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Thi s  program has  a - t w o f o l d  purpose which i s  r e l a t e d  i n  p a r t  t o  t h e  . 

i n t e r e s t s  of i t s  two f e d e r a l  sponsors .  Th,e 'over .a l1  i s s u e  addressed by b o t h .  
sponsors  i s  t h e  need t o  s a t i s f y  increased  c o a l  demand i n  an environmental ly  
accep tab l e  manner. Each sponsor ,  however, has  ' p a r t i c u l a r  i n t e r e s t s :  DOE i s  ' 

i n t e r e s t e d  i n  t h e  e f f i c a c y  and p r a c t i c a b i l i t y  o f  c o n t r o l  op t ions  c u r r e n t l y  i n  
' use  f o r  aqueous e f f l u e n t s ,  'an i d e n t i f i c a t i o n  of c o n t r o l  technology problems 

and n e e d s ,  and recommendat ions  f o r  r e s e a r c h  i n  t h e s e  a r e a s ;  t h e  EPA i s  
i n t e r e s t e d  i n  an assessment of t h e  v a l i d i t y  of i t s  e f f l u e n t  l i m i t a t i o n s  
g u i d e l i n e s  and new source performance s t anda rds  f o r  t h e  coa l  mining i n d u s t r y ,  
wi th  t h i s  assessment emphasizing seasona l  and c l i m a t i c  v a r i a t i o n  impacts on 

, e f f l u e n t  q u a n t i t y  and q u a l i t y .  A program p lan  was o u t l i n e d  t o :  (1 )  p r o j e c t  
f u t u r e  c o a l  product ion l e v e l s  f o r  each s t a t e  t o  t h e .  yea r  2000 a s  a  b a s i s  f o r .  
s e l e c t i o n  of c a s e  s t u d y  ' s i t e s ; .  ( 2 )  g a t h e r  d a t a  on e f f l u e n t  ,volumes and 
c h a r a c t e r i s t i c s  a t  s u r r a c e  mine case-study s i t e s ;  ( 3 )  examine t h e  e f f i c a c y  
and economics of c u r r e n t ,  e f f l u e n t - c o n t r o l  systems ( t r ea tmen t  f a c i l i t i e s  and . 
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e v a l u a t e  p o t e n t i a l  'water  q u a l i t y  impacts r e l a t e d  t o  increased  .surface mining. 

. . 

Summaries of t h e  ~ r o ~ r a m ' s  v a r i o u s  a s p e c t s  a r e  being publ ished i n  a  
multi-volume s e t .  Volume 1 con ta in s  t h e  p r o j e c t  r a t i o n a l e  and. a  d i s cus s ion  
of  case-study s i t e  s e l e c t i o n .  Volume 2 - i s  a  s e r i e s  of r e p o r t s  i n  which water  
q u a l i t y  d a t a  g a t h e r e d  a t  t h e  c a s e - s t u d y  s i t e s  a r e  a n a l y z e d  i n  t e r m s  o f  

' p o t e n t i a l  l o c a l  impacts.  I n  volume 3 ,  t h e  e f f i c a c y  and economics of t h e  
va r ious '  types  of c o n t r o l  t echnologies .  a r e  examined, a long wi th  phys ica l  and 
chemical c h a r a c t e r i s t i c s  of t rea tment  waste  products .  Volume 4 con ta in s  an 
assessment '  of t h e  EPA e f f l u e n t  l i m i t a t i o n s  g u i d e l i n e s  (and those  of t h e  U.S. 
Dept'. o f  I n t e r i o r ,  O f f i c e  of Sur face  ~ i n i n g )  f o r  t h e  c o a l  mining i n d u s t r y  
r e l a t i v e  . t o  t h e  d a t a  c o l l e c t e d  under t h i s  program.. Thus, t h e  e n t i r e  s e t  o f  
r e p o r t s  examines t h e  e f f i c a c y  of  va r ious  c o n t r o l  technology op t ions  and 
a s s e s s e s  t he  p o t e n t i a l  environmental impacts r e l a t e d  t o  increased  s u r f a c e  
mining based on d e t a i l e d  case-study s i t e  d a t a .  
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, . .  ABSTRACT ''. , " . . 

I A s  p a r t  o f  a program t o  examine ' t 'he a b i l i t y .  o f  ' 

e x i s t i n g  cont'rol t echnologies '  ' t o  meet f e d e r a l  gu ide l ines  . 

f o r  t h e  q u a l i t y  of aqueous e f f l u e n t s  from c o a l  mines, an 
i n t e n s i v e  study of water ,  overburden, and c o a l  chemis.try . 

" was conducted a t  a l a r g e  s u r f a c e  mine i n  Ohio from Mays 
1976 through Ju ly  1977. Sampling s i t e s  were chosen to. ' 

i n c l u d e  t h e  f i n a l  mine e f f l u e n t  a t  t h e  outf low of a l a r g e  
s e t t l i n g  pond and chemica l ly- t rea ted  dra inage  from a c o a l  
s t o r a g e  p i l e .  Samples  were c o l l e d t e d  semimonth ly  and 

. a n a l y z e d  f o r  t o t a l  d i s s o l v e d  s o l i d s ,  t o t  a 1  suspended  
s o l i d s ,  a l k a l i n i t y ,  a c i d i t y ,  s u l f a t e ,  c h l o r i d e ,  and 16, 
m e t a l s .  F i e l d  measurements  i n c l u d e d  pH, f l o w  r a t e ,  
d i s so lved  oxygen, and s p e c i f i c  conductance. . The f i n a l  

' e f f l u e n t ,  where' sampled, g e n e r a l l y  complied with o f f i c e  of  
Sur face  Mining reclamation s tandards  . f o r  pH, i r o n ,  and 
t o t a l  suspended s o l i d s .  Comparison of  t h e  f i n a l  e f f l u e n t  
wi th  water  q u a l i t y  of an unnamed t r i b u t a r y  above t h e  mine 
sugges,ted t h a t  e leva ted  va lues  f o r  s p e c i f i c  ' conductance, 
t o ' t a l  d i s s o l v e d  s o l i d s ,  s u l f a t e ,  c a l c i u m ,  magnesium, 
manganese, and z inc  were a t t ' r i b u t a b l e  t o  t h e  mine opera- 
t ion .  I n  gener.al , t h e r e  were observable  seasona l  va r i a -  
t i o n s  i n  flow r a t e s  t h a t  c o r r e i a t e d  p o s i t i v e l y  t o  suspended 
s o l i d s  concen t r a t i ons  and. nega t ive ly  t o  concen t r a t i ons  of ' 

d i s so lved  c o n s t i t u e n t s  i n  t h e  f i n a l  e f f l u e n t .  Drainage 
from t h e  coa l  s t o r age  p i l e  conta ined  e l e v a t e d  " l e v e l s  of . 

a c i d i t y  and d i s so lved  meta l s  which were no t  reduced s i g n i -  
£ i c a n t l y  by t h e  s o d a  a s h  t r e a t m e n t .  The s t o r a g e  p i l e  
d r a inage  was d i l u t e d ,  however, by l a r g e  volumes of a l k a l i n e '  
water  i n  t h e  s e t t l i n g  pond: A n a l y s i s '  o f '  overburden and 
c o a l  i nd i ca t ed  t h a t  t h e  'major' impact on mine dra inage  was 
p y r i t e  ' ox ida t ion  and hydro lys i s  i n  t h e  Middle K i t t ann ing  
Coal and i n  t h e  Lower F reepor t  Sha l e  ove r ly ing  t h e  coal ' .  
However, t h e  presence of a calci te-cemented s e c t i o n  i n  t h e  
Upper Freepor t  'Sandstone con t r ibu t ed  s u b s t a n t i a l  s e l f -  
n e u t r a l i z i n g  c a p a c i t y  t o  t h e  overburden s e c t i o n ,  r e s u l t i n g  
i n  g e n e r a l l y  a l k a l i n e  dra inage  a t  t h i s  s i t e .  



I .  

1 LOCATION AND.DESCRIPTION OF THE.MINE AND SURROUNDING AREA 

Mine OH-1 i s  a  s u r f a c e  c o a l  mine l oca t ed  i n  e a s t  c e n t r a l  Oh io  (Fig.  
1 ) .  The mine occup,ies p a r t s  of two coun t i e s  ( h e r e  i d e n t i f i e d .  a s  County 1 , 
and ' County 2 ) .  The c o a l  i s  mined by modified contour  methods, annual pro- 
duc t  ion (1975) ' i s  approximately 800,000 s h o r t  tons.  (725,000 m e t r i c  t ons )  
(Keystone Coal Indus t ry  Manual, 1977). Coal i s  s t o r e d  on t h e  s i t e  i n  an 
open p i l e  and. i s  t r anspo r t ed  by conveyor t o  a  c e n t r a l  loading f a c i l i t y .  . . 

  he main i n d u s t r i e s  i n  t h e  mine a r e a  ' a r e  a g r i c u l t u r e  and c o a l  min- 
ing. The broad f lood p l a i n s  of  t h e  l o c a l  r i v e r  v a l l e y s  ( i nc lud ing  t h e  
Muskingum, Tuscarawas , Walhonding, and Ki l lbuck)  a r e  we l l  adapted t o  c rop  
product ion ,  wh i l e  t h e  r o l l i n g  uplands a r e  u t i l i z e d  f o r  c roplands  and graz- 
ing.  Coal mining i s  concent ra ted  where t h e  Middle K i t t ann ing  Coal (/I61 i s  
t h i c k e s t  and most continuous (Lamborn, 1954). Sur face  c o a l  r e se rves  of 
t h e  Middle K i t t ann ing  i n  t h e  two-county a r e a  t o t a l  about 280 m i l l i o n  s h o r t  
tons  (254 m i l l i o n -  m e t r i c  t o n s ) .  

Su r f ace  c o a l  product ion i n  1975 from o t h e r  mines i n  t h e  two coun t i e s  
i s  shown i n  Table  1. 

Table  1. . 1975 c o a i  Prqduct ion  i n  Counties  1 and 2  
(excluding Mine OH-1) - 

C o u n t y 1  County 2  

Number of mines producing 8 10 
from Middle K i t t ann ing  ( / I61 

Surf ace  product ion from Middle 1,250,000 s h o r t  465,000 s h o r t  t ons  
, , Ki t t ann ing  seam tons  (1,125,000 .(420,000 m e t r i c  tons) 

me t r i c  t ons )  

Number of mines mining o t h e r  4 3  , . 
s e ams . . 

Sur face  product ion  from 335,000 s h o r t  2.15,000 t o n s  
o t h e r  seams . tons (300,000 (195,000 m e t r i c  t ons )  . 

met r i c  tons) 

. SOURCE : Keystone Coal Indus t ry  Manual (1  947.). 

. . 

1.2 PHYSIOGRAPHY, TOPOGRAPHY, AND CLIMATE 
.. . 

Mine OH-1 i s  l oca t ed  i n  t h e  ung lac i a t ed  p a r t .  of t h e  Allegheny Pla-  . 
t e au ,  about 25 m i  (40 kin) e a s t  o f  t h e  g l a c i a l  boundary (Corbe t t  and Manner, 
1977). Much of  t h e  land s u r f a c e  i n  t h i s  a r e a  c o n s i s t s  of s l op ing  h i l l s i d e s  
wi th  deeply i n c i s e d  v a l l e y s .  F l a t l a n d s  a r e  r e s t r i c t e d  t o  £lood p l a i n s  and 
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t e r r a c e s  of t h e  l a r g e r  r i 'ver  v a l l e y s  and t h e  lower cou r se s  o f .  t h e i r  major 
t ' r i b u t a r i e s  (Lamborn, 1954). Both c o u n t i e s . a r e  e n t i r e l y  dra ined  by t h e  
Muskingum River;  Creek 1, t h e  on ly  well-developed t r i b u t a r y ,  borders  t h e  
mine p rope r ty  on t h e  e a s t .  Maximum r e l i e f  f o r  County 1 i s  580 f t  (177 m). 
On t h e  mine s i t e ;  r e 1 i e f . i ~  about 300 f t .  (91  m) between the  s t ream v a l l e y  
e l e v a t i o n s  about 780 f  t (238 m). and , t he  sandstone-capped r i d g e s  up t o  1080 
f t  (329 ml 'above s e a  l e v e l .  

The topography of t h e  mine a r e a  r e f l e c t s  t h e  processes  of s t ream 
e r o s i o n  and t h e  i n f luence  of P l e i s t o c e n e  g l a c i a t i o n .  The main e f f e c t  of 
t h i s  g l a c i a t i o n  was t h e  i n t r o d u c t i o n  of enormous amounts of outwash sedi-  
ments c a r r i e d  by g l a c i a l  mel twater ;  t h e s e  sediments blocked pre-ex is t ing  
d ra inage  l i n e s  and ' r e rou ted  dra inage  i n  t h e  e a s t e r n  ung lac i a t ed  a r e a s  of t h e  
two c o u n t i e s  (Lamborn, 1954). 

A t  p r e s e n t ,  most d ra inage  from t h e  mine fnlows i n t o  an rinnamed eas t -  
ward-flowing t r i b u t a r y  of Creek 1 which flows no r th  i n t o  Creek 2 .  Discharge 
from Creek 2 flows i n t o  t h e  Muskingum River  which, i n  t u r n ,  flows i n t o  t h e  
Ohio River  a t  M a r i e t t a ,  Ohio. Some mine dra inage  a l s o  flows e a s t  and no r th  
d i r e c t l y  i n t o  t h e  Creek 2.  The Creek 2 dra inage  bas in  occupies  815 .square 
m i  (2111 sq km) (Corbe t t  and Manner, 1977). 

The r eg ion  t h a t  i nc ludes  t h e  mine has  a  humid c o n t i n e n t a l  c l ima te ,  
c h a r a c t e r i z e d  by co ld  w in t e r s  and warm summers. The average annual p r ec ip i -  
t a t i o n  i s  about 40 i n .  ( i ' m ) ;  measured. snowfa l l  averages 30 i n .  (0 .8  m) 
(Corbe t t  and Manner, 1977). 

1 .3  GENERAL GEOLOGY AND SOILS 

The rocks  t h a t  ou tc rop  i n  t h e  OH-1 mine a r e a  a r e  . e n t i r e l y  i n  t h e  . 
~ e n n s ~ l v a n i ' a n  system. I n  County 1 t h e  Pennsylvanian P o t t s v i l l e ,  Allegheny, . 
and t h e  lower 170 f t  (52 m) .of t h e  Conemaugh S e r i e s  a r e  presen t  a t  t h e  
s u r f a c e .  The P o t t s v i l l e  s t r a t a  ou tc rop  i n  t h e  western p a r t  of t h e  county 
and i n  t h e  v a l l . e g s  of  t h e  c e n t r a l  and e a s t e r n  p a r t  o f  t h e . c o u n t y ;  t h e  
Co,nemaugti s t r a t a  outcrop a t  h igher  e l e v a t i o n s  i n  t h e  c e n t r a l  and e a s t e r n  
p a r t  of t h e  county. The n e a r e s t  Mis s i s s ipp i an  rocks ou tc rop  i n  t h e  western 
p a r t  of t h e  County 1 and c o n s i s t  of interbedded sandstones and s h a l e s ;  

: no ~ i s s i s s i ~ ~ i a n  l imestones a r e  p re sen t  i n  County 1 (Lamborn, 1954).  

Bedrock i n  County 1 d i p s  20 t o  60 f t  p e r  m i  ( 3 . 8  t o  .11.4 m p e r  ' 

km) t o  t h e  south  and e a s t  (Brant and Delong, 1960). I n  County 2' t h e  e n t i r e '  
P e n n s y l v a n i a n  s e c t  i o n  o u t c r o p s  above  d r a i n a g e s  due  t o  t h e  , n o r t h - s o u t h  
t r end ing  Parkersburg-Lorain sync l ine ,  .which g ives  an unusua l ly  s teep ,  ea s t -  
ward d i p  t o  t h e  s t r a t a .  A s  ' i n  County 1, . the  o l d e r  u n i t s  ou tc rop  t o  t h e  
s o u t h e a s t  (Brant  and DeLong, 1960). - 

' I n  gene ra l ,  c o a l s  of t h e  Allegheny'  Formation th i cken  along a  l i n e  
, f r o m . s o u t h e a s t e r n  t o  n o r t h e a s t e r n  Ohio a s  t h e  o v e r b u r d e n  changes  from 
a predominance of sandstone.  t o  ca l ca reous  s h a l e s ,  mudstones, and l imestones 
(Arkle ,  1974; Smith e t  a l . ,  1974). 
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Five  major s o i l  ' s e r i e s  .had developed on t h e  mine s i t e  p r i o r  t,o min- 
i ng  (Corbe t t  and Manner, 1977, from Townsend'personal communication). . These 
a r e  shown i n  F igure  2 ' and. a r e  descr ibed '  a s  follows: 

1. DeKalb . S e r i e s  56B, 56C, 56D. well-drained and developed , 

on sandstone bedrock on s lopes  of 6% t o  35%. Strongly ' 

acid.  

. 2. G i lp in  S e r i e s  58B, 58C, 58D. Well-drained and developed 
on s i l t s t o n e  and s h a l e  bedrock on s lopes  of 5% t o  

' 40%. Strongly acid.'  

3. Muskingum S i l t  Loam 3B, 3C. Well-drained and developed 
- .. on s i l t  s tone  and s h a l e  bedrock on s lopes  12% t o  60%. 

Moderately product ive a g r i c u l t u r a l l y  and, ,has a severe  
e ros ion  hazard.. Moderately ac id .  

4 .  ~ o n ~ ~ a h e l a  S i l t  ~ o a i  34A, 348, 3 4 ~ .  ~ i d e r a t e l ~  w e l l -  
drained and developed on sandstone,  s i l t s t o n e ,  and s h a l e  
on s lopes  of 2% t o  8%. Moderately product ive ag r i cu l -  
t u r a l l y  and has  a severe  e ros ion  hazard ;  

' 5 .  P h i l o  Loam 51A. Moderately well-drained and developed 
on s i l t y  alluvium on s lopes  of O % ' t o  2%. It i s  present  
on a1 luv i  a1 f lood p l a i n s ,  n a t u r a l  l evees ,  and t e r r a c e s .  

. . . . 

1 .4  CONTROL TECHNOLOGY AT THE MINE 

The only  chemical t reatment  a t  Mine OH-1 c o n s i s t s  of a wooden. b o x .  
with a bottom screen  t o  d ispense  soda ash (F ig .  3 ) .  . The soda a s h  (Na2C03) 
t r e a t s  t h e  ac id  runoff from a coa l  s t o r a g e  p i l e ,  p lus  some e f f l u e n t  from t h e  
a c t i v e  p i t  which is a l s o  channeled across  t h e  c o a l  s to rage  p i l e .  The remain- 
d e r  of t h e  mine e f f l u e n t  a t  t h i s  s i t e  r ece ives  no chemical t reatment;  r a t h e r ,  
t h e  e f f l u e n t  i s  channeled i n t o  seve ra l  s e t t l i n g  ponds s p a c e d  a t  t h e  per iphery  
of t he  mine ope ra t ion  before  being discharged i n t o  t h e  r ece iv ing  s t ream; 

. . 

. . soda ash 

, . soda ash dissolvas and is . . 
replaced by gravity feed . . 

Fig'. 3. Diagram of Soda Ash Treatment System . 
( ~ r o m  ESCOR, Snc.,  1978) 



2 OVERBURDEN AND COAL CHEMISTRY 

2 . 1 .  IDENTIFICATION, DISTRIBUTION, AND THICKNESS 
OF LITHOLOGIC UNITS 

The o v e r b u r d e n  a t  t h e  OH-1  mine  a t t a i n s  a maximum t h i c k n e s s  o f  
about 100 f t  (30 m) and c o n s i s t s  of s h a l e  and sandstone of t h e  Pennsylvanian 
age Allegheny and Conemaugh S e r i e s .  The Middle K i t t ann ing  (116) Coal mined 
a t  t h i s  s i t e  has  a composite t h i cknes s  of  about 3 f t  (0.9 m) and c o n s i s t s  
of 2 s p l i t s  separa ted  by a t h i n  c l a y  l a y e r .  F igure  4 ,  a composite s t r a t i -  
g raphic  s e c t i o n  f o r  t h e  mine a r ea ,  i nc ludes  t h e  e n t i r e  i n t e r v a l  from t h e  
Middle K i t t ann ing  (116) Coal t o  t h e  Buffa lo  Sandstone, t h e  youngest u n i t  
exposed i n  t h e  a r e a .  The lower h a l f  of t h e  overburden sequence c o n s i s t s  of 
t h e  Lower Freepor t  Sha le  (Allegheny S e r i e s ) ;  t h e  upper h a l f  i s  Upper Free- 
po r t  Sands tone (Allegheny) and Mahoning Sands tone  (Conemaugh S e r i e s  ) and may 
inc lude  t h e  Buffa lo  Sands tone (Conemaugh) . The Mahoning and Buff a10 sand- 
s t o n e s  unconformably o v e r l i e  t h e  Upper Freepor t  sandstone.  H i l l  c r e s t s  a r e  
capped by e i t h e r  t h e  Mahoning o r  t h e  Buffa lo  sandstone.  

2 .2  SAMPLING PROCEDURES 

Both s u r f  a c e  and s u b s u r f a c e  s a m p l e s  were s u b j e c t e d  t o  c h e m i c a l  
a n a y l s i s .  Bagged ch ips  from a d r i l l  h o l e  c o n s t i t u t e  samples DC-2 through 
DC-7. Because t he se  samples d id  no t  provide adequate d e t a i l  f o r  t h e  scope 
of t h e  s tudy ,  samples were a l s o  c o l l e c t e d  from t h e  exposed highwall  f o r  
chemical a n a l y s i s ;  t h e s e  c o n s t i t u t e  samples 1 through 17. Due to .problems 
of a c c e s s i b i l i t y ,  samples 1-9 ( t o  t h e  t o p  of  t h e  Lower Freepor t  Sha l e )  were 
taken  a t  one s i t e ,  whi le  samples 10-17 ( t h e  upper sands tones)  were t aken  
from another  s i t e .  Both s i t e s  were on mine company proper ty .  Samples 1-17 
were c o l l e c t e d  from 5 f t  (1 .5  m) channels  except  where l i t h o l o g i c  v a r i a t i o n s  
d i c t a t e d  c l o s e r  spacing.  A l l  samples a r e  shown i n  F ig .  4 .  

2.3 LITHOLOGIC AND MINERALOGIC CHARACTERISTICS 
OF COAL AND OVERBURDEN 

Table 2 g ives  d e t a i l e d  d e s c r i p t i o n s  of t h e  channel samples. Semi- 
q u a n t i t a t i v e  mineralogy of powdered samples was d o n e ' b y  X-ray d i f f r a c t i o n  
us ing  f i l t e r e d  copper radiat i 'on and a s e r i e s  of s tandard  samples of pure 
minera l s .  

I n  g e n e r a l ,  t h e  Mi.ddle K i t t a n n i n g  Coa l  a t  t h i s  s i t e  i s  a s h i n y  
b l ack ,  blocky c o a l  c o n s i s t i n g  mainly of  f u s a i n   and^ v i t r a i n  t h a t  weathers t o  
a very  l i g h t  g ray  o r  yel low.  Publ ished proximate and u l t i m a t e  ana lyses  and 
forms of  s u l f u r  f o r  a compos2te sample o f  t h e  . 6 c o a l  a r e  given i n  Table  3 
(Medlin, 1975).  'The ' c o a l  i s  s p l i t  'by a t h i n  ( Z  0.2 f t ,  o r  0.06 m) dark  
gray s i l t y  c l a y  . l a y e r  t h a t  inc ludes  some c o a l  p a r t i n g s .  

Overlying t h e  c o a l  i s  t h e  medium t o  dark gray  ~ o w e r  Freepor t  Sha le  
(samples 1-9). This  s h a l e  i s  approximately 45 f t  (13.5 m) t h i c k  and ranges 
from f i s s i l& t o  blocky,  i s  g e n e r a l l y  micaceobs, con ta in s  s i d e r i t e  conc re t i ons  

. . # 



DRILLERS SAMPLES 
DC7 SURFACE : 1 
SANDY SHALE I, 

. DC6 SAND ROCK 

I 

DCS SAND ROCK 
BASE. - 1 
,DC4 HARD SANDY 
GRAY SHALE . . 

DC3 DARK,SHALE, 
SLATE \ 
DC2 C&L ' 1 

Fig.  4 .  

-SURFACE 
CHANNEL 

SMPL.# LITHOLOGIC DESCRIPTION r 1 
BUFFALO 
SANDSTONE SANDSTONE, GRAY 

MAHON I NG. 
SANDSTONE 

UPPER FREEPORT 
SANDSTONE 

LOWER FREIZPORT 
SHALE . 

COAL#6 . , 

CLAY.  . 

COAL#6 . 

Composite Stratigraphic Section with Sample' Descript'ions 

.SANDSTONE, GRAY .. 

SANDSTONE,GRAY-BROWN 
80 SANDSTONE,GRAY 

SANDSTONE,GRAY 
SAN DSTON E;GRAY 
SANDSTONE, GRAY , - 
SANDSTONE, GRAY 60 
SANDSTONE, GRAY 
SHALE, GRAY, MICACEOUS,CARBONACEOUS 
SHALE, GRAY, MICACEOUS 
SHALE, GRAY, M ICACEQUS 
SHALE, GRAY,M ICACEOUS ' .  . 

40 

SHALE, GRAY,MICACEOUS 
SHALE,GRAY, MICAC,EOUS 
SHALE, GRAY, MICACEOUS . . 

SHALE, GRAY 2 0  
SHALE, GRAY, MlCACEOUS 
COAL : . 

, CLAY, GRAY 
COAL 

NOTE: NO SAMPLE #12 , - 

- 4 

- - - 
- - 
- - - - - 

- - - 
- - 

m - - 
- - 
- - - - - - - - - - - 
C .  - - - - - - 
- -. - - - 

. . - - - 
0 - , - 0  

25 

20 

15 

1 0  

5 



T a b l e  2. D e s c r i p t i o n  o f  O v e r b u r d e n  L i t h o l o g y  
( f r o m  C o r b e t t  and  Manner, 1977) 

Rock Type 

Thickness 
i n  Fee t  

Color  (Meters)  

wea ther ing  
Character-  

V a r i a t i o n s  i s t i c s  . 

#9 s h a l e  medium gray 5.0 (1.5). sandy,. l a r g e r  mica l i g h t  g r ay  
f l a k e s  t han  #8, blocky,  
carbon s t r e a k s ,  banding 
ev iden t  . 

, . 

#8 s h a l e  medium dark  5,O (1.5) hard  ,$ blocky,  smal l  l i g h t  g ray  
gray mica f l a k e s  

87 s h a l e  'very  da rk  5.0 (1.5)  blocky,  hard ,  s h a r p  l i g h t  g ray  
angular  chunks, con- 
c r e t i o n s ,  t i n y  mica . . 

f l a k e s  

/I6 s h a l e  medium gray  5.0' (1 .5)  . f i s s i l e ,  hard  sha rp  light g ray  
edges,  s m a l l m i c a .  , 

f l a k e s  

/I5 s h a l e  medium d a r k .  5.0 (1 .5)  f i s s i l e ,  conc re t i ons ,  l i g h t  g ray  
gray smal l  mica f l a k e s  . 

. #4 s h a l e  medium dark  5.0 (1.5)  
gray 

#3 s h a l e  . da rk  gray 5.0 (1.5)  

/I2 s h a l e  medium gray  5.0 '(1.5) 

#l s h a l e  very  dark  
gray t o  . 
black  

blocky,  conc re t i ons ,  
f i n e  mica f l a k e s '  

blocky,  l e s s  f i s s i l e  
than  #2, f  ine-grained 
mica f l a k e s  

ve ry  f ine-gra ined ,  ve ry  
f i s s i l e ,  conc re t i ons  i n  
lower l a y e r s  

orange t o  
m e d i y  r ed  
brown 

l i g h t  b lue  
gray  

medium brown 
t o  da rk  red  
brown 

5.0 (1.5)  j o i n t e d ,  f i s s i l e ,  con- l i g h t  gray 
c r e t i o n s ,  mica f l a k e s  wi th  i r o n  

oxide  s t a i n ,  
. . orange,  and 

da rk  red  
brown 

I 
, c o a l  (upper)  sh iny  b lack  1.5 (0.45) blocky,  f u s a i n  and , yel low ' 3 .  

. . v i t r a i n  

c l a y  da rk  gray . 0.21 '(0.06) c o a l  l a y e r s ,  . l i g h t  

. ,- colored  f i n e  s i l t  
g r a i n s  

c o a l  ( lower)  sh iny  b l ack  1.5 (0.45) blocky,  f u s a i n  and ve ry  l i g h t  
v i  t r a i n  gray  . 

- - - - - - - - - - - - - - - 

NOTE: Samples taken  i n  f ive- foot  channels  from lower c o a l  t o  t o p  of  s ec t i on .  



Thickness Weathering 
i n  Fee t  Character- 

Rock Type Color (Meters) Va r i a t i ons  i s t i c s  

# l 8  sands tone  4.0 (1.2) t h i n l y  bedded 
(no t  sampled) 

" . 
#17 sandstone l i g h t  brown 5.0 (1.5)  medium-to-fine-grained yellow gray  

gray  ( p a r t  o f  20' . micaceous, some red 
massive g r a i n s ,  .some b l ack  
sandstone)  g r a i n s ,  f r i a b l e  

UNCONFORMITY 
/I16 sandstone 

#15 sandstone 

/I14 sandstone 

/I13 sandstone 

#12 sandstone 

#11 sands tone 

dark  gray  

medium da rk  
gray 

medium dark 
gray 

medium gray 

darker  
l i g h t  gray 
s a l t  and, 
pepper 

1/10 sandstone l i g h t  gray ,  5.0 (1.5) 
s a l t  and 
pepper 

mud g a l l s ,  Liesegang l i g h t  gray  . 
banding, f . i s s i l e  mica- 
ceous , f ine-grained,  
very f r i a b l e  . . 

2' - resembles pre- l i g h t  yellow 
v ious  sandstone (ill41 brown t o  gray  
Liesegang banding, 
r u s t y  f r i a b l e  sandy 
cont ,act ,  micaceous i n  . 
dark red brown ,bands. 

j ndu ra t  ed, f ine-grained 
mica f l a k e s  ,, ca lcareous-  
cement 

abundant mica f l a k e s ,  . . l i g h t  yellow 
indura ted ,  l a r g e r  gray 
g r a i n s ,  c a l ca reous  . 
cement 

--------- yellow gray 
t o  orange 

morh mica f l a k e s  t h a n  . yellow t o  
# lo ,  l a r g e r  b lack  orange, deep 
mineral  g r a i n s ,  f r i a b l e  - weathering 

carbon t r a c e s ,  f r i a b l e ,  l i g h t  
f ine-grained , small  g r ay .  
b l ack  minera l  g r a i n s ,  
small  mica g r a i n s  
( spa r se )  

yellow 



~ a b l e . 3 .  . Coa1,Analysis  ' 

Coal Name: Middle K i t t ann ing  (+I61 

Thickness:  ; 3 f t  ( 1  m) 

Descr ip t ion :  Shiny b l ack ,  blocky,  f u s a i n  and 
v i t r a i n ,  weathers very  l i g h t  
gray t o  yellow. 

Heating Value ( ~ t u l l b ) :  12120 

Proximate Analysis  (%I : 

Moisture  
V o l a t i l e  
Fixed Carbon ' 

Ash . . 

Ultimate  Analysis  (%):  

Hydrogen 
Carbon 
Nitrogen 
Oxygen . 
Tota l  Su l fu r  

Forins of S u l f u r  ( % ) e  

P y r i t i c  ( su l f i de ) -S  2.27 
0.34 Sul f  a t  e-S 

Organic S 1.31 
To ta l  S 3.92 

Source of Ana ly t i ca l  Data: Coa.1 a n a l y s i s  r e p o r t ,  USGS, 
September 30, 1975 , . Jack  H.  

. . . - Medlin 

i n  t h e  l ower  25 f t  ( 7 . 6  m),  and w e a t h e r s  t o  a l i g h t  g r a y  ( red-brown i n  
c o n c r e t i o n a r y  h o r i z o n s ) . '  ' S i d e r i t e  and a l b i t e  were i d e n t i f i e d  i n  a l l  9 

. . 
samples of t h e  s h a l e s .  

