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THICKENING FINE COAL REFUSE SLURRY 
FOR RAPID DEWATERING AND ENHANCED SAFETY

By Bill M. Stewart,1 Ronald R. Backer,2 and Richard A. Busch3

ABSTRACT

To d e c r e a s e  t h e  p o t e n t i a l  f o r  f i n e  c o a l  w a s t e  » l u r r y  im p o u n d m e n t  f a i l 
u r e s ,  t h e  B u r e a u  o f  M i n e s  i n v e s t i g a t e d  a new d i s p o s a l  t e c h n i q u e .  The  
f i n e  c o a l  w a s t e  s l u r r y  i s  r a p i d l y  t h i c k e n e d  ( i . e . ,  d e w a t e r e d )  and  d e p o s 
i t e d  on  a s l i g h t l y  s l o p i n g  s u r f a c e .  To a c c o m p l i s h  r a p i d  d e w a t e r i n g ,  a 
c h e m i c a l  f l o c c u l a t i o n  s y s t e m  u s i n g  p o l y m e r s  was  d e v e l o p e d  t o  t r e a t  t h e  
f i n e  c o a l  w a s t e  s l u r r y  s t r e a m .  Th e  f i n e  s o l i d s  f o r m e d  f l o e s ,  s e t t l e d  
f r o m  s u s p e n s i o n ,  an d  r a p i d l y  r e l e a s e d  e x c e s s  w a t e r .

D u r i n g  t h e  l a s t  5 d a y s  o f  t h e  f i e l d  t e s t ,  s l u r r y  f l o w i n g  a t  r a t e s  f r o m  
4 9 8  t o  6 7 5  g a l / m i n  w i t h  a s p e c i f i c  g r a v i t y  r a n g e  o f  1 . 1 5  t o  1 . 3 3  was  
s u c c e s s f u l l y  t r e a t e d  and  d e w a t e r e d .  D u r i n g  t h i s  p e r i o d ,  u n t r e a t e d  
s l u r r y  h ad  an  a v e r a g e  m o i s t u r e  c o n t e n t  o f  2 2 7 . 4  p e t  ( 3 0 . 7  wt  p e t  
s o l i d s ) .  Th e  e f f e c t i v e n e s s  o f  t h e  d e w a t e r i n g  s y s t e m  w a s  d e t e r m i n e d  by  
m o n i t o r i n g  t h e  m o i s t u r e  c o n t e n t  o f  t h e  d e p o s i t e d  w a s t e  w i t h  r e s p e c t  t o  
t i m e .  S i x t y - f i v e  h o u r s  a f t e r  e n d i n g  t h e  f i e l d  t e s t  t h e  a v e r a g e  m o i s t u r e  
c o n t e n t  w a s  5 4 . 9  p e t  ( 6 4 . 5  wt  p e t  s o l i d s ) ;  68  d a y s  a f t e r  t h e  f i e l d  t e s t  
t h e  a v e r a g e  m o i s t u r e  c o n t e n t  w a s  2 8 . 8  p e t  ( 7 8 . 0  wt  p e t  s o l i d s ) .

_— :— :------- :--------------------------------------------------------------------------'Mining engineer.
Supervisory mining engineer.
^Civil engineer.
Spokane Research Center, Bureau of Mines, Spokane, V I A .
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INTRODUCTION

As a c o n t i n u a t i o n  o f  work  p e r f o r m e d  i n  
1 9 8 1  by  B a c k e r  and  B u s c h , 4 t h e  B u r e a u  o f  
M i n e s  p e r f o r m e d  l a b o r a t o r y  and  f i e l d  
t e s t s  t o  e v a l u a t e  t h e  c o n c e p t  o f  u s i n g  a 
s i n g l e - p o l y m e r  s y s t e m  t o  r a p i d l y  d e w a t e r  
c o a l  r e f u s e  s l u r r y .  Two m a j o r  d i f f e r 
e n c e s  w e r e  a d d r e s s e d  i n  t h i s  r e s e a r c h  
w i t h  r e s p e c t  t o  t h e  19 8 1  s t u d y :  ( 1 )  t h e
f l o c c u l a t i o n  s y s t e m  w a s  a u t o m a t e d ,  and  
( 2 )  t h e  s y s t e m  t r e a t e d  t h e  e n t i r e  s l u r r y  
s t r e a m  f r o m  p r e p a r a t i o n  p l a n t .  R a p i d  d e 
w a t e r i n g  o f  t h e  s l u r r y  p r o d u c e s  s e v e r a l  
d i s p o s a l  a d v a n t a g e s :  The s l u r r y  s o l i d i 
f i e s  much f a s t e r ,  r e s u l t i n g  i n  a mo re  
s t a b l e  f i l l ;  t h e  d a n g e r  o f  h i g h  p h r e a t i c  
s u r f a c e s  i n  t h e  em ba nk me nt  o f  t h e  im
p o u n d m e n t  i s  r e d u c e d ;  a c i d  d r a i n a g e  p o 
t e n t i a l  i s  r e d u c e d ;  c l a r i f i e d  w a t e r  i s  
i m m e d i a t e l y  a v a i l a b l e  f o r  r e c i r c u l a t i o n  
t o  t h e  p r e p a r a t i o n  p l a n t ;  and  more  s o l i d  
w a s t e  c a n  be d i s p o s e d  i n  a g i v e n  a r e a .

