
PREPRINT NO. 

SOCIETY OF MINING E,NGINEERS 1 
of AIME 

L 345 EAST 47TH STREET, NEW YORK 17. N.V. ' 

OmRATZQR BELLDWBOY-DESIGN AND X CObNOMI CS OF A LIME 

~~er " r f iAGIZATIo r \ r  MINE DRAINAGE TREATMENT P 

* a \ ,  

W, B, Chamburg- 
S e c r e t a r y  

David, R . Maneval 
D i r e c t o r  

Research Bnd 'Development 
$~"nn~f$$J.vania Department of Nines and Mineral  

Harzfislcrurg, Pennsylvania  

Lucieh Qirard I11 
Program manager 

~orr- liver, I n c  . 
Stanford, Connect icut  

&$B p a p e r  i s  t o  be  p r e s e n t e d  a t  . t h e  Annual Meeting of t h e  
W v i O a n  I n s t Z t u t e  o f  Mining, M e t a l l u r g i c a l  and Petroleum 
&glsaiers, Las Angeles , C a l i f o r n i a ,  February 19-23, 1967. 

@ @ w j o n  is hereby given to publish with appropriate acknowledgment$, excerpts or summaries not to exceed one-fourth of 
* k a 9 t l r e  text of the paper. Permission to print in more extended form subsequent to publication by the Institute must be 

.&@#m@d from the Secretary of the Society of Mining Engineers of A.I.M.E. - -  
f"- . 

&gQd whm this paper is published by the Institute, i t  may embody certain chon~es made by agreement between the Technical 
$&&-Bk&tknc Committee and the author, so that the form in which i t  appeorr here is not necerrarill that in which it may be 
**&bd Iqter. 

i 
@M@mf dWrlbulion by coupon only - see oiher side for ordering information. 



These preprints are available only on a coupon buds. We &@upon boob 
may be obtained from SME headquarters far $&OO a baok (10 cauponsl 
for members pr $10.00 a book for nonmembers. Each coupon entitles +he 
purchaser to one preprint. Mail completed coupons to PREPRINTS, Society 
of Miming Engineers, 345 East 47th Street, New York 17, N.Y. 

Preprint Avaibbility List is periodiwlly in 1,7..INe 
EMGINEERIMQ. 



OPERATION YELLOWBOY-DESIGN AND ECONOMICS OF A LIME NEUTRALIZATION 
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In t roduc t ion  

The ac id  mine drainage problem i n  Pennsylvania i s  of continuing 
and growing i n t e r e s t  t o  t h e  coa l  mining indus t ry ,  t h e  s t a t e  government 
and t h e  c i t i z e n r y  a t  l a r g e .  Approximately one-third of t h e  t o t a l  
volume of mine drainage p r e sen t l y  po l l u t i ng  t h e  streams of t h e  
Commonwealth o r i g i n a t e s  from a c t i v e  coa l  opera t ions  and two-thirds 
come from Itabandoned mine discharges.tl  For t h i s  reason t h e  Pennsylvania 
Department of Mines and Mineral I n d u s t r i e s  has  mounted a s i g n i f i c a n t  
research  and a c t i o n  program seeking so lu t i ons  t o  t h i s  two-fold problem. 

The Coal Research Board of t h e  Department has sponsored a wide 
v a r i e t y  of research  p r o j e c t s  i n  an e f f o r t  t o  s tudy t h e  t reatment  of 
a c i d i c  and highly  ferruginous  mine waters .  A review of t h e  published 
l i t e r a t u r e  on t h e  t reatment  of mine waters  ind ica ted  t h a t  many 
labora tory  and t h e o r e t i c a l  s t u d i e s  had been undertaken on var ious  
a spec t s  of t h e  coa l  mine drainage problem, but l i t t l e  app l ied ,  developmental, 
o r  engineering study had been undertaken. I n  January of 1964 t h e  Board 
commenced a r igorous  program using s t a t e  and indus t ry  funds i n  an e f f o r t  t o  
f i nd  a t t l e a s t  cos tu  so lu t i on  o r  so lu t i ons  t o  t h i s  vexing problem. 

