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I .  MCS  ANALYSIS INPUT DATA 
(Per ERT ' s  Request o f  22  Apr i l ,  
1977 - ERT Doc. No. P-5074,652) 

1 2  May, 1977 

? 

1. PHYSICAL  STACK  PARAMETERS - 
Stack  Height  (1200  feet)  

Outside  Shel l   Diameter   (66  feet)  

F lue   S ize  - Inside  Diameter  (23 feet) 

2 .  FUEL CHARACTERISTICS (Calculated a t  20% Moisture) 

x 
Primary  Fuel  Sulfur  Content  0.45% 

Secondary  Fuel  Sulfur  Content  0.21% 

Primary  Fuel  Heat  Value  6300 BTU/lb 

Secondary  Fuel  Heat  Value 7564 BTU/lb 

Primary  Fuel Ash Content  26% 

Secondary  Fuel Ash Content  19.15% 

3.  EMISSION  CHARACTERISTICS - (Per  Each Boi le r   Uni t )  

Flue Gas Temperature wj.th Mean Primary  Fuel 300°F 

Flue Gas Temperature  wi.th Mean Secondary  Fuel 300°F 

Flue Gas  Volume Flow Rate  with Mean Primary  Fuel  2.195 x 10 ACFM 

SO Emission  Rate  with Mean Primary  Fuel 7442 l b s / h r  

Flue Gas Volume Flow Rate with Mean Secondary  Fuel  2.103 x l o6  ACFM 

SO Emission  Rate  with Mean Secondary  Fuel  3473  lbs/hr 
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U . C.  Il'fDIIO I ;  I'OI\'ER AUTIIORITY 

HAT CREEK PROJECT . 

2000 MW (Net)   Plant  12 May, 1977 

/ 

1 1  FGD Analysis   Input  Data  Required by ERT - 
(per ERT's r eques t   o f  2 2  A p r i l ,  1977 - ERT Doc. No. P-5074-652) 

r:ue 1 

Primary - Fuel  Sulphur  Content,  

Heating  Value  Utu/lb.  
P l an t  Fuel  Prepara t ion  

Moisture 
Ash 

Scrubber  Design  Data 

Number of Scrubbers/Unit  
U n i t  D i s t r j b u t i o n  
Degree  of  Scrubbing 

E f f i c i e n c y  % 

Opera t ing   Charac t c r i s t i c s  

Rcmoval E f f i c i ency  

~ 

.x ?6 

'0 

% 

Type 

Tower % 
Overa l l  % 

A v a i l a b i l i t y  

Case I Case I1 

0.45 
Blending 
6300 

26 
20 

0.45 
Blending 
6300 

26 
20 

2 + 1 spa re  3 + 1 spa re  
2 + 1 spa re  
P a r t i a l  

3 + 1 spa re  
Fu l l  

SO removal SO removal 
go2 S62 

90 
48.4 

86 
86 

With p rov i s ion   o f  ope spa re  SO 
abso rbe r   fo r   each   un i t   ove ra l l  
FGD system a v a i l a b i l i t y  i s  expected 
t o  be  equal  t o  o r  exceed   ava i l ab i l i t y  
of t he   a s soc ia t ed   s t eam  gene ra to r .  
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Flue Gas Flow Rate 

a) En tc r ing   s c rubbe r s   l b s /h r .  
@ 30% e x c e s s   a i r  ACFM 

b)  By-pass  f low  lbs/hr.  
ACFM 

Flue Gas Tcmpcrature 
Enter ing  Scrubbers  F 

Sa tu ra t cd  Gas Temperatu6e 
Flue Gas Reheat F 

0 

Stack E x i t  Tcmp. 
Moisturc  picked up 
i n  Scrubber 
Flue Gas Flow Rate ,  
Leaving  Stack 
Stack E x i t  Veloc i ty  

SO2 Generation 
SO2 Qtjant i t y  

Discharged by 
Stack   Af te r  

Stack SO Emission 
Scrubbing 

(by  vol.   dry @ 3% 2 

0 )  
~$artup/;hutdown 
SO Emission 2 

0 F 

l b s / h r .  

ACF1.I 
l b s jh r .  

FPS 

lbs,/hr.  

lbs,'hr. 

PPM 

P PM 

Case I Case I1 

3.540 ; 5.935 x l o 6  
1.309 x 10 2.195 x 10  

6 

2.395 x lo6  6 

0.886 x 10 
"_ 
"- 

300  300 

114 114 
By mixing w i t h  
by-pass 

180 

6.076 x lo6 
141,000 

90 
2.313 x 10 

7442 

3443 

300 

0 

SO Removal E f f i c i e n c y  
a? Overa l l   E f f i c i ency  % 54% 
b)  Tower Ef f i c i ency  % 90% 

'Economics  and  Energy Consun* 
( T o t a l   f o r   f o u r   u n i t s )  

Total   . Investment Cost  for^. 
f o u r  (4) FGD systems,  

s chedu lcd   s t a r tup   da t e s  
i n c l u d i n g   e s c a l a t i o n   t o  

E l e c t r i c  Power KW 
Consumpti'on 5,430 

Limestone  Consumption l b s / h r .  7,500 
Lime (F ixa t ive )  

Consumption lb s /h r .  240 

$1000  252,'540 

1042 

362,270 

12,180 
15,300 

500 

I 



" 
C;ise I 

Makeup Water  Rcquirements, GPM 235 . 
Flue Gas Reheater .Steam 

Consumption ~ l b s .  0 
h r  . 

Annual Owning and Operat ing 
Costs ( $loOo/yr.) 

a)  Fixed  Charge on Investment 
@ 13.78% F.C.  Rate  34,800 

b) Capaci ty  2 Replacement 
Energy  Charge  6,040 

c)  Steam  Consumption 0 

d)  Reagent  Consumption 

and lime a d d i t i v e  f o r  
(Limestone f o r  scrubb[:rs 

s ludge ,   f i xa t ion )   1 ,540  

Case I1 

535 

146,000 

49,920 

13,550 

5,320 

3,000 

e )  Operating  Labour 'Cost 3,070  3,640 

f)   Maintenance  Mater ia l  t; 
Labour  7,580  10,600 

Tota l  Owning 6 Operat ing 
Cost  (Summation of  a 
through f) 53,030  66,430 

To ta l   Cap i t a l i zed  Owning and 
Operat ing  Cost   for  Four (4)  
FGD Systems  (Capitalized @ 
.1378  Factor) - $1000  384,833 

Sludge  Disposal 

627,213 

Above investment and opera t ing   cos ts   inc lude   the   necessary   equipment ,  
ma te r i a l s  and ope ra t ing  and  maintenance  labour  associated w i t h  t h e  
sludge  removal  and  disposal t o  t h e  l a n d f i l l   a r e a   n e a r   t h e   p l a n t  
s i t e . .  

The waste   disposal   system i n  both ca.ses .includes  equipment t o  

w i t h  dry 
mechanical ly   dewater   thc  thickener   underf low and t h e n   t o  mix i t  

f l y  ash and lime. The res .ul t ing  mixture  will be d i s -  
posed  of a s - ~ a n  e n v i r o n m e n t a l l y   s a f e ,   s t r u c t u r a l l y  sound l a n d f i l l .  
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The th i ckene r  un,lcrflow will bc  ]'c~u~ped t o . a  vacuum f i l t e r   f o r  
addi t ional   dewatcyjng.  The vacuuix f i l t e r  w i l l  f u r t h e r  dcx;lter 
t he   s c rubbe r  s o l i d s  t o  50-55 p c r c c n t   s o l i d s .  A t  t h i s  consis tency 
t h e   m a t e r i a l  w i l l  be a t h i c k   s l u r r y  which  would no t   be   su i t ab le  
f o r   d i r e c t   u s e   a s  ;I l a n d f i l l .  

ash   f rom  the   p rec ip i ta tors  will be mixed w i t h  t h e  f i l t e r  cdke 
I n   o r d e r   t o   s o l i d i f y  thc vacuum f i l t e r  cake, a p a r t   o f   d r y   f l y  

a t  a prede te rmined   r a t io .  The r e su l t i ng   mix tu re  would conta in  
about 70 p e r c e n t   s o l i d s  and would have a p l a s t i c   c o n s i s t e n c y .  

I n   o r d e r   t o   p r o d u c e  a s o l i d   m a t e r i a l   e i t h e r  a qu ick   l ime  or  
hydrated  l ime will be  added  simultaneously w i t h  f l y   a s h .  Depending 
on t h e   r e a c t i v i t y   o f   t h e  f l y  ash  between 0 .5  t o   2 . 0 , p e r c e n t   l i m e  
will be   requi red .  

Af te r   mix ing ,   the   mater ia l  will be t r a n s p o r t e d  by t r u c k s   t o  a 
d i s p o s a l   s i t e  where it  will be  allowed t o   h a r d e n .  

The mixture  will b c g i n   t o   h a r d e n   a f t e r  48 hours  and w i l l  have a 
cons iderable   s t rength   a f te r   seven   days   o f   cur ing .  

The t o t a l   a r e a   r e q u i r e d   f o r   f i x e d   s l u d g e   d i s p o s a l  from f o u r  {4)  
u n i t s ,   g e n e r a t e d   d u r i n g   t h e i r  35 y e a r s   l i f e  and  average l i f e  
capac i ty   o f  65%, i s  e s t ima ted   a s   fo l lows :  

I- 

> 

300 a c r e s  @ 20 f t .  h i g h  p i l e  f o r  Case I 
600 a c r e s  @ 20 f t .  h i g h   p i l e  f o r  Case I1 

I .. . 
. .  
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1. SUMMARY 

1.1 Purpose 
w 
I 

The study  develope5  conceptual design and  estimated  investment 

and  operating costs for two alternative flue  gas desulfurization systems 

for  the Hat Creek Project. The quality of coal supplied  to  the  plant 

and  the  chimney emission levels differ for  the  two  alternatives. 

A state-of-the-art  review  of  the status of  flue gas desulfuriza- 
tion  is also included. 

1.2 Scope 

The two Plans selected  for  study  are as follows: 

plan 1 This Plan assumes use of a blended  coal with an allowable SO2 

emission level  of 300 ppm  (dry) by  volume. Treatment of a portion 

of the  flue  gas is required. 

Plan 2 This  Plan assumes use  of  an unblended coal with an allowable SO2 - 
emission level  of 170 ppm  (dry) by  volume. All of the flue  gas 

is treated. 

The coal characteristics for  the  two Plans are as follows: 

Plan 1 Plan 2 

Sulfur - % 0.45 .  0.90 
Heating Value - Btu/lb 6300 5500 
Moisture - % 20 20 

Ash - % 26 32 

The design parameters  include  the  number of absorber modules, SO2 

removal efficiency, reagent, steam and  power  requirements  and  tonnage  of 

waste products. System and  process description of  each Plan is  provided. 

The economic considerations include respective  investment  costs 
and  capitalized owning and operating costs of  the  two Plans considered. 

W 
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m e  inves tment   cos t   es t imates   inc lude   the   mater ia l   and   e rec t ion  for a l l  

equipment  and  ductwork  between  the I D  f a n   o u t l e t  and the s tack  breeching.  

The components of t he   cap i t a l i zed   annua l  OWing  and  operating 

c o s t   a r e  a s  fol lows:   f ixed  charges  on investment ,   capaci ty   and  replace-  

ment energy  charges,   steam,  reagent,   operating  and  maintenance  costs.  

1.3 Resu l t s  

1 .3 .1   Techn ica l   Eva lua t iE  

The following  Table  sumnarizes  the  major  system  design  parameters 

presented i n  the  Technical  Summary Exh ib i t  1, and  Material   Balance  Exhibit  No. 4 ,  

Technical Summary per Boi le r  
Plan No. 1 Plan No. 2 

Boi l e r   S i ze  (MW) pit+, ldCVM1110~ 500 500 

Total  Heat  Input (10 x B t u / h r ) @ M c k  5  464  5  464 

Coal   F i r ing   Rate   ( lb /hr )  867  301 993 455 

P l a n t   E l e v a t i o n   ( f t  ASL) 4  600  4  600 

Gas  Flow Rate   ( lb /hr )  6 400 000 6  534 000 

6 

" I n l e t  SO2 ( l b j h r )  7 838 17 955 

Out le t  SO2 ( Ib /h r )  4 048 2 604 

Emission  Stack (PPMD) 300 170 

I n l e t  Gas Temperature FGD (F) 3 0 0  360 
Satura ted  Gas Temperature  (F) 114 122 

Stack  Exit  Temperature  (F) 203 170  
Reagent  Limestone P u r i t y  (%) 90 90 

Stoichiometry (%) 115 115 
Design  Coal  Sulfur (%) 0.45 0.90 

Heating  Value  (Btu/lb) 6 300 5 500 
Ash Content (%) 26 32 
Type of FGD System Wet Wet 
SO2 Absorber Tower (No.) 2 + 1 Spare 3 + 1 Spare 

FGD Scrubbing P a r t i a l  F u l l  

F lue  Gas Trea ted   ( l b /h r )  3 436 800 6  534 000 
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Flue  Gas Bypassed  (lb/hr) 

L iqu id   t o  Gas (L/G) 

SO2 Removal E f f i c i ency  

a)   Overa l l   Ef f ic iency  (%) 

b) Tower Ef f i c i ency  (%) 

System  Pressure Drop (in./H20) 

Limestone  Consumption  (lb/hr) 

Lime Consumption  (Fixative)  (lb/hr) 

Ash Consumption  (Fixative)  (lb/hr) 

Makeup Water (GPM) 

Disposal Cake Blended (TPH) 

Flue  Gas Reheater Steam  Requirement 
( Ib /hr )  

Power Consumption (kW) 

Pond S i z e  (35 y r  @ 20 f t ) ( a c r e s )  

Technical Suounary pe r   Bo i l e r  
Plan No. 1 Plan No. 2 

2 963  200 

80 

48.35 

90.02 
9 

7 558 

236 

5 903 
235 
12.92 

0 

5 434 

75 

0 

80 

85.49 

85.49 
9 

30  622 

956 

23 958 

53 5 
50.85 

146 007 
12  186 

298 

Stack  Liner  Diameter (@ 90 FPS 
Veloc i ty)   ( f t )  23 27 

1.3.2 Investment 

Tabulated  below  are  comparable  investment  estimates  for  material  

and erection  of  vendor  and owner suppl ied   mater ia l   and   e rec t ion ,   inc luding  

e s c a l a t i o n   a s   d e t a i l e d   i n   E x h i b i t  No, 6. 

