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I. INTRODUCTION 

The United S t a t e s  Department of Energy /nOE), former ly  t h e  

Energy Research and Development Adminis t ra t ion  (ERDA), d e s i r e s  

t o  develop a  coa l - i n -o i l  s l u r r y  combustion concept  f o r  demonstrat ion 

i n  t h e  i n d u s t r i a l  a d u t i l i t y  s e c t o r s .  Commensurate w i th  t h i s  

o b j e c t i v e ,  t h i s  document i s  in tended  t o  p r e s e n t  a  d e f i n i t i o n  of  

a s c a l e  model r e p r e s e n t i n g  a  s l u r r y  m i x i n g / d i s t r i b u t i o n  f a c i l i t y .  

Motivat ion f o r  t h e  DOE Coal-Oil S l u r r y  Program r e s u i t e d  from: 

dwindl ing domest ic  o i l  and n a t u r a l  gas  s u p p l i e s ,  an abundant - 
n a t i o n a l  r e s e r v e  o f  c o a l ,  advanced c o a l  convers ion  systems n o t  

be ing  a v a i l a b l e  i n  t h e  nea r  f u t u r e ,  and t h e  p o t e n t i a l  f o r  u t i l i -  

z a t i o n  of c o a l - o i l  s l u r r y  f u e l  systems i n  t h e  n e a r  f u t u r e .  Thus, 

c o a l - o i l  s l u r r y  systems can extend t h e  n a t i o n s ' s  f u e l  s u p p l i e s  and 

p o s s i b l y  provide  emergency preparedness  i n  t h e  even t  o f  an  embargo. 

The 118" = 1 ' - -0"sca le  model de sc r ibed  h e r e i n  d e p i c t s  a  mock commercial 

coa l - i n -o i l  s l u r r y  mixing and d i s t r i b u t i o n  type  p l a n t .  The model 

r e p r e s e n t s  a  sugges ted  f a c i l i t y  f o r  t h e  o p t i m i z a t i o n  and marke t ing  

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

f i c a t i o n .  The raw m a t e r i a l s  a r e  assumed t o  be  c o a l ,  f u e l  o i l  and a  

s t a b i l i z e r  a d d i t i v e  t o  keep t h e  s l u r r y  i n  suspens ion  du r ing  t r a n s i t  

and s t o r a g e .  The model r e f l e c t s  a  method f o r  hand l ing  c o a l  u s i n g  

r a i l ~ u a d  cars which a r e  bottom dumped t o  a  below g rade  t r a c k  hopper,  

weighed and t r anspo r t ed  t o  a  s t o c k p i l e  by b e l t  conveyors.  S t o c k p i l e  

r e c l a i m  i s  accomplished by a  f ront-end l o a d e r  and t h e  c o a l  i s  conveyed 

t o  t h e  f u e l  p r e p a r a t i o n  b u i l d i n g .  There f t  i s  pu lve r i zed  and mixed 

w i t h  f u e l  o i l  and a  s t a b i l i z e r .  The s l u r r y  produced i s  then  t ank  

svtored t o  awai t  shipment t o  t h e  u s e r  by r a i l r o a d  t ank  c a r  o r  t r u c k .  

The p l a n t  s i z i n g  and model c o n s t r u c t i o n  was conceived t o  p rov ide  a  

p o r t a b l e  model u n i t  wi th  car ry i r lg  c a s e  and a l l  neces sa ry  hardware f o r  one 

t o  two man c a r t a g e .  The pr imary i n t e n t  of  t h e  s c a l e  model was t o  pro- 

v i d e  a  "showcase s a l e s  t o o l , "  r e p r e s e n t i n g  one p o s s i b l e  scheme f o r  a 

c o a l - o i l  mix ture  manufactur ing and d i s t r i b u t i o n  f a c i l i t y .  



