c a t io n D a te S o u r c e
F lo w
M G D

AT—3450 07/23/92 ditch 1.41
F a u l t -1 03/05/91 seep
F a u lt-2 03/05/91 seep
AT—2700 07/23/92 ditch 1.90
A T -2400 07/23/92 ditch 2.06
A T-portal 07/23/92 flume 2.20
A T-portal 01/31/92 flume 3.17

F ie ld  
p H

6.67
5.90
6.05
6.43
6.36
6.36 
6.60

F ie ld  
C o n d u c t

F ie ld

1900

1980
1990
1930
1780

d e a - C

12.9

12.1
12.1
11.7
11.5

L a b
p H

L a b
C o n d u c t T D S T S S

6.36 1830 1660 48
2.45 3030 2560 42
2.49 3440 2890 46
4.77 1820 1730 88

4.7 1860 1740 90
5.18 1880 1720 84
5.78 1920 1750 67



Location
Major Anions 

Sulfate Bicarb Fluoride Chloride
Major Cations 

Ca Na Mg Sr Af K Si

AT—3450 1230 40.90 4.44 1.03 379.0 7.6 16.3 6.68 0.5 1.40
Fault-1 2300 0 .0 0 14.78 0.50 42.5 13.6 163.0 5.59 12.8 1.50
Fault-2 2830 0 .0 0 9.37 6.13 13.9 9.2 21.7 5.89 22.3 1.69
AT—2700 1320 4.27 6.46 < .1 0 380.0 7.4 16.3 6.73 1.9 0.39
AT—2400 1320 2.44 6.46 0.82 391.0 7.4 19.3 6.46 1.9 1.17
AT— portal 1300 7.93 5.94 1.03 385.0 7.8 19.3 6.49 1.8 0.39
AT-portal 1230 15.90 5.04 1.75 496.0 7.0 12.7 8.48 0.9



L o c a t io n
M e ta l s

I r o n
( D is s )

I r o n
( T o ta l )

M n
( D is s )

M n
( T o ta l )

Z i n c
(D is s )

Z i n c
(T o ta l)

L e a d
(D is s )

L e a d
(T o ta l)

C a d m iu m
(D is s )

C a d m iu m
(T o ta l)

A T - 3450 0.3 26.0 21.2 <.01 0.08

F a u l t - 1 360.0 344.0 101.0 91.4 62.4 47.08 <.005 0.21 0.03 0.06

F a u l t - 2 537.0 531.0 151.0 132.6 92.1 70.1 0.43 0.59 0.09 0.11
AT—2700 15.0 28.8 20.9 <.01 0.07

AT-2 4 0 0 5.6 30.5 20.3 <.01 0.06

A T -porta l 10.5 36.2 25.7 29.2 18.7 20.6 <.01 0.05 0.07 0.07

A T -porta l 39.7 16.1 18.6 8.1 10.3 0.03 0.05 0.02 0.03



L o c a t io n
M e tá is  ( c o n ’t )

C o p p e r  C o p p e r  
(D is s i  {T o ta l)

M e r c u r y
(D iss )

M e r c u r y
(T o ta i)

A r s e n ic
(D iss )

B o r o n
(D iss )

C h r o m iu m
(D iss )

G o ld
(D iss )

S e le n iu m
(D iss )

S i lv e r
(D iss )

AT—3450 0.18 <.001 <.005 0.12 0.13 < .05 0.005 <.01
F a u l t -1 <.01 0.34 <.001 <.005 <.01 <.02 <.05 <.005 <.01
F a u lt-2 <.01 0.03 <.001 <.005 <.01 <.02 <.05 < .005 <.01
AT—2700 0.33 <.001 <.005 0.13 0.16 < .05 < .005 <.01
AT—2400 0.29 • <.001 <.005 0.16 0.14 < .05 < .005 <.01
AT—portal 0.23 0.82 <.001 <.001 <.005 0.15 0.17 < .05 < .005 <.01
A T-portal 0.04 0.07 <.002 <.002 <.005 <.01 <.02 0.12 <.005 <.01



C 0 2 flashed, calcite precipitated, then equilibrated 
with the atmosphere and again precipitated

M IN T E Q A 2
C o m p o n e n t

C o n c e n t r a t io n
m o i /L

S04--
co3—

C Ì-
F -

C a+  + 
M g+ + 

N a+  
AI+ +  + 

K+ 
H4S i04

F e+  +  + 
M n+ + 
Z n +  + 
S r+  + 

C d +  + 
Pb+ +

m g /L
D o m i n a n t

S p e c i e s

9 .6 4 4 E -0 3 926 S 0 4—
1.042E—04 6.25 h c o 3-
1 .4 1 2 E -0 6 0.05 C l-
5 .5 3 9 E -0 5 1.05 F -

9 .4 4 5 E -0 3 379 C a+  +
1 .6 6 0 E -0 4 4.04 M g+ +
1 .3 0 3 E -0 4 3.00 N a+
5 .4 8 0 E -0 9 ND AI(OH)3 aq
1 .2 8 1 E -0 6 0.05 K+
8 .1 6 0 E -0 7 ND H4S i04

7 .1 1 2 E -1 5 ND Fe(OH)2+
9 .2 1 3 E -1 5 ND M n+ +
7 .0 8 5 E -0 5 4.63 Z n +  +
4.321 E - 0 5 3.79 S r+  +
3 .5 6 4 E -0 7 0.04 C d +  +
1 .2 0 8 E -0 7 0.025 P b S 04 aq

pH
RE

7.09
14.56

P r e c i p i t a t e d  M in e r a is :
m o l e s m g

Calcite * 8 .5 1 5 E -0 4 85.23
Pyrolusite 1 .4 7 3 E -0 4 12.81

C a-N o n tro n ite 1.581E—05 6.71
Fluorite 5.061 E - 0 5 3.95

Hematite 8 .8 4 5 E -0 6 1.41
D iaspore 1 .8 8 8 E -0 5 1.13

Z n S i03 2 .9 3 4 E -0 6 0.42

M in e r a ls  n e a r  s a tu r a t io n :
S . i .

