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A. Objective 

I - INTRODUCTION 

The objective of this study is to define and evaluate alternate Air Quality 

Control (AQC) Systems to determine an optimum process with respect to 

. capital/operating costs, reliability of operation, technical viability, 

feasibility of change to accommodate size changes which may occur during 

overall plant design evolution, and general feasibility of integration with 

the overall plant. This evaluation includes a'review of AQC System deci- 
. . sions incorporated into the original design as presented in the proposal. 

The AQC System must also be capable of achieving applicable emis'sion stan- 

dards with respect to particulate and sulfur dioxide (SOZ) pollutants 

discharged. 

B. Scope 

The scope of the study includes: 

. .  . .l . Review of available AQC system technologies.  or SO removal the 
2 

review is confined to recovery type Flue Gas Desulfurization (FGD) 

processes. 

2 .  Application of screening criteria to identify suitable processes/ 

systems. 

3 .  Development of a conceptual design based on the selected AQC systems 

including description of major subsystems and interfaces with the 

balance of the plant. 

4 .  ~dentificati'on of potential problem areas that may have an adverse 

impact on operational and performance reliability. 

5 .  Comparative economic analysis of the alternatives with respect to 

investment and operating cost. 



The conceptual  des ign  i s  s ized  f o r  the  Commercial Unit  (3500 TPD ammonia). 

A p p l i c a b i l i t y  of t h e  s e l e c t e d  AQC system a l t e r n a t i v e  fo r  t h e  Demonstration 

Unit  (1200 TPD ammonia) i s  d iscussed  but  no t  eva lua ted .  

The s tudy does no t  address  i t s e l f  s p e c i f i c a l l y  t o  the  conversion of  t h e  re- 

covered SO2 i n t o  s a l e a b l e  by-products. (TO be included i n  Trade-off 

Study V I  By-Product S a l e s  Analysis . )  It has  been assumed f o r  the  purpose 

o f  m a t e r i a l  ba lances  t h a t  t h e  f i n a l  Commercial P l a n t  by-product w i l l  be 

e lemental  s u l f u r .  I n  the  event  recovery of  t h e  s u l f u r  i s  i n  another  form 

a p p r o p r i a t e  changes i n  t h e  m a t e r i a l  balance f o r  f i n a l  des ign  w i l l  be.. re- 

qu i r ed .  The product ion of  a by-product o t h e r  than elemental  s u l f u r  i s  n o t  

expected t o  a l t e r  t h e  r e s u l t s  of  t h i s  s tudy.  

The s tudy a l s o  does no t  address  n i t rogen  oxides  (NO ) c o n t r o l  systems 
X 

s i n c e  NOx c o n t r o l  technology i s  r e l a t e d  t o  des ign lope ra t i ng  parameters f o r  

t h e  steam gene ra to r  and emiss ion  l i m i t s  w i t h  r e s p e c t  t o  N O x . w i l l  be  m e t  

a s  p a r t  of t h e  steam gene ra to r  design.  S e l e c t i o n  of  a n  AQC system i s  

e s s e n t i a l l y  unaf fec ted  by NO, c o n t r o l  technology. 



I1 - CONCLUSION AND RECOMMENDATION 

A. Recommendation 

For  p a r t i c u l a t e  removal systems four ' a l t e r n a t e  methods were considered:  

- Wet Ventur i  Scrubbers 

. . - Combination of Mult icyclonic  Mechanical Dust C o l l e c t o r s  (MDC) and Wet 

Ventur i  Scrubbers 

. -  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  (ESP) 

- Baghouses 

For  s u l f u r  d iox ide  ( ~ ~ ~ j r e m o v a l  e leven a l t e r n a t e  systems were con- 

a . . 
s ide red :  

- Magnesia S l u r r y  Scrubbing 

- Sodium S u l f i t e  Scrubbing (Wellman-Lord) 

- Ammonia ( c l e a r  l i q u o r )  

- C i t r a t e  

- Phosphate (Aqua-Claus) 

- Steam S t r ipp ing  

- Aqueous Carbonate 

- Ammonia ( semi-dry) 

- Carbon Sorpt ion 

- Copper Oxide 

- C a t a l y t i c  hx ida t ion  

On the b a s i s  o f . t h i s  i n v e s t i g a t i o n  it i s  recommended t h a t  a 99.65 pe rcen t  

e f f i c i e n c y  ~SP/Wellman-Lord System be u t i l i z e d  f o r  t h i s  p r o j e c t .  

Th i s  recommendation i s  made on the following bases :  

1 - El imina t ion  of high fly-ash concen t r a t i ons  a t  t h e  v e n t u r i  

scrubber  and a t  the  fans which r e s u l t s  i n  g r e a t e r  opera t ing  

r e l i a b i l i t y  for  t h i s  equipment. 

2  - A b i l i t y  t o  bypass t he  FGD system. 

3 - Overal l  system r e l i a b i l i t y  with r e s p e c t  t o  performance and 

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



It i s  recognized t h a t  i n  s p i t e  of t he  recommended system not being the most 

economical i t  i s  neve r the l e s s  t he  p r e f e r r e d  system. I n  t he  f i n a l  des ign  

s e l e c t i o n  a  lower e f f i c i e n c y  ESP should be considered t o  reduce c o s t s  

(making t h e  ESP and MDC systems economically comparable) recognizing t h a t  

by-passing of t h e  FGD system would no longer  be  f e a s i b l e .  

, A  s h o r t  d e s c r i p t i o n  of t h e  t echn ica l  and economic b a s i s  f o r  t h i s  recommen- 

da t ion  fol lows.  

B .  Technical  

. . 1 - P a r t i c u l a t e  Removal 

'.The proposed system i s  designed t o  meet an emission l e v e l  of .05 l b / m i l l i o n  

Btu with a  99.65 percent  removal e f f i c i e n c y .  

E S P ' S ' ~ ~ ~  the  f i r s t  a l t e r n a t i v e  cons idered .  They a r e  the  most widely 

accepted c o l l e c t i o n  devices  and i f  p roper ly  designed and maintained,  a r e  

capable of 99+ percent  removal e f f i c i e n c y  and have demonstrated a  high 

degree of a v a i l a b i l i t y .  The coa l  c h a r a c t e r i s t i c s  point  to  the s e l e c t i o n  o f  

a  cold-side ESP ( loca t ed  downstream 'of t he  a i r  h e a t e r ) .  

. . For the  next  a l t e r n a t i v e ,  approximately 60 percent  of t h e  i n l e t  p a r t i c u l a t e s  

( p r i m a r i l y  coarse)  a r e  removed i n  a  mechanical d u s t  c o l l e c t o r  (MDC) and t h e  

r m a i n d e r  i n  a  wet sc rubber .  

For e i t h e r  of t hese  two a l t e r n a t i v e s ,  a  v e n t u r i  scrubber  i s  requi red  t o  

humidify the  f l u e  gas ,  t o  remove c h l o r i d e s  and a l so  t o  remove any p a r t i -  

c u l a t e s  remaining i n  the  f l u e  gas .  The v e n t u r i  p a r t i c u l a t e  removal i s  

n e g l i g i b l e  i n  the ESP a l t e r n a t i v e  a s  t h e  ESP i s  designed f o r  99.65 percent  

r m o v a l  e f f i c i e n c y  t o  meet the New Source Performance Standards (NSPS) 

emission l e v e l s .  On the  o the r  hand, i n  the  MDC a l t e r n a t i v e ,  a  high e f f i -  

c iency (99+%) v e n t u r i  scrubber i s  needed t o  meet NSPS. 

Baghouses a r e  g e n e r a l l y  no t  acceptab le  i n  high s u l f u r  coa l  a p p l i c a t i o n s  

because p o t e n t i a l  s u l f u r i c  acid a t t a c k  r e s u l t s  i n  reduced Lag l i f e .  Like- 

wise an a l l  "wet". system ( v e n t u r i  scrubbers  a lone)  i s  considered 



undes i r ab l e  f o r  i t  r e q u i r e s  t h a t  t h e  f ans  be  l oca t ed  downstream of t h e  

AQC System where they  a r e  s u s c e p t i b l e  t o  fou l ing  and c o r r o s i o n .  

The des ign  inc ludes  a  by-pass of t h e  Flue Gas D e s u l f u r i z a t i o n  (FGD) 

System. There a r e  i n d i c a t i o n s  t h a t  EPA may permit i t s  use dhr ing  emergency 

s i t u a t i o n s  when the  FGD System i s  completely i nope rab l e  a s  long a s  t h e  

p a r t i c u l a t e  emission l e v e l s  a r e  s a t i s f i e d .  Thus, the  use of by-pass may be 

f e a s i b l e  wi th  t h e  des ign  which inc ludes  t h e  99.65 percent  e f f i c i e n c y  ESP; 

t he  MDC a l t e r n a t i v e  o r  a  lower e f f i c i e n c y  ESP would preclude i t s  use ,  s i n c e  

p a r t i c u l a t e  emission l i m i t a t i o n s  would no t  be  met.  

The manner of  p a r t i c u l a t e  removal e f f e c t s  t h e  s e l e c t i o n  of induced d r a f t  

( I D )  and boos te r  fans .  The ESP arrangement permits  i n s t a l l a t i o n  of high 

. e f f i c i e n c y  f a n s  of  s tandard  c o n s t r u c t i o n ,  The MDC arrangement necess i -  

t a t e s  lower e f f i c i e n c y  and s p e c i a l  c o n s t r u c t i o n  fans  because they  must 

handle  r e l a t i v e l y  " d i r t y "  f l u e  gas .  The i r  r e l i a b i l i t y  can be expected t o  

be  lower when compared t o  t h e  fans fol lowing an ESP. 

2 - S u l f u r  Dioxide Removal 

The Wellman-Lord Process  i s  based on t h e  r e l a t i v e l y  simple technology o f  

sodium s u l f i t e  scrubbing.  A l l  i t s  components have been wel l  def ined  and 

optimized t o  a  po in t  a t  which a  h igh  level of  r e l i a b i l i t y  w i t h  r e s p e c t  t o  

performance and o p e r a b i l i t y  can be  expected a s  h a s  been demonstrated on 

i n s t a l l a t i o n s  i n  t h e  US and i n  Japan.  

The Wellman-Lord Process ,  developed '  by Davy Powergas I n c . ,  i s  t h e r e f o r e  

t he  a l t e r n a t i v e  t h a t  meets t h e  e s t a b l i s h e d  s e l e c t i o n  c r i t e r i a  with r e s p e c t  

t o  t echn ica l  f e a s i b i l i t y  and a p p l i c a b i l i t y  on commercial s ized  u n i t s .  

A l l  o t h e r  recovery Flue Gas D e s u l f u r i z a t i o n  (FGD) systems, wi th  t h e  excep- 

t i o n  of Magnesia Scrubbing, have not  reached t h e  s t a g e  of development t h a t  

permi ts  a  scale-up t o  a  commercial s i z e  u n i t  with a  high degree of confi-  

dence. The Magnesia S lu r ry  Scrubbing Process ,  while demonstrated commer- 

c i a l l y ,  i s  cha rac t e r i zed  by s e v e r a l  ye t  t o  be resolved t echn ica l  problems. 

In a d d i t i o n ,  i t s  long-term r e l i a b i l i t y  has  not  been s a t i s f a c t o r i l y  proven. 



For these reasons, the  r i s k  fac to r s  wi th  respect  t o  Magnesia Slurry  

Scrubbing a r e  deemed s i g n i f i c a n t  a t  the cur ren t  s t age  of development. 

With c e r t a i n  modificat ions i n  the  Wellman-Lord System, the  overa l l  

conceptual design i s  acceptable f o r  the Demonstration Unit. Single- 

e f f e c t  i n  place of double-eff fec t  evaporators may be the economic 

choice because of l e s s  t o t a l  SO2 removed. A one module system may also' '  

be f e a s i b l e  provided t h a t  only one b o i l e r  i s ' u s e d .  

Coal p roper t i e s  are based on design condit ions developed f o r  the  Comm- 

e r c i a l  Plant  coa l  g a s i f i c a t i o n  f a c i l i t i e s .  The range of coal  charac- 

t e r i c s  of the u l t imate  coa l  sources w i l l  influence the  f i n a l  design of 

the AQC system f o r  the Demonstration Plant.  However, t h i s  should n o t  

a l t e r  the  conclusions regarding the  type of con t ro l  equipment se lec ted  

i n  t h i s  repor t .  

C Economic 

1 - The investment and annual operat ing c o s t s  f o r  the  a l t e r n a t i v e  

systems f o r  p a r t i c u l a t e  removal and s u l f u r  dioxide removal a r e  sunrmarized 

i n  the folluwing table.  De ta i l s  of t h i s  ana lys i s  may be found i n  Section 

IV of t h i s  study. 



Inve s tment 

Par t i cu la te  Removal 

Sulfur Dioxide Removal 

Total 

Di f fe ren t ia l  

Annuel Operating Cost 

Par t i cu la te  Removal 

Sulfur Dioxide Removal 

Total 

Di f fe ren t ia l  

2,155 

19,900 

22,055 

Base 

754 483 

5,191 5,191 

5,945 5,674 

271 Base 

. . 
 he r e s u l t s  indicate  t ha t  f o r  pa r t i cu l a t e  removal, the economics favor the 

MDC approach over the high e f f ic iency  (99.65%) ESP arrangement. As mentioned 

previously, the ESP system o f f e r s  other advantages which increase. the system 

r e l i a b i l i t y  and operating performance to  o f f s e t  the apparent economic 

. disadvaarages.. 

2. Lowering the ESP co l lec t ion  eff ic iency from 99.65 percent t o  90 per- 

cent  r e s u l t s  i n  d r a s t i c  reductions i n  the cos t  of the ESP. I f  cos t s  are  

"expressed on the same basis  as  i n  (1) above, ;the comparative cos t s  a re  as  

follows : 

'Investment, $1000 

Annual Operating Cost, $1000 

ESP Efficiency 

99.65% 90.0% 

5,340 2,480 

754 463 



Thus, a t  the ESP 90 percent  e f f i c i e n c y  l e v e l ,  t he  economics of t he  ESP and 

MDC arrangements a r e  comparable, It must be  emphasized t h a t  t h i s  canpara- 

' t i v e  a n a l y s i s  i s  p red ica ted  on the  assumption t h a t  a reduct ion  in  ESP e f f i -  

c iency  does not n e c e s s i t a t e  a  higher  pressure  drop ac ros s  the  Wellman-Lord 

v e n t u r i  scrubber and concomitant i nc rease  in  energy c o s t .  

4.. Esca l a t ion  of c o s t s  (by  20.36 percent  f o r  a l l  investment and opera- 

t i n g  c o s t s  except for  purchased power cos t  which has been e sca l a t ed  by 

27.0 percent )  t o  year  1981 has  no apprec i ab le  e f f e c t  on the  r e l a t i v e  econo- 

mics of t he  evaluated a l t e r n a t i v e s ,  a s  shown below: 

ESP 6 MDC 6 

We1 lman-Lord We1 lman-Lord 

7  188 6  859 

+329 Base 

Annual Operating Cost 

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



111-TECHNICAL APPROACH 

'A.  GENERAL 

The AQC System f o r  t h e  Commercial Uni t  w i l l  be des igned  t o  remove p a r t i c u -  

l a t e s  and s u l f u r  d i o x i d e  from f l u e  g a s  d i s c h a r g e d  from two s team g e n e r a t i n g  

u n i t s ,  each r a t e d  a t  403 000 l b / h r  s team,  1500 p s i g  and 940 F.  The h i g h  

p r e s s u r e  steam i s  used f o r  d r i v i n g  v a r i o u s  compressor  t u r b i n e s .  

I n  a d d i t i o n  t o  t r e a t i n g  t h e  b o i l e r  f l u e  g a s e s ,  the ,  FGD system w i l l  be  a l s o .  

c a p a b l e  of  removing s u l f u r  d i o x i d e  from t h e  t a i l  g a s e s  g e n e r a t e d  by t h e  

Claus  U n i t .  The Claus  U n i t  f low r e p r e s e n t s  a p p r o x i m a t e l y  4 .6% o f  t o t a l  

f low t o  t h e  FGD system.  

The b o i l e r s  a r e  equipped w i t h  an  economizer s e c t i o n  and a  Ljungst rom type 

a i r  p r e h e a t e r .  Steam s o o t  b lowers  a r e  provided f o r  t h e  c o a l - f i r e d  b o i l e r s .  

Each f u r n a c e  i s  des igned  f o r  ba lanced  d r a f t  f i r i n g  and i s  served by a  f u l l  

c a p a c i t y  fo rced  d r a f t  f an  and two 50 p e r c e n t  c a p a c i t y  induced d r a f t  f a n s .  

T h r e e  50 p e r c e n t  c a p a c i t y  b a l l  type  p u l v e r i z e r s  a r e  provided f o r  each 

b o i l e r ,  which a r e  r a t e d  a t  1 6 . 5  t o n s  per  hour .  Each m i l l  f e e d s .  t h r e e  burn- 

e r s  i n  t h e  b o i l e r .  Primary a i r  f a n s  a r e  used t o  sweep t h e  m i l l s  f o r  t h e  

b o i l e r .  The b o i l e r  e f f i c i e n c y  i s  e s t i m a t e d  t o  be 80 p e r c e n t .  

The steam g e n e r a t i n g  u n i t s  w i l l  be f i r e d  w i t h  t h e  same c o a l  a s  i s  used i n  

t h e  g a s i f i c a t i o n  p r o c e s s .  A t y p i c a l  a n a l y s i s  i s  shown i n  E x h i b i t  1. A t  

d e s i g n  c o n d i t i o n s  t h e  t o t a l  b o i l e r  c o a l  f i r i n g  r a t e  w i l l  be  approx imate ly  

65 t o n s  per  hour .  

The purpose  of  t h i s  s t u d y  i s  t o  d e f i n e  t h e  a l t e r n a t i v e  c o n t r o l  t echno logy  

a n d t o  s e l e c t  a  sys tem t h a t  c o n t r o l s  so2 and p a r t i c u l a t e s  t o  meet t h e  

r e q u i r e d  e m i s s i o n  l e v e l s ,  D e t a i l e d  examina t ion  o f  t h e  t e c h n i c a l  f e a t u r e s  

o f  t h e  s e l e c t e d  c o n t r o l  sys tem i s  p resen ted  w i t h  r e s p e c t  t o  sys tem opera- 

b i l i t y ,  r e l i a b i l i t y  and i n t e r f a c e  c o n s t r a i n t s .  The economic e v a l u a t i o n  
- 

r e p r e s e n t s  a  development of  t h e  c a p i t a l  and o p e r a t i n g  c o s t s  o f  s e l e c t e d  

sys tems .  The energy  r e q u i r e m e n t s  a r e  developed i n  c o n j u n c t i o n ' w i t h  t h e  

t e c h n i c a l  and economical  e v a l u a t i o n s .  



B .  REGULATORY REQUIREMENT 

'1. General  

On August 7 ,  1977, t h e  P re s iden t  signed i n t o  law t h e  "Clean , A i r  Act Amend- 

ments of 1977" (cAAA). These amendments s i g n i f i c a n t l y  s t rengthened t h e  

"Clean A i r  Act" and have had a  d i s t i n c t  and measurable impact on the  plan- 

n ing ,  schedul ing and economics a s soc i a t ed  with new f a c i l i t i e s  s u b j e c t  t o  

the  p rov i s ions  of t h e  Act. Of s p e c i a l  concern i s  t he  f a c t  t h a t  t he  amended 

law and t h e  r e g u l a t i o n s  which t h e  Environment a1 P r o t e c t  ion Agency (EPA) ha.s 

proposed to  comply with t he  law inc lude  r e g u l a t o r y  c o n s t r a i n t s  such a s  

Prevent ion of S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) and Emission Of f se t .  EPA now 

in t ends  t h a t  these  two c o n s t r a i n t s  w i l l  be appl ied  t o  most sources  with 

p o t e n t i a l '  emissions ( o f  any p o l l u t a n t  r egu la t ed  under t h e  Clean A i r  ~ c t )  i n  

excess  of  100 tons  per yea r .  The CAAA and the  proposed r e g u l a t i o n s  of EPA 

a l s o  inc lude  provis ions  concerning emissions l i m i t a t i o n s ,  ground l e v e l  con- 

c e n t r a t i o n s ,  p r econs t ruc t ion  moni tor ing ,  and s t a c k  h e i g h t s .  

Th i s  s tudy cons ide r s  on ly  t h e  emission c o n s t r a i n t s  with r e s p e c t  t o  SO 2  
and p a r t i c u l a t e s  a s  imposed by t h e  New Source Performance S tandards  (NSPS) 

1.i .mitations which are e s s e n t i a l l y  t h e  minimum Best Avai lab le  Control  

Technology (BACT) requirements .  Other c o n s t r a i n t s ,  which a r e  n e c e s s a r i l y  

s i t e  s p e c i f i c ,  w i l l  have t o  be addressed a t  a  l a t e r  d a t e  when s i t e  metereo- 

logy and topography a r e  e s t a b l i s h e d  and a  c a n p l e t e  environmental eva lua t ion  

i s  f e a s i b l e .  Such e v a l u a t i o n  will not  on ly  cons ider  the environmental 

impact of p o l l u t a n t s  for  which NSPS l i m i t a t i o n s  a r e  n o t  e a t a b l i s h e d  (e.g. 

carbon monoxide) but may a l s o  d i c t a t e  c o n t r o l s  f o r  SO2 and p a r t i c u l a t e s  

t h a t  a r e  more r e s t r i c t i v e  than NSPS i n  o rde r  t h a t  t h e  emissions a r e  i n  

canpl i ance  with a1 1 a p p l i c a b l e  r e g u l a t o r y  requirements .  

2 .  New Source S tandards  of  Performance 

The CAAA r e q u i r e s  EPA t o  promulgate r ev i sed  New Source performance Stan- 

da rds  (NSPS) for  f o s s i l  f u e l  f i r e d  s t a t i o n a r y  sources .  The rev ised  s tan-  

dards  of performance a r e  t o  inc lude  the  impos i t ion  of two s p e c i f i c  requi re -  

ments: ( 1 )  The es tab l i shment  of a l lowable emission r a t e  l i m i t a t i o n s ;  and 



( 2 )  A requirement  t h a t  the  source achieve a  s p e c i f i c  percentage r educ t ion  

i n  emissions.  

