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E X E C U T I V E  SUMMARY 

INTRODUCTION 
Th is  r e p o r t  was w r i t t e n  t o  p r o v i d e  t h e  F la thead  R i v e r  

I n t e r n a t i o n a l  Study Board and i t s  o t h e r  t e c h n i c a l  committees w i t h  mine 
s i t e  and des ign  i n f o r m a t i o n  on t h e  proposed Sage Creek Coal L i m i t e d  
p r o j e c t  as a b a s i s  f o r  water  q u a n t i t y  and q u a l i t y  impact assessment. 

Sage Creek Coal L i m i t e d  proposes t o  mine 2.2 m i l l i o n  tonnes 
( 2 . 4  m i l l i o n  U.S. t ons )  o f  thermal  c o a l  per  year over  a 21-year p e r i o d  by 
open-p i t  methods. The proposed mine s i t e  i s  l o c a t e d  near t h e  conf luence 
o f  Howel l  and Cabin Creeks i n  t h e  F la thead  R i v e r  v a l l e y  o f  B r i t i s h  
Columbia. The p roposa l  i n c l u d e s  a water  management p l a n  u t i l i z i n g  
d i t c h e s  and ponds on t h e  mine s i t e  t o  c o n t r o l  contaminated r u n o f f .  The 
p roposa l  a l s o  i n c l u d e s  a main hau l  road and t r a n s m i s s i o n  l i n e  rou ted  f rom 
t h e  n o r t h  down t h e  F la thead  R i v e r  v a l l e y  as w e l l  as some o f  t h e  
t r i b u t a r i e s  t o  t h e  F la thead  R ive r .  

The B r i t i s h  Columbia Government has g ran ted  t h e  p r o j e c t  Stage 
I 1  a p p r o v a l - i n - p r i n c i p l e ,  which i n c l u d e s  a number o f  wa te r  q u a n t i t y  and 
q u a l i t y  c o n d i t i o n s  t o  be met a t  Stage 111. Stage I 1  i s  t h e  conceptual  
mine p l a n n i n g  stage, whereas Stage 111, which has n o t  y e t  been reached 
by t h i s  proposed mine, i s  t h e  d e t a i l e d  p l a n n i n g  s tage d u r i n g  which 
d e t a i l e d  mine p lans  a r e  submi t ted and a p p l i c a t i o n s  a r e  made f o r  v a r i o u s  
p e r m i t s  and l i c e n c e s .  

I n  a d d i t i o n  t o  p r o j e c t  and area d e s c r i p t i o n s ,  t h e  r e p o r t  
i n c l u d e s  b o t h  q u a l i t a t i v e  and q u a n t i t a t i v e  assessments o f  t h e  p o t e n t i a l  
e f f e c t s  o f  t h e  p r o j e c t .  Opt imal and adverse o p e r a t i o n a l  case scenar ios 
a r e  desc r ibed  t o  a l l o w  t h e  e v a l u a t i o n  o f  a range o f  e f f e c t s  t h a t  c o u l d  
p o t e n t i a l l y  r e s u l t  f rom t h e  proposed p r o j e c t ,  i f  developed. The o p t i m a l  
case i s  based on t h e  Stage I 1  design,  as w e l l  as t h e  assumption t h a t  
standards and c o n d i t i o n s  s p e c i f i e d  i n  B r i t i s h  Columbia Government 
r e g u l a t i o n s  and g u i d e l i n e s  f o r  c o a l  developments would be met. The 
adverse case i s  based on p a s t  i ns tances  where e x i s t i n g  E l k  V a l l e y  mines 
do n o t  appear t o  have met those standards and c o n d i t i o n s .  

E x i s t i n g  E l k  V a l l e y  mines were used f o r  t h i s  e v a l u a t i o n  because 
o f  g e o l o g i c a l  and b i o p h y s i c a l  s i m i l a r i t i e s  between t h e  E l k  and F la thead  
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R i v e r  v a l l e y s  and because o f  s i m i l a r i t i e s  between t h e  o p e r a t i n g  E l k  R i v e r  
v a l l e y  mines and t h e  proposed Sage Creek Coal L i m i t e d  p r o j e c t .  I n  many 
cases i t  was n o t  p o s s i b l e  t o  p r o v i d e  p r e c i s e  o r  d e t a i l e d  q u a n t i t a t i v e  
es t ima tes  o f  m i n i n g  e f f e c t s  because t h e  da ta  base was t o o  weak. 
A p p r o p r i a t e  a p p l i c a t i o n  o f  da ta  f r o m  t h e  e x i s t i n g  mines i n  t h e  E l k  R i v e r  
v a l l e y  t o  t h e  proposed mine s i t e  r e q u i r e d  t h e  use o f  b e s t  p r o f e s s i o n a l  
judgement. I t  i s  p o s s i b l e  t h a t  c e r t a i n  c o n d i t i o n s  o r  impacts may occur 
a t  t h e  proposed Sage Creek Coal L i m i t e d  mine s i t e  t h a t  a r e  n o t  adequate ly  
d e p i c t e d  by t h e  a v a i l a b l e  data.  

QUALITATIVE DESCRIPTION OF POTENTIAL EFFECTS 
Dur ing  t h e  c o n s t r u c t i o n  phase o f  t h e  p r o j e c t ,  t h e  a c t i v i t i e s  

would i n c l u d e  l o g g i n g ,  l a n d  c l e a r i n g ,  e a r t h  moving, and c o n s t r u c t i o n  o f  
roads, b r i d g e s ,  sediment c o n t r o l  s t r u c t u r e s ,  t r a n s m i s s i o n  l i n e ,  p l a n t  
s i t e  f a c i l i t i e s ,  and a t a i l i n g s  pond. Not a l l  o f  these would occur 
w i t h i n  a d i s c r e t e  t i m e  p e r i o d .  

These c o n s t r u c t i o n  a c t i v i t i e s  c o u l d  i nc rease  sedimentat ion,  
n u t r i e n t  a d d i t i o n s ,  o rgan ic  d e b r i s  l oad ings ,  and o i l  and grease 
c o n t r i b u t i o n s  t o  streams, as w e l l  as d i s r u p t  s t ream geomorphology. 
Sediment c o n t r o l s ,  good I’housekeeping” p r a c t i c e s ,  a p p r o p r i a t e  
c o n s t r u c t i o n  t i m i n g ,  and r e v e g e t a t i o n  have been proposed by t h e  m i n i n g  
company t o  reduce impacts t o  water  q u a l i t y  i n  t h e  v i c i n i t y  o f  t h e  mine 
s i t e  d u r i n g  t h i s  phase. 

The m i n i n g  phase would i n v o l v e  p i t  and waste and r e f u s e  dump 
development, b l a s t i n g  opera t i ons ,  and c o a l  process ing.  I t  would a l s o  
i n v o l v e  use o f  mine roads, b r i d g e s ,  t a i l i n g s  pond, sewage d i s p o s a l  
f a c i l i t i e s ,  and a water  management system. M i n i n g  phase a c t i v i t i e s  would 
p o t e n t i a l l y  r e s u l t  i n  sediment and/or i n o r g a n i c  n i t r o g e n  load ings  t o  
s u r f a c e  and groundwater f rom t h e  p i t s  and dumps, as w e l l  as n i t r o g e n  and 
phosphorus l o a d i n g s  f rom sewage d i s p o s a l .  Sur face and groundwater 
d i scha rges  as w e l l  as p i t  dewa te r ing  would p robab ly  s i g n i f i c a n t l y  a l t e r  
s u r f a c e  water  temperatures.  

A water  management p l a n  has been proposed by t h e  company t o  
handle s u r f a c e  water .  Any contaminated waters  would be c o l l e c t e d  i n  
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d i t c h e s  and r o u t e d  t o  any o f  f o u r  s e t t l i n g  ponds. Three o f  these ponds 

would d i scha rge  t o  t h e  F la thead  R i v e r  w h i l e  one would d i scha rge  t o  Cabin 
Creek. Runof f  f rom t h e  c o a l  p rocess ing  area would e n t e r  t h e  t a i l i n g s  
pond. Uncontaminated water  d i v e r s i o n  d i t c h e s  would convey upslope water  
around mine f a c i l i t i e s  and d i scha rge  t o  Cabin, Howel l ,  and Couldrey 
Creeks. 

Sage Creek Coal L i m i t e d  has proposed standard rec lamat ion  
p r a c t i c e s  f o r  t h i s  p r o j e c t .  These would i n v o l v e  removal o f  mine s i t e  
s t r u c t u r e s ,  g r a d i n g  waste dump slopes t o  app rox ima te l y  26", r i p p i n g  t h e  
s u r f a c e  o f  roads and t h e  p l a n t  s i t e ,  a p p l y i n g  salvaged s o i l  m a t e r i a l s  
( t o p s o i l ) ,  and r e v e g e t a t i o n .  The w a t e r - r e l a t e d  impacts d u r i n g  t h e  
r e c l a m a t i o n  phase a r e  expected t o  be s i m i l a r  t o  those i d e n t i f i e d  d u r i n g  
t h e  m i n i n g  phase. 

Impacts t o  groundwater f l o w  a r e  expected t o  commence d u r i n g  
c o n s t r u c t i o n  and t o  c o n t i n u e  th rough  m i n i n g  and rec lamat ion .  The 
f o l l o w i n g  sequence i s  a n t i c i p a t e d .  

1.  I n i t i a l l y ,  increased i n f l o w  t o  u n d e r l y i n g  a q u i f e r s  and 
concomi tant  increased o u t f l o w  t o  areas o f  groundwater 
d i sc harge . 

2.  Leakage o f  as much as 75% o f  d i t c h  and pond waters  t o  t h e  

3. L a t e r ,  l o c a l  r e d u c t i o n  o f  groundwater u p w e l l i n g  t o  creeks, 
decreased f l o w  a t  s p r i n g s ,  and reduced i n f l o w  t o  deep 
aqu i  f e r s  . 

4. A f t e r  proposed p i t s  extend below creek e l e v a t i o n s ,  t h e r e  
c o u l d  be l o s s  o f  Cabin o r  Howel l  Creek water  t o  t h e  
groundwater system which would l a t e r  be r e t u r n e d  t o  t h e  
F la thead  R i v e r  system f rom p i t  dewa te r ing  and pond 
d i scha rges .  

5 .  Du r ing  rec lamat ion ,  groundwater f l o w  r a t e s  would i nc rease  
toward former l e v e l s ,  b u t  s u r f a c e  i n f l o w  t o  t h e  ground would 
remain g r e a t e r  t han  b e f o r e  i n i t i a l  d i s tu rbance .  

Contaminat ion o f  groundwater w i t h  va r ious  c o n s t i t u e n t s ,  
a l t h o u g h  low  d u r i n g  i n i t i a l  c o n s t r u c t i o n ,  i s  expected t o  i nc rease  

ground. 
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t h roughou t  m i n i n g  and g r a d u a l l y  decrease w i t h  t i m e  a f t e r  min ing.  
Groundwater temperatures would be a f f e c t e d  most where ponds recharge t h e  
groundwater system. Conversely,  groundwater temperatures would l i k e l y  
i n f l u e n c e  s u r f a c e  wa te r  temperatures i n  areas o f  d i scha rge  ( o u t f l o w ) .  

QUANTITATIVE ESTIMATES OF POTENTIAL EFFECTS 
The wa te r  q u a l i t y  i ssues  o f  main concern appear t o  be those 

r e l a t e d  t o  phosphorus ( P ) ,  n i t r o g e n  ( N ) ,  t o t a l  suspended s o l i d s  (TSS) ,  
temperature,  and a c c i d e n t a l  chemical  l osses .  

P a r t i c u l a t e  P i s  expected t o  i nc rease  i n  Howel l  Creek 
downstream o f  i t s  con f luence  w i t h  Cabin Creek by 0.050 mg/L and 
0.150 mg/L, r e s p e c t i v e l y ,  f o r  t h e  o p t i m a l  and adverse cases ( b o t h  f i g u r e s  
a r e  maximum d a i l y  average increases above background c o n c e n t r a t i o n s  i n  
any g i v e n  y e a r ) .  Average annual l oad ings  would p robab ly  range f rom 250 
t o  500 k g  (550  t o  1100 l b s ) .  About 80% o f  t h i s  l o a d i n g  would occur 
d u r i n g  f r e s h e t .  

For  s o l u b l e  r e a c t i v e  phosphorus ( S R P ) ,  which i s  cons idered t h e  
most b i o l o g i c a l l y  a v a i l a b l e  component o f  t o t a l  P, t h e  es t ima ted  increases 
a r e  0.002 mg/L and 0.004 mg/L (aga in ,  b o t h  a r e  maximum d a i l y  average 
increases above background i n  any g i v e n  yea r ) .  I f  b o t h  s u r f a c e  water  and 
groundwater d i scha rges  a r e  considered,  t h e  es t ima ted  annual l o a d i n g  o f  
SRP would be about 270 k g  ( 5 9 4  l b s ) .  A maximum range o f  100 t o  500 k g  
(220  t o  1100 l b s )  would be a n t i c i p a t e d .  These f i g u r e s  do n o t  meet t h e  
phosphorus o b j e c t i v e  i n  t h e  B r i t i s h  Columbia Stage I 1  
a p p r o v a l - i n - p r i n c i p l e  f o r  t h e  Sage Creek Coal L i m i t e d  p r o j e c t ,  which 
s t i p u l a t e s  no phosphorus i nc rease  i n  r e c e i v i n g  streams, except f o r  
increases i n  s e d i m e n t - r e l a t e d  P. 

The es t ima tes  f o r  n i t r a t e - N  c o n c e n t r a t i o n s ,  p r i m a r i l y  coming 
f rom e x p l o s i v e  res idues ,  a r e  <5 and <10 mg/L (maximum d a i l y  average 
c o n c e n t r a t i o n s  i n  any g i v e n  yea r )  i n  Howel l  Creek downstream o f  Cabin 
Creek f o r  t h e  o p t i m a l  and adverse cases r e s p e c t i v e l y .  These would be 
w i t h i n  t h e  B r i t i s h  Columbia Government’s a p p r o v a l - i n - p r i n c i p l e  o b j e c t i v e  
o f  10 mg/L. Annual n i t r a t e  l o a d i n g  i s  es t ima ted  t o  be 120 tonnes ( 1 3 4 . 4  
U.S. t o n s ) .  N i t r a t e  would comprise over  95% o f  t h e  t o t a l  i n o r g a n i c  

n i t r o g e n  l o a d i n g .  
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N i t r i t e - N  c o n c e n t r a t i o n s  a r e  es t ima ted  t o  be 0.01 and 0.02 mg/L 
(maximum d a i l y  average c o n c e n t r a t i o n s  i n  any g i v e n  year)  i n  Howel l  Creek 
below t h e  con f luence  w i t h  Cabin Creek. These es t ima tes  were based on 
company da ta  which may have over-est imated n i t r i t e - #  c o n c e n t r a t i o n s .  The 
B.C. Government o b j e c t i v e  l e v e l s  f o r  t h i s  p r o j e c t  a r e  0.060 mg/L a t  any 
t i m e  and 0.020 mg/L f o r  pro longed p e r i o d s .  

Maximum d a i l y  average c o n c e n t r a t i o n s  o f  t o t a l  ammonia--# i n  any 
g i v e n  year  a r e  es t ima ted  as 0.05 and 0.15 mg/L i n  Howel l  Creek below i t s  
con f luence  w i t h  Cabin Creek. These may be underest imates,  based on t h e  
da ta  used. The c a l c u l a t e d  t o t a l  ammonia-# o b j e c t i v e  f o r  t h i s  p r o j e c t  i s  
0.838 mg/L. 

For t h e  adverse case, TSS c o n c e n t r a t i o n s  would p robab ly  exceed 
t h e  Sage Creek Coal L i m i t e d  o b j e c t i v e  o f  a 10 mg/L i nc rease  above 
background l e v e l s  on f o u r  occasions d u r i n g  f r e s h e t  i n  an average year and 
once every f o u r  years d u r i n g  l a t e  summer o r  f a l l  due t o  s to rm events.  
The average peak d a l l y  i nc rease  above background d u r i n g  these occasions 
i s  es t ima ted  t o  be 43 mg/L i n  Cabin o r  Howell  Creeks above t h e i r  
con f l uence  over  a three-day p e r i o d  f o r  each occasion. Th is  peak e s t i m a t e  
would a p p l y  t o  t h e  c o n s t r u c t i o n  and m i n i n g  phases o n l y .  Peak 
c o n c e n t r a t i o n  da ta  cannot be used f o r  g e n e r a t i n g  l o a d i n g  es t ima tes .  The 
env i ronmenta l  o b j e c t i v e  o f  no g r e a t e r  than a 10 mg/L i nc rease  above 
background would be met d u r i n g  t h e  remainder o f  t h e  year ;  increases 
should f r e q u e n t l y  be much lower  than  10 mg/L. 

I n  t h e  o p t i m a l  case t h e  10 mg/L o b j e c t i v e  f o r  TSS would n o t  be 
exceeded. Dur ing  non- f reshe t  p e r i o d s  on Cabin Creek and a l l  p e r i o d s  on 
Howel l  Creek, TSS increases above background should f r e q u e n t l y  be much 
l e s s  than  10 mg/L. 

Temperature e f f e c t s  on Howel l  Creek below t h e  conf luence would 
i n c l u d e  es t ima ted  changes o f  -1" t o  t1"C ( -1 .8"  t o  1.8"F) and -2"  t o  t3"C 
( -3 .6"  t o  5 . 4 " F )  changes, r e s p e c t i v e l y ,  f o r  t h e  two scenar ios as compared 
w i t h  t h e  o b j e c t i v e  o f  a +1"C (+1.8"F) change. 

A v a r i e t y  o f  o t h e r  parameters a r e  d iscussed i n  t h e  t e x t  w i t h  
respec t  t o  r e c e i v i n g  o r  mine e f f l u e n t  water  c o n c e n t r a t i o n s .  These 
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i n c l u d e  d i s s o l v e d  oxygen, pH, t o t a l  d i s s o l v e d  s o l i d s ,  meta ls ,  and o t h e r  
c a t i o n s  and anions.  

Land d i s t u r b a n c e  would be expected t o  i nc rease  r u n o f f  f rom t h e  
mine s i t e  by 20%. and t o  cause a t h r e e - f o l d  i n c r e a s e  i n  groundwater 
d i scha rge  f rom t h e  mine s i t e  a t  maximum mine development. The average 
o v e r a l l  i nc reases  a r e  es t ima ted  t o  be 0.91 x 10 m / y r  ( 2 . 4  x 
l o 8  g a l / y r )  f o r  s u r f a c e  wa te r  and 1.82 x 10 m / y r  (4.81 x 
10 g a l / y r )  f o r  groundwater.  

6 3  
6 3  

8 

OTHER EFFECTS 
The w a t e r - r e l a t e d  e f f e c t s  o f  o t h e r  m i n e - r e l a t e d  events  such as 

f u g i t i v e  d u s t  emissions and stream channel encroachment, have n o t  been 
q u a n t i f i e d .  Nor have t h e  e f f e c t s  o f  u n c e r t a i n  events,  such as extreme 
f l o o d  f l o w s  and waste dump f a i l u r e s ,  been q u a n t i f i e d .  Never the less,  t hey  
have been q u a l i t a t i v e l y  eva lua ted  o r  d iscussed i n  S e c t i o n  6 o f  t h i s  
r e p o r t .  

A l l  s e t t l i n g  ponds would c o n t a i n  two o u t f l o w  s t r u c t u r e s :  t h e  
normal decant t o  handle f l o w s  up t o  t h e  50-year f l o o d ,  and a f r e e  c r e s t  
s p i l l w a y  capable o f  pass ing  t h e  peak f l o w  f rom a 200-year f l o o d .  A 

50-year f l o o d  f l o w  c o u l d  decrease r e t e n t i o n  t imes i n  s e t t l i n g  ponds o r  
cause s h o r t  c i r c u i t i n g  o f  c o n t r o l  s t r u c t u r e s .  Debr i s  c o u l d  l i m i t  peak 
f l o w s  f r o m  d i scha rge  s t r u c t u r e s ,  o r  c o u l d  cause a breach o f  a d i v e r s i o n  
d i t c h .  Such an event  c o u l d  i nc rease  TSS c o n t r i b u t i o n s  t o  t h e  r e c e i v i n g  
waters ,  b u t  o t h e r  parameters would l i k e l y  n o t  be increased s i g n i f i c a n t l y  
due t o  d i l u t i o n  assoc ia ted  w i t h  t h e  increased r u n o f f .  However, d i r e c t  
impacts t o  c o n t r o l  s t r u c t u r e s  f rom a 50-year f l o o d  f l o w  should n o t  be 
severe. 

P r o b a b i l i t y  es t ima tes  i n d i c a t e  t h a t  t h e r e  i s  a 40% chance o f  a 
f l o o d  f l o w  o c c u r r i n g  t h a t  would equal  o r  exceed t h e  c a p a c i t y  o f  t h e  
normal pond decant (50-year)  design, r e s u l t i n g  i n  f l o w  f rom t h e  emergency 
s p i l l w a y  d u r i n g  t h e  a c t i v e  p r o j e c t  l i f e  (25 yea rs ) .  The p r o b a b i l i t y  o f  a 
f l o o d  f l o w  e q u a l l i n g  o r  exceeding t h e  des ign  c a p a c i t y  o f  t h e  emergency 
s p l l l w a y  i s  12% d u r i n g  t h e  a c t i v e  p r o j e c t  l l f e .  These p r o b a b l l i t l e s  
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i n c r e a s e  when t h e  p r o j e c t  l i f e  i s  increased t o  35 years t o  i n c l u d e  10 
a d d i t i o n a l  years i n t o  t h e  r e c l a m a t i o n  p e r i o d .  

There had been no f a i l u r e s  o f  s e t t l i n g  ponds o r  t a i l i n g s  pond 
s t r u c t u r e s  i n  t h e  e x i s t i n g  E l k  V a l l e y  m i n i n g  area o f  B r i t i s h  Columbia 
u n t i l  s e t t l i n g  pond f a i l u r e s  occurred a t  one mine i n  t h e  s p r i n g  o f  1986. 
These f a i l u r e s  a r e  d iscussed i n  Appendix 7 .  Because o f  t h e  cons ide rab le  
d i f f e r e n c e s  i n  s e t t l i n g  pond des ign  between those t h a t  f a i l e d  and those 
proposed by Sage Creek Coal L i m i t e d ,  i t  would be unreasonable, f rom t h e  
s t a n d p o i n t  o f  des ign,  t o  cons ide r  a d d i t i o n a l  r i s k  o f  f a i l u r e  o f  t h e  
proposed Sage Creek Coal L i m i t e d  s e t t l i n g  ponds i n  l i g h t  o f  t h e  f a i l u r e s  
a t  t h e  e x i s t i n g  o p e r a t i o n .  

A number o f  waste dump f a i l u r e s  have occurred i n  t h e  E l k  V a l l e y  
a rea .  A l though v i s u a l  obse rva t i ons  i n d i c a t e d  t h a t  l i m i t e d  and s h o r t - t e r m  
water  q u a l i t y  d e t e r i o r a t i o n  occu r red  as a r e s u l t  o f  these f a i l u r e s ,  
q u a n t i t a t i v e  da ta  on these e f f e c t s  were n o t  c o l l e c t e d .  Whi le  
geo techn ica l  i n f o r m a t i o n  and dump des ign  da ta  i n d i c a t e  some p o t e n t i a l  f o r  
dump f a i l u r e  a t  t h e  proposed Sage Creek Coal L i m i t e d  mine s i t e ,  proper  
dump c o n s t r u c t i o n  and management p r a c t i c e s  would be expected t o  
s i g n i f i c a n t l y  decrease t h e  l i k e l i h o o d  o f  a f a i l u r e .  However, i f  a l a r g e  
enough f a i l u r e  o f  a proposed dump ad jacen t  t o  Cabin o r  Howel l  Creeks were 
t o  occur ,  i t  would most l i k e l y  cause a s i g n i f i c a n t  e l e v a t i o n  o f  suspended 
s o l i d s  i n ,  as w e l l  as a l t e r i n g  t h e  geomorphology o f ,  those creeks. 

CONCLUSION 
Table 6 o f  t h e  t e x t  i l l u s t r a t e s  a comparison ' o f  e f f e c t s  

p r e d i c t e d  by t h e  MDC w i t h  c o n d i t i o n s  s e t  f o r  a p p r o v a l - i n - p r i n c i p l e  by t h e  
B r i t i s h  Columbia government. The parameters t h a t  w i l l  tend t o  exceed t h e  
c o n d i t i o n s  f o r  a p p r o v a l - i n - p r i n c i p l e  as shown by Table 6 a r e  s o l u b l e  
r e a c t i v e  phosphorus, temperature,  and t o t a l  suspended s o l i d s .  Reduced 
n i t r o g e n  species may be o f  concern a t  l o c a t i o n s  o f  groundwater upwe l l i ngs  
i n  Cabin and Howel l  Creeks. 
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1 .  INTRODUCTION 

1.1 RESPONSIBILITIES OF M I N E  DEVELOPMENT COMMITTEE 

As p a r t  o f  t h e  F la thead  R i v e r  I n t e r n a t i o n a l  Study, t h e  Mine 
Development Committee (MDC) was organized t o  p r o v i d e  o t h e r  t e c h n i c a l  
s tudy committees w i t h  mine s i t e  env i ronmenta l  and des ign  i n f o r m a t i o n  
necessary t o  assess impacts o f  t h e  proposed Sage Creek Coal L i m i t e d  
p r o j e c t  on water  q u a l i t y  and q u a n t i t y  i n  t h e  F la thead  Basin.  

The f o l l o w i n g  terms o f  r e f e r e n c e  were g i v e n  t o  t h e  MDC by t h e  
F la thead  R i v e r  I n t e r n a t i o n a l  Study Board ( F R I S B ) .  

"The Mine Development Committee w i l l  have t h e  f o l l o w i n g  tasks :  
1.  t o  e s t a b l i s h  d e t a i l e d  work p lans,  i n c l u d i n g  es t ima ted  

f i n a n c i a l  requi rements,  schedules, subcommittee assignments, 
e t c  . ; 

2. t o  examine t h e  mine and i t s  a n c i l l a r y  f a c i l i t i e s  as 
desc r ibed  i n  t h e  Sage Creek Coal Stage I 1  Report  as w e l l  as 
t h e  supplementary c o n d i t i o n s  a t tached  t o  t h e  Stage I 1  
a p p r o v a l - i n - p r i n c i p l e  r e q u i r e d  by t h e  Government o f  B r i t i s h  
Col umbia ; 

3 .  t o  determine t h e  source, magnitude, e x t e n t ,  and d u r a t i o n  o f  
a l l  water  d ischarges r e l a t e d  t o  t h e  mine, and s t ream channel 
m o d i f i c a t i o n s  o c c u r r i n g  d u r i n g  t h e  c o n s t r u c t i o n ,  ope ra t i on ,  
and r e c l a m a t i o n  o f  t h e  Cabin Creek Coal Mine and i t s  
a n c i l l a r y  f a c i l i t i e s ,  t h a t  c o u l d  a f f e c t  water  q u a l i t y ,  
q u a n t i t y  o r  s t ream h a b i t a t  o f  t h e  F la thead  R i v e r  o r  i t s  
t r i b u t a r i e s  ( e s p e c i a l l y  Cabin and Howell  Creeks).  I n  i t s  
de te rm ina t ions ,  t h e  committee s h a l l  cons ide r ,  b u t  n o t  be 
1 m i t e d  t o ,  p lans  f o r :  
- c o n s t r u c t i o n  o f  power l i nes  and roads, 
- mine s i t e  water  management, 
- c o n s t r u c t i o n  camps, 
- sewage t rea tmen t ,  
- b l a s t i n g  procedures,  
- mine waste d i s p o s a l ,  
- c o a l  h a n d l i n g  and d u s t  suppression, 
- rec lamat ion ;  and, 
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4. t o  prepare a r e p o r t  d e t a i l i n g  t h e  r e s u l t s  o f  t h e  above 
tasks ,  t o  be used by b o t h  t h e  o t h e r  committees and t h e  
Board.” ( F R I S B  Revised Plan o f  Study, January 1986). 

I n  t h e  e a r l y  phase o f  t h e  s tudy a r e p r e s e n t a t i v e  o f  Sage Creek 
Coal L i m i t e d  was a v a i l a b l e  as a t e c h n i c a l  a d v i s o r  t o  t h e  MDC. F o l l o w i n g  
t h e  reassignment o f  t h e  company r e p r e s e n t a t i v e ,  Sage Creek Coal L i m i t e d  
was n o t  represented on t h e  committee. The company o f f e r e d  t o  p r o v i d e  
f u r t h e r  t e c h n i c a l  a d v i c e  i f  r e q u i r e d .  

1.2 GENERAL PROJECT D E S C R I P T I O N  

Sage Creek Coal L i m i t e d  proposes t o  develop a thermal  c o a l  
m i n i n g  o p e r a t i o n  c o n s i s t i n g  o f  two open p i t s  near t h e  conf luence o f  
Howel l  and Cabin Creeks i n  t h e  F la thead  R i v e r  v a l l e y  i n  B r i t i s h  Columbia 
( F i g u r e s  1 and 2 ) .  The m i n i n g  program i s  proposed t o  produce 2.2 m i l l i o n  
tonnes a n n u a l l y  ( M t / y r )  o f  medium v o l a t i l e  c l e a n  thermal  c o a l  over  a 
p e r i o d  o f  21 years (one tonne equals 1000 k i l og rams  o r  1.1 U.S. t o n s ) .  
Reserves i n  t h e  immediate area a r e  approx ima te l y  152 M t  o f  i n - p l a c e  c o a l  
o f  which 55.6 M t  would be mined, p roduc ing  46.6 M t  o f  c l e a n  c o a l  (B.C. 

Research and Norecol  1982, [ f r o m  he re  on, f o r  c l a r i t y  and expediency, 
t h i s  source w i l l  a l s o  be r e f e r r e d  t o  as Stage I 1  Environmental  Assessment 
o r  Stage I 1  E A ] ) .  More p r e c i s e l y ,  an annual c l e a n  c o a l  p r o d u c t i o n  o f  
2.22 M t  would be necessary t o  produce a t o t a l  o f  46.6 M t  f o r  21 years o f  
m i n i n g  . 

Open p i t s  would be developed (see  Subsect ion 2.1 f o r  d e t a i l s )  
and overburden wastes would be p laced on to  waste dumps ad jacen t  t o  t h e  
p i t s .  A p rocess ing  p l a n t ,  c o a l  d r i e r ,  t a i l i n g s  pond, r e f u s e  dump, 
emergency s t o c k p i l e s ,  and a n c i l l a r y  f a c i l i t i e s  would be l o c a t e d  west o f  
Howel l  Creek and sou th  o f  Cabin Creek (See Subsect ion 2.6 f o r  d e t a i l s ) .  
Coal would be processed a t  t h e  mine s i t e  and t r a n s p o r t e d  by t r u c k  over  an 
upgraded road t o  a l oad -ou t  f a c i l i t y  a t  Mor r i ssey .  Coal would then be 
t r a n s p o r t e d  f rom Mor r i ssey  a l o n g  t h e  e x i s t i n g  C.P.R.  r a i l  l i n e  t o  t h e  
Roberts Bank Coal P o r t  i n  Tsawwassen, near Vancouver. 

A new 230 k i l o v o l t  (kV) t r a n s m i s s i o n  l i n e  would supply  power 
for t h e  p r o j e c t .  Th i s  l i n e  would extend south 87 km ( 5 4  m i )  f rom N a t a l  
t o  t h e  mine s i t e .  
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F i g u r e  1.  Fla thead  R i v e r  d r a i n a y e  b a s i n .  
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F i g u r e  2. L o c a t i o n  o f  t h e  proposed p r o j e c t .  
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A 400-worker c o n s t r u c t i o n  camp would be l o c a t e d  near t h e  mine 
s i t e  f o r  t h e  d u r a t i o n  o f  t h e  c o n s t r u c t i o n  p e r i o d ,  and would be d i sman t led  
a f t e r  t h e  c o n s t r u c t i o n  has been completed. 

Table 1 p rov ides  genera l  t e c h n i c a l  p r o j e c t  i n f o r m a t i o n .  To 
achieve t h e  proposed c o a l  p r o d u c t i o n  l e v e l s ,  t h e  mine would ope ra te  t h r e e  
e i g h t - h o u r  s h i f t s  pe r  day f o r  355 days pe r  year .  

Water supply  f o r  t h e  p l a n t  o p e r a t i o n  i s  proposed t o  be m a i n l y  
r e c y c l e d  water  f rom t h e  cyc lone  and t h i c k e n e r s ,  as w e l l  as a smal l  
c o n t r i b u t i o n  f rom t h e  t a i l i n g s  pond. Make-up water  would be ob ta ined  
f rom t h e  s e t t l i n g  ponds. 

Four s e t t l i n g  ponds a t  t h e  mine s i t e  have been designed t o  
reduce p o t e n t i a l  sediment l o a d i n g  t o  n a t u r a l  streams. Mine s i t e  d ra inage  
f rom roads, mine f a c i l i t i e s ,  open p i t s ,  and waste dumps i s  designed t o  be 
c o n t r o l l e d  by d ra inage  d i t c h e s  and c u l v e r t s ,  and then  d i r e c t e d  i n t o  
s e t t l i n g  ponds. 

Three mine s i t e  b r i d g e s  have been proposed: two c ross ings  over  
Howel l  Creek and one over  Cabin Creek. 

1 .3 SCOPE OF THE MDC STUDY 
The F la thead  R i v e r  I n t e r n a t i o n a l  Study Board (FRISB) recognized 

t h a t  because t h e  mine development p l a n  i s  s t i l l  i n  t h e  conceptual  des ign  
phase (Stage 11) t h e  MDC would n o t  be a b l e  t o  p r e c i s e l y  es t ima te  t h e  
o f f - s i t e  water  q u a n t i t y  and q u a l i t y  changes w i t h o u t  making s p e c i f i c  
assumptions r e g a r d i n g  f i n a l  des ign.  Acco rd ing l y ,  i t  d i r e c t e d  t h e  MDC t o  
develop two mine s i t e  des ign  scenar ios  t o  a l l o w  e v a l u a t i o n  o f  a range o f  
p o t e n t i a l  e f f e c t s  on water  based resources f rom t h e  c o n s t r u c t i o n ,  min ing,  
and r e c l a m a t i o n  phases o f  t h e  p r o j e c t  ( see  Appendix 1 ) .  

The two scenar ios developed inc luded  an "Opt imal Opera t i ona l  
Case" f o r m e r l y  c a l l e d  "Most D e s i r a b l e  Case" by t h e  FRISB and an "Adverse 
Opera t i ona l  Case" f o r m e r l y  c a l l e d  "Opera t i ona l  Case" by FRISB.  

1.3.1 Opt imal Opera t i ona l  Case 
I n  t h i s  case t h e  MDC has assumed t h a t  a l l  mine s i t e  des ign  

components would i n v o l v e  t h e  use o f  s t a t e - o f - t h e - a r t  mine technology and 
would a l s o  achieve des ign  standards s p e c i f i e d  i n  v a r i o u s  m i n i n g  
r e g u l a t i o n s  and g u i d e l i n e s  i n  t h e  Prov ince o f  B r i t i s h  Columbia, i n c l u d i n g :  
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Table 1.  Key t e c h n i c a l  da ta  f o r  t h e  Sage Creek Coal L i m i t e d  mine p r o j e c t .  

Nominal c l e a n  c o a l  p r o d u c t i o n  r a t e  

Nominal raw c o a l  p r o d u c t i o n  r a t e  

Average s t r i p p i n g  r a t i o  

Average volume o f  overburden 
excavated a n n u a l l y  

P r o j e c t  l i f e  

Average wash p l a n t  recovery 
Years 1 t o  5 
Years 6 t o  10 
Years 11 t o  21 

Mine o p e r a t i n g  days pe r  year  
Mine o p e r a t i n g  s h i f t s  pe r  week 
P l a n t  o p e r a t i n g  days p e r  year  
P l a n t  o p e r a t i n g  s h i f t s  pe r  week 
P l a n t  maintenance s h i f t s  pe r  week 
T o t a l  number o f  mine employees 
Average h o u r l y  p l a n t  feed 

Years 1 t o  5 
Years 6 t o  21 

Washplant a v a l l a b i l i t y  
Power demand 
T o t a l  i n  s i t u  reserves 
T o t a l  i n  s i t u  c o a l  reserves t o  be mined 
T o t a l  c l e a n  c o a l  t o  be produced 

(16% ash, 8% mo is tu re )  

2.2 Mt / y r  

2.6 Mt / y r  

4 . 7  bank c u b i c  metresa/per 
1 tonne o f  raw c o a l  

13 m i l l i o n  bank cub ic  metres 

21 years 

8 2% 
7 4% 
69% 
355 
21 
31 3 
18 
3 
455 t o  530b 

444 t 
496 t 
82% 
15 Megawatts 
152 M t  
55.6 M t  

46.6 M t  

a One bank c u b i c  metre i s  one cub lc  metre i n  p l a c e  b e f o r e  e x t r a c t i o n ,  
and t h e r e f o r e  b e f o r e  s w e l l i n g  due t o  f r a c t u r i n g  and b u l k i n g .  

I n d i r e c t  employees added. 
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- Gu ide l i nes  f o r  Design, Cons t ruc t i on ,  Operat ion,  and 
Abandonment o f  T a i l i n g s  Impoundments ( M i n i s t r y  o f  Energy, 
Mines, and Petro leum Resources [MEMPR]) ;  

- Gu ide l i nes  f o r  Mine Dumps (MEMPR);  
- Gu ide l i nes  f o r  Approval  o f  Main Sur face Haul Roads R e g u l a r l y  

Used f o r  t h e  T r a n s p o r t a t i o n  o f  M i n e r a l s  or Waste a t  Mines 
(MEMPR) ; 

- Mine Reclamat ion Gu ide l i nes  (MEMPR);  
- P o l l u t i o n  C o n t r o l  O b j e c t i v e s  for t h e  Min ing,  Smel t ing,  and 

Re la ted  I n d u s t r i e s  of  B.C. (gove rn ing  a i r ,  s o l i d ,  and l i q u i d  
waste d i scha rges  a t  mine s i t e s ,  p r e p a r a t i o n  p l a n t s ,  and 
c o n s t r u c t i o n  camps) ( M i n i s t r y  o f  Environment [MOE] ) ;  

- Water Licences and Approvals govern ing a l l  s u r f a c e  water  
d i v e r s i o n  and s e t t l i n g  ponds ( M O E ) ;  

- Gu ide l i nes  for Stream Crossings (MOE); and 
- Cond i t i ons  for Stage I 1  A p p r o v a l - i n - P r i n c i p l e .  

1.3.2 Adverse Opera t i ona l  Case 
I n  deve lop ing  an adverse o p e r a t i o n a l  case, t h e  MDC has 

considered a c t u a l  o p e r a t i o n a l  da ta  based on exper ience w i t h  e x i s t i n g  
m i n i n g  o p e r a t i o n s  i n  t h e  E l k  R i v e r  d ra inage  as w e l l  as s p e c i f i c  
c o n d i t i o n s  o f  t h e  proposed Sage Creek Coal L i m i t e d  p r o j e c t  s i t e .  Th i s  
i n c l u d e s  a l lowance f o r  var iances due t o  problems w i t h  env i ronmenta l  
c o n t r o l  s t r u c t u r e s  exper ienced a t  mines o p e r a t i n g  i n  t h e  E l k  R i v e r  
d r a  i nage . 

The o p e r a t i n g  mines have been used t o  e s t a b l i s h  a range o f  
observed e f f e c t s .  However, i t  cannot be assumed f rom t h i s  t h a t  o p e r a t i n g  
mines g e n e r a l l y  rep resen t  t h e  adverse case. Rather,  d i f f e r e n t  f a c e t s  o f  
each e x i s t i n g  o p e r a t i o n  may r e f l e c t  e i t h e r  adverse o r  o p t i m a l  o p e r a t i o n a l  
cases under d i f f e r e n t  c o n d i t i o n s  and a t  d i f f e r e n t  t imes.  

Th is  case i n c l u d e s  t h e  assumption t h a t  events would occur t h a t  
would r e s u l t  i n  p o i n t  and non--point  source d ischarges which exceed water  
q u a n t i t y  and q u a l i t y  standards s p e c i f i e d  i n  t h e  above r e g u l a t i o n s  and 
g u i d e l i n e s .  Whi le  t h e  c o n t r i b u t i o n s  o f  some such events,  such as 
chemical  s p i l l s ,  a r e  i m p l i c i t l y  i n c l u d e d  i n  q u a n t i t a t i v e  p r o j e c t i o n s  i n  
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S e c t i o n  5, c o n t r i b u t i o n s  o f  "extreme events" ,  such as h i g h  f l o o d  f lows, 
were n o t  q u a n t i f i a b l e  and a r e  d iscussed i n  S e c t i o n  6. 

1.4 THE M I N E  DEVELOPMENT COMMITTEE REPORT 
The FRISB d i r e c t e d  t h e  MDC t o  prepare a statement which 

covers a l l  phases o f  t h e  p r o j e c t  and which i s  based on p r e l i m i n a r y  des ign  
s p e c i f i c a t i o n s  o u t l i n e d  i n  t h e  Stage 11 EA f o r :  

- mine s i t e  wa te r  management measures; 
- waste t rea tmen t  a t  p rocess ing  p l a n t  and c o n s t r u c t i o n  camps; 
- b l a s t i n g  procedures;  
- mine waste d i s p o s a l  and dump s t a b i l i t y ;  
- c o a l  h a n d l i n g  and d u s t  suppression; 
- r e c l a m a t i o n  measures; and 
- c o n s t r u c t i o n  o f  power l i nes  and roads. 
I n  seve ra l  cases t h e  MDC has n o t  been a b l e  t o  assess t h e  Stage 

I 1  des ign  c o n d i t i o n s  t o  e f f e c t i v e l y  q u a n t i f y  water  q u a n t i t y  o r  q u a l i t y  
emanating f rom p o t e n t i a l  p o i n t  and non-po in t  contaminant sources. I n  
those cases, t h e  u n c e r t a i n t i e s  and means o f  address ing them a r e  o u t l i n e d .  

The MDC has l i m i t e d  i t s  d e t a i l e d  e v a l u a t i o n s  (Sec t i ons  4 t o  6) 

t o  a 21-year mine l i f e  p l u s  an i n i t i a l  two-year  c o n s t r u c t i o n  p e r i o d .  The 
m i n i n g  p l a n  i n  t h e  Stage I 1  r e p o r t s  o f  t h e  company i s  based upon t h a t  
p e r i o d .  However, c o n s i d e r a b l e  c o a l  reserves would remain a t  t h e  mine 
s i t e  a t  t h e  end o f  i t s  21-year l i f e  (see Table 1 ) .  Moreover, t h e r e  a r e  
aspects  o f  des ign  t h a t  a r e  b u i l t  i n t o  o r  a r e  a n a t u r a l  p a r t  o f  v a r i o u s  
mine s i t e  s t r u c t u r e s  t h a t  would accommodate con t inued  m i n i n g  p a s t  t h e  
21-year h o r i z o n  (Subsec t i on  2.5). 

Reclamat ion a c t i v i t i e s  would c o n t i n u e  f o r  some unknown p e r i o d  
o f  t i m e  a f t e r  comp le t i on  o f  m i n i n g  ( see  Subsect ion 4.3). 

1 . 5  STUDY METHODS 

I n  most cases, t h e  a n a l y s i s  i n v o l v e d  c o l l e c t i o n ,  rev iew,  and 
e v a l u a t i o n  o f  e x i s t i n g  data,  r e p o r t s ,  and f i l e  i n f o r m a t i o n  f rom b o t h  t h e  
proposed mine s i t e  and e x i s t i n g  mines i n  t h e  E l k  R i v e r  dra inage.  Some 
chemical  analyses were performed on coal-waste r e f u s e  samples f rom an E l k  
R i v e r  v a l l e y  o p e r a t i o n  ( see  Appendix 2) t o  p r o v i d e  wors t  case- type da ta  
f o r  waste and r e f u s e  dumps groundwater q u a l i t y  assessment purposes. 
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E f f l u e n t  and r e c e i v i n g  water  da ta  f r o m  m i n i n g  a c t i v i t i e s  i n  t h e  
E l k  R i v e r  v a l l e y  were used because o f  g e o l o g i c a l ,  b i o p h y s i c a l ,  and m i n i n g  
method s i m i l a r i t i e s  between t h e  o p e r a t i n g  mines and t h e  proposed Sage 
Creek Coal L i m i t e d  p r o j e c t .  

There a r e  f i v e  open p i t - c o a l  mines i n  t h e  E l k  R i v e r  d ra inage  i n  
sou theas te rn  B r i t i s h  Columbia upstream o f  Lake Koocanusa. 

Annual 
P roduc t i on  C a p a c i t y  

F i r s t  Coal ( m i l l i o n  tonnes) 
Shipped Meta l  l u r a i c a l  Thermal 

Westar Mines L t d .  ( f o r m e r l y  B.C. 
Coal L td . ,  K a i s e r  Resources L t d . )  1968 7.0 1 .o 
Fo rd ing  Coal L i m i t e d  1972 5.0 1 .o 
Byron Creek C o l l i e r i e s  1974 - 1.3 
G r e e n h i l l s  Mine (Westar)  1982 1.8 1.1 
L i n e  Creek Mine (Crows Nest Resources) 1982 1.3 -- 1.7 

TOTAL 15.1 6.1 

Since 1970, s u b s t a n t i a l  improvements have been made i n  t h e  
s t a t e - o f - t h e - a r t  o f  a l l  aspects  of o p e n - p i t  c o a l  min ing,  s e t t l i n g  ponds, 
t a i l i n g s  ponds, p l a n t  e f f i c i e n c y ,  waste dump c o n t r o l ,  c o a l  r e f u s e  
d i s p o s a l ,  env i ronmenta l  c o n t r o l ,  and rec lamat ion .  

I n  v iew o f  t h e  l i m i t a t i o n s  o f  t h e  da ta  base a t  t h e  proposed 
mine s i t e  as w e l l  as a t  s i m i l a r  open-p i t  c o a l  mines i n  t h e  Fo rd ing  and 
E l k  R i v e r  v a l l e y s ,  t h e  MDC found i t  necessary t o  make a number o f  
assumptions i n  o r d e r  t o  e s t i m a t e  impacts t o  water  q u a n t i t y  and q u a l i t y .  
Major  da ta  d e f i c i e n c i e s  c o n s i s t  o f  an inadequate understanding o f  mine 
s i t e  and r e g i o n a l  hydrogeology, dewater ing p r a c t i c e s  t o  be used i n  
p r e p a r a t i o n  f o r  t h e  use o f  e x p l o s i v e s ,  p i t  dewater ing,  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  s u r f i c i a l  g e o l o g i c a l  d e p o s i t s ,  chemis t r y  o f  d ischarges,  
d e t a i l e d  e n g i n e e r i n g  des ign  i n f o r m a t i o n ,  and rec lamat ion .  Attempts have 
been made t o  o u t l i n e  where major  assumptions were made and t o  c a u t i o n  t h e  
reader  where i n t e r p r e t a t i o n s  were based more on p r o f e s s i o n a l  judgement 
than  a c t u a l  da ta .  

1.6 PROJECI HISTORY 
The company p ropos ing  t h e  development, Sage Creek Coal L i m i t e d ,  
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was formed as a p a r t n e r s h i p  o f  R i o  Algom L t d .  and Pan Ocean O i l  L t d .  
The Sage Creek Coal L i m i t e d  p r o j e c t  has been under rev iew  by 

t h e  B r i t i s h  Columbia Government s i n c e  1970 (see  Appendix 3 f o r  a 
d e s c r i p t i o n  o f  l e g a l  and a d m i n i s t r a t i v e  arrangements f o r  rev iew ing ,  
r e g u l a t i n g ,  and m o n i t o r i n g  c o a l  developments i n  B r i t i s h  Columbia). Key 
dates i n  t h e  e v o l u t i o n  o f  p r o j e c t  p l a n n i n g  are:  

1970-75: E x p l o r a t i o n  Phase. 
J u l y  1975: Prospectus Submit ted.  
August 1975: P r o j e c t  des ignated f o r  rev iew  pursuant  t o  

Environment and Land Use Committee Gu ide l i nes  
f o r  Coal Development. 

J u l y  1976: Stage I Environmental  Assessment Submit ted.  
October 1976: Stage I Approved. 
December 1979: Stage I 1  Reports Submit ted,  Screened by Mine 

Gu ide l i nes  S t e e r i n g  Committee (MGSC) ( see  
Appendix 3 f o r  d e s c r i p t i o n  o f  t h i s  commit tee).  

J u l y  1980: Stage I 1  wi thdrawn by company f o r  r e v i s i o n .  
August 12, 1980: MGSC rev iew  comments forwarded t o  company 

w i  t h  l e t t e r  c o n f i r m i n g  w i thd rawa l  o f  t h e  
r e p o r t .  

August 17, 1980: P r o v i n c i a l  M i n i s t r i e s  (MOE and MEMPR) 
approach Sage Creek Coal L i m i t e d  t o  c l a r i f y  
c o n t i n u i n g  P r o v i n c i a l  requi rements.  

March 1982: Revised Stage I 1  Reports submi t ted by Sage 
Creek Coal L i m i t e d  t o  Coal Gu ide l i nes  
S t e e r i n g  Committee. 

a p p r o v a l - i n - p r i n c i p l e  w i t h  Stage 111 
c o n d i t i o n s  imposed. 

submi t ted t o  Sage Creek Coal L i m i t e d .  

February 1984: B.C. Cabinet issues Stage I1 

January 1985: P r o v i n c i a l / F e d e r a l  Stage I 1  r e v i e w  comments 

1.6.1 Stage I 1  A p p r o v a l - i n - P r i n c i p l e  Cond i t i ons  
I n  a l e t t e r  dated 1984-02-21, t h e  Honourable A.J. Brummet, t hen  

Chairman o f  t h e  Environment and Land Use Committee (ELUC), g ran ted  Sage 
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Creek Coal L i m i t e d  Stage I 1  a p p r o v a l - i n - p r i n c i p l e .  The l e t t e r  a l s o  
summarized and conf i rmed seve ra l  p a s t  commitments t h e  company had made 
and r e q u i r e d  t h e  company t o  adhere t o  a number o f  c o n d i t i o n s  and 
env i ronmenta l  o b j e c t i v e s ,  as o u t l i n e d  below. 

1.6.1.1 Company water  quantity/quality-related commitments. 
- Establ ishment  o f  an env i ronmenta l  s u r v e i l l a n c e  program a t  t h e  

s t a r t  o f  t h e  c o n s t r u c t i o n  p e r i o d .  
- To a v o i d  p o t e n t i a l  impacts of n i t r o g e n  en r i ched  waters on 

c r i t i c a l  spawning areas by r e l o c a t i n g  s e t t l i n g  pond 
d i scha rges  below s e n s i t i v e  reaches o r  d i r e c t l y  i n t o  t h e  
F la thead  R i v e r .  

- Containment o f  c o a l  d u r i n g  s to rage  and t r a n s p o r t .  
- C a r e f u l  t i m i n g  o f  b r i d g e  c o n s t r u c t i o n  a t  t h e  mlne s i t e  t o  

- I d e n t i f i c a t i o n  o f  p o t e n t i a l  problems concern ing p o l l u t a n t  
accumulat ion which c o u l d  occur a t  t h e  mine s i t e  w i t h i n  f l o o d  
p l a i n  micro-environments.  

m in im ize  f i s h e r i e s  impacts.  

- To l o c a t e  and des ign  con tou r  d i t c h e s  above t h e  mine s i t e  i n  
accordance w i t h  water  l i c e n c e  requi rements.  

- To suppor t  an a i r  emiss ion p e r m i t  a t  Stage 111, by 
u n d e r t a k i n g  a b a s e l i n e  a i r  q u a l i t y  m o n i t o r i n g  program f o r  
t o t a l  suspended p a r t i c u l a t e s .  

1.6.1.2 A d d i t i o n a l  requi rements.  
- " A  comp le te l y  und is tu rbed  b u f f e r  s t r i p  o f  l a n d  must be 

preserved ad jacen t  t o  b o t h  Howel l  and Cabin Creeks, ex tend ing  
a minimum o f  90 m [295 f t ]  f rom t h e  h igh-water  mark o f  these 
streams. Minor  v a r i a t i o n s  t o  t h i s  set-back d i s t a n c e  may be 
a l l owed  i f  t h e  n e t  r e s u l t  would be improved waste dump 
s t a b i l i t y  i n  p a r t i c u l a r ,  and improved env i ronmenta l  
p r o t e c t i o n  i n  genera l .  Such V a r i a t i o n s  would have t o  be 
approved by b o t h  t h e  M i n i s t r y  o f  Environment and t h e  M i n i s t r y  
o f  Energy, Mines and Petroleum Resources". The MDC assumes 
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t h a t  t h e  b u f f e r  s t r i p  would i n c l u d e  b r i d g e s  and, t o  some 

e x t e n t ,  contaminated water  d i t c h e s ,  a sewage l i n e  across 
Howel l  Creek, and r i p - r a p p i n g  o f  Howel l  Creek banks ( see  
Sec t ions  4 and 6 ) .  The MDC a l s o  assumes t h a t  p r o t e c t i v e  
berms proposed around t h e  bases o f  some o f  t h e  waste dumps 
would g e n e r a l l y  be o u t s i d e  t h e  b u f f e r  s t r i p  because they  
would be i n c o r p o r a t e d  i n t o  t h e  toes o f  t h e  dumps when they  
a r e  graded d u r i n g  rec lamat ion .  A f i n a l  MDC assumption i s  
t h a t  l o g g i n g  would n o t  be a l l owed  I n  t h e  b u f f e r  s t r i p .  

- " A  major  concern o f  t h e  M i n i s t r y  o f  Environment i s  t h e  
p o t e n t i a l  dewa te r ing  o f  Howel l  Creek, as t h e  mine p i t  extends 
below t h e  v a l l e y  f l o o r .  The company w i l l  be r e q u i r e d  t o  
c a r r y  o u t  f u r t h e r  groundwater s t u d i e s  a t  Stage I 1 1  i n  o rde r  
t o  determine t h e  l i k e l i h o o d  o f  t h i s  occurrence, and t o  
propose p r e v e n t a t i v e  measures. Th is  i n f o r m a t i o n  w i l l  be 
r e q u i r e d  I n  suppor t  o f  t h e  a p p l i c a t i o n  f o r  a land-improvement 
water  l i c e n c e  c o v e r i n g  d i v e r s i o n  d i t c h  c o n s t r u c t i o n .  

- "A  q u a n t i t a t i v e  assessment o f  p o t e n t i a l  f i s h e r i e s  impacts 
a l o n g  t h e  proposed t r a n s m i s s i o n  l i n e  and r o u t e  a l t e r n a t i v e s ,  
[must be under taken]  i d e n t i f y i n g  b o t h  m i t i g a t a b l e  and 
n o n - m i t i g a t a b l e  impacts.  

- "The i n v e n t o r y  o f  c u t t h r o a t  t r o u t  spawning areas i n  Howell  
and Cabin Creeks [must be completed a long  w i t h  a ]  determina- 
t i o n  o f  m i t i g a t a b l e  and n o n - m i t i g a t a b l e  l osses .  

- "The r e s u l t s  o f  w i l d l i f e  and f i s h e r i e s  s t u d i e s  must be used 
t o  develop a comprehensive m i t i g a t i o n  p l a n  t h a t  l a y s  ou t  
c l e a r  implementat ion s t r a t e g i e s "  (Attachment 3, l e t t e r  f rom 
Honourable A.J. Brummet, Chairman ELUC, t o  M r .  L.H. Hunter ,  
P res iden t ,  Sage Creek Coal L i m i t e d ,  1984 February 21). 

1.6.1.3 Environmental  q u a l i t y  o b j e c t i v e s .  "The f o l l o w i n g  ambient water  
q u a l i t y  o b j e c t i v e s  s h a l l  a p p l y  i n  those reaches o f  Howel l  Creek t h a t  a r e  
impor tan t  f o r  D o l l y  Varden spawning, and i n  t h e  F la thead  R i v e r  a t  [ t h e  
con f luence  w i t h ]  Couldrey Creek:- 

" ( a )  The maximum p e r m i s s i b l e  i nc rease  i n  suspended s o l i d s  above 
background l e v e l s  s h a l l  be 10 mg/L when background 
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c o n c e n t r a t i o n s  a r e  l e s s  than  100 mg/L, o r  10% [ o f  
background] when background c o n c e n t r a t i o n s  exceed 100 mg/L. 

" ( b )  Concentrat ions o f  n i t r o g e n  compounds [as N ]  s h a l l  n o t  
exceed t h e  f o l l o w i n g :  
NOj  [ N i t r a t e ]  - 10 mg/L a t  any t ime;  
Un- ion i zed  NH3 - 7 [micrograms pe r  l i t r e ]  pg/L f o r  
pro longed p e r i o d s  and 30 pg/L a t  any t ime.  
NO2 [ N i t r i t e ]  - 20 pg/L f o r  pro longed p e r i o d s  and 
60 pg/L a t  any t ime .  

' I (  c )  No inc rease  i n  phosphorus concent r a t  i ons  w i  11 be 
p e r m i t t e d ,  except t h a t  con ta ined  i n  a l l o w a b l e  increases i n  
suspended s o l i d s  concen t ra t i ons .  

" ( d )  Bar ium c o n c e n t r a t i o n s  s h a l l  n o t  exceed 1.0 mg/L". 
(At tachment 2, l e t t e r  f rom t h e  Honourable A.J. B r u m e t ,  Chairman, ELUC, 
t o  M r .  L.H. Hunter,  P res iden t ,  Sage Creek Coal L i m i t e d ,  1984 February 21). 

1.6.1.4 C l a r i f i c a t i o n  o f  a p p r o v a l - i n - p r i n c i p l e  c o n d i t i o n s .  I n  a l e t t e r  
dated 1984-06-12, t o  Mr. Lorne Hunter ,  P res lden t ,  Sage Creek Coal 
L i m i t e d ,  t h e  Honourable A.J. Brummet c l a r i f i e d  these requirements as 
f o l l o w s  i n  these exce rp ts .  

"These water  q u a l i t y  o b j e c t i v e s  a r e  a genera l  statement o f  
M i n i s t r y  o f  Environment p o l i c y  on t h e  l e v e l s  o f  water  q u a l i t y  t h a t  must 
be ma in ta ined  over  t i m e  i f  impor tan t  water  uses a r e  t o  be p r o t e c t e d .  
They a r e  considered p r o v i s i o n a l ,  r e f l e c t i n g  c u r r e n t  [June 19841 
i n f o r m a t i o n  on t h e  e f f e c t s  o f  water-borne contaminants on t h e  a q u a t i c  
environment and, t h e r e f o r e ,  a r e  s u b j e c t  t o  re f i nemen t  as new i n f o r m a t i o n  
becomes a v a i l a b l e .  The o b j e c t i v e s  have no l e g a l  s tand ing  s i n c e  t h e i r  
d i r e c t  enforcement would n o t  be p r a c t i c a l  because o f  t h e  d i f f i c u l t y  o f  
a c c u r a t e l y  measur ing contaminants i n  streams, and thus o f  p r o v i n g  
v i o l a t i o n s  and t h e i r  cause. The o b j e c t i v e s  w i l l  a s s i s t  i n  de te rm in ing  
t h e  a l l o w a b l e  l o a d i n g s  o f  s p e c i f i c  contaminants i n  p e r m i t t e d  waste 
d ischarges and . . . d ischarge  o b j e c t i v e s  s e t  by [waste management] p e r m i t  
w i l l  c o n t i n u e  t o  be t h e  b a s i s  f o r  assessment and rev iew  o f  waste water  
c o n t r o l  f a c i l i t i e s .  The r e c e i v i n g - w a t e r  o b j e c t i v e s  become a goa l  t o  be 

ma in ta ined  o r  reached over  t i m e  and, as  such, p r o v i d e  a c o n t e x t  for bo th  
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t h e  d i scha rge  o b j e c t i v e s  and any improvement i n  abatement f a c i l i t i e s  t h a t  
may be r e q u i r e d .  I t  has n o t  g e n e r a l l y  been t h e  p o l i c y  o f  t h e  M i n i s t r y  o f  
Environment t o  a l l o w  s p e c i f i c  e f f l u e n t  d ischarges t o  s a t u r a t e  t h e  
c a p a c i t y  o f  t h e  r e c e i v i n g  environment,  a p r a c t i c e  t h a t  would be n e i t h e r  
d e s i r a b l e  n o r  c o n s e r v a t i v e  g i v e n  t h a t  t h e  l ong - te rm e f f e c t s  o f  many 
p o l l u t a n t s  on a q u a t i c  l i f e  a r e  i nadequa te l y  understood. I n  s h o r t ,  t h e  
e x i s t e n c e  o f  r e c e i v i n g - w a t e r  o b j e c t i v e s  must n o t  be const rued as a reason 
n o t  t o  p r o v i d e  b a s i c  l e v e l s  o f  waste t rea tmen t . "  

' I . .  .The ambient wa te r  q u a l i t y  o b j e c t i v e s  w i l l  a p p l y  everywhere 
i n  Howel l  and Cabin Creeks and t h e  F la thead  R i v e r  except f o r  y e t  t o  be 
s p e c i f i e d  i n i t i a l  d i l u t i o n  zones downstream f rom waste d ischarges.  On 
t h e  b a s i s  o f  p resen t  i n f o r m a t i o n ,  [ i t  can be s a i d ]  w i t h  c e r t a i n t y  t h a t  
t h e  o b j e c t i v e s  must be met I n  two l o c a t i o n s ;  Howel l  Creek, t o  p r o t e c t  
D o l l y  Varden spawning; and t h e  F la thead  R i v e r  upstream o f  Couldrey Creek, 
i n  o r d e r  t o  m in im ize  transboundary water  q u a l i t y  deg rada t ion .  Where e l s e  
t h e  o b j e c t i v e s  w i l l  be a p p l i e d ,  and t h e  s i t e - s p e c i f i c  var iances t h a t  may 
be a l lowed,  w i l l  depend upon t h e  s i t i n g  o f  i n i t i a l  d i l u t i o n  zones, which 
i n  t u r n  w i l l  depend upon i n f o r m a t i o n ,  such as t h e  i n v e n t o r y  o f  c u t t h r o a t  
spawning areas, t h a t  [ t h e ]  Company has committed t o  p r o v i d e  a t  
Stage 111. The a c t u a l  s e l e c t i o n  o f  m o n i t o r i n g  s i t e s ,  sampl ing 
f requenc ies ,  and sampl ing p e r i o d s ,  w i l l  depend upon a d e t a i l e d  assessment 
o f  t h e  l o c a t i o n s  o f  waste d ischarges,  m i x i n g  p a t t e r n s ,  and t h e  
d i s t r i b u t i o n  o f  s i g n i f i c a n t  a q u a t i c  resources.  I t  would be d e s i r a b l e  f o r  
t h e  M i n i s t r y  [ o f  Environment]  and Sage Creek Coal L t d .  t o  agree on a l l  
aspects  o f  t h e  m o n i t o r i n g  program, b u t  i f  t hey  cannot, t h e  M i n i s t r y  would 
e x e r c i s e  i t s  env i ronmenta l  management mandate and s e t  t h e  c o n d i t i o n s  
i t s e l f  . ' I  

"The o b j e c t i v e s  f o r  phosphorus should be viewed s imply  as [an 
MOE] p o l i c y  statement r a t h e r  than  a q u a n t i f i a b l e  o b j e c t i v e ;  i n  s h o r t ,  t h e  
M i n i s t r y  wishes t o  m in im ize  t h e  d i scha rge  o f  phosphorus i n t o  any stream 
s u s c e p t i b l e  t o  a l g a l  growth,  p a r t l c u l a r l y  i f  those streams a r e  a l s o  
sub jec ted  t o  i nc reased  n i t r o g e n  load ings .  We may, i n  t h e  f u t u r e ,  se t  a 
numer ica l  o b j e c t i v e  based on a l g a l  growth,  b u t  cons ide rab ly  f u r t h e r  work 
would be necessary t o  develop such an o b j e c t i v e .  For t h e  t i m e  being,  i t  
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i s  more p r a c t i c a l  s imp ly  t o  c l o s e l y  manage phosphorus sources, such as 
sewage and f e r t i l i z e r s ,  t o  m in im ize  t h e i r  l o s s  t o  s u r f a c e  water .  

"We acknowledge t h a t  bar ium l e v e l s  have i n f r e q u e n t l y  exceeded 
t h e  1 .O mg/L o b j e c t i v e  under n a t u r a l  c o n d i t i o n s .  I n  such circumstances, 
as i n d i c a t e d  by m o n i t o r i n g  s i t e s  upstream o f  t h e  p r o j e c t ,  t h e  o b j e c t i v e  
would n o t  a p p l y " .  

1.6.2 Other Company Commitments 
Sage Creek Coal L i m i t e d  proposed t o  conduct more f i e l d  

i n v e s t i g a t i o n s  and d e t a i l e d  analyses o f  c e r t a i n  mine s i t e  f e a t u r e s  once 
a p p r o v a l - i n - p r i n c i p l e  was granted.  These f e a t u r e s  i n c l u d e :  

- b r i d g e s  on Cabin and Howel l  Creeks; 
- S e t t l i n g  Ponds 2 and 4 because o f  t h e i r  i n f r i n g e m e n t  on t h e  

- d i t c h e s  i n  t h e  v i c i n i t y  o f  t h e  upper Howel l  Creek b r i d g e  and 

The company has a l s o  i n d i c a t e d  t h a t  t h e  f o l l o w i n g  s t u d i e s  would 
be conducted d u r i n g  t h e  Stage I 1 1  process f o r  eng inee r ing  des ign  purposes. 

- Groundwater s t u d i e s ,  a l t hough  i t  i s  n o t  c l e a r  what these 
would e n t a i l  ( l e t t e r  dated March 15, 1984, f rom M r .  Lorne 
Hunter ,  P res iden t ,  Sage Creek Coal L i m i t e d ,  t o  t h e  Honourable 
A.J. Brummet, Chairman, ELUC). 

Howel l  Creek f l o o d p l a i n ;  and 

S e t t l i n g  Pond 4 f o r  t h e  same reason. 

- D e t a i l e d  eng ineer ing  s t u d i e s  and env i ronmenta l  assessment o f  
t h e  t r a n s m i s s i o n  l i n e .  F u r t h e r  i n v e s t i g a t i o n s  o f  s u r f i c i a l  
m a t e r i a l s  t o  i d e n t i f y  areas o f  p o t e n t i a l  s t a b i l i t y  problems 
a l o n g  t h e  proposed r o u t e  would a l s o  be undertaken. 

-- 200-year f l o o d p l a i n  s t u d i e s .  
- D e t a i l e d  s t u d i e s  o f  t h e  proposed r o u t e  and c o s t s  o f  t h e  main 

hau l  road. 
- Geotechnica l  s t u d i e s  o f  t h e  t a l l i n g s  pond and t h e  s e t t l i n g  

ponds. 
The reader  i s  r e f e r r e d  t o  Sect ions 4 and 6 where t h e  above 

f e a t u r e s  o f  t h e  mine and mine s i t e  a r e  d iscussed.  Subsect ion 4 .2 .3  

i n c l u d e s  d i s c u s s i o n  o f  a l t e r n a t i v e  r o u t i n g  o f  t h e  t r a n s m i s s i o n  l i n e .  
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2. M I N E  PLAN 
Much o f  t h e  m a t e r i a l  i n  t h i s  s e c t i o n  i s  a v a i l a b l e  i n  t h e  

Stage I 1  proposal  r e p o r t s  (B.C. Research and Norecol  1982) b u t  genera l  
i n f o r m a t i o n  r e l a t e d  t o  t h e  proposed mine p l a n ,  and waste d ischarges and 
management, has been reproduced he re  f o r  t h e  convenience o f  t h e  reader .  
The reader  i s  r e f e r r e d  t o  Sec t i on  4 f o r  a d e t a i l e d  d e s c r i p t i o n  o f  
p o s s i b l e  env i ronmenta l  e f f e c t s  o f  t h e  p r o j e c t .  

2.1 GENERAL 
The Sage Creek Coal L i m i t e d  p r o j e c t  would employ t r u c k  and 

shovel  o p e n - p i t  m i n i n g  methods s i m i l a r  t o  those used a t  E l k  R i v e r  v a l l e y  
c o a l  mines. A f t e r  t h e  overburden i s  b l a s t e d ,  i t  would be loaded by 
19 m3 (24 .8  yd ) e l e c t r i c  shovels i n t o  154- tonne,  e l e c t r i c - w h e e l ,  
end-dump t r u c k s .  Th is  overburden m a t e r i a l  would be hauled t o  waste dumps 
l o c a t e d  ad jacen t  t o  t h e  p i t  areas. 

M i n i n g  would be c a r r i e d  o u t  i n  two areas desc r ibed  as Nor th  
H i l l  and South H i l l  ( F i g u r e  3 ) .  Three development stages a r e  planned f o r  
t h e  N o r t h  H i l l  a rea and two stages f o r  t h e  South H i l l  area, e x c l u d i n g  
pre-development. 

The f o l l o w i n g  schedule o f  a c t i v i t i e s  i s  reproduced f rom 
i n f o r m a t i o n  e x i s t i n g  i n  o r  i m p l i e d  by t h e  Stage I 1  EA. Th is  schedule i s  
p robab ly  t e n t a t i v e  and s u b j e c t  t o  change d u r i n g  Stage 111, which i n v o l v e s  
p e r m i t  and l i c e n c e  a p p l i c a t i o n ,  and d u r i n g  p r o j e c t  o p e r a t i o n .  

