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EDS COAL LIQUEFACTION PROCESS DEVELOPMENT - PHASE V 
ENGINEERING DESIGN STUDY OF AN EDS 

ILLINOIS BOTTOMS FIRED HYBRID BOILER 

ABSTRACT 

Th i s  i s  an  i n t e r i m  t e c h n i c a l  p rogress  r e p o r t  f o r  U.S..Department of 
Energy Cooperat ive Agreement No. DE-FC05-77ET10069, EDS Coal ~ i q u e f  a c t  i o n  
Process  ~eve iopmen t  - Phase V. Funding i s  shared by U.S. Department of 
Energy, Exxon Company, U. S.A. ( a  d i v i s i o n  of Exxon Corporat ion) ,  E l e c t r i c  
Power Research I n s t i t u t e ,  Japan  Coal L iquefac t ion  Development Company, 
P h i l l i p s  Coal Company, Anaconda Minerals  Company, Ruhrkohle A.G., and ENI. 
This  agreement covers  t h e  per iod  January  1 ,  1977 through December 31, 1985. 

This i n t e r i m  r e p o r t  documents work c a r r i e d  out by Combustion 
Engineer ing,  Inc.  under a c o n t r a c t  t o  ~ x x o n  Research and Engineer ing Company 
and w a s  prepared by Combustion Engineer ing,  Inc.  This  r e p o r t  is  t h e  second of  
two r e p o r t s  by Combustion Engineer ing,  Inc.  on t h e  predevelopment phase of t h e  
Hybrid Bo i l e r  program and covers  t h e  r e s u l t s  of an engineer ing  des ign  s tudy  of 
a Hybrid B o i l e r  f i r i n g  t h e  vacuum d i s t i l l a t i o n  res idue  (vacuum bottoms) 
der ived from processing I l l i n o i s  No. 6 c o a l  i n  t h e  EDS Coal .L iquefac t ion  
Process .  The f u n c t i o n  of t h e  Hybrid B o i l e r  is . t o  h e a t  t h e  coa l  s l u r r y  feed 
f o r  a n  EDS c o a l  l i q u e f a c t i o n  p lan t  by a process  c o i l  i n  t h e  convect ion s e c t i o n  
and t o  gene ra t e  high p re s su re  steam i n  t h e  r a d i a n t  s e c t i o n .  The Hybrid B o i l e r  
des ign  developed i n  t h i s  phase of t h e  program i s  based on t h e  r e s u l t s  of a 
l a b o r a t o r y  c h a r a c t e r i z a t i o n  program ( r epo r t ed  i n  EDS In t e r im  Report 
FE-2893-112), on Combustion Engineer ing,  Inc. ' s  ex t ens ive  experience a s  a 
des igne r  and s u p p l i e r  of steam genera t ing  equipment, and on Exxon Research and 
Engineering Co. 's exper ience  with t h e  des ign  and ope ra t i on  of process  hea t e r s .  
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INTRODUCTION 

Combus t i o n  Engineering has  developed a hybrid b o i l e r  des ign  capable  of 

gene ra t i ng  s team and providing process  hea t ing  f o r  t h e  EDS c o a l  l ique-  

f a c t i o n  process  by burning vacuum bottoms. The des ign  is  a r e s u l t  of t h e  

i n i t i a l  phase of development i n i t i a t e d  i n  May, 1981. The hybrid b o i l e r  

des ign  r e s u l t e d  from t h e  combined knowledge and exper ience  of Combus t i o n  

Engineering and Exxon Research & Engineering Co., supplemented by t h e  

r e s u l t s  from t h e  ex t ens ive  vacuum bottoms f u e l  t e s t i n g  program descr ibed  

i n  FE-28 93-1 1 2. 

The completion of t he  i n i t i a l  phase of t h e  des ign  s tudy  r e s u l t e d  i n  t he  

d e t a i l e d  des ign  of a hybrid b o i l e r  f i r i n g  I l l i n o i s  vacuum bottoms and t h e  

combustion c h a r a c t e r i s t i c s  of t h e  I l l i n o i s  vacuum bottoms f u e l .  The 

comprehensive I l l i n o i s  vacuum bottoms test program performed a t  Combustion 

Engineer ing ' s  Kreisinger Development Laboratory de  tenuined t h e  vacuum 

bottoms p u l v e r i z a t i o n ,  combustion, f o u l i n g ,  and s lagging  cha rac t e r -  

ist ics.  The d e t a i l e d  des ign  of t h e  hybrid b o i l e r  included u n i t  p e r  

formance, equipment s e l e c t i o n  and a c o s t  estimate f o r  t h e  b o i l e r  i s l a n d .  

The b o i l e r  i s l a n d  scope inc ludes ;  b o i l e r s ,  p u l v e r i z e r s ,  f i r i n g  s y s  t e m ,  

f u e l  p r epa ra t i on  system, FD f a n s ,  ID f a n s ,  PA f a n s ,  a i r  h e a t e r s ,  s o o t  

blowers,  p r e c l y l l a t u r u ,  SO2 sc rubbe r s ,  bottom a s h  p y r i t e s  rejects and 

process  c o i l  a s h  removal system, and f l y a s h  removal system. 



I I. EXECUTIVE SUMMARY 

The r e s u l t s  of t h e  1981 Hybrid B o i l e r  predevel.opment program may be found i n  

t h e  Engineer ing Study r epo r t ed  he re  and i n  t h e  l abo ra to ry  e v a l u a t i o n  

r epo r t ed  i n  FE-2893-112. The Engineering Study focuses  on t h e  des ign  and 

i d e n t i f i c a t i o n  of a r e a s  f o r  f u t u r e  s t u d y  of a n  EDS vacuum bottoms f i r e d  

Hybrid Boi le r .  The l a b o r a t o r y  e v a l u a t i o n  assessed  t h e  f u e l  and a s h  

p r o p e r t i e s  of t h e  r e s i d u e  (vacuum bottoms) produced by t h e  EDS c o a l  

l i q u e f a c t i o n  process .  

The primary f u n c t i o n  of t h e  Hybrid B o i l e r  is  t o  hea t  the coal slurry feed 

f o r  a n  EDS l i q u e f a c t i o n  p l an t .  This  is  accomplished by a process  c o i l  

located in the convec t ion  s e c t i o n .  of t he  Hybrid Bo i l e r .  In  a d d i t i o n ,  t h e  

r a d i a n t  s e c t i o n  of t h e  Hybrid Bo i l e r  is  used t o  gene ra t e  h igh  pressure  steam 

f o r  t h e  p l an t .  

The Hybrid B o i l e r  de s ign  developed under  t h i s  program i s  based on the  

r e s u l t s  from a comprehensive combustion t e s t i n g  program i n  C-E's F i r e s i d e  

Performance T e s t  F a c i l i t y  (FPTF) and Drop Tube Furnace System (DTFS) on t h e  

once through ( low convers ion)  EDS re s idue  from a n  I l l i n o i s  No. 6 c o a l  and 

less e x t e n s i v e  (DTFS) testing on the  r e s idue  bottoms r ecyc l e  (h igh  

conve r s ion )  r e s idue .  Both Combust i o n  Engineer ing 's  ex t ens ive  experience a s  

a d e s i g n e r  and s u p p l i e r  of steam genera t ing  equipment, and Exxon Research 

and Engineer ing Co. 's (ER&E) extens ive  exper ience  with t h e  des ign  and 

o p e r a t i o n  of p roces s  h e a t e r s  were used i n  developing t h e  design.  

The Hybrid B o i l e r  de s ign  u t i l i z e s  a convent iona l ,  f i e l d  proven furnace  and 

s u p e r h e a t e r  de s ign ,  and s tandard  a u x i l i a r y  equipment. The Hybrid B o i l e r ,  

however, i nc ludes  a process  c o i l  which i s  not  provided i n  t y p i c a l  b o i l e r  

de s igns .  This  was a major . cons idera t ion  of t h e  program. A second 

cons ide ra t i on 'was  t h e  f u e l  nozz le  design. Water cooled f u e l  nozz les  were 



spec i f i ed  f o r  t h e  Hybrid Boi ler  because of the  low melting point  of the  

residues.  

The r e s u l t s  of the  Laboratory Evaluation a f fec ted  severa l  a reas  of the  

Hybrid Bo i l e r  design including furnace s i z e ,  pulver izer  s i z e ,  superheater  

design, process c o i l  design and f i r i n g  system design. The combustion 

t e s t i n g  r e s u l t s  indica ted  t h a t  a t  high temperatures the  high conversion 

~ i l i n o i s  EDS res idue  has combustion p roper t i e s  s i m i l a r  t o  hS.8h v o l a t i l e  

bituminous coals .  However, a t  low temperatures the  combustion t e s t i n g  
\ 

indica ted  p o t e n t i a l  flame i n s t a b i l i t y .  The labora tory  evaluat ion  a l s o  

i n d i c a t e s  the  I l l i n o i s  EDS res idue  has the  p o t e n t i a l  t o  generate NOx l e v e l s  

g rea te r  than t h e  coal .  Slagging and fou l ing  p o t e n t i a l  of the  low 

conversion res idue  was not s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  of I l l i n o i s  86 

coals .  The e f f e c t  of the  higher ash content of the  commercial res idues  was 

factored i n t o  the  b o i l e r  design. 

The Hybrid Boi ler  design developed under t h i s  program i s  not a s i g n i f i c a n t  

departure from conventional coal  f i r e d  steam generat ing u n i t  designs. 

Combustion Engineering would design and f a b r i c a t e  a Hybrid Boi ler  with 

commercial guarantees. The following budget p r i c ing  was developed f o r  four  

u n i t s  opera t ing  i n  p a r a l l e l  a t  an I l l i n o i s  p lant  s i t e :  

Delivered Delivered & Erected 

Four ( 5 )  Hybrid R s i l e r s  $1GG ,900,000 $225,900,000 

Flue Gas Clean up System 32,220,000 

(For Four Hybrid Bo i l e r s )  

To ta l  



111. -- ENGINEERING STUDY 

A.  General Desim Conditions 

The hybr id  b o i l e r  g e n e r a l  des ign  cond i t i ons  f o r  I l l l n o i s  EDS vacuum 

bottoms a r e  t a b u l a t e d  below. Addi t iona l  p r ed i c t ed  performance d a t a  may 

be found i n  S e c t i o n  C ,  "Summary of Performance Conditions".  

Number o f  U n i t s  : 

Steam Capaci ty:  

SHO Pres su re :  

SHO Temperature: 

FeedwaLer Tewperatusc; 

Process  F l u i d  Flow: 

Process  F l u i d  P re s su re :  

Process  F l u i d  O u t l e t  Temperature: 

Process  F l u i d  I n l e t  Temperature: 

Process  C o i l  Heat Absorpt ion Rate: 

SteamIProcess F l u i d  Heat Duty Rat io :  

S u l f u r  Removal: 

P a r t i c u l a t e  I n  F lue  Gas: 

NOx I n  F l u e  Gas: 

Vacuum Bottoms Surf ace  Moisture:  

Un i t  Turn Down: 

Four ( 4 )  

487,200 l b l h r  

1250 p s i g  

9 2 5 ' ~  

2 5 0 0 ~  

2,170,000 l b l h r  

2500 ps ig  

8 4 0 ' ~  

4 1 3 ' ~  

600 MBtu/hr 

50x1 50% 

9 0% 

0.03 l b s / ~ B t u  F i r ed  

0.6 lbs/MBtu F i r e d  

2% by Weight 

50% whi le  main ta in ing  

8 4 0 ' ~  process  c o i l  

o u t l e t  temperature  



B. Design Cons idera t ions  

The hybr id  b o i l e r  may be regarded a s  a  t y p i c a l  c o a l  f i r e d  b o i l e r  

modified t o  accommodate t h e  requirements  of t h e  process  c o i l .  The hea t  

exchanger con ta in ing  t h e  t h r e e  (3) phase f l u i d  (donor s o l v e n t ,  

c o a l  and hydrogen) i s  r e f e r r e d  t o  a s  t h e  process  c o i l .  Seve ra l  unusual  

c o n s t r a i n t s  and/or  c r i t e r i a  imposed on t h e  hybr id  b o i l e r  des ign  a r e  

addressed.  One c o n s t r a i n t  i s  t h e  s i z e  of t h e  process  . co i l  i n  r e l a t i o n  

t o  normal hea t  absorb ing  su r f aces .  A second c r i t e r i o n  i s  t h a t  t h e  

hybrid b o i l e r  must be designed t o  a l low decoking of t h e  process  c o i l .  

During decoking, t h e  process  c o i l  and i n t e r n a l  decoking steam w i l l  

r each  1 3 0 0 ~ ~  r e q u i r i n g  s p e c i a l  m a t e r i a l  and suppor t  designs.  A t h i r d  

cons ide ra t i on  i s  t h e  high ash  conten t  i n  t h e  vacuum bottoms. The ash 

con ten t  may be a s  h igh  a s  30 percent  r e q u i r i n g  des ign  cons ide ra t i ons  t o  

reduce t he  e f f e c t s  of e ros ion  throughout t he  u n i t .  A f o u r t h  

c o n s i d e r a t i o n  was t h e  combustion c h a r a c t e r i s t i c s  of t h e  EDS vacuum 

bottoms. The f u e l  p r epa ra t i on  system and f i r i n g  system des ign  r e f l e c t  

t h e s e  cons ide ra t i ons .  

There a r e  two o t h e r  c r i t e r i a  which were cons idered  very c a r e f u l . 1 ~  i n  

t h e  des ign  of t h e  hybrid b o i l e r .  These a r e  t h e  c o n t r o l l a b i l i t y  and 

r e l i a b i l i t y  of t h e  u n i t .  Since u n i t  o p e r a t i o n  must be coord ina ted  wi th  

t h e  l a r g e r  l i q u e f a c t i o n  process ,  t he se  f a c t o r s  p l ay  an important  r o l e  

i n  de te rmin ing  t h e  f e a s i b i l i t y  .of t h e  e n t i r e  project. 

The equipment t o  be designed by C-E inc ludes  a l l  t h e  major components 

of t h e  b o i l e r  i s l a n d .  This  scope f u e l  p r epa ra t i on  system inc ludes  t h e  

fu rnace ,  f u e l  f i r i n g  system, supe rhea t e r ,  p rocess  c o i l ,  a i r  h e a t e r ,  



s o o t  blowers,  ash handl ing  equipment, f ans ,  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 ,  

f l u e  gas  d e s u l f u r i z a t i o n ,  duc t s ,  dampers, and support  s t e e l .  

The hybr id  b o i l e r  des ign  b a s i s  was s p e c i f i e d  by t h e  Exxon Research and 

Engineer ing  Company a t  t h e  i n i t i a l  t e c h n i c a l  meetings he ld  i n  March and 
t 

A p r i l  of 1981. These des ign  cond i t i ons  a r e  t abu la t ed  i n  Sec t ion  C ,  

Genefal  Performance. These genera l  cond i t i ons  p l u s  r e s u l t s  f o r  t h e  

l a b o r a t o r y  t e s t i n g  of t h e  vacuum bottoms, determined t h e  parameters f o r  

t h e  u n i t  design.  One important  design parameter t h a t  a f f e c t e d  the  

o v e r a l l  des ign  of t h e  hybr id  b o i l e r  was t h e  c o n s t r a i n t  of a  50%/50% 

s p l i t  of hea t  duty between the  process  c o i l  and the  furnace and 

supe rhea t e r s .  This  hea t  duty c o n s t r a i n t  d i r e c t l y  a f f e c t e d  furnace  

s i z e ,  supe rhea t e r s  and process  c o i l  su r f ace  a r e a s  and su r f ace  

arrangement.  For c o a l  f i r e d  b o i l e r s ,  hea t  absorp t ion  i n  t h e  furnace  

and supe rhea t e r  approaches 70% of t he  t o t a l  h e a t  absorbed i n  t h e  u n i t .  

I n  o r d e r  t o  a t t a i n  t h e  a p p r o p r i a t e  s p l i t  of h e a t  duty without  

s a c r i f i c i n g  a  conse rva t ive  furnace  design,  t h e  use of gas  r e c i r c u l a t i o n  

was employed t o  reduce t h e  hea t  absorp t ion  i n  t h e  furnace and inc rease  

the heat abso rp t ion  i n  t h e  process  c o i l .  

Furnace 

The hybr id  b o i l e r  w i l l  be a  n a t u r a l  c i r c u l a t i o n  type  u n i t  wi th  fu s ion  

welded furnace  waterwal-1s. The furnace f o r  t h e  hybrid b o i l e r  i s  

de f ined  a s  t h e  a r e a  enclosed by waterwall  extending t o  t h e  l ead ing  edge 

of t h e  low temperature pendant superhea ter  l oca t ed  above the  furnace  

nose. 

For vacuum bottoms f i r i n g ,  t h e  furnace conf igu ra t ion  becomes an 

impor tan t  f a c t o r  f o r  proper  opera t ion .  The c h a r a c t e r i s t i c s  of t he  f u e l  

which inc ludes  s l agg ing  and f o u l i n g  tendencies ,  flame s t a b i l i t y  and 
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burnout r a t e  have t o  be analyzed s o  t h a t  t h e  furnace  dimensions a r e  

p rope r ly  s i zed .  The two b a s i c  parameters  t o  furnace  s i z i n g  a r e  t h e  

c r o s s - s e c t i o n a l  ( p l a n )  a r e a  and t h e  furnace  he igh t .  A f a c t o r  f o r  hea t  

f l u x  t o  t h e  w a l l s  c a l l e d  t h e  Net Heat Input  pe r  P lan  Area (NHI/PA x 

6 2 10 Btujhr-Ft ) i s  used t o  determine t h e  c ros s - sec t iona l  a r ea .  

The vacuum bottoms w i l l  behave s i m i l a r  t o  a  t y p i c a l  midwestern 

bituminous coa l .  ~ a b o r a t o r ~  t e s t  r e s u l t s  have i n d i c a t e d  t h a t  t h e  

vacuum bottoms w i l l  e x h i b i t  s l agg ing  and f o u l i n g  c h a r a c t e r i s t i c s  

s i m i l a r  t o  a  midwestern bituminous c o a l  which i s  c u r r e n t l y  be ing  f i r e d  

a t  t h e  I l l i n o i s  Power Company, Baldwin Power S t a t i o n .  This  s t a t i o n  is 

o p e r a t i n g  a t  i t s  NHI/PA design va lue  of 1 . 9 w i t h  t h e  Baldwin coa l .  

Values f o r  NHIIPA of up t o  1.85 a r e  c u r r e n t l y  used f o r  midwestern 

bituminous coa l s .  Normal u t i l i t y  design p r a c t i c e  r e q u i r e s  t h a t  a  u n i t  

be designed t o  a l l ow  removal of s l a g  a t  f u l l  load .  The hybrid b o i l e r  

fu rnace  was conse rva t ive ly  designed u s i n g  an NHI/PA of 1 .4 .  The lower 

va lue  provides  a  l a r g e r  a r e a  f o r  hea t  abso rp t ion ,  reducing t h e  hea t  

' f l ux  on t h e  furnace  wa l l s .  A smal le r  p lan  a r e a  (o r  h igher  NHI/PA) 

r e s u l t s  i n  h igher  hea t  abso rp t ion  by t h e  furnace  w a l l s .  The h igher  

fu rnace  gas  temperatures  cause t h e  furnace  d e p o s i t s  t o  bond more f i r m l y  

t o  t h e  tubes  and a l s o  i n c r e a s e s  t he , t endency  f o r  s l a g  t o  become f l u i d .  