The d r a f t  of r ev i sed  NSPS f o r  f o s s i l  f u e l  f i r e d  u t i l i t y . b o i l e r s  were c i r cu -  

l a t e d  for  pub l i c  comment i n  November, 1977; t hey  a r e  presented i n  Exhib i t  

2 .  S ince  t he  i s sue  d a t e ,  t h e  d e t a i l s  r e spec t ing  the NSPS have been a  con- 

s t a n t  source of cont roversy  and a s  such have been i n  a  s t a t e  of f l ux .  

S ince  i t  i s  l i k e l y  t h a t  the  s t anda rds  may be  modified during the  ru l e -  

making proceedings,  t h e  r ev i sed  NSPS shown i n  Exhib i t  2 can be used a s  a  

guide on ly .  Promulgation of t h e  f i n a l  s tandards  i s  now expected i n  

September 1978. EPA has not proposed r ev i sed  NSPS for  f o s s i l  f u e l  f i r e d  

i n d u s t r i a l  b o i l e r s  but has  i nd i ca t ed  t h a t  t he  i n d u s t r i a l  b o i l e r  NSPS 

' w i l l  g e n e r a l l y  not  be  more s t r i n g e n t  than those  NSPS being considered f o r  

. u t i l i t y  b o i l e r s .  

The S t a t e  of  Kentucky A i r  P o l l u t i o n  Control  Regula t ions  i nc lude  p rov i s ions  

which l i m i t  emissions of p a r t i c u l a t e s  and s u l f u r  d iox ide  £ran f o s s i l  f u e l  

canbus t ion  u n i t s .  For b o i l e r s  with a  hea t  input  of 250 m i l l i o n  Btu per  

hour o r  g r e a t e r ,  t h e  l i m i t s  a r e  0.10 pounds of p a r t i c u l a t e s  per m i l l i o n  Btu 

input  and 1 . 2  pounds of s u l f u r  d iox ide  per m i l l i o n  Btu i n p u t .  The Federa l  

NSPS fo r  b o i l e r  emissions a r e  more r e s t r i c t i v e ,  and canpl iance  with NSPS 

f o r  b o i l e r  emission w i l l  i n su re  compliance with t he  Kentucky b o i l e r  l i m i t -  

a t i o n s .  

With r e s p e c t  t o  the  o p a c i t y  s t anda rd ,  a l though t h e  10% requirement i s  in- 

cluded i n  t h e  r ev i sed  s tandards ,  EPA may be f l e x i b l e  i n  i t s  enforcement. 

Curren t  i n d i c a t i o n s  a r e  t h a t  EPA may cons ider  the p a r t i c u l a t e  s tandard t o  

. b e  t h e  c o n t r o l l i n g  f a c t o r .  For sources  which meet t he  p a r t i c u l a t e  emission 

l e v e l  but exceed the  o p a c i t y  requirement ,  EPA may e s t a b l i s h  a  h igher  opa- 

c i t y  s tandard  which corresponds t o  t h e  canpl iance  p a r t i c u l a t e  emission 

l e v e l .  



P r e v e n t i o n  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) 

' EPA' s PSD R e g u l a t i o n s  have been adopted f o r  t h e  purpose  o f  p r e s e r v i n g  t h e  

' a i r  . q u a l i t y  i n  a r e a s  i n  which t h e  e x i s t i n g  a i r  q u a l i t y  i s  b e t t e r  t h a n  t h a t  

e s t a b l i s h e d  by t h e  N a t i o n a l  Ambient A i r  Q u a l i t y  S t a n d a r d s  (NAAQS). The 

r e g u l a t i o n s  r e q u i r e  t h a t  b e f o r e  c o n s t r u c t i o n  c a n  commence on a  major f a c i -  

l i t y ,  a  PSD c o n s t r u c t i o n  p e r m i t  must b e  o b t a i n e d .  The a p p l i c a t i o n  f o r  t h i s  

pe rmi t  must b e  suppor ted  by an a n a l y s i s  which d e m o n s t r a t e s  t h a t  t h e  emis- 

s i o n s  from t h e  f a c i l i t y  w i l l  n o t  c a u s e  a i r  p o l l u t i o n  l e v e l s  i n  e x c e s s  of  

any NAAQS and w i l l  no t  r e s u l t  i n  i n c r e a s e s  i n  a i r  p o l l u t i o n  l e v e l s  beyond,  

c e r t a i n  inc rements  s p e c i f i e d  i n  t h e  Amended Clean A i r  Ac t .  

. . .  . 
' 

The PSD a p p l i c a t i o n  must a l s o  i n c l u d e  a  d e m o n s t r a t i o n  t h a t  t h e  a i r  p o l l u -  
. . 

t i o n  c o n t r o l  sys tems proposed f o r  t h e  f a c i l i t y  w i l l  u se  BACT. BACT i s  

cons ide red  t o  be  t h e  maximum d e g r e e  o f  e m i s s i o n  r e d u c t i o n  p o s s i b l e  w i t h  

c o n s i d e r a t i o n s  g iven  t o  energy ,  env i ronmenta l ,  and economic impac t s .  

It shou ld  be  no ted  t h a t  BACT c a n  n e v e r  b e  l e s s  s t r i n g e n t  t h a n  any a p p l i -  

. c a b l e  NSPS. 

Any PSD p e r m i t  a p p l i c a t i o n  submi t t ed  a f t e r  August 7 ,  1978,  must b e  sup- 

p o r t e d b y c o n t i n u o u s  a i r  q u a l i t y  m o n i t o r i n g  d a t a  c o l l e c t e d  f o r  t h e  purpose  

of d e t e r m i n i n g  whether t h e  e m i s s i o n s  from t h e  proposed f a c i l i t y  w i l l  cause  

p o l l u t a n t  c o n c e n t r a t i o n s  i n  e x c e s s  of  t h e  a l l o w a b l e  PSD inc rements  o r  t h e  

NAAQS. The c o n t i n u o u s  a i r  q u a l i t y  d a t a  a r e  t o  be  g a t h e r e d  f o r  a  pe r iod  of  

one yea r  p reced ing  t h e  d a t e  o f  t h e  a p p l i c a t i o n .  The CAAA a l s o  s t a t e  t h a t  

moni to r ing  p e r i o d s  cif l e s s  t h a n  one  y e a r  may b e  al lowed i f  t h e  rev iewing  

agency,  i n  accordance wi th  r e g u l a t i o n s  proposed by EPA, d e t e r m i n e s  t h a t  a  

c m p l e t e  and adequate  a n a l y s i s  can b e  conducted w i t h  l e s s .  t h a n  a  f u l l  yea r  

of  d a t a .  

P r o j e c t e d  e m i s s i o n s  f o r  t h e  proposed s o u r c e  a s  shownin E x h i b i t  - 3 i n d i c a t e  

. . t h a t  t h e  p l a n t  w i l l  b e  a  major  s o u r c e  ( p o t e n t i a l  e m i s s i o n s  g r e a t e r  t h a n  

100 t o n s l y e a r )  w i t h  r e s p e c t  t o  s u l f u r  d i o x i d e ,  I p a r t i c u l a t e s  and NO x ' 
T h e r e f o r e  t h e  p l a n t  i s  s u b j e c t  t o  t h e  PSD r e g u l a t i o n s  and t h e  a s s o c i a t e d  

BACT a n a l y s i s  f o r  t h e s e  p o l ' l u t a n t s .  



4 .  Emiss ion  O f f s e t  P o l i c y  

' Areas  which a r e  n o t  meet ing t h e  NAAQS have been d e s i g n a t e d  a s  non-a t t a in -  

ment a r e a s .  Sources  exceeding EPA1s minimum s i z e  c r i t e r i a  and hav ing  t h e  

p o t e n t i a l  t o  cause  a  s i g n i f i c a n t  impact upon a  non-at ta inment  a r e a ,  w i l l  be 

s u b j e c t  t o  t h e  O f f s e t  P o l i c y  f o r  t h o s e  p o l l u t a n t s  f o r  which t h e  a r e a  i s  

d e s i g n a t e d  non-a t t a inment ,  The O f f s e t  P o l i c y  r e q u i r e s  t h a t  t h e  new emis- 

s i o n  f r m  t h e  proposed s o u r c e  b e  " t r a d e d  o f f "  a g a i n s t  emiss ions  f r m  an 

e x i s t i n g  s o u r c e  a t  a  g r e a t e r  than  a  one t o  one r a t i o ,  w i t h  t r a d e - o f f  a l s o  

r e s u l t i n g  i n  a  n e t  a i r  q u a l i t y  b e n e f i t  f o r  t h e  r e g i o n .  An a d d i t i o n a l  rk-' 

qui rement  of  t h e  O f f s e t  P o l i c y  i s  t h a t  t h e  proposed s o u r c e  must employ con- 

t r o l s  which w i l l  p rov ide  f o r  t h e  Lowest Ach ievab le  Emiss ion R a t e  (LAER) o f  

t h e  non-at ta inment  p o l l u t a n t s .  LAER i s  e s s e n t i a l l y  t h e  most s t r i n g e n t  

emiss ion  r a t e  be ing  r e q u i r e d  o r  achieved i n  t h e  Uni ted  S t a t e s  and may w e l l  
. . 

be s t r i c t e r  than  t h e  emiss ion  r a t e s  a s s o c i a t e d  w i t h  BACT o r  NSPS. 

5. S t a c k  H e i g h t  L i m i t a t i o n  

P r o v i s i o n s  o f  t h e  CAAA and EPA proposed r e g u l a t i o n s  r e s t r i c t  t h e  s t a c k  

h e i g h t  t h a t  can  be  used f o r  d e m o n s t r a t i n g  compl iance  wi th  NAAQS and PSD 

r e q u i r ~ m e n t s .  The s t a c k  h e i g h t  used i n  a tmospher ic  d i s p e r s i o n  modeling 

s t u d i e s  canno t  exceed a "Good Engineer ing  P r a c t i c e "  (GEP) s t a c k  h e i g h t .  
\ 

n e c e s s a r y  t o  avoid e x c e s s i v e  p o l l u t a n t  c o n c e n t r a t i o n s  i n  t h e  v i c i n i t y  of 

t h e  s o u r c e  due t o  a tmospher ic  downwash c r e a t e d  by nea rby  s t r u c t u r e s  o r  

t e r r a i n  f e a t u r e s .  The CAAA i n d i c a t e s  t h a t  t h e  scack  used in modeling 

a n a l y s e s  f o r  demons t ra t ing  compliance wi th  t h e  CAAA and EPA r e g u l a t i o n s  

may n o t  exceed 2-112 t i m e s  t h e  h e i g h t  o f  nea rby  s t r u c t u r e s .  

AQC SYSTEM ALTERNATIVES C .  
I 

C u r r e n t l y  t h e  most commonly used AQC System i n v o l v e s  t h e  e l e c t r o s t a t i c  pre- 

c i p i t a t o r  f o r  t h e  removal of p a r t i c u l a t e s  and t h e  l i m e s t o n e / l i m e  throwaway 

FGD System f o r  t h e  removal of  s u l f u r  o x i d e .  The e 1 e c t r o s t a t i . c  p r e c i p i t a t o r  

i s  c o n s i d e r e d  a  v i a b l e  a l t e r n a t i v e  f o r  t h e  S y n t h e s i s  Gas Demonstra t ion 



P l a n t  Program. However, t h e  throwaway FGD Systems have n o t  been inc luded  

i n  t h i s  s t u d y  because  t h e  o v e r a l l  concep t  of  t h e  P r o j e c t  i s  p r e d i c a t e d  on 

' the  c o n v e r s i o n  o f  c o a l  t o  u s e f u l  p r o d u c t s .  Throwaway p r o c e s s e s  g e n e r a t e  

mixed s u l f i t e / s u l f a t e  s a l t s  of  ca lc ium o r  sodium which a r e  o f  l i t t l e  com- 

a m e r c i a l  v a l u e .  E x c l u s i o n  o f  throwaway p r o c e s s e s  l i m i t s  t h e  FGD s e l e c t i o n  

t o  p r o c e s s e s  which r e c o v e r  so2 i n  u s e f u l  forms such  a s  s u l f u r i c  a c i d  

o r  e l e m e n t a l  s u l f u r  and r e g e n e r a t e  t h e  a b s o r b e n t  used f o r  t h e  removal of  . . 

SO f r e n  t h e  f l u e  g a s e s .  The o n - s i t e  a v a i l a b i l i t y  of  a  r e d u c t a n t  
2  

( r e q u i r e d  i n  a  number o f  r e c o v e r y  p r o c e s s e s  f o r  c o n v e r s i o n  of  SO 
2  t o  

. . 
e l e m e n t a l  s u l f u r )  i s  an impor tan t  c o n s i d e r a t i o n  t h a t  f a v o r s  t h e  r e c o v e r y  

, . p r o c e s s  o p t i o n .  S i n c e  a  r e d u c t a n t ,  i n  t h e  form of  H2s, will be a v a i l a b l e  

. .on  s i t e ,  i n s t a l l a t i o n  of  a  r ecovery  FGD sys tem i s  a  l o g i c a l  approach .  

0 
1. P a r t i c u l a t e  Removal 

The a l t e r n a t e  methods o f  f l y a s h  removal from f l u e  g a s  a r e  a s  f o l l o w s :  

, wet v e n t u r i  s c r u b b e r s  ( a l l  "wet" sys tem)  

. combina t ion  of  mechanical  d u s t  c o l l e c t o r s  (MDC)  and v e n t u r i  

s c r u b b e r s  

. e l e c t r o s t a t i c  p r e c i p i t a t o r s  ( E S P )  

. baghouses 

V e n t u r i  s c r u b b e r s  a r e  n o t  commonly used f o r  pr imary c o n t r o l  of p a r t i c u l a t e s  

u n l e s s  i t  i s  i n  c o n j u n c t i o n  wi th  wet So2 removal sys tems .  Advantages 

of v e n t u r i  s c r u b b e r s  a r e  t h e i r  r e l a t i v e  i n s e n s i t i v i t y  t o  c o a l  chemical  com- 

p o s i t i o n  and t o  v a r i a t i o n s  i n  f l u e  g a s  t e m p e r a t u r e s .  On t h e  o t h e r  hand,  

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

p a r t i c l e  s i z e  i n  t h e  sub-micron r a n g e .  S i n c e  no c u r r e n t  t h e o r y  a l l o w s  

p a r t i c l e  s i z e  d i s t r i b u t i o n  t o  b e  p r e d i c t e d  f o r  a  new i n s t a l l a t i o n ' o n  a  

wide range  of  c o a l  s o u r c e s ,  c o n f i d e n c e  i n  t h e  performance c a p a b i l i t y  i n  t h e  

abs,ence o f  p i l o t  t e s t i n g  i s  n o t  a s  h i g h  a s  f o r  t h e  a l t e r n a t i v e  p a r t i c u l a t e  

c o n t r o l  methods .  



Major drawbacks i n h e r e n t  t o  "wet!' s c rubb ing  a r e  a s  f o l l o w s :  

- The f a n s  can  no l o n g e r  b e  o p e r a t e d  d r y ,  ' c r e a t i n g  p o t e n t i a l  f o r  cor- 

r o s i o n  and imbalance.  Even i f  l o c a t e d  downstream o f  t h e  AQC System, 

f a n s  a r e  s u s c e p t i b l e  t o  f o u l i n g  due t o  m i s t  e l i m i n a t o r  c a r r y o v e r .  

- The FGD sys tem cannot  b e  by-passed.  

- The s c r u b b e r  must b e  p r o t e c t e d  a g a i n s t  e r o s i o n  and a b r a s i o n  due t o  

h igh  f l y a s h  c o n t e n t  i n  t h e  f l u e  g a s .  

- .The a b i l i t y  o f  s c r u b b e r s ,  a t  a  r e a s o n a b l e  p r e s s u r e  d r o p ,  t o  meet 

emiss ion  l e v e l s  of  l e s s  t h a n  0.05 l b / m i l l i o n  Btu h a s  no t  been f u l l y  

demons t ra ted .  

The o p e r a t i n g  r e l i a b i l i t y  o f  most e x i s t i n g  "wet" p a r t i c u l a t e  removal sys- 

t a n s  h a s  been a d v e r s e l y  a f f e c t e d  due t o  c o r r o s i o n ,  a b r a s i o n  and p lugg ing  

problems.  An a c c e p t a b l e  l e v e l  of r e l i a b i l i t y  can  b e  a c h i e v e d ,  a t  an  econo- 

mic pena ' l ty ,  wi th  t h e  prudent  s e l e c t i o n  o f  m a t e r i a l s  o f  c o n s t r u c t i o n  and 

v i g o r o u s  main tenance  e f f o r t s .  

An a l t e r n a t e  scheme i s  t h e  combina t ion  o f  d r y  and wet p a r t i c u l a t e  removal .  

Approximate ly  60 p e r c e n t  of  t h e  f l y a s h  i s  c o l l e c t e d  d r y  i n  a  m u l t i c y c l o n i c  

mechan ica l  d u s t  c o l l e c t o r  (MDC) and t h e  remainder  i n  t h e  wet s c r u b b e r .  It 

l e s s e n s  b u t  no t  e l i m i n a t e s  t h e  drawbacks of  an a l l  "wet" sys tem l i s t e d  

above.  The major  f u n c t i o n  o f  t h e  d u s t  c o l l e c t o r ,  a s i d e  from the  removal 

of  c o a r s e  p a r t i c l e s ,  i s  t o  permit  l o c a t i n g  t h e  f a n s  u p s t r e a m ' o f  t h e  scrub- 

b e r  and t h e  FGD System, a l l o w i n g  t h e  h i g h e r  e f f i c i e n c y  f a n s  and avo id ing  

t h e  c o r r o s i o n  p o t e n t i a l  a s s o c i a t e d  w i t h  downstream l o c a t i o n .  

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  ( E S P )  a r e  t h e  most commonly used d e v i c e s  f o r  

h igh  e f f i c i e n c y  removal of p a r t i c u l a t e s  from t h e  combustion g a s e s  of coa l -  

f i r e d  steam g e n e r a t o r s ,  The s i z e  o f  t h e  ESP, and hence t h e  c o s t  r e q u i r e d  

t o  meet a  g i v e n  l e v e l  o f  emiss ion  c o n t r o l ,  v a r i e s  wi th  t h e  c h a r a c t e r i s t i c s  

of  t h e  c o a l  a s h .  Ash r e s i s t i v i t y  i s  a  major  f ac to ' r  a f f e c t i n g  t h e  ESP s i z e .  



L a r g e r  ESP sys tems  a r e  needed a s  t h e  r e s i s t i v i t y  of  f l y a s h  i n c r e a s e s  and 

t h e  l e v e l s  of  emiss ion  c o n t r o l  a r e  reduced.  One of  t h e  key v a r i a b l e s  a f -  

f e c t i n g  t h e  r e s i s t i v i t y  o f  f l y a s h  i s  t h e  s u l f u r  c o n t e n t  i n  t h e  f l u e  g a s .  

F lue  gas  wi th  low s u l f u r  o x i d e  c o n c e n t r a t i o n s  h a s  a  h igh  f l y a s h  r e s i s t i v i t y  

i n  t h e  250-350 F  t e m p e r a t u r e  range  ( t y p i c a l  t e m p e r a t u r e s  o f  t h e  g a s  e x i t i n g  

t h e  a i r  h e a t e r ) .  However, t h e  same f l y a s h  when s u b j e c t e d  t o  an e l e c t r o -  

s t a t i c  p r e c i p i t a t i o n  f i e l d  i n  t h e  600-750 F  r a n g e  undergoes  a  ma jor  de- 

c r e a s e  i n  r e s i s t i v i t y .  T h e r e f o r e ,  h i g h  r e s i s t i v i t y  f l y a s h  ( low s u l f u r  

c o a l )  i s  normal ly  e a s i e r  t o  p r e c i p i t a t e  i n  a  h o t - s i d e  ESP, l o c a t e d  on t h e  

hot  s i d e  of  t h e  a i r  h e a t e r ,  whi le  low r e s i s t i v i t y  f l y a s h  ( h i g h  s u l f u r  c o a l )  

f a v o r s  t h e  i n s t a l l a t i o n  o f  t h e  ESP downstream of t h e  a i r  h e a t e r  ( c o l d - s i d e  

ESP) .  Wherever t h e  p r e c i p i t a t i o n  c h a r a c t e r i s t i c s  do n o t  r e q u i r e  a  ho t  s i d e  

ESP, a  c o l d - s i d e  ESP i s  g e n e r a l l y  a n  economic c h o i c e .  

Baghouses have been a p p l i e d  e x t e n s i v e l y  t o  v a r i o u s  i n d u s t r i a l  p r o c e s s e s ,  

bu t  u n t i l  r e c e n t l y  r e p r e s e n t  t h e  l e a s t  a p p l i e d  p a r t i c u l a t e  removal d e v i c e  

f o r  c o a l - f i r e d  b o i l e r s .  The renewed , i n t e r e s t  i n  baghouses  h a s  been b rough t  

abdut  by t h e  more s t r i n g e n t  emiss ion  r e g u l a t i o n s  r e q u i r i n g  99 .9  + p e r c e n t  

removal e f f i c i e n c y  i n  some a p p l i c a t i o n s .  S i n c e  a  baghouse i s  c a p a b l e  of  

such h igh  removal e f f i c i e n c i e s  a t  a  minimal i n c r e a s e  i n  c a p i t a l  inves tment  

( u n l i k e  ESP where c o s t s  i n c r e a s e  s u b s t a n t i a l l y . w i t h  e f f i c i e n c y ) ,  baghouses  

have been p e n e t r a t i n g  t h e  p r e c i p i t a t o r  market  i n  r e c e n t  y e a r s .  Th i s  pene- 

t r a t i o n  h a s  been almost  e x c l u s i v e l y  i n  h i g h  r e s i s t i v i t y  ash  ( l o w  s u l f u r )  

a p p l i c a t i o n s  where ESP i s  no l o n g e r  c o m p e t i t i v e  due t o  v e r y  l a r g e  S p e c i f i c  

C o l l e c t i o n  Area (SCA) requ i rcmcnto .  

