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 h he o b j e c t i v e  o f  t h i s  G o g r a m  i s  t o  d e s i g n ,  c o n s t r u c t  and 
t e s t  a  m u l t i c e l l  f l u i d i z e d - b e d  b o i l e r , .  a s  a  . p o l l u t i o n - f r e e  
method o f  b u r n i n g  h i g h - s u l f u r ,  o,r h i g h l y  c o r r o s i v e  c o a l s .  
The f l u i d i z e d - b e d  b o i l e r  p r o d u c e s  approx imate ly  3 0 0 , 0 0 0  
pounds o f  s t eam p e r  hour .  Steam p r e s s u r e  and temp!?rature 
c o n d i t i o n s  w e r e '  s e . l e c t e d  . t o  m e e t  r equ i r emen t s  'of  t h e  s i tc 
a t  which t h e  b o i l e r  was i n s t a l l e d .  
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INTRODUCTION , /; 
, ,' / 

G e n e r a l  

The Government, i n  o r d e r  t o  implement  r e s e a r c h  and development  
work o n  a  m u l t i c e l l  f l u i d i z e d - b e d  boi ler  o p e r a t i n g  
u n d e r  u t i l i t y  e lectr ic  power g e n e r a t i o n  c o n d i t i o n s ,  awarded 
DOE/ERDA/OCR C o n t r a c t  N o .  EX-76-C-0 1-12 37 t o  .Pope, Evans a n d  
Robbins I n c o r p o r a t e d  (PER) .on O c t o b e r  5 ,  1972. The work 
under  t h i s  c o n t r a c t  i s  a fo l low-on t o  work p r e v i o u s l y  performed 
by PER u n d e r  OCR C o n t r a c t  N o .  14-01-0001-478 a s  amen'ded, a n d  
OCR C o n t r a c t . N o .  14-02-0001-1229, which  i n d i c a t e d  t h a t  
c o n t i n u e d  deve lopment .would  h a v e  a h i g h  p r o b a b i l i t y  o f  s u c c e s s .  

Tasks  and P h a s e s  

The o b j e c t i v e  of t h e  program c o v e r e d  by DOE/ERDA/OCR C o n t r a c t  
'No. EX-76-C-01-1237 (E(49-18)-1237) ' i s  t o  t e s t  a m u l t i c e l l  
f l u i d i z e d - b o i l e r  as a p o l l u t i o n - f r e e  method o f  b u r n i n g  h igh-  
s u l f u r  c o a l  o r  h ' igh ly  c o r r o s i v e  .coa3.s. 

The o b j e c t i v e  is  t o  be accompl i shed  by d e s i g n i n g ,  c o n s t r u c t i n g  
and o p e r a t i n g  a  m u l t i c e l l  f l u i d i z e d - b e d  boi ler  under  u t i l ' i t y  
e lec t r ic  power g e n e r a t i o n  c o n d i t i o n s  i n  f o u r  t e c h n i c a l l y  
distinct~but.chronologically o v e r l a p p i n g  p h a s e s :  

Phase  I B o i l e r  and P l a n t  Design: Performance  o f  
Exper iment  t o  Opt imize  C e r t a i n  B o i l e r  F e a t u r e s .  

Phase  :[I F a b r i c a t i o n ,  I n s t a l l a t i o n  and Component 
T e s t i n g  

Phase  I11 Demons t ra t ion  O p e r a t i o n  

Phase  I V  P r e p a r a t i o n  of  Atmospher ic  F l u i d i z e d  Bed 
(AFB) B o i l e r  and c o n c e p t u a l  d e s i g n  o f  
packaged i n d u s t r i a l  s i z e  AFB b o i l e r .  

T h i s  I n t e r i m  Repor t  c o v e r s  work pe r fo rmed  under  Phase  I11 
and I V  o f  t h e  C o n t r a c t  d u r i n g  t h e  J u l y  1979 t h r o u g h  J u n e  19 80 
t i m e  p e r i o d .  



SUMMARY 

1.1 Work Covered by t h i s  Repor t  

T h i s  r e p o r t  i n c l u d e s  d e s c r i p t i o n  o f  work performed u n d e r ' P h a s e s  
11, 111 and IV o f  t h e  c o n t r a c t  and inc . ludes :  

a) Opera t i on  o f  t h e  b o i l e r  and a u x i l i a r y  sys tems  i n  h o t  . 
mode demons t r a t i on  s t a t u s  t o  de t e rmine  performance and 
e m i s s i o n s  c h a r a c t e r i s t i c s ,  e s t a b l i s h e d  o p e r a t i o n a l  
r e l i a b i l i t y  and commercial  o p e r a t i o n  f e a s i b i l i t y .  

b )  Conduct approved l a b o r a t o r y  t e s t  programs t o  s u p p o r t  
o p e r a t i o n  o f  t h e  R i v e s v i l l e  MFB u n i t  and t o  c o n t i n u e  
i n v e s t i g a t i o n  o f  t h e  a tmospher ic ,  f l u i d i z e d  bed c o ~ ~ b u s t i o n  
p r o c e s s .  

C )  ~ d m i n i s t r a t i o n  and  s u p e r v i s i o n  o f  s u b c o n t r a c t e d  work. 



I 1 . 2  Review o f  S i g n i f i c a n t  E v e n t s  

The f o l l o w i n g  s i g n i f i c a n t  e v e n t s  o c c u r r e d  between '  J u l y  '1979 
and  J u n e  1980.  

. . . , 

E v e n t  Da te .  -- . . . .  
. . . , 

F i r s t  1 , i g h t o f f  o f  D c e l l  f r o m  C ce l l  . '  ~ u l y  1979 
I . . . .  . . . . . 

I 
. .s 5 3  h o u r s  o f  . con t inuous '  c Q m m e r c i a l  . . . :. .::. ... 

,. o p e r a t i o n ; .  f h e  l o n g e s t  t.0 d a t e  
- .  

~ u l ~  197.9 . . 
. . .  - .  

E x e c u t i o n  o f  a t w o  ce l l ,  p h a s e '  I' 
p e r f o r m a n c e  t e s t ,  P r e - t e s t .  5 

. .. . . 

. ., 

September .  19.79 , , 
t .  

. . . . ,. . 

F o r c e d  o u t a g e ,  d u e  t o  ~ o n o n ~ i a h e l a  power s.' 
-. o y e r h a u l  o f  No'. 7 boileri  a'nd N o .  ' 5 , . 

t u r b i n e  September"  - ' Deccmrher 
1979 , .  . . . . 

I n s t a l l a t i o n  o f  F u l l e r - K i n y o n  f e e d  
s y s t e m s  o n  C ce l l  Sep tember  - December 

1 9  79 

I n s t a l l a t i o n  0-f " n u t  a n d  b o l t "  a i r  
d i s t r i b u t o r  i n  B a n d  C cel ls  Sep tember  - December 

1979 

I n s t a l l a t i o n  o f  a l t e r n a t e  b e d  d r a i n  
v a l v e s  f o r  B ,  C and  D c e l l s  Sep tember  - December 

19  79 

D i s t r i b u t i o n  tests o f  t h e  F u l l e r -  
Kinyon s p l i t t e r s  

T e s t i n g  o f  " n u t  a n d  b o l t "  g r i d p l a t e  
p r e s s u r e  d r o p s  

I n i t i a l  o p e r a t i o n  w i t h  F u l l e r - K i n y o n  
s y s t e m s  

F i r s t  " c o l d  w e a t h e r "  o p e r a t i o n  

132  1 /2  h o u r  c o n t i n u o u s  commercial 
o p e r a t i o n ;  l o n g e s t  t o  d a t e  

200 h o u r s  of c o n t i n u o u s  commercial 
o p e r a t i o n :  l o n g e s t  t o  d a t e  

Improved p e r f o r m a n c e  o f  t h e  ESP 

R e d u c t i o n  of F u l l e r - K i n y o n  t r a n s p o r t  
and  n e e d l e  velnci- tie^ 

December 1 9  79 

December 19  79 

J a n u a r y  1980 

J a n u a r y  1980 

F e b r u a r y  19  80 

March 1980 

March 1980 

A p r i l  1980  

E x e c u t i o n  of l o a d  f o l l o w i n g  tests A p r i l  1980  

1 -3  



Event 

l l o d i f i c a t i o n  o f  DC-1 cyc lone  t o . .  
i m p r o v e ~ c o l l e c t i o n  e f f i c i e n c y  

.. . 

Modi f i ca t ion  o f  Fuller-Kinyon . .  ' 

system t o  a l i o w  reduced v e l o c i t y  
o p e r a t i o n  

Opera t ion  and t e s t i n g  o f  f l y a s h  
r e i n j e c t i o n  system . . 

$Date 
.- . .  . . 

. . . . 

May 1980 

'May 1980, 

June  1980 



1 . 3  Summary o f  A c t i v i t i e s  

1 .3 .1  ~ e n e r a l  
? 

S u b s t a n t i a l  p r o g r e s s  was made d u r i n g  t h i s  r e p o r t i n g  p e r i o d  
i n  a c h i e v i n g  o v e r a l l  program objectives. Most s i g n i f i c a n t  
p r o g r e s s  w a s  made i n  o n - l i n e  o p e r a t i o n  of t h e  R i v e s v i l l e  MFB. 
The d u r a t i o n  o f  o p e r a t i o n  was c o n t i n u o u s l y  i n c r e a s e d ,  r e s u l t i n g  
i n  i n c r e a s e d  r e l i a b i l i t y  and h i g h e r  levels 05 c o n f i d e n c e  i n  
u n i t  pe r fo rmance .  

I n s t a l l a t i o n  and  t e s t i n g  o f  t h e  F u l l e r - K i n y o n  f e e d  s y s t e m s  
and " n u t  a n d  b o l t "  g r i d p l a t e s  and  c o m p l e t i o n  o f  132 and 200 - 
h o u r  commercial  o p e r a t i o n s  w e r e  t h e  f o c a l  p o i n t s  o f  t h e  
p e r i o d ,  

R i v e s v i l l e  a c t i v i t i e s  were s u p p o r t e d  by t h e  A l e x a n d r i a  
L a b o r a t o r y ,  t h e  N e w  York o f f i c e  e n y i n e e x i n g  and d e s i g n  s t a f f ,  
and v a r i o u s  s u b c o n t r a c t o r s .  

1 . 3 . 2  L a b o r a t o r y  Work a t  A l e x a n d r i a ,  V i r g i n i a  
. . # . . . * I  . .. % .. . ' 

d o r k ' a i  t h e '  ~ i e i a n d r i ' a  k l u i d i k e d ' b e h  cb&&t ion  l a b o r a t o r y  
s u p p o r t e d  o p e r a t i o n  of t h e  R i v e s v i l l e  M u l t i c e l l  F l u i d i z e d  
Bed B o i l e r  (MFB) and c o n t i n u e d  development  o f  t h e  
a t m o s p h e r i c  f l u i d i z e d  b e d  combust ion  p r o c e s s .  During t h e  
r e p o r t i n g  p e r i o d ,  two m a j o r  p r o j e c t s  w e r e  u n d e r t a k e n  concern-  
i n g  f l y a s h  r e c y c l e  pe r fo rmance  and h o t  baghouse  pe r fo rmance .  
Summaries of e a c h  p r o j e c t  f o l l o w .  

F l y a s h  Recyc le  . - ..- T e s t i n g  .- - 

T e s t s  w e r e  conduc ted  i n  t h e  A l e x a n d r i a  l a b o r a t o r y  t o  d e v e l o p  ' 

f l y a s h  r e i n j e c t i o n  e d u c t o r s  and  g a i n  e x p e r i e n c e  w i t h  t o t a l  
f l y a s h  r e c y c l e ,  Hardware development  e f fo r t s  w e r e  e v a l u n . t e d  
by pe r fo rmance  tes ts  o f  t h e  PDU s y s t e m  w i t h  t o t a l  r e c y c l e .  

Rased on t h e  hardware  development  e f f o r t s  an  e m p i r i c a l  
model was d e v e l o p e d  t o  p r e d i c t  t h e  pe r fo rmance  o f  f l y a s h  

. t r a n s p o r t  e d u c t o r s  u s i n g  Iww p r e s s u r e  a i r .  

O p e r a t i o n  w i t h  t o t a l  f l y a s h  r e c y c l e  d i d  n o t  s igni f ica .n t !y3  
improve combust ion  e f f i c i e n c y  o v e r  t y p i c a l  n o n - r e i n j e c t i o n  
PDU t es t  r e s u l t s .  S u l f u r  c a p t u r e  w i t h  Grove .l.imeslzonq ,wag 

. b e t t e r  t h a n  t y p i c a l  n o n - r e c y c l e  r e s u l t s  w i t h  Greer and.  
I 

I '  
, . 

L,owel lv i l l e  l i m e s t o n e s  a t .  low c a l c i u m  , to  s u l f u r  lnolar  feed 
r a t i o s .  

, Hot --.- Baghouse -- T e s t i n g  .- - 

Tests were conduc ted  i n  t h e  A l e x a n d r i a  l a b o r a t o r y  t o  ddLerming 
t?le f e a s i b i l i t y  of c a l l e c L i o n  of f l u i d  bed p a r t i c u l a t e  b y  
means o f  a  h o t  baghouse .  The main o b j e c t i v e s  o f  t h i s  p r o j e c t  
were: 



Determine  m a s s  c o l l ' e c t i o n  e f f i c i e n c i e s  o f  
baghouse .  

Determine  o u t l e t  e m i s s i o n s  i n  terms of lbs 
p a r t i c u l a t e  p e r  106 BTU f i r e d .  

.Determine operational~characteristics o f  
baghouse .  

Compare .baghouse  pe r fo rmance  i n  s e v e r a l  c l e a n i n g  
modes and a t  s e v e r a l  f i l t r a t i o n  r a t i o s .  

E v a l u a t e  ~ ~ e r a t i o n a l  problems i n  t h e  u s e  o f  
f a b r i c  f i l t e r s  a s  f i n a l  d u s t  c o l l e c t i o n  s y s t e m s  
on  FBC u n i t s .  

c o n c l u s i o n  a r r i v e d  a t  a f t e r  e v a l u a t i o n  o f  ;test d a t a  i n c l u d e d :  

The baghouse  o p e r a t e d  w i t h  a  mass c o l l e c t i o n  
e f f i c i e n c y  o f  99 .7%.  

R e g a r d l e s s  o f  v a r i a n c e s  i n  a i r  t o  c l o t h  
r a t i o s ,  i n l e t  d u s t  l o a d i n g ,  o r  chemica l  c o m ~ o s i t , i o n ,  
t h e  baghouse  o u t l e t  e m i s s i o n s  remained below 
c u r r e n t  EPA s t a n d a r d s .  I 

1 . 3 . 3  R i v e s v i l l e  MFB P l a n t  O p e r a t i o n s  

Dur ing t h i s  r e p o r t i n g  p e r i o d ,  R i v e s v i l l e  . a c t i v i t i e s  ::;i.?re 
c o n c e n t r a t e d  on  s e v e r a l  i t e m s ,  i n c l u d i n g :  

I n s t a l l a t i o n  and t e s t i n g  o f  t h e  Fu l l e r -Kinyon  
f u e l  f e e d  s y s t e m s .  

I n s t a l l a t i o n  and t e s t i n g  o f  t h e  " n u t  and b o l t "  
a i r  d i s t r i b u t o r  i n  C and  B ' ce l l s .  

T e s t i n g  o f  t h e  f l y a s h  r e i n j e c t i o n  sys tem.  

Improving combust ion  w i t h i n  i n d i v i d u a l  cel ls .  

P r o v i n g  t h e  r e l i a b i l i t y  o f  t h e  MFB w i t h  long  
commercia l  r u n s .  

Two s u c c e s s f u l  long- te rm commercial  r u n s ,  o f  132 and 200 
h o u r s  r e s p e c t i v e l y ,  p r o v i d e d  c o n s i d e r a b l e  d a t a  c o n c e r n i n g  
long- term u n i t  pe r fo rmance ,  ESP pe r fo rmance ,  Fuller-Ki!:yon 
pe r fo rmance  and combust ion  w i t h i n  t h e  cel ls .  

1.3.4 N e w  York O f f i c e  E n g i n e e r i n g  and Design ;::ark 

Design and  e n g i n e e r i n g  work was pe r fo rmed  i n  PER'S New York 
o f f i c e  i n  s u p p o r t  of MFB o p e r a t i o n s .  V a r i o u s  t a s k s  were 
accompl i shed  t o  improve pe r fo rmance ,  i n c r e a s e  r e l i a b i  lity 
and a l l e v i a t e  0 2 e r a t i o n a l  problems o f  t h e  MFB u n i t .  



Work pe r fo rmed  a t  t h e  New York o f f i ce  i n c l u d e d :  

: - e   valuation o f  a  baghouse  t o  augment and /o r  
r e p l a c e  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  a t  t h e  
R i v e s v i l l e  MFB. 

I . .  

I n s t a l l a t i o n  drawing for t h e  Fu l l e r -Kinyon  f e e d  
s y s t e m s .  

. . . . r .  , . . . .  . . 

a:'. Updat ing  t h e  " a s  b u i l t "  d rawings  o f  t h e  R i v e s v i l l e  
f a c i l i t y .  

. . '-L.3.5. ' . . S u b c o n t r a c t o r  ~ c t T v i t i e s  ' 

, . 

The s p e c i a l i z e d  e x p e r t i s e  o f  t w o  o r g a n i z a t i o n s  was u t i l i z e d  
. . u n d e r  s u b c o n t r a c t  a r rangements  t o  s u p p o r t  MFB u n i t  o p e r a t i o n  

and main tenance  a c t i v i t i e s  and AFB t e c h n o l o g i c a l  development .  
. . .  . 8 

The two o r g a n i z a t i o n s  were: . 
. 

e F o s t e r  Wheeler'Energy.Corporat'ion - MFB u n i t  
. . o p e r a t i v e  a s s i s t a n c e  . . .  and improvement.  

4! 

e S t o n e  and ~ e b s t e r  E n g i n e e r i n g  C o r o o r a t i o n  - 
p l a n t  a d v i s o r y  o p e r a t i o n s  ... a s s i s t a n c e .  . :  



ALEXANDRIA, V I R G I N I A  PROCESS DEVELOPMENT U N I T  

2 . 1  I n t r o d u c t i o n  

The A l e x a n d r i a ,  V i r g i n i a  f l u i d i z e d - b e d  combust ion  l a b o r a t o r y  
s e r v e s  as t h e  p r o c e s s  development  f a c i l i t y  f o r  t h e  m u l t i c e l l  
f l u i d i z e d  b e d  b o i l e r  d e s i g n ,  c o n s t r u c t i o n  and tes t  program. 
H o t  model e x p e r i m e n t s  and d e s i g n  v e r i f i c a t i o n  tests a r e  
conduc ted  on  a n i n e  s q u a r e  f o o t  b e d  a r e a  p r o c e q s  development  
u n i t  (PDU) . The u n i t  is d e s i g n e d  t o  h a n d l e  10 BTU/hr h e a t  
r e l e a s e  f e e d i n g  800 l b / h r  coal and  400 l b / h r  s o r b e n t .  

During t h i s  r e p o r t i n g  p e r i o d ,  work a t  t h e  A l e x a n d r i a  f a c i l i t y  
c o n c e n t r a t e d  on t e s t i n g  o f  t h e  f l y a s h  r e c y c l e  and baghouse  
f i l t r a t i o n  o f  f l u i d  b e d  e x h a u s t  g a s e s .  

2 .2  F l y a s h  R e i n j e c t i o n  T e s t  Program 

R e i n j e c t i o n  o f  f l y a s h  t o  a f l u i d i z e d  b e d  combustor  o f f e r s  
s e v e r a l  a t t r a c t i v e  f e a t u r e s  f o r  t h e  i n d u s t r i a l  s c a l e  p l a n t .  
These a r e  improved combust ion  e f f i c i e n c y  , improved s u l f u r  
c a p t u r e ,  a n d  e l i m i n a t i o n  o f  a  c a r b o n  burn-up ce l l .  A t e s t  
program was u n d e r t a k e n  t o  o p e r a t e  t h e  A l e x a n d r i a  PDU u t i l i z i n g  
t h i s  combust ion  enh'ancement t e c h n i q u e .  O b j e c t i v e s  o f  t h e  p r o -  
gram w e r e  to :  

O p e r a t e  t h e  PDU w i t h  t o t a l  r e c y c l e  from t h e  
m e c h a n i c a l  collector.  

a Develop a  f l y a s h  r e i n j e c t i o n  s y s t e m  t h a t  met 
p r o c e s s  r e q u i r e m e n t s  and was e n e r g y  efficient. 

The development  program was conduc ted  u s i n g  p r i m a r i l y  Grove 
l i m e s t o n e ,  s i n c e  t h i s  s o r b e n t  was s e l e c t e d  f o r  t h e  Georgetown 
AFBB. E d u c t o r s  w e r e  s e l e c t e d  f o r  t h e  r e i n j e c t i o n  s t u d y  due 
t o  t h e i r  l o w ~ c o s t ,  commercial  a v a i l a b i l i t y ,  and t h e i r  app l - i ca -  
t i o n  a t  Georgetown. The u s e  o f  e d u c t o r s  for  i n j e c t i n g  f l y a s h  
i n t o  t h e  R i v e s v i l l e  c a r b o n  burn-up cel l  was a l s o  b e i n g  
a t t e m p t e d  and  p r o v i d e d  f u r t h e r  i m p e t u s  t o  t h e  development  
e f f o r t .  

L a b o r a t o r y  e x p e r i e n c e  i n  f l y a s h  h a n d l i n g  and p r e v i o u s l y  
deve loped  d e s i g n  d a t a  f o r  c o a l  f e e d  e d u c t o r s ,  u s i n g  l o w  p r e s s u r e  
a i r  (less t h a n  15  p s i g )  a s  a  m o t i v e  f o r c e ,  was t h e  s t a r t i n g  
p o i n t  f o r  t h e  development  program. Al though e d u c t o r s  have  
b e e n  commonly u s e d  a t  t h e  A l e x a n d r i a  l a b  t o  p n e u m a t i c a l l y  
t r a n s p o r t  s o l i d s  i n . p o s i t i v e  p r e s s u r e  s y s t e m s ,  s e l e c t i o n  o f  
an e d u c t o r  t o  f e e d  f l y a s h  h a s  a lways  been  d i f f i c u l t .  S i n c e  
t h e  minimum f l u i d i z a t i o n  v e l o c i t y  o f  f l y a s h  i s  less t h a n  .1 
f e e t  p e r  s e c o n d ,  blow back  o f  p n e u m a t i c  t r a n s p o r t  a i r  i n t o  
t h e  s o l i d s  i n l e t  r e g i o n  can  r e s u l t  i n  a e r a t i o n  and susuens i .on  
uf solids and .drop-Of f of f l y a s h  f e e d  r a t e s .  T h i s  a p p l i c a t i o n  
becomes more d i f f i c u l t  when f e e d i n g  f l y a s h  i n t o  the bot tom 
o f  a  f l u i d i z e d  b e d  b e c a u s e  o f  t h e  b a c k p r e s s u r e  o f  t h e  bed.  



Feed ing  o u t  o f  a  d u s t  c o l l e c t o r  a t  n e g a t i v e  d r a f t  a l s o  adds .  
t o  t h e . d i f f i c u l t y .  The e d u c t o r  must  overcome t h e  t o t a l  
o p e r a t i n g  p r e s s u r e  d i f f e r e n c e  be tween t h e  f l y a s h  c o l l e c t o r  
and t h e  bed  a s  it f e e d s  s o l i d s .  T h i s  i s  accompl i shed  by 
a c c e l e r a t i n g  t h e  t r a n s p o r t  a i r  t h r o u g h  a converg ing  n o z z l e  
which c r e a t e s  a h i g h  v e l o c i t y  jet and  a  r e d u c e d  p r e s s u r e  a t  
t h e . s o l i d s  i n l e t  r e g i o n  t o  i n d u c e  s o l i d s  i n t o  t h e  t r a n s p o r t  
a i r .  

. I .  
. - 

'1. . . 
I n  t h e  d e s i g n  o f  an  e d u c t o r  f o r  t o t a l  r e c y c l e ,  a d d i t i o n a l  
problems a r i s e  from t h e  f o l l o w i n g :  I 

oh The r e q u i r e d  f l y a s h  f e e d  r a t e  i s  unknown 
u n t i l  t h e  combust ion  s y s t e m  i s  t e s t e d .  

. . The . a i r  t o  s o l i d s  r a t i o  o f  t h e  e d u c t o r  can  . . 

i n f . l u e n c e  c a r b o n  burnup.  . . 
. . 

" The v e l o c i t y '  a t  t h e  f e e d  p o i n t  can  d i s t u r b  t h e .  
f l u i d i z e d  bed.  

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

Thus t h e  development  e f f o r t  on ha rdware  c a n  o n l y  b e  ev131uated i 

. by  t o t a l  s y s t e m  per fo rmance .  1 
t 

Based on o r e v i o u s  work f o r  c o a l  f e e d  e d u c t o r s ,  a n  e d u c t o r  
was d e s i g n e d  and t e s t e d  r e i n j e c t i n g  f l y a s h  i n t o  t h e  PDU. The 1 
r e s u l t s  o f  t h e  i n i t i a l .  tes ts  i n d i c a t e d  t h e  need f o r  a  s : i~nu l t aneous  ; 
hardware  and p r o c e s s  development  e f f o r t  c o n s i s t i n g  of b o t h  
c o l d  tests a n d  h o t  tests on p r o g r e s s i v e  s y s t e m  m o d i f i c a t i o n s .  
The f i r s t  p o r t i o n  o f  t h e  tes t  program was conduc ted  u s i n g  a , .  

i 
s i n g l e  f l y a s h  r e i n j e c t i o n  p o i n t  t o  f e e d  t h e  n i n e  squar ,e .  f o o t  
c r o s s  s e c t i o n  PDU i n  t h e  following sequence :  

. . 

a .  T e s t s  on a  c o n v e r g i n g  n o z z l e  e d u c t o r  w i t h ' . a n d  
w i t h o u t  s o l i d s  f low.  ., 

b.  T e s t s  on a  c o n v e r g i n g  n o z z l e  e d u c t o r  u s i n g  a  i 
p r e s s u r e  r e c o v e r y  s e c t i o n  w i t h  and wikhout  . 

. . 
s o l i d s  f low.  . 

c. Tests on . a  c o n v e r g i n g  n o z z l e  e d u c t o r  w i t h  a 
p r e s s u r e  r e c o v e r y  s e c t i o n  u s i n g  a  h i g h e r  ' 

I 
p r e s s u r e  b l o w e r  w i t h  a n d  w i t h o u t  s o l i d s .  

The sys tem u s e d  f o r  most o f  t h e  t e s t s  i s  shown i n  E x h i b i t  2 . 1 .  
The b lower  f o r  t h e  f i r s t  tests i n  t h e  program was a  p o s i t i v e  
d i s p l a c e m e n t  r o t a r y  b lower  set up t o  d e l i v e r  6 7  s t a n d a r d  
c u b i c  f e e t .  , p e r  .minute  o f  a i r  a t  up t o  8' p s i g .  A s i m p l e  
c o n v e r g i n g  n o z z l e  e d u c t o r ,  E x h i b i t  2 . 2 ,  was used t o  i n j e c t  
t h e  s o l i d s  i n t o  t h e  b o i l e r  and t h e  t h r o a t  d i a m e t e r  o f  t h e  
n o z z l e  was d e t e r m i n e d  u s i n g  t h e  c o r r e l a t i o n s  deve loped  from 
c o a l  f e e d  e d u c t o r  t e s t i n g .  



A f t e r  t h e  tests w i t h  t h e  s i m p l e  c o n v e r g i n g  n o z z l e , .  a .  
p r e s s u r e  r e c o v e r y  s e c t i o n  was added downstream of t h e  s o l i d s  
i n l e t  t o  improve pe r fo rmance  a t  t h e  same b lower  p r e s s u r e ,  
see E x h i b i t  2 . 3 .  T h i s  p r e s s u r e  r e c o v e r y  s e c t i o n  ( d i f f u s e r )  
was d e s i g n e d  a s  a n  . i n s e r t  i n t o  t h e  feed.pipe,  which c o u l d  b e  
a d j u s t e d  t o  v a r y  t h e  d i s t a n c e  between.  t h e  s o l i d s  i n l e t  and 
d i f f u s e r  e n t r a n c e .  A f t e r  t h e  d a t a  was c o l l e c t e d  u s i n g .  t h e  
d i f f u s e r  a n d  compared w i t h  t h e  s i m p l e  n o z z l e  r e s u l t s ,  t h e  
r e i n j e c t i o n  b l o w e r  w a s  r e p l a c e d  w i t h  a p o s i t i v e  d i s p l a c e m e n t  
rotary b l o w e r  t o  p r o v i d e  9 0  s t a n d a r d  c 'ub ic  f e e t  p e r  m i n u t e  o f  
a i r  a t  p r e s s u r e s  up t o  14 p s i g .  Once t h e  new b lower  was 
i n s t a l l e d  t h e  e d u c t o r / d i f f u s e r  combina t ion  was t e s t e d  w i t h  t h e  
same nozz . le  d i a m e t e r  used  i n  t h e .  p r e v i o u s  tes ts ,  b u t  w i t h  
b lower  p r e s s u r e s  f rom 8 p s i g  t o  1 4  p s i g .  

, With t h e  s u c c e s s i v e  improvements  i n  e d u c t o r  pe r fo rmance ,  h o t  
I tests w e r e  c o n d u c t e d  t o  e v a l u a t e  s y s t e m  per fo rmance .  

Performance  was measured  i n  t e r m s  o f  m a i n t a i n i n g  a  f l y a s h  f e e d  
1 rate w i t h  i n c r e a s i n g  o p e r a t i n g - b e d  d e p t h s .  When t h e  e d u c t o r  
I 

per fo rmance  was s u f f i c i e n t l y  improved t o  m a i n t a i n  f l y a s h  f e e d  
i n t o  t h e  d e s i r e d  P D U  o p e r a t i n g  b e d  d e p t h  ( a b o u t  24 i n c h e s  
s t a t i c  e q u i v a l e n t )  , t h e  development  e f f o r t  was d i r e c t e d  
toward  i n c r e a s e d  f l y a s h  f e e d  r a t e s  and i n c r e a s e d  combust ion 
o f  t h e  f l y a s h .  