To t h i c k e n  t h e  s l u r r y  and  t o  a c c e l e r a t e  
d e w a t e r i n g ,  an  a u t o m a t i c  f l o c c u l a t i o n  
s y s t e m  was  d e v e l o p e d  t h a t  I n j e c t s  a  d i 
l u t e d  p o l y m e r  ( a t  op t im um  d o s a g e )  i n t o  
t h e  c o a l  w a s t e  s t r e a m  i m m e d i a t e l y  b e f o r e  
d i s c h a r g e ,  w i t h  a r e s u l t a n t  a g g l o m é r a t i o n  
o f  f i n e  p a r t i c l e s  and  a r e l e a s e  o f  c l a r -  
i f e d  w a t e r  up on  d i s c h a r g e  o f  t h e  t r e a t e d  
s l u r r y  i n t o  t h e  im p o u n d m e n t .  A u t o m a t i c ,  
op t i m u m  p o l y m e r  d o s a g e  w as  a c h i e v e d  by

i n s t a l l i n g  i n s t r u m e n t a t i o n  t h a t  ( 1 )  m ea 
s u r e d  b o t h  f l o w  r a t e  and  s l u r r y  d e n s i t y ,  
( 2 )  c o m b i n e d  t h i s  i n f o r m a t i o n  i n t o  a  
" m a s s - f l o w  r a t e  s i g n a l , "  a n d  ( 3 )  u s e d  
t h i s  s i g n a l  t o  c o n t r o l  a v a r i a b l e - s p e e d  
i n j e c t i o n  pump t h a t  p r o v i d e d  p o l y m e r  a t  
t h e  p r e c i s e  r a t e  r e q u i r e d  t o  f l o c c u l a t e  
t h e  f i n e  c o a l  w a s t e  s l u r r y -  T h i s  a u t o 
m a t i c  s y s t e m  b o t h  m i n i m i z e d  p e r s o n n e l  
r e q u i r e m e n t s  and  p o l y m e r  c o s t s .

L a b o r a t o r y  t e s t i n g  o f  t h e  c o a l  w a s t e  
s t r e a m  p r i o r  t o  t h e  f i e l d  t e s t  i n d i c a t e d  
t h a t  a s i n g l e  p o l y m e r  c o u l d ,  a t  op t i m u m  
d o s a g e ,  a c h i e v e  t h e  d e s i r e d  m a t e r i a l  d e p -  
o s i t i o n a l  c h a r a c t e r i s t i c s .  H o w e v e r ,  i n  
c o n d u c t i n g  t h e  f i e l d  t e s t ,  t h e  p l a n n e d  
s i n g l e  p o l y m e r  i n j e c t i o n ,  a s  d e t e r m i n e d  
by l a b o r a t o r y  t e s t s ,  d i d  n o t  p r o v i d e  
e f f e c t i v e  t r e a t m e n t .  T h e r e f o r e ,  d u r i n g  
t h e  f i e l d  t e s t ,  a  s e c o n d  p o l y m e r  w a s  
a d d e d  t o  c o m p l e t e  t h e  t r e a t m e n t  p r o 
c e s s .  The s e c o n d  p o l y m e r  was  a d d e d  by  
" t r i c k l i n g "  a  s m a l l  am ou n t  o f  t h i s  chem
i c a l  i n t o  t h e  s l u r r y  a t  t h e  p o i n t  o f  
d i s c h a r g e .  The p r i m a r y  p o l y m e r  u s e d  i n  
t h e  f i e l d  t e s t  w as  N a l c o  8 8 7 3 ,  ̂ a  c o 
p o l y m e r  o f  a c r y l a m i d e  and  s o d i u m  a c r y 
l a t e  [ 1 0  t o  12 m i l l i o n  m o l e c u l a r  w e i g h t  
( m o l  w t ) ] ,  and t h e  s e c o n d a r y  p o l y m e r  
was  N a l c o  8856,  ̂ an  o r g a n i c  p o l y a m i n e  
( 1 0 0 , 0 0 0  m o l  w t ) .

ACKNOWLEDGMENT

The a u t h o r s  w i s h  t o  t h a n k  J e w e l l  Smoke
l e s s  C o a l  C o r p . ,  l o c a t e d  n e a r  V a n s a n t ,  
VA, f o r  p e r m i s s i o n  t o  u s e  i t s  s i t e ;  and  
f o r  p r o v i d i n g  w a t e r  and e l e c t r i c i t y ;  and  
f o r  s u p p l y i n g  p e r s o n n e l  and e q u i p m e n t  t o

p r e p a r e  t h e  s i t e ,  t o  h a u l  t e s t  e q u i p m e n t  
t o  and  f r o m  t h e  s i t e ,  and  t o  w e l d  p i p e s  
and v a l v e s .  W i t h o u t  t h e i r  e x c e l l e n t  c o 
o p e r a t i o n  t h i s  p r o j e c t  w o u l d  n o t  h a v e  
b e e n  p o s s i b l e .

