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ABSTRACT

A t e c h n i q u e  t h a t  d e t e r m i n e s  t h e  o p t i m a l  p a r t i c l e - s i z e  

d i s t r i b u t i o n  f o r  c o a l - s l u r r y  p i p e l i n e s  has been d e v e lo p e d  

and has been p ro v e n  t o  w o r k .  The t e c h n i q u e  i n v o l v e s  de ­

v e l o p i n g  c o s t  f u n c t i o n s  f o r  c o a l - s l u r r y  p r e p a r a t i o n ,  c o a l -  

s l u r r y  p i p e l i n e  t r a n s p o r t a t i o n  and c o a l - s l u r r y  s e p a r a t i o n  

o r  d e w a t e r i n g ,  and d e t e r m i n i n g  t h e  o p t i m a l  c o a 1 - p a r t i c l e -  

s i z e  d i s t r i b u t i o n  b o th  a n a l y t i c a l l y  and g r a p h i c a l l y .  The 

c o a l - p a r t i e  l e - s i z e  d i s t r i b u t i o n  was chosen  t o  be r e p r e s e n t e d  

by a c o a l - p a r t i c l e - s i z e  d i a m e t e r  r e f e r r e d  t o  as t h e  w e i g h t e d  

mean d i a m e t e r  ( WMD)•

A case  s t u d y ,  w h i c h  assumes a c o a l - s l u r r y  p i p e l i n e  t h a t  

t r a n s p o r t s  c o a l  a t  t h e  r a t e  o f  300 t o n s  p e r  h o u r  ( 2 . 3 7 5  

m i l l i o n  t o n s  p e r  o n - s t r e a m  y e a r  (3 3 0  d a y s ) )  a d i s t a n c e  o f  

200 m i l e s , has been u n d e r t a k e n . F o r  t h i s  case  s t u d y ,  t h e  

t e c h n i q u e  r e s u l t e d  i n  an o p t i m a l  c o a l - p a r t i c l e - s i z e  d i s t r i ­

b u t i o n ,  95 p e r c e n t  o f  w h i c h  p a sse s  t h r o u g h  a 14 mesh s c r e e n  

and c o n t a i n s  a b o u t  25 p e r c e n t  t h a t  pa sses  t h r o u g h  a s c r e e n  

s i z e  o f  325 m esh . I t  was r e p r e s e n t e d  by a w e i g h t e d  mean 

d i a m e t e r  o f  0 .3 3 0  mm.

F o r  t h e  case s t u d y  d e s c r i b e d  a b o v e ,  t h e  t o t a l  a n n u a l  

c a p i t a l  and o p e r a t i n g  c o a l - s l u r r y  p r e p a r a t i o n  c o s t  i n  De­

cember  1975 f o r  t h i s  p i p e l i n e  was fo u n d  t o  be S 5 9 6 ,6 7 1 ,  o r

iv
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0 .1 2 6  c e n t s / t o n - m i l e .  P i p e l i n e  t r a n s p o r t a t i o n  c o s t  was 

f o u n d  t o  be $ 7 , 3 5 5 , 6 0 0 ,  o r  1 .5 5  c e n t s / t o n - m i l e .  C o a l - s l u r ­

r y  s e p a r a t i o n  o r  d e w a t e r i n g  c o s t  was fo u n d  t o  be $ 1 , 1 6 8 , 5 1 7 ,  

o r  0 .2 4 6  c e n t s / t o n - m i l e . The t o t a l  c o s t  i s  t h e n  $ 9 , 1 3 0 , 7 8 8 ,

o r  1 .9 2 2 0  c e n t s / t o n - m i l e .

The t o o l  p r o v e d  t o  w ork  b o t h  a n a l y t i c a l l y  and g r a p h i ­

c a l l y .
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INTRODUCTION

A lm o s t  e v e r y  p a p e r , 1 m a g a z i n e , and t e l e v i s i o n  o r  r a d i o  

p ro g ra m  nowadays c a l l s  f o n  e x p a n s i o n  and d i v e r s i f i c a t i o n  o f  

e n v i r o n m e n t a l l y  a c c e p t a b l e  U .S .  d o m e s t i c  e n e r g y  s o u r c e s .

T h i s  c a l l  has been c r e a t e d  b y :

1 .  t h e  d e p l e t i o n  o f  l o w - c o s t  d o m e s t i c  o i l  and gas

r e s o u r c e s ,

2 .  t h e  h i g h  c o s t  o f  and heavy  dependence  on f o r e i g n

o i l  and gas s u p p l i e s ,  and

3 .  t h e  u n r e l i a b i l i t y  a t  t h e  p r e s e n t  t i m e  o f  n u c l e a r

s y s t e m s .

These f a c t o r s  have p r o d u c e d  a s h a r p l y  i n c r e a s e d  i n t e r ­

e s t  i n  r e t u r n i n g  t o  c o a l ,  s i n c e  c o a l  i s  t h e  most  p l e n t i f u l

s o u r c e  o f  e n e r g y  i n  t h e  U .S .

C o a l  i s  a l s o  a b u n d a n t  t h r o u g h o u t  t h e  w o r l d .  B a t t e l l e

( l )  e s t i m a t e s  t h a t  90 p e r c e n t  o f  t h e  w o r l d ' s  r e s e r v e s  o f  

b i t u m i n o u s  c o a l  i s  f o u n d  i n  C h in a ,  t h e  U n i t e d  S t a t e s ,  and 

t h e  U . S . S . R . , a n d  t h a t  90 p e r c e n t  o f  t h e  w o r l d ' s  r e s e r v e s  o f  

l i g n i t e  (b ro w n  c o a l )  i s  f o u n d  i n  A u s t r a l i a ,  t h e  U n i t e d

S t a t e s ,  and t h e  U . S . S . R .  The U n i t e d  S t a t e s  has n e a r l y  h a l f

o f  t h e  w o r l d ' s  r e s e r v e s  o f  c o a l .

A b r i e f  d i s c u s s i o n  o f  t h e  c u r r e n t  s t a t u s  o f  c o a l  i n  t h e  

U n i t e d  S t a t e s  f o l l o w s .
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COAL IN THE U .S .

I n  t h e  U n i t e d  S t a t e s , c o a l  i s  w id e s p r e a d  and a b u n d a n t • 

C o a l - b e a r i n g  r o c k s  u n d e r l i e *  13* p e r c e n t  o f  t h e  l a n d  o f  t h e  

50 s t a t e s  and a r e  p r e s e n t  i n  p a r t s *  o f  37 s t a t e s .

R e s o u rc e s

U .S .  c o a l  r e s o u r c e s , as e s t i m a t e d  by t h e  U .S .  G e o l o g i ­

c a l  S u r v e y  ( 2 ) ,  a r e  much l a r g e r  t h a n  t h e  r e s o u r c e s  o f  o i l  

and gas c o m b in e d .

R e c o v e r a b le  r e s e r v e s  o f  c o a l  a r e  e s t i m a t e d  t o  be 197 

b i l l i o n  s h o r t  t o n s , w h i l e  t o t a l  i d e n t i f i e d * r e s o u r c e s  ( i n c l u  

d i n g  r e s e r v e s  i n  t h i c k  a c c e s s i b l e  b e d s )  a r e  e s t i m a t e d  t o  be 

1 ,5 8 1  b i l l i o n  t o n s , w i t h  a r e c o v e r a b i l i t y  r a n g e  o f  40 t o  90 

p e r c e n t , d e p e n d in g  on m i n i n g  methods  and g e o l o g y . H y p o t h e t  

c a l  r e s o u r c e s  ( t h o s e  e x p e c t e d  t o  be f o u n d  i n  unmapped and 

u n e x p l o r e d  a r e a s  i n  known c o a l  f i e l d s )  a r e  e s t i m a t e d  t o  be 

1 ,6 4 3  b i l l i o n  t o n s .

W i t h  t h e s e  r e s o u r c e s  i n  t h e  U . S . ,  c o a l  can  p r o v i d e  man 

d e cad e s  o f  f u e l  and h y d r o c a r b o n  s u p p l i e s  t o  meet  f u t u r e  en ­

e r g y  demands.  The t e c h n o l o g i e s  f o r  m i n i n g ,  w a s h i n g , t r a n s ­

p o r t i n g ,  and b u r n i n g  o f  c o a l  a r e  w e l l  k n o w n . C o a l  can  be
l - .

c o n v e r t e d  i n t o  e l e c t r i c i t y ,  h e a t ,  g a s , and ( i n  t h e  f u t u r e )  

h e a v y  l i q u i d s  and l i g h t  d i s t i l l a t e s  t o  s e r v e  a l m o s t  a l l  t h e
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e n e r g y - c o n s u m i n g  m a r k e t s  •

P r o d u c t i o n

In  t h e  U . S . ,  c o a l  p r o d u c t i o n  f a c e s  some e n v i r o n m e n t a l  

p r o b le m s  w h i c h  i n  t u r n  a f f e c t  t h e  c o s t  and a v a i l a b i l i t y  o f  

c o a l . These e n v i r o h m e n t a l  c o n s t  r  a i  n t s  a r e  :

1 .  Land Damage: Land i s  a l t e r e d  by t h e  method o f

m i n i n g  u s e d , e . g .  s u r f a c e  and u n d e r g r o u n d  

m i n i n g  d e p r e s s e s  t h e  t o p o g r a p h y .

2 .  H e a l t h  R is k  t o  P o p u l a t i o n :  T h e re  a r e  h e a l t h  and

s a f e t y  r i s k s  i n  s u r f a c e  and u n d e r g r o u n d  m i n i n g .

3 .  A i r  P o l l u t i o n :  A i r  p o l l u t i o n  i s  c r e a t e d  by th e

b u r n i n g  o f  c o a l - s u l p h u r  and o t h e r  p a r t i c u l a t e  

m a t e r i a l  such  as a s h .

U .S .  c d a l  p r o d u c t i o n  has s e t  a r e c o r d  h i g h  o f  638 m i l ­

l i o n  t o n s  i n  1975 - -  an 8 - p e r c e n t  i n c r e a s e  o v e r  t h e  1974 p r o ­

d u c t i o n .  C o a l  p r o d u c t i o n  i s  e x p e c t e d  t o  i n c r e a s e  t o  664 m i l ­

l i o n  t o n s  i n  1976 ( 3 ) .  These h i g h  r e c o r d s  a r e  s i m i l a r  t o  

t h e  p o s t w a r  boom y e a r  o f  1947, when th e  U .S .  p ro d u c e d  631 

m i l l i o n  t o n s  ( 4 ) ,

C o a l  C o n s u m p t io n

I n  t h e  e a r l y  p a r t  o f  t h e  c e n t u r y ,  c o a l  s u p p l i e d  a l m o s t  

80 p e r c e n t  o f  t h e  n a t i o n ' s  e n e r g y  ( T a b l e  l ) .  S h o r t l y  a f t e r  

UIUI I I ,  c o a l  demand d ro p p e d  t o  l e s s  t h a n  40 p e r c e n t  due t o
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r a i l r o a d s  s h i f t i n g  f r o m  c o a l - f i r e d  s team l o c o m o t i v e s  t o  

d i e s e l  e n g in e s  t o  a v o i d  t h e  p r o b le m  o f  c o a l  h a n d l i n g .  A t  

t h e  same t i m e ,  home c o a l  f u r n a c e s  s h i f t e d  t o  c l e a n e r ,  more 

c o n v e n i e n t ,  and e n v i r o n m e n t a l l y  a c c e p t a b l e  s o u r c e s  o f  e n e r ­

gy —  o i l  and n a t u r a l  g a s .

T a b le  1 . E n e rg y  S u p p l i e s  
i n  t h e  U .S .

S o u rc e  o f  
E n e rg y 1920

P e r c e n t  o f  T o t a l  

1950 1973

C oa 1 78 38 18

P e t r o l e u m 14 39 46

N a t u r a l  Gas 4 18 31

H yd ro 4 5 4

N u c l e a r - - 1

T o t a l 100 100 100

Sou rce  * F o rd F o u n d a t i o n ( 5 )

F u t u r e  M a r k e t s

M a jo r  b r e a k t h r o u g h s  i n  t e c h n o l o g y  w i l l  p l a y  a l a r g e  

r o l e  i n  t h e  f u t u r e  d o m e s t i c  m a r k e t s  o f  c o a l .

C o a l  f o r  t h e  s y n t h e t i c  f u e l  m a r k e t s  w i l l  be used  i n  t h e  

e a r l y  1 9 8 0 ' s  f o r  t h e  p r o d u c t i o n  o f  s y n t h e t i c  p i p e l i n e  gas and
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s y n t h e t i c  l i q u i d  f u e l s • O t h e r  p r o c e s s e s  p ro d u c e  c l e a n  ( s u l ­

f u r - f r e e )  c o a l  f o r  b u r n i n g  i n  power p l a n t s  and r e f i n e r i e s ,  

o r  f o r  any  o t h e r  i n d u s t r i a l  u s e ,

T o d a y , t h e r e  a r e  many p r o c e s s e s  f o r  p r o d u c i n g  s y n t h e t i c  

f u e l  f r o m  c o a l ; some a r e  a t  t h e  l a b o r a t o r y - bench  s c a l e  s t a g e ,  

and some a re  a t  t h e  p i l o t - p l a n t  s t a g e , w h i l e  o t h e r s  a r e  a t  

t h e  p r o d u c i n g  s t a g e . A summary o f  t h e s e  p r o c e s s e s  i s  

p r e s e n t e d  i n  A p p e n d ix  A .

The N a t i o n a l  Academy o f  E n g i n e e r i n g  ( 6 )  e s t i m a t e d  t h a t  

c o a l  p r o d u c t i o n  i n  t h e  U .S .  by 1985 w i l l  d o u b le  t h e  c u r r e n t  

a n n u a l  o u t p u t  o f  500 m i l l i o n  t o n s , as shown b e l o w .

S ou rce

E a s t e r n  U n d e rg ro u n d  

E a s t e r n  S u r f a c e  

W e s te rn  S u r f a c e  

T o t a l

F u e l

C o a l  s o l i d s  ( f o r  u t i l i t i e s ,
i n d u s t r i a l , and r e s i d e n t i a l )

S y n t h e t i c s

T o t a l

1985 P r o d u c t  i o n  
m i l l i o n  t o n s / y e a r

480

220

560

1 ,2 6 0

1985 C o n s u m p t io n  
m i l l i o n  t o n s / y e a r

950

310

1 ,2 6 0

From t h e s e  f i g u r e s ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  s y n t h e t i c  

f u e l  i n d u s t r y  w i l l  be c o n s u m in g  a b o u t  25 p e r c e n t  o f  t h e  t o t a l  

p r o d u c t i o n  o f  c o a l  i n  1 9 8 5 .

RSTKUa L5 2 &RY. 
COLORADO SCHOOL of MINES

GOLDEN* COLORADO SûâQS
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T r a n s p o r t a t  i o n

S in c e  c o a l  i s  a s o u r c e  o f  e n e r g y , i t  must  be t r a n s ­

p o r t e d  t o  t h e  v i c i n i t y  o f  i t s  use i n  one fo rm  o r  a n o t h e r ,  

e i t h e r  i n  i t s  n a t u r a l  s t a t e , as e l e c t r i c i t y , o r  as a r e f i n e d  

p r o d u c t  su ch  as a gas o r  a l i q u i d .  C u r r e n t l y ,  t h e  e c o n o m ic s  

o f  c o a l  u t i l i z a t i o n ,  p a r t i c u l a r l y  as an e n e r g y  s o u r c e  f o r  

e l e c t r i c  power g e n e r a t i o n ,  f a v o r  m o v in g  i t  and u s i n g  i t  i n  

i t s  n a t u r a l  s t a t e  ( 6 )

Modes o f  C o a l  T r a n s p o r t a t i o n : I n  t h e  U .S .  t h e r e  a r e

f o u r  m a jo r  modes o f  t r a n s p o r t i n g  c o a l  i n  i t s  n a t u r a l  f o r m  t o  

m a r k e t s • r a i l r o a d s ,  b a r g e s ,  t r u c k s , and m i s c e l l a n e o u s  means 

su ch  as t r a m w a y , c o n v e y o r s , and s i u r r y  p i p e l i n e s .  T a b le  2 

shows t h e  1973 s h a r e  o f  each  o f  t h e s e  m odes •

T a b l e  2 .  C o a l  T r a n s p o r t a t i o n  Modes 
i n  t h e  U .S .  i n  1973

  Mode__________________________  P e r c e n t

R a i l r o a d s  5 2 *

B a rg e s  27

T r u c k s  12

O t h e r  (T ra m w a y ,  c o n v e y o r  and
p r i v a t e  r a i l r o a d s ) 8

S l u r r y  P i p e l i n e s * *  <1

T o t a l  100

*  S o u r c e :  U .S .  B u re a u  o f  M ines  ( 7 ) .  T h i s  f i g u r e  has been
u p d a t e d  t o  65 p e r c e n t  i n  1975 ( 8 ) ,

* *  C o a l - s l u r r y  p i p e l i n e s  a r e  p i p e l i n e s  t r a n s p o r t i n g  c r u s h e d  
c o a l  su sp en d e d  i n  a l i q u i d ,  ( w a t e r ) .
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The W e s te rn  S t a t e s  a r e  e x p e c t e d  t o  p l a y  an i m p o r t a n t  

p a r t  i n  t h e  U n i t e d  S t a t e s  ' f u t u r e  e n e r g y  m a r k e t . Some p r e ­

d i c t  t h a t  a n n u a l  c o n s u m p t i o n  o f  W e s te rn  c o a l  f r o m  W yom ing , 

C o l o r a d o ,  and n e i g h b o r i n g  s t a t e s  w i l l  r i s e  f r o m  21 m i l l i o n  

t o n s  i n  1971 t o  362 m i l l i o n  t o n s  i n  1980 ( 9 ) .  Because o f  

t h e  r e m o te n e s s  and t h e  low  p o p u l a t i o n  d e n s i t y  o f  t h e  new 

c o a l  f i e l d s  and because  o f  t h e  p r o j e c t e d  i n c r e a s e d  p r o d u c ­

t i o n  , c o a l  w i l l  have t o  be moved t o  m a rk e t  by a l l  o f  t h e  e x ­

i s t i n g  t r a n s p o r t a t i o n  m o d es .

The r a i l r o a d s  a l o n e  c e r t a i n l y  c a n n o t  t r a n s p o r t  t h e  p r o ­

j e c t e d  am oun ts  o f  c o a l • W a te rw ays  ( b a r g e s )  a r e  t h e  c h e a p e s t  

mode o f  t r a n s p o r t i n g  c o a l  b u t  a r e  l i m i t e d  g e o g r a p h i c a l l y

( 1 0 ) •  M o r e o v e r , t h e r e  a r e  no w a te r w a y s  i n  t h e  West w i t h i n  

a h u n d re d  m i l e s  o f  t h e  c o a l  f i e l d s . T r u c k s  a r e  u n e c o n o m ic a l  

f o r  l o n g  d i s t a n c e  and l a r g e  v o lu m e s  ; t h e r e f o r e ,  c o a l - s l u r r y  

p i p e l i n e s  must p l a y  an i n c r e a s i n g  r o l e  i n  t r a n s p o r t i n g  c o a l  

w he re  w a t e r  i s  a v a i l a b l e .

The t e c h n i c a l  j o u r n a l .  C h e m ic a l  E n g i n e e r i n g  ( 9 ) ,  c o n t a i n s  

M r .  D a le  W. S t e f f e s ' p r o j e c t i o n  t h a t  r a i l r o a d s  and s l u r r y  

p i p e l i n e s  w i l l  t r a n s p o r t  a l m o s t  e q u i v a l e n t  am oun ts  o f  W e s t e r n  

c o a l  by 1980 ,  as shown i n  t h e  f o l l o w i n g ,
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m i l l i o n  o f  t o n s  
p e r  y e a r

Moved by r a i l  f o r  u t i l i t i e s
and i n d u s t r y 165

Moved by s l u r r y  p i p e l i n e s  f o r
u t i l i t i e s  and i n d u s t r y 162

On s i t e  g e n e r a t i o n  s t a t i o n  ( E H V) 20

S u b s t i t u t e  n a t u r a l  gas (SNG)
f r o m  c o a l 15

T o t a l 362

C o a l - S l u r r y  P i p e l i n e s * The t e c h n o l o g y  o f  c o a l - s l u r r y  

p i p e l i n e s  has r e a c h e d  t h e  s t a g e  o f  m a t u r i t y  and has been 

f i r m l y  e s t a b l i s h e d  by t h e  O h io  and t h e  A r i z o n a  p i p e l i n e s  t o  

be t e c h n i c a l l y  and e c o n o m i c a l l y  f e a s i b l e .  The O h io  p i p e ­

l i n e ,  10 i n c h e s  i n  d i a m e t e r ,  t r a n s p o r t e d  1 ,3  m i l l i o n  t o n s  o f  

c o a l  a n n u a l l y  f r o m  C a d i z , O h io ,  t o  t h e  E a s t  Lake Power p l a n t  

o f  Lake  E r i e ,  n e a r  C l e v e l a n d  - -  a d i s t a n c e  o f  108 m i l e s .

The O h io  p i p e l i n e  was b u i l t  when r a i l r o a d  t a r i f f s  were  i n ­

c r e a s e d  s u b s t a n t i a l l y .  The p i p e l i n e  was t e c h n i c a l l y  and 

e c o n o m i c a l l y  s u c c e s s f u l  —  so much so t h a t  i t  was s h u t  down 

o n l y  a f t e r  s i x  y e a r s  o f  o p e r a t i o n  ( 1 9 5 7 - 1 9 6 3 ) ,  when t h e  r a i l ­

ro a d  l o w e r e d  t r a n s p o r t a t i o n  r a t e s  f r o m  S 3 , 0 0 / t o n  t o  5 1 , 9 0 / t o n

( 1 1 ) ,  A t  t h i s  p o i n t ,  t h e  p i p e l i n e  o p e r a t i o n  became u n e c o ­

n o m i c a l  i n  c o m p a r i s o n  t o  t h e  r a t e s  o f  r a i l  t r a n s p o r t a t i o n .

I n  1970 ,  t h e  l o n g e s t  and l a r g e s t  c o a l - s l u r r y  p i p e l i n e ,  

t h e  B l a c k  Mesa c o a l - s l u r r y  p i p e l i n e , w e n t  i n t o  o p e r a t i o n .
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The l i n e  i s  18 i n c h e s  i n  d i a m e t e r  and c u r r e n t l y  t r a n s p o r t s  

a b o u t  5 m i l l i o n  t o n s  o f  c o a l  p e r  y e a r  f r o m  t h e  K a y e n ta  c o a l  

m ine  i n  A r i z o n a  t o  t h e  Mohave power p l a n t  i n  N e v a d a , a d i s ­

t a n c e  o f  273 m i l e s • T h i s  p i p e l i n e  was b u i l t  i n  an i s o l a t e d  

r e g i o n  o f  A r i z o n a  w he re  t h e r e  was no e x i s t i n g  r a i l w a y  t r a c k ­

age .

T h e re  a r e  i n  t h e  U .S .  a t  l e a s t  s i x  more p r o p o s e d  c o a l -  

s l u r r y  p i p e l i n e s , w h i c h  a r e  l i s t e d  i n  T a b l e  3 .  These p r o ­

posed  p i p e l i n e s  must be p u t  i n t o  o p e r a t i o n  t o  t r a n s p o r t  c o a l  

t o  s a t i s f y  U .S .  e n e r g y  c o n s u m p t i o n  ; b u t  t h e y  f a c e  tw o  p ro b le m s  % 

t h e  p r o b le m  o f  " r i g h t  o f  way"  and t h e  p r o b le m  o f  w a t e r  a v a i l ­

a b i l i t y .  I f  c o a l - s l u r r y  p i p e l i n e  o p e r a t o r s  a r e  g r a n t e d  t h e  

r i g h t  o f  e m in e n t  dom a in  and i f  w a t e r  i s  a v a i l a b l e ,  t h e s e  s i x  

p ro p o s e d  c o a l - s l u r r y  p i p e l i n e s  p r o b a b l y  w i l l  go i n t o  o p e r a t i o n .  

Thus i t  i s  a p o l i t i c a l  p r o b l e m ,  n o t  a t e c h n i c a l  p r o b l e m ,  t h a t  

i s  h o l d i n g  t h e s e  p i p e l i n e  p r o j e c t s  on t h e  d r a w i n g  b o a r d .

A t y p i c a l  c o a l - s l u r r y  p i p e l i n e  s y s te m  i n v o l v e s  ( 1 )  c o a l -  

s l u r r y  p r e p a r a t i o n  i n  w h i c h  t h e  c o a l  i s  g ro u n d  t o  t h e  d e s i r ­

a b l e  s i z e  f o r  p i p e l i n i n g ,  m ixed  w i t h  t h e  l i q u i d  c a r r i e r  

( w a t e r ) ,  and pumped t h r o u g h  a p i p e l i n e ;  ( 2 )  c o a l - s l u r r y  p i p e ­

l i n i n g  i n  w h i c h  t h e  c o a l - s l u r r y  i s  t r a n s p o r t e d  f r o m  s o u r c e  t o  

t e r m i n a l ;  and ( 3 )  c o a l - s l u r r y  s e p a r a t i o n , i n  w h i c h  t h e  c o a l  i s  

s e p a r a t e d  f ro m  t h e  w a t e r  t o  r e n d e r  i t  s u i t a b l e  f o r  c o m b u s t i o n .

The t o t a l  c o a l - s l u r r y  p i p e l i n e  s y s te m  depends  on t h e
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T a b le  3 .  C o a l - S l u r r y  P i p e l i n e s
i n  t h e  U .S .

E x i s t i n g  L in e s  
Name O r i g i n / T e r m i n a l

L e n g t h  D ia m e t e r  C a p a c i t y  
( m i l e s )  ( i n c h e s )  ( m i l l i o n  
_____________________ t o n s / y r .

C o n s o l i d a t i o n  

B l a c k  Mesa

C a d i z - C l e v e l a n d , 
O h io

K a y e n t a , A Z . /  
Nevada

108

273

10

18

1 .3

5 . 0

P la n n e d  L i n e s

ETSI
* *

H o u s to n  
N a t • Gas

S a l t  R i v e r  
S ys tem

Nevada Power

G u l f  I n t e r s t a t e

M o n ta n a / H o u s to n

G i l l e t t e .  U IY . /
W h i t e  B l u f f ,  AR. 1040

W a ls e n b u r g ,  C O . /
H o u s t o n ,  T X . 1100

S t a r  L a k e , N . f f l . /
S t .  J o h n s ,  AR, 180

A l t o n , U T /  A r ro w
C a n y o n , Nevada 180

G i l l e t t e ,  U IY . /
Oregon 800

S o u th e r n  M o n t a n a /
H o u s t o n , Texas  1260

* * *

38

18

16

24

30

42

25

10

16

30

S o u rce s  * ( 1 2 .  13)

*  i s  n o t  i n  o p e r a t i o n  a t  t h i s  t i m e .