I The f i r s t  a t t e m p t s  t o  i n c r e a s e  f e e d  r a t e  and combust ion i n v o l v e d  
I 
I v a r y i n g  t h e  a i r - t o - f u e l  r a t i o  i n  t h e  e d u c t o r .  T h i s  was ' .  

f o l l o w e d  by i n s t a l l i n g  a s p l i t t e r  and  d u a l  e d u c t o r s  t o  i 
f e e d  t w o  p o i n t s  i r i  t h e  b e d ,  E x h i b i t  2.4. The a i r - t o - f u e l  ' ,  

r a t i o  w a s  v a r i e d  by  i n c r e a s i n g  t h e  n o z z l e  d i a m e t e r  on t h e  
e d u c t o r .  be tween tests and by chang ing  the"b1ower p r e s s u r e  f o r  

I t h e  s u p p l y  a i r  d u r i n g  t es t s . '  Vary ing  t h e  b lower  p r e s s u r e  , . 

from 6 t o  1 4  p s i g  r e s u l t e d  i n  a  change of t h e  a i r - t o - f u e l  
1 r a t i o  by a f a c t o r  o f  1 . 5 .  Combined changes  i n  n o z z l e  d i a m e t e r s  

and b lower  p r e s s u r e s  r e s u l t e d  i n  a  f a c t o r  o f  2.5 change i n  
a i r - t o - f u e l  r a t i o .  Once a change was made i n  t h e  n o z z l e ,  h o t  
and c o l d  tes ts  w e r e  r u n  a t  d i f f e r e n t  back  p r e s s u r e s  t o  d e t e r -  
mine how much m a t e r i a l  c o u l d  b e  i n j e c t e d .  Then u s i n g  t h i s  
d a t a  a  new d e s i g n  c o r r e l a t i o n  was deve loped .  

The r e i n j e c t i o n  tes ts  a r e  summarized i n  E x h i b i t  2 .5 .  Ehny o f  
t h e s e  tests s e r v e d  s e v e r a l  p u r p o s e s .  When baghouse t e s t i n g  
o r  l i m e s t o n e  t e s t i n g  was c o n d u c t e d ,  f l y a s h  r e i n j e c t i o n  

1 t e s t i n g  was g i v e n  second  p r i o r i t y  i n  terms o f  t e s t  o b j e c t i v e s  
and d a t a  c o l l e c t i o n .  I 

1 
I The d a t a  c o l l e c t e d  d u r i n g  t h e  r e i n j e c t i o n  tests i n c l u d e d :  

a S o l i d s  i n l e t  p r e s s u r e  and t e m p e r a t u r e  

a E d u c t o r  a i r  i n l e t  p r e s s u r e  and  t e m p e r a t u r e .  

a D i f f u s e r  o u t l e t  t e m p e r a t u r e ,  back p r e s s u r e  on 
t h e  sys tem.  



e The f l y a s h  a n d  t r a n s p o r t  a i r  f e e d  rates. 

T h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r e s u l t s  of t h e  
s o l i d s  f l o w  a n d  n o n - s o l i d s  f l o w  tests w i t h  a n d  w i t h o u t  t h e  
p r e s s u r e  r e c o v e r y  s e c t i o n  ( d i f f u s e r ) .  When t h e  s i m p l e  n o z z l e  
w a s  u s e d ,  m i n u s  2 1  i n c h e s  W.C.  p r e s s u r e  c o u l d  be d e v e l o p e d  
a t  t h e  s o l i d s  i n l e t  as it fed a g a i n s t  a t m o s p h e r i c  p r e s s u r e .  
The  same n o z z l e  t e s t e d  w i t h  s o l i d s  f l o w  c o u l d  o n l y  d e v e l o p  
minus  1 5  i n c h e s  W . C .  p r e s s u r e ,  a g a i n  f e e d i n g  a g a i n s t  a t m o s p h e r i c  
p r e s s u r e .  F i v e  i n c h e s  o f  p r e s s u r e  were l o s t  w i t h  s o l i d s  
f l o w  due  t o  t h e  s o l i d s  t r a n s p o r t  e n e r g y  losses. A l t h o u g h  
t h e  i n c r e a s e  i n  p r e s s u r e  a t  t h e  s o l i d s  p i c k - u p  was L i n e a r  
w i t h  r e s p e c t  t o  i n c r e a s i n g  b a c k  p r e s s u r e  for  b o t h  s o l i d s  a n d  
n o n - s o l i d s  tests ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  d i d  n o t  
r ema in  c o n s t a n t  d u e  t o  t h e  d e c r e a s e  i n  s o l i d s  f e e d  rate .  
A s  t h e  b a c k  p r e s s u r e  o n  t h e  s y s t e m  i n c r e a s e d ,  b low b a c k  o f .  
t r a n s p o r t  a i r  i n t o  t h e  s o l i d s  p i c k - u p  r e g i o n  i n c r e a s e d  
r e s u l t i n g  i n  s o l i d s  s u s p e n s i o n  a n d  r e d u c e d  f e e d  rates.  When 
t h e  tests o n  t h e  s i m p l e  n o z z l e  were c o m p l e t e d ,  t h e  d i f f u s e r  
s e c t i o n  was added .  When t h e  e d u c t o r / d i f f u s e r  c o m b i n a t i o n  was 
u s e d ,  minus  36 i n c h e s  W . C .  o f  p r e s s u r e  w a s  d e v e l o p e d  f e e d i n g  
a g a i n s t  a t r o o s p h e r i c  p r e s s u r e .  T h i s  w a s  more e f f i c i e n t  t h a n  
t h e  s i m p l e  n o z z l e  u s i n g  t h e  same b l o w e r  p r e s s u r e ,  a n d  t h e  
d i f f e r e n c e  b e t w e e n  t h e  s i m p l e  n o z z l e  a n d  t h e  e d u c t o r  d i f f u s e r  
n o z z l e  r e m a i n e d  c o n s t a n t  a t  1 5  i n c h e s  W . C .  a t  a l l  b l o w e r  + 

p r e s s u r e s .  

P rob lems  w i t h  u s i n g  t h e  s o l i d s  i n l e t  p r e s s ' u r e  a s  t h e  ... o n l y  
i n d i c a t o r  o f  t h e  e f f i c i e n c y  o f  t h e  r e i n j e c t i o n  s y s t e m  became 
a p p a r e n t  when t h e  e d u c t o r / d i f f u s e r  c o m b i n a t i o n  was t e s t e d  w i t h  
s o l i d s .  The.  n o z z l e / d i f f u s e r  c o m b i n a t i o n  f e d  a  g r e a t .  d e a l  more 
f l y a s h  t h a n  t h e  s i m p l e  n o z z l e .  B e c a u s e  more f l y a s h  w a s  b e i n g .  
f e d  t h r o u g h  a  r e d u c e d  a r e a  i n  t h e  d i f f u s e r  t h e  a c c e l e r a t i o n  
and  f r i c t i o n  e n e r g y  losses i n c r e a s e d ,  r e s u l t i n g  i n  l a r g e  
f l u c t u a t i o n s  i n  t h e  s o l i d s  i n l e t  p r e s s u r e .  Wi th  t h e  n o z z l e /  
d i f f u s e r  c o m b i n a t i o n  t h e  s o l i d s  i n l e t  p r e s s u r e  n o  l o n g e r  w a s  
a  f u n c t i o n  o f  t h e  s o l i d s  f e e d  rate .  I n i t i a l l y  as t h e  b a c k  
p r e s s u r e  on  . t he  c d u c t o r / d i f  f u s e r  c o m b i n a t i o n  i n c r e a s e d ,  t h e  
s o l i d s  i n l e t  p r e s s u r e  i n c r e a s e d  wh ich  r e s u l t e d  i n  lower f l y a s h ,  
f e e d  r a t e s .  However,  when t h e  b a c k  p r e s s u r e  was i n c r e a s e d  t o  
6 i n .  w .c . ,  t h e  s o l - i d s  i n l e t  p r e s s u r e  l e v e l e d  o f f  a t  minus  
2 i n .  W . C .  ( t h e  d u s t  collector n e g a t i v e  d r a f t )  a n d  r e m a i n e d  
a t  t h i s  prassurc  f o r  s u b s e q u e n t  i n c r e a s e s  i n  t h e  b a c k  p r e s s u r e .  
P r e s s u r e  d r o p  i n  the n o z z l e  was be,low t h e  c r i t i c a l  p r e s s u r e  
r a t i o  a n d  hence I.@velj .ng o f  t h e  s o l i d s  i n l e t  . p r e s s u r e  was 
n o t  i n f l u e n c e d  by a p p r o a c h  t o  s o n i c  v e l o c i t y .  S i m i l a r l y ,  
t h e  solids feed r a t e s  d e c r e a s e d  u n t i l  t h e  b a c k  p r e s s u r e  i n c r e a s e d  
t o  6 i n .  w.c. A t  t h i s  b a c k  p r e s s u r e  t h e  s o l i d s  f e e d  r a t e s  
] . eve led  o f f  and r e m a i n e d  e s s e n t i a l l y  c o n s t a n t  f o r  a l l  o t h e r  
changes  i n  back p r e s s u r e .  

Us ing  t h e  e d u c t o r / d i f f u s e r  c o i n b i n a t i o n  f ly ; i sh  c o u l d  b e  f e d  
i n t o  t h e  PDU over  . t h e  . r a n g e  o f  o p e r a t i n g  b e d  clepth,  b u t  b c c ~ u s e  
o f  t h e  l o w  f e e d  r a t e s ,  t o t a l  r e c y c l e  c o u l d . n o t  be a c h i e v e d .  



~ h e k e f o r e ,  f u r t h e r .  c h a n g e s  were made t o  t h e  s y s t e m  t o  improve 
t h e  r e c y c l e  ra te .  

I n  o r d e r  t o  d e t e r m i n e  how much o f  an  i n c r e a s e  i n  r e c y c l e  was 
needed ,  a n  a c c u r a t e  method t o  d e t e r m i n e  f l y a s h  f e e d  r a t e s  
h a d  t o  b e  d e v e l o p e d .  S i n c e  t h e  d i r e c t  measurement  o f  h o t  
s o l i d s  f l o w  i n  p n e u m a t i c  t r a n s p o r t  is d i f f i c u l t ,  a means t o  
measure  t h e  f e e d  r a t e  w a s  d e v e l o p e d  b e f o r e  t h e  s o l i d s  e n t e r e d  
t h e  a i r  s t r e a m .  A 4 i n c h  d i a m e t e r  P y r e x  s p o o l  p i e c e  was 
i n s t a l l e d  u n d e r  t h e  main d u s t  c o l l e c t o r  and  above t h e  f l y a s h  
e d u c t o r  n o z z l e ,  E x h i b i t  2 .2.  Dur ing  a d a t a  c o l l e c t i o n  p e r i o d ,  
t h e  t i m e  f o r  a known volume o f  s o l i d s  t o  d r a i n  was measured .  
Combining t h e  measured  s o l i d s  v e l o c i t y  w i t h  a measured  b u l k  
d e n s i t y  a mass f l o w  c o u l d  b e  c a l c u l a t e d .  The a c c u r a c y  o f  
t h i s  t e c h n i q u e  w a s  d e p e n d e n t  on  t h e  b u l k  d e n s i t y  s i n c e  t h e  
s o l i d s  mus t  b e  removed from t h e  f l o w i n g  stream f o r  measurement .  
The a c t u a l  d e n s i t y  o f  t h e  f l o w i n g  stream may b e  s l i g l ~ t l y  lower  
t h a n  t h e  measured  d e n s i t y  b u t  t h e  r a n g e  o f  d e n s i t y  v a r i a t i o n  
c o u l d  b e  d e t e r m i n e d .  The mass v e l o c i t y  measurement  t e c h n i q u e  
was c a l i b r a t e d  b y  m e a s u r i n g  t h e  t i m e  a known w e i g h t  o f  
m a t e r i a l  w a s  i n j e c t e d  a g a i n s t  a se t  back  p r e s s u r e .  T h i s  
r e s u l t  was t h e n  compared t o  mass v e l o c i t y  measurements  a t  
ambien t  c o n d i t i o n s  a g a i n s t  t h e  same b a c k  p r e s s u r e .  T h e  
r e s u l t s  o f  t h e  e d u c t o r  development  work are shown i n  Z x h i h i t  
2 .6 .  

Dur ing  t h e  deve lopment  e f f o r t  on  t h e ' e d u c t o r  an  e r o s i o n  
problem .was e n c o u n t e r e d  ' i n  t h e  e d u c t o r  d i f f u s e r  and x e i n j e c t i o n  
p i p i n g .  ~ e c a u s e  o f  t h e  a b r a s i v e  n a t u r e .  o f  t h e  f l y a s h  a ~ l d  
t h e  h i g h  v e l o c i t y  i n '  t h e  e d u c t o r ,  G r o s i o n  was e x p e c t e d :  The 
e r o s i o n  p a t t e r n . '  i .n . t h e  d i f f u s e r  %.a$ n o t  ' u n i  form, however .  
I n s p e c t i o n  showed t h a t  w e a r  was o c c u r i n g .  a t  t h e  t w o .  
o ' c l o c k  p o s i t i o n . o n  t h e  c i r c u m f e r e n c e  o f  t h e  d i f f u s e r  
c o n v e r g i n g  s e c t i o n . ' .  I t  was assuined ~ h . a t  ~ h e  f l y a s h  was 
c o n c e n t r a t i n g .  on  t h e  u p p e r .  p o r t i o n  o'f: t h e  , t r a n s p o r t -  ai. r strea!!~. 
T h i s  wear p r o b l e m  .was s 2 g n i f i . c a n t ' e v e n  i n  t h e  s h o r t  test 
program b e c a u s e  w e a r  i n  t h e  d i f f u s e r  r e d u c e d  t h e  effe(;i:iv::i:(:s:j 
o 'f '  t h e  . e d u c t o r .  neat t r e a t i n g . t h e  d i f f u s e r  s e c t i o n s  o f  t h e  
e d u c t o r s  f o r  h a r d n e s s  w a s  a  s u f f i c i e r i t  s o l u t i o n  o f  t h e  problem 
f o r  t h e  t e s t  program. ' .  .. . 

.I ' .' 

During .  a l l  t h e '  f l y a s h  r e i n j e c t i o n  tes ts  t h e r e  was no  
s i g n i ' f i c a n t  improvement i n  combust ion  e f f i c i e n c y  o v e r  t y p i c a l  
n o n - r e i n  j e c t i o n  tes t  r e s u l t s .  The p r i m a r y  r e a s o n  f o r  t h i s  
p e r f o r m a n c e  was t h o u g h t  t o  b e  i n s u f f i c i e n t  r e s i d e n c e . t i m e  o f  
t h e  f l y a s h  i n  t h e  b e d ,  and  o f  s e c o n 3 a r v  i m ~ o r t . a n c e  was t h e  
h i g h  l i m e s t o n e  . a t t r i t i o n  r a t e s  a s s o c i a t e d  w i t h  Grove Pirncistone. 

Because  o f  t h e  c o n f i g u r a t i o n  o f  t h e  combustor  t h e  rc:;,ic?cnce 
l . i m e  o f  t h e  f l y a s h  is c a l c u l a t e d  t o  b e  a b o u t  .7 sec~;.l l ls .  
:?;lsed on a n  e a r 1 , i e r  combust ion  model t h e  f l y a s h  a t  a :n:i.n! ...... t r n  

locan ' p a r t i a l e  d i a m e t e r  ,GI 100 microns r e q u i r e s  1 . 0  ! j ( :>~(>i?*-l  : : I >  
bllrn t o  ' comple t ion  a f t e r ,  r e a c h i n g  t h e  i g n i t i o n  p o i n t .  'r . 2 . 
the f l y a s h  was c h a n n e l i n g  t h r o u g h  t h e  b e d  i n  t h e  b~:!b!>lc :...: ;c 

. . 



o f  t h e  t r a n s p o r t '  a i r ,  it may n e v e r  have  r e a c h e d  i g n i t i o n  
temperat 'ure. .  T h e r e f o y e ,  t h e  f l y a s h '  r e s i d e n c e  t i m e  a t  a 
combust ion t e m p e r a t u r e  was p r o b a b l y  . i n s u f f i c i e n t .  F l y a s h .  
r e c y c l e  t h e n  c r e a t e s  a  h e a t ,  l o a d  o n  t h e  combustor  which  draws 
h e a t .  away f rom t h e  bed.  T h i s  problem i s  compounded by 
. e x c e s s i v e  a t t r i t i o n  of l i m e s t o n e  b e c a u s e  o f  t h e  q u a n t i t y  o f  
noncombus t ib le  m a t e r i a l  which h a s  t o  c y c l e  t h r o u g h  t h e  
r e i n j e c t i o n  l o o p .  More h e a t  i s  t h e n  r e q u i r e d  t o  h e a t  t h e  
r e c y c l e  s t r e a m ,  t o  a  combust ion  t e m p e r a t u r e  which r e s u l t s  i n .  
lower  s t a c k  oxygen c o n c e n t r a t i o n s  a t  a g i v e n  s u ' p e r f i c i a l  
v e l o c i t y  and b e d  t e m p e r a t u r e .  

As p r e v i o u s l y  n o t e d ,  Grove l i m e s t o n e  was used  i n  most  o f  t h e  
f l y a s h  r e i n j e c t i o n  tes ts  b e c a u s e  it was s e l e c t e d  f o r  llse 

a t  Georgetown. T h i s  l i m e s t o n e  h a s  b e e n  fohnd t o  be less 
a t t r i t i o n  r e s i s t a n t  t h a n  most o t h e r  l i m e s t o n e s  used  i n  t h e  
PDU. Because  o f  t h e  h i g h e r  a t t r i t i o n  r a t e s ,  t h e  h e a t  l o a d  
o f  t h e  r e i n j e c t i o n  stream can become d e t r i m e n t a l  t o  combust ion 
e f f i c i e n c y .  

S e v e r a l  f e e d e r s  w e r e  t r i e d  on t h e  PDU t o  improve c o n b u s t i b n .  
The f i r s t  w a s  a s i n g l e  f e e d e r  s i m i l a r  i n  d e s i g n  t o  t h e  
c o a l  f e e d  n e e d l e  b u t  i n j e c t e d  f l y a s h  p a r a l l e l  t o  t h e  t o p  o f  
t h e  a i r  d i s t r i b u t o r .  T h i s  f e e d  a r rangement  d i d  n o t  enhance  
combust ion  b e c a u s e  a t  t h e  h i g h e r  f e e d  r a t e s  t h e  bed t e m p e r a t u r e  
n e a r  t h e  in -bed  f e e d  p o i n t  d ropped  1 5 0 ~ ~ .  T h i s  was b e l i e v e d  
t o  b e  due t o  t h e  l a r g e  s e n s i b l g  h e a t  l o s s e s  i n c u r r e d  when 
t h e  f l y a s h  was h e a t e d  from 300 F ,  t h e  e q u i l i b r i u m  t r a n s p o r t  
t e m p e r a t u r e ,  t o  b e d  t e m p e r a t u r e .  A d o u b l e  f e e d e r  a r r a n g e r ~ ~ c n t  
shown .in E x h i b i t  4 was a l s o  ' t e s t e d .  T h i s  doub le  f e e d e r  
r educed  t h e  s e n s i b l e  h e a t  l o s s  e f f e c t  by s p l i t t i n g  t h e  s o l i d s  
f low,  b u t  d i d  n o t  a p p e a r  t o  improve combust ion .  The n e x t  
d e s i g n  used  t h e  d o u b l e  f e e d e r  w i t h  a  c a p  a t  t h e  e n d ,  (see 
E x h i b i t  2 . 7 )  t o  c r e a t e  a downward f l o w  o f  f l y a s h  i n  an e f f o r t  
t o  i n c r e a s e  r e s i d e n c e  t i m e .  T h i s  a p p e a r e d  t o  b e  t h e  most 
s u c c e s s f u l  d e s i g n  b u t  o n l y  q u a l i t a t i v e  d a t a  was o b t a i n e d  i n  
t h e  r e m a i n i n g  a v a i l a b l e  t e s t  program d u r a t i o n .  

E x h i b i t  2 . 8  shows a  p l o t  o f  t h e  s u l f u r  c a p t u r e  a s  a  f u n c t i o n  
o f  Cays mole  f e e d  r a t i o s .  I n c l u d e d  i n  t h e  f i g u r e  f o r  comi)arison 
a r e  p o i n t s  o b t a i n e d  u s i n g  Greer l i m e s t o n e  i n  t h e  FB.? and .i?DU, 
p o i n t s  u s i n g  L o w e l l v i l l e  l i m e s t o n e  i n  t h e  PDU and, some 
Grove l i m e s t o n e  tes t  p o i n t s  o b t a i n e d w h i l e  a t t emGt ing  t o  s i m u l a t e  
t h e  Georgetown p l a n t  o p e r a t i o n  w i t h  f l y a s h  r e i n j e c t i o n .  A 
comparison o f  t h e s e  d i f f e r e n t  l i m e s t o n e  tests shows t h a t  w h i l e  
b o t h  Greer and L o w e l l v i l l e  p e r f o r m  n e a r l y  t h e  same a t  a  Ca/S 
r a t i o  n e a r  2 . 0 ,  t h e  Grove l i m e s t o n e  w i t h  r e i n j e c t i o n  a p p e a r s  
more r e a c t i v e .  A s  t h e  Ca/S r a t i o  i n c r e a s e s  t h e  Greer and 
L o w e l l v i l ~ l e  s t o n e s  a p p e a r  more e f f i c i e n t  . 
~ l - ~ . l £ u r  c a p t u r e  i s  improved by f l y a s h  r e i n j e c t i o n  b e c a u s e  t:i.e 
( :oncent ra t ion  o f  -40  mesh. bed  m a t e r i a l  i s  i n c r e a s e d .  
Normally,  i n  a  o n c e  t h r o u g h  s y s t e m  t h i s  m a t e r i a l  would 
e l u t r i a t e d  and d i s c a r d e d  a f t e r  one  p a s s ,  u s u a l l y  a f t e r  o n l y  



a f r a c t i o n  o f  t h e  c a l c i u m  i s  u t i l i z e d .  S i n c e  s u l f u r  c a p t u r e  
is  a s u r f a c e  r e a c t i o n  w i t h  l i m e s t o n e ,  p a r t i c l e s  w i t h  a 
h i g h  s u r f a c e  area t o  volume r a t i o  have  a g r e a t e r  u t i l i z a t i o n .  
Thus, t h e  - 4 0  mesh m a t e r i a l  r e c y c l e d  t h r o u g h  t h e  P D U  would 
i n c r e a s e  t h e  rate o f  c a p t u r e  even a t  l o w  Ca/S mole r a t i o s .  

However, as t h e  Ca/S mole r a t i o  i n c r e a s e d  more h e a t  was 
r e q u i r e d  as c o a l  f e e d  t o  o f f s e t  t h e  s e n s i b l e  l o s s e s  o f  t h e  
r e c y c l e  s o l i d s .  I n  t h i s  case t h e , s u l £ u r  i n  t h e  a d d i t i o n a l  
f u e l  may o f f s e t  t h e  s u l f u r '  c a p t u r e '  g a i n e d  by r e i n j e c t i o n : ,  , . . 

To f e e d  f l y a s h  i n t o  a  f l u i d i z e d  b e d ,  a n  e d u c t o r  must d e v e l o p  
a low p r e s s u r e  r e g i o n  a t  t h e  f l y a s h  p i c k u p  p o i n t  and have  
s u f f i c i e n t  p r e s s u r e  r e c o v e r y  t o  overcome t h e  a c c e l e r a t i o n  . 
l o s s e s ,  f r i c t i o n  l o s s e s ,  and  b e d  b a c k p r e s s u r e .  ~ e s t  r e s u l t s  
showed t h a t  t h e  minimum b lower  p r e s s u r e  a d e q u a t e  t o  f e e d  i n t o  
a two f o o t  e q u i v a l e n t  s t a t i c  b e d  d e p t h  w i t h  a  n e a r  o p t i m a l  
e d u c t o r  d e s i g n  was a b o u t  12 p s i g .  T h i s  c a n  r e p r e s e n t  a  
s i g n i f i c a n t  horsepower  consumpt ion depend ing  on t h e  pounds o f  
e d u c t o r  a i r  p e r  pound o f  f l y a s h  r e q u i r e d  fo r  s a t i s f a c t o r y  
combust ion .  An e s t i m a t e  o f  t h i s  r e q u i r e m e n t  i s  from one 
t h i r d  t o  one  h a l f  o f  t h e  f l u i d i z i n g  a i r  horsepower .  

To o p e r a t e  w i t h  t o t a l  f l y a s h  r e c y c l e ,  burnup  o f  t h e  ca rbon  
o r  s $ z e  d e g r a d a t i o n  i s  r e q u i r e d  t o  p r e v e n t  t h e  r e c y c l e  s t r e a i n  
from,becoming t o o  g r e a t .  With t o o  h i g h  a r e c y c l e  r a t e ,  such  
a s  w i t h  e x c e s s i v e  l i m e s t o n e  e l u t r i a t i o n ,  t h e  r e c y c l e  strecam 
can c a u s e  a d v e r s e  e f f e c t s  on b e d  combust ion  pe r fo rmance  a l t h o u g h  
s u l f u r  c a p t u r e  may b e  improved.  For  example ,  a  l a r g e  q u a n t i t y  
o f  r e c y c l e  s o l i d s  i n j e c t e d  a t  a  s i n g l e  p o i n t  can  c a u s e  a  
bed t e m p e r a t u r e  d r o p  a t  t h a t  p o i n t  and h i n d e r  ca rbon  b u r n o u t .  
Such a problem was s u s p e c t e d  i n  t h e  PDU from b e d  t e m p e r a t u r e  
r e a d i n g s .  When r e s i d e n c e  t i m e  i s  l i m i t e d  by in -bed  c o o l i i ~ g  
s u r f a c e  and a s h o r t  f r e e b o a r d ,  com@ustion e f f i c i e n c y  may n o t  
b e  enhanced by  t o t a l  r e c y c l e .  T h i s  a p p e a r e d  t o  b e  t h e  exper -  
i e n c e  i n  t h e  PDU. To improve combust ion  e f f i c i e n c y  u s i n g  
t o t a l  f l y a s h  r e c y c l e ,  t h e  p a r t i c l e  s i z e  and r e s u l t i n g  r e c y c l e  
q u a n t i t y  s h o u l d  b e  c o n t r o l l e d .  T h i s  means t h a t  d u s t  c o l l e c t o r  
pe r fo rmance  f o r  t h e  r e c y c l e  stream s h o u l d  be i n t e g r a t e d  i n  
t h e  p r o c e s s  d e s i g n  and t h a t  f l e x i b i l i t y  f o r  c o l l e , o t i n g  a n d  
r e i n j e c t i n g  f l y a s h  s h o u l d  be i n c l u d e d  i n  t h e  p l a n t  d e s i g n .  

. ~ 

Recommendations from t h i s  t es t  program i n c l u d e :  

1. A d d i t i o n a l  s t u d i e s  o f  combined c o a l  and  f l y a s h  
f i r i n g  t o  d e v e l o p  pe r fo rmance  p r e d i c t i o n s .  

2.  ~ l e x i b i l i t y  i n  d e s i g n  o f  r e c y c l e  syst:cms ( such  
as s l i p  s t r e a m s  t o  d i s p o s a l  o f  r e c y c l e  p o i n t s ) .  
t o  r e g u l a t e  t h e  r e c y c l e  r a t e ,  c o l l e c t o r s  w i t h  
c h a n g e a b l e  e f f i c i e n c y ,  and a l t e r n a t i v e  r e c y c l e  
s t r e a m s  such  a s  from m e c h a n i c a l  o r  bagho1i:;e 

- I, . c o l l e c t o r s .  

3 .  Development o f  l o w  e n e r g y  f  l y a s h  r e i n j e c t i o n  
methods s u i t e d  t o  t h e  p r o c e s s  performance .  



, I 

2 . 3  B a g h o u ~ e  ~ e s t .  P rog ram 

C o n t r o l  o f  p a r t i c u l a t e  e m i s s i o n s  f rom coal f i r e d  f l u i d i z e d  
b e d  c o m b u s t i o n  (FBC) u n i t s  w i l l  b e  a s i g n i f i c a n t  f a c t o r  i n  
f u t u r e  s e l e c t i o n  a n d  p u b l i c  a c c e p t a b i l i t y  o f  s u c h  ~ l a n t s .  The  
p a r t i c u l a t e  e m i s s i o n  l i m i t  i n i t i a l 1 y . s e t . b ~  t h e  EPA, u n d e r  
p r o v i s i o n s  o f  t h e  C l e a n  A i r  A c t  of 1 9 7 0 ,  f o r  l a r g e ,  new coal 
f i r e d  boi lers  w a s ,  0 . 1 0  l b s / 1 0 6  BTU. However,  u n d e r  t h e  
C l e a n  A i r  A c t  o f  1 9 7 7 ,  EPA p r o m u l g a t e d  o n  J u l y  11, 1979 ,  
( F e d e r a l  R e g i s t e r ,  V o l .  4 4 ,  Page  33581) a newssource  p e r f o r m -  
a n c e  s t a n d a r d  f o r  p a r t i c u l a t e s  o f  0 . 0 3  lbs/lO BTU. T h e s e  
more s t r i n g e n t  p a r t i c u l a t e  e m i s s i o n  l i m i t a t i o n s  w i l l  h a v e  a 
d e f i n i t e  i m p a c t  o n  t h e  economics  a n d  d e s i g n  o f  f u t u r e  UBC 
u n i t s .  