The ,Upper Freepor t  Sandstone (samples 10-15) ranges  from a l i g h t  
g r a y ,  , f  h e - g r a i n e d  " s a i  t -and-pepper1 '  s a n d s  t o n e  a t  i't s b a s e  upward t o  a 
coarser -gra ined  medium gray sandstone t o  a dark  gray f ine-grained sandstone 
near  t h e  t o p  of t h e  u n i t .  The Upper Freepor t  i s  commonly micaceous and i n  
t h i s  s e c t i o n  i s  cha rac t e r i zed  by a zone wi th  ca lcareous  cement about 10 f t  
( 3  m) below t h e  top .  The t o p  7-8. f t  (2.1-2.4 m) i s  cha rac t e r i zed  by Liese- 
gang r i n g s .  A l b i t e  was i d e n t i f i e d  i n  a l l  samples of t h e  Upper F reepor t ,  
m ic roc l ine  was i d e n t i f i e d  i n  a l l  except  sample 13.  and s i d e r i t e  i n  samples 
11 and 14.  A t  t h e  measured s e c t i o n ,  t h e  Upper F reepor t  i s  about 30 f t  . (g .  m) 
t h i c k  and weathers  t o  a yellow-gray, yellow-brown o r  orange. 



. . 
12 

+ 

' The Mahoning S a n d s t o n e ,  ' w h i c h  unconformably  . . o v e r l i e s  t h e  Upper 
F reepor t ,  i s  a  f  ine-to-medium gra ined ,  gray ,  micaceous sandstone. The lower 
p a r t  o f  t h e  Mahoning c o n t a i n s  a n g u l a r  muds tone  f r a g m e n t s  and L i e s e g a n g  
r i n g s .  A l b i t e  and microc l ine  were i d e n t i f i e d  i n  both samples (16-17) of t h e  
Mahoning. The B u f f a l o . S a n d s t o n e ,  which o v e r l i e s  t h e    ah on in^, was n o t .  
sampled. The t o t a l  t h i ckness  of t h e  Mahoning and Buffa lo  Sandstones a t  t h e  
measured .sec t ion  i s  about 30 f t  (9 m). 

I n  summary, t h e  overburden l i t h o i o g y  c o n s i s t s  of gray s h a l e  (samples 
1-9) o v e r l a i n  by gray-brown sandstones (samples 10-17). It i s  important 
t o  n o t e  t h a t  samples 13 and 14 were cemented by c a l c i t e .  This ,  zone may be 
t h e  s t r a t i g r a p h i c  equiva len t  of t he  Freepor t  Limestone. Therefore,  i t  i s  
p o s s i b l e  t o  r e c o g n i z e  t h r e e  g e n e r a l  l i t h o l o g i e s  above t h e  c o a l  i n  t h i s  
s e c t i o n  -- sha l e ,  sandstone,  and calcite-cemented sandstone. 

2.4 CHEMICAL ANALYSES OF COAL AND OVERBURDEN 

2;A.l Methods of sample P repa ra t ion  and Analysis  

A 1 1  overburden and c o a l  samples were crushed and subjec ted  t o  t o t a l  
a n a l y s i s  f o r  major elements according t o  t h e  Two-Solution Procedure (Sha- 
p i r o ,  1975). Minor and t r a c e  elements were determined on t o t a l l y  d iges ted  
samples  by a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t r y .  Forms o f  s u l f u r  were 
determined us ing  a  LECO s u l f u r  ana lyzer .  The pH was measured by i n s e r t i n g  
t h e  probe i n t o  a  s a t u r a t e d  pas t e  of  ground sample ma te r i a l .  The acid-base 
ba lance  was determined according t o  t h e  method of Sobek and o t h e r s  (1978). 

2.4.2 Discussion of Analy t ica l  Resul t s  

R e s u l t s  f rom an  i n i t i a l  s e t  o f  e l e m e n t a l  a n a l y s e s  of ,  t h e  d r i l l  
c o r e  c h i p s  a r e  g i v e n  i n  Appendix A ,  a s  a r e  a n a l y t i c a l  r e s u l t s  f o r  t h e  
, sur face  channel samples 1-17.  ; Table 4 summarizes t h e  a n a l y t i c a l  d a t a  f o r  
t h e  t h r e e  major l i t h o l o g i , e s .  There i s  cons ide rab le  ove r l ap  i n  t h e  composi- 
t i o n a l  range .of t h e  t h r e e  groups. ' However, ranges f o r  t h e  s i l i c o n ,  alu- 
ininum, potassium, copper,  chromium, and '  sulf ide-S a r e  r e l a t i v e l y  d i s t i n c t  
f o r  each of t h e  t h r e e  groups. 

C o n s i d e r i n g  t h e  l i t h o l o g i e s  of  t h e  u n i t s ,  t h e s e  d i s . t  i n c t  r a n g e s  
a r e  .no t  s u r p r i s i n g .  The s h a l e  i s  lower i n  s i l i c o n  than  t h e  bulk of t h e  
sandstone but  h igher  i n  aluminum. The potassium i s  h igher  i n  t he  s h a l e '  
because i t  i s  t h e  c h a r a c t e r i s t i c  i n t e r l a y e r  c a t i o n  i n  i l l i t e ,  ,which. accounts 
f o r  a  s i g n i f i c a n t  per.centage of t h e  sha l e .  The s u l f i d e  ( s - ~ )  va lues  ind i -  
c a t e  t h a t  t h e  s h a l e  h a s  t h e  most p y r i t e .  With r e g a r d  t o  - t h e  minor  and 
t r a c e  elements,  t h e  only c lear -cu t  ranges. a r e  t hose  f o r  copper (h ighes t  i n  
s h a l e )  and chromium (h ighes t  i n  s h a l e ) .  Considering t h e  h igh  numbers. and 
wide  r a n g e s  r e p o r t e d  f o r  c e r t a i n  e l e m e n t s ,  t h e r e  were a p p a r e n t l y  some' 
problems .w i th ,  a n a l y t i c a l  detect. ion l i m i t s ;  t h i s  may h e l p  account f o r  t he .  
overlapping ranges. For c o m p a ~ i s o n , ~  Table ,  5 p re sen t s  published ranges . for  
s e l e c t e d  minor and t r a c e  elements i n  c o a l  and sha l e .  Note t h a t  t h e  .ranges 
a r e  q u i t e ,  broad and a l s o  t h a t  t h e  No. 6 coa l  a t  t h i s  s i t e  h a s .  gene ra l ly  . - 

h ighe r  elemental  concent ra t ions  than  t h e  repor ted  averages f o r  U.S. b i t u -  
minous coa l s .  Examining t h e  averages f o r  z i n c  .and lead. f o r  bo th .  "marine 
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Table 4 .  overburden Analyses -- Ranges f o r  Major L i tho log ie s  
. . 

. . I  . ,  - . . . .  .. ' . . s .  

. . 
k, sands tone  Calcite-cement ed 

. , .  . Sti'ale .' . '  (Samples '10; 11, ' Sandstone 
' (Samples 1-91 15,  16,  17) (Samples 13-14) 

.. ~ - . . ~-~ - - - 

Elements ( p l u s  
~ h o s p h a t  e )  

. I 

Phosphate (%) 
S i l i c o n  (%) 
Aluminum (2)  ' 

Calcium ( % I  
Magnesium (%) : 
I r o n  (%I /  , 

Manganese (%) 
Sodium (%) . 
Potassium ( % I  
Ti tanium (%) 
Zinc (ppm) 
Stront ium ( ppm) 
Cadmium (ppm) , 

Cobalt (ppm) 
' Copper ( ppm) - 
Lead (ppm) 
ho lybdenum ( ppm) 
Vanadium (ppm) 
Nickel (ppm) 
Chromium ( ~ p m )  

Su l fu r  ' ( % I  

0 .2  or .  l e i s  
50 - 78 
17 - 18 
0.02 
2. - 3 
6 - 11 
0.2  - -0.5 
0 .5  - 1.7 . 

6 - 8  
2.2 - 3.7 
80 - 380 
.50 o r  l e s s  
15 - 25 
30 -! 80 
40 - 50 
65 - 145 
100 o r  l e s s  
100 7 300 

-70 - 135 
55 - ,85 

01 14 o r  less 
68 - 80 

'LO - . I 6  " 

0.04 o r b l e s s  
0.05 - 1.1 
1 - 5  
0.06 -- 0:28 
1 - 2  
3 - 4  
0.7 - 1.9  
105 - 200 
50 o r  l e s s  
15. - 25 
30 - 500' 
15 - 25" .  
80 - 150 
100 o r  l e s s  
50 - 200 
.75 - 500 
25 - 35 

0.09 o r  l e s s  
46 - 49 
9 
27 - 30 
1.6 - 1.7 
3 - 4  
0.2 - 0 . 4 ,  
1 .3  - 1.5 . 

2.4 - 2.5 ,:. 
1 .2  - 1 .3  
185 - 500. 
150 . . . 
20 - 25 

. 5 0 - 6 0  .. 

25 - 30 
r . 30 - 130 

100 - 150 
, 100 

90 - . 9 5  
20 7 25 

~ u ' l f a t e  (SO -2) 0 .3  o r  l e s s  0.'9 o r  l e s s  0 .3  o r  l e s s  
S u l f i d e  (S-j)  2 o r  less . 0,.3 o r  l e s s  . 0.04 o r  l e s s  
Organic S' --- . --- --- 
T o t a l ' s  2 or  less . 0 .,9 o r  l e s s  0 . 3  o r  l e s s  

. . 
I 

a r g i l l a c e o u s  sediments" and "sha le ,  " the-,  va lues  f o r  t h e  Lower 'Freepor t  a r e  
cons iderab ly  h ighe r  than  t h e  publ ished averages .  ' For "marine a r g i l l a c e o u s  
sediments" a lone ,  however, t h e  published va lues  g e n e r a l l y  i'nc lude o r  a r e  
h ighe r  t han  repor ted  e lementa l  concen t r a t i ons  f o r  t h e  Lower Freepor t  Sha le . .  
Thus; t h e  Lower Freepor t  ,may r ep re sen t  , a  more t r a n s i t i o n a l '  environment a t  
t h i s  s i t e .  

Figt i re  .5  i n d i c a t  e -s . . s . e lec ted  v e r t i c a l  ' v a r i a t i o n s  i n  g e o c h e m i s t r y  
f o r  t h e  u n i t s  above t h e  /I6 coa l .  The t r a n s i t i o n  from t h e  Lower Freeport  
Sha le  t o  t h e  Upper Freepor t  Sandstone i s  marked by a dec rease  i n  i r o n  (from 
> 5% t o  < 5%) .  The i r o n  and manganese % show very  l i t t l e  c o r r e l a t i o n  wi th  
each o t h e r .  Calcium is ,  gene ra l l y  low throughout '  t h e  s e c t i o n  except  f o r  t h e  
prominent zone of .calci te-cemented satiditone: s u l f a t e - s    SO^-^) and sul-  
fide-S percentages change s i g n i f i c a n t l y  (from g r e a t e r  t han  0.7.5% t o  less than 
0.25%) a t  t h e  i n t e r f a c e  of t h e  Lower Freepor t  S h a l e / ~ p p e r  Freepor t  Sandstone. 
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Fig.  5 .  Vertical Variations in Selected Geochemical Parameters 
I 



Table 5. Comparison of Selected Minor and Trace Element Concentrations i n  
Shale and Coal, with Concentrations i n  No. 6 Coal and Lower 
Freeport Shale ( ~ i n e  OH-1) (Al l  concentr'ations i n  ppm) 

Aa B C D E '  .. F G 

Titanium 94300 21000 .- 37000. 340, . NMb NM NM . 800 
Vanadium 325 100 - 300 2 1 i18.2 100 - 1000 130 20. 
Chromium 7 3 55 - 85 13 76.2 100 - 400 90 15 
Cobalt 35 5 30 - 80 .5 . 1 525 .. 300 1 9 . .  7 
Nickel 130 70 - 135.  14 41.8 50 - 800 68 20 
Copper ' 216 40 - 50 15 28.2 20, - 200 4 5 22 
Zinc , 62 3 240 - 350 . . 7.6 ND 100 - 1000 95 5 3 
Mqlybdenum 175 50 . -  100 3.5 f l  ' 1 0 0 -  200 2.6 3 
Cadmium . ' 33 . .15 - 25 NR ' NR NR 0.3 ' 1.6 
Mercury , , . NM ., , NM NR NR NR 0.4 0.2 
Lead- . , 170 . : 60 - ,145.. NR NR NR 20 22 
Strontium 100 5 0 NR , NR NR NR 300 . - 100 

A - This repor t  - averages fo r  upper and lower s p l i t s  +I6 coal .  , 

. B - This r epor t  - ranges. for '  Lower Freeport S'hal'e. 
C - .Zubovic, Stadnichenko, and Sheffey, 1960 - .  averages f o r  Appalachian . 

region coals .  . 

. D - P o t t e r ,  Shimp, and Wit ters ,  1963 - averages fo r  se lec ted  "ancient 
marine argi l . laceous sediments. l1 , 

E - Krauskopf, 1955. - averages f o r  coal  ash. ' 

F -. Turekian and Wedepohl, '1961 - averages  fo r  shale.  
G - Swanson e t  a l . ,  1976 - averages fo r  U.S. bituminous coals  (whole 

coal  'bas i s ) .  

b ~ o t e :  NM = not' measui-ed; ND = iiot detected;  NR = not . reported.  . - 
, . 

.2.4.3 Pearson Corre la t ion  Coeff ic ients  f o r  Overburden chemistry 

. .  * 

' I n  order to. examine the  s t a t  ist i c a l  interdependence of the  various 
chemical parameters determined f o r  t h e  overburden u n i t s ,  Pearson c o r r e l a t i o n  
c o e f f i c i e n t s  ( r )  . were ca lcula ted .  Coef f i c i en t s  were ca lcula ted  using a 
standard s t a t i s t i c a l  package ( ~ i e  e t  a l . . ,  1975). The formula used t o  compute 
r i s :  



where:' . . , 

. . 
X i  = { i t h  obse rva t ion  o f . v a r i a b l e  X ,  

Y; = , i t h  obse rva t ion  of var , i ab le  Y ,  

N I= number .of ,observa t ions ,  

. N . - 
X =' 1 x ~ / N .  = mean of v a r i a b l e  X ,  and 

i = l :  

N - 
Y = 1 Y;/N = mean of v a r i a b l e  Y .  

i=l. 

Table  6 i n d i c a t e s  t h e  high p o s i t i v e  and nega t ive  va lues  of . r  ( i n  
'. dec reas ing  o r d e r )  f o r  t h e  v a r i o u s  overburden parameters  a t  t h i s  s i t e . .  The 

t a b l e  inc ludes  a l l -  c o e f f i c i e n t s  where r > 1 0 . ~ 5  1 and S  ;< 0.1.  Note t h a t  
' many of t h e  elements  show s i g n i f i c a n t  posiTive o r  nega t ive-cor re la t ions  wi th  

each o t h e r ,  wi th  pH, o r  wi.th forms o f  s u l f u r .  I n  gene ra l ,  c o r r e l a t i o n s  a r e  
e x p l a i n a b l e  on t h e  b a s i s  of ( 1 )  s i m i l a r  goechemical behavior  ( i . e . ,  l i t h o -  
p h i l e  v s .  cha l coph i l e  e lements;  o rganic  v s .  i no rgan ic  a f  f  ini . ty  of p a r t i c u l a r  
e lements )  o r  ( 2 )  l a t t i c e  s u b s t i t u t i o n s  by atoms o r  i ons  of s i m i l a r  atomic o r  
i o n i c  s i z e  o r  l ike.  i o n i c  charge.  .The t a b l e  among t h e  fol lowing groups of 
e1ement.s: (1). i r o n ,  t i t an ium,  sulf ide-S,  su l f a t e -S ,  copper;  ( 2 )  :cadmium, 
l e a d ,  z inc ,  vanadium, molybdenum, chromium; copper;  ( 3 )  calcium, s t ron t ium;  
and (4)  magnesium, potassium, aluminum. There a r e  gene ra l l y  h igh  nega t ive  
c o r r e l a t i o n s  o f  s u l f a t e - S ,  t i t a n i u m ,  i r o n ,  and c o p p e r  w i t h  b o t h  pH and 
s i l i c o n .  S ince  i r o n  ' occu r s  mainly i n  p y r i t e  and s i d e r i t e ,  which' a r e  most 
abundant i n  t h e  s h a l e ;  s i n c e  t h e  p y r i t e  weathers  . t o  hydra ted  i r o n  s u l f a t e s ;  
and s i n c e  copper and t i t a n i u m  tend t o  e x h i b i t  h ighe r  concen t r a t i ons  i n  c l a y s  . 

and s h a l e s ,  t h e  c o r r e l a t i o n s  . of group ( 1 )  a r e  reasonable .  Genera l ly ,  t h e  ' 
. group (2 )  e lements  a r e  cha l coph i l e  whi le  t h e  group (4 )  e lements  a r e  l i t h o -  

, p h i l e .  With regard  t o  group (31,  s t ron t ium commonly s u b s t i t u t e s  f o r  calcium 
i n  CaC03; a s  would be  expected,  t h e  s t ron t ium con ten t  i s  h ighes t  i n  t h e  
calci te-cemented sandstone samples ( s e e    able 4 ) .  The h igh  nega t ive  corre-  
l a t i o n o  o f  s u l f  a t e - S ,  t i t a n i u m ,  i r o n ,  ,and c o p p e r  w i t h  s i l i c o n  f u r t h e r  
sugges t  t h a t  t h e  weathered p y r i t e ,  t i t an ium,  and copper a r e  more concen- 
t r a t e d  i n  t h e  s h a l e s .  Titanium probably occu r s  i n  r e s i s t a n t  heavy minera l s  

' i n  t h e  s h a l e s .  

2.5 OVERBURDEN. CHEMISTRY RELATED TO WATER 'QUALITY CONSIDERATIONS 

Mine O H - 1  i s  l o c a t e d  on t h e  w e s t e r n  e d g e  o f  t h e  A p p a l a c h i a n  Coa l  
Basin,  where c o a l s  and overburdens tend t o  be h igh  i n  s u l f u r .  ~ o r m a l i ~ ,  
t h i s  poses an ac id  mine dra inage  (AMD) problem (Arkle ,  1974; Smith e t  ' a l . ,  
1974) but  evidence of  t h i s  problem a t  Mine OH-1 was found only i n  runoff  
from t h e  c o a l  s t o r a g e  p i l e .  

Smith and o t h e r s  (1974) .  found a  weathered ,zone t h a t  extended from t h e  
l and '  su r f ace .  t o  an average depth o f .  20, f t  (6  m). i n  t h e  overburden o f  Appa- 
l a c h i a n  s t r i p  mines. The weathered zone a t  s i t e ,  OH-1 ex tends  t o  a  depth of 
36 f t  (11 m) a s  evidenced by ,Munsell co lo r  c'hromas of  g r e a t e r  t han  2 ,  whi le  
s u l f u r  and bases  a r e  both low  able 7 ) .  The pH r i s e s  from 4.7 i n  sample 7  
t o  7.7 i n  sample 15 and i s  accompanied by a n  i n c r e a s e  i n  t h e  amount o f  bases .  



Table 6 .  ~ i ~ 6  P o s i t i v e  and .Negat ive Pearson C o r r e l a t i o n  
C o e i f i c i e n t s  ( r )  f o r  Overburden Parameters  
r 10.51; S < 0 .1 )  - - 

High + High, +: High - 
Fe:Ti . 9 6  ~n : ~ 0 4 - ~  .65 p~ : SO,$-' - .81 
s - ~  : ~ 0 4 - ~  .96 A 1  : Mg .65 S i :  T i  -. 79 
Ca:Pb .86 Cd: C r  .64 Ph: Ti  -.77 
T i  : ~ 0 4 ' ~  .86 Sr:Mo .63 Si :Fe -.75 
Cu: SO4 .85 Co : Cu .61 pH: Cu -.74 
Ca:Sr . .84 Co : N i  * .61 pH: To ta l  S -.71 
Cu: Zn .82 ~r : ~ 0 4 ' ~  .60 s i  : ~ 0 4 ' ~  -.68 
Fe : ~ 0 4 ' ~  .81 Fe: t o t a l  S .60 pH: Fe -.64 
Fe : Cu .77 Cu: Pb .59 Si:Cu -.63 
Cd :Mo .74 Cu: C r  .59 K : ~ 0 ~ - ~  -.59 
V: C r  .74 Pb : N i  .59 A1:Ca -. 59 
A1:K .74 C r :  t o t a l  S -59 S i :  t o t a l  S -.58 
Mg:K .73 Zn: C r  .58 Na: s - ~  -. 58 
T i :  Cu .73 Si:Na .57 S i :  S r  -. 57 
Zn : Cd .73 ~d : ~ 0 ~ - ~  .53 pH:Pb -.56 
Mn : pH .70 Pb: Mo .53 ~b  PO$-^ -.55 
Ti :  t o t a l  S .70 Fe : Zn .52 pH : S- -.55 
Cd : V .70 Cu: t o t a l  S .52 Na :  PO^-^ -.53 
Pb : C r  .69 ~i : s - ~  .52 Cd  PO^-^ -.52 
~b : ~ 0 4 - ~  .69 Mg : Mn .51 pH : Mo -.51 
Zn:Mo .68 Mg : pH .51 Zn: Si -. 50 
Cu : Mo .66 K: C r  .51 A1:Sr -.50 
Pb :V .66 Zn: Co .51 
Cd : Cu .65 ~n : ~ 0 4 - ~  .5 1 
co : ~ 0 4 - ~  .65 Zn: S r  .51 

Also, t h e  l i t h o l o g i c  d e s c r i p t i o n s  (Table  2)  i n d i c a t e  t h a t  weather ing had 
p r o g r e s s e d  t o  t h i s  d e p t h  b e f o r e  t h e  o v e r b u r d e n  was d i s t u r b e d ' b y  m i n i n g  
ope ra t i ons .  This  zone of m a t e r i a l  does n o t  c o n t r i b u t e  t o  t h e  product ion  o f  

. AMD: t 

The s e c t i o n  of sandstone a t  a depth . o f ,  36 f t  (11 n) t o  44 f t  (13.4 m) 
i s  cemented wi th  c a l c i t e  (Table  2)  and c o n t a i n s  an average excess  n e u t r a l i z -  
i n g  c a p a c i t y  o f  394 tons  CaC03 equivalent/lOOO tons  of m a t e r i a l .  . Although 

I 'samples 10 and 11 a r e  sandstones no t  cemented by c a l c i t e ,  they  a l s o  con ta in  
an excess  of n e u t r a l i z e r s  (bases ) .  The Munsell c o l o r  chromas a r e  2 o r  l e s s  

1 i n d i c a t i n g  t h a t  t h i s  s e c t i o n  of  rock has  n o t  undergone s u b a e r i a l  weather ing.  
Below t h i s  .sect ion, ,  a t  a depth of 59 f t  (18 m) , t h e  overburden changes from 

i sandstone t o  s h a l e ,  and s u l f u r  i n c r e a s e s  whi le  bases  decrease .  Thus, t h e  
remaining 45 f t  . (13.7 m) of  overburden.  d i r e c t l y  over  t h e  c o a l  have a n e t  
p o t e n t i a l  de f i c i ency  of bases  'wi th  t h e  except ions  of samples. 3 and 2. . I f  
samples 4 and 9 were l e f t  exposed t o .  t h e  atmosphere wi thout  t r ea tmen t ,  they 

, 
would be a c t i v e  producers  o f  AMD. 



. . 

. .. . Table 7. Sulfur Forms and Acid-Base Account for OH-1 Overburden samples 
. . 

. . . . 

* 
. . . . . . Tons CaC03 ~ ~ u i v a l e n t 1 1 0 0 0  Tons Mate r ia l  

. . 
. . 

Amount . .  Maximum 
' .Munsell From % Present Maximum 

Sample ' . Depth Value , Rock Percent Percent . Sulfide-S . (Neut ra l i za t ion  .Needed ~ x c e s s  
,(ft). . and Ch,roma pH Typea -Sulfate-S Sulfide-S ' (Acid Poten ' t ia l )  P o t e n t i a l )  cpH' 7 . 0 )  CaC03 No. 

17 . 19' .. - 24 - 814 4.7 SS 0.27 0.06 1.87 -0.36 2.23 ' 
---- 

3,54 16 24' - 29 ' 7/4 6.4 SS '0.06 0.'29 9.06 . 5.52 ---- 
---- 3.51 15 .. 29 - 36.5 714 7.7 SS 0.08 0.09 2.81 .6.33 

14 . 36.5 - 39: 8 8.3 SS 0.28 
6 ---- ---- ---- , 378.63 378.6-3 

' 13 . 3 9 ' -  44 811 ' 8.4. SS 0.06 0.04 1.25 401.31 ---- 400.06 
11 . ' 49 . - 54 ' 812 ' 7.4 ' SS ' 0.89. ---- ---- ---- 12.26 12.26 

7/1 ---- ---- ---- 16.78 10 . . 5 4  ' - 59 7.4 SS .0.29 . 16.78 ... 
9 .. 59 . - 64 61 1 7.1 SH 0.05 2.06 64.37 18.84 . 45.53 . ---- 

. . 8  64 - 6 9  711 7 .'4 ' SH 0.29 0.96 30.00 . . 19.80 10.20 ---- 
7 69 - 74 511 . 7.3 SH. . 0.18 1.26 39.37 38.60 0.77 ---- 
6 ', , 74 - : ' 7 9  .7/1 7.6 SH 0.13 1.94 60.62 . 34.41 ' 26.61 . ---- F 

5 .  . 7 9 , -  8 4  611 7.6 SH ' 0.03 1.41 44.06 38.16 5,.90 ---- 03. 

4 84 . - 89 6 1 1  7.7 SH 0.03 2.18 68.12 64.34 3.78 ---- 
3 89 - -  94 . 611 7;8 SH 0.08 1.25 , , . 39.06 44.22 ---- 5.16 

.. ---- 2 94 - 9 9 .  612 7.7 -SH . 0.80 25.00 . 33,20 8.20 ----. 
1 . 99. - 104 712 5.6 SH 0.07 1.22 38.12 10.55 27.57 ---- 

104.0 - 105.5 210 - l C  --- ~ i d d l e  Ki t tanning koa l  (#6) . ---. . ---- ---- -.-- 

-2C 105.5 - ,105.7 410 1.9 Clay 1.10 6.57 205.31 -7.97- 213.58 ---- 
-3C 105.7 - 107.2 210 . --- Middle Ki t tanning Coal (16) ---- ---- --- ---- 
ass = Sandstone; SH = Shale; .. 



The e f f e c t  of  overburden chemistry on water  q u a l i t y  w i l l  be depen-. 
den t  upon ' f i , n a l  placement and t rea tment  of t h e  s p o i l  m a t e r i a l .  The acid- 
base  account of t h e  overburden (Table 71, determined according t o  t h e  method 
of Sobek and o t h e r s  (19781, i n d i c a t e s  a  s e c t i o n  of p o t e n t i a l l y  favorab le  
m a t e r i a l  (samples 10 through 17) and a  s e c t i o n  of p o t e n t i a l l y  a c i d  t o x i c  
m a t e r i a l s  (samples 5 through 9 and sample 1 ) .  For a  f u r t h e r  d i s cus s ion  . , 

. of t h e  acid-base account method, s e e  Smith et a l .  , 1974. Manipulation of 
t he se  overburden m a t e r i a l s  dur ing  regrad ing  can be  accomplished t o  provide a  
s t a b l e  non-acid .producing s p o i l .  The ca l ca reous  sands tones  should be mixed 
w i t h .  t h e  high s u l f u r  s h a l e s .  This  mix ture  should t h e n . b e  placed  or^ a  l a y e r  
of ca l ca reous  m a t e r i a l  i n  t h e ' b a s e  of t h e  p i t .  S o i l  t r e a t e d  with l imestone 

. should  then  be placed on t h e  s u r f a c e  of t h e  s p o i l .  This  regrad ing  scheme '. 

would i n s u r e  t h a t  wa te r '  pe rco l a t i ng  ' through , t h e  s p o i l  w i l l  i n t e r a c t  with 
enough bases  t o  n e u t r a l i z e  any ac id  produced by t h e  ox ida t ion  of  p y r i t i c  
m a t e r i a l .  Moreover, t h e  h l k a l i n e  cond i t i ons  provided would poss ib ly  i n h i b i t  
microbia l  popula t ions  t h a t  c a t a l y z e  t h e  p y r i t i c  o x i d a t i o n  process .  

The ma jo r  p o t e n t i a l  impac t  t o  w a t e r  q u a l i t y  a t  t h i s  s i t e  comes 
from t h e  c o a l  i t s e l f .  The coa l  con ta in s  2.27% su l f i de -S ,  while  t h e  c l a y  

' p a r t i n g  i n  t h e  c o a l  con ta in s  6 .5% su l f ide-S .  I f  a l l  t h e  sulf ide-S i n  t h e  
c l a y  p a r t i n g  were completely ox id ized ,  almost 260 tons  of limeston.e/1000 i 
t ons  of  c l a y  m a t e r i a l  would be requi red  t o  n e u t r a l i z e  t h e  r e s u l t a n t  ac id .  

4 

However, t h i s  does mot t ake  i n t o  account t h e  i n t e n s i f i e d  chemical weathering 1: 
% 

I 
t h a t  would occur  when t h e  ac id  r e a c t s  with a d d i t i o n a l  i r o n  s u l f i d e s  encoun- i t e r e d  i n  s p o i l  ma te r i a l s .  A t  t h i s  s i t e  t h e  evidence sugges ts  t h a t  t h e  c l a y  

F 

and c o a l  were proper ly  handled and t h a t  excess ive  p y r i t e  ox ida t ion  d i d  n o t  
occur .  >* . i 

6, 
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/ 3 HYDROLOGY AND WATER QUALITY 

3 . 1  INTRODUCTION 

S ix  s e t t l i n g  ponds a r e  l oca t ed  a t  t h e  per iphery  of  t h e  mining op.era- 
- t i o n  on t h e  n o r t h e a s t ,  e a s t ,  and south s i d e s  (F ig .  6 ) .  The l a r g e s t  s e t t l i n g  . 

pond (Pool )  ha s  been c r e a t e d  by. damming a  small  s t ream which e n t e r s  t h e  pond 
from t h e  west.  This  s t ream flows a l l .  year  and' provides  t h e  ma jo r i t y  o f  water  

' .  e n t e r i n g  t h e  pond. Other  waters  e n t e r i n g  t h e  main pond inc lude  a  pumped p i t  
d i s cha rge ,  i n t e r m i t  t e n t  runoff from a c t i v e  and reclaimed s p o i l .  a r e a s ,  i n t e r -  
m i t t e n t  runoff  from a c o a l  s t o r a g e  p i l e  ( s i t e  21, flow from a sma l l e r  set- 

I t l i n g  pond (PO061 nor thwe ' s t  of  t h e  main pond,  and p o s s i b l y  g r o u n d w a t e r  
seepage from t h e  mine a r ea .  The o t h e r  ponds r ece ive  runoff  water  from a c t i v e  
and reclaimed s p o i l  a r e a s ;  ,pond PO02 (and perhaps o t h e r s )  r ece ives  a  pumped 
d i scha rge  from t h e  mine ' p i t  a s  we l l .  I 

I D%schar,ges from a l l  s e t t l i n g  ponds flow eastward o r  northeastward 
i n t o  Creek 1, which flows no r th  .and' j o in s  Creek , 2  upstream of t h e  l a r g e  
r e s e r v o i r .  Downstream of t h e  . r e s e r v o i r ,  Creek 2 flows i n t o  t h e  Muskingum 
River .  The Creek 2 watershed c o n s i s t s  of about 815 m i 2  (2111 km2). The 
long - t e rm (36 -y r )  ave r , age  d i s c h a r g e ' f o r  Creek  2 be low t h e  r e s e r v o i r  is 
25,200 L/s  while  normal annual maximum and minimum discharges  a r e  about 
1 .13  x log  L/s and 850 L/s r e s p e c t i v e l y  (U.S. Geo log ica l  Survey, 1974a).  
The long-term average d ischarge  f o r  t h e  .Muskingum River  neaf Coshocton, 
Ohio, i s  about 1.42 x lo5 L/s .  . Discharge va lues  f o r  Creek 1 a r e  npt  
a v a i l a b l e .  