G ypsum  -0 .0 1
Anhydrite - 0 .3 4

M g-N on tron ite  -0 .5 9
C elestite - 0 .6 2

Calcite - 1 .5 0
Otavite - 0 .6 8

C erussite  -1 .8 1
Sm ithsonite -2 .2 1
Strontianite - 2 .8 9

* precipitated  in earlier s tep  

sunny\wp\traci\225l\A-6F.WK3



Location Date Source
Flow
MGD

Field
pH

Field
Conduct

Field
Temp

deq—C

Lab
pH

Lab
Conduct TDS TSS

Influent 06/11/91 ditch 1.30 5.60 10.0 5.33 528 359 92
Influent 06/17/91 cfitch 1.80 4.40 9.9 4.2 587 426 166
Influent 07/11/91 ditch 0.33 4.10 3.32 933 726 54

Location
Major Anions 

Sulfate Bicarb Fluoride Chloride
Major Cations

Ca Na Mq Sr Al K -Si

Influent 264 3.05 2.37 1.42 55.7 1.5 33.9 0.56 0.9 1.14
Influent 300 0.00 3.38 5.31 117.0 2.2 0.1 0.61 1.5 1.73
Influent 544 0.00 5.56 0.30 160.0 1.7 19.0 0.98 3.2 1.20

Location
Metals

Iron
(Dissi

Iron
(Total)

Mn
(Diss)

Mn
(Total)

Zinc
(Diss)

Zinc
(Total)

Lead
(Diss)

Lead
(Total)

Cadmium
(Diss)

Cadmium
(Total)

Copper
(Diss)

Copper 
( Tota!}_

Influent 0.1 29.1 20.1 20.41 0.06 1.00 0.09 0.06 1.43 1.83
Influent 0.7 37.4 25.3 0.06 0.02 2.77
Influent 4.1 13.2 76.8 77.8 47.3 47.6 0.88 1.05 0.19 0.19 5.05 5.11

Metals (con’t.)
Location Mercury hfercuiy Arsenic Boron Chromium Gold Selenium Silver

(Diss) (Total) (Diss) (Diss) (Diss) (Diss) (Diss) (Diss)

Influent < .0 0 0 2 < .0 0 0 2 < .0 0 2 <.05 < .0 2 <.05 < .0 0 2 <.01

Influent < .0 0 0 2 < .0 0 2 <.01 < .0 2 <.05 < .0 0 2 <.01

Influent < .0 0 0 2 < .0 0 0 2 0.008 0.08 < .0 2 <.05 < .0 0 2 <.01



Table A-8. Terry Tunnel water equilibrated to atmospheric gas concentrations 
(This table gives the results of MINTEQA2 modeling.)

A n a ly te C o n c e n tra tio n
m a /L

S o u r c e M IN TE Q A 2
C o m p o n e n t

D o m in a n t
S p e c ie s

Sulfate 544 analysis h s - / s o 4— S 0 4- -
Bicarbonate 7.9 atmos equil CO,— H2C 03 aq
Chloride 0.3 analysis C l- C l-

Fluoride 5.56 analysis F - AIF3 aq

Calcium 160 analysis Ca+ + Ca-t- +
Magnesium 19 analysis Mg+ + Mg+ +
Sodium 1.7 analysis Na+ Na+

Aluminum 3.2 analysis AI+ + + AIF+ +
Potassium 1.2 analysis K+ K+
Silica 5.3 mineral equil H4Si04 H4SÍ04

Iron 13.24 analysis(total) F e+ + /F e+  + + Fe(OH)2+
Manganese 77.78 analysis(total) M n++/M n+ + + Mn+ +
Copper 5.11 analysis(total) Cu+/Cu+ + Cu+ +
Zinc 47.6 analysis(total) Zn+ + Zn+ +
Strontium 0.98 analysis(total) Sr+ + Sr+ +
Cadmium 0.19 analysis(total) Cd+ + Cd-f +
Lead 1.05 analysis(total) Pb+ + Pb+ +

pH 3.70 atmos equil H+
dE 18.58 atmos equil e - M nO,-

M inara! sa tu ra tio n  in d ic e s  ------------------------- — — r-----------------

Silicates: Fluorite -1 .3 9
Nontronites 18.28 to 10.97
Quartz 0.06 Oxides/hydroxides:

Hematite 13.22
Sulfates: Pyrolusite 4.69

Gypsum -0 .4 8 Goethite 4.15
Anglesite -0 .5 0 Magnetite 1.12
Anhydrite -0 .8 9 Manganite -0 .0 4
Celestite -1 .3 6 Diaspore —3.55



Table A-9. Terry Tunnel water with restored inorganic carbon equilibrated 
to atmosphere 
(This table gives the results of MINTEQA2 modeling.)

Analyte Concentration
m a / L

Source MINTEQA2
Component

Dominant
Species

Sulfate 544 analysis hs-/so4— so4—
Bicarbonate 6.41 mineral equil co3— h c o 3-
Chloride 0.3 analysis Cl- Cl-
Fluoride 5.56 analysis F- AIF3 aq

Calcium 160 analysis Ca+ + Ca+ +
Magnesium 19 analysis Mg+ + Mg + +
Sodium 1.7 analysis Na+ Na+
Aluminum 3.2 analysis AI+ + + AIF3 aq
Potassium 1.2 analysis K+ K+
Silica 5.3 mineral equil H4Si04 H4Si04

Iron 13.24 analysis(total) Fe++/Fe+ + + Fe(OH)2+
Manganese 77.78 analysis(total) Mn + +/Mn + + + Mn+ +
Copper 5.11 analysis(totai) Cu+/Cu+ + Cu+ +
Zinc 47.6 analysis(total) Zn+ + Zn + +
Strontium 0.98 analysis(total) Sr+ + Sr+ +
Cadmium 0.19 analysis(total) Cd+ + Cd+ +
Lead 1.05 analysis(total) Pb+ + PbS04 aq

pH 7.01 atmos equil
PE 15.27 atmos equil MnOj-

Minaralsaturation indices ------- -̂--- ■ ■■ •

Silicates: Oxides/hydroxides:
Nontronites 28.89 to 21.58 Hematite 20,36
Leonhardite 14.77 Magnetite 11.83
Muscovite 8.96 Pyrolusite 11.30
Montmorillonite 8.29 Goethite 7.72
Pyrophylllte 8.08 Manganite 6.57
Kaolinite 7.50 Diaspore 3.65
Microcline 0.18 Tenorile 0.87
Quartz 0.06

Carbonates:
Sulfates: Malachite 1.23
Brochantite 5.06 Otavite -0.11

Gypsum -0.47 Cerussite -0.17
Anglesite -0.58 Rhodochrosite -0.53
Anhydrite -0.89 Smithsonite -1.38
Ceiestite -1.35 Calcite -2 .0 0

