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The pape r  d e s c r i b e s  a  qu ick  and e f f e c t i v e  method of p r e d i c t i n g  t h e  
a c i d  f e r  rug inous  p o l l u t i o n  p o t e n t i a l  of s u r f a c e  mined b a c k f i l l  on s i t e s  
where t h e  groundwater  i s  l i k e l y  t o  rebound through t h e  f i l l  on c e s s a t i o n  of 
mining a c t i v i t y .  Cont inuous  c o r e s  o f  t h e  s t r a t a  t o  be mined were t a k e n  and 
a n a l y s e d  i n  t h e  l a b o r a t o r y  i n  o r d e r  t o  i d e n t i f y  t h e  s t r a t a  which a r e  
p o t e n t i a l l y  a c i d  p roduc ing  and c o n v e r s e l y  s t r a t a  which had a  h i g h  a c i d  
n e u t r a l i z i n g  c a p a c i t y  which cou ld  be  used t o  e l i m i n a t e  a c i d  p roduc t ion .  
I n  t h i s  way i t  i s  hoped t h a t  d u r i n g  t h e  mine p l ann ing  and o p e r a t i o n a l  phase  
s t e p s  can he t aken  t o  p reven t  t h e  problem developing.  Some of t h e  chemica l  
and p h y s i c a l  methods o f  p r e v e n t i o n  a r e  a l s o  b r i e f l y  d i s c u s s e d .  

INTRODUCTION 

W i t h  g r e a t e r  e x c a v a t i o n  d e p t h s  and s t r a t a  p o l l u t i o n  c o n t r o l s  
a f f e c t i n g  s u r f a c e  c o a l  mining i n  t h e  Uni ted Kingdom some s i t e s  have 
expe r i enced  c o n s i d e r a b l e  wa te r  problems. Many of t h e s e  problems have now 
heen overcome d u r i n g  t h e  o p e r a t i o n a l  phase through t h e  j u d i c i o u s  u s e  of 
advance d e w a t e r i n g  t e c h n i q u e s [ l ) c e s u l t i n g  from thorough hydrogeo log ica l  
and g e o t e c h n i c a l  i n v e s t i g a t i o n  d u r i n g  t h e  mine p l ann ing  p rocess .  However, 
a t  some mines once pumping h a s  ceased ,  t h e  v o i d s  a r e  b a c k f i l l e d  and t h e  
a r e a  r e s t o r e d  t o  a g r i c u l t u r e  t h e r e  i s  t h e  p o s s i b i l i t y ,  where t h e  o r i g i n a l  
groundwater  t a b l e  was h igh ,  o f  s p r i n g s  a p p e a r i n g  a t  s u r f a c e  formed by w a t e r  
t h a t  h a s  passed through t h e  h a c k f i l l .  The breakdown of i r o n  p y r i t e s  i s  
g r e a t l y  i n c r e a s e d  i n  t h e  p re sence  o f  oxygenated water .  

Whether t h e s e  s p r i n g s  w i l l  be  of a c i d  f e r r u g i n o u s  w a t e r  w i l l  depend 
on a  number o f  c o i n c i d e n t  f a c t o r s .  Most impor t an t  of t h e s e  w i l l  be t h e  
n a t u r e  o f  t h e  b a c k f i l l  m a t e r i a l  t h rough  which t h e  w a t e r  f lows.  It i s  
g e n e r a l l y  ag reed [2 ,3kha t  t h e  major cause  of p o l l u t i o n  i s  t h e  p y r i t e s  
c o n t e n t  of t h e  s p o i l  which r e a c t s  w i t h  oxygenated w a t e r  i n  t h e  f o l l o w i n g  
manner : - 

Other  r e a c t i o n s  i n v o l v i n g  b a c t e r i a l  a t t a c k  on p y r i t i c  m i n e r a l s  a l s o  
t a k e  p l a c e  and a f t e r  f u r t h e r  o x i d a t i o n  t h e  f e r r o u s  s u l p h a t e  i s  conve r t ed  t o  
F e r r i c  hydrox ide  Fe(OH)3 which g i v e s  r i s e  t o  t h e  f a m i l i a r  r e d  a c i d  
d i s c h a r g e  a t  s u r f a c e .  The amount of p y r i t o u s  m a t e r i a l  and t h e  p h y s i c a l  
c o n d i t i o n s  w i t h i n  t h e  f i l l  w i l l  c o n t r o l  t h e  amount o f  p o l l u t i o n  of t h e  
groundwater  which i n  some i n s t a n c e s  may a l r e a d y  be s l i g h t l y  contaminated by 
pas sage  through abandoned underground mine workings  i n  t h e  su r round ing  
s o l i d  s t r a t a .  