The t w o  p r i m a r y  me thods  f o r  s t a c k  g a s  p a r t i c u l a t e  r emova l  f o r  
FBC s y s t e m s  a r e  f a b r i c  f i l t r a t i o n  a n d  e l e c t r o s t a t i c  
p r e c i p i t a t o r s .  F o r  many y e a r s ,  e l ec t ros ta t i c  p r e c i p i t a t o r s  
h a v e  b e e n  t h e  d o m i n a n t  p a r t i c u l a t e  c o l l e c t i o n  d e v i c e  b e c a u s e  
o f  t h e i r  r e l a t i v e l y  l o w  c a p i t a l  a n d  o p e r a t i n g  c o s t s .  However, 
i n c r e a s i n g l y  s t r i n g e n t  e m i s s i o n  s t a n d a r d s  h a v e  
i n c r e a s e d  t h e  cost of p r e c i p i t a t o r s  s u f f i c i e n t l y  f o r  f a b r i c  
f i l t e r  t e c h n o l o g y  t o  become a c o m p e t i t i v e  a l t e r n a t i v e .  
A l though  f a b r i c  f i l t e r  p e r f o r m a n c e  i s  g e n e r a l l y  indepcnr?&t  
o f  t h e  q u a n t i t y ,  t e m p e r a t u r e ,  a n d  c h e m i c a l  c o m p o s i t i o n  o f  
t h e  f l u e  g a s ,  b l i n d i n g  c a n  b e  a p r o b l e m  i n  h i g h  dew p o i n t  
f l u e  g a s  f i l t r a t i o n .  S i n c e  t h e  f a b r i c  f i l t e r  col lects  sub -  
m i c r o n  p a r t i c l e s  more e f f e c t i v e l y  t h a n  t h e  p r e c i p i t a t o r ,  
l o w e r  s t a c k  o p a c i t i e s  c a n  b e  e x p e c t e d  f o r  a  baghouse  
i n s t a l l a t i o n .  

' he  p u r p o s e  o f  - t h i s  t e s t  p rog ram was ' t o  e v a l u a t e  t h e  a !~p l j . ca -  
i o n  o f  a  b a g h o u s e  t o  an  FBC s y s t e m  and  ~ r o v i d e  d a t a  t o  b e  
s e d  i n  f u t u r e  f a b r i c  f i l t e r  d e s i g n s .  The g o a l s  o f  t h e  
rogram w e r e :  

D e t e r m i n e  m a s s  c o l l e c t i o n  e f f i c i e n c i e s  o f  
baghouse .  

D e t e r m i n e  o u t l e t  e m i s s i o n s  i n  terms o f  l b s  
p a r t i c u l a t e / 1 0 6  BTU f i r e d  as 'compared w i t h  
t h e  New S o u r c e  Pe r fo r rnance  S t a n d a r d  o f  
0 . 0 3  l b s / 1 0 6  BTU. 

D e t e r m i n e '  b a g  AP and  o t h e r  o p e r a t i n g  c h a r a c t e r i s -  
t i c s  of t h e  b a g h o u s e  t h r o u g h  d a t a  a n d  o b s e r v a t i o n .  

Compare b a g h o u s e  p e r f o r m a n c e  i n  s e v e r a l  c l e a n i n g  
mo'des a n d  a t  s e v e r a l  f i l t r a t i o n  r a t i o s .  

E v a l u a t ' e  o p e r a t i o n a . 1  p r o b l e m s  i n  t h e  u s e  o f  
f a b r i c  'filters as f i n a l  d u s t  c o l l e c t i o n  s;.~i:ciiis 
'on FB'C u n i t s .  . : 



The f l u e ' g a s  baghouse test  u n i t  w a s  des igned  and  f u r n i s h e d  by 
Bue l l  Emission C o n t r o l  D i v i s i o n ,  Env i ro t ech  Corpora t ion .  The 
baghouse was l o c a t e d  downstream o f  t h e  e x i s t i n g  pr imary induced 
d r a f t  f an  and had i t s  own I. D. f a n  and s t a c k ,  E x h i b i t  2.9. 
B a s i c a l l y ,  t h e  baghouseocons i s ted  o f  a s i n g l e  9 'L  x 5'W x 35'H 
bag compartment w i t h  60 pyramida l  hopper  as a , s t a t i o n a r y  
b a s e  w i t h  two i n t e r c h a n g a b l e  a i r  c a s i n g  t o p s .  I n  t h i s  way , 

t h e  t h r e e  major  t y p e s  o f  baghouse c l e a n i n g  modes could  be  . , 

t e s t e d :  

High .energy  c l e a n i n g  w i t h  compressed a i r  ( p u l s e  
j e t ) .  . . 

6 Shaker  c 1 e a n i n g . b ~  mechanical  a g i t a t i o n .  

a Reverse a i r ,  c l e a n i n g  by r e v e r s e  f l e x i n g  
o f  bags .  . . 

One t o p ,  c o n s i s t i n g  o f  a s h a k e r  motor and assembly,  was 
used t o  e v a l u a t e  t h e  r e v e r s e  a i r  and shake  c l e a n i n g  modes 
s e p a r a t e l y  and i n  combinat ion.  Thir ty- two 8" O.D. x 2 3 '  bags 
were clamped o v e r  t h imb les  on a f o u r  bag  reach tube-shee t  
i n s e r t e d  between t h e  bag compartment and hopper ,  s e e  E x h i b i t  
2.10. The bags  were t h e n  suspended from a shake r  mec:hani.sm 
n e a r - t h e  roof  l i n e  and t e n s i o n e d  w i t h  a , s p r i n g  load ing  
mechanism f o r  s u p p o r t  and t o  p reven t  c o l l a p s e  du r ing  r e v e r s e  
a i r  c l e a n i n g .  Bag s p e c i f i c a t i o n s  a r e  g iven  i n  E x h i b i t  2 . 1 1 .  
F i l t r a t i o n  'was from t h e  i n s i d e  'outward,  i .e. ,  d u s t  l aden  ga's 
e n t e r e d  below t h e  t u b e  s h e e t  and pas sed  up ' the '  i n s i d e  of the 
bags.  Clean ing  was accomplished by g e n t l y ,  shak ing  t h e  forrr~ed 
f i l t e r  cake from. t h e  bags  i n t o  t h e  d i s p o s a l  hopper. I n  
t h e  r e v e r s e  a i r  mode f i l t r a t i o n  remained t h e  same w h i l e  
c l e a n i n g ' w a s  accomplished by i s o l a t i n g ' t h e  compartment from 
o p e r a t i o n  and r e v e r s i n g  t h e  a i r  f low through t h e  bags .  
T o  o b t a i n  h o t  g a s  f o r  r e v e r s e  a i r  f low,  three-way poppet  
v a l v e s  w e r e  a r r anged  a s  shown i n  E x h i b i t  2.12 t o  p r e s s u r i z e  
t h e  c l e a n  s i d e  o f  t h e  bags  by a  r e v e r s e  gas  loop  t i e d  inl:.o 
t h e  d i s c h a r g e  s i d e  o f  t h e  I.  D. f a n  t a k i n g  a i r  from t h e  d i r t y  
s i d e  o f  t h e  bags .  

A c l e a n i n g  c y c l e  c o n s i s t e d  of  f o u r  t imed i n t e r v a l s :  

1). Bypass t o  atmosphere t o  i s o l a t e  t h e  c e l l  
2 )  Reverse a i r  bag f l e x i n g  
3) Bag s h a k i n g ,  
4 )  Dust , . s e t t l e m e n t  p e r i o d  . . . . 

The d u r a t i o n  o f  each  o f  t h e s e  i n t e r v a l s  was v a r i a b l e  from 
0 t o  120 seconds.  I n  a r e v e r s e  a i r  o n l y  c l e a n i n g  moc7.c (no  
shake)  t h e  shake p e r i o d  becomes a s e t t l i n g  t ime and I jX:?\.;i,se 
i n  a  shake on ly  mode t h e  r e v e r s e  a i r  becomes a  s e t t l i n g  piet:;od. 

The second t o @ ,  f o r  p u l s e  j e t  c l e a n i n g ,  c o n s i s t s  of  co!>tiol  
s o l e n o i d s ,  a i r  mani fo ld  and compressed a i r  p i p i n g ,  E x h i b i t  2 . 1 3 .  



I n  t h i s  c o n f i g u r a t i o n  t h e  lower t u b e  s h e e t  from t h e  s h a k e  
mode was removed a n d  r e p l a c e d  by a r o o f  l e v e l  s u p p o r t  frame;  

S i x t y - s i x  b a g s ,  6"O.D.  x l o ' ,  w e r e  p u l l e d  o v e r  m e t a l  cage  
s u p p o r t  l i n e r s  and t o p  l o a d e d  t h r o u g h  t h e  s u p p o r t  f rame I 

fo rming  an a i r  t i g h t  s e a l .  A i r  h e a d e r s  e x t e n d  from t h e  m a n i f o l d  1 
above t h e  s i x  rows o f  b a g s  w i t h  a s m a l l  o r i f i c e  l o c a t e d  
above e a c h  b a g ,  see S e c t i o n  A-A o f  E x h i b i t  2.13. F i l t r a t i o n  

I 
was £ r o m , t h e  o u t s i d e r i n w a r d .  C l e a n i n g  was accompl i shed  , r I 

w i t h  100 p s i g  compressed  a i r .  A b l a s t  o f  a i r  was d i r e c t e d  I 
a l o n g  t h e  a i r  h e a d e r  t h r o u g h  t h e  o r i f i c e  above e a c h  bag 
c r e a t i n g  a shock wave down t h e  b a g  t o  r e l e a s e  t h e  f i l t e r  cake .  I 
D u r a t i o n  o f  t h e  a i r  b l a s t  was set a t  2 2  m i l l i s e c o n d s .  i 
P r o v i s i o n s  w e r e  made d u r i n g  i n s t a l l a t i o n  t o  a l l o w  cont?inuous 
or o f f - l i n e  c l e a n i n g .  C o n t r o l s  a l l o w  b o t h  s e l e c t i o n  o f  t h e  
t i m e  be tween c l e a n i n g  a s  w e l l  as t h e  d u r a t i o n  o f  t h e  c l e a n i n g  
a i r  p u l s e .  

Dur ing baghouse  o p e r a t i o n  t h e  f o l l o w i n g  i n s t r u m e n t a t i o n  
was m o n i t o r e d  f o r  d a t a  i c o l l e c t i o n :  

1) P r e s s u r e  g a g e s  on  t h e  h i g h  and l o w  s i d e  o f  
baghouse  f a n .  

, 2 )  D i f f e r e n t i a l  p r e s s u r e  gages '  measur inq  p r e s s u r e  . , 
d r o p  a c r o s s  b a g s .  

3) Thermocouples i n  t h e  i n l e t  and o u t l e t  f l u e  
g a s  s t rea ,ms.  

4 )  L e a r - S i e g l e r  model RM-41 t r a n s m . i s s o n e t e r  
f o r  m e a s u r i n g  o p t i c a l  d e n s i t y  o f  g a s  o u t l e t  
s t e a m .  

p a r t i c u l a t e  s a m p l i n g  o f  baghouse  i n l e t  and o u t l e t  d u s t  1 
l o a d i n g  was c o n d u c t e d  u s i n g  a  Rader h i g h  volume i s o k i n e t i c  
f l u e  g a s  s a m p l e r .  

I n i t i a l l y ,  t h e  s h a k e r  tow was i n s t a l l e d  t o  a l l o w  t e s t i n g  i n  
t h e  s h a k e  o n l y ,  r e v e r s e  a i r  o n l y  and r e v e r s e  a i r  w i t h  shake  
c l e a n i n g  modes. However, a f t e r  s i x  tes ts  c o m p r i s i n g  more 
t h a n  235 h o u r s  o f  o p e r a t i o n ,  t h e  baghouse  o u t l e t  e m i s s i o n s  
had  b e e n  e q u a l  t o  o r  under  t h e  new s o u r c e  performance  s t a n d a r d  

6 o f  0 .03  l b s  p a r t i c u l a t e / l O  BTU i n  o n l y  f o u r  o f  t h i r t y - f i v e  
sample p e r i o d s .  A d d i t i o n a l l y ,  t h e  9 9 . 6 %  mass c o l l e c t i o n  
e f f i c i e n c y  e x p e c t e d  by t h e  m a n u f a c t u r e r  was se ldomly  m e t .  
E x c e s s i v e  p r e s s u r e  d r o p  r e a d i n g s  a c r o s s  t h e  b a g s  w e r e  a l s o  
e x p e r i e n c e d .  F o r  example ,  b a g  AP v a l u e s  r o s e  i n  e x c e s s  o f  
8"  W.C. w i t h i n  30 m i n u t e s  o f  f i l t r a t i o n  d u r i n g  some tests. 

'ille c a u s e  o f  t h e s e  o p e r a t i o n a l  problems was a  r e s u l t  o f  t h e  
r e v e r s e  a i r  c l e a n i n g  p h a s e  o f  t h e  o p e r a t i o n .  The t e s t  u z l i t .  
b e i n g  a  s i n g l e  compartment d e s i g n  used  h o t  g a s  from. .Lhe d i r t y  . 

s i d e  f o r  r e v e r s e  a i r  c l e a n i n g .  A c o n v e n t i o n a l  rn~~l t icornpal - t rnenta l  



d e s i g n  i s o l a t e s  t h e  c e l l  t o  b e  c l e a n e d  and draws:  hot :  g a s e s  from 
t h e  c l e a n  s i d e  o f  a n  o p e r a t i n g  c e l l  , .for r e v e r s e  a i r  f l e x i n g . ' o f  
t h e  bags  i n  t h e  i s o l a t e d  c e l l .  ~ i m i t a t ' i o n s  o f  t h e  t ' e s t - u n i t  
d e s i g n  t h u s  l e d  t o  s e v e r a l  a d v e r s e  e f f e c t s  on performance .  

. . 
F i r s t ,  and m o s t  d e t r i m e n t a l ,  w a s .  t h a t  a '  s u b s t a n t i a l  d u s t '  cake  
was found on  t h e  o u t s i d e  o r  c l e a n  s i d e  o f  t h e , . b a g s .  T h i s  a d d i -  
t i o n a l  r e s i s t a n c e  c a u s e d  e x c e s s i v e  b a g  AP v a l u e s  when a c t i n g  . 

i n  ser ies  w i t h  t h e  i n s i d e  f i l t e r  c a k e  formed d u r i n g  normal  
f i l t r a t i o n .  A d d i t i o n a l l y ;  t h i s  o u t s i d e  f i l t e r  c a k e ,  which would 
b e  s u b j e c t  t o  r e v e r s e  a i r  f l o w  d u r i n g  normal  f i l t r a t i o n  o p e r a -  
t i o n  was s u b j e c t  t o  removal  f rom t h e  b a y s  t o  t h e , c l e a n  s i d e  
g a s  s t r e a m .  S i n c e  t h e  t i m e  o f  f o r m a t i o n  o f  t h e  d u s t  cake  on 
t h e  c l e a n  s i d e  was unknown, p r e s s u r e  d r o p  r e s u l t s  f o r  t h i s  
o ~ e r a t i n g  mode were n o t  v a l i d  a n d  n o t  r e p o r t e d .  

Second ly ,  t h e  d u s t  blown t o  t h e  c l e a n  a i r  s i d e  d u r i n g  r e v e r s e  
a i r  f low t h a t  d i d  n o t  c o l l e c t  on  t h e  b a g s  a c c u m u l a t e d , o n  e i t h e r  
t h e  t u b e  s h e e t  a round  t h e  o u t s i d e  o f  t h e  b a g s  o r  remained 
suspended i n  t h e  a i r .  These  c o n c l u s i o n s  were  s u p p o r t e d  by t h e  
f o l l o w i n g  o b s e r v a t i o n s .  I n  g o i n g  from .a  . r e v e r s e  a i r  c l e a i ~ i t l g  
p e r i o d  t o  a  g a s  f i l t r a t i o n  p e r i o d ,  a n  obvious .  heavy d u s t  p1.uine 
e x i t e d  t h e  baghouse  o u t l e t  s t a c k  f o r  a p p r o x i m a t e l y  15  s e c o n d s  
i n d i c a t i n g  t h a t  t h e  c l e a n  a i r  s i d e  o f  t h e  b a g s  was b e i n g  purged .  
On two o c c a s i o n s  d u r i n g  e x t e n d e d  r u n  t i m e s  d u s t  accumula ted  . 
on  t h e  t u b e  s h e e t  a s  much a s  8"  deep  and was found t o  b e  - . 

smolder ing  a  few d a y s  a f t e r  t h e  u n i t  was s h u t  down. T h i s  was 
h c l i e v e d  t o  b e  t h e  r e s u l t  o f  h y d r a t i o n  o f  t h e  ca lc ium o x i d e  , i n  
t h e  f l y a s h  w i t h  m o i s t u r e '  i n  t h e  a i r ,  a n  e x o t h e r m i c  rei.tcki.on. 
'l'llis h e a t e d  t h e  s u r r o u n d i n g  f l y a s h  t o  t h e  p o i n t  where 
t:orrbus t i o n  o f  &he  ca rbon  s o o t  c o u l d  b e g i n .  A1 though tc-iyx;rati.lrc:s 
a s  h i g h  a s  700 F w e r e  r e c o r d e d  w i t h  a, the rmocouple ,  no bags  , 

vere damaged s i n c e  t h e  e x c e s s i v e  t e m p e r a t u r e s  w e r e  c o n f i n e d  t o  
t h e  walkway a r e a  o f  t h e  t u b e  s h e e t .  . . 

' r e s t i n g  i n  t h e  r e v e r s e  a i r  mode and r e v e r s e  a i . r  combined w i t h  
::;hake was L h e r e f o r e  abandoned i n  f a v o r  o f  a  shake  o n l y  i:est 
l'rogram. With t h i s  r e v i s e d  n l a n ,  a l l  r e v e r s e  a i r  bags  ws,re 
removed and r e p l a c e d  w i t h  new b a g s  d e s i g n e d  f o r  s h a k e  o n l y  
c l e a n i n g .  P r . i o r  t o  any t e s t i n g  t h e s e  b a g s  were  ~ r e c o a t l e c l  w i t h  
r.i!inlls 200 mesh l i m e s t o n e  as p r e s c r i b e d  by t h e  m a n u f a c t u r e r .  
A l l  i n t e r n a l s  were c l e a n e d  o f  d u s t  accumula ted  d u r i n g  r e v e r s e  
a i r  t e s t i n g  and a  b l i n d  f l a n g e  was i n s t a l l e d  t o  p r e v e n t  d i r t y  
$ a s  l e a k a g e  t h r o u g h  t h e  r e v e r s e  a i r  poppe t  v a l v e .  

A t o t a l  o f  s e v e n  t e s t s t o t a l i n g  254 h o u r s  o f  o p e r a t i o n  were . 
r u n  a t  two a i r - t o - c l o t h  (a/c) r a t i o s  and d a t a  c o l l e c t e d  dl.iring 
t h i r t y - f o u r  baghouse  o u t l e t  s a m p l i n g  p e r i o d s .  One t e s t  was 
n o t  comple ted  due  t o  i n s t r u m e n t a t i o n  problems.  A summary o f  
t h e  comple ted  baghouse  tests i s  g i v e n  i n  E x h i b i t  2.14. T e s t s  
704-24 and 704-25 w e r e  r u n  w i t h  a l l  b a g s  i n s t a l l e d  t o  g i v e  
nn n / c  o f  2 .5  A C F M / ~ ~ ~ .  T e s t s  704-28 t h r o u g h  701-31 wcre 
cc>.ntli.~cted a t  an  a/e of 4 .0  A C F ' M / F ~ ~ .  T e s t s  704-28 thioucjh 
704-31 were c o n d u c t e d  a t  a n  a / c  o f  4.0 ACFM/£~*  by reniov,i.i:g 1.1, 
bags  o r  528 s q u a r e  f e e t .  A i r  f l o w  rates w e r e  measured with 



a p i t o t  t u b e  c o n c u r i e n t l y w i t h  b a g h d u s e  i n l e t  and.  o u t l e t  
i s o k i n e t i c  s a m p l i n g  a n d  c o n f i r m e d  b y  .mass. b a l a n c e s  o n  f l u e ,  g a s  
f l o w  i n t o  a n d  o u t  o f  t h e  baghouse ,  . .  . 

C o n d i t i o n s  f o r  T e s t s  704-24. a h d  '704-25 .were s u c h  t h a t  t h e  5 0 0 ~ ~  
i n l e t  g a s  t o  t h e  b a g h o u s e  r e s u l t e d  i n  an,  a/c o f  2 .5  A C F M / £ ~ ~ .  
E x h i b i t  2 . 1 5  g i v e s .  a t y p i c a l  chemical :  a n a l y s i s  of .  t h e  d u s t .  ' 
c o l l e c t e d  by t h e  b a g h o u s e  d u r i n g  o p e r a t i o n .  E x h i b i t  2.16 shows 
t h e . r a n g e  o f  f l u e  g a s  c o m p o s i t i o n s  s e e n  b y  t h e  b a g h o u s e  f rom 
t h e  w o r s t  c o n d i t i o n s  d u r i n g  l i j h t o f f  t o  t h e  bet ter  c o n d i t i o n s  
s e e n  d u r i n g  s t e a d y  s t a t e  b o i l e r  o p e r a t i o n .  B e c a u s e  o f  t h e  
e x p e r i m e n t a l  n a t u r e  o f  t h e  b o i l e r ,  t h e  b a g h o u s e  w e n t  t h r o u g h  
n u n e r o u s  l i g h t o f f  c y c l e s  t h e r e f o r e  p a s s i n g  t h r o u g h  t h e  a c i d  
d e w p o i n t  f r e q u e n t l y .  

Baghouse  p e r f o r m a n c e  r e s u l t s  f o r  t h e  s h a k e  o n l y  mode a t  a n  a/c 
of 2 . 5  A C F M / ~ ~ *  are summar ized  i n  E x h i b i t s  2 .17 a n d  2 .18 .  The  
mass  c o l l e c t i o n  e f f i c i e n c i e s  were 99 .7% or  b e t t e r  i n d l  cases. 
However, s i n c e  m a s s  c o l l e c t i o n  e f f i c i e n c y  i s  d e p e n d e n t  on  t h e  
i n l e t  d u s t  l o a d i n g ,  t h e  more s i g n i f i c a n t  v a l u e  i s  t h e  lbs  
p a r t i c u l a t e / 1 0 6  BTU as  compared t o  t h e  0 . 0 3  new s o u r c e  s t a n d a r d .  
The  d a t a  shows t h a t  t h e  b a g h o u s e  e m i s s i o n s  were be low tllc 
s t a n d a r d  i n  a l l  c a s e s .  T h e s e  o u t l e t  v a l u e s  r e m a i n e d  n e a r l y  
c o n s t a n t  d e s p i t e  t h e  h i g h  i n l e t  v a l u e s  o f  a b o u t  3 gr/SCF and its 
i n c r e a s e  i n  some c a s e s  t o  more t h a n  6 .0  gr/SCF. 

T h e  same s u i w ~ a r y  o f  r e s u l t s  for  baghouse  p e r f o r m a n c e  a t  an  s/c 
r a t i o  of  4 .0  A C F M / ~ ~ ~  i n  t h e . s h a k e  o n l y  mode i s  shown i n  
F x h i b i t s  2 .19-2 .21 .  A g a i n ,  mass  c o l l e c t i o n  e f f i c i e n c i e s  w i ? r e  
9 9 . 7 %  o r  b e t t e r  w h i l e  t h e  l b s  p a r t i c u l a t e / 1 0 6  BTU v a l u e s  n i ( ? t  

o r  f e l l  below t h e  0 . 0 3  p e r f o r m a n c e  s t a n d a r d .  Notewor thy  i s  , - 

t h e  f a c t  t h a t  t h e  e m i s s i o n s  r e m a i n e d  be low p e r f o r m a n c e  s t ; . \ nda rds  
d e s p i t e  i n l e t  d u s t  l o a d s  o f  g r e a t e r  t h a n  1 7  gr/SCF, f a r  1aoj:e 
t h a n  would e v e n  be s e e n  i n  n o r m a l  i n d u s t r i a l  u s e .  

I n  a d d i t i o n  t o  p a r t i c u l a t e  e m i s s i o n s  a n d  c o l l e c t i o n  t h e  b a y h o u s e  
:,-?s t e s t e d  f o r  b a g  A P  v a l u e s .  From t h e  t h e o r y .  o f  f a b r i c  
f i l t r a t i o n ,  t h e  p r e s s u r e  d r o p  a c r o s s  a b a g  i s  t h e  sum of two 
i l : d i v i d u a l  d r o p s  t a k e n  i n  series, t h a t  d u e  t o  t h e  f a b r i c  a n d  
t h a t  due  t o  t h e  c o l l e c t e d  d u s t  c a k e .  The  f i l t e r  c l o t h  prc-s:;ure 
d.::op s h o u l d  e s s e n t i a l l y  be a  c o n s t a n t  f o r  a  g i v e n  c l o t h  
m a t e r i a l .  C o n s e q u e n t l y ,  t h e  o v e r - a l l  p r e s s u r e  d r o p  d e p e n d s  
p : r i m a r i l y  o n  t h e  AP a c r o s s  t h e  f i l t e r  c a k e  a s  t h e  p a r t i c u l a t e  
l a y e r  i s  d e n o s i t e d .  E x h i b i t  2 .22 i s  a .  t y p i c a l  p1o. t  . o f  b a g  A P  
v s .  t i m e  f rom a  s h a k e  o n l y  t e s t  f o l l o w i n g  a  c l e a n i n g  . c y c l e .  
Xote t h a t  t h e  c u r v e  h a s  t h r e e  b a s i c  r e g i o n s .  Region  A i s  t h e  
r e s i d u a l  A P  a r e a  where.  t h e . p a r t  o f ' t h e  f i l t e r  c a k e  n o t  rc?moved 
by c l e a n i n g  c a u s e s  t h e  n e a r .  i n s t a n t a n e o u s  -rise.. Reg ion  B  
r ; ? p r e s e n t s  t h e  s h o r t  . t i m e  b e r i o d  wher.e t h e  f o r m i n g  d u s t  l a y e r  
j.5 f a i r l y  i r r e g u l a r  and  t h e  r e s i s t a n c e  t o  f l o w  i n c r e a s e s  : 

r::!uidly u n t i l  non-homogeneous r e g i o n s . i n  t h e  d u s t . l a y e r  a r e  
f i l l e d . .  From t h e n  o n  t h e  b a g  AP v a r i e s  l i n e a r l y  w i t h  ti:*:i? a s  
shown i n  Region  C. The'  p o i n t . o f  d e m a r c a t i o n  be tween  Reg ic~n  
A a n d  Region B, a s  d e t e r m i n e d  by  t h e  d e s a r t u r e  o f  ~ e g i o n  B 
f rom t h e  e x t r a ? o l a t i o n  of Region  A is  known a s  t h e  c l e a n  b a g  



AP v a l u e .  Bag AP v s .  t i m e ,  o f  c o u r s e ,  d i d  vary  w i t h  i n l e t  
d u s t  l o a d i n g .  T y p . i c a l l y ,  however, .  t h e  cl-ean bag A P  s e e n  a t  
a n  a / c  o f  2 .5  was 2 . 3 "  W.C.  w i t h  a  v a l u e  o f  a p p r o x i m a t e l y  
4;8" W . C .  s e e n  a f t e r . n e a r l y  60 mins .  o f  f i l t e r i n g .  A t  
a n  a / c  o f  4 . 0  t h e  c l e a n  bag  A P  r o s e  t o  a b o u t  5.4 ' '  W . C .  w i t h  
a  v a l u e  o f  , a p p r o x i m a t e l y  4.8."  w. c. s e e n  a f t e r  n e a r l y  60  mins.  
of f i l t e r i n g .  A t  a n  a / c  o f  4 . 0  t h e  c l e a n  b a g a P  r o s e  t o  a b o u t  
5 . 4 "  W.C. w i t h  a v a l u e  o f  n e a r l y  8.0" W . C .  s e e n  a f t e r  o n l y  
30 mins. Thus,  c o n s i d e r i n g  t h e  r e l a t i o n s h i p  bctwczl?n bag A P  
and a / c  r a t i o  by  i g n o r i n g  o t h e r  c o n d i t i o n s  w h i c h  may hz\je 
v a r i e d ,  t h e  c l e a n  b a g  AP v a r i e d  n e a r l y  a s  t h e  scj!iilre o f  t h e  
a /c  r a t i o .  . A t  t h e  h i g h e r  a / c  r a t i o ,  t h e n ,  bay!-louse c o l l e c t i o n  
e f f i c i e n c y  and e m i s s i o n  pe r fo rmance  remained nearly c o n s t a n t  
w h i l e  t h e . t i m e ' b e t w e e n  c l e a n  c y c l e s  needed t o  s t a y  below 8" w . c .  
bag  a P  was reduced  by n e a r l y  a f a c t o r  o f  4 .  

Fo l lowing  s h a k e  mode t e s t i n g  t h e  p u l s e  jet  t o p  was i n s t a l l e d  
and a l l  n e c e s s a r y  m o d i f i c a t . i o n s  needed t o  c a r r y  o u t  t e s t i n g  
completed.  P r e l i m i n a r y  f i l t r a t i o n  t e s t i n g  gave  r e s u l t s  below 
e x p e c t a t i o n s .  T y p i c a l l y ,  when b r o u g h t  on l i n e  t h e  baghouse  
performed w e l l  w i t h  a n , e x i t  plume of low o p a c i t y .  Nowcver, 
when on l i n e  c o n t i n u o u s  c l e a n i n g  was s t a r t e d  a t  a  bag A P  o f  
6 " ' w . c .  v i s i b l e  plumes a p p e a r e d  f o l l o w i n g  t h e  c l e a n i n g  of e a c h  
row o f  bags .  F u r t h e r ,  ' a f t e r  a l l  s i x  rows o f  bays  had c y c l e d  
t h e  bag A P  f e l l  t o  1 . 5 "  W . C .  w h i l e  t h e  s t a c k  plume rc,i-l~ained 
r e a d i l y  v i s i b l e .  A s  t h e  b a g  AP began i t s  rise a g a i n ,  the 
v i s i b l e  plume d e c r e a s e d  w i t h  i n c r e a s i n g  bag LIP.  T h e  pl~.r!ne t h c n  
r e a p p e a r e d  d u r i n g  and f o l l o w i n g  t h e  e n s u i n g  ~ u l s e  c l e a n i n g  
o f  t h e  b a g s .  