Fluorite -0.17



Analyte Concentration
ma/L

Source MINTEQA2
Component

Dominant
Species

Sulfate 544 analysis h s -/s o 4— so4- -
Bicarbonate 6.41 mineral equil co3— h c o 3-
Chloride 0.3 analysis Cl- Cl-
Fluoride 5.56 analysis F- AIF3 aq

Calcium 160 analysis Ca+ + Ca+ +
Magnesium 19 analysis Mg+ + Mg + +
Sodium 1.7 analysis Na+ Na+
Aluminum 3.2 analysis AI + + + AIF3 aq
Potassium 1.2 analysis K+ K+
Silica 5.3 mineral equil h4sio4 H4Si04

Iron 13.24 analysis(total) Fe + +/Fe + + + Fe+ +
Manganese 77.78 analysis(total) Mn++/Mn+ + + Mn+ +
Copper 5.11 analysis(total) Cu+/Cu+ + Cu+
Zinc 47.6 analysis(total) Zn+ + Zn + +
Strontium 0.98 analysis(total) Sr+ + Sr+ +
Cadmium 0.19 analysis(total) Cd+ + Cd+ +
Lead 1.05 analysis(totai) Pb+ + Pb+ +

pH 7.01 atmos equil H + h c o 3-
DE -1.50 mineral equil e- Mn04-

Mineral saturation indices ---- ---- — ;— ^ .—■— — I

Silicates: Oxides/hydroxides:
Nontronites 15.11 to 7.80 Magnetite 7.93
Leonhardite 14.77 Cuprite 7.56
Muscovite 8.96 Hematite 6.58
Pyrophyllite 8.08 Diaspore 3.65
Montmorillonite 6.78 Gibbsite 1.84
Kaolinite 7.51 Goethite 0.83
Microcline 0.18
Quartz 0.06

Carbonates:
Sulfates: Otavite -0.11

Gypsum -0.48 Cerussite -0.17
/  r

Anglesite -0.58 Rhodochrosite -0.53
Anhydrite -0.89 Smithsonite -1.38
Celestite -1.35 Calcite -2 .0 0

Fluorite 0.51 Sulfides:
Chalcocite 18.78
Chalcopyrite 4.83
Greenockite 0.60

Metallic Copper 6.96 Galena 0.24
Sphalerite -1.45
Pyrite -7.87



Table A-11. 
1:4 Mix of Terry and American Tunnels Water 

Water mix with and without precipitation in flooded mine 
(This table gives the results of MINTEQA2 modeling.)

M ix e d  W a te r s M ix e d  W a te rs R e la tiv e  A m o u n t
n o  p r e c ip i ta t io n p r e c ip i ta te d p r e c ip i ta te d

m g /L m g /L %

S 0 4- -  850 841 1.1
HCO3-  123 106 13.4
C l-  0.10 0.10 0.0
F -  3.49 1.00 71.4

Ca+ + 364 361 0.7
M g++ 7.0 7.0 0.0
AI + + + 1.12 ND 100.0
Na+ 2.74 2.74 0.0
K+ 0.28 0.28 0.0
H4SiO 5.81 0.06 99.0

Mn 22.0 7.07 67.8
Zn + + 13.5 3.63 73.1
Fe 4.58 ND 99.9
Cu 1.02 ND 100.0
S r+ +  3.22 3.22 0.0
P b + +  0.23 0.01 96.3
C d + +  0.07 ND 99.8

pH 7.06 7.32
pE -2 ,2 - 2.2

M in era ls  P re c ip ita te d :
m o le s  p r e c ip i ta te d m g  p r e c ip i ta te d

p e r  liter  
o f  so lu tio n

p e r  liter  
o f  s o lu tio n

Rhodochrosite 2.72E—04 31.3
Sphalerite 9.15E -05 8.9
ZnSi03 5.99E—05 8.5
Hematite 3.64E—05 5.9
Fluorite 6.60E—05 5.2
Diaspore 4.16E -05 2.5
Cuprous ferrite 9.1 5E — 06 1.5
Chalcocite 3 .47E -06 0.6
Galena 1.07E-06 0.3
Greenockite 6 .22E -07 0.1



Table A - 12. 
1:1 Mix of Terry and American Tunnels Water 

Water mix with and without precipitation in flooded mine 
(This table gives the result of MINTEQA2 modeling.)

—-- Mixed Waters Mixed Waters Relative Am ount
n o precipitation precipitated precipitated

ma/L mp/L %

so4— 735 723 1.6
h c o 3- 79.5 61.2 23.0
C l- 0.18 0.18 0.0
F - 4.27 1.09 74.5

Ca+ + 287 284 1.2
Mg+ + 11.5 11.5 0.0
AI + + + 1.90 ND 100.0
Na+ 2.35 2.35 0.0
K+ 0.63 0.63 0.0
H4SiO 5.62 0.05 99.0

Mn 43.0 26.5 38.4
Zn + + 26.3 14.9 43.3
Fe 7.83 0.01 99.9
Cu 2.55 ND 100.0
Sr+ + 2.38 2.38 0.0
Pb + + 0.54 0.02 97.1
Cd+ + 0.12 ND 99.5

PH 6.98 7.00
PE - 1.8 - 1.8

Minerals Precipitated:
moles precipitated mg precipitated

per liter per liter
of solution of solution

Rhodochrosite 3.00E —04 34.4
Sphalerite 1 .17E -04 11.3
ZnSi03 5.79E—05 8.2
Hematite 5 .00E -05 8.0
Fluorite 8 .39E -05 6.6
Cuprous ferrite 4 .02E -05 6.1
Diaspore 7 .05E -05 4.2
Galena 2 .52E -06 0.6
Greenockite 1 .02E -06 0.1



Table A-13. 
Terry Tunnel reference water after equilibration 

to atmosphere and precipitation
(THESE VALUES GENERATED BY THE MODEL)