I n  o r d e r  t o  e v a l u a t e  t h e  p o s s i b i l i t y  of p r e d i c t i n g  whether p o l l u t i o n  
would t a k e  p lace  a  resea rch  p r o j e c t  was undertaken a t  a  f u t u r e  s u r f a c e  
mine s i t e .  Air-f lush d r i l l i n g  methods were used t o  o b t a i n  c o r e  samples of 
t h e  f u l l  sequence of s t r a t a  t o  be excavated.  These were then  given a  f u l l  
g e o l o g i c a l  d e s c r i p t i o n  and f u r t h e r  sub-divided i n t o  samples f o r  a n a l y s i s  i n  
t h e  l abora to ry .  Each sample was analysed f o r  pH, Moisture Content ,  Acid 
N e u t r a l i s i n g  Capaci ty (A.N. C. ) and Sulphur Content. 

F igure  1 Geological  s e c t i o n  and a n a l y s i s  r e s u l t s  f o r  borehole 
No. 3139 from O.Om t o  17.70m dep th .  
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From t h e s e  a n a l y s e s  t h e  q u a n t i t i e s  of p o t e n t i a l l y  a c i d  producing 
m a t e r i a l  cou ld  be c a l c u l a t e d  a s  a  p r o p o r t i o n  of t h e  whole b a c k f i l l  volume. 
The a c t u a l  e f f e c t  of t h i s  m a t e r i a l  i s  d i f f i c u l t  t o  a s c e r t a i n  a s  t h e  
w e a t h e r i n g  e f f e c t  on t h e  d i f f e r e n t  rock  t y p e s  cannot  be a c c u r a t e l y  
a s s e s s e d .  O the r  f a c t o r s  such  a s  t h e  r a t e  of f l ow of t h e  groundwater ,  t h e  
p e r m e a b i l i t y  of t h e  v a r i o u s  l a y e r s  o f  f i l l  and t h e  geometry of t h e  void  
w i l l  a l s o  e f f e c t  t h e  r a t e  of t h e  chemical  p roces s .  

DRILLING AND SAMPLING 

The s i t e  under  i n v e s t i g a t i o n  l i e s  i n  a  h i l l y  d i s t r i c t  w i th  a n  ave rage  
r a i n f a l l  o f  1400mm/annum. The w a t e r  t a b l e  i n  t h e  a r e a  t o  be excava ted  
a p p e a r s  a t  s u r f a c e  i n  t h e  form o f  n a t u r a l  s p r i n g s  which a r e  non-po l lu t ing .  
The groundwater  p a s s e s  t h rough  t h e  s t r a t a L 4 k o  be excava ted  v i a  t h e  
n a t u r a l  p o r e  s p a c e s  i n  t h e  rock  and a l s o  through abandoned mine workings  
i n  some of t h e  seams t o  be  worked. As t h e s e  o l d  working s p a c e s  a r e  
wa te r logged  t h e n  i t  i s  assumed t h a t  l i t t l e  oxygen i s  p r e s e n t  i n  t h e  
groundwater  and t h a t  l i t t l e  i r o n  o r  s u l p h u r  i s  p i cked  up by t h e  
groundwater .  As t h e  w a t e r  t a b l e  l e v e l  i s  h igh t h e n  a l l  t h e  s t r a t a  sampled 
can  be expec ted  t o  have groundwater  f l owing  through i t  and p o s s i b l y  i s s u i n g  
a t  s u r f a c e .  

The s t r a t a  t o  be  excava ted  was d r i l l e d  u s i n g  a i r - f l u s h  r o t a r y  methods 
and s t r a t a  c o r e s  o f  92.lmm d iame te r  were logged wi th  a  f u l l  g e o l o g i c a l  
d e s c r i p t i o n  i n  t h e  f i e l d .  The c o r e s  were t aken  i n  p o s i t i o n s  where t h e  
s t r a t a  was cons ide red  t o  be r e p e s e n t a t i v e  of t h e  complete  s t r a t a  t o  be 
excava ted  on s i t e .  Core r ecove ry  ave raged  o v e r  95% exceptwhere  o l d  
workings  occu r .  The c o r e  was t h e n  t r a n s p o r t e d  i n  c o r e  boxes  t o  t h e  
l a b o r a t o r y  where t h e  s t r a t a  was f u r t h e r  sub-divided i n t o  sample u n i t s  based 
on l i t h o l o g y  and a  hand specimen a s ses smen t  of t h e  s u l p h u r  c o n t e n t .  