Plan 1 
Comparable  Investment ($1000 US) 

Plan 2 D i f f e r e n t i a l  

Unit  1 72 110 

Unit 2 56 150 

Unit  3 59 900 

Unit  4 64 380 

Tota l  252 540 

101 900 

81  030 

86 430 

92  910 

362 270 

29 790 

24 880 
26 530 

28 530 

109 730 
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1.3.3  Capitalized  Annual Owning 6: Operating  Cost 

The comparable   capi ta l ized  annual  owning  and o p e r a t i n g   c o s t   f o r  

each  Plan  design  considered is d e t a f l e d   i n   E x h i b i t  No. 7 and  summarized 

below: 

Cap i t a l i zed  Owning & Operating  Cost (US $1000) 

I tw Tota l  4 Units  
Plan No. 1 

1)  Fixed  Charge on Investment  34 799 

2) Capaci ty  & Replacement  Energy  Charge 6 044 

3) Steam  Consumption 0 

4)  Reagent  Consumption 

a .   Limestone 1 384 

b. Lime Addit ive 152 

5)  Operating  Labor  Cost 3 072 

6)  Maintenance  Material & Labor 7 575 

7)   Total  Annual Owning & Operating  Cost 53  026 

Dif fe ren t ia l   Base  

8)   Capi ta l ized  Owning br operat ing  Cost  384  803 

D i f f e r e n t i a l  Base 

2 .  DISCUSSION 

2.1 General 

Plan No. 2 
Tota l  4 Uni t s  

49 920 

13 548 

5 320 

5 584 

612 

3 840 

10 867 

89  691 

36  665 

650 a79 

266 076 

Conceptual  designs were  prepared  for  the two a l t e r n a t i v e   P l a n s .  

The designs  were  based on f lue  gas   t reatment   systems which cons is t   o f   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   f o r   p a r t i c u l a t e  removal  and  an  absorber  for 

sulfur dioxide  removal.  Limestone was used   a s   t he   r eagen t .  The systems 

were  based on d i sposa l   o f   t he   e f f luen t  t o  an   ad jacent   s torage   a rea .  

There a r e  a number of  other  type  systems which a r e   i n   v a r i o u s  

s t a g e s  of development. No a t tempt  was  made t o  e v a l u a t e   t h e   d i f f e r e n t  

*J systems. The conceptual  designs  were  based on the   p rec ip i t a to r / abso rbe r  
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U combination as t h i s  i s  the  most common arrangement i n  u s e   i n   t h e   U n i t e d  

S ta tes   today .  However, i f  a dec is ion  i s  made t o   i n s t a l l  a FGD system 

then a de ta i l ed   s tudy  of  al l .  al ternat ives   should  be made. I t  i s  poss ib le  

t h a t   i n   t h e   n e a r   f u t u r e  some. other  system may become more  economic than 

the  one included  in   the  s tudy.  

w 
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2.2 Design  Factors  

The d e s i g n   f a c t o r s   u s e d   i n   t h i s   s t u d y   a r e  summarized i n   t h e   T a b l e  

6 .  

below: 

Bo i l e r   S i ze  (MW) 

Total  Heat Input   (Btulhr)  

Coal   F i r ing   Rate   ( lb /hr )  

P l a n t   E l e v a t i o n   ( f t ,  ASL) 

Barometr ic   Pressure  (psia)  

Total  Gas t o  System ( l b l h r )  

I n l e t  SO2 l b / h r  

Ou t l e t  SO2 ( a )   l b /h r  

(b) PPMD 

I n l e t  Gas Temperature, F 

Stack  Exit   Temperature 

Reagent:   Limestone  Purity,  % 

FGD Scrubbing 

Fuel  Type: 

Proximate  Analysis:  

% Moisture 

% Ash 

% V o l a t i l e  

% Fixed  Carbon 

Btu / lb  

S u l f u r  

Ult imate   Analysis  (Dry) Inc ludes  
Undetermined Er ro r  

% Carbon 47.50 

% Hydrogen 3.75 

% Nitrogen 1.13 

% Chlorine 0.04 

% Sul fu r  0.56 

% Ash 32.50 

% Oxygen** 14.53 

“Calculated 

Plan No. 1 

500 

5464 x IO6 

867 301 

4600 

14.36 

6  400 000 

7838 

4048 

300 

3 10 

203 
90 

P a r t i a l  

Typical  
Blended 

20 

26 
26 

28 

6300 

0.45 

Plan No. 2 

500 

5464 x lo6 
993 455 

4600 

14.36 

6  534 000 

17 955 

2604 

170 

3 10 

170 
90 

F u l l  

Worst 
Acceptable 

Not Blended 

20 

32 
2 3 . 8 4  

24.16 

5500 

0.90 

40.82* 

3.53 

0.90 

0.03 

1.13 

40.10 

15.80 

**Oxygen by de termina t ion   no t  by d i f f e r e n c e  
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2.3 System & Process   Descr ip t ion  

2.3.1 Sutmnary Descr ip t ion  

The process  development  for  the two Plans i s  s i m i l a r   e x c e p t   f o r  

the   percentage   o f   f lue   gas   t rea ted   for  SO2 removal  and  the method of re- 

hea t ing .   P lan  1 t r e a t s  55 percent   o f   the  f l u e  gas   and   u t i l i zes   bypass  

gas   for   rehea t ing .   P lan  2 t r e a t s  100 percent   of   the   gas  and uses   hot  

a i r   f o r   r e h e a t i n g .  

The process  scheme for  the  proposed  Flue Gas Desu l fu r i za t ion  

System (FGD) i s  presented   for   the  maximum load  condition  on  Process Flow 

Diagram Exh ib i t s  No. 8 & 9,  and Mater ia l   Balance on Exh ib i t  No. 4 .  The 

system f o l l o w s   h i g h   e f f i c i e n c y   e l e c t r o s t a t i c   p r e c i p i t a t o r s   f o r   f l y a s h  

removal,  and u t i l i ze s   abso rbe r s   fo r   su l fu r   d iox ide   r emova l .  The FGD 

System has  been  designed  to   funct ion  as   an  independent   system and will 

no t   a f f ec t   t he   ope ra t ion  of t h e   b o i l e r   u n i t .  

The f lue   gas   i n i t i a l ly   en t e r s   t he   gas   c l ean ing   sys t em down- 

s t r e a m   o f   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 s  and  the  boi ler  I D  fans  which 

p rov ide   t he   ene rgy   r equ i r ed   t o   d ra f t   t he   bo i l e r  and t o   d e l i v e r   t h e   g a s e s  

through  the FGD system.  Depending  on the select ion  of   equipment ,   addi-  

t i o n a l   b o o s t e r   f a n s  may be   r equ i r ed   i n   s e r i e s   w i th   t he  I D  fans .  The 

fans   d i scharge   in to   the   opera t ing   absorbers  where the   r equ i r ed  amount of 

su l fu r   d iox ide  i s  removed u t i l i z i n g  a reac tan t   s lur ry   o f   pu lver ized   l ime-  

stone.   Following  the  pass  through  the  absorber mist e l imina to r s ,   t he  

tempera ture   o f   the   c lean   f lue   gas  i s  r a i s e d  by the   in jec t ion   of   ambient  

a i r  which i s  rehea ted   in   ind i rec t   s team-a i r   exchangers   (on ly   for   P lan  2 ) .  

The reheated  gases   then  enter   the  s tack.  

The proposed  system  includes  bypass   ducts   imediately  preceding 

the  absorbers .   Per iodic   maintenance on the  non-operating module can  be 

conducted a t  any   t ime  wi thout   adverse ly   a f fec t ing   the   par t icu la te   co l lec t ion  

o r   t h e  performance  of t h e  FGDS. The bypass   a lso  a l lows  c i rcumvention  of  
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of   t he   en t i r e  FGDS in   the   event   the   sys tem becomes inoperable   o r   dur ing  

per iods when low s u l f u r   c o a l  i s  burned  and SO2 removal i s  not   requi red .  

The pulver ized   l imes tone   s lur ry  i s  produced  and  continuously 

fed   in to   the   su l fur   d ioxide   absorp t ion   sys tem by wet b a l l  mills and a s soc ia t ed  

s lurry  preparat ion  equipment .  The spent   ca lc ium  s lur ry  from the   abso rp t ion  

system i s  cont inuous ly   d i scharged   to  a th ickener .  The concentrated  thickener  

underf low  discharges  into  the  waste   s ludge  t reatment   system  for   ul t imate  

d i sposa l .  Water from the   th ickener  i s  r e tu rned   fo r   u se   i n   t he   l imes tone  

system. 

The thickener   underf low  s lurry i s  pumped t o  a vacuum f i l t e r   f o r  

addi t iona l   dewater ing .  The r e s u l t i n g   f i l t e r   c a k e  i s  a t h i c k   s l u r r y   b u t  

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

t h e  vacuum f i l t e r   c a k e ,  i t  ill mixed wi th   d ry   f lyash  from t h e   p r e c i p i t a t o r s  

and  with  e i ther   quick lime o r  hydrated lime, depending on t h e   r e a c t i v i t y  

of   the   f lyash .  Between 0.5 ard 2.0 percent  lime will be   r equ i r ed .   Af t e r  

mixing  the  material  i s  t r anspor t ed   t o  a d i s p o s a l   s i t e ,  where i t  will be  

a l lowed  to   harden .  

Y 

Two operating  modules  plus  one  spare  are  required  for  Plan No. 1, 

and th ree   ope ra t ing  modules  plus  one  spare  are  required  for  Plan No. 2 .  

2 . 3 . 2  Flue  Gas Absorber 

Sulfur  dioxide  removal from the   f l ue   gas   t akes   p l ace   i n   t he   ab -  

sorber .  The absorber   design will be  based on one  of a number of  proven 

h igh   e f f i c i ency   abso rbe r s ,   such   a s  open  spray  or  packed  bed  towers. The 

des ign  w i l l  depend on the   f i na l   p rocess   s e l ec t ion .  Each absorber  will be 

equipped  with a mist e l imina to r   t o   p reven t  mist car ry-over   to  downstream 

equipment  and  ductwork. A spare   absorber  i s  provided. The maximum 

pressure   d rop   a t t r ibu tab le   to   f low  losses   th rough  the   absorbers  i s  expected 

t o   b e  on the   o rder   o f  8 t o  9 inches  of  water,   including  ductwork. 
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I n   t h e   e v e n t  a spray  tower i s  used,  each  tower will be 43 f t  

diameter  and 65 f t  h igh   for   P lan  No. 1 and 50 f t  diameter  and 65 f t  high 

fo r   P l an  No. 2 .  Materials   of   construct ion will be carbon  s tee l   wi th  

cor ros ion   proof   l in ing .  

2.3.3 Recycle Tank (Reaction Tank) 

The abso rb ing   s lu r ry  i s  discharged from the  absorber   and  gravi ty  

f ed   t o   t he   r ecyc le   t ank .  The r e c y c l e   t a n k   r e t a i n s   t h e   s l u r r y   f o r  a pre- 

determined  period  of  time i n  a s t a t e  of   ag i ta t ion .  

Retention,  mixing  (agitation)  and  oxidation, p e r m i t  the  de- 

supe r sa tu ra t ion  and c r y s t a l l . i z a t i o n  of c a l c i u m   s a l t s   i n   t h e   r e c y c l e   t a n k .  

The successfu l   accompl ishment   o f   th i s   assures   tha t   the   spent   so l ids   can  

be removed and makeup s lu r ry   can  b e  i n t roduced   fo r   fu r the r   abso rp t ion .  

A bleed  stream of spent   react ion  products  i s  continuously  withdrawn  from 

the  recycle  tank  and pumped to   the  thickener   system. Makeup a l k a l i   s l u r r y  

and wa te r   a r e   con t inuous ly  added t o   t h i s   t a n k   i n   o r d e r   t o   m a i n t a i n   t h e  pH 

and so l ids   concent ra t ion   o f   the   s lur ry   a t   p rede termined   leve ls .  The re -  

c i r c u l a t i o n  pumps withdraw  the  recycle   s lurry from the  bottom  of  the  tank 

and r e c i r c u l a t e  i t  t o  t h e  absorber .  

A 43 f t  diameter by 24 f t  high  tank  for   Plan No. 1, and a 50 f t  

diameter by 24 f t  high  tank  for   Plan No. 2 w i t h  cor ros ion   proof   l in ing  will 

be  required  for   each  absorber .   Four  ( 4 )  motor (25 hp)  operated  mixers w i l l  

be  included w i t h  the  tank.  Normally two ( 2 )  mixers w i l l  be   operat ing,   while  

two (2) will remain  as  spare.  

2.3.4 Waste Slurry  Handling & Water  Reclaimation 

The spen t   r ecyc le   s lu r ry ,   b l ed  from the  recycle   tanks,  i s  c o l l e c t e d  

i n t o  a was te   s lur ry   t ank  whit:h i s  cons t an t ly   ag i t a t ed .  In add i t ion ,   t he  

overflow  from  the mist e l imina tor  wash tank is  a l s o   c o l l e c t e d   i n   t h e   w a s t e  

s lu r ry   t ank .  The was te   s lu r ry  i s  mixed w i t h  a po ly -e l ec t ro ly t i c   f l occu lan t ,  
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a s  i t  i s  pumped t o   t h e   t h i c k e n e r .  The th i ckene r   a l l ows   t he   p rec ip i t a t ed  

c a l c i u m   s a l t s   t o   s e t t l e  by  means of   g rav i ty .  The s e t t l e d   c a l c i u m   s a l t s  

( thickener   underf low)  then  are  pumped t o  a vacuum f i l t e r   f o r   f u r t h e r  

so l id s   concen t r a t ion  (60 weight   percent   so l ids ) .  The water  reclaimed 

from both  the  thickener   and vacuum f i l t r a t i o n  i s  r e t u r n e d   i n t o   t h e  FGD 

system  for   reuse.  

2 . 3 . 5  Waste S l u r r y  Sump ' r a n k s  

One (1) was te   s lu r ry  sump tank w i l l  be   required  for   each  ab-  

sorber   to rece ive   b leed   f lows  from the   i nd iv idua l   abso rbe r s .  A motor 

(10 hp) operated  mixer will be  included  with  each  tank. 

