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FOREWORD 

T h i s . r e p o r t  is  one i n  a ten-volume s e r i e s  prepared by t h e  Energy and 
Environmental Systems Divis ion  of Argonne National  Laboratory and t h e  ~ e s o u r c e  
and Land I n v e s t i g a t i o n s  (RALI) Program of t h e  U.S. Department of t h e  I n t e r i o r  
under t h e  sponsorship of t h e  U.S. Geological  Survey. Because of t h e  c l o s e  
i n t e r r e l a t i o n s h i p  of t h e  t e n  documents i n . t h e  s e r i e s ,  each volume w i l l  b e  
most u se fu l .  only when i t s  r e l a t i o n s h i p  to '  t h e  o t h e r  products  of t h e  program 
is  considered.  

The r e p o r t s  i n  t h i s  s e r i e s  a r e  designed p r imar i ly  t o  f a m i l i a r i z e  pro- 
f e s s i o n a l  land  use  and r e source  p lanners  wi th  t h e  range of p o s s i b i l i t i e s  and 
e f f e c t i v e  p r o c e d u r e s ' f o r  achiev ing  i n t e g r a t e d  mining, rec lamat ion ,  and land 
u s e  planning.  These r e p o r t s  are based on a r e sea rch  program which included 
a n  ex tens ive  l i t e r a t u r e  review, t h e  compilat ion and a n a l y s i s  of c a s e  s tudy  
d a t a ,  and c l o s e  coo rd ina t ion  and i n t e r a c t i o n  wi th  r e l a t e d  government programs. 

The f i r s t  volume i n  t h e  s e r i e s ,  A Guide t o  Integrated Mined Area 
RecZamation and Lrmd Use Planning, summarizes t h e  information i n  t h e  o t h e r  
volumes and p re sen t s  conclus ions  and observa t ions  drawn from ana lyses  of t h a t  
information.  Volume 2 ,  Methods and Criteria for Land Use and Resource Plan- 
ning i n  Surface Mined Areas, examines planning procedures used i n  s e v e r a l  
minera l  i n d u s t r i e s  and mining regions.  and d i s c u s s e s  problems f ac ing  profes-  
s i o n a l  p lanners  who must cons ider  s u r f a c e  mine a r e a s  i n  t h e i r  planning programs. ~ 

I n  Volume 3 ,  A Guide t o  Mined Area RecZamation Technology for Reclama- 
t ion  and Land Use Planners, t h e  methods used t o  rec la im land i n  each of sev- 
e r a l  minera l  i n d u s t r i e s  are d iscussed  i n  r e l a t i o n  t o  t h e  phys i ca l  and c u l t u r a l  
c o n s t r a i n t s  t h a t  must be considered i n  planning a rec lamat ion  program. Much 
of t h e  information f o r  t h i s  document was obtained from case  s t u d i e s  conducted 
i n  s e v e r a l  mining d i s t r i c t s .  The c a s e  s tudy  s i t e s  were chosen a f t e r  consider-  
a t i o n  of t h e  fol lowing:  ( a )  coverage by commodity of those  s u r f a c e  mining 
a c t i v i t i e s  t h a t  d i s t u r b  t h e  g r e a t e s t  acreages, .  (b) coverage of a v a r i e t y  of 
c u l t u r a l  and land u s e  s e t t i n g s ,  (c )  evidence of i n t e g r a t i o n  of mining, r e c l a -  
mation, and land u s e  planning,  (d) coopera t ion  on t h e  p a r t  of ope ra t ing  com- 
panies  and a p p r o p r i a t e  planning e n t i t i e s ,  (e )  coverage of a v a r i e t y  of s u r f a c e  
mining and reclamation methods, and ( f )  coverage of a v a r i e t y  of phys i ca l  
s e t t i n g s  (geology, physiography, c l ima te ,  hydrology) .  Af t e r  t h e  pre l iminary  
c a s e  s tudy s e l e c t i o n ,  some s i t e s  were changed and o t h e r s  dropped because of 
a l a c k . o f  company coopera t ion .  The remaining s i x  c a s e  s t u d i e s  a l l  meet t h e  
c r i t e r i a  l i s t e d  above. They a r e  n o t  intended t o  be p e r f e c t  examples of r e c l a -  . 

mation and planning procedures .  Rather ,  they  i l l u s t r a t e  a v a r i e t y  of proce- 
du res  u t i l i z e d  i n  d i f f e r e n t  phys i ca l  and c u l t u r a l  s e t t i n g s  t o  achieve  planning 
goa l s  under a v a r i e t y  of t echno log ica l ,  l e g a l ,  and economic c o n s t r a i n t s .  

S ince  t h e  c a s e  s t u d i e s  a r e  intended t o  be used a s  appendices t o  Volume 
3 ,  they  a r e  numbered accordingly.  The c a s e  s tudy r e p o r t s  inc lude :  

Volume 3A: A Case Study of Surface Mining and RecZamation 
Planning: South Boulder Creek Park Project, Sand and Gravel 
Operations, . Boulder, ~olorado. 



Volume 3B:  A Case Study of Surface Mining and Reclamation 
Planning: IntemationaZ Minerals and Chemical Corporation, 
Phosphate Operations, Polk County, Florida. 

Volume 3 C :  A Case Study of &face Mining and Reclamation 
Planning : Georgia Kao Zin Company, Clay Mines, Was hington 
County, Georgia. 

.Volume 3 D :  A Case, Study of Surface Mining and Reclamation 
Planning : Area. S tr ip  Coa Z Mining, Peabody Universal Mine, 
Universal, Indiana. 

Volume 3E: A Case Study of Surface Mining and RecZamation 
Planning: ASARCO Open P i t  Copper Mine, Casa Grande, Arizona. 

. . Volume 3F: A Case Study of Surface Mining ,and RecZamation 
Planning: Cannelton Mountain-Top Remova*Z Coal Mine No. 9-S, 
Canne Zton, West Virginia. 

Volume 4 ,  A Bib2iograph.y of Integrated Mined Area Reclamation and Land 
Use Planning, With Annotations, i nc ludes  p r i m a r i l y  r e f e r e n c e s  p e r t i n e n t  t o  
rec lamat ion  p lanning  and p l a n  implementation. 
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I 
INTEGRATED MINED-AREA RECLAMATION AND LAND-USE PLANNING 

VoZwne 30: A Case Study of Surface Mining and Reclmation 
Planning : Area S tr ip  Coal Mining, Peabody 

Universal Mine, Universal, Indiana 

by 

James 5, G~~ernsey,  Michael E.  T i l l e r ,  and James R. LaFevers 

ABSTRACT 

An i n t e g r a t e d  s u r f a c e  mining and reclamation program typ- 
i c a l  of t h o s e  found a t  l a r g e  s c a l e  s u r f a c e  c o a l  mining opera- 
t i o n s  i n  t h e  Midwest and West is  examined i n  t h i s  ca se  s tudy ,  
which focuses  on Peabody Coal Co.'s Universal  Mine i n  west cen- 
t r a l  Ind iana .  A high  v o l a t i l e ,  bituminous c o a l  is  e x t r a c t e d  and 
processed a t  t h e  Universa l  s i t e ,  which opened i n  1969 and i s  now 
one of t h e  l a r g e s t  producing s u r f a c e  mines i n  t h e  s t a t e .  Care- 
f u l  planning f o r  e f f l u e n t  c o n t r o l  dur ing  mining has r e s u l t e d  i n  
a n e a r l y  "pol lu t ion- f ree"  a r e a  s t r i p p i n g  ope ra t ion  a t  Universa l ,  

i and most of t h e  mined land has been graded f o r  and seeded a s  
p a s t u r e .  The mine is  about 10  mi l e s  from t h e  C i ty  of Te r re  Haute; 
t h i s  proximity o f f e r s  o p p o r t u n i t i e s  f o r  developing reclaimed sur -  
f a c e  mines f o r  h igher  land uses  than  those  requi red  by t h e  s t a t e  
( f o r e s t r y ,  rangeland,  p a s t u r e ,  o r  c rop land) ,  due t o  high demand 
f o r  housing and r e c r e a t i o n  s i t e s .  Surveys of a r e a  r e s i d e n t s  
show such development would be well-received;  however, t h e r e  i s  
no pub l i c  planning e f f o r t  underway t o  promote t h e s e  types  uf 
land use .  This  s i t u a t i o n  is  r e p r e s e n t a t i v e  of many mines, where 
p rog res s ive  companies have generated land use  s t r a t e g i e s  without  
seeking o r  being o f f e red  much input  from pub l i c  p lanners .  While 
mining companies may be  capable  of good rec lamat ion  p lanning ,  
pub l i c  b e n e f i t  could be maximized by a concerted e f f o r t  by plan-  
n e r s  and mining companies t o  work toge the r  i n  i n t e g r a t i n g  r e c l a -  
mation and land u s e  planning.  

I INTRODUCTION 

This  c a s e  s tudy is  concerned wi th  land rec lamat ion  a t  Peabody Coal Co. 's  
Universal  Mine, an a r e a  s t r i p p i n g  ope ra t ion  loca t ed  about 10 mi les  n o r t h  of 
Te r re  Haute, Indiana (Fig.  1 . 1 ) .  Phys i ca l  and c u l t u r a l  f a c t o r s  r e l a t e d  t o  t h e  
mine's l o c a t i o n  a r e  d iscussed  wherever they  a r e  considered t o  a f f e c t  t h e  r e c l a -  
mation program o r  rec lamat ion  planning a t  t h e  Universa l  Mine. Regional f a c t o r s  
a r e  a l s o  examined i n  i n s t ances  i n  which t h e  information i s  deemed u s e f u l  i n  
gene ra l i z ing  d a t a  from t h i s  s i t e  t o  s i m i l a r  ope ra t ions .  

i 
The Universa l  Mine was not  chosen f o r  t h i s  s tudy because of ou ts tanding  

o r  unique f e a t u r e s .  Rather ,  i t  possesses  many c h a r a c t e r i s t i c s  common t o  Mid- 
western and Western a r e a  c o a l  mines. The e f f o r t  involved i n  t h e  rec lamat ion  
program and t h e  i n t e g r a t e d  mining and rec lamat ion  planning t h a t  permi ts  
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concurrent mining and reclamation has 
become somewhat exemplary of l a r g e  
c o a l  mining corporat ions '  po l i c i e s .  
This  s i t e  c o n s t i t u t e s  a b e t t e r  example 
of t h e  var ious  reclamation planning 
options than do some of t h e  more iso-  
l a t e d  Western mines, however, because 
of i t s  proximity t o  a metropoli tan a rea ,  
Terre  Haute. I n  addi t ion ,  seve ra l  
s t u d i e s  c i t e d  i n  t h i s  r epor t  have been 
conducted i n  t h e  Terre  Haute a r e a  t o  
a s s e s s  t h e  impact of  mining and rec la -  
mation on t h e  physica l  and c u l t u r a l  
environment. The a v a i l a b i l i t y  of these  
da ta  cont r ibuted  t o  t h e  s e l e c t i o n  of 
t h i s  s i t e  f o r  a case  study. 

Some previous inves t iga t ions  
have indica ted  t h a t  t h e  Terre  Haute 
a r e a  p resen t s  an  exce l l en t  opportunity 
f o r  mining companies t o  p r o f i t  from 
long-range land use planning. The de- 

L 
mand f o r  r e s i d e n t i a l  and r e c r e a t i o n a l  
sites, coupled with pas t  regional  ex- 
per ience  with reclaiming land t o  fores-  
t r y  and a g r i c u l t u r a l  uses,  i n d i c a t e s  
t h a t  reclamation i n  t h i s  a r e a  can be 

Fig. 1.1. Location of t h e  Univer- p r o f i t a b l e  t o  t h e  mine opera tor  i f  
s a l  Mine proper market analyses and reclamation 

procedures a r e  u t i l i z e d .  Much room 
remains, however, f o r  improvement i n  

the  r e l a t i o n s  between mining companies and publ ic  planners i n  t h e  Terre Haute 
area .  This  s i t u a t i o n  is  somewhat t y p i c a l  of both planning agencies and mining 
companies. Since l o c a l  planners have no mandate t o  become involved i n  r ec la -  
mation planning, they have made l i t t l e  at tempt t o  do so. Conversely, the  
mining company seems t o  p re fe r  t o  handle i ts  planning and marketing s t r a t e g i e s  
in-house without becoming involved with planning o f f i c i a l s .  Such i s  t h e  s i t u -  
a t i o n  i n  most c o a l  mining a r e a s ,  and i t  is w e l l  i l l u s t r a t e d  by t h i s  case  study. 



i 2 REGIONAL PERSPECTIVE 

I 2.1 PHYSIOGRAPHIC SETTING 

To b e t t e r  understand t h e  phys ica l  s i t u a t i o n . o f  Peabody's Universa l  Mine, 
it is  n e c e s s a r y . t o  review b r i e f l y  t h e  physiographic s e t t i n g  of t h e  reg ion .  
The Universal  Mine is  loca t ed  i n  Vigo and Vermil l ion count ies ;  Ind iana ,  i n  t h e  
physiographic u n i t  known a s  t h e  Wabash Lowland, which extends from sou theas t e rn  
Parke County t o  t h e  Ohio River and inc ludes  most of t h e  16  coun t i e s  of south- 
western Indiana t h a t  make up Ind iana ' s  c o a l  mining a r e a .  The Wabash Lowland 
r e f l e c t s  t h e  e f f e c t s  of depos i t i on  by c o n t i n e n t a l  g l a c i e r s  and is  g e n e r a l l y  
l e v e l  t o  'undulat ing wi th  a  l o c a l  r e l i e f  of l e s s  than  100 f t .  The undula t ing  
upland po r t ions  a r e  normally covered wi th  wind blown s i l t  d e p o s i t s  ( l o e s s ) ,  
and t h e  more ].eve1 1,owlands a r e  u s u a l l y  cha rac t e r i zed  by su r f  i c i a l  a l l u v i a l  
'sediments. The a r e a  a l s o  possesses  d e p o s i t s  of g l a c i a l  t ill and v a l l e y s  t h a t  
con ta in  ex t ens ive  outwash and a l l u v i a l  depos i t s .  

The Universa l  Mine is  s i t u a t e d  on a  t i l l - c o v e r e d  upland. The o r i g i n a l  
topography of t h e  s i t e  was l e v e l  t o  g e n t l y  r o l l i n g ,  wi th  s lopes  inc reas ing  i n  
s t eepness  toward t h e  v a l l e y s  of ~ r u i l l e t t ' s  Creek t o  t h e  n o r t h  and Gin Creek 
t o  t h e  south.  The mine a r e a  is  cha rac t e r i zed  by approximately 100 f t  of a l l u -  
vium and g l a c i a l  till overburden above t h e  Pennsylvanian age bedrock t h a t  
i nc ludes  t h e  minable c o a l  seams. These t h i c k ,  unconsol idated overburden de- 
p o s i t s  enable  Peabody t o  r e v e g e t a t e  t h e  mined a r e a  wi th  a  wide v a r i e t y  of 
p l a n t s  and crops  a f t e r  mining. No t o p s o i l i n g  of t h e  s u r f a c e  mined l ands  is  
r equ i r ed ,  s i n c e  t h e  mixture of s u r f i c i a l  m a t e r i a l s  wi th  t h i c k  g l a c i a l  t i l l s  
provides  an e x c e l l e n t  base f o r  t h e  growth of g r a s s e s ,  legumes and row c rops  
( P e r l a r  , 1976) . 

2.2 CLIMATE 

P r e c i p i t a t i o n  i n  west c e n t r a l  Indiana is extremely v a r i a b l e .  The aver-  
age  t o t a l  f o r  t h e  reg ion  is 39.68 i n . ,  w i th  t h e  d r i e s t  year  having 28.04 i n .  
and t h e  w e t t e s t  63.34 i n .  P r e c i p i t a t i o n  a t  t h e  Universal  Mine s i t e  i s  f a i r l y  
evenly d i s t r i b u t e d  throughout t h e  yea r ,  wi th  about 60% of t h e  t o t a l  f a l l i n g  
dur ing  t h e  growing season. 

Heavy p r e c i p i t a t i o n  i n  w e t  yea r s  may adverse ly  a f f e c t  s u r f a c e  mining 
ope ra t ions  by eroding m a t e r i a l s ,  f looding ,  ponding, and causing d e l a y s  i n  
mining a c t i v i t i e s  and o u t s i d e  work. I n t e n s e  p r e c i p i t a t i o n  e s p e c i a l l y  promotes 
e ros ion  of s u r f a c e  mine haul  roads.  Erosion may be severe  on t h e  p i t  en t r ance  
roads ,  which have grades  of 6-8% and o v e r a l l  l eng ths  of 500-600 f t .  Some s t a b i -  
l i z a t i o n  measures, employing e x i s t i n g  technology, t h a t  a r e  used t o  reduce ero-  
s i o n  a t  t h e  Universa l  Mine inc lude :  (1)  a  s l o p e  des ign  t h a t  reduces runoff  
and encourges i n f i l t r a t i o n  of water i n t o  t h e  s p o i l ,  ( 2 )  a p p l i c a t i o n  of s o i l  
b inde r s  on s l o p e s  most s u b j e c t  t o  severe  e ros ion  a f t e r  f i n a l  grad ing ,  (3)  seed- 
ing  wi th  cover c rops  u n t i l  more permanent t ypes  of vege ta t ion  can ga in  a  foo t -  

4 hold ,  and (4)  c o n s t r u c t i o n  of d i v e r s i o n  channels  t o  remove runoff water  from 
mining o p e r a t i o n s  'in o rde r  t o  minimize e ros ion  and s tream sedimentat ion.  

Of t h e  39.68 i n .  of average r a i n f a l l  rece ived  i n  the .  Universa l  Mine a r e a ,  
most r e t u r n s  d i r e c t l y  t o  t h e  atmosphere a s  water  vapor by evapo t r ansp i r a t ion .  



D u r i n g - t h e  f i r s t  four  months of t h e  year a  water su rp lus  e x i s t s .  By mid-May 
t h e  per iod  of u t i l i z a t i o n  occurs  and p l a n t s  draw.upon t h e  a v a i l a b l e  s o i l  mois- 
t u r e .  By l a t e  J u l y  t h e  a v a i l a b l e  s o i l  mois ture  is  used up and a  mois ture  
d e f i c i t  occurs .  By September a period of s o i l  mois ture  recharge  t a k e s  p l ace  
and water  becomes a v a i l a b l e  f o r  runof f .  I n  s h o r t ,  t h e  water  balanqe of t h e  
Universa l  Mine a r e a  inc ludes  t h e  g r e a t e s t  s t ream d i scha rge  between ~ovember  
and May, a  low summer a v a i l a b i l i t y  of mois ture ,  and water  d e f i c i t  from J u l y  t o  
September. Time of occurrence,  cond i t i on  of t h e  su r f ace ,  s l o p e  of t h e  land ,  
v a r i a t i o n  i n  v e g e t a t i o n  cover ,  and i n t e n s i t y  of t h e  r a i n f a l l  a r e  some of t h e  
f a c t o r s  t h a t  a f f e c t  t h e  runof f ,  groundwater recharge ,  and evapora t ion  r a t e s .  
The average annual  r a i n f a l l  i n  t h e  Wabash Basin is  s u f f i c i e n t  t o  meet t h e  
t o t a l  mois ture  requirements  f o r  most c rops  i f  p roper ly  d i s t r i b u t e d  throughout 
t h e  growing season.  The i d e a l  r a i n f a l l  p a t t e r n  seldom occurs ,  however, and 
many c rops  s u f f e r  drought e f f e c t s  even i n  so-cal led "normal" yea r s .  

The a r e a  is  cha rac t e r i zed  by a  four-season thermal c l ima te .  Mean month- 
l y  tempera tures  range from a low of 2 9 . 8 8 ' ~  i n  January t o  a  high of 76.87OF 
i n  J u l y .  Monthly increments i n  mean tempera tures . . a re  g r e a t e s t  dur ing  t h e  
sp6ing and f a l l  wi th  t h e  l a r g e s t  changes i n  mean from t h e  preceding month occur- 
r i n g  i n  Apr i l  (+11.4O~ over March) and November (13.G°F coo le r  than October) .  
By , c o n t r a s t ,  monthly d i f f e r e n c e s  i n  t h e  summer and winter .month ly  s e r i e s  vary  
by some  OF and  OF, r e s p e c t i v e l y .  

The minimum winter  temperatures  a l s o  a f f e c t  t h e  depth  of f r o s t  penetra-  
t i o n .  The depth  t o  which the .  s o i l  normally f r e e z e s  i n  t h e  u n i v e r s a l  Mine a r e a  
i s  18 i n .  The depth of f r o s t . p e n e t r a t i o n  i s  a l s o  a f f e c t e d  by s e v e r a l  f a c t o r s  
o t h e r  . than temperature.  Open l ands  tend t o  f r e e z e  more deeply t h a n . l a n d s  
w i t h  a snow cover;  snow se rves  a s  an i n s u l a t o r  f o r  ba r r en  unreclaimed l ands .  
Deep, t h i c k  f r o s t  zones commonly occur i n  s u r f a c e  mined l ands  t h a t  a r e  f rozen  
a f t e r  a  heavy r a i n .  During pe r iods  of f r o s t  pene t r a t ion ,  t h e  s p o i l s  a r e  n o t  

. s u b j e c t  t o  e ros ion  but t h e  a l t e r n a t e  f r e e z i n g  and thawing of s a t u r a t e d  s t r i p  
niined l ands  may cause v a r i o u s  types  of mass movements. A s a t u r a t e d . s p o i 1  
bank subjec ted  t o  f r e e z i n g  temperatures  becomes spongy a f t e r  thawing and may 
b e  s u b j e c t  t o  slumping. S o i l s  i n  t h e  a r e a  of t h e  Universa l  Mine a r e  a f f e c t e d  
moderately t o  s eve re ly  by f r o s t  heave, i n d i c a t i n g  a  p o t e n t i a l  f o r  r e l a t e d  prob- 
lems a t  t h e  mine si te.  Water i n f i l t r a t i o n ,  e ros ion ,  slumping, heaving, and 
runoff  a l l  show a marked v a r i a t i o n  i n  r e l a t i o n  t o  t h e  amount and depth  of t h e  
f r o s t  p e n e t r a t i o n   a art on, 1969).  F ros t  p e n e t r a t i o n  depth i s  t h u s  an  impor- 
t a n t  cons ide ra t ion  i n  determining land rec lamat ion  p r a c t i c e s  i n  t h e  Midwest. 

