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PRACTICAL ASPECTS OF MINE DRAINAGE 
CONTROL AND TREATMENT 

by 

G. L. Barthauer 
Conservation Department 

Consol ida t ion  Coal Company 
Library ,  Pennsylvania 15129 

s a d i s t i n c t  p r i v i l e g e  t o  have t h e  oppor tun i ty  of address ing t h i s  

. Although I,  myself,  am no t  a  mining engineer ,  I have always had 

profound admira t ion  and r e s p e c t  f o r  those  of you who each day l i v e  and work 

according t o  t h e  t e n e t s  of Murphy's Law. Murphy, a s  some of you may know, was 

he r  whose s o l e  c o n t r i b u t i o n  t o  h i s  f i e l d  was t h e  observation,  

dus t ry ,  i f  anything can p o s s i b l y  go wrong, i t  w i l l ! "  

You have heard t h i s  a f t e rnoon  a v a r i e t y  of papers, touching on o r  de- 

sc r ib ing  i n  some d e t a i l  imminent problems which p r e s e n t l y  f a c e  t h e  c o a l  indust ry .  

Many of t h e s e  problems show no s i g n s  of diminishing.  Actual ly ,  t h e r e  is good 

reason t o  b e l i e v e  t h a t  they w i l l  i n t e n s i f y  a s  governing bodies pass  a d d i t i o n a l  

enabling* l e g i s l a t i o n  and r e g u l a t o r y  agencies  adopt more s t r i n g e n t  " ~ u l e s  and 

Regulations". I n  many cases ,  t h e s e  groups a r e  seemingly o b l i v i o u s  o r  i n d i f f e r e n t  

t o  e i t h e r  c o s t  f a c t o r s  o r  t e c h n i c a l  problems involved i n  achieving t'he d e s i r e d  

goals. 

r e c t  your a t t e n t i o n  today t o  t h e  s u b j e c t  of c o n t r o l  and t r e a t -  

e dra inage ,  a  problem which f a c e s  most c o a l  opera to r s  throughout 

Mid-Western c o a l  f i e l d s .  A s  a l l  o p e r a t o r s  from t h e s e  a r e a s  

a r e  acu te ly  aware, many s t a t e s  have r e c e n t l y  adopted s t andards  which w i l l  r e q u i r e  



Standards vary from s t a t e  t o  s t a t e  f o r  reasons  which I f i n d  impossibl 

t o  expla in .  For  example, Pennsylvania has s e t  an  i r o n  l i m i t  of 7 mg/ l i t e r  

(7  ppm) on t h e  d i scharge  from a t rea tment  p l a n t .  West Vi rg in ia ,  on t h e  o ther  

hand, has adopted 1 0  m g / l i t e r  (10 ppm) i n  t h e  r e c e i v i n g  s t ream a s  a  s a t i s f a c t o r :  

i r o n  l e v e l ,  thus  g iv ing  proper c r e d i t  f o r  t h e  d i l u t i o n  e f f e c t  of t h e  stream. 

A s  you a l l  know, pub l i c  hear ings  a r e  c u r r e n t l y  being held  i n  a11 f i f t y  s t a t e s ,  

a t tempt ing t o  develop s t ream s tandards  which w i l l  be s a t i s f a c t o r y  t o  both  the  

s t a t e s  and t h e  Federa l  Water P o l l u t i o n  Contro l  Adminis t ra t ion .  So, w e  s t i l l  

a r e  aiming a t  a moving t a r g e t .  

Now, w i t h  t h i s  somewhat lengthy preamble, l e t ' s  look  a t  t h e  " s t a t e  of 

t h e  a r t "  of mine dra inage  t rea tment  processes  a s  we know them today. I f  I may 

beg the  indulgence of those  who a r e  thoroughly f a m i l i a r  w i t h  t h e  chemistry of 

formation of mine dra inage  waters ,  I would l i k e  t o  show F i g u r e  1. 
, 

Figure  1 is  t h e  fundamental r e a c t i o n  which l e a d s  t o  t h e  formation of 

ac id  and i ron  i n  mine waters .  A s  you w i l l  note, p y r i t e  ( F ~ s ~ )  i n  t h e  c o a l  seam 

o r  i n  the  ad jacen t  s t r a t a  r e a c t s  w i t h  water  and a i r ,  producing a c i d  (H+) and 

d i v a l e n t  i r o n  ( ~ e + ' ) .  These m a t e r i a l s  a r e  s o l u b l e  and are c a r r i e d  away by the  

invading water,  exposing f r e s h  p y r i t e  s u r f a c e s  f o r  f u r t h e r  a t t a c k .  