2 . 3 . 6  Waste Slurry  StoraRe Tank 

One (1)   was te   s lur ry   s torage   t ank  per steam  generator will be 

r equ i r ed   t o   r ece ive  waste s lu r ry   f l ows  from  each  absorber waste s l u r r y  

sump tank.  Each  tank will be  s ized  for   one  hour   holding  t ime.  

2 . 3 . 7  Reagent  Slurry Tank (Alkal i   Storage Tank) 

One (1 )   r eagen t   s lu r ry   t ank ,   w i th   an   8 -hour   s lu r ry   s to rage  

capac i ty ,  will be   requi red   for   each   un i t .  The tank w i l l  have a cor ros ion  

proof l i n ing   and  w i l l  be  equipped  with two (2)  motor (40 hp) operated 

mixers.  

2 . 3 . 8  Mill S l u r r y  Sump T ~ I  

One t ank   pe r   ba l l  mill, conc re t e   r ec t angu la r   cons t ruc t ion ,   s i zed  

a c c o r d i n g   t o   t h e   r e c i r c u l a t i o n   r a t e ,  will be   r equ i r ed   fo r   t he   ba l l  m i l l  

c l a s s i f i e r s .  

2 . 3 . 9  Wash Water  Tanks  (Reclaimed  Water  Tanks) 

One wash water tank. per  steam  generator will be  required  to   pro-  

v ide   fo r   r ecyc l ing   o f   wa te r  firom the  mist e l imina to r  wash t r a y s ,   l o c a t e d  
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in the  top  section  of  the  absorber  towers.  Size of  tanks  will  depend 

on the  specific  manufacturer's  system  design. 

2.3.10 Limestone  Preparation  System 

The  limestone  preparation  system  is  designed  to  produce  the 

limestone  slurry  required  for  continuous  operation  of  the  system  under 

the  worst  coal  conditions.  Volumetric  feeders  continuously  feed  the 

limestone  to  a  crusher  and  ball  mill  which,  through  mechanical  action 

and  water  introduction,  will  produce  a  given  weight  slurry.  The  transfer 

of slurry  to  each of the  rec.ycle  tanks  is  accomplished by pumps  which  re- 

spond  to  changing SO2 and  load  conditions  via pH monitor  of  recycle  slurry. 

2.3.11 Limestone  Live  Silos  (Alkali  Silo) 

Two (2) silos,  each  capable  of  storing  a  16  hour  supply  of 
limestone,  will be required  to  serve  one  steam  generating  unit. One (1) 
will  feed  active  ball  mills  and  one  will  serve as a  standby. 

2.3.12  Alkali Feeder 

Two (2) gravimetric  type  weight  feeders,  each  capable  of  hand- 

ling  the  limestone  supply  for  one (1) steam  generating unit; one (1) 
will  feed  active  balls  mills  and  one  will  serve as a  standby. 

2.3.13 Ball  Mills 

One (1) wet,  single  compartment  ball mill, capable of handling 

the  limestone  supply for  one (1) steam  generating unit,  will be required 

to  serve  one (1) unit.  Mills  will be sized  to  meet  the  stone  requirement. 

Spare  mills  are  provided.  Design  limestone  feed  size is 100 percent  minus 

3/4 inches.  Final  size  is 80 percent  minus  200  mesh. One (1) wet  cyclone 

classifier  will  classify  wet  limestone  slurry  from  each  ball  mill.  Plan 

No. 1 will  require  a 3 . 8  TPH  ball  mill  and  Plan No. 2  will  require a 

15.33 TPH  ball  mill  capacity. 
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2.3.14  Emergency Quench P u s  

Each  steam  generating  unit will have  an  emergency  water pump 

conv ien t ly   l oca t ed   t o   p rov ide   fo r   ho t   f l ue   gas   coo l ing   i n   t he   even t  of 

a power ou tage   o f   t he   s t a t ion   o r   an   a i r   hea t e r   ma l func t ion .  

2.3.15  Flue Gas Reheater 

For  Plan No. 2 ,  one (i) central   reheat   system w i l l  be  required 

to   ra i se   the   t empera ture   o f   the   f lue   gas   ex i t ing   the   absorbers  by approxi- 

mately 50 F.  The reheat  system will be  based  on  an  indirect   s team  coi l /  

h o t   a i r   d e s i g n   u s i n g  146  007 lb /h r   o f   ex t r ac t ion   s t eam  a t   abou t  200 p s i  

and 650 F. 

Ambient a i r  (2  336  114 lb /h r )  w i l l  be  heated  and  mixed  with  the 

wet   gas   exi t ing  the  operat ing  absorbers .  The s t eam  co i l s ,  2 ambient a i r  

fans  and  associated  ductwork, will be   carbon  s tee l   cons t ruc t ion .  Thermo- 

s t a t i c   c o n t r o l s  w i l l  regulate   s team and a i r  f lows   to   main ta in  50 F tempera- 

t u re  r ise f o r   t h e  wet gas.  

2.3.16  Absorber  Inlet  Ductwork & Absorber  Bypass 

W 

Ductwork ,   inc luding   f lue   gas   d i s t r ibu t ion   devices ,   access  man- 

holes ,   ins t rument  and t e s t   connec t ions  and  expansion  joints,  will be 

provided  for  f lue  gas  f low from t h e   a i r   h e a t e r   o u t l e t   t o   t h e   a b s o r b e r  

i n l e t s  and f o r  the  absorber bypass .  The mater ia l   o f   cons t ruc t ion   for  

a l l  ductwork  included  within t h i s  scope will be   un l ined   carbon  s tee l .  

2.3.17  Absorber  Outlet D u c B  

Ductwork ,   inc luding   f lue   gas   d i s t r ibu t ion   devices ,   access  

manholes,  instrument  and test: connections,  and  expansion  joints ,  w i l l  

be   provided  for   f lue  gas   f low from t h e  ou t l e t   o f   t he   abso rbe r s   t o   t he  

s t a c k   i n l e t .  The ma te r i a l  of c o n s t r u c t i o n   f o r   a l l  ductwork  included 

wi th in   t h i s   s cope  will be  carbon steel with a cor ros ion   proof   l in ing  

capable of withstanding  cont inuous  operat ion a t  350 F .  
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2.3.18  Mixing Chamber 

The mixing  chamber will be   l oca t ed  downstream  from the   abso rbe r .  

The bypassed  gas i s  then mixed wi th   the   t rea ted   gas   in   the   mix ing  chamber 

f o r   r e h e a t i n g ,   f o r   P l a n  No. 1 and  for   P lan  No. 2 ambient a i r  w i l l  be  

heated  and  mixed  with  the  wet  gas  exit ing  the  operating  absorber.  

2.3.19 a 
Piping  of  a su i t ab le   co r ros ion  and e r o s i o n   r e s i s t a n t   d e s i g n  

will be   spec i f i ed   fo r   t he   t r ans fe r   o f   r eagen t   and   was t e   s lu r ry   w i th in   t he  

FGD system limits.  Rubber l i n e d   s t e e l  and f ibe r   g l a s s   r e in fo rced   po ly -  

e s t e r  "FRP" pipe will be  required.  

2.3.20 I D  Booster  Fans 

Two ( 2 )   p a r a l l e l   b o o s t e r   f a n s ,  may be r e q u i r e d   t o   d e l i v e r   t h e  

f l u e   g a s e s   t o   t h e   a b s o r b e r .  Each will be   capable   o f   handl ing  50 percent  

of t he   s t eam  gene ra to r   f l ue   gas   a t  100 percent   load.  The fan  margin 

will be  20 percent  on capaci ty   and 44 percent on  head. 

2.3.21 Pumps 

The pumps l i s t e d  below w i l l  be   requi red .  The prel iminary number 

and related  horsepower i s  shown i n  Exhib i t  No. 3 .  The absorber   recyc le  

and  absorber  quench pumps w i l l  operate   cont inuously  while   the  remaining 

pumps w i l l  opera te  in te rmi t ten t ly  (on-off). Water f lush ing   provis ions  

will be   r equ i r ed   fo r   i n t e rmi t t en t  pumps handling slurry t o   p r e v e n t   s e t t l i n g  

i n   t h e  system. 

- Sulfur  Dioxide  Absorber  Recycle Pumps 

- Absorber  Quench  Recycle Pumps 

- Wash Water Pumps 

- Reagent  Slurry  Feed Pumps 

- Mill C l a s s i f i e r  Pumps 

- Waste S l u r r y  Pond Transfer  Pump 

- Emergency  Quench Pump 

- Waste S l u r r y  Sump  Pumps 
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2 . 3 . 2 2  Limestone  Handling System 

2.3.22.1  General 

For  Plan No. 1 7558 lb /h r   l imes tone  is  required  per  each  steam 

gene ra t ing   un i t .  

For   Plan No. 2 30 622 lb /hr   l imes tone  i s  required per each 

s team  generat ing  uni t .  

2.3.22.2  Storage  Capacity 

The system will be  designed  for   thir ty   (30)   days  s torage  capaci ty  

f o r   e a c h   u n i t   a t  100 percent   capac i ty   fac tor .  The s torage   capac i ty  will 

be 2720 tons  of   l imestone  for   Plan No. 1 and 11 038  tons  for  Plan No. 2 .  

2.3.22.3  Limestone  Handling  Equipment 

The l imestone  handling  system will include  reclaim  hopper,  a 

be l t   conveyor   sys tem  for   de l ivery   to  a fu tu re   c rushe r   ( i f   r equ i r ed )   fo r  

d i r e c t   d e l i v e r y   t o   e i t h e r   t h e  day s i l o s   o r   t o   t h e  30  day  s torage  s i los .  

2.3.23  Waste  Disposal S y s t e m  

The waste  disposal  system will provide  equipment to   mechanical ly  

dewater  the  thickener  underflow  and  then mix i t  with  dry  f lyash and l ime.  

The resu l t ing   mix ture  will be  disposed  of   as   an  environmental ly   safe ,  

s t r u c t u r a l l y  sound l a n d f i l l .  

The waste   disposal  system will s ta r t   wi th   th ickener   under f low 

conta in ing  25 t o  30 pe rcen t   so l id s .  From the   t h i ckene r   t he   s lu r ry  w i l l  

be pumped t o  a vacuum f i1 te . r   for   addi t iona l   dewater ing .  The vacuum f i l t e r  

will fur ther   dewater   the   sc rubber   so l ids  t o  50 t o  55 percent   sol ids .  A t  

t h i s   cons i s t ency ,   t he   ma te r i a l  w i l l  be a t h i c k   s l u r r y  which  would not   be 

s u i t a b l e   f o r   d i r e c t   u s e   a s   : L a n d f i l l .  

I n  o r d e r   t o   s o l i d i f y   t h e  vacuum f i l t e r   c a k e ,  a p a r t  of d r y   f l y -  

a s h  from t h e   p r e c i p i t a t o r s  will be mixed w i t h  t h e   f i l t e r   c a k e   a t  a pre- 

determined  ra t io .  The resu l t ing   mix ture  would contain  about  70 percent 

Y 
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so l ids   and  would  have a p l a s t i c   c o n s i s t e n c y .   I n   o r d e r  t o  produce a s o l i d  

m a t e r i a l   e i t h e r   q u i c k  lime or   hydra ted  lime w i l l  be  added  simultaneously 

wi th   the   f lyash .  Depending  on the   reac t iv i ty   o f   the   f lyash   be tween 0.5 
to 2.0 percent   l ime will be  required.  

Af te r   mix ing ,   the   mater ia l  w i l l  be   t ranspor ted  by t r u c k s   t o  a 

d i s p o s a l   s i t e ,  where i t  w i l l  be   a l lowed  to   harden.  The mixture  w i l l  beg in  

t o   h a r d e n   a f t e r  48 hours  and will have   cons iderable   s t rength   a f te r   seven  (7 )  

days  of  curing. 

The r equ i r ed   d i sposa l   a r ea   fo r   P l an  No. 1 is  7 5  ac res   fo r   each  

u n i t ,  and fo r   P l an  No. 2 is 298 a c r e s   f o r   e a c h   u n i t  (35 y r  @ 20 f t ) .  

2.3.24 FGD Dampers 

The fol lowing dampers will be   requi red :  

Locat ion - 
System I n l e t  & Out le t  

Absorbe r   In l e t  

Absorber   Outlet  

Absorber  Bypass 

Booster Fan I n l e t  

Booster Fan Outlet  

Reheat  Fan I n l e t  

Reheat  Fan  Outlet 

Absorber  Outlet  

Absorber  Bypass 

Type 

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

I s o l a t i o n  

Flow Control  

Flow Control  

The i s o l a t i o n  dampers will be   o f   t he   gu i l l o t ine   t ype   des ign  and 

w i l l  be   capable  of achieving  zero  leakage.  The flow  control  dampers w i l l  

be  of the  louver   type  design.  
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2.3.25 Chimney L ine r  

L ine r  w i l l  be   p rovided   for   the   concre te  chimney.  The l i n e r  will 

be   des igned   for   d ry   opera t ing  mode condi t ions   and  the liner w i l l  b e   c o r r o s i o n  

proof  with a coating  capable.   of  withstanding  continuous  operation a t  350 F .  

For  Plan No. 1 a 23 f t  diameter  l i n e r  i s  requi red .  

For  Plan No. 2 a 27 f t  d i a m e t e r   l i n e r  i s  requi red .  

2.4 PRESSURE LOSSES 

The re   a r e   va r ious   p re s su re   l o s ses   a s soc ia t ed  with the  f low of 

f lue   gas   t h rough   t he   a i r   qua l i t y   con t ro l   sys t em.  The pressure  drop  through 

t h e   p r e c i p i t a t o r ,   i n c l u d i n g  i t s  connecting  ductwork, may be   expec ted   to   be  

approximately  4.5  inches  of H 2 0 .  This ,   toge ther   wi th   the  loss through  the 

convective  passes  of  the  steam  generator  approximately 7 inches  of H20 

and the  drop  through  the  secondary a i r   h e a t e r   a p p r o x i m a t e l y  7 inches  of 

H20 d e f i n e   t h e   s t a t i c   p r e s s u r e   a t   t h e  i n l e t  of t h e   f i r s t   p a i r   o f   i n d u c e d  

d r a f t   f a n s .  

