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ABSTRACT 

Water has generally not been a s ign i f i can t  problem i n  I l l i n o i s  
mining, although most ~ Z l i n o i s  coal mines (both surface and under- 
ground) l i e  partly or completely below the water table .  Water- 
related problems i n  and around mines are l i k e l y  t o  increase as it 
becomes economically feasible t o  open or expand surface mines i n  
areas wi th  thicker  and more permeable overburden and. t o  place 
underground mines a t  greater depths. Detailed study of the  hydro- 
geology of mining areas before, during, and a f t e r  mining can help 
prevent problems tha t  may occur. Such analysis should include: 
(1) a study of the  topography of the  land surface and patterns 
of surface flow (especially for surface mines); ( 2 )  the  iden t i -  
f icat ion and characterization of aquifers i n  the glacial  d r i f t  
and i n  the  bedrock; ( 3 )  an estimate of the e f f e c t s  of surface or 
ground water flow on mining; and (4) an evaluation of  the e f f e c t s  
o f  mining on surface streams and on aquifers.  With t h i s  in -  
formation mines can be designed t o  be productive, e f f i c i e n t ,  
and environmentally sound. 
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Although most c o a l  mines i n  I l l i n o i s  (both s u r f a c e  and underground) l i e  
p a r t l y  o r  completely  below t h e  water  t a b l e ,  wate r  ha s  g e n e r a l l y  n o t  been 
a s i g n i f i c a n t  problem i n  I l l i n o i s  mining. I n  a 1975 survey of pumping r eco rds  
of 15  ope ra t i ng  underground mines made by t h e  I l l i n o i s  S t a t e  Geological  Survey, 
ll mines r epo r t ed  pumping from nea r  zero t o  less than  3,530 cu f t  (PO0 cu m) 
of  water  per  day; f ou r  mines r epo r t ed  pumping between 10,590 and 176,600 
cub i c  f e e t  (300 and 5,000 cubic  mete rs )  per  day. However, a s  i t  becomes 
economically f e a s i b l e  t o  open s u r f a c e  mines i n  a r e a s  w i th  t h i c k e r  and more 
permeable overburden and t o  p l a c e  underground mines a t  g r e a t e r  dep th s ,  
problems wi th  wate r  i n f l u x  a r e  l i k e l y  t o  i n c r e a s e .  

Because water h a s  n o t  been a problem i n  I l l i n o i s  mining, few s t u d i e s  have 
been done on t h e  hydrogeology of  mining areas-and most of t h e s e  s t u d i e s  
have been a t t emp t s  t o  a l l e v i a t e  s p e c i f i c  wate r  problems t h a t  had developed 
i n  i n d i v i d u a l  mines. No ex t ens ive ,  sy s t ema t i c  hydrogeology s t u d i e s  of an  
a r e a  b e f o r e , d u r i n g , a n d  a f t e r  mining have been conducted; y e t  d a t a  r e s u l t i n g  
from such s tudy  would make i t  p o s s i b l e  t o  p r e d i c t  t h e  e f f e c t s  of mining on 
s u r f a c e  f low and/or  ground water  r e s e r v o i r s ,  t o  a n t i c i p a t e  water  o r  water- 
r e l a t e d  problems du r ing  mining, and t o  p l an  a p p r o p r i a t e  rec lamat ion  proce- 
dures  f o r  each mine. 

Sur face  mines i n  I l l i n o i s  a r e  u s u a l l y  l o c a t e d  i n  a r e a s  w i th  t h i n  g l a c i a l  
d r i f t  ove r ly ing  bedrock; however, s u r f a c e  mines a r e  now being proposed i n  
a r e a s  of t h i c k  d r i f t .  I n  des ign ing  such mines,  i t  i s  important  t o  know 
whether a sha l low a q u i f e r  may d r a i n  i n t o  t h e  mine workings and t o  a n t i c i -  
p a t e  t h e  p o t e n t i a l  e f f e c t s  of such d ra inage  on mining procedure and on 
nearby wate r  w e l l s ;  i t  i s  a l s o  important  t o  know i f  t h e  mining o p e r a t i o n  
planned i s  l i k e l y  t o  change t h e  p a t t e r n  and wate r  q u a l i t y  of s t ream f low i n  
t h e  a r e a .  

Underground mines i n  I l l i n o i s  are l o c a t e d  w e l l  below t h e  wate r  t a b l e ;  however, 
t h e  geo log ic  m a t e r i a l s  a r e  g e n e r a l l y  t i g h t .  The most s i g n i f i c a n t  problem i n  
underground mining i s  t h e  f low of water  i n t o  t h e  mine workings. I f  an  a q u i f e r  
o r  even a u n i t  s l i g h t l y  more permeable than  t h e  o t h e r  rock  u n i t s  occurs  nea r  
t h e  mine t h e  approximate volume and d u r a t i o n  of f low i n t o  t h e  mine can be 
e s t ima ted .  It i s  a l s o  p o s s i b l e  du r ing  t h e  p lanning  s t a g e  t o :  (1) i d e n t i f y  
a r e a s  where f low may be concent ra ted  (a long f a u l t s  and j o i n t s )  and t o  a n t i c -  
i p a t e  water  and wa te r - r e l a t ed  problems; ( 2 )  t o  determine whether an a q u i f e r  
w i l l  be  d r a ined  by mining and,  i f  s o ,  what w e l l s  w i l l  be  a f f e c t e d ;  and (3) t o  
set up procedures  designed t o  minimize post-mining subsidence problems. 

A l l  e a r t h  m a t e r i a l s  have some c a p a c i t y  f o r  t r a n s m i t t i n g  f l u i d s  v i a  pore  
spaces  ( i n  o t h e r  words, they  a r e  permeable).  The pe rmeab i l i t y  of a m a t e r i a l  
depends on t h e  s i z e  and shape of t h e  pore  spaces  and on t h e  s i z e ,  shape and 
e x t e n t  of t h e  i n t e r c o n n e c t i o n s  of t h e  pore  spaces .  Ground wate r  moves 
through pore  spaces  a s  a r e s u l t  of p o t e n t i a l ,  o r  energy g r a d i e n t s .  When 



t h e r e  is  enough r a i n f a l l ,  some of t h e  p r e c i p i t a t i o n  moves downward through 
t h e  s o i l  t o  a  zone of s a t u r a t e d  sediments  and rock.  The water  then  flows 
through t h e  pore  spaces  i n  t h e  rock  t o  some p o i n t  of ground wate r  d i s cha rge .  
This  i s  a  f low system i n  which t h e  d r i v i n g  f o r c e  i s  g r a v i t y ,  

The r o u t e  water  t a k e s  t o  a  d i s cha rge  po in t  i s  known a s  t h e  f low pa th ;  a  f low 
system i s  a  group of f low pa th s  w i th  t h e  same recharge  and d i s cha rge  a r e a s .  
Water i n  a  l o c a l  f low system e n t e r s  t h e  ground and f lows t o  t h e  n e a r e s t  a r e a  
of d i s cha rge ,  u s u a l l y  a  s t ream o r  a  pond. The f low p a t h s  i n  an  a d j a c e n t  
i n t e rmed ia t e  flow system a r e  l onge r  than  t h e  pa th s  i n  t h e  l o c a l  f low system. 
Flow pa th s  i n  a n  a d j a c e n t  r e g i o n a l  f low system a r e  s t i l l  l onge r  and t h e  f low 
i s  toward a  major r i v e s  o r  l a k e  ( f i g .  1). 