MINTEQA2
Component

Concentration
moi/L mp/L

Dom inant
Species

s o 4- - 5 .6 6 8 E -0 3 544 S 0 4—
c o 3— 1.288E—05 0.77 H2C 03 aq

C l - 8 .4 6 9 E -0 6 0.30 C l-
F - 2 .9 2 9 E -0 4 5.56 AIF3 aq

C a+  + 3 .9 9 3 E -0 3 160 C a+  +
M g+ + 7.821 E - 0 4 19.0 M g+ +

N a+ 7.401 E - 0 5 1.70 N a+
Al-h -h H- 1 .1 4 2 E -0 4 3.08 AiF3 aq

K+ 3 .0 7 2 E -0 5 1.20 K+
H4S i04 6 .0 2 8 E -0 6 ND H4S i04

F e+  +  + 5 .6 2 6 E -0 8 ND FeF+  +
M n+ + 4.448E—06 ND M n+ +
C u +  + 8 .0 4 0 E -0 5 5.11 C u +  +
Z n +  + 7.288E—04 47.6 Z n +  +
S r+  + 1.11 9 E -0 5 0.98 S r+  +

C d +  + 1 .6 9 2 E -0 6 0.19 C d +  +
P b +  + 5.072E—06 1.05 Pb+-H

pH 2.60
PE 19.68

Precipitated M inerals: M inerals near satura tion:
m oles precip ita ted mg precip ita ted

pe r lite r p e r lite r
o f solution o f solution S.L

Pyrolusite 1 .4 1 E -0 3 122.93 M g-N on tron ite -0 .4 2
Hematite 1 .0 5 E -0 4 16.78 G ypsum —0.48

C a-N o n tro n ite 1 .3 4 E -0 5 5.72 Anglesite -0 .5 0
Anhydrite -0 .8 9

Q uartz - 0 .9 0
Fluorite - 1.11

Celestite -1 .3 6



4:1 Mix (American Tunnel to Terry Tunnel) of reference waters 
after equilibration to atmosphere and precipitation 

(THESE ARE VALUES GENERATED BY THE MODEL)

MINTEQA2
Component

Concentration
mol/L mg/L _

S04— 8.849E—03 850
co,- 5.566E—04 33.4
Cl- 2.823E—06 0.10

F- 5.238E—05 1.00

Ca+ + 9.013E—03 361
Mg+ + 2.892E—04 7.03
Na+ 1.190E-04 2.74
AI+ + + 8.842E—09 ND
K+ 7.169E—06 0.28
H4Si04 2.387E—08 ND

Fe+ + + 3.561E — 15 ND
Mn + + 2.464E — 16 ND
Cu+ + 4.063E-06 0.26
Zn+ + 1.373E-04 8.98
Sr+ + 3.681 E—05 3.23
Cd+ + 6.526E-08 0.01

Pb+ + 8.555E—07 0.18

PH 7.82
PE 14.18

Dominant 
■ __ Species_

S04—
h c o 3-

Cl-
F-

Ca+ + 
Mg+ + 
Na+ 

Al (OH) 3 aq 
K+ 

H4Si04

Fe(OH)2+ 
Mn + + 

Cu(OH) 2 aq 
Zn+ + 
Sr+ + 
Cd4- + 

PbC03 aq

Precipitated Minerals:

Pyroluslte
ZnSi03
Hematite
Fluorite
Tenorite
ZnO (Active)
Diaspore
Otavite
Piattnerite

moles precipitated 
per iiter 

of solution

4.01E—04
6.04E-05 
4.10E—05 
6.60E-05 
1.20E-05 
9.37E-06 
4.16E—05 
5.58E-07 
2.55E-07

_  Minerals near saturation:
mg precipitated 

per liter
of solution ______  ■ ■ ....

34.88
8.55
6.55 
5.15 
5.10 
4.24 
2.49 
0.10 
0.06

Gypsum
Calcite
Cerussite
Brochantite
Anhydrite
Smithsonite
Malachite
Celestite

S.l.

-0.04
—0.07
-0.11
-0.42
—0,42
-0.55
-0.64
-0.72



Table A-15. 
1:1 Mix of American Tunnel and Terry Tunnel reference waters 

after equilibration to atmosphere and precipitation
(THESE ARE VALUES GENERATED BY THE MODEL)

W N TE Q A 2 Concentration Dominant
Component moi/L ma/L Species

so4- - 7.647E-03 735 so4- -
c o , - - 2.320E-04 13.9 h c o 3-
Cl- 4.941 E-06 0.18 Cl-
F- 5.713E-05 1.09 F-

Ca + + 7.089E —03 284 Ca+ +
Mg+ + 4.741E-04 11.5 Mg+ +
Na + 1.022E-04 2.35 Na +
AI + + + 8.521 E-09 ND AI(OH)3 aq
K+ 1.600E-05 0.63 K +
H4Si04 5.025E-08 ND H4Si04

Fe+ + + 5.423E-15 ND Fe(OH)2+
Mn + + 1.410E-15 ND Mn + +
Cu + + 3.832E-06 0.24 Cu(OH)2 aq
Zn + + 3.443E-04 22.5 Zn + +
Sr+ + 2.720E-05 2.38 Sr+ +
Cd+ + 3.485E-07 0.04 Cd + +
Pb+ + 2.147E-06 0.44 PbC03 aq

pH 7.43
PE 14.57

Precipitated Minerals: Minerals near saturation:
motes precipitated mg precipitated

per liter per liter
of solution of solution S.l.

Pyrolusite 7.82E — 04 68.00 Tenorite -0.08
Hematite 7.01 E — 05 11.20 Gypsum -0.16
ZnSi03 5.84E — 05 8.27 Anhydrite -0.54
Fluorite 8.40E — 05 6.56 Malachite -0.80
Diaspore 7.05E — 05 4.23 Celestite -0.87
Brochantite 9.09E-06 3.06 Smithsonite -0.87
Otavite 6.76E-07 0.12 Calcite -0.94
Cerussite 4.49E — 07 0.12
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U