I n  gene ra l ,  t h e  Universa l  Mine reg ion  has a  s u f f i c i e n t  margin of grow- 
ing  season t o  permit t h e  growth of a v a r i e t y  of products  on reclaimed mined 
l ands .  The l e n g t h  of t h e  growing season f l u c t u a t e s  cons iderably  from year  t o  
yea r  bu t  averages 175 days. I n  rec la iming  t h e  s u r f a c e  mined . a r e a s  f o r  corn ,  
f o r  example, 130 days a r e  r equ i r ed  between t h e  l a s t  k i l l i n g  f r o s t  i n  t h e  
s p r i n g  and t h e  f i r s t  one i n  t h e  f a l l .  Although sp r ing  p l a n t i n g s  may be  delayed 
by w e t ,  cold s o i l  cond i t i ons ,  t h e  crop s t i l l  has t ime t o  mature w i th in  t h e  
175-day per iod .  Occasional ly,  however, a n  unexpected f r o s t  t h a t  occurs  dur ing  
l a k e  sp r ing  may f o r c e  farmers  t o  p l a n t  row crops  a  second time. 



1 The Universal  Mine a r e a  has an e x c e l l e n t  supply of groundwater obtained 
from g l a c i a l  a q u i f e r s .  I n  gene ra l ,  t h e  replaced s p o i l  m a t e r i a l  is less com- 
pacted than  t h e  o r i g i n a l  s u r f i c i a l  m a t e r i a l s .  Thus, s u r f a c e  i n f i l t r a t i o n  
r a t e s  may be  increased  by t h e  mining process .  This  process  may be  b e n e f i c i a l  
bo th  i n  prevent ing  f lood ing  and i n  maintaining s t ream flow. Peabody o f f i c i a l s  
have s t a t e d ,  however, t h a t  t h e  c u r r e n t  s t a t e  requirement t o  grade  t h i s  s i t e  t o  
e i g h t  percent  s lopes  has  caused excess ive  compaction (Healy, 1977).  

Water q u a l i t y  problems c h a r a c t e r i s t i c  of t h e  reg ion  inc lude  sedimenta- 
t i o n ,  due t o  s u r f a c e  e ros ion  and consequent p o l l u t i o n  of t h e  water resources .  
Sheet and g u l l y  e ros ion  a r e  among t h e  predominant types .  Sheet e ros ion ,  i n  
which s o i l  is  removed by overland r u n o f f ,  is  t h e  most widespread and seve re ,  
due t o  t h e  f r equen t ,  i n t e n s e  thunderstorm r a i n f a l l  occur r ing  on a high percen- 
t age  of cropland.  It is  most s e r i o u s  i n  a r e a s  of i n t e n s i v e  c u l t i v a t i o n .  R i l l  
e ro s ion ,  a form of shee t  e ros ion ,  forms shal low channels  t h a t  can be smoothed 
out  by normal c u l t i v a t i o n .  Gully e ros ion  i s  very  l o c a l i z e d  i n  t h e  Universa l  
Mine a r e a  and o v e r a l l  is no t  as s e r i o u s  a problem. Local ized,  s eve re  e ros ion  
t ends  t o  lower t h e  va lue  of land  ad jacen t  t o  a f f e c t e d  a r e a s .  

Sediments t r anspor t ed  by e r o s i v e  processes  may cause a d d i t i o n a l  prob- 
l e m s .  The s i l t i n g  of channels  r e s u l t s  i n  t h e i r  c o n s t r i c t i o n  and a decreased 
capac i ty  t o  c a r r y  runoff w a t e r ,  t hus  i nc reas ing  t h e  p o s s i b i l i t y  of f looding .  
S i l t i n g  a l s o  may block d r a i n  t i l e  o u t l e t s  and s u r f a c e  dra inage  d i t c h e s ,  caus- 
ing ponding i n  ad j acen t  farm l ands ,  which' i n  t u r n  may r e s u l t  i n  reduced y i e l d s .  
Deposited sediments may d i s r u p t  highway and ra i lway dra inage  systems by accumu- 
l a t i n g  in .  d i t c h e s  and c u l v e r t s  and upon roadways. 

I n  most s t reams,  minimum flows provide too l i t t l e  water f o r  adequate  
d i l u t i o n  of waste  m a t e r i a l s .  A v a r i e t y  of p o l l u t a n t s ,  both i n  suspension and 
i n  s o l u t i o n ,  e n t e r  s t reams by d i r e c t  d ra inage  and by subsur face  seepages. 
However, t h e  Universa l  Mine has l a r g e  s e t t l i n g  bas ins  designed t o  prevent  t h e  
contaminat ion of nearby s u r f a c e  waters .  These water impoundments a r e  designed 
t o  r e t a i n  water  from t h e  mine p i t s  t o  prevent  ac id  formation.  

I 2.4 sons 

The s o i l s  of Vigo and Vermil l ion coun t i e s  vary ,  depending upon pa ren t  
m a t e r i a l s ,  topography, v e g e t a t i o n ,  c l ima te ,  and du ra t ion  of development. 
G l a c i a l  till, outwash m a t e r i a l s ,  and wind d e p o s i t s  a r e  t h e  major pa ren t  mate- 
r i a l s .  S o i l s  t h a t  developed under f o r e s t  vege ta t ion  a r e  t h i n n e r  and lower i n  
organic  content  than  those  developed from g r a s s  vege ta t ion .  S o i l s  on s lopes  
a r e  normally t h i n n e r  because of e ros ion ,  and s o i l s  i n  dep res s iona l  o r  bottom- 
lands  a r e  t h i c k e r ,  . s i nce , they  have accumulated runoff d e p o s i t s .  But t h e s e  
lowland s o i l s  f r equen t ly  a r e  poorly d ra ined ,  e s p e c i a l l y  when t h e  t o p s o i l ,  sub- 
s o i l ,  o r  parent  m a t e r i a l s  are r e l a t i v e l y  impervious. 

A l l  except  6,434 a c r e s  of t h e  t o t a l  cropland i n  t h e  two-county a r e a  
f a l l s  i n t o  t h e  U.S. Department of Agr i cu l tu re  (USDA) S o i l  Conservation Se rv i ce  
(SCS) S o i l  Capab i l i t y  C la s ses  I ,  11, and 111, t h e  h ighes t  grades  of a g r i c u l t u r -  
a l  land (Tables 2 .1  and 2.2) .  Class  I s o i l s ,  which make up 15% of t h e  t o t a l  
cropland,  have few l i m i t a t i o n s  t h a t  r e s t r i c t  t h e i r  u s e  and a r e  s u i t e d  t o  a wide 



Table 2.1. S o i l  Capab i l i t y  
C la s ses  

Capab i l i t y  Acreage i n  Vermil l ion 
C las s  and Vigo Counties '  

I 36,751 
I I e  19,818 
I I w  111,786 
11s 30,922 

IIIe 10,256 
. '  IIIw 35,013 

111s 3,074 
I V e  5,907 
V I  e 527 

Source: USDA S o i l  Conservat ion 
S e r v i c  e , Conse.mation 
Needs _Tnventory (1967) . 

range of p l a n t s  t h a t  may be  used f o r  cu l -  
t i v a t e d  c rops .  They a r e  deep, gene ra l ly  
w e l l  d ra ined ,  and e a s i l y  worked. Class  
I1 s o i l s  have some l i m i t a t i o n s  t h a t  
reduce t h e  choice  of p l a n t s  o r  r e q u i r e  
moderate conserva t ion  p r a c t i c e s .  These 
s o i l s ,  which make up almost two-thirds  
of t h e  t o t a l  c ropland ,  r e q u i r e  c a r e f u l  
s o i l  management, but may be used f o r  
c u l t i v a t e d  c rops  even though t h e  farmer 
has  less l a t i t u d e  i n  t h e  crop choice .  
About 20% of t h e  cropland is  C las s  I11 
s o i l s ,  which al though they  have some 
seve re  r e s t r i c t i o n s  t h a t  reduce t h e  
cho ice  o f  p l a n t s  and r e q u i r e  s p e c i a l  
conserva t ion  p r a c t i c e s ,  may be used f o r  
c u l t i v a t e d  c rops ,  p a s t u r e  and woodland. 
The remaining s o i l s  i n  cropland a r e  
Class I V  and Class V I ,  and both have 
very  seve re  l i m i t a t i o n s  f o r  cropland.  
L imi t a t ions  of Class  I V  s o i l s  f o r  cu l -  
t i v a t e d  c rops  inc lude  s t e e p  s l o p e s ,  

s eve re  e ros ion ,  shal low s o i l s ,  o r  low moisture-holding capac i ty .  C la s s  V I  
s o i l s  a r e  gene ra l ly  unsu i t ed  f o r  c rops ;  however, 527 a c r e s  i n  t h i s  c l a s s i f i c a -  

. t i o n  a r e  used f o r  c rops  i n  t h e  two-county a rea .  

Most of t h e  Universa l  Mine a r e a  has s o i l s  t h a t  were wet i n  t h e i r  n a t u r a l  
s t a t e .  Inadequate  d ra inage  l i m i t s  land u s e  t o  l e s s  i n t e n s i v e  cropping p a t t e r n s ,  
reduces crop y i e l d s ,  and r e s u l t s  i n  g r e a t e r  u n i t  c o s t s  of product ion through 
reduced farming e f f i c i e n c y .  A g r i c u l t u r a l  development of t h e  a r e a  has r e s u l t e d  
i n  ex t ens ive  t i l i n g  of such wet s o i l s .  

A d e t a i l e d  s o i l s  map f o r  t h e  Universa l  Mine s i t e  is g iven  in Fig.  2.1. 
The two major s o i l  s e r i e s  t h a t  occupy t h e  upland p o r t i o n s  of t h e  s i te  a r e  t h e  
F i n c a s t l e  and Ragsdale (USDA, 1974).  The F i n c a s t l e  is  found on broad l e v e l  
uplands wi th  0-2% s l o p e s  and t h e  Ragsdale,  i n  upland depress ions  wi th  0-2% 
s lopes .  These series a r e  both s i l t  loams, which have developed i n  2-3 f t  of 
loessover  g l a c i a l  t ill ,  and a r e  s u i t e d  t o  a l l  c rops  grown i n  t h e  reg ion  i f  
adequate  dra inage  systems a r e  e s t a b l i s h e d  and maintained.  Thei r  c a p a b i l i t y  
u n i t  c l a s s i f i c a t i o n  is  IIw-2, i n d i c a t i n g  a  deep, poor ly  dra ined  s o i l .  The 
Ragsdale s o i l  was formed under g r a s s  and hardwood t r e e  v e g e t a t i o n ,  and has  a  
h igh  a v a i l a b l e  water  capac i ty  and slow permeabi l i ty .  

The Hennepin and Xenia s e r i e s  comprise t h e  ch ief  s o i l s  on s lopes  ad ja-  
c e n t  t o  stream v a l l e y s .  I n  t o t a l  a r e a  they  a r e  much l e s s  important  t han  t h e  
Ragsdale o r  F i n c a s t l e  s e r i e s .  The Hennepin loam, c a p a b i l i t y  Class  VIIe-2, 
occurs  on s lopes  of 25-50%, which a r e  t oo  s t e e p  f o r  c u l t i v a t i o n ,  and needs 
c a r e f u l  management t o  c o n t r o l  e ros ion .  It is  b e s t  s u i t e d  t o  mixed s t ands  of 
hardwoods. The Xenia s e r i e s  developed i n  l o e s s  over g l a c i a l  t i l l  and c o n s i s t s  
of deep,  moderately we l l  d ra ined  s o i l s  on g e n t l y  s lop ing  uplands.  The Xenia 
s i l t  loam, wi th  s lopes  of 2-6%, is s u i t e d  t o  a l l  types  of crop commonly 
grown i n  t h e  r eg ion ,  a s  we l l  a s  permanent p a s t u r e  and t r e e s .  Its c a p a b i l i t y  
u n i t  is I Ie -3 ,  and r i s k  of e ros ion  is t h e  major management cons ide ra t ion .  



Table 2 .2 .  Summary Land Capab i l i t y  f o r  Cropland 

C las s  I S o i l s  have few ' l i m i t a t i o n s  t h a t  r e s t r i c t  t h e i r  use .  

S o i l s  a r e  s u i t e d  t o  a wide range of p l a n t s  and may be used s a f e l y  
f o r  c u l t i v a t e d  c rops ,  p a s t u r e ,  range,  woodland, and w i l d l i f e .  The 
s o i l s  a r e  nea r ly  l e v e l ,  and e ros ion  hazard ( land o r  water )  i s  low. 
They a r e  deep,  gene ra l ly  we l l  d ra ined ,  e a s i l y  worked, hold water  
w e l l ,  and a r e  e i t h e r  f a i r l y  we l l  suppl ied  wi th  p l a n t  n u t r i e n t s  o r  
h igh ly  respons ive  t o  f e r t i l i z e r .  

C la s s  I1 S o i l s  have some l i m i t a t i o n s  t h a t  reduce choice  of p l a n t s  o r  r e q u i r e  
moderate conserva t ion  p r a c t i c e s .  

S o i l s  r e q u i r e  c a r e f u l  s o i l  management, inc luding  conserva t ion  prac-  
t i c e s ,  t o  prevent  d e t e r i o r a t i o n  o r  t o  improve a i r  and water  r e l a -  
t i o n s  when s o i l s  a r e  c u l t i v a t e d .  L imi t a t ions  a r e  few and t h e  prac- 
t i c e s  a r e  easy t o  apply.  The s o i l s  may be used f o r  c u l t i v a t e d  
c rops ,  p a s t u r e ,  range,  woodland, o r  f o r  w i l d l i f e  food and cover .  

C la s s  111 S o i l s  have more r e s t r i c t i o n s  than  those  i n  Class  I1 and when used 
f o r  c u l t i v a t e d  c rops ,  t h e  conserva t ion  p r a c t i c e s  a r e  u s u a l l y  more 
d i f f i c u l t  t o  apply and t o  maintain.  They may be used f o r  c u l t i -  
va ted  c rops ,  pas tu re ,  woodland, range,  o r  f o r  w i l d l i f e  food and 
cover .  

C la s s  I V  S o i l s  i n  Class  I V  have very  severe  l i m i t a t i o n s  t h a t  r e s t r i c t  t h e  
cho ice  of p l a n t s ,  r e q u i r e  very  c a r e f u l  management, o r  both. 

The r e s t r i c t i o n s  i n  u se  f o r  t h e s e  s o i l s  a r e  g r e a t e r  than  those  i n  
Class 111, and t h e  choice  of p l a n t s  i s  more l i m i t e d .  When, t h e s e  
s o i l s  a r e  c u l t i v a t e d ,  more c a r e f u l  management is  r equ i r ed  and con- 
s e r v a t i o n  p r a c t i c e s  a r e  more d i f f i c u l t  t o  apply and maintain.  Sub- 
c l a s s  e (e ros ion)  is  made up of s o i l s  where t h e  s u s c e p t i b i l i t y  t o  
e ros ion  i s  t h e  dominant problem o r  hazard i n  t h e i r  u se ;  e ros ion  
s u s c e p t i b i l i t y  and pas t  e ros ion  damage a r e  t h e  major s o i l  f a c t o r s  
f o r  p lac ing  s o i l s  i n  t h e  subc la s s .  Subclass  w (excess  water )  is  
made up of s o i l s  where excess  water  i s  t h e  dominant hazard o r  l i m i -  
t a t i o n  i n  t h e i r  use.  Poor s o i l  d ra inage ,  wetness ,  h igh  water  t a b l e ,  
and overflow a r e  t h e  c r i t e r i a  f o r  determining which s o i l s  belong i n  
t h i s  subc lass .  Subclass  s ( s o i l  l i m i t a t i o n s  i n  t h e  r o o t  zone) is  
made up of s o i l s  where root-zone l i m i t a t i o n s  a r e  t h e  dominant 
hazard o r  l i m i t a t i o n  in t h e i r  use .  These l i m i t a t i o n s  a r e  t h e  
r e s u l t s  of such f a c t o r s  a s  shal low s o i l s ,  s t o n i n e s s  and low mois- 
ture-holding capac i ty .  

The Or then t s ,  loamy (OrB), wi th  s lopes  of 0-8%, a r e  n e a r l y  l e v e l  t o  
moderately s loping .  These deep, loamy s o i l s  a r e  l oca t ed  on d i s tu rbed  uplands 
and t e r r a c e s ,  ad j acen t  t o  undisturbed a r e a s  of very  poorly t o  w e l l  d ra ined ,  
n e a r l y  l e v e l  t o  very  s t e e p  s o i l s .  They a r e  w e l l  t o  moderately w e l l  d ra ined  
and c o n s i s t  of a mixture  of s u r f a c e  s o i l ,  s u b s o i l ,  and substratum t h a t  may 
con ta in  some g r a v e l ,  s h a l e ,  o r  s tones .  They have moderate a v a i l a b l e  water  
c a p a c i t i e s  and a r e  moderately and moderately slowly permeable. 



FeA F i n c a s t l e  s i l t  loam 
RUBE Russe l l  s i l t  loam ' 
RuC3 Russe l l  s i l t  loam 
HeF Hennepin loam 

Fig .  2:l. General  S o i l s  Map, Un ive r s a l  Mine Area 

Or6 Orthents loam 
O r G  Orthents loam 
XeB Xenia s i l t  loam 
ReA R e e s v i l l e  s i l t  loam 
Ra Ragsdale s i l t  loam 



The Or then t s ,  loamy (OrG), have 33-90% s lopes .  This  very  s t e e p ,  deep, 
loamy s o i l  is  on d i s tu rbed  uplands and t e r r a c e s ,  ad j acen t  t o  undisturbed 
a r e a s  of very  poorly t o  w e l l  d r a ined ,  nea r ly  l e v e l  t o  very s t e e p  s o i l s .  It 
i s  wel l  t o  moderately w e l l  d ra ined  and c o n s i s t s  of a mixture of s u r f a c e  s o i l ,  
s u b s o i l ,  and substratum t h a t  may con ta in  some c o a l ,  f ragments ,  g r a v e l ,  s h a l e ,  
o r  s tones .  Cons is t ing  c h i e f l y  of unleveled s t r i p  mine a r e a s ,  i t  has  moderate 
a v a i l a b l e  water capac i ty  and is  moderately o r  moderately slowly permeable. 

The n e a r l y  l e v e l  R e e s v i l l e  s i l t  loam (0-2% s lopes )  i s  a deep, s i l t y  
. s o i l  t h a t  occurs  on broad f l a t  uplands,  ad j acen t  t o  n e a r l y  l e v e l  t o  s l i g h t l y  

dep res s iona l ,  very  poorly dra ined  upland s o i l s .  Somewhat poorly dra ined  and 
formed i n  l o e s s  more than  fou r  f e e t '  deep, it has  h igh  a v a i l a b l e  water  capac i ty  
and is  moderately slowly permeable. 

The Russe l l  s i l t  loam (RuB2) has 2-6% s lopes  and i s  seve re ly  eroded. 
Th i s  g e n t l y  s lop ing ,  deep, f i n e  s i l t y  s o i l  occurs  on r i s e s  and s i d e  s lopes  
along drainageways i n  uplands. Well d ra ined  and formed i n  20-40 i n .  of l o e s s  
over g l a c i a l  till, it  has h igh  a v a i l a b l e  water capac i ty  and i s  moderately 
permeable. The Russe l l  s i l t  loam (RuC3) has from 6-12% s l o p e s ,  and is  a l s o  
cha rac t e r i zed  by much eros ion .  This  moderately s lop ing ,  deep, f i n e  s i l t y  
s o i l  i s  on s i d e  s lopes  of drainageways and s i d e  s lopes  ad j acen t  t o  and i n t e r -  
mingled wi th  poorer  dra ined  and s t e e p e r  s o i l s .  Well d ra ined  and occurr ing  on 
loess-capped g l a c i a l  t i l l  uplands,  i t  has a h igh  a v a i l a b l e  water  capac i ty  and 
i s  moderately permeable. 

Under improved cond i t i ons ,  t h e  major s o i l  s e r i e s  of t h e  mine s i t e  a r e  
among t h e  most product ive  i n  t h e  reg ion  (USDA, 1974).  They c o n s t i t u t e  a 
h igh-qual i ty  n a t u r a l  r e sou rce  which i s  a l t e r e d  by t h e  mining process .  A con- 
s i d e r a b l e  degree of planning and e f f o r t  i n  rec lamat ion  i s  necessary  t o  r e s t o r e  
t h e  land  t o  i t s  former agric111.tural p o t e n t i a l .  

2.5 LAND USE 

Approximately 80% of t h e  land in Vermil l ion and Vigo coun t i e s ,  inc lud-  
ing  t h e  Universa l  Mine, has  been i d e n t i f i e d  by t h e  SCS a s  farm land .  Because 
most a r e a s  a r e  s u i t a b l e  f o r  row crops ,  56.8% of t h e  land  i n  farms i s  used a s  , 

cropland ,  According t o  S o i l  Conservation Serv ice  d a t a ,  t h e  t o t a l  amount of 
cropland is  105,726 a c r e s  i n  Vermil l ion County and 148,328 a c r e s  i n  Vigo 
County (USDA, 1967).  Corn, soybeans, and wheat w e r e  produced on about 85% 
of t h e  acreage  used f o r  c rops .  