The  second s e t  of fans   (boos te r   fans)  will hand le   t he   d ra f t  

l o s s  of   the   f lue   gas   desu l fur iza t ion   sys tem  approximate ly  8 t o  9 H20, 

including  ductwork,   an  addi t ional  1 inch  of H20 will r e s u l t  from t h e   a i r  

h e a t e r  and s t ack .  The bas ic   sys tems  cons idered   a re  shown d iag rama t i ca l ly  

on Exh ib i t  No. 1 2  fo r   P l an  No. 1 and  Exhibit  No. 13   fo r   P l an  No. 2 .  

-W 
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2.5 ECONOMIC EVALUATION 

The economic e v a l u a t i o n   f a c t o r s   u s e d   i n   t h i s   s t u d y   a r e  su-rized 

in   the  Table   below: 

Each Unit 
Plan No. 1 Plan No. 2 

Boi l e r   S i ze  (MW) 

To ta l  Heat  Input  (Btu/hr) 

Net S t a t i o n  Heat  Rate (Btu/kWh) 

Heating  Value of Coal  (Btu/lb) 

Coa l   F i r ing   Ra te   ( l b lh r )  

Average  Annual  Capacity  Factor (%) 

Coal  Cost  (1976) 

Capacity & Replacement  Energy  Charge 
(20 MillslkWh Power Cost  incl.uding 
the   Cap i t a l  Component) a t  100% 
Capaci ty   Factor   Level ized ($/kW) 

Average  Levelized  Reagent  Cost 

CaC03 ($/ ton)  

CaCO ($ / ton)  
fJ 

Average  Levelized  Steam C o s t  ( $ / l b )  

Fixed  Charges (%) 

Operat ing  Life   (Years)  

I n f l a t i o n   R a t e  Used: 

Fiscal   Year  

1976-1977 

1977-1978 

1978-1979 

1979-1980 

1980-1981 

1981-1982 

Therea f t e r  

Leve l i za t ion   Fac to r  

500 

5464 x IO6 

10 679 

6 300 

867 301 

65 

$5.60/T 

428 

16 

56 

0.0016 

U .78 

35 

Rate 

Base 

11 

9 

8 

7 

5 

5 

2.443 

- 

500 

5464 x lo6 
10 679 

5 500 

993 455 

65 

$5.60/T 

428 

16 

56 

0.0016 

13.78 

35 

Rate 

Base 

11 

9 

8 

7 

5 
5 

2.443 

- 

Order-of-magnitude  investment   and  operat ing  cost  estimates have 

W been made for   each   of   the  two Plans  considered i n  t h i s  study. 
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'W 2.5.1 Scope of Equipment 

The  scope  of  each  investment  estimate  includes  the FGD equipment 

supplied  by  the  vendor  and  the FGD System  and  equipment  that  the  owner  will 

have  to provide,  including  the  following: 

- Limestone  handling  and  storage 
- Booster  fans 
- Waste  fixation  facilities,  such  as  ash  bins  and  lime  bins  and  mixer 
- Pond,  including  land 
- Conveyors 
- Trucks 
- Bulldozer 
- Foundations 
- Electrical,  including  large  motors,  wiring, etc 

On the  gas  side,  the  general  limits  may  be  identified as the ID 

fan  outlet  to  the  stack  main  duct  as  shown  on  Exhibit No. 10 for  Plan No. 1 

and  Exhibit No. 11 for Plan N o .  2 .  On the  liquid side,  all  piping,  valves 

and  controls  associated  with  reagent,  water  makeup  and  waste  flows  are  within 

the  battery  limits of the  evaluation. 

2.5.2 Investment 

The  escalated  investment  costs  for the vendor  and  for  the  owner 

supplied  equipment,  including  materials  and  erection are.shown  in Exhibit 
No. 6 and are  summarized  below: 

Unit 1 
Unit 2 

Unit 3 

Unit 4 

To ta 1 

Comparab1.e  Investment ($1000 US1 

Plan No. 1 Plan No. 2 

72 110 101 900 

56 150 81  030 

59  900  86 430 

64  380 92 910 

252  540  362  270 

Differential 

29  790 

24  880 

26 530 

28  530 

109 730 
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The  material  and  erection  costs  for  vendor  supplied  equipment 

represent a composite  estimate  based on budgetary  proposals  received  from 

FGD  System  vendors.  The  materials  and  erection  costs  of  the  owner  supplied 

equipment  are  estimated  by  Ebasco  based  on  the  best  available  information. 

They  are  subject  to  change  upon  receipt  of  more  detailed  data. 

The  estimates  are  made  on  the  total  construction  cost  level  and 

include  escalation  to  the  operating  date. 

2 . 5 . 3  Capitalized  Annual  Owning & Operating  Cost 

The  following  items  are  included  in  the  annual  owning  and  operating 

cost  analysis:  fixed  charges,  capacity  and  replacement  energy  charges,  steam 

and  maintenance,  operating  and  reagent  cost. 

A capacity  factor of 65 percent  was  assumed. A rate of 13.78 percent 

was  used  in  calculating  the  Fi.xed  Charge on Investment. 

W 
The total  capitalized  owning  and  operating  costs  are  shown  in  detail 

in Exhibit No. 7 and are sumirized below: 

Capitalized  Owning & Operating  Cost (US $1000) 

I tem 
Plan No. 1 Plan No. 2 
Total 4 Units Total 4 Units 

Fixed  Charge on Investment 
Capacity & Replacement  Energy  Charge 

Steam  Consumption 
Reagent  Consumption 

a. Limestone 

b. Lime  Additive 

Operating  Labor  Cost 

Maintenance  Material & Labor 

Total  Annual  Owning & Opexating  Cost 

Differential 

Capitalized  Owning & Operating  Cost 

Differential 

34  799 

6 044 

0 

1 384 

152 

3 072 

7 575 

53 026 

Base 

384  803 

Base 

49 920 

13 548 

5 320 

5 584 

612 

3 840 

10 867 

89  691 

36 665 

650  879 

266  076 
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2.5.4  Schedule 

A proposed  schedule  for  engineering,  procurement,   and  erection  of 

the  FGD system i s  given  in  di,sgram  form on Exhib i t  No. 5 f o r  one u n i t  (500 MW). 

This  schedule i s  genera l ly   in   accordance   wi th   Ebasco’s   exper ience  on s i m i l a r  

s i ze   un i t s   and   i nd ica t e s   t ha t   t he   sys t em  can   be   r eady   fo r   ope ra t ion  34  months 

a f t e r   r ece ip t   o f   an   o rde r .   Th i s   s chedu le  i s  based  on a 20 month e r e c t i o n  

per iod,   cont ingent  upon  owner’s  completion  of a l l   f o u n d a t i o n s   1 4  months a f t e r  

award  of c o n t r a c t .  

2.6 THE STATUS OF FLUE IGAS DESULFURIZATION & COMMENTS ON RELIABILITY 

2.6.1 The Sta tus   o f   F lue  Gas Desul fur iza t ion  

Four   p rocesses ,   a l l   u s ing  wet  scrubbers,  have  gained  varying  degrees 

of   user   acceptance  in   the  United  States .   These  a le   as   fol lows:  

1 )  Wet l imestone/ l ime  scrubbing 

2) Alkal i   scrubbing  without   regenerat ion  (Single   Alkal i   Process)  

3)  Alka l i   s c rubb ing   w i th   a lka l i   r egene ra t ion  (Double Alka l i   Process)  

4 )  Alkal i   sc rubbing   wi th   regenera t ion  

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

one is  a recovery  type for which  the f i r s t   d e m o n s t r a t i o n  on c o a l  i s  i n   t h e  

i n i t i a l   s t a g e s   o f   o p e r a t i o n   a t   N o r t h e r n   I n d i a n a   P u b l i c   S e r v i c e   C o ’ s   M i t c h e l l  

plant.  Two recovery  processes ,   catalyt ic   oxidat ion  (Cat-Ox-Process)   and 

magnesium oxide  scrubbing were a t  one time considered  promising,   but  Cat-Ox 

i s  no   longer   under   ac t ive   cons idera t ion   in   the  U S or  elsewhere,   and two 

ou t   o f   t h ree  MgO demonstrat ions  are  shutdown. 

I n   a d d i t i o n ,  two o the r   r ecove ry   p rocesses   a r e   i n   t he   p ro to type  

s t age  of  development on u t i l i t y   b o i l e r s  i n  the   Uni ted   S ta tes .   These   a re  

the  Chiyoda  Thoroughbred  101  process  (partial   recovery),   and  the  Foster-  

Wheeler-Bergbau  Forschung  proc:ess.  Several  other  recovery  processes  are 
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in the  pilot-plant  stage  of  development in the  United  States.  These  in- 

clude  the  Shell-UOP  Copper  Oxide  process,  the  Consol  process,  the U S 
Bureau  of  Mines  Citrate  process,  the  Stauffer  Phosphate  process,  the  Stone 

and  Webster/Ionics  process,  the  Westvaco  process,  and  several  processes 

based  on  ammonia  scrubbing. 

Exhibit No. 14 shows  the  full-scale  and  demonstration  plants  that 

have  operated or were  to  begin  operation in 1976 on  boilers in the  United 
States  to  remove SO2. So far, about 30 desulfurization  units  have  been  in- 

stalled  serving  a  capacity of  about 6000 MW, another 25 are  under  construction, 
and  about 50 are planned  in  utility  plants  producing  a  total of  about 45 000 MW 
for  all  existing  and  planned  installations.  This is  out of a  total  fossil 
fueled  capacity  of 325 000 MW. 
2.6.1.1 Throwaway  Processes 

Limestone  or  lime  absorption  which  produces  a  calcium  sulfite/sulfate 

W sludge  for  waste  disposal  has  been  the  most  prevalent  system  selected  by  the 

utilities  in  the  United  States.  This  process  can be operated  either  by  in- 

jecting  limestone  into  the  boiler  followed  by  wet  scrubbing  to  capture  the 

SO2 and  particulates of tail-end  limestone  absorption.  The  single  alkali 

and  double  alkali  processes  are  two  other  types  of  throwaway  processes  in 

commercial  use.  The  double  alkali  process  has  been  developed  to  combine  the 
best  features of limestone/lime  absorption  and  the  single  alkali  process. 

Sodium  alkali  (clear  liquor) is used  to  absorb SO2 to  prevent  plugging  and 
scaling in the  absorber,  and  the  absorber  effluent is reacted  with  limestone 

and/or  lime  to  precipitate  calcium  sulfite  and  sulfate  for  waste  disposal. 

2.6.1.2 Limestone  Injection-Wet  Scrubbing 

Exhibit No. 14 includes  the  limestone  injection-wet  absorption 

installations  in  the  United  States.  Meramec  was  the  first  system  and  it 

was  abandoned  because  of  plugging  in  the  boiler  tubes. The 125 MW system 
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a t  Lawrence s t a r t e d  up i n  1968,  and  the 400 MW system i n  1971. After many 

mod i f i ca t ions ,   t he   un i t  i s  s t i l l  experiencing  problems.  Scaling  problems 

in   t he   abso rbe r   have  made i t  necessary  to   reduce  l imestone  feed  to   the 

bo i l e r   a t   t he   expense   o f   l ower  SO2 removal e f f i c i e n c i e s .  The u n i t s   a r e  

k e p t   i n   o p e r a t i o n  by n ight ly   c leanup  of   ha l f   the   absorbers  which a re   t aken  

o f f   l i n e  when the system i s  a t  a reduced  load.  Kansas Power & Light  i s  re- 

vising  both  systems a t  Lawrence to   t a i l -end   l imes tone   absorp t ion .  Of t h e  

two l i m e s t o n e   i n j e c t i o n   u n i t s   a t   t h e  Hawthorn S t a t i o n ,  one  has  been  con- 

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

b o i l e r .  Combustion  Engineering no longe r   o f f e r s   bo i l e r   i n j ec t ion   o f   l ime-  

s tone  as an SO2 control   system. 

2.6.1.3  Tail-End  Limestone  Absorption 

Exhib i t  No. 14   inc ludes   the   t a i l -end   l imes tone   sc rubbing   ins ta l la -  

t i o n s   i n   t h e   U n i t e d   S t a t e s .  

The Will County S t a t i o n  of Commonwealth Edison i s  t h e   f i r s t   t a i l - e n d  

W l imestone  scrubbing  system  in  %he  United  States.  I t  s t a r t e d  up i n   F e b r u a r y  

1972. I t  i s  a Babcock & Wilcox  system  which  uses  venturi  scrubbers  backed 

up by a s i e v e   p l a t e  column o r  a tu rbulen t   contac t   absorber .  The ven tu r i  

scrubber  i s  u s e d   f o r   p a r t i c u l a t e   c o n t r o l  and  the  absorber i s  used f o r  SO2 

con t ro l .  

The major  non-mechanical  problems a t  Will County  have  been  plugg- 

ing   o f   the  mist e l imina to r s  and  corrosion  of   the  reheater   tubes.   Also,   waste  

d i sposa l  i s  an  unsolved  problem.  During  the f i r s t  two yea r s  of opera t ion ,  

a v a i l a b i l i t y   o f   t h e  more r e l i a b l e  module,   the  one  with  the  sieve  plate  ab- 

sorber ,  was 25 pe rcen t .   I n   t he   sp r ing  of 1974,  m o n t h l y   a v a i l a b i l i t y   f o r   t h i s  

module ranged  from  55 t o  96 percent ,  and i n   l a t e  1974  and  throughout  most  of 

1975 ,   t he   mon th ly   ava i l ab i l i t y   cons i s t en t ly  remained  about 90 percent .  The 

improved  performance was a t t r ibu ted   to   use   o f   lower   su l fur   coa l ,   lower   gas  

v e l o c i t y ,   a d d i t i o n  of a second-stage mist e l imina tor ,   f resh-water  m i s t  e l imi -  

nator  underspray,  and a 30 gpm blowdown stream  to   the  ash pond which  allowed 

the  f resh  water   underspray.   Both  modules   are  now i n   s e r v i c e .  
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The LaCygne p l an t   has   t he   l a rges t   l imes tone   s c rubbe r   i n   t he   Un i t ed  

S t a t e s .  I t  i s  on an 800 MW bq2i ler   burning  coal   with  5 .5   percent   sulfur   and 

25 percent  ash  and  uses a Babcock & Wilcox  system  very  similar  to Will County. 

