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INTRODUCTION 

Objec t ive  

Trade-off Study I 

G a s i f i e r  Opera t ing  P r e s s u r e  
1-1 
March 1 9 7 8  

The o b j e c t i v e  of Trade-off Study 1 i s  t o  determine t h e  ope ra t -  
i n g  p r e s s u r e  f o r  a  Commercial P l a n t  t o  produce 3500 STD ammonia 
from c o a l ,  us ing  t h e  Texaco Coal G a s i f i c a t i o n  Process  System 
(TCGP Sys tem) ,  and based on' an o v e r a l l  o p t i m i s a t i o n  of 
o p e r a t i n g  and c a p i t a l  c o s t s  and t h e  .examination of t h e  r e l e v a n t  
a s s o c i a t e d  t e c h n i c a l  parameters  which change wi th  t h e  s e l e c t i o n  
of p res su re .  

Scope 

For t h e  s tudy ,  a  range of p r e s s u r e s  was s e l e c t e d  f o r  t h e  c o a l  
g a s i f i c a t i o n  s t a g e  which adequate ly  ex tend  t h e  range of c u r r e n t  
knowledge and proven technology i n t o  a r e a s  which may y i e l d  a ' . '  
p o t e n t i a l l y  more economic s o l u t i o n .  The f o u r  p r e s s u r e s  s e l e c -  
t e d  f o r  t h e  d e t a i l e d  s tudy  were 800, 1200, 1500 and 2500 p s i g .  
The p r e s s u r e s  r e f e r  t o  t h e  o p e r a t i n g  cond i t ion  w i t h i n  t h e  
Texaco g a s i f i e r .  Subsequent ly ,  fo l lowing  p re l imina ry  r e s u l t s  
from t h e  s tudy  of t h e s e  f o u r  c a s e s ,  some less d e t a i l e d  
eng inee r ing  d e f i n i t i o n  and e s t i m a t i n g  work was done f o r  a  
p r e s s u r e  case  a t  500 p s i g  t o  e s t a b l i s h  c o s t  and performance 
t r e n d s  below 800 ps ig .  

Processes  which a r e  n e c e s s a r i l y  a s s o c i a t e d  wi th  t h e  product ion  
of ammonia from c o a l  g a s i f i c a t i o n  by t h e  Texaco p a r t i a l  'oxida- 
t i o n  p rocess  a r e  a l s o  examined f o r  de te rmina t ion  of r e l a t i v e  
s e n s i t i v i t y  t o  ope ra t ing  p res su re .  This  p a r t  of t h e  s tudy  a l s o  
i n c l u d e s  an examination of a s s o c i a t e d  HP steam genera t ion  and 
t h e  development of a  steam system and energy balance.  

The s tudy  seeks  t o  e s t a b l i s h  t h e  p r i n c i p a l  c o s t  s t e p  changes 
and equipnent  b reakpo in t s  which occur  a s  t h e  p r e s s u r e  i s  
inc reased .  Examples examined inc lude  t h e  number of p rocess  
t r a i n s ,  number of h e a t  exchanger s h e l l s  and u n i t  des ign ,  p i p i n g  
and va lve  s p e c i f i c a t i o n  and r a t i n g  changes,  number of  
compressor cas ings  and s t a g e s  r e q u i r e d  f o r  major d u t i e s .  

For t h e  purpose of t h i s  s tudy  only  t h e  R e c t i s o l  p rocess  i s  con- 
s i d e r e d  i n  d e t a i l  f o r  t h e  removal of C02 and H2S from t h e  
g a s i f i e r  product  stream. Although o the r .wash iny  p rocesses  w i l l  
be cons idered  a t  a  l a t e r  s t a g e  of 'development  of t h e  Phase 1 
s tudy  it was, f o r  a  f i r s t  approximation,~considered t h a t  a l l  
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washing processes  should be e q u a l l y  s e n s i t i v e  t o  p r e s s u r e  on a 
d i f f e r e n t i a l  b a s i s ,  and t h e r e f o r e  t h e  use of a l t e r n a t i v e  
processes  t o  R e c t i s o l  would no t  i n f l u e n c e  t h e  o v e r a l l ' d e c i s i o n  
f o r  t h e  s e l e c t i o n  o f ,  t h e  optimum pressure .  

1 . 2 . 5  No at tempt  i s  made t o  opt imise  the-ammonia synthe 's is  loop 
s e c t i o n .  

1 . 2 . 6  Comparative d a t a  &recons ide red  from competing s u ~ p l i e r s  t o  
opt imise t h e  CO s h i f t  system. 

1 . 2 . 7  Coal p repara t ion  ' p l a n t ,  o f f s i t e  power genera t ion  and su lphur  
removal Units a r e  considered a s  common e n t i t i e s  t o  a l l  p r e s s u r e  
l e v e l s ,  d i f f e r i n g  from case  t o  case  only marginal ly  i n  s c a l e .  

1 . 2 . 8  A i r  s e p a r a t i o n  i s  s i m i l a r l y  regarded as common t o  a l l  t h e  cases  
considered except  f o r  a  v a r i a t i o n  i n  capac i ty  of about 5.5% 
over  t h e  range of  p ressu re  cases .  ~ a i s i n g  t h e  oxygen t o  t h e  
p ressu re  r equ i red ,  e i t h e r  by compression o r  by l i q u i d  pumping 
p r i o r  t o  vapor i sa t ion  of t h e  'oxygen, r a i s e s  .ques t ions  of t h e  
most s u i t a b l e  technology t o  be app l i ed ,  and t h e s e  a r e  
considered i n  Sect ion  3 . 4  "Commercial Evaluat ion and Risk 
Analysis" .  
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CONCLUSIONS AND RECOKXENDATIONS 

Comments i n  t h i s  s e c t i o n  r e l a t e  t o  t h e  fo l lowing d a t a  which i s  
included i n  Sect ion  4 .  

P l a n t  opera t ing  and ammonia product ion c o s t  b reakdowni (~ ig  4-21 
Energy consumption. (F ig  4-31 
Estimated i n s t a l l e d  p l a n t  c a p i t a l  c o s t  - e f f e c t  of pressure.(Fig4-1 
Tabulated opera t ing  c o s t s ,  (Table 4-21 
Tabulated c a p i t a l  c o s t s  - f o r  f o u r  p r e s s u r e  cases ,  (Table 4-11 

An o v e r a l l  process  block diagram - showing t h e  number of t r a i n s  
i n  each process  u n i t  - i s  inc luded i n  Sec t ion  3 .  

Conclusions 

2 . 1 . 1 .  . Energy Consumption 

Coal provides t h e  feedstock t o  t h e  g a s i f i e r ,  and a l s o  t h e , f u e l  
f o r  f i r i n g  t h e  HP b o i l e r s .  E l e c t r i c a l  power requirements a r e  
imported from t h e  supply g r i d .  

G a s i f i e r  feed c o a l  requirements i n c r e a s e  by about .'.9% wi th in  
t h e  g a s i f i e r  ope ra t ing  p ressu re  range 500 t o  2500 p s i g .  
However t h i s  inc rease  i s  compensated by a  r educ t ion  of 51% i n  
c o a l  r equ i red  f o r  HP steam genera t ion  wi th in  t h e  same p ressure  
range. 

The n e t  e f f e c t  of t h e s e  two t r e n d s  i s  t h a t  t h e  t o t a l  c o a l  
consumption i s  a t  a  maximum a t  500 p s i g  and is  almost cons tan t  
wi th in  t h e  p ressu re  range 1200 t o  2500 p s i g ,  sugges t ing  t h a t  
no f u r t h e r  advantage i s  gained by g a s i f y i n g  a t  p ressu res  much 
above 1200 ps ig .  

E l e c t r i c i t y  consumption i s  a t  a  minimum l e v e l  a t  1200 p s i g  and 
begins t o  r i s e  s t e e p l y  above a  p ressu re  of about 1500 ps ig .  

2 .1 .2 C a p i t a l  Cost 

Prel iminary p l a n t  c a p i t a l  c o s t  eva lua t ions  showed t h a t  t o t a l  
p l a n t  investment c o s t s  i n c r e a s e  above a , g a s i f i e r  o p e r a t i n g .  
pressure  of about 1000 ps ig .  This  eva lua t ion  was based on 
l i m i t e d  d a t a  f o r  t h e  Texaco g a s i f i c a t i o n  s t a g e  and a  Eurocean 
budget e s t ima te  f o r  a c i d  gas removal and n i t rogen  wash u n i t s .  
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To improve t h e  d e f i n i t i o n  i n  c e r t a i n  c r i t i c a l  a r e a s  t h e  
fol lowing a d d i t i o n a l  work was done: 

1 - Calcu la t ion  and product ion of a  d e f i n i t i v e  b a s i s  f o r  t h e  
Texaco c o a l  g a s i f i c a t i o n  process  (TCGP) system wi th  t h e  
number and s i z e  of g a s i f i e r s  and associa ted ,equipment  i tems 
accura te ly  determined f o r  t h e  prop.os.ed c o a l  feedstock and 
design b a s i s .  

- Reevaluation of t h e  number of t r a i n s  and s i z e  of columns re-  
qu i red  f o r  t h e  R e c t i s o l  u n i t  ope ra t ing  a t  feed gas  p r e s s u r e s  
corresponding t o  t h e  g a s i f i e r  u n i t  wi th in  a  range 800 t o  1500 
p s i g ,  and p repara t ion  of a  new c o s t  e s t i m a t e  i n  t h e  U . S .  
r e l a t i n g  t h i s  design t o  proven experience under i n s t a l l e d  
U.S. cond i t ions .  . 

Resul t ing  from t h i s  work, dec i s ions  a f f e c t i n g  t h e  numbers of 
u n i t s  and t r a i n s  i n  t h e  g a s i f i e r  and R e c t i s o l  process  s e c t i o n s  
based on a d d i t i o n a l  work and d a t a  have enabled t h e  product ion '  
of an o v e r a l l  block process  schematic d e f i n i n g  t h e  number of 
t r a i n s  i n  a l l  p r i n c i p a l  process  a reas .  This  drawing i s  
included i n  Sect ion  3 .  

Revised c a p i t a l  c o s t  e s t i m a t e s  based on t h e  improved p l a n t  
d e f i n i t i o n  show t h e  fol lowing t r e n d s  wi th in  t h e  i n c r e a s i n g  
p ressu re  range 500 t o  2500 ps ig .  

Units with near-constant  c o s t :  

- Sulphur recovery 
- Ash and carbon handl ing 
- Coal p repara t ion  and handl ing 

Units with s t e a d i l y  decreas ing  c o s t :  

- Boi le r  and o f f s i t e s  
- Ammonia s y n t h e s i s  s e c t i o n  inc lud ing  compression 

Units with s t e a d i l y  i n c r e a s i n g  c o s t :  

- A i r  s epa ra t ion  p l a n t  and oxygen compression 
- CO s h i f t ;  v e s s e l s  inc rease  i n  c o s t ,  but  hea t  exchangers and 

c a t a l y s t  decrease;  t h e  o v e r a l l  e f f e c t  i s  t o  i n c r e a s e  t h e  u n i t  
c o s t  with p ressu re  



Synthes i s  Gas Trade-off Study I 
Demonstration P l a n t  2-3 
Program, DOE G a s i f i e r  Operat ing Pressure  March 1978 

Units  showing a  minimum c o s t  a t  some p o i n t  wi th in  t h e  p ressu re  
range considered:  

- G a s i f i c a t i o n  

The combination of number and s i z e  of g a s i f i e r s  and associa-  
t e d  equipment p e r  t r a i n ,  and t h e  e f f e c t . o f  p ressu re  on t h e  
weight of v e s s e l s ,  produces a  minimum t o t a l  c o s t  f o r  t h e  1200 
p s i g  g a s i f i e r  p ressu re  case .  

- Recti'sol 

Recent d a t a  i n d i c a t e s  a  minimum c o s t  f o r  t h e  1200 p s i g  
g a s i f i e r  p ressu re  case.  This  r e s u l t  is  t h e  outcome of t h e  
combined e f f e c t s  of p r e s s u r e  on t h e  s o l u t i o n  absorpt ion  
performance and weight of v e s s e l s  and exchangers. 

- Nitrogen Wash 

The e s t i m a t e s  show cons tan t  c o s t  from 800 t o  1200 p s i g  wi th  
inc reas ing  c o s t  above t h i s  p ressu re .  This  t r e n d  i s  expla ined  
by : 

a )  Low pressure  p l a t e  f i n  exchangers can be used f o r  t h e  800 
p s i g  case.  

b) High p ressure  p l a e f i n  exchangers a r e  r equ i red  f o r  t h e  
- 1200 p s i g  case.  

C )  Coi led exchangers a r e  r equ i red  above t h e  1200 p s i g  case.  

d )  The c o s t  of t h e  exchangers i n c r e a s e s  i n  proceeding from 
Condition a t o  Condition c  above. 

e )  Inc reas ing  t h e  p ressu re  i n  t h e  range 800 t o  1200 p s i g  
favours  t h e  absorpt ion  r e a c t i o n ,  hence lowering v e s s e l  
c o s t s ;  but  f u r t h e r  i n c r e a s i n g  t h e  p ressu re  in t roduces  
p o s s i b l e  problems from i n t e r a c t i o n  of high-densi ty  phases.  

Overa l l  C a p i t a l  Cost f o r  3500 STD Ammonia P l a n t  

Combining t h e  c o s t s  es t imated  f o r  t h e  i n d i v i d u a l  p l a n t  s e c t i o n s  
y i e l d s  a minimum c o s t  of US$267m f o r  t h e  1200 p s i g  case.  

.. - -  - -- 
T h e .  es t imated c o s t  a t  ..800 p i g  ' represents  an i&r&ase.  ox about 
5% over- t h i s  minimum, w h i l s t  t h e r e  i s  an--'increase of about 
2 0 %  f o r  t h e  2500 ps'ig case.  
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The o p e r a t i n g  c o s t s  f o r  f i v e  p r e s s u r e  c a s e s  a r e  summarised 
i n  Table 4-2 inc luded  i n  Sec t ion  4 .  The t o t a l  ammonia c o s t  
is  ob ta ined  by adding t o g e t h e r  t h e  a p p r o p r i a t e  c o s t s  f o r :  

- Raw m a t e r i a l s  and u t i l i t i e s ,  p r i n c i p a l l y  c o a l  and 
e l e c t r i c  power; - Opera t ions ,  i nc lud ing  l abour ,  supe rv i s ion  and maintenance;  

- . va r i ab l e  overhead; - C r e d i t  f o r  su lphur  byproduct;  
- C a p i t a l  charges  i n c l u d i n g  d e p r e c i a t i o n  and f inance  

charges .  

The f i g u r e s  f o r  t h e  l a s t  of  t h e  above c a t e g o r i e s ,  which 
inc ludes  an a p p r o p r i a t e  al lowance f o r  r a t e  of r e t u r n  on 
investment ,  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  c a p i t a l  c o s t s  
g iven i n  t h e  bottom l i n e  o f  Table 4-1 ,  and a s  such a r e  
s u b j e c t  t o  t h e  exc lus ions  i n  Note 4 t o  t h a t  t a b l e ;  t h e s e  
exc lus ions  a r e  however common t o  a l l  f i v e s  ca ses  and 
t h e r e f o r e  do n o t  i n v a l i d a t e  t h e  comparison. The ammonia 
produc t ion  c o s t s  given i n  t h e  bottom l i n e  o f  Table 4-2 a l s o  
make no p rov i s ion  f o r  p roduc t  d i s t r i b u t i o n  and market ing which 
aga in  does n o t  a f f e c t  t h e  comparison. 

On t h i s  b a s i s ,  t h e  minimum ammonia produc t ion  c o s t  of  USf127 
pe r  s h o r t  t on  corresponds t o  t h e  1200 p s i g  g a s i f i c a t i o n  ca se .  
This  ammonia c o s t  i s  about  9 %  lower than  t h e  c o s t  f o r  
producti.on a t  t h e  ,500' p s i g  c a s e ,  and 12% lower t han  t h e  theore-  
t i c a l  c o s t  ( i gno r ing  lower p o t e n t i a l  p l a n t  a v a i l a b i l i t y  and 
h i g h e r  r i s k  f a c t o r s )  f o r  t h e  2500 p s i g  case .  

G a s i f i c a t i o n  P re s su re s  Above 1200 p s i g  

Texaco p a r t i a l  ox ida t ion  of o i l  and a s s o c i a t e d  downstream 
gas  washing systems have been demonstrated a t  about  2 4 0 0  p s i g  
on a  p i l o t  s c a l e .  Coal g a s i f i c a t i o n  by t h e  Texaco process  
has  r e c e n t l y  been demonstrated on a  semi-commercial p l a n t  i n  
West Gemany a t  a  des ign  p re s su re  r epo r t ed  t o  be between 
500 and 6 0 0  p s i g .  The n e x t  s t a g e  of p i l o t  p l a n t  exper imenta t ion  
c u r r e n t l y  planned by Texaco w i t h i n  t h e  f o r e s e e a b l e  f u t u r e  w i l l  
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only permit demonstration up to pressures not exceeding 1200 
psig. The demonstration of gasifier product gas composition, 
especially the detailed analysis of trace components present, 
will be of importance for fixing the detailed design of the 
downstream gas washing and treatment plant. 

Demonstration of the Texaco coal gasification process for the 
production of synthesis gas in a commercial-size plant opera- 
ting at a pressure of 1200 psig also has the benefit of .meeting 
the requirements to generate gas which, after methanation 
stages, could be used directly as pipeline gas at 1000 psig. 

~nquantifiab.le risks would. be involved in constructing a pro- 
duction unit at an operating pressure not satisfactorily 
demonstrated by pilot plant operation. The principal 
objective of the current pilot plant programme is to confirm 
the predictions of performance at gasification pressures up to 
1200 psig used in the preparation of this report, after which 

I the economics and risks of operation at a higher pressure can be 
more realistically evaluated. 

Acid Gas Removal 

The correlation of cost versus pressure so far obtained for 
Rectisol ihdicaces that high pressure results in a considerable 
increase in equipment costs for this process unit. The same 
conclusions for Rectisol unit performance versus pressure may 
not apply with some alternative ges washing processes. The 
results of Trade off Study .II (TOS II) , "Gas Purification 
Alternatives", could indicate that lower overall capital cost 
and improved operating economics and performance are obtained 
from one of these alternative processes. 

2.2 Recommendati'ons ' 

Proceed with the engineering specification and cost estimation 
of a Commercial Plant to produce 3500 STD of amnonia from coal 
using the following design and operating conditions and process 
selection: 

1. pynthesis gas preparation.plant section to be based on an 
operating pressure of 1200 psig in the Texaco gasifier. 

2. The plant to consist of four trains of Texaco gasifiers and 
associated equipment. The plant shall be capable of main- 
taining the full ammonia production capacity with three . 
gasifier trains on line. 
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- .  . 

3 .  Optimisat ion o f s t h e  process  v a r i a b l e s  wi th in  t h e  TCGP s h a l l  
be done a t  a  g a s i f i e r  ope ra t ing  p r e s s u r e  of 1200 p s i g ,  and 
design cond i t ions  s h a l l  be s e l e c t e d  t o  achieve an o v e r a l l  
p l a n t  op t imisa t ion  a t  t h i s  p ressu re  l e v e l .  

4 .  The f i n a l  s e l e c t i o n  of t h e  a c i d  gas  removal grocess  t o  be 
used s h a l l  depend on t h e  r e s u l t s  obta ined  fromTOS'.IL. The 
feed  gas  opera t ing  p ressu re  s h a l l  correspond t o  a  
g a s i f i c a t i o n  s t a g e  re fe rence  p ressu re  of 1200 p s i g .  

5. The HP steam system s h a l l  be s p e c i f i e d  a t  1500 p s i g ,  9400F, 
re ferenced a t  t h e  steam t u r b i n e  i n l e t  s t o p  valve.  
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SECTION 3  

3 .1  Design Basis 

3.. 1.1 I n t r o d u c t i o n  

The d a t a  g iven  below have been used a s  t h e  d e s i g n  
b a s i s  f o r  Trade-off Study I.  They a r e  based  on 
d a t a  provided by Ebasco t o g e t h e r  w i t h ,  where n e c e s s a r y ,  
assumptions which a r e  cons ide red  t o  form a  r e a s o n a b l e  
b a s i s  f o r  comparat ive  s tudy .  :Some of  t h e s e  d a t a  may 
be amended a s  b e t t e r  i n fo rma t ion  becomes a v a i l a b l e  i n  
subsequent  a c t i v i t i e s  of  Phase I .  

Paragraph 3.1.2 summarises t h e  c a s e s  t aken  f o r  
comparison. The d a t a  i n  a l l  subsequent  paragraphs  
i n  t h i s  sub-sec t ion  a p p l i e s  t o  a l l  f o u r  c a s e s .  

3.1.2 P re s su re  Range S tud ied  

Four c a s e s  have .been  e v a l u a t e d ,  cor responding  t o  
f o u r  g a s i f i c a t i o n  p r e s s u r e s .  For each  c a s e ,  o u t l i n e  
d a t a  havebeen p repa red  cor responding  t o  a  n e t t  
p roduc t ion  of 3500 STP ammonia, the synthesis loop 
and ammonia recovery  s e c t i o n  be ing  , i d e n t i c a l  f o r  t h e  
f o u r  c a s e s .  

The c a s e s  a r e  summarised as fo l lows :  

Case No. G a s i f i c a t i o n  syng&s' compressor & 
P r e s s u r e ,  p s i g  s u c t i o n  P r e s s u r e ,  p s i q  

A 1  800 619 
B ' 1200 952 
C 1500 12 12 
D 2 500 2074 

Some d e s i g n  parameters ,  such a s  w a l l  t h i c k n e s s  o f  
v e s s e l s  and p i p i n g ,  vary  more o r  l e s s  con t inuous ly  
wi th  o p e r a t i n g  p r e s s u r e  ( o t h e r  t h i n g s  remaining con- . 
s t a n t ) ,  and t h e  e f f e c t s  of va ry ing  p r e s s u r e  on c a p i t a l  
c o s t  can be  r e p r e s e n t e d  by a  cont inuous  curve  s o  f a r  
a s  t h e s e  a s p e c t s  a r e  concerned.  Other  f e a t u r e s ,  
however, a r e  s u b j e c t  t o  s t e p  changes a t  c e r t a i n  
p r e s s u r e s  cor responding ,  f o r  example, t o  a  change i n  
des ign  code o r  s t a n d a r d  frame s i z e  of  equipment. I n  
o r d e r  t o  a l l ow f o r  t h e s e  v a r i a t i o n s ,  a d d i t i o n a l  d a t a  
havebeen developed i n  p r e s s u r e - s e n s i t i v e  a r e a s  i n  
o r d e r  t o  i d e n t i f y  d i s c o n t i n u i t i e s  i n  t h e  c o s t  curves .  
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Specification: 

State 
Pressure 
Temp. 
Purity 

Water 
Oil 

Trade-off Study I 
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3,500 STD 
1,115, 000 ST (330 days/year) 

Liquid anhydrous 
In atmos pressure tank 
At equilibrium in tank 
99.8% ww min. 
0.25 ww max. 
15 ppm ww. max. 

3.1.4 Coal 

The same coal will be used for gasification and for 
firing the auxiliary high pressure boiler. The following 
properties have.been assumed for the present study: 

Ultimate analysis, moisture free: 
carbon 72.76 wt % 
hydrogen 5.24 
nitrogen 1.63 
sulphur 3.35 
oxygen 7.65 
ash 9.37 , . 

Higher heating value 1-3,368 DTU/lb. 
moisture free basis 

Since preparing the heat.and mass balances based on the 
above coal. properties, more performance data for the 
gasification section has been developed by Texaco 
Development Corporation, based on a coal believed to be 
typical of Western Kentucky coalfields. 

This data has been reviewed and allowed for in presenting 
compa'ratiue data-in this.report. Data previously developed 
which does not affect the comparison has not been amended. 

The price of coal has been taken as $0.748/YJ.I Btu delivered 
to the site for the purposes .of this study. 

3.1.5 Sulphur By.-pro'duct 

State Elementary, molten 
Purity . 99.8% by weight 
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3 . 1 . 6  U t i l i t i e s  

a )  Cooling Water 
0 Supply temperature  8gOF 

Return tempera ture  (max) 109 F 

b )  E l e c t r i c i t y  

Purchased from supply g r i d  

Normal supply c h a r a c t e r i s t i c =  

Cost 1 .45 cent/Kw-hr 

c)  Raw Water- 
Cost 

Environmental Release L i m i t s  

S02 
Fly Ash 

1 . 2  lb/M?4 Btu f u e l  i n p u t  

0 . 1  lb/ ,m- Btu f u e l  i n p u t  

Process  Desc r ip t ion  

3.2 .1  In t roduc t ion  

A s  s t a t e d  above, t h e  o b j e c t i v e  o f  t h e  p r e s e n t  s tudy  
is  t o  e v a l u a t e  t h e  e f f e c t s  o f  vary ing  t h e  g a s i f i c a t i o n  
p res su re  on 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  t h e  
Commercial P l a n t .  

a )  With regard  t o  c a p i t a l  c o s t s ,  t h e  advantages  
t o  be expected from inc reased  p r e s s u r e  stem 
from t h e  s m a l l e r  gas  volumes t o  be handled and 
consequently sma l l e r  p h y s i c a l  dimensions,  f o r  
a given p l a n t  c a p a c i t y ,  o f  c e r t a i n  i tems of  
equipment. Thus, i f  it i s  accepted  t h a t  equip- 
ment s i z e s  w i l l  be  l i m i t e d  by c o n s i d e r a t i o n s  of 
f a b r i c a t i o n  and sh ipp ing ,  t h e  number of t r a i n s  
r equ i red  f o r  a given p l a n t  c a p a c i t y  w i l l  tend t o  
reduce wi th  i n c r e a s e  i n  o p e r a t i n g  p r e s s u r e .  On 
t h e  o t h e r  hand, t h e  fo l lowing  f a c t o r s  w i l l  tend 
t o  l i m i t  o r  o f f s e t  t h e  b e n e f i t s  due t o  t h i s  
e f f e c t :  

( i) The wal l  t h i c k n e s s  of a v e s s e l  o r  ex- 
changer i n c r e a s e s  with  i n c r e a s e  i n  
p r e s s u r e  f o r  a given d iameter ,  temper-. 
a t u r e  and m a t e r i a l s  of  c o n s t r u c t i o n .  
This  n o t  only adds t o  t h e  weight o f  t h e  
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vessel but reduces the number of 
possible vendors where very high thick- 
nesses result, with a possible increase 
in fabrication costs. 

(ii) The discharge pressure of'compressors 
and pumps feeding into the main process 
stream is greater the higher the operating 
pressure, resulting in more expensive 
equipment and, in some cases, involving 

.. a change in type of technology required, 
e.g. in the case of oxygen compression. 

(iii) In some processes, the size of equipment 
is not determined by actual gas volume; 
in such cases there is no reduction in 
physical dimensions with increase in 
pressure and the cost of equipment will 
actually increase on account of increased 
wall thickness. 

. These factors are discussed in more detail below. 
The nett impact of these effects on capital cost 
is discussed in Section.2 of this report. 

(b) Savings in operating costs with increase in 
gasification pressure can be expected to result 
from reduced overall power requirements. There 
is a significant reduction in the power required 
for syngas compression in going from Case A1 to 
Case D. Although the power required for oxygen 
compression, coal slurry pumping'and nitrogen 
compression increases, there is indeed a nett 
saving in total power for the process plant plus 
support facilities of about 5%. 

The saving in operating costs is not, however, 
so large, the principal reason being the increased 
requirement, per ton of ammonia, of coal for 
gasification at high pressure. Though 
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this coal is not exactly wasted, being eventually 
converted into'nitrogen wash tail gas, which is fired 
in the auxiliary boiler and superheater, this does 
represent a degrading of energy which reduces the overall 
efficiency of converting coal to ammonia. This and other 
aspects of the effect of varying the gasification 
pressure on process consumptions arediscussed in further 
detail below, and the effects on the economics of 
ammonia production are discussed in Section 2 of this 
report. 

Pro'ces's' 'Co'n'f i'gurati'on 

In order to prepare comparative data for the four cases 
specified in paragraph 3.1.2 above, a number of simplifying 
assumptions have been made. The salient features of the process 
route may be summar3sed as follows: 

(a) Coal preparation by dry crushing and grinding; 

(b)' Texaco coal gasification, including carbon and ash 
recovery; 

(c) CO conver~ion using 'dirty s11if.t' ca.tiilyst; 

( d )  Acid gas removal by the Rectisol process, followed by 
final clean-up by nitrogen wash; 

(e) Synthesis gas compression by turbine-driven centrifugal 
compressor; 

(f) Ammonia synthesis and recovery using two synthesis 
loops in parallel operating at 3400 psig. 

( g )  Air separation followed by either oxygen compression 
or liquid oxygen pumping and vaporisation. 

(h) Steam for large power requirements gegerated in an 
auxiliary boiler at' 1800 psig and 986 F. (Note that 
these conditions for steam generation have been 
revised since calculating the mass balances used for 
this study, but this change does not'affect the 
comparison of gasifier pressures). 
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i) Sulphur  recovery  from R e c t i s o l  ~ f f - ~ a s  by t h e  
Claus Ki ln  p roces s .  

j) Claus t a i l  g a s  and b o i l e r  s t a c k  t o  b e  c l eaned  
up t o  meet env i ronmenta l  requi rements .  

The main d e p a r t u r e s  f.rom t h e  scheme o u t l i n e d  i n  t h e  
above p roposa l  a r e  a s  fo l lows :  

a )  Two s t a g e s  o f  CO convers ion  have been adopted,  
i n s t e a d  o f  t h r e e  a s  p r e v i o u s l y  proposed.  

b )  Two l e v e l s  of  medium p r e s s u r e  steam, r a i s e d  
from t h e  make gas  t r a i n ,  have been chosen,  i n  
p l a c e  o f  t h e  one l e v e l  t aken  p r e v i o u s l y ,  i n  
o r d e r  t o  improve h e a t  recovery.  

C )  The g a s i f i e r  f e e d  p r e h e a t e r s  and condensa te  
s t r i p p e r  have been e l i m i n a t e d  from t h e  g a s i f i -  
c a t i o n  s e c t i o n .  

These changes a r e  r e f e r r e d  t o  f u r t h e r  i n  t h e  approp- 
r i a t e  paragraphs  below. 

A number of  t h e  above f e a t u r e s  may be v a r l e d  i n  
subsequent  work on Phase I o f  t h e  p r o j e c t  as t h e  
r e s u l t  o f .  f u r t h e r  development and t r a d e - o f f  s t u d i e s ;  
it is n o t  cons ide red  t h a t  such  changes w i l l  i n v a l i -  
da.t.s t h e  conc lus ions  sf t h e  comparison o f  g a s i f i c a t i o n  
p r e s s u r e .  . 

3.2 .3  O v e r a l l  Flowscheme 

T h e  o v e r a l l  flowscheme is shown on t h e  b lock  diagram, 
Drg. No. 1821-X52-5, a t  the end of this section, 
which shows t h e  main p roces s  u n i t s  and t h e  number o f  
t r a i n s  proposed f o r  each u n i t .  The on ly  raw m a t e r i a l s  
d e l i v e r e d  t o  t h e  s i t e  a r e  c o a l  and raw water .  Large 
machinery Ys d r i v e n  by s team gene ra t ed  on s i t e ,  and 
s m a l l e r  d r i v e s  use  purchased e l e c t r i c i t y .  The re- 
quirements  o f  t h e s e  raw m a t e r i a l s  and u t ' i l i t i e s  
a r e  summarised i n  sub-sec t ion  3.3 below, 

Dry g r i n d i n g  o f  p roces s  f eeds tock  has  been assumed f o r  
t h i s  's tudy; subsequent  adopt ion  o f  w e t  g r i n d i n g  would 
have a  n e g l i g i b l e  e f f e c t  on t h e  conc lus ions  o f  t h e  
p r e s s u r e  s tudy .  
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Coal .Preparatl'on 

The coal delivered to site is storein the site stockpiles. 
From the stockpile, it is crushed to a size suitable for 
feeding to the pulverisers, and is then divided into process 
and boiler feeds so that pulverisation for these duties can be 
carried out separately. Buffer storage is provided both 
for pulveriser feed and for pulverised process feedstock. 

3.2.5 Coal ~asific'ati'on 

The Texaco Coal Gasification process is used; basically this 
is the reaction between coal and' oxygen at h3gh temperature: 

2C + O2 = 2CO and C + O2 = C02 

Since water is also present, as slurrying agent for the feed, 
the water gas reaction also takes place: 

The final gas leaving the gasification zone is essentially 
a mixture of C, CO, C02, H and H20, with the actual 
composition determined by $he kinetics of the partial 
u i i d a l i o n  r t a c t i s n s .  

There is also an equilibrium between methane and carbon 
oxides and hydrogen: 

One of the advantages of' the high temperature which is a 
feature of the ~eGaco process is that these reactions-go 
far to the left resulting in a very low methane content of the 
product gas. Higher pressure however results in a higher methane 
yield and this means that from a given amount of coal, less 
H, + C n  is produced. Therefore one effect of higher pressure 
L is to increase the amount of coal and oxygen feed to give the 
required amount of hydrogen in the synthesis loop feed gas. 

The high temperature also ensures that the ash contained in 
the coal is completely melted - an essential feature 
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3.2.5 Cont'd. 

of the Texaco process. 

The flow scheme is as follows: 

Pulverised coal is slurried with water in the slurry tank 
equipped with an agitator and slurry circulation pump. 
Gasifier feed is drawn from the circulation line by the 
slurry charge pump which injects a controlled flow of 
slurry to the gasifier. Oxygen is supplied at the necessary 
pressure to the gasifier and mixes with the slurry in the 
burner located in the head of the gasifier. The gasifier 
is a refractory lined pressure vessel in which the reactions 
referred to above take place. The raw gas produced is 
quenched with water in the base of the gasifier and 
the solidified ash is withdrawn as a slag by a lock hopper 
arrangement. Unconverted carbon, known as soot, is removed 
from the quenched gas by scrubbing with water, which is fed to 
the Carbon/Ash Recovery Unit where'the carb0.n is recovered 
and recycled to the slurry tank. 

The capital cost of the Gasification Unit is heavily 
dependent upon the number of gasifiers. required for the duty. 
As the capacity of a single gasifier is determined by actual 
gas volumes, the number of gasifiers required, together with 
associated equipment such as slag hoppers and scrubber 
separators, reduces as the gasification pressure increases. 
The number of gasifiers required for the Commercial Plant 
with different operating pressures has been determined by 
Humphreys and Glasgow working in collaboration with Texaco 
Development Corporation and using assumptions on coal 
properties'believed to be typical of Western Kentucky Coal- 
fields. In addition to the four cases defined in paragraph 
3.1.2, a fifth case of 500 psig has been calculated to verify 
the trend established for the range under study. The results, 
including one stand-by gasifier in each case, are as follows: 
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Case G a s i f i c a t i o n  P r e s s u r e  No. of  G a s i f i e r s  

500 p s i g  
800 p s i g  

1200 p s i g  
1500 p s i g  
2500 p s i g  

The impact of  t h i s o n  c a p i t a l  c o s t  i s  shown i n  
Sec t ion  4 of t h i s  r e p o r t .  

3.2.6 Carbon/Ash Recovery [< 
The s o o t  water  produced i n  tile G a s i f i c a t i o n  Uni t  i s  
cooled a g a i n s t  make-up quench water  and l e t  down v i a  
a  f l a s h  drum i n t o  t h e  se t t ler ,  which i s  a  l a r g e  tank  
i n  which t h e  s o l i d s  t h i cken  t o  a  concen t r a t i on  s u i t a b l e  
f o r  r e c y c l i n g  t o  t h e  s l u r r y  tank .  

The s i z e ,  and hence t h e  c o s t  of t h i s  Unit  i s  r e l a t i v e l y  
i n s e n s i t i v e  t o  t h e .  g a s i f i c a t i o n  p r e s s u r e ,  and i n  any 
c a s e  accounts  f o r  on ly  a  smal l  percen tage  of t h e  t o t a l  
c a p i t a l  c o s t  of t h e  Commercial P l a n t ;  d e t a i l e d  a n a l y s i s  
i s  t h e r e f o r e  n o t  r e q u i r e d  f o r  t h i s  Trade-off Study. 

3 . 2 . 7  CO Conversion 

Gas.from t h e  Texaco g a s i f i e r  c o n t a i n s  over  4 0 %  carbvn 
mofioxide, which i s  conver ted t o  carhon d iox ide  by t h e  
s h i f t  r e a c t i o n :  

Steam r e q u i r e d  f o r  t h e  r e a c t i o n  r e s u l t s  from t h e  quench- 
i ng  of h o t  gases  where t h e  h e a t  g iven up t o  t h e  quench 
water  vapor i s e s  enough t o  enab le  t h e  above r e a c t i o n  t o  
proceed.  

Any remaining CO i s  removed i n  t h e  Ni t rogen Wash Uni t ,  s o  
t h e r e  a r e  obvious advantages  i n  conve r t i ng  a s  much a s  
a s  p o s s i b l e  i n t o  H + C 0 2 .  Th is  reduces  t h e  load  on t h e  
Nitrogen Wash u n i t ?  and a l s o ,  because more hydrogen i s  
produced, dec reases  t h e  load  on t h e  g a s i f i e r  and hence 
t h e  c a p a c i t y  of t h e  A i r  Sepa ra t ion  Uni t ,  e t c .  Against  
t h i s  t h e  lower t h e  CO l e v e l  r e q u i r e d ,  t h e  more expensive 
t h e  s h i f t  system w i l l  be. For t h e  purposes of t h i s  s tudy ,  
t h e  same cond i t i on  a s  i n  t h e  o r i g i n a l  p roposa l  has  been 
assumed, i e  3% carbon monoxide (d ry  ' b a s i s )  i n  the produc t  
gas .  
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The r e a c t i o n  is  c a r r i e d  o u t  ove r  a cobalt/molybdenum 
oxide  c a t a l y s t ,  which i s  su lph ided  by t h e  H2S pres-  
e n t  i n  t h e  gas .  g h i s  c a t a l y s t  i s  reasonably a c t i v e  
down t o  about  600 F; however a s  t h e  r e a c t i o n  i s  exo- 
thermic ,  one s i n g l e  s t a g e  o f  s h i f t  convers ion i s  
s e l f -  l i m i t i n g  when t h e  gas approaches t h e  e q u i l i b r i u m  
tempera ture .  One s t a g e  o f  convers ion could  reduce 
t h e  CO t o  around 8% V/V and t o  o b t a i n  a lower concen- 
t r a t i o n ,  t h e  gas  should be cooled and passed ove r  a 
second s t a g e  of  c a t a l y s t .  This  p rocess .  can be re- 
pea ted  i f  r e q u i r e d .  

Information from s h i f t  c a t a l y s t  vendors i n d i c a t e s  
t h a t  for a concen t ra t ion  o f  3% CO,  two s t a g e s  a r e  
adequate; ,  t h e  use o f  t h r e e  s t a g e s  g ives  no s i g n i f  i- 
c a n t  s av ing  in  c a t a l y s t  q u a n t i t i e s .  For i n s t a n c e  
one vendor shows 5720 c u . f t  o f  c a t a l y s t  i n  a two 
s t a g e  system g i v i n g  3% . C o t  and 6880 cu. f t  i n  a t h r e e  
s t a g e  system g iv ing  2 . 5 %  CO. The l a t t e r  system a l s o  
r e q u i r e s  an e x t r a  v e s s e l  and exchanger w i t h  assoc- 
i a t e d  equipment. Therefore,  a two s t a g e  system i s  
used f o r  t h i s  p r e s s u r e  s tudy .  I n  t h e  even t  o f  a 
lower CC) level ,  b e i n g  selected a t  a l a t e r  o i n t  i n  E Phase I ,  then a t h r e e  s t a g e  system could ecome 
p r e f e r a b l e .  The e f f e c t  of  such a change on t h e  
p r e s s u r e  comparison' would however be marginal .  

T h e  in format ion  rece ived  from a vendor wi th  exper-  
ience  of p res su res  up t o  about  1125  p s i g  has  been 
used a s  t h e  b a s i s  of  des ign  of  the s h i f t  system. 
In t h e  range of o p e r a t i n g  expe r i ence ,  it i s  observed 
t h a t  h ighe r  p r e s s u r e    per at ion r e q u i r e s  a s m a l l e r  
c a t a l y s t  vdlume f o r  a given duty.  A t  h i g h e r  p r e s s u r e s  
one vendor has beec conse rva t ive ,  and n o t  al lowed f o r  
any further reduct ion  i n  c a t a l y s t  requirements .  On 
t h e  o t h e r  hand another  vendor has  e x t r a p o l a t e d  from 
h i s  exper ience ;  frsm t h i s  in format ion ,  c a s e  D re- 
q u i r e s  60% of  t h e  c a t a l y s t  r e q u i r e d  by Case A l .  