I 

The second l a r g e s t  farmland acreage  i n  t h e  two-county reg ion  i s  occupied 
by timber.  Almost one-fourth of t h e  land  i n  farms c o n s i s t s  of wooded a r e a s  
w i t h i n  t h e  farm u n i t s .  Unfor tuna te ly ,  much of t h e  75,346 a c r e s  a r e  producing 
weed t r e e s  and t h e  t r e e s  a r e  spa r se ly  spaced w i t h i n  t h e  f o r e s t s .  P a s t u r e ,  hay, 
and graz ing  compose , less  than one - f i f t h  of t h e  t o t a l  farmland i n  t h e  two-county 
reg ion .  

Urban and o t h e r  bu i l t -up  a r e a s  occupy about 10% of t h e  land i n  t h e  
two-county reg ion .  An inc reas ing  popula t ion ,  t h e  suburban sprawl of T e r r e  
Haute, and spreading commercial shpopping c e n t e r s  r ep re sen t  s i g n i f i c a n t  
i nc reases  i n  land  uses  i n  t h e  reg ion .  Considerable  expansion of f u t u r e  u ses  
is  p o s s i b l e  i n  t h e  two-county reg ion  wi th  t h e  p o s s i b l e  except ion of cropland,  
of which most of t h e  Class  I ,  11, and I11 lands  have a l r eady  been used f o r  



c rops .  E a r l i e r  a t t empt s  t o  p r o j e c t  f u t u r e  land uses  have underest imated 
product ion  p o t e n t i a l  and have overest imated t h e  need f o r  h igher  land uses .  
I n  conclusion,  land u s e  changes l i k e l y  t o  r e s u l t  from s u r f a c e  mining w i l l  
r e s u l t  more from t h e  need f o r  more appeal ing a e s t h e t i c  q u a l i t i e s  than  from 
t h e  need f o r  more a g r i c u l t u r a l  ou tput .  

Considering t h e  Universa l  s i t e  i t s e l f ,  p r i o r  t o  mining, more than  90% 
of it (exc lus ive  of t h e  o f f i c e  and processing p l a n t  a r e a s )  was devoted t o  
farm land;  more than  60% of t h e  t o t a l  acreage was p lan ted  i n  c rops .  Both of 
t h e s e  percentages a r e  l a r g e r  than  t h e  r e s p e c t i v e  f i g u r e s  f o r  t h e  two-county 
r eg ion  a s  a whole. Table 2.3 l i s ts  t h e  acreages  and percentages  of each gen- 
e r a l  category of u s e  t h a t  e x i s t e d  be fo re  mining.* The t a b l e  i n d i c a t e s  
dominant c l a s s e s  of land:  cropland,  p a s t u r e ,  and woodland. A t  t h e  Universa l  
s i te ,  t h e s e  land  c l a s s e s  have t h e  fol lowing c h a r a c t e r i s t i c s :  

CropZand. I n  any .given year  t h e  managemerlt p r a c t i c e s  of i nd iv idua l  
farm ope ra to r s  w i l l  vary ,  r e s u l t i n g  i n  d i f f e r i n g  "mixes" of c rops  being c u l t i -  
va ted .  I n  gene ra l ,  though, t h e  bulk  of cropland has been p lan ted  i n  corn and 
soybeans, wi th  wheat being a crop of minor importance. 

Pasture. P a s t u r e ,  a s  def ined  f o r  t h e  purposes of land use  c a l c u l a t i o n ,  
comprises g ra s s l ands  of vary ing  q u a l i t y .  About ha l f  of the p a s t u r e  i n  t h e  
a r e a  was wooded t o  some degree.. 

WoodZands. Woodlands inc lude  mature,  mixed hardwood s t ands  a s . w e l l  a s  
a r e a s  of dense scrub and small  t r e e  growth. C h a r a c t e r i s t i c a l l y ,  woodlands 
were d i s t r i b u t e d  i n  s t e e p e r  s lopes ,  near  dra inages .  

Table 2.3.  Pre-Mining Land Uses on Universa l  
Mine Disturbed Areas 

% of Disturbed - a 
Land Use Acres Areas 

Cropland 1138 63.4 
Pas tu re  145 8 . 1  
Farmstead 3 2 1.8 
Non-Farm Residence 13 0.7 
Woodland 429 23.9 
Vacant and I d l e  2 4 1 . 3  
Disturbed (be fo re  mining) 11 0.6 
Water 1 0.1  

f 
Source : Calcula ted  from 1966 USDA air photography, 

1:20,000 s c a l e .  
a , T o t a l  c a l c u l a t e d  acreage  equa l s  95% of d i s tu rbed  
ac reage  r epor t ed  by Peabody Coal Co. 

.*Land uses  w e r e  c l a s s i f i e d  by .photo  i n t e r p r e t a t i o n  and measured, by u s e  of 
a r e a  graph, on a semi-control led photo mosaic a t  a s c a l e  of 1:20,000. 
Accuracy is  es t imated  a t  94%. 



3 MINING DATA 

3.1 HISTORY OF THE OPERATION 

I n  1969 Peabody Coal Co. appl ied  t o  t h e  Indiana  Dept. of Natura l  
Resources f o r  a permit t o  mine c o a l  on 155 a c r e s  of land in southern  Vermil- 
l i o n  County nea r  t h e  town of Universal .  From August, 1969, when t h e  permit  
was g ran ted ,  t o  J u l y  31, 1970, 148 a c r e s  were s t r i p  mined (Peabody, 1969a, b ) .  
I n  1970, t h e  f i r s t  f u l l  year  of product ion , ,926 ,054 t o n s  of c o a l  were produced 
( S t a t e  of Ind iana ,  1970).  The Universa l  Mine has  been i n  cont inuous opera- 
t i o n  s i n c e  then  and has expanded t o  over  2000 a c r e s ;  t o t a l  product ion through 
1975 amounted t o  over  11 m i l l i o n  tons  ( S t a t e  of Indiana ,  1970-1975). 

From t h e  i n i t i a l  a r e a  of d i s tu rbed  land southwest of Un ive r sa l ,  t h e  
mine has  expanded toward t h e  n o r t h ,  wes t ,  and south.  The mined a r e a  extends 
west f o r  t h r e e  mi l e s  from Universal  and south f o r  t h r e e  mi l e s  from t h e  broad 
, v a l l e y  of B r o u i l l e t t ' s  Creek. 'Figure 3.1 i n d i c a t e s  t h e  cont inuous expansion 
of mining ope ra t ions  toward t h e  n o r t h  and west between 1970 and 1975 and 
toward t h e  south  beginning i n  1972. During 1972, a second p i t  was opened, 
and both p i t s  have operated s imultaneously s i n c e  t h a t  t ime,  g r e a t l y  acce l e r -  
a t i n g  t h e  r a t e  a t  which land is d i s tu rbed .  Note t h a t  t h e  upland on both  t h e  
n o r t h  and south  s i d e s  of Gin Creek has been mined; t h e  mined land i s  being 
extended south  and west i n t o  l a r g e r  a r e a s  of t h i s  l e v e l  upland. The mine 
o f f i c e ,  equipment, and processing f a c i l i t i e s  were cons t ruc ted  i n  t h e  f lood  
p l a i n  of Gin Creek, south  of Universa l .  The town i s  thus  bordered by t h e  
a c t i v i t i e s  of c o a l  mining and reclaimed mined land .  

I 3.2 OPERATIONAL DATA 

Table 3 .1  o u t l i n e s  t h e  expansion of d i s tu rbed  a c r e s  by permit  year .  
The l e a s t  amount of l and ,  148 a c r e s ,  was s t r i p p e d  i n  t h e  i n i t i a l  permit  y e a r ,  
1969-1970, and t h e  amount of land mined increased  through 1974, when 449 
a c r e s  were d i s tu rbed .  A 1974-75 decrease  t o  367 a c r e s  may have been a r e s u l t  
of work s toppages due t o  l abo r  problems; 430 a c r e s  were supposed t o  .have been 
mined dur ing  t h a t  yea r .  An e s t ima te  of 377 a c r e s  d i s tu rbed  i n  1975-76 can be . 
made on t h e  b a s i s  of d a t a  i n  t h e  1975-76 permit  a p p l i c a t i o n  (Peabody, 1975).  
I n  terms of t h e  t o t a l  amount of d i s t u r b e d  acreage  i n  Indiana r e s u l t i n g  from 
su r face .min ing  of c o a l ,  c l a y ,  and s h a l e ,  t h e  Universal  Mine accounted f o r  4.1% 
i n  1969-1970, 5.2% i n  1970-71, and 7.0% i n  1971-72. 

The i n c r e a s e  i n  a r e a  d i s tu rbed  between 1971-72 and 1972-73 r e f l e c t s  
t h e  opening of t h e  second p i t  a t  t h e  mine s i t e ,  which i s  south  of Gin Creek 
ana south  of t h e  a r e a  mined i n  1969-70. A s  Table 3.2 i n d i c a t e s ,  t h e r e  was a 
corresponding i n c r e a s e  i n  c o a l  product ion between 1971 and 1973. A d i r e c t  
comparison of f i g u r e s  on a r e a  s t r i p p e d  and product ion is  not  p o s s i b l e  because - 
t h e  acreage  d a t a  a r e  repor ted  on t h e  b a s i s  of t h e  permit year  ( J u l y  1 t o  
June 30) and product ion is repor ted  t o  t h e  Indiana  Bureau of Mines and Mining 
on t h e  b a s i s  of t h e  ca l enda r  year  (Jan.  1 t o  Dec. 31) .  Trends, however, a r e  
p a r a l l e l .  

S ince  t h e  opening of t h e  second p i t ,  t h e  Universa l  Mine has been one 
of t h e  l a r g e s t  i n  t h e  s t a t e .  A t  t h e  end of 1970, according t o  t h e  Indiana  



YEAR ' DISTURBED 



.Table 3.2. Annual 
Universa l  Mine Pro- 
duc t ion ,  1970-1975 

Acres % D i s -  
Permit Acres % of Disturbed,  tu rbed ,  

Year Disturbed T o t a l  Cumulative Cumulative 

Source: Peabody Coal Co., Form 502, R e p o r t  of A f f e c t -  
ed A r e a ,  Div'. of Reclarnat i on ,  Indiana Dept . 
of Natura l  Resources (1969-1976). 

I a 
Percentages do n o t  equal  100.0 due t o  rounding. 

b ~ r e a  planned a s  i nd ica t ed  i n  permit a p p l i c a t i o n  
(Peabody, 1975) . 

Calendar 
Year Tons 

Source: S t a t e  of 
Indiana ,  Bureau of 
Mines and Mining, 
AnnuaZ R e p o r t s  
(1970-1975) . 

Bureau of Mines and Mining, t h e  mine was t h e  e leventh  l a r g e s t  producing su r -  
f a c e  mine i n  t h e  s t a t e ,  and by 1972, with a product ion of 2.3 m i l l i o n  tons ,  
i t  was t h e  t h i r d  l a r g e s t .  Because of t h e  Universa l  Mine, Vermil l ion County 
i n  1972 ranked f i f t h  out  of 10 s u r f a c e  c o a l  mining coun t i e s  ( S t a t e  of Ind iana ,  . , 

. _ '  
1972).  I n  1973, Un ive r sa l ' s  l a r g e s t  product ion year  t o  d a t e  ( 3  m i l l i o n  t o n s ) ,  
t h e  mine ranked second out  of 36 r epor t ing  Indiana s u r f a c e  mines, and of t h e  10 1, 

s u r f a c e  mining coun t i e s ,  Vermil l ion ranked fou r th .  I n  1975, Universa l  main- 
t a ined  second p l a c e  out of 95 r epor t ing  mines,  and Vermil l ion County cont inued 
t o  rank f o u r t h  i n  t h e  s t a t e .  

3 . 3  THE OPERATING COMPANY 

Peabody Coal Co . , ope ra to r  of t h e  Un ive t sa l  -Mine, is owned. by - the .  
Kennecott Copper Co., a mul t i - indus t ry  conglomerate t h a t  acquired Peabody i n  
1969. Peabody mines c o a l  i n  1 0  s t a t e s  i n  t h e  South, Midwest, and West, and is 
ehe l a r g e s t  c o a l  ,producer i n  both Indiana and t h e  na t fon  (LaFevers, 1974).  

According t o  1975 f i g u r e s  from t h e  Indiana Bureau of Mines and.Mining, 
Peabody opera ted  f i v e  su r f ace  mines i n  f i v e . I n d i a n a  coun t i e s ,  w i th  a t o t a l  
product ion of about 8.9 m i l l i o n  tons .  The number of Peabody,mines i n  opera- 
t i o n  has  remained cons t an t  s i n c e  1970. However, product ion r epor t ed  by a l l  
Peabody mines i n  t h e  s t a t e  va r i ed  by almost 2 m i l l i o n  tons  between 1971 and 
1972. o v e r a l l  i n c r e a s e s  and dec reases  a r e  t h e  r e s u l t  of y e a r l y  v a r i a t i o n s  
a t  i n d i v i d u a l  mines r a t h e r  than  of a c o n s i s t e n t  p a t t e r n  of change i n  produc- 

I*. t i o n  a c r o s s  Peabody's Indiana  ope ra t ions .  Peabody's r e l a t i v e  importance a s  
a s u r f a c e  coa l .  producer i n  Indiana  i s  i l l u s t r a t e d  i n  Table 3.3. I n  f i v e  of 
t h e  las t  s i x  y e a r s ,  ,Peabody has  mined more than  40% of t h e  c o a l  produced i n  
t h e  s t a t e .  Tab le .3 .4  shows t h e  annual  product ion of t h e  s t a t e ' s  10 l a r g e s t  
mines, inc luding  t h e  Universa l .  



Table 3.3. . Percent  of Reported Indiana 
Surface  Coal Mine Produc- 
t i o n  A t t r i b u t a b l e  t o  Peabody 
Coal Co., 1970-1975 

Peabody 
Product ion 

Year ( l o 6  t o n s )  

1970 9.06 
, 1971 8.78 

3.9 7 2 10.52 
1973 10.35 
1974 9.03 
1975 8.89 

To ta l  Ind. . % Ind.  
Product ion Prod. by 
( l o 6  tons)  Peabody 

Source: S t a t e  of Indiana ,  Bureau of 
Mines and Mining, Annual R e p o r t s  
(1970-1975) . 

Table 3.4.  Coal Product ion of. t h e  Ten Highest 
Ranking Surface Mines i n  Indiana ,  
1970-1975 

Product ion  (10 tons)a  
Rank 1970'. 1971 1972- 1973 1974 1975 

6 1 .51  1.40 1 .81  1.96 1.79 1.96 
7 1.44 - 1.30 1 .51  1.50 1.56 1.41 
8 1.42 1.30 . 1 .46  1.23 .1 .35  1.33 
9' 1.39 1.28 1 .41  1.21 1.28 1.19 

10 1.34 1.26 1.34 1.08 0.48 1.02 

Source: S t a t e  of Indiana ,  Bureau of Mines and 
Mining, Annual R e p o r t s  (1970-1975). 

a Rounded t o  t h e  n e a r e s t - t e n  thousand tons ; .Uni -  
v e r s a 1  Mine product ion f i g u r e s  under l ined .  

The e x i s t e n c e  of o t h e r  Peabody ope ra t ions  i n  t h e  'same r'egion may endow 
peabbdy wi th  a  c e r t a i n  f l e x i b i l i t y  i n  meeting l abo r  and equipment demands a t  
a  p a r t i c u l a r  s i t e .  .Mine in spec t ion  r e p o r t s  i nd ica t ed  t h a t  when t h e  company 
needed t o  speed up t h e  grading of s p o i l s , .  i t  was' a b l e  t o  respond quick ly  by 
t r a n s f e r r i n g  equipment t o  t h e  Universal Mine from another  Peabody ope ra t ion -  



3.4 LAND USE AND MINERAL OWNERSHIP 

Mining companies i n  Indiana gene ra l ly  p r e f e r  o u t r i g h t  purchase of l and ,  
i n  f e e  simple e s t a t e ,  r a t h e r  than purchase of minera l  r i g h t s ,  l e a s i n g ,  o r  buy- 
back agreements,  a l though land i s  a l s o  mined on those  bases .  LaFevers (1974) 
r e p o r t s  t h a t ,  i n  a d d i t i o n ,  it is  " the  po l i cy  of major c o a l  companies t o  accu- 
mulate  land a s  a  resource  r a t h e r  than d ispos ing  of i t  a f t e r  mining." The 
r e c e n t  land ownership p a t t e r n s  in t h e  a rea  of t h e  Universa l  Mine conform t o  
both  of t h e s e  t r ends .  

I n  Faye t t e  Township i n  Vigo County and Cl in ton  Township i n  Vermil l ion 
County, c o a l  mining companies a r e  t h e  s i n g l e  l a r g e s t  group of landholders .  
I n  1974 Peabody owned 5,370.6 a c r e s  i n  t h e  18 s e c t i o n s  t h a t  inc lude  o r  a r e  
ad j acen t  t o  t h e  u n i v e r s a l  Mine, which r e p r e s e n t s  about 50% of t h e  t o t a l  l and  
a r e a  i n  t h e  18 s e c t i o n s .  An a d d i t i o n a l  868 a c r e s  of t h e  18-sect ion t r a c t  were 

I owned by another  mining i n t e r e s t ,  Meadow Lark Farms, Inc . ,  a  subs id i a ry  of 

I 
AMAX ( P l a t  Books, 1972-1976). 

1 The bulk  of t h e  land requi red  f o r  t h e  Universa l  Mine was purchased p r i o r  

I 
t o  1972. Between 1972 and 1974, only 97.5 a c r e s  w e r e  acquired by Peabody i n  
t h e  Vigo County po r t ion  of t h e  18-sect ion a r e a .  Between 1974 and 1976 Peabody 
purchased an a d d i t i o n a l  135-acre a r ea  i n  Vermil l ion County s e c t i o n s .  Both 
t h e s e  r ecen t  purchases were c l o s e  t o  t h e  a r e a  of mine expansion ( P l a t  Books, 
1972-1976). 

AS of 1975, Peabody owned about 85% of t h e  t o t a l  d i s tu rbed  land .  Min- 
e r a l  ownership on t h e  remaining po r t ion  has been held by two o the r  c o a l  com- 
panies  (AMAX and Ayrsh i r e ) ,  a  r a i l r o a d ,  two p r i v a t e  e s t a t e s ,  and one ind iv id-  
u a l .  P l a t  books between 1972 and 1976 .did not  i n d i c a t e  t h a t  any land was 
t r a n s f e r r e d  from Peabody Coal Co. t o  i nd iv idua l  ownership. 

3.5 COMl4ODITY DESCRIPTION 

I n  r e p o r t s  t o  t he  Indiana Div is ion  of Reclamation and t h e  Indiana Bureau 
of Mining and Minera ls ,  Peabody Coal Co. i n d i c a t e s  t h a t  t h e  minera l  ex t r ac t ed  
a t  t h e  Universal  Mine Is t h e  Hymera o r  Coal V I  i n  Ind iana ' s  numbering system. 
This  i d e n t f t y  was confirmed by sources  a t  t h e  mine o f f i c e  i n  Universa l .  I n  com- 
p i l i n g  information on t h e  geo log ica l  occurrence,  r e s e r v e s ,  and composition .of 
Coal V I  i n  t h e  region,  Ind iana  Geological  Survey documents and maps were con- 
s u l t e d  which i n d i c a t e  t h a t  t h e  seam mined a t  Universa l  could no t  be  Coal V I .  

Desc r ip t ions  of i ts  occurrence and c o a l  d i s t r i b u t i o n  maps of Vigo and 
~ e r m i l l i o n  coun t i e s  f a i l  t o  v e r i f y  ,Coal V I ' s  presence t h e r e  (Powell, 1968; 
Shaver,  1970; and Wier, 1958 and 1973).  This  information was s a i d  t o  be accu- 
r a t e  by a  r e p r e s e n t a t i v e  of t h e  Coal Sec t ion ,  Ind'iana Geological  Survey, who 
s t a t e d  t h a t  i t s  records  show e x t r a c t i o n  of a  d i f 5 e r e n t  c o a l  member, t h e  Danvi l le  
member (Coal VII) a t  t h e  Universa l  Mine. This  con . f l ic t  is not  r e a d i l y  reso lv-  
a b l e ;  t h e r e f o r e ,  f o r  t h e  purposes of t h i s  r e p o r t ,  the information on t h e  c o a l  
seam suppl ied  by Peabody Coal Co. t o  t h e  Div is ion  of Reclamation w i l l  be accept-  
ed a s  c o r r e c t .  This  acceptance w i l l ,  however, l im2t  d i scuss ion  on t h e  geolog- 
i c a l  occurrence of t h e  c o a l  and prec lude  any e s t ima t ion  of r e s e r v e s  i n  t h e  a r e a  
of t h e  Universal  Mine because Coal V I  has  no t  been mapped i n  Vigo o r  ~ e r m i l l i o n  
coun t i e s  . 



Coal V I  is  a  bright-branded c o a l ,  ranked a s  high v o l a t i l e ,  bituminous, 
Type C .  High v o l a t i l e  bituminous c o a l s  a r e  common i n  t h e  Midwest; a l l  c o a l s  
i n  Indiana  a r e  h igh  v o l a t i l e  bituminous, Types B and C f o r  t h e  most p a r t .  
Peabody r e p o r t s  t h e  th i ckness  of t h e  seam a t  t h e  Universa l  Mine a s  72 i n .  
(Peabody, 1975) . 