The s t r a t a  concerned i s  from t h e  Carbon i f e rous  System Limestone Group 
and a s  can  be s e e n  from t h e  s e c t i o n s  i n  F i g u r e s  1 t o  7 t h e  s t r a t a  c o n s i s t s  
of f i n e  t o  medium g r a i n e d  s a n d s t o n e s ,  s h a l e y  mudstones, c o a l  and s e a t e a r t h s  
w i t h  t h e  o c c a s i o n a l  l imes tone .  

LAB ORATORY ANALY S I S 

The p r i n c i p l e s  i nvo lved  i n  t h e  l a b o r a t o r y  a s ses smen t  were based on 
t h o s e  d e s c r i b e d  i n  Cos t igan ,  Rradshaw and Gemmell i nL5khe i r  a s se s smen t  of 
t h e  a c i d  p roduc ing  p o t e n t i a l  of c o l l i e r y  s p o i l .  The a c i d  producing 
p o t e n t i a l  o f  t h e  m a t e r i a l ,  measured by i t s  p y r i t i c  c o n t e n t  was r e l a t e d  t o  
i t s  Acid N e u t r a l i s i n g  Capac i ty  (A.N.C .) a s  measured by r e a c t i o n  wi th  
h y d r o c h l o r i c  a c i d .  

I n  t h i s  way i t  was hoped t o  i d e n t i f y  n o t  on ly  t h e  s t r a t a  which a r e  
p o t e n t i a l l y  a c i d  producing,  bu t  t o  e s t i m a t e  t h e  t h e o r e t i c a l  l ime dosage 
r e q u i r e d  t o  n e u t r a l i s e  any a c i d  p r o d u c t s  of o x i d a t i o n .  I n  a d d i t i o n  i t  was 
hoped t o  i d e n t i f y  any s t r a t a ,  e .g .  l i m e s t o n e  o r  do lomi t e ,  w i th  a  h i g h  Acid 
N e u t r a l i s i n g  C a p a c i t y  which cou ld  be  blended w i t h  t h e  p o t e n t i a l  a c i d  
p roduc ing  s t r a t a  t h u s  r educ ing ,  i f  n o t  e l i m i n a t i n g ,  t h e  need f o r  i nmix ing  
a d d i t i o n a l  l ime o r  l imes tone .  

The samples  from t h e  c o r e  d r i l l i n g  were s p l i t  i n t o  s u b s e c t i o n s  which 
were  d r i e d  and c rushed  t o  minus 3mm s i z e  p a r t i c l e s .  Where n e c e s s a r y  t h e  
samples  were  t h e n  reduced s y s t e m a t i c a l l y  t o  g i v e  a  r e p r e s e n t a t i v e  we igh t  of 
n o t  more t h a n  500g f o r  each  s u b s e c t i o n .  These  samples  were t h e n  f u r t h e r  
c rushed  t o  -0.2mm f o r  a n a l y s i s .  



Figure 2 Geological sec t ion  and analys i s  r e s u l t s  for  
horehole No. 3139 from 17.70111-34.45m depth 
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F i g u r e  3 Geo log i ca l  s e c t i o n  and a n a l y s i s  resul ts  f o r  
b o r e h o l e  No. 3139 from 35.4171 t o  54.45111 d e p t h  



Figure 4 Geological sec t ion  and analys i s  r e s u l t s  for 
borehole No. 3139 from 54.45m t o  66.75m depth 



Figure 5 Geological section and analysis resul ts  for 
borehole No. 3141 from O.Om to 17.75m depth 

CTJOlA D O I E W L C  N. SHCCl  

1;: , .,,, 1 3141 1 1 
2 - E -  

, l o . .  

1 1 0  

l I 5  

3 8 5  

5  0 5  

- 

- 

- 

10 

LO 

4 1 

g 
i - 

'. . 
* C O  

8 .  . . , . , . *' . . .. .... 
. .  