The combination of h igher  bonding s t r e n g t h  and . f l u i d  s l a g  makes i t  

d i f f i c u l t  f o r  t h e  furnace  w a l l  blowers t o  remove the  depos i t s .  A 

l a r g e r  furnace  pl.an a r e a  provides  more a r e a  f o r  t h e  ash  t o  d e p o s i t ,  

reducing depos i t  t h i cknes s  r e s u l t i n g  i n  e a s i e r  removal and longer  

sootblowei- 111~ei -va ls .  

.A fu rnace  he igh t  of 93.8 f t .  was s e l e c t e d  t o  provide adequate  r e t e n t i o n  

time of t h e  f u e l  p a r t i c l e  t o  ensure  carbon burnout.  The average  
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r e t e n t i o n  time f o r  t h e  f u e l  i n  t h e  furnace  i s  approximately 1.9 

seconds.  Furnace h e i g h t  i s  a l s o  a f f e c t e d  by t h e  s l agg ing  c h a r a c t e r i s -  

t ics  of t h e  f u e l .  The r e s u l t s  from t h e  l a b o r a t o r y  t e s t i n g  have 

i n d i c a t e d  t h e  vacuum bottoms t o  be a  s l agg ing  coa l .  Addi t iona l  frlrnsce 

h e i g h t ,  t h e r e f o r e ,  has  been included between t h e  lowest f u e l  admission 

po in t  i n  t h e  furnace  and t h e  upper bend l i n e  of t h e  water  cooled  

c o u t a n t  hopper s e c t i o n .  The a d d i t i o n a l  furnace  waterwal l  s u r f a c e  i n  

t h i s  a r e a  w i l l  lower h e a t  abso rp t ion  r a t e s  by i n c r e a s i n g  s u r f a c e  a r e a ,  

avo id  mnn ing  s l a g  on to  t h e  s loped  hopper s e c t i o n ,  and avoid  b r idg ing  

over  t h e  cou tan t  opening. 

The codse rva t ive  des ign  of t h e  hybrid b o i l e r  furnace  which minimizes 

t h e  furnace  w a l l  s1.agging p o t e n t i a l  and maximizes carbon burnout can 

a f f e c t  furnace  turndown. The furnace  gas  combustion zone temperatures  

a r e  p r e d i c t e d  t o  he i n  t h e  2 2 0 0 ~ ~  range a t  low loads .  The l a b o r a t o r y  

combustion t e s t  r e s u l t s  i n d i c a t e  t h a t  i n  t h e  Drop Tube Furnace System 

T e s t  F a c i l i t y  (DTFS) combustion i n s t a b i l i t y  could occur  below gas 

tempera tures  of 2100 t o  2000'~. A s  d i scussed  i n  t h e  Fue l  F i r i n g  

System sec t ' ion ,  C-E c u r r e n t l y  p r e d i c t s  a  50% MCR load can be achieved 

without  suppor t  f u e l .  Below 50% load  suppor t  f u e l  may be r equ i r ed  t o  

avoid  f  l ame / ign i t i on  i n s t a b i l i t y .  ' 

Furnace C i r c u l a t i o n  System 

A n a t u r a l  c i r c u l a t i o n  system o p e r a t i n g  a t  1350 p s i g  has  been s e l e c t e d  

f o r  t h e  hybrid b o i l e r .  C-E has b u i l t  u n i t s  w i t h  drum ope ra t i ng  

p r e s s u r e s  up t o  2400 p s i g  u t i l i z i n g  n a t u r a l  c i r c u l a t i o n .  The furnace  

wa te rwa l l  system and drum s p e c i f i c a t i o n  a r e  t abu la t ed  i n  t h e  S e c t i o n  I ,  

Equipment S p e c i f i c a t i o n s .  A drum (Fig.  6 )  s i z e  of 60 inches  ( i n t e r n a l  

d iameter )  w a s  s p e c i f i e d .  The maximum c a p a c i t y  of t h e  drum wi th  SHO 



steam cond i t i ons  of 1250 ps ig  and 9 2 5 ' ~  is  600,000 l b / h r  of steam, 

which i s  23% above MCR capac i ty .  

Na tu ra l  o r  thermal  c i r c u l . a t i o n  r e s u l t s  from a d e n s i t y  d i f f e r e n c e  

between t h e  subcooled water  i n  t h e  downcomers and t h e  s a t u r a t e d  steam- 

water  mixture  i n  t h e  furnace  wa l l  tubes .  Subcooled feedwater i s  

in t roduced  i n  t h e  steam drum where i t  l o c a l l y  mixes wi th  r e c i r c u l a t e d  

~ a t u r a t e d  water .  The l i q u i d  phase e n t e r i n g  t h e  downcomers i s  s l i g h t l y  

subcooled. Th i s  water  f lows from t h e  downcomers i n t o  a  lower r i n g  

header ,  which feeds  t h e  furnace  w a l l  tubes .  These tubes  form t h e  w a l l s  

of t h e  furnace  enc losu re ,  and t h e  subcooled water  is heated t o  

s a t u r a t i o n  and s team i s  produced a s  t h e  f l u i d  r i s e s  i n  t h e  tubes .  A 

s a t u r a t e d  steam-water mixture  i s  c o l l e c t e d  i n  upper -headers ,  l e aves  t h e  

furnace  through r e l i e f  tubes  and e n t e r s  t h e  steam drum. I n  t h e  drum, 

mechanical s e p a r a t i o n  of t he  steam from the  steam-water mixture  

occurs .  The dry  s a t u r a t e d  steam passes  from t h e  drum t o  t h e  super-  

h e a t e r  s e c t i o n s .  The s a t u r a t e d  water  remains i n  t he  drum and i s  

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

Overheating of furnace  w a l l  tubes  can occur  when e i t h e r  t h e  hea t  f l u x  

is  s u f f i c i e n t l y  h igh  t o  cause depa r tu re  from nuc l ea t e  b o i l i n g  (DNB) o r  

i f  t h e  o v e r a l l  e x i t  q u a l i t y  of t h e  steam i s  h igh  enough t o  cause d ry ing  

of t h e  i n n e r  tube su r f ace .  The hea t  f l u x  necessary  f o r  DNB i n c r e a s e s  

as  operating pres su re s  decrease .  A t  t h e  des ign  p re s su re  and hea t  

r e l e a s e  r a t e  used i n  t h e  furnace  des ign ,  DNB w i l l  no t  occur i n  t h e  

hybrid u n i t .  The o v e r a l l  c i r c u l a t i o n  r a t i o  (Table 5) developed i n  t h e  

hybrid b o i l e r  ensu re s  t h a t  t h e  tubes  w i l l  be wet ted a t  t h e  po in t  of 

maximum steam q u a l i t y .  

The o t h e r  main c o n s i d e r a t i o n  i n  t h e  des ign  of t h e  c i r c u l a t i o n  system i s  
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t h e  e f f i c i e n c y  of t h e  steam-water s e p a r a t i o n  process  occu r r ing  i n  t h e  

drum. For  a  f i x e d  drum p r e s s u r e ,  a  minimum p re s su re  drop i s  r equ i r ed  

f o r  t h e  mixture  pas s ing  through t h e  i n t e r n a l s  t o  provide dry  steam. 

Both t h e  o v e r a l l  c i r c u l a t i o n  r a t i o  and t h e  v e l o c i t y  i n  t h e  waterwal l  

r e l i e f  tubes  p lay  dominant r o l e s  i n  t h i s  d e s i r e d  p re s su re  drop. The 

hybr id  u n i t  i s  designed s o  t h a t  p roper  steam s e p a r a t i o n  occurs .  

Superhea te r  

The supe rhea t e r  f o r  t h e  hybr id  b o i l e r  c o n s i s t s  of t h r e e  s e c t i o n s  and is  

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

t h e  encasement f o r  t h e  process  c o i l  r e f e r r e d  t o  a s  a  steam cooled 

backpass.  V i r t u a l l y  a l l  u t i l i t y  des igns  c o n s i s t  of a  steam cooled back- 

pas s  u t i l i z i n g  s a t u r a t e d ' s t e a m  t o  c o o l  t h e  w a l l s  i n  a r e a s  where gas  

tempera tures  w i l l  be above 1 0 0 0 ~ ~ .  I n  t h e  c a s e  of t h e  hyb r id  b o i l e r ,  

s a t u r a t e d  steam w i l l  be taken  o f f  t h e  drum and piped t o  backpass 

headers  where t h e  s team w i l l  pass  through tubes  sur rounding  t h e  

p roces s  c o i l .  

From the backpass,  t h e  steam t r a v e l s  t'o t h e  pendant supe rhea t e r  l o c a t e d  

above t h e  nose a r c h  i n  t h e  furnace .  The steam w i l l  pass  through t h e  

f r o n t  low temperature  pendant,  then t o  a  desuperhea te r  (Fig.  7 )  be fo re  

r each ing  the  h igh  temperature  f i n ' i s h i q  pendant s e c t i o n .  The 

desupe rhea t e r  s e r v e s  a s . t h e  primary c o n t r o l  mechanism f o r  t h e  s team 

t e a p e r a m r e .  

The low temperature  pendant supe rhea t e r  w i l l  c o n s i s t  of twelve (12) 

assembl ies  spaced on 30 inch  c e n t e r s  a c r o s s  t h e  width of t h e  u n i t .  The 

depth  spac ing  of each assembly w i l l  be c l o s e l y  spaced w i t h  only 318" 

c l e a r  between tubes .  T h i s  des ign  i s  known a s  p l a t e n i z e d  c o n s t r u c t i o n  

and i s  used i n  high gas  temperature  zones i n  t h e  supe rhea t e r .  The 



p la t en i zed  cons t ruc t ion  minimizes t h e  ash bui ldup on t h e  supe rhea t e r  

t ubes ,  a l lows  normal ash  d e p o s i t s  t o ' b u i l d  up on t h e  superhea te r  tubes 

without  b r idg ing  a c r o s s  t h e  assemblies .  

The high temperature  pendant s e c t i o n  design was based on a  balance 

between steam p re s su re  drop and s u r f a c e  requirements .  The depth 

spacing i s  two times t h e  tube diameter  a l lowing  f o r  use of t he  f u l l  

c i rcumference of ttie tube a s  e f f e c t i v e  hea t  absorb ing  su r f ace .  The 

f o u l i n g  tendenc ies  of t h i s  s e c t i o n  w i l l  be l e s s  than t h e  low 

temperature  pendant s i n c e  i t  i s  i n  a  lower gas  temperature  zone. The 

width spacing of t h i s  s e c t i o n  w i l l  be 18 inches  between 20 assembl ies  

which i s  s t i l l  very conse rva t ive  and w i l l  no t  pose b r idg ing  problems 

wi th  r egu la r  use of t h e  sootblowers .  

Tubular ~ ' i r  S e a t e r  

A t ubu la r  a i r  h e a t e r  (Pig.  8)  i s  placed a f t e r  t he  process  co i l .  f o r  

f i n a l  hea t  recovery from t h e  f l u e  gas .  The f l u e  gas  temperature  

l eav ing  the  process  c o i l  du r ing  normal f u l l  load ope ra t i on  w i l l  be 

approximately 560'~. The a i r  h e a t e r  t r a n s f e r s  t h i s  recovered hea t  t o  

t h e  secondary combustion a i r  and lowers t h e  f l u e  gas  temperature  t o  

3 0 0 ~ ~ .  The e x i t  f l u e  pas  temperature  i s  l i m i t e d  by t h e  SO2 

dewpoint due t o  co r ros ion  cons ide ra t i ons .  The tubu la r  a i r  h e a t e r  

designed f o r  t he  hybr id  b o i l e r  c o n s i s t s  of a  t h r e e  pass  arrangement 

w i t h  a i r  pass ing  on t h e  s h e l l  s i d e  and gas through t h e  tubes .  A steam 

c o i l  a i r  p r ehea t e r  has  been included t o  a l low t h e  co ld  a i r  e n t e r i n g  t h e  

t u b u l a r  a i r  p r ehea t e r  t o  be preheated t o  avoid  condensat ion on t h e  tube 

gas s i d e  when o p e r a t i n g  a t  low loads o r  du r ing  per iods  of low ambient 

temperatures .  Thermocouples placed on s e v e r a l  cold end tubes  w i l l  



all.ow cont inuous moni tor ing  of t h e  cold end tube temperat?lres in t h e  

c o n t r o l  room. 

Recupera t tve  ( t u b u l a r )  a i r  h e a t e r s  were chosen i n  l l e u  of a  regenera-  

t i v e  (Ljungstrom type)  a i r  h e a t e r s  due t o  des ign  cons ide ra t i ons  of t h e  

process  c o i l .  I f  a  p rocess  c o i l  tube  were t o  develop a  l eak ,  t h e  

flammable process  f l u i d  would l eak  i n t o  t h e  backpass and mix w i t h  t h e  

f l u e  gas .  The f l u e  gas ,  having an O2 conten t  less than  4%, should 

n o t  cause any immediate problems, but i f  mixed wi th  a i r ,  t h e  p o t e n t i a l  

f o t  i g n i t i o n  would i n c r e a s e .  To m i t l i m l z e  t h e  p o t e n t i a l  of combt~s t ion  

of t h e  flammable m a t e r i a l  from a l eak ing  process  c o i l  tube ,  i s o l a t i o n  

from a high oxygen environment i s  d e s i r a b l e .  Recuperat ive ( t u b u l a r )  

a i r  h e a t e r s  w i l l  keep t h e  a i r  and gas s t reams separa ted .  Th i s  

c o n t r a s t s  w i t h  a  r e g e n e r a t i v e  system where an  a i r  leakage i n t o  t h e  f l u e  

gas  i s  unavoidable .  C-E recommends t h a t  t ubu la r  a i r  h e a t e r s  be 

i nco rpo ra t ed  i n t o  t h e  des ign  of t h e  hybr id  b o i l e r  f o r  t h e  reason  t h a t  

i t  o f f e r s  t h e  s a f e s t  des ign  f o r  t h e  s p e c i f i e d  ope ra t i ng  cond i t i ons .  

Cas ~ e c i r c u l a t i o n  System 

The c h a r a c t e r i s t i c s  of t h e  hybrid b o i l e r  des ign  warran ts  t h e  use  of a  

ga s  r e c i r c u l a t i o n  system. The design hea t  du ty  of 600 MBtu's i n  each 

of t h e  steam and p roces s  c o i l  s e c t i o n s  r e q u i r e s  t h a t  t h e  hea t  

abso rp t ion  d i s t r i b u t i o n  parameters  be a l t e r e d .  I n  a  t y p i c a l  c o a l  f i r e d  

steam gene ra to r  approximately 702 of t h e  hea t  i s  absorbed i n  t h e  

fu rnace  and supe rhea t e r  s e c t i o n s .  I n  o rde r  t o  s h i f t  t he  hea t  

absorbed from t h e  fu rnace  t o  t h e  process  c o i l ,  gas  r e c i r c u l a t i o n  i s  

necessary .  When us ing  gas  r e c i r c u l a t i o n ,  coo le r  f l u e  gas  i s  admit ted 

t o  t h e  furnace .  The a d d i t i o n a l  f l u e  gas  absorbs  some hea t  t h a t  would 

normally be absorbed by t h e  furnace  w a l l s  and superhea te r  and c a r r i e s  



t h i s  hea t  over  t o  t h e  process  c o i l .  The g r e a t e r  mass of f l u e  gas  

t r a n s f e r s  t h i s  hea t  t o  t h e  process  c o i l  by i n c r e a s i n g  convect ive 

t r a n s f e r . r a t e .  With t h e  c h a r a c t e r i s t i c s  por t rayed  by t h e  I l l i n o i s  EDS 

hybr id  ' b o i l e r ,  a  30% gas  r e c i r c u l a t i o n  r a t e  i s  r equ i r ed  t o  achieve t h e  

des i r ed  abso rp t ion  p r o f i l e .  

The vacuum bottoms f i r e d  i n  t h e  hybrid b o i l e r  w i l l  c o n t a i n  a  

s u b s t a n t i a l  q u a n t i t y  of a s h ,  up t o  30 percent  by weight .  The f l y a s h  

car ryover  w i l l  be equ iva l en t  t.o u n i t s  f i r i n g  h igh  ash c o a l s .  

R e c i r c u l a t i n g  d i r t y  f l u e  gas would compound t h e  q u a n t i t y  of f l y a s h  

car ryover  i n c r e a s i n g  t h e  r a t e  of e ros ion  of convect ive t ub ing  

throughout t h e  u n i t .  For t h e  hybrid b o i l e r  des ign ,  t h e  f l u e  gas  w i l l  

be r e c i r c u l a t e d  from t h e  induced d r a f t  f an  o u t l e t  which i s  l o c a t e d  

downstream of 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 .  The c l ean  f l u e  gas  wil.1. 

be ducted t o  t h e  fu rnace  and in t roduced  through openings i n  t h e  furnace  

hopper cou tan t  bottom a s  shown on t h e  drawing No. EP-813-199. The flow 

of t h e  r e c i r c u l a t e d  gas  w i l l  he r egu la t ed  by louver  dampers l oca t ed  i n  

t h e  duc t .  The a v a i l a b l e  induced d r a f t  f a n  d i scharge  p re s su re  a t  a l l  

loads  w i l l  he s u i t a b l e  t o  r e c i r c u l a t e  f l u e  gas  through t h e  furnace  

bottom. Th i s  w i l l  e l i m i n a t e  t h e  need f o r  a  s e p a r a t e  f l u e  gas 

r e c i r c u l a t i o n  fan .  Experience has  shown t h a t  h igh  temperature  gas  

r e c i r c u l a t i o n  f a n s  have high maintenance and low a v a i l a b i l i t y  

tendenc ies .  

Coal P u l v e r i z e r s  

The f u e l  p u l v e r i z i n g  system f o r  t h e  I l l . i n o i s  EDS p l an t  i s  capable  of 

g r ind ing  both vacuum bottoms and the  paren t  I l l i n o i s  midwest bituminous 

coa l .  Four C-E Raymond Type RP Bowl M i l l s  (Fig.  1 )  and f o u r  i n t e g r a l  

vo lumet r ic  f eede r s  (F ig .  2 )  w i l l  be provided. Each pu lve r i ze r  i s  



capable of grinding e i t h e r  vacuum bottoms o r  the  parent I l l i , n o i s  

bituminous coal .  The pulver iz ing  system w i l l  be capable of gr inding 

the  required quan t i ty  of vacuum bottoms t o  achieve the  100% MCR 

cond i t ion  with th ree  of the  four  pulver izers  i n  s e rv ice .  With th ree  

pu lve r i ze r s  i n  se rv ice  grinding the  parent  coa l ,  a  57% MCR load can be 

achieved. 