11. PLANT AND MODEL DESIGN BASIS 

A. Scope of  Engineer ing E f f o r t  

The conceptua l  des ign  drawings,  a t t a c h e d  under S e c t i o n  V,  were 

developed us ing  t h e  fo l lowing  b a s i c  g u i d e l i n e s :  

1. The s e l e c t i o n  and s i z i n g  of t h e  p roces s  equipment was made 

f o r  a mock commercial f a c i l i t y  capab le  of  supply ing  64,000 

ga l lons /day  of a  co 'a l -oi lmixture  of  a  50 p e r c e a t  by weight  

c o a l  concen t r a t i on .  

2.  The flow s h e e t  and g e n e r a l  arrangement drawings were developed 

s u f f i c i e n t l y  t o  ensu re  a  proper  m a t e r i a l  f low and ba l ance  and a  

workable and p r a c t i c a l  p l a n t  l ayou t  w i t h  adequate  p l a n t  equip- 

ment d e t a i l  t o  a l l ow  modeling. 

3 .  I n  gene ra l ,  on ly  major m a t e r i a l  hand l ing  equipment,  p roces s  

equipment and major s t r u c t u r e s  w e r e  developed. 

4 .  The mock commercial p l a n t  i n c l u d e s  f a c i l i t i e s  f o r :  

a .  Receipt  of  t h e  Raw M a t e r i a l s  - c o a l ,  f u e l  o i l  and a 

s t a b i l i z e r  r ece ived  v i a  r a i l r o a d  and /o r  t ruck!  

b. Raw Mate r i a l  S to rage  - exposed c o a l  s t o c k p i l e ;  f u e l  o i l  

v e r t i c a l  tank s t o r a g e ;  s t a b i l i z e r  h o r i z o n t a l  t ank  s t b r a g e .  

c.  Raw Mate r i a l  Reclaiming Systems - c o a l  rec la imed by f r o n t -  

end l o a d e r ,  f u e l  o i l  by pumping and s t a b i l i z e r  by pumping. 

d .  Coal Grinding and S l u r r y  Mixing 

e. Product  S to rage  - v e r t i c a l  t anks  p r i o r  t o  shipment t o  t h e  

u se r .  



f .  - COM Loadout - s t a t i o n  was p rov ided  f o r . r a i l r o a d  t a n k  c a r  o r  

t r u c k  l o a d i n g  a l o n g  w i t h  a s . s o c i a t e d  pumping sys tems .  

B .  Plodel G u i d e l i n e s  

Due t o  t h e  model s c a l e  s i z e  (118" = 1'-O"), p l a n t  d e s i g n  and 

m n r l ~ l i n g  e f f o r t s  were r e s t r i c t e d  t o  b a s i c  m a t e r i a l  h a n d l i n g  

and procc.:? f low.  The mnrlrl r e f l e c t s  a l l  major p r o c e s s  equipment ,  

main t r a n s p o r t  p i p i n g  w t t h  pumps,as veil as m z i i ! r  s u p p o r t  s t r u c t u r B s  

and  b u i l d i n g s .  Some l a n d s c a p i n g  was a l s o  i ~ l c l u d e d .  The model was 

d e s i g n e d  and s u p p l i e d  w i t h  c a r r y i n g  coscm.d a l l  n e c e s s a r y  hardware  

f o r  .one t o  two man h a n d l i n g .  

A u x i l i a r y  and s u p p o r t  sys tems  such  a s  d u s t  c o l l e c t i o n ,  d u s t  

s u p p r e s s i o n  f i r e  p r o t e c t i o n ,  compressed a i r  sys tem,  underground,  

e t c .  were  d i s r e g a r d e d .  However, f a c i l i t i e s  s u c h  a s  an  o f f i c e , c o n t r o l  

room, l o c k e r  room and.,a.rnotor c o n t r o l  c e n t e r  are showrion t h e  model. 