Startup  occurred  in  June  1973, and t h e   i n i t i a l   a v a i l a b i l i t y  was about  45 per- 

cent  because of  maintenance  and  cleanup  requirements.   Lately,  improved 

maintenance  procedures  and  design  modifications  have  led  to improved a v a i l -  

a b i l i t y .  The SO2 removal i s  about 80 percent .   There   a re  7 modules to   handle  

the  gas   f low  f rom  the  boi ler  and  each  module i s  cleaned  once  every 7 days 

dur ing   the   n ight   sh i f t .   There   has   been   rehea ter   tube   cor ros ion  so t h a t   t h e  

rehea t  i s  now suppl ied by h o t   a i r   t a k e n  from the  combustion  preheater.  This 

causes a 160 MW l o s s   i n  power generat ion  because  of   the  capaci ty  of the   forced  

d r a f t  and  induced  draft   fans.  The system i s  operated  with a closed  loop  with 

a 160 a c r e  pond for   was te   d i sposa l .   This  company i s  now bu i ld ing  a second 

l a r g e   g e n e r a t i n g   u n i t   a t  LaCygne but  i t  will use low s u l f u r   c o a l .  

The C h o l l a   i n s t a l l a r i o n  i s  on a 115 MW b o i l e r   f i r e d   w i t h  low s u l f u r  

coa l  ( 0 . 5  percent   sulfur)   and was s t a r t e d  up i n  December,  1973.  The a v a i l -  

v a b i l i t y   o f   t h e  two modules  of this   system  has   been  very  high,  85 pe rcen t   fo r  

one  and 93 percent   for   the   o ther .   This   sys tem  uses  a f looded  disc   scrubber  

fo r   pa r t i cu la t e   con t ro l   fo l lowed  by  an  absorpt ion  tower  with  r igid  packing  for  

SO2 con t ro l .  The SO2 removal i s  g rea t e r   t han  90 percent.   Sludge i s  sen t  t o  

an   ex i s t ing   a sh  pond where the  water   in-f low i s  l o s t  by evaporation.  There 

i s  no recycle   s t ream from the  ash pond back  to  the  scrubber  system. The 

main  problems  with  the  Cholla  system  have  been  reheater  tube  vibration  and 

cor ros ion  of  expans ion   jo in ts   and   rehea ter   tubes .  A second  Cholla system 

i s  schedu led   t o   s t a r t  u p  i n   June  1978. 

I n   t h e   l a s t   s e v e r a l   y e a r s  a number of additional  systems  have 

gone i n t o   s e r v i c e .  

2.6.1.4  Tail-End  Scrubbing  with Lime 

Exh ib i t  No. 14 a l s o  l i s t s  t h e   l i m e   s c r u b b i n g   i n s t a l l a t i o n s   i n   t h e  

United  States .   Paddy’s  Run is probably  the most successfu l  FGD i n s t a l l a t i o n  

t o   d a t e  i n  the   Uni ted   S ta tes .  I t  i s  on a 65 MW boi le r   burn ing   3 .7   percent  
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s u l f u r   c o a l  and the   r eac t an t  i s  byproduct Ca(OH)2, a res idue  from 

acetylene  manufacturer .  "Mountains"  of t h i s   c a r b i d e  lime a r e   a v a i l a b l e  

adjacent   to   the  Paddy's  Run power p l a n t   a s  a r e s u l t  of ace ty lene  manu- 

f a c t u r e r  a t  an adjacent   chemical  p lan t .  The Paddy's Run sys t em  s t a r t ed  

up i n  A p r i l ,  1973  and  through  December,  1973  the a v a i l a b i l i t y  was 90 per- 

cen t .  The u n i t  i s  only a peaking  uni t  and excep t   fo r  1973 i s  run  only 

about  two months during  the  year .  However, L o u i s v i l l e  Gas & E l e c t r i c  

i s  sa t i s f ied   wi th   the   opera t ion   of   th i s   demonst ra t ion   un i t   and   has   o rdered  

two more carb ide  lime scrubbing systems f o r   t h e i r   l a r g e   b o i l e r s .  

The l a rges t   l ime   s c rubbe r  i s  the  880 Chemic0 i n s t a l l a t i o n  which 

cos t   over  $130 m i l l i o n  and whj.ch s t a r t e d  up i n  June  1975 a t  the  new Mans- 

f i e l d   p l a n t  run by  Pennsylvania Power Company f o r   t h e  CAPCO group  of u t i l i t i e s .  

2.6.1.5  Double  Alkali  Procesz 

One  way to   avo id   t he  sodium s a l t   d i s p o s a l  problem i s  t o   r e a c t   t h e  

sc rubbe r   e f f luen t  w i t h  l imes tone   and /o r   l ime   t o   p rec ip i t a t e   ca l c ium  su l f i t e  

W and s u l f a t e  and r e c i r c u l a t e  sodium a l k a l i  back to   the   sc rubber .   This  i.s 
ca l l ed   t he   doub le   a lka l i   p rocess  and t h e   i n s t a l l a t i o n s   i n   t h e   U n i t e d   S t a t e s  

are l i s t e d   i n   E x h i b i t  No. 1 4 .  The General  Motors f a c i l i t y  i n  Ohio is  on 

f o u r   i n d u s t r i a l   b o i l e r s   e q u i v a l e n t  t o  about 32 MW burning 2 t o  3 percent  

su l fu r   coa l .   Th i s   sys t em  s t a r t ed  up i n  March 1974. The SO2 i s  scrubbed 

with sodium a l k a l i   s o l u t i o n  and  the  scrubber   eff luent  i s  reacted  with  l ime.  

The s ludge is f i l t e r e d  and dumped i n t o  a s a n i t a r y   l a n d f i l l .  The problem 

i s  t h a t  i t  is d i f f i c u l t   t o   r e g e n e r a t e  sodium su l fa te   because  i t  does  not 

r e a c t  well w i t h  lime. The bo i l e r s   a r e   ope ra t ed   w i th   h igh   excess   a i r  so  

t h a t  there i s  up t o  80 p e r c e n t   o x i d a t i o n   r e s u l t i n g   i n  poor   l ime  u t i l i za t ion .  

However, the  S O 2  removal i s  85,-90 percent .  

Two o t h e r   d o u b l e   a l k a l i   i n s t a l l a t i o n s   a r e  i n  opera t ion  on i n -  

d u s t r i a l   b o i l e r s   i n   t h e   U n i t e d   S t a t e s .   A l s o ,  a d o u b l e   a l k a l i   i n s t a l l a t i o n  

has   r ecen t ly   ope ra t ed   a t   t he   Scho lz   p l an t  of  Gulf Power a t  20 MW l e v e l .  



2.6.1.6  Recovery  Processes 

The recovery   o r   regenerable  FGD process   types,  many of them 

re l a t ive ly   r ecen t ,   o f f e r   t he   fo l lowing   advan tages   ove r  throw-away pro- 

cesses:   (1)  no s l u d g e   o r   f i l t e r   c a k e   t o   d i s p o s e   o f ,  (2)  regeneration  of 

SO2 s u l f u r ,   o r  H2S04 a s  a saleable  by-product  and (3)  s i g n i f i c a n t l y   r e -  

duced quant i t ies   of   secondary  waste  streams. The  improved advantages  of 

regenerable   p rocesses   a re   ga ined   a t  a p r i ce .  The p r i ce   i nvo lves  two com- 

ponents:  (1) a general ly   higher   investment  and o p e r a t i n g   c o s t  compared t o  

t h e  throwaway FGD process   types,   and  (2)   increased  energy  input   i f  a r e -  

ducing  gas i s  r equ i r ed   fo r   su l fu r   p roduc t ion  (up t o  5 percent  of t h e  

ene rgy   i npu t   t o   t he   bo i l e r ) ,   Exh ib i t  No. 15 shows the   s t a tus   o f   r egene rab le  

systems i n   t h e  U S.  Only few i n s t a l l a t i o n s  have  been  t r ied  on  coal  and 

most  of  these  have  been  shutdown  because of d i scouraging   cos t   p ro jec t ions  

and other  problems. 

-W 
2.6.2  Conments  on R e l i a b i l i t y  

Having  spent  these  considerable sums of  investment  and  operation, 

t h e   u t i l i t i e s  must  examine  what  has  actually  been  purchased i n  terms of 

r e l i a b i l i t y .  

The  prime  purpose  of t h e  FGD i s  of   course   to  remove s u l f u r  

d ioxide .  E s s e n t i a l l y ,  a l l  systems c u r r e n t l y  i n  opera t ion   ach ieve  the i r  

des ign   e f f i c i enc ie s   o f  70 t o  90 percent  SO2 removal.   This  aspect  has 

never  been a serious  concern,  with  the  major  problem  being  one of r e l i a b l e  

long-term  operat ion.  The b a s i c  problem a reas  have  been  corrosion,  erosion 

and sca l ing ,  and i t  i s  i n s t r u c t i v e   t o  examine some o f   t h e   d i r e c t i o n s   t h a t  

have  been  taken on c o r r e c t i v e   a c t i o n .  
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Scrubbing   l iquors   can   be  low i n  pH and  high i n  chlor ides   and  

a re   gene ra l ly   i ncompa t ib l e   w i th   me ta l s   fo r   ca rbon  steel  components. 

S igni f icant   p rogress   has   been  made with  l ining  of  equipment  with  sheet 

rubber  and  trowel-on  types  of  corrosion-resistant  coatings.   Moderate 

success  has  been  achieved  by moving up i n t o   a l l o y s  which a r e   h i g h   i n  

n i cke l  and  chrome. T h i s   e x t e n d s   u s e f u l   l i f e ,   b u t   a t  a s u b s t a n t i a l l y  
h igher   cos t .  

This  has  caused a reassessment   of   the  way t h e  components a r e  

p u t   t o g e t h e r   i n t o   t h e  syst:em. I n  most cu r ren t   des igns ,   t he  I D  f a n s   a r e  

put  upstream  of  the  absorber  rather  than  downstream, and r ehea te r s  are 

loca ted   ou ts ide   the   sys tem  ra ther   than   in - l ine .   This   approach  is one  of 

changing  the  environment t o  f i t   t h e   e q u i p m e n t ,  and i t  rep resen t s  a b i g  

step back i n t o   t h e  more comfortable   realm  of   plain  carbon steel metal lurgy.  

S ign i f i can t   p rog res s   has   a l so   been   ach ieved   i n   t he   a r ea   o f   s lu r ry  

abras ion  by  going  very  sof t   or   very  hard  with  rubber  o r  ceramics.  Ceramic 

spray  nozzles   and  high  capaci ty   rubber   l ined pumps have  been  developed 

which  perform  quite well. Bad experience on con t ro l l i ng   s lu r ry   f l ows  

has   gene ra l ly   l ed   t o   t he   conc lus ion   t ha t   t he   bes t   va lve  is no  valve a t  

a l l .  Systems a r e  now s e t  u p  for   o f f -on   opera t ion   wi th  no modulation of 

s lur ry   f low and v a l v e s   a r e  no longer  a problem. 

Progress  on sca l ing  and  plugging problems has   been   l imi ted .  

Handl ing   of   s lur r ies  i s  q u i t e   d i f f e r e n t   t h a n  pumping c l e a r  water and a 

more widespread  appreciat ion of  t h i s   d i f f e r e n c e   h a s   l e d   t o   b e t t e r   i n i t i a l  

l ayouts  of t h e  pumps and piping  in   the  system.  There is a cu r ren t   t r end  

toward the  open  spray  tower  type of absorbers  w i t h  no in te rna l   packing  

b u i l t   i n   t o  promote gas l l i qu id   con tac t ing .  Open spray  towers ,   therefore ,  

represent  a class  of  equipment  with a minimal  amount of   in te rna l   hardware  

wh ich   cou ld   be   s ens i t i ve   t o   t he   e f f ec t s  of s ca l ing .  However, the demis te rs  

must  remain i n   t h e   s y s t e m   a t   t h e   a b s o r b e r   o u t l e t  and t h i s  component has 

emerged as   the   major   p roblem  a rea .  One so lu t ion   t ha t   has   been   qu i t e   success -  

fu l   i nvo lves   i nc lus ion   o f  a wash t r a y  ahead  of  the  &mister. The func t ion  

of  the wash t r a y  i s  t o   d i l u t e   t h e   s o l i d s   c o n c e n t r a t i o n   o f   t h e   e n t r a i n e d  

s l u r r v  and   thus   reducing   the   sca l ing /p lugging   po ten t ia l   in   the   demis te r  area. 
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Minimizing  scaling  by  close  control of system  chemistry i s  a n  

approach  which i s  rece iv ing  a l o t  of  discussion  today. However, an  ab- 

so rbe r  i s  a very  crude  chemical   reactor ,   and  there   are  many e x t e r n a l  

c o n s t r a i n t s  imposed on the  system  by  the  overal l   mater ia l   balance.  I t  i s  

p o s s i b l e ,   t h e r e f o r e ,   t o   c o n t r o l  and adjust   system  chemistry  only  within 

l imi ted   ranges .   Cont inued   e f for t s   a long   severa l   aspec ts  of the  chemistry 

modif icat ion  concept  will most cer ta in ly   p rovide  some answers on the  how 

and why of sca le   format ion .  However, i t  remains t o   b e   s e e n   i f  i t  will 

lead  to  the  development of un ive r sa l   so lu t ions .  

The r e l i a b i l i t y  of f u l l   s c a l e  FGD systems i s  improving  but many 

problems  remain  and  none  has  yet  demonstrated,  on  high  sulfur  coal, a 

l e v e l  o f  r e l i ab i l i t y   equ iva l - en t   t o   o the r   ma jo r  power p l an t  components. 

The problem i s  t o  be  able   to   provide  the  demister   and/or  wash 

t r a y  enough wash water   while  s t i l l  opera t ing   the   sys tem  in  a closed-loop 

Y mode. The amount of makeup water  i s  l i m i t e d   t o   t h e  amount of wa te r   t ha t  

goes up the  s tack  as   vapor   due  to   evaporat ive  cool ing  of   the  f lue  gas   and 
the  amount of   water   tha t  leE.ves with  the  s ludge.  