Water q u a l i t y  d a t a  a v a i l a b l e  f o r  Creek 2 (U.S. Geological  Survey, 
1974b)  s u g g e s t  g e n e r a l l y ' g o o d  q u a ' l i t y  w a t e r  o f  m o d e r a t e  h a r d n e s s .  The 
a v a i l a b l e  chemi.ca1 informat ion  i n d i c a t e s  t h a t  Creek 2 water would be s u i t -  
a b l e  f o r  domestic use  and' would probably meet water  q u a l i t y  c r i t e r i a  f o r  
most  i n d u s t r i a l  u s e s .  'It a l s o  a p p e a r s  l i k e l y  t h a t  i n d i g e n o u s  a q u a t i c  
communities would no.t be s e r i o u s l y  a f f e c t e d  o r  r e s t r i c t e d  by ambient water  
q u a l i t y .  The range i n  s u l f a t e  concen t r a t i ons  (about  70-270 mg/L) sugges t s  
t h a t  Creek 2 i s  r ece iv ing  mine dra inage ;  however, average i r o n  and manganese 
l e v e l s  i n  t h e  c r eek  (about 0 .1  and 0 .2  mg/L, r e s p e c t i v e l y )  do not  appear  t o  
be abnormally high.  Coal mining i n  t h e  b a s i n  appa ren t ly  doe's no t  have a  
s u b s t a n t i a l l y  adverse e f f e c t  on .Creek 2 water  q u a l i t y .  

3 .2  LOCATION AND FREQUENCY OF DATA COLLECTION 

Locat ions of  water  q u a l i t y  monitor ing s t a t i o n s  a t  t h e  mine s i t e  were 
cho'sen by ANL personnel  and t h e  =onsu l t an t  dur ing  ,An i n i t i a l  s i t e  v i s i t .  
The l o c a t i o n s  of t h e  four  monitor ing s t a t i o n s  ar.e shown i n  F ig .  6 .  S i t e  1 
was approximately 660 f t  (220 m) upstream of t h e  po in t  where t h e  s t ream 
e n t e r e d  t h e  main s e t t l i n g  pond. S i t e  2  was i n  a  c h a n n e l  t h a t  r e c e i v e s  
dra inage  from t h e  coa l  s t o r age  p i l e ,  above a soda ash  t rea tment  s t r u c t u r e .  
S i t e  4  was t h e  o u t l e t  f rom t h e  main s e , t t l i n g  pond. S i t e s  1 and 4 were  

' sampled every two weeks from May, 1976, through J u l y ,  1977; s i t e s  2  and 3 
were sampled only  'dur ing per iods  of s u r f a c e  water  runo f f .  Flow r a t e  a t  s i t e  
4 was measured us ing  a  33.5 g a l  (128 L) t u b  and' a  stopwatch (F ig .  7 ) .  Three 
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Fig. 7. Measuring Flow Rate at Sampling S i t e  4 

t o  f i v e  flow measurements were taken  on each d a t e  and averaged. Water 
qua l i t y  da t a  and flow estimates, obtained from monthly sampling, *ere a l so  
pr&ded by the  mining company f o i  discharges from the f i v e  s e t t l h ~ g  ponds 
on the mine s i t e .  .Data for  the  following time periods from four of these 
ponds were u t i l i z ed  for  t h i s  report: Pond POOl, 1/3L/74 - 12/14/76; Pond 
P002, 4/05/76 - 12/14/76; Pond P003, 4120176 - 5/25/76; Pond P005, 4120176 - 
12/14/76. Additional water qual i ty  da ta  and surface water flow measurements 
were obtained from the  Agricultural  Research Service (A.R.S.), U.S. Dept. of 
Agriculture, f o r  water flowing from unreclaimed spoi l  p i l e s  i n  the  north- 
western part  of the  mine s i t e  (Fig. 8). 1 

' 8  . 

3.3 HIDROLOGY OF THE MINE AREA 

3.3.1 Precipi ta t ion 

&e average annual p rec ip i ta t ion  for southeastern Ohio i s  about 3.8.5 
in .  (98  cm) . Precipikatioq is di@t t ib ,~g%~d . faii.ly . eveen&$; :throughout kiia 
year, with ,s.ligh_tly hi.&h.er @t!nrn. EaKlCfig. d~.&fg Mi%y throtlgh 3uXy (a&+ 

B-1 i n  Ai;p~ent$j.x B).. .~ke.&&.a;~:a.t~$o& ,&&,m =re do.l.$e<ed .a @i%y 
-yag.is diir$ng ~ 

~ 
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Fig. 8.  Pond P002, Weir, and Rain Gauge 

3/3/76 through 8/30/77, dai ly  r a in fa l l  exceeded 1.0 in.  (2.54 cm) 10 times. 
Two major rainstorms of 3.13 in./day (7.95 cm/day) occurred on 7/2/77 and 
7/4/77. 

3.3.2 Surface Water Runoff 

Pumped mine discharges, as  well as surface water runoff from spoi l  
areas,  are collected i n  f ive  ponds around the  perimeter of the  mine opera- 
t i o n .  Table 8 shows t h e  dra inage  a r e a s  and d i scha rge  r a t e s  of t h e  mine 
ponds. Pond PO01 has a considerably greater discharge r a t e  because of the 
stream entering the pond from the unmined portion of the watershed. The 
flow ra tes  of ponds P002-PO05 are  r e l a t i ve ly  small and intermittent.  

Runoff ra tes  were measured (A.R.S., 1977) i n  a small (approximately 
51 ac o r  21 ha) mined area that  i s  located i n  t he  drainage basin of pond 
P002. No flow generally occurs from t h i s  area, and a maximum of only 16.9 
L / s  has  been measured e n t e r i n g  Pond PO02 through t h e  monitoring flume. 

Runoff from the coal storage p i l e  area occurs occasionally during 
rainstorms (Si tes  2 and 3,  Fig. 6 ) .  One flow measurement. indicated a flow 
of 26 L/s from t h i s  area. 



Table 8,. Drainage Areas and' .Discharge 
Rates  of S e t t l i n g  Ponds 

Approximate 
Pond Drainage' Area Range of 

Number Above Ponds ( ac l a "  Flow Rate  ( ~ 1 s )  

PO01 694 0.536 - 48.8b (29)C 
PO02 576 , O  - .  8.76d ( 9)  
PO03 27 ' . . 0 - 0.263d( 9 )  
PO04 7 0 .  - .  ( 8)  
PO05 104 . 0 - 1.97d ( 9)  

. . 
PO06 199 ( 0)  
Weir . 5 7 0 - 1 6 . g e  ( 5 )  

a1 ac re  = .4047 h e c t a r e .  

1 b ~ l o w  d a t a  from Corbe t t  and ' ~ a n n e r  (1977). 
1 

CNumber i n  paren theses  i n d i c a t e s  number of flow 
measurements. , 

d ~ l o w  d a t a  from' mining company. 

eFlow d a t a  from A..R.S. - e t  a l .  (1977). 

3 .3 .3  Precipi ta t ion-Runoff  Re la t i onsh ip  

Sur face  , w a t e r  runoff  dur ing  ra ins torms  and per iods  of s i g n i f i c a n t  
snowmelt g r e a t l y  i n c r e a s e s  t h e  r a t e  o f  w a t e r  d i s c h a r g i n g  from a mine ,  
somet-imes by many o rde r s  of magnitude. Runoff r a t e  and amount dur ing  a  
storm a r e  dependent on numerous v a r i a b l e s ,  such a s .  ( 1 )  r ' a i n f a l l  i n t e n s i t y  
and d u r a t i o n ,  (2 ) '  a n t e c e d e n t  s o i l  m o i s t u r e ,  ( 3 )  p e r m e a b i l i t y  o f  s o i l s  
( d i s t u r b e d  and und i s tu rbed ) ,  (4 )  , s o i l  cover ,  and ( 5 )  watershed topography. 
Using t h e  d a i l y  p r e c i p i t a t i o n  d a t a  c o l l e c t e d  a t  t h e  mine s i t e  and flow d a t a  
from t h e  main s e t t l i n g .  pond PO01 (Corbe t t  and Manner, 19771, a t tempts  were 
made t o  e s t a b l i s h  an e m p i r i c a l  r e l a ' t i o n s h i p  be tween  r a i n f  a l l  and f l o w  
r a t e .  

L 

Flow r a t e  was p l o t t e d  v s .  r a i n f a l l  on day o f  f l ow .  measurement (po l ,  
r a i n f a l l  on d a y  o f  f l o w  measurement  p l u s  pf e v i o u s  day  (Po + p l ) ,  e t c .  
t o  a  maximum o f  t h e  sum o f  r a i n f a l l  on  d a y  o f  f l o w  measurement  p l u s  1 3  
previous days.  - Linear  r e g r e s s i o n  s t a t i s t i c s  . a r e  presen ted .  i n  Table  9 .  The 
Pearson r wis c a l c u l a t e d  using t h e  formula g i v e n '  i n  S e c t i o n  2.4.3. The 
b e s t  c o r r e l a t i o n  ( r 2  = 0 . 5 0 9 )  a p p e a r e d  when f l o w  r a t e  was p l o t t e d  v s .  

I 

cumulat ive r a i n f a l l  of t h e  measurement d a t e  and e i g h t  previous days (Fig.  9 ) .  
I Flow r a t e  was a l s o  p l o t t e d  vs.  r a i n f a l l  on t h e  previous day ( P i ) ,  r a in -  
I f a l l  on t h e  prev ious  two days (P1 + P2) ,  e t c . ,  t o  a  maximum ' o f  t h e  sum of 

r . a i n f a l 1  on 14  p r e v i o u s  d a y s .  The r e s u l t s  o f  t h e s e  l i n e a r  r e g r e s s i o n  
ana lyses  i nd i ca t ed  t h e  b e s t  r e l a t i o n s h i p  ( r 2  = 0.494) occur red  when flow 
r a t e  was c o r r e l a t e 9  t o  cumulat ive r a i n f a l l  of t h e  prev ious  n ine  days.  This  
r e l a t i o n s h i p  sugges ts  t h a t  t h e  r e s idence  t ime of r a i n f a l l  i n  t h e  watershed 
of  Pond ~ 0 0 1  may be  as  much a s  n i n e  days,  and t h a t  flow r a t e  and r e t e n t i o n  
t i m e  i n  t h e  pond may be  dependent on s e v e r a l  preceding s torms,  r a t h e r  t han  
only one. 



~ a b ' l e .  9 .  P r e c i p i t  a t  ion-Runof f  Re la t ionsh ips  
(Based on. 29 Observat ions)  

Flow r a t e  vs .  Flow r a t e  vs .  

S i g n i f i -  S igni f  i- 
r2 n  cance . r .  cance r r 2  

. . 
. 

0 .3 34 .083 .007 
1 ,423 . .038 .001 ' .130' . .216. .047 
2 .067 .285 .081 .371 .064 .004 
3  .005 .468 .219 .033 . . ,346. . 120 
4 .001 .5 50 .303 .002 .528 .279 
5 .001 .550 .303 ' <;001 .593 ,351 
6 <. 001 . .644 .414 <.001 .595 .354 
7 <.001 .653 ' ' .426 <.001 - .650 .423 
8  < .001 .7 14 .509 <. 001. . .662 .439 
9  . o o i  .560 , ' ,314 < . 001 .703 .494 I 

10 . O O l  . .563 .316 .001 . .547 - .299 
11 .004 .488 . .238 .001 .549. .301 
12 .008 .442 ' . . I96 .005 .475 .  . .226 
13 .063 . .291 .085 .009 .437 ..I91 . 
14 .062, .292 .086 

,NOTE: Po = p r e c i p i t a t i o n  on day of flow measurement. 
P i  = p r e c i p i t a t i o n  on i t h  day previous t o  flow measure- . .  

ment . 
n. = number of days p r i o r  t o  flow measurement. 
r = Pearson c o r r e l a t i o n  c o e f f i c i e n t  (Nie e t  a l . ,  1975).  

3  .4 WATER QUALITY . . 

3 . 4 . 1  Descr ip t ion  of Water Sample Co l l ec t ion ,  Handling, 
Analy t ica l  Methods, and Analy t ica l .  R e l i a b i l i t y  

Water samples were c o l l e c t e d  i n  new o n e - l i t e r  p l a s t i c  con ta ine r s .  
The con ta ine r s  were, r i n sed  wi th  sample and f i l l e d ,  and a l l  a i r  expel led  be- 
f o r e  t h e  cap  was secured.  A s  app ropr i a t e ,  one' o r  two unac id i f i ed  samples 
were taken each s i t e ;  an a d d i t i o n a l  250 mL sample a t  each s i t e  was ac id i -  
f i e d  with 0 .5  .mL of  concentrated n i t r i c  ac id  f o r  metal  ana lyses .  Analy t ica l  
methods ' and.  d e t e c t i o n  l i m i t s  a r e  summarized i n  Table B-2, Appendix B. .The 

. fol lowing q u a l i t y  c o n t r o l  pro.cedures. ,were used by ANL t o  e v a l u a t e  t h e  con- 
t r a c t o r ' s  a n a l y t i c a l  c a p a b i l i t i e s :  

. .  
1,. T h r e e  r e f e r e n c e  samples  ("unknown"') p r e p a r e d  by ANL . . 

. . 
. were .ana lyzed  by t h e  c o n t r a c t o r  . d u r i n g .  t h e  s tudy and , , 

: r e s u l t s  were. compared t o  a c t u a l  concent ra t ions .  . The2 
r e fe rence  sample r e s u l t s  f o r  t h e  Un ive r s i t y  of Akron 

. . 



FLOW RATE . ( L / s )  

. Fig .  9 .  Nine-Day Cumulative R a i n f a l l  : 
vs .  Flow Rate  of Pond , P o o l -  

c o n t r a c t o r '  shown i n  Table  10.  .Resul ts  f o r  r e f e r ence  ' 

sample 1 ( t ' r ace  me ta l s )  showed r e l a t i v e l y  poor accur- 
acy. This  was undoubtedly due t o  low concen t r a t i ons  i n  
t h e  sample, which i n  most cases '  were nea r  o r  below t h e  
d e t e c t i o n  l i m i t  of t h e  c o n s u l t a n t ' s  atomic absorp t ion  
s p e c t r o p h o t o m e t e r .  The e l e m e n t  c o n c e n t r a t i o n s  i n  
sample 2 were i n  a  more f avo rab l e  a n a l y t i c a l  range' and ' . 
t h e  c o n s u l t a n t ' s  ana lyses  r e f l e c t  t h i s .  Result 's  f o r  
a l l  .sainple 2 c o n s t i t u e n t s  'are very  g.ood. The consul-  

. , 

t a n t ' s  performance on sample 3 was g e n e r a l l y  accept-  
' ab le ,  bu t  . be t t e r . ag reemen t  would obviously. be  d e s i r a b l e .  .: 

, . 

2 .* A second q u a l i t y  c o n t r o l  'procedure . involved comparison 
of. a n a l y t i c a l  r e ' su l t s  from t w o ' s e t s  o'f samples co l l ec -  
t ed  concur ' rent ly  a t  s e l e c t e d  s i tes ,  one b y .  t h e  consul- . . 

I .  

' t ' an t  and one  by ANL. T h i s  proc ,edure  was d e s i g n e d  
. . pr imar i l y  t o  d e t e c t  g r o s s '  a n a l y t i c a l  o r  sampling com- , 

. pa r i son  a r e  shown i n  Table  11. There i s  agree- 
.merit between t h e  samples f o r  most c o n s t i t u e n t s ,  a l though , 

s u l f . a t e  varianc'e i n  sample 2 might be considtired'exces- 
s i v e .  The d a t a  do np t  suggest  g ross  sampling o r  ana- 
l y t  i c a l  problems. 



' .  Tabl'e 10.  Resu l t s  of Reference Sample .Analyses 

(mg/L un le s s  o therwise  noted)  , 

Sample 
No. Parameter 

Actual Cont rac tor  
Conc . Conc . 

Aluminum 
Cadmium 
Chromium 
Cobalt 
Copper 
I r o n  
Manganese 
Mo lybdenum 
Nickel - 
Lead 
Vanadium 
Zinc 

Calcium 
Magnesium 
Sodium 
Potassium 
Stront ium 
Aluminum 
I r o n  
Manganes'e 

Chlor ide 
F luo r ide  
S u l f a t e  
S p e c i f i c  conductance 

(phos / cm)  
To ta l  d i sso lved  so1,ids 

3 .4 .2  Suupary of Water Q u a l i t y  Data 

The w a t e r  q u a l i t y  o f  e a c h  pond d i s c h a r g e  i s  v e r y  s i m i l a r   able' 1 
12) .  Ponds P003, P004, and PO05 ' r e c e i v e  runoff  water  p r imar i l y  from s p o i l  , ' . 

m a t e r i a l s .  Most of t h e  a c t i v e  p i t  d i s cha rges  en te r '  ponds PO01 and P002. I n ,  
I 

a d d i t i o n ,  runoff  from t h e  c o a l  s t o r a g e  p i l e  e n t e r s  pond P001. The h i g h e s t  I 
i 

averages  f o r  suspended and t o t a l  d i s so lved  s o l i d s  and t h e  h ighes t  concentra- 
t i o n s  o f  m e t a l s  a r e  g e n e r a l l y  found  i n  t h e  d i s c h a r g e  o i  P001, t h e  main 
s e t t l i n g  pond: . Ponds PO02 and PO03 ,had h ighe r  va lues  of z inc ,  and pond 
PO05 had h igher  va lues  o f .  manganese. Ponds PO03 and,P005 had lower va lues  of 
a l k a l i n i t y .  Data were i n s u f f i c i e n t  t o  determine t h e  causes  of v a r i a t i o n  of 
water  chemi's'try between t h e  ponds. 

. . . . 

' .  Water q u a l i t y  d a t a  c o l l e c t e d  by Corbet t  and Manner (1977) a r e  summar- 
i z e d  i n  ~ a d l e  B - 3 , , , ~ ~ ~ e n d i x : . ~ , . . a n d  . . i n  t h e i r  e n t i r e t y  i n  Table  B-4, 

. . . . 



Table. 11. Comparison of Analyses on .Concurrently.  Col lec ted  Samplesa 
. . 

. Sample 1 S,ample 2 

parameter ANL . Consul tant  , ANL . consu l t  an t  

T o t a l  d i s so lved  s o l i d s  , 

A l k a l i n i t y  
Chlor ide 
S u l f a t e  
Acid i ty  
Calcium 
Magnes ium 
Sodium 
Potassium 
Stront ium 

- ----. - .--.- -.---- 

? A l l  va lues  a r e  i n  m g / ~ .  

Table 12. Comparison of Discharge Water Qua l i t y  of Four s e t t l i n g : p o n d s a  

- - - - - - - - - - - . - - -. - - - - - - - ---.---- - 
Parameter PO01 PO02 PO03 PO04 

- - - - - - - . - - 
pH; minimum 5 .5  (361b'  
pH, maximum. 9.0 (36) 
T,otal suspended . . 20.8 (36) 

s o l i d s ,  average 
A l k a l i n i t y ,  average 64.0 . (35) , 

Aluminum, averageC 1.847 (13) , . 
Cadmium, maximum 0:049 (28) 
To ta l  i r o n ,  average 1.748 (36) 

.Dissolved i r o n ,  . ' 0.227. (36)  
average . . 

Manganese, average 3.929 ('13) 
Nickel ,  average '0.146 (12) 
Zinc, average . 0.082 (13)  

a A l l  va lues  

b~umber s  i n  

- - -- 

except those  £or pH, a r e  i n  mg/L. 

parentheses  i n d i c a t e  number of ana lyses . .  

C A l l  metal  ,analyses a r e  ac id  ex t rac tab . le  except  d i s so lved  i r o n .  



Appendix ,B. P i t  d i s cha rges  ' and runoff water  from..  s p o i l  m a t e r i a l  and t h e  
c o a l  s t o r a g e  a r e a  ev iden t ly  have a  s i g n i f i c a n t  e f f e c t  on water  q;al i ty  i n  
t h e  main s e t t l i n g  pond. By compar ing  t h e  a v e r a g e  w a t e r  q u a l i t y  o f  t h e  
in f lowing  s t ream t o  t h e  average qua l - i t y  of t h e  pond d ischarge ,  t h e  fol lowing 
changes a r e  apparent :  s p e c i f i c  conductance '  i s  r a i s e d  by .74%,  t o t a l  d i s -  
so lved  s o t i d s  a r e  r a i s e d  by 63%, a l k a l i n i t y  i s  reduced by 39%, and s u l f a t e  
i s  r a i s e d  by 114%. Concentrat ions of  calcium, magnesium, potassium, copper ,  
manganese ,  and z i n c  a r e  r a i s e d  by 3 9 % ,  7 3 % ,  5 3 % ,  18'3%, 1 9 3 % ,  .and 656%,  
r e s p e c t i v e l y .  I r o n ,  and aluminum concentrations,~however, a r e  reduced by 62% 
and 5 1 % ,  r e s p e . c t  i v e l y .  The e n v i r o n m e n t a l  i m p l i c a t i o n s  o f  t h e s e  w a t e r  
q u a l i t y  changes w i l l  b e  d i scussed '  i n  S e c t i o n  5 .  

3 . 4 . 3  Flow-Dependent Rela t ionsh ips  of T o t a l  Suspended So l id s  'and 
Ion Concentrat ions --.- 

The major func t ion  of s e t t l i n g  ponds i s  t o  provide s t o r a g e  capac i ty  
Eor heavy r a i n s ,  thus  reducing .peak d i scha rge  r a t e s ,  reducing flow v e l o c i t y ,  

. a n d  a l lowing  sediment and/or  p r e c i p i t a t e d  m a t e r i a l  t o  be t rapped.  Concen- 
t r a t i o n s  of most chemical c o n s t i t u e n t s  a r e  normally dependent on flow r a t e s  
because r a i n f a l l  and s u r f a c e  water  runoff  d i l u t e  t h e  groupdwater contr ibu-  
t i o n s  t o  watershed d ischarge .  ' A s  a  f i r s t  s t e p  i n  examining t h e  flow-depend- 
e n t  n a t u r e  of water  q u a l i t y  from t h e  main s e t t l i n g  pond, Pearson c o r r e l a t i o n  
coef . f ic i . en ts  ( r )  of flow r a t e  v s .  concen t r a t i on  were determined f o r  a l l  
'parameters ;  r e s u l t s  a r e  presented i n  Table B-5, Appendix B .  The formula 

. u t i l i z e d  (Nie et , a l .  , 1975) has  been given p rev ious ly  i n  thi ' s  r e p o r t .  The 
only s i g n i f i c a n t  c o r r e l a t i o n  f o r  t h e  main pond w'as a s t r o n g  p o s i t i v e  l i n e a r  
c o r r e l a t i o n  between flow r a t e  and- t o t a l  suspended s o l i d s  (TSS) when a l l  I 

ou t f low d a t a  were combined (n  = 74) .  1 
I 

Although s t r o n g  l i n e a r  c o r r e l a t i o n s  a r e  not  apparent between flow 
' r a t e  and ion. concen t r a t i ons ,  a  d i s t i n c t l y .  recognizable  drop of most i on  

concen t r a t i ons  d id  occur dur ing  t h e  per iod  February 12 t o  May 7 ,  1977, when 
flow r a t e s  were h igh .  This  drop  was seen  f o r  s p e c i f i c  conductance, s u l f a t e ,  
t o t a l  d i s so lved  s o l i d s  (TDS), calcium, magnesium, sodium, manga- 
nese,  z inc ,  stront ' ium, and n i c k e l .  F igure  10 shows t h e  concen t r a t i on  of z i n c  
a t  s i t e  4  du r ing  t h e  s tudy  per iod;  t h e  minimum va lues  of z inc  c l e a r l y  occur  
du r ing  t h e  s p r i n g  months. Thus, an i n v e r s e  r e l a t i o n s h i p  between flow r a t e s  
and i o n  concen t r a t i ons  i s  suggested.  

. These d a t a  i n d i c a t e  t h a t  c o n t r o l  and r e t e n t i o n  of water  a r e  necessary  
du r ing  s torms and per iods  of high s u r f a c e  water  flow r a t e s  i n  o rde r  t o  con- 
t r o l  suspended sediment.  The d a t a  a l s o  imply t h a t  c o n t r o l  of water  q u a l i t y  
(d i s cus sed  i n  Sec t ion  4 )  i s  c r i t i c a l  dur ing  low flow per iods  t o  minimize 
impacts 'to s u r f a c e  water  resources .  ~ 

c .  

3.4 .4  pH-Ion concen t r a t i on  Re la t i onsh ips  

Concentrat ions of c e r t a i n  mine d ra inage  cons t . i t uen t s ,  p a r t i c u l a r l y  
me ta l s ,  a r e  dependent on pH. L inea r  regre , ss ion  s t a t i s t i c s  may suggest  where 
i o n  c o n c e n t r a t i o n - p ~  r e l a t i o n s h i p s  ti& l i n e a r  f o r  a  p a r t i c u l a r  s i t e .  Pear- 
son  c o r r e l a t i o n  coe f f : i c i en t s  (Nie e t  a l . ,  '1975) f o r  pH vs .  ion  concentra- 
t i o n s  at s i t e s  1, 4 ,  P001, and a l l  s i t e 6  combined a r e  summarized i n  Table  



11. The pH of t h e  stream en te r ing  the  main s e t t l i n g  pond. and of water d i s -  
charging from t h e  main s e t t l i n g  pond have t h e  fol lowing ranges: S i t e  1, 
6 .31  t o  8 .30;  S i t e  4 ,  6.42 t o  8.12; and S i t e  P001, 5 .50 t o  9.00. Most pH 
va lues  ranged from 7.00 t o  8.00. For t h e s e  narrow ranges of pH, Table 13 

? shows no  s i g n i f i c a n t  c o r r e l a t i o n s  r >' 1 0 . 5 1 )  e x i s t i n g  be tween ' , p ~  and 
o t h e r  water  q u a l i t y  parameters a t  . t h e  two s i t e s .  However, whed . a l l  d a t a  from 
t h e  mine s i t e  were considered.  t oge the r  ( i nc lud ing  samples 'from t h e ,  coa l  

. s t o r a g e  a r e a  which had a  pH < 3.01,  some s i g n i f i c a n t .  c o r r e l a t i o n s  .did appear 
between pH and ion  concent ra t ions .  Fourteen parameters had c o r r e l a t i o n  
c o e f f i c i e n t s  -1.0 < r < -0.5; t en  of t h e  fou r t een  were metals  t h a t  a r e  more 
s o l u b l e  i n  t h e  lower pH range (<  6 .0 ) .  The corresponding sca t te rgrams f o r  pH 
vs .  ion concent ra t ions  ( a l l  d a t a  combined), however, show a  s e r i o u s  tendency 
f o r  d a t a  t o  be c l u s t e r e d  e i t h e r  i n  a  low pH range o r  t h e  pH range 7.0 - 
8 . 0 .  

The nega t ive  l i n e a r  c o r r e l a t i o n s  b.etween pH and i ron ,  a c i d i t y ,  and 
s u l f a t e  are' caused by t h e i r  common process  of formation,  i . e . ,  ox ida t ion  
of . p y r i t e .  Only four  samples h a d  i r o n  concen t r a t ions  g r e a t e r  than 1 2  mg/L 
and t h e s e  occurred where pH was below 5  . O .  Where pH ranged from 5 .0  t o  
9:0,  t o t a l  i r o n  was gene ra l ly  l e s s  than 4.0 mg/L with only t h r e e  va lues  
between 4 .0  and 12.0 mg/L. 

The inve r se  r e l a t i o n s h i p s  between pH and s p e c i f i c  conductance 'and 
t o t a l  d i s so lved  s o l i d s  a r e  a  genera l  i n d i c a t i o n  of h igher  concent ra t ions  o f '  ' 

s u l f a t e  and s o l u b l e  metals  a t  lower pH va lues .  The h ighes t '  p o s i t i v e  cor.,re- 
l a t i o n  shown i n  Table. 13 ( r  = .424) occurred between pH vs .  a l k a l i n i t y .  
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Fig .  10. Zinc concent ra t ions  vs ; .T ime a t  S i t e  4 



P H  

I Fig .  11. Manganese Concentrations v s . .  pH 
' " 

# 

A scat tergram p l o t t i n g  pH vs.  t o t a l  manganese i s  shown i n  Fig.  11. . Five of s i x  water samples having a manganese. concentra t ion  g r e a t e r  than 15 
mg/L a l s o  had a pH l e s s  than 5 . 5 .  The 'two highes t  manganese concentrat ions 
occurred .when pH was below 3.0. When pH was i n  the  range of 6.0 t o  8 .0 ,  
manganese concentrat ions were l e s s  than 12 mg/L with t h e  exception of one 
value of 31 mglL. 

Of a l l  water sampled, water dra in ing from t h e  caa l  s torage  area  had 
t h e  lowes t  pH. Because t h e  soda  ash  t re .a tmknt .  of wateIr from t h e  c o a l  
s to rage  area  was usual ly  i n e f f e c t i v e  i n  r a i s i n g  the  pH above 6 . O ,  water with 
high concentrat ions of metals was reaching pond PO06 and then flowing i n t o  
pond ~ 0 0 1 .  ' Therefore, the  coal  s to rage  a rea  may be a major source of the  
metals t h a t  e n t e r  pond P001. 

3 .'4.5 Suspended Sediment-Ion Concentrat ion Relat ionships 

Because i ron ,  manganese, and o ther  metals may be t r anspor ted  while 
adsorbed  on suspended sed iment ,  t h e  s e t t l i n g  ponds may be  e f f e c t i v e  i n  
reducing metal contents  i f  they r e t a i n  suspended sediment. Linear  regres- 
s ion  s t a t i s t i c s  (Nie e t  a l . ,  1974) f o r  t o t a l  suspended sediment vs.: c a t i o n .  
concentrat ions were run on a l l  d a t a  co l l ec ted  from t h e  mine s i t e  and a re  
summarized i n  ~ a b ' l e  B-6, Appendix B . No s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  
were determined between suspended sediment and c a t i o n  concentrat ions.  This 
suggests.  t h a t  more metals were being t r inkpor ted . ' a s  d issolved cons t i tuen t s .  



.. - 
T a b l e  13 .  R e l a t i o n s h i p s  Between pH. and  ,witer Qual- i t .y  P a r a m e t e r s  ., . . . . 

S i t e  1 S i t e  4 ' sitti P O O ~  . ' t  . -  ' A l l  Data  ----- - ------ 
pH vs.  n ra r2  S i g n i f .  n r r2 '. s ' ignif . .  -n r r2 S i g n i f .  n . r .  r 2 .  S i g n i f .  - - - -  -- - -  --- 

Chromium 28 .346 .I20 . 0 3 5 .  29 .042 .002 .414 ' -  62;,, -..a44 .71.2 ' < . 0 0 1  

Magnesium 28 . l l 8  .014 .275 29 -.021 .0004 .456 .' 62% 7.800 . . 6 3 7  . < . O O l  . . 
S p e c i f i c  conductance 2 8  .I76 .031 .I85 29 7.187 .035 ' :. ;I66 68.:. -.?70: , ,.593 <.001 

3 .  

T o t a l  d i s s o l v e d  s o l i d s  28 -.229 .053 .I20 29 -.208 .043 ,, .I40 - 68 ' l.7k ;553. ' <.001 ' 

A c i d i t y  28 .051 .003 .398 ' 29 -.221 .049 - .I25 ' 74 -..715- ..5<1 . <.DO1 

Nickel  28 .I24 .015 .265 29. - .I61 .026 . .202 11 -.251 . .063 -,228 88 '. -.104' -496 , <.go1 
. . 

, . .  
S u l f a t e  28 . .050 .003 .400 29 -.080 .006 . .339 , , . 71 -.690 .477 ' <.001 

Manganese 28 . -226 .051 . I24 29 -.I75 -031 . I82 ' 12 -.269 ,: .072 . I99  89 '-.677 .458 <.00i 

Zinc 28 ' -588 .346 <.001 29 -.j10 .096 ' . O j l  , . - 
89 -.656, '.430 <.001 . . .  

Aluminum 

I r o n  

Copper 

Lead , 

Cadmium 

A l k a l i n i t y  28 -.I48 .022 .220 29 .031 .001 , '-436 35 .384 .I48 .011 118 . . .424 . I80 <.001 

ar = Pearson .cor re1a t ion  c o e f f i c i e n t  (Nie e t  a l . ,  1975). 
h l e t a l s  were analyzed according t o  ac id  e x t r a c t i o n  method; samples were not  f i l t e r e d  i n  . the f i e l d .  