I 

Figure  3.2 shows t h e  geologic  l o c a t i o n s  of t h e  major commercial c o a l s  
of Ind iana ,  inc luding  t h e  Hymera, o r  c o a l  V I .  Coal V I ,  i n  terms bf energy- 

' 

producing c a p a b i l i t y ,  i s  t h i r d  h ighes t  i n  t h e  s t a t e  (based upon mean v a l u e s  
f o r  ~ t u / l b ) .  It ranks  next  t o  lowest  i n  percentage of a sh ,  conta in ing  about 
t h e  same amount a s  t h e  S p r i n g f i e l d  Coal ( V ) ,  which has ,  h i s t o r i c a l l y ,  been 
t h e  most widely mined c o a l  i n  t h e  s t a t e .  The Hymera Coal f a l l s  i n  t h e  lower 
h a l f  of t h e  range of percent  s u l f u r ,  Indiana c o a l s  having cons iderably  l e s s  
than t h e  S p r i n g f i e l d .  The Hymera c o a l  has  a  lower range of percent  s u l f u r  
t han  t h e  ma jo r i t y  of t h e  Midwest's c o a l s ,  bu t  could,  n o t  be considered a  low 
s u l f u r  c o a l  (Wier, 1973).  When compared on t h e  b a s i s  of hea t  con ten t ,  a sh ,  
and s u l f u r ,  t h e  Hymera c o a l  main ta ins  a compet i t ive  p o s i t i o n  i n  r e l a t i o n s h i p  
t o  o t h e r  c o a l s  most l i k e l y  t o  be produced i n  t h e  reg ion .  

The q u a l i t y  of Coal V I  v a r i e s  over i t s  d i s t r i b u t i o n  and wi th  v e r t i c a l  
l o c a t i o n  i n  t h e  c o a l  seam. The Hoosier Coal survey r e p o r t s  t h a t  t h e  lower 12 
i n .  of t h e  seam a r e  made up of an impure bone c o a l  ( Indiana Coal Assn., 1972).  
Where Coal V I  has  been mined i n  Su l l i van  and Greene coun t i e s  i n  Ind iana ,  two 
c l a y  p a r t i n g s  occur;  i n  t h e  upper ha l f  of t h e  seam t h e s e  p a r t i n g s  a r e  gene ra l ly  
l e s s  than  an inch  t h i c k  and a r e  separa ted  by about 8 i n .  of c o a l  (Wier, 1973).  
Small s h a l e  and p y r i t e  p a r t i n g s  have a l s o  been r epor t ed  (Shaver,  1970).  
Mechanical c l ean ing  methods a r e  sometimes used t o  reduce s u l f u r  l e v e l s  i n  t h e  
marketed commodity. 

According t o  Wier (1977),  t h e  c o a l  mined by Peabody a t  t h e  Universa l  
Mine i s  Indiana  Coal V I I ,  which is  t h e  same a s  t h e  Danv i l l e  7  i n  I l l i n o t s . . :  
Ind iana  Coal V I ,  o r  t h e  Hymera Coal,  is  ex tens ive ly  mined i n  S u l l i v a n  County. 
However, near  t h e  ou tc rops ,  i t  ba re ly  extends i n t o  t h e  southern p a r t  of Vigo 
County and i s  no t  p re sen t  i n  t h e  no r the rn  p a r t  of Vigo County o r  i n  Vermillion 
County. H i s t o r i c a l l y ,  according t h  Wier, t h e  c o a l  mined by Peabody has  been 
wrongly c a l l e d  V I  simply because i t  is t h e  f i r s t  major c o a l  seam above Coal V 
(Wier, 1977).  

P l a n s  o f  R e c l a m a t i o n  f i l e d  wi th  t h e  s t a t e  f o r  t h e  Universa l  Mine do no t  
i n d i c a t e  t h e  e x i s t e n c e  of c l a y ,  s h a l e ,  o r  p y r i t e  p a r t i n g s  i n  t h e  seam mined 
t h e r e .  However, t h i s  information is  no t  s p e c i f i c a l l y  requi red  on t h e  appl ica-  
t i o n  form un le s s  two o r  more v e i n s  of c o a l  a r e  t o  be mi'ned. The occurrence of. 
p a r t i n g s ,  and t h e i r  t rea tment .  i n  t h e  mining process ,  can .be of importance i n  
managing environmental impacts,  such a s  ac id  mine dra inage .  Reports  by s t a t e  
i n s p e c t o r s  on t h e  Universa l  Mine do no t  d e s c r i b e  such p a r t i n g s ,  o r  problems 
r e s u l t i n g ' f r o m  t h e i r  ex i s t ence ,  a s  a  component of t h e  s p o i l  a t  t h a t  s i t e  ( S t a t e  
of Indiana ,  no d a t e  g iven ) .  

3.6 PERSONIVEL, H N I N G  METHODS, AND EQUIPMENT 

A l a b o r  f o r c e  of about 184 union and 30 company employees ope ra t e s  t h e  
Universa l  Mine. Area s t r i p p i n g ,  t h e  mining method employed a t  t h e  mine, i s  
commonly p r a c t i c e d  i n  t h e  Midwest and West i n  r e l a t i v e l y  l e v e l  t o  gen t ly  
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ro l l i ng  t e r r a i n  (Powell, 1972). The or ig ina l  topography of the  mined area was 
l e v e l  to  gently ro l l ing ,  except near t he  valleys of G i n  and Broui l le t t ' s  Creeks 
and t h e i r  larger  t r ibu ta r ies .  The trenches, or box cuts ,  made in the process 
of mining have been generally s t r a igh t  and paral le l .  While spoi l  materials 
have been deposited in the previous cuts  ra ther  than cast  downslope, it is 
possible that  some overburden materials may have been cast  downslope and onto 
t h e  flood plain of the  creek. Stripping has followed the margin of the  upland 
pa ra l l e l  t o  t he  creeks' courses. After mining was completed, t h e  spo i l  slopes 
adjacent t o  t h e  two stream val leys ,  a s  w e l l  a s  along other sections of the  
mine perimeter, were graded and terraced. Figure 3.3 i l l u s t r a t e s  the treatment 
of the  spoi l  slope along the  northern s ide  of G i n  Creek and next t o  Broui l le t t ' s  
Creek. Terraces and diversions a r e  v i s i b l e  i n  the  a e r i a l  view. 

Figures 3.4 and 3.5 i l l u s t r a t e  t he  mining method a s  u t i l i zed  a t  Univer- 
s a l .  During the  i n i t i a l  cut  t he  overburden must be cas t  upon unmined land. 
The next cut is made pa ra l l e l  t o  t he  f i r s t ,  and the overburden i s  cas t  i n to  
t h e  previous cut.  The f i n a l  cut ,  unless otherwise t reated,  leaves an open 
trench. 

I n  Fig. 3.4, t h e  r e l a t i v e  locations of the areas of unmined land, 
s t r ipping bench, coal seam, spoi l ,  and graded spoi l  a r e  represented. The 
dragline r e s t s  upon the surface of the  bedrock overburden (the s t r ipping bench) 
and its bucket digs  t h e  overburden from t h e  face  of t he  bench, thus exposing 
the  surface of t he  coal seam. Prior  t o  digging, the  overburden has been 
d r i l l e d  and blasted t o  fragment t he  rock. The overburden is then cas t  in to  

Fig. 3.3. Contouring, Terracing, and Diversions on Outer Spoi: 
Slope, North of G i n  Creek 



UNSTRIPPED 

STRIPPING BENCH 

HIGH WALL 

COAL SEAM 

OPEN CUT 

CAST SPOIL 

TOP MATERIAL 

rTA GRADED SPOIL 

Fig. 3.4. Plan View of Area Stripping Process (showing r e l a t i v e  locat ions  
of areas of unmined land, s t r ipping bench, coal seam, spo i l ,  
and graded spo i l  a t  the  Universal Mine; not t o  scale)  
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Fig. 3.5. Cross-Sectional View of Area Stripping Process (showing r e l a t i v e  
v e r t i c a l  re la t ionships  between overburden, coal  seam, s t r ipping 
bench, and spo i l  a t  the  Universal Mine; not t o  scale) 



t h e  open cu t  made previously in the mining operation. The amount of overbur- 
den removed i n  each cycle brings t h e  spo i l  r idge t o  a precalculated height 
(based upon such f ac to r s  a s  t he  width of the  cu t ,  t h e  depth of t he  coa l  seam, 
and the  expansion in volume of t h e  mater ia l  due t o  fragmentation). 

I n  the  next phase of the  cycle,  the  unconsolidated portion of the  over- 
burden is str ipped from t h e  unmined area  adjacent t o  t h e  bench and c a s t  upon 
t h e  top of t he  shale  spo i l .  This operation c rea tes  a s ide  bench that w i l l  
form the  s t r ipping bench during the  next cut .  The dragl ine  d i s t r i bu t e s  t he  
mater ia ls  str ipped from the  s ide  bench in such a manner t h a t  the  peaks of the  
s p o i l  r idges a r e  made up of the  s o i l  and g l ac i a l  t i l ls  t h a t  form the  upper 
25-40 f t  of t he  overburden a t  t he  s i t e .  

The v e r t i c a l  re la t ionships ,  in cross  section,  of t he  overburden, t he  
coa l  seam, spo i l ,  and top mater ia l  a r e  shown in Fig. 3.5. A s  i l l u s t r a t e d ,  
t h e  s ide  benching method of removing the  top mater ia ls  r e s u l t s  in t h e i r  loca- 
t i o n  in the  upper l ayer  of t he  spo i l ,  r a ther  than at t h e  bottom of t he  p i t .  
If removed in sequence, t he  unconsolidated mater ia ls  would have been buried 
beneath the  shale  and other  rock. 

During the  process of uncovering t he  coal  seam, the  dragl ine  must move, 
o r  walk, about its locat ion on the  bench. To provide a proper d i s t r ibu t ion  of 
both t h e  shale  and top mater ia ls ,  t he  operator must move the  machine toward 
o r  away from the  highwall. I f  su f f i c i en t  volumes of unconsolidated mater ia l  
a r e  present (normally the  case a t  the  Universal Mine), t h i s  mater ia l  w i l l  
cover t h e  spo i l  surface a f t e r  t h e  r idges  have been graded down. The chemical 
and morphological cha rac t e r i s t i c s  of t he  top mater ia l  provide a more favorable 
surface f o r  reclamation than the  shale  and rock overburden. Po ten t ia l  acid- 
forming mater ia ls  can be covered, a s  can la rge  rock fragments, which would 
impede revegetation and cu l t iva t ion  and increase runoff . 

The mining method described above is typ ica l  of the  large-scale area 
s t r ipp ing  employed i n  the  s t a t e .  Figure 3.6 shows the  "south" p i t ,  near U.S. 
Hwy. 150, where overburden removal by t h e  dragline perched upon the  unconsol- 
idated mater ia l  above the  highwall has proceeded from west t o  ea s t  along the  
cu t .  I n  the  photograph t h e  coal  seam has been completely removed from the  
p i t .  A t  t h i s  point t h e  grading of spo i l  fo r  reclamation is less than two 
r idges  behind the  open cu t ,  which is well within the  l i m i t  of two r idges  
required for  compliance with Indiana reclamation law. 

During 1976, overburden was being removed in the  south p i t  by a Bucyrus 
Er ie  2560 dragl ine  with a 90 yd3 bucket and in the  north p i t  by a Marion 8750 
dragl ine  with an 115 yd3 bucket. The draglines used a t  the  Universal Mine 
a r e  of lower capacity than the  l a rges t  in operation in the  industry (180-220 
yd3) and smaller than Peabody's own 145 yd3 bucket used a t  the  Dugger Mine in 
Sull ivan County, Indiana. Two 61-R d r i l l s  (15-in. diameter) a r e  used f o r  
d r i l l i n g  the  b l a s t  holes t o  loosen t h e  overburden. I n  both p i t s  a t  Universal, 
a Marion 151 shovel with 10 yd3 bucket is used t o  remove the  coal .  On an aver- 
age operating day the  digging shovel advances 250-300 f t  along the  f loor  of 
t h e  10.000-ft-long north p i t  (Per lar ,  1976). 

Grading equipment on hand f o r  use in the  reclamation program in 1976 
consisted of th ree  Allis-Chalmers ID 41 and six Caterpi l lar  D9 t rac tors .  Pea- 
body has consis tent ly  increased the  amount of equipment avai lable  on the  s i t e  



. 3.6. Sout.. A--, Jniversal  Mine near -.-. Highway 15L 

i n  order to  keep up with t he  grading necessary for  reclamation; a small drag- 
l i n e  i s  par t  of the  equipment used in grading. 

3.7 PROCESSING, STORAGE, AND EFFLUEDTS 

Raw coal is processed t o  remove iron sulf ides  and other unwanted mineral 
matter and t o  produce coal of t he  r igh t  s i z e  or m i x  of s izes  t o  meet the  re- 
quirements of consumers. The removal of i ron sulf ides  and other impurities is 
necessary t o  control  emissions of.sulfur and par t icu la te  matter ( f l y  ash) a s  
a i r  pollutants,  and reduce the  amount of residue ("clinkers") resul t ing from 
the  burning of the  coal. 

Figure 3.7 shows the location of t he  processing f a c i l i t i e s  a t  the  Uni- 
versal  M i n e ,  south of the  town of Universal and east  of t he  mined area.  Trucks 
tha t  bring the coal from the  p i t s  on mine haul roads must cross a public road 
w e s t  of the  processing site. For the benefit  of loca l  t r a f f i c ,  a stop l i g h t  
has been ins ta l led  a t  t he  intersection.  

Figure 3.8 is an a e r i a l  view of t he  processing site of the  Universal 
Mine, showing the processing plant,  storage s i l o s ,  loading areas for  r a i l  and 
truck, and refuse area. Carter e t  a l .  (1974) report  t h a t  a typical  Midwestern 
coal processing plant consis ts  of receiving hopper; rotary breaker; rock bin; 
crushing, washing and screening apparatus; storage s i l o s ;  and refuse bin. 
The Universal plant  can process about 1300 tons of raw coal per hour, graded 



Fig. 3.7.  Location of Universal Mine Processing Fac i l i t i e s  

Fig. 3.8. Universal Mine Processing Plant, Storage S i los  and 
Rail Connection 
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in. in 'diameter in accordance with the requi~ements-of the  
consumer. Washed and graded coal is stored a t  the  plant site i n  t h e  two s i l o s  
v i s i b l e  in Fig. 3.8, each of which has a capacity of 12,500 tons. The inter-  

I - . f mediate storage of the prepared coal  by s i l o  a t  the  Universal Mine is Peabody 
Coal Co.'s method for  both of fse t t ing  demand f luctuat ions  and reducing the 
deter iorat ion of stored coal. The two large storage s i l o s  a t  the mine pro- 

I vide a r e l a t i ve ly  e f f i c i en t  and inexpensive storage and loading capabi l i ty .  

Two types of waste a r e  produced a s  par t  of t he  processing of raw coal. 
The f i r s t  is sol id  waste tha t  is removed mechanically, loaded in to  tmcks  a t  
a s i t e  adjacent t o  the  processing plant ,  and hauled t o  the  mine p i t s  where it 
is buried during the f i l l i n g  of cu t s  or  grading of spoil .  The second type of 
waste is wastewater from coal washing, an effluent t ha t  contains coal and 
various other so l ids  i n  suspension. It is pumped in to  a s e t t l i n g  basin, and 
when suf f ic ien t  material  has se t t l ed ,  t h e  water can be pumped into  a f resh 
water reservoir  and reused in the washing process. Most of t h e  water required 
f o r  processing consis ts  of recycled wastewater, which reduces t h e  impact of 
t he  mine operation on loca l  water resources. 

3.8 TRANSPORTATIOI! AND W K E T S  
L - Coal is an energy source of considerable weight and bulk. Since it must 

be moved i n  la rge  quant i t i es ,  the  transportation cos t s  vary d i r ec t ly  with t he  I 
distance hauled and inversely with the un i t  s i z e  of the  car r ie r .  The Universal 
Mine is an idea l  mine from the  standpoint of transportation,  because it has 
its own railhead a t  t h e  preparation plant.  I n  t h i s  way, t h e  cost  of transpor- 
t a t i on  is reduced and problems of general t r a f f i c  congestion and road mainte- 
nance a r e  eliminated. 

The Peabody Coal Co. has reduced its transportation cos t s  by the use of 
t h e  uni t - t ra in  haulage. Stored coal a t  t he  Universal s i t e  awaits shipmentfby 

t r a i n  o r  truck t o  nearby power plants.  According t o  Per lar  (1976), 98% 
t 
I 

of t he  coal i s  transported by uni t  t r a i n .  Coal is loaded d i rec t ly  beneath t h e  
s i l o s  a s  t r a i n s  pass under them. I n  Fig. 3.8, the  t rack can be seen a t  t he  
base of the  s i l o s .  Trucks can reach the  same loading point by means of a road 
tha t  enters  from north of the  plant.  

A t  present, coal mined and processed a t  the  Universal site has a s ing le  
consumer, Public Service of Indiana, which burns it in the Cayuga Power Plant.  
The uni t  t r a i n s  carry coal the  21 miles t o  t he  power plant and return,  i n t ac t ,  
f o r  another load. This method s ignif icant ly  reduces both the energy and dol la r  
cos t s  of shipping the coal t o  market. 

Nearly a l l  of Indiana's coal is used t o  generate e l e c t r i c i t y ,  fo r  space 

1 ' 
heating, or  in industry. Therefore, t he  coal ' s  heating value, measured in 
Btuflb, is its most important charac te r i s t ic .  The percentage of ash i s  impor- 
t a n t  because ash must be disposed of a f t e r  combustion of t h e  coal and may a l so  
contribute t o  par t icu la te  a i r  pollution.  The percentage of sulfur  in a coal 

I 
i s  of ten a c r i t i c a l  measure of its quali ty,  in terms of marketabil i ty,  because 
of environmental regulations l imit ing emissions of sulfur  dioxide. 

Indiana ranked 11th among t h e  50 s t a t e s  i n  e l e c t r i c  u t i l i t y  sa les  in 
1975. Vir tual ly  a l l  t he  e l e c t r i c i t y  (98%) used in Indiana i s  generated by 



t h e  consumption of coal. Increased demand f o r  e l e c t r i c i t y  s ince World War I1 
has resulted i n  t he  t r i p l i n g  of coal consumption by e l e c t r i c  u t i l i t i e s  in 
Indiana. From a l l  market projections,  and in keeping with regional and s t a t e  
economic trends, t he  demand f o r  e l e c t r i c i t y  w i l l  continue t o  accelerate,  a t  
l e a s t  through 2000. 

Elec t r ic  power p lan ts  were i n i t i a l l y  located close t o  potent ia l  markets 
i n  order t o  minimize the costs  and energy losses  associated with d i s t r ibu t ion .  
Technological developments have rad ica l ly  reduced the cos t s  and energy losses  
of long-distance power transmission; thus, modern coal-fired power plants  can 
be located f a r the r  from consumers. A s  a r e su l t ,  more a t ten t ion  is now centered 
on t h e  generation of e l e c t r i c a l  energy near coal  f i e ld s .  

Indiana's e l e c t r i c  u t i l i t y  industry has generally had l i t t le  or  no d i f -  
f i c u l t y  i n  obtaining adequate amounts of coal. The demand f o r  coal t o  generate 
e l e c t r i c i t y  i n  west cen t r a l  Indiana is a function of ava i l ab i l i t y  and price.  
Unlike na tura l  gas and petroleum, coal i s  not regulated i n  e i ther  quanti ty or  
price,  and the amount of user demand is the primary factor  t h a t  controls  the  
coa l  markets. When the yardstick of "heat value per un i t  cost" is applied t o  
energy e ~ t r a c t e d  from a l l  f o s s i l  fue l s ,  coal is the  most economical. The an- 
nual energy un i t  cos t s  from coal in  Indiana a r e  only about one-half those of 
na tura l  gas and f u e l  o i l .  



4.1 DIS-ED AREAS 

Approaching the  Universal M i n e  from the south, the  mined area  forms a 
, plateau above the  surrounding farm land. There is an abrupt change from the  

undisturbed landscape t o  t he  Universal Mine open cut and the  ridges of ungraded 
=,  spo i l  immediately behind it. This e f fec t  is i l l u s t r a t e d  i n  Fig. 4.1,  an  a e r i a l  

-?. view from south of U.S. Hwy. 150. 

. C- A t  the  Universal site, spo i l  is made up of a combination of s o i l ,  un- 
consolidated material  t h a t  consis ts  mostly of g lac ia l  till, and bedrock. The 
unconsolidated materials  a r e  basical ly  clay and sand; the  bedrock materials  
generally consis t  of shale, with some sandstone and limestone. Permit applica- 
t i ons  i n  1974 and 1975 indicate  the  depth and character of the  overburden. 
The area  t o  be mined in permit year 1974-75 had 75 f t  of material  overlying 
t h e  coal  seam; 46% of t h i s  was composed of unconsolidated mater ia ls ,  46% of 
shale,  and 8% of other rock. The area  mined i n  permit year 1975-76 had over- 
burden tha t  averaged 80-ft th ick with 48% unconsolidated material ,  44% shale,  
and 8% other rock. The amount of unconsolidat.ed material near stream val leys  
decreases with t he  depth t o  bedrock. 

S t a t e  inspectors report  on the  surface conditions and ac id i t y  of t he  
spo i l ,  including the  amount, type, and s i z e  of rock. I n  general, t he  amount 
of rock present a t  t he  surface of the  graded spo i l  a t  Universal i s  low. The 



fragments measure 6 in. or l e s s  i n  diameter for  the most par t ,  and a r e  usually 
a m i x  of shale and limestone, or of shale, limestone, and sandstone. On occa- 
sion,  rocks from 6-18 in. in s i z e  a r e  found a t  the surface. These rock prob- 
lems have become evident in and near natural  ravines where overburden was 
thin .  