Another  problem i s   s t a c k   g a s   r e h e a t i n g .  I t  i s  considered  de- 

s i r a b l e   t o   r e h e a t   t h e   s t a c k   g a s  from i t s  ad iaba t i c   s a tu ra t ion   t empera tu re  

of  about 125  F t o  a temperature of about 150 t o  175 F where  the  re la t ive 

humidi ty   of   the   s tack  gas  would be  about 50 percent .   Rehea t   he lps   to  

improve plume bouyancy  and  prevents  rainout  around  the  stack.  In  most 

ins ta l la t ions ,   rehea t   has   been   accompl ished  by p lac ing   the   s team  co i l s  

d i r e c t l y   i n   t h e   p a t h   o f   t h e   f l u e   g a s .   T h i s  method i s  p rone   t o   r e su l t  

i n   co r ros ion   o f   t he   t ubes  and  pluggage. To avoid  this   problem,  external  

exchangers  have  been employed to   hea t   ambien t   a i r  which i s  then   i n j ec t ed  

i n t o   t h e   f l u e   g a s .  However, t h i s  method is  more expensive i n  opera t ing  

cos t s   t han   d i r ec t   i n - l i ne   r ehea te r   t ubes .  F u e l  o i l   f i r e d   b u r n e r s  have 

a l so   been   used   for   rehea t ,   bu t   the   shor tage   o f   pe t ro leum  products  makes 

t h i s   o p t i o n   u n a t t r a c t i v e .  

~W 
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Another  problem  is  sludge  disposal  for  throwaway  FGD  systems. 

In some  locations,  ponding  has  been  used  and  in  other  locations  landfill 
has been used. The  long-term  environmental  effects  of  sludge  disposal 
have  not  been  resolved at any  location. 

Also,  the  availability  of  limestone  and  lime  may  be  a  problem 
for throwaway FGD systems  if  they are applied on a widespread  basis. 

For  recovery FGD systems,  there is  the  problem  of  marketing  by-product 

sulfuric  acid or sulfur.  While  sulfur  is  easy  to  store, as was  mentioned 

before,  its  production  requires  a  reducing  agent  which  is  generally  not 

available at power  plants. 

Overall  FGD  system  availability  has  generally  not  been  good. 

Although  there are many  instances  of  sustained  periods  of  operation  with 

availabilities  greater  than 90 percent,  there  are  still  far  too  many  cases 

of units  operating  at 50 percent  availability  for  several  months  at  a  time. 

Considering  the  number of hard  problems  on FGD systems  which  have  been 

solved,  we  might  expect  that an upward  trend in  availability  is  occurring. 

Such  a trend  cannot  be  shown  at  this  time,  not  necessarily because.it  does 

not  exist,  but  rather  because it  has  only  been  with  the  last  year  that 

statistical  data  collection  has  started on a  comprehensive  basis,  Many 

FGD units  now  going  into  operation are equipped  with  a  bypass  in  anticipa- 

tion  of  limited  emission  variances. It is  hoped  that  regulatory  agencies 

will  realize  that  although SO2 removal  is  possible,  it  may  never be 
possible 100 percent of the time. 

A V Stack  concluded  recently: 

"It is  evident  fxom  the  foregoing  that  much  progress  has  been 
made  in  flue  gas  desulfurization  and  that  a  conventional  lime-limestone 

scrubbing  technology  is  emerging. The  main  remaining  problem  is  en- 

trainment  separation;  altkough  acceptable  operation  has  been  attained  in 

some  systems, this  is  still a troublesome  area  in  which  further  development 

is needed. 

Much  more work is also  needed  both  in process optimization  and in 
developing a  design  base t:hat will  make  it  possible  to  design  with  confi- 
dence  for  site-specific  fa,ctors.  Although  reliability  has  been  improved 

lack  of  confidence by  desi.gners  still  makes a spare  scrubber  the  usual 

choice  for  assuring  non-interference  with  boiler  operation." 
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1. 

1.1 

1.2 

1.3 

1.4 
1.5 

1.6 

1.7 

1.8 

1.9 

1.10 

1.11 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.18 

1 . 1 9  

1.20 

1.21 

1.22 

1.23 

1.24 

1.25 

SYSTEM AND PERFORMANCE 

No. of Modules (opera t ing  + spare)  

Type  of  Absorber 

Flue Gas  Flow  Rate 

Flue Gas To Be Treated 

Flue Gas To Be Bypassed 

SO2 Removal Ef f ic iency  

a .  o v e r a l l   e f f i c i e n c y  

b.   tower  (absorber)  efficiency 

To ta l  Power I n s t a l l e d  

Total  Power Consumption 

System  Pressure Drop 

Limestone  Consumption 

Lime ( F i x a t i v e )  Consumption 

Ash (Fixative)  Consumption 

Makeup Water 

Flue Gas Reheater  Steam  Consumption 

In le t   Absorber  Gas Temperature 

Outlet   Absorber   Saturated Gas Temperature 

Stack Exit Temperature 

S tack   Ex i t   Ve loc i ty  

Stack  Liner  1. Diameter 

Ambient Air f o r   F l u e  Gas Reheat 

S tack   Exi t  Gas  Flow Rate 

Pond Size  ( .35 Yr @ 20 F t  & 65% CF) 

L/G 

Stoichiometry 

Reagent   Puri ty  

Lb /Hr 

Lb / H r  

Lb / H r  

Percent  

Percent  

kW 
kw 

Inch H20 

Lb/Hr 

Lb /Hr 

Lb / H r  

G P  

L b / H r  

F 
F 

F 

0 

0 

0 

FP s 

F t  

Lb/Hr 

Lb / H r  

Acres 

Ga1/1000 ACFM 

Percent  

Percent  

PLAN NO. 1 

2 + 1  

V e r t i c a l  - Spray 

6  400 000 

3 436  800 

2  963 200 
- 
48.35 

90.02 

7 135 

5  434 

9 

7 558 

236 

5  903 

235 

0 

300 
114 

203 

90 

23 

0 

6  555  478 

75 

80 

115 

90 

PLAN NO. 2 

3 + 1  

V e r t i c a l  - Spray 

6  534 000 

6  534 000 

0 
- 
85.49 

85.49 

14  571 

12  186 

9 

30  622 

956 

23  958 

535 

146 007 

300 

12 2 

170 

90 

27 

2 336 1 1 7  

9  149 792 

298 

80 

115 

90 
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TECHNICAL  SUMMARY 

2. 

2.1 

2.1.1 

2.1.2 
2.1.3 

2.1;4 

2.1.5 
2.1.6 

2.1.7 

2.1.8 

2.1.9 

BRITISH  COLUMBIA HYDRO 

HAT CREEK  PROJECT 
FGD SYSTEM  FOR  500 MW (EACH  BOILER) FULL LOAD 

2.2 

2.2.1 

2.2.1.1 

2.2.1.2 

2.2.1.3 

2.2.1.4 

2.2.1.5 

2.2.1.6 

EQUIPMENT (MAJOR) 

Absorber (SI) 

No. of Absorbers (operating + spare) 
No. of Stages 

Dimensions  DiameterIHeight  Ft 

Casing  MaterialIThickness  Inch 

Lining  Material 

Internal  Piping 

- slurry  material 
- clear  water  material 

Nozzles 

- slurry  material 
- clear  water  material 

Water  Tray  TypeiMaterial 

Demister  TypeiMaterial 

Tanks 
Recycle  Tank (TI) 

No.  per AbsorberITotal  Boiler 

MaterialIThickness  Inch 

Lining  Material 

Dimensions  DiameterIHeight 

No. of Agitators  per  Tank  and  Brake 

Agitator  Material 

Ft 

HP 

PIAN  NO. 1 

2 + 1  
2 

43/65 

A36lV' 

NEOPREN 

HAST. C 

FRP 

Silicon - Carbide 
Carpenter 20 

Hat/Trough/FRP 

2  Stage  ChevronIFRP 

- 
1/3 

A36 - 113 
Flak Lining 

43/24 

(2 + 1) x  100 
Rubber  Covered 

PIAN NO. 2 

3 + 1  

3 

50165 

A36/3;" 

NEOPREN 
- 

HAST. C 

FRP 
- 

Silicon  Carbide 

Carpenter 20 

Hat/Trough/FRP 
2  Stage  Chevron/PRP 

- 
114 

A36 - 114 

Flak Lining 

50124 

(3 + 1) x 100 
Rubber  Covered 
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2. 

2.2.2 

2.2.2.1 

2.2.2.2 

2.2.3 

2.2.3.1 

2.2.3.2 

2.2.3.3 

2.2.3.4 

2.2.3.5 

2.2.4 

2.2.4.1 

2.2.4.2 

2.2.4.3 

2.2.4.4 

2;i.S 

2.2.5.1 

2.2.5.2 

2.2.6 

2.2.6.1 

2.6.6.2 

2.2.6.3 

2.2.6.4 

2.3 

2.3.1 

2.3.1.1 

2.3.1.2 

2.3.1.3 

TECHNICAL SUMMARY 

BRITISH COLUMBIA HYDRO 

HAT CREEK PROJECT 

FGD SYSTeM FOR 500 Mw (EACH BOILER) FULL UlAD 

EQUIPMENT (MAJOR) (Cont  'd) 

Mist El iminator  Tank (T2) 

No. Per  System 

Mater ia l  

Waste S lu r ry  Tank  (T3) 

No. Per  System 

Mater ia l  

Lining 

No. of Ag i t a to r s  and  Brake Hp 

Agi ta tor   Mater ia l  

Alka l i   S torage  Tank (T4) 

No. Per  System & Dimensions 

Mater ia l  

No. of Agitators  and  Brake  Horsepower 

Agi ta tor   Mater ia l  

Reclaim  Water Tank (T6) 
No. Per  System 

Mater ia l  

Thickner Tank (T7) 

No. Per  System 

Dimensions  DiafHeight 

Mater ia l  

Rack  Brake  Horsepower 

pumps 
Absorber  Recycle Pumps (PI) 

No. Operat ing/Spare/Per   Boi ler  

Brake Horsepower/Pump 

Lining 

F t  

PLAN NO. 1 PIAN NO. 2 

- 
1 

A36 

1 
A36 

Flak  Lining 

1 x 50 

Rubber  Covered 

- 
1 

A36 

- 
1 

A36 

Flak  Lining 

1 x 5@ 
Rubber  Covered 

1 x 15' Dia  x 15'  Height 1 x 25'  Dia x 15'  Height 

A36 Rubber  Lined A36 Rubber  Lined 

1 x 50 1 x 50 

Rubber  Covered  Rubber  Covered 

- - 
1 1 

A36 Flak  Lined A36 Flak  Lined 

- 
1 

1OOf20 

A36 

50 

1 

60/20 

A36 

50 

- 
12/4/16 

5 16 

Nat. Rubber  Nat.  Rubber 



Exhibit No. 1 

Page 4 of 7 

TECANICAL SUMMARY 

BRITISH COLUMBIA HYDRO 

HAT CREEK PROJECT 
E D  SYSTEM FOR 500 MW (EACH  BOILER) FULL M& 

2. 

2.3.2 

2.3.2.1 

2.3.2.2 

2.3.2.3 

2.3.3 

2.3.3.1 

2.3.3.2 

2.3.3.3 

2.3.4 

2.3.4.1 
2.3.4.2 

2.3.4.3 

2.3.5 

2.3.5.1 

2.3.5.2 

2.3.5.3 

2.3.6 

2.3.6.1 

2.3.6.2 
2.3.6.3 

2.4 

2.4.1 

2.4.2 

2.4.3 

EQUIPMENT (MAJOR)  (Cont ‘d) 

Mist  Eliminator  Pump (P2) 

No. OperatinglSparefPer  Boiler 

Brake  HorsepowerIPump 

Lining 

Waste Slurry  Pump (P3) 

No. Operating/Spare/Per  Boiler 

Brake  Horsepower/Pump 

Lining 

Makeup  Slurry  Pump (P4) 
No. OperatinglSparelPer  Boiler 

Brake  Horse  powerjPump 

Lining 

Reclaim  Water  Pump (P6) 
No.  OperatinglSparelPer  Boiler 

Brake  Horsepower/Pump 

Lining 

Thickener  Underflow  Pump (P7) 

No. Operating/Spare/Per  Boiler 

Brake  Horsepower/Pump 

Lining 

Feeder (M5) 

Type 

No. Operating/Spare/Per  Boiler 

Brake  Horsepower/Feeder 

HP 

HP 

HP 

HP 

HP 

P U N  NO. 1 

- 
1/1/2 
152 

Rubber 

111 
5 

Rubber 

- 

111/2 
30 

Rubber 

- 

1/112 
5 

Rubber 

Gravimetric  Weight 
Feeder 

111/2 
10 

PLAN NO. 2 

L 

11112 

365 
Rubber 

- 
111 
5 

Rubber 

- 
11112 
5 

Rubber 

- 
111/2 
30 

Rubber 

11112 
5 

Rubber 

Gravimetric  Weight 
Feeder 

11112 
20 
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TECHNICAL  SUMMARY 

BRITISH  COLUMBIA  HYDRO 

HAT  CREEK  PROJECT 

FGD SYSTEM FOR 500 MW (EACH  BOILER) FULL LOAD 

2. 

2.5 

2.5.1 

2.5.2 

2.5.3 

2.5.4 

2.6 
2.6.1 

2.6.2 

2.6.3 

2.6.4 
2.6.5 
2.7 
2.7.1 

2.7.2 

2.8 

2.8.1 

2.8.2 

2.8.3 

2.8.4 

2.8.5 

2.8.6 

2.8.7 

2.8.7.1 

2.8.7.2 

2.8.7.3 

EQUIPMENT  (MAJOR)  (Cont'd) 

Ball  Mills (M8) 

No.  Operating/Spare/Per  Boiler 

Type 

Mill  Capacity 

Brake  Horsepower/Mill 

Vacuum  Filter  (M10) 

No.  Operating/Spare/Per  Boiler 

Type 
Brake  Horsepower/Filter 

Vacuum  Filter  Pump  Total No./Hp 

Mixer  (Fixation  Facility) 
Filter  Pump 

No.  Operating/Sprare/Per  Boiler 

Brake  Horsepower/Mixer 

Flue Gas Reheater 

No. Operating 

Typ e 

Steam 

Steam  Consumption 

Material 

&. Temperature 
Air  Fan 

No. Operating 

Ambient  Air  Rate 

Brake  Horsepower 

TPH 

HP 

Lb /Hr 

0 F 

Lb /Hr 

HP 

PLAN  NO. 1 

1/1/2 
Wet  Single 
Compartment 

3.8 
100 

1/1/2 
Door  Oliver 

100 
(2 + 1) 50 

(1 + 1) 10 

11 112 
120 

PIAN NO. 2 

1/1/2 
Wet  Single 
Compartment 

15.33 

200 

31114 
Door Oliver 

150 

(6 + 2 )  50 
( 3  + 1) 15 

2/1/3 
175 

One  Central  System 

Steam  Coil  Hot  Air 
Injection 

200 Psi and 650' F 

146 007 

Corten 

50 

2 

233  114 

2 x 1 400 



Exhibit  No.  1 

Page 6 of 7 

TECHNICAL  SUMMARY 

BRITISH COLUMBIA HYDRO 

HAT CREEK  PROJECT 
FGD SYSTEM  FOR  500 MH (EACH BOILER) FULL LQAD 

2. 