P ro j ec t s  have been undertaken a long t h e  fol lowing l i n e s :  t h e  
preparat ion of an up-to-date annotated bibliography, lime 
neu t r a l i z a t i on ,  ion  exchange t reatment ,  coa l  products i n t e r -  
a c t i on  with mine drainage,  deep wel l  d i sposa l  of  dra inage,  f l a s h  
d i s t i l l a t i o n ,  i n h i b i t i o n  of b a c t e r i a l  a c t i o n  and removal of i r on  wi th  
ozone. The Department has a l s o  cooperated wi th  o the r  s t a t e  and f e d e r a l  



agencies i n  t h e i r  e f f o r t s  along similar l i n e s .  Legal p ressures  f o r  
clean up of e f f l uen t s  have increased s t e a d i l y  and it was considered 
advisable t o  seek shor t  term, t e chn i ca l l y  p r ac t i c ab l e  processes a s  
soon as poss ible .  No basic research was undertaken. 

To t h e  best  of our knowledge, Pennsylvania i s  t h e  only  s t a t e  
t h a t  has undertaken a research program of l a r g e  magnitude on t h i s  
vexing problem. I n  severa l  s t a t e s ,  coa l  a s soc i a t i ons  wi th  l im i t ed  
s t a t e  governmental f i n a n c i a l  support a r e  undertaking l im i t ed  research  
a c t i v i t i e s .  

Source of Contamination 

The a c i d i c  contamination of surface  drainage and mine drainage 
water from coal  mines i s  normally caused by t h e  oxidat ion of i r o n  
py r i t e s .  Acidic drainage waters contain dissolved i r o n  salts and 
varying proportions of o ther  dissolved metals. These waters  a r e  
s l i g h t l y  cloudy, although suspended i ron  oxides,  coa l  dus t ,  e t c . ,  
may a l s o  be present.  

Chemical Treatment 

Technically,  any ac id i c  e f f l uen t  from any coa l  mine could 
be pur i f i ed  by chemical processes t o  any des i red  standard of pu r i t y .  
Chemical treatment has been applied successful ly  t o  similar e f f l u e n t s  
i n  other  i ndus t r i e s  i n  order t o  make them s u i t a b l e  f o r  d ischarge t o  
municipal sewers o r  t o  na tu r a l  water courses and i nves t i ga t i ons  have 
confirmed t h a t  these  processes could be appl ied t o  t h e  a c i d i c  
e f f l uen t s  under review. 

The process which would be most genera l ly  app l icab le  would be 
t o  cor rec t  t h e  s t a t e  of a c i d i t y  of t h e  e f f l u e n t  wi th  an a l k a l i  which 
would normally be lime, but could be a water soluble  a l k a l i  such as 
caus t ic  soda i n  those  cases where very smal l 'doses  were requ i red ,  The 
e f fec t  of t h e  a l k a l i  would be t o  p r e c i p i t a t e  t h e  po l l u t i ng  metals  a s  
gela t inous  hydroxides which could be removed from t h e  bulk of  t h e  
water by sedimentation. A t  t h i s  s tage t h e  neu t ra l i zed  e f f l u e n t  could be 
discharged t o  a municipal sewer o r  discharged t o  a n a t u r a l  water course. 
The sludge recovered from t h e  sedimentation ve s se l  could be f u r t h e r  
concentrated by sedimentation and then f i l t e r e d ,  e i t h e r  by f i l t e r  p ress  
o r  on a modified ro t a ry  vacuum f i l t e r .  The Coal Research Board of 
t he  Commonwealth's Department of Mines and Mineral I n d u s t r i e s  
awarded Dorr-Oliver, i n  October 1964, a research gran t  t o  design,  
f ab r i ca t e  and operate a mobile demonstration p lan t  f o r  t h e  
treatment of acid  mine water. The ob jec t ives  of t h i s  program were t o  
perform uni t  operations i n  a mobile p i l o t  p lan t  a t  var ious  mine 
s i t e s  throughout t h e  Commonwealth and obta in  design and economic 
da ta  t h a t  could be used t o  evaluate t h e  process under examination. 



The demonstration p l a n t  w a s  designed so t h a t  it could be 
r e a d i l y  moved over e x i s t i n g  highways and roads  i n  t h e  Commonwealth 
without s p e c i a l  permits.  The p i l o t  p l an t  was constructed i n  a  van 
type t r a i l e r  t h a t  i s  4.0 f e e t  i n  l eng th ,  8 f e e t  i n  width, and r i s e s  
t o  a he igh t  of 12$ f e e t  above t h e  ground. 