Each m i l l  w i l l  pass 80% by weight of vacuum bottoms through 200 mesh 

(200 openings per inch)  with a  Hardgrove g r i n d a b i l i t y  of 10W and w i l l  

draw 132 kw based on a  capaci ty  of 41,000 l b / h r  per m i l l .  When 

gr inding the parent  coa l ,  each m i l l  w i l l  pass 70% by weight through 200 

mesh wi th  a Hardgrove g r i n d a b i l i t y  of 53.5 and w i l l  draw 80 kw based 

on a  capaci ty  of 14,875 l b / h r  per m i l l .  

Bench s c a l e  t e s t i n g  o f  the I l l i n o i s  high ash vacuum buttulns showed .some 

tendency toward pas t ing .  However, p u l v e r i z a t i o n . t e s t s  i n d i c a t e  the  

I l l i n o i s  high ash vacuum bottoms can be sucess fu l ly  pulverized i n  a  C-E 

bowl m i l l  without the  use of any spec ia l  condit ions.  

The pu lve r i ze r  system w i l l  be pressurized by two primary a i r  fans  which 

provide t r anspor t  and drying ( i f  requi red)  a i r  f o r  the  f u e l .  Each 

primary a i r  f a n  w i l l  d ischarge t o  the  primary a i r  steam a i r  hea te r  

which i n  tu rn  w i l l  discharge t o  a  common duct which serves  a l l  four  

pu lve r i ze r s .  Each fan  i s  capable of provfding the  t r anspor t  a i r  

requi red  t o  reach 67% of MCX capaci ty  f i r i n g  vacuum bottoms. I f  one 

primary a i r  f a n  i s  out  of se rv ice  supplemental f u e l  gas can be f i r e d  a t  

a  f i r i n g  r a t e  of 33% MCR t o  maintain f u l l  load condit ions.  

Normal operat ion wi th  the  vacuum bottoms w i l l  not requi re  the  use of 

preheated a i r  t o  the  pulver izer  due t o  the  extremely low moisture 



con ten t  of t h e  vacuum bottoms. With t h e  s t e a m . a i r  p r ehea t ing  system, 

t h e  m i l l i n g  system can a l s o  handle  a d d i t i o n a l  s u r f a c e  moisture  on t h e  

vacuum bottoms i f  r equ i r ed .  Vacuum bottoms f i r i n g  w i l l  r e q u i r e  a  

t r a n s p o r t  a i r  t o  f u e l  r a t i o  of 1.3:l.O. When f i r i n g  t h e  paren t  c o a l ,  a  

minimum primary a i r  temperature  of 4 5 0 ' ~  w i th  a  t r a n s p o r t  a i r  t o  f u e l  

r a t i o  of 2.5:l.O i s  r equ i r ed  t o  adequate ly  dry  t h e  coal.. A l t e r n a t e l y  

t h e  paren t  c o a l  throughout can be i nc reased  i f  a  h igher  primary a i r  

temperature  i s  a v a i l a b l e .  The s i n g l e  steam c o i l  a i r  h e a t e r  i n s t a l l e d  

i n  t h e  primary a i r  duct  w i l l  provide t h e  hea t  f o r  t h e  paren t  c o a l  

primary a i r .  

C-E has inc luded  a  steam i n e r t i n g  system and f i r e  d e t e c t i o n  system f o r  

t h e  p u l v e r i z e r s  t o  snuf f  ou t  any m i l l  f i r e s  which may occur .  Some 

c o a l s  have s e l f - h e a t i n g  tendenc ies  making them very r e a c t i v e  and they 

can i g n i t e  a t  lower temperatures .  These c h a r a c t e r i s t i c s  can be seen  

p r i m a r i l y  i n  western coal.s,  e s p e c i a l . 1 ~  l i g n i t e s  hu t  they e x i s t  i n  a l l  

c o a l s .  The p o t e n t i a l  e x i s t s  f o r  a p u l v e r i z e r  f i r e  o r  puff w i th  both 

t h e  paren t  c o a l  and vacuum bottoms. A s  an a d d i t i o n a l  measure of u n i t  

r e l i a b i i t y ,  a  steam i n e r t i n g  system has  been included a s  p a r t  of t he  

equipment suppl ied  w i t h  t h e  p u l v e r i z e r  f i r i n g  system. A m i l l  f i r e  o r  

puff can r e s u l t  i n  damage t o  t h e  m i l l ,  components and t h e  c o a l  p ip ing .  

F i r i n g  System 

The f i r i n g  system f o r  t h e  hybr id  b o i l e r  c o n s i s t s  of f o u r  (4)  t i l t i n g  

t angeng ia l  windbox assemblies  (F ig .  4 ) .  These windboxes (Fig.  3 )  a r e  

l o c a t e d  near  each of t h e  f o u r  corners  of t h e  furnace .  Each windbox 

assembly c o n s i s t s  o f ,  f o u r ( 4 )  s o l i d  f u e l  admission compartments, two, 

(2)  warm-up gaslsecondary a i r  compartments, t h r e e  ( 3 )  secondary a i r  

compartments and two ( 2 )  o v e r f i r e  a i r  compartments, arranged 
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h o r i z o n t a l l y .  Located i n  t h e  furnace  w a l l  nea r  each of t h e s e  windboxes 

a r e  t h r e e  (3)  se l f -moni tor ing  gas i g n i t o r s  and fou r  ( 4 )  flame scanners .  

These compartments a r e  aimed t a n g e n t i a l l y  t o  a  smal l ,  imaginary c i r c l e  

i n  t h e  furnace .  T h i s  t a n g e n t i a l  f i r i n g  produces mutual ly  suppor t ing  

f i r e  s t reams and merges t o  c r e a t e  a  s w i r l i n g  f i r e b a l l  w i th in  t h e  

fu rnace  cav i ty . '  The t a n g e n t i a l  f i r i n g  system i n h e r e n t l y  produces a  low 

l e v e l  of NOx. Divers ion  of up t o  20% of t h e  combustion a i r  from t h e  

p o i n t  a t  which d e v o l a t i l i z a t i o n  occurs  decreases  f u e l  NOx product ion  

and t h e  lower tempera tures  a s s o c i a t e d  wi th  t h e  f i r e b a l l  combustion 

reduces  t he  product ion  of thermal. NOx. NOx product ion  is f u r t h e r  

discr~ssed i n  t h e  Emisr;i.on Control. Equipment scctinn. 

The compartments i n  t h e  windboxes have t h e  c a p a b i l i t y  of v e r t i c a l l y  

t i l t i n g  through o 60' a r c .  This t i l t i n g  i s  performed eimultancously 

by a l l  compartments i n  t h e  furnace  keeping them a l l  a t  t h e  same ang le  

w i t h  r e s p e c t  t o  t h e  h o r i z o n t a l .  This  t i l t i n g  a l lows  t h e  hea t  

a b s o r p t i o n  d i s t r i b u t i o n  i n  t h e  hybrid b o i l e r  t o  be a l t e r e d .  T i l t i n g  of 

t h e  compartments upward w i l l  reduce abso rp t ion  of hea t  i n  t h e  furnace  

and i n c r e a s e  t h e  r a d i a n t  hea t  t r a n s f e r  t o  t h e  superhea t  s e c t i o n s  and 

i n c r e a s e  t h e  furnace  o u t l e t  temperature  of t h e  gas.  T i l t i n g  i s  one of 

t h e  two methods of p roces s  f l u i d  temperature  c o n t r o l  i n  t h e  hybrid 

b o i l e r .  Gas r e c i r c u l a t i o n ,  t h e  o t h e r  method of process  f l u i d  temper- 

a t u r e  c o n t r o l ,  has  p rev ious ly  been d iscussed .  

T e s t i n g  of t h e  high ash r e s i d u e  and t h e  low a sh  r e s i d u e  has  been 

performed i n  t h e  K r e i s i g n e r  Development Laboratory (KDL). Seve ra l  

f i r i n g  system des ign  and ope ra t i ng  c o n s i d e r a t i o n s  r e s u l t i n g  from t h e  

t e s t i n g  have been inco rpo ra t ed  i n  t h e  des ign  of t h e  hybrid b o i l e r .  



KDL has found t h a t  t h e  r e s i d u e s  have a low mel t ing  po in t  ( 3 0 0 ' ~  - 

4 0 0 ~ ~ ) .  This  i n d i c a t e s  t h a t  t h e  incoming r e s i d u e  w i l l  undergo a 

phase change when pass ing  through t h e  nozz le  assemblies. .  It i s  

p o s s i b l e  t h a t  r e s i d u e  d e p o s i t s  could bu i ld  up on t h e  nozz les  r e s u l t i n g  

i n  p a r t i a l  o r  t o t a l  blockage of t h e  passage and coking of t h e  depos i ted  

.mater ia l .  Water cooled f u e l  nozz les  (Fig.  5) w i l l  be used i n  t h e  

hybrid b o i l e r  t o  minimize r e s idue  bu i ld  up/coking. 

Combustion of pu lver ized  s o l i d  f u e l  i n  t h e  furnace  has  two d i s t i n c t  

phases.  F i r s t ,  t h e  v o l a t i l e  ma t t e r  i n  t he  f u e l  evolves  and i g n i t e s  a s  

t h e  f u e l  i s  f i r s t  exposed t o  t h e  hea t  i n  t h e  furnace.  Af t e r  t h i s  r ap id  

d e v o l a t i  l i z a t i o n ,  t h e  remaining char  burns ou t  over  a r e l a t i v e l y  J.onger 

per iod  of t ime. Work a t  KDL i n d i c a t e s  t h a t  a t  temperatures  less than 

2300 '~  t h e  commercial high ash  r e s i d u e  v o l a t i l e  ma t t e r  i g n i t e s  and 

burns more s lowly  than  t h a t  from t h e  low a sh  r e s idue  o r  t h e  comparison 

Kentucky bituminous c o a l .  

The slow d e v o l a t i l i z a t i o n  and burning of t h e  high ash  r e s i d u e  l e a d s  t o  

some concern about flame s t a b i l i t y  a t  reduced b o i l e r  loads  where t h e  

gas  tempera tures  p re sen t  i n  t h e  f i r e b a l l  might be low enough t o  de lay  

t h e  i g n i t i o n .  Furnace gas  temperature  p r e d i c t i o n s  i n d i c a t e  t h a t  a t  t h e  

c o n t r o l  load  of 50% MCR, t h e  high ash  r e s i d u e  can he s u c c e s s f u l l y  f i r e d  

wi thout  t h e  use  of suppor t  f u e l .  A s  load i s  f u r t h e r  reduced toward 402 

however, i t  i s  expected t h a t  support  f u e l  w i l l  have t o  be used t o  

main ta in  s t a b l e  f i r i n g  c w i ~ d i t i u n s .  

S ~ o t b l o w e r  System 

The sootblower system i s  a very important  a s p e c t  of any c o a l  f i r e d  

steam gene ra to r .  There a r e  two major systems f o r  t he  hybrid b o i l e r .  

The f i r s t  system i s  t h e  furnace  w a l l  blower system used f o r  removing 
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s l a g  d e p o s i t s  on t h e  r a d i a n t  furnace  wa l l s .  Second, t h e  convect ive 

sootblower system i s  l o c a t e d  i n  t h e  supe rhea t e r  and process  c o i l  r eg ton  

f o r  t h e  removal. of f l y a s h  d e p o s i t s .  The blowing medium f o r  t h e  wal l  

blowers and convec t ive  r eg ion  r e t r a c t a b l e  sootblowers  w i l l  be steam 

t aken  o f f  t h e  low tempera ture  supe rhea t e r  o u t l e t  header.  

An e x t e n s i v e  fu rnace  w a l l  blower system whose coverage is shown on t h e  

g e n e r a l  arrangement drawing has  been provided. Three e l e v a t i o n s  of 

w a l l  blowers above t h e  windbox e l e v a t i o n  and two elevations of w a l l  

blowers below t h e  windbox e l e v a t i o n  has  been s p e c i f i e d .  Due t o  t h e  

h igh  s l a g g i n g  p o t e n t i a l  of vacuum bottom ash ,  t h i s  ex t ens ive  w a l l  

blower system and r e g u l a r  soothlower o p e r a t i o n  i s  r equ i r ed  t o  prevent  

s l a g  bu i ld  up and t o  remove t h e  furnace  w a l l  d e p o s i t s  before  they  

become p l a s t i c .  The l a h o r a t o r y  t e s t i n g  has  i n d i c a t e d  t h e  vacuum 

bottoms ash d e p o s i t s  i n  t h e  furnace  tend t o  have high bonding s t r e n g t h s  

and be d i f f i c u l t  t o  remove. The l a b o r a t o r y  s l agg ing  behavior  of t h e  

vacuum bottoms a sh  i s  s i m i l a r  t o  high i r o n  I l l i n o i s  and Ohio c o a l s  w i t h  

which C-E has  exper ience  wi th  s u c c e s s f u l l y  c o n t r o l l i n g  fu rnace  w a l l  

s l a g  b u i l d  up. 

The convec t ive  sootblower arrangement c o n s i s t s  of s i n g l e  s ided  

r e t a c t a b l e  sootb lowers  l oca t ed  i n  t h e  pendant superhea te r  s e c t i o n s  and 

t h e  process  c o i l .  The r e t r a c t a b l e  sootblowers  t r a v e r s e  t h e  width of 

t h e  u n i t  sp ray ing  s team 360' i n  a  s p i r a l  p a t t e r n .  Laboratory t e s t s  

have i n d i c a t e d  t h e  vacuum bottoms ash  i n  t h e  convec t ive  r eg ion  has  a  

low f o u l i n g  p o t e n t i a l .  However, some depos i t  b u i l d  up w i l l  occur .  It 

is  expected t h e  d e p o s i t s  w i l l  be l i g h t l y  s i n t e r e d  and f r i a b l e  and w i l l  

have low bonding s t r e n g t h s  which w i l l  be easy  t o  remove. 

C-E does no t  recommend t h a t  a  sootblower system be i n s t a l l e d  t o  c l e a n  
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t h e  t ubu la r  a i r  h e a t e r .  C-E ' s  exper ience  has  shown t h a t  plugging of 

t he  tubes  i s  not  a  problem u n l e s s  high s u l f u r  f u e l  o i l  i s  being f i r e d .  

The gas  temperature  e n t e r i n g  t h e  t ubu la r  i s  w e l l  hel.ow t h e  ash  fu s ion  

temperature  meaning t h a t  t he  f l y a s h  is  very d ry  and powdery and w i l l  

no t  s t i c k  t o  t h e  tubes .  The tubes  i n  t h e  t ubu la r  a i r  h e a t e r  a r e  

s t r a i g h t  w i t h  no bends o r  c r e v i c e s  f o r  a s h  t o  accumulate.  Example of 

u n i t s  f i r i n g  a  h igh  f o u l i n g  c o a l  and no p rov i s ion  f o r  t ubu la r  a i r  

h e a t e r  c lean ing  c a p a b i l i t y  a r e  l i s t e d  i n  Table  6 .  

Fan S e l e c t i o n  

The design of t h e  hybr id  b o i l e r  r equ i r ed  t h e  cons ide ra t i on  of 

r e l i a b i l i t y  a s  a  major c o n s t r a i n t  when s e l e c t i n g  equipment and 

equipment arrangements.  The f an  arrangement t o  be suppl ied  f o r  each 

u n i t  was c a r e f u l l y  analyzed before  a  des ign  was s e l e c t e d .  I n  o r d e r  t o  

reduce t h e  p o t e n t i a l  f o r  f an  t r i p s ,  redr~ndancy must be incorpora ted  i n  

such a  manner as t o  prevent  u n i t  outages y e t  o b t a i n  high f an  

e f f i c i e n c i e s  and low power consumption. 

There a r e  t h r e e  s e t s  of f a n s  t h a t  c o n t r o l  t h e  ope ra t i on  of t h e  u n i t .  

These f a n s  inc lude  t h e  forced  d r a f t  (F.D.), induced d r a f t  ( I .D.) ,  and 

primary a i r  ( P . A . )  f ans .  The primary a i r  f a n  s u p p l i e s  t he  p u l v e r i z e r s  

wi th  d ry ing  and f u e l  t r a n s p o r t  a i r .  The fo rced  d r a f t  f a n  s u p p l i e s  

heated secondary a i r  t o  t h e  windbox f o r  combustion. The induced d r a f t  

f a n  maintains fu raace  p re s su re  by pullirig t h e  k lue  gas  ou t  of t h e  u n i t  

and pushing i t  through the  SO2 remval .  equipment and on t o  t h e  

s t ack .  The induced d r a f t  fan a l s o  suppl i -es  t h e  p re s su re  f o r  t h e  f l u e  

gas  r e c i r c u l a t i o n  system. 

C-E analyzed t h e  o p e r a t i o n a l  p r i o r i t i e s  of t h e  EDS pr'ocess s e t  by 

ER&E. One c o n s i d e r a t i o n  i s  t h a t  a  u n i t  t r i p  would d i s r u p t  t h e  coa l  
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l i q u e f a c t i o n  process  and have s e r i o u s  o p e r a t i o n a l  consequences. To 

minimize the  p o t e n t i a l  of a  u n i t  shutdown due t o  a  f an  t r i p ,  C-E has 

inc luded  two forced and induced d r a f t  fans  each s i z e d  f o r  602 of t h e  

f u l l  load maximum continuous r a t i n g  (MCR) cond i t i on .  The two primary 

a i r  f a n s  a r e  s i z e d  t o  del- iver  t he  a i r  flow requ i r ed  by two 

p u l v e r i z e r s .  A t  100% MCR, on ly  t h r e e  m i l l s  a r e  requi red  which w i l l  

r e q u i r e  both P.A. f ans  t o  be i n  opera t ion .  With one primary a i r  f a n  i n  

ope ra t ion ,  t h e  u n i t  w i l l  be a b l e  t o  reach 67 percent  of MCR when f i r i n g  

t h e  vacuum bottoms. 

Emission Cont ro l  Equipment 

The emission c o n t r o l  system i s  comprised of an  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  (ESP) and a  wet f l u e  gas d e s u l f u r i z a t i o n  (FGD) system. 

Each u n i t  w i l l  have i t s  own ESP loca ted  a f t e r  t he  tubu la r  a i r  h e a t e r  

and before  t h e  induced d r a f t  f ans .  A l l  four  hybrid b o i l e r s  w i l l  s ha re  

s i x  FGD modules a s  shown i n  t h e  drawing. The Hyhrid Bo i l e r  system 

w i l l  meet c u r r e n t  f e d e r a l  n i t rogen  oxide (NOx) (.6 lb/106 Btu) 

requirements .  

The 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  provided f o r  t h e  hybrid b o i l e r  w i l l  be 

of t h e  r i g i d  frame type cons t ruc t ion  (Fig.  9) .  Five f i e l d s  w i l l  be 

i n i t i a l l y  i n s t a l l e d  l eav ing  space f o r  an a d d i t i o n a l  f i e l d  i n  c a s e  

requirements  c a l l  f o r  i t  i n  t h e  f u t u r e .  The p r e c i p i t a t o r  w i l l  be a b l e  

t o  meet r equ i r ed  emission l e v e l s  wi th  four  of f i v e  f i e l d s  i n  ope ra t ion .  