3 

2.1.1 N o r t h  H i l l  P rep roduc t i on  
Dur ing  an i n i t i a l  two-year p e r i o d ,  t h e  f o l l o w i n g  c o n s t r u c t i o n  

- development o f  400-employee c o n s t r u c t i o n  camp a t  t h e  mine 

- l o g g i n g ,  grubbing,  and s t r i p p i n g ;  
- l e v e l l i n g  o f  t h e  p l a n t  s i t e  t o  grade and c o n s t r u c t i o n  o f  mine 

s i t e  access, h a u l ,  and s e r v i c e  roads, i n c l u d i n g  t h e  b r i d g e  
across Cabin Creek; 

work would be r e q u i r e d  ( a  c h r o n o l o g i c a l  sequence i s  n o t  i m p l i e d ) :  

s i t e ;  

- development o f  t h e  N o r t h  H i l l  p i t  t o  a s tage where mine 
p r o d u c t i o n  c o u l d  begin;  



F i g u r e  3 .  P r o j e c t  development p l a n .  
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- road upgrading f rom Mor r i ssey  t o  t h e  mine s i t e  f o r  use as a 
h a u l  road, i n c l u d i n g  b u i l d i n g  one o f  t h e  b r i d g e s  across 
Howel 1 Creek; 

- c o n s t r u c t i o n  o f  a l l  r e q u i r e d  b u i l d i n g s  and f a c i l i t i e s  
( i n c l u d i n g  t h a t  f o r  sewage t r e a t m e n t ) ;  

t h e  mine s i t e ,  i n c l u d i n g  access roads; 
- c o n s t r u c t i o n  o f  t h e  230-kV t r a n s m i s s i o n  l i n e  f rom N a t a l  t o  

- b u i l d i n g  o f  t h e  Mor r i ssey  c o a l  l oad -ou t  r a i l r o a d  f a c i l i t y ;  
- i n s t a l l a t i o n  o f  S e t t l i n g  Ponds 1 and 2 and t h e  t a i l i n g s  pond; 
- c o n s t r u c t i o n  o f  Contaminated Water D i t ches  CW1 ( p a r t i a l )  and 

CW2 around N o r t h  H i l l  and a t  l e a s t  a p o r t i o n  o f  CW3 around 
t h e  c o a l  r e f u s e  dump (see F i g u r e  3 ) ;  

- c o n s t r u c t i o n  o f  Clean Water D i v e r s i o n  D i t ches  D1 and D2; and 
- b e g i n  c o n s t r u c t i o n  o f  Waste Dumps C and D (and assoc ia ted  

p r o t e c t i v e  berms). 

2.1.2 N o r t h  H i l l  Stage 1 (Years 1 t o  4) 
- c o n s t r u c t i o n  o f  S e t t l i n g  Ponds 3 and 4; 
- c o n s t r u c t i o n  o f  Contaminated Water D i t ches  CW5 and CW6 around 

s i t e  o f  Waste Dump E; 
- a d d i t i o n a l  road b u i l d i n g ;  
- b u i l d i n g  o f  b r i d g e  across Howel l  Creek t o  access s i t e  o f  

- stage 1 m i n i n g  ( t o  t h e  approximate e l e v a t i o n  o f  ad jacen t  

- expansion o f  Waste Dump D and berm; 
- b e g i n  c o n s t r u c t i o n  o f  Waste Dumps E and F;  and 
- b e g i n  c o n s t r u c t i o n  o f  c o a l  r e f u s e  dump (near  p l a n t  s i t e )  and 

Waste Dump E; 

v a l l e y  f l o o r ) ;  

c o n s t r u c t  assoc ia ted  p r o t e c t i v e  berm. 

2.1.3 N o r t h  H i l l  Staqe 2 (Years 5 t o  6)- 
- stage 2 m in ing ;  
- expansion o f  Waste Dump C and berm; 
- expansion o f  c o a l  r e f u s e  dump; and 
-- a d d i t i o n a l  road b u i l d i n g .  
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2.1.4 South H i l l  P rep roduc t i on  (Year 5 1  
- l o g g i n g  (assumed t o  be no l a t e r  t han  year 5 ) ,  grubbing,  and 

- c o n s t r u c t i o n  o f  S e t t l i n g  Pond 1; 
- c o n s t r u c t i o n  o f  Contamlnated Water D i t ches  CW3 ( a d d i t i o n a l  

- a d d i t i o n a l  road b u i l d i n g ;  
- b e g i n  overburden e x c a v a t i o n  and Waste Dump A c o n s t r u c t i o n ;  and 
- c o n s t r u c t i o n  o f  Clean Water D l v e r s i o n  D i t c h  D4. 

s t r i p p i n g ;  

segment) and CW4; 

2.1.5 - South H i l l  Stage 1 (Years 7 t o  11) 
- stage 1 m i n i n g  ( t o  an e l e v a t i o n  somewhat below t h a t  o f  

ad jacen t  v a l l e y  f l o o r ) ;  
- expansion o f  Waste Dump A and b u i l d i n g  o f  Waste Dump 6; 

- complete westward e x t e n s i o n  o f  Contaminated Water D i t c h  CW3; 
- c o n s t r u c t i o n  o f  Clean Water D i v e r s i o n  D i t c h  D3; 
- expansion o f  c o a l  r e f u s e  dump; and 
- a d d i t i o n a l  road b u i l d i n g .  

2.1.6 - N o r t h  H i l l  Stage 3 (Years 12 t o  16) 
- stage 3 m i n i n g  ( t o  p i t  l i m i t s  below ad jacen t  v a l l e y  f l o o r ) ;  
- expansion and comp le t i on  o f  Waste Dumps C ,  D, E ,  and F and 

- con t inued  b u i l d i n g  o f  c o a l  r e f u s e  dump; and 
- a d d i t i o n a l  road b u i l d i n g .  

berms assoc ia ted  w i t h  C and D ;  

2.1.7 - South H i l l  Stage 2 (Years 17 t o  21) 
- s tage 2 m i n i n g  ( t o  p i t  l i m i t s  below ad jacen t  v a l l e y  f l o o r ) ;  
- expansion and comp le t i on  o f  Waste Dump A and c o a l  r e f u s e  

- a d d i t i o n a l  road building. 
Th is  sequence o f  stages i s  designed t o  g i v e  t h e  bes t  overburden 

t o  c l e a n  c o a l  r a t i o s  d u r i n g  t h e  e a r l y  years o f  p r o d u c t i o n .  I n  t h e  e a r l y  
years t h e  c l e a n  c o a l  s t r i p p i n g  r a t i o  would be 6.35: l  and over  t h e  l i f e  o f  
t h e  mine would average 7 . 9 1 : l .  

dump; and 
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2.2 M I N E  HAUL ROAD DEVELOPMENT 
The mine h a u l  roads a t  t h e  Sage Creek Coal L i m i t e d  p r o p e r t y  a r e  

designed t o  accommodate 154- tonne t r u c k s .  They would be c o n s t r u c t e d  
u s i n g  c u t  and f i l l  c o n s t r u c t i o n  techniques.  S t e e l  and conc re te  b r i d g e s  
would be b u l l t  f o r  t h e  roads t o  c ross  t h e  v a r i o u s  creeks.  Each s tage o f  
m i n i n g  desc r ibed  above would be assoc ia ted  w i t h  a d i s t i n c t  access road. 

2.3 BLAST HOLE DRILLING 
Since t h e  proposed mine s i t e  c o n t a i n s  s t r a t i g r a p h i c  u n i t s  

s i m i l a r  t o  those found a t  E l k  V a l l e y  c o a l  mines, s i m i l a r  o p e r a t i o n a l  
techniques would be used i n  b l a s t  h o l e  d r i l l i n g  a t  t h e  mine. Only t h e  
overburden i s  b l a s t e d .  

2.4 WASTE DUMPS 
Discussed a t  l e n g t h  I n  Subsect ion 4.2.6. 

2 .5 POTkNTIAL FOR FUTURE M I N E  PRODUCTION 
The proposed mine p l a n  i s  based on a 21-year mine l i f e ,  b u t  

s u b s t a n t i a l  a d d i t i o n a l  reserves o f  c o a l  e x i s t  and adequate space i s  
a v a i l a b l e  f o r  dumping wastes w e l l  beyond t h i s  p e r i o d .  

Coal reserves proposed t o  be mined d u r i n g  t h e  21-year mine l i f e  
a r e  55.6 M t ,  w h i l e  t o t a l  reserves a r e  es t ima ted  a t  152 M t  ( l a b l e  1 ) .  The 
areas f o r  mine expansion would be t h e  deep c o a l  reserves on t h e  N o r t h  
H i l l  and Seam 5 on South H i l l .  However, development o f  these areas i n  
t h e  f u t u r e  would depend on t h e  a b i l i t y  t o  secure sa les  c o n t r a c t s  and on 
t h e  economics o f  m i n i n g  a t  t h e  t ime.  The economics o f  f u t u r e  m i n i n g  
c o u l d  a l s o  be i n f l u e n c e d  by advances i n  m i n i n g  technology and changes i n  
government l e g i s l a t i o n  o r  t a x a t i o n .  

Sage Creek Coal L i m i t e d  has i n d i c a t e d  t h a t  t h e  proposed mine 
p l a n  has been developed t o  p e r m i t  a smooth c o n t i n u a t i o n  o f  ope ra t i ons  
beyond t h e  p resen t  21 -yea r  m i n i n g  ho r i zon .  O f  t h e  proposed waste s to rage  
areas, Waste Dumps A,  D ,  and E ( F i g u r e  3) a r e  designed t o  accommodate 
f u t u r e  expansion. Dump A cou ld  expand southwards, Dump D cou ld  expand 
northwards, and Dump E cou ld  be extended northwards, eastwards, and 
southwards, i f  r e q u i r e d .  Such expansion would r e s u l t  in more l a n d  
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d i s t u r b a n c e  than  i s  now shown f o r  t h e  21-year mine l i f e .  The e x t e n t  of 
a d d i t i o n a l  d i s t u r b a n c e  would i nc rease  w i t h  con t inued  min ing.  

S ince no b a c k f i l l i n g  of t h e  p i t  areas would occur d u r i n g  t h e  
proposed 21-year mine p lan ,  remain ing c o a l  reserves would be p r o t e c t e d  

f o r  p o s s i b l e  f u t u r e  underground development. 
The t a i l i n g s  pond was a l s o  designed f o r  an o p e r a t i n g  l i f e  

l onger  than  21 years (K lohn  Leonof f  1981b). I t s  p resen t  des ign  c a p a c i t y  
i s  planned t o  s t o r e  t h e  t a i l i n g s  f rom 40 years of mine p r o d u c t i o n ,  a t  a 
r a t e  20% h i g h e r  than  t h e  2.2 M t / y r  c u r r e n t l y  planned. The t a i l i n g s  pond 
c o u l d  a l s o  be enlarged i n  stages i f  Increased c a p a c i t i e s  a r e  needed 
beyond a 40-year p e r i o d .  

S i m i l a r l y ,  t h e  s e t t l i n g  ponds shown i n  F i g u r e  3 c o u l d  be 
u t i l i z e d  beyond t h e  21-year mine p l a n .  Should a d d i t i o n a l  s torage 
c a p a c i t i e s  o f  t h e  two l a r g e r  ponds be r e q u i r e d ,  t h e i r  d i k e  w a l l s  cou ld  be 
r a i s e d ,  o r  sediment cou ld  be removed f rom t h e  ponds. 

2.6 COAL PREPARATION 

2.6.1 P l a n t  Process 
The c o a l  p r e p a r a t i o n  p l a n t  ( F i g u r e  4) i s  designed t o  t r e a t  2.6 

M t / y r  o f  raw c o a l .  On t h e  b a s i s  o f  5500 o p e r a t i n g  hours per  year,  t h e  
average throughput  would be about 465 t / h .  

B a s i c a l l y ,  t h e  c o a l  p rocess ing  p l a n t  technology would be 
s i m i l a r  t o  t h a t  of o t h e r  E l k  R i v e r  v a l l e y  c o a l  producers.  Water-on ly  
cyc lones would be employed as a p r imary  c o a l  b e n e f i c i a t i n g  technique.  

2.6.2 Mine Coal H a n d l i n g  
The raw c o a l  f rom each seam would be s t o r e d  s e p a r a t e l y  i n  raw 

c o a l  p i l e s  t o  f a c i l i t a t e  q u a l i t y  c o n t r o l  o f  p l a n t  p r o d u c t i o n .  Coal would 
be rec la imed by a f r o n t  end loader  feed ing  a pre-determined m l x  o f  t h e  
seam c o a l  i n t o  a hopper. 

Coal h a n d l i n g  would c o n s i s t  o f  a f i n e s  c i r c u i t ,  coarse c i r c u i t ,  
and medium recovery  and h a n d l i n g  c i r c u i t .  The reader  i s  adv ised t o  
c o n s u l t  B.C. Research and Norecol  (1982) f o r  d e t a i l e d  d e s c r i p t i o n s  o f  
these c i r c u i t s .  
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Figure 4. Plant site layout. 
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Genera l l y ,  t h e  f i n e s  c i r c u i t  would have a d i scha rge  o f  c e n t r a t e  
f r o m  t h e  c e n t r i f u g e  t o  t h e  t a i l i n g s  pond a t  a r a t e  o f  about 2.5 L / s  
(39.6 ga l /m in ) .  The coarse c i r c u i t  would r e s u l t  i n  a d i scha rge  o f  
c e n t r a t e s  and r i n s e  screen under f l ow  which would be f e d  t o  t h e  medium 
recovery  and h a n d l i n g  c i r c u i t  t o  be recyc led .  

The thermal  d r y e r  would be a c o a l - f i r e d ,  f l u i d i z e d - - b e d  d r y e r  
w i t h  no i n t e r n a l  moving p a r t s .  A l l  t h e  c o a l  mines i n  t h e  E l k  R i v e r  
v a l l e y  have g a s - f i r e d  d r y e r s ,  except f o r  one which has been conver ted t o  
a c o a l - f i r e d  d r y e r .  Two o t h e r s  w i l l  be c o n v e r t i n g  i n  t h e  f u t u r e .  The 
incoming feed would be spread across an a i r  d i s t r i b u t o r  and be f l u i d i z e d  
by t h e  upward s t ream o f  h o t  gases f rom t h e  furnace.  The a i r  d i s t r i b u t o r  
would be s i z e d  f o r  t h e  p roper  p ressu re  drop and f l o w  o f  t h e  h o t  gases t o  
f l u i d i z e  and t o  m i x  t h e  c o a l .  The water  vapours would be c a r r i e d  o u t  o f  
t h e  d r y e r  i n  t h e  exhaust gases. 

A smal l  percentage o f  t h e  f i n e  p a r t i c l e s  i n  t h e  d r y i n g  chamber 
would be c a r r i e d  o u t  w i t h  t h e  exhaust gases. These f i n e s ,  down t o  about 
10 micrometres i n  s i z e ,  would be separated f rom t h e  gas stream i n  cyc lone  
d u s t  c o l l e c t o r s .  The c o l l e c t e d  f i n e s  would subsequent ly be d ischarged 
th rough  d i scha rge  gates i n t o  t h e  d u s t  screws which would convey t h e  f i n e s  
t o  t h e  p roduc t  conveyor.  

The f r a c t i o n  l e s s  than  10 micrometres i n  s i z e  was n o t  addressed 
by t h e  company i n  t h e  Stage I 1  EA. However, M r .  Brummet, Chairman o f  t h e  
Environment and Land Use Committee a t  t h e  t i m e  o f  a p p r o v a l - i n - p r i n c i p l e ,  
charged t h e  Company t o  do a d d i t i o n a l  a i r  emiss ion work ( see  
Subsect ion 1.6.1 .l). 

2.6.3 Clean Coal H a n d l i n g  
The d r i e d  c l e a n  c o a l ,  as d ischarged f rom t h e  d r y e r ,  would be 

conveyed t o  a s to rage  b i n  f rom which t r u c k s  would be loaded f o r  t r u c k i n g  
t o  t h e  l o a d - o u t  s t a t i o n  a t  Mor r i ssey .  The s to rage  b i n  would have 
c a p a c i t y  f o r  one d a y ’ s  mine p r o d u c t i o n  o r  app rox ima te l y  7600 t. 

An emergency ground s t o c k p i l e  o f  50,000-tonne c a p a c i t y  would 
a l s o  be p rov ided .  Should t h e  s to rage  b i n  become f u l l ,  a bypass chute on 
t h e  t o p  o f  t h e  s to rage  b i n  would be opened t o  d i v e r t  t h e  c l e a n  coa l  t o  
t h e  emergency s t o c k p i l e .  Th i s  c o a l  would be loaded on t h e  hau l  t r u c k s  by 
f r o n t - e n d  loaders .  
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2.6.4 Refuse Disposal  
Refuse f rom t h e  coarse and f l n e  c i r c u i t s  p l u s  r e j e c t s  f rom t h e  

r o t a r y  breaker  would be conveyed t o  a 508-tonne c a p a c i t y  s to rage  b i n  a t  
t h e  p l a n t  s i t e .  I t  would be hauled approx ima te l y  2.0 km (1 .2  m i )  f r om 
t h e  b i n  t o  t h e  c o a l  r e f u s e  dump area by a 1 5 4 - t o n n e D  end-dump t r u c k .  

The c o a l  r e f u s e  dump area would be l o c a t e d  approx ima te l y  1.6 km 
( 1  m i )  sou th  o f  t h e  p l a n t  s i t e  and immediate ly  t o  t h e  west o f  S e t t l i n g  
Pond 1 ( F i g u r e  3).  The r e f u s e  dump i s  planned t o  h o l d  11 M t  o f  r e f u s e  
m a t e r i a l  and cover  about 67 ha (166 ac res ) .  Overburden berms would be 
b u i l t  around t h e  p e r i p h e r y  o f  t h i s  dump area and would be p r o g r e s s i v e l y  
r a i s e d  above t h e  re fuse  m a t e r i a l .  A t  comp le t i on  o f  o p e r a t i o n s ,  t h i s  
r e f u s e  dump may be covered w i t h  overburden as p a r t  o f  t h e  r e c l a m a t i o n  
process . 

2.6.5 E f f l u e n t  D isposa l  
The p l a n t  e f f l u e n t  d ischarged t o  t h e  t a l l i n g s  pond i s  expected 

t o  c o n t a i n  about 5% s o l i d s .  The f l o w  r a t e  would be about 2.5 L / s  (39.6 
g a l l m i n )  w h i l e  t h e  p l a n t  i s  o p e r a t i n g .  The y e a r l y  e f f l u e n t  volume would 
be 50 x l o 6  L (13.2 x 10 g a l ) .  The company s t a t e s  that: t h e  
suspended s o l i d s  i n  t h e  e f f l u e n t  would s e t t l e  i n  t h e  t a i l i n g s  lagoon a s  
semi -conso l i da ted  s ludge c o n t a i n i n g  about 50% m o i s t u r e  (Stage I1  E A ) .  I t  
i s  es t ima ted  t h a t  t h e  s ludge would occupy about 4750 m3 (6212 yd3) 
pe r  year .  A 20% cont ingency has been added f o r  t h e  des ign  o f  t h e  pond t o  
a l l o w  f o r  abnormal c o n d i t i o n s  t h a t  may occur .  The c l a r i f i e d  water would 
be r e c y c l e d  t o  t h e  wash p l a n t  f o r  reuse. 

6 

2.7 ANCILLARY FACILITIES 

2.7.1 E l e c t r i c a l  Power Supply 
E l e c t r i c a l  power would be s u p p l i e d  by B.C. Hydro f rom t h e  

N a t a l  No. 2 S u b s t a t i o n  v i a  a 230--kV t ransmiss ion  l i n e .  Power a t  t h e  mine 
s i t e  would be t ransformed t o  13.8 kV f o r  o n - s i t e  d i s t r i b u t i o n .  The main 
p l a n t  s u b s t a t i o n  would be l o c a t e d  on t h e  n o r t h  edge o f  t h e  p l a n t  s i t e  
area.  A u x i l l a r y  power d i s t r i b u t i o n  c e n t r e s  would be p rov ided  f o r  pumping 
and o t h e r  a n c i l l a r y  power requirements a t  t h e  mine. 
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2.7.2 Water Supply 
The p l a n t  w i l l  need a process water  supply  and "domest ic"  water 

f o r  s t a f f  needs. Water requi rements f o r  t h e  p l a n t  o p e r a t i o n  a r e  about 
30,900 L/min (18.2 c f s )  (Stage I 1  EA, Appendix 2.6.1). Th i s  would c o n s i s t  
m a i n l y  o f  r e c y c l e d  water  f rom t h e  t h i c k e n e r s  (27,000 L/min [16 c f s ]  o r  
about 87% o f  t h e  t o t a l )  w i t h  a make-up water  requi rement  o f  3600 L/min 
(2.12 c f s )  o r  about 12% o f  t h e  t o t a l .  A l l  o r  most o f  t h e  make-up water  
would come f rom t h e  s e t t l i n g  ponds. The t a i l i n g s  pond c o n t r i b u t i o n  t o  
r e c y c l e d  water  i s  o n l y  about 0.5% o f  t h e  p l a n t  requi rements.  

A separate water  system would supply  domestic water  f o r  use i n  
t h e  mine s i t e ,  o f f i c e ,  and p l a n t  areas. This  requirement o f  about 
909 L/min ( 0 . 5 4  c f s )  would be f rom w e l l s  d r i l l e d  on t h e  s i t e .  I f  a 
s u f f i c i e n t  w e l l  water  supply  cou ld  be developed, i t  would a l s o  be used as 
a back-up t o  t h e  make-up water system. A more d e t a i l e d  assessment o f  
water  sources would be r e q u i r e d  f o r  a Water Improvement L icence 
a p p l i c a t i o n  d u r i n g  Stage 111. 

2.7.3 Garbage Disposal  
Dur ing  t h e  c o n s t r u c t i o n  p e r i o d ,  garbage would be i n c i n e r a t e d  

and d isposed o f  d a i l y  a t  an a p p r o p r i a t e  waste d i s p o s a l  s i t e  approved by 

t h e  M i n i s t r y  o f  Environment (MOE). 

2.7.4 Fuel  Storage 
A p r o p e r l y  designed f u e l  s to rage  tank would be l o c a t e d  near t h e  

shop and d r y  complex i n  t h e  p l a n t  s i t e  area.  The f u e l  s to rage  depot 
would have a c a p a c i t y  o f  about 500,000 L (132,000 g a l )  o f  d i e s e l  f u e l .  
P o t e n t i a l  s p i l l a g e  f rom t h e  f u e l  tanks would be con ta ined  w i t h i n  an 
impermeable berm around t h e  tanks.  

A l l  r u n o f f  f rom t h e  p l a n t  s i t e  would be d i r e c t e d  t o  t h e  t a i l i n g s  pond. 
Fuel  s u p p l i e s  would be t r u c k e d  t o  t h e  s i t e  d a i l y  by a f u e l  

supply  company. The es t ima ted  d a i l y  f u e l  requirements a r e  40,000 L 
(10,568 g a l ) .  

Sealed sumps would a l s o  be cons t ruc ted  f o r  f u e l  s to rage  areas. 

2 .7 .5  Exp los i ves  Storage and H a n d l i n g  
The p r imary  exp los i ves  f o r  t h e  m i n i n g  o p e r a t i o n  would be AN/FO 
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( d r y  ammonium n i t r a t e  and f u e l  o i l  and sometimes powdered aluminum) and a 
s l u r r y / w a t e r  g e l .  S l u r r y / w a t e r  g e l  i s  composed o f  a m i x t u r e  o f  sodium 

and c a l c i u m  n i t r a t e s  and f u e l s  (such as f u e l  o i l ,  s u l f u r ,  and o t h e r  
reagents)  i n  an aqueous medium which i s  t h i ckened  w i t h  guar gum and 
commonly g e l l e d  w i t h  chromates (Pommen 1983).  These would be s u p p l i e d  t o  
Sage Creek Coal L i m i t e d  by an e x p l o s i v e s  supply  c o n t r a c t o r .  

Bulk  s to rage  o f  ammonium n i t r a t e  would be accommodated a t  t h e  
mine s i t e .  S l u r r y / w a t e r  g e l  e x p l o s i v e  r e q u i r e s  a s l u r r y  p r e p a r a t i o n  
p l a n t ,  which may be b u i l t  on t h e  s i t e ,  o r ,  i f  q u a n t i t i e s  do n o t  j u s t i f y  
i t ,  t h e  s l u r r y  would be t r u c k e d  f rom a p l a n t  l o c a t e d  i n  t h e  E l k  R i v e r  
Val 1 ey . 

2.7.6 A d d i t i o n a l  Chemicals 
Other chemicals would be expected t o  be s t o r e d  o n - s i t e ,  

i n c l u d i n g  greases, a n t i f r e e z e ,  d u s t  suppressants,  f l o c c u l e n t s ,  s o l v e n t s ,  
and o t h e r  substances. A l i s t  o f  chemlcals and t h e i r  q u a n t i t i e s  s t o r e d  
and used a n n u a l l y  a t  an e x i s t i n g  o p e r a t i o n  i n  t h e  E l k  R i v e r  v a l l e y  i s  
presented I n  Appendix 4. 

The Stage I1 EA r e f e r s  b r i e f l y  t o  an o rgan ic  polymer which 
would be used as a s e t t l i n g  agent i n  t h e  t h i c k e n e r  f o r  t h e  c o a l  
p rocess lng  o p e r a t i o n .  Th is  chemical  would be con ta ined  i n  t h e  e f f l u e n t  
t o - t h e  t a t l i n g s  pond (see  Subsect ion 2.6.5). The composi t ion o f  t h i s  
chemical  i s  unknown t o  t h e  MDC. 
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3. PROJECT AREA PHYSICAL ENVIRONMENT 

3.1 LANDFORMS 
The Sage Creek Coal L i m i t e d  p r o j e c t  area i s  l o c a t e d  i n  t h e  

Rocky Mountains, w i t h i n  t h e  F la thead  P r o v i n c i a l  Fo res t  o f  t h e  South 
Kootenay Land D i s t r i c t  ( F i g u r e  1 ) .  A major  phys iog raph ic  f e a t u r e  o f  t h i s  
area i s  t h e  F la thead  R i v e r  which f l o w s  f rom n o r t h  t o  south across t h e  
I n t e r n a t i o n a l  Boundary i n t o  t h e  S t a t e  o f  Montana. The Upper F la thead  
R i v e r  b a s i n  i n  Canada i s  app rox ima te l y  1110 km (429 m i  ) i n  area, 
c o n s t i t u t i n g  6% o f  t h e  F la thead  R i v e r  d ra inage  upstream o f  Polson, 
Montana. The F la thead  R i v e r  i s  t h e  n o r t h e r n  component o f  what i s  termed 
t h e  N o r t h  Fork F la thead  R i v e r  i n  t h e  U.S. I t s  headwaters a r e  about 55 km 
( 3 4  m i )  t o  t h e  n o r t h  o f  t h e  p r o j e c t  area i n  McEvoy Creek, which i s  
app rox ima te l y  65 km ( 4 0  m i )  n o r t h  o f  t h e  U.S. borde r .  Cabin and Howel l  
Creeks, w i t h  a combined d ra inage  area o f  about 238 km2 (91.9 m i  ) ,  

a r e  among t h e  p r i m a r y  t r i b u t a r i e s  o f  t h e  F la thead  R i v e r .  The F la thead  
R i v e r  V a l l e y  i s  app rox ima te l y  1300 m (4265 f t )  i n  e l e v a t i o n  and i s  about 
4 t o  5 km (2 .5  t o  3.1 m i )  w ide i n  t h e  v i c i n i t y  o f  t h e  p r o j e c t  s i t e .  The 
v a l l e y  i s  about 6 km ( 4  m i )  w ide a t  t h e  U.S. border .  

East o f  t h e  F la thead  R i v e r  t h e  C l a r k  Range r i s e s  r a p i d l y  t o  
c r e a t e  t h e  c o n t i n e n t a l  d i v i d e .  The mountains immediate ly  t o  t h e  eas t  
(Commerce Peak, Langemarck Mountain, Kenow Mountain, and Miskwasin i  Peak) 
a r e  steep, g e n e r a l l y  b a r r e n  o f  t i m b e r  above 1800 m (5906 f t ) ,  and have 
summits a t  about 2600 m (8531 f t ) .  West o f  t h e  F la thead  R i v e r ,  t h e  
h i l l s ,  r i d g e s ,  and mountains a r e  t o p o g r a p h i c a l l y  more subdued, g e n e r a l l y  
have lower  summits, and a r e  commonly f o r e s t e d  t o  t h e  summit. 

M i n i n g  has been proposed on t h e  eas t  s ides  o f  D i l l y  and D a l l y  
H i l l s  ( N o r t h  and South H i l l s  o f  t h e  Stage I 1  EA r e p o r t )  which r i s e  t o  
e l e v a t i o n s  o f  1980 and 1935 m (6500 and 6350 f t ) ,  r e s p e c t i v e l y .  These 
h i l l s  a r e  t o p o g r a p h i c a l l y  subdued f o r  t h i s  area, b u t  l o c a l l y  have s lopes 
i n  excess o f  30 degrees up t o  a maximum o f  about 40 degrees. E l e v a t i o n  
a t  t h e  mine s i t e  v a r i e s  f rom 1250 t o  1621 m (4100 t o  5315 f t ) .  Two smal l  
l akes  ( B e r y l  and M a r l )  a r e  p resen t  south o f  Trachyte Ridge and n o r t h  o f  
t h e  proposed mine s i t e .  

2 2 

2 

Cabin Creek o r i g i n a t e s  on t h e  n o r t h e a s t  s i d e  o f  I n v e r t e d  Ridge 
near Cabin Pass and g e n e r a l l y  f l ows  I n  an e a s t e r l y  d i r e c t i o n .  The lower  
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reach o f  Cabin Creek has an average g rad ien t  o f  14 m/km ( 7 4  f t / m i )  
between the  b r i d g e  j u s t  below i t s  j u n c t i o n  w i t h  Storm Creek t o  where i t  
j o i n s  Howell  Creek. I n  t h e  v i c i n i t y  o f  t h e  proposed mine s i t e  Cabin 
Creek has a more g e n t l e  average g rad ien t  o f  about 6.6 m/km (35 f t / m i ) .  

3.2 GEOLOGY AND SOILS 

3.2.1 Regional  Bedrock Geology 
Numerous geo log ica l  i n v e s t i g a t i o n s  have been c a r r i e d  ou t  on t h e  

economical ly  r i c h  coa l  s t r a t a  o f  t h e  Kootenay Group loca ted  i n  
southwestern A l b e r t a  and southeastern B r i t i s h  Columbia. Many o f  t h e  
r e p o r t s  a re  o f  a s p e c i a l i z e d  i n t e r e s t  d e a l i n g  w i t h  such t o p i c s  as 
r e g i o n a l  geology, d e t a i l e d  s t r a t i g r a p h y ,  coa l  pe t ro logy ,  coa l  rank ing,  
s t r u c t u r a l  geology, sedimentology, and o thers .  The reader i s  d i r e c t e d  t o  
Gibson (1985) f o r  a d e t a i l e d  d e s c r i p t i o n  o f  p rev ious  geo log ica l  
i n v e s t i g a t i o n s  o f  t h e  Kootenay Group and a l s o  f o r  a w e l l  documented 
r e p o r t  on r e g i o n a l  geo log i ca l  s e t t i n g .  I n  a recent  paper Gr ieve (1985) 
descr ibes  t h e  coa l  f i e l d s  i n  t h e  East Kootenays. 

A b r i e f  summary o f  Gibson's work i s  as f o l l o w s :  
1 .  S t r a t a  w i t h i n  t h e  Kootenay Group have long  been o f  economic 

I n t e r e s t  as a r e a d i l y  access ib le  source o f  thermal and 
m e t a l l u r g i c a l  coa l .  

2. The Kootenay Group i s  up t o  1112 m (3648 f t )  t h i c k  and 
comprises format ions which i n c l u d e  ( i n  ascending order ) :  
a .  Mor r issey  Format ion which ranges i n  measured th ickness  

between 20 and 80 m (66  and 260 f t )  and i s  composed o f  
f i n e -  t o  medium- gra ined sandstone; 

b. M i s t  Mountain Format ion which ranges i n  measured 
th ickness  between 25 and 665 m (82  and 2180 f t )  and i s  
composed o f  predominant ly  nonmarine sandstone, s i l t s t o n e ,  
mudstone, and economical ly  impor tan t  t h i n  t o  t h i c k  seams 
o f  coa l ;  and 

c .  E l k  Format ion which ranges i n  measured th ickness  between 
0 and 590 m ( 0  and 1936 f t )  and c o n s i s t s  o f  an 
in terbedded sequence o f  nonmarine sandstone, s i l t s t o n e ,  
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mudstone, shale,  and l o c a l l y ,  cher t -pebb le  conglomerate 
and t h i n  seams o f  c o a l .  

3. The M i s t  Mountain Formation i s  t h e  most economical ly  
impor tan t  f o rma t ion  c o n t a i n i n g  coa l  seams up t o  18 m (59 f t )  
t h i c k .  

4. Coals i n  t h e  M i s t  Mountain Formation range f rom medium t o  
h i g h  v o l a t i l e  b i tuminous i n  t h e  south, t o  low v o l a t i l e  
b i tuminous  t o  semian th rac i te  coa ls  i n  t h e  n o r t h .  

5. Coal seams a r e  t h i c k e r  and more numerous i n  t h e  Fe rn ie  and 
upper E l k  R i v e r  v a l l e y  areas. 

6. Cementing agents o f  t h e  c l a s t i c  sediments c o n s i s t  
p redominant ly  o f  q u a r t z  and c h e r t ,  and l e s s  commonly 
phosphate, do lomi te ,  c a l c i t e ,  and c l a y  m ine ra l s .  

7.  Analyses o f  sedimentary and f o s s i l  assemblages i n d i c a t e  t h a t  
t h e  M i s t  Mountain Format ion was depos i ted  i n  a f l u v i a l ,  
d e l t a i c ,  and i n t e r d e l t a i c  c l a s t i c  succession i n  an 
environment l a r g e l y  una f fec ted  by mar ine o r  b r a c k i s h  water  
inundat ions .  

A b r i e f  summary o f  Gr ieve ' s  work f o l l o w s :  
1. Three s t r u c t u r a l l y  separate coa l  f i e l d s  (Crowsnest, E l k  

V a l l e y  and F lathead)  a r e  recognized i n  southeastern B r i t i s h  
Columbia. A l l  a r e  cha rac te r i zed  by compressional t e c t o n i c  
fea tu res  such as f o l d i n g  and t h r u s t  f a u l t i n g ,  and by l a t e  
s tage normal f a u l t i n g .  The coa l  f i e l d s  a r e  i n  t h e  Macdonald 
Ranges o f  t h e  Rocky Mountains, w i t h i n  30 km (19  m i )  o f  t h e  
A l b e r t a - B r i t i s h  Columbia border ,  and extend n o r t h  175 km 
(109 m i )  f rom t h e  proposed Sage Creek Coal L i m i t e d  mine. 

2. Coal ranks range f rom low t o  h i g h  v o l a t i l e  b i tuminous and 
have a wide range o f  m e t a l l u r g i c a l  and thermal  q u a l i t i e s .  

3 .  Measured reserves (1981) i n c l u d e  1.03 b i l l i o n  tonnes o f  
m e t a l l u r g i c a l  coa l  and 165 M t  o f  thermal  coa l .  

4. The F la thead coa l  f i e l d  i s  composed o f  f o u r  i s o l a t e d  
ou tc ropp ings  o f  t h e  Kootenay Group, a l l  o f  which a r e  i n  t h e  
down-dropped west b lock  o f  t h e  F la thead Normal F a u l t .  
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3.2.2 Local  Bedrock Geology 
A number o f  g e o l o g i c a l  I n v e s t i g a t i o n s  have been c a r r i e d  ou t  

w i t h i n  t h e  F la thead dra inage b a s i n  and a t  t h e  proposed coa l  mine 
(Stage I 1  EA) .  

A b r i e f  summary o f  l o c a l  bedrock geology as descr ibed i n  t h e  
Stage I 1  EA r e p o r t  i s  a s  f o l l o w s .  

1 .  The c o a l  depos i t s  occur  i n  a l o c a l  remnant o f  t h e  M i s t  
Mountain Format ion o f  t h e  Kootenay Group ( f o r m e r l y  termed 
t h e  Kootenay Format ion) ,  occupying t h e  upper p l a t e  o f  t h e  
Lewis Thrus t  F a u l t  ( F i g u r e  3.1.2-1, Stage I 1  E A ) .  D r i l l  
h o l e  da ta  i n d i c a t e  t h a t  t h i ckness  o f  t h i s  u n i t  a t  t h e  
proposed mine s i t e  v a r i e s  f rom 220 t o  300 m (722 t o  984 f t ) .  

2. The s t r a t a  l o c a l l y  s t r i k e  n o r t h  t o  no r theas t  and d i p  eas t  a t  
an average o f  30" i n  t h e  shape o f  a monocl ine.  

3. The downdip ex tens ion  o f  t h e  Format ion passes underneath t h e  
f l o o r  o f  t h e  F la thead V a l l e y  and i s  t runca ted  aga ins t  t h e  
F la thead F a u l t .  

4. Three economical ly  a c c e s s i b l e  coa l  seams would be developed 
on t h e  p r o p e r t y  ( F i g u r e  5 ) .  The th i ckness  o f  t h e  seams 
proposed t o  be mined a r e  o u t l i n e d  below: 

Coal Seam No. O v e r a l l  Thickness Bench Thicknesses 

Seam 2 4.6 m s i n g l e  bench 

Seam 4 

Seam 5 

14.6 m 

10.7 m 

9.1 m upper bench 
5.5 m lower  bench 

4.9 m upper bench 
5.8 m lower  bench 

5. Coal q u a l i t y  t e s t i n g  i n d i c a t e s  t h a t  t h e  coa l  has a h i g h  
c a l o r i f i c  va lue  and has been r a t e d  as e x c e l l e n t  q u a l i t y  
thermal  c o a l .  

The f o l l o w i n g  a r e  observa t ions  made by an MDC member d u r i n g  a 
f i e l d  t r i p  t o  t h e  F la thead area: 
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TERTIARY-KISHENEHN FORMATION CLAYSTONE; SANDSTONE; SILTSTONE AND MINOR 
CONGLOMERATES 

CRETACEOUS-ELAIRMORE GROUP ISCONFORMITY 
CONGLOMERATE; SANDSTONE; SHALE; MINOR COAL 

-- 0- DISCONFORMITY 

CRETACEOUS- MIST MOUNTAIN 
FORMATION 'A HORIZON-SHALE; CARBONACEOUS SHALE 

25 + THIN COAL SEAMS 

"KURO-CON" SANDSTONE 
50 

# l  HORIZON-SHALE; SANDY SHALE; CARBONACEOUS 
SHALE + THIN COAL SEAMS 

75 

100 

125 

150 

175 

200 

225 

250 
JURASSIC-FERNIE GROUP 

275 

"STEEL" SANDSTONE 

SEAM 2 
SEAM 3 

NO. 1 SANDSTONE 
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1. Exposures a long t h e  F lathead R ive r  v a l l e y  f l o o r  below t h e  
conf luence o f  Howel l  Creek and t h e  F la thead R ive r  i n d i c a t e  
t h a t  a l l  bedrock c o n s i s t s  o f  p o o r l y  t o  moderate ly  
w e l l - c o n s o l i d a t e d  T e r t i a r y  m a t e r i a l s .  The T e r t i a r y  u n i t s  
a r e  p r i m a r i l y  composed o f  t h i n  beds o f  s i l t s t o n e s ,  
sandstones, mar ls ,  and c lays tones  l o c a l l y  r i c h  w i t h  f o s s i l s  
and l o c a l l y  d i p p i n g  south and eas t .  These u n i t s  a r e  exposed 
a t  a number o f  l o c a t i o n s  a long t h e  lower  reaches o f  t he  
r i v e r .  A t  two separate reaches o f  t h e  r i v e r  bedrock i s  
exposed on bo th  banks and forms t h e  streambed. The T e r t i a r y  
u n i t s  a r e  r e l a t i v e l y  well-cemented and f i ne -g ra ined  and 
appear t o  have low p o r o s i t y .  

2. Older  bedrock u n i t s  a r e  exposed on t h e  lower  and upper 
f l a n k s  o f  t h e  F la thead V a l l e y  - i n c l u d i n g  t h e  mine s i t e .  

3. Thrus t  and normal f a u l t i n g  o f  t h e  o l d e r  u n i t s  have been 
repo r ted  and were observed a long t h e  upper reaches o f  Howell  
Creek and on t h e  n o r t h  w a l l  o f  Cabin Creek. A major  f a u l t  
i s  exposed approx imate ly  1 km (0.6 m i )  upstream o f  t h e  
proposed mine s i t e  on t h e  n o r t h  w a l l  o f  Cabin Creek. 

4. Large groundwater sp r ings  a r e  d i s c h a r g i n g  a t  t h e  t o p  o f  t h e  
T e r t i a r y  bedrock exposed on t h e  eas t  bank o f  t h e  F lathead 
R ive r  a t  t h e  I n t e r n a t i o n a l  Boundary, suppor t i ng  e a r l i e r  
observa t ions  t h a t  these u n i t s  have low p e r m e a b i l i t y .  

3.2.3 Sur f  i c i a l  Geology 
A complex assortment o f  s u r f i c i a l  g e o l o g i c a l  m a t e r i a l s  on t h e  

F la thead R ive r  v a l l e y  f l o o r  l o c a l l y  o v e r l i e s  T e r t i a r y  u n i t s .  The a r e a l  
e x t e n t  o f  these u n i t s  remains l a r g e l y  unknown. S u r f i c i a l  m a t e r i a l s  
observed i n  t h e  F la thead R ive r  v a l l e y  d u r i n g  t h e  p r e v i o u s l y  mentioned 
f i e l d  t r i p  c o n s i s t  o f  t h e  f o l l o w i n g .  

1. A d iscont inuous  veneer o f  grey s i l t s  ( a e o l i a n  and/or 
f l o o d p l a i n )  o v e r l y i n g  v a l l e y  f l o o r  sediments i s  ev iden t .  
Th is  u n i t  i s  ex tens i ve  and i s  exposed a long t h e  F lathead 
R ive r  p r i m a r i l y  on t h e  east  bank below t h e  conf luence w i t h  

Howel l  Creek and above t h e  conf luence w i th  Couldrey Creek. 
The maximum observed th i ckness  i s  2 m ( 6 . 6  f t ) .  
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2. Coarse c l e a n  sands and g r a v e l s  appear t o  be e x t e n s i v e  i n  t h e  
Howel l  Creek streambed f rom i t s  headwaters t o  i t s  con f l uence  
w i th  t h e  F la thead  R i v e r .  There a r e  minor  exposures o f  t h i s  
u n i t  a l o n g  t h e  r i v e r .  Thicknesses o f  these u n i t s  a r e  
unknown. 

3 .  " D i r t y "  sands and g r a v e l s  w i t h  a s i l t  and/or c l a y  m a t r i x  a r e  
e x t e n s i v e  above t h e  Couldrey Creek/Flathead R i v e r  con f luence  
and appear more e x t e n s i v e  than  t h e  c l e a n  sands and g r a v e l s  
a l o n g  b o t h  t h e  F la thead  R i v e r  and observed road c u t  
exposures. 

4. Boulder  pavements a r e  l o c a l i z e d  on Howel l  Creek and F la thead  
R i v e r  streambeds. Average bou lde r  s i z e s  a r e  rough ly  40 cm 
(15 .6  i n )  on t h e  l o n g  a x i s .  A number o f  bou lde rs  exceed 1 m 
( 3 . 3  f t )  i n  d iameter  suggest ing e i t h e r  t h e  presence o f  
nearby g l a c i a l  t i l l  or a ve ry  h i g h  energy f l o w  regime d u r i n g  
f r e s h e t  stage. 

5. G l a c i a l  t i l l  i s  l o c a l l y  exposed a l o n g  t h e  lower  reaches o f  
t h e  F la thead  R i v e r  g e n e r a l l y  o v e r l y i n g  T e r t i a r y  sediments. 
The t i l l  i s  p r i m a r i l y  a l i g h t  g rey  c o l o r  and has a h i g h  
s i l t - c l a y  m a t r i x .  Thickness i s  unknown. 

6. S i l t y  c l a y s  and c l a y e y  s i l t s  a r e  e x t e n s l v e  i n  t h e  Couldrey 
Creek v a l l e y .  The u n i t  appears massive w i t h  r a r e  bedding 
s t r u c t u r e s .  Observed t h i c k n e s s  was approx ima te l y  30 m (100 
f t ) .  A rea l  e x t e n t  o f  t h e  u n i t  i s  unknown. Two l a r g e  slump 
b l o c k s  a r e  l o c a t e d  near t h e  mouth o f  Couldrey Creek and a r e  
b e i n g  eroded a c t i v e l y  by t h e  F la thead  R ive r .  The r e s u l t i n g  
s i l t a t i o n  o f  t h e  F la thead  R i v e r  was s i g n i f i c a n t  and was 
observed downstream south o f  t h e  I n t e r n a t i o n a l  Boundary. 

A l l u v i a l  fans g e n e r a l l y  c o n s i s t  o f  coarse sand and g r a v e l  
d e p o s i t s  l o c a t e d  a l o n g  t h e  f l a n k s  o f  major  r i v e r  v a l l e y s  where t r i b u t a r y  
creeks f l o w  i n t o  them. Topographic maps and a e r i a l  photos i n d i c a t e  t h a t  
a l l u v i a l  fans a r e  l o c a t e d  downgradient o f  t h e  proposed mine s l t e .  
Because of t h e i r  r e c e n t  d e p o s i t i o n  and young age these u n i t s  o v e r l i e  most 
o f  t h e  g l a c i a l  t i l l  and g l a c i a l  outwash d e p o s i t s .  

Coarse-grained a l l u v i u m  was observed i n  Howel l  and Cabin Creeks'  
s t ream channels.  T h i s  u n i t  i s  b e l i e v e d  t o  be p a r t  o f  t h e  Howel l  Creek 
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a l l u v i a l  fan, b u t  i t s  t h i ckness  i s  unknown. A l l u v i a l  depos i t s  commonly 
e x h i b i t  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 .  Consequently, i f  they  a r e  as 
e x t e n s i v e  as be l i eved ,  they  would be expected t o  p r o v i d e  r a p i d  
i n f i l t r a t i o n  o f  s e t t l i n g  and t a i l i n g s  pond waters as w e l l  as sewage 
e f f l u e n t  f rom b o t h  t h e  c o n s t r u c t i o n  camp and p l a n t  f a c i l i t i e s .  

3.2.4 S o i l  Types 
S o i l s  i n  t h e  area a r e  complex (Stage I 1  E A ) .  Table 2 

summarizes s o i l  types i n  a s s o c i a t i o n  w i t h  va r ious  landforms as parent  
m a t e r i a l s .  S o i l  names used were those employed i n  t h e  Canadian System o f  
Nomenclature and C l a s s i f i c a t i o n .  A d i s c u s s i o n  o f  s o i l  salvage d u r i n g  t h e  
o p e r a t i o n  I s  i nc luded  i n  Subsect ion 4.2.8.2 o f  t h i s  r e p o r t .  

3.3 GROUNDWATER AND SURFACE WATER HYDROLOGY 

3.3.1 Groundwater 
The groundwater regime i s  a dynamic system i n  which most water  

i s  c o n t i n u o u s l y  i n  mot ion  f rom areas o f  recharge t o  areas o f  d ischarge.  
The dynamics o f  t h e  system a r e  c o n t r o l l e d  by a l a r g e  number o f  v a r i a b l e s  
i n c l u d i n g  s o i l  and subsur face i n f i l t r a t i o n  c a p a c i t i e s ,  f r a c t u r e  f l o w  
p e r m e a b i l i t i e s ,  i n t e r g r a n u l a r  p e r m e a b i l i t i e s ,  l e n g t h  and d i r e c t i o n  o f  
f l o w  paths,  g e o l o g i c a l  s e t t i n g s ,  and c l i m a t e .  I n  a t y p i c a l  groundwater 
f l o w  system t h i s  movement occurs through an ex tens i ve  heterogeneous and 
i n t e r c o n n e c t i n g  geo log ic  framework. Th is  framework i s  composed o f  
g e o l o g i c a l  m a t e r i a l s  o f  d i v e r s e  p e r m e a b i l i t i e s  which t r a n s m i t  
groundwaters a t  h i g h l y  v a r i a b l e  f l o w  r a t e s  a long d i f f e r e n t  f l o w  paths.  

A t  t h e  proposed mine s i t e ,  t h e  groundwater f l o w s  through 
f r a c t u r e s ,  f a u l t s ,  i n t e r g r a n u l a r  vo ids ,  and j o i n t  systems i n  t h e  bedrock 
u n i t s .  A hyd rogeo log ica l  i n v e s t i g a t i o n  c a r r i e d  ou t  by P a c i f i c  Hydrology 
Consul tants  L t d .  (1982) noted t h a t  groundwater i n  bedrock a t  t h e  proposed 
mine s i t e  i s  c l o s e  t o  t h e  su r face  and d ischarges v i a  spr ings  a t  lower  
e l e v a t i o n s .  This  observa t ion ,  t oge the r  w i t h  l o c a l  s t r a t i g r a p h i c  
i n f o r m a t i o n  (Stage I 1  E A ) ,  suggests t h a t  l a t e r a l  bedrock p e r m e a b i l i t i e s  
a r e  g r e a t e r  t han  v e r t i c a l  p e r m e a b i l i t i e s .  Pumping t e s t s  c a r r i e d  out  on 
e x p l o r a t i o n  boreholes i n d i c a t e  t h a t  groundwaters i n  t h e  bedrock u n i t s  
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Table 2. S o i l  t ypes  i n  a s s o c i a t i o n  w i t h  va r ious  landforms i n  t h e  mine s i t e  
v i c i n i t y  (compi led  f rom Stage I1  Environmental Assessment Repor ts ) .  

Areas Parent Material Soi 1 s 

Flathead River, Deep coarse-textured floodplain 
Valley bottoms 

High, stable, .deep sandy/gravelly 
fluvial deposits 

Lower Elevation 
(1360 to 1825 m) 

Lower Elevation 
(1360 to 1825 m) 

Hi her Elevation 
(1925 to 2100 m) 

Higher Elevation 
(1525 to 2100 m) 

Deep, medium fine to medium- 
textured glacial till deposits 

Coarse-textured glacial till 
deposits 

Fine and medium-textured colluvial 
deposits 

Coarse-textured shallow and deep 
colluvial deposits of calcareous 
parent mater i a1 

Shallow and deep, medium to 
coarse-textured col luviun 

Coarse-textured glacial till 
& p s i  ts 

Medium to fine-textured glacial 
till deposits 

Cunulic regosols 

Orthi c eutric bruni sol s 
Or t hi c dys t r i c brun i sol s 
Brunisolic grey luvisols 

Brunisolic grey luvisols 

Or t h i c dys t r i c brun i sol s 

Or t hi c dyst r i c bruni sol s 

Or t h i c eu tr i c brun i sol s 

Orthic humo-ferric podzols 

Orthic hum-ferric podzols 

Luvisol ic hum-ferric podzols; 
podzol i c grey 1 uvi sol s 
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move r e l a t i v e l y  s l o w l y  because o f  low f r a c t u r e  p e r m e a b i l i t i e s .  Th i s  
c o u l d  l e a d  t o  dewa te r ing  problems and p o s s i b l e  r e l e a s e  o f  n i t r o g e n  
compounds t o  groundwater.  Th i s  w i l l  be d iscussed f u r t h e r  i n  Sect ions 4 
and 5 .  

Perched groundwater c o n d i t i o n s  may e x i s t  a t  t h e  proposed mine 
s i t e  where a g e o l o g i c a l  u n i t  o f  l ow  p e r m e a b i l i t y  impedes downward 
v e r t i c a l  groundwater movement. I t  i s  understood t h a t  some c o a l  beds i n  
t h e  E l k  R i v e r  v a l l e y  have low  v e r t i c a l  p e r m e a b i l i t i e s  r e s u l t i n g  i n  
perched groundwater c o n d i t i o n s  whlch have l e d  t o  ensuing dewa te r ing  
problems a t  some e x i s t i n g  and abandoned mine s i t e s .  

Groundwater i n  t h e  area o f  t h e  proposed mine a l s o  f l o w s  th rough  
s u r f i c i a l  g e o l o g i c a l  m a t e r i a l s  i n c l u d i n g  g l a c i a l  t i l l ,  g l a c i a l  outwash, 
a l l u v i a l  fans,  and o t h e r  m a t e r i a l s .  The q u a n t i t y ,  q u a l i t y ,  r a t e  o f  f low,  
and groundwater f l o w  d i r e c t i o n s  i n  t h e  s u r f i c a l  g e o l o g i c a l  m a t e r i a l s  a r e  
c o n t r o l l e d  by recharge area, 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  t h e  m a t e r i a l s ,  
d i s t r i b u t i o n  o f  t h e  m a t e r i a l s ,  vege ta t i on ,  and o t h e r  v a r i a b l e s .  

N a t u r a l  groundwater chemis t r y  i s  c o n t r o l l e d  p r i m a r i l y  by t h e  
o r i g i n a l  water  chemis t r y  p r i o r  t o  i n f i l t r a t i o n ,  m i n e r a l o g i c a l  
c o n s t i t u e n t s  o f  h o s t  rock,  and res idence t i m e  o f  t h e  water  i n  c o n t a c t  
w i t h  these m a t e r i a l s .  Chemical analyses o f  groundwater c o l l e c t e d  f rom 
e x p l o r a t i o n  boreholes a r e  presented i n  Appendix 5 and d e p i c t e d  
g r a p h i c a l l y  I n  F i g u r e  6 .  Note t h a t  t h e  water  chemis t r y  o f  t h e  one sample 
f r o m  a w e l l  i n  T e r t i a r y - a g e d  sediments (Kishenehn Format ion) i s  
d i s t i n c t l y  d i f f e r e n t  f rom t h e  s u r f a c e  waters  and groundwater i n  t h e  
c o a l - b e a r i n g  s t r a t a .  Groundwater chemical  changes a r e  expected t o  occur 
as s i t e  development and m i n i n g  a c t i v i t i e s  p rog ress .  The r e s u l t i n g  
changes i n  groundwater f l o w  and chemis t r y  would cause impacts on su r face  
waters  and i n t e r c o n n e c t i n g  groundwater a q u i f e r s .  Th is  w i l l  be d iscussed 
i n  S e c t i o n  4. 

3.3.2 Sur face Water 
The MDC examined s i t e  s u r f a c e  water  i n  terms o f  t h e  e f f e c t s  o f  

m i n i n g  on t h e  r e l a t i o n s h i p  between hyd ro logy  and hydrogeology d u r i n g  
p r o j e c t  development, o p e r a t i o n ,  and abandonment. Sur face water  hyd ro logy  

i s  d iscussed i n  those c o n t e x t s  i n  S e c t i o n  5 o f  t h i s  r e p o r t .  
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F i g u r e  6 .  P iper  p l o t  o f  major  element chemistry  f o r  waters sampled from 
e x p l o r a t i o n  bore  ho les  ( r e s u l t s  i n  Appendix 5 ) .  
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3.4 CLIMATE 
The c l i m a t e  o f  t h e  p r o j e c t  area can be b r o a d l y  c l a s s i f i e d  as a 

humid m ic ro the rma l  (snow) c o n t i n e n t a l  c l i m a t e .  Summers a r e  h o t  t o  warm 
depending upon e l e v a t i o n .  W in te rs  a r e  c o l d ,  b e i n g  dominated by 
c o n t i n e n t a l  p o l a r  a i r  (Stage I1 E A ) .  

Temperatures can va ry  a t  any t i m e  w i t h i n  t h e  s i t e  due t o  
v a r y i n g  aspect  and e l e v a t i o n .  S i g n i f i c a n t  v a r i a t i o n s  can occur 
seasona l l y .  S t rong  and p e r s i s t e n t  i n v e r s i o n s  can occur  i n  t h e  p r o j e c t  
area, a l t h o u g h  s u p p o r t i n g  da ta  on these a r e  sparse. 

Data f rom nearby areas a t  F e r n i e  and A b e r f e l d  (59 and 74 km 
away) (36.7 and 46 m i )  i n d i c a t e  t h a t  peak temperatures occur i n  J u l y  w i t h  
temperatures o f  over  27°C (81°F) b e i n g  p o s s i b l e  f rom A p r i l  t h rough  
October.  Temperature minima occur i n  January and a r e  g e n e r a l l y  below 
f r e e z i n g  f rom October th rough  A p r i l  a t  lower  e l e v a t i o n s .  

Long-term p r e c i p i t a t i o n  da ta  f o r  t h e  p r o j e c t  area do n o t  
e x i s t .  The Stage I 1  EA r e p o r t  i n d i c a t e s  t h a t  t h e  annual p r e c i p i t a t i o n  
range a t  E l k 0  and Fe rn ie ,  ave rag ing  580 and 1082 mm r e s p e c t i v e l y  (22.9 
and 42.6 i n ) ,  i s  r e p r e s e n t a t i v e  o f  t h e  mine s i t e .  Ten years o f  da ta  
(1976 t o  1986) c o l l e c t e d  by t h e  M i n i s t r y  o f  Environment (MOE) a t  B u t t s ,  
B.C. i n  t h e  F la thead  V a l l e y  near Howel l  Creek, y i e l d  a mean annual 
p r e c i p i t a t i o n  o f  627 mi (24.7 i n )  ( l e t t e r  dated 1986 June 27, R . J .  
C r o z i e r ,  Head o f  Environmental  Sect ion,  Waste Management Branch, Nelson, 
B r i t i s h  Columbia).  Data f rom Polebr idge,  Montana l o c a t e d  about 40 km 
(25  m i )  sou th  o f  t h e  proposed mine s i t e  i n  t h e  F la thead  V a l l e y  i n d i c a t e  a 
42-year annual mean o f  593 mm (23 .3  i n )  f o r  t h a t  l o c a t i o n  (U.S. N a t i o n a l  
Oceanic and Atmospheric A d m i n i s t r a t i o n  1985). Maximum observed 24-hour  
p r e c i p i t a t i o n  based on ve ry  s h o r t  t e r m  records a t  t h e  proposed Sage Creek 
Coal L i m i t e d  mine s i t e  i s  79.5 mm (3.13 i n )  (Stage I 1  E A ) .  

The average annual p r e c i p i t a t i o n  f o r  t h e  mine s i t e  was 
es t ima ted  by t h e  MDC t o  be 762 mm (30  i n )  (see Subsect ion 5.1.1.1).  Th i s  
i s  l e s s  p r e c i p i t a t i o n  than would be expected f o r  t h e  Canadian p o r t i o n  o f  
t h e  F la thead  dra inage as a whole, because t h e  proposed mine s i t e  i s  
l o c a t e d  a t  a lower  e l e v a t i o n  than  t h e  average e l e v a t i o n  o f  t h e  F la thead  
R i v e r  b a s i n  i n  Canada. 
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3.5 VEGETATION 
The Sage Creek Coal L i m i t e d  mine s i t e  f a l l s  m a i n l y  w i t h i n  t h e  

Englemann Spruce-Subalpine F i r  Zone. The v a l l e y  bottoms a l o n g  Cabin and 
Howel l  Creeks as w e l l  as t h e  F la thead  R i v e r  f l o o d p l a i n  f a l l  w i t h i n  t h e  
Montane Spruce Zone (Stage I 1  E A ) .  

The c l i m a x  t r e e  species i n  t h e  f i r s t  o f  these two zones a r e  
Englemann spruce and suba lp lne  f i r  i n  mature stands w i t h  b l a c k  cottonwood 
and t r e m b l i n g  aspen c h a r a c t e r i z i n g  a l l u v i a l  f l o o d p l a i n  areas s u b j e c t  t o  
f r e q u e n t  f l o o d i n g .  Lodgepole p i n e  i s  t h e  major s e r a l  spec ies,  w i t h  some 
wh i teba rk  p i n e  a t  h i g h e r  e l e v a t i o n s .  Douglas f i r ,  sometimes i n  
a s s o c i a t i o n  w i t h  lodgepole p i n e ,  forms s e r a l  stands on d r y  southern 
s lopes.  

A wide d i v e r s l t y  o f  p l a n t  communit ies i s  found i n  t h e  mine s i t e  
area.  E l e v a t i o n a l  g r a d i e n t s  a r e  t h e  major cause o f  zonal and subzonal 
t r a n s l t i o n s .  Past f i r e s  have r e s u l t e d  i n  t h e  f o r m a t i o n  o f  s e r a l  
l odgepo le  p i n e  stands w i t h  some admix tu re  o f  western l a r c h  and aspen. 
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4. DESIGN AND POTENTIAL QUALITATIVE EFFECTS OF THE PROPOSED 
OPERATION 

P o t e n t i a l  sources o f  impact t o  cons ide r  i n  t h e  proposed 
c o n s t r u c t i o n ,  m in ing ,  and r e c l a m a t i o n  phases a r e  l i s t e d  and d iscussed i n  
t h i s  s e c t i o n .  Reference i s  made t o  t h e  source, d e s c r i p t i o n ,  and l o c a t i o n  
as w e l l  as t o  t h e  des ign  c r i t e r i a  a p p l i c a b l e  f o r  impact c o n t r o l .  The 
phase where impact i s  expected i s  a l s o  d iscussed.  Appendix 3 dea ls  w i t h  
t h e  rev iew  o f  p r o j e c t  proposals  and r e g u l a t i o n  o f  p r o j e c t s .  

4.1 STAGE OF PROJECT PROPOSAL 
As i n d i c a t e d  i n  Subsect ion 1.6, t h e  p r o j e c t  has rece ived  

P r o v i n c i a l  Stage I 1  a p p r o v a l - i n - p r i n c i p l e .  Th i s  marks t h e  end o f  t h e  
env i ronmenta l  impact assessment and conceptual  des ign  stage. The 
m a j o r i t y  o f  t h e  a n a l y s i s  i n  t h i s  and t h e  f o l l o w i n g  s e c t i o n s  o f  t h i s  
r e p o r t  was based on i n f o r m a t i o n  i n  t h e  Stage I 1  r e p o r t s  (B.C. Research 
and Norecol  1982). D e t a i l e d  des ign  p lans  a r e  u s u a l l y  submi t ted a t  Stage 
111 d u r i n g  a p p l i c a t i o n  f o r  p e r m i t s  and l i c e n c e s .  Sage Creek Coal L i m i t e d  
has n o t  y e t  reached t h i s  l e v e l  o f  mine p lann ing .  

Assuming success fu l  comp le t i on  o f  Stage 111 and f o l l o w i n g  t h e  
proposed 21 years o f  mine development, i f  t h e  company wished t o  proceed 
w i t h  f u r t h e r  development, i t  would be r e q u i r e d  t o  seek approval  f o r  an 
expansion. T h i s  would r e q u i r e  t h e  same P r o v i n c i a l  rev iew  process as t h e  
i n i t i a l  p roposa l .  

4.2 CONSTRUCTION AND M I N I N G  PHASES 

4.2.1 C o n s t r u c t i o n  Camps 
A temporary c o n s t r u c t i o n  camp capable o f  housing 400 workers 

would be b u l l t  eas t  o f  Howel l  Creek ( F i g u r e  3 ) .  This  camp s i t e  i s  
proposed t o  have d i t c h e s  and a temporary s e t t l i n g  pond o f  u n s p e c i f i e d  
s i z e  designed t o  c o n t r o l  r u n o f f  and sedimentat ion.  The camp s i t e  and i t s  
sediment c o n t r o l  F a c i l i t i e s  would be rec la imed f o l l o w i n g  t h e  c o n s t r u c t i o n  
p e r i o d .  

A second c o n s t r u c t i o n  camp has been recommended by a c o n s u l t a n t  
t o  t h e  company j u s t  southwest o f  t h e  conf luence o f  Harvey Creek and t h e  
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F la thead  R i v e r  (C r ippen  Consu l tan ts  1981). Th i s  camp would be assoc ia ted  
w i t h  t h e  upgrading and pav ing  o f  t h e  F la thead  road f rom t h e  mine s i t e  t o  
Mor r i ssey  f o r  use as a h a u l  road ( F i g u r e  1 ) .  No ment ion o r  d e t a i l s  o f  
t h i s  camp, i n c l u d i n g  i t s  s i z e ,  o r  any sediment o r  d ra inage  c o n t r o l  
p r a c t i c e s ,  have been p r o v i d e d  by t h e  company i n  t h e  Stage I 1  EA. 

C o n s t r u c t i o n  o f  t h e  camps would be expected t o  a f f e c t  ad jacen t  
r e c e i v i n g  waters  p r i m a r i l y  w i t h  l o a d i n g  o f  sediment (and assoc ia ted  
phosphorus),  o rgan ic  m a t e r i a l s ,  n i t r o g e n ,  and o i l  and grease. Th is  would 
r e s u l t  f rom v e g e t a t i o n  c l e a r i n g ,  l a n d  l e v e l l i n g ,  and excava t ion  (wh ich  
would render  t h e  s u r f a c e  more s u s c e p t i b l e  t o  r u n o f f  and e r o s i o n )  and f rom 
t h e  use o f  heavy equipment. Dur ing  o p e r a t i o n  o f  t h e  camps, t h e  impacts 
would a g a i n  be expected t o  be assoc ia ted  w i t h  sediment as w e l l  as o i l  and 
grease as a r e s u l t  o f  p resen t  and f u t u r e  use o f  v e h i c l e s  around t h e  
camps. The second camp l o c a t e d  a l o n g  t h e  hau l  road r o u t e  may a l s o  be 
sub jec ted  t o  f l o o d i n g  s i n c e  i t  appears t o  i n f r i n g e  on t h e  f l o o d p l a i n  
(Cr ippen  Consu l tan ts  1981). 

4.2.2 

1 oca t  
south 

Sewage Treatment F a c i l i t i e s  
A sewage t rea tmen t  p l a n t  would be b u i l t  

on southeast  o f  t h e  p l a n t  s i t e  a t  t h e  mine; t h  
o f  Howel l  Creek. The t rea tmen t  f a c i l i t y  would 

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

i n  an u n s p e c i f i e d  
s i s  i n t e r p r e t e d  as 
be s i z e d  t o  s e r v i c e  
m i n i n g  opera t i ons .  

E f f l u e n t  would be p iped  t o  a d r a i n f i e l d  l o c a t i o n  n o r t h e a s t  o f  t h e  
t a i l i n g s  pond (Stage I 1  E A ) .  S p e c i f i c  l o c a t i o n  o f  t h e  d r a i n f i e l d  would 
be determined d u r i n g  Stage 111. Sewage generated a t  t h e  c o n s t r u c t i o n  
camp would be p iped  across Howel l  Creek t o  t h e  t rea tmen t  f a c i l i t y .  
I n s t a l l a t i o n  o f  these sewer l i n e s  would n e c e s s i t a t e  some d i s t u r b a n c e  and 
perhaps excava t ion  i n  o r  ad jacen t  t o  Howel l  Creek. 

Another sewage t rea tmen t  o r  c o l l e c t i o n  f a c i l i t y  would l i k e l y  be 

needed f o r  t h e  c o n s t r u c t i o n  camp designated a long  t h e  hau l  road t o  
Mor r i ssey .  However, no d i s c u s s i o n  o f  such a f a c i l i t y  o r  o f  t h e  camp 
i t s e l f  has been p rov ided  by t h e  company. 

D iscuss ion  o f  r u n o f f  and sediment c o n t r o l  p r a c t i c e s  d u r i n g  l a n d  
c l e a r i n g ,  l e v e l l i n g ,  and excava t ion ,  and f o r  i n s t a l l a t i o n  and o p e r a t i o n  
o f  t h e  sewage f a c i l l t i e s ,  has n o t  been p rov ided  by t h e  company. Pr imary 
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impacts t o  water  d u r i n g  c o n s t r u c t i o n  and o p e r a t i o n  o f  sewage t rea tmen t  
f a c i l i t i e s  would l i k e l y  be increased c o n t r i b u t i o n s  o f  phosphorus and 
n i t r o g e n  and, t o  a minor  e x t e n t ,  sediment and o rgan ic  d e b r i s .  Dur ing  
c o n s t r u c t i o n  t h e r e  a r e  a l s o  l i k e l y  t o  be c o n t r i b u t i o n s  o f  o i l  and 
grease. The company has es t ima ted  e f f l u e n t  f l ows  t o  t h e  ground a t  t h e  
proposed mine s i t e  t o  be 190,900 L/d (50,000 g a l / d )  d u r i n g  t h e  pre-min ing 
c o n s t r u c t i o n  phase and 68,200 L/d (18,000 ga l /d )  d u r i n g  t h e  m i n i n g  phase 
(Stage I 1  E A ) .  

D ischarge q u a l i t y  t o  t h e  subsurface m a t e r i a l s  would be 
r e g u l a t e d  by Waste Management p e r m i t s .  Set back d i s t a n c e  f rom streams 
would be consldered i n  c o n j u n c t i o n  w i t h  p e r m e a b i l i t y  r a t e s .  Phosphorus 
and n i t r o g e n  i n p u t s  a r e  q u a n t i f i e d  I n  S e c t i o n  5 o f  t h i s  r e p o r t .  

4.2.3 - Transmiss ion L i n e  C o r r i d o r  
The e l e c t r i c a l  supply  f o r  t h e  o p e r a t i o n  would be p rov ided  by a 

230-kV l i n e  a l o n g  a r o u t e  proposed by B.C. Hydro f rom a s u b s t a t i o n  a t  
N a t a l ,  o r  f rom a proposed s u b s t a t i o n  a t  Alexander Creek near Crowsnest, 
t o  t h e  mine s i t e .  Th i s  r o u t e  would f o l l o w  M iche l  Creek upstream t o  
F la thead  Pass, thence down Squaw Creek and t h e  F la thead  V a l l e y  t o  t h e  
mine s i t e .  