Now, l e t ' s  cons ider  t h e  f a t e  of t h e  f e r r o u s  i r o n  and t h e  a c i d  i n  the  

water  a s  i t  moves--miles, i n  many cases--from i ts p o i n t  of format ion  t o  i t s  

po in t  of d ischarge .  A s  a l l  of you know, s u b s t a n t i a l  amounts of l imestone  o r  

calcium carbonate a r e  a s soc ia ted  w i t h  c o a l  d e p o s i t s .  A s  our  mine dra inage  water 

c o n t a c t s  t h e s e  a l k a l i n e  ma te r i a l s ,  c e r t a i n  s p e c i f i c  r e a c t i o n s  occur a s  shown on 

Figure  2. 



The f i r s t  r e a c t i o n  Ò	 qua ti on 1)--which occurs  r ap id ly - - i s  t h e  r e a c t i o n  

of the  a c i d  with, say, l imestone.  Bicarbonate  i o n  is formed and a c i d  i n  t h e  mine 

water is neutra1.ized. 

Af te r ,  o r  s imul taneously  w i t h  n e u t r a l i z a t i o n  of t h e  ac id ,  another  

important r e a c t i o n  begins.  You w i l l  remember t h a t  I s t a t e d  t h a t  f e r r o u s ,  o r  

d ivalent  i ron ,  was formed a s  a  r e s u l t  of t h e  pyr i t e -wa te r -a i r  r e a c t i o n  which gave 

b i r t h  t.0 our  contaminants .  One p roper ty  of i r o n  i n  t h i s  form is  t h a t  i t  i s  q u i t e  

soluble,  even i n  n e u t r a l  s o l u t i o n s .  Another is  i ts tendency t o  r e s i s t  ox ida t ion  

t o  t h e  t r i v a l e n t  form ( ~ e + ~ )  i n  a c i d  s o l u t i o n .  However, by r e a c t i o n  w i t h  lime- 

stone, w e  have removed a  major p o r t i o n  of t h e  ac id ,  thus  r a i s i n g  t h e  pH. Now, 

f u r t h e r  ox ida t ion  of t h e  d i v a l e n t  i r o n  can and does proceed much more r a p i d l y  a t  

these"higher pH l e v e l s ,  r e s u l t i n g  i n  t h e  formation of f e r r i c  o r  t r i v a l e n t  i r o n  

hydroxide which i s  extremely i n s o l u b l e  i n  n e u t r a l  s o l u t i o n .  This  is  shown a s  

Equation 2. Note t h a t  t h e  f e r r i c  hydroxide p r e c i p i t a t e s  from t h e  water  a s  t h e  

so-cal led "Yellowboy" s o  commonly seen  i n  underground mines. 

Also observe t h a t  more a c i d  ( o r  hydrogen ion)  is produced a s  a  r e s u l t  

of t h i s  oxidat ion;  however, t h i s ,  too, w i l l  be n e u t r a l i z e d  by l imestone  o r  o t h e r  

a l k a l i n e  rocks  i n  t h e  s t r a t a .  

The s u l f a t e  formed by t h e  i n i t i a l  py r i t e -a i r -wa te r  r e a c t i o n  is  un- 

a f fec ted  and con t inues  i t s  " f r e e  r ide"  toward t h e  p o i n t  of d ischarge .  Occasion- 

a l l y ,  t h e  s u l f a t e  l e v e l  w i l l  become s u f f i c i e n t l y  h igh t o  p r e c i p i t a t e  some calcium 

~ U l f  a t e ,  b u t  t h e  major p o r t i o n  appears unchanged i n  t h e  d ischarge .  