LABORATORY TESTS

S e v e r a l  l a b o r a t o r y  t e s t s  w e r e  p e r f o r m e d  
b e f o r e  g o i n g  t o  t h e  f i e l d .  Two h u n d r e d  
g a l l o n s  o f  r e p r e s e n t a t i v e  s l u r r y  s a m p l e  
w e r e  s e n t  t o  t h e  B u r e a u ' s  S p o k a n e  Re
s e a r c h  C e n t e r  f o r  t h e  l a b o r a t o r y  t e s t s .  
The s a m p l e s  w e r e  c o l l e c t e d  a t  t h e  en d  
o f  t h e  s l u r r y  d i s c h a r g e  l i n e  a t  t h e

^Backer, R~] R ., and A~. Busch. Fine
Coal Refuse Slurry Dewatering. BuMines 
RI 8581, 18 pp.

i m p o u n d m e n t ,  o v e r  t h r e e  c o n s e c u t i v e  d a y s .  
No s a m p l e s  w e r e  c o l l e c t e d  d u r i n g  s t a r t u p  
o r  s h u t d o w n  o f  t h e  p r e p a r a t i o n  p l a n t .  
The  p o l y m e r  ( N a l c o  8 8 7 3 )  u s e d  i n  t h e  l a b 
o r a t o r y  t e s t s  w as  t h e  same a s  t h a t  b e i n g  
u s e d  a t  t h e  p r e p a r a t i o n  p l a n t  f o r  b e l t  
p r e s s  t r e a t m e n t .  T h i s  r e d u c e d  t h e  amo unt

^Reference to specific products does 
not imply endorsement by the Bureau of 
Mines.
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o f  p r e l i m i n a r y  l a b o r a t o r y  w o rk  f o r  p o l y 
m er  s e l e c t i o n  b e c a u s e  t h e  t y p e  o f  p o l y m e r  
b e s t  s u i t e d  t o  t h e  s l u r r y  h ad  a l r e a d y  
b e e n  d e t e r m i n e d  by t h e  c o a l  c o m p a n y .  The  
s o l i d s  i n  t h e  s l u r r y  h a d  a 2 . 2 4  s p  g r ,  a s  
d e t e r m i n e d  by ASTM d e s i g n a t i o n  8 5 4 - 5 8  
( 1 9 7 2 ) .  The g r a i n - s i z e  d i s t r i b u t i o n  o f  
t h e  s o l i d s  i n  t h e  s l u r r y  i s  sh ow n  i n  
f i g u r e  1.

T h e  f i r s t  l a b o r a t o r y  p r o c e d u r e  w a s  t o  
c o n d u c t  s e t t l - i n g  t e s t s  on  1 , 0 0 0 - m L  s l u r r y  
s a m p l e s .  T h e s e  t e s t s  w e r e  c o n d u c t e d  t o  
d e t e r m i n e  w h i c h  d o s a g e  o f  p o l y m e r  w o u l d  
b e  m o s t  e f f e c t i v e  i n  s e p a r a t i n g  t h e  s o l 
i d s  f r o m  t h e  w a t e r .  B e c a u s e  t h e s e  t e s t s  
w e r e  c o n d u c t e d  i n  g r a d u a t e d  g l a s s  c y l 
i n d e r s ,  t h e  w a t e r  c o u l d  n o t  d r a i n  and  
p h y s i c a l l y  s e p a r a t e  f r o m  t h e  s o l i d s .  I t  
w a s ,  t h e r e f o r e ,  n o t  p o s s i b l e  t o  o b t a i n  
a n  a c c u r a t e  m e a s u r e m e n t  o f  f r e e d  w a t e r  
an d  m o i s t u r e  c o n t e n t  o f  s o l i d s .  T h e s e  
t e s t s  w e r e ,  t h e r e f o r e ,  a b a n d o n e d  i n  f a v o r  
o f  p o u r  t e s t s .

The p o u r  t e s t s  w e r e  c o n d u c t e d  o n  a 4 -  
by 8 - f t  s h e e t  o f  p l y w o o d  w i t h  a 3 . 5 °  
s l o p e .  E a c h  p o u r  c o n s i s t e d  o f  1 , 0 0 0  mL 
o f  s l u r r y  t r e a t e d  w i t h  v a r i o u s  d o s a g e s  
o f  0 . 5 - p c t  p o l y m e r  c o n c e n t r a t i o n .  Forms  
w e r e  b u i l t  on  t h e  p l y w o o d  s o  t h a t  f o u r  
p o u r s  c o u l d  b e  made a t  t h e  sa m e t i m e .  
P r i o r  t o  c o l l e c t i n g  e a c h  1 , 0 0 0 - m L  s a m p l e ,  
t h e  s l u r r y  d e n s i t y  and  s o l i d s  c o n t e n t  by  
w e i g h t  p e r c e n t a g e  w e r e  d e t e r m i n e d .  The  
am ou n t  o f  d i l u t e  p o l y m e r  n e e d e d  w a s  c a l 
c u l a t e d  b a s e d  on  t h e  w e i g h t  o f  s o l i d s ,  
and a d d e d  t o  t h e  s l u r r y  a s  i t  w a s  b e i n g  
s t i r r e d  w i t h  a  p r o p e l l e r  m i x e r .  When t h e  
s l u r r y  s t a r t e d  t o  f l o c c u l a t e  ( u s u a l l y  
10 t o  20  s  a f t e r  a d d i n g  t h e  p o l y m e r ) ,  
f t  was  dumped i n t o  a n  8 - i n - d i a m  c y l i n 
d r i c a l  t u b e  p l a c e d  i n  t h e  f o r m s  on  t h e  
p l y w o o d .  The c y l i n d r i c a l  t u b e  w a s  t h e n  
l i f t e d ,  a l l o w i n g  t h e  f l o c c u l a t e d  s l u r r y  
an d  w a t e r  t o  f l o w  f r e e l y .  F i g u r e  2 s h o w s  
t h e  f l o c c u l a t e d  s l u r r y  f r o m  o n e  p o u r  
t e s t .