E n e rg y  T r a n s p o r t a t i o n  Sys tem s I n c .  

E s t i m a t e d  f r o m  t h e  map. ( 1 3 )

* *

* * *
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c o a l - p a r t i c l e  s i z e  and d i s t r i b u t i o n • The p a r t i c l e  s i z e  and 

d i s t r i b u t i o n  a r e  t h e  k e y s  t o  t h e  h y d r a u l i c  t r a n s p o r t a t i o n  o f  

s o l i d s . As t h e  c o a l - p a r t i c l e  s i z e  becomes s m a l l e r ,  t h e  c r i ­

t i c a l  v e l o c i t y *  f o r  t h e  f i n e  o r  homogeneous s l u r r i e s  and t h e  

d e p o s i t i o n  v e l o c i t y * *  f o r  c o a r s e  o r  h e t e r o g e n e o u s  s l u r r i e s  

d e c r e a s e  s . T h i s  d e e r  ease* r e s u l t s ,  in ,  a. I p #  ope r a t  i n  g c o s t  

f o r  p i p e l i n e  t a n s p o r t a t  i o n . B u t  p i p e l i n e  t r a n s p o r t a t i o n  i s  

o n l y  one p a r t  o f  t h e  t o t a l  c o s t  o f  a s l u r r y  p i p e l i n e  s y s t e m .  

The o t h e r  tw o  p a r t s  o f  t h e  c o a l - s l u r r y  p i p e l i n e  s y s te m  a r e  

c o a l - s l u r r y  p r e p a r a t i o n ,  and c o a l - s l u r r y  s e p a r a t i o n .  These 

p r o c e s s e s ,  when d e a l i n g  w i t h  f i n e  c o a l , w i l l  have an i n ­

c r e a s i n g  o p e r a t i n g  c o s t  be cau se  f i n e  c o a l  r e q u i r e s  e x t e n s i v e  

c r u s h i n g  and g r i n d i n g  ; and s e p a r a t i o n  o f  f i n e  c o a l - s l u r r y  i s  

d i f f i c u l t  and e x p e n s i v e ,

♦ C r i t i c a l  v e l o c i t y  i s  t h e  v e l o c i t y  t h a t  d e l i n e a t e s  be tw ee n  
t u r b u l e n t  and l a m i n a r  f l o w .  T h i s  v e l o c i t y  i s  t h e  v e l o c i t y  
used  f o r  homogeneous s l u r r i e s .  S l u r r i e s  a r e  r e f e r r e d  t o  as 
homogeneous when t h e  s o l i d  p a r t i c l e s  a r e  v e r y  f i n e  and 
l i g h t , so t h a t  t h e  s o l i d  and l i q u i d  phases  may e s s e n t i a l l y  
be ha ve  as o n e , I n  t h i s  ^ sys te m ,  t h e  mean v e l o c i t y  o f  t h e  
f l o w  i s  h i g h  enough t o  keep  t h e  s o l i d  p a r t i c l e s  u n i f o r m l y  i n  
s u s p e n s i o n  t h r o u g h o u t  t h e  p ip e  c r o s s  s e c t i o n . Examples  o f  
t h i s  t y p e  o f  n o n j d e p o s i t  f l o w  a r e  t h e  t r a n s p o r t  o f  c l a y s , 
‘d r i l l i n g  muds, c e m e n t , and sewage s l u d g e ,
* *  D e p o s i t i o n  v e l o c i t y  i s  t h e  v e l o c i t y  a t  w h i c h  m i n e r a l  s o l ­
i d s  b e g i n  t o  d e p o s i t ?  t h a t  i s ,  when t h e  f o r c e  o f  g r a v i t y  
ove rcom es  f o r c e  o f  t u r b u l e n c e , T h i s  t e r m  i s  used f o r  c o a r s e  
o r  h e t e r o g e n e o u s  s l u r r i e s .  S l u r r i e s  a r e  r e f e r r e d  t o  as 
h e te r o g e n e o u s  when t h e  s o l i d  p a r t i c l e s  a r e  c o a r s e  and have  a 
l a r g e  r e l a t i v e  d e n s i t y .  I n  h o r i z o n t a l  f l o w , t h e  mean v e l o c ­
i t y  o f  t h e  s l u r r y  i s  lo w  so t h a t  t h e  s o l i d  p a r t i c l e s  p a r t i ­
a l l y  s e t t l e  t o  f o rm  a zone o f  i n c r e a s e d  c o n c e n t r a t i o n  n e a r  
t h e  b o t t o m  o f  t h e  p i p e , .  Exam p les  a r e  c o a r s e  s a n d s , t r o n a , 
p h o s p h a t e , s a l t ,  c o a l  and n i c k e l  o r e s .
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The o p p o s i t e  i s  t r u e  f o r  c o a r s e  c o a l .  As t h e  c o a l  p a r ­

t i c l e s  become l a r g e r , t h e  c r i t i c a l  v e l o c i t y  f o r  t h e  homogen­

eous o r  f i n e  s l u r r i e s  and t h e  d e p o s i t i o n  v e l o c i t y  f o r  c o a r s e  

o r  h e t e r o g e n e o u s  s l u r r i e s  i n c r e a s e . T h i s  i n c r e a s e  r e s u l t s  i n  

a h i g h  o p e r a t i n g  c o s t  f o r  p i p e l i n e  t r a n s p o r t a t i o n , and a low  

o p e r a t i n g  and c a p i t a l *  c o s t  f o r ,  c o a l - s I p r K y  p r e p a r a t i o n  and 

s e p a r a t i o n ,  b e cause  i t  c o s t s  l e s s  t o  c r u s h  and s e p a r a t e  c o a r s e  

c o a l . T h e r e f o r e , an o p t im um  c o a l - p a r t i c l e  s i z e  and d i s t r i ­

b u t i o n  must e x i s t  i n  t h e  o v e r a l l  s l u r r y  p i p e l i n e  s y s te m  t o  

g i v e  t h e  l o w e s t ,  t o t a l , c o m b in e d  c o s t  o f  s l u r r y  p r e p a r a t i o n ,  

p i p e l i n i n g ,  and s e p a r a t i o n .

Because  r e d u c t i o n  o f  o p e r a t i n g  and c a p i t a l  c o s t s  o f  any 

o f  t h e  c o a l - s l u r r y  s y s te m  co m p o n e n ts  i s  b e n e f i c i a l ,  t h i s  

s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  t h e  o p t im um  p a r t i c l e - s i z e  

d i s t r i b u t i o n  f o r  a c o a l - s l u r r y  p i p e l i n e  s y s t e m .

To d e v e l o p  a t o o l  t h a t  i n  t u r n  w o u ld  d e t e r m i n e  t h e  op­

t i m a l  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  f o r  a c o a l - s l u r r y  p i p e ­

l i n e ,  t h e  f o l l o w i n g  p r o c e d u r e  was f o l l o w e d t

1 .  C o s t  c u r v e s , as a f u n c t i o n  o f  p a r t i c l e  s i z e ,  were

d e v e lo p e d  f o r  each o f  t h e  f o l l o w i n g ;

a .  c o a l - s l u r r y  p r e p a r a t i o n ,
b . c o a l - s l u r r y  p i p e l i n e  t r a n s p o r t a t i o n  f o r  a

f i x e d  d i s t a n c e ,  
c • c o a l - s l u r r y  s e p a r a t i o n  o r  d e w a t e r i n g .

2 .  F rom t h e  c o s t - s  i z e  c u r v e s ,  c o s t - f u n c t i o n  e q u a t i o n s

were  d e v e l o p e d •
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3 .  A m a t h e m a t i c a l  mode l  t h a t  c o n s i s t s  o f  t h e

su m m at io n  o f  t h e  t h r e e  c o s t - f u n c t i o n s  

m e n t i o n e d  above  ( c o a l - s l u r r y  p r e p a r a t i o n ,  

p i p e l i n e  t r a n s p o r t a t i o n ,  and s e p a r a t i o n )  

was d e v e l o p e d .

4 .  An a t t e m p t  was made t o  d e t e r m i n e  t h e  op t im um

s o l u t i o n , b o t h  g r a p h i c a l l y  and a n a l y t i c a l l y .

I n  o r d e r  t o  e v a l u a t e  t h e  t e c h n i q u e  d i s c u s s e d  above^ a 

ca se  s t u d y  was made i n  w h i c h  a h y p o t h e t i c a l  c o a l - s l u r r y  p i p e ­

l i n e  was t o  d e l i v e r  300 t o n s  p e r  h o u r  o f  c o a l  f o r  a h o r i z o n ­

t a l  d i s t a n c e  o f  200 m i l e s  f r o m  t h e  c o a l  s o u r c e .  The f o l l o w ­

i n g  c h a p t e r s  w i l l  im p le m e n t  each  o f  t h e  above s t e p s  f o r  t h i s  

h y p o t h e t i c a l  c o a l - s l u r r y  p i p e l i n e .
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COSTS

The f o l l o w i n g  d i s c u s s i o n  o f  c o s t s  has been d i v i d e d  u n d e r  

t h e  h e a d in g s  C o a l - S l u r r y  P r e p a r a t i o n ,  C o a l - S l u r r y  P i p e l i n e  

T r a n s p o r t a t i o n ,  and C o a l - S l u r r y  S e p a r a t i o n .

C o a l - S l u r r y  P r e p a r a t i o n

The s l u r r y  p r e p a r a t i o n  s e c t i o n  o f  t h e  c o a l - s l u r r y  p i p e ­

l i n e  t r a n s p o r t a t i o n  s y s te m  has two m a in  f u n c t i o n s ;

1 .  t o  p r e p a r e  t h e  am ount ( c a p a c i t y )  and g r i n d  o f

c o a l  f o r  t e r m i n a l  u s e , and

2 .  t o  p r e p a r e  a s l u r r y  t o  t r a n s p o r t  t h i s  c a p a c i t y .

These f u n c t i o n s  a r e  a c c o m p l i s h e d  by t h e  use o f  c o a l -

s i z e  r e d u c t i o n  e q u i p m e n t , such  as c r u s h e r s  and g r i n d e r s ,  

and o t h e r  m i s c e l l a n e o u s  c o a l - s l u r r y  p r e p a r a t i o n  e q u ip m e n t  

su ch  as c o n v e y o r  b e l t s , s c r e e n s , d u s t  c o l l e c t o r s ,  m i x i n g  

t a n k s ,  m e te r s  and g a u g e s ,  s l u r r y  pumps, and p i p e s .  These a r e  

shown i n  F i g u r e  1 and a r e  d i s c u s s e d  i n  d e t a i l  i n  A p p e n d ix  8 ♦

As shown i n  F i g u r e  1, c o a l  i s  d e l i v e r e d  by c o n v e y o r  

b e l t s  f r o m  t h e  c o a l  s t o r a g e  a r e a  t o  s c a l p i n g  s c r e e n s  o f  t h e  

r e q u i r e d  s i z e .  The f r a c t i o n s  t h a t  pass  t h r o u g h  t h e  s c r e e n s  

d r o p  o n t o  a b e l t  and a r e  d e l i v e r e d  t o  e i t h e r  t h e  m i x i n g  t a n k  

o r  t o  t h e  w e t - g r i n d i n g  s e c t i o n ,  d e p e n d in g  on th e  c o a l - s l u r r y  

p a r t i c l e  s i z e  r e q u i r e d . The f r a c t i o n s  on t h e  s c r e e n s  a r e
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d i s c h a r g e d  i n t o  t h e  c r u s h e r s  f o r  r e d u c t i o n .  The c r u s h e d  

c o a l  i s  t h e n  w e ig h e d  by a u i e i g h t o m e t e r  on th e  f e e d  b e l t  and 

d e l i v e r e d  t o  a s l u r r y  m i x i n g  t a n k  o r  r o d  m i l l s  f o r  f u r t h e r  

g r i n d i n g .

I f  t h e  w e ig h e d  c o a l  i s  d e l i v e r e d  i n t o  a s l u r r y  m i x i n g  

t a n k ,  a m easured  amount o f  .w a t e r  i s  d e l i v e r e d  t o  be m ixed  

w i t h  t h e  c o a l  t o  f o r m  t h e  d e s i r e d  s l u r r y .  S l u r r y  i s  t h e n  

pumped t o  t h e  s l u r r y  h o l d i n g  t a n k s .

I f  t h e  w e ig h e d  c o a l  i s  d e l i v e r e d  t o  t h e  r o d  m i l l s  f o r  

f u r t h e r  g r i n d i n g ,  w a t e r  i s  d e l i v e r e d  t o  t h e  r o d  m i l l s  t o  

s t a r t  t h e  w e t - g r i n d i n g  p r o c e s s .  The p r o d u c t  o f  t h e  ro d  m i l l  

i s  a s l u r r y  w i t h  t h e  s p e c i f i e d  p a r t i c l e  s i z e  needed f o r  

p i p e l i n i n g .  S l u r r y  o v e r f l o w  f r o m  t h e  m i l l s  i s  c h a r g e d  i n t o  

a s l u r r y  s u r g e  t a n k ,  f r o m  w h i c h  i t  i s  pumped by c e n t r i f u g a l  

s l u r r y  pumps t o  t h e  s l u r r y  h o l d i n g  t a n k s .  A s l u r r y  d e n s i t y  

m e t e r ,  mounted  on t h e  pump d i s c h a r g e  l i n e ,  m o n i t o r s  t h e  c o a l  

c o n c e n t r a t i o n  o f  t h e  s l u r r y  and t r a n s m i t s  t h e  i n f o r m a t i o n  t o  

t h e  p l a n t  c o n t r o l  p a n e l s .  The s l u r r y  i s  t h e n  b e i n g  sa m p le d  

a u t o m a t i c a l l y  f o r  im m e d ia te  a n a l y s i s  o f  s i z e  d i s t r i b u t i o n  

and s o l i d s  c o n c e n t r a t i o n .  I f  t h e  s l u r r y  i s  s u i t a b l e  f o r  

p i p e l i n i n g ,  i t  i s  t h e n  pumped i n t o  t h e  p i p e l i n e .  I f  i t  i s  

n o t  s u i t a b l e ,  i t  i s  r e t u r n e d  t o  t h e  w e t - g r i n d i n g  s e c t i o n  f o r  

a d j u s t m e n t .

E l e v e n  c o a l - p a r t i c l e  s i z e s  d e f i n e d  as 95 t o  100 p e r c e n t
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p a s s i n g  t h r o u g h  1 - i n . ,  3 / 4 - i n . ,  3 / 8 - i n . , l / 4 - i n . ,  6 -m e sh ,  8 -  

mesh, 1 4 -m esh ,  1 6 -m esh ,  2 0 -m e s h ,  3 0 -m e sh ,  and 35-mesh  s c r e e n s  

were  used  f o r  t h i s  c a s e  s t u d y .  These  s i z e s ,  r a n d o m ly  s e l e c t ­

e d ,  w ere  based  on t h e  t o p  s i z e  o f  t h e  c o a l  p a r t i c l e s  o f  t h e  

B l a c k  Mesa P i p e l i n e  —  1 / 8 - i n . x 0 ( 1 4 ) .  F i v e  p a r t i c l e  s i z e s  

w e re  s e l e c t e d  t o  have a t o p  p a r t i c l e  s i z e  f i n e r  ( s m a l l e r )  

t h a n  t h e  B l a c k  M e s a ' s ,  1 / 8 - i n . x 0 ,  and f i v e  o t h e r s  were  s e ­

l e c t e d  t o  have a t o p  p a r t i c l e  s i z e  c o a r s e r  ( l a r g e r ) t h a n  t h e  

B l a c k  M e s a 's  l / 8 - i n .  x 0 .  These a r e  shown i n  T a b le  4 b e lo w .

T a b l e  4 .  C o a l - P a r t i c l e  S i z e s  
Used i n  T h i s  S tu d y

P a r t  i c l e  S i z e  - 9 5 - 1 0 0  P e r c e n t P a s s in g  T h ro u g h

In c h e s M i l l i m e t e r s
U .S .

S t a n d a r d  Mesh

1 .0 0 0 0 2 5 .4 0 0
0 .7 5 0 0 1 9 .0 5 0 -

0 .3 7 5 0 9 .5 2 5 —

0 .2 5 0 0 6 .3 5 0 3
0 .1 3 2 0 3 . 3 6 0 6
0 .0 9 3 7 2 . 3 8 0 8
0 . 0 5 5 0 1 .3 9 7 14
0 .0 4 6 9 1 .1 9 0 16
0 .0 3 3 1 0 .8 4 0 20
0 .1 2 3 2 0 .5 8 9 30
0 .0 1 9 5 0 . 4 9 5 35

The c o a l  s l u r r y  t o  be p r e p a r e d  i s  assumed t o  be 50 p e r ­

c e n t  c o a l  by w e i g h t . Based on t h e  above  a s s u m p t i o n s ,  commer­

c i a l l y  a v a i l a b l e  c o a l - s l u r r y  p r e p a r a t i o n  e q u ip m e n t  was s e ­

l e c t e d  , and c o s t s  were  o b t a i n e d .  T h i s  e q u ip m e n t  i s  d i s c u s s e d
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i n  d e t a i l  i n  A p p e n d ix  B .

C a p i t a l  e q u ip m e n t  c o s t s  f o r  s l u r r y  p r e p a r a t i o n  can be 

o b t a i n e d ,  based  on t h e  e q u ip m e n t  d i s c u s s e d  i n  A p p e n d i x  8 .  

These c o s t s  a r e  shown i n  A p p e n d i x  C.  The t o t a l  c a p i t a l  i n ­

v e s t m e n t  c o s t  o f  a c o a l - s l u r r y  p r e p a r a t i o n  p l a n t  t o  p r e p a r e  

300  t o n s  p e r  h o u r  o f  a 50 p e r c e n t  by w e i g h t  c o a l - s l u r r y  now 

can  be d e t e r m i n e d  f r o m  t h e  c a p i t a l  i n v e s t m e n t  c o s t  i n  Ap­

p e n d i x  C , and f r o m  t h e  c o s t  f a c t o r s  f o r  i n s t a l l a t i o n ,  p i p i n g ,  

b u i l d i n g  and s i t e  d e v e l o p m e n t ,  e n g i n e e r i n g  and c o n s t r u c t i o n ,  

l a n d ,  and c o n t i n g e n c i e s .  These c o s t  i t e m s  a r e  d i s c u s s e d  i n  

A p p e n d i x  D. The r e s u l t s  a r e  shown i n  T a b le  5 .

T a b le  5 shows o n l y  t h e  t o t a l  c o s t s  o f  t h e  p h y s i c a l  

p l a n t .  O p e r a t i n g  and m a in t e n a n c e  c o s t s  f o r  c o a l - s l u r r y  p r e ­

p a r a t i o n  a r e  n o t  a v a i l a b l e  f r o m  t h e  m a n u f a c t u r e r .  These 

c o s t s  v a r y  f r o m  one o p e r a t o r  t o  a n o t h e r ;  t h e r e f o r e ,  t h e r e  

i s  no s i n g l e  o p e r a t i n g  and m a in t e n a n c e  c o s t .  D o m e s t i c  

o p e r a t i n g  c o a l - s l u r r y  p i p e l i n e s  were  c o n t a c t e d  f o r  i n f o r m a ­

t i o n  a b o u t  t h e s e  c o s t s ,  and t h e  r e p l y  was " o p e r a t i n g  c o s t  i s  

p r o p r i e t a r y . "  No l i t e r a t u r e  known t o  t h e  a u t h o r  i s  a v a i l a b l e  

on t h i s  m a t t e r ,  o t h e r  t h a n  t h e  o p e r a t i n g  and m a in t e n a n c e  

c o s t s  o f  t h e  t o t a l  p i p e l i n e  s y s te m  by Aude ,  Thompson, and 

Wasp ( 1 5 )  o f  B e c h t e l  I n c . ,  San F r a n c i s c o ,  C a l i f o r n i a .  These 

a u t h o r s  c o n c lu d e d  t h a t  o p e r a t i n g  and m a in t e n a n c e  c o s t s  

c o m p r i s e  30 p e r c e n t  o f  t h e  t o t a l  s l u r r y  p i p e l i n e  s y s t e m ,  h a l f  

o f  w h i c h  (15%) i s  power c o s t ,  t h e  o t h e r  h a l f  (15%) i s  f o r
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l a b o r  and s u p p l i e s . The r e m a i n i n g  70 p e r c e n t  i s  c o n s i d e r e d  

c a p i t a l  c o s t .

Based on t h i s  i n f o r m a t i o n ,  o p e r a t i n g  and m a in t e n a n c e  

c o s t s  o f  s l u r r y  p r e p a r a t i o n  a r e  assumed t o  be 30 p e r c e n t  o f  

t h e  t o t a l  c o s t  o r  4 2 .8 5 1  p e r c e n t  o f  t h e  a n n u a l  p l a n t  c o s t .

The t o t a l  a n n u a l  p l a n t  c o s t ,  o p e r a t i n g  and m a in t e n a n c e  c o s t ,  

and t h e  t o t a l  c o s t  o f  s l u r r y  p r e p a r a t i o n  a r e  shown i n  T a b le  

6 .
C o a l - S l u r r y  P i p e l i n e  T r a n s p o r t a t i o n

P i p e l i n e  t r a n s p o r t a t i o n  c o s t  i s  d e p e n d e n t  on t h e  f o l ­

l o w i n g  p a r a m e t e r s :

1 .  s l u r r y  t h r o u g h p u t  ( c a p a c i t y ) ,

2 .  p i p e l i n e  g e o m e t r y ,

3 .  C o a l - p a r t i c l e  s i z e  and d i s t r i b u t i o n  ( s c r e e n

a n a l y s i s ) ,  and

4 .  s l u r r y  c o n c e n t r a t i o n .

D e s i  qn Pa r  am e t e  r-s t o  be Used i n  t h  i s  3 t u  d y : F o r  th e

p u rp o s e  o f  t h i s  s t u d y ,  seven  a v a i l a b l e  c o a l s  w i t h  d i f f e r e n t  

s c r e e n  a n a l y s i s  and s p e c i f i c  g r a v i t i e s  were  u s e d .  These 

c o a l s  and t h e i r  s c r e e n  a n a l y s i s  a r e  shown i n  A p p e n d i x  E.

These c o a l s  and t h e i r  s c r e e n  a n a l y s i s  were  used  b e cause  t h e y  

were  t h e  o n l y  ones a v a i l a b l e  w i t h  p i p e l i n e  d a t a .  C o a l - s c r e e n  

a n a l y s e s  w i t h  p i p e l i n e  d a t a  a r e  h a rd  t o  o b t a i n  and v a r y  i n
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a c c u r a c y , d e p e n d in g  on t h e  s o u r c e .

F o r  a l l  t h e  se ve n  s c r e e n  a n a l y s i s  shown i n  A p p e n d ix  E , 

t h e  f o l l o w i n g  p i p e l i n e  d e s i g n  p a r a m e t e r s  were  used*

yse s  used f o r  t h i s  s e c t i o n  o f  t h e  s t u d y .  From t h e  p a r a m e t e r s , 

t h e  c o a l - s l u r r y  p i p e l i n e  t r a n s p o r t a t i o n  c o s t  was o b t a i n e d  by 

u s i n g  t h e  c o m p u te r  p ro g ra m s  d e v e l o p e d  by F a d d i c k  ( 1 7 )  and 

d e s c r i b e d  by L a v i n g i a  ( 1 8 )  i n  a t h e s i s  s u b m i t t e d  t o  t h e  

C o l o r a d o  S c h o o l  o f  M i n e s .

The c o m p u t e r  p ro g ra m  d e s c r i b e d  i n  L a v i n g i a  * s t h e s i s  

co m b in e s  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  t h e  p i p e l i n e  w i t h

e co n o m ic  o n e s , and d e t e r m i n e s  t h e  o p t im um  p i p e  d i a m e t e r  and

p i p e l i n e  c o s t  f o r  homogeneous s l u r r i e s .  A s i m i l a r  c o m p u te r

p r o g r a m ,  d e v e l o p e d  by F a d d ic k  ( 1 7 )  a t  t h e  C o l o r a d o  S c h o o l

S l u r r y  t h r o u g h p u t  ( c a p a c i t y )  » 300 t p h  o f  d r y  c o a l

S p e c i f i c  g r a v i t y  o f  t h e  l i q u i d  = 1 . 0

S l u r r y  t e m p e r a t u r e = 1 8 . 0 *  C e l s i u s ,  e x c e p t  
*  1 s i s

I n i t i a l  ( i n j e c t i o n  p r e s s u r e )  = 1 0  p s i

F i n a l  ( d i s c h a r g e  p r e s s u r e ) = 0 p s i ,  f r e e  d i s c h a r g e

P i p e  t y p e  

P i p e l i n e  l e n g t h  

P i p e w a l l  t h i c k n e s s

= C o m m e rc ia l  s t e e l

*  200 m i l e s

0 .0 2 0 8  f t .

A d d i t i o n a l  p i p e l i n e  d e s ig n  p a r a m e t e r s  t o  be used i n  

t h i s  s t u d y  a r e  shown i n  T a b le  7 f o r  e ach  o f  t h e  s c r e e n  a n a l -



T a b l e  7 ,  A d d i t i o n a l  P i p e l i n e  D e s ig n  P a r a m e t e r s
t o  be Used i n  T h i s  S tu d y

S c re e n S o l i d s H e a d lo s s  C o r r e i a - Shape
A n a l y s i s

N o . 1 *
S p e c i f i c C on ce n ­ I n t e r -  t i o n F a c t o r
G r a v i t y 1 • t r a t i o n 2 • c e p t (  A ) 3 • S l o p e ( b ) * 3 • ( X ) 5 .

1 . 1 .2 6

oo

3 . 7 8 0 . 2 5 7 5 0 .2 4 3

2 . 1 .3 0 6 4 5 . 0 1 3 4 .4 0 1 .2 3 3 5 0 .2 8 4

3 . 1 .3 3 9 5 0 . 0 8 9 .2 6 1 .2 0 3 2 0 .4 5 4 5

4 . 1 .3 2 5 0 . 0 1 1 4 .3 6 1 .1 7 9 7 0 .6 7 6 5

5 . 1 .3 4 5 0 . 0 2 7 .4 2 0 .8 0 9 8 0 .9 3 8

6 . 1 .3 8 5 5 0 . 0 6 .1 8 0 .3 9 4 7 0 .8 4 2

7 . 1 .3 8 1 4 6 . 7 NA4 , NA NA

1 . A p p e n d ix  E.

2 . C o n c e n t r a t i o n by w e i g h t  p e r c e n t •

3 . The i n t e r c e p t A and s l o p e  b a re t h e  i n t e r c e p t  and
s l o p e  o f  t h e  r e g r e s s i o n  l i n e  o f  t h e  l o g a r i t h m  
o f  0  v e r s u s  i|>, The h e a d lo s s  e q u a t i o n  f o r  
h e t e r o g e n e o u s  s l u r r i e s  i s  0 = A i p .  
t e r m s  a r e  d i s c u s s e d  i n  d e t a i l  i n  A p p e n d i x  F .