Some of t h e  p r e c i p i t a t i o n  r e e n t e r s  t h e  atmosphere through evapora t ion  from t h e  
s o i l  and through t r a n s p i r a t i o n  from v e g e t a t i o n .  The r e s t  f lows through t h e  
unsa tu ra t ed  s o i l  u n t i l  i t  reaches  s a t u r a t e d  s o i l  o r  rock.  This  unsa tu ra t ed  
s o i l  zone i s  c a l l e d  t h e  zone of a e r a t i o n  and i s  sepa ra t ed  from t h e  zone of 
s a t u r a t i o n  by a  boundary known a s  t h e  wate r  t a b l e .  

The wat,er t a b l e  i s  n o t  a  f i xed  boundary; i n  most r eg ions  i t  f l u c t u a t e s  upward 
o r  downward. For example, dur ing  pe r iods  of h igh  r a i n f a l l  wate r  e n t e r s  t h e  
zone of  s a t u r a t i o n  and t h e  wate r  t a b l e  r i s e s ;  du r ing  a  drought t h e  wate r  t a b l e  
moves downward en l a rg ing  t h e  zone of  a e r a t i o n .  A common misconcept ion i s  
t h a t  t h e  water  t a b l e  d e f i n e s  t h e  s u r f a c e  of a  zone from which one can pump 
water .  Ac tua l l y ,  t h e  wate r  t a b l e  occurs  i n  e a r t h  m a t e r i a l s  t h a t  may, o r  
may n o t ,  y i e l d  wate r  t o  w e l l s  depending on t h e i r  hyd rau l i c  c o n d u c t i v i t y  
( t h e i r  a b i l i t y  t o  t r ansmi t  w a t e r ) ,  Hydraul ic  c o n d u c t i v i t y  determines  t h e  
amount of f l u i d  t h a t  can  be withdrawn from t h a t  m a t e r i a l  and i s  a  p rope r ty  
of an e a r t h  m a t e r i a l  and a l s o  of t h e  f l u i d  f i l l i n g  t h e  pore  spaces  of t h a t  

land surface 

F- Flow lines 
ISGS 1980 

--- Boundaries between flow systems 

Figure 1. Generalized ground-water patterns illustrating the effect of topography 
on ground-water flow. 



m a t e r i a l .  I n  common usage,  hyd rau l i c  conduc t iv i t y  and pe rmeab i l i t y  a r e  used 
in te rchangeably .  I n  s a t u r a t e d  m a t e r i a l s ,  hyd rau l i c  conduc t iv i t y  is  c o n s t a n t ;  
i n  unsa tu ra t ed  m a t e r i a l s  t h e  hyd rau l i c  conduc t iv i t y  v a r i e s  w i th  t h e  mois ture  
con t en t .  Sa tu ra t ed  c l a y  t i l l s  do n o t  r e a d i l y  t r ansmi t  wate r  ( t hey  have ve ry  
low hyd rau l i c  c o n d u c t i v i t i e s )  and t hus  y i e l d  l i t t l e  wate r  t o  pumping; s a t u r a -  
t ed  sand and g r a v e l  have very  h igh  hyd rau l i c  c o n d u c t i v i t i e s  and can y i e l d  
l a r g e  q u a n t i t i e s  of wa t e r  when pumped. Even a  w e l l  f i n i s h e d  below t h e  
wa te r  t a b l e  can be  "dry" i f  t h e  h y d r a u l i c  conduc t iv i t y  i s  low a t  t h a t  dep th .  

F igure  2 shows water  f i l t e r i n g  from t h e  s u r f a c e  through t h e  zone of a e r a t i o n  
t o  t h e  zone of  s a t u r a t i o n .  This  p rocess  i s  c o n t r o l l e d  by t h e  f i e l d  c a p a c i t y  
of s o i l  ( t h e  a b i l i t y  of t h e  s o i l  t o  hold wate r  a g a i n s t  t h e  f o r c e  of g r a v i t y ) .  

When t h e  s o i l  mo i s tu r e  conten t  i s  below f i e l d  c a p a c i t y ,  t h e  r a inwa te r  en t e r -  
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i n g  t h e  s o i l  s t a y s  i n  t h e  unsatu- 
r a t e d  zone; when t h e  s o i l  reaches  
f i e l d  capac i t y  (and only a t  t h a t  t ime)  
wate r  pa s se s  r e a d i l y  down through t o  
t h e  wate r  t a b l e .  Thus, wate r  does n o t  
g e t  t o  t h e  wate r  t a b l e  every t ime i t  
r a i n s ,  bu t  on ly  when c e r t a i n  s o i l  con- 
d i t i o n s  e x i s t .  Although we cannot 
determine p r e c i s e l y  t h e  f i e l d  c a p a c i t y  
of a  p a r t i c u l a r  s o i l ,  we do know t h e  
gene ra l  range f o r  many rocks  and 
s o l i d s .  Many of our  g l a c i a l  t i l l s  i n  
I l l i n o i s  may have a  f i e l d  capac i t y  a s  
high a s  90 percen t  of t h e  t o t a l  poros- 
i t y - - t h a t  i s ,  t h e  pores  i n  t h e  t i l l  
must be  90 pe rcen t  f i l l e d  w i th  wate r  
b e f o r e  any s i g n i f i c a n t  q u a n t i t y  of 
wate r  can flow through by g r a v i t y ;  t h e  
f i e l d  capac i t y  of sand i s  about 10  
t o  38 p e r c e n t ;  t h e  f i e l d  c a p a c i t y  of 
mine s p o i l  i s  es t imated  t o  b e  around 
20 t o  40 pe rcen t .  

Water pa s s ing  through t h e  unsa tu ra t ed  
zone g e n e r a l l y  p e r c o l a t e s  downward; 
some of i t  pas se s  t o  t h e  wate r  t a b l e  
and i n t o  t h e  ground wate r  s y s t e x .  
L a t e r a l  wate r  movement i n  t h e  unsatu- 
r a t e d  s o i l  zone occurs  i n  response  t o  
impermeable s o i l  l a y e r s  and vary ing  
s o i l  mo i s tu r e  cond i t i ons .  Because 
mo i s tu r e  movement i n  t h e  unsa tu ra t ed  
s o i l  zone is  complex, i t  i s  d i f f i c u l t  
t o  make g e n e r a l i z a t i o n s  about flow 
p a t t e r n s  i n  t h a t  zone. 

F i g u r e  2.  D i v i s i o n s  of s u b s u r f a c e  w a t e r .  The zone of a e r a t i o n  c o n s i s t s  of i n t e r -  
s t i c e s  occupied p a r t l y  by w a t e r ,  p a r t l y  by a i r .  The s o i l  w a t e r  zone a c t i v -  
i t y  s u p p l i e s  w a t e r  t o  p l a n t s .  G r a v i t a t i o n a l  w a t e r  is  e x c e s s  s o i l  w a t e r  
which d r a i n s  th rough  t h e  s o i l  because of g r a v i t y .  C a p i l l a r y  w a t e r  e x i s t s  
a s  con t inuous  f i l m s  around t h e  s o i l  p a r t i c l e s .  The zone of s a t u r a t i o n  i s  
t h a t  p a r t  of t h e  s u b s u r f a c e  i n  which t h e  i n t e r s t i c e s  a r e  f i l l e d  e n t i r e l y  
by w a t e r  (from Todd, 1959) .  



Figure  3 .  A t y p i c a l  occurrence of a q u i f e r s  i n  I l l i n o i s ,  i l l u s t r a t i n g  t h e  d i f f e r e n c e  
between an unconfined (water t a b l e )  aqu i f e r  and a  confined a q u i f e r .  