. 

1 1 0  

I 0 0  

0  5s  

1 0 0  

1 1 0  

0  8 2  

B O U L O C I  CLAY 

SAND1  WULOCn CLAl  

SA*05 lO*C  

... l . r  c u . .  C*"., 

51"OSrO"c  Z X " Z - -  

L".. <O.,.. C,& 
Il.<.... I.."Y.l.. .-n 

SAIIOSlOt4C a, 

o . 7 -  .n, 

..M L.. U 
U * O S I O * C  .eru. - -- 

-8 - r l. 

2i 
g 6 
8 5  

- $  

:: 
2 i 
:I 

1 1  

I I 

~2 - AN* LYSI S RESULTS ac,s ,,s,,, lcwlll a 

$: pH s.1.- "AGIO 'I.:. i:: =:: 
" E  

1 2 0  

0 7 2  

T O  

I 9  

0 2 0  

0 0 6  

0 1 8  

0  0 5  

0 5 6  

0  1 6  

2 7 7  

0  8 9  

I 

1 2 8  

0  1 1  



F i g u r e  6 Geological s e c t i o n  and a n a l y s i s  r e s u l t s  f o r  
borehole No. 3141 f rom 17.75m t o  35.98m depth 





A n a l y s i s  

I n  o r d e r  t o  measure pH 8g of  t h e  crushed sample were shaken wi th  
20ml 0.01M CaC12 f o r  45 minu tes  and t h e  pH determined u s i n g  a  g l a s s  
e l e c t r o d e .  

The mois tu re  c o n t e n t  of  each  sample was determined by d r y i n g  t o  
c o n s t a n t  weight  a t  105'C under  oxygen f r e e  n i t r o g e n  i n  a  minimum f r e e  
space  oven. A l l  s u l p h u r  and A.N.C. r e s u l t s  were  expressed  on a  d r y  
b a s i s  . 
Acid N e u t r a l i s i n g  Capac i ty  (A.N.C.) was determined by t a k i n g  a known 
weight  of t h e  m a t e r i a l  which was r e f l u x e d  w i t h  0.25M - HC1 and t h e  
r e s u l t a n t  suspens ion  t i t r a t e d  t o  pH 8.3  w i t h  0.1M Na OH. The 
A.N.C.was c a l c u l a t e d  a s  t h e  amount of  a c i d ,  expressed  a s  X CaC03, 
n e u t r a l i s e d  by t h e  sample. 

The b lank  t e s t s  (sample p l u s  wa te r  wi thou t  a c i d ,  and a c i d  wi thou t  
sample)  d e s c r i b e d  by Cos t igan ,  Bradshaw and Gemmell were c a r r i e d  ou t  
on a  c r o s s  s e c t i o n  of t h e  samples which had e i t h e r  a  h i g h e r  su lphur  
c o n t e n t  o r  which gave a  lower pH. However t h e  b lank  v a l u e s  ob ta ined  
made n e g l i g i b l e  d i f f e r e n c e  t o  t h e  f i n a l  r e s u l t s ,  p o s s i b l y  due  i n  p a r t  
t o  l a c k  of o x i d a t i o n  of  any su lphur  p r e s e n t .  These b lank  t e s t s  were 
a c c o r d i n g l y  o m i t t e d  f o r  t h e  r e s t  of t h e  samples  i n  o r d e r  t o  minimise 
t h e  l a b o r a t o r y  work-load. [ 4  ] 

The t o t a l  s u l p h u r  c o n t e n t  of  each of  t h e  samples  was determined u s i n g  
a  Leco SC32 Sulphur  Analyser  (See Note below). "Forms of Sulphur"  
were t h e n  determined on a  c r o s s  s e c t i o n  of  t h e  samples  a s  f o l l o w s  : 

I n  o r d e r  t o  a s s e s s  Organ ic  Sulphur  abou t  2g of sample ,  weighed 
a c c u r a t e l y  was r e f l u x e d  wi th  lOOml b o i l i n g  2M - HN03 f o r  30 mlnutzs  
t o  e x t r a c t  bo th  s u l p h a t e  and p y r i t i c  su lphur .  A f t e r  e x t r a c t i o n  t h e  
suspens ion  was coo led ,  f i l t e r e d ,  and washed through a  weighed g l a s s  
f i b r e  f i l t e r  under vacuum, t h e  remaining s o l i d s  t h e n  be ing  d r i e d  and 
weighed. The s u l p h u r  c o n t e n t  of t h e  d r i e d  s o l i d s  was then  determined 
on  t h e  Leco SC32 and t h e  r e s u l t  c a l c u l a t e d  t o  t h e  o r i g i n a l  b a s i s ,  
a l l o w i n g  f o r  l o s s  i n  weight  du r ing  t h e  a c i d  e x t r a c t i o n .  