The mechanical des ign  of  t h e  s h i f t  conver t e r s  is n o t  
s t r a i g h t f o r w a r d ,  because t o  g ive  a reasonable  
p res su re  drop (10 p s i )  through a s i n g l e  bed o f  
c a t a l y s t  would r e q u i r e  a v e s s e l  d iameter  of  18 f t .  t o  
2 1  f t  depending on t h e  case .  Vessels  of  a rnure con- 
ven ien t  diameter  can be achieved by d i v i d i n g  t h e  re-  
q u i r e d  c a t a l y s t  volume i n t o  a number o f  beds i n  
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p a r a l l e l ,  which may be arranged i n  s e p a r a t e  v e s s e l s ,  
o r  with up t o  two beds wi th in  a s i n g l e  v e s s e l ,  t h u s  
economising on v e s s e l  c o s t s .  A number of arrange-  
ments a r e  conceivable ,  and some design work has  been 
c a r r i e d  o u t  t o  determine the  arrangement t o  be used 
f o r  t h i s  s tudy.  The.  arrangement now proposed f o r  
t h e  Commercial P l a n t ,  which appears  t o  s a t i s f y  t h e  
requirements '  of minimum c a p i t a l  c o s t  c o n s i s t e n t  with 
o p e r a b i l i t y  and manageable v e s s e l  dimensions, i s  two 
p a r a l l e l  t r a i n s ,  each comprising a s i n g l e  v e s s e l  and 
a s s o c i a t e d  hea t  exchange equipment. Each v e s s e l  i s  
d iv ided  i n t o  two r e f r a c t o r y  l i n e d  compartments, t h e  
upper one holding t h e  f i r s t  s t a g e  c a t a l y s t ,  and t h e  
lower one t h e  second s t a g e  c a t a l y s t  bed. Thus gas 
e n t e r i n g  t h e  CO Conversion Unit i s  d iv ided  i n t o  two 
streams,  .then each stream i s  hea ted  a g a i n s t  converted 
gas from t h e  second s t a g e ,  then  a g a i n s t  gas from t h e  
f i r s t  s t a g e ,  before  beingofed t o  t h e  f i r s t  s t a g e  
c a t a l y s t  bed a t  abouto640 F. The gas  temperature 
r i s e s  t o  7 3 0 ' ~  - 790 F (depending on t h e  c a s e ) ,  
t h e  CO . con ten t  being reduced t o  11% V/V. The gas 
l eav ing  t h e  . f i r s t  s t a g e o i s  cooled a g a i n s t  uncon- 
v e r t e d  gas t o  about 710 F b e f o r e . b e i n g  fed  t o  t h e  
second s t a g e .  The converted gas ,  con ta in ing  3% CO 

' V/V, i s  cooled,  f i r s t  a g a i n s t  'feed gas ,  then i n  
two waste hea t  b o i l e r s  i n  s e r i e s ;  o p e r a t i n g  a t  two 
p ressures  des ignated  medium pressure  ( M P )  and lower 
medium pressure  (LMP). Fur ther  h e a t  i s  recovered i n  
a b o i l e r  feedwater h e a t e r  and a low pressure  (LP) 
b o i l e r  before  t h e  gas is f i n a l l y  cooled wi th  d e a e r a t o r  
feedwater and cool ing  water .  The process  condensate,  
formed dur ing  t h e  coo l ing  of t h e  gas ,  i s  removed 

' before  t h e  two streams pass  t o  t h e  Acid Gas Removal 
Unit .  

The e f f e c t s  of inc reas ing  p ressu re  on CO s h i f t  
v e s s e l  design a r e :  

a )  Less c a t a l y s t  i s  requ i red  r e s u l t i n g  i n  a smal ler  
t o t a l  v e s s e l  volume. 

b)  Because of inc r sased  gas d e n s i t y ,  t h e  v e l o c i t y  
through t h e  c a t a l y s t  i s  reduced - t h i s  means 
t h a t  v e s s e l  diameters  can be reduced. 

c )  Wall th i cknesses  have t o  b.e increased .  
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So f a r  a s  t h e  h e a t  exchange equipment i s  concerned 
a  b a l a n c e , m u s t  be s t r u c k  between maximising h e a t  
r ecove ry  and r educ ing  c a p i t a l  c o s t  by adop t ion  o f  
l a r g e  t empera tu re  d i f f e r e n t i a l s .  To ach ieve  t h i s  
a  d i f f e r e n t  LMP Steam l e v e l  has  been chosen f o r  
each  o f  t h e  f o u r  c a s e s  cons ide red .  The n e t t  impact  
o f  v a r i a t i o n  o f  g a s i f i e r  p r e s s u r e  on t h e  c o s t  o f  t h e  

' C O  Conversion Uni t  i s  d i s c u s s e d  i n  S e c t i o n  4 o f  t h i s  
Report .  

3.2.8 Gas P u r i f i c a t i o n  

T h e  s e l e c t i o n  of.  t h e  most a p p r o p r i a t e  technology f o r  
g a s  p u r i f i c a t i o n  i s  t h e  s u b j e c t  f o r  s tudy  i n  Trade- 
o f f  Study 11 A s  s t a t e d  i n  paragraph  3.2.2 above,  
t h e  present .  s t udy  i s  based on one, o f  t h e  p o s s i b l e  
p r o c e s s  r o u t e s ,  i e  R e c t i s o l  Acid Gas Removal, 
Adsorption and Nit rogen Wash. The f eed  g a s  e n t e r s  t h e  
R e c t i s o l  Uni t  and,  a f t e r  methanol i n j e c t i o n ,  i s  
cooled  w i t h  p a r t  of  t h e  n i t r o g e n  wash produc t  g a s  and 
t h e  t a i l  g a s .  The methanol /condensate ,  which i s  
removed from t h e  f eed  g a s  pas ses  t o  a  water/methanol 
s t i l l .  Here i t  i s  f i r s t  hea t ed  and f l a s h e d  i n  o r d e r  
t o  remove any absorbed H 2 S  and t h e n  f e d  i n t o  a  column 
where t h e  methanol i s  s t r i p p e d  u s i n g  steam r e b o i l  
and passed i n t o  the warm regenerator. On c n t e r i n g  
t h e  wash column t h e  H2S/COS a r e  scrubbed o u t  i n  t h e  
bottom s e c t i o n  of  t h e  column; t h e  b u l k  o f  t h e  CO 
r e m ~ v e d  i n  t h e  middle s e c t i o n  w h i l e  t h e  f i n a l  c l a a n  
up o c c u r s  i n  t h e  upper s e c t i o n  where i t  i s  scrubbed 
wi th  c o l d  l e a n  methanol. The gas  t hen  pas ses  t o  a  
Ni t rogen Wash Uni t  v i a  a  molecu la r  s i e v e .  The r i c h  
methanol l e a v e s  t h e  wash column i n  two s t r eams ,  t h e  
co r i c h  s t ream from t h e  middle s e c t i o n  and t h e  C 0 2 /  
~~8 r i c h  s t ream f r o n  t h e  base .  These s t r eams  a r e  
cooled  and f l a s h e d  i n  o r d e r  t o  remove absorbed 
hydrogen; t h e  f l a s h  gas  i s  then  compressed and r e -  
cyc l ed  back t o  t h e  f eed .  I n  t h e  c o l d  r e g e n e r a t o r  
t h e  r i c h  methanol i s  s t r i p p e d  of C 0 2  u s ing  purge 
n i t r o g e n  fro;n t h e  molecu la r  s i e v e s ,  and t h e  H2S 
r i c h  methanol i s  pumped from t h e  t o p  s e c t i o n  of  t h e  
column t o  t h e  warm r e g e n e r a t o r .  The f e e d s  t o  t h e  
c o l d  r e g e n e r a t o r  a r e  a r r anged  such t h a b t h e  t a i l  g a s  
has an accep tab ly  low H,S c o n c e n t r a t i o n .  Th i s  H2S 
r i c h  methanol 'is h e a t e d b a g a i n s t  r e g e n e r a t e d  methanol 
before '  be ing  f e d  i n t o  t h e  warm r e g e n e r a t o r .  Here i t  
i s  s t r i p p e d  of H S us ing  steam r e b p i l  b e f o r e  be ing  
f e d  back t o  t h e  zbso rbe r .  The ove rheads -a re  c h i l l e d ;  , 
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i n  o rde r  t o  remove any methanol before  t h e  H S 
s t ream i s  passed t o  t h e  su lphur  p l a n t .  2 

The Adsorber Unit c o n s i s t s  of two s e t s  of two 
p a r a l l e l  beds of molecular s i e v e s ,  one s e t  adsorbing 
while  t h e  o t h e r  i s  being regenera ted .  The u n i t  i s  
designed t o  remove t h e  l a s t  t r a c e s  of C 0 2  and H 2 S  
i n  order  t o  prevent  f r e e z i n g  up i n  t h e  Nltrogen 
Wash, a s  we l l  a s  t r a c e s  of methanol c a r r i e d  over  from 
t h e  Rec t i so l  Unit. Make gas  i s  f e d  from t h e  R e c t i s o l  
Unit and passed through two beds of t h e  u n i t  and 
then on t o  t h e  Nitrogen Wash. The regenera t ion  i s  
c a r r i e d  o u t  by pass ing  preheated n i t rogen  from t h e  
A i r  S e p a r a t i o n . U n i t ,  counter  c u r r e n t  through t h e  
beds. The .gas. i s  then . cooled before  being 
used a s  s t r i p p i n g  gas in ,  t h e  cold  r egenera to r  on t h e  
Rec t i so l  Unit. 

The Nitrogen Wash Unit  employs a  mixture of con- 
densa t ion  and washing with l i q u i d  n i t rogen  t o  remove 
carbon monoxide and methane from t h e  incoming gas.  
The u n i t  c o n s i s t s  e s s e n t i a l l y  of a  mul t i s t ream hea t  
exchanger and a  column. The make gas and n i t r o g e n  a r e  
cooled a g a i n s t  t h e  column overheads before  e n t e r i n g  
t h e  column. The carbon monoxide and methane a r e  con- 
densed and removed from t h e  base of t h e  column and a r e  
then revapor ised  a g a i n s t  t h e  feed n i t rogen  before  
being s e n t  o f f  a s  f u e l  gas. A s ides t ream i s  removed 
from t h e  column overheads before  t h e  f i n a l  h e a t  ex- 
changer s e c t i v n  and i s  used to c h i l l  t he  R e c t i s o l  
Unit feed.  The two streams then recombine be fo re  
passing t o  the  syngas compressors. 

A s  Rec t i so l  i s  a  phys ica l  absorpt ion  process ,  in- 
c reas ing  p ressu re  might be expected t o  improve t h e  
economics by reduct ion  of t h e  methanol c i r c u l a t i o n  
requi red .  In  f a c t ,  t h e  problem i s  n o t  so  simple: 
t h e  p a r t i c u l a r  n a t u r e  of  t h e  gas t o  be t r e a t e d  i n  
t h i s  p r o j e c t  g i v e s  r i s e  t o  s e v e r a l  e f f e c t s ,  some 
favourable  and some unfavourable t o  the economics. 
These e f f e c t s  g ive  a  d i f f e r e n t  balance a t  d i f f e r e n t  
p ressu res ,  t h e  n e t t  e f f e c t  on power consumption i s  
summarised i n  sub-sect ion 3 . 3 ,  below, w h i l s t  c a p i t a l  
c o s t s  a r e  d iscussed  i n  Sect ion 4 .  
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With rega rd  t o  t h e  ~ d s o r b e r ,  t h e  volume of molecular  
s i e v e  m a t e r i a l  r e q u i r e d  i s  u n a f f e c t e d  by p r e s s u r e , . a s  
t h i s  i s  determined by t h e  q u a n t i t y  of  a c i d  gas  t o  be 
removed. However, a s  p r e s s u r e  d rop  i s  reduced by 
i n c r e a s e  i n  t o t a l  p r e s s u r e  ( f o r  a given mass flow 
and v e s s e l  d i a m e t e r ) ,  it i s  p o s s i b l e  t o  i n c r e a s e  t h e  
.L/D r a t i o  of t h e  v e s s e l  t o  achieve  a more economical.  
des ign  . 
The.main e f f e c t  of  p re s su re  on t h e  c o s t  of  t h e  N i t -  
rogen Wash Uni t ,  a p a r t  from a p r o g r e s s i v e  i n c r e a s e  
i n  w a l l  t h i c k n e s s  i n  going from Case A1 t o  Case D ,  
i s  t h e  change from p l a t e  exchangers t o  t h e  more ex- 
pensive t u b u l a r  exchangers a t  a c e r t a i n  p res su re .  
The maximum f e a s i b l e  p r e s s u r e  f o r  . t h e  former is  pu t  
a t  about 680 p s i g  by one vendor and about  LOO0 p s i g  
by ano the r .  A f u r t h e r  e f f e c t  i s  t h a t  t h e  p h y s i c a l  
p r o p e r t i e s  of l i q u i d  n i t r o g e n  a r e  less favourable  
t o  t h e  abso rp t ion  a t  ve ry  h igh  p r e s s u r e s ,  s o  t h a t  
e i t h e r  t h e  tower h e i g h t  o r ' t h e  l i q u i d  n i t r o g e n  flow 
t o  t h e  column must be inc reased .  The r e s u l t  o f  a l l  
t h e s e  e f f e c t s  i s  t h a t  t h e  c o s t  of  t h i s  u n i t  i n c r e a s e s  
p r o g r e s s i v e l y  w i t h  p r e s s u r e ,  a s  d i s c u s s e d  i n  Sec t ion  4 .  

3 . 2 . 9  Syngas Compression and Ammonia Syn thes i s  

A s  s t a t e d .  i n  paragraph 3 . 2 . 2  above, t h i s  s tudy  is 
based on t h e  adopt ion of  two quench conver t e r  ' 

s y n t h e s i s   loop^, each wi th  i t s  own s y n t h e s i s  gas 
cornpressor /c i rcu la tor  and r e f r i g e r a t i o n  system. 
gas  l eav ing  t h e  n i t r o g e n  wash u n i t  i s  very pure:  t h i s  
means t h a t  it i s  n o t  necessary  t o  t a k e  a gas purge 
from t h e  Syn thes i s  loop,  because any t r a c e s  o f  argon 
and methane e n t e r i n g  wi th  t h e  syngas w i l l  be d i s s o l v e d  
out . .  i n  t h e  product  ammonia. 

I t  i s  n o t  necessary  t o  d i s c u s s  t h i s  s e c t i o n ' i n  d e t a i l  
because with t h e  exception of syngas compression, t h e  
g a s i f i c a t i o n  p res su re  has  v i r t u a l l y  no e f f e c t  on 
ammonia s y n t h e s i s .  I t  is worth mentioning t h e  h e a t  
of r e a c t i o n ,  however, because it is  p o s s i b l e  t o  
s e l e c t  t h e  l e v e l  a t  whic.h t h i s  waste  h e a t  is recovered.  
There a r e  many v a r i a t i o n s  of  loop des igh ,  and by 
s e l e c t i n g  d i f f e r e n t  quench tempera tures ,  t h e  temper- 
a t u r e  a t  which waste  h e a t  becomes a v a i l a b l e  f o r  re-  
covery can be changed. In t h i s  c a s e ,  t h e  waste  h e a t  
i s  used t o  r a i s e  600  p s i g  s a t u r a t e d  steam, s i n c e  t h i s  
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gives useful heat recovery with reasonable temp- 
erature approaches. Higher pressure steam could 
be produced, but this would increase the cost of 
most of the equipment in the loop. 

Although the syngas compression duty reduces con- 
tinuously with increase in pressure, the cost of 
the machines ,will be subject to step changes as 
the minimum number of stages required comes down. 
These possible step changes have been investigate2, 
and the impact is discussed in Section 4. 

3.2.10 Air Separation and Oxygen Compression/Pumpinq 

Air separation is effected by proven technology 
for which there are a number of possible vendors 
available. Whilst there are differences between 
the anticipated power consumption and estimated 
capital costs provided by different vendors for 
the requirements of this project, such differences 
do not significantly affect the comparison of the 
different gasification pressures in this study. 

Although a number of vendorswere invited to put 
forward proposals based on liquid oxygen pumping, 
should this appear to have an advantage over oxygen 
gas compression, the two air separation plant vendors 
making concrete proposals on this question selected 
compression. In addition, a number of compressor 
manufacturers were approached directly. The power 
requirements are sumrnarised in sub-section 3.3 
below, and the capital costs are discussed in 
Section 4. 

Heat Recovery 'an'd Steam System 

The consumption and distribution of energy is a 
very important consideration in this pressure study, 
with high pressure gasification showing a distinct 
saving in total shaft power as indicated in sub- 
section 3.3 below. Electric motors have been used for 
small drives only (generally less than lLW) . This 
accounts for about 16 MW of the total.190-200 MW 
shaft power. 
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Some steam i s  r a i s e d  by r e c o v e r i n g  waste h e a t  from 
downstream o f  t h e  CO -convers ion  s e c t i o n ,  and from 
ammonia s y n t h e s i s .  However, t h i s  i s  i n s u f f i c i e n t  
f o r  t h e  190-200 MW mentioned above,  s o  t h e  remainder  
o f  t h e  s team is  r a i s e d  i n  two independent  c o a l  f i r e d  
b o i l e r s .  T h i s o a u x i l i a r y  s team i s  d i s t r i b u t e d  a t  

*1800 p s i g ,  986 F ,  a s  no t ed  i n  paragraph  3 .2 .2  above. 
Waste h e a t  from t h e  CO convers ion  s e c t i o n  and 
s y n t h e s i s  loop  i s  recovered  and d i s t r i b u t e d  a s  
580 p s i g  steam, d e s i g n a t e d  medium p r e s s u r e  (MP) , 
wi th  a  small' anount  a s  50 p s i g  s a t u r a t e d  . s team f o r  
h e a t i n g  d u t i e s .  These l e v e l s  were s e l e c t e d  
as be ing  compat ible  w i t h ,  t h e  a v a i l a b i l i t y  o f  h e a t  
a t  t h e  CO s h i f t  o u t l e t .  However, on i n v e s t i g a t i o n ,  
r e s t r i c t i n g  t h e  h e a t  recovery  from t h e  make g a s  t o  
a s i n g l e  steam p r e s s u r e  o f  580 p s i g  would impose an 
unnecessary p e n a l t y  on . t h e  thermal  e f f i c i e n c y  o f  t h e  
. p l a n t  as a  whole. :  Accordingly some s team i s .  r a i s e d  
a t  a lower medium p r e s s u r e  (LMP) , the p r e c i s e  v a l u e  . ' . 
o f  t h i s  p r e s s u r e  be ing  d i f f e r e n t  f o r  each c a s e ,  A 1  t o  
D. Th i s  lower  p r e s s u r e  has  been s e l e c t e d  s o  t h a t  t h e  
tempera ture  a t  which h e a t  has  t o  b.e r e j e c t e d  t o  
c o o l i n g  wa te r  ( a f t e r  p r e h e a t i n g  d e a e r a t o r  f eed  and 
b o i l e r  f e e d  w a t e r s ,  and r a i s i n g  aosma l l e r  amount o f  
50 p s i g  s team) is below about  230 F. Produc t ion  o f  
was te  h e a t  steam f o r  t h e  d i f f e r e n t  c a s e s  i s  summarised 
in sub - sec t ion  3.3.  

Both MP and LNP steam a r e  supe rhea t ed  i n  a  s e p a r a t e  
f i r e d  h e a t e r ,  u s i n g ,  no rma l ly ,  n i t r o g e n  wash tail:  
gas  a s  f u e l ,  t h e  t empera tu re  of  s u p e r h e a t  be ing  
s e l e c t e d  t o  ensu re  t h a t  condensing t u r b i n e s  do n o t  
exhaus t  a t  more than  10% wetness .  I t  i s  p o s s i b l e  
t o  raise t h e s e  t empera tu re s  t o  improve t h e  e f f i c i e n c y  
o f  t h i s  h e a t  recovery .  However, theoHP b o i l e r  has  
a s a t u r a t i o n  tempera ture  o f  ove r  620 F, and w i l l  
have a  cons ide rab ly  grea . ter  o v e r a l l  thermal  e f f -  
i c i e n c y  than  Lhe f i r ed  heater. Thi s  means t h a t  
g e n e r a t i n g  e x t r a  HP steam i s  c e r t a i n l y  more e f f i c -  
i e n t  t h a n  s u p e r h e a t i n g  LIP steam, and probably 
g r e a t e r  than s u p e r h e a t i n g  MP steam. I f  s u r p l u s  
c l e a n  f u e l  gas  has  a  g r e a t e r  va lue  than  c o a l  p e r  
B . T . U . ,  t h i s  would r e i n f o r c e  . t h e  argument f o r  n o t  
firing more than necessary i n  t h c  supcrhea , te r .  

*Fur the r  work on t h e  o p t i m i s a t i o n  o f  t h e  s team system 
f o r  t h e  1 2 0 0  p s i s  c a s e  h a s  r e s u l t e d  i n  t h e  con- 
d i t i o n s  of  t h e  HG s team be ing  changed to' 1500 p s i g ,  
9  40'~.  
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The d e t a i l e d  development of  t h e  s team system w i l l  
be c a r r i e d  o u t  and op t imised  dur ing  t h e  conceptua l  
des ign  o f  t h e  Commercial P l a n t  f o r  t h e  s e l e c t e d  
g a s i f i c a t i o n  p r e s s u r e .  For t h i s  s t u d y ,  an o u t l i n e  
scheme has  been drawn up which i s  adequate  f o r  
comparing g a s i f i c a t i o n  p res su res .  I n  summary, t h e  
e f f e c t s  o f  i n c r e a s i n g  g a s i f i c a t i o n  p r e s s u r e  a r e  : 

a )  More waste h e a t  i s  a v a i l a b l e  t o  be recovered.  
b )  This  waste  h e a t  becomes a v a i l a b l e  a t  a  h i g h e r  

tempera ture ,  i e  is more e f f i c i e n t l y  recovered.  
C )  Exchanger s u r f a c e  a r e a  i s  reduced by about  

50% f o r  t h e  p r i n c i p a l  h e a t  exchangers i n  
going frqm Case A 1  t o  Case D.  

d )  Wall t h i c k n e s s e s  i n c r e a s e .  

3.2.12 B o i l e r  P l a n t  

A s  s t a t e d  i n  paragraph 3 . 2 . 2  above, the s tudy  has  ' 

been based on high p r e s s u r e  (HP) steam be ing  
genera ted  i n  an a u x i & i a r y  b o i l e r  t o  d e l i v e r  steam 
a t  1800 p s i g  and 986 F. The b o i l e r  is f i r e d  w i t h  
c o a l ,  supplemented wi th  f u e l  gas  s u r p l u s  t o  t h e  re- 
quirements of t h e  MP and LMP s team s u p e r h e a t e r .  The 
o v e r a l l  thermal  e f f i c i e n c y  o f  the b o i l e r  has  been 
taken a s  33% (HHV.basis) .  The b o i l e r  duty f o r  t h e  
d i f f e r e n t  cases  i s  given i n  sub-sect ion 3.3 below. 

MP and LP steam a r e  superheated wi th  f u e l  gas  taken 
from t h e  Nitrogen Wash t a i l  g a s ,  wi th  an assumed 
e f f i c i e n c y  of  68% (HHV b a s i s )  . 
The adoption of  a  lower p res su re  f o r  HP s team w i l l  
r e s u l t  i n -  a d i f f e r e n t  ba lance  between c o n s u m ~ t i o n s  
a t  d i f f e r e n t  s team l e v e l s ,  b u t  t h e  o v e r a l l  energy 
consumptions w i l l  n o t  be  s i g n i f i c a n t l y  changed. 

Sulphur P l a n t  and Stack Gas Clean-up Unit  

The Sulphur P l a n t  consumptions and c o s t s  have been 
e s t ima ted  f o r  t h e  fou r  c a s e s ,  u s ing  in-house pro- 
cedures .  The technology t o  be used f o r  clean-up 
of  t h e  Sulphur P l a n t  t a i l  gas and B o i l e r  P l a n t  
s t a c k  gas f o r . t h e  Commercial P l a n t  is  t h e  s u b j e c t  
~f a Trade-loff Study t c  be carried nnt. by Fbasco 
dur ing  Phase I o f  t h e  p r o j e c t .  For t h e  p r e s e n t  
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study the system adopted for the original proposal has 
been taken as a basis for scaling for all four cases. 
Overall, increasing the gasification pressure produces 
a minor reduction in utility consumptions of these units, 
but has a negligible effect on equipment sizes. 

3.3 Anticipated Performance 

3.3.1 Introduction 

The following performance figures were calculated according 
.to the design basis given in sub-section 3.1 above. 
Although there have been some changes in this design basis 
and other possible changes are still under review, the 
figures are considered to.give a fair basis for com~arison 
of plant performance with different operating pressures. 

3.3.2 Overall Consumption 

TABLE 3-1 
RAW !.IATERIAL AND POFJER CONSU.WTIONS 

* Nett figure after allowing for power recovery from 
methanol let-down (Case D only). 

CASE 

Coal to Gasifier. 
Coal to Boiler 
Electric Power 
Raw Water . .  

D 

1.4 
8.5* 
26.8 
90.5 

28.4 
21.4 

177.0 

- 
CASE 

Carbon/Ash Handling 
Rectisol 
Nitrogen Wash 
ASU. and- O2 Compression 
Syngas Compression, Ammonia 
Synthesis and Refrigeration 
Utilities 

TOTAL 

UNITS 

3IrY BTU/h 
10.1 nll'u/h 
MTJ 
USGPM 

A1 

0.5 
10.9 
17.7 
79.5 

56.9 
23.3 

188.8 

A1 

5033 
ll4G . 
17.52 
6133 

B 

0.7 
10.2 
21.8 
80.5 

47.0 
22.6 

183.1 

B 

5079 
1055 
17.10 
6009 

C 

0.9 . 

11.0 
23.4 
83.6 

41.2 
22.2 

183.3 

C 

5169 
999 
17.49 
5989 

D 

5441 
652 
18.91 
5885 
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. . 
TABLE 3-3 

ELECTRIC POWER CONSUMPTIONS 
(All in MtJ) . 

3-19 
March 1978 

* There is a net surplus of electric power from the ASU.' 
arising from the use of power recovery gas expanders. 

3.3.3 Air Separation and Oxygen Compression Power Requirements 

D 

2.33 
0.18. 
0.91 
3.22 
0.29 
(1.19) 
0.39 
0.13 
5.16 
1-93 
3.06 
1.50 

18.91 : 

Power consumptions in paragraph 3.3.2 above are based on 
data from one vendor for air separation and oxygen com- 
pression (designated Vendor 'AD). A second air separation 
vendor has also provided data (Vendor ' B ' )  and data has 
also been received from two compressor vendors (Vendors 
'C' and ID' ) and the results are summarised in Table 3-4. 

C 

2.55 
0.18 
0.69 
2.38 
0.25 
(1.20) 
0.46 
0.13 
5.20 
2.26 
3.09 
1.50 

17.49 

e 

CASE 

Gasification 
Carbon/Ash Handling 
CO Shift 
Rectisol 
Nitrogen Wash 
ASU/02 Compression 
Amonla ,Synthesis 
Sulphur Recovery 
Coal Handling ' 
Stack Gas Clean-Up 
Utilities . 
Lighting, Instruments, etc 

TOTAL 
C 

TABLE. 3-4 
AIR SEPARATION POWER REQUIRElYENTS 

(All in Ml4) 

A1 

2.08 
0.17 
0.60 
2.05 
0.82 

* (1.20) 
0.56 
0.12 
5.23 
2.43 
3.16 
1.50 

17.52 

B 

2.31 
. 0.17 
0.64 
2.23 
0.23 
(1.20) 
0.51 
0.12 
5.20 
2.30 
3.09 
1.50 

17.10 

C 

56.4 
2.0 
54.4 

32.3 

55.9 

34.5 

27.2 

27.3 

VENDOR 

A 

I3 

C 

. . _ . "  
D 

D 

58.0 
2.0 
56.0 

- 
57.6 

39.1 

32.5 

- 

A1 

55.0 
1.9 
53.1 

26.6 

54.5 

29.8 

24.5 

23.5 

CASE 

Gross Consumption, ASU 
Power Recovery, ASU 
Nett Consumption, ASU 
Consumption, Oxygen 
Compression 

Consumption, ASU 
Consumption, Oxygen 
Compression - 

Consumption, Oxygen 
Compression 

1 - . - .  

Consumption, Oxygen 
Compression, 

B 

55.4 
1.9 
53.5 

30.1 

55.1 

32.7 

25.4 

25.7 
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3.3.4 Waste Heat Steam Generation 

TABLE 3-5 
WASTE HEAT STE=I GENERATION 

1 I I 1 I 1 
CASE 

M.P. Distribution pressure ps&; 
temperature 

* Production ST/hr 

* Includes 160 .ST/hr from Ammonia Synthesis Loop in each case. 

L.M.P. Distribution pressure psig 
temperature .OF 

Production ST/hr 

3.4 Commercial Evaluation and Risk Analysis 

A1 

580 
654 
241 

3.4.1 Introduction 

180 
470 
316 

Although 'varying the gasification pressure affects the 
design of almost all the process units and support faci- 
lities, it only raises questions of commercial experience 
and viability in the case of a limited number of th'ese 
units, 

B .  

580 
654 
255 

Coal gasification is a special. case. The whole object of 
the Demonstration .Plant Programme is to bring new coal 
gasification processes, in this case the Texaco Coal 
Gasification Process, to commercialisation. Consequently 
there is no need to review the commercial status of this 
process at this stage, although the risk,as a function of 
pressure, must be considered. 

235 
505 
303 

The objective of this sub-section is to assess the commer- 
cial status and to identify the commercial risks involved 
in implementing a project for a 3500 STD ammonia plant 
based on the process technology outlined in sub-section 
3.2. These risks will clearly tend to reduce with time 
as more development work is undertaken to extend the 
limits of technology; the following paragraphs summarise 
the current (March 1978) situation. 

, C 

580 
654 
260 

3.4.2 Coal Gasification 

I 
580 
654 
395 

275 
530 
308 

The Texaco process for partial oxidation of oil and 
associated downstream gas washing systems have been 
demonstrated at 2300 psig on a pilot scale on Texaco's 
Montebello pilot plant. Coas gasification has been 

395 
590 
197 
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demonstrated at Montebello at 400 psig, and a semi- 
commercial coal-based plant, also designed for 
operation at 400 psig, has been demonstrated at 
Oberhausen, W. Germany. The next stage of ~ i l o t  plant 
experimentation currently planned by Texaco will permit 
demonstration up to pressures not exceeding 1200 psig. 

The above facts, taken together with Texaco's proven 
ability to design and successfully operate commercial 
oil gasification plants based on scale-up of pilot 
plant data, indicates that there are sound reasons for 
anticipating minimum risk in a commercial plant oper- 
ating at pressures up to 12.00 psig, provided the 
results of the 1200 psig pilot plant are available 
before proceeding to,the definitive design. 

For pressures greater than 1200 psig there will be 
unquantifiable risks, increasing progressively as the 
difference between design pressure and pilot plant 
operating pressure increases. It will be possible to 
evaluate these risks more realistically after comple- 
tion of the proposed pilot plant programme. 

Acid Gas Removal 

As stated previously the Rectisol process has been 
taken as the method of acid gas removal for the 
purposes of this study. 

The highest pressure so far adopted for a commercial 
unit is about 1100 psig used by Linde for a 1600 STD 
ammonia plant currently under construction in India. 
The highest pressure used on any scale of operation is 
2260 psig on a plant operated in conjunctioh with 
Texaco's pilot oil gasifier at Montebello, Calif. In 
both these cases the Rectisol unit was associated with 
nitrogen wash, though the Montebello (nitrogen wash) 
unit never operated for any extended period at 
pressures greater than 1250 psig. 

A significant factor is that Rectisol has not been 
operated i.n conjunction with the Texaco coal 
gasification process, 
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though R e c t i s o l  has been used i n  conjunct ion with t h e  
Koppers Totzek p rocess ,  which produces a  gas somewhat 
s i m i l a r  i n  composition,  a t  ModZerfontein, South Af r i ca .  
The Linde view i s  t h a t  t h e r e  i s  s u f f i c i e n t  commercial 
b a s i s  f o r  des igning  a  R e c t i s o l  and n i t rogen  wash u n i t  
f o r  a l l  cases  provided t h e  concen t ra t ion  of t r a c e  
components i n  t h e  new gas  can be a c c u r a t e l y  s p e c i f i e d .  
For Cases A 1  and B t h e r e  is  a l ready  adequate d a t a  
a v a i l a b l e ;  f o r  Cases C and D some l a b o r a t o r y  t e s t s  

.would be requi red .  

From t h i s  it fo l lows t h a t  t h e r e  is  a  l i m i t e d  r i s k  
involved i n  proceeding with a  Rec t i so l /n i t rogen  wash 
u n i t  t o  opera te  a t  p ressu res  up t o  2300 p s i g ,  provi-  
ded t h e  composition of t h e . f e e d  gas  can be s p e c i f i e d  
p r e c i s e l y .  However a s  t h e  content  of t r a c e  c o n s t i -  
t u e n t s  can only be p red ic ted  with c e r t a i n t y  from p i l o t  
p l a n t  opera t ion  under comparable cond i t ions ,  t h e  same 
cons ide ra t ions  apply a s  f o r  g a s i f i c a t i o n ,  i . e .  t h e r e  
w i l l  be a  p rogress ive ly  i n c r e a s i n g  r i s k  a s  t h e  gas i -  
f i c a t i o n  p ressu re  i s  r a i s e d  above 1200 ps ig .  

3 . 4 . 4  A i r  s epa ra t ion  and Oxygen Corn~gession 

A i r  s epa ra t ion  u n i t s  have been e r e c t e d  and a r e  being 
cons t ruc ted  with c a p a c i t i e s  of up t o  2300-2400 STD 
(by L'Air  Liquide i n  Europe and South A f r i c a ) .  The 
3500 ST.Di,.Ammonia P l a n t .  w i l l  r e q u i r e  a  capac i ty  of 
4800-5000 STD::,, s o  two streams of a i r  s e p a r a t i o n  
involve only a  s l i g h t  i n c r e a s e  of capac i ty  compared 
with c u r r e n t  experience.  I t  fol lows t h a t  t h e  ava i l a -  
b i l i t y  of a three-stream u n i t  is  n o t  i n  doubt,  and 
two streams would seem t o  be completely f e a s i b l e .  
G a s i f i c a t i o n  p r e s s u r e  has no a f f e c t  on t h i s  conclu- 
s ion  as only a s l i g h t  change i n  capac i ty  i s  involved. 

Oxygen compression by c e n t r i f u g a l  compressors i s  
c u r r e n t l y  being c a r r i e d  out  up t o  800 p s i g ,  and i n  
one case  ( a t  VEBA, Gelsenkirchen) t o  960 ps ig .  The 
cas ing  s i z e s  r equ i red  f o r  s i n g l e  t r a i n  compression up 
t o  about 1100 p s i g  a r e  a l r eady  a v a i l a b l e ;  however t h e  
h igher  p ressu re  cas ings  suggested by G.H.H.  and 
S a l z e r  are n o t  i n  use on oxygen s e r v i c e .  
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A i r  P roduc ts  have sugges ted  t h e  use  o f  c e n t r i f u g a l  
compression up t o  about  1000 p s i g ,  w i t h  r e c i p r o c a t i n g  
compressors fo l lowing  f o r  cases B ,  C and D. T h i s  
means t h a t  h i g h e r  p r e s s u r e s  come i n t o  t h e  range  o f  
commercial expe r i ence  - S u l z e r  have a l a r g e  l a b y r i n t h -  
t ype  r e c i p r o c a t i n g  compressor operat i .ng a t  around 
1550 p s i g ,  and t h e r e  would seem t o  be l i t t l e  d i f f i -  
c u l t y  i n  o p e r a t i n g  a t  1700 p s i g  - i .e .  s u i t a b l e  f o r  
Case C. The use  of  r e c i p r o c a t i n g  compressors would 
c e r t a i n l y  i n c r e a s e  t h e  c a p i t a l  c o s t  o f  t h e  
i n s t a l l a t i o n ;  s i x  would probably  be r e q u i r e d  i n  
a d d i t i o n  t o  t h e  low p r e s s u r e  c e n t r i f u g a l  compression.  
Exper ience of compression up t o  2800 p s i g  i s  l i m i t e d  
t o  sma l l  machines o f  about  300 scfm c a p a c i t y ,  s o  
t h e r e  would need t o  be s u b s t a n t i a l  development be fo re  
s u i t a b l y  l a r g e  machinqs become a v a i l a b l e .  

The ASU vendors have p r e f e r r e d  t o  have one compressor 
t r a i n  p e r  ASU, r a t h e r  t han  one l a r g e  common machine. 
T h i s ,  wh i l e  r a i s i n g  t h e  t o t a l  i n s t a l l e d  c o s t ,  w i l l  
r e s u l t  i n  improved r e l i a b i l i t y  and g r e a t e r  e f f i c i e n c y  
on turndown, p a r t i c u l a r l y  where t h e r e  i s  more than  
one normal ly  o p e r a t i n g  g a s i f i e r .  

C l e a r l y  b e f o r e  proceeding  to t h e  des ign  of a p l a n t  . . 

cor responding  t o  Case D ,  and probably  f o r  Cases B and 
C a l s o ,  it w i l l  be neces sa ry  t o  i n v e s t i g a t e  l i q u i d  
oxygen pumping and compare it w i t h  compression. W e  
have n o t  s o  f a r  r e c e i v e d  any in fo rma t ion  from vendors 
of such pumps.' A s  it was cons ide red  t h a t  t h i s  would 
form an i n t e g r a l  p a r t  of t h e  ASU. ' t h r e e  potent ia-I : . .  -.- 
oxygen p l a n t  sub -con t r ac to r s  w e r e  i n v i t e d  t o  make 
recommendations f o r  a l l  f o u r  c a s e s ,  s e l e c t i n g  comFres- 
s i o n - o r  l i q u i d  pumping a s  t h e y  f e l t  would be  most 
a p p r o p r i a t e .  The r e p l i e s  t e n d  t o  favour  compression 
f o r  p r e s s u r e s  w i t h i n  t h e  range of  c a s e s  A l ,  B and C ,  
though d i scuss i . ons  wi th  vendors  w i l l  be neces sa ry  be- 
f o r e  f i n a l i s i n g  t h e  concep tua l  desiyii  of the  
Commercial P l a n t .  For  Case D ,  should  t h i s  m e r i t  
i n v e s t i g a t i o n  because of  advantages  i n  o t h e r  a r e a s ,  a 
more d e t a i l e d  e v a l u a t i o n  of  compression v e r s u s  pumping 
would be neces sa ry  be fo re  any recommendation could  be 
made. 

Low-pressure c y c l e  . a i r  s e p a r a t i o n  u n i t s  w i t h  r e v e r s i n g  
exchangers  and c a p a c i t i e s  up t o  2200 STD have proved 
r e l i a b l e ,  and wi th  p rope r  o p e r a t i o n  t h e  u s e  of two o r  
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3.4.4 . Cont'd: 

three such units will entail low risks. The main potential 
hazard is the accumulation of hydrocarbons (particularly 
acetylene) in the liquid oxygen at the base of the L. P. 
column. The general solution to this is to adsorb these 
hydrocarbons from the liquid and also to ensure that there 
is a small purge of liquid from the column base. Obviously 
liquid oxygen pumping removes the need for this purge. 

Recent bad experiences with oxygen compression to high 
pressures have led to a reluctance to use centrifugal 
compressors to more than about 800 psig. However this does 
not mean that compression should fie ruled out. 

There is a machine in Germany operating at 960 psig and 
European manufacturers are confidently offering machines up 
to 1100 psig. Above this pressure less is known about the 
burning properties of metals, although it is known that 
safety margins reduce above this pressure. For these duties 
materials such as silver, bronze and stainless steels are 
recommended, and with careful design it should be possible 
to demonstrate that centrifugal compressors are safe up to 
1400 psig (for Case B) and possibly 1700 psig (Case C).. 
However at the present time the use of centrifugal compression 
for 2700 psig discharge (Case D) cannot be recommended. 

Because of lower speeds, and hence lower potential metal 
temperatures in case of contact, reciprocating compressors 
have an intrinsic advantage and if large capacities are 
required at pressures around 2700 psig it is probable that 
this type of machine would offer safer designs in the nearer 
future than centrifugal compressors. 

3.4.5 CO Conversion 

The proposed system converts the carbon monoxide in ' 

undesulphurised gas by the use of cobalt molybdenum sulphide. 
This type of catalyst is well proved by BASF (Type K8-11) 
both in experimental work up to 1.400 psig and in commercial 
operation to over 1100 psig. 
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3.4.5 Cont 'd  

Other  . c a t a l y s t  vendors  a r e  o f f e r i n g  s i m i l a r  c a t a l y s t s  b u t  
w i t h  less expe r i ence .  G i r d l e r ,  f o r  i n s t a n c e ,  o f f e r  t h e i r  
t y p e  G-93 w h i c h h a s  been t e s t e d  up t o  1000 p s i g .  

The re fo re  c a s e s  A 1  and 
Case C i n v o l v e s  l i t t l e  
and a l r e a d y  t h e r e  shou 
a l l ow t h i s  du ty  t o  be 
on t h e  o t h e r  hand, does  
expe r i ence ,  and w i l l  c  

B shou ld  p r e s e n t  no problem and . 

e x t e n s i o n  o f  commercial e x p e r i e n c e ,  
, l d  be  enough expe r imen ta l  d a t a  t o  
s e l e c t e d  w i t h  conf idence .  Case D, 

r e q u i r e  an e x t e n s i o n  of  c u r r e n t  
e r t a i n l y  r e q u i r e  some development 

wokk t o  de te rmine  

a )  whether t h e  c a t a l y s t  can wi ths t and  t h e  h i g h e r  p r e s s u r e  
and p a r t i a l  p r e s s u r e  o f  steam, 

b )  how much c a t a l y s t  w i l l  be r e q u i r e d ,  

C )  whether  any u n d e s i r a b l e  s i d e  r e a c t i o n s  becone 
s i g n i f i c a n t , .  

The op in ion  of c a t a l y s t  vendors  i s  t h a t  no problems a r e  
expec ted  f o r  a )  and c ) .  They d i f f e r  however on b )  and 
it i s  t h i s  aspect which w i l l  p robably  r e q u i r e  most 

From t h e  fo rego ing  it can be concluded t h a t  cases A 1  and. 
B can be s p e c i f i e d  w i t h  c e r t a i n t y ,  c a s e  C would probably  
.be low r i s k  i f  a c o n s e r v a t i v e  margin on c a t a l y s t  q u a n t i t y  
were al lowed. Case D would i n v o l v e  moderate ris& u n l e s s  
f u r t h e r  development work were -unde r t aken .  

3 . 4 . 6  Conclusion-  

On t h e  assumption t h a t  t h e  p i l o t  p l a n t  programme i n v o l v i n g  
g a s i f i c a t i o n  a t  1200 p s i g  i s  c a r r i e d  o u t  acco rd ing  t o  t h e  
schedule  c u r r e n t l y  env i saged ,  it appears  t h a t  t h e r e  is  an 
a c c e p t a b l e  r i s k  i n  p roceeding  w i t h  a  commercial p l a n t  
o p e r a t i n g  a t  a  p r e s s u r e  up t o  1200 p s i g .  F u r t h e r ,  by 
t h e  t i m e  t h i s  p i l o t  p l a n t  programme has  been completed,  
t h e  range  of a c c e p t a b l e  r i s k  might be extended t o  about  
1500 p s i g .  I t  seems u n l i k e l y  t h a t  t h e  r i s k  would be 
a c c e p t a b l e  a t  p r e s s u r e s  much g r e a t e r  t h a n  1500 p s i g ,  b u t  
t h i s  conc lus ion  must be s u b j e c t e d  t o  cont inuous  review as 
Phase I of t h e  p r o j e c t  proceeds .  
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SECTI'ON 4 - 'ECONOMICS 

Capital Cost Analysis 

4.1.1 Basis of Estimate 

The capital cost estimates developed for this study have been 
carried out with a view to establishing valid comparative 
costs using engineering data from a variety of sources. 

