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ABSTRACT 

A f i n a l  des ign  of a  p ro to type  a n t h r a c i t e  culm combustion b o i l e r  has  been 

accomplished under Phase I of DOE Cont rac t  ET-78-C-01-3269. The proto-  

type b o i l e r  has  been designed t o  gene ra t e  20,000 pounds pe r  hour of 150 

p s i g  s a t u r a t e d  steam us ing  low Btu (4,000 Btu pe r  pound) a n t h r a c i t e  culm 

a s  a  f u e l .  This  b o i l e r  w i l l  be l oca t ed  a t  t h e  i n d u s t r i a l  park  of t h e  

Shamokin Area I n d u s t r i a l  Corporat ion (SAIC). Thi,s program is d i r e c t e d  . 

a t  demonstrat ing t h e  commercial v i a b i l i t y  of a n t h r a c i t e  culm fue l ed  FBC 

steam gene ra t i on  systems. 
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1.0 INTRODUCTION 

Anthracite culm is a generic term for  any non-salable by-product resul t ing from 

production of marketable anthraci te  coal. 'It contains an appreciable m u n t  of 

coal and is essen t ia l ly  a low cost, poor qual i ty  fue l  reserve. About 910 m i l -  

l ion cubic yards of refuse i s  found i n  Northeastern Pennyslvania. The refuse 

banks a r e  eyesores which not only occupy valuable land, but pol lute  the a i r ,  

land, and water of the  region as  a r e su l t  of spontaneous combustion and acid 

runoff . 
The burning of anthraci te  culm i n  a f luidized bed combustion boiler is con- 

sidered t o  be a feasible ,  cost effect ive way of u t i l i z ing  t h i s  fue l  in  an en- 

vironmentally acceptable manner. The f luidized bed combustion is essen t ia l ly  

a furnace which can burn a var ie ty  of fue l s  including cuhn a t  r e l a t i ve ly  low 

temperature (1400°F - 1700°P). The sulfur  dioxide release can be controlled 

within environmentally acceptable leve ls  by use of limestone or  dolomite as a 

sulfur sorbent. The r e l a t i v e  low combustion temperatures a l so  keep the nitro- 

gen oxide leve l  low. lhe  use of boi ler  tubes i n  t he  fluidized bed to  extract  

heat is a very e f f i c i en t  method of steam generation due to  the high heat trans- 

f e r  coefficient.  

Toward t h i s  goal an anthracite-culm-fueled fluidized bed boi le r  to  produce 

20,000 pounds per hour of steam has been designed under the sponsorship of the 

DOE. This bo i le r  w i l l  be located a t  an indus t r ia l  park of the Shamokin Area 

Industr ia l  Corporation (SAIC) i n  Paxinos, Pennsylvania. The boi le r  w i l l  be 

fueled by an thrac i te  culm having a heat content of 4,000 Btu per pound. The 

boi le r  w i l l  supply 150 psig saturated steam for  the manufacturing processes of 

a paper products manufacturer a t  the  i ndus t r i a l  park. 

The objectives of t h i s  contract  a r e  t o  design, construct and operate a bo i le r  

u t i l i z ing  anthraci te  culm i n  a f luidized bed combustion system for  the genera- 

t ion of steam f o r  indus t r ia l  use. Data from t h i s  plant w i l l  be used for  the 

evaluation of l a rger  FBC steam generating units. 

This report  describes the f i n a l  design f o r  the  Shamokin EBC Boiler. A n  a r t i s t ' s  

conceptual drawing is presented in Figure 1.1. 
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I 2.0 PROCESS DESCRIPTION 

The pro to type  b o i l e r  system is  t o  f u r n i s h  20,000 l b / h r  of 150 p s i g  steam us ing  

a n t h r n c i t e  culm ns the  f u e l .  The p rocem flow diagrams a r c  shown i n  Drawings 

75-Dl. (F igure  2.1),  F2 (F igure  2.2),  and F3 (F igure  2.3). The f lows presen ted  

a r e  based on us ing  a  culm wi th  a  HHV of 4000 ~ t u / l b .  .However, a l l  t h e  equip- 

ment a r e  s i z e d  t o  handle  culms w i t h  hea t ing  v a l u e s  ranging from 3000 t o  5000 

Btu l lb .  