On t h e  o t h e r  hand,  t h e  need f o r  baghouses  i n  much l e s s  pronounced i n  h i g h  

s u l f u r  ( above  3%)  c o a l  a p p l i c a t i o n s  because  t h e  c o l l e c t i o n  of  l o w - r e s i s t i -  

v i t y  f l y a s h  from t h e s e  c o a l s  does  n o t  r e q u i r e  SCA's i n  e x c e s s  of  550-600- 

t h e  range  below which t h e  economics g e n e r a l l y  f avor  a  c o l d - s i d e  ESP over  a  

baghouse.  Near1 y  a l l  c u r r e n t 1  y  o p e r a t i n g  baghouses have been des igned  f o r  

c o a l  s u l f u r  l e v e l s  of 1 p e r c e n t  o r  l e s s  wi th  o n l y  p i l o t  p l a n t  d a t a  a v a i l -  

a b l e  on t h e  impact o f  o p e r a t i o n  a t  h i g h e r  s u l f u r  l e v e l s .  The major  concern  

h a s  been t h e  d u r a b i l i t y  of f a b r i c  f i l t e r s .  Under some o p e r a t i n g  condi-  

t i o n s ,  p a r t i c u l a r l y  a t  low l o a d s ,  t h e  f l u e  g a s  t e m p e r a t u r e  can  e a s i l y  ap- 

proach t h e  a c i d  dewpoint  a t  which t h e  f a b r i c  f i l t e r s  a r e  exposed t o  t h e  



c o r r o s i v e  a t t a c k  of  s u l f u r i c  a c i d .  The n e c e s s i t y  t o  remove and r e p l a c e  

t h e  bags  on a  p e r i o d i c  b a s i s ,  and i t s  concomitant  n e g a t i v e  economic impac t ,  

. h a s  been one of  t h e  major  drawbacks o f  baghouses .  A two y e a r  bag l i f e  ap- 

p e a r s  t o  b e  a  r e a s o n a b l e  assumpt ion  c o n s i d e r i n g  t h e  c u r r e n t  s t a t e - o f - t h e -  

. ' a r t  o f  t h e  f a b r i c  t echno logy .  F i b e r g l a s s  bags  have .been used on most coal -  
@ 

f i r e d  b o i l e r s .  

. . 
I n  t h e  i n s t a l l a t i o n  under . s tudy ,  i t  i s  p r o j e c t e d  t h a t  c o a l  s u l f u r  l e v e l  

w i l l  no t  b e  l e s s  t h a n  2 .5  p e r c e n t  and will be i n  e x c e s s  of 3 p e r c e n t  a t  

d e s i g n  c o n d i t i o n s .  I n  t h e  absence o f  o p e r a t i n g  e x p e r i e n c e  of  baghouses  

on c o a l - f i r e d  b o i l e r s  a t  such h igh  s u l f u r  l e v e l s ,  i t  i s  not  p ruden t  t o  

c o n s i d e r  baghouses  a s  a  v i a b l e  p a r t i c u l a t e  c o n t r o l  t echno logy  f o r  t h i s  

a p p l i c a t i o n .  The e x c l u s i o n  o f  baghouses  c a n  be  f u r t h e r  j u s t i f i e d  on 

economic grounds  a s  d i s c u s s e d  i n  S e c t i o n  I V  where i t  i s  shown t h a t  t h e  

economics i n  terms of  o p e r a t i &  c o s t s  f a v o r  a  c o l d - s i d e  ESP over  a  bag- 

house .  It must be  emphasized t h a t  t h e s e  c o n c l u s i o n s  a r e  p r e d i c a t e d  on 

c u r r e n t  t e c h n o l o g i e s  and t h e  r e l a t i v e  m e r i t s  o f  baghouses  and p r e c i p i t a -  

t o r s  may b e  s u b j e c t  t o  f u t u r e  r e e v a l u a t i o n  based on developments  i n  

f a b r i c  t echno logy  p o i n t i n g  t o  a  l o n g e r  bag l i f e .  

a Of t h e  o p t i o n s  a v a i l a b l e ,  t h e  c o l d - s i d e  ESP and t h e  combina t ion  o f  mechani- 

c a l  d u s t  -- - c o l l e c t o r / v e n t u r i  s c r u b b e r  a r e  c o n s i d e r e d  v i a b l e  a l t e r n a t i v e s  and 

a r e  examined i n  more d e t a i l  i n  S e c t i o n  111-E. 

2 .  607 Rcmovol - FCD Syotcmo 

As p r e v i o u s l y  i n d i c a t e d ,  t h e  throwaway FGD p r o c e s s e s  a r e  n o t  be ing  con- 

s i d e r e d  a s  a l t e r n a t i v e s  f o r  so2 c o n t r o l  i n  t h i s  p r o j e c t  because  of  t h e  

expressed  i n t e n t  t o  r ecover  s u l f u r  i n  t h e  form o f  s a l e a b l e  by-produc t s .  

Exc lus ion  of  throwaway p r o c e s s e s ,  which a r e  t h e  more wide ly  accep ted  and 

t e c h n i c a l l y  developed SO c o n t r o l  sys tems ,  narrows t h e  l i s t  of  a l t e r -  
2  

n a t i v e s  t o  r e c o v e r y  p rocess .  A l a r g e  number of FGD r e c o v e r y  p r o c e s s e s  

a r e  c u r r e n t l y  a t  v a r i o u s  s t a g e s  of  development r ang ing  from l a b o r a t o r y  t o  

f u l l  commercial s i z e d  f a c i l i t i e s .  



S e v e r a l  of t h e  more impor tan t  r e c o v e r y  p r o c e s s e s  a r e  l i s t e d  i n  E x h i b i t  4 .  

These p r o c e s s e s  a r e  broken down i n t o  a  number o f  l o g i c a l  c a t e g o r i e s .  The 

f i r s t  l e v e l  of c a t e g o r i z a t i o n  i s  whether t h e  p r o c e s s  o p e r a t e s  wet o r  d r y  

o r ,  r e c e n t l y ,  semi-dry. T h i s  d i s t i n c t i o n  p r o v i d e s  some i n d i c a t i o n  o f  t h e  

c h a r a c t e r i s t i c s  o f  t h e  t echno logy  employed. Wet t echno logy  u s u a l l y  i m p l i e s  

t h a t  t h e  d i r t y  f l u e  g a s  i s  c o n t a c t e d  wi th  a  l a r g e  and g e n e r a l l y  r e c i r c u -  

l a t e d  f low o f  a b s o r b e n t  which a b s o r b s  t h e  SO2 and c o o l s  t h e  g a s  by evapo- 

r a t i o n  of water  t o  a  t e m p e r a t u r e  s l i g h t l y  above t h e  w a t e r  dew p o i n t .  It i s  

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

i n t o  t h e  s t a c k .  Wet t echno logy  i m p l i e s  m a t e r i a l s  h a n d l i n g  by  pumping, low, 

t e m p e r a t u r e  o p e r a t i o n  and c o r r o s i o n / m a t e r i a l s  of  c o n s t r u c t i o n  a s  ma jor  pro- 

blem a r e a s .  

Dry t 'echnology usua1l.y i m p l i e s  h i g h  t e m p e r a t u r e  o p e r a t i o n ,  m a t e r i a l s  h a n d l i n g  

by  mechan ica l  o r  pneumat ic  conveying and abras ion , / e ros ion  r a t h e r  t h a n  c o r r o s i o n  

as t h e  major  areas o f  concern .  Dry p r o c e s s e s  have  an advan tage  i n  n o t  

r e q u i r i n g  s t a c k  g a s  r e h e a t  because,  t h e  f l u e  g a s  i s  n o t  c o n t a c t e d  by w a t e r .  

The r e c e n t l y  i n t r o d u c e d  semi-dry t echno logy  i n v o l v e s  c o n t a c t i n g  t h e  f l u e  

g a s  by smal l  q u a n t i t i e s  of  aqueous a b s o r b e n t  i n  a  s p r a y  d r y e r  followed by  

d r y  c o l l e c t i o n  i n  a  baghouse o r  ESP o f  b o t h  t h e  SO2 r e a c t i o n  p r o d u c t s  and 

the p a r t i c u l a t e s .  I n  t h i s  c a s e ,  t h e  a b s o r b e n t  i s  d r i e d ,  t h e  f l u e  g a s  i s  

o n l y  p a r t i a l l y  c o o l e d ,  and r e h e a t  can g e n e r a l l y  b e  avo ided .  

The second d i s t i n c t i o n ,  which a p p l i e s  o n l y  t o  wet t echno logy ,  i s  whether 

t h e  a b s o r b e n t  l i q u i d  c o n ~ a c t i n g  t h c  f l u e  gas i s  a s l u r r y  o r  a  c l e a r  l i q u o r .  

The use  of  s l u r r i e s  g e n e r a l l y  i m p l i e s  a b r a s i o n ,  d e p o ' s i t i o n  and s c a l i n g  a s  

a d d i t i o n a l  o p e r a t i n g  problems. 

F i n a l l y ,  t h e  t h i r d  c l a s s i f i c a t i o n  r e f e r s  t o  t h e  s u i t a b i l i t y  o f  t h e  p r o c e s s  

t o  produce e i t h e r  s u l f u r  o r  s u l f u r i c  a c i d  o r  b o t h .  

With t h i s  ph i losophy  of  c l a s s i f i c a t i o n ,  e l e v e n  r e c o v e r y  FGD p r o c e s s e s  have 

been l i s t e d  i n  E x h i b i t  4. Although t h e  s t a t u s  i s  n o t  i n d i c a t e d ,  e s sen-  

t i a l l y  a l l  have p rogressed  t o  t h e  1 MW e q u i v a l e n t  p i l o t  p l a n t  s i z e  and have 

been r e p o r t e d  i n  t h e  open l i t e r a t u r e .  



I n  o r d e r  t o  r e a s o n a b l y  a d d r e s s  t h e  l a r g e  number o f  p s s i b l e  t echno logy  a l -  

t e r n a t i v e s ,  i t  i s  n e c e s s a r y  t o  e s t a b l i s h  a  l o g i c a l  s e t  of  s e l e c t i o n  c r i -  

t e r i a  which c a n  b e  a p p l i e d  a s  a  s c r e e n i n g  p r o c e d u r e  t o  i d e n t i f y  t h a t  tech- 

o logy  c o n s i d e r e d  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  The s e l e c t i o n  c r i t e r i a  and 

sequence  o f  a p p l i c a t i o n  a r e  l i s t e d  below: 

. P r o c e s s  Development S t a t u s  

a )  S u c c e s s f u l  o p e r a t i o n  of  100  MW e q u i v a l e n t  s i z e  c l a s s  

b) E x i s t e n c e  of  q u a l i f i e d  s u p p l i e r  

P r o c e s s  C a p a b i l i t i e s  and Requirements  

a )  Emiss ion l e v e l  performance c a p a b i l i t y  

b )  Environmental  a c c e p t a b i l i t y  of  p rocess  waste p r o d u c t s  

c )  A c c e p t a b l e  i n t e r f a c e  w i t h  t h e  b a l a n c e  o f  t h e  p l a n t  a . . 
T e c h n i c a l  and Economic F e a s i b i l i t y  

a )  T e c h n i c a l  f e a s i b i l i t y  

b )  Economics o f  inves tment  and o p e r a t i o n  

. c )  Energy r e q u i r a n e n t s  

The a p p l i c a t i o n  o f  t h e  f i r s t  s e l e c t i o n  c r i t e r i a  ( p r o c e s s  Development 

S t a t u s )  i m p l i e s  demonstra ted  c a p a b i l i t y  t o  e n g i n e e r  and d e s i g n  equipment i n  

a  modular s i z e  range  t y p i c a l  of commercial  s i z e d  equipment w i t h o u t  undue 

sc  ale-up.  On1 y  two p r o c e s s e s ,  Wellman-Lord and Magnesia S l u r r y  c a n  b e  

c a t e g o r i z e d  a s  hav ing  been a p p l i e d  commercia l ly .  

The Wellman-Lord p r o c e s s  i s  a  f i r s t - g e n e r a t i o n  r e c o v e r y  FGD p r o c e s s  which 

h a s  been a p p l i e d  i n  t h i s  c o u n t r y  and i n  Japan  f o r  SO2 removal from Claus  

and s u l f u r i c  a c i d  p l a n t  t a i l  g a s e s  and from o i l - f i r e d  power p l a n t  f l u e  

g a s e s  s i n c e  t h e  e a r l y  s e v e n t i e s .  The most r e c e n t  i n s t a l l a t i o n ,  and t h e  

most s i g n i f i c a n t  f o r  t h i s  s t u d y ,  i s  t h e  115 MW u n i t  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  Company's (NIPSCO) Dean H M i t c h e l l  S t a t i o n .  It r e p r e s e n t s  

t h e  f i r s t  c o a l - f i r e d  a p p l i c a t i o n ;  a f t e r  having s u c c e s s f u l l y  completed 

a  shor t - t e rm performance t e s t ,  i t  i s  c u r r e n t l y  undergoing a c a n p r e h e n s i v e  

one y e a r  d e m o n s t r a t i o n  program. I n  a d d i t i o n ,  s e v e r a l  Wellman-Lord sys tems  

a r e  now under c o n s t r u c t i o n  o r  i n  d e s i g n  s t a g e s :  t h r e e  a t  P u b l i c  S e r v i c e  Company 



of New Mexico's San Juan S t a t i o n  (1715 MW t o t a l ) ;  one system a t  the  55 

MW u n i t  a t  Getty Refining C O ' S  Delaware C i ty  coa l - f i r ed  bo i l e r ;  and one 

system a t  a  u n i t  t r e a t i n g  250 000 ACFM of f l u e  gas  from ARC0 Polymer Co's 

coa l - f i r ed  i n d u s t r i a l  b o i l e r .  

The Magnesia (MgO) S l u r r y  Scrubbing Process  i s  a l s o  a  f i r s t - g e n e r a t i o n  recovery 

FGD process.  SO removal i s  achieved by scrubbing with .an aqueous solu- 2  
t i o n  of MgO t o  produce a  by-product s l u r r y  of magnesium s u l f i t e  which i s  

concent ra ted ,  d r i ed  and shipped t o  a  reprocess ing  p lan t  f o r  regenera t ion .  

Magnesium s u l f i t e ,  along with coke. f o r  reduct ion  of any magnesium s u l f a t e , .  

i s  ca lc ined  i n  a  r o t a r y  k i l n  t o  produce SO gas a s  feedstock t o  a  su l -  
2 

f u r i c  acid p l an t  with the  regenerated MgO re tu rned  t o  the absorp t ion  system 

fo r  r euse .  

The Chemico v e r s i o n  of t h e  MgO Process  operated i n t e r m i t t e n t l y  a s  a  150 MW 

prototype on Boston Edison 's  Mystic No. 6 Unit from 1972 t o  1974 for  about 

3000 opera t ing  hours .  Primary problems were of a  m a t e r i a l  handl ing na- e 
t u r e .  Operating time was judged i n s u f f i c i e n t  t o  develop r e l i a b l e  d a t a  on 

r egene ra t ion  and t r a n s p o r t a t i o n  l o s s e s  of reagent .  The p r o j e c t  was term- 

ina ted  i n  1974. The process has a l s o  been t e s t e d  a t  Potomac E l e c t r i c  

Power Company's 95 MW Dickerson No. 3  Un i t .  Operating problems were com- 

' parable  t o  those experienced by Boston Edison. 

The United Engineers '  vers ion  of t h e  MgO process  has  been i n t e r m i t t e n t l y  

t e s t e d  a t  Phi lade lphia  E l e c t r i c  120 MW Eddystone S t a t i o n  from 1974 t o  pre- 

s e n t .  The t e s t  runs have experienced a  mu l t i t ude  of problems of mechanical 

and chemical na tu re .  Pending r e s u l t s  of f u r t h e r  opera t ing  experience,  

Ph i l ade lph ia  E l e c t r i c  intends t o  i n s t a l l  an a d d i t i o n a l  500 MW capac i ty  a t  

t h e  Eddystone and Cromby S t a t i o n s .  

There a r e  t h r e e  MgO process  i n s ~ a l l a t i a n s ~ i n  Japan,  none of which opera te  

s o l e l y  on b o i l e r  f l u e  gas, and f o r  which s p e c i f i c  ope ra t ing  d a t a  have no t  

been published. 



Two p r o c e s s e s ,  Carbon S o r p t i o n  and Copper Oxide ,  have been o p e r a t e d  on a 

p r g t o t y p e  s i z e  s c a l e  (2'0-40 MU) f o r  l i m i t e d  t ime p e r i o d s .  T h e i r  t e c h n i c a l  

v i a b i l i t y  and sca le -up  c a p a b i l i t y  have n o t  been f u l l y  demons t ra ted .  

The C i t r a t e  and Aqueous Carbonate  P r o c e s s e s  have undergone e x t e n s i v e  p i l o t  

p l a n t  development b u t  t h e  i n t e g r a t i o n  o f  t h e  v a r i o u s  s u b p r o c e s s e s  h a s  

no t  been demons t ra ted  a t  t h i s  t i m e .  A comple te  . i n t e g r a t i o n  o f  t h e  C i t r a t e  

P r o c e s s  i s  go ing  t o  be  performed f o r  t h e  f i r s t  t ime a t  S t  J o e  M i n e r a l s  

~ o r p ' s  60 MW G F Weaton c o a l - f i r e d  e l e c t r i c  g e n e r a t i o n  s t a t i o n  now under  

c o n s t r u c t i o n .  Also ,  a program i s  now underway t o  i n t e g r a t e  t h e  Aqueous 

Carbonate  P r o c e s s  on a 100 MW u n i t  a t  t h e  Niagara  Mohawk .Power Corp ' s  

, Hunt ley S t a t i o n  w i t h  o p e r a t i n g  and t e s t i n g  due t o  b e g i n  i n  1980.  

A l l  o t h e r  FGD r e c o v e r y  p r o c e s s e s  a r e  e s s e n t i a l l y  conf ined  t o  p i l o t  p l a n t  

s t a g e  development ( u p  t o  5 MW c a p a c i t y ) .  Design and o p e r a t i n g  d a t a  f o r  

t h e s e  p r o c e s s e s  a r e  n o t  judged adequa te  f o r  scale-up t o  a commercial ly-  

s i z e d  u n i t .  O p e r a t i o n  of  p r o t o t y p e  u n i t s  i s  i m p e r a t i v e  i n  o r d e r  t o  v e r i f y  

t h e i r  t e c h n i c a l  v i a b i l i t y  , 

It i s  a p p a r e n t  from t h e  p reced ing  a n a l y s i s  t h a t '  t h e  a p p l i c a t i o n  o f  t h e  . . 
process  developmental  s t a t u s  s e l e c t i o n  c r i t e r i a  r e d a c e s  t h e  l i s t  o f  FSD re- 

covery p r o c e s s  a l t e r n a t i v e s  t o  two: t h e  Wellman-Lord and t h e  Magnesia 

S l u r r y  Scrubbing P r o c e s s e s .  A more r i g o r o u s  a p p l i c a t i o n  of  t h i s  c r i t e r i o n ,  

namely t h e  s u c c e s s f u l  o p e r a t i o n  o f  a 100 MW e q u i v a l e n t  s i z e  u n i t ,  r a i s e s  

s e r i o u s  d o u b t s  a s  t o  t h e  v i a b i l i t y  of  t h e  magnesia p r o c e s s  a t  i t s  c u r r e n t  

l e v e l  of t e c h n i c a l  development .  According t o  t h e  s t u d y  p repared  by Radian 

C o r p o r a t i o n  f o r  t h e  E l e c t r i c  Power Research ~ n s t i t u t e   valuation of Rege- 

n e r a b l e  F lue  Gas Desul f u r  i z a t i o n  P r o c e s s e s ,  J a n u a r y  1977 1, t h e  magnesia 

s l u r r y  sc rubb ing  p r o c e s s  " s t i l l  f a c e s  many problems bo th  of  a chemical  and 

equipment n a t u r e .  Thus f a r  p r o c e s s  o p e r a t i o n s  have been aimed more a t  ge t -  

t i n g  t h e  p r o c e s s  t o  r u n  a f t e r  i t  h a s  been b u i l t  r a t h e r  t h a n  deve lop ing  t h e  

b a s i c  chemical  k i n e t i c  d a t a  which might h e l p  u n d e r s t a n d i n g  t h e  p rocess" .  

The Radian s t u d y  f u r t h e r  s u g g e s t s  t h a t  more i n v e s t i g a t i o n  b e  c a r r i e d  o u t  i n  

t h e  r e c o v e r y  s e c t i o n  o f  t h e  p r o c e s s  w i t h  r e s p e c t  t o  equipment d e s i g n ,  pre- 

c i p i t a t i o n  c h a r a c t e r i s t i c s  of iqgso3 h y d r a t e s  and d i s s o l u t i o n  r a t e s  o f  r e -  

covered MgO. The low r e l i a b i l i t y  o f  t h e  U S i n s t a l l a t i o n s  s u g g e s t s  t h a t  



t h e  magnesia scrubbing process  needs improvements be fo re  i t  can be appl ied 

on new u n i t s  r e q u i r i n g  a high degree  of r e l i a b i l i t y .  

On t h i s  b a s i s ,  i t  i s  f e l t  t h a t  t h e  Magnesia S l u r r y  Scrubbing be excluded 

f r m  f u r t h e r  c o n s i d e r a t i o n ,  l eav ing  t h e  Wellman-Lord Process  a s  t h e  on ly  

, v i a b l e  a l t e r n a t i v e .  

D .  WELLMAN-LORD PROCESS 

I n  t he  preceding s e c t i o n  i t  was e s t a b l i s h e d  t h a t  t he  Wellman-Lord tech- 

nology i s  t h e  on ly  recovery FGD process  t h a t  has  been adequately demon- 

s t r a t e d  on a commercial s c a l e .   his s e c t i o n  p re sen t s  t he  s a l i e n t  f e a t u r e s  

of t h e  Wellman-Lord Process ,  and i t s  a c c e p t a b i l i t y  i n  terms of t h e  es tab-  

l i shed  t e c h n i c a l  s e l e c t i o n  c r i t e r i a  and environmental c o n s t r a i n t s .  

The informat ion  presented h e r e i n  i s  based on d a t a  furnished by the  devel- 

oper  of t he  Wellman-Lord Process ,  Davy Powergas Inc ,  and on d a t a  a v a i l a b l e  

from open l i t e r a t u r e .  