111. PROCESS DESCRIPTION 

A. E la te r ia l  Flow ( r e f e r  t o  Flow Diagram SK92177-1) 

1. Incoming Raw P la t e r i a l  Handling 

Run-of-mine c o a l  i s  rece ived  i n  100 to11 bottom dump r a i l -  

road c a r s  ;;loo. Nine c a r s  p e r  week would be  r e q u i r e d  t o  

supply t h e  24 hr /day  o p e r a t i n g  p l a n t .  The c a r s  a r e  dumped, 

one a t  a  t ime,  over  t h e  underground t r a c k  hopper #103. The 

c a r  unloading i s  a s s i s t e d  by t h e  use  of  t h e  overhead c a r  

shaker  and c a r  s p o t t i n g  i s  accomplished by t h e  use  of t h e  

caps t an  type  c a r  pu l le r . .  The t r a c k  hcpper w i l l  a3so  ac- 

cornodate t ruck  unloading.  The c o a l  i s  removed from t h e  t r a c k  

hopper by two v i b r a t i n g  pan f e e d e r s ,  each a t  a  r a t e  of  75 t p h ,  

which d i scha rge  t o  t he .24"  wide b e l t  conveyor #105. The c o a l  

i s  weighed i n  t r a n s i t  t o  t h e  s t o c k p i l e  by t h e  b e l t  s c a l e  # lo6  

mounted on conveyor #105. The 24" r a i l  mounted r a d i a l  s t a c k e r  

conveyor #I07 d e l i v e r s  t h e  c o a l  a t  a  r a t e  o f  150 tph  t o  t h e  

s t o c k p i l e .  A t  f u l l  c a p a c i t y ,  t h e  s t o c k p i l e ' i s  15  f t  h igh  and 

has  s u f f i c i e n t  s t o r a g e  f o r  14  days of  p l a n t  o p e r a t i o n .  A s  an  

a l t e r n a t e ,  t h e  r a d i a l  s t a c k e r  may b e  p o s i t i o n e d  t o  by-pass t h e  

s t o c k p i l e  a n d d e l i v e r  incoming c o a l  d i r e c t l y  f o r  p roces s ing  by 

way- n f  the  r ec l a im  hopper #109. 

No. 6 f u e l  o i l  i s  r ece ived  by r a i l r o a d  t ank  c a r  o r  t ank  t r u c k  

and pumped t o  t h e  two f u e l  o i l  s t o r a g e  tanks  # 1 3 4 ,  which to-  

gc the r  couCai11 a  one week o p e r a t i o n a l  supply .  Pumping t o  t h e  

tanks  i s  accomplished a t  t h e  r a t e  of 120 gpm. 

,The  s t a b i l i z e r  a d d i t i v e  r equ i r ed  f o r  t h e  p roces s  i s  d e l i v e r e d  by 

t r u c k  and I s  pumped t o  s t o r a g e  t ank  #124, which h a s  a  c a p a c i t y  

of  about  2200 g a l l o n s .  This  c a p a c i t y  i s  s11ffj .cient t o  .supply 

t h e  p l a n t  o p e r a t i o n s  f o r  aboLt one week. 



2. - F1~el  P r e p a r a t i o n  System 

S l u r r y  product ion  i s  i n i t i a t e d  by r ec l a iming  c o a l  u s i n g  t h e  

6  c u b i c  yard  front-end l o a d e r  11108, which d i scha rges  t o  tiie 

r ec l a im  hopper # log .  V ib ra t i ng  f e e d e r  #110, under t h e  r ec l z im  . 

hopper,  d i s cha rges  on to  t h e  i n c l i n e d  36" f l e x i b l e  s i d e w a l l  con- 

veyor  #112. The meta l  d e t e c t o r  1/111, mounted over  t h e  f l e x i b l e  

s i d e w a l l  conveyor,  is in tended  t o  s t o p  t h e  conveyor i n  t h e  

event  of rraallJ 111e1:al eontaminanto, t n  al.lcv zianual removal.. 

Conveyor /I112 was s e l e c t e d  t o  l oad  t h e  raw c o a l  s t o r a g e  b i n  /I114 

a t  a  rate o f  150 tph .  The c o a l  i s  weighed as  i t  is  metered o u t o f  

t h e  b i n a t a  c o n t r o l l e d  r a t e  of 5 t p h ,  u t i l i z i n g  t h e  18" b e l t  weigh 

f e e d e r  /1116. The weigh feeder  conveys t h e  c o a l  t o  one of two 

c o a l  p u l v e r i z e r s  (bowl m i l l s ) ,  acconpl i shed  through a d i v e r t e r  

t ype  c h u t e  w i th  a  "f lop" g a t e .  A s  des igned ,  on ly  one p u l v e r i z e r  

i s  t o  b e  on - l i ne ,  t h e  o t h e r  i s  on stand-by. Th i s  w i l l  a l l ow  

p l a n t  o p e r a t i n n  wh i l e  one m i l l  i s  shutdown f o r  maintenance. 