The l i n e  would be 87 km ( 5 4  m i )  l o n g  ( r o u g h l y  60% o f  which 
would be i n  t h e  F la thead  d ra inage)  and have a s tandard r i g h t - o f - w a y  o f  

30 m (100 f t ) .  The t o t a l  r i gh t -o f -way  area would encompass about 260 ha 
( 1  m i  ) .  The r o u t e  would f o l l o w  an e x i s t i n g  t r a n s p o r t a t i o n  c o r r i d o r  
f o r  much o f  t h i s  l e n g t h  i n  t h e  F la thead  dra inage,  thereby cons ide rab ly  
reduc ing  t h e  d i s t u r b e d  l a n d  area r e q u i r e d  f o r  t h e  t r a n s m i s s i o n  l i n e  and 
roads (Norecol  1982). A d d i t i o n a l  area would s t i l l  be r e q u i r e d  f o r  
c o n s t r u c t i n g  access roads. A d e t a i l e d  c e n t e r  l i n e  survey o f  t h e  proposed 
r o u t e  has n o t  been done. 

2 

Stream c ross ings  d u r i n g  c o n s t r u c t i o n  c o u l d  p r o v i d e  p o i n t  
sources f o r  d i scha rge  o f  sediment and o rgan ic  d e b r i s  t o  t h e  streams. The 
same p o t e n t i a l  impacts t o  r e c e i v i n g  water  q u a l i t y  would e x i s t  d u r i n g  
c o n s t r u c t i o n  o f  t h e  t r a n s m i s s i o n  l i n e  as would occur f rom c o n s t r u c t i o n  o f  
t h e  camps f o r  s i m i l a r  reasons (see p rev ious  d i s c u s s i o n ) .  A f t e r  
v e g e t a t i o n  removal, f i n e - t e x t u r e d  g l a c i a l  t i l l s  encountered a long  t h e  
r o u t e  may be p a r t i c u l a r l y  s u s c e p t i b l e  t o  e r o s i o n  and s lope  f a i l u r e .  I n  
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Stage I11 t h e  company w i l l  under take a d d i t i o n a l  s t u d i e s  o f  s o i l s  and 
s u r f i c i a l  m a t e r i a l s  a l o n g  t h e  c o r r i d o r  r o u t e  t o  i d e n t i f y  s p e c i f i c  problem 
areas ( see  Subsect ion 1.6.2). 

F o l l o w i n g  c o n s t r u c t i o n  o f  t h e  t r a n s m i s s i o n  l i n e ,  d i s t u r b e d  
lands  would be seeded. Dur ing  t h e  o p e r a t i o n  o f  t h e  l i n e ,  v e g e t a t l v e  
growth i n  t h e  r i g h t - o f - w a y  would be c o n t r o l l e d  mechan ica l l y  o r  
c h e m i c a l l y .  H e r b i c i d e s  would be used i n  accordance w i t h  r e g u l a t i o n s  o f  
t h e  f e d e r a l  and p r o v i n c i a l  governments, and B.C. Hydro weed c o n t r o l  
p o l i c y  (Stage I 1  E A ) .  

Development o f  an env i ronmenta l  management p l a n  i s  a n t i c i p a t e d  
f o r  use by t h e  c o n s t r u c t i o n  work f o r c e .  The design, c o n s t r u c t i o n ,  and 
maintenance o f  t h e  t r a n s m i s s i o n  l i n e  would be undertaken by B.C. Hydro 
u t i l i z i n g  p r a c t i c e s  and standards employed on s i m i l a r  t r a n s m i s s i o n  l i n e s .  

I n  h i s  l e t t e r  o f  1984 February 21 g r a n t i n g  Stage I 1  
a p p r o v a l - i n - p r i n c i p l e  t o  Sage Creek Coal L i m i t e d ,  M r .  A.J. Brummett 
s t a t e d  t h a t  a f i n a l  d e c i s i o n  on r o u t i n g  o f  t h e  t r a n s m i s s i o n  l i n e  would be 
d e f e r r e d  u n t i l  Stage 111. He i n d i c a t e d  t h a t ,  w h i l e  t h e  r o u t e  desc r ibed  
above was accep tab le  i n  p r i n c i p l e ,  t h e r e  was a c l e a r  p re fe rence  by 
p r o v i n c i a l  resource m i n i s t r i e s  f o r  an a l t e r n a t i v e  r o u t e  t h a t  would t a p  
i n t o  a 500-kV l i n e  proposed t o  be c o n s t r u c t e d  f rom Cranbrook, B.C. t o  
A l b e r t a .  M r .  Brummett f u r t h e r  s t a t e d  t h a t  t h i s  p r e f e r r e d  a l t e r n a t i v e  
i n v o l v e d  l e s s  env i ronmenta l  impact.  

4.2.4 Haul Road t o  Mor r i ssey  
The e x i s t i n g  road f rom t h e  mine s i t e  t o  Mor r i ssey  on t h e  E l k  

R i v e r  ( see  F i g u r e  1 )  would be s i g n i f i c a n t l y  improved and r e l o c a t e d  i n  
o r d e r  t o  accommodate 59-tonne pay load t r u c k s .  The e n t i r e  66 km (41 m i )  
l e n g t h  would be paved and would be 9.'8 m ( 3 2  f t )  wide w i t h  a 1 m (3 .3  f t )  
wide g r a v e l  shoulder  on each s ide .  P o r t i o n s  o f  t h e  road may be l e f t  i n  a 
g r a v e l l e d  c o n d i t i o n  f o r  a w h i l e  t o  a l l o w  s e t t l i n g  (Stage I 1  E A ) .  

Approx imate ly  h a l f  o f  t h e  road l e n g t h  would be i n  t h e  F lathead 
dra inage,  p a r a l l e l i n g  Harvey Creek and t h e  F la thead  R i v e r  ( F i g u r e  2 ) .  
The e x i s t i n g  road l i e s  c l o s e  t o  Harvey Creek a t  some p laces  due t o  t h e  
narrowness o f  t h e  v a l l e y .  The new road may encroach on some o f  t h e  s i d e  
channels o f  Harvey Creek. Eleven k i l o m e t r e s  ( 6 . 8  m i )  o f  r e l o c a t e d  haul  
road a r e  proposed i n  t h e  F la thead  Basin.  
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Six teen  c u l v e r t s  have been proposed where t h e  hau l  road crosses 
streams i n  t h e  F la thead R ive r  bas in .  The c u l v e r t s  a r e  proposed t o  be 
s i zed  t o  a l l o w  passage o f  a 50-year r e t u r n  event.  Major  t r i b u t a r i e s  
crossed by t h e  road would i n c l u d e  Gumbo and Parker Creeks (Cr ippen 
Consul tants  1981). 

One b r i d g e  on t h i s  road i s  proposed t o  cross Howell  Creek j u s t  
south o f  i t s  con f luence w i t h  Cabin Creek on t h e  mine s i t e .  Th is  b r i d g e  
would be a s i n g l e  span s t r u c t u r e  and would p r o v i d e  f ree-board above water  
l e v e l  f o r  a 200-year des ign  f l o o d  t o  pe rm i t  th rough- f low o f  deb r i s .  
Rip- rap would be used on embankments and foundat ions t o  r e s i s t  e r o s i o n  
and scour o f  a 200-year f l o o d .  Dis turbance t o  r i p a r i a n  vege ta t i on  and 
s u r f l c i a l  m a t e r i a l s  ad jacent  t o  Howel l  Creek would p resent  a p o t e n t i a l  
p o i n t  source o f  sediment and organ ic  d e b r i s .  Some concern has a l s o  been 
expressed rega rd ing  t h e  approach t o  t h e  b r i d g e  which would c u t  through an 
uns tab le  g r a v e l  bank. The company has proposed t o  e l i m i n a t e  t h e  
p o t e n t i a l  f o r  bank f a i l u r e  i n  t h e  f i n a l  des ign.  

The k inds  o f  impacts assoc ia ted  w i t h  c o n s t r u c t i o n  o f  t h e  hau l  
road would be s i m i l a r  t o  those i d e n t i f i e d  f o r  t h e  t r a n s m i s s i o n  l i n e .  
Land c l e a r i n g  and t h e  c r e a t i o n  o f  exposed s o l l s  and s u r f i c i a l  m a t e r i a l s  
( e s p e c i a l l y  f i n e - t e x t u r e d  t i l l s )  would render these m a t e r i a l s  suscep t ib le  
t o  e ros ion  and s t a b i l i t y  problems w i t h  consequent sed iment - re la ted  
impacts t o  ad jacent  streams. The company has proposed t o  c o n t r o l  these 
impacts by prompt r e v e g e t a t i o n  o f  exposed m a t e r i a l s  and "good 
c o n s t r u c t i o n  p r a c t i c e s "  (Stage I1 E A ) .  I t  has a l s o  been suggested t h a t  
major  c u t  s lopes i n  shale bedrock may need an a p p l i c a t l o n  o f  sho tc re te  t o  
m a i n t a i n  s t a b i l i t y  (Cr ippen Consul tants  1981). 

Dur ing  c o n s t r u c t i o n  and p r i o r  t o  vege ta t i on  es tab l i shment ,  t h e  
company has proposed t o  conduct a m o n i t o r i n g  program o f  ad jacent  waters 
t h a t  would be a f f e c t e d  by t h e  o p e r a t i o n  (Stage I 1  E A ) .  

P o t e n t i a l  sed iment - re la ted  impacts would a l s o  occur d u r i n g  
o p e r a t i o n  o f  t h e  hau l  road. However, va r ious  c o n d i t i o n s  and management 
p r a c t i c e s  would a f f e c t  t h e  r e l a t i v e  q u a n t i t i e s  i nvo l ved .  These a re  
d iscussed f u r t h e r  i n  Sec t i on  6 o f  t h i s  r e p o r t .  

4.2.5 Mine S i t e  Roads and Br ldqes 
Mine s i t e  hau l  roads would be 33.5 m (110 f t )  wide, cons t ruc ted  
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t o  a maximum road grade of  8 X ,  and would i n c l u d e  a l lowance f o r  roads ide  
d i t c h e s  and s a f e t y  berms (Stage I 1  E A ) .  Roadside d i t c h e s  would a l l  be 
d i r e c t e d  t o  t h e  contaminated water  i n t e r c e p t o r  d i t c h e s  and d i r e c t e d  t o  
s e t t l i n g  ponds. Stream c ross ings  planned i n  t h e  mine area i n c l u d e  one on 
Howel l  Creek upstream o f  Cabin Creek t o  access Waste Dump E, one on Cabin 
Creek t o  connect t h e  N o r t h  and South H i l l  areas, and a t h i r d  one on 
Howel l  Creek downstream o f  Cabin Creek t o  connect t h e  p l a n t  s i t e  w i t h  t h e  
main h a u l  road t o  Mor r i ssey  ( F i g u r e  3 ) .  

The Howel l  Creek b r i d g e  access ing Waste Dump E would c o n s i s t  o f  
a c l e a r  span across t h e  a c t i v e  channel p l u s  an a d d i t i o n a l  increment equal 
i n  l e n g t h  t o  t h e  w i d t h  o f  t h e  channel across a p o r t i o n  o f  t h e  f l o o d p l a i n  
(Stage I 1  EA) .  It would be high enough t o  pass a 200-year f l o o d  w i t h  
f u r t h e r  a l lowance f o r  d e b r i s .  The movement o f  a meander o f  t h e  creek 
above t h e  b r i d g e  would be c o n t r o l l e d  by t h e  use o f  "gu ide banks" 
( r i p - r a p )  a l o n g  t h e  banks o f  t h e  creek.  C u l v e r t s  would be used f o r  b o t h  
approaches t o  t h e  b r i d g e  i n  back channels o f  Howel l  Creek t o  p reven t  
s i l t a t i o n  o f  t h e  back channel and t o  m in im ize  s t r e s s  on t h e  b r i d g e  d u r i n g  
h i g h  f l ow .  These c o n s t r u c t i o n  a c t i v i t i e s  would occur d u r i n g  t h e  i n i t i a l  
t h r e e  years o f  c o a l  p r o d u c t i o n  from t h e  Nor th  P i t  (Appendix 2.5.1-1, 
Stage I 1  E A ) .  

The use o f  " t r a i n i n g  works" ( o r  r i p - r a p )  on Howel l  Creek near 
t h e  b r i d g e  and near S e t t l i n g  Pond 4 a r e  proposed t o  p r o v i d e  increased 
p r o t e c t i o n  a g a i n s t  f l o o d  waters  becoming e n t r a i n e d  w i th in  t h e  ad jacen t  
d i  tches . 

The b r i d g e  across Cabin Creek would a l s o  be designed t o  pass a 
200-year f l o o d  p l u s  d e b r i s .  The lower  b r i d g e  across Howel l  Creek was 
d iscussed p r e v i o u s l y .  

Under t h e  Water Act ,  t i m i n g  and t y p e  o f  i n s t r e a m  a c t i v i t y  can 
be r e g u l a t e d ,  as w e l l  as c o n t r o l  o f  unconsol idated m a t e r i a l  on o r  
ad jacen t  t o  t h e  b r i d g e  deck i n  o r d e r  t o  min imize impact t o  t h e  stream 
( v e r b a l  communication, 1985, R .  Boyer, Water Management Engineer,  MOE, 
Cranbrook, B r i t i s h  Columbia).  Impacts would be e v i d e n t  f o r  b o t h  t h e  
c o n s t r u c t i o n  phase and m l n i n g  phase b u t  would be under g r e a t e r  c o n t r o l  
d u r i n g  t h e  m i n i n g  phase due t o  t h e  s e t t l i n g  pond and d i t c h  systems. 
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4.2.6 P i t s  and Waste and Coal Refuse Dumps 
The r e l a t i v e  l o c a t i o n  o f  these fea tu res  i s  shown i n  F igu re  3 .  

The Nor th  Hi11 p i t  and assoc ia ted  Waste Dumps C, D, E,  and F, and t h e  
re fuse  dump south o f  Cabin Creek would be t h e  f i r s t  areas o f  development. 
The remain ing s i t e  development, i n c l u d i n g  t h e  South H i l l  p i t  development 
and c o n s t r u c t i o n  o f  Waste Dumps A and 6, would be scheduled as r e q u i r e d  
d u r i n g  t h e  p r o d u c t i o n  years (See Subsect ion 2.1.4).  The f o u r  Nor th  H i l l  

2 dumps would occupy 634 ha (2 .4  m i  ) w h i l e  t h e  two South H i l l  dumps 
would cover approx imate ly  563 ha (2.2 m i  ) (Stage I 1  EA).  The maximum 
e l e v a t i o n  d i f f e r e n c e  between t h e  c r e s t  and t o e  o f  any deve lop ing  waste 
rock dump bench would be 122 m (400 f t )  (Stage I 1  EA, Golder Associates 
1981). Genera l l y ,  a f t e r  dump complet ion,  t h e  d i f f e r e n c e  i n  e l e v a t i o n  
between any two consecut ive  benches would be 30 m (100 f t ) .  

Waste dumps a r e  developed under B.C. government a u t h o r i t y ,  
w i t h  c o n s i d e r a t i o n  o f  t h e  geotechn ica l  s t a b i l i t y  o f  t h e  s t r u c t u r e ,  
s u i t a b i l i t y  f o r  rec lamat ion ,  and economics o f  moving m a t e r i a l  f rom p i t s  
t o  dump l o c a t i o n s .  

The dumps would be developed ad jacent  t o  the  t w o  m in ing  areas 
( N o r t h  H i l l  p i t  and South H i l l  p i t )  by c o n s t r u c t i n g  wrap-around type 
dumps a t  p r o g r e s s i v e l y  decreas ing e l e v a t i o n s .  Th is  would i n v o l v e  
end-dumping waste rock a t  t h e  c r e s t  o f  t he  advancing waste p i l e .  Each 
dump would be developed i n  a s e r i e s  o f  l e v e l  benches. Dump c o n s t r u c t i o n  
t i m i n g  i s  l i n k e d  t o  sequenced mine development and access road 
c o n s t r u c t i o n .  

Proposed c o n s t r u c t i o n  o f  Waste Dump E, eas t  o f  Howel l  Creek 
( F i g u r e  3 ) ,  would be d i f f e r e n t  f r o m  t h e  above approach, because i t  would 
be b u i l t  f rom the  bot tom up. Th is  dump would rece ive  m a t e r i a l  o r i g l n a l l y  
planned f o r  Nor th  H i l l  dumps t o  avo id  t h e  need f o r  d i v e r s i o n  o f  H o w e l l  
Creek. Movement o f  waste rock t o  Dump E, away f rom t h e  east  s ide  o f  t h e  
Nor th  H i l l  p i t  west o f  Howell  Creek, was designed p r i m a r i l y  a t  t h e  
request  o f  MEMPR t o  avo id  b u r y i n g  deep c o a l  a t  t h a t  l o c a t i o n .  Th is  new 
l o c a t i o n  was a l s o  chosen t o  a l l o w  a l a r g e r  g reenbe l t  zone f rom t h e  t o e  of  
t h e  Nor th  H i l l  dumps t o  t h e  creek channels (Stage I 1  E A ) .  Waste Dump E 

would n o t  be s t a r t e d  u n t i l  year f i v e  a f t e r  i n i t i a t i o n  o f  p roduc t i on .  

2 
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The t o e  o f  t h e  dumps a f t e r  f i n a l  g r a d i n g  t o  a maximum ang le  of  
26" (Subsect ion 4.3.3.2) would be s e t  back 90 m (295 f t )  f rom Cabin and 
Howel l  Creeks. On occasions, where t h e r e  i s  an agreement by MOE and 
MEMPR, t h e r e  may be encroachment w i t h i n  t h i s  90-m l i m i t ,  i f  
e n v i r o n m e n t a l l y  accep tab le  and r e q u i r e d  f o r  dump s t a b i l i t y  ( see  
Subsect ion 1.6.1.2). 

S t a b i l i t y  o f  waste dumps a t  t h e  proposed mine i s  a concern 
because dump f a i l u r e s  c o u l d  have adverse e f f e c t s  on water  q u a l i t y  o f  
Cabin and Howel l  Creeks and t h e  F la thead  R i v e r .  Dumps B, C and D appear 
t o  be most c r i t i c a l  i n  t h i s  rega rd  ( F i g u r e  3 ) .  Subsect ion 6.6 o f  t h i s  
r e p o r t  c o n t a i n s  h i s t o r i c a l  i n f o r m a t i o n  on waste dump s t a b i l i t y  a t  
e x i s t i n g  E l k  R i v e r  v a l l e y  mines, and a d i s c u s s i o n  o f  dump s t a b i l i t y  a t  
t h e  proposed mine s i t e .  

To guard a g a i n s t  p o t e n t i a l  e n t r y  o f  s l i d e  d e b r i s  i n t o  Cabin and 
Howel l  Creeks, p r o t e c t i v e  berms would be c o n s t r u c t e d  a t  t h e  t o e  o f  Waste 
Dump D a l o n g  Howel l  Creek and a t  t h e  t o e  o f  Waste Dump C a long  Cabin 
Creek (Stage I 1  EA, Golder Associates 1981). A l though t h e  company has 
n o t  i n d i c a t e d  p l a n s  i n  t h e  Stage I 1  EA t o  c o n s t r u c t  a berm a t  t h e  t o e  o f  
Waste Dump B south o f  Cabin Creek, i t s  c o n s u l t a n t  d i d  recommend t h a t  
measure (Golder  Associates 1981). These berms would have a h e i g h t  o f  6.5 
t o  10 m (21 t o  33 f t )  and a c r e s t  w i d t h  o f  app rox ima te l y  33 m (108 f t )  
and would be c o n s t r u c t e d  o f  truck-dumped waste rock .  The p r o t e c t i v e  
berms ad jacen t  t o  t h e  d ra inage  courses would be c o n s t r u c t e d  c o n c u r r e n t l y  
w i t h  development o f  t h e  dumps by m a i n t a i n i n g  a d i s t a n c e  o f  app rox ima te l y  
90 m (295 f t )  ahead o f  t h e  f a l l  l i n e  ( p r o j e c t e d  t o  t h e  bot tom o f  t h e  
s lope)  (Stage I1  E A ) .  A l though t h e  common ang le  o f  repose o f  end-dumped 
waste rock i s  37". p r o v i s i o n  i s  made i n  t h e  dump des ign  t o  p e r m i t  
r e c l a m a t i o n  t o  t h e  suggested f i n a l  s lope  o f  26" (Stage I 1  E A ) .  A f t e r  
g r a d i n g  t o  t h e  f i n a l  s lopes t h e  berms would be i n c o r p o r a t e d  i n t o  t h e  toes 
o f  t h e  dumps. The MDC understands t h a t  t h e  berms w i l l  g e n e r a l l y  be 
o u t s l d e  o f  t h e  r e q u i r e d  90-m ( 2 9 5 - f t )  b u f f e r  s t r i p  ad jacen t  t o  Howel l  and 
Cabin Creeks. 

Contaminated water  d i t c h e s  would i n t e r c e p t  s u r f a c e  r u n o f f  f rom 
waste dumps, p i t s ,  r e f u s e  dumps, and o t h e r  areas and d i r e c t  i t  t o  
s e t t l i n g  ponds as shown on F i g u r e  3 .  Water q u a l i t y  l i m i t s  f o r  t o t a l  
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suspended solids are specified in waste management permits for discharges 
from settling ponds. 

Primary pollutants from the pits and waste rock dumps would be 
total suspended solids and forms of soluble inorganic nitrogen. 
Suspended solids would be controlled as noted above. Soluble nitrogen 
levels would depend on drilling and blasting practices in the pits, 
which, in turn, are dependent on quantities of groundwater encountered. 

Blast hole dewatering would be carried out as required. A 
small drill would be available to drill drain holes in the highwall to 
prevent groundwater buildup (Stage 11 E A ) .  Where wet conditions are 
encountered, a slurry gel explosive may be used. Powder load calculated 
by Sage Creek Coal Limited is 0.71 kg/bcm (1.19 lbs/bcyd). The average 
consumption of explosives would be 9.5 million kg (21.9 million lbs) per 
year averaging 80% AN/FO, 20% slurry water/gel (described in 
Subsection 2.7.5). Powder factors below 0.71 kg/bcm (1.19 lbs/bcyd) 
could be used selectively in those areas with rock softer than the 
sandstones; this "softer" rock comprises approximately two-thirds of the 
waste rock (Stage I 1  E A ) .  

Prior to initiation of mine operation and before field 
management of soluble nitrogen from pits could be attempted, predictions 
of available nitrogen would be necessary. The information in the 
previous paragraph would be of use in such calculations. These 
predictions would also be based on nitrogen balances calculated at other 
mines and could serve to alter some mine design plans prior to 
construction and operation. The purposes o f  these measures would be to 
minimize nitrogen inputs to sensitive receiving streams. Further, once 
minimum loadings were estimated, it would be possible to identify those 
streams where impact could not be avoided. This aspect Is examined 
further in Section 5 of this report. 

There is no regulatory mechanism for control o f  surface or 
groundwater enriched in soluble nitrogen and entering receiving streams. 
Receiving water objectives are established to ensure protection of 
aquatic life. Monitoring of both receiving waters and surface discharges 
for soluble forms of nitrogen is a requirement of Waste Management 
permits. Historically, where various forms o f  nitrogen approached o r  
exceeded objectives in the Elk Valley receiving waters, one or more o f  a 
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wide v a r i e t y  o f  management p r a c t i c e s  have been implemented. These have 
i n c l u d e d  such t h i n g s  as: 

- dewa te r ing  b l a s t i n g  area p r i o r  t o  b l a s t i n g ;  
- m i n i m i z i n g  t h e  t i m e  between l o a d i n g  and b l a s t i n g ;  
- s p i l l  c o n t r o l  and housekeeping; 
- d i v e r s i o n  o f  water  away f rom s p o i l ;  
- s to rage  o f  en r i ched  water ;  and 
- r e c y c l i n g  o f  en r i ched  water  w i t h i n  t h e  opera t i on ,  

on an ongoing o r  i n t e r m i t t e n t  b a s i s  (Pommen 1983). 
Creek dewa te r ing  t o  t h e  p i t s  would be managed and r e g u l a t e d  

under t h e  Water Act  t h rough  a water  l i c e n c e .  Cond i t i ons  f o r  c o n t r o l l i n g  
f l o w  losses  c o u l d  become p a r t  o f  an en fo rceab le  l i c e n c e  under t h e  Water 
Act  ( v e r b a l  communication, 1985, John Dick,  Manager o f  Mine Impact 
Review, MOE, V i c t o r i a ) .  Th i s  p robab ly  would n o t  become an i s s u e  u n t i l  
p i t  development reached t h e  same base e l e v a t i o n  as t h e  s u r f a c e  creek f l o w .  

4.2.7 Ponds, D i t ches ,  and Coal Process ing P l a n t  

4.2.7.1 Major  s e t t l i n g  ponds and t h e  t a i l i n g s  pond. S e t t l i n g  Pond 2 
and assoc ia ted  d i t c h e s  ( see  F i g u r e  3)  would be b u i l t  d u r i n g  t h e  f i r s t  
year o f  t h e  c o n s t r u c t i o n  p e r i o d  (Stage I1 E A ) .  Du r ing  t h e  second year ,  
t h e  s t a r t e r  dam of  S e t t l i n g  Pond 1 would be cons t ruc ted .  A p o r t i o n  o f  
t h e  containment berms around t h e  c o a l  r e f u s e  dump would be cons t ruc ted .  
Presumably d i t c h e s  around t h i s  dump and t h e  c o a l  p rocess ing  p l a n t  area 
would a l s o  be i n s t a l l e d .  The t a i l i n g s  pond and p o s s i b l y  two assoc ia ted  
borrow p i t s  ad jacen t  t o  Howel l  Creek (K lohn  Leonof f  1981b), i t s  
assoc ia ted  d i t c h e s  and r e c l a i m  water  l i n e s ,  and t h e  c o a l  p rocess ing  p l a n t  
w i t h  a l l  necessary s t r u c t u r e s  and b u i l d i n g s  would be b u i l t  d u r i n g  t h i s  
i n i t i a l  two-year c o n s t r u c t i o n  p e r i o d .  

U l t i m a t e l y ,  f o u r  s e t t l i n g  ponds a r e  planned f o r  t h e  Sage Creek 
Coal L i m i t e d ' s  proposed mine t o  s e t t l e  suspended sediments con ta ined  i n  
r u n o f f  f rom d i s t u r b e d  areas.  These ponds would be p o i n t  source 
d ischarges t o  t h e  F la thead  R i v e r  and Cabin Creek and would a l s o  be 
l o c a t i o n s  where s u r f a c e  waters  would i n f i l t r a t e  i n t o  t h e  groundwater 

system. 
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S e t t l i n g  Pond 1 would be l o c a t e d  on a f l u v i a l  t e r r a c e  sou th  o f  
t h e  p l a n t  s i t e  ( F i g u r e  3 ) .  Th is  pond would r e c e i v e  d i s t u r b e d  area r u n o f f  
f r o m  contaminated water  d i t c h e s  CW3 and CW4 around South H i l l .  Ou t f l ow  
f rom b o t h  t h e  decant and emergency s p i l l w a y  s t r u c t u r e s  o f  t h i s  pond would 
f l o w  a d i s t a n c e  o f  app rox ima te l y  1000 m (3281 f t )  sou th  a l o n g  a smal l  
n a t u r a l  d ra inage  channel t o  t h e  F la thead  R i v e r .  S e t t l i n g  Pond 2 would be 
bounded on t h e  n o r t h  by n a t u r a l  topography, on t h e  west by t h e  N o r t h  H i 1 1  
hau l  road, and by embankments on t h e  eas t  and south.  Pond 2 would 
r e c e i v e  r u n o f f  f rom contaminated water  d i t c h e s  CW1 and CW2 l o c a t e d  a t  t h e  
base o f  t h e  N o r t h  H i l l  waste dumps. S p i l l w a y  and decant d ischarges would 
be t o  Cabin Creek. 

Test p i t  obse rva t i ons  i n d i c a t e  t h a t  t h e  bottoms o f  Ponds 1 and 
2 would g e n e r a l l y  have approx ima te l y  0.5 m (1.64 f t )  o f  f i n e  sand o r  s i l t  
o v e r l y i n g  g r a v e l .  A f i e l d  p e r m e a b i l i t y  t e s t  y i e l d e d  a p e r m e a b i l i t y  o f  
7.0 x 10-1 cm/s (0.023 f t / s ) ,  t y p i c a l  o f  c l e a n  sand and g r a v e l .  Th i s  
i n d i c a t e s  t h a t  seepage f rom t h e  ponds would occur so t h a t  d u r i n g  l ow  f l o w  
p e r i o d s  t h e  water  l e v e l  may remain below t h e  decant i n v e r t .  However, 
o t h e r  f a c t o r s  t o  be considered a r e  d iscussed below. 

The p r o b a b i l i t y  o f  pond d ischarges due t o  pumpage o f  p i t  water  
i n t o  S e t t l i n g  Ponds 1 and 2 i s  d i f f i c u l t  t o  assess. The f i e l d  t e s t  
i n d i c a t e s  t h a t  t h e  m a t e r i a l s  compr i s ing  t h e  bot tom o f  t h e  ponds a r e  ve ry  
permeable. However, as these s t r u c t u r e s  accumulate sediment f rom s u r f a c e  
water  i n f l o w s ,  t h e  p e r m e a b i l i t y  w i l l  decrease. The Stage I 1  EA es t ima tes  
maximum pumpage f rom t h e  South and Nor th  H i l l  p i t s  a t  227 and 450 L / s  
(3600 and 7133 gal /min)  r e s p e c t i v e l y .  Dur ing  l ow  f l o w  p e r i o d s  a l l  o r  
most o f  t h e  f l o w  t o  t h e  ponds would be f rom p i t  pumpage. Sowers and 
Sowers (1970) c i t e d  a p e r m e a b i l i t y  range o f  1 x t o  1 x l o - *  cm/s 
( 3 . 3  x t o  3.3 x f t / s )  f o r  s i l t y - s a n d  t y p e  s o i l  m a t e r i a l s .  
Assuming t h e  maximum es t ima ted  pumpage f rom t h e  p i t s ,  n e a r l y  a l l  p i t  
pumpage would be d ischarged f rom t h e  ponds a t  t h e  l ow  end o f  t h i s  
p e r m e a b i l i t y  range w i t h  es t ima ted  d ischarges o f  0.2 and 0.4 m / s  (7 .1 
and 14.2 c f s )  f rom Ponds 1 and 2, r e s p e c t i v e l y .  N e i t h e r  pond would 
d ischarge,  g i v e n  a p e r m e a b i l i t y  o f  1 x cm/s, ( 3 . 3  x f t / s )  
and a t  t h e  m i d p o i n t  o f  t h i s  range ( 1  x cm/s [3 .3 x10 f t / s ] )  
o n l y  Pond 2 should d i scha rge  ( a t  a r a t e  o f  0.2 m / s  [7.1 c f s ] ) .  

3 

3 
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Other v a r i a b l e s  t h a t  f u r t h e r  comp l i ca te  t h e  pond d i s c h a r g e / p i t  
water  i n f l o w  i s s u e  i n c l u d e  t h e  u n c e r t a i n  q u a n t i t y  and t i m i n g  o f  
groundwater i n f l o w s  t o  t h e  p i t s  (Subsec t i on  4.4.1), f requency o f  pond 
c l e a n i n g ,  a l t e r n a t i v e  methods o f  h a n d l i n g  p i t  water  ( such  as s to rage  i n  
p i t s ) ,  and t h e  use o f  s e t t l i n g  pond water  as make-up water  i n  t h e  
p rocess ing  p l a n t .  

S e t t l i n g  Ponds 3 and 4 would be much s m a l l e r  t han  Ponds 1 and 
2, and would r e c e i v e  r u n o f f  f rom Waste Dump E l o c a t e d  eas t  o f  Howel l  
Creek. Test p i t s  were n o t  excavated, b u t  i t  i s  reasonable t o  expect t h a t  
o rgan ics  p l u s  f i n e  sand and s i l t  o v e r l i e  coarse g r a v e l  m a t e r i a l s  a t  these 
pond s i t e s .  The decant and emergency s p i l l w a y s  o f  b o t h  ponds would 
d i scha rge  t o  t h e  F la thead  R i v e r .  Pond 4 was o r i g i n a l l y  designed t o  
d i scha rge  t o  Howel l  Creek, b u t  a commitment was made by Sage Creek Coal 
L i m i t e d  t o  r o u t e  t h i s  d i scha rge  t o  t h e  F la thead  R i v e r .  Designs t o  
accompl ish t h e  r e r o u t i n g  o f  t h i s  d i scha rge  have n o t  been completed and i t  
appears t h a t  t h i s  c o u l d  r e s u l t  i n  combining these two ponds. 

R a i n f a l l  i n t e n s i t i e s  were es t ima ted  f o r  24 -hour  storms a t  
v a r i o u s  r e t u r n  f requenc ies  (Stage 11 E A ) .  However, da ta  were 
i n s u f f i c i e n t  t o  e s t i m a t e  i n t e n s i t i e s  f o r  d u r a t i o n s  l e s s  than  24 hours.  
To o b t a i n  es t ima tes  o f  these l e s s e r  events,  Klohn Leonof f  (1981a) a p p l i e d  
t h e  U.S. S o i l  Conservat ion S e r v i c e  Type I1 d i s t r i b u t i o n  t o  t h e  24--hour 
s to rm r a i n f a l l s  es t ima ted  f o r  t h e  mine s i t e .  Peak r u n o f f  r a t e s  were 
es t ima ted  f r o m  t h i s  i n f o r m a t i o n  and used i n  s e t t l i n g  pond des ign.  

The s e t t l i n g  ponds a r e  designed t o  s e t t l e  p a r t i c l e s  w i t h  a 
minimum s i z e  o f  0.01 mm (3 .9  x i n )  under i d e a l  s e t t l i n g  c o n d i t i o n s  
by u t i l i z i n g  an o v e r f l o w  v e l o c i t y  l e s s  than  5 x l o w 5  m/s ( 1 . 6  x 

f t / s ) .  Exper ience i n d i c a t e s  t h a t ,  under o p e r a t i n g  c o n d i t i o n s ,  t h e  
e f f i c i e n c y  o f  s e t t l i n g  ponds designed t h i s  way may va ry  f rom t h e  
e f f i c i e n c y  expected under i d e a l  c o n d i t i o n s .  Opera t i ng  c o n d i t i o n  
e f f i c i e n c y  would a l l o w  c a p t u r e  o f  p a r t i c l e s  w i t h  an es t ima ted  minimum 
s i z e  range o f  0.02 t o  0.05 mm (7.9 x t o  2.0 x i n ) .  

A l l  ponds would c o n t a i n  two o u t f l o w  s t r u c t u r e s :  t h e  normal 
decant f o r  o p e r a t i o n s  up t o  t h e  50-year f l o o d  and a f r e e  c r e s t  s p i l l w a y  
capable o f  d i s c h a r g i n g  t h e  peak f l o w  f rom a 200-year f l o o d .  The ponds 
would a l s o  be designed t o  a l l o w  l i m i t e d  seepage (K lohn  Leonof f  1981a). 
M o n i t o r i n g  s t a t i o n s  would be p rov ided  a t  d i scha rge  p o i n t s  t o  n a t u r a l  
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watercourses.  A d i v e r g i n g  i n l e t  s e c t i o n  w i t h  a l a r g e  d iameter  r i p - r a p  
bed would be used t o  min imize  t h e  p o t e n t i a l  f o r  s h o r t - c i r c u i t i n g  o f  t h e  
ponds. The i n l e t  s e c t i o n  should spread i n f l o w ,  d i s s i p a t e  f l o w  energy, 
and reduce i n f l o w  v e l o c i t i e s .  P rov i s ions  f o r  adding f l o c c u l e n t  would be 
made i n  t h e  pond des ign.  

The t a i l i n g s  pond would be l oca ted  upstream f rom S e t t l i n g  
Pond 1. The t a i l i n g s  pond i s  designed t o  c o n t a i n  t a i l i n g s  f rom 40 years 
of  mine o p e r a t i o n  a t  a p roduc t i on  r a t e  20% h ighe r  than t h e  2.2 Mt / y r  
p lanned. F lood s to rage i s  designed f o r  t h e  excess r u n o f f  f r o m  a wet year 
w i t h  a 100-year r e t u r n  p e r i o d  and a 200-year, 72-hour storm. A f r e e  
c r e s t  s p i l l w a y  would be prov ided which would d ischarge t o  S e t t l i n g  
Pond 1, should a more extreme event occur d u r i n g  opera t ions .  

A 200-year r e t u r n  p e r i o d  earthquake was es t imated t o  produce 
ground a c c e l e r a t i o n  equal  t o  4% o f  g r a v i t y .  I t  i s  a n t i c i p a t e d  t h a t  
m a t e r i a l s  a r e  a v a i l a b l e  on s i t e  which w i l l  be s u i t a b l e  f o r  t a i l i n g s  pond 
embankment c o n s t r u c t i o n  capable o f  w i t h s t a n d i n g  such an earthquake. A 
s t a b i l i t y  a n a l y s i s  o f  t h e  t a i l i n g s  pond embankment would be performed 
when s t r e n g t h  parameters f o r  c o n s t r u c t i o n  m a t e r i a l s  a r e  conf i rmed.  

I t  i s  assumed i n  t h e  t a i l i n g s  pond des ign t h a t  a l l  f r e e  water  
( 1  m [ 3 . 3  f t ]  depth) cou ld  be rec la imed.  This  would depend on t h e  
r e t e n t i o n  t i m e  r e q u i r e d  f o r  se t t l emen t  o f  suspended s o l i d s .  Th is  
i n f o r m a t i o n  i s  n o t  a v a i l a b l e  a t  t h i s  t i m e  b u t  would be r e q u i r e d  f o r  f i n a l  
des ign.  A d d i t i o n a l  i n v e s t i g a t i o n s  o f  borrow and founda t ion  m a t e r i a l s  a r e  
r e q u i r e d  t o  determine embankment s t a b i l i t y  and t h e  depth o f  t h e  seepage 
c u t o f f  t rench .  

4.2.7.2 Uncontaminated water  d i t c h e s .  Permanent and temporary 
uncontaminated water  d i t c h e s  would be cons t ruc ted  (Stage I 1  EA) 
( F i g u r e  3 ) .  The permanent uncontaminated water d i t c h e s ,  which would 
u t i l i z e  n a t u r a l  d ra inage channels t o  some e x t e n t ,  would be the  u l t i m a t e  
upslope i n t e r c e p t o r s  and conveyers o f  water  moving toward t h e  Nor th  and 
South H i l l  development areas. 

The n a t u r a l  channels t o  be u t i l i z e d  a r e  g e n e r a l l y  s teeper  than 
the  excavated channels and, t h e r e f o r e ,  some r i p - r a p  l i n i n g  would be 

requ i red .  The d i t c h  g r a d i e n t s  would be l i m i t e d  t o  0.0015 t o  m a i n t a i n  
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f l o o d  f l o w  v e l o c i t i e s  o f  0.9 t o  1.4 m/s (2 .95  t o  4.6 f t / s )  (K lohn Leonof f  
1981a). Th is  g r a d i e n t  would n e c e s s i t a t e  t h e  use o f  drop s t r u c t u r e s  o r  
s i m i l a r  dev ices  t o  convey water  down some o f  t h e  very  steep slopes. Even 

so, t h e  d i f f i c u l t i e s  i n  meet ing t h e  des ign  g r a d i e n t  m igh t  be s u b s t a n t i a l ,  
depending on t h e  f i n a l  r o u t i n g  o f  t h e  d i t c h e s  a t  Stage I 1 1  o f  t h e  B.C. 
Mine Development P lann ing  Process. Therefore,  these d i t c h e s  cou ld  
c o n s t i t u t e  ma jor  sources o f  sediment. 

The company has i n d i c a t e d  t h a t  t h e  uncontaminated water  d i t c h e s  
would f l o w  i n t o  t h e  p i t s  and i n t o  contaminated water  d i t c h e s ,  should they  
over top .  There fore ,  these d i t c h e s  were designed f o r  a s to rm o f  s h o r t e r  
recur rence i n t e r v a l  (50-year)  than contaminated water  d i t c h e s  and o t h e r  
water  c o n t r o l  s t r u c t u r e s .  Freeboard o f  0.3 m ( 1  f t )  was i nc luded  i n  t h e  
design. D i t c h  s i d e  s lopes would be 3 h o r i z o n t a 1 : l  v e r t i c a l  and excavated 
m a t e r i a l  would be p laced i n  a berm on t h e  d o w n h i l l  s i d e  o f  t h e  d i t c h .  
The d i t c h e s  and berms would be revegeta ted  f o l l o w i n g  t h e i r  c o n s t r u c t i o n .  

The temporary uncontaminated water  d i t c h e s  would be abandoned 
and new ones c o n t i n u a l l y  r e b u i l t  as development o f  Nor th  and South H i l l s  
proceeds. 

The company has p rov ided  no i n f o r m a t i o n  on t h e  l o c a t i o n  o f  t h e  
temporary d i t c h e s  nor  on t h e  t i m i n g  o f  c o n s t r u c t i o n .  The MDC has assumed 
t h a t  t h e  company would p r e f e r  t o  a v o i d  water  i n  t h e  temporary 
uncontaminated water  d i t c h e s  be ing  i n t e r c e p t e d  by contaminated water  
d i t c h e s  a t  t h e  toes  o f  t h e  s lopes; i f  so t h e  MDC assumes t h a t  water  f rom 
t h e  temporary d l t c h e s  would d r a i n  d i r e c t l y  i n t o  Howel l ,  Cabin, o r  
Couldrey Creeks v i a  d ischarge f rom temporary s e t t l i n g  ponds. However, i t  
i s  n o t  c l e a r  f rom t h e  Stage I1 p lans  t h a t  t h i s  i s  what would occur.  

Four permanent uncontaminated water  d i v e r s i o n s  a t  u l t i m a t e  p i t  
development would be r e q u i r e d  as shown on F i g u r e  3 .  These d i t c h e s  would 
be cons t ruc ted  d u r i n g  e a r l y  stages o f  m in ing  (Subsec t ion  2.1) and, 
f o l l o w i n g  rec lamat ion ,  would remain i n  contour  as permanent landscape 
f e a t u r e s .  D i v e r s i o n  D i t c h  D1 above Nor th  H i l l  p i t  and Waste Dump D would 
d r a i n  t o  Howell  Creek. D i tches  02 and D3, above Nor th  H i l l  and South 
H i l l  p i t s ,  r e s p e c t i v e l y ,  and t h e i r  western waste dumps, would d r a i n  t o  
Cabin Creek. D i t c h  04 above South H i l l  p i t  and i t s  sou thern  waste dump 

would d r a i n  t o  Couldrey Creek. 
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Temporary settling ponds would be provided at the ends o f  
ditches D1, 02, and 03. Their function would be to contain sediment 
generated in the dltches themselves due to exposure of surficial 

materials after construction. These ponds would be eliminated after 
their usefulness had terminated (Stage I 1  E A ) .  No design details o f  
these ponds have been provided by the company. A temporary settling pond 
has not been proposed for D4, although this would likely be required by 
the MOE. Diversion Ditch D4 would capture uncontaminated water from a 
drainage area of 1.0 km (0.39 mi ) and would divert it to Couldrey 
Creek. This area presently drains to Cabin Creek and the Flathead River. 

2 2 

4.2.7.3 Contaminated water ditches. Six contaminated water drainage 
ditches would be required for ultimate pit development. Ditches CW1 and 
CW2 would carry runoff into Settling Pond 2 from the North Hill pit and 
dumps along Howell and Cabin Creeks, respectively. Ditches CW3 and CW4 
would carry runoff to Settling Pond 1 from South Hill pit and dumps along 
the south side of Cabin Creek and from Waste Dump A and the coal refuse 
dump, respectively. 

The contaminated water ditches utilize the same design criterja 
as the uncontaminated water ditches for sideslopes, gradient, and 
freeboard. Flow velocities would vary from 0.9 to 1.3 m/s (2.95 to 
4.27 ft/s). These ditches are designed to handle the 200-year return 
storm. The design also assumes failure of the upslope uncontaminated 
water diversions during a storm o f  this frequency. Design of ditches CW1 
and CW3 includes 32 L/s (500 gal/min) each to accommodate pit 
dewatering. Ice would be removed from contaminated and uncontaminated 
water ditches on an annual basis before the freshet period (Stage I 1  
E A ) .  The MDC anticipates that ice would be removed by backhoe. 

4.2.7.4 Impacts. The kinds o f  impacts associated with building these 
structures would be similar to those previously described for other 
construction activities. Prior to the installation o f  the sediment 
control system, the areas exposed to land clearing and disturbance from 
butlding these facilities would be vulnerable to runoff and erosion. 
This would only be allowed to occur during certain environmentally 
acceptable periods. 



5 5  

Once c o n s t r u c t i o n  o f  s e t t l i n g  ponds and c o n t r o l  d i t c h e s  was 
complete,  r u n o f f  f rom subsequent c o n s t r u c t i o n  and p roduc t i on  a c t i v i t i e s  
would be c o n t r o l l e d .  A t  t h i s  p o i n t  impacts f rom c o n s t r u c t i o n  should be 
l e s s  than those p r e d i c t e d  f o r  t h e  m in ing  phase, s ince  t h e  d i s t u r b e d  area 
d u r i n g  c o n s t r u c t i o n  would be l e s s  than a t  u l t i m a t e  p i t  development. 

4 . 2 . 8  Associated A c t i v i t i e s  

4 . 2 . 8 . 1  Logging and grubbing.  I t  i s  assumed t h a t ,  p r i o r  t o  any o f  t h e  
aforement ioned c o n s t r u c t i o n  a c t i v i t i e s ,  any merchantable t imber  would be 
removed. Th is  migh t  no rma l l y  be considered an i n t e g r a l  p a r t  o f  t h e  land 
c l e a r i n g  and su r face  m a t e r i a l  d i s t u r b a n c e  o f  a l l  such c o n s t r u c t i o n  
a c t i v i t i e s .  However, f o r  t h e  a c t u a l  mine a r e a s  ( N o r t h  and South H i l l s ) ,  
i t  i s  assumed t h a t  complete l o g g i n g  o f  these areas would occur p r i o r  t o  
i n i t i a l  p i t  development. Thus, Nor th  H i l l  would be comple te ly  logged no 
l a t e r  than t h e  f i r s t  year o f  t h e  c o n s t r u c t i o n  phase and t h e  South H i l l  
would be logged p r i o r  t o  year 5 o f  t h e  m in ing  opera t i on .  Grubbing ( l a n d  
c l e a r i n g )  o f  p i t  areas o n l y  would occur  subsequent t o  l ogg ing .  

H i s t o r i c a l l y ,  l o g g l n g  has preceded t h e  i n s t a l l a t i o n  o f  sediment 
c o n t r o l  f a c i l i t i e s  on coa l  m in ing  opera t i ons .  Impacts assoc ia ted  w i t h  
l o g g i n g  would be s i m i l a r  i n  na tu re  t o  o the r  c o n s t r u c t i o n - r e l a t e d  
a c t i v i t e s .  

There has been no ment ion i n  t h e  Stage I 1  EA rega rd ing  
i n s t a l l a t i o n  o f  sediment c o n t r o l  s t r u c t u r e s  p r i o r  t o  l o g g i n g  and grubbing.  

4 . 2 . 8 . 2  Salvage o f  s o i l  m a t e r i a l s .  The company has proposed t h a t  s o i l  
m a t e r i a l s  ( " t o p s o i l " )  be salvaged f r o m  t h e  r e l a t i v e l y  g e n t l y  s loped areas 
t h a t  c o n t a i n  f i n e - t e x t u r e d  t i l l s  and co l l uv ium,  and some organ ic  depos i t s  
(Stage I 1  E A ) .  Such areas would p r i m a r i l y  i n c l u d e  s e t t l i n g  and t a i l i n g s  
pond s i t e s ,  road r i gh ts -o f -way ,  t h e  p l a n t  s i t e ,  and lower  waste dump 
s lopes .  Salvage opera t i ons  would occur d u r i n g  bo th  t h e  c o n s t r u c t i o n  and 
m in ing  phases. 

S t o c k p i l e s  o f  salvaged s o i l  m a t e r i a l s  have been proposed on the 
mine s i t e  and would be seeded t o  promote s t a b i l i t y .  The s t o c k p i l e s  would 
a l s o  be l o c a t e d  t o  p r o v i d e  sediment containment by t h e  dra inage c o n t r o l  
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f a c i l i t i e s .  S t o c k p i l e  l o c a t i o n s  have n o t  been shown on any maps 
submi t ted as p a r t  o f  t h e  Stage I1 p l a n  (see Subsect ion 4.3.3.3 f o r  a 
d i s c u s s i o n  o f  t h e  proposed use o f  salvaged s o i l  m a t e r i a l s  i n  rec lamat ion . )  

4.2.8.3 F la thead Road r e l o c a t i o n .  The e x i s t i n g  F la thead Road f r o m  t h e  
c r o s s i n g  a t  Howel l  Creek south toward t h e  I n t e r n a t i o n a l  Boundary would 
r e q u i r e  r e l o c a t i o n  because o f  t h e  encroachment o f  t h e  coa l  re fuse  dump, 
t a i l i n g s  pond, and a contaminated water  d i t c h  on t h e  e x i s t i n g  road. The 
r o u t e  would be moved eas t  toward t h e  F la thead R ive r  as shown on F igu re  
3. However, no d e t a i l s  o f  t h i s  r e l o c a t i o n  have been prov ided.  Impacts 
d u r l n g  c o n s t r u c t i o n  would be s i m i l a r  t o  those for t h e  main hau l  road 
d iscussed e a r l i e r .  Impacts d u r i n g  opera t l on  would be expected t o  be 
s i m i l a r  t o  those o f  t he  e x i s t i n g  road. 

4.3 RECLAMATION PHASE 

4.3.1 I n t r o d u c t i o n  
A m i n i n g  company i s  r e q u i r e d  under t h e  Mines A c t  t o  o b t a i n  a 

rec lamat ion  p e r m i t  p r i o r  t o  p roduc t i on .  The pe rm i t  i s  issued by t h e  
M i n i s t e r  o f  Energy, Mines and Petroleum Resources (EMPR) based upon 
recommendations o f  t h e  i n t e r m i n i s t r y  Reclamat ion Advisory Committee which 
i s  composed o f  employees o f  t h e  M i n i s t r i e s  o f  EMPR, Environment, Fores ts ,  
A g r i c u l t u r e ,  and Lands, Parks, and Housing. Th is  committee i s  cha i red  by 
t h e  Ch ie f  I nspec to r  o f  Mines. Mine rec lamat ion  i s  admin is te red  by t h e  
I n s p e c t i o n  and Eng ineer ing  Branch o f  t h e  M ine ra l  Resources D i v i s i o n ,  EMPR. 

Bonding i s  r e q u i r e d  f o r  t h e  issuance o f  a rec lamat ion  pe rm i t  
and, by s t a t u t e ,  i s  a maximum o f  $2500 per  hec tare  o f  d i s t u r b e d  land.  
The bond i s  no rma l l y  re tu rned  t h r e e  t o  f i v e  years a f t e r  t h e  mine i s  
c losed down and t h e  l and  has been rec la imed t o  t h e  s a t i s f a c t i o n  o f  t h e  
M i n i s t e r  o f  EMPR. I f  t h e r e  i s  a c o n d i t i o n  which may a f f e c t  water  q u a l i t y  
or q u a n t i t y  or o t h e r  aspects o f  t h e  s i t e ,  bonding can be r e t a i n e d  
i n d e f l n i t e l y ,  or u n t i l  t h e  problem i s  reso lved.  

A m i n i n g  company i s  r e q u i r e d  t o  submit an annual rec lamat ion  
r e p o r t .  Should t h e  m in ing  p l a n  be a l t e r e d  s u b s t a n t i a l l y ,  a r e p o r t  

d e s c r i b i n g  t h e  changes i s  r e q u i r e d  t o  amend t h e  pe rm i t ,  and i s  sub jec t  
t o  t h e  Mine Development Review Process. 
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4.3.2 Reclamat ion Exper ience 
Reclamat ion p r a c t i c e s ,  research, and r e s u l t s  a r e  w e l l  

documented a t  t h e  o p e r a t i n g  mines i n  t h e  E l k  V a l l e y  area o f  B r i t i s h  
Columbia. The f o l l o w i n g  has been demonstrated. 

- Species o f  p l a n t s  used i n  r e v e g e t a t i o n  ( m o s t l y  agronomics) 
and t h e i r  r e l a t i o n  t o  e l e v a t i o n ,  s lope,  aspect ,  and r o o t i n g  
m a t e r i a l s  a r e  e s t a b l i s h e d  f o r  t h e  area. 

- G l a c i a l  t i l l  w i l l  suppor t  t h e  vege ta t i on .  
- On rec la imed  areas t o  da te ,  normal growth medium has been t h e  

waste rock  m a t e r i a l  where t h e  c a r b o n i f e r o u s  shales and 
mudstones break down t o  a f i n e  g r a n u l a r  m a t e r i a l .  W i t h  t h e  
use o f  annual a p p l i c a t i o n s  o f  f e r t i l i z e r  f o r  one t o  t h r e e  
years,  a sus ta ined  v e g e t a t i v e  growth can be e s t a b l i s h e d .  
W in te r  and summer w i l d l i f e  h a b i t a t  has been e s t a b l i s h e d  OR 

rec la imed  areas a t  seve ra l  o f  t h e  o p e r a t i n g  mines w i t h  a h i g h  
degree o f  success. 

- Some t o p s o i l  has been salvaged f rom v a l l e y  bot tom areas, b u t  

- Agronomic p l a n t  species a r e  used f o r  r e c l a m a t i o n  i n  most 
has y e t  t o  be used on rec la imed areas. 

cases. Research work on n a t i v e  species i s  i n  progress.  
- C o n i f e r s  and n a t i v e  shrubs have been p l a n t e d  i n  c o n s i d e r a b l e  

numbers a t  one o f  t h e  e x i s t i n g  E l k  R i v e r  v a l l e y  ope ra t i ons .  
S u b s t a n t i a l  success has been a t t a i n e d ,  b u t  damage caused by 
e l k  browsing has a l s o  been exper ienced. 

4.3.3 Mine S i t e  Reclamat ion 
A summary o f  t h e  proposed r e c l a m a t i o n  f o r  t h e  Sage Creek Coal 

L i m i t e d  mine i s  as f o l l o w s  ( f r o m  B.C. Research and Norecol  1982). 

4.3.3.1 P o s t - c o n s t r u c t i o n .  C o n s t r u c t i o n  areas which have been 
d i s t u r b e d  would be seeded immediate ly  f o l l o w i n g  comp le t i on  o f  
c o n s t r u c t i o n .  Agronomic species o f  grasses and legumes would be used f o r  
road embankments, d ra inage  d i t c h e s ,  pond embankments, t h e  p l a n t  area, and 
s o i l  s to rage  areas.  
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4.3.3.2 M i n i n g  phase. Reclamat ion on some waste dumps would commence 

b e f o r e  m i n i n g  i s  completed. P r i o r  t o  r e c l a m a t i o n  the  dump s lopes would 
be a t  t h e  ang le  o f  repose (37" )  and i n  l i f t s  o f  30 m (100 f t )  i n  v e r t i c a l  
e l e v a t i o n .  These would be res loped  t o  26". The benches and res loped  

areas would then  be seeded. 
The N o r t h  H i l l  p i t  area has few f a u l t s  and thus  t h e  f o o t w a l l  

would be r e l a t i v e l y  smooth w i t h  a d i p  o f  about 30" t o  t h e  eas t .  The 
South H i l l  p i t  area has more f a u l t i n g  and m i n i n g  around these f a u l t s  
would produce some major  benches i n  t h e  f o o t w a l l .  The h i g h w a l l  i n  t h e  
p i t s  would be a t  an o v e r a l l  a n g l e  o f  45" and would be benched acco rd ing  
t o  t h e  approved m i n i n g  p l a n s .  A l l  benches would be revegetated.  

4.3.3.3 Post-mining. Drainage systems would be r e s t o r e d  a c c o r d i n g  t o  a 
d e t a i l e d  r e c l a m a t i o n  p l a n  which would be prepared a t  Stage 111. D i t ches  
would remain i n  con tou r  as permanent landscape f e a t u r e s ,  and would n o t  be 
d i s r u p t e d  d u r i n g  t h i s  p e r i o d  except f o r  r e d i r e c t i n g  f l ows  away f rom t h e  
s e t t l i n g  ponds t o  n a t u r a l  d ra inage  channels.  Economics o f  t h e  Sage Creek 
Coal L i m i t e d  p r o j e c t  d i c t a t e  l e a v i n g  t h e  N o r t h  and South H i l l  p i t s  open. 
The p i t s  would be expected t o  c o n t a i n  wa te r .  H y d r o l o g i c a l  and 
env i ronmenta l  s t u d i e s ,  and eng ineer ing  design, would be r e q u i r e d  i n  t h e  

p l a n n i n g  o f  these f u t u r e  l akes .  
With t h e  comp le t i on  o f  min ing,  a l l  roads except t h e  main h a u l  

road would be rec la imed.  A l l  road su r faces  would be r i pped .  A s u r f a c e  
d r e s s i n g  o f  t o p s o i l  would be a p p l i e d ,  i f  necessary, t o  e s t a b l i s h  
v e g e t a t i o n .  B r idges  and c u l v e r t s  which c o u l d  become plugged would be 
removed. A l l  f a c i l i t i e s ,  b u i l d i n g s ,  and s t r u c t u r e s  would be removed on 
t h e  comp le t i on  o f  m in ing .  The p l a n t  s i t e  area would be r i p p e d  and a 
l a y e r  o f  t o p s o i l  would be spread on t h e  su r face .  Revegetat ion e f f o r t s  
would be employed t o  encourage t h e  development o f  meadow lands s i m i l a r  t o  
those which p r e s e n t l y  e x i s t  i n  t h e  pond and p l a n t  s i t e  areas. 

A l l  d i s tu rbances  o f  t h e  mine a r e  proposed t o  be revegetated 
except t h e  inundated areas o f  t h e  p i t s  and t h e  f o o t w a l l  and h i g h w a l l  
areas o f  t h e  p i t s  where o n l y  benches would be revege ta ted  t o  some e x t e n t .  

Two phases o f  r e v e g e t a t i o n  have been proposed by t h e  company: 

an i n i t i a l  e f f o r t  u s i n g  agronomic species t o  e s t a b l i s h  a r a p i d  s t a b i l i z i n g  
cover ,  f o l l o w e d  about f i v e  years l a t e r  w i t h  p l a n t i n g  o f  n a t i v e  species I n  
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areas where they  have n o t  a l r e a d y  invaded (Stage I 1  E A ) .  F i n a l  p l a n t  
community types a r e  proposed t o  i n c l u d e  spruce/a lp ine  f i r  and Douglas 
f i r / l a r c h  f o r e s t s ,  d r y  t o  wet grass lands,  and r i p a r i a n  shrubland.  The 
company i s  p ropos ing  t o  develop d i f f e r e n t  types by v a r y i n g  rep laced 
t o p s o i l  t h i ckness  i n  r e l a t i o n s h i p  t o  s lope and aspect .  

The m a j o r i t y  o f  rec la imed landscape u n i t s  a r e  proposed t o  be 
resur faced w i t h  t o p s o i l .  Except ions i n c l u d e  t h e  p i t s ,  ponds, and dra inage 
d i t c h e s .  The t a i l i n g s  pond may r e q u i r e  a " t h i n  l a y e r  o f  t o p s o i l "  (Stage 
I1 EA) t o  lower  h i g h  su r face  temperatures which may occur  due t o  t h e  b lack  
coa ly  sediments i n  t h e  pond. However, a t  an e x i s t i n g  mine i n  t h e  E lk  
V a l l e y  an agronomic species (Rye grass)  was seeded and has been growing 
f o r  two years on a t a i l i n g s  pond u s i n g  i r r i g a t i o n .  

4 . 3 . 3 . 4  Land use. U l t i m a t e  land use would be w i l d l i f e  h a b i t a t ,  
f o r e s t r y ,  and r e c r e a t i o n .  

4 . 3 . 3 . 5  P o t e n t i a l  impact.  The w a t e r - r e l a t e d  parameters o f  concern 
d u r i n g  t h e  rec lamat ion  phase would be expected t o  be s i m i l a r  t o  those 
i d e n t i f i e d  d u r i n g  t h e  m in ing  phase (Subsect ions 4.2 and 4 . 4 ) .  

4 . 4  POSSIBLE ENVIRONMENTAL IMPACTS ON GROUNDWATER 

There a r e  a l a r g e  number o f  v a r i a b l e s  which should be considered 
i n  assess ing t h e  p o t e n t i a l  hyd rogeo log ica l  impact a t  t h e  proposed coa l  
mine. Some o f  t h e  v a r i a b l e s  cou ld  p l a y  a s i g n i f i c a n t  causal  r o l e  i n  l o c a l  
and downstream water  q u a l i t y  impacts,  whereas o the rs  would l i k e l y  p l a y  a 
minor  and perhaps i n s i g n i f i c a n t  r o l e  i n  i n f l u e n c i n g  the  downstream 
environment.  

Groundwater contaminated f rom leach ing  o f  m i n i n g - r e l a t e d  
m a t e r i a l s  may have d i r e c t ,  shor t - res idence- t ime f l o w  paths (e.g. ,  t r a v e l  
f r o m  s e t t l i n g  pond recharge t o  d ischarge i n  Howell  o r  Cabin Creeks).  Con- 
v e r s e l y ,  they  may have much longer ,  s lower f l o w  paths (e .g . ,  f r o m  dumps, 
through t h e  F e r n i e  Format ion, th rough t h e  Kishenehn Format ion, and th rough 
t h e  a l l u v i a l  f i l l  t o  Cabin o r  H o w e l l  Creeks). Impacts f rom t h e  d i r e c t  
paths may be de tec ted  w i t h i n  a f e w  days t o  a few weeks. Loading es t imates  
i n  Sec t i on  5 of  t h i s  r e p o r t  a r e  based on assumed shor t - res idence- t ime f l o w  
paths f o r  groundwater,  which r e s u l t s  i n  the  h ighes t  l o a d i n g  r a t e s .  



60 

The deeper circulation paths may take tens of years before 

contaminants are discharged to the creeks. Consequently, the 
concentration of contaminant loading via groundwater to the receiving 

waters would be reduced, but contaminant release would continue for many 
years after mining is completed. 

Downstream impact would also be variable because o f  local 
contaminants affecting groundwaters on-site. For example, groundwater 
impacts would be significantly different in the vicinities of the 
explosives plant, maintenance yards, tailings pond, and sewage effluent 
discharge facilities. Groundwater flow rates and attenuation of 
subsurface contaminants would vary with site location, host rock, 
contaminant source, and downstream discharge. 

The following groundwater impacts are expected from the Sage 
Creek Coal Limited development. 

4.4.1 Groundwater Flow System 
Undisturbed water-table surfaces o f  shallow aquifers tend to 

mimic the topographic expressions of the land surface. Consequently, in 
homogeneous media where hydraulic properties are equal in all directions 
(isotropy), groundwater flow is approximately perpendicular (normal) to 
the surface topography and in a downhlll direction. This is an idealized 
case, approached only in well sorted dune sands. 

In more complex geological settings, such as at the proposed 
mine site, the geologic materials that compose the aquifers show distinct 
differences in their ability to conduct water in directions parallel and 
normal to the bedding of the geologic unit. Commonly, the hydraulic 
conductivity (permeability) is 5 to 10 times greater parallel to the 
bedding of the geologic unit than perpendicular to it. The ability of a 
geologic unit to transmit water in different directions parallel to 
bedding may vary considerably because of variations in lateral hydraulic 
conductivity (anisotropy). Figure 7 schematically depicts the flow 
directions for groundwater that would be expected to exist in a 
relatively homogeneous aquifer system In a topographic setting similar to 
that at the proposed mine site. This diagram incorporates the assumption 

that there is a flux of  groundwater flow to both deeper aquifers and 
surface waters. 
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Wi th  t h e  e x i s t i n g  weak da ta  base i t  i s  n o t  p o s s i b l e  t o  q u a n t i f y  
how much groundwater f l o w s  i n t o  Howel l  Creek, Cabin Creek, t h e  F la thead 
R ive r ,  o r  subsur face a q u i f e r s  u n d e r l y i n g  t h e  F lathead V a l l e y  f l o o r .  Th is  
f i r s t  approx imat ion  o f  t h e  f l o w  system assumes r e l a t i v e  homogeneity; 
perched groundwater on t o p  o f  t h e  coa l  beds repo r ted  i n  the E l k  R ive r  
v a l l e y  i s  n o t  shown i n  F i g u r e  7.  P r e l i m i n a r y  hyd rogeo log ica l  eva lua t i ons  
t h a t  have been c a r r i e d  ou t  a t  t h e  proposed mine s i t e  i n d i c a t e  a complex 
hyd rogeo log ica l  s e t t i n g  (Dames and Moore 1976; P a c i f i c  Hydrology 
Consu l tan ts  1982). Therefore,  groundwater f l o w  paths a t  t h e  proposed 
mine s i t e  a r e  expected t o  be f a r  more complex than f lows i n d i c a t e d  i n  
F igu re  7 because o f  known h e t e r o g e n e i t y  and an iso t ropy .  

A l t e r a t i o n s  t o  t h e  groundwater f l o w  regime would be expected 
s h o r t l y  a f t e r  commencement o f  t h e  c o n s t r u c t i o n  phase. Thus, a gradual  
inc rease o f  p r e c i p i t a t i o n  recharge t o  t h e  u n d e r l y i n g  a q u i f e r s  would occur 
(Subsec t ion  5.1.1), caus ing inc reased h y d r a u l i c  g r a d i e n t s  between 
recharge and d ischarge areas. F igu re  8 s c h e m a t i c a l l y  d e p i c t s  t h i s  
c o n d i t i o n .  The frequency o f  t h e  f l o w l i n e s  represents  the volume o f  f low,  
hence the  g r e a t e r  f requency o f  f l o w l i n e s  below t h e  d i s t u r b e d  area.  Note 
t h a t  d u r i n g  t h e  c o n s t r u c t i o n  phase t h e  q u a n t i t y  o f  d ischarge shown i n  
t h i s  f i g u r e  inc reases  t o  bo th  t h e  t r i b u t a r y  creek and t h e  main r i v e r .  

Recharge t o  groundwater a t  these l o c a t i o n s  i s  expected t o  
decrease w i t h  t ime  as sediment f i n e s  would tend t o  s e t t l e  i n t o  t h e  
i n t e r s t i c e s  and l o c a l l y  lower  t h e  v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t i e s .  A s  
mine development phases i n t o  ope ra t i on ,  a d d i t i o n a l  m o d i f i c a t i o n s  a r e  
expected t o  a l t e r  e x i s t i n g  groundwater f l o w  systems. I n  o rder  t o  b r i e f l y  
d e p i c t  t h e  changes i n  t h e  groundwater f l o w  systems, F i g u r e  9 schemat i ca l l y  
r e l a t e s  f l o w  changes t o  t h e  va r ious  min ing  stages. The l o c a t i o n s  where 
ga ins  and losses  t o  t h e  groundwater upwe l l i ngs  may be expected w i t h i n  t h e  
stream channels a r e  shown i n  F igures  10 and 11, r e s p e c t i v e l y .  These 
l o c a t i o n s  a r e  approximate.  Dur ing  t h e  m in ing  phase t h e  a f f e c t e d  areas 
would inc rease t o  t h e  maximum dep ic ted  s i z e  and then decrease towards 
those e x i s t i n g  d u r i n g  premin ing  c o n d i t i o n s .  These f i g u r e s  p rov ide  a 
p r e l i m i n a r y  overv iew f o r  f u r t h e r  d iscuss ions  on t h e  changes t o  the  
groundwater f l o w  systems caused by the m in ing  opera t i on .  However, t h e  

l a c k  o f  sound s i t e - s p e c i f i c  hydrogeo log ic  da ta  f o r  t h e  mine s i t e  
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W E 

F i g u r e  7 .  H y p o t h e t i c a l  c ross-sect ion  f o r  a r e l a t i v e l y  homogeneous 
groundwater f l o w  system i n  an undisturbed s e t t i n g  s i m i l a r  t o  
t h e  proposed mine s i t e .  

I 
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U N D I S T U R B E D r E S U L T i N G  IN INCREASED RECHARGE OF 
SURFACE WATER TO GROUNDWATER 
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GROUNDWATER UPWELLINGS 
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F i g u r e  8 .  H y p o t h e t i c a l  c ross-sect ion  f o r  a r e l a t i v e l y  homogeneous 
groundwater f l o w  system i n  a d is turbed  s e t t i n g  s i m i l a r  t o  t h e  
proposed mine s i t e .  
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F i g u r e  9 .  Hydrogeologic e f f e c t s  o f  mine s i t e  a c t i v i t l e s .  
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F i g u r e  10. Stream reaches expected t o  r e c e i v e  increased groundwater 
d ischarge  (dark  a reas)  a f t e r  waste dumps and ponds become 
o p e r a t i o n a l .  
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F i g u r e  11 .  Stream reaches which may l o s e  sur face  f low t o  groundwater 
( d i a g o n a l l y  hatched areas)  a f t e r  p i t s  extend below creek 
l e v e l .  
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precludes providing more than a conceptual analysis of groundwater 
impacts. A rigorous hydrogeologic characterization of the mine site is 
necessary before the magnitude o f  the groundwater impacts can be 
quantified. 

In general, groundwater flow modifications would initially 
include local increased flow when ponds and waste dumps become 
operational (Figure 10). Thls increased flow could have potentially 
adverse effects relating to nitrite and ammonia concentrations, and 
temperature of receiving waters (See Section 5). 

Later, reduced flow o f  groundwater upwellings into the creeks, 
decreased flow at local spring discharges, and reduced recharge to 
deeper-seated aquifers would likely occur. This would be caused by 
lowering the hydraulic heads due to block dewatering prior to explosives 
use, pit dewatering, surface water diversions, and other factors. After 
pit floors drop below creek levels, groundwater flow reversals could 
occur. It is anticipated that one or both creeks might become influent, 
causing loss of surface waters to groundwater (Figure 1 1 ) .  Much of this 
water would later return to the Flathead River system via pit dewatering 
and rerouting of the water to the settling ponds or tailings pond. 
However, during the later phases o f  mlning when local groundwater 
gradients would be expected to be at a minimum, it is anticipated that 
the minimum impact would be a reduction in flow at groundwater upwellings 
in Howell Creek immediately east of the North Hill pit. 