The bags  . w e r e  removed and examined a f t e r  shutdown. Sma1.l 
p i n s i z e d  h o l e s  w e r e  foun'd i n  a  number o f  bags .  B a y s  \i;..i;:h 
s e v e r a l  h o l e s  were r e p l a c e d  w i t h  new bags  such t h a t  a l l  o n  
s i t e  r e p l a c e m e n t  b a g s  w e r e  used .  The b a g s  were t h c n  .~:c?insta.llc.d 
and t h e i r  s e a l  t o  t h e  t u b e  s h e e t .  c a r e f u l l y  checked., 'The u n i t  
was a g a i n  o p e r a t e d  s e v e r a l  d a y s  l a t e r  and t h e  baghouse  
b r o u g h t  on  l i n e .  The r e s u l t  was e x a c t l y  t h e  same a s  t h e  pkev ious  
run .  

Fol lowing t h i s  second  and a  t h i r d  run  w i t h  poor  baghouse e;.!lission 
performance  s e v e r a l  bag  m a n u f a c t u r e r s  w e r e  c o n t a c t e d .  T h e  
a p p l i c a t i o n  o f  t h e  f a b r i c  b e i n g  u t i l i z e d  was t h u s  q u e s t j o n e d .  
F i l t e r  f a b r i c s  may b e  f e l t e d  or  woven. . F e l t e d  f a b r i c s  are  com- 
posed o f  f i b e r s .  t h a t  a r e  compressed  under  h i g h  p r e s s u r e  a i ~ d  a r e  
r e l a t i v e l y  t h i c k .  T h i c k n e s s  o f  f e l t  p r o v i d e s  . f o r  maxj.mum,dust 
impingement and g r e a t e r  bag  d u r a b i l i t y .  Woven f a b r i c s  a r e  
composed o f  t w i s t e d '  y a r n s  t h a t  a r e  woven i n t o  g e o m e t r i c ,  p a C t e r n s  : 
hav ing  v a r i o u s  s p a c i n g s  be tween t h e  y a r n s ,  and w i t h  . s p e c i f i c  
s u r f a c e  ' f i n i s h  t h a t  i s  d e s i g n e d  t o  s h e d  a  f i l t e r  cake .  In ~ 

t h e  p u l s e  j e t .  mode f e l t e d  b a g s  a r e  g e n e r a l l y  recomnendcd (31.1~ 
t o  t h e  violent natuxe o f  t h e  a i r  pulse and ~ t s  e f f e c t  on , 

bag  s t r e n g t h  a n d  l i f e .  Woven f i b e r g l a s s  b a g s  w i t h  a 10% 



t e f l o n  c o a t i n g  w e r e  used  d u r i n g  t h i s  t e s t i n g  due  t o  t h e  - 
d e s i r e  t o  o p e r a t e  a t  baghouse  i n l e t  t e m p e r a t u r e s  up t o  500°F. ,@ A t  t h e  c o n c l u s i o n  o f  t h i s  l i m i t e d  amount  o f  t e s t i n g  t h e  

-P 

a p p l i c a t i o n  of'woven f i b e r g l a s s  h a g s  w i t h  t e f l o n  c o a t i n g  f o r  
p u l s e  j.et cAeaning is  q u e s t i o n a b l e .  

o t h e r  d i f f i c u l t i e s  i n  t h e  t e s t  program c o u l d  a l s o  have  
c o n t r i b u t e d  t o  p o o r  pe r fo rmance  o f  t h e  baghouse .  I n s t a l l a t i o n  
o f  t h e  b a g s  a n d  c a g e s  from t h e  t o p  o f  t h e  u n i t  was d i f f i c u l t  
due t o  t h e  d e s i g n  o f  t h e  b a g  s e a l i n g  ar rangeincnt .  I t  i s  
p o s s i b l e  t h a t  damage t o  t h e  b a g s  o b s e r v e d  a f t e r  t h e  i n i t i a l  
run  was due  t o  t h e  i n s t a l l a t i o n  d i f f i c u l t y .  A l t e r n a t e l y ,  
t h e  damage may have  been  due ,  t o  some e x t e n t ,  t o  t h e  c l e a n i n g  
p u l s e s .  The d i f f i c u l t y  i n  i n s t a l l i n g  t h e  bags  and  c a g e s  a l s o  
s u g g e s t e d  t h a t  l e a k a g e  may have  o c c u r r e d  around t h e  b a g  s e a l s .  

From t h i s  i n i t i a l  t e s t i n g  o f  f a b r i c  f i l t e r  a p p l i c a t i o n  t o  t h e  
f l u i d i z e d  bed  combust ion  p r o c e s s  t h e  f o l l o w i n g  c o n c l u s i o n s  
a r e  drawn: 

1) I n  t h e  s h a k e  o n l y  mode t h e  baghouse  o p e r a t e d  w i t h  
.a mass c o l l e c t i o n  e f f i c i e n c y  o f  9 9 . 7 %  o r  b e t t e r  
w i t h  i n l e t  d u s t  l o a d i n g s  r a n g i n g  from 2 . 5  t o  
a s  g r e a t  a s , . 1 7 . 5  gr/SCF i n d e p e n d e n t  o f  a/c r a t i o .  

.2) R e g a r d l e s s  o f  v a r i a n c e s  i n  a/c r a t i o s  .or  i n l e t  
d u s t  l o a d i n g - o r  chemica l  compos i t ion  t h e  baghouse  
o u t l e t  e m i s s i o n s  remained c o n s t a n t  m e e t i n g  or 

, s u r p a s s i n g  t h e  new E P A  s o u r c e  pe r fo rmance  
s t a n d a r d  o f  0 . 0 3  l b s  p a r t i c u l a t e / 1 0 6  BTU i n  
. e v e r y  sampl ing  c a s e .  

3) Al though b a g  A P  v a l u e s  v a r i e d  w i t h  i n l e t  d u s t  
l o a d i n g ,  t y p i c a l  b a g  A P  v a l u e s  ranged  f rom a  
s t a r t i n g  v a l u e  o f  2 .3"  w . c .  a f t e r  c l e a n i n g  
t o  4 . 8 "  W . C .  a f t e r  60 mins.  o f  f i l t e r i n g  a t  an 
a / c  o f  2 .5  A C F M ~ ~ *  and from 5.4"  W . C .  t o  8.0" 
W . C .  o r  more a f t e r  30 mins.  a t  an  a / c  o f  4.0.  

4 )  D e s p i t e  t h e .  e x c e s s i v e  d u s t  l o a d i n g s  and numerous 
p a s s e s  t h r o u g h  t h e  a c i d  dewpoint  d u r i n g  s t a r t u p s  
t h e  s h a k e  o n l y  b a g s  pe r fo rmed  w e l l .  T h i s  

2 r e f l e c t s  t h e  c a r e  t a k e n  t o  p r e c o a t  t h e  b a g s  w i t h  
l i m e s t o n e  d u s t  and t o  minimize  t h e  e x p o s u r e  t o  t h e  ' 

. a c i d  dewpoint  by  r a p i d  h e a t  up. 
. . 

. . Recacse  o f  d e s i g n  l i m i t a t i o n s ,  no r e p r e s e n t a t i v e  t e s t i n g  c o u l d  
hc c a r r i e d  o u t , i n  t h e  r e v e r s e  a i r  c l e a n i n g  mode. The p u l s e  jet  
c ? k a n i n g  mode a l s o  p r e s e n t e d  t e s t i n g  problems.  D e s p i t e  t h e  
.:zct t h a t  t h e  p u l s e  j e t  c l e a n e d  t h e  b a g s  w e l l ,  d r o p p i n g  t h e  
b ; ~ g  A P  from 6"  W . C .  b e f o r e  c l e a n i n g  t o  1 . 5 "  W.C.  a f t e r w a r d s ,  
;-:n r r t i c u l a t e  e m i s s i o n s  w e r e  w e l l  above  performance  s t a n d a r d s .  
'i'ilis u n a c c e p t a b l e  pe r fo rmance  i n  t h e  l i m i t e d  p u l s e  j e t  mode 
t e s t i n g  was b e l i e v e d  due  t o  one  o r  more o f  t h e  f o l l o w i n g :  



1) Fabr ic  not s u i t a b l e  f o r  app l ica t ion .  

2 )  Design and/or f ab r i ca t i on  of t h e  t e s t  u n i t .  .. . . 

caused bag damage on i n s t a l l a t i o n . ,  
. 

' 3)  Desig*. of s e a l s  on bags' allow leakage o f '  
p a r t i c u l a t e  from d i r t y  t o  clean gas s i de .  



P D U  

F l y a s h  Eductor Test System 



Cross Section of Simple Nozzle E d u c t o r  



EXHIBIT 2.3 

. . 

B l o w  
Pr e s 

Ta 

E d u c t o r  with D i f f u s e r '  



A i r  
I EXHIBIT 2 . 4  

Flyaah S p l i t k e r  With Dual Eductors 

1 

- 2  -I;,-- 7 

Solids 

P D U  
Water Wal y:.. , I .  . ,  

.. Side View 

. :  .-.-- 
. . - - . -- . . -3 

1 ' 
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EXHIBIT 2.5 1' ., ' 
. . 

. . . . 
. . . _  . . 

. , .  ' .  
SUWtARY OF FLYASH REINJECTION TESTS . . 

. . . . .  
. . 

Coinbusti,on , . : sulfur  . ' ' .  . . . .  

T e s t  Date . Dura t ion  --- P u r p s e  . . .  E f f i c i e n c y .  ,Cap'turk ;:: --- - ,:..... - .  . . . . . .  . .: .. . . .  . . .  
. I  

. '  
. . . . . . " . * .  . . . . . . . .  .- ... '704-3 4/24J79 5.5 h r s  P r e l i m i n a r y  r e i n j e c t i o n  

. - 
. . . . . . . . . . . . 

t e s t  w i t h  a s i m p l e  . . . . . . . .  . . . . . , . I . . I .  . . .  
. :  . . . 

n o z z l e  u s i n g  low s u l f u r  ..., .. 
. . .  . . ... c o a l  and Grove Limestone 1 

. . 
. . 

. . 
Repeat  o f  T e s t  704-3 - . . -  .., ,. . 

. . . .  

R e i n j e c t i o n  test  u s i n g  . . .  . . . .  . : .. low s u l f u r  c o a l  and .,: 
s: . . . . . .  . . . . .  

' ;:. . ' Grove Limestone t o  d e t e r -  L. ... .. . . ;  .... ,.\ I , . :  . : 
. . 

. . . . .  
' ..' . :, ,.' ,: .,.. i 

... , . mine e l u t r i a t i o n  r a t e s .  . . . . . .  . , .  . . 
. . .  . . . . .  

' : . - - .  Repeat  o f  T e s t  704-5 : .  . . 
. . . . . . . . . . .  
. ; . ' ,> " . . . . .  -. , . . . . . . .  . . 

R e i n j e c t i o n  tes t  u s i n g  - . . ...-., : . .  ... ...:. . . . .  . .  
. . . . . .  . : . . . . . . . .  . . .  .... a  l a r g e r  n o z z l e  . . . . . .  . . . . :  . . , . . .  . . . . .  .. > :  . . . . . .  

. . . . . .  
R e i n j e c t i o n  t e s t  w i t h  P . . . . .  ; - .  ,.;. -::. . . *  .,. . 

. . .  
. . d i f f u s e r ,  h i g h  s u l f u r  . . . , 

. . . . . . . . . .  ... . . . .  . . . . . . . . .  c o a l  and Grove Limestone 
. . 

, . f o r  de t e rmin ing  . . . . 
. .  ..\ . 

. . . . .  e l u t r i a t i o n  r a t e s  . ,  . 
. . .  

. . .  . , . . . . . .  

R e i n j e c t i o n  tes t  w i t h  89 '76 ,' :' ' . . . . .  . . . . . .  
d i f f u s e r  , .  . ,  

. . . .  ' . .:.' ..... . , 

Rein j ec t i on f i aghouse  81 . . . . . .  . 89,' '. 
'. . 

. , t e s t  . .  !., .: . . .  . . 

. . . .  Rein j ec t ion f i aghouse  9 0 8 4 .  , '~ 

. .  . , .  t e s t  w i t h  d i f f u s e r  u s ing  . . . . . .  ,. . . . . . . .  . . .  . . .  . . 
.... Lowellvi  1 l e  Limestone . , .  ,, . ,>!:..; . . .  .: . . . . . . . . . .  . . 

, . .  . . .  

89 . ' s f :  ' :. Rein jec t ionfbaghouse  t es t ,  
. . . . .  

... , . . no d i f f u s e r  u s i n g  . ....; : , . . . 
. . L o w e l l v i l l e  Limestone and . . 

. . . . . .  . . .  h i g h  s u l f u r  c o a l  f o r  . ,  . . . ,  . . . .  . . .;,,:,.;. . '  " .  
. . , .  e l u t r i a t i o n  r a t e s  . .:. . . 

. . . .  . . . . .  
.,: . ..; 

Same as T e s t  704-12 91.,. . ' . . .  . . . ';:, . . . . . .  I .  ' , 
. . . . . . .  . . .  . . .  . . . . . .  . . 

Rein j ec t i on /baghouse  - ' 8 5  ; . ' ?:4 . . .  :. . 

t e s t  w i t h  d i f f u s e r  ,,; ; . . ._. . ' . ' .  ' .  

~ e i n j e c t i o n / b a ~ h o u s e .  
t e s t i n g  w i t h  d i f f u s e r  

Heat t r a n s f e r  w i t h  
f l y a s h  r e i n j e c t  i o n  



~/ 

.. . - .  
. . 

. . 
. . 

T e s t  - 
704 -19 

704-20 

. . 

704-24 

704-25 

PDU-7 

704-26 

704,-27 
. % 

. . 

704-28 

704 -29 

704-30 

704-31 

. . 
704133 

704-34 

EXHIBIT 2.5 
( c o n t .  ) 

. . 
. . 

Date . . D u r a t i o n  

9/20/79' . 5 h r s  ' .  :same as' T e s t  704-18. 

Baghouse t e s t i n g  a n d  
: r e i n j e c t i o n  tes ts  w i t h  . , 

. 'pyrex spool p i e c e  
Grove L i m e s t o n e ' a n d .  
h i g h '  s u l f u r  c o a l  

, , 

: R e i n j e c t i o n / b a g h o u s e  
'test. : u s i n g  t h e  d o u b l e  
' f e e d e r  , . ! 

T e s t i n g  . w i t h  r e i n j e c t i o n . .  
o n  and  off ,  'baghouse . 
tests 

E f f i c i e n c y  C a p t u r e  - 

< 
( R e i n j . )  . . 

o n  8 8 8 4 
o f f  87" 86 

11/6/79 6 Re in  j e c t i o n  ..shakedown . . . - - -- 
, . .  

11/8/79 9 R e i n j e c t i o n  t e s t  r u n  a t  96  5 7 
.1850,~.  b e d  t e m p e r a t u r e  . 

11/13/79 18 ' .  , , R e i n j e c t i o n  . r a t e s  w e r e  -- -- 
* .  . . 

measured w i t h  s e v e r a l  : 
~ > o z z ' l e  d i a m e t e r s ,  and. 

, b l o w e r  p k e s s u r e s  . . 

11/28/79 ..15 ~ e a s u r e  r e i n j e c t i o n  89 88 
r a t e s  a t , . . d i f f e r e n t  b l o w e r  
p r e s s u r e s  : 
.- I 

i1/30/79 7.5 , - ~ e i n ~ e c t i o n  t e s t  w i t h  a - - - - 
new n b z z l e  s i z e  . . . . . : 

12/5/79 .32 B a g h o u s e ~ r e i n j e c t i o n  t e s t  8 7 8 2 
. . 

Baghouse / re in  j e c t i o n  t es t  26 
w i t h  a new n o z z l e  s i z e  , 

, . .. . . 
2/21/79 6 '  ~ e i n j e c t i o n  tests w i t h  new -- --- 

f e e d e r  
. . 

2;/27/79 6 . : R e i n j e c t i o n  ' t e s t  to  de te r in ine  - - -- - 
f e e d  , r a t e s  w i t h  new f e e d e r  .. 

, .. 
. . 



TEST DATA ON FLYASH REINJECTION 

A i r  F l y a s h  F lya sh  
Blower Flow Feed Ra te  Feed Rate 
P r e s s u r e  Kate ( # / n r )  ( # / h r )  Bed Combus t i o n *  
( p s i g  ( # / h r )  Ambient Tempera tu re  Efficiency 

Nozzle 
Diameter 
(in) 

S u l f u r  
C a p t u r e  I 



TEST DATA.ON FLYASH REINJECTION 

. . .  A i r  Flyash Flyash 
Nozz.le Blower Flow .- Feed Kate Feed Rate 

- . : .Diameter:  :' : Pressure Rate (# /h r )  (#/hr) Bed 
. ( i n )  . . . . .  .. , . ,. (ps ig )  . (#/hr!-  Ambient . ~emperaeure 

. . .  

ki : 
I 

.. : 
W .  

,** Due t o .  blow back of  t r a n s p o r t  a i r  i n t o .  the  pyrex spool  . p i e c e . ,  - . 

. .  t h e  mass v e l o c i t y  measuremerlts could only be -made with t h e .  
. . 

. . . . . . . . . . . .  kn i fe  g a t e  c losed .  . . . .  
. . . .  . . . . 

. . . . - -  Data couid no t  be taken during t e s t  

* ~ v e r a g e  of every t e s t  using t h a t  nozzle 

Combustion* . . , 

Eff ic iency.  
S u l f u r  
Capture 



1.5 IN SCH 4 0  PIPE '%\ 



a ,  . . 
EXHIBIT 2.8 

0 Lowe 1 l v i  l.1.e T,.i.~nestone 

A G r o v e  T,i;;:eskone w i t h  
F l y a s h  iii2i11 j e c t i o n  

Ca/, Mole R a t i o .  

. , 

P e r c e n t  S u l f u r  . C a p t u r e  V e r s u s  Ca lc ium t o  
S u l i u r  Molar Feed Ratio ffur SLones Testad 

. I 



ID FAN STACK 

G a s  Flow Diagram 





D e t a i l e a  S p e c i f i c a t i o n s  o f  Bags Used i n  T e s t i n g  

. . 

. . * . S h a k e r  bags  a r e  .9% . t e f l o n  c o a t e d  . . 
* *  Reverse  a i r  b a g s . a ' r e ? % . t e f l o n  c o a t e d ,  with 5 r i n g s  sewn i n '  

. * . . . .  

. . . . . .  * ' 

'i ~ a n u f a c t u r e r :  Norblow D i v i s i o n ,  E n v i r o t e c h  

. . . . .  

. . . .  

. . .  . 

. . .  

. . 

. . . . . . . . . .  

: ~ . . -  

1 I . . . .  . I .  

P u l s e  Jet  S h a k e r  Reverse  A i r  
. . 

h3 
I 

h3 
O D '  

. . . . 

. . . . . .  . . . .  . 

Number 1 6 6  32 32 
. . 

~ c t i v e :  Area/Bag 

F a b r i c  

Weiqht 
. . . .  . . 

. . ,: / P e r & n b i l i t v  

.Dimensions . . .  .. :.. . . .  

1 5 . 7  s q .  f t .  

Woven G l a s s  

. 1 4 . 5  o z .  

25-40 FPM @ 0.5" H-0 L 

6" x l O 1  

48.2 s q .  f t  

Woven G l a s s *  

10 02.  

60-80 FPM @ 0.5 lo " H-0 
L 

8" x 23." 

48.2 s q .  f t  . 

. . . .  Woven Glass*.* 

1 0 o ' z .  . . . . . .  

60 FPM Q 0.5 H.0 

8" x 2 3 '  . . . . . . . .  
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FAGS HUNG IN  
SUPPORT FRAME 

EXHl 

2 -100psig AIR 

tJrANlFOLD IY/ 

SOLENOIDS 



Summary o f  B a g h o u s e  T e s t i n g  
I n  S h a k e  O n l y  C l e a n i n g  Mode 

A t  A l e x a n d r i a  P D U  S i t e  
' .. 

, . . .. , '  . , . . 
? 

T e s t  A i r - T o - C l o t h  R a t i o  Date . . . . .  . .  . Duration 

704-24 

704-25 

704-28 

704-29 

704-30 

704-31 . . . .. 

2 . 5 : l  

2 . 5 : l  

4 . 0 : l  . 

4 . 0 : l  

4  .-0 : 1 

4 . 0 : l  , . 
. . . . . . . . .. . 

.". 

' .  . . . 

- T o t a l  h i s .  2 4 3  

10/24-26/79 - . .  . . . - .  -. - 

'1.0/3'1/7.9-11/2/79 . . 

i 1 / 2 8 / 7 9  .- - 
. '.. 

.11/30/79 . ,  

1 2 / 5 - 7 / 7 9 .  . . . . ,  . 
. . ., . 

12/18-20/79 . . .' . . .  '.., I . .. .,. 

. . 

.. . . . . - ,  ' .  

- .  
. - 

, . 

56 h r s .  ,. 

1 .  

5 0  h r s .  

1 5  h r s . .  . . 

. . 
8 h r s .  . . 

5 7  h r s .  

5 7  h r s .  . . . - . . 



EXHIBIT 2.15 

T y p i c a l  Composition of Solids 
Collected By Baghouse* 



E X H I B I T  2.16 

T y p i c a l  Range F l u e  Gas Cornpos i t i on  

Seen by T e s t  Baghouse  

---- - 

' C o n c e n t r a t i o n  

... - ........ - ..... -- . . . .  - .. 

3 0 0 - 5 0 0  ppm 

, ..... , ......... -- ...... - .................. 
3 0 - 2 0 0 0  ppm 

5 0 0 - 2 5 0 0  ppm 



BAGIIOUSE PEWORMANCE RESULTS 
TEST 704-24 

.Bag AP 
, . 

in. H20 .. 

1nle.t Particulate 
,. .. -Grains/SCF l.b/hr 

Outlet Particulate Col. 
Grains/SCF Ib/hr Tl . .  

6 
Ibs Partic./lO BTU 

-- 

1500 1.9 to 3.0 3.56 73.5 .0023 .044 99.9 -0037 
+ Sampled For 5 Minutes ++ Sampled for 30 Minutes 

. . . . +++ Sampled for 45 Minutes . . . . 



BAGllOUSE PERFORMANCE RESULTS 
TEST 704-25 (10-31--11-2-79) 

. . ?  

. . 

, . 

+ say ar) a . I n l e t  P a r t i c u l a t e  . . O u t l e t  P a r t i c u l a t e  C o l  . 6  
D a  t e / T i r r ~ e  i n .  W . C .  G r a i n s / S C F  l b / h r  G r a i n s / S C F  l b / h r  rl Ibs P a r t i c . / l O  BTU 

. .  . . 

3 .2  ' t o  3 . 0  

+ 6 0  M i n u t e  S a m p l e s  



DAGiiOUSZ PZWORMANCE RESULTS 
TESTS 704-211. (11-28-79)  , 704-29 (11-30-79)  

. . .  . . . . . . . . . . . . . . . . . . . . . . . .  
- 

. ,  . . . . . . .  - . . . . . . . . . . . .  - . . .  - 
~ a . ~  A P  I n l e t  P a r t i , c u l a t e  . . .  O u t l e t  p a r t i c u l a t e  

. . C o l .  - 

. . . . .  

, .. 
Date /Time , ,. i n  H 0 

2 
G r a i n s / S C F  l b / h r  . - G r a i n s / S C F  lb/hr 6 .  . 

. . .  . .  fL :,lbg .Part.lc.-.[lO. .BTU 
.> 

. . . . . . . . . . . .  .,. , - .  

Test' ,704-20: 

. . ru 

t-' 
. tD 



.BAGHOUSE PERFORMANCE RESULTS 
TEST 704-30, 12/5-7/1979 



RAGffOUSE PERFORMANCE RESULTS 
TEST 704-30 ,  12/5-7/1979 

Uag A P 
Dur ing  

Mass 
C o l l e c t i o n  

Samplir ig I n l e t  P a r t i c u l a t e  O u t l e t  ~ a r t l c u l a t e  E f f i c i e n c y  
Da te /T imen  " H20 . Grains /SCF . lb /h r  Gra ins /SCF I b / h r  6. 

. . Q .. ~ b s .  p a r t k c  . / i o  .BTU 

12/7/79+ 
1 5 2 2  . . 5.4 t o  7:8 .005 .082 

. . .  12/7/79+ . -. , . 
0710 5 .4  t o  8 . 0  4 .34  78 .8  ' .005  . 100 

N 
I 

W 
00 

. . 

:- +.... 30..i.:inutes 
. ' ++'26 k i n u t e s  

+++ 1 5  Minu te s  
. . 



BAGHOUSE. .PERFORMANCE ,RESULTS 
TEST ,704- 31, 12L18-20/79 

Bag A P 
: '.:Da.te/Time. ':- i n .  W.C. 

. . 
I n l e t  ~ a r , t i c u l a t e  . . . . .  Outlet  Par t i cu la te  ..Co 1. 

6 '. . Grains/SCF . lb /hr  . ~ra, ins / sCF l b / h r  :. :lbs:..~artic./lO BTU. 
. . .  . . fl : 

. . . . .  . - + 30. ~ i n u t e s '  
. ' ++ 10 ' Minutes . ... 



:.. . * 

. . EXHIBIT 2.22 

2 4 6 8 10 
. , . . .  

T i m e  (min )  
. . 

Typical .Plot. of Bag AP V e r s u s  T i m e  . 



RIVESVILLE , WEST VIRGINIA, MFB PLANT OPERATIONS 
. , 

3.1 General 

The 
.Wes 
boi 
cel 
and 

Multicelled Fluidized Bed Boiler (MFB) facility at Rivesville 
t Virginia,,is a fully operational, commercial fluidized bed 
ler. The unit consists of four "cells11, A, B, C and D. D 
1 is the start-up and carbon burnup cell (CBC). Cells A, B 
C utilize in-bed and above bed heat transfer surfaces. The 

in-bed heat transfer surfaces in A and B cells are utilbzed to 
produce superheated steam at 1300 psig pressure and 925 F,tempera- 
ture. The in-'bed surface -of C cell is used to generate saturated 
steam. The unit is capable of producing 300,000 lb/hr of-super- 
heated steam at turbine conditions. 

. . 
During the repprting period of July 79 to '~urie 80, the activities 
at the ~ivesvi',lle MFB were centered around four goals: 

. . , . 

~e.stin~ of a new fe.ed"kystem manufacturpd by !' 
the Fuller Company. 

Proving reliable operation of the MFB. 

Testing of flyash reinjection in a carbon 
burnup cell. 

Improving combustion within the individual cells. 
) '  . 

3.2 Sur~unary of Highlights of Period from July 1979 to 
June 1980 

Event Date 

53 hours of continuous commercial 
operation; the longest to date ' . July 197'9 

Performance testing of DC-1 September 1979 

Execution of a two cell, Phase I 
performance test, Pre-test , 5  September 1979 

Installation of Fuller-Kinyon feed 
system on C-cell September - Dccc1~1)er 19 79 

Installation of "nut and bolt" air , 

distributor in B and C-cells ' , ' '~eptember - December 1979 
.Installation of alternate bed drain 

valves for B, C and D-cells ' September - December ,1979 
. . .., ; ..,, % 

. . . . .  , ,  . . . 
. . .  . . 

Modification of ESP < .  .. . 
. , .  . . . . . .  

, ' .. a , .  December i979. 
. . . . .  

Distribution tests of :the Fuller-Kinyon.'. * :  , . ,  
. . . . . . .  

splitters . , i . ~ebember 1979 " , . 
: . .  ' .  . . . . . 



. . 
' Date Event . . - , , 

. . ~esting of pr,essure drop across new . ' 

. 

"nut 'and bolt" gridplate December 1979 

Initial operation . with . ~dller-~in~dn : ' ,. . . . . . . . 

. ' ~ a n u a r ~  1980 . . . system 
. . .  . . 

, , 
. .  . . . . ' . I  . . , 

132% hour continuous conhercia1 . . .  

operation; longest to date February 1980 ' ,  " 

Lengthening of fuel feed needles in 
cells B, C and D February 1980 

200 hours of continuous commercial 
operation; longest to date 

Improved performance of the ESP 

~eduction of ~ul'ler-~in~on transport 
and needle velocities 

Modification of North coal bin to limit 
amount of fines being fed to C-cell 

Execution of load following tests 

Modification of DC-1 cyclone to 
improve collection efficiency 

Installation of additional gas traverse 
ports in cells B, C and D 

Modification of,Fuller-Kinyon system 
to allow reduced velocity operation 

March 19 8.0 '. 

March 1980, 

. . 

May 1980 ; . 

May 1980 , 

. . Operation and.testing of Flyash 
Reinjection system June . .. 1980 . . 

3.3 Operations . . 

3.3.1 General 
A summary of MFB operations is presented in . '. , 

Exhibit 3.1 . . . . 

July 1979 . . 
. . a '  

Unit operation: in July was intermittent due largeif to. equipment 
. . 

. . z.:~d control problems. . . .- ' . . 

. . 
Tile unit operation.' that began '.on ~ u l y  3 was aborted due ,to: seal 

' .  

water failure on the west boiler circulating pump. After the 
seal parts arrived and were installed, the unit was again put 
into operation on July6. Late that evening, a capscrew which , .  

. . . * 

3-2 
. . .  . . . .. 



had backed o u t  o f  t h e  w e s t  c i r c u l a t i n g ' p u r n p  jammed between t h e  . 
s e a t i n g  s u r f a c e  o f  t h e  pump d i s c h a r g e  va lvq. .  The v a l v e  c o u l d '  . . 
n e i t h e r  b e  opened o r , c l o s e d ,  and t h i s  r e q u i r e d  t h e  u n i t  t o  b e  
s h u t  down. . . 

On J u l y  11 t h e  u n i t , > w a s  back i n t o  o p e r a t i o n ,  b u t  w a s . t a k e n  o u t  
o f . s e r v i c e  on  J u l y  13' when t h e  B - c e l l  coal b e l t  f e e d e r  would n o t  
s t a r t .  

Problems w i t h  B - c e l l  b e l t  f e e d e r s  c o n t i n u e d  t o  p l a g u e  t h e  u n i t ,  
u n t i l  J u l y  1 7  when s t a b l e  t h r e e - c e l l  , o p e r a t i o n  w a s . s u s t a i n e d  and 
a .  commercial.. r u n  began. .  The co'mherci 'al  o p e r a t i & .  l a s t e d  f o r  1 6  
h o u r s  and ended due  t o  b e l t  f e e d e r  problems.  