The f u n c t i o n  of t h e  m i l l s  is  t o  t h e  c o a l  t o  about  80 

p e r c e n t  less than 200 mesh. 

Each son1 plllv~.ri,aer bas a r a t e d  c a p a c i t y  of 13,600 Ibs /11~ . .  

The p r e s s u r e  through t h e  m i l l  i s  genera ted  by t h e  m i l l  f a n  

#119. Th i s  a i r  flow carries t h e  c o a l  upwards through t h e  m i l l  

t o  t h e  a i r  s e p a r a t o r  iI120. As t h e  c o a l  p a r t i c l e s  a r e  transported 

upwards by t h e  a i r  s t ream,  t h e  l a r g e r  and h e a v i e r  p a r t i c l e s  

f a l l  back i n t o  t h e  m i l l  t o  be f u r t h e r  reduced  111 s i z e .  Tha 

c o a l  p a r ~ l c l e s  t ran3por tcd  t o  t h ~  a i r  s e p a r a t o r  w i l l  drop i n t o  t h e  

hopper p o r t i o n  of  rhe a i ~ .  separarur. S a m ~  vcry f ine  a i r h n r n e  

c o a l  p a r t i c l e s  w i l l  be t r anspo r t ed  back t n t h e  p u l v e r i z e r  a long  

w i t h  t h e  r ecyc l ed  a i r ,  by way of  t h e  m i l l  f a n .  

The r o t o r y  va lve  /I121 f eeds  p u l v e r i z e d  c o a l  from t h e  a i r  

s e p a r a t o r  t O . t h e  weigh auger  iI122, which d e l i v e r s  5 tph  t o  t h e  

mix t ank  il126, f o r  n ~ i x i n g  with t h e  o t h e r  raw p roces s  m a t e r i a l s .  



The {I6 f u e l  o i l  i s  pumped from e i t h e r  o f  t h e  o i l  s t o r a g e  

tanks  /I134 t o  t h e  mix tank a t  a  r a t e  of  45 gpm us ing  e i t h e r  

of  t h e  f u e l  o i l  pumps //135. Simultaneously,  t h e  a d d i t i v e  i s  

pumped from t h e  a d d i t i v e  s t o r a g e  tank  /I124 t o  t h e  mix tank a t  

a  r a t e  of  60 gpm (0.5h of  t o t a l  mix assumed) using'pump #125. 

The mixing i s  then  accomplished by us ing  an ag i t a to r , powered  

by a  v a r i a b l e  speed d r i v e .  A s  mixing i s  completed, t h e  s t a b l e  

s l u r r y  i s  pumped from t h e  mix tank t o  e i t h e r  of  t h e  two s l u r r y  

s t o r a g e  tanks  //128. 

S l u r r y  pumping t o  s t o r a g e  tanks  i s  provided a t  a  r a t e  of  45 gpm 

u s i n g  e i t h e r  ona of  t h e  s l b r i y  puiups i!127. l'he s l u r r y  product  

s t o r a g e  c a p a c i t y  i s  about  '64,500 g a l l o n s  p e r  tank  o r  a  s t o r a g e  

o f '  one day ' s  p l a n t  p roduct ion  each. Both of  t h e  s l u r r y  s t o r a g e  

tanks  a r e  equipped w i t h  an a g i t a t o r .  

3. Product  Loadout 

The c o a l  oil. mix ture  i s  loaded i n t o  r a i l r o a d  t a n k  c a r s  o r  t r u c k s .  

An o p e r a t o r ' s  p l a t fo rm has  been a p p r o p r i a t e l y  provided f o r  pump- 

i n g  s l u r r y  product  u s ing  pump /I130 a t  a  r a t e  of 120 gprn from 

t h e  s l u r r y  tanks  #128. 