Flow of ground water  i n  t h e  s a t u r a t e d  zone i s  b e t t e r  understood;  i t  r e s u l t s  
from d i f f e r e n c e s  i n  t h e  energy (o r  p o t e n t i a l )  of t h e  water  i n  a  ground water 
system. (The energy of water  a t  any p o i n t  depends on i t s  p o s i t i o n  w i t h i n  a  
g r a v i t a t i o n a l  f i e l d ) .  Within t h e  ground water  system water  flows from a r e a s  
of h igh  energy t o  a r e a s  of low energy; t h e  r a t e  of f low is  determined by both  
t h e  magnitude of t h e  d i f f e r e n c e  i n  energy and by t h e  hyd rau l i c  conduc t iv i t y  
of t h e  rock.  The g r e a t e r  t he  energy and t h e  h igher  t h e  hyd rau l i c  conduc t iv i t y  
of t h e  sock ,  t h e  g r e a t e r  t h e  r a t e  s f  f low w i l l  be.  

S o i l  and rock formations t h a t  have h igh  hydrau l i c  c o n d u c t i v i t i e s  and y i e l d  
water  t o  pumped w e l l s  a r e  c a l l e d  a q u i f e r s .  S o i l  and rock formations t h a t  
have low hydrau l i c  c o n d u c t i v i t i e s  do n o t  y i e l d  water  t o  pumped w e l l s  a r e  
c a l l e d  aquic ludes .  A s a t u r a t e d  a q u i f e r  i s  an " u n c s n f i n e d ' b r  ""water-table 
aqu i f e rP '  when i t  i s  h y d r a u l i c a l l y  connected t o  t h e  water  t a b l e  by rocks  of 
h igh  hydrau l i c  conduc t iv i t ye  The p o t e n t i a l  of t h e  water  a t  any p o i n t  i n  an  
unconfined a q u i f e r  is  about equa l  t o  t h e  p o t e n t i a l  of t h e  water  a t  t h e  over- 
l y i n g  water  t a b l e .  (Va r i a t i ons  occur because of energy l o s s  due t o  ground 
water  movement. ) A s a t u r a t e d  a q u i f e r  i s  "confinedq'  when i t  i s  bounded by 
aquic ludes ;  t h e  p o t e n t i a l  of water  i n  a  confined a q u i f e r  can d i f f e r  from t h e  
p o t e n t i a l  of water  a t  t h e  over ly ing  water  t a b l e .  The "piezometr ic  l e v e l "  
of water  i n  a  confined a q u i f e r  i s  t h e  l e v e l  t o  which t h e  water  w i l l  r i s e  i n  
a we l l  f i n i s h e d  i n  t h e  a q u i f e r ;  t h e  "piezometric su r f acegv  i s  t h e  water  l e v e l s  
i n  a number of such we l l s .  

I n  f i g u r e  3 t h e  water l e v e l  i n  w e l l  A ( f i n i s h e d  i n  an  unconfined a q u i f e r )  
i s  a t  t h e  s a m e  e l e v a t i o n  a s  t h e  water t a b l e ,  This i n d i c a t e s  equ i l i b r ium 



between t h e  wate r  i n  t h e  unconfined sand 'and  g r a v e l  a q u i f e r  and t h e  water  
a t  t h e  table- in  o t h e r  words, t h e  p o t e n t i a l  of t h e  water  i n  t h e  a q u i f e r  i s  
equa l  t o  t h e  p o t e n t i a l  of t h e  wate r  a t  t h e  wate r  t a b l e .  The water  l e v e l  i n  
w e l l  B ( f i n i s h e d  i n  a  confined a q u i f e r )  i s  above t e l e v e l  of t h e  wate r  t a b l e  
i n d i c a t i n g  t h e  p iezomet r ic  l e v e l  of t h e  wate r  i n  t h e  confined sands tone  a q u i f e r  
a t  t h a t  po in t .  I n  t h i s  c a s e  t h e  p o t e n t i a l  of t h e  wate r  i n  t h e  sands tone  a q u i f e r  
i s  g r e a t e r  than  t h e  p o t e n t i a l  of t he  wate r  a t  t h e  water t a b l e ;  however, t h e  
wate r  l e v e l  need on ly  be above t h e  t op  of t h e  a q u i f e r  to be " a r t e s i a n "  o r  
confined.  Flowing w e l l s  occur  where t h e  p iezomet r ic  Bevel i s  above land  s u r f a c e .  

The r e l a t i o n s h i p  between t h e  ground wate r  system and s t ream f low i s  an  impor tan t  
a s p e c t  of t h e  hydrogeology of an a r e a .  Ground wate r  moves through t h e  ground 
t o  a p o i n t  of d i s cha rge  ( g e n e r a l l y  a s p r i n g ,  s t ream,  r i v e r ,  swamp, pond, o r  
l a k e ) ,  and t h i s  d i s cha rge  prov ides  t h e  "base f l o w ' b f  t h e s e  wakerways. According 
to Walton (1965),  base flow accounts  f o r  50 pe rcen t  of a l l  t h e  water  f lowing 
i n  I l l i n o i s  s t reams  and r i v e r s .  I n  a d d i t i o n  t o  t h e  base f low,  s u r f a c e  runof f  
from r a i n f a l l ,  snow m e l t ,  and wate r  moving through t h e  unsa tu ra t ed  s o i l  zone 
a l l  p rov ide  wate r  t o  waterways. 

The r a t i o  of base  f low t o  t h e  t o t a l  f low of a  s t ream depends on t h e  p h y s i c a l  
p r o p e r t i e s  of t h e  rock  and s o i l  i n  t h e  water  shed;  h igh ly  permeable rock  and 
s o i l  a l low more p r e c i p i t a t i o n  t o  e n t e r  t h e  gound wate r  system than  do s lowly 
permeable m a t e r i a l s .  A s  t h e  ground wate r  i s  d ra ined  from t h e  surrounding 
e a r t h  m a t e r i a l s  and t h e  water  t a b l e  d rops ,  t h e  magnitude of base  f low (and, 
g e n e r a l l y ,  t o t a l  f low a s  we l l )  i n  a s t ream dec rea se s .  The s i z e  of t h e  ground- 
water  b a s i n  ( t h e  a r e a  between t h e  r echa rge  and d i s cha rge )  a l s o  c o n t r o l s  t h e  
magnitude of ground-water d i s cha rge  t o  a  s t ream and t hus  t h e  magnitude of 
base  flow. 

The I l l i n o i s  Basin Coal F i e l d  i s  a f l a t  r eg ion ;  i t s  s u r f a c e  has  been g l a c i a t e d  
except  f o r  p a r t s  of sou the rn  I l l i n o i s ,  sou the rn  Ind i ana ,  and Kentucky. The bed- 
rock d ip s  g e n t l y  toward t h e  c e n t e r  of the  I l l i n o i s  Eas in .  The d i p s  on t h e  
beds a r e  g e n e r a l l y  l e s s  than  l t o  2 degrees ;  t h u s ,  t h e  c o a l  seams a r e ,  f o r  
p r a c t i c a l  purposes ,  f l a t .  The Pennsylvanian System c o n s i s t s  of an  a l t e r -  
n a t i n g  sequence of  sands tones ,  s h a l e s ,  l imes tones ,  and c o a l s .  The Pennsyl- 
van ian  rocks  con t a in ing  t h e  c o a l  seams a r e  t h e  uppermost rock  u n i t  of t h e  
r e g i o n  and a r e  o v e r l a i n  on ly  by a  v a r i a b l e  sequence of g l a c i a l  and o t h e r  
unconso l ida ted  d e p o s i t s ,  