The reason f o r  t h e  redundant f i e l d s  is  t o  i n s u r e  r e l i a b l e  ope ra t ion  of 

t he  ESP' and avoid  pe r iods  of capac i ty  reduct ion  due t o  a  f a i l u r e  of a  

p r e c i p i t a t o r  e l e c t r i c a l  f i e l d .  Since the re  w i l l  no t  be a  back up 

p r e c f p i t a t o r ,  any redundancy must be i n s t a l l e d  i n i t i a l l y .  The 

r e l i a b i l i t y  of a n  ESP i s  very high and C-E recommends t h a t  t h i s  



arrangement  be employed i n  o r d e r  t o  meet t h e  r e l i a b i l i t y  c o n d i t i o n s  

d e s i r e d  by ER&E. 

A wet f l u e  g a s  d e s u l f u r i z a t i o n  system wil l .  be empl.oyed i n  t h e  

hybr id  b o i l e r  d e s i g n .  Crushed 1.imestone i s  sprayed i n t o  t h e  g a s  s t r e a m  

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

r e a c t  w i t h  t h e  ca lc ium s u l f a t e  and s u l f i t e .  The r e s i d u e  f a l l s  t o  t h e  

bot tom of t h e  tower and i s  pumped p u t  t o  a s l u d g e  h a n d l i n g  system. The 

c l e a n  f l u e  gas t h e n  f lows  t o  a s team r e h e a t e r  t o  h e a t  t h e  Mater 

s a t u r a t e d  f l u e  gas  above t h e  w a t e r  dew p o i n t  t o  a v o i d  w a t e r  

c o n d e n s a t i o n  i n  t h e  ductwork and s t a c k .  

R e l i a b i l i t y  of t h e  d e s i g n  i s  t h e  f o c a l  p o i n t  of t h e  s e l e c t i o n  and 

arrangement .  The n a t u r e  of t h e  water-calc ium s l u r r y  can c a u s e  s p r a y  

n o z z l e  pl.ugginp. which w i l l  c a u s e  t h e  module t o  be t aken  o u t  of s e r v i c e  

when enough s p r a y  n o z z l e s  become plugged.  The f l -ue  gas  from a l l  f o u r  

h y b r i d  b o i l e r s  wil.1 f low t o  t h e  c e n t e r  and f e e d  i n t o  a n o t h e r  plenum 

t h a t  s e r v e s  s i x  FGD modules. The purpose  of t h e  dual. plenum 

arrangement  i s  t o  a s s u r e  even d i s t r i b u t i o n  of f l u e  g a s  t o  t h e  a c t i v e  

modules. Each module w i l l  be s i z e d  t o  h a n d l e  100 p e r c e n t  MCR gas  f low 

from one h y b r i d  b o i l e r .  Four modules would be i n  s e r v i c e  when a l l  f o u r  

b o i l e r s  a r e  o p e r a t i n g .  T h i s  wou1.d l e a v e  two modul-es o u t  of s e r v i c e  

e i t h e r  f o r  maintenance o r  i n  a s t andby  mode. T h i s  ar rangement  g i v e s  

t h e  FGD system a 50 p e r c e n t  redundancy f a c t o r  add ing  f l e x i b i l i t y  and 

r e l i a b i l i t y  t o  t h e  system. A 50 p e r c e n t  f l u e  g a s  bypass  duc t  w i l l  a l s o  

be i n s t a l l e d  f o r  u s e  d u r i n g  s t a r t - u p  o r  i f  more t h a n  two modules a r e  

o u t  of s e r v i c e .  The common plenum arrangement  a l l o w s  any b o i l e r  FGD 

s c r u b b e r  combinat ion and a f f o r d s  t h e  maximum b o i l e r  a v a i l a b i l i t y  w i t h  

t h e  i n s t a l l e d  equipment.  



The l e v e l  of NOx produced by t h e  hybrid b o i l e r  w i l l  be minimized by t h e  

des ign  and conf igu ra t ion  of t he  f i r i n g  system. The f i r i n g  system is  

des igned  t o  minimize product ion of fuel-bound NOx and thermal NOx. 

Fuel-bound NOx i s  c o n t r o l l e d  by d r i v i n g  t h e  conversion of f u e l  n i t rogen  

compounds t o  molecular  n i t rogen  i n  t h e  gas phase under fuel-r ichloxygen 

s t a r v e d  cond i t i ons  and minimizes NOx formation.  The product ion of 

thermal  NOx is minimized by reducing peak flame temperatures .  

The C-E fiting system c r e a t e s  a fue l - r i ch  cond i t i on  by u t i l i z i n g  

s t aged  combustion. The use  of o v e r f i r e  a i r  compartments d i v e r t  

approximately . . 20% of t h e  t o t a l  a i r  from t h e  primary combustion zone. 

Also t h e  i g n i t i o n  p o i n t  i s  moved c l o s e r  t o  t h e  f u e l  nozzle  by vary ing  

t h e  v e l o c i t y  and q u a n t i t y  of a i r  through t h e  annulus of t h e  f u e l  

compartment. Both of t h e s e  f a c t o r s  extend t h e  du ra t ion  of t h e  f u e l -  

r i c h  primary combustion zone and reduce the  formation of fuel-bound NOx. 

Peak flame temperatures  a r e  reduced wi th  t h e  C-E f i r i n g  system by slow 

mixing of f u e l  and a i r  i n  t he  secondary combustion zone. Slow 

mixing i s  inhe ren t  w i th  t h e  t a n g e n t i a l  admission of f u e l  and a i r  by 

windbox e l eva t ion .  Also t h e  a d d i t i o n  of o v e r f i r e  a i r  t o  t h e  upper 

p o r t i o n  of f i r e b a l l  t ends  t o  reduce t h e  mixing of f u e l  and a i r .  

C-E p r e d i c t s  t h a t  w i t h  t h e  u t i l i z a t i o n  of a s tandard  low NOx f i r i n g  

system a NOx l e v e l  of 0.5 l b / m i l l i o n  Btu f i r e d  w i l l  no t  be exceeded. 

However, l abo ra to ry  t e s t i n g  performed by C-E on I l l i n o i s  vacuum bottoms 

i n d i c a t e s  t h e r e  i s  a p o t e n t i a l  f o r  high NOx formation. Based on 

t h e  r e s u l t s  of f u t u r e  t e s t i n g ,  a de termina t ion  w i l l  be made 

whether t o  r e t a i n  t h e  convent ional  f i r i n g  system des ign ,  o r  t o  



implement a  low NOx mod i f i ca t i on  such a s  Low NOx Concentr ic  F i r i n g  

System (LNCFS), Sepa ra t i ng  Gas R e c i r c u l a t i o n  (SGR) o r  P o l l u t i o n  Minimum 

(PM) burner .  These mod i f i ca t l ons  have y e t  t o  be suppl ied  i n  a  

commercial a p p l i c a t i o n  i n  t h e  United S t a t e s .  

Ash Removal System 

Two d i s t i n c t  a sh  removal systems a r e  i nco rpo ra t ed  i n  t1.e hybr id  b o i l e r  

design.  The f i r s t  system removes p u l v e r i z e r  r e j e c t s ,  s l a g  from t h e  

fu rnace  bottom and f l y a s h  from t h e  process  c o i l .  The second system 

w i l l  remove f l y a s h  c o l l e c t e d  i n  t h e  a i r  h e a t e r  hopper and f l y a s h  i n  t h e  

hoppers l o c a t e d  under t h e  ESP f i e l d s .  

I n  t h e  f i r s t  system, p u l v e r i z e r  r e j e c t s ,  such a s  minera l  ma t t e r  and 

tramp i r o n  ( p y r i t e s ) ,  which a r e  r e j e c t e d  from t h e  p u l v e r i z e r  g r ind ing  

process ,  a r e  d i r e c t e d  i n t o  temporary s t o r a g e  tanks ( p y r i t e s - r e j e c t  

hoppers) .  The pulver iz ,er . - re ject  hoppers a r e  p re s su r i zed  and wet s t o r e  

t h e s e  m a t e r i a l s .  Leve l  sens ing  devices  ' i n  t h e  hoppers i n d i c a t e  when 

emptying of t h e  tank i s  necessary.  A g r a t e  l oca t ed  i n  t h e  bottom of 

t h e  tanks  can be opened and the  s t o r e d  m a t e r i a l  w i l l  be s l u i c e d  away 

through t h e  use of j e t  pumps. Each p u l v e r i z e r  has  a s s o c i a t e d  wi th  i t ,  

i n d i v i d u a l ,  p y r i t e s - r e j e c t  hoppers,  j e t  pump and t r a n s f e r  l i n e s .  

The r e j e c t s  from each of t he  p y r i t e s - r e j e c t  hopers feed i n t o  t h e  Bottom 

Ash Submerged Scraper  Conveyor (SSC). An SSC (Fig .  11) c o n s i s t s  of a  

water  impounded t rough i n t o  which m a t e r i a l  f a l l i n g  through t h e  furnace  

cou tan t  f a l l s .  A cont inuous removal p rocess  i s  used i n  t h e  SSC. 

Chains,  connected by angle  i r o n s  i n  a  cont inuous ladder  arrangement,  

remove m a t e r i a l  which has  s e t t l e d  t o  t h e  bottom of t h e  SSC. ' The chain 

f l i g h t  c a r r i e s  t h e  m a t e r i a l  up a  dewater ing s l o p e  which a l l ows  excess  

water  t o  r e t u r n  t o  t h e  t rough.  A t  t h e  t o p  of t h e  dewatering s l o p e ,  t he  
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m a t e r i a l ,  dewatered t o  202 by weight water ,  drops i n t o  a  c l i n k e r  

g r i n d e r .  The c l i n k e r  g r i n d e r  reduces t h e  s i z e  of t h e  l a r g e  p i eces  

of fused  a sh  t o  e a s e  t h e  t r a n s p o r t  of t h e s e  waste  ma te r i a l s .  A second .-. 

SSC, s i m i l a r  t o  t h e  Bottom Ash SSC but without  t h e  long  dewater ing 

s l o p e ,  i s  l o c a t e d  under t h e  process  c o i l  hopper. Th i s  SSC provides  

removal of m a t e r i a l  dropping ou t  of t h e  gas  s t ream i n  t h e  process  c o i l  

s e c t i o n ,  and removal of m a t e r i a l  t h a t  has  been deposi ted on t h e  process  

c o i l  and removed by t h e  sootblowing process .  The m a t e r i a l  from t h e  

p roces s  c o i l  SSC is  dropped i n t o  a  chute  r a t h e r  than a  c l i n k e r  

g r i n d e r .  Th i s  chu te  d i r e c t s  p rocess  c o i l  wastes  t o  t h e  Bottom Ash SSC 

provid ing  a  common removal p o i n t  f o r  bottom a s h .  Process c o i l  and 

p u l v e r i z e r  wastes .  Provis ion  i s  made f o r  l a t e r a l  movement of both SSCs 

t o  provide a c c e s s  t o  t h e  boi l -er  f o r  maintenance purposes.  

The second a s h  removal system i s  t h a t  designed t o  handle f l y a s h  

accumulated i n  t h e  a i r  h e a t e r  hopper and t h e  p r e c i p i t a t o r  a sh  hoppers.  

Th i s  system pneumat ica l ly  t r a n s p o r t s  t h i s  ash  t o  a  common 2-unit 

s t o r a g e  s i l o .  Vacuum blowers l oca t ed  downstream of t h e  s i l o  provides  

t h e  motive f o r c e  and removal from t h e  hoppers i s  done under suc t ion .  

The a s h  is sepa ra t ed  from t h e  a i r  through t h e  use of cyclone s e p a r a t o r s  

and a  f i n a l  f i l t e r i n g  s t a g e .  

Removal of t h e  s t o r e d  f l y a s h  from t h e  s i l o  may be accomplished by open- 

a i r  o r  s ea l ed  means. A r o t a r y  ash  cond i t i one r  i s  suppl ied  f o r  open-air 

removal. T h i s  device  w e t s  t h e  a sh  e x i t i n g  t h e  s i l o  t o  reduce blowing 

du r ing  t r a n s p o r t .  A s t r a i g h t  t e l e scop ing  a sh  unloader  is provided f o r  

s e a l e d  removal. Th i s  device  ex tends  t o  t h e  removal. con ta ine r  t o  

e l i m i n a t e  blowing of a s h  during t h e  t r a n s f e r .  



I n i t i a l  S t a r t  UD 

During t h e  i n i t i a l  s t a r t  up of t h e  EDS p l an t  t h e  f u e l s  a v a i l a b l e  f o r  

t h e  hybrid b o i l e r  w i l l  be t h e  paren t  I l l i n o i s  Midwest Bituminous c o a l  

and a  high Btu f u e l  gas .  During t h e  p l a n t  s t a r t  up, 35X of f u l l  load  

c a p a c i t y  can be achieved by f i r i n g  t h e  paren t  c o a l  us ing  t h r e e  of t h e  

f o u r  p u l v e r i z e r s .  Fue l  ga s  makes up t h e  a d d i t i o n a l  652 of f u l l  load  

r equ i r ed  t o  reach f u l l  load.  It is expected t h e  EDS p l a n t  w i l l  be i n  

i n i t i a l  s t a r t  up f o r  f o u r  t o  s i x  months. Af t e r  t h e  s t a r t  up per iod t h e  

hybrid b o i l e r  w i l l  be capable  of f u l l  load  f i r i n g  100% vacuum bottoms 

wi thout  support  f u e l .  A by-product high Btu gas  w i l l  be a v a i l a b l e  f o r  

i g n i t i o n  and warm up of t h e  u n i t  over  t h e  course  of t h e  p l a n t  l i f e .  

C .  General  Performance 

Table  1: Fuel  Analys i s  EDS Residue, I l l i n o i s  Parent  Coal 

Table 2: Fuel  Ash Analys i s  EDS Residue, I l l i n o i s  Paren t  Coal 

Table  3: General Design Condit ions 

Table 4: EDS Hybrid Bo i l e r ,  I l l i n o i s  Coal 

-- EDS Residue P red i c t ed  Performance 

Table 5: EDS Hybrid Bo i l e r ,  I l l i n o i s  Coal 

-- EDS Residue, C i r c u l a t i o n  System Pred ic t ed  Performance 

Table 6 :  P a r t i a l  L i s t  of C-E Coal F i red  Uni t s  w i t h  Tubular Air Heaters  

and no Air Heater Sootblowing 

Table  7 :  Comparison of Backpass Design Flue Gas Temperatures and 

V e l o c i t i e s  f o r  Coal F i red  Uni t s  

Table 8: F u l l  Load Process  Co i l  performance 



TABLE 1 

FUEL ANALYSIS 
EDS RESIDUE 

ILL1  NO1 S PARENT COAL 

PARENT COAL LOW ASH RESIDUE 

P.S RECEIVED DRY ti ASY FREE AS RECEIVED DRY & ASH FREE 

Proximate (%Wt) 

Mo is tu re  16.30 - 0.7 - 
V o l a t i l e  M a t t e r  34.74 41.50 45.8 54.0 
F ixed Carbon 39.76 47.51 39.0 46.0 
Ash 9.20 10.39 14.5 - 

TOTAL 100.0 100.0 

Ul t ima te  (XWt) 

~ o i  s t u r e  
Hydrogen 
Carbon 
S u l f u r  
N i trogen 
Oxygen 
Ash 

TOTAL 

HHV ( B t u l l b )  13,010 15,345 

P y r i t i c  S u l f u r  ( % W t )  1.30. - 0.1 - 

Lb ~ s h / l 0 ~  B tu  8.71 - 11.2 11.2 

G r i  ndabi 1 i t y  53.5 Greater  than 100 

M e l t i n g  Temp. (OF) 300" - 400°F 

HIGH ASH RESIDUE 

AS RECEIVED DRY & ASH FREE 

Greater  than 100 



SAMPLE 

Ash Fusi  b i l  i ty  (%Wt) 

I.T. (OF) 

S.T. (OF) 

H.T. (OF) 

F.T. (OF) 

Ash Composit ion (%W t )  

S i02  

2'3 
Fe203 

C a0 

MgO 

Na20 

K2° 
T i 0 2  

s03 
TOTAL 

Base/Acid R a t i o  

Fe203/Ca0 R a t i o  

Si02/A1 203 R a t i o  

TABLE 2 

FUEL ASH ANALYSIS 
EDS RESIDUE 

ILLINOIS PARENT COAL 

LOW ASH 
RESIDUE 

HIGH ASH 
RESIDUE 

PARENT 
COAL 



TABLE 3 

GENERAL DESIGN CONDITIONS 

Number o f  Uni ts :  Four (4)  

Steam Capac i t y  : 

SHO Pressure: 

487,200 1 b /hr  

1250 psig 

SHO Temperature: 925" F 

Feedwa t e r  Temperature : 

Process F l u i d  Flow: 
. - - - .- - . 