I The normal range of ope ra t i ng  cond i t i ons  p o s s i b l e  w i t h  t h i s  u n i t  a r e :  

. . . . . . . . . . . . . . . . .  F l u i d i z a t i o n  Ve loc i ty  3.5 t o  6  f p s  

. . . . . . . . . . . . . . .  Combustion Temperature 1450 t o  2650°F 

. . . . . . . . . . . . . . . . . . . . . . . .  Excess A i r  20 - 50% 

. . . . . . . . . . . . . . . . . . . . . . . .  Bed Height 3  - 6 f t  

. . . . . . . . . . . . . . . . . . . . . .  Steam Turndown 2.5 t o  1 

. . . . . . . . . . . . . . . . . .  Culm Feed R a t e  Turndown , 5  t o  1 

. . . . . . . . . . . . . . . . .  Limestone Feed Rate Turndown 10 t o  1 

2.1 Feed P repa ra t i on  and Storage 

The a n t h r a c i t e  culm f u e l  w i l l  be d e l i v e r e d  by t r u c k  i n  t h e  s i z e  range from 1 

t o  4  inches.  It w i l l  be depos i ted  i n t o  an  unloading a r e a  from which a  f r o n t  

end loade r  w i l l  t r a n s f e r  t h e  culm t o  a  conveying system. This  w i l l  t r a n s p o r t  

t h e  culm t o  a  c rush ing  and c l a s s i f y i n g  system. Here i t  w i l l  be s i z e d  t o  4  

mesh x  0  ma te r i a l .  From t h i s  ope ra t i on ,  i t  w i l l  be  conveyed t o  t h e  prepared 

culm hopper. The prepared culm hopper is  s i z e d  t o  s t o r e  a  32-hour feed  supply 

( f o r  4000 Btu / lb  culm). From t h i s  hopper i t  w i l l  be t ranspor ted  t o  t he  culm 

feed b i n  which ho lds  approximately 4  hours  of feed.  

Sized l imes tone  (mfnus 114 inch  s i z e )  w i l l  be de l ive red  t o  t h e  s i t e  v i a  t r u c k  

and pneumatical ly  conveyed t o  a l imes tone  s t o r a g e  s i l o .  This  s i l o  w i l l  s t o r e  

approximately a  week's supply of s tone.  From t h e  s i l o  t h e  m a t e r i a l  w i l l  p a s s  

through a  screw f eede r  and bucket e l e v a t o r  and then i n t o  t h e  l imes tone  feed  

hopper. This  feed hopper is designed t o  hold a day 's  supply of m a t e r i a l .  



The f e e d ' p r e p a r a t i o n  and f i l l k g  of  feed  hoppers w i l l  occur dur ing  day s h i f t s  

only.  Therefore  a l l  the  equipment has  been s i zed  accordingly.  

2.2 Feeding 

Both culm and l imestone w i l l  be fed  t o  t h e  b o i l e r  v i a  screw feeders .  Two 

f eede r s  w i l l  be used f o r  t h e  culm, and one f o r  t h e  l imestone.  The des igns  of 

t he se  f eede r s  a r e  based on Dorr-Oliver 's  ex t ens ive  exper ience  i n  feed ing  f l u i d -  

i zed  beds. Var iab le  speed motor d r i v e s  w i l l  be used on each feeder  t o  permit 

culm feed r a t e  t o  fo l low steam demand i n  accordance with combustion c o n t r o l  

system and combustion temperature ,  and t o  a l l ow  l imes tone  feed r a t e  t o  vary 

wi th  t h e  SO2 emission c o n t r o l  feedback s igna l .  