O
U

U
IS

 
IS

II
Fkm

M GD
Field

pH

Field 
Temp 

dea C
tah
oH

'iforAtnoas
Bicarb Fkioride CNoride

0 5 /3 1 /8 9 C e m e n t C re e k 1 5 .6 7 3.9 12 .0 4.1 50 4.8

0 7 /0 2 /8 7 C e m e n t C re e k 11 .47 3.9 8 .8 4 .2 60

4:1 S p r in g  W tr 0.11 7 .8 9 .0 850 33 .4 1.0 0.1

1:1 S p rin g  W tr 0.11 7 .4 9 .0 7 35

03/29/91 C e m e n t C re e k 0 .3 2 4.2 5 .0 4 .5 462 0 .0 2 .2 3.1

: 02/11/91 C e m e n t C re e k 0 .2 3 5.7 1.9 3 .5 439 0 .0 3.1

I M ajor Cations 
Ca Na U g A i K

Uetais
Iron

fU ss)
Mn

fOiss)
Zinc

fDiss)
Copper 

(Diss)
Lead

{Diss)
CadmkMtt

{Disst

• 05 /31 /89  
j 07 /02 /87

C e m e n t C re e k  
C e m e n t C ree k

17
16

8.4
1.0

0 .2
4 .0

1 .8
0 .8

0 .9
0 .0

1.2
0 .7

0 .5
1.0

1.4
3 .8

0 .2 4
0 .13

0 .04
ND

0.01
0 .03

i
i

4:1 S p r in g  W tr 
1:1 S p rin g  W tr

361
2 8 4

2 .7
2 .4

7 .0
11.5

0 .0
0 .0

0 .3
0 .6

0 .0
0 .0

0 .0
0.0

9.0
22 .5

0 .26
0 .2 4

0 .18
0.44

0.01
0.04

I 03/29/91 
\ 02 /11/91

C e m e n t C re e k  
C e m e n t C re e k

147
135

2.3
4.1

14.1
15 .2

5 .2
6 .7

0 .6
0 .7

0 .3
1.1

6 .8
8.3

6.0
7.4

0 .26
0 .40

0.25
0.29

0.02
0.07

Cement Creek water quaity after bulkhead tnstaMabon:
Major Anions 

Sulfate Bicart» Fluoride CNoride
Major Cations 

Ca Na U a AI K

H ig h  flow  a n d  4:1 m ix 
L o w flo w a n d 4 :1  m ix

13 .68
0 .3 8 5

61
5 6 6

0 .3
9 .5

2 .9
Z 1

0 .0
1.9

19
20 5

5 .3
3 .0

1.8
12.4 4 .2 0 .5

H igh  flow a n d  1:1 mix 
Low  flow  a n d  1:1 m ix

1 3 .68
0 .3 8 5

60
53 3

0.1
4 .0

Z9
2.1

0 .0
1.9

19
1 83

5 .2
2 .9

1.9
13.7

1.4
4 .2

0 .5
0 .6

[jvD5d)

Cement Creek mater quaMysfter bulkhead tnstaMabon:
to n

(Dies)
M ri

YDfcs*

Metal*
Zinc

/E fcsfr
Copper

tobst
Lead

iDiss)
Cadmium

Y ffss #

H igh  tlo w a n d  4:1 m ix  1-0 
Low  flow a n d  4:1 m ix  °-5

0 .7
5 .3

2 .4
7 .3

0 .19
0 .30

0 .0 2
0 .2 4

0 .0 2
0 .03

H igh  f lo w a n d  1:1 mix
L ow  flow  a n d  1:1 m ix  ° -5

0 .7
5 .3

2 .5
11.1

0.19
0.30

0 .0 3
0 .3 2

0 .0 2
0 .0 4



A P P E N D I X  D

H S I S i m o n  H Y D R O - S E A R C H



M E M O R A N D U M

FROM: M ark S tock

SUBJECT: D escription of rock co re s  from  potential bulkhead  s ite s  in th e  Sunnyside
Mine San Ju a n  C ounty , Colorado

DATE: S ep tem b er 15, 1 9 9 2

B-Level Brennaman. North Rib
C onta ins a fe w  old frac tu res . The frac tu re s  are  m ainly ev id en t by th e  w h ite  mineral 
filling th em . O ne frac tu re  (w hich ap p ea rs  to  be m ore open) c u ts  th e  co re  a t a very 
shallow  angle  and  runs th e  full length of th e  co re . The o p en  a p p e a ra n c e  of th e  
frac tu re  m ay be due to  sm all flakes of rock com ing off during coring  due  to  th e  
shallow  angle o f th e  frac tu re .

C on ta ins d issem ina ted  pyrite th ro u g h o u t (grain size is one m illim eter m axim um , 
av erag e  is 1 /3m m ).

B-Level Brennaman. South Rib
C ontains a few  frac tu res . M ost frac tu re s  ap p ea r old and  sea led  w ith a w h ite  m ineral. 
At tw o  p laces th e se  old frac tu re s  have open  voids up to  1m m  w ide and  2m m  long.

O ne frac tu re  w hich  runs th e  length  of th e  co re  (near th e  cen te r) m ay rep re sen t b last 
dam ag e  (b ecau se  it d o es  no t con ta in  th e  w hite  m ineral). H ow ever, a similar appearing  
frac tu re  e lsew h ere  on th e  co re  is o ffse t by a vein of w hite  m ineral. The frac tu re  looks 
tigh t.

F-Level Brennaman. Back
C ontains a few  frac tu res . N one are  b last d am ag e . All con ta in  w hite  m ineral. One 
open  vug on a vein is 1mm in d iam eter (the full w idth  of th e  vein).

Rock a p p ea rs  very  tigh t. It co n ta in s  d issem inated  pyrite.

F-Level Brennaman. North Rib
Core co n ta in s  only one significant frac tu re . This frac tu re  c u ts  d iagonally  a c ro ss  th e



MEMORANDUM
File
P age  2
S ep tem b e r 15 , 1 9 9 2

co re . The frac tu re  is old, but qu ite  open  w ith six obvious voids a s  m uch a s  10m m  
long by 2 m m  w ide.

This co re  is nfil typ ical in th a t is a lso  co n ta in s  num erous o p en  voids n o t a sso c ia te d  
w ith  any  frac tu re . T h ese  voids are  a s  large a s  2m m  in d iam eter. T he voids are  
generally  w ith in  15m m  of th e  open  frac tu re .

A tigh t, hard to  d istingu ish  frac tu re  co n ta in s  one  void 2m m  long and  56mm w ide. No 
b la s t d am ag e .

F-Level B rennam an. S ou th  Rib
This co re  is c ro sse d  diagonally by 4  old frac tu re s . T hese  frac tu re s  co n ta in  nu m ero u s 
open  v ugs up to  6m m  long and 2m m  w ide. In add ition , th e re  are  sc a tte re d  o p en  v ugs 
up to  2m m  in d iam eter w hich are  no t a sso c ia te d  w ith  frac tu re s . T here  is n o t b last 
d am ag e .

Terry Tunnel (F-Level). Back
C ore is c ro sse d  diagonally  by an op en , fresh  looking frac tu re  w hich  looks very  m uch 
like recen t (blast?) d am ag e . O therw ise  th e  rock ap p ea rs  very  tigh t.