2.9 

2.9.1 

2.9.2 

2.9.3 

2.10 

2.10.1 

2.10.1.1 

2.10.1.2 

2.10.1.3 

2.10.1.4 

2.10.1.5 

2.10.2 

2.10.2.1 

2.10.2.2 

2.11 

2.11.1 
2.11.1.1 

2.11.1.2 

2.11.1.3 

2.11.2. 

2.11.2.1 

2.11.2.2 

2.11.2.3 

EQUIPMENT (MAJOR)  (Cont  'd) 

ID Booster  Fans 
No.  Operating 

Type 
Brake  Horsepower 

Dampers* 

Isolation  Type  Dampers 

System  Inlet & Outlet  No.  Oper 

Absorber  Inlet ti Outlet  No.  Oper 

Absorber  Bypass  No.  Oper 

Booster  Fan  Inlet & Outlet  No.  Oper 

Reheat  Fan  Inlet & Outlet  No.  Oper 

Flow Control  Damper 

Absorber  Outlet No. Oper 

Absorber  Bypass No. Oper 

Silos and Bins 

Limestone 30 Day  Storage Silo & Material 

Capacity  for 30 Day  Tons 

No. Operating # 

Dimensions  DiameterIHight  Ft 
Limestone  Live  Silo 

No. OperatingISparelTotal per Price 

Material and Thickness 

Capacity  (Storing @ 16 HR) Each 

Inch 

Tons 

PLAN NO. 1 

2  x 50%  MCR 

Axial 
2 x 1 500 

ANDCO  (Metroflex) 

1 + 1  

3 + 3  

1 
2 + 2  

0 

ANDCO 
2 + 1  

1 

Concrete  Closed 
2  720 

1 
36/65 

11112 
.A36/1/4" 

60 

PLAN  NO.  2 

2 x 50%  MCR 

Axia 1 
2 x 2 450 

ANDCO (Metroflex) 

1 + 1  

4 + 4  
1 

2 + 2  

2 + 2  

ANDCO 

3 + 1  
1 

Concrete  Closed 

11 038 

1.25 

551100 

11112 
A361114" 

245 

* Each  damper  with 5 hp drive  motor and  air  seal drive  motor. 



Exhib i t  No. 1 

Page 7 of 7 

TECHNICAL  SUMMARY 

BRITISH COLUMBIA HYDRO 

HAT CREEK PROJECT 

FGD  SYSTEM  FOR 500 MW (EACH BOILER)  FULL M A D  

2.  

2.12 

2.12.1 

2.12.1.1 

2.12.1.2 

2.12.1.3 

2.12.2 

2.12.2.1 

2.12.2.2 

2.12.2.3 

EQUIPMENT (MAJOR) (Con t ' d )  

Bins 
Lime (F ixa t ive )  Bin 

N o .  Operat ing 

M a t e r i a l  and Thickness 

Capaci ty  

Ash (F ixa t ive )  B i n  

No. Operating 

Mater ia l   and  Thickness  

Capaci ty  

Inch 

Day/Tons 

Inch 

Day/Tons 

3. TRUCKS  (FOR  LIMESTONE ,%.X9 h',.::'l'l: CAKE TRUCKINGS) 

3.1 No. Operat ing/Spare/Total   per   Boi ler  

3.2  Type 

3 .3   Capac i ty  Ton 

4. 
4.1 

4.2 

4.3 

BULLDOZER 

No. Operat ing/Spare/Total   per   Boi ler  

Typ  e 

Capaci ty  

5. POND 

5.1  
" 

S i z e  (35 Y r  @ 20 F t  @ 65% CF) 

Cubic Yds 

Acres 

PLAN NO. 1 

1 

A36/1/4" 

3 

I 

A36/1/4" 

71 

21113 

Dumper 

50 

1/1/2 

C a t e r p i l l a r  

75 

PLAN NO. 2 

L 

A36/1/4" 

11.5 

8/2/10 

Dumper 

50 

2 /1 /3  

C a t e r p i l l a r  

2 98 



BC Hydro 
Hat Creek  Project - 500 MW 

EXHIBIT NO. 2 
Sheet 1 of 2 

W FGD MAJOR EQUIPMENT LIST PER BOILER 

Plan No. 1 Plan No. 2 
Operating  Spare To ta l  Operating Spare  Total  

1. Scrubber (SO2 
Absorber) 2 1 3 3 1 4 

2. Keheater  Coils 0 0 0 2 0 2 

3 .  Keheater  Fans 0 0 0 2 0 2 

4 .  Recycle  Tanks 2 1 3 3 1 4 

5 .  Mist Eliminator Tank 1 0 1 1 0 1 

6. Waste S lur ry  Tank 1 0 1 1 0 1 

7.  Alkal i   Storage Tank 1 0 1 1 0 1 

8 .  Reclaimed  Water Tank 1 0 1 1 0 1 
9. Thickener Tank 1 0 1 1 0 1 

10. Recycle Pumps 8 4 12 12 4 16 
11. Mist El iminator  Pumps 1 1 2 1 1 2 

12 .  Waste S lur ry  Pumps 1 1 2 1 1 2 

13. Makeup S lu r ry  Pumps 1 1 2 1 1 2 

14. Reclaimed  Water Pumps 1 1 2 1 1 2 

15. Thickener Pumps 1 1 2 1 1 2 

16. Recycle  Agitators 2 1 3 3 1 4 

17. 
18. 
19. 
20. 

21. 
22. 

23. 

24. 

25. 

Waste S lu r ry   Ag i t a to r  

Alka l i   S torage   Agi ta tor  

Limestone  Si lo  (16 hr) 
Limestone  Feeder 

Ba l l  Mill 

Vacuum F i l t e r  

Ash Bin  (Fixation) 

CaO Bin (Fixat ion)  

Mixer  (Fixation) 

26. Trucks  (Limestone  and 
Waste  Cake) 2 1 3 8 2 10 

27. Bulldozer (Waste  Cake) 1 1 2 2 1 3 

28. Limestone  Storage Silo 
(30 Day) 1 1 2 2 1 3 



Plan No. 1 Plan No. 2 
Operating  Spare Total   Operating  Spare  Total  

29. Reclaim  Hopper 1 0 1 1 0 i 

30. I D  Booster  Fan 2 0 2 2 0 2 

31.  System I n l e t  Damper 1 0 1 1 0 1 

32.  System  Outlet Damper 1 0 1 1 0 1 

3 3 .  Absorber   In le t  Dampers 2 1 3 3 1 4 

34. Absorber  Outlet Dampers 2 1 3 3 1 4 

3 5 .  System  Bypass Damper 1 0 1 1 0 1 

36. Booster   Fan  Inlet  Dampers 2 0 2 2 0 2 

37.  Booster  Fan  Outlet  Dampers 2 0 2 2 0 2 

3 8 .  Reheat  Fan I n l e t  Dampers 0 0 0 2 0 2 

39.  Reheat  Fan  Outlet Dampers 0 0 0 2 0 2 

40.  Absorber Flow Control 
Dampers 2 1 3 3 1 4 



. 

BC Hydro 
Hat  Creek  Project 
500 MW 

EXHIBIT NO. 3 
ELECTRICAL LOAD ASSOCIATED WITH FGD SYSTEM (ORDER OF MAGNITUDE) 

.. Plan 2 
Operating Spare 

U n i t  Total  HP Unit  Total  HP I n s t a l l e d  HP 
Unit  x - HP Unit x Tota l  

Operating 
Plan 1 

Spare 
Unit  x - HP Unit  x HP Total  

L i s t  of Major  Drives  Unit  Total HP Uni t   Tota l  HP I n s t a l l e d  HP 

Reheater  Fan 

Booster  Fan 

Pumps - Recycle 

0 

2 x 1500 

8 x 395 

1 x 152 

l x  5 

l x  . 5 

1 x 30 

l x  5 

2 x 100 

0 

3 000 

3 160 

152 

5 

5 

30 

5 

200 

0 

0 

4 x 395 

1 x 152 

l x  5 

l x  5 

1 x 30 

l x  5 

1 x 100 

0 

0 

0 

3 000 

4 740 

304 

10 

10 

60 

10 

300 

2 x 1400 

2 x 2450 

12 x 516 

1 x 365 

l x  5 

l x  5 

1 x 30 

l x  5 

3 x 100 

2 800 

4 900 

6 192 

365 

5 

5 

30 

5 

300 

0 

0 

4 x 516 

1 x 365 

l x  5 

l x  5 

l x  30 

l x  5 

1 x 100 

0 

0 

2 064 

365 

5 

5 

30 

5 

100 

2 800 

4 900 

8 256 

730 

10 

10 

60 

10 

400 

1 580 

152 

5 

5 

30 

5 

100 

- Mist Eliminator  

- Waste S lu r ry  

- Yfkeup Slllrm 

- Reclaim  Water 

- Thickener 

A g i t a t o r  - Recycle 

- Waste 
S lur ry  

- A l k a l i  
Storage 

Feeder 

B a l l  Mill 

Vacuum F i l t e r  

Mixer 

Dampers 

Thickener Rake 

F i l t e r  Pump 

Vacuum  Pump 

Conveyors 

TOTAL HP 

0 0 50 1 x 50 50 0 0 50 1 x 50 50 

1 x 50 

1 x 10 

1 x 100 

1 x 100 

1 x 120 

13 x 5 

1 x 50 

1 x 10 

2 x 50 

50 

10 

100 

100 

120 

65 

50 

10 

100 

75 

7 287 
- 

0 

l x  10 

1 x 100 

1 x 100 

1 x 120 

3 x  5 

0 

1 x 10 

l x  50 

0 

0 

10 

100 

100 

120 

15 

0 

10 

50 

0 

50 

20 

200 

200 

240 

80 

50 

20 

150 

75 

9 569 
- 

1 x 50 

1 x 20 

1 x 200 

3 x 150 

2 x 175 

20 x 5 

1 x 50 

3 x 15 

6 x 50 

50 

20 

200 

450 

3 50 

100 

50 

45 

300 

125 

16  342 
- 

0 

1 x 20 

1 x 200 

1 x 150 

1 x 175 

3 x  5 

0 

1 x 15 

2 x  50 

0 

0 

20 

200 

150 

175 

15 

0 

15 

50 

0 

50 

40 

400 

600 

525 

115 

50 

60 

350 

125 
19 541 
- 



British  Columbia Hydro 
Hat  Creek  Project 
500 Mw 

EXKIBIT NO. 4 

MATERIAL BALANCE 

12 

Makeup 
Slurry 

17 

100 

50 

2 

Recycle 

41 930 

114 

50 

Stream No. 1 2 3 

Scrubber 

Bypass 
Inlet 

Gas 

(1 111 200)  (644 400) 
3 10 310 

580 
(6)  (6) 

580 
(.04372)  C.04372) 

4 5 

Scrubber Ambient 
Outlet Air 
Gas Reheat 

(524  102) 

114 

( 2 )  
58 

(.057) 

6  7 8 9  10 
" 

11 14 

Underflow 
Thickener 

44 
100 

30 

15 16 
Mist 

Eliminator 
Wash 

762 

114 

80 

18 19 

Fixation Disposal 
With  CaO Cake 

12.92  TPH 

17 
Blending 

Fly  Ash 
With ID  Fan 

Discharxe 

(1 200 000) 

310 

580 
(*) 

(.04372) 

Makeup  Service 
Stack Gas - Steam Condensate  Water  Water 

( 2  324  638)  235 100 
203 60 60 

(0) 100 100 
300 

(.047) 1.0 1.0 

Alkali 
Feed 

3.8  TPH 

Filter 
Cake 

9.8 TPH 

1.26 1.05 1.33 1.0 

3 919 3 628 2 105 210 
3  096  081 2 866 972 1  662 595 1 663 424 

100 000 92 600 53 700  132  505 

4  048 

6 193 820 

357  610 117  617  50 000 7 018 
3  401 

7  877 
887 

10  172 

716 
19 692 - 
39.93 TPH 

381 000 7  877 

(236) 1 123 

10  172 
6 659 

(236)  25 831 

" 

" 

50.85 TPH 

17  723 

887 

10 172 
756 

29  538 - 
180 

100 

40 

6  802 

756 
7  558 - 
15.33 TPH 

378 

3_ 

10  797 

46 

60 

50 

Other  Solids 

TOTAL 

Flow  gpm  (ACFM) 

Temperature,  OF 

Pressure, pig ("wg) 

SO2 ppm  Dry 
Density  SP G2 (PCF) 
Components,  lblhr 

z d so2 

3 
5 

Hz0 e. 

N 2 ,  CO2, 02 

caco3 (030) 

Cas04  2H20 

Other  Solids 

I TOTAL 

- 
381 000 - 

977 

100 

80 

" 

3 200 000 2 963 200 1 718 400 1 796  139 6 555  478 """- "- 117  617  50 000 
_= 
5  903 

(1 225 813 0 (817  208)  (671  702)  (638  283) (2 950  657) 

310 310 122 60 170 

(6) 6 ( 2 )  (0) (0) 

1 349  1  349  194 0 145 

(.04372)  (.04372)  (.05635)  (.061)  (.05168) 

535  123 

60 60 

100  100 

53  736 

122 

50 

1.0 1.0 1.26 1.05 1.33 1.0 

8 977 

3 091  023 

167 000 

5  985  868  2  604 

2  060 6 8 2  2 060 920 2 336 114 8 524  874 

111  333  207  438  622  314  146  007  146  007  267  367 61 500 18 972 

9  194 
71  832 
3  598 

41  228 
3  062 

119  720 - 

31  925 

3  598 

41 228 
3 062 

79  813 

488  500 31 944 

(956) 4 554 
41 253 

27 023 

(956)  101  709 

" 

" 

27  560 

3  062 - 23 958 

23 958 - 
"- 

488 500 - 30  622 - 29  188 - 3  267 000 0 2 178 000 2 271  226 2 336  114  9  149  792  146  007  146  007  267  394 61 500 "= 
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EXHIBIT 5 

PROJECT SCHEDULE 

MONTH 0 2 4 6 8 IO 12 I4 16 18 2 0 2 2 2 4 2 b 2 8 ~ 0 ~ 2 3 4 ~ 6 ~ 8 4 0 L ) Z L ) 4 L ( b 4 8 5 0  

SPECIFICATION 

BID0 

EVALUATION 

OWNER APPROVAL 

PURCHASE ORDER 

ENGINEERING 

PROCUREMENT FABRICATION 

ERECTION 

START -UP t T 



BC Hydro 

F l u e  Gas Desulfur izat ion  System (SO2 Scrubbing) 
Hat Creek   Pro jec t  

A .  