NOTE: For o t h e r  parameters,  r2 < 0.30 f o r  a l l  da ta .  



3.4.6 Summary and  isc cuss ion of P o t e n t i a l  Hydrologic Rela t ionships  . .  

The P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  s u g g e s t  t h a t  p o . s i t i v e  
l i n e a r  r e l a t i o n s h i p s  e x i s t  between flow - r a t e  and suspended s o l i d s  f o r  t h e  

.main pond d ischarge  and between pH and. a l k a l i n i t y  ( a l l  water  d a t a  combined). 
Also, s i g n i f i c a n t  nega t ive  1inea.r c o r r e l a t i o n s  seem t o  e x i s t  between pH and 

' 

d i s so lved  meta ls ,  s u l f a t e ,  and ' . t o t a l  di.ssolved s o i i d s  f o r  s i t e  1 ( a l l  water  - 

d a t a  combined). ~ h e s ' e  suggested l i n e a r  r e l a t i d n s h i p s  w i l l  be , t e s t e d  f o r  
o t h e r  s i t e s  u t i l i z e d  f o r  t h i s  p ro j ec t  and, f i n a l l y ,  f o r  combinations of 

. d a t a  from s e v e r a l  s i t e s  o r  from a l l  t h e  s i t e . s .  ' Thi's i s  e s p e c i a l l y  necessary  
f o r  t h e .  pH r e l a t i o n s h i p s ,  i n  which d a t a  from ,mine OH-1. tend t o  c l u s t e r  on 

' t h e  sca t te rgrams.  8 
. . 

' 

Obviously, t he  goa l  ' i s  t o  suggest i ~ h i c h  parameters ,are key i n d i c a t o r s  
, 

and p r e d i c t o r s  of e f f l u e n t  water q u a l i t y  a t  ' su r f ace .  mines. The parameters , 

t e s t e d  h e r e  were chosen p a r t l y  on t h e  b a s i s  of t heo re t i c , a l  . cons ide ra t ions  , 

t h a t  may o r  may. not be v a l i d  i n  a dynamic open system such as  a  . s u r f a c e  
mine. The o t h e r  primary consider .a t ion was observed seasona l .  v a r i a t i o n s  . i n  
parameter concen t r a t ions ;  ' t h e s e  seasonal  v a r i a t i o n s  suggest dep'endence upon 

. flow r a t e s  and suspended. s o l i d s  conten t .  
. .  

The l i n e a r  r e l a t i o n s h i p s  t e s t e d  h e r e  we're chosen a s  a  'first s t e p  
in '  examining t h e  water  d a t a  from one s u r f a c e  mine. The l a r g e r  sample . s i z e  . 

gained by combining d a t a  from s e v e r a l  , s i t e s  may., i nc rease  . t h e  s i g n i f i c a n c e  
of t h e  observed r e l a t i o n s h i p s  a t  mine OH-1, o r  it may suggest other ,  r e l a -  
t i o n s h i p s  ( l i n e a r  and non l inea r )  no t  considered i n  t h i s  r e p o r t ' t h a t  may.have 
r eg iona l  s i g n i f i c a n c e .  

. . 
. . 

I I 



4 -DISCUSSION.OF CONTROL TECHNOLOGY EFFECTIVENESS 

4 . 1  SUCCESS OF TREATMENT THROUGH SAMPLING PERIOD.IN REDUCING 
IRON, MANGANESE, AND TOTAL SUSPENDED SOLIDS, AND IN , . 
INCREASING pH ' .'" . . 

. .. . . 
Figures  .12 through 15 i n d i c a t e  changes dur ing  the . , sampl ing  per iod i n  

t h e  mine e f f l u e n t  r egu la t ed  by t h e  U.S. Environmental P r o t e c t i o n  
Agency (EPA) .and by t h e  O f f i c e  of S'urface Mining ReclamatLon and Enforcement 
(OSM)., Depar tment  o f  I n t e r i o r  -- namely ,  pH, i r o n ,  manganese and t o t a l  
suspended s o l i d s .  A t  t h i s  w r i t i n g  t h e  l a t e s t  p e r t i n e n t  r egu la t i ons  c o n s i s t  
of t h e  f i n a l  r egu la t i ons  made a v a i l a b l e  f o r  pub l i c  comment on Sept .  18, 
1978, by OSM ( ~ e d e r a l  R'egister,  1978). Because t h e  f e d e r a l  r e g u l a t i o n s  
regard ing  s u r f  ace mine e f f l u e n t s  a r e  no t  f i n a l i z e d ,  t h i s  .d i scuss ion  w i l l  
cons ide r  a  s t r i c t  i n t e r p r e t . a t i o n  of t h e  Sept .  18,  1978 OSM r e g u l a t i o n s  which 
impose t h e  fol lowing e f f l u e n t  l i m i t a t i o n s  ( i n  mg/L, except f o r  pH): 

. * 

Average of 
Dai ly  Values 

f o r  30. , 

Consecutive 
- Eff- luent  Maximum Discharge 

C h a r a c t e r i s t i c s a  A 1  lowableb Days 
. . 

I ron ,  t o t a l  7.0 3.5 
Manganese, t o t a l C  4.0 2.0 
Tot a1 suspended s o l i d s d  70.0 35.0 
pH , . Within t h e  .range 

6.0 t o  9 . 0  

aTo be determined according t o  c o l l e c t i o n  and a n a l y t i c a l  
procedures adopted by t h e  EPA's r e g u l a t i o n s  f o r  waste 
water  ana lyses  (40 'CFR 136) .  

b ~ a s e d  on r e p r e s e n t a t i v e  sampling. 
. . 

"he manganese l i m i t a t i o n .  s h a l l  no t  apply t o  d i s cha rges ,  
t h a t  a r e  a l k a l i n e  a s  def ined  by t h e  'Environment a1  ,Protec- 
t i o n  Agency (40'CFR 4341.' W h e r e ' t h e , a p p l i c a t i o n  o'f neu- 

, t r a l i z a t i o n  and sed imenta t ion  t r ea tmen t .  technology r e s u l t s  , ' 

. inab . i l i ty  t o  ccimpl) with,  t h e  manganese l im i t a t ' i ons  s e t  
.' 

. . f o r t h ,  t h e  r egu la to ry  a u t h o r i t y  may allow t h e  pH ' l eve l  i n  
t h e  d i scharge  t o  exceed t o  a small  e x t e n t  the' upper l i m i t  , ' 

of 9 .0  i n  o rde r  t h a t  t h e  manganese l i m i t a t i o n s  w i l l  b e '  
achieved. .. . 

d ~ n  Arizoria, Colorado, Montana, New Mexico, . ~ o r t h  Dakota, .. 
, . 

. .  South Dakota; Utah, and Wyoming, t o t a l  suspended s o l i d s  

l i m i t a t i o n s  w i l l  .be determined on a  case-by-case b a s i s ,  
bu t  they must no t  be g r e a t e r  than  45 mg/L (maximum . 
,a l lowable)  and. 30 mg/L (average of d a i l y  va lue  f o r  '30 
consecut ive  d i scharge  days)  based on a  r e p r e s e n t a t i v e  
sampling. 
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Fig.  12. Var ia t ions  i n  pH Through Sampling Period 

. : 9.0. 

8.0 

7.0 
. . 

There ' i s  confusion .regarding the  EPA d e f i n i t i o n  of ."alkal ine d is -  
charge," i . e . ,  i t  i s  uncer ta in  whethet t h e  e f f l u e n t  pH, which rmist be above 
6 . 0  t o  be cons i 'dered  " a l k a l i n e ,  " i s  measured b e f o r e  t r e a t m e n t  o r  aft ,e.r 
t reatment.  This is  an important d i s t i n c t i o n  s ince ,  a s  noted above, the  
manganese r e s t r i c t i o n  does not apply. t o  "alkal'ine" e f f l u e n t s .  For purposes 
of t h i s  discussiori,  t he  OH-1 e f f l u e n t  w i l l  be considered as subject  t o  the  
manganese r e s t r i c t i o n ,  even though t h e  pH . of . both s i t e s ' l  and 4 was above 
6.0 through t h e  samplipg ye=iod. . . 

.The on ly  chemica l  t r e a t m e n t  a t  t h i s  mine c o n s i s t s  of a  soda  ash  
d ispenser  between s i t e s  2 and 3 t o  t r e a t  runoff from the  coal  s torage  . s i t e .  ,,, 

. It .is d i f f i c u l t  t o  evaluate  q u a n t i t a t i v e l y  the  e f fec t iveness  , of the  ' t r ea t -  . ' 

ment s ince  d a t a  f o r  s i t e s  2 .and 3 a re  very l imi ted .  Qua l i t a t ive ly ,  s to rage  
p i l e  runoff between s i t e s  2 and' 3 was,,seen t o  circumvent the  soda ash t r e a t -  
ment, so. t h e s e  d a t a  would not be p a r t i c u l a r l y  meaningful even . i f .  ' 

, ava i l ab le .  . . . 

. . 
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Fig .  13.  Va r i a t i ons  i n  To'tal I r o n  ( ~ e ) '  Through Sampling Per iod  

A comparison of t h e  d a t a  from s i t e  1 (which inc ludes  dra inage  from an 
unmined a r e a  as  wel l  as  some mine d ra inage )  and s i t e  4  ( t h e  f i n a l  e f f l u e n t  
from t h e  l a r g e  s e t t l i n g  pond) shows t h a t  concen t r a t i ons  of manganese f r e -  
quent ly  exceed t h e  4 mg/L d a i l y  maximum permi t ted  by OSM. Manganese removal 
by d i r e c t  ox ida t ion  i s  d i f f i c u l t  a t  near -neut ra l  pH. I r o n  concen t r a t i ons  

- a t  s i t e s  1 and 4 were  b o t h  below t h e  d a i l y  maximum p e r m i t t e d  by OSM ( 7  
mg/ L). The TSS concent ra t ions  from t h e  f i n a l  pond ( s i t e  4 )  were under t h e  
OSM maximum of 70 mg/L on a l l  b u t  one of t h e  sampling d a t e s ,  i n d i c a t i n g  t h a t  
t h e  pond i s  e f f e c t i v e l y  reducing suspended s o l i d s .  The pond i s  well-engi- 
n e e r e d  s o  t h a t  r e t e n t i o n  t i m e  i s  p r o b a b l y  - s e v e r a l  d a y s ,  which promot,es 
removal of suspended s o l i d s .  Values of pH a t  both s i t e s  1 and 4 vary  be- 
tween 6 .5  t o  8 .0 ,  wel l  w i t h i n  t h e  OSM l i m i t s  of 6 .0  t o  9 .0 .  Note t h a t  t h e  
pH va lues  f o r  t h e  coa l  p i l e  runoff  ( s i t e s  2  and 3 )  a r e  w e l l  below 5 .5 .  It 
i s  i n t e r e s t i n g  t o  observe t h a t  on 9 October 1976 t h e  pH f o r  s i t e  2 ( b e f o r e  
soda ash  t rea tment )  i s  we l l  above 5.0; however, va lues  f o r  both s i t e s  2 and 
3 f o r  24 October 1976 hover around 2 .7 ,  sugges t ing  t h a t  t rea tment  i s  spo- 
r a d i c a l l y  i n e f f e c t i v e  i n  r a i s i n g  pH. S ince  dra inage  t o  t h e  pond c o n s i s t s  of 
r e l a t i v e l y  l a r g e  d i s cha rges  d r a i n i n g  both mined and unmined a r e a s ,  d i l u t i o n  
i s  s i g n i f i c a n t  i n  keeping r e l a t i v e l y  low concen t r a t i ons  of d i s so lved  s o l i d s  
i n  t h e  f i n a l  e f f l u e n t  ( s i t e  4 ) ,  d e s p i t e  c o n t r i b u t i o n s  of r e l a t i v e l y  high 
c o n c e n t r a t i o n s  from t h e  s t o r a g e  p i l e  r u n o f f .  N o t e  t h a t  t h e  i r o n ,  man- 
ganese,  and TSS va lues  f o r  s i t e s  2  and 3 g e n e r a l l y  f a r  exceed t h e  va lues  
f o r  sites 1 and 4. 
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Fig .  14. Var i a t ions  i n  T o t a l  Manganese ( ~ n )  through Sampling Period 

Obviously, seasonal  v a r i a t i o n s  i n  flow and concent ra t ions  ( a s  shown 
i n  F ig .  12-15) a r e .  g rea t . '  There i s  a  gene ra l  tendency f o r  concen t r a t ions  
o f . d i s s o l v e d  metals  and s u l f a t e  i n  mine dra inage  t o  be high dur ing  t imes 
of low flow dur ing  warm months and t o  peak a f t e r  t h e  f i r s t  major p rec ip i t a -  
t i o n  event a t  t h e  end of a . d r y  period.  Conversely, concen t r a t ions  of sus- 

- pended s o l i d s  t e n d  t o  be  h i g h e s t  immed ia t e ly  a f t e r  ma jo r  p r e c i p i t a t i o n  
e v e n t s .  Calcu la ted  loading r a t e s  f o r  s i t e  4  ( t h e  f i n a l  e f f l u e n t  a t  mine 
OH-1) h a v e ' t h e  fol lowing broad . , ranges due . t o  seasonal  v a r i a t i o n s :  

To ta l  I r o n  0.6 - 290 kg/day 
2.8 - 1500 kglday Tota l '  Manganese 

T o t a l  Suspended S o l i d s  ' 0.0 - ,100,000 kglday 

4.2.  CALCULATIONS OF TREATMENT EFFICIENCY 

, In  o rde r  t o  quan t i fy  t h e  observa t ions  . de r ived  fram Fig. 12-15, '8 
s e t  of simple e f f i c i e n c y  c a l c u l a t i o n s  were, performed 'on t h e  water  d a t a  f o r  
t h e  parameters r egu la t ed  by OSM. Table 14 . p re sen t s  e f f i c i e n c y  c a l c u l a t i o n s  
(by d a t e )  f o r  H +  ( c a l c u l a t e d  from pH),  t o t a l  suspended s o l i d s ,  t o t , a l  i m n ,  



D SITE 4 . 

I 

Fig. '15. ~ a r i a t  ions i n  Tqta l  Suspended Sol ids  Through Sampling period 

and t o t a l  manganese where there.  was a reduction in  the  parameter concentra- 
t i o n  from s i t e  1 t o  s i t e  4. The formula used was: 

(before - a f t e r )  100% , 

before 

where' before  > a f t e r .  

. . 
I n  genera l ,  s i g n i f i c a n t  reductions i n  t o t a l  i ron  'and, t o  a l e s s e r  

ex ten t ,  t o t a l  suspended , so l ids ,  were observed, coupled with sparse  reduc- 
t i o n s  i n  H+ and . e s s e n t i a l l y  no r e d u c t i o n  i n  t o t a l  manganese. ' T a b l e  15 
presents  equivalent  c a l c u l a t i o n s .  f o r  the  same parameters and ' t he  same s i t e s  
.where the re  was an inc'rease i n  the  observed concentrat ions from. s i t e  1 t o '  
s i t e  45. The formula used was: . 



Igefore - a f t e r I  ' 100% ' 

a f t e r  

where a f  t e r .  > be fo re .  

The most s t r i k i n g  i n c r e a s e  i s  i n  t o t a l  manganese.   he' i n c r e a s e  i n  H+ i s  
l e s s  s i g n i £ i c a n t  b e c a u s e  : t h e  raw d a t a  . i n d i c a t e  t h a t ,  d u r i n g  t h e  e n t i r e  
sampling pe r iod ,  pH ranged from a  low. of 6 .3  t o  a  high of 8 .3  ,. a l l  va lues  
t hus  being w i t h i n  t h e  range of 6 .0  t o  910 des igna ted  by OSM. 

Ef f i c i ency  c a l c u l a t i o n s  were not performed f o r  s i t e s .  2 and 3 ,  . b e f o r e  
and a f t e r  t he  soda ash  t rea tment ,  due t o  t h e  s p a r s e  da t a .  . A s  suggested 
by t h e  previous graphs (F igures  12-15), t h e  soda ash t reatment  appears t o  
be s p o r a d i c a l l y  i n e f f e c t i v e  a t  r a i s i n g  t h e  pH and reducing concen t r a t ions  of 
d i s so lved  s o l i d s .  However,. t h e  coa l  s t o r a g e  p i l e  runoff  i s  c ~ n k i d e r a b l ' ~  

' d i l t e d  by t h e  g r e 3 t  volume of water e n t e r i n g  the  l a r g e  s e t t l i n g  pond and 

I t hus  forms a  r e l a t i v e l y  .small  c o n t r i b u t i o n  t o  t h e  t o t a l  inf low t o  t h e  pond. 
The . pond i t s e l f ,  due . to .  adequate r e t e n t i o n  t imes,  i s  gene ra l ly  e f f e c t i v e  
i n  reducing suspended s o l i d s .  concent ra t ions  t o  meet t h e  OSM regu la t ions .  
. I n .  summary, ' t h e  .main problem a t  t h i s  s i t e  p e r t a i n s  t o  t o t a l  .manganese . 

concen t r a t ions ,  which a r e  f r equen t ly  . increased from s i t e  1 t o  s i t e  4 .  

4 . 3 . 1  compliance Rat ing Concept 

I n  o r d e r  t o  compare va r ious  mine e f f l u e n t s  wi th  r e spec t  t o  r egu la t ed  
parameters ,  t h e  concept o f  compliance r a t i n g  (CR) was developed. The purpose 

. of t h e  cqmpliance r a t i n g  i s  t o  provide an order-of-magnitude i n d i c a t i o n  of  
compliance t o  OSM e f f l u e n t  r egu la t ions .  B a s i c a l l y ,  any ' f ina l  e f f l u e n t  t h a t  
meets t h e  OSM r e g u l a t i o n s  rece ives  compliance ra t ' ing  of 100. ~ o m ~ l i a n c e  
r a t i n g s  f o r  e f f l u e n t s  t h a t  do not c o n f o r m , t o  e f f l u e n t  gu ide l ines  r ece ive  
r a t i n g s  according t o  a  dec. l ining l o g  s c a l e  (Appendix C). That i s ,  a  com- 
, p l i ance  r a t i n g  of 10 impl ies  an o rde r  of magnitude i n c r e a s e  over  t h e  accept- 

. 
. a b l e  ' s t anda rd .  Formulas used f o r  c a l c u l a t i n g  compliance r a t i n g s  a r e :  

(1)  where pH - > 9: log  pH =. -.0436 log  CR + l og  11, 

(2)  where pH - < 6 : log  pH = .088 log  CR + l og  4 ,  

(3)  Manganese: log [ M ~ I  = -log CR + l og  400, ' 

( 4 ) .  I ron :  log  [Fe] = -log CR + l o g  700, .and . 
. . 

(5) Tota l  suspended s o l i d s :  log  [TSS] = -log CR + ' l o g  7000. 

. .  , 

' 4 . 3 .2  Compliance Rat ings f o r  Mine OH-1 . 
. . .  . . . 

I n  g e n e r a l ,  compliance r a t i n g s  f o r  t h e  f i n a l  e f f l u e n t  ( s i t e  4 )  a t  Mine 
OH-1 were high.  . .Throughout . the  sampling pe r iod ,  both pH and i r o n  r a t i n g  
va lues  were 100. Except f o r  .one sample, t o t a l  suspended s o l i d s  r a t i n g s  



Table 14. Percent . 'Reduct ion i n  Se l ec t ed  E f f l u e n t  Parameters 
a f t e r  Treatment,  Using Formula ( B  - A) x  100%/B 

. . . .  . . . 

Tot a1 
. .. H+ ,Suspended Tot a1  Tota l  

I Date' ~ r o m  pH So l id s  I r o n  Mangene s e  

-~ - 

.. , 

S t a t i s t i c s  f o r  T'able 14,: ' .  
T o t a l .  . 

H+ Suspended .Tot a1 T o t a l  . - 
S t a t i s t i c  From pH S o l i d s  I r o n  Manganese 

Count 10'  20 27 3 
Minimum 2 .  14 . 13 0 . 
Maximum 8 3 100 94 17 
Me an 3 7 6 4 .  5 9  6 ' 
Standard 
Devia t ion  30 2 9 24 8 .  

1 aValue can be found i n  Table  15. 

b ~ i v i s o r  i n  c a l c u l a t i o n  i s  zero.  



Table 15 ." Percent Increase  i n  Selected.  Ef f luen t  Parameters 
a f t e r  Treatment, using Formu1.a ( B  - A) x 1 0 0 % / ~  

Tot a1 
H+ Suspended Total  Tota l  

Date From pH Sol ids  Iron ~ a n g a n e  se  

05'118176 --a -- __. 0 
05/29/76 -- -- -- 0 
06/09/76 44 67 ' -- 50 ' . 

. 06/26/76 24 29 -- 94 

S t a t i s t i c s  fo r  Table 15: 

Total  
.H+' Suspended ~ o t a l  Tota l  ' 

S t a t i s t i c  From pH Sol ids  I ron  Manganese 

Count 18 8 1 2 7 
Minimum 5 4 16 0 
Maximum 98 100 16 94. 
Me an 5 3 5 7. 1'6, . . 

" 5 
Standard 
Deviat ion '  24 - . 34 '  . .  0 27 

BValue. can be found . in  Table 14.: . . 
. . 

. . 



S t a t i s t i c s  

S t  a t  i s  t i.c , 

Count " . 
Minimum , 

Maximum 
Me an 
Standard 
Devia t ion  

f o r  Tables  14 

H+ 
From pH 

28 
-9 8* 

83 
. -21 

and 15: 
Tot a1 

Suspended 
So l id s  

28 
-100 

100 
30 

Tot a1 
I r o n  

28 
-16 

94 
57 

To ta l  
Manganese 

2 8 
-94 

17 . 

-54 

*Negative va1u .e~  i n d i c a t e  i nc reases .  

were a l s o  100; t he  except ion  was one va lue  of 22. For 'manganese, however, 
compliance r a t i n g s  ranged from 33 t o  100; t h e  average .value was 79 during 
t h e  s.ampling per iod .  Thus, compliance r a t i n g s  f o r  r egu la t ed  parameters 
gene ra l l y  i n d i c a t e  th'at t h e  mine e f f l u e n t  c o n s i s t e n t l y  met OSM s tandards  
f o r  pH, i r o n ,  and t o t a l  su spended  s o l i d s  b u t  was n o t  g e n e r a l l y  a b l e  t o  
meet t h e  manganese s tandard .  

4 .4 .1  Chemical.Treatment Costs  

The soda ash t reatment  f a c i l i t y  on t h e  c o a l  s t o r a g e  p i l e  i s  s,upplied' 
and maintained by t h e  Ohio Mining and Reclamation Assoc i a t i on  (OMRA). The 
OMRA i n d i c a t e d  t h a t  1978  d e l i v e r e d  c o s t s  f o r  s o d a  a s h  ( f r o m  a G e o r g i a  
s u p p l i e r )  would be approximately $187.00 per t o n  (910 kg) i n  100 l b  bags 
(45 kg) ;  t h i s  f i g u r e  inc ludes  $140.00 b a s i c  c o s t  and $47.0.0 c o s t  t o  haul  
f rom G e o r g i a .  The OMRA c h a r g e s  $45 .00  t o  $50 .00  f o r  t h e .  d i s p e n s e r  box  
( ~ o s t e n s o n ,  persona l  communication). The d i spense r  box i s  f i l l e d  a s  needed; 
n e i t h e r  t h e  OMRA nor  t h e  mine company could i n d i c a t e  how much soda ash i s  
used i n  a g iven  year  o r  how'much was used dur ing  t h e  ECT sampling per iod  a t  
t h i s  s i t e .  

Economic Analysis  of Sedimentation Ponds 

I n  o r d e r  t o  comply with t h e  OSM r e g u l a t i o n s  of  September 18 ,  1978, f o r  
sed imenta t ion  ponds ( ~ e d e r a l  R e g i s t e r ,  1978),  a mine i s  r equ i r ed  t o  have 
a sediment s t o r a g e  volume of 0 . 1  a c r e  f t  f o r  every d i s t u r b e d  upstream ac re .  
By p lan imeter ,  t h e  t o t a l  a r e a  of  mine OH-1 was determined t o  be 1060 a c r e s  
(424 h a ) ;  t h e  t o t a l  a r e a  of t h e  seven sed imenta t ion  ponds was c a l c u l a t e d  
t o  be 10 a c r e s  ( 4  ha) .  Assuming t h e  t o t a l  acreage a s  t h e  "d is turbed  area" 
t o  determine a worst  c a s e  cond i t i on ,  approximately 106 a c r e  f t  of s t o r age  i s  
r e q u i r e d .  Assuming a nomina l  d e p t h  of  20 f t  f o r  e x i s t i n g  ponds ,  t h e y  
provide 200 a c r e  f t  of s t o r age  -- almost twice  t h e  amount r equ i r ed  (assuming 
t h e  t o t a l  a c r e a g e  a s  t h e  d i s t u r b e d  a r e a ) .  I n  r e a l i t y ,  t h e  a c t u a l  a r e a  
d i s t u r b e d  by mining a t  any one time w i l l  be much l e s s  t han  t h e  t o t a l  acreage 
owned. 



. E x c a v a t i o n  c o s t s " ' f o r  t h e s e "  s e d i m e n t  po-nds. c a n  be  e s t i m a t e d  u s i n g  
Means'  B u i l d i n g  C o n s t r u c t i o n  Cos t  D a t a  (1977) ' .  T h i s '  e s t i m a t i n g  g u i d e  
i n d i c a t e s  t h a t  u n i t  c o s t s  f o r  excavat ion us ing  a  wheel-mounted f r o n t  end 
loade r  wi th  a  1 .5  y d 3 . c a p a c i t y  would b-e $0.42 yd3. ( 1  yd3 = 0.76 m3). This  

' f i g u r e  .iricludes' t h e  cos t .  o f ,  l abor  and equipment t o  t h e  c o a l  mining company 
bu t  does n o t . i n c l u d e  overhead o r  p r o f i t .  Mining company personnel  i nd i ca t ed  . 

t h a t  t h e  cos t  of excava t ing  t h e  l a r g e  3 .9  a c r e  (1 .6  hect 'are) s e t t l i n g  pond, 
n e a r  t h e  s o u t h e r n  end  o f  t h e  mine ' o p e r a t i o n  ( ~ i g .  5 )  was a p p r o x i m a t e l y  . 
$30,000 (1976).  I f  an average depth of 20 f t  (6  m) i s  assumed f o r  t h i s  pond,, 
t h e  t o t a l  volume i s  approximately 20,000 yd3 (15,200 rn3). The u n i t  c o s t  
f o r  excava t ipn  i s  then  *about $0.25/yd3; t h i s  approximates t h e  l abo r  c o s t s  

. f o r  excava t ion  l i s t e d  i n  t h e  Means manual. 



. . . .  . . I ,. 5 ENVIRONMEN'I'AL. EFFECTS 

5 . 1  IMPACTS TO! SURFACE WATER SYSTEMS ' 

During t h e  study per iod ,  t h e  flow r a t e  of t h e  main s e t t l i n g  pond 
d i s c h a r g e  ( s i t e  4 )  a v e r a g e d  1 4 ; 4  L / s .  A s  shown i n  T a b l e  16, '  t h e  pond 
e f f l u e n t  was s l i g h t l y  a l k a l i n e  (average pH of  7 .4 )  and somewhat minera l ized  
i n  comparison t o  nearby Creek I ( t h e  average e f f l u e n t  TDS of 748 mg/L was 

- n e a r l y  t h r ee .  t imes t h a t  of Creek 1 ) .  The e l eva t ed  TDS i n  t h e  pond e f f l u e n t  
was due  p r i m a r i l y  t o  h i g h e r  c o n c e n t r a t i o n s  of  s u l f a t e  and ,  t o  a  l e s s e r  
e x t e n t ,  c.alcium and magnesium. The average t o t a l  i r o n  concen t r a t i on  i n  t h e  
e f f l u e n t  .(0.42 mg/L) was approximately four  t imes t h a t  observed i n  Creek 1, 
while  t h e  average t o t a l  manganese l e v e l  (5.7 mg/L) was more than 20 t imes 
t h a t  measured i n  Creek ' 1. The manganese' concent r a t  i ons  i n  t h e  f i n a l  ' ef  f  lu- 
e n t  . exc.eeded t h e  OSM maximum of 4 .0  mg/L. (Federa l  R e g i s t e r ,  ,1978) i n  17 of 
29 samples c o l l e c t e d  dur ing  t h a t  s tudy .  

C o n c e n t - r a t i o n s  of t o t a l  aluminum, n i ' c k e l ,  and z i n c  i n  t h e  f i n a l  
e f f l u e n t  were o f t e n  anomalously h igh .  To ta l  aluminum averaged 0.35 mg/L, 
with a  maxiburn of 3.2 mg/L; t o t a l  n i c k e l  averaged 0.05 mg/L, wi th  a  maximum 
of  0 .18 mg/L; and t o t a l  zi*c aLdraged 0.2. mg/L, wi th  a  maximum of 0.5 mg/L. 
O n e " e x c e p t ~ o n a l l y  .high copper va lue  (2.4 mg/L vs. t h e  average of  0.29 mg/L) 
was a l s o  measured, but  i s  suspected t o '  be erroneous.  Suspended s o l i d s  i n  
t h e  e f f l u e n t  'were gene ra l l y  low, bu t  a  few high va lues  (up t o  300 mg/L) were 
recorded.  The average TSS was about 23 mg/L. 

. A's .d i scussed  p'reviously,  comparison of t h e  q u a l i t y  o £ " t h e  s e t t l i n g  
pond d f f l u e n t  ( S i t e  4 )  wi th  t h a t  of t h e  unnamed t r i b u t a r y  above t h e  mine 
( S i t e  1 )  g ives  a  q u a l i t a t i v e  i n d i c a t i o n  o f .  t h e  e f f e c t s  of mine d ra inage  on 
water  q u a l i t y  i n  t h e  sma l l '  unnamed s t ream. ' Values f o r  s p e c i f i c  conductance, 
d i sso lved  s o l i d s ,  s u l f a t e ,  calcium, magnesium, and manganese i n  the '  pond 
e f f l j e n t  a r e  s i g n i f i c a n t l y  h ighe r  than  those  i n  t h e  s t ream,  which sugges ts  a  - 
c o n t r i b u t i o n  from t h e  ,mine a r e a  (Table 16) .  I r o n  and aluminum, on t h e  o t h e r  - 

hand, '  were h ighe r  i n  t he '  s t ream above t h e  mine than  i n  t h e  pond e f f l u e n t .  
This  sugges ts  t h a t  t h e  h igh  i r o n  and aluminum i n  t h e  pond e f f l u e n t  may not 
o r i g i n a t e  i n  t h e  a c t i v e  mine a r ea .  

I n  o rde r  t o  a s se s s  t h e  p o t e n t i a l  e f f e c t s  of t h e  mine e f f l u e n t  on' t h e  
main r ece iv ing  s t ream (Creek 11, mater ia l s -ba lance  c a l c u l a t i o n s ,  were. under- 
t aken  f o r  mixing of. t h e  mine, e f f l u e n t  with Creek 1 a t  two Creek 1 d ischarge  
r a t e s :  t h e  average d i s cha rge  of  .25,202 L / s ,  and a  r e p r e s e n t a t i v e  .,low d i s -  
charge o f ,  850 , L/s ,  (U. S. Geological  Survey, 1974a).  , The fol lowing equa t ion  
was used: 

. . 

, . .  , . 

where: . 

. . 
Ca = concen t r a t i on  of given parameter i n  Creek 1 a f t e r  complete 

mixing, 



C= = ambient ,Creek 1 concen t r a t i on  of t h e  given parameter before  
a d d i t i o n  of . e f f l u e n t ,  

Ce = concen t r a t i on  of t he  parameter i n  e f f l u e n t ,  
' 

Dr = Creek 1 flow r a t e ,  and 

De = e f f l u e n t  flow r ' a te .  

Table  16. Summary of ~ f f l u e n t  and Stream Qua l i t y ,  lnc lLding  
Mater ia ls-Balance Ca lcu l a t i ons  f o r  Mine E f f l u e n t  . . 

-- 
~ r i b u t  a t y  . ~ a t e r i a l s -  

Above Y ond Balance , 

Parame t e r a  ' nineb  , ~ i f l u e n t ~  Creek ld Ca lcu l a t i onse  

Flow ( ~ 1 s )  -- - 
. . 