4. Process  Design Summary 

a .  Raw M a t e r i a l  Requirements 

Coal - 5  t o n s / h r ,  120 tons/day * 
//6 f u e l  o i l  - 1177 g a l / h r ,  28,250 ga l /day ,  673 b a r r e l s l d a y  

Addi t ive  - 30 g a l / h r ,  720 ga l /day ,  17 barrelk!day* 



b.  Product  Yie ld  

-k 
COM - 2700 g a l / h r ,  64,000 g a l l d a y ,  1524 b a r r c l s / d a y  

A 42 g a l l o n s  = 1 b a r r e l  

B. Ope ra t i ona l  Requirements 

I t  i s  estimated t h a t  the p l a ~ i t  p rocess  a11d mate.~:ial  flow wnllld 

r e q u i r e  t h e  fo l lowing  o p e r a t i n g  schedule  and manpower: 

1. Incomi~ig Raw M a t e r i a l  Handl.i.ng 

The incoming c o a l  and a d d i t i v e  o a t e r i a l s  would r e q u i r e  two 

o p e r a t o r s  on a s i n g l e  8-hour s h i f t  per  week. The 116 f u e l  o i l  

r e c e i v i n g  would be  accomplished on a  t h r e e  8-hour s h i f t  p e r  week 

b a s i s .  The  men r equ i r ed  i n  t h i s  a r e a  could  a l s o  s e r v e  i n  t h e  

product  l o a d u u ~  area, a3 required. 

2. Fuel 1 ' r ~ p a r a t i . o ~  

Coal gr indir ig  and mixing a c t i v j t i e s  would be  on a  cont inuuus 

b a s i s ,  three  s h i f t s  p e r  day, handled by one o p e r a t o r  each s h i f t .  

I t  i s  judged t h a t  t h e  o p e r a t i n g  f u r ~ c ~ i o n  i n  t h i s  area c o u l d  

be accomplished du r ing  one 8-hour s h i f r  pei day,  S day8 p e r  

week, by t h e  same two o p e r a t o r s  handl ing  incoming raw m a t e r i a l s .  



I V .  MAJOR EQUIPMENT LIST 

PROJECT: DEFI3ITION OF MODEL - SLURRY MIXING/DISTRIBUTION FACILITY 

IXEM NO. 
NO. REQ'D. DESCRIPTION EQUIPMENT DATA 

R a i l r o a d  c a r s  
Car p u l l e r  
Car s h a k e r  

Track  hopper 
V i b r a t i n g  f  .=eder 
B e l t  conveyor 
B e l t  s c a l e  
R a d i a l  s t a c k e r  conveyor 

Front-end lc*ad!sr 
l e c l a i m   hop^ e r  
' l i b r a t i n g  f  ~ e d e r  
X e t a l  d e t e c t o r  
Conveyor 

Eaghouse duse  c o l l e c t o r  
Eaw c o a l  s t o r a g e  b i n  
S l i d e  g a t e  
Keigh f e e d e r  
D i v e r t e r  c h u t e  

C ~ a l  p u l v e r i z e r  
(1 o p e r a t i n g  and 
1 s tandby)  

M i l l  f a n '  
A i r  s e p a r a t o r  

100 t o n ;  bottom dump 
10 ,000  I b  p u l l  c a p s t a n  t y p e ;  1 0  hp 
5  hp s h a k e r  w i t h  7  1 / 2  hp motor ized  l i f t  of 1 0 , 0 0 0  1b 

c a p a c i t y  
125 t o n  c a p a c i t y  
S i z e  18" x 5'-9"; 3/4  hp each ;  75 t p h  each  
24" b e l t ;  1 5  hp ;  150  t p h  , 