Now, t h i s  p i c t u r e  of t h e  format ion  and f a t e  of t h e  i r o n  and a c i d  i n  

mine d ra inage  water  is  p r e d i c a t e d  upon t h e  a v a i l a b i l i t y  of an almost  unl imi ted  



I 

supply of l imestone  o r  o t h e r  a l k a l i n e  rock i n  t h e  s t r a t a  and upon very long  : ,  

r e s idence  time of t h e  mine dra inage  i n  t h e  mine i t s e l f .  , 

L e t ' s  now look a t  F igure  3 which shows schemat ica l ly  t h e  o v e r a l l  I 

process which I ' v e  been desc r ib ing .  Although t h i s  p i c t u r e  is  somewhat over- 

s i m p l i f i e d ,  i t  i l l u s t r a t e s  some of t h e  d i f f i c u l t i e s  which w e  may encounter .  

L e t ' s  f i r s t  u s e  t h e  F i g u r e  t o  e x p l a i n  t h e  d i f f e r e n t  types  of 

dra inage  which we may have t o  handle i n  t rea tment  p l a n t s .  Looking a t  t h e  . 

extreme l e f t  of t h e  Figure ,  we s e e  one of t h e  many ways i n  which water  may 

e n t e r  t h e  mine. Now, a s  i t  t r a v e l s  through, say, a  gob a r e a  c o n t a i n i n g  sub- 

s t a n t i a l  amounts of p y r i t e  and a i r ,  t h e  r e a c t i o n  p rev ious ly  shown on F i g u r e  1 

occurs, i. e. , f e r r o u s  i ron ,  ac id ,  and s u l f a t e  a r e  produced. 

Now, l e t ' s  make t h e  f u r t h e r  assumption t h a t  t h e  mine water  i n  i ts  

passage toward i t s  eventual  p o i n t  of d i scharge  c o n t a c t s  a l k a l i n e  rock i n  t h e  

presence of a d d i t i o n a l  a i r .  I d e a l l y ,  a  series of combined n e u t r a l i z a t i o n  and 

ox ida t ion  r e a c t i o n s  w i l l  occur and w i t h  long res idence  t i m e s ,  i r o n  is  oxidized 

from i t s  f e r r o u s  form t o  t h e  i n s o l u b l e  f e r r i c  form and is dropped o u t  a s  f e r r i c  

hydroxide o r   e ell ow boy". I f  r e s idence  t ime is  s u f f i c i e n t l y  long, almost  a l l  

of t h e  i r o n  w i l l  be removed and t h e  d i scharge  c o l l e c t e d  i n  t h e  f i n a l  sump w i l l  

be e s s e n t i a l l y  i ron-  and ac id-f ree ,  a l though i t  may s t i l l  c o n t a i n  l a r g e  amounts 

of s u l f a t e .  For purposes of c l a s s i f i c a t i o n ,  I w i l l  c a l l  t h i s  "Type I" water .  

Table I shows a  t y p i c a l  a n a l y s i s  of " ~ y p e  I" water .  Note t h e  almost  complete 

absence of i r o n  and acid--but t h e  h igh s u l f a t e  l e v e l .  
t 

Now, l e t ' s  r e t u r n  t o  F igure  -3 and suppose t h a t  w e  have, f o r  one 

reason o r  another ,  a  de f i c i ency  of "neu t ra l i z ing"  minera l s  o r  a l k a l i n e  rocks  



over which t h e  mine d r a i n a g e  can pass--or, a l t e r n a t e l y ,  a e r a t i o n  cond i t ions  a r e  

unfavorable, e i t h e r  due t o  t h e  low p a r t i a l  p r e s s u r e  of a i r  i n  t h e  gob a r e a  o r  

perhaps l i m i t e d - r e s i d e n c e  t i m e  f o r  a e r a t i o n .  I t  may be necessary,  f o r  example, 

t o  pump t h e  wa te r  t o  t h e  s u r f a c e  premature ly  t o  prevent  i n t e r f e r e n c e  w i t h  

mining opera t ions .  I n  t h i s  p a r t i c u l a r  ins t ance ,  most of t h e  o r i g i n a l  f e r r o u s  

iron may have been ox id ized  t o  f e r r i c  i o n  and p r e c i p i t a t e d .  However, a s  I 

previously po in ted  ou t ,  f e r r o u s  i o n  is r e l a t i v e l y  s o l u b l e  i n  n e u t r a l  s o l u t i o n  

and our d ischarge ,  a l though  s a t i s f a c t o r y  from an  a c i d  s tandpoint ,  w i l l  s t i l l  

contain s u b s t a n t i a l  amounts of i ron ,  a l l  i n  t h e  f e r r o u s  form. Th i s  c l a s s  of 

water, I ' l l  c l a s s i f y  a s  "Type 11" water .  A r e p r e s e n t a t i v e  a n a l y s i s  is shown i n  