During t h e  p e r i o d  f r o m .  J u l y  1 8  t o  2 3 , t h e  MFB u n i t  was' o u t  o f  
s e r v i c e  t o  c o n d u c t  nece ' s sa ry  equipment  r e p a i r s .  

. . 

O p e r a t i o n  w a s  r e i n i t ' i a t e d  on  J u l y  2'3"with a c o a l '  f i r ?  i n  
D - c e l l .  Commercial o p e r a t i o n  'began on J u l y  24 and ,  ended, . ' J u l y .  . 
26 due t o  b e l t  f e e d e r  problems.  

The MFB remained o u t  o f  s e r v i c e  f o r  t h e  r e m a i n d e r  o f ' J u l y .  
I . . 

. . 
3.3.3 August  1979 

U n i t  s t a r t - u p  w'as' a c h i e v e d  on August  1 w i t h  a.  c o a l  f i r e  i n  I 
D - c e l l .  Commercial o p e r a t i o n  began t h a t , a f t e r n o o n ' b u t  was 
a b o r t e d  when the ,  B - c e l l  bed  d r a i n  r o t a r y '  f e e d e r .  b roke  f r e ' e  o f :  
i t s '  s u p p o r t s .    he u n i t  was subsequ 'ent l j r  shutdown. '  

. . 
The u n i t  was aga,in.  s t a r t e d  ~ u ~ 6 s t  3 , '  b u t  p r e c i p i t a t o r  
fo ' rced  a n o t h e r  out 'age which l a s t e d  u n t i l  August  5'. 

- . :  

S t a r t - u p  proceeded-  smoothly avd .by: ,August  6 ,  t h e  u n i t  was . . 

o p e r a t i n g  i n  t h e  t h r e e - c e l l  commercia l  mode i n  o r d e r  t o  conduc t  
e x c e s s  o x y g e n / s u p e r f i c i a l  v e l o c i t y  tes ts .  

.. ,. :,. *, : 

On August 7,  h i g h  air p r e h e a t e r .  g a s  and a i r  d i f f e r e n t i a l s ,  
i n d i c a t i n g  a  p lugged  p r e h e a t e r ,  f o r c e d  t h e  u n i t  o u t  o f  
o p e r a t i o n .  August  7  was a l s o  t h e  day t h a t  a n  ini t :a l  
smolder ing  p rob lem.was  o b s e r v e d  i n  c o a l  bunker  #2. A f i r e  i n  
t h e  #2 bunker  would p l a g u e  t h e  uni't o p e r a t i o n  f o r  t h e  rest o f  
t h e  month o f  August .  

The a i r  p r e h e a t e r  was washed,  u s i n g  t h e  h i g h  p r e s s u r e  d e l u g e  
pump, and s u b s e q u e n t l y  i n s p e c t e d . '  U n i t  s t a r t - u p  was de layed 
u n t i l . , A u g u s t  1 0  d u e  t o  a n  e l e c t r . i c a 1  s t o r m  which , caused  rninor 
damage t o  t h e  11' KV t r a n s f o r m e r  which s u p p . l i e s  stfati 'on' s e r v i c e  
power t o  t h e  MFB. 

. .  . . . . . 

~ u r i n ~  t h e ;  per io \d .  :from ~ u b u % t  8-13, several  f i r e s  were oljsel-ved 
and e x t i n g u i s h e d  i n .  the $2. bun-ker,., b u t  ..the l a t e n t  h e a t  and noxiaus - . .  

. . 



sulfur fumes from the bunker cbntinued indicating a deep smolder- 
. . ., . . . . 

ing condieion still existed'. ' 
. . 

Unit operation was then executed for the purpose of 'purging , 
, ' ,, 

the # 2  bunker. On August 14, the unit operation was' aborted: ' : 
when smolderi'ng coal burned the D-cell feed belt.in'half. . . ,  

Attempts at fighting the bunker fire intensified. C O Z , i  wat'er and attempts. at moving the coal.'were all tried. . *he M@B 
unit operated intermittently during this period under the sole . 

. * pretense of removing the fouled coal. 
. t .  

By ~ugust 20, the bunker fire problem had grown into a major. 
concern requiring the effort of ,most of' the 'plant personnel. 
Hot coal bridging in the bins forced the eventual shutdown . .  

of the unit on August ' 21 and tkie '-decision .was 'made to manualsy 
purge the #2 coal bunker and all .'bins .'of coal. 

This was accomplished and the unit was out o f  service' for the 
remainder of August. 

The MFB unit operation was started on'september "5;'but quickly 
aborted due to a tube leak in Monongahela Power's 
# 7  boiler, . . 

Start-up was again initiated on September 7, 'but plugging ' j  
problems with coal fines in ,,the vibrating feeder -of': D'-cell " ', i ' 

forced the unit back out of service. Monongahela'Power experi- . : 

enced another tube failure in #7 boiler'and the MFB'W~S delayed . 
from operating until September 10. . . 

start-up proceeded smoothly on ~e~tember 10 and unit :operation . .  ! - *  . 
continued in order to perform a dust collector performance . . 

test. Monongahela 'Power experienced another tube failure' on , 

their # 7  boiler and forced the MFB out of service'. 
1 .  

On September 1.7; the flFB unit was again started'.. The unit . 
. ( .  

was operated in order to conduct a flyash reinjection.tria1 , 

performance. Flyash reinjection was attempted September 18 . 
and sustained.for 'three hours, making this the longest', 
most successful reinjection attempt to date. unit-opeiratlon. 
continued without flyash reinjection until September 19, when: . . 
another tube leak in the Monongahela Power Company boiler forced :' 
the MFB out of serv.ice. . . 

On September 24, the MFB officially entered an eight. week , ' : '  
outage corresponding with'the r.emova1 of Monongahela power's'. . " . , ;  , 

t7 boiler from service for ,an extended overhaul. . . 

. 
During the month o f  octob&r, th'e operations ~epirtmknt., assist:ed- : 
lilaintenance in the perform=nce of clean-up, 'repair and" modif x- . 

: :. . . . . , ., , 



. . 
. . 

catibn tasks pursuant to: the accomplis.hme'nt' of the scheduled 
outage l.ist. 

Major tasks. include: - , . . . :  
. . . .  . 

1. ~nstallatidfi of new coal .feed Sys'tem . (~uller- 

2 .  ~epiacement of c and ~-izells perforated plate on 
I. 

distributor: with "nut 'and bolt1' gridplate. 

I . . 
3. Restoration .. .. o f  boiler bed . .. therxtiocouples. , .... . A .: ' . . . 

I 
1 .. . . . : .  . . . . . .  . . 

, . . 4 ' .  ~hstallation ',of. main feedwater block valve , 
. " and flow orifice. 

. i ,  
' 

. 5. Installation of l'~amyr"c bed drain valve on . 

C-celi. 
. . 

6. Repair of precipitator ' rappers, -and cbmplete,: 
rep1acement:of mild:.steel emitting wires with 

. . 
. . stainless. steel wire. ' ,  
, . . . 

. . I '. : . . 

November 1979 . 3.3.6' . . . . . . . . . . . .  j. . . 
. . .  , 

I During the month of November, the operations ~epaktment: continued 
' ..to assist.the Maintenance and construction crews in the . 
1 performance of clean-.up, repair and modification. efforts . . . . 

pursu,ant t'o tche completion of the outage list. . . 

' 3.3.7 December ,197 9 I :. 

Operations performed a hydrostatic test on the boiler in t h e  
first week.of December and several leaks were detected and 
repaired. 

The outage was officially over on December 7 and-preparations 
were made for complete unit and systems checkout. 

Initial start-up occurred on December 13, but had to be aborted 
w?~en the north start-up burner failed, due to a fractured 
v:+porizer tube. 

?-.lring the next. couple of .'days 'while the unit was out of 
.'c!zeration, . . .  ,the Fuller-Kinyon feed .system was initially ' 
c,,,erated .an?. debugged .' ' Monongahela Power' ;Company8's probicm~. 
~..:.ith #7 boiler on December 17 and 18 prevented any operations of 
t l !e MFB un ti 1 ~e.cember ' 19. . . . . .  

Siart-up was attemeted on December 19, but.fa5led due to the 
ri:.%i zing' of on@ of. the:boilcr circulating jpumss. . A sleeve 
I~ushing in the motor had been .installed in ,an inverted . .. 

nosition by Westinghouse ... .The bushing.starved the.oiler 
L .  

impeller of lubrication; and this .impeller in .turn cracked,' 
. . . . .  



causing the pump to seize. Both circulation pump motors were 
sent to Westinghouse to assess damage and prevent any further 
occurrence. 

By 28 December, the circulating pump motors were installed and 1 
back in service, and the unit was prepared for start-up. I 

On 29 ~ecember, the vaporizing tube on the south start-up 
burner fractured, causing the unit to be taken out of service. 

Unit operation was again attempted later on 29 December after 
the burner tube was replaced. 

With a raw limestone bed in initital light-off operation and 
coal-charging period-took'a great deal of time. By 
30 December, after five successive heavy coal charges had : 
been introduced, the, unit was brought out of service when . 
large surface "clinkers" were observed in the bed. These 
surface agg1:omerations were partially defluidizing the bed. 

The bed was purged of all "clinkers" and relit on 31 becember. 
Shaft collar problems on the fans f.orced a temporary delay, 
in the. start-up, but heavy coal charging and inadequate 
fluidization were again responsible for large surface 
zgylomerations not,iced in the bed. 

3.3.8 . January . 1980 

The first coal .fire o.f 1980 in the MFB was achieved on Jantlary 7. 
Unit operation in the first week of January was hampered by a 
large particle .size .bed, which made bed fluidization difficult. 

On January 8, C-cell coal fire was achieved. This marked the 
First coal firing operation of the Fuller-Kinyon system since 
installation. Dust collection problems began occurring, however, 
on ,January 9 and by January 10, three of the six precipitator 
jloppers had high levels in addition to the east hopper of DC-1. 
The unit was shut down January 10 to examine and clean the di~st 
collection media. A coal fire was reestablished on Janaury 16 
rind after several fuel interruptions, three cell operation was 
cchieved on January 17 and commercial operation followed. 

I 

The next day, however, the unit was brought out'of operation due 
to alarmingly high combustible gas.emissions in C-cell' and the 
nain flue gas region. 

A complete unit inspection was performe'd on January 21 and no 
unusual discrepancies or major damage was found. 

On January.23, unit start-up was again attempted, but quickly 
aborted when Monongahela Power Company lost their #7 boiler <be 
to a fuel trip. 



Intermittent one and two cell operation was accomplished ' :  

during the remainder of January. A leaky dr'ain header under 
the boiler and a.massive'"clinker" formation in C-cell were 
primarily the cause of the inconsistent operation. 

. ' . . . . . ' ... . ' 

3.3.9 ~ e b r u a r ~  1980 

Unit operation began on February 2 wi'th a coal fire in D- 
. 

cell, and commercjal opcration was achieved on February 3. . . 

The commercial.run lasted 6% hours and was discontin.ued when . . 

high air preheater differentials could not be :diminished. . 

D-cell was maintained until February 4 when a city water out- 
age forced the' instrument air~compressors to be .shut down, . . 

thus requiring the MFB to be out of service. 
. . ,  

. . 

~ntermittent one and two cell operation followed this,,first. 
week period due t o  electros'tatic precipitator problems. 
A brok,en wire was detected in the outlet' secti'on of the .ESP . . '  

and later removed. This wire had disabled'two of the 
precipitator cabinets. The rapping frequency'on the pre- 
cipitator was also intensified in an attempt ,to k.eep the . . . . 

collector 'plates free of ash buildup.' 
. . 

The precipitator problems were remedied and-the un'it was 
ready for operatiori by .February 18. A coal fire in D-cell . 
was. established on February 1 0  and by February. 21, the.MFB 
-was operating in the three cell commercial .mode.  he' Rives- 
vilie MFB operated continuously jn this comhercial generating 
moae for 132.5 hours, over twice as long as any,previous . . , 

: commercial operation. During the course of the run, the MFB ' 

unit operated flawlessly and turbine quality steam. conditions 
were maintained. 'Exhibit 3.2 shows operating parameters 

. . throughout the run. 
, . 

Commercial operation ceased at 1930 hours on February 26 and 
the unit was subsequently shut down for inspection of the ' 

effects of extended operation. 
. , 

. . 

The unit was out .of service for the remainder of February. . . 



3.3.10 March 1980 

preparations were completed during the first week of March 
for unit operation with the new needle extensions in C and 
B-cells 

Unit operation began on March 9 with 'a coal fire in D-cell. 
Commercial three-cell'operation was achieved on March 10, but 
l'asted only 26 hours due to a malfunction in the C-cell riorth 
Fuller-Kinyon interlock circuitry, which interrupted fuel 
feed. D-cell operation was maintained throughout the week 
while an intensive investigation of the Fuller-Kinyon circuitry 
was conducted. 

On March 16, while in D-cell operation, a boiler circulating 
pump seal water header leak developed which forced the unit 
out of operation on March 17. 

I '  The leak was repaired and unit operation resumed on March 20. 
' j  The MFB unit achieved commerci,al mode operation at 1530 

hours on March 23 and operated continuously for 200 hours in 
the three-cell mode. Commercial operation was interrupted for 
about 4 hours during the 200 hou.rs run to test the steam 
pressure control valve to atmosphere (HPSV-3), which was 
leaking excessively. 

Commercial operation resumed and was continued until the . . 

scheduled 200 hours of operation were achieved at 2330 hours 
.. on March 28. Exhibit 3.3 shows operating parameters throughout 

the run. The MFB unit was subsequently shut down, as planned, 
for'scheduled outage work which occupied'the remainder of the 
month of March. 

( . 
3.3.11 April 1980 

For the first two weeks of April, the.MFB was out of operational 
service on a scheduled .out,age. This period was used to 
conduct extensive examinations of the boiler and associated 
equipment following'the extended run- in March, and to proceed 
with the unit repairs and modifications.. 

Initial firing of the unit began on April 20 following simulated 
o;.-lerational distribution testing on the Fuller-Rinyon system 
which occurred on April 17. 

On April 21, C-cell operation was initiated ,with the Fuller- 
Kinyon feed system operating under a reduced needle.velocity 
(5'5 fps). After 2.5 hours of operation, the south side feed 
r,i.stem to C-cell plugged solidly forcing ,a shut down of C-cell. 
T?le unit was brought out of service and the fuel feed systems were 
clcaned and checked. 



The unit was restarted on April 23 and C-cell operation with 
greater needle velocity (80 fps) was initiated. This endeavor 
was successf~ul and the run proceeded without incident. 

On April 25,. preliminary load following tests were conducted 
on the MFB while in two-cell operation. Load change rate, 
rate of stable recovery and range of operation were observed. 
This prelininary test was conducted in preparation for a more 
extensive three-cell load following test to be conducted later 
in the month. 

On April 30, an extensive load following test was conducted 
in three-cell operation. Data was obtained at five steady- 
state conditions, at various superficial velocities corresponding 
to di.fferent load ranges. After five hours of testing, the MFB 
was brought out of service for an extended outage. 

3.3.12 .. May 1980 

The Rivesville MFB was out of operational service for the 
entire month of May for major equipment modifications 
and inspections in anticipation of major unit testing during 
the summer months. Cold flow velocity distribution tests 
were conducted during May on the electrostatic precipitator 
and on the air distributor in C-cell. The Operations Department 
assisted the Maintenance group in servicing and repairing 
auxiliary and boiler equipment. 

3.3.13 June 1980 

Preparations- were completed during the first weeks of.June to 
resume operation of the Rivesville i4FB. Operational equipment 
checks were completed and:a full pre-light off check list 
was accomplsihed to determine operational worthiness. 

The MFB unit was started on June 9 with a coal fire in D-cell. 
By June 10, the unit was operating in the three-cell mode, but 
coinmercial operation could not be attempted because of minor 
3-cell coal feed problems and a major precipitator hopper 
collection problem. The precipitator hopper problem was caused 
by two access doors inadvertantly left off the mechanical 
collectors in the main flue gas circuit. This rendered the dust 
collectors inoperative and thus the precipitator suffered a heavier 
than design inlet dust loading. With the collector doors secured, 
the unit remained in operation to attempt a drain of the ash 
buildup in the precipitator hoppers. The attempt was unsuccessful 
and the MFB unit was brought out of operation on June 10. 

  he unit was cleaned, hopper levels evacuated, and worthy for 
operation by June 13. 

On June 16, the unit was restarted and preparations were 1:!3de to 
accomplsih a three-fold test objective: 



a Traverses of C and B-cells 
a Flyash reinjection at 2000°F in D-cell 
a Precipitator isokinetic evaluation 

The'MFB unit operated successfully in the three-cell commercial 
mode throughout the week of June 16-20 and the unit performance I 

testing proceeded smoothly. The unit was taken out of 
service on June 20, and remained out of service for the rest 
of the month for planned outage activities. 

3.4 MFB Plant ~ o d i f  icatibns/~m~rovements, 

3.4.1 . .  Relocation of Belt Feeder Integrators 

The Autoweigh belt feeder solid-state intergrator modules were ' .  

removed from locations near their respective feeders and placed 
in the room adjacent to the MFB control room. This not only 
allowed all of the modules to be placed in one central location 
for easy access,, but the relocation also pr0vide.d a relatively 
dust and vibration-free atmosphere for better operation. The 
performance of the solid-state modules has improved markedly with 
the change. 

3.4.2 ~nstallation of "Nut and Bolt" Air Distributor 

A new air distributor utilizing a drilled bolt protruding through 
and extending 1 3/4" above a 1/4" steel plate with an attached 
locking nut was installed in C and B-cells to replace the thin 
perforated-plate air distributor.' (See Exhibit 3.6) The new dis- 
tributor not only provides less resistance to air flow measured 
as less gridplate pressure drop, but also provides a substantial 
insulation layer of stagnant material between the plate and bolt. 
aperture th,at prevents erosion of the gridplate surface. No 
adverse heat erosion of the gridplate surface has yet occurred 
in any cell. 

3.4.3 Installation of Fuller-Rinyon System 

The Puller-Kinyon fuel feed system was installed in C-cell, 
replacing the vibrating feeder table, to test an alternate in-bed 
coal feed system. 

The primary objectives of the test installation were to check . 
system reliability, durability and its .effects on £luidized bed 
combustion. See Section 3.5.4. 

3.4.4 Nit-Dump Valve, Icamyr Ball Valve, 2 1/2" Self 
Cleaning Valve Installation 

.. . 
The "Flit-Dump" valve was installed in B-cell to prevent hydrated 
bed material from settling over the rotary dump valve and thus 
disabling the.bed drain system in that cell. (See Exhibit 3.7) 



The v a l v e  was u n s u c c e s s f u l  due  t o  t h e  l e n g t h  of  t h e  a c t u a t o r  a r m  
and  s u s c e p t a b i l i t y  o f  t h e  h o u s i n g  t o  t h e ' f o r m a t i o n  o f  a g g l o m e r a t e s .  

The a c t u a t o r  arm t r a v e r s e d  t h e  w i d t h  o f  t h e  e n t i r e  c e l l  e n c a s e d  
i n  a  metal s l e e v e  n e a r  t h e  f l o o r  o f  t h e  a i r  d i s t r i b u t o r .  The h o t  
bed  caused  t h e  arm t o  warp  and  b i n d  w i t h i n  t h e .  s l e e v e .  The box 
c o n s t r u c t e d  o v e r  t h e  dump p o r t  a l s o  c r e a t e d  a s t a g n a n t  zone which 
c o n t r i b u t e d  t o  t h e  f o r m a t i o n  o f  l a r g e  ' agg. lomerat ions .  The v a l v e  
was l a t e r  removed. 

The Kamyr b a l l  v a l v e ,  on  l o a n  from METC, was i n s t a l l e d  i n  t h e  
s p a r e  bed m a t e r i a l  d r a i n  l e g  o f  C - c e l l .  ( S e e  E x h i b i t  3 .8)  T h i s  
v a l v e  proved u n s u c c e s s f u l  due  t o  e x p a n s i o n  o f  t h e  b a l l  w i t h i n  t h e  
s e a t i n g  chamber o n c e  t h e  b a l l  had p i v o t e d  open t o  p a s s  h o t  bed 
m a t e r a l .  The e x p a n s i o n  of  t h e  p i v o t e d  b a l l  c a u s e d  t h e  mechanism 
t o  s e i z e  and t h e  v a l v e  c o u l d  n o t  he c l o s e d .  The v a l v e  was l a t e r  
removed and r e t u r n e d  t o  Morgantown. 

The 2  1/2" s e l f - c l e a n i n g  v a l v e  i n s t a l l e d  on D - c e l l  h a s  proven 
m o d e r a t e l y  s u c c e s s f u l .  ( S e e  E x h i b i t  3 . 9 )  W e  a r e  i n  g e n e r a l  
ag reement ,  however,  t h a t  t h e  e x i t  a p e r t u r e  is  too s m a l l .  The v a l v e  
h a s  t o  b e  e x e r c i s e d  f r e q u e n t l y  ( p r e f e r a b l y  on a u t o m a t i c  t i m e r )  t o  
p r e v e n t  a  h y d r a t e d  c o r e  o f  bed  m a t e r i a l  f rom s e t t l i n g  above t h e  
v a l v e .  A c o n t i n u o u s  a g i t a t i o n  mechanism i s  under  i n v e s t i g a t i o n  
a s  i s  f l u i d i z i n g  a i r .  

3 .4 .5  Lengthened Fue.1 Feed Need les  i n  A l l  C e l l s  

The f u e l  f e e d  n e e d l e s  ' i n  B ,  C and D-cells w e r e  l e n g t h e n e d  t o  
improve combust ion c h a r a c t e r i s t i c s  w i t h i n  t h e  ce l l s .  S e e  S e c t i o n  
3.5.2 page 3.15. 

The e f f e c t  o f  t h e  n e e d l e  e x t e n s i o n s  was less t h a n  d r a m a t i c .  
B e f o r e  and a f t e r  c e l l  t r a v e r s e s  i n d i c a t e  b a s i c a l l y  i d e r i t i c a l  
combust ion  p a t t e r n s  w i t h  l o c a l i z e d  g a s  c o n c e n t r a t i o n s  moving 
c l o s e r  t o  t h e  c e n t e r  o f  t h e  c e l l  which c o i n c i d e s  w i t h  t h e  
l e n g t h e n i n g  o f  t h e  n e e d l e  e x i t  p o i n t .  More t e s t i n g  i s  n e c e s s a r y ,  
b u t  p r e l i m i n a r y  r e s u l t s  s e e m  t o  i n d i c a t e  t h e  m o d i f i c a t i o n  had 
n e g l i g i b l e  e f f e c t s .  

3 .4 .6  Bed M a t e r i a l D r a . i n  Sys tem M o d i f i c a t i o n  

T!le bed m a t e r i a l  d r a i n  s y s t e m  was m o d i f i e d ,  (See  E x h i b i t  3 . 1 0 )  , s o  
t l ? a t  t h e  T-42 s i n g l e - v o l u t e  c y c l o n e  c o l l e c t o r s  c o u l d  operat:? i n  
s i + r i e s  from one vacuum t r a n s p o r t  l i n e  i n  a n  a t t e m p t  t o  e l i ~ n i r ~ a t e  
~ x c e s s i v e  c a r r y o v e r  i n t o  t h e  f l u e  g a s  s t r e a m .  I n i t i a l  o i ) s e ~ . - v ~ t . i o l ~ s  
i n d i c a t e  t h e  s y s t e m a c h i e v e s  b e t t e r  c o l l e c t i o n ,  b u t  demonstr;:l:~le 
d a t a  needs  t o  b e  p roduced .  

7.4.7 Thermocouple and T h e r m o w ~ l l  Replacement 

With t h e  i n s t a l l a t i o n  o f  t h e  new a i r  d i s t r i b u t o r s ,  new th~rs;.:il;~..o\!;;?.~:s 
were  i n s t a l l e d  i n  s u s p e n s i o n  ,above t h e  bed i n  C and B - c e l l s  



. '  . 

supported with U-bolts from the tube bundle rather than.bottom-'' 
supported from the gridplate a s  was previously done, This :elimina- 
ted the need for any large perforations in the new air distributor. 
The above-bed holding framework has been sev6rely warped,-:ho~ever, 
and required replacement once already this year.  he ~nkne'l'.. . . 

therrilowells proved unsatisfactory in high-tenperature . corrosive:' .' . '  . 
environments due to their sensitivity to sulfur att,ack:. . Sulf ida- 
tion destroyed or severely eroded all of the ~ncone~l:thermowel,ls. 
in B and C cells after several hundred hours of .o peration'... and' ': :. .' . 
consequently destroyed many of the thermocouples., ' ,310.. stainless.. 
steel wells replaced the Inconel and their durabilitg is at thi's 
point matchlesb. . . 

3.4.8 Installation of ~dditional Gas Traverses Points in 
D, C and B Cells 

Originally a single traverse point was available in C and B cells 
to determine cell combustion characteristics. 4 additional ports 
were installed in B-cell, 3 in C-cell, and 1 in D-cell to improve 
the combustion profile analysis throughout the entire cell. See 
Section 3.5.2. 

3.4.9 Modifications to ~le&trostatic precipitator and . ' .  

Dust Collector . . . . .. . 
These. equipment modifications are detailed.'in Sections 3.5.5..and 
3.5.6. . i 

3.4.10 Flyash Reinjection System ~odifications . % 

. . 
Major modifications to this system are detailedin Section 3.5.7. 

. .  
3.5 .Testing and Results 

3.5.1 General 

During the reporting period, test emphasis on the Rivesvi1l.e ~?FB 
centered upon individual systems and.equ.ipment optimization first 
and unit performance second. , .. 

Utilizing new techniques of sampling, signif ic'ant data has been 
collected concerning combustion performance. 

Scven sub-sections are listed here, detailing the.test achieverscllt.~ 
made during this period. The sub-sections are: 

Cell gas traverses 
o !.lain uptake gas traverses 
o Fuller-Kinyon feed system 
(, Dust collector~~performance . . 

~. . . 
o ESP performance .. .. 

. . . . 
e Flyash reinjection . ; . . . . 

Load following . . % .  . . .  . 

. . .  3.5.2 Cell Gas Traverses . ' P .  . . 
. . 

A technique was devised during ~ u ~ u s t  1979 a t  ~iv6:sville to :o?,tai n 
an ~nalysis of flue gas at various above-bed points '.within tl-i::~c,ell. 

. .  . . . .  , . 

A sa!nple port was installed. approximately .14 feet:. above. tlie : a i ~  'dis- 
tributor in both B and C-cells. Originally a single travc?rse.po.int 
was available in C and B-cells, but in May 1980, an .addit.ionni ',four 
ports were installed in B-cell and three ports in C-cell. Tliese' 
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, . p o r t s '  were d e s i g n e d  t o  p r o v i d e  i n f o r m a t i o n  b o t h  d i r e c t l y  above 
. and .be tween f u e l  f e e d " n e e d 1 e s ;  E x h i b i t s  3.11 and 3.12 show . . 

r e l a t i v e . ' l o c a t i o n s .  o f  g a s  t r a v e r s e  p o i n t s  f o r  C and B ce l ls ,  
r e s p e c t i v e l y .  
. , . . .  , 
~ h k ,  traverse ,p robe ,  E x h i b i t  3.13, c o n s i s t e d  o f  1/2" 
s t a . i n l e s s  'steel t u b i n g  w i t h  a s i n t e r e d .  m e t a l  f i l t e r  o n  one  
end.  An . ' i n t e r n a l ' .  t h e n n o c o u ~ ' 1 e  r a n  t h e  e n t i r e  l e n g t h  of t h e  
p r o b e  ' t o  ' p r o v i d e  g a s  t e m p e r a t u r e s  a t  e a c h  sample  p o i n t .  ' The 
sample  p r o b e  was c o n n e c t e d  t o  t h e  A ce l l  c h a n n e l  o f  t h e  
Beckman g a s  a n a l y s i s  package .  

. .  . 
b he first ; g a s  t . r a v e r s e s ' ,  . t a k e n  i n  August  1979,  r e v e a l e d  p o o r  
a r e a s  o f . c o m b u s t i o n .  above t h e  f e e d  n e e d l e  d i s c h a r g e s  i n  b o t h  
cells.  C ce l l ,  t r a v e r ' s e s  ( E x h i b i t  3.14) showed e x t r e m e l y  h i g h  

- c o n c e n t r a t i o n s  'o'f CO .and h y d r o c a r b o n s  on t h e  n o r t h  side. 
.B cetlt:s t r a v e r s e s  showed h i g h  c o n c e n t r a t i o n s  o f  CO and  
h y d r o c a r b o n s  a l o n g  b o t h  t h e  n o r t h  and s o u t h  w a l l s .  F u r t h e r  
i n v e s t i g a t i o n  showed s e v e r e  c r a c k s  i n  t h e  g r i d p l a t e s  o f  b o t h  
cells ,  :which  was s t a t e d  t o  b e  t h e  c a u s e  o f  t h e  p o o r  combust ion.  

. . 

A f t e r  t h e  i n s t a l l a t i o n  o f ,  t h e  F u l l e r - ~ i n ~ o n  f u e l  feed 
(F-K) s y s t e m  t o  C . c e l l  and t h e  " n u t  and b o l t "  a i r  d i s t r i b u t o r s  
i n  C and B cells ,  g a s  t r a v e r s e s  w e r e  a g a i n  performed.  T h e s e  
t r a v e r s e s  showed considerab1e.differences between C and B 
cells.  ' B ce l l ' s  t r a v e r s e s . .  ( B x h i b i t  3 . 1 5 ) '  h a d  become r e l a t i v e l y  
f l a t , ,  i n d i c a t i n g  good combust ion  a c r o s s  t h e  ce l l .  C cel l 's  
t r a v e r s e s .  ( E x h i b i t  3.16) ' h a d ,  a l s o  improved,  b u t  t o  a  lesser 
degree .    here s t i l l  e x i s t e d  a r e a s  o f  h i g h  c o n c e n t r a t i o n s  o f  
CO and. .  h y d r o c a r b o n s .  The r e s u l t s  o f  t h e s e  g a s  t r a v e r s e s  
prompted a  s t u d y ,  o f  a l l  f a c t o r s  o f  corvbustion on C c e l l .  

k e ' k u l t s  o f  t h e  s t u d y  y i e l d e d '  some s i g n i f i c a n t  combust ion  
problem a r e a s ,  some o f  whi.ch w e r e :  

A l a r g e .  &mount o f  f i n e s  w e r e  b e i n g  g e n e r a t e d  by 
t h e  newly i n s t a l . l . e d  Fu l l e r -Kinyon  f e e d  sys tem.  