This is augmented with budget quotations from vendors for 
major items of equipment, and in some cases, complete 
equipment packages, such as the Air Separation Unit and the 
Rectisol and Nitrogen Wash Unit. Finally, use has been made 
of Ebasco's estimates for their Proposal to ERDA of May 
1976 for certain areas of.the plant. 

The above sources are on a number of different bases, e.g. 
erected Gulf Coast U.S.A. (Air Products) erected in France 
(Air Liquide) and f.0.b. W. German Port (Linde). As the 
composite estimate has been compiled from process data 
generated within Humphreys and Glasgow and using H & G in-house 
estimating methods, it was decided that the consistent basis 
for comparison would be that of erection in the United 
Kingdom, and all externally supplied information was corrected 
to this basis. The figures are then expressed in U.S. 
Dollars using a currency conversion of $1.90 = £1.00. 

The estimating method used reflects the need for comparative 
data rather than absolute costs. The engineering schedules 
and costing have been done using in-house data and methods 
based on similar projects carried out by H'& G. 

4.1.2 Summary'o'f Capital'Co'sts 

The breakdown of capital costs into the various areas of the 
ammonia plant, plus support facilities, is given.in Table 4-1 
on the following Page, and presented graphically in Figure 4-1. 

4.1.3 Analysis of Estimate 

The trends shown by the capital cost curves are discussed in 
Section 2, Conclusions. Individual process sections behave 
differently with the effect of changing pressure. In general 
solidshandling sections at the front end of the plant are not 
sensitive to pressure as the amount of coal feedstock does 
not change markedly. Pressure sensitive areas are those 
primarily where the process fluid is in the gaseous phase, 

(Cont ' d :66. page 4 --4 ) 
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BUDGET : CAPITAL 'COST ' 'ESTIMATE ' FOR '3 ,'500 STD . 'APMONIA 

Estimate Base Date : January, 1978 

All ~igures Qu'o't'ed are Thous'ands .of U.S.' Dollars 

Notes to Table 

1. Costs for Air Separation quoted by other vendors are as follows: 

CASE 

Coal Preparation 

Coal Gasification 

Ash & Carbon System 

CO Shift ' 

Rectisol 

Ammonia Synthesis 

Xitrogen Wash 

Air.Separation (Vendor A) 

Boiler 

Utilities 

Sulphur Recovery 

TCTALS 

2. All costs are in $U.S. based on $1.90 = El Sterling 
Other currency coversions used: 

A1 

12,670 

20,330 

5,510 

18,500 

51,810 

41,380 

10,110 

47,500 

35,670 

33,000 

2,660 

279,140 

CASE 
7 

Ven2or B 

Vendor E 
r 

9.00 French Francs = 4.0 German DM = El Sterling 

B 

.12,510 

18,900 

5,970 

19,760 

43,470 

38,590 

10,180 

48,500 

33,935 

32,700 

2,660 

267,175 
.. .. 

A1 

63,270 

72,200 

C 

12,500 

19,860 

0,380 

21,090 

47,580 

37,630 

13,070. 

49,400 

33,290 

33,490 

2,660 

275.,950 

B 

66,880 

76,950 

D 

12,390 

20,430 

7,700 

25,330. 

79,900 

36,190 

21,450 

50,400 

30,860 

32,260 

2,660 

319,570 

C 

68,020 

79,800 

D 

70,300 

83,600 
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Notes to Table 4-1 (~ont'ld) 

3 .  All prices are at. January 1978, turnkey U.K., and are Budget 
only. 

4. The following items are excluded: 

forward escalation; 

contingencies; 

contractor's fee; 

insurance costs; 

Texaco licence fee; 

c.ustoms fees, taxes, and import.duties; 

.$and costs, site prepara4ion and infrastructure 
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1 e.g. gasification, CO shift, acid gas removal, oxygen com- 
pression and synthesis gas compression. 

The accuracy of the overall cost estimate is higher for the 
lower pressure cases as the figures relate to knowledge of 
existing plant having similar capacity and performance 
characteristics. This is particularly true for the Rectisol 
and Nitrogen Wash Units where large extrapolations have been 
made to generate capital costs for the 2500 psig pressure 
case. The argument does not, however, apply to the gasification 
and CO shift systems where an accurate specification of the 
equipment can be made leading to cost data of good accuracy. 
The ammonia synthesis loop cost is almost independent of 
gasification pressure, although the cost of the synthesis gas 
compressor and driver reduce with higher pressure, and also 
become potentially more reliable due to simpler installations. 

The conclusions from analysis of the capital cost estimate is 
that the comparative figures show a'minimum cost at about 
1200 psig, which is well within the 500 to 1500 psig pressure 
range where the absolute cost data is oE good accuracy. 

4.2 Operating Cost 

Table 4-2 overleaf gives the operating costs for five pressure 
cases, together with the capital charges calculated on the 
basis given below. Also included in the table is the sum of 
the 0peL'dLillg c s s l  and capital charges, which is the ammonia 
production cost. 

The basis of the calculation is as follows, the notes below 
corresponding with the references in Column 2 of the table. 

(a) Ammonia production is taken as 330 days at 3500 STD, i..e. 
1,155,000 ST per annum. 

(b) The price of coal for gasification and boiler fuel is 
taken as $20 per ST. The coal is assumed to contain 
10 per cent moisture as recieved and to have a HHV of 
13,368 Btu/lb on a dry basis; this is equivalent to a 
price of $0.8312 per million Btu on an HHV basis. 

(c) Electric power is purchased at an average price of 
$0.0185 per kwh. 

t (d) Raw water is priced at $0.10 per thousand U.S. gallons. 

(el Catalysts and chemicals costs are calculated from man- 
ufacturers recomended life and censumptions. 

. . 
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4.2 (f) Labour costs are based on -75 operators each costing 
$20,000 per year. 

(g) Supervision costs are based on 20 men each costing 
$22,500 per year. 

(h) Maintenance costs are taken as 4% per annum of the 
total capital cost given in the bottom. line of Table 
4-1.  

(i) Variable overhead is taken as: 

- direct: 30% of labour plus supervision 
- indirect: 65% of labour plus supervision plus maintenance. 

(j) Byproduct sulphur is given a credit of $50/ST. 

(k) Depreciation of both onsite and offsite facilities is 
taken as 15 year straight line, i.e. 6.67% per annum of 
the total capital costs quoted in Table 4-1. 

(1) "Finance Charges" is a single figure of 25% of installed 
capital cost per annum to cover all charges related to 
capital cost not included under any of the previous 
headings, e.g. interest on loans during construction and 
operation, and return on equity capital invested. 

The trends apparent from the figures of Table 4-2 are presented 
graphically in Figure 4-2, whilst the breakdown of energy 
consumption, which is responsible for the major portion of 
operating costs, can be seen by reference to Figures 4-3 and 
4-4. Inspection of the figures shows that total operating 
cost is at a minimum at 1200 psig gasification pressure, with 
the values at 500 and 2500 psig being each about 5 to 6% 
higher than this minimum. 

As the individual curves for total operating costs and for 
capital charges each show the same shape, the combination of 
these two parameters further emphasises the trend for minimum 
ammonia production cost to correspond with the 1200 psig 
gasification pressure case. Production cost is about 9.5% 
higher than the minimum at 500 psig and about 13.6% higher at 
2500 psig. 
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. 
TABLE. 4-2 

PROD'UCTIOEJ COSTS PN $U.S. PER SHORT TON AMMONIA 

( F o r  basis of ca lcu la t ions  please refer t o  Paragraph 4 . 2 * * )  

* Based on an extrapolated i n s t a l l e d  c a p i t a l  cos t  of $300 mil l ion.  

CASE 

Raw Materials & U t i l i t i e s  

Gasif icat ion Coal 
. . 

Boiler Coal 

Elect r ic  Power 

m.w Water . 

Catalysts  & Chemicals 

Operat ions 

Labour 

Supervision 

Maintenance 

Variable Overhead 

Direct 

Indirect  

m r o d u c s  Credit, 

sulphur 

Total Operating cost  

Capital. Charges 

Depreciation 

.,?'inane e Charges 

Tota l  Capital  Charges 

Ammonia Production Cost 

* * N o t e  
R e f  

( b )  

(b )  

( c )  

( d )  

( e l  

' (f) 

(63) 

( h )  

( i)  

( i )  

(j 

(a) (k) 

(a) (1) 

A 2  

28.40 

7.61 

2.17 

0.26 

0.59 

1.30 

0.39 

10.39" 

0.51 

7.85" 

(2.63) 

56.84* 

17.32" 

64.94* 

.82.26* 

139.10* 

D 

31.01 

3.72 

2.40 

0.24 

0.45 

1.30 

0.39 

11.0~ 

0.51 

8.29 

(2.60) 

56.78 

18.45 

69.17 

87.62 

144.40 

C 

29.46 

5.69 
2.22 

0.25 

0.49 

1.30 

0.39 

9.56 

0.51 

7.31 

' 2 . 6  

54.57 

15.93 

59.73 

75.66 

130.23 

A 1  

28.69 

6.53 

2.22 

0.25 

- .0.55 

1.30 

0.39 

9.67 

0.51 

7.38 

(2.63) 

54.86 

16.11 

60.42 

76.53 

131.39 

B 

28.95 
6.01 

2.17 

0.25 

0.51 

1.30 

0.39 

9.25 

0.51 

7.11 

(2.62) 

53.83 

15,42 

57.83 

73.25 

127.08 
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4.3 Economics of Operation 

The cost and performance curves indicate a theoretical 
situation.. This must be accompanied in practice by high 
plant on-stream availability and on-stream flowsheet 
production of ammonia on an annual basis if the overall 
actual marketing forecast requirement is to.be. achieved, 
yielding profitable production. 

The chance of obtaining high availability is greater for 
plant operation at lower pressure because the process units 
have been demonstrated on a commercial scale, but with 
poorer economics than can be obtained by raising the pressure. 
(Refer to the discussion in Section 3.4 for details of unit 
scale which have been proven). 

The factor for risk in. relation to reliability can be set at 
1.0 for gasifier operating pressure up to 1200 psig, and 
trouble-free performance at this pressure can be denonstrated 
later on the pilot plant scale. The risk factor for plant 
availability becomes proportionately higher as the pressure 
increases, and each process unit moves further into the un- 
proven area. From the data presented there .is no justification 
for taking these greater risks because performance and cost do 
not show improvement. The question for examination is only 
whether the best pressure is exactly 1200 psig, or at some 
relatively small variation eithor way from this figure. 

Breakpoints in technology have been sought for process' units 
.and equipment hardware. The following are relevant: 

- The number of Texaco gasifiers required for economic 
throughput increases by one when the pressure is reduced 
below 1100 psig, indicating a benefit from a higher 
pressure. Note that each gasifier is intimately associated 
with its own slag lock hopper and soot scrubber separator, 
hence effecting a major reduction in equipment items at 
pressures above 1100 psig, which also raises the reliability 
factor. 

- The CO shift system exhibits a breakpoint above about 1100 
psig'due to a reduction in the catalyst vessel diameters 
which should permit the CO conversion to take place in 
only two vessels arranged in parallel, each containing one 
first stage and one second stage bed. Lower pressures 
would require morc vessels and beds because of overall 
shell size limitations. Also, the shift catalyst has been 
proved-to 1100 psig and experimentally to 1400 psig; 
further increases in pressure involve extrapolation of 
performance. 
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- The Acid Gas Removal Unit shows a breakpoint above the 
1200 psig case, when the number of wash columns 
required increases by a factor of two. 

- The Nitrogen Wash Unit has a sharply increasing cost 
breakpoint at a feed gas inlet pressure corresponding 
to gasification at 1200 psig, due to different heat 
exchanger configuration. 

- The Air Separation Unit shows a breakpoint somewhere 
above the 1200 psig case, where an additional stage of 
centrifugal compressi'on for oxygen is required. 

- The Ammonia Synthesis Unit is benefited by a gasification 
pressure whichreduces-the number of casings for the 
synthesis gas compressor. Three casings are required at 
1000 psig, and only two for the 1200 psig case. 

- Piping and valve pressure/temperature ratings and 
associated costs at different plant presssure alternatives 
are being investigated. Further study is required to 
establish the overall economic effect of passing from 
one ANSI rating to the next, and this work is being 
continued. 
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TRADE-OFF STUDY I1 - GAS PURIFICATION ALTERNATIVES 

FINAL REPORT 

INTRODUCTION 

Trade-Off Study I1 incorporates proprietary information. The 
presentation of data has been divided into two volumes. 

1) A Final Report attached, which contains the conclusions 
and recommendations together with a non-proprietary 
version of the data and process information. 

2 The Proprietary Data Volume, which cnntains the 
raw data, cost estimates and records of discussions 
involving the proprietary processes evaluated. 
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SECTION 1 

INTRODUCTION 

1.1 OBJECTIVE 

The objective of Trade-Off Study I1 is to define the gas puri- 

fication system for a Commercial Plant to produce 3500 STD 

ammonia from coal, using the Texaco Coal Gasification Process 

operating at about 1200 psig. The system chosen shall also 

be applicable to a Demonstration Plant designed to.produce a 

synthesis gas for subsequent conversion to ammonia at a pro- 

duction rate equivalent to 1200 STD ammonia, also operating at 

a gasifier pressure of about 1200 psig. The results are based 

on an overall optimization of capital and operating costs, 

supported by the applicability and proved reliability of the 

process concerned. 

1.2 SCOPE 

1.2.1 The feed gas to the purification system contains H2, N21 CO, 

Ar. COz, H2S, COS and trace c~nstituents; there is also 

available a source of high pressure N2. The purpose 

of the unit is to separate the gas components so that 

the following streams result: 

a) Ammonia synthesis gas: H2 + N2 
b) Vented gas: C02 

C) Sour gas: H2SI plus any undecomposed COS 

d) Fuel gas 

The following design parameters apply: 

i. For technical reasons the synthesis gas a) must 

not contain CO, C02, H2S, COS or H20. 

. ii. For environmental reasons the vented gas b) 

should not contain H2S or COS. 

iii. Similarly, the fuel gas d) should not con- 

tain H2S or COS. 



iv. It is wasteful if Ar or CN4 go to a ) ,  or J f  CO 

or CH4 go to b) or c). 

v. Costs are increased if the H2S in c) is less 

than about 25%. 

vi. Hydrogen leaving in the vented gas and sour 

gas streams loses all potential as feedstock or 

fuel; hydrogen recovered in the fuel gas stream 

is degraded from its higher potential as feed 

stock for synthesis gas but retains its heating 

value. 

vii. Processes were evaluated to ensure that any con- 

clusion reached would not be invalidated by 

emission control requirements for CO and CH4 

which might be applicable later in the program. 

1.2.2 It is not feasible to produce the purified synthesis gas and 

to control the other gas streams with a single process. 

Two processes are required: an Acid Gas Removal process to 

remove the sulfur gases and C02 from the gas, followed by 

a final clean-up to produce the synthesis gas. 

1.2.3 The Acid Gas Removal system must absorb C02, H2S and COS from 

the feed gas, and allow separation ot the C02 from the 

other two gases. This can be done by selective absorption, 

selective regeneration, or both. The primary object of 

producing a purified ammonia synthesis gas can be achieved 

by many processes; the need for Separating C02 from H2S and 

C02 from COS eliminates the majority of these, unless the 

uneconomic course is adopted of using two different processes 

in series. The high partial pressure of acid gases and the 

presence of COS both preclude use of chemisorption (ethanolamine 

solutions for example), and thus a selective, physical absorp- 

tion processis indicatedGases produced from coal are always 

liable to contain trace impurities which can lead to 



operating problems, such as foaming or sludge formation. 

It is therefore valuable to know if a particular acid gas 

removal process has been successfully applied for several 

years to the treatment of "dirty" gas. 

The process chosen must also integrate well with the final 

clean-up unit. 

To obtain an objective comparison it is necessary to use 

data on competing processes obtained from competing 

chemical plant contractors. 

1.2.4 The processes available for the final clean-up duty are 

adsorption, copper liquor, methanation and nitrogen wash. The 

fact that the gas from the first process will be cold (and 

' free of condensable components) and the necessity of adding 

nitrogen at this point reduces the economic applicability of 

the first three named processes. The remaining process, nitro- 

gen wash, integrates well with the other process systems in 

the overall plant and is specified for its moderate invest- 

ment cost and good efficiency of operation. 

1.2.5 The Rectisol and Selexol processes were chosen for Acid Gas 

Removal, as fulfilling all requirements. 

The designs for this study were provided by Lotepro Corp./ 

Linde AG (Rectisol and Nitrogen Wash), and by Air Products 

and Chemicals Inc./Allied Chemical (SeLexol and Nitrogen Wash). 

Only these organisations were able to carry out the work 

within the time and budget desired. It had been hoped that a 

competing design could be obtained from Air Liquide, but this 

did not prove possible. 
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SECTION 2 

CONCLUSIONS AND RECOMMENDATIONS 

2.1 CONCLUSIONS 

2.1.1 Gas purification must be carried out in two stages for 

economic and technical reasons. 

2.1.2 The requirements of the first stage can be met by a 

Rectisol plant by Lotepro/Linde AG, or by a Selexol unit 

by Air Products/Allied Chemical. 

2.1.3 The second stage in either case should be a Nitrogen Wash 

unit. 

2.1.4 The Rectisol solvent (methanol) is freely available world- 

wide. Selexol solvent is obtainable only from single sources 

in the U.S.A. and in Germany, but 'serious supply problems 

are not anticipated. 

2.1.5 Selexol solvent is relatively non-toxic, non-volatile and 

non-f lammable. Although methanol is classified as toxic 

and flaimnable, these potential hazards are controlled to 

acceptable levels of safety by application of standard 

methods for plant design and operational handling. 

2.1.6 The reduction of impurities (other than sulfur) in the C02 

stream to vent does not form part of this trade-off study. 

However, a qualitative study of feasibility has been made, 

with the following findings: 

i. Solvent vapor in this stream can be reduced to an 

extremely low level by a water scrub. The pol- 

luted water can be used in the gasifiers, so 

that no liquid effluent is produced. 



m 
2.1 CONCLUSIONS (Cont' d) 

ii. A large percentage reduction in the CO and CH4 

going to vent is achievable at the cost of 

extra equipment and increased operating cost. 

iii. It is not economically feasible to treat the C02 

vent stream to remove CO and CH4 to a very low 

level. The design offered removes CO and CHq to 

currently accepted emission standards. Both invest- 

ment and operating costs increase at a dispro- 

portionate rate if CO and CH4 vented volumes are 

limited further. Also, no significant improve- 

ment in environmental performance would result 

from,# changing the design basis. 

2.1.7 As will be seen from section 4, the alternative gas purification 

systems have almost identical installed plant cost. 

2.1.8 As will also be seen from Section 4, the operating cost of the 

Selexol system is substantially higher than that for the 

Rectisol version. This difference is large compared to any 

advantages of the Selexol process enumerated above. 

2 . 2  RE;COMMENDATIONS 

2.2.1 The Rectisol plant offered by Lotepro/Linde AG, plus a Nitrogen 

Wash unit, should be specified for the Commercial Plant. 

2.2.2 This recommendation applies also to the Demonstration Plant. 

2.2.3, Before any such plant is ordered the process requirements 

(particularly concerning effluents) should be defined as 

exactly as possible. 
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SECTION 3 

TECHNICAL EVALUATION 

3.1 DESIGN BASIS' 

3.1.1 Introduction 

The data given below have been used as the design basis 

for Trade-Off Study 11; they are taken from the appropriate 

"Statement of Work". Some of this data may be amended as 

more information becomes available from subsequent studies; 

the modifications axe not expected to be so large as to 

invalidate the conclusions. 

3.1.2 FeedGas 

Composition, mol%: 

The feed gas also contains trace oonstituents: 

COS 60 ppm v/v 

M13 0.3 " " 

hydrocarbons 

2 I t  11 



I: 3.1 DESIGN BASIS (Cont ' d) 

I 
3.1.2 FeedGas (cont'd) 

The gas is available at 1024 psia and 104O~, saturated 

with water vapor, and in quantity sufficient to produce 

3500 short tons per day of ammonia. 

3.1.3 Product Gas 

The product gas is to be of suitable quality for ammonia 

synthesis, with total oxygen. compounds not over 5 ppm 

v/v; the pressure not less than 974 psia. The quantity 

of H2 a d  N2 is to be 34,400 lb. mol/hr, in the ratio 

of 3.00:l. 

3.1.4 Byproduct Gas Streams 

a) C02 to be vented: 

H2S 5 ppm v/v max. 

H2S + COS 10 ppm v/v max. 
b) Sour gas to sulfur recovery: 

H2S 25% v/v min. 

Pressure 25 psia min. 

c) Nitrogen wash tail gas; 

Composition, etc., to be stated by the vendor of 

the gas pur-if icaLi011 p1a11 t. 

3.1.5 Utilities 

The following are available, in addition to nitrogen: 

Steam at 50 psig saturated 

" " 230 " and 5 4 0 ~ ~  

" " 240 " saturated 

" " 580 " and 7 3 0 ~ ~  

" " 600 " saturated 

" "1500 " and 940°F 

Cooling water at 8g°F max. , temp. rise 20O~; B .L. pressure 

55 psig, prssure drop 20 psi max. Small changes in the 



3.1 DESIGN BASIS (Cont'd) 
t 

3.1.5 Utilities (cont'd) 

e 

parameters would not alter the findings of this study. 

~lectricit~: below 1 h.p. motors 110 v. 1 - phase 60 Hz 
1 to 250 " I1 440 v. 3 11 II 

over 250 " 'I 4,160 v. 3 11 11 

Process water: raw, clarified and deaerated, or demineralized. 

Instrument air. 

(Refrigeration may be regarded as a utility for convenience). 

3.1.6 Effluents 

TOS I1 is concerned solely with the process requirements li.sted 

above: The plant ad-built will be required to conform with 

the regulations then in force governing effluents, etc., and 

where appropriate, consideration has been given to the 

practicality of incorporating equipment to further-limit 

gaseous and liquid emissions. 



f 3.2 PROCESS DESCRIPTIONS, MASS BALANCES, FLOWSHEETS: 

3.2.1 Rectisol System 

a) Process Description 

i. Rectisol Unit 

(Refer to Process Schematic on page 3-12). 

Owing to the large feed gas flow at the inlet to 

the Rectisol plant section the gas is treated in 

two streams, in order to limit the necessary 

dimensions of the washing towers T410 and the 

stripping columns T411. 

The two stream design basis is used also for 

the heat exchangers and separators which are 

associated with these columns. This avoids 
I 

problems resulting from maldistribution. The 

feed gas is supplied to the battery limits of 

the Rectisol plant at 1024 psia. 

After injection of methanol to prevent ice and 

hydrate formation the gas is cooled down in the 

heat exchangers E400 against tailgas and in 

E402 against cold syngas. 

After separation of the condensed methanol-water-mix 

ture in D400, the feed gas is fed to the wash tower 

T410, to be washed by methanol. In the bottom 

section H2S and COS are absorbed down to 1 ppm. In 

order to minimize the heat of solution in this 

section, a split stream of C02-loaded methanol from 

the C02-wash sectionof the absorber is used for 

sulfur removal. In the upper part of the absorber 

C02 is removed down to 20 ppm. As the C02 solu- 

bility in methanol is less than the solubility of 

H2S, the methanol circulation in the C02 section is 



3.2.1 Rectfsol System (cont'd) 

is greater than in the H2S section. The 

methanol surplus from the C02 section of the 
. . 

absorber is branched-off from the middle of 

the column. The heat of solution in the 

C02 absorption section is compensated by- 

cooling the methanol in the coolers E410 

and E411 against cold methanol from T411 and 

against refrigerant at -31°~. 

The purified gas leaving the top of the absor- 

ber is sent to the adsorber station of the 

N2-wash unit. 

A certain part of.synthesis gas coming from the 

Nitrogen Wash Unit is routed back to the Rectisol 

wash, where it is warmed up in the heat 

exchangers E412 and E402. 

The H2S loaded methanol from the bottom of the 

wash tower T410 is flashed in D410. Most of the 

H2 and CO dissolved together with the H2S and 

C02 i s  fl.ashed off, and the remaining methanol 

stream is flashed into the middle of the column 

T411. 

The C02 loaded methanol stream from the C02 washing 

part of the wash columns T4PO is flashed into D411 

and then finally flashed into the top ofthe co'lumn 

T411. Due to C02 flashing the temperature of the 

methanol decreases. 

The flash gas leaving the vessels D410 and D411, 

mainly H2 and CO2, is recycled via recycle compres- 



3.2.1 Rect iso l  System (cont 'd)  

s o r  C400 and water cooler  E401, t o  the  feed gas 
s .  before heat  exchanger E400. 

To g e t  t h e  required concentration of H2S i n  the  

H2S f r a c t i o n ,  C02 i s  s t r ipped i n  the  lower sec t ion  

of the  columns T411 by ni trogen,  and t o  prevent 

the  s t r ipp ing  of H2S i n  t h i s  column, the  H2S i s  

absorbed by sulphur-free C02-loaded methanol 

from D411 i n  the  upper sect ion.  

I n  order  t o  g e t  a b e t t e r  C02 s t r ipp ing ,  the  H2S- 

loaded methanol from the  H2S absorption p a r t  of 

the  columns T411 is  warmed up i n  the  hea t  exchangers 

E413 and E411, and thereby a r a t h e r  l a rge  amount 

of the  abosrbed C02 is  f lashed out.  

The methanol from the  bottom.of the'columns T411 

enriched with H2S i n  so lu t ion ,  is  pumped v i a  heat  

exchangers E432, E433 where it i s  warmed up agains t  

warm regerated methanol, i n t o  the  reqcnc-ration 

column T430, where the  complete s t r ipp ing  of H2S 

and C02 i s  e f fec ted  by methanol vapors. 

The.regenerated methanol l eav ing  t h e  bottom of the  

column T430 i s  cooled down i n  the  hea t  exchangers E433, 

E432, E431, E430 and E413 agains t  loaded methanol 

r e f r i g e r a n t  a t  -31°~.  and t a i l  gas. The methanol 

drum D430 serves  a s  s torage  f o r  reduced holdup of 

t h e  columns during p a r t i a l  load and a s  s torage  f o r  

feed t o  pump P430. 

The H2S-rich' stream leaving the  top  of the  regen- 

e ra t ion  column T430 i s  cooled with cooling water 

and condensate i s  removed i n  separa tor  D431. The 

gas is  f u r t h e r  cooled i n  heat  exchanqxs E436 and 



3.2.1 Rectisol System (cont'd) 

and E437 to a temperature of -22OF against 

cold and refrigerant. Most of the methanol is 

condensed from the ,gas and returned to the top of 

the regeneration column T430. 

The tail gas from the top of the stripping columns 

T411 is saturated with methanol. In order to satisfy 

the air pollution requirements concerning methanol 

content of vented gases, the methanol-containing 

tailgas is washed with water. 

The water/methanol mixture from the bottom of columns 

T431 is routed in the water stream to the gasifier. 

The methanol/water mixture withdrawn from the sepa- 

rator D400 is warmed up in heat exchanger E439 and 

is sent to the methanol/water separation section. 

The flashed gas from separator D432 is mixed with 

the H2S-rich gas leaving the top of the regeneration 

column T430 fur further treatment, whereas the 

liquid from the separator D432 is fed to the column 

T432, in which the mixture is separated into methanol 

and water. Methanol vapor leaving the top of T432 is 

condensed in heat exchanger E439 and routed to 

column T430. Methanol from the bottom of the 

regeneration column T430 serves as reflux to column T432. 

ii. Nitrogen Wash * 

(Refer to Process Schematic on page 3-13) 

Methanol a d  C02 are removed from the feed gas in 

inter-changeable adsorbers, to prevent solidification 

of these components in the cryogenic section. 

A heat exchanger 1s used to cool gaseous nitrogen to 

the same temperature as the feed gas, by reheating 



3.2.1 Rectisol System (cont ' d) 

the tail gas and a split stream of the purified 

synthesis gas. 

Feed gas and nitrogen are cooled to the nitrogen 

wash temperature in a second heat exchanger 

where the heat recovered is used 'to vaporize 

tail gas and reheat synthesis gas. 

Liquified nitrogen in the wash column dissolves 

CO, Ar and CH4 from the feed gas. 

Liquified nitrogen is blended into the synthesis 

gas to establish the stoichiometric ratio of 3 H2 

for each N2. 

~efrigeration losses due to non-ideal heat 

exchange and insulation are compensated for by 

expanding the nitrogen to its partial pressure 

in the synthesis gas and in the tail gas. 

This unit can be desigried to operate without pre- 

cooling the feed gas in a Rectisol unit. 
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v 
3.2.1. Rectisol  System (con t 'd )  

b )  Mass Balance (cont '  d )  

cos 
co2 
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H 2  
C o  
CH4 

. 
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3.2.1 Rectisol System (cont ' d) 

c) Schematics 

(i) Rectisol Unit (1-FS-637) 

(ii) Nitrogen Wash Unit (LO-1422) 
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3.2.2 Selexol System 

a) Process Descriptiorn 

i. H 7 S  Removal Unit 

(Refer to Precess Schematic on page 3-24) 

Feed gas at 1,024 psia and 1 0 4 ~ ~  is combined with recycle 

flash gas and then passes through the .H2S hsorber (T-101) 

where H2S is removed by countercurrent contact with a 

solvent lean in H2S and rich in C02. Using a solvent 

preloaded with C02 prevents a large temperature rise in the 

H2S Absorber and for a given solvent temperature at the 

top of the H2S Absorber results in a lower solvent rate 

to the H2S Absorber. This absorber uses many stages 

to achieve a low solvent rate and thereby minimize the 

amount of co-absorbed C02 to produce a richer Claus 

gas. The rich solvent leaving the bottom of the &SOT- 

ber is let down in pressure through a Hydraulic Power 

Recovery Turbine (HT-101). The flash gas evolved is 

separated from the solvent in the High Pressure H2S 

Absorber Recycle flash Drum (D-161). The solvent leav- 

ing the bottom of this flash drum is further let down 

in pressure through a second Hydraulic Power Recovery. 

Turbine (HT-102). The flash gas evolved is separated from 

the solvent in the Low Pressure H2S Absorber Recycle Flash 

Drum (D-102). Finally, the flash gas passes through two 

stages of compression and cooling and is combined with the 

gas from the High Pressure H2S Absorber Recycle Flash Drum. 

The combined stream goes through another stage of com- 

pression followed by cooling and combines with the feed 

gas to the H2S Absorber. The purpose of this recycle 

flash is to return most of the co-absorbed C02 to the 

absorber, and thereby maintain a low level of C02 in the 

Claus gas. 



3.2.2 Selexol System (cont ' d) 

The solvent leaving the Low Pressure H2S Absorber 

Recycle Flash Drum enters the H2S Stripper Feed 

Pump (P-101) whjch serves to provide enough 

head to get the solvent through the Rich Solvent- 

Lean Solvent Exchanger (E-107) and to the top of 

the H2S Stripper (T-102). The capacity of this 

pump has been set to provide for recycling some 

of the normal flow through a Side Stream Filter 

F - 0  The rate is equivalent to 10% of the 

combined solvent flow through both the H2S and 

C02 removal sections of the plant. The rich sol- 

vent is heated against hot stripped solvent. 

Make-up water is added to the rich solvent which 

then passes to the top of the H2S Stripper where 

a large' portion of the remaining dissolved gases 

flash off. 

The flash liquid then enters the packed section 

of the stripper where the remaining solutes are 

stripped by countercurrent contact with steam 

generated by boiling water out of the solvent 

in the H2S Stripper Reboiler (E-108). The 

flashed and stripped gases plus steam leaving the 

top of the stripper are cooled in the H2S Stripper 

Condenser (E-106). Most of the steam is condensed. 

The condensate is returned to the B2S Stripper 

through the H2S Stripper 

Condensate Pump (P-102). The gas leaving the con- . . 

denser contains the H2S, COS and C02 which is the feed 

to the Claus Plant.' On a dry basis the composition 

of this gas is 25 vol. % H2S. 

Stripped solvent enters the C02 Absorber Lean Solvent 

Booster Pump (P-103) and flows through the Rich 



3.2.2 Selexol System (cont'd) 

Solvent-Lean Solvent Exchanger where it is cooled. 

It then enters two 50% C02 Absorber Lean Solvent Pumps 

(P-104 A&B) and is further cooled in the Refrigerated 

Solvent Cooler (E-109) before entering the top of the 

C02 Absorber (T-201). 

ii. CO Removal Unit . -2 

(Refer to Process Schematic on page 3-24) 

Gas leaving the H2S Absorber is combined with recycle 

flash gas and passes through the C02 Absorber (T-201) 

where C02 is removed by countercurrent contacting with 

a cold solvent lean in C02. This absorber has a lean 

solvent entering at the top and a semi-lean solvent 

entering in the middle. This dictates a column with 

a large diameter at the bottom and a smaller diamter 

at the top to achieve a capital cost savings. Rich 

solvent from the absorber is split into two streams. 

Some of it passes through the H2S Absorber Rich 

Solvent Pump (P-106) before entering the H2S Absorber. 

The balance is let down in pressure through a Hydraulic 

Power Recovery Turbine (Ell'-103). The flash gas evolved 

is separated from the solvent in the C02 Absorber Recycle 

Flash Drum (D-1031, and compressed, cooled and recycled 

to the C02 Absorber. The purpose of this flash is to 

return most of the co-absorbed H2 to the absorber and 

thereby maintain a very high level of H2 recovery. 

Solvent leaving the bottom of the C02 Absorber Recycle 

Flash Drum is further depressurized in another Hydraulic 

Power Recovery Turbine (HT-104). Solvent leaving the <? 

turbine passes into the top of the C02 Stripper (T-202) 

where a large portion of the dissolved gases flash off. 

The remaining C02 is removed with nitrogen stripping gas. 

The solvent leaving the stripper is pumped through two 

50% capacity C02 Absorber Semi-Lean Solvent Pumps (P-105 

A&B) and then enters the middle of the C02 Absorber. 



3.2.2 Selexol System (cont'd) 

iii . COS Removal Unit 

(Refer to Process Schematic on page 3-25 

The design requirements call for 10 ppm maximum total 

sulfur in the vent stream. To meet this requirement, 

a vapor stream is taken up from an intermediate section 

in the H2S Absorber and the COS in this stream is 

catalytically hydrolized to H2S, and the converted 

stream returned to the H2S Absorber. 

A packed section is included in the H2S Absorber above 

the point where the hydrolized stream is returned to provide 

for the additional H2S loading resulting from the COS 

hydrolysis. A'  booster pump (P-107) delivers liquid to 

the bottom section from the top section of the H2S 

Absorber to account for the pressure drop across the 

COS hydrolysis section. 

vapor from an intermediate section of the H2S Absorber 

is preheated against COS hydrolysis effluent in the COS 

Hydrolysis Preheater (E-110). This temperature is con- 

trolled so that after the high pressure superheated 

steam (1500 psig, 9400F) is added to achievc? a steam 

to gas ratio of 0.1, the resultant vapor temperature 

is 350~~. The stream then splits and enters two para- 

llel beds (V-106 AaB) containing United Catalysts 

(formerly Catalysts and Chemicals, Inc.) C-53 COS 

Hydrolysis Catalyst. Two parallel beds are used so 

that each bed can have a reasonable length/diameter 

ratio. In addition, two parallel beds can permit oper- 

ation at half-rate and thus allow for change out of the 

catalyst without shutting down completely. At 3 5 0 9  

and a steam to gas ratio of 0.1, the1 BOS is hydro- 

lyzed over the catalyst to less than 2 ppm(v1. 



3.2.2 Selexol System (cont'd) 

The COS hydrolysis effluent is cooled in the E-110 

exchanger. It is further cooled against cooling 

water in the E-111 COS Hydrolysis Effluent Cooler, 

and finally, high level refrigeration is used in 

E-112 to cool it to the temperature at which it 

left the H2S Absorber. The two-phase stream then 

enters the COS Hydrolysis High Pressure Separator (D-106)'. 

The vapor stream from D-106 is returned to the H2S 

Absorber. 

To keep hydrogen losses to a minimum, the liquid 

from D-106 is flashed in the COS Hydrolysis Medium 

Pressure Separator (D-107). The vapor off 0-107 is 

recycled to the H2S Absorber through the suction of 

the 3rd stage of the H2S Absorber Recycle Compressor 

(C-103). The liquid from D-107 is flashed in the 

COS Hydrolysis Low Pressure Separator (D-108). The 

vapor off D-108 is recycled to the H2S Absorber through 

the suction of the 1st stage of the H2S Absorber Recycle 

Compressor (C-101) . 

iv. N9 Wash Unit 

(Refer to Process Schematic on page 3-27.) 

Following the Selexol Unit, the feed gas passes through 

the D-201, Drier Feed Condensate Trap in which any 

entrained liquids are removed from the gas. The gas 

then enters one of the T-301 A or B switching molecular 

sieve Drier-Adsorbers. The remaining water vapor, carbon 

dioxide, and other impurities are removed by adsorption. 

The adsorption process is designed to reduce the water, 

carbon dioxide, and impurities in the feed gas to levels 

sufficient to prevent freezeout in the cold box. 

Prior to entering the cold box, the feed gas is filtered 

to remove any dust particles in the F-201 A or B Drier- 



3.2.2 Selexol System (cont'd) 

Adsorber Afterfilter. Feed gas and nitrogen enter the 

cold box and are cooled by cold product gas strews in 

the plate-fin heat exchanger. The nitrogen is cooled 

below its critical temperature and enters the top of 

the T-401 Nitrogen Wash Column as reflux. As the 

.reflux flows down the column it is contacted on each . 

tray by feed vapor rising from the column sump. By 

this process methane, carbon monoxide, and argon are 

washed from the feed. Purified gas passes overhead 

from the column, and is sent to the core exchangers. 

Bottoms product from the T-401 Nitrogen Wash Column 

is flashed. .This reject stream is sent to the core 

exchangers. The hydrogen/nitrogen product and reject 

streams both provide refrigeration for the incoming 

feed and nitrogen gas streams. The hydrogen/nitrogen 

product from the cold box contains a maximum of 5 ppm 

of oxygen compounds.. Nitrogen is blended into this 

hydrogen/nitrogen product stream to hold a constant 

3:l H2:N2 molar ratio feeding the ammonia synthesis 

loop. 

The T-301.A and B adsorbers are operated on an 8-hour 

reactivation cycle. The off-stream adsorbent bed is 

reactivated using a portion of the reject stream from 

the cold box. The reactivation gas is heated in the 

E-201 Steam Reactivation Heater and the E-202 electric 

Reactivation Booster Heater and passed through the off- 

stream bed. When removal of water, carbon dioxide and 

any other impurities from the adsorbent is complete, the 

adsorber is cooled to operating temperature. The cooled, 

reactivated adsorber is then placed on-stream, and the 

saturated adsorber is removed from service for subsequent 

reactivation. The reject, after being used for adsorber 



3.2.2 Selexol System (cont'd) 

reactivation is cooled in exchanger E-203, mixed with 

the remaining portion of the reject and delivered to 

. the battery limits at a minimum pressure of 15 psia 

and a maximum of 80O~. 

When defrost of the cold box is required, feed gas is 

heated in the E-204 Defrost Heater. ' The hot gas is 

passed through the cold box piping and equipment until 

a sufficient temperature has been attained to insure 

complete vaporization of any solidified impurities. 

The defrost time is reduced by draining the liquid 

inventory from the cold box equipment. These liquids 

are vaporized for disposal to flare in ..the E-205 

vaporizer. 
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r 3.2.2. Selexol System (cont Id) 

b )  m s s  Balance (con t 'd )  

i 

Stream 7 

Ta i l  Gas From 
Nitrogen Wash 

l b  mol/hr mol % 

1 . 4  0.03 

1646.2 40.15 
64.7 1.58 

426.7 10.41 
15711 . (7 38.11 J. 

-- 3Ni. 2 y.11;' 
4100.J1 loo. 00 

COS 
co2 
H2S . 
N2 
ftr 

H2 
CO 
c1i4 

stream 6 

N2 To 
Nitrogen Wash 

l b  mol/hr 

i0026.8 
2.0 

10028.8 

Stream 5 

Make Gas To 
Ammonia Synthesis 

mol % 

99.98 
0.02 

. 

loo. 00 

l b  mol/hr 

8600.0 
1 . 5  

25800.0 

34401.5 

mol % 

25.00 
(44ppm) 
75.00 

100.00 



, fQ  3.2.2. Selexol System (cont'd) 

A 

c) Schematics 

(i) Selexol Process Flowsheet 

(ii) COS Hydrolysis Unit 

(iii) Overall Process Flowsheet 

(iv) Cold Box Process Flowsheet N2 Wash Unit 
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3.3 ANTICIPATED PERFORMANCE 

3.3.1 Rectisol 

a) For running the Rectisol and Nitrogen Wash plants, 

between one and two men are needed on each shift. 

A direct operating labor force totalling seven men 

is required. 

b) Utility consumption is as follows, given on the 

basis of one short ton of ammonia produced: 

Steam at 50 psig saturated: 657 lb 

It .240 " I 1  66 lb 

I' 1500 " 940°F 21 lb 

Cooling water 2830 US gal. 

Deaerated water 80.5 US gal. 

Electricity 31.9 kwhr. 

Refrigeration at -31°F 20.6 ton hr 
II " 23OF 12.7 " " 

(1 ton hour equals 12,000 Btu) 

C) Make-up of methanol from all causes totals about 

2.3 lb per ton of ammonia produced. 



3.3.2 Selexol 

a) For running the Selexol and Nitrogen Wash plants, between 

one and two men are needed on each shift. A direct 

operating labor force totalling seven men is required. 

b) Utility consaption is as follows, given on the basis of 

one short ton of ammonia produced: 

Steam at 240 psig saturated: 587 lb 
II #I 580 " 7 3 0 ~ ~  1828 Pb 

II I 1  600 " saturated 42.5 lb 
I t  I 1  1500 " 9 4 0 ~ ~  818 lb 

There is an export of 700 lb of saturated steam at 

50 psig. 