4 ,  NA = N ot  a p p l i c a b l e  t o  homogeneous s l u r r i e s *
i n s t e a d  r h e o l o q y  d a ta  such  as K( s l u r r y  c o n ­
s i s t e n c y  i n d e x )  = 3 3 .8 4  dynes  s e c n .cm2 , 
n ( s l u r r y  f l o w  b e h a v i o r  i n d e x )  « 0 . 1 4 3 ,  and 
T y ( s l u r r y  y i e l d  s t r e s s )  = 4 .3 3  d y n e s /c m ^  were  
u s e d . These te r m s  a re  d i s c u s s e d  i n  d e ta  i l  i n  
A p p e n d ix  F .

5 .  X i s  t h e  shape f a c t o r  o b t a i n e d  f r o m  F a d d i c k  ( 1 7 ) .
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o f  M in e s ,  does  t h e  same b u t  f o r  h e t e r o g e n e o u s  s l u r r i e s .

I n  t h e s e  tw o  c o m p u te r  p r o g r a m s , a ra n g e  o f  t h r o u g h p u t s  

and p i p e  d i a m e t e r s  was s p e c i f i e d  t o  compare  p i p e l i n e  c o s t s  

i n  d i f f e r e n t  d i a m e t e r  p i p e s .  The c o m p u te r  p ro g ra m s  r e a d  

t h e o l o g y  d a t a  f o r  homogeneous s l u r r i e s  and head l o s s  d a t a  

f o r  h e te r o g e n e o u s  s l u r r i e s  and d e t e r m i n e  t h e  R e y n o ld s  number 

o f  f l o w .

f r o m  t h e  R e y n o ld s  number o f  f l o w ,  t h e  f l o w  re g im e  was 

d e t e r m i n e d • The R e y n o ld s  number o f  f l o w  and t h e  r e g im e s  f o r  

t h e  s c r e e n  a n a l y s i s  used i n  t h i s  s t u d y  a r e  shown i n  T a b le  8 .  

The c o m p u te r  p ro g ra m s  t h e n  com pu te  t h e  a n n u a l  t o t a l  p i p e l i n e  

t r a n s p o r t a t i o n  c o s t ,  w h i c h  c o m p r i s e s  t h e  c a p i t a l  c o s t  o f  t h e  

p i p e  and t h e  pumps and t h e  a n n u a l  o p e r a t i n g  o r  pu m p in g  c o s t . 

The c o m p u te r  p ro g ra m s  t h e n  p r i n t  o u t  a u n i t  t r a n s p o r t a t i o n  

c o s t  i n  c e n t s  p e r  t o n - m i l e .  F o r  more d e t a i l s  r e f e r  t o  

L a v i n g i a * s  t h e s i s  ( 1 8 ) .

Summary o f  C o a l - S l u r r y  P i p e l i n e  T r a n s p o r t a t i o n  C o s t s  ; 

The c o s t  e q u a t i o n s  i n  L a v i n g i a ' s t h e s i s  f o r  p i p e s ,  pum ps , 

and m o t o r s  w ere  based  on June 1974 p r i c e s  ( M a r s h a l  and 

S te v e n s  1 c o s t  i n d e x  o f  3 8 6 . 1 ) •  I n  o r d e r  t o  u p d a t e  t h e s e  

c o s t  e q u a t i o n s  t o  December 1975 p r i c e s , a M a r s h a l  and 

S te v e n s  i n d e x  o f  4 5 0 . 6  was used ( 1 9 ) .  Based on t h e  M a r s h a l  

and S te v e n s  c o s t  i n d e x  f o r  June 1974 and December 1975 o f  

3 8 6 . 1  and 4 5 0 . 6 ,  r e s p e c t i v e l y ,  t h e  u p d a t i n g  c o s t  f a c t o r  was
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T a b le  8 .  R e y n o ld s  Numbers o f  F lo w  and F lo w  
Regimes f o r  D i f f e r e n t  C o a l  

S c re e n  A n a l y s i s

C o a l 1 * R e y n o ld s  No. 
S e t t l i n g F lo w  Regime

E a s t e r n  C oa rse  C o a l  #1 3 6 9 7 . 8 9 H e te r o g e n e o u s

West V i r g i n i a  C o a l  #2 2 5 4 . 1 6 H e te r o g e n e o u s

P o c a h o n ta s  Seam C o a l  #3 1 0 9 .7 8 H e t e r o g e n e o u s

P o c a h o n ta s  C o a l  #4 1 6 .1 2 H e te r o g e n e o u s

West Canada C o a l  #5 6 . 5 8 H e te ro g e n e o u s

West Canada K a i s e r  C o a l  #6 4 . 4 H e te ro g e n e o u s

E a s t e r n  F in e  C o a l  #7 0 . 0 6 Homogeneous

1 .  A p p e n d ix  E .

COLORADO SCHOOL oi MINES
GOLDEN, coim&DO m m
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f o u n d  as f o l l o w s i

r  * M a r s h a l l  & S to v e n s  c o s t  I n d e x  D e c .  1975 « 4 5 0 . 6  
F a c t o r  *  M a r s h a l l  & S te v e n s  c o s t  i n d e x  J u n .  1974 = 3 8 6 . 1

« 1 .1 6 7 1

T h i s  c o s t  f a c t o r  was t h e n  used  t o  u p d a te  t h e  c o s t  e q u a t i o n s  

d e v e l o p e d  i n  L a v i n g i a * s  t h e s i s  f o r  p i p e s , pumps,  and m o t o r s . 

The c o m p u te r  p ro g ra m s  d e s c r i b e d  above  were  t h e n  used  t o  de ­

t e r m i n e  t h e  op t im um  p i p e  s i z e s  and th e  t o t a l  c o s t  o f  t h e  

p i p e l i n e . The op t im um  p i p e  s i z e  was s e l e c t e d  t o  c o r r e s p o n d  

t o  t h e  l o w e s t  p i p e l i n e  t r a n s p o r t a t i o n  c o s t ,  p r o v i d e d  t h a t  

t h e  p i p e l i n e  o p e r a t i n g  v e l o c i t y  e xceeded  t h e  d e p o s i t i o n  

v e l o c i t y  o f  t h e  s l u r r y  f o r  h e t e r o g e n e o u s  s l u r r i e s ,  and e x ­

ceeded  t h e  c r i t i c a l  v e l o c i t y  o f  t h e  s l u r r y  f o r  homogeneous 

s l u r r i e s .  These r e s u l t s  a r e  shown i n  T a b le  9 .

C o s l - S l u r r y  S e p a r a t i o n

C o a l - s l u r r y ,  upon a r r i v a l  a t  t h e  d e s t i n a t i o n  a r e a ,  must 

be s e p a r a t e d  f ro m  i t s  c a r r i e r , w a t e r ,  i n  o r d e r  t o  meet t h e  

m o i s t u r e  c o n t e n t  t h e  m a r k e t  s p e c i f i e s .  T h i s  s e p a r a t i o n  

c o u l d  be a c c o m p l i s h e d  by u s i n g  c o a l - s l u r r y  d e w a t e r i n g  

e q u i p m e n t •

As F i g u r e  2 s h o w s , c o a l - s l u r r y  i s  pumped by c e n t r i f u g a l  

pumps f r o m  t h e  s l u r r y  r e c e i v i n g  t a n k  t o  a d e w a t e r i n g  s c r e e n  

t o  be t h i c k e n e d . The t h i c k e n e d  s l u r r y  i s  t h e n  d e l i v e r e d  t o
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c e n t r i f u g a l  d r y e r s ,  w h i c h  p r o d u c e  a c o a l  c a k e . The m o i s t u r e  

c o n t e n t  o f  t h e  c o a l  cake  depends  on t h e  d r y e r  used  and th e  

s l u r r y  c o n c e n t r a t i o n .  The e f f l u e n t  f r o m  t h e  s l u r r y  s c r e e n  

and t h e  c e n t r i f u g a l  d r y e r s  a r e  pumped i n t o  a t h i c k e n e r  

( l a r g e  d i a m e t e r  t a n k )  w he re  t h e  s l u r r y  i s  t h i c k e n e d  e i t h e r  

by  g r a v i t y  o r  by c h e m i c a l  t r e a t m e n t .  I f  c h e m i c a l  t r e a t m e n t  

i s  u s e d ,  t h e  t y p e  and amount  t o  be added t o  t h e  c o a l  p a r t i ­

c l e s  i n  s u s p e n s i o n  w i l l  depend  on t h e  k i n d  and t h e  s i z e  o f  

t h e  c o a l  p a r t i c l e .

The t h i c k e n e d  s l u r r y  i s  t h e n  pumped f ro m  t h e  b o t t o m  o f  

t h e  t h i c k e n e r  e i t h e r  t o  t h e  c o a l  cake  p r o d u c e d  f r o m  t h e  c e n ­

t r i f u g a l  d r y e r  o r  t o  a f i l t e r ,  i f  f u r t h e r  d e w a t e r i n g  i s  

n e e d e d ,  d e p e n d in g  on t h e  amount  o f  t h e  t h i c k e n e d  s l u r r y  o u t  

o f  t h e  t h i c k e n e r .  I f  a f i l t e r  i s  n e e d e d ,  t h e  p r o d u c t  i s  a 

c o a l  c a k e ,  w h i c h  i s  t h e n  s e n t  d i r e c t l y  t o  t h e  b o i l e r s  i n  a 

power  p l a n t  o r  f o r  f u r t h e r  d r y i n g  b e f o r e  use i n  t h e  b o i l e r .

F o r  t h i s  s t u d y ,  seven  a v a i l a b l e  c o a l s  w i t h  d i f f e r e n t  

s p e c i f i c  g r a v i t i e s  and p a r t i c l e - s i z e  d i s t r i b u t i o n  w e re  u s e d .  

S i x  o f  t h e  seven  c o a l s  and t h e i r  s c r e e n  a n a l y s e s  w e re  men­

t i o n e d  e a r l i e r  i n  t h e  p i p e l i n e  t r a n s p o r t a t i o n  s e c t i o n  and 

a r e  shown i n  A p p e n d ix  E .  I n  a d d i t i o n ,  a s e v e n t h  c o a l  w i t h  

i t s  s c r e e n  a n a l y s i s  was used and  i s  shown i n  A p p e n d i x  E .

F o r  t h e  c o n v e n e i n c e  o f  t h e  r e a d e r ,  t h e  names o f  t h e s e  

c o a l s  and t h e i r  s p e c i f i c  g r a v i t i e s  a r e  m e n t io n e d  as f o l l o w s .
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S p e c i f i c
C o a l  No.     Name   G r a v i t y

1 E a s t e r n  C o a l  1 .2 6

2 .  P e n n s y l v a n i a  C o a l  1 .3 0

3 .  West  V i r g i n i a  C o a l  1 .3 0 6

4 .  P o c a h o n ta s  Seam 1 .3 3 9

5 .  P o c a h o n ta s  C o a l  1 .3 2

6 .  C N C o a l  1 .3 4

7 .  K a i s e r  C o a l  1 .3 8 5

Based on t h e s e  s c r e e n  a n a l y s e s ,  c o a l - s l u r r y  s e p a r a t i o n  

p r o c e s s e s  and e q u ip m e n t  were  s e l e c t e d  f o r  each  c o a l .  The 

s e l e c t e d  p r o c e s s e s  and t h e i r  c a p i t a l  c o s t s  a r e  shown i n  Ap­

p e n d i x  G.

The t o t a l  c a p i t a l  c o s t  o f  t h e  c o a l - s l u r r y  s e p a r a t i o n  o r  

d e w a t e r i n g  p l a n t s  were  th e n  c a l c u l a t e d ,  based  on c a p i t a l  

c o s t s  d e s c r i b e d  i n  A p p e n d ix  G and p l a n t  d e s i g n  c o s t s  d e s ­

c r i b e d  i n  A p p e n d ix  D . These r e s u l t s  a r e  shown i n  T a b le  10 .  

The t o t a l  c a p i t a l  and o p e r a t i n g  c o s t  o f  d e w a t e r i n g  300 t o n s  

o f  50 p e r c e n t  c o a l  s l u r r y  a r e  shown i n  T a b l e  11 .
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STATISTICAL ANALYSIS Of COAL-SI.ZE 

DISTRIBUTION DATA

The most* common m ethod o f  m e a s u r in g  c o a l - p a r t i c l e  s i z e  

i s  s i e v i n g  ( s c r e e n  a n a l y s i s ) . A n o t h e r  method  o f  d e t e r m i n i n g  

t h e  s i z e  o f  s m a l l  p a r t i c l e s  i s  e s t a b l i s h i n g  t h e i r  s e t t l i n g  

v e l o c i t y .

S m a l l  s p h e r e s  s e t t l e  i n  a c c o r d a n c e  w i t h  S t o k e s ' Law, 

w h i c h  s t a t e s  t h a t  t h e  s e t t l i n g  v e l o c i t y  v a r i e s  as t h e  s q u a re  

o f  t h e  p a r t i c l e  d i a m e t e r .

Two g r a p h i c  p r o c e d u r e s  a r e  commonly  used  i n  p r e s e n t i n g  

c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  ( s c r e e n  a n a l y s i s ) .

1 .  H i s t o g r a m  i s  a b l o c k  d ia g r a m  t h a t  g i v e s  t h e  p e r ­

c e n t a g e  o f  g r a i n s  i n  an a r b i t r a r y  number o f  

g ra d e  s i z e s  p r e s e n t  i n  t h e  s c r e e n  a n a l y s i s .  

H i s t o g r a m s  p r e s e n t  a f a c t u a l  p i c t u r e  o f  t h e  

a b undance  o f  g r a i n s  i n  each g ra d e  s i z e  i n  a 

r e a d i l y  v i s u a l i z e d  f o r m ;  h o w e v e r , t h e y  c a n n o t  

be used  d i r e c t l y  f o r  n u m e r i c a l  su m m a r ie s  o f  

t h e  d a t a .

2 .  C u m u l a t i v e  c u r v e  i s  a c u r v e  p r e p a r e d  by  a d d i n g  th e

p e r c e n t a g e s  i n  s u c c e e d i n g  s i z e  g r a d e s  i n  a s c r e e n  

a n a l y s i s  and d r a w i n g  a smooth  c u r v e  t h r o u g h  t h e  

p o i n t s .  These  c u r v e s  a r e  used as g r a p h i c  d e v i c e s
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f o r  d e t e r m i n g  a v e r a g e  p a r t i c l e  s i z e .

C o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  has been a s u b j e c t  o f  

much r e s e a r c h ,  w h i c h  f o r  many y e a r s  has f o c u s e d  on d e t e r ­

m i n i n g  t h e  most m e a n i n g f u l  s i z e  measure  t h a t  r e p r e s e n t s  c o a l  

o r  o t h e r  m i n e r a l s ’ s i z e  d i s t r i b u t i o n .  The f o l l o w i n g  s i z e  

m easures  ( d i a m e t e r s )  a r e  known t o  t h e  a u t h o r .

1 .  A r i t h m e t i c  Mean

2 .  M ed ian

3 .  W e ig h te d  Mean

4 .  R o s in -R a m m le r

5 .  Q u a r t i l e  Mean

6 .  M o m e n t -P h i  Mean

Each o f  t h e s e  d i s m e t e r s  w i l l  be d i s c u s s e d  b r i e f l y  b e l o w .

A r i t h m e t i c  Mean

The a r i t h m e t i c  mean d i a m e t e r  i s  a s i m p l e  r e p r e s e n t a t i o n  

o f  p a r t i c l e - s i z e  d i s t r i b u t i o n .  I t  i s  c a l c u l a t e d  by a d d i n g  

t h e  t o p  ( l a r g e s t )  and b o t t o m  ( s m a l l e s t ) o f  t h e  s c r e e n  a n a l ­

y s i s  and d i v i d i n g  t h e  r e s u l t  by t w o . The r e s u l t  i s  an 

a v e r a g e  s i z e .

M ed ian

The m ed ian  d i a m e t e r  o f  a s c r e e n  a n a l y s i s  i s  s i m p l y  t h e  

" m i d d l e - m o s t "  g r a i n  s i z e  w i t h  an e q u a l  p e r c e n t a g e  o f  g r a i n  

on each  s i d e .  I t  i s  t h e  d i a m e t e r , where  50 p e r c e n t  o f  t h e  

s c r e e n  a n a l y s i s  i s  s m a l l e r  and t h e  o t h e r  50 p e r c e n t  i s
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l a r g e r  t h a n  t h e  m ed ian  d i a m e t e r . I n  o t h e r  w o r d s ,  i t  i s  t h e  

s c r e e n - s i z e  d i a m e t e r , where  50 p e r c e n t  o f  t h e  sam p le  w e i g h t  

p a sse s  t h r o u g h  and t h e  o t h e r  50 p e r c e n t  i s  r e t a i n e d .

W e ig h te d  Mean

I n  a s c r e e n  a n a l y s i s  t h e  f i r s t  tw o  s c r e e n  s i z e s  a r e  

c o n v e r t e d  f r o m  mesh o p e n in g  s i z e  t o  i n c h e s  o r  mm and a v e r ­

aged . The a v e r a g e  i s  m u l t i p l i e d  by t h e  w e i g h t  p e r c e n t  o f  

t h e  t o t a l  sam p le  t h a t  i s  r e t a i n e d  on t h e  s m a l l e r  and pa sses  

t h e  l a r g e r  s i z e .  T h i s  p r o c e d u r e  i s  f o l l o w e d  f o r  each  c o n ­

s e c u t i v e  p a i r  o f  t h e  s c r e e n  a n a l y s i s .  These p r o d u c t s  a r e  

t h e n  summed, and t h e  r e s u l t  i s  d i v i d e d  by 100 t o  g e t  t h e  

w e i g h t e d  mean d i a m e t e r ,  w h i c h  i s  r e p r e s e n t e d  m a t h e m a t i c a l l y  

by

n
WfflD = E d iW i  ( 1 )

1 = 1
100

Where,  WfflD = W e ig h te d  mean d i a m e t e r

d i  = A v e ra g e  d i a m e t e r  o f  each
o f  t h e  c o n s e c u t i v e  p a i r s  
o f  s i z e s

Wi = W e ig h t  i n  p e r c e n t  c o r r e s p o n d i n g  
t o  each p a i r  o f  s i z e s

n = Number o f  p a i r s  o f  s c r e e n  s i z e s  
i n  t h e  s c r e e n  a n a l y s i s .

A l o n g  w i t h  t h e  w e i g h t e d  mean d i a m e t e r ,  tw o  c o e f f i c i e n t s  

a r e  used t o  r e p r e s e n t  t h e  r e l a t i v e  d i s p e r s i o n  o f  t h e  s c r e e n
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a n a l y s i s .  These a r e  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  and t h e  

Hazen U n i f o r m i t y  C o e f f i c i e n t s . These c o e f f i c i e n t s  a r e  d i s ­

c u s s e d  by F a d d i c k  ( 2 0 ) .  The c o e f f i c i e n t  o f  v a r i a t i o n ,  i s  

t h e  d i m e n s i o n l e s s  t e r m  used t o  measure r e l a t i v e  d i s p e r s i o n .  

I t  i s  t h e  s t a n d a r d  d e v i a t i o n  d i v i d e d  by t h e  w e i g h t e d  mean 

and i s  e x p r e s s e d  as a p e r c e n t . The l a r g e r  t h e  c o e f f i c i e n t  

o f  v a r i a t i o n  t h e  w i d e r  t h e  r a n g e . I f  t h e  c o e f f i c i e n t  o f  

v a r i a t i o n  e q u a l s  z e r o  p e r c e n t , t h e  p a r t i c l e s  have u n i f o r m  

s i z e .

The Hazen U n i f o r m i t y  C o e f f i c i e n t  i s  t h e  r a t i o  o f  t h e  

d i a m e t e r  a t  t h e  60 p e r c e n t  f i n e r  p o i n t  and t h e  10 p e r c e n t  

f i n e r  p o i n t  on t h e  c u m u l a t i v e  g r a d a t i o n  c u r v e . T h i s
f

c o e f f i c i e n t  ra n g e s  f r o m  u n i t y  f o r  u n i f o r m  s o l i d s  t o  1000 

f o r  a w e l l - g r a d e d  g r a v e l ,  s a n d , s i l t ,  and c l a y .

Ros in - R a m m le r

The R o s in -R a m m le r  f u n c t i o n  was o r i g i n a t e d  i n  1933 f o r  

c o a l  ( 2 0 , 2 1 ) .  T h i s  f u n c t i o n  i s  r e p r e s e n t e d  by

lr = C u m u l a t i v e  p e r c e n t  w e i g h t  r e t a i n e d ,  

D = Mean d i a m e t e r

( 2 )

a and b a r e  c o n s t a n t s
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a = S i z e  c o n s t a n t , d e t e r m i n e d  by s i e v e  o p en ­
i n g  on w h i c h  3 6 . 7 9  p e r c e n t  o f  t h e  sa m p le
i s  r e t a i n e d ,

b = D i s t r i b u t i o n  c o n s t a n t ,  m easures  d i s p e r s i o n
o f  m a t e r i a l  o v e r  t h e  s i z e  r a n g e .

The c o n s t a n t s  ( a , b )  a r e  b e s t  d e t e r m i n e d  f r o m  t h e  l i n e a r  c u r v e  

r e s u l t i n g  f r o m  t h e  R o s in - R a m m le r  P l o t .  The R o s in - R a m m le r  

p l o t  i s  d e t e r m i n e d  f ro m  t h e  e q u a t i o n  a b o v e .  From e q u a t i o n  

( 2 )

100 _
Wr

, , 1 0 0 .  ,D b
= ( a )  and

l n ( l n [ —̂ p ] )  = b ( l n  D - l n  a )  = b I n  D -  b I n  a ,  ( 3 )

L e t ,  M l n [ - ^ ~ ] )  = Y

I n  D = X , and

b I n  a = c ,  and s u b s t i t u t i n g  t h e s e  v a l u e s  i n
e q u a t i o n  3 y i e l d s  a l i n e a r  e q u a t i o n  
o f  t h e  fo rm

Y = b X -C .

In  o r d e r  t o  o b t a i n  v a l u e s  f o r  a and fci i n  t h e  a bove  e q u a ­

t i o n s ,  a s c r e e n - a n a l y s i s  c u m u l a t i v e  c u r v e  i s  p l o t t e d  on l o g a ­

r i t h m i c  g ra p h  p a p e r . The v a l u e  o f  a i s  t h e  p a r t i c l e  s i z e ,  

w he re  t h e  s c r e e n - a n a l y s i s  c u m u l a t i v e  c u r v e  l i n e  c r o s s e s  t h e  

h o r i z o n t a l  l i n e ,  a t  w h i c h  3 6 . 7 9  p e r c e n t  o f  t h e  c o a l  sa m p le  

i n  t h e  s c r e e n  a n a l y s i s  i s  r e t a i n e d .  The v a l u e  o f  hi i s  t h e
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s l o p s  o f  t h e  c u m u l a t i v e  c u r v e  l i n e ;  i t  m easures  d i s p e r s i o n  

o f  m a t e r i a l  o v e r  t h e  s i z e  ra n g e  • F o r  s m a l l  v a l u e s  o f  b , t h e  

s i z e  c u r v e  i s  c l o s e  t o  t h e  s i z e  a x i s ,  and t h e  m a t e r i a l  i s  

s p r e a d  o v e r  a a id e  s i z e  ra n g e  ( s o l i d s  w i t h  w id e  d i s t r i b u t i o n -

h o r i z o n t a l )  .

Q u a r t i l e  Mean

The q u a r t i l e  m e thod  i s  based  on q u a r t i l e s  o b t a i n e d  

g r a p h i c a l l y  f r o m  t h e  c u m u l a t i v e  p a r t i c l e - s i z e - d i s t r i b u t i o n -  

c u r v e  d e t e r m i n e d  by f o l l o w i n g  t h e  25 ,  50 ,  and 75 p e r c e n t  

l i n e s  t o  t h e  r i g h t  o f  t h e i r  i n t e r s e c t i o n  w i t h  t h e  c u m u l a t i v e  

c u r v e ,  t h e n  r e a d i n g  t h e  v a l u e s  on t h e  s i z e  s c a l e  w h i c h  l i e s  

d i r e c t l y  b e lo w  t h e  i n t e r s e c t i o n s .  The f i r s t  q u a r t i l e  i s  

a s s o c i a t e d  w i t h  t h e  25 q u a r t i l e .  The se co nd  q u a r t i l e ,  a s ­

s o c i a t e d  w i t h  t h e  5 0 - p e r c e n t  l i n e ,  i s  c a l l e d  t h e  m ed ian  d i a ­

m e t e r .  The t h i r d  q u a r t i l e  i s  a s s o c i a t e d  w i t h  t h e  75 p e r c e n ­

t i l e .  I n  o r d e r  t o  m easure  t h e  d e g re e  o f  s o r t i n g ,  t h e  s o r t ­

i n g  c o e f f i c i e n t  ( S o )  was d e v e l o p e d . The s o r t i n g  c o e f f i c i e n t  

( S o )  i s  a measure  o f  t h e  s p r e a d  o f  t h e  d i s t r i b u t i o n .  I t  i s  

d e f i n e d  s t a t i s t i c a l l y  as t h e  e x t e n t  t o  w h i c h  t h e  g r a i n s  

s p r e a d  on e i t h e r  s i d e  o f  t h e  a v e r a g e .  The w i d e r  t h e  s p r e a d  

t h e  p o o r e r  t h e  s o r t i n g .  Y e t  one d i s t r i b u t i o n  may have a much 

w i d e r  r a n g e  t h a n  t h e  o t h e r . The s o r t i n g  c o e f f i c i e n t  ( S o ) ,  as 

d i s c u s s e d  i n  K ru m b e in  and S lo s s  ( 2 2 ) ,  i s  d e f i n e d  as t h e  

s q u a r e  r o o t  o f  t h e  r a t i o  o f  t h e  l a r g e r  q u a r t i l e ,  t h e  (25%)
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v a l u e  t o  t h e  s m a l l e r  q u a r t i l e ,  t h e  (75%)  v a l u e  O g ,

So = VO1/Ü 3 ,

Where So ». s o r t i n g  c o e f f i c i e n t

@ 2  a nd Q j  r e p r e s e n t  d i a m e t e r s  o f  25 and 75 

p e r c e n t  q u a r t i l e s .

The more n e a r l y  e q u a l  t h e  tw o  q u a r t i l e s ,  t h e  more c l o s e l y  

t h e  s o r t i n g  c o e f f i c i e n t  a p p r o a c h e s  1 .  A c c o r d i n g  t o  K ru m b e in  

and  S l o s s  a w e l l - s o r t e d  s e d im e n t  has So v a l u e s  l e s s  t h a n  

2 . 5 ,  m o d e r a t e l y  s o r t e d  s e d im e n t s  have So v a l u e s  i n  t h e  r a n g e  

o f  2 . 5  -  4 . 0 ,  and p o o r l y  s o r t e d  s e d im e n t s  have v a l u e s  l a r g e r  

t h a n  4 . 0 .