2.3 F lu id ized  Bed Bo i l e r  System 

A f l u i d i z e d  bed combustor b o i l e r  of water wal l  des ign  wi th  in-bed b o i l e r  tubes 

and a convect ion s e c t i o n  f o r  t he  genera t ion  of steam is  used. The bed con ta in s  

100 square f e e t  of f l u i d i z i n g  a rea .  

This  b o i l e r  a p p l i c a t i o n  c a l l s  f o r  t h e  d e l i v e r y ' o f  20,000 l b / h r  of 150 ps ig  

s a t u r a t e d  steam t o  b a t t e r y  l i m i t .  The f l u i d i z e d  bed b o i l e r  i s  designed t o  

gene ra t e  t h i s  steam c a p a c i t y  wi th  in-bed, water  w a l l  and convect ion s e c t i o n  

tubes.  The steam generated w i l l  be a t  200 p s i  and s a t u r a t e d  but w i l l  be re- 

duced i n  p r e s s u r e  b e f o r e  d e l i v e r y  t o  t h e  user .  

To a i d  i n  s t a r t - u p  and turndown, t h e  a i r  plenum chamber is d iv ided  i n t o  t h r e e  

zones,  each wi th  i t s  own a i r  supply.'  One zone covering 64% of t h e  bed a r e a  

w i l l  no t  c o n t a i n  in-bed tubes.  This  a r e a  i s  always f l u i d i z e d  when steam is 

being generated and is  t h e  f i r s t  bed s e c t i o n  t o  be f l u i d i z e d  dur ing  s ta r t -up .  

The o the r  two bed s e c t i o n s  s p l i t  t h e  remaining 36% of t h e  bed equal ly .  These 

each con ta in  in-bed b o i l e r  tubes  and can be d e f l u i d i z e d  dur ing  turndown con- 

d i t  ions.  

. :An o i l  f i r e d  burner is a l s o  included t o  s e rve  a s  a s t a r t -up  burner. This  

I burner w i l l  b r i n g  the  bed up t o  culm combustion temperature.  



2.4 Primarv and Secondarv Cvclones 

'Fl.ue gas e f f l u e n t  from the  b o i l e r  system e n t e r s  the  primary cyclone which is a 

r c f rnc to ry  l i n e d  cyclone of conventionnl. deeign. I t  aervee A? the  primary com- 

buut .l.on gas cleanup HtaKe and recyc lctl t he  collec: ted a s h  and unreac ted por t  icu- 

l a t e s  back t o  t he  combustor. This r ecyc le  ensures  high combustion e f f i c i e n c y ,  

high l imestone u t . i l i z a t i o n ,  high h e a t  t r a n s f e r  and good f l u i d i z a t i o n .  Provi- 

s i o n  has a l s o  been made t o  purge o f f  some of t h e  cyclone ca t ch ,  i n  l i e u  of 100% 

recycle .  This  permi ts  g r e a t e r  ope ra t ing  f l e x i b i l i t y  i n  t he  b o i l e r  system. 

The f l u e  gases  l eav ing  t h e  primary cyclone a r e  f u r t h e r  cleaned i n  twin cyclones.  

The dus t  c o l l e c t e d  here  i s  exhausted t o  t he  ash cooler .  When t h e  b o i l e r  is 

turned down, one cyclone is  bypassed t o  main ta in  a high cyclone e f f i c i e n c y  i n  

t h e  o the r  cyclone. 

2.5 Ash Cooler 

The ash coo le r  r e c e i v e s  a sh  from the  PBC b o i l e r  and the  Drimary and secondary 

cyclones,  and coo l s  t h e  ash t o  approximately 250°F. The a sh  cooler  is  a f l u i d -  

ized bed con ta in ing  in-bed cool ing  c o i l s .  The cool ing  co ' i l s  u t i l i z e  b o i l e r  

feed water pe rmi t t i ng  t h i s  system t o  recover  some of t h e  s e n s i b l e  hea t  from 

t h e  hot  ash and t r ansmi t s  i t  t o  t h e  b o i l e r  feed  water.  Over 1 x 106 Btu/hr 

. a r e  recovered i n  t h i s  equipment item. 