Water e n t e r i n g  I l l i n o i s  s u r f a c e  mines i s  g e n e r a l l y  f r e s h ;  wate r  found i n  t h e  
underground mines i n  I l l i n o i s  v a r i e s  cons ide rab ly  i n  q u a l i t y ,  bu t  i s  g e n e r a l l y  
b r ack i sh  t o  h i g h l y  s a l i n e .  The r e l a t i o n s h i p  of dep th  t o  wate r  q u a l i t y  i n  
no r the rn  I l l i n o i s  d i f f e r s  s i g n i f i c a n t l y  from t h e  depth-to-water q u a l i t y  
r e l a t i o n s h i p  i n  t h e  I l l i n o i s  Basin ( f i g .  4 ) .  Water q u a l i t y  g e n e r a l l y  d e t e r -  
i o r a t e s  very  r a p i d l y  w i t h  dep th  i n  t h e  I l l i n o i s  Basin,  and f r e s h  water  i s  
u s u a l l y  found a t  dep ths  of 100 meters o r  l e s s ,  This  r e l a t i o n s h i p  i s  on ly  a  
gene ra l i z ed  one, however; i t  i s  n o t  an i n d i c a t o r  of wate r  q u a l i t y  a t  each 
s p e c i f i c  s i t e ,  The a n a l y s i s  of t o t a l  d i s so lved  mine ra l s  p l o t t e d  a g a i n s t  
dep th  f o r  t h e  32 wate r  samples ob ta ined  from underground mines i n  I l l i n o i s  
( f i g ,  5) i l l u s t r a t e s  t h e  r e l a t i o n s h i p  of d e t e r i o r a t i n g  water  q u a l i t y  t o  dep th ,  
w i th  s e v e r a l  n o t a b l e  excep t ions ,  Water f r e s h e r  than  might be expected g e n e r a l l y  
occurs  n e a r  more permeable, f r e s h ,  o r  b r ack i sh  water  a q u i f e r s *  The more s a l i n e  
wate rs  g e n e r a l l y  occur  where upward mig ra t i on  of s a l i n e  wa te r s  from deeper  
fo rmat ions  ha s  been pos tu l a t ed  (Car twr igh t ,  1970) .  Thus, t h e  p o s i t i o n  of t h e  



Salinity (ppm) Total dissolved minerals (parts per million) 

F i g u r e  4 .  Genera l ized  depth s a l i n i t y  re-  F igure  5. S a l i n i t y  vs dep th  of 32 samples 
l a t i o n s h i p s  i n  n o r t h e r n  I l l i n o i s  from underground mines.  Data 
and t h e  I l l i n o i s  Basin.  p o i n t s  from Gluskote r  (1965) 

and Car twr igh t  and Hunt (1978) . 
mine w i t h i n  t h e  t o t a l  ground-water f low system p a r t i a l l y  determines  t h e  q u a l i t y  
of wate r  from t h e  mine. 

S ince  p a r t s  of  t h e  l a r g e  s u r f a c e  mines i n  I l l i n o i s  u s u a l l y  l i e  below t h e  wate r  
t a b l e ,  t h e  c o n f i g u r a t i o n  of t h e  l o c a l  wate r  t a b l e  i s  a l t e r e d  du r ing  mining; 
t h e  mine p i t  becomes t h e  new l o c a l  d i s cha rge  p o i n t  and ground wate r  f lows 
toward t h e  mine. While t h e  mine i s  o p e r a t i n g ,  however, t h e  wate r  e n t e r i n g  
t h e  mine i s  g e n e r a l l y  pumped o u t  of t h e  mine i n t o  s t reams  o r  ponds, c r e a t i n g  
a  wate r  t a b l e  which s l o p e s  toward t h e  mine and ma in t a in s  t h e  f low of ground 
water t o  t h e  mine. (The c o n i c a l  c o n f i g u r a t i o n  of t h e  wate r  t a b l e  around t h e  
mine i s  known a s  a . " cone  of depression".)  When abandoned, t h e  mine w i l l  f i l l  
w i th  wate r  and an equ i l i b r i um water  l e v e l  w i l l  a g a i n  be a t t a i n e d .  

The e f f e c t  of dewater ing on nearby w e l l s  depends on t h e  hydrogeologic  p r o p e r t i e s  
of t h e  m a t e r i a l s  be ing  d ra ined .  I n  a t y p i c a l  s i t u a t i o n  i n  sou the rn  I l l i n o i s  
( f i g .  6) a  farmer may have a large-diameter  bored w e l l  i n  c l a y  till wi th  
t h i n  l e n s e s  of sand,  sandy c l a y ,  and sand and g r a v e l  from which he  o b t a i n s  
a  sma l l  ground wate r  supply.  Sha le  bedrock u n d e r l i e s  t h e  d r i f t  d e p o s i t s ,  
The l i n e  of t h e  o r i g i n a l  wate r  t a b l e  i n  t h e  till is  u s u a l l y  d i f f i c u l t  t o  
determine and h a s  been a r b i t r a r i l y  de f ined  i n  t h e  diagram. T i l l  has  a  low 
h y d r a u l i c  c o n d u c t i v i t y  ( ranging  from cm/sec t o  cm/sec) and i n  
f i g u r e  6  t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  s h a l e  i s  assumed t o  be lower t han  
t h e  till. When t h e  h ighwal l  is c u t  and ground wate r  beg ins  t o  f low toward 
t h e  mine, seeps  w i l l  appear  a long  t h e  t i l l - b e d r o c k  c o n t a c t  on t h e  h igh  w a l l  
and t h e  water  t a b l e  is  lowered. However, because of t h e  low h y d r a u l i c  con- 
d u c t i v i t i e s  of t h e  t ill  and s h a l e ,  t h e  r e s u l t i n g  cone of dep re s s ion  i s  of 



l i m i t e d  e x t e n t ,  pos s ib ly  on ly  about  3 meters  (10 f t )  up t o  60 meters (200 f t ) .  
I n  t h i s  c a se  t h e  f a rmer ' s  w e l l  w i l l  no t  be  a f f e c t e d .  

In a  l e s s  common s i t u a t i o n  i n  I l l i n o i s  (bu t  c e r t a i n l y  a  p o s s i b l e  one, given 
t h e  v a r i a b i l i t y  of t h e  d r i f t  d e p o s i t s )  a  farmer may have a  smal l -diameter ,  
d r i l l e d  w e l l  f i n i s h e d  i n  a  sha l low sand and g rave l  a q u i f e r  i n  t h e  d r i f t  
f i g  7 Above and below t h e  a q u i f e r  a r e  aqu ic ludes .  I n  sou thern  I l l i n o i s ,  
t h e  upper aqu ic lude  i s  nlost l i k e l y  t o  be  till, t h e  lower aquic lude  s h a l e .  
When t h e  h ighwal l  of t h e  mine i s  c u t ,  t h e  ground water  i n  t h e  a q u i f e r  w i l l  
f low toward t h e  mine and t h e  ground water  p r e sen t  i n  t h e  upper aqu i c lude  
w i l l  d r a i n  downward toward t h e  a q u i f e r .  The r e s u l t i n g  p iezomet r ic  l e v e l  may 
s t i l l  be above t h e  a q u i f e r  a t  t h e  w e l l ;  however, i f  t h a t  w e l l  i s  pumped, t h e  
drawdown r e s u l t i n g  from pumping w i l l  b r i n g  t h e  p iezomet r ic  s u r f a c e  below t h e  
top  of t h e  a q u i f e r .  This  w i l l  cause  w e l l  problems, i nc lud ing  a decreas ing  
y i e l d  of t h e  we l l .  Fu r the r  pumping w i l l  d r a i n  t h e  top  of the a q u i f e r .  The 
w e l l  pump would then  have t o  be  lowered i n t o  t h e  a q u i f e r  nex t  t o  t h e  w e l l  
s c r een ,  which might cause  t h e  w e l l  s c r een  t o  c l o g  o r  r e s u l t  i n  t h e  pumping 
of sediment.  For p r a c t i c a l  purposes ,  t h i s  w e l l  would then  be n e a r l y  u s e l e s s .  