W o m e n t -P h i  Mean

I n  a d d i t i o n  t o  t h e  q u a r t i l e  m e a s u re ,  K ru m b e in  and S lo s s  

( 2 2 )  d i s c u s s  moment m easures  ♦ Moment measures  a r e  r e l a t e d  

t o  t h e  c e n t e r  o f  g r a v i t y  o f  t h e  s i z e  f r e q u e n c y  c u r v e . They 

have  some a d v a n t a g e s  o v e r  t h e  q u a r t i l e  measures  i n  s t u d i e s  

o f  t h e  d y n a m ic  c o n d i t i o n  o f  s e d im e n t  t r a n s p o r t . Moment meas­

u r e s  a r e  u s u a l l y  e x p r e s s e d  i n  l o g a r i t h m  fo rm  becau se  o f  t h e  

need  f o r  a g e o m e t r i c  g ra d e  s c a l e  i n  p a r t i c l e  s i z e  a n a l y s i s .  

The a v e r a g e  d i a m e t e r  i n  t h e  l o g a r i t h m i c  moment m e thod  i s  t h e  

p h i  mean 1 i t s  a n t i l o g  i s  t h e  g e o m e t r i c  mean d i a m e t e r .  The 

d e g r e e  o f  s o r t i n g  i s  e x p r e s s e d  as l o g a r i t h m i c  s t a n d a r d  d e v i ­

a t i o n  ( s ig m a  p h i )  o r  i t s  a n t i l o g ,  t h e  g e o m e t r i c  s t a n d a r d
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d e v i a t i o n .  K ru m b e in  and 5 l o s s  ( 2 2 )  d i s c u s s  I n m a n 's  p r o p o s e d

method t h a t  p e r m i t s  s i m u l t a n e o u s  g r a p h i c  t r e a t m e n t  f o r  b o t h  

q u a r t i l e  and moment m e a s u r e s • The c u m u l a t i v e  c u r v e  o f  t h e  

s c r e e n  a n a l y s i s  i s  p l o t t e d  on p r o b a b i l i t y  p a p e r .

The d i a m e t e r  s c a l e  i s  e x p r e s s e d  as i t s  n e g a t i v e  l o g a ­

r i t h m  t o  t h e  base  2 ,  w h i c h  y i e l d s  t h e  a r i t h m e t i c  p h i  s c a l e .  

The p h i  mean i s  t h e n  d e f i n e d  as h a l f  t h e  sum o f  t h e  p h i  

v a l u e s  a s s o c i a t e d  w i t h  t h e  8 4 -  and 1 6 -  p e r c e n t  l i n e s  ; t h e  

s igm a  p h i  i s  h a l f  t h e  d i f f e r e n c e  be tw ee n  t h e s e  tw o  v a l u e s .

These v a l u e s  a r e  i n  l o g a r i t h m s . They may be c o n v e r t e d  t o  

t h e i r  d i a m e t e r  e q u i v a l e n t s  by use o f  c h a r t s .  The measure  

o f  skewness  ( 60)  t o  be used w i t h  t h i s  m easure  i s  based  on 

t h e  e x t e n t  t o  w h i c h  t h e  mean and t h e  m ed ian  s e p a r a t e d  as t h e  

c u m u l a t i v e  c u r v e  becomes a s y m e t r i c a l  as shown:

60  = (HI0 -  md0)  /  a0

inhe re ,  tn0 = p h i  mean

p h i  m ed ian  =

p h i  mean = ( 0 04 + 0 1 6 ) / 2 -  i ( d g 4 + d ^ ) * ,

w h i c h  i s  t h e  g e o m e t r i c  mean d i a m e t e r .

s igm a  p h i  = 0 = ( 0 Q4 -  &1 6 ) / 2 = i ( d g4 -  d 1 6 )*»

w h i c h  i s  t h e  g e o m e t r i c  mean s t a n d a r d  d e v i a t i o n .

Wd0 « p h i  med ian  

o0  = s igm a p h i .

# From t h e  c u m u l a t i v e  g r a p h .

COLORADO SCHOOL oi MirtES
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Any o f  a b o v e - m e n t i o n e d  s i z e  measures  can be used  t o  

r e p r e s e n t  s c r e e n  a n a l y s e s .  The most w i d e l y  used  s i z e  meas­

u r e s  f o r  c o a l  a r e  t h e  " m e d i a n ” ; " R o s i n - R a m m l e r " , and t h e  

" w e i g h t e d  mean" s i z e  m easures  ( d i a m e t e r s ) .  The m ed ian  " d i a ­

m e t e r "  i s  t h e  e a s i e s t  t o  com pu te  b u t  i s  l i m i t e d  b e cause  i t  

i s  d i f f i c u l t  t o  use i n  p r e d i c t i n g  an o p t i m a l  s c r e e n  a n a l y ­

s i s ,  The R o s in -R a m m le r  " d i a m e t e r " ,  w h i c h  was o r i g i n a l l y  

d e v e l o p e d  f o r  c o a l ,  i s  a r e a s o n a b l e  " d i a m e t e r "  b u t  i t  i s  

co m p u te d  i n  a c o m p l i c a t e d  m a n n e r .  The w e i g h t e d  mean " d i a ­

m e t e r "  i s  a r e a s o n a b l e  m e a s u re ;  i t  t a k e s  i n t o  c o n s i d e r a t i o n  

a v e r a g i n g  each  c o n s e c u t i v e  p a i r s  o f  s c r e e n  s i z e s  i n  t h e  

s c r e e n  a n a l y s i s .

F o r  t h e  p u rp o s e  o f  t h i s  s t u d y ,  any  o f  t h e s e  t h r e e  s i z e  

m easures  ( d i a m e t e r s )  can be u s e d .  H ow eve r ,  t h e  w e i g h t e d  

mean d i a m e t e r  w i l l  be used becau se  i t  i s  e a s i l y  and r a t i o n a l ­

l y  c o m p u t e d .  I t  w i l l  a l s o  w o rk  w e l l  i n  t h e  t r i a 1 - a n d - e r r o r  

a p p r o a c h  t o  p r e d i c t  an o p t i m a l  p a r t i c l e - s i z e  d i s t r i b u t i o n  

( s c r e e n  a n a l y s i s ) .
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DEVELOPMENT OF THE MATHEMATICAL FUNCTIONS

T a b l e s  6 , 9 ,  and 11 have shown t h e  p r e p a r a t i o n , p i p e ­

l i n i n g ,  and s e p a r a t i o n  c o s t s  o f  c o a l - s l u r r y  t r a n s p o r t a t i o n  

f o r  d i f f e r e n t  c o a l  s i z e  d i s t r i b u t i o n s . I n  o r d e r  t o  d e v e l o p  

c o s t  e q u a t i o n s ,  c o s t  c u r v e s  need t o  be d e v e l o p e d .  C o s t  

c u r v e s  a r e  d e v e lo p e d  by p l o t t i n g  c o s t  o f  p r e p a r a t i o n ,  p i p e ­

l i n e  t r a n s p o r t a t i o n ,  and s e p a r a t i o n  o f  c o a l - s l u r r y  a g a i n s t  

r e p r e s e n t a t i v e s  o f  c o a l - p a r t i c l e  s i z e  d i s t r i b u t i o n .  A g a in  

i t  i s  e m p h a s iz e d  t h a t  f o r  t h e  p u rp o s e  o f  t h i s  s t u d y  t h e  

w e i g h t e d  mean d i a m e t e r s  w i l l  be u s e d .  T h r o u g h p u t  t h i s  c h a p ­

t e r  t h e  w e i g h t e d  mean d i a m e t e r  w i l l  be d e s i g n a t e d  by UJMD.

C o a l - S l u r r y  P r e p a r a t i o n

T a b le  6 , e a r l i e r ,  showed t h e  t o t a l  c o s t  o f  c o a l - s l u r r y  

p r e p a r a t i o n  i n  d o l l a r s  p e r  t o n  f o r  300 t p h  c a p a c i t y ,  f o r  

d i f f e r e n t  c o a l  s i z e s .  These c o a l  s i z e s  a r e  t h e  t o p  s i z e  o f  

t h e  s c r e e n  a n a l y s i s  ( 9 5 - 1 0 0  p e r c e n t  p a s s i n g  t h e  s c r e e n  o f  

t h e  t o p  s i z e ) .  C o a l  s c r e e n  a n a l y s e s  a r e  i m p o s s i b l e  t o  ob­

t a i n  f r o m  c o a l  r e d u c t i o n  e o u ip m e n t  m a n u f a c t u r e r s  b e ca u se  

each  c o a l  g r i n d s  d i f f e r e n t l y ,  d e p e n d in g  on t h e  s p e c i f i c  

g r a v i t y ,  m o i s t u r e  c o n t e n t ,  c h e m i c a l  c o m p o s i t i o n ,  and t h e  

amount  o f  ash  and o t h e r  w a s te  m a t e r i a l  i n  t h e  c o a l .

F o r  t h e  p u rp o s e  o f  t h i s  s t u d y ,  t h e  t o p  s i z e  i s  used  t o  

d e t e r m i n e  an " e s t i m a t e d "  UJMD, w h i c h  i s  needed t o  d e v e l o p  t h e
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c o s t  f u n c t i o n  f o r  s l u r r y  p r e p a r a t i o n .  The ’' e s t i m a t e d ” WfflD 

i s  d e t e r m i n e d  by d i v i d i n g  t h e  t o p  s i z e  by t w o .  F o r  e x a m p le , 

i f  t h e  t o p  s i z e  o f  a s c r e e n  a n a l y s i s  i s  1 i n c h ,  95 t o  100 

p e r c e n t  o f  t h e  c o a l - p a r t  i c l e - s i z e  d i s t r i b u t i o n  ( s c r e e n  a n a l ­

y s i s )  p a sses  t h r o u g h  a 1 - i n c h  s c r e e n . D i v i d i n g  t h a t  by 2 

g i v e s  l / 2  i n c h ,  w ha t  i s  r e f e r r e d  t o  as t h e  " e s t i m a t e d ”  WMD, 

w h i c h  means t h a t  50 p e r c e n t  o f  t h e  c o a l - s i z s  d i s t r i b u t i o n  i s  

c o a r s e r  t h a n  1 /2  i n c h ,  and 50 p e r c e n t  i s  f i n e r  t h a n  l / 2  i n c h .  

T h i s  a s s u m p t i o n  i s  l i m i t e d ,  b u t  i s  a f a i r  and r e a s o n a b l e  a s ­

s u m p t i o n ,  s i n c e  t h e  t r u e  p a r t i c l e - s i z e  d i s t r i b u t i o n  ( s c r e e n  

a n a l y s i s ) i s  n o t  k n o w n . I n  t h e  a u t h o r  * s o p i n i o n ,  t h i s  a s ­

s u m p t i o n  i s  t h e  b e s t  t h a t  can be used t o  d e s c r i b e  t h e  WMD 

f o r  t h e  c o a l - s l u r r y  p r e p a r a t i o n  s e c t i o n .  C o a l - s l u r r y  p r e p ­

a r a t i o n  c o s t s  and t h e  assumed WMD's a r e  shown i n  T a b le  12 

and a r e  p l o t t e d  i n  t h e  u p p e r  p a r t  o f  F i g u r e  3 .

I n  o r d e r  t o  g e t  a m a t h e m a t i c a l  f u n c t i o n  t o  d e f i n e  t h i s

i  \c o s t  c u r v e  ( t o p  F i g u r e  3 ) ,  t h r e e  c u r v e - f i t t i n g  t e c h n i q u e s  

were  c o n s i d e r e d t  m i n i m i z i n g  t h e  sum o f  t h e  s q u a r e s  o f  t h e  

d e v i a t i o n  ( l e a s t  s q u a r e s  ) ,  m i n i m i z i n g  t h e  sum o f  t h e  a b s o l u t e  

d e v i a t i o n ,  and m i n i m i z i n g  t h e  maximum a b s o l u t e  d e v i a t i o n .  

S i n c e  t h e  l e a s t - s q u a r e s  method i s  most commonly  u s e d , i t  i s  

used i n  t h i s  s t u d y . The o t h e r  tw o  m e thods  a r e  d i s c u s s e d  by 

Wagner ( 2 3 ) .

T h e " l e a s t  s q u a r e s ” method i s  used f o r  d e t e r m i n i n g  a 

r e g r e s s i o n  e q u a t i o n  w h i c h  i s  used  t o  p r e d i c t  w i t h  r e a s o n a b l e  

a c c u r a c y  one o f  t h e  v a r i a b l e s  based on t h e  o t h e r  v a r i a b l e .
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T a b l e  12 .  C o a l - S l u r r y  P r e p a r a t i o n  C o s t s  F o r  
300 t p h  and 2 0 0 - M i l e  Long P i p e l i n e

C o a l - P a r t i c l e  S i z e  -  mm * é T o t a l  C o s t - C e n t s / T o n - M i l e ^ *

1 2 .7 0 0 0 0 .0 8 7 6
9 . 5 2 5 0 0 .8 9 1 0
4 .7 6 2  5 0 .0 9 1 4
3 .1 7 5 0 0 .0 9 1 6
1 .6 8 0 0 0 .0 9 2 0
1 .1 9 0 0 0 . 1 0 2 1

0 .6 9 8 5 0 . 1 0 7 4
0 . 5 9 5 0 0 .1 1 1 5
0 .4 2 0 0 0 .1 1 9 8
0 .2 9 4 5 0 .1 2 3 0
0 .2 4 7 5 0 .1 3 6 2

1 . Assumed w e i g h t e d  mean d i a m e t e r ,  t o p  s i z e  i n
T a b l e  6  d i v i d e d  by 2 .

2 .  T o t a l  c o s t  f r o m  T a b l e  6  d i v i d e d  by 200 m i l e s .

The method  g i v e s  w ha t  i s  commonly  r e f e r r e d  t o  as t h e  " b e s t  

f i t t i n g "  s t r a i g h t  l i n e .  T h i s  method m i n i m i z e s  t h e  sum o f  

t h e  s q u a r e s  o f  t h e  v e r t i c a l  d e v i a t i o n  a b o u t  t h e  l i n e .  F o r  

more d e t a i l s  r e f e r  t o  Crow e_t a j . . ( 2 4 )

The s e l e c t i o n  o f  t h e  m a t h e m a t i c a l  e q u a t i o n  t h a t  d e ­

s c r i b e s  t h e  c o s t  c u r v e  b e s t  was based on t h e  c o r r e l a t i o n  c o ­

e f f i c i e n t .  I n  o t h e r  w o r d s ,  t h e  c l o s e r  t h e  c o r r e l a t i o n  c o ­

e f f i c i e n t  t o  one ( 1 0 0  %), t h e  b e t t e r  t h e  " s t r a i g h t  l i n e  

( r e g r e s s i o n )  e q u a t i o n . "  F o r  t h e  c o a l - s l u r r y  p r e p a r a t i o n

c o s t  c u r v e  shown i n  t h e  u p p e r  p a r t  o f  F i g u r e  3 ,  t h e  b e s t  

m a t h e m a t i c a l  c o s t  f u n c t i o n  t h a t  d e f i n e s  t h e  c u r v e  was o f  t h e
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136 -

Cost Curve126.

.116-

106-

.096

. 086-
li.o8 , 0

WMD,mm
1 6 .0

Cost Function126.

.116.

.106.

.096.

.086-

'F i g . 3 - Cost Curve and Function for Coal-Slurry Preparation
F o r  2 0 0 - M i l e  L i n e  and 300 t p h .
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f o r m  Y = M/X + 8 , w i t h  M = 0 .0 1 2 2 5 9 2 ,  and 8  = 0 . 0 8 8 4 1 2 5 ,  w i t h  

a c o e f f i c i e n t  o f  c o r r e l a t i o n  o f  0 . 9 9 1 7 ,  w he re  X i s  t h e  c o a l ' s  

WMD and Y i s  t h e  c o a l - s l u r r y  p r e p a r a t i o n  c o s t .  N o te  t h e  

sudden  i n c r e a s e  i n  c o s t  o f  p r e p a r i n g  a c o a l - s i z e  d i s t r i b u ­

t i o n  w i t h  a UIWD s m a l l e r  t h a n  a b o u t  2  mm.

C o a l - S l u r r y  P i p e l i n e  T r a n s p o r t a t i o n

The seven  UlMD's and t h e i r  c o r r e s p o n d i n g  p i p e l i n e  t r a n s ­

p o r t a t i o n  c o s t s  i n  T a b l e  9 w e re  p l o t t e d  and a r e  shown i n  

F i g u r e  4 .  ( N o t e  t h a t  t h e r e  a r e  no d a ta  p o i n t s  b e tw e e n  t h e  

l a s t  p o i n t  w i t h  a WMD o f  1 2 .6 5 0  mm and t h e  one b e f o r e  i t  

w i t h  a WfflD o f  2 . 3 8 0  mm). A l s o ,  t h e r e  a r e  no d a t a  p o i n t s  be ­

tw een  t h e  f i r s t  tw o  p o i n t s  w i t h  a UJMD o f  0 .0 6 0 7  and 0 .3 3 0  

mm, w h i c h  means t h e r e  i s  no way o f  k n o w in g  i f  t h e  l o w e s t  

c o s t  o c c u r s  a t  a UJMD o f  o .3 3 0  mm, t o  t h e  l e f t  o f  i t ,  o r  t o  

t h e  r i g h t  o f  i t .  More d a t a  a r e  needed b e tw e e n  t h e s e  tw o  

p o i n t s  i n  o r d e r  t o  r e s o l v e  t h i s  p r o b l e m .  S in c e  t h e r e  a r e  

o n l y  seven  d a t a  p o i n t s  a v a i l a b l e  f o r  t h i s  s t u d y ,  an e f f o r t  

was made t o  o b t a i n  t h e  b e s t  m a t h e m a t i c a l  f u n c t i o n  d e f i n e d  

by t h e s e  p o i n t s •

I n  o r d e r  t o  d e v e l o p  a m a t h e m a t i c a l  f u n c t i o n  d e f i n e d  by 

t h e  se ve n  p o i n t s  i n  F i g u r e  4 ,  t h e  f i r s t ? ,  s e c o n d - , t h i r d - , 

f o u r t h - , f i f t h - , and s i x t h - o r d e r  p o l y n o m i a l  f u n c t i o n s  were  

c o n s i d e r e d . The r e s u l t s  d i d  n o t  y i e l d  a v e r y  good f i t .  

T h e r e f o r e ,  p i e c e - w i s e  c u r v e  f i t t i n g  t e c h n i q u e s  w ere  i n v e s t i -
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g a t e d .  T h i s  t e c h n i q u e  i n v o l v e s  d i v i d i n g  t h e  a v a i l a b l e  seven  

d a t a  p o i n t s  i n t o  two  c o n s e c u t i v e  s e t s  o f  d a ta  t h a t  o v e r l a p  

a t  a p o i n t  and f i t t i n g  a c u r v e  t h r o u g h  each o f  t h e s e  s e t s . 

The f i r s t  s e t  i n c l u d e s  WMD's o f  0 . 0 6 0 7 ,  0 . 3 3 0 0 .  0 . 3 6 1 0 ,  and

0 .5 9 9 0  mm. The second  s e t  i n c l u d e s  WMO's o f  0 . 5 9 9 ,  1 . 4 7 9 ,

2 . 3 8 0 ,  and 1 2 .6 5 0  mm. The r e s u l t s  w ere  t h i r d - o r d e r  p o l y -
j

n o m i a l  f u n c t i o n s  d e s c r i b i n g  each  o f  t h e  s e t s  o f  p o i n t s .

These  tw o  f u n c t i o n s  have a z e r o  r e s i d u a l ,  b u t  a r e  m e a n in g -
i

l e s s  b e ca u se  a t h i r d - o r d e r  m a t h e m a t i c a l  f u n c t i o n  was f o r c e d
5

t o  f i t  a c u r v e  t h a t  goes t h r o u g h  a s e t  o f  f o u r  d a ta  p o i n t s ,
Ii

T h e r e f o r e , t h e s e  f u n c t i o n s  w i l l  n o t  n e c e s s a r i l y  d e s c r i b e  t h e  

t r u e  m a t h e m a t i c a l  f u n c t i o n  f o r  t h i s  s t u d y .

The o n l y  a l t e r n a t i v e  l e f t  i s  t o  c o n s i d e r  l i n e a r  f u n c ­

t i o n s  d e s c r i b i n g  t h e  s t r a i g h t  l i n e  s i g m e n t  be tw ee n  each  p a i r  

o f  a d j a c e n t  d a ta  p o i n t s  i n  t h e  t o p  c u r v e  o f  F i g u r e  4 ,  The 

b o t t o m  c u r v e  shows t h e  t o p  c u r v e , b u t  w i t h  an expanded  s c a l e  

and w i t h o u t  t h e  l a s t  p o i n t • The r e s u l t s  gave s i x  s i f f e r e n t  

l i n e a r  f u n c t i o n s  shown b e lo w .

L i n e a r  F u n c t i o n  I n t e r v a l  o f  UIWD mm

Y - 2 . 0 0 5 2 X + 2 . 2 1 2 0 0 .0 6 0 7 -  0 .3 3 0

Y 8 .7097X -  1 .3 2 4 2 0 .3 3 0 -  0 .3 6 1

Y 2 .6 4 7 0X ♦ 0 .8 6 4 4 0 .3 6 1 -  0 .5 9 9

Y = 0 .1 9 3 2 X + 2 .3 3 4 3 0 .5 9 9 -  1 .4 7 9

Y 0 .2219X + 2 .2 9 2 0 1 .4 7 9 -  2 . 3 8 0

Y -Q.QQ097636X + 2 .8 2 2 3 1 7 3 2 . 3 8 0 -  1 2 .6 5 0



Co
st

, 
Ce

nt
s/

To
n-

mi
le

 
Co

st
, 

Ce
nt

s/
To

n-
mi

le

48.
T -1 8 0 4

2. 82 -

2.50 _

2.18 -
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11/65 1 3 .6 53J 65 7765
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35
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1.86  -

1.54 -
1 . 50 . 0 1.00.5 2.52 . 0

WMD,mm

Fig. 4  -  C o s t  C u rv e s  f o r  a 2 0 0 - M i l e  C o a l - S l u r r y  P i p e l i n e
T r a n s p o r t i n g  300 t p h .
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S in c e  t h e s e  f u n c t i o n s  d e s c r i b e  t h e  c o s t  c u r v e  b e s t ,  t h e y  

w i l l  be used l a t e r  t o  com pu te  t h e  t o t a l  c o a l - s l u r r y  t r a n s ­

p o r t a t i o n  s y s t e m ' s  c o s t .

C o a l - S l u r r y  S e p a r a t i o n  ( D e w a t e r i n q )

T a b l e  11 shows t h e  t o t a l  c o s t  o f  s e p a r a t i o n  ( d e w a t e r ­

i n g )  3 0 0 - t h p  c o a l  s l u r r y  f o r  d i f f e r e n t  c o a l s  and s c r e e n  a n a l ­

y s e s .  I n  o r d e r  t o  be c o n s i s t e n t  w i t h  c o a l - s l u r r y  p r e p a r a t i o n  

and p i p e l i n e  t r a n s p o r t a t i o n  c o s t s ,  t h e  t o t a l  c o a l - s l u r r y  

s e p a r a t i o n  c o s t  ( T a b l e  11 )  has t o  be i n  c e n t s  p e r  t o n  m i l e  

f o r  t h e  2 0 0 - m i l e  p i p e l i n e  s p e c i f i e d  f o r  t h i s  s t u d y .  These 

c o s t s  a r e  shown b e l o w .

C o a l - P a r t i c l e  S ize-WMD, mm T o t a l  C o s t - C e n t s / T o n - f f l i l e * *

The t o t a l  c o a l - s l u r r y  s e p a r a t i o n  c o s t  f o r  each  o f  t h e s e  c o a l  

s l u r r i e s  was p l o t t e d  a g a i n s t  t h e  WfflD o f  t h e  c o a l - s c r e e n

f r o m  t h e  t o p  c u r v e  i n  F i g u r e  5 t h e  b o t t o m  c u r v e  was 

d e v e l o p e d  t o  d e f i n e  t h e  c o s t  f u n c t i o n .  T h i s  c u r v e  has a 

l e a s t  s q u a r e s  e q u a t i o n  i n  t h e  fo r m  o f  Y = 0 . 1 0 7 / ^ ~  + 0 . 0 6 5 6 2 ,  

w h e re  Y i s  t h e  c o a l - s l u r r y  s e p a r a t i o n  o r  d e w a t e r i n g  c o s t ,  and

1 2 .5 2 4
5 .1 6 2
2 . 3 8 0
1 .4 7 9
0 . 5 9 9
0 .3 6 1
0 .3 2 7

0 .0 9 7 6
0.1110
0 .1 3 2 8
0 .1 4 5 8
0 . 2 2 6 5
0 . 2 3 8 5
0 .2 4 5 9

a n a l y s i s  and i s  shown i n  t h e  t o p  c u r v e  i n  F i g u r e  5

1 ,  T o t a l  c o s t  f r o m  T a b le  11 d i v i d e d  by 200 m i l e s .
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Fig. 5 - Cost Curve and Function for Coal-Slurry Separation
f o r  2 0 0 - W i l e  L i n e  and 300 t p h .
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X i s  t h e  c o a l ' s  WMD• T h i s  e q u a t i o n  has a c o r r e l a t i o n  c o ­

e f f i c i e n t  o f  0 . 9 8 7 ,  S i n c e  t h i s  f u n c t i o n  has a good c o r r e ­

l a t i o n  c o e f f i c i e n t #  i t  w i l l  be used t o  d e s c r i b e  t h e  s l u r r y -  

s e p a r a t i o n  c o s t  c u r v e  « A t  a WMD above 5 mm, s e p a r a t i o n  c o s t s  

t e n d  t o  l e v e l  o u t .

T o t a l  C o a l - S l u r r y  T r a n s p o r t a t i o n  System

A c o s t  e q u a t i o n  f o r  t h e  t o t a l  s l u r r y  t r a n s p o r t a t i o n  

s y s te m  o f  s l u r r y  p r e p a r a t i o n ,  p i p e l i n e  t r a n s p o r t a t i o n ,  and 

s l u r r y  s e p a r a t i o n  can now be d e t e r m i n e d . T h i s  e q u a t i o n  i s  

s i m p l y  t h e  a d d i t i o n  o f  t h e  c o s t  e q u a t i o n  f o r  e ach  o f  t h e  

s l u r r y  s y s t e m ' s  c o m p o n e n ts  ( s l u r r y  p r e p a r a t i o n ,  p i p e l i n e  

t r a n s p o r t a t i o n ,  and s l u r r y  s e p a r a t i o n ) ,  and i s  shown b e lo w .