Cooling water 26,000 US gal 

Electricity 9.0 kwhr 

Ref rigeration at OOF 42.0 ton hr 
11 " 6 0 O ~  11.8 " " 

(1 ton hour equals 12,000 Btu) 

C )  Makc-up of Selexol sulvent from all causes totals about 0.15 lb 

per ton ammonia produced. 

d) The Licensor has projected that the utilities for the 

could be reduced by optimization of the design with some con- 

sequent increase in the installed cost. This projection has 

been evaluated and shown not to affect the overall conclusions. 



3.4 COMMERCIAL EVALUATION AND RISK ANALYSIS 

3.4.1 General 

The object of.this sub-section is to examine the risks 

involved in applying current technology to the gas purification 

requirements for this plant. 

No gas absorption plants are carrying out the exact duty 

required here, and it is important to consider the effects 

of change in various parameters. 

3.4.2 Size - 
The large cqacity of the plant produces correspondingly large 

sizes for the equipment. The high operating pressure and low 

absorption temperatures employed for both acid gas removal, 

processes, would permit the design of either plant as a single 

stream. However, there are practical benefits in limiting the 

maximum size of equipment; these relate to aspects of fabrication, 

transportation and erection, and also ease of operation. For 

these reasons, two streams are specified in some areas. 

The nitrogen wash operates with small gas volumes (owing to 

the low temperatures) &d low liquid rates. There is no 

difficulty in designing for either one or two streams; the 

costs appear similar. 

The effects of size in this case present no problem. 

3.4.3 Pressure 

The feed gas pressure (and particularly the partial pressure 

of carbon dioxide) is considerably higher than in traditional 

plants. There are three main effects: 

(i) There is greater danger of reactions between 

gas components and the absorbent liquids; 

(ii) The system will be further from ideality, and 

design methods will be less accurate; 



' u 3 . 4  COMMERCIAL EVALUATION AND RISK ANALYSIS (Cont'd) 

3 . 4 . 3  Pressure (cont ' dl 

(iii) Heating effects ofabsorption will be more 

pronounced, as for example.when a given amount 

of C02 gas is dissolved into. a smaller quantity 

of solvent. 

The first point will be dealt with in the next paragraph. 

The non-ideality of the system requires that design data 

be measured at (and preferably well beyond) the area of 

operation; no theoretical calculation is reliable under 

these conditions. Both licensors state that this information 

is on file and that it was used for this design. 

The unusually sharp temperature rise is easy to understand; 

less solvent flow involves a smaller thermal capacity. 

The important effect here is that higher temperature may 

reduce the solubility of a gas component in the solvent, 

setting a practical limit to the partial pressure that can 

usefully be employed by a particular process or by a 

particular plant configuration using it. 

3 . 4 . 4  Gas Impurities 

Coal may be regarded as a mixture of rather complex chemicals, 

and gas made from it is likely to contain trace impurities - _ , . .. ,... I . u- 
< .C\. 

that may react chemically with the solvent. It is therefore 

necessary to consider the characteristics of the s o l v ~ ~ ~ t  

employed, and the operating experience with similar problems. 

Both methanol and Selexol solvent are chemically robust, and 

at the low temperatures employed appear unlikely to react with 

the gas or to attack the materials of construction of the. plant. 

Operating experience bears this out, in that solvent degradation 

and equipment corrosion appear rare for either process. 

The most reliable information is provided by plant operation. 

Both processes have been employed over many years in a number 



3.4.4 Gas Impurities (cont'd) 

of plants, including cases where the gas is "dirty", for 

example gas from partial oxidation of heavy fuel.oi1. 

Lists of plants are given in the next sub-section, and 

support the claims of the process licensors. 

The Rectisol process has an incidental advantage where 

contamination of the solvent may occur. To maintain . 

an operating water balance, a side-stream of solvent is 

continuously distilled; any dissolved dirt is likely to 

be removed with the discarded water. 

3.4.5 Effluents 

As noted above, the feasibility of limiting these merits 

examination. 

In plants of this type in which C02, say, is absorbed in 

a liquid and subsequently regenerated and vented to atmosphere, 

certain effluents are produced by the nature of the plant 

operation: 

a) The vent gas will contain vapor and perhaps droplets 

the circulating liquid; 

b) The plant contains circulating liquid, which may leak 

owing to a minor mishap (for example, a pump seal 

failure) ; 

C) The vented C02 is likely to contain traces of all com- 

ponents present in the feed gas. 

Droplets of liquid will be removed from the vent gas by an 

efficient demister mounted at the. outlet from the regeneration 

tower; this is standard practice. Vapors and perhaps fog will 

pass this, but can be removed by scrubbing with water in tray 

towers; the liquid effluent can be pumped to the gasifiers for 

easy disposal. 



3 . 4 . 5  Effluents (cont'd) 

'The area drains to sumps which are automatically pumped 

out to the,disposal facilities. In the case of amethanaol 

spill, the area would need hosing down to dilute the methanol 

and suppress its evaporation. 

-When C02 is absorbed into the solvent some hydrogen and carbon 

monoxide will also be dissolved; the quantity of CO is 3 to 6 

thousands of tons per year. The only ways in which the C02 

purity can be increased (and the CO emission reduced) are to 

flash the C.02 - rich solvent, and either compress the flash 
gas back into the gas feed line (thus conserving hydrogen, 

etc.,), or pass it to flare. The first method is limited by 

the rapid increase in compression cost, the second by the 

fact that excessive flashing produces a gas that is non- 

flammable because of its high C02 content. A reasonable 

design using both measures would reduce CO emission to about 

600 tons per year. 

Other apparently polluiing, streams such as the nitrogen wash 

tail gas would be burned or flared, completely destroying, 

objectionable components. 



3 . 5  L i s t s  of  P l a n t s  

3 . 5 . 1  Linde R e c t i s o l  U n i t s  

Note: Three  u n i t s  were b u i l t  by Messer Griesheim GmbH, whose know-how was 
acqu i red  and t r a n s f e r r e d  t o  Linde AG i n  1971.  

CLIENT FEEDGAS 
COMPONENTS CONTRACT 

PRESSURE REMOVED (V0L.X) AWARDED I N  

T Y P P ~  OY 1 6  MMSCPD 356psia  
Oulu, F in land '  hydrogen r i c h  g a s  from 

p a r t i a l  o x i d a t i o n  of  
heavy f u e l  o i l  

Dansk-Norsk 1 3 . 8  MMSCFD 
E v a e l s t o f f -  hydrogen r i c h  g a s  from 
f a b r i k ,  p a r t i a l  o x i d a t i o n  of 
Copenhagen, DK heavy f u e l  o i l  

W 
I 
w Texaco Inc .  

LOB Angeles,  
USA. 

79.6 MMSCFD 
hydrogen. r i c h  g a s  from 
p a r t i a l  o x i d a t i o n .  

H .  Koppers GmbH, 46.9  MMSCFD 
Essen, conver ted  g a s  from 
f o r  Kutahya, c o a l  gas . l f  i c a t i o n .  
Turkey. 

356 p s i a  

481 p s i a  

351 p s i a  

C02,33.4% - 50ppm 1960 

H2S,0.4% - 1 ppm 

C02 33.4% - 50 ppm 1961 
H2S 0.4% - 1 ppm 
C02 -Prod. 1 . 4 5  MMSCFD 
99%. 

C02 33.3% - 1 0  ppm 1966 
H28 0.49% - 1 ppm 
T a i l g a s :  max. 5 ppm H2S 
no C02 r e q u i r e d .  
H2S-Prod. 10% d e s i g n  
r e s u l t  25.6% H2S 

COZ: 37.6% - 6 0  ppm 1966 
H29: Traces  t o  be removed 
CO2-Prod. 12.9% MMSCFD 
99% 



3.5.1 cont'd. 

COMPONENTS 
REMOVED (VOL . %) 

CONTRACT 
AWARDED IN PRESSURE 

351 psia 

CLIENT 

American Air 
Liquide Inc. 
for Monsanto 
Texas City, USA. 

53 MMSCFD 
hydrogen rich gas 
from steam reformer 

C02 10.2% - 20 ppm 

Long Island 
Lighting Comp. 
New York, USA. 

4.3 .MMSCFD 
natural gas. 

602 psia Odorants, C02, C2+ 
C02 0.92 - 5 ppm 

1140-2560 psia C02 33% - 10 ppm 
H2S 0.7% - 1 ppm 
H2S in tailgas 
max. 5 ppm 

Pilot - and 
Demonstration 
Plant for Texaco 
Inc. Monte Bello 
CAL . 

1 MAISCFD hydrogen 
rich gas from 
partial oxidation of 
heavy hydrocarbons. 

Borden Chemical 
Comp. New York, 
USA. 

16.8 MMSCFD 313 psia 

12.6 MMSCFD Rohm and Haas 
Comp. Philadelphia, 
LISA. 

356 psia coat C2H2 

E,rooklyn Union Gas 
Brooklyn New York, 
USA 

11.9 MMSCFD 356 psia 

498 psia Rohm GmbH, 
Darmstadt , 
West Germany- 

7.9 MMSCFD 
natural gas. 

S-Components, C2+ 1970 
C02 5% - 50 ppm 
H2S 0.01% - 15 ppm 



3.5.1 Cont'd 

CLIENT 

H.Koppers GmbH, 
Essen, for 
Modderfontein, 
South Africa. 

. L 

Krupp Koppers 
GmbH, Essen, 
for Kafue, 
Zambia. 

Cqlanese Chemical 
Co. Houston, Texas, 
USA 

Syngas Co. 
Houston, Texas, 
USA 

Gujarat State 
Fertiliser Co., 
Baroda, India. 

UBE Industries 
L T ~ . ,  Tokyo. 

FEEDGAS PRESSURE 

146 m1SCFD 427/7.11 psia 
hydrogen rich gas 
from coal 
gasification. 

32.9 MMSCFD 
hydrogen rich gas 
from coal 
gasification. 

Over 35 MMSCFD 
hydrogen rich gas. 

398/341 psia 

441 psia 

from partial oxidation of 853 psia 
heavy residual oil before 
and after CO-shift (2 stages) 

168 MMSCFD 1067 psia 
Converted gas from 9artia1, 
oxidation of heavy fuel oil 

(1 stage) 

21.1 MMSCFD 612 psia 
from partial oxidation of 
heavy fuel oil. 

COMPONENTS CONTRACT 
REMOVED (VOL . %) AWARDED IN 

C02 42.6% - 20 ppm 1972 
H2S 0.95% - 1 pprn 
H2S-Prod. 80% H2S/COS 
C02-tailgas: max. 10 ppm H2S 
C02-Prod. 10.8 MMSCFD 
99.9% 

C02 42'.3% - 20 ppm 1975 
H2S 1.0% - 20 pprn 
H2S-Prod. 97% & S/COS 
C02-tailgas: 
max. 150 'ppm H2S 

C02, H2S, COS, HCN 
- 0.1 ppm H2S + COS 

35.9% C02 - 20 pprn 
0.75% H2S - 1 pprn 
C02-Prod. 26.8 MMSCFD 
- 98.5% C02 

6.7% C02 - 20 ppm 1977 
1.46% .(H2S + COS) - 0.1 pprn 
H2S-fraction: 
50% (H2S + COS) 



3.5.2. Linde Nitmgen Wash Units - 

Note: LindeA.G.has built more than 60 Liquid nitrogen was 
units since 1950. The list below is an excerpt only. 

CONTRACT 
AWARDED CLIENT FEEDGAS 

21,. 0 MMSCFD 
hydrogen rich gas 

PRESSURE 

Anic S.p.A. 
Rom. Itely 

185 psia 

185 psia 

228 psia 

Hindustan Steel Ltd., 
New Delhi, India 

15.7 MMSCFD 
Coke oven gas 

Neyveli Lignite 
Corp. Ltd., 
Neyveli, India 

17 MMSCFD x 2 
shift-converted gas 
from coal gasification 

10.7 MMSCFD 
shift-converted gas 
from oil gasification 

356 psia 

Dansk Norsk Kvaelstoff- 
fabrik Copenhagen, 
Danmark . 

9.1 MMSCFD 
shift-converted gas 
from oil gasification 

341 psia 

H. Koppers GmbH 
for South Vietnam 

10.7 MMSCFD 
shift-converted gas 
from coal gasification 

327 psia 

U.S. Steel Corp. 
Pittsburg, USA. 

131 MMSCFD 
Purified coke oven gas 

185 psia 

H. Koppers GmbH 
- for KGtahya, 

Turkey. 

28.9 MMSCFD 
.shift. converted gas 
from coal gasification 

341 psia 

683 psia 

668 psia 

VEBA-Chenie AG 
Gelsenkirchen 
West Germany. 

98 MMSCFD 
shif t-converted gas 
from oil gasification 

H. Koppers GmbH 
. for Modderfontein 
South Africa 

Fertilizer Corp. 
of India 
Sindri . 

82.2 WSCFD 
shift-converted gas 

' from coal gasification 

583 psia 76 MMSCFD 
shift-converted gas 
from oil gasification 



3.5.2. Cont 'd .  

CLIENT 

VEBA-Chemie AG 
~ r u n s b G t t e 1  
West Germany 

Fxupp Koppers GmbH 
f o r  Kafue, 
Zambia 

Gujarat S t a t e  F e r t i l i z e r  
Baroda, India  

FEED GAS PRESSURE CONTRACT 
AWARDED I1 

133 MMSCFD 683 ps ia  1975 
shift-converted gas 
from o i l  g a s i f i c a t i o n  

19.1 MMSCFD 341 p s i a  1975 
shift-converted gas 
from c o d  g a s i f i c a t i o n  

104 MMSCF'D 1038 p s i a  1976 
shift-converted .gas 
from o i l  g a s i f i c a t i o n  



3.5.3. Selexol Units 

Owner & Location Contractor 

S t a r t  Up 

Description 

Bulk'CO? Removal - Synthesis Gas 

All ied Chemical Corp All ied Chemical C02 from 18% t o  0.5% 
Omaha, Nebraska 1965 45 MM SCFD @ 565 psia .  

A i r  s t r ipp ing ,  no steam 
required. Carbon s t e e l .  
Original solvent charge. 
Reforming of na tura l  gas. 

Amoniaque Synthetique Davy Powergas GmbH. C02 from 33% to4 .1% 
e t  Derives S .A .  (ASED) Cologne, W. Germany H2S from 200 ppm t o  < bppm 
Willebroek; Belgium 1975 HCN from 100 ppm t o  ( 1 0  ppm 

47 MM SCFD @ 370 ps i a  
POX of crude o i l .  
Replaced Hz0 wash. 

Bulk COP Removal - .Natural  Gas 

Coastal S t a t e s  Gas Fish Engineering C02 from 43% t o  < 3.5% 
Producing Co. Houston, .Texas H2S f'rom 5 ppm t o  < 1 ppm 
Six Shooter, Texas 1969 H20 from sa tura t ion  t o  < 'TfflMM 
Grey Ranch Plant SCF 275 MM SCFD @ 1000 ps i a  

No s t r ipp ing ,  no r e f r ige ra t ion .  

Lone S ta r  Gas Co Olsen Engineering C02 from 43% t o  ( 3.5% 
Ft, Stockt.on, Texas Davy Powergas, Inc. H2S from 30 ppm t o  4 ppm, 
Pikes Peak Plant Houston, Texas Maintai~is < ~ # / M M  SCF 

1974 50 MM SCFD @ 1000 ps i a  
No s t r ipp ing ,  no r e f r ige ra t ion .  

1975 Expansion t o  100 MM SCFD 

Northern Natural Gas Ort loff  Corp. C02 from 28% t o  < 3.5% 
Co . Midlacd, Texas H2S from 1 6  ppm t o  < 4 ppm 
Ft. Stockton, Texas 1977 ~ 2 0  from sa tura t ion  t o  < 7# /MM 
Mitchell Plant SCF 180 MM SCFD @ 900 ps i a  

No s t r ipp ing .  Replaced DEA. 



I 

3.5.3. (con t 'd )  

Owner & Location Contract or  

S t a r t  Up 

Description 

Select ive  Sulfur  Removal - Natural Gas 

Northern Natural Gas Co Fish Engineering H2S from 100 ppm t o  < 4 ppm 
Ft. Stockton, Texas Houston, Texas C02 from 18% t o <  2.5% 
Oates plant 1969 Maintains Hz0 @ < 7 + /MM SCF 

130 MM SCFD @ 1000 ps i a  
I n e r t  gas s t r i pp ing  -- s p l i t  
flow 

Norddeutsche-Erdgas- Davy Powergas GmbH H2S from 4000 ppm t o  < 2 ppm 
Aufberaitungs-GmbH (formerly Pintsch Bmag) C02 from 7% t o  > 5% 
Mobil, Esso, She l l  Cologne, W.Germany COS from 130 ppm t o  70 ppm 
Sulingen, West Germany 1970 Maintains Hz0 @ < 7 # /MM SCF 
NEAG I1 plant  62 MM SCFD @ 1000 ps i a  

Ine r t  gas s t r i pp ing  
Replaced potassium carbonate 

Mobil O i l  A.G. H2S from 3.2% .t;o < 2 ppm 
i n  Deutschland. CO;: from I.). 5% to ij $ 
1973 CO:: rrom I .{o pprn 1;o ' (0 p l~ rn  

IiSll from 100 ppm to < I ppm 
80% H2S t o  C h u s  p lan t  
Maintains H2C) 6! < 7 ## /MM SCF 
62 MM SCFD @ 1090 p s i a  
I n e r t  gas s t r i pp ing  
Replaced Alkazid 

Mobil O i l  A.G. Expsnei on t o  67 MM SCFD 
i n  Deut schland 
1976 

Wint e r s h a l l  AG Davy Powergas GmbH H2S from 7% t o  < 1000 ppm 
Barnstorf, W. Germany ( formerly Pintsch . C02 from 9% t o  5% 
Dueste I p lan t  Bamag Maintains Hz0 @ < 7+ /MM SCF 

Cologne, W.Germany 32 MM SCFD @! 1000 ps i a  
1970 Ine r t  gas s t r i pp ing  

Replaced propylene carbonate 
and glycol-mine 



Owr~er & Location Contractor Description 

S t a r t  U p  

Select ive  Sulfur  Removal - Natural Gas 

Wintershall AG Expansion t o  45 MM SCFD 
1973 15 MM SCFD t o  < 2 ppm ti$ 

Wintershall AG Comprimo b.v. H2S from 60 ppm t o  < 2 ppm 
Ruetenbrock, W.Germany Amsterdam C02 from 5%. t o  4% 

1976 Maintains H20 @ c 7 # /MM SCF 
45 MM SCFD @ 1400 ps i a  
Ine r t  gas s t r i pp ing  

Wintershall AG Comprimo b .v. H2S from 7% t o  < 2 ppm ' 

Barnstorf ,  W.Germany Amsterdam C02 from 9% t o  5% 
h e s t e  11 plan t  . 1977 COS from 118 ppm t o  60 ppm 

RSH from 100 pprn t o <  1 pprn 
68% H2S t o  Claus plant  
Maintains Hz0 @ 7 k / M M  SCF 
45 MM SCFD @ 1090 p s i a  
Steam s t r i pp ing  

Select ive  Sulfur  Removal - Synthesis Gas 

ERDA /AGA Steams-Roger II2S from 7000 ppm t o  < 4 ppm 
Homer City, Denver, Colorado C02 from 31% t o  < 1% 
Pennsylvania 1976 35% H2S t o  Claus p lan t  
Bi- as p i l o t  p lan t  < 20 ppm H2S t o  CO?vent 

11 MM SCFD @ 1500 ps i a  max. 
Steam s t r i pp ing  
Gasif icat ion of coa l  -tu 3NG 



3.5 .4 .  A i r  Products Nitroaen Wash Units 

Co l l i e r  Carbon and chemical Corporation 
Brea, Ca l i fo rn ia ,  USA 

Co-operative Farm Chemical Associat ion 
Lawrence , Kansas, USA 

John Deere and Company 
Pryor, Oklahoma, USA 

Northern Chemical Indus t r i es  
( ~ i r d l e r  ) , Searspor t ,  Maine, USA 

Sun O i l  Company 
Marcus Hook, Pennsylvania, USA 

Gonzales Chemical I ndus t r i e s  
Guanica, Puerto Rico 

P h i l l i p s  Pac i f i c  Chemical Company 
Kennewick, Washington, USA 

W. R. Grace & Co 
Memphis, Tennessee, USA 

Government of Venezuela, Ministry o f  Mines 
Moron, Venezuela 

E . I .  DuPont 
Gibbstown, New Jersey,  USA 

Georgia Pac i f i c  
Plaquemine, Louis iana  

Year 

1954 

S y n ~ a s  Out p u t  

125 tons  /day 

125 tons  /day 

260 tons  /day 

120 tons/day 

300 tons/day 

575 tons/day 
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SECTION 4 

ECONOMICS 

4.1 CAPITAL COST ANALYSIS 

4.1.1 Basis 

The total installed cost of the gas purification system, 

excluding the cost of land and of unusually stringent measures 

to reduce effluents, was estimated by Air Products for the 

Selexol version and by Lotepro for the Rectisol system. The 

basis is for erection in Kentucky, with all costs referred to 

June 1978; the effects of inflation have not been included. 

The above figures were examined, and a number of omissions 

and anomzlies identified and corrected. It became obvious 

that certain %.pes of equipment had been estimated on different 

bases for the two plants, and where this was so an independent 

estimate was made of the relevant items in the two plant versions. 

In this wsy there is assurance that the relative plant costs 

are as accurate as possible, and that reliance can be placed on 

any difference between them. The figures for installed cost 

should not be used for other purposes without further study. 

For both of the plants studied a royalty is payable; this has 

been included in the capital cost' figure. No royalty is payable 

for Nitrogen Wash. ' 

4.1.2 Table 4-1 

Installed Cost of Gas Purification Systems 
-- 

R e c  tisol Sclexol 

Acid Gas Removal'Plant, including 
royalty, $ million 47.5 49.0 

Nitrogen Wash $ million 

Total 



4.2 OPERATING COSTS 

4.2.1 Basis 

a) All operating costs are expressed in (June 1978) dollars 

per ton (2,000 lb) ammonia product. 

The Commercial Plant concerned produces 3500 tons of 

ammonia per day, for 330 days per year. 

Capital charges are represen.ted by 15 year straight- 

line depreciation. 

Direct operating labor is taken as 7 men,total (about 

1+ men per shift) for either plant; this includes the 

nitrogen wash. The cost is assumed $20,00O/man year. 

The cost of supervision is taken as 30% of the cost of 

labor. 

The cost of maintenance is taken as 4% of installed cost 

per year. 

Direct overhead is calculated as 30% of d) plus e). 

Indirect overhead is calculated as 65% of d) plus e) 

plus f) . 
The cost of steam is: 

50 psig saturated $1.64/ST (Steam) 

2 30 II 5 4 0 ~ ~  2.75 

2 40 a! saturated 2.56 

5 80 I 1  7 3 0 O ~  3.58 

600 I 1  saturated 3.22 

15QO II Y 40"~ 4.49 

Exchaust steam is credited at the above levels. 

j )  (Bought-in) electricity cost $0.0185/kwhr. 

k) Cooling water cost is $0.03/1000 USg circulated. 

1) Raw water is available at$0.10/1000 USg; denineraI.isaticln 

adds $0.50 to this; for the Rectisol plant clarified 

deaerated water is required, at a cost assumed to total 

$0.20/1000 usg. 



4.2 OPERATING COSTS (Cont ' d) 

4.2.1 Basis (cont ' d) 

m) The cost of refrigeration (regarded as a utilitylhas 

been calculated as follows; note - a ton-hour is defined 
as 12,000 Btu: 

-31°~ $0.097/ton-hr 

OOF 0.068 

2 3 O ~  0.049 

60°E' 0.027 

n) Methanol is currently quoted at $142 per short ton, 

Selexol solvent at $1 per Ib. 



? 

Capital Charges 
Deprec iat . ion 

Labour Costs 
Direct  Labcur 
S u ~ e r v i s i o n  
pdaintenance 
Direct  Overhead - ~ n d i r e c t  Overhead 
Tota l  

U t i l i t i e s ,  . Chemicals 
Steam: 1500 p s i g  

600 p s i g  
580 p s i g  
240 p s i g  

50 p s i g  
Sub to ta l  

E l e c t r i c i t y  
Cooling Water 
Deaerated Water 
Refr igera t ion:  

-31OF 
O°F 

23OF 
6 0 O ~  

Subto ta l  
Solvent Make-up 
Tot a1 

Tota l  ~ r o ' d u c t i o n  Cost 

- -  
Selexol  

3.346 - 
0.121 
0.036 
2.008 
0.047 
1.407 

3.619 

818 l b  
42.5 l b  
1828 l b  

587 l b  
-700 l b  

9.0 Kwhr 
26,000 g a l  

42.0 ton .hr  

11.8 ton.hr  

. 0 ;L5 l b  

Rec t i so l  

3.261 

0.121 
0.036 
1.957 
0.047 
1.374 

3.535 

1.836 
0.068 
3 .'272 
0.751 
(0.574 Cr 

5.353 

0 .166 
0.781 

2.858 

0.320 
3.178 
0.152 

9.630 

16.595 

5.65 S/ST 

21 l b  

66 l b  
657 l b  

31.9 Kwhr 
2830 g a l  

80 gal  

20.6 ton .hr  

12.7 ton .h r  

2.3 l b  

0.047 

0.085 
0.538 

0.670 

0- 590 
0.085 
0.016 

2.001 

0.622 

2,623' 

0 .a62 
-- 4.146 

10.942 

Delta : 



4.3 ECONOMICS OF OPERATION 

For true profitability a gas purification unit must 

have reliability ,and.ease of operation, or apparent 

costs mean little. The evidence presented in Section 3 

is of sufficient scope and in sufficient detail for 

confidence in the process - see in particular Section 3.4. 

Operating costs of all tpes are detailed and compared 

in this Section 4. It is clear that quite large changes 

in the relationship between different costs (say, 

capital charges and electricity) would not alter the 

findings of this study. 

Confidence can therefore be placed in the conclusions 

in Section 2. 
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1. INTRODUCTION 

1.1 OBJECTIVE 

The o b j e c t i v e  of t h i s  s tudy  was t o  e v a l u a t e  t h e  perform- 

ance,  r e l i a b i l i t y  and 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  of 

w e t  g r i n d i n g  a s  compared t o  d r y  g r i n d i n g  i n  t h e  prepara-  

t i o n  of a  c o a l  s l u r r y  f o r  use  i n  t h e  Texaco Coal Gas i f i ca -  

t i o n  System of t h e  Commercial P l a n t .  The s tudy  a l s o  inc luded  

a  d i . scuss ion  o f  t h e  e n t i r e  c o a l  handl ing system from barge 

and r a i l  unloading p o i n t s  t o  t h e  g r ind ing  equipment. 

1.2 SCOPE 

1 . 2 . 1  Coal Handling 

A conceptua l  d e s i g n  i s  d i scussed  f o r  t h e  Coal.Handling 

based on Ebasco 's  exper ience  i n  t h e  des ign  of f o s s i l  f u e l  

power p l a n t s .  A v a i l a b i l i t y  of equipment, and t h e  r e l a t i o n -  

s h i p  between Commercial P l a n t  and Demonstration P l a n t  s i z e s  

a r e  inc luded  i n  t h e  d i s c u s s i o n .  

1.2.2 Coal -",. P r e p a r a t i o n  

1 .2 .2 .1  

The s tudy  eva lua t ed  a  d r y  g r ind ing  system based on t h e  

use  of a cage mila and w e t  g r i n d i n g  systems based on b a l l  

and rod m i l l s .  

The s tudy  d i d  n o t  e v a l u a t e  t h e  coa l  g r ind ing  system used 

t o  p repa re  t h e  c o a l  f o r  f i r i n g  i n  b o i l e r s  because t h e  

equipment used f o r  t h i s  system i s  w e l l  e s t a b l i s h e d ,  and 

has been i n  s u c c e s s f u l  o p e r a t i o n  i n  numerous f o s s i l  f u e l  

power p l a n t s .  



The fo l lowing  procedures  were used t o  develop t h e  d a t a  

which i s  inc luded  i n  t h i s  s tudy:  

a)  Surveyed vendors w i t h  c o a l  g r i n d i n g  o r  r e l a t e d  

g r i n d i n g  exper ience  i n  o rde r  t o  o b t a i n  d a t a  f o r  

equipment s p e c i f i c a t i o n s ,  c a p i t a l  c o s t s ,  and 

expected g r i n d  d i s t r i b u t i o n .  

b) Prepared a conceptua l  des ign  f o r  a l t e r n a t e  c o a l  

p r e p a r a t i o n  systems us ing  d a t a  ob ta ined  from 

vendors.  Developed order-of-magnitude c a p i t a l  

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

c )  Evaluated t h e  conceptua l  des igns  f o r  t h e  a l t e r n a t e  

c o a l  p r e p a r a t i o n  systems,  and s e l e c t e d  a system 

f o r  p i l o t  p l a n t  tests.  

d )  S e l e c t e d  vendors t o  conduct  t h e  p i l o t  p l a n t  tests 

based on t h e  a v a i l a b i l i t y  of s u i t a b l e  t e s t  f a c i l i -  

t i es  and exper ience  w i t h  c o a l  g r ind ing .  

e)  Evaluated t h e  p i l o t  p l a n t  t es t  r e s u l t s  f o r  accept-  

a b i l i t y  of  t h e  g r i n d  s i z e  d i s t r i b u t i o n .  

f )  U t i l i z e d  t h e  p i l o t  p l a n t  t e s t  r e s u l t s  t o  develop 

recommendations f o r  t h e  Commercial P l a n t  which 

t a k e  i n t o  account  economics, o p e r a b i l i t y  and r i s k  

f a c t o r s .  



2.  CONCLUSIONS AND RECOMMENDATI'ONS 

2 . 1  SUMMARY OF CONCLUSIONS 

2.1.1 Coal Handling System 

The C o a l  Handling System employs commercially known and 

accepted technology used e x t e n s i v e l y  i n  e x i s t i n g  u t i l i t y  

and i n d u s t r i a l  complexes. 

.2 .1 .2  Coal P r e p a r a t i o n  System 

2.1.2.1 

Grinding a coal /water  s l u r r y  i n  a b a l l  m i l l  i n  open c i r c u i t  

o p e r a t i o n  w i l l  n o t  produce a p r o d u c t . f r e e  of  s i g n i f i c a n t  

q u a n t i t i e s  of p l u s  1 4  U. S. mesh. m a t e r i a l '  w i thou t  over-  

g r ind ing .  

Adjustment of b a l l  m i l l  o p e r a t i o n  i n  open c i r c u i t  t o  pro- 

duce a s l u r r y  w i t h  t h e  r equ i r ed  t o p  s i z e  r e s u l t s  i n  a 

produc t  h igh  i n  t h e  minus 325 f r a c t i o n .  This  change 

adve r se ly  a f f e c t s  s l u r r y  p r o p e r t i e s  and w i l l  reduce 

e f f i c i e n c y  i p  downstream f i l t r a t i o n  o p e r a t i o n s .  

S o l i d s  c o n t e n t  f o r  g r ind ing  of a coa l /wate r  s l u r r y  i n  a 

b a l l  m i l l  appears  t o  be. l i m i t e d  t o  a ma%imum of ' s3  ' pe rcen t .  

However it i s  noted t h a t  t h i s  l i m i t a t i o n  may be r e l a t e d  t o  

t h e  s p e c i f i c  meckianical c o n f i g u r a t i o n  of  t h e  equipment 

used i n  p i l o t  p l a n t  tests. 

On t h e  b a s i s  of p re l imina ry  tests it i s  be l i eved  t h a t  t h e  

requ$red t o p  s i z e  s p e c i f i c a t i o n  can be ob ta ined  by w e t  

g r i n d i n g  o f  coal i n  a b a l l  m i l l  opera ted  i n  a c l o s e d  c i r c u i t .  
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d) Wet grinding of coal presents no serious environmental 

problems and associated economic risks such as are 

introduced by dry grinding of coal. 

2.2.2 Demonstration Plant 

2.2.2.1 Coal Handling System 

It is recommended that the design of the Coal Handling 

System for the Demonstration Plant be based on using equip- 

ment similar to, but at one-third of the size of equipment 

specified for the Commercial Plant. The one major excep- 

tion to this recommendation involves the barge unloader 

where it is recommended that for the Demonstration Plant 

a single grab bucket be used rather than the twin bucket 

ladder specified for the Commercial Plant. Because of the 

smaller size required.in the Demonstration Plant a twin 

bucket ladder barge unloader would cost approximately one 

million dollars more than the single grab bucket type. 

The savings in operating cost for the twin bucket does 

not warrant the extra capital cost. 

2.2.2.2 Coal Preparation System 

The impact of oversized product material on the performance 

of downstream equipment, and in particular on the ability 

of the slurry pumps to deliver a consistent volume of 

slui~y ha3 been considered for this study, but its effect 

has not yet been demonstrated in tests. Conflicting 

opinions have been expressed by slurry pump vendors as 

to the maximum slurry top size which can be handled with- . 

out causing flow interruptions. 

In consideration of the severe consequence which will 

occur in downstream processing equipment if the slurry 



flow is suddenly interrupted it is recommended that the 

Demonstration Plant design be based on a system which will 

more positively eliminate the possibility of oversize 

material reaching the slurry pumps. 

The use of an open circuit system involving rod mill 

grinding, vibrating screening for separation and recycling 

of 14 plus U.S. mesh material, followed by dewatering 

facilities should be considered. 



3. TECHNICAL APPROACH. 

3 . 1  DESIGN BASIS 

3 .1 .1  General  

The s tudy  was t o  be based on a  h igh  s u l f u r ,  agglomerat ing 

Eas t e rn  c o a l .  Kentucky c o a l  from t h e  No. 9 seam was 

s e l e c t e d  as  t h e  b a s i s  f o r  s tudy  and tes t  work. 

3.1.2 Coal Handling System 

The Coal Handling System o f  t h e  Commercial P l a n t  s h a l l  be 

capable  o f  handl ing  a l l  t h e  c o a l  r e q u i r e d  f o r  steam genera- 

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

t h e  equipment r equ i r ed  t o  unload c o a l  from barge and r a i l  

unloading p o i n t s ,  t o  s t a c k  c o a l  i n  l i v e  and dead s t o r a g e  

p i l e s ,  and t o  r ec l a im  c o a l  from t h e  p i l e s  f o r  d e l i v e r y  t o  

s e p a r a t e  s i l o s  f o r  steam gene ra t ion  and s l u r r y  p repa ra t ion .  

The unloading and s t a c k i n g  equipment s h a l l  handle  approxi-  

mately 60,000 s h o r t  t o n s  of  e i g h t  i nch  t o p  s i z e  c o a l  p e r  

week, du r ing  one s h i f t  p e r  day, f o r  f i v e  t o  s i x  days  p e r  

week. Three i n c h  t o p  s i z e  c o a l  w i l l  be s t o r e d .  

The r ec l a iming  system s h a l l  con t inuous ly  d e l i v e r  one- 

q u a r t e r  i nch  t o p  s i z e  c o a l  a t  a  ra te  o f  351 s h o r t  t o n s  

pe r  hour t o  t h e  s i l o s .  Approximately 271 s h o r t  t o n s  p e r  

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

s i l o s ,  and 80 s h o r t  t o n s  pe r  hour t o  t h e  steam gene ra t ion  

s i l o s .  

3.1.3 Coal P r e p a r a t i o n  System 

The Coal P r e p a r a t i o n  System s h a l l  be  capable  of g r i n d i n g  

271 s h o r t  t o n s  p e r  hour (.ST/hr) (d ry  b a s i s  238 ST/hr) .  

The g r i n d  produc t  s h a l l  have a  nominal c l a s s i f i c a t i o n  of 



100% minus 1 4  U . S .  mesh. 

  he g r i n d i n g  system may be  w e t  o r  d r y ,  and may be ope ra t ed  

i n  open o r  c l o s e d  c i r c u i t .  

For w e t  g r i n d i n g  a l lowance must be  made f o r  t h e  a d d i t i o n  

of a p roces s  carbon and a sh  r e c y c l e  s t r eam t o  t h e  271 ' 

ST/hr of coa l .  

3.2 PROCESS CONSIDERATIONS 

3.2.1 System Desc r ip t ions  

3.2.1.1 Coal Handling System 

Coal i s  t r a n s p o r t e d  t o  t h e  P l a n t '  by barges  and/or r a i l c a r s .  

The barge  unloading system i s  des igned  f o r  an average r a t e  

of 1500 s h o r t  t o n s  p e r  hour. The c o a l  i s  t r a n s p o r t e d  t o  

t h e  su rge  b i n  by a  b e l t  conveyor. Magnetic s e p a r a t o r s  

remove a l l  f e r r o u s  me ta l  i t e m s  from t h e  c o a l  s t ream.  The 

r a i l  unloading system i s  d e s i g n e d . f o r .  an average r a t e  o f  

1300 s h o r t  t o n s  p e r  hour.  The system i s  complete w i t h  a  

thawing shed t o  handle  f rozen  c a r s  i n  w i n t e r  o p e r a t i o n .  

A r o t a r y  ca1 dumper i s  uced t o  unload t h e  r a i l  c a r  i n t o  

a  t r a c k  hopper. A f rozen  c o a l  c r a c k e r  i s  pos i t i oned  

beneath  t h e  t r a c k  hopper,  and is  used d u r i n g  w i n t e r  months 

when t h e  c o a l  is  i n  l a r g e  f rozen  lumps. During t h e  re- 

mainder of t h e  y e a r  t h e  b reake r  p l a t e s  a r e  pushed back 

t o  a l low c o a l  t o  pas s  through t h e  f rozen  c o a l  c r a c k e r .  
' 

From t h e  c o a l  c r a c k e r ,  t h e  c o a l  is  t r a n s f e r r e d  t o  a con- 

veyor by means df  a  v i b r a t i n g  f e e d e r .  The m a t e r i a l  i s  

conveyed .to t h e  same su rge  b i n  used f o r  barge unloading.  

From t h e  su rge  b i n ,  m a t e r i a l  i s  t r a n s f e r r e d  t o  t h e  c o a l  
b reaker  sp reade r  t ype  v i b r a t i n g  f e e d e r s .  . The c o a l  i s  

reduced from 8"  x 0" t o  3" x  0" and o v e r s i z e  ex t raneous  



f o r e i g n  m a t e r i a l  i s  removed i n  t h e  s c reen ing  o p e r a t i o n .  

The m a t e r i a l  i s  conveyed t o  a l i v e  & t o r a g e  p i l e  w i t h  a 

c a p a c i t y  of f o u r  ( 4 )  days  s t o r a g e  f o r  100 p e r c e n t  p l a n t  

load.  Excess c o a l  i s  t r a n s p o r t e d  t o  t h e  dead s t o r a g e  

. a r e a  by means of  a b u l l d o z e r  and a s c r a p e r  where it i s  

compacted and shaped. Dead s t o r a g e  has  a minimum of a 

30 day c o a l  supply  a t  100 p e r c e n t  p l a n t  load .  

The c o a l  r e c l a i m  system i s  independent  o f  t h e  unloading 

system. Coal is  recla imed from t h e  l i v e  s t o r a g e  a r e a  by 

means of one of  t h e  f o u r  v i b r a t i n g  type  c o a l  p i l e  d i s -  

cha rge r s .  Reclaimed c o a l  f e e d  r a t e  i s  c o n t r o l l e d  by t h e  

v i b r a t i n g  f e e d e r  under each c o a l  p i l e  d i s c h a r g e r .  The 

m a t e r i a l  i s  t r a n s f e r r e d  t o  a su rge  b i n  by means of  a 

series of conveyors. The conveyor system has  a magnet ic  

s e p a r a t o r  f o r  removal of tramp i r o n  and a b e l t  s c a l e  t o  

measure t h e  recla imed c o a l  q u a n t i t y .  From t h e  su rge  b i n ,  

v i b r a t i n g  f e e d e r s  a r e  used t o  t r a n s f e r  t h e  c o a l  t o  hammer 

m i l l s  where t h e  m a t e r i a l  i s  reduced from 3" x 0" t o  1/4I1x 0" .  

Each m i l l  i s  designed f o r  3000 s h o r t  t o n s  p e r  hour. The 

c o a l  i s  then  t r a n s f e r r e d  by a series of conveyors t o  

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

3.2.1.2 Coal P r e p a r a t i o n  Systems 

a )  Coal P r e p a r a t i o n  System - Scheme I 

Refer  t o  ~ x h i b i t  # 4  f o r  a system schemat ic  arra'nqe- 

ment. Three p a r a l l e l  t r a i n s  each o f  50% p l a n t  

c a p a c i t y  would be i n s t a l l e d  i n  t h e  p l a n t  f o r  d ry  

g r i n d i n g  of  c o a l  i n  a cage type  m i l l  and conveying 

t h e  g r i n d  produc t  t o  t h e  s l u r r y  mix t anks .  Two 

t r a i n s  would normally be i n  o p e r a t i o n .  Coal i s  

t r a n s f e r r e d  t o  t h e  cage m i l l  by means o f  a weigh 

b e l t  f e e d e r .  I n  t h e  m i l l  t h e  m a t e r i a l  i s  reduced 

from 1 /4"xO"  t o  nominally 1 0 0 %  minus 1 4  U . S .  mesh. 



The d i scha rge  from t h e  m i l l  i s  conveyed t o  a  bucket  

e l e v a t o r  and t r a n s f e r r e d  t o  a  s t o r a g e  b i n .  The 

m a t e r i a l  i s  then  t r a n s f e r r e d  t o  one of f o u r  ( 4 )  

s l u r r y  mix t anks  by means of a  dense phase pneumatic 

conveying system. 

b )  Coal P r e p a r a t i o n  system - Scheme I1 

R e f e r  t o  E x h i b i t  # 5  f o r  a  system schemat ic  a r range-  

ment. Three p a r a l l e l  t r a i n s  each o f  50% p l a n t  

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

g r i n d i n g  o f  c o a l  i n  a  b a l l  m i l l  opera ted  i n  open 

c i r c u i t  and f o r  c o l l e c t i o n  o f  p roduc t  s l u r r y  and 

t r a n s f e r  t o  t h e  s l u r r y ' m i x  tank  and dewater ing  

f a c i l i t i e s .  Two 100% c a p a c i t y  c e n t r i f u g e s  o r  

f i l t e r s  would be used i n  t h e  dewater ing o p e r a t i o n  

and produc t  cake would be t r a n s f e r r e d  t o  t h e  s l u r r y  

mix t anks  by .two 50% conveyors.  