I n  t h i s  c a s e ,  e x t e n t  of t h e  a r e a  a f f e c t e d  by t h e  mine would depend on t h e  
t h i cknes s  and hyd rau l i c  c o n d u c t i v i t y  of t h e  a q u i f e r  and t h e  hydrogeologic  
p r o p e r t i e s  of t h e  upper aqu ic lude .  However, t h e  a f f e c t e d  a r e a  would be  
much g r e a t e r  t han  i n  f i g u r e  6 (probably anywhere from s e v e r a l  hundred meters  
t o  a s  much a s  a  k i lometer  o r  two). The s i t u a t i o n  i l l u s t r a t e d  i n  f i g u r e  7 
might a l s o  occur  when a  sands tone  a q u i f e r  l i e s  between two s h a l e s  o r  between 
a till  and a s h a l e .  Near a s u r f a c e  mine t h e  d i f f i c u l t i e s  w i th  a  w e l l  
f i n i s h e d  i n  sandstone above t h e  c o a l  would be t h e  same a s  w i th  one f i n i s h e d  
i n  a  d r i f t  a q u i f e r .  
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Figure 6. A well finished in low conductive geologic material near a mine pit 
(a limited area is affected by mining). 
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F i g u r e  7 .  E f f e c t s  of mining on a  w e l l  f i n i s h e d  i n  a permeable a q u i f e r  n e a r  
a  mine p i t .  

U n t i l  t h e  p a s t  few y e a r s  d r a inage  of w e l l s  by nearby s u r f a c e  mining o p e r a t i o n s  
has  n o t  been a s e r i o u s  problem s i n c e  most of t h e  I l l i n o i s  s u r f a c e  mines have 
been l o c a t e d  i n  a r e a s  s i m i l a r  t o  t h a t  i l l u s t r a t e d  i n  f i g u r e  6. However, 
some I l l i n o i s  a r e a s  have r e c e n t l y  been exper ienc ing  droughts ,  and i n  drought  
yea r s  t h e r e  i s  l e s s  recharge  t o  t h e  s o i l  from p r e c i p i t a t i o n  and t h e  water  
t a b l e  i s  l i k e l y  t o  become somewhat lower.  I f  t h e  water  t a b l e  i s  lowered, t h e  
d i s t a n c e  from t h e  mine a t  which w e l l s  may be a f f e c t e d  i n c r e a s e s  and a p rev i -  
ous ly  unaf fec ted  w e l l  may go dry .  The ques t i on  of r e s p o n s i b i l i t y  f o r  a problem 
such a s  t h i s  becomes complicated,  s i n c e  bo th  mining and drought  a r e  involved.  
Because I l l i n o i s  c o a l  can now be economically s t r i p p e d  a t  g r e a t e r  dep ths  t han  
b e f o r e ,  t h e  s i t u a t i o n  i l l u s t r a t e d  i n  f i g u r e  7 i s  l i k e l y  t o  occur  more o f t e n  
t han  be fo re .  Highwalls of 30-40 meters  (100 t o  150 £6) a r e  be ing  planned 
t o r  c e r t a i n  mines,  and t h e  g r e a t e r  t h e  t h i cknes s  of t h e  overburden, t h e  
g r e a t e r  t h e  chance of  encounte r ing  an  a q u i f e r  of s i g n i f i c a n t  t h i cknes s  and 
l a t e r a l  e x t e n t .  A survey of w e l l s  w i t h i n  a r a d i u s  of s e v e r a l  m i l e s  from 
t h e  mine could determine whether wate r  s u p p l i e s  i n  t h e  a r e a  a r e  ob ta ined  
from a s i n g l e  a q u i f e r ,  and examination of t h e  co re s  from t h e  exp lo ra to ry  
d r i l l i n g  program could determine t h e  hydrogeologic p r o p e r t i e s  of t h e  over- 
burden and t h u s  a i d  i n  t h e  p r e d i c t i o n  of p o s s i b l e  hydrogeologic  problems. 

The rec lamat ion  of s u r f a c e  mines can a l s o  c r e a t e  hydrogeologic  problems. 
When t h e  mining i s  f i n i s h e d  and t h e  mine i s  reclaimed (us ing  t h e  mine s p o i l )  
a new hydrogeologic  regime i s  c r e a t e d .  The mine s p o i l  g e n e r a l l y  c o n s i s t s  
p r i m a r i l y  of b locks  of t i l l s  and s h a l e s  w i th  sma l l e r  amounts of sands tones  
and l imes tones ,  and d r i f t  sand and g rave l .  A man-made a q u i f e r  may be c r e a t e d  
because t h e  hyd rau l i c  c o n d u c t i v i t y  of  t h e  s p o i l  m a t e r i a l  may be h igh  i n  com- 
pa r i son  w i th  t h a t  of t h e  o r i g i n a l  undis tu rbed  m a t e r i a l  ( i t  i s  easier f o r  
wate r  t o  f i l t e r  through t h e  c r acks  and l a r g e r  openings i n  t h e  mine s p o i l  
than  through t h e  pores  of t h e  s o i l ) .  The wate r  t a b l e  may r ise because of t h e  



t i l l  

a. Pre-mining 
"low yield" well 

-- 
-\- - -''- - - 

--- 
or~ginal water table 

shale 

shale 

b. Post reclamation 
"good" we1 l 

\ 

'L 

"new" water table, 

mine spoil 

shale 

septic tank 

Figure 8. A typical hydrogeologic situation in southern Illinois (a) before mining 
and (b) after reclamation. 



i nc r ea sed  i n f i l t r a t i o n  of  p r e c i p i t a t i o n .  Typical  s i t u a t i o n s  p r i o r  t o  s u r f a c e  
minings and a f t e r  rec lamat ion  a r e  i l l u s t r a t e d  i n  f i g u r e s  8a and 8b. When 
water  f lows through t h e  pores  of  a s o i l ,  a n a t u r a l  f i l t e r i n g  of sediment 
(pos s ib ly  contaminants)  occu r s ;  bu t  when wate r  f lows through c r acks  and 
c r e v i c e s ,  l i t t l e  f i l t e r i n g  occurs .  In  8b a proper ly-cons t ruc ted ,  water- 
y i e l d i n g  w e l l  i s  f i n i s h e d  i n  t h e  mine s p o i l  and a s e p t i c  system may be con- 
t amina t ing  t h e  w e l l ,  

A s i t u a t i o n  s i m i l a r  t o  t h i s  may have accounted f o r  water  q u a l i t y  problems 
encountered i n  a subd iv i s ion  b u i l t  on a recla imed mine i n  Fu l ton  County, 
I l l i n o i s  (L indo r f f ,  D. L., pe r sona l  communication). Mining had removed 
about 15  meters  (50 f t )  of g l a c i a l  d r i f t  a s  w e l l  a s  bedrock down t o  t h e  c o a l .  
The mine was recla imed 20 t o  30 y e a r s  ago and t h e  mine s p o i l  was used a s  
f i l l .  New w e l l s  i n  t h i s  a r e a  i n d i c a t e  t h a t  t h e r e  a r e  6 t o  30 meters (20 
t o  90 f t )  of s p o i l  f i l l  (probably c o n s i s t i n g  of d r i f t  m a t e r i a l  and broken 
rock)  over  s o l i d  bedrock. The r a t e  of movement through t h i s  m a t e r i a l  prob- 
a b l y  i s  more r a p i d  than  t h a t  through t h e  g l a c i a l  d r i f t  and rock  p re sen t  p r i o r  
t o  mining, Water w e l l s  completed i n  t h e  s p o i l  m a t e r i a l  may be  more e a s i l y  
contaminated by r a p i d  movement of r e l a t i v e l y  u n a l t e r e d  s e p t i c  e f f l u e n t  from 
t h e  s e p t i c  systems,  a l s o  placed i n  t h e  s p o i l .  