F o r  WMD ra n g e  0 .0 6 0 7  < X < 0 .3 3 0  mm

TC = - ' P - y- 592 -  2 . 0 0 5 2  ♦ ^  :.|P.Z ♦ 2 . 3 6 6  

F o r  WMD r a n g e  0 . 3 3 0  < X < 0 .3 6 1  mm

TC = *  8 .7 0 9 7X  ♦ - -  1 .1 7

F o r  WMD r a n g e  0 .3 6 1  < X < 0 .5 9 9  mm

-c . M i p s s "  2 . M 7 ,  .JHF  .  i . o i a .
F o r  WMD ra n g e  0 . 5 9 9  < X <  1 .4 7 9  mm

TC = -■ 01x2592 ♦ 0 .1 9 3 2X  + ^ 1 2 2  .  2 . 4 8 8 3

F o r  WMD ra n g e  o f  1 .4 7 9  mm < X < 2 . 3 8 0

TC « 2 i2 1 |2 § 2 2  *  0 .2 2 1 97 5 5 X  ♦ v^ ‘ x ° 7  ♦ 2 .4 4 6

F o r  WMD ra n g e  2 . 3 8 0  <  X < 1 2 .6 5 0  mm
0 % 0122592 0 . 1 0 7

TC = ------ - j- ~   -  0.OOO9736X + x * 2.9763
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w h e r e .

TC = t o t a l  c o s t  o f  t h e  s l u r r y  t r a n s p o r t a t i o n  s y s -  
t e m - - s l u r r y  p r e p a r a t i o n ,  p i p e l i n e  t r a n s ­
p o r t a t i o n ,  and s l u r r y  s e p a r a t i o n  i n  c e n t s  
p e r  t o n  m i l e  f o r  a 2 0 0 - m i l e  l i n e  and 3 0 0 -  
t p h  c a p a c i t y .

X s c o a l - p a r t i c l e  s i z e  -  w e i g h t e d  mean d i a m e t e r ,  
mm •
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RESULTS

The o p t i m a l  p a r t  i c l e - s i z e  d i s t r i b u t i o n ,  UIWD, f o r  c o a l -  

s l u r r y  p i p e l i n e ,  can be d e t e r m in e d  a n a l y t i c a l l y  a n d / o r  

g r a p h i c a l l y . Each o f  t h e s e  a p p ro a c h e s  w i l l  be d i s c u s s e d  

b r i e f l y .  The l a t t e r  p a r t  o f  t h e  c h a p t e r  i s  a c o m p re h e n s iv e  

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

A n a l y t i c a l  S o l u t i o n

The o p t i m a l  p a r t i c l e - s i z e  d i s t r i b u t i o n ,  WMD, can be 

d e t e r m i n e d  a n a l y t i c a l l y  by t h e  use o f  c a l c u l u s . F o r  any 

m a t h e m a t i c a l  f u n c t i o n ,  f ( X  ) ,  t h e  f o l l o w i n g  s t e p s  a r e  f o l l o w ­

ed t o  d e t e r m i n e  t h e  min imum a n d / o r  maximum p o i n t s  o f  t h e  

f u n c t i o n .  F i n d  t h e  f i r s t  d e r i v a t i v e  ( f ' ( X ) )  o f  t h e  f u n c t i o n ;  

s e t  i t  e q u a l  t o  z e r o ,  and s o l v e  t h e  r e s u l t i n g  e q u a t i o n  f o r  

r e a l  r o o t s  i n  o r d e r  t o  f i n d  t h e  c r i t i c a l  v a l u e s  o f  t h e  v a r ­

i a b l e .  F i n d  t h e  second  d e r i v a t i v e  ( f " ( X ) ) ;  s u b s t i t u t e  each 

c r i t i c a l  v a l u e  f o r  t h e  v a r i a b l e  i n  t h e  se co nd  d e r i v a t i v e .

I f  t h e  r e s u l t  i s  n e g a t i v e  t h e n  t h e  f u n c t i o n  i s  a maximum f o r  

t h a t  c r i t i c a l  v a l u e  ; i f  t h e  r e s u l t  i s  p o s i t i v e ,  t h e  f u n c t i o n  

i s  a minimum f o r  t h a t  c r i t i c a l  v a l u e .  When f " ( X o )  = 0 ,  o r  

does n o t  e x i s t ,  t h e  above  p r o c e s s  does n o t  a p p l y ,  a l t h o u g h  

a min imum o r  a maximum may e x i s t ,  i n  w h i c h  c a s e , one c r i t i ­

c a l  v a l u e  s h o u l d  be c o n s i d e r e d  a t  a t i m e .  The f i r s t
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d e r i v a t i v e  s h o u l d  be t e s t e d  f i r s t  f o r  a v a l u e  w h i c h  i s  a 

l i t t l e  l e s s  and t h e n  f o r  a v a l u e  w h ic h  i s  a l i t t l e  g r e a t e r  

t h a n  t h e  c r i t i c a l  v a l u e .  I f  t h e  s i g n  o f  t h e  d e r i v a t i v e  i s  

f i r s t  p o s i t i v e  and t h e n  n e g a t i v e ,  th e  f u n c t i o n  has a m a x i ­

mum v a lu e  f o r  t h a t  p a r t i c u l a r  c r i t i c a l  v a lu e  o f  t h e  v a r i ­

a b l e  t b u t  i f  t h e  r e v e r s e  i s  t r u e ,  t h e n  i t  has minimum v a l u e .  

I f  t h e  s i g n  does n o t  c h a n g e , t h e  f u n c t i o n  has n e i t h e r .

From T a b le  13 t h e  l o w e s t  minimum and t h e  h i g h e s t  m a x i ­

mum a r e  t h e n  used t o  d e f i n e  t h e  minimum and maximum c o s t •

The minimum a p p e a rs  t o  be a t  a WMD o f  0 .3 3 0  and has a t o t a l  

c o s t  o f  1 .9 2 1 5  c e n t s  p e r  t o n  m i l e ;  t h e  maximum a p p e a r s  t o  be 

a t  a WMD o f  2 .3 8 0  and has a t o t a l  c o s t  o f  3 .0 4 6 3 6  c e n t s  p e r  

t o n - m i l e .

T a b le  13 . The V a lu e  o f  Minimum and Maximum 
F o r  D i f f e r e n t  I n t e r v a l s  o f  WMD

I n t e r v a l  o f  X, mm X, mm Maximum Minimum

0 . 0 6 0 7 < X < 0 .3 3 0 0 . 0 6 0 7 2 .8 2 7 5 2 5
CT.330 — 1 .9 2 1 5

0 . 3 3 0 < X < 0 .3 6 1 0 .3 3 0 - 1 .9 2 1 5
0 .3 6 1 2 . 1 8 0 8

0 .3 6 1 < X < 0 .5 9 9 0 .3 6 1 — 2 . 1 8 0 8
0 .5 9 9 2 .7 8 5 5

0 . 5 9 9 < X < 1 .4 7 9 0 .5 9 9 — 2 .7 8 5 5
1 .4 7 9 2 . 8 6 2 5

1 .4 7 9 < X < 2 . 3 8 0 1 .4 7 9 _ 2 .9 6 2 5
2 .3 8 0 3 .0 4 6 3 6 —

2 . 3 8 0 < X < 1 2 .6 5 0 2 . 3 8 0 3 .0 4 6 3 6 —

1 2 .6 5 0 - 2 .9 9 5 2
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G r a p h i c a l  S o l u t i o n

The g r a p h i c a l  s o l u t i o n  i n c l u d e s  :

1 . su m m a t io n  o f  t h e  t h r e e  c o s t s  o f  t h e  t o t a l  c o a l -

s l u r r y  p i p e l i n e  t r a n s p o r t a t i o n  s y s t e m - p r e p a r a ­

t i o n  , p i p e l i n e  t r a n s p o r t a t i o n  and s e p a r a t i o n , 

f o r  t h e  same p a r t i c l e - s i z e  d i s t r i b u t i o n ,  WMD,

2 . p l o t t i n g  t h e  t o t a l  c o s t  v e r s u s  t h e  c o a l - p a r t i c l e -

s i z e  d i s t r i b u t i o n , WMD, and d e v e l o p i n g  t h e  t o t a l  

c o s t  c u r v e , and

3 .  d e t e r m i n i n g  t h e  o p t i m a l  c o a l - p a r t i c l e - s i z e  d i s t r i ­

b u t i o n ,  WMD, f r o m  t h e  t o t a l  c o s t  c u r v e . T h i s  

i s  t h e  WMD t h a t  c o r r e s p o n d s  t o  t h e  l o w e s t  c o s t  

on t h e  t o t a l  c o s t  c u r v e .

I n  o r d e r  t o  d e v e l o p  t h e  t o t a l  c o s t  c u r v e , t h e  t o t a l  

c o a l - s l u r r y  t r a n s p o r t a t i o n  s y s te m  c o s t  f u n c t i o n s  shown i n  

t h e  p r e v i o u s  c h a p t e r  w ere  used  t o  p r e d i c t  t h e  c o s t s  f o r  

d i f f e r e n t  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n s ,  WMD. Some o f  

t h e s e  c o s t s  a r e  shown i n  T a b le  14* These and some o t h e r  

c a l c u l a t e d  v a l u e s  a r e  shown i n  F i g u r e  6 . The t o p  c u r v e  i n  

F i g u r e  6  shows t h e  ra n g e  o f  WMD f r o m  0 ,0 6 0 7  t o  1 2 .6 5 0  mm.

The b o t t o m  c u r v e  shows t h e  WMD ra n g e  f r o m  0 .0 6 0 7  t o  2 . 3 8 0  

mm and has a d i f f e r e n t  s c a l e . The b o t t o m  c u r v e  was c o n ­

s t r u c t e d  t o  i l l u s t r a t e  t h e  o p t i m a l  WMD more c l e a r l y .

«SSKSSSÏUi
GOLDEN, COLORADO 80401
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I n t e r p r e t a t i o n

From F i g u r e  6 , t h e  h i g h  c o s t  shown on t h e  l e f t  s i d e  o f  

t h e  c u r v e  f o r  a WMD s m a l l e r  t h a n  0 .3 3 0  mm ( b e tw een  42 mesh 

and 48 mesh) i s  e x p l a i n e d  by t h e  f a c t  t h a t  s l u r r i e s  w i t h  

e x c e s s i v e  f i n e s  fo rm  a h i g h l y  v i s c o u s  s l u r r y  w h i c h  b e ha ve s  

l i k e  a mud o r  p a s t e , m a k in g  i t  more d i f f i c u l t  t o  pump and 

r e q u i r i n g  h i g h e r  pum ping  c o s t s .

From T a b l e  13 and F i g u r e  6 , t h e  op t im um  p a r t i c l e - s i z e  

d i s t r i b u t i o n ,  WMD, o c c u r s  a t  a WMD o f  0 . 3 3 0  mm. T h i s  i s  

shown by t h e  min imum p o i n t  i n  F i g u r e  6 , and by t h e  l o w e s t  

t o t a l  c o s t  i n  T a b l e  1 3 - - 1 .9 2 1 5  c e n t s  p e r  t o n - m i l e .

The maximum t o t a l  c o a l - s l u r r y  t r a n s p o r t a t i o n  c o s t  i n  

T a b l e  13 and F i g u r e  6  o c c u r s  a t  a WMD o f  2 . 3 8 0  mm ( a p p r o x ­

i m a t e l y  8  mesh) w i t h  a t o t a l  c o s t  o f  3 . 0 5  c e n t s / t o n - m i l e . 

T h i s  c o s t  i s  h i g h e r  t h a n  t h e  t o t a l  c o a l - s l u r r y  t r a n s p o r t a ­

t i o n  c o s t  f o r  t h e  c o a r s e r  s c r e e n  a n a l y s i s  ( w i t h  a WMD o f  

1 2 .6 5 0  mm), w h i c h  i s  3 . 0 0  c e n t s / t o n - m i l e . T h i s  d i s c r e p a n c y  

can be a t t r i b u t e d  t o  t h e  l o w e r  s l u r r y  c o n c e n t r a t i o n  used 

f o r  t h e  c o a r s e  s c r e e n  a n a l y s i s  ( w i t h  WMD o f  1 2 .6 5 0  mm), 

w h i c h  i s  40 p e r c e n t  by w e i g h t ,  w h i l e  t h e  s l u r r y  c o n c e n t r a ­

t i o n  f o r  t h e  f i n e r  s c r e e n  a n a l y s i s  ( w i t h  WMD o f  2 ,3 8 0  mm) i s  

45 p e r c e n t  by w e i g h t .

The WMD o f  0 .3 3 0  mm was fo u n d  t o  be t h e  o p t i m a l  b e ca u se  

t h e  t o t a l  c o s t  c u r v e .  F i g u r e  6 , l a c k s  d a t a  p o i n t s  b e tw een
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t h e  0 .330-mm and 0 .0607-mm r e g i o n .  T h e re  i s  no way a t  t h i s  

t i m e  t o  o b t a i n  a s c r e e n  a n a l y s i s  t h a t  has a WIYID b e tw ee n  t h e  

0 .330-mm  and 0 . 0607-mm r e g i o n .  The UJMD o f  0 .3 3 0  mm i s  t o  be 

c o n s i d e r e d  t h e  o p t i m a l  WMD f o r  t h i s  case  s t u d y  b e cau se  o f  

t h e  u n a v a i l a b i l i t y  o f  d a t a .  The t r u e  op t im um  c o u l d  be on

e i t h e r  s i d e  o f  t h e  ch o se n  WMD o f  0 .3 3 0  mm.

The n e x t  v a l u e  t o  t h e  r i g h t  o f  WMD o f  0 . 3 3 0  mm i s  a t  a 

WMD o f  0 . 3 6 1 ,  w h i c h  i s  a b o u t  9 . 4  p e r c e n t  h i g h e r  ( l a r g e r ) .  

T h i s  means t h a t  t h e  op t im um  g e n e r a l l y  c a n n o t  be g r e a t e r  t h a n  

0 . 3 6 1  b u t  c o u l d  be a n yw h e re  i n  be tw een  1 t o  9 p e r c e n t  h i g h e r  

t h a n  t h e  o p t i m a l  WMD o f  0 . 3 3 0  mm. I n v e s t i g a t i n g  t h e  l e f t  

s i d e  o f  t h e  chosen  o p t i m a l  WMD o f  0 .3 3 0  mm g i v e s  a l a r g e  

r a n g e  o f  v a l u e s  s i n c e  t h e r e  i s  no c o a l - s c r e e n  a n a l y s i s  w i t h  

p i p e l i n e  d a ta  a v a i l a b l e  a t  t h i s  t im e  t h a t  has a WMD be tw een

0 . 3 3 0  mm and 0 .0 6 0 7  mm. The t r u e  op t im um  c o u l d  l a y  anyw h e re  

i n  b e tw een  t h a t  i n  a r a n g e  be tw ee n  1 and 80 p e r c e n t  s m a l l e r

o r  t o  t h e  l e f t  o f  t h e  c a l c u l a t e d  WMD, 0 .3 3 0  mm. I t  i s  em­

p h a s i z e d  t h a t  more d a t a " a r e  needed t o  i n v e s t i g a t e  t h i s  

s e c t i o n  o f  t h e  c u r v e . H o w e v e r , t h e  p u rp o s e  o f  t h i s  s t u d y  i s  

t o  show t h a t  t h e  t e c h n i q u e  i s  v i a b l e ,  t h a t  i t  w o r k s .  Once 

t h e  t e c h n i q u e  i s  d e v e l o p e d ,  t h e  i n p u t  d a t a  can be m o d i f i e d  

t o  h a n d le  t h e  d e t a i l s  on s p e c i f i c  c a s e s .

M o r e o v e r ,  t h e  B l a c k  Mesa c o a l - s l u r r y  p i p e l i n e  ( t h e  o n l y  

o p e r a t i n g  c o a l - s l u r r y  p i p e l i n e  i n  t h e  U .S .  w h i c h  t r a n s p o r t s
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a b o u t  5 m i l l i o n  t o n s  o f  c o a l  p e r  y e a r  f r o m  K a y e n t a ,  A r i z o n a ,  

t o  t h e  Mohave power p l a n t  i n  s o u t h w e s t e r n  N evada ,  a d i s t a n c e  

o f  273 m i l e s ,  has a WMD o f  0 .2 8 3  mm ( 2 5 ) ,  w h i c h  l i e s  t o  t h e  o n l y  

l e f t  o f  t h e  c a l c u l a t e d  o p t i m a l  WMD o f  0 .3 3 0  mm and i s  a b o u t  

14 p e r c e n t  s m a l l e r •

The re a s o n  f o r  c o m p a r i n g  t h e  r e s u l t s  o f  t h e  s t u d y  w i t h  

t h e  B l a c k  Mesa p i p e l i n e  s y s te m  a r e  t w o f o l d :  ( 1 )  I t  i s  t h e  o n l y

e x i s t i n g  l o n g - d i s t a n c e  c o a l - s l u r r y  p i p e l i n e  and ( 2 )  i t s  WMD 

com pares  f a v o r a b l y  w i t h  t h e  r e s u l t s  d e v e lo p e d  i n  t h i s  s t u d y .

The l a t t e r  may be o n l y  c o i n c i d e n t a l  becau se  t h e  p r e s e n t  

s t u d y  uses  o n l y  h a l f  t h e  t h r o u g h p u t  o f  t h e  B l a c k  Mesa p i p e ­

l i n e ,  and no t o p o g r a p h i c a l  g r a d i e n t s  were  assumed i n  t h e  

2 0 0 - m i l e  d i s t a n c e .

W h e th e r  t h e  o p t i m a l  p a r t i c l e - s i z e  d i s t r i b u t i o n , WMD, 

w i l l  be l o c k e d  b e tw een  0 .2 8 3  and 0 *3 3 0  t h e  a u t h o r  does n o t  

k n o w • B u t  k n o w in g  t h e  B l a c k  M e s a 's  WMD s u p p o r t s  t h e  h y p o t h ­

e s i s  t h a t  t h e  o p t i m a l  p a r t i c l e - s i z e  d i s t r i b u t i o n  i s  n o t  

g r e a t e r  t h a n  a WMD o f  0 .3 6 1  mm and i s  n o t  l e s s  t h a n  a WMD o f  

0 . 0 6 0 7  mm.

T h i s  s t u d y  b r i n g s  up t h e  f o l l o w i n g  tw o  q u e s t i o n s  :

1 .  Once t h e  o p t i m a l  WMD i s  d e t e r m i n e d ,  how can t h e

c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  s c r e e n  a n a l y s i s  

be o b t a i n e d ?

2 . A f t e r  d e t e r m i n i n g  t h e  c o a l - p a r t i c l e - s i z e  d i s t r i b u ­

t i o n  s c r e e n  a n a l y s i s ,  can t h i s  s c r e e n  a n a l y s i s
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be o b t a i n e d  p h y s i c a l l y ?  I f  y e s ,  how?

C o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  s c r e e n  a n a l y s i s  f o r  t h e  

o p t i m a l  WMD can be o b t a i n e d  i n  tw o  w a ys ,  d e p e n d in g  on t h e  

WMD.

The f i r s t  i s  t h e  case  w he re  t h e  o p t i m a l  WMD happens t o  

be a t  a p o i n t  w he re  t h e r e  i s  a c o r r e s p o n d i n g  c o a l - s c r e e n  

a n a l y s i s ,  as i n  t h e  case  s t u d y  d i s c u s s e d  i n  t h i s  t h e s i s ,  

w he re  t h e  o p t i m a l  WMD happens t o  be a t  0 .3 3 0  mm, w h i c h  

c o r r e s p o n d s  t o  a g i v e n  c o a l  w i t h  a g i v e n  p a r t i c l e - s i z e  d i s ­

t r i b u t i o n  ( s c r e e n  a n a l y s i s ) .  T h i s  s c r e e n  a n a l y s i s  i s  shown i n  

T a b l e  1 5 .  T h i s  happened  b e cau se  o f  t h e  l i m i t e d  i n p u t  d a t a  

t h a t  f o r c e d  a l i n e a r  i n t e r p o l a t i o n  be tw ee n  t h i s  p o i n t  and
X

t h e  one p r e c e d i n g ,  WMD, o f  0 .0 6 0 7  mm i n  t h e  c o s t  c u r v e  i n  

F i g u r e  6 .

The se co nd  i s  t h e  case  w he re  t h e  o p t i m a l  WMD happens t o  

be a t  a p o i n t  w he re  t h e r e  i s  no c o r r e s p o n d i n g  s c r e e n  a n a l y ­

s i s .  The p r o c e d u r e  t h e n  i s  t o  d e v e l o p  a s c r e e n  a n a l y s i s  by 

t r i a l  and e r r o r  t h a t  c o r r e s p o n d s  c l o s e l y  t o  t h e  o p t i m a l  WMD. 

F o r  e x a m p l e , i f  t h e  o p t i m a l  WMD happens t o  be t o  t h e  r i g h t  

o r  t h e  l e f t  o f  t h e  WMD o f  0 .3 3 0  mm ( c o a r s e r  o r  f i n e r )  shown 

i n  t h i s  s t u d y , t h e  t r i a 1 - a n d - e r r o r  method s u g g e s t s  s t a r t i n g  

w i t h  t h e  s c r e e n  a n a l y s i s  t h a t  c o r r e s p o n d s  t o  t h e  WMD o f  

0 , 3 3 0  mm as a b a s i s ,  and u s i n g  s u c c e s s i v e  a n a l y s i s  as a 

g u id e  t o  d e v e l o p  a s c r e e n  a n a l y s i s  t h a t  c o r r e s p o n d s  t o  t h e  

o p t i m a l  WMD. I t  may n o t  be a v e r y  a c c u r a t e  s c r e e n  a n a l y s i s ,
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T a b le 15 . S u g g e s te d  O p t i m a l ^ *  C o a l  S i z e  
D i s t r i b u t i o n  S c re e n  A n a l y s i s

I n c h / T y l e r Mesh P e r c e n t

0 . 1 X 8 0 . 1 6

8 X 1 0 0 . 5 6

1 0 X 14 4 . 4 2

14 X 2 0 3 . 7 8

2 0 X 28 8 . 5 6

28 X 35 1 0 .3 8

35 X 48 1 1 .3 0

48 X 65 9 .5 2

65 X 1 0 0 8 . 1 8

1 0 0 X 150 7 .1 2

540 X 2 0 0 5 . 5 4

2 0 0 X 325 5 . 5 4

325 X pan 2 4 . 9 4

100.00

1 • T h i s  s c r e e n  a n a l y s i s  has a w e i g h t e d  mean d i a m e t e r  o f

0 .3 3 0  mm ( 0 . 0 1 2 9 9 - i n c h , be tween 4 2 -  and 4 8 -m e sh )  .

ARTHUR CAKES EÏBRÂRÜ 
COLORADO SCHOOL of MINES 

GQLDENj COLORADO 8Û4ÛB
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b u t  i t  w o u ld  be c l o s e . S in c e  t h e r e  c o u l d  be more t h a n  one 

s c r e e n  a n a l y s i s  t h a t  had t h e  same UIMO, common sense  and e x ­

p e r i e n c e  must  be u s e d •

In  a d d i t i o n ,  s p e c i a l  a t t e n t i o n  s h o u l d  be p a i d  t o  t h e  

amount ( p e r c e n t ) o f  c o a l  f i n e s  ( p a s s i n g  t h r o u g h  325-m esh  

s c r e e n )  i n  t h e  assumed s c r e e n  a n a l y s i s .  One must  make s u r e  

t h a t  t h e  amount o f  c o a l  f i n e s  s h o u l d  be a t  l e a s t  c o n s i s t e n t  

w i t h  t h e  c o a r s e r  and f i n e r  g i v e n  s c r e e n  a n a l y s e s  t h a t  c o r r e ­

spond  t o  t h e s e  WMO's, t h a t  s c r e e n  a n a l y s i s  i s  t h e  op t im um  

o n e ,

Now t h a t  an op t im um  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  

( s c r e e n  a n a l y s i s )  i s  a v a i l a b l e , can t h i s  e x a c t  o p t i m a l  s c r e e n  

a n a l y s i s  be o b t a i n e d  p h y s i c a l l y ?  The a n sw e r  i s  "N o " ,  b e cause  

t h e  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  s c r e e n  a n a l y s i s  i s  de ­

p e n d e n t  on ( 1 )  t h e  method o f  c r u s h i n g  and g r i n d i n g  o f  c o a l , 

( 2 )  t h e  t y p e  o f  r e d u c t i o n  e q u ip m e n t  u s e d ,  ( 3 )  t h e  k i n d  o f  

c o a l  u s e d , and ( 4 )  t h e  m o i s t u r e , c h e m i c a l ,  and ash  c o n t e n t  

o f  t h e  c o a l • Even t h e  same c o a l  f r o m  d i f f e r e n t  seams w i l l  

g r i n d  d i f f e r e n t l y ;  t h e r e f o r e ,  t h e r e  i s  no way o f  o b t a i n i n g  

t h e  e x a c t  s c r e e n  a n a l y s i s .  H ow e ve r ,  a c l o s e  s c r e e n  a n a l y s i s  

may be o b t a i n e d  by e x p e r i m e n t a l  w o rk  done a t  p i l o t  p l a n t s  

owned by p r o d u c e r s  o f  c o a l - c r u s h i n g  e q u i p m e n t . U s u a l l y  t h e  

c o a l  o p e r a t o r  sends  sa m p le s  o f  h i s  c o a l  and t h e  o p t i m a l  

s c r e e n  a n a l y s i s  t o  t h e s e  c o m p a n i e s . The co m p a n ie s  i n  t u r n
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d e t e r m i n e  t h e  e q u ip m e n t  t h a t  g i v e s  a c l o s e  s c r e e n  a n a l y s i s  

t o  t h e  op t im um  o n e .  T h i s  i s  as c l o s e  as i s  h u m an ly  p o s s i ­

b l e  t o  g e t .

I n  summary,  t h e  t e c h n i q u e  d e s c r i b e d  i s  v i a b l e ,  and i t  

w o r k s .  I t  may be a p p l i e d  f o r  s h o r t  and l o n g  d i s t a n c e  h o r i ­

z o n t a l  p i p e l i n e s ,  and f o r  v e r t i c a l  c o a l  t r a n s p o r t a t i o n  f r o m  

u n d e r g r o u n d  m i n i n g .

I t  i s  n o t  l i m i t e d  t o  c o a l ,  i t  may be a p p l i e d  t o  any 

o t h e r  m i n e r a l  su c h  as o i l  s h a l e ,  c o p p e r  and n i c k e l  o r e s ,  

sand  and g r a v e l s ,  and many o t h e r  m i n e r a l s  t o  be t r a n s p o r t e d  

by p i p e l i n e .

The t e c h n i q u e  c o u l d  be used f o r  any  c a p a c i t y  and p i p e ­

l i n e  l e n g t h s ;  t h e  o p t im um  p a r t i c l e - s i z e  d i s t r i b u t i o n  may 

c h a n g e ,  b u t  t h e  t e c h n i q u e  w i l l  n o t .  The t e c h n i q u e  has o n l y  

one n o t i c e a b l e  l i m i t a t i o n ;  i t  does n o t  d e t e r m i n e  t h e  e x a c t  

p a r t i c l e - s i z e  d i s t r i b u t i o n  s c r e e n  a n a l y s i s ,  b u t  i t  i s  c l o s e  

e n o u g h .