I n  t r a n s i t  weighing of incoming c o a l  
24" b e l t ;  r a i i  mounted; power t r a v e l ;  b e l t  speed = 250 fpm; 

conveyor hp = 7 1 / 2  
6 c u b i c  ya rd  c a p a c i t y  
About 9 c u b i c  ya rd  c a p a c i t y  (6  t o n s )  
S i z e  24" x 5'-0"; 1 hp ;  150 t p h  
To, s t o p  conveyor t o  nl.low t r a n p  m e t a l  removal. 
36" wide b e l t  w i t h  f l e x i b l e  s i d e w a l l s  and c l e a t s  t o  a l l o w  

s t e e p  i n c l i n e ;  speed = 200 fpm; 1 5  hp 
Bags d i s c h a r g e  t o  b i n  ( c o l l e c t o r  n o t  s e l e c t e d )  
1 8  f t  d i a m e t e r ;  c o n e . b o t t o m ;  120 t o n  c a p a c i t y  
Mechanicel  g e a r  i y p e ;  used f o r  f e e d e r  maintenance 
18" b e l t ;  3 hp; - 1 112% a c c u r a c y  by we igh t  
Allows f e e d  t o  e i t h e r  c o a l  p u l v e r i z e r  - g a t e  manual ly  

o p e r a t e d  . 

Capac i ty  = 13 ,600  i b / h r  bowl m i l l . ;  150  hp 

75,000 scfm;  75 hp 
Cyclone t y p e  
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PROJECT: DEFINITION OF M3DEL - SLURRY MIXING/DISTRIEUTION FACILITY 

ITEM NO. 
NO. 3EQ'D. DESCRIPTION EQUIPMENT DATA 

Rota ry  v a l v e  
Weigh auger  

A d d i t i v e  u n l o a d i n g  ?urn? 
A d d i t i v e  s t o r a g e  t a l k  

Acd i t i .ve  f e e d  pump 
Mix t z n k  

COM s l u r r y  pump 
]1 o p e r a t i n g  and 
1 s t a n d b y )  

COM s i u r r y  s t o r a g e  tznk 

C3M a z i t a t o r  
Ci lM pJmp 
Tank t r u c k  
R a i l r o a d  t a n k  c a r  
E u e l  o i l  s t o r a g e  pump 
F u e l  o i l  t a n k s  

F u e l  o i l  f e e d  pumFs 
( 1  o p e r a t i n g  and 
1 s t a n d b y )  

1 hp, 8" d i a m e t e r  
5+tph;  p r e f e e d e r  hp = 314;  conveyor  hp = 114;  
- 112% a c c u r a c y  

60 gpm 
1 0  f t  d i a m e t e r  x 20 f t  l o n g ;  abou t  2200 g a l l o n s  c a p a c i t y ;  

abou t  one week 's  supp ly  at 0.54 by weight  of t o t a l  mix 
0 . 5  gpm 
1 2  f t  d i a m e t e r  x 11 f t  h i z h  w i t h  3  hp a g i t a t o r  f o r  mixing 

p u l v e r i z e d  c o a l ,  f u e l  o i l  and a d d i t i v e ;  9200 g a l l o n  c a p c i t y  
45 gpm 

64,500 ga1lor.s  each;  one  d a y e s  p l a n t  product 'on  e a c h ;  
.20 f t  d i a m e t e r  x 33 f t  h i g h  

50 hp each  
120 gpm 

120 gpm 
100,000 g a l l o n s  each;  t w ~  t a n k s  = approx imate ly  one  week 

of p l a n t  needs  
20 gpm 

NOTE: A i l  c a p a c i t i e s  shown above a re  p r o c e s s  f l o w  r a t e s  r e q u i r e d  and  do noc r e f l e c t  equ ipn~en t  
r a t e d  c a p a c i t i e s .  
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V. CONCEPTUAL DRAWINGS 

L i s t e d  below a r e  t h e  G e n e r a l  Arrangement Drawings and ? l a t e r i a l  Flow 

Diagram developed f o r  t h e  s u b j e c t  model f a c i l i t y  and t h e y  a r e  i n -  

c luded  i n  t h i s  s e c t i o n .  

Drawing No. T i t l e  

SK 92177-1 M a t e r i a l  Flow 

SK 92177-2 P l a n  of P l a n t  

SK 92177-3 S e c t  i o n s  

SK 92177-4 S e c t  i o n s  