Coal ,  p roces s  r e c y c l e  s l u r r y  and make-up wa te r  a r e  

added t o  t h e  b a l l  feed  i n l e t  chu te  a t  c o n t r o l l e d  

r a t e s  t o  make a  s l u r r y  c o n c e n t r a t i o n  of  45% s o l i d s  

by weight .  The g r i n d  produc t  from t h e  m i l l  i s  a 

nominal 100% minus 1 4  U.S. mesh, which i s  d i scharged  

. i n t o  a sump tank .  The s l u r r y  i s  t r a n s f e r r e d  by 

means of a  c e n t r i f u g a l  pump t o  t h e  s l u r r y  mix t ank  

and dewater ing ope ra t ion .  The f r a c t i o n  o f  s l u r r y  

dewatered i s  c o n t r o l l e d  t o  o b t a i n , i n  t h e  f i n a l  

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

s o l i d s  by weight .  

c )  Coal P r e p a r a t i o n  System - Scheme I11 -- 
Refer  t o  E x h i b i t  #6 f o r  a  system schemat ic  a r range-  

ment. Three p a r a l l e l  t r a i n s  each o f  50% p l a n t  

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

g r i n d i n g  o f  c o a l  i n  a rod m i l l  o p e r a t i o n  i n  open 

c i r c u i t  and f o r  c o l l e c t i o n  of p roduc t  s l u r r y  and 



t r a n s f e r  t o  t h e  s l u r r y  mix tank .  

Coal, p roces s  r e c y c l e . s l u r r y  and make-up wate r  a r e  

added t o  t h e  rod m i l l  f e ed  i n l e t  chu te  a t  c o n t r o l l e d  

r a t e s  t o  p rov ide  a  s l u r r y  c o n c e n t r a t i o n  60 p l u s  p e r c e n t  

s o l i d s  by weight .  The produc t  g r i n d  s l u r r y  i s  passed 

through a trommel s c r e e n  t o  remove o v e r s i z e  m a t e r i a l .  

Product  s l u r r y  i s  t r a n s f e r r e d  by means of a  c e n t r i -  

f u g a l  pump t o  t h e  s l u r r y  mix tank  f o r  f i n a l  a d d i t i o n  

of wate r  t o  o b t a i n  t h e  d e s i r e d  s o l i d s  c o n t e n t .  

3.2.2 System Evalua t ion  

Both dry  and w e t  g r i n d i n g  systems were cons ide red  f e a s i b l e  

f o r  t h e  c o a l  p r e p a r a t i o n  s tudy .  P re l imina ry  a n a l y s i s  o f  

c a p i t a l  investment  and o p e r a t i n g  c o s t s  based on vendor 

d a t a  i n d i c a t e d  t h a t  t h e  d ry  g r i n d  system o f f e r e d  some 

economic advantage over t h e  w e t  g r i n d i n g  system. However, 

t h e  w e t  g r i n d i n g  system was s e l e c t e d  f o r  t h e  Commercial 

P l a n t . a f t e r  c o n s i d e r a t i o n  of t h e  fo l lowing  p roces s  parameters .  

Dry g r ind ing  of c o a l  i n  open c i r c u i t  cage m i l l  o p e r a t i o n  

has  p rev ious ly  been demonstra ted i n  p i l o t  p l a n t  ope ra t ion .  

However, t h e  produc t  g r i n d  was sc reened  t o  remove over-  

s i z e  m a t e r i a l  be fo re  p r e p a r a t i o n  o f  t h e  coal /water  s l u r r y .  

I f  t h e  produc t  g r i n d  c o a l  must be sc reened ,  a  d ry  s c reen ing  

o p e r a t i o n  would r e q u i r e  approximately  t h i r t y - t w o  (32 )  l a r g e  

s c r e e n s  which w u l d  i n c r e a s e  t h e  investment  and o p e r a t i n g  

c o s t s  s u b s t a n t i a l l y  above a  w e t  g r ind ing  system us ing  a  

w e t  s c r een ing  o p e r a t i o n .  The system would a l s o  c r e a t e  

p o t e n t i a l  environmental  problems a s s o c i a t e d  wi th  handl ing 

and recovery of  f i n e  c o a l  d u s t .  



Taking i n t o  account  t h e  produc t  s i z e  d i s t r i b u t i o n  r e q u i r e d ,  

a d r y , g r i n d i n g  system.may be s u b j e c t  t o  pluggage of p roduc t  

c o a l  d u r i n g  p e r i o d s  of h igh mois ture  c o n t e n t  i n  t h e  feed- 

s tock .  

The produc t  c o a l  d i s c h a r g e  from t h e  m i l l  must be t r a n s p o r t e d  

t o  t h e  g a s i f i e r  as a  coa l /wate r  s l u r r y .  Using a  d ry  gr ind-  

i n g  system, t h e  s l u r r y  p r e p a r a t i o n  system f o r  t h e  Commercial 

P l a n t  would be des igned  i n  a  ba t ch  mode t o  i n s u r e  thorough 

mixing o f  d r y  c o a l  and water followed by f i n a l  ad jus tment  

of  t h e  produc t  s l u r r y  f o r  t h e  s p e c i f i e d  p e r c e n t  s o l i d s  by 

weight .  

The problem of  mixing c o a l  and w a t e r  i n  a w e t  g r i n d i n g  

system does  n o t  e x i s t .  The system a l s o  o f f e r s  t h e  pos- 

s i b i l i t y  of  cont inuous o p e r a t i o n  f o r  s l u r r y  p r e p a r a t i o n  

wi th  p o t e n t i a l  s av ings  i n  t h e  number and s i z e  o f  p roduc t  

s l u r r y  mix tanks .  

I n  t h e  Commercial P l a n t  d e s i g n ,  a  s u b s t a n t i a l  q u a n t i t y  of  

p roces s  m a t e r i a l  i s  r ecyc l ed  f o r  u se  i n  t h e  p r e p a r a t i o n  

u1 produc t  s l u r r y ,  I n  a d r y  g r i n d i n g  system, t h i s  s t ream 

would be r e tu rned  t o  t h e  s l u r r y  mix t ank  a s  shown i n  

E x h i b i t  4 .  To prec lude  exces s ive  q u a n t i t i e s  of  o v e r s i z e  

m a t e r i a l  i n  t h e  produc t  s l u r r y  feed t o  t h e  g a s i f i e r ,  t h e  

r e c y c l e  stream may r e q u i r e  a  s e p a r a t e  w e t  g r ind ing  system. 

I n  a  w e t  g r i n d i n g  system, t h e  p roces s  r e c y c l e  s t ream can 

be added t o  t h e  m i l l  i n l e t , t h e r e b y  e l i m i n a t i n g  t h e  over-  

s i z e  problem. 



3.3 COMMERCIAL EVALUATION 

3.3.1 Survey o f  Grinding Equipment Manufacturers 

A t o t a l  of  t h i r t e e n  major manufacturers  were con tac t ed  t o  

p rov ide  c o s t  e s t i m a t e s  and t e c h n i c a l  in format ion  f o r  v a r i o u s  

t y p e s  of m i l l s  t h a t  might be used t o  g r i n d  c o a l  f o r  t h e  

p roces s  s l u r r y .  The t y p e s  of  m i l l s  i n v e s t i g a t e d  were rod ,  

b a l l ,  bowl, hammer, cage and d i s c .  Both w e t  and d r y  gr ind-  

i n g  methods w e r e  considered us ing  open and c lo sed  c i r c u i t s .  

Each manufacturer  was reques ted  t o  p rov ide  c o s t  e s t i m a t e s ,  

s i z i n g  and,power  requirements  f o r  t h e i r  equipment on t h e  

b a s i s  of g r i n d i n g  220 t o n s  p e r  hour of t h e  t y p i c a l  c o a l  

cons idered  f o r  t h i s  program. This  i s  t h e  nominal des ign  

f low r a t e  of  c o a l  feeds tock  f o r  a Commercial P l a n t  t o  

produce 3500 STD of  ammonia from c o a l .  

P r i o r  c o a l  g r ind ing  exper ience  and shop f a c i l i t i e s  t o  

perform g r i n d i n g  tests l a t e r  on a c t u a l  samples o f  c o a l  

were a l s o  covered i n  d i s c u s s i o n s  w i th  t h e  manufacturers .  

The manufac tu re r ' s  d a t a ,  l i s t e d  i n  E x h i b i t  3 ,  w e r e  analyzed 

and evaluated t o  s e l e c t  c o a l  s l u r r y  p r e p a r a t i o n  systems f o r  

f u r t h e r  s tudy .  Of t h e  two manufacturers  con tac t ed  on d i s c  

m i l l s ,  one dec l ined  t o  provide t h e  r eques t ed  d a t a  a t  t h i s  

t ime and t h e  second manufacturer  provided p re l imina ry  d a t a  

on number of m i l l s  r e q u i r e d  for the s p e c i f i e d  duty, b u t  

wi thout  p roduc t  g r i n d  s i z e  d i s t r i b u t i o n .  I n  t h e  U . S .  t h e r e  

i s  no s e r v i c e  exper ience  w i t h  w e t  g r ind ing  of c o a l  wi th  

d i s c  m i l l s  t h a t ' c h a r a c t e r i s t i c a l l y  o p e r a t e  a t  approximately 

1200 RPM. Although t h i s  type  of  m i l l  may f i n d  a p p l i c a t i o n  

i n  wet g r i n d i n g  of coa l  i n  t h e  f u t u r e ,  t h e  a p p l i c a t i o n  of 

a d i s c  m i l l  was excluded from f u r t h e r  s tudy  i n  t h i s  program. 



3.3.2 P i l o t  P l a n t  T e s t s  

3.3.2.1 . Dry Grinding 

Dry Grinding of c o a l  i n  a cage m i l l  has  been demonstrated 

i n  p i l o t  p l a n t  tests conducted p r i o r  t o  t h i s  t r ade -o f f  

s tudy ,  as be ing  capable  of producing t h e  r equ i r ed  s i z e  

c l a s s i f i c a t i o n .  These tests  u t i l i z e d  sc reen ing  t o  s e p a r a t e  

o v e r s i z e  m a t e r i a l  from t h e  m i l l  product .  Add i t i ona l  p i l o t  

p l a n t  tests were n o t  deemed necessary .  

3.3.2.2 W e t  Gr inding 

a )  B a l l  M i l l  P i l o t  P l a n t  T e s t s  

Vendor "A" w a s  s e l e c t e d  f o r  p i l o t  p l a n t  i n v e s t i g a t i o n  

of w e t  g r ind ing  of c o a l  based on prev ious  exper ience  

i n  a commercial i n s t a l l a t i o n ,  e s t ima ted  produc t  s i z e  

d i s t r i b u t i o n  us ing  a  b a l l  m i l l  i n  open c i r c u i t  and 

a v a i l a b i l i t y  of t e s t s  f a c i l i t i e s .  A t ruck load  of 

c o a l  cons idered  c l o s e l y  r e p r e s e n t a t i v e  o f  t h a t  which 

w i l l  be used i n  t h e  program was shipped t o  t h e  Vendor 's  

tes t  c e n t e r .  

The i n i t i a l  t es t  program w a s  based on i n v e s t i g a t i n g  

t h e  fo l lowing  aieas o f  i n t e r e s t :  

1) Determine t h e  feed  r a t e  t o  t h e  b a l l  m i l l  t o  o b t a i n  

a  minus 16 U . S .  mesh t o p  s i z e  produc t  i n  open 

c i r c u i t  ope ra t ion .  

2) Determine the e f f e c t  of f i n e r  g r ind  produc t  t o p  

s i z e  on produc t  s i z e  d i s t r i b u t i o n  and b a l l  m i l l  

ope ra t ion .  

3 )  Determine t h e  maximum p e r c e n t  of s o l i d s  by weight 

t h a t  can be achieved by w e t  g r i n d i n g  wi thou t  f low 

r e s t r i c t i o n s  through t h e  m i l l .  



4 )  Determine t h e  e f f e c t i v e n e s s  of a  d i s c  f i l t e r  i n  

removing moisture  from t h e  product s l u r r y  d i s -  

charged from t h e  m i l l .  

A s  a  r e s u l t  of prel iminary t e s t  r e s u l t s  obtained i n  

t h e  p i l o t  p l a n t  opera t ion ,  t h e  program was modified 

t o  i n v e s t i g a t e  w e t  g r inding  of c o a l  i n  a  c losed 

c i r c u i t  b a l l  m i l l  us ing a  s p i r a l  c l a s s i f i e r  f o r  

sepa ra t ion  of over s i ze  ma te r i a l .  

The p i l o t  p l a n t  i n v e s t i g a t i o n  used a  2'x4' b a l l  m i l l ,  

s p i r a l  c l a s s i f i e r  and one four-foot  diameter d i s c  

f i $ t e r .  S ize  d i s t r i b u t i o n  of coa l  feedstock t o  t h e  

b a l l  m i l l  i s  t a b u 1 a t e d . h  Exhibi t  7.  ~ e i t s  r e s u l t s  

of open and c losed  c i r c u i t  b a l l  m i l l  opera t ion  a r e  

t abu la ted  i n  Exh ib i t s  8 and 9 r e spec t ive ly .  

The dura t ion  of t h e  t e s t  program d id  n o t  permit suf-' 

f i c i e n t  time t o  s tudy t h e  e f f e c t  of b a l l  loading,  

ex tens ive  v a r i a t i o n  i n  percent  of c r i t i c a l  speed, o r  

modif icat ion of t h e  m i l l  d i scharge  piping configura- 

t i o n .  Within t h e s e  lSmita t ion$,  t h e  t e s t  r e s u l t s  

ind ica ted  a  maximum s l u r r y  concent ra t ion  of 53% dry 

s o l i d s  before pluggage occurred i n  t h e  system; open 

c i r c u i t  b a l l  m i l l  could no t  meet t h e  program requi re-  

ments on top  s i z e ;  a  c losed c i r c u i t  b a l l  m i l l  upera- 

t i o n  could poss ib ly  s a t i s f y  t h e  program requirements 

with a d d i t i o n a l  t e s t  work although t h e  c l a s s i f i e r  

product s i u r r y  would be only 15% by weight dry s o l i d s .  

This would r e q u i r e  tha. t  t h e  major por t ion  o.f t h e  

product s l u r r y  be dewatered t o  ob ta in  t h e  optimum 

s l u r r y  concentrat ion f o r  t h e  g a s i f i e r  opera t ion .  



b) Rod Mill Pilot Plant Tests 

Vendor "D" had received a contract.from the Depart- 

ment of Energy (DOE) to investigate various modes. of 

coa1:grinding for a coal gasification program sponsored 

by the government. As a result of the experience 

gained in the pilot plant investigations, a computer. 

simulation model for coal grinding had been developed. 

Before actual pilot plant work was commenced, a series 

of simulation runs were made on wet grinding of coal 

in open and closed circuit ball mill operation. The 

simulation results tended to confirm the preliminary 

results obtained in Company "A's" test center. The 

simulation run for wet grinding of coal in a rod mill . 

open circuit operation indicated'that this may be the 

promising approach to meet the program required objec- 

tives on top size material and maximum product slurry 

concentration. A closed circuit wet coal grinding 

system would require addition ~f water to the classi- 

fier regardless of the type used, in order to effect 

a separation of top size material. The product slurry 

concent.ration from the mill would also contain the 

major.fraction of the dilution water resulting in a 

final product slurry of lower concentration. 

.size distribution of coal feedstock used in the. 

tests is shown in Exhibit 10. A three-foot 

diameter rod mill was used in all the tests, 

The rod charge and percent of critical s6eed was 

not varied during the investigation. The test 

results indicate a slurry concentration,as high as 

62% dry solids can be obtained without pluggage of 

the rod mill or mill'discharge slurry transfer system 



for the coal tested. The maximum slurry concentra- 

tion was not limited by viscosity properties but by 

the mill inlet piping configuration used to transport 

the coal and water to the mill inlet. The fraction 

plus 16 U.S. mesh varied from 0.2 to 0.5 percent of 

the product grind. 

The test results of wet grinding in a rod mill with 

open circuit operation are not included in this report 

because they contain data considered proprietary by 

Texaco Development Corporation. 

3.4 RISK ANALYSIS 

3.4.1 General 

Successful performance is expected of a Coal Preparation 

System constructed in accordance with the system recommended 

for the conceptual design of the Commercial Plant, i.e. wet 
grinding in a rod mill with a .trammel screen for removal of 

oversize material. However, the translation from a con- 

ceptual design to an actual plant involves some elements 

of risk which are evaluated in the following paragraphs. 

3.4.2 Equipment Availability 

In the Commercial Plant 220-280 ST/hr of solids must be 

handled in the coal preparation system. The coal prepara- 

tion plant for the Black Mesa Fipcline, using rod mills in 

open circuit operation, processes 660 ST/hr of coal. There- 

fore the availability and size of equipment required for 

the Commercial Plant presents no significant risks. 

3.4.3 Deviations from Pilot Plant Tests 

3.4.3.1 

In the pilot plant study, 3/4",x 0 top size was used as 



I., 

;; 

feedstock to the rod mill. A 2," x 0 top size feedstock is 

proposed for the Commercial Plant design. The extrapola- 

tion of top size feedstock from pilot plant to the commercial 

is considered to be of nominal risk; 

3.4.3.2 

The coal/water slurry preparation work in the pilot plant 

used city or town water for adjustment of the percent 

solids in the slurry concentration. In the commercial 

plant, the water for preparation of the coal/water slurry 

will be a process recycle stream containing various chem- 

icals compounds dissolved in the water. The impact if 

any, on corrosion of liners, rods, etc,has not been 

demonstrated. It is assumed that the corrosion problems 

can be controlled by pH ad,justments of the coal/water 

slurry. 

3.4.4 Untested Elements of the System 

The impact of the carbon/ash recycle streams on the product 

size distribution and fraction of product oversize has not 

been demonstrated in the pilot plant investigation because 

~ecycle matcriab was n o t  available. It is assumed that 

the product size distribution will not change significantly 

when carbon/ash recycle is added to the coal slurry in the 

;od mill. Provision has been made in the design for the 

potential of a higher power requirement with recycle. 

Oversize material as a result of the carbon/ash recycle 

is not expected to limit the plant capacity. However, 

since a representative sample of carbon/ash recycle will 

not bc available until the actual plant operation, its 

effect on the performance of the Coal Preparation System 

must be listed as an uncertain factor. 



3.4.5 Elimi.nation of Oversiz'e Ma'terial 

The process for elimination of oversize material has not 

been demonstrated. The. risks must therefore be evaluated 

in terms of plus 14 U.S. mesh.materia1 in the product 

slurry going to the gasifier. There exists the possibility 

that oversize material can be caught in the suction or 

discharge valves of the pumps used to feed the slurry to 

the Gasifier at high pressure. Such an occurrence can 

cause a sudden reduction in the rate of slurry to the 

gasifier. Without a corresponding change in rn oxygen flow, 

dangerously high temperatures will occur in the Gasifier. 

Because of this danger, the question of oversize material 

must be considered a h.igh risk factor. It is essential 

that further test work be conducted prior to the final 

design, to evaluate the performance of equipment to remove 

oversize material, and to determine the effect of oversize 

material on the slurry pump performance. 



4 .  ECONOMICS 

CAPITAL COST ANALYSIS 

Cost  e s t i m a t e s  w e r e  ob t a ined  from each  'of t h e  manufacturers  

f o r  t h e  t y p e  of m i l l s  s e l e c t e d . f o r  Coal P r e p a r a t i o n  System 

schemes I ,  I1 and 111. Cost  e s t i m a t e s  were developed f o r  

t h e  a d d i t i o n a l  equipment r e q u i r e d  f o r  each system which 

a r e  inc luded  i n  E x h i b i t  11. These a r e  summarized below: 

Coa 1 
P r e ~ a r a t i o n  
'Sys'tem 

Scheme I (Cage M i l l ,  Dry Grinding)  
Scheme I1 (Bal l  M i l l ,  W e t  ~ r i n d i n g )  
Scheme I11 (Rod M i l l ,  W e t  Gr inding)  

_ Est imated 
'Capi ta l  Investment 

$1,000,000 

4.2 OPERATING COSTS 

4.2.1 Bas i s  

a .  A l l  o p e r a t i n g  c o s t s  a r e  expressed  i n  1978 d o l l a r s  

p e r  s h o r t  t on  of  ammonia produc t .  

b. The Commercial P l a n t  produces 3500 t o n s  of ammonia 

pe r  day &or  33 0 , days p e r  yea r .  

c .  C a p i t a l  charges  a r e  r ep re sen ted  by 15 yea r  s t r a i g h t  

l i n e  d e p r e c i a t i o n .  

d .  D i r e c t  o p e r a t i n g  l a b o r  i s  assumed a s  f o u r  men t o t a l  

f o r  a l l  t h r e e  systems. The assumed c o s t  i s  $20,000/ 

Man Year. 

e. The c o s t  of supe rv i s ion  is  taken  a s  30% of t h e  c o s t  

of d i r e c t  l abo r .  

f .  The c o s t  of maintenance a s  a  p e r c e n t  of p l a n t  i n s t a l l e d  

p l a n t  c o s t  i s  taken  a s  5.42 f o r  scheme I ,  2.84 f o r  

scheme 11, and 3.42 f o r  scheme 111. 



g. D i r e c t  o v e r h e a d  i s  c a l c u l a t e d  as 30% of d )  p l u s  e l .  

h. I n d i r e c t  o v e r h e a d  i s  c a l c u l a t e d  as 6 5 %  of d )  p l u s  

e) p l u s  f). 

i. P u r c h a s e d  e lec t r i c i ty  cost  $0 .0185/kw h r .  

4 .2 .2  T o t a l  P r o d u c t i o n  C o s t s  ($/ST NH3) 

SBIEME I SCHEME I1 ScImm I11 
DRY GRINDING WFT GRINDING WGT GRINDING 

CAGEMILL EALL MILL FXID M I L L  

LABOR COSTS 

D i r e c t  L a b o r  0 . 0 6 9  0 . 0 6 9  0 . 0 6 9  

S u p e r v i s i o n  0 . 0 2 1  0 . 0 2 1  0 . 0 2 1  

M a i n t e n a n c e  0 . 1 6 9  0 . 1 2 3  0 . 1 1 2  

Direct O v e r h e a d  0 . 0 2 7  0 . 0 2 7  0 . 0 2 7  

I n d i r e c t  O v e r h e a d  0 .168  0 . 1 3 8  0 . 1 3 1  

T o t a l  0 . 4 5 4  0 . 3 7 8  0 . 3 6 0  

CAPITAL CHARGES 
DEPRECIATION 

UTILITIES 

ELECTRICITY (Kwhr) ( 1 0 . 6 )  * 0 . 1 9 6  ( 1 1 . 5 )  * 0 . 2 1 3  (16.4)""  0 . 3 0 3  

TOTAL PRODUCTION 
COST ($ /ST NH3)  

* F e e d s t o c k  T o p s i z e :  1 / 4 "  x 0  

* *  F e e d s t o c k  T o p s i z e :  2" x 0  



4.2.3 Cos t  Adjustment 

During t h e  development of in format ion  f o r  t h i s  t r ade -o f f  

s tudy  it was determined t h a t  t h e  -u se  of  a  2 "  x  0  f eeds tock  

t o p s i z e  t o  t h e  rod m i l l  would pe rmi t  b e t t e r  c o n t r o l  of 

f i n e s  i n  t h e  produc t  g r i n d .  Accordingly,  c a p i t a l  and 

o p e r a t i n g  c o s t s  f o r  scheme I11 - w e t  g r i n d i n g  i n  a  rod 

m i l l ,  were obta ined  on t h i s  b a s i s .  The d a t a  ob ta ined  

ear i l ier  f o r  . d ry  g r i n d i n g  i n  a  cage m i l l  (scheme I )  , and 

wet g r i n d i n g  i n  a  b a l l  m i l l  (scheme 11) were f o r  1/4" x 0 

f eeds tock  t o p s i z e .  Therefore  t h e  t o t a l  p roduc t ion  c o s t s  

l i s t e d  i n  4.2.2 are based on d i f f e r e n t  f eeds tock  t o p s i z e s .  

I m p l i c i t  i n  t h e  d a t a  i s  t h e  f a c t  t h a t  f o r  schemes I and I1 

t h e r e  w i l l  be  equipment, and a corresponding power consump- 

t i ~ n  f o r  o b t a i n i n g  t h e  qua r t e r - inch  t o p s i z e .  For  purposes 

o f  a b e t t e r  comparison of t h e  t h r e e  schemes, an adjustment  

has  been made t o  t h e  t o t a l  p roduc t ion  c o s t s  f o r  scheme I11 

t o  account  only  f o r  e l e c t r i c  power c o s t s .  With t h i s  a d j u s t -  

ment it i s  e s t ima ted  t h a t  t h e  t o t a l  p roduc t ion  c o s t s  f o r  

scheme 111, assuming 1/4" x  0  f eeds tock  t o p s i z e  would be  

0.794 $/ST of ammonia. 

RISK ANALYSIS 

4.3.1 E s c a l a t i o n  

The investment  e s t i m a t e s  prepared f o r  each of  t h e  schemes 

i n v e s t i g a t e d  f o r  t h e  Coal P r e p a r a t i o n  System are order-of-  

magnitude e s t i m a t e s  based on 1978 equipment c o s t s .  I t  i s  

no t  expected t h a t  t h e  p r i c e  e s c a l a t i o n s  a s  a  r e s u l t  of  

i n f l a t i o n  would change t h e  conc lus ions  and recommendations 

of  t h i s  s tudy .  

4 . 3 . 2  Screening t o  Remove Oversize Mate r i a l  

4.3.2.1 Dry Grinding - Cage M i l l  

The c a p i t a l  c o s t  a n a l y s i s  does  n o t  i n c l u d e  any al lowance 

f o r  s c r een ing  of  o v e r s i z e  m a t e r i a l .  I f  d ry  s c reen ing  i s  



r e q u i r e d ,  it i s  e s t i m a t e d  t h a t  approximate ly  32 s c r e e n s  

each  abou t  4  f e e t  wide x 20 f e e t  long  w i l l  be  r e q u i r e d .  

The equipment c o s t  a l o n e  i s  expec ted  t o  be  i n  e x c e s s  of 

one m i l l i o n  d o l l a r s .  Cons ide ra t i on  o f  t h e  b u i l d i n g  

requ i rements  and t h e  d u s t  c o l l e c t i o n  equipment c o s t s  f o r  

such  a l a r g e  s c r e e n i n g  a r e a  makes t h e  economic r i s k  i n -  

t o l e r a b l e  f o r  d r y  g r i n d i n g .  

4.3.2.2 W e t  Gr ind ing  - B a l l  and Rod M i l l s  

The c a p i t a l  c o s t  a n a l y s i s  does  n o t  i n c l u d e  any a l lowance 

f o r  s c r e e n i n g  o f  o v e r s i z e  m a t e r i a l  o t h e r  t h a n  t h e  u s e  of 

t h e  trommel s c r e e n  i n  t h e  c a s e  o f  t h e  r o d  m i l l .  I f  w e t  

s c r e e n i n g  i s  r e q u i r e d  w i t h  b a l l  o r  rod  m i l l  o p e r a t i o n ,  

it i s  e s t i m a t e d  t h a t  approx imate ly  16 s c r e e n s  each  abou t  

4  f e e t  by 8 f e e t  w i l l  b e  r e q u i r e d .  The c o s t  of  t h e  

s c r e e n s  a l o n e  w i l l  b e  approx imate ly  $160,000. A d d i t i o n a l  

dewate r ing  equipment r e q u i r e d  w i t h  t h e  w e t  s c r e e n s  w i l l  

have order-of-magnitude c o s t  of $320,000. 

4.3.3 Carbon/Ash Recycle 

Th.e impact  of carbon/ash r e c y c l e  f o r  t h e  w e t  g r i n d i n g  

sys tems h a s  been d i s c u s s e d  i n  s e c t i o n  3.4.4. I n  t h e  

c a s e  o f  d r y  g r i n d i n g  w.ith a  cage  m i l l ,  t h e  w e t  carbon/  

a s h  r e c y c l e  s t r eam can  n o t  be  i n t roduced  i n t o  t h e  m i l l ,  

b u t  must be  added a t  t h e  s l u r r y  mix t anks .  I f  t h e  carbon/  

a s h  r e c y c l e  sLream c o n t a i n s  o v e r s i . ~ ~ !  m a t e r i a l ,  it w i l l  

be  neces sa ry  t o  add an a d d i t i o n a l  g r i n d i n g  sys tem f o r  t h e  

r e c y c l e  s t ream.  





EASTERN COAL - EXPECTED RANGE OF ANALYSES$< 
E X H I B I T  112 

RAW COAL 
PROXIMATE ANALYSIS - AS RECEIVED Minimum Maximum 

% Moisture 4.19 12.00 

% Ash 

% Vola t i l e  

% Fixed Carbon 

ULTIMATE ANALYSIS - DRY BASIS 

% Carbon 

% Hydrogen 

% Nitrogen 

% Chlorine 

% Sulfur 

% Ash 

% Oxygen 

Btu - As Received (Min-Max. Range) 

B t u  - Dry Basis (Min-Max. Range) 

% Sulfur  - As Received 

% Sulfur - Dry Basis 

Hardgrove Grindabi l i ty  Index 

40.00 49.23 

Not Additive 

57.95 68.61 

4.0 5.00 

0.50 1.57 

0.03 0.24 

3.35 6.90 

14.88 24.77 

3.50 6.81 

Not Additive 

* Range of p roper t i e s  given t o  manufacturers of grinding equipment. 



LINE-UP OF MANUFACTURER'S COST ESTIMATE FOR 
GRINDING MILL EQUIPMENT 

EXHIBIT {I3 

MANUFACTURER 

Hammer 
Wet 
C lased 
8 9 
5 6 
25 
6 
2 
50 

B a l l  
Wet 
C losed 
100 - 
- 

, 35 I 

25 
50 

Rod 
W e t  
Open 
99.5 
9 0 
60 
80 - 
50 

Cage 
Dry 
Open 
100 
100 
8 0 - 
2 5 - 

TYPE OF MILL 
WET OR DRY GRIND 
OPEN OR CLOSED CIRCUIT 
GRIND SIZE-% THRU {I 14 MESH 
GRIND SIZE-% THRU 40 MESH 
GRIND SIZE-% THRU #lo0 MESH 
GRIND SIZE-% THRU {I200 
GRIND SIZE-% THRU {I325 MESH 
SLURRY -% 'SOLIDS (WGT) 

Ba 11 
Wet 
Open 
100 
100 
44.3 
27.9 
27.8 
5 0 

Cage 
Dry 
Open 
100 
9 0 
50 
3 0 
22 

MILL UNIT DATA 

COAL FEED - TPH 
DRYING A I R  FILM - LBIHR 
DRYING A I R  TEM - F 

P OF A I R  FLCM-IN. H20 
DRIVE MOTOR (S) & HP 
MOTORIMILL - RPM 
MOTOR -KW 
MILL & MOTOR SIZE-FT X FT X FT 

ESTIMATED UNIT COST 

1.160 
Inc 1 
Inc  1 - 
I n c l  feeders 

668 
Inc 1 
Inc 1 

7 7 
Inc 1 - 
- 

MILL - $1000 
MOTOR(S) - $1000 
ROB OR BALL CHARGE - $1000 
DRYING AIR EQPT - $1000 
LINERS OR OTHER EQPT $1000 

TOTAL 

TOTAL NO. MILLS & CAPACITY -% 
TOTAL COST-ALL MILL - $1000 

PR TOR CWL SLURRY EXPERIENCE : 2 Secondary 
C r u c h c r ~  a t  
Cadiz, Ohio 
S l u r r y  Pipe- 
l i n e  & Black 
Mesa P ipe l ine  
has Secondary 
Impactor 

No Coal. But many 
Linestone w e t  
Grind M i l l s  f o r  
AQCS 

None, Mfr 
says t h i s  
Cage Type 
M i l l  cannot 
be used f o r  
w e t  grinding 

None Black Mesa 
Pipel ine  
Secondary 
Crusher f o r  
M i l l  Feed 

Black Mesa 
Pipel ine  
S lu r ry  Prep 
Use 3-Rod M i l l s  
100%-14 mesh 
as  Primary M i l l s  



LINE-UP OF MANUFACTURER'S COST ESTIMATE FOR 
GRINDING MILL EQUIPMENT 

EXHIBIT #3 
, 

MANUFACTURER 

R o d  
Wet 
C l o s e d  
9 8 
85 - 
2 6  - 
50-54 

B o w l  
D r y  
C l o s e d  

Bow 1 
D r y  
C losed 
100 

B a l l  
Wet 
C losed 
100 

I 7 5 
45 
3 0 
2 5  i 
6 0 - 7 0  

TYPE OF MILL 
WET OR DRY GRIND 
OPEN OR CLOSED CIRCUIT 
GRIND SIZE-% THRU 11 14 MESH 
GRIND SIZE-% THRU 40 MESH 
GRIND SIZE-% THRU #lo0 MESH 
GRIND SIZE-% THRU 8 2 0 0  
GRIND SIZE-% THRU 11325 MESH 
SLURRY-% SOLIDS (WGT) 

B a l l  
D r y  
C l o s e d '  
98 
7 2  
53 
35 
2 5 

MILL UNIT DATA 

COAL FEED - TPH 
DRYING A I R  F W  - LB/HR 
DRYING A I R  TEM - F 

P OF A I R  F W - I N .  H20 
DRIVE MOTOR (S)  & HP 
MOTOR~MILL - RPM 
MOTOR -KW 
MILL & MOTOR SIZE-FT X FT X FT 

ESTIMATED UNIT COST 

MILL - $1000 
MOTOR(S) - $lUUO 
ROB OR BALL CHARGE - $1000 
D R Y I N G A I R E Q P T  - $1000 
LINERS OR OTHER EQPT $1000 

500 
Pnc 1 
Inc 1 

TOTAL 

T m A L  NO. M I L I S  & CAPACITY -% 
TOTAL COST-ALL MILL - $1000 

None PRIOR COAL SLURRY EXYEKIENCE: None None 
Dry G r i n d  
coke rotary fo r  k i l n s  

N o n e  None 
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COAL S I L O  

J&O"SIZE 
'FEED 

AUXILIARY 
WATER SUPPLY 

I 
DRY C A K E  
CONV EYIN6,---SY ST  E M  

BUILDIN6-L 
I 

-- 

' A 

TO SLURRY 

C A R B O N ~ A S H  RECYCLE *, 
M 

RUN TANK 

- In -1 t (C 

N 

- 

0 0 

g6 
u 
Z 
CI 

DISC FILTER 
OR I I 

CENTRIFU6E II - 
100% OF SLURRY I I 

NET BALL MILL I I 
SLUHRY MIX TANK 

i l 
I I 
I I 
I I r--A--zl 

( I,OOOHP) SLURRY SUMP TANK 

I I 1 

SLURkY TRANSFER PUMP SLURFiY PUMP 

N O T E :  
I, T H E R E  ARE THREE 50% CAPACITY BALL HILLS, SLURRY SUMP 

TANKS g SLURRY TRANSFER PUMPS TWO 10004 CAPACITY DISC SYNTl iESIS 6 A S  
FILTERS OR CENTRIFU6ES 8  TWOS^% CAPACITY D R Y  CAKE DEMONSTRATION PLANT P R O 6 R A M  
CONVEYIN6- SYSTEr-15, 

2, FOUR SLURRY MIX TANKS A R E  SAME FOR ALL  SCI iEMES 

I 

EXH I BIT 
5 

COMME RCIAL PLA N T  

TOS . METHOD OF COAL 
PREPARATION SCHEME 11 

EBA~CO UI#VICEB INWRPORA~D 

,WECH 
a. 
OIR 8 / 1 0 / 7 8  

- 
I 

, 



2"x O"SIZE 
FEED 

A U X I  L I A R Y  
WATER SUPPLV 

NOTE: 
THERE ARE THREE 50% CAPACITY R O D  MILLS,THREE 
TROMMEL SCREENS , T H E E  SLURRY SUMP TANKS, S I X  
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E X H I B I T  8 TEST RESULTS OF OPEN C I R C U I T  BALLMILL OPERATION 

TEST NUMBER 

TIME @ SAMPLING MINUTES 

TYPE O F  GRINDING C I R C U I T  

COAL FEED RATE T O  M I L L ,  LB/HR. 

3 4 5 5 

6 0 6 0. 50 65 

O p e n  O p e n  O p e n  O p e n  O p e n  O p e n  O p e n  

M i l l  
D i s c h .  

M i l l  
D i s c h .  

M i l l  M i l l  
D i s c h .  D i s c h .  

M i l l  M i l l  M i l l  M i l l  F i l t e r  F i l t e r  F i l t r a t e  
LoCAT ION (SAMPLE ) D i s c h .  D i s c h .  D i s c h .  D i s c h .  D i s c h .  D i s c h .  (H20) 

% SOLIDS 

% M I L L  C R I T I C A L  SPEED 

MILL H P/ TON O F  FEED 

U.S. S I E V E  ANALYSIS 

RETAINED 

+ 16 
- 16 + 40 
- 40 +I00 

-100 +200 

-200 +325 

-325 

MEAN PARTICLE DIAMETER (MM) 



TEST NO 

TIME @ SAMPLING MINUTES 

TYPE OF GRINDING 

COAL FEED RATE TO MILL Illhr 

LOCAT ION (SAMPLE ) 

% SOLIDS 

% MILL C R I T I C A L  SPEED 

MILL R PITON OF FEED 

EXHIBIT # 9 TEST RESULTS OF CLOSED CIRCUIT BALLMILL OPERATION 

US S I E V E  ANALYSIS 

WT % RETAINED 

MEPA PARTICLE DIAMETER (MM) 

8 

6 0 

C L o s e d  

400 

M i l l  D i s c h a r g e  

43 

7 7 

16.0 

8 

6 0 

C l o s e d  

C l a s s i f i e r  
O v e r f l o w  
13 

8 

6 0 

C l o s e d  

C l a s s i f i e r  
U n d e r f l o w  
6 8 

F i l t e r  C a k e  

7 5 

. .-.. . ... COAL FEEDRATE - D o e s  not inc lude  s o l i d s . r e c y c l e d . . t o  m i l 1 , f r o m  c lass i f ie r  sand d i s c h a r g e  



E X H I B I T  #I0 S I Z E  D I S T R I B U T I O N  OF COAL FEEDSTOCK T O  RODMILL 
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112" 
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ESTIMATED INVESTYTNT FOR 
COAL PREPARATION SYSTEM 
SCHE! I, I1 AND 111 

Scheme I (220 'LPH Capac i ty  Dry Cage M i l l  System) 

Scheme I c o n s i s t s  of t h e  fo l l owing  i t e m s :  

Three (3) ' d ry  cage  m i l l s ,  each 50% c a p a c i t y .  
S i x  (6 )  m i l l  motors .  
Three  (3)  conveyors  each 50% capac i ty .  
Three (3)  bucke t  e l e v a t o r s ,  each 50% c a p a c i t y .  
S t r u c t u r a l  s t e e l ,  f ounda t ions ,  e l e c t r i c a l  p i p i n g , ,  
i n s t r u m e n t a t i o n ,  i n s u l a t i o n  and p a i n t i n g  f o r  above. 

P r i c i n g  Is based on (a )  underf low from t h e  Carbon Ash 
System be ing  r e c i r c u l a t e d  d i r e c t l y  t o  t h e  s l u r r y  mix 
t a n k s ,  and (b) no s c r e e n i n g  r e q u i r e d  f o r  o v e r s i z e  
from t h e  cage  m i l l s .  

T o t a l  i n s t a l l e d  c o s t  = $3,600,000. 

Scheme I1 (290 TPH:CavAcity 'Wet: ' E a l l ' ? - f i l l  System ) 

Scheme I1 c o n s i s t s  of t h e  fo l l owing  i t e m s :  

Three (3) wet b a l l  m i l l s ,  each 50% c a p a c i t y .  
Three (3) m i l l  motors.  
Three (3) s l u r r y  sump t a n k s ,  each 50% c a p a c i t y .  
Three (3) s l u r r y  sump pumps, each SO% c a p a c i t y .  
Two (2) c e n t r i f u g e  each 100% c a p a c i t y .  
Two (2) c e n t r i f u g e  main d r i v e  motors .  
Two (2) screw conveyors ,  each 100% c a p a c i t y .  
Two (2) r e v e r s i b l e  b e l t  conveyors ,  each  50% c a p a c i t y .  
Two (2) bucke t  e l e v a t o r s ,  each  50% c a p a c i t y .  
Two (2) b e l t  conveyors w i t h  t r i p p e r ,  each  50% c a p a c i t y .  
S t r u c t u r a l  s t e e l ,  f ounda t ions ,  e l e c t r i c a l ,  p i p i n g  
i n s t r u m e n t a t i o n ,  i n s u l a t i o n  and p a i n t i n g  f o r  above. 

P r i c i n g  i c  basad on under f low f rom t h e  Carbon Ash 
System b e i n g  r e c i r c u l a t e d  d i r e c t l y  t o  t h e  b a l l  m i l l s .  

Scheme 1x1 (290 TPH c a p a c i t y  Wet'Rod M i l l  System) 

Scheme I11 (290 TPH c a p a c i t y  W e t  Rod M i l l  System 

Three (3) rod m i l l s ,  each  50% c a p a c i t y  
Three  (3) m i l l  motors  and g e a r  u n i t s .  
Three  (3) tromrnel s c r eens .  
Three  (3) s l u r r y -  pump t a n k s  each  50% c a p a c i t y  
S i x  (6) '  s l u r r y  sump pump each  50% c a p a c i t y  

One (1) s l u r r y  s t o r a g e  t a n k  complete  w i t h  a g i t a t o r .  

S t r u c t u r a l  s t e e l ,  f ounda t ions ,  e l e c t r i c a l ,  p i p i n g ,  
ins t rum'en ta t ion ,  i n s u l a t i o n  and p o i n t i n g  f o r  above. 

Bu i ld ing  a s  ske t ch  SK 8375-B-33 da t ed  2-26.79 

T o t a l  i n s t a l l e d  c v s L  - $3,00OYQ00. 

T o t a l  i n s t a l l e d  c o s t  = $5,000,000. 
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I - INTRODUCTION. 

