
SECTION 1 

INTRODUCTION, UNITS, CONVERSIONS, AND PREPLANNING 

1.1 INTRODUCTION 

Studies of coal  overburdens and minesoils i n  r e l a t i o n  t o  environmental 
qua l i ty  have progressed t o  t h e  point  t h a t  needed appraisa ls  can be made with 
confidence i f  adapted and ca l ib ra ted  procedures a r e  followed i n  t h e  f i e l d  
and t h e  laboratory.  This manual contains such procedures. They a r e  des- 
cribed i n  a step-by-step manner t h a t  should assure consistency of r e s u l t s .  
These procedures include everything from i d e n t i f i c a t i o n  of common rocks 
and minerals i n  t h e  f i e l d  through i n t e r p r e t a t i o n  of a n a l y t i c a l  r e s u l t s .  

When a manual i s  t o  be used by many d i f fe ren t  d i sc ip l ines ,  many terms 
must be defined f o r  a p a r t i c u l a r  purpose or  misunderstandings r e s u l t .  
Insofar  as  t h e  appl ica t ion of t h i s  manual i s  concerned, e s s e n t i a l  rock, 
s o i l ,  chemical, physical ,  and engineering terms have been defined. Outside 
of t h e  manual, other meanings may be at tached t o  these  terms. 

This manual cons i s t s  of four major sec t ions :  Section 1 introduces t h e  
manual and contains t h e  advance planning approach; Section 2 contains a l l  
procedures and clues t o  be used i n  t h e  f i e l d ;  Section 3 i s  s t r i c t l y  labora- 
t o r y  methods; and Section 4 i s  a combination of both f i e l d  and labora tory  
weathering methods. 

Each sec t ion  i s  subdivided i n t o  spec i f i c  groupings of c lose ly  r e l a t e d  
material .  I n  tu rn ,  these  subsections a r e  subdivided i n t o  individual  pro- 
cedures. They a r e  numbered so t h a t  cross referencing within and between 
sect ions ,  subsections,  and procedures can be done e a s i l y  and spec i f i ca l ly .  

I f  one p a r t  of a procedure i s  referenced ( i . e .  see  3.2.2.2), t h e  f i r s t  
number ind ica tes  t h e  sec t ion and t h e  second number ind ica tes  a s p e c i f i c  
grouping. The t h i r d  number ind ica tes  a p a r t i c u l a r  method while t h e  four th  
number r e f e r s  t o  a c e r t a i n  p a r t  of t h a t  method. 

An example of t h e  numbering system i s  as follows: 

Section 3.2.2.2 

Sample Processing and Laboratory Analysi 
Chemical Methods 
pH 
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1.2 UNITS AND CONVERSIONS 

To Convert 
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1.3 PREPLANNING TOTAL M I N I N G  OPERATION 

1.3.1 Acid-Base Account 

I n  t h e  humid areas  of t h e  United S t a t e s ,  t h e  t o x i c i t y  associa ted  with ac id  
r e s u l t s  l a r g e l y  from t h e  oxidation of i r o n  d i su l f ides .  This process t akes  
place when e a r t h  disturbance a c t i v i t i e s  such a s  mining ( ~ e m p l e  and Koehler, 
1954; H i l l ,  1970) and highway construction ( ~ i l l e r  e t  al., 1976) expose i r o n  
d i s u l f i d e s  t o  t h e  atmosphere. Since t h e  public i n  t h e  United S t a t e s  has 
supported l e g i s l a t i o n  t h a t  acid-toxic or  p o t e n t i a l l y  tox ic  mate r i a l s  
( a  source of po l lu t ion)  w i l l  not be l e f t  exposed, t h e  need f o r  a b a s i s  t o  
evaluate overburden mate r i a l s  arose. 

Acid-base accounting i s  a dependable c r i t e r i o n  by which overburden mate r i a l s  
can be evaluated. An acid-base account cons i s t s  of two measurements : 
(1) t o t a l  o r  p y r i t i c  s u l f u r  and ( 2 )  neu t ra l i za t ion  po ten t i a l .  The 
accounting balances maximum p o t e n t i a l  a c i d i t y  (from immediately t i t r a t a b l e  
sources p lus  s u l f u r i c  ac id  equivalent  ca lcula ted  from t o t a l  s u l f u r )  agains t  
t o t a l  n e u t r a l i z e r s  (from a lka l ine  carbonates, exchangeable bases,  weather- 
ab le  s i l i c a t e s  o r  o ther  rock sources capable of neu t ra l i z ing  s t rong ac ids  
as measured by t h e  neu t ra l i za t ion  p o t e n t i a l s ) .  