Type  Co a l  wa s t e I n n a t i n n  J e w e l l  S m o k e l e s s  S a m p l e  n o . 9 À 1 4

T e s t e d  b y  
D a t e  0 4 / 0 2 / 8 4
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FIGURE 1.—Grain-size distribution of coal waste solids in slurry prior to treatment.
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FIGURE 2.— Flocculated (thickened) slurry from a 1,000-mL laboratory pour test. Sample contained a dosage of 2.3 lb of neat 
polymer per short ton of solids.

Twenty-five pour tests were conducted, 
with polymer dosages ranging from 1.0 to
3.0 lb/st solids. Samples for moisture 
content were taken 1 h and 4 h after each 
pour to evaluate the release of water. 
The moisture content was determined ac
cording to ASTM D2216-71 and is defined 
as the weight of water divided by the 
weight of dry solids. Results are shown 
in table 1. Polymer dosages of 2.5 to
3.0 lb/st solids resulted in very small, 
sticky solid flocculi with polymer 
strings in the released water, indicating 
an overflocculated slurry. Lime addi
tive did not aid the thickening process, 
nor did lowering the polymer concentra
tion. The polymer thickened the slurry

best at dosages of 1.5 to 2.0 lb/st 
solids.

The next step in the laboratory proce
dures was to increase the amount of 
slurry and measure the actual amount of 
water coming out of the slurry after 
flocculating. Seventeen tests were per
formed; these are referred to as "bucket" 
tests. For each test, about 25 lb of 
slurry was weighed out and poured into a 
cement mixer. The solid content in each 
slurry sample was determined by weight 
percentage. The amount of dilute polymer 
needed was calculated, based on the 
weight of solids, and added to the slurry 
during cement mixer rotation. As soon 
as the slurry began to flocculate, the
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TABLE 1. - Pour tests with 1,000-mL slurry samples

Polymer type and dosage,1 lb/st Moisture content,^ pet Polymer conc in
After 1 h After 4 h water, wt pet

MIXED DILUTE POLYMER AND SLURRY BY HAND
American Cyanamid 1202:

1.0................................. 104.4 75.4 0.5
1.5................................. 118.2 94.9 .5
2.0................................. 138.7 100.8 .5

MIXED DILUTE POLYMER AND SLURRY WITH PROPELLER MIXER
American Cyanamid 1202:

1.0................................. NF NF 0.5
1.5................................. 149.1 116.7 .5

225.0 177.4 .3
1.9................................. 111.6 99.6 .5
2.0................................. 125.5 107.2 .5

116.7 105.4 .3
2.3................................. 113.6 100.9 ND
3.0................................. 183.2 163.3 .5

NF NF .5
Nalco 8873:

1.0................................. 186.8 ND .5
1.5................................. 156.2 125.2 .5

121.7 101.6 .3
116.7 102.4 .5

2.0................................. 194.9 159.0 .5
139.9 ND .5
138.9 119.9 .3

2.3................................. 124.4 108.5 .5
2.5................................. 207.3 161.3 .5
3.0................................. 176.5 176.9 .5

ADDED 2 pet LIME BEFORE ADDING POLYMER (TEST REPEATED 3 TIMES)
American Cyanamid 1202:

2.0................................. NF NF 0.5
3.0................................. 136.8 111.5 .5

ND Not determined. NF No flocculation.
’Pounds of neat polymer per short ton of solids.
2Weight of water divided by weight of dry solids; expressed in percent.

sample was poured into a 5-gal bucket, 
modified with an internal vertical drain 
covered by filter cloth. After the mate
rial was allowed to drain for 18 to 21 h, 
the moisture content of each sample was 
determined. Results are shown in table
2. Again, slurry thickening was best at 
1.5 to 2.0 lb/st dosage.