1. Process  Desc r ip t i on  

The Wellman-Lord Process  i s  based on the  aqueous abso rp t ion  of  SO 2 by 
sodium s u l f i t e  t o  form sodium b i s u l f i t e .  The scrubbing l i q u o r  i s  thermal ly  

regenerated t o  produce an SO2 r i c h  stream which can be  converted i n t o  

s u l f u r i c  ac id  o r  e lemental  s u l f u r .  The regenera ted  absorbent  i s  re turned  

t o  the  absorber .  Sodium s u l f a t e  produced by o x i d a t i o n  i n  t he  absorp t ion  

process  must be purged from the  system. A s o l u t i o n  of soda ash must be 

added i n t o  the  system t o  r ep l en i sh  sodium l o s s e s  r e s u l t i n g  from the  purge 

of sodium s u l f a t e .  

The process  c o n s i s t s  of four b a s i c  func t iona l  subcystems: gas p r e t r e a t -  

ment, SO2 removal, purge t r ea tmen t ,  and absorbent /so2 recovery.  



Gas P re t r ea tmen t  

T h i s  subsystem s e r v e s  two b a s i c  func t ions :  t o  humidify t h e  i n l e t  f l u e  gas  

and t o  e f f e c t  p a r t i c u l a t e  and c h l o r i d e  'removal. The l e v e l  of p a r t i c u l a t e  

removal depends on t h e  type of  p a r t i c u l a t e  removal equipment t h a t  precedes 
' 

t h e  FGD system. A ven tu r i - t ype  prescrubber  e f f e c t s  both t h e  h u m i d i f i c a t i o n  

and s o l i d '  removal f u n c t i o n s .  Continuous purge from the  prescrubber  re- 

c i r c u l a t i n g  loop  i s  r equ i r ed  t o  m a i n t a i n  d e s i r e d  suspended and d i s s o l v e d  

so l . ids  l e v e l s ,  T h i s  b leeds t ream i s  then  rou t ed  to' t h e  waste d i s p o s a l  pond. 

SO2 Removal 

Humidified. g a s  - ( a t  approximate ly  -130 .F) e n t e r s  - t he  absor-pt ion .tower where 

it i-s con tac t ed  with - t h e  r e c i r . c u l a t i n g  sodium s u l f i t e - b i s u l f i t e  s o l u t i o n  t o  

e f f e c t  t h e  r e q u i r e d  SO2 removal. 

The p r i n c i p a l  r e a c t i o n  i n  t h e  absorber  i s  between SO2 i n  t h e  f l u e  gas  and 

sodium s u l f i t e  i n  t h e  absorb ing  s o l u t i o n :  

The. b i s u l f  i r e  an ion  HSO i s  found.-only- i.n s o l u t i o n .  .When .water  i s  re- 3' - 
moved £ran t h e  sodium b i s u l f i t e  s o l u t i o n ,  a  s o l i d  sodium p y r o s u l f i t e  

( N ~ ~ s ~ o ~ )  i s  formed: 

Some o x i d a t i o n  o f  t h e  sodium su l  f i t e  occu r s  by oxygen i n  t h e  f l u e  g a s  and - 

by a b s o r p t i o n  of SO3 £ran t h e  f l u s  gas:  



The sodium s u l f a t e  (Na2S04) must b e  removed from t h e  absorb ing  s o l u t i o n  

i n  . t h e  purge  t r e a t m e n t  a r e a .  

The c l e a n e d  g a s  p a s s e s  th rough  a  m i s t  e l i m i n a t o r  and i s  r e h e a t e d  p r i o r  t o  

b e i n g  d i s c h a r g e d  t o  t h e  a tmosphere .  

P u r e e  Trea tment  

The s p e n t  a b s o r b i n g  s o l u t i o n  l e a v i n g  t h e  a b s o r b e r  i s  s p l i t  i n t o  two 

s t r e a m s :  t h e  main s t r eam i s  pumped t o  t h e  e v a p o r a t o r s  f o r  SO2 r e c o v e r y  

w h i l e  a  s l i p  s t r eam i s  d i r e c t e d  t o  t h e  h i g h  t e m p e r a t u r e  purge  c r y s t a l l i z e r  

f o r  removal of  sodium s u l f a t e  by-product.  I n  t h e  purge  c r y s t a l l i z e r ,  t h e  

s o l u t i o n  i s  h e a t e d  i n  a  s h e l l  and t u b e  exchanger  by condensing low-pressure 

steam. An i n t e r n a l  l i q u i d  s o l i d  s e p a r a t i o n  chamber i s  i n c o r p o r a t e d  i n  t h e  

d e s i g n  i n  o r d e r  t o  m a i n t a i n  a  r e l a t i v e l y  h i g h  s o l i d s  c o n t e n t  i n  t h e  s l u r r y  

p roduc t .  The s l u r r y  i s  fed i n t o  a  c e n t r i f u g e  where most o f  t h e  remaining 

l i q u o r  i s  removed and t h e  r e s u l t a n t  cake i s  d r i e d  by steam i n  a r o t a r y  t y p e  

d r y e r .  The c r y s t a l l i n e  p r o d u c t ,  a  m i x t u r e  of  sodium s u l f i t e ,  sodium s u l -  

f a t e  and smal l  amounts of  sodium t h i o s u l f a t e  and sodium p y r o s u l f a t e ,  i s  

p n e u m a t i c a l l y  conveyed t o  t h e  s u l f a t e  purge  b i n  f o r  s t o r a g e .  The mother 

l i q 1 . m ~  o v e r f l o w  from t h e  purge  c r y s t a l l i z e r  and t h e  c e n t r i f u g e  l i q u o r  i s  

r e c y c l e d  t o  t h e  a b s o r b e r  p roduc t  l i q u o r  s t r eam e n t e r i n g  t h e  e v a p o r a t o r  

loop .  Vent g a s e s  from t h e  d r y e r  a r e  passed through a n  educ to r - type  v e n t  

g a s  sc rubber  t o  remove any remain ing  so2 and d u s t  p a r t i c u l a t e  b e f o r e  d i s -  

cha rg ing  t o  a tmosphere  o r  t o  t h e  i n l e t  f l u e  gas s t rcam.  

Absorbent  SO Recovery 
2 

R e g e n e r a t i o n  and SO2 recovery  i n v o l v e s  a  s i m p l e  r e v e r s a l  of t h e  absorp- 

t i o n  r e a c t i o n  by a d d i t i o n  o f  h e a t :  



However, h igher  temperatures  a l s o  i nc rease  the  formation of sodium thio-  

s u l f a t e  by a  d i s p r o p o r t i o n a t  ion  r eac t ion :  

. . These r egene ra t i on  r e a c t i o n s  occur i n  the  double  e f f e c t  evapora to r .  In  t he  

£ i r s t  e f f e c t ,  t h e  r i c h  absorbing s o l u t i o n  i s  heated i n  a  s h e l l  and tube  ex- 

changer by condensing low-pressure steam, In  t he  second e f f e c t ,  t h e  

s o l u t i o n  i s  heated by condensing overhead vapors from t h e  f i r s t  e f f e c t  

evapora tor  and from the  purge c r y s t a l l i z e r .  I n  t he  evapora to r s ,  which 

ope ra t e  under a  vacuum, SO and H 0  vapors  a r e  r e l ea sed  while 
2  2  

Na2S03 c r y s t a l s  p r e c i p i t a t e  from t h e  s o l u t i o n ;  The s l u r r y  product from 

each evaporator  i s  discharged by g r a v i t y  to t h e  d i s s o l v i n g  tank. Overhead 

SO2 and H20 vapors  from the  evapora tors  a r e  subjected t o  p a r t i a l  con- 

. d e n s a t i o n  t o  remove most of t he  water and thus  concen t r a t e  t h e  SO2. The 

condensate flows t o  t he  s t r i p p e r  f o r  removal of d i s so lved  SO The 
2 ' 

s t r i pped  condensate i s  re turned  t o  t h e  d i s s o l v i n g  tank t o  r e d i s s o l v e  t h e  

Na2S03 c r y s t a l s  and d i s s o l v e  t he  make-up sodium carbonate .  Soda ash i n  

the  d i s s o l v i n g  tank r e a c t s  with sodium b i s u l f i t e  t o  form add i t i ona l  sodium 

The combined regenerated s o l u t i o n  from the  d i s s o l v i n g  tank provides  absor- 

ber  feed.  

The SO2 e x i t i n g  from the  condensers  i s  compressed and cooled by a  r o t a t -  

ing l i q u i d  r i n g  compressor. The r e s u l t a n t  gas - l iqu id  mixture  flows t o  t h e  

knock-out drum where t he  two phases s e p a r a t e .  The SO2 r i c h  (96.5% SO2 

and 3.5% H 0) gas i s  then a v a i l a b l e  f o r  conversion t o  t h e  d e s i r e d  by- 
2  

product  . 



2. P r o c e s s  C a p a b i l i t i e s  

I n  g e n e r a l ,  t h e  Wellman-Lord p r o c e s s  i s  q u i t e  s i m p l e  and c o n s i s t s  of 

u n i t  o p e r a t i o n s  which a r e  unders tood.  It h a s  been  o p e r a t e d  s u c c e s s -  

f u l l y  on d i f f e r e n t  So2 s o u r c e s  and m o d i f i c a t i o n s  a r e  s t i l l  being made 

( p r i m a r i l y  i n  t h e  purge  t r e a t m e n t  a r e a  o f  t h e  p r o c e s s ) .  
. . 

S u l f u r  d i o x i d e  removal e f f i c i e n c i e s  i n  e x c e e s s  o f  90 p e r c e n t  have been 

ach ieved  w i t h  a l l  t h e  o p e r a t i n g  Wellman-Lord FGD Systems.  Removal e f  f i c i -  

e n c i e s  i n  e x c e s s  o f  98 p e r c e n t  have been r e p o r t e d  a t  u n i t s  i n s t a l l e d  i n  

J a p a n ;  t h e y  have exceeded 97 p e r c e n t  a t  s u l f u r i c  a c i d  and Claus u n i t s  i n  

t h e  U S  and 90 p e r c e n t  a t  t h e  a c c e p t a n c e  t r i a l s  completed a t  NIPsCO'S 

. . D H M i t c h e l l  S t a t i o n .  

. .The p r o c e s s  i s  c a p a b l e  of  a c h i e v i n g  h i g h  SO removal l e v e l s  due t o  t h e  2  
r e l a t i v e l y  h i g h  ( a s  compared t o  ca lc ium sc rubb ing  e . g .  ,) a f f i n i t y  o f  sodium 

a t o  absorb  SO2 and by v a r y i n g  t h e  number o f  a b s o r p t i o n  s t a g e s  used i n  t h e  

, .  a b s o r b e r .  L ike  o t h e r  c l e a r  l i q u o r  sc rubb ing  p r o c e s s e s ,  t h e  a b s o r p t i o n  e f -  

e '£ f i c i ency  i s  n o t  l i m i t e d  by t h e  s low d i s s o l u t i o n  of  t h e  a b s o r b e n t  and d o e s  

' . n o t  r e q u i r e  h i g h  LdG's  (L iqu id  t o  Gas r a t i o s l t h a t  a r e  c h a r a c t e r i s t i c  o f  

l ime/  1 ime s t o n e  s l u r r y  s c r u b b i n g .  
@ 

A s  t h e  a b s o r b e r  d o e s  n o t  r e c i r c u l a t e  s l u r r y  and p r e s c r u b b e r .  r e c i r c u l a t i n g  

s l u r r y  o p e r a t e s  a s  a  s e p a r a t e  l o o p ,  s c a l i n g  i n  t h e  SOp a b s o r b e r  h a s  n o t  

been r e p o r t e d  a s  a  problem i n  any Wellman-Lord i n s t a l l a t i o n .  S c a l e - f r e e  

o p e r a t i o n  enhances  t h e  r e l i a b i l i t y  o f  t h e  a b s o r p t i o n  sys tem.  

An impor tan t  c o n s i d e r a t i o n  i n  a d a p t i n g  t h e  Wellman-Lord p r o c e s s  t o  coa l -  

f i r e d  p l a n t s  i s  t h e  removal of  p a r t i c u l a t e  m a t t e r  and c h l o r i d e s  ahead o f  

t h e  a b s o r b e r .  Pr imary removal of f l y a s h  i s  g e n e r a l l y  p rov ided  by an ESP o r  

by a v e n t u r i  o r  t r a y  typc  p rcocrubbcr ,  Rcgardlcoo of what t y p c  o f  pr imary 

r a n o v a l  equipment i s  u s e d ,  a  p r e s c r u b b e r  i s  a lways  r e q u i r e d  t o  humidify  and 

c o o l  t h e  f l u e  g a s  and a l s o  t o  remove c h l o r i d e s  t h a t  canno t  be  t o l e r a t e d  i n  

downstream p r o c e s s i n g .  I n  a  well des igned  p r e s c r u b b e r ,  99+percen t  of  t h e  

c h l o r i d e s  a r e  removed. A s  a  r e s u l t  of  low pH (1-2) c o n d i t i o n s ,  t h e  pre- 

s c r u b b e r  must b e  c o n s t r u c t e d  of a c i d - r e s i s t a n t  m a t e r i a l .  

-26- 



The d e s i g n  a r e a  o f  ma jor  concern  i s  t h e  o x i d a t i o n  o f  t h e  sodium s u l f i t e  t o  

t h e  u n r e a c t i v e  sodium s u l f a t e .  I t s  fo rmat ion  r e q u i r e s  a  purge  f r m  t h e  

a b s o r b e r  t o  m a i n t a i n  t h e  l e v e l  of  r e a c t i v e  sodium s u l f i t e  and t o  reduce  t h e  

p o s s i b i l i t y  of  f o u l i n g  o f  e v a p o r a t o r  s u r f a c e s .  The s u l f a t e  purge  can amount 

t o  5 t o  10 p e r c e n t  o f  t o t a l  s u l f u r  removed which means h i g h e r  make-up c o s t s  
a 

and need t o  d i s p o s e  o f  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  sodium s u l f a t e  

by-product.  At tempts  t o  r educe  o x i d a t i o n  by means o f  o r g a n i c  a n t i o x i d a n t s  

have been abandoned because  o f  h i g h  c o s t .  S e l e c t i v e  removal o f  sodium s u l -  

f a t e  by c h i l l e d - w a l l  c r y s t a l l i z e r s  h a s  been more s u c c e s s f u l ,  r e s u l t i n g  i n  a  

f i v e  t o  s i x - f o l d  d e c r e a s e  i n  t h e  purge  s t r eam.  Th i s  purge  t r e a t m e n t  h a s  

been enployed i n  a 1  1 r e c e n t  Wellman-Lord i n s t a l l a t i o n s  i n c l u d i n g  NIPSCO. 

The l a t e s t  development (proposed f o r  t h i s  p r o j e c t )  i n v o l v e s  t h e  use  o f  

h igh- tempera tu re  purge  c r y s t a l l i z e r s  w i t h  t h e  purpose  o f  r e d u c i n g  energy 

r e q u i r e m e n t s .  T h i s  r e p r e s e n t s  t h e  o n l y  subsystem t h a t  h a s  n o t  been proved 

on commercial s c a l e  a t  t h i s  t i m e .  

D e s p i t e  d e s i g n  improvements, t h e  r e c o v e r y  a r e a  of  t h e  Wellman-Lord p r o c e s s  

r emains  a  major  consumer of  energy a s  s i g n i f i c a n t  amounts o f  steam a r e  re-  - 
q u i r e d  i n  t h e  e v a p o r a t o r s  and SO2 s t r i p p e r s .  The e v a p o r a t o r s  may b e  

e i t h e r  a  s i n g l e  o r  doub le  e f f e c t  type ,  t h e  amount of  SO2 removed b e i n g  

the governing f a c t o r  a f f e c t i n g  t h e  c h o i c e .  

Water make-up i s  r e q u i r e d  t o  r e p l e n i s h  wa te r  l o s s e s  due t o  e v a p o r a t i o n  i n  

t h e  p r e s c r u b b e r ,  l o s s  i n  t h e  product  So2 ,  d r y i n g  of purged s o l i d s  and 

p r e s c r u b b e r  blowdown. The o n l y  s o l i d  waste  e f f l u e n t s  a r e  p r e s c r u b b e r  blow- 

down ( p r i m a r i l y  f l y s s h )  and t h e  sodium s u l f a t e  purge .  The l a t t e r  h a s  o n l y  

l i m i t e d  commercial v a l u e  a l though  t h e  sodium s u l f a t e  purge  s o l i d s  have been 

r e p o r t e d  t o  be  a c c e p t a b l e  f o r  paper  i n d u s t r y  consumption.  Some a d v e r s e  

e n v i r o r p e n t a l  impacts  cou ld  be caused by d u s t  e m i s i s o n s  f rom- the  d r y e r  i n  

t h e  purge  t r e a t m e n t  area. However, a p r o p e r l y  des igned  v e n t  s c r u b b e r  on 

t h e  d r y e r  should  reduce  t h i s  e m i s s i o n  s o u r c e  t o  an i n s i g n i f i c a n t  l e v e l  o r ,  

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

t h e  i n l e t '  f l u e  g a s  s t r eam.  



Turndown (capab i l i ty  of operating a t  lower than design load) o f  the Well- 

man-Lord absorbers is' estimated a t  50 percent which i s  r e l a t i v e l y  high.  

Lower turndowns ( t o  30 percent) are f e a s i b l e  but only a t  the expense of  

pressure drop across  the system. 



Space r e q u i r e m e n t s  f o r  the  equipment a r e  comparable  t o  t h o s e  f o r  o t h e r  

r e g e n e r a b l e  FGD Systems.  However, o n l y  t h e  so2 removal equipment (p re -  

s c r u b b e r s  and a b s o r b e r s )  need be n e a r  t h e  b o i l e r  a r e a  w h i l e  t h e  remainder  

of  t h e  sys tem c a n  be s i t u a t e d  a t  some o t h e r  l o c a t i o n  wi thou t  any major  

c a p i t a l  o r  o p e r a t i n g  c o s t  i n c r e a s e .  

The Wellman-Lord p r o c e s s  can b e  e a s i l y  adap ted  t o  t r e a t  t a i l  g a s e s  from t h e .  

Claus  Uni t  t o g e t h e r  wi th  t h e  main b o i l e r  f l u e  g a s .  The f e a s i b i l i t y  h a s  

been demons t ra ted  a t  NIPSCO where t h e  Claus  t a i l  g a s e s  from t h e  A l l i e d  

Chemical s u l f u r  r e c o v e r y  p l a n t  a r e  fed i n t o  t h e  b o i l e r  f l u e  g a s  ahead o f  

t h e  p r e s c r u b b e r  f o r  SO2 removal.  

I n  t h e  proposed i n s t a l l a t i o n ,  was te  steam from t h e  v a r i o u s  s o u r c e s  o f  t h e  ' 

g a s i f i c a t i o n  p r o c e s s  c a n  be  i n t e r f a c e d  advan tageous ly  wi th  t h e  steam re-  

qu i rements  of  t h e  Wellman-Lord p r o c e s s ,  

I n  summary, t h e  Wellman-Lord p r o c e s s  i s  a  v i a b l e  FGD a l t e r n a t i v e  i n  t e rms  

of SO2 removal c a p a b i l i t i e s  and o v e r a l l  t e c h n i c a l  f e a s i b i l i t y .  

E. AQC SYSTEM CONCEPTUAL DESIGN 

The AQC System d e s i g n  p r e s e n t e d  i n  t h i s  S e c t i o n  i n c l u d e s  a c o l d  s i d e  ESP 

f o r  p a r t i c u l a t e  removal and t h e  Wellman-Lord FGD S y s t a n  f o r  SO2 removal.  

A l t e r n a t e  p a r t i c u l a t e  removal by means of  a  mechan ica l  d u s t  c o l l e c t o r  i s  

a l s o  d e s c r i b e d .  The d e s i g n  i s  c o n c e p t u a l ,  and a l though  r e p r e s e n t i n g  a  

workable  sys tem,  i t  by no means r e f l e c t s  t h e  o p t i m a l  system w i t h  r e s p e c t  

t o  equipment con£ i g u r a t i o n l  s i z i n g ,  p r o c e s s  m a t e r i a l  f low and energy  u t i l i -  

za t i o n .  Design i n f o r m a t i o n  on t h e  We1 lman-Lord p r o c e s s  was o b t a i n e d  from 

0 i t s  d e v e l o p e r ,  Davy Powergas I n c ,  and was suppplemented,  a s  r e q u i r e d ,  by  

d a t a  a v a i l a b l e  from l i t e r a t u r e  s o u r c e s .  It must b e  recogn ized  t h a t  much o f  

t h e  d e t a i l e d  d e s i g n  i n f o r m a t i o n  i n c l u d i n g  i n t e r n a l  m a t e r i a l  f lows and 

equipment s i z i n g  o p t i m i z a t i o n ,  i s  p r o p r i e t a r y  t o  Davy Powergas and w i l l  n o t  

b e  g e n e r a l l y  a v a i l a b l e  u n t i l  t h e  p r o j e c t  advances beyond t h e  c o n c e p t u a l  

s t a g e  and more comprehensive s p e c i f i c a t i o n s  a r e  i s s u e d .  

With r e g a r d  t o  env i ronmenta l  r e q u i r e m e n t s ,  t h e  c o n c e p t u a l  d e s i g n  i s  based  



'on t h e  b e s t  a v a i l a b l e  in format ion .  However, a s  i nd i ca t ed  i n ' s e c t i o n  

111. - B f u r t h e r  ana lyses  w i l l  be  requi red  which may cause des ign  modifi- 

c a t i o n s  inc luding  changes i n  removal e f f i c i e n c y .  

System ' ~ e s c r i ~ t i o n  

F lue  Gas C i r c u i t  

. . 
The AQC System f o r  each steam gene ra to r  c o n s i s t s  of one ( 1 )  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 ,  one (1)  boos t e r  I D  f an ,  and one (1)  FGD t r a i n .  One regenera- 

t i o n  f a c i l i t y  common t o  the two FGD t r a i n s  i s  provided.  The r a t i o n a l e  f o r  

. . providing one t r a i n  f o r  each steam gene ra to r  i s  p red i ca t ed  on re l i -  
a b i l i t y  c o n s i d e r a t i o n s :  i f  any AQC System component of  t h e  t r a i n  becomes 

inope ra t i ve ,  i t  w i l l  s t i l l  be pos s ib l e  t o  t r e a t  a t  l e a s t  50 percent  of  t h e  

t o t a l  f l u e  gas  flow. 