.14 .4  32,564 25,202, 850 \ 

Dissolved Oxygen 9.2 . 9.6 9 .4  -- - -- - 
. . PH 7 .6  7.4 7.3 --- -- 

.. Spec. Cond. (umhos/cm) 516 897 4 2 5 41'6 451 
Ch lo r ide  5.7 7.3 7.4. ' ' 7.4 7 .3  
S u l f a t e  233 49 8 130 132 15 7 

' T o t a l  d i s so lved  s o l i d s  ' 459 748 268 26 9 304 
T o t a l  suspended s o l i d s  90.2 22.9 --- --- . --- 

86.9 54.3 --- A l k a l i n i t y  --- -- - 
8 . 1  7.5 --- --- --- . Acid i ty  

Calcium 53.7 74.6 5 1 5 1 52 
16 Magnesium 26.4 44.6 17 19 ' 

Sodium 13.6 13.3 ' 8  ' 8 .  8 .  
Potassium 2;6 3.9 2 2 2 
T o t a l  - I ron 1.1 0.42 0 . 1  . 0 .1  0.12 
T o t a l  Manganese 1 . 8  5.7 0.2 . . 0.21  0.61 ' 

T o t a l  Aluminum . 0.7  0.4 --- . --- -- - 
aValues a r e  mg/L u n l e s s  o therwise  noted.  

b ~ v e r a g e  of 28 samples c o l l e c t e d  a t  ' s i t e  1 ( t r i b u t a r y  s t ream above 'mine) . '  

. '=Average of 29 samples c o l l e c t e d . a t  s i t e  4 ( o u t l e t  of main s e t t l i n g  pond). 

d ~ e s u l t s  of sampling 9/26/74 below r e s e r v o i r  (U.S. Geologica l  Survey, 
1974a, 1 9 7 4 ~ .  

e ~ e s u l t s  of mater ia l s -ba lance  c a l c u l a t i o n s  s imu la t i ng  mixing of pond 
e f f l u e n t  with Creek 1 a t  i nd i ca t ed  q u a l i t y  a n d . r i v e r  flow r a t e s  of 25,202 . 

. ( long-term ave rage ) '  and 850 L/s ( r e p r e s e n t a t i v e  minimum). Flow r a t e s '  
measured a t  downstream s t a t  ion below r e s e r v o i r  (U. S .. Geologica l  Survey, '' . . 

' 

1974a. 
. .  . 

. \ 



Resu l t s  of t he '  c a l c u l a t i o n s  i n d i c a t e  t h a t  a t  o r  above t h e '  average 
r i v e r  flow of 25,202 L/sec,  no measurable i nc rease  i n  any of t h e  c o n s t i t u e n t s  
considered i n  Table 16 w i l l  occur i n  Creek 1 a s  a r e s u l t  o f  d i scharge  o f . t h e  
mine e f  f.luent, However, a t  low r i v e r  . f low r a t e s ,  s i z e a b l e  i nc reases  i n  TDS, 
s u l f a t e ,  and manganese could occur.  It  .is u n l i k e l y  t h a t  t hese  inc reases  
would a f f e c t  t h e  indigenous aqua t i c  b i o t a  of Creek 1, s i n c e  t h e  t o x i c i t i e s  of 
t hese  c o n s t i t u e n t s  a r e  r e l a t i v e l y  low. Likewise, o t h e r  p o t e n t i a l l y  t o x i c  
t r a c e  elements i n  t h e  e f f l u e n t  would be reduced t o  s a f e  levels .  a f t e r  mixing 
w i t h  t h e  r i v e r .  The envi ronment  a 1  c 0 n s e q u e n c . e ~  of t h e ,  i n c r e a s e s  would 
pr imar i ly  a f  f e c t  domestic consumers. The ind ica t ed  inc reases  ' i n  TIjS would 
not be of concern, bu t  an inc rease  i n  s u l f a t e  could induce l a x a t i v e  r e a c t i o n s  
i n  consume,lis i f  a ' s u l f a t e  l e v e l  of - 250 mg/L i s  exceeded (u.s .  EPA, 1976). 
Consumer complaints might a l s o  a r i s e  i f  manganese concen t r a t ion  reaches about 
0.2-0.5 mg/L i n  water  supp l i e s .  These complaints would pr imar i ly  involve t h e  

. '  

s t a i n i n g  of laundry and po rce l a in  f i x t u r e s  and t h e  impart ing of ob jec t ionab le  
t a s t e s  t o  d r ink ing  water  (u.s .  EPA, 1976; McKee and Wolf, 1963). The U.S. 
Pub l i c  Heal th s e r v i c e  (1962) recommends t h a t  manganese concent ra t ions  be. l e s s  
than 0.05 m g / ~  i n  d r ink ing  water supp l i e s  f o r  t h e s e  reasons .  Therefore,  
pe r iod ic  i nc reases  of  manganese, s u l f a t e ,  and , TDS concenkrat irons i n  . t h e  
watershed could be due i n  p a r t  t o  e f f l u e n t s  from mine.0H-1. 
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' . This  s tud) ,  one 'of a  s d r i e s  of  case-study r e p o r t s , ~  has  addressed two 
goa ls  of t h e  program:, ' namely , t h e  environmental impact of  t h e  'mine opera t  ion 
and an evaluat . ion of . the  c o n t t o l  teclinology e f f i c a c y .  

. , 

The fol lowing conclusiorls can be drawn from t h i s  study. regard ing  s i t e  
OH- 1 : 

1. Comparison of water  q u a l i t y  of t h e  f i n a l  mine e f f l u e n t '  
wi th  an unnamed t r i b u t a r y  above t h e  mine sugges ts  t h a t  
e l eva t ed  va lues  f o r  s p e c i f i c  'conductance, t o t a l  d i s -  
s o l v e d  s o l i d s  (TDs),  s u l f a t e ,  c a l c i u m ,  magnesium, 
manganese,  and z i n c  c a n  b e .  a t t r i b u t e d  t o  t h e  mine 
ope ra t i on .  Mater ia ls-balance c a l c u l a t i o n s  based on high 
and low flow . r a t e s  f o r  t h e  s t ream r e c e i v i n g  t h e  mine 
e f f l u e n t  i n d i c a t e  t h a t  s u l f a t e  and manganese concen- 
t r a t i o n s  i n  t h e  s t ream du r ing  per iods  of low flow may be  
ob j ec t ionab le  i f  t h e  s t ream is' used a s  a  publ ic  water  
s U P P ~ Y  

2 .  The f i n a l  e f f l u e n t  gene ra l l y  met' s t anda rds  of t h e  U.S. 
Depar tment  o f .  I n t e r i o r  O f f i c e  o f  S u r f  a c e  Mining  f o r  
i r o n ,  pH, and t o t a l  suspended s o l i d s  (TSS). Manganese 
concen t r a t i ons ,  however, exceeded t h e  OSM d a i l y  maximum 
o f  4 . 0  mg/L i n  17 o f  t h e  29  s amples  c o l l e c t e d ,  and 
averaged 5.7 mg/L. 

3 .  I n  gene ra l ,  seasona l  v a r i a t i o n s  i n  flow r a t e s  c o r r e l a t e d  
p o s i t i v e l y  t o  TSS c o n c e n t r a t i o n s  and n e g a t i v e l y  t o  
concen t r a t i ons  of d i sso lved  c o n s t i t u e n t s  f o r  t h e  d i s -  
charge from t h e  main s e t t l i n g  pond. . 

4 .  L i m i t e d  d a t a  on d r a i n a g e  from t h e  c o a l  s t o r a g e  p i l e  
b e f o r e  and a f t e r  t r e a t m e n t  w i t h  N a ~ C 0 3  ( s o d a  a s h )  
b r i q u e t t e s  i n d i c a t e  t h a t  t h e  t rea tment  was gene ra l l y  
i n e f f e c t i v e .  More f requent  maintenance of  t h e  soda ash 
d i spense r  and proper channel ing of s t o r a g e  p i l e , d r a i n a g e  
t o  t h e  d i spenser  would promote more e f f e c t i v e  t rea tment .  t 

5 .  ' Drainage from t h e  c o a l  s t o r age  p i l e  i s  c h a r a c t e r i z e d  by 
e leva ted  l e v e l s  of a c i d .  and d i s so lved  . meta l s ,  but  ' i s  
s i g n i f i c a n t l y  d i l u t e d  by t h e  l a r g e  volumes of a l k a l i n e  . 

water  i n  t h e  l a r g e  . s e t t l i n g  pond. 

6 .  Ca lcu la ted  Pearson c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  between 
p r e c i p i t a t i o n  and flow, between ion  concen t r a t  ions  and 
flow, and between ion  concen t r a t i ons  and pH f o r  i nd i -  
v i d u a l  sampling po in t s  were g e n e r a l l y  < 1 0 . 5  1 where 
n  > 11. I n  t h e  ca se  of DH vs .  v a r i o u s  meta l  i o n  concen- 
' t r a t i o n s  ( a l l  sampling p o i n t s  combined), s.evera1 showed 
s t r o n g  n e g a t i v e  c o r r e l a t i o n s  w i t h  pH ( - 1  < r < -0 .5  
where n  > 14) .  - 



7 .  Overburden and coa l  chemical d a t a .  i nd i ca t ed  t h a t  t h e  
major impacts t o  t h e  mine dra inage  a r e  from t h e  Middle 
K i t t a n n i n g  Coal  ( m a i n l y  t h e  s t o r a g e  p i l e  d r a i n a g e )  
and t h e  Lower Freepor t  Sha le  t h a t  o v e r l i e s  t h e  c o a l .  
However, t he  presence of a calcite-cemented s e c t i o n  of . 
t h e  Upper Freepor t  Sands tone mi t i g a t e s  t h e  ne t  acid- 
producing p o t e n t i a l  of t h e  coa l  and s h a l e  u n i t s .  
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ABBREVIATIONS USED IN APPENDIXES. 

Co , 

Cond : 

Diss. Oxygen br 
Diss. 02 

aluminum 

nitrogen as ammonia . 

calcium 

calcium carbonate 

c admi um 

cobalt 

specific conductance (pmhos/cm), . .  

chromium 

copper 

dissolved oxygen 

iron 

gallons/minute 

mercury 

nit'ric acid 

potassium 

magnesium 

PO4 

S i 

Sr' 

TDS..or TD Solids 

Ti 

TSS or TS Solids 

manganese 

molybdenum 

sodium 

nickel 

lead 

phosphate 

siiicon. 

strontium 

total di'ssolved solids 

titanium . , 

total suspended solids 

vanadium 

zinc 
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APPENDIX A 

Table A-1. Elemental Analyses of Overburden and Coal (ppm) 

. . 
r 104 . 

Sample (Munsell) 
No. Color Li thology S i  A 1  Ca Mg Fe h Na K ~0~ T i  Zn. Sr Cd. Co Cu Pb Mo V N i  Cr- 

- - 
17 2.5YR814 Sandstone 80.4 11.3 0.04 0.47 1.21' 0.06 1.38 2.66 0.02 0.66 105 50 20 35 25 125 100 .50 75 , 25 ' 

16 2.5YR714 Sandstone 68.9 15.2' <0.02 0.70 5.22 0.28 1.77 4.03 0.14 1.93 200 50 20 60 20 80 100 . 150 80 35 
15 2.5YR714 Sandstone 76.0 10.3 ' 0.02 0.55 3.05 0.28 1.93.  3.48 0.04 1..18 105 <50 25 30 15 135 50 150 90 35 
14 10YR811 Sandstone 45.6 9.02 27.4 . 1.58 3.44 0.39 1.47 2.52 0.00 1.24 185 150 25 50 25 130 100 100 95 25 
13 10YR811 Sandstone . 4 8 . 7  9.07 29.9 1.70 3.80 0.19 1.32 2.36 0.09 1.27 500 150 20 60 30 30 150 100 90 20 
12 No Sample 
11 2.5YR812 Sandstone . 68.5 15.8 0.02 1.13 4.37 0.12 2.11 4.05 0.04 1.53 190 500 15 500 25 150 (50 200 500 35 
10 5YR711,. Sandstone ,72.5 14.1 0.02 1.12 3.33 0.28 2.07 3.31 0.00 1.31 110 . (50 15 - 50 15 110 50 200 90 35 
9 5YR611 Shale. 57.2 17.2 0.02 1.76 7.99 -0.21 1.70 6.01 0.10 2.19 225 50 15 70:  45 . 65 50 100 75 60 
8 5YR7/1 Shale 58.4 17.5 0.02 1.92 6.23 0.17 1.38 6.76 0.04 2.19 80 50 15 60 40 95 100 100 100 75 
7 5 Y d I l  Shale  52.0 17.9 0.02 2.30 '  6.99 0.25 0.69 7.41 0.21 2.86 350 50 20 75 50 125 50 150 1 2 5 ,  PS 
6 5YR711 Shale 53.8 18.1 0.02 2.28 8.41 0.27 0.59 7.58 0.13 2.39 345 <50 20 80 45 145 (50 150 115 70, 
5 5YR611 Shale 50.6 18.0 0.02 2.08 7.72 0.27 0.59 7.57 0.17 2.56 255 50 20 55 45 65 50 300 120 60 
4 5YR611 Shale 50.5 17.7 '0.02 2.65 11.39 0.49 0.72 6.07 0.21 3.66 240 50 20 30 50 105 50 300 70 55 VI 
3 . 5YR611 Shale 53.9 18.1 0.02 2.17 7.92 0.29 0.58 7.42 0.15 .2 .63 275 50 20 55 ' 5 0  120 100 300 120 55 4 
2 5YR612 Shale - 54.3 18.3 0.02 2.04 7.53 0.17 0.48 7.22 0.19 2.89 265 50 25 60 50 110 (50 300 120 65 
1 5YR712 Shale 53.7 18.0. 0.02 1.81 6.38 0.21 0.56 7.50 .004 2.45 380 50 20 65 45 90 100 .300 135 80 

-lC 7.5YRZlO Upper Coal 16.0 14.2 . 0.17 . 0.95 . 29.39 0.07 1.06 1.01 0.12 9.36 645 100 .25 600 236 . 155 150 200 85 85 , 

-2C 7.5YR410 Clay 45.3 17.4 .0.02 1.12 10.46 0.04 0.48 5.04 0.00 5.21 120 50 20 35 60 145 100,  300 125 85 ,, 

-3C 7.5YRZl0 Lower Coal 18.96 13.5 0.12 0.69 44.01 0.05 0.55 1.43 0.08 9.50 600 100 40 110 195 185 200 . 250 175 60 

DC-7 ' ' Surface . 67.6 16.3 0.00 1.00 6.36 0.20' 1.14 2.90 0.15 2.30 55 --- 2.5 19.0 3.5 6.3 <5.0 10 .0 .  13.0 10.0 
' Sandy Shale 

'DC-6 Sand Rock- 84.8 9.16 0.00 0.54 3.25 0.09 1.01 1.80 0.06 1.19 , 42 --- 3.0 12.5 2.5 .5 .5  '<5..0 5.0 10.0 5.5 
base 

' DC-5 SandRock- 55.2 '17.7 1.22 1.99 9.06 0.40 1.09 4.33 0.28 3.42 55 '--- 1.5 15.5 3.0 4.5 <5.0 15.0 8 .0  8.5 
base . 

DC4 Hard Sandy 48.7 18.8 1.12 2.89 6.92 0.25 0.45 6.48 0.28 2.69 75' . --- 1.5 10.0 4.5 5.0 , (5.0 20.0 13.0 11.5 
Gray Shale 

DC-3 Dark Shale 25.6 16.5 2.46 1.37 7.14 0.19 0.21 2.94 0.67 2.62 17.5 --- 2.5 9.0 4.0 4.5 <5.0 15.0 11.0 9.5 
S l a t e ,  Coal -- 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



, APPENDIX B 
MISCELLANEOUS,SUPPORTING DATA 

. .. . 
/ . '  

. , 

. . . . .  able'^-1. ~verage Monthly and. . .  ' 

. . . . 

. . -Annual Rainfall in ., 

. . southeastern. Ohio 

. . 
Amount . , 

Month . cm . . in. 

January - 7 .26  . 2 .86  

February 6 . 5 3  . 2 .57  

March 9 .47  3 . 7 3  

'April 9  ."2 5  3 . 6 4  

May 

June 

July 

August 7 . 9 0  3.11 

September 6 . 9 3  2 . 7 3  

October 5 . 6 6  2 .23  

. ~oveiber 6 . 9 3 ,  2 . 7 3  

~ecember 6 . 4 8  . 2 .55  

Annual 97.75 38 .49  



Table B-2. summary of  - ~ n a l ~ t i c a l  Methods 
and ~ k t e c t ' i o n  Li'mits 

. . . . 

Lower 
Analy t ica l .  Method Detect  ion  

Parametera Method ,Reference ~ i m i t  

. . 
. Diss.  Oxygen polarographic  -- --- 

. . . . 
02 p'robe 

pH ( f i e l d )  -- 
( s t a n d a r d .  u n i t s )  . . 

S p e c i f i c ,  Wheat s t one  
. - . . .  C ~ n d u c  t ance 'Br idge  , 

(~.lmhos/cm) 

Chlor ide  

S u l f a t e  . , 

TDS 

A l k a l i n i t y ,  
Ac id i ty  ( a s  
CaC03) 

Mohr Method b ' .  . 
'.'. : 

' 0.0 

Turb id imet r ic  . C  . 0 .. 

Residue on . b  0  .O 
evapora t ion  

F i l t r a t i o n  b  0.4 

E lec t rome t r i c  
t i t r a t . i o n  

Atomic 
abso rp t ion  

A t  om'ic 
abso rp t ion  

Atomic . 

.absorpt ion 

Atomic 
abso rp t ion  

Cu Atomic . d . 0.02 
abso rp t ion  

Fe . . Atomic,. - . .d- ... . , 0.01 . . 

. ,  . absorpt ion.  
, '  . ,  . 

K Atomic . . d  0.01 

. , .  abso rp t ion  



Table B-2. ( ~ o n t d . )  

. . . . . . .  . - . . . ., Lower. . 
, . &lyt i c a l  Method Detect  ion  . + 

- .. , Parametera , . . .  , . .  Method Reference Limit 

. . . , . . . .: . . . 
a .  

Mg Atomic d 0.01 
absorp t ion  ~. 

Atomic. . 
absorp t ion  

N a  htomic d 0.01 
. abso rp t ion  

4 '  

, . 
d N i Atomic 0.02 

absor.pt ion  

. . 
r 'Pb Atomic d 0 .1  

. . absorp t ion  

Atomic 
absorp t ion  . 

Atomic . 
absorp t ion  

Atomic 
absorp t ion  

a A l l  parameters repor ted  as  mg/L except  where noted.  

b ~ e t h o d s  f o r  Co l l ec t i on  and' ~ n a l ~ s i s  'of Water Samples f o r  
Dissolved Minerals  and Gas.es, U .  S.. deo log ica l  Survey, 
1974. 

W a t e r  and Wastewater Ana ly t i ca l  Procedures ,  Hach Chemical 
Co., Ames, Iowa, Cat.  No. 10, Second Revised Addi t ion ,  
J u l y  1969. 

' , d ~ e t h o d s '  f o r  Co l l ec t i on  and Analys i s  of  Water Samples f o r  
Dissolved Minerals  and Gases,  U.S. ~ e o l o g ' i c a l  Survey, 1974; 
and/or  Ana ly t i ca l  Methods f o r  Atomic Absorption Spectrophoto- 
metry,  Perkin-Elmer Corp., Norwalk, Conn., September 1976. 

e F i l t r a t i o n  by a  0.45 pm M i l l i p o r e  system. ' 
£ ~ l l  meta l s  were analyzed from u n f i l t e r e d ,  a c i d i f i e d  (10 drops 
Conc. HN03) samples. 



.Table  B-3. Summary of Water Q u a l i t y  Data c o l l e c t e d  
by Corbet t  and Manner (1977) 

. . . . 

parameterb: . minimum .Consul tant  Sampling S i t e s a  
maximum _. . . . .-. . 
average - 1. 2 .3 . .  . - .  . 4 

Flow ( L / s )  min. ---- .O . .  .. ' 0 0.536 
max . ---- I ---- 0,435 , 48.8 
avg: . . ---- ---- , ---- .14;4 (29)d 

F i e l d  pH (pH u n i t s )  6.31 2.53 2.65 . 6.42 . 
8.30 3.98 5.35 8..12 . .  
7.59 3.20 (3)  4.00 (2)  . 7.40 (29) 

. . 
Water T.emp (OC) 

Dissolved 02:' ' 6.0 . '  7.2 10.6 
14.2 14.1 12.3 
9.2 (28) ' 10.3 (4) '  11.4 

S p e c i f i c  Conduct- 
ance (l~mhos/cm) 

TSS 

A l k a l i n i t y  
( a s  cac03) 

A c i d i t y  ( a s  c ~ c O ~ )  
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Table, B-3 (~ontd. ) 

parameterb:' minimum . . . Consultant Sampling Sitesa . . , 

. . . maximum , 

1. average ' 2. 3 4 

Chloride .- 1.1 7.8 3.9 1.5 
. 15.0 . ' 2500 18.0 19 .O 

' 5.7 (28) 649 (4) 11.3 (,3) 7..3 (29) 

16 150 200 ~ u l f  ate 5 2 
750 5200 5000 . 1000 
233,(28) 2200 (4) 2333 (3) 498 ('29) 

C Calcium . ' . . 9.5 36.0 ' 18.0 30.0 
130 140 ' 47 0 155 

53.7 90.2 176 .74.6 (29) 

Magnesium ' 

. , 

Sodium 

Potassium 

Iron 

Manganese' .0.20. . . . ,23.0 
4.10 ioo 
1.76 (28) 49.5 

Aluminum 0.1 2 1 .O. 3 <0.01 
4.4 300 2 20 3.2 
0.7 (28) 108 (4) 73 (3) . 0.4 (29) 

Cadmium . ' <0.02 <0.01 0.'02 <0.02 
. . 0.03 0.08 , 0.. 04 ' 0.02 

<0.02 (28)' 0.03 (4) 0.02 (3) <0.02 (29) 



6 4  

Table B-3 (~o'ntd. 1. 

parameterb: minimum Consultant Sampling Sitesa 
maximum 
average 1 2 3 4 

Copper 

Nickel 

St ront ;urn 0.07. 0.10 0.04 0.07 
2.10 0.58 0.82 0.92 . 

,0.33. (28) 0.42 (4) 0.32 (3) 0.49 '(29) 

Zinc (0.02 1.90 0.02' 0.04 
0.10 23.0 16.. 0. 0.50 
0.03 (28) 9.4 (4) 5.6  (3) .0.20 (29) 

?Sampling station 1 -- upstream of main settling pond. 
Sampling station 2 -- coal storage pile draina,ge upstream from soda ash 
treatment. . . 

Sampling station 3 -- coal storage pile drainage downstream'from soda ash 
treatment. . 
Simpling station 4 -- outlet of main settling pond. 

. . 

Ib~ll parameters reported as mg/L except where noted. 

CAll metals were analyzed from unfiltered, acidified samples (acid extrac- I 

' tion method). 
d~umber in, parentheses refers to .number of measurements. 



KEY TO WATER DATA IN TABLE B-4 

OH1 = Mine OH-1 

05/18/1976, etc. ='Date of samples (SAMP DATE) 

CSUL STATION = consultant st at ion 
. , L* 

ANL STATION = Argonne station 

STATION DE'SC .& LOCATION = Station description and 1oZ:ation 

D O =  dissolved oxygen (mg/L) 

PHF = field pH 

f . . .  
WTEMP ' =  water temp. ("C.) 

CONDP = field conductivit,y (micromhos/cm) 
. .  . . . . . 

s N-NH4 = nitrogen as apmonia (mg/L) 

CL = chloride (mg/L) 

F = fluoride (mg/~) 

SO4 = sulfate (mg/L) 

Cog = carbonate (mgl~) 

HCO3 = bicarbonate (mg/L) 

TDS = total dissolved solids (mg/L) 

TSS = total suspended solids (mg/L) 

ALK = alkalinity (mg/L) . 

ACID = acidity (mg/L) 

D + symbol for chemical element = dissolved concentration of element (mg/L) . . 

T + symbol for chemical element = total concentration of element (mg/~). 

DFET = total dissolved iron (mg/~) 

TFET = total iron (mg/~) 

DISC = discharge (liters/minute) 



,- 

.ANL M I N E  CODE OH1 
SAMP .DATE 

95/18/1976 , 
STATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

CONDF , . PHF 
380.000000 7.970000 

I CL F 
6.500000 

, DCD . DCO 
. . DK DMG 

DPB DSR 

TAS TBA 

TFET THG 
.9.00000 . . . . 

TSE 
., . 

. TTL 

SAMP DATE 
. 05/29/1976 . . 

. .  STATION DESC & LOC 
.UPSTREAM FROM SETTLING POND 

CONDF . PHF 
380.000000 ' , 7.350000 

' CL F .. 

2.500000 . . 

DCD ' DCO' 
' DK DMG. 

. DPB DSR 

. TAS TBA 

TFET ' 

. .700000 
,- TSE 

THG 

TTL 

Table .B-4. Water Quality Data 

. . 
CSUL STATION 1 . * 

WTEMP 
13.5 

ALK 
75.000.000 

so4 . 

160.000000 
. DCR 

DMN 
DV 

' TBE 

T M N  
..200000 

TV 
.000000 

WTEMP 
20.2 
ALK 

71 .OOOOOO 
SO4 

380.000000 
: DCR 

DMN 
DV 

. - - . TBE 

A C I D  
5.000000. 

' ' N-NH4 ' 

DCU 
DM0 
DZN 

TCD 
.000000 

TNI 
.000000 

TZN 
, .03'0000 

A C I D  
5.000000 

N-NH4 

' DCU 
DM0 
DZN 

TCD 
.000000~ 

TNI 
.000000 

TZN 
.040000 

. DAL 

DFET 
DNA. . 
TAG 

TCR 
.000000 

TPB 
.000000 

C03 

DAL 

DFET 
DNA 

. TAG 

TCR 
.000000 

TPB ' 
.000000 

DCA 

DHG 
D N I  
TAL 

.900000 
T CU 

.010000 
TSB 

DCA 

DHG 
: D N I  
' TAL. 

1.200000 
TCU 

.020000 
TS B 



CSUL STATION 1 ANL MINE CODE OH1 
SAW DATE 

06/09/1976 . . 
STATION DESC &' LOC 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
400.000000 7.900000 

CL . F 
5.310000 

. DCD DCO 

DK DMG 
DPB DSR 

WTEMP 
23.6 

ALK 
73.000000 . 

SO4 
180.000000 

DCR . 
. . DMN 

DV 

A C I D  
5.000000 

. N-NH4. DAL DCA 

DFET 
DNA 
TAG 

DCU 
DM0 
DZN 

DHG 
D N I  
TAL 

.500000 
TCU 

.020000 
TSB 

TAS TBA . 

TFET . '  THG 
.600000 

TSE , TTL 

TBE TCD 
.000000 

TNI 
.040000 

TZN 
.oooooo 

.TCR 
.oooooo 

TPB 
.000000 . 

TMN 
1.100000 

TV 
.000000 

SAW DATE 
06/26/1976 . 
STATION DESC & LOC. 
UPSTREAM FROM .SETTLING P.OND 

CONDF PHF 
47 0.000000 7.700000 

CL F 
5 ; 600000 

DCD DCO . 
DK DMG 

DPB . DSR . 

*EMP 
23.8 

' ALK 
92.000000 

SO4 
180 ;OOOOOO 

DCR , 

. DMN 
DV 

A C I D  
2.000000 

N-NH4 DAL . 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

.400000 
TCU 

.oooooo 
TSB . 

- TAS TBA 

TFET THG 
, .900000 

TSE TTL 

TBE TCD 
.000000 

TNI 
.030000 

TZN 
. 0 2 0 0 ~ 0  

TCR 
.oooooo 

TPB 
.oooooo 

TMN 
1.800000 

TV 
.100'000 



ANL M I N E  CODE OH1 
SAMP DATE 

CSUL STATION. 1 

07/03/1976 .. 
STATION DESC h LOC . . 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
620 .'000000 8.180'000 

CL F 
3.800000 

DCD DCO 
.. DK , ' DMG 
DP B , DSR 

. . 
TAS TBA 

. . 
. .  - ... ; - . TFET . THG . . 

.800000 
. . I  TSE ' TTL ..., 

, ..I_ 

SAMP DATE.. . 
07/21/1976 
STATION DESC 6 LOC 
UPSTREAM FROM SETTLING POND 

CONDF ' PHF 
. 480'.000000 7.400000 

CL , . .F 
2.400000 

DCD DCO 
DK DMG 

DPB DSR 

;., TAS . ' , TBA 

. . TFET THG 
.600000 

. TSE TTL 

WTEW 
18.9 

ALK' 
93.000000 

SO4 
280.000000 

DCR 
DMN 
. DV 

ACID. 
5.000000 

N-NH4 

TBE TCD, 
.000000 

TMN TNI 
2.100000 .000000 

TV.. TZN 
.oooooo .020000 

WTEMP . 
21.5 . . 

ALK ACID 
60.000000 13.000000 

SO4 'N-NH4 
160.000000 

DCR DCU 
DMN DM0 , 

DV DZN 

TBE - TCD 
.000000 

TMN TNI .' 
1.400000 .050000 ' 

TV TZN 
.oooooo .000000 

DFET 
DNA 
TAG 

TCR 
.000000 

TP B 
.000000 

HCO3 

DCA 

. DHG 
D N I  
TAL 

.300000 
TCU 

.000000 
TSB 

DAL . 

DFET , 

DNA 
p l G  

TCR. 
.000000 

TPB , 

.000000 

.., 
DCA 

DHG 
D N I  
T.AL 

.100000 
TCU. 

.000000 
TS B 



ANL M I N E  CODE OH1 
SAMP DATE . . 

08/06/1976 
STATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

. CONDF PHF 
660.000000 8.030000 

CL F - 

1.800000 
DCD DCO 

DK DMG 
DPB DSR 

TAS TBA 

TFET THG 
1.900000 

TSE. TTL 

SAMP DATE 
08/19/1976 
STATION DESC 6 LOC 
UPSTREAM FROM SETTLING POhD 

CONDF PHF 
250.000000 6.310000 

CL F 
3.300000 

DCD DCO 
DK DMG 

DPB DSR 

TAS TBA 

TFET THG 
.700000 

TSE TTL 

WTEMP 
21 .o 

ALK 
62.000000 

SO4 
380.000000 

DCB . 

DMN ' 

DV 

TBE 

TMN 
2.300000 

TV 
.000000 

WTEMP 
18.1 

ALK 
65.000000 

so4 
120.000000 

DCR 
DMN 

DV 

TBE 

TMN 
.720000 . 

TV 
.oooooo 

A C I D  
6.000000, 

N-NH4 

DCU 
DM0 
DZN 

TCD 
.010000 

TNI 
.030000 

TZN 
.040000 

ACID' 
10.00000-0 

N-NH$ 

DCU 
DM0 
DZN 

TCD 
.000000 

TNI 
.020000 

TZN , 

.000000 

CSUL STATION 1 

' DAL 

DFET 
DNA 
TAG 

TCR 
.0'10000 

" TP B 
.000000 

DFET 
DNA 
TAG 

TCR 
.000000 

TP B 
.oooooo 

DHG 
D N I  
TAL 

1.100000 ' 

TCU 
. 0 10000 

TSB 

DCA 

DHG . 
D N I  
TAL 

.200000 
T CU 

.000000 
TSB 



ANL MINE CODE OH1 
SAMP DATE 

09/07/1976:' \ 

STATION DESC 4 LOC 
UPSTREAM FROM SETTLING POND 

. CONDF PHF - 
470.000000 7.200000 

'CL . F 
13.000000 
: DCD DCO. 

' 

. . ' D K  . . DMG 
DPB 

. . 
DSR . 

. . 
TAS 

. . . . 
TBA 

. : .  .. > . 
: TFET THC 

. . 
1 ; 1'00000 

. . - TSE TTL 

SAMP DATE .' - . 

09/25/1976. . . 

STATION DESC . & LOC 
UPSTREAM FROM SETTLING POND. . . 

CONDF. PHF 

. . 
1610.000000 7.590000 

CL . F 
. . 10.~000000 . . . 

DCD DCO 
DK DMG 

DPB , DSR 
. . 

' J  .. TAS TB A 

. TFET THG 
.800000 

TSE TTL 
, . 