A t h i r d  hydrogeologic  c o n s i d e r a t i o n  i s  t h e  e f f e c t  of s u r f a c e  mining on s t ream 
flow, F igu re s  9 and 10  a r e  s t ream hydrographs i l l u s t r a t i n g  t h e  e f f e c t s  of 
s u r f a c e  mining runoff  (Dewiest, 1966, and Corbe t t  and Agnew, 1968) .  F igure  
9 shows d i a g r a m a t i c a l l y  t h e  e f f e c t  on t h e  s t ream runof f  when t h e  mine p i t s  
a r e  l e f t  t o  f i l l  wi th  wate r  a f t e r  mining has  ceased.  I n  t h i s  diagram t h e  
s o i l  i s  assumed t o  be f a i r l y  impermeable i n  bo th  t h e  mining and pos t  mining 
cond i t i ons .  The r a t e  of runof f  genera ted  by a storm p r i o r  t o  mining i s  
r ep re sen t ed  by a peak i n  t h e  hydrograph which f a l l s  o f f  r a p i d l y ,  Most of 
t h e  s torm p r e c i p i t a t i o n  goes i n t o  s u r f a c e  runoff  and t h e r e  i s  l i t t l e  ground- 
wate r  recharge .  The p roces s  of s t r i p p i n g  c r e a t e s  r e s e r v i o r - l i k e  s u r f a c e  
wate r  s t o r a g e ,  i n  which some of t h e  s torm p r e c i p i t a t i o n  i s  s t o r e d .  The s torm 
runof f  peak i s  lowered and broadened a s  s u r f a c e  wate r  i s  s t o r e d  i n  t h e  mine- 
p i t  ponds. For people  l i v i n g  downstream t h i s  may be an environmental  ga in  
because f l ood ing  may be reduced.  

F igure  10 i l l u s t r a t e s  t h e  e f f e c t  on stream runof f  when a s u r f a c e  mine i s  
reclaimed.  The s t ream hydrograph f o r  t h e  pre-mining c o n d i t i o n  i s  t h e  same 
as t h a t  used i n  f i g u r e  9. I f  t h e  s p o i l  used f o r  rec lamat ion  i s  h i g h l y  per-  
meable, t h e  amount of i n f i l t r a t i o n  a t  t h e  s i t e  w i l l  be  i nc r ea sed ;  t h i s  a l l ows  
f o r  g r e a t e r  ground-water s t o r a g e ,  and t h e  base  f low of t h e  s t ream r e s u l t i n g  
from ground-water runof f  w i l l  be  much g r e a t e r ,  This  e x t e n s i v e l y  broadens t h e  
s torm runoff  peak. I n  t h i s  s i t u a t i o n ,  a man-made a q u i f e r  ha s  been c r e a t e d  t o  
s t o r e  and s lowly r e l e a s e  t h e  s torm water .  Flooding downstream due t o  s torm 
runof f  would diminish.  

The most r e c e n t  work on t h e  hydrogeologic  f a c t o r s  of s u r f a c e  mining has  been 
i n  t h e  wes te rn  states. I n  t h e s e  s t a t e s  t h e r e  a r e  e x t e n s i v e  Cretaceous and 
T e r t i a r y  c o a l  beds.  Because many of t h e s e  c o a l s  a r e  low i n  s u l f u r  ( i n  con- 
t r a s t  t o  most I l l i n o i s  c o a l s )  t hey  a r e  c u r r e n t l y  i n  demand. Many wes te rn  
c o a l  beds a r e  ve ry  t h i c k ,  and some a r e  a q u i f e r s .  I n  some a r e a s ,  t h e  c o a l  
a q u i f e r s  may be t h e  on ly  source  of wa t e r ,  For t h i s  reason ,  t h e r e  ha s  been 
concern over  what e f f e c t  t h e  development of s u r f a c e  c o a l  mines w i l l  have on 
l o c a l  ground water  s u p p l i e s .  Van Voast and Wedges (1975) s t u d i e d  t h e  p o t e n t i a l  
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e f f e c t s  of two proposed ex t ens ions  of t h e  Decker Mine ( i n  sou theas t e rn  Montana) 
on l o c a l  we l l s  and a nearby r e s e r v o i r .  They determined t h a t  on ly  a few w e l l s  
would be  made unusable by mining, found t h a t  t h e  e f f l u e n t  discharged i n t o  t h e  
Tongue River Reservoir  would n o t  cause  d e t e c t a b l e  d e t e r i o r a t i o n  of t h e  water  
q u a l i t y  i n  t h e  r e s e r v o i r  and p red i c t ed  t h a t  when mining was completed, t h e  
water  l e v e l s  i n  t h e  a f f e c t e d  w e l l s  would rise toward pre-mining l e v e l s  and 
pre-mining ground water  flow p a t t e r n s  would g radua l ly  resume. 

A l l  c u r r e n t l y  ope ra t i ng  underground c o a l  mines i n  I l l i n o i s  are s i t u a t e d  i n  
Pennsylvanian bedrock, w e l l  below t h e  water  t a b l e .  Many of t h e  d r i e r  mines 
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Figure 9. Hypothetical hydrographs illustrating the effect of mining on stream 
runoff (when mine pits are left to fill with water after mining 
operations cease). 
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Figure  10.  Hypothe t ica l  hydrographs i l l u s t r a t i n g  t h e  e f f e c t  of mining on s t ream 
runof f  (when a mine i s  reclaimed w i t h  s p o i l  more permeable than  t h e  
n a t u r a l  geo log ic  m a t e r i a l s ) .  

have remained dry for years after mining operations have ceased, and investi- 
gators conducting studies in underground mines have noted that the amount of 
water entering the mines is highly variable from mine to mine and sometimes 
even within a single mine. Such observations have prompted questions con- 
cerning the relationship between the mine and the hydrogeologic environment 
into which it is placed. It seems obvious that thorough investigation of - 
the hydrogeologic conditions in an underground mine could both improve the 



mining o p e r a t i o n  i t s e l f  and prevent  environmental  problems du r ing  and a f t e r  
mining-yet on ly  a  few s t u d i e s  have been made of hydrogeologic  cond i t i ons  of 
mines be fo re ,  du r ing ,  and a f t e r  mining. The most n o t a b l e  i n  t h e  United S t a t e s  
a r e  t h e  s t u d i e s  of Pennsylvanian mines conducted by Drown and Pa r i zek  (1971) 
and Love11 and Gunnett (1974),  who w e r e  i n t e r e s t e d  i n  water  q u a l i t y  of mine 
d i s cha rges .  Cartwright  and Hunt (1978) used piezometers  t o  moni tor  water  
p r e s s u r e s  i n  t h e  roof  of an I l l i n o i s  mine, Most of t h e  d a t a  r e l e v a n t  t o  
t h e  hydrogeologic  s e t t i n g  of c o a l  mines is  bur ied  i n  l i t e r a t u r e  on mine 
dewater ing techniques ,  a c i d  mine wate r  problems, mine-rela ted a q u i f e r  
overpumping problems, and t unne l i ng ,  and i s  d i f f i c u l t  t o  f i n d .  (For a  good 
example of t h i s  problem, s e e  Larsson e t  a l , ,  1977) .  