The t o t a l  o r  p y r i t i c  sulfur content ( see  3.2.4) accura te ly  quan t i f i e s  
p o t e n t i a l  a c i d i t y  of mater ia ls  when a l l  su l fu r  i s  present  as  a p y r i t i c  
mineral.  When gy-psum i s  found i n  an overburden sample or  t h e  mate r i a l s  
a r e  weathered, s u l f u r  occurs i n  t h e  form of su l fa tes .  Samples high i n  
organic carbon usua l ly  contain organic su l fu r .  When p a r t  of t h e  s u l f u r  
occurs i n  nonacid-producing forms, t h e  maximum p o t e n t i a l  a c i d i t y  a s  calcu- 
l a t e d  w i l l  be too  high. It i s  f o r  t h i s  reason t h a t  such ca lcu la t ions  a r e  
r e f e r r e d  t o  a s  maximums and t h a t  i n  doubtful cases appropriate ac id  and 
water leachings should be made t o  r u l e  out those  forms of s u l f u r  which do 
not produce acid ( see  3.2.6). Then from t h e  stoichiometric equation of 
p y r i t e  oxidation,  t h e  maximum p o t e n t i a l  a c i d i t y  can be ca lcula ted  i n  terms 
of calcium carbonate equivalent.  Overburden mate r i a l  containing 0.1% 
s u l f u r  (all a s  p y r i t e )  y i e l d s  an amount of s u l f u r i c  ac id  t h a t  r equ i res  
3.125 tons  of calcium carbonate t o  neu t ra l i ze  one thousand tons  of t h e  
mater ia l .  The n e u t r a l i z a t i o n  p o t e n t i a l  ( see  3.2.3) of overburden mate r i a l s ,  
t h e  second component of a ne t  acid-base account, measures t h e  amount of 
neu t ra l i ze r s  present i n  t h e  overburden mater ia ls .  This measurement i s  
found by t r e a t i n g  a sample with a known amount of s tandardized hydrochloric 
acid, heating t o  assure  complete reac t ion ,  and t i t r a t i n g  with a standardized 
base. The r e s u l t  i s  then expressed i n  calcium carbonate equivalents .  When 
balanced agains t  a c i d i t y  from t h e  t o t a l  sulfur measurement, a ne t  acid-base 
account can be made. 

From t h e  acid-base account, p o t e n t i a l l y  tox ic  mate r i a l  i s  defined as any 
rock o r  e a r t h  mater ia l  having a net  p o t e n t i a l  deficiency of 5.0 tons  of 
calcium carbonate equivalent  o r  more per 1000 tons  of mater ia l .  The 1000 
tons i s  based on t h e  assumption t h a t  an acre plow-layer contains 2 mi l l ion  
pounds of s o i l .  Regardless of t h e  acid-base account, ma te r i a l s  which have 
a pH of l e s s  than 4.0 i n  a pulverized rock s l u r r y  i n  d i s t i l l e d  water a r e  
defined a s  being acid-toxic. 



The choice of t h e  deficiency of 5 tons of calcium carbonate equivalent per  
1000 tons of mater ia l  as the  divis ion between toxic  and non-toxic mater ia l  
obviously i s  a rb i t ra ry .  However, when applied t o  t he  l a rge  number of samples 
studied during t h e  past  several  years of minesoil research at West Virginia 
University, it corresponds t o  other supporting laboratory information about 
these  samples as  wel l  as  t o  extensive f i e l d  experiences with minesoils 
developing i n  t h e  d i f fe ren t  rock types. I f  rock or  s o i l  samples were defined 
t o  be toxic  a t  much lower calcium carbonate equivalent def ic iencies  than 5 
tons per  1000 tons,  we would be declaring many of our nat ive  s o i l s  t o  be 
toxic.  On the  other hand, with deficiencies much greater  than 5 tons per  
1000 tons,  tox ic  concentrations of plant-available aluminum and pH values 
below 4.0 of ten develop rapidly.  