A s  shown i n  Exh ib i t  5  the  modular concept i s  appl ied  a l s o  t o  t he  e n t i r e  

f l u e  gas  c i r c u i t  a s  each steam gene ra to r  i s  d r a f t e d  by means of a  s e p a r a t e  

s e t  of  I D  f a n s .  This  arrangement i s  no t  on ly  a  l o g i c a l  consequence of fur- 

n i sh ing  two 50 percent  steam gene ra to r s  but  a l s o  c o n s i s t e n t  with t he  es tab-  

l i shed  des ign  p r i n c i p l e  s t r o n g l y  favoring an independent d r a f t i n g  mechanism 

per steam gene ra to r .  

The f l u e  gas  from each a i r  h e a t e r  i s  d i r e c t e d  t o  a  co ld  s i d e  ESP where 

99.65 percent  of t he  f l ya sh  i s  removed. Af t e r  l eav iug  t h e  ESP, t h c  f l u c  

gas flows through t w d  p a r a l l e l  I D  f a n s  which d r a f t  t h e  steam gene ra to r ,  t h e  

a i r  h e a t e r  and t h e  ESP. A boos t e r  I D  fan then d e l i v e r s  t h e  f l u e  gas  i n t o  

t he  FGD System and thence t o  t he  s t a c k .  A c ros sove r  plenum between the  two 

t r a i n s  i s  provided a t  t h e  boos t e r  fan i n l e t  permi t t ing  t rea tment  of f l u e  

gas  from e i t h e r  steam gene ra to r  i n  one FGD t r a i n  i n  the  event  the o the r  

t r a i n  i s  i nope ra t i ve .  The t a i l  gas f r m  the  Claus Unit i s  introduced i n t o  

t h e  f l u e  gas  stream a t  the  boos t e r  fan i n l e t .  



Upon leav ing  the  Wellman-Lord absorber  and p r i o r  t o  d i s cha rge  i n t o  the  at-  

mosphere t he  s a t u r a t e d  f l u e  gas  stream i s  rehea ted  t o  170 F  i n  a  mixing 

chamber by in t roduc ing  heated a i r  i n t o  the  wet  gas .  

The ductwork i s  arranged t o  permit '  any o r  a l l  of t h e  f l u e  gas  t o  by-pass 

t h e  FGD System and flow d i r e c t l y  t o  t he  s t a c k .  The by-pass i s  intended f o r  

anergency purposes on ly .  I t s  ' i n c l u s i o n  i n  the des ign  i s  cont ingent  upon 

f u t u r e  governmental r e g u l a t i o n s  t h a t  may p r o h i b i t  t he  usage of by-pass.  

For the  a l t e r n a t e  p a r t i c u l a t e  removal using a  mechanical dus t  c o l l e c t o r ,  

t he  system conf igu ra t i on  i s  i d e n t i c a l ,  except t h a t  t h e  ESP i s  rep laced  

wi th  a  mechanical d u s t  c o l l e c t o r  i n  each f l b e  g a s  t r a i n .  

Rewent/S02 Recovery and Purge Treatment 

Th i s  po r t i on  of t h e  system has a l r e a d y  been descr ibed  i n  Sec t ion  

1 1 1 - D  and i s  shown schemat ica l ly  i n  Exh ib i t  6 . 

Conceptual layout  of t h e  AQC System equipment i s  shown on the p l o t  plan i n  

Exhib i t  7 .  

2. Design Assumptions 

The equipment i s  designed t o  treat the  f l u e  gases  d i scharged  from t h e  

two steam gene ra to r s  ope ra t i ng  a t  115 percent  of MCR (MCR i s  def ined a s  

maximum continuous r a t i n g  cond i t i ons  of t h e  steam gene ra to r s )  and f i r e d  

with coa l  having the  p r o p e r t i e s  a s  shown i n  Exhib i t  1. In  c a l c u l a t i n g  

t he  composition of t h e  f l u e  gas  e n t e r i n g  the  AQC System ( ~ x h i b i t  11,  2 0  

percent  excess  a i r  and 10  percent  a i r  h e a t e r  in-leakage were assumed. 

The composition and flow r a t e s  of t h e  i n c i n e r a t e d  Claus t a i l  gas  a r e  shown 

i n  Exhib i t  8. 

I n l e t  SO2 ~ o n c e n c r a t i o n  was calculaLed on t h e  assumption t h a t  100 percent  

of t h e  coa l  s u l f u r  ( ~ e s i g n  Coal) i s  converted t o  SO2, In c a l c u l a t i *  the 



i n l e t  p a r t i c u l a t e  l o a d i n g  i t  was assumed t h a t  85 p e r c e n t  o f  t h e  c o a l  ash 

( ~ e s i g n  c o a l )  i s  e m i t t e d  a s  f l y a s h  whi le  15 p e r c e n t  i s  c o l l e c t e d  a s  bottom 

a s h .  

The i n l e t  d e s i g n  p a r a m e t e r s  can  b e  summarized a s  f o l l o w s :  

P e r  T r a i n  T o t a l  

(2 b o i l e r s )  

1. ' F l u e  Gas t o  AQC .System* 

( a t  a i r  h e a t e r  e x i t )  

poundslhour  833 ' 500 1 667 000 , 

SCF@* 177 700 355 400 

ACFM @300F and -13 i n  WG 268 300 536 600 

SO2, pounds lh r  4 415 8 830 

ppm by v o l  d r y  3 070 3 070 

P a r t i c u l a t e ,  poundslhr  9 495 18 990 

grains/SCF d r y  7.55 7.55 

2 .  Claus  T a i l  Gas ( i n c i n e r a t e d )  

poundslhr  34 800 

SCFP 6 900 

Soz ! pounds lh r  948 
ppm by "01 d r y  8 625 

* I n c l u d e s  15 p e r c e n t  marg in  o v e r  MCR c o n d i t i o n s  

' SCFM - Standard  Cubic Foot p e r  Minute a t  60 F and 608 i n c h e s  WG. 



3 .  P a r t i c u l a t e  Removal 

The d e s i g n  i n l e t  p a r t i c u l a t e  l o a d i n g  i s  7 .55 g r a i n s l ~ t a n d a r d  Cubic Foot 

( g n s / s ~ F )  d r y  e q u i v a l e n t  t o  14.45 l b s / m i l l i o n  Btu.  As d e s c r i b e d  i n  

S e c t i o n  1 1 1 - B  t h e  e m i s s i o n  l e v e l s  t h a t  t h i s  i n s t a l l a t i o n  w i l l  have t o  

meet a r e  not  f u l l y  d e f i n e d  s i n c e  a p p l i c a b l e  New ' source  Performance 

S t a n d a r d s  (NSPS) have n o t  been promulgated by EPA. Of t h e  two p a r t i -  

c u l a t e  s t a n d a r d s  t h a t  EPA i s  c u r r e n t l y  c o n s i d e r i n g ,  0 .03  and 0.05 

l b / m i l l i o n  Btu ,  t h e  l a t t e r  h a s  been s e l e c t e d  f o r  t h e  purpose  o f  t h i s  s t u d y .  

I n  t h e  event  t h e  lower s t a n d a r d  becomes a p p l i c a b l e ,  e i t h e r  o f  t h e  two 

p a r t i c u l a t e  removal sys tems d i s c u s s e d  i n  t h i s  s e c t i o n  could  be used - how- 

e v e r ,  t h e i r  inves tment  and o p e r a t i n g  c o s t s  would be  h i g h e r .  To a c h i e v e  

0.05 l b / m i l l i o n  Btu e m i s s i o n  l e v e l ,  99.65 p e r c e n t  o v e r a l l  removal emiss ion  

i s  r e q u i r e d  assuming t h e  above i n l e t  p a r t i c u l a t e  l o a d i n g .  

Two a l t e r n a t e  removal sys tems w i l l  be c o n s i d e r e d :  c o l d - s i d e  ESP and 

MDCIVenturi Sc rubber  combina t ion .  

Two ESP's a r e  i n c l u d e d ,  one pe r  f l u e  g a s  t r a i n .  Each p r e c i p i t a t o r  h a s  a  
2 S p e c i f i c  C o l l e c t i o n  Area (scA) of 499 F t  / l o 0 0  ACFM, s u s f a c e  c o l l e c t i o n  

a l r a  of 133,900 I?t2 and i s  c a p a b l e  o f  a c h i e v i n g  t h e  desired removal 

e f f i c i e n c y  o f  99.65 pe rcen t  wi th  1 0  p e r c e n t  o f  t h e  e l e c t r i c a l  bus  s e c t i o n s  

o u t  o f  s e r v i c e .  For  t h e  purpose  o f  t h i s  s t u d y ,  t h e  d i s c h a r g e  e l e c t r o d e s  

a r e  based on t h e  weighted w i r e  d e s i g n ;  t h e  r i g i d  frame d e s i g n  i s  e q u a l l y  

s u i t a b l e  and may b e  c o n s i d e r e d  i n  t h e  f i n a l  d e s i g n .  

It should  be  no ted  t h a t  t h e  ESP i s  des igned  t o  meet t h e  expec ted  NSPS w i t h  

no a d d i t i o n a l  p a r t i c u l a t e  removal r e q u i r e d  i n  t h e  downstream p r e s c r u b b e r .  

J u s t i f i c a t i o n  f o r  t h i s  c o n s e r v a t i v e  approach i s  t h a t  t h e  p a r t i c u l a t e - f r e e  

f l u e  g a s  may b e  ven ted  th rough  t h e  emergency by-pass i n  t h e  even t  t h e  FGD 

system i s  n o t  o p e r a t i o n a l  ( p r o v i d e d  t h a t  a  v a r i a n c e  can b e  o b t a i n e d  f o r  

s h o r t  t ime p e r i o d s ) .  G e n e r a l l y ,  a  v e r y  h i g h  e f f i c i e n c y  ESP p e r m i t s  a  low 

p r e s s u r e  d rop  downstream p r e s c r u b b e r  w i t h  t h e  r e s u l t i n g  lower energy re-  

quirement  t o  d r i v e  t h e  b o o s t e r  I D  f a n s .  I n  t h i s  a p p l i c a t i o n  however, t h e  

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



I f  t h e  requ i rement  t o  meet t h e  NSPS e m i s s i o n  l e v e l  by t h e  ESP a l o n e  is  

waived,  t h e  ESP can  be  u n d e r s i z e d .  For example,  lower ing  t h e  removal e f -  

f i c i e n c y  t o  99 p e r c e n t ,  t h e  s i z e  o f  t h e  ESP i s  reduced by 17 p e r c e n t  (416 

SCA); f o r  90 p e r c e n t  e f f i c i e n c y ,  t h e  s i z e  can b e  reduced by 64 p e r c e n t  (180 

sCA). Impact on inves tment  o f  such r e d u c t i o n s  i s  d i s c u s s e d  i n  S e c t i o n  I V .  

' 

Mechanical  d u s t  c o l l e c t o r s  (MDC) a r e  n o t  c a p a b l e  o f  p a r t i c u l a t e  removal  ef-  

f i c i e n c y  . t o  meet NSPS because  t h e y  a r e  ex t remely  i n e f f e c t i v e  i n  removing 

p a r t i c u l a t e  l e s s  t h a n  10  mic rons .  I n  t h e  lo+. micron s i z e ,  removal e ' ff i-  

c i e n c i e s  o f  95 p e r c e n t  a r e  f e a s i b l e  w i t h  a  p r e s s u r e  d r o p  of 3  inches  W G .  , 

~ y p i c a l l y ,  f l y a s h  from a  p u l v e r i z e d  c o a l - f i r e d  b o i l e r  a v e r a g e s  44 p e r c e n t  

l e s s  t h a n  1 0  mic rons .  Thus, i n  t h e  proposed a l t e r n a t i v e  t h e  MDC i s  ex- 

p e c t e d  t o  remove t h e  b u l k  of  t h e  c o a r s e  p a r t i c l e s ,  w i t h  t h e  remainder  be- 

ing c o l l e c t e d  i n  t h e  p resc rubber  . The mechan ica l  d u s t  c o l l e c t o r  removal 

e f f i c i e n c y  o f  60 p e r c e n t  was assumed ( 3  i n c h e s  W G p r e s s u r e  d rop)  g i v i n g  an 

, i n l e t  l o a d i n g  of 3  ~ ~ S / S C F  d r y  t o  t h e  p r e s c r u b b e r .  V e r i f i c a t i o n  o f  t h e s e  

assumpt ions  w i l l  be r e q u i r e d  once a  d e f i n i t i v e  f l y a s h  p a r t i c l e  s i z e  

d i s t r i b u t i o n  becomes a v a i l a b l e .  

Using t h e  MDC a  99 .23  p c r c e n t  removal e f f i c i e n c y  i n  t h e  p r e s c r u b b e r  i s  

needed ro mreL Llle r e q u i i . d  o v e r a l l  oyotcm cmiccion lelrel nf fl .(I23 gns /  

/SCF d r y  ( 0 . 0 5  l b / m i l l i o n  ~ t u )  . Davy Powergas have i n d i c a t e d  t h a t  a 12 

inch W G p r e s s u r e  d r o p  a c r o s s  t h e  p r e s c r u b b e r  i s  needed t o  remove ch lo -  

r i d e s  from t h e  f l u e  g a s  and t h a t  no a d d i t i o n a l  p r e s s u r e  d r o p  i s  r e q u i r e d  

t o  r educe  t h e  p a r t i c u l a t e s  t o  t h e  0.023 g n s / ~ C ~  d r y  l e v e l .   his seems t o  

b e  a  somewhat o p t i m i s t i c  a s sumpt ion  c o n s i d e r i n g  t h e  predominance of  s m a l l ,  

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

Based on E b a s c o ' s  e x p e r i e n c e ,  a  p r e s s u r e  d r o p  i n  t h e  range  o f  15-18 i n .  W G 

would b e  a more r c o l i c t i c  e s t i m a t e .  Hnwever f o r  t h e  purpose  o f  t h i s  con- 

c e p t u a l  d e s i g n  and i n  t h e  absence o f  b e t t e r  i n f o r m a t i o n  a s  t o  t h e  charac-  

t e r i s t i c s  of  t h e  f l y a s h ,  t h e  lower p r e s s u r e  d r o p ,  a s  proposed by Davy 

Powergas, w i l l  b e  used.  

The use  o f  MDC r e q u i r e s  t h a t  I D  f a n s  and b o o s t e r  f a n s  be  o f  s p e c i a l  con- 

s t r u c t i o n  t o  penn i t  p r o c e s s i n g  f l u e  g a s  having r e l a t i v e l y  h i g h . p a r t i c u l a t , e  

c o n c e n t r a t i o n .  Compared t o  f a n s . h a n d l i n g  v e r y  c l e a n  f l u e  g a s  ( i f  ESP 



i s  u s e d ) ,  t h e  f a n s  fo l lowing  t h e  MDC's 'wil l  be  l e s s  e f f i c i e n t  and w i l l  
e r e q u i r e  f r e q u e n t  r ep lacement  o f  l i n e r s  due t o  t h e  e r r o s i v e  e f f e c t  o f  f ly -  

a s h .  I n  g e n e r a l ,  t h e i r  o v e r a l l  o p e r a t i n g  r e l i a b i l ' i t y  can b e  expected t o  

be p o o r e r .  

Major d e s i g n  pa ramete r s  o f  t h e  two a1 t e r n a t e  p a r t i c u l a t e  removal sys tems 

a r e  p resen ted  i n  E x h i b i t  9. 

4 .  SO2 Removal 

The r e q u i r e d  SO2 removal a p p l i c a b l e  t o  t h i s  i n s t a l l a t i o n  i s  l i k e w i s e  con- 

t i n g e n t  on t h e  f i n a l  p r a n u l g a t i o n  o f  NSPS by EPA and t h e  r e s u l t s  o f  a s i t e  

s p e c i f i c  env i ronmenta l  e v a l u a t i o n .  SO2 removal e f f i c i e n c y  o f  90 p e r c e n t  

i s  assumed i n  t h i s  s t u d y .  

The t o t a l  ,SO2 c o n t e n t  i n  t h  f l u e  g a s  e n t e r i n g  t h e  FGD system i s  a s  

fo l lows  : 

I n  B o i l e r  F lue  Gas: 8  830 l b s / h r  (6 .72  l b s / m i l l i o n  ~ t u )  

I n  Claus  T a i l  Gas: 1 895 l b s / h r  

T o t a l  1 0  725 l b s / h r  

Cons ide r ing  t h e  e m i s s i o n s  i n  t h e  b o i l e r  f l u e  g a s  o n l y ,  n i n e t y  p e r c e n t  r e -  

moval e f f i c i e n c y  w i l l  r e s u l t  i n  so2 emiss ion  l e v e l  of 0.67 l b s / m i l l i o n  

BLu - approx imate ly  44 p e r c e n t  below t h e  c u r r e n t  maximum a l l o w a b l e  NSPS 

l i m i t  of 1 .2  l b s / m i l l i o n  Btu.  

To a c h i e v e  t h e  r e q u i r e d  SO r e d u c t i o n  Davy Powergas proposes  a  3  - s t a g e  
2  

a b s o r p t i o n  sys tem.  The f l u e  g a s  from t h e  p r e s c r u b b e r  f lows upward and i s  

c o n t a c t e d  w i t h  t h e  r e c i r c u l a t i n g  absorb ing  s o l u t i o n  a t  each s t a g e  which i n  

the prsposcd d e s i g n  i s  a v a l v e  t r a y .  Each t r a y  i s  i n d i v i d u a l l y  r e c i r c u l a t -  

ed t o  m a i n t a i n  adequa te  f low f o r  good h y d r a u l i c  . c h a r a c t e r i s t i c s  and s u f f i -  

c i e n t l y  l a r g e  L / G  r a t i o  ( e s t  1 . 7  gpm/1000 ACFM) f o r  e f f i c e n t  mass t r a n s f e r .  

The s o l u t i o n  on t h e  bottom t r a y  over f lows  i n t o  t h e  bottom s e c t i o n  o f  t h e  

a b s o r b e r  and thence  pumped t o  t h e  a b s o r b e r  product  s u r g e  t ank .  The t o p  

s t a g e  ( t r a y )  i s  fed w i t h  t h e  r e g e n e r a t e d  s o l u t i o n  which i s  pumped from t h e  



a b s o r b e r  feed s u r g e  t a n k .  The a b s o r b e r  i s  a  c o n c r e t e  t i l e d  tower ( 2 0  f t  by  

20 f t  and 60 f t  h i g h )  w i t h  t h e  t r a y s  c o n s t r u c t e d  o f  316 s t a i n l e s s  s t e e l .  

A s  p r e v i o u s l y  i n d i c a t e d ,  t h e  Wellman-Lord p r o c e s s  i s  c a p a b l e  o f  SOq re- 

moval e f f i c i e n c y  i n  e x c e s s  o f  90 p e r c e n t  w i t h  o n l y  m o d e r a t e ' i m p a c t  on c a p i -  

t a l  c o s t .  

The p r e s s u r e  d r o p  a c r o s s  each a b s o r p t i o n  s t a g e  i s  3  i n c h e s  W G and a c r o s s  

t h e  e n t i r e  a b s o r p t i o n  system i n c l u d i n g  t h e  m i s t  e1iminato.r  and ductwork i s  

e s t i m a t e d  a t  15 i n c h e s  W G .  

Major equipment proposed f o r  t h e  Wellman-Lord P r o c e s s  is ,  l i s t e d  i n  E x h i b i t  
. . 1 0 .  

5 .  Reheat  o f  S c r u b b e r  F l u e  Gases  

When a  wet s c r u b b e r  i s  i n s e r t e d  between t h e  a i r  h e a t e r  and s t a c k ,  t h e  f l u e  

g a s  e x i t i n g  t h e  sc rubber  i s  h u m i d i f i e d  and cooled . t o  i t s  s a t u r a t i o n  tem- 

p e r a t u r e .  Discharge  of  t h e  wet g a s  t o  t h e  s t a c k  produces  w a t e r  condensa- 

. . t i o n  and c o r r o s i o n  i n  downstream equipment and impaired s t a c k  plume r i s e  

due t o  lower g a s  buoyancy. To c o r r e c t  t h e s e  u n d e s i r a b l e  a s p e c t s  o f  wet 

s c r u b b i n g ,  t h e  t r e a t e d  f l u e  g a s  i s  normal ly  r e h e a t e d  t o  a  t empera tu re  above 

i t s  dewpoin t .  However, t h e r e  i s  s i g n i f i c a n t  economic p e n a l t y  a s s o c i a t e d  

wi th  g a s  r e h e a t ,  p a r t i c u l a r l y  i n  t e rms  of  h i g h  energy r e q u i r e m e n t s . .  For  

t h i s  r e a s o n  and a l s o  s i n c e  t h e  f u n c t i o n  and l e v e l  of r e h e a t  a r e  n o t  c l e a r l y  a 
d e f i n e d  a l t e r n a t e  approaches  o t h e r  t h a n  r e h e a t i n g  a r e  b e i n g  c u r r e n t l y  

c o n s i d e r e d .  Most prominent o f  t h e s e  a l t e r n a t i v e s  i s  no r e h e a t  a t  a l l ,  

t h a t  i s ,  o p e r a t i n g  under wet s t a c k  c o n d i t i o n s  which n e c e s s i t a t e  s p e c i f i c  

c o n s i d e r a t i o n  a s  t o  t h e  s t a c k  d e s i g n  ( l o w  v e l o c i t y  s t a c k )  and t h e  s e l e c t i o n  

of c o r r o s i o n  r e s i s t a n t  d u c t  l i n i n g  m a t e r i a l s .  A non-reheat  a l t e r n a t i v e  

could  be c o n s i d e r e d  f o r  t h e  proposed d e s i g n  a s  a d d i t i o n a l  e x p e r i e n c e  i s  

gained on FGD i n s t a l l a t i o n s  based on t h i s  d e s i g n .  However; f o r  t h e  purpose  

of t h i s  c o n c e p t u a l  d e s i g n ,  f l u e  g a s  r e h e a t  i s  b e i n g  proposed w i t h  t h e  

unders tand ing  t h a t  i t  may b e  modi f i ed  i n  t h e  f i n a l  d e s i g n .  