During the reclamation phase hydraulic gradients would 
gradually rise, or attempt to rise, towards their former levels. 
Groundwater flow velocities would gradually increase towards historical 
flow rates. It is anticipated that surface water recharge to groundwater 
would remain greater than preconstruction recharge because of reduced 
vegetative cover, ditch water infiltration, pond leakage, high recharge 
into the waste dumps, increased bedrock fracture permeability due to 
previous explosives use, and other factors. 

4.4.2. Groundwater Chemistry 
Mining activities speed up natural weathering processes and 

frequently introduce contaminants into local groundwaters. Groundwater 



con tamina t ion  occurs f rom a number o f  premin ing,  min ing,  and pos tm in ing  
a c t i v i t i e s  and c o n d i t i o n s .  These a r e  g e n e r a l l y  s i t e - s p e c i f i c  and 
c o n t r o l l e d  by t h e  p h y s i c a l  environment,  o p e r a t i o n a l  a c t i v i t i e s ,  mine 
management, and m i n e s i t e  development. 

Groundwater con tamina t ion  r e s u l t i n g  f rom c o a l  m i n i n g  a c t i v i t i e s  
i s  known t o  occur .  These problems appear t o  c o n s i s t  m a i n l y  o f  e l e v a t e d  
c o n c e n t r a t i o n s  o f  n i t r a t e ,  n i t r i t e ,  and amnonia ( f i g u r e  10 shows st ream 
reaches t h a t  would be a f f e c t e d ) .  

Groundwater chemis t r y  should n o t  be s i g n i f i c a n t l y  a f f e c t e d  as a 
r e s u l t  o f  c o n s t r u c t i o n  phase a c t i v i t i e s .  A n t i c i p a t e d  changes d u r i n g  t h i s  
phase i n c l u d e  s l i g h t l y  increased c o n c e n t r a t i o n s  f rom sewage e f f l u e n t  
f a c i l i t i e s ,  and i n f i l t r a t i o n s  o f  waste f rom t h e  maintenance ya rd  and 
o t h e r  f a c i l i t i e s .  Th i s  would l i k e l y  r e s u l t  i n  increased c o n c e n t r a t i o n s  
o f  phosphorus, n i t r o g e n ,  c h l o r i d e ,  hydrocarbons ( f u e l  and o i l ) ,  and, t o  a 
l e s s e r  e x t e n t ,  o t h e r  c o n s t i t u e n t s .  Once these  compounds i n f i l t r a t e  i n t o  
t h e  groundwaters t h e y  would move i n  t h e  d i r e c t i o n  o f  groundwater f l o w  and 
m i g r a t e  w i t h i n  t h e  groundwater f l o w  system a t  v a r i a b l e  r a t e s .  Fac to rs  
and processes which c o n t r o l  t h e  m i g r a t i o n  o f  s o l u t e s  i n  t h e  a q u i f e r  
systems i n c l u d e  a q u i f e r  c h a r a c t e r i s t i c s ,  a q u i f e r  boundar ies,  types o f  
wastes, advec t i on ,  d i s p e r s i o n ,  and geochemical and b iochemical  
r e a c t i o n s .  Contaminant movement i n  groundwater would be slower than  
groundwater movement f o r  most d i s s o l v e d  c o n s t i t u e n t s  as a r e s u l t  o f  one 
o r  more o f  t hese  c o n t r o l l i n g  processes. 

D isso lved  c o n s t i t u e n t s  would i nc rease  as s i t e  development 
progresses i n t o  t h e  m i n i n g  phase because o f  p h y s i c a l  d i s tu rbances  i n  t h e  
groundwater recharge areas and because of  t h e  use o f  chemicals on s i t e  
( see  Appendix 4 ) .  W i th  t h e  development and expansion o f  t h e  proposed 
mine s i t e ,  groundwater con tamina t ion  would be expected t o  i nc rease  
throughout  t h e  m i n i n g  phase. Th is  would be due t o  increased l e a c h i n g  o f  
contaminants f rom waste dumps, con t inued  e x p l o s i v e s  use a t  lower  
e l e v a t i o n s  under " w e t t e r "  c o n d i t i o n s ,  e x p l o s i v e s  s p i l l a g e ,  and f rom o t h e r  
contaminant sources l i s t e d  e a r l i e r .  Sur face water  con tamina t ion  caused 
by contaminated groundwater d i scha rge  would l i k e l y  c o n t i n u e  t o  i nc rease  
f o l l o w i n g  t h e  m i n i n g  phase and i n t o  t h e  r e c l a m a t i o n  phase. The t i m e  l a g  
would depend on t h e  subsur face behaviour  o f  each chemical  species,  
d i s t a n c e  f r o m  d i scha rge  areas, and l o c a l  h y d r o g e o l o g i c a l  s e t t i n g s .  
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4.4.3 Groundwater Temperature 
Groundwater temperatures a r e  g e n e r a l l y  dependent upon a q u i f e r  

depth and su r face  water-groundwater i n t e r f l o w .  Groundwaters m a i n t a i n  
r e l a t i v e l y  s t a b l e  seasonal temperatures which commonly vary  l e s s  than 2 
t o  3°C ( 3  t o  5°F) .  Sur face water  temperatures i n  southwestern B r i t i s h  
Columbia f r e q u e n t l y  range between 0 and 17°C (32 and 63°F). As 
groundwaters d ischarge i n t o  su r face  waters they  cause a moderat ing e f f e c t  
which warms t h e  su r face  waters  i n  t h e  w i n t e r  and coo ls  them i n  t h e  
summer. Minor  temperature changes i n  t h e  groundwater thermal  regime 
would be expected d u r i n g  t h e  c o n s t r u c t i o n  phase and l a r g e r  impacts w i l l  
occur as t h e  m i n i n g  phase progresses.  

S i g n i f i c a n t  temperature changes cou ld  occur  t o  su r face  waters 
d u r i n g  t h e  m l n i n g  opera t i on .  The P a c i f i c  Hydrology Consul tants  (1982) 
r e p o r t  i n d i c a t e s  t h a t  groundwater dewater ing would be r e q u i r e d  d u r i n g  t h e  
m i d d l e  and l a t t e r  stages o f  m i n i n g  a c t i v i t i e s .  Th is  would p a r t i c u l a r l y  
app ly  d u r i n g  t h e  p e r i o d  when t h e  mine p i t s  extend below t h e  v a l l e y  
f l o o r .  The r e s u l t i n g  impact would depend l a r g e l y  upon how t h e  water f rom 
dewater ing w e l l s  and t h e  p i t s  i s  handled. This ma t te r  was n o t  adequate ly  
addressed i n  t h e  Stage I 1  r e p o r t .  Sur face water temperature measurements 
d i f f e r  above and below an e x i s t i n g  coa l  mine i n  t h e  E l k  R ive r  v a l l e y .  
S p e c i f i c  causes o f  t h e  f l u c t u a t i o n s  a r e  n o t  c e r t a i n ,  b u t  i t  i s  be l i eved  
t h a t  warm su r face  water  o r  groundwater d ischarges o r i g i n a t e  f rom s o l a r  
heated s e t t l i n g  ponds and t a i l i n g s  ponds. 

Sur face water  and groundwater temperature a l t e r a t i o n s  d u r i n g  
t h e  rec lamat ion  phase would l i k e l y  be l e s s  than d u r i n g  t h e  min ing  phase 
because o f  t e r m i n a t i o n  o f  s i t e  dewater ing.  The e f f e c t  t h a t  s o l a r  h e a t i n g  
o f  w a t e r - f i l l e d  p i t s  would have on groundwater temperature and t h e  
subsequent e f f e c t  o f  t h a t  on stream temperatures i s  d iscussed i n  
Subsect ion 5.2.3. 
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5. PARAMETERS. CONCENTRATIONS, LOADINGS. AND FLUXES 
I n  t h i s  s e c t i o n  e f f e c t s  o f  t h e  proposed mine on s u r f a c e  and 

groundwater a r e  q u a n t i f i e d ,  where va lues can be reasonably  est imated.  
Two o p e r a t i o n a l  cases, adverse and o p t i m a l ,  a r e  presented t o  show t h e  
range of  p o t e n t i a l  impacts.  The adverse o p e r a t i o n a l  case i n v o l v e s  
a l lowance f o r  va r iances  due t o  problems w i t h  env i ronmenta l  c o n t r o l  
s t r u c t u r e s  and t h e  e f f e c t s  o f  human e r r o r  and chemical  l osses  ( see  
S e c t i o n  6 f o r  q u a l i t a t i v e  e v a l u a t i o n  o f  extreme o r  unusual even ts ) .  Th i s  
i s  based upon i n f o r m a t i o n  f rom mines c u r r e n t l y  o p e r a t i n g  i n  t h e  E l k  R i v e r  
v a l l e y .  The o p t i m a l  o p e r a t i o n a l  case i s  p r e d i c a t e d  upon t h e  assumption 
t h a t  B r i t i s h  Columbia r e g u l a t i o n s  a r e  adhered t o ,  and t h a t  
s t a t e - o f - t h e - a r t  waste water  management programs and f a c i l i t i e s  would be 
employed by Sage Creek Coal L i m i t e d .  Both o f  t hese  o p e r a t i o n a l  cases 
r e q u i r e  "bes t  p r o f e s s i o n a l  judgement" i n  t h e  i n t e r p r e t a t i o n  o f  a v a i l a b l e  
data.  

Not a l l  mine generated s o l i d s  and f l u i d s  pass th rough  
c o n t r o l l e d  d i scha rge  p o i n t s .  Consequently, t h e  " a d d i t i v e "  approach o f  
e s t i m a t i n g  o v e r a l l  mine c o n t r i b u t i o n s  (summation o f  i n d i v i d u a l  
c o n t r i b u t i o n s  f rom t h e  p o i n t  o f  d i scha rge  o u t f a l l s )  does n o t  y i e l d  a 
t o t a l  as g r e a t  as t h e  " h o l i s t i c "  approach. The l a t t e r  method accounts 
f o r  a l l  l o a d i n g  increases caused by t h e  m l n i n g  o p e r a t i o n  (mass o f  
c o n s t i t u e n t  below t h e  mine s i t e  minus t h e  mass o f  c o n s t i t u e n t  above t h e  
mine s i t e ) .  T h i s  approach i n c l u d e s  a r e a l  c o n t r i b u t i o n s  ( u n c o n t r o l l e d  
sources) such as d u s t f a l l  t h a t  a r e  n o t  accounted f o r  by t h e  a d d i t i v e  
approach and thus  p rov ides  a more r e a l i s t i c  assessment o f  m i n i n g  impacts.  

To implement t h e  h o l i s t i c  method. one uses t h e  d i f f e r e n c e  i n  
c o n s t i t u e n t  c o n c e n t r a t i o n s  o f  i n t e r e s t ,  and t h e  d i f f e r e n c e  i n  r e c e i v i n g  
water  d i scha rge  above and below t h e  m i n i n g  o p e r a t i o n  t o  c a l c u l a t e  t h e  
mass f l u x e s  f rom t h e  o p e r a t i o n .  

The h o l i s t i c  approach was a p p l i e d  u s i n g  da ta  f rom an e x i s t i n g  
c o a l  mine on t h e  Fo rd ing  R i v e r .  Th i s  mine c o n s t i t u t e d  t h e  b e s t  a v a i l a b l e  
analogue t o  t h e  proposed Sage Creek Coal L i m i t e d  o p e r a t i o n  because i t  
c o n t a i n s  open p i t  development below t h e  e l e v a t i o n  o f  t h e  Fo rd ing  R i v e r  
and i s  l o c a t e d  i n  s i m i l a r  g e o l o g i c  m a t e r i a l s .  Also,  t h e  r e l a t i v e  
l o c a t i o n s  o f  t h e  mine f a c i l i t i e s  and t a i l i n g s  pond a r e  s i m i l a r  t o  those 
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proposed by Sage Creek Coal Limited. However, the existing mine is 
relatively old and was not originally designed to meet current 
environmental standards. Data from this mine, and from other Elk River 
valley mines when Fording River data were unavailable, were used as 
inputs for the adverse operational case. 

Based upon the available data, the MDC recognizes that there 
are potential environmental concerns which should be addressed in Stage 
I 1 1  regarding nitrogen, phosphorus, total suspended solids, receiving 
water temperatures, and containment and recovery of accidental chemical 
losses. The possibility also exists that there may be impacts from 
constituents for which the MDC lacked data. 

5.1 METHODOLOGY 
In order to calculate the mass loading factors for the proposed 

mine, various assumptions were made with respect to hydrology and 
geochemistry and are discussed below. Estimates which are not 
accompanied by references were based upon professional judgements. 

5.1.1 Hydrologic Assumptions 

5.1.1.1 Precipitation. The average annual precipitation for Elko, 
Beaver Mines, and Fernie is 767 mm (30.2 in) (Stage I 1  E A ) .  Forty-eight 
months of precipitation data are available for a station at the top of 
Dally Hill, above the proposed South Hill pit and waste dump area. The 
total precipitation for that site is 70% of the precipitation at Fernie, 
B . C . ,  for the same period of record. Using 0.7 as a correction factor to 
Fernie’s mean annual precipitation of 1082 mm (42.6 in) (Stage I 1  EA, 
p. 3-11) yields a calculated mean annual precipitation of 757.4 mm 
(29.8 in). To facilitate calculations, 762 mm (30 in) was assumed as the 
annual precipitation at the mine site. 

The Mine Development Committee recognizes that this quantity o f  
precipitation at the mine site is considerably less than the average for 
the Cabin or Howell Creeks drainages. The mine site i s  at nearly the 
lowest point in these basins and the orographic effect upon precipitation 

i s  quite pronounced in this area. Thus, while the projected runoff from 
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t h e  mine s i t e  i s  l e s s  than  t h e  average f o r  these dra inage bas ins ,  i t  i s  a 
v a l i d  e s t i m a t e  f o r  t h e  mine s i t e  area. Th is  i s  f u r t h e r  suppor ted by t h e  
f a c t  t h a t  t h e  assumed p r e c i p i t a t i o n  i s  g r e a t e r  t han  t h e  10-year average 
o f  da ta  c o l l e c t e d  a t  B u t t s ,  B.C., i n  t h e  F la thead R i v e r  v a l l e y ,  near 
Howell  Creek, and i s  a l s o  g r e a t e r  than t h e  average o f  da ta  f rom 
Po lebr idge,  Montana f o r  a 42-year p e r i o d  o f  reco rd  (see Subsect ion 3.4). 

The assumed p a r t i t i o n i n g  o f  p r e c i p i t a t i o n  i n t o  r u n o f f ,  
groundwater recharge, and e v a p o t r a n s p i r a t i o n  i s  summarized i n  Table 3 f o r  
va r ious  pe r iods  o f  t h e  o p e r a t i o n .  

Table 3. Assumed p a r t i t i o n i n g  o f  p r e c i p i t a t i o n .  

Groundwater 
Stages o f  M in ing  Runof f  Recharge E v a p o t r a n s p i r a t i o n  

Base1 i n e  
M in ing  
Reclamat ion 

5 0% 
60% 
50% 

10% 
30% 
20% 

4 0% 
1 0% 
30% 

5.1.1.2 Groundwater recharge. Under n a t u r a l  c o n d i t i o n s  an es t ima te  of 
10% f o r  recharge t o  a q u i f e r s  was assumed. M in ing  p r a c t i c e s  i n c l u d e  
ground d i s tu rbance ,  c r e a t i o n  o f  permeable zones by end-dumping, and 
c o n t o u r i n g  dump l i f t s  d u r i n g  t h e  o p e r a t i o n  t o  d r a i n  water  away f rom t h e  
edges t o  p revent  e r o s i o n .  Consequently, a recharge f a c t o r  o f  30% o f  
annual p r e c i p i t a t i o n  has been assumed f o r  t h e  c o n s t r u c t i o n  and m in ing  
phases, and a f a c t o r  o f  20% was assumed f o r  recharge d u r i n g  t h e  
rec lamat ion  stage. 

5.1.1.3 Runof f .  Under n a t u r a l  c o n d i t i o n s  an es t ima te  o f  50% of 
p r e c i p i t a t i o n  was assumed. Dur ing  t h e  c o n s t r u c t i o n  and m i n i n g  phases, a 
r u n o f f  f a c t o r  o f  60% was assumed. The rec lamat ion  stage f a c t o r  assumed 
was 50% o f  t h e  annual p r e c i p i t a t i o n .  

5.1.1.4 E v a p o t r a n s p i r a t i o n .  The b a s e l i n e  es t ima te  assumed was 40%. 
Th is  would be g r e a t l y  reduced by t h e  o p e r a t i o n a l  impacts.  For t h e  p e r i o d  
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f o l l o w i n g  t h e  i n i t i a l  d i s tu rbance ,  a f a c t o r  o f  10% was est imated;  i t  was 
a l s o  assumed t h a t  upon r e c l a m a t i o n  t h i s  f a c t o r  would i nc rease  t o  30%. 

5 . 1 . 1 . 5  Groundwater f l o w  l i m i t a t i o n s .  The l i m i t i n g  f a c t o r  would be 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  l e a s t  permeable u n i t  o r  zone i n  t h e  f l o w  
pa th .  A secondary l i m i t  would be imposed by t h e  amount o f  head 
d i f f e r e n t i a l  ( h y d r a u l i c  g r a d i e n t )  t h a t  can be e s t a b l i s h e d .  

5.1.2 Geochemical Assumptions 

5.1.2.1 Reac t ion  r a t e s .  Because b l a s t i n g ,  hand l i ng ,  and dumping o f  
overburden cause rock breakage, new su r faces  a r e  c r e a t e d  which a c c e l e r a t e  
t h e  chemical  wea the r ing  o f  t h e  waste m a t e r i a l s .  Both r u n o f f  and 
groundwater l e a v i n g  t h e  waste dumps would have h i g h e r  c o n c e n t r a t i o n s  o f  
suspended and d i s s o l v e d  c o n s t i t u e n t s  than  would s u r f a c e  and groundwater 
i n  t h e  n a t u r a l  environment.  

5.1.2.2 N u t r i e n t  consumption. I t  i s  expected t h a t  r e d u c t i o n s  i n  
n u t r i e n t  l e v e l s  ( p a r t i c u l a r l y  orthophosphate) would occur i n  s u r f a c e  
waters  d u r i n g  t h e  annual p e r i o d  o f  a l g a l  and m i c r o b i a l  growth th rough  
d i r e c t  a s s i m i l a t i o n ,  and a l s o  due t o  a d s o r p t i o n  on sediments. I t  i s  
beyond MDC terms o f  r e f e r e n c e  t o  e s t i m a t e  these temporary r e d u c t i o n s .  

5.1.3 Example C a l c u l a t i o n s  

5 . 1 . 3 . 1  Runo f f .  Us ing 762 mm ( 3 0  i n )  as an annual average 
p r e c i p i t a t i o n ,  r u n o f f  d u r i n g  t h e  p e r i o d  encompassing p o s t - l o g g i n g  t o  
re -es tab l i shmen t  o f  v e g e t a t i o n  a f t e r  r e c l a m a t i o n  should average 457  mm 
( 1 8  i n )  pe r  u n i t  area o f  d i s t u r b e d  ground. The n a t u r a l  t i m i n g  f o r  peak 
r u n o f f  should be c l o s e  t o  t h a t  measured f o r  t h e  F la thead  R i v e r  a t  t h e  
I n t e r n a t i o n a l  Boundary. Data p r o v i d e d  by t h e  U.S. Geo log ica l  Survey 
(USGS) f o r  a 29-year p e r i o d  i n d i c a t e  t h a t :  average peak f l o w  occurred on 
May 28th;  l owes t  peak f l o w  occu r red  on May 15th;  and h i g h e s t  peak f l o w  
occurred on June 9 t h .  Th is  i n f o r m a t i o n  p rov ides  a range o f  dates and 
va lues which va ry  w i t h  maximum w i n t e r  snowpack and r e g i o n a l  weather 
c o n d i t i o n s .  
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Roughly 50% of the runoff will occur in May and June (B.C. 
Research and Norecol 1982, p. 3-25). In this two-month period mine site 
runoff would vary from 5 . 1 3  x lo5 m3 (416 acre-ft) when only the 
North Hill's north dump is considered (roughly year 4 of the mining plan) 

to 2.35 x lo6 m3 (1905 acre-ft) at the end of the mining proposed In 
5 3  the Stage I 1  EA. Pond 2 would be expected to receive 8.88 x 10 m 

(720 acre-ft) during this main runoff (freshet) period once the north and 
west dumps are installed. 

5.1.3.2 Groundwater discharge. During and following the life of the 
mine, several different groundwater scenarios are likely to occur. 
Factors which were only generally considered in these scenarios because 
of the paucity of data include: 

- pre-mining groundwater flow directions, discharge locations, 
quantities, temperatures, and chemistry; 

- groundwater quantities draining into the mine pits and from 
dewatering shot holes (these pits function as large wells); 

- induced recharge on dumps, flow directions, discharge areas, 

- leakage from settling and tailings ponds and sewage lagoons; 

- thicknesses and hydrologic characteristics of the rocks and 

Land disturbance normally increases runoff and sediment yield. 
Impacts on groundwater flow and discharge are less predictable because of 
the large number of unknown controlling variables referred to in 
Subsection 4.4.1. Mining methods used in the Elk River valley emphasize 
runoff control and diversion to settling ponds. Some settling ponds 
function primarily as sediment traps and act as point sources for 
artificial recharge to shallow, surficial or alluvial aquifers. These 
ponds are commonly designed to allow leakage, and accumulated sediment Is 
routinely removed to maintain pond volume and infiltration capacity. 

The proposed settling ponds and tailings pond for the Sage 
Creek Coal Limited's mine would be situated upon highly transmissive 
fluvial deposits (based upon transferring locations of these structures 

temperature, and chemistry; 

and 

sediments affected by the mining activities. 
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on to  t h e  NTS 82 W 2  T e r r a i n  Map o f  S u r f i c i a l  Geology [B.C. M i n i s t r y  o f  
Environment 19771). The MDC expects  t h a t  these ponds would l eak  and 
d i scha rge  t o  t h e  sha l l owes t  a q u i f e r .  

For  t h e  purpose o f  c a l c u l a t i n g  most l oad ings ,  waters  l o s t  t o  
t h e  sha l l ow  a q u i f e r  systems can be considered as su r face  water ,  except  
f o r  suspended s o l i d s  and e f f e c t s  on d i s s o l v e d  oxygen (DO), groundwater 
temperature,  i r o n ,  and manganese. The groundwater temperature v a r i a t i o n  
would i nc rease  due t o  pond i n p u t s ,  w h i l e  DO should decrease. I r o n  and 
manganese a r e  expected t o  r i s e  r e l a t i v e  t o  su r face  water  concen t ra t i ons .  

Gross c a l c u l a t i o n s  and es t imates  o f  impact can be phased 
r e l a t i v e  t o  t h e  c o n t r i b u t i o n  f rom each success ive waste dump as I t  comes 
on l i n e .  The Stage I1 EA i n d i c a t e s  t h a t  Dumps A,  6 ,  C ,  D ,  E, and F 
( F i g u r e  3) would have su r face  areas o f  4.59, 1.04, 1.93, 2.47, 1.58 and 
0.34 km2 (1135, 252, 477, 611, 391, and 84 ac res ) ,  r e s p e c t i v e l y .  
Groundwater recharge t o  these dumps was es t imated t o  be 228.6 mm ( 9  i n )  
o f  water  pe r  year .  The recharge would be expected t o  be rough ly  t h r e e  
t imes t h a t  o c c u r r i n g  i n  t h e  und is tu rbed  s t a t e  (Tab le  3 ) .  Average annual 
groundwater d ischarges  f rom t h e  dumps, once e q u i l i b r i a  were es tab l i shed ,  
a r e  c a l c u l a t e d  t o  be 1.05 x 10 . 2.33 x 10 . 4.41 x 10 . 6 5 5 

5 5 5.65 x 10 , 3.61 x 10 , and 7 . 7 7  x l o 4  m3 (851, 189, 358, 458, 
289, and 63 a c r e - f t )  f rom Waste Dumps A,  6 ,  C, 0 ,  E, and F ,  r e s p e c t i v e l y .  

H i g h l y  t r a n s m i s s i v e  unconf ined a q u i f e r s  i n  f a i r l y  s teep t e r r a i n  
show cons ide rab le  v a r i a t i o n  i n  d i scha rge  t o  creeks d u r i n g  t h e  year .  Th is  
i s  due t o  t h e  range o f  seasonal head d i f f e r e n c e  developed ( c o n t r o l l e d  by 
t h e  th i ckness  and 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  l e a s t  permeable u n i t  i n  
t h e  f l o w  path)  and bank s to rage.  Wi th  e s s e n t i a l l y  no da ta  t o  work with, 
a f a c t o r  o f  f i v e  was used as an i n i t i a l  es t ima te  o f  v a r i a b i l i t y  based on 
p r o f e s s i o n a l  judgement. Thus, f o r  example, a t  a smal l  d i scha rge  
l o c a t i o n  (seepage o r  s p r i n g )  t h e  measured d i scha rge  would be expected t o  
vary  f rom 4 t o  19 L/min ( 1  t o  5 ga l /m in)  d u r i n g  t h e  year .  Peak 
groundwater d i scha rge  should occur  s h o r t l y  a f t e r  t h e  peak r u n o f f  and then 
d e c l i n e  u n t i l  l a t e  March o r  e a r l y  A p r i l  o f  t h e  f o l l o w i n g  year .  

Groundwater f l o w  f rom t h e  dumps would be approx imate ly  
pe rpend icu la r  t o  t h e  contours  o f  t h e  prepared,  pre-dumping land  sur face .  
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The average annual  f l o w ,  once e q u i l i b r i u m  was e s t a b l i s h e d ,  would be 
0.0866 m3/s (3 .06 c f s )  f o r  t h e  combined f i v e  dumps. Th is  would 
c o n s t i t u t e  a t h r e e - f o l d  i nc rease  over  t h e  pre-min ing groundwater 

d i scha rge  o f  0.0288 m / s  (1.02 c f s ) .  As t h e  mean annual d i scha rge  
would be r o u g h l y  1.8 t imes t h e  minimum d ischarge  f o r  t h e  p o s t u l a t e d  range 
o f  d i scha rge  va lues,  maximum and minlmum groundwater d ischarges f rom t h e  
dumps were es t ima ted  under o p e r a t i o n a l  c o n d i t i o n s  as f o l l o w s :  

3 

Dump Maximum ( m3/s) Minimum (m3/s) 

0.092 
0.021 
0.039 
0.050 
0.032 
0.007 

0.0185 
0.0041 
0.0078 
0.0099 
0.0064 
0.0014 

5.1.4 Summary o f  Water F luxes 
The assumptions i n  Subsect ion 5.1.1 a p p o r t i o n  t h e  annual 

p r e c i p i t a t i o n  among r u n o f f ,  groundwater recharge, and e v a p o t r a n s p i r a t i o n  
( E T ) .  A t  maximum development, increased d i scha rge  f rom t h e  d i s t u r b e d  
p o r t i o n s  o f  t h e  mlne s i t e  would occur:  r u n o f f  would be expected t o  
i n c r e a s e  by 20%; and groundwater recharge and d i scha rge  would be expected 
t o  i n c r e a s e  t h r e e - f o l d .  These increases would r e s u l t  f rom reduced E T  
l osses .  

I n  c a l c u l a t i n g  t h e  impact upon t h e  o v e r a l l  water  budget,  i t  has 
been assumed t h a t  use o f  o n l y  t h e  t o t a l  dump area would account f o r  t h e  
maximum inc rease  o f  wa te r  d i scha rge  a t  any p o i n t  d u r i n g  t h e  l i f e  o f  t h e  
mine. Th is  i s  because some dump areas would be i n  i n i t i a l  r e c l a m a t i o n  
stages b e f o r e  o t h e r s  were f u l l y  developed. I n  t h e  f i r s t  h a l f  of p i t  
development groundwater would be dep le ted ,  b u t  t h i s  should be rough ly  
compensated f o r  by enhanced s u r f a c e  and groundwater d i scha rge  f o r  t h e  
t o t a l  dump area.  Th is ,  p l u s  t h e  extreme r e d u c t i o n  i n  t h e  E T  assumed i n  

Table 3 ( f r o m  40% t o  10% o f  annual p r e c i p i t a t i o n ) ,  p e r m i t s  t h e  
c a l c u l a t i o n  o f  i nc reased  d i scha rge  u s i n g  t h e  areas o f  t h e  dumps a lone.  
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To f a c i l i t a t e  comparisons, Table 4 d i s p l a y s  t h e  c a l c u l a t e d  
water  f l u x e s  i n c l u d i n g  t h e  t'unimpacted't areas i n  t h e  b a s e l i n e ,  min ing,  
and r e c l a m a t i o n  stages ( i n i t i a l  h y d r o l o g i c  assumptions r e t a i n e d ) .  Whi le  
t h e  m l n i n g  phase a n a l y s i s  d i d  n o t  i n v o l v e  s e p a r a t i n g  o u t  t h e  p i t s ,  t h e  
r e c l a m a t i o n  phase a n a l y s i s  d i d  i n v o l v e  addressing the  p l t s  separa te l y .  
I t  was necessary t o  make r e l a t i v e l y  crude es t ima tes  a p p o r t i o n i n g  
p r e c i p i t a t i o n  f o r  these p i t s .  However, t h e  key p o i n t  i s  t h a t  r u n o f f  i s  
reduced t o  p re -m in ing  l e v e l s  once v e g e t a t i o n  i s  e s t a b l i s h e d ,  b u t  
i nc reased  q u a n t i t i e s  o f  groundwater recharge (and even tua l  d i scha rge  t o  
Cabin and Howel l  Creeks and t h e  F la thead  R i v e r )  a r e  mainta ined.  I n  t h e  
f o l l o w i n g  d i s c u s s i o n ,  r u n o f f  and groundwater recharge a r e  assumed t o  be 
equal  t o  su r face  water  d i scha rge  and groundwater d ischarge,  r e s p e c t i v e l y .  

I t  was es t ima ted  t h a t  t h e  pre-min ing r u n o f f  f rom t h e  
11.95 km dump area would be 50% o f  t h e  annual p r e c i p i t a t i o n .  Thus, 
t h e  b a s e l i n e  va lue  was c a l c u l a t e d  as (11.95 x l o 6  m2 x 0.762 m 
[ p r e c i p / y r ]  x 0.5) = 4.55 x 10 m / y r  (3689 a c r e - f t / y r ) ,  f o r  a year 
w i t h  average p r e c i p i t a t i o n .  The b a s e l i n e  groundwater recharge f o r  t h i s  
area may be c a l c u l a t e d  as (11.95 x l o 6  m2 x 0.762 m [ p r e c i p / y r ]  x 
0.1) = 9.11 x 10 m / y r  (739 a c r e - f t / y r ) ,  a l s o  f o r  an average year .  
Us ing t h e  assumptions I n  Table 3, s i m i l a r  c a l c u l a t i o n s  f o r  maximum f l ows  
were: s u r f a c e  r u n o f f  = 5.46 x l o 6  m / y r  (4426 a c r e - f t / y r ) ;  and 

6 3  groundwater recharge = 2.73 x 10 m / y r  (2213 a c r e - f t / y r ) .  Thus, a t  
maximum impact t h e  c a l c u l a t e d  i n c r e a s e  I n  r u n o f f ,  and thus  s u r f a c e  water  
d i scha rge ,  would be 0.91 x l o 6  m / y r  (738 a c r e - f t / y r )  w h i l e  t h e  
c a l c u l a t e d  i nc rease  i n  groundwater recharge, and thus d ischarge,  would be 
1.82 x 10 m / y r  (1475 a c r e - f t / y r ) .  These va lues a r e  f o r  years w i t h  
average p r e c i p i t a t i o n .  Hence, t h e  es t ima ted  maximum Inc rease  i n  combined 
s u r f a c e  and groundwater d i scha rge  f r o m  t h e  mine s i t e  would be 2.73 x 
10 m / y r  (2213 a c r e - f t / y r )  f o r  a year  w i t h  average p r e c i p i t a t i o n .  

When t h e  annual  p r e c i p i t a t i o n  i s  d i f f e r e n t  f rom t h e  average 
va lue  t h e  s u r f a c e  and groundwater c o n t r i b u t i o n s  t o  d i scha rge  w i l l  change 
somewhat. The f o l l o w i n g  es t ima tes  w i l l  g i v e  an approx ima t ion  f o r  t h e  
d i s t u r b e d  area d u r i n g  m i n i n g  t o  c o r r e c t  f o r  d r y  o r  wet years.  

2 

6 3  

5 3  

3 

3 

6 3  

6 3  

1 .  I n  d r y  years:  ( 1 )  m a i n t a i n  t h e  76.2 mm ( 3  i n )  El l o s s  
(9.11 x 10 m / y r  (739 a c r e - f t / y r ] ) ;  ( 2 )  75% o f  t h e  
decreased p r e c i p i t a t i o n  w i l l  r e s u l t  i n  reduced s u r f a c e  water  

5 3  
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Table 4. Summary of calculated water fluxes assuming precipitation i s  762 mm 
per year. 

Runoff/Surface Groundwater 
Water i charge Recharg / ischarge Evapotra s iration 

lOpmg/a 
('L) 

l O V / a  
('L) 

&3 Condi ti on 
Mining Stage (area) 10 /a 

(%I 

1. Premining "Uni act d" 7.89 
(20T kmb (50%) 

1.58 
(10%) 

6.31 
(40%) 

Totals 7.89 1.58 6.31 

2. Mining mpac e 
L1.9: 2) ;3% ?i% 
"Unimpac ed" 3.33 
(8.75 d) (50%) 

0.67 
(10%) 

2.67 
(40%) 

Totals 8.79 3.40 3.58 

3. Reclamation I acted 
(T.95 km2) 4.55 

(50%) 

Pits 0 

"Unimpac ed" 1.96 

(3.61 ~II?) (0%) 

(5.14 d) (50%) 

1.82 
(20%) 

1.65 
(60%) 

0.39 
(10%) 

2.73 
(30%) 

1.10 
(40%) 

1.57 
(40%) 

Totals 6.51 3.86 5.40 
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d ischarge;  and ( 3 )  25% o f  t h e  decreased p r e c i p i t a t i o n  w i l l  
r e s u l t  i n  reduced groundwater recharge and l a t e r  reduced 

groundwater d ischarge.  
2.  I n  wet years:  (1) p a r t i t i o n  10% o f  the t o t a l  p r e c i p i t a t i o n  

f o r  E T  losses ;  ( 2 )  75% o f  t h e  remain ing surp lus  
p r e c i p i t a t i o n  should be a t t r i b u t e d  t o  su r face  water ;  and 
( 3 )  25% o f  t h e  remain ing surp lus  ( a f t e r  s tep  1) i s  expected 
t o  appear as increased groundwater recharge and eventua l  
d i scharge. 

These procedura l  es t imates  a r e  i nco rpo ra ted  i n t o  Table 5 which summarizes 
r u n o f f ,  groundwater recharge/d ischarge and E T  d u r i n g  the  m in ing  opera t i on  
as a f u n c t i o n  o f  a wide range o f  p r e c i p i t a t i o n .  

5 .1 .5  Maximum Parameter Concentrat ions 
I n  keeping w i t h  t h e  op t ima l  and adverse o p e r a t i n g  c o n d i t i o n  

d e f i n i t i o n s ,  Tables 6 and 7 were prepared t o  represent  t h e  h ighes t  
average d a i l y  concen t ra t i ons  o f  c o n s t i t u e n t s  (except  t o t a l  suspended 
s o l i d s  [TSS]) t h a t  migh t  be expected, i n  r e c e i v i n g  and e f f l u e n t  waters 
r e s p e c t i v e l y ,  i n  any g i ven  year w i t h  average p r e c i p i t a t i o n .  (see 
Subsect ion 5 . 4  f o r  d i s c u s s i o n  o f  TSS).  E f f l u e n t  water  i s  any l i q u i d  
d ischarge l e a v i n g  t h e  m i n i n g  o p e r a t i o n  as opposed t o  r e c e i v i n g  waters 
which a r e  any bodies o f  su r face  water  i n t o  which a d ischarge may f l o w .  

The t a b l e s  summarize t h e  r e s u l t s  o f  more d e t a i l e d  d iscuss ions  
presented i n  t h e  f o l l o w i n g  subsect ions.  The d iscuss ions  i n c l u d e  
c a l c u l a t i o n s  o f  annual  load ings  (where a p p l i c a b l e )  and t i m i n g  o f  
re leases .  D i l u t i o n  would be l e s s ,  and t h e r e f o r e  concen t ra t i ons  o f  
c o n s t i t u e n t s  would be h ighe r ,  f o r  t he  combined Cabin Creek and H o w e l l  
Creek dra inages than f o r  t h e  F lathead R ive r  above Couldrey Creek. 
Consequently, t h e  r e c e i v i n g  water  aspects presented i n  Table 6 a r e  f o r  
Howell  Creek a t  t h e  edge o f  t h e  m in ing  p roper t y .  Th is  l o c a t i o n  i s  
comparable t o  NAQUADAT S t a t i o n  No. 00BC08NP0008 a t  t he  c u r r e n t  F la thead 
road b r i d g e  across Howel l  Creek about 750 m (2460 f t )  above t h e  
conf luence w i t h  t h e  F la thead R ive r  (Sheehan e t  a ) .  1985). The s o l e  
excep t ion  t o  t h i s  c o n d i t i o n  i s  f o r  TSS concen t ra t i ons  which app ly  i n  
e i t h e r  Cabin o r  Howel l  Creeks immediate ly  above t h e i r  conf luence.  



79 

Table 5. C a l c u l a t e d  d i s t r i b u t i o n  o f  v a r y i n g  amounts o f  p r e c i p i t a t i o n .  

Precipitation Runoff /Surface Groundwater 
Water D scharge lod/yr Evapotr n piration 

1o@/yr 
Rechar / ischarge lM/yr i n  mn (IOW for 11.95 km2) 

400 
(4.78) 

500 
(5.98) 

600 
(7.17) 

700 
(8.37) 

762 
(9.11) 

800 
(9.56) 

900 
(10.76) 

lo00 
( 1 1 .95) 

1100 
(13.15) 

1200 
(14.34) 

2.22 

3.12 

4.01 

4.91 

5.46 

5.77 

6.58 

7.38 

8.19 

9.00 

1.65 

1.95 

2.25 

2.55 

2.73 

2.83 

3.10 

3.37 

3.64 

3.91 

0.91 

0.91 

0.91 

0.91 

0.91 

0.96 

1.08 

1.20 

1.31 

1.43 
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Table 6.  Estimated receiving water concentrations a t  the proposed Sage Creek 
Coal Limited mine s i t e .  

Receiving Water 
Parameters 

optimal Operating 
Condi t ion (Lower 

Max imun Concentration) 

Part iculate P 

Soluble Reactive P 

N i t ra te  (as N) 

N i t r i t e  (as N) 

m n i a  + 
Amronium (as N) 

Temperature Change 

PH 

TSS 

Dissolved Oxygen 

A1 kal i n i  t y  
Chloride 

Barium (dissolved) 

0.050 mg/L increase 

0.002 mg/L increase 

<5 mg/L 

0.01 mg/l 

0.05 mg/L 

-1 t o  t1oc 

Adverse Opera t i ng Objective or 
F n d i  t i on (Upper Regulatory 

Maximum Concentration) L i m i t  o r  Range 

0.150 mg/L increase -- 

<lo mg/L 10 mg/La 

0.02 mg/L 0.060 mg/La*b 

0.004 mg/L increase No increasea 

0.15 mg/L 0.838 mg/La~c 

-2O to  t3OC - t1oc  d 

7.3 <_ pH 5 8.4 

5 10 mg/L increase 

7.3 5 pH 5 8.7 

43 mg/L increase 

no changed 

10 mg/L increase or 
increase o f  10% o f  back- 
ground i f background 
> 100 mg/La 
90% of  naturald 

> 20% of aturald 

1 .o mg/L" 

F 90% of  natural 

15 mg/L increase 
< - 1.5 mg/L 5 3 mg/L 5 25 mg/L 

F 80% of  natural 

25 mg/L increase a 
.- -- 

a 

C 

d 

Condition o f  Stage I1 approval-in-principle 
0.02 mg/L f o r  rolonged periods 
Assumes NH3.= $.58% of (NH!J t "4) f o r  conditions o f  T = 10°C and pH = 8.3 
N 4  (un-ionized amnonia) l im i ts :  

B.C. MOE, Pollut ion Control Board (1979) 

30 pg/L a t  any time 
7 p /L fo r  prolonged periods (10 days or  more) 
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Table 7. Es t imated e f f l u e n t  water  concen t ra t i ons  emanating f rom t h e  proposed 
Sage Creek Coal L i m i t e d  mine s i t e .  

Optimal Operating Adverse Operating Objective or 
Effluent Water Condi ti on (Lower Condi ti on (Upper Regulatory 
Parameters M a x i m  Concentration) Haximun Concentration) Limit or Range 

A1 (dissolved) 

As (dissolved) 

Ba (dissolved) 

Cd (dissolved) 

Co (di ssol ved) 

Cr (di ssolved) 

Cu (dissolved) 

Hg (total) 

Mo (dissolved) 

Ni (di ssol ved) 

Pb (di ssol ved) 

Se (di ssolved) 

Zn (di ssol ved) 

TDS 

TSS 

PH 

<0.10 mg/L 

<0.010 mg/L 

<0.200 mg/L 

<0.005 mg/L 

<0.010 mg/L 

<0.030 mg/L 

<0.020 mg/L 

<O.OOol mg/L 

~0 .015  mg/L 

<0.015 mg/L 

<0.025 mg/L 

<0.010 mg/L 

<0.040 mg/L 

<700 mg/L 

<0.10 mg/L 

<0.03 mg/L 

<0.30 mg/L 

KO.010 mg/L 

<0.020 mg/L 

<0.050 mg/L 

<0.020 mg/L 

<O.OOol mg/L 

C0.020 mg/L 

~0.030 mg/L 

<0.050 mg/L 

~0.015 mg/L 

<0.050 mg/L 

<lo00 mg/L 

< 1 . 3  5 pH 5 8.6 ~ 7 . 3  5 pH 5 9.0 

0.5-1.0 mg/La 

0.1-1.0 mg/La 

-- 
0.01-0.1 mg/La 

0.5-1.0 mg/La 

0.05-0.3 mg/La 

0.05-0.3 mg/La 

nil-0.005 mg/La 

0.5-5.0 */La 

0.2-1.0 mg/La 

0.05-0.2 */La 

0.05-0.5 mg/La 

0.2-1.0 mg/Ld 

2500-5000 mg/La 

25-75 mg/La 

6 . 5  to 8.5-10.a 

a B.C. m#, Pollution Control Board (1979) 
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5.2 PARAMETERS REGULATED BY R E C E I V I N G  WATER CHARACTERISTICS 

Whi le  t h e  c o n c e n t r a t i o n  o f  T o t a l  Suspended S o l i d s  (TSS) i s  a l s o  
r e g u l a t e d  under requi rements f o r  r e c e i v i n g  water ,  i t  has been eva lua ted  
s e p a r a t e l y  he re  i n  Subsect ion 5.4. 

5.2.1 Phosphorus 

5.2.1.1 I n t r o d u c t i o n .  The P r o v i n c i a l  o b j e c t i v e s  f o r  r e c e i v i n g  stream 
water  q u a l i t y  r e l e v a n t  t o  t h e  proposed Sage Creek Coal L i m i t e d  mine s t a t e  
t h a t  t h e r e  s h a l l  be no i nc rease  i n  phosphorus except t h a t  r e l a t e d  t o  
i nc reased  sediment (Subsect ion 1.5.1.3). Th is  excep t ion  i s  i n t e r p r e t e d  
as sediment-bound o r  p a r t i c u l a t e  phosphorus which equals t o t a l  phosphorus 
minus d i s s o l v e d  phosphorus. The o b j e c t i v e  can o n l y  be approached i f  a 
h i g h  p r i o r i t y  i s  g i v e n  t o ,  and extreme c a r e  i s  t aken  w i t h ,  t h e  p l a n n i n g  
f o r  and i n s t a l l a t i o n  o f  sewage t rea tmen t  f a c i l i t i e s .  

M i n i s t r y  o f  Environment Waste Management da ta  may be 
i n t e r p r e t e d  t o  suggest t h a t  t h e  major  c o n t r i b u t i n g  sources o f  s o l u b l e  
r e a c t i v e  phosphorus (or thophosphate)  a r e  human p o p u l a t i o n  cen te rs ,  n o t  
t h e  m i n i n g  a c t i v i t i e s  themselves. Thus t h e  sewage t rea tmen t  f a c i l i t i e s  
f o r  b o t h  t h e  c o n s t r u c t i o n  camp(s) and t h e  p l a n t  become c r i t i c a l  i n  
a t t a i n i n g  t h e  o b j e c t i v e .  

A r e c e n t  r e p o r t  on phosphorus f rom o p e r a t i n g  s u r f a c e  c o a l  mines 
(Noreco l  1985) l i s t s  seve ra l  p o t e n t i a l  sources o f  b o t h  d i s s o l v e d  and 
t o t a l  phosphorus, i n  a d d i t i o n  t o  sewage, f o r  r e l e a s e  t o  t h e  a q u a t i c  
environment.  These i n c l u d e  d i s t u r b e d  ground and s o i l  s t o c k p i l e s  t h a t  a r e  
unvegetated, f r e s h  waste rock,  areas o f  a c t i v e  f e r t i l i z e d  rec lamat ion ,  
h a u l  roads, p l a n t  s i t e s ,  groundwater, and d i t c h  d i scha rges .  

5.2.1.2 P a r t i c u l a t e  phosphorus. The major  sources o f  concen t ra ted  
p a r t i c u l a t e  phosphorus a r e  f rom s t r a t a  which under1 i e  t h e  c o a l  beds 
proposed f o r  m in ing .  C h r i s t i e  and Kenny (1980) ,  i n  summarizing t h e  
r e s u l t s  o f  Kenny's research  on phosphate-bear ing s t r a t a  i n  southeastern 
B r i t i s h  Columbia, s t a t e  t h a t ,  s t r a t i g r a p h i c a l l y ,  t h e  h i g h e s t  h o r i z o n  o f  
p o s s i b l e  economic i n t e r e s t  f o r  phosphate ( P 7  zone) i s  i n  t h e  Rock Creek 
member o f  t h e  F e r n i e  fo rma t ion .  A t  Crowsnest t h i s  zone i s  45 t o  75  m 
(145 t o  245 f t )  above t h e  base o f  t h e  F e r n i e  Format ion ( T e l f e r  1933). 
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The o p t i m a l  o p e r a t i o n a l  case i s  based upon t h e  assumption t h a t  
t h e  company would m in im ize  p a r t i c u l a t e  phosphorus c o n t r i b u t i o n  t o  
streamload by i n t e g r a t i n g  c o n s t r u c t i o n  and m i n i n g  p l a n s  w i t h  t h e  bedrock 
geology, and deve lop ing  p lans  t o  m in im ize  d i s t u r b a n c e  o f  phosphorus - r i ch  
u n i t s  beneath t h e  c o a l - b e a r i n g  ho r i zons .  

These u n i t s  i n c l u d e :  
1. t h e  lower  F e r n i e  Format ion ( J u r a s s i c  age); 
2. t h e  Llama, W h i s t l e r ,  and Vega members o f  t h e  Sulphur 

3. t h e  Ranger Canyon, Ross Creek, and Johnston Canyon 

4. t h e  basa l  Exshaw Format ion (uppermost Devonian t o  lower  

P a r t i c u l a t e  phosphorus i s  p resen t  i n  t h e  waste rock  between t h e  
mineable c o a l  seams. Gibson (1985) desc r ibes  t h e  M i s t  Mountain member 
(wh ich  c o n t a i n s  t h e  c o a l  seams) and comments on t h e  presence o f  phosphate 
nodules and phosphat ic  cement, p a r t i c u l a r l y  i n  c h e r t - r i c h  s i l t s t o n e s .  

Very l i m i t e d  phosphorus d a t a  a v a i l a b l e  f rom t h e  e x i s t i n g  mine 
on t h e  F o r d i n g  R i v e r  have been used as a gu ide  f o r  impact assessment. 
M o n i t o r i n g  d a t a  f rom t h e  E l k  R i v e r  v a l l e y  on Bodie, M iche l ,  Er ickson,  
Harmer, and S i x  M i l e  Creeks, which i n c l u d e  b o t h  r e c e i v i n g  and d i scha rge  
waters ,  have a combined average t o t a l  phosphorus va lue  o f  0.065 mg/L. 
Maximum recorded c o n c e n t r a t i o n s  range f rom a l o w  o f  0.031 mg/L on 
E r i c k s o n  Creek t o  a h i g h  of  7.5 mg/L on Bodie Creek, which i s  p e r m i t t e d  
as an e f f l u e n t  d i scha rge  system. Peak va lues noted i n  t h e  E l k  R i v e r  
v a l l e y  r u n  6 t o  10 t imes g r e a t e r  t han  average va lues,  and no rma l l y  occur 
d u r i n g  peak d i s c h a r g e  p e r i o d s  f o r  t h e  r e s p e c t i v e  water  courses. 

B a s e l i n e  da ta  f o r  Howel l  Creek, j u s t  below t h e  proposed mine 
s i t e ,  were ob ta ined  f r o m  t h e  Kootenay A i r  and Water Q u a l i t y  Study, 
Phase I 1  Report  (B .C.  M i n i s t r y  o f  Environment 1978, p. 277).  T o t a l  
phosphorus (wh ich  i n c l u d e s  b o t h  p a r t i c u l a t e  and d i s s o l v e d  species)  
averaged 0.021 mg/L i n  13 samples w i t h  va lues r a n g i n g  f r o m  0.009 t o  
0.062 mg/L. Data i n  Table 10 o f  Appendix 3.3.3-1 o f  t h e  Stage I 1  EA were 
d e r i v e d  f rom samples a t  app rox ima te l y  t h e  same s i t e .  I n  t h i s  case t o t a l  

phosphorus va lues averaged 0.062 mg/L and ranged f rom l e s s  than 
0.002 mg/L t o  0.218 mg/L ( n i n e  samples). The f o u r  B.C.  Research samples 

Mountain Format ion ( T r i a s s i c  age); 

Format ions (Permian age); and 

M i s s i s s i p p i a n  age). 
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c o l l e c t e d  f o r  Sage Creek Coal L i m i t e d  on May 9 and 24, June 6, and 
J u l y  21, 1978 y i e l d e d  t o t a l  phosphorus c o n c e n t r a t i o n s  o f  0.050, 0.218, 
0.198, and 0.062 mg/L r e s p e c t i v e l y .  Together they  produced an average 
va lue  of 0.132 mg/L. I n  a d d i t i o n ,  b a s e l i n e  samples c o l l e c t e d  a t  t h e  
Cabin Creek cableway d u r i n g  t h e  1986 f r e s h e t  y i e l d e d  t o t a l  phosphorus 
va lues o f  up t o  0.40 mg/L (1986 unpubl ished da ta ,  R .  Noble, Montana 
Bureau o f  Mines and Geology, B u t t e ,  Montana). 

The d i s p a r i t y  among these da ta  se ts  and t h e  h i g h  b u t  u n c e r t a i n  
background J e v e l s  n e c e s s i t a t e d  t h a t  t h e  MDC l i s t  m i n i n g  impacts as 
increases above t h e  background l e v e l s  f o r  phosphorus i n  Table 6. The 
increases l i s t e d  a r e  based upon unpubl ished 1985 Environmental  P r o t e c t i o n  
S e r v l c e  (EPS) d a t a  (1985, K.  Ferguson, Environmental  P r o t e c t i o n  Serv ice,  
Environment Canada, Vancouver, B.C., personal  communication) f o r  t h e  f i v e  
E l k  R i v e r  v a l l e y  creeks d iscussed two paragraphs e a r l i e r  and f o r  L i n e  
Creek, which i s  a l s o  I n  t h e  E l k  R i v e r  v a l l e y .  These da ta  c o n s t i t u t e  a 
reasonable e s t i m a t e  o f  t h e  maximum impact.  

W i thou t  mean annual TSS concen t ra t i ons ,  which t h e  MDC i s  n o t  
s a t i s f i e d  can be c a l c u l a t e d  w i t h i n  accep tab le  e r r o r  l e v e l s  (see 
Subsect ion 5.4 o f  t h i s  r e p o r t ) ,  i t  i s  d i f f i c u l t  t o  e s t a b l i s h  an annual 
l o a d i n g  c a l c u l a t i o n  f o r  p a r t i c u l a t e  phosphorus. However, t o  p r o v i d e  
o t h e r  committees w i t h  a reasonable e s t i m a t e  t h e  f o l l o w i n g  procedure was 
used. 

1 .  T o t a l  mine s i t e  area i s  8.69% o f  t h e  d ra inage  area.  I t  was 
assumed t h a t ,  because o f  enhanced r u n o f f ,  t h i s  c o n s t i t u t e s  
9.00% o f  Howel l  and Cabin Creeks' dra inages.  

2. Average p a r t i c u l a t e  P c o n c e n t r a t i o n ,  as an increase,  was 
es t ima ted  a t  0.0065 mg/L f o r  t h e  r e c e i v i n g  water  below t h e  
o p e r a t i n g  mine on t h e  F o r d i n g  R i v e r .  Th is  va lue  was 
c a l c u l a t e d  as f o l l o w s .  Using t h e  Kootenay A i r  and Water 
Q u a l i t y  Study, Phase I 1  da ta  (B.C. M i n i s t r y  o f  Environment 
1978, Table 11) mean p a r t i c u l a t e  phosphorus c o n c e n t r a t i o n  
above t h e  m i n i n g  area was s u b t r a c t e d  f rom t h e  mean 
c o n c e n t r a t l o n  near  t h e  downstream margin o f  t h e  m i n i n g  area 
( s i t e s  0200110 and 0200201, r e s p e c t i v e l y ) .  The r e s u l t i n g  
va lue  (0.013 mg/L) was then  d i v i d e d  by two t o  rough ly  
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account f o r  d i f f e r e n c e s  between t h e  o p e r a t i n g  and proposed 
mines i n  terms o f  t h e  p r o p o r t i o n  o f  t h e  d ra inage  bas ins t h a t  
would have d i s t u r b e d  r u n o f f  c h a r a c t e r i s t i c s .  Assuming t h e  
mine e f f l u e n t  c o n s t i t u t e s  9% o f  t h e  s u r f a c e  f l o w  o f  Howel l  
Creek below t h e  conf luence w i t h  Cabin Creek 
(Subsec t i on  5.1.5),  t h e  e f f l u e n t  c o n c e n t r a t i o n  was 
c a l c u l a t e d  by d i v i d i n g  t h e  average c o n c e n t r a t i o n  i nc rease  by 
t h e  p r o p o r t i o n  o f  d ra inage  area d i s t u r b e d  by m i n i n g  
(0.0065/0.09 = 0.072 mg/L). 

3.  T o t a l  mine s i t e  s u r f a c e  water  r e l e a s e  was es t ima ted  a t  60% 
o f  p r e c i p i t a t i o n  on dump areas and a t  50% o f  p r e c i p i t a t i o n  
on non-dump areas.  A t  maximum development t h i s  would amount 
t o  8.79 x 10 m / y r  (7126 a c r e - f t / y r )  when p r e c i p i t a t i o n  
i s  762 mm/yr ( 3 0  i n / y r ) .  

4. Annual p a r t i c u l a t e  phosphorus f rom t h e  mine was then  
c a l c u l a t e d  as (0.072 mg/L) x (8.79 x 10 m ) x 
( l o 3  L/m3) = 6.33 x 10 mg = 633 k g  (1396 l b s )  when 
annual p r e c i p i t a t i o n  = 762 mm. Th is  va lue  i s  thought  t o  be 
an upper l i m i t  d u r i n g  normal years.  

The g r e a t e s t  u n c e r t a i n t y  i n  t h e  c a l c u l a t i o n s  above i s  r e l a t e d  
t o  t h e  average i n c r e a s e  i n  p a r t i c u l a t e  phosphorus i n  t h e  r e c e i v i n g  water .  

An a l t e r n a t e  approach which can be used i s  t o  assume t h a t  a 
25 mg/L e f f l u e n t  s tandard (Tab le  7 )  f o r  TSS (which i s  more s t r i n g e n t  than  
t h e  10 mg/L i n c r e a s e  f o r  r e c e i v i n g  waters)  would c o n s t i t u t e  t h e  average 
sediment c o n t r i b u t i o n  f rom c o n t r o l l e d  d ischarges and t h a t  o n l y  c o n t r o l l e d  
d i scha rges  would c o n s t i t u t e  t h e  i n c r e a s e  above background c o n t r i b u t l o n s .  
Th is  i s  a r a t h e r  o p t i m i s t i c  a p p r a i s a l ,  b u t  i t  he lps  t o  p u t  lower  l i m i t s  
on t h e  proposed mine’s  p a r t i c u l a t e  phosphorus impact.  Us ing t h e  
c a l c u l a t e d  mean annual s u r f a c e  r u n o f f  o f  5.46 x l o 6  m3 
(4426 a c r e - f t ) ,  an average TSS c o n c e n t r a t i o n  o f  25 mg/L, and a phosphorus 
con ten t  o f  sediment o f  0.128 we igh t  pe rcen t  ( c a l c u l a t e d  f rom t h e  Phase I 1  
da ta  [B .C.  M i n i s t r y  o f  Environment 19781) t h e  annual p a r t i c u l a t e  
phosphorus l o a d i n g  was c a l c u l a t e d  t o  be 175 k g  (386 l b s ) .  

One l i m i t a t i o n  o f  these c a l c u l a t i o n s  i s  t h a t  t h e  assumed P 
con ten t  o f  0.128 we igh t  pe rcen t  was based upon a c o l l e c t i o n  procedure 

6 3  

6 3  
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t h a t  may n o t  be t r u l y  r e p r e s e n t a t i v e .  Th is  procedure,  u s i n g  p i c k l e  j a r s  
p a r t l y  b u r i e d  i n  t h e  streambed, p robab ly  underest imates t h e  P con ten t  
because a d i s p r o p o r t i o n a t e l y  smal l  amount o f  t h e  c l a y - s i z e d  p a r t i c l e s  i s  
t rapped,  Phosphorus adsorbed on c l a y s  I s  b e l l e v e d  t o  be a s i g n i f i c a n t  
f a c t o r  i n  t h e  p a r t i c u l a t e  phosphorus f l u x .  

The p a r t i c u l a t e  phosphorus l oad ings  presented above rep resen t  
t h e  upper and lower  l i m i t s  which t h e  MDC b e l i e v e s  a r e  a p p l i c a b l e .  A 
va lue  more than  t w i c e  as l a r g e  as t h e  633 k g  (1396 l b s )  upper va lue  cou ld  
have been c a l c u l a t e d  u s i n g  t h e  d a t a  pub l i shed  by Nord in  (1982, Table 2 ) .  
The MDC b e l i e v e s  t h a t  N o r d i n ' s  d a t a  c o l l e c t i o n  s t r a t e g y  was o r i e n t e d  
toward peak va lues,  b u t ,  more i m p o r t a n t l y ,  t h a t  such a c a l c u l a t i o n  would 
g r o s s l y  ove res t ima te  t h e  p a r t i c u l a t e  phosphorus c o n t r i b u t i o n  f o r  a new 
mine b e i n g  developed under t h e  c u r r e n t  r e g u l a t o r y  c o n d i t i o n s .  The 
average annual l o a d i n g s  would p robab ly  range f rom 250 t o  500 k g  (551 t o  
1103 l b s )  f o r  t h e  proposed Sage Creek Coal L i m i t e d  mine. Approx imate ly  
80% o f  t h e  p a r t i c u l a t e  phosphorus l o a d  would be re leased  d u r i n g  t h e  
f r e s h e t  i n  May and June. These numbers rep resen t  t h e  b e s t  p r o f e s s i o n a l  
judgement o f  t h e  MDC. 

5.2.1.3 S o l u b l e  r e a c t i v e  phosphorus (or thophosphate) .  The background 
da ta  base f o r  s o l u b l e  r e a c t i v e  phosphorus (SRP) 1 s  l e s s  r e l i a b l e  than  
t h a t  f o r  p a r t i c u l a t e  phosphorus. For i ns tance ,  t h e  USGS, which i s  a 
source f o r  t hese  da ta ,  has asked t h a t  i t s  da ta  s e t  n o t  be used because 
t h e  accuracy o f  t h e  d a t a  i s  ques t i onab le .  None o f  t h e  samples i s  
b e l i e v e d  t o  have been analyzed w i t h i n  24 hours o f  c o l l e c t i o n .  Delay 
between c o l l e c t i o n  and a n a l y s i s  r e s u l t s  i n  reduced SRP va lues.  However, 
these a r e  t h e  o n l y  da ta  a v a i l a b l e .  

The d a t a  on Table 10 o f  Appendlx 3.3.3-1 o f  t h e  Stage I 1  EA 

i n d i c a t e  a range o f  f rom <0.002 t o  0.012 mg/L. The SRP c o n c e n t r a t i o n s  
f rom E l k  R i v e r  v a l l e y  m i n i n g  areas range f rom below t h e  d e t e c t a b l e  l e v e l  
( L i n e  Creek), upward. Most o f  these E l k  R i v e r  v a l l e y  mines have more 
m i n i n g - d i s t u r b e d  ground pe r  u n i t  area o f  dra inage b a s i n  than  t h e  proposed 
Sage Creek Coal L i m i t e d  mine. The average SRP con ten t  f rom t h e  EPS da ta  
s e t ,  d i s c o u n t i n g  Bodie Creek which i s  p e r m i t t e d  as an e f f l u e n t  system, i s  

0.005 my/L. Consequently, t h e  es t ima ted  increases f o r  o p t i m a l  and adverse 
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c o n d i t i o n s  i n  Table 6 a r e  0.002 and 0.004 mg/L, r e s p e c t i v e l y .  These 
numbers may s l i g h t l y  u n d e r s t a t e  t h e  peak values; however, t h e  SRP 

c o n c e n t r a t i o n  does n o t  f l u c t u a t e  n e a r l y  as g r e a t l y  as t h a t  o f  p a r t i c u l a t e  
phosphorus. 

I n  c a l c u l a t i n g  annual l o a d i n g s  f o r  SRP, b o t h  groundwater and 
s u r f a c e  water  d i scha rges  were consldered.  For t h e  t o t a l  mine area, t h e  
s u r f a c e  water  d i scha rge  was p r e v i o u s l y  c a l c u l a t e d  t o  be 8.79 x 
10 m / y r  (7126 a c r e - f t / y r ) .  Assuming 30% recharge t o  groundwater 
f o r  t h e  dump area and 10% f o r  t h e  remain ing mine area, a groundwater 
d i scha rge  e s t i m a t e  o f  3.40 x 10 m / y r  (2756 a c r e - f t / y r )  was 
c a l c u l a t e d  ( T a b l e  4 ) .  The combined s u r f a c e  and groundwater d i scha rge  
would then  be 1.22 x 10  m / y r  (9889 a c r e - f t / y r ) .  I f  t h e  average 
r e c e i v i n g  water  i nc rease  was assumed t o  be 0.002 mg/L, c a l c u l a t i o n s  
s i m i l a r  t o  those p r o v i d e d  f o r  p a r t i c u l a t e  phosphorus would r e s u l t  i n  an 
annual  l o a d i n g  q u a n t i t y  o f  271 k g  (598 l b s )  SRP. 

A crude cross-check on t h i s  number can be made u s i n g  annual pe r  
c a p i t a  SRP p r o d u c t i o n  of 2.2 k g  (4.85 l b s )  (1986, B. Kangasnieml, B.C. 
M i n i s t r y  o f  Environment, V i c t o r i a ,  B.C., personal  communication) and t h e  
proposed work f o r c e  (500 people) .  M u l t i p l i c a t i o n  o f  these f a c t o r s  y i e l d s  
1100 k g / y r  (2426 l b s / y r )  f o r  human waste and laundry .  Workers a r e  
es t ima ted  t o  spend r o u g h l y  40% o f  t h e i r  waking t i m e  o n - s i t e ,  b u t  i t  was 
assumed t h a t  l a u n d r y  would be done o f f  t h e  mine s i t e .  Thus, I f  
o n e - f o u r t h  o f  t h e  "people waste" was re leased  on s i t e ,  t h i s  would amount 
t o  275 k g / y r  (606 l b s / y r ) .  A d d i t i o n a l  c o n t r i b u t i o n s  f rom d i s t u r b e d  
ground, waste rock,  f e r t i l i z e r s ,  eroded s o i l ,  and o t h e r  sources (Norecol  
1985) c o u l d  be reasonably  expected t o  add an a d d i t i o n a l  150 k g / y r  
(331 l b s / y r ) .  Hence, t h e  l o a d i n g  es t ima te ,  271 k g / y r  (598 l b s / y r ) ,  does 
a l l o w  f o r  l i m i t e d  s o r p t i o n  ( r o u g h l y  50 t o  60%) o f  sewage phosphate a f t e r  
d i scha rge  t o  t h e  ground; t h i s  does n o t  seem unreasonable c o n s i d e r l n g  t h a t  
sands and g r a v e l s  a r e  b e l i e v e d  t o  u n d e r l i e  t h e  proposed s e p t i c  d i scha rge  
f i e l d  a t  a sha l l ow  depth.  

The f i g u r e s  do n o t  i n c l u d e  t h e  SRP l o a d i n g  d u r i n g  t h e  
c o n s t r u c t i o n  phase. I t  i s  u n c l e a r  i n  t h e  Stage I 1  r e p o r t  what t h e  n a t u r e  
o f  t h e  sewage t rea tmen t  f a c i l i t i e s  would be a t  t h i s  s tage.  The i n i t l a l  

ground d i s t u r b a n c e  should enhance r e l e a s e  o f  " s o i l  s o l u t i o n "  phosphorus, 
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which i s  orthophosphate o r  SRP, p resen t  a t  l e v e l s  o f  0.1 t o  1.0 mg/L 
(Noreco l  1985, p.  2-3). I t  i s  n o t  c l e a r  whether s l a s h  f rom l o g g i n g  would 
be burned; s l a s h  b u r n i n g  i s  b e l i e v e d  t o  be a s i g n i f i c a n t  source o f  
phosphorus r e l e a s e  (Norecol  1985). Because t h e  o p e r a t i o n a l  p lans  f o r  t h e  

proposed mine a r e  q u i t e  vague, i t  was n o t  cons idered f e a s i b l e  t o  
c a l c u l a t e  l o a d i n g s  f o r  t h i s  phase o f  t h e  o p e r a t i o n .  

5.2.1.4 Discuss ion.  One f a c t o r  no rma l l y  i n v o l v e d  i n  r e a l  systems, 
a l g a l  P uptake, has n o t  been q u a n t i f i e d .  As an example, da ta  f rom an 
e x i s t i n g  E l k  R i v e r  v a l l e y  mine (McDonald 1984) show t h e  E r i c k s o n  Creek 
s e t t l i n g  pond water  t o  have con ta ined  0.029 mg/L SRP on 1985 June 15, 
whereas t h e  16 a v a i l a b l e  samples c o l l e c t e d  a t  t h e  mouth o f  E r i c k s o n  Creek 
i n  1985 ranged f rom 0.002 t o  0.008 mg/L. The e x t e n t  t o  which t h i s  
d i f f e r e n c e  was due t o  d i l u t i o n ,  b i o l o g i c a l  consumption, o r  a d s o r p t i o n  by 
sediments i s  n o t  known, b u t  i t  does p r o v i d e  an e s t i m a t e  o f  t h e  e x t e n t  o f  
t h e  temporary a t t e n u a t i o n  t h a t  may be caused by t h e  combinat ion o f  
d i l u t i o n ,  s o r p t i o n ,  and b i o l o g i c a l  consumption i n  t h e  creeks d r a i n i n g  t h e  
mine area.  Because SRP c o n c e n t r a t i o n  does n o t  f l u c t u a t e  g r e a t l y ,  
seasonal l o a d i n g s  would be r o u g h l y  p r o p o r t i o n a l  t o  r e c e i v i n g  water  f l ows ;  
excep t ions  t o  t h i s  would occur  i n  cases s i m i l a r  t o  n i t r o g e n  (Subsec t i on  
5.2.2.1 below) s h o r t l y  b e f o r e  f r e s h e t ,  when f l ows  a r e  ve ry  l ow  and 
c o n c e n t r a t i o n s  b u i l d  up because t h e r e  i s  l e s s  d i l u t i o n .  

5.2.2 I n o r g a n i c  N i t r o q e n  Species 

5.2.2.1 I n t r o d u c t i o n .  Data a v a i l a b l e  t o  t h e  MDC i n d i c a t e  t h a t  t h e  
overwhelming source o f  n i t r o g e n  would be t h e  e x p l o s i v e  m a t e r i a l s  used i n  
m i n i n g  (Nagpal 1982).  
(NH3) and ammonium (NH;) have been de tec ted  i n  groundwater a t  many mines. 

The reduced forms may con t inue  t o  e x i s t  when contaminated 
groundwater moves toward r e c e i v i n g  streams, b u t  u s u a l l y  a r e  f a i r l y  
r a p i d l y  o x i d i z e d  i n  t h e  we l l -oxygena ted  creeks and r i v e r s  i n  t h e  mine 
s i t e  areas. The o x i d a t i o n  o f  n i t r o g e n  species i s  more r a p i d  under warmer 
c o n d i t i o n s ;  hence t h e  w i n t e r  and s p r i n g  p e r i o d s  a r e  t h e  wors t  f o r  t h e  
con t inued  presence o f  n i t r i t e  and ammonia/ammonium species,  p a r t i c u l a r l y  
when st ream areas a r e  covered by i c e .  