The flow shee t  of t h e  process i s  presented i n  Figure 1. 
Acid mine drainage i s  brought i n t o  t h e  p i l o t  p l an t  by t h e  means 
of a  self-priming c e n t r i f u g a l  pump and i s  pumped through a flow 
meter i n t o  a  f l a s h  mixer where hydrated l ime i s  added from a  screw 
feeder  t o  n e u t r a l i z e  t h e  mine water. By means of  g r a v i t y  t h e  
neu t r a l i z ed  mine water and suspended s o l i d s ,  cons i s t i ng  pr imar i ly  
of f e r r o u s  hydroxide and gypsum, f low i n t o  an a e r a t o r .  A i r  i s  
brought i n t o  contact  wi th  t h e  f e r r o u s  hydroxide cover t ing it t o  
f e r r i c  hydroxide by t h e  means of a t u r b i n e  mixer and an a i r  blower. 
After  a e r a t i o n  t h e  s l u r r y ,  cons i s t i ng  of neu t r a l i z ed  mine water and 
suspended s o l i a s ,  flows by g r a v i t y  i n t o  a thickener .  Chemical 
f l o c c u l a t i n g  agen ts  can be added t o  t h i s  s l u r r y  t o  inc rease  t h e  
s e t t l i n g  r a t e  of t h e  suspended s o l i d s  and improve t h e  e f f l u e n t  
c l a r i t y  i f  de s i r ed .  The suspended s o l i d s  i n  t h e  neu t ra l i zed  mine 
water s l u r r y  s e t t l e  t o  t h e  bottom of t h e  th ickener  while t h e  c l e a r  
e f f l u e n t  overflows t h e  th ickener  and i s  considered t r e a t e d  mine 
water.  The f l occu l a t ed  i r o n  bearing sludge i s  then  pumped t o  a 
s o l i d  bowl cen t r i fuge .  

The cen t r i fuge  s epa ra t e s  t h e  i n so lub l e  s o l i d s   e ell ow boy) 
  from t h e  l i q u i d  (neu t r a l i z ed  mine water)  based on t h e  dens i t y  
d i f f e r e n t i a l  wi th in  t h e  high speed spinning device .  The s l u r r y  i s  
fed  continuously t o  t h e  s o l i d  bowl cen t r i fuge  where t h e  inso lub le  
s o l i d s  having a h igher  d e n s i t y  than  t h e  water a r e  forced t o  t h e  
ou te r  periphery of t h e  cen t r i fuge  where t hey  a r e  conveyed t o  a  
d ischarge po in t .  The c l e a r  water f lows t o  t h e  cen t e r  of t h e  u n i t  
and then  flows out  a  d ischarge t a p .  I f  t h e  a c i d i t y  of t h e  water coming 
from t h e  cen t r i f uge  i s  wi th in  t h e  accepted range s e t  f o r t h  by t h e  
San i ta ry  Water Board, it i s  considered t r e a t e d  water ,  i f  no t ,  
i% is  reprocessed.  Batch type  f i l t r a t i o n  t e s t s  were conducted dur ing 
t h e  t e s t i n g  program on a I 1 f i l t e r  leaf t !  i n  o rder  t o  acqui re  d a t a  f o r  
des ign of f u l l  s c a l e  f i l t e r s .  Many v a r i a t i o n s  of t h e  basic  
process were examined. These included t h e  use of  f l o c  con t ro l  
reagents ,  c en t r i f uges  and t h e  use of f i l t e r  a i d s .  Most of t h e s e  
a l t e r n a t i v e s  were t e c h n i c a l l y  i n f e r i o r  t o  t h e  bas ic  process o r  e l s e  
were economic&ly imprac t ica l .  



Case H i s to r i e s  From "Operation Y e l l o w b o ~ ~ ~  P i l o t  P lan t  

The case h i s t o r i e s  o r  examples given i n  t h i s  paper w i l l  
provide an idea  of t he  s i z e  and cos t s  of a chemical t reatment  
plant  of t h i s  type su i t ab l e  f o r  a t y p i c a l  a c i d i c  e f f l u e n t  from 
c o l l i e r y  and severa l  "abandoned" mine discharges .  These s i t e s  
were chosen t o  represent  a wide v a r i e t y  of mine drainage compositions 
and volumes. 

The t a b l e s  presented cons i s t  of f u l l  s c a l e  p l an t  da ta .  These 
da t a  were calcula ted and derived a s  a r e s u l t  of  t h e  p i l o t  p l an t  
operation a t  t h e  previously mentioned t e s t  s i t e s .  Table 1 shows 
composite chemical analyses  of raw mine drainage and t r e a t e d  
drainage as produced by t h e  mobile p i l o t  p lan t .  Aerator des ign 
da t a  i s  shown i n  Table 2, Table 3 shows th ickener  des ign da ta .  
F i l t e r  design da ta  i s  shown i n  Table 4. Table 5 shows ac id  mine 
drainage treatment plant  c a p i t a l  expenditures . Annual c o s t s  a r e  shown 
i n  Table 6. Table 7 shows t o t a l  annual un i t  cos t s .  Figure  2 shows 
t h e  p i l o t  operat ing a t  t h e  Morea s i t e .  The flow shee t  of  a t y p i c a l  
scaled up p lan t  i s  shown i n  t h e  form of a schematic diagram i n  
Figure 3. 