Table 11. Note t h a t  t h e  pH is s a t i s f a c t o r y  but  t h e  i r o n  con ten t  is r e l a t i v e l y  

high. Note a l s o  t h a t  t h e  remaining i r o n  i s  i n  t h e  f e r r o u s  ( o r  d i v a l e n t )  form. 

If it had been oxidized,  i t  would not  be p r e s e n t  i n  a  d i scharge  having t h i s  pH. 

Rather, i t  would have p r e c i p i t a t e d  underground. 

L e t ' s  r e t u r n  aga in  t o  F i g u r e  3 and now assume t h a t  no a lka l ine - type  

rock is p r e s e n t  i n  t h e  s t r a t a  t o  accomplish t h e s e  complete o r  p a r t i a l  n e u t r a l -  

i z a t i o n s  which w e  have j u s t  desc r ibed .  Th i s  can come about  i n  s e v e r a l  ways. 

The s t r a t a  may i n i t i a l l y  be d e f i c i e n t  i n  such m a t e r i a l s ,  o r ,  over a . p e r i o d  of 

time, t h e s e  n e u t r a l i z i n g  m a t e r i a l s  a long f low channels  of t h e  p e r c o l a t i n g  d ra inage  

a r e  exhausted. I n  e i t h e r  case,  t h e  mine d ra inage  becomes more and more a c i d  a s  

i t  passes  over  a d d i t i o n a l  p y r i t e  ( i n  t h e  presence  of a i r )  on i t s  way t o  t h e  

d ischarge  sump. I f  you r e c a l l ,  a s  t h e  a c i d i t y  inc reases ,  t h e  r a t e  of ox ida t ion  

decreases so, a f t e r  t h e  pH reaches  a  low l e v e l  s f ,  s a y ,  3.5-4.0, n a t u r a l  a e r a t l o n  

is i n e f f e c t i v e  and t h e  i r o n  remains i n  t h e  f e r r o u s  form. L i t t l e  precipitates, 

and t h e  n e t  r e s u l t  is  a  d i scharge  c o n t a i n i n g  l a r g e  q u a n t i t i e s  of a c i d  and i ron .  



This,  of course,  is t r u e  "ac id  mine drainage" of t h e  wors t  type. A t y p i c a l  

a n a l y s i s  i s  shown i n  Table 111. 

A l l  of t h e  mining engineers  i n  t h e  audience--who have had f a r  more 

experience i n  uiderground opera t ions  than I can e v e r  hope t o  have--will recog- 

n i z e  t h a t  I have overs impl i f i ed  m a t t e r s  somewhat. Sumps a r e  l o c a t e d  i n  such a  

manner t h a t  seldom does a l l  water  e n t e r i n g  t h e  sump have t h e  same p r i o r  h is tory .  

Consequently, t h e  sump may r e c e i v e  s e v e r a l  d i f f e r e n t  types  of water  and t h e  

d i scharge  q u a l i t y  w i l l  be governed by t h e  r e l a t i v e  volumes of each. 

A t  t h i s  s t age ,  and a f t e r  consuming t h e  major p o r t i o n  of my a l l o t t e d  

time, many of you a r e  probably wondering when I p lan  t o  t u r n  t o  t h e  s u b j e c t  of 

mine dra inage  t rea tment  processes.  A f t e r  a l l ,  t h i s  was t h e  genera l  t i t l e  of my 

paper. 