N i t r a t e  ( N O i ) ,  n i t r i t e  (NO;), u n - i o n i z e d  ammonia 
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The peak n i t r o g e n  c o n c e n t r a t i o n s  i n  s u r f a c e  waters  appear t o  

occur  d u r i n g  w i n t e r  l ow  f l o w  i n  b o t h  mining- impacted and unimpacted 
streams. Maximum values o f  n i t r a t e  i n  impacted s u r f a c e  w a t e r s  may exceed 
10 mg/L ( a s  N) i n  t h e  E l k  R i v e r  v a l l e y  ( F o r d i n g  Coal L i m i t e d  1985); 
however, d i l u t i o n  o r  b i o l o g i c a l  a t t e n u a t i o n  n o r m a l l y  reduces t h e  
c o n c e n t r a t i o n  i n  these  impacted t r i b u t a r i e s  by t h e  t i m e  t h e  water  reaches 
t h e  t r i b u t a r y  mouth. Pumping o f  p i t  water  d i r e c t l y  t o  t h e  r e c e i v i n g  
streams can s i g n i f i c a n t l y  i n c r e a s e  load ings  t o  those streams. On t h e  
o t h e r  hand, e n v i r o n m e n t a l l y  c o n s c i e n t i o u s  b l a s t i n g  and water  management 
programs can s i g n i f i c a n t l y  reduce such load ings .  

5.2.2.2 N i t r a t e  as N. Most impact assessments have concen t ra ted  upon 
n i t r a t e  because t h i s  i s  t h e  predominant form o f  n i t r o g e n .  The g e n e r a l l y  
accepted p r a c t i c e  f o r  assess ing n i t r o g e n  re leased  due t o  t h e  use o f  
e x p l o s i v e s  was presented by Pommen (1983).  The powder f a c t o r  suggested 
f o r  t h e  Sage Creek Coal L i m i t e d  o p e r a t i o n  i s  0.71 kg/bcm (1.19 lbs/bcyd) ,  
and t h e  p r o j e c t e d  average annual consumption i s  9.5 x 10 k g  (2.1 x 
l o 7  l b s )  (Stage I 1  E A ) .  Exp los i ves  used would be annnonium n i t r a t e  
mixed w i th  f u e l  o i l  ( A N / F O ) ,  which should average 33% n i t r o g e n  by weight  
(Pommen 1983, p.3),  and s l u r r y  water  g e l s  w i th  an approximate n i t r o g e n  
c o n t e n t  o f  25 we igh t  pe rcen t  (Pommen 1983, and 1986, L a r r y  Pommen, E.C. 
M i n i s t r y  o f  Environment, V i c t o r i a ,  B.C., personal  communication). 

The groundwater s tudy submi t ted  by Sage Creek Coal L i m i t e d  as a 
Stage 11 suppor t  document ( P a c i f i c  Hydrology Consul tants  L t d .  1982) 

p o i n t s  o u t  t h a t  s u b s t a n t i a l  dewa te r ing  problems would p robab ly  be 
encountered ( S e c t i o n  4) .  Consequently, t h e  r a t i o  o f  AN/FO t o  s l u r r y  may 
i n i t i a l l y  be 80% t o  20% as i n d i c a t e d  i n  t h e  Stage I1 t e x t ,  b u t  may become 
20% t o  80% once t h e  p i t s  progress w e l l  below t h e  pre-min ing groundwater 
l e v e l s .  Th i s  h i g h  s l u r r y  use would n o t  seem unreasonable based upon d a t a  
f r o m  Ford ing  Coal L i m i t e d ,  i n  t h e  years 1978, 1979, and 1980. Dur ing  
those years,  most o f  t h e  m i n i n g  was f rom p i t s  w i t h  extreme dewate r ing  
problems; consequent ly  t h e  s l u r r y  usage was 99.9, 96.4, and 96.7% o f  t h e  
t o t a l  e x p l o s i v e s  used. 

N i t r o g e n  losses  f rom AN/FO and s l u r r y  have been es t ima ted  a t  1 

and 636, r e s p e c t i v e l y  (Pommen 1983, p.  72). I f  s l u r r y  use reached 80%. 

6 
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t h e  c a l c u l a t e d  annual  n i t r o g e n  l o s s  would be 
6 = [ (0 .8 )  x (9.5 x 10 kg) x (0.25) x ( 0 . 0 6 ) ]  + 

[(0.02) x (9 .5  x l o 6  kg) x (0.33) x ( O . O l ) ]  
5 = 114,000 + 6270 = 120,270 k g  (2.65 x 10 l b s ) ,  

o r  app rox ima te l y  120 t / y r .  T h i s  agrees reasonably w e l l  w i t h  a wors t  case 
s c e n a r i o  annual  l o a d i n g  v a l u e  o f  160 t c a l c u l a t e d  by Pommen (see 
Appendix 6 ) .  Pommen a l s o  c a l c u l a t e d  r e c e i v i n g  water  impacts f o r  summer 
and w i n t e r  l ow  f l o w s  o f  5.1 and 8.5 mg/L o f  n i t r o g e n ,  assuming an average 
d a i l y  r e l e a s e  o f  440 k g  (970 l b s )  o f  n i t r o g e n .  The occurrence o f  
d i s s o l v e d  n i t r o g e n  peaks ( i n  terms o f  c o n c e n t r a t i o n )  a t  t h e  end o f  base 
f l o w  o r  t h e  b e g i n n i n g  o f  f r e s h e t ,  b e f o r e  t h e  r u n o f f  i s  s u b s t a n t i a l l y  
increased,  should be o f f s e t  by t h e  water  management p l a n  d i v e r s i o n  o f  
Dump E and South H i l l  r uno fF  t o  t h e  F la thead  R i v e r .  Hence, t h e r e  i s  good 
agreement between Pornen’s impact es t ima tes  and t h e  va lues i n  Table 6. 

The c a l c u l a t i o n  o f  t o t a l  n i t r o g e n  load ings  was i n c l u d e d  i n  t h i s  
s e c t i o n  o f  t h e  r e p o r t  because more than 95% o f  t h e  n i t r o g e n  leaves t h e  
m i n i n g  p r o p e r t y  as n i t r a t e .  A s  n i t r a t e  i s  n o t  expected t o  exceed t h e  
B.C. r e c e i v i n g  water  o b j e c t i v e  I n  Cabin o r  Howel l  Creeks o r  i n  t h e  
F la thead  R i v e r ,  no f u r t h e r  d i s c u s s i o n  i s  presented. 

5.2.2.3 N i t r i t e  as N. The maximum n i t r i t e  c o n c e n t r a t i o n s  were 
es t ima ted  u s i n g  Fo rd ing  R i v e r  d a t a  p rov ided  by MOE ( l e t t e r  dated 
February,  1986, M.M. S t rosher ,  B.C. M i n i s t r y  o f  Environment, Waste 
Management Branch, Cranbrook, B.C. t o  N. H a r r i n g t o n ,  Montana Department 
o f  S t a t e  Lands, Helena, Montana). The peak va lue  r e p o r t e d  f rom w i t h i n  a 
c o a l  m i n i n g  p r o p e r t y  was 0.059 mg/L ( a s  N) i n  January o f  1985. Below an 
o p e r a t i n g  c o a l  mine, l e v e l s  as h i g h  as 0.11 mg/L ( a s  N) were r e p o r t e d  i n  
t h e  same d a t a  s e t .  The h i g h  n i t r i t e  va lues may be ove rs ta ted .  Pommen 
(1983) p resen ts  da ta  (Tab le  34, p.144) which show t h a t  company r e s u l t s  
a r e  f a i r l y  c o n s i s t e n t l y  l ow  i n  un - ion i zed  ammonia p l u s  ammonium and h i g h  
i n  n i t r i t e ;  t h a t  r e p o r t  i m p l i e s  t h a t  t h e  cause i s  a sample p r e s e r v a t i o n  
problem. 

A s  t h e  r e c e i v i n g  water  da ta  i n  Table 6 a r e  t o  rep resen t  t h e  
maximurn c o n c e n t r a t i o n  expected a t  a p o i n t  below t h e  m i n i n g  p r o p e r t y  ( o r  

i t s  d i scha rge  p o i n t ,  i f  on t h e  F la thead  R i v e r ) ,  i t  i s  assumed t h a t  m i x i n g  
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would have occurred.  Hence, t h e  impact would be g r e a t e r  on Howel l  Creek 
a t  t h e  s t a t i o n  below t h e  con f luence  w i t h  Cabin Creek than  on t h e  F la thead  
R i v e r .  

5.2.2.4 T o t a l  A m o n i a  (NH; t NH) as N .  As mentioned above, 
un - ion i zed  ammonia p l u s  ammonium ( N H j  t NHf) da ta  c o l l e c t e d  by 
t h e  m i n i n g  company on t h e  F o r d i n g  R i v e r  may u n d e r s t a t e  a c t u a l  va lues.  
The da ta  p r o v i d e d  by t h e  M i n i s t r y  o f  Environment (MOE) ( l e t t e r  dated 
February,  1986 f r o m  M.M. S t rosher ,  B.C. M i n i s t r y  o f  Environment, Waste 
Management Branch, Cranbrook, B.C. t o  N. H a r r i n g t o n ,  Montana Department 
o f  S t a t e  Lands, Helena, Montana) show peak c o n c e n t r a t i o n s  o f  0.22 and 
0.24 mg/L as N i n  t h e  F o r d i n g  R i v e r  w i t h i n  t h e  mine boundary d u r i n g  
January and May o f  1985. 

O x i d a t i o n  i n  s u r f a c e  waters ,  which i s  temperature dependent as 
w e l l  as dependent upon t h e  supply  o f  oxygen, w i l l  q u i t e  r a p i d l y  reduce 
t o t a l  ammonia c o n c e n t r a t i o n s  t o  accep tab le  l e v e l s  d u r i n g  t h e  summer and 
f a l l .  However, t h e  ammonia con ten t  o f  d i s c h a r g i n g  groundwater t h a t  comes 
f r o m  t h e  p i t s  and waste dumps may cause problems i n  mine s i t e  r e c e i v i n g  
streams. Company da ta  f o r  a s u r f a c e  water  sample c o l l e c t e d  i n  t h e  
v i c i n i t y  o f  t h e  E r i c k s o n  Creek s e t t l i n g  pond show t o t a l  ammonia 
c o n c e n t r a t i o n s  o f  0.015 mg/L i n  t h e  s u r f a c e  water  and 0.207 mg/L i n  t h e  
groundwater seeping f rom a c o a l  r e f u s e  dump. Groundwater f rom an 
o b s e r v a t i o n  w e l l  below m i n i n g  a c t i v i t i e s  a l o n g  t h e  F o r d i n g  R i v e r  
con ta ined  0.218 mg/L t o t a l  ammonia. The h i g h e s t  t o t a l  ammonia 
c o n c e n t r a t i o n  r e p o r t e d  i n  Bodie Creek, a p e r m i t t e d  d i scha rge  s i t e ,  was 
6.3 mg/L. These c o n c e n t r a t i o n s  i n d i c a t e  t h a t  excess ive t o t a l  ammonia 
c o n c e n t r a t i o n s  may e x i s t  l o c a l l y  d u r i n g  t h e  m i n i n g  and i n i t i a l  
r e c l a m a t i o n  s tages.  L i m i t e d  reaches o f  t h e  r e c e i v i n g  streams may be 
a f f e c t e d ,  p a r t l c u l a r l y  i n  areas where groundwater u p w e l l i n g s  occur .  

Table 8 i s  i n c l u d e d  t o  h e l p  t h e  reader  e v a l u a t e  t h e  
s i g n i f i c a n c e  o f  un - ion i zed  ammonia. The 0.24 mg/L t o t a l  ammonia 
c o n c e n t r a t i o n  c i t e d  above was c o l l e c t e d  on 1985 May 6 when t h e  pH was 
8.10 and t h e  water  temperature was 5°C (40°F).  The t a b l e  shows t h a t  f o r  
t hese  c o n d i t i o n s  t h e  u n - i o n i z e d  ammonia con ten t  should be 1.54% o f  t h e  
t o t a l  va lue;  t h i s  amounts t o  0.0037 mg/L o r  o n l y  one -ha l f  o f  t h e  Sage 
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Table 8. Percentage o f  un - ion i zed  ammonia i n  aqueous ammonia s o l u t i o n s  a t  
d i f f e r e n t  pH and temperatures.  

Temp PH 
(C) 6.0 6.5 7 .O 7.5 8.0 8.5 9.0 9.5 10.0 

0 .001327 
1 . m 9  
2 . m 7 7  
3 .0106 
4 .0115 
5 .0125 

6 .0136 
7 .0147 
8 .0159 
9 .0172 
10 .0186 

1 1  .020 1 
12 .0218 
13 .0235 
14 .0254 
15 .0274 

16 .0295 
17 .0318 
18 .0343 
19 .0369 
20 .039 7 

21 .0427 
22 .0459 
23 .0493 
24 .OS30 
25 .OS69 

26 .0610 
27 .0654 
28 .0701 
29 .0752 
30 .wo5 

.026 1 

.0284 

.0309 

.0336 
,0364 
.0395 

.0429 

.0464 

.0503 

.os44 

.ow9 

f0637 
,0688 
.0743 
. m 2  
.W65 

.0933 

.lo1 

.lo8 

.117 

.125 

.135 

.145 

.156 

.167 

.180 

.193 

.207 

.221 

.237 

.254 

.w26 

.0898 

.0977 

.lo6 

.115 

.125 

.135 

.147 

.159 

.172 

.186 

.201 

.217 

.235 

.253 

.273 

.294 

.317 

.342 

.368 

.3% 

.425 

.457 

.491 

.527 

.566 

.607 

.651 

.697 

.747 

.799 

.261 

.284 

.3w 

.335 

.363 

.394 

.427 

.462 

.so1 

.542 

.586 

.633 

.684 

.738 

.796 

.859 

.925 

.996 
1.07 
1.15 
1.24 

1.33 
1.43 
1.54 
1.65 
1.77 

1.89 
2.03 
2.17 
2.32 
2.48 

.820 
-891 
.968 

1 .os 
1.14 
1.23 

1.34 
1.45 
1.57 
1.69 
1.83 

1.97 
2.13 
2.30 
2.48 
2.67 

2.87 
3.08 
3.31 
3.56 
3.82 

4.10 
4.39 
4.70 
5.03 
5.38 

5.15 
6.15 
6.56 
7.00 
7.46 

2.55 
2.77 
3.00 
3.25 
3.52 
3.80 

4.11 
4.44 
4.79 
5.16 
5.56 

5.99 
6.44 
6.92 
7.43 
7.97 

8.54 
9.14 
9.78 
10.5 
11.2 

11.9 
12.7 
13.5 
14.4 
15.3 

16.2 
17.2 
18.2 
19.2 
20.3 

7.64 
8.25 
8.90 
9.60 
10.3 
11.1 

11.9 
12.8 
13.7 
14.7 
15.7 

16.8 
17.9 
19.0 
20.2 
21.5 

22.8 
24.1 
25.5 
27 .O 
28.4 

29.9 
31.5 
33.0 
34.6 
36.3 

31.9 
39.6 
41.2 
42.9 
44.6 

20.7 
22.1 
23.6 
25.1 
26.7 
28.3 

30.0 
31.7 
33.5 
35.3 
37.1 

38.9 
40.8 
42.6 
44.5 
46.4 

48.3 
50.2 
52.0 
53.9 
55.7 

57.5 
59.2 
60.9 
62.6 
64.3 

65.9 
67.4 
68.9 
70.4 
71.8 

45.3 
47.3 
49.4 
51.5 
53.5 
55.6 

57.6 
59.5 
61.4 
63.3 
65.1 

66.8 
68.5 
70.2 
71.7 
73.3 

74.7 
76.1 
77.4 
78.7 
79.9 

81 .O 
82.1 
83.2 
84.1 
85.1 

85.9 
86.8 
87.5 
88.3 
89.0 

(From Emerson et al. 1975) 
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Creek Coal L i m i t e d  Stage I 1  r e q u i r e d  l i m i t  f o r  pro longed exposure 
( T a b l e  6) .  

5.2.2.5 D isso lved  n i t r o g e n  gas (N&.  Th i s  parameter has n o t  been 
q u a n t i f i e d .  However, t h e  manager o f  t h e  U.S. Federa l  f i s h  ha tche ry  near 
Ennis,  Montana r e c e n t l y  p r o v i d e d  t h e  i n f o r m a t i o n  t h a t  modest N2 
s u p e r s a t u r a t i o n  prevented spawning o f  t r o u t  and s c u l p i n s  (1986 
September 10, Wesley Orr, U.S. F i s h  and W i l d l i f e  Se rv i ce ,  Ennis,  Montana, 
personal  communication). The s p r i n g s  which p r o v i d e  t h e  f i s h  ha tche ry  
water  supply  i s s u e  f rom a carbonate bedrock u n i t .  The chemical  
compos i t i on  o f  t h i s  wa te r  i s  s i m i l a r  t o  t h a t  c u r r e n t l y  documented f o r  t h e  
a l l u v i a l  a q u i f e r  a t  t h e  proposed mine s i t e  (Appendix 5 ) .  However, 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 t e n t  o f  t h e  f i s h  ha tche ry  water  i s  c l o s e r  t o  
t h a t  p r e d i c t e d  f o r  mine- impacted groundwater. Consequently, i t  i s  
b e l i e v e d  t h a t  annual increases o f  up t o  120 t / y r  o f  n i t r o g e n  as N, caused 
by e x p l o s i v e s  l o s s  t o  s u r f a c e  water  and groundwater (see 
Subsect ion 5.2.2.2), c o u l d  r e s u l t  i n  N2 s u p e r s a t u r a t i o n  w i t h i n  
groundwaters d i s c h a r g i n g  t o  Howel l  and Cabin Creeks. 

5.2.3 Temperature 
The Impact o f  t h e  proposed m i n i n g  o p e r a t i o n  on s u r f a c e  water  

temperatures should be a m i x t u r e  o f  s u r f a c e  water  and groundwater 
e f f e c t s .  The s u r f a c e  water  e f f e c t s  would r e s u l t  f rom d i t c h i n g  and 
ponding, p l u s  s o l a r  and c l i m a t i c  f a c t o r s .  To achieve sediment c o n t r o l ,  
waters  would be impounded t o  p e r m i t  suspended s o l i d s  t o  s e t t l e  o u t .  
These ponds would n o r m a l l y  be c o n s t r u c t e d  i n  c l e a r e d  areas and s o l a r  
h e a t i n g  m igh t  become a s i g n i f i c a n t  f a c t o r  i n  t h e  summer months, r a i s i n g  
stream temperatures a t  t h e  t i m e  t h e y  r e c e i v e  mine s i t e  d ischarges 
( s u r f a c e  water  p l u s  groundwater) ;  temperature d i f f e r e n t i a l s  would be 
s u b s t a n t i a l  r e l a t i v e  t o  t h e  f l o w  and temperature o f  t h e  r e c e i v i n g  streams. 

Very l i m i t e d  MOE da ta  f o r  t h e  Fo rd ing  R i v e r  show temperature 
increases o f  over  5°C (9°F) I n  t h e  mine area d u r i n g  l a t e  summer 
sugges t ing  t h a t  s u r f a c e  water  s o l a r  h e a t i n g  may cause temperature 
Increases a t  any mine s i t e .  

Conversely,  groundwater c o n t r i b u t i o n s  t o  streams tend t o  
moderate t h e  range o f  s t ream temperature f l u c t u a t i o n s ,  because even 



94 

s h a l l o w  groundwaters va ry  l e s s  i n  temperature range than  do s u r f a c e  
wa te rs .  I n  t h e  v i c i n i t y  o f  t h e  proposed mine s i t e  i t  i s  es t ima ted  t h a t  
t h e  sha l l ow  groundwater temperatures average 5 t o  6°C (40  t o  43°F) w i t h  
an annual f l u c t u a t i o n  o f  2°C (3.6"F) above and below t h e  average. Where 
these waters  d i scha rge  as s p r i n g s  w i t h i n  t h e  streambed, t h e  s p r i n g s  
p r o v i d e  a s t a b i l i z i n g  c o n t r o l  on stream temperature.  A l t e r a t i o n  o f  t h e  
groundwater f l o w  system may: 

1 .  i n c r e a s e  d i scha rge  t o  s u r f a c e  waters;  
2. reduce d ischarges t o  s u r f a c e  waters;  o r  
3. cause a l o s s  o f  s u r f a c e  water  t o  groundwater recharge, 

i n  a d d i t i o n  t o  changing t h e  n a t u r a l  range o f  temperature v a r i a t i o n .  
Dur ing  t h e  l i f e  o f  t h e  mine, i t  I s  p o s s i b l e  t h a t  each impact c o u l d  occur 
s e q u e n t i a l l y  ( see  Subsect ion 4.4.1). 

Dur ing  t h e  c o n s t r u c t i o n  p e r i o d  and t h e  f i r s t  few years o f  
min ing,  increased groundwater recharge due t o  l o s s  o f  v e g e t a t i v e  cover ,  
ground d i s tu rbance ,  and e s p e c i a l l y  leakage f rom d i t c h e s  and ponds i s  
expected t o  occur .  High p e r m e a b i l i t y  zones i n  t h e  end-dumped waste would 
r e s u l t  i n  increased groundwater f l o w  v e l o c i t S e s  and p o s s i b l y  g r e a t e r  
f l u c t u a t i o n  i n  d i s c h a r g i n g  groundwater temperatures.  When more permeable 
zones a r e  n o t  c rea ted ,  t h e  increased recharge would r e q u i r e  t h a t  s teeper  
groundwater g r a d i e n t s  develop t o  p e r m i t  t h e  l a r g e r  volumes o f  water  t o  
f l o w  th rough  t h e  same c r o s s - s e c t i o n a l  area; t h i s  would r e s u l t  i n  
increased f l o w  v e l o c i t i e s  and p e r m i t  g r e a t e r  c l i m a t i c  i n f l u e n c e  upon 
groundwater temperatures.  

I f  f r a c t u r e  p e r m e a b i l i t y  i n  t h e  "hos t  r o c k "  i s  adequate, then,  
as t h e  p i t  becomes deeper, a cone o f  depress ion caused by p i t  dewater ing 
m igh t  expand and d r a i n  much o f  t h e  groundwater recharge back i n t o  t h e  
p i t ,  caus ing reduced groundwater d i scha rge  t o  streams. Th is  would reduce 
base f low  i n  l a t e  summer and cause some inc rease  I n  s t ream temperature.  
A f t e r  t h e  p i t s  a r e  developed below t h e  l e v e l s  o f  Cabin and Howel l  Creeks, 
i t  i s  p o s s i b l e  t h a t  t h e  groundwater g r a d i e n t  c o u l d  a c t u a l l y  be reversed 
and t h e  streams would l o s e  s u r f a c e  water  t o  t h e  p i t s ,  i n  a d d i t i o n  t o  loss  
o f  groundwater c o n t r i b u t i o n s  th rough  t h e  a f f e c t e d  reach. Th is  would 
p r o v i d e  a d d i t i o n a l  groundwater recharge t o  t h e  p i t s  (Subsec t i on  4 . 4 . 1 ) .  

The above r e v e r s a l  i s  u n l i k e l y  i f  Te r t i a ry -aged  sediments, 
which o v e r l i e  t h e  c o a l  and u n d e r l i e  Howel l  and Cabin Creeks eas t  o f  t h e  
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p i t s ,  a r e  l a t e r a l l y  e x t e n s i v e  and r e l a t i v e l y  impermeable. However, t h e  
a r e a l  d i s t r i b u t i o n  and t h e  h y d r o l o g i c  c h a r a c t e r i s t i c s  o f  t h e  
T e r t i a r y - a g e d  rocks i n  t h e  v i c i n i t y  o f  t h e  proposed mine s i t e  a r e  
e s s e n t i a l l y  unknown, and t h e  l o s s  o f  s u r f a c e  water  c o u l d  occur  a l o n g  w i t h  
i t s  assoc ia ted  impact upon s t reamf low  and temperature.  

A smal l  amount o f  da ta  f rom t h e  Fo rd ing  R i v e r  show s u r f a c e  
water  temperature increases o f  up t o  8°C (14°F) w i t h i n  t h e  mine impact 
zone and temperature decreases below t h i s  zone. The impact zone has no 
v e g e t a t i v e  b u f f e r  s t r i p s  a l o n g  t h e  water  courses. D e f e n s i b l e  
c a l c u l a t i o n s  cou ld  n o t  be made f rom these da ta .  The -2 t o  t3"C ( - 4  t o  
t6"F) impact l i s t e d  f o r  t h e  adverse case i n  Table 6 i s  s imp ly  
p r o f e s s i o n a l  judgement based upon impacted area percentages and expanded 
s l i g h t l y  t o  account f o r  peak impacts which p robab ly  were n o t  measured due 
t o  t h e  month ly  d a t a  c o l l e c t i o n  schedule on t h e  Fo rd ing  R i v e r .  

5.2.4 pH 
Data f o r  t h e  hydrogen i o n  a c t i v i t y  (-loglo[Ht]) o r  pH show 

a f a i r l y  wide range, c l u s t e r t n g  near 8.0 f o r  background waters .  Values 
a r e  s l i g h t l y  h i g h e r  i n  waters  below c o a l  mine impact areas.  For 

i ns tance ,  da ta  f rom t h e  F o r d i n g  R i v e r  f o r  August 6 ,  1985 show a pH va lue  
o f  8.3 above t h e  o p e r a t i n g  mine, a va lue  ' o f  8.5 w i t h i n  t h e  mine and a 
va lue  o f  8.6 below t h e  mine. Th is  i s  an extreme i n s t a n c e  f rom t h e  
l i m i t e d  d a t a  a v a i l a b l e ;  n o r m a l l y  t h e  s h i f t  i s  0.1 t o  0.2 u n i t s  toward 
more bas i c  ( a l k a l i n e )  water .  

5.2.5 D isso lved  Oxygen 
A s  l o n g  as mine d ischarges a r e  approx ima te l y  10% o f  t o t a l  f l o w  

o f  r e c e i v i n g  streams, and r e c e i v i n g  waters  a r e  near oxygen s a t u r a t i o n  
above t h e  mine s i t e ,  DO l e v e l s  should n o t  d e c l i n e  below 85% o f  
s a t u r a t i o n .  The o n l y  case where major  DO l e v e l  r e d u c t i o n s  m igh t  occur i n  
m i n e - v i c i n i t y  creeks would be caused by t h e  r e l e a s e  o f  l a r g e  volumes o f  
e f f l u e n t  w i t h  excess i ve  oxygen demand d u r i n g  l o w - f l o w  and h i g h  
temperature c o n d i t i o n s .  There a r e  no r e l i a b l e  DO da ta  a v a i l a b l e  f rom t h e  
o p e r a t i n g  mines t o  t e s t  t h i s  p r o j e c t i o n .  
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5.3 PARAMETERS REGULATED BY EFFLUENT WATER C H A R A C T E R I S T I C S  

The c o n c e n t r a t i o n  o f  T o t a l  Suspended S o l i d s  (TSS) i s  a l s o  
r e g u l a t e d  under requi rements f o r  e f f l u e n t  water .  However, i t  has been 
eva lua ted  s e p a r a t e l y  i n  S e c t i o n  5.4. 

5.3.1 Data Problem 
There a r e  ve ry  few good e f f l u e n t  s u r f a c e  o r  groundwater sample 

s e t s  f rom t h e  E l k  R i v e r  v a l l e y  mines f o r  t h e  parameters which f o l l o w .  
Considerable emphasis had t o  be p laced upon samples t h a t  l acked  some 
c o n s t i t u e n t s  and a l s o  had ve ry  h i g h  d e t e c t i o n  l i m i t s .  

The major  d a t a  base was p rov ided  by t h e  Waste Management Branch 
(memo dated 1985 August 28, M.M. S t rosher ,  B.C. M i n i s t r y  o f  Environment, 
Waste Management Branch, Cranbrook, B.C. ) .  A d d i t i o n a l  da ta  f rom l e a c h i n g  
and s o i l  p a s t e  e x t r a c t i o n  from c o a l  r e f u s e  can be found i n  Appendix 2. 
The MOE d a t a  a r e  f rom an o p e r a t i n g  m ine ' s  program f o r  i n t e r n a l  
env i ronmenta l  management. 

5.3.2 I n d i v i d u a l  C o n s t i t u e n t  Discuss ions 
Table 7 va lues and t h e  r a t i o n a l e  f o r  them a r e  presented below. 

Some e n t r i e s  a r e  ve ry  b r i e f  w h i l e  o t h e r s  a r e  f a i r l y  e x t e n s i v e .  I n  a l l  
cases t h e  r e l e v a n t  da ta  a v a i l a b l e  t o  t h e  committee a r e  presented t o  t h e  
reader  as f o l l o w s .  

5.3.2.1 Aluminum ( d i s s o l v e d )  ~ 0 . 1 0  mq/L. 
- E r i c k s o n  Creek S e t t l i n g  Pond - T o t a l  A1 <0.15 mg/L. 
- E r i c k s o n  Creek Wel l  (3 Pond - T o t a l  A 1  = 0.11 mg/L. 
- S o i l  Paste - D isso lved  A1 C0.03 mg/L. 
- D i s t i l l e d  Water Leach - D isso lved  A 1  = 0.147 mg/L. 

1 .  Aluminum s o l u b i l i t y  i s  ve ry  pH dependent; as t h e  expected pH 
range would be 7 .3  t o  8.6 t h e  d i s t i l l e d  water  l each  
(pH = 6.4) o v e r s t a t e s  aluminum s o l u b i l i t y .  

2. Sediment i n  t h e  E r i c k s o n  Creek w e l l  sample p robab ly  
c o n s t i t u t e s  a s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  aluminum as 
t h e  pH was 7.7  f o r  t h a t  sample. 

These va lues can be exp la ined  as f o l l o w s .  
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3. Up t o  15 we igh t  pe rcen t  aluminum may be added t o  AN/FO t o  
i n c r e a s e  i t s  e x p l o s i v e  s t r e n g t h  (Pommen 1983, p .  3) .  

4 .  Consequently, t h e  <0.10 mg/L va lue  i s  thought  t o  be 
reasonable f o r  t h e  s l i g h t l y  a l k a l i n e  e f f l u e n t  waters  f rom a 
c o a l  mine. 

5.3.2.2 A rsen ic  ( d i s s o l v e d )  <0.03 mg/L. 
- The USGS r e p o r t s  0.0009 mg/L d i s s o l v e d  and 0.012 mg/L t o t a l  

- A l l  o t h e r  da ta  a r e  l e s s  than  0.005 o r  0.03 mg/L. 
f o r  t h e  F la thead  R i v e r  a t  t h e  I n t e r n a t i o n a l  Boundary. 

5.3.2.3 Bar ium ( d i s s o l v e d )  <0.3 ms/L. 
- Based upon t h e  d a t a  a v a i l a b l e  t o  t h e  MDC, i t  appears t h a t  

t h e  m a j o r i t y  (60%) o f  t h e  bar ium t r a n s p o r t e d  i n  t h e  streams 
i s  d i s s o l v e d .  The source o f  t h i s  ba r ium i s  n o t  known b u t  
c o u l d  come i n  p a r t  f rom t h e  weather ing o f  c a l c i c  p l a g i o c l a s e  
and p a r t l y  f rom t h e  weather ing o f  m l n e r a l s  w i t h i n  undetected 
ep i the rma l  m i n e r a l i z a t i o n  i n  t h e  d ra inage  b a s i n .  Another 
p o t e n t i a l  source i s  p a s t  and p resen t  use o f  b a r i t e  d r i l l i n g  
muds i n  e x p l o r a t o r y  w e l l s  d r i l l e d  i n  t h e  F la thead  R i v e r  
v a l l e y .  The h i g h e s t  c o n c e n t r a t i o n s  occur  d u r i n g  l ow  f l o w .  
The increased d i s s o l v e d  s u l f a t e ,  which 'IS c h a r a c t e r i s t i c  o f  
mine- impacted waters  i n  t h e  E l k  R i v e r  v a l l e y ,  would be 
expected t o  h e l p  p reven t  increases i n  d i s s o l v e d  ba r ium 
c o n c e n t r a t i o n  above t h e  recommended l i m i t s .  Th i s  m igh t  
reduce t h e  c o n c e n t r a t i o n  o f  bar ium i n  s u r f a c e  and 
groundwaters.  

- E r i c k s o n  Creek d a t a  i n d i c a t e  0.183 mg/L f o r  groundwater and 
0.075 mg/L f o r  s u r f a c e  water .  These va lues a r e  t o t a l s .  

- No o t h e r  bar ium values have been i n c l u d e d  i n  e f f l u e n t  da ta  
se ts ,  b u t  e f f l u e n t  s u l f a t e  va lues range f rom a l ow  o f  
8.7 mg/L i n  groundwater below t h e  r e f u s e  dump t o  370 mg/L i n  
E r l c k s o n  Creek S e t t l i n g  Pond water .  Est imated s u l f a t e  i n  
t h e  e f f l u e n t  o f  t h e  proposed Sage Creek Coal L l m l t e d  
o p e r a t i o n  i s  100 t o  250 mg/L which should p rec lude  much 
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d i s s o l v e d  ba r ium i n  t h e  e f f l u e n t  due t o  t h e  r e l a t i v e  i n s o l u b i l i t y  o f  
ba r ium s u l f a t e  ( b a r i t e ) .  

5.3.2.4 

5.3.2.5 

5.3.2.6 

5.3.2.7 

5.3.2.8 

Cadmium ( d i s s o l v e d )  ~ 0 . 0 1  mg/L. 
- Background r o u g h l y  0.001 mg/L d i s s o l v e d ,  0.0076 mg/L t o t a l  

- Mine s i t e  t o t a l  va lues <0.025 mg/L ( o p e r a t i n g  mine da ta ) .  
- Probable values 0.005 mg/L ( d i s s o l v e d ) ,  and 0.015 t o  0.020 

(USGS d a t a ) .  

mg/L ( t o t a l ) .  

Chromium ( d i s s o l v e d )  <0.05 mq/L. 
- Background va lues <0.005 mg/L ( F o r d i n g ) ,  0.0086 and 

- T o t a l s  a r e  0.033 mg/L ( r e f u s e  groundwater) and <0.03 mg/L 

- Chromium i s  o f t e n  used i n  p o l y m e r i z i n g  t h e  e x p l o s i v e  

0.033 mg/L (F la thead ,  USGS f o r  t o t a l  and d i s s o l v e d ) .  

f r o m  E r i c k s o n  Creek da ta .  

s l u r r i e s  (Pommen 1983, p.37).  

Coba l t  ( d i s s o l v e d )  <0.02 ms/L. 
- E r i c k s o n  Creek samples show <0.02 mg/L ( t o t a l ) .  
- F la thead  samples (USGS da ta )  g i v e  0.031 mg/L t o t a l  and about 

0.001 mg/L d i s s o l v e d .  

Comer  ( d i s s o l v e d )  <0.02 mg/L. 
- Background averages 0.0109 mg/L ( t o t a l )  and 0.0012 mg/L 

( d i s s o l v e d )  f o r  F la thead  (USGS d a t a ) .  
- Er i ckson  Creek t o t a l  copper da ta  show C0.015 mg/L; 

groundwater below t h e  r e f u s e  dump had t o t a l  copper o f  
0.022 mg/L. 

- The coa l - re fuse ,  s o i l  pas te  e x t r a c t  had d i s s o l v e d  copper o f  
0.03 mg/L; t h i s  should be t h e  wors t  case c o n d i t i o n  and w i l l  
be d i l u t e d  b e f o r e  l e a v i n g  mine s i t e .  

Lead ( d i s s o l v e d )  C0.050 mg/L. 

- Background va lues f rom t h e  F la thead  R i v e r  a r e  0.072 mg/L 
t o t a l ,  and 0.0047 and <0.0012 mg/L d i s s o l v e d  a t  two 
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d i f f e r e n t  sampl ing s i t e s .  
Opera t i ng  mine samples show <0.08 mg/L f rom Er i ckson  Creek 

and 0.014 mg/L i n  groundwater below a c o a l  r e f u s e  dump. 
Lead was n o t  r u n  by atomic a b s o r p t i o n  on l each  and s o i l  
p a s t e  samples, no r  was t h e  va lue  r e p o r t e d  w i t h  i n d u c t i v e l y  
coupled argon plasma da ta .  I t  i s  t h e r e f o r e  presumed t o  have 
been below t h e  plasma d e t e c t i o n  l i m i t .  Lead should 
c o - p r e c i p i t a t e  w l t h  i r o n  hydrox ides a t  a l k a l i n e  pH values.  

5.3.2.9 Mercury ( t o t a l )  <0.0001 mg/L. 
- Only USGS da ta  show d e t e c t i o n  o f  mercury a t  o r  above 

0.0001 mg/L and these da ta  a r e  n o t  cons idered r e l i a b l e .  

5.3.2.10 Molybdenum ( d i s s o l v e d )  X0.02 mg/L. 
- The E r i c k s o n  Creek t o t a l  molybdenum samples were <0.04 mg/L. 

- The c o a l - r e f u s e ,  s o i l  pas te  d i s s o l v e d  va lue  was 0.02 mg/L. 

5.3.2.11 N i c k e l  ( d i s s o l v e d )  <0.03 mg/L. 
- Background va lues f o r  t h e  F la thead  R i v e r  a t  t h e  bo rde r  were 

0.0031 mg/L f o r  t o t a l  and 0.0028 mg/L f o r  d i s s o l v e d  n i c k e l  
(USGS) . 

- E r i c k s o n  Creek t o t a l  n i c k e l  values a r e  0.027 and 0.028 mg/L. 
- The c o a l - r e f u s e ,  s o i l  pas te  e x t r a c t  y i e l d e d  a va lue  o f  

0.01 mg/L f o r  d i s s o l v e d  n i c k e l .  
- An upper va lue  o f  0.03 mg/L seems reasonable f o r  t h i s ,  i f  

t h e  background t o t a l / d i s s o l v e d  r a t i o  ho lds  f o r  impacted 
areas. 

5.3.2.12 Selenium ( d i s s o l v e d )  <0.015 mg/L. 

- Only background da ta  a r e  a v a i l a b l e .  C rossp lo ts  o f  a r s e n i c  
( A s )  versus selentum (Se) u s i n g  these da ta  g i v e  a weight  
r a t i o  o f  As/Se o f  2. That i s  t h e  b a s i s  f o r  c a l c u l a t i n g  t h i s  
va lue  f rom t h e  p r o j e c t e d  e f f l u e n t  As  c o n t e n t .  
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5.3.2.13 Zinc ( d i s s o l v e d )  <0.05 mg/L. 
- Background F la thead  averages a r e  0.027 ( t o t a l )  and 0.011 

( d i s s o l v e d )  mg/L. 

0.016 ( s u r f a c e  w a t e r )  mg/L. 
- E r i c k s o n  Creek ( t o t a l )  va lues o f  <0.015 (groundwater)  and 

- Coal - re fuse,  s o i l  p a s t e  e x t r a c t  = 0.035 mg/L, d i s s o l v e d .  
- Zinc i s  p robab ly  t h e  most common contaminant i n  water  

samples. I t  i s  a l s o  commonly t h e  f i r s t  meta l  t o  appear as a 
r e a l  contaminant f rom mechanical  equipment ( z i n c  and 
molybdenum a r e  used as l u b r i c a n t s  i n  many greases).  
Therefore,  t h e  maximum va lue  (0.05 mg/L) f o r  t o t a l  e f f l u e n t  
d i scha rge  has been increased s l i g h t l y  compared w i t h  o t h e r  
me ta l s .  

5.3.2.14 L o t a l  d i s s o l v e d  s o l i d s  < lo00 mg/L. average va lue  400 t o  
700 mg/L. 

- Background va lues a r e  about 135 mg/L. 
- E r i c k s o n  Creek s u r f a c e  water  = 1150 mg/L ( 1  sample), 

- Refuse s o i l  pas te  was about 1200 mg/L; t h i s  i s  a wors t  case 
groundwater = 745 mg/L (average o f  3 va lues ) .  

sample as i t  i s  t h e  i n i t i a l  pore volume o f  l eacha te .  

5.3.2.15 pH <9.0. 
- The more b a s i c  range i s  increased by e x t r a p o l a t i o n  o f  

r e c e i v i n g  water  impacts.  There a r e  ve ry  few da ta  t o  suppor t  
an e f f l u e n t  va lue.  

5.4 TOTAL SUSPENDED SOLIDS (TSS) 

5.4.1 Adverse Opera t i ona l  Case 
P r o j e c t e d  impacts o f  TSS f rom t h e  Sage Creek Coal L i m i t e d  mine 

were based on f o u r  years o f  o p e r a t i o n a l  da ta  f rom an e x i s t i n g  mine on t h e  
Fo rd ing  R i v e r  i n  t h e  E l k  R i v e r  b a s i n .  To q u a n t i f y  t h e  comparison, b a s i c  
assumptions had t o  be made and s i m i l a r i t i e s  i n  contaminated and r e c e i v i n g  
water  d ra inage  bas ins  had t o  be i d e n t i f i e d .  
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Table 9 compares dra inage areas o f  b o t h  t h e  contaminated areas 
and e n t i r e  r e c e i v i n g  s t ream watersheds. I t  i s  e v i d e n t  t h a t  t h e  Fo rd ing  
R i v e r  d ra inage  area above t h e  e x i s t i n g  mine i s  rough ly  e q u i v a l e n t  t o  t h a t  

F la thead  R i v e r  d ra inage  area i s  
The u n i t  d ischarges ( T a b l e  10) 

ods which occur i n  May/June and 

o f  Howel l  Creek o r  Cabin Creek, and t h e  
an o r d e r  o f  magnitude g r e a t e r  i n  s i z e .  
a r e  s i m i l a r  d u r i n g  peak and l o w - f l o w  per  
January/February,  r e s p e c t i v e l y .  

Other assumptions which cha 
o p e r a t i o n a l  impact a r e  as f o l l o w s .  

a c t e r i z e  t h e  e x t e n t  o f  t h e  

1. E x i s t i n g  d a t a  i n c l u d e  c o n t r i b u t i o n s  f r o m  f u g i t i v e  d u s t  which 
had accumulated th rough  t h e  w i n t e r  i n  t h e  snow pack. 

2.  E x i s t i n g  d a t a  i n c l u d e  c o n t r i b u t i o n s  f rom ad jacen t  roads and 
b r i d g e s .  

3. E x i s t i n g  da ta  i n c l u d e  c o n s t r u c t i o n  a c t i v i t y  as w e l l  as 
normal m i n i n g  a c t i v i t y ,  b u t  l i m i t e d  r e c l a m a t i o n  a c t i v i t y .  

4. E x i s t i n g  da ta  i n c l u d e  impacts o f  some l o g g i n g  a c t i v i t y .  
Table 11 shows t h e  frequency o f  occurrences exceeding 10 mg/L 

t o t a l  suspended s o l i d s  c o n c e n t r a t i o n  over  background l e v e l s  i n  t h e  
r e c e i v i n g  wa te r  ( t h i s  i s  t h e  r e c e i v i n g  water  o b j e c t i v e  t h a t  Sage Creek 
Coal L i m i t e d  would be r e q u i r e d  t o  meet) .  Table 11 da ta  a r e  based upon 
weekly grab samples c o l l e c t e d  d u r i n g  a four-month p e r i o d  around f r e s h e t ,  
and month ly  g rab  samples d u r i n g  t h e  remainder o f  t h e  year .  Th i s  y i e l d s  a 
t o t a l  o f  app rox ima te l y  25 samples pe r  year .  O f  t h e  100 samples taken i n  
t h e  4 years f rom 1981 t o  1984, Table 11 shows 16 occurrences exceeding 
t h e  10 mg/L TSS c o n c e n t r a t i o n  above background l e v e l s .  

Flow da ta  shown i n  t h i s  t a b l e  should be used f o r  r e l a t i v e  f l o w  
comparisons o n l y .  Loading c a l c u l a t i o n s  f rom these f l ows  and 
c o n c e n t r a t i o n s  would n o t  be r e p r e s e n t a t i v e  o f  any t i m e  s c a l e  l o a d i n g  
e s t i m a t e  f o r  t h e  proposed mine s i t e .  These samples a r e  instantaneous 
measurements, and t h e r e f o r e  cannot be used t o  c a l c u l a t e  l oad ings .  The 
Waste Management Branch MOE has requested t h a t  these samples be c o l l e c t e d  
a t  t h e  t i m e  o f  day b e l i e v e d  t o  rep resen t  t h e  peak d i u r n a l  d i scha rge  t o  
e v a l u a t e  whether t h e  mine i s  meet ing r e g u l a t o r y  c r i t e r i a .  

I f  t h e  f requency and magnitude i n  Table 11 a r e  averaged and i f  

these averages a r e  assumed t o  app ly  d i r e c t l y  t o  t h e  proposed mine, 4 
occurrences pe r  year ,  each o f  3 days d u r a t i o n ,  and w i t h  peak d a i l y  
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T 'ab le  9.  Comparison o f  d ra inage  bas ins  f o r  Sage Creek Coal L i m i t e d  and 
an e x i s t i n g  o p e r a t i n g  mine i n  t h e  E l k  R i v e r  b a s i n  and t h e i r  
r e c e i v i n g  streams.a*b 

Drainage Area (km2) 

Fo rd ing  R i v e r  S t a t i o n  below Clode Cr. (08NK021) 104 

Ki lmarnock C r .  near mouth (08NK029) 43c 

F la thead  R i v e r  a t  F la thead  (08NP001) 1110 

Howel l  Creek above Cabin Creek (08NP003) 145 

Cabin Creek near mouth (08NP004) 
Contaminated Drainage Sage Creek Coal L i m i t e d  
( i n c l u d e s  c l e a n  water  d i v e r s i o n  d ra inage  areas) 

93.2 

20.7 

Contaminated Drainage f rom a mine on t h e  Fo rd ing  
R i v e r  ( i n c l u d e s  c l e a n  water  d i v e r s i o n  d ra inage  areas) 27d 

a Klohn Leonof f (1981a).  
I n l a n d  Waters D i r e c t o r a t e  (1983).  
Th i s  d ra inage  has been p a r t i a l l y  impacted by a mine i n  t h e  p a s t  f o u r  
years and I s  cons idered i n  Table 11 r e s u l t s .  
Approximate. 
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Table 10. U n i t  d ischarges f o r  se lec ted  streams, i n  m3/s/km2, 

Ford ing  R ive r  Howell  Creek F lathead R iver  

1971 t o  1982 1977 t o  1982 1929 t o  1980 
Month (08NK021) (08NP003) (08NP001) 

( b )  ( a ) ( b )  ( a ) ( b )  

January 
February 
March 
A p r i l  

Ma Y 
June 
J u l y  
August 
September 
October 
November 
December 

.002 

.002 

.002 

. O l O  

.059 

.078 

.029 

.015 

.009 

.006 

.004 

.003 

.004 
,004 
.004 
.017 
.072 
.063 

.027 

.013 

.009 

.006 

.005 

.005 

.004 

.004 

.005 

.022 

.091 

.080 

.025 

. O l O  

.007 
,009 
.008 
.007 

a Klohn Leonof f  (1981a) 
I n l a n d  Waters D i r e c t o r a t e  (1983) 
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Table 11. T o t a l  suspended s o l l d s  concen t ra t i ons  g r e a t e r  than 10 mg/L 
l nc rease  above background, upstream and downstream o f  an 
o p e r a t i n g  coa l  mine (Fo rd ing  R lve r  1981 t o  1984).a 

Flowb S t a t l o n  
Date (08NK021) Upstream S t a t i o n  Downstream S t a t i o n  

(m3/s) (mg/L) (mg/L) 

81 .04.15 
81.04.22 
81.05.19 
81.05.26 
81.06.02 

82.04.27 
82.05.11 
82.05.19 
82.05.25 
82.06.01 
82.06.15 
82.08.10 

83.04.19 
83.05.24 

84.04.17 
84.05.15 

Average 

0.28 
1.4 
4.93 

21 .8 
9.12 

1.28 
7.16 
6.47 
9.92 
4.78 

0.85 
10.9 

0.64 
7.02 

2.55 
2.89 

4 
1 
2 

19 
2 

2 
2 

6 
1 

3.6 

25 
12 
76 

201 
19 

84 
12 
15 
79 
67 
21 
27 

29 
15 

51 
13 

46.6 

a Fo rd ing  Coal L i m i t e d  (1985, 1984, 1983, 1982). 
I n l a n d  Waters D i r e c t o r a t e  (1983). 
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inc reases  o f  43 mg/L above background m igh t  be expected t o  occur i n  
e i t h e r  Cabin o r  Howel l  Creeks ( T a b l e  12).  

Table 12. Summary o f  adverse o p e r a t i o n a l  case impacts o f  t o t a l  suspended 
s o l i d s  on ad jacen t  r e c e i v i n g  streams on an annual  b a s i s .  

Peak D a i l y  L o c a t i o n  o f  
D u r a t i o n  o f  I nc rease  above Impact and 

Occurrences Time o f  Oc c u r renc ea Background P r o b a b i l i t y  
pe r  Year Year (days)  (mg/L) (%I  

4 Apri l /May/June 3 

0.25 J u l y  t o  October 3 

43 Cabin (80)  o r  
Howel l  (20)  

43 Cabin (80)  o r  
Howel l  (20) 

a Occurrences a r e  p o s s i b l e  d u r i n g  f l o w s  below peak mean annual f l o w  
(MAF) ( see  Table 1 3 ) .  

Th i s  average o f  TSS c o n c e n t r a t i o n s  f rom t h e  comparison mine i s  
b e l i e v e d  t o  adequate ly  rep resen t  t h e  adverse o p e r a t i o n a l  case f o r  TSS a t  
t h e  Sage Creek Coal L i m i t e d  mine s i t e  f o r  t h e  f o l l o w i n g  reasons. 

1 .  The p r o p o r t i o n  o f  r e c e i v i n g  water  d ra inage  t h a t  would be 
contaminated i s  9% f o r  t h e  proposed mine and 18% f o r  t h e  
comparison mine ( T a b l e  9 ) .  

2. The conceptual  des ign  o f  Sage Creek Coal L i m i t e d ’ s  mine 
a l l o w s  f o r  c o n s t r u c t i o n  o f  i n t e r c e p t o r  c o l l e c t i o n  d i t c h e s  
p a r a l l e l  t o  t h e  r e c e i v i n g  streams. The comparison mine does 
n o t  have t h i s  f e a t u r e .  Th is  f a c t o r  would tend t o  reduce t h e  
area source c o n t r i b u t i o n  o f  TSS a t  t h e  Sage Creek Coal 
L i m i t e d  s i t e ,  and thus  reduce t h e  expected l o a d i n g  t o  and 
c o n c e n t r a t i o n  i n  t h e  r e c e i v i n g  stream. 

3 .  Three o f  t h e  f o u r  s e t t l i n g  ponds a t  t h e  proposed mine would 
d i scha rge  t o  t h e  F la thead  R i v e r ;  t h i s  would c o n s t i t u t e  
r o u g h l y  t w o - t h i r d s  o f  t h e  contaminated s u r f a c e  water  
d i scha rge .  

4 .  Data f rom t h e  comparison mine i n c l u d e  measurement o f  t h e  
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e f f e c t s  o f  s c o u r i n g  a f t e r  a r i v e r  r e l o c a t i o n  (81.05.26 f rom 
Table 11) (McDonald 1982). No r i v e r  r e l o c a t i o n s  a r e  planned 
a t  t h e  Sage Creek Coal L i m i t e d  s i t e .  I t  would be erroneous, 
t h e r e f o r e ,  t o  a p p l y  t h i s  as a peak va lue  t o  Howel l  o r  Cabin 
Creeks, a l t h o u g h  i t  was used i n  t h e  average i n  Table 11. 

Each f a c t o r  mentioned above would tend  t o  r e s u l t  i n  t h e  
overstatement  o f  t h e  impact o f  t h e  proposed mine on Howel l  and Cabin 
Creeks i f  i n d i v i d u a l  readings o r  peaks f rom t h e  comparison mine da ta  
( T a b l e  11) were used. I n  a d d i t i o n ,  t h e  MDC b e l i e v e s  t h a t ,  because o f  
these f a c t o r s ,  t h e  es t ima ted  r e c e i v i n g  water  c o n c e n t r a t i o n s  o f  TSS 
r e s u l t i n g  from t h e  proposed mine s u f f i c i e n t l y  o v e r s t a t e  t h e  mine impacts 
t o  account f o r  any shortcomings r e s u l t i n g  f rom t h e  use o f  weekly grab 
samples d u r i n g  f r e s h e t  r a t h e r  than  d a i l y  d e p t h - i n t e g r a t e d  c r o s s - s e c t i o n a l  
samples. 

Therefore,  t h e  MDC decided t h a t  an average o f  TSS values 
( T a b l e  11) f rom t h e  comparison mine would b e s t  rep resen t  t h e  adverse case 
f o r  t h e  Sage Creek Coal L i m i t e d  s i t e .  The f o u r  occurrences ( T a b l e  12) 
would a l l  be p r e d i c t e d  t o  occur d u r i n g  f r e s h e t  ( A p r i l ,  May, June). Based 
on t h i s  da ta  s e t ,  i t  i s  a l s o  expected t h a t  a heavy r a i n f a l l  event capable 
o f  p roduc ing  a secondary f l o w  peak s i m i l a r  t o  t h e  mean annual f l o w  (MAF) 
peak c o u l d  occur  l a t e r  i n  t h e  summer. One a d d i t i o n a l  occurrence every 4 
years w i t h  an i nc rease  above background o f  43 mg/L o c c u r r i n g  between J u l y  
and October would seem reasonable t o  account f o r  such an event  based on 
r a i n f a l l  i n t e n s i t y  i n  t h i s  area o f  t h e  F la thead  (K lohn  Leonof f  1981a). 

Us ing 43 mg/L TSS on e i t h e r  Cabin o r  Howel l  Creeks ( T a b l e  12) 
y i e l d s  adverse case es t ima tes  o f  20 mg/L and 4 mg/L increases above 
background on Howel l  Creek below Cabin Creek and t h e  F la thead  R i v e r  
downstream o f  Howel l  Creek, r e s p e c t i v e l y .  These c o n c e n t r a t i o n s  a r e  based 
on t h e  d i l u t i o n  c a p a b i l i t i e s  o f  t h e  r e c e i v i n g  streams a t  these p o i n t s .  
Except f o r  t h e  adverse events  i d e n t i f i e d ,  TSS increases due t o  t h e  mine 
f o r  t h e  remainder of  t h e  year  should n o t  exceed 10 mg/L above background 
and would f r e q u e n t l y  be much lower  than 10 mg/L above background i n  any 
reach o f  Cabin o r  Howel l  Creeks and t h e  F lathead R i v e r .  Impacts f rom 
S e t t l i n g  Ponds 3 and 4 which d i scha rge  t o  t h e  F la thead  R i v e r  above Howell  
Creek would n o t  be d e t e c t a b l e ,  c o n s i d e r i n g  t h e  r e l a t i v e  f l ows  f rom these 
ponds compared t o  t h a t  o f  t h e  F la thead  R i v e r  (Tab le  1 3 ) .  
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Table 13. F lood f l o w  es t ima tes  f o r  d ischarge and r e c e i v i n g  waters .  

Measurement 

Point 

low Flaw d Drainage Area 

Sedimentation Ponds : 

1. Sediment Pond no significant 
- to Flathead surface discharge 

f law 1.7 3.1 4.7 9.7 

1.7 3.1 4.7 9.6 

0.1 0.3 0.5 0.1 

II 
2. Sediment Pond 

- to Cabin Creek 
3. Sediment Pond 

- to Flathead *I 

4. Sediment Pond 
- to Flathead 

Diversion Ditches: 

D1 - to Howell Creek 

02 - to Cabin Creek 
03 - to Cabin Creek 
D4 - to Couldrey Creek 

II 0.1 0.3 0.5 0.7 

no significant 
surface discharge 
f lcm 0.4 0.9 1.4 2.3 

0.3 0.6 1 .o 1.5 
W 0.1 1.2 1.9 0.4 
0 0.7 1 .o 0.2 0.4 

II 

Receiving Water Stations: 

Howell Cr. Stn. 08NPOO3 0.s 

Cabin Cr. Stn. 08NP004 0.4c 

Flathead R. Stn. 08NP001 5.oc 

21 34 47 145 

14 23 32 93.2 

137 309b 387b 1110 

Hydrocan Engineering Continental ltd. (1983). 

Q1 = 0.22 
Qlo = 0.41 
Qtjo = 0.68 A0*85 

where A = drainage area in ($1 
Q = m a x i m  annual mean daily 

discharge for the ret rn 
period specified in 9 1 s  

The flood estimates given above consider a cdined rainfallk-lt occurrin during 

analysis with a regression method. The frequency curves are fitted using a 
three-parameter , log-normal di st r i bu t i on. 
Based on actual data points fitted using three-parameter, log-normal distribution, not the 
averaged power equation derived fran it as is used above. 

Low flow estimates for receiving streams based on an average monthly for the period of 
record (Inland Waters Directorate 1983). 

Klohn Leonoff (1981a). 

freshet - usually in Nay or. June. The reference document uses a regional *flood 3 rquency 
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The adverse operational scenario in Table 12 would apply to the 
construction phase and mining phase periods, but not to the reclamation 

phase (see assumption 3 above in this subsection). Regarding the impacts 

during the reclamation phase, there are virtually no available data from 
the Elk River valley. This is due to the very limited occurrence to date 
o f  this phase of coal mining operations. 

Nevertheless, it would be expected that the adverse operational 
case for the reclamation phase would show reduced impacts compared to 
those for the mining phase (i.e., TSS concentrations would decrease over 
time compared to the mining phase). This judgement is based upon the 
assumptions that: disturbing activity at the end of mine life would be 
eliminated; disturbed lands would be partially reclaimed; and continual 
maintenance of control facilities would be required until water quality 
objectives could be consistently met without them as a result o f  
acceptable reclamation practice. 

5.4.2 Optimal Operational Case 
For the optimal operational case it is expected that the 

receiving water impacts for TSS would be less than or equal to a 10 mg/L 
increase above background. Based on improved sediment control practices 
in the Elk River valley, it is expected that the proposed Sage Creek Coal 
Limited operation would exhibit a reduction in both the concentration and 
number of cases where TSS exceeds the receiving water objective of a 10 
mg/L increase above background (Table 11). Assuming the proposed mine 
would be developed using these improved sediment control practices, it is 
logical to assume that the 10 mg/L receiving water objective would not be 
exceeded. This concentration limit would apply to either Cabin or Howell 
Creeks immediately above their confluence. 

For calculation purposes it was assumed that approximately 70% 
o f  the TSS contributions to receiving waters (Cabin and Howell Creeks) 
would come from controlled point source discharges (settling ponds) and 
30% would come from uncontrolled sources. This allocation was used only 
to assess relative contributions to total concentration in order to 
evaluate the likelihood of reaching a 10 mg/L increase in TSS above 

background concentrations. Estimated discharges from controlled sources 
are shown in Table 13. 
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The r a t i o s  o f  t h e  maximum mean annual 24-hour f l o w  for the  
r e c e i v i n g  s t ream t o  t h e  maximum mean annual 24-hour f l o w  f o r  c o n t r o l l e d  
d i scha rges  (Tab le  13) were used t o  e v a l u a t e  t h e  l i k e l i h o o d  o f  TSS 

c o n c e n t r a t i o n  i n c r e a s i n g  t o  10 mg/L above background. I t  i s  concluded 
t h a t  t h e  10 mg/L o b j e c t i v e  c o u l d  be reached on Cabin Creek. I n  c o n t r a s t ,  
however, s i n c e  t h e  o n l y  d i r e c t  d i scha rge  t o  Howel l  Creek above t h e  
con f luence  w i t h  Cabin Creek i s  uncontaminated wa te r  D i v e r s i o n  D i t c h  D1,  
e f f l u e n t  TSS c o n c e n t r a t i o n s  9 t imes g r e a t e r  t han  those f o r  Cabin Creek 
would be r e q u i r e d  t o  a t t a i n  a 10 mg/L i nc rease  i n  Howel l  Creek. S ince 
t h e r e  I s  a l o w  p r o b a b i l i t y  o f  t h i s  o c c u r r i n g ,  any i nc rease  above 
background i n  Howel l  Creek would l i k e l y  be n e g l i g i b l e .  I n  summary, 
d u r i n g  f r e s h e t  TSS c o n c e n t r a t i o n s  should n o t  exceed 10 mg/L above 
background i n  Cabin Creek. TSS c o n c e n t r a t i o n s  a t  o t h e r  t imes o f  t h e  year  
on Cabin Creek as w e l l  as TSS c o n c e n t r a t i o n s  i n  Howel l  Creek a t  a l l  t imes 
o f  t h e  year  should f r e q u e n t l y  be much lower  than  10 mg/L above background 
f o r  t h e  o p t i m a l  case. 

Below t h e  con f luence  o f  Howel l  and Cabin Creeks t h e  TSS 

i n c r e a s e  above background would be expected t o  be l e s s  than  5 mg/L. 
D i l u t i o n  i s  so g r e a t  f o r  c o n t r o l l e d  sources d i s c h a r g i n g  t o  t h e  F la thead  
R i v e r  t h a t  any i n c r e a s e  above background TSS c o n c e n t r a t i o n s  i n  t h e  
F la thead  R i v e r  would be n e g l i g i b l e .  These c o n t r i b u t i o n s  o f  TSS t o  
r e c e i v i n g  waters  would be g r e a t e s t  d u r i n g  t h e  f r e s h e t  when approx ima te l y  
50% o f  r u n o f f  occurs.  A d d i t i o n a l  c o n t r i b u t i o n s  may occur d u r i n g  t h e  f a l l  
i n  response t o  s to rm r u n o f f .  

U n c o n t r o l l e d  sources o f  TSS such as d u s t f a l l ,  d u s t  p a r t i c l e s  
c o n t r i b u t e d  f rom snow m e l t  and p r e c i p i t a t i o n  r u n o f f ,  and r u n o f f  f rom a 
d i s t u r b e d  area which was n o t  rou ted  th rough  a c o n t r o l  s t r u c t u r e ,  a r e  
assumed by t h e  MDC t o  be i n c l u d e d  i n  any o f  t h e  above TSS es t ima tes .  
These sources o f  sediment a r e  i n c l u d e d  i n  t h e  30% a l l o c a t i o n  o f  TSS 
c o n c e n t r a t i o n s  a t t r i b u t e d  t o  u n c o n t r o l l e d  sources ( see  above). 

Increases i n  TSS f o r  t h e  o p t i m a l  o p e r a t i o n a l  case a r e  expected 
t o  be g r e a t e s t  f o r  t h e  m l n i n g  phase. F a c i l i t i e s  f o r  s u r f a c e  water  
c o n t r o l  should be among t h e  f i r s t  t o  be c o n s t r u c t e d  and t h e r e f o r e  
d i s t u r b a n c e  would be min imal  over  a s h o r t  d u r a t i o n  p r i o r  t o  comp le t i on  of  
t h e  c o n t r o l  s t r u c t u r e s .  For  t h e  rec lamat ion  phase, TSS c o n t r i b u t i o n s  
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would be l i k e l y  t o  decrease s l o w l y  f rom t h e  c o n c e n t r a t i o n s  es t ima ted  
here.  C o n t r o l  s t r u c t u r e s  would be ma in ta ined  u n t i l  r u n o f f  i n t o  t h e  ponds 
meets t h e  o b j e c t i v e s .  I t  i s  expected t h a t  a f t e r  t h i s  t i m e  TSS 
c o n t r i b u t i o n  would c o n t i n u e  t o  decrease as r e c l a m a t i o n  matures. 
Therefore,  no o t h e r  es t lma tes  o f  TSS were made f o r  t h e  c o n s t r u c t i o n  and 
r e c l a m a t i o n  phases o f  t h e  o p e r a t i o n .  

5.4.3 P a r t i c l e  S i z e  
Under o p e r a t i n g  c o n d i t i o n s ,  exper ience i n d i c a t e s  t h a t  t h e  

e f f i c i e n c y  of  s e t t l i n g  ponds may va ry  f rom t h a t  under i d e a l  c o n d i t i o n s .  
Under such c o n d i t i o n s ,  s e t t l i n g  ponds may c a p t u r e  p a r t i c l e s  o f  a minimum 
s i z e  i n  t h e  es t ima ted  range o f  0.02 t o  0.05 mm (7 .9  x lo- '  t o  2.0 x 

i n ) .  Therefore,  t h e  p a r t i c l e  s i z e  of t h e  m a j o r i t y  o f  t h e  
suspended s o l i d s  con ta ined  i n  t h e  s e t t l i n g  pond e f f l u e n t  should be l e s s  
than  .01 t o  .OS mm (4.0 x t o  2.0 x i n )  d u r i n g  normal decant 
o p e r a t i o n s .  

S i t e - s p e c l f i c  p a r t i c l e  s i z e  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  f o r  
t h e  Sage Creek Coal L i m i t e d  mine s i t e .  The l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  
does n o t  i n c l u d e  g r a i n  s i z e  d i s t r i b u t i o n  f o r  p a r t i c l e s  l e s s  than  0.1 mm 
(4.0 x i n ) .  G r a i n  s i z e  d i s t r i b u t i o n s  o f  grab samples f rom creek 
beds l e a d i n g  f r o m  c o a l  m i n i n g  o p e r a t i o n s  (Klohn Leonof f  1981a) may be t h e  
b e s t  source o f  i n f o r m a t i o n  f o r  u n c o n t r o l l e d  sources. G r a i n  s i z e  
d i s t r i b u t i o n  da ta  f rom s e t t l i n g  pond e f f l u e n t  a r e  n o t  a v a i l a b l e  and would 
l i k e l y  be v e r y  s i t e - s p e c i f l c .  The use o f  f l o c c u l e n t s  when necessary 
would a l s o  i n c r e a s e  t h e  average p a r t i c l e  s i z e  p resen t  i n  s e t t l i n g  pond 
e f f l u e n t .  Accurate p r e d i c t i o n s  o f  p a r t i c l e  s i z e  o f  suspended s o l i d s  i n  
e f f l u e n t  cannot be made a t  t h i s  t i m e  due t o  u n c e r t a i n t i e s  r e l a t i n g  t o  
f i n a l  pond des ign,  i n f l u e n t  p a r t i c l e  s i z e ,  and p o t e n t l a l  use o f  
f l o c c u l e n t s .  

5.5 WATER QUALITY ASPECTS NOT COVERED ABOVE 

5.5.1 A d d i t i o n a l  Parameters 
Average adverse case e f f l u e n t  c o n c e n t r a t i o n s  f o r  these 

parameters a r e  r o u g h l y  es t ima ted  t o  be: sodium, <25 mg/L; potassium, 
4 0  mg/L; ca lc ium, <lo0 mg/L; magnesium, <60 mg/L; a l k a l i n i t y ,  
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<350 mg/L as c a l c i u m  carbonate;  hardness, <480 mg/L as c a l c i u m  

carbonate;  and c h l o r i d e ,  <25 mg/L. The e f f l u e n t  waters  f rom t h e  mine 
s i t e  would l i k e l y  be s i m i l a r  t o  t h e  F la thead  groundwater samples 
(Appendix 5)  w i t h  t h e  c o n c e n t r a t i o n  o f  most c o n s t i t u e n t s  r o u g h l y  
doubled. A l k a l i n i t y  would n o t  no rma l l y  double due t o  t h e  more than  
t w o - f o l d  i nc rease  i n  c h l o r i d e ,  n i t r a t e ,  and s u l f a t e  c o n c e n t r a t i o n s .  

5.5.2 Polyaromat ic  Hydrocarbons 
The members o f  t h e  MDC were unable t o  l o c a t e  any da ta  r e l a t i n g  

t o  po l ya romat i c  hydrocarbons. However, t h e  a v a i l a b l e  da ta  concern ing 
t o t a l  o rgan ic  carbon (TOC) a r e  d iscussed below. 

5.5.3 T o t a l  Organic Carbon 
- Background d a t a  (36 samples a t  t h e  I n t e r n a t i o n a l  Boundary) 

g i v e  an average va lue  o f  3.9 mg/L and a maximum va lue  o f  
11 mg/L. 

- The o n l y  E r i c k s o n  Creek ( i n  t h e  E l k  R i v e r  v a l l e y )  s u r f a c e  
water  va lue  i s  19 mg/L. 

- A few analyses o f  t o t a l  o rgan ic  carbon (TOC) and d i s s o l v e d  
o rgan ic  carbon ( D O C )  a r e  a v a i l a b l e .  Sur face water  d ischarges 
f r o m  t h e  Eagle S e t t l i n g  Pond e f f l u e n t  t o  t h e  F o r d i n g  R i v e r  i n  
June, J u l y ,  and August o f  1975 con ta ined  17, 10, and 3 mg/L 
TOC. Content o f  TOC i s  o f t e n  a f u n c t i o n  o f  w e l l  
c o n s t r u c t i o n ,  development h i s t o r y ,  and pumping s t r e s s  a t  t h e  
t i m e  o f  sampl ing and should n o t  be used f o r  groundwater 
l o a d i n g s .  D isso lved  o rgan ic  carbon i n  t h r e e  groundwater 
samples below t h e  E r i c k s o n  Creek dam ranged f rom 2.5 t o  
3.0 mg/L. 

- A reasonable e s t i m a t e  o f  average r e c e i v i n g  water  
c o n c e n t r a t i o n  i s  cons idered t o  be 10 t o  1 5  mg/L d u r i n g  May 
and June. For  t h e  p e r i o d  J u l y  th rough  A p r i l ,  an average 
va lue  o f  8 t o  10 mg/L appears reasonable,  a l t hough  I t  cou ld  
be c o n s i d e r a b l y  l ower .  A maximum va lue  d u r i n g  an "event"  
should p robab ly  n o t  exceed 50 mg/L. 
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6. NON-QUANTIFIABLE ASPECTS 

6.1 EXTREME OR UNUSUAL EVENT 
A q u a n t i t a t i v e  assessment o f  t h e  impacts r e s u l t i n g  f rom an 

extreme event  has n o t  been at tempted.  