' A. Objective 

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

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

capitalloperating 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 emission stan- 

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

discharged. 

B. Scope . 

The scope of the study includes: 

1. Review of available AQC system technologies.  or SO2 removal the 
review is confined to recovery type Flue Gas Desulfurization (FGD) 

processes. 

2 .  Application of screening criteria to identify suitable processes1 

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 .  Identification 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  fo r  the  Commercial Unit  (3500 TPD ammonia). 

. A p p l i c a b i l i t y  of t he  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 i scussed  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 Sa l e s  Analysis . )  I t  has  been assumed f o r  t he  purpose 

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

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 

approp r i a t e  changes i n  t h e  m a t e r i a l  balance fo r  f i n a l  des ign  w i l l  be re -  

qu i red .  The product ion of  a  by-product o t h e r  than elemental  s u l f u r  i s  no 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  d o e s ' n o t  address  n i t rogen  oxides  (NO ) c o n t r o l  systems 
X 

since  NO^ 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  par.ameters for 

t h e  steam genera tor  and emiss ion  l i m i t s  w i t h  r e s p e c t  t o  NOx w i l l  be m e t  

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

e s s e n t i a l l y  unaf fec ted  by NOx c o n t r o l  technology. 



I1 - CONCLUSION AND RECOMMENDATION 

A. R.ecommendat i on  

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

Ventur i  Scrubbers 

- E1e .c t ro 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  ( ~ 0 ~ ) r e m o v a l  e leven a l t e r n a t e  systems were con- 

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 

- Carbon Sorp t ion  

- Copper Oxide 

- C a t a l y t i c  Oxidat ion 

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

e f f i c i e n c y  ~S~/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  ope ra t i ng  

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  r ecogn ized  t h a t  i n  s p i t e  o f  t h e  recommended system n o t  b e i n g  t h e  most 

economical  i t  i s  n e v e r t h e . l e s s  t h e  p r e f e r r e d  sys tem.  I n  t h e  f i n a l  d e s i g n  

s e l e c t i o n  a  lower  e f f i c i e n c y  ESP shou ld  be c o n s i d e r e d  t o  r educe  c o s t s  

(making t h e  ESP and MDC sys tems  economica l ly  comparable)  r e c o g n i z i n g  t h a t  

by-passing of t h e  FGD system would no l o n g e r  b e  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  o f  t h e  t e c h n i c a l  and economic b a s i s  f o r  t h i s  recmmen- 

d a t i o n  f o l l o w s .  

B. T e c h n i c a l  

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

The proposed system i s  des igned  t o  meet a n  emiss ion  l e v e l  of -05 l b / m i l l i o n .  

Btu wi th  a  99.6'5 p e r c e n t  removal e f f i c i e n c y .  

ESP'S a r e  t h e  f i r s t  a l t e r n a t i v e  c o n s i d e r e d ,  They a r e  t h e  most wide ly  

accep ted  c o l l e c t  i o n  d e v i c e s  and i f  p r o p e r l y  des igned  and m a i n t a i n e d ,  a r e  

c a p a b l e  o f  99+ p e r c e n t  removal e f f i c i e n c y  and have demons t ra ted  a  h i g h  

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

a  c o l d - s i d e  ESP ( l o c a t e d  downstream of  t h e  a i r  h e a t e r ) .  

For  t h e  n e x t  a l t e r n a t i v e ,  approx imate ly  60 p e r c e n t  o f  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  c o a r s e )  a r e  removed i n  a  mechan ica l  d u s t  c o l l e c t o r  (MDC) and t h e  

r e n a i n d e r  i n  a  wet s c r u b b e r .  

For  e i t h e r  of  t h e s e  two a l t e r n a t i v e s ,  a  v e n t u r i  s c r u b b e r  i s  r e q u i r e d  t o  

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

c u l a t e s  remaining i n  t h e  f l u e  g a s .  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  t h e  ESP a l t e r n a t i v e .  a s  t h e  ESP i s  des igned f o r  99.65 p e r c e n t  

removal e f f i c i e n c y  t b  meet t h e  New Source  P e r f ~ ~ m a n c e  S t a n d a r d s  (NSPS) 

emiss ion  l e v e l s .  On t h e  o t h e r  hand,  i n  t h e  MDC a l t e r n a t i v e ,  a  h igh  e f f i -  

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

Baghouses a r e  g e n e r a l l y  n o t  a c c e p t a b l e  i n  h igh  s u l f u r  c o a 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  a c i d  a t t a c k  r e s u l t s  i n  reduced bag l i f e .  Like- 

wise  an a l l  "wet" system ( v e n t u r i  s c r u b b e r s  a l o n e )  i s  c o n s i d e r e d  



u n d e s i r a b l e  f o r  i t  r e q u i r e s  t h a t  t h e  f a n s  b e  l o c a t e d  downstream of  t h e  

AQC System where t h e y  a r e  s u s c e p t i b l e  t o  f o u l i n g  and c o r r o s i o n .  

The d e s i g n  i n c l u d e s  a  by-pass o f  t h e  F lue  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 pe rmi t  i t s  u s e  d u r i n g  emergency 

s i t u a t i o n s  when t h e  FGD System i s  c o m p l e t e l y  i n o p e r a b l e  a s  long a s  t h e  

p a r t i c u l a t e  emiss ion  l e v e l s  a r e  s a t i s f i e d .  Thus,  t h e  u s e  of  by-pass may b e  

f e a s i b l e  w i t h  t h e  d e s i g n  which i n c l u d e s  t h e  99.65 p e r c e n t  e f f i c i e n c y  ESP; 

t h e  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 p r e c l u d e  i t s  u s e ,  s i n c e  

p a r t i c u l a t e  e m i s s i o n  l i m i t a t i o n s  would n o t  b e  met .  

The manner o f  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  o f  induced d r a f t  

(ID) and b o o s t e r  f a n s .  The ESP arrangement p e r m i t s  i n s t a l l a t i o n  o f  h i g h  

e f f i c i e n c y  f a n s  o f  s t a n d a r d  c o n s t r u c t i o n ,  The MDC ar rangement  n e c e s s 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  f a n s  because  t h e y  must  

h a n d l e  r e l a t i v e l y  " d i r t y "  f l u e  g a s .  T h e i r  r e l i a b i l i t y  can b e  expec ted  t o  

b e  lower when compared t o  t h e  fans  fo l lowing  an ESP. 

2 - S u l f u r  Diox ide  Removal 

The Wellman-Lord P r o c e s s  i s  based on t h e  r e l a t i v e l y  s imple  t echno logy  o f  

sodium s u l f i t e  s c r u b b i n g .  A l l  i t s  components have been tell d e f i n e d  and 

op t imized  t o  a  p o i n t  a t  which a  h i g h  l e v e l  o f  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  b e  expec ted  a s  h a s  been demonstra ted  on 

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

The Wellman-Lord P r o c e s s ,  developed by Davy Powergas I n c . ,  i s  t h e r e f o r e  

t h e  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  wi th  r e s p e c t  

t o  t e c h n i c a 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  o n  commercial s i z e d  u n i t s .  

A l l  o t h e r  r ecovery  F lue  Gas D e s u l f u r i z a t i o n  (FGD) sys tems ,  w i t h  t h e  excep- 

t i o n  of Magnesia Scrubbing,  have n o t  reached t h e  s t a g e  of  development t h a t  

p e r m i t s  a  scale-up t o  a  commercial s i z e  u n i t  wi th  a  h igh d e g r e e  of  c o n f i -  

dence .  The Magnesia S l u r r y  Scrubbing P r o c e s s ,  whi le  demonstra ted  commer- 

c i a i l y ,  i s  c h a r a c t e r i z e d  by s e v e r a l  y e t  t o  b e  r e s o l v e d  t e c h n i c a 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  h a s  n o t  been s a t i s f a c t o r i l y  proven.  



For these reasons, the  r i s k  f ac to r s  with respect  t o  Magnesia S lu r ry  

Scrubbing a r e  deemed s i g n i f i c a n t  a t  the  cu r 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  p lace  of double-efffec 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 a l s o  

be f e a s i b l e  provided t h a t  only one b o i l e r  i s  used. 

Coal p roper t i e s  a r e  based on design condi t ions  developed f o r  the  Conun- 
\ 

e r c i a l  P lan t  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 coa l  charac- 

t e r i c s  of the  u l t imate  coa l  sources w i l l  in f luence  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 opera t ing  c o s t s  f o r  t h e  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  summarized 

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

I V  of t h i s  study. 



Investment 

Par t i cu la te  Removal 

Sulfur Dioxide Removal 

Total 

Di f fe ren t ia l  

Annual 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 

483 

5,191 

5,674 

Base 

The 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 eff 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 

disadvantages. 

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

cent  r e su 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 OperaLing Cost, $1000 

ESP Efficiency 

99.65% 90.0% 

5,340 2,480 

754. 463 



Thus,  a t  t h e  ESP 90 p e r c e n t  e f f i c i e n c y  l e v e l ,  t h e  economics o f  t h e  ESP and 

MDC a r rangements  a r e  c a n p a r a b l e .  It must b e  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 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 e f f i -  

c i e n c y  d o e s  no t  n e c e s s i t a t e  a  h i g h e r  p r e s s u r e  d r o p  a c r o s s  t h e  Wellman-Lord 

v e n t u r  i s c r u b b e r  and concomitant  i n c r e a s e  i n  e n e r g y  c o s t .  

4 .  E s c a l a t i o n  o f  c o s t s  ( b y  20.36 p e r c e n t  f o r  a l l  inves tment  and opera- 

t i n g  c o s t s  except  f o r  purchased power c o s t  which h a s  been e s c a l a t e d  by 

27.0 p e r c e n t )  t o  y e a r  1981 h a s  no a p p r e c i a b l e  e f f e c t  on t h e  r e l a t i v e  econo- 

mics  o f  t h e  e v a l u a t e d  a l t e r n a t i v e s ,  a s  shown below: 

Annual Opera t ing  Cost  

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

ESP & MDC & 

+329 Base 



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 ,  t h e  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  Uni 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 sys tem.  

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  Ljungstrom type 

a i r  p r e h e a t e r .  Steam soo 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  fan  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  16 .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 .  Pr imary 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  b e  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  

che g a s i f i c a ~ i u l l  prucess .  A t y p i c a l  a n a l y o i o  i c  chown 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  

and t o  s e l e c t  a  system 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  m i s s i o n  l e v e l s .  D e t a i l e d  examina t ion  of  t h e  t e c h n i c a l  f e a t u r e s  

of t h e  s e l e c t e d  c o n t r o l  system i s  p resen ted  wi th  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 o f  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 .  

3yGtem.s. The e n e r g y  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.  G e n e r a l  

On August 7 ,  1977,  t h e  P r e s i d e n t  s igned 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 r e n g t h e n e d  t h e  

"c lean  A i r  Act" and have had a  d i s t i n c t  and measurab le  impact on t h e  plan- 

n i n g ,  s c h e d u l i n g  and economics a s s o c i a t e d  w i t h  new f a c i l i t i e s  s u b j e c t  t o  

t h e  p r o v i s i o n s  of  t h e  Ac t .  Of s p e c i a l  concern  i s  t h e  f a c t  t h a t  t h e  amended 

law and t h e  r e g u l a t i o n s  which t h e  Environmental  P r o t e c t i o n  Agency (EPA) h a s  

proposed t o  comply w i t h  t h e  law i n c l u d e  r e g u l a t o r y  c o n s t r a i n t s  such a 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  (PSD) and Emission O f f s e t .  EPA now 

i n t e n d s  t h a t  t h e s e  two c o n s t r a i n t s  w i l l  be  a p p l i e d  t o  most s o u r c e s  wi th  

p o t e n t i a l ' e m i s s i o n s  ( o f  any p o l l u t a n t  r e g u l a t e d  under t h e  Clean A i r  ~ c t )  i n  

e x c e s s  o f  100 t o n s  per  y e a r .  The CAAA and t h e  proposed r e g u l a t i o n s  of  EPA 

a l s o  i n c l u d e  p r o v i s i o n s  concern ing  e m i s s i o n s  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 e c o n s t r u c t i o n  m o n i t o r i n g ,  and s t a c k  h e i g h t s .  

T h i s  s t u d y  c o n s i d e r s  o n l y  t h e  e m i s s i o n  c o n s t r a i n t s  w i t h  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 s o u r c e  Performance S t a n d a r d s  (NSPS) 

l i m i t a t i o n s  which a r e  e s s e n t i a l l y  t h e  minimum Best  A v a i l a b l e  C o n t r o l  

Technology (BACT) r e q u i r e m e n t s .  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  b e  a d d r e s s e d .  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  cc inple te  env i ronmenta l  e v a l u a t i o n  

i s  f e a s i b l e .  Such e v a l u a t i o n  w i l l  no t  o n l y  c o n s i d e r  t h e  e n v i r o n m e n t a l  

impact of p o l l u t a n t s  f o r  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  t h a n  NSPS i n  o r d e r  t h a t  t h e  e m i s s i o n s  a r e  i n  

compl iance  wi th  a l l  a p p l i c a b l e  r e g u l a t o r y  r e q u i r e m e n t s .  

2 .  New Source  S t a n d a r d s  o f  Performance 

The CAAA r e q u i r e s  EPA t o  promulgate r e v i s e d  New Source  Performance Stan- 

d a r d s  (NSPS) f o r  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  s o u r c e s .  The r e v i s e d  s t a n -  

d a r d s  of  performance a r e  t o  i n c l u d e  t h e  i m p o s i t i o n  of  two s p e c i f i c  r e q u i r e -  

ments :  ( 1 )  The e s t a b l i s h m e n t  of  a l l o w a b l e  emiss ion  r a t e  l i m i t a t i o n s ;  and 



( 2 )  A r e q u i r e m e n t  t h a t  t h e  s o u r c e  a c h i e v e  a  s p e c i f i c  p e r c e n t a g e  r e d u c t i o n  

i n  e m i s s i o n s .  

The d r a f t  o f  r e v i s e d  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 c u -  

l a t e d  f o r  p u b l i c  comment i n  November, 1977; t h e y  a r e  p resen ted  i n  E x h i b i t  

2 .  S i n c e  t h e  i s s u e  d a t e ,  t h e  d e t a i l s  ' r e s p e c t i n g  t h e  NSPS have been a  con- 

s t a n t  s o u r c e  of  c o n t r o v e r s y  and a s  such have been i n  a  s t a t e  o f  f l u x .  

S i n c e  i t  i s  l i k e l y  t h a t  t h e  s t a n d a r d s  may b e  modi f i ed  d u r i n g  t h e  r u l e -  

making p r o c e e d i n g s ,  t h e  r e v i s e d  NSPS shown i n  E x h i b i t  2 can  be used a s  a  

gu ide  o n l y .  P romulga t ion  o f  t h e  f i n a l  s t a n d a r d s  i s  now expec ted  i n  

September 1978. EPA h a s  not  propdsed r d v i s e d  NSPS f o r  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  b u t  h a s  i n d i c a t e d  t h a t  t h e  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  n o t  b e  more s t r i n g e n t  t h a n  t h o s e  NSPS b e i n g  c o n s i d e r e d  f o r  

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

The S t a t e  o f  Kentucky A i r  P o l l u t i o n  C o n t r o l  R e g u l a t i o n s  i n c l u d e  p r o v i s i o n s  

which l i m i t  emiss ions  of 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  £ran f o s s i l  f u e l  

c a n b u s t i o n  u n i t s .  For  b o i l e r s  w i t h  a  h e a t  i n p u t  of  250 m i l l i o n  Btu p e r  

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  p e r  m i l l i o n  Btu  

i n p u t  and 1 . 2  pounds o f  s u l f u r  d i o x i d e  pe r  m i l l i o n  Btu i n p u t .  The F e d e r a l  

NSPS f o r  b o i l e r  emiss ions  a r e  more r e s t r i c t i v e ,  and compliance w i t h  NSPS 

f o r  b o i l e r  emiss ion  w i l l  i n s u r e  compl iance  w i t h  t h e  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 a n d a r d ,  a l t h o u g h  t h e  10% requ i rement  i s  in -  

c luded i n  t h e  r e v i s e d  s t a n d a r d s ,  EPA may be  f l e x i b l e  i n  i t s  enforcement .  

C u r r e n t  i n d i c a t i o n s  a r e  t h a t  EPA may c o n s i d e r  t h e  p a r t i c u l a t e  s t a n d a r d  t o  

be t h e  c o n t r o l l i n g  f a c t o r .  For s o u r c e s  which meet t h e  p a r t i c u l a t e  emiss ion  

l e v e l  bu t  exceed t h e  o p a c i t y  r e q u i r e m e n t ,  EPA may e s t a b l i s h  a  h i g h e r  opa- 

c i t y  s t a n d a r d  which c o r r e s p o n d s  t o  t h e  c a n p l i a n c e  p a r t i c u l a t e  emiss ion  

l e v e l .  



3 .  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  pe rmi t  must be  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  

permit  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  will 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  o f  

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  A c 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  use  BACT. BACT i s  

cons ide red  t o  be  t h e  maximum d e g r e e  of  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 ,  e n v i r o n m e n t a l ,  and economic impac t s .  

It should  be  no ted  t h a t  BACT can  never  b e  l e s s  s t r i n g e n t  than  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  £tom 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 year p reced ing  Lhr daLe of  the a p p l i c a t i o n .  The CAAA a loo  o t a t e  t h a t  

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

agency,  i n  accordance with 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 a n p l e t e  and adequate  a n a l y s i s  can b e  conducted wi th  l e s s  t h a n  a  f u l l  yea r  

o f  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  be  a  major s o u r c e  ( p o t e n t i a l  emiss ions  g r e a t e r  t h a n  

100 t o n s / 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 ,  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 c i c  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 EPA's 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 . 0 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-at ta 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 a n  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 a n  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  re-  

quirement  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 rovide  f o r  t h e  Lowest Ach ievab le  Emiss ion Rate  (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  He igh t  L i m i t a t i o n  

P r o v i s i o n s  of  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 e 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  cannot  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 nearby 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  the  s t a c k  used i n  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 'no t  exceed 2-112 t i m e s  t h e  h e i g h t  of  nea rby  s t r u c t u r e s .  

C .  AOC SYSTEM ALTERNATIVES 

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 l 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  o f  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- 

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  

so2 from 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  

( r e q u i r e d  i n  n number of  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  o f  SO 2 
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 system i s  a  l o g i c a l  approach .  

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

The a l t e r n a t e  methods of  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) 

. combinat ion of  mechanical  d u s t  c o l l e c t o r s  ( M D C )  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  (ESP)  

. baghouse s 

V e n t u r i  s c r u b b e r s  arc: 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  wi th  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 range .  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  on a  

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

absence 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" sc 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  be  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 System cannot  be  by-passed.  

The sc rubber  must be  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  of  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  

demonstra 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  reinoval sys- 

tems 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  of  c o n s t r u c t i o n  and 

v igorous  maintenance 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  of  d r y  and wet p a r t i c u l a t e  removal .  

Approximately 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  (ME) 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  not  e l i m i n a t e s  t h e  drawbacks of an a l l  "wet" system 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 t h e  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  upstream of  t h e  scrub- 

b e r  and t h e  FGD System, a l lowing  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  wi th  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  (ESP)  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  f r m  t h e  combustion g a s e s  of  c o a l -  

f i r e d  steam g e n e r a t o r s .  The s i z e  of  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 a c t o 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  o f , e m i s s i o n  c o n t r o l  a r e  r educed ,  One o f  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  of  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 l u e  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  of  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  of  t h e  ESP downst=eam 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 no t  r e q u i r e  a  hot  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  

about  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 + percen 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  has  been almost  e x c l u s i v e l y  i n  h igh  r e s i s t i v i t y  a sh  ( 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  very .  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) r e q u i r e m e n t s .  

On the  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 igh  

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 pe rcen 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  be  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 - the -  

a r t  of  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 coa l -  

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 t u d y ,  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  not  b e  l e s s  than  2 .5  p e r c e n t  and w i l l  be i n  excess  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 of  o p e r a t i n g  e x p e r i e n c e  of  baghouses 

o n  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  prudent  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  of  baghouses  can  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  opera t i r ig  c o s t s  f avor  a  c o l d - s i d e  ESP over  a  b a g  

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  technology p o i n t i n g  t o  a  l o n g e r  bag l i f e .  

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  combinat 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  1 1 1 - E .  

2.  SO7 Removal - FGD Systems 

A s  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  SO 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  2 
expressed  i n t e n t  t o  r ecover  s u l f u r  i n  t h e  form of s a l e a b l e  by-products .  

Exc lus ion  of  throwaway p r o c e s s e s ,  which a r e  t h e  more wide1 y accepted and 

t e c h n i c a l l y  developed So2 c o n t r o l  sys tems ,  narrows t h e  l i s t  of  a 1  t e r -  

n a t i v e s  t o  r ecovery  p r o c e s s .  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  o f  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  .in 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 empera tu re  s l i g h t l y  above t h e  wa te r  dew p o i n t .  It i s  

t h e  u s u a l  p 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  o f  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 echno logy  u s u a l l 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  pneumatic conveying and a b r a s i o d e r o s i o n  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 a n  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 absorben 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  SO r e a c t i o n  p r o d u c t s  and 2 
t h e  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  absorben t  l i q u i d  c o n t a c t i n g  t h e  f l u e  g a s  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  phi losophy o f  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  not  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 of  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 can  b e  a p p l i e d  a s  a  s c r e e n i n g  p rocedure  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 ~ a b i l i t i e s  and Reauirements  

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 )  Accep tab le  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  

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 of  inves tment  and o p e r a t i o n  

c )  Energy r e q u i r e m 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 wi thou t  undue 

scale-up.  On1 y  two p r o c e s s e s ,  Wellman-Lord and Magnesia S l u r r y  can  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  Nor the rn  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  comprehensive 

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  t h e  55 

MW u n i t  a t  G e t t y  R e f i n i n g  C o ' s  Delaware C i t y  c o a l - f i r e d  b o 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 o f  f l u e  g a s  from ARC0 Polymer C o ' s  

c o a l - f i r e d  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  Scrubb ing  P r o c e s s  i s  a l s o  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 ,  SO removal i s  'achieved by sc rubb ing  wi th  an aqueous so lu -  
2  

t i o n  of  MgO t o  produce a  by-product s l u r r y  o f  magnesium s u l f i t e  which i s  

c o n c e n t r a t e d ,  d r i e d  and shipped t o  a  r e p r o c e s s i n g  p l a n t  f o r  r e g e n e r a t i o n .  

Magnesium s u l f i t e ,  a long  w i t h  coke f o r  r e d u c t i o n  o f  any magnesium s u l f a t e ,  

i s  c a l c i n e d  i n  a  r o t a r y  k i l n  t o  produce SO g a s  a s  f e e d s t o c k  t o  a  s u l -  
2  

£ u r i c  a c i d  p l a n t  w i t h  t h e  r e g e n e r a t e d  MgO r e t u r n e d  t o  t h e  a b s o r p t i o n  system 

f o r  r e u s e .  

The Chemico v e r s i o n  of  t h e  MgO P r o c e s s  o p e r a t e d  i n t e r m i t t e n t l y  a s  a  150 MW 

p r o t o t y p e  on Boston Ed'ison's Mystic No. 6 Unit  from 1972 t o  1974 f o r  about 

3000 o p e r a t i n g  h o u r s .  Pr imary problems were o f  a  m a t e r i a l  h a n d l i n g  na- 

t u r e .  Opera t ing  t ime was judged i n s u f f i c i e n t  t o  deve lop  r e l i a b l e  d a t a  on 

r e g e n e r a t i o n  and t r a n s p o r t a t i o n  l o s s e s  o f  r e a g e n t ,  The p r o j e c t  was term- 

i n a t e d  i n  1974. The p rocess  h a s  a l s o  been t e s t e d  a t  Potomac ~ l e c t r i c  

Power Company's 95 MW Dickerson No. 3 U n i t .  Opera t ing  problems were com- 

p a r a b l e  t o  t h o s e  exper ienced  by Boston Edison.  

The Uni ted  ~ n g i n e e r s '  v e r s i o n  of  t h e  MgO p r o c e s s  h a s  been i n t e r m i t t e n t l y  

t e s t e d  a t  Y h i l a d e l p h i a  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  r u n s  have exper ienced  a  m u l t i t u d e  of  problems of  mechanical  

and chemical  n a t u r e .  Pending r e s u l t s  of f u r t h e r  o p e r a t i n g  e x p e r i e n c e ,  

P h i l a d e l p h i a  E l e c t r i c  i n t e n d s  t o  i n s t a l l  an a d d i t i o n a l  500 MW c a p a c i t y  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 p r o c e s s  i n s t a l l a t i o n s  i n  J a p a n ,  none of  which o p e r a t e  

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  o p e r a t i n g  d a t a  have n o t  

been  pub l i shed .  



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 w t o t y p e  s i z e  s c a l e  (20-40 Mw) f o r  l i m i t e d  t ime ~ j 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 r y  have n o t  been f u l l y  d e m o n s t r a t e d .  

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  of 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  

n o 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  

C 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 

Carbona te  P r o c e s s  on a  100 MW u n i t  a t  t h e  Niagara  Mohawk Power C o r p ' 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  c o n f i n e d  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  sca le -up  t o  a  commercia l 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  

p r o c e s s  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 u c e s  t h e  l ist of FGD 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  Scrubb ing  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  o f  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 o  d o u b t s  as  t o  Ll~e viability o f  ehe 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 I n s t i t u t e   valuation of Rege- 

n e r a b l e  F l u e  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  19771, 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 p r o b l e n s  b o t h  o f  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 v c e s s  co run  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  d e v e l o p i n g  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  uf M ~ S O ~  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  sc rubb ing  p r o c e s s  needs  improvements b e f o r e  i t  can b e  a p p l i e d  

on new u n i t s  r e q u i r i n g  a  h igh  d e g r e e  o f  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 a n  f u r t h e r  c o n s i d e r a t i o n ,  l e a v i n g  t h e  Wellman-Lord P r o c e s s  a s  t h e  o n l y  

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

D .  WELLMAN-LORD PROCESS 

I n  t h e  p reced ing  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 h e  Wellman-Lord tech- 

nology i s  t h e  o n l y  r e c o v e r y  FGD p r o c e s s  t h a t  h a s  been a d e q u a t e l y  demon- 

s t r a t e d  on a  commercial  s c a l e .  T h i s  s e c t i o n  p r e s e n t s  t h e  s a l i e n t  f e a t u r e s  

o f  t h e  Wellman-Lord P r o c e s s ,  and i t s  a c c e p t a b i l i t y  i n  t e r n s  o f  t h e  e s t a b -  

l i s h e d  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 env i ronmenta l  c o n s t r a i n t s .  

The i n f o r m a t i o n  p r e s e n t e d  h e r e i n  i s  based on d a t a  f u r n i s h e d  by t h e  deve l -  

o p e r  o f  t h e  Wellman-Lord P r o c e s s ,  Davy Powergas I n c ,  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 .  P r o c e s s  D e s c r i p t i o n  

The Wellman-Lord P r o c e s s  i s  based on t h e  aqueous a b s o r p t i o n  o f  SO by 
2 

sodium s u l f i t e  t o  form sodium b i s u l f i t e .  The sc rubb ing  l i q u o r  i s  t h e r m a l l y  

r e g e n e r a t e d  t o  produce an SO r i c h  s t r eam which can be  c o n v e r t e d  i n t o  
2  

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 .  The r e g e n e r a t e d  a b s o r b e n t  i s  r e t u r n e d  

t o  t h e  a b s o r b e r .  Sodium s u l f a t e  produced by o x i d a t i o n  i n  t h e  absorp t . ion  

p r o c e s s  must  be  purged from t h e  sys tem.  A s o l u t i o n  of  soda a s h  must  b e  

added i n t o  t h e  system t o  r e p l e n i s h  sodium l o s s e s  r e s u l t i n g  from t h e  purge  

of  sodium s u l f a t e .  

The p r o c e s s  c o n s i s t s  o f  f o u r  b a s i c  f u n c t i o n a l  subsys tems :  g a s  p r e t r e a t -  

ment,  SO removal., purge  t r e a t m e n t ,  and a b s o r b e n t / s o 2  r e c o v e r y .  2 



Gas P r e t r e a t m e n t  

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

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  

renova1 depends on t h e  type of  p a r t i c u l a t e  removal equipment t h a t  p recedes  

t h e  FGD system. A ven tu r i - t ype  prescrubber  e f f e c t s  bo th  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 t h e  p re sc rubbe r  re- 

c i r c u l a t i n g  l o o p  i s  r e q u i r e d  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  

s o l i d s  l e v e l s .  T h i s  b leeds t ream i s  then  rou ted  t o  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 h e  a b s o r p t i o n  tower where 

i t  i s  con tac t ed  wi th  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,  

  he p r i n c i p a l  r e a c t i o n  i n  t h e  abso rbe r  i s  between SO2 in t h e  f l u e  gas  and 

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

The b i s u l f i t e  an3on HSO i s  found on ly  i n  s o l u t i o n .  When water  i s  re-  3  
moved f r a n  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  

Some o x i d a t i o n  of  t h e  sodium s u 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 f r a n  t h e  f l u e  gas :  



The sodium s u l f a t e  (Na2SO4) must b e  removed from t h e  a b s o r b i n g  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 g 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 o f  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  

s team.  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  the .  

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 r o d u c 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  remain ing  

l i q u o r  i s  renoved 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 s m a l l  amounts o f  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 u o r  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 th rough  a n  e d u c t o r - t y p e  v e n t  

g a s  s c r u b b e r  t o  remove any remain ing  SO 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 -  
2 

charg ing  t o  a tmosphere  o r  t o  t h e  i n l e t  f l u e  g a s  s t r eam.  

Absorbent  SO Recovery 
2 

R e g e n e r a t i o n  and SO2 r e c o v e r y  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 i g h e r  t e m p e r a t u r e s  a l s o  i n c r e a s e  t h e  f o r m a t i o n  o f  sodium t h i o -  

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

These  r e g e n e r a t i o n  r e a c t i o n s  occur  i n  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 .  I n  t h e  

f i r s t  e f f e c t ,  t h e  r i c h  a b s o r b i n g  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  ex- 

changer  by  condens ing  low-pressure  s team.  I n  t h e  second e f f e c t ,  t h e  

s o l u t i o n  i s  h e a t e d  by condensing overhead v a p o r s  f r a n  t h e  f i r s t  e f f e c t  

e v a p o r a t o r  and from t h e  purge  c r y s t a l l i z e r .  I n  t h e  e v a p o r a t o r s ,  which 

o p e r a t e  under a  vacuum, SO2 and ~~0 v a p o r s  a r e  r e l e a s e d  whi le  

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  p r o d u c t  from 

each  e v a p o r a t o r  i s  d i s c h a r g e d  by g r a v i t y  t o  t h e  d i s s o l v i n g  t ank .  Overhead 

SO2 and H20 v a p o r s  from t h e  e v a p o r a t o r s  a r e  s u b j e c t e d  t o  p a r t i a l  con- 

d e n s a t i o n  t o  remove most o f  t h e  wa te r  and t h u s  c o n c e n t r a t e  t h e  SO2. The 

condensa te  f lows t o  t h e  s t r i p p e r  f o r  removal of  d i s s o l v e d  SO The 
2  ' 

s t r i p p e d  c o n d e n s a t e  i s  r e t u r n e d  t o  t h e  d i s s o l v i n g  t a n k  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 h e  make-up sodium c a r b o n a t e .  Soda ash  i n  

t h e  d i s s o l v i n g  t a n k  r e a c t s  wi th  sodium b i s u l f i t e  t o  form a d d i t i o n a l  sodium 

s u l f i t e :  

The combined r e g e n e r a t e d  s o l u t i o n  from t h e  d i s s o l v i n g  t ank  p r o v i d e s  absor-  

b e r  f e e d .  

The SO2 e x i t i n g  from t h e  c o n d e n s e r s  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  g a s - l i q u i d  m i x t u r e  f lows t o  t h e  

knock-out drum where t h e  two phases  s e p a r a t e .  The SO2 r i c h  (96 .5% SO2 

and 3 .5% H 0 )  g a s  i s  then  a v a i l a b l e  f o r  c o n v e r s i o n  t o  t h e  d e s i r e d  by- 
2  

p r o d u c t  . 



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  o f  

: 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  be ing  made 

( p r i m a r i l y  i n  t h e  purge  t r ea ' tmen 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  r a n o v a l  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 9 7  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 

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  

r- 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 f i c i e n c y  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  o f  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  L/G'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 i m e / l i m e s t o n e  s l u r r y  s c r u b b i n g .  

As 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  SO2 a b s o r b e r  h a s  n o t  

been r e p o r t c d  as a p rob leu  i u  arly Wellman-Lotd 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 i m p o r t a n t  c o n s i d e f 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 a n  ESP o r  

by a v e n t u r i  ox t r a y  type p r e s c r u b b e r .  R e g a r d l e s s  of  what t y p e  o f  p r imary  

r e 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  humid i fy  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  

ch1nri;des a r e  removed. AE a r e s u l t  of low pH (1-2) c o n d i r 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 ,  



The d e s i g n  a r e a  o f  m a j o r  c o n c e r n  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 ts  fo rmat ion  r e q u i r e s  a  purge  f r a n  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  r e d u c e  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  

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 e d u c e  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 b e c a u s e  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.    his purge t r e a t m e n t  h a s '  

been employed i n  a l l  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 (p roposed  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  u s e  of  

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 .  

0 

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  ene rgy  a s  s i g n i f i c a n t  amounts o f  steam a r e  r e -  

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  d o u b l e  e f f e c t  t y p e ,  t h e  amount of  SO2 removed b e i n g  

t h e  govern ing  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  w a t e 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  p roduc t  So2,  d r y i n g  of  purged s o l i d s  and 

p i e s c r u b b e r  blowdawil. 'I'he o n i y  s o l i d  was te  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 t h o u g h  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  

env i ronmenta l  impacts  c o u l d  be caused by d u s t  e m i s i s o n s  from t h e  d r y e r  i n  

t h e  purge  t r e a t m e n t  a r e a .  However, a  p r o p e r l y  d e s i g n e d  v e n t  s c r u b b e r  on 

t h e  d r y e r  should  r e d u c e  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 e a m .  



Turndown ( c a p a b i l i t y  o f  o p e r a t i n g  a t  lower  t h a n  d e s i g n  l o a d )  o f  t h e  Well- 

manrLord a b s o r b e r s  i s  e s t i m a t e d  a t  50 p e r c e n t  which i s  r e l a t i v e l y  h i g h .  

Lower turndowns ( t o  30 p e r c e n t )  a r e  f e a s i b l e  b u t  o n l y  a t  t h e  expense  o f  

p r e s s u r e  d r o p  a c r o s s  t h e  sys tem.  



Space  r e q u i r e m e n t s  f o r  t h e  .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 r e -  

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   lau us 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 

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  w i t h  t h e  steam re -  

q u i r e m e n t s  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 System 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 t h o u g h  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 c o n f i g u r a t i o n 1  s i z i n g ,  ' p rocess  m a t e r i a l  f low and energy u t i l i -  

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

i t s  d e v e l o p e r ,  Davy Powergas Tnc, 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  ion  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  unt  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  e n v i r o n m e n t a 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  i n f o r m a t i o n .  However, a s  i n d i c a t e d  i n  S e c t i o n  

111. - B f u r t h e r  a n a l y s e s  w i l l  b e  r e q u i r e d  which may , c a u s e  d e s i g n  modif i -  

c a t i o n s  i n c l u d i n g  changes  i n  removal e f f i c i e n c y .  

1. System D e s c r i p t i o n  

F l u e  Gas C i r c u i t  

The AQC System f o r  each steam g e n e r a t o r  c o n s i s t s  o f  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 ,  o n e  ( 1 )  b o o s t e r  I D  f a n ,  and o n e  ( 1 )  FGD t r a i n .  One regenera -  

t i o n  f a c i l i t y  common t o  t h e  two FGD t r a i n s  i s  p r o v i d e d .  The r a t i o n a l e  f o r  

p rov id ing  one t r a i n  f o r  e a c h  s team g e n e r a t o r  i s  p r e d i c a t e d  o n  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 

i n o p e r a t i v e ,  i t  w i l l  s t i l l  be p o s s i b l e  t o  t r e a t  a t  l e a s t  50 p e r c e n t  o f  t h e  

t o t a l  f l u e  g a s  f low.  

A s  shown i n  E x h i b i t  5 t h e  modular concep t  i s  a p p l i e d  a l s o  t o  t h e  e n t i r e  

f l u e  g a s  c i r c u i t  a s  each s t e m  g e n e r a t o r  i s  d r a f t e d  by means o f  a  s e p a r a t e  

s e t  o f  I D  f a n s .  T h i s  ar rangement  i s  n o t  o n l y  a  l o g i c a l  consequence of fu r -  

n i s h i n g  two 50 p e r c e n t  steam g e n e r a t o r s  b u t  a l s o  c o n s i s t e n t  wi th  t h e  e s t a b -  

l i s h e d  d e s i g n  p r i n c i p l e  s t r o n g l y  f a v o r i n g  an independen t  d r a f t i n g  mechanism 

per steam g e n e r a t o r .  

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

99.65 p e r c e n t  of t h e  f l y a s h  i s  removed. A f ~ e r .  l e a v i n g  t h e  ESP, t h e  f l u e  

g a s  f lows th rough  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 g e n e r a t o r ,  t h e  

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

t h e  FGD System and t h e n c e  t o  t h e  s t a c k .  A c r o s s o v e r  plenum between t h e  two 

t r a i n s  i s  provided a t  t h e  b o o s t e r  f a n  i n l e t  p e r m i t t i n g  t r e a t m e n t  o f  f l u e  

g a s  from e i t h e r  steam g e n e r a t o r  i n  one  FGD t r a i n  i n  t h e  e v e n t  t h e  o t h e r  

t r a i n  i s  i n o p e r a t i v e .  The t a i l  g a s  f r a n  t h e  Claus  Uni t  i s  i n t r o d u c e d  i n t o  

t h e  f l u e  g a s  s t r eam a t  t h e  b o o s t e r  f an  i n l e t ,  



Upon l e a v i n g  t h e  w e l l m a n - ~ o r d  a b s o r b e r  and p r i o r  t o  d i s c h a r g e  i n t o  t h e  a t -  

mosphere t h e  s a t u r a t e d  f l u e  g a s  s t r e a m  i s  r e h e a t e d  t o  170 F i n  a  mix ing  

chamber by i n t r o d u c i n g  h e a t e d  a i r  i n t o  t h e  wet g a s .  

The 'ductwork i s  a r r a n g e d  t o  pe rmi t  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 .  The by-pass i s  in tended  f o r  

energency p u r p o s e s  o n l y .  I t s  i n c l u s i o n  i n  t h e  d e s i g n  i s  c o n t i n g e n t  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 h e  usage o f  by-pass .  

F o r  t h e  a l t e r n a t e  p a r t i c u l a t e  removal u s i n g  a  mechan ica l  d u s t  c o l l e c t o r ,  

t h e  sys tem c o n f i g u r a t i o n  i s  i d e n t i c a l ,  excep t  t h a t  t h e  ESP i s  r e p l a c e d  

w i t h  a  mechan ica l  d u s t  c o l l e c t o r  i n  each f l u e  g a s  t r a i n ,  

~ e a g e n t / ~ O ~  Recovery and Purge Treatment  

T h i s  p o r t i o n  o f  t h e  system h a s  a l r e a d y  been d e s c r i b e d  i n  S e c t i o n  

1 1 1 - D  and 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  6 . 

Conceptual  l a y o u t  o f  t h e  AQC System equipment i s  shown o n  t h e  p l o t  p l a n  i n  

E x h i b i t  7 .  

2.  Design Assumptions 

The equipment  i s  des igned  t o  treat t h e  f l u e  g a s e s  d i s c h a r g e d  from t h e  

two steam g e n e r a t o r s  o p e r a t i n g  a t  115 p e r c e n t  of MCR (MCR i s  d e f i n e d  a s  

maximum c o n t i n u o u s  r a t i n g  c o n d i t i o n s  o f  t h e  steam g e n e r a t o r s )  and f i r e d  

wi th  coal .  having t h e  p r o p e r t i e s  a s  shown i n  E x h i b i t  1. I n  c a l c u l a t i n g  

t h e  compos i t ion  o f  t h e  f l u e  g a s  e n t e r i n g  t h e  AQC System ( ~ x h i b i t  11, 20 

p e r c e n t  e x c e s s  a i r  and 1 0  p e r c e n t  a i r  h e a t e r  in- leakage were assumed. 

The compos i t ion  and f low r a t e s  o f  t h e  i n c i n e r a t e d  Claus  t a i l  g a s  a r e  shown 

i n  E x h i b i t  8 .  

I n l e t  SO2 c o n c e n t r a t i o n  was c a l c u l a t e d  on t h e  assumpt ion t h a t  100 p e r c e n t  

of  t h e  c o a l  s u l f u r  (Design Coa l )  i s  c o n v e r t e d  t o  So2. I n  c a l c u l a t i n g  t h e  



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 

(Design Coa l )  i s  e m i t t e d  a s  f l y a s h  whi le  1 5  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 )  

ACFM @3 00F and -1 3  i n  WG 268 300 

SO2, pounds/hr  

ppm by v o l  d r y  

P a r t i c u l a t e ,  ~ o u n d s l h r  9  495 

g r a i n s / ~ ~ ~  d r y  7.55 

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

so2. pounds/hr  948 

ppm by v o l  d r y  8  625 

* I n c l u d e s  1 5  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 = S t a n d a r d  Cubic Foot  p e r  Mfnuce ar: 60 P and 408 i~iches 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  

(gns/SCF) 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.  A s  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  even t  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  r a n o v a l  sys tems  d i s c u s s e d  i n  t h i s  s e c t i o n  cou ld  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 e m i s s i o n  

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 

~ D C / V e n t u r i '  s c r u b b e r  combina t ion .  