Organic  p l u s  p y r i t i c  s u l p h u r  - t h e  above procedure  was r e p e a t e d ,  t h i s  
t ime  5g of  sample  be ing  r e f l u x e d  w i t h  50ml 5M - HC1 t o  e x t r a c t  t h e  
s u l p h a t e  su lphur .  The remaining p y r i t i c  p l u s  o r g a n i c  s u l p h u r  was 
determined on t h e  Leco SC32, c o r r e c t i o n s  a g a i n  be ing  made f o r  l o s s  i n  
weight du r ing  t h e  e x t r a c t i o n .  

For  samples c o n t a i n i n g  no o r  low amounts of carbonaceous m a t t e r  i t  is  
e s s e n t i a l  t o  add abou t  1 - 2g V20 powder ( s e e  Leco SC32 
i n s t r u c t i o n  manual)  t o  e n s u r e  f u l l  r e l e a s e  of t h e  Sulphur .  

The most e f f e c t i v e  p rocedure  was found t o  be:- 

1. Spread on t h i n  l a y e r  of V205 o v e r  t h e  bottom of  t h e  
combus t i o n  boa t .  

2. Weigh sample i n t o  b o a t  and thoroughly mix wi th  abou t  l g  v205 
3.  Spread a  t h i n  l a y e r  of V205 o v e r  t h e  sample mix tu re  
4 .  Note t o t a l  weight  of V205 used i n  o r d e r  t o  app ly  c o r r e c t i o n  

f o r  i ts i n h e r e n t  s u l p h u r  c o n t e n t .  

These  were i n d i c a t i o n s  i n  t e s t s  c a r r i e d  o u t  and two of t h e  samplers  
t h a t  t h e  u s e  of V O5 was no t  e s s e n t i a l  on t h e  a c i d  e x t r a c a t e d  
r e s i d u e s  i n  t h e  "6orms of  Sulphurm'  a n a l y s e s ,  bu t  t h i s  has  y e t  t o  be 
confi rmed.  



The i n d i v i d u a l  "Forms of Sulphur" were then  obtained a s  fo l lows  :- 

( I )  T o t a l  Sulphur - determined d i r e c t l y .  
(11) Sulphate  Sulphur - T o t a l  Sulphur - (Organic and 

P y r i t i c  Sulphur). 
( i i i )  P y r i t i c  Sulphur - (Organic and P y r i t i c  Sulphur) - 

Organic Sulphur. 
( i v )  Organic Sulphur - determined d i r e c t l y  a f t e r  

e x t r a c t i o n .  

As s t a t e d  above "Forms of Sulphur" were es t imated  on a  c ross - sec t ion  
of t h e  samples(61. From t h e s e  samples i t  was seen  t h a t  t h e  
s u l p h a t e  con ten t  was c o n s i s t e n t l y  low, even where some ox ida t ion  
might have been expected. 

Number of Sulphate  de te rmina t ion  - 20. 
Range of Sulphate  con ten t  - N i l  - 0.06. 

Tab le  1 
D i s t r i b u t i o n  of Sulphate  Sulphur Sample Analysis  

% 
Sulphate Sulphur 

NIL 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 

Because of t h e  l a r g e  number of samples involved it was accord ing ly  
decided t h a t  no f u r t h e r  s u l p h a t e  es t imat ions  be c a r r i e d  out .  Also, 
because of t h e  workload involved i t  was decided t h a t ,  i n  a d d i t i o n  t o  
t h e  samples a l ready  analysed,  o rgan ic  sulphur would only be 
determined where t h e  t o t a l  su lphur  was 0.5%, and t h a t  t h e  r a t i o  of 
o rgan ic  t o  t o t a l  sulphur be ca lcu la ted .  T h i s  r a t i o  was found t o  be 
0.1 and i t  was then  assumed t h a t  t h e  p y r i t i c  sulphur was (0.9 x T o t a l  
Sulphur) f o r  a l l  samples w i t h  t o t a l  sulphur con ten t s  of l e s s  then  
0.5%. It was a l s o  assumed t h a t  a l l  t h e  p y r i t i c  su lphur  would be 
ox id i sed  t o  s u l p h u r i c  a c i d  and t h e  % CaC03 requ i red  t o  n e u t r a l i s e  
t h i s  a c i d  was ca lcu la ted .  