6.1 .1 Earthquakes 
An assessment o f  t h e  earthquake p o t e n t i a l  f o r  t h e  mine s i t e  

area was made i n  t h e  Stage I1 Assessment and T a i l i n g s  Pond Design Report  
(K lohn  Leonof f  1981b). The 200-year r e t u r n  se ismic event  was es t ima ted  t o  
be 4% o f  g r a v i t y .  A n a l y s i s  o f  Montana s e i s m i c i t y  da ta  presented by Qamar 
and S t i ckeny  (1983) suppor ts  t h i s  es t ima te .  Ponds, b u i l d i n g s ,  d i t c h e s ,  
and o t h e r  s t r u c t u r e s  should be s t a b l e  d u r i n g  such an event .  Therefore,  
s i g n i f i c a n t  i nc reases  i n  e f f l u e n t  c o n c e n t r a t i o n s  o f  contaminants a r e  n o t  
expected t o  occur as a r e s u l t  o f  such se ismic events .  

6.1.2 Floods 
For s u r f a c e  water  r u n o f f ,  t h e  extreme event assumed f o r  t h i s  

d i s c u s s i o n  would be a 50-year r e t u r n  f l o o d  f l o w .  A f l o o d  f l o w  o f  t h i s  
magnitude c o u l d  decrease r e t e n t i o n  t imes i n  sed imen ta t i on  ponds o r  cause 
s h o r t  c i r c u i t i n g  o f  c o n t r o l  s t r u c t u r e s .  Debr is  c o u l d  l i m i t  peak f l ows  
from d i scha rge  s t r u c t u r e s ,  o r  c o u l d  cause a breach o f  a d i v e r s i o n  d i t c h .  
Never the less,  a l l  s e t t l i n g  ponds would c o n t a i n  two o u t f l o w  s t r u c t u r e s :  
t h e  normal decant t o  handle f l ows  up t o  t h e  50-year f l o o d ,  and a f r e e  
c r e s t  s p i l l w a y  capable o f  pass ing  t h e  peak f l o w  f rom a 200-year f l o o d .  
Therefore,  d i r e c t  impacts t o  c o n t r o l  s t r u c t u r e s  f rom a 50-year f l o o d  
would n o t  be expected t o  be severe. 

Such an event  c o u l d  i nc rease  TSS c o n t r i b u t i o n s  t o  t h e  r e c e i v i n g  
waters ,  b u t  o t h e r  parameters would l i k e l y  n o t  be increased s i g n i f i c a n t l y  
due t o  d i l u t i o n  assoc ia ted  w i t h  t h e  increased r u n o f f .  

The p r o b a b i l i t y  o f  a g i v e n  r e t u r n  p e r i o d  f l o o d  o r  g r e a t e r  event 
o c c u r r i n g  w i t h i n  a s p e c i f i c  t i m e  p e r i o d  (mine p r o j e c t  l i f e )  can be 
es t ima ted  u s i n g  t h e  formula p = 1 - ( 1 - l / T )  , where T i s  t h e  r e t u r n  
p e r i o d  o f  t h e  event ,  and n i s  t h e  p e r i o d  o f  o b s e r v a t i o n  o r  p r o j e c t  l i f e  

( B a r f i e l d  e t  a l .  1981). Us ing t h i s  equat ion,  t h e  p r o b a b i l i t i e s  o f  f lood 
f l o w  events o c c u r r i n g  which equal  o r  exceed v a r i o u s  r e t u r n  f requenc ies  

n 
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d u r i n g  25-year and 35-year p e r i o d s  were est imated.  A c t i v e  p r o j e c t  l i f e  

o f  25 years was es t ima ted  by summing t h e  p re -m in ing  c o n s t r u c t i o n  p e r i o d  
( 2  yea rs ) ,  t h e  mine phase (21 years) ,  and an assumed ( b u t  as y e t  
u n s p e c i f i e d  by t h e  company) p e r i o d  o f  2 years a f t e r  m i n i n g  t o  complete 
r e c l a m a t i o n  a c t i v i t y .  The 35-year p e r i o d  was d e r i v e d  by summing t h e  
a c t i v e  p r o j e c t  l i f e  and an a d d i t i o n a l  10 years i n t o  rec lamat ion .  The 
r e s u l t s  a r e  presented i n  Table 14. 

Table 14. P r o b a b i l i t y  o f  occurrence o f  f l o o d s  equal  t o  o r  g r e a t e r  t han  
f l o o d s  o f  g i v e n  magnitudes d u r i n g  i n d i c a t e d  p e r i o d s .  

F lood Frequency 

50-year 
1 OO-year 
200-yea r 
500-year 

P r o b a b i l i t y  o f  Occurrence 
Time Span 

25 years 35 years 

40% 
22% 
1 2% 

5% 

51% 
30% 
1 6% 
7% 

These es t ima tes  i n d i c a t e  t h a t  t h e r e  i s  a 40% p r o b a b i l i t y  o f  
occurrence f o r  a f l o o d  f l o w  t h a t  would equal  o r  exceed t h e  c a p a c i t y  o f  
t h e  normal pond decant des ign  (50-year) ,  r e s u l t i n g  i n  f l o w  f rom t h e  
emergency s p i l l w a y  d u r i n g  t h e  a c t i v e  p r o j e c t  l i f e  (25 yea rs ) .  The 
p r o b a b i l i t y  o f  a f l o o d  f l o w  e q u a l l i n g  o r  exceeding t h e  des ign  c a p a c i t y  o f  
t h e  emergency s p i l l w a y  i s  12% d u r i n g  t h e  a c t i v e  p r o j e c t  l i f e .  These 
p r o b a b i l i t i e s  i nc rease  as shown i n  Table 14 when t h e  p r o j e c t  l i f e  i s  
i nc reased  t o  35 years.  

These p r o b a b i l i t i e s  a r e  based on average r e t u r n  f requenc ies  o f  
f l o o d  events and can be used t o  e v a l u a t e  t h e  con f idence  o f  t h e  des ign  o f  
a s t r u c t u r e .  These p r o b a b i l i t i e s  should n o t  be i n t e r p r e t e d  as a b s o l u t e  
c e r t a i n t i e s .  For example, a 50-year f l o o d  occurs an average of  once 
every 50 years .  However, i n  a s p e c i f i c  50-year t i m e  p e r i o d  a 50-year o r  
g r e a t e r  f l o o d  c o u l d  occur more than  once o r  n o t  occur a t  a l l .  The 

average frequency o f  occurrence over  an extended t i m e  p e r i o d ,  however, 
would be 50 years and p r o b a b i l i t i e s  were es t ima ted  u s i n g  t h i s  average. 
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6.1.3 Acc i den t  s 
C o n t r i b u t i o n s  o f  v a r i o u s  contaminants t o  r e c e i v i n g  water  c o u l d  

occur  f rom a c c i d e n t s ,  such as chemical  s p i l l s .  Such events have been 
accounted f o r  t o  some e x t e n t ,  i n  making q u a n t i t a t i v e  es t ima tes  i n  
S e c t i o n  5. Subsect ions 2.7.4, 2.7.5, 2.7.6 and 4.4.2 dea l  w i t h  chemical  
use and p o t e n t i a l  s p i l l a g e .  

6.2 DUSTFALL 
I t  may be h e l p f u l  t o  n o t e  some genera l  c o n s i d e r a t i o n s  w i t h  

respec t  t o  f u g i t i v e  d u s t  and d u s t f a l l .  F u g i t i v e  d u s t  g e n e r a t i o n  i s  
caused by two b a s i c  p h y s i c a l  phenomena: 

1.  p u l v e r i z a t i o n  and ab ras ion  o f  s u r f a c e  mat e r i a 1 s by 
a p p l i c a t i o n  o f  mechanical  f o r c e  th rough  implements (wheels,  
b lades,  e t c . ) ;  and 

2.  en t ra inmen t  o f  d u s t  p a r t i c l e s  by t h e  a c t i o n  o f  t u r b u l e n t  a i r  
c u r r e n t s ,  such as wind e r o s i o n  o f  exposed s u r f a c e  by wind 
speeds over  19 km/h (12 mi/h) (U.S. Environmental  P r o t e c t i o n  
Agency 1983). 

The p a r t i c l e  s i z e  o f  t h e  m a t e r i a l  b e i n g  handled or d i s t u r b e d  
g r e a t l y  i n f l u e n c e s  t h e  amount o f  f u g i t i v e  d u s t  generated. Flne-.grained 
or  s i l t y  m a t e r i a l  w i l l  become a i r b o r n e  much more e a s i l y  t han  coa rse r  
m a t e r i a l .  F u r t h e r ,  i t  i s  g e n e r a l l y  t h e  h e a v i e r  or  coarse r  m a t e r i a l  which 
q u i c k l y  s e t t l e s  o u t  as d u s t f a l l  q u i t e  near t h e  source. 

Wind speed and d i r e c t i o n  a l s o  s i g n i f i c a n t l y  i n f l u e n c e  b o t h  t h e  
amount o f  f u g i t l v e  d u s t  generated and t h e  e x t e n t  o f  area impacted. 

Sur face m o i s t u r e  i s  another  impor tan t  c o n s i d e r a t i o n  w i t h  
respec t  t o  d u s t  c o n t r o l .  The source o f  such m o i s t u r e  may be n a t u r a l  
p r e c i p i t a t i o n  or p u r p o s e f u l  a p p l i c a t i o n  by t h e  opera to r .  

Generat ion o f  d u s t  a t  t h e  Sage Creek Coal L i m i t e d  mine s i t e  
would occur  d u r i n g  t h e  c o n s t r u c t i o n  and m i n i n g  phases. Dur lng  t h e  m i n i n g  
phase, t h e  major  sources o f  p a r t i c u l a t e  emissions would be: t h e  genera l  
m i n i n g  a c t i v i t i e s  (overburden and c o a l  removal and mine hau l  roads),  t h e  
thermal  c o a l  d r y e r ,  t h e  hau l  road t o  Mor r l ssey ,  and wind e r o s i o n  o f  
d i s t u r b e d  areas and c o a l  s t o c k p i l e s .  These a r e  a l l  f u g i t i v e  d u s t  sources 
w i t h  t h e  e x c e p t i o n  o f  t h e  c o a l  d r y e r .  
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Concern f o r  d u s t  g e n e r a t i o n  as i t  r e l a t e s  t o  water  q u a l i t y  i s  
assoc ia ted  w i t h  d i r e c t  f a l l o u t  o f  d u s t  p a r t i c l e s  on Cabin and Howel l  
Creeks, t h e  F la thead  R i v e r ,  and o t h e r  t r i b u t a r i e s  a l o n g  t h e  h a u l  road. 
I t  i s  a l s o  r e l a t e d  t o  f a l l o u t  on t h e  ad jacen t  t e r r a i n  o u t s i d e  o f  sediment 
c o n t r o l  s t r u c t u r e s ;  such dus t  t hen  has t h e  p o t e n t i a l  t o  wash i n t o  
ad jacen t  streams d u r i n g  snowmelt and p r e c i p i t a t i o n  events .  

The P o l l u t i o n  C o n t r o l  O b j e c t i v e s  f o r  t h e  Min ing,  Smel t ing,  and 
Related I n d u s t r i e s  o f  B r i t i s h  Columbia (B.C. M i n i s t r y  o f  Environment, 
P o l l u t i o n  C o n t r o l  Board 1979) i n c l u d e  o b j e c t i v e s  f o r  d u s t f a l l  (1 .7  t o  
2.9 mg/dm /d) (14.6 t o  24.8 tons/mi /mo). The company es t ima ted  
d u s t f a l l  f r om t h e  mine o p e r a t i o n  and hau l  road t o  Mor r i ssey  t o  be 1.0 and 
2.2 mg/dm /d (8 .56 and 18.8 tons/mi /mo), r e s p e c t i v e l y  (8.C. Research 
and Norecol  1982). 

Us ing these est imates,  o b j e c t i v e s  f o r  d u s t f a l l ,  and a c t u a l  
d u s t f a l l  da ta  f rom o p e r a t i o n s  i n  t h e  E l k  R i v e r  v a l l e y  and Montana, t h e  
MDC at tempted t o  e s t i m a t e  q u a n t i t i e s  o f  sediment f rom u n c o n t r o l l e d  
d u s t f a l l  e n t e r i n g  r e c e i v i n g  streams. However, t h e  c a l c u l a t i o n s  r e q u i r e d  
va lues f o r  c e r t a i n  v a r i a b l e s  such as t h e  s u r f a c e  area of t h e  r e c e i v i n g  
streams over  a g i v e n  l e n g t h  o f  stream f o r  a g i v e n  d i scha rge  r a t e ,  and t h e  
sediment d e l i v e r y  e f f i c i e n c y  o f  t e r r a i n  ad jacen t  t o  r e c e i v i n g  waters .  
A l so  r e q u i r e d  were v a r i o u s  assumptions r e g a r d i n g  t h e  r a d i u s  f rom t h e  
source ove r  which t h e  f a l l o u t  r a t e  would remain cons tan t .  S ince such 
v a r i a b l e s  o r  assumptions cou ld  n o t  be q u a n t i f i e d  w i t h  any degree o f  
c e r t a i n t y ,  a separate q u a n t i t a t i v e  es t ima te  o f  sediment l o a d i n g  o f  
r e c e i v i n g  waters  f rom u n c o n t r o l l e d  d u s t f a l l  i s  n o t  presented. 

A l t e r n a t i v e l y ,  t h e  MDC f e e l s  t h a t  a more r e a l i s t i c  approach 
r e g a r d i n g  t h e  c o n t r i b u t i o n  o f  d u s t f a l l  t o  TSS i s  t o  be found I n  t h e  
es t ima tes  o f  TSS impacts presented i n  Subsect ion 5.4. These es t ima tes  
p r o v i d e  an i n t e g r a t e d  examinat ion o f  t h e  sediment f rom b o t h  c o n t r o l l e d  
and u n c o n t r o l l e d  sources which would i n c l u d e  d u s t f a l l .  Thus, w h i l e  t h e  
numbers do n o t  p e r m i t  a s o r t i n g  o u t  o f  c o n t r i b u t i o n s  f rom va r ious  
sources, t hey  i n h e r e n t l y  i n c l u d e  d u s t f a l l  f o r  b o t h  t h e  op t ima l  and 
adverse o p e r a t i o n a l  cases. 

2 2 

2 2 

6.3 STREAM GEOMORPHOLOGY 
The h i g h e s t  p o t e n t i a l  f o r  d i r e c t  e f f e c t s  on s t ream geomorphology 
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would occur a t  l o c a t i o n s  of channel o r  f l o o d p l a i n  encroachment. Such 
l o c a t i o n s  would i n c l u d e  b r i d g e  c ross ings  o f  Cabin and Howel l  Creeks a t  
t h e  mine s i t e ,  and c u l v e r t  and b r i d g e  i n s t a l l a t i o n  s i t e s  a long  t h e  

t r a n s m i s s i o n  l i n e  and Mor r i ssey  hau l  roads. The e a s t e r n  approach t o  t h e  
Howel l  Creek b r i d g e  access ing Waste Dump E would i n c l u d e  a c u l v e r t  i n  a 
backwater channel o f  Howel l  Creek. I n  a d d i t i o n ,  seve ra l  o t h e r  f e a t u r e s  
o f  t h e  mine encroach on t h e  Howel l  Creek f l o o d p l a i n .  These i n c l u d e  t h e  
southern end o f  Waste Dump E, Pond 4, t h e  southeastern co rne r  o f  Pond 2, 
and some o f  t h e  contaminated water  d i t c h e s  on each s i d e  o f  Howel l  Creek 
near t h e  proposed b r i d g e  t o  Waste Dump E (Appendix 3.3.2-2, B.C. Research 
and Norecol  1982). 

F i n a l l y ,  Howel l  Creek bank s t a b i l i t y  measures have been 
proposed above and below t h e  upper Howel l  Creek b r i d g e  t o  p reven t  t h e  
creek f rom e i t h e r  m i g r a t i n g  i n t o  o r  encroaching on these mine f a c i l i t i e s  
( see  Subsect ion 4.2.5). Th i s  reach o f  Howell  Creek i s  b r a i d e d  and t h e r e  
i s  evidence f o r  major  h i s t o r i c a l  channel s h i f t i n g  (Appendix 3.3.2-2, B . C .  
Research and Norecol  1982). Thus, encroachment i n t o  o r  changes i n  t h e  
f l o o d p l a i n ,  banks, o r  a c t i v e  channel cou ld  p o t e n t i a l l y  cause changes i n  
channel p a t t e r n ,  s t ream f l ows ,  channel g r a d i e n t ,  and e r o s i o n  and/or 
sed imen ta t i on  i n  t h e  stream. The d e f l e c t i o n  o r  I tnarrowingl t  e f f e c t  o f  t h e  
proposed f a c i l i t i e s  and bank s t a b i l i z a t i o n  measures c o u l d  p o t e n t i a l l y  
a l t e r  e r o s i o n / d e p o s i t i o n  p a t t e r n s  and cause a s h i f t  i n  poo ls  and 
r i f f l e s .  F u r t h e r ,  t h e  ad jacen t  d i t c h e s ,  ponds, and waste dump cou ld  
become d i r e c t  sources o f  con tamina t ion  i f  stream encroachment occurred 
d u r i n g  f l o o d  f l o w s .  

Q u a n t i f i c a t i o n  o f  such p o s s i b l e  e f f e c t s  was n o t  deemed 
f e a s i b l e  due t o  t h e  comp lex i t y  o f  t h e  s i t u a t i o n  and t h e  range of 
v a r i a b l e s  i n v o l v e d .  Noteworthy S s  t h e  f a c t  t h a t  a 1 km ( 0 . 6  m i )  reach of  
t h e  F o r d i n g  R i v e r ,  which i s  ad jacen t  t o  t h e  e x i s t i n g  mine s e l e c t e d  f o r  
TSS comparison purposes, was permanent ly r e l o c a t e d  i n  1977. I t  i s  n o t  
known whether,  o r  t o  what e x t e n t ,  any e f f e c t s  o f  t h i s  r e l o c a t i o n  a r e  
r e f l e c t e d  by t h e  Fo rd ing  R i v e r  TSS da ta  presented i n  Table 11, w i t h  t h e  
e x c e p t i o n  o f  one va lue  i n  1981 (see  d i s c u s s i o n  i n  Subsect ion 5.4.1).  
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6.4 ADDITIONAL CONSTRUCTION PHASE CONSIDERATIONS 

6.4.1 Mor r i ssey  Haul Road and t h e  Transmission L i n e  
Q u a n t i f i c a t i o n  o f  impacts d u r i n g  c o n s t r u c t i o n  o f  these 

f a c i l i t i e s  would be exceed ing ly  u n r e l i a b l e  u s i n g  a d i r e c t  approach t o  
d i s t u r b a n c e .  T h i s  i s  due t o  t h e  myr iad  o f  s i t e  v a r i a b l e s  and des ign  
f a c t o r s  f o r  which l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e .  

There a r e  v a r i o u s  l o c a t i o n s  a l o n g  t h e  t r a n s m i s s i o n  l i n e  and 
hau l  road where t h e  impacts c o u l d  be g r e a t e r  t han  t h e  o v e r a l l  average. 
These i n c l u d e  s t ream c ross ings  and o t h e r  l o c a t i o n s  where these f a c i l i t i e s  
and assoc ia ted  d i s tu rbances ,  such as borrow p i t s ,  a r e  i n  c l o s e  p r o x i m i t y  
t o  t h e  streams d u r i n g  c o n s t r u c t i o n .  The seasonal t i m i n g  o f  d i s t u r b a n c e  
and c o n s t r u c t i o n  a c t i v i t y  and t h e  degree o f  streambed d i s t u r b a n c e  would 
be e s p e c i a l l y  c r i t i c a l  f o r  a l l  o f  these s i t e s .  

Dur ing  o p e r a t i o n  o f  t h e  hau l  road, t h e  p o t e n t i a l  f o r  
sed imen ta t i on  t o  streams would be expected t o  d e c l i n e  compared t o  t h e  
c o n s t r u c t i o n  phase under t h e  f o l l o w i n g  assumed c o n d i t i o n s :  t h e  hau l  road 
would be paved (see  Subsect ion 4.2.4); d i s t u r b e d  slopes and d i t c h e s  would 
be s u c c e s s f u l l y  revege ta ted  and s t a b i l i z e d ;  d ra inage  f rom t h e  road would 
be p r o p e r l y  managed; and min imal  s p i l l a g e  o r  l o s s  o f  c o a l  f rom t h e  t r u c k s  
would ensue d u r i n g  t r a n s i t  because t h e  hau l  t r u c k s  would be covered 
(Stage I 1  E A ) .  I f  any o f  these c o n d i t i o n s  a r e  n o t  met, t h e  p o t e n t i a l  f o r  
sed imen ta t i on  would be g r e a t e r  than i t  o the rw ise  would be d u r i n g  
o p e r a t i o n  o f  t h e  h a u l  road. 

6.4.2 Mine S i t e  
I t  i s  assumed t h a t  a l l  sediment c o n t r o l  f a c i l i t i e s  proposed f o r  

t h e  mine s i t e  d u r i n g  c o n s t r u c t i o n  would be i n s t a l l e d  p r i o r  t o  most o t h e r  
d i s t u r b a n c e  (excep t  f o r  l o g g i n g  which i s  d iscussed i n  4.2.8.1 and 6.5) .  
Never the less,  some d i s t u r b a n c e  such as access road b u i l d i n g ,  b r i d g e  
c o n s t r u c t i o n ,  and l a n d  c l e a r i n g  f o r  t h e  d i t c h e s  and ponds themselves 
would occur w i t h o u t  hav ing  f a c i l i t i e s  f o r  sediment c o n t r o l .  The 
sequencing and t i m i n g  o f  such a c t i v i t i e s ,  t h e r e f o r e ,  becomes c r i t i c a l  
r e g a r d i n g  t h e  p o t e n t i a l  f o r  episodes o f  s e r i o u s  sedimentat ion.  Th is  may 
be e s p e c i a l l y  t r u e  f o r  those f a c i l i t i e s  t h a t  would be i n  c lose  p r o x i m i t y  
t o  Cabin Creek o r  Howel l  Creek. 
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6.5 LOGGING 
The r e l a t i o n s h i p  between f o r e s t s  and water  i s  ve ry  complex 

depending on t h e  t y p e  o f  f o r e s t ,  p r e c i p i t a t i o n ,  geology, topography, and 
s o i l s .  Fo res ts  i n t e r c e p t  p r e c i p i t a t i o n  and evaporate some back i n t o  t h e  
a i r ;  t hey  consume l a r g e  amounts o f  water ,  and w i t h  r o o t  systems s t a b i l i z e  
s o i l  and promote i n f i l t r a t i o n .  D u f f  and humus on t h e  f o r e s t  f l o o r  
d i s s i p a t e  t h e  r a i n f a l l ,  m i n i m i z i n g  ove r land  f l o w  and reduc ing  e ros ion .  
The shading e f f e c t  r e t a r d s  snowmelt and reduces f l o o d  peaks. 

F o r e s t  removal d i r e c t l y  a f f e c t s  t h e  h y d r o l o g i c a l  c y c l e ,  
c r e a t i n g  t h e  p o t e n t i a l  f o r  a v a r i e t y  o f  impacts as f o l l o w s  (Toews and 
Brownlee 1981, pp. 47 t o  49): 

- increased peak f l o w s  cause abnormal bedload movements, 
s h i f t i n g  and d i s p l a c i n g  s t ream g r a v e l s  used by spawning f i s h ;  

- d e b r i s  can c r e a t e  p h y s i c a l  o b s t r u c t i o n s  and cause scour ing  
o f  s t ream beds; 

- increased f l o w ,  coupled w i t h  l a n d  d i s t u r b a n c e  d u r i n g  
c o n s t r u c t i o n  and min ing,  r e s u l t s  i n  increased e r o s i o n  and 
suspended sediment and n u t r i e n t  l o a d i n g  t o  streams; 

- p h y s i c a l  damage t o  t h e  streams can be caused by l o g g i n g  and 
road b u i l d i n g  equipment; and 

- removal o f  r i p a r i a n  v e g e t a t i o n  can r e s u l t  i n  excess ive water  
temperatures f rom reduced shading as w e l l  as reduced 
b i o l o g i c a l  s u b s t r a t e .  

A v a r i e t y  o f  s t u d i e s  have been done which have documented these 
e f f e c t s ,  b u t  l i t t l e  q u a n t i t a t i v e  i n f o r m a t i o n  e x i s t s  (Toews and Brownlee 
1981, p .  48) .  However, i t  i s  known t h a t  much can be done i n  t h e  way o f  
f o r e s t r y  management p r a c t i c e s  t o  a v o i d  o r  reduce these impacts.  

Some s t u d i e s  on t h e  e f f e c t s  o f  l o g g i n g  have been done near t h e  
Sage Creek Coal L i m i t e d  p r o j e c t  area.  Smith e t  a l .  (1985) d i d  a 
s h o r t - t e r m  study o f  t h e  Akamina-Kishinena watershed. I n  t h i s  case no 
l ogg ing - induced  water  q u a l i t y  d e t e r i o r a t i o n  was apparent f rom t h e  l i m i t e d  
da ta  c o l l e c t e d .  I t  was concluded t h a t  proper  management p r a c t i c e s  d u r i n g  
l o g g i n g  were p robab ly  r e s p o n s i b l e ,  b u t  t h a t  t h e  l i t e r a t u r e  i n d i c a t e s  a 
s e v e r a l - y e a r  l a g  phase between l o g g i n g  and some o f  t h e  impacts.  Th i s  
s tudy would n o t  have been l o n g  enough t o  i d e n t i f y  such impacts.  



119 

S c h u l t z  (1984) conducted an e i g h t - y e a r  s tudy o f  logged and 

unlogged d ra inage  bas ins  i n  t h e  S t i l l w a t e r  and Swan R i v e r  S t a t e  Fo res ts ,  
l o c a t e d  i n  t h e  southern p o r t i o n  o f  t h e  U.S. F la thead  Basin.  He found 
t h a t  t h e  water  q u a l i t y  was accep tab le  f o r  f i s h e r i e s  i n  terms o f  t o t a l  
suspended s o l i d s  except d u r i n g  f l o o d  stage. Logging i n  t h e  upper 
p o r t i o n s  o f  t h e  S t i l l w a t e r  watershed d i d  n o t  d i r e c t l y  a f f e c t  n u t r i e n t  
c o n c e n t r a t i o n s  i n  a downstream l a k e .  The d i r e c t  impacts a t t r i b u t a b l e  t o  
l o g g i n g  c o u l d  n o t  be a s c e r t a i n e d  by t h e  MDC u s i n g  S c h u l t z ' s  (1984) 
conc lus ions  because o f  t h e  d i f f e r e n t  geo log i c  c h a r a c t e r i s t i c s  o f  t h e  
d ra inage  bas ins ,  t h e  l a c k  o f  d e t a i l e d  i n f o r m a t i o n  on t h e  l o g g i n g  
a c t i v i t i e s ,  and t h e  p r e - l o g g i n g  h y d r o l o g i c  c h a r a c t e r i s t i c s  o f  t h e  
dra inages.  

A d d i t i o n a l  e f f o r t  was made by t h e  MDC t o  f i n d  watershed 
research i n  t h e  l i t e r a t u r e  t h a t  c o u l d  be used t o  q u a n t i t a t i v e l y  e s t i m a t e  
n u t r i e n t  and sediment e f f e c t s  o f  l o g g i n g  a t  t h e  proposed mine s i t e .  The 
MDC f e l t  t h a t  any such research should i n c l u d e  a s tudy area t h a t  i s  
s i m i l a r  t o  t h a t  o f  t h e  proposed mine s i t e  area i n  terms o f  v e g e t a t i o n  
t y p e  and d e n s i t y ,  as w e l l  as geology, s o i l s ,  l a n d  forms, c l i m a t e ,  and 
hyd ro logy .  I n  a d d i t i o n ,  such a s tudy should be c h a r a c t e r i z e d  by water  
q u a l i t y  sampl ing a t  l e a s t  on a weekly o r  b i -week ly  b a s i s  and s t reamf low 
measurements a t  l e a s t  on a b i -week ly  o r  month ly  b a s i s .  Dur ing  t h e  
f r e s h e t  p e r i o d ,  d a i l y  sampl ing and a n a l y s i s  o f  water  q u a n t i t y / q u a l i t y  
should have been done. The area s t u d i e d  must have had such samples taken 
b o t h  b e f o r e  and a f t e r  l o g g i n g  f o r  a reasonable l e n g t h  o f  t ime,  such as a 
year  b e f o r e  and a f t e r .  f i n a l l y ,  t h e  l o g g i n g  p r a c t i c e s ,  which can be 
q u i t e  v a r i a b l e  (and t h e r e f o r e  have v a r i a b l e  e f f e c t s  f rom one s i t e  t o  
ano the r ) ,  should be s i m i l a r  t o  those t o  be employed a t  t h e  proposed mine 
s i t e ,  b u t  a t  l e a s t  must have been documented. 

I t  was n o t  p o s s i b l e  t o  f i n d  a s tudy o f  t h i s  n a t u r e  i n  t h e  
l i t e r a t u r e .  Thus t h e  f o l l o w i n g  two l o g g i n g  scenar ios a r e  d iscussed,  b u t  
i n  a genera l ,  q u a l i t a t i v e  sense. 

I n  t h e  o p t i m a l  o p e r a t i o n a l  case i t  i s  assumed t h a t  i d e a l  
l o g g i n g  p r a c t i c e s  would n o t  be employed i n  t h a t  t h e  area would have t o  be 
c l e a r - c u t  r a t h e r  than  s e l e c t i v e l y  logged. However, t h e  MDC has a l s o  
assumed t h a t  s t ream b u f f e r  s t r i p s  would be l e f t ,  t h e r e  would be avoidance 
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o f  machines work ing  i n  streams, and p roper  road b u i l d i n g  p r a c t i c e s  would 

be employed. The s t ream b u f f e r  s t r i p s  would i n c l u d e  t h e  90-m ( 2 9 5 - f t )  
b u f f e r  s t r i p  requi rement  p laced upon Sage Creek Coal L i m i t e d  
( S e c t i o n  1.6.1.2).  F u r t h e r ,  some mine d i v e r s i o n  and containment d i t c h e s  
and corresponding ponds f o r  t h e  N o r t h  and South H i l l  areas would be 
c o n s t r u c t e d  p r i o r  t o  l o g g i n g  t o  d i v e r t  and t r e a t  sediment- laden r u n o f f .  
Such p r a c t i c e s  would be expected t o  s i g n i f i c a n t l y  reduce adverse impacts.  

The adverse o p e r a t i o n a l  scenar io  would be e s s e n t i a l l y  t h e  same 
as above, except t h a t  t h e  d i v e r s i o n  d i t c h e s  and s e t t l i n g  ponds would be 
c o n s t r u c t e d  a f t e r  l o g g i n g  and d u r i n g  t h e  remain ing c o n s t r u c t i o n  p e r i o d .  
The r e s u l t  o f  t h i s  would p robab ly  be a s u b s t a n t i a l l y  Increased p o t e n t i a l  
f o r  suspended sediment and n u t r i e n t  l o a d i n g  t o  t h e  streams i n  t h e  p e r i o d  
o f  t i m e  between l o g g i n g  and c o n s t r u c t i o n  o f  t h e  water  and sediment 
c o n t r o l  system. 

6.6 STABILITY OF C E R T A I N  M I N E  S I T E  FEATURES 

6.6.1 H i s t o r i c a l  S t a b i l i t y  o f  Mine Waste Dumps, T a i l i n g s  Ponds and 
S e t t l i n g  Ponds i n  t h e  E l k  V a l l e y  

As i n d i c a t e d  i n  Subsect ion 1.5, s i n c e  1970 s u b s t a n t i a l  
improvements have been made a t  these mines i n  a l l  aspects  o f  open-p i t  
c o a l  m in ing .  However, s t a b i l i t y  o f  waste dumps, s e t t l i n g  ponds, and 
t a i l i n g s  ponds a r e  a concern and w i t h  t h i s  i n  mind a summary o f  t h e  E l k  
V a l l e y  mines i s  as f o l l o w s .  

- The mines i n  t h i s  area (see Subsect ion 1.5 f o r  l o c a t i o n )  a r e  
g e n e r a l l y  a t  t h e  t o p  o f  a mountain o r  a t  h i g h  e l e v a t i o n  which 
n e c e s s i t a t e s  t h e  i n i t i a l  end-dumping o f  waste m a t e r i a l  on t h e  
upper p o r t i o n s  o f  s teep s lopes,  c r e a t i n g  dump s lope  l e n g t h s  
i n  excess o f  400 m (1312 f t ) .  Coarse rock f a l l s  t o  t h e  
bot tom o f  t h e  dump and a l l o w s  t h e  dra inage necessary a t  t h e  
base. I n  t h e  i n i t i a l  phase o f  i t s  f o r m a t i o n  t h e  dump has a 
s t a b i l i t y  s a f e t y  f a c t o r  o f  1.1 o r  g r e a t e r  i f  t h e  ground s lope  
i s  f l a t  and t h e  base m a t e r i a l  c o n t a i n s  a p p r e c i a b l e  amounts o f  
water .  The s a f e t y  f a c t o r  i s  d e f i n e d  as t h e  f o r c e  r e s i s t i n g  

movement d l v i d e d  by t h e  f o r c e  r e q u i r e d  f o r  movement. A s  t h e  
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m i n i n g  proceeds t o  lower  e l e v a t i o n s ,  wrap-around dumps a r e  
e s t a b l i s h e d .  As t h e  wrap-around dumps proceed downward, t h e  
f a c t o r  o f  s a f e t y  i nc reases .  Th is  a l s o  a l l o w s  f i n a l  r e s l o p i n g  
t o  26 t o  28" f o r  rec lamat ion ,  as desc r ibed  i n  
Subsect ion 6.6.2 below. 

- Proper water  c o n t r o l  impoundments a r e  no rma l l y  r e q u i r e d  
downstream p r i o r  t o  commencement o f  any dumping. D i t ches  and 
ponds a r e  r e q u i r e d  f o r  a l l  dumps acco rd ing  t o  s i t e - s p e c i f i c  
needs. S e t t l i n g  ponds a r e  l o c a t e d  so t h a t  dump f a i l u r e s  
would n o t  a f f e c t  them. 

- P r i o r  t o  1975, t h e r e  was l i t t l e  eng inee r ing  and waste dump 
management i n  t h e  E l k  V a l l e y  area. I n  t h e  p a s t  t e n  years 
t h e r e  have been s u b s t a n t i a l  improvements i n  waste dump 
management. A l l  dumps a r e  moni tored b o t h  f o r  s a f e t y  o f  
workers and machines and t o  c o n t r o l  f a i l u r e s .  

There have been a number o f  major  dump f a i l u r e s  i n  t h e  c o a l  
mines o f  t h e  E l k  V a l l e y  area.  Some o f  these f a i l u r e s  occu r red  p r i o r  t o  
1977 and l i t t l e  o r  no i n f o r m a t i o n  concern ing them i s  a v a i l a b l e .  Nine 
major  dump f a i l u r e s  were considered t o  have t h e  p o t e n t i a l  f o r  
env i ronmenta l  impact o r  t o  a f f e c t  s a f e t y  o f  workers and p r o p e r t y .  These 
a r e  desc r ibed  below. 

Two f a i l u r e s  occu r red  on one dump 400 m (1312 f t )  i n  h e i g h t ,  
caus ing  a m a t e r i a l  movement o f  500,000 t o  600,000 bcm (6.54 x l o 5  t o  

5 7.85 x 10 bcyd).  These were b o t h  t y p e  3 f a i l u r e s  (dump-face f a i l u r e  
due t o  r a p i d  l o s s  o f  suppor t  a t  t o e  [see Subsect ion 6.6.21). I n  these 
cases, t h e  mud and f i n e s  f lowed o u t  f rom t h e  t o e  o f  t h e  dump t o  d i s t a n c e s  
o f  515  m and 550 m (1690 and 1804 f t ) ,  r e s p e c t i v e l y .  T h e i r  cause was 
considered t o  be dumping on a base w i t h  a s lope  o f  31", and o v e r l o a d i n g  
t h e  dump c r e s t .  

There were t h r e e  waste dump f a i l u r e s  i n  t h e  e a r l y  1970's  a t  one 
m i n i n g  o p e r a t i o n  t h a t  i n v o l v e d  movement o f  1,000,000 bcm ( 1 . 3  x 10 bcyd) 
o f  m a t e r i a l  over  d i s t a n c e s  o f  up t o  600 m (1969 f t )  f rom t h e  toe .  The 
h e i g h t s  o f  t h e  dumps were over  500 m (1640 f t ) .  The waste m a t e r i a l  f rom 
these f a i l u r e s  f lowed i n t o  a v a l l e y  which was planned e v e n t u a l l y  t o  be 
t h e  s i t e  o f  a v a l l e y  f i l l  ( v a l l e y  t o  be f i l l e d  w i t h  waste r o c k ) .  Two 

6 
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s e t t l i n g  ponds had been b u i l t ,  one a t  each end o f  t h e  v a l l e y ,  and these 
c o n t r o l l e d  sed imen ta t i on  r e s u l t i n g  f rom t h e  f a i l u r e s .  A combinat ion o f  
causes o f  f a i l u r e  was desc r ibed  by t h e  company, i n c l u d i n g  o v e r l o a d i n g  t h e  
c r e s t  o f  t h e  dump and a p a r t i a l  base f a i l u r e .  

Another t y p e  3 f a i l u r e  occurred a t  a m i n i n g  o p e r a t i o n  which 
i n v o l v e d  a dump 280 m (919 f t )  i n  h e i g h t .  M a t e r i a l  f rom t h i s  dump f lowed 
i n t o  an area which was planned as t h e  s i t e  o f  a v a l l e y  f i l l .  The f a i l u r e  
i n v o l v e d  about 300,000 bcm (3.95 x 10 bcyd) o f  m a t e r i a l  which r a n  on to  
t h e  o t h e r  s i d e  o f  a narrow v a l l e y  and r e s u l t e d  i n  a mud f l o w  400 m 
(1312 f t )  down t h e  v a l l e y .  Sedimentat ion t h e r e  i s  c o n t r o l l e d  by a rock 
d r a i n  and s e t t l i n g  ponds. 

Type 4 f a i l u r e s  (massive downslope movement due t o  s l i d i n g  on 
t h e  bases [see Subsect ion 6.6.21) occurred a t  two m i n i n g  opera t i ons .  One 
f a i l u r e  i n v o l v e d  150,000 bcm (1.98 x l o 5  bcyd) o f  m a t e r i a l  w i t h  a 
runout  o f  200 m ( 6 5 6  f t ) .  The dump was c o n s t r u c t e d  on s o f t  s a t u r a t e d  
s o i l  t h a t  should have been excavated p r i o r  t o  dumping. The o t h e r  f a i l u r e  
i n v o l v e d  about 200,000 bcm (1.32 x 10 bcyd) o f  waste w i t h  a runout  o f  
200 m (656 f t ) .  M a t e r i a l  had been dumped on o l d  c o a l  waste m a t e r i a l  
which l a y  over  s a t u r a t e d  s o i l .  The m a j o r i t y  o f  t h e  mud f l o w  was d i v e r t e d  
down a d ra inage  channel and some o f  t h e  coa rse r  m a t e r i a l  approached t h e  
edge o f  t h e  stream. Sedimentat ion t o  t h e  nearby stream was v i s u a l l y  
observed t o  be min imal  and l a s t e d  l e s s  than  24 hours.  No samples were 
taken  f o r  TSS a n a l y s i s .  

Another minor  dump f a i l u r e  I n  terms o f  volume o f  m a t e r i a l  
occu r red  where a mud f l o w  c o n s i s t i n g  o f  a combinat ion o f  water  and f i n e  
m a t e r i a l  f lowed down an e x i s t i n g  creek.  The volume o f  m a t e r i a l  had b u i l t  
up g r a d u a l l y  and suddenly was re leased,  f l o w i n g  down t o  t h e  E l k  R i v e r  
w i t h  some m a t e r i a l  go ing  i n t o  t h e  r i v e r .  Sedimentat ion was observed t o  
l a s t  l e s s  than  24 hours b u t  no water  samples were c o l l e c t e d .  

Dump f a i l u r e  has been a c o n t i n u i n g  problem b u t  i s  now 
c o n t r o l l e d  by berms. I n  a d d i t i o n ,  ad jacen t  s e t t l i n g  ponds f u n c t i o n  as 
p r imary  s e t t l i n g  s t r u c t u r e s  w i t h  subsequent d ra inage  o f  e f f l u e n t  t o  major  
s e t t l i n g  ponds a t  a lower  e l e v a t l o n .  

5 

5 

There have been no f a i l u r e s  o f  t a i l i n g s  ponds t o  da te  a t  any 
mines i n  t h e  E l k  V a l l e y .  
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There has been o n l y  one case ( i n v o l v i n g  two ponds) o f  s e t t l i n g  
pond f a i l u r e  i n  t h e  E l k  Va l l ey ;  t h i s  occur red  i n  May o f  1986. A r e p o r t  
on t h e  1986 f a i l u r e s  and t h e i r  i m p l i c a t i o n s  f o r  t h e  proposed Sage Creek 
Coal L i m i t e d  p r o j e c t  i s  g i ven  i n  Appendix 7 .  

6.6.2 Waste Dump S t a b i l i t y  a t  t h e  Proposed Sage Creek Coal L i m i t e d  

The waste dumps a t  t h e  proposed o p e r a t i o n  would be developed by 
end-dumping. They would be developed outwards i n  a s e r i e s  o f  l e v e l  
benches g e n e r a l l y  30 t o  35 m (100 t o  115 f t )  a p a r t  i n  e l e v a t i o n .  Due t o  
s teep topography i n  some areas, t h e  maximum s i n g l e  l i f t  e l e v a t i o n  
d i f f e r e n c e  f rom c r e s t  t o  t o e  would be approx imate ly  120 m (400 f t ) .  
End-dumping i n  t h i s  manner would r e s u l t  i n  s i g n i f i c a n t  s i z e  segregat lon  
o f  m a t e r i a l  f rom t h e  c r e s t  t o  t h e  t o e  o f  t h e  dump. Large d iameter  
m a t e r i a l  would accumulate a t  t h e  bo t tom o f  t h e  dump l i f t  w h i l e  t h e  f i n e r  
m a t e r l a l s  would remain near t h e  c r e s t .  Th is  s i z e  segregat ion  would 
promote dra inage o f  water  th rough t h e  base o f  t h e  dump. Th is  would 
p revent  t h e  b u i l d u p  o f  h i g h  pore  water  p ressure  w i t h i n  t h e  dump and 
t h e r e f o r e  would enhance s t a b i l i t y  o f  t h e  dumps. 

Waste dumps cons t ruc ted  i n  t h i s  manner a r e  s u b j e c t  t o  f o u r  
types  o f  f a i l u r e  (Go lder  Associates 1981). These a r e  d iscussed below. 

Type 1: S l i v e r  f a i l u r e  near t h e  dump c r e s t .  
Type 2: Slumping o f  t h e  dump face  due t o  y i e l d i n g  a t  t h e  toe .  
Type 3: F a i l u r e  on t h e  dump face  as a r e s u l t  o f  a r a p i d  l o s s  

Type 4: Massive downslope movement as a r e s u l t  o f  s l i d i n g  on 

Type 1 and, l e s s  commonly, Type 2 f a i l u r e s  can occur  
i r r e s p e c t i v e  o f  t h e  s lope o f  t h e  founda t ion  on which t h e  dump i s  
cons t ruc ted .  Type 3 and 4 f a i l u r e s  a r e  governed by bo th  t h e  s lope o f  t h e  
foundat ion  area of t h e  dump and t h e  shear s t r e n g t h  o f  s u r f i c i a l  m a t e r i a l s  
below t h e  dump. 

A Type 1 ( s l i v e r )  f a i l u r e  occurs as a r e s u l t  o f  oversteepening 
of  t h e  dump face  near t h e  c r e s t .  The presence o f  f i n e  m a t e r i a l s  near t h e  
c r e s t  c o n t r i b u t e s  added cohesion which a l l ows  t h e  face  below t h e  c r e s t  t o  

o f  support  a t  t h e  toe .  

t h e  base. 
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stand a t  an ang le  g r e a t e r  than t h e  ang le  o f  repose. As t h e  s i z e  o f  t h i s  
area increases,  t h e  we igh t  o f  the m a t e r i a l s  overcomes t h e  shear 
r e s i s t a n c e  and f a i l u r e  occurs.  The m a t e r i a l  moves down t h e  face  o f  t h e  
s lope and comes t o  r e s t  near t h e  t o e  o f  t h e  dump. Th is  type  o f  f a i l u r e  
i s  n o t  l i k e l y  t o  pose a t h r e a t  t o  water  q u a l i t y  as t h e  m a t e r i a l s  a r e  
d i s t r i b u t e d  a long t h e  face  and a t  t h e  t o e  o f  t h e  dump; t h i s  assumes t h a t  
t he  r a t e  o f  dumping i s  c o n t r o l l e d  and t h e  s lope i s  n o t  t o o  steep. 
Therefore,  m a t e r i a l s  f rom t h i s  t ype  o f  f a i l u r e  would no t  be expected t o  
reach the  creeks a t  t h e  proposed Sage Creek Coal L i m i t e d  mine s i t e .  

A Type 2 f a i l u r e  r e s u l t s  f r o m  y i e l d i n g  o f  s o f t  s o i l  f ounda t ion  
m a t e r i a l s  near the  t o e  o f  t h e  dump. These weak founda t ion  m a t e r i a l s  
y i e l d  t o  s t resses  f rom t h e  dump, r e s u l t i n g  i n  displacement o f  t h e  s o f t  
s o i l ,  y i e l d i n g  o f  t h e  dump toe ,  and subsequent slumpage o f  t he  dump 
face .  D isp laced m a t e r i a l s  remain near the  t o e  o f  t h e  dump and, as such, 
t h i s  t ype  o f  f a i l u r e  does n o t  pose much o f  a t h r e a t  t o  water q u a l i t y .  
Th is  type  o f  f a i l u r e  i s  shown i n  F igu re  12. 

A Type 3 f a i l u r e  occurs when a s t e e p l y  s l o p i n g  foundat ion  i s  
combined w i t h  s u r f i c i a l  f ounda t ion  m a t e r i a l s  w i t h  a shear s t r e n g t h  l e s s  
than t h a t  o f  t h e  waste rock .  A f a i l u r e  occurs near t h e  t o e  o f  t he  dump 
(mass 1, F igu re  13) .  Th is  f a i l u r e  r e s u l t s  i n  a r a p i d  r e d u c t i o n  o f  
l a t e r a l  suppor t  o f  t h e  dump m a t e r i a l  above (mass 2, F igu re  13) .  Th is  
l a t t e r  m a t e r i a l  then f a i l s ,  acce le ra tes ,  and a t t a i n s  a h i g h  v e l o c i t y .  
M a t e r i a l s  f rom t h l s  t ype  of  f a i l u r e  can t r a v e l  s u p r i s i n g l y  l o n g  d is tances  
f r o m  t h e  t o e  of t h e  dump and cou ld  pose a t h r e a t  t o  water  q u a l i t y  a t  the 
proposed mine s i t e .  

The v e r t i c a l  ang le  f rom the  h o r i z o n t a l  sur face  o f  t he  dump a t  
t h e  c r e s t  t o  t h e  f a r t h e s t  p o i n t  o f  t r a v e l  o f  waste m a t e r i a l s  i s  known as  
t h e  Fahrboschung. E m p i r i c a l  da ta  f o r  t he  Fahrboschung a r e  shown i n  
F igu re  14 .  The minimum Fahrboschung f r o m  t h e  e m p i r i c a l  da ta  i s  11". 
Given t h i s  minimum ang le  and t h e  topography o f  t h e  proposed mine 's  waste 
dump areas, i f  any s l i d e s  o f  t h i s  type  occur ,  they cou ld  t r a v e l  a few 
thousand m e t r e s  f rom t h e  dump c r e s t  (see F igu re  1 4 ) .  

A Type 4 f a i l u r e  i s  an en masse f a i l u r e .  Th is  type  o f  f a i l u r e  
occurs as a r e s u l t  o f  s l i d i n g  on t h e  base o f  t h e  dump when t h e  we igh t  o f  

t h e  dump overcomes t h e  f r i c t i o n a l  r e s i s t a n c e  t o  s l i d i n g .  Th is  type  o f  
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'LOCALIZED ZONE OF SOFT SOIL PERMITS LATERAL 
YIELDING OF TOE WHICH RESULTS IN SLUMPING 
ON FACE OF WASTE PILE 

SHAPE OF STRESS - STRAIN CURVE 
FOR SOFT SOIL 

cn 
Y 
E cn 

STRAIN 

F l g u r e  12.  Type 2 f a i l u r e  - slumping on face  due t o  l a t e r a l  y i e l d i n g  a t  
t h e  t o e .  
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Figure 13. Type 3 failure. 
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Figure 14. Type 3 failure illustrating Fahrboschung. 
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f a i l u r e  i s  t h e  most severe. Golder Associates (1981) conducted s t a b i l i t y  
analyses o f  t h e  proposed m ine ' s  waste dumps f o r  en masse f a i l u r e s .  
Resu l t s  o f  t hese  analyses a r e  summarized below. 

L o c a t i o n  o f  a waste dump a l s o  determines I t s  p o t e n t i a l  f o r  
impac t ing  water  q u a l i t y .  Proposed waste dump l o c a t i o n s ,  c r o s s - s e c t i o n  
l o c a t i o n s  f o r  s t a b i l i t y  a n a l y s i s ,  t e s t  p i t  l o c a t i o n s ,  and r e l a t i o n s h i p  t o  
o t h e r  f a c i l i t i e s  a t  t h e  proposed mine a r e  shown on F i g u r e  15. Dumps D 
and E would be a d j a c e n t  t o  Howel l  Creek. R e l a t i v e l y  l o n g  l e n g t h s  o f  
Dumps 8 and C, as w e l l  as a smal l  p o r t i o n  o f  Dump A,  would be ad jacen t  t o  
Cabin Creek. Waste Dump F would be a smal l  dump between t h e  creeks b u t  
l o c a t e d  seve ra l  hundred metres f r o m  them. 

Waste Dump D would be l o c a t e d  w i t h  over  1 km (3300 f t )  o f  i t s  
l e n g t h  a d j a c e n t  t o  Howel l  Creek. The dump would c o n s i s t  o f  8 benches a t  
30 t o  35 m (100 t o  115 f t )  e l e v a t i o n  i n t e r v a l s .  The dump would be 
c o n s t r u c t e d  i n  two stages. The maximum e l e v a t i o n  d i f f e r e n c e  o f  t h e  
e n t i r e  dump would be 290 m (951 f t ) .  Slopes o f  t h e  f o u n d a t i o n  would va ry  
f rom n e a r l y  f l a t  t o  30" i n  t h e  upper reaches. Bedrock would make up t h e  
f o u n d a t i o n  m a t e r i a l s  f o r  t h e  upper reaches o f  t h e  dump, w h i l e  g l a c i a l  
t i l l  would be t h e  f o u n d a t i o n  m a t e r i a l  f o r  t h e  lower  reaches. The bedrock 
m a t e r i a l s  a r e  covered w i t h  a t h i n  l a y e r  o f  co l l uv ium.  S t a b i l i t y  analyses 
assoc ia ted  w i t h  dump development a r e  shown i n  F i g u r e  16. The minimum 
f a c t o r  o f  s a f e t y  i s  1.4. Th is  dump would be considered s t a b l e  w i t h  
respec t  t o  mass movement. 

Waste Dump E would be l o c a t e d  ad jacen t  t o  t h e  eas t  s i d e  of  
Howel l  Creek. The dump would be on n e a r l y  f l a t  f l o o d  p l a i n  g r a v e l s .  
These g r a v e l s  would be considered a competent f ounda t ion .  The dump would 
be developed i n  two stages, reach ing  a maximum e l e v a t i o n  d i f f e r e n c e  o f  
68 m (223 f t ) .  Th is  dump was considered i n h e r e n t l y  s t a b l e  (Golder  
Associates 1981) w i t h  respec t  t o  mass movement, and t h e r e f o r e ,  s t a b i l i t y  
analyses were n o t  conducted. The extreme southeast  co rne r  o f  t h e  waste 
dump would be l o c a t e d  w i t h i n  t h e  200-year f l o o d  l e v e l .  Th i s  co rne r  o f  
t h e  dump i s  proposed t o  be r i p - r a p p e d  w i t h  coarse sandstone f o r  e r o s i o n  
p r o t e c t i o n .  

Waste Dump C would be developed i n  t h r e e  stages and would be 
ad jacen t  t o  Cabin Creek. The f i r s t  s tage would be a bench w i t h  a c r e s t  
e l e v a t i o n  o f  1640 m (5381 f t )  and a t o e  e l e v a t i o n  o f  1540 m (5052 f t ) .  
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\ I \  , 

F i g u r e  1 5 .  S i t e  p l a n  showing waste dump cross-sect ions ( e . g . ,  GIG) and 
t e s t  p i t  l o c a t i o n s  ( e . g . ,  T . P .  7 ) .  
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The second stage would c o n s i s t  o f  2 a d d i t i o n a l  benches a t  e l e v a t i o n s  o f  
1600 and 1560 m (5248 and 5117 f t ) .  Seven benches a t  app rox ima te l y  30 m 
(100 f t )  e l e v a t i o n  i n t e r v a l s  f rom 1540 m t o  1356 m (5052 t o  4449 f t )  
would be developed d u r i n g  t h e  t h i r d  stage. The t o t a l  e l e v a t i o n  
d i f f e r e n c e  between t h e  t o p  and bot tom o f  Dump C would be approx ima te l y  
305 m (1000 f t ) .  The s lope  o f  t h e  founda t ion  would va ry  between 15" and 
34O. 

The upper area f o u n d a t i o n  o f  Dump C m a t e r i a l s  would be bedrock 
w i t h  t h i n  c o l l u v i u m .  The lower  dump area founda t ion  would be bedrock 
masked w i t h  ha rd  g l a c i a l  t i l l  m a t e r i a l s .  The d i p  o f  t h e  bedrock would 
n o t  adve rse l y  a f f e c t  s t a b i l i t y .  C r o s s - j o i n t s  d i p  a t  65O t o  80" 
s u b p a r a l l e l  t o  t h e  s lope.  S t a b i l i t y  a n a l y s i s  r e s u l t s  a r e  shown on 
F i g u r e  17. The minimum f a c t o r  o f  s a f e t y  c a l c u l a t e d  was 1.2, w i t h  
s t a b i l i t y  i n c r e a s i n g  w i t h  p r o g r e s s i v e l y  lower  benches. Golder Associates 
(1981) considered t h i s  dump s a f e  w i t h  respec t  t o  base s l i d i n g .  

Waste Dump B would a l s o  be ad jacen t  t o  Cabin Creek. The dump 
would be developed i n  two stages. Stage 1 would be c h a r a c t e r i z e d  by 
development o f  6 benches f rom e l e v a t i o n s  o f  1585 t o  1430 m (5200 t o  
4692 f t ) .  Stage 2 would c o n s i s t  o f  development o f  a s i n g l e  bench a t  an 
e l e v a t i o n  o f  1417 m (4649 f t ) .  The upper founda t ion  o f  t h e  proposed dump 
would be bedrock and c o l l u v i u m .  Foundat ion m a t e r i a l s  f rom t h e  mid- t o  
lower-  l e v e l s  o f  t h e  dump would c o n s i s t  o f  g l a c i a l  t i l l .  A s p r i n g  was 
found near t e s t  p i t  5 ( F i g u r e  15)  and o rgan ic  s o i l s  were assoc ia ted  w i t h  
t h e  s p r i n g .  Bedrock d i p s  t o  t h e  eas t  w i t h  s t r i k e  p e r p e n d l c u l a r  t o  t h e  
s lope.  J o i n t  p a t t e r n s  were noted on a e r i a l  photographs. The s t a b i l i t y  
analyses a r e  shown on F i g u r e  18. The minimum f a c t o r  o f  s a f e t y  c a l c u l a t e d  
was 1.3. Th is  was considered adequate w i t h  respec t  t o  mass f a i l u r e  
(Golder  Associates 1981). 

Type 2 f a i l u r e s  i n  Waste Dump B would be l i k e l y  t o  occur i n  t h e  
area o f  t h e  s p r i n g  and o rgan ic  s o i l s .  To p rec lude  t h i s  t y p e  o f  f a i l u r e ,  
Golder Associates (1981) recommended removal o f  t h e  o rgan ic  s o i l s  p r i o r  
t o  dumping i n  t h i s  area. The coarse m a t e r i a l  a t  t h e  base o f  t h e  dump 
should p reven t  t h e  b u i l d u p  o f  h i g h  po re  water  pressures.  

I n  t h e  southeast  p o r t i o n  o f  Dump B l o c a t e d  I n  t h e  v i c i n i t y  o f  
GG i n  F i g u r e  15, t h e  bedrock sandstone forms slopes as s teep as 39". I f  
Waste Dump B was advanced i n t o  t h i s  area p r i o r  t o  c o n s t r u c t i o n  o f  lower  
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l e v e l s  an occas iona l  Type 3 f a i l u r e  m igh t  occur .  I f  t h e  lower  benches 
were developed f i r s t  t h i s  would decrease t h e  p r o b a b i l i t y  o f  a Type 3 
s l i d e .  The shear s t r e n g t h  o f  t h e  sandstone f o u n d a t i o n  m a t e r i a l  would 
l i k e l y  be s t r o n g  enough t o  make a Type 3 s l i d e  a remote p o s s i b i l i t y .  
Based upon t h e  Fahrboschung e m p i r i c a l  data,  an ang le  o f  22" was 
es t ima ted .  Using t h i s  angle,  a s l i d e  o f  t h i s  t y p e  c o u l d  reach t h e  
u l t i m a t e  l i m i t  o f  t h e  dump. I f  a Type 3 s l i d e  d i d  occur,  t h e  impact t o  
Cabin Creek c o u l d  be s i g n i f i c a n t l y  reduced by c o n s t r u c t i n g  and 
m a i n t a i n i n g  a berm a t  t h e  t o e  o f  Dump 6 as proposed by Golder Associates 
(1981).  A l though a berm was n o t  proposed around Dump 6 i n  t h e  Stage I 1  
EA, t h e  MDC assumes t h a t  t o  meet c o n s i s t e n t  env i ronmenta l  c o n t r o l s ,  a 
berm would be c o n s t r u c t e d  he re  s i m i l a r  t o  what has been proposed f o r  
Dump C on t h e  o p p o s i t e  s i d e  o f  Cabin Creek f rom Dump 6. 

The area i n  t h e  v i c i n i t y  o f  l i n e  FF on F i g u r e  15 has been 
d iscussed as a p o s s i b l e  o l d  s l i d e  i n  m a t e r i a l s  o f  t h e  F e r n i e  Group. No 
d r i l l i n g  has been done t o  i n v e s t i g a t e  t h i s .  The s t r a i g h t  reach o f  Cabin 
Creek above t h e  proposed b r i d g e  appears t o  be c o i n c i d e n t  w i t h  a f a u l t .  
Golder Associates (1981) b e l i e v e d  t h a t  any p a s t  mass movement o f  rocks 
would have a f f e c t e d  o r  o b l i t e r a t e d  t h e  s u r f a c e  e f f e c t s  o f  t h i s  f a u l t .  I t  
i s  apparent t h a t  movement has n o t  occurred,  because Cabin Creek f l ows  
a long  t h e  t o e  o f  t h e  s teep s lope  on t h e  south s i d e  o f  t h e  v a l l e y .  From 
r e v i e w i n g  t h i s  i n f o r m a t i o n  and a e r i a l  photographs o f  t h e  area Golder 
Associates (1961) concluded t h a t  t h i s  area was n o t  an o l d  s l i d e .  

A minor  p o r t i o n  o f  Waste Dump A would be l o c a t e d  ad jacen t  t o  
Cabin Creek and a d d i t i o n a l  p o r t i o n s  w i t h i n  186 t o  372 m (610 t o  1220 f t )  
o f  Howel l  Creek below t h e  conf luence w i t h  Cabin Creek. Stage 1 
development o f  t h i s  dump would c o n s i s t  o f  11 benches w i t h  e l e v a t i o n s  o f  
1645 t o  1341 m (5397 t o  4400 f t )  and a 1 2 t h  bench a t  an e l e v a t i o n  o f  
1326 m (4350 f t ) .  The second stage would r a i s e  t h i s  bench t o  1341 m 
(4400 f t )  i n  e l e v a t i o n  ( F i g u r e  19 ) .  The s lope  o f  most o f  t h e  dump area 
would be l e s s  than  14", b u t  a smal l  area i n  t h e  upper reaches o f  t h e  dump 
would c o n t a i n  s lopes up t o  28". Foundat ion m a t e r i a l s  a r e  g l a c i a l  t i l l  
and c l a y .  T'he g l a c i a l  t i l l  i s  thought  t o  be t h i n  because t h e  s u r f a c e  
e f f e c t s  o f  bedrock s t r u c t u r e  can be seen i n  t h e  t i l l .  A f a u l t  system 
w i t h  a no r thwes t -sou theas t  o r i e n t a t i o n  e x i s t s  i n  t h i s  area.  S t a b i l i t y  
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analyses were n o t  r u n  due t o  t h e  f l a t  s lopes on which t h e  dump i s  
p laced.  Th is  dump would be expected t o  be ve ry  s t a b l e  (Golder  Associates 
1981). 

I n  t h e  t o e  area o f  Dump A,  minor  l o c a l  depress ions appear t o  be 
assoc ia ted  w i t h  a f a u l t .  These depress ions a r e  c h a r a c t e r i s e d  by p o o r l y  
d r a i n e d  o rgan ic  s o i l .  As t h e  dump advances on to  these areas, Type 2 
f a i l u r e s  would be expected t o  occur .  The company has proposed t o  remove 
these s o i l s  f o r  r e c l a m a t i o n  purposes where p o s s i b l e  (Stage I 1  EA p.4-43); 
t h i s  would improve dump s t a b i l i t y .  However, i t  i s  n o t  c l e a r  where t h e  
o rgan ic  d e p o s i t s  a r e  l o c a t e d .  A lso,  a number o f  mine s i t e  s t r u c t u r e s  a r e  
proposed which l i e  below p o r t i o n s  o f  Dump A ( F i g u r e  15 ) .  These i n c l u d e  
t h e  re fuse  dump and a berm around t h e  base, t h e  p rocess ing  p l a n t  near t h e  
n o r t h e a s t  co rne r  o f  Dump A, and t h e  t a i l i n g s  pond j u s t  eas t  o f  Dump A. 
The f i r s t  two o f  t hese  may be b a r r i e r s  t o  m a t e r i a l  movement, and 
t h e r e f o r e  may p reven t  water  q u a l i t y  impacts.  However, i t  i s  n o t  c l e a r  
whether t h e  t a i l i n g s  pond would be a means o f  m i n i m i z i n g  o r  c o n t r i b u t i n g  
t o  water  q u a l i t y  impacts i n  t h e  event o f  a dump f a i l u r e  i n  t h a t  area. 

Waste dump F i s  a smal l  dump which would be assoc ia ted  w i t h  t h e  
h a u l  road t o  t h e  N o r t h  H i l l  p l t .  The maximum dump h e i g h t  would be 
approx ima te l y  106 m (350 f t ) .  The dump would be l o c a t e d  n e a r l y  610 m 
(2000 f t )  f r o m  Cabin Creek and would n o t  l i k e l y  be a t h r e a t  t o  t h e  
c reek .  Th is  dump was n o t  d iscussed by Golder Associates (1981).  

Golder Associates (1981) d iscussed seve ra l  measures f o r  
p r o t e c t i o n  o f  t h e  creeks.  Where s o f t  o rgan ic  s u r f a c e  s o i l s  a r e  p resen t  
w i t h i n  t h e  proposed f o u n d a t i o n  area o f  t h e  dumps, these o rgan ic  s o i l s  
should be s t r i p p e d  and removed t o  expose t h e  u n d e r l y i n g  competent 
overburden s o i l s  o r  bedrock.  I f  these o rgan ic  s o i l s  were removed, t h e  
p o s s i b i l i t y  o f  mudflow occurrences d u r i n g  dump development would be 
remote. However, t o  p r o t e c t  t h e  creeks f rom s l i d e  d e b r i s ,  I t  i s  proposed 
i n  t h e  Stage I 1  EA t h a t  p r o t e c t i v e  berms be c o n s t r u c t e d  a t  t h e  t o e  o f  
Dump C a l o n g  Cabin Creek and a t  t h e  t o e  o f  Dump D a l o n g  Howel l  Creek. 
A l though t h e  company has n o t  i n d i c a t e d  p lans  i n  i t s  Stage I 1  proposal  t o  
c o n s t r u c t  a berm a t  t h e  t o e  o f  Dump B south o f  Cabin Creek, t h e  MDC 
assumes such a berm would be c o n s t r u c t e d  f o r  reasons s t a t e d  above. 
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The protective berms would be constructed concurrently with the 
development o f  the dumps and would be maintained at a distance of 
approximately 90 m (300 ft) ahead o f  the fall line (projected to the 
bottom o f  the slope). The protective berms would be approximately 30 m 
(100 ft) wide and 10 m (33.8 ft) high. These berms would help protect 
against escape of slide debris into drainage courses should a failure on 
an advancing dump face develop into a mudflow. It is important, however, 
to recognize that berms can protect against encroachment o f  dumped 
material and small failures, but will not contain a major slide. 

As shown on the various cross-sections, the development of the 
waste dumps would result in construction of a series o f  benches with the 
interbench slopes at the angle of repose o f  approximately 37'. These 
slopes would be reduced to 26' to facilitate revegetation of the 
completed dumps. This slope reduction would improve the overall 
stability o f  the dumps. Golder Assoclates (1981) estimated that this 
slope reduction would result in a safety factor o f  1.5 for shallow 
failure surfaces. This would be high enough to preclude near-surface 
creep movements which could hamper root system establishment. 

Implementation of the measures proposed (Golder Associates 
1981) should adequately protect Cabin and Howell Creeks from potential 
slides during and after waste dump development. The dumps generally 
would have increased stability as they approached the creeks. Proper 
development of the dumps and maintenance o f  the protective berms should 
afford additional protection for the creeks. The reduction of the slopes 
for reclamation would further enhance stability o f  the dumps. Although 
the possibility of slide debris reaching Cabin Creek or Howell Creek 
would exist, proper construction and management should virtually 
eliminate the chance o f  this happening. 

6.6.3 Consequences o f  Waste Dump Failure 
The consequences of waste dump failures and the areas where 

they are most likely to affect water quality are discussed below in 

qualltative terms. It i s  not feasible to quantitatively estimate the 
probability o f  these events occurring or their effect on Cabin or Howell 
Creeks. 
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wou 
Waste Dumps B, 

d be t h e  most l i k e  
s teeper  s lopes,  b u t  t h e  

C,  and D, a r e  t h e  most c r i t i c a l .  F a i l u r e s  t h e r e  

y t o  a f f e c t  water  q u a l i t y .  Dump D begins on 
m a j o r i t y  o f  t h e  t o e  area i s  on g e n t l e  s lopes 

ad jacen t  t o  Howel l  Creek and t h e  f a c t o r s  o f  s a f e t y  i n c r e a s e  t o  two o r  
g r e a t e r  i n  t h i s  area.  A f a i l u r e  which would a f f e c t  water  q u a l i t y  i n  
Howel l  Creek i s  u n l i k e l y .  

Waste Dumps B and C a r e  l o c a t e d  ad jacen t  t o  Cabin Creek. Both 
o f  these dumps have s a f e t y  f a c t o r s  r a n g i n g  f rom 1.5 t o  2.0 i n  t h e  t o e  
areas o f  t h e  dumps near Cabin Creek. Dump B would be more l i k e l y  than 
Dump C t o  have a f a i l u r e  which c o u l d  a f f e c t  t h e  water  q u a l i t y  o f  Cabin 
Creek. Th is  would be due t o  s teeper  s lopes i n  t h e  upper reaches o f  
Dump B and t h e  presence o f  o rgan ic  m a t e r i a l s  and assoc ia ted  seeps i n  
p o r t i o n s  o f  t h e  f o u n d a t i o n  area (p lanned t o  be excavated) o f  Dump B. 

If waste dump f a i l u r e s  occurred,  m a t e r i a l s  c o u l d  be c a r r i e d  
beyond t h e  p r o t e c t i v e  berms and i n t o  t h e  creeks.  A f a i l u r e  reach ing  
Cabin Creek o r  Howel l  Creek c o u l d  c o n t r i b u t e  l a r g e  amounts o f  suspended 
s o l i d s  t o  t h e  s t ream and d i v e r t  f l o w  u n t i l  t h e  channel r e a d j u s t s .  The 
volume o f  m a t e r i a l  f rom t h i s  t y p e  o f  event may o r  may n o t  be l a r g e  enough 
t o  t e m p o r a r i l y  b l o c k  f l o w  o f  t h e  stream. Movement o f  a l a r g e  volume o f  
waste m a t e r i a l  near t h e  stream, however, cou ld  p o t e n t i a l l y  c ross  t h e  
p r o t e c t i v e  berm and dam t h e  stream. Th is  would e l i m i n a t e  o r  seve re l y  
reduce downstream f l o w  u n t i l  t h e  dam breached. Flow would then  inc rease  
s u b s t a n t i a l l y  ( s i m i l a r  t o  a f l o o d  f l o w )  c a r r y i n g  w i t h  i t  l a r g e  amounts o f  
suspended s o l i d s .  The l e v e l s  o f  suspended s o l i d s  would l i k e l y  remain 
e l e v a t e d  u n t i l  t h e  s t ream channel a d j u s t e d  t o  a new s t a t e  o f  e q u i l i b r i u m  
between f l o w  volume and channel s i z e .  
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PURPOSE 

To p r o v i d e  a l l  Techn ica l  Committees w i th  Board p o l i c y  r e g a r d i n g  m i n e s i t e  
des ign,  s p e c i f i c a t i o n s  t o  be used i n  assess ing impacts on water  q u a n t i t y  
and q u a l i t y  i n  t h e  F la thead  Basin.  