The graded spoi l s  a r e  usually neutral  to  s l i gh t ly  acidic ,  with pH 
ranges of 7.0-6.2 being typical .  The pH is dependent upon the nature of the  
spoi l .  The unconsolidated material  is predominantly calcareous g lac ia l  till. 
Acidic areas,  in which the pH ranges from 5.4-6.0, a r e  reported where shale 
is exposed a t  the  surface,  and a pH a s  low a s  3.4 has been observed i n  some 
areas  (Healy, 1977) . 

In  an Ohio study, three factors  were c i ted  a s  important i n  determining 
s t r i p  mine spoi l  bank s t a b i l i t y :  steepness of the  slope, excessive s o i l  mois- 
t u re  i n  t he  spoi l  bank, and reduction i n  res is tance t o  shearing due t o  severe 
weathering and freezelthaw cycles (Hoffman e t  a l . ,  1964). 

Data on the engineering properties of the  spoi l  material  a r e  not avail-  
ab1.e. Inspection reports merely indicate  the  r e l a t i ve  moisture, compaction, 
and surface texture  of the spoil .  Spoils a t  the  Universal Mine a r e  typical ly  
moist, firm and smooth. Severe moisture conditions such a s  standing water 
of ten r e s t r i c t  work. 

Poor drainage characterizes the  two major s o i l  s e r i e s  that  o r ig ina l ly  
covered the  mine area. This factor  is due, in pa r t ,  t o  the  charac te r i s t ics  
of t he  underlying mater ia l ,  which now forms a major component of the spoi l .  
Frost heave, due t o  freezing and thawing, may also be a problem associated 
with these so i l s .  These two charac te r i s t ics  of the  spoi l  material  might 
r e su l t  i n  some form of slope fa i lu re .  

On the other hand, slope was determined to  be the major contributing 
fac tor  t o  i n s t a b i l i t y  by Hoffman e t  a l .  (1964); slopes of l e s s  than 1.5 hori- 
zontal  t o  1 v e r t i c a l  (67%) showed l i t t le  evidence of fa i lu re .  Prior t o  mining, 
slopes i n  the disturbed area ranged from l e s s  than 1% t o  over 4% near the  
loca l  stream val leys  and up t o  18% a t  the  val ley walls. A l l  slopes on graded 
areas  of the Universal Mine w i l l  be l e s s  than 67%. Steepest slopes appear 
t o  occur a t  the  margin of the  disturbed area where it descends to  the  leve l  
of the  floodplain of Broui l le t t ' s  Creek. In  general, low slope angles and 
proper compaction of the  spoi l  w i l l  mi t igate  tendencies for  slope f a i l u re .  

Mine inspection reports do not mention problems associated with slope 
f a i l u r e  on the ungraded or  graded spoi l .  No evidence of slumping or  any form 
of mass wasting have been observed in the mine s i t e  or  i n  a i r  photographs of 
t he  s i t e .  Fai lure  due t o  excessive slope or  seepage has never been a problem 
a t  the  Universal Mine, according to  Per lar  (1976). 

The Universal Mine has affected the natural  drainage system by destroy- 
ing a l l  the  t r i b u t a r i e s  of G i n  and. Broui l le t t ' s  Creeks, which formerly flowed 
across the  area now disturbed. The drainageway of Gin Creek has a lso been 
a l te red  i n  sections of i ts  course. Runoff is now accomodated by special  mea- 
sures designed to  prevent s o i l  erosion on reclaimed land and t o  protect  the  
water quali ty of nearby streams. 



Fig. 4.2. Ponding on t h e  Graded Spoi l  Surface (a lso  note  
terraced slope with drainage diversions) 

4 
These two object ives  are accomplished by a combination of grading and 

construction.  Grading t o  minimize s lope steepness decreases both t h e  amount 
and ve loc i ty  of runoff; grading t o  create a drainage pa t t e rn  internal t o  t h e  
mine area prevents discharge of sediment-laden water i n t o  a rea  streams. The 
ponding evident in Fig. 4.2 is a r e s u l t  of grading t o  a gently r o l l i n g  topo- 
graphy. A l a rge  volume of water i s  thus  "stored" on t he  surface  of t h e  mined 
land. 

Five catchment ponds behind earthen dams capture surface runoff and 
prevent o r  delay its discharge i n t o  G i n  and Brou i l l e t t ' s  Creeks. These ponds 
a l so  t r a p  sediments before water is discharged, thereby preventing increases  
in t h e  sediment load of area streams. A s  a fu r t he r  precaution, spillways i n t o  
Brou i l l e t t ' s  Creek are armored with crushed stone r iprap.  Construction of 
d ivers ion d i t ches  and terraces on outer  slopes a l so  are used t o  impede and 
d i r e c t  runoff. According t o  Per la r  (1976), g rea t  c a r e  has been taken in t h e  
design and construction of t h e  surface  drainage system at  the  Universal Mine 
in order t o  prevent erosion and water pol lu t ion.  Inqu i r i es  t o  t he  Water Pol- 
l u t i o n  Control and Stream Monitoring Divisions of t he  Indiana S t a t e  Board of 
Realth d id  not  reveal any ser ious  water qua l i ty  problems in B r o u i l l e t t ' s  Creek. 



Environmental problems most of ten associated with surface coal  mining 
are s o i l  erosion and acid mine drainage. both of which can become major sources 
of water pol lut ion in a given region. Sedimentation is a lso  a common water 
qua l i ty  problem in the Midwest. Surface coal mining has t h e  po ten t ia l  of ag- 
gravating an already undesirable s i t ua t ion  when large areas of barren, steeply 
sloping land have toxic  materials exposed a t  t he  surface. 

Slope i s  the  most s ign i f ican t  fac tor  contributing t o  runoff and, hence, 
s o i l  erosion. A s  slope increases, t he  volume of runoff and the amount of ero- 
s ion increases. Surface conditions, such a s  rockiness and f ine ly  compacted 
mater ia l ,  add t o  t he  volume of runoff by retarding in f i l t r a t i on .  So i l  erosion 
is evident a t  the  Universal M i n e  where surface conditions include r e l a t i ve ly  
s teep and/or long slopes, vegetation is lacking or sparse, o r  c lay  material  
forms a r e l a t i ve ly  impervious surface. Sheet erosion has been observed on 
areas with a clayey s o i l  tha t  a r e  planted in row crops. Although a consider- 
ab l e  amount of the  disturbed land has been reclaimed in slopes of up t o  25%, 
t h e  state current ly  requires t h a t  all slopes a t  t h i s  mine be graded t o  8% or  
less. 

Possible sources of acid and other chemical contamination of surface 
water and groundwater a t  t h e  Universal Mine are erosion and leaching of acid- 
forming materials in the  spoi l  exposed at t h e  surface, p i t  drainage, runoff 
from refuse areas ,  and wastewater from processing plant. However, data  from 
the Division of Water Pollution Control indicate  no acidic  conditions i n  
Brou i l l e t t ' s  Creek. 

Peabody ef fec t ive ly  controls t he  potent ia l  for  acid drainage from p i t  
waters by pumping them t o  storage ponds, which prohibi ts  t he i r  re lease  e i t he r  
on t h e  surface o r  through underground seepage in to  area streaius. Nine of 
these s e t t l i n g  ponds have been constructed f o r  one p i t ;  four fo r  t he  other.  
Refuse is hauled from the  processing area t o  the  p i t  and buried. An earthen 
dike has been constructed downslope from t h e  processing plant t o  protect  Gin 
Creek from runoff from t h e  refuse area. Liquid waste from the washing of 
coal  -- a s lur ry  of coal f ines ,  clay, and other minerals -- is pumped t o  s e t t l -  
ing ponds and recycled in the washing operation. Erosion and leaching of 
acid-forming mater ia ls  is prevented by ensuring tha t  they a r e  adequately bur- 
ied. The l a rge  amount of calcareous unconsolidated material  a s s i s t s  in promot- 
ing good surf ace conditions. 

While it i s  overly optimistic t o  s t a t e  t ha t  t he  Universal M i n e  is a 
pollution-free operation, na tura l  conditions a t  t he  mine site and, most impor- 
t a n t ,  ca re fu l  planning and execution of reclamation practices,  have gone a 
long way i n  providing f o r  protection of t he  environment. 



S t r i p  mining of c o a l  in Indiana began .a  century  ,ago,, but t h e  f i r s t  
organized a t tempt  t o  rec la im t h e  s t a t e ' s  s t r i p  mined l ands  began a s  a volun- 
t e e r  e f f o r t  i n  1926. S t r i p  mine reclamation l e g i s l a t i o n  was f i r s t  enacted i n  
1941, making 1 n d i a n a . t h e  second s t a t e  t o  pass  such a law. While f a r  from per- 
f e c t ,  t h e  law w a s  improved by a s e r i e s  of amendments. The o r i g i n a l  1941 law 
d i d  n o t  r e q u i r e  grading of s p o i l  banks and t h e  r e s u l t i n g  topography cons i s t ed  
of a sawtooth p r o f i l e  of r i d g e s  and v a l l e y s .  I n  a d d i t i o n ,  it requi red  only  
t h e  p l an t ing  of some type  of vege ta t ion ,  much of which e i t h e r  d ied  o r  produced 
c rops  of l i t t l e  o r  no economic va lue .  

A 1951 amendment requi red  top  grading of s p o i l  banks t h a t  were t o  be 
seeded a s  pas tu re  and hay, and a 1963 amendment requi red  t h a t  la rge-s ized  s p o i l  
m a t e r i a l s ,  acid-forming m a t e r i a l s ,  s h a l e ,  and c o a l  .be covered wi th  s o i l .  The 
1963 amendment a l s o  requi red  c o a l  companies t o  grade a r e a s  of p o t e n t i a l  c u l t i -  
v a t i o n ;  top  grade along pub l i c  roads ;  and dam water i n  t h e  l a s t  c u t  t o  c r e a t e  
bodies  of water f o r  water supply, f lood  c o n t r o l ,  e ros ion  c o n t r o l ,  o r  p o l l u t i o n  
c o n t r o l .  I n  1967, t h e  grading requirements  were i u r t h e r  s t rengthened and pre- 
planning of u l t i m a t e  land uses  and submission of rec lamat ion  des igns  a l s o  
became necessary .  The r e s p o n s i l i i l i t i e s  f o r  a l l  a s p e c t s  of rec lamat ion  l i e  
wi th  t h e  c o a l  company t h a t  pos t s  a bond t o  guarantee  performance. The au thor -  
i t y  f o r  approving a l i c e n s e  permit o r  reclamation des ign  and enforc ing  t h e  law 
l ies wi th  t h e  Indiana Department of Natura l  Resources. 

Surface mining and reclamation a r e  c u r r e n t l y  r egu la t ed  under t h e  House 
' Enrol led Acts No. 1789, Chapter 344 of t h e  General Assembly Acts of 1967 of 

Indiana a s  amended by Acts of 1974. A l l  r ec lamat ion  a t  t h e  Universal  Mine has  
been c a r r i e d  out  under t h e  r e g u l a t i o n s . o f  t h i s  1967 law. Environmental qual- 
i t y  i s  maintained by s t r i c t  enforcement of t h i s  law by t h e  Department of Nat- 
u r a l  Resources. The l a w  r e q u i r e s  t h a t  s u r f a c e  mine land be " res tored  t o  i t s  
h ighes t  land-use p o t e n t i a l  which is a func t ion  of t h e  phys i ca l  c a p a b i l i t i e s  of 
t h e  s p o i l  m a t e r i a l ,  t h e  u s e  of t h e  surrounding l and ,  and t h e  l o c a l  market." 

Under t h e  law, s p e c i f i c  s t anda rds  a r e  l i s t e d  f o r  rec la iming  ,surf a c e  
mined l ands  t o  t h r e e  p o t e n t i a l  uses :  pas tu re  and hay, c u l t i v a t e d  c rops ,  and 
f o r e s t  rangeland.  The land must be graded t o  a maximum s l o p e  of 25% f o r  
p a s t u r e  and hay, 8% f o r  c u l t i v a t e d  c rops ,  and 33 113% f o r  f o r e s t r y .  Addition- 
a l  grading is requi red  t o  cover a l l  a c i d  forming m a t e r i a l s ,  mining d e b r i s ,  and 
rocks  l a r g e r  than  6 in. i n  diameter .  I n  a d d i t i o n ,  dams a r e  requi red  t o  form 
a s  many l akes  a s  p o s s i b l e  without  a f f e c t i n g  t h e .  ad jo in ing  p r o p e r t i e s .  

1 The s t a t e  a l s o  acknowledges t h a t  su r f ace  mined l ands  have o t h e r  poten- 

I. t i a l  uses .  Consequently, p rov i s ions  a r e  M d e ' t o  r ec l a im t h e  d i s tu rbed  l a n d s  
f o r  such "higher" u ses  a s  r e s i d e n t i a l  housing, r e c r e a t i o n ,  w i l d l i f e  p re se rves ,  
and commercial and i n d u s t r i a l  development. Each must be approved by t h e  Divi- 

I 
d o n  of Reclamation of t h e  Indiana Department of Natura l  Resources. 

When an  a p p l i c a t i o n  f o r  a s u r f a c e  mining permit i s  submit ted,  it is 
f i l e d  along wi th  a mining and reclamation p lan .  I n  a d d i t i o n ,  a $600-per-acre 



bond must be ,pos ted .and  an i n i t i a l  permit f e e  of $50 and an assessment f e e  of 
$20 per  a c r e  a r e  r equ i r ed .  The permit f e e s  a r e  r e t a ined  by t h e  S t a t e  of 
Ind iana ,  whereas t h e  bond i s  he id  i n  escrow u n t i l  rec lamat ion  is  completed. 

5.2 RECLAMATION PLANS 
% 

The Indiana  Department of Natura l  Resources 'Form 501, ~ p p z ' i c a t i o n  fop 
Permit ,  con ta ins  t h e  proposed rec lamat ion  p lan  f o r  t h e  a r e a  t o  be:mined under 
t h e  permit .  Each y e a r ' s  mining and reclamation schedules  a r e  summarized on 
t h i s  form i n  terms of t h e  amount of l&d . t o  be d i s t u r b e d ,  t h e  land u s e  obj  ec- 
t i v e  of reclamation and t h e  corresponding grading requirements  ( a s  d iscussed  
above) ,  and planned r evege ta t ion .  The amount an3 type  of information t h a t  
must be  submitted have changed over t h e  e i g h t  y e a r s . t h e  law has been i n  e f f e c t .  
The d a t a  format has  been cons tan t ly . rev iewed and upgraded; t hus ,  t h e  compara- 
b i l i t y  of r e p o r t s  f o r  success ive  yea r s  'is somewhat l i m i t e d .  However, by us ing  
t h e  information contained i n  t h e  forms f i l e d  by. Peabody, i t  Is p o s s i b l e  t o  
o u t l i n e  t h e  h i s t o r y  of rec lamat ion  a t  the Universal  s i t e :  

1969. Appl ica t ion  was made t o . d i s t u r b  155 a c r e s .  The land ' ' 

u s e  o b j e c t i v e  f o r  rec lamat ion  was f o r e s t  o r  rangeland , .and  
t h e  .planned r evege ta t ion  was l i s t e d  a s  mixed hardwoods and 
p ines ,  g r a s s e s ,  and legumes. 

1970. A permit  was sought t o  d i s t u r b  280 a d d i t i o n a l  a c r e s  t o  
be' reclaimed a s  f o r e s t  o r  rangeland,  w i th  t h e  same planned 
r evege ta t ion  a s  in 1969. 

1971. A permit  was sought to .  d i s t u r b  an a d d i t i o n a l  310 a c r e s  
f o r  s u r f a c e  mining. The. f i n a l . l a n d  u s e  o b j e c t i v e  was changed, 
a t  t h e  s t a t e ' s  i n s i s t e n c e ,  t o  pas tu re  and hay, which r e q u i r e s  
t h e  covering of a l l  exposed rock l a r g e r  than  6 i n .  i n  diame- 
t e r  w i th  a t  l e a s t  6 i n .  of ,  s o i l .  The.reclaimed a r e a  was t o  
b e  revegeta ted  i n  g r a s s e s  and. legumes. 

1972. Appl ica t ion  was made t o  d i s t u r b  388 a c r e s  t h a t  were t o  
be  reclaimed a s  pas tu re  and hay. 

1973. Planned t o  be  d i s tu rbed  i n  1973 were 440 a c r e s ,  wi th  
an  o b j e c t i v e  of row crop land.  This  land u s e  s e t s  limits 

. f o r  s lope  l eng ths  and r e q u i r e s  t h e  covering of a l l  rock 6 i n .  
o r  more i n  diameter  wi th  a t  l e a s t  18 in .  of s o i l .  The pro-.., F: *;' posed r evege ta t ion  was l i s t e d  a s  g r a s s e s  and legumes. ,4 9 

1974. Appl ica t ion  was made t o  d i s t u r b  430 a c r e s ,  w i th  a 
land  use  o b j e c t i v e  of row crop l and ,  and .wi th  t h e  same 
planned r evege ta t ion  a s  i n  1973. 

1975. Application was made to d i s t u r b  400 a c r e s ,  w i th  a 
land  use  object ' ive of row crop . land, . . and. w i t h  t h e  same 
planned r evege ta t ion  a s  i n  1974. 

The a c t u a l  a r e a s  d i s tu rbed  each year  have va r i ed  somewhat from t h e  per- 
mi t t ed  acreages ,  and acreages  graded and seeded have lagged behind t h e  expan- 
s i o n  of d i s tu rbed  land .  Table 5.1 i n d i c a t e s  t h e  amounts of land  d i s t u r b e d ,  
graded,  and seeded each year  s i n c e  1964. T o t a l s  r e v e a l  a s i g n i f i c a n t  t ime gap 
between d i s t u r b i n g  and grading and a longer  l a g  between d i s t u r b i n g  and seeding.  



Table 5.1. Acres .Dis turbed ,  Graded, 
and Seeded by Permit Year, 

. . 1969-75 

Permit a 
Year 

No. of Acres 

Disturbed Gradedb Seeded 

T o t a l  1 ,891  1,209 944 

Source: Peabody Coal Co., Form 502, 
Report of  Affected Area; Form 
503, R ~ P C J P ~  o f  Grading; and 
Form 505, Report of  Revegeta- 
t ion;  f i l e d  wi th  Div. of Recla- 
mation, Ind iana  Dept. of Natura l  
Resources (1969-1974). 

a The permit  year  f o r  t h e  Universal  Mine , 

runs  from J u l y  1 t o  June  3.0 of t h e  follow- 
ing year .  

b~ small  number of graded a c r e s  are n o t  
p l a n t a b l e  because they  a r e  l e f t  a s  hau l  
roads ,  i n c l i n e  roads ,  o r  water .  

These d i sc repanc ie s  are probably due t o  s e v e r a l  f a c t o r s .  F i r s t ,  t h e r e  
i s  an unavoidable l a g  between mining and reclamation.  Tables  5.2 and 5.3 
show t h a t  mined land was reclaimed up t o  two yea r s  a f t e r  mining. For example, 
l and  mined i n  permit  year  1971-72 'was be.ing graded i n  permit year  1972-73, and 
land mined i n  permit  year  1970-71 w a s  being seeded i n  1972-73. Compliance w i t h  
r e g u l a t i o n s  i s  monitored by the '  Div is ion  of Reclamat ion  i n s p e c t o r s .  The grad- 
i ng  phase must be adequate ly  completed and approved be fo re  t h e  r evege ta t ion  
phase can begin.  Second, some-areas  remain ungraded and unse,eded f o r  long per-  
i ods  a f t e r  t hey  a r e  d i s tu rbed  and a r e  c a r r i e d  over i n  t h e  a r e a  t o t a l s  from yea r  
t o  year .  These a r e a s  inc lude  haul  roads ,  i n c l i n e  roads ,  open p i t s ,  and water  
impoundments; t h e  sum of t h e s e  a r e a s  w i l l  vary  from t ime t o  t ime and r eco rds  
on t h e i r  s t a t u s  from year  t o  year  may no t  be c o n s i s t e n t .  Thi rd ,  l a c k  of c l a r -  
i t y  and completeness i n  t h e  r eco rds ,  e s p e c i a l l y  those  of e a r l i e r  y e a r s ,  may 
have r e s u l t e d  i n ,  mi s t abu la t ion  of t h e  t o t a l  a r e a s  graded and, seeded. 

Mine in spec t  i on  repor ' t s  occas iona l ly  c i t e  t h e  need t o  a c c e l e r a t e  grad ing  
ope ra t ions  a t  t h e  Universa l  Mine. From t ime t o  t i m e ,  grading has  been delayed 
by poor weather cond i t i ons  and l a c k  of equipment. Table 5.4 i n d i c a t e s  t h a t  
cons tan t  i nc reases  have been made each year i n  t h e  propor t ion  of t h e  d i s tu rbed  
a r e a  graded. The cumulat ive percentage  of land  s u c c e s s f u l l y  graded has  increased  



 a able 5.2.  Acres  Graded by Year Mined, 1969-74a 

No. of Acres  Graded 
Sear 
Mined 1969-70 1970-71 1971-72 1972-73 1973-74 1974-75 T o t a l  

1969-70 0 9 5 2 1 5 0 0 1 2 1  
1970-71 -- 8 0 7 5 37 0 0 192 
1971-72 -- -- 7 2 174 4 5 255 
1972-73 -- -- 4 2 173  1 2 5  340 -- 
1973-74 r -- -- -- - - - 102 - 199 - 301 - 
.Total. 0 17  5 168 258 279 329 1209 

Source:  Peabody Coal  Co., Form 503, Report of Grading, f i l e d  w i t h  Div. 
of Reclamat ion,  I n d i a n a  Dept.  of N a t u r a l  Resources  (1969-1973). 

a For  any y e a r ,  t o t a l  acres graded w i l l  n o t  e q u a l  t o t a l  d i s t u r b e d  b e c a u s e  
some remain i n  u n g r a d a b l e . l a n d  u s e s ,  such  as i n c l i n e  r o a d s .  