No. T 

Samples 
5 
5 
5 
1 
2 
1 

1 - 

1.e. l g  su lphur  would produce 3.059g H2S0 which would then  
r e q u i r e  3.121g CaC03 f o r  n e u t r a l i s a t i o n s  4i .e .  1% Sulphur = 3.121 
A.N.C.). The fol lowing t a b l e  shows t h e  va lues  obtained f o r  pH, 
su lphur  and A.N.C. va lues ,  t o g e t h e r  wi th  t h e  f i g u r e  t aken  f o r  
P o t e n t i a l  Acid Producing Sulphur. T h i s  l a t t e r  f i g u r e  i s  a l s o  shown 
a s  t h e  t h e o r e t i c a l  % CaC0-3 requ i red  f o r  n e u t r a l i s a t i o n .  





Assuming t h a t  t h e  t h i c k n e s s  found i n  t h e  bo reho le  c o r e  samples  a r e  
r e p r e s e n t a t i v e  of t h e  s i t e  a s  a  whole t h e n  t h i s  r e p r e s e n t s  124,100m3 
of p o t e n t i a l l y  a c i d  p roduc ing  mat r i a l  p e r  h e c t a r e  o f  s i t e  s u r f a c e  a r e a  5 i d e n t i f i e d  i n  BH.3139 and 52,200m p o t e n t i a l l y  a c i d  p roduc ing  
m a t e r i a l  p e r  h e c t a r e  i d e n t i f i e d  i n  BH.3 41. Assuming a n  i n  s i t u  bu lk  
d e n s i t y  of between 1.8 and 2.0 t o n n e s / J  f o r  t h e  s t r a t a  t h e n  t h e r e  
c o u l d  be  between 223,400 and 248,000 tonnes  of m a t e r i a l  w i t h  a n  ave rage  
Acid P roduc ing  P o t e n t i a l  o f  2.20% a s  CaC03 and between 93,960 and 
104,440 tonnes  w i t h  a n  a v e r a g e  Acid Producing P o t e n t i a l  of 2.26% a s  
CaC03, p e r  h e c t a r e  of s i t e  a r e a .  

The t o t a l  CaC03 e q u i v a l e n t  r e q u i r e d  t o  n e u t r a l i s e  t h e s e  tonnages  
c o u l d  t h e r e f o r e  be  between abou t  7 ,000 and 7 ,800  tonnes  p e r  h e c t a r e  of 
s i t e  s u r f a c e  a r e a  ( t h i s  i s  e q u i v a l e n t  t o  t h e  p roduc t ion  o f  between 
a b o u t  6 ,800 and 7,600 tonnes  s u l p h u r i c  a c i d  p e r  h e c t a r e  o f  s i t e  s u r f a c e  
a r e a )  . 
However, s t r o n g l y  n e u t r a l i s i n g  s t r a t a  were a l s o  i d e n t i f i e d ,  
p a r t i c u l a r l y  i n  BH.3139, where t h e r e  were 5.96m w i t h  i n d i v i d u a l  Excess  
N e u t r a l i s i n g  C a p a c i t i e s  g r e a t e r  t h a n  a  pH o f  6.0. The a v e r a g e  of 
t h e s e ,  i n  p r o p o r t i o n  t o  sample  t h i c k n e s s  was 35.66% a s  CaC03. Of 
t h i s  5.96m, 3.35m had an  ave rage  Excess  N e u t r a l i s i n g  Capaci  y  of 56.89% 
a s  CaC03. Assuming a n  i n  s i t u  bu lk  d e n s i t y  of 2.0 tonnes/m5 f o r  
t h e s e  s t r a t a  t h i s  g i v e s  a  t o t a l  CaCO e q u i v a l e n t  of 42,500 t o m e s / -  
h e c t a r e  f o r  t h e  5.96. s t r a t a  and 38,220 t o n n e s / h e c t a r e  f o r  t h e  3.35m 
s t r a t a  on i t s  own. 