F l u e  g a s  can b e  r e h e a t e d  i n  s e v e r a l  ways. Reheat  methods c u r r e n t l y  i n  use  

i n c l u d e  : 

1. D i r e c t  i n - l i n e  r e h e a t  - us ing  steam o r  h o t  wa te r  h e a t  exchangers .  

2 .  D i r e c t  combust ion r e h e a t  - us ing  g a s  o r  o i l  i n  e i t h e r  i n - l i n e  bur- 

n e r s  o r  e x t e r n a l  combust i o n  chambers. 

3 .  I n d i r e c t  h o t  a i r  r e h e a t  - u s i n g  steam t o  h e a t  a i r  t o  mix w i t h  t h e  

wet g a s .  

4. Bypass r e h e a t  - bypass ing  a  p o r t i o n  o f  t h e  u n t r e a t e d  h o t  f l u e  g a s  t o  

mix wi th  t h e  t r e a t e d  g a s .   his method i s  n o t  a p p l i c a b l e  on h i g h  

s u l f u r  c o a l s  when 90 p e r c e n t  removal i s  r e q u i r e d  because  bypass  i s  

not  f e a s i b l e ) .  

The i n d i r e c t  h o t  a i r  r e h e a t  method h a s  been s e l e c t e d  f o r  t h i s  d e s i g n ,  des- 

p i t e  i t s  r ecogn ized  h i g h e r  energy r e q u i r e m e n t s  a s  compared t o  t h e  o t h e r  r e -  

. , h e . a t  methods,  because  o f  i t s  demonstra ted  r e l i a b i l i t y .  I n  t h i s  method,  t h e  

h e a t  t r a n s f e r  s u r f a c e s  a r e  no t  exposed t o  t h e  s a t u r a t e d  f l u e  g a s  s t r eam 

which has  been a  major  s o u r c e  o f  o p e r a t i n g  problems ( t u b e  c o r r o s i o n  and 

s o l i d s  bui ld-up)  on i n s t a l l a t i o n s  us ing  d i r e c t  i n - l i n e  r e h e a t e r s .  The ma- 

j o r  problems w i t h  d i r e c t  combust i o n  r e h e a t  have been a t t r i b u t e d  t o  f a i l u r e s  

. . due t o  v i b r a t i o n  f a t i g u e  and flame i n s t a b i l i t y .  Another  d i s a d v a n t a g e  i s  

t h e  need f o r  a u x i l i a r y  f u e l s  which eoulcl Lt! ia'short supply .  

I n  t h e  s e l e c t e d  r e h e a t  method,  ambient  a i r  i s  r e h e a t e d  t o  300 F th rough  

condensing steam i n  a  h e a t  exchanger which i s  t h e n  i n j e c t e d  i n t o  t h e  f l u e  

g a s  i n  a  mixing chamber r a i s i n g  t h e  t e m p e r a t u r e  t o  170 F. ( a p p r o x i m a t e l y  

4 0  F above t h e  f l u e  g a s  dew p o i n t  which i s  c o n s i s t e n t  wi th  t h e  l e v e l  o f  r e -  

h e a t  c u r r e n t l y  advocated by EPA and c h a r a c t e r i s t i c  of r e h e a t  sys tems now i n  

o p e r a t i o n ) .  Because t h e  h e a t  exchanger i s  o u t s i d e  t h e  wet f l u e  g a s  d u c t ,  

c o r r o s i o n  and f o u l i n g  problems a r e  v i r t u a l l y  e l i m i n a t e d .  However, a s  a 

r e s u l t  of  e x t e r n a l  r e h e a t ,  t h e  energy requ i rement  i s  more t h a n  doubled a s  

canpared t o  the d i r e c t  i n - l i n e  r c h e s t  method,  and the d i a m e t e r  o f  t h e  



s t a c k  i s  i n c r e a s e d  t o  accommodate t h e  a d d i t i o n a l  h o t  a i r  f low.  The h o t  

a i r  i n j e c t i o n  r e h e a t  sys tem i s  shown s c h e m a t i c a l l y  i n  E x h i b i t  5. 

6.  S t a c k  Design 

The r .eheated f l u e  g a s e s  from each FGD t r a i n  recombine and e n t e r  t h e  s t a c k  

th rough  a  common b r e e c h i n g .  T h i s  c o n c e p t u a l  d e s i g n  assumes a  h i g h - v e l o c i t y  

s t a c k  ( e x i t  g a s  v e l o c i t y  o f  90 F t / s e c )  and one f l u e  l i n e r  ( 1 1 . 4  F t  i n  d ia -  

m e t e r )  des igned  f o r  a  g a s  f ldw of 548,000 ACFM @ 170  F  and l i n .  W G .  Ad- 

d i t i o n a l  e n t r y  i s  provided f o r  t h e  emergency b y p a s s .  The f l u e  l i n e r  i s  o f  

s t e e l  c o n s t r u c t i o n  and c o a t e d  wi th  a  s u i t a b l e  c o r r o s i o n  r e s i s t a n t  m a t e r i a l  
. . t o  p rov ide  p r o t e c t i o n  a g a i n s t  p o t e n t i a l  a c i d  a t t a c k .  I n  v iew of  t h e  re-  

c e n t l y  r e p o r t e d  f a i l u r e s  of  a c i d - r e s i s t a n t  c o a t i n g s ,  p a r t i c u l a r l y  a t  tempe- 

r a t u r e s  above 200 F ,  i t  i s  sugges ted  t h a t  a l t e r n a t e  m a t e r i a l s ,  such a s  a c i d  

b r i c k  l i n i n g ,  b e  c o n s i d e r e d  i n  t h e  f i n a l  s t a c k  d e s i g n .  Also ,  a  quench sys- 

tem may b e  n e c e s s a r y  t o  c o o l  t h e  f l u e  g a s  d u r i n g  h i g h  t e m p e r a t u r e  excur-  

s i o n s  (above 200 F ) .  For t h e  purpose  o f  t h i s  c o n c e p t u a l  d e s i g n ,  a  s t a c k  , 

h e i g h t  o f  300 F t .  was assumed. 

7 .  O v e r a l l  M a t e r i a l  Ba lance  

Major flows e n t e r i n g  and l e a v i n g  t h e  AQC System a r e  shown s c h e m a t i c a l l y  i n  

E x h i b i t  11 and f u r t h e r  d e s c r i b e d  i n  E x h i b i t  12". M a t e r i a l  b a l a n c e s  were 

performed us ing  t h e  d e s i g n  pa ramete r s  d e f i n e d  e a r l i e r  i n  t h i s  S e c t i o n  and 

on t h e  d a t a  f u r n i s h e d  by Davy Powergas. I n l e t  f l u e  gas  flow r a t e s  were 

e s t a b l i s h e d  on t h e  s s sumpt ion  t h a t  t h e  steam g e n e r a t o r s  a r e  o p e r a t i n g  a t  

MCR c o n d i t i o n s  ( n o  d e s i g n  marg ins  a p p l i e d ) .  

* For  sake of  c l a r i t y ,  o n l y  t h e  ESP a l t e r n a t i v e  f lows a r e  shown. 



The AQC System yields five major streams leaving the system: SO2 product, 

sodium sulfate purge, prescrubber flyash/chloride purge, flyash collected 

in ESP/MDC and treated flue gas. 

On the basis of 90 percent SO2 removal in the Wellman-Lord Process, 

approximately 86 percent of the inlet sulfur is converted to the.usefu1 

SO2 product and about 4 percent is lost as a result of the sodium sulfate 

purge. In order to replenish this loss, 660 lbslhr of Na2 COj must be 

added into the system as make-up. 

. . Another important make-up stream is water which must be added to replenish 

. evaporative loss in the prescrubber, the prescrubber flyash/chloride purge, 

and the water- leaving the system with the SO product stream. The fol- 2 
lowing fresh water makeup is indicated: 

Fresh Water Make-up, gpm 

Evaporative Loss 142 

Prescrubber Purge 6 3** 

SO Product 1 
2 

Make-up ' 206 

Additional water may be required to provide flush water for pump seals i n  

the Wellman-Lord Proc.ess. On the other hand, the total fresh water make-up 

may be reduced in the final design, if the water in the prescrubber purge 

i s  tecyc1,ed from the waste disposal pond back to the system. The feasibi- 

lity of the recycle will be contingent on the overall water management (now 

being evaluated by Ebasco) of the waste disposal pond that would yield an 

acceptable water quality in the recycle stream with respect to dissolved 

solids, particularly the chlorides. 

**  res scrubber purge would be increased to 286 gpm for the 
~ ~ ~ / ~ r e s c r u b h e t  alternative due to higher amounts of fly ash removed. 



8. Energy Requirements 

The fol lowing energy requirements  have been considered:  

- Energy needed t o  d r i v e  t he  I D  fans  and t h e  boos t e r  fans .  

- Energy a s soc i a t ed  wi th  t h e  ope ra t i on  of t h e  pa r t i ' cu l a t e  removal 

equipment, and t h e  Wellman-Lord Process .  

- Energy requi red  t o  r e h e a t  t h e  t r e a t e d  f l u e  gas.  

'The  I D  fans  d r a f t  t h e  b o i l e r s ,  a i r  h e a t e r s  and t h e  p a r t i c u l a t e  removal 

'. : equipment. For t h e  ESP a l t e r n a t i v e  which has an o v e r a l l  p r e s su re  drop of 

14 i n .  WG, t h e  e l e c t r i c  power requirements  f o r  t h e  I D  f ans  a r e  es t imated  

t o  be 880 kW. I n  t h e  MDC des ign ,  t he  fan power requirements  a r e  increased  

to  1350 kW because t h e  o v e r a l l '  system p re s su re  drop i s  h ighe r  (17 in .  WG) 

and t h e  f an  e f f i c i e n c y  i s  lower due t o  g r e a t e r  p a r t i c u l a t e  load ing  i n  t h e  
. . 

gas.  

The boos t e r  fans d e l i v e r  t h e  f l u e  gases  through t h e  FGD System i n t o  t he  

s t ack .  The r equ i r ed  pressure  drop (based on information furn ished  by Davy 

powergas) i s  27 i n .  WG r e g a r d l e s s  what equipment- i s  used f o r  primary par- 

t i c u l a t e  removal because t he  p re s su re  drop ac ros s  t he  prescrubber  is  con- 

t r o l l e d  by ch lo r ide  removal. However, s i nce  t h e  boos te r  fans  fol lowing t h e  

MDC's have a lower e f f i c i e n c y  a s  compared t o  those  fol lowing t h e  ESP (due 

t o  h igher  p a r t i c u l a t e  loading i n  t h e  f l u e  g a s ) ,  t he  energy requi red  t o  

d r i v e  them i s  somewhat h igher .  The fol lowing power requirements  a r e  

i nd i ca t ed :  1650 kW (ESP used) and 1770 kW (MDC used).  

T o t a l  ope ra t i ng  power consumption a t t r i b u t a b l e  t o  ESP i s  es t imated  a t  800 

kW. This  inc ludes  t r a n s f o r m e r / r e c t i f i e r  s e t s ,  hopper h e a t e r s ,  rappers  and 

dampers. No e l e c t r i c a l  energy i s  consumed by t h e  MDC. 

The t o t a l  power requirements  f o r  t h e  Wellman-Lord Process  (excluding t h e  

gas r e h e a t )  have been es t imated  a t  1530 kW. Breakdown f o r  i nd iv idua l  

equipment i s  not  a v a i l a b l e  but  i t  i s  assumed t h a t  t h e  evapora tor  



r e c i r c u l a t i n g  pumps a r e  t h e  m a j o r  u s e r s  o f  e l e c t r i c a l  power i n  t h e  Wellman- 

Lord P r o c e s s .  

Steam r e p r e s e n t s  t h e  major  energy  r e q u i r e m e t  i n  t h e  Wellman-Lord P r o c e s s .  

By f a r  t h e  l a r g e s t  u s e r s  o f  steam a r e  t h e  d o u b l e - e f f e c t  e v a p o r a t o r s ;  o t h e r  

s m a l l e r  u s e r s  a r e  t h e  So2 s t r i p p e r s ,  purge  c r y s t a l l i z e r s  and d r y e r s ,  A l l  

b u t  t h e  ' d r y e r s  r e q u i r e  low p r e s s u r e  (25  p s i g  max.) steam. S ince  t h e  l o w e s t  

p r e s s u r e  steam a v a i l a b l e  from t h e  g a s i f i c a t i o n  p r o c e s s  i s  a t  50 p s i g ,  i t  

h a s  been proposed by Davy Powergas t o  use  s u p e r h e a t e d  steam f r a n  t h e  a v a i l -  

a b l e  230 p s i g  h e a d e r .  T h i s  steam would be  used t o  d r i v e  t h e  b o o s t e r  f a n s  

w i t h  t h e  t u r b i n e  d i s c h a r g i n g  steam a t  25 p s i g .  The energy  remaining i n  t h e  

t u r b i n e  exhaus t  steam would then  be  u t i l i z e d  i n  t h e  e v a p o r a t o r s ,  
S02 

s t r i p p e r s  and purge  c r y s t a l l i z e r s .  

F o r  t h e  purpose  of  t h i s  s tudy ,  i t  i s  assumed t h a t  t h e  t u r b i n e  w i l l  be  o f  

such  d e s i g n  t h a t  s u f f i c i e n t  steam w i l l  b e  exhausted t o  meet t h e  Wellman- 

Lord P r o c e s s  low-pressure  steam r e q u i r e m e n t s  which Davy Powergas e s t i m a t e  

t o  b e  81,000 l b s l h r .  Assuming t h a t  steam a t  230 p s i g  and 540 F  i s  used t o  

d r i v e  t h e  b o o s t e r  I D  f a n s  and s a t u r a t e d  steam a t  25 p s i g  i s  exhaus ted  by 

t h e  fan  t u r b i n e s ,  t h e  fo l lowing  energy r e q u i r e m e n t s  a r e  i n d i c a t e d  : 

I 
Energy Requirement 

To d r i v e  t h e  b o o s t e r  I D  Fans  

wellman-Cord Process  - 81 . 2  

T o t a l  90.6  

F o r  s t a c k  g a s  r e h e a t ,  approx imate ly  36 MM ~ t u / ~ r  (39,500 l b l h r  steam a t  230 

p s i g ,  540 F) w i l l  b e  needed t o  r a i s e  t h e  s t a c k  g a s  e x i t  t empera tu re  t o  170 

F.  An a d d i t i o n a l  140 kW w i l l  be r e q u i r e d  t o  d r i v e  t h e  g a s  r e h e a t  a i r  f a n s .  

o p e r a t i n g  energy r e q u i r e m e n t s  f o r  t h e  two proposed AQC, sys tem a l t e r n a t i v e s  a r e  

summarized a s  fo l lows  : 



ESP ' kW 

I D  Fans kW 

Wellman-Lord kW 

Gas Reheat A i r  Fans kW 

To ta l  kW 

Steam @230 ps ig ,  540 F 

Booster I D  Fans MM Btu/Hr 

Wellman-Lord a B t u / ~ r  

Gas Reheat MM Btu/Hr 

Tota l  MM Btu/Hr 

Lbs / H r  121,300* 121,300" 

It i s  imperat ive t h a t  a  more comprehensive energy op t imiza t ion  s tudy be 

performed when a  more d e t a i l e d  process  proposal i s  rece ived  from Davy 

Powergas. 

Claus Unit I n t e r f a c e  

Assuming t h a t  t h e  SO product from t h e  Wellman-Lord Process  i s  fed t o  t h e  
2 

Claus Unit ,  t he  ope ra t i on  of t h e  FGD system must be i n t e g r a t e d  with t h a t  of 

t h e  g a s i f i c a t i o n  process.  Of primary concern i s  t h e  p o t e n t i a l  mismatch i n  

t h e  opera t ing  t i m e  of t he  steam genera tor  and t h e  Claus Unit .  For example, 

dur ing  cold s t a r t -up  a t  l e a s t  one of t h e  steam gene ra to r s  w i l l  have t o  be 

on l i n e  t o  provide steam f o r  d r i v i n g  the  process  compressor t u r b i n e s  while  

t h e  Claus Unit  w i l l  not be s t a r t e d  as  y e t .  Obviously, t h e  chemical re- 

covery po r t i on  of t he  Wellman-Lord system cannot ope ra t e  but the  abso rp t ion  

system must t r e a t  t he  f l u e  gases .  Consequently,  t he  Absorber Product and 

* It i s  est imated t h a t  approximately 118,350 Lbs/Hr of condensate (210 F)  

w i l l  be a v a i l a b l e  fo r  r e t u r n  back i n t o  t he  thermal cyc le .  The conden- 

s a t e  used i n  d i s s o l v i n g  t h e  sodium carbonate  makeup i s  not  included i n  

t h i s  amount. 



Absorber Feed Tanks, located upstream and downstream of the chemical re- 

. covery plant, need to be of sufficient capacity to sustain the operating 
requirements of the absorption system. In the conceptual design both tanks 

are sized to provide a.surge capacity of 461,000 gallons (equivalent to de- 

sign flow rate for 48 hours, one boiler operating). 

At design condition, the SO2 product mass flow rate is 9,210 lb/hr (100% 

so2). In order to maintain the proper H2S to SO2 feed stoichiometry, 

some modification in the Claus Unit design may be required to accommodate 

the iqcreased SO2 input. 

As previously indicated, the Wellman-Lord FGD System is designed to treat 

Claus Unit Tail Gases (CUTG). For the purpose of this study it has been 

assumed that CUTG's are introduced at the AQC System battery limits after 

they have been incinerated and cooled from the design temperature of 1400 F 

to 300 F in a waste heat boiler. This simplifying assumption may prove un- 

workable because at 300 F the CUTG may be below the acid dewpoint and thus 

provide a corrosive atmosphere in the ductwork. Humphreys & Glasgow have 

been requested to determine the CUTG dewpoint and the allowable temperature 

may have to be modified based on their findings. Higher CUTG temperature 

would cause a slight increase in the inlet temperature to the FGD system 

and a corresponding increase in the evaporative loss in the prescrubber. 

Some consideration has been given to utilizing the thermal energy in CUTG 

for reheating the flue gases exiting the Wellman-Lord absorber. Direct gas 

to gas heat exchanger is deemed impractical because a very large heat ex- 

change surface area would be needed. Also potential corrosion problems may 

arise. The feasibility of using the steam generated in the waste heat boi- 

ler as a supplementary source for the Wellman-Lord Process steam require- 

ments warrants further consideration and this alternative should be evalua- 

ted in the framework of future heat optimization studies. 



Another a l t e r n a t i v e  t h a t  h a s  been c o n s i d e r e d  b u t  n o t  e v a l u a t e d  f u l l y  

e n t a i l s  i n c i n e r a t i o n  of t h e  CUTG d i r e c t l y  i n  t h e  steam g e n e r a t o m .  Pre-  

l i m i n a r y  d i s c u s s i o n s  wi th  one steam g e n e r a t o r  s u p p l i e r  i n d i c a t e  t h a t  

d i r e c t  i n c i n e r a t i o n  may y i e l d  NO, e m i s s i o n s  i n  t h e  f l u e  g a s e s  above 

a c c e p t a b l e  l e v e l s .  However, w i t h  some m o d i f i c a t i o n  i n  t h e  f u r n a c e  d e s i g n ,  

t h i s  a p p a r e n t  problem should  be overcome and it i s  sugges ted  t h a t  d i r e c t  

i n c i n e r a t i o n  be e v a l u a t e d  i n  more d e t a i l  because  i t  o f f e r s  s i m p l i c i t y  and 

p o s s i b l e  economic advantage o v e r  t h e  e x t e r n a l  i n c i n e r a t i o n  method. 

1 0 .  P roduc t  Convers ion 

The SO2 produc t  r ecovery  i s  9210 l b / h r  (100% b a s i s )  a t  d e s i g n  c o n d i t i o n s .  

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

R e l a t i v e l y  minor p r o c e s s i n g  s t e p s  a r e  needed f o r  c o n v e r s i o n  t o  e i t h e r  by- 

p r o d u c t .  However, a s  p r e v i o u s l y  i n d i c a t e d ,  m o d i f i c a t i o n  i n  t h e  d e s i g n  of  

t h e  Claus  U n i t  may be  r e q u i r e d  i n  t h e  e v e n t  c o n v e r s i o n  t o  s u l f u r  i s  

con templa ted .  

Any steam produced i n  t h e  SO2 c o n v e r s i o n  f a c i l i t i e s  h a s  n o t  been con- 

s i d e r e d  i n  de te rmin ing  t h e  energy  r e q u i r e m e n t s  f o r  t h e  AQC System. 

11. Scale-down - - t o  Demonstra t ion U n i t  S i z e  

E c c e n t i a l l y  t h e  c o n f i g u r a t i o n  of t h e  Commercial Uni t  AQC System i s ,  

a d a p t a b l e  t o  t h e  D e m ~ n s t r a t i o n  Unit .  s i z e .  Scale-down of t h e  Wellman-Lord 

subsystems shou ld  be s t r a i g h t f o r w a r d  s i n c e  t h e  equipment used i s  n o t  

unusua l  and t h e  scaledown f a c t o r s  a r e  w e l l  d e f i n e d .  S i n c e  t h e  t o t a l  amount 

of SO2 removed w i l l  be l e s s ,  s i n g l e - e f f e c t  r a t h e r  t h a n  d o u b l e - e f f e c t  

e v a p o r a t o r s  may be t h e  economic c h o i c e  i n  t e rms  of t r a d e - o f f  between 

c a p i t a l  inves tment  and stcam c o s t  . 

While t h e  lower g a s  f low would i n d i c a t e  a  s i n g l e  module a b s o r p t i o n  sys tem,  

turn-down and r e l i a b i l i t y  c o n s i d e r a t i o n s  would f a v o r  m a i n t a i n i n g  a two- 

module ar rangement .  