The t e c h n i q u e  w i l l  s e r v e  as a d e s i g n  t o o l  f o r  f u t u r e  

c o a l - s l u r r y  p i p e l i n e s  f o r  any  c a p a c i t y  and a n y  p i p e l i n e  

l e n g t h .  A s t e p  by s t e p  r e c a p  o f  t h e  t e c h n i q u e  f o l l o w s .

S te p  1 .  D e t e r m i n e  t h e  t h r o u g h p u t  o r  c a p a c i t y  o f  t h e  

m i n e r a l  t o  be t r a n s p o r t e d  by e s t i m a t i n g  t h e  

p r o d u c t i o n  and t h e  m a rk e t  r e q u i r e m e n t s .

S te p  2 .  D e t e r m i n e  t h e  d i s t a n c e  ( l e n g t h )  and t o p o g ­

r a p h y  o f  t h e  l a n d  by t r a c i n g  t h e  r o u t e  t h e
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S te p  3

S te p  4

S te p  5

S te p  6

p i p e l i n e  w i l l  t a k e  f r o m  t h e  s t a r t i n g  l o c a t i o n  t  

d e s t i n a t i o n .  S l u r r y  p i p e l i n e s  a r e  s o m e t im e s  

l i m i t e d  t o  a 15 p e r c e n t  g ra d e  ( 5 0 ) .

O b t a i n  c o s t  o f  s l u r r y  p r e p a r a t i o n  f o r  t h e  above 

d e t e r m i n e d  c a p a c i t y  f o r  d i f f e r e n t  p a r t i c l e  s i z e  

d i s t r i b u t i o n s  by

a .  c o n t a c t i n g  s l u r r y - p r é p a r â t  i o n  e q u ip m e n t  

m a n u f a c t u r e r s ,  a l o n g  w i t h  c o s t  and 

e n g i n e e r i n g  t e x t s  and j o u r n a l s ,  o r

b . c o n s u l t i n g  w i t h  e x p e r t s  i n  t h e  f i e l d .  

D e t e r m in e  p i p e l i n e  t r a n s p o r a t i o n  c o s t s  by 

c o n s u l t i n g  L a v i n g i a  * s t h e s i s  ( 1 8 )  and 

e x p e r t s  i n  t h e  f i e l d  o f  h y d r a u l i c  t r a n s p o r t . 

D e t e r m i n e  m in e r a  1 - s l u r r y  s e p a r a t i o n  o r  d e -  

w a t e r i n g  c o s t  f o r  d i f f e r e n t  p a r t i c l e  s i z e  

d i s t r i b u t i o n s  by

a .  c o n t a c t i n g  s l u r r y - s e p a r a t i o n  e q u ip m e n t  

m a n u f a c t u r e r s ,  a l o n g  w i t h  c o s t  and 

e n g i n e e r i n g  t e x t s  and j o u r n a l s ,  o r

b . c o n s u l t i n g  w i t h  e x p e r t s  i n  t h e  f i e l d .

From t h e  c o s t s  o b t a i n e d  f o r  s l u r r y  p r e p a r a t i o n  

p i p e l i n e  t r a n s p o r t a t i o n ,  and s l u r r v  d e q a t e r -  

i n g ,  c o n s t r u c t  c o s t  c u r v e s  v e r s u s  " p a r t i c l e -  

s i z e  d i s t r i b u t i o n "  m e a s u r e s . The " w e i g h t e d
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mean d i a m e t e r "  m easure  i s  recomm ended•

S te p  7 ,  From t h e  c o s t  c u r v e , d e t e r m i n e  c o s t  e q u a t i o n s  

Fo r  each  com ponen t  o f  t h e  s l u r r y  t r a n s p o r a t i o n  

s y s t e m . The l e a s t - s q u a r e  method i s  recom m ended• 

S te p  8 .  Sum t h e  a b o v e - m e n t i o n e d  c o s t  e q u a t i o n s  and c a l l  

i t  t h e  t o t a l  s l u r r y  t r a n s p o r t a t i o n  c o s t  e q u a t i o n  

S te p  9•  D e t e r m i n e  t h e  op t im um  t o t a l  c o s t  o f  t h e  s l u r r y  

p i p e l i n e  t r a n s p o r t a t i o n  s y s te m  by t h e  f o l l o w i n g  

m e thods  %

a .  A n a l y t i c a l l y  by u s i n g  c a l c u l u s  and 

d e t e r m i n i n g  t h e  min imum c o s t , and

b . g r a p h i c a l l y  by p r o j e c t i n g  t h e  t o t a l  

c o s t  o f  t h e  s l u r r y  p i p e l i n e  s y s te m  

f o r  d i f f e r e n t  p a r t i c l e - s i z e  measures  

( WfflD * s ) and p l o t t i n g  t h e s e  c o s t s  

a g a i n s t  t h e  WfflD' s u s e d . From t h e  

c u r v e  t h e  min imum c o s t  can be seen 

and d e t e r m i n e d .  T h i s  c o s t  c o r r e ­

sponds  t o  t h e  o p t im um  p a r t i c l e - s i z e  

m e a s u r e , w h i c h  r e p r e s e n t s  a s c r e e n  

ana l y s  i s  ...

S tep  1 0 .  From t h e  op t im um  UIMD, d e t e r m i n e  an op t im um

p a r t i c l e - s i z e  d i s t r i b u t i o n  ( s c r e e n  a n a l y s i s )  

by f o l l o w i n g  t h e s e  s t e p s .

a .  S t a r t  w i t h  a WMD t h a t  c o r r e s p o n d s  t o  a
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known s c r e e n  a n a l y s i s  and i s  c l o s e  t o  

t h e  o p t im um  WfflD. Use t h a t  as a base 

t o  d e t e r m i n e  an assumed s c r e e n  a n a l y s i s .

b .  From t h e  assumed s c r e e n  a n a l y s i s  

d e t e r m i n e  a WMD by u s i n g  e q u a t i o n  ( l ) ,

n
WMD = Z d iU l i ,  

i  = l  
100

i n  t h e  t e x t  :

c . Check t h e  c a l c u l a t e d  WMD w i t h  t h e  op t imum 

o n e . I f  i t  i s  t h e  same o r  r e a s o n a b l y  

c l o s e , s t o p  and go on t o  S te p  1 1 .  I f  i t  

i s  n o t  c l o s e , make a d j u s t m e n t  t o  t h e  

assumed s c r e e n  a n a l y s i s  and r e p e a t  p a r t

b . o f  S te p  10 .

d .  R ep e a t  p a r t  c u n t i l  t h e  WMD o f  t h e  

assumed s c r e e n  a n a l y s i s  i s  r e a s o n a b l y  

c l o s e  o r  t h e  same as t h e  op t im um  WMD •

T h i s  i s  t h e  assumed ap t im um  s c r e e n  

a n a l y s i s .  H e r e ,  s p e c i a l  a t t e n t i o n  s h o u l d  

be p a i d  t o  " w e i g h t  p e r c e n t  o f  t h e  f i n e s "  

( p a s s i n g  t h r o u g h  325-mesh s c r e e n  s i z e )

i n  t h e  assumed s c r e e n  a n a l y s i s .  No te  

t h a t  t h e  amount  o f  f i n e s  i n  t h e  

assumed op t im um  s c r e e n  a n a l y s i s  s h o u l d
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ba c o n s i s t e n t  w i t h  t h e  base s c r e e n  

a n a l y s i s  used  i n  p a r t  a o f  t h i s  s t e p .

S te p  1 1 .  Once t h e  op t im um  p a r t i c l e - s i z e  d i s t r i b u t i o n  

( s c r e e n  a n a l y s i s )  i s  d e t e r m i n e d ,  s a m p le s  o f  

t h e  m i n e r a l  ( i n  t h i s  case  c o a l )  and c o p i e s  

o f  t h e  assumed o p t im um  s c r e e n  a n a l y s i s  

s h o u l d  be s e n t  t o  v a r i o u s  m a n u f a c t u r e r s  o f  

m a t e r i a l - h a n d l i n g  e q u ip m e n t  f o r  t e s t i n g  i n  

t h e i r  p i l o t  p l a n t s .  The m a n u f a c t u r e r s  t h e n  

w o u ld  recommend t h e  o p t im um  e q u ip m e n t  

( c r u s h e r s  a n d / o r  g r i n d e r s )  t h a t  w o u ld  g i v e  

a c l o s e  p a r t i c l e - s i z e  d i s t r i b u t i o n  ( s c r e e n  

a n a l y s i s )  t o  t h e  assumed op t im um  o n e .
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CONCLUSIONS AMD RECOMMENDATIONS

Based on t h e  s p e c i f i c  case  used i n  t h i s  s t u d y  a s e t  o f  

c o n c l u s i o n s ,  r e c o m m e n d a t i o n s ,  and l i m i t a t i o n s  were  

d e v e l o p e d •

C o n c l u s i o n s

A t e c h n i q u e  t h a t  d e t e r m i n e s  t h e  o p t i m a l  p a r t i c l e - s i z e  

d i s t r i b u t i o n  f o r  c o a l - s l u r r y  p i p e l i n e s  has been d e v e lo p e d  

and has been p r o v e n  t o  be v i a b l e  and was shown by t h e  case  

s t u d y  t o  w o r k ,  b o t h  a n a l y t i c a l l y  and g r a p h i c a l l y . H ow eve r ,  

t h e  a c c u r a c y  o f  t h e  r e s u l t s  i s  s t r i c t l y  d e p e n d e n t  on t h e  q uan ­

t i t y  and q u a l i t y  o f  d a t a  used t o  d e v e l o p  t h e  m a t h e m a t i c a l  

c o s t  f u n c t i o n  f o r  each  o f  t h e  p i p e l i n e  t r a n s p o r t a t i o n  s y s ­

tem c o m p o n e n t s .

F o r  t h e  s p e c i f i c  case  used i n  t h i s  s t u d y , a c o a l - s l u r r y  

p i p e l i n e  d e l i v e r i n g  2 , 3 7 6  m i l l i o n  t o n s  o f  c o a l  p e r  y e a r  a 

d i s t a n c e  o f  2 0 0  m i l e s ,  t h e  f o l l o w i n g  c o n c l u s i o n s  may be 

d r a w n ,

1 .  The o p t i m a l  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  ( r e p r e ­

s e n t e d  by t h e  w e i g h t e d  mean d i a m e t e r )  i s  0 ,3 3 0  mm 

( 0 , 0 1 2 9 9 - i n c h )  o r  b e tw een  42 and 48 mesh, b u t  

c l o s e r  t o  42 m esh , Based on t h i s  w e i g h t e d  mean 

d i a m e t e r ,  a s u g g e s t e d  c o a l - p a r t i c l e - s i z e  d i s t r i b u ­

t i o n  ( s c r e e n  a n a l y s i s )  was shown e a r l i e r  i n  T a b l e  1 5 .
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2 .  Based on t h e  above  o p t i m a l  c o a l - p a r t i c l e - s i z e  d i s ­

t r i b u t i o n ,  t h e  t o t a l  a n n u a l  c o s t  o f  t h e  c o a l - s l u r r y  

t r a n s p o r t a t i o n  s y s te m  i n  December 1975 was

$ 9 , 1 3 0 , 7 8 7 ,  o r  1 .9 2 2 0  c e n t s  p e r  t o n - m i l e .  $ 5 9 6 ,6 7 0  

o r  0 .1 2 6  c e n t s  p e r  t o n - m i l e  i s  a t t r i b u t e d  t o  c o a l -  

s l u r r y  p r e p a r a t i o n ;  $ 7 , 3 6 5 , 6 0 0 ,  o r  1 .5 5  c e n t s  p e r  

t o n - m i l e  i s  a t t r i b u t e d  t o  p i p e l i n e  t r a n s p o r t a t i o n ;  

and $ 1 , 1 6 8 , 5 1 7  o r  0 .2 4 6  c e n t s  p e r  t o n - m i l e  i s  a t ­

t r i b u t e d  t o  c o a l - s l u r r y  s e p a r a t i o n  o r  d e w a t e r i n g .

3 .  C o a l - s l u r r y  p r e p a r a t i o n  c o s t  c o n t r i b u t e d  an a v e ra g e  

o f  3 . 2  p e r c e n t  o f  t h e  t o t a l  c o s t  f o r  c o a r s e  c o a l  

w e i g h t e d  mean d i a m e t e r  ra n ge  b e tw een  1 and 1 2 .6 5 0  

mm ( 1 / 2 ) i n c h ) ,  and an a v e r a g e  o f  6  p e r c e n t  o f  th e  

t o t a l  c o s t  f o r  f i n e  c o a l  w e i g h t e d  mean d i a m e t e r  

r a n g e  b e tw e e n  0 . 7  and 0 .0 6  mm,

4 .  P i p e l i n e  t r a n s p o r t a t i o n  c o s t  c o n t r i b u t e d  an a v e ra g e  

o f  9 2 . 5  p e r c e n t  o f  t h e  t o t a l  c o s t  f o r  c o a r s e  c o a l  

w e i g h t e d  mean d i a m e t e r  ra n g e  be tw ee n  1 and 1 2 .6 5 0  

mm ( l / 2  i n c h ) ,  and an a v e r a g e  o f  81 p e r c e n t  o f  t h e  

t o t a l  c o s t  f o r  f i n e  c o a l  w e i g h t e d  mean d i a m e t e r  

r a n g e  be tw ee n  0 , 7  and 0 . 0 6  mm.

5 .  C o a l - s l u r r y  s e p a r a t i o n  o r  d e w a t e r i n g  c o s t  c o n t r i b u t e d  

an a v e ra g e  o f  4 . 3  p e r c e n t  o f  t h e  t o t a l  c o s t  f o r
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c o a r s e  c o a l  w e i g h t e d  mean d i a m e t e r  r a n g e  b e tw e e n  1 

and 12 .6 5 0  mm ( 1 / 2  i n c h ) , and an a v e r a g e  o f  13 p e r ­

c e n t  o f  t h e  t o t a l  c o s t  f o r  f i n e  c o a l  w e i g h t e d  mean 

d i a m e t e r  ra n g e  b e tw ee n  0 . 7  and 0 . 0 6  mm.

6 . N o n l i n e a r  c u r v e  f i t t i n g  o f  t h e  t o t a l  p i p e l i n e  

t r a n s p o r t a t i o n  c o s t  c u r v e  may r e s u l t  i n  an op t im um  

p a r t i c l e - s i z e  d i s t r i b u t i o n , WMD, e i t h e r  9 p e r c e n t  

h i g h e r  o r  1  t o  80 p e r c e n t  l o w e r  t h a n  t h e  one d e ­

p i c t e d  i n  t h i s  s t u d y . T h e r e f o r e , i t  i s  c o n c lu d e d  

t h a t  t h e  op t im um  p a r t i c l e - s i z e  d i s t r i b u t i o n  o c c u r s  

b e tw e e n  t h e  w e i g h t e d  mean d i a m e t e r  o f  0 .0 6 1  mm 

( 6 5  mesh) and 0 .3 6 1  mm ( 4 2  m e s h ) .

7 .  C o a l - s l u r r y  p r e p a r a t i o n  c o s t s  i n c r e a s e  w i t h  de ­

c r e a s i n g  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  ( r e p r e ­

s e n t e d  by t h e  w e i g h t e d  mean d i a m e t e r  o f  t h e  c o a l  

s c r e e n  a n a l y s i s ) ,  and d e c r e a s e s  w i t h  an i n c r e a s e  

i n  t h e  w e i g h t e d  mean d i a m e t e r • T h i s  i s  t r u e  

b e cau se  t h e  power  and c a p i t a l  c o s t  r e q u i r e m e n t s  f o r  

c r u s h i n g  and g r i n d i n g  i n c r e a s e  w i t h  a d e c r e a s e  i n  

p r o d u c t  s i z e s .

8 . C o a l - s l u r r y  t r a n s p o r t a t i o n  c o s t s  d e c r e a s e  w i t h  d e ­

c r e a s i n g  c o a l - p a r t i c l e - s i z e  d i s t r i b u t i o n  ( r e p r e ­

s e n t e d  by t h e  w e i g h t e d  mean d i a m e t e r  o f  t h e  c o a l  

s c r e e n  a n a l y s i s ) ,  up t o  a c e r t a i n  w e i g h t e d  mean 

d ia m e t e r #  w he re  th e  s l u r r y  has e x c e s s  f i n e s ,
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r e s u l t i n g  i n  a h i g h  v i s c o s i t y  and h i g h e r  pum p ing  

c o s t s  t h a n  s l u r r i e s  w i t h  fe w e r  f i n e s .

9 .  C o a l - s l u r r y  s e p a r a t i o n  o r  d e w a t e r i n g  c o s t s  d e ­

c r e a s e  w i t h  i n c r e a s i n g  c o a l - p a r t i c l e - s i z e  d i s t r i b u ­

t i o n  ( r e p r e s e n t e d  by t h e  w e i g h t e d  mean d i a m e t e r  o f  

t h e  c o a l  s c r e e n  a n a l y s i s ) .  T h i s  i n v e r s e  r e l a t i o n ­

s h i p  i s  e x p l a i n e d  by t h e  f a c t  t h a t  f i n e  c o a l s  r e ­

q u i r e  f i l t e r s  and t h e r m a l  d r y e r s  t h a t  i n c r e a s e  

c a p i t a l  and o p e r a t i n g  c o s t s .

Recommandât i o n s

Because  o f  t h e  p o t e n t i a l  use o f  t h e  t o o l  o u t l i n e d  e a r l i ­

e r  i n  t h i s  s t u d y ,  r e s e a r c h  s h o u l d  be c o n t i n u e d  i n  t h e  f o l ­

l o w i n g  a r e a s t

1 . f o r  more a c c u r a t e  o p t i m a l  p a r t i c l e - s i z e  d i s t r i b u ­

t i o n s  f o r  t h e  ca se  s t u d y  d e s c r i b e d  i n  t h i s  s t u d y ,  

more p i p e l i n e  d a t a  a r e  meeded b e tw e e n  a w e i g h t e d  

mean d i a m e t e r  o f  0 .0 6 0 7  mm and 0 . 3 3 0  mm, i n  o r d e r  

t o  d e f i n e  p r o p e r l y  t h e  c u r v e  b e tw e e n  t h e s e  tw o  

p o i n t s .

2 ,  F u r t h e r  w o rk  can  be done t o  d e m o n s t r a t e  t h e  e f f e c t  

o f  c h a n g i n g  t h e  p i p e l i n e  t h r o u g h p u t  ( c a p a c i t y )  and 

p i p e l i n e  l e n g t h  on t h e  o p t i m a l  p a r t i c l e - s i z e  d i s ­

t r i b u t i o n .  Such f u r t h e r  w ork  w o u ld  r e s u l t  i n  a 

l i b r a r y  o f  o p t i m u m - s i z e  d i s t r i b u t i o n s  f o r  any
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c o m b i n a t i o n  o f  p i p e l i n e  t h r o u g h p u t  ( c a p a c i t y )  and 

l e n g t h .

L i m i t a t i o n s

T h i s  s t u d y  r e v e a l e d  two  n o t i c e a b l e  l i m i t a t i o n s .  The 

f i r s t  i s  t h a t  t h e  a u t h o r  i g n o r e d  t h e  c o s t  o f  w a t e r  f o r  s l u r ­

r y  b e ca u se  o f  t h e  a s s u m p t i o n  t h a t  any  t i m e  a c o a l - s l u r r y  

p i p e l i n e  i s  c o n s i d e r e d ,  w a t e r  i s  a v a i l a b l e  and t h e  w a t e r  a t  

t h e  t e r m i n u s  o f  t h e  p i p e l i n e  i s  used f o r  c o o l i n g  i n  t h e  pow­

e r  p l a n t  t o  w h i c h  t h e  p i p e l i n e  i s  d e l i v e r i n g  t h e  s l u r r y .

The se co nd  i s  t h a t  t h e  a u t h o r  t r e a t e d  an assumed WflfID 

f o r  c o a l - s l u r r y  p r e p a r a t i o n ,  ( w h i c h  was c a l c u l a t e d  by h a l v ­

i n g  t h e  t o p  s i z e  o f  t h e  s e l e c t e d  s c r e e n  a n a l y s e s ) ,  t h e  same 

as t h e  r e a l  o r  c a l c u l a t e d  WiflD used  f o r  t h e  c o a l - s l u r r y  p i p e ­

l i n e  t r a n s p o r t a t i o n  and s e p a r a t i o n  ( d e w a t e r i n g ) , a n a l y s e s . 

T h i s  i s  a f a i r  a s s u m p t i o n  a t  t h i s  t i m e  be cau se  t h e  a u t h o r  i s  

c o n c e r n e d  w i t h  t h e  v i a b i l i t y  and t h e  w o r k a b i l i t y  o f  t h e  

t e c h n i q u e . Once t h e  t e c h n i q u e  has been p r o v e d  t o  w o r k ,  i t  

c o u l d  be used  f o r  b e t t e r  i n p u t  d a t a  w h i c h  w i l l  r e s u l t  i n  a 

more a c c u r a t e  a n s w e r . The a u t h o r  a l s o  assumed a h o r i z o n t a l  

p i p e l i n e  and i g n o r e d  t o p o g r a p h y .
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APPENDIX A

The f o l l o w i n g  i s  a summary o f  t h e  c u r r e n t  s t a t u s  o f  t h e  

a r t  o f  s y n t h e t i c  f u e l s  f r o m  c o a l • T a b le  16 su m m a r ize s  

a v a i l a b l e  c o a l  g a s i f i c a t i o n .  T a b le  17 s u m m a r iz e s  a v a i l a b l e  

c o a l  l i q u e f a c t i o n  p r o c e s s e s .
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APPENDIX B

The f o l l o w i n g  b r i e f  d i s c u s s i o n  o f  c o a l - s l u r r y  p r e p a r a ­

t i o n  e q u ip m e n t  i s  d i v i d e d  i n t o  tw o  p a r t s  ; t h e  f i r s t  b r i e f l y  

d i s c u s s e s  each  c o a l - s l u r r y  p r e p a r a t i o n  e q u i p m e n t ,  and t h e  

s e c o n d  d i s c u s s e s  c o a l - r e d u c t i o n  e q u ip m e n t  t h a t  i s  a p p l i c a b l e  

t o  t h i s  s t u d y .

C o a l - S l u r r y  P r e p a r a t i o n  E q u ip m e n t

C o a l - s l u r r y  p r e p a r a t i o n  e q u ip m e n t  i n c l u d e s  c r u s h e r s , 

g r i n d e r s , s c r e e n s ,  d u s t  c o l l e c t o r s , c o n v e y o r  b e l t s ,  s l u r r y  

t a n k s ,  m e te r s  and g a u g e s , s l u r r y  pumps, and p i p e s .  Each o f  

t h e s e  i s  d i s c u s s e d  b e l o w .

C r u s h e r s  and G r i n d e r s ; C r u s h e r s  and g r i n d e r s  a r e  used 

t o  r e d u c e  c o a l  t o  t h e  s i z e  needed  f o r  p i p e l i n i n g .

S c re e n s  ( d r y  o r  w e t ) :  D ry  s c r e e n s  i n  a s l u r r y  p r e p a r a ­

t i o n  p l a n t  u s u a l l y  co m p le m e n t  t h e  c r u s h e r s  and g r i n d e r s , 

T h e i r  p u r p o s e  i s  t o  s i z e  t h e  c o a l  f o r  f u r t h e r  r e d u c t i o n  o r  

f o r  s l u r r y  p r e p a r a t i o n .

Wet s c r e e n s , o r  s l u r r y  s c r e e n s  i n  a c o a l - s l u r r y  p r e p a r ­

a t i o n  p l a n t , a r e  used t o  c h e c k  t h e  o v e r s i z e  p a r t i c l e  s i z e  o f  

t h e  c o a l  s l u r r y .

D u s t  C o l l e c t o r s ; The p u r p o s e  o f  t h e  d u s t  c o l l e c t o r s  i s  

t o  c o l l e c t  t h e  f i n e  p a r t i c l e s  t h a t  a r e  p r o d u c e d  f r o m  t h e
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c r u s h e r s , g r i n d e r s , and c o n v e y o r  b e l t s  d u r i n g  t h e  c o a l  r e ­

d u c t i o n  and t r a n s p o r t a t i o n  p r o c e s s e s .  These c o l l e c t o r s  

e l i m i n a t e  e x p l o s i o n s  o f  f i n e  p a r t i c l e s  and a r e  u s u a l l y  

e q u i p p e d  w i t h  f a n s .

C o n v e y o r  B e l t s : I n  c o a l - s l u r r y  p r e p a r a t i o n  p l a n t s , c o n ­

v e y o r  be I t s  a r e  used t o  move d r y  c o a l  f r o m  one p a r t  o f  t h e  , 

p l a n t  t o  a n o t h e r .  I n  some p l a n t s  t h e s e  b e l t s  move c o a l  f r o m  

t h e  c r u s h e r s  d i r e c t l y  t o  t h e  s l u r r y  m i x i n g  t a n k . I n  o t h e r s , 

inhere w e t  g r i n d i n g  i s  a v a i l a b l e ,  t h e s e  b e l t s  move c o a l  f r o m  

t h e  c r u s h e r s  t o  t h e  met g r i n d e r s .

S l u r r y  T a n k s ; These  t a n k s  a r e  used m a i n l y  e i t h e r  as 

m i x i n g  t a n k s  o r  as s l u r r y  h o l d i n g  t a n k s ,  w he re  t h e  c o a l  s l u r ­

r y  i s  b e i n g  h e l d  b e f o r e  i t  i s  pumped t o  t h e  p i p e l i n e . The 

t a n k s  a r e  u s u a l l y  e q u ip p e d  w i t h  a g i t a t o r s  t o  keep  t h e  c o a l  

p a r t i c l e s  i n  s u s p e n s i o n ,

M e te r s  and G auges : I n  c o a l - s l u r r y  p r e p a r a t i o n  p l a n t s ,

t h e  most common m e te r s  a r e  w e i g h t o m e t e r s  and d e n s i t y  m e t e r s . 

U l e i g h t o m e t e r s , w h i c h  a r e  used t o  w e ig h  t h e  c o a l  b e f o r e  i t  i s  

m ixe d  w i t h  t h e  l i q u i d  c a r r i e r ,  w a t e r ,  a r e  u s u a l l y  l o c a t e d  a t  

t h e  c o n v e y o r  b e l t s  b e f o r e  d e l i v e r y  t o  s l u r r y  m i x i n g  t a n k s , 

o r  b e f o r e  d e l i v e r y  t o  t h e  r o d  m i l l s  ( i n  c a se  o f  w e t  g r i n d i n g ) .  

D e n s i t y  m e t e r s , o r  g a u g e s , a r e  used t o  re a d  t h e  d e n s i t y  o f  

t h e  c o a l - s l u r r y  and t o  m o n i t o r  t h e  c o a l  c o n c e n t r a t i o n  i n  t h e  

s l u r r y  b e f o r e  t h e  s l u r r y  i s  s e n t  t o  t h e  p i p e l i n e .  U s u a l l y ,
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t h e s e  m e te r s  a r e  mounted  on t h e  p u m p - d i s c h a r g e  l i n e  t h a t  de­

l i v e r s  t h e  c o a l  s l u r r y  t o  t h e  s l u r r y  h o l d i n g  t a n k  ( s e e  F i g ­

u r e  l ) .