The ash  coo le r  has  i t s  own a i r  supply system and cyclone. The ash  f o r  t h i s  

system is  discharged through r o t a r y  va lves  t o  a pneumatic t r a n s f e r  system t o  

ash  s to rage  and d i sposa l .  

2.6 A i r  Prehea ter  

The f l u e  gases  e x i t  t he  twin cyclones a t  660 '~ .  To improve the . ene rgy  e f f i -  

c iency of t h e  b o i l e r  system, a d d i t i o n a l  energy is  e x t r a c t e d  from these  gases  i n  

t he  a i r  prehea ter  before  t h e y . a r e  vented t o  t h e  atmosphere. .The hot  f l u e  gases  

flow i n s i d e  t h e  tubes  of an  a i r  t o  gas  s h e l l  and tube p rehea te r  and e x i t  a t  3 5 0 ' ~ .  



On t h e  s h e l l  s i d e ,  combustion a i r  from t h e  f l u i d i z i n g  blower is heated t o  

425OF before e n t e r i n g  t h e  combustor. The des ign  of t h i s  p r ehea t e r  is s i m i l a r  

t o  t h o s e  convent iona l ly  used i n  FluoSolit ls  opera t  ions.  

2.7 'ID Fan 

An induced d r a f t  f an  is  loca t ed  between t h e  a i r  p r ehea t e r  and bag f i l t e r .  

This  f an  is  used t o  c o n t r o l  t h e  p re s su re  above t h e  f l u i d i z e d  bed a t  a s l i g h t l y  

nega t ive  l e v e l  ( i . e . ,  -0.2 inches  water ) .  

2.8 Bag F i l t e r  

A convent iona l  blow-back bag f i l t e r  system i s  used t o  provide t h e  f i n a l  re- 

moval of p a r t i c u l a t e s  from t h e  combustion g&es before  they a r e  vented t o  t h e  

atmosphere. This  system i s  designed t o  meet t h e  f e d e r a l  and l o c a l  p a r t i c u l a t e  

emiss ions  codes. 

2.9 SteamIWater C i r c u i t  

The des ign  cond i t i on  c a l l s  f o r  20,000 l b / h r  of feed water t o  be vaporized a s  ~ 
I 

t h e  exported steam. Besides t h i s  amount, approximately 10% more feed water ! 

is used i n  blowdown, and a s  s team is r e l e a s e d  from t h e  deae ra to r  and blowdown 

drum. 

Ci ty  water  is used a s  t h e  source  of b o i l e r  feed water.  This  water  is sof tened  

with a z e o l i t e  system. The t r e a t e d  water  is fed through t h e  ash  coo le r  cool ing  

c i r c u i t  where i t  i s  hea ted ,  and then  pas se s  through t h e  d e a e r a t o r  f o r  oxygen 

removal.. oxygen i n  t h e  feed water  i s  f u r t h e r  scavenged i n  t h e  deae ra ro r  by t h e  

a d d i t i o n  of sodium s u l f i t e .  From t h e  d e a e r a t o r ,  t h e  £eed water  is pumped t o  

t h e  steam drum. A n e u t r a l i z i n g  amine t rea tment  is used t o  f u r t h e r  prevent  

chemical a t t a c k  of t h e  b o i l e r  metal lurgy.  , 
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TABLE 1 

GENERAL MATERIAL BALANCE 

IN : - 
LBS/HR 

. . . . . . . . . . . . . . . .  Culm.. 8,188 

. . . . . . . . . . . . . . . .  Limestone 983 

. . . . . . . . . . . . . . . . . .  Air 46,880 

. . . . . . . . . . . . . . . . .  Water 22,100 

. . . . . . . . . . . . . . . .  Total 78,151 

om: - 
.. . . . . . . . . . . . . . . . .  ~ s h  6,194 

. . . . . . . . . . . . . . . . .  Gases 49,857 

. . . . . . . . . . . . . . . .  Steam .20,100 

. . . . . . . . . . . . . . . .  Blowdown 2.000 

. . . . . . . . . . . . . . . .  Total 78,151 



TABLE 2 

GENERAL ENERGY BALANCE 

HEAT IN: 

Culm . . . . . . . . . . . . . . . 
Sulfation . . . . . . . . . . . . 