6 The n e e d l e  veloci t ies  o f  t h e  Fu l l e r -Kinyon  f e e d  
system, were too h i g h .  

s i z e  s e g r e g a t i o n  was o c c u r r i n g  i n ' t h e  c o a l  b i n ,  
c a u s i n g .  more f i n e s  t o  b e  f e d  t o  one  s i d e .  

S i g n i f i c a n t  amounts o f  f r e e b o a r d  b u r n i n g  were 
o.ccurring:.  . . . -  

- .. . . 
. . 

The t w o  b e l t  - f e e d e r s  w e r e  n o t  f & e d i n g  e q n a l  
cmounts .  

. . 
i?i .s:cussions, c o n c e r n i n g '  problems ' w i t h  t h e  Fu l l e r -Kinyon  syst~:ms 
are .  p r e s e q t e d  in Section 3.5 ..4 Of this r e p 0 r . t .  

To s o l v e  t h e  p rob lem o f  s i z e  s e g r e g a t i o n  i n  t h e  n o r t h  c o a l  
b i n ,  a b a f f l e  p l a t e ,  E x h i b i t  3.17, w a s  i n s t a l l e d . a t  t h e  c o a l  



i n l e t .  The  p u r p o s e  o f  t h i s  b a f f l e  was t o  p r o v i d e  a b e t t e r  
d i s t r i b u t i o n  of coal  t o  a l l  s e c t i o n s  o f  t h e  b i n .  

The p rob lem w i t h  f r e e b o a r d  b u r n i n g  w a s  d i s c o v e r e d  when t empera -  
t u r e  t r a v e r s e s  o f  B a n d  C ce l l s ,  a t  s i m i l a r  c o n d i t i o n s ,  were 
compared.  E x h i b i t s  3 .18  a n d  3.19 show a n  example  o f  t h e s e  
t e m p e r a t u r e  t r a v e r s e s  a n d  c e l l  o p e r a t i n g  c o n d i t i o n s .  A t  
s i m i l a r  o p e r a t i n g  c o n d i t i o n s ,  B c e l l ' s  f r e e b o a r d  t e m p e r a t u r e '  
was l o w e r  t h a n  C c e l l ' s  a r o u n d  t h e  e d g e s .  C c e l l ' s  t e m p e r a t u r e  
would d e c r e a s e  t o w a r d s  t h e  m i d d l e ,  m a t c h i n g  B  c e l l ' s  a t  t h a t  
p o i n t .  T h i s  p r o b l e m  was l i n k e d  t o  t h e  f i n e s  p r o d u c e d  b y  t h e  
F-K s y s t e m ,  t h e  h i g h  n e e d l e  ve loc i t i e s  a n d  a q u e n c h i n g  e f f e c t  
of t h e  a b o v e  b e d  t u b e  b u n d l e .  I n  o r d e r  t o  r e d u c e  t h e  amount 
o f  f r e e b o a r d  b u r n i n g ,  t h e  f e e d  n e e d l e s  w e r e  e x t e n d e d  f a r t h e r  
i n t o  t h e  b e d .  The  n e e d l e  t i p s  were, t h e r e b y ,  r e d u c e d  f rom a b o u t  
9  t o  4 i n c h e s  above  t h e  a i r  d i s t r i b u t o r  i n  B a n d  C ce l l s .  
T h i s  would  be e x p e c t e d  t o  i n c r e a s e  r e s i d e n c e  t i m e  o f  coal  f i n e s  
i n  t h e  b e d  w h i c h  s h o u l d  r e s u l t  i n  improved  combus t ion .  

I n  Play of 1 9 8 0 ,  a d d i t i o n a l  t r a v e r s e  p o r t s  w e r e  i n s t a l l e d  i n  
B ,  C and  D ce l l s  i n  o r d e r  t o  o b t a i n  more i n f o r m a t i o n  o n  
c o m b u s t i o n  i n  e a c h  ce l l .  E x h i b i t s  3 .11  a n d  3.12 show l o c a t i o n s  
o f  g a s  t r a v e r s e  p o i n t s .  E x h i b i t s  3.20 a n d  3 .21  show g a s  
t r a v e r s e s  w i t h  t h e  new p o r t s .  T h e s e  r e s u l t s  i n d i c a t e  a r e a s  
o f  p o o r  c o m b u s t i o n  w i t h i n  t h e  ce l ls .  

A d d i t i o n a l  i n f o r m a t i o n  o b t a i n e d  f rom g a s  t r a v e r s e s  i n c l u d e d :  

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

The p r o g r e s s  o f  a n  a g g l o m e r a t i o n  d u r i n g  o p e r a t i o n .  

D e t e r m i n a t i o n  o f  t h e  v a l i d i t y  o f  g a s  s a m p l i n g  
p o i n t s  w i t h i n  t h e  cel ls .  

! ,Qh i l e  p e r f o r m i n g  g a s  t r a v e r s e s  o f  C c e l l  o n  1 7  J a n u a r y  1980 ,  
cx t r .emely  h i g h  v a l u e s  o f  CO a n d  h y d r o c a r b o n s  were o b s e r v e d .  
Bed h e i g h t  i n d i c a t o r s  showed a 1 3 "  s t a t i c  b e d ,  b u t  v i s u a l  
o b s e r v a t i o n  and  g a s  a n a l y s i s  seemed t o  i n d i c a t e  a  d e e p  b e d .  
A i r f l o w  was i n c r e a s e d  t o  y i e l d  a  s u 2 e r f i c i a l  v e l o c i t y  o f  11 
f p s .  C c e l l  was a g a i n  t r a v e r s e d  and  t h e  r e s u l t s  showed a 
d e t e r i o r a t i o n  i n  c o m b u s t i o n .  Aga in  t h e  b e d  a p p e a r e d  t o  be 
a c t i n g  a s  a  v e r y  d e e p  b e d .  A f t e r  u n i t  s h u t  down, t h e  b e d  was 
p h y s i c a l l y  m e a s u r e d  a n d  f o u n d  t o  b e  1 3 " .  A p p a r e n t l y  wha t  was 
o b s e r v e d  was  t h e  f l a m e  f r o n t  o f  t h e  b e d  and  n o t  t h e  b e d  i t s e l f .  
Y i t h  s u c h  a l o w  b e d  d e p t h ,  t h e  c o a l  was b u r n i n g  above  t h e  b e d .  
I t  a p p e a r s  t h a t  w i t h  t h i s  F u l l e r - K i n y o n  f e e d  s y s t e m ,  a 
:I>inimum b e d  d e p t h  o f  1 6 "  s t a t i c  m u s t  b e  m a i n t a i n e d  f o r  s.L.ab'le 
c.si;eration. 

;..lso, on  1 7  J a n u a r y ,  w h i l e  t r a v e r s i n g  B c e l l ,  a l a r g e  reducing 
zone  w a s  o b s e r v e d .  Good c o m b u s t i o n  was o b s e r v e d  t h r o u g h o u t  
t h e  c e l l ,  w i t h  t h e  e x c e p t i o n  o f  a few f e e t  on  t h e  s o u t h  s i d e .  
S u b s e q u e n t  t r a v e r s e s  r e v e a l e d  t h e  a r e a  o f  p o o r  corcbus t ion  t o  



, . 
b e . s p r e a d i n g  u n t i l  twelve  h o u r s  l a t e r ,  t h e  u n i t  was s h u t  down 
due t o  dangerous  combustion c o n d i t i o n s  e x i s t i n g  i n  B ce l l .  
U p o n . u n i ~ t . i n s p e c t i o n ,  it was observed  t h a t  an agglomera t ion  
o f . - s i n t e r e d  bed m a t e r i a l  had formed i n  t h e  sou thwes t  c o r n e r  
of B ce l l  o v e r  t h e  s p a r e  dump p o r t .  The agglomera t ion  
extended t h r e e  t o  f o u r  f e e t  i n t o  t h e  bed. T h i s  agglomera t ion  
was n o t  d e t e c t e d  on o t h e r  i n s t r u m e n t a t i o n .  The. agglomerat ion 
w a s  a t t r i b u t e d  t o  an e x p e r i m e n t a l  bed dump va lve .  

~ rbm p r e v i o u s  expe r i ence ,  it w a s  no t ed  t h a t  an  i n c r e a s e  o f  CO 
and hydrocarbons occu r red  a p p a r e n t l y  i n  t h e  f r eeboa rd  r eg ion  
between t h e  cel ls  and t h e  main uptake.  Based on g a s  t r a v e r s e  
a n a l y s i s ,  it appea r s  t h a t  t h e  g a s  samples o b t a i n e d  from t h e  
probes  w i t h i n  B and C cells a r e  n o t  r e p r e s e n t a t i v e  of t h e  mean 
g a s  c o n c e n t r a t i o n .  I n  p a r t i c u l a r  t h e  s a m p l e . p o r t s ,  l o c a t e d  
away from t h e  w a l l s  o f  t h e  cel ls ,  are m i s s i n g  s i g n i f i c a n t  
amounts o f  CO and hydrocarbons which a r e  r i s i n g  a long  t h e  
water w a l l s .  T h i s  problem h a s  been n o t e d  f o r  f u t u r e  
r e f e r e n c e  and i s  p a r t  of t h e  c o n t i n u i n g  s t u d y  of CO and 
hydrocarbon emiss ions .  

Cont inuing s t u d i e s  u t i l i z i n g  g a s  , t r a v e r s e s  a r e .  p lanned f o r  t h e  
upcoming y.ear. These s t u d i e s  w i l l  h e l p  de te rmine  optimum 
o p e r a t i n g  c o n d i t i o n s  on t h i s  and o t h e r  f l u i d i z e d  bed u n i t s .  

3.5.3. P.la,in Uptake G a s  T r a v e r s e s  

I During s e v e r a l .  o p e r a t i o n a l  p e r i o d s ,  t h e r e  appeared t o  b e  
an i n c r e a s e  i n  t h e  c o n c e n t r a t i o n s  o f  'CO , CO and hydrocarbons 

1 from t h e  main uptake t o  t h e  g a s  i n l e t  o$ t h e  a i r  p r e h e a t e r .  

i I t  was n o t  known i f  t h i s  was an  a c t u a l  occu r rence  o r  a sampling 
problem. 

I n  February 1980, a .ser ies  o f  t h r e e  t e s t s  were conducted t o  
de te rmine  t h e  v a l i d i t y  o f  t h e  main up take  g a s  a n a l y s i s .  A g a s  
t r a v e r s e  probe s i m i l a r  t o  t h e  ones  used i n  t h e  ce l l  t r a v e r s e s  
( s e c t i o n  3.5.3) was c o n s t r u c t e d .  The DC-1 i n l e t  i s o k i n e t i c  
sampling p o r t s  were used a s  g a s  sampling p o r t s .  Two tes ts  
were conducted d u r i n g  two c e S l  o p e r a t i o n .  Gas t r a v e r s e s  o f  
B and/or C ce l l  were conducted a t  t h e  s a m e  time. 

The r e s u l t s  of  t h e  g a s ' t r a v e r s e s  showed a  d e f i n i t e  s t r a t i f i c a -  
t i o n  o f  g a s  c o n c e n t r a t i o n s .  High c o n c e n t r a t i o n s  o f  combustion 
g a s e s  ( C O  , CO, SO2, and hydrocarbons a s  shown i n  E x h i b i t s ,  . 

3.22-3.25f were found n e a r  t h e  bottom o f  t h e  d u c t s ,  w i t h  h i g h  
c o n c e n t r a t i o n s  o f  O2 ( E x h i b i t s  3.26-3.27) n e a r  t h e  t o p .  T h i s  
was expec ted  due t o  a i r :  l e akage  th rough  combust ion,  a i r  dampers 

1 of  unused cells .  

The tes t  r e s u l t s  from t h e  main up take  t r a v e r s e s  w e r e  compared 
to  v e l o c i t y  t r a v e r s e s  o b t a i n e d  d u r i n g  i s o k i n e t i c  sampling 
runs  a t  s i m i l a r  c o n d i t i o n s .  T h i s  comparison showed a r e a s  
o f  h i g h  combustion g a s  c o n c e n t r a t i o n s  w e r e  a l s o  a r e a s  o f  l o w  
ve loc i ty . .  . . , .  



Averaged v a l u e s  o f  t h e  main u p t a k e s  t r a v e r s e s  were t h e n  
compared w i t h  r e a d i n g s  a t  t h e  a i r  p r e h e a t e r  g a s  i n l e t  and t h e  
main '  u p t a k e .  ~ h e s e  are shown i n  E x h i b i t  3.28. .I.t a p p e a r s  t h a t  
t h e  main u p t a k e  sample  i s  v a l i d  a n d . t h e  g e n e r a t i o n  o f  COP CO 
and hydrocarbons  i s  a t r u e  i n d i c a t i o n .  From p r e v i o u s  u n i t  
i n s p e c t i o n s ,  it a p p e a r s  t h a t  t h i s  g e n e r a t i o n  o f  C 0 2 ,  C 0 , a n d  
h y d r o c a r b o n s  i s  o c c u r r i n g  w i t h i n  t h e  ESP. 

3 . 5 . 4  Ful le r -Kinyon  Feed  Sys tem 

During t h e  o u t a g e  f rom September  t o  December 1979,  a n  a l t e r n a t i v e  
f u e l  f e e d  s y s t e m  was i n s t a l l e d  t o  f e e d  C - c e l l .  
T h i s  s y s t e m ,  d e s i g n e d  and b u i l t  by t h e  ~ u l l e r '  Company of 
Bethlehem, P e n n s y l v a n i a ,  was t o  b e  tested a t  ' t h e  R i v e s v i l l e  
f a c i l i t y .  

The F u l l e r  s y s t e m ,  shown i n  E x h i b i t .  3 .29 ,  r e c e i v e s  t h e  d i s c h a r g e  
o f  th .e  c o a l  b e l t  f e e d e r  and l i m e s t o n e  r o t a r y  f e e d e r  t h r o u g h  
a  c o n s t a n t  s p e e d  r o t a r y  f e e d e r .  The m a t e r i a l  p a s s e s .  t h r o u g h  
t h e  c o n s t a n t  s p e e d  r o t a r y  f e e d e r ,  which  a c t s  as a  s u r g e  
? r e v e n t e r ,  and' i s  f e d  i n t o  a screw pump where  it i s  compressed 
t o  overcome a w e i g h t e d  f l a p p e r  v a l v e .  . The c o a l .  and  l i m e s t o n e  
m i x t u r e  t h e n  p a s s e s  i n t o  a f l u i d i z i n g  chamber,  where it is  
"pumped" t o  a m e c h a n i c a l  s p l i t t e r .  The s p l i t t e r  s p l i t s  t h e  
c o a l - l i m e s t o n e  a i r  m i x t u r e  i n t o  s i x  f e e d  p o i n t s  by means o f  
a c o n i c a l  s e p a r a t o r  and  s i x  o r i f i c e s . a r o u n d  t h e  p e r i m e t e r  o f  
' t he  t h e  s p l i t t e r s .  M a t e r i a l  e x i t s  t h e  s p l i t t e r  and e n t e r s ?  
t h e  b o i l e r  f e e d  n e e d l e s  i n t o  t h e  combust ion  zone.  

P r i o r  t o  o p e r a t i o n ,  PER p e r s o n n e l  m e t  w i t h  F u l l e r  r e p r e s e n t a t i v e s  
i n  o r d e r  t o  d e v e l o p  a  t es t  p l a n  f o r  e v a l u a t i n g  t h e  new f e e d  
sys tem.  The p r i m a r y  o b j e c t i v e s  o f  t h e  F u l l e r  f e e d  s y s t e m  
tes t  p l a n  w e r e :  

a System r e l i a b i l i t y  and pe r fo rmance  

a Sys tem d u r a b i l i t y  

a E f f e c t s  on  f l u i d  b e d  o p e r a t i o n  

A s t u d y  o f  s y s t e m  r e l i a b i l i t y  and  pe r fo rmance  would c o n t a i n  
t h e  f o l l o w i n g  i t e m s  : 

S t a r t  up and g e n e r a l  o ~ e r a t i o n  o f  t h e . s y s t e m ,  
b a s e d  on a c t u a l  pe r fo rmance  a t  t h e  R i v e s v i l l e  s i t e .  

a I d e n t i f i c a t i o n  o f  s y s t e m  d e r i v e d  problems such  a s  
f r e q u e n c y  o f  n e e d l e  p l u g g a g e s ,  m a t e r i a l  b r i ' d g i n g  
and loss o f  a i r  s e a l .  

. A i r  l e a k a g e  t o  b e l t  f e e d e r s  and /o r  r o t a r y  f e e d e r s .  

a Per fo rmance  o f  t h e  m e c h a n i c a l  s p l i t t e r ;  t h e  
a b i l i t y  t o  p r o v i d e  a n  e q u a l '  f u e l  d i s t r i b u t i o n .  



The s e c t i o n  on s y s t e m  d u r a b i l i t y '  d e a l s  w i t h  . t h e  amount o f  
d e g r a d a t i o n  o f  t h e  s c r e w  pump, f e e d  t u b e s  and s p l i t t e r  due  . .  

' t o  e r o s i o n  and /o r  c o r r o s i o n  over e x t e n d e d  o p e r a t i o n a l  p e r i o d s .  
I n  o r d e r  t o  a c c o m p l i s h  t h i s ,  pump and s p l i t t e r  i n t e r n a l  
measurements  w i l l  b e  made p r i o r  t o  and a t  t h e  e n d  o f  t h e  t e s t  
p e r i o d .  Feed t u b e  measurements  w i l l  b e  made p e r i o d i c a l l y  t o  
d e t e r m i n e  wear .  

C o n s i d e r a t i o n s  i n  t h e  s t u d y  o f  t h e  e f f e c t s  o f  t h e  new f e e d  
. , s y s t e m  on f l u i d  b e d  o p e r a t i o n  are:' . . 

. . . . 
. + .  combus t ion  e f f i c i e n c y  

a Amount o f  f i n e s  g e n e r a t i o n  
a S u l f u r  c a p t u r e  r 

, Each o f  t h e s e  w i l l  b e  s t u d i e d  i n  t h e  manner p u t  f o r t h  i n  
t h e  f o r m a l  t e s t  p l a n  o f  t h e  R i v e s v i l l e  p r o j e c t .  

! 

I n  December 1979,  p r i o r  t o  any b o i l e r  o p e r a t i o n  w i t h  t h e  
Fu l l e r -Kinyon  f e e d  s y s t e m ,  t h e  m e c h a n i c a l  s p l i t t e r s  w e r e  t e s t e d  
f o r  f e e d  d i s t r i b u t i o n .  I n  o r d e r  t o  do t h i s ,  s p l i t t e r  d i s c h a r g e  
was d i r e c t e d  i n t o  s i x  v e n t e d  b a r r e l s ,  a s  shown i n  E x h i b i t  3.30. 
P r e s s u r e  t a p s  on  e a c h  s p l i t t e r  d i s c h a r g e  p o i n t  and t h e  s p l i t t e r  
i n l e t  w e r e  i n s t a l l e d  i n  o r d e r  t o  o b t a i n  t h e  p r e s s u r e  d r o p  
f o r  e a c h  d i s c h a r g e  p o i n t .  T h i s  would t h e n  b e  c o r r e l a t e d  w i t h  
f u e l  d i s t r i b u t i o n  a t t a i n e d .  The b a r r e l s  w e r e  weighed p r i o r  
t o  and a t  t h e  c o n c l u s i o n  o f  e a c h  t e s t  r u n .  T e s t  r u n s  w e r e  
made a t  4 ,000 ,  6 ,000 and 8,000 pounds p e r  h o u r  a s  i n d i c a t e d  

I , by c o n t r o l  s e t t i n g s .  Samples w e r e  t a k e n  from t h e  f e e d  b i n  
and  e a c h  b a r r e l  f o r  s i z e  a n a l y s i s .  

D i s t r i b u t i o n  r e s u l t s  from t h e  s p l i t t e r  tes ts  a r e  shown i n  
I E x h i b i t s  3.31 a n d  3.32. From t h e s e  r e s u l t s ,  it ' can  h e  s a i d  

t h a t  b o t h  n o r t h  and s o u t h  s i d e  s p l i t t e r s  pe r fo rmed  w i t h i n  
a c c e p t a b l e  l i m i t s .  The d i s t r i b u t i o n  c o u l d  b e  improved;  
however,  s i n c e  t h e  d i s t r i b u t i o n  was w e l l  w i t h i n  l i m i t s  o f  t h e  
v i b r a t i n g  f e e d e r  t a b l e  d i s t r i b u t i o n ,  t h e  s p l i t t e r  c o n f i g u r a t i o n  
was l e f t  a s  is.  

R e s u l t s  o f  t h e  s i z e  a n a l y s i s  o f  t h e  s p l i t t e r  d i s c h a r g e  a r e  
shown i n  E x h i b i t  3 .33.  From t h e s e  r e s u l t s  it can b e  s z e n  
t h a t  t h e  f e e d s t o c k  undergoes  a  c o n s i d e r a b l e  s i z e  d e g r a d a t i o n ,  
r e d u c i n g  t h e  mean p a r t i c l e  s i z e  by a b o u t  50%.  A l s o ,  c o n s i d e r a b l e  
amounts o f  f i n e s  (-20 mesh) w e r e  g e n e r a t e d ,  a s  much a s  40%: 
With t h i s  amount o f  f i n e s ,  combust ion  problems w e r e  a n t i c i p a t e d .  

. % ,  I .  I 

P r i o r  t o  b o i l e r  o p e r a t i o n ,  t h e  pump and splitter i n t e r n a l s  
w e r e  measured by m i c r o m e t e r  f o r  compar ison a t  a  f u t u r e  d a t e .  

The R i v e s v i l l e  P1FB began o p e r a t i o n  o f  t h e  Fu l l e r -Kinyon  -Teed 
s y s t e m  i n  J a n u a r y  1980 .  Except f o r  c t a r t  up problems,  t h e  
f e e d  sys tem per fo rmed  i n  a  r e l i a b l e  manner.  



During Februdry and Elarch two long  terh r u n s ,  of 132 and 200 
h o u r s  r e s p e c t i v e l y ,  were accomplished.  T e s t i n g  du r ing  t h i s  
t i m e  frame c o n s i s t e d  mainly  o f  g a s  t r a v e r s e s  o f  C c e l l  ( s e c t i o n  
3.5.2) t o  h e l p  op t imize  t h e  o p e r a t i o n  o f  C c e l l .  

During t h e  200 hour  t u r b i n e  run ,  a f t e r  an e x c e s s  of  300 t o t a l  hours  
o f  o p e r a t i o n  on t h e  Ful ler-Kinyon sys tem,  t h e  carbon s tee l  
t r a n s p o r t  l i n e s  and f e e d  elbows o f  b o t h  s i d e s  o f  t h e  F u l l e r  
sys tem s t a r t e d  t o  wear through.  On-l ine  r e p a i r s  were 
accomplished,  b u t  t h i s  s i t u a t i o n  prompted a  s t u d y  of  t h e  
t r a n s p o r t  v e l o c i t i e s .  The s t u d y  r e v e a l e d  e x c e s s i v e  need le  
v e l o c i t i e s  o f  140 f p s  (80 f p s  was o r i g i n a l l y  s p e c i f i e d ) .  T h i s .  , 

h i g h  v e l o c i t y  was a t t r i b u t e d  a s  t h e  cause  o f  r a p i d  t r a n s p o r t  
l i n e  wear. I n  o r d e r  t o  c o r r e c t  t h e  e x c e s s i v e  v e l o c i t i e s ,  
a manually a d j u s t e d  blow-off v a l v e  was i n s t a l l e d  on t h e  d i s -  
cha rge  p i p i n g  o f  each  compressor.  By modulat ing t h i s  v a l v e ,  
v e l o c i t i e s  cou ld  be  v a r i e d  i n  o r d e r  t o  op t imize  o p e r a t i o n .  

Needle v e l o c i t i e s  were t h e n  lowered t o  t h e  s p e c i f i e d  80 f p s  
and gas  t r a v e r s e s  o f  C ce l l  conducted.  The t r a v e r s e s  r evea l ed  
an improvement i n  combustion due t o  l eng then ing  o f  t h e  f e e d  
n e e d l e s  which r e s u l t e d  i n  a l o n g e r  r e s i d e n c e  t i m e  f o r  
f i n e  p a r t i c l e s  and t h e  r e d u c t i o n  i n  n e e d l e  v e l o c i t y .  Both 
s i d e s  of t h e  F u l l e r  s y s t e m ' o p e r a t e d  s a t i s f a c t o r i l y  a t  t h i s  
c o n d i t i o n .  

A t  t h e  r e q u e s t  o f  DOE and TVA t h e  need le  v e l o c i t y  was lowered 
t o  55 f p s ,  t h e  des ign  v e l o c i t y  o f  t h e  TVA 2 0  FBJe u n i t .  
A f t e r  a couple  o f  hou r s  o f  o p e r a t i o n ,  t h e  s o u t h  f eed  system 
began o p e r a t i n g  under "s lug- f low"  c o n d i t i o n s .  Soon 
a f t e r w a r d ,  a  h i g h  t o r q u e  on t h e  sou th  screw f e e d e r  caused t-he 
d r i v e  b e l t s  t o  f a i l .  Fol lowing u n i t  s h u t  down, i n s p e c t i o n  
r e v e a l e d  c o a l  s o l i d l y  packed i n  t h e  screw f l i g h t s ,  i n  t h e  
e x i t  from t h e  f l a p p e r  va lve  and w e l l  a l ong  t h e  5" h o r i z o n t a l  
run.  A l l  s i x  n e e d l e s  on t h e  s o u t h  s i d e  were coked,  i n d i c a t i n g  
a  l o s s  o f  t r a n s p o r t  a i r .  

I n  o r d e r  t o  o p e r a t e  a t  55 f p s ,  t h e  t r a n s p o r t  system had t o  
be modif ied.  With a  55 f p s  need le  v e l o c i t y  t h e  v e l o c i t y  i n  
t h e  6 "  v e r t i c a l  r i s e r  was i n s u f f i c i e n t  t o  t r a n s p o r t  t h e  
l a r g e r . p a r t i c l e s ,  t h e r e f o r e  t h e  "s lug- f low"  and p lugging  , 

c o n d i t i o n s .  The t r a n s p o r t  l i n e s  were reduced t o  4 "  s ch  80 p i p e ,  
thereby  p e r m i t t i n g  h i g h e r  t r a n s p o r t '  v e l o c i t i e s  a t  lower 
need le  v e l o c i t i e s .  T h e  system was t h e n  o p e r a t e d  a t  55 f p s  
w i t h  no problems.  

A f t e r  t h e  rep1air o f  t h e  t r a n s p o r t  l i n e s ,  u l t r a n s o n i c  measure- 
ments of a l l  f e e d  t u b e s  and l i n e s  were made, a s  b a s e l i n e  d a t a .  
A d d i t i o n a l  u l t r a s o n i c  tests w i l l  con t inue  t o  be  run a t  
l a t e r  d a t e s  t o  de te rmine  t h e  wear on t h e  t r a n s p o r t  l i n e s .  T e s t  
r e s u l t s  t o  d a t e  show l i t t l e  o r  no w e a r  i n  t h e  s t r a i g h t  
s e c t i o n s  of  t r a n s p o r t  and n e e d l e  p i p i n g .  Severe  wear i s  i n d i c a t e d  
a t  a l l  s h o r t  r a d i u s  bends and elbows.  



T e s t i n g  on t h e  F u l l e r  s y s t e m  i s  c o n t i n u i n g  w i t h  o p t i m i z a t i o n  
r u n s  and  combust ion  e f f i c i e n c y  t es t s  s c h e d u l e d  f o r  t h e  f a l l  
o f  1980. Comparison t e s t i n g  w i t h  a  v i b r a t i n g  f e e d e r  t a b l e ,  
b o t h  w i t h  and  w i t h o u t  e d u c t o ' r s ,  i s  a l s o  s c h e d u l e d  f o r  t h e  
upcoming y e a r .  

3.5.5 Dust  C o l l e c t o r  Performance  

During t h e  l a t t e r  p a r t  o f  May 1980,  a series o f  t e s t s  were 
conduc ted  on t h e  t w o  m u l t i - c l o n e  d u s t  c o l l e c t o r s ,  DC-1  and 
DC-2, i n  o r d e r  t o  d e t e r m i n e  t h e i r  c o l l e c t i o n  e f f i c i e n c i e s .  
T e s t  r e s u l t s ,  shown i n  E x h i b i t  3 .34 ,  i n d i c a t e  t h a t  b o t h  d u s t  
c o l l e c t o r s  a r e  p e r f o r m i n g  below t h e i r  d e s i g n  e f f i c i e n c i e s .  
E x p l a n a t i o n s  f o r  t h e  low c o l l e c t i o n  e f f i c i e n c i e s  w e r e  . sought .  

The d u s t  col lector  s e r v i n g  cells A ,  B ,  and C ,  DC-.1, was 
d e s i g n e d  f o r  a l l  t h r e e  main ce l l s  i n  o p e r a t i o n .  Because  o f  
s t e a m  l i m i t a t i o n s  imposed by Monongahela Power Company, c e l l  
A i s  n e v e r  o p e r a t e d .  T h i s  c a u s e s  t h e  g a s  f low r a t e  t o  
d e c r e a s e  and  t h e  p r e s s u r e  d r o p  a c r o s s  t h e  d u s t  col lector  a l s o  
d e c r e a s e s ,  t h e r e b y  a f f e c t i n g  t h e  pe r fo rmance  o f  t h e  d u s t  
c o l l e c t u r .  