BACKGROUND 

Sage Creek Coal p r o j e c t  des ign  has n o t  been f i n a l i s e d .  The Stage I 1  
des ign  was a p p r o v e d - i n - p r i n c i p l e  by t h e  B.C. Government i n  February 1984 
s u b j e c t  t o  a number o f  c o n d i t i o n s .  Normal ly  t h e  company would t a k e  these 
c o n d i t i o n s  i n t o  account when comp le t i ng  f i n a l  design, r e q u i r e d  b e f o r e  
v a r i o u s  p e r m i t s  and l i c e n c e s  can be a u t h o r i s e d  and f i n a l  pe rm iss ion  t o  
proceed i s  g ran ted .  Th is  occurs a t  t h e  end o f  Stage 111 i n  B.C.'s Mine 
Development app rova l  process. 

The B.C. Government has developed a d e t a i l e d  framework o f  r e g u l a t i o n s  and 
g u i d e l i n e s  under t h e  Coal Act  Regu la t i ons  (see page 3 o f  "Legal  and 
A d m i n i s t r a t i v e  Arrangements f o r  Regu la t i ng  and M o n i t o r i n g  Coal 
Development i n  B r i t i s h  under t h e  Waste Management Ac t  and t h e  
Water Ac t  (see page 7 ,  o p . c i t . ) ;  and under t h e  F i s h e r i e s  Ac t  (Canada) 
( see  page 12, o p . c i t . ) .  T h i s  framework guides t h e  f i n a l  des ign  process 
d u r i n g  Stage 111. 

DISCUSSION 

Because t h e  m ine ' s  development p l a n  i s  s t i l l  i n  t h e  conceptual  des ign  
phase (Stage 11) i t  w i l l  n o t  be p o s s i b l e  t o  e s t i m a t e  p r e c i s e l y  t h e  
impacts on wa te r  q u a n t i t y  and q u a l i t y  downstream i n  t h e  F la thead  system 
w i t h o u t  making s p e c i f i c  assumptions r e g a r d i n g  f i n a l  des ign.  

The Board 's  p o l i c y  on t h i s  m a t t e r  i s  t o  develop two m i n e s i t e  cases t o  
a l l o w  a Pange o f  p o t e n t i a l  i n p u t s  t o  be eva lua ted  on water  dependent 
resources o f  t h e  F la thead  b a s i n .  

The f i r s t  example i s  c a l l e d  t h e  "most d e s i r a b l e "  case, under which i t  i s  
assumed t h a t  a l l  components o f  m i n e s i t e  des ign w i l l  ope ra te  up t o  t h e  
des ign  f requenc ies  s p e c i f i e d  i n  t h e  va r ious  r e g u l a t i o n s  and g u i d e l i n e s  
noted above and s p e c i f i e d  l a t e r  i n  t h i s  d i r e c t i v e .  

The second example i s  named an " o p e r a t i o n a l "  case, under which p o s s i b l e  
f a i l u r e s  t o  achieve f u l l  and c o n s i s t e n t  compliance w i t h  a l l  r e g u l a t i o n s  
and g u i d e l i n e s  w i l l  be assumed based on exper ience w i t h  e x i s t i n g  
o p e r a t i n g  mine developments i n  t h e  E l k  R i v e r  V a l l e y  and reasonable 
assumptions about problems caused by "extreme events"  t h a t  exceed t h e  
c o n d i t i o n s  s p e c i f i e d  i n  t h e  above--mentioned r e g u l a t i o n s  and g u i d e l i n e s ,  
and t h e  s i t e - s p e c i f i c  s i t u a t i o n  a t  Sage Creek. 
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The Board would l i k e  t o  approve these two des ign  statements o u t l i n e d  
above f o r  d i s t r i b u t i o n  t o  t h e  o t h e r  Technica l  Committees i n  advance o f  
t h e  Workshop t o  be h e l d  i n  K a l i s p e l l ,  Montana on November 1 9 t h  and 20th.  

Acco rd ing l y ,  t h e  Board makes t h e  f o l l o w i n g  d i r e c t i v e s :  

1 .  The M i n e s i t e  Development Committee s h a l l  develop a "most 
d e s i r a b l e "  m i n e s i t e  case f o r  Sage Creek based on t h e  Stage I 1  
des ign  and t h e  f u r t h e r  assumption t h a t  a l l  c o n d i t i o n s  s p e c i f i e d  
i n  t h e  B.C. Government's r e g u l a t i o n s  and d e t a i l e d  g u i d e l i n e s  
assoc ia ted  w i t h  c o a l  mine development w i l l  be met. These i n c l u d e :  

- Gu ide l i nes  f o r  Design, C o n s t r u c t i o n ,  Operat ion,  and 
Abandonment o f  T a i l i n g s  Impoundments (EMPR); 

- Gu ide l i nes  f o r  Mine Dumps (EMPR);  
- Gu ide l i nes  f o r  Approval  o f  Main Sur face Haul Roads R e g u l a r l y  

Used f o r  t h e  T r a n s p o r t a t i o n  o f  M i n e r a l s  o r  Wastes a t  Mines 
(EMPR) ; 

- Mine Reclamat ion Gu ide l i nes  (EMPR); 
- P o l l u t i o n  C o n t r o l  O b j e c t i v e s  f o r  t h e  M in ing ,  Smel t ing,  and 

Re la ted  I n d u s t r i e s  o f  B.C. (gove rn ing  a i r ,  s o l i d ,  and l i q u i d  
waste d i scha rges  a t  m i n e s i t e s ,  p r e p a r a t i o n  p l a n t s ,  
c o n s t r u c t i o n  camps) (MOE);  

- Water Licences and Approvals gove rn ing  a l l  s u r f a c e  water  
d i v e r s i o n  and s e t t l i n g  ponds (MOE);  

- Gu ide l i nes  f o r  s t ream c ross ings  (MOE) .  

2. The M i n e s i t e  Development Committee s h a l l  a l s o  prepare an 
" o p e r a t i o n a l 1 t  case f o r  Sage Creek based on p o s s i b l e  f a i l u r e s  t o  
achieve a l l  t h e  above-mentioned r e g u l a t i o n s .  I n  deve lop ing  t h i s  
case, t h e  Committee s h a l l  assemble e x i s t i n g  i n f o r m a t i o n  on t h e  
a c t u a l  performance o f  o p e r a t i n g  mines i n  t h e  E l k  V a l l e y .  The 
Committee s h a l l  a l s o  i d e n t i f y  any parameters t h a t  m igh t  a f f e c t  
water  q u a n t i t y  and q u a l i t y  i n  Cabin and Howel l  Creeks and t h e  
F la thead  R i v e r  a t  t h e  I n t e r n a t i o n a l  Boundary t h a t  were n o t  
a l r e a d y  i d e n t i f i e d  i n  t h e  "most d e s i r a b l e "  case. Furthermore i t  
w i l l  i d e n t i f y  p o s s i b l e  "extreme events"  t h a t  exceed c o n d i t i o n s  
o u t l i n e d  i n  v a r i o u s  r e g u l a t i o n s ,  and t h e  water  q u a n t i t y  and 
q u a l i t y  o f  p o i n t  and non-po in t  d ischarges o f f  t h e  m i n e s i t e ,  as 
w e l l  as s t ream channel morphology. 

The Committee should use i t s  c o l l e c t i v e  judgements based on 
p r a c t i c a l  exper ience i n  managing c o a l  developments i n  deve lop ing  
t h i s  " o p e r a t i o n a l "  case. I t  should p r o v i d e  t h e  Board w i t h  i t s  
r a t i o n a l e  r e g a r d i n g  how and why s p e c i f i c  des ign  c o n d i t i o n s  were 
assumed. 

3. These statements o f  m i n e s i t e  cases s h a l l  be prepared and 
d i s t r i b u t e d  t o  t h e  Board no l a t e r  t han  October 31, 1985. 
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The statement s h a l l  i n c l u d e  des ign  s p e c i f i c a t i o n s  f o r :  

- m i n e s i t e  water  management measures; 
- waste t rea tmen t  a t  p rocess ing  p l a n t  and c o n s t r u c t i o n  camps; 
- b l a s t i n g  procedures;  
- mine waste d i s p o s a l  and dump s t a b i l i t y ;  
- c o a l  h a n d l i n g  and d u s t  suppression; 
- r e c l a m a t i o n  measures; 
- c o n s t r u c t i o n  o f  power l i nes  and roads. 

I t  s h a l l  cover  t h e  mine c o n s t r u c t i o n ,  o p e r a t i o n ,  and abandonment 
phases. 

4. Where t h e  M i n e s i t e  Development Corm i t tee  f e e l s  i t  I s  unable t o  
s p e c i f y  des ign  c o n d i t i o n s  and/or e s t i m a t e  water  q u a n t i t y  or 
q u a l i t y  r e s u l t i n g  f rom p o i n t  and n o n - p o i n t  d ischarges o f f  t h e  
m i n e s i t e ,  o r  p o t e n t i a l  changes t o  stream channel morphology, i t  
should n o t i f y  t h e  Board Co-Chairmen immediately.  Th i s  
n o t i f i c a t i o n  should o u t l i n e  t h e  n a t u r e  o f  t h e  u n c e r t a i n t i e s  and 
suggest measures f o r  address ing them. 

5. The Board requests  t h e  M i n e s i t e  Development Committee a d v i s e  i t  
o f  any problems i n  meet ing t h e  October 31s t  d e a d l i n e  as soon as 
p o s s i b l e  and p r o v i d e  an e s t i m a t e  o f  t h e  resources ( s t a f f ,  
e x p e r t i s e ,  funds) i t  r e q u i r e s  t o  complete these assignments. 

Approved: August 27, 1985. 

J.A.Posewitz, 
U.S. Co-Chairman, 

E.M.Clark, 
Canadian Co-Chairman, 

F la thead  R i v e r  I n t e r n a t i o n a l  Study Board 
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Re jec t  c o a l  i s  sent  t o  a separate r e f u s e  dump a t  t h e  L i n e  Creek 
mine. I t  i s  expected t h a t  a s i m i l a r  approach would be used by Sage Creek 
Coal L i m i t e d  a t  t h e  proposed Cabin and Howel l  Creeks mine s i t e .  I n  t h e  
case o f  L i n e  Creek t h e  t a i l i n g s ,  which no rma l l y  go t o  a t a i l i n g s  pond, 
a r e  d r i e d  by f i l t e r s  and mixed w i t h  t h e  coarse c o a l  waste r e j e c t s ,  which 
a r e  then  p laced  on t h e  dump i n  15 cm ( 6  i n )  l a y e r s  and compacted. A g rab  
sample f rom t h e  L i n e  Creek r e f u s e  dump was taken t o  e v a l u a t e  t h e  q u a l i t y  
o f  groundwater moving th rough  t h e  r e f u s e  dump. 

Table 1 p resen ts  t h e  a n a l y t i c a l  r e s u l t s  on t h e  s o l i d  sample. 
T h i s  sample was t r e a t e d  as a c o a l  sample i n  t h a t  e v e r y t h i n g  b u t  mercury 
was determined on t h e  ash ( 6 4 . 3  we igh t  pe rcen t )  a f t e r  combustion. 

Table 2 p resen ts  l e a c h a t e  and e x t r a c t  da ta .  Columns 1, 2, and 
3 a r e  t h e  r e s u l t  o f  b a t c h  l each ing ,  i n  t r i p l i c a t e ,  o f  2.5 g o f  t h e  
p u l v e r i z e d  g rab  sample i n  250 m l  water  ( a  1.0 weight  pe rcen t  s l u r r y ) .  
Samples i n  t h e  f i r s t  2 columns had t h e i r  water  pH a d j u s t e d  3 t imes weekly 
( t o t a l  o f  9 t imes )  f o r  30 days. Column 1 shows t h e  g r e a t e s t  r e l e a s e  o f  
a l k a l i n e  e a r t h  elements and most heavy meta ls  f o r  t h e  adjustment  o f  pH t o  
5.0. U n f o r t u n a t e l y ,  t h e  pH-adjusted samples were n o t  f i l t e r e d  
immediate ly  a f t e r  t h e  l a s t  pH adjustment  as i n d i c a t e d  by t h e  pH values a t  
t h e  bot tom o f  columns 1 and 2; consequent ly,  s p i k e  recovery da ta  a r e  
i n v a l i d .  However, most r e c o v e r i e s  were acceptable.  Aluminum, n i c k e l ,  
and z inc  dropped t o  o r  near t o  t h e  d e t e c t i o n  l e v e l s  i n  t h e  pH 9 sp i ke ;  
t hese  losses  were p robab ly  a f u n c t i o n  o f  t h e  pH, r e p r e s e n t i n g  
p r e c i p i t a t i o n  as hydrox ides.  

Column 3 ,  which was s imp ly  a d i s t i l l e d  water  l e a c h  s o l u t i o n ,  i s  
most r e p r e s e n t a t i v e  o f  t h e  q u a n t i t y  o f  e a s i l y  l eachab le  m a t e r i a l ,  w h i l e  
t h e  s o i l  pas te  e x t r a c t  (column 4) i n d i c a t e s  t h e  maximum c o n c e n t r a t i o n  
which occurs i n  t h e  f i r s t  po re  volume o f  l eacha te  f o r  most c o n s t i t u e n t s .  

The s o i l  pas te  e x t r a c t  c o n c e n t r a t i o n s  show t h a t  i n i t i a l  
c o n c e n t r a t i o n s  o f  n i t r o g e n ,  su lphate,  and c h l o r i d e  a r e  q u i t e  h igh ;  
however, d i s s o l v e d  c o n c e n t r a t i o n s  f rom Montana overburden m a t e r i a l s  
t e s t e d  i n  l e a c h  columns show l o g a r i t h m i c  decreases, a s s y m p t o t i c a l l y  
approaching a s t a b l e  va lue,  and i t  i s  expected t h a t  s i m i l a r  d e c l i n e s  i n  
d i s s o l v e d  c o n s t i t u e n t s  w i l l  occur w i t h  c o a l  r e f u s e  m a t e r i a l s .  
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Table 1. Coal Refuse Sample Analysis. Ash Content = 64.3 Weight Percent. 
Only the Ash was Analyzed. 

Major Calculated Wt. Calculated Oxide 
Constituents Wt. & (Ash) X o f  Total Wt. X o f  Total 

Ca 

Mg 
Na 
K 
A1 
Fe 

12.2 
1.8 

0.26 

1.2 

4.5 

1.4 

7.8 

1.2 

0.17 

0.77 

2.9 

0.90 

1 1 .  
1.9 
0.22 

0.93 

5.5 

1.2 

Minor Trace 

Constituents PPm (Ash) Constituenta PPb 

Cd 
Cr 
cu 
L i  
Mo 
N i  
Pb 
Sr 
T i  
V 
Zn 
Zr 

0.93 

65. 

16. 

26. 
<8.  
22. 
<16. 
220. 

1700. 

113. 

95. 
48. 

0.22 

~ 

Based upon total sample weight,  not t h e  ashed sample. a 
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Table 2. Coal r e f u s e  sample l e a c h a t e  and e x t r a c t  a n a l y s i s  ( d i s s o l v e d :  
i n  mg/L) 

D i  s t i 1 1 ed 

Leachatea Leac ha t e a  Leac ha t e a  
S o i l  Pa e 

E x t r a c t 4  
pH=5 pH=9 H20 

Ca 
M9 
Na 
K 
Fe 
Mn 

HCO3 
c1 

s i  02 

so4 
Nd 
F 
A1 
Ag 
B 
Cd 
C r  
cu 
L i  
Mo 
B r  
N i  
P 
0-P 
S r  
T i  
V 
Zn 
Z r  
Anal pH 

149. 
7.8 
1.4 
1 .o 
<. 002 
0.26 
2.1 

36.8 
1.25 
1.2 

10.3 
0.1 

<.03 
< .002 
<.02 
<. 002 
<. 002 
0.017 
<. 002 
<.02 
<.1 
<.01 
<.1 
<.1 
0.155 
0.017 
<. 001 
0.012 
<. 004 
6.5 

3.5 
0.2 

13.2C 
0.8 
0.042 
0,001 
3.9 

20.6 
1.2 
1.1 
0.14 
0.1 
0.44 
0.008 
<.02 
< .002 
0.003 
0.005 
0.005 
<.02 
<.1 
C.01 
<.1 
C.1 
0.009 
0.004 
0.012 
0.006 
0.007 
8.7 

6.8 
0.4 
1.1 
0.8 
<. 002 
<. 001 
1.9 

24.7 
1.08 
0.8 
0.10 
<.1 
0.147 
0.003 
0.013 

.002 
<. 002 
0.002 
0.002 
C.02 
C.1 
<.01 
X.1 
<.1 
0.014 
0.002 
0.004 
<. 003 
0,003 
6.4 

172. 

242. 
26.3 

21.3 
0.007 
0.110 

11.6 
22.0 

620. 
106. 

24.2 
0.9 
<. 030 
<. 002 
0.180 
<. 002 
<. 002 
0.030 
0.014 
0.020 
<.1 
0.01 
<.1 

<0.1 
0.43 
0.021 
<. 001 
0.035 
< .004 
7 .O 

a These leacha tes  were prepared by m i x i n g  2 .5  grams ( 9 )  o f  r e f u s e  
m a t e r i a l  i n  250 m l  o f  water .  

Th i s  e x t r a c t  was taken f rom a wa te r -sa tu ra ted  s o i l  pas te .  

"03 and NaOH were used t o  a d j u s t  pH. The a c i d  o r  base s t r e n g t h  
m u l t i p l i e d  by t h e  t o t a l  volume was s u b t r a c t e d  o u t .  However, a l a b  
e r r o r  i n  volume o r  s t r e n g t h  may have occu r red  as  t h i s  Na va lue  i s  n o t  
c o n s i s t e n t  w i t h  o t h e r  l e a c h a t e  Na:K r a t i o s .  

T o t a l  i n o r g a n i c  n i t r o g e n .  





8 . 3  APPENDIX 3 

Legal  and A d m i n i s t r a t i v e  Arrangements f o r  
Regu la t i ng  and M o n i t o r i n g  Coal Development 

i n  B r i t i s h  Columbia 

Note: On August 14,  1986 t h e  M i n i s t r y  o f  Environment became M i n i s t r y  
o f  Envlronment and Parks. Fores ts  and Lands p o r t l o n s  o f  Lands, 
Parks and Housing have been combined t o  form M i n i s t r y  o f  
Fores ts  and Lands. The M i n i s t r y  o f  A g r i c u l t u r e  has been 
changed t o  t h e  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s .  However, 
f o r  purposes o f  t h i s  r e p o r t  t h e  o r i g i n a l  t i t l e s  have been 
r e t a  1 ned . 





1. Ministry Goals and Objectives 
2. Key Fkgulatory Statutes 

a) C c a l A c t  
b) Mines Act 

3.  Guidelines for 0x1 Development 

1. Relevant Statutes Administered by MOE 
a) Ministry of Ehvironment Act 
b) Ehvironmerrt Management Act 
c) WasteManagementAct 
d) Water Act, 
e) Wildlife Act 

2. Relevant Forrrs of Regulation 
a) waste Management program 
b) 
c) fisheries Ac t  (B.C.) 
d) Federal Fisheries Act 

Fisheries & Wildlife Managemerrt Programs 

3 .  MOE Administrative Requi rements  
a )  
b) Water A c t  Administrative Requirements 

Administrative Eaequirements Mder the Waste bbnagemnt Act 

1. 
2. 
3. Relevant F o m  of Regulatim 

Relevant Statutes Administered by MOF 
Ministry Goals W i t h  Respect t o  Mining 

1. 
2. 
3.  &levant F o m  of Regulation 

Relevant Statutes Administered by MLPH 
Ministry Goals w i t h  kspect to Mining 



CodL Act 
Coal A c t  Regulations 
C o a l  A c t  R e g u l a t i o n s  Amendments 
Coal pvnendment Ac t ,  1982 
Coal Amndment A c t ,  1985 
Sum~lry of Qal A c t  kquirertlents in B.C. 
Mines A c t  
Mines Ikgulation 
Mines Regulation Amndment 
Coal Mines Regulation 
Mineral A c t  
G u i d e l i n e s  far Approval of arface I-laul b d s  Regularly Used for 

Guidelines for Mine rxrmpS 
Guidelines for the &sign, Qnstruction, *ration and Rxindomt of 

T a i l i n g s  Ii’rp0un-a 
Mine %clamation aidelines 
G u i d e l i n e s  for Coal Exploraticc? 

the Ransportation of Mineral ar Wste at Mines 

Ministry of Environment A c t  
Enviromnt P h n a g m t  Act 
Waste Manag- A c t  
Waste Management kgulation 
Waste ManagexKent A c t  Amndmnt 
Pollution Qntrol objectives for the Mining,  S m e l t i n g  and Related 

W a t e r  A c t  
Water Z 4 c t  Amendment 
H w  to Obtain a W a t e r  Licence in B.C. 
€ 3 ~  to Cbtah I@proval Under the Water  A c t  in B.C. 
Wildlife Act 
Wildl i fe  A c t  Anen- 
Fisheries A c t  (B.C.) 
Firearms A c t  

Industries of B. C. 
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1. Ministry Goals and Objectives: 

The Ministry 's  overall strategy for the ax1 sector is to develop and 

implement qrehensive policies and program which Will encvwrage the 
discovery, developnent and production of coal resources i n  a m e r  
w h i c h  is beneficial to British Columbia. In order to implement this 
strategy, the MEMPR pursues various policy objectives: 

- to pramte the orderly and rational develapnent of provincial coal 
rescurces in a m e r  which contributes to  the achievmt  of 
provincial goals for employment and industrial and business 
development; 

- to encourage and facilitate the process of discovery and renewal of 
provincial coal resources through various geoscience programs, and to 

assure the availability of adequate m a l  lands for this purpose; 

- to administer t i t l e  to provincial coal resources i n  an efficient, 
effective and equitable mnner; 

- to ensure that provincial coal resources are explored for, developed 

and produced in a mmer which is mistent bath with mrker and 
public h - 1 ~  and safety and With subsurface resource consemtian; - 

- through bath internal and interagency activities, to encourage the 
rrraximizing of social benefits and the minimizing of adverse en~ron- 
mental  and socio-econanic impacts associated w i t h  coal exploration, 
development & production; and 
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2. 

- to cooperate i n  the p l r su i t  of pv inc ia l  cbjectives for land use and 
resaxce mmagemnt and allocatian, both through participation in 
rrulti-Ministry initiatives and through the enforcement of qrcpriate  
procedures and standards for access develcpent, surface use and 

reclamation. 

Key Regulatory Statutes: 

Relevant statutes administered by the MEMPR: 

- Coal Act; RSBC 1979 
- Mines A c t ;  Bc 1980 

(a) Coal Act 

The C o a l  Act regulates the issuance of t i t l e  to coal resources in B.C. 

Exploration rights are granted to  private parties under a codl licence, 
w h i c h  is issued prsuant t o  S.17. ?he licence i s  r-le annually, 
subject to  either the ozmpletion and reporting of wrk requirememts or 
the payment of a rental ' in  lieu' (S.18). On a licence, the licencee 
may explore for and develop axil, and m y  mine s ~ l l  quantities for 
testing plrposes. FollaWing receipt, MEMPR nay refer axil licence 
applications to  other government agencies prior to  deciding whether or 
not to issue the licence. 

For full-scale mal production, a ooal lease rmst be cbtained, plrsuant 
to  S.24. The MEMPR Minister nay require plans and studies to be 

submitted before a lease is issued (S.24(2)(d)). ?he scape of potential 
infomation requirements is listed in S.18 of the Qal Act Regu lations . 
The -1 aidelines Review Process is the noma1 mrking policy 
procedure by which the Province solicits and reviews t h i s  informtion. 
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A mal lease is mt issued to  a private party d l  a project has 
ObtauKd approval-in-principle and is a t  Stage 111 of the coal 

Guidelines Review Process. 

(b) h e s  A c t  

The Mines Act regulates all types of m-site mining-related activities 
i n  B r i t i s h  Coldia ,  the pr- purpose beirrg to ensure: 

- that the prcposed mining system takes &e account of health and safety 
requirements; 

- that other subsurface resources will not be wasted or needlessly 
sterilized by the proposed mini- system: and 

- that disturbances of lands and watercourses w i l l  be property reclaimed 

to a final acceptable ccarditian. 

The Act provides the legal framwrk for extensive and detailed regula- 
tions (the Mines Regulatim and the codl Mines Requl ation) and also for 

a series of technical guidelines: 

- the Guidelines for Coal  Exploration: 

- the Olidelines for the Desiqn, Construction, Oper ation and Abandonment 
of Tailinqs I I p 3  undInerlt.5; 

- the Guidelines for Mine hmp S' 

- the Qiidelines for Amroval and Main Surface Haul RDads Reaularlv U s e d  

for the "ransportatim or Mineral or Waste at Mines: and 

- the Mine Reclamitian Guidelines. 
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Before production can proceed fran a coal mine, the Chief Inspector of 
Mines rrust approve the proposed mine plan under S.6, taking into account 

health and safety considerations and the minimizing of resource wastage 
and sterilization. An ailtline of the informtion requiremnts for this 

approval is presented QI pages 25 and 26 of the Guidelines for Coa l  

Developnen t. 

Before mining activities OOmnence, a mining a=mpany mst also C33tain a 
reclamation p e r m i t  (Ss. 7 and 30). Applications rmst be reviewed by an 
inter&nistry kclamation Advisory Qxm-Littee before the MEMPR Minister 
decides wfiether or not to issue a permit (S.8). A bond for the reclama- 
t ion program mst be posted i n  accordance w i t h  S.9. bbn-ccnpliance w i t h  

permitting or bonding requiremats may muse cancellation of the 
reclamtion permit (S.11). Informtion requiremnts for a reclamtion 
permit application are sumnarized on page 26 of the Oidelines for Coal 

DeVelOpIEIl t, and i n  S.37 of the -1 Mines Ftegulation. 

The objectives of these tK, mjor wrovals are to ensure mllectively 
that mining mthods are safe, that subsurface resources are amserved 
and that environmental disturbance is m h b i z e d .  These approvals are 
finalized and issued a t  Stage I11 of the Qal aidelines %view FTrxess, 

follwing approval-in-principle . Hawever, significant progress mst 
normally be adkieved on the mine plan an3 reclamation program during 
Stages I and 11, prior to approval-in-principle, since only then is it 
possible to  determine reliably that potential inpacts can be nanaged to 
reduce than to acceptable levels. 

3. Guidelines for Coal  Development: 

Since 1980, MEMPR has been the lead Ministry for the Cbal aidelines 
Review Process, which is set mt  i n  the Widelines for Coa l  Developnen t 
(EXLJC, hrch, 1976). These guidelines and a s u m ~ ~ ~ l y  statement of their 
purpose and procedures are attadhed. 
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1. Relevant s ta tutes  administered by the Ministry of Environment: 

- Ministry of Ehvironmerrt Act; 1980 
- Environment Pbnagement Act; 1981 
- W a s t e  Management Act; 1982 
- Mste brmgement Regulatian; 
- Special Waste Regulation (pending) 
- Water kt; 1979 (Cbnsolidated Mrch 18, 1983) 
- W i l d l i f e  Act: 1982 
- Firearms A c t ;  1966 
- Fisheries Act; 1979 (Qnsolidated December 1, 1983) 

- Fisheries Act (Canada). Rsc 1970 c.f. 14 

(a) Ministry of m v i r m m n t  ~ c t  

The rrandate of the Ministry of Ehvironment as stated in the Ministry of 
Environment Act includes: "to encourage and maintain an optbmn quality 
environment Uvough specific objectives for  the mylagement and protec- 
t i on  of land, water ,  air, and living resources of the province", and to 
"manage, protect, and amserve all water, land, air, plant l ife and 
ani.1~~1 life, having regard to the econCmic and social benefits they nay 
confer cn the Province". 

(b) Environment Manaqement Act 

The Environment Management Act  is designed t o  enable the Ministry of 
Environment to  effectively manage and protect the environment of British 
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Columbia. 'Ihe Act provides the fr-rk for the crderly developnent 
and hplementation of environmental plans, policies, procedures and 

administrative processes. 

The Ehvironment Managanent Act, Section 2,  outlines the dut ies ,  pcwers 
and functions of the Minister relative to  the policy fomlation, 
planning, rranagepnent, protection and enhancement of the environrrent. 
This Section provides a process for the preparation and publication of 
environment rranagement plans for specific areas of the Province which 
may include masures related to flood amtrol, drainage, soil conserva- 
tion and the naMgement of water, fisheries, aquatic life, wildlife, 
waste or air. 

Section 3 e p c w e r s  the Minister to require the sutmission of an environ- 
mental inpact assessment i f  he feels that a proposal my have a detri- 
mental environmental impact and that there is insufficient informtion 
available t o  assess the impact thrau# ather impact assessment 
procedures (su& as the Guidelines for Mine Develo-t). 

Under Section 4. (11, the Minister may declare that an existing or p r e  

posed activity has or my have a detrimental environmental impact and, 
under Section 4.(3), my make an interim order res t r ic t ing ,  d f y i n g  or 
prohibiting the activity. Such an order can r e  in effect for a 
period no lcnger than 15 days but can be extended for a further period 
of the by order of the Lieutenant Governar in Council (Cabinet) 

If the Minister amsiders it necessary, he my order a plblic inquiry 
w i t h  respect to the environment under Secticn 7 of the EMA. 

Finally, Section 11 of the P c t  establishes an Ehvironmental Appeal Ebard 

t o  hear appeals to  decisions under other environmental legislation, such 
as the Water Act ar the Waste Managemnt Act. 
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The Waste Management Act makes provision for the following:- 
prohibitions of, and permits or approvals for, discharge of waste to 
air, land and water: special waste storage, transportation and disposal: 
spill prevention and contingency planning: amendment of permits and 

approvals: variance orders: abandonment; enforcement; appeals to 
Director and m a l  Board; and regulations. Regulations include 
application requirements for permit, duties of applicant (e.9. time 

designated for posting and cantent), time designated for objectors to  

respond, etc. 

"Waste" includes (a) air contaminants, (b) litter, (c) effluent, (d) 
refuse, (e) special waste and ( f )  any other substanstance designated by 
the Lieutenant Gmxnor i n  Quncil. "Ehvironment" mans the air, land, 
water and all other external conditions or influences under w h i c h  m, 
animals and plants live or are developed. 

For the lxrrposes of t h i s  Act, intrduction of a waste into the environ- 
ment mans depositing the waste an or i n  or a l lwing or causing the 
waste to  flw or seep on or into any land or water, or allowing or 
causing the w a s t e  to be emitted into the air. 

!the W a t e r  Act, Section 2, states that lathe property in and the right to 
the use and flw of all the water at any time i n  a stream i n  the 
Province are for a l l  purposes vested in the Cram i n  right of the 
Province, except only in so far as private rights have been established 

under licenses issued or = r o d s  given under this or a f o m r  kt". 

Section 4 lists the rights for the diversion, use, and storage of water, 
or the alteration of a stream or channel, w h i c h  can be -ired under 
licence. Approvals can be issued under Section 7 of the Water Act for 
non-recurrent use of water for a period mt exceeding s i x  xronths and for 
changes i n  or about a stream. 

'Be Wildlife Act provides for the m g e m e n t  and protection of fish and 

wildlife populations and t o  .sane degree for the protection, m g e m e n t  
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and enchancenent of fish and wildlife habitat. Sectim 2 states that 
a l l  wildlife belongs to the provinoe unless it has been lawfully killed. 
The Minister my, under Section 3 of the Wildlife ~ c t ,  acquire land. or 
enter into agreemmts with others  for the purpose of access to, or 

management or protection of wildlife.* In conjunction w i t h  wildlife 
management plans developed under the EMA, the Minister my designate 
land w i t h  very high existing or potential values for wildlife as a 
wildlife managanent area under Section 4 of the Wildlife Act .  Where he 
requires land as essential habitat for threatened or endangered species 
of wildlife, the Minister my designate land within a wildlife m g e -  
m t  area as a critical wildlife area (Section 5.(1)). The Minister my 
also designate lard as a wildlife sanctuary (Sectim 5 . ( 2 ) ) .  

Under Section 7 it is considered an offence to conduct an activity that 

has negative inpact cn wildlife or wildlife habitat in a wildlife 
managanent area, except as authorized by regulations or a permi t .  A 

permit my be issued by the regional naMger where the applicant has 
ccarplied with Section 3 of the EMA and provided an acceptable environ- 
mental inpact assessment of the activity. In  the case of mining 
projects it is likely that these sectims wuld  agply primarily t o  the 
exploration and predevelopnent phase u n t i l  a decision on approval i n  
principle has been =de. 

2. Relevant F o m  of Regulation: 

The Ministry of EhViromt, through its various Program, issues the 
follckling types of licences, permits or approvals for mine develop- 
ments: 

* As used in Sections 3, 4, 5, 7 and 8 of the Wildlife Arst, the term 
"wildlife" includes fish. 
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?he Waste hnagenent Program regulates the quantity and quality of 
solid, liquid and gaseous waste discharges fran n b b g  cperations to 
land, water or air through the issuance of Waste Fkmagement Fknnits.  
!&qxxents are expected to mnply with permit term and d t i o n s ,  
w h i c h  are set  in accordance w i t h  objectives specified i n  the "Pollution 
Control mjectives for the Mining, h l t i n g  and blated Industries of 
B.C." 1979. These objectives have been f m l a t e d  follwing ecological, 
health, technological and e c o d c  considerations. Each Waste 
Management Fenni t  establishes project and site specific effluent, 
emission or solid waste discharge objectives for parmters of concern. 
Such discharge objectives are currently used as the basis for assessment 
and review of pollution abatement faci l i t ies  to ensure the maintenance 
of arribient air ard water quality. 

In addition, the Ministry of Ehvixonment is currently developing ambient 
air and water quality objectives for specified air manag-t units and 
waterbodies in British Qlcrmbia, based on the protection of designated 
air and water uses i n  each area. These provisional non-regulatory 

objectives provide a statanent of MDE policy regarding levels of air and 
water quality for the continued suitability of air and water for a 
variety of uses. Consequently, the ambient cbjectives w i l l  provide a 
context bath for discharge objectives and for any improvement i n  abate- 
ment fac i l i t i es  that my be required through the waste managesoent 
permitt- process. 

Permits are required for the enission of air contaminants f r a n  mining 

operations and related offsite project carponents (e.9. enissions from 
crushing and screening, roasting, cmcentrate drying, washplant, camp 

incinerators). P e n n i t s  are also required for the discharge of minesite 
and related of fs i te  effluent (e.9. collection and treatment of minesite 
contaminated runoff i n  settling ponds, pilot  plant qerations,  tailings 
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slurry discharge to the tailings pond and collection and treatment of 
plant site cmtaminated runoff, tail ings,  pond overflws, danestic 
effluent f r a n  the camp's or expanded amnmity sewage treatment plant). 
Refuse permits are required to authorize discharge of putrescible and 
non-prtrescible refuse to land and subsequent treatment (e.g., washplant 
discharge of coarse refuse and plant rejects, camp or expanded cxmnmity 
refuse, disposal of constructicn debris). 

While the disposal of preparation plant rejects (coarse refuse and tail- 

ings) requires Waste mgexnent Rsrmits, overburden dLrmps do not. ?hey 
are amsidered part of the mining operation and are under the sole 
jurisdiction of the Ministry of Ehergy, Mines and petroleum %sources. 

Where there are suspended solids or leachate concerns, the Waste 
Management Branch  may also require permits. 

Under Section 9, a mnager m y  approve the introduction of waste into 
the environment or the storage of a special waste for a period of 12 

months or less without issuing a permit. An example of an mroval for 
a temporary discharge is an experimental small-scale milling operation, 
w i t h  the qualification that a subsequent extended or expanded operation 
wculd require permits. 

A -ger m y  issue his asroval subject to requiremnts for the protec- 
tion of the env i romt  that he considers advisable. In such instances 
the mste &.nag- m y  specify certain tern and conditions b3sk.h are 
then attached to the permit or iqproval as required, (studies, plans, 
alterations, mnitoring or treatments) including financial security in 
the form of perfomce bonds. Approvals are legal decisions similar t o  
permits and as such are subject to appeal. 

Permits and Approvals my be amended, subject to  the Waste Mmagement 
Act and the Regulatims. 
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b) Fisheries and Wildlife Managemen t Programs: 

?he participation of the Fisheries and Wildlife Management progranrs in 

the Mine Developnent %vi- Process is primarily progr-iented and 

not regulatory in nature. -ever, staff of these programs regularly 
participate m various referral processes of other regulatory agencies, 
including the Ministry's om Wste and Mter Managenent Branches. 
Through these referral processes, the Fish and Wildlife Programs provide 
recomrrendations m the issuance of permits, licences and approvals to 
mitigate inpacts m fish on: wildlife populations a d  habitats. 

HokFever, not all direct mine developnent irrpacts m fish and wildlife 
resmces can be adequately mitigated by term and conditions acyxnFw7y- 
ing licenses, approMls, and permits. Mitigatory strategies including 
population and habitat enhancement for identified lost resources, are 
developed largely through negotiations with individual onpanies and i n  
acmrdance w i t h  established ampensation/mitigation guidelines. Manage- 
ment activity requirements are then attached as conditions to  the 
approval-in-principle far the project . 
W i n g  the assessment of the enviromtal  impacts of a mine d e v e l o p t  
it my be necessary to capture or to  kill wildlife. Permits are 

required far su& activities under Secticn 20 of the Wildlife A c t .  

The Ministry w i l l ,  upon request, close certam * areas of land to  dis- 
charge of firearms, using regulation under Section 12 of the Firearms 
Act. - Areas in and around minesites are usually closed t o  hunting for 
safety purposes. 

(c) The fisheries Act (R.S.B.C. 1981, Chap. 137) - Section 28(1) states that 
"Every person who cQmrences the construction of any dam or other 

hydraulic project that w i l l  use, divert, obstruct or inpound or change 
the nature, flow or 03uTse of any river or stream or otherwise utilize 
any of the waters of the Province, shall provide fish passes, fish 
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ladders, fish ways or other fish protective devices as the Ministry 
requires for the safe and adequate passage of fish over, around or 
throu9 the dam or other hydraulic project." 

(d) The Federal Fisheries Act (R .S .C . ,  C. F-14) - Section 34 states that 
'The Covernor in  Quncil nay mike regulations for carrying out the 
purposes and provisions of t h i s  Act and, in particular, ht without 
restrictiq the generality of the foregoing, my d e  regulation" 
a. for the proper management and control of the seacoast and inland 

fisheries . 
L e t t e r  or Iqreement (June 3, 1983) b e t w e e n  Canada and the Province sets 

out responsibility for setting regulations for freshwater fisheries by 
the Province subject t o  passage by Order in Quncil under Section 34 of 
the Fisheries A c t .  

other sections of the Federal Fisheries A c t  are also applicable as 

follcNJs: 
20 - Construction of fishways 
28 - Fish guards - screening 
30 - Prohibition of destruction of fish except through fishing 

31 - Harmful alteratim of fish habitat 
33(2) - Deposition of a deleterious substance 

3. Ministry of Environment Administrative Requirements: 

a )  &hi.nistrative h q u  'rements Under the Waste Managemnt Act: 

With the issuance of permits under the Waste mgement  Act, permittees 

and Wste M a n a g m t  Elranch staff f a l l  into an operation/enforcmt 
mde based on permit conditions, that can be divided into the follwing 
categories : 
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i) 

ii ) 

Limits and Obiectives 

Each point source discharge may be assigned a rraximLDTl emission or 
discharge l i m i t  based on Fbllution Qntrol Objectives set for the 
province, or based on other documents, i f  required. ?he acnpany is 
legally bourd to meeting these limits. 

mnitor ins  

carpany tbnitorinq 

The permittee is required, ly permit, to  cwMduct a d t o r i n g  

program at  both point source and receiving environment stations 
designed t o  evaluate the achievement of meting limits or objec- 
t ives  as specified above. 

Waste Management Branch W t o r i n q  

tbnitoring is broken into t m  categories here. Those program 
designed to witness, check, calibrate or split sample (to ensure 
data quality amtrol) , constitute the Ministry's mjor  sampling 
qhasis  w i t h  innustry. ?he other category of sampling is usually 
on a large scale program basis designed for further assessment of a 
drainage basin or airshed. 

iii) Reporting and Assessmt 

Permittees are required to tabulate and submit &toring data on a 
quarterly basis along w i t h  a smry  of non-capliance. The 
industry operators also are required to subnit an annual report 
that tabulates or graphs the year's data shaving trends, environ- 
mental impact areas (i.e. those re su l t s  greater than objectives) , 
and proposed or caplet& changes in control works. 
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i v )  Inspection and hforcement 

Inspection by Waste Management staff is done on a bi-mxthly basis 

during freshet and nmthly the remainder of the year. mforcement 
follow-up may be based on the resul ts  of inspection trips, 
quarterly reports or the annual reports. Ehforcment follws the 
philossphy of negotiation for improvements to met the axditions 
of the p e r m i t  or to irrprove the permit requirements, based on 

assessments mde for impact. Prosecution r d n s  as the final tool 
far achieving canpliance, short of a Stop O r d e r  fran the Minister. 

b) Water A c t  Administrative ReqLu. * rements : 

The right to the use and flw of all water a t  any time i n  a stream i n  
the province are for a l l  purposes vested i n  the provincial government 
(Water Act ) .  A water licence or an approval my be issued by the Water 
Managanent Branch, Ministry of R w h m t ,  which  specifies the 
conditions under which a right to  use water or rmke alterations i n  and 
about a stream is granted. 

All mjor instream mrks are authorized Via a licence. A t  any the 

after the licence has been issued, the individual, onparry or agency 
constructing fhe wrks my be ordered to repair, alter, or rmve the 
works. The individual, ocmpany or agency my also be required to set up 
a mnitoring system and provide reports on a regular basis to  ensure the 
works are performing as agreed to at the tine the licenae was issued. 
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1. Relevant statutes administered by the Ministry of Forests: 

- Ministry of Forests A c t  

- Forest Act 
- Regulations 
- KIF EYotection b n u a l  

2. Ministry Goals w i t h  Respect to Mining: 

- t o  salvage ti.n?xr values i n  mining areas; 
- to plan access so that blodks of timber are not isolated and rendered 

inoperable; 
- to acccsrm3date timber and mining developnent through road access 

developnent : 
- to reclaim land for forestry and range purposes where practicable. 

3. Relevant Forms of Regulation: 

Free Use Permits 
Licence t o  Cut 
Road Permits 
Special Use Pennits 
Burning Permits 
Instructions for disposal of Slash and h g s  

Particularly applicable to full disposal of roadside slash. 
Fire Rpipnent Inspection 
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1. klevant statutes administered by the Ministry of Lands, Parks and 

Housing: 

- Ministry of Lands, Parks a d  Housirq Act 
Sections 5 and 9(1) 

- Act 

All sections are relevant to the administration and allocation of 

C r a m  Land to the mining industry 

- Park Act 
Sections 3(lc), 8, 9, 18(c) and 25 

- Ecological Reserve Act 

2. Ministry Goals and Respect to Mining: 

Ministry policy and &jectives perhuun ' ' g to C r a m  Land administration 
for min ing  purposes include: 

(a) Provide Land A c t  tenure far the tempxaq use of C r a m  Land. 

(b) Allocate C r a m  Land in conjunction w i t h  the mnagenent and 

regulatory requirements of the Ministry of Ehergy, Mines and 
Petroleun Resources and the Ministry of Environment. 

(c) Establish pricing for use of Q r m  Land based an appraised mrket 

value for mrketing/refining facilities, and a standard lyminal fee 

for pr- recovery d erihancement facilities. 
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(d) Pruvide variable tenrrs of tenure recognizing and l imi ted  to the 

different requirements of exploratim and developnent. 

(e) utilize the Ministry's inter-agency referral process and other 

mechanisms to reduce cmflicts between exploration and develaprrent 
activities and adjacent uses am3 the envhonmnt. 

3. Relevant Forms of Regulation: 

Lard A c t  

- General (Section 10) Licence re: tenporary occupation of cram 
Land 

- Licence of Occupation (Section 36) 
- Lease Dispositions 
- Ricjht of way or Easement (roadways and access) 
- marrying approvals/permits (borrw pits) 

Park A c t  

Authorization of nmconforming use to OCN within a Park (Class B) 
or recreation area. 

- Park U s e  Permit 
- F&saurce Use Permit 

Ecological Reserve A c t  







1. Backgrcund 

The (hidelines for Coa l  Developnen t were issued in W c h  of 1976 by the 
Government of British C o l h i a ' s  Ehvironment and Land Use Qmnittee 
(m) . ?his Qsrmittee currently consists of eight Minet Ministers in 
the f o l l m i q  portfolios: 

- mvironmerrt (chairman) 
- Lands, Parks and Wusing 
- Agriculture a d  Food 
- Energy, Mines and Petroleum &sources 
- Forests 
- Mmicipal Affairs 
- "ransportation Hicjhways 
- Industry and -11 Business Developnent 

The EUK: approved SOIIE? inportant changes to  the review process in 1984. 

-ever, the Sage Creek Qal project obtained Stage 11 approval-in- 
principle and entered Stage 111 before the changes. For this reasm, 
the following mterial describes the Qal aidelines &view Process 
(am) i n  its earlier form. 

2. What is Coal G u i d e l i n e s  Review Process? 

- Non-legislative (mrkiq policy) review procedures. 
- Applied to - a l l  new coal mines fran end of exploration phase to permit 

issuance/construction start-up phase. 
- =so applied t o  mjor expansions/rrodifications of existing coal mines 
by working policy since 1980. 

- piblished document: 
Guidelines for Coal Developnen t (ELK, Ckrch, 1976). 
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3. What are CGRP's Basic Goals? 

- ?b facilitate and expedite sound, publicly-acceptable mining ventures 
in B.C. 

- To provide a caprehensive, credible and widely understood procedure 

- ensure effective coordination and realistic staging of carpany/ 

for project review/approd. 

government contact. 
- ?b provide early d f i c a t i o n  of mining praposals. 
- 'Ib d e  possible early identification and acceptable management of 

potentially significant enviromtal,  financial and ccmunity 

- To ensure systemtic, ca?sistent application of government policies, 
irrpacts. 

regulations and infomtion requirements. 

4. Who are the Main Actors in the CGRP? 

4.1 Developer (Mining Ccprpany 1 

- -roaches MEMpR (lead agency) with conceptual proposal. 
- Provides information on request ( i n  prospectus, Stage I and Stage I1 

reports 1. 

4.2 Lead Agency (Ministry of mersy, Mines and Petroleum Resources) 

- Primary cantact far industry. 

- cha i rs  QdL aidelines Steering Camnittee, advises it of project 
proposals. 

- Prwides technical ooordhation, support services for review process. 
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4.3 Coal G u i d e l i n e s  Steerinq Ccmnittee 

- Cansists of six key Ministries (senior-level public servants) .  
- Liaison between ca~pany and review agencies. 

- -tine logistical coordinaticn a d  procedural decisions. 
- Qnsolidates agency informtion requests, review oomnents. 
- &ports, makes recornnerdations to =/=E. 

4.4 Technica l  Working Cornnittees (MIY: and SmX.1 

- Technical/biophysical aspects handled by Minesite Technical 
Camnittee. 

- Socio-economic aspects handled by Socio-Economic Coordinating 
Camnittee. 

- Streamline relationship between Steering Cornnittee and review 
agencies. 

- Assist in  focussing key technical issues for  Steering Cbmnittee. 
- Perform specialized technical analysis for Steering Cannittee.  

4.5 Provincial Review Agencies (see Attachment #1) 

- Liaise w i t h  ccnpanies both formally (through Steering Mttee) and 

informally (direct discussions ) . 
- ksponsible for  ensuring that mines are consistent w i t h  individual 

agency policy/technicd requirements 
- Grouped in tm major areas of concern: 

- biaphysical/technical/regulatory 
- socio-econcmic/ccmmnity/mper 

- Par t i c ipa t i cn  of three types (see Attadhment  #1) : 

- regulatory, resource mnagement 
- non-regulatory, resource managanerrt of service delivery 
- technical, advisory (non-mnagement). 
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4.6 E w r c / n U r C  

- Eux3 is cabinet carmittee 
- Ehvironment and Land Use Technical Mttee oonsists of B p t y  

Ministers of Ministers an ELX!. 
- hspnsible for resolution of mjor plicy/technical issues. 
- Grant Stage 11 approvals-in-principle. 

4.7 Federal Agencies (see  attachment #1) 

- By working policy, involved in  provincial review process rather than 
organizing separate review. 

- Concerned primarily w i t h  mtters under federal jurisdiction (National 
Parks, anadramus fish, marine e n v i r o m t s ,  Native Indian groups). 

4.8 Lmal Governmnts 

- Feedback throucj~  Ministry of Mmicipal Affairs. 

4.9 General Public and Interest Groups 

- Proponents responsible for public consultations. 
- A l l  forrral suhnissians to Steering O m n i t t e e  are public documents. 
- Government review CCrrmMts are in the public dclmain after approval-in- 

principle decision. 

5.1 Project Description 

- Proponent provides project particulars at appropriate levels of 
detail, depending cm review stage. 
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- M i n i n g  Plan: 

- geological data 
- pits/shafts, waste dunps, stockpiles 
- milling/preparatian process 

- plans for reclamation, waste managerent, mter management 
- Ancillary develqpnents: 

- access (road, rail) 

- m supply 
- port facilities 
- wrkforce housing (camps, off-site housing, etc. ) 

- b v i w  of project alternatives 
- Wntative developnent schedule 

5.2 Inpact Assessmt 

- Potential environmental ard socio-ewnanic impacts 

- Impact management measures 
- See attachment #1 for agency input lMnagement responsibilities 

5.3 baulatorv Act iv i t ies 

- Attachment  #1 indicates key regulatory statutes. 

6. How is CGRP Staaed? 

- See attadhmerrt #2 
- Stage I - preliminary project description 

- preliminary impact a s s e s m t  
- detailed project description 
- detaild impact assessment/hpact management planning 
- leads t o  Stage I1 approval-in-principle 

- Stage I1 

- stage 111 - licencing/permitting 
- non-regulatory conditions on approval-in-principle 
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7. What is Stage I1 Approval-in-Principle? 

- expressim of conditional support by government review agencies. 
- nut i s sued  until: 

- a l l  mjor policy issues resolved; 
- a l l  major technical issues knam to  be resolvable by econcmically 

affordable mans. 

8. What is Status of sage creek Coal Project? 

- fran perspective of British cblumbia Government, is a t  Stage I11 

( l i cenc iq  stage) 

- received Stage I1 approval-in-principle fran ELLC in Fkbruary, 1984. 
-outstanding environmntal concerns are d d  fianageable from a 

provincial perspective. 



8.4 APPENDIX  4 

Inventory o f  Chemicals Stored and Used 
at an Existing Elk Valley Mine 

(information received in July, 1985) 
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GROUP I - PETROLWM PRODUCTS 

1 1 

I I STORAGE FACILITY OR I NORMAL INVENTORY I QUANTITY USAGE 1 
I ANNUAL BASIS I I ICrnICAL I TYPE OF PACKAGING I AT MINE SITE 

I I I I I 
L I 

Kerosene Rillk-7 tanks, 90,000 litres each 100.000 litres 72.000 litres 

Diesel 5 mobile trucks-3 with 4,500 litre - - - - - - - - 
tanks; 1 with 13,600 litre tank; 
1 with 9,000 litre tank 

Diesel Bulk-4 tanks, 90,000 litres each 180,000 litres 3 1 ~ 1 0 ~  litres 

Diesel Fuel station-2 tanks 
45,000 litres each 

_ _ _ _ _ _  30,000 litres 

Piesel File1 Station-2 tanks 
45.000 litres each 

.. - - - - - 30,000 litres 

Motor O i l  Bulk-2 tanks, 27.000 litres each 30.000 litres 
3 0  Winter 

227,000 litres 

Motor Oil B i i l k - 2  tanks, 27,000 litres each 70,000 litres 
40 summer 

291,000 litres 

Motor Oil Bulk-2 tanks, 27,000 litres each 30,000 litres 
5W-30 

577,000 litres 
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GROUP I - PETROLEUM PRODUCTS (continued) 

t 1 , I I 
I 

I- I 

I STORAGE FACILITY OR I NORMAL INVENTORY I QUANTITY USAGE 1 
1 ANNUAL BASIS I I CHEMICAL I TYPE OF PACKAGING I AT MINE SITE 

I I I I I 

Motor 0i 1 7.0-litre pail; 5 fuel trucks .l7 pails 400 litres 
(Winter) 450-lit-re tank each (See bulk) 
10-7ow 

________________________________________-------------------------~------------------------------------ 
Motor Oil 20-litre pail: 5 fuel trucks 17 pails 400 litres 
(Stunner) 450 litre-tank each (See bulk) 
15-4ow 

Motor/ hy- 20-litre pail; 5 fuel trucks 20 pails 960 litres 
draulic Oil 450-litre tank each (See bulk) 
40W 

Hvdraulic 205-litre drum 
Oil 20-litre pail 
Compressor) 

4 drums 
23 pails 

2,400 litres 

~~~~~ ~~~ 

Hvdraulic 20-litre pail 
0; 1 205-litre drum 

l? pails 
4 drums 

4.000 litres 

Hvdraulic 205-litre drum 
Oil 

2 drums 2,000 litres (to 
(be discontinued) 
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GROUP I - PETROLEUM PRODUCTS (continued) 

I 8 1 1 

I I STORAGE FACILITY OR NORMAL INVENTORY I QUANTITY USAGE I 
I CHEMICAL I TYPE OF PACKAGING I AT MINE SITE I ANNUAL BASIS I 
I I I I I 

Automatic 205-litre drum 
Transmission 20-litre pails 
Oil 

8 drums 
45 pails 

2,000 litres 
2,000 litres 

Transmission 20-litre pail 
and Hvdraulic 
Fluid 

35 nails 

Compressor 20-litre pail 3 pails 
Oil 

4.000 litres 

Brake Fluid 20-litre pail 40 pails 3.300 litres 

Molv 17-kilogram drum 3 dnuns 300 kiloqrams 
Lubricant 

Molv 54-kilogram drum 
Lubricant 

2 drums 100 kiloqrams 

Grease 54-kilogram drum 1 drum 300 kilograms 

Industrial 20-litre pail 
Oi 1 

2 pails LO litres 

Hvdraulic 20-litre pail 4 pails 80 litres 
Oi 1 

Open Gear LO5-litre drum 
Lubricant 

2-8 drums 5,000 litres 

Lube 205-litre drum 17 drums 20,000 litres 

Preservation 205-litre drum 6 dnms 7,000 litres 
Oil 

Grease 205-litre drum 8 dnuns Backup to bulk 

Grease 205-litre drum 4 dnms backup t o  bulk 
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GROUP I - PETROLEUM PRODUCTS (continued) 

r I 1 1 
I I STORAGE FACILITY OR I NORMAL INVENTORY 1 QUANTITY USAGE I 
I CHEMICAL 1 TYPE OF PACKAGING I AT MINE SITE I ANNUAL BASIS I 
I I I I I 

Methyl 205-litre drum 
Hydrate 

3-13 dnuns 8,000 litres 



GROUP I1 - SOLVENTS/CLEANERS 

1 I 1 I 1 
STORAGE FACILITY OR I NORMAL INVENTORY 1 QUANTITY USAGE I 

1 CHEMICAL I TYPE OF PACKAGING I AT MINE SITE 1 ANNUAL BASIS 1 

t I 

I I 

I I I I I 
1 

Paint Thinner- 20-litre pail 
Petroleum 
Spirits 

21 pails 600 litres 

Conditioner 1-lit-re can 
Acidic 

3 cans 9 litres 

Hvdrochloric 4-litre can 7 cans 4 litres 
Acid 

________________________________________-------------------------------------------------------------- 
Solvent 205-litre drum 
Cleaner 

4 d n u n s  6.000 litres 
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GROUP I11 - MISCELLANEOUS 

I 1 1 1 I 
I I STOR4GE FACILITY OR 1 NORMAL INVENTORY 1 QUANTITY USAGE I 
1 CHEMICAL I TYPE OF PACKAGING 1 AT MINE SITE 1 ANNUAL BASIS I 
I I I I I 
I 1 

Polvacrvlate Bulk tank-47.000 litres 30,000 litres 
Acrylamine Mix tank 0 1.5%-13,600 ljtres 
Po lvmer 

120.000 litres 
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GROUP I11 - MISCELLANEOUS (continued) 

t 1 1 

I CHEMICAL I TYPE OF PACKAGING 

1 1 
STORAGE FACILITY OR I NORMAL INVENTORY I QUANTITY USAGE I 

1 AT %IN!!, SITE I ANNUAL BASIS I I I 

t I 
I I I I I 

Drill Collar 20-kilogram pail 
Compound 

47 pails 1,000 kilograms 

Rot-ary Drill 18-kilogram bag 4 bags less than 1 bag 
Compound 

Bentonite 20-litre pail 2 pails varies 
Clav 

Drilling Fluid 20-litre pail 13 pails varies 
Pol F e r  

Urethane 16-kilogram case 2 cases 120 kilograms 

________________________________________-------------------------------------------------------------- 

________________________________________-------------------------------------------------------------- 

________________________________________-------------------------------------------------------------- 

Elec. 4-liter container 
Cording on 
Cables 

6 containers 72 liters 

Tank liner- 5-kilogram case 
Slightly 
Alkaline 

16 cases 5 kilograms 
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GROIJP I V  - PESTICIDES 

I I STORAGE FACILITY OR 1 NORMAL INVENTORY 1 QUANTITY USAGE 1 
1 CHEMICAL I TYPE OF PACKAGING AT M I N E  SITE I ANNUAL BASIS 
I I I I I 

Fungicide 2 0 -  l i t re  pa i  1 L p a i l s  Less than 1 p a i l  

Fungicide- & - l i t r e  con ta ine r  1 con ta ine r  
Oxine con ta ine r  
Renzoate 

Less than  I 

Herbicide-  
Bromac i 1 

4 - l i t r e  con ta ine r  2 con ta ine r s  Less than  1 
con ta ine r  

Herbicide-  1 - l i t r e  con ta ine r  
Paraquat  

1 %  con ta ine r s  Less than 1 
con ta ine r  

Herbicide- 2-kilogram bag 2 bags Less than 1 bag 
Simazine 80% 

Herbicide-  2.7-kilogram bag 8 bags Less than  1 bag 
Chloroxuron 50% 

I n s e c t i c i d e -  4 . 5 - l i t r e  b o t t l e  1 b o t t l e  Less t han  1 
Diazinon b o t t l e  
f Organo- 
phosphate)  

I n s e c t i c i d e -  4 . 5 - l i t r e  b o t t l e  1 b o t t l e  Less than  1 
Ma l a t h i o n  b o t t l e  
(Organo- 
phosphate) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

________________________________________-------------------------------------------------------------- 

Herbicide- 4 - l i t r e  con ta ine r  
Glvphosphate 

1 con ta ine r  Less than  1 
con ta ine r  
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GROUP V - HIGH EXPLOSIVES 

r 1 I 1 1 
I I STORAGE FACILITY OR I NORMAL INVENTORY I QUANTITY USAGE I 
I CHEMICAL I TYPE OF PACKAGING I AT MINE SITE I ANNUAL BASIS I 
I I I I I 

High Explosives 45,000 kilogr.ams m a x i m  Information 
LICENSED not available 

Varietv of 
detonators and 
relavs and primer 
cord 

9.000 kilograms maximum Information 
LICENSED not available 
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GROUP V I  - C.I.L. PUNT - MPLOSIVE MAKE-UP 

I 1 I I 1 
I I STORAGF: FACILITY OR I NORMAL INV!3NTORY 1 QUANTITY USAGE I 
1 CHEMICAL I TYPE OF PACKAGING I AT MINE SITE 1 ANNUAL BASIS I 
I I I I I 

Sodium 50-kilogram bag 
Pichromate 

20 bags Information 
not available 

Sodium 25-kilogram bag 20 bags Information 
Bicarbonate not available 

Zinc Nitrate 135-kilogram drum 10 drums Information 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

not available 

Urea 25-kilogram bag 100 bags Information 
not available 
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GROUP VI - C.K.L. PLANT - EXPLOSIVE MAKE-UP (continued) 

I 1 I 1 1 
I I STORAGE FACILITY OR I NORMAL INVENTORY I QUANTITY USAGE I 
I CHEMICAL 1 TYPE OF PACKAGING I AT HINE SITE 1 ANNUAL BASIS I 
t 1 
I I 1 I I 

Ammonium Bulk Tank 35,000 kilograms Information 
Nitrate 83% not available 

Amoniwn Tank 20,000 kilograms Information 
Nitrate-Slurry not available 

Amonium Tank 20,000 kilograms Information 
N i  trate-Slurry not available 

Paint Thinner 20-liter pail 1 pail Information 
not available 

Enamel Reducer 20-liter pail 1 pail Information 
not available 

Petroleum 205-litre drum 
So lvent 

Information 
not available 

Less than 1 drum 

~~~~~~~~~~~~~~~~~~ ~~~~~ 

Kerosene 205-litre drum Less than 1 drum Information 
not available 

Motor Oil 205-litre drum 2 dnms Information 
not available 

Automatic 205-litre drum 
Transmission 
Oil 

2 drums Information 
not available 

Information Diesel Fuel- Bulk tank-68,000 litres 45,000 litres 

No. ?. not available 

Diesel Bulk tank-9,000 litres 4,500 litres Information 
not available 

Gaso 1 ine Bulk tank-Y,000 litres 1,000 litres Jnformation 
not available 

Furnace Oil Bulk tank-Y,000 litres 4.500 litres Information 
not available 

Amine 20-litre container 1 cont.ainer Information 
not available 
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GROUP VI - C.t.L. PTANT - EXPLOSIVE MAKE-UP (continued) 

1 -7 I 

I STORAtiE FACILITY OR I NORMAL INVENTORY 1 QIIANTITY USAGE I 
1 ANNUAL BASIS I 

I 

I I I 1 I 
1 CHEMICAL I TYPE OF PACKAGING 1 AT MINE SITE 

Polyphosphate- 205-litre drum 
Slight l v  
A 1  kal m e  

1 drum Inf omtion 
not available 

Catalvzed 40-kilogram container 1 container Information 
Sodium Sulphite not available 

Sulphuric Acid 20-litre case 5 cases Information 

_.______________________________________-------------------------------------------------------------- 

not available 

Calcium Rail car 
Nitrate 

1J0,OOO kilograms per Information 
rail car not available 

Amnonium Bulk 
Nitrate 

50.000 kilograms Information 
not available 



8.5 APPENDIX 5 

Groundwater Quality Sample Results 
in the Project Area 
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MONTANA BUREAU OF MINES AND GEOLOGY WATER QUALITY ANALYSIS 
BUTTE,MONTANA 59701 (406)496-4101 LAB NO. 84Q0667 

SAMPLING SITE 
GEOLOGIC SOURCE 

COUNTY 
49D05'52"N 114D33'03"W SITE LOCATION OON OOW 00 
Z N  E MBMG SITE N-FORK 

STATION ID 490552114330301 
LAND SURFACE ALTITUDE 4375. FT ( 10 

h A SAMPLE SOURCE TEST HOLE 

MBMG*RAN SUSTAINED YIELD 
YIELD MEAS MFX-IOD 

TOTAL DEPTH OF WELL 
17:30 HOURS 
MBMGAFNA CASING DIAMETER 6 IN 
16 - AUG- 84 
4220 COMPLETION TYPE 
GRAB PERFORATED INTERVAL 
RESEARCH 

SWL ABOVE(-) OR BELOW GS FLOWING 
%z-sve:84 

CASING TYPE STEEL 

BRITISH COLUMBIA, CANADA 

MG/L 
296.2 "9!k5 
0. MAGNESIUM (MG) 26.2 

SODIUM (NA) 1.6 .07 CHLORIDE (CL) .2 .Ol 
POTASSIUM (K) 1.2 .03 SULFATE ( SO4 ) 12.8 .27 
IRON (FE) .79 .04 NITRATE (AS N) 1.22 .09 
MANGANESE (MN) .018 .OO FLUORIDE (F) (.1 
SILICA (53102) 7.3 PHOSPHATE TOT (AS P) 

""!!!k8 BICARBONATE (HC03) 
2.16 CARBONATE (C03 ) 

CALCIUM (CAI M!3L7 

TOTAL CATIONS 5.18 TOTAL ANIONS 5.21 
STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) .152 

CALCULATED DISSOLVED SOLIDS 254.93 TOTAL HARDNESS AS CAC03 251.91 
FIELD CNDUCTVY MICROMHOS 446. TOTAL ALKALINITY AS CAC03 242.93 
LAB CNDUCTVY: MICROMHOS 450. FIELD ALKALINITY AS CAC03 256. 

FIELD PH 6.75 RYZNAR STABILITY INDEX 7.40 
LABORATORY PH 7.30 LANGLIER SATURATION INDEX -.05 

ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO .04 

SUM OF DISS. CONSTITUENT 405.22 FIELD HARDNESS AS CAC03 

PARAMETER VALUE PARAMETER VALUE 
FIELD TEMP. AIR 32.0 C FIELD TEMP. WATER 7.0 c 
ALUMINUM DISS (UGIL-AL) (30. NICKEL DISS (UG/L AS NI) (10. 
SILVER ~ISS(UG/L AS AG) (2. PHOSPHATE TO DIS(MG/L-P) (.1 
BORON bISS (UGIL AS B) (20. STRONTIUM'DI~S (UGIL-SR) 340. CADMICTM DISS(UG/L AS CD) (2. TITANIUM ~IS(UG/L AS TI) 7. 
CHROMIU~ DISS (UGIL-CR) (2. VANADIUM DISS(UG/L AS V) (1. 
COPPER DfSS (UG/L AS CU) 3. ZINC D I ~  (UG/L AS ZN) (3. 
LITHIU~ DISS(UG/L AS LI) 20. ZIRC6NIUM DIS(UG/L - ZR) (4. 
MOLYBDE~UM DISS ( UGIL-MO ) (20. 0-PHOSPHATE DISS(MG/L-P) (.1 
BROMIDE DI$S(MG/L AS BR) (.1 ARSENIC DIS~(UG/L AS AS) . 3  
SULFIDE'TOTAL(MG/L AS s )  (.1 SELENIU~, DISS (UGIL-SE) .2 
DISSLD QOLIDS (CALC MG/L) 255. 
REMARKS: TRICKLES OVER TOP OF CASING * WATER FROM KOOTENAY FM 
EXPLANATION. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER MEQ/L = 
MILLIE UIVA~ENTS PER LITER. FT = FEET ~f = METERS. (MI = MEASURED (E) = 
E S T I ~ ~ E D  (R) = REPORTED TR = TOTAL'RECOVERABLE TOT = TOTAL B ~ O  = BIOLOGICALLY AVAILABLE. SIGMA INCLUDES AL, cu, SR; ZN, AND H+ IP REPORTED. 

QW WA S2 WI OW PW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER FLOT) 
CA MG Ng K CL SO4 HC03 C03 

56.0 42.0 1.4 .6 .1 5.2 94.8 .O 

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: a400667 
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MONTANA BUREAU OF MINES AND GEOLOGY 
BUTTE,MONTANA 59701 (406)496-4101 

WATER QUALITY ANALYSIS 
LAB NO. 84Q0668 

COUNTY 
SITE LOCATION OON OOW 00 

STATE 

UTM COORDINATES Z N 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 124KSNN* 
DRAINAGE BASIN 

LATITUDE-LONGITIJDE 49D06'07"N 114D32'53"W 
MBMG SITE N-FORK E 
STATION ID 490607114325301 

LAND SURFACE ALTITUDE 4415. FT ( 10 

TOTAL DEFTH OF WELL 1 2 0 . 0  FT (M) DATE SAMPLED 25-JUL-84 SWL ABOVE(-) OR BELOW GS 3.0 FT (M) TIME SAMPLED 12:30 HOURS 
CASING TYPE S T F L  

A A SAMPLE SOURCE TEST HOLE 
SUSTA1,NED YIELD 

YIELD MEAS METHOD AGENCY + SAMFLER MBMGARAN 

LAB t ANALYST MBMGAFNA 
DATE ANALYZED 16-AUG-84 COMPLETION TYPE 

PERFORATED INTERVAL SAMPLE HANDLING 4220 

BOTTLE NUMBER 75-ROLA 

CASING DIAMETER 6 IN 

METHOD SAMPLED BAILED 
WATER USE RESEARCH 

SAMPLING SITE BRITISH COLUMBIA, CANADA 
GEOLOGIC SOURCE. 

MEP!\7 
MEQ/L MG/L 

.44 BICARBONATE (HCO3) . 303. 
0. 
.2 

9.2 
.20 

(F) .1 

MG/L 

. 0 1  

.19 

. 0 1  

.01 

(C03 ) 
(CL) 

( SO4 ) 
(AS N) 

PHOSPHATE TOT (AS P) 

8.9 
4.7 

CALCIUM (CA) 
MAGNESIUM (MG) 

99.9 SODIUM (NA) 
1.4 POTASSIUM (K) 

(FE) IRON 
MANGANESE (MN) 
SILICA ( S I O 2 )  2.6 

.39 CARBONATE 
4.35 CHLORIDE 
.04 SULFATE 
00 NITRATE 

:OO FLUORIDE 
. 0 2 3  
.066 

TOTAL CATIONS 5 . 2 2  TOTAL ANIONS 

STANDARD DEVIATION OF ANION--CATION BALANCE (SIGMA) 

5.18 

-.  224 
TOTAL HARDNESS AS CAC03 41.56 
FIELD HARDNESS AS CAC03 

FIELD CNDUCTVY MICROMHOS 467. TOTAL ALKALINITY AS CAC03 248.51 

.06 

(XLCULATED DISSOLVED SOLIDS 276.55 
SUM OF DISS. CONSTITUENT 430.28 

FIELD ALKALINITY AS CAC03 266. LAB eNDUCTVY: MICROMHOS 460. 0.37 RYZNAR STABILITY INDEX 8.09 FI€LD FH 
LABORATORY FH 

ADJUSTED SODIUM AD. RATIO 
8 . 2 2  LANGLILR SATURATION INDEX SODIUM ADSORPTION RATIO 6.74 

VALUE 
19.5 c VALIJE PARAMETER 

FIELD TEMP. WATER PARAMETER 
FIELD TEMP. AIR 34. c 

NICKEL DISS (UG/L AS NI) (10. 
PHOSPtdTE TO DIS(MG/L-P) 

VANADIUM DISS(UG/L AS V) < 3 .  
(4. ZIRC6NIUM DIS(UG/L - ZR) 

0-PHOSPHATE DISS(MG/L-F) 

<.1 (30. 
( 2 .  
50. 
( 2 .  
( 2 .  
(2. 
30. 