Terry T unnel (F-Level). North Rib
Core sh o w s  no frac tu re s  w h a tso ev e r. Rock co n ta in s  d issem in a ted  pyrite (less th an  
1m m  acro ss) and  num erous p h e n o cry s ts  up to  4m m .

Terrv T unnel (F-Level). S ou th  Rib
Top 15m m  o f co re  is a  vein of w hite  m ineral w ith  one  open  void 4m m  a c ro ss .

C ore is c ro sse d  by 2 old looking frac tu res  w hich  co n ta in  w hite  m ineral. No b last 
d am ag e  is ev iden t.

The co re  is a b o u t 11 inches long. T he co re  h as a large nick o u t o f it 2%  in ch es  from  
th e  b o tto m . A fresh  looking frac tu re  co m es  off of th is  nick and  g o es  directly  a c ro ss  
th e  co re  follow ing a veinlet of w h ite  m ineral.



MEMORANDUM
File
P age 3
S ep tem b e r 15 , 1 9 9 2

American Tunnel, Back
This co re  h a s  p a rts  of 2 frac tu re s  c ro ssing  it. N either frac tu re  is positioned  so  a s  to  
have a m ajor e ffe c t on a perm eability  te s t .  T he frac tu re s  ap p ea r old, b u t co n ta in  only 
a minimal a m o u n t of w hite  m ineral. T he rock ap p ea rs  quite tig h t o th e rw ise .

American Tunnel, North Rib . . .
T he rock  is essen tia lly  u n frac tu red . A very  th in , tig h t vein let o f w h ite  m ineral c ro s se s  
th e  co re  d iagonally . A slightly m ore open  looking frac tu re  ex ists  n ear th e  to p  of th e  
co re , b u t shou ld  no t a ffec t th e  perm eability  te s t .

T he rock  a p p ea rs  very  tigh t. It co n ta in s  d issem in a ted  pyrite and obvious light 
p h e n o cry s ts  up to  3m m  long.

American Tunnel. South Rib.
The co re  is sp lit in half (lengthw ise) by an  obvious, fresh-looking  frac tu re .  ̂The 
frac tu re  a p p ea rs  open along its en tire  length  and it is surprising  th e  co re  d o esn  t  fall 
ap art. This frac tu re  could well be b last d am age .

T ight m ineralized vein le ts c ro ss  th e  co re  a t a shallow  ang le . T h ese  are  old and  ap p ea r 
sea led .

This co re  co n ta in s  m ore su lfides th a n  th e  o th er co res, w ith pyrite b lebs a s  large as  
3m m  a c ro ss .



TABLE 1
SUMMARY OF ROCK PROPERTIES BELATED TO DURABILITY IN  ACID WATKtS

Veins o r F ra c tu re s
Sample

No* Lo ca tio n Rock Type A lte r a t io n
% A lte re d  

(non-Q.) %
V 

DF F
Spac­
ing/mm

T h ic k ­
ness

Soluble
M inerals

10 T . T . , T -1 3 Andes P o r. Prop 48 t i F 0.04* 0.8 mm 0%

11 T . T . , T —15 + 300' to Andes P o r. Prop 33 3 V 0.10 1.2 ram 90%

p o r t a l .

LEGEND
* = Veinlets/mm
A .T .  = American Tunnel 
Andes = Andesite
B .V . = Brennaraan Vein  
Bx = B re ccia
Carb = Carbonate 
F = F ra c tu re s

L = L e ft .
Ph = P h y l l ic  
P o r . = Porphyry 
Prop = P r o p y l i t ic
R = R ight
T . T .  = T e r r y  Tunnel 
V = Veins



SH-1Q: T e r r y  Tu nnel« T -1 3 :
G re e n is h -g ra y , fin e -m ed iu m -g ra ine d  a n d e s ite . P o r p h y r it ic  and a lt e r e d . 

One v e ry  t h in  v e in le t  v i s i b l e .  F ra ctu re s  are  spaced 4 -6 " .  They are  not 
s tr a ig h t  and are in  many d ir e c t io n s . Surfaces are o n ly  s l ig h t l y  weathered 
(d is c o lo r e d ).  About 1% d issem inated, < 0 .5mm, Py. Non-weathered. Scratched 
w ith  a k n if e .

SH -11: T e r r y  Tu n n e l, T -1 5  + 300f to  p o r t a l ;
Gray p o r p h y r it ic  a n d e s ite . P a r t ly  a lte re d  to  carbo nate . One s e t o f 

w hite  v e in le ts  ¿ -2 4 " spaced and co n ta in  c a lc i t e .  Broke in to  a f i s t -s i z e d  
fragm ent. Surfaces are brown to  tan  due to  Fe s ta in . Scratched w ith  a k n if e .



S H -10; Moderate P r o p y l i t l c a l l y  A lte re d  Andesite  P o rp h y ry . 
Andesite  (99+%)*
Phenos (6 8 % ); 
58% P la g io cla se

(P I )
0. 2 - 2 . 6mm

10% Ferromags 0 .2 -3 « Omm

P o rphyro b la sts  (2 % );
2% P y r it e  < 0 ,0 2 -0 .3mm

(P y )

Groundmass (30%)$
15% Fe ld sp a r 0 .0 2 -0 .2mm

10% C h lo r ite  
(C h i)

5% Epidote
(Ep)

V e in le t  ( t r ) :

F ra c tu re s  ( t r ) :

1u-0.2mm

1u-0.2mm

0.04-mm th ic k

See below.

Subangular ta b u la r  c r y s t a ls .  Tr-5 5 %  replaced 
w ith  patches o f epidote (E p ) ± c h lo r it e  (C h i)  
± carbonate (C a r) ± m agnetite (M t ) .  Cores 
o f la rg e s t  phenos t o t a l l y  re p la ce d .

S ub-euhedral r e l i c t  c r y s t a ls .  100% replaced 
w ith  Chi > Ep (on edges) > leucoxene or to 
Ep = Car > leucoxene > Chi > p y r it e  (P y ) .

Cubic euhedra sca tte re d  throughout groundmass 
and phenos. Predom inately re pla ced  by 
leucoxene »  h e m a tite . A lso leucoxene as 
v e ry  f in e -g ra in e d  p a r t ic le s  in  t u r b id ,  
o c c a s io n a lly  euhedral 1u to  0.25mm patches.