T a b l e  5.3.. . Acres  Seeded by Year Mined, 1970-74a 

. . 
Year 

No. o f  Acres  Seeded 

Mined 1970-71 1971-72 1972-73 1973-74 1974-75 T o t a l  

1969-70 94.gb 1 8  17  0 0 129.9 
1970-71 ' - -  105 84  0 0 1 8  9 
1971-72 - - . 1 0  232 . 0 0 242 
1972-73 - -  -- -- 8 1  7 7 158 
1973-74 -- -- -- - - 2 - 3 5 - 37 

T o t a l  94.9, 133  . . . 333 8 3 112 755.9 

Source:  Peabody Coal  Co., Form 505, Report of Revegetation, 
f i l e d  w i t h  Div. of Reclamat ion,  I n d i a n a  Dept.  of  
~ a t u r a l  Resources  (1970-1973) . 

a 
Normal p rocedure  e n t a i l s  p l a n t i n g  i n  t h e  s p r i n g  and submis- 
s i o n  o f  r e p o r t s  i n  t h e  f a l l .  

b 
For any y e a r ,  t o t a l  ' a c r e s  p l a n t e d  w i l l  n o t  e q u a l  t o t a l  
d i s t u r b e d  o r  graded because , some remain as u n p l a n t a b l e  
l a n d  u s e s  such  as w a t e r ,  open p i t s ,  and i n c l i n e  r o a d s .  

from 49.4%, f o l l o w i n g  t h e  f i r s t  y e a r  o f  mining,  t o  61.9% d u r i n g  1974-75. There  
h a s  a l s o  been an  o v e r a l l  i n c r e a s e  i n  t h e  p r o p o r t i o n  seeded ,  from 27.4% i n  
1970-71 t o  40.9% i n  1974-75; however, t h e  p r o p o r t i o n  h a s  v a r i e d  from y e a r  t o  
y e a r .  



Table 5.4.  Cumulative Acres Disturbed,  Graded, and SeededHby 
Permit Year, 1969-75 

No. Acres No. Acres % No. Acres % 
Year Disturbed Graded Graded Seeded seededa 

1969-70 1'1 8 0 0.0 U 0.0 
1970-71 3 54 175 49.4 9 5 27.4 
1971-72 629 343 54.5 228 38.5 
1972-73 1,075 6 01 55.9 561 54.1 
1973-74 1,524 880 57.7 644 44.0 
1974-75 1 ,891  1,209 61.9 756 40.9 

Source: Peabody Coal Co., Form 502, Repor t  o f  A f f e c t e d  Area; 
Form 503, Report  o f  Grading; and Form 505, Report  
o f  R e v e g e t a t i o n ;  f i l e d  wi th  Div. of Reclamation, 
Ind iana  Dept. of Natura l  Resources (1969-1974). 

a  
Unplantable a c r e s ,  such a s  t hose  being used f o r  water ,  open 
p i t s ,  and i n c l i n e  roads ,  a r e  included i n  t h e  c a l c u l a t i o n  of 
percent  seeded. 

5.3 RECLAMATION PROCEDURES AT UNIVERSAL 

Coal mining companies such a s  ,Peabody recognize  t h a t  reclaiming s p o i l  
banks is  an  i n t e g r a l  p a r t  .o f  t h e  s t r i p  mining process  and t h a t  rec lamat ion  
must be  planned and c a r r i e d  out i n  a t imely  and o r d e r l y  f a sh ion .  According 
t o  Indiana  law, mining companies a l s o  have t o  develop an approved reclamation 
design be fo re  t h e  mining process  can begin.  This  des ign  r e q u i r e s  d e t a i l e d  
information concerning t h e  phys i ca l ,  chemical,  hydro logic ,  and b i o t i c  systems 
a t  t h e  mine s i t e  and a  d e t a i l e d  socioeconomic c h a r a c t e r i z a t i o n  of t h e  reg ion .  

i By working t o g e t h e r ,  t h e  mining engineers ,  s c i e n t i s t s ,  and rec lamat ion  
s p e c i a l i s t s  can develop t h e  b e s t  p o t e n t i a l  reclamation des ign  , be fo re  mining 
begins.  A c u r r e n t  mining p lan  con ta ins  d e t a i l e d  procedures  f o r  handling s p o i l ,  
g rad ing ,  e ros ion  c o n t r o l ,  haulage roads,.and:. .water management. The rec lamat ion  
des ign  inc ludes  a  l a rge - sca l e  d e t a i l e d  land u s e  map des igna t ing  in t e r im  and 
f u t u r e  u s e s  of . , the d i s tu rbed  lands' and an a n a l y s i s  of e k i s t i n g  and p ro j ec t ed  
f u t u r e  market f o r c e s .  

R e s t o r i n g . s p o i 1  banks t o  row crop product ion i s  t h e  most common form 
o f  i n t e r im  and f u t u r e  land u s e  i n  west c e n t r a l  Ind iana  today. Since t h e  topog- 
raphy i s  r e l a t i v e l y  l e v e l ,  t h e  s o i l  is  r e l a t i v e l y  t h i c k  and f e r t i l e ,  t h e  s p o i l  
is  not  h igh ly  a c i d i c ,  and t h e  top s u r f a c e  i s  r e l a t i v e l y  rock-free,  t h e  s u r f a c e  
mined a r e a s  a r e  s u i t a b l e  f o r  crop land .  

A t  t h e  Universa l  Mine, t o p s o i l  is  separa ted  by . . t he  d r a g l i n e  dur ing  t h e  
removal of overburden and is appl ied  t o  t h e  s u r f a c e  dur ing  grading.  Attempts 
t o  keep t h e  t o p s o i l  a t  t h e  s u r f a c e  a r e  u s u a l i y  succes s fu l ,  a l though occas iona l ly  
i t s . d i s t r i b u t i o n  is. d iscont inuous .  Successfu l .  t o p s o i l i n g  provides  a ' b e t t e r  

. s u b s t r a t e  f o r  p l a n t  growth. 



Table  5.5,. Percentages  of Mine The seeding of. reclaimed a r e a s  
Area Graded, by Land a t  t h e  mine is  accomplished by conven- 
use, 1970-7sa t i o n a l  and a e r i a l  means. For t h e  most . 

p a r t  mixtures  of g r a s s e s  and legumes 
have been used.  A t y p i c a l  seeding 

Land Use Objec t ive  % of would be composed of 22 l b / a c r e  of seed,  
(and max. s lope )  Mined Area made up of a mix of wheat, Kentucky 31  

f e scue ,  a l f a l f a ,  red  c l o v e r ,  Korean 
Fores t  & Rangeland lespedeza,  t imothy,  sweet doner ,  and 

(33 113.2) 18 .1  a l s i k e  c love r .  A s u b s t a n t i a l  acreage  
Hay & Pas tu re  (25%) 29.0 was seeded t o  wheat and milo i n  1976. 
Row Crop (8%) 52.9 These c rops  were t i l l e d  us ing  conven- 

t i o n a l  farming equfpment . P r i o r  t o  
a Calcu la ted  from Peabody Coal Co., seeding,  t h e  s p o i l  is  limed f f  needed 
Form 502,  P e r m i t  A p p l i c a t i o n ,  and $ e r t  i l i z e d  . 
f i l e d  wi th  Div. of Reclamation, 
Ind iana  Dept. of Natura l  Re- , . The p re sen t  topography i s  a re- 
sources  (1970-74). s u l t  of t h e  grading undertaken a s  a 

p a r t  of t h e  rec lamat ion  process .  Large , , 

a r e a s  of t h e  mine have been graded t o  conform wi th  t h e  s lope  s p e c i f i c a t i o n s  
of p a r t i c u l a r  land  u s e  o b j e c t i v e s  s t a t e d  in rec lamat ion  p lans  f o r  t h e  mine. 
Table 5.5 g ives  t h e  percentages  of mined land by land u s e  o b j e c t i v e ,  a s  s t a t e d  
i n  t h e  reclamation p lans .  S p e c i f i c a t i o n s  f o r  each land use  a l s o  r e g u l a t e  maxi-,  
mum s l o p e  l eng ths  f o r  va r ious  s lope  angles .  The f i n a l  contours  w i l l  d i f f e r  
somewhat from t h e  proposed s lopes  because of v a r i a t i o n s  i n  t h e  a r e a  mined and 
i n  mine f e a t u r e s ,  such a s  roads ,  drainageways, and water  impoundments. Vari- 
a t i o n s  i n  t h e  gene ra l  grading p a t t e r n  w i l l  be found e s p e c i a l l y  near  hau l  roads ,  
n e a r  c u t s  t h a t  remain open, and near  t.he mine's per imeter .  I n  any case ,  no 
s l o p e s  a r e  permi t ted  t o  exceed 33 113% a f t e r  grading.  

~ i v i s ' i o n  of ~ e c l a m a t i o n  in spec to r s  monitor t h e  grading a c t i v i t i e s  by 
measuring s lopes .  Thei r  s l o p e  measurements r e v e a l  t h a t ,  on occas ion ,  s lopes  
have been s t e e p e r  than  allowed f o r  a s p e c i f i c  land use ;  however, Peabody's 
grad ing  gene ra l ly  exceeds t h e  requirements  d i c t a t e d  by t h e  planned reclama- 
t i o n  use.  When necessary ,  Div is ion  in spec to r s  have recommended regrading  t o  
e l i m i n a t e  s l o p e s  of excess ive  s t eepness  o r  l e n g t h ,  o r  s p e c i a l  grading proce- 
d u r e s ,  such a s  t e r r a c i n g .  I n  gene ra l ,  grading p p e r a t i o n s  a t  Universa l  a r e  
designed t o  achieve  t h e  lowest  p r a c t i c a b l e  s lopes  and t o  promote s u r f a c e  con- 
d i t i o n s  s u i t a b l e  f o r  t h e  c u l t i v a t f o n  of row crops .  I n  a d d i t i o n ,  grading i s  
used t o  prevent  e ros ion  by producing low s lopes  and s p e c i a l i z e d  s t r u c t u r e s  
such a s  t e r r a c i n g ,  when necessary.  

Summarized i n  Table 5.6 a r e  Peabody's planned land use  o b j e c t i v e s  f o r  
t h e  mine. It can be seen t h a t  over t h e  period of ope ra t ion ,  a t r a n s i t i o n  has 
t aken  p l ace  i n  land u s e  o b j e c t i v e s  from f o r e s t  and rangeland,  through hay and 
p a s t u r e ,  t o  crop l a n d . '  This  r e p r e s e n t s  an a c t u a l  t r a n s i t i o n  i n  t h e  q u a l i t y  
of rec lamat ion ,  because p rog res s ive ly  more grading and management of s u r f a c e  
s p o i l  cond i t i ons  a r e  requi red  wi th  each of . these  succeeding land uses .  The 
t r end  i s  i n  l i n e  wi th  s t a t ewide  reclamation p r a c t i c e s  under p re sen t  law 
(LaFevers, 1974) . 

Revegetation r e p o r t s  (Peabody, 1970-1975) r e v e a l  t h a t  a l l  t h e  reclaimed 
a r e a s  of t h e  Universa l  Mine had been seeded a s  p a s t u r e  ( t o  g r a s s e s  and legumes). 
Desp i t e  t h e  o r i g i n a l  land use  o b j e c t i v e s  ou t l i ned  i n  Table 5.6,  n e i t h e r  f o r e s t  



I Table 5.6.  Universa l  Mine Planned Land U s e  and Revegetat ion,  1969-1976 

- Permit Acres t o  Be Land Use Planned 
Year Disturbed Obj e c t i v e ( s )  Revegetat ion  

1969-70 155 Fores t  and Rangeland Mixed Hardwoods and P ines ,  
Grasses  and ~ e ~ u m e s ~  

1970-71 280 Fores t  and Rangeland Mixed Hardwoods and P ines ,  
Grasses and Legumesa 

1971-72 310 Hay and Pas tu re  
b  

Grasses and Legumes 
1972-73 388 Hay and Pas tu re  ~ r a s k e s  and Legumes 
1973-74 440 Row Crop Grasses  'and Legumes 
1974-75 430 ROW Crop Grasses and Legumes 
19 75-7 6  4 00 Row Crop Grasses and .Legumes 

Source: Peabody Coal Co., Form 502, Application for Permit, and Form 504, 
Plan of Revegetation, f i l e d  wi th  Div. of Reclamation, Ind iana  
Dept. of ~ a t u r a l ' R e s o u r c e s  (1969-75) 

a  
F i e l d  observa t ion  has f a i l e d  t o  l o c a t e  any a r e a s  p lan ted  wi th  t r e e s .  

b ~ h e  1972-73 reclamation p lan  w a s  amended a f t e r  submission from hay 
and p a s t u r e  t o  row crop .  

nor  con t inua l  cropping has been e s t a b l i s h e d  on any po r t ion  of t h e  mined land .  
Lack of any t r e e  p l a n t i n g s  i s ,  however, n o t  s u r p r i s i n g  i n  l i g h t  of p re sen t  '. 
reclamation t r ends .  P e r l a r  (1976) and v i s u a l  i n spec t ion  of t h e  s i te  r e v e a l  
t h a t  Peabody is a t tempt ing  t o  u t i l i z e  reclaimed land f o r  row c rops  s11c.h a s  
corn,  soybeans, wheat, and milo. A t  p r e sen t ,  500-600 a c r e s  have been p lan ted  
i n  wheat and milo,  and wheat was harvested i n  t h e  1976 growing season. Con- 
v e n t i o n a l  farm machinery was used i n  p l an t ing ,  c u l t i v a t i n g  and ha rves t ing .  
Cropping has  been attempted on a  more-or-less experimental  b a s i s  t o  t e s t  t h e  
growth of v a r i o u s  spec i e s  on t h e  reclaimed s p o i l '  ( P e r l a r ,  1976).  On t h e  whole, 
t h e  b a s i c  o b j e c t i v e s  of t h e  mine s t a f f  c o n s i s t  of e x t r a c t i n g  t h e  mine ra l ,  r e -  
c laiming t h e  l and ,  and maintaining adequate  environmental c o n t r o l ,  r a t h e r  than  
t h e  economic product ion of farm products .  Although almost 700 a c r e s  w e r e  ear-  
marked f o r  u s e  a s  hay and p a s t u r e ,  no l i v e s t o c k  graz ing  has  been i n i t i a t e d  a s .  
y e t  because t h e  bond has  n o t  been r e l eased  by t h e  s t a t e .  Peabody Coal Co. 
does r a i s e  l i v e s t o c k  a t  i t s  Dugger and Hawthorne mines i n  Clay County, Ind iana ,  
and l i v e s t o c k  ope ra t ions  might be planned a t  t he .  Universa l  Mine. 

Respons ib i l i t y  f o r  longer  range p l ans  f o r  "higher uses ,"  such as r ec re -  
a t i o n  o r  housing, r e s t  i n  t h e  hands of t h e  Peabody management. The l o c a l  mine 
super in tendent  is  r e spons ib l e  only f o r  planning and managing b a s i c  rec lamat ion  
a c t i v i t i e s  on t h e  s i te  wi th  superv is ion  from company planning personnel .  Thus, 
development p l ans  f o r  t h e  Universa l  Mine a r e  determined more by i n t e r n a l  dec i -  
s i o n s  made w i t h i n  t h e  mining company than  by t h e  f u l f i l l m e n t  of r e g u l a t i o n s  
a s  s p e c i f i e d  i n  t h e  land u s e  o b j e c t i v e  of t h e  permit a p p l i c a t i o n .  I n  t h e  long 
run  t h i s  f l e x i b i l i t y  should be b e n e f i c i a l ,  s i n c e  i t  w i l l  a l low t h e  land u s e  
on reclaimed land  t o  a d j u s t  t o  l o c a l  market cond i t i ons  and t o  be c o n t i n u a l l y  
upgraded by a p p r o p r i a t e  management p r a c t i c e s .  I n  s h o r t ,  t h e  p r o t e c t i o n  of t h e  
environment is  coequal wi th  r e s t o r i n g  t h e  land' t o  p r o d u c t i v i t y  a s  dua l  goa l s  



of rec lamat ion .  It r e q u i r e s  proper grading and r evege ta t ion  t o  accomplish 
both .  

The a c t u a l  o b j e c t i v e s  of t h e  rec lamat ion  ope ra t ion  -- grading t h e  s p o i l ,  
p rovid ing  water impoundments and acces s  roads ,  and r e e s t a b l i s h i n g  a v e g e t a t i v e  
cover  -- a r e  similar I n  most modern mining o p e r a t i o n s  i n  t h e  Midwest. The 
methods of achiev ing  t h e s e  ends, and t h e  r e s u l t s ,  w i l l  vary  from a r e a  t o  a r e a  
w i t h  t h e  n a t u r e  of t h e  site,  t h e  methods of mining, and rec lamat ion  laws i n  
e f f e c t  i n  t h e  v a r i o u s .  s t a t e s .  

Reclamation a t .  t h e  Universa l  Mine w i l l  have more s i m i l a r i t i e s  t o  t h a t  
c a r r i e d  out  by o t h e r  l a rge - sca l e  o p e r a t o r s  engaged i n  a r e a  s t r i p p i n g  r e l a t i v e l y  
l e v e l  t e r r a i n  i n  t h e  g l a c i a t e d  r eg ions  of t h e  Midwest than  t o  t h a t  conducted 
a t  o t h e r  tjrpes of mines i n  o t h e r ' a r e a s .  For example, s i t e s  i n  t h e  more rugged, '  
ung lac i a t ed  a r e a s  of Ohio o r  Kentucky a r e  o f t e n  contour  mined. I n  c o n t r a s t  t o  
t h e  Universal  Mine, t h e s e  s p o i l s  have less unconsol idated m a t e r i a l  and more 
rock  d e b r i s ,  w i th  s t e e p e r  s lopes .  The s p o i l  i n  t h e s e  a r e a s  o f t e n  con ta ins  more 
of t h e  minera ls  t h a t  .can cause a c i d  c o n d i t i o n s  t h a t  adverse ly  a f f e c t  vegeta-  
t i o n  and water  q u a l i t y .  Steep,  s tony s p o i l  s l o p e s  con t r ih t l t e  t o  e ros ion  and 
l i m i t  mechanized a g r i c u l t u r e .  

5.4 RECLAMATION COSTS 

Deta i led  d a t a ' o n  exac t  rec lamat ion  c o s t s  a r e  no t  a v a i l a b l e  f o r  t h e  Uni- 
v e r s a l  Mine. It may be of va lue ,  however, t o  examine.some r e p r e s e n t a t i v e  
c o s t s  f o r  s i m i l a r  o p e r a t i o n s . i n  o the r  a r e a s .  Tables .5 .7  and 5.8 show r e c l a -  
mation c o s t s  f o r  two a r e a - s t r i p  c o a l  mines t h a t  have many s i m i l a r i t i e s  t o  t h e  
Universa l  Mine. 

Major d i f f e r e n c e s  a r e  i n  t h e  th i ckness  of t h e  overburden and c o a l  seams. 
s i n c e  t h e  overburden and c o a l  seam a r e  bo th  th i cke r . . a t  t h e  Universa l  s i te  than  
a t  e i t h e r  of t h e  sample sites i n  Tables  5.7 and 5.8, t h e  h ighwal l  w i l l  be  high- 
er a n d ' b a c k f i l l i n g  c o s t s  w i l l  probably be  g r e a t e r  a t  t h e  Universa l  Mine. How- 
eve r ,  rec lamat ion  c o s t s  per  t o n  w i l l  be less a t  t h e  Universa l  Mine s i n c e  more 
c o a l  i s  produced per  a c r e .  

A r ecen t  s tudy of rec lamat ion  c o s t s  (Skel ly  and .Loy, 1975) i n d i c a t e s  
t h a t  rec lamat ion  c o s t s  a t  an a r e a  s t r i p p i n g  ope ra t ion  i n  Ohio might go a s  
h igh  a s  $2.00/ton, a f i g u r e  t h a t  i s  comparable t o  t hose  i n  Tables  5.7 and 5.8,  
which i n d i c a t e  a c o s t  range of $1.23 t o  $2.34/ton. Another r e c e n t  s tudy  of 
s u r f a c e  c o a l  mining in North Dakota ( ~ a ~ e v e r s , .  et  a l . ,  1976) ,  i n d i c a t e s  reclama- 
t i o n  c o s t s  w i l l  average .up  t o  $6600/acre,  which:-again is comparable' to t h e  f4g- 

' 

u r e s  c i t e d  i n  t h e  o t h e r  r e p o r t s .  It i s  reasonable  t o  assume t h a t  rec lamat ion  
c o s t s  f o r  t h e  Universa l  Mine w i l l  be reasonably similar t o  . those c i t e d  f o r  sim- 
i l a r  ope ra t ions ,  w i t h i n  a range prescr ibed  by d i f f e r e n c e s  i n  phys i ca l  condi- 
t i o n s  and mining and rec lamat ion  methods. According t o  Peabody personnel ,  t h e  
average  rec lamat ion- re la ted  c o s t s  f o r  t h e  Universa l  mine were $2628.94/acre9 
o r  $0.403/ton i n  1975 and $2566.76/acre o r  $0.276/ton i n  1976 (Healy, 1977).  



Table - .. 5.7. U.S. Bureau of, Mines Estimations of Reclamation Premining Planning, Backfilling, and 
~eve~etation Costs for Sample Mine Using Area Mining 

. .  . ..: . .. .- . . . 
. . T o t a l  Cost - . 

Cost Components $ / ac r e  $/yd3 $ / t on  
. . , .  . . . 

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

+ .  . . . . Premining p lanning  Cos ts  . 
. .. , 

Engineering Design . P o l l u t i o n  Cont ro l  Bonds, Permi ts ,  Fees .. .. 