F. Risk  F a c t o r s  

Each subsystem of t h e  proposed AQC System h a s  been a p p l i e d  on commercial 

s c a l e  u n i t s .  However, t h e r e  have been and s t i l l  a r e  problems a s s o c i a t e d  

wi th  AQC Systems.  With i n c r e a s e d  e x p e r i e n c e ,  s i g n i f i c a n t  p r o g r e s s  h a s  been 

made i n  i d e n t i f y i n g  t h e  problem a r e a s  and i n  reduc ing  t h e  s e v e r i t y  of t h e i r  

impact on t h e  system r e l i a b i l i t y .  The r e l i a b i l i t y  of a  s p e c i f i c  AQC System 

w i l l  depend t o  a  l a r g e  e x t e n t  on t h e  soundness  of  i t s  o v e r a l l  d e s i g n ,  

d e g r e e  of redundancy,  s e l e c t i o n  of m a t e r i a l s  of c o n s t r u c t i o n  and ,  most 

i m p o r t a n t l y ,  on how w e l l  t h e  system i s  m a i n t a i n e d .  The Owner must be 

p repared  t o  d e v o t e  s u b s t a n t i a l  e f f o r t ,  c o n t i n u o u s l y  and on a  s k i l l e d  l e v e l ,  

t o  t h e  o p e r a t i o n  and maintenance of t h e  sys tem.  

With r e g a r d  t o  p a r t i c u l a t e  removal,  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  a r e  t h e  

most commonly used equipment.  A r e c e n t  su rvey  conducted by Ebasco,  

cover ing  250 c o l d  s i d e  E S P ' s ,  i n d i c a t e s  98 + p e r c e n t  (weighted a v e r a g e )  : 

a v a i l a b i l i t y *  f o r  a  pe r iod  of  10 y e a r s .  Common causes  of f a i l u r e s  were due 

t o  f l y a s h  reen t ra in rnen t ,  breakage of d i s c h a r g e  e l e c t r o d e s ,  the rmal  

expansion and problems a s s o c i a t e d  wi th  f l y a s h  h a n d l i n g .  Such f a i l u r e s  can 

be minimized by p r o p e r  d e s i g n  and main tenance .  

F a i l u r e  t o  meet performance can be l i k e w i s e  minimized by p roper  s e l e c t i o n  

of key d e s i g n  p a r a m e t e r s ,  i n c l u d i n g  SCA, a s p e c t  r a t i o ,  r a p p i n g  i n t e n s i t y  

and e l e c t r i c a l  s e c t i o n a l i z a t i o n .  Many of t h e  r e p o r t e d  ESP f a i l u r e s  wi th  

r e g a r d  t o  performance have been due t o  u n d e r s i z i n g ,  and t o  t h e  problems 

r e l a t e d  t o  h a n d l i n g  h i g h - r e s i s t i v i t y  f l y a s h  i n  equipment not  des igned  

s p e c i f i . c a l l y  f o r  such o p e r a t i n g  c o n d i t i o n s .  

MDC'S  a r e  i n h e r e n t l y  s imple  t o  o p e r a t e  and m a i n t a i n .  However, a s  wi th  any 

o t h e r  equipment hand l ing  e r o s i v e  m a t e r i a l s ,  p e r i o d i c  replacement  of c e r t a i n  

components can be e x p e c t e d .  A major  r i s k  f a c t o r  a s s o c i a t e d  wi th  mechanical  

d u s t  c o l l e c t o r  arrangement i s  t h e  a n t i c i p a t e d  reduced r e l i a b i l i t y  o f  I D  and 

b o o s t e r  f a n s  which, n e c e s s a r i l y ,  h a n d l e  f l u e  g a s e s  wi th  r e l a t i v e l y  

* A v a i l a b i l i t y  i s  d e f i n e d  a s  t h e  r a t i o  o f  h o u r s  t h e  ESP i s  a v a i l a b l e  for  

o p e r a t i o n  (whether  o p e r a t e d  o r  n o t )  t o  h o u r s  i n  t h e  p e r i o d .  



h i g h  a s h  l o a d i n g .  While p roper  f an  d e s i g n  can minimize o u t a g e  t i m e ,  

p r o v i d i n g  rep lacement  l i n e r s  which p r o t e c t  b o t h  b l a d e s  and housing a g a i n s t  

a s h  e r o s i o n  and a b r a s i o n  i s  deemed e s s e n t i a l ,  I n  c o n t r a s t ,  f a n s  fo l lowing  

t h e  ESP, a r e  more r e l i a b l e  and r e q u i r e  lower. ma in tenance .  Likewise  t h e  

r e l i a b i l i t y  o f  t h e  p r e s c r u b b e r  may b e  a d v e r s e l y  a f f e c t e d  a s  a  r e s u l t  of  

h i g h e r  a s h  l o a d i n g .  A s  p r e v i o u s l y  i n d i c a t e d ,  wet p a r t i c u l a t e  removal 

i m p l i e s  p o t e n t i a l  f o r  s o l i d  d e p o s i t  formati 'on, which i s  aggrava ted  a t  

i n c r e a s e d  a s h  l e v e l s ,  c r e a t i n g  maintenance problems and unscheduled 

shutdowns.  

I n  t e rms  o f  r e l i a b i l i t y ,  s e v e r a l  Wellman-Lord sys tems  i n s t a l l e d  i n  t h e  

U.S. and i n  Japan a r e  noteworthy f o r  t h e i r  s u c c e s s f u l  o p e r a t i n g  h i s t o r i e s  

by hav ing  demonstra ted  on-stream f a c t o r s  o f  97 t o  98 p e r c e n t .  

S c a l i n g  and plugging due t o  s l u r r y  sc rubb ing  h a s  been t h e  major  s o u r c e  of  

maintenance and shut-downs i n  l i m e / l i m e s t o n e  FGD System. S ince  Wellman- 

Lord System i s  based on c l e a r  l i q u o r  s c r u b b i n g ,  downtime due t o  s c a l i n g  o r  

p lugging of  a b s o r b e r s  h a s  n o t  been r e p o r t e d  on Wellman-Lord u n i t s .  

However, a s  w i t h  any complex chemical  p l a n t ,  t h e  Wellman-Lord System must 

be  p r o p e r l y  main ta ined  t o  i n s u r e  s u s t a i n e d  r e l i a b i l i t y .  The a r e a s  t h a t  

may have an adverse  impact on r e l i a b i l i t y  a r e  t h e  p r e s c r u b b e r s  and t h e  

e v a p o r a t o r s .  The v e r y  low pH c o n d i t i o n s  i n  t h e  p r e s c r u b b e r  n e c e s s i t a t e  t h e  

use  o f  h i g h  a l l o y  m a t e r i a l s  t o  minimize c o r r o s i o n .  Thermal d e p o s i t s  of 

s u l f i  t e s  and s u l f a t e s  on t h e  e v a p o r a t o r  h e a t  exchanger s u r f a c e s  r e q u i r e  

p e r i o d i c  (approxima:ely e v e r y  6 months) shutdowns so t h a t  t h e  s u r f a c e s  can 

b e  washed. 

A s p a r e  a b s o r p t i o n  module i s  n o t  i n c l u d e d  i n  t h e  c o n c e p t u a l  d e s i g n .  A s  t h e  

a b s o r p t i o n  system has  been s i z e d  to  i n c l u d e  a  1 5  :percent  margin  on f low,  

t h e  two i n s t a l l e d  modules a r e  c a p a b l e  of  h a n d l i n g  115 p e r c e n t  of MCR (max- 

i m ~  c o n t i n u o u s  r a t i n g  of  t h e  b o i l e r s )  gas  flow. I n  t h e  even t  one o f  t h e  

modules i s  t a k e n  o u t  of  s e r v i c e  f o r  ma in tenance ,  t h e  remaining module cou ld  

s t i l l  t r e a t  57 .5  p e r c e n t  of  t o t a l  g a s  f low and s u s t a i n  t h e  o p e r a t i o n  o f  

one o f  t h e  b o i l e r s .  F u r t h e r  "over load ing"  of t h e  a b s o r b e r  may b e  f e a s i b l e  , 



a t  a  somewhat reduced SO2 removal e f f i c i e n c y  and i n c r e a s e  i n  p r e s s u r e  

drop.  I n  a d d i t i o n ,  t h e  ductwork arrangement  p e r m i t s  any o r  a l l  of  t h e  f l u e  

g a s  t o  by-pass t h e  FGD System and f low d i r e c t l y  t o  t h e  s t a c k .  ( I £  EPA 

r e g u l a t i o n s  a l l o w  a  v a r i a n c e  t o  m a i n t a i n  o p e r a t i o n s  i n  t h e  e v e n t  of a n  

a b s o r b e r  l o s s . )  

It i s  e s t i m a t e d  t h a t  t h e  a d d i t i o n  of a  s p a r e  module would i n c r e a s e  t h e  c o s t  
I 

of t h e  FGD System by 35-40 p e r c e n t .  On t h e  b a s i s  of t h e  performance of  t h e  

Wellman-Lord u n i t s  now o p e r a t i n g  and t h e  marg ins  b u i l t  i n t o  t h e  d e s i g n ,  i t  

i s  f e l t  t h a t  t h e  a d d i t i o n a l  inves tment  f o r  a  s p a r e  module i s  no t  warranted. .  

It shou ld  b e  no ted  t h a t  a t  NIPS0 no  s p a r e  i s  p rov ided ;  on t h e  o t h e r  hand a t  

t h e  San J u a n  S t a t i o n  o f  New Mexico P u b l i c  S e r v i c e ,  each u n i t  w i l l  have one 

s p a r e  module.  

G .  EFFECTIVE INTERFACES 

Major i n t e r f a c e s  of t h e  AQC System w i t h  t h e  b a l a n c e  of t h e  p l a n t   laus us 

U n i t ,  was te  d i s p o s a l ,  wa te r  and steam u t i l i z a t i o n )  have been d i s c u s s e d  

e a r l i e r  i n  t h i s  s e c t i o n  i n  l i g h t  of t h e  v a r i o u s  d e s i g n  pa ramete r s  c o n s i d e r -  

ed.  As t h e  o v e r a l l  p r o c e s s  d e s i g n  e v o l v e s ,  t h e  c o n c e p t u a l  AQC System de- 

s i g n  may have t o  be modi f i ed  t o  accommodate any changes i n  t h e  i n t e r f a c e  

a r e a s .  

Areas  t h a t  need t o  be re-examined o r  c o n s i d e r e d  i n  more d e t a i l  a r e  a s  

fo l lows :  

- The f e a s i b i l i t y  of c l o s i n g  t h e  loop w i t h  r e s p e c t  t o  l i q u i d  e f f l u e n t s  

- Steam and condensa te  usage o p t i m i z a t i o n  

- Raw m a t e r i a l  h a n d l i n g  and s t o r a g e  

- I n t e g r a t i o n  of t h e  AQC System wi th  t h e  SO2 product  c o n v e r s i o n  

f a c i l i t i e s  

- M o d i f i c a t i o n  of AQC System t o  accommodate any changes i n  c o a l  

s o u r c e .   he c u r r e n t  d e s i g n  i s  based on a  c o a l  a n a l y s i s  developed 

f o r  T e x a c o ' s  d e s i g n  c o n d i t i o n s .  F u r t h e r  examina t ion  of expec ted  

maxima wi th  regard t o  s u l f u r ,  ash  and o t h e r  c o a l  c o n s t i t u e n t s  i s  

mandatory a s  soon a s  t h i s  i n f o r m a t i o n  becomes a v a i l a b l e . )  



I V  . ECONOMIC EVALUATION 

A .  G e n e r a l  

The economic e v a l u a t i o n  f a c t o r s  used i n  t h e  s t u d y  a r e  t a b u l a t e d  below: 

Average Annual C a p a c i t y  F a c t o r  

D e p r e c i a t i o n  Charge R a t e  

E l e c t r i c a l  Energy Charge 

Steam (230 p s i g ,  540 F) 

Sodium Carbonate  De l ive red  Cost  

Cool ing Water Cost  

Maintenance M a t e r i a l  & Labor 

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  

Mechanical  Dust C o l l e c t o r  

Wellman-Lord FGD System 

O p e r a t i n g  Labor 

S u p e r v i s i o n  

% 90 

% 6.67 

$/kwhr 0.0185 

$1 t o n  4 .73  

$ / t o n  9 0 

$11000 g a l  0.03 

% o f  Investment  1.0 

% o f  Inves tment  2.0 

% o f  Investment  3.5 

$ /man-ye a r  25 000 

$ /man-year 40 000 

A l l  c o s t s  a r e  i n  1978 d o l l a r s .  

B .  Inves tment  E s t i m a t e  

Comparative order-of-magnitude e s t i m a t e s  have been made of  t h e  inves tment  

apsnciated with t he  AQC Systems d e s c r i b e d  i n  S e c t i o n  111. 

The scope o f  each inves tment  e s t i m a t e  i n c l u d e s  b o t h  t h e  equipment s u p p l i e d  

by t h e  Vendor and t h a t  which t h e  Owner w i l l  have t o  p r o v i d e  ( s u c h  a s  foun- 

d a t i o n s ,  f l y a s h  h a n d l i n g  equipment t o  b a t t e r y  l i m i t s ,  HV t r a n s f o r m e r s ,  

s w i t c h g e a r s ,  motors  above 250 HP and w i r i n g ) .  The scope e x c l u d e s  t h e  waste  

d i s p o s a l  pond because  i t s  inves tment  c o s t  f o r  t h e  two p a r t i c u l a t e  removal 

a l t e r n a t i v e s  i s  e s t i m a t e d  t o  be  e q u i v a l e n t .  

Equipment and e r e c t i o n  c o s t s  f o r  t h e  Vendor s u p p l i e d  equipment a r e  t aken  

from budge ta ry  p r o p o s a l s .  The c o s t s  o f  t h e  Owner s u p p l i e d  equipment have 

been developed by Ebasco based on a v a i l a b l e  i n f o r m a t i o n  and a r e  s u b j e c t  t o  



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

r e c e i v e d  frcan Davy Powergas f o r  t h e  Wellman-Lord sys tem inc luded  b o t h  

Vendor and Owner s u p p l i e d  equipment and t h e r e f o r e ,  no major  a d j u s t m e n t s  by 

Ebasco were r e q u i r e d .  

On t h e  g a s  s i d e ,  t h e  l i m i t s  o f  t h e  e s t i m a t e  may b e  i d e n t i f i e d  a s  t h e  a i r  

h e a t e r  o u t l e t  t o  and i n c l u d i n g  t h e  s t a c k .  

A l l  e s t i m a t e s  a r e ' a t  1978 p r i c i n g  levels and i n c l u d e  i n s t a l l e d  d i r e c t  

c o s t s  o n l y .  

Comparative Annual O p e r a t i n g  Cos t  

T h e , f o l l o y i n g  c o s t s  a r e  inc luded  i n  t h e  annual  o p e r a t i n g  c o s t  a n a l y s i s :  
L 

- D e p r e c i a t i o n  c h a r g e s  on d i r e c t  p l a n t  c o n s t r u c t i o n  c o s t  

- E l e c t r i c a l  Energy Charge 

- Sodium Carbonate  Make-up 

- Steam Consumption 

- Cool ing Water Requirements  

- O p e r a t i n g L a b o r & . S u p e r v i s i o n  

- Maintenance M a t e r i a l  & Labor 

Not inc luded  a r e  t h e  c o s t s  a t t r i b u t a b l e  t o  p r o c e s s  wa te r  consumption be- 

c a u s e  t h e  s o u r c e  of  make-up water  h a s  n o t  been e s t a b l i s h e d  a s  y e t .  I t s  im-  

p a c t  on t h e  t o t a l  o p e r a t i n g  c o s t  w i l l  be i n s i g n i f i c a n t  a s  t h e  consumption 

i s  r e l a t i v e l y  s m a l l .  

A l l  annual  c o s t s  a r e  based on an annual  ave rage  c a p a c i t y  f a c t o r  o f  0 .9  and 

on 1978 p r i c i n g  l e v e l .  The c o s t  i t ems  which a r e  a f f e c t e d  by  t h e  c o a l  s u l -  

f u r  c o n t e n t ,  namely steam and sodium c a r b o n a t e  consumption,  a r e  p r e d i c a t e d  

on t h e  assumpt ion t h a t  d e s i g n  s u l f u r  c o a l  i s  burned.  



D .  Resu l t s  

Economic eva lua t ion  was performed on the two des ign  a1 t e r n a t i v e s  descr ibed  

i n  Sec t ion  111. 

E l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) a t  a  99.65 percent  c o l l e c t i o n  e f f i -  

c iency ,  followed by the  Wellman-Lord FGD System. P a r t i c u l a t e  load- 

ing i n  the  f l u e  gas e x i t i n g  the ESP i s  a t  0.05 l b s / m i l l i o n  Btu 

assumed t o  be t h e  NSPS emission l e v e l .  

Mechanical dus t  c o l l e c t o r  (MDC) a t  a  60 percent  c o l l e c t i o n  e f f i -  

c iency ,  followed by the  Wellman-Lord FGD System. , P a r t i c u l a t e s  not 

c o l l e c t e d  i n  the  MDC a r e  'removed i n  the prescrubber t o  meet the  NSPS 

emission l e v e l .  

Deta i led  t a b u l a t i o n  of comparative investment and owning and opera t ing  cos t  

e s t ima te s  i s  presented i n  Exhib i t s  13, 14, - 15 and - 16 and summarized a s  

£01 lows : 

ESP /we llman-Lord MDC/Wellman-Lord 

$1000 (1978) 

Tota l  D i r e c ~  Investment 2 5  24U 22 055 

D i f f e r e n t i a l  +3 185 Base 

Annual Operating Cost 5  945 5  674 

D i f f e r e n t i a l  + 271 Ra SF! 

Since the des ign  and the c o s t s  a s soc i a t ed  with the  Wellman-Lord FGD System 

a re  assumed t o  be the  same f o r  both a l t e r n a t i v e s ,  t h e  c o s t  d i f f e r e n t . i a 1  be- 

tween them i s  a t t r i b u t a b l e  s o l e l y  t o  the r e s p e c t i v e  p a r t i c u l a t e  removal 

oyotcms s e l e c t e d .  

It i s  t h e r e f o r e  noteworthy t o  examine the  cos t  impact of reducing the col- 

l e c t i o n  e f f i c i e n c y  of t he  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  and e f f e c t i n g  in- ' 

creased p a r t i c u l a t e  removal i n  the prescrubber  . As discussed in  Sec t ion  

111, t h e  c o n t r o l l i n g  f a c t o r  i n  e s t a b l i s h i n g  the  pressure  drop across  t h e  

prescrubber  appears t o  be the removal of c h l o r i d e s  from the f lue  gas .  A t  



t h e  e s t i m a t e d  p r e s s u r e  d rop  o f  12 i n .  WG, r e q u i r e d  f o r  c h l o r i d e  removal,  

a c c e p t a b l e  p a r t i c u l a t e  removal c a n  b e  expected even i f  t h e  ESP c o l l e c t i o n  

e f f i c i e n c y  i s  reduced ( h i g h e r  p a r t i c u l a t e  l o a d i n g  e n t e r i n g  t h e  pre- 

s c r u b b e r )  . 

Three  lower  ESP c o l l e c t i o n  e f f i c i e n c i e s  were c o n s i d e r e d :  99 p e r c e n t ,  98 

and 90 p e r c e n t .  As would b e  e x p e c t e d ,  t h e r e  i s  a  s i g n i f i c a n t  r e d u c t i o n  i n  

t h e  inves tment  a s  f o l l o w s :  

ESP Es t ima ted  

E f f i c i e n c y  SCA D i r e c t  Cost  2  
% F t  / I000 ACFM $1000 

99.65 499 4  540 , 

99.0 416 3  760 

98 .O 31 2  2  910 

90.0 180 1 680 

I f  t h e  d e s i g n  were based on a  90 p e r c e n t  i n  l i e u  o f  a  99.65 p e r c e n t  e f f i -  

c i e n t  ESP, t h e  annual  o p e r a t i n g  c o s t  would b e  reduced from $754 000 t o  

$463 000 - p r i m a r i l y  due t o  lower  c a p i t a l  c h a r g e s  a s  shown i n  E x h i b i t  17. 

S i z i n g  t h e  ESP f o r  90 p e r c e n t  e f f i c i e n c y  r e d u c e s  t h e  d i f f e r e n t i a l  between 

Ll~e ESP and M E  d e s i g n s  t o  o n l y  $20 UUU p e r  y e a r .  

It must b e  no ted  t h a t  t h i s  a n a l y s i s  i s  p r e d i c a t e d  on t h e  assumpt ion t h a t  a  

r e d u c t i o n  i n  ESP c o l l e c t i o n  e f f i c i e n c y  does  n o t  n e c e s s i t a t e  a  h i g h e r  pres-  

s u r e  d rop  a c r o s s  t h e  p r e s c r u b b e r .  I f  t h i s  a s sumpt ion  were n o t  made, c o s t  

r e d u c t i o n s  due t o  s m a l l e r  ESP s i z e s  would be  a t  l e a s t  p a r t i a l l y  o f f s e t  by 

t h e  h i g h e r  energy  r e q u i r e m e n t s  a s s o c i a t e d  w i t h  t h e  o p e r a t i o n  o f  t h e  pre- 

s c r u b b e r .  

E. E s c a l a t e d  C o s t s  

It i s  t h e  i n t e n t  o f  t h i s  s t u d y  t o  d e v e l o p  t h e  compara t ive  annual  o p e r a t i n g  

c o s t  f o r  t h e  y e a r  1981. It h a s  been e s t i m a t e d  t h a t  a l l  c o s t s  except  pur- 

chased power i n c r e a s e  by 20.36 p e r c e n t  d u r i n g  t h e  1978 t o  1981 p e r i o d ;  i n  

t h e  same t ime pe r iod  t h e  c o s t  of purchased power i s  expected t o  i n c r e a s e  



by 2 7  p e r c e n t .  It i s  appa ren t  t h a t  e s c a l a t i o n  of  t h e  c o s t s  p resen ted  i n  

Exhib i t  16  w i l l  have a  minimal impact on t h e  r e l a t i v e  economics of  t h e  

a l t e r n a t i v e s ,  because t h e  c o s t  of  e l e c t r i c a l  energy ( ~ u r c h a s e d  power) 

r e p r e s e n t s  on ly  about 8 percent  of  t h e  t o t a l  c o s t .  

I 

comparat ive c o s t s  f o r  t h e  t o t a l  AQC.System expressed  a t  1981 c o s t  l e v e l s  a r e  

shown below: 

ESP/FGD MDC /FGD 

Annual Operatflig Cos L, 
$1000 

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

.F . Baghouses 

Base 

A s  s t a t e d  i n  S e c t i o n  111 baghouses a r e  n o t  cons idered  a  v i a b l e  p a r t i c u l a t e  

c o n t r o l  technology i n  t h e  a p p l i c a t i o n  under s tudy  because of  l a c k  o f  

demonstrated performance of  f a b r i c  f i l t e r s  i n  high s u l f u r  c o a l  s e r v i c e .  