An i s o l a t i o n  damper was i n s t a l l e d  i n  December 1978 on t h e  
e a s t  s i d e  o f  t h e  . d u s t  c o l l e c t o r ,  b u t  t h i s  was n o t  e f f e c t i v e .  
~ u r i n g  t h e  o u t a g e  o f  May 1980,  a  p o r t i o n  o f  t h e  DC-1 c y c l o n e s  
was p h y s i c a l l y  b l o c k e d  o f f .  ~ x h i b i t  3.35 shows t h e  c y c l o n e s  
which w e r e  b l o c k e d  o f f .  The s e l e c t i o n  o f  c y c l o n e s  t o  b e  
b locked  was d i c t a t e d  by two f a c t o r s :  

The l o c a t i o n  o f  t h e  bed  m a t e r i a l  t r a n s p o r t  v e n t  
l i n e  j u s t  above DC-1 on t h e  n o r t h  s i d e  o f  t h e  
collector.  I t  i s  u n d e s i r a b l e  t o  have  b e d  
m a t e r i a l  accumula te  o v e r  i n a c t i v e  c y c l o n e s  i n  
c a s e  b e d  m a t e r i a l  s h o u l d  e n t e r  t h r o u g h  t h e  v e n t  
l i n e .  

To p r e v e n t  e x c e s s i v e  c e l l  d r a f t  i n  t h e  e v e n t  t h a t  
t h e  e a s t  i s o l a t i o n  damper would b e  c l o s e d .  

During a  f l y a s h  r e i n j e c t i o n  tes t  i n  J u n e  1980,  t h e  d u s t  
c o l l e c t o r ,  DC-1 ,  was r e e v a l u a t e d  ( E x h i b i t  3 . 3 6 )  . T e s t  r e s u l t s  
r e v e a l e d  an  80% c o l l e c t i o n  e f f i c i e n c y .  T h i s  i s  s t i l l  below 
t h e  d e s i g n  s p e c i f i c a t i o n ,  b u t  r e p r e s e n t s  an  i n c r e a s e  o f  
a b o u t  10% from p r e v i o u s  d a t a .  

S t u d i e s  c o n d u c t e d ' o n  t h e  d u s t  c o l l e c t o r  s e r v i n g  D c e l l ,  DC-2, 
r e v e a l e d  some p o s s i b l e  c a u s e s  f o r  i t s  low c o l l e c t i o n  
e f f i c i e n c y .  These  w e r e :  

a I n l e t  l o a d i n g s  a r e  a t  l e a s t  50% g r e a t e r  t h a n  
d e s i g n .  

a C e r t a i n  a r e a s  o f  t h e  c y c l o n e  a r e  b e i n g  o v e r -  
l o a d e d  w i t h  e x c e s s i v e  q u a n t i t i e s  of f l y a s h .  



. . 
The i n l e t  p a r t i c l e  s i z e , : i s  s m a l l e r  t h a n  was . . 
e x p e c t e d  

The p r e l i m i n a r y  d a t a  o b t a i n e d  i n d i c a t e d  t h a t  a 
c e r t a i n  s i z e  b a n d ,  40-60 m i c r o n s ,  h a s  low 
c o l l e c t i o n  e f f i c i e n c y .  T h i s  s i z e  band  i s  a lso  
t h e  m o s t  h e a v i l y  l o a d e d .  

F u r t h e r  s t u d i e s  are b e i n g  c o n d u c t e d  i n  o r d e r ' t o  improve  t h e  d u s t  
co l lec tor  e f f i c i e n c i e s .  . , 

A n o t h e r  f a c t o r  wh ich  would  b e  a f f e c t i n g  d u s t  co l lec tor  per- '  
f o r m a n s e  is t h e  b e d  m a t e r i a l  t r a n s p o r t  s y s t e m .  T h e s e - h a v e  
,been  c o n d u c t e d  a n d  m o d i f i c a t i o n s  made i n  o r d e r  t o  improve  t h e  ' 

s y s t e m .  I t  is  f e l t  t h a t  o n c e  t h e  b e d  m a t e r i a l  t r a n s p o r t  i s  
made more e f f i c i e n t ,  less c a r r y o v e r  w i l l  e n t e r  t h e  d u s t  collector 
t h r o u g h  t h e  v e n t ,  t h e r e b y  i n c r e a s i n g  d u s t  col lector  pe r fo rmance . ' : ;  . . . . 

3 . 5 . 6  ESP P e r f o r m a n c e  

ESP p e r f o r m a n c e  h a s  been  a n  on -go ing  s t u d y  a t  t ' he  ~ i v e s v i l 1 . e  . . . . 

f a c i l i t y  f o r  s e v e r a l  y e a r s .  D u r i n g  t h i s  r e p o r t i n g ' ~ e r i o d , : i n  a n  . . 
e f f o r t  t o  f u l l y  o p t i m i z e  ESP per fo l -mance ;  a v e n d o r ' s  r e p r e s e n -  ,:. 

. . . . . .. 
t a t i v e  h a s  b e e n  on  s i te .  . . .  , . . . ,  

. . , <'.> 
. . . . 

Rased  on t h e  r e s u l t s  o f  p r e v i o u s  s h o r t - t e r m  tests , '  s e v e r a l  ' t .. 
m 1 2 d i f i c a t i o n s  w e r e  made t o  t h e  ESP i n  November : a n d .  December .  ' .  . , . 

, ,  , .  
t o  i.rnprove p e r f o r m a n c e .  T h e s e  m o d i f i c a t i o n s '  w e r e :  ' i . .  . . - . .<, . . . , .  

I n s t a l l a t i o n  o f  s i d e  r a p p e r s .  . . . .  
I n s t a l l a t i o n  o f  s t a i n l e s s  s tee l  e m i t t i n g  wires. . , 

Improvement  o f  e x i s t i n g  w i r e  r a p p e r s . .  

I n  t h e  r e c o n s t r u c t i o n  o f  t h e  ESP a f t e r  t h e  f i r e  o f  A u g u s t ,  1978., ' 

t h e  b o l t s  c o n n e c t i n g  t h e  r a p p e r  arm on  e a c h  w i r e  ' r a p p e r  were 
i m p r o p e r l y  t o r q u e d .  T h i s  error c a u s e d  a g a p  be tween  t h e  s t r ' i k -  . '  

i n g  p l a t e  a n d  r a p p i n g  arm,  t h e r e b y  n o t  a l l o w i n g  a . f u l l  r a p p i n g  " 

f o r c e  t o  b e  t r a n s m i t t e d  t o  t h e  w i r e s .  T h i s  c o u l d  h a v e  r e s u l t e ' d  ' ' 

i n  i m p r o p e r  c l e a n i n g  o f  t h e  w i r e s .  A l l  b o l t s  h a v e .  b e e n :  co r : r e : c t l yL .  
r e i n s t a l l e d  and  s e c u r e d  i n  p l a c e .  

. . . . . . .  . . 

I n  March 1 9 8 0 ,  d u r i n g  t h e  200  h o u r .  comrne.rcia1 r u n ,  T h e ,  ESP 
was c l o s e l y  m o n i t o r e d  f o r  t h e  f i r s t  t i m e  s i n c e  t h e  m o d i f i c a t i o n s  
were made. Two c o m p l e t e  sets o f  i s o k i n e t i c  s a m p l e s ,  o n e ' f r o m  
t h e  ESP i n l e t  a n d  o n e  f rom t h e  s t a c k  d i s c h a r g e ,  . w e r e  
::lade. T e s t  r e s u l t s  are shown i n  E x h i b i t  3.37. "The measu red  . . 
c o l l e c t i o n  e f f i c i e n c y  o f  t h e  ESP w a s  98.8%. T h i s .  p r o d u c e d  ah., '  
c r n i t t i n g  d u s t  l o a d i n g  o f  0 . 8 9 5 .  . l b s  p a r t , i c u l a t e  p e r  106 B t u  

. . . .. 

. . .  
. . 3-20.' .  . . 

. . 



h e a t  i n p u t . . .  T h i s  c o l l e c t i o n  e f f i c i e n c y  i s  s l i g h t l y  less . "  
t h a n  d e s i g n  (98. .  8%. v s  9 9 % ) ' ,  b u t  much improved o v e r  p r e v i o u s  
r e s u l t s  and  w i t h i n  e x p e r i m e n t a l  error. E x h i b i t  3 . 3 8  shows 
a. compar ison o f  d e s i g n  c o n d i t i o n s  and  ESP per fo rmance  r e s u l t s  
before . . a n d  a f t e r  . t h e  .. r e c e n t  m p d i f i c a t i o n s .  

From ~ x h i b i t  . 3 . 3 8  two f a c t s  a r e  e v i d e n t  : 
. - 

. .  . : .  .e Under n e a r l y  i d e n t i c a l .  c o n d i t i o n s  t h e  ESP 
. . c o l l e c t i o n .  e f f i c i e n c y  s i g n i f i c a n t l y  improved 

. a f t e r  I ,  t h e  . . m o d i f i c a t i o n .  
. . . - 1  . . . . T ~ ~ E S P  i s  c u r r e n t l y  o p e r a t i n g  a t  i n l e t  l o a d i n g  

c o n d k t i o n s  t h a t  a r e  s i g n i f i c a n t l y  above d e s i g n .  
. . . I f  t h e  c y c l o n e  c o l l e c t o r s  w e r e  o p e r a t i n g  a t  t h e i r  

d e s i g n  e f f i c i e n c i e s ,  it c o u l d  b e  e x p e c t e d  t h a t  
t h e  ESP c o l l e c t i o n  e f f i c i e n c y  would m e e t  
d e s i g n  s p e c i f i c a t i o n s ,  e v e n  a t  lower t h a n  d e s i g n  

. t e m p e r a t u r e s .  More s t u d i e s  w i l l  b e  r e q u i r e d  t o  
. . i n c l u s i v e l y  e v a l u a t e  t h e s e  effects.  

A l s o ,  d u r i n g ' t h e  200 .houx r u n ,  it was o b s e r v e d  t h a t  c o r o n a  
v o l t a g e s  i n c r e a s e d  a n d  b a c k  c o r o n a  effects t o t a l l y  d i s a p p e a r e d .  
T h i s  i s  a v e r y  f a v o r a b l e  s i g n  c o n c e r n i n g  ESP per fo rmance .  

Dur ing o p e r a t i o n a l  r u n s  a f t e r  t h e  200 h o u r  r u n ,  it was o b s e r v e d  
t h a t  c o r o n a  v o l t a g e s  w e r e  low d u r i n g  p e r i o d s  o f  s t a r t - u p  
and cel l  t r a n s f e r .  I t  was t h o u g h t  t h a t  t h i s  s i t u a t i o n  was 
c a u s e d  by u n e q u a l  t h e r m a l  e x o a n s i o n  c a u s e d  by t h e  r a p i d  
change of t e m p e r a t u r e s  o c c u r r i n g  d u r i n g  s t a r t  up 
and ce l l  t r a n s f e r .  I n  o r d e r  t o  s t u d y  t h i s  s i t u a t i o n  a  series 
o f  s i x  ( 6 )  the rmocouples  was i n s t a l l e d  on t h e  s k i n  o f  t h e  ESP 
a i o n g  t h e  n o r t h  and s o u t h  s i d e s .  A l s o ,  d i s t a n c e  measurements  
of t h e  ESP were o b t a i n e d  d u r i n g  s t a r t  up and ce l l  t r a n s f e r .  
T e s t  r e s u l t s  showed h i g h e r  t e m p e r a t u r e s  on  t h e  n o r t h  s i d e  
t h a n  on t h e  s o u t h ,  and  g r e a t e r  e x p a n s i o n  on t h e  n o r t h  s i d e  
t h a n  t h e  s o u t h  s i d e .  T h i s  c o r r e s p o n d s  w i t h  ESP i n l e t  d a t a  
showing h i g h e r  f l o w r a t e s  and t e m p e r a t u r e s  on  t h e  n o r t h  s i d e .  

A s  a p o s s i b l e  s o l u t i o n ,  it was t h o u g h t  t h a t  removal  o f  t h e  
an t i - sway  i n s u l a t o r s  woul2  a l l o w  t h e  e m i t t i n g  wires t o  grow 
w i t h o u t  s h o r t i n g  o u t  t h e  c o n t r o l  c a b i n e t .  I n  J u n e  1980,  
t h e  ant i -sway i n s u l a t o r s  w e r e  removed f rom t h e  "A" ( i n l e t )  ' 

s e c t i o n  o f  t h e  ESP. T h i s  p roved  t o  b e  u n s u c c e s s f u l  a s  t h e  
e m i t t i n g  w i r e s  began to, sway and  s h o r t  o u t  t h e  c o n t r o l  c a b i n e t .  
ESP. , c o l l e c t , i o n  . e f f i c i e n c y  dropped c o n s i , d e r a b l y  . A Z t e r  the 
run  -wa's f i n i s h e d ,  t h e  . a n t i - s w a y  ' b a r s  w e r e  r e i n s t a l l e d .  

I t  a p ~ e a r s ,  t h a t  d u r i n g -  l o n g  term o p e r a t i o n  t h e  ESP can ;rr.:hicve 
approkima ' te ly .  d e s i g n  c o l l e c t i o n  e , f f  i c i e n c y .  However, d u r i n g  , 

s t f a r t  up p e r i o d s  c o l l e c t i o n  e f f i c i e n c y  d e t e r i o r a t e s  due i:.o 
i;l>even t h e r m a l  e x p a n s i o n .  F u r t h e r  t e s t i n g  needs t o  b e  con4nc ted  
to f i n d  p o s s i b l e . s o l u t i o n s ' .  The p r a c t i c e  c u r r e n t l y  a p p l i e d  
i s  t o  allow.: t h e  ESP t o  . h e a t  up f o r  2 4  h o u r s  b e f o r e  a t t e m p t i n g  
two . . and t h r e e  c e l l ,  o p e r a t , i o n .  



3.5.7 F l y a s h  R e i n j e c t i o n  T e s t i n g  

During t h e  r e p o r t i n g  p e r i o d ,  t h e  m a j o r i t y  o f  f l y a s h  r e i n j e c t i o n  
t e s t i n g  was s p e n t  i n  m o d i f y i n g  t h e  r e i n j e c t i o n  sys tem.  
The f l y a s h  r e i n j e c t i o n  s y s t e m ,  E x h i b i t  3.39, r e c e i v e d  f l y a s h  
from t h e  t w o  h o p p e r s  of DC-1, t h r o u g h  a v a r i a b l e  s p e e d  
r o t a r y  f e e d e r  and  t h e n  i n t o  a s c r e w  f e e d e r  where  it w a s  
p n e u m a t i c a l l y  t r a n s p o r t e d  t o  t h e  boiler.  T h i s  s y s t e m  h a d  
numerous o p e r a t i o n a l  a n d  d e s i g n  p rob lems ,  some o f  which w e r e :  

Improper  n o z z l e  d e s i g n  
' ~ x c e s s i v e  wear  on  s h a f t  b e a r i n g s  

Jamming up o f  t h e  s c r e w  f e e d e r  

  he problems w e r e  s o l v e d  and  i n  September  1979 t h e s y s t & r n  was 
t r i e d  and worked f o r  a  p e r i o d  o f  t w o  h o u r s .  ~ 5 e  s y s t e m  had  
t o  be s h u t  down due  t o  h i g h  h o p p e r  l e v e l s  i n  DC-1. F u r t h e r  
i n v e s t i g a t i o n  r e v e a l e d  t h a t  t h e  r o t a r y  v a l v e  was n o t  f e e d i n g  
enough t o  k e e p  t h e  h o p p e r s  empty. T h i s  prompted f u r t h e r  s t u d y  
of t h e  s y s t e m .  The r e s u l t s  o f  t h i s  s t u d y  showed t h a t  t h e  
f l y a s h  r e i n j e c t i o n  sys tem,  a s  b u i l t ,  would n o t  h a n d l e  t h e  
f u l l  amount o f  f l y a s h  c o l l e c t e d  i n  DC-1. 

I n  l a t e  March 1980,  a  r e d e s i g n e d  f l y a s h  r e i n j e c t i o n  s y s t e m ,  
E x h i b i t  3 .40 ,  was i n s t a l l e d  and t e s t e d .  T h i s  s y s t e m  
i n v o l v e d  d i v e r t i n g  t h e  a s h  s i l o  l i n e  i n t o  t h e  f l y a s h  r e i n j e c t i o n  
l i n e ,  t o t a l l y  b y p a s s i n g  t h e  s c r e w  f e e d e r .  T h i s  s y s t e m  was 
found t o  b e  able t o  t r a n s p o r t  s u f f i c i e n t  q u a n t i t i e s  o f  f l y a s h  
t o  keep D C - 1 ' s  h o p p e r s  c l e a r .  

With t h e  s y s t e m  now o p e r a t i n g ,  a  new problem a r o s e  w i t h  DC-2. 
I t  seems t h a t  w i t h  f l y a s h  r e i n j e c t i o n  i n  s e r v i c e ,  t h e  
f l y a s h  h a n d l i n g  s y s t e m  s e r v i n g  . b o t h  t h e  DC-2 and t h e  ESP 
hoppers  c o u l d  n o t  k e e p  t h e  DC-2 h o p p e r , e m p t y .  T h i s  was 
b e c a u s e  t h e  s y s t e m  a l t e r n a t e d  between DC-2 and t h e  ESP hoppers .  
I f  t h e  s y s t e m  w a s  on  DC-2, t h e  ESP h o p p e r s  would f i l l  up ,  and 
v i c e  v e r s a .  To s o l v e  t h i s  problem a  m o d i f i c a t i o n  was i n i t i a t e d  
t o  p u t  DC-2 and t h e  ESP h o p p e r s  on  s e p a r a t e  removal  sys tems .  
T h i s  s y s t e m  is s c h e d u l e d  t o  b e  c o m p l e t e l y  i n s t a l l e d  by t h e  
end  o f  t h e  1980 summer. 

' 
I n i t i a l  f l y a s h  r e i n j e c t i o n  t e s t i n g  on t h e  new f e e d  s y s t e m  was 
performed i n  J u n e  1980. The c o n d i t i o n s  i n  D c e l l  p r i o r  t o  
r e i n j e c t i o n  w e r e  : 

1 5 5 0 ~ ~  b e d  t e m p e r a t u r e  
26"  s t a t i c  bed  h e i g h t  
9 . 0  f p s  s u p e r f i c i a l  v e l o c i t y  

0 Bed t c i n p e r a t u r e  was t h e n  i n c r e a s e d  t o  1880 F ,  u s i n g  c o a l .  
i71yash. r e i n j e c t i o n  began s h o r t l y  a f t e r w a r d  w i t h  bed temp-. I r a t u r e  
~:l.imbj.ng t o  2 0 0 0 ~ ~ .  A t  t h e  same t i m e ,  t h e  bed  h e i g h t  began 
t o  d r o p  o f f  r a p i d l y ,  due t o  b e d  e l u t r i a t i o n  a t  h i g h  t c - ~ p e r a t u r e s .  
C o n d i t i o n s  f i n a l l y  s t a b i l i z e d  o u t  a t  20" s t a t i c  bed  d e p t h ,  
1980 F b e d  t e m p e r a t u r e ,  9 .5  f p s  s u p e r f i c i a l  v e l o c i t y  and 4 %  f l u e  



g a s  oxygen. Coa l  f e e d  was b a c k e d  o f f ,  f rom 4000 L D / I A A  ,- 
1970 l b / h r ,  t o  main ta3n  b e d  t e m p e r a t u r e .  A f t e r  s e v e r a l  h o u r s  
o f  s t e a d y  o p e r a t i o n  samples  o f  DC-1 E a s t  and West l o c k  h o p p e r s  
were t a k e n  t o  examine t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  f l y a s h  
b e i n g  r e i n j e c t e d  t o  .D-cell. A similar  sample  was t a k e n  from 
t h e  DC-2.lock h o p p e r  and a n  i d e n t i c a l  a n a l y s i s  pe r fo rmed  t o  
examine t h e  c o m p o s i t i o n  -of f l y a s h  l e a v i n g  D - c e l l .  The carbon-  
hydrogen c o n t e n t  o f  t h e  c o m p o s i t e  f l y a s h  sample  and o f  t h e  
v a r i o u s  p a r t i c l e  s i z e  c u t s  was d e t e r m i n e d .  These  r e s u l t s .  
a r e  shown i n  E x h i b i t  3 .41  i n  t a b u l a r  f o r m  and g r a p h i c a l l y  i n  
E x h i b i t  3.42. The 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  found were 
t y p i c a l  o f  e a r l i e r  s t u d i e s  a n d  o f  A l e x a n d r i a  PDU s t u d i e s .  
I t  i s  e v i d e n t  t h a t  t h e  -50 +. 120 mesh s i z e  (213)  c o n t a i n s  b o t h  
most o f  t h e  f l y a s h  and unburned c a r b o n  e n t e r i n g  and. ' l . eaving t h e  
CBC . 
E x h i b i t . 3 . 4 2  shows c a r b o n  burn-up as"a f u n c t i o n  o f  f l y a s h  
p a r t i c l e  s i z e .  There  i s  a. r e l a t i v e l y  l a r g e  amount of burn-up 
i n  t h e  p a r t i c l e s  below 200 mic rons . '  I n  o r d e r  f o r  a  p a r t i c l e  
t o  b u r n  o u t ,  i t s  burn-up t i m e  must  b e  less t h a n  i t s  r e s i d e n c e  . 

t i m e  i n  t h e  combust ion  zone.  I t  i s  p o s s i b l e  t h a t  . f o r  
p a r t i c l e s  below 200  m i c r o n s ,  t h e i r  b u r n - o u t  t i m e  i s  less t h a n :  
t h e  r e s i d e n c e  t i m e  i n  t h e  CBC. ? a r t i c l e s  o v e r  . ' 

300 m i c r o n s ,  which e l u t r i a t e ,  t e n d  t o  h a v e  l o n g  h o t  g a s  
r e s i d e n c e  t i m e  i n  t h e  f r e e b o a r d  s i n c e  t h e  S t o k e s '  Law s e t t i n g  
v e l o c i t y  a p p r o x i m a t e s  t h e  s u p e , r f i c i a l  v e l o c i t y .  T h e r e f o r e ,  
t h e s e  p a r t i c l e s  t e n d  t o  b u r n  m o r e  c o m p l e t e l y .  

A s  p a r t  o f  t h e  d a t a  c o l l e c t e d  d u r i n g  t h i s  r u n ,  f o u r  . ' 

i s o k i n e t i c  samples  were t a k e n :  DC-1 i n l e t ,  DC-2 i n l e t ,  
DC-2 o u t l e t  and ESP t n l e t . '  A mass b a l a n c e  was t h e n  pe r fo rmed  
a round  t h e  u n i t .  The mass b a l a n c e  i s  shown i n  E x h i b i t  3.43. 
T h e  r e s u l t s  o f  t h i s  mass b a l a n c e  y i e l d e d  .an 83.790 c a r b o n  
burn-up i n  D ce'll. 

Based on r e s u l t s  from a n  ' in-bed h e a t  b a l a n c e  coniputer program, 
it was d e t e r m i n e d  t h a t  t h e  f r a c t i o n  o f  in -bed  b u r n i n g  w a s  
less t h a n  80%.  S i n c e  combust ion  o c c u r s  b o t h  i n  t h e ' b e d  and, 
i n  t h e  f reeboa ' rd  r e g i o n ,  t h e  amount o f  i n - b e d . b u r n i n g  w i l l ,  . 

r e d u c e  t h e  amount o f  c o a l  r e q u i r e d  t o  m a i n t a i n  bed t e m p e r a t u r e .  

I t  i s  b e l i e v e d  t h a t  combust ion  e f f i c i e n c i e s  can  b e  . 
i n c r e a s e d  by i n c r e a s i n g  th 'e  f e s i s t e n c e  t i m e  o f  f l y a s h  p a r t i c l e s  
i n  t h e  bed.  T h i s  may b e  a c c o m p l i s h e d  by o p e r a t i n g  a t  r educed  
s u p e r f i c i a l  v e l o c i t i e s  and /o r  much d e e p e r  b e d s .  I d e a l l y ,  
h i g h  bed t e m p e r a t u r e s  s h o u l d  be m a i n t a i n e d ,  b u t  . t h i s  p r e s e n t s  
two problems:  

Bed e l u t r i a t i o n  which r e s u l t s  i n  s h a l l o w  b e d s .  
'o Decay of s u l f u r  c a p t u r e  e f f e c t i v e n e s s .  

F u r t h e r  t e s t i n g  o f  f l y a s h  r e i n j e c t i o n  i s  p l a n n e d  a t  v a r i o u s  
bed h e i g h t s ,  bed  t e m p e r a t u r e s ,  and  s u p e r f i c i a l  v e l o c i t i e s  i n  
o r d e r  t o  d e t e r m i n e  t h e  o p t i m w ,  o p e r a t i n g  c o n d i t i o n s  f o r  b o t h  
combust ion and s u l f u r  c a p t u r e .  



3 . 5 . 8  Load F o l l o w i n g  T e s t s  

I n  A p r i l  1980,  l o a d  f o l l o w i n g  s i m u l a t i o n  te,sts w e r e  c o n d u c t e d  
w h i l e  t h e  MFB was in three-cell o p e r a t i o n .  I n  o r d e r  t o  a v o i d  
c r e a t i n g  a n  u p s e t  c o n d i t i o n  d u r i n g  t u r b i n e  o p e r a t i o n ,  s t e a m  
was v e n t e d  t o  a tmosphere .  Data  was o b t a i n e d  a t  v a r i o u s  s t e a d y  
s t a t e  c o n d i t i o n s ,  a t  v a r i o u s  l o a d  l e v e l s .  

A f t e r  d a t a  was c o l l e c t e d  a t  i n i t i a l  s t e a d y  s t a t e  c o n d i t i o n s ,  
a i r  f l o w  and  c o a l  f e e d  w e r e  q u i c k l y  i n c r e a s e d  t o  d e t e r m i n e  t h e  
maximum l o a d  r e s p o n s e  r a t e  o f  t h e  MFB.; Maximum l a o d  change 
t y p i c a l  d a t a  i s  shown i n  E x h i b i t  3 . 4 4 .  I n  t e r m s  o f  f u l l  l o a d  
c h a n g e s ,  t h i s  c o r r e s p o n d s  t o  a n  a v e r a g e  o f  7.8% o f  l o a d  p e r  
m i n u t e .  The t u b e  b u n d l e s  are d e s i g n e d  s u c h  t a h t  l o a d s  i n  B 
and  C - c e l l s  c a n  b e  changed a t  c o n s t a n t  t e m p e r a t u r e  and e x c e s s  0 
w i t h  no changes  i n  bed  mass w i t h  s t a t i c  bed d e p t h s  o f  a b o u t  2 

18  i n c h e s .  F u r t h e r m o r e ,  t h e  p r e s s u r e  d r o p  v e r s u s  a i r  f l o w  
r e l a t i o n s h i p  of  t h e  d r i l l e d  b o l t  a i r  d i s t r i b u t o r  a l l o w s  
g r e a t e r  turndown t h a n  a n t i c i p a t e d .  With p r o p e r  l i m e s t o n e  
s i z e  s e l e c t i o n ,  t h e  PlFB c a n  b e  o p e r a t e d  w i t h  a  3:l r a t i o  
( 4  t o  1 2  f t / s e c )  w i t h o u t  e x c e e d i n g  d e s i g n  g r i d p l a t e  d i f f e r e n t i a l s  
i n  ce l l  o p e r a t i o n .  
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EXHIBIT 3.,31 

C North Fuller-Kinyon System Test Results ' - . :  

r 
80% Wt Setting 

. . 

Point 

No. 

1 

2 

3 - 
4 
-- 

... . .* .. . . . . 
,,-: . .. .5, . , . .  

. ,  . . c.*. - . . .,&. . , 
I : r  

; .  6 

~ o t a l  Wt, Ibs. 
, .. :... , . 

. . 
. . :  , 

A v e r a g e  Wt,lbs. 
+ 

We.i gh t 
Collected 
l b s .  

239 

244 

231 5 -- 
.2 2 8 _ _ _ _ _ _  

. . 

225.5 
_ _ - . . - -  

278 

. . -  . . 

40% Wt Setting , 

% of 
Total 
Flow. 

16 

17 -- 

.16.-- 
15 

._-.-.- - 
17 __ _---- 
19 . - 

Weight 
Collected 
lbs. 

97.5 

110.5 

101.5 

98.0: 
-- 

107.0 

120,2 

1476..0 ' 

. 246.0 . - 

% o f  ,, 

Total 
Flow .. . 

- 4 .  

1s 

17 

16 

15 -- 
. 17 

.- -- 

19 

635.0 

. . 
. . . 

'105.8 



C S o u t h  F u l l e r - K i n y o n  Sys.tem T e s t  R e s u l t s  

. . 

P o i n t + ,  
No. 

8 0 %  W t  S e t t i n g  

/ r o t a 1  W t . ,  l b s .  

]I\vg. X t . ,  l b ~ .  

C o l l e c t e d  
l b s .  . , 

40% W t  S e t t i n g  

567.5 

94.6 

I\'e i g h t  
C o l l e c t e d  
l b s .  

-- 

60% W t . S e t t i n g  , 

948 .5  

158'. 1 

% o f  
T o t a l  
Flow 

Weight  
C o l l e c t e d  
l b s .  

. % o f  
T o t a l '  
Flow 



S i z e  A n a l y s i s .  o f  C o a l  D i s c h a r g i n g  F u l l e r  S y s t e m  ' 

. - 
* A v e r a g e  : o f  i'ul l c r - K i n y o n  d i s c h a r g e  s i z e s  
* *  A v e r a g e  01 F u l l e r - K i n y o n  d i s c h a r g e  d i s r e g a r d i n g  t h e  s o u t h  s ide ' rdue  t o  p o s s i b l e '  

s : ~ m p l e  con tam in:^ ti011 . I., 
* * *  Average o f  a i l  1 : u l l e r - K i n y o n  d i s c h a r g e s  

, 

r 

i 
}Coal * 

Mean D i s c h a r g e  
o f  F u l l e r  S y s t e m  

MN** 

W / O  S  

0 . 2 5 %  

2 3 . 8 0 %  

2 7 . 0 0 %  

1 8 . 7 5 %  

2 . 0 5 %  

6 . 3 0 %  

21 .9% 

1 4 0 2 . 1  

'Coal  D i s c h a r g i n g  F u l l e r   system E n t e r i n ) ;  
S y s t e m  

N 

C o a l  

0 . 5 %  

4 3 . 7 %  

- 1 / 4 + 5  

- 5 + 1 0  

- 1 0 + 1 2  

- 1 2 + 2 0  E- 
- 2 0  
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W / S '  

0,32% . 
1 9 . 3 0 %  

2 4 . 0 6 % ,  

1 8 . 9 6 %  

2.10.% ...* 

6 . 3 0 %  

2 9 . 0 2 %  

1 1 7 9 . 0 2  

i' 
I 
I 
j 
I 
i 
I 

N 

8  0  % 

. 2 %  

2 0 . 7 %  

S c r e e n  S i z e  
I. 