Process F l u i d  pressure: - 2500 psig 

Process Fl  u i d  out1 e t '  Temperature: 840" F 

Process F l u i d  I n l e t  Temperature: 413°F 

Process Coi l  Heat Absorption Rate: 

Steam/Process Fl  u i d  Heat Duty Rat io:  

Sul f u r  Removal : 

Pa r t i cu l a te  I n  Flue Gas: 

NOx In Flue Gas: 

Vacuum Bottoms Surface Moisture: 

Un i t  Turndown: 

600 MBtu/hr 

50%/50% 

9 0% 

0.03 1 bs/MBtu F i red 

0.6 lbs/MBtu F i red  

2% by Weight 

50% wh i le  maintaining 
840°F process c o i l  
out1 e t  temperature 



Table 4 

EDS Hybrid Boi le r  
I l l i n o i s  Coal - EDS Residue 

Pred ic ted  Performance 

D e s c r i p t i o n  Uni t s  

Fuel Flow l b s / h r  
Evaporation l b s l h r  
Excess A i r  % 
Gas R e c i r c u l a t i o n  % 
Ti1  t Deg 

Superheater  
Feedwater OF 
SH O u t l e t  P r e s s .  p s i g  
SH O u t l e t  Temp. OF 
Spraywater Temp. OF 
Spraywater Flow l b s l h r  
Gas Flow l b s / h r  
Gas Temp. OF 

e n t .  P l a t e n s  
Gas Temp. OF 

e n t .  P rocess  C o i l  
Gas Temp. OF 

e n t .  A i r  Heater  
Stack Temp. OF 

Process  Coi l  
Fluid  Flow l b s l h r  
Coi l  O u t l e t  P ress .  
Coi l  O u t l e t  Temp. ' OF 
Coi l  I n l e t  Temp. OF 

Heat Losses  
Dry Gas % 
Hydrogen & Moisture  % 

i n  Fuel  
Moisture Ln A i r  'b 
Unburned Combustible % 
Radiat ion % 
Unaccounted % 
T o t a l  Losses % 
E f f i c i e n c y  % 

Low Ash 
Residue 
100% MCR 

103,365 
487,200 

20 
27 .O 

0 

250 
1,250 

9 25 
250 

0 
1,657,900 

2,075 

1,885 

555 

300 

2,170,000 
2,500 

840 
413 

4.53 
3.72 

0 .11  
0.25 
0.25 
1.50 

10.36 
89.64 

High 
100% MCR 

122,810 
487,200 

20 
25.5 

0 

250 
1,250 

925 
250 

0 
1,644,000 

2,073 

1,887 

559 

300 

2,170,000 
2,500 

840 
4 13 

4.53 
3.72 

0.11 
0.25 
0.25 
1.50 

10.36 
89.64 

Ash Residue 
75% MCR 

92,100 
365,400 

20 
36.6 
+11 

250 
1,250 

9 25 
250 

13,000 
1,324,000 

1,978 

1,778 

5 35 

300 

1,627,500 
2,500 

840 
413 

4.39 
3.71 

0.11 
0.25 
0.25 
1.50 

10.23 
89.79 

50% MCR 

60,910 
243,600 

20 
46.0 

+30 

250 
1,250 

925 
250 

26,000 
948,500 

1,935 

1,695 

510 

300 

1,085,000 
2,500 

840 
413 

4.24 
3.70 

0.10 
0.25 
0.25 
1.50 

10.04 
89.96 



TABLE 5 

EDS HYBRID 'BOILER 
ILLINOIS COAL-EDS RESIDUE 

CIRCULATION SYSTEM 
PREDICTED PERFORMANCE 

FIRING RATE: MCR' 487,200 LBS/HR EVAPORATION 

Evapora t ion- (1  b s / h r )  

Water F l  ow- ( 1  b s / h r )  

C i r c u l a t i o n  R a t i o  

Vel  o c i  t y  e n t e r i n g  Tubes-(fps) 

V e l o c i t y  l e a v i n g  Tubes-( fps)  

Ope ra t i ng  Pressure- (ps ig )  

Ope ra t i ng  Temperature-(OF) 
3 D e n s i t y  a t  Lower Ring Header-(1 b s / f t  ) 

D e n s i t y  a t  Upper Col l e c t i o n  ~ e a d e r - ( 1  b s / f t 5 )  

Mean F l u i d  D e n s i t y  i n  Water w a l l  s - (1  b s / f t 3 )  

F r o n t  Wal l  

135,470 

1,625,700 

12 

3.70 

7.45 

1,375 

587 

43.35 

21.61 

29.99 

Rear Wal l  

92,800 

1,252,500 

14 

2.85 

5.40 

1,375 

587 

43.35 

22.88 

30.96 

FIRING RATE: 50% MCR 243,600 LBS/HR EVAPORATION 

Evcipoi.nti on - ( l  bs/kl0) 

Water F l o w - ( l b s / h r )  

C i r c u l a t i o n  R a t i o  

Vel  o c i  t y  e n t e r i n g  Tubes-( f p s )  

V e l o c i t y  1 eav ing  Tubes-(fps) 

Ope ra t i ng  Pressure- (ps ig )  

O p e r a t i  ng Temperature- ( OF) 
3 D e n s i t y  a t  Lower Ring Header- ( l bs/  t t ) 

3 D e n s i t y  a t  Upper C o l l  e c t i o n  Header-(1 b s / f t  ) 

Mean F l u i d  D e n s i t y  i n  Water w a l l s - ( 1  b s / f t 3 )  

F r o n t  Wal l  - 
69,104 

1,433,905 

2 1 

3.26 

5.27 

1,375 

587 

43.59 

26.96 

'33.95 

Rear Wal l  

47,745 

1,098,129 

2 3 

2.49 

3.88 

1,375 

587 

43.59 

28.01 

34.66 

S ide  Wal ls  (To ta l  ) 

259,700 

3,377,300 

13 

3.60 

7.00 

1,375 

587 

43 :35 

22.48 

30.; 67 

S ide  Wal l s  ( T o t a l )  

I ? ~ , F ; ~ F ;  

21,797,201 

22 

3.11 

4.96 

1,375 

587 

43.59 

27.61 

34.39 



TABLE 6 

Un i t  1 

U n i t  2 

U n i t  3 

U n i t  4 

U n i t  5 

U n i t  6 

PARTIAL LIST OF C-E 
COAL FIRED UNITS WITH 

TUBULAR A I R  HEATERS AND NO 
A I R  HEATER SOOTBLOWING 

FUEL 

High V o l a t i l e  Bituminous 

Mid-West Bituminous 

Eastern B i  tumi.nous 

Semi-Bituminous 

B i  tumi nous 

Bituminous 

EVAPORATION 

275,000 1 bs/hr  

400,000 1 bs /hr  

350,000 1 bs/hr  

208,000 1 bs/hr  

.500,000 1 bs/hr  

600,000 1 bs/hr  



I 

TABLE 7 

Un i t  1 
3,580,000 l b l h r  Evap. 

500 w 
Eastern B i t .  

Un i t  2 
4.220.000 1 b l h r  Evap. 

600 MW 
Midwest B i t .  

Un i t  3 
3,800,000 1 b l b r  Evap. 

520 MW 
Sub. B i t .  

Un i t  4 - . . -  . 

4,150,000 1 b l h r  Evap. 
560 MW 

Midwest B i t .  

EDS Hybrid Boiler 
I l l i n o i s  EDS High 
Ash Vacuum Bottoms 

COMPARISON OF BACKPASS 
DESIGN FLUE GAS TEMPERATURES AND VELEITIES 

FOR 
I 

TYPICAL C-E COAL FIRED UNITS 

1724°F 1535°F 
58.7 fps 50.3 fps 

1416°F , 132PF 
43.1 fps 

- 
48-5 fps 

1148OF 849°F 
56.1 fps  55.2 fps  

1832'F . 17M°F - 
71.0 fps  67.9 fps 1243OF - 

65.2 fps  

1794°F 177Z°F 1658°F 1509°F 
44.5 fps  66.4 fps 62.2 fps  58.7 fps - - I 

1242OF - 
65.2 fps 

1794'F 1671°F - 
68.8 fps  66.4 fps 

1525OF 1404°F 
68.0 fps - 

62.9 fps 
1184OF - 
55.1 fps  

1887'F - 
28.4 fps '  

- - 1376°F i - 
39.4 fps  ' - - 1018OF - 

iy.7 fps  



TABLE 8 

FULL LOAD PROCESS COIL PERFORMANCE 

PROCESS COIL SECTION 

St/Do (Do = 4.5") 

S1/Do (Do = 4.5") 2.0 2.0 2.0 

TG ( i n l o u t )  (OF) (Gas) 1018/560 188711376 137611018 

TF ( i n l o u t )  (OF) (Process F lu id )  4131540 5401722 7221840 

T (OF) (Avg. Gas Temp.) 
9 789 1631 . 1197 

Tf (OF) (Avg. F l u i d  Temp.) 

LMTD 

RT (Overal l  Heat Transfer Rate) ( 1  6.72 8.95 8.73 

Mater ia l  304 SS 304 SS 304 SS 

Conduct iv i ty  - K ( ~ u t - i n l h r - f t 2  OF) 138 147 143 

Process F l u i d  Coe f f i c i en t  (hi ) 244 275 225 

Process Coi l  eAbsorption Rate 2720 12,850 4 506 
( B t u l h r l f t  ) 2 

(1)  The c o i l  thickness used f o r  t he  overa l l  t r ans fe r  r a t e  ca l cu l a t i on  was 
f ixed a t  t he  design p o i n t  and used f o r  the e n t i r e  c o i l .  Actual c o i l  
thicknesses w i l l  vary  throughout i t s  length. 

(2) Absorption Rate i n  reference t o  the Ins ide  Tube Surface. 



D. Process  C o i l  

The process  c o i l  is  t h e  hea t  exchanger through which t h e  process  f l u i d  

i s  prehea ted  f o r  t h e  EDS process .  Design gu ide l ines  f o r  t h e  process  

c o i l  were provided by ERdE based on t h e  ope ra t i ng . expe r i ence  of t h e  

EDS Coal L ique fac t ion  P i l o t  P l a n t  (ECLP) i n  Baytown, Texas. 

p roces s  c o i l  arrangement can be seen  on t h e  hybr id  b o i l e r  g e n e r a l  

arrangement drawing. 

PROCESS COIL DESIGN CONDITIONS 

o Heat duty:  600 MBtu/hr 

Process  f l u i d  f l ow  r a t e :  2,170,000 l b s / h r  

I n l e t  temp: 413OF, O u t l e t  temp: 8 4 0 ' ~  

P re s su re :  '2500 p s i g  

o 50 /50  process / s team hea t  du ty  r a t i o  

o Tube o u t s i d e  diameter :  4-1/2 i n .  

o 50% turndown 

o L inea r  v e l o c i t y  of p rocess  f l u i d :  9 t o  18 f t / s e c .  

o - + 5 ' ~  process  o u t l e t  temperature  

o Maximum f i l m  temperature:  9 0 0 ~ ~  

o 1 3 0 0 ~ ~  steam temp. dur ing  decoking 

0 I n s i d e  f i l m  c o e f f i c i e n t :  See F igure  11 

o Maximum h e a t  t r a n s f e r  r a t e s  a s  a func t ion  of t h e  process  f l u i d  

temp: See Figure 12 

SURFACE CONFIGURATION 

Conventional u t i l i t y  st,eam gene ra to r s  u t i l i z e  s u r f a c e  arrangements 

combining both v e r t i c a l  and h o r i z o n t a l  con f igu ra t i ons .  The f a c t o r s  

which in f luence  t h e  s e l e c t i o n  of one versus  t h e  o t h e r  a r e :  
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o Fuel  p r o p e r t i e s  

o  Economics 

o Compactness of t h e  des ign  

o Minimizing of t h e  b o i l e r  i s l a n d  p lan  a r e a  

A v e r t i c a l  su r f ace  conf igu ra t ion  was s p e c i f i e d  f o r  t he  process  c o i l  i n  

o rde r  t o  prevent  s t r a t i f i c a t i o n  of t h e  process  f l u i d  and f a c i l i t a t e  

tube  s u r f a c e  removal f o r  maintenance purposes.  The process  f l u i d  

( a  t h r e e  phase mixture)  i s  more e a s i l y  separa ted  i n  h o r i z o n t a l  then 

v e r t i c a l  tubes.  Long h o r i z o n t a l  c i r c u i t s  would tend t o  cause sepera-  

t i o n  of phases due t o  d e n s i t y  d i f f e r e n c e s ,  and hence, l o c a l i z e d  

overhea t ing  according t o  t he  thermal p r o p e r t i e s  of each phase. 

The s e l e c t i o n  of a  v e r t i c a l  su r f ace  conf igu ra t ion  a l s o  f a c i l i t a t e s  

maintenance of t h e  process  c o i l .  P l a t en  s e c t i o n s  o r  i n d i v i d u a l  tube 

removal can be accomplished e a s i l y  through t h e  hopper opening under t he  

process  c o i l .  The submerged sc rape r  conveyor can be r o l l e d  t o  one s i d e  

a l lowing  acces s  t o  t h e  e n t i r e  process  c o i l  a r ea .  The necessary  h o i s t  

capac i ty  has  been inc luded  t o  al low i n d i v i d u a l  c o i l  loop s e c t i o n s  t o  be 

e a s i l y  handled during maintenance opera t ions .  

HEAT TRANSFER RATE PREDICTION 

C-E hea t  t r a n s f e r  s tandards  were used i n  t h e  design of t h e  process  

c o i l .  The process  c o i l  i s  s u b s t a n t i a l l y  d i f f e r e n t  from t h e  

supe rhea t e r  and r e h e a t e r  su r f ace  i n s t a l l e d  i n  t h e  convect ion pass  of a  

convent iona l  steam gene ra to r ,  The  tube OD, tube th ickness ,  and i n s i d e  

film c o e f f i c i e n t  (F igure  11) a l l  a f f e c t  h e a t  t r a n s f e r .  The C-E h e a t  

t r a n s f e r  s tandards  were compared over a  wide range of tube s i z e s  and 

flow r a t e s  wi th  s e v e r a l  o t h e r  hea t  t r a n s f e r  s tandards  and were found t o  

be i n  agreement. 
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DESIGN CONSIDERATIONS 

The des ign  c o n d i t i o n s  and t h e  p red i c t ed  hea t  t r a n s f e r  r a t e s  have been 

p rev ious ly  s p e c i f i e d .  The fo l lowing  de f ines  how t h e  des ign  cond i t i ons  

were a p p l i e d  t o  t h e  des ign  of t h e  process  c o i l .  

The f o u l i n g  c h a r a c t e r i s t i c s  of t h e  vacuum bottoms and c u r r e n t  c o a l  

f i r i n g  p r a c t i c e s  determined t h e  t r a n s v e r s e  spac ing  of t h e  process  

c o i l .  The C-E l a b o r a t o r y  t e s t  r e s u l t  i n d i c a t e  a  r ap id  i n i t i a l  ash  

bu i ldup  but  d e p o s i t  bu i ldup  does no t  occur  due t o  t h e  low bonding 

s t r e n g t h  of t h e  d e p o s i t s .  The f l u e  gas  e rodes  any subsequent ash 

depos i t i on .  The l a b o r a t o r y  t e s t  r e s u l t s  a l s o  i n d i c a t e  t h e  a sh  d e p o s i t s  - - - - 

become s t i c k y  a s  they  approach t h e  vacuum bottoms ash  i n i t i a l  

deformation temperature  of 2080°. Deposi ts  i n  t h e  a sh  f u s i o n  

temperature  zone tend t o  bu i ld  up between sootblowing cyc les .  A 

t r a n s v e r s e  spacing1 of 15-112 inches  has heen s p e c i f i e d  f o r  t h e  

process  c o i l  f o r  f l u e  gas  temperatures  g r e a t e r  than  1 5 0 0 ~ ~ .  

Once t h e  t r a n s v e r s e  spac ing  has  been determined t h e  optimum element 

he igh t  f o r . t h e  process  c o i l  i s  determined by main ta in ing  a  maximum 

v e l o c i t y  of 45 f p s  i n  t h e  process  c o i l  t o  minimize t h e  p o t e n t i a l  f o r  

f l y a s h  e r o s i o n  w i t h  a  h igh  ash  f u e l  and t o  main ta in  accep tab l e  

convec t ive  h e a t  t r a n s f e r .  Table 7  compares f l u e  gas  v e l o c i t i e s  f o r  

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

The average f l u i d  v e l o c i t y  i n  t h e  process  c o i l  i s  18 f p s  a t  f u l l  load  

and approximately 9 f p s  a t  ha l f  load.  By main ta in ing  t h e  process  c o i l  

15  inch  t r a n s v e r s e  corresponds t o  a  10-112 inch c l e a r ;  7-112 

inch  t r a n s v e r s e ,  3 inch  c l e a r .  



f l u i d  v e l o c i t y  below 18 fps ,  i n t e r n a l  tube e ros ion  w i l l  be minimized 

and f l u i d  s i d e  p re s su re  drop minimized. 

To limit coking i n  t h e  process  c o i l ,  a  c o n s t r a i n t  on hea t  t r a n s f e r  

r a t e s  were s p e c i f i e d  by ER&E as shown on Figure  11. A s  prev ious ly  

d iscussed ,  C-E h e a t  t r a n s f e r  s t anda rds  were used i n  t h e  des ign  of t h e  

process  c o i l  . 

The l o n g i t u d i n a l  (dep th )  spac ing  of t h e  process  c o i l  was d i c t a t e d  by 

t h e  bending requirements .  I f  t h e  r ad ius  of bend curva ture  i s  too  

smal l ,  i t  i s  d i f f i c u l t  t o  produce a  uniform bend wi th  a l a r g e  diameter  

heavy w a l l  tube. With t h i s  c o n s t r a i n t  t h e  depth spacing was kep t  t o  a 

minimum of two times t h e  tube o u t e r  diameter  which i s  n ine  inches .  The 

c a v i t y  width f o r  t h e  sootblowers  is  two f e e t ,  which is  a  s tandard  f o r  

c o a l  f i r i n g .  

PROCESS COIL PERFORMANCE AND PHYSICAL DESIGN 

A t h r e e  s e c t i o n  process  co i l .  comprised of 48 i n d i v i d u a l  tube 

c i r c u i t s  w i t h  an  average c i r c u i t  l eng th  of 3400 f t .  was s e l e c t e d  t o  

s a t i s f y  t h e  p rev ious ly  discussed c o n s t r a i n t s  and condi t ions .  Two 

counterf low and a p a r a l l e l  f low s e c t i o n s  were s p e c i f i e d  a s  shown on 

F igu re  16.  

SECTION I (Low Temperature Sec t ion )  

The low temperature s e c t i o n  is  loca t ed  downstream of Sec t ion  I11 

t h e  low temperature s e c t i o n ,  and upstream of t h e  primary 

a i r h e a t e r .  It c o n s i s t s  of 48 s i n g l e  tube assemblies  w i th  a  

t r a n s v e r s e  spac ing  between assemblies  of 7.5 inches  ( f o r  more 

d e t a i l s  r e f e r  t o  t h e  equipment s p e c i f i c a t i o n s ) .  A counterf low 

conf igu ra t ion  i s  used wi th  t h e  process  f l u i d  e n t e r i n g  t h e  s e c t i o n  
. , 



a t  4 1 3 ' ~  and l e a v i n g  a t  5 4 0 ~ ~ .  The f l u e  gas  e n t e r s  t h e  s e c t i o n  

a t  1 0 1 8 ~ ~  and l e a v e s  a t  560'~. 

SECTION I1 ( In t e rmed ia t e  Temperature S e c t i o n )  

The in t e rmed ia t e  s e c t i o n  i s  loca t ed  downstream of t he  f i n i s h i n g  

supe rhea t e r  s e c t i o n  and waterwal l  s c r een  and upstream of Sec t ion  

111. I t  c o n s i s t s  of 24 double tube assemblies  wi th  a  t r a n s v e r s e  

spac ing  between assembl ies  of 15  inches  ( f o r  more d e t a i l s  r e f e r  t o  

t h e  equipment s p e c i f i c a t i o n ) .  A counter  f low con f igu ra t i on  i s  used 

w i t h  t h e  process  fluid e n t e r i n g  t h e  s e c t i o n  a t  5 4 0 ' ~  and l eav ing  

a t  722'~.  The f l u e  gas  e n t e r s  t h e  s e c t i o n  a t  1 8 8 7 ~ ~  and l eaves  

a t  1 3 7 6 ~ ~ .  

SECTION 111 (High Temperature S e c t i o n )  

The high tempera ture  s e c t i o n  i s  loca t ed  downstream of S e c t i o n  I1 

and upstream of S e c t i o n  I .  It  c o n s i s t s  of 48 s i n g l e  tube 

assembl ies  w i t h  a  t r a n s v e r s e  spac ing  between assemblies  of 7 .5  

inches '  ( f o r  more d e t a i l s  r e f e r  t o  t h e  equipment s p e c i f i c a t i o n s ) .  A 

p a r a l l e l  f low c o n f i g u r a t i o n  is used wi th  t h e  process  f l u i d  e n t e r i n g  

t h e  s e c t i o n  a t  7 2 2 ' ~  and l eav ing  a t  840 '~.  The f l u e  gas  e n t e r s  , 

t h e  s e c t i o n  a t  1 3 7 6 ~ ~  and l eaves  a t  1 0 1 8 ~ ~ .  Sec t ion  111 is t h e  

most important  s e c t i o n  wi th  r e spec t  t o  t h e  abso rp t ion  r a t e  

l i m i t a t i o n s ,  s e e  F ig .  15. The des ign  abso rp t ion  r a t e s  a r e  7,700 

Btu /hr -sq . f t .  a t  t h e  i n l e t  of t he  s e c t i o n ,  where t h e  f l u i d  

temperature  i s  722OF, and 2100 ~ t u / h r - s q . f t .  a t  t h e  o u t l e t  

( 840'~).  

n o w  UNBALANCE AND GAS BYPASSING 

The process  c o i l  w i l l  be subjec ted  t o  some uneven f l u e  gas  d i s t r i b u t i o n  

a c r o s s  t h e  wid th  of t h e  u n i t .  A t y p i c a l  mass f low and temperature  
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p r o f i l e  a t  the  c o i l  ent rance  can he seen on Figure 7.  The unbalance 

w i l l  decrease r ap id ly  due t o  the  r e s i s t a n c e  e f f e c t s  of the  c o i l .  Gas 

unbalance o rg ina tes  from the  turbulence crea ted  i n  the  f i r i n g  system 

and during gas turns .  