HEAT OUT: 

Gases . . . . . . . . . . . . . . 
Steam . . . . . . . . . . . . . . 
Blowdown . . . . . . . . . . . . . 
Calcination . . . . . . . . . . . 
Solids . . . . . . . . . . . . . . 
Losses . . . . . . . . . . . . . . 



% (DRY BASIS) 

. . . . . . . . . . . . . . . . . . .  Carbon 27.02 

. . . . . . . . . . . . . . . . . .  Hydrogen 1.42 

. . . . . . . . . . . . . . . . . .  Nitrogen 0.66 

. . . . . . . . . . . . . . . . . . .  Oxygen 3.48 

. . . . . . . . . . . . . . . . . . .  Sulfur 0.57 

. . . . . . . . . . . . . . . . . . .  Ash 66.85 

. . . . . . . . .  Heating Value. HHV 4.  198 Btu/lb 



TABLE 4 

ANTHRACITE CULM ASH ANALYSIS 

. . . . . . . . . . . . . . .  Total CaO. % 0.133 

Na. ppm . . . . . . . . . . . . . . . . .  1. 495 

. . . . . . . . . . . . . . . . .  K. ppm . ' 1 2 .  500 

. . . . . . . . . . . .  Sulfate  Sulfur. % 0.085 

. . . . . . . . . . . . . . . . . .  C 1 .  ppm 100 



TABLE 5 

LIMESTONE ANALYSIS 

. . . . . . . . . . . . . . .  Total CaO. % 37.15 

. . . . . . . . . . . . .  Available CaO. % 0.095 

. . . . . . . . . . . . . . . . . . .  MgO. % 1.92 

. . . . . . . . . . . . . . . . . . .  Na. ppm 248 

. . . . . . . . . . . . . . . . . . .  K7 ppm 242 

. . . . . . . . . . . . . . . . . . .  Fe. % 1.37 

. . . . . . . . . . . . . . . . . .  A1203. % 2.31 

. . . . . . . . . . . . . . . . . . .  Si02. % 15.86 

. . . . . . . . . . . .  Acid Insolubles. % 22.55 

. . . . . . . . . . . . . . . . . . .  C1. ppm 200 

. . . . . . . . . .  Acid Evolution C02. % 31.73 

. . . . . . . . .  LO1 at 1000°C. % . . . .  : 32.22 



4.0 OPERATING AND TURNDOWN CONDITIONS 

4.1 Operat ing Condit ions,  

The culm b o i l e r  is  designed t o  ope ra t e  a t  1550°F and 5.5 f t / s e c  s u p e r f i c i a l  . . 

i f l u i d i z a t i o n  v e l o c i t y  dur ing  f u l l  load  opera t ion .  The f l u i d i z i n g  a i r  w i l l  be 

1 
! supp l i ed  t o  t h e  b o i l e r  a t  t h e  r a t e  of 36,271 l b s l h r .  A t  t h i s  des ign  condi- 

t i o n ,  t h e  b o i l e r  dl1 u t i l i z e  culm and l imes tone  a t  t h e  r a t e  of 8,188 l b s / h r  

and 983 l b s l h r ,  r e spec t ive ly .  The b o i l e r  w i l l  be opera ted  a t  30% exces s  a i r .  

I Complete performance a t  des ign  cond i t i on  is  shown i n  Table 6. 

4.2 Turndown Condit ions 

The bed a r e a  i s  d iv ided  i n t o  t h r e e  segments t o  ach ieve  maximum turndown capa- 
. ... 

b i l i t y  of 2.511. Various steam demands can be m e t  by c o n t r o l l i n g  t he  follow- 

i n g  v a r i a b l e  s : 

1. Operat ing Temperature 

Reducing bed iperating tempera ture ' f rom 1550°F t o  1450°F can reduce 

t he  steam product ion by 10%. 