+ 1 / 2  - 

s 
4 0 %  

0  % 
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2 6 . 3 %  

19,0.% 

2 . 0 %  

6 . 6 %  

2 5 . 2 %  

1 2 5 2 . 5  

s 
8 0 %  

0 . 6 %  

1 6 . 2 %  

s 
6 0 %  

0 . 5 5  

1 7 . 9 %  

N 

4 0 %  

0  i 3 %  

. 2 6 . 9 %  

1 8 . 5 %  

1 4 . 8 %  

1 . 7 %  

, 5 . 4 %  

4 2 . 8 %  

8 5 2 . 0  

25 .7% 

2 1 . 1 %  

2 . 0 %  

5 . 3 %  

27 .6% 

d 1 7 8 . 5  

3 1 . 6 %  

1 2 . 6 %  

1 . 2 %  

0 . 4 %  

6 . 8 %  

,2886.4 

2 7 . 7 %  

1 ' 8 . 5 %  

2 . 1 %  

6 . 0 %  

1 8 . 6 %  

1 5 5 1 . 7  

- 2 2 . 1 %  

2 1 . 4 0 %  

2 . 7 %  

- 8 . 2 %  

3 0 . 9 %  

1 0 6 0 . 4  



E X H I B I T  3 . 3 4  

Oust Collector Design Conditions and Test Conditidns 

r- 

i ~ e s i g n  Conditions I 5-1-79 I 5-3-79 P 

DC-1 

flow,acfm 

&,"wc 
calc/\P -- 
I eff. 

180,000 

3.6 
- 
95 

DC-2 

111,352 

2.5 

1.5 

55.8 

flow,acfm -- 

&', "IJC ------ 
% eff. 

136,457 

2.8 
2.25 

77.7 

19,800 -__-___ 
- 3.4 

95 

28,787 
---- -- 

5.0 
86.2 

4 

- 27,584 

---- -- 
74.4 



Modification of DC-1 Cyclones E X H I B I T  3.35 
Top View 

Side Yiew 

PC-] O u t l e t  
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ESP Performance Results ,  200 hr Run 

' : E S P  I n l e t  
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EXHIB IT  3.38 

ESP Design Conditions vs Actual Conditions 

ESP Inlet 

 low', acfm 
Particulate :. e.r/ac.fm 

Particulate : lb/hr 

remperature 
t 

< . r .  . . ,  . .  . . . .  ~ . .  
" ESP Outlet 

. . 

Design 
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700  

. . 
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Particulate: lb/hr 
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Particulate: - lb/10 BTU 6 
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Average 
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87.8 

Average 

> l a r c h  3980  -- 
154 000  2- ---- 

0.020 
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1 , 2 5'2' 

'606 
J 

i 



i:;:,.asii i!.eil\, e .c t io i \ ,  . r.ew Feeder System . . 
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Mass Balance F0r.F.A.R. = .  System, 6/19/80 . . 
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The New York 0 f i i c e  des ign  and e n g i n e e r i n g  s t a f f  h a s  been 
engaged i n  v a r i o u s  t a s k s  i n . s u p p o r t  o f  t h e  o v e r a l l  grogram and 
t h e  R i v e s v i l l e  1WB P l a n t  Ope ra t ions .  These t a s k s  i n c l u d e  
s t u d i e s  and  e v a l u a t i o n s  o f  sys tems  and equipment and modif ica-  
t i o n s . t o  t h e  MF'B p l a n t  t o  improve performance and i n c r e a s e  
r e l i a b i l i t y  based  on e x p e r i e n c e  ga ined  from o p e r a t i o n .  
A b r i e f  d e s c r i p t i o n  o f  t h e i r  a c t i v i t i e s  d u r i n g  t h i s  p e r i o d  
fo l lows  :' 

. . 

4.2 Baghouse ~ i l t e r  ' E v a l u a t i o n  
. . 

A k - e v a l u a t i o n  was.  conducted f o r  a fabric f i l t e r  (baghouse) t o  
augment t h e , e l e c t r o s t a t i c  f i l t e r  a t  t h e  R i v e s v i l l e  MFB. 
P r o p o s a l s .  f r o m ,  S t anda rd  Haven, Combustion Engineer ing  and Zurn 
~ n d u s t r i e s  were r e v i e w e d . t o g e t h e r  w i t h  a s t u d y  o f  t h e  impact  
on a d d i t i o n a l  s t r u c t u r a l  work r e q u i r e d  t o  accommodate t h e  
o f f e r e d  baghouses . F i n a l  recommendations w e r e  p r e s e n t e d  t o  
DOE based  on reviews conducted by PER-NY and S tone  and 
Webster. 

4.3 B o i l e r  C i r c u l a t i n g  Pumps 
. . . . 

Due . t o  t h e  basement l o c a t i o n  o f  . t h e  boiler  c i r c u l a t i n g  pumps, 
t h e r e  h a s  been c o n s i d e r a b l e  d i f f i c u l t y  i n  removing and 
s e r i d c i n g  t h e  pumps. During a t r i p  t o  t h e  s i t e  t o  a l l e v i a t e  
t h s s  cond i t%on ,  s k e t c h e s  were p repa red  f o r  a s t r u c t u r a l  ' .  
fyamework. t h a t  would s e r v e  t o  f a c i l i t a t e  removal and replacement  
f o r  e a s e  o f  maintenance.  

4 . 4  F lyash  Removal System . . .  
, .I . . . . . .  

S t u d i e s  ' i n t o .  t h e  u s e  o f  a vacuum sys tem f o r  f l y a s h  t r a n s p o r t  
i i ~ d i c a t e d  t h a t  . a . n e g a t i v e  p r e s s u r e  o f  -15" Hg was needed f o r  
t h e  system t o  f u n c t i o n  p r o p e r l y .  An e v a l u a t i o n  was cond.uc,ted 
and - s k e t c h e s  of t h e  n e c e s s a r y  m o d i f i c a t i o n s  t o  t h e  ash s i l o  
were s e n t  t o .  R i v e s v i l l e  Ope ra t ions  f o r  implementat ion.  I n  
a d d i t i o n ,  t h e .  u se  o f  .a  vacuum t r a n s p o r t  sys tem f o r  bed m a t e r i a l  
w.as i n v e s t i g a t e d  a long  w i t h , u t i l i z i n g  e x i s t i n g  No. 4 Oust 
Collector.. . upon i n v e s t i g a t i o n  o f  t h e  s t r u c t u r a l  m o d i f i c a t i o n s  
r e q u i r e d  . t o  w i t h s t a n d  . t h e  -15" Hg p r e s s u r e ,  t h i s ,  i n fo rma t ion  
w a s :  . . . r e l e a s e d  . . , . . . . .  to- . p i v e s v i l l e  Ope ra t ions .  

. . .  . . . . . . . . . . .  . " .  . 

4.5' . . : . ~ l d x a n d r i a  . . . .  AS^ s i l o  s u p p o r t  
. . . . . .  . . . . . . .  

in. order t b  f a c i l i t a t e  : l o a d i n g  o f  c o l l e c t e d  m a t e r i a l ,  t h e  ash 
S : ~ ~ ' O  ~ s ~ t r u c ~ u r a 1 , " s u p p d r t  sys tem d e s i g n  'was modif ied t o  r a i s e  
i't'. :buff i c iknt l 'y  . tp p e r m i t  a truo1c"back-up ul lder .  t h e  s i l o .  
, ' . , . . .  . . .  . . . . 



4.6 A l t e r n a t e  C o a l  Feed  Sys tem f o r  C C e l l  

Design d rawings  f o r  t h e  Fu l l e r -Kinyon  coal f e e d  sys tem1 
a u t h o r i z e d  f o r  i n s t a l l a t i o n  i n  C e l l  C  o n  a  t r i a l  b a s i s  by  t h e  
DOE, w e r e  p r e p a r e d  and  rev iewed  by t h e  Fu l l e r -Kinyon  Company. 
The s y s t e m  u t i l i z e s  compressed a i r  t o  impinge  on t h e  f u e l  and 
l i m e s t o n e  p a r t i c l e s  a n d  f o r c e s  them t h r o u g h  a s p l i t t e r  and 
f e e d  t u b e s  i n t o  t h e  b o i l e r  bed .  Approved d rawings  f o r  
i n s t a l l a t i o n  w e r e  f u r n i s h e d  t o  R i v e s v i l l e  O p e r a t i o n s .  An 
upda ted  d rawing  o f  t h e  s p l i t t e r  a s sembly  w a s  r e c e i v e d  and 
reviewed.  C o n t r o l  c i r c u i t  d e s i g n  s k e t c h e s  f o r  t h e  F u l l e r  
equipment  w e r e  a l s o  reviewed.  The d e s i g n  w a s  b a s e d  on  manual 

1 

s t a r t i n g  and  s t o p p i n g  o f  t h e  v a r i o u s  components from i n d i v i d u a l  1 
push b u t t o n s  w i t h  i n t e r l o c k s  p r o v i d e d  t o  p r e v e n t  o p e r a t i o n  o u t  
of sequence .  P r i n t s  of t h e  Dracco Model BC a i r  f i l t e r  w e r e  I 
rev iewed  a l o n g  w i t h  a copy o f  t h e  i n s t a l l a t i o n ,  o p e r a t i o n  
and main tenance  manual .  

4 .7  Update o f  " A s  B u i l t "  Drawings 
I 

Upda t ing  o f  d e s i g n  a n a l y s i s  :and d rawing  r e v i s i o n s  c o n t i n u e d ,  
t o  reflect  "as b u i l t "  c o n d i t i o n s .  A s t r u c t u r a l  d e s i g n  check 1 
was comple ted  f o r  t h e  l a b o r a t o r y  s e c o n d  f l o o r  s l a b , .  as r e q u e s t e d  
by ~ i v e s v i l l e  O p e r a t i o n s ,  t o  d e t e r m i n e  t h e  s t r u c t u r a l  
adequacy of s t o r i n g :  t h i r t y .  (30)  ' g a s  . b o t t l e s  ' (100 l b  e a c h )  on 
t h e  n o r t h w e s t  co rne , r  of. t h e  c e n t e r  room. . 

4 . 8  Fu l l e r -Kinyon  Expansion J o i n t s  . . 

N i t h  r e g a r d  t o  t h e  ~ u l l e r ~ ~ i n ~ o n ' c o a l  i n j e c t i o n  sys tem,  
I 

i n v e s t i g a t e d  t h e  need f o r . e x p a n s i o n  j o i n t s  on t h e  v e r t i c a l  
. run t o  accommodate downward. therma1 e x p a n s i o n  o f  t h e  b o i l e r .  
Checked t h e  magni tude  o f  bo i l e r  movement and t h e  f e e d  p i p i n g  
from t h e  s p l i t t e r  t o  t h e  n e e d l e s  and conc luded  t h a t  t h e  s y s t e m  
d o e s  n o t  r e q u i r e  e x p a n s i o n  j o i n t s .  



SUBCONTRACTOR ACTIVITIES 

5 . 1  Genera l  
. . 

I n  s u p p o r t  .of  development ,  o p e r a t i o n '  and  improve&nts'. t o  t h e  
. R i v e s v i l l e  MFB u n i t ,  t h e  e x p e r t i s e  of s e v e r a l  ma jo r  o r g a n i z a t i o n s  
.. w e r e  s u b c o n t r a c t e d .  The more.  s i g n i f i c a n t  s u b c o n t r a c t s  d i l r ing  :, 

t h . i s  r e p o r t i n g  p e r i o d  w e r e  w i t h  F o s t e r  'whee le r  Energy Corpora-  
t i o n  (F'WEC) and  S t o n e  and  ~ e b s ' t e r  E n g i n e e r i n g  C o r p o r a t i o n  . . : 
(S&W). A b r i e f  d e s c r i p t i o n  o f  t h e i r  a c t i v i t i e s  'follows:. 

5 .2  F o s t e r  Wheeler  Energy C o r p o r a t i o n  

FWEC c o n t i n u e d  t o  p r o v i d e  s u b c o n t r a c t  s e r v i c e s  i n  s u p p o r t  
o f  o p e r a t i o n  and  improvement i n  pe r fo rmance  and r e l i a b i l i t y  
o f  t h e  R i v e s v i l l e  MFB u n i t , ' u n t i l  t h e  e a r l y  p a r t  o f  1980. 
During t h i s  r e p o r t i n g  p e r i o d ,  f i n a l  d e s i g n  and d e t a i l i n g  o f  
t h e  a i r  d i s t r i b u t o r s  for  cells  C and B w e r e  comple ted .  The  
a i r  d i s t r i b u t o r  u n i t s  w e r e  d e l i v e r e d  and  i n s t a l l e d  a t  t h e  
R i v e s v i l l e  u n i t .  E n g i n e e r i n g  e v a l u a t i o n  o f  f u l l  l o a d  and p a r t  
l o a d  pe r fo rmance  of t h e  R i v e s v i l l e  MFB steam g e n e r a t o r  w e r e  
conducted .  

. , 

5.2.1: Phase  IX-Sys.tems E v a l u a t i o n  

During t h i s  r e p o r t i n g  p e r i o d  d a t a  on b o i l e r  c i r c u l a t i o ' n '  
was t a k e n  d u r i n g  C and  D ce l l  o p e r a t i o n .  Based on t h e  
o p e r a t i n g  c o n d i t i o n s  and c a l c u l a t e d  r e s u l t s ,  it was d e t e r m i n e d  
. t h a t  t h e  u n i t  c i r c u l a t i o n  was e x p e c t e d  and  a g r e e d  c l o s e l y  
w i t h  t h e  d e s i g n  mass f l o w  ' r e q u i r e m e n t s .  . . ,  

5.3  S t o n e  and Webs te r  E n g i n e e r i n g  C o r p o r a t i o n  

S t o n e  and Webs te r  a c t i v i t i e s  f o r  t h e  t w e l v e  month p e r i o d ,  
J u l y  1979 t h r o u g h  Zune 1980 ,  c o n c e n t r a t e d  on p r o v i d i n g  
h e a d q u a r t e r s  and o n - s i t e  e n g i n e e r i n g  and d e s i g n  suppo. r t  t o  
PER f o r  t h e  t e s t i n g  program,  o p e r a t i o n s  and s p e c i f i e d  i n v e s t i -  
g a t i o n s .  Through t h e  t w e l v e  months S&W was p r i m a r i l y  concerned  
w i t h  o p e r a t i o n a l  problems and s y s t e m  per fo rmance  improvements.  
S6W a s s i s t e d  PER i n  t h e  d e s i g n  and t e s t i n g  o f  t h e  many s y s t e m  
m o d i f i c a t i o n s  and new s y s t e m s .  

A t  t h e  e n d  o f  t h i s  r e p o r t i n g  p e r i o d ,  r e p o r t s  have  been p r e p a r e d  
and s u b m i t t e d  t o  PER on t h e  A u x i l i a r y  Steam System . O p e r a t i o n ,  
DC-1 P l o d i f i c a t i o n ,  F l y a s h  R e i n j e c t i o n ,  T-42 M o d i f i c a t i o n ,  
Educ to r  Blower T e s t ,  U l t r a s o n i c  T e s t s  per formed on t h e  F u l l e r -  
K.inyon System and t h e  "B" and "C" c e l l  w a t e r w a l l  t u b e s  
and F l y a s h  R e c i r c u l a t i o n  t o  t h e  Main Beds.  P a r t i c u l a r ' a t t e n t i o n  
was s u p p l i e d  t o  PER f o r  t h e  p u r c h a s e  and i n s t a l l a t i o n  o f  t h e  
F lyash  ~ e i n j e c t i o n  Sys tem,  t h e  Fu l l e r -Kinyon  System, and t h e  
E d u c t o r  Feed System. 



5.3.1 Specific ~eadquarter Activities 

The following Engineering/Design Reports were completed during 
the period: 

EDR-05 "Comments on Buell Report" 
"Electrostatic Precipitator Opkration" 

EDR-0 8 "Vibrating Feeder/Belt Feeder ~uxiliary 
Air" 
"Flyash Reinjection Equipment Manufac- 
turer Recommendation'' 
"Belt ~eeder/Bin Air Leakage" 

"Atmospheric Vent Valve" 
"Turbine Bypass System" 
"Ash Cooler ~rans~ort 'Ejectors" 
"Bed Material Storage Tank Transport 
Ejectors" 

EDR-13 "23" Slide. Gate for Bed Letdown DWG. No. 
BM-12E-1" 

5.3.2 Specifications 

EDR-10-14 Atmospheric Vent Valve 

5.3.3 specif id Activities 

The following Field Reports were completed during the period: 

FR-39 MPC Boiler Feed Pump # 7  Damage 

FR-40 FAR Utilizing .DV-1 Lockhoppers 

FR-41 Sunstrand Eductor Blowers 

Instruinent Air System.Review 

Seal Water Cooling Direct from FBP 

Auxiliary Steam System Operation 

Precipitator and Boiler Thermal Growth 

Fuller-Kinyon system 

Chemistry Training 

DC-1 Modificat.ion to Cyclones 

FR-49 . Flyash Reinjection 





6.0 ~ i v e s v i l l e  Q u a r t e r l y  R e p o r t  
( f o r  P e r i o d  J a n u a r y  - March 1.980 . 

6 . 1  G e n e r a l  

The ~ i v e s v i l l e  MFB o p e r a t e d  s u c c e s s ' f u l l y  t h r o u g h o u t  t h e  r e p o r t i n g  
p e r i o d ,  and s u s t a i n e d  s e v e r a l . " l o n g  t e r m "  .commercial '  o e p r a t i n g  
r u n s .  The new f u e l  f e e d  s y s t e m  i n . C - c e l l  was t e s t e d ,  f u e l  f e e d  , 

n e e d l e s  i n  aL l  t h r e e  c e l l s  were e x t e n d e d  f a r t h e r  i n t o  t h e  ce l l  
d u r i n g  t h e  r e p o r t i n g  p e r i o d ,  and t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  
e q u i p p e d  w i t h  a l l  new s t a i n l e s s  s teel  e m i t t i n g  wires was e v a l u a t e d .  

I Performance  and t e s t  d a t a  w e r e  c o l l e c t e d  o n  t h e  f o l l o w i n g  a c t i v i t i e s :  

Fuller- .Kinyon F u e l  Feed  
B and C - c e l l  A i r  d i s t r i b u t o r  
F l y a s h  R e i n j e c t i o n '  Sys tem 
C and B - c e l l  Combustion ( C e l l  T r a v e r s e s )  
E l e c t r o s t a t i c  P r e c i p i t a t o r  Pe r fo rmance  

S t a r t - u p / O p e r a t i o n  A c t i v i t i e s ,  

J a n u a r y  7 C o a l  f i r e  was e s t a b l i s h e d  i n  t h e  MFB ' 

T o r  t h e  f i r s t " t i m e  s i n c e  September  1979 
when t h e  u n i t  wen,t i n t o  an  e x t e n d e d  
o u t a g e  phase .  

J a n u a r y  8 C o a l . f i r e  w a s  t r a n s f e r r e d  t o  C - c e l l  a s  
t h e  f i r s t  "ho t" '  o p e r a t i o n a l  tes t  of t h e  
new Fuller . -Kinyon f u e l  f e e d  sys tem was 
d e m o n s t r a t e d .  (See S e c t i o n  3.5.4 and  
r e f e r  t o  E x h i b i t  3.29) . C - c e l l  w a s  
s u c c e s s f u l l y  f i r e d  u n t i l  c o l l e c t i o n  
p rob lems  i n  t h e  m e c h a n i c a l  c y c l o n e s  and  
ESP f o r c e d  t h e  u n i t  o u t  o f  s e r v i c e .  

J a n u a r y  16 U n i t  o p e r a t i o n  resumed and c o a l  f i r e  
was e s t a b l i s h e d .  

J a n u a r y  1 7  Commercial t h r e e  c e l l  o p e r a t i o n  i n i t i a t e d .  
High c o m b u s t i b l e  g a s  e m i s s i o n s  i n  C - c e l l  
f o r c e d  u n i t  o u t  o f  s e r v i c e  a g a i n .  A t  
t h i s  t i m e ,  t h e  Fu l l e r -Kinyon  n e e d l e  
v e l o c i t y  was s u s p e c t e d  o f  b e i n g  t o o  h igh .  

J a n u a r y  2 3  U n i t .  s t a r t - u p  i n i t i a t e d  a f t e r  a  thorough  
u n i t  i n s p e c t i o n  r e v e a l e d  no  unusua l  pro-  
blems o r  d i s c r e p a n c i e s  i n  t h e  b o i l e r  and 
f l u e  g a s  c i r c u i t .  

I n t e r m i t t e n t  one  and  two c e l l  o p e r a t i o n  
c o n t i n u e d  t h r o u g h o u t  t h e  remainder  of 
J a n u a r y .  U n i t  o p e r a t i o n  was hampered by 
combust ion  ,problems i n  'c-ce'll a s  ' w e l l  a s  



problems within the precipitator. 

February 2 

February 19 

February 21 

February 26 

. March 9 

March 10 

Unit start-up proceeded smoothly and by 
February. 3, the unit was in three-cell 
commercial. operation.' Poor precipitator 
collection efficiency caused the ,air 
preheater baskets to become fouled and 
unit was subsequently 'shutdown. 

A broken emitting wire was found and 
removed from the outlet section of the 
ESP and the rapping intensity on the 
precipitator was intensified in an effort 
to keep the collecting plates free of ash , 

buildup. 

Unit operation resumed with. a coal 'fire 
in D-cell. 

Three-cell commercial.operation was initia- 
ted and.sustained for 1.32.5 hours, produc- 
ing Rivesville's first 100+ hour three- 
cell operating attempt. The MFB was 
operated flawlessly producing turbine 
quality steam with no noticeable 
stack' emissions. Dust collection 
efficiencies were high and combustion 
performance within the cells looked good. 
Exhibit 3.2 of the Interim Report displays 
the parame.ters of the extended operation. 

The MFB 'unit was taken out of service to 
examine the effects of the extended 
operation and to lengthen fuel feed 
needles in B, C and D cells. 

The fuel feed needles were lengthened to 
get a better fuel mix intothecenter of ' 

the bed. Refer to section 3.5.2, ' page 
3.15 in the Annual Report. 

Unit operation began after completion 
of needle extensions and boiler inspections. 
Examination of the boiler and associated 
equipment revealed no severe wear or 
damage.to the unit as a result of the 
extended run. 

C-cell and B-cell coal fires were initiated 
with the .new feed needle ,extensions. 
Commercial oper.ation began and was sustained 
for 26 hours: A fuel feed interruption 
cau.sed by a. malfun.ction in the Fuller- 
Kinyon interlock'circuit took the unit out 
of comrnerci:al operation. 



March 11-16 D-cell operation continued while the 
Fuller.-Kinyon circuitry was checked. No 
problems were discovered, but operation 
could not continue due to a seal water 
header. leak which developed on March 17. 

Plarch 20 MFB unit operation was again initiated. 

March 20-28 Three-cell commercial operation was achieved 
and sustained,operation in the three-cell 
mode continued for 200 hours until 2330 
hours, March 28 when a planned shutdown 
.was conducted. The 200 hours run estab- 
lished an operation milestone unprecedented 
in Rivesville's history. 

Isokinetic sampling tests and cell traverses 
were performed during the extended 'run 
which confirmed an exceptionally good 
combustion profile within the cells, and 
an extremely good collection and stack 
opacity record were achieved throughout 
the run. . Refer. to Exhibit 3.3. 

6.3 MFB Modifications, ,Repair and Retrofit 

During the reporting period, the Maintenance Department was respon- 
sible for the followig, majro items: . 

1. Installation of "Mitdump"~va1ve in B-cell to prevent 
hydrated material from. settling over the rotary dump 
valve. The installation of.the Kamyr valve on C-cell r 
and the 24" self-cleaning valve on D-cell's drain leg 
to test hot bed material.drain performance. (See 
section 3.4 MFB .Plant Modifications/Improvements for 
more information) . . ' .  

2. Lengthened feed needles in B, C and D-cells to improve 
residence time of fuel in bed and therefore improve 
combustion. (See section 3.4, MFB Plant Modifications/ 
Ir~~provements) . 

6.4 Air Distributor Calibration Tests 

After the newnnut and bolt" air distributors were installed, tests 
were conducted to determine the relation'ship of airflow to distri- 
butor pressure differential with and without a layer of bed 

. . material. . .  - 

Test results show the new air distributors exhibit less resistance 
to flow than the earlier perforated plate distributors. By ' 

referring to Exhibit 6.1, it can be observed that  B-cell pressure 
drnp has been decreased by 35%, while C-cell has dropped 20%. 
(Solid lines represent the new nut ,and bo,l't -air distributor). 



6 . 5  ~ell/Main Uptake Gas Traverees and Gas Analysis 

owing the reporting period, extensive gas snalysisdste was aocunu- I 
lated during the operating runs and cell traverses were taken to 
characterize combustion within the individual cells. I 
A comparison of combustion profiles in C and B-cells indicates 
better, more uniform combustion occurring in B-cell than in C-cell. 
It is suspected that the adverse phenomena occurring in C-cell is 
attributable to the Fuller-Kinyon fuel feed system., See Sections 
3 . 5 , 2  through 3.5.4 for more discussion on cell traverses and the 
Fuller-Kinyon feed system. 

, , 

6,6 ESP Testing 

Isokinetic sampling of the ESP inlet and outlet, was performed 
periodically throughout the reporting period in an effort,to 
evaluate electrostatic precipitator performance. See Section 3 . 5 . 6  . , 

6.7 Feed Needle Extensions I 
The fuel feed needles in C, B and D-cells were all lengthened 
during the reporting period in an attempt to improve combustion 
profiles within the cells by distributing fuel more uniformly 
throughout the cell. Refer to Section 3.4.5. 



COMPRRISON OF NUT & BOLT DISTRlBUTOR WITH PUNCH PLATE DISTRIBUTOR 
I 

GRID PLATE AP IN. WC 

EXHIBIT 6 . 1  

6-5 



7.0 Rivesville MFB Quarterly Report 
(for Period April - June 1980) 

7.1 General 

Following the extended 200 hour run in March, the unit was 
given a thorough inspection and no major problems were found. 
Maintenance and repair activities, as well as testing of individual 
equipment, were undertaken. 

Load following tests in three-cell operation were conducted in 
April. The unit was operated in commercial mode in June to 
conduct isokinetic sampling tests with flyash reinjection and 
multiple point cell traverses were conducted in C and B-cells. 

7.2 Maintenance, Repair and Retrofit 

To improve collection efficiency, 16 of the 84 multiclones 
were blanked off in DC-1 thus increasing the pressure drop to 6" 
W.C. Additional gas traverse ports were installed in B and C-cells. 
The horizontal and vertical risers transporting coal from the 
Fuller-Kinyon screw pumps were reduced from 5" O.D. to 4" O.D. to 
permit a lowered needle velocity of 50 ft/sec while maintaining 
sufficient transport velocity in discharge headers. The design 
basis for this change was an equation developed from pneumatic 
transport research at the Energy Research Center in Morgantown, 
1970-74. A baffle was added to the north coal bin to provide 
uniform size-distribution. An annubar was installed in the flyash 
reinjection system to measure transport rates. Thermocouples were 
installed to measure flyash rates by conducting a thermal balance. 

April 20 Unit operation began and preparations 
were made for velocity tests in C-cell 
However, at 55 ft/sec needle velocities, 
the south feed system plugged and the 
run was aborted. 

April 24-30 Unit operation began, but this time, needle 
velocities were raised to 80 ft/sec and 
the Fuller-Kinyon feed system operated 
successfully. Load following tests were 
conducted on C-cell. Subsequently, load 
following tests were conducted in three- 
cell operation with isokinetic data taken 
at five steady-state conditions. 

7.4 Fuller-Kinyon System 

The Fuller-Kinyon system operation was satisfactory in this quarter 
indicating L l r e  design calculations to reduce the horizontal and 
vertical Fuller-Kinyon screwpump risers to 4" O.D. were correct. 
More detail of the Fuller-Kinyon test is given in Section 3 .5 .4 .  



7.5 Dust Collection 

In dust collector one, 16 of the 84  multiclones were blanked off 
to bring cyclone pressure drop closer to design conditions. 
The efficiency was checked by employing isokinetic testing. Some 
blockage was noted in outlets. An evaluation and more testing 
will be conducted in the next quarter. 

In the electrostatic precipitator, problems with anti-sway 
baffles were noted and will be corrected. Temperature stratification 
will be monitored in upcoming runs and we will try to minimize 
thermal transients by using bypass air through A and 8-cell combus- 
tion dampers. 

7.6 C-Cell Coal Feed 

The Autoweigh belt feeders were sampled for as-fed coal. The 
mean particle size of the coal being delivered to the north side 
was found to be 4 7  percent smaller than that of coal being fed to 
the south side. A baffle plate was added to the north bin to 
correct this "fines" problem. Future testing will be necessary to 
determine if the problem has been resolved. 

7 .7  Flyash Reinjection (FAR) 

Based upon isokinetic data taken at the mechanical dust collectors 
and the precipitator, and upon flue gas anslysis, the combustion 
efficiency of D-cell seemed to indicate 88 percent. Carbon 
burnup efficiency for D-cell seemed to be 8 3 . 7  percent. More 
details are given in Section 3 . 5 . 7 .  More testing will be necessary 
in order to confirm or improve these results. 

7 . 8  Load Following 

Preliminary load following data suggests a turndown capability of 
3:l with a 10 percent per minute load change capability. Although 
positive, the preliminary data will require confirmation and 
additional tests. See Section 3 . 5 . 8  for more details. 

7.9 Sub-contractor Activities (Stone & Webster) 

During the quarter, Stone & Mebster provided general engineering 
services and backup to the PER staff. 

Recommendations were made to improve the flyash reinjection 
system. A separate transport system from DC-2 to FIPC silo was 
approved. Results of the modification will be reported in subse- 
quest periods. 

A recommendation to install a grizzly screen above the transport 
line from the classifier resulted in successful operation of the 
bed material system with no plugging due to clinkers. 