By plac ing severa l  waterwall screen tube sec t ions  upstream of the  

process c o i l ,  t he  gas unbalance generated i n  the  furnace i s  dampened 

t o  acceptable l eve l s .  The mass flow and temperature p r o f i l e s  en te r ing  

the  process c o i l  r e s u l t  i n  r e l a t i v e l y  constant  gas flows and 

temperature across  the  width of the  c o i l  sec t ion .  Since the  process 

f l u i d  i n  each tube w i l l  he cont ro l led  independently, any unbalance of 

the  process f l u l d  temperature can be adjus ted  by regula t ing  flow of the  

process f l u i d  t o  each individual  element. 

Gas bypassing i s  a l s o  poss ib le  through the  bottom of the  c o i l  and the  

submerged scraper  conveyor hopper. I n  order  t o  minimize the bypassing, 

a b a f f l e  is  1.ocated i n  the  hopper. The cold flow modeling of the  

Hybrid Bo i l e r  ( t o  be performed during t h e  Summer of 1982) i s  expected 

t o  give valuable information with regard t o  both flow unbalance and gas 

bypassing. The r e s u l t s  of the  modeling w i l l  he lp  i n  defining the  

number and loca t ion  of the  b a f f l e s  which minimizes flow unbalance and 

gas bypassing. 

PROCESS COIL ROOF TUBE SUPPORT 

During the  course of t h e  hybrid b o i l e r  design, t h e  support mechanism 

f o r  the  process c o i l  was analyzed wit.h severa l  design conf igura t ions  

discussed het.ween C-F, and ER6E. The objective of the  design was t o  

arrange the  support system i n  such a manner a s  t o  reduce the  number of 

roof penet ra t ions  while providing f o r  tube expansion of both the  

process c o i l  and steam cooled encasement. Other c o n s t r a i n t s  included 
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d i s s i m i l a r  welds ,  e r o s i o n  of suppor t  t i e s  and exposure t o  1 9 0 0 ~ ~  f l u e  

gases .  

The support  system f o r  t h e  process  c o i l  can be seen on t h e  a t t ached  

drawing. A s t a i n l e s s  s t e e l  hanger rod is welded t o  t he  t op  of each 

p roces s  c o i l  loop. A tube l i n e d  wi th  i n s u l a t i o n  i s  f i t t e d  over  t h e  

suppor t i ng  hanger rod t o  provide p r o t e c t i o n  from e ros ion  and 

tempera ture .  The suppor t  (hanger)  rod passes  up through t h e  steam 

cooled roof tubes  and is  bo l t ed  t o  a  s t e e l  channel beam which runs from 

f r o n t  t o  r e a r  of t h e  process  c o i l .  The channel  beam i s  a l s o  used t o  

suppor t  t h e  steam cooled roof tubes .  C l i p s  a r e  welded t o  each of t h e  

roof tuhes and a r e  f r e e  t o  s l i d e  on a  bar  welded t o  t he  channel ,  

a l lowing  room f o r  roof &be expansion. The channel beams a r e  supported 

w i t h  hangers  connected t o  t h e  u n i t  support  s t e e l .  

Using the  suppor t  method descr ibed ,  d i s s i m i l a r  welds between suppor t ing  

members is  e l imina t ed .  The s t a i n l e s s  s t e e l  hanger rods a t t ached  t o  t h e  

c o i l  a r e  t he rma l ly  p ro t ec t ed  a l lowing  t h e  process  c o i l  and roof t o  cool  

thc rod. noof p e n e t r a t i o n s  have Let11 U I ~ L I I I I I L Z ~ ~  ~ e d u c l l l g  L I L ~  area prone 

t o  f l u e  gas  leakage.  The c o i l  p e n e t r a t e s  t h e  roof only t o  e n t e r  o r  

e x i t  t h e  h e a t  t r a n s f e r  a r ea .  C o i l  expansion c h a r a c t e r i s t i c s  a long  i t s  

l e n g t h  a r e  markedly d i f f e r e n t  from t h e  roof tubes.  Th i s  arrangement 

p rov ides  f o r  t h e  c o i l  and roof tubes  t o  be 'commonly supported y e t  

a l lowed t o  expand independent of .  each o the r .  The process  c o i l  w i l l  be 

t i e d  t o  ad j acen t  t ubes  a long  i t s  he igh t  by u s ing  f l e x  and s l i p  

space r s .  These devices '  a l low f o r  v e r t i c a l  movement due t o  expansion,  

bu t  p revent  f r o n t  t o  r e a r  and s i d e  t o  s i d e  sway of t h e  tubes.  



OPERATIONAL CONSIDERATIONS 

The primary means of p rocess  f l u i d  c o i l  o u t l e t  . temperature c o n t r o l  i s  

t h e  f i r i n g  r a t e .  I n c r e a s i n g  the  f t r i n g  r a t e  and maintaining a cons t an t  

p rocess  f l u i d  flow w i l l  i n c r e a s e  t h e  process  f l u i d  c o i l  o u t l e t  

temperature .  Conversely,  decreas ing  t h e  f i r i n g  r a t e  w i l l  decrease  t he  

process  f l u i d  c o i l  o u t l e t  temperature .  

The two o t h e r  means'of varying t h e  hea t  absorbed by t h e  process  c o i l  

a r e  gas  r e c i r c u l a t i o n  and windbox t i l t .  A d i s cus s ion  on t h e  e f f e c t  of 

gas  r e c i r c u l a t i o n  and windbox t i l t  may be found i n  Sec t ion  C ,  Design 

Cons idera t ions .  

During t h e  des ign  phase t h e  t o p i c s  of p o t e n t i a l  tube l e a k s  and 

c o n s i d e r a t i o n s  f o r  c o i l  replacement were d i scussed .  A t ubu la r  a i r  

p r e h e a t e r  was s e l e c t e d  t o  e l i m i n a t e  t h e  con tac t  of t h e  flammable 

process  f l u i d  and combustion a i r  i n  t h e  event  of a  p rocess  c o i l  tube  

l eak .  Pre l iminary  d i s cus s ions  regard ing  l eak  d e t e c t  i on  equipment and 

o p e r a t i n g  cons ide ra t i ons  i n  t h i s  mode were d i scussed  wt th  t h e  f i n a l  

recommendations d e f e r r e d  u n t i l  more d e t a i l e d  s tudy  can be made du r ing  

t h e  1982 Phase I1 program. 

DECOKIMG 

Coke formation on t h e  i n s i d e  of t h e  process  c o i l  tubes  i n s u l a t e s  t h e  

p roces s  f l u i d  hea t  t r a n s f e r  from t h e  f l u i d  and tube  wa l l .  Th i s  i n  t u r n  

r a i s e s  t h e  tube  w a l l  meta l  temperature .  When t h e  tube w a l l  meta l  

temperature  approaches i t s  des ign  va lue  t h e  u n i t  is shutdown and 

decoked. The hybr id  b o i l e r  has  been designed t o  a l low decoking. The 

des ign  t a k e s  i n t o  c o n s i d e r a t i o n  t h e  expansion and temperature  p r o f i l e s  

t h a t  w i l l  exist du r ing  t h i s  ope ra t i on .  



The decoking process  i nvo lves  two phases,  s p a l l i n g  and burning. During 

t h e  s p a l l i n g  phase t h e  c o i l  w i l l  be sub jec t ed  t o  a 1 3 5 0 ' ~  maximum 

meta l  temperature .  Nitrogen followed by steam w i l l  be used t o  spa l l .  

t h e  coke. The s team used i n  s p a l l i n g  a t  353OF, 125 p s i g  w i l l  he 

in t roduced  a t  t h e  low' tempera ture  s e c t i o n  tube i n l e t  and r i s e  up t o  

1 3 0 0 ~ ~  a t  t h e  o u t l e t .  Due t o  t h e  arrangement of t h e  c o i l ,  t h e  steam 

w i l l  approach 1 3 0 0 ~ ~  a t  t h e  end of t h e  low temperature  s e c t i o n  of. t h e  

c o i l .  The steam w i l l  be c l o s e  t o  1 3 0 0 ' ~  throughout t h e  i n t e rmed ia t e  

and h igh  temperature  s e c t i o n s .  The f l u e  gas  e n t e r i n g  t h e  c o i l  w i l l  be 

approximately 1 3 2 0 ' ~  and leave  a t  840'~. There w i l l  be e s s e n t i a l l y  

no h e a t  t r a n s f e r  through t h e  process  c o i l  i n t e rmed ia t e  and h igh  

tempera ture  s e c t i o n s  except  f o r  a small amount of hea t  absorbed i n  t h e  

steam cooled  w a l l s  of t h e  process  c ~ i l  encasement. Effect ively ,  a l l  

t h e  h e a t  i s  absorbed by t h e  process  c o i l  du r ing  decoking i s  absorbed by 

t h e  low temperature  s e c t i o n .  Th i s  unusual  abso rp t ion  p r o f i l e  i s  due 

t o  t h e  r a t i o  of f l u e  gas  t o  decoking steam and t o  t h e  ex t ens ive  c o i l  

s u r f a c e .  The p roces s  c o i l  arrangement exposes t h e  high temperature  

s e c t i o n ,  t h a t  i s  s u s c e p t i b l e  t o  coking,  t o  1 3 0 0 ~ ~  steam and more 

e f f e c t i v e  s p a l l i n g  . 

During t h e  burn ing  phase a i r  i s  in t roduced  a t  t h e  low temperature  

s e c t i o n  tube i n l e t  and w i l l  r i s e  t o  1 3 0 0 ~ ~  a t  t h e  h igh  temperature  

tube  o u t l e t .  Due t o  t h e  p o s s i b i l i t y  of l o c a l i z e d  overhea t ing  a s  a 

r e s u l t  of t h e  burning process  coil . ,  metal  temperatures  must be 

c a r e f u l l y  monitored. 

Gas r e c i r c u l a t i o n  i s  used t o  temper t h e  f l u e  gas  t o  t h e  process  c o i l .  

C o n t r o l  of t h e  decoking steam temperature  w i l l  be achieved by 

c o n t r o l l i n g  f i r i n g  r a t e  and can be tempered us ing  a combination of 
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windbox tilt to control the furnace outlet gas temperature and gas 

recirculation as in normal operation. 



E. A v a i l a b i l i t y  Analys is  

The work performed du r ing  t h i s  design s tudy  was pr imar i ly  concerned 

wi th  i n v e s t i g a t i n g  t h e  p r a c t i c a l i t y  of applying C-E's knowledge of 

equipment component f a i l u r e  and i t s  a f f e c t  on a v a i l a b i l i t y  t o :  develop 

p red ic t ed  Hybrid B o i l e r  System a v a i l a b i l i t y ,  determine. p o t e n t i a l  a r e a s  

of a v a i l a b i l i t y  r educ t ion  and t o  ana lyze  mean time between f a i l u r e ,  and 

ana lyze  mean time t o  r e p a i r  major system components. 

I n  gene ra l  terms, equipment a v a i l a b i l i t y  may be considered a s  t h a t  

f r a c t i o n  of t ime t h a t  a system o r  components is  capable of opera t ion .  

Moreover, i f  t h e  assumption i s  made t h a t  most steam gene ra to r s  i n  t h e  

C-E da t a  program, because of t h e i r  s i z e ,  a r e  e i t h e r  on l i n e  o r  being 

r epa i r ed  and l i t t l e  t ime is  spent  on s tandby,  then a v a i l a b i l i t y ,  

exc lus ive  of scheduled outages,  could be defined a s :  

A v a i l a b i l i t y  = 

Forced Outage Rate can  a l s o  be def ined  i n  terms of equipment 

ovn i lnb i  li f y  ao : 

Forced Outage Rate = 

C-E has determined t h a t  t h e  components caus ing  most of t h e  outages and 

load r educ t ions  can be c l a s s i f i e d  i n t o  t h e  fo l lowing  n ine  major 

components c a t e g o r i e s  f o r  t h e  Hybrid Bo i l e r .  

I Waterwalls 

11 Superheater /Convect ive Process  Co i l  

I11 Tubular A i r  P rehea te r  

I V  soot  blowers /Submerged Scraper  Conveyor 

V Cont ro ls  



VI Fans 

VII Pulverizers 

VIII ~ r e c i ~ . i t a t o r s / S O ~  Scrubbers 

A'preliminary eval.uation of the Hybrid Boiler forced outage rate was 

made based on a v a i l a b i l i t y  records of u t i l i t y  boi lers  i n  the 400 to 600 

MW range. Based on t h i s  data, C-E predicts a forced outage rate of 8 

to 10% i s  possible for the Hybrid Boiler based on good operating and 

maintenance procedures. 



F. Cost Es t imate  

Scope of  Equipment 

B o i l e r  I s l a n d  

Four (4)  Radian t  Pu lve r i zed  Coal/EDS 

Vacuum Bottoms F i r ed  Un i t s  - Each u n i t  c o n s i s t i n g  of :  

B o i l e r  and i t s  Appurtances i n c l .  Non-Return Valves 

Fusion Welded Waterwall  

Superhea te r  & Desuperheater  

Steam Cooled Back Pass  

T i l t i n g  Tangen t i a l  Windboxes 

Four (4) Coal/EDS Bottoms S i l o s  

Four (4) C-E Bowl Mi l l s /Un i t  - complete w i t h  C-E Feeders  

S o l i d  S t a t e  Burner Con t ro l s  (FSSSj 

A i r  Ductwork from F.D. Fan' t o  Burner and M i l l s  

Gas Duct t o  Tubular  'Air Heater  O u t l e t  . 

Gas R e c i r c u l a t i o n  Duct t o  Furnace 

Secondary Tubular  A i r  Hea te r  and Steam Co i l  A i r  Heater  

Buckstays d Misc. Casing 

S e t t i n g  and I n s u l a t i o n  and Lagging 

Dual Primary A i r  Fans complete wi th  Motors 

Dual Forced D r a f t  Fan complete w i t h  Motors 

Dual Induced D r a f t  Fans complete wi th  Motors 

Complete Sootblower System w i t h  P ip ings ,  Valves and F i t t i n g s  

S t r u c t u r a l  S t e e l  f o r  B o i l e r  and i t s  A u x i l i a r i e s  w i t h  
P l a t fo rms ,  Walkways and Ladders 

P roces s  Co i l  - ~ a b r i c a t e d  with. SA-213 TP 304 Ma te r i a l  

One (1) Common Stack  f o r  f o u r  u n i t s  inc lud ing  Dampers 

I n s t r u c t i o n  Manuals 

E r e c t i o n  and Se rv i ce  Represen t a t i ve  

F r e i g h t  tn  T l l  i n n i s  

P r e c i p i t a t o r s  

Four (4) Rig id  Frame 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  - Each u n i t  
c o n s i s t i n g  o f :  

P r e c i p i t a t o r s ,  Flange t o  Flange 

~ r a n s i  t i o n s  

Access 

Support S t e e l  



I n s u l a t i o n  and Lagging ( m a t e r i a l  only) 

I n s t r u c t i o n  Manuals 

Gas Flow Model Study 

Erec t ion  Representa t ive  

Se rv i ce  Representa t ive  

F re igh t  

(Foundations and Buildings - not  included)  

Flue Gas D e s u l f u r i z a t i o n  I s l a n d  

S ix  (6)  Wet F lue  Gas Scrubbers Modules - Each u n i t  c o n s i s t i n g  of :  

Absorber System 

Addit ive System 

Flue Gas Reheater  System 

Auxi l ia ry  Equipment 

E l e c t r i c a l  Equipment 

I n s t r u c t i o n  Manuals 

Tra in ing  Program 

Design Model 

Gas Flow Model Study 

Erec t ion  Representa t ive  

Se rv i ce  Representa t ive  

F r e i g h t  

(Foundations and Buildings - not  inc luded)  

P r i c i n g  

Four (4)  Hybrid B o i l e r s  $ 75,075,000 $113,075,000 
& Auxi l ia ry  Equipment 

Four (4) Process  Co i l s  $ 82,225,000 $ 99.225.000 
& Support (excluding 
Steam Cooled Enclosure) 

T o t a l  Bo i l e r  I s l a n d  $157,300,000 $212,300,000 

Four (4) P r e c i p i t a t o r s  $. 13,840,000 . $ 23,428,000 

Wet F lue  Gas $ 18,380,000 $ 26,572,000 
D e s u l f u r i z a t i o n  Systems 
f o r  f o u r  (4) Hybrid 
B o i l e r s  

T o t a l  F lue  Gas Cleanup $ 32,220,000 $ 50,000,000 



G. Equipment S p e c i f i c a t i o n s  

S e c t i o n  I - Coal P r e p a r a t i o n  

Coal S i l o s  

P u l v e r i z e r s  (Fig.  1, 2) 

S e c t i o n  I1 - Fuel F i r i n g  System 

Tangent ia l  F i r ed  Windbox (F ig .  3,  4, 5) 

Furnace Safeguard Supervisory System 

Sec t ion  111 - Steam Generator  and Process  Co i l  

Drum (Fig.  6) 

Furnace Wall System 

Steam Cooled Wall System 

Superhea te r  and Process  C o i l  
(Fig.  7,  8 ,  9,  10 ,  11, 1 2 )  

Desuperhoat,er (Fig.  13)  

S e c t i o n  IV - Auxi l i a ry  Equipment 

Secondary A i r  Hea te r  (Fig.  14) 

Fans 

Gas R e c i r c u l a t i o n  System 

Du c  two rk  

Sootblowing System 

S tack  

Sec t ion  V - Flue Gas Clean Up System 

P a r t i c u l a t e  Removal (Fig.  15) 

F lue  Gas D e s u l f u r i z a t i o n  

Bottom Ash, Process  Co i l  Ash and P u l v e r i z e r  
R e j e c t s  Removal System (Fig.  16 ,  17', 18) 

Pneumatic F l y  Ash Removal System (Fig. 19)  

S e c t i o n  V I  - L i s t  of Drawings 



S E C T I O N  I - C O A L  P R E P A R A T I O N  



COAL SILOS 

N u m b e r o f S i l o s :  4 

Height :  74 ft. 

Diameter: 16 ft. 