Rock type i s  incorporated with the  acid-base account because it i s  useful  
t o  categorize t he  mater ia ls  which comprise coal  overburdens. Knowledge of 
t he  rock types can provide an estimate of t he  t ex ture  and base s t a t u s  of 
a fu ture  minesoil,  as  well  as  s t a b i l i t y  of rock fragments. For example, 
sandstones containing moderate amounts of py r i t e  and lacking su f f i c i en t  
neu t ra l i ze rs  become act ive  acid  producers when exposed t o  the  atmosphere. 

The proper t ies  previously discussed a re  represented graphically i n  Figure 1. 
There are  two zones of acid-toxic mater ia ls  ( t he  16.2 t o  17.1 m and the  20.7 
t o  21.6 m depths ) indicated by pH values of l e s s  than 4.0. Both zones 
contain enough su l fur  t o  continue t o  overwhelm the  s m a l l  amount of neutra- 
l i z e r s  present. Thus, these  materials  have t he  po ten t ia l  f o r  remaining 
acid-toxic unless l a rge  amounts of neu t ra l i ze rs  (50 and 80 tons calcium 
carbonate equivalent per 1000 tons of mater ia l ,  respect ively)  a r e  added. 
I n  addit ion,  the re  i s  a zone of po ten t ia l ly  toxic  material  a t  a depth of 
13.4 t o  16.2 m and two zones below t h e  23 m depth (underlying t he  f i r s t  
coal  and overlying t he  bottom coa l ) ,  which are  defined by a calcium carbonate 
deficiency of more than 5 tons per 1000 tons of material  even though the  pH 
i s  above 4.0. 

Non-toxic zones, which exhibi t  varying amounts of excess neu t ra l i ze rs ,  e x i s t  
from t h e  surface t o  a depth of 13.4 m, from t h e  17.1 t o  21 m depth, and 
from t h e  24.4 t o  25.4 m depth. These materials  can be removed and replaced 
i n  sequential  order, se lec t ive ly  blended before replacement, o r  t o t a l l y  
blended before replacement. Other methods of handling t he  overburden 
materials  would include u t i l i z a t i o n  of the  limestone, a f t e r  crushing, as a 
source of neu t ra l i ze rs  t o  be blended with t h e  po ten t ia l ly  tox ic  materials .  

The acid-base accounting method provides a useful  t o o l  f o r  evaluating over- 
burdens i n  the  humid areas of t he  United S t a t e s ,  s ince it i s  useless  t o  look 
f o r  p lant  t o x i c i t i e s  from elements such as  aluminum, boron, e tc . ,  u n t i l  the  
acid problem i s  eliminated. 

1.3.2 Geologic and P e d o l o ~ i c  Considerations 

The decision of management t o  open and operate a s t r i p  mine i s  based on 
numerous considerations involving mining engineers, geologis ts ,  agronomists 
and other reclamation spec i a l i s t s .  I n i t i a l  considerations of prospective 
s t r ipp ing  areas include acces s ib i l i t y ,  proximity t o  markets, uniformity, 
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Figure  1. Acid-base account of t h e  Kentucky no. 11 and no. 1 2  coa l  
overburden. 

t h i ckness ,  q u a l i t y  and q u a n t i t y  of c o a l  seams, and phys i ca l  and chemical 
c h a r a c t e r i s t i c s  of t h e  overburden m a t e r i a l s  f o r  use  i n  reclamation.  I n  
r ecen t  yea r s  t h e  prospect  of succes s fu l  reclamation of mined l ands  r e s u l t i n g  
from s e l e c t i v e  placement of non-toxic, n u t r i e n t - r i c h  overburden m a t e r i a l s  
has become inc reas ing ly  important i n  t h e  dec i s ion  t o  l o c a t e  and develop new 
s t r i p  mines. 