I submit t o  you t h a t  I have a l r e a d y  d i scussed  i n  d e t a i l ,  t h e  major types 

of mine dra inage  t rea tment  processes  which i n d u s t r y  p r e s e n t l y  p l a n s  t o  u s e  t o  

meet e f f l u e n t  o r  stream s tandards .  Our problem--and i t  is  a  s e r i o u s  one indeed-- 

is  t o  c a r r y  t o  completion t h e  r e a c t i o n s  which, f o r  one reason o r  another ,  have no 

been completed underground. However, i n s t e a d  of having a v a i l a b l e  t h e  huge under- 

ground volumes f o r  s ludge d i s p o s a l  ( a s  i t  is p r e c i p i t a t e d  from t h e  mine wa te r ) ,  

we must i n  most cases  provide t h e s e  volumes on t h e  su r face .  I n s t e a d  of having 

shallow flowing underground s t reams w i t h  h igh turbulence  t o  e f f e c t  a e r a t i o n  and 

r e a e r a t i o n  many, many times, w e  must depend upon n a t u r a l  ox ida t ion  of t h e  f e r rous  

ion  i n  r e l a t i v e l y  qu iescen t  deep ponds on t h e  su r face .  A l t e r n a t e l y ,  w e  must 

fo rce -ae ra te  wi th  compressors. And, of course, i n  t h e  c a s e  of a c i d  d ischarges ,  

we must supply our own a l k a l i n e  m a t e r i a l s  t o  r a i s e  t h e  pH t o  accep tab le  l e v e l s  

s o  t h a t  f e r r o u s  ox ida t ion  can proceed a t  a  more r a p i d  r a t e .  



my po in t ,  l e t ' s  look again  a t  Table I1 which i l l u s t r a t e s  

"Type 11'' water .  Th i s  type, you w i l l  r e c a l l ,  has a s a t i s f a c t o r y  pH l e v e l  but  

contains excess ive  amounts of f e r r o u s  ion, having been i n s u f f i c i e n t l y  oxidized 

underground t o  p r e c i p i t a t e  a l l  of t h e  i r o n  a s   ellow ow boy". Consequently, our  

problem is t o  complete t h e  ox ida t ion .  

F i g u r e  4, f o r  example, i s  a schematic drawing of a t rea tment  process  

which, a t  l e a s t  i n  theory,  w i l l  remove t h e  i r o n  from t h e  d ischarge .  The d i scharge  

i s  allowed t o  p a s s  through t h e  pond and sub jec ted  t o  n a t u r a l  a e r a t i o n  cond i t ions ,  

oxygen being supp l i ed  by a combination of p r e a e r a t i o n  over a " s t a i r - s t e p "  a e r a t o r  

plus some a d d i t i o n a l  a e r a t i o n  by d i f f u s i o n  of a i r  i n t o  t h e  pond su r face .  The 

reac t ion  shown a t  t h e  bottom of t h e  s l i d e  (which you have seen before)  occurs 
. . 

'1 and i r o n  is removed a s  t h e  t r i v a l e n t  hydrated oxide  o r  Yellowboy". 

Now, t h e  r a t e  of t h i s  r e a c t i o n  is  n o t  i n f i n i t e l y  f a s t  but  i s  extremely 

suscep t ib le  t o  both  pH l e v e l  and water  temperatures.  Every c a s e  has i t s  optimum 

solut ion .  I r e a l i z e  t h a t  t h i s  is  s c a n t  comfort f o r  an opera to r  who is looking 

f o r  des ign  parameters  upon which t o  base a t rea tment  p l a n t .  Frankly,  he needs 

more than a b i t  of d i v i n e  guidance, p a r t i c u l a r l y  s i n c e  he cannot  y e t  p r o f i t  from 

the exper ience  of o t h e r s  a s  would be  t h e  c a s e  i f  he w e r e ,  say,  des igning a sewage 

d isposal  p l a n t .  However, b u i l d  something he must, o r  f a c e  a shutdown of h i s  

operat ion.  

Now, l e t ' s  t u r n  t o  t h e  "ac id  mine drainage" type  of d i scharge  and 

review Table  I11 f o r  i ts  composition. Using a s i m i l a r  analogy and recogniz ing 

the  o r i g i n  and p r i o r  underground h i s t o r y  of such a d ischarge ,  our problem is 

both t o  n e u t r a l i z e  and ox id ize .  Normally, o p e r a t o r s  who a r e  bu i ld ing  such p l a n t s  
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p lan  t o  u s e  hydrated l ime r a t h e r  than l imestone  a s  a  n e u t r a l i z i n g  agent .  