The third and final step in the labora
tory test procedures had two objectives:
(1) to see if the slurry would flocculate 
at expected field flow velocities, and
(2) to develop an appropriate condi- 
tioning-discharge system. Two tests were 
conducted, using 50 gal of slurry for

each test. To simulate field conditions, 
the slurry was pumped at 20 gal/min 
through a 1-in pipe. This produced a 
flow velocity equivalent to pumping at 
700 gal/min through a 6-in pipe (expected 
field conditions). The previous tests 
indicated that a 10- to 20-s condition
ing time was required after the poly
mer was added to the slurry. To obtain 
this conditioning time, 40 ft of 2-in 
pipe was attached to the 1-in pipe. 
This reduced the flow velocity to about
2 ft/s. By injecting the polymer at 
the beginning of the 2-in pipe section 
through a 1/2-in nipple, approximately 20
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TABLE 2. - Bucket tests with 25-lb slurry samples

Moisture Flocculation
Dosage, lb/st content,' 

pet
comments

AMERICAN CYANAMID 1202 (0.5-pct CONCENTRATION)
1.0.................... 83.8 Did not.
1.1.................... 60.9 Do.
1.5.................... 134.3 Do.

1.9....................
iNM

54.0
uooa •
Very good.

2.0.................... 71.0 Do.
84.8 Fair on 2d try.

NALCO 8873 (0.5 -pet CONCENTRATION)
1.0.................... 86.2 Good.

81.4 Fair.
1.5.................... NM Good.

73.3 Very good.
97.1 No comment.
68.7 Excellent.

1.9.................... 60.0 Very good.
2.0.................... 64.0 Do.

82.9 No comment.
NM Not measured.
'Moisture contents taken 18 to 21 h after

treatment.
2Apparent minimum dosage for initiation of 

flocculation.

s of conditioning was obtained. The 
flocculated slurry was discharged from
a 1-1/4-in hose into a 40-ft sloping
trough. The laboratory setup for this 
test is shown in figure 3.

The results of the laboratory tests
were very encouraging. The coal waste 
flocculated to a cottage cheese

consistency with a dosage of 1.5 to
2.0 lb of polymer per short ton of 
solids, and clear water was liberated. 
The success of the two 50-gal laboratory 
tests greatly increased the confidence 
level for a successful full-scale field 
treatment.

EQUIPMENT

Reducing or minimizing waste disposal 
costs is a major goal for most coal 
mining operations. The equipment for the 
flocculation system was selected to min
imize labor costs and to prevent poly
mer waste through overtreatment. The 
equipment consisted of (1) a 300-gal 
neat polymer tank (supplied by mine),
(2) a 2,000-gal dilute polymer tank with 
high- and low-level control probes that 
provided automatic dilution of polymer,
(3) a polymer dilution system consist
ing of a centrifugal water booster pump, 
a variable-speed polymer gear pump, 
and a static in-line mixer, (4) a

variable-speed, positive displacement 
gear pump for dilute polymer injection, 
(5) a 2-in flowmeter to determine dilute 
polymer flow rate, (6) a 6-in flowmeter 
to determine the slurry flow rate, (7) a 
6-in nuclear densimeter to determine the 
slurry specific gravity, and (8) a 4-pen 
recorder with a built-in math module to 
record the data and supply a mass flow 
rate signal to control the dosage Injec
tion system. Water was supplied from a 
12,000-gal tank provided by the mine. 
The cost of equipment supplied by the 
Bureau is shown in table 3.
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3 - i n  l a t e r a l

FIGURE 3.— Laboratory setup for 50-gal tests. These tests 
were conducted to see if the slurry would thicken at expected 
fie ld flow  velocities, and to develop an appropririe  condition
ing and discharge system.

A s c h e m a t i c  o f  t h e  e q u i p m e n t  s e t u p  i s  
s e e n  i n  f i g u r e  4 .  The  s e t u p  i s  a t w o -  
p a r t  s y s t e m :  One p a r t  i s  f o r  a u t o m a t i c 
a l l y  d i l u t i n g  t h e  p o l y m e r ,  and  t h e  o t h e r  
p a r t  i s  f o r  i n j e c t i n g  t h e  d e s i r e d  d o s a g e  
o f  d i l u t e  p o l y m e r  i n t o  t h e  s l u r r y .  A f t e r  
c a l i b r a t i n g  t h e  v a r i a b l e - s p e e d  n e a t  p o l y 
m er  pump,  t h e  n e a t  p o l y m e r  was  d i l u t e d  
w i t h  w a t e r  and  pumped t o  t h e  2 , 0 0 0 - g a l  
t a n k .  When t h e  d i l u t e  p o l y m e r  r e a c h e d  
t h e  h i g h - l e v e l  p r o b e  i n  t h e  t a n k ,  t h e  
n e a t  p o l y m e r  pump and t h e  w a t e r  b o o s t e r  
pump a u t o m a t i c a l l y  s h u t  o f f .  When t h e  
d i l u t e  p o l y m e r  c l e a r e d  t h e  l o w - l e v e l

FIGURE 4.— Fine coal waste floccu la tion  system (overhead 
view schematic).

p r o b e ,  t h e  n e a t  p o l y m e r  and  w a t e r  b o o s t e r  
pumps a u t o m a t i c a l l y  came o n ,  r e f i l l i n g  
t h e  d i l u t e  t a n k .  The r a t e  o f  f i l l  was  
a b o u t  4 0  g a l / m i n .