Even t h i s  l a t t e r ,  lower ,  f i g u r e  i s  t h e o r e t i c a l l y  more t h a n  s u f f i c i e n t  
t o  n e u t r a l i s e  t h e  t o t a l  amount of a c i d  which cou ld  be  produced. 
Ochreous d e p o s i t s  on l a r g e  p i e c e s  of l imes tone  would s e a l  o f f  a l l  b u t  
t h e  t h i n  s u r f a c e  l a y e r  and r ende r  t h e  remainder  i n e f f e c t i v e .  

I n  o r d e r  t o  e a s e  t h e  workload on t h e  l a b o r a t o r y ,  and t o  produce 
t h e  r e s u l t s  f a i r l y  q u i c k l y  s e v e r a l  assumptions  were made a t  v a r i o u s  
s t a g e s ,  t h e  p r i n c i p l e  being:- 

T h a t  i n  samples  of 0.5% of t o t a l  s u l p h u r ,  t h e  p y r i t i c  su lphur  was 
0.9 x  T o t a l  Sulphur .  

Tha t  a l l  " p y r i t i c "  s u l p h u r  would be o x i d i s e d .  
S i m i l a r l y ,  t h a t  t h e  t h e o r e t i c a l  A.N.C. o b t a i n e d  i n  t h e  l a b o r a t o r y  
would be  ach ieved  i n  p r a c t i c e .  
Average r e s u l t s  were t a k e n  i n  po rpor t  ion t o  sample t h i c k n e s s ,  t h e  
s p e c i f i c  g r a v i t y  of t h e  m a t e r i a l s  not  being p ro t aken  i n t o  accoun t .  
S i m i l a r l y  t h e  bulk  d e n s i t i e s  t h e  i n - s i t u  ma tma te r i a l  were assumed. 
I n  a d d i t  Lon no a l lowance cou ld  be made a t  t h i s  s t a g e  t o  t h e  Acid 
N e u t r a l i s i n g  Capac i ty  f o r  t h e  e f f e c t  of l ong  term exposu re  t o  
p o s s i b i l y  s l i g h t l y  a c i d ,  pea ty  wa te r  which cou ld  o c c u r  on s i t e .  

However i t  is  f e l t  t h a t  t h e s e  assumptions  were r easonab le  w i t h i n  t h e  
c o n t e x t  of t h e  e x e r c i s e  and do no t  i n v a l i d a t e  t h e  r e s u l t s  which have 
n o t  on ly  i d e n t i f i e d  p o t e n t i a l l y  a c i d  producing m a t e r i a l  b u t  have shown 
p o s s i b l e  methods of t r e a t m e n t ,  shou ld  i t  n o t  prove p o s s i b l e  t o  d i s p o s e  
of t h i s  p o t e n t i a l l y  p o l l u t i n g  m a t e r i a l  i n  such  a  way a s  t o  e l i m i n a t e  
c o n t a c t  w i th  water .  

CONCLUSIONS 

The r e s u l t s  of t h e  p a r t i c u l a r  s i t e  under  a n a l y s i s  have shown t h a t ,  
a l t hough  t h e r e  a r e  i n d i v i d u a l  s t r a t a  which have a  h igh  p o l l u t i o n  p o t e n t i a l ,  
t h e  ave rage  a n a l y s i s  f o r  t h e  f u l l  s t r a t a  sequence t o  be excava ted  show a n  
e x c e s s  of n e u t r a l i s i n g  c a p a c i t y  i .e .  t h e  r e s u l t a n t  b a c k f i l l  shou ld  n o t  be  