Proposed t rea tment  p l a n t s  a r e  shown on F i g u r e  5. 

We can fo l low one of two courses .  We can, i n  t h e  f i r s t  case ,  n e u t r h l i  

t o  a  pH l e v e l  of '  7 .0  t o  8 . 0  and o x i d i z e  t h e  f e r r o u s  ion  t o  f e r r i c ,  under which 

cond i t ions  t h e  i r o n  w i l l  s e t t l e  o u t  a s  f e r r i c  hydroxide. I n  view of t h e  l a r g e  

amounts of f e r r o u s  i r o n  normally p resen t  i n  such d i scharges ,  f o r c e - a e r a t i o n  w i l l  

probably be a  necess i ty .  

Another course  is  open t o  us,  however, which, i n  some cases ,  may be 

more s a t i s f a c t o r y .  With lime, we can r a i s e  t h e  pH of t h e  d i s c h a r g e  t o  approxi- 

mately 9.0. A t  t h i s  h igh pH, no ox ida t ion  i s  necessary a s  t h e  f e r r o u s  i r o n  w i l l  

c l e a n l y  p r e c i p i t a t e  and t h e  overflow w i l l  be i ron- f ree .  However, t h i s  approach 

is not  without  drawbacks. For example, l ime requirements w i l l  be higher.  Even 

more s e r i o u s  is t h e  r e l a t i v e  volumes of s ludge  produced. The type  of p r e c i p i t a t e  

obtained is much more voluminous and g e l - l i k e  than t h a t  produced by r a i s i n g  the  

pH t o  7 .0  o r  8 . 0  and ox id iz ing  t h e  f e r r o u s  ion  t o  f e r r i c  ion .  F i g u r e  6 i l l u s -  

t r a t e s  t h i s  point .  These a r e  samples of t h e  same discharge ,  t r e a t e d  i n  t h e  two 

d i f f e r e n t  manners. Note t h e  higher s ludge volume and the  green c o l o r  of the  

f e r r o u s  hydroxide p r e c i p i t a t e d  a t  t h e  h igh pH. Thus one must balance o f f  t h e  

c o s t  of a  forced-aera t ion  s t e p  a g a i n s t  increased c o s t  of l i m e  and a  more d i f f i -  

c u l t  s ludge d i sposa l  problem. 

I d o n ' t  be l i eve  i t  i s  necessary t o  re-emphasize t h e  tremendous problems 

of s ludge d i sposa l .  Note t h e  r e l a t i v e  volume of s ludge  c r e a t e d  by even t h e  method 

which g ives  us t h e  lowest  s ludge volume from ac id  mine d ra inage  d ischarges .  No 

one ye t  knows good p r a c t i c a l  methods of removing s ludge from s e t t l i n g  lagoons o r  

the  degree of compaction which such s ludges  w i l l  achieve  upon s t and ing .  
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l l y  f i n d  out--but i t  w i l l  be too  l a t e  f o r  many opera to r s  who w i l l  

be forced t o  make unwise c a p i t a l  expendi tures  o r  must cease  opera t ions  because 

e n t  processes  o r  o b t a i n  s u f f i c i e n t  land t o  m e e t  

requirements.  

ay t o  draw p a r a l l e l s  between underground r e a c t i o n s  

f  mine d ra inage  d i scharges  and t h e  s i m i l a r  re- 

h we must c a r r y  ou t  aboveground t o  produce accep tab le  e f f l u e n t s .  

The p r i n c i p a l  d i f f e r e n c e ,  I ' m  s u r e  you r e a l i z e ,  is  t h a t  we do not  have 

o u s  on t h e  s u r f a c e  t h e  tremendous volumes and res idence  t i m e s  a v a i l -  

example, even i f  our  t rea tment  p l a n t  occupies 20 ac res ,  

ts a s u r f a c e  which is  only  a smal l  f r a c t i o n  of one pe rcen t  of 

nd a rea .  W e  must know more about t h e  r e a c t i o n  k i n e t i c s ,  f i n d  more 

rapid  ways f o r  o x i d i z i n g  f e r r o u s  i o n  t o  f e r r i c  i r o n  and s o l v e  t h e  a c u t e  problems 

of s ludge d i s p o s a l .  