A u t o m a t i c  S l u r r y  S am plers»: Th& s l u r r y  s a m p le r  t o  be

used i n  t h i s  s t u d y  i s  a s e l f - c o n t a i n e d  u n i t  d e s i g n e d  s p e c i ­

f i c a l l y  f o r  s e c o n d a r y  s a m p l i n g  o f  s l u r r i e s .  Samples  a r e  

s e n t  t o  t h e  l a b o r a t o r y  f o r  im m e d ia te  a n a l y s i s  o f  s i z e  c o n ­

t e n t  and s o l i d s  c o n c e n t r a t i o n  o f  t h e  s l u r r y .

P l a n t  Pumps : I n  c o a l - s l u r r y  p r e p a r a t i o n  p l a n t s , t h e r e

a r e  u s u a l l y  w a t e r  pumps and s l u r r y  pumps. W a te r  pumps a r e  

used  t o  pump t h e  w a t e r  t o  be m ixed  w i t h  t h e  d r y  c o a l  t o  fo rm  

t h e  c o a l  s l u r r y . S l u r r y  pumps a re  used t o  pump t h e  c o a l  

s l u r r y  fo rm e d  f r o m  t h e  s l u r r y  s u rg e  t a n k s  t o  s l u r r y  s c r e e n s  

and f r o m  th e  s l u r r y  h o l d i n g  t a n k s  t o  f e e d  t h e  p i p e l i n e  pumps. 

P l a n t  pumps a r e  u s u a l l y  c e n t r i f u g a l  pum ps.

M o t o r s i M o to r s  used  on c r u s h e r s ,  g r i n d e r s ,  a g i t a t o r s ,  

and pumps a r e  u s u a l l y  s u p p l i e d  w i t h  t h e  e q u i p m e n t ,  o r  p u r ­

c h a s e d  s e p a r a t e l y .

CQ.a..1 - R e d u c t  i o n  E q u ip m e n t

The f o l l o w i n g  i s  a d e s c r i p t i o n  o f  t h e  r e d u c t i o n  p r o c e s s  

f o r  t h i s  case  s t u d y .  I n  t h i s  s e c t i o n  when a m a n u f a c t u r e r  o f  

c o a l - r e d u c t i o n  e q u ip m e n t  i s  m e n t i o n e d , t h e r e  i s  no i m p l i c a ­

t i o n  t h a t  t h i s  s p e c i f i c  e q u ip m e n t  i s  recommended;  i t  i m p l i e s  

o n l y  t h a t  t h e  m a n u f a c t u r e r  was c o o p e r a t i v e  i n  g i v i n g  t h e  c o s t

RaTHunraxEscnmAEY
COLORADO SCHOOL of MINES
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o f  t h e  e q u i p m e n t .

R e d u c t i o n  o f  C o a l  t o  95 P e r c e n t  P a s s in g  T h ro u g h  a 1- 

j n c h  S c re e n  O p e n in g ; T h i s  r e d u c t i o n  i s  a c c o m p l i s h e d  by t h e  

use o f  a W i l l i a m s  r e v e r s  i b 1 e I m p a c t o r  s i z e  350 ( 2 7 ) .  T h i s  

i m p a c t o r  i s  a b l e  t o  r e d u c e  up t o  315 t p h  o f  8 - i n c h  f e e d  c o a l  

t o  95 p e r c e n t  p a s s i n g  t h r o u g h  a 1 - i n c h  s c r e e n  o p e n in g  i n  one 

p a s s . The i m p a c t o r  r e q u i r e s  a 2 0 0 -h p  m o t o r .

R e d u c t i o n  o f  C o a l  t o  95 t o  100 P e r c e n t  P a s s i n g  T h ro u g h  

a 0 . 7 5 - i n c h  Sc re e n  O p e n in g ; R u n - o f - m i n e  c o a l  i s  f e d  t o  a 

s t a n d a r d - d u t y  G u n d la c h  r o l l  c r u s h e r ,  mode l  70 DA ( 2 8 ) ,  w h i c h  

can  a c c e p t  c o a l  f e e d  up t o  16 by  69 i n c h e s . T h i s  m a ch in e  

can  c r u s h  up t o  295 t o n s  o f  c o a l  p e r  h o u r  t o  95 t o  100 p e r ­

c e n t  p a s s i n g  t h r o u g h  a 0 . 7 5 - i n c h  s c r e e n  o p e n in g  i n  one p a s s .  

The m a c h i n e . r e q u i r e s  a 1 5 0 -h p  m o t o r .

R e d u c t i o n  o f  C o a l  t o  95 t o  100 P e r c e n t  P a s s in g  T h ro u g h  

a 0 . 3 7 5 - i n c h  Sc re e n  O p e n in g : T h i s  r e d u c t i o n  i s  a c c o m p l i s h e d

by use o f  a J e f f r e y  f l e x t o o t h  c r u s h e r ,  s i z e  4266 ( 2 9 ) ,  w h i c h  

i s  c a p a b l e  o f  c r u s h i n g  up t o  300 t p h  o f  r u n - o f - m i n e  c o a l  t o  

96 p e r c e n t  p a s s i n g  t h r o u g h  a 0 . 3 7 5 - i n c h  s c r e e n  o p e n in g  i n  one 

p a s s . T h i s  m a ch in e  r e q u i r e s  a 3 0 0 - b p  m o t o r .

R e d u c t i o n  o f  C o a l  t o  95 P e r c e n t  P a s s in g  T h ro u g h  a 0 . 2 5 -  

i n c h  S c re e n  O p e n in g : T h i s  r e d u c t i o n  i s  a c c o m p l i s h e d  by t h e

use o f  a r i n g - t y p e  G r u e n d l e r  hammer m i l l ,  model  3XE, s i z e  

4260 ( 3 0 ) ,  w h i c h  can r e d u c e  1 6 - i n c h  c o a l  t o  95 p e r c e n t
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p a s s i n g  t h r o u g h  a 0 , 2 5 - i n c h  s c r e e n  o p e n i n g  a t  a c a p a c i t y  o f  

300 t p h  i n  one pass  • T h i s  m ach ine  r e q u i r e s  a 3 0 0 -h p  m o t o r .

R e d u c t i o n  o f  C o a l  t o  95 P e r c e n t  P a s s i n g  T h ro u g h  a 6 -Wesh 

S c r e e n  O p e n in g : I n  o r d e r  t o  m a i n t a i n  95 p e r c e n t  p a s s i n g

t h r o u g h  6 -mesh s c r e e n ,  c o a l  i s  i n t r o d u c e d  t o  a 5 0 - i n c h  Gund­

l a c h  Cage P a k t o r  ( 2 8 ) ,  w h i c h  w i l l  a c c e p t  c o a l  s i z e s  up t o  20 

i n c h e s  and c r u s h e s  up t o  333 t p h  o f  t h i s  s i z e  c o a l  t o  95 p e r ­

c e n t  m inus  6  mesh and a b o u t  80 p e r c e n t  m inus  8  mesh. T h i s  

m a ch in e  r e q u i r e s  a 2 5 0 - h p  m o t o r •

R e d u c t i o n  o f  C o a l  t o  95 P e r c e n t  P a s s i n g  T h ro u g h  8 -Mesh 

S c re e n  O p e n in g : To a c c o m p l i s h  t h i s ,  r u n - o f - m i n e  c o a l  i s

f i r s t  i n t r o d u c e d  i n t o  a s t a n d a r d  G u n d la c h  r o l l  c r u s h e r , mod­

e l  56DA ( 2 8 ) ,  w h i c h  has a c a p a c i t y  up t o  400 t p h  and r e q u i r e s  

a 7 5 - h p  m o t o r .  T h i s  c r u s h e r  r e d u c e s  r u n - o f - m i n e  c o a l  t o  pass 

t h r o u g h  a 4 - i n c h  s c r e e n  o p e n i n g .  The p r o d u c t  i s  f e d  i n t o  

K o p p e rs  H a m m e rm i l l  ( 3 1 ) ,  w i t h  a c a p a c i t y  o f  350 t p h .  The 

p r o d u c t  o f  t h i s  m a ch in e  i s  95 p e r c e n t  p a s s i n g  t h r o u g h  an 8 -  

i n c h  s c r e e n  o p e n i n g .  T h i s  h a m m e rm i l l  r e q u i r e s  a 4 0 0 -h p  m o to r  

R e d u c t i o n  o f  C o a l  t o  Top S i z e  o f  1 4 - ,  1 6 - ,  2 0 - ,  3 0 - ,  3 5 -  

f f lesh: The g r i n d i n g  o f  c o a l  t o  t h e  a b o v e - m e n t i o n e d  s i z e s  i s

a c c o m p l i s h e d  f i r s t  by t h e  use o f  a G u n d la c h  Cage P a k t o r , s i z e  

5 0 - i n c h  ( 2 8 ) ,  w h i c h  can c r u s h  12 -  by 2 5 - i n c h  c o a l  t o  a b o u t  95 

p e r c e n t  p a s s i n g  t h r o u g h  a 6 -mesh s c r e e n  o p e n i n g .  The Cage

P a k t o r  i s  c a p a b l e  o f  h a n d l i n g  a b o u t  333 t p h  and r e q u i r e s  a 

2 5 0 - h p  m o t o r .  The p r o d u c t  o f  t h e  Cage P a k t o r  i s  f e d  i n t o  a
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N o r d b e r g  r o d  m i l l  ( 3 2 ) ,  w h i c h  i n  t u r n  w i l l  r e d u c e  c o a l  t o  

f i n e r  s i z e s  by w e t  g r i n d i n g . The N o r d b e r g  r o d  m i l l  has d i f ­

f e r e n t  h o r s e p o w e r  r e q u i r e m e n t s  f o r  d i f f e r e n t  l e v e l s  o f  f i n e ­

n e s s .  F o r  t h e  p u r p o s e  o f  t h i s  s t u d y  t h e  above  f i v e  s i z e s  

w e re  u s e d .  The m i l l ' s  h o r s e p o w e r  r e q u i r e m e n t s  a r e  su m m a r ize d  

b e l o w •

100 P e r c e n t  P a s s i n g  N o r d b e r g  Rod M i l l s
T h ro u g h H o rs e p o w e r  R e q u i r e m e n t

14 mesh 450

16 mesh 600

2 0  mesh 900

30 mesh 1200
35 mesh 1500

Based on th e  above  d e s c r i p t i o n  o f  t h e  s i z e  r e d u c t i o n  

e q u ip m e n t  t o  be u s e d ,  c a p i t a l  c o s t s  were  o b t a i n e d  f r o m  th e  

m a n u f a c t u r e r  and a r e  shown i n  A p p e n d ix  C.
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APPENDIX C

T h i s  a p p e n d i x  b r i e f l y  d e s c r i b e s  t h e  c o a l - s l u r r y  p r e p a r  

a t  i o n  e q u ip m e n t  and c o s t s .  T a b l e  18 shows t h e  r e d u c t i o n  

e q u ip m e n t  d i s c u s s e d  i n  A p p e n d ix  B and c o r r e s p o n d i n g  c a p i t a l  

c o s t s . T a b le  19 shows a l l  o t h e r  m i s c e l l a n e o u s  c o a l - s l u r r y  

p r e p a r a t i o n  e q u ip m e n t  and c o r r e s p o n d i n g  c o s t s .  T a b le  20 

shows t h e  t o t a l  c a p i t a l  e q u ip m e n t  c o s t .  A l l  o f  t h e s e  c o s t s  

a r e  i n  December 1975 d o l l a r s .
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T a b le  2 0 .  T o t a l  C a p i t a l  E q u ip m e n t  C os t  f o r  3 0 0 - t p h
C o a l - S l u r r y  P r e p a r a t i o n  P l a n t

R e d u c t i o n  S i z e  C a p i t a l  E q u ip m e n t
( I n c h e s / M e s h )  C o s t , 8  1 «

1 i n c h 6 0 9 , 7 4 0

0 .7 5 0 i n c h 6 2 0 , 3 1 8

0 .3 7 5 i n c h 6 3 6 ,1 6 8

0 .2 5 0 i n c h 6 3 7 ,8 9 3

6 mesh 6 4 0 , 8 1 8

3 mesh 7 1 0 ,8 1 8

14 mesh 7 4 7 , 8 1 8

16 mesh 8 0 7 , 8 1 8

2 0 mesh 9 2 7 ,8 1 8

30 mesh 1 , 0 4 7 , 8 1 8

35 mesh 1 , 1 6 7 , 8 1 8

1 . T a b l e s  18 and 1 9 .
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APPENDIX D 

PLANT DESIGN COSTS

T o t a l  e s t i m a t e d  c o s t s  o f  a t y p i c a l  p r o c e s s  p l a n t  i n c l u d e  

c o s t  o f  e q u i p m e n t , i n s t a l l a t i o n , p l a n t  p i p e s , b u i l d i n g  and 

s i t e  d e v e l o p m e n t , e n g i n e e r i n g  and c o n s t r u c t i o n , l a n d ,  and 

v a r i o u s  c o n t i n g e n c i e s .  Earefa1 o f  t# e # e , c o s ts  i s  b r i e f l y  d i s ­

c u s s e d  b e lo w .

P ro c e s s  E q u ip m e n t

T h i s  c o s t  i n c l u d e s  e x p e n d i t u r e s  f o r  p l a n t - p r o c e s s  e q u i p ­

ment , h a n d l i n g  and s t o r a g e  e q u i p m e n t ,  g a u g e s , and i n s t r u ­

m en ts  . I t  i s  s o m e t im e s  shown as f . o . b . , o r  d e l i v e r e d  c o s t .

I n s t a l l a t i o n

The i n s t a l l a t i o n  c o s t  o f  e q u ip m e n t  i n v o l v e s  c o s t s  f o r  

l a b o r ,  f o u n d a t i o n s ,  s u p p o r t s , p l a t f o r m s ,  c h u t e s ,  g a t e s ,  v e n t s  

i n s u l a t i o n ,  i n s t a l l â t  i o n - e r e c t i o n , and any  o t h e r  c o s t s  r e ­

l a t e d  t o  t h e  e r e c t i o n  o f  t h e  p u r c h a s e d  e q u i p m e n t .

P l a n t  P i p i n g  I n s t a l l a t i o n

The c o s t  f o r  p i p i n g  c o v e r s  l a b o r , v a l v e s ,  f i t t i n g s ,  

p i p e  s u p p o r t s , and o t h e r  i t e m s  i n v o l v e d  i n  t h e  c o m p le t e  e r e c ­

t i o n  o f  a l l  p i p i n g  used  d i r e c t l y  i n  t h e  p l a n t . I t  i n c l u d e s  

w a t e r ,  a i r ,  s e w e r ,  and a l l  o t h e r  p i p e s  used i n  t h e  p l a n t .



T-1804 91.

B u i l d i n g s  and S i t e  D e v e lo p m e n t

T h i s  c o s t  i n c l u d e s  f e n c i n g , g r a d i n g ,  r o a d s , s i d e w a l k s ,  

l a n d s c a p i n g , b u i l d i n g s ,  and a l l  e l e c t r i c a l  i n s t a l l a t i o n .  

B u i l d i n g  c o s t s  i n c l u d e  l a b o r , m a t e r i a l s , and s u p p l i e s  i n ­

v o l v e d  i n  t h e  e r r e c t i o n  o f  a l l  b u i l d i n g s  c o n n e c t e d  w i t h  t h e  

p l a n t . I t  i n c l u d e s  c o s t  o f  p l u m b i n g ,  h e a t i n g ,  v e n t i l a t i o n ,  

and e l e c t r i c a l  i n s t a l l a t i o n .  E l e c t r i c a l  i n s t a l l a t i o n  i n ­

c l u d e s  p o w e r , w i r i n g ,  l i g h t i n g ,  and i n s t r u m e n t - c o n t r o l  w i r ­

i n g .

E n g i n e e r i n g  and C o n s t r u c t i o n

T h i s  c o s t  i n c l u d e s  t e m p o r a r y  c o n s t r u c t i o n , r e n t a l  o f  

e q u i p m e n t , f i e l d  and home o f f i c e ,  o v e r h e a d , e n g i n e e r i n g  d e ­

s i g n  and d r a f t i n g  r e p r o d u c t i o n ,  c o m m u n i c a t i o n , t r a v e l ,  t a x e s , 

and i n s u r a n c e .

Land

Land c o s t ,  w h i c h  depends  on t h e  l o c a t i o n  o f  t h e  p r o p e r t y , 

may v a r y  f r o m  one a r e a  t o  a n o t h e r .  Land c o s t  f o r  i n d u s t r i a l  

p l a n t s  am oun ts  t o  4 t o  8  p e r c e n t  o f  t h e  p u r c h a s e d  e q u ip m e n t  

c o s t  •

C o n t i n g e n c i e s

C o n t i n g e n c y  c o s t s  a r e  u s u a l l y  i n c l u d e d  i n  an e s t i m a t e  o f  

p l a n t  c o s t s  t o  co m p e n sa te  f o r  u n p r e d i c t a b l e  e v e n t s  such  as 

s t o r m s ,  f l o o d s ,  s t r i k e s ,  p r i c e  c h a n g e s , s m a l l  d e s i g n  c h a n g e s ,
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e r r o r s  i n  e s t i m a t i o n , and o t h e r  u n f o r s e e n  e xp en se s  w h i c h  

p r e v i o u s  e s t i m a t e s  have shown s t a t i s t i c a l l y  t o  be l i k e l y  t o  

o c c u r .  T a b l e  21 shows each o f  t h e s e  c o s t s  as a p e r c e n t  o f  

p u r c h a s e d  c a p i t a l  e q u ip m e n t  c o s t .

T a b l e  2 1 .  P l a n t  D e s ig n  C o s t s  As a P e r c e n t  o f
P u rc h a s e d  E q u ip m e n t  C os t

C o s t  I t e m
P e r c e n t  o f  P u rc h a s e  

E q u ip m e n t  C o s t

P ro c e s s  E q u ip m e n t  P u rc h a s e  C os t 1 0 0

I n s t a l l a t i o n  C o s t 43

P l a n t  P i p i n g  I n s t a l l a t i o n  C o s t 1 0

B u i l d i n g  & S i t e  D e v e lo p m e n t  C os t 50

E n g i n e e r i n g  & C o n s t r u c t i o n  C o s t 57

Land C o s t 6

C o n t i n g e n c i e s 23

S o u r c e s ;  ( 4 1 , - 4 2 ,  4 3 )
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APPENDIX E

The f o l l o w i n g  i s  a l i s t  o f  t h e  d i f f e r e n t  c o a l s  and t h e i r  

s c r e e n  a n a l y s e s  t o  be used  i n  t h e  p i p e l i n e  t r a n s p o r t a t i o n  

s e c t i o n  and s l u r r y  s e p a r a t i o n  s e c t i o n  o f  t h i s  s t u d y .

T a b l e  2 2 a . D i f f e r e n t  C o a l s  and S c re e n  A n a l y s e s
E a s t e r n  C oa rse  C o a l * *
S p e c i f i c  G r a v i t y » ! .2 6

I n c h  & T y l e r  Mesh P e r c e n t

1 5 / 8 - i n . X 1 1 / 2 - i n . 1 . 0

1  1 / 2 - i n . X 1 — i n  • 9 . 2

1 - i n . X 3 / 4 - i n . 1 2 .5

3 / 4 —i n  * X 1 / 2 - i n . 1 7 .3

1 / 2 - i n . X 3 / 4 - i n . 3 5 . 6

1 / 4 - i n . X 5m 1 . 4

5 X 1 0 8 . 8

1 0 X 16 4 . 0

16 X 2 0 2 . 2

2 0 X 30 1 .3

30 X 50 2 . 1

50 X 1 0 0 1 . 5

1 0 0 X 2 0 0 1 . 1

2 0 0 X pan 2 . 0

1 .  S o u r c e t  U .S .  B u re a u  o f  M ines  ( 4 4 ) 1 0 0 . 0
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T a b l e  2 2 b . D i f f e r e n t  C o a l s  and S c re e n  A n a l y s e s
P e n n s y l v a n i a  C o a l ^ *
S p e c i f i c  G r a v i t y - 1 . 3 0

I n c h e s  & T y l e r  Mesh P e r c e n t

1 . 5 - i n . X 1 - i n . 0 . 0 9

1 -  i n * X 3 / 4 - i n • 0 . 6 2

3 /  4— i n  # X 1/2-i n  * 6 . 6 1

l/2— i n  $ X 3 / 8 - i n . 8 . 6 1

3 / 8 - i n . X 3m 2 2 . 6 2

3-1*1 X 6m 1 2 .4 6

6 M X lom 1 3 .3 7

lorn X 26m 6 . 7 9

16M X 20m 4 . 7 2

2 0 m X 148m 9 . 1 8

481*1 X loom 7 . 2 3

loom X 200M 4 . 9 9

200m X pan 2 . 5 1

100.00

1 .  S o u r c e :  U .S .  B u re a u  o f  M ines  ( 4 4 )

N o t e :  T h i s  c o a l  has no h e a d l o s s  d a t a ,  i t  was used
o n l y  i n  t h e  C o a l - S l u r r y  S e p a r a t i o n  S e c t i o n .
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T a b l e  2 2 c .  D i f f e r e n t  C o a l s  and S c re e n  A n a ly s e s
West V i r g i n i a  C o a l * •

S p e c i f i c  G r a v i t y - 1 . 3 0 6

I n c h e s  & T y l e r  Mesh P e r c e n t

0 . 5 2 5  i n . X 3M 8 .4 1

3 X 6 1 8 .3 7

6 X 1 2 1 6 .8 6

1 2 X 2 0 1 3 .7 5

2 0 X 42 7 . 2 8

42 X 65 9 . 1 0

65 X 150 6 . 8 5

150 X 2 0 0 2 . 8 9

2 0 0 X pan 1 6 .4 9

1 0 0 . 0 0

1 .  S o u rc e  : U .S .  B u re a u  o f  M ines  ( 4 5 )
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Table 22d. Different Coals end Screen Analyses
Pocahontas Seam Coal1,
Specific Gravity*!.339

Inches & Ty le r  flesh Percent

3 / 8 i n . X 3fl 0 . 0 6

3 X 4 3 . 4 4

4 X 6 7 . 1 7

6 X 8 1 2 .3 9

8 X 10 1 3 .8 5

10 X 14 1 1 .4 0

14 X 20 8 .4 1

20 X 28 6 . 7 8

29 X 35 5 .0 1

35 X 48 4 .5 3

48 X 65 3 . 4 1

65 X 100 3 . 4 5

100 X 150 2 .7 3

150 X 200 2 . 1 5

200

270

X

X

270

325

1 .5 3

0 . 9 0
%

325 X pan 1 2 .7 9

1 0 0 .0 0

1 . S o u rc e : U .S .  B u re a u  o f  M ines  ( 4 6 )

GOLQIUiDO SCHOOL of 
GOLDEN COLQDfDO i

MINES
PMCl
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T a b l e  2 2 e .  D i f f e r e n t  C o a l s  and  S c re e n  A n a l y s e s
P o c a h o n ta s  C o a l * *

S p e c i f ic  G r a v i t y - 1 . 32

I n c h e s  & T y l e r  Mesh P e r c e n t

090 i n . X 14M 1 3 .6 6

14 X 28 2 7 . 8 6

28 X 48 1 8 .9 2

48 X 65 5 . 3 4

65 X 100 4 . 2 6

100 X 150 2 . 8 5

150 X 200 2 . 3 1

200 X 325 2 . 2 7

325 X pan 2 2 . 4 2

1 0 0 . 0 0

1 .  S o u r c e i  U .S .  B u re a u  o f  M ines  ( 4 7 )
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Table 22 f . Different Coals and Screen Analyses
Western Canada C.N. Coal*•

Specific Gravity-1.36

I n c h e s  & T y l e r  Mesh P e r c e n t

0 .0 9 3  x 10m 0.37
lom X 14W 4.07c
14 x 20 / 4 .0 3

20 x 28 1 1 .3 0

28 x 33 1 3 .8 3

35 x y/48 1 3 .4 7
/

48 65 9 . 8 7

65 x 100 7 .8 6

100 x 150 6 . 1 0

150 x 200 4 .4 0

200 x 325 4 .1 0

325 x pan 2 0 ,6 0

100.00

1 .  S o u rc e :  S .R .C .  ( 4 8 )
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Tabla 22gV Different Coals and Screen Analyses
Western Canada (Kaiser) Coall•

Specific Gravity-1«385

I n c h e s  it T y l e r  Mesh P e r c e n t

0 . 1 X 8 0 . 1 6

8 X 10 0 . 5 6

10 X 14 4 . 4 2

14 X 20 3 . 7 8

20 X 28 8 . 5 5

28 X 35 1 0 .3 8

35 X 48 1 1 .3 0

48 X 65 9 . 5 2

65 X 100 8 . 1 8

100 X 150 7 . 1 2

150 X 200 5 . 5 4

200 X 325 5 . 5 4

325 X pan 2 4 . 9 4

100.00

1 .  S o u r c e t  S . R . C .  ( 4 8 )
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T a b l e  f?22h. D i f f e r e n t  C o a l s  and S c re e n  A n a l y s e s
E a s t e r n  F i n e  C o a l l *

S p e c1 f i c  G r a v i t y - 1 .3 8 1

In c h e s  & T y l e r  Mesh P e r c e n t

80 X 100 1 .5 0

100 X 200 3 0 . 0 0

200 X pan 6 8 . 5 0

1 0 0 .0 0

1 .  S o u rce  : F a d d i c k  ( 4 9 )
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APPENDIX F

HEADLOSS EQUATION(S)'-.FOR 

HETEROGENEOUS SLURRIES

S in c e  r h e o l o g y  l a b o r a t o r y  e q u ip m e n t  ( v i s c o m e t e r s )  does 

n o t  p r o v i d e  p r e c i s e  r h e o l o g y  d a t a  f o r  s l u r r i e s  c o n t a i n i n g  

p a r t i c l e s  c o a r s e r  t h a n  a b o u t  65 mesh ( 0 . 2 0  mm), p i p e l i n e  

l o o p  s t u d i e s  -are used t o  d e v e l o p  m a t h e m a t i c a l  m o d e ls  f o r  

h e te r o g e n e o u s  s l u r r i e s .