$7,200 ($40/acre)  $9,450 ($53/acre)  $15,840 ($88/acre)  

Planning:  181  -- 0.04 

B a c k f i l l i n g  Equipment (Operat ing and h m e r s h i p )  Costs  Back f i l l i ng :  4,915 0.15 1.11 
. . 

Operat ing ($ /h r )  ownership ($'/hr) .' ' .' Tota la  

Equipment ,, .~ec lama, t ion '  ~ r s / ~ a y  Fuel  Labor Maint . Overhead Deprec. $ / h r  $/day 

1 med. Dragl ine ,  4.8 h r s  28.41 11.20 39.34 69.80 34.90 '18'3.65 881.52 
2 385 h Dozers, 7.2 h r s  4,.39 6.20 28.19 4.78. .15.88 118.88 ,855.94 
1 35 ydP s c r a p e r ,  14.4 h r s  , 5.20 . 6.20 41.29 5.42, 15.34 73.95 1,064.88 . . . . 

Revegetat ion Costs  Revegetat ion: 34 6 -- 0.08 

S o i l  P r epa ra t i on  Equipment ( ,operat in 
and ownership) Costf F e r t i l i z e r  ' ~ & e  Mulch Seeding 

To t a l  Reclamation: 5,442 0.15 1 .23  

Source:  Evans, R.J., and J.R. B i t l e r ,  RecZamation Costs: Appalachian and Miduestern Coal SuppZy Districts, U.S. Bureau of Mines . 

Informat ion  C i r c u l a r  8695, Washington, D.C. (1975). 
a These columns a r e  n o t - t o t a l e d  because d i f f e r e n t  p i ece s  of equipment ope ra t e  a d i f f e r e n t  number of days each year .  

b~qu ipmen t :  farm t r ac to r . ,  d i s k ,  g r a i n  d r i l l ,  and l ime sp r eade r .  
. . . . 

' . .  



Table 5.8. U.S. Bureau of Mines Estimations of Reclamation.Premining Planning, Backfilling, and 
Revegetation Costs for Sample Mine Using Area and Block Cut Mining 

- - - -- - - 

T o t a l  Cost 
. .  . .  S/yd3 ...S,t 

Cost Components . $ / ac r e  on 

Premining Planning Cos ts  

Engineering Design P o l l u t i o n  Cont ro l  Bonds, Permi ts ,  ~ e e s  

Planning:  277 -- 0.08 

B a c k f i l l i n g  Equipment (Operat ing and Omership) Costs  Back f i l l i ng :  7,031 0.22 2.15 

Operat ing ($/hr)  Ownership. ($ /hr )  T o t a l  

~ q u i p m e n t ,  Reclamation Hrs/Day Fuel  Labor Maint. Overhead Deprec. $ /h r  . $/day 

' 1 small Dragl ine ,  . 4  h r s  8.74 10.47 132.83 11.86 36.60 200.50 802.00 
4 385 h Dozers, 6 h r s ,  , , P 4.39 5.47 28.19 4.78 15.88 234.84 1,409.04.  
2 31  yd Sc rape r s ,  18  h r s  4.73 5.47 34.08 4.47 12.66 122.82 2,210.76 
1 180 hp Grader ,  6 h r s  2.03 5.47 13.22 1 .13  3.84 25.69 154.14 
1 10 yd3 Front-end Loader, 6 h r s  7.06 5.47 58.82 5.92 .19 -43 96.70 580.20 

680.55 5,156.14 

Revegetat ion Costs  Revegetat ion:  370 

S o i l  P r epa ra t i on  Equipment ( ope ra t i ng  
and ownership) cos ta  ~ e r t i l i z e r  Lime ~ u l c h  seeding  . 

T o t a l  Reclamation: 7,678 0.22 2.34 

Source: Evans, R. J., and J.R. B i t l e r ,  R e c h a t i o n  Costs: Appalachian and Mihestern Coal Supply fist:<cts, U.S. Bureau of Mines 
Informat ion  C i r c u l a r  8695, Washington, D.C. (1975). 

a 
~ q u i p m e n t :  farm t r a c t o r ,  d i s k ,  rock  p i cke r ,  l ime  t r uck ,  g r a i n  d r i l l .  



6 RECLAMATION PAANNING 

6.1 MINING AND RECLAMATION PLANNING 

Mapping t h e  land is  t h e  f i r s t  s t e p  i n  developing a s u r f a c e  c o a l  mine. 
Af t e r  a base  map is  prepared,  geo log ica l  information about t h e  c o a l  scam, 
overburden and topographic f e a t u r e s  a r e  p l o t t e d .  These maps a r e  used along 
w i t h  p l a t  maps t o  a c q u i r e  t h e  mine proper ty ,  u s u a l l y  by buying t h e  land and 
minera ls  o u t r i g h t  and by l e a s i n g  t h e  minera ls .  The next  s t e p  is  t o  develop 
a n  environmental assessment r e p o r t  based on d a t a  from a cursory  l i t e r a t u r e  
review and a s h o r t  f i e l d  reconnaissance.  The new prope'rty is  given an  envi-  
ronmental r a t i n g  and t h e  r e p o r t  i s  s e n t  on t o  t h e  mining company's exp lo ra t ion ,  
market ing,  l and ,  and engineering planning departments f o r  eva lua t ion .  

Core d r i l l i n g s  and b l a s t i n g  t e s t s  a r e  then  taken t o  ob ta in  a d d i t i o n a l  
information on t h e  l o c a t i o n ,  t h i ckness ,  and depth  of t h e  c o a l  and t h e  type  
and composition of t h e  overburden. Core d r i l l i n g s  d a t a  a l s o  w i l l  show where 
s p e c i a l  mining and rec lamat ion  problems e x i s t .  The mapping and c o r e  sampling 
form t h e  b a s i s  f o r  determining t h e  mine f e a s i b i l i t y  p lan .  

I f  t h e  a r e a  appears ,  f e a s i b l e  t o  mine, p r o p e r t i e s  t h a t  have znvironmen- 
t a l  ques t ions  o r  problems a r e  examined i n  more d e t a i l  i n  environmental base- 
l i n e  s t u d i e s .  The d e t a i l e d  d a t a  contained in these  s t u d i e s  a r e  normally 
used by f e d e r a l  and s t a t e  agencies  t o  determine the. s i t e - s p e c i f i c  c o n d i t i o n s  
t h a t  a r e  t o  be  s t i p u l a t e d  i n  t h e  mine permit .  The d a t a  a l s o  a r e  used t o :  . . 

(1) d e t e c t  and p r e d i c t  u n s a t i s f a c t o r y  environmental cond i t i ons  be fo re  pub l i c  
complaints  a r e  f i l e d ,  (2) 1egall:r  p r o t e c t  t h e  c o a l  company a g a i n s t  u n j u s t i -  
f i a b l e  l e g a l  a c t i o n  f o r  environmental d e t e r i o r a t i o n ,  (3)  demonstrate  t h a t  t h e  
c o a l  company i s  showing s o c i a l  r e s p o n s i b i l i t y ,  and (4) develop eptimum r e c l a - .  \'" 

mat ion  p l ans  f o r  inined l ands .  

I f  f e d e r a l  o r  state agencies  dec ide  t h a t  a proposed mine may c r e a t e  a 
s i g n i f i c a n t  environmental impact, t h e  c o a l  company may be requi red  t o  f i l e  an  
environmental impact s ta tement  be fo re  it r e c e i v e s  a f i n a l  ope ra t ing  permit.  
The d a t a  needed t o  prepare  t h i s  s ta tement  should a l r eady  be a v a i l a b l e  t o  t h e  
company i n  t h e  b a s e l i n e  s t u d i e s .  

The next  s t e p  is  t o . d e s i g n  a mine sequence p lan  t h a t  i nc ludes  informa- 
t i o n  about t h e  c o a l  geology, c o a l  handl ing and p repa ra t ion ,  mine waste  d i s p o s a l  
f a c i l i t i e s ,  b l a s t i n g ,  haulage u n i t s ,  overburden removal u n i t s ,  loading u n i t s ,  
and rec lamat ion  equipment. Included i n  t h e  mine p lan  is  t h e  grading and reveg- 
e t a t i o n  schedule,  s t a t i n g  t h e  t ime of grading and d a t e s  f o r  p l an t ing  t h e  appro- 
p r i a t e  cover  c rops .  A map is  normally included t h a t  d e p i c t s  t h e  es t imated  
tonnages and a f f e c t e d  a c r e s  on an  annual  b a s i s  f o r  t h e  p ro j ec t ed  l i f e t i m e  of 
t h e  mine. 

1. The f i n a l . s t e p  is  t o  design a rec lamat ion  p l an ,  which must comply w i t h  
t h e  Indiana gu ide l ines .  These g u i d e l i n e s  inc lude ,  bu t  a r e  no t  n e c e s s a r i l y  
l i m i t e d  t o ,  t h e  fol lowing o b j e c t i v e s  : 

I" 

I To provide'improved land u s e  p r a c t i c e s  i n  t h e s e  a r e a s ;  

To prevent  o r  minimize i n j u r i o u s  e f f e c t s  t o  t h e  people and 
t h e  n a t u r a l  r e sou rces  of t h e  s t a t e ,  inc luding  t h e  need t o  
p r o t e c t  t h e  l a k e s  and s treams from p o l l u t i o n ;  



- To dec rease  s o i l  e ros ion ;  

. To decrease  t h e  hazards  of f i r e ;  

To improve t h e  a e s t h e t i c  va lue  of t h e  landscape;  

To enhance t h e  development of w i l d l i f e  resources ;  and 

- To i n c r e a s e  t h e  economic c o n t r i b u t i o n s  of t h e  a f f e c t e d  a r e a .  

The ex tens ive  d a t a  c o l l e c t e d  i n  t h e  above s t u d i e s  form t h e  foundat ions 
f o r  t h e  rec lamat ion  p lan .  A w e l l  designed rec lamat ion  p lan  should inc lude  
both  a n  in t e r im  and a long-range plan.  The interim p lan ,  which can be imple- 
mented immediately upon t h e  c e s s a t i o n  of mining a c t i v i t y  on any p a r t  of t h e  
s i te ,  provides  f o r  .short- term product ive  use  of t h e  site. The economic base 
developed by t h e  i n t e r i m  land u s e  p lan  can be used t o  implement t h e  more so- 
p h i s t i c a t e d  long-range p lan  t h a t  can provide  a g r e a t e r  r e t u r n  t o  i nves to r s .  

The rec lamat ion  phase of t h e  s u r f a c e  c o a l  mining ope ra t ion  should occur 
concur ren t ly  w i th  t h e  c o a l  mining process .  By l i n k i n g  t h e  in t e r im  and long- 
range  reclamation p l ans  i n  an o r d e r l y  manner, t h e  d i s tu rbed  land w i l l  b e  out  
of product ion f o r  t h e  minimum period of time, be fo re  being brought t o  i t s  
h i g h e s t  p o s s i b l e  long-term use .  

6.2 LAND USE CHANGES AND FUTURE DEVELOPMENT PLANS 

A comparison of premining land uses  i n  Vigo and Vermil l ion coun t i e s  
(Table 6.1) wi th  t h e  planned land u s e  o b j e c t i v e s  of rec lamat ion  a t  t h e  Uni- 
v e r s a l  Mine i n d i c a t e s  t h e  r o l e  of s u r f a c e  mining i n  land use  change. Assum- 
ing  short-range ( s i x  yea r s  s i n c e  t h e  beginning of mining) s t a b i l i t y  i n  land 
uses  i n  t h e  surrounding a r e a ,  t h e  Universal  s i te  w i l l  be  cha rac t e r i zed  by a 
d i s t r i b u t i o n  of land uses  d i f f e r i n g  i n  many r e s p e c t s  from t h e  unmined country- 
s i d e .  P a s t u r e  land w i l l  have increased  from i ts  former minor r o l e  (8% of t h e  
a r e a )  t o  more than  50% of t h e  reclaimed area. Concurrent ly,  t h e  propor t ion  of 
cropland w i l l  decrease  from more than  60% t o  about 40%. 

The second most p reva len t  premining r e g i o n a l  land  u s e ,  woodland, w i l l  
no longer  e x i s t  on t h e  reclaimed land a f t e r  mining, because no a r e a s  have been 
seeded t o  t r e e s .  C e r t a i n  minor land u s e s  a t  t h e  Universa l  s i te  p r i o r  t o  min- 
i n g ,  such a s  farmsteads and nonfarm re s idences ,  w i l l  a l s o  be e l imina ted .  A s  
of 1975, t h e  a r e a  of d i s tu rbance  had e l imina ted  approximately 22 farmsteads 
and 9 nonfarm re s idences .  Addi t iona l  p r o p e r t i e s  have been vacated on land t h a t  
i s  c o n t r o l l e d  by Peabody but no t  y e t  d i s t u r b e d ;  s i m i l a r  premining land use  
e f f e c t s  can be seen t o  o p e r a t e  on crop lands  and pas tu re .  Although p r e c i s e  
f i g u r e s  a r e  n o t  a v a i l a b l e ,  t h e  process  of mining w i l l  e l i m i n a t e  n a t u r a l  d ra in-  
ages ,  l a k e s  and farm ponds, bu t  w i l l  i nc rease  t h e  t o t a l  a r e a  covered by water.  

Coal companies have r e c e n t l y  given more emphasis t o  rec la iming  s u r f a c e  
mined land f o r  r e c r e a t i o n a l  and housing developments. Where popula t ion  pres-  
s u r e s  warrant  i t ,  t h e  topography i s  s u i t a b l e ,  and acid-forming m a t e r i a l  i s  no t  
abundant enough t o  make t h e  water t o x i c ,  reclaimed s t r i p  mines a r e  e x c e l l e n t  
sites f o r  housing and r e c r e a t i o n a l  developments. However, t h e s e  have been 
i s o l a t e d  endeavors,  p r imar i ly  because t h e i r  m a r k e t a b i l i t y  has  no t  been thor -  ' 

oughly inves t iga t ed .  



Table 6.1, Regional Land U s e  Acreages 

No. of Acres 

County Cropland F o r e s t s  P a s t u r e  Hay Grazing 

Vigo 97,200 45,000 19,620 13,000 6,004 
Vermil l ion 78,675 30,346 13,162 5,400 1,126 

T o t a l  175,875 75,346 32,782 18,400 7,130 

Land U s e  Percentages 

T o t a l  56.8 24.3 10.6 6 .O 2.3 
- .  

Source: USDA, S o i l  Conservation Se rv i ce ,  Indiana Soi l  and 
Water Conservation Needs Inventory (1967). 

F ive  semipr iva te  r e c r e a t i o n a l  a r e a s  and one l a r g e r  pub l i c  r e c r e a t i o n a l  
a r e a  a r e  l oca t ed  on s t r i p  mined l ands  i n  t h e  sou theas t e rn  p a r t  of Vigo County, 
a long wi th  f i v e  housing developments. The l a r g e s t  development included 91 
r e s idences  and another  one, 46, i n  1976. S i g n i f i c a n t l y ,  37 of t h e  9,-  and 45 . 
of t h e  46 houses were b u i l t  dur ing  t h e  las t  10 y e a r s ,  r e f l e c t i n g  a c u r r e n t  
t r end  i n  land  u s e  of reclaimed s t r i p  mines. 

. '  
. , q  ,: 'I 

LaFevers' work on Vigo County (1974) demonstrates  t h a t  c e r t a i n  ~ u r f a c ~ ~ ~ :  
mined land  u s e s ,  such a s  r e c r e a t i o n  and housing, have t y p i c a l l y  developed o,nl',:::% 
unreclaimed l and ,  o r  land reclaimed f o r  o t h e r  purposes a t  a d a t e  subsequen6'tbr 
rec lamat ion ,  o f t e n  decades later. Establ ishment  of t h e s e  more " in tens ive"  
types  of land u s e  appears  t o  depend more on t h e  l o c a l  popula t ion ' s  pe rcep t ion  
of mined land  a s  a resource  than  upon planned development e f f o r t s  by p u b l i c  
agencies  o r  p r i v a t e  en t repeneurs .  

A survey of r e c e n t  s a l e s  i n  t h e  Universa l  Mine a r e a  i n d i c a t e s  t h e  range  
of p o t e n t i a l  types  of f u t u r e  land u s e  developments f o r  s t r i p  mined lands .  
These r e a l  e s t a t e  s a l e s  may be  grouped i n t o  t h r e e  types :  

Farms and t i l l a b l e  land of 80 a c r e s  o r  more t h a t  i nc lude  a house, 
-out bu i ld ings ,  and one o r  more l a k e s  c r e a t e d  by s u r f a c e  mining 
c u r r e n t l y  sell a t  from $800-$1000 per  a c r e .  General ly  t h e  c los -  
e r  t h e  land  is t o  T e r r e  Haute, t h e  h igher  t h e  va lue ,  e s p e c i a l l y  
i f  it i s  s u i t a b l e  f o r  r e s i d e n t i a l  subdividing.  From m u l t i p l e  
l i s t i n g  s a l e s  d a t a ,  i t  is no t  p o s s i b l e  t o  determine which pur- 
chases  a r e  s p e c u l a t i v e  i n  terms of eventua l  s a l e  t o  c o a l  com- 
panies  and which are f o r  long-term farm product ion and/or  rec-  
r e a t i o n a l  type  l i v i n g .  S ince  small  farms a r e  n o t  always econom- 
i c a l  t o  o p e r a t e  and purchases a r e  normally l i m i t e d  t o  s m a l l  
t r a c t s ,  it appears  t h a t  most purchases made i n  r u r a l  a r e a s  a r e  
e i t h e r  f o r  mining o r  r e s i d e n t i a l  purposes.  

Homes ad jacen t  t o  s u r f a c e  m i n e ) l a k e ~  c o n s t i t u t e  another  major 
t y p e  of r e a l  e s t a t e  s a l e s .  These purchases i n d i c a t e  a h igh  
v a l u e  placed on r e s idences  loca t ed  on water  and, based on a 



comparison of s a l e s  d a t a  i n  m u l t i p l e  l i s t e d  s a l e s ,  i n c r e a s e s  
i n  t h e  land va lue  of $300-$400 per  ac re .  

Specula t ive  land s a l e s  r ep re sen t  t h e  t h i r d  type  of s a l e s .  
The reasons  f o r  s e l l i n g  inc lude  normal pe r sona l  reasons  of 
h e a l t h ,  changing family compositions,  d i f f e r e n t  household 
needs,  t r a n s f e r s ,  r e t i r emen t ,  dea th ,  and d ivorce .  Mul t ip l e  
l i s t e d  sales d a t a  do n o t  i n d i c a t e  nega t ive  impacts due t o  
su r f ace  mining; they  show a s teady  inc rease  i n  va lue  f o r  
every type  of r e a l  e s t a t e  l i s t e d .  

6.3 SOCIAL COSTS, PERCLPTIONS, AiVD BENEFITS 

Perhaps some of t h e  major c o s t s  of s u r f a c e  c o a l  mining a r e  environrnen- 
t a l  and s o c i a l .  These c o s t s  i nc lude  t h o s e . a s s o c i a t e d  wi th  d i s t u r b i n g  such 
11 human i n t e r e s t "  s i t e s  a s  unusual n a t u r a l  resource  and h i s t o r i c a l  a r e a s ,  archae- 
l o g i c a l  s i t e s ,  and r a r e  f o s s i l  and rock depos i t s . '  The a e s t h e t i c  impact of sur -  
f a c e  mining should a l s o  be considered a s  a p o s s i b l e  c o s t ;  i f  mined l a n d s  a r e  
n o t  proper ly  reclaimed,  they  w i l l  i n t r u d e  upon t h e  a e s t h e t i c  q u a l i t y  of t h e  

. l andscape .  Because i t  is no t  always p o s s i b l e  t o  avoid mining s i t e s  having an  
ex i , s t  ing  high a e s t h e t i c  va lue ,  reclamation c o s t s  a r e  o f t e n  increased  by mini- 
mizing t h e  v i s u a l  impacts through t h e  u s e  of bu f fe r  zones, s cen ic  v i s t a s ,  and 
v e g e t a t i o n  screens .  

Soc ia l  c o s t s  t h a t  involve r e s e t t l i n g  former r e s i d e n t s  of t h e  mined 
a r e a s  may be a t t r i b u t e d  t o  both t h e  mining and reclamation processes .  S o c i a l  
c o s t s  a l s o  inc lude  those  due t o  d i s r u p t i n g  roads ,  changing employment pa t t e rns , .  
v i b r a t i o n s  from b l a s t i n g ,  new t r a f f i c  generated i n  t h e  mined a r e a s ,  and t h e  
readjustment  of community l i f e s t y l e s . .  However, i f  t h e  s o c i a l  c o s t s  of s u r f a c e  
mining t o  i nd iv idua l s  and mining communities a r e  t o  be a s se s sed ,  so  t h a t  t h e  
a n t i c i p a t e d  s o c i a l  impacts can be  more f u l l y  i n t e g r a t e d  i n t o  premining r e c l a -  
mation des igns  w i t h i n  t h e  c o n s t r a i n t s  of t h e  site's environmental cha rac t e r -  
ist  i c s  , more socioeconomic s t u d i e s  w i l l  be  needed. 

An a l t e r n a t i v e  method of a s s e s s i n g  . the socioeconomic c o s t s  of s u r f a c e  
mining i s  t o  s tudy  pub l i c  percept ion  of mining and reclamation.  A gene ra l  
model of percept ion  cons ide r s  t h a t  an  i n d i v i d u a l ' s  o r  .a group's  percept ions ,  
o r  images, of t h e  environment a r e  based upon sensory i n p u t s  of information 
sub jec t ed  t o  a process  .of a l t e r i n g  o r  s e l e c t i o n  by such f a c t o r s  a s  language, 
personal  va lues ,  s o c i a l  c l a s s ,  and c u l t u r e .  These pe rcep t ions ,  t hen ,  and n o t  
o b j e c t i v e  information,  form t h e  b a s i s  of a t t i t u d e s  and behavior (Saar inen ,  
1974).  