p o l l u t i n g .  The p o s s i b i l i t y  of a c i d  fe r rug inous  s p r i n g s  forming a t  t h i s  
p a r t i c u l a r  s i t e  i f  t h e  groundwater t a b l e  rebounded t o  s u r f a c e  on c e s s a t i o n  of 
mining i s  t h e r e f o r e  remote. The s t r a t a  wi th  t h e  h i g h e s t  a c i d  producing 
p o t e n t i a l  were t h e  i r o n s t o n e  bands u s u a l l y  con ta in ing  both s i d e r i t e  and i r o n  
p y r i t e s .  I rons tone  bands a r e  q u i t e  common i n  coal-bearing s t r a t a  and a t  
mines where they  predominate i n  t h e  sequence then  a  q u i t e  h igh  o v e r a l l  a c i d  
producing p o t e n t i a l  can  r e s u l t .  Quite  o f t e n  t h e  major i r o n  bearing s t r a t a  
h a s  been worked i n  t h e  p a s t  us ing  p i l l a r  and s t a l l  underground mining 
methods. The workings al low oxygenated a i r  t o  c i r c u l a t e  round t h e  i r o n  r i c h  
c a v i t y  w a l l s  and p i l l a r s  r e s u l t i n g  i n  a c i d  fe r rug inous  groundwater flow 
w i t h i n  t h e  vo ids  t h a t  may connect through high w a l l s  i n  t h e  s u r f a c e  mine. 

Where a  p o l l u t i o n  p o t e n t i a l  has  been i d e n t i f i e d  from l a b o r a t o r y  
a n a l y s e s  then remedial  measures w i l l  need t o  be planned f o r  i n  t h e  mining 
p rocess .  These remedial  measures can t a k e  t h e  form of e i t h e r  p reven t ing  t h e  
groundwater from r i s i n g  through t h e  b a c k f i l l  o r  p h y s i c a l l y  a f f e c t i n g  t h e  
f i l l  s o  t h a t  i t  becomes non-polluting. Much more r e s e a r c h  is needed i n  t h i s  
r e s p e c t  and t o  be e f f e c t i v e  should be l a rge-sca le ,  on-s i t e  i n v e s t i g a t i o n s  of 
t h e  d i f f e r e n t  methods a v a i l a b l e .  

Usual ly t h e  pavement of t h e  excava t ion  a r e a  i s  a  f i r e c l a y  o r  s e a t e a r t h  
occur ing  below t h e  lowest  seam t o  be worked and t h i s  would be n a t u r a l l y  
impermeable a s  long a s  i t  was no t  severe ly  d i s r u p t e d  by b l a s t i n g  o r  v e h i c u l a r  
movement. A p o s s i b l e  method of reducing p o l l u t i o n  would be t o  induce t h e  
groundwater s p r i n g s  t o  i s s u e  a t  s u r f a c e  e i t h e r  be fore  i t  reaches t h e  
b a c k f i l l e d  void o r  a f t e r  i t  has  only passed through a  smal l  p a r t  of it.  T h i s  
cou ld  be done by r a i s i n g  t h e  f i n a l  s u r f a c e  contours  on r e s t o r a t i o n  of t h e  
s i t e  wi th  an  impermeable l a y e r  of d r i f t  superimposed on t h e  f i l l .  However, 
i t  i s  important  not  t o  i n h i b i t  t h e  flow w i t h i n  t h e  f i l l  by t o o  much a s  t h i s  
s lower r a t e  would g i v e  t h e  groundwater a  g r e a t e r  oppor tun i ty  t o  p ick  up 
p o l l u t i n g  chemicals from t h e  macerial .  

B a c t e r i c i d e s  have been used on a  smal l  s c a l e  i n  t h e  United S t a t e s  [ 7 j  
but  t h e  a u t h o r s  do no t  t h i n k  t h e  method would be c o s t  e f f e c t i v e  i n  l a r g e r  
s u r f a c e  c o a l  mining environments. 

It would appear  t h a t  t h e  b e s t  method of success  would be a  permutat ion 
of some o r  a l l  of t h e  above methods and each mine environment would need 
t o  be t r e a t e d  a s  a  s e p a r a t e  e n t i t y .  

The resea rch  p r o j e c t  a s  o u t l i n e d  i n  t h i s  paper has  shown t h a t  i t  i s  
p o s s i b l e  t o  ana lyse  t h e  p o l l u t i o n  p o t e n t i a l  of s t r a t a  a t  a  proposed f u t u r e  
mine s i t e  and t h a t  t h e  de te rmina t ion  of t h e  p y r i t i c  con ten t  of t h e  m a t e r i a l  
t o  be excavated can be app l ied  a s  a  mat te r  of rou t ine .  Once f u r t h e r  
r e s e a r c h  i n t o  c o s t  e f f e c t i v e  remedial m a t t e r s  has been completed then i t  
should be p o s s i b l e  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of p o l l u t i o n  on groundwater 
rebound by jud ic ious  mine planning.  
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