Coal-bearing overburden bedrock i n  t h e  Appalachian and Midwestern c o a l  bas ins  
commonly c o n s i s t s  of a complex s e r i e s  of mudrocks and sandstones interbedded 
wi th  gene ra l ly  t h i n n e r ,  more r egu la r  beds of l imestone,  c a r b o l i t h ,  coa l ,  and 
coa l  underso i l .  The predominate mud and sand rock s t r a t i g r a p h i c  u n i t s  o f t e n  
change r a p i d l y  i n  s h o r t  d i s t ances  ( l a t e r a l l y  and/or v e r t i c a l l y )  as compared 
wi th  t h e  chemical ( l imes tone)  and organic  ( c o a l )  depos i t s .  Usual ly,  t h e  
rock u n i t s  a r e  mixtures  i n  varying propor t ions  of t h e  common sedimentary 
rock types.  I n  add i t i on ,  t r a c e  amounts of heavy minerals  occur i n  a l l  
sedimentary rocks. Of t h e s e  minera ls ,  chemical s t u d i e s  of overburden 
m a t e r i a l s  a r e  most concerned wi th  concent ra t ions  of t h e  p o t e n t i a l l y  acid- 
forming heavy m e t a l l i c  minera ls ,  mostly i r o n  d i s u l f i d e ,  c a l l e d  p y r i t i c  
minerals .  

The immediate and maximum acid-making p o t e n t i a l  of t h e  rock types  i n  t h e  
overburden, i s  assayed by determining: ( 1 )  pH of t h e  pulver ized  rock  pas t e ;  



( 2 )  t o t a l  o r  p y r i t i c  su l fu r ;  and (3) neu t ra l i za t ion  po ten t i a l .  The f i r s t  
determination gives t h e  present  condition of t h e  rock types and t h e  second 
and t h i r d  determinations forecas t  the  p o t e n t i a l  net  acid-base account of t h e  
overburden mater ia ls  ( see  1.3.1). 

Recognition of gross l a t e r a l  rock changes indicates  major physica l  and 
mineralogic d i f ferences  and suggests t h e  presence of more s u b t l e  changes 
t h a t  may be measured i n  an acid-base account of t h e  overburden. I n  p rac t i ce ,  
t h e  physical  character ,  mineral composition, and net  acid-base account 
provide information needed f o r  desired mixing o r  placement of overburden 
mater ia ls .  Highly t o x i c  overburden necess i t a t es  d isposal  by proper blending, 
sandwiching, o r  b u r i a l  with neu t ra l i ze r s .  Non-toxic mater ia ls  r equ i re  proper 
treatment guided by experience and adapted chemical t e s t s .  

Advance determination of t h e  physical  and chemical character  of t h e  over- 
burden mater ia ls  may mean t h e  d i f ference  between economic success o r  f a i l u r e  
of a mining operation. Planned removal and d i r e c t  placement of mater ia ls  
with known proper t ies  can prevent mistakes t h a t  require  re-handling or  
cos t ly  reclamation p rac t i ces .  

A three-step approach i s  suggested f o r  the  study of overburden mater ia ls  
during t h e  inves t iga t ion  of t h e  f e a s i b i l i t y  of development of a s t r i p  mine. 
The t h r e e  s t eps  may be s t a t e d  as follows : 

1. Geological and s o i l  reconnaissance. 

2. Regional study of physical  and chemical proper t ies  of s o i l  p r o f i l e s  
and rock u n i t s  of overburden mater ia ls  as wel l  a s  underlying coals .  

3. Detai led analyses of appropriate samples t o  determine important 
physical  and chemical c h a r a c t e r i s t i c s  of s o i l  horizons and rock 
u n i t s  of t h e  overburden ht  promising s i t e s .  

Geological and s o i l  reconnaissance i n  t h e  area  of i n t e r e s t  cons i s t s  of a 
review of information from pr iva te ,  s t a t e  and federa l  sources. Available 
information i s  general ly confined t o  modern standard s o i l  surveys, 7.5 
minute topographic maps, county geologic r e p o r t s ,  physical  and mineralogical 
descript ions of rock u n i t s ,  chemical analyses of coals ,  and loca t ion  of 
underground mines, surface mines and coal  prospects. Collect ion and 
analys is  of se lec ted  dominant s o i l  p r o f i l e s  and rock u n i t s  of prospective 
overburden mater ia ls  i n  t h e  a rea  of i n t e r e s t  may o f f e r  ea r ly  clues t o  
fu tu re  land use and reclamation opportunit ies .  