The  s e c o n d  p a r t  o f  t h e  s y s t e m  pumped  
t h e  d i l u t e  p o l y m e r  a t  t h e  r e q u i r e d  d o s a g e  
i n t o  t h e  s l u r r y .  The d i l u t e  p o l y m e r  was  
i n j e c t e d  i n t o  t h e  s l u r r y  a t  an  a v e r a g e  
r a t e  o f  1 6 . 8  g a l / m i n ,  p r o v i d i n g  a c o n t i n 
u o u s  s l u r r y  t r e a t m e n t .  The d i l u t e  p o l y 
mer f l o w  r a t e  was c a l c u l a t e d  b a s e d  on  t h e  
r e q u i r e d  d o s a g e  and  t h e  s l u r r y  s t e a d y  
s t a t e  m a ss  f l o w  r a t e .  The d i l u t e  p o l y m e r  
was  pumped t h r o u g h  a 2 - i n  f l o w m e t e r ,  and  
t h e  c o n t r o l l e r  o f  t h e  v a r i a b l e - s p e e d  d i 
l u t e  p o l y m e r  pump was  m a n u a l l y  a d j u s t e d  
u n t i l  t h e  r e q u i r e d  pump r a t e  was  r e a c h e d .

TABLE 3 .  -  E q u i p m e n t  c o s t s  f o r  t h e  f l o c c u l a t i o n  s y s t e m

I t e m S u p p l i e r A p p r o x .  c o s t  ( 1 9 8 4 )
P o s i t i v e  d i s p l a c e m e n t  pump; N a l c o . . . . . . $ 3 , 3 5 5

v a r i a b l e - s p e e d  m o t o r .
3 , 7 1 5
1 , 8 3 0
3 , 4 4 8

F o x b o r o . . . . 4 , 7 1 6
2—i n  flowmeter. ............ .. 3 5 3 0

C h e s s e l . . . . 6 , 2 6 0
3 , 9 0 7

3 0 , 7 6 1
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When the controller of the dilute polymer 
pump was placed in the automatic mode, 
the mass flow rate signal would control 
the speed of the pump. The mass flow 
rate signal was calculated automatically 
by the math module in the recorder from 
signals provided by the 6-in magnetic 
flowmeter and nuclear densimeter. These 
two pieces of equipment continuously mea
sured the flow rate and specific gravity 
of the slurry. By this method, as the 
mass flow rate of the slurry decreased 
or increased, the speed of the dilute 
polymer pump (amount of dilute polymer) 
decreased or increased accordingly. At 
no time would the system pump more than 
the required polymer dosage while in 
the automatic mode. The 4-pen recorder 
continuously plotted the dilute poly
mer flow rate, slurry flow rate, slurry 
specific gravity and mass flow rate.
The test equipment was wired, cali

brated, and tested in the laboratory 
before going to the field. Water was 
used as the medium for calibration. The
6-in flowmeter and nuclear densimeter 
were mounted on a 6-ft section of slurry 
pipeline placed at a 45° angle -f-rom 
horizontal inside a utility trailer. 
This insured full pipe flow across the 
instrumentation. The electronic cabinets 
were also mounted inside the trailer, and 
the instruments were wired to a math

FIELD TESTS

After the equipment was set up and 
field calibrated, slurry treatment began. 
During the initial testing (September 13
14, 1984), the slurry did not flocculate 
as expected. The slurry thickened, but 
not nearly as well as had been observed 
in the laboratory. The finest parti
cles were not being flocculated. Several 
attempts were made to improve floccu
lation, including (1) manually adjusting 
the dilute polymer flow rate, (2) reduc
ing the flow rate of slurry, (3) circu
lating the neat polymer prior to dilu
tion, (4) increasing and decreasing the 
concentration of dilute polymer, (5) re
ducing downstream flow of treated slurry 
after discharge, and (6) moving the dis
charge pipe to flatter ground. None of 
these improved the thickening of the 
slurry. It was also noted that during

module of the recorder. Next, the high- 
and low-level probes in the dilute poly
mer tank were wired to the controller of 
the polymer dilution system. The probes 
were tested to make sure the dilution 
system turned off when the tank was full 
and started up when the tank emptied.
The final step in laboratory testing 

and calibration of the system was to wire 
the dilute polymer pump to the math 
module of the recorder. When th-i-s -was 
completed, two drums of dilute polymer 
were mixed and water was circulated at a 
known flow rate through the 6-in flow
meter and nuclear densimeter. The dilute 
polymer pump (in the automatic mode) then 
began to circulate the dilute polymer
from one drum, through the 2-in flow
meter, and back to another drum. Dur
ing this process, the 6-in flowmeter
and dilute polymer pump were calibrated
and the nuclear densimeter was zeroed. 
To simulate slurries of higher specific 
gravity than water, false signals were 
manually set in the electronics cab
inet of the nuclear densimeter. This 
increased the mass flow rate which in 
-turn automatically increased the dilute 
polymer pump speed. In this manner, the 
system was tested and calibrated at sev
eral different flow rates and slurry 
densities.

AND RESULTS

manual adjustment of the dilute polymer 
flow rate, the slurry, with polymer dos
ages of 1.5 and 2.0 lb/st, contained 
polymer strings, indicating excess poly
mer in the slurry; at a dosage of about
1.0 lb/st, the slurry appeared thicker. 
This contradicted laboratory results.