WTEMP 
" 16.2 

ALK 
82.000000 

SO4 
160.000000 

DCR 
DMN 

DV 

TBE' 

TMN 
1.900000 

TV 
.000000 

4 

WTBMP 
13.7 

ALK 
89.000000 

SO4 
750.000000 

DCR 
DMN 

DV 

TBE 

i ACID 
19.000000 

N-NH4 

DCU 
DM0 
DZN 

. . . . 
TCD 

.000000 
TNI 

.020000 
TZN 

.000000 

ACID 
23.000000 

N-NH4 

CSUL STATION 1 

DCU 
DM0 . r 
DZN ' 

TCD 
.030000 

TNI 
.030000 

TZN 
.020000 

DFET 
- . DNA 

TAG 

TCR 
.000000 

TPB 
.000000 

DAL 

DFET 
DNA 
TAG 

TCR 
'~.000000 

:TPB , 
.000000 

DCA 

DHG 
D N I  
TAL 

.200000 , 

' TCU 
.0000.00 

TSB 

DCA 

: ' DHG 
DN I 
TAL 

.600000 
' TCU 

.000000 . 
TSB 



ANL M I N E  CODE OH.1 
SAMP DATE 

10/09/1976 
STATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
520.000000 8.240000 

CL F 
1.900000 

DCD DCO 
DK DMG 

DPB DSR 

TAS . : TBA 

. TFET. - .  . . .  THG ' 

, ' 1.400000. ' :  
TSE TTL 

SAMPDATE : 

10/24/1976 ' .  

STATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
420.000000 8.300000 

CL F 
9.200000 . 

DCD DCO 
DK DMG ' 

DPB DSR 

TAS TBA 

TFET ' . .  THG 
*. 900000 

TSE TTL 

WTEMP 
9.9 
ALK 

7 7.000000~ 
. . SO4 , 

16.000000 
. DCR' 

DMK 
DV 

.. TBE 

' WTEMP 
7.7 

ALK 
48.000000 

SO4 
50.000000. 

DCR 
DMN 

DV 

TBE 

; TMN 
2.100000 . 

TV 
.000000~ 

A C I D  
15 .OOOOOO 

N-NH4 

DCU 
DM0 
DZN 

T CD 
.oooooo 

TNI 
.070000 

TZN 
.100000 

ACID 
19.000000. 

N-NH4 

DCU 
DM0 
DZN 

. TCD 
;000000 

TNI 
.oooooo. 

TZN 
.100000--: 

CSUL STATION 1 

DAL 

.DFET 
DNA 
TAG 

TCR 
.030000 

TPB 
.000000 

HC03 

. DCA 

DHG 
DN I 
TAL 

2.500000 
TCU 

.020000 
TSB . 

DAL DC A 

DFET 
DNA 
TAG 

. . 

TCR 
.oooooo 

TPB 
.000000 

DHG 
D N I  
TAL 

4.400000 
TCU 

. 0 10000 
.TSB 



. . ANL M I N E  CODE O H 1  
SAMP DATE ' 

11/13/76", . . 
. STATIONDESC'6LOC . 

UPSTREAM FROM SETTLING POND 
CONDF PHF ' 

880.000000 8'. 230000 
CL .:F 

3.800000 
DCD . DCO 

" . DK DMG 
DPB DSR 

WTEMP 
. " 1.8 

ALK 
87 .OOOOOO 

S04. 
550.000000 

DCR 
'. DMN 

DV 

ACID 
2.000000 

N-NH4 

. . 

C03 

DAL 

DHG 
DN I 
TAL 

.200000 
TCU 

.oooooo 
TS B 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

TBA TBE TCD 
.000000 

TNI 
.070000 

TZN 
.070000 

. TCR 
. .000000 

' TPB 
.oooooo 

# .  TFET , '  . 
. . ~2.100000 

. .  . T SE 

THG 

TTL 

: ' . TMN 
3.900000 

TV 
.000000 

SAMP DATE . 

11/27/1976 .. 
STATION DESC 8 LOC 

.UPSTREAM FROM SETTLING POND ' '" 

: CONDF . PHF ' 

580.000000' 7.340000 
. .  CL F 

'3.100000 
. DCD - - DCO 

DK . DMG 
. DEB . : DSR 

. WTm 
9.9,. , 
ALK 

-93.000000 
SO4 

260.000000 ' 

DCR 
DMN 
DV 

DCA DAL 

DFET 
DNA 
TAG 

DCB 
' -  DM0 

DZN 

DHG 
DNI 
Tkl, 

.3OOOGO . 
TCU 

.000000 
TSB 

. . .  
.. TCD 

.oooooo 
TN I 

.030000 
TZN 

.030000. 

TCR 
.000000 

TPB - 
.000000 

. TAS . TBA TBE 

. ' ":*TFET THG 

1;500000 ' 

. . , .  . TSE , TTL 
. . 



ANL M I N E  CODE OH1 
SAMP DATE 

12/14/1976 
ST'ATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
520.000000 . 7.890000 

' ,CL F 
1.10000.0 

DCD DCO 
. .  DK DMG 

DPB . . DSR 

TAS TBA 

TFET THG 
.400000 

TSE TTL 

SAMP 'DATE 
12/28/1976 - .  

STATION DESC & LOC' 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
620.000000 7.390000 

CL F 
3.800000 

DCD DCO 
DK DMG 

DPB - DSR . . 

TAS 

: TFET 
.230000 
. T.SE 

TBA 

THG . 

TTL 

WTEMP 
.O 

.. ALK 
100.000000 

SO4 
220.000000 

DCR 
, . . ,'DMN 

DV 

TBE' 

TMN 
3.900000 

TV 
.oooooo 

WTEMP 
.o 
ALK 

92.000000 
SO4 ' 

300.000000 
DCR 
DMN 

DV 

TBE ' 

A C I D  
19.000000 

N-NH4 ' , 

DCU 
DM0 

, DZN. 

, . T O  
.000000 

TNI 
.oooooo 

TZN . 
.030000 

ACID 
2.300000 

N-NH4 

. DCU 
DM0 
DZN 

TCD 
.oooooo 

TNI 
.040000 

TZN 
.030000 

CSUL STATION 1 

DAL 

DFET 
DNA 
TAG 

TCR 
.oooooo 

TP B 
.oooooo 

DAL 

DFET 
DNA 
TAG 

TCR 
.000000 

TPB 
.000000 

DCA 

DHG 
D N I  
TAL 

.4'00000 
TCU 

.oooooo 
TSB 

DCA 

DHG 
DN I 
TAL 

.200000 
TCU 

.oooooo 
TSB 



ANL M I N E  C O D E , O H l  
SAMP DATE 

.csvz STATION 1 

02/12/1977. . : .  
STATION DESC & LOC 

' UPSTREAM FROM SETTLING POND 
CONDF PHF 

' 420.000000 7.010000 
CL F 

4 :OOOOOO. 
DCD DCO 

DK . DMG 
. -  DPB DSR 

TAS - TBA 

- - .  '.. TFET .. ' THG 
_ . /  1.600000 

L.i TSE 
. . TTL 

. . ... 
%.. . 

- .  

SAMP DATE 
02/21/1977 - .. . . 

STATION DESC & LOC 
UPSTREAM 'FROM SETTLING POND 

CONDF PHF 
' 430.000000 . 7.280000 

. . .  ..a ' .  . F 
5.700000 

DCD DCO 
. . DK . . DMG 

DPB ' DSR 

. TAS 
. . . . . . 

TFET 
: 1.600000 

TSE 

TBA 

THG 

TTL 

' WTEV 
.o - 

. . ALK 
71 .000000 

SO4 
17'0.000000 

DCR 
DMN 

DV 

TBE 

TMN 
2 .'200000 

TV 
. .000000 

WTEMP 
.0' 
ALK 

. . 135.000000 . .  
SO4 

160.000000 
DCR 
DMN 

DV 
. .... 

TBE 

A C I D .  
9.800000 

N-NH4 

DCU . 
DM0 
DZN 

TCD 
.oooooo 

TNI 
.020000 

TZN 
.020000 

ACID 
3.600000 

N-NH4 

DAL 

DFET 
DNA 
TAG 

TCR 
.'000000 , 

TPB 
.000000 

DAL 

DCA' . . 

DHG 
DN I 
TAL 

1.100000 
TCU 

.000000. . . 
TSB 

DCU DFET DHG 
DMO DNA DN I 
DZN . TAG TAL 

.200000 
. TCD TCR TCU 

.000000 .oooooo .000000 
TNI TPB TSB 

.040000 .OOOOOO 
TZN 

.030000 



ANL MINE CODE OH1 
SAMF' DATE 

03/05/1977 
STATION DESC & LOC 
UPSTREAM FROM SETTLING POND 

CONDF PHF 
310.000000 7 .300000 

CL F 
7.800000 

DCD DCO 
DK DMG 

DPB DSR 

TAS TBA 

. . TFET THG 
.900000 

TSE TTL 

SAMF' DATE 
03/21/1977 
STATION DESC & LOC 
UP STREAM FROM SETTLING , POND 

CONDF PHF 
220.000000 7.450000 

CL F 
3.700000 

DCD DCO 
DK DMG 

' -  DPB DSR 

TAS TBA 

.,.r_, 

TFET ' 
. . . .  THG 

1.080000. 
TSE TTL 

WTEMP 
4.2 
. ALR 

83.000000 
SO4 

80.000000 
DCR 
DMM . 

DV 

' TBE 

WTEMP 
12.3 
. ALK 

64.000000 
SO4 

70.00.0000 
DCR 
DMN 

. DV 

TBE 

A C I D  
6.100000 

N-NH4 

DCU 
DM0 
DZN 

TCD 
- .oooooo 

TNI 
.040000 

TZN 
.020000 

DCU 
DM0 
DZN 

TCD 
.000000 

TNI 
.000000 

TZN 
.020000 

CSUL STATION 1 

C03 

DAL 

DFET 
DNA 
TAG' , 

TCR 
.000000 

TPB 
.oooooo. 

DAL 

DFET 
DNA 
TAG 

. TCR 

.oooooo 
TP B 

.000000 

HC03 ' 

DCA 

' DHG 
D N I  
TAL 

.500000 
TCU 

.000000 
TSB 

DCA 

DHG 
DN I 
TAL 

.800000 
TCU 

.oooooo 
TSB 



ANL MINE' CODE O H 1  
SAMP DATE , 

04/09/1977 . . 

STATION, DESC & LOC 
UPSTREm FROM SETTLING POND 

'CONDF , PHF 
220'. 000000 7.770000 

CL F 
6.500000 

DCD DCO 
DK . DMG 

. . .DPB DSR 

TAS . . TBA 

TFET . . THG 
".3; 900000 

. . TSE TTL 

SAMP DATE' 
04/23/1977 
STATION DESC & LOC 
UPSTREAM .FROM SETTLING POND 

CONDF , PHF 
300.000000 , 
. . 

7.530000 
CL F 

. 3.600000 
DCD DCO 

Dk DMG 
DPB DSR 

I TAS TBA ' 

TFET . 
1 ; 000000. 

TSE 

THG 

TTL 

. .:;. ' \ 

CSUL STATION .1 
. . r  

.. - 
8 .~ WTEMP 

' 13I0 
ALK . ACID . C03 . 

20.000000 8.400000 
304 N-NH4 DAL 

- 90 .OOOOOO 
DCR DCU DFET 
DMN ' DM0 DNA 

DV DZN TAG 

TBE TCD TCR 
.000000 . .000000 

TMN . TNI TP B 
' ..500000 .030000 . . .ooo'ooo 

TV TZN 
.OOOOOO .080000 

WTEMP 
17.7 

ALK 
134.000000 

SO4 
115.000000 

DCR 
DMN 

.' ' DV 

TBE 

TMN 
.9 00000 

TV 
.oooooo 

ACID 
5.600000 

N-NH4 

DCU 
DM0 
DZN 

T'CD 
.000000 

TNI 
.000000 

TZN 
.000000 

DAL 

DFET 
DNA 
TAG 

.' . DHG 
DNI 
TAL 

1.300000 
TCU ' . 

.010000 
TSB t 

TCR 
.000000 

TPB 
.oooooo 

DHG 
DN I 
TAL 

.400000 
TCZJ 

.700000 
TSB 



ANL M I N E  CODE OH1 
SAMP . DATE 

05/07/1977 
STATION DESC & LOC 
UPSTREAM FROM SETTLING 

CONDF 
270.000000 

CL 
4.1000.00 

DCD 
DK 

DPB 

POND 
PHF 

7.750000 
F 

, . 
DCO 
DMG 
DSR 

TAS ' . . TBA 
' I  

TFET THG' 
1.150000 

' TSE TTL 

SAMP DATE 
06/04/1977 . 

STATION DESC & LOC . 
UPSTREAM FROM SETTLING POND 

CONDF < PHF 
640.000000 7.2 10000 

CL  F 
6.800000 

DCD DCO 
' DK DMG 
DPB DSR 

. ' TAS . TBA 

TFET . THG 
.780000 

TSE . . I 

TTL 

WTEMP 
16.7 

ALK ACID 
100.000000 ' 6.000000 

SO4 . N-NH4 . 
85 .OOOOOO 

DCR DCU 
PMN DM0 

DV . DZN 

TBE 

WTEMP 
.16.3 

ALK 
94.000000 

SO4 
270.000000 

DCR 
. . DMN 

DV .. . 

TBE 

TCD 
.000000 

TN I 
.000000 

, TZN 
.000000 

ACID 
7.000000 

N-NH4 

- DCU ' 

DM0 
DZN 

TCD 
.000000 

TNI 
.000000 

TZN 
.000000 

CSUL STATION 1 

' C03. 

DAL 

'DFET 
.DNA; 
TAG 

TCR . 
.000000 

TP B 
.oooooo 

DCA 

DHG 
D N I  
TAL 

.500000 ,. 

TCU 
.oooooo 

TSB' 

HC03 

DCA 

DFET DHG ' 

DNA . D N I  
. TAG TAL 

.300000 
TCR TCU 

.oooooo '.000000 
TPB TSB , 

.oooooo 



. -- ANL 'MINE ,CODE  OH^ . 

SAMP DATE , . 

.06/15/1977 
STATION DESC & LOC WTEMP 

.. UPSTREAM FROM SETTLING .POND 17.9 
CONDF; . PHF . ALK 

570.000000 . 7.270000 108.000000 
CL F 'SO4 . 

11.000000 310 .OOOOOO . 

DCD DGO' DCR 
, . , , D K  DMG . . D M N , .  

DPB DSR : DV 

TAS. TBA' TBE 

.TFET 
.780000 
.. TSE 

THG 

TTL 
. . 

SAMP DATE 
' . 07/16/1477 

STATION DESC & LOC 

. . 
UPSTREAM FROM SETTLING POND 

' . CONDF. P.H F 
680;OOOOOO 7.540000 

CL :. F 
. . 9.900000 

DCD DCO 
. - . DK . . DMG 

DPB . DSR 

' TAS TBA 

,. TFET . THG 
.870000 . . 'TSE TTL 

TMN 
1.500000 

TV 
.oooooo 

&K,. 
- 134.000000 . 

SO4 
390.000000 

DCR 
DMN 

DV 

TBE 

TMN 
1.900000 

TV 
.000000 

CSUL STATION 1 

ACID C03 
4.100000 . . 

N-NH4 . 
. . 

DAL 

DCU DFET 
DM0 DNA 
DZN TAG 

TCD TCR . , 

.000000 .000000 
TNI TP B 

.000000 . .000000 
TZN 

.oooooo 

ACID ' .C03 
7.600000 

N-NH4 DAL 

DCU 
DM0 
DZN 

TCD 
.oooooo 

TNI . 

.020000 
TZN 

.030000 . - ' 

DFET 
DNA 
TAG 

TCR 
.000000 

TPB 
.000000 

DHG 
DNI '  
TAL 

.200000 
T C-U 

.ooooo'o- 
. TS.B 

DCA 

DHG 
DN I 
TAL. , 

.200000 
TCU 

. 000000 
TSB 



ANL MINE CODE  OH^ 
07/25/1977' 
S T A T I O N  D E S C  .& LOC 
UPSTREAM FROM S E T T L I N G  POND 

CONDF ' P H F -  
700.000000 7.490000 

C i  F 
15'. 000000 

DCD DCO 
D.K DMG. 

D P B  . . DSR 

ATEMP WTEMP 
22.3 

ALK 
133.000000 . 

S O 4  
480.000000 

DCR 

. . DMN 
DV 

, T A S  TBA TBE 

T F E T  ' THG TMN 
1.130000 .2.700000 

T S E  T T L  ' TV 
.000000 . 

'ANL MINE CODE  OH^ 
SAMP DATE 
03/21/1977 
S T A T I O N  D E S C  & LOC 
UPSTREAM FROM S E T T L I N G  POND 

CONDF P H F  
125.000000 . 6.300000 

CL F 
.OOOOOO , - . .160000 

DCD . DCO 

T A S  
1.000000 

. T F E T  
1.740000 

T S E ,  
.470000 

DMG 
, 10.500000 

D S R  
.5 00000 

TBA 
. . .oooooo 

THG 
.000000 

. T T L  
.040000 

ATEMP WTEMP 

ALK 
2706.000000 

S O 4  . 
71.000000 

DCR 

TBE . 

.oooooo 
T M N .  

68.000'0 
Tv 

.000000 

A C I D  
5.900000 

N-NH4 

DCU 
DM0 
DZN 

TCD 
.oooooo 

T N I  
.000000 . 

TZN 
.oooo.oo 

A C I D  
8.160000 . 

N-NH4 
.350000 

DCU 

DZN 

TCD - 
.oooooo 

T N I  
.020000- 

TZN 
.020000 

C 0 3  

DAL 

DFET 
DNA 
TAG 

TCR 
.0000.00 

TP B 
.ooo,ooo .. 

CSUL STATION APTK 

C03 
.000000 

DAL 

DFET 

DNA 
6.100000 

TAG 
.000000 

TCR . . 
.000000 

T P  B 
.000000 

DCA 

DHG 
DN I 
TAL 

.7.00000 
TCU 

.010000 
T S B  

H C 0  3 
33.000000 

DCA 
26.100000 

DHG 
.000000 

DN I 

TAL 
1.060000 

TCU 
.oooooo 

T S B  
.000000 



CSUL STATION 2 , .  ANL MINE CODE OH1 
SAMP DATE . 

08/06/197'6 . 
'STATION DESC 61 LOC 
COAL PILE 'DRAINAGE ABOVE TMT 

CONDF PHF 
,2200.000000 3.980.000 

CL F. 
16.000000 

D,CD DCO 
DK DMG 

. DPB . .  DSR 

WTEMP 
. '  24.2 

ALK 
.000000 

SO4 
1350.000000 

.DCR 
. DMN 

DV 

ACID 
293.000000 

N-NH4 DCA 

DHG 
DN I 
TAL 

21.000000 
TCU 

.100000 
TSB 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

TAS TBA 
. . 

TBE . TCD. 
.020000 

TNI . 
.-520000 

TZN 
' 1.900000 

' TCR 
.o 20000 

TPB 
.040000 . 

D .  

TFET THG 
.64.000000 
. . TSE TTL 

T M N  
23.000000 

TV 
.oooooo 

sA& DATE . , . . 
10 J.O9/.1976 . 

STATION DESC 6 LOC 
COAL PILE,DRAINAGE ABOVE TMT 

CONDF ' PHF 
'2500.000000 3.100000 

CL F 
7 1.. 000000 

\ .  DCD . DCO 
DK DMG 
DPB ,. . . DSR 

ATEMP' WTEMP 
9.8 

ALK 
.OQ0000 

SO4 
150.000000 

DCR 
DMN 
DV 

. ACID 
500.000000 

N-NH4 

C03 

DAL 

DFET 
DNA 
.TAG 

DCU 
DM0 
DZN 

DHG 
DNI 

.' TAL 
36.000000 

TCU 
.400000 

TSB 

. . 
TCR 

.100000 
TPB 

.000000 

TAS TBA . TCD 
.010000 . 

TNI . 
.940000 

TZN 
4.500000' 

TFET THG 
34.000000. 

TSE TTL 

TMN 
25. ~ O O O O O  

TV 
.100000 



..ANL MINE CODE OH1 
SAMP DATE 

,, 10/24/1976 
STATION DESC 6 .  LOC 
COAL PILE DRAINAGE ABOVE TMT . . 

CONDF PHF 
8000.000000 2.530000 

'CL F 
2500.000000 

.. , DCD DCO 
DK DMG. 

.DPB DSR 
.' . ' .  . . 

. . TAS TBA 

TFET . THG 
350'. 000000 . 

TSE . TTL 

. . 

SAMP DATE ' 

02/12/1977 * 

STATION DESC & LOC 
COAL PILE DRAINAGE ABOVE TMT 

CONDF 
380.000000 

CL 
7.800000 

' DCD a 

DK 
DPB 

'TAS 

DCO- 
DMG 
DSR 

TFET THG 
130.000000 

TSE . . 
TTL 

WTEMP 
9 . 3  
ALK 

.oooooo 
SO4 

5200.000000 
DCR 

' DMN 
DV 

TBE 

TMN 
100.000000 

. -  TV. 
.200000 

!,.TEMP 
.2 
ALK 

.oooooo 
SO4 

21 00.000000 
DCR 
DMN 

DV 

' TBE 

TMN 
50.000000 

TV 
.200000 

ACID 
5043.000000 

N-NH4 

. DCU' 
DM0 
DZN 

TCD 
. .080000 

TN I 
4.. 100000 . 

TZN 
23.000000 

A C I D  
3.000000 

N-NH4 

DCU 
. DM0 

DZN 

TCD 
.030000 

TN I 
1.600000 

TZN 
8.100000 

DAL 

DFET ' . 
DNA 
TAG 

. TCR 
.170000 

TPB 
.150000 

DCA 

DHG 
D N I  
TAL 

300.. 000000 
TCU. 

' 2.600000 
TSB 

DAL DCA 

DFET DHG 
DNA , DN I 

' TAG TAL 
'75 .OOOOOO 

TCR TCU 
;030'000 . ' .700000 

TPB TSB 
.000000. 



ANL M I N E  CODE OH1 . 

SAMP . DATE 
03/21/1977 .. . ,  '. 
STATION DE'SC '& :LOC 
COAL PILE DRAINAGE ABOVE TMT 

CONDF EHF 
2790.000000 2.300000 

. > .  
CL F 

DCD 
.200000 

DK 
1.000000 

DPB' 

. . . . . .oooooo 
. TAS. 

4.500000 
:,-I ' . TFET 

2855 .oooooo 
TSE 

.720000 

DCO 
4.450000 

DMG 
419.000000 

DSR 
, , ..500000 

. TBA 
.300000 

THG 
.000750 

TTL 
.500000 

ANL MINE CODE OH1 
SAMP DATE 

10/09/1976 . ' 

STATION ' DESC LOC' 
COAL PILE BELOW DRAINAGE TMT , . 

CONDF , PHF 
3000.000000 5.350000 

CL F 
3.900000 . 

" DCD ' DCO 
DK DMG 

. DPB .. . DSR 

. .  . , TAS TBA 

TFET , . ,, THG 
2.700000 

TSE TTL 

ALK 
.oooooo 

SO4 
2900.000000 

DCR 
,000000 

DMN 
168 .OOOOOO 

'DV 
.000000 

TBE 
.060000 

TMN 
148.100000 

T" 
. .250000 

ACID 
10400~.000000 

N-NM. 
1.750000 

DCU' 
3.050000 . 

DM0 . 

.040000 
'DZN 

21.050000 
. TCD 

.090000 
TNI 

4.600000 
TZN' 

14.700000 

ATEMP . WTEMP 

ALK 
70 .OOOOOO 

SO4 
200. 000000 

DCR 
DMN 

DV 

. . .  
TBE 

ACID 
70 .OOOOOO 

N-NH4 

DCU 
DM0 
DZN 

. . 

.. ., . .CSUL STATION ACSB 
. . 

.. . . .. . . .  . .. 

. . . . 

. . C03 
. oooooo 

DAL 
. - ' .810.000000. 

DFET. 
2460.0,OOOOO , 

DNA 
11.900000 

TAG 
,000600 

TCR 
.000000 

TPB 
' 1.150000 

.TCD . 0 10000 
TNI 

.500000 
TZN 

.700000 

DAL 

DFET 
DNA 
TAG 

TCR 
.07 0000 

TP B 
.oooooo 

. .  . 
H C O ~  

.,000000 . . 

' DCA 
340.000000 

DHG 
.000000 

D N I  . 

7.950000 
TAL . 

454.000000 
TCU . 

2.400000 
TSB 

.480000 
. 0 3  

h, 

- 

DCA 

DHG 
D N I  
TAL 

.400000 
TCU 

.010000 
TSB 



ANL MINE CODE.  OH^ 
SAMP DATE 

10/24/1976 . .  ' 

STATION DESC & LOC 
COAL PILE BELOW DRAINAGE TMT 

CONDF . PHF 
7800.000000 .. .2.650000 

2.700000 . 

TSE TTL 

SAMP DATE 
10/24/1976 
STATION DESC & LOC 
COAL PILE BELOW DRAINAGE T'MT 

CONDF PHF 
7800.000000 2'. 650000 

CL F 
18.000000 

DCD DCO 
DK DMG 

DPB DSR 

TAS . . TBA 

TFE T THG 
240.000000 ' 

TSE' . TTL 

WEMg 
9.5 . : 

ALK 
.ooooo , 

WTEMP 
9.5 

ALK 
.000000 

SO4 
5000.000000 

DCR 
DMN 

DV 

TBE 

TMN 
80.000000 

T I 7  
.200000 

A C I D  

A C I D  
7165.000000 

N-NH4 

DCU . 

DM0 
DZN ' 

TCD 
.040000 

TNI 
3.300000 

TZN 
16.000000 

CSUL STATION 3 '  

DAL DCA 

DFET DHG 
. DNA ' . D N r  
: TAG TAL 

220.000000 
TCR TCU 

.140000~ ' ' 1.900000 
TPB, TSB 

.oooooo 



. . 

.. ANL MINE CODE OH1 
SAMP DATE 

02 ji2119j7 
STATION DESC & LOC , 

COAL PILE BELOW DRAINAGE TMT 
CONDF PHF 

360.000000 
CL . F 

. . .. 12 :000000 
DCD DCO 

DK DMG 
DP'B DSR 

CSUL STATION 3 

WTEMP 
.O 
ALK 

720.000000 
SO4 

1800.000000 
DCR 
DMN 

DV 

C03 

DAL 

HC03 

DCA 

ACID 
.000000 

N - N H ~  

DCU 
. DM0 

DZN 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

. . ,  .,300000 
TCD TCR . ;'*Cu . 

.oooooo ' . .000000 .000000, 
' TNI TP'B TSB 

. ooo'ooo .000000 
. TZN 

.020000 
CSUL STATION 4 

. . TAS TBA TBE 

TFET THG 
.100000 , 

.TSE . . TTL , . 

TMN 
. .07~0000 

TV 
.oooooo 

ANL M I N E  CODE  OH^ ' 

SAMP DATE . 
05/18/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT . . 

CONDF' . PHF . 
. . 450.000000 8.030000 

CL . F 
-9.200000 

, . DCD ' .  DCO 
.DK DMG 

'DPB DSR 

WTm 
16.2 

. ALK 
65 .OOOOOO 

SO4 
350.000000 

DCR 
DMN 

DV 

ACID 
1.000000 

N-NH4 

C03 

DAL 

HC03 

: DCA 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

.oooooo 
TCU 

. 0 10000 
TSB 

.' . TAS ' TBA TBE TCD 
.000000 

TNI 
.000000 

TZN 
.050000 

TCR , 

.000000 
TPB ,. 000000' 

TFET THG 
.300000 

TSE TTL 

TMN 
.200000 

. TV 
.000000 



ANL MINE CODE OH1 CSUL STATION 4 

05/29/1976 
STATION DESC & LOC . 
SETTLING POND EFFLUENT 

v CONDF PHF 
700.000000 7.410000 

CL F 
1.500000 . . 

DCD DCO 
DK DMG 

DPB .DSR 

WTEMP 
21 .8 

ALK 
79.000000 

SO4 
460.000000 

DCR 
DMN 

DV 

A C I D  
* 2.000000 

N-NH4 DAL DCA 

DFET 
DNA 
TAG 

DCU 
DMO 
DZN 

' DHG 
D N I  
TAL 

.oooooo 
TCU 

.o 10000 
TSB 

TCD 
'. 000000 

TNI ' 

.oooooo 
TZN 

.040000 

TAS . . ' TBA TBE TCR 
.oooooo 

TPB 
.oooooo 

TFET' . 
:100000 

TSE 

THG TMN 
.200000 

TV 
.oooooo 

TTL . 

SAMP DATE 
06/09/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF 
620.000000 

CL 
9.850000 

DCD 
DK 

DPB 

WTEMP 
27.5 
ALK 

63.000000 
SO4 

,550.000000 
DCR 

. . DMN 
DV 

PHF 
7.650000 . 

F 

ACID 
7.000000 

. N-NH4 DAL 

DCU 
DM0 
DZN 

DCO 
DMG 
DSR 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

.600000 
TCU 

.020000 ' 

TSB 

TAS TBE TCD 
.oooooo 

.TNI 
.040000 

TZN 
.070000" 

TCR 
.000000 

TPB 
.000000 

TFET THG 
.500000 

TSE TTIi 

TMN 
2.200000 

TV 
.200000' 



ANL M I N E  CODE. OH1 
SAMP DATE ' 

06/26/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF PHF 
86'0 .OOOOOO . 7.580000 

. CL F 
7 :800000 

DCD DCO 
'DK DMG. " 

" . "  DPB DSR 

. , ,. "ms TBA 

. . - .  . . , '  TFET ,' 

.700000 
. TSE 

SAMP DATE 
07/03/1976 
STATION DESC 6 LOC 
SETTLING POND EFFLUENT 

CONDF 
880.000000 

CL 
'9,200000 

DCD 

. . DK 
.DPB 

" TFET 
.300000 

TSE 

THG 

TTL 

. DCO 
DMG 
DSR 

TBA 

THG 

Tn 

, . ... 
WE>@ . . 

. 2.7 ;5 . 

ALK ' ' A C I D  
60.000000 2.000000 

SO4 N-NH4 
580.000000 

DCR DCU 
. DMN -. DMO' 

DV DZN . ' 

TBE TCD 
.000000 

TMN TNI 
31..000000 .020000 

TV TZN 
.200000 .090000 

WTEMP 
24.5 

ALK 
63.000000 

SO4 
620.000000 

DCR 
DMN 

DV 

TBE 

TMN 
3.100'000 

TY 
.000000 

ACID 
10.00000'0 

N-NH4 

DCU 
DM0 , 

' DZN' 

. T p  
.oooooo 

TNI , 

.o3oooo 
TZN 

.080000 

CSUC STATION 4 

DAL ' 

DFET 
. DNA 

TAG 

TCR 
.000000~ 

TPB 
.000000 

C03 

DAL 

DFET 
DNA 
TAG 

TCR 
.000000 

TPB 
.000000 

DCA 

DHG 
DNI 
TAL 

.100000 
TCU 

.oooo'oo 
TSB 

DCA 

DHG 
D N I  
TAL 

.100000 
TCU 

.000000 
' TSB 



.ANL M I N E  CODE OH1 
SAMP DATE 

07/21/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT . 

CONDF . PHF 
950.000000 7.010000 

CL F 
6.900000 

DCD DCO 
DK DMG 

DPB DSR 

\ TAS 
I '  

TBA 
i 

TFET THG 
.300000 

TSE . . TTL 

SAMP DATE 
08/06/1976 ' .  
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF PHF 
1100.000000 6.420000 

CL F 
2.700000 

DCD DCO 
DK DMG 

DPB DSR 

TAS , TBA' 

TFET THG 
.300000 . 

TSE TTL 

CIjTEMP 
.27.8 

ALK 
20.000000 

SO4 
. 650.000000 

DCR 
DMN 

DV 
. . 

TBE 

TMN 
6.700000 

TV 
;.100000 

.. WTEMP 
24.6 

. ALK 
20.000000 

SO4 
450.000000 

DCR 
DMN 

DV 

TBE 

TMN 
7.000000 

TV 
.000000~ 

a .  