F o r  d e t e r m i n i n g  s l u r r y  f r i c t i o n  l o s s e s  f o r  h e t e r o g e n e ­

ous s l u r r i e s , t h e  f o l l o w i n g  m o d i f i e d  D u r a n d ' s  e q u a t i o n  i s  

used  ( 5 0 ) *

0’  = Aijfk 

w h e r e ,  0  =
Cv e l

*  = \  V3.c07 X
%TS:g[T75L g D ( S - S L ) / 5 L

im -  t h e  t o t a l  f r i c t i o n  l o s s  o f
t h e  m i x t u r e , f t .  o f  s l u r r y /  
f t .  o f  p i p e ,

i  -  t h e  f r i c t i o n  l o s s  due t o  t h e  
v e h i c l e ,  f t .  o f  f l o w i n g  
f l u i d / f t .  o f  p i p e ,

0 ^  -  t h e  v o l u m e t r i c  c o n c e n t r a t i o n
o f  t h e  s o l i d s ,  f r a c t i o n ,

D -  t h e  p ip e  d i a m e t e r , f t . ,

S -  t h e  s p e c i f i c  g r a v i t y  o f  t h e  
s o l i d s .
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SL -  t h e  s p e c i f i c  g r a v i t y  o f  t h e
l i q u i d ,

-  t h e  v e l o c i t y  o f  t h e  s l u r r y ,
*  f t . / s e c . .

CQ -  t h e  d r a g  c o e f f i c i e n t  o f
some r e p r e s e n t a t i v e  p a r ­
t i c l e  s i z e ,  d i m e n s i o n l e s s ,

g -  t h e  a c c e l e r a t i o n  o f  g r a v i t y ,
f t . / s e c . 2 ,

X -  t h e  shape f a c t o r  t h a t  d e v i ­
a t e s  f r o m  a s p h e r e , 
d i m e n s i o n l e s s ,

A and b a r e , r e s p e c t i v e l y ,  t h e  i n t e r c e p t  and t h e  
s l o p e  o f  t h e  l o g a r i t h m i c  p l o t  o f  0 v e r s u s  # 
i n  t h e  h e a d l o s s  e q u a t i o n  f o r m u l a t e d  by D u ra n d  
( 5 0 ) .

H e a d lo s s  E q u a t i o n s  f o r  Homogeneous S l u r r i e s

F o r  homogeneous s l u r r i e s ,  f r i c t i o n - l o s s  c a l c u l a t i o n s  

may be b ased  on s t u d i e s  o f  t h e  s l u r r y  r h e o l o g y . A c c o r d i n g  

t o  F a d d i c k  ( 5 0 ) ,  r h e o l o g y  i s  t h e  s t u d y  o f  t h e  d e f o r m a t i o n  o f  

p s e u d o - l i q u i d s  due t o  s h e a r i n g .  S e v e r a l  a v a i l a b l e  m a t h e m a t i ­

c a l  m o d e ls  d e s c r i b e  t h i s  d e f o r m a t i o n  and a r e  w e l l  e x p l a i n e d  

by  Gov1 e r  and A r i z  ( 5 1 ) .  A c c o r d i n g  t o  t h e s e  a u t h o r s , many 

n o n - N e w t o n i a n  homogeneous s l u r r i e s  can be d e f i n e d  by t h e  

g e n e r a l  m a t h e m a t i c a l  model

T ~ r y = KYn

w here  t -  t h e  s l u r r y  s h e a r  s t r e s s , 
d y n e s /c m ^
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Ty -  t h e  s l u r r y  y i e l d  s t r e s s ,
d y n e s /c m ^

ÿ  -  t h e  s l u r r y  s h e a r  r a t e , 
s e c - 1 ,

K -  t h e  s l u r r y  c o n s i s t e n c y
i n d e x ,  d y n e s - s e c n / c m 2

n -  t h e  s l u r r y  f l o w  b e h a v i ­
o u r  i n d e x ,  d i m e n s i o n ­
l e s s  .

The g e n e r a l i z e d  m ode l  r e d u c e s  t o  s i m p l e r  e x p r e s s i o n s  f o r  

o t h e r  T h e o l o g i c a l  m ode ls  as f o l l o w s .

N e w to n ia n  F l u i d s  t = u y ;  ( n = l . 0 ,  K = u )

B ingham P l a s t i c  S l u r r i e s  t -  = KY ( n = l . 0 )

P s e u d o p l a s t i c  S l u r r i e s  t = Kyn ( n < 1 . 0 )

' Y i e l d  P s e u d o p l a s t i c
S l u r r i e s  t  -  x = Kyn ( n < l . 0 )

These m ode ls  a r e  shown i n  F i g u r e  7.

To u t i l i z e  any  o f  t h e  m a t h e m a t i c a l  m ode ls  shown a b o v e , 

l a b o r a t o r y  m e a su re m e n ts  must be o b t a i n e d  f r o m  t h e  s l u r r y  

b e in g  e x a m in e d .  These m easurem en ts  w i l l  p r o v i d e  d a t a  w h i c h  

y i e l d  v a l u e s  f o r  t t , Y , K , and n . From t h e s e  d a ta  t h e  

s l u r r y  R e y n o ld s  number may be d e t e r m i n e d  ; and t h e n  by means 

o f  a Woody d i a g r a m ,  t h e  f r i c t i o n  f a c t o r  i s  d e t e r m i n e d . The 

f r i c t i o n  f a c t o r  i s  t h e n  used t o  com pu te  t h e  f r i c t i o n  h ead ­

l o s s  by means o f  t h e  F a n n in g  e q u a t i o n ,

,2

where  f  = f r i c t i o n  f a c t o r ,  d im e n ­
s i o n l e s s  ,
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H = f r i c t i o n  l o s s , f t .  o f  
f l o w i n g  f l u i d ,

L = p i p e  l e n g t h ,  f t . ,

V = f l u i d  v e l o c i t y ,  f t / s e c . ,

D = p i p e  d i a m e t e r ,  f t . ,

g s a c c e l e r a t i o n  o f  g r a v i t y ,  
f t / s e c ^ .

N o t e :  I n  t h i s  s t u d y ,  r h e o l o g y  d a t a  a r e  e x p r e s s e d  i n  51

u n i t s ,  w he re a s  p i p e l i n e  d a t a  w i l l  be e x p r e s s e d  i n  E n g l i s h  

u n i t s .
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APPENDIX G 

SEPARATION PROCESSES AND EQUIPMENT

The f o l l o w i n g  i s  a b r i e f  d e s c r i p t i o n  o f  t h e  c o a l - s l u r r y  

s e p a r a t i o n  p r o c e s s  and e q u ip m e n t  t o  be used f o r  each  o f  t h e  

c o a l s  used i n  t h i s  s t u d y •

I t  s h o u l d  be n o t e d  t h a t , when a m a n u f a c t u r e r  o f  c o a l -  

s l u r r y  s e p a r a t i o n  e q u ip m e n t  i s  m e n t i o n e d ,  t h e r e  i s  no i m p l i ­

c a t i o n  t h a t  t h i s  s p e c i f i c  e q u ip m e n t  i s  recommended ; i t  im­

p l i e s  o n l y  t h a t  t h e  m a n u f a c t u r e r  was c o o p e r a t i v e  i n  g i v i n g  

t h e  c o s t  o f  t h e  e q u i p m e n t ♦

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No.  1 ( E a s t e r n  C o a l )

C o a l - s l u r r y  r e c e i v e d  a t  6 0 - p e r c e n t  m o i s t u r e  i s  t h i c k e n ­

ed by tw o  T a b o r  v i b r a t i n g  d e w a t e r i n g  s c r e e n s  t o  a b o u t  6 5 -  

p e r c e n t  s o l i d s .  The t h i c k e n e d  s l u r r y  i s  f e d  i n t o  tw o  Cffll 

c e n t r i f u g a l  d y r e r s  (M o d e l  V C - 4 8 ) ( $ 2 ) .  T h i s  d r y e r  has a 

c a p a c i t y  o f  170 t o n s  p e r  h o u r  and r e c o v e r s  a b o u t  99 p e r c e n t  

o f  t h i s  c o a l  w i t h  a s u r f a c e  m o i s t u r e  o f  a b o u t  3 p e r c e n t .

The r e m a i n i n g  u n r e c o v e r e d  c o a l ,  1 p e r c e n t  ( 3  t p h )  o f  

t h e  c o a l  i s  s e n t  t o  a 1 0 - f t  - d i a m e t e r  t h i c k e n e r . The t h i c k ­

e n e r  r e c o v e r s  t h e  r e m a i n d e r  o f  t h e  c o a l .

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No. 2 ( P e n n s y l v a n i a  C o a l )
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T h i s  s c r e e n  a n a l y s i s  i s  s l i g h t l y  f i n e r  t h a n  t h e  p r e v i ­

ous o n e • C o a l  s l u r r y  i s  r e c e i v e d  a t  6 0 - p e r c e n t  m o i s t u r e  

c o n t e n t  and t h i c k e n e d  as b e f o r e  t o  6 5 - p e r c e n t  s o l i d s  by tw o  

T a b o r  v i b r a t i n g  d e w a t e r i n g  s c r e e n s • Because o f  t h e  f i n e n e s s  

o f  t h e  c o a l , more d r y i n g  c a p a c i t y  i s  r e q u i r e d ;  t h e r e f o r e , 

t h r e e  CfHI v i b r a t i n g  c e n t r i f u g a l  d r y e r s  (M o d e l  V C - 4 8 ) ( 5 2 )  a r e  

r e q u i r e d  f o r  f u r t h e r  d e w a t e r i n g .  These d r y e r s  w i l l  r e c o v e r  

a b o u t  97 p e r c e n t  o f  t h i s  c o a l  a t  a s u r f a c e  m o i s t u r e  c o n t e n t  

o f  4 p e r c e n t .

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  N o .  3 (W est  V i r g i n i a  C o a l )

C o a l  s l u r r y  i s  r e c e i v e d  a t  5 5 - p e r c e n t  m o i s t u r e  c o n t e n t  

and  t h i c k e n e d  by t h r e e  T a b o r  v i b r a t i n g  d e w a t e r i n g  s c r e e n s  t o  

a b o u t  6 5 - p e r c e n t  s o l i d s .  The t h i c k e n e d  s l u r r y  i s  i n t r o d u c e d  

t o  f i v e  CMI c o n t i n u o u s  c e n t r i f u g a l  d r y e r s  (M o d e l  E B - 3 6 ) ( 5 2 ) .  

T h i s  t y p e  o f  d r y e r  d e v e l o p s  a g r e a t e r  g r a v i t a t i o n a l  f o r c e  

b e c a u s e  o f  i t s  h i g h e r  r p m . These d r y e r s  w i l l  r e c o v e r  a b o u t  

90 p e r c e n t  o f  t h i s  c o a l  a t  a s u r f a c e  m o i s t u r e  o f  a b o u t  5 p e r ­

c e n t  •

The r e m a i n i n g  10 p e r c e n t  ( 3 0  t p h )  o f  t h e  c o a l  comes o u t  

w i t h  t h e  e f f l u e n t  and i s  d i s c h a r g e d  i n t o  a 4 5 - f t - d i a m e t e r  

t h i c k e n e r ,  w he re  i t  i s  t h i c k e n e d  and m ixed  w i t h  t h e  d r i e d  

c o a l .

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No.  4 ( P o c a h o n ta s  Seam)
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C o a l  s l u r r y  i s  r e c e i v e d  a t  5 0 - p e r c e n t  m o i s t u r e  c o n t e n t  

and i s  d e l i v e r e d  t o  t h r e e  T a b o r  v i b r a t i n g  d e u i a t e r i n g  s c r e e n s  

t o  be t h i c k e n e d  t o  6 5 - p e r c e n t  s o l i d s . Because t h i s  c o a l  i s  

f i n e r  t h a n  t h e  p r e v i o u s  o n e s , more d r y i n g  c a p a c i t y  i s  r e ­

q u i r e d ;  t h e r e f o r e , s i x  CMI c o n t i n u o u s  c e n t r i f u g a l  d r y e r s  

(M o d e l  E B - 3 6 ) ( 5 2 )  a r e  used  t o  d e w a te r  t h e  t h i c k e n e d  s l u r r y • 

Be ca use  o f  t h e  f i n e n e s s  o f  t h e  c o a l , o n l y  85 p e r c e n t  o f  t h i s  

c o a l  w i l l  be r e c o v e r e d  by  t h e s e  d r y e r s , a t  a s u r f a c e  m o is ­

t u r e  o f  6 t o  7 p e r c e n t .

The r e m a i n i n g  15 p e r c e n t  ( 4 5  t p h )  o f  t h e  c o a l  comes o u t  

w i t h  t h e  e f f l u e n t  and i s  d i s c h a r g e d  t o  a 5 5 - f t - d i a m e t e r  

t h i c k e n e r ,  w he re  i t  i s  t h i c k e n e d  and m ixe d  w i t h  t h e  d r y  c o a l .

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No.  5 ( P o c a h o n t a s  C o a l )

T h i s  c o a l  i s  f i n e - - m o r e  t h a n  22 p e r c e n t  p a sse s  325 mesh.

T h i s  c o a l  s l u r r y  i s  r e c e i v e d  a t  5 0 - p e r c e n t  m o i s t u r e  c o n t e n t

and t h i c k e n e d  by t e n  B i x b y - Z im m e r  d e w a t e r i n g  s c r e e n s .  The 

t h i c k e n e d  s l u r r y  i s  f e d ^ i n t o  t w e l v e  CMI c o n t i n u o u s  c e n t r i f u ­

g a l  d r y e r s  ( m o d i f i e d  M ode l  EB-36 ) ( 5 2 ) ,  w h i c h  d r y  f i n e  c o a l  

( 2 8  mesh x 0 )  and each  o f  w h i c h  has a c a p a c i t y  o f  25 t o  30 

t p h . Because o f  t h e  f i n e n e s s  o f  t h i s  c o a l , t h e s e  c e n t r i f u g a l  

d r y e r s  r e c o v e r  o n l y  80 p e r c e n t  o f  t h i s  c o a l  a t  a s u r f a c e  m o is ­

t u r e  o f  13 p e r c e n t .

The r e m a i n i n g  20 p e r c e n t  (6 0  t p h )  o f  t h e  c o a l  comes o u t  

w i t h  e f f l u e n t  and i s  d i s c h a r g e d  i n t o  a 6 0 - f t - d i a m e t e r
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t h i c k e n e r . The c o a l  i s  pumped f r o m  t h e  t h i c k e n e r  i n t o  tw o  

E im co  vacuum d i s c  f i l t e r s  ( 5 3 )  f o r  f u r t h e r  d e w a t e r  i n g • The 

s i z e  o f  t h e s e  f i l t e r s  ( 1 2 '  x 6 M x 15)  means t h a t  t h e  f i l t e r  

has 15 d i s c s , each  1 2 .5  f t .  i n  d i a m e t e r .  T h i s  s i z e  f i l t e r  

has a c a p a c i t y  o f  3 , 3 0 0  s q u a r e  f e e t  o f  f i l t r a t i o n  a r e a .

These  d i s c  f i l t e r s  r e d u c e  t h e  m o i s t u r e  c o n t e n t  o f  c o a l  and 

p r o d u c e  a cake  c o n t a i n i n g  20 t o  25 p e r c e n t  m o i s t u r e .

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No. 6 ( C .  N . C o a l )

T h i s  i s  a l s o  a f i n e  c o a l  b u t  i s  s l i g h t l y  f i n e r  t h a n  c o a l  

N o .  5 .  C o a l  s l u r r y  a t  5 0 - p e r c e n t  m o i s t u r e  c o n t e n t  i s  t h i c k ­

ened by t w e l v e  8 i x b y - Z i m m e r  d e w a t e r i n g  s c r e e n s ,  and f e d  i n t o  

t w e l v e  Cffll m o d i f i e d  c o n t i n u o u s  c e n t r i f u g a l  d r y e r s  ( m o d i f i e d  

M o d e l  E B - 3 6 ) ( 5 2 ) .  These  d r y e r s  r e c o v e r  o n l y  78 p e r c e n t  o f  

t h i s  c o a l  ( due t o  t h e  f i n e n e s s  o f  t h e  c o a l ) ,  a t  a s u r f a c e  

m o i s t u r e  o f  15 p e r c e n t .

The r e m a i n i n g  22 p e r c e n t  (6 6  t p h )  o f  t h e  c o a l  i s  d i s ­

c h a r g e d  w i t h  t h e  e f f l u e n t  t o  a 7 0 - f t - d i a m e t e r  t h i c k e n e r .  The 

s l u r r y  f r o m  t h e  t h i c k e n e r  i s  t h e n  pumped i n t o  tw o  E imco  Vacu­

um d i s c  f i l t e r s  ( s i z e  1 2 '  x 6 "  x 1 5 ) ( 5 3 )  f o r  f u r t h e r  d e w a t e r ­

i n g ,  w h i c h  p r o d u c e s  a c o a l  ca ke  h a v i n g  20 t o  25 p e r c e n t  m o is ­

t u r e  •

S e p a r a t i o n  E q u ip m e n t  f o r  C o a l  No.  7 ( K a i s e r  C o a l )

T h i s  c o a l  i s  s t i l l -  f i n e r  t h a n  t h a t  d e s c r i b e d  a b o v e . The 

same e q u ip m e n t  used f o r  c o a l  No.  6 i s  used f o r  t h i s  c o a l .
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Because  t h i s  c o a l  has a b o u t  25 p e r c e n t  p a s s i n g  325 mesh, t h e  

c e n t r i f u g a l  d r y e r s  w i l l  r e c o v e r  o n l y  75 p e r c e n t • The r e m a i n ­

i n g  25 p e r c e n t  ( 7 5  t p h )  comes o u t  w i t h  t h e  e f f l u e n t  and i s  

d i s c h a r g e d  i n t o  an 8 0 - f t - d i a m e t e r  t h i c k e n e r •

The s l u r r y  f r o m  t h i s  t h i c k e n e r  i s  pumped i n t o  t h r e e  

E im co  vacuum f i l t e r s  ( 1 2 *  x 6 M x 15)  and one ( 8 *  x 10 "  x 10)  

( 5 3 ) .  The t h i r d  f i l t e r  i s  needed t o  c o v e r  f o r  t h e  e x t r a  900 

sq f t  o f  f i l t r a t i o n  a r e a .

A summary o f  t h e  c a p i t a l  c o s t s  o f  t h e  a b o v e - d e s c r i b e d  

e q u ip m e n t  i s  shown i n  T a b l e  2 3 .

M i s c e l l a n e o u s  S l u r r y  S e p a r a t i o n  E q u ip m e n t

I n  a d d i t i o n  t o  t h e  s l u r r y  s e p a r a t i o n  e q u ip m e n t  d i s c u s s e d  

a b o v e , o t h e r  e q u ip m e n t  su ch  as s l u r r y  h o l d i n g  t a n k s  and s u r g e  

t a n k s ,  a g i t a t o r s ,  c o n v e y o r  b e l t s ,  pumps, and p ip e s  a r e  n e e d e d .

S l u r r y  h o l d i n g  t a n k s , w h i c h  a r e  u s u a l l y  l o c a t e d  a t  t h e  

t e r m i n a l  o f  t h e  p i p e l i n e ,  a r e  e q u ip p e d  w i t h  a g i t a t o r s  t o  

keep  t h e  c o a l  p a r t i c l e s  i n  s u s p e n s i o n . They h o l d  t h e  s l u r r y  

u n t i l  i t  i s  needed f o r  d e w a t e r i n g . These t a n k s  may v a r y  i n  

c a p a c i t y ,  d e p e n d in g  on t h e  t h r o u g h p u t  o f  t h e  p i p e l i n e  and 

t h e  number o f  h o u r s  o f  s u r g e  c a p a c i t y  needed  f o r  t h e  t a n k s  

t o  d e l i v e r  w a t e r  t o  t h e  d e w a t e r i n g  p l a n t  i f  a p r o b le m  i s  

d e v e lo p e d  w i t h  t h e  p i p e l i n e .  I n  a d d i t i o n  t o  t h e s e  t a n k s , 

t h e r e  i s  a lw a y s  an e m ergency  s t o r a g e  p o n d . F o r  e x a m p le ,  t h e  

Mohave power  p l a n t  a t  t h e  t e r m i n a l  o f  t h e  B l a c k  Mesa p i p e l i n e
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T a b l e  2 3 •  C a p i t a l  C o s t  o f  S l u r r y  S e p a r a t i o n
E q u ip m e n t ,  December 1975

C o a l
S c re e n  & . 

C e n t . D r y e r s  " T h i c k e n e r s ^ "  F i l t e r s ^ T o t a l

C o a l  No.  1 
E a s t e r n

$ 1 0 0 , 0 0 0 $ 1 2 ,0 0 0  $———— $ 1 1 2 , 0 0 0

C o a l  No.  2 
P e n n .

1 2 6 , 0 0 0 2 5 , 0 0 0  ———— 1 5 1 ,0 0 0

C o a l  No.  3 
W. Va.

1 9 6 ,0 0 0 3 0 , 0 0 0  ———— 2 2 6 , 0 0 0

C o a 1 No. 4 
P o c a .  Seam

2 2 0 , 0 0 0 4 0 ,0 0 0  ———— 2 6 0 , 0 0 0

C o a l  No.  5 
P o c a .

4 4 2 , 0 0 0 4 5 ,0 0 0  3 5 0 , 0 0 0 8 3 7 , 0 0 0

C o a l  No. 6 
W. Can .  CN

4 6 0 , 0 0 0 5 0 ,0 0 0  3 5 0 , 0 0 0 8 6 0 , 0 0 0

C o a l  No. 7
Ul. C a n . K a i s e r

4 6 0 , 0 0 0 5 5 ,0 0 0  4 3 1 , 0 0 0 9 4 6 , 0 0 0

1 .  cm I ( 52 )
-

2 .  E imco  ( 5 3 )

has a 1 5 -d a y  em e rg e n cy  s t o r a g e  w i t h  a c a p a c i t y  o f  90 m i l l i o n  

g a l l o n s .  T h i s  em e rg e n cy  s t o r a g e  pond i s  a p a r t  o f  t h e  power 

p l a n t ,  and i t s  c o s t  does n o t  e n t e r  i n t o  t h e  s l u r r y  s e p a r a ­

t i o n  c o s t s ,

ARTHUR EÂKES EIBRARY 
COLORADO SCHOOL of MINES 

GOLDEN, COLORADO 80403
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S l u r r y  s u r g e  t a n k s  r e c e i v e  c o a l  s l u r r y  f r o m  t h e  p i p e ­

l i n e  o r  f r o m  t h e  h o l d i n g  t a n k  and d e l i v e r  i t  t o  t h e  d e u ia te r  

i n g  e q u i p m e n t • The t a n k s  a r e  e q u ip p e d  w i t h  an a g i t a t o r  t o  

ke e p  t h e  c o a l  p a r t i c l e s  i n  s u s p e n s i o n ,

C o n v e y o r  b e l t s  a r e  used  t o  t r a n s p o r t  t h e  c o a l  f r o m  t h e  

c e n t r i f u g a l  d r y e r s  and f i l t e r s  t o  a s t o r a g e  a r e a  n e a r  t h e  

p o w e r - p l a n t  b o i l e r s ,

C e n t r i f u g a l  s l u r r y  pum ps, i n  a c o a l - s l u r r y  d e w a t e r i n g  

p l a n t , a r e  u s u a l l y  used  t o  pump c o a l  s l u r r y ,  e f f l u e n t ,  and 

t h i c k e n e d  s l u r r y  i n  t h e  f o l l o w i n g  a r e a s  o f  t h e  p l a n t *

1 .  c o a l  s l u r r y  f r o m  s l u r r y  dump t a n k  t o  s l u r r y  h o l d ­

i n g  t a n k ,

2 ,  c o a l  s l u r r y  f r o m  t h e  c o a l - s l u r r y  s u r g e  t a n k s  t o

d e w a t e r i n g  s c r e e n s  and c e n t r i f u g a l  d r y e r s ,

3 •  t h e  e f f l u e n t  f r o m  t h e  c e n t r i f u g a l  d r y e r s  t o  t h e  

t h i c k e n e r s ,  and 

4•  t h e  t h i c k e n e d  f i n e  s l u r r y  f r o m  t h e  t h i c k e n e r s

e i t h e r  t o  t h e  d i s c  f i l t e r s  o r  t o  t h e  b o i l e r s  

i n  t h e  power  p l a n t .

Based on t h e  s p e c i f i e d  s l u r r y  c o n c e n t r a t i o n  f o r  t h i s  

s t u d y  ( 50% s o l i d s  by w e i g h t ) ,  and t h e  s p e c i f i e d  c a p a c i t y  

(3 0 0  t p h ) ,  c e n t r i f u g a l  pumps o f  v a r i o u s  s i z e s  were  s e l e c t e d  

t o  be used i n  t h i s  s e c t i o n .

P l a n t  p i p e s  i n c l u d e  p i p e s  o f  v a r i o u s  s i z e s ,  e l b o w s ,
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v a l v e s , and f i t t i n g s .  F o r  t h i s  t y p e  o f  p l a n t , p i p e s ,  e lb o w s  

and f i t t i n g s  c o s t s  a r e  u s u a l l y  25 p e r c e n t  o f  t h e  p u r c h a s e d  

c o s t s  ( 4 1 ) .

T h i s  m i s c e l l a n e o u s  e q u ip m e n t  and t h e  c a p i t a l  c o s t s  a r e  

l i s t e d  i n  T a b l e  2 4 .  T a b le  25 shows t h e  pump r e q u i r e m e n t s  

and c o s t s . The t o t a l  c a p i t a l  i n v e s t m e n t  c o s t s  f o r  a c o a l -  

s l u r r y  s e p a r a t i o n  ( d e w a t e r i n g )  p l a n t  w i t h  a 3 0 0 - t p h  c a p a c i t y  

f o r  d i f f e r e n t  c o a l s  w e re  shown e a r l i e r  i n  T a b le  10 .

Based on t h e s e  c a p i t a l  i n v e s t m e n t  c o s t s  ( T a b l e  10)  and 

t h e  o p e r a t i n g  and m a in t e n a n c e  c o s t s , t h e  t o t a l  c o a l - s l u r r y  

s e p a r a t i o n  c o s t  p e r  t o n  was f o u n d  f o r  d i f f e r e n t  c o a l s .  These 

c o s t s  w ere  a l s o  shown e a r l i e r  i n  T a b l e  11 .
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T a b l e  2 5 .  C o a l - S l u r r y  S e p a r a t i o n  Pump R e q u i r e m e n ts
and C o s t  F o r  D i f f e r e n t  C o a l s  

December 1975

C o a l  C e n t r i f u g a l  Pump R e q u i r e m e n ts  Pump and M o to r  
Number S i z e  ( i n . )  M o t o r ( h p )  Number^*  C o s t

1 10 100 21 $ 7 7 ,1 4 2
6 50 2
i i 5 2 7 7 ,1 4 2

2 10 100 4
6 50 2
H 20 2 7 7 ,9 2 2

3 10 100 4
6 50 2
4 20 2 8 1 , 8 7 0

4 10 100 4
6 50 2
4 20 2 8 1 ,8 7 0

5 10 100 4
6 50 2
4 20 2 8 1 ,8 7 0

6 10 100 4
6 50 2
4 25 2 8 1 ,9 6 0

7 10 100 4
6 50 2
4 25 2 8 1 ,9 6 0

1 .  The number o f  pumps i s  d o u b le d  f o r  s p a r e s .
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