In discussing the problem with the 
preparation plant manager, it was dis
covered that the mineralogy of the coal 
waste changes depending on the coal seams 
being mined. Thus, samples that had been 
tested in the laboratory were probably 
different from those encountered during 
the field test. A representative of the 
chemical supplier and the preparation 
plant manager suggested adding a small 
amount of neat cationic polymer (Nalco 
8852) to the treated slurry at discharge. 
This vastly improved slurry flocculation
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yielding results similar to those ob
served in the laboratory (without cat
ionic polymer). A 5-gal plastic jug was 
fitted with a valved copper tube to 
trickle the cationic polymer into the 
treated slurry at discharge. After ob
serving the treated slurry, the amount 
of cationic polymer required was manually 
adjusted.
During the last 5 days of testing (Sep

tember 17-21, 1984), a total of 967,258 
gal slurry containing 1,501.7 st solids 
was treated with 1,786.9 lb anionic pol
ymer and 566.8 lb cationic polymer. The 
valving system (fig. 4) was used to con
trol or change the slurry flow rate. 
During this period, the flocculation sys
tem was tested successfully at flow rates 
between 498.8 and 675.4 gal/min and at 
specific gravities between 1.15 and 1.33. 
Prior to the last 5 days of testing, 
slurry flowing as low as 400.0 gal/min 
was thickened; however, at this flow 
rate, the nuclear densimeter tended to 
plug because of solids settlement. The 
field test operation data for the last 5 
days of testing are shown in table 4. 
The cost of the anionic and cationic 
polymers were $0.84/lb and $0.56/lb, re
spectively. Total polymer costs for the 
last 5 days of testing were $1,820.00, or 
$1.21/st solids.
During the last 5 days of testing, the 

slurry mass flow rate was continuously 
recorded before treatment. This allowed 
an accurate average determination of sol
ids content, by weight, in the untreated 
slurry. After treatment and discharge,

samples of the consolidated material were 
collected from the test site at various 
times, locations, and depths. Five sam
ples were collected at the surface on 
September 21, 1984, 18 h after ending
treatment on September 20. One sample 
was taken at the surface 5 min after end
ing treatment on September 21. Five sam
ples were also collected at the surface 
on September 24, 65 h after ending treat
ment on September 21.
The final sampling was made on November

29, 1984, 68 days after treatment ended
on September 21. During the final sam
pling, a total of 10 samples were taken: 
The first three samples (at depths of 1,
2, and 3 ft) were taken 50 ft downstream 
from the point of discharge; the next 
four samples (at depths of 1, 2, 3, and
4 ft) were taken 75 ft from the point 
of discharge; the next two samples (at 
depths of 1 and 3 ft) were taken 100 ft 
from the point of discharge; and the last 
sample (at a depth of 1 ft) was taken 125 
ft from the point of discharge. The 
final deposition 68 days after the last 
day of treatment is shown in figure 5. 
The results of all samples taken are 
shown in table 5. The fourth column in 
table 5 represents the total volume (Vy) 
required to hold slurry containing 1 st 
solids at the corresponding slurry mois
ture and solids contents shown in the 
second and third columns, respectively. 
The following formulas are used to calcu
late VT :

Ww =  y x Ws ; %  =  Ww +  ws i VT =

TABLE 4. - Field test operation data

Test
date
(1984)

Total
test
time,
h

Coal waste slurry Solids in slurry Neat polymer used

Av feed 
rate, 

gal/min

.Slurry 
sp gr 
(av)

Total 
. daily 
flow, 
gal

Av mass 
flow 
rate, 
st

solids/h

Total 
daily 

solids, 
st

Anionic Cationic

Weight, 
lb

lb/st
solids

Weight, 
lb

lb/s t 
solids

9/17... 
9/18... 
9/19... 
9/20... 
9/21... 
Total

4.62
4.95
6.73
4.42
6.47

577.6 
606.3
594.6 
574.2
606.7

1.222
1.202
1.218
1.247
1.233

159,406
180,071
240,218
152,163
235,400

57.5 
48.3 
53.18 
58.83 
58.60

265.6
239.1 
357.9 
260.0
379.1

307.75 
298.88 
422.32 
306.80 
451.13

1.16
1.25
1.18
1.18
1.19

103.47
95.64
139.58
114.40
113.73

0.39
.40
.39
.44
.30

27.19 NAp NAp 967,258 NAp 1,501.7 1,786.88 NAp 566.82 NAp
NAp Not applicable.
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F I GURE 5.— View of  disposal  area 68 days af ter  last day of t reatment .  Slurry w as  sol id enough to easi ly suppor t  the m a n ’s 
weight .

where Ww = weight of water in slurry 
(lb),

Ws = weight of solids in slurry 
(lb) = 2,000 lb,

WT = total weight of slurry (lb),

y = moisture content of slurry,

G = specific gravity of slurry,

and y w = unit weight of water = 62.4 
lb/ft3.