ACID 
' 6.000000 

N-NH4 

DCU 
DM0 
DZN 

TCD 
:000000 

TNI 
.o5oooo 
. TZN 
.300000 

A C I D  
5.000000 

N-NH4 

DCU 
DM0 
DZN 

TCD 
. 0 10000 

TNI 
.130000 

TZN 
.200000 

CSUL STATION 4 

DAI; DCA 

DFET ' DHG 
DNA DNI 
TAG TAL 

. . .100000 
TC R TCU 

.oooooo .000000 
TSB 

.000000 

DAL 

DFET 
DNA 
TAG 

TCR . 0 10000 
TPB 

.030000 . 

DCA 

DHG 
D N I  
TAI, 

.100000 
TCU 

.oooooo 
TSB 



ANL MINE.  CODE OH1 

09/07/1976 , 

STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF PHF 
920.000000 7.300000 

CL ' . . F  
16.0000.00 . 

DCD . DCO , . 

DK DMG ' 
:. , DPB DSR . ,  

. .' :: TAS . " TBA 

TPET . . . 
. . 

THG , 

.400000 
TSE TTL 

SAMP DATE 
0912511976 
STATION DESC &.  LOC 
SETTLING POND EFFLUENT 

CONDF 
1220.000000 

CL 
14.000000 

DCD 
DK 

DPB 

TAS 

TFET 
.. 200000 

. .  . TSE 

. DCO 
DMG ' 

DSR 

TBA 

THG 

TTL 

WTEMP 
24 .O 
ALK 

23.000000' 
SO4 

550.000000 
DCR 
DMN 

DV 

. TBE. . 
TMN 

7.400000 
TV 

.000000 

WTEME' 
18.2.  . 

ALK 
38.000000 

' SO4 
550.000000' 

DCR 
DMN 

DV 

TBE 

. . CSUL STATION 4 

ACID 
13.000000 ' . 

N-NH4- 
. . 

DCU 
DMO 
DZN 

. TCD. 
.000000 

TNI 
.10.0000 

TZN 
.200000 

DCU 
DMO 
DZN 

TCD 
.020000 

TNI 
.000000 

TZN 
.100000 

DAL . .. 

DFET 
DNA ' 
TAG 

TCR 
.000'000 

TPB 
.000000 

'C03 

DAL 

DFET 
DNA 
TAG 

TCR 
.000000 

TPB 
.000000 

, 'DCA ' . 

DHG 
'DNI  
TAL 

.1,00000 
TCU 

.000000 
TSB 

DCA 

DHG 
DNI 
TAL 

.200000 
TCU 

.000000 
TSB 



ANL M I N E  CODE OH1 
SAMP DATE 

CSUL STATION 4 

10/09/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF 
1220.000000 

CL 
4.400000 

DCD . 

DK 
DPB 

WT EMP 
13.7 

ALK 
48.000000 

SO4 
52.000000 

. DCR 
DMN 

.DV 

C03 , 

DAL 

HC0 3 

DCA 

PHF 
7.710000 

F 

A C I D  
- 15.000000 : 

N-NH4 . . 

DCU . DFET . 
DM0 DNA.  
DZN TAG 

DCO 
DMG 
DSR 

DHG 
D N I  
TAL 

.100000 
TCU 

. 0 10000 
TSB 

TBA TBE TCD. ' TCR 
.OOOOOO .040000 ' 

TNI TPB 
.010000 ~.000000 

TZN 
.100000 

. . 
TFET 

.100000 
. THG TMN 

2.800000 
TV 

.000000 
TTL 

SAMP DATE 
10/24/1976 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF 
1200.000000 

CL 
11.000000 

DCD 
DK 

DP B 

WT EMP 
8.2 

ALK 
24.000000 

SO4 
550.000000 

DCR. 
DMN 

DV 

PHF 
7.480000 

F 

ACID . 
12.000000 

. N-NH4 DCA DAL 

DCO 

DClG. 
DSR 

DCU 
DKO 
DZN 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

.800000 
TCU 

.000000 
TSB 

TAS TBA , TBE . T CD 
.oooooo 

. . TNI 
.130000' 

. TZN 
.30000'0~ 

TCR 
.000000 

TPB 
.oooooo 

TFET 
.200000 

TSE 

THG TMN 
5.600000 

TTL Ty' 
.000000" 



CSUL STATION 4 ANL M I N E  CODE OH1 
SAMP DATE 

11/13/1976 
STATION DESC & LOC ' 

SETTLING : POND EFFLUENT 
CONDF PHF 

1100.000000 8.120000 
CL . . F 

. ' 4.400000 . 
DCD . DCO 

. DK . DMG 
DPB DSR 

.. . . 
. WTEMP 

.3 .8  , . 

ALK 
25.000000 

SO4 
620.000000 
' DCR 

DMN 
DV 

DAL DCA 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

DHG 
D N I  
TAL . 

.200000 
TCU 

.000000 
. TSB 

TAS TBA 

, TFET THG 

, . .200000 
. ' .  _ . . TS E TTL 

TBB TCD 
.000000 

. TNI 
.170000 

TZN 
.400000 

TCR 
.000000 

TPB 
.000000 

TMN 
6.900000 

TV 
.000000 

SAMP DATE. . : 

11./2.7./1976 
STATION DE'SC & LOC 
SETTLING POND EFFLUENT 

CONDF ' PHF 
1180.000000 7.490000 

CL - .  F 
5.200000 

DCD - DCO 
. DK DMG 

. .  . ' DPB DSR 

WTEMP 
6.7 

ALK 
40.000000 

SO4 
1000.000000 

DCR 
DMN 

DV 

ACID 
3.500000 

N-NH4 DAL DCA 

DCU 
DM0 
DZN 

'DFET 
DNA 
TAG 

DHG 
D N I  
TAL 

3.200000 . 

TCU 
.00000.0 

TS B 

TAS TBA TBE 
< * 

TCD 
.oooooo 

TNI 
.150000 

TZN 
;400000 

TCR 
.020000 

TPB 
.000000 

. . TF'ET THG 
, 1.300000 

TS E TTL 

TMN 
7. iooooo 

TV 
.oooooo 



ANL MINE .CODE OH1 
SAMP DATE 
12/14/1976 , 

S T A T I O N  DESC & L O C '  
S E T T L I N G  .POND EFFLUENT , 

CONDF P H F  
97o.oooooo j.3ooooo 

. C L  . F 
5.300000 

DCD DCO 
DK . DMG 

D P B  DSR 

T A S  TBA 

~ - 
T F E T  THG 

.100000 . 
. T S E  - T T L  

SAMP DATE 
01/15/1977 
S T A T I O N  DESC.  & ' LOC 
S E T T L I N G  POND EFFLUENT 

CONDF 
1800.000000 

CL 
3.900000 

DCD 
, DK 
D P  B 

TAS 

T F E T  . 
.050000 

' TSE 

P H F  
7.180000 

. .F 

DCO 
DMG 
D S R  

TBA 

. THG 

T T L  

WTEMP 
2.7 
ALK 

67.000000 
S O 4  

700.000000 
DCR 
DMN 

DV 

TBE 
\ 

TMN 
6.000000 

TV 
.000000 

WTEMP 
.5 
ALK 

77 .OOOOOO 
' S O 4  

700.000000 
DCR 

- Z D ~  . 

DV 

TBE 

A C I D  
14.000000 

N-NH4 

DCU 
DM0 
DZN 

. . 
TCD 

.oooooo 
' T N I  
.000000 

TZN . 
.300000 

A C I D  
8.800000 

N-NH4 

DCU 
DM0 

\ s .  ,-& 

DZN 

' .TCD 
.oooooo 

T N I  
.120000 

- TZN 
.300000: 

CSUL S T A T I O N  . 4 

D AL 
~. ' 

DFET 
DNA 
TAG 

. ' TCR 
.000000 ' 

T P B  
.oooooo 

. .  DAL 

D F E T  
DNA c";g 

@TAG 

TCR 
.oooooo 

T P B  
.000000 

DCA 

DHG 
DN I 
TAL. 

.100000 
. TCU 

.oooooo 
T S  B 

b 

> .  

H C 0 3  

DCA 

DHG 
DN I 
TAL , 

.200000 
TCU 

.000000 
T S  B 



a .ANL MINE CODE  OH^ 
; SAMP DATE 

. 02/12'/1977 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF PHF 
1050 .OOOOOO 6.990000' 

CL . F 
11.000000 

DCD DCO 

. . 
DK . DMG 

' DPB DSR 

TAS ' TBA 

CSUL STATION 4 

WTEMP L 

.8 
ALK 

85.000000 
' .  .SO4 

430.000000 
DCR 
DMN 

DV 

. . . ,: 

HC03 

DCA 

D HG 
D N I  
TAL 

.300000 
TCU 

.000000 
TS B 

ACID 
. 20.000000 

N-NH4 DAL 

DCU 
DM0 . ' 

DZN 

DFET 
DNA 
TAG 

TBE 

TMN 
9.000000 

TV 
.000000 

. TCD 
.000000 

TNI 
.000000 

TZN 
.500000 

TCR 
.000000 

~ P B  
.000000 

- 
TFET THG . 

1.300000 
TSE TTL 

. . SAMJ? DATE .' 

.. 02/21/1977 
STATION DESC &,  LOC 
SETTLING POND EFFLUENT 

CONLF 
700.000000 

C L .  
6.300000 

DCD 
DK . 

DPB 

WEW' 
.o 

' .  ALK 
127.000000 

SO4 
300.000000 

DCR 
DMN 

DV 

ACID 
5.800000 

N-NH4 

PHF . 

6.790000 
. ' F  

DCO 
DMG 

' DSR 

DAL 

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

. DHG 
D N I  
TAL 

.300000 
TCU 

.oooooo 
TS B 

. . I . , 
TAS TBA 

THG 

TTL 

TBE 

TMN 
5 : 100000 

TV 
.000000 

TCD 
.oooooo 

TNI 
, . .OSOOOO 

TZN 
.200000 

TCR 
-' . .oooooo 

TPB 
.000000 

. . 
. . 

: TFET 
' ,600000 

I 
TSE 



ANL M I N E  CODE OH1 
SAMP DATE 

03/05/1977' 
STATION DESC 6,:LOC . . .. 

SETTLING POND EFFLUENT 
COhiF PHF 

810.000000 . ' 6.810000 
CL F 

4.800000 
DCD .DCO 

DK DMG 
DPB DSR 

TAS TBA 

TFET . THG 
.400000 

TSE TTL 

SAMP DATE 
03/21/1977' . ' 

STATION DESC 6 LOC 
SETTLING POND EFFLUENT 

CONDF 
620.000000 

CL 
5.400000 

DCD 
DK . 

DPB . 

TFET . . 

.220000 
TS E 

PHF 
7.480000 

F 

DCO 
DMG 
DSR 

.000000 
TBA 

. THG 

TTL 

WTEMP- 
4.2 
ALK 

69.000000 
SO4 

420.000000 
DCR 
DMN 

=?" 

. . 
WTEMP 

8.4 
ALK 

63.000000 
SO4 

330.000000 
DCR 

. . .DMN 
DV 

TBE 

TMN 
3.800000 

TV 
.000000 

A C I D  
7.600000 

N-NH4 

DCU 
DM0 
DZN 

, ' . TCD 
.000000 

TN I 
.060000 

TZN 
.200000 

A C I D  
3.800000 

N-NH4 

DCU 
DM0 
DZN 

TCD 
.000000 

TNI 
.040000 

TZN 
.010000- 

CSUL STATION 4 '  

D AL 

DFET 
DNA 
TAG 

TCR 
.oooooo 

TPB 
.000000 

: .  

cos 

DFET 
, DNA 

TAG 

TCR 
.000000 

TPB 
.000000 

. DHG 
DN I 
TAL 

.300000 
TCU 

.oooooo 
TS B 

DHG 
D N I  
TAL 

.400000 
TCU 

.000000 
TS B 



ANL M I N E  CODE OH1 
SAMP DATE ' . 

,CSUL STATION 4 

04/09/1977. , . 
. . 

STATION DESC & LOC 
SETTLING POND EFFLUENT 

. CONDF PHF 
520.000000 . 7.420000 

CL .F 
4.500000 

. DCD DCO 
DK DMG 

DPB DSR 

WTEMP 
11.2 

ALK 
21.00.0000 

SO4 
240.000000 

DCR 
DMN 

DV 

. 

A C I D  
7.100000 

N-NH4 .. DAL . . 
. ;  

DCU 
DM0 
DZN 

DFET 
DNA 
TAG 

DHG 
DN I 
TAL 

.300000 
TCU 

.000000' 
TSB 

. TAS TBA T CD 
.000000 

. TNI 
.020000 

TZN. ' 
.100000 

. TBE TCR 
.000000 
. TPB 
.000000 

TFET . THG 
.240000 

. . TSE TTL 

TMN 
3.000000 . 

TV 
.000000 

SAMP DATE 
04/23/1977 
STATION DESC & LOC 
SETTLING POND EFFLUENT- 

CONDF PHF 
500.000000 7.120000 

CL F 
2.400000 

DCD DCO 
DK DMG 

DPB DSR 

WTEMP 
19.9 

ALK A C I D  
, 85.000000 . 4.900000 

SO4 N-NH4 
175.000000 

DCR DCU 

DMN . DM0 
DV DZN 

HC03 

DCA . DAL 

DHG 
D N I  

- TAL 
.300000 

TCU 
2.400000 

TS B 

DFET . 
DNA 
TAG 

. ,  . 
TAS TBA TBE T CD 

.000000 
T M F .  TN I 

2.100000 .000000 
TV . TZN 

.OOOOOO .0800,00 

TCR . 
.000000 

TPB 
.000000 

' TFET THG 
. .700000 . 

TSE ' - TTL 
. . 



1 . '  ANL M I N E  CODE OH1 . CSUL STATION 4 

I . SAMP'DATE 
05/07/1977 
STATION DESC 6, LOC 
SETTLING POND-EFFLUENT 

CONDF PHF 
520.000000 7.390000 ' 

'CL .F 
7.600000 

DCD DCO 
DK DMG 

, DPB I DSR 

WTEMP. 
20.3 

A&K 
93.000000 

SD4 
215.000000 

DCR 
DMN 
'DV 

A C I D  
1.000000 

N-NH4 

DFET 
DNA' 
TAG 

. DHG 
' DNI 
TAL 

.200000 
' TCU 

.000000 
TS B 

TAS . . TBA ' 

... . 

' THG 

. . 
; TTL 

' TBE T CD 
.I. 000000 

T N I ~  
.040000 

TZN 
. .090000 

TCR . 

.000000 - 
TP B 

.000000 
, . 

TFET. 
'. 600000 

- TSE 
. .. 

. _ .  . ' .  

SAMP DATE 
05/22/1977 '. 
STATION DESC & LOC . 
.SETTLING -POND 'EFFLUENT 

CONDF ' 

520.000000 

CL 
7.300000' 

DCD ' 

DK 
l j P ~  

WTEMP 
27 ;O 

ALK 
64.000000 

SO4 
245.000000 

DCR 
DMN 

DV 

A C I D  
6.600000 

N-NH4 . DC A 

DHG 
DN I 
TAL 

.300000 
T CU 

.oooooo 
TS B 

DFET 
DNA 
TAG 

DCO 
DMG 
DSR 

DCU 
DM0 
DZN 

' TAS' TBA 
. . TBE TCD 

.000000- 
. . TNI 

.000000 
TZN 

.050000.~ 

TCR 
.000000 

TPB 
.oooooo 

TFET. ' . THG m 
.280000 1.600000 

TS E TTL TV 
- .  

. . 
- .  

'I . . . .oooooo~ 



ANL MINE CODE OH1 
SAMP DATE 

CSUL STATION 4 .  

061041 1977, 
. STATION DESC 6,LOC 

SETTLING POND EFFLUENT 
CONDF PHF 

670.000000 7.980000 
CL F 

6.300000 ' .  

DCD DCO .. 
' DK , DMG 
" DPB DSR 

WTEMP' 
22.0 

ALK 
74.000000 

SO4 
290.000000 

DCR 
DMN 

'a 

DV 

ACID 
5.000000 

N-NH4 

DCU 
DM0 

I. DZN . ' 

DAL DCA 

DHG 
D N I  
TAI; 

.100000 
TCU . 

.000000 
TS B 

DFET 
DNA . 
TAG _ . .  

T ~ S .  TBA TBE . . . TCD ' 

.000000 
TNI 

.000000 . 

TZN . 
.170000 ,, 

TCR 
.oo.oooo 

TPB 
.000000 

TFET, . . :  THG 
1390000 ' 

. - '  TSE . . " . ,  . 
. TTL . 

TMN 
1. oooooo 

TV 
.oooooo 

SAMP DATE 
06/15/1977 ,! 
STATION DESC 6 LOC 
SETTLING'POND EFFLUENT 

CONDF 
~810.000000 

C L '  
. 11.000000 

DCD 
, .' DK . 

DPB 

TAS 
6 .  

. . 

WTEMP 
23;5'  

ALK 
62.000000 

SO4 
460.000000 

DCR 
DMN 

DV 

A C I D  . 

5.400000 , 

N - N H ~  . DAL , DCA 

DHG 
D N I  
TAL 

.500000 
TCU 

.010000 
TS B 

DCO 
DMG 
DSR 

DCU 
DM0 . 

DZN 

DFET 
DNA 
TAG 

TBA TBE . TCD 
.oooooo 

. TNI 
' . .020000 

TZN . . . 

.070000 

TCR . 

, .000000 
' TPB 
.000000 

TFET . THG 
.930000 ,, 

.': ' TSE TTL 



CSUL STATION 4 
. . 

SAMP' DATE 
07/16/1977 * .  . 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF . ' . PHF 
1100.000000 , 7.400000 

CL , .  . F 
4.200000 

'DCD . . DCO 
. . .  DK ' DMG 

:. DPB . . DSR 

WTEMP' 
30.6 

ALK 
16.000000 

SO4 
880.000000 

DCR 
D m  

D.V 

DCA 
. . 

' DHG 
D N I  
TAL 

.400000 
TCU 

. -.oooooo 
TSB 

DCU 
DM0 t 

DZN 

DFET 
DNA 
TAG 

. . 
TAS TBA TBE . T CD 

.oooooo 
TNI 

.180000 
TZN 

.430000 

TCR 
'. 000000 

TPB '. 

.000000 
TFET THG 

.460000 
TSE . . '. TTL 

TMN 
11.000000 

TV 
.000000 

SAMP DATE 
07/25/1977 
STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF 
1150.000000 

CL 
19.000000 

DCD 
DK 

DPB 

WT EMP 
28.2 

ALK 
12.000000 

so4 
930.000000 

DCR 
DMN 

DV 

PHF 
7.100'000 

F 

A C I D  
6.50b000 

N-NH4 

DCO 
DMG 

, DSR 

; DCU 
DM0 
DZN 

DFET 
DNA 

, TAG 

DHG 
DN I 
TAL 

.. 500000 
TCU 

.010000 
TSB 

TBE TCD 
.000000 

T N I  
.020000 

TZN' . 
.500000 

TCR 
.000000 

TPB 
.000000 

TFET ' THG 
.8 20000 

TSE TTL 



ANL M I N E  CODE OH1 
SAME' DATE ' 

03/21/1977 " 

STATION DESC & LOC 
SETTLING POND EFFLUENT 

CONDF PHF 
261.000000 6.400000 

CL E 
.. 000000 ,228000 

. . DCD . . DCO . 000000 .00000u.~ 
DK DMG 

,3.200000 32.500000 
. . DPB DSR 
" .000000 ' .000000 

. . .  TAS TBA 
' -~000000 .000000 

. . TFET THG . 

.560000' .000270 
TSE TTL 

.650000 .OOOOOO 
. . 

. . ANL M I N E  CODE OH1 
. . 

SAMP DATE. ' . 

'01/31/197'4 
STATION 'DESC, & LOC B . . 

MAIN SP EFFLUENT (001 PEABODY) 
' CONDF' . 
. . 

PHF 
. .. 7.000000 

CL F 
DCD DCO 

. ' 
. . DK DMG . 

DPB DSR 
TAS TBA 

. . TFET THG- 
7.950000 

. TSE TTL 

. . CSUL STATION APTEl 
. . . . . . 

WTEMP 

. . ALK 
25.420000 

SO4 
. 172,500000' 

DC R 
.000000 

DMN 
3.900000 

DV 
.oooooo 

TBE 
.000000 

TMN 
3.270000 

TV 
.000000 

ACID 
4; 080000 

N-NH4 
.500000 

DCU 
.000000 
. . ' DM0 

.000000 
DZN . 

.050000' ' . . 

TCD 
.000000 

TNI 
.040000' 

TZN 
.050000 

CO 3 
,. 000000 

DAL 
.000000 

DFET 
.oooooo 

- .  
DNA 

8'. 700000 
TAG 

.000000 
TCR . 

.000000 
TPB 

.000000 

HC03 
3 1.000000 

DCA 
69.300000 

DHG 
.00000@ 

D N I  
;050000 

TAL 
.400000 

TCU 
.oooooo 

TS B 
.130000 

CSIR, STATION P1 
. . 

. ALK 
76.000000 

SO4 
DCR 

DMN 
DV 

TBE 
. % TMN 

. . ACID 

DM0 
DZN 
TCD' 
TNI ' 

TZN 

, C 0 3 '  

D AL 
DFET 

.300000 
DNA 
TAG 
TCR 
TPB 

HC03 

DCA ' 

DHG 

D N I  
TAL . 

T CU 
TS B 



'ANL M I N E  CODE OH1 CSUL STATION P1 
SAMP DATE 

02/26/1974 
STATION. DESC & '  LOC 
MAIN SP EFFLUENT (001 

CONDF, 
, . 

WTEMP 
PEABODY ) 

PHF 
7: 206000 

. 'F 
DCO 

ALK 
70.000000 

so4 
DCR , 

ACID 

CL 
DCD 

.012000 
DK 

DPB 
TAS 

D AL 
DFET . 

.705000 
DNA 
TAG 
TCR 

DC A 
DHG 

DM0 
DZN 

, TCD 
. 0 17000 

TNI 

. DMG 
' DSR 

TB A 

DMN 
DV 

TBE 

D N I  
TAL 

-.TCU 

TFET 
3.060000 

. . TSE' 

THG 

TTL 

TPB TSB 

TZN 

. SAMP DATE 
03/28/1974 
STATION DESC 6 ' LOC 
M A I N  SP EFFLUENT (OO~.PEABODY) 

CONDF PHF ' 

7.200000 
CL 'E 

DCD DCO 

WTEMP 

. ' ALK 
90.000000 

SO4 
DCR 

ACID C03 
. . 

.N-NH4 DAL 
DCU ' DFET 

.I45000 . 

DM0 , DNA 
DZN TAG 
TCD TCR 
TNI . . TPB 

DCA 
DHG 

DK 
DPB 
TAS 

TFET 
030000 

TSE 

DMG 
DSR 
TB A 
THG 

DMN 
DV 

TBE 
TMN 

DN I 
TAL 
TCU 
TS B' 

TTL TZM 



. . ANL MINE CODE OH1; 
SAMP DATE . . 

04/27/1974 . 
STATION DESC & LOC 
MAIN SP BFFLUENT (001 PEABODY) 

CONDF PHF 
7.500000 

CL ' F 
DCD DCO 

. . .049000 . . 
DK DMG 

DPB DSR 
TAS . TBA 

.CSUL STATION P1 

WTEMP 

ALK 
88.000000 

S 0.4 
DCR 

A C I D  

D AL 
DFET 

.040000 . . 
DNA 
TAG . . 

TCR 

N-NH4 
DCU 

DCA 
DHG 

.DMN 
.DV 

TBE 

DM0 
DZN 
TCD 

.049000 
TNI 

D N I  
TAL 
TCU 

. . , TFET THG 
. . .'730000 

. . ' . TSE TTL 

TMN TPB 

TZN 

S w  DATE 
051301i974 . . 

STATION DESC & LOC 
MAIN SP EFFLUENT (001 PEABODY)' 

. . CONDF PHF 
. . , . .  7. ~ 0 0 0 0 0  

. . ,' CL F 
DCD DCO 

ALK 
106.000000 

'. SO4 . . 
DCR 

A C I D  

DAL 
DFET 

. 2  70000 
DNA 
TAG 

' TCR 
TPB 

N-NH4 
DCU 

DC A 
DHG 

DMG 
DSR 
TBA 
THG 

D K  . 

DPB 
' TAS 

TFET 
. . 3.770000 

TSE ' 

DMN 
DV 

TBE 
TMN 

DM0 
DZN 

, . TCD 
. TNI . . 

. D N I  
TAL 
TCU 
TS R 

TTL TZN 



ANL MINE CODE OH1 
SAMP DATE 

08/29/1974 
STATION DESC. h LOC 
MAIN . SP EFFLUENT (001 PEABODY) 

CONDF PHF 
7.600000 

.CL F 
DCD DCO 

DK DMG 
DPB DSR 

a TAS' TBA 
TFET .. ,THG 

.790000 
TS E TTL 

. . 

. . 

1 SAMP DATE 

I 09/24/1974 
STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
7.500000 

CL F 
DCD DCO 

DK 
DP B 
TAS 

' TFET 
.095500 

TSE 

DMG 
DSR 
TBA 
THG 

TTL 

WTEMP 

ALK 
125 .OOOOOO 

SO4 
DCR 

DMN 
DD 

TBE 
TMN 

A C I D  

N-NH4 
DCU 

' DM0 
DZN 
TCD 
TNI 

TZN 

CSUL' STATION P1 

D AL DC A 
DFET DHG 

.000000 
DNA. DN I 
TAG TAL 

' TCR . T CU 
TPB TS B 

WTEMP 

ALK 
69.0.00000 

SO4 
DCR . 

DMN 
DV ' , 

TBE ' 

TMR 

A C I D  

N-NH4 
DCU 

DM0 
DZN. 
TCD 
TNI 

. TZN. 

DAL 
DFET 

.I55000 
DNA 
TAG 
TCR 

: TPB' 

DC A 
DHG 

D N I  
TAL 
TCU 
TS B 



. . 
'ANL M I N E  CODE OH1 

. SAMP DATE 
CSUL STATION P1 

10/29/1974 ' 

STATION DESC LOC 
MAIN SP EFFLUENT (001 

CONDF 

WTEMP 
PEABODY ) 

PHF 
7.500000 

F 
DCO 

. . ALK 
9.1 .oooooo 

SO4 
DCR ' 

A C I D  

. CL 
DCD 

N-NH4 
DCU 

DAL 
DFET 

? .00@000 
DNA 
TAG 
TCR 
TP B 

DCA 
D HG 
. . .  . ,. 

D N I  
TAL 
TCU 
T SsB 

DMN I 

I .  

DV 
TBE 
TMN 

DK 
, . DPB 

TAS 
. - 

' TFET 
,202000 ,, . 

' . - ,  TS E 

DMG 
DSR 
TBA 

' THG 

DM0 
DZN 
TCD 
TNI 

TTL TZN 

SAMP DATE 
11/27/1974 ' 

STATION DESC & LOC 
MAIN SP EFFLUENT (001 

WT EMP 

ALK 
7 2.000.000 

SO4 
DCR 

HC03 

DCA 
DHG 

D N I  
TAL 

- TCU 

TS B 

PEABODY) 
PHF 

7.000000 
F 

DCO 

A C I D  

N-NH4 
D CU 

DM0 
DZN 

. ,TCD 
.000000 

TNI 

TZN, 

DAL 
DFET ' 

,250000 
., DNA - 

TAG 
TCR 

. . DCD , 

DK 
. DPB 

TAS 

DMG 
DSR 
TBA 

DMN 
DV 

T.BE 
, '  

THG 
.000000 

TTL 

. ,'TFET 
, .620000 . 

. . . . TSE 
. ! .  

TMN TPB 



ANL M I N E  CODE OH1 
SAMP DATE 

12/18/1974 
. . 

STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
8.000000 

CL . ' F  
- DCD DCO 

CSUL STATION P1 . 

WTEMP 

A C I D  

N - N H ~  
DCU 

DM0 
DZN 
TCD 

.000000 
TNI 

TZN 

ALK 
42.000000 

SO4 
DCR 

DAL 
DFET 

.220000 
DNA 
TAG 
TCR 

DCA 
DHG 

DK DMG 
DPB . . DSR 
TAS TBA 

DMN 
DV 

- TBE 

D N I  
TAL 
TCU 

TMN TFET THG 
' 2.240000 .000120 

TSE' TTL 

TSB 

SAMP DATE . . 

01/28/1975 ' 

'STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
6.700000 

CL F ' 
DCD DCO 

WTEMP 

iiLK 
46.000000 

So4 
DCR . . 

A C I D  

N-NH4 
DCU 

D AL 
DFET 

.530000 
DNA 
TAG 
TCR 

DCA 
DHG 

DK . 

DPB 
TAS 

DMG 
DSR 
TBA 

DMN 
DV 

TBE 

DM0 
DZN 

TCD . ' 

.000000 
TNI 

D N I  
TAL 
TCU 

TFET ' THG 
2.490000 .OOOOOO 

. TSE TTL 

TMN ..- TPB TSB 

TZN 



I ANL M I N E . C O D E  O H 1  ' 

SAMP DATE I .  

02/26/197,5 . . 

S T A T I O N '  .DESC & LOC 
MAIN S P  EFFLUENT (001 PEABODY) 

CONDF P H F  
.7 .0.00000 

CL F 
, . "  ' DCD DCO 

CSUL S T A T I O N  P 1  

WTEMP 

ALK 
32.000000 

S O 4  
DCR 

. . A C I D  CO 3 H C 0 3  

DCA : 
DHG . 

N - N H ~  
DCU 

. . 

DAL 
DFET 

.400000 
DNA 
TAG 
TCR 

T P B  . 

' DK . , DMC; . 

DPB DSR 
' T A S '  TBA 

* ' ,. 

DMN 
DV 

TBE . . 

TMN 

. DM0 
. DZN 

TCD 
.oooooo 

TN I 

D N I  
T AL. 
T CU 

T F E T  THC 
7.400000. . - .  .000040 

. ' .  T S E  " T T L  

T S B  

TZN . 

: SAMP DATE 
03!27/'1975 
S T A T I O N '  DESC & .LOC 
MAIN SP E ~ F L U E N T  (001 

, ' CONDF 

WTEMP 
1 

ALK 
45.000000 

S O 4  
DCR' 

PEABODY) 
PHF 

9.000000 
F 

DCO 

A C I D  

CL 
.. DCD 

, N-NH4 
DCU 

DAL 
D F E T  

.140000 
DNA 

.DCA 
. DHG 

DK 
DPB 

' ' 1 -  TAS 

DMG 
DSR 
TBA 

DMN 
DV 

TBE 

DM0 
DZN 
TCD 

000000 
T N I  

D N I  
TAL 
TCU 

T A G '  . . 
TCR 

TMN 

TV 

T P B  ' T F E T  
' . i880000 . ' 

T S E  

THG 
.000000. 

T T L  TZN 



ANL M I N E  'CODE OH1 
SAMP DATE 

CSUL STATION P1 

04/29/1975 
STATION DESC & LOC . . 

M A I N  SP EFFLUENT (001 PEABODY) . 
CONDF PHF 

'7.200000 
CL F 

CCD DCO 

WT EMF' 

ALK 
47.000000 

SO4 
. DCR 

A C I D  

DAL 
DFET 

.2 70000 
' DNA 
TAG 
TCR 

TPB 

N-NH4 
DCU 

, DCA 
DHG 

' DK 
DPB 
TAS 

DMG 
DSR 
TBA 

DMN 
DV 

TBE 

DM0 
DZN 
T CD 

.oooooo 
TNI 

D N I  
TAL 
TCU 

TFET THG 
1.380000 .OOOOOO 

TSE TTL 

TMN TSB 

TZN 

SAMP DATE 
05/22/1975 
STATION DESC & LOC 
MAIN SP EFFLUENT (001. PEAEODY.:) 

CONDF PHF 
7.300000 

CL F 
DCD DCO 

WT EMF' 

ALK 
60.000000 

SO4 
DCR 

A C I D  

N-NH4 
DCU 

D AL 
DFET 

.170000 . 

DNA 
TAG . 

TCR 

DCA 
DHG 

DK 
DP B 
TAS 

DMG 
DSR 
TBA 

DMN 
DV 

. TBE 

DM0 
DZN 
T CD. 

.oooooo 
T N I  

TZN 

D N I  
TAL 
TCU 

TFET 
1.250000 

TSE 

THG 
000000 

TMN TSB 

TTL 



CSUL STATION P1 'ANL MINE CODE  OH^ 
SAMP DATE . 

06/17'/1975 
STATION DESC &'LOC ' ' . 
M A I N  SP EFFLUENT (001 PEABODY) .. 