Two ESP's a r e  i n c l u d e d ,  one  per  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 r f a c e  c o l l e c t i o n  

2 a r e a  o f  133,900 F t  and i s  c a p a b l e  o f  a c h i e v i n g  t h e  d e s i r e d  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  

reduc t i u n  ill erlrr.gy i s  a 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  r e q u i r e m e n t  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  i s  

waived,  t h e  ESP c a n  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  c a n  b e  reduced by 64 p e r c e n t  (180 

SCA). Impact o n  inves tment  o f  . s u c h  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 e f -  

f i c i e n c y  t o  meet NSPS because  t h e y  a r e  e x t r e m e l y  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  10+ mic ron  s i z e ,  removal e f f 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 ,  

T 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  coal -  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  o f  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 r e s c r u b b e r .  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 r o p )  g i v i n g  an 

i n l e t  l o a d i n g  of  3  gns/ScF 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  will 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 e 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 t o  meet t h e  r e q u i r e d  o v e r a l l  sys tem e m i s s i o n  l e v e l  of 0.023 g n s l  

/SCF d r y  ( 0 . 0 5  l b l 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 / ~ ~ F  d r y  l e v e l .  T h i s  seems t o  

be 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 ~ 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 be  a  more r e a l i s t i c  e s t i n a t e .  However f o r  t h e  purpose  of  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  o f  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  b e  o f  s p e c i a l  con- 

s t r u c t i o n  t o  permit  p r o c e s s i n g  f l u e  g a s  hav ing  r e l a t i v e l y  h igh  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 w i l l  be l e s s  e f f i c i e n t  and w i l l  

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  oper . a t ing  r e l i a b i l i t y  can b e  expec ted  t o  

b e  p o o r e r .  
, . 

Major d e s i g n  p a r a m e t e r s  o f  t h e  two a l 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 r e s e n t e d  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 romulga t ion  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  e n v i r o m e n t a 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  . 

C o n s i d e r i n g  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  SO e m i s s i o n  l e v e l  of  0.67 l b s / m i l l i o n  
2  

Btu  - a p p r o x i m a t e l y  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  o f  1 .2  lb ' s /mi l l  ion  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 p roposes  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  f r m  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  a b s o r b i n g  s o l u t i o n  a t  each s t a g e  which i n  

t h e  proposed 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 suf  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  o n  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  

absorber*  arid Cllence puu~ped t o  t h e  a b s o r b e r  product  ourge  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  of 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  SO2 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  moderate  impact o n  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  sys tem i n c l u d i n g  t h e  m i s t  e l i m i n a t o 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  i s  l i s t e d  i n  E x h i b i t  

10. 

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 coo led  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  o f  t h e  wet g a s  t o  t h e  s t a c k  p roduces  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 lue  g a s  i s  normal ly  r e h e a t e d  t o  a  t a n p e r a t u r e  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  o f  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  

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  

cou ld  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  

ga ined  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  

. o f  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  

u n d e r s t a n d i n g  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  i ude : 

' ) ,  
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  w a t e r  h e a t  e x c h a n g e r s .  

. . 

2 .  D i r e c t  combust ion r e h e a t  - u s i n g  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 ion 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  of  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 w i t h  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  

no t  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  recogn ized  h i g h e r  energy  r e q u i r e m e n t s  a s  canpared t o  t h e  o t h e r  r e -  

heat .  methods ,  because  o f  i t s  demons t ra 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  n o 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 e a m  

which has L t t n  a major  oource  of n p ~ r a t i n g  p r ~ b l e m s  ( t u b e  c o r r o s i o n  and 

s o l i d s  bu i ld -up)  on i n s t a l l a t i o n s  u s i n g  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  comb-ustion 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 e o u l d  b e  i n  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  

c o n d e n s i n g  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  

gas i n  a mixing chamber r a i s i n g  the 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  w i t h  t h e  l e v e l  of  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 r e q u i r e m e n t  i s  more t h a n  doubled a s  

compared t o  t h e  d i r e c t  i n - l i n e  r e h e a t  method,  and t h e  d i a ~ i ~ e t c r  of 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 e h e a t e d  f l u e  g a s e s  from each FGD t r a i n  reccmbine 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 low 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 bypass .  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 r o v i d e  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 o f  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  of  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 f lows 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  g a s  f low 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  flows a r e  shown. 



The AQC System y i e l d s  f i v e  major s t r e a m s  l e a v i n g  t h e  sys tem:  SO2 p r o d u c t ,  

sodium s u l f a t e  purge ,  p r e s c r u b b e r  f l y a s h / c h l o r i d e  purge ,  f l y a s h  c o l l e c t e d  

i n  ESP/MDC and t r e a t e d  f l u e  gas .  

On t h e  b a s i s  of  90 P e r c e n t  SO2 removal i n  t h e  Wellman-Lord P r o c e s s ,  

a p p r o x i m a t e l y  86 p e r c e n t  of  t h e  i n l e t  s u l f u r  i s  c o n v e r t e d  t o  t h e  u s e f u l  

SO2 produc t  and about  4  p e r c e n t  i s  l o s t  a s  a  r e s u l t  of t h e  sodium s u l f a t e  

, purge.  I n  o r d e r ' t o  r e p l e n i s h  t h i s  l o s s ,  660 l b s / h r  o f  Na2 Cog must be 

added i n t o  t h e  sys tem a s  make-up. 

Another  impor tan t  make-up s t r e a m  i s  wa te r  which must be  added t o  r e p l e n i s h  

e v a p o r a t i v e  l o s s  i n  t h e  p r e s c r u b b e r ,  t h e  p r e s c r u b b e r  £ lyash /ch lo r i .de  purge ,  

and t h e  wa te r  l e a v i n g  t h e  sys tem w i t h  t h e  SO2 produc t  s t r eam.  The £01- 

lowing f r e s h  w a t e r  makeup i s  i n d i c a t e d :  

E v a p o r a t i v e  Loss  

P r e s c r u b b e r  Purge 

SO Produc t  
2 

Make-up 

Fresh  Water Make-up, gpm 

142 

6  3** 

1 

206 

A d d i t i o n a l  w a t c r  may be r e q v i r ~ d  t n  p r o v i d e  f l u s h  wa te r  f o r  pump s e a l s  i n  

t h e  Wellman-Lord Proc'ess.  On t h e  o t h e r  hand,  t h e  t o t a l  f r e s h  w a t e r  make-up 

may be reduced i n  t h e  f i n a l  d e s i g n ,  i f  t h e  wa te r  i n  t h e  p r e s c r u b b e r  purge 

i s  r e c y c l e d  from t h e  waste  d i s p o s a l  pond back t o  t h e  system. The f e a s i b i -  

l i t y  of t h e  r e c y c l e  w i l l  be c o n t i n g e n t  on t h e  o v e r a l l  w a t e r  management (now 

b e i n g  e v a l u a t e d  by ~ b a s c o )  of t h e  was te  d i s p o s a l  pond t h a t  would y i e l d  an 

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

s o l i d s ,  p a r t i c u l a r l y  t h e  c h l o r i d e s .  

** P r e s c r u b b e r  purge would be i n c r e a s e d  t o  286 gpm f o r  t h e  

~ ~ C / p r e s c r u b b e r  a l t e r n a t i v e  due t o  h i g h e r  amounts o.f f l y  ash  removed. 



8 .  Energy Requirements 

The f o l l o w i n g  energy r e q u i r e m e n t s  have been c o n s i d e r e d :  

- Energy needed t o  d r i v e  t h e  I D  f a n s  and t h e  b o o s t e r  f a n s .  . . 

- Energy 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  of t h e  p a r t i c u l a t e  removal 
. . 

equipment,  and t h e  Wellman-Lord P r o c e s s .  

- Energy r e q u i r e d  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  f a n s  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 h a s  an  o v e r a l l  p r e s s u r e  d rop  of  

.14 i n .  WG, t h e  e l e c t r i c  power r e q u i r e m e n t s  f o r  t h e  I D  f a n s  a r e  e s t i m a t e d  

t o  be 880 kW. I n  t h e  MDC d e s i g n ,  t h e  f a n  power r e q u i r e m e n t s  a r e  i n c r e a s e d  

t o  1350 kW because  t h e  o v e r a l l  sys tem p r e s s u r e  drop i s  h i g h e r  (17 i n .  WG) 

and t h e  f a n  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  l o a d i n g  i n  t h e  

g a s .  

The b o o s t e r  f a n s  d e l i v e r  t h e  f l u e  g a s e s  through t h e  FGD System i n t o  t h e  

s t a c k .  The r e q u i r e d  p r e s s u r e  d r o p  (based  on i n f o r m a t i o n  f u r n i s h e d  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  pr imary par-  

t i c u l a t e  removal because  t h e  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  con- 

t r o l l e d  by c h l o r i d e  removal.  However, s i n c e  t h e  b o o s t e r  f a n s  f o l l o w i n g  t h e  

MDC'S  have a  lower e f f i c i e n c y  a s  compared t o  t h o s e  f o l l o w i n g  t h e  ESP (due 

t o  h i g h e r  p a r t i c u l a t e  l o a d i n g  i n  t h e  f l u e  g a s ) ,  t h e  energy  r e q u i r e d  t o  

d r i v e  them i s  somewhat h i g h e r .  The f o l l o w i n g  power r e q u i r e m e n t s  a r e  

i n d i c a t e d :  1650 kW (ESP used)  and 1770 kW (MDC u s e d ) .  

T o t a l  o p e r a t i n g  power cone1.imption a t t r i b u t a b l e  t o  ESP i s  e s t i m a t e d  a t  800 

kW. T h i s  i n c l u d e s  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 ,  r a p p e r s  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 r e q u i r e m e n t s  f o r  t h e  Wellman-Lord P r o c e s s  ( e x c l u d i n g  t h e  

gas  r e h e a t )  have been e s t i m a t e d  a t  1530 kW. Breakdown f o r  i n d i v i d u a l  

equipment i s  n o t  a v a i l a b l e  b u t  i t  i s  assumed t h a t  t h e  e v a p b r a t o r  



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  of  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  . 

S t e m  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 i n c e  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 .   his 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  

wi th  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  remain ing  i n  t h e  

t u r b i n e  exhaus t  steam would then  b e  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  o f  t h i s  s t u d y ,  i t  i s  assumed t h a t  t h e  t u r b i n e  will be  of  

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  exhaus ted  t o  meet t h e  Wellman- 

qord  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 / 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  f a n  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 :  

Energy Requirement 

To d r i v e  t h e  b o o s t e r  I D  Fans  

Wellman-Lord P r o c e s s  

T o t a l  

F o r  s t a c k  g a s  r e h e a t ,  a p p r o x i m a t e l y  36 MM ~ t u / ~ r  (39,500 l b / 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 e m p e r a t u r e  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 n t s . ,  f o r  t h e  two proposed AQC, sys tem a l t e r * 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 

T o t a l  kW 

Steam @230 p s i g ,  540 F 

Boos te r  I D  Fans MM Btu/Hr 

Gas Rehea t  MM ~ t u / H r  36 .O 36.0 

* T o t a l  MM Btu/Hr 126.6 126.6 

Lbs / H r  121,300* 121,300* 

It i s  i m p e r a t i v e  t h a t  a  more comprehensive energy  o p t i m i z a t i o n  s t u d y  be 

pe;formed when a  more d e t a i . l e d  p r o c e s s  p r o p o s a l  i s  r e c e i v e d  from Davy 

Powergas. 

.9 . Claus  Uni t  I n t e r f a c e  

Assuming t h a t  t h e  SO2 produc t  from t h e  Wellman-Lord P r o c e s s  i s  fed t o  t h e  

Claus  U n i t ,  t h e  o p e r a t i o n  of  t h e  FGD system must be i n t e g r a t e d  w i t h  t h a t  o f  

t h e  g a s i f i c a t i o n  p r o c e s s .  Of pr imary concern  i s  t h e  p o t e n t i a l  mismatch i n  

the  o p e r a t i n g  t ime  of t h e  s team g e n e r a t o r  and t h e  Claus  U n i t .  For example,  

d u r i n g  c o l d  s t a r t - u p  a t  l e a s t  one of t h e  steam g e n e r a t o r s  w i l l  have t o  be 

on l i n e  t o  p rov ide  steam f o r  d r i v i n g  t h e  p r o c e s s  compressor  t u r b i n e s  w h i l e  

t h e  Claus  Uni t  w i l l  n o t  be s t a r t e d  a s  y e t .  Obvious ly ,  t h e  chemical  r e -  

covery  p o r t i o n  of t h e  Wellman-Lord sys tem canno t  o p e r a t e  b u t  t h e  a b s o r p t i o n  

sys tem must t r e a t  t h e  f l u e  g a s e s .  Consequent ly ,  t h e  Absorber  P roduc t  and 

5' 

* It i s  e s t i m a t e d  t h a t  approx imate ly  118,350 Lbs/Hr of condensa te  (210 F )  

w i l l  be a v a i l a b l e  f o r  r e t u r n  back i n t o  t h e  the rmal  c y c l e .  The conden- 

s a t e  used i n  d i s s o l v i n g  t h e  sodium c a r b o n a t e  makeup i s  n o t  inc luded  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 SO product mass flow rate is 9,210 lb/hr (100% 2 
so2). In order to maintain the proper H S to SO2 feed stoichiometry, 

2 
some modification.in the Claus Unit design may be required to accommodate 

the increased SO input. 2 

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 reheat ing  t h e  f l u e  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- 

tcd in the framework of future heat optimizatinn 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  no 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 r s .  Pre-  

l i m i n a r y  d i s c u s s i o n s  w i t h  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 i t  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 advan tage  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 e c o v e r y  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  o f  

, 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  d e t e r m i n i n g  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 s s 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  Demsns t ra t ion  Uni t  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  he  l e ss ,  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  terms of t r a d e - o f f  between 

, c a p i t a l  inves tment  and steam 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 a r rangement .  



Risk  F a c t o r s  

~ a c h '  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  r e d u c i n g  t h e  s e v e r i t y  of t h e i r  

impact on t h e  sys tem 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 

impor . t an t ly ,  on how w e l l  t h e  sys tem 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,  

c o v e r i n g  250 c o l d  s i d e  ESP ' s ,  i n d i c a t e s  98 + p e r c e n t  (we igh ted  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 c a u s e s  of f a i l u r e s  were due 

t o  f l y a s h  r e e n t r a i n m e n t ,  breakage of d i s c h a r g e  e l e c t r o d e s ,  the rmal  

expans ion  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  

gnd 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  

regard  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  problem0 

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  w i t h  any 

o t h e r  equipment h a n d l i n g  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  ar rangement  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  

* ~ v a i l a b i l i t ~  i s  d e f i n e d  a s  the r a t i o  of  h o u r s  the ESP i s  a v a i l a b l e  f o r  

o p e r a t i o n  (whe the r  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  fan  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 hous ing  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  main 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  o f  

, 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  f o r m a t i o n ,  which i s  a g g r a v a t e d  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  of  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  s c r u b b i n g  h a s  been t h e  major  s o u r c e  of  

maintenance and shut-downs i n  l ime11 imestone 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  no t  been r e p o r t e d  on Wellman-Lord uni 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  

u s e  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  o f  

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  

be  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 h a s  been s i z e d  t o  i n c l u d e  a  15 p e r c e n t  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 c  of h a n d l i n g  115 . p e r c e n t  of MCR (max- 

imum 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  f low. I n  t h e  e v e n t .  one of  t h e  

modules i s  taken 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 of  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 an  . 
. , . . . . 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  

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 t i 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  w a r r a n t e d .  

It shou ld  be  n o t e d  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    lau us 
, U p i t ,  was te  d i s p o s a l ,  w a t e 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  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 deL 

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 wi th  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 l l d l i r ~ g  aud s t o r a g e  

- I n t e g r a t i o n  of t h e  AQC System with  t h e  SO? p roduc t  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  co,al 

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  ~ 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  r e g a r d  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 

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 q 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  % 90 

; . D e p r e c i a t i o n  Charge R a t e  % 6.67 
. . E l e c t r i c  a 1  Energy Charge $/kwfir 0.0185 

Steam (230 p s i g ,  540 F )  $1 ton  ' 4 .73  

Sodium Carbona te  D e l i v e r e d  c o s t '  $ / t o n  90 

Cool ing  ate; Cost  $ / l o 0 0  g a l  0.03 

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  % o f  ~ n v e s t m e n t  1.0 

Mechanical  Dust C o l l e c t o r .  % o f  Inves tment  2.0 

I Wellman-Lord FGD System % o f  Investment  3.5 

O p e r a t i n g  Labor $ /man- ye a r  25 000 
. . 

. S u p e r v i s i o n  
,. . 

A l l  c o s t s  a r e  i n  1978 d o l l a r s .  . 

. B .  I n v e s t m e n t  ~ s t i m a t e  

Comparative order-of-magni tude e s t i m a t e s  have been made o f  t h e  inves tment  

s g s o c i a t e d  w i t h  t h e  AQC Systems d e s c r i b e d  i n  S e c t i o n  %TI, 

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 dP and w i r i n g ) .  The scope e x c l u d e s  t h e  was te  

d i s p o s a l  pond because  i t s  inves tment  r n s t  f o r  t h e  two p a r t i c u l a t e  r e v o v a l  

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  b e  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 qupp l i ed  equipment a r e  t aken  

frm' 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  f r a n  Davy Powergas f o r  t h e  Wellman-Lord sys tem i n c l u d e d  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 m a j o r  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  l e v e l s  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 .  

C .  Comparat ive  Annual O p e r a t i n g  Cos t  

The f o l l o w 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 :  

- 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  

- Operating Labor & S v p e t v i s i n n  

- Maintenance M a t e r i a l  & Labor 

Not i n c l u d e d  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 1 1  annual  c o s t s  a r c  b a s ~ r t  on an annllal. 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  items 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 .  R e s u l t s  

Economic e v a l u a t i o n  was performed on t h e  two d e s i g n  a l t e r n a t i v e s  d e p c r i b e d  

- .  . . i n  S e c t i o n  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  ( E S P )  a t  a  99 - 6 5  p e r c e n t  c o l l e c t i o n  e f f i -  . 

c i e n c y ,  fo l lowed by t h e  Wellman-Lord FGD System. P a r t i c u l a t e  l o a d - ,  

ing  i n  t h e  f l u e  g a s  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 e m i s s i o n  l e v e l .  

Mechanical  d u s t  c o l l e c t o r  (MDC) a t  a  60 p e r c e n t  c o l l e c t i o n  e f f i -  

. . . . c i e n c y ,  fo l lowed by t h e  Wellman-Lord FGD System. P a r t i c u l a t e s  n o t .  

c o l l e c t e d  i n  t h e  MDC a r e  removed i n  t h e  p r e s c r u b b e r  t o  meet t h e  NSPS 

emiss ion  1 eve1 . 

D e t a i l e d  t a b u l a t i o n  o f  compara t ive  inves tment  and owning and o p e r a t i n g  c o s t  

e s t i m a t e s  i s  p r e s e n t e d  i n  E x h i b i t s  -9 13 - 1 4 ,  - 15  and 16  and summar ized .as  - 
fo  1 lows : 

T o t a l  D i r e c t  Inves tment  

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

Annual Opera t ing  Cost 

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

ESP /Wellman-Lord MDC/Wellman-Loyd 

$1000 (1978) 

25 240 2 2  055 

Base 

5 674 

Rase 

S i n c e  t h e  d e s i g n  and t h e  c o s t s  a s s o c i a t e d  w i t h  t h e  Wellmap-Lord FGD System 

a r e  assumed t o  be  t h e  same f o r  bo th  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 l .  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  t h e ' r e s p e c t i v e  p a r t i c u l a t e  removal 

sys tems  s e l e c t e d .  

It . i s  t h e r e f o r e  no tewor thy  t o  examine t h e  c o s t  impact o f  r e d u c i n g  t h e  co l -  

l e c t i o n  e f f i c i e n c y  of  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  and e f f e c t i n g  in-  

c r e a s e d  p a r t i c u l a t e  removal i n  t h e  p r e s c r u b b e r  . A s  d i scussed .  i n  S e c t i o n  

111, t h e  c o n t r o l l i n g  f a c t n r  i n  e s t a b l i s h i n g  the 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  a p p e a r s  t o  be the  removal of  c h l o r i d e s  from t h e  f l u e  g a s .  A t  



t h e  e s t i m a t e d  p r e s s u r e  d r o p  of 1 2  i n .  WG, r e q u i r q d  f o r  c h l o r i d e  r e v o v a l ,  

a c c e p t a b l e  p a r t i c u l a t e  removal can b e  expec ted  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 ) .  

T h r e e  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  fo l lows  : 

ESP E s t i m a t e d  

SCA . . 
E f f i c i e n c y  2 

D i r e c t  Cost  

% ~ t '  11000 ACFM s iooo  
, , . . 

. . .  99.65 499 4  540 

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  ef f i - .  

. , c i e n t  ESP, t h i  annual  o p e r a t i n g  c o s t  would b e  reduced from $754 OQO 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 

t h e  ESP and MDC d e s i g n s  t o  o n l y  $20 000 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  d o e s  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 r o p  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  a n n u a l . 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  excep t  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  expec,ted t o  i n c r e a s e  



by 27  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  o f  t h e  c o s t s  p resen ted  i n  

Exh ib 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 the  c o s t  o f  e l e c t r i c a l  energy  (purchased power) 

r e p r e s e n t s  o n l y  about  8  percent  of  t h e  t o t a l  c o s t .  

:' . . . .  ' Comparative 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: 

MDC /FGD 

Annual Opera t ing  Cos t ,  7 188 6  859 
$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  of  

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  can. b e  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  cold- side.^^^. Th i s  com- 

p a r i s o n ,  a s  p r e sen t ed  i n  Exh ib i t  18 ,  i n d i c a t e s  t h a t  t h e  annual o p e r a t i n g  

c o s t  of . a  co ld - s ide  ESP i s  e s t ima ted  t o  be $265 000/yr  l e s s  than  t h a t  of a  ' 

. baghouse. The d i f f e r e n t i a l  i s  due t o  a  h ighe r  pr ,essure  d r o p  ( 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  t e n p e r a t u r e  above t h e  a c i d  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  the '  lower c a p i t a l  

investment a s s o c i a t e d  with t h e  baghouse ' sys tem which i s  e s t ima ted  t o  be  

$4 632 000 a s  canpared t o  $5 340 000 ' f o r  t h e  cold- 'side 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  emiss'ion 

l e v e l  of 0.05 l b / m i l l i o n  Btu. 
. . 



Ultimate Analyses 

Carbon 

Hydrogen 

Nitrogen 

Sulfur ** 
Oxygen 

Ash 

Moisture 

Gross .Heating Value 

Flue Gas Composition 

DESIGN COAL CHARACTERISTICS * U 

(As Received c as is) 

Weight Percent 

Weight ~e'rcent 

* 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  D i o x i d e  . . 

Emiss ion L i m i t a t i o n  , 1 . 2  l b s / 1 0 6  B T U ' S  

P e r c e n t  Reduc t ion  90% (1 ) 

F l o o r  Value 0.'2 l b s / 1 0 6  B T U ' S  : 
, . 

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 0 . 5  l b s / 1 0 6  BTU's 

Bituminous Coal and C e r t a i ~ ~  0 .6  l b s / 1 0 6  BTU's 

L i g n i t e s  

North  Dakota ,  South Dakota 0 . 8  l b s / 1 0 6  BTU's 

and Montana L i g n i t e s  (3  

P e r c e n t  Reduc t ion  65% 

85 p e r c e n t  p o s s i b l e .  

( * )  0.05 1bs/1o6 BTU'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 

Sulfur Nitrogen 

Emissions Dioxide ( 2 )  p a r t i c u l a t e s  Oxides ( 3  

Potent ia l  (uncontrol led)  

Pounds per Hour 10,724 18,987 788 

Tons per Year ( 4  42,274 74,846 3,106 

Emissions based on preliminary design data .  

(2) Approximately 20 percent of  these  emissions are from the Claus Unit 

t a i l  gases .  
( 3 )  Nitrogen oxides emissions assumes compliance with proposed standard 

o f  0 . 6  lbs/MM Btu 
(4) Based on 90 percent usage r a t e .  



EXHIBIT 4 

FLUE GAS DESULFURIZATION RECOVERY PROCESSES 

CLASSIFICATION - TYPE SUPPLIER 

I Wet P r o c e s s e s  

1.  S l u r r y  Magnesia '(A) ~ n v i r o t e c h / ~ h e m i c o  

u n i t e d  Eng ineera  

2. Clear L iquor  Sodium S u l f i t e  
(We 1lman:Lord) ('A) Davy Pawergas 

Ammonia (B) C a t a l y t i c  

C i t r a t e  (B) , Bureau of  Mines 

Peabody 

Morr ison Knudsen 

I1 Semi-Dry 
. . . . 

. ( s p r a y  ~ r ~ e r )  

111. Dry 

Phosphate  (Aqua-Claus) (B) ~ n v i r o t e c p / ~ h e l p i c o  

Steam S t r i p p i n g  -- 

Aqueous Carbona te  ( B )  Atomics I n t e r n a t i o n a l  

Ammonia C arborundum 

Carbon S o r p t i o n  ( A )  F o s t e r  Wheeler/  

Bergbau 

Copper Oxide CAI ~ h e l l / U O P  

C a t a l y t i c  O x i d a t i o n  ( c )  Monsanto , 

(A) P r o c e s s  s u i t a b l e  f o r  both  s u l f u r  and s u l f u a i c  a c i d  p r o d u c t i o n .  

( B )  P r o c e s s  s u i t a b l e  f o r  s u l f u r  product  i o n  o n l y .  

( c )  P r o c e s s  s u i t a b l e  f o r  s u l f u r i c  ~ c i d  p r o d u c t i o n  o n l y .  
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EXHIBIT 5 ID 

- 
EBASCO SERVICES INCORPORATED 

SCUE NONE - -2 
on *(LOB_ 

COI.lPlERC IAL P L A N T  

PROCESS SCHEMAT[C 
AIR QUALITV CONTROL SYSTEM-FLUE GAS C I K U I T  a 



EXHIBIT 6 

n c n r l l l s .  TENNESSEE 

COflflERC lAL PLANT 
FLOW DIAGRAM 

o 

I I 2 3 9 5 b 
M- 5 

17 0 9 10 1 13 IY 15 I6 I 7  I S  I 9  20 21 22 2 3  -=- I 

AIR aunurv ~ONTROL SYSTEM 
FLUE GAS OEYILFURIZUION SWEn.WELLnAN LOP0 Pm(ESS 

. SCALE EBASCO NONE 
SERVICES INCORPORATED 

ON " E ' U C L ?  -. 
DR. OLIVETO 
CH. ._ 

mOVEO MlEb-21-78 
SECT. CODE tQ. 

1 
' SK-8376fY 
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PLOT PLAN 
A I R  QUALITY CONTROL' SYSTEM 



EXHIBIT 8 

INCINERATED CLAUS TAIL GAS 

DESIGN CONDITIONS 

Composition 

H20 
N2 + Argon 

co, 

S02 

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) ~ t ~ 1 1 0 0 0  ACFM 49 9 

Maximum F l u e  Gas V e l o c i t y  F t l s e c  4.'1 

Type D i s c h a r g e  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 C l e a n i n g  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  0.5 

O v e r a l l  ( i n c l u d i n g  ductwork) i n .  W G  3.0 

I n s t a l l e d  Power Kw 800 

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  H e i g h t  

No. of Hoppers 

No. of ~ r a n s f o r m e r / ~ e c t i f i e r s  

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  

TY pe 

Blades 

Design ~ o n d i t  ions* 

A c F ~ l F a n  . 

S t a t i c  P re s su re  

~f f i c i e n c y  

'B. MECHANICAL DUST COLLECTOR 

Quant i ty  

TY ~e 

Per C o l l e c t o r  

Four (TWO per  b o i l e r )  

Rad'ial . 

A i r f o i l  

140,000 

20 i n .  W G 

percent  87.5 

510 

TWO (One per  b o i l e r )  

Mult icyclone 

Number of 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  i n .  W G 

Overa l l  ( inc lud ing  

duc twork) i n .  W G  



EXHIBIT 9 

Sheet 3 of 3 

B .  MECHANICAL DUST COLLECTOR ( ~ o n t ' d )  

ID Fans 

Quantity 

T Y  ~e 

Blades 

Design Conditions* 

ACFMI F an 

S t a t i c  Pressure 

Ef f i c i ency  

BHP/l?an 

i n .  W G 

percent 

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  

* 20% margin on flow and 44% margin on S t a t i c  Pressure 



EXHIBIT 10 

Sheet  1 of 3 

WELLMAN-LORD PROCESS 

EQUIPMENT LIST 

EQUIPMENT 

Prescrubber  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 

~ b s o r b e r  Product Pump 

Evaporator  Feed Pump 

Fly 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  Evaporator  c i r c u l a t i n g  Pump 

Second E f f e c t  Condensate Pump 

Second E f f e c t  Evaporator  C i r c u l a t i n g  Pump 
, . 

Mother Liquor  Pump 

Disso lv ing  Tank Pump 

Absorber Feed Pump 

S t r ipped  Condensate Pump 

Sea l  Water 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  C i r c u l a t i n g  Pump 

Cent r i fuge  Feed Pump . 

C r y s t a l l i z e r  Liquor Pump 

Chemical P l a n t  Sump Pump 

Condensate Pump 

Soda Ash Feed 'Pump 

Soda Ash Unloading Pump 

Vent Gas Scrubber Ci rcu l ' a t ing  Pump 

Fly  Ash Sump Ag i t a to r  

Disso lv ing  Tank Ag i t a to r  

C r y s t a l l i z e r  Liquor Tank A g i t a t o r  

NOTE: + 1 denotes  1 spare  

QUANTITY 



EXHIBIT 10 

Shee t  2 of 3 

WELLMAN-LORD PROCESS 
, , 

EQUIPMENT LIST ( ~ o n t  ' d l  

EQUIPMENT 

F l u e  Gas B o o s t e r  I D  Fan i n c l u d i n g  s team d r i v e n  t u r b i n e s  

SO Produc t  Compressor 2 

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  Hea te r  

Pr imary Condenser 

Secondary Condenser 

S t r i p p e d  Condensate  c o o l e r  

S u l f a t e  ,Purge Dryer  

S e a l  Water Coole r  

P r e s c r u b b e r  

Absorber  I n l e t  Gas Mist ~ l i m i n a t o r  

Absorber  

Condensate  S t r i p p e r  

Vent Gas S c r u b b e r  

4 .  

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 B i n  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 t 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 

S h e e t  3 of 3 

WELLMAN-LORD PROCESS 

EQUIPMENT LIST ( ~ o n t ' d )  

EQUIPMENT QUANTITY 

Mother L i q u o r  s e p a r a t o r  

Pu'rge C r y s t a l  1 i z e r  

Purge  C r y s t a l l i z e r  Condensate  R e c e i v e r  1 

Steam Condensate  S u r g e  Drum 1 

Absorber  P r o d u c t  Tank 1 

D i s s o l v i n g  Tank 1 

Absorber  Feed Tank 1 

E v a p o r a t o r  Dump Tank 1 

E v a p o r a t o r  Wash Water Tank 1 

C r y s t a ' l l i z e r  L i q u o r  Tank 1 

S u l f a t e  Purge  Bin  '1 

Soda Ash S t o r a g e  Tank 1 

S u l f a t e  Purge  Pneumat ic  Conveying System 

i n c l u d i n g  one each of t h e  f o l l o w i n g :  

A i r  Blower 

A i r  F i l t e r  

Surge  Hopper 

S u r g e  Hopper Rota ry  Feeder  ' 

Dust C o l l e c t o r  

Dust  C a l l e c L u r  Rota ry  Feeder  

Gas R e h e a t e r s  

Gas Reheat  Fans 



D 
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PUIP4E 



EXHIBIT 12 

WERALL MATERIAL BALANCE 

A I R  QUALITY CONTROL SYSTEM 

ELECTROSTATIC PRECIPITATOR AND WEUWN-LORD SYSTEM 

( 2 STEAM GENERATORS ) 

Flue Gas FGD 

Stream Flue Gas t o  AQCS Claus T a i l  Gas Flue Gas t o  FGDS Out le t  

Dry G h s  

, 

H2° 
Tota l  

Flyash 

Chlorides  

Volume 'Flow 

Temperature 

Pressure  

l b s l h r  1 365 669 

l b s / h r  8 830 

l b s l h r  75 182 

l b s l h r  1 .449 681 

lbs / h r  18 987 

l b s l h r  312 

ACFM 466 540 

.F 300 

i n .  W G ( p s i a : ~  -1 3 

(8 )  ( 9 )  (10) 

Flyash/Chloride 

Liquid 6 So l id  Flovs Purge Plyash t~ Pond S u l f a t e  Purge 

l b s l h r  

Sol i d s  l b s l h r  

To ta l  l b s l h r  

Volume gE'm 

Chlorides  l b s l h r  

31 442 

See Note 18 920 

See Note 18 920 

63 

314 

1 424 699 

1 072 

155 026 

1 580 797 

66 

Negl igible  

390 600 

128 

+2 

(11) 

Na2C03 

Make-up 

(5 )  (6) ( 7 )  

Flue Gas t o  SO2 Product 

Reheat A i r  Stack 

Water Make-up 

Notes: Flow a t  X R  (no margin) condi t ions  

Design s u l f u r ,  f lyash  and c h l o r i d e s  

A l l  r equ i red  f lyash  removed i n  ESP. Urder normal op?rat ing condi t ions  

some f lyash  w i l l  be  removed i n  prescrc-bber and p u r g d  i n  Stream ( 8 )  

Stream numbers r e f e r  t o  flows i n  Exhik i t  10 



EXHIBIT 13  

A I R  QUALITY CONTROL SYSTEM 

INVESTMENT ESTIMATES 

$1000 ( p r e s e n t  Day) 

E l e c t r o s t a t i c  Mechanical  Dust  
. . 

P r e c i p i t a t o r  C o l l e c t o r  & 

6 FGD System FGD System 

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

Equipment i n c l  Duc twork 

1.  Vendor S u p p l i e d  

M a t e r i a l s  

E r e c t  i o n  

T o t a l  Vendor S u p p l i e d  

2 .  Owner S u p p l i e d  

Equipment & E r e c t i o n  

3 .  I D  Fans Equipment & 

E r e c t  i o n  

4 .  S u b - t o t a l  P a r t i c u l a t e  

Remov a1 

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

R ,  Wellman-Lord FGD System 

Equipment & E r e c t  i o n  

C .  S t a c k  

T o t a l  D i r e c t  Inves tment  

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

2 155 

Base 

22 055 

Base 



EXHIBIT 14 

I tem 

1. Deprec ia t ion  

2. E l e c t r i c a l  Energy 

I D  Fans 

E SP 

3 .  Operat ing Labor 

4 .  Maintenance Labor 

& Mate r i a l s  

5. Tota l  Annual 

Operating. Cost 

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

PARTICULATE 'REMOVAL EQUIPMENT & I D  FANS 

ANhYAL OPERATING COST - 

1978 Cost. Basis 

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 Co l l ec to r  

(ESP 1 (MDC 

Unit  Cost Quanti ty $1000 Quant i ty  $1000 

6.67% of  Inv $5 340 000 356 $2 155 000 144 

$25 300/man/yr . 4 Men 100 4 Men 100 

1.0% of  Inv 

2.0% of  Inv 

483 . 

Base 

Bas is :  Steam gene ra to r  a t  100% MCR Condi t ions  

Capaci ty Fac tor  a t  0.9 

Cos ts  a s soc i a t ed  with prescrubber  exclnded (charged t o  FGDS) 



EXHIBIT 15 

WELEMAN-LORD PROCESS - FGD SYSTEM. 

ANNUAL OPERATING COST 

1978 Cost Bas is  . 

I tem Uni t  Cost Quan t i t y  

1. Deprec i a t i on  6.67% of  Inv $19 900 0 0 0 ' ~ )  

2 .  Sodium Carbonate $90/ ton  2600 tons /y r  

3. E l e c t r i c a l  Energy $0.0185/kwhr . 13.2 MM kwhr/yr 

4. Steam 0230 p s i g ,  540F $4 .73/ ton  4 78 165 tons /  y r '  

5. Cooling Water $0.03 11 000 ga l  2885 MM g a l / y r  

6 .  Operat ing Labor $25 000/man/yr 12 men 

o p e r a t i n g  ' supe rv i s ion  , $40 000/man/yr 1 man 

7 ,  Maintenance Labor C , 

M a t e r i a l s  3  112% o f  Inv $1 9 .900  0 0 0 ' ~  ) 

8.  To ta l  Annual 

Operat ing Cost 

Bas i s :  S t e m  Genera tors  a t  100% MCR Condi t ions  

Capaci ty  Fac to r  @ 0.9 

(1) Inc ludes  Stack 



EXHIBIT 16 

Item 

AIR QUALITY CONTROL SYSTEM 

ANNUAL OPERATING COST 

$1000 (1978) 

E l e c t r o s t a t i c  Mechanical Dust 

1. Depreciation 

2 .  E l e c t r i c a l  Energy 

3 .  Raw Materials 

4 .  Steam 

5 .  Cooling Water 

6 .  Operatipg Labor & 

Bupervisian 

7 .  Maintenance Labor 

& Materials 

8 .  Total Annual 

operating Cost 

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

Prec ip i tator  Col lector  & 

& FGD System FGD System 

Base 



EXHIBIT 17 

PARTICULATE REMOVAL EQUIPMENT C ID FANS 

COMPARATIVE ANNUAL OPERATING COST 

AT VARIOUS COLLECTION EFFICIENCIES ' 

$1000 (1978) . , 

. . 
Mechanical Dust 

ESP Eff ic iency ,  X Collector 

1 . Depreciation 356 3 04 247 . 165 144 

, 2. Electr ica l ,  Energy 

ID Fans 

. ESP 

3 .  Operating Labor 100 100 100 100 100 

4. Maintenance 

5 .  Total 

Operating C o s t  

* Different ia l  +291 +217 +I25 Base +20 



1. D e p r e c i a t i c n  

2.  E l e c t r i c a l  Energy 

I D  Fans (2  

Bag House c r  ESP 

3. Fuel  Charge ( 3  

4. Operat ing Labor 

5. Maintenance 

Labor d Maceria l  

Bag Replacement (4 

6 .  T o t a l  Annual 

Opera t ing  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 

Uni t  Cost Q u a n t i t y  $1000 

6.67% of Inv $4 632 000 . 3 09 

0.0185/kwhr 11.8 MM kwhrlyr  2 1.8 

$0.0185/kwhr 1.0 MM kwhrlyr  19  

$0.8312/MMBtu 194 242. MMBtu/yr 161 

$25 000 Imanlyr 4 men . 100 

1% of I n v  $4 632 000 

$60/bag 2 760 b a g s l y r  

- 
( 1 )  Cos t s  a s  p resen ted  i n  E x h i b i t  14 

( 2 )  P r e s s u r e  d rop  a c r o s s  Bag House system es t imated  a t  8 i n .  W G .  

( 3 )  Due t o  i n c r e a s e  A i r  Heater  Temperature t o  375 F which i s  

e q u i v a l e n t  t o  1.875 percent i n c r e a s e  i n  f u e l  consumption. 

( 4 )  Two year bag l i f e .  

Cold-Side ESP 

$1000( l )  

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  

kwhr/yr 

L / G  

LAER 

l b s / h r  

MCR 

MDC 

MM 

M W 

NIPSCO' 

NAAQS 

NSP3 

PSD 

P  Pm 

SCA 

SCFM 

TPD 

Actual  Cubic Foot per  Minute' 

A i r  Q u a l i t y  Cont ro 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  thermal  u n i t  

Clean 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 Engineer ing P r a c t i c e  

g a l l o n s  pe r  minute  

g r a i n s  pe r  S tandard  Cubic Foot 

Induced D r a f t  Fan 

Inches  Water Gauge , 

Kilowat t  hours  per  year  

Liquid t o  Gas R a t i o  

Lowest Achievable  Emmission KAte 

pound per  hour 

Maximum Continuous Ra t ing  

Mul t i cyc lon ic  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 i  Ambient A i r  Q u a l i t y  Standard 

Ncw Sourcc Performance Standards 

Preven t 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  ' 

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 

Standard Cubic Foot pe r  Minute 

S h o r t  Tons per  Day 



SYNTHESIS GAS DEMONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V 

COOLING TOWER OPTIMIZATION 

EBASCO SERVICES INCORPORATED 

Two R e c t o r  S t r e e t  

New York, NY 1 0 0 0 6  

November 1 9 7 8  



SXNTHESIS GAS DEMONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V 

COOLING TOWER SYSTEMS 

TABLE OF CONTENTS 

PAGE - 
I - INTRODUCTION 

A - OBJECTIVE 
B-SCOPE ' 

11 - CONCLUSIONS AND RECOMMENDATIONS 

I11 - TECHNICAL APPROACH 

A - DESIGN BASIS 
B - PROCESS CONSIDERATION - PLANT OPERATION 
C - COMMERCIAL EVALUATION 

1.1 - SYSTEM 

1.2 - DESCRTPTION OF COOLING TOWERS 

D - RISK ANALYSIS 
E - EFFECTIVE INTERFACES 

IV - ECONOMICS 

A - CAPITAL COSTS 
B - OPERATING COSTS 
C - RISK ANALYSIS 



EXHIBITS 

EXHIBIT I ( 3  sheets) 

COOLING TOWER OPTIMIZATION - RECTANGULAR 
MECHANICAL TOWER 

(FOR COMMERCIAL PLAN?) 

EXHIBIT I1 

PLOT 0F.COOLING SYSTEM COST VS. COOLING RANGE 

(RECTANGULAR MECHANICAL TOWER FOR COMMERCIAL PLANT) 

EXHIBIT I11 (3 sheets) 

COOLING TOWER OPTIMIZATION - ROUND 
MECHANICAL TOWER 

(FOR COMMERCIAL PLANT) 

EXHIBIT IV ( 3  sheets) 

COOLING TOWER OPTIMIZATION - NATURAL 
DRAFT TOWER 

(FOR COMMERCIAL PLANT) 



APPENDIX 

ATMOSPHERIC EFFECTS OF ALTERNATE COOLING TOWER OPERATION 

I - INTRODUCTION 

I1 - EVALUATION OF ATMOSPHERIC EFFECTS 

A - ELEVATED VISIBLE PLUMES 

B - GROUND LEVEL FOGGING AND ICING 

C - SALT DEPOSITION AND DRIFT 

I11 - RESULTS 

REFERENCES 

TABLES 

PAGE - 

TABLE 1 - COOLING TOWER PARAMETERS FOR DEMONSTRATION PLANT ix 

TABLE 2 - COOLING TOWER PARAMETERS FOR COMMERCIAL PLANT . . X 

TABLE 3 - DRIFT MASS DISTRIBUTION FOR ALTERNATE COOLING TOWERS xi 
. - - -. . . . - - -  



I - INTRODUCTION 

A - OBJECTIVE 

The objective of this study is to determine the optimum design for a cooling 

tower system for use in the Synthesis Gas Demonstration Plant Program. The 

system selected is to be suitable for both the Demonstration and Commercial 

Plant. 