Subhedral ta b u la r  c ry s ta ls  tr -5 0 %  replaced 
by Ep in  patches. Tu rb id  due to  in c ip ie n t  
a lt e r a t io n  to  v e ry  f in e -g ra in e d  m in era l 
in c lu s io n s  and p o re s . Predom inately 
p la g io c la s e  ( P i ) .

Green fla k e s  to  masses i n t e r s t i t i a l  to  P i 
and re p la c in g  sm all r e l i c t  ferromags in  
groundmass. Pennine.

Subhedra sca tte re d  through P I .

The o n ly  v e in le t  seen in  t h in  s e c tio n  is  
Q f i l l e d ,  annealed, in d is t in c t  and 
d is c o n tin u o u s .

T h is  ro ck  is  g e n e ra lly  cluody in  t h in  se ctio n  ( t . s . )  due to  abundant 
secondary a lt e r a t io n  p o re s . Magic marker was absorbed up to  0.4-mni depth on 
e p id o te -lin e d  f ra c tu re  s u rfa c e s .



SH -11: P r o p v l i t ic -A lt e r e d  Andesite  P o rp h yry . 
A ndesite  (9 7 % ):
Phenos (1 2 % );
10% Fe ld sp a r 0.6-3mm

(F )

2% Ferromag

Subhedra. 10-100% re pla ced  by Car »  s e r ic lt e  
(S e r) + Ep + Py.

0.6-1.¿mm

Groundmass (8 2 % );
77% P la g io c la s e  0.05-0.6ram

In d is t in c t  r e l i c t  anhedra. 100% replaced  
by Chi + Py + Ep.

U n -o rie n te d  ta b u la r subhedra co n ta in  abundant 
in c lu s io n s  o f a lt e r a t io n  m in era ls  l is t e d  
below.

In  p o ly c r y s t a ll in e  patches re p la c in g  ferromags 
and i n t e r s t i t i a l  to  P I .

Predom inately coarser ta b u la r subhedra in  
clumps in  sm all P I and ferromags*

Flakes dissem inated in  P I .

S catte re d  prism s.

As s ta in  and c lu s te rs  o f f la k e s  in  ra re  
pa tches.

G ra in s in  sm all c lu s te rs  throughout 
groundmass.

Cubes in  phenos and groundmass. Concentrated 
in  ferrom ag phenos.

In  many d ire c t io n s  and commonly c ro s s . E a r ly ,  
type A is  E p - f i l l e d .  L a te r , type B a re ^ th in  
and co n ta in  Q > Ep. Type C is  t h ic k , l in e a r ,  
appears l a s t ,  is  o ffs e t  and contains Car 
> Py + Q + Ep.

The t o t a l  Car content o f  the rock ex clu d in g  ve in s  is  estim ated to  be 
5% and is  in  a lte re d  P I phenos.

15% C h lo r ite <0.1 mm

5% Epidote 1u-0.25mm

3% M uscovite <20u

t r  A p a tite 0 . 04- 0 . 2mm 
long

t r  Hematite
(H t )

<3u

t r  Leucoxene <10u

P orphyro b la sts ( 3%) ;
3% P y r ite 0 . 04- 0 . 6mm

Veins and V e in le ts  ( 3%) :
0 *04.-1 «2 mm



A P P E N D I X  E

A cid-G eneration  T esting  of S eco n d ary  M ineral C ru sts
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1016 Greg Street, Sp.arks, Nevada 89431 702 / 356-1300FAX 702 / 356-8917

Report
on

Acid Generation Potential - Brenneman Samples 
MLI Job No. 1893 
February 11,1993

for

Mr* Mark Stock 
Simon Hydro-Search 

5250 S. Virginia Street, Suite 280 
Reno, NV 89502

SUMMARY

A total of six samples were subm itted for paste p H  m easurem ent and special short term  
acid generation potential evaluation.

Paste pH  for samples 3, 4, and 5 were low at pH  2.49, 3.11, and 3.56, respectively. This 
data would indicate a potential for acid production. However, it is thought tha t low 
paste pH  was a function of acid salts contained in the solution phase of the moist 
samples, and not a function o f the  solids producing acid. Paste pH  for samples 1, 2, and 
6 was 4.62, 6.10, and 6.50, respectively.

Special acid generation potential scoping tests were conducted on five of the six samples. 
A n insufficient quantity of sample six was available for evaluation. The data  correlated 
well with paste pH  data  and indicated that acid pH  encountered early in the cycle was a 
result o f acid salts in residual m oisture when the samples w ere taken. Slurry pH  
rem ained fairly constant after two hours, and dem onstrates tha t the solids did not 
produce acid during the term  of the test.

SAMPLE PREPARATION AND PASTE pH MEASUREMENTS

Samples w ere dry upon receipt. Each sample was weighed, and was subsequently 
pulverized in a  m ortar and pestle to a  nom inal 10 m esh feed size. Samples were 
blended and split to obtain appropriate quantities of sample for paste pH  m easurem ent 
and acid generation tests. Samples for paste pH  w ere subm itted to Chemax
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Laboratories.

A sample cross-reference is provided in Table 1. Paste pH results are shown in Table 2. 
The Chemax Laboratories paste pH report sheet is provided in the Appendix to this 
report.

Table 1. » Sample Cross-Reference. Brennem an Samples
Sample
N um ber

■ ............................... ....

Description
1 F-Level, 100’ E ast of bulkhead site, local sulfates
2 Brown-black mud flowstone, localized, 100’ Inby of bulkhead

site
3 B-Level, proposed bulkhead site, localized shot flowstone,

2 x 6  foot zone
4 B-Level, proposed bulkhead, 1/4" thick local deposit, brown

flowstone
5 B-Level, W ashington V ein near W ashington vertical shaft -

wall scrapings 1/16" thick
6 D-Level. wall scraoe. 2700 stooe. localized flowstone

Table 2. - Paste dH  Results. Brennem an Samóles
Sample Paste pH,

_________N um ber________________________ SB_______________
1 4.62
2 6.10
3 2.49
4 3.11
5 3.56

_________s___________________ m __________

SCOPING ACID GENERATION TEST PROCEDURE AND RESULTS

Scoping bottle roll acid generation potential tests were conducted on samples 1 through 
5 to empirically determ ine the potential o f the solids to produce acid.