2. F l u i d i z a t i o n  Veloc i ty  

F l u i d i z a t i o n  v e l o c i t y  i n  t h e  bed can be reduced from 5.5 f t / s e c  t o  

3.5 f t l s e c .  This  can reduce t h e  steam product ion  by 20%. 

3. Bed Area 

Def lu id i z ing  t h e  36% bed zones can reduce t h e  steam product ion  t o  

64%. This  r educ t ion  can be achieved i n  two s t ages ;  by d e f l u i d i z i n g  

18% of bed a r e a  which reduces t h e  steam product ion t o  82%, and then  

by d e f l u i d i z i n g  t h e  o t h e r  18% of bed a r e a  which w i l l  b r ing  t h e  steam 

product ion t o  64%. 



4. BedDepth 

Over a longer  per iod t h e  steam product ion from t h e  bed c o i l s  can be 

va r i ed  by changing the  bed depth. 

Steam product ion can be  reduced t o  40% of d e s i g n . r a t e  by a combina- 

t i o n  of t h e  above v a r i a b l e s .  . 

A schedule' of load fo l lowing  turndown is presented in   able 7, and schemat- 

i c a l l y  i n  Figure 5.1. 



PERFORMANCE ANALYSIS 

Combustion Ef f ic iency .  % . . . . . . . . . . .  95 

. . . . . . . . . . . . . . .  Su l fu r  Capture. % 88 

. . . . . . . . . . . . . . . .  E x c e s s A i r .  % 30 

F l u i d i z a t i o n  Veloci ty .  f p s  . . . . . . . . .  5.5 

. . . . . . . .  Combustion Temperature. OF 1. 550 

. . . . .  Culm Heating Value. HHV. ~ t u / l b  4 .  012 

. . . . . . . . .  Culm Rate. l b s / h r  '. . .  8. 188 

. . . . . . . . . . .  Limestone Rate. l b s / h r  983 

. . . . . . . . . . . . . . . . .  C ~ / S  Rat io  5.8 



TABLE 7 

Load Range 

100-110% 

90-100% 

7 0-90% 

65-70% 

58-65% 

58-58% 

45-50% 

40-45% 

LOAD FOLLOWING TURNDOWN SCHEDULE 

Bed 
Temperature Space Rate  

5.5 FPS 

5.5 FPS 

3.5-5.5 FPS 

5.5 FPS 

3.5-5.5 FPS 

5.5 FPS .' 

3.5-5.5 FPS 

Zones 
F lu id ized  

1450°F 3.5 FPS 1 

Bed 
Height 



5.0 PROCESS CONTROL AND INSTRUMENTATION 

A s  is t r u e ' f o r  most steam gene ra to r s ,  steam drum p re s su re  is the  primary con- 

t r o l l e d  v a r i a b l e .  The amount of f u e l  feed  i s  con t ro l l ed  t o  maintain t he  b o i l e r  

p r e s su re  a t  t h e  c o n t r o l  s e t p o i n t .  The f u e l  f low is r egu la t ed  by the  c o n t r o l  

i n , o r d e r  t o  main ta in  drum pressure .  Bed temperature ,  space r a t e ,  f l u i d i z i n g  

zones and bed he ight  a r e  a l s o  var ied  i n  accordance with t u r n d o ~ , s c h e d u l e  shown 

on Figure 5.1. The process  c o n t r o l  computer p rovides  t h e  l o g i c  and loop con- 

t r o l s  necessary  t o  accomplish t h i s  c a p a b i l i t y  f o r  turndown. The instrumenta-  

t i o n  t o  ach ieve  t h i s  c o n t r o l  is  f u l l y  def ined  in t h e  P&ID's and the  s t r a t e g y  is  

def ined i n  Figure 5.2, Control  System Schematic Diagram. 