ALUMINUM DISS (UG/L-AL) 
DORON bISS (UG/L AS B) 

COPPER DfSS (UG/L AS CU) 

STRONTIUM'DI~S (UGIL-SR) 320. SILVER I~IX(UG/L AS AG) 
TITANIUM ~IS(UG/L AS TI) CADMI~M DTSS(UGIL AS CD) 
ZINC ~ 1 5 s  (UG/L AS ZN) CHROMIU~ DISS (UG/L CR) 

LITHIU~ DISS(UG/L AS LI) (20. 
ARSENIC DIS~(UG/L AS AS) MOLYBDE~UM DISS(UG/L-MO) 

(.1 SELENIU~, DISS (UGIL-SE) BROMIDE DI$S(MG/L AS BR) 
SULFIDE'TOTAL(MG/L AS s )  2 7 7 .  
DISSLD SOLIDS(CALC MGIL) 

(1. (l. 

C.1 
.1 
. 3  (.1 

REMARKS: SHOULD RESAMPLE WITH A PUMF * WATER FROM KISHENEN FM 
LAB: APPROXIMATELY 1 MG/L NO2 

EXPLANATION. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER, MEQ/L = 

ESTIMAf'ED (R) = REPORTED TR = TOTAL RECOVERABLE TOT = TOTAL. BfO = 
BIOLOGICAtLY AVAILABLE. QIGMA INCLUDES AL, CU, SR; ZN, AND H+ IF REPORTED. 
MILLIE UIVA~ENTS PER LITER. FT = FEET, M+ = METERS. (M) = MEASURED (E) = 

QW WA 5 2  WI OW FW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP AJKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FED-87 

PERCENT ME /L (FOR FIPER PLOT) 
CA MG N!? K CL SO4 11C03 C03 
8.5 7.4 83.3 .7 .1 3.7 96.2 . O  

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 8440668 



STATE COUNTY 
LATITUDE-LONGITUDE 49D06'33"N 114D32'56"W SITE LOCATION OON OOW 00 

UTM COORDINATES Z N E MBMG SITE N-FORK 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 

STATION ID 490633114325601 
DRAINAGE BASIN LAND SURFACE ALTITUDE 4400. FT ( 10 

* A * SAMPLE SOURCE TEST HOLE 

AGENCY + SAMPLER MBMGhRAN SUSTAINED YIELD 
BOTTLE NUMBER 75-R-03 YIELD MEAS METHOD 
DATE SAMPLED 25- JUL-84 TOTAL DEPTH OF WELL 
LAB + ANALYST MBMG*FNA CASING DIAMETER 6 IN 
DATE ANALYZED 16-AUG -84 
TIME SAMPLED 14:30 HOURS SWL ABOVE( - )  OR BELOW GS FLOWING 

CASING TYPE STFL 
SAMPLE HANDLING 4220 COMPLETION TYPE 
MJ3"OD SAMPLED GRAB PERFORATED INTERVAL 

WATER USE RESEARCH 
SAMPLING SITE BRITISH COLUMBIA, CANADA 

GEOLOGIC SOURCE 
MG/L 
274.3 ME8!k0 
0. 

ME?!kU BICARBONATE (HC03 ) CALCIUM (CA) 49.6 
MAGNESIUM (MG) 25.2 2.07 CARBONATE (C03) 
SODIUM (NA) 4.4 .19 CHLORIDE (CL) .2 -01 
POTASSIUM (K) 1.5 .04 SULFATE ( SO4 ) 8.8 .18 
IRON (FE) .42 .02 NITRATE (AS N) .13 .Ol 
MANGANESE (MN) .018 .OO FLUORIDE (F) . 2  .01 
SILICA (SI021 7.7 PHOSPHATE TOT (AS P) 

MG/L 

TOTAL CATIONS 4.81 TOTAL ANIONS 4.70 
STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) - .648 

CALCULATED DISSOLVED SOLIDS 233.29 TOTAL HARDNESS AS CAC03 227.57 
FIELD CNDUCTVY MICROMHOS 424. TOTAL ALKALINITY AS CAC03 224.97 
LAB CNDUCTVY : MICROMIIOS 4 15. FIELD ALKALINITY AS CAC03 208. 

FIELD PH 6.98 RYZNAR STABILITY INDEX 7.45 
LABORATORY PH 7.45 LANGLIER SATURATION INDEX - . oo  

ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO .12 

SUM OF DISS. CONSTITUENT 372.46 FIELD HARDNESS AS CAC03 

PARAMETER VALUE PARAMETER VALUE 
FIELD TEMP. AIR 34.0 c FIELD TEMP. WATER 9.0 c 
ALUMINUM DISS (UGIL-AL) 3 0 .  NICKEL DISS (UG/L AS NI) (10. 
SILVER ~ISS(UG/L AS AG) 6 .  PHOSPHATE TO DIS(MG/L-P) .2 
BORON 6ISS (UG/L AS B) 60. STRONTIUM'DI~S (UGIL-SR) 560. CADMIOM DISS(UG/L AS CD) (2. TITANIUM ~IS(UG/L AS TI) 8. 
CHROMIU~ DISS (UGIL-CR) 6. VANADIUM DISS(UG/L AS V) 9. 
COPPER DfSS (UG/L AS CU) 10. ZINC DISS (UG/L AS ZN) 7. 
LITHIU~ DISS(UG/L AS LI) 39. ZIRC6NIUM DIS(UG/L - ZR) 10. MOLYBDEBUM DISS(UG/L-MO) 20. 0-PHOSPHATE DISS(MG/L-P) .2 
BROMIDE DISS(MG/L AS BR) (.1 ARSENIC DISS(UG/L AS A S )  .3 
SULFIDE'TOTAL(MG/L AS s )  c.1 SELENIU~, DISS (UGIL-SE) .3 
DISSLD SOLIDS ( CALC MG/L) 233. 
REMARKS: TRICKLE FLOW OUT HOLE BELOW TOC * W A m  FROM KOOTENAY FM * 
EXPLANATION. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER, MEQ/L = 

ESTIMA8ED (R) = REPORTED TR = TOTAL'RECOVERABLE TOT = TOTAL BfO = 
MILLIE UIVA~ENTS PER LITER. FT = FEET M+ = METERS. (M) = MEASURED (E) = 

BIOLOGICALLY AVAILABLE. SIGMA INCLUDES AL, cu, SR; ZN, AND H+ IP REPORTED. 
QW WA S2 WI OW PW AT OTHER 

OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG Ng K CL SO4 tic03 C03 

51.7 43.3 4.0 .8 .1 3.9 96.1 .O 
NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0669 
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COUNTY 
SITE LOCATION OON OOW 00 

MBMG SITE N-FORK 

LAND SURFACE ALTITUDE 4440. 
SUSTAINED YIELD 

YIELD MEAS METHOD 
TOTAL DEPTH OF WELL 

STATE 
UTM COORDINATES Z N 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 
DRAINAGE BASIN 

LATITUDE-LONGITUDE 49D05'55"N 114D33'17"W E 
STATION ID 490555114331701 * h SAMPLE SOURCE TEST H O L L  ( 

AGENCY + SAMPLER MBMGhRAN 
BOTTLE NUMBER 75-R-12 
DATE SAMPLED 25-JUL-84 
TIME SAMPLED 11:30 HOURS 
LAB + ANALYST MBMGAFNA 
DATE ANALYZED 16-AUG-84 

SWL ABOVE(-) OR BELOW GS FLOWING 
CASING DIAMETER 6 IN 
COMPLETION TYPE 

METHOD SAMPLED GRAB PERFORATED INTERVAL 
CASING TYPE STEEL 

SAMPLE HANDLING 4220 
WATER USE RESEARCH 

SAMPLING SITE BRITISH COLUMBIA, CANADA 
GEOLOGIC SOURCE 

ME11!k8 
.2 . 0 1  

.25 . o o  .06 

MG/L 
304. .17 BICARBONATE (HC03) (C03) 0. 1.81 CARBONATE 

(CL) .16 CHLORIDE 
( SO4 ) .02 SULFATE 

.16 NITRATE (AS N) 

.OO FLUORIDE 
PHOSPHATE TOT (AS P) 

MG/L MEQ/L 
63.6 CALCIUM (CAI 
2 2 .  MAGNESIUM (MG) 
3.7 SODIUM (NA) 
.9 POTASSIUM (K) 

2.95 (FE) 
.050 

IRON 
MANGANESE (MN) 
SILICA (SI02) 7.6 

11.9 
(F) (.1 

TOTAL CATIONS 5.33 TOTAL ANIONS 5.23 

STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) - .530 
TOTAL HARDNESS AS CAC03 249.36 
FIELD HARDNESS AS CAC03 

TOTAL ALKALINITY AS CAC03 249.33 
FIELD ALKALINITY AS CAC03 256. 

7.53 
- . 2 8  

RYZNAR STABILITY INDEX 
.10 

LABORATORY PH 6.96 LANGLIER SATURATION INDEX 
ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO 

CALCULATED DISSOLVED SOLIDS 262.71 
SUM OF DISS. CONSTITUENT 416.96 

FIELD CNDUCTVY MICROMHOS 474. 
FIELD PH 6.83 

LAB CNDUCTVY: MICROMHOS 457. 

VALUE 
8.0 c VALUE PARAMETER 

FIELD TEMP. WATER 
PARAMETER 

FIELD TEMP. AIR 30.0 C 
NICKEL DISS (UG/L AS NI) (10. 

(.1 

7. 
3. 
(4. 
(.1 
.5 
.4 

(30. 
(20. 

( 2 .  
17. 

ALUMINUM DISS (UG/L-AL) ( 2 .  PHOSPIdiTE TO DTS(MG/L-P) 
BORON bISS (UG/L AS B) 

VANADIUM DISS(UG/L AS V) 
ZIRCbNIUM DIS(UG/L - Z R )  COPPER DfSS (UG/L AS CU) 
0-PHOSPHATE DISS(MG/L-P) 

STRONTIUM'DI~S (UGIL-SR) 400. 
(2. TITANIUM SIS(UGIL AS TI) (l. 

ZINC DISS (UG/L AS ZN) 

SILVER ~ISS(UG/L AS AG) 
CADMICTM DISS(UG/L AS CD) CHROMIUEI~ DISS (UGIL-CR) (2. 
LITHIU~~ DISS(UG/L AS LI) 

(20. MOLYBDEBUM DISS(UG/L-MO) (.1 ARSENIC DIS$(UG/L AS AS) BROMIDE DI~S(MG/L AS BR) (.1 SELENIU~, DISS (UGIL-SE) SULFIDE'TOTAL(MG/L AS s )  
2 6 3 .  IIISSLD 4OLIDS(CALC MG/L) 

REMARKS: LEFT GRAY RESIDUE ON FILTER; FLOW ABOUT 3 GPM * WATER FROM KOOTENAY FM 
EXPLANATlON. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER MEQ/L = 
MILLIE UIVA~ENTS PER LITER. FT = FEET, M+ = METERS. (M) = MEASURED [E) = 
BIOLOGICALLY AVAILABLE. SIGMA INCLUDES AL, cu, SR, ZN, AND H+ IP REPORTED. ESTIMAfED (R) = REPORTED TR = TOTAL RECOVERABLE. TOT = TOTAL BfO = 

QW WA S 2  WI OW PW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG Ng K CL SO4 HC03 C03 

61.4 35.0 3.1 .4 .1 4.7 95.3 . O  

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0670 
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A BUR U F MINES AND GEOLOGY WATER QUALITY ANALYSIS 
!8!%?MONTAf# e9701 (406 1496-4101 LAB NO. 84Q0671 

STATE 
UTM COORDINATES 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 
DRAINAGE BASIN 

DATE SAMPLED 
TIME SAMPLED 
LAB + ANALYST 
DATE ANALYZED 

SAMPLE HANDLING 
METHOD SAMPLED 

WATER USE 

LATITUDE-LONGITUDE 

AGE C + S MTLE Mi%@ 

SAMPLING SITE 
GEOLOGIC SOURCE 

COUNTY 
49D06'22"N 114D32'56"W SITE LOCATION OON OOW 00 
Z N  E MBMG SITE N-FORK 

STATION ID 490622114325601 
LAND SURFACE ALTITUDE 4500. FT ( 10 

* * * SAMPLE SOURCE TEST HOLE 

SUSTAINED YIELD 
YIELD MEAS METHOD 

TOTAL DEPTH OF WELL 
Ym*RAN 
2 5 -  JUL- 84 
15:30 HOURS SWL ABOVE(-) OR BELOW GS FLOWING 
M BMG * FNA CASING DIAMETER 6 IN 
16 - AUG - 8 4 
4220 COMPLETION TYPE 
GRAB PERFORATED INTERVAL 
RESEARCH 

CASING TYPE STfEL 

BRITISH COLUMBIA, CANADA 

MG/L 
229.8 "9'57 

0 .  
"8!$3 BICARBONATE (HC03 ) CALCIUM (CA) 44.6 

MAGNESIUM (MG) 21.3 1.75 CARBONATE (C03 ) 
SODIUM (NA) .6 .03 CHLORIDE (CL) .2 .Ol 
POTASSIUM ( K )  1. .03 SULFATE (S04) 14.8 .31 
IRON (FE) .65 .03 NITRATE (AS N) .06 . oo  
MANGANESE ( M N )  .014 .OO FLUORIDE (F) .1 .Ol 
SILICA (SIO2) 6.5 PHOSPHATE TOT (AS P) 

MG/L 

TOTAL CATIONS 4.07 TOTAL ANIONS 4.08 

STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) .lo4 
CALCULATED DISSOLVED SOLIDS 203.02 TOTAL HARDNESS AS CAC03 199.03 
FIELD CNDUCTVY MICROMHOS 398. TOTAL ALKALINITY AS CAC03 188.47 

LAB CNDUCTVY: MICROMHOS 355. FIELD ALKALINITY AS CAC03 180. 
FIELD PH 7.25 RYZNAR STABILITY INDEX 7.87 

LABORATORY PH 7.28 LANGLIER SATURATION INDEX -. 29 
ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO .Ol 

SUM OF DISS. CONSTITUENT 319.62 FIELD HARDNESS AS CAC03 

PARAMETER VALUE PARAMETER VALUE 
FIELD TEMP. AIR 34.0 c FIELD TEMP. WATER 6.0 C 
ALUMINUM DISS (UG/L-AL) (30. NICKEL DISS (UG/L AS NI) (10. 
SILVER ~ISS(UG/L AS AG) (2. PHOSPHATE TO DIS(MG/L-P) .4 
BORON bISS (UG/L AS B) (20. STRONTIUM'DI~S (UGIL-SR) 270. 
CADMI~M DISS(UG/L AS CD) ( 2 .  TITANIUM ~IS(UG/L AS TI) 2. 
CHROMIU~ DISS (UGIL-CR) ( 2 .  VANADIUM DISS(UG/L AS V) (1. 
COPPER DfSS (UG/L AS CU) ( 2 .  ZINC D I ~ S  (UGIL AS ZN) 35. 
LITHIU~ DISS(UG/L AS LI) 12. ZIRC6NIUM DIS(UG/L - ZR) (4. 
MOLYBDE~UM DISS(UG/L-MO) (20. 0-PHOSPHATE DISS(MG/L-P) .2 
BROMIDE DI~S(MG/L AS BR) - 1  ARSENIC DISS(UG/L AS AS) .3 
DISSLD SOLIDS~CALC MGIL) SULFIDE'TOTAL(MG/L AS s )  203. (.l SELENIU~, DISS (UGIL-SE) . 4  

REMARKS: CAPPED AND FLOWING APPROXIMATELY 3 GPM * WATER FROM KOOTENAY FM * 
EXPLANATION- MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER MEQ/L = 

ESTIMAgED (R) = REPORTED TR = TOTAL'RECOVERABLE TOT = TOTAL BfO = 
MILLIE UIVA~ENTS PER LITER. FT = FEET M+ = MFTERS. (M) = MEASURED (E) = 

BIOLOGICALLY AVAILABLE. SIGMA INCLUDES AL, cu, SR; ZN, AND H+ I? REPORTED. 
QW WA S2 WI OW PW AT OTHER 

OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG Ng K CL SO4 HC03 C03 

55.2 43.4 .6  .6 .1 7.6 92.5 .O 
NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0671 
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MONTANA BUREAU OF MINES AND GEOLOGY BUTTE,MONTANA 59701 (406)496-4101 LAB NO. 84Q0672 
WATER QUALITY ANALYSIS 

:STATE COUNTY 
LATITUDE-LONGITUDE 49D06'06"N 114D33'15"W SITE LOCATION OON OOW 00 MBMG SITE N FORK 

STATION ID 490606114331501 
LAND SURFACE ALTITUDE 4600. FT < 10 

UTM COORDINATES Z N E 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 
DRAINAGE BASIN 

A A * SAMPLE SOURCE TEST HOLE 

SUSTA1,NED YIELD 
YIELD MEAS METHOD 

TOTAL DEPTH OF WELL 
SWL ABOVE( ) OH BELOW GS FLOWING 

CASING DIAMETER 6 IN 
COMPLETION TYPE 

PERFORATED INTERVAL 

AGENCY + SAMPLER MBMWRAN 
BOTTLE NUMBER 75-DO3A 
DATE SAMPLED 25-JUL-84 
TIME SAMPLED lh:30 HOURS 
LAB i ANALYST MBMGAYNA 
DATE ANALYZED 16-AUG-04 CASING TYPE STZEL 

SAMPLE HANDLING 4220 
METHOD SAMPLED GRAD 

WATER USE RESEARCH 
SAMPLING SITE BRITISH COLUMBIA, CANADA 

GEOLOGIC SOURCE 
MG/L 254.2 ""!!?7 

.1 . o o  
.40 

-00 .Ol 

0 .  

19. 

"?!k6 BICARBONATE (HC03) 
(C03) 
(CL) 
(S04) 
(AS N) 

(F) 
PHOSPHATE TOT (AS P )  

MG / I. 
53.3 

1.84 CARBONATE 
CALCIUM (CA) 

22.4 
.02 CHLORIDE 

MAGNESIUM (MG) 
. 5  

.01 SULFATE: .5 
SODIUM (NA) 

.03 NITRATE .52  
POTASSIUM (K) 
IRON (FE) .037 .OO FLUORIDE MANGANESE (MN) SILICA ( 5 1 0 2 )  6.3 

C.1 

4.56 TOTAL ANIONS 4.57 TOTAL CATIONS 
.012 STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) 

CALCULATED DISSOLVED SOLIDS 227.95 TOTAL HARDNESS AS CAC03 225.28 
SUM OF DISS. CONSTITUENT 356.93 FIELD HARDNESS AS CAC03 

TOTAL ALKALINITY AS CAC03 208.48 
FIELD ALKALINITY AS CAC03 210. LAB CNDUCTVY: MICROMHOS 407. 7 18 7.56 RYZNAR STABILITY INDEX - .  11 7: 34 LANGLIER SATURATION INDEX 

. 0 1  ADJUSTED SODIUM AD. RATIO SODIUM ADSORPI'ION RATIO 

FIFLD CNDUCTVY MICROMHOS 442. 
FIELD PH 

LABORATORY PH 

VALUE 
6.0 c VALUE PARAMETER 

32. c FIELD TEMF. WATER PARAMETER 
FIELD TEMP. AIR 

NICKFL DISS (UG/L AS NI) (10. 
<.1 

6. 
STRONTIUM DISS (UG/L SR) 

4. VANAIIIUM DISS(UG/L AS V) 
14. 
(4. 
<.1 

ZIRCbNIUM DJS(UG/L - ZR) 
0 -PHOSPHATE DISS ( MGIL-F) 

.4 

. 5  

(30. 
(2. 
60 f 
(2. 

3 .  
5. 

30. 
<.1 

PHOS~~TE,TO DIS(MG/L-P) 53. 

TITANIUM SIS(UG/L AS TI) 
ZINC DISS (UG/L AS ZN) 

ARSENIC DIS$(UG/L AS AS) 
SELENIU~, DISS (UGIL-SE) 

ALUMINUM DISS (UG/L-AL) 
BORON fiISS (UG/L AS B) 
CADMIfiM DISS(UG/L AS CD) 
COPPER DfSS (UG/L AS CU) 
MOLYBDEBUM DISS ( UG/L MO) 

SILVER SISS(UG/L AS AG) 

CHROMIU~ DISS (UGIL-CR) 2. 

LITHIU~ DISS(UG/L AS LI) 

BROMIDE,DISS(MG/L SULFIDE TOTAL(MG/L AS AS BR) S )  
DISSLD ~OLIDS(CALC MGIL) 2 2 8 .  (.1 
REMARKS: FLOWS APPROXIMATELY 1 GPM OUT OF 1 INCH PIPE A WATER FROM KOOTENAY FM 

EXPLANATION. MG/L = MILLlGRAMS PER LITER UG/L = MICROGRAMS PER LITER, MEQ/L = 

ESTIMAtED (R) = REPORTED TR = TOTAL'RECOVERARLE. TOT = TOTAL. BfO = 
5IOLOGICAtLY AVAILABLE. 5IGMA INCLUDES AL, CU, SR, ZN, AND H+ IF REPORTED. 
MILLIE UIVA~ENTS PER LITER. FT = FEET M$ = METERS. ( M )  = MEASURED (E) = 

QW WA S 2  WI OW PW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730F V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG Ng K CL SO4 HC03 C03 

58.7 40.7 . 5  . 3  .1 8 . 7  91.3 . O  

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0672 
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MONTANA BUREAU OF MINES AND GEOLOGY WATER QUALITY ANALYSIS 
BUTTE,MONTANA 51701 (406)496-4101 LAB NO. 84520673 

STATE COUNTY 
LATITUDE-LONGITUDE 49D06' 35'" 114D32' 56"W SITE LOCATION OON OOW 00 

UTM COORDINATES Z N E MBMG SITE N-FORK 
TOPOGRAPHIC MAF 
GEOLOGIC SOURCE 

STATION ID 490635114325601 
DRAINAGE BASIN LAND SURFACE ALTITUDE 4450. FT ( 10 

* A * SAMFLE SOURCE TEST HOLE 

AGENCY t SAMPLER MBMGARAN SUSTAINED YIELD 
BOTTLE NUMBER 7435 YIELD MEAS METHOD 
DATE SAMPLED 25-JUL-84 TOTAL DEPTH OF WELL 
LAB + ANALYST MBMG*FNA CASING DIAMETER 6 IN 
DATE ANALYZED 16-AUG-84 
TIME SAMPLED 14:OO HOURS SWL ABOVE(-) OR BELOW GS FLOWING 

CASING TYPE STFEL 
SAMPLE HANDLING 4220 COMPLETION TYPE 
METHOD SAMPLED GRAB PERFORATED INTERVAL 

WATER USE RESEARCH 
SAMFLING SITE BRITISH COLUMBIA, CANADA 

GEOLOGIC SOURCE 
MG/L 
244.5 ""t!kl 
0. 

""8!$0 BICARBONATE (HC03) CALCIUM (CA) 44.1 
MAGNESIUM (MG) 20.9 1.72 CARBONATE (C03 ) 
SODIUM (NA) 7.1 .31 CHLORIDE (CL) . 2  .Ol 
POTASSIUM (K) 1.2 .03  SULFATE ( SO4 ) 15.9 .33 
IRON (FE) .27 . 0 1  NITRATE (AS N) .21 . 0 1  
MANGANESE ( M N )  .01G .OO FLUORIDE (F) .1 . 0 1  
SILICA (SIO2) 7.9 PHOSPHATE TOT (AS P) 

MGlL 

TOTAL CATIONS 4.28 TOTAL ANIONS 4.36 
STANDARD DEVIATION OF ANION-CATION BALANCE (SIGMA) .444 

CALCULATED DISSOLVED SOLIDS 218.33 TOTAL HARDNESS AS CAC03 196.14 
FIELD CNDUCTVY, MICROMHOS 460. TOTAL ALKALINITY AS CAC03 200.53 
LAB CNDUCTVY, MICROMHOS 380. FIELD ALKALINITY AS CAC03 218. 

FIELD PI1 7.11 RYZNAR STABILITY INDEX 7.64 
LABORATORY PH 7.46 LANGLIER SATURATION INDEX -.  09 

ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO .22 

SUM OF DISS. CONSTITUENT 342.39 FIELD HARDNESS AS CAC03 

PARAMETER VALUE PARAMETER VALUE 
FIELD TEMP. AIR 34.0 c FIELD TEMP. WATER 6.0 C 
ALUMINUM DISS (UG/L AL) (30. NICKEL DISS (UG/L AS NI) (10. 
SILVER ~ISS(UG/L AS AG) (2. PtlOSFHATE TO DIS(MG/L-P) .5 
BORON bISS (IJG/L AS B), 60. STRONTIUM'DI~S (UGIL-SR) 620. 
CADMI~M DISS(UG/L AS CD) (2. TITANIUM ~IS(UG/L AS TI) 2. 
CtlROMIUfi DISS (UG/L-CR) (2. VANADIUM DISS(UG/L AS V) (1. 
COPFER DfSS (UG/L AS CU) (2. ZINC DISS (UGIL AS ZN) (3. 
LITliIUk DISS(UG/L AS LI) 3s. ZIRC~NIUM DIS(UG/L - ZR) (4. 
MOLYBDE~M DISS(UG/L-MO) (20. 0- PHOSPHATE DISS ( MG/L-P) .2 
UROMIDE DI~S(MG/L AS BR) .1 ARSENIC DIS~(UG/L AS AS) 
SULFIDE'TOTAL(MG/L AS s )  <.1 SELENIU~, DISS (UGIL-SE) 
DISSLD SOLIDS ( CALC MGIL) 

.3 

.3 
218. 

REMARKS: WELL FLOWS A TRICKLE * WATER FROM KOOTENAY FM 
EXPLANATION- MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER MEQ/L = 
MILLIE UIVA~ENTS PER LITER. FT = FEET M+ METERS. (M) = MEASURED {E) = 
ESTIMA~ED (R) = REPORTED TW = TOTAL'RECOVERABLE. TOT = TOTAL B ~ O  = 
BIOLOGICA~LY AVAILABLE. SIGMA INCLUDES AL, cu, SR, ZN, AND H+ IF REPORTED. 

QW WA 52  WI OW PW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

LAST EDIT DATE: 29-JAN-87 BY: TP *JKS 
PROCESSING PROGRAM: F1730P V4 (12/19/86) PRINTED: 13-FEB-87 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG NW K CL SO4 HC03 C03 

51.6 40.3 7.2 . 7  .1 7.6 92.3 .O 
NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0673 
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WA ER QU L ANALYSIS  LA^! NO. fl46;f&38 MONTANA BUREAU PF MINES AND GEOLOGY 
BUTTE,MONTANA ~ 9 7 0 1  (406)496-4101 

STATE COUNTY 
LATITUDE-LONGITUDE 49D05'34"N 114D32'10"W SITE LOCATION OON OOW 00 MBMG SITE N-FORK 

* * * SAMPLE SOURCE STREAM 
STATION ID 490534114321001 

LAND SURFACE ALTITUDE 4285. F T  ( 10 

UTM COORDINATES Z N E 
TOPOGRAPHIC MAP 
GEOLOGIC SOURCE 
DRAINAGE BASIN 

AGENCY + SAMPLER MBMG*RAN 
BOTTLF NUMBER HOWELL 
DATE >SAMPLED 3 1 - JUL- 84 
TIME SAMPLED 16:OO HOURS 
LAB t ANALYST MBMG*FNA 
DATE ANALYZED 16 AUG-R4 

WATER FLOW RATE 
FLOW MEAS METHOD 

STAFF GAGE 
STREAM STAGE 

DEPTH TO SAMFLE 
TOTAL DEPTH OF WATER 

STREAM WIDTH 55. F T  SAMFLE HANDLING 7120 
Ml3"OL) SAMFLED FLOW COMPOSITE 

WATER USE UNUSED 
SAMPLING SITE HOWELL CREEK * BRITISH COLUMBIA, CANADA 

DRAINAGE BASIN 

ME!!42 
MG/L 
166. 
0. 
C.1 
6. 
(.1 

ME?!?2 BICARBONATE (HC03 ) 
(C03 ) 
(CL) 
(S04) SULFATE.: 
(AS N) NITRATE, 

(F) 
PHOSPHATE TOT (AS P) 

MG/L 
42.5 
8. 

. 5  
(.1 
( . 0 0 2  
.001 

.66 CARBONATE 

.02 CHLORIDE 

.OO FLUORIDE 

CALCIUM (CA) 
MAGNESIUM (MG) 
SODIUM (NA) 
POTASSIUM ( K )  

(FE) IRON 
MANGANESEr(MN) 

.12 
.06 . o o  

SILICA (3102) 4.0 
2.80 TOTAL ANIONS 2.84 TOTAL CATIONS 

.324 STANDARD DEVIATION OF ANION-CATION BALANCE (S IGMA)  
CALCULATED DTSSOLVED SOLIDS 143.63 TOTAL HARDNESS AS CAC03 139.05 
FIELD CNDUCTVY MICROWIOS 252. TOTAL ALKALINITY AS CAC03 136.14 

LAB CNDUCTVY: MICHOMHOS 252.8 7 18 FIELD RYZNAR ALKALINITY STABILITY AS CAC03 INDEX 7.31 
.42 FIELD PH 
. 0 1  LABORATORY PH 

ADJUSTED SODIUM AD. RATIO 

SUM OF DISS. CONSTITUENT 227.86 FIELD HARDNESS AS CAC03 

8: 16 LANGLIER SATURATION INDEX 
SODIUM ADSORPTION RATIO 

FARAMETER VALUE 
13.5 C 

VALUE 
30. C FIELD TEMP. WATER 

PARAMETER 
FIELD TEMP. AIR 

NICKFL DISS (UG/L AS NI) (10. 

6. 
(1. 
(3. 
(4. 

FHOS~HkE,TO DIS(MG/L-P) 54. (.1 
ALUMINUM DISS (UG/L-AL) (30. 
BORON bISS (UG/L AS B) 60. 

( 2 .  
( 5 .  
( 2 .  LOPPER DfSS (UGIL AS C U )  
( 2 .  1,ITtIIUk DISS(UG/L AS LI) 
(20. 

144. 

STRONTIUM DISS (UGIL-SR) 
TITANIUM ~IS(UG/L AS TI) 
ZINC DISS (UG/L AS ZN) 
o P i ~ o s P t v m  DISS ( MGIL-P) 
ARSENIC DIS$(UG/L AS AS) 

SILVFR fjISS(UG/L AS AG) ( 2 .  

~ADMTITM DISS(UG/L AS CD) 
<HROMIU~ DISS (UGIL-CR) 

MOLYLWEBUM UISS(UG/L-MO) 
BROMIDE DISS(MG/L AS BR) 
MCRCURY'DISS(UG/L AS HG) 

VANADIUM DISS(UG/L AS V) 
ZIRCbNTLJM DIS(UG/L ZR) 

(.1 
.7 

2.1 
.2 < . 0 4  SEDIMEN~ , TOTAL ( MG L ) 

DTSSLD &Or, IDS (CALC MG/L) 
REMARKS: CLEAR AND COLD 

CHANNEL IS ABOUT 55 FEET WIDE WIICRE SAMPLED AND FLOWS VERY SWIFTLY; 
MAXIMIJM DEPTH 1.0 TEET 

E:XFLANATION. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS PER LITER, MEQ/L = 

LSTIMAgED ( R )  = REPORTED TR = TOTAL RECOVERABIE TOT = TOTAL BfO = 
MILLIE UIVA~ENTS PER LITER. FT = FEET, M+ = METERS. (M) - MEASURED (E) = 

BIOLOGICALLY AVAILABLE. SIGMA INCLUDES AL, CU, iR; ZN, AND Ht I+ REFORTED. 
QW WA S2 WI OW FW AT OTHER 

OTHER AVAILABLE DATA 
OTHER FILE NUMBERS: 

PROCESSING PROGRAM: F1730F' V4 (12/19/86) PRINTED: 13-FEB-87 
1.AST EDIT DATE: 29-JAN-87 BY: TP *JKS 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG N! K CL SO4 HC03 C03 

75.7 23.5 .8  . O  . O  4.4 95.9 . O  

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0680 
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U OF MINES AND GEOLOGY WATER QUALITY ANALYSIS !8Rk:RcJ/YfP A 59701 (406)496-4101 LAB NO. 84Q0689 
COUNTY STATE 

LATITUDE LONGITUDE 49D05'33"N 114D32'14"W SITE LOCATION OUN O O W  00  
UTM COORDINATES Z N E MBMG SITE N-FORK 
TOPOGRAPHIC MAP STATION ID 490533114321401 
DRAINAGE BASIN LAND SURFACE ALTITUDE 4290. F T  ( 10 

GEOLOGIC SOURCE * * * SAMPLE SOURCE STREAM 

AGENCY + SAMPLER MBMG*RAN WATER FLOW RATE FLOW MEAS METHOD BOTTLE NUMBER CABIN C 
DATE SAMPLED 31-JUL -04 STAFF GAGE 
TIME SAMPLED 17:OO HOURS STREAM STAGE 
LAB + ANALYST MBMGAFNA DEPTH TO SAMPLE 
DATE ANALYZED 16-AUG-84 TOTAL DEPTH ,OF WATER 

SAMPLE HANDLING 5120 STREAM WIDTH 22. FT (M) 
METHOD SAMPLED FLOW COMPOSITE 

WATER USE 
SAMPLING SITE CABIN CREEK +. BRITISH COLUMBIA, CANADA 

DRAINAGE BASIN 

ME?!r;4 
MG/L MG/L 

CALCIUM (CA) 37.2 w?!b6 BICARBONATE (HC03) 161. 
MAGNESIUM (MG) 10.4 .86 CARBONATE (C03 ) 0. 
SODIUM (NA) 1. .04 CHLORIDE (CL) .2 . 0 1  
POTASSIUM (K ) .2 .01 SULFATE ( S 0 4 )  9.9 .21 
lHON (FE) ( . 0 0 2  NITRATE (AS N) .22 .02 
MANGANESE (MN) . 0 0 2  . O O  FLTJORIDE (F) .1 .01 
SILICA (SIO2) 5.2 FHOSPHATE TOT (AS P )  
TOTAL CATIONS 2.74 TOTAL ANIONS 2.87 
STANDARD DEVIATION OF ANTON-CATION BALANCE (SIGMA) .740 

CALCULATED DISSOLVED SOLTDS 143.73 TOTAL FIAHDNESS AS CAC03 135.69 
FIELD CNDUCTVY MICROMHOS 249. TOTAL ALKALINITY AS LAC03 132.04 

I IELD PH 8.22 RYZNAR STABILITY INDEX 7.40 
LABORATOIiP FH 8.21 LANGLIER SATURATION INDEX .40 

ADJUSTED SODIUM AD. RATIO SODIUM ADSORPTION RATIO .03 

SUM OF DISS. CONSTITUENT 225.42 FIELD HARDNESS AS CAC03 
LAB CNDUCTVY: MlCROMHOS 249.3 FIELD ALKALINITY AS CAC03 

FAHAMETER VALUE PARAMETER VALUE 
k'IELD TEMP. AIR 30.0 C FIELD TEMP. WATER 17.5 C 
ALUMINUM DISS (UG/L-AL) (30. NICKEL DISS (UG/L AS NI) (10. 

BORON bISS (UG/L AS B )  ( 2 0 .  STRONTIUM DISS (UG/L SR) 76. 
SILVER ISISS(UG/L AS AG) ( 2 .  E'I IOSPtdTE ,TO DIS ( MG/ L -P ) (.l 

CADMI~M DISS(UG/L AS CD) (2. TITANIUM I~IS(UG/L AS TI) 4. 
CtIHOMIUk DISS (UGIL-CR) (2. VANADIUM DISS(UG/L AS V) (1. 
COPPER,DfSS (UG/L AS CUI ( 2 .  ZINC DISS (UG/L AS ZN) ( 3 .  
LITfiIUM DISS(UG/L AS LI) (2. ZIRCbNIUM DIS(UG/L ZR) (4. 
MOLY BDE~UM DI ss ( UG L - MO ) 
BROMIDE DIQS(MG/L AS BR) .2 ARSENIC DISQ(UG/L AS AS) .9 
DISSLD ~OLIDS(CALC MGIL) 

(20. 0 -PHOSPHATE DISS ( MG / L -P ) (.1 

MERCURY'DISS(UG/L AS MG) 144. ( .04 SEDIMEN$, TOTAL ( MG L ) 1.9 

REMARKS: THIS STREAM WAS NOT FLOWING NEARLY AS SWIFTLY AS HOWELL CREEK 
EXF'LANATION. MG/L = MILLIGRAMS PER LITER UG/L = MICROGRAMS FER LITER MEQ/L = 

BIOLOGICAtLY AVAILABLE. SIGMA INCLUDE3 AL, CU, SR, ZN, AND H+ IF REFORTEU. 
MILLIE UIVA~ENTS PER LITER. FT = FELT ~f = METERS. (M) = MEASURED {E) - 
E S T I M A h  (K) - REPORTED. TR = TOTAI,'RECOVERABLE. TOT = TOTAL. ;io = 

QW WA 5 2  WI OW PW AT OTHER 
OTHER AVAILABLE DATA 
OTHER FILE NUMBERS : 

PROCESSING E'ROGRAM: F1730F V4 (12/13/86) PRINTED: 13-FED 87 
LAST EDIT DATE: 23-JAN 87 BY: TP *JKS 

PERCENT ME /L (FOR PIPER PLOT) 
CA MG Ng K Ck SO4 HC03 C03 

67.3 31.0 1.6 .2 . L  7.2 92.6 . O  

NOTE: IN CORRESPONDENCE, PLEASE REFER TO LAB NUMBER: 84Q0609 





8.6 APPENDIX 6 

Memo o f  1982-05-07 from L .  Pommen to 
R. Rocchini Concerning the Effects o f  

Explosives on Water Quality 





'Ib; R. R o c c h i n i ,  P.Eng., 
A c t i n g  Head, S e r v i c e s  U n i t ,  
A q u a t i c  S t u d i e s  Branch,  
M i n i s t r y  of Environment ,  
765 Broughton Street ,  
V i c t o r i a ,  B r i t i s h  Columbia. 

Date: May 7 ,  1982. 

F i l e :  0317511-15-d 

RE: SAGE CREEK COAL PROJECT-STAGE I1 SUBMISSION 

A s  r e q u e s t e d  by J. Arber of t h e  Assessment  Branch, and 
J . D .  McDonald, Chairman, C o a l  G u i d e l i n e s  S t e e r i n g  Committee, 
t h e  above submiss ion  w a s  r ev iewed  and  t h e  f o l l o w i n g  comments 
w e r e  p r e p a r e d  on t h e  w a t e r  q u a l i t y  aspects. 

C o n c l u s i o n s  

My r e s p o n s e s  t o  t h e  3 q u e s t i o n s  posed by t h e  Chairman of t h e  
C o a l  G u i d e l i n e s  S t e e r i n g  Committee i n  h i s  memorandum of 
March 9 ,  1982 are:  

(i 1 S t a g e  I1 a p p r o v a l - i n - p r i n c i p l e  c o u l d  be g r a n t e d .  

(ii) There  are no o u t s t a n d i n g  i s s u e s  t h a t  must be r e s o l v e d  
before g r a n t i n g  S t a g e  I1 a p p r o v a l - i n - p r i n c i p l e .  

The o u t s t a n d i n g  S t a g e  11 t y p e  conce rns  r a i s e d  i n  t h i s  
memorandum could be d e f e r r e d  t o  S t a g e  111, i f  t h i s  i s  
a c c e p t a b l e  t o  t h e  Water Management, Waste Management, 
and F i s h  and W i l d l i f e  Branches .  

(iii) 

1. Groundwater Q u a l i t y  
The groundwater  t h a t  w i l l  be e n c o u n t e r e d  d u r i n g  mining w a s  of 
good q u a l i t y  fo r  t h e  p a r a m e t e r s  t h a t  w e r e  measured. An 
i m p o r t a n t  p a r a m e t e r  t h a t  w a s  n o t  measured i n  groundwater  i s  
barium. 
w a t e r  ( up  t o  2.0 mgL-l)I and  t h i s  w a s  a t t r i b u t e d  t o  groundwater  
d i s c h a r g e  f r o m  b a r i t e  ( b a r i u m  s u l p h a t e )  d e p o s i t s -  (Text ,  p. 3-45) .  
I t  i s  t h u s  p o s s i b l e  t h a t  t h e  groundwater  t h a t  w i l l  be d i s c h a r g e d  
from t h e  p i t s  d u r i n g  min ing  may have  e l e v a t e d  barium 
c o n c e n t r a t i o n s ,  a l t h o u g h  t h e  bar ium c o n t e n t  o f  t h e  mater ia ls  t o  
be mined w a s  low ( 0 . 0 5  t o  0 . 1 %  I Appendix 4 .3 .5 .1 ) .  
of groundwater  t h a t  w i l l  be pumped from t h e  p i t s  is  s u b s t a n t i a l  

it may have a n  e f f ec t  on s u r f a c e  water q u a l i t y  when d i s c h a r g e d  i f  
i t  i s  h i g h  i n  barium. I n  a d d i t i o n ,  t h e  d r i n k i n g  water s u p p l y  f o r  
t h e  mine w i l l  be obtained from wells. 

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

The q u a n t i t y  

(0.45 - 0.68 m 3 1  s- , t o t a l  f o r  b o t h  p i t s , T e x t  p. 3-38) and  t h u s  

I t  i s  n o t e d  t h a t  f u r t h e r  groundwater  s t u d i e s  w i l l  be conduc ted  
d u r i n g  S t a g e  I11 ( T e x t ,  p .4-79) .  I t  i s  recommended t h a t  t h e s e  
s t u d i e s  i n c l u d e  t h e  measurement of d i s s o l v e d  and t o t a l  bar ium 
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i n  t h e  groundwater t h a t  w i l l  be pumped from t h e  p i t s ,  and 
i n  t h e  groundwater t h a t  w i l l  be used f o r  t h e  d r i n k i n g  water 
s u p p l y .  The r e s u l t s ,  and a d i s c u s s i o n  of any impacts  and 
needed mitigative measures shou ld  be submi t ted  t o  t h e  
Minis t r y  o f  Environment. 

2. The E f f e c t s  of Explosives on Water Q u a l i t y  

(a )  Summary 

The effects  o f  exp los ives  on water  q u a l i t y  have n o t  been w e l l  
addressed i n  t h e  S tage  I1 submission. The p o t e n t i a l  impacts 
and proposed m i t i g a t i v e  measures have n o t  been w e l l  def ined .  
T h i s  i s  due i n  p a r t  t o  t h e  l a c k  o f  i n fo rma t ion  on t h i s  s u b j e c t ,  
b u t  t h e  c o n s u l t a n t s  have n o t  a v a i l e d  themselves  of t h e  
in fo rma t ion  t h a t  i s  a v a i l a b l e  w i t h i n  t h e  Min i s t ry  of Environment. 

My assessment  i s  t h a t  t h e  e f f e c t s  o f  e x p l o s i v e s  on water q u a l i t y  
due  t o  t h e  p r o j e c t  w i l l  no t  be as minor as  has  been p r e d i c t e d ,  
b u t  t h a t  t h e  impacts  should be manageable if some a d d i t i o n a l  
m i t i g a t i v e  measures are used. Consequent ly ,  r a t h e r  than  
recommending f u r t h e r  work on t h i s  i s s u e  d u r i n g  Stage  11, 
o u t l i n e d  t h e  shortcomings o f  t h e  S tage  I1 submission,  and presented 
my assessment  o f  probable  impacts  and needed m i t i g a t i o n  f o r  
c o n s i d e r a t i o n  d u r i n g  Stage 111. 

I have 

(b) Impact P r e d i c t i o n  

The e f f e c t  of n i t r o g e n  losses from e x p l o s i v e s  use  on water q u a l i t y  
w a s  modelled u s i n g  t h e  QUAT, I1 w a t e r  q u a l i t y  model. 
i n  i n o r g a n i c  n i t r o g e n  w e r e  p r e d i c t e d  i n  Cabin Creek ( 0 . 2 6  mgL'1N) 
and H o w e l l  Creek downstream f r o m  Cabin Creek ( 0 . 1 5  rngL-lN). 
model l ing  has  t h e  fol lowing shor tcomings  : 

- 

Minor i n c r e a s e s  

The 

t h e  n i t r o g e n  i n p u t s  t o  water f r o m  t h e  mine w e r e  an o r d e r  of 
magnitude too l o w .  
i n d i c a t e  t h a t  i n p u t s  of abou t  3 7 .  kgd-lN w e r e  used. 
n i t r o g e n  loss would r e s u l t  i n  1 6 0  0 0 0  kgy'lN i n p u t  t o  water 
(Text ,  p.  4 - 2 8 ) ,  o r  about  4 4 0  kgd-lN. 

t h e  s t r e a m f l o w s  used w e r e  t ooh igh ,  
mouth o f  H o w e l l  Creek  w a s  used t o  r e p r e s e n t  summer low flow 
c o n d i t i o n s .  The  f l o w  r e c o r d s  for  the  Fla thead  River a t  
F l a t h e a d  (1, 2 )  sugges t  t h a t  t h e  ave rage  summer (June through 
September) l o w  flows i n  H o w e l l  Creek  a t  t h e  mouth should be 
about  2 .  m 3 5 1  and t h a t  t h e  minimum summer l o w  flows should 
be abou t  1. m s - 1  ( i . e .  7 day ave rage  June - September l o w  
f l o w  w i t h  a 1 0  yea r  r e t u r n  p e r i o d ) .  

I n  a d d i t i o n ,  t h e  minimum f low o f  t h e  y e a r  w a s  n o t  modelled t o  
i n d i c a t e  t h e  maximum n i t r o g e n  c o n c e n t r a t i o n s  t h a t  could be 
expec ted .  

7 day average 

The QUAL I1 p r i n t o u t s  i n  Appendix 4.3.2-1 
A 5% 

- A f l o w  of about  4 .  rn3s-' a t  t h e  

5 

The minimum f o w s  i n  H o w e l l  C r e e k  a t  t h e  mouth 
should be about  0.6 m3s-I based on Flathead River flows ( l e e .  

annual l o w  f l o w  w i t h  a 1 0  y e a r  r e t u r n  p e r i o d ) .  

.. 3 
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modell ing w a s  on ly  conducted t o  t h e  mouth of H o w e l l  Creek. 
Modelling should  have a lso been conducted on the  Fla thead  
River a t  least  t o  t h e  i n t e r n a t i o n a l  boundary i n  view of t h e  
importance of p r e d i c t i n g  impacts  on U.S. waters. 

t h e  n i t r o g e n  i n p u t s  from t h e  mine were assumed t o  e n t e r  on ly  
Cabin and H o w e l l  Creeks.  T h i s  i s  a ra ther  c o n s e r v a t i v e  assump- 
t i o n  because a s u b s t a n t i a l  p o r t i o n  of t h e  mine d ra inage  w i l l  
e n t e r  t h e  F l a t h e a d  River d i r e c t l y ,  such as t h e  e f f l u e n t  from 
s e t t l i n g  ponds #1 and 113. 

t h e  assumptions used i n  model l ing were poor ly  documented, and 
are p r o b l a b l y  n o t  comprehensible t o  anyone who is  n o t  f ami l i a r  
w i t h  t h e  QUAL I1 model. 

My p r e d i c t i o n  of i n o r g a n i c  n i t r o g e n  i n c r e a s e s  i n  t h e  r e c e i v i n g  
waters  under w o r s t  c o n d i t i o n s  is: 

Ass umD t i o n s  

- 5% loss  of n i t r o g e n  i n  e x p l o s i v e s ,  evenly d i s t r i b u t e d  over 
t h e  y e a r  (i.e. %440 kgd-lN). (Losses a t  Fording C o a l  w e r e  

l o w  f l o w s  i n  t h e  F la thead  River  of 4.8 ~ n ~ s - ~  i n  summer ( 1 0  
y e a r  - 7 day l o w  f l o w ,  June  - September) and 2 . 8  m 3 s - 1  i n  
w i n t e r  ( 1 0  y e a r  - 7 day annual  l o w  flow); 

6 %  i n  1979-80) 

- 

- l o w  f lows i n  H o w e l l  Creek downstream from Cabin Creek of  
1 m3s-1 i n  summer and 0 .6  m3s-1 i n  w i n t e r .  

C a l c u l a t i o n s  

F l a t h e a d  River: Summer: 440 
4 . 8 x 8 6 . 4  N i n c r e a s e  = 

Winter:  N increase = 4 4 0  
2 . 8 x 8 6 . 4  

= 1.1 rngL-lN 

= 1.8 r n c ~ L - ~ N  

H o w e l l  Creek:  Summer: N i n c r e a s e  = 440  = 5 . 1  mgL-lN 
1 . 0 x 8 6 . 4  

Winter :  N i n c r e a s e  = 440  
0 . 6 x 8 6 . 4  

= 8.5 mgL-'N 

The above N i n c r e a s e s  i n  H o w e l l  Creek are o v e r e s t i m a t e s  because 
n o t  a l l  of t h e  N w i l l  be  d i scha rged  t o  Howell and Cabin Creeks :  
some of it w i l l  be d i scha rged  d i r e c t l y  t o  t h e  F l a t h e a d  River.  The 
maximum N i n c r e a s e s  i n  H o w e l l  C r e e k  would l i e  somewhere between 
1.8 and 8 . 5  mgL-lN. 
a lmos t  e n t i r e l y  as  n i t r a t e  w i t h  minor amounts of n i t r i t e  and 
ammonia, because t h e  proposed w a t e r  management system would allow 
a lmos t  complete n i t r i f i c a t i o n  of exp los ives  - contaminated mine 
dra inage .  The u s e  of m i t i g a t i o n  techniques  as o u t l i n e d  i n  Sec t ion  
2 (cl below would reduce t h e  i n o r g a n i c  n i t r o g e n  i n c r e a s e s  predicted 
above. 

The i n o r g a n i c  n i t r o g e n  would probably be 

. . 4  
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The impact o f  i n c r e a s i n g  n i t r a t e  l e v e l s  i n  t h e  r e c e i v i n g  waters 
would probably  be moderate t o  heavy i n c r e a s e s  i n  b e n t h i c  a l g a l  
growth downstream from t h e  s e t t l i n g  pond d i scha rges .  
Cog1 Ltd. ,  moderate i n c r e a s e s  i n  b e n t h i c  a lga l  growth were 
exper ienced  i n  t h e  Fording River downstream from s e t t l i n g  pond 
d i s c h a r g e s  d e s p i t e  very l o w  d i s s o l v e d  ortho-phosphorus l e v e l s  

Phosphorus l e v e l s  i n  Howell Creek  upstream from Cabin Creek are 
s i m i l a r  t o  t h o s e  i n  t h e  Fording River ,  and t h u s  moderate increases 
i n  b e n t h i c  a l g a l  growth could occur  downstream from s e t t l i n g  pond 
# 4 .  The d i s s o l v e d  ortho-phosphorus l e v e l s  i n  Cabin Creek, 
upstream from H o w e l l  C r e e k ,  are  r e l a t i v e l y  high a t  t i m e s  (7 t o  38 
)lgL-l, Tables 8 and 9, Appendix 3.3.3-l) , and n i t r o g e n  appears  t o  
be t h e  l i m i t i n g  a l g a l  n u t r i e n t  (N:P = 5:l or  l ess ) .  Consequently, 
heavy i n c r e a s e s  i n  b e n t h i c  a lga l  growth could  occur  i n  Cabin Creek  
downstream from s e t t l i n g  pond # 2 .  

A t  Fording 

( 4 3 ugL' i ) i n  t h e  Fording River  upstream from t h e  mine. 

The r eaches  of Cabin and H o w e l l  Creeks immediately downstream 
from s e t t l i n g  ponds # 2  and #4 are  b u l l  t r o u t  spawning areas 
(Map 3.3.6-l), and moderate t o  heavy i n c r e a s e s  i n  a l g a l  growth 
may be d e t r i m e n t a l  t o  spawning and egg s u r v i v a l .  Cons idera t ion  
should be g iven  t o  r e l o c a t i n g  t h e  d i s c h a r g e s  from ponds #2 and #4 
t o  minimize t h e  amount of spawning area a f f e c t e d .  Moving t h e  
decan t  and s p i l l w a y  f o r  pond # 2  f u r t h e r  downstream on Cabin and 
H o w e l l  C r e e k s  would p l a c e  them downstream from m o s t  of t h e  known 
redds.  Cons ide ra t ion  should be given t o  e l i m i n a t i n g  t h e  d i scha rges  
t o  H o w e l l  Creek from pond # 4  by d i v e r t i n g  t h e  w a t e r  t o  pond #3 and 
t h e  F l a t h e a d  River ,  t h u s  avo id ing  a d i s c h a r g e  immediately upstream 
from a l a r g e  number of  redds .  

(c) M i t i g a t i o n  Measures 

The m i t i g a t i o n  measures t h a t  would be used t o  minimize t h e  e f f e c t s  
o f  n i t r o g e n  losses from e x p l o s i v e s  use are  g e n e r a l l y  n o t  wel l -def ined,  
Gewatering of t h e  p i t s  so t h a t  b l a s t i n g  can be conducted under d ry  
c o n d i t i o n s  i s  a key f a c t o r  i n  minimizing n i t r o g e n  losses. The 
Pacif ic  Hydrology Consu l t an t s  1982 r e p o r t  ( 3 )  s t a t e s t h a t  w e t  
c o n d i t i o n s  may be expected d u r i n g  mining u n l e s s  measures are taken  
t o  dewater  t h e  mining area. 
and p. 4-24 s u g g e s t s  t h a t  dewater ing  w i l l  be done, bu t  a c lear  
commitment t o  dewater and maximize d ry  b l a s t i n g  c o n d i t i o n s  should 
be made by t h e  company. If t h e  p r e d i c t e d  80% AN/FO, 2 0 %  s l u r r y  
explosives usage (p. 2-15) i s  achieved ,  and t h e  s l u r r y  i s  loaded 
i n t o  h o l e s  t h a t  are  free o f  s t a n d i n g  w a t e r ,  t hen  t h e  n i t r o g e n  losses 
should  be less  than  t h e  5% v a l u e  used i n  S e c t i o n  2 ( b ) .  

The d i s c u s s i o n  o f  dewater ing  on p. 2-15 

C o n t r o l  of  n i t r o g e n  l o s s e s  f r o m  e x p l o s i v e s  s t o r a g e ,  b lending  and 
hand l ing  f a c i l i t i e s  i s  a n o t h e r  key f a c t o r  i n  minimizing impacts ,  bu t  
t h e  l o c a t i o n ,  n a t u r e  and t h e  s p i l l  c o n t r o l  and w a s t e w a t e r  
management p l a n s  f o r  these f a c i l i t i e s  i s  n o t  desc r ibed  i n  t h e  r e p o r t .  
The company should  supply t h i s  i n fo rma t ion  t o  t h e  Waste Management 
Branch, and -these f a c i l i t i e s  should  be brought  under P o l l u t i o n  Cont ro l  
permi t .  
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The r e p o r t  s tates t h a t  if n i t r o g e n  c o n c e n t r a t i o n s  i n  mine d ra inage  
"becpme t h r e a t e n i n g "  f u r t h e r  t r ea tmen t  w i l l  be a p p l i e d  t o  reduce 
n i t e o g e n  c o n c e n t r a t i o n s  (p .  2-49 and p.  4 - 2 9 ) .  Reduction o f  
ammonia and n i t r i t e  c o n c e n t r a t i o n s  can be achieved  r e l a t i v e l y  
e a s i l y  i n  s e t t l i n g  ponds by n i t r i f i c a t i o n  t o  n i t r a t e  . Nitrate  
can be removed by b i o l o g i c a l  d e n i t r i f i c a t i o n ,  b u t  it could  be very  
expens ive  and d i f f i c u l t  t o  use given t h e  p o t e n t i a l l y  l a r g e  volumes 
o f  mine d r a i n a g e ,  and t h e  l o w  ambient t empera tu res  du r ing  much 
of t h e  y e a r .  Emphasis should be p laced  on minimizing n i t r o g e n  
l o s s e s  t o  w a t e r  th rough dewatering and s p i l l  c o n t r o l ,  ra ther  than 
on n i t r o g e n  removal methods. 

cansideration 
r i c h  w a t e r  f r o m  p i t s ,  s p o i l  p i l e s  and e x p l o s i v e s  f a c i l i t i e s  t h a t  
i s  d i s c h a r g e d  t o  t h e  t a i l i n g  pond f o r  use  as make-up water. 

shou ld  be given t o  maximizing t h e  amount o f  n i t rogen-  

Cons ide ra t ion  shou ld  be given t o  r e l o c a t i n g  t h e  d i s c h a r g e  from ponds 
#2 and #4 as o u t l i n e d  i n  Sec t ion  2 ( b ) .  

3 .  Misce l laneous  

( a )  p. 2 - 4 2 ,  2nd l a s t  l i n e :  overf low v e l o c i t y  should be 5 x 
m / s e c  n o t  5 x 105 m / s e c .  

(b )  

(c )  Appendix 4.3.5-1: The r e s u l t s  of t h e  a c i d  product ion  

Appendix 3.3.3-5: d i s so lved  z inc  v a l u e s  are Pg/L n o t  mg/L. 

p o t e n t i a l  tests (Table  1) i s  missing.  

L.W. Pommen, P.Eng., 
Water Q u a l i t y  Engineer ,  
Aquatic S t u d i e s  Branch. 

LWP/bmr 
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A.  MDC EVALUATION 
T h i s  Appendix has been w r i t t e n  t o  p r o v i d e  i n f o r m a t i o n  on t h r e e  

t o p i c s  w i t h  respec t  t o  s e t t l i n g  pond f a i l u r e s  a t  t h e  Crows Nest Resources 

L i n e  Creek Opera t i on  d u r i n g  t h e  week o f  May 26, 1986. 

1 .  Probable Causes o f  F a i l u r e  
A t  0325h, May 28 two i n t e r i o r  dykes and t h e  s p i l l w a y  dyke o f  

t h e  t h r e e  c e l l  s e t t l i n g  pond known as Pond 4 washed o u t .  Peak f l ows  i n  
West L f n e  Creek above t h e  pond were 0.80 m /s  and 0.94 m / s  f o r  May 
28 and 29, r e s p e c t i v e l y .  The pond i s  designed t o  w i t h s t a n d  t h e  200-year 
f l o o d  f l o w  c a l c u l a t e d  t o  be 24.7 m / s .  The i n t e r i o r  o r  b a f f l e  dykes 
have no d e f i n e d  s p i l l w a y  and a r e  designed t o  d i scha rge  over t h e i r  e n t i r e  
l e n g t h  d u r i n g  h i g h  f l ows .  

The b reach ing  o f  t h e  dykes i s  r e l a t e d  t o  one o r  more o f  t h e  
f o l l o w i n g  (Cr ippen  Consul tants  L t d .  1986):  

3 3 

3 

i) unevenly c o n s t r u c t e d  dyke c r e s t s  o r  uneven s e t t l e m e n t  o f  
dyke c r e s t s  causing c o n c e n t r a t i o n  o f  f l ow ,  excess ive 
v e l o c i t i e s ,  and f a i l u r e  o f  t h e  r i p - r a p ;  

51) inadequate t h i c k n e s s  o f  r i p - r a p  or f i l t e r  l a y e r  on t h e  
s p i l l w a y  dyke; 

iii) t h e  use o f  sha le  as r i p - r a p ,  which d i s i n t e g r a t e d  and 
r e s u l t e d  i n  subsidence, l e a d i n g  t o  c o n c e n t r a t i o n  o f  f l ow ;  
and/or 

i v )  inadequate f i l t e r i n g  between t h e  b a f f l e  dyke common f i l l  

There i s  no evidence t h a t  t h e  f a i l u r e  o f  t h e  Pond 4 dykes was 
due t o  i n s t a b i l i t y  o f  t h e  dyke s e c t i o n  o r  p i p i n g  (Cr ippen  Consul tants  
L t d .  1986). 

and t h e  Type B r i p - r a p .  

One i n t e r i o r  dyke and t h e  s p i l l w a y  dyke o f  Pond 6 f a i l e d  on 
May 26. This  f a i l u r e  i s  b e l i e v e d  t o  have been caused by one or more o f  
t h e  same f a c t o r s  as o u t l i n e d  above. 

2. Impacts o f  F a i l u r e  on t h e  Receiv ing Environment 
The o n l y  assessment o f  impacts done t o  d a t e  i s  t h e  e v a l u a t i o n  

o f  t o t a l  suspended s o l i d s  (TSS) c o n c e n t r a t i o n  grab samples and f l o w  da ta  
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c o l l e c t e d  a t  s e l e c t e d  m o n i t o r i n g  s i t e s  d u r i n g  t h e  week o f  May 26 
( S t r o s h e r  1986). H i g h l i g h t s  o f  t h a t  rev iew  a r e  as f o l l o w s .  

H ighes t  TSS c o n c e n t r a t i o n s  i n  L i n e  Creek upstream and 
downstream o f  t h e  mine were 306 mg/L and 3180 mg/L, r e s p e c t i v e l y ;  these 
were b o t h  recorded on May 26. Peak concen t ra t i ons  measured i n  t h e  
Fo rd ing  R i v e r  upstream and downstream o f  L i n e  Creek were 534 mg/L and 
1040 mg/L, r e s p e c t i v e l y ;  these were b o t h  recorded on May 27. Flows 
peaked on May 29 i n  a l l  gauged streams i n  t h e  area w i t h  f l o w  r a t e s  which 
have n o t  been exceeded s i n c e  1974. 

T o t a l  suspended s o l i d s  l o a d i n g  ( o v e r  background concen t ra t i ons  
of TSS i n  L i n e  Creek) increased by a f a c t o r  of 10 i n  t h e  downstream L i n e  
Creek s i t e  on t h r e e  o f  f o u r  sample days. By comparison, upstream t o  
downstream s t a t i o n  r e s u l t s  f rom r i v e r  reaches where no c o a l  mines e x i s t  
showed TSS l o a d i n g  increased by a f a c t o r  o f  1 .5  t o  2.5. The s u b s t a n t i a l  
i nc rease  i n  L i n e  Creek i s  a t t r i b u t e d  m a i n l y  t o  t h e  pond f a i l u r e s .  

3. P o s s i b i l i t y  of Pond F a l l u r e  a t  t h e  Sage Creek Coal L i m i t e d  S i t e  

The i n t e r i o r  o r  b a f f l e  dykes a t  L i n e  Creek had no d e f i n e d  
s p i l l w a y  and a r e  designed t o  d i scha rge  over t h e i r  e n t i r e  l e n g t h  e i t h e r  by 
f l o w  th rough  o r  ove r topp ing  d u r i n g  h i g h  f l ows .  This  des ign  f a c t  i s  
germane t o  t h e  p robab le  causes o f  f a i l u r e  o u t l i n e d  i n  1 above. Any 
uneven dyke c r e s t  w i l l  concen t ra te  f l ows  and c o n t r i b u t e  t o  e r o s i o n  s ince  
no one p a r t  o f  t h e  dyke i s  designed t o  handle t h e  c o n c e n t r a t i o n  o f  f l o w  
(see P a r t  0 f o r  d i s c u s s i o n  and recommendations by MEMPR r e g a r d i n g  t h i s  
t y p e  o f  des ign ) .  

No o t h e r  s e t t l i n g  ponds i n  t h e  E l k  V a l l e y ,  o r  a t  t h e  Sage Creek 
Coal L i m i t e d  s i t e ,  have t h i s  t y p e  o f  s p i l l w a y  des ign.  That i s ,  a l l  a r e  
designed w i t h  s p e c i f i c  e x t e r i o r  s p i l l w a y s  t h a t  concen t ra te  t h e  f l o w  a t  
one s p e c i f i c  decant p o i n t .  Examples i n c l u d e  conc re te  s p i l l w a y s ,  and 
co r ruga ted  me ta l  p i p e  decants w i t h  i n v e r t s  equipped w i t h  T-skimming 
dev ices t h a t  a r e  l o c a t e d  approx ima te l y  1 m ( 3 . 3  f t )  below t h e  c r e s t  o f  
t h e  dyke. None o f  t h i s  t y p e  have f a i l e d .  

Because o f  t h e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  s e t t l i n g  pond des ign  
between those t h a t  f a i l e d  a t  L i n e  Creek and those proposed a t  t h e  Sage 
Creek Coal L i m i t e d  s i t e ,  i t  i s  concluded t h a t ,  f rom t h e  s tandpo in t  o f  
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design,  i t  would be unreasonable t o  cons ide r  a d d i t i o n a l  r i s k  o f  f a i l u r e  

of t h e  proposed Sage Creek Coal L i m i t e d  s e t t l i n g  ponds i n  l i g h t  o f  t h e  
recen t  f a i l u r e s  a t  L i n e  Creek. However, t h e  MDC recognises t h a t  t h e r e  
may be o t h e r  reasons f o r  pond f a i l u r e  i n  a d d i t i o n  t o  des ign.  I t  i s  
understood t h a t  t h e  Prov ince of B r i t i s h  Columbia i s  c o n t i n u i n g  i t s  
i n v e s t i g a t i o n s  i n t o  t h e  causes of t h e  s e t t l i n g  pond f a i l u r e  a t  L i n e  
Creek. The 6.C. Government i s  a l s o  i n v e s t i g a t i n g  improvements t o  t h e  
approval  and i n s p e c t i o n  process r e q u i r e d  t o  reduce t h e  p r o b a b i l i t y  o f  
such f a i l u r e s  i n  t h e  f u t u r e .  

Cr ippen Consu l tan ts  L t d .  1986. Report  on f a i l u r e  o f  dykes a t  L i n e  Creek 
S e t t l i n g  Ponds. Prepared f o r  Crows Nest Resources L t d . ,  
Sparwood, B.C. 22 pp. 

S t rosher ,  M.M. 1986. T o t a l  suspended s o l i d s  concen t ra t i ons  and l o a d i n g  
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B .  B U L L E T I N  

I n  t h e  S p r i n g  o f  1 9 8 6  a number o f  l o w  dykes  a t  a mine 
i n  t h e  E a s t  Kootenays  were washed away d u r i n g  h i g h  f l o w s .  
The d y k e s  had been  d e s i g n e d  t o  s e r v e  a s  o v e r f l o w  w e i r s ,  b u t  
t h e y  f a i l e d  t o  meet t h e  c r i t e r i a  of  d e s i g n ,  The p u r p o s e  
o f  t h i s  b u l l e t i n  i s  t o  warn owners of s imi la r  overflows of 
t h e  d a n g e r s  i n h e r e n t  i n  t h e  d e s i g n .  

The d y k e s  i n  q u e s t i o n  were less t h a n  t e n  metres i n  
h e i g h t  and  were composed of a w e l l  compacted m i x t u r e  of 
g r a i n  s i z e s  r a n g i n g  f r o m  f i n e  p a r t i c l e s  t o  c o b b l e s .  Over- 
l y i n g  t h i s  g r a n u l a r  core w a s  a l a y e r  of dumped r i p  rap 
which w a s  s p r e a d  over t h e  narrow crest  and  downstream s l o p e s  
a l o n g  t h e  e n t i r e  l e n g t h  o f  dyke. N o  p r o v i s i o n  w a s  made t o  
d i r e c t  e x c e s s  f l o w s  i n t o  s p i l l w a y s  or l o w  s e c t i o n s  o f  t h e  
dyke;  i n s t e a d ,  t h e  e n t i r e  l e n g t h  of dyke  w a s  i n t e n d e d  t o  
serve a s  a n  o v e r f l o w  w e i r .  Even though t h e s e  d y k e s  had 
been  e x p e c t e d  t o  h a n d l e  f l o w s  e x c e e d i n g  20 cu .  metres per 
second ,  several  washou t s  r e s u l t e d  when flows peaked  a t  
o n e - t e n t h  of t h e  d e s i g n  v a l u e s ,  

A l though  t h e  p r e c i s e  mechanism of f a i l u r e  is n o t  known, 
it h a s  b e e n  p o s t u l a t e d  t h a t  t h e  o v e r f l o w s  c o n c e n t r a t e d  i n  
preferred c h a n n e l s  among t h e  coarse par t ic les  of t h e  r i p  rap 
and  eroded t h e  u n d e r l y i n g  f i n e  p a r t i c l e s  i n  t h e  core. T h i s  
unde rmin ing  c o n t i n u e d  a t  t h e s e  weak p o i n t s  u n t i l  a breach 
d e v e l o p e d .  I n  some p l a c e s  m o s t  of t h e  dyke  was washed away 
i n  a v e r y  shor t  p e r i o d  o f  t i m e .  

s p i l l w a y s  t h r o u g h  n a t u r a l  ground a round  t h e i r  d y k e s  or e n s u r e  
t h a t  f l o w s  pass over ground e i ther  l i n e d  w i t h  r e i n f o r c e d  
c o n c r e t e  or p r o t e c t e d  by heavy r i p  rap u n d e r l a i n  by a n  
i n v e r t e d  f i l t e r .  D e s i g n e r s  of new i n s t a l l a t i o n s  s h o u l d  
eschew s u c h  o v e r f l o w  dykes  i n  f a v o u r  o f  p r o p e r  s p i l l w a y s  or 
overflow s t r u c t u r e s  s u c h  a s  c o n c r e t e  w e i r s  or s t o p l o g  c h u t e s .  

Mining o p e r a t o r s  of s i m i l a r  s t r u c t u r e s  s h o u l d  p r o v i d e  

I s s u e d  September 2 3 ,  1 9 8 6  from t h e  I n s p e c t i o n  and E n g i n e e r i n g  
Branch  of t h e  M i n e r a l  Resources D i v i s i o n  i n  V ic to r i a ,  
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