Two major u n i v e r s i t i e s  a r e  p r e s e n t l y  bu i ld ing  f u l l - s c a l e  t rea tment  

f a c i l i t i e s ,  s eek ing  answers t o  des ign  problems which t h e  indus t ry  needs today. 

I am f a m i l i a r  w i t h  a t  l e a s t  a  dozen o t h e r  r e s e a r c h  p r o j e c t s  having t h e  same 

obj ec t i v e .  Regula tory  agencies,  charged w i t h  enforcement of p resen t  laws, a r e  

equal ly  i n t e r e s t e d  i n  such answers. I t  is  an anomaly, indeed, t h a t  o p e r a t o r s  i n  

the  Appalachian a r e a  a r e  now being fo rced  t o  b u i l d  t rea tment  p l a n t s  w i t h  no more 

information than is p r e s e n t l y  avai la .b le .  TfIe impact of unwise d e c i s i o n s  w i l l  be  

less on high-tonnage mines w i t h  s m a l l  volumes of mine dra inage ,  but  it  is a " l i f e  

o r  death" ma t t e r  f o r  those  who a r e  no t  s o  f o r t u n a t e .  

I t  would be much more c o n s t r u c t i v e  t o  i n s i s t  t h a t  new mines be l a i d  ou t  

i n  such a manner t h a t  d ra inage  be co r l t ro l l ed  and t r e a t e d  t o  produce a s a t i s f a c t o r y  

- - 



e f f l u e n t .  This  would permit  l o c a t i o n  of d i scharge  boreholes a t  p o i n t s  where 

s u f f i c i e n t  land is a v a i l a b l e ,  where such l and  can be purchased a t  less than 

e x o r b i t a n t  p r i c e s  and n o t  s u b j e c t  t o  s t r i c t  zoning ordinances .  A f t e r  a l l ,  

p resen t  o u t f a l l s  were l o c a t e d  t o  achieve  maximum economy and t h e s e  economies 

were enjoyed not  only by t h e  opera to r  b u t  a l s o  by t h e ' f u e l - u s i n g  pub l i c .  A t  

l e a s t ,  l e t ' s  wa i t  u n t i l  t h e  a a t a  a r e  developed by West V i r g i n i a  U n i v e r s i t y  and 

Pennsylvania S t a t e  Unive r s i ty  on f u l l - s c a l e  t r ea tmen t  p l a n t s  s o  t h a t  we can do 

t h e  bes t  job  p o s s i b l e  a t  p resen t  o u t f a l l s .  

Those who a r e  charged w i t h  making our  laws and t h o s e  who have t h e  

r e s p o n s i b i l i t y  f o r  en fo rc ing  them must recognize  t h a t  no i n d u s t r y  can  a f f o r d  

unwise c a p i t a l  investments on a  wholesale b a s i s .  Laws a r e  designed t o  meet 

goa l s  which a r e  i n  t h e  pub l i c  i n t e r e s t .  Our i n d u s t r y  w i l l  m e e t  t hose  goals-- 

but  technology cannot  be c r e a t e d  by f i a t ,  and chemical and phys ica l  phenomena 

4 

a r e  completely i n d i f f e r e n t  t o  wishfu l  th inking.  



"TYPE 1" MINE DRAINAGE 

ALKALINITY 

CALCIUM 302 ppm 

MAGNESIUM 84 PBm 

SULFATE 4570 ppm 

* 
Parts per Mi l lion ( ppm = Mi8.1igrams/Licr 



TABLE Z 

C A L  COMPOS ON OF 

CALCIUM 

MAGNESIUM 

SULFATE 

205 ppm 

"P OPpm 

+% Parts per Mil l ion (ppm] = Mi l l igrams/ Liter 



C A k  COMPOSITION OF 
"TYPE IH" M ONE DRAINAGE 

ALKALINITY 

IRON 

CALCIUM 

MAGNESIUM 

SULFATE 

3.4 
8 - 6 ppm BasCaC03) 

=# 
Parts per Million (pgm Mil l igrams /Liter 
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