A t  vary ing  culm feed r a t e s ,  t he  l imestone feed rate w i l l  be roughly c o n t r o l l e d  

according t o  a p r e s e t  r a t i o .  This  r a t i o  w i l l  depend on the  l imestone a c t i v i t y .  . 
The l imes tone  feed r a t e  w i l l  be f i n e  tuned wi th in  c o n t r o l l e d  l i m i t s  by feedback 

from t h e  SO2 ana lyzer .  

For a given steam flow e i t h e r  one, two o r  a l l  t h r e e  windboxes w i l l  be used. 

Again, which ones used wdll  be predetermined i n  t h e  d i g i t a l  computer. I n  no 

case  w i l l  t he  excess  a i r  l e v e l  i n  t h e  combustion gases  f a l l  below 15%. This  

low l i m i t  w i l l  be c o n t r o l l e d  by feedback from t h e  oxygen analyzer .  

I n  o rde r  t o  achieve maximum turndown, reduced bed h e i g h t s  w i l l  be used. Sign,als 

from t h e  d i g i t a l  computer w i l l  c o n t r o l  t h e  bed he ight  s e tpo in t .  Bed he ight  is 

ad jus ted  by t h e  r a t e  of a s h  removal from t h e  bed t o  t h e  a sh  cooler .  The a c t u a l  

bed 'height  is  determined by measurement of t h e  A p  a c r o s s  t he  bed. 

For e f f i c i e n t  dus t  removal p r i o r  t o  t h e  a i r  p r ehea t e r ,  e i t h e r  one o r  both of 

t h e  secondary cyclones w i l l  be used, depending o n . a i r f l o w  rates. Therefore ,  

a t  a given minimum a i r f l o w  r a t e  one cyclone is i s o l a t e d .  

The baghouse f i l t e r  is p ro t ec t ed  from overhea t ing  by a temperature  c o n t r o i l e r .  

This  c o n t r o l l e r  a d j u s t s  t h e  bleed r a t e  of ambient a i r  i n t o  the  hot  gases  flow- 

ing  t o  t h e  f i l t e r .  



LOAD-FOLLOWING TURN-DOWN SCHEDULE 

INCREASING VS DECREASING LOAD 

% OF 82 4 BED 

1 6 5 0  4 1 
; I  I I / 

BED 
HEIGHT 4 -  
'( F T )  

3 -  

BED 
TEMP 1 5 5 0  - 

: (OF) 

1 4 5 0  

-16 1 1 v I 
1 I w w I 

0 4 0  5 0  6 0  7 0 8 0  9 0  1 0 0  1 1 0  

% OF DESIGN LOAD 
Figure 5.1 

I I / 

I i I I j / I ,  I 
I 0 

I 
I 
I I 
I I 

I 
D I I 



Besides these controls, standard steamlwater s ide  controls  a r e  used. Controls 

to  switch from the e l ec t r i ca l ly  driven boi le r  feed water pump t o  the turbine 

driven pump i n  the event of a pump f a i l u r e  o r  power outage a r e  a lso provided. 

Analyses of the  f l ue  gases w i l l  be performed on l i n e  and continuously. The 

analyses include CO, C02, 02, NOx, and SO2 determinations. The gases w i l l  be 

sampled downstream of the  secondary cyclone. Provision has a lso been included 

for  the addit ion of f lue  gas s tack sampling and fur ther  opacity monitoring. 

In  addit ion to  these controls, numerous temperature, pressure, d i f fk ren t i a l  

pressure, flow r a t e  and l eve l  sensing devices w i l l  be used t o  permit heat and 

material  balance calculations,  performance calculations and to  a id  i n  trouble- 

shooting. 

Necessary alarms and interlocking have been provided t o  permit sa fe  operation. 

Key interlocks provided a r e  a s  follows: 

1. Interlock culm feed with bed temperature t o  prevent feed of culm be- 

low the proper ign i t ion  temperature o r  operation a t  excessively high 

bed temperature. 

2 .  Inter lack the fue l  feed system with the drum water level. 