Action Program 

An ac t i on  program has been undertaken r ecen t ly  i n  Pennsylvania 
as a start i n  abat ing drainage from abandoned mines. Four small  
treatment p l an t s  designed t o  handle water t h a t  has low i ron  and 
medium degree of a c i d i t y  have been authorized.  These p l a n t s  a r e  a 
d i r e c t  r e s u l t  of llOperation Yellowboy" research.  One of  t he se  p l a n t s  
i s  a l ready i n  operation near t h e  v i l l age  of C l in tonv i l l e  i n  
Western Pennsylvania on L i t t l e  Scrubgrass Creek. The a d d i t i o n a l  
p lan t s  a r e  being designed and w i l l  be put  out  f o r  bid as soon as 
poss ible .  

A t reatment p lan t  designed t o  process one h a l f  t o  one mi l l ion  
gal lons  of mine drainage per day w i l l  be erected f o r  t h e  Pennsylvania 
Coal Research Board by t h e  Pennsylvania S t a t e  Univers i ty  near  
Tyler, Pennsylvania. The object  of t h i s  p lan t  i s  t o  ob ta in  p l an t  
operating experience and reduce t h e  s ca l a r  f a c t o r s  involved i n  t h e  
preparation of cost  es t imates  f o r  f u l l  s ca l e  t reatment ,  Several  
~ o i n t s  a r e  hoped t o  be resolved during t h i s  l a r g e  s c a l e  t e s t i n g  program 
viz .  t h e  response of sedimentation and compression r a t e s  under cold 
weather and f reezing condit ions,  t h e  physical  problems involved i n  . 
rout ine  day t o  day disposal ,  of llYellowboy," and t h e  cos t  of  var ious  
de-watering a l t e rna t i ve s .  



Conclusion 

The genera l  p a t t e r n  t o  be followed on a c t i v e  and on 
"abandonedu mine drainage problems should be t o  minimize ac id  make 
through c a r e f u l  mine layout ,  su r face  s ea l i ng ,  and s t r i p  mine 
r e s t o r a t i o n .  Only a f t e r  t h e  water has  been reduced t o  a minimum of 
volume should t h i s  e f f l u e n t  be t r e a t e d .  

It has  been shown by t e s t  work performed using llOperation 
Yellowboyff t h a t  mine water can be t r e a t e d  by t h e  lime neu t r a l i z a t i on ,  
a e r a t i on ,  sedimentation,  and de-watering process t o  produce a 
product conta ining l e s s  t han  seven p a r t s  per  m i l l i on  of i r o n  a t  
a n e u t r a l  pH and wi th  a small degree of f r e e  a l k a l i n i t y .  

F i e l d  t e s t s  confirm t h a t  l ime can be used t o  pu r i fy  a c i d i c  
mine waters  from t h e  most p o l l u t i n g  t o  t hose  which were only  
s l i g h t l y  a c i d i c .  The manganese, alumina and s i l i c a  a r e  a l s o  
removed by l ime n e u t r a l i z a t i o n ,  r e s u l t i n g  i n  a decrease  i n  t o t a l  hardness.  
It can be concluded from t h e  i nves t i ga t i on  t h a t  l ime t reatment  of 
a l l  a c i d i c  mine waters  would be t e c h n i c a l l y  f e a s i b l e  and t h a t  t h e  c o s t s  
of l ime t reatment  of any a c i d i c  mine water can now be est imated.  

It i s  an t i c ipa t ed  t h a t  t h e  publ ic  and p r i v a t e  s ec to r  w i l l  
continue t o  search f o r  novel and cheaper processes  f o r  t reatment .  
U n t i l . i t  i s  c l e a r  *hat such processes  can accomplish t h e  r e s u l t s  
now obta inab le  wi th  t h e  process  descr ibed i n  t h i s  paper, it i s  
expected t h a t  l ime t rea tment  w i l l  remain i n  t h e  f o r e f r o n t  of p lans  
submitted t o  t h e  San i t a ry  Water Board and similar regu la to ry  
agencies  i n  t h i s  and o t h e r  s t a t e s .  
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