B. 

C .  

D. 

E.  

F.  

( 

Tota l  Direct Cons t ruc t ion  
c o s t  * 
Ind i r ec t   Cons t ruc t ion   Cos t  
(1.7%) of A 

Sub to ta l  

Cont ingencies  12% of C 

Tota l   Cons t ruc t ion   Cos t  

Allowance  For  Engineering 
4% of E 

T o t a l  FGD Cost 

Di f f e ren t i a l   Inves tmen t  

$/kW (Average  1977) 

ORDER OF MAGNITUDE INVESTMENT  (US  BASIS $1000) 

EXHIBIT NO. 6 

Each Unit 
P lan  No. 

Unit 1 2 , 3 & 4  Inc lud ing   Esca la t ion  
Cost  4/77 Cost  4/77 Unit 1 Unit 2 Unit 3 Unit 4 To ta l  

43 480 3 1  600 60 872 

739 537 1 035 

44 219 32 134 6 1  907 

5 306 3 856 7 429 

49 525 35 990 69  336 

1 975 1 440 2 774 

51  500 37  430 72  110 

82.64 

1 

47 400 

805 

48 205 

5 785 

53  990 

2 160 

56 150 

50  560 

860 

51 420 

6 170 

57 590 

2 310 

59 900 

54 352 

924 

55 276 

6 633 

61 909 

2 471 

64  380 

213 184 

3 624 

216  808 

26 017 

242 825 

9 715 

252 540 

Base 

Plan No. 2 

Unit 1 
Each Unit  
2 , 3   & 4  Inc luding   Esca la t ion  

Cost  4/77  Cost  4/77  Unit  1 Unit  2 Unit 3 Unit  4 Tota l  

61 440  45 600 86  016 

1 044 775 1 462 

62  484 46 375 87  478 

7 498 5 565 10 497 

69  982 51 940 97 975 

2 798 2 080 3 925 

72  780 54  020 101 900 

117.41 

68 400 

1 163 

69  563 

8 348 

77 911 

3 119 

81  030 

72  960 

1 240 

74 200 

8 904 

83 104 

3 326 

86 430 

78 432  305 808 

1 333 5 199 

79  765 311 007 

9 572 37  321 

89  337 348 327 

3 573 13 943 

92 910 362 270 

+lo9 723 

*Include Pond,  Land,  Trucks,  Bulldozer 



B r i t i s h  Columbia Hydro 
B a t  Creek  Project 

EXHIBIT NO. 7 
Sheet 1 of 2 

AhWAL OWNING & CPERATING COST  FACTORS h QUANTITIES 

Unit Unit Unit  Unit 
Plan No. 1 Plan N o ,  2 

Unit Unit Unit  Unit 
No. I No. 2 No. 1 

72 109 

5 430 

0 

33 288 

1 034 

24 000 

72  109 

I tern 

1) Fixed  Charge on Investment 

Cost  Factor 

13.78%  of  Investment 

Units 

$1000 Inves t  . 
No. 2 

56 150 

5 430 

0 

33  288 

1 034 

24 u00 

56 150 

No. 4 

64  385 

5 430 

0 

33 288 

1 034 

24 000 

64  385 

No. 3 

86 428 

No. 4 

92 910 

Total  

362 261  

GO ,b+ 
. -  " .  

5116 x 10 6 

537 164 

16 748 

120 000 

362  261 

Tota l  

252 538 

2 1  720 

0 

133  152 

4  136 

96 000 

252 538 

101 895 81 028 59 894 

5 430 

0 

33 288 

1 034 

24 000 

59  894 

2 )  Capacity & Replacement Energy 
Charge $428/kW x .65 CF** kW 1 2  176 1 2  176 1 2  176 

1 2 i Y  x 10 1279 x LO6 1 2 7 9  x 10 6 $0.0016/lb x .65 CF* 1279 x LO6 3)  Steam Consumption 

4) Reagent  Consumption 

a )  Limestone (Truck) 

b) L i m e  Additive 

5) Operating  Labor  Cost 

6)  Maintenance Material 

$16/ton x .65 CF* 

$56/ton x .65 CF* 

$32/Man H@ 

3% of  Investment* 

T/yr 

T/YI 

Man Hour Year 
(3 S h i f t )  
$1000 Inves t .  

134 291 134 291 

4  187 4  187 

30 000 30 000 

101  895 81 028 

1 3 4 ~  291A 

4  187 

30 000 

86  428 

134  291 

4 187 

30 000 

92 910 6 Labor 

*Levelized  Factor = 2.443 

*20 Mills/kWh Power Cost  including  Capital  Component 

20 Mills X 8760 = $175 .2 /k~  X 2.443 = $428/kW 
kwh 



B r i t i s h  Columbia Hydro 
Hat  Creek  Project 

I tern 

I )  Fixed  Charge on Investment 

2) Capacity & Replacement  Energy  Charge 

3) Steam  Consumption 

4) Reagent  Consumption 

a)  Limestone 

b) Lime Addit ive 

5) Operating  Labor  Cost 

6) Maintenance  Material & Labor 

7) Tota l  Annual Owning & Operating C o s t  

D i f f e r e n t i a l  

8) Capi t a l i zed  Owning & Operating  Cost 

D i f f e r e n t i a l  

CAPITALIZED ANNUAL OWNING & OPERATING COST (US $1000) 

Plan No. 1 
Unit  
no. 1 

9 937 

1 511 

0 

346 

38 

768 

2 163 

14  763 

107 713 

Unit 
No. 2 

7 737 

1 511 

0 

346 

38 

768 

1 684 

12 084 

87 692 

Unit   Unit  
No. 3 

8 253 

1 511 

0 

346 

38 

7 68 

1 797 

12 713 

92 257 

No. 4 

8 872 

1 511 

0 

346 

38 

768 

1 931 

13 466 

97 721 

Total  

34  799 

6 044 

0 

1 384 

152 

3 072 

7 575 

53 026 

Base 

384 803 

Base 

EXHIBIT NO. 7 
Sheet 2 of 2 

Unit  Unit  Unit  Unit 
Plan No. 2 

No. 1 

14 041 

3 387 

1 330 

1 396 

153 

960 

3 057 

24 327 

176 538 

No. 2 

11 166 

3 387 

1 330 

1 396 

153 

960 

2 431 

20 823 

151 110 

No. 3 

11 910 

3 387 

1 330 

1 396 

153 

960 

2 592 

21  728 

157 678 

No. 4 

12 803 

3 387 

1 330 

1 396 

153 

960 

2 787 

22 816 

165 573 

Tota l  

49  920 

13 548 

5 320 

5 584 

612 

3 840 

10 867 

89  691 

36 665 

650  879 

277 624 
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mv. MIXH APFROVEO 
BRITISH  COLUMBIA-HYDRO 
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FULL-SCALE  FGD PROGRAMS ON BOILERS I N  THE UNITED STATES 
(STARTUP BY 1976) 

( A l l  Coal  Fired  Except Two Marked) 

Yea r   o f   S t a r tup   Fac i l i t y   S i ze  of F a c i l i t y  

Limestone  Inject ion Wet Scrubbing 

1968  Union E l e c t r i c  - Meramec 

1968  Kansas P&L - Lawrence 

1971  Kansas P&L - Lawrence 

1972  Kansas C i t y  P&L - Hawthorn 

1972  Kansas C i t y  P&L - Hawthorn 

Limestone  Scrubbing 

1972 

1973 

1973 

1973 

& 1974 

1975 

1976 

1976 

1976 

1977 

Lime Scrubbing 

1973 

1973 

1974 

1975 

1975 

1975 

1976 

1976 

1976 

1 

Commonwealth Edison - Will County 

C i t y   o f  Key West - Stock   I s land  

Kansas  City P&L - La Cygne 

Arizona  Publ ic   Service - Cholla 

Southern  Cal i fornia   Edison - Mohave 

Detroi t   Edison - S t  C l a i r  

Nor the rn   S t a t e s  Power - Sherburn  County 

C e n t r a l   I l l i n o i s   L i g h t  - Duck Creek 

S p r i n g f i e l d   C i t y  I J t i l i t i e s  - Southwest 

Texas U t i l i t i e s  - Martin Lake 

L o u i s v i l l e  G&E - Paddy's Run 

Duquesne Light  - ] ? h i l l i p s  

Southern  Cal i fornia   Edison - Mohave 

Ohio  Edison - Bruce  Mansfield 

Duquesne Light  - Elrama 

Kentucky Uti l i t ies  - Green  River 

Columbus & Southern  Ohio - Conesv i l l e  

L o u i s v i l l e  G&F, - Cane Run 
Montana Power Co .- C o l s t r i P  1 & 2 

140 MW 

125 MW 

400 MW 

125 MW 

140 MW 

165 MW 

42 MW 

820 MW 

125 MW 

160 .MW (a) 

180 MW 

680 MW 

100 MW 

200 MW 

793 MW 

70 MW 

387 MW 

170 MW (a) 

825 MW 

510 MW 

64 MW 

400 MW 

170 MW 
720 MW 



EXHIBIT NO. 1 4  
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I* Year   o f   S ta r tup   Fac i l i ty  

1976 L o u i s v i l l e  G&E - Cane Run 

1976  Rickenbacker AFB 

Alkali  Scrubbing  Without  Regeneration 

1972  General  Motors - S t   L o u i s  Mo 

1974 Nevada  Power - Reid  Gardner 

1974 Nevada Power - R e i d  Gardner 

1976 Nevada Power - Reid  Gardner 

Alkal i   Scrubbing With Alkali  Regenerat:ion 

1974  General  Motors - Panna,  Ohio 

1974   Campi l l a r   T rac to r  - J o l i e t ,  I11 

1975 C a t e r p i l l a r   T r a c t o r  - Mossvi l le ,  111 

1975 G u l f  Power - Scholz 

Alkal i   Scrubbing With  Thermal Regeneration 

rc 1976  Northern  Indiana  Public  Service - D H 
Mi tche l l  

Magnesium Oxide  Scrubbing 

1972 Boston  Edison - Mystic 

1973  Potomac E l e c t r i c  - Dickerson 

1975  Philadelphia E l e c t r i c  - Eddystone 

Cata ly t ic   Oxida t ion  

1972 I l l i n o i s  Power - Wood River 

Dilute  Acid  Scrubbing 

1975  Gulf Power - Scholz 

Activated  Carbon 

1975  Gulf Power - Scholz 

(a)  20 percent   of   gas   f low from  790 MW u n i t .  
(b) I n d u s t r i a l   b o i l e r   w i t h   e q u i v a l e n t  t" r a t i n g .  
( c )   Four   s toke r - f i r ed   bo i l e r s ,  

c O i l  Fuel 

Size  of F a c i l i t y  

183 MW 

20 MW (b) 

15 & 8 MW (b) 

125 MW 

125 MW 

125 MW 

32 MW (b,c) 

10 & 8 MW (b) 

15, 8 ,  
h 8 MW (b) 

20 MW 

115 MW 

150 MW 

100 MW 
120 Mw 

110 MW 

23 MW 

20 MW 



EXHIBIT NO. 15 

c BRIEF  STATUS  SUMMARY  ON  REGENERABLE  PROCESSES (a) 

Year,  Installation  Site,  Vendor, 
Process  Name  Size & Type  of  Boiler  Status 

Wellman-Lord  1976, D H Mitchell,  NIPSCO, D a y  Power- I n  operation 
gaslAllied  Chemical,  115 MW, coal 

~ g 0  Scrubbing 
MW, oil 
1972  Mystic,  Boston  Edison,  Chemico,  150  Shutdown  since 

1974  Dickerson,  Potomac  Electric,  Chemico,  Shutdown  since 
100 MW, coal  July,  1975 

1975  Eddystone,  Philadelphia  Electric,  Shutdown  for 
UEC,  120 MW, coal  modification 

June, 1974 

Cat -Ox 1972 Wood River,  Illinois  Power Co, Shutdown  since 
Monsanto,  110 MW, coal  1974 

Chiyoda, 23 MW, coal 
1975,  Scholz  power  plant,  Gulf  Power Co Operating  since Chiyoda 

June  1975 

FW-BF  1975,  Scholz power  plant, Gulf Power Co Started  commission- 
Foster  Wheeler, 20 MW coal  ing  Jan 1975, many 

problems;  shutdown 

SFGD  1974,  Big Bend  Stat:ion,  Tampa  Electric Tests  are  in 

Citrate(b) 1973,  Pfizer's Vigo Chemical  complex, Shutdown  September 
r' 

UOP, 0.6 MW slipstream,  coal  progress 

McKee/Peabody, 1 MW slipstream,  coal  1974  after  data 
collection 

Phosphate 1974, Norwalk  Harbor  Station,  Connecti- 
cut  Power & Light Co, Stauffer, 0.1 MW 

Shutdown  June 1974 

oil 
after  data  collection 

Catalytic IFP No data in open literature No data in open 
literature 

Consol-Potassium  1972,  Cromby,  Philadelphia  Electric Co Shutdown  since 
Consol/Bechtel,  10 FIW coal  1972  after  data 

collection (a 
smaller  plant, 1000 
ACFM  was  operated 
until 1975) 

Al-Aqueous  1971  Mohave, So.  Calif  Edison, Al, Shutdown  1972  after 
0.5 MW, oil  data  collection on 

open  loop  system 
Stone & Websterl  1973  Valley  Station,  Wisconsin  Electric 
Ionics 

Shutdown  1974  after 
Power,  Stone & Websl:er/Ionics,  0.75 MW data  collection 
slipstream,  coal 

0.2 MW, oil  data  collection 
Westvaco  1970  Westvaco  Research  Center,  Westvaco  Shutdown  1974  after 

(a) Installations  in  the  United  States  only are discussed  in  this  table. 
(b) Extensive  pilot  plant  studies on a lead  smelter  gas  are  being  conducted  by 

USBM  Salt Lake City  Metallurgy  Research  Center. 
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