78" Hopper w i t h  a 2 ft. opening 

Capacity:  10,600 ft3 

D i v e r t e r  Val ve 

Manual 1 y operated k n i  fe -ga te  



PULVERIZERS 

Number Type Size Max. Capacity Manufacturer 

4 RP 623 52,500 1 bsjhr Vacuum Bottoms C-E Inc. 
39,500 1 b s j h r  Coal 

Included also in the pulverizing system are: 

Integral vol umetric Feeder 

Pulverizer motor rated a t  200 h p  

Lube oi 1 system 

Seal a i r  system 

Spring 1 oaded journal assembly 

Steam inerting and f i r e  detection system 

Each pulverizer feeds one elevation of burners and i t  i s  capable of grinding 

e i ther  coal or  vacuum bottoms. F u l l  load i s  attained by f i r ing  vacuum bottoms 

with three of the four pulverizers i n  service. The a b i l i t y  of the pulverizers 

t o  f i r e  the parent coal i s  1 imited by the a i r  heaters capacity. 

Predicted Mill Performance 

110 kw/mi11 

132 k w l m i l l  

24,103 1 bs/hr-mi11 

40,936 lbs/hr-mill 

. ' 
57% Load 

Coal Firing 

100% Load 
Vacuum Bottom 
Fi  ri ng 

3 of 4 
Mills i n  Service 

3 of 4 
Mills i n  Service 



FIGURE 1 

C-E PULVERIZER 
TYPE RP 



FIGURE 2 



S E C T I O N  I 1  - F U E L  F I R I N G  S Y S T E M  



TANGENTIAL FIRED W INDBOX 

Four (4 )  18" windbox assemblies located i n  each corner o f  the furnace cons is t ing 

of fuel and a i r  compartments arranged v e r t i c a l l y ,  complete w i t h  necessary insu la t ion ,  

i g n i t o r s ,  flame scanners, dampers and fuel connections,al l  shop assembled. 

Four (4) water cooled, t i 1  t i n g  fuel compartments per windbox assembly, capable 

of f i r i n g  e i t h e r  coal o r  vacuum bottoms. 

o ( 2 )  IFM gas i g n i t o r s  per windbox as'sembly 

Three (3) F i r e b a l l  Flame Scanners 

Two ( 2 )  Elevat ions o f  High Btu Gas Compartments 

T\:o ( 2 )  Compartment\ o f  Overf i r e  A i r  per w i  ndbox assembly 

Fuel Pipe (from pu l ve r i ze r  t o  windbox) : 12.75" OD w i t h  

0.375 i n .  thickness 



C-E TANGENTIAL WINDBOX 
FIGURE 3 
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* Coal or Vacuum Bottoms 
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FIGURE  4

TYPICAL

C-E TANGENTIAL FIRING WINDBOX
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m  POWER
SYSTEMS

Illustration is typical of design, but does not necessarily show exact details of construction.
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TY P I C A L  WATER-COOLED COMPARTMENT 



FURNACE SAFEGUARD SUPERVISORY SYSTEM 

A FSSS w i l l  be provided f o r  the automatic sequential cont ro l  o f  the preparation, 

d i s t r i bu t i on ,  and admission o f  fue l  and a i r  i n t o  the furnace. The FSSS w i l l  

perform the fo l low ing  functions, star tup,  shutdown, safe ty  supervision, 

coordination, monitoring, and remote status display.  

FSSS Equipment 

One (1)  Control consol e i n s e r t  (switches pushbuttons and i nd i ca t i ng  1 amps) 

One (1)  Control Cabinet 

E ight  (8)  Loca l l y  mounted i g n i t o r  cont ro l  cabinets w i t h  i n t eg ra l  mounted 

is01 a t i o n  va l  v i  ng 

E ight  (8)  Local l y  mounted warmup gas cont ro l  cabinets 

Twel ve (12) F i  r eba l l  flame scanners 

One (1 )  I g n i t o r  gas header double block and vent valve 

Eicjht (8) I g n i t o r  gas t r i p  valves 

One (1) Warmup gas header double block and vent valves 

E ight  (8 )  W a r m u p g a s e l e v a t i o n d o u b l e ~ b l o c k a n d v e n t v a l v e s  

M i  scel laneous pressure switches 



S E C T I O N  1 1 1  - S T E A M  G E N E R A T O R  A N D  

P R O C E S S  C O I L  



DRUM 

Locat ion  

Upper 

Number 

1 

Length* 

25 '0"  

I n s i d e  Diameter 

60" 

(*) Weld t o  we1 d  

Cen t r i f uga l  Separator I n t e r n a l  s  (F igure  6) 

Downcomers 

Number Outside Diameter 

2 18.00 





FURNACE WALL SYSTEMS 

Location 

Tubes 
TY pe 

Number 0. D. MWT* Construct ion 

Furnace Front  Wall @ Roof 120 2.500 .I88 Fusion Welded 

Furnace Rear Wall 120 2.500 .I88 Fusion We1 ded 

Furnace Side Walls 

Front  Wall 

Rear Wall 

Side Walls 

2.500 .I88 Fusion Welded 

Waterwall Re1 i e f  Tubes 

30 ' 5.563 .375 

30 5.563 .375 

5 2 4.500 .300 

(*) Minimum Wall Thickness 

Lower Headers, O.D. = 16.00 in .  

Upper Headers, O.D. = 8.625 i n .  

Approximate Furnace Projected Surface: 16,750 ft2 

Approximate Furnace Vol ume: 105,200 ft' 

Furnace Wi'dth: 29.917 ft. 

Furnace Depth: 33.917 ft. 

Furnace Gas-Side Pressure 

The furnace w i l l  be capable o f  withstanding an i n t e rna l  pressure o f  226 i n .  

of water gage. 



STEAM COOLED WALL SYSTEM 

Steam Cool ed Wall Supply Tubes 

Number O.D. 

2 0 4.50 i n .  

Cavi t y  Wall s 

57 tubes wide 

Mater ia l  : SA-210 

Spacing: 2.50 i n .  

MWT: - - .I80 i n .  

OD: 2.00 i n .  

Process Coi l  Steam Cooled Walls 

196 tubes wide 

Mater ia l  : T-1  

Spacing: 4.00 i n .  

MW'I' : .I80 i n .  

OD : 2.00 i n .  

MWT - 

0.300 i n .  

Ma t e r i  a1 

106 B 
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-ZFEUITY PRODUCTS, PERFORMANCE DESIGN 

SUPERHEATER, PROCESS COIL AND ECONOMIZER Page No .--------. 
900347 Contract No .,,--,,------,. Name- , EDS -, ,,-- Hybrid -- --- Bo i l e r  -- - -------------- -- - ----------,-No. of Blrs .---------. 4 

Ti1 t i n 9  Tangential  oiler T ~ ~ ~ - N G ~ :  -c iK:, , , .F. w.,B L:il_'l~. ~.33-':j>!-- - ~urners-, , , - - - - - - - - - - - , - - - - - ,,-, , - - - -, , - ,,. 
Ill i n o i s  Coal o r  Vacuum Bottoms Fuel-, , , , - - - -, - , , , - , - - - - - - - --  --  - - - - - -- - - - -, - - - - - - - - -- ,Specs., , - - - - , , - , - - , - - - - , - - - - , - - - - , , - , , 

DESIGN PERFORMANCE DATA Negotiation No .---,--,-,-- 
I SUPERHEATER I PROCESS COIL I 

I I Gas Reci rcu la t ion CONTROL TYPE--, ,--- --,----,---- -------- - Ji?-?LS-~~a~---------- --- --- -------- - -- - --- --- -- ---- I 

ARRANGEMENT DATA 
- - 

Quantities indicated are per boiler. Heating surfaces are gas touched unless specified otherwise. 

TUBE 

0. D INS. 

2.00 

2.00 

4.50 

4.50 

4.50 

SECTION 

SH Platen 

SH Pendant 

Process Coi l  

1nt.Temp.Section 

High Temp.Section 

LowTemp.Section 

. SPACING 

S, -- 
30.00 

18.00 

15.00 

7.50 

7.50 

- INS. 

sL 

2.375 

4.000 

9.000 

9.000 

9.000 

NO. 

LOOPS 

1 

1 

6 

12 

24 

NO 

ASSEMB 

12 

'+?O 

24 

48 

48 

- ,= 

- 

LN n. 

4,380 

4,580 

23,000 

48,550 

no. 
ELLY 

60 

80 

48 

48 

48 

I 

HEATING SURFICE 

OEVEL-R~ 

- 
- 

27,140 

54,290 

92,10Ollb9,570 

PROJ.-FT~ 

1,294 

1,805 

- 

- 
- 



Combustion Engineering, Inc. 
UTILITY PRODUCTS, PERFORMANCE DESIGN 

SUPERHEATER, PROCESS C O I L  AND ECONOMIZER Page No .---------- 
9 0034 3 'EDS Hybrid Boiler Contract No.------------,,Name------- -,-------,-----------------d-------------------------. 

HEADERS, PIPING AND MISC. DATA 
Ouantities indicated are per boiler. 



PROCESS COIL 

M a t e r i a l :  SA-213 TP-304H 

S p e c i f i c a t i o n s  

Tube O.D. MWT Tubes Deep . S ~  - 3 
In te rmed ia te  Temp. Sec t ion  4.50 i n .  .612 i n .  24 15 i n .  9 i n .  

High Temp. Sec t ion  4.50 i n .  ,661 i n .  24 7.5 i n .  9 i n .  

Low Temp. Sec t ion  4.50 i n .  .612 i n .  48 7.5 i n .  9 i n .  



EilS HYBRID BOILER 

MASS FLOW AND TEMPERATURE PROFILES 

The mass f l o w  and temperature p r o f i l e s  shown below a r e  t h e  p r e d i c t e d  unbalance 
va lues  e n t e r i n g  t h e  process c o i l .  These va lues do n o t  account f o r  t h e  media t ing 
e f f e c t s  o f  t h e  screen tubes and c a v i t y  upstream o f  t h e  c o i l  entrance.  

I I I 

8.5 8.5 
0 

FEET FROM CENTERLINE 

TEMPERATURE 

DESIGN GAS TEMP. 

. 8 
1887OF 

17 8.5 0 8.5 17 

FEET FROM CENTERLINE 

6 8 





GAS - 
FLOW 

Ells HYBRID BOILER (ILLINOIS DESIGN) 
PROCESS CO I L ARRANGEMEdT 

S FLUID 
J 

GAS 

FLOW 

TUBE" = 41"' 

FIGl 9 

L 

I 
71/2 
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48 
1 b 

I1 
15 

9 

24 

m 
?1/2 

9 
I 

40 I+ OF ASSEMBLIES 

I 

ST I 

Q L  

L 



EDS HYBRID BOILER ILLINOIS EDS 
PROCESS COI L ARRANGEMENT 

SEC. 

FIG, 10 
7 1 

SEC. 







DESUPERHEATER 

One ( 1 )  12-3/4 in. outside diameter spray type desuperheater for the steam, 

i ncl udi ng the necessary val ves and spray i nternal s . 

Spray temperature: 250°F 

Maximum spray flow: 50,000 lbs/hr 



FIGURE 13 

C-E DESUPERHEATER 

Lbr mr -J 

r+ POWER 
SYSTEMS 

Illustration is typical of design, but does not neczssarily show exact details of construction. 
75 



S E C T I O N  I V  - A U X I L I A R Y  E Q U I P M E N T  



SECONDARY A I R  HEATER 

3-pass t u b u l a r  a i r  heater  w i t h  t h e  gas through t h e  tubes and secondary a i r  over 

t h e  tubes (see F igure  8 ) .  

Diameter o f  tubes: 2.5 inches 

' Thickness: 12 gauge . ,  

Number o f  tubes wide: 113 per pass 

Number o f  tubes deep: 50 per  pass 

Tubes spacing - width:  3.125 inches 
. . . . 

Tubes spacing - depth: 3.125 inches 

Tube m a t e r i a l  : SAE-1010 

Tota l  heat ing  surface: 283,255 sq. f t .  



C-E TUBULAR AIR HEATER
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FANS 

The fan specif icat ions  a r e  such t ha t  the  fans can provide 60% of t he  f u l l  flow 

r a t e  with e i t h e r  one forced d r a f t .  o r  one induced d r a f t  fan out of service.  I f  

one primary a i r  fan i s  out  of service ,  66% a i r  flow t o  t he  mi l l s  can be 

achieved. A1 1 fans a r e  motor driven,  constant speed uni ts .  I 

Primary Air Fan 

Description 

Number of Fans 

Actual Test  Block 

2 - 
Volumetric Flow (cfm) 114,000 142,590 

S t a t i c  Pressure Rise (in.wg) 29.0 43.5 

Operating Speed (rpm) 1800 1800 
Type of Control I nl e t  Vanes In1 e t  Vanes 

Forced Draft Fan 

Description Actual 

Number of Fans 2 

Vol umetri c Fl ow (cfm) 634,900 
S t a t i c  Pressure Rise (in.wg) 13.10 

Operating Speed (rpm) 1800 

Type of Control I n l e t  Vanes 

I'nduced Draft Fan 

Description Actual 

Nu~~~ber  o f  Fans 2 

Vol umetri c Fl ow (cfm) 1,021,750 

S t a t i c  Pressure Rise (in.wg) -10.4/+12.00 

Opera t i  ng Speed ( rpm) 9 00 

Type of Control I nl e t  Vanes 

Test  Block 
- 

761,900 

18.85 

1800 

In1 e t  Vanes 

Test Block 
- 

1,226,100 
-14.55/16.80 

9 00 

I nl e t  Vanes 



GAS RECIRCULATION SYSTEM 

Gas i s  r ec i r cu la ted  from the  o u t l e t  o f  the induced d r a f t  fan t o  the bottom o f  

t he  furnace f o r  process c o i l  o u t l e t  temperature cont ro l .  +12.00 in.wg a t  the 

out1 e t  o f  the I D  fan assures adequate head t o  r ec i r cu la te  the  f l ue  gas. 

Control o f  the gas f l ow  i s  provided through two sets o f  dampers; one i n  the 

main duct t o  the  stack and another one i n  the GR duct. 

GR duct cross-section: 32 sq.ft. 



DUCTWORK 

The ductwork inc luded i n  C-E's scope o f  supply: 

A i r  Ducts 

From t h e  o u t l e t  o f  t h e  fo rced d r a f t  f a n  t o  t h e  secondary . a i r  heater.  From t h e  

o u t l e t  o f  t h e  secondary a i r  heater  t o  t h e  windbox. 

I n  t h e  pr imary a i r  system, from the  o u t l e t  o f  t he  P.A. fans t o  t h e  p u l v e r i z e r .  

Gas Ducts 

From t h e  o u t l e t  o f  t h e  process c o i l  t o  t he  i n l e t  o f  the. secondary a i r  heater .  

Between t h e  o u t l e t  o f  t h e  secondary a i r  hea te r  and the  e l e c t r o s t a t i c  

p rec i  p i  t a t o r .  

Ductwork associated w i t h  t h e  I .D., fans and i n t o  ducts ac t i ng  as 4 u n i t  common 

plenum's between t h e  ESP and t h e  FGD modul es. 

Gas r e c i r c u l a t i o n  ductwork running from t h e  o u t l e t  o f  t h e  induced d r a f t  fans 

t o  the  bottom o f  t he  furnace. 

Duct connect ing the  s i x  FGD modules t o  the  stack. 



SOOTBLOWING SYSTEM 

The following e lec t r i ca l ly  operated, automatic-sequential equipment are  

i ncl uded i n  the Sootbl owi ng System: 

- 60 Wall Blowers 

Each blower incl udes an el ec t r i c  motor drive, mechanical ly  

operated vsl ve with adjustable pressure control , s te l  1 i ted 

valve seats and disc. 

- 39 Retractable Blowers w i t h  38 .fL; Travel -- - - - . -- 

For the individual sootbl ower 1 ~ c a t i o n  see drawing EP-813-199-4 



STACK 

A l l  f o u r  Hybr id  B o i l e r s  i n  t h e  b o i l e r  i s l a n d  designed f o r  t h e  I l l i n o i s  l o c a t i o n  

feed i n t o  a s i n g l e  common stack. 

Ma te r i a l  : Corten Stee l  

Gas Temperature: 300°F 

Stack Diameter: 23.5 ft. 

Stack He igh t :  250 ft. 

Stack Thickness: 

E.1 eva t i on Thickness 

0-60 ft. 314 i n .  

60-80 ft. 518 i n .  

80-140 ft. 112 i n .  

140-200 ft. 318 i n .  

200-250 . f t . 114 i n .  



S E C T I O N  V - F L U E  G A S  C L E A N  U P  S Y S T E M  



ELECTROSTATIC PRECIPITATOR 

The e lec t ros ta t i c  p rec ip i t a to r  has frame work f o r  s i x  f i e l d s  w i th  f i v e  f i e l d s  

i n i t i a l l y  ins ta l led .  Each f i e l d  contains discharge and c o l l e c t i o n  electrodes, 

electrode rappers f o r  cleaning. Underneath the  f i e l d  i s  a  hopper f o r  temporary 

o f  par t i cu la te .  

Scope o f  Supply 

Prec ip i ta to r ,  f lange t o  f lange 

Trans i t ions 

Access 

Support Steel 

I nsu la t i on  and Lagging (material only) 

I ns t ruc t i on  Manuals 

Gas F l  ow Model Study 

Erect ion Representa t i v e  

Service Representative 

Fre igh t  

(Foundations and Bu i l  dings na t  i n c l  uded) 



FIGURE 15 

C-E WALTHER PRECIPITATOR 

Illustration i s  typical of design, but does not necessarily show exact details of construction. 

86 



Absorber System: 

Absorbers 

Reaction Tanks 

Mixers 

Spray Pumps & Drives 

Spray Piping 

EDS HYBRID BOILER 

ILLINOIS EDS DESIGN 

WET SCRUBBER - SCOPE OF SUPPLY 

(Foundations and bui ld ings are ,noJ included) 

Addit ive System: 

M i l  1 i ng  Equipment ( i n c l  . drives), 
Ba l l  M i l l s  

Sotrage Bins 

Storage Tank & Mixer 

Feed Pumps & Drives 

Addit ive Piping 

Reheat System: 

Auxil  i a r y  Equipment: 

Ductwork, Dampers & Expansion Joints 

Insulat ion & Lagging 

Structural  Steel & Platforms 

Bl ower System 

Control System 

Wash Water Pump & Drive 

Wash Water Piping 

Misc. Piping & Hangers & Supports 

Balance o f  Plant: 

El e c t r i  cal Equi pment 

Services : 

Ins t ruc t ion  Manual s 

Prai  n i  ng Program 

Design Model 

Gas Fl  ow Model Study 

Erection Representative 

Service Representative 

Freight 
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BOTTOM ASH, PROCESS COIL ASH :$. . . '-' - 
AND PULVERIZER REJECTS REMOVAL SYSTEM 

Both the  bottom ash, f a l l i n g  through the opening a t  the bottom o f  the furnace, 

and the f lyash col lected from the process c o i l  hopper w i l l  be col lected i n  

submerged scrapper conveyors (SSC) . The process c o i l  SSC w i l l  discharge 

through a chute i n t o  the bottom ash SSC t o  provide a common point  for  removal. 