Tests w ere conducted by contacting 5 g of solids with 500 ml of stock solution for 24 
hours. Each slurry was continuously agitated by rolling in a  zero head space bottle. 
Slurry pH  was m easured at 2, 4, 6, 8, 12, and 24 hours.



The stock solution was prepared to simulate the buffering capacity of the mine site water 
by adding 0.0042 g NaHC03 per liter of deionized water. The pH of the deionized water 
before addition of NaHC03 was 5.4. The pH of the buffered stock solution 15 minutes 
after NaHC03 addition was 7.5.

The pH meter was standardized with pH 2, 4, and 7 buffer before each slurry pH 
measurement.

A  control test was also performed to establish the pH drift of the stock solution. 
Procedures for the control test were exactly the same except that solids were not added 
to the stock solution.

Results from the scoping tests are shown in Table 3.

Table 3. - Scoping Acid Generation Potential Test Results 
________________ Brenneman Samples:_________ :______

Sample
Slurry pH

Sample Number.,
Control

2 6.65 6.00 3.00 3.65 5.60 7.30
4 6.50 5.90 2.90 3.55 5.70 7.40
6 6.50 5.95 2.80 3.50 5.75 7.30
8 6.65 5.90 2.80 3.50 5.70 7.30

12 6.65 6.05 2.80 3.50 5.80 7.30
24 6.6 0 6.05 2.75 ..-3 ,4 5 . - 5,70,... 7.10

Scoping test results show that initial decrease in slurry pH was likely caused by acid salts 
contained in the solution phase of the moist samples taken from the walls of the mine. 
Slurry pHs were fairly stable after two hours for all five samples, and indicates that the 
solids do not show a potential to produce acid. These data are consistent with paste pH 
data.

4/j2s

Gene E. McClelland 
Metallurgist/President
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SUMMARY

Initial results from  the special acid generation potential tests conducted on  five 
B rennem an samples indicated that samples 3 and 4 rem ained below pH  4.0 after 24 
hours of contact with weakly buffered deionized w ater a t a  100:1 solution to  solids ratio. 
A dditional tests were conducted on the original slurries of samples 3 and 4 using a 
1,000:1 ratio  to determ ine potential to produce acid.

Results show that a t a  1,000:1 ratio  sample 4 did not produce acid. Slurry pH  increased 
3.4 to 6.7 after 24 hours of contact with fresh buffered stock solution. The slurry pH  for 
sample 3, a t the 1,000:1 ratio, rem ained below pH  4.0. Slurry pH  increased from  2.7 to 
3.6 with 24 hours of contact with fresh buffered stock solution.

A n additional test was conducted on the sample 3 slurry using a  10,000:1 solution to 
solids ratio. Slurry pH  increased from  3.6 to 5.0 after 24 hours of contact with buffered 
stock solution at the  10,000:1 ratio.

SCOPING ACID GENERATION TEST PROCEDURES AND RESULTS

Slurries a t the  100:1 ratio lay idle for 20 days after the initial 24 hour agitated acid 
generation tests were completed. A fter 20 days, slurries w ere agitated for 1 hour and 
slurry pH s w ere measured. Results comparing slurry pH s before and after 20 days 
w ithout agitation are  shown in Table 1.
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Table 1. - Slurry pH  D ata. Brennem an Samples.-lOOil R a tte
_______ ;_________ Slurry. pH---------------------- :—

C ontact _________  Sample N u m b er-----------------------
Tim e________ _________1 2 3 4 5______C ontrol

24 Hours 6.60 6.05 2.75 3.45 5.70 7.10
20 Davs. idle ~ 6.10____ 125____ 2 JÜ ____M Q___-------------Û J S -

Slurry pH s rem ained stable even after 20 days o f contact with solution a t the  100:1 
solution to  solids ratio. These data  indicate that none of the solids generate acid, even 
though slurry pH s for samples 3 and 4 rem ained below pH  4.

Samples 3 and 4 w ere selected for additional evaluation using a  1,000:1 solution to  solids 
ratio. Initial slurries (100:1) were diluted with fresh buffered stock solution 
(0.0042 g/1 N aH N O a in deionized w ater) to obtain a  1,000:1 solution to  solids ratio.
Test procedures w ere the sam e as described in M LI report data February 11, 1993, 
except tha t slurry pH  was m easured a t 0, 12, and 24 hours. A  to tal of 500 ml of initial 
slurry was mixed with 4.5 liters o f fresh stock solution.

Results from  the 1,000:1 ratio  tests are  provided in Table 2.

Table 2. - Scoping Acid Generation Potential Test Results 
_________________ I________Brenneman Samples. l t0Q0;LRatifl_________________________

_______________ Slurry. pH ______
Sample ____________ Sample Num ber___

Time._hQurs___________3------------------------------i_
0 3.7 5.1

12 3.7 6.5
24________________ 1 6 ___________________ Û 1

Results show tha t sample 4 did not generate acid. Slurry p H  increased from  3.4 (100:1 
ratio  after 20 days) to  6.7 with 24 hours of contact with stock solution a t the  1,000:1 
ratio. Slurry pH  for sample 3 increased from  2.70 (100:1, after 20 days) to 3.6. T he one 
p H  unit increase roughly corresponded to  the additional 10 to 1 dilution ratio. T he  data 
does not, however, dem onstrate that sample 3 solids produce acid while in contact with a  
weakly buffered deionized w ater solution.

A n additional test was conducted on  the sam ple 3 slurry using a  10,000:1 solution, to 
solids ratio. The slurry from  the 1,000:1 ratio  was again diluted 10:1 with fresh stock 
solution by adding 500 ml of slurry to  4.5 liters of fresh stock solution. Results for the 
10,000:1 ratio  test are provided in Table 3.



Table 3. - Scoping Acid Generation Potential Test, 
Brennem an Sample 3. ID.OOQil Ratio----------

Sample
Tim e, hours------------------------------------Slurry pH -

0 5.5
12 5.3
24___________________________  S,Q—

Results show that slurry pH  decreased slightly with time, but a t the 10,000:1 ratio, final 
pH  was 5.0. D ecrease in  slurry pH  can be  attributed, in part, by the weak buffering 
capacity of the stock solution, and by contact with C 0 2 in air. Stock solution pH  
decreased from 7.2 to 6.9 during the 24 hour period. T hat data  does not dem onstrate 
tha t decrease in p H  was caused by acid produced by the solids.

G ene E. McClelland 
M etallurgist/President
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