Delineation of t h e  physical  and chemical r e la t ionsh ips  of overburden 
mater ia ls  and associated coals  is  depicted by construction of general ized 
cross sec t ions  s imi la r  t o  those i n  northern West Virginia  and western 
Maryland as  i l l u s t r a t e d  i n  EPA repor t s  670/2-74-070 (smith e t  a l . ,  1974) 
and 600/2-76-184 (smith e t  a l . ,  1976). Sampling of c o r r e l a t i v e  rock u n i t s  
can usually be obtained a t  exposures, abandoned and ac t ive  surface  mines, 
o r  from d r i l l  cut t ings  and cores along or  adjacent t o  the  l i n e  of cross 
sec t ion i n  areas  of contour s t r ipping.  Cores and highwalls of ac t ive  s t r i p  
mines a re  usual ly  t h e  only source of samples i n  environs of a rea  s t r ipp ing ,  



which a r e  o f t e n  covered wi th  unconsol idated depos i t s  (e.g. l o e s s ,  g l a c i a l  
till, and outwash). 

Col lec t ion  of more c l o s e l y  spaced d e t a i l e d  geo log ica l  and chemical d a t a  
cont inues during exp lo ra t ion  of t h e  proposed s t r i p p i n g  s i t e  and a l s o  during 
t h e  s t r i p p i n g  operat ion.  Sources of geologica l  information and samples a r e  
cores ,  churn d r i l l  c u t t i n g s ,  b l a s t  ho le  c u t t i n g s ,  and exposures of excava- 
t i o n s  and highwalls .  Sampling s i t e s  should be spaced t o  g ive  a three-  
dimensional coverage of t h e  a r e a  of s t r i p p i n g .  The geologis t -pedologis t  
descr ibes  t h e  s o i l  and l i t h o l o g i c  u n i t s  exposed o r  pene t r a t ed  by t h e  d r i l l  
i n  some d e t a i l .  He samples t h e  rock s e c t i o n  e i t h e r  i n  a r b i t r a r y  30 cm 
i n t e r v a l s  o r  o t h e r  appropr ia te  i n t e r v a l s  ( s e e  s e c t i o n  2 .2)  f o r  chemical and 
phys i ca l  ana lys i s .  Three-dimensional i l l u s t r a t i o n s  such as r ibbon diagrams 
(showing s o i l  p r o f i l e s  and l i t h o l o g i c  u n i t s  p lus  acid-base o r  o t h e r  
r e l a t i o n s h i p s  ) o r  isopachous maps ( contouring th ickness  of s e p a r a t e  l i t h o -  
l o g i c  u n i t s  and weighted averages of acid-base r e l a t i o n s h i p s )  can provide 
i n t e r e s t i n g  a r t i s t i c  views of problem a reas  t o  be encountered p r i o r  t o  
s t r i p p i n g .  A s i m i l a r  exe rc i se  i s  t h e  cons t ruc t ion  of a s e r i e s  o f  i n t e r -  
s e c t i n g  c ross  s e c t i o n s  i l l u s t r a t i n g  t h e  overburden information &erived 
from a l l  a v a i l a b l e  sources.  Such c ros s  s e c t i o n s  show a combined geologic  
and chemical accounting of t h e  overburden m a t e r i a l s  throughout t h e  a r e a  t o  
be s t r i pped .  I n t e r s e c t i n g  c ros s  s e c t i o n s  provide t h e  opera tor  w i t h  a 
p i c t o r i a l  view of t h e  phys i ca l  and chemical c h a r a c t e r i s t i c  of t h e  overburden 
rock i n  advance of s t r i p  mining and guides t h e  opera tor  i n  t h e  handl ing and 
segrega t ing  of m a t e r i a l s  t o  ensure favorable  minesoi l s  and economical 
reclamation f o r  intended l and  use. 

Following mining, t h e  young minesoi l s  a r e  appropr ia te  f o r  c l a s s i f i c a t i o n  i n t o  
c l a s s e s  based on p rope r t i e s .  The mapping of s o i l  c l a s s e s  and phases i s  
s i m p l i f i e d  by good advance information about overburdens and t h e i r  placement 
during mining. Short-term t rea tment  and long-range management fo l low 
e s t a b l i s h e d  p a t t e r n s  once minesoi l  mapping u n i t s  have been e s t a b l i s h e d  and 
de l inea ted .  
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