The data show that polymer treatment 
rapidly dewaters the slurry and signif
icantly decreases the volume requirement 
for fine coal waste disposal.
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TABLE 5. - Summary of field test results

Sampling date (1984) and time after 
or before treatment

Moisture Solids Total
content, content, volume (VT ),1
wt pet wt pet f t3 /s t

solids

204.9 32.8 80.1
274.5 26.7 98.4
233.3 30.0 87.6
204.9 32.8 80.1
219.5 31.3 83.9
227.4 30.7 86.0

58.9 62.9 41.8
54.9 64.6 40.7
52.4 65.6 40.1
54.7 64.6 40.7
56.9 63.7 41.2
55.6 64.3 40.9
122.0 45.0 58.4

57.5 63.5 41.4
55.9 64.1 41.0
54.0 64.9 . 40.5
53.9 65.0 40.4
53.4 65.2 40.3
54.9 64.5 40.7

22.4 81.7 32.2
17.0 85.3 30.7
38.8 72.0 36.5
28.5 77.8 33.8
17.3 85.3 30.8
20.7 82.9 31.7
31.6 76.0 34.6
31.7 75.9 34.6
45.2 68.9 38.1
34.5 74.3 35.4
28.8 78.0 33.8

P r io r  to treatment:
9 /1 7 .............................................................................
9 / 1 8 .............................................................................
9 /1 9 .............................................................................
9 / 2 0 .............................................................................
9 / 2 1 .............................................................................

Average,  5 days..........................................
18 h a f t e r  treatment:

9/21 (morning)......................................................
Do. . .......................................................................
Do.............................................................................
Do.............................................................................
Do..............................................................................

Average, 5 samples................................... ,
5 min a f t e r  treatment :  9/21 (a f te rnoon) ,
65 h a f t e r  treatment:

9 /2 4 ..............................................................................
Do..............................................................................
Do...............................................................................
Do...............................................................................
Do...............................................................................

Average, 5 samples............ ........................
68 days a f t e r  t re a tm en t :2

11/29 (1 f t  from s u r fa c e ) ..............................
Do..............................................................................
Do...............................................................................
Do...............................................................................

11/29 (2 f t  from s u r fa c e ) ..............................
Do...............................................................................

11/29 (3 f t  from s u r f a c e ) . . . . . ...................
Do...............................................................................
Do...............................................................................

11/29 (4 f t  from s u r fa c e ) .............. ...............
Average, 10 samples.

rSee text for definition and calculation method 
2For these samples, "ft from surface" refers to 

All previous samples were taken at the surface.

for VT.
depth at which samples were taken.
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CONCLUSIONS

The laboratory and field experiments
indicate that the addition of polymer
in the proper dosage has a dramatic
and beneficial effect on the coal ref
use slurry dewatering process. Polymer 
treatment could double the solids storage 
capacity of a waste impoundment. Some 
coal refuse slurries require pH adjust
ment up to pH 11 to achieve this effect.6 
As the treated slurry was discharged, an 
immediate separation of water and solids 
occurred. The flocculated solids readily 
settled, and relatively clear water was 
liberated. Untreated slurry takes much 
longer to settle, and decant water con
tinues to have a muddy appearance.
It is necessary to add the polymer 

to the slurry in the pipeline so that 
10 to 20 s of thorough mixing can take 
place prior to discharge. Usually, nat
ural flow turbulence in the pipeline will 
achieve the mixing. Proper dilution of 
neat polymer is also important. In the 
field test, e x tre m e  f lu c t u a t io n  of slurry 
specific gravity was encountered. This 
is common with most fine coal waste 
streams from preparation plants. Auto
matic control of the polymer injection as 
a function of slurry mass flow rate 
optimizes polymer dosage and prevents 
overtreatment or undertreatment.
To aid water separation, deposition on 

a slightly sloping area is advised. A 
catchment area downstream would be used 
to intercept the water for recircula
tion to the preparation plant for coal 
cleaning and to the polymer system for 
dilution.

^ Wor k  c i t e d  i n  f o o t n o t e  4 .

Two laboratory events differed with 
field events: (1) The anionic polymer
dosage requirement in the field was less 
than in the laboratory, and (2) a cati
onic coagulant was needed in the field 
but not in the laboratory. Approximately
6 months lapsed between the time the 
laboratory sample was collected and the 
time the field test was performed. Al
though mineralogical tests were not con
ducted, the differences between labora
tory and field results are believed to 
be due to mineralogical changes of the 
fine coal refuse slurry during this time 
lapse. For this reason, laboratory in
vestigations to determine polymer types, 
dosages, mixing requirements, etc., must 
be performed prior to large-scale field 
application, and polymer treatment may 
also have to be altered if the slurry 
properties change with time.
The equipment used to complete the 

field test was relatively inexpensive and 
capable of optimizing polymer dosage. 
The polymer requirements were similar to 
those required by a- -belt press or other 
mechanical dewatering systems. However, 
the continuous monitoring of the slurry 
density could result in a more effi
cient use of polymer, thus reducing the 
cost. All mines, especially those having 
a limited waste disposal area, could 
utilize polymer treatment to aid solid- 
water separation for the fine waste dis
posal. By recirculating freed water from 
the impoundment back to the preparation 
plant, a given waste disposal area could 
retain over twice as much solids, thus 
giving that much more service life.
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