3. Interlocking f u e l  feed with f lu id iz ing  a i r .  

Other interlocking systems a r e  a s  schematically indicated on the P&I Diagrams 

and as spec i f ica l ly  de ta i led  on the Elec t r ica l  Elementary Wiring Diagrams and 

Figure5.2, Control System Schematic Diagram. 





6.0 EQUIPMENT SPECIFICATIONS AND DETAILED DESIGN 

6.1 Equipment L i s t ,  Ins t rumenta t ion  and c o n t r o l  System 

Relevant equipment is here in  i d e n t i f i e d  on Pages 27 thru  34 by Equipment Number 

and Descr ip t ion .  The 300 S e r i e s  Equipment (Curt iss-Wright ) r e l a t e s  t o  a conven- 

t i o n a l  f r o n t  l oade r .  The make and model is  t o  be determined a t  time of purchase.  

The Instrument  and Control  System i s  i d e n t i f i e d  i n  t h e  Construct ion Bid Package, 

S p e c i f i c a t i o n  SP-N-90, Sec t ion  J. The Control  Panel is i d e n t i f i e d  by Cur t i s s -  

Wright S p e c i f i c a t i o n  E-90085. The r e l a t e d  Instrument  Loop Diagrams a r e  i d e n t i -  

f i e d  on t h e  fol lowing Curtiss-Wright Drawings: 

Loop Number 

2301 - 2339 

2401 - 2421 

3101 - 3106 

3201 - 3204 

3206 - 3209 

Tota l  number of loops a r e  74. 

The Dat,a Acquis i t ion ,  con t ro l '  and G a s  Analys i s  Systems can be descr ibed  i n  

gene ra l  t e r m s  a s  fo l lows:  

Process  Computer System - Curtiss-Wripht S p e c i f i c a t i o n  E-90080 

Vendor - Fisher  Controls  Co. 

1. D C ~  Process  Computer System - W/Accessories: 

a. Input/Output subsystems 

b. CRT 

c. P r i n t e r  

d. Provox Appl ica t ion  Software Package f o r  Data Acquis ia t ion  

and Process  Control  



Analog Control System - Curtiss-Wright Specification, E-9008 1 
Vendor - Fisher Controls Co. 

1. TL-Series Instruments 

a. Computer/Manual Transfer Station 

b. Computer/~uto/Manual Controllers 

c. Analog Controllers 

2. KM-Series Instruments 

a. Computing Modules 

b. Alarm Modules 

3. Power Supplies 

'4. Cabinets 

Gas Analysis System - Curtiss-Wright Specification E-90082 
Vendor - Pace Associates, Inc. 

1. C02 Analyzer 

2. NOx Analyzer 

3. CO Analyzer 

4. SO2 Analyzer 

5. 02 Analyzer. 

6. Self -Cleaning Filter Purge System 

7 . 1  Calibration Accessories 

Annunciator - Curtiss-Wright Specification E-90084 
Vendor - Ronan, Inc . 

. . 
1. Multipoint Annunciator 

a. First Alert Logic 

b. Horn for Audible Annunciation 

Digital Temperature Monitoring'System -'Curfiss-Wright Specification E-90086 I 
1 

Vendor - Omega 
1. Digital Panel Meter with Thermocouple Signal conditioning 

2. Multipoint Selector Switch 1 
I 
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6.2 PSI Diagrams 

The following Drawings and L i s t s  a r e  provided herein: 

Figure 
Number T i t l e  - 

General Notes and Index 

Culm Crushing and Culm and Limestone Storage 

Fluid Bed Combustor System 

Flue Gas and Ash Handling System 

Water Treatment and Boiler Feed System 

Fluid Bed Combustor System Steam Generation 

U t i l i t y  Distribution System and Details  

Line Designation Table Index 

Line Designation Table 
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6.3 Plot Plan and Arrangement Studies 

The Following Drawings are provided herein: 

Figure 
Number Tit le  

6.10 Plot Plan 

6.11 Arrangement Study, Elevation - Sheet 1 

6.12 Arrangement Study, Elevation - Sheet 2 
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