Pulver izer rejects,  consist ing o f  tramp i r o n  and heavy mineral matter w i l l  be 

rejected from the pulver izer  i n t o  temporary storage tanks. The contents o f  

these tanks w i l l  be sluiced t o  the bottom ash SSC f o r  removal from the system. 

The Pulver izer Rejects Removal System per b o i l e r  consists of: 

1 

3 4' - Pyr i tes hoppers, l /pulver izer,  13 ft capacity o f  the pressurized 

4 - Pulverizer-to-hopper discharge chutes wi th  kn i fe  edged is01 a t ion  

gate 

Each hopper w i l l  be furnished with: 

1 - Je t t i ng  nozzle - 
1 - Level ind ica tor  

1 - Hinged access panel 

1 - steel grate f o r  manual removal o f  re jects  la rger  than 14 inches 

1 Flood1 ig l11  

4 - Je t  pumps w i l l  be furnished t o  carry re jects  t o  the bottom ash SSC. 

4 - Indiv idual  re jec ts  hopper t o  bottom ash SSC t ransfer  1 ines 



FIGURE 16 

GE  Submerged 
Scraper Conveyor (SSC) 
DESCRIPTION 
The C-E Submerged Scraper Conveyor (SSC) is a device 
that continously removes bottom ash from under the fur- 
nace of steam generators. Operation is simple. Ash enters 
the SSC through the bottom throat of the furnace (or is 
discharged from a grate) into a water-filled trough. Angle 
flights attached to continuous moving parallel chains 
scrape the ash along the bottom of the trough and up an 
inclined section. Effectively dewatered, the ash drops off 
the end of the inclined section into a transfer chute, through 

The SSC can receive pyrites and economizer ash and thus 
serve as a transfer tank, In some industrial epplications, 
where water quenching of high carbon content fly ash to 
eliminate the fire or explosion hazard is desirable, the back- 
end fly ash is also deposited into the water trough of the 
SSC. These applications above also result in a single plant 
ash discharge inherently simplifying the disposal of ash. 

BENEFITS 
Provides continuous bottom ash removal 
Uses less pumping power and less water than pipeline 
systems 

Costs less to erect than conventional bottom hoppers 
Accomplishes dewatering without the use of dewatering 
vessels 

a clinker grinder for transport to a disposal point. The fligMs Is mand for .ooess to the 
then begin a return cycle under the water-filled trough, 
through an exposed dry trough area, to enter again the Allows reduced boiler setting height 
water-filled trough. Water temperature in the trough is main- provides low-cost, water quenching for high 
tained at 140F-the same as in a conventional water im- bustible ash with minimum use of real estate 
pounded bottom ash hopper. 
This method of mechanical conveying eliminates the need SPECIFICATIONS 
for pumps, pump motors, valves, piping and fittings other- 
wise required with water conveying methods. It also elimi- @ Or mechanical variable sped drive 
nates the power needed to drive this equipment. Since Water-flushed submerged bearings 
dewatering is accomplished on the inclined section of the CaMn plate construction 
SSC, dewatering vessels are not required. The final, de- 
watered ash contains 20 to 25% water by weight. Low pressure cooling water 

The C O ~ ~ ~ ~ U O U S  ~ W ~ Q V ~ I  feature of this system eliminates Case hardened alloy steel chains 
the requirement for ash storage space under h e  boiler; Manual tensioning dedce hence, reduced boiler setting height is possible without re- 
sorting to the use of a plt as was common practice a few Automatic chain flight cleaner 
years ago. The realization of maximum cost savings from 
this feature will result only when the SSC is specified in the 
original boiler desigrcthat is, at the time a proposal is pre- lNFoRMAT1oN* 
pared for boiler bid. 
The entire SSC, including the inclined section, is mounted 
on wheels and can be rolled out on rails from under the 
furnace. This feature allows complete access to the SSC 
for maintenance. It also provides full access to the furnaee 
through the furnace bottom throat. 

The SSC is shipped in two or three pieces. This greatly 
rrlduces erectlon manhours as compared lo wr~vur~lior~al 
bottom ash hopper systems. 
By its very nature, continuous ash remwal eliminates hop- 
per storage under the furnace and imposes the requirement 
that bottom ash be continuously transported to ultimate 
disposal. If full tlme transport to a disposal sils is rml pus- 
sible, some type of intermediate storage of the dewatered 
bottom ash will be required. 

/CHAIN ARlUSlER 



C-E ash system 
jet pump 

BENEFITS 
Ghres self regulating ash flow capability. 

Quick disassembly of component parts reduces 
maintenance downtime. 
Close alignment helps to maintain high efficiency. 
Low number of assembly parts simplifies mainte 
nance and operation. 

SPECIFICATIONS 
.......... Nozzle holder. standard &inch 3Yn#I flange 

Ni-hard diffuser ............... &inell hardness: 560 
(mlnimum); range of 

sizes available 
.......... Pump body nodular imn, Brineil hanhess: 

100 (minimum); sizes tailored 
to individual systems 

The C E  ash system jet pump for transporting a8h FOR ADDITIONAL INFORMATION, CONTACT: 
slurry was designed with ease of maintenance in 
mind. In addition, alignment is closely maintained 
from the jetting nozzle through the dlffuw. 

DESIGN FEATURES 
The G E  ash system jet pump consists of 8 nozzle 
holder, a Ni-hard dlffuser, an iron pump body, and a 
tungsten carbide or ceramic-lined jetting nozzle. Allgn- 
ment recesses In the pump body help to achieve true 
alignment and reduce the pomlbllity of gasket blow- 
out. 90 



clinker grinder 

HAMMER SEGMENT 

- 

FIGURE 18 
SPECIFICATIONS 
Seals require clean filtered water at a constant flow. 

Water pressure of 20 psi is required. 

Housing and non-wear parts are supplied in carbon 
steel or stainless steel. 

Wear elements are constructed of work-hardening 
manganese steel. 

10 hp, 440V gear motor drive. 

DESCRIPTION 
The GE Model 830 clinker grinder is an improved d e  
sign that will effectively reduce bottom ash so it can 
be transpotied in a pipeline sluice conveyor while pro- 
viding high reliability and power plant availability. 

DESIGN FEATURES 
The C-E Model 830 clinker grinder has been developed 
in light of today's power plant operating requirements 
for maintainability and reliability. Component mate- 
rials have been selected with severe duty require 
ments in mind. Major features of the GE Model 830 
clinker grinder include: 

Tripod bearing-supports: to reduce shock loading 
transmltted from the grinder to the bearings. 
Access panel: access is provided to the grinder 
wear elements from the outside. 
Replaceable hammers and anvils: the C-E design 
simp1ifie.s mainteneoce by providing replaceable 
hammers, plain segments and anvils. 
Shaft seals: a new, improved arrangement redr~ces 
leakage through the grindes 
Single roll design: reduces the weight, horsepower 
and number of moving grinder parts. . 
Detached drive motor: allows easier removal of the FOR ADDITIONAL INFORMATION, CONTACT: 
grinder. 

BENEFITS 
lrr~reassd safety lor maintenance personnel by per- 
mitting outside access to wear parts. 
Time to replace worn wear elements is reduced. 
Smaller number of shafts, shaft sleeves and bear- 
ings provides improved maintainability. 
Motor drive does not have to be removed from the 
clinker grinder housing for grinder changeout. 
Less grinder downtime due to reduced seal leakage. 



PNEUMATIC FLYASH REMOVAL SYSTEM 

Flyash removed f rom t h e  gas stream by t h e  el  e c t r o s t a t i c  p r e c i p i t a t o r  and t h a t  

f a l l  i n g  from t h e  gas stream i n  t h e  a i r  heater  hopper w i l l  be pneumatical ly con- 

veyed from the Hybr id  B o i l e r .  A vacuum t ranspor t  system w i l l  be used f o r  t h i s  

serv ice .  

The pneumatic t r a n s p o r t  system f o r  each u n i t  w i l l  cons i s t  o f :  

25 - A i r  c y l i n d e r  operated ' f l yash  in take  valves 

l / u n i t  f o r  t h e  a i r  heater  hopper 

2 4 / u n i t  f o r  ESP hoppers 

25 - Hopper maintenance gates 

7 - Spring loaded a i r  i n t a k e  check valves, 1 a t  t h e  end o f  each pneumatic 

1 eg 

1 - Rotary blower vacuum producers per u n i t  w i t h  1 common spare 

5 - Blower segregation valves 

Each p a i r  o f  u n i t s  discharges t o  a common s i l o .  Th is  s i l o  w i l l  cons is t  o f :  

3 
1 - 40 ft. diameter, 53,000ft s torage s i l o  cons is t i ng  of: 

2 - dual cyclone cont inuous separat ion modules 

2 - s i l o  bag f i l t e r s  a c t i n g  as t e r t i a r y  separat ion 

1 - te lescop ing d r y  s i l o  discharge chute 

1 - r o t a r y ,  wet ash, cond i t i on ing  discharge chute 

2 - f l u i d i z i n g  a i r  blowers 

2 - f l u i d i z i n g  a i r  heaters 

S i l o  f l u i d i z i n g  a i r  troughs 

1 - s i l o  vent  



FIGURE 19 

Primary 
Separator 

Secondary 
Separator 

Primary 
Receiver 

~luidizing 
Manifold 

Dump 
Valve 

DuaCcyclone module for continuous separation 
of flyash and transport air (used on vacuum- 
pneumatic systems). 



The Submerged Scrapper Conveyor System consists of:  

1 - Process c o i l  SSC with 5 hp dr ive  

1 - Process c o i l  SSC t o  bottom ash SSC grav i ty  chute 

1 - Bottom ash SSC with 5 hp dr ive  

1 - Bottom ash SSC c l i n k e r  gr inder wi th  10 hp dr ive  

Also, track s u f f i c i e n t  f o r  10 f e e t  o f  SSC roll-away w i l l  be provided. 



S E C T I O N  V I  - L I S T  O F  D R A W I N G S  



L i s t  o f  Drawings 

AD-823-025-0 B o i l e r  Ash and M i  11 Re jec ts  Removal 
Hyb r i d  B o i l e r  

Process Coi 1 Support 

Arrangement o f  C-E Rotary  Ash Condi t i  oner-Model 36 
- Standard 

General Arrangement and Plan View 
Hybr id  B o i l e r  - I l l i n o i s  Design 

A i r  and Gas Flow Schematic - B o i l e r  
Hyb r i d  R o i l e r  - I l l l n o i s  EDS 

Clean-up System Gas Flow 
Schematic - H y b r i d R o i l e r  . 
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GLOSSARY AND:ABBREVIATIONS 

ADP: A v a i l a b i l i t y  Data Program - 
. _. .'. . .. . .  Assembly: Coplanar .tubes i n  : the d i r e c t i o n  o f  t h e  gas. f low. . , . .  . .  

BET: Brummer, Emmet, T e l l e r  . . ,  . .  . . *  . .  
- 

. . C-E:  Combustion Engineer ing,  Inc.  . ,. . - . .. 

C i r c u l a t i o n  Rat io :  The r a t i o  o f  t h e  mass f l o w  r a t e  o f  t h e  water.  Ded t o  . the  

, . . . steam genera t ing  tubes t o  t h e  steam f low r a t e  generated.. - .  . - .  i .  . . 

Counter Flow: Flow t ype  i n  which t he  ho t  end . o f  t h e  one f l u i d  and.'th'e co.:l.d'.'of 

, ,  ,' . : .  ' .  . .the o t h e r  a re  i n  t h e  same.cross sec t ion ,  and v i c e  versa. . . . ,  . , . . . ..,. . . , , a  , ' : ' 

.. I . . , . 

Devol a t  i 1 i z a t  i on : 'React ion t h e  coal  undergoes when i t  ii s heated. .. %. .. 
. . ' 3  

. ,.. . ,  . 

l1O0 - .15000F +CH4 = Char t HC + AH-, . .  _ ' .I ' . . V o l a t i , l e  M a t t e r ,  , .  . . . .  ., , . ,....... , , 

i .  

where HC . ind ica tes  hydrocarbons h i g h e r  : than CH4 and AH t h e  'heat '.. 

re1 eased (exothermic r e a c t  i on) 

- . $ . '  DNR: Depar ture f rom nuc lea te  bo i  1 i n g  .. .a 
. , - 

/ . .,... ( . ' .  
DTFS: Drop Tube Furnace System . . . 

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

. . . .- .. . . . ECLP: EDS Coal L i q u e f a c t i o n  Pi  l o t  P l a n t  : I . . . .- -. .. , . .. .. . . - . .  

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 '  (ESP): F l y  ash removal system. a Suspehded . '' ." a 

p a r t i c l e s  i n  t h e  gas a r e  e l e c t r i c a l l y  charged and then  d r i v e n  t o  to-1-lecti.ng . ' 

. L .  
. , *  . ( j ' .  e lec t rodes  by an e l e c t r i c a l  f i e l d . ,  . : ' . 

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

ER8E: Exxon Research and Engineer ing Company . .2 . . , 
I : 

, . ,  

ESP:  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 .  . . - . . . . . . . . . 

F i  r e b a l l  Flame Scanner: F l  ame mon i t o r i ng  device, d e t e c t i  ng t h e  presence ;;;' 

absence o f  flame. 

FD: f o r ced  d r a f t  .. , ' I  - . . 

. . . f . . .  



GLOSSARY AND ABBREVIATIONS (Cont I d )  

Forced D ra f t  Fan: Fan prov id ing the required pressure t o  introduce the 

secondary a i r  t o  t h e  furnace. 

FGD: Flue Gas Desu l fu r i za t ion  System - 
Fouling: The adherence o f  ash on the convection surface. 

FPTF : F i  res ide Performance Test Faci 1 i t y  - 
FSSS: Furnace Safeguard Supervisory System - 
Furnace Height:' From the  cen te r l i ne  o f  the lower header t o  the furnace roof. 

Fusion Welding: Molten metal deposited by welding arcs ,between the  tubes. 
. - -  - -  

Gas Rec i rcu la t ion (GR): Flue gas i s  taken f r o h  the  main gas s t r iam and 

reintroduced i n t o  t he  furnace. It i s  normally used f o r  steam temperature 

cont ro1 . 
I D :  induced d ra f t .  - 
IFM Ign i t o r :  I on i c  Flame Monitoring I g n i t o r  

Induced Draf t  Fan: Fan prov id ing the required s t a t i c  head t o  assure f low o f  

t h e  combustion products from the  furnace t o  the stacks. 

KDL: Kre is inger  Development Laboratory 

KHB: Kentucky high v o l a t i l e  bituminous (coal)  - 
LNCFS: low NOx concentr ic  f i r i n g  system 

Longi tudinal  Spacing ('L) : The distance between the center1 i nes o f  two 

consecutive tubes i n  the d i r ec t i on  o f  the gas flow. 

MCR: Maximum Continuous Rating (Fu l l  Load) - 
MTBF: Mean Time Between Fa i lures 

MTTR : Mean Ti me t o  Repai r 



GLOSSARY AND ABBREVIATIONS (Cont I d )  

Net Heat I n p u t '  (NH I )  : Net heat re leased i n s i d e  t h e  furnace; i nc lude  t h e  

f o l l  owing: 

i ) Gross f u e l  heat i n p u t  based on h igh  heat ing  value o f  t h e  fue l .  

i i )  Sensible heat, ca l cu la ted  above ~ o O F ,  contained i n  t h e  f u e l ,  

preheated a i r  and r e c i r c u l a t e d  gas, and 

i i i )  Heat content  o f  t h e  f u e l  atomiz ing steam above 8 0 O ~  (when such steam 

i s  used). 

From t h e  prev ious items, t h e  l a t e n t  heat o f  vapor iza t ion  o f  l i q u i d  water i n  

t h e  f u e l  and water formed from t h e  hydrogen, a long w i t h  t h e  combust ible l o s s  

a re  subtracted: 

NHIIPA: Net Heat Input  Per Plan Area 

OD: Outside Tube Diameter - 
O v e r f i r e  A i r :  A i r  i n t roduced a t  t h e  top  o f  t h e  windbox 

PA: pr imary a i r  - 
P a r a l l e l  Flow: Flow type i n  which t h e  hot  ends o f  both f l u i d s  are i n  t h e  

same cross sect ion.  

Pendant Superheater: Tube assembl i es hangi ng v e r t i c a l  l y  t o  t h e  d i  r e c t i  on o f  

t h e  gas flow. 

Plan Area ( furnace) :  Cross sec t i on  o f  t h e  furnace v e r t i c a l l y  t o  t he  d i r e c t i o n  

o f  t he  gas f low; (w id th)  x (depth), 

P la ten ized Pendant: Assemblies w i t h  small l o n g i t u d i n a l  spacing ( c l e a r  space 

between tubes small ) . 
PM: p o l l u t i o n  minimum - 
Primary A i r :  A i r  needed t o  t r a n s p o r t  and d ry ing  o f  t h e  coal. 



GLOSSARY AND ABBREVIATIONS (Cont ' d )  

Primary A i r  Fan: Fan p r o v i d i n g  the  requ i red  s t a t i c  head f o r  t h e  Primary A i r  

System. 

Recuperat ive A i r  Heater  ( t u b u l a r ) :  It u t i l i z e s  the  heat conta ined i n  t h e  

products o f  combustion t o  preheat t h e  combustion a i r .  It i s  e s s e n t i a l l y  a 

nes t  o f  s t r a i g h t  tubes expanded i n t o  tube sheets and enclosed i n  a r e i n f o r c e d  

s t e e l  casing. A i r  o r  gas a re  running through t h e  tubes. 

~ e g e n e r a t i v e  A i  r Heater:  I n  a r o t a t i n g  p la te - t ype  a i  r heater, heat-storage 

p l a t e  elements a re  heated p rog ress i ve l y  i n  a f l o w i n g  gas stream, and then 

r o t a t e d  by mechanical means i n t o  an a i r  stream where t h e  s to red  heat i s  

re1 eased. 

B t  u 
Rc:  Convective Heat Transfer Rate, hr-sq.fte- - 
Rn: Non-1 umi nous Heat Trans fer  Rate - 
Rt: To ta l  Heat Trans fer  Rate; Rt = Rc + Rn - 
Secondary A i r :  A i r  r equ i red  f o r  combustion o f  t h e  f u e l .  

SGR : separat i ng gas r e c i  r c u l  a t  i on 

SHO: superheater ~ u t l  e t  

S l  aggi ng: Fused depos i ts  o r  reso l  i d i  f i  ed molten mater i  a1 t h a t  forms p r imar i  l y  

on furnace wal ls .  

SSC: Submerged Scraper Conveyor; Continuous Ash Removal System 

Steam Q u a l i t y :  R a t i o  o f  steam l e a v i n g  t o  water en te r i ng  t h e  heated c i r c u i t .  

Q u a l i t y  i s  t h e  i nve rse  o f  t h e  c i r c u l a t i o n  r a t i o .  
I 

TGA: Thermogravimet r i c  ~ n a l ~ s i  s - .  

TGS-2: Perk i  n Elmer Model TGS-2 thermogravimetr i  c ana lys i s  apparatus 

Transverse Spacing ('T) : The d is tance between t h e  center1 i nes o f  t h e  

consecut ive assemblies. 
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