T i l l e r  (work i n  progress )  has  conducted a . p u b l i c  pe rcep t ion  s tudy of 
s u r f a c e  c o a l  mine reclamation in t h e  Universal  Mine a r e a ,  i n  which quest ion-  
n a i r e s  were administered t o  a random sample of households i n  Universa l  and 
t h r e e  o t h e r  smal l  communities near  t h e  mine. Th i s  ques t ionna i r e  was designed 
t o  a s s e s s  t h e  i n h a b i t a n t s '  percept ions  of t h e  types  of landscape t h a t  r e s u l t  
from t h e  reclamation of su r f ace  c o a l  mines. ' -Data w e r e  a l s o  c o l l e c t e d  on per- 
c e p t i o n  of t h e  e f f e c t  of s u r f a c e  c o a l  mining upon t h e  land u s e ,  economy, envi- 
ronment, and popula t ion .  



Area r e s i d e n t s  perceived land use  changes r e s u l t i n g  from s u r f a c e  mining 
a s  t h e  most s i g n i f i c a n t  impact. Over 75% of t h e  61 respondents  viewed t h e  
e f f e c t  of s u r f a c e  mining on land use  a s  s e r i o u s ;  an a d d i t i o n a l  13% perceived 
it a s  somewhat s e r i o u s .  The mean sca led  response f o r  t h e  land u s e  ques t ion  
was 2.59, i n  a range of 0.0 t o  3.0,  wi th  3.0 i n d i c a t i n g  t h e  h ighes t  l e v e l  of 
impact. Two percept ions  of t h e  impact of mining upon land u s e  were t h a t  sur-  
f a c e  mining r e s u l t s  i n  poQr land u s e  and l e s s  product ive  land and decreases  
t h e  amount of land a v a i l a b l e  f o r  a g r i c u l t u r a l  product ion.  The percept ion  of 
s u r f a c e  mining upon a g r i c u l t u r a l  land use  was gene ra l ly  nega t ive .  

I n  comparison t o  t h e  percept ion  of land use  change, t h e  mean sca led  
response f o r  t h e  economic e f f e c t  of s u r f a c e  mining was 1.56. Percept ions  of 
bo th  a p o s i t i v e  and nega t ive  n a t u r e  focused upon i d e n t i c a l  a s p e c t s  -- t h e  job  
market and economic cond i t i ons .  While 23% of t h e  respondents  perceived t h a t ,  
"strip mining makes only  a few jobs , "  31% perceived a s i g n i f i c a n t  i nc rease  i n  
employment due t o  s u r f a c e  mining. An a d d i t i o n a l  18% viewed s u r f a c e  mining a s  
a h e l p  t o  t h e  a r e a ' s  economy. 

The mean sca led  response f o r  environmental impact was 2.16. The nega- 
t i v e  environmental impact more o f t e n  perceived than a l l  o t h e r s  combined was 

\ i -  
t h e  n o i s e  caused by b l a s t i n g  and machinery. Over 49% of t h e  respondents  men- ' " 

t ioned  t h i s  problem. An a d d i t i o n a l  21% c i t e d  b l a s t i n g ,  shaking, and v i b r a t i o n  
a s  an impact, and 25% saw a i r  p o l l u t i o n  a s  an environmental impact. 

E f f e c t s  upon t h e  l o c a l  popula t ion  r a t e d  a mean of 1.57 i n  sca led  r e -  
sponses.  More than 50% of t h e  respondents  perceived t h e  e f f e c t  of s u r f a c e  ' ,',-. 

mining on t h e  popula t ion  a s  no t  s e r i o u s  while  28% r a t e d  t h e  e f f e c t s  a s  s e r i o u s .  :,,u.?>. 

. .. 
Thus, t h e  survey revea led  t h a t  land use  change is  perceived a s  t h e  most . =' 

s i g n i f i c a n t  l o c a l  impact of t h e  Universal  Mine. Environmental p o l l u t i o n ,  par- 
t i c u l a r l y  n o i s e  and a i r  p o l l u t i o n ,  i s  a l s o  perceived a s  a s i g n i f i c a n t  impact. 
Area i n h a b i t a n t s  f e e l  t h a t  t h e  Universal  Mine has a l t e r e d  t h e  q u a l i t y  of t h e i r  
environment i n  a way t h a t  a f f e c t s  t h e i r  d a i l y  l i v e s .  Mining impacts on t h e  
economy and popula t ion  a r e  viewed a s  much l e s s  s e r i o u s .  About a t h i r d  of t h e  
respondents  perce ive  a p o s i t i v e  e f f e c t  upon t h e  economy of t h e  l o c a l  a r e a  i n  
terms of income and jobs .  

Not only was pub l i c  percept ion  of su r f ace  mine impacts used t o  a s s e s s  
t h e  c o s t s  of mining, i t  was a l s o  used t o  measure t h e  b e n e f i t s  of reclamation.  
The c o s t  of rec lamat ion ,  i n  terms of a per  a c r e  investment ,  increased  d i r e c t l y  
w i th  t h e  amount of grading done and wi th  t h e  a d d i t i o n  of such improvements a s  
water  impoundments, recreat i0 .n f a c i l i t i e s ,  and housing. 

Table 6.2 l is ts  t h e  mean r a t i n g s  and f requencies  of response t o  p a r t i -  
c u l a r  landscape d e t a i l s .  The h ighes t  r a t i n g  belongs t o  t h e  high-qual i ty  r e s -  
i d e n t i a l  type;  t h e  lowest  t o  t h e  r idged mixed f o r e s t .  The mean r a t i n g s  va r i ed  
d i r e c t l y  w i th  t h e  h i e ra rchy  of reclamation c o s t ,  i n d i c a t i n g  t h a t  t h e  b e n e f i t  

I of p o s i t i v e  pub l i c  percept ion  o f . s u r f a c e  mine rec lamat ion  was r e l a t e d  t o  t h e  
l e v e l  of investment appl ied  i n  t he . r ec l ama t ion  process  o r  subsequent develop- 
ment of reclaimed land .  Landscapes r e c e n t l y  reclaimed a s  crop land and pas- 
t u r e  scored h igher  than landscapes reclaimed e a r l i e r .  Thus, i n  terms of t h e  
pe rcep t ions  of Universal  a r e a  r e s i d e n t s ,  reclamation is  becoming more benefi-  



Table 6.2. Mean Rating and Response Frequencies of 
Se lec ted  Reclaimed Landscapes 

Mean ( f )  of Mean ( f )  of 
Mean P o s i t i v e  Negative 

Landscape Type Rating Responses Responses 

High Qual i ty ,  Resi- 
, 

3.8 1.7 0.0 d e n t i a l  
Recreation-Resi- 

dent  i a l  3 .3 1 .3  0.1 
Cropland 3.0 1 0 0.1 
Rol l ing  Grassland 3.0 1 .5  0.1 
Ridged Grassland 1 .5  0.5 0.7 
Ridged Mixed Fores t  0.7 0.3 0.9 

Source: M. E. T i l l e r ,  PubZic Perception of Surface Coal 
Mine RecZamation: A Case Study of the UniversaZ 
Mine, UniversaZ, Indiana, work i n  progress .  

The imp l i ca t ions  of t h e s e  r e s u l t s  a r e  important i n  terms of t h e  r e c l a -  
mation program a t  t h e  Universal  Mine. F i r s t ,  people perce ive  p o s i t i v e l y  t h e  
rec lamat ion  landscapes produced by crop land and r o l l i n g  grass land  ( p a s t u r e ) ,  
which r ep re sen t  t h e  f u t u r e  land uses  of t h e  Universal  Mine. Secondly, people 
pe rce ive  most h ighly  landscapes produced by r e c r e a t i o n a l  and r e s i d e n t i a l  (es- 
p e c i a l l y  h igh-qual i ty ,  low dens i ty )  land uses .  Future  development of such 
land uses  a t  t h e  Universa l  s i te  would be w e l l  accepted,  and, i f  a  l a r g e r  popu- 
l a t i o n  sha re s  t h e  percept ions  of t h e  Universal  a r e a  r e s i d e n t s ,  could meet a  
demand f o r  r e c r e a t i o n  and housing. 

When t h e  people of Vigo County w e r e  interviewed about t h e  b e n e f i t s  of 
rec lamat ion  by LaFevers i n  1974, t h r e e  major conclus ions  were reached: 
(1) most of t h e  acreage  of s t r i p  mined land was!reclaimed f o r  s i m i l a r  land  u s e  
( f o r e s t r y ) ,  ( 2 )  c o s t s  do not  vary  c o n s i s t e n t l y  wi th  v a r i a t i o n s  i n  u se ,  and 
( 3 )  only a  few of t h e  p o s s i b l e  u ses  were p re sen t .  LaFevers determined t h a t  
t h e  c o s t s  and b e n e f i t s  va r i ed  wi th  t i m e  because of changes mandated by amend- 
ments i n  s u r f a c e  mining laws. A s  a  consequence, he used an a l t e r n a t e  method 
of measuring b e n e f i t s ,  namely, t h e  " r e l a t i v e  a t t r a c t i v e n e s s  index." S ince  
e x t e r n a l  f o r c e s  s t rong ly  a f f e c t  t h e  economic b e n e f i t s  of rec lamat ion ,  i t  'be- 
came more reLevant t o  u se  noneconomic d a t a . t o  measure rec lamat ion  b e n e f i t s .  
Therefore ,  t h e  r e l a t i v e  a t t r a c t i v e n e s s  of s u r f a c e  mined land a s  compared t o  
t h a t  of unmined land  was used t o  determine b e n e f i t s  of rec lamat ion .  

The r e l a t i v e  a t t r a c t i v e n e s s  i ndex 'pe rmi t s  q u a n t i f i c a t i o n  by t h e  end u s e  
of t h e  land r a t h e r  than  by f i s c a l  da t a .  It is e s s e n t i a l l y  a  comparison of 
expected and a c t u a l  land u s e  f requencies .  The bottom l i n e  f i g u r e  obtained is  
t h e  a t t r a c t i v e n e s s  of s t r i p  mined land r e l a t i v e  t o  undisturbed land f o r  a  given 
land use .  Between 1963 and 1973, 4330 new homes were b u i l t  i n  those  townships 
of Vigo County where s t r i p  mining occurred.  The a t t r a c t i v e n e s s  of s t r i p  mined 
land  f o r  housing i n  t h e  seven townships r e l a t i v e  t o  uns t r ipped  land ranged 
from 0.59-9.96. The high f i g u r e  means t h a t  s t r i p  mined land i s  almost 10  t imes  
a s  a t t r a c t i v e  f o r  housing a s  undisturbed land .  For Vigo County a s  a  whole, t h e  



s tudy  ind ica t ed  t h a t  reclamation c rea t ed  an environment f o r  housing t h a t  i s  250% 
a s  a t t r a c t i v e  a s  unmined land (LaFevers , 1974) . 

Af te r  t h i s  s tudy was completed, a m u l t i l i s t  p r i n t o u t  of a l l  t h e  prop- 
e r t i e s  f o r  s a l e  i n  Vigo County was .obtained. By analyzing t h e  Vigo County 
r e a l  e s t a t e  market,  another  measurement of t h e  b e n e f i t s  of rec lamat ion  became 
evident .  The a n a l y s i s  revea led  t h a t  reclamation has a p o s i t i v e  impact on r e a l  
e s t a t e  va lues  and provides more market o p p o r t u n i t i e s  f o r  s e l l i n g  homes, and 
t h a t  t h e  buying populace was favorably  inc l ined  t o  buy housing s i t e s  on re-  
claimed s t r i p  mined lands .  On t h e  o t h e r  hand, it should be  pointed out  t h a t  
most a c t i v e  s u r f a c e  mines i n  1 n d i a n a . a r e  no t  l oca t ed  i n  a s  c l o s e  proximity . 
t q  a l a r g e  urban ,a rea  as the Untversa l  Mine Is Lo T w r e  Haute. 

, The housing responses from r e a l t o r s  who commented-on t h e  l i s t i n g s  i n  
mined a r e a s  inc lude  t h e  fol lowing:  

I n  gene ra l ,  t h e  proper ty  va lues  of t h e  land and improvements 
ad jacent  t o  s t r i p  mining ope ra t ions  a r e  no t  a f f e c t e d .  No 
nega t ive  e x t e r n a l i t i e s  w e r  

The genera l  west c e n t r a l  Indiana reg ion  has had s u r f a c e  c o a l  
mining ope ra t ions  f o r  s e v e r a l  decades-without  apparent  d e t r i -  
mental e f f e c t s  on t h e  r e a l  e s t a t e  market. 

Persons l i v i n g  ad jacent  t o  t h e  Universal  Mine a r e  most ly f a r -  
mers o r  long-term r ' es idents  of t h e  town of Universa l .  They 
choose t o  s t a y  i n  t h e i r  homes s i n c e  they have l i v e d  t h e r e  f o r  
many years .  

The people of Universal  have become accustomed t o  l i v i n g  near  
mining a c t i v i t i e s  s i n c e  t h e  town was o r i g i n a l l y  e s t a b l i s h e d  a s  
an underground c o a l  mining c e n t e r .  

The present  high demand f o r  housing makes i t  impossible  t o  
measure any nega t ive  e x t e r n a l i t i e s  i n  proper ty  va lues  near  
t h e  Universal  Mine. 

While t h e  conclus ions  f o r  b e n e f i t s  of t h e  Universa l  Mine a r e  gene ra l ly  
p o s i t i v e ,  c e r t a i n  cont ingent  cond i t i ons  need t o  be  acknowledged. It must 
be kept  i n  mind t h a t ,  because of t h e  15-20 yea r s  requi red  t o  complete t h e  
mining and rec lamat ion  process ,  t h e  b e n e f i t s  f o r  r e s i d e n t i a l  developments a r e  
long range i n  t i m e  span. 

It ,should be  f u r t h e r  assumed t h a t  housing developments w i l l  be  profes-  
s i o n a l l y  designed t o  meet t h e  i n t r i n s i c  s u i t a b i l i t y  of t h e  reclaimed l ands  
and t h a t  t h e  l o t s  would be p l a t t e d  t o  achieve  harmonious land uses: Because 
t h e  major a t t r a c t i o n  of reclaimed a r e a s  f o r  homesites i s  a l o c a t i o n  on o r  
ad j acen t  t o  a s t r i p  mine l ake ,  developed water a r e a s  should be of adequate  
q u a l i t y  t o  permit swimming and f i s h i n g .  F i n a l l y ,  an  excep t iona l ly  w e l l  con- 

J ceived and conducted marketing s t r a t e g y  is needed f o r  t h e  f u l l  p o t e n t i a l  bene- 
f i t s  of housing developments t o  be r e a l i z e d .  

One of t h e  major b e n e f i t s  and o p p o r t u n i t i e s  i n  reclaiming s u r f a c e  mined 
, l ands  is  t o  provide environmental d i v e r s i t y .  I n  west c e n t r a l  Ind iana ,  a n e t  

e f f e c t  of s u r f a c e  mining ope ra t ions  i s  t o  c r e a t e  a new, more v a r i e d  landscape,  
which should c o n t r i b u t e  p o s i t i v e l y  t o  t h e  q u a l i t y  of l i f e .  



An example of t h e  environmental d i v e r s i t y  is t h e  unusual r e c r e a t i o n a l  
f a c i l i t i e s  t h a t  a r e  provided by rear ranging  t h e  landscape and c r e a t i n g  a t t r a c -  
t i v e  water  a r e a s .  About 10-15% of mined a r e a s  is  normally l e f t  a s  l akes .  The 
s loping  t e r r a i n  and l a k e s  can produce an a t t r a c t i v e  r e c r e a t i o n a l  a r ea .  Most 
land owners have acces s  t o  a source of water f o r  r e c r e a t i o n a l  purposes on t h e  
reclaimed land they  own. A t  t h e  Universal  s i t e ,  however, only about  f i v e  per- 
c e n t  of t h e  mined a r e a  i s  l e f t  i n  useable  water  bodies  because of t h e  requi re -  
ment t o  grade  t o  e i g h t  percent  s lopes  (Healy, 1977).  

Local o f f i c i a l s  and c i v i c  l e a d e r s  should t ake  a more dynamic r o l e  i n  
encouraging s t r i p  mine developments and coord ina t ion .o f  r eg iona l  r e c r e a t i o n a l  
p l a n s  w i th  ad jo in ing  coun t i e s  and communities. A t o u r i s t  committee should 
be organized t o  inventory  a l l  p o t e n t i a l  resources ,  develop promotional bro- 
chures ,  and coopera te  wi th  surrounding county promotion groups i n  developing 
r e c r e a t i o n  i n  s t r i p  mined a r e a s .  The fol lowing b e n e f i t s  could be expected 
from t h e s e  a c t i o n s :  b e t t e r  use  of funds,  avoidance of d u p l i c a t i o n  of func- 
t i o n s ,  more e q u i t a b l e  d i s t r i b u t i o n  of r e c r e a t i o n a l  o p p o r t u n i t i e s  throughout 
t h e  two-county a r e a ,  and t h e  p o s s i b i l i t y  of c r e a t i n g '  l a r g e  r eg iona l  parks t o  
s e r v e  t h e  c i t i e s  and coun t i e s .  



7 OBSERVATIONS FOR PLANNERS 

I n  the  absence of pub l i c  planning or  zoning t h a t  encompasses t h e  mine 
a r e a ,  i t  is p o s s i b l e  f o r  t he  ope ra t ing  company t o  undertake both i n t e r i m  and 
long-term rec lamat ion  and land use  planning a s  i n t e g r a l  p a r t s  of i t s  o v e r a l l  
ope ra t ions .  Many,of t h e  l a r g e r  mining companies ope ra t e  environmental c o n t r o l  
and land use planning departments t o  ensure  t h a t  a l l  l e g a l  requirements  a r e  
met and t h a t  t h e  development p o t e n t i a l ' o f  land owned by the  company w i l l  be  . 

r e a l i z e d .  I n t e g r a t e d  mining and rec lamat ion  planning has become common prac- 
, t i c e  a t  many mines because of t h e  c o s t  sav ings  r e a l i z e d  by having p a r t s  of 

t h e  rec lamat ion  work done during t h e  e x t r a c t i o n  process ,  o f t e n  by us ing  what 
is  gene ra l ly  considered mining equipment. . 

E f f e c t i v e  planning f o r  the  r e u s e  of mined land should inc lude  consid- 
e r a t i o n  of t h e  l o c a l  and r eg iona l  land  use  needs. The m a r k e t a b i l i t y  of t h e  
reclaimed land depends, i n  l a r g e  p a r t ,  on t h e  demand f o r  s p e c i f i c  end land  
uses .  S i m i l a r l y ,  t h e  b e n e f i t  t o  t h e  pub l i c  s e c t o r  w i l l  depend upon t h e  degree  
t o  which t h e  company i s  succes s fu l  i n  rec la iming  mined a r e a s  t o  s a t i s f y  t h e s e  
needs. Pub l i c  planning agencies  can be of b e n e f i t  by providing t h e  mining '  
companies w i t h  land  use  needs i n v e n t o r i e s  and market s t r a t e g i e s .  This  c a s e  
s tudy  demonstrates ,  however, t h a t  such he lp  has not  gene ra l ly  been forthcoming. . 
Rather ,  t h e  p rog res s ive  companies have had t o  gene ra t e  such i n v e n t o r i e s  and 
s t r a t e g i e s  without  much input  from pub l i c  s e c t o r  p lanners .  

Coal company p lanners  can he lp  provide f o r  t h e  necessary i n t e r a c t i o n  
wi th  pub l i c  s e c t o r  by supplying them wi th  c r i t i c a l  information about  
t h e  mine s i t e .  For housing developments, f o r  example, t h e  rec lamat ion  per- 
sonnel  and developers  must be  aware of t h e  bear ing-s t rength  requirements  of 
t h e  s p o i l  t h a t  w i l l  be  necessary  t o  support  bu i ld ings .  They must a l s o  con- 
s i d e r  dra inage  p a t t e r n s  and o the r  hydrologic  f a c t o r s  t h a t  m i g h t , a f f e c t  sewage 
d i s p o s a l .  I f  t he  company provides  enough d a t a  t o  t h e  planning agencies ,  
reasonable  and e f f e c t i v e  bu i ld ing  codes can b e  e s t a b l i s h e d  and g u i d e l i n e s  
can be issued. t o  a s s i s ' t  t h e  developer i n  making dec i s ions .  

S u r f i c i a l  maps can provide informat ion  on dra inage  p a t t e r n s  and poten- 
t i a l  s t a b i l i t y  of s u r f a c e  mined m a t e r i a l s .  S u f f i c i e n t  d a t a  can be  provided 
t o  planning departments t o  enable  them t o  d e s i g n a t e  a r e a s  over  which an  un- 
u s u a l l y  l a r g e  amount of slumping might be  expected. Local planners also o f ten  
have information that  can help guide the course of developments and devise 
local controls and regulations t o  help cope with the problems of a new environ- 
ment. * It i s  apparent  from t h i s  c a s e  s tudy  t h a t  t h e  p o t e n t i a l  ' e x i s t s  f o r  
c r e a t i v e  land development i n  a r e a  c o a l  mining reg ions .  Although t h e  mining 
companies and t h e  planning agencies  a r e  gene ra l ly  capable  of doing t h e i r  job 
we l l ,  the public bene f i t  potential w i l l  not be realized u n t i l  a concerted 
e f f o r t  i s  made t o  work conjunctively.* 

*Emphasis added a t  t h e  r eques t  of Peabody Coal Co. planning and environmental 
c o n t r o l  perssonel .  
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