F igure  11 is  a  diagram of a  mine void a t  a dep th  of  45 meters (150 f t ) .  The 
mine vo id  is  probably a t  a tmospheric  p r e s su re .  The p r e s s u r e  l i n e s  on t h e  
diagram a r e  based on t h e  es t imated  h y d r o s t a t i c  p r e s s u r e s  a t  t h a t  depth.  
S ince  t h e  h y d r o s t a t i c  p r e s s u r e  of  t h e  wate r  a t  a p a r t i c u l a r  p o i n t  i s  due 
t o  t h e  weight  of t h e  ove r ly ing  wa te r ,  t h e  h y d r o s t a t i c  p r e s s u r e  i n c r e a s e s  w i th  
depth.  A t  t h e  dep th  of t h e  mine, t h e  h y d r o s t a t i c  p r e s s u r e  would be about  
50 pounds per  square  i nch  ( p s i ) .  When t h e  mine vo id  i s  opened a  p r e s s u r e  
g r a d i e n t  toward t h e  mine i s  e s t a b l i s h e d  and water  f lows toward t h e  mine 
because of t h e  d i f f e r e n t i a l  p r e s su re s .  The c h a r a c t e r  of t h e  rock  s i g n i f i -  
c a n t l y  a f f e c t s  t h e  way t h e  water  responds t o  t h e s e  p r e s s u r e s ,  and a l s o  a f f e c t s  
t h e  p a t t e r n s  of ground water  flow; f o r  i n s t a n c e ,  i n  fo rmat ions  w i t h  h igh  
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Figure  11. Hydraulic  p r e s su re  around a  
mine opening. 

F igure  12. Hydraulic  g r ad i en t  i n  t h e  
v i c i n i t y  of a  mine vo id .  



hydrau l i c  c o n d u c t i v i t i e s  t h e r e  may be c o n t i n u a l  f low i n t o  t h e  mine over a  
long per iod  of t i m e ;  i n  f o r n a t i o n s  wi th  low hyd rau l i c  c o n d u c t i v i t i e s  t h e  
f low may be  low and of s h o r t  du ra t i on .  

F igure  12 i s  a  s i m p l i f i e d  diagram showing t h e  hyd rau l i c  p r e s s u r e  g r a d i e n t  
a s  a  f u n c t i o n  of d i s t a n c e  from t h e  mine a t  a  cons t an t  t i m e  (Cartwright  and 
Hunt, 1978) ,  The hyd rau l i c  g r a d i e n t  nea r  t h e  mine w a l l  i s  h igh  ( i n  o t h e r  
words, t h e  r a t e  of change of hyd rau l i c  p r e s su re s  i n  t h e  mine w a l l  c l o s e  t o  
t h e  mine i s  h i g h ) ;  a t  some d i s t a n c e  from t h e  mine t h e  h y d r a u l i c  p r e s s u r e  
g r a d i e n t  dec rea se s  t o  a lmost  z e ro ,  The r e l a t i v e  s c a l e  of each a x i s  i s  
determined by t h e  dep th  of t h e  mine and t h e  hyd rau l i c  c o n d u c t i v i t i e s  of t h e  
rocks .  I n  rocks  w i th  lower hyd rau l i c  c o n d u c t i v i t i e s  (such a s  t hose  g e n e r a l l y  
a s s o c i a t e d  w i th  I l l i n o i s  c o a l s )  t h e  p r e s s u r e  change w i l l  OCCIX over  r e l a t i v e l y  
s h o r t  d i s t a n c e s .  I n  a r e a s  where sands tone  o r  h i g h l y  f r a c t u r e d  rocks  a r e  
p r e s e n t ,  t h e  p r e s s u r e  change may e  spread over  longer  d i s t a n c e s .  

There a r e  s e v e r a l  hydrogeo%ogic s e t t i n g s  i n  i c h  water  p ro  
t i c u l a r l y  l i k e l y  t o  occur  i n  underground m i  The most c  on hydrogeologic  
s e t t i n g  i n  which l a r g e  vs$umes of wate r  may e n t e r  a  mine occu r s  when a  bu r i ed  
s and - f i l l ed  channel  w i t h i n  t h e  coa l -bear ing  rocks  i s  encountered du r ing  mining. 
These channe ls  occur  a t  s e v e r a l  s t r a t i g r a p h i c  p o s i t i o n s  and a r e  widely d i s -  
t r i b u t e d .  A number of major channe ls  i n  t h e  c o a l  a s i n  have been mapped, 
such a s  t h e  Wa l shv i l l e  Channel., a s s o c i a t e d  w i th  He r r in  (No. 6 )  Coal. A s  
mining approaches t h e  channel  sands tone ,  i n c r e a s i n g  volumes of wate r  beg in  
t o  e n t e r  through t h e  working f ace .  En many such mines,  t h e  c o a l  seam i t s e l f  
is f r a c t u r e d ,  forming a permeable zone f o r  wate r  movement from t h e  channel  
sandstone.  Thus, a s  a  s ands to  e channel  i s  approached, i n c r e a s i n g  volumes 
of wate r  may f low i n t o  t h e  mine through t h e  coa as a r e s u l t  of  i n c r e a s i n g  
hyd rau l i c  p r e s su re  d i f f e r e n c e s  between t h e  mine f a c e  and t h e  channel  sand- 
s t one .  

Another hydrogeologic  s i t u a t i o n  which may l e a d  t o  an i n f l u x  of l a r g e  volumes 
of wate r  ( p a r t i c u l a r l y  i n  sha l low mines) occurs  where a n c i e n t  bedrock v a l l e y s  
have been c u t  down i n t o  o r  nea r  t h e  coa seam p r i o r  t o  and du r ing  t h e  P l e i s t o -  
cene  g l a c i a t i o n s ,  l e a v i n g  a  t h i n  mine r o o f ,  P l e i s t o c e n e  g r a v e l s ,  f r e q u e n t l y  
found i n  t h e  ba se  of sediments  f i l l i n g  t h e s e  a n c i e n t  v a l l e y s ,  a r e  o f t e n  major 
a q u i f e r s  w i th  moderate t o  h igh  c a p a c i t i e s *  dep th  and l o c a t i o n  of t h e s e  
v a l l e y s  are g e n e r a l l y  w e l l  known from d r i l l i  ecords .  A s  mining p rog re s se s  
toward t h e s e  channe ls ,  water  and s t a b i l i t y  p  ems may become more s eve re .  

A t h i r d  s i t u a t i o n  l i k e l y  t o  cause  wate r  problems i n  a mine occurs  when a  
t h i n  b l anke t  sandstone a c t s  as a ground wate r  r e s e r v o i r ,  These sands tones  
occur  a t  many s t r a t i g r a p h i c  p o s i t i o n s  w i t h i n  t h e  Pennsylvanian.  Water f lows 
from t h i s  t ype  of  sands tone  t o  t h e  mine a t  very  low t o  moderate r a t e s ,  
depending on t h e  t h i cknes s  and hyd rau l i c  c o n d u c t i v i t y  of t h e  sands tone  
and i n t e rven ing  roof rocks .  I n  t h e s e  mines,  t h e  volume of water  i n  t h e  
sands tone  i s  g e n e r a l l y  n o t  g r e a t  enough t o  cause  s e v e r e  mining problems b u t  
does become a  nu isance ,  p a r t i c u l a r l y  where t h e  mine f l o o r  i s  a  t h i c k ,  s o f t ,  
swe l l i ng  c l ay .  

The hydrogeologic  s e t t i n g  of t h e  c o a l  i n  t h e  I l l i n o i s  Basin Coal F i e l d  is  
normally no t  a f f e c t e d  by major t e c t o n i c  deformat ion,  s o  t h e  i n f l u e n c e  of 
major f o l d s ,  f a u l t s ,  j o i n t s  and f r a c t u r e  t r a c e s  on t h e  hydrogeology of t h e  



mines i s  minimal o r  absen t ,  However, r e c e n t  work i n  t h e  I l l i n o i s  c o a l  mines 
(Krausse e t  a l e ,  1978) has  shown t h a t  inany smal l - sca le  s t r u c t u r a l  f e a t u r e s  
( s l i p s ,  f a u l t s ,  j o i n t s )  occur  i n  t h e  c o a l  and t h e  s t r a t a  above i t .  These 
smal l  s t r u c t u r e s  i n  a  mining a r e a  may a l s o  i n d i c a t e  minor changes i n  t h e  
ground wate r  f low p a t t e r n  and t h e  volume of ground wate r  flow, The per-  
m e a b i l i t y  of f r a c t u r e d  rocks  i s  g r e a t e r  than t h a t  of t h e  same rocks  i n  an  
un f r ac tu r ed  s t a t e ;  t h u s ,  i nc r ea sed  f low may o f t e n  be  found i n  t h e  v i c i n i t y  
of  t h e s e  s t r u c t u r e s .  