F u r t h e r  j u s t i f i c a t i o n i c a n  be  made on economic grounds by canpar ing  t h e  

. . . ope ra t i ng  c o s t s - . o f  a  baghouse. wi th  t h a t  o f  a  co ld - s ide  ESP. Th i s  com- - 

pa r i son ,  a s  presen ted  i n  Exh ib i t  18 ,  i n d i c a t e s  t h a t  t he  annual o p e r a t i n g  

c o s t  .-of a  -cold-side-ESP. . i s  e s t ima ted  t o  be $265  OOO/yr . l e s s  - t h a n  . t h a t  of a- 

baghouse. ba he d i f f e r e n t i a l  i s  due t o  a h ighe r  p re s su re  d rop  ( i n c r e a s e d  

power t o  d r i v e  t h e  I D  f a n s ) ,  i nc reased  f u e l  consumption t o  ma in t a in  a i r  

- h e a t e r  e x i t  temperature '  above t h e  ac id  dewpoint and t h e  bag replacement  

c o s t  based on a  two year  bag l i f e .  These charges  o f f s e t  t he  lower c a p i t a l  

investment  a s s o c i a t e d  wi th  t h e  baghouse system which i s  es t imated  t o  be  

$4 632 000 a s  compared t o  .$5 340 000 f o r  t he  co ld-s ide  ESP. Both t h e  

baghouse and t h e  co ld  ESP a r e  capab le  of ach iev ing  p a r t i c u l a t e  emission 

l e v e l  of 0.05 l b / m i l l i o n  Btu. 



EXHIBIT 1 

Ultimate Analyses 

Carbon 

• Hydrogen 
Nitrogen 

Sulfur ** 
oxygen 

Ash 

Moisture 

Gross Heating Value 

Flue Gas Composition 

DESIGN COAL CHARACTERISTICS * 
(As Received  asi is) 

Weight Percent 

Weight Percent 

* Coal characteristics based on design conditions developed for the 

coal gasification facilities (Commercial Unit). 

** Includes 0 .24% Chlorine. 



EXHIBIT 2 

REVISED NEW SOURCE PERFORMANCE STANDARDS 

UNDER CONSIDERATION FOR FOSSIL FUEL FIRED UTILITY BOILERS 

( a s  o f  November 1977)  

, S u l f u r  Diox ide  
a 

Emiss ion L i m i t a t i o n  

P e r c e n t  Reduct ion 

F l o o r  Value 

p a r t i c u l a t e s  

Emiss ion  L i m i t a t i o n  

P e r c e n t  Reduct ion 

O p a c i t y  L i m i t a t i o n  

N i t r o g e n  Oxides  

Emiss ion  L i m i t a t i o n  

Subbi  tuminous Coal 

Bituminous Coal and C e r t a i n  

L i g n i t e s  

North  Dakota ,  South Dakota 

and Montana L i g n i t e s  (3  

P e r c e n t  Reduc t ion  

85 p e r c e n t  p o s s i b l e .  
6 

( * )  0.05 l b s / l O  B T U ' s  p o s s i b l e .  

( 3 )  U t i l i z i n g  a  c y c l o n e  b o i l e r .  



EXHIBIT 3 

COMMERCIAL PLANT BOILER EMISSIONS(~ ) 

S u l f u r  Nitrogen 

Emissions Dioxide ( 2 )  P a r t i c u l a t e s  Oxides (3 )  . . 

P o t e n t i a l  ( uncon t ro l l ed )  

Pounds per Hour 10,724 18,987 7 88 

Tons per Year (4 42,274 74,846 3,106 

( I )  Emissions based on pre l iminary  des ign  d a t a .  

( 2 )  Approximately 20 percent  of t h e s e  emissions a r e  from the  Cleus Unit  

t a i l  ga se s .  
(3 )  Nitrogen oxides  emissions assumes compliance with proposed standqrd 

of 0.6 IbsIMM Btu 
(4)  Based qn 90 percent  usage r a t e .  



EXHIBIT 4 

FLUE GAS DESULFURIZATION RECOVERY PROCESSES 

CLASSIFICATION 

I Wet Processes 

1. Slurry 

2. Clear Liquor 

TYPE . - SUPPLIER 

. Magnesia (A) ' . ~nvirotech/~hemico 

United ~ngineers 
I 

Sodium Sulfite 
(Wellman=Lord) (A) Davy Pawergas 

Ammonia (B) Catalytic 

Citrate (B) , Bureau of Mines 

Peabody 

Morrison Knudsen 

Phosphate (Aqua-Claus) (B) ~nvirotecp/~hemico 

Steam Stripping -- 

I1 Semi-Dry 

(Spray ~ryer) Aqueous Carbonate (B) Atomics International 

Ammonia C arborundum 

I11 Dry Carbon Sorption (A) Foster Wheeler/ 

Bergbau 

Cnpper Oxide (A) ~hell/UOP 

Catalytic Oxidation (c) Monsanto 

(A) Process suitable for both sulfur and sulfuric acid production. 

(B) Process suitable for sulfur production only. 

(c )  Process suitahle for sulfuric acid production only. 
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EXHIBIT 8 

INCINERATED CLAUS TAIL GAS . 

DESIGN CONDITIONS . - 

Composition 
, . , . 

Weight Percent. . .  . 



EXHIBIT 9 

Shee t  1 of 3 

PARTICULATE REMOVAL EQUIPMENT 

TECHNICAL SUMMARY 

A .  ELECTROSTATIC PRECIPITATOR (ESP) 

Q u a n t i t y  Two (one p e r  b o i l e r )  

S p e c i f i c  C o l l e c t i o n  Area (SCA) Ft2/1000 ACFM 499 

Maximum F l u e  Gas V e l o c i t y  F t l s e c  4.1 
. . 

Type Discharge  . E l e c t r o d e  . . Weighted Wire 

Aspect R a t i o  ( ~ e p t h  t o   eight) 1.5 . . 

P l a t e  Spacing i n c h e s  . ' 9  

Rapper Clean ing  Method Impact Type 

P r e s s u r e  Drop Across  ESP 

( i n c l u d i n g  g a s  d i s t r i b u t i o n )  i n .  W G  

O v e r a l l  ( i n c l u d i n g  ductwork) i n .  W G 

' I n s t a l l e d  Power Kw. 

Per  Each ESP: 

. C o l l e c t i n g  S u r f a c e  Area 

No. of E l e c t r i c a l  F i e l d s  

F i e l d  Depth 

No. o f  Gas Passages  

P l a t e  He igh t  

No. of Hoppers 

No. of ' i r a n s f o r m e r / ~ e c t i f i e r u  

No. of Bus S e c t i o n s  

O v e r a l l  Dimensions 

Height 

Depth 

Width 



EXHIBIT 9 

Sheet 2 .  of .3 

A .  ELECTROSTATIC PRECIPITATOR (ESP) ( ~ o n t  ' d )  

I D  Fans 

Quant i ty  , Foyr (TWO per  b o i l e r )  

Type . . Radia l  . 

Blades A i r f o i l  

Design Conditions* 

A C F M / F ~ ~  140,000 

S t a t i c  P re s su re  i n .  W G 20 

E f f i c i e n c y  percent  87.5 

B H P / F ~ ~  510 

B . '  MECHANICAL DUST COLLECTOR 

Quant i ty  

Type 

Per Co l l ec to r  

Two (One per  b o i l e r )  

Mult icyclone 

Number or Cyclones 

Number of Banks 

Ove ra l l  ~ i m e n s i o n s  

Height 

Depth 

Width 

P re s su re  Drop Across C o l l e c t o r  

Overa l l  ( i nc lud ing  

duc twork) 

i n .  W G  

i n .  W G  



EXHIBIT 9 

Sheet 3 of 3 

B. MECHANICAL DUST COLLECTOR ( ~ o n t ' d )  

ID Fans 

Quantity 

T Y  pe 

Blades 

Design Conditions* 

ACFM/F an 

S t a t i c  .Pressure 

Eff ic iency  

Four (TWO per b o i l e r )  

' Modified Radial 

318" replaceable , . 

hardened s t e e l  l i n e r s  

140,000 

i n .  W G .  . 24.5 

percent " '69 

. . t- ' 780 

* 20% margin on flow and 44% margin qn S t a t i c ,  Pressure 



EXHIBIT 10 

S h e e t  1 of  3 

WELLMAN-LORD PROCESS 

EQUIPMENT LIST 

. EQUIPMENT 

P r e s c r u b b e r  C i r c u l a t i n g  Pump 

Absorber  C i r c u l a t i n g  Pump 

Absorber  P roduc t  Pump 

E v a p o r a t o r  Feed Pump 

F l y  Ash Sump Pump 

F i r s t  E f f e c t  Condensate  Pump 

F i r s t  E f f e c t  E v a p o r a t o r  C i r c p l a t ' i n g  Pump 

Second E f f e c t  Condensate  Pump 

Second E f f e c t  E v a p o r a t o r  C i r c u l a t i n g  Pump a 
Mother L i q u o r  Pump 

D i s s o l v i n g  Tank Pump 

,Absorber  Feed Pump 

a . . S t r i p p e d  Condens a t e  ' ~ u m g  

S e a l  w a t e r  Pump 

C r y s t a l l i z e r  Condensate  Pump 

C r y s t a l l i z e r  ~ i r c u l a t  ing  Pump 

C e n t r i f u g e  Feed Pump 

. C r y s t a l l i z e r  L iquor  Pump 

~ h e m i c a ' l  P l a n t  Sump Pump 

Condensate  Pump. 

Soda Ash' Feed Pump 

Soda Ash Unloading Pump 

. Vent Gas Scrubber  C i r c u l a t i n g  Pump 

F l y  Ash Sump A g i t a t o r  

D i s s o l v i n g  Tank A g i t a t o r  

C r y s t a l l i z e r  ~ i q u o r  Tank A g i t a t u r  
-.- 

NOTE: + 1 deno tes  1 s p a r e  



EXHIBIT 10  

S h e e t  2 of 3 

WELLMAN-LORD PROCESS 

EQUIPMENT LIST ( ~ o n t ' d )  

EQUIPMENT QUANTITY 

F l u e  Gas Boos te r  I D  Fan i n c l u d i n g  steam d r i v e n  t u r b i n e s  2 

SO Produc t  Compressor 
2 2 + 1  

F l y  Ash F i l t e r  

C e n t r i f u g e  

F i r s t  E f f e c t  E v a p o r a t o r  H e a t e r  

Second E f f e c t  E v a p o r a t o r  H'eater 

Pr imary Condenser 

Secondary Condenser 

S t r i p p e d  Condensate  Coole r  

S u l f a t e  Purge  Dryer  

S e a l  Water Cooler  

P r e s c r u b b e r  

Absorber  I n l e t  Gas Mist E l i m i n a t o r  

Absorber 

Condensate  S t r i p p e r  

Vent Gas Scrubber  

S u l f a t e  Purge  Bin A c t i v a t o r  

S u l f a t e  Purge  Bin  S l i d e  Gate 

F i r s t  E f f e c t  E v a p o r a t o r  

Second E f f e c t  Evapora to r  

F i r s t  E f f e c t  Condensate R e c e i v e r  

Second E f f e c t  Condensate  Rece ive r  



EXHIBIT 10 

Sheet 3 of 3 

EQUIPMENT. 

WELLMAN-LORD PROCESS 

EQUIPMENT LIST ( ~ o n t  ' d )  

Mother Liquor  Sepa ra to r  

Purge Crys t a1  1 i z e r  

Purge C r y s t a l l i z e r  Condensate Receiver  

Steam Condensate Surge Drum 

Absorber Product Tank 

Disso lv ing  Tank 

Absorber Feed Tank 

Evaporator  Dump Tank 

Evaporator Wash Water Tank 

C r y s t a l l i z e r  Liquor  Tank 

S u l f a t e  Purge Bin 

Soda Ash S torage  Tank 

S u l f a t e  Purge Pneumatic Conveying System 

inc luding  one each of the  following: 

A i r  Blower: 

A i r  F i l t e r  

Surge Hopper 

Surge Hopper Rotary Feeder 

Dust Co l l ec to r  

Dust C o l l e c t o r  Rotary Feeder 

Gas Reheaters  

Gas Reheat Fans 

QUANTITY 





EXHIBIT 12 

OVERALL MATERIAL BALANCE 

A I R  QUALIlY CONTROL SYSTEM 

. . ELECTROSTATIC PRECIPITATOR AND WELLMAN-LORD SYSTEM 

( 2 STEAM GENERATORS ) 

(1  (2 )  (-3 (4 )  (5)  

Flue Gas FGD 

. Stream 

Dry Gas 

S02 
I120 

To ta l  

Flyash 

Chlor ides  

Volume Flow 

Temperature 

Pressure  

l b s / h r  

l b s l h r  

l b s i h r  

l b s / h r  

l b s  i h r  

l b s i h r  

ACFM 

F 

i n .  W G ( p s i a )  

Flue Gas t o  AQCS Claus T a i l  Gas Flue Gas t o  FGDS Out le t  Reheat A i r  

1 424 699 510 719 

1  072 

155 026 

1  580 797 510 719 

66 

Negligible  

390 600 161 790 

128 '  300 

+2 +2 

(6 )  ( 7 )  

Flue Gas t o  SO2 Product 

Stack 

Flyash/Chloride Na2C03 

Liquid 6 So l id  Flows Purge Flyash t o  Pond S u l f a t e  Purge Make-up Water Make-ug 

"2O 1bs.lhr 31. 442 103 023 . 

S o l i d s  l b s l h r  . See Note . 18 920 . 660- 

T o t a l  l b s  / h r  See ~ o t e  . 18 920 840 660 103 023 

63 . ,  206 Volume gPm 

Chlor ides  l b s  / h r  314 2  

Notes: Flow a t  MCR (no margin) c o d i t i o n s  

Desrgn s u l f u r ,  f lyash  and c h l o r i d e s  

A l l  required f l y a s h  removed i n  ESP. Under normal opera t ing  cond i t ions  

some f lyash  w i l l  be removed in  prescrubber  and purged i n  Stream ( 8 )  

Stream numbers r e f e r  t o  f l o v s  i n  Exh ib i t  10 



EXHIBIT 1.3 

A I R  QUALITY CONTROL SYSTEM 

INVESTMENT ESTIMATES 
I 

$1000 ( p r e s e n t  ~ a ~ )  

~ l e c t r o s t a t i c  ~ e c h a n i c a l  Dust 

P r e c i p i t a t o r  C o l l e c t o r  .& 

& FGD System FGD System 

A .  P a r t i c u l a t e  qemoval 

Equipment i n c l  Ductwork 

1. Vendor Suppl ied 

Ma te r i a l s  

Erec t  ion 

T o t a l  Vendor .Supplied a 

2 .  Owner Suppl ied 

Equipment 6 Erec t ion  

. 3. I D  Fans Equipment & 

Erec t  ion  

4 .  Spb-total  P a r t i c u l a t e  

Removal 

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

B. WellmantLord FGD System 

Equipment & Erec t ion  

C .  S tack  

T o t a l  D i r ec t  , Investment  

~ i i f e r e n t i , a f  

2 155, 

Base 



a 
EXHIBIT 14 

PARTICULATE REMOVAL EQUIPMENT & I D  FANS 

ANNUAL OPERATING COST 

1978 Cost Basis  

P r e c i p i t a t o r  Mechanical Dust Co l l ec to r  

(ESP (MDC 1 
I 

I t e n  Unit  Cost Quanti ty $1000 Quant i ty  $1000 

1. Deprec ia t ion  6.67% of Inv $5 340 000 356 $2 1-55 000 . 144 

2. E l e c t r i c a l  Energy 

I D  Fans $O-. 0185 ;kwhr 

ESP S0.0185;kwhr 

3. Operating Labor $25 000!man/yr 

4. Maintenance ~ a b o r  . l . O % o f  Inv 

& Mater ia l s  2.0% of  Inv 

5. Tota l  Annual .  

Operat ing Cost 

Di f fe ren . t ia1  . 

Basis:  Steam genera tor  a t  100% MCR Condit ions 

Capaci ty Factor  a t  ,0 .9 

4 Men 100 4 Men 

Cos ts  a s soc i a t ed  with prescrubber  excluded (charged t o  FGDS) 



EXHIBIT 15 

WELLMAN-LORD PROCESS - FGD SYSTEM 

ANNUAL OPERATING COST . , 

1978 Cost Bas is  

Item Uni t  Cost  Quan t i t y  $1000 

1 . Deprec ia t ion  6.67% of  Inv $19 900 0 0 0 ' ~  ) 1 327 

2. Sodium Carbonate $90/ ton  . 2600 t o n s l y r  2 34 

3. E l e c t r i c a l  Energy $0.0185 Ikwhr 13.2 MM kwhrlyr 2 44 

4 .  S t e m  @230 p s i g ,  540F $4.73/ ton 478 165 t o n s l y r  2 262 

5'. Cooling Water $0.03/1000 ga l  2885 MM g a l I y r  

6 .  'Operat ing Labor $25 OOO/man/yr 12 men 

o p e r a t  ing Superv is ion  $40 000/man/yr 1 man 

7. Maintenance Labor & 

M a t e r i a l s  3 112% of  Inv $19 900 0 0 0 ' ~  6 97 

8. Tota l  Annual 

Operat ing Cost 

Bas is :  Steam Genera tors  a t  100% MCK Condi t ions  

Capacity Fac to r  @ 0.9 

(1 )  Inc ludes  Stack 



AIR QUALITY CONTROL SYSTEM 

ANNUAL OPERATING COST 

$1000 (1978) 

E lec tros ta t i c  

Prec ip i tator  

Item 

1 .  Depreciation 

2; . E l e c t r i c a l  Energy 

3 .  Raw  ater rials 

4 .  Steam 

5 .  Cooling Water 

6 .  Operating Labor & 

Supervision 

7 .  Maintenance Labor 

6   are rials 

8 .  Total Annual 

Operating Cost 

D i f f erent ia l  

& FGD System 

Mechanical Dust' 

Collector & 

FGD System 

5 674 

Base 



EXHIBIT 17 

PARTICULATE REMOVAL EQUIPMENT & ID FANS 

COMPARATIVE ANNUAL OPERATING COST. 

AT VARIOUS COLLECTION EFFICIENCIES ' 

$1000 (1978) 
. . 

Mechanical Dust 

ESP Efficiency, % Collector 

1 . Depreciation 

2. Electrical Energy 

ID Fans 128 128 128 128 196 

E SP 117 98 7 3 45 - 

3. Operating Labor 100 100 100 100 100 

4 .  Maintenance 5 3 50 40 9 5 43 

5. Total 

Operating Cost 7 54 6 80 588 463 48 3 

* Differential +291 +217 +I25 Base 



1. Depreciat ion 

2. E l e c t r i c a l  Energy 

I D  Fans ( 2  

Bag Ho.ilse o r  ESP 
( 3  3. F ~ e l  Charge . 

4. Operating Labor 

5. Meintenance 

Labor d Mater ia l  

Bag Replacement (4 

6.. Ta t a l  Annual 

Operating Cost 

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

COMPARATIVE ANNUAL OPERATING COST 

BAG HOUSE AND COLD-SIDE ESP 

(1978 COST BASIS) 

Bag House 

Unit  Cost Quanti ty $1000 

6.67% of Inv $4 632 000 , 309 

0.0185lkwhr 11.8 MM kwhrlyr 218 

$0.0185/lwhr 1.0 MM kwhrlyr 19 

'$0.8312/MMBtu 194 242 MMBtuIyr 161 

$25 000 Imanlyr 4 men 100 

1% of Inv  $4 632 000 46 

$60/bag 2 760 bags lyr  166 

(1)  Costs  a s  presented i n  Exh ib i t  14 

( 2 )  Pressure  drop across  Bag House system est imated a t  8 i n .  W G .  

(3 )  Due. t o  increase  A i r  Heater Temperature to  375 F which i s  

equiva len t  t o  1.875 percent increase  i n  fue l  consumption. 

(4)  Two year bag. l i f e .  

EXHIBIT 18 

Cold-Side ESP 

754 

Base 



APPENDIX A 

LIST OF ABBREVIATIONS 

ACFM , 

AQC 

BH P  

BACT 

Btu 

C AAA 

CU TG 

EP A 

ESP 

F  

FGD 

G EP 

gpm 

gns / SCE' 

I D  Fan 

i n .  W G  

kwhrIyr 

L/G 

LAER 

l b s / h r  

MCR 

MDC 

MM 

M W 

NIPSCO 

NAAQS 

NSPS 

PSD 

P Pm 

SCA 

' SCFM 

WD 

A c t u a l  Cubic Foot  p e r  Minute 

A i r  Q u a l i t y  C o n t r o l  

Brake Horsepower 

Best  A v a i l a b l e  C o n t r o l  Technology 

B r i t i s h  the rmal  u n i t  

C lean  A i r  Act Amendments of  1977 

Claus  Uni t  T a i l  Gas 

Environmental  P r o t e c t i o n  Agency 

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  

Degree F a h r e n h e i t  

FLue Gas D e s u l f u r i z a t i o n  

Good, Eng ineer ing  P r a c t i c e  

g a l l o n s  p e r  minu te  

g r a i n s  p e r  S t a n d a r d  Cubic Foot 

Induced D r a f t  Fan 

I n c h e s  Water Gauge , . 

K i l o w a t t  h o u r s  p e r  y e a r  

L iqu id  t o  Gas R a t i o  

Lowest Ach ievab le  Emmission RAte 

pound p e r  hour 

Maxi.m~im Cont inuous  Rat  ing  

M u l t i c y c l o n i c  Mechanical  Dust C o l l e c t o r  

M i l  l i o n  

Megawatts 

Northern  I n d i a n a  P u b l i c  S e r v i c e  Company 

N a t i o n a l  Ambient A i r  Q u a l i t y  S tandard  

New Source Performance S t a n d a r d s  

P r e v e n t i o n  of S i g n i f i c a n t  D e t e r i o r a t i o n  

p a r t s  pe r  m i l l i o n  

S p e c i f i c  C o l l e c t  i o n  Area 

S tandard  Cubic  Foot  p e r  Minute 

S h o r t  Tons p e r  Day 