CONDF ' PHF 
6.200000 

CL F 
DCD ' DCO 

ALK 
40.000000 

$04 
. DCR 

A C I D  

D AL 
. . DFET 
.030000 

DNA 
TAG 
TCR . 

N-NH4 
DCU 

DMO 
DZN 
TCD 

.000000 
TNI 

. . 

. DK DMG 
DPB DSR 
TAS TBA 

- DMN 
DV 

T.BE 

D N I  
TAL 
TCU 

. ' T F E T  . ' '  . . , . ,  .THG 

..64,0000 . .OOOOOO 
, . TSE . . TTL 

' TMN TSB TPB 

TZN. 

SAMP DATE 
07/25/1975 .. 

STATION .DESC & .  LOC 
MAIN SP EFFLUENT (001 PEABODY) 

.CONDF PHF. 
7.000000 

CL .F 
. .  ' DCD DCO 

WT EMP 

C03 1 
. . 

DAL . 

DFET 
.000000 

.DNA 

. . 
TAG . 

TCR 

ALK 
74.000000 

SO4 
DCR 

A C I D  

N-NH4 
DCU . 

DC A 
DHG 

D N I  
TAL 
TCU 

' , DK DMG 
DPB . DSR 
.TAS9 . . TBA 

DMN 
DV 

.TBE 

DM0 
-DZN 
TCD 

.00000(3 
. TNI TSB ' TFET 

, . . 2  10000 
. . 

I .:. . TSE 

THG ,. 000000 
TTL 

TPB 

, TV ' TZN 
. . . . 



ANL M I N E  CODE OH1 
SAMP DATE 

07/28/1'976 
STATION DESC & LOC . 

MINOR SP (005 PEABODY) 
CONDF PHF 

1120.000000 . -  6.300000 
CL F 

DCD DCO 

DK DMG . 
DPB DSR 

TAS TBA 

TFET \ THG 
..320000 , .000140 

TSE TTL . 

SAMP DATE ' 

08/31/1976 
STATION DESC & LOC 
MINOR SP (005 PEABODY) 

CONDF PHF 
6.000000 

CL , . F 
DCD DCO . 

DK 
DPB 

DMG 
DSR 

' TAS TBA 

TFET 
.100000 

TSE 

THG 
.000060 

TTL 

CSUL STATION P5 

WTEMP 

ALK ACID 
26.000000 . 

SO4 N-NH4 
DCR DCU 

DM0 
'DZN 

TBE TCD 
.012000 

TMN TN I 
4.330000 .060000 

TV . TZN 
.020000 

WTEMP. 

ALK ACID:  
3 1.000000 

SO4 N-NH4 
DCR DCU 

DMN DMO, 
DV , DZN . 

TBE T CD 
.014000 

TMW TNI 
.370000 .070000 

TV . . TZN 
.030000 

D AL 
DFET 

.060000 
. DNA 

TAG 

TCR 

' TPB 

DAL 
DFET 

.030000 
DNA 
TAG 

TCR 

TPB 

DCA 
DHG 

DM I 
TAL. 

, .6 10000 
TCU 

DCA 
DHG 

DN I 
TAL 

.400000 
TCU . 

TSB 



ANL MINE CODE  OH^ 
SAMP DATE . 

12/14/1976 . 
STATION, DESC & LOC 
MINOR SP (005 PEABODY) 

'CONDF . PHF 
5.500000 

~. . ' CL F 
DCD DCO 

DK 
DEB 

DMG 
DSR 

TAS ' , TBA 

TFET 
. . 

THG 
.120'000 .000060 

. TSE TTL 

ANL M I N E  CODE OH1 
SAM. DATE 

06/01/1976 . 
STATION DESC & LOC 
WEIR, LOW BASEFLOW 

CONDF 

. . CL 
. . 1.200000 

DCD 
.000000 

' .  DK 

DP B 
.000000 

. TAS 
TFET 

TS E 

(ARS DATA). 
. PHF 

6.200000 
- F 

. ' .060000 
DCO 

DMG 
4.400000 

DSR 
.035000 

TBA 
THG 

' TTL 

WTEMP 

ALK 
43.000000 

SO4 
. DCR 

TBE 

TMN 
2.420000 

TV 

WT EMP 

ALK 
5.309000 

504. 
' 37.00000Q 

DCR . . .oooooo 
DMN 

.160000 
DV 

TBE 
TMN 

. . TV 

A C I D  
, . .080000 

N-NH4 
DCU 

TCD 
. . .010000 

TN I 
.070000 

,TZN 
.010000 

A C I D  
4.500000 

N - N H ~  
' .040000 

a DCU 
. .004000 

DM0 

. DZN 
.008000 

TCD. 
TNI 
TZN 

DAL 
' DFET . 

.080000 
DNA 
TAG 

TCR 

CSUL STATION WBL 
f 

DAL 
.0170O$l 

DFJT 
.028000 

DNA 
1.7pOOOO . . 

TAG 

TCR 
TPB 

. . 
DC A 
DHG . 

DN I 
TAL 

.200000 
TCU 

TSB . 

HC03 
6.400000 

DC A 
11.200000 

DHG 
.000000 

. D N I  
.000000 ' 

TAL 

TCU 
TSB 



ANL M I N E  CODE OH1 
SAMP DATE 

06/01/1976 
STATION DESC & LOC 
WEIR, AVG BASEFLOW 

CONDF , . 

CL 
i .6ooooo 

DCD 
.000000 

DK 
. . 

DP B 
.000000 

TAS 
TFET 

TSE 

(ARS DATA) 
PHF 

6.500000 
F 

.060000 
DCO 

DMG 
4.800000 

DSR 
.040000 

TBA 
THG 

' TTL 

ANL M I N E  CODE, OH1 

SAMP DATE 
06/01/1976 
STATION DESC & LOC 
WEIR, LOW RUNNOFF (ARS DATA) 

CONDF PHF 
. . 6.100000 

CL F 
.900000 .003000 

DCD DCO 
.oooooo 

DK DMG 
4.400000 

DP B DSR 
.OOOOOO .037000 

TAS . - TBA 
TFET . . , . . 

THG 
TSE . TTL 

WTEMP .. 

ALK. 
9.200000 

SO4 
38.000000 

DCR 
.oooooo 

DMN 
: .278000 

DV 

TBE , 

TMN 
TV 

WTEMP 

ALK 
3.000000 

SO4 
53.000000 

. DCR 
.000000 

DMN 
,414000 

DV 

TBE 
TMN 
. TV' 

A C I D  
5.000000 

N-NH4 
.080000 

DCU 
.005000 
. DM0 

DZN' 
.010000 . 

TCD 
T N I  
TZN 

A C I D  
5.500000 . 

N-NH4 
.010000 

DCU 
.oooooo 

DM0 

DZN 
.002000 

TCD 
TNI 
TZN 

CSUL STATION WBA . 

' DAL 
.054000 

DFET 
.066000 

DNA 
1.800000 

TAG 

TCR . . 

TPB 

HC0 3 
11.200000 

DCA 
12.600000 

DHG 
.000000~ 

DN I 
'.000000 

TAL 

TC'J 
TSB 

D AL 
. O  14000 

DFET' 
.007000 

DNA 
1.200000 

TAG 

TCR 
TPB 

HC03 
4.000000 

DCA 
13.500000 

DHG 
.000000 

DN I 
.000000 

. . TAL 

TCU 
TSB 



ANL MINE CODE OH1 

SAMP DATE 
08/20/1975 
STATION DESC ' ti LOC WTEMP 
MAIN SP EFFIUENT (001 PEABODY) . . .  

CONDF PHF ALK ' 

8.500000 57.000000 
CL. F SO4 

DCD DCO - ' DCR 

DK 
DPB 

. . .  . TAS . " .  
. ' .t 

,TFET 
.3  20000 

TSE . 

DMG 
DSR 
TBA 

THG 
.000040 

TTL 

SAMP DATE . . 

09/22/1975 
STATION' DESC ti LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF . ' PHF 
8.000000 

CL .) F 
DCD . . DCO 

DK DMG 
' DPB DSR 

TAS TBA 

, - TFET. . THG 
.490000 .OOOOOO 

. . TSE . TTL 

DMN 
DV 

TBE 

TMN . 

TV 

' WTEMP 
. . 

ALK 
-50.000000 . 

SO4 . 

DCR 
.. . , 

DMN , . 
. DV 

TBE 

TMN 

N-NH4 
. DCU 

D M 0  
DZN 

..' TCD 
.000000 

TN I 

TZN 

A C I D  

N-NH4 
DCU 

'DM0 
DZN 
TCD 

,000000 
TNI 

TZN 

' CSUL STATION ' 'PI ' , 

DAL 
' DFET , 

.030000 
DNA 
TAG 
TCR 

TPB 

HC03 
' , : I '  

DCA 
DHG 

" . 

DN I 
TAL 
TCU 

TSB 

DAL DCA 
- DFET DHG 
.030000 

DNA DN I 
TAG TAL 
TCR TCU 

TPB TSB 



ANL M I N E  CODE OH1 
SAMP DATE 

10/20/1975 
STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
8.000000 

CL . F 
DCD DCO 

DK DMG 
DPB DSR 
TAS TBA 

. , 

TFET THG 
1,. 270000 .OOOOOO 

TSE TTL 

SAMP DATE . . 

11/17/1975 
STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
6.500000 

. CL . F 
DCD DCO 

DK DMG 
DP B DSR 
TAS TBA 

' TFET . THG 
.5 30000 .OOOOOO 

TSE TTL 

WTEMP 

ALK 
.42.000000 

SO4 
DCR 

DMN 
DV 

TBE 

TMN 

WTEMP 

ALK 
.. 56. oooooa ' 

SO4 
DCR 

DMN . 

DV 
TBE 

TMN 

TV 

A C I D  

. N-NH& 

DCU 

DM0 
DZN 
TCD 

,000000 
TNI 

TZN 

A C I D  

N - N H ~  
DCU 

DM0 
DZN . ' 

TCD 
,. .000000 

TNI 

TZN 

C03 HC03 
. , 

DAL . DCA 
DFET DHG 

.130000 
' DNA , D N I  

TAG TAL 
TCR TCU 

TSB . , 

. . 

CO 3 . HC03 

D AL ' . DCA 
DFET DHG 

.060000 . 

DNA D N I  
TAG . TAL 
TCR TCU 

TP B TSB 



'CSUL STATION P1 ANL M I N E  CODE OH1 
SAMP DATE 

02/26/1976 . 

STATION DESC ' & LOC 
MAIN SP EFFLUENT (001 PEABODY) 

: CONDF P H ~  
6.300000 

. CL F 
. DCD DCO 

C03 ,, H C 0 3  
I 

DAL. , . DCA 
.DFET DHG 

.1~30000 ' .  

' DNA D N I  
TAG TAL- 

- .200000 
TCR TCU 

ALK 
36.000000 

SO& 
DCR 

A C I D  

N-NH4 
DCU 

DM0 
DZN 

DMG 
DSR 

DMN 
'DV 

TCD 
.000000 

TN I - .040000 
- TZH' 

.030000. 

TAS TBA . 

-., . . 

.. . 
TFET THG 

.. .900000' .OOOOOO . 

TSE TTL 

,TBE 

TMN 
.1.990000 

'TV 

TSB 

. SAMP DATE . 

0,3/22/1.976 
STATION DESC & LOC 
MAIN SP EFFLUENT (001 PEABODY) . . 

CONDF PHF 
. . : 6.20000.0 

CL ' - F  
. . , DCD. DCO 

CJTEMP 

ALK 
50.000000 

SO4 
DCR 

. . A C I D '  

N - N H ~  
DCU 

DAL 
DFET 

.060000 
' .  DNA 

TAG 

DCA 
DHG 

. D K  . DMG 
DPB DSR . 

. . DMN 
DV 

DMO. 
' DZN 

. D N I  
TAL 

.'800000 
TCU . TAS TBA TBE 

TMN 
3.230000 

TV 

'T CD 
' .000000 

TNI 
.060000 
. . TZN 
.05.0000 

TCR 

( .. . 
' 'TFET THG 

' 1 .'040000 .OOOO.OO 
. . TSE 

. . 
... TTI, . . 

TPB TSB 



ANL M I N E  CODE OH1 
SAMP DATE 

04/05/1976 ..- . 
STATION DESC & LOC WTEMF' 
MAIN SP EFFLUENT (001 PEABODY) 

CONDF . PHF ALK 
6.600000 50.000000 

CL F SO4 
DCD DCO DCR 

' 3K DMG DMN 
DPB . DSR DV 

T,m TB A T BE 

TFET THG TMN 
. ;560000 .OOOOOO. - 2.260000 
_. . _ 

, TSE TTL ' , '  TV 

SAMP DATE 
05/25/1976 
STATION.DESC & LOC ' . WTEMP 
M A I N  SP EFFLUENT (001 PEABODY) ' 

CONDF . PHF ALK 
6.500000 

CL F SO4 
DCD , . DCO DCR . 

DMG . 

DSR 
DMN 

DV . 

. TAS TB A TBE 

TFET THG ' TMN' 
.360000 .000090 1.150000 

TSE TTL TV 
. .. 

CSUL STATION P l  

. . 

A C I D  co? HC03 

N-NH4 
DCU 

DM0 
DZN . 

. TCD 
.000000 

TN I 
.100000 . 

TZN 
.030000 

A C I D  

N-NH4' 
DCU 

DM0 
DZN 

TCD 
. 0 17000 

TNI 
.070000. 

TZN 
.030000 

. .  
DAL DCA 

DFET D HG 
.05.000.0 

DNA D N I  
TAG T. AL 

.200000 
TCR T CU 

TPB TSB 
. . 

DAL 
DFET 

.070000 . 

.DNA 
TAG 

TCR 

DCA 
DHG 

D N I  
TAL 

20.000000 
TCU 

TSB 



ANL M I N E  CODE OH1 
SAMP DATE . .. 

06/28/1976.  , . .. 
STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF . PHF 

. . 6.200000 
. ,CL F 

DCD DCO 
I 

.DK 
DPB 

DMG 
DSR 

TAS . TBA 

, ' I .  8 .  . . 

. . .  .TFET . THG 
1.220000 ' .000070 

. . . . TSE TTL 

DATE 
07/28/1976. . . 
STATION DESC ti LOC 
MAIN SP. EFFL.UENT (001 PEABODY) 

CONDF, PHF. 
' -  ,950.0~0000; ' ,  . 

.: . 
6.200000 

:(. CL F 
DCD ' DCO 

. DK DMG 
. ' DPB DSR 

TFET THG 
.440000 .000140 

, TSE TTL 

ALK ' ACID 
. 58.000000 

. SO4 N-NH4 ' . ' 

' DCR 
. . 

DCU 

DMN 
DV . 

TBE 

TMN 
3.200000 

TV . 

DM0 
., DZN. 

TCD 
.013000 

T N I  
.060000 

TZN 
.040000 
. . . - 

ALK A C I D  
28.000000 

SO4 \ N-NH4 
DCR DCU 

DMN - DM0 
- DV , DZN > .  

V 

TMN TNI . 
7.230000 . .090000 . 

TV TZN 
' .150000 

C03 , 

- DAL 
DFET 

.030000' 
DNA ' 
TAG 

TCR 

TPB 

DAL 
DFET 

. .060000 
DNA 
TAG 

TPB 

D N I  ' - 

TAL 
.300000 

TCU 

TSB 

. DCA 
DHG 

D N I  
T AL 

.6 10000 
TSB 



ANL M I N E  CODE OH1 
SAMP DATE . . 

08/31/1976 
STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF 
5.900000 

CL F 
DCD DCO 

i DK DMG 
DP'B DSR 

TAS T,BA 

. . . . 
TFET THC 

. .- . ; 260000 .OOOO6O 
' TSE TTL 

' SAMP DATE . 

09/29/1976 ' 

. . STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY.)" 

CONDF PHF 
5.500000 

CL F 
DCD ' . DCO 

' DK DMG 
DP B DSR 

' TAS TBA 

TFET THG 
.140000 .0'00040 

TSE . TTL 

* .  

WTEMF' 

ALK 
27.000000 

SO4 
DCR 

DMN 
DV 

, .. 
TBE 

TMN 
9.030000 

TV 

ALK 
48.000000 

SO4 
DCR 

DMN 
DV 

TBE 

. . , : 

A C I D  

DM0 
DZN 

TCD 
.014000 

TN I 
.100000 

TZN 
'. 150000 

N-NH4 
DCU 

DM0 
DZN . . 

T CD 
.006000 

TN I 
.060000 

TZN 
.040000 

CSUL STATION P1 

DAL DCA 
DFET . DHG 

.0300.00 . . 
DNA . . D N I  
TAG TAL 

.500000 
TCR TCU 

TPB TSB 

D AL DC A 
DFET DHG 

.030000 
. 'DNA DMI. 

TAG TAL 
.100000 

TCR T CU 

TPB ' TSB. 



ANL 'MINE CODE OH1 
SAMP DATE 

10/22/197.6 
STATION DESC &"LOC 
MAIN SP .EFFLUENT (001 PEABODY 

CONDF . PHF 
7.100000 

CL F 
DCD 'DCO 

. . 
DK . h'i; 

. , 
DPB . DSR 

, '  . TAS' ., TBA ' 
. . . , 

.; - .I . TFET ., . . 
. . THG 

. . .84.0000 ' ; .000070 
.TSE TTL . 

. ' S M  DATE, . . 

1 1 1,:13 / 1 9 7 6,' . : . 

STATION DESC &. LOC ', 

. MAIN SP ,EFFLUENT (ooi  PEABODY) .-.-. 
-, CONDF 

. . PHF 
6.700000 . . 

'ii 
CL F 

DCD DCO 

DK DMG 
DP B DSR 

. . - TAS TBA 

1 . . 

. . . - TFET '1 THG 
.350000 . 

TSE 
.000070 

TTL 

ALK 
123 .OOOOOO. 

SO4 
DCR 

DMN 
DV 

. . 

TBE 

WTEMP . .  

ALK 
34.000000 

S04. 
DCR 

DMN . 
DV 

TBE. ' 

N-NH4 
DCU 

T'CD 
.014000 

TN I 
.070000 

TZN 
.140000 

N-NH4 
DCU 

DM0 
DZN' 

TCD 
.011000 

TNI . 

.170000 
TZN 

.180000 

DAL 
DFET 

.o5oooo 
DNA 
TAG 

DAL. 
DFET 

.050000 
DNA 

. TAG 

TCR 

HC03 

DCA 
DHG 

D N I  
TAL . 

.100000 
T CU 

TSB 

HCO3; 

DC A 
. DHG 

D N I  
TAL . 

.200000 
TCU 

TSB 



CSUL STATION P l  ' . ANL M I N E  CODE OH1 
SAMP DATE 

12/18/1975 . . 

STATION DESC &;LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

CONDF PHF . 

5.700000 
CL F 

DO DCO ' 

. < 1 .  

DK . . : .  DMG 
' DPB DSR 

. . . . . " .  4 .  . 
... .. 

, TAS TB A 

'WTEMP. 

ALK 
53.000000 

SO4 
DCR 

ACID.  

N-NH4 
. .DCU 

. . . .  
DM0 
DZN 

. DAL 
DFET 

.090000 
DNA 
TAG 

DC A 
DHG 

D N I  
. TAL 

.300000 
TCU . TCD 

.oooooo 
TNI 

TBE 
. . . . . . 

: TFET . THG 
1.400000 .OOOOOO 

TSE . . 
' . TTL 

TMN 
1.980000 

. TV 

- TPB 

. ..- TZN 
.060000 

SAMP DATE '' : 

01/26/1976 
STATION DESC & LOC .. . . 

MAIN SP EFFLUENT (001 PEABODY) 
CONDF PHF 

6.400000. 
CL , F 

DCD . DCO 

WTEMP 
. . .  

A C I D  ALK 
. 36.000000 

SO4 
DCR 

N-NH4 
DCU 

DAL 
DFET 

. .080000 
DNA 
.TAG 

DCA 
DHG 

- D K  . DMG 
DPB . DSR 

. . . . 

TAS TB A 

DMN 
?V 

DM0 
. DZN 

D N I  
TAL 

.500000 
TCU TCD 

.019000 
TNI 

.040000 
TZN . '  

.070000 

TBE TCR 

TPB , . . . TFET THG 
2.370000 ;000040 

TSE TTL 



ANL M I N E  CODE OH1 
SAMP DATE a . 

12/14/1976 . . 

STATION DESC & LOC 
M A I N  SP EFFLUENT (001 PEABODY) 

' CONDF PHF 
6.100000 

. CL F. 
DCD DCO 

DK DMG 
DPB - .  DSR 

, .. TAS 

. TFET 
3.000000 

,, . " TSE 

TBA 

THG 
.000060 

TTL 

ANL M I N E  CODE OH1 

SAMP DATE- 
04/05/1976 

/ 

STATION DESC is .LOC 
WEIR SP EFFLUENT (002 PEABODY)" 

CONDF PHF 
. 2080 .OOOOOO. 6.800000 

CL . F 
DCD ' DCO 

' DK DMG 
. DPB DSR 

. . ,. . . .  , . .  

TAS TBA 

. .. TFET THG 
2.540000 . . . . .OOOOOO 

TSE TTL 

CSUL STATION P1 
. . 

,. . 
WT EMP 

ALK A C I D  
62.000000 1'. 2 30000 

S OV4 . N-NH4 
DCR D CU 

TBE 

. TMN 
7. iooooo 

TV 

DM0 
' . DZN 

T CD 
.010000 

TN I 
.890000 

TZN 
.160000 

WTEMP 

' ALK A C I D  
59 .oooooo . 

SO4 N-NH4 
' D C R '  D CU 

DMN 
DV . 

DM0 
DZN 

TBE TCD 
.oooooo 

' TMN . TNI 
.560000 .100000 

T V .  TZN 

. . .040000 

DAL 
DFET 

1 . 2 ~ 0 0 0 0  
DNA 
TAG 

TCR 

DCA . . . 
DHG 

D N I  : 
T AL 

200000 
TCU 

CSUL STATION P 2 .  

DAL 
DFET 

.090000 
DNA' 
TAG 

TCR 

TP B 

HC0 3 

. O D C A  

DHG 

D N I  
TAL 

'1.600000 
TCU 



CSUL STATION P2 ANL M I N E  CODE OH1 
SAMP DATE 

05/25/1976 . . 

STATION DESC' 6 LOC 
WEIR SP EFFLUENT (002 PEABODY). 

CONDF * PHF 
6.300000 

CL .' F 
DCD DCO 

ALK A C I D  

SO4 
DCR 

DMN 
. D V .  

TBE 

N-NH4 . 

DCU 
DAL; 

DFET 
.070000 

DNA 
. 'TAG 

D N I  . ' 

TAL 
.300000 

TCU 

DK DMG 
DPB DSR 

DMO 
DZN 

T CD 
.017000 

TNI 
.070000 

TZN 
.190000" 

TCR .. TAS TBA 
. . 

TFET 
' . .  - THG 

.460000 .000090 
. TSE TTL 

TMN . 

1.170000 
. TV 

TPB 

SAMP DATE 
. 06/28/1976 

. . 

STATION DESC 6 LOC 
WEIR SP EFGUENT (002 PEABODY) 

CONDF .PHF 
6.200000 

CL F 
DCD ' DCO 

WTEMP . ' 

ALK 
103.000000 

SO4 
DCR 

A C I D  

N-WH4 
DCU 

D AL 
DFET 

.060000. 
DNA 
TAG . 

DCA 
DHG 

DMN 
DV < .  

DM0 
DZN 

D N I  
TAL 

.500000 
, TCU 

DK DMG 
DPB DSR 

TBE ' TAS . ,  ' 
TBA . TCD . 0 13000 

TNI 
.060000 

, TZN 
, i  ioooo 

. . TCR 

TFET 
b .  190000 

TSE 

. THG 
.000070 

TTL 

TSB TPB 



' ANL MINE. CODE  OH^ 
SAMP DATE * .  * .  

CSUL STATION P2 

07/28/1976 " ' 

STATION DESC' & "LOC 
WEIR SP EFFLUENT (002 

CONDF , 

490.000000. 
CL 

DCD 

WTEMP 
PEABODY ) 

PHF 
6.400000 

F 
DCO ' 

ALK 
' 38 .OOOOOO 

. SO4 
DCR 

A C I D  HC03 . 

DCA 
DHG 

N-NH4 
DCU 

DAL 
DFET 

.06bOOO 
DNA 
TAG 

DM0 - ' 

DZN 
. . DK 

. DPB 
DMG 
DSR 

DMN ' . 

DV. 
D N I  , 

TAT, 
1.067000 

TCU TAS TB A 

.: . . 
TFET THG 

1.390000 .000140 
TSE TTL 

. . 

TBE TCD 
.012000 

TN I 
.060000 

TZN 
.180000 

TCR 

TPB 

SAMP .DATE . 
08/31/1976 , " 

STATION DESC 6 LOC 
WEIR SP EFFLUENT (002 PEABODY) 

CONDF PHF 
6.100000 , 

. CL F .  
DCD DCO 

HC03 . 

DCA . 

.DHG: 

D N I  
TAL 

.400000 
. TCU 

TS B 

WTEMP 

ALK 
i i 4 .  oooooo 

SO4 
DCR 

A C I D  

DAL 
DFET 

.030000' 
DNA 

. TAG 
DMG 
DSR 

DMN 
DV 

DM0 
DZN 

TAS 
. . 

" TBA TBE TCD 
.O 14000 

TNI 
.070000 

TZN 
.060000 

TCR 

TFET THG 
.., '.200000 .000060 

TSE , TTL 

TMN 
2.800000 

TV 

TPB . 



ANL MINE CODE .OH1 
SAMP DATE . 

09/29/1976 . 
STATION DESC & LOC 
WEIR SP EFFLUENT (002 PEABODY) . 

CONDF PHF 
6 . ~ O O O O O  

CL F 
DCD D'CO . 

. . 

DK DMG 
DPB DSR' 

. . 

WTEMP. 

ALK 
122.000000 

SO4 
DCR 

i 

DMN 
DV 

TBA TAS TBE 

TFET THG . TMN 
.190000 , .000040 1.480000 

TSE . . ' TTL TV 

SAMP DATE 
10/22/1976 
STATION DESC & LOC . WTEMP 
WEIR SP EFFLUENT (002 PEABODY) 

CONDF PHF. ALK 
7.100000 123.000000 

CL F SO4 
DCD DCO DC R 

DK 
DPB 

DMG 
DSR 

DMN 
DV 

T AS TBA TBE 

TFET THG ' TMN 
.840000 ... 000060 1.410000 

TSE TTL TV 

A C I D  

TCD 
.oooooo 

TNI 
:060000 

TZN 
.060000 

N-NH4 
DCU 

TCD 
.014000 

TN I 
.070000 

TZN 
.140000'. 

CSUL STATION P2 

DAL. DCA 
DFET DHG 

- .030000 . ' 

DNA ' D N I  
' TAG TAL 

.100000 
. TCR TCU 

DAL 
DFET 

.050000 
DNA 
TAG 

TCR 

1 
DC A 
DHG 

D N I  
: TAL 

.100000 
TCU 



. ANL MINE CODE  OH^ 
SAMP DA.TE 

. .12/14/1976 
: STATION DESC. LOC 

WEIR SP EFFLUENT (002 PEABODY) 
CONDF ' PHF 

9.000000 
- .CL F 

DCD. . . . DCO 

CSUL STATION P2 

ALK 
12.000000 

SO4 
DCR. 

A C I D  
.140000 

N-NH4 
DCU 

DAL 
DFET 

.140000 
DNA 
TAG 

DCA 
D H G '  . 

DK - . DMG 
DP B . . '  DSR 

DMN 
DV 

D N I  . 
:TAT2, 

200000 
. TCU . TAS TBA , TBE . TCD 

.010000 
TN I 

.070000 
TZN 

.030000 

TCR . 

. ' TFET . . ' . ' THG 

. . .170000 " 
- . .000060' , 

. .. TSE TTL 

T M N "  
3.020000 

TV 

TPB . 

ANL. MINE CODE OHL 
SAMP DATE . ' 

CSUL STATION P3 

STATION DESC & LOC 
MINOR SP . (oo3 PEABODY) 

CONDF PHF 
.6.500000 

' CL . F 
DCD. ' DCO 

hTEMP 

ALK 
46.000000 

SO4 
DCR 

A C I D  

DCA . 
DHG 

N-NH4 
DCU 

DAL . 

DFET 
.030000 , ~ 

DNA 
TAG 

, . DK . DMG 
DPB DS'R 

DMN 
DV 

DM0 
DZN 

D N I  
T AL 

200000 '. 

TCU . . . TAS TBA 
. . 

. ". 

TFET , THG 
" .4SOOOO .OOOOOO' 

T S E ,  'TTL . 

TBE TCD 
.000000 

TN I 
.050000 

TZN 
.510000 

TCR. . 

. TMN 
.9  80000 

TV 



CSUL STATION P3 ANL-MINE CODE  OH^ 
SAMP PATE 

05/25/1976 
STATION DESC c LOC 
MINOR SP (003 PEABODY) 

' CONDF. PHF 
. . . . .  .6.300000 

. CL 
' ~. F 

DCD - DCO 

WTEMP 

A C I D  . . . . . C03 

N-NH4 DAL ' 

. DCU DFET 
. . ' .130000 

.DM0 DNA 
D ZN TAG, 

- SO4 
DCR 

DC A 
DHG 

DK . DMG 
DP B DSR 

D N I  
TAL 

.100000 ' 

,TCU 

DMN 
DV 

TBE TCD . . 

.017000 
TN I 

.070000 . 

TZN 
.660000 

T AS TBA 

TMN 
.380000 

TV 

- . TSB TFET . THG.. 
.200000 :000090 

TSE TTL . 

ANL M I N E  CODE OH1 
SAMP DATE 

04/20/1976. 
STATION DESC & LOC , . 
MINOR SP (005 PEABODY) 

COCDF . PHF 
6.400000 

CL ' F 
DCD DCO 

CSUL STATION P5 

' WTEMP 

ALK 
.48.000000 

SO4 
DCR 

DMN 
DV 

. A C I D  

.DAL 
DFET 

.030000 
DNA , 

. TAG 

DCA 
DHC DCU 

DM0 : 

DZN 
D N I  
TAL 

.010000 
TCU 
I 

TS B 

DK DMG 
DPB DSR 

. . TBE TCD 
.000000 

TN I 
.110000 

TZN 
.050000 

TCR T AS TBA 

TFET THG 
.200000 . 000000 

TSE TTL 



Table B-5. Relationships Between.Flow Rate and'water Quality Parameters 

Site 4 PO01 Combined Data 
P 

Flow Rate 
vs . na rb .r2 Signif .c n r r2 Signif. n' r 1.2 signi.-f.;'. 

~otal Suspen- 29 -.068 :005 .362 25 :.I27 .016 -273 74 .949 .901 <.001 
ded 'solids 

. - 

Sulfate ' . 

.Total dis- 29 -.086 .O07 .328 
solved. Solids 

. .  . 
Chloride 29 -.233 .054 .I12 

d Manganese . 29 -.I30 .017 ,251 
. . 

1rond ' .  29 -.lo7 .011 .291 2i .011 <.011 .480 66 -.028 .O.Ol' .412 

an' = number of values. . _ : .  
. . 

br = Pearson correlation coefficient . (Nie et al. , 1975). 
CSignif. =, significance (Nie et a1.,.1'975). Significance is computed from ~tudent's t test with 
N ,- 2 'degrees of . freedom from: 

, . 

d ~ l l  metals analyzed from unfiltered, acidified samples. 



Table B-6. Suspended 'Sediment-Cation Con-' 
centration Relationships . ' 

TSS vs. na rb r2 

Aluminum 66 . : .I51 .023 

Calcium ' 5 5. ,063 .004 

Cadmium 14 -.091 . .008 

Copper 17 -.I28 ..016 

Iron 

, Potassium 

Magnesium. ' 

Manganese 

Sodium 

Strontium 5 5 -.089 .008 

Zinc 6 0 -.039 .002 

an, = number of analyses. 
br = Pearson correlation coefficient ( ~ i e  et 

'. , al., ,1975). 
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APPENDIX C 
COMPLIANCE RATING SCALES 

/ 

Mn TSS 

Fig. C-1. Graphic ~e~resentation of Compliance Rating 



' Fig. C-2.' Calculation of Compliance Ratings - 
, , '  . . 
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