P rog re s s ive  d r a inage  and r ewe t t i ng  du r ing  mining may weaken t h e  mine roof  
and f l o o r  m a t e r i a l s ,  and repea ted  we t t i ng  and d ry ing  could f u r t h e r  weaken 
t h e  rocks.  For example, i n  t h e  c i t y  of S t r e a t o s ,  I l l i n o i s ,  sewage has  been 
dumped i n t o  t h e  o ld  mine workings f o r  many yea r s  and allowed t o  move l a t e r -  
a l l y  through t h e  workings,  d i s cha rg ing  t o  t h e  Vermilion River .  Current  
s t u d i e s  undertaken t o  c o n t r o l  t h e  sewage d i s cha rge  sugges t  t h a t  repea ted  
we t t i ng  and d ry ing  w i l l  s i g n i f i c a n t l y  reduce t h e  s t r e n g t h  of t h e  rocks  and 
t h e r e f o r e  i n c r e a s e  t h e  i nc idences  of mine subsidence.  Thus, any change i n  
t h e  hydrogeologic  regime of a  mine, such a s  b a c k f i l l i n g  a  d ry  mine wi th  
wate r  (man-induced o r  n a t u r a l )  o r  pumping wate r  from a mine which has  f i l l e d ,  
may weaken t h e  rocks  and p r e c i p i t a t e  i nc r ea sed  r a t e s  of subsidence and sur -  
f a c e  damage. Severe  inunda t ion  does  n o t  occur  i n  most deep c o a l  mines i n  
I l l i n o i s ,  and t h e  d e p l e t i o n  and d ra inage  of a q u i f e r s  i n  mine dewater ing 
ope ra t i ons  i s  g e n e r a l l y  n o t  a  problem. I n  a r e a s  of I l l i n o i s  i n  which t h e  
Pennsylvanian s e r i e s  i s  t h e  uppermost bedrock u n i t ,  t h e  ground wate r  becomes 
minera l ized  a t  an  average dep th  of l e s s  than  1 Q O  mete rs  (about 300 f t ) .  
Most I l l i n o i s  c o a l  mines a r e  i n  bedrock which con t a in s  minera l ized  wa te r ,  
and w e l l s  f o r  wate r  s u p p l i e s  a r e  f i n i s h e d  a t  shal lower  dep ths  i n  a q u i f e r s  
w i th  p o t a b l e  ground water .  Contamination of wate r  w e l l s  from mine dewater ing 
systems and ho ld ing  ponds i s  r a r e  i n  I l l i n o i s ;  however, a s  mines a r e  opened 
a t  g r e a t e r  dep th s  i n  r acks  con t a in ing  more h igh ly  minera l ized  wa te r ,  i t  i s  
p o s s i b l e  t h a t  d i s p o s a l  of t h e  wate r  e n t e r i n g  t h e  mine w i l l  have t o  be  handled 
d i f f e r e n t l y  t o  p r o t e c t  s t reams  and sha l low a q u i f e r s ,  

De t a i l ed  a n a l y s i s  of t h e  hydrogeology of mining a r e a s  be fo re ,  du r ing ,  and 
a f t e r  mining can h e l p  prevent  problems t h a t  may occur  i n  and around t h e  
mines. Such s tudy  should i nc lude :  

1. A s tudy  of t h e  topography of t h e  land  s u r f a c e  and t h e  p a t t e r n s  of 
s u r f a c e  flow. (This  i s  e s p e c i a l l y  important  f o r  s u r f a c e  mines,  which o f t e n  
d i s t u r b  s u r f a c e  f low i n  some way.) I f  necessary ,  s t reams  can be d i v e r t e d  
dur ing  mining and r e e s t a b l i s h e d  dur ing  rec lamat ion ,  An a c c u r a t e  d e s c r i p t i o n  
of t h e  s u r f a c e  r e l i e f  of t h e  a r e a  made p r i o r  t o  mining can a l s o  f a c i l i t a t e  
rec lamat ion .  An unders tanding  of s u r f a c e  f low and topography i s  neces sa ry  
t o  ensure  t h a t  ho ld ing  ponds, gob p i l e s  and c o a l  p i l e s  a r e  placed p rope r ly  
t o  p revent  contaminat ion of s t reams  o r  sha l low a q u i f e r s .  

2. The i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  of a q u i f e r s  i n  t h e  g l a c i a l  
d r i f t  and i n  t h e  bedrock, e s p e c i a l l y  t h e i r  t h i cknes s ,  l a t e r a l  e x t e n t  and 
hydrogeologic  p r o p e r t i e s  (hyd rau l i c  c o n d u c t i v i t y  and wate r  q u a l i t y ) .  The 
e f f e c t s  of any f a u l t i n g  i n  t h e  a r e a  on t h e  hyd rau l i c  c o n d u c t i v i t y  of t h e  
a q u i f e r  should be s t u d i e d ,  and d a t a  on w e l l  y i e l d s  and wate r  q u a l i t y  should 
be ob ta ined  through a  survey of a r e a  wate r  w e l l s  and test bo r ings .  Such 



in format ion  w i l l  h e l p  determine whether an a q u i f e r  y i e l d s  p o t a b l e  wate r ;  
whether i t  i s  of l o c a l  o r  r e g i o n a l  e x t e n t ;  whether i t  i s  u t i l i z e d  p r i m a r i l y  
f o r  smal l  and/or  l a r g e  ground water  s u p p l i e s ;  and whet e r  i t  i s  t h e  on ly  o r  
t h e  dominant a q u i f e r  i n  a n  a r e a .  

3. A p r e d i c t i o n  of t h e  e f f e c t s  s f  mining on s u r f a c e  streams and 
a q u i f e r s .  I n  I 1 l i n o i s ,  p o t e n t i a l  concerns  i nc lude :  (a )  contaminat ion of 
s t reams  o r  d r i f t  a q u i f e r s  by minera l ized  wate r  d r a ined  from s u r f a c e  o r  
underground mines o r  by wate r  d r a i n i n g  o f f  s p o i l  p i l e s  and e n t e r i n g  f low 
systems;  (b) t h e  d i s t a n c e  from t h e  h ighwal l  of a s u r f a c e  mine t h a t  a sha l low 
a q u i f e r  may be  dra ined  dur ing  mining; and (c )  t h e  presence  of a bedrock 
a q u i f e r  which may a f f e c t  o r  be a f f e c t e d  by an underground mine. 

4. An assessment of t h e  e f f e c t s  of  s u r f a c e  o r  groundwater f low on 
mining. Ground wate r  h a s  been imp l i ca t ed  i n  some r o o f - f a l l  and f loor-heave 
e a s e s *  Se r ious  inunda t ion  of mines i s  n o t  a problem i n  I l l i n o i s ,  and t h e r e  
a r e  no major r e g i o n a l  a q u i f e r s  i n  t h e  Pennsylvanian S e r i e s  i n  t h e  I l l i n o i s  
Basin;  however, a c a r e f u l  s t udy  of t h e  hydrogeologic  c o n d i t i o n s  i n  t h e  mine 
i s  u s e f u l  i n  des ign ing  t h e  most economical dewater ing system. 

With in format ion  gained i n  such s t u d i e s ,  mines can be  designed t o  be  pro- 
d u c t i v e ,  e f f i c i e n t ,  and environmental ly  sound. 
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