. B - SCOPE 
0 

Data developed herein are based on the Commercial Plant. The applicability 

to the Demonstration Plant is discussed. 

The cooling tower system is to operate in conjunction with the syn'thesis 

gas plant, receiving hot water discharge from a variety of heat rejection 

equipment including direct equipment coolers, heat exchangers and mechan- 

ical drive turbine condensers. The hot water mixture will be cooled and 

returned to the plant at a temperature consistent with the economics of the 

cooling system and its effect on plant performance. The report identifies 

the optimum cooled water temperature developed from design data currently 

available. 

The investigation will be confined to towers of.the evaporative type 
' 

including natural and mechaniaal draft dsoigns. There appears, at this 

time, no justification f0.r the substantial added investment required for 

special types designed specifically for water conservation or plume 

abatement. 

The study utilizes the Ebasco Co~oputer Program for the approximate sizing 

and pricing of cooling towers. A series of cold water temperatures and 

cooling ranges are used as input to the program which in turn calculates 

cooling tower design parameters, performance, and price for various combina- 
I 

f '  tions. Data thus generated can be compared with data solicited from 

suppliers for validity. 

3 1 



The Ebasco computhr program for the economic selection of steam condensing 

systems was also used with a simulated condenser to establish a base for 

estiaating system costs other than the cooling tower. The study plan 

enumerates items of investment and operating costs which can be examined 

in arriving at finite cost estimates. This study is intended only to 

identify cooling systems in order of ranking. The following listed items 

do not have an impact on this result since they are either constant adders 

or multipliers. They therefore have been omitted. 

Investment Costs 

Cost of Land 

Escalation 

Interest During Construction 

Operating Costs 

Makeup Water Supply and Treatment 

The study examines cooled water temperatures from 83'~ to 94'~ and 

cooling ranges from 17'~ to 30'~. Supplementary data explores re- . .  

ducing 'the design inlet temperature to 81'~ and increasing the cooling 

range to 35OF. 



I1 - CONCLUSIONS AND RECOMMENDATIONS 

The basic results of the economic investigation of rectangular mechanical 

draft cooling towers for the commercial plant application are tabulated 

in Exhibit I (sheets 1 to 3) and plotted in Exhibit 11. The results show 

that the annual costs, adjusted for the influence of cooled water tempera- 

ture and cooling range on plant equipment costs and performance, follow a 

well defined pattern.. Specifically, we find that for a given design cooled 

water temperature, costs are reduced when the cooling range (or temperature 

rise through the plant) is increased. The rate of cost reduction decreases 

however, indicating an eventual reversal of the trend caused by a rapid 

increase in the cost of plant equipment designed for high range and high 

temperatures. 

It is also noted that costs decrease as the design cooled water temperature 

approaches the design wet bulb temperature. This trend is due to the 

influence of.-plant costs since the trend in cooling tower costs is opposite. 

An optimum occurs at 83'~ cooled water temperature due to rapidly in- 

creasing cooling tower costs. 

The plotted results show that for all cooling ranges up to 3S°F, a cooled 
' . . 

water temperature of 83'~ is the economic choice. This is also the . .  . 

lowest practical choice for cooling tower design. Suppliers have been known 

to guarantee a S°F approach (81'~) but specifying this as a performance 

requirement is certain to restrict participation in the bidding. 

The investigation has not been carried beyond a cooling range of 3 5 " ~  

although shape of the curves indicates that the trend reversal and most 

economical point appears to occur at a higher range. 

In combination with an 83'~ cooled water temperature, a 3S°F range will 

produce a hot water temperature of 118'~ entering the tower. This 

approaches the 120'~ limit which cooling tower suppliers are reluctant to 

exceed because of adverse effects on materials. To allow for the specfication 
0 

of plant equipment to accept a cooled water temperature in excess of 83 F, iand 
0 

to allow for some deterioration in tower performance without exceeding 120 F hot 

water temperature, it is recommended that a range of 30% be used, 



considering the nominal increase i n  cost associated with t h i s  change. 

Furthermore, i n  the in t e res t  of conservatism, to mitigate any ef fec ts  

of biological fouling or mechanical deter iorat ion,  we recommend tha t  

equipment using cooling water be designed for  a cooled water tempera- 

ture  higher than 83'~. 

S m a r i z i n g ,  i t  i s  recommended tha t  the cooling tower design be based 
0 

upon a cooled water temperature of 83 F and a cooling range not to 
0 

exceed 30 F. It i s  fur ther  reconrmended tha t  the cooling tower be of 

the conventional rectangular mechanical design. 

A detailed tabulation has not been prepared for  the Demonstration Plant. 

The current s t a t e  of design indicates tha t  an extrapolation of data 

presented in thi's report  w i l l  be valid.and tha t  the relationships 

established w i l l  hold. EFowever, fur ther  investigation of the or ig ina l  

c r i t e r i a  fo r  select ion of the maximum wet bulb temperature causes us 

to recommend tha t  the Demonstration Plant c r i t e r i a  be based on tha t  - 

temperature which w i l l  be exceeded for  5 percent of the summer months. 
0 

This r e su l t s  i n  a design wet bulb temperature of 77 F. An approach 
0 

of 7 F (84 '~  cooled water temperature) and a range of 3 o 0 ~ ,  used as m 
0 basis  for  the Demonstration Plant, r e su l t s  i n  a 114 F hot water tempera- 

ture  and no change i n  basic cooling tower design. System equipment for  

the Demonstration Plant i s  recommended to be designed for  a cooled 
0 

water temper,ature higher than 84 F consis ten t  with the explanation 

above. 



I11 - TECHNICAL APPROACH -- 

A - DESIGN BASIS - .  - ---- 

This section presents a discussion of the basic design criteria and opera- 

ting parameters which must be satisfied by the cooling system under 

consideration. The study is based on the following design and economic 

factors developed for the Commercial Plant. 

Design 

1. Heat Load - lo6 ~tulhr 

2. Operating   our sly ear 

3. Circulating Water Pumps 

'Number 

TY pe 
.Element 

Material 

4. Circulating Water Conduit 

' .Length - ft 
Base Friction Loss - ft 
(for conduit sizing) 

5 .  n ~ n i g n  Water Level (helow intake deck) - f t  

6. Design Ambient Temperatures . 

Wet Bulb 

Dry Bulb 

Economics 
6 1. Unit Fuel Cost - $110 Btu 

2. Depreciation - % 

3. Incremental Capability Charge $ / k ~  

4. Cost of Incremental Steam 

1500 psig 940'~ $/ST 

580 psig 730'~ $/ST 

230 psig 540'~ $/ST 

2 

Vertical 

Removable 

Steel 



B - PROCESS CONSIDERATION - PLANT OPERATION 

Operation of the plant is considered to be at full capacity, 330 days per 

year for the purpose of this study. No part load operation has been con- 

sidered. Accordingly, when operating the cooling water system is assu~ned 

to be at full capacity regardless of the season of the year. The cooling 

system is to be designed for optimum cooled water temperature when ambient 

conditions are at design levels. 

For this study, condensing turbines have been assumed to be designed for 

4.5" Hg.back pressure at the design cooled water temperature and temperature 

rise specified. This provides for operation in the 3"-3.5" Hg range under 

average seasonal'conditions. Improvement in operating performance based 

on a weighted annual cooling water inlet temperature has been included in 

the Total Adjusted Annual cost. 

C - COMMERCIAL EVALUATION 

,1.1 SYSTEM 

The coaling watcr systeu assucia~ed with each coolPng tbwei selection 

consists of an intake structure, circulating water pumps and reinforced 

concrete conduit to conduct water to the plant and return. 

Pumps are standard-vertical mixed flow, removable impeller type for fresh 

water service. Motors are of weatherproof construction, as it is assumed 

they will be out-of-doors. For a given flow, the same basic pump selection 

will be suitable for any tower selection, the variation in pumping head 

being small as compared to the total requited head. 

Steel piping connections are used to connect pumps and equipment to the 

concrete conduit and large valves are of the butterfly type, 



The system as considered in this study makes no provision for extra or 

standby capability. Addition of spare pumping capacity would not affect 

the results of this study. 

DESCRIPTION OF COOLING TOWERS 

Evaporative cooling towers of two basic designs are considered, both of 

fire resistant construction. These include the natural draft type and 

two variations of the mechanical draft type. The design wet bulb tempera- 

ture is derived from a review of meteorological data for the City of 

Evansville, Indiana aver the period 1958-19.64:' A statistical analysis of 

these data indicates that a wet bulb temperature of 76'~ will be ex- 

ceeded, on an average 18 days(5 percent) annually. This occurs most fre- 

quently in connection with a dry bulb temperature of 85'~ (approximately 

67 percent relative humidity). By comparison a wet bulb temperature of 

77'~ is expected to be exceeded 2.5 percent of the time. Reduction in 
0 design point to 75 F would result in increasing expected excursions over 

design conditions to 12 percent which is considered unacceptable. 

a) Natural Draft Towers 

Two basic designs exist for natural draft cooling towers: 

1. The crossflow type distributes the water peripherally 

around the base of the shell so that the air path is 

horizontal and perpendicular to the water falling through 

a fill section which is entirely external to the shell. 

2 .  The counter flow type encloses the fill section within the 

shell so that air flow through the fill is upward, counter to 

the falling water. For the same performance, this type will 

have a higher shell and higher discharge elevation than the 

cross flow design. 

7 



The chimney effect of the high shell induces the flow of air 

through the fill area where approximately 80 percent of the 

cooling is due to evaporation of a portion of the water and the 

remainder is by transfer of sensible heat. Loss of water by 

windage is appreciably reduced by the long passage up to the 

discharge elevation. 

Air flow through the natural draft tower is not controlled as 

it is in a mechanical draft design. Cross flow design natural 

draft towers subjected to low ambient temperatures have 

experienced severe icing damage and are generally unsatisfactory 

under these conditions. , ~ounterf low towers, however, have a 

relatively good record under severe conditions. For this reason, 

counter flow design only is considered. 

Mechanical Draft Cooling Towers 

Two mechanical draft designs are considered. The first is the 

conventional rectangular type having the required number of 

cells arranged linearly and oriented to have the axis parallel 

to the prevailing winds. The Commercial Plant will require one 

tower of this design type, haviiig cen (10) cells. For the 

Demonstration Plant, a single tower having four ( 4 )  slightly 

smaller cells will meet requirements. The number, size of cells 

and tower height for each application varies slightly among 

suppliers and may be cause for additional environmental evalu- 

ation in the course of final selection. 

A round mechanical design is available for the Commercial, Plant 

in either counterflow or crossflow designs, competitively priced 

with each other. There is a low duty limitation due principally 

to physical considerations and the Demonstration Plant require- 

ments have been found to be too low for this design. Improved 

plume buoyancy, because of the clustered arrangement of the 



fans, is an attractive characteristic of this design. It also 

exhibits reduced recirculation as compared with the rectangular 

design. 

Compared with natural draft designs, drift loss will be somewhat 

higher due to proximity'of the discharge to the drift elimin- 

ators. Droplets which are not collected, or happen to be re- 

entrained are almost immediately discharged to atmosphere. 

D - RISK ANALYSIS - - -- 

All components of the systems proposed are of time proven design. The 

study suggests that reliability is such that standby capability is not 

required for any of the equipment. Cost estimates do not therefore include 

redundant items. 

E - EFFECTIVE INTERFACES 

The study is based on information developed by Humphreys and Glasgow and 

Ebasco with regard to cooling requirements for the process plant and the 

variation of equipment costs with cooling water temperature level. These 

data have permitted identification of a system and the design operating 

parameters. 



IV - ECONOMICS 

A - CAPITAL COSTS (INVESTMENT) 

Tabulated in Exhibits I, 111, and IV are installed costs for the system 

considered. Five cooling ranges are reviewed. These ranges are 17OF, 

20°F, 25'~ and 30'~. For the rectangular mechanical design, 

35'~ is shown as supplementary information. 

Meetings were held with various cooling tower suppliers to obtain up-to- 

date costs for some of the tower selections 'involved. Information deve- 

loped through these contacts is used to update and validate cooling tower 

costs determined by computer. The Marley Cooling Tower Company, Zurn 

Industries and the Ecodyne Corporation were contacted for this purpose. 

All at tended discussion meetings but information requested was received 

from Marley and Zurn only. 

Costs for items other than the cooling tower and basin were estimated from 

available in-house data developed over a period of time from typical 

designs. Material and labor costs were applied as follows. 

Labor Metorinl 

Circulating Water Conduit 

60" Dia. - $/ft 
72" Dia. 

96" Dia. 

120" Dia 

144" Dia. 

Intake Structure $/cum ft. 

Grading Cooling Tower Area $/cu. yd. 

Piling for CT Foundation $/sq. ft. 

High Voltage Cable $/mva/ft. 



M a t e r i a l  Labor 

Low Volt  age Cable  $ /mva/ f t  . 8  .OO 13 .OO 

C o n t r o l  Wiring - C i r c  Water Pump - $ / f t .  18.10 35 .OO 

Cont ro l  Wiring - C T  Fans . - $ / f t .  7.86 16 .33  

C .W Pulnps per  i n f o r m a t i o n  s u p p l i e d  by Byron Jackson  

C.W Pump Notors  - Westinghouse P r i c e  Book 

Investment  c o s t s  have been a d j u s t e d  t o  r e f l e c t  d i f f e r e n t i a l  c o s t  v a r i a t i o n  

of p roces s  p l a n t  equipment and condensing equipment wi th  changes i n  cooled  

water  t empera tu re  and c o o l i n g  r ange .  I n  g e n e r a l  t h e s e  show t h a t  p roces s  
I 

p l a n t  equipment i n c r e a s e s  i n  c o s t  w i th  r i s i n g  coo led  water  t empera tu re  and 

a l s o  wi th  i n c r e a s i n g  r a n g e .  The c o s t  of  condensing equipment tend.< t o  

i n c r e a s e  wi th  i n ~ r e a s ~ n g  range  and f o r  any g iven  range  i n c r e a s e s  wi th  

i n c r e a s i n g  cooled  wa te r  t e m p e r a t u r e .  

A s  a  r e s u l t  of  t h e  rev iew of inves tment  c o s t s  i t  was concluded t h a t  t h e  

system c o s t s  f o r  t h e  n a t u r a l  d r a f t  t ype  and t h e  round d e s i g n  v a r i a t i o n  of  

t h e  mechanical  t ype  were ou t  of range  f o r  t h e s e  a p p l i c a t i o n s .  The round 

mechanical  de s ign  i s ,  c o n s i d e r a b l y  more c o s t l y  ($300,000 annually 

a t  3 0 ' ~  c o o l i n g  r a n g e ) .  The n a t u r a l  d r a f t  tower i s  s l i g h t l y  more 

a t t r a c t i v e  w i t h  its elzergy advantage but  cannot  be expec ted  t o  ach i eve  

an approach a s  low a s  7 ' ~ .  

The conc lus ions  a r e  t h e r e f o r e  based upon r e c t a n g u l a r  mechanical  d r a f t  

c o o l i n g  towers .  

B - OPERATING COSTS 

Annual c o s t s  of  owning and o p e r a t i n g  t h e  sys tem c o n s i s t  of t h e  f i x e d  ' 

cha rges  on i n v t s t m e i ~ t  plus tlir cusL of energy  used eo Opera te  fans  and 

pumps, t h e  c o s t  of makeup water  and t h e  c o s t  s ~ i  n a i n t e n a n c e .  Makeup 

c o s t s  ( i n c  1.uding t r e a t m e n t  ) have been omi t t ed  a s  they  vary  o n l y  s l i g h t  l y  

among t h e  tower s e l e c t i o n s  reviewed.  Th i s  i s  because  e v a p o r a t i o n  and 



blowdown are functions of heat load and solids concentration which are 

constant for all situations. 

Steam driven mechanical equipment exhausting to condensers will show a 

variation in performance due to the condenser pressure which is determined 

by the cooled water temperature and the cooling range of the system. The 

adjustment for this variation reflects the cost of providing sufficient 

steam to maintain required power output based upon average seasonal opera- 

ting temperatures. 

Variation in cooled water temperature has negligible effect on process 

efficiency . This assumes equipment properly sized for the design tempera- 

ture level to be experienced. 

C - RISK ANALYSIS 

A high level of confidence in the system and equipment renders analysis 

of financial riAk unnecessary. 

The study does not recognize possible unfavorable environmental impact of 

the'system selected. The atmospheric effects are discussed in an appendix 

to this report entitled Atmospheric Effects of Alternate Cooling Tower 

Operation at the Syngas Demonstration and Commercial Plants. This appendix 

bases the acceptability of the mechanical draft on a location and orienta- 

tion which will mi tigate tower induced fogging on nearby Tscharner Road. 

It is expected that this can be accomplished. 



EBaSCO SERVICES INCORPORATED 

SYNTHESIS GAS DEMONSTRATION PLANT PROCRAH 

EXHIBIT 1 

Sheet 1 of 3 

TRADE-OFF STUDY V - COOLING TOWER OPTIHIZATION 

REZTANGULAR HECHANICAL TOWER 

 or Commercial Plant) 

CCOLXNC RANGE - F I ? -  20- 2 5. 30 L5- 
CC.OLED WATER T E W .  - F 8 3 89 94 8 3 89 94 81 03 '89 94'  8 1 8 3 89 94 81 83 

A. DESIGN CONDITIONS. 

1 .  Heat Load - lo6 Btufhr 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 2720 

2 -  Circ. Water - lo3 CPH 320 320 320 272 272 272 217.6  217.6  217.6  217.6  1 8 1 . 3 .  181.3  '181.3  181.3 155.4 155.4 

B. TOWER DESCRIPTION 

1. No. of Tovrra 2 2 1 2 2 1 2 2 2 1 2 2 2 1 2 1 

2. ~aain' Length ( ft) 400 352 400 360 288 400 352 280 280 360 280 240 200 320 240 400 

3. Basin Gidth ( ft) 5 2 52 5 2 5 2 52 5 2 5 2 52 52 5 2 5 2 5 2 5 2 5 2 52 52 

6. Height - Overall (ft) 57 57 5 7 5 7 5 7 5 7 57 57 57 5 7 57 57 57 5 7 57 57 

5 .  Pumpirq Head ( ft) 43 4 3 43 43 4 3 4 3 43 43 43 4 3 4 3. 43 43 4 3 43 43 

6. No. Fanaf~owrr 10 8 10 9 8 ' 10 8 7 7 .  9 7 6 5 8 6 10 

C. I.NVESTMENT ($1000)  

I .  Site Preparation 42 31 22 3 5 2 5 2 1 39 31 24 20 33 2 7 20 18 2 3 20 

(Grading 6 Excavation) 

I. Piling 313 231 165 265 189 157 289 234 184 151 245 201 151 134 168 144 



EBASCO SERVICES INCORPORATED EXHIBIT 1 

Sheet 2 of 3 

SYNTUESIS GAS DEUONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V - COOLING TOWER OPTIHIZATION 

RECTANGULAR MECHANICAL TOWER 

(For Comm~rcial plant) 

COOLING RANGE - F L7- 20- 25- 

COOLED WATER TEUP. - P 8 3 8 3 94 8 3 89 94 8 1 83 89 94 

3. Cooling Tower Baain 180 133 9 5 153 i09 91 167 135 106 87 

4. Intake Structure 473 473 473 402 402 402 322 322 322 322 

5. Circ. Water conduit 280 280 210 260 260 254 248 248 248 243 

6. Cooling Tower 3544 2409 1678 3428 2227 1802 3639 2971 2160 1700 

7. Circ. Water Pumpa L notor8 1360 1360 1360 1129 1129 1129 860 860 860 060 

8. Switchgear b Wiring 1077 966 886, NO72 963 898 861 767 698 653 ' 

9. 1nat.rum~nta 6 Controlr 74 64 63 74 64 63 7 5 70 60 58 

TOTAL DIRECT COST 7343 5947 5012 6818 5368 4817 6500 5789 4662 4245 

ADJUSTUENTS ($1000) 

1. Procreo Equipment -956 BASE 4722 -566 4254 4936 -332 -39 4829 41482 

2. Condenring Equipwnt BASE +I54 4338 +39 +213 4429 +44 4120 4340 +639 

W T A L  ADJUSTED INVESTMENT 6387 61CI 6072 6291 5835 6182 6212 5870 5831 6366 



EBASCO SERVICES INCORPORATED EXHIBIT I 

Sheet 3 of 3 

COOLING RANGE - F 

COOLED WATER TEMP. - S 

E. ANNUAL COSTS ($1000) 

1 .  Depreciation on 

2. Cooling System E n ~ r g y  

@ $O.O185/kUh 

3. Drive Turbinr 

Performance Adjuetment 

( c o s t  oE ateam) 

4. Eetimatrd Maintenance 

TOTAL ADJUSTED ANFAP COST 

SYNTIIZSIS GAS DEWNSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V - COOLING TOWER OPTIMIZATION 

RECTANGULAR MECHANICAL TOWER 

(For Commercial Plant)  

426 402 405 420 389 412 414 392 389 425 399 374 389 444 378 358 

1601 143f 1317 1343 1256 1140 1274 1139 1036 970 1080 992 892 855 918 870 

BASE +I55 +537 +37 *390 +563 +54 +lo9 +463 +608 +I32 *I80 +537 +652 +219 9272 



SYNTHESIS GAS DEMONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V 
COOLING TOWER OPTIMIZATION 

COOLING RANGE O F  



EHASCO SERVICES INCORPORATED E X I I I B I T  111 

S h e e t  1 of 3 

C001.INC KANGE - f - 

COOLED WATER TEHP. - F 

A .  DESIGN CONDITIONS 

6 I. l l e a t  L o a d  - 10 0 t u / h r  

3 2 .  C i r c .  W a t e r  - LO 6 P t i  

0. TOWER DESCRIPKI f l  

1. No.  o f  T o w e r a  

2 .  B a s i n  D i a m e t ~ r  ( I t )  

3.  t l r i g h t  - O v e r a l l  i f t )  

4 .  P u m p i n g  I l e a d  ( f t )  

5. No .  Fane!Towfr 

SY NTl lESI  S GAS I)EHONSTHATION PLANT PROCRAH 

TRADE-OFF STIIDY V - CO01.INC TOWER OPTIMIZATION 

ROIJND MECtlANlCAL TOWER -- - -- -- - -- -- - - - -- 
( F o r  C o m m e r c i n l  p l a t i t  I 



COOLING RANGE - F 

COOLED WATER TEMP. F. 

C. INVESTnENT - $1000 

1. Site Preparation 

(Grading C ~xcavation) 

2. Piling 

3. Cooling Tower Basin 

4. Intake Structure 

5. Circ. Water Conduit 

6. Oooling Tower 

7. Circ. Water Pumpa 6 Motor8 

8. Switchgear 6 Wiring 

9. Inetrumente 6 Control8 

TOTAL DIRECT COST 

ERASCO SERVICES INCORPORATED 

SYNTIiESIS GAS DEHONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V - COOLING TOW,R OPTIMIZATION 
ROUND HECHANICAL TOWER 

(For Commercial Plant) 

EXHIBIT I11 

Sheet 2 of 3 



COOLING RANGE - P - 

COOLED WATER TEMP. - F 

D . ADJ USTHENTS 

1 .  P r o c e e e  E q u i p m e n t  

2 .  C o n d e n s i n g  E q u i p m e n t  

TOTAL ADJUSTED INVESTMENT 

E. ANNUAL COSTS 

I .  F i x e d  C h a r g e r  on 

A d j u s t e d  I n v e s t m r n t  

2 .  C o o l i n g  S y e t r o  E n e r g y  

' "@'-'$O:Ol'85YliWh 

3: D r i v e  T u r b i n e  

P e r f o r m a n c r  A d j u s t a r n t  

4 .  E r t i a s t e d  M a i n t e n a - n c e  

TOTAL ADJUSTED ANnUAL COST 

EBASCO SERVICES INCORPORATED 

SYNTllCSIS GAS DEHONSTRATION PLANT PROCRAH 

TRADE-OFF STUDY V - COOLING TOWER OPTIMIZATION 

ROUND HECHANICAL TOWER 

 or C o m m r r c i a l  p l a n t )  

-956 BASE 4722 6 4254 4936 -39 4829 41482 

BASE 4154 4338 b39 4213 4429 +I20 4340 4639 

12309 9087 8959 11539 8545 8485 10752 8235 838 7 

BASE 4355 4537 +37 4390 4563 4109 4463 4608 

E X H I B I T  111 ( C o n t ' d )  

S h r e t  3 o f  3 



COOLING RANGE - F 

COOLED WATER TEHP. - F 

A. DESIGN CONDITIONS_ 

1. Heet Loed - 10F Btu!hr 

2. Cir. Wetrr -  ID^ CPH 

0 .  TOWER DESCRIPTION 

1. No. of Towera 

2. Basin Diamrtsr (ft) 340 29 0 

3. Height - Overall (ft) 450 310 

4 .  Pumping Usad 4 ft) 44 40 

ERASCO SERVICES INCORPORATED ' 

SYPTIIESIS GAS DEUONSTRATION PLANT PROGRW 

TRADE-OFF STUDY V - COOLING TOWER OPTIHIZATION 
NATURAL DRAFT TOWER 

 or Commerciel Plent) 

EXHIBIT IV 

Shrrt I of 3 



COOLfNC RANGE - F 

COOLED WATER TEMP. - F 

INVESTMENT - $1009 

1. Site Preperation 

(Grading 6 ~xcavation) 

2 .  Piling 

3 .  Cooling Tower Basin 

4. Inteke Structure 

5. Circ. Water Conduit. 

6. Cool ing Tower 

7. Circ. Water Pumps 6 Motors 

8. Switchgear 6 Wiring 

9..  Inrtrum~nts 6 Controls 

T X A L  DIRECT COgT 

EBASCO SERVICES INCORPORATED 

STNTHESIS GAS DEMONSTRATION PLANT PROCRM 

TRADE-OFF STUDY V - COOLING T O a R  OPTIMIZATION 
NATURAL DRAFT TOWER 

(For Commercial plant) 

EXHIBIT IV 

Sheet 2 of 3 



COOLINC RANGE - F 

COOLED WATER TEMP. - F 

ADJUSTUENTS 

I. ~roces's Equipmrnt BASE. 4722 

2. Condensing Equipm+nt 4154 +338 

TOTAL ADJUSTED INVESTNENT 13006 11482 

ANNUAL COSTS 

I. Fixed Charges on 

Adjusted Investment 

2. Cooling Syetem Energy 

@ $0.0185/kUh 

3. Drive Turbine 

Performance Ajjustnent 

4. Eetirmrtrd Haintenaoce 

TOTAL ADJUSTED ANNUAL COST 

EBASCO SERVICES INCORPORATED 

SYNTHESIS GAS DEMONSTRATION PLANT PROGRAM 

TRADE-OFF STUDY V - COOLINC TOUER OPTIHIZATION 
NATURAL DRAFT TOWER . 

(For Commercial plant) 

EXIIIBIT IV (~ont'd) 

Sheet 3 of 3 
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ATMOSPHERIC EFFECTS (TF ALTERNATE 
COOLING TOWER OPERATION 



SYNTHESIS GAS DEMONSTRATION PLANT PROGRAX 

TRADE-OFF STUDY V 

COOLING TOWER SYSTEMS 

APPENDIX 

ATMOSPHERIC EFFECTS OF ALTERNATE COOLING TOWER OPERATION 

I - INTRODUCTION 

The purpose of t h i s  coo l ing  system s t u d y  i s  t o  q u a l i t a t i v e l y  a s s e s s  and 

compare t h e  atmospheric  e f f e c t s  of  t h e  fo l lowing  c o o l i n g ' t o w e r  

a l t e r n a t i v e s :  

A .  Hyperbol ic  n a t u r a l  d r a f t  tower (NDCT). 

B .  Rec tangular  mechanical  d r a f t  tower (MDCT.). 

C .  Round mechanical  d r a f t  tower (RMDT). 

Cooling tower impacts can o n l y  be e v a l u a t e d  w i t h i n  t h e  con tex t  of s i t e  geo- 

graphy and l o c a t i o n  wi th  r e s p e c t  t o  o t h e r  f a c i l i t i e s .  The Baske t t  S i t e  is 

l o c a t e d  about  two mi l e s  south  of  t h e  Ohio 2 i v e r  a t  an e l e v a t i o n  of about 

400 f t  msl .  The t e r r a i n  i s  f a i r l y  h i l l y  t o  t h e  s o u t h ,  e a s t ,  and west of  

t h e  s i t e ,  b u t    lev at ions a r e  l e s s  t han  600 f t  msl w i t h i n  f i v e  mi les  of t h e  

s i t e .  A r e l a t i v e l y  f l a t  f l ood  p l a i n  ex t ends  n o r t h  of t he  s i t e  t o  t h e  Ohio 

R ive r .  The proposed l o c a t i o n  of t h e  c o o l i n g  tower i s  about 800 f e e t  

northwest  o f  Tscharner  Road, 2,000 f e e t  n o r t h  of t h e  L o u i s v i l l e  and 

Nashv i l l e  R a i l r o a d ,  a  l i t t l e  l e s s  t han  1 m i l e  nor thwes t  of t h e  town of 

Baske t t  and 1 . 2  m i l e s  n o r t h  of  US Route 60 a t  i t s  c i o s e s t  p o i n t .  

The major a tmospher ic  e f f e c t s  a s s o c i a t e d  wi th  c o o l i n g  tower o p e r a t i o n  a r e  

t h e  fo l lowing:  



- Elevated v i s i b l e  plumes 

- Ground l e v e l  fogging and i c i n g  

- S a l t  d e p o s i t i o n a n d d r i f t  

Most of t h e s e  atmospheric e f f e c t s  r e s u l t  from t h e  condensat ion of water . 
vapor and the  entrainment -of  l a r g e  water  drops from the  tower by the  ex- 

haus t  a i r .  Water vapor condensat ion may lead  t o  fogging, i c i n g  o r  e l eva ted  

v i s i b l e  plumes and the  l a r g e  drop entrainment may cause depos i t ion  of s a l t s  

from t h e  tower onto surrounding environs,.  Most s t u d i e s  of cool ing  tower 

impact have concentra ted  on e l e v a t e d  plumes, ground l e v e l  fogging and i c i n g  

and s a l t  depos i t ion .  Very l i t t l e  r e sea rch  has been done regarding the  re-  

l e a s e  of l a t e n t  h e a t  (and t o  a  much smal le r  e x t e n t ,  s e n s i b l e  h e a t )  dur ing  

tower opera t ion  and t h e  a s s o c i a t e d  convective i n s t a b i l i t y .  

The s e l e c t e d  tower type  f o r  t h e  Demonstration P lan t  w i l l  have a  c i r c u l a t i n g  
8 water r a t e  of 60,400 gpm and a  hea t  r e j e c t i o n  r a t e  of 9.07 X 10 Btu lh r .  

The Commercial P lan t  tower w i l l  have a  c i r c u l a t i n g  water  r a t e  n f  181,000 

gpm and a  hea t  r e j e c t i o n  r a t e  of 2 .72 x lo9  ~ t u / h r .  Design dry bulb and 

wet bulb temperatures f o r  both P l a n t s  a r e  8 5 ' ~  and 7 6 ' ~  r e s p e c t i v e l y .  

Cooling tower parameters f o r  t h e  Demonstration and Commercial P l a n t s  a r e  

given i n  Tables 1 and 2 ,  r e s p e c t i v e l y ,  and a  r e p r e s e n t a t i v e  d r i f t  mass d i s -  

t r i b u t i o n  f o r  the  a l t e r n a t e  tower types  i s  given i n  Table 3 .  



I1 - EVALUATION OF ATMOSPHERIC EFFECTS 

A - ELEVATED VISIBLE PLUMES 

Elevated visible plumes are caused by the condensation of water vapor and 

are therefore, relatively free of impurities. Warm saturated air leaving 

the tower mixes with cooler, drier ambient air. Because of the non-linear 

relationship between saturation vapor pressure and air temperature, the 

mixture is usually supersaturated and the excess aoisture condenses in the 

form of an elevated visible plume. The plumes generally rise to heights of 

1,000 to 3,000 feet with no impact at gr,ound level. These elevated plumes 

are considered the primary atmospheric effect of NDCT and RMDT operation, 

but are not considered a significant factor in EIDCT operation (2) . The 

effluent from these relatively low towers does not rise to the heights of 

NDCT and R.WT plumes. Furthermore, these low level MDCT plumes are dis- 

persed relatively close to.the tower due to the fan operation and tower 

downwash. 

Based on a ten-year period of record (1951-1960) at Evansville, Indiana, 

the dominant directions of the elevated plumes would probably be south- 

east and north-northeast of the tower. A study by Smith (3) indicates 

that 93 percent of the elevated plumes from selected NDCT in Ohio and West 

Virginia dissipated within two miles of the tower. Plumes from the Demon- 

stration and Commercial Plant NDCT or RMDT should be shorter than those 

studied by Smith, 

The closest airports to the Baskett Site are Evansville, located 12 miles 

northwest, Henderson, located 12 miles southwest and Owensboro, located 23 

miles southeast of the site. NDCT and RMDT plumes would not extend to 

these distances and, therefore, are not expected to interfere with airport 

a i r  traffic. 



B - GROUND LEVEL FOGGING AND I C I N G  - 

Tower induced fogging a t  ground l e v e l  occurs when r e l a t i v e l y  low l e v e l  

plumes from MDCT (and i n f r e q u e n t l y  from RMDT) a r e  brought down t o  the  

e a r t h ' s  s u r f a c e .  Such fogging i s  g e n e r a l l y  eva lua ted  i n  terms of frequency 

exc lus ive  of per iods  of n a t u r a l  fog.  Ground l e v e l  i c i n g  occurs  when a l l  

c r i t e r i a  a r e  p resen t  f o r  tower induced fogging and t h e  temperature of ob- 

j e c t s  impacted by t h e  plume i s  3 2 ' ~  o r  less. 

Observations i n d i c a t e  t h a t  s i g n i f i c a n t  fogging and i c i n g  caused by cool ing  

towers do not  u s u a l l y  extend beyond 2,000 f e e t  from the tower ( 4  

Since Tscharner Road i s  800 f e e t  sou theas t  of the proposed tower, tower in- 

duced fogging along t h i s  highway i s  a  p o t e n t i a l l y  s i g n i f i c a n t  f a c t o r  asso- 

c i a t e d  with MDCT opera t ion .  Tower induced fogging along t h e  L o u i s v i l l e  and 

Nashvi l le  Railroad i s  expected t o  be l e s s  s i g n i f i c a n t  due t o  i t s  g r e a t e r  

d i s t a n c e  from t h e  tower. 

Ground l e v e l  fogging and i c i n g  a r e  genera l ly  not  cons idered  s i g n i f i c a n t  

e f f e c t s  of n a t u r a l  d r a f t  tower opera t ion  ( 5 ) .  According t o  Carson, (2 

ground l e v e l  fogging from ground towers i s  g r e a t e r  than t h a t  from n a t u r a l  

d r a f t  towers but less than the  fogging due t o  r e c t a n g u l a r  tower opera t ion .  

Plumes from hnth na t l i r a l  draft and round towers u s u a l l y  a t t a i n  g r e a t e r  

h e i g h t s  than those  from r e c t a n g u l a r  towers and t h e r e  i s  no e leva ted  t e r r a i n  

of s u f f i c i e n t  he igh t  i n  the  s i t e  v i c i n i t y  which could lead  t o  plume i m -  

pingement. 

C - SALT DEPOSITION AND DRIFT - 

A smal ler  f r a c t i o n  of the  c i r c u l a t i n g  water  i n  a  coo l ing  tower i s  en t ra ined  

i n  the  a i r  r i s i n g . o u t  of t h e  tower. These water d r o p l e t s  which con ta in  

d i s so lved  and suspended chemicals a r e  c a l l e d  d r i f t .  ,Table 3 g ives  a  repre- 

s e n t a t i v e  d r i f t  mass d i s t r i b u t i o n  f o r  the  coo l ing  tower types being con- 

s ide red  f o r  the  Demonstration and Commercial P l a n t s .  Most of the  s o l i d  



s a t e r i a l  c a r r i e d  i n  t h e s e  d r o p l e t s  from freshwater  cool ing  towers i s  c a l -  

cium s u l f a t e  and these  " s a l t "  d r i f t  d r o p l e t s  may be c a r r i e d  downwind from 

the  tower and subsequently f a l l  t o  ground l e v e l .  

Carson has reviewed the  l i t e r a t u r e  p e r t a i n i n g  t o  s a l t  depos i t ion  from 

freshwater  cool ing  towers (2) . He concludes t h a t  these  towers,  equipped 

with s ta te-of- the-ar t  d r i f t  e l i m i n a t o r s ,  w i l l  have ''very small"  d e p o s i t i o n  

r a t e s ,  and t h a t  most of t h e  d r i f t  w i l l  f a l l  t o  t h e  ground wi th in  two thou- 

sand f e e t  of the  tower. 

Roffman i n d i c a t e s  t h a t  s a l t  d e p o s i t i o n  r a t e s  from NDCT a r e  lower by a  

f a c t o r  of f i v e  than from MDCT but t h a t  the  s a l t  d r i f t  w i l l  t r a v e l  f u r t h e r  

downwind from t h e .  tower and a f f e c t  a  g r e a t e r  a r e a  ( 6 )  . S a l t  d e p o s i t i o n  

r a t e s  from RMDT a l s o  a r e  less (bu t  a f f e c t  a  l a r g e r  a r e a )  than those  from 

MDCT. These d i f f e r e n c e s  a r e  g e n e r a l l y  a  r e s u l t  of t h e  g r e a t e r  h e i g h t s  of 

NDCT and RMDT compared t o  MDCT. 



I11 - RESULTS 

The r e s u l t s  of t h i s  s tudy i n d i c a t e  t h a t  t h e  major e f f e c t  of NDCT and RMDT 

opera t ion  a t  the  Demonstration and C o m e r c i a 1  P l a n t s  would be the  genera- 

t i o n  of v i s i b l e  elevate 'd plumes. P o s s i b l e  i s p a c t s  of such plufies a r e  

a e s t h e t i c s ,  ground shading and reduc t ion  i n  v i s i b i l i t y  t o  a i r c r a f t  f l y i n g  

a t  plume l e v e l .  No i n ~ e r f e r e n c e  with a i r p o r t  a i r  t r a f f i c ,  however, i s  ex- 

pected from these  plumes. 

The major atmospheric e f f e c t  of MDCT opera t ion  i s  t h e  p o t e n t i a l  ' f o r  tower 

induced fogging on Tscharner Road, loca ted  800 f e e t  from the  proposed tower 

' l o c a t i o n .  Poss ib le  m i t i g a t i v e  measures inc lude  r e l o c a t i n g  t h e  tower t o  a  

g r e a t e r  d i s t a n c e  from ~ s c h a r n e r  Road and o r i e n t a t i o n  of t h e  tower t o  minimize 

tower induced £egging due t o  downwash. 

S a l t  depos i t ion  i n  t h e  nearby S i t e  region w i l l  r e s u l t  from t h e  opera t ion  of 

any one of the  t h r e e  a l t e r n a t e  cool ing  tower types ,  but s a l t  depos i t ion  

r a t e s  a r e  genera l ly  low from freshwater  tower opera t ion .  
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TABLE 1 

COOL1 NG TOWER P A R N E I E  RS'k FOR DEMONSTRATION PLANT 

.BASRETT S I T E  

Iles i g n  1)ry B111.1> Temp (I7) 
D c s i ; : ! . ~  !:~t Ut.11b Telnp (F )  
Mcnt 1:c j c c t i ~ ~ n :  Itate (Btulhr) 
CI L.CU 13 1: ing  I.!aCcr (GPkI) 
Exi t Vcl ( > c i t y  ( ~ ; l / s e c )  

N t l ~ i ; h c ~  1- c C "rrnict s 
S n 1 . t  i:o:~t.ent rat ion (pplo) 
T C I ~ . : ~ I :  11: i . ~ l ~ t  (1. t )  
'Ilo*.:.er L , : I I ; : ~ ~ I  ( f t )  
TO\!? I: \.?i.ci~I~ ( f t )  
Di.::;:xtet: a t  Top T o w e r  (f t) 
Dia!netcr 3.t Case Tower ( f t )  
N~:I?I!>~:L- roZ Fans  
Fill1 Di;l:lil.! ter ( E t )  
D r i f t  Ratc' (%), 
A i r  Fl.ot.1 (Ib/hr) 

NATURAL 
D I U F T  

RECTANGULAR 
I I E C I ~ I C R L  

D W T  

ItOUND . 
ME CIIANI (2iL 

DRAFT 

('1 ~,\PUVEIBRS m G I V E N F O R  DESIGN CONDITIONS. 

DATA SOURCE : EDASCO SI:RVICES, MAY 19?8. 

* BASED ON IJIELIMINARY SELECTION AM) APPROXIMATED FOR ENVIRONMENTAL CONSIDERATION. 

v i i i  



TABLE 2 

COOLING TOWER PPXAMETERS* FOR COMMERCUL PLANT 

BASKETT S I T E  

. . 
. . 
. . RECTANGULAR ROUND 

NATURAL .: .' 
(1) 

MECHANICAL . MEClLWICAL 
PAnMi. . :'r~;'!tS .- .. DRAFT DRAFT DRAFT 

Iks ign Bulb 'I.'ea.:;, (F) 
Dcs i.gn \I.! r Bulb 'l'caip (F) 
IIL?aC Rej :ct io11 H.:tc (Btu/hr) 
Circulat  ing W;~tcr- (GPPI) 
E : i i  t Vcl.)city (nt/ses) . Plul;il cr o T TOV:!KS 
Sail: Con::ntrntit.a (pprn) 
l'k)\,,.: r ll,! i ,;I1 t ( f 1:) 
' L ' C ) \ . ~ ! ' ~  L e  1,;th (Et) 
Y:>i;::r K i ~ l t i ~  (Ct) 
Di;:!::eter a t  Top 'l.'o\;cr (f t) ' . 
I)ia: ,~c t er  .it Il:.isc To. :!er (ft) 
!.(:~i!,i):.r .>; Fan:; 
1::11.1 L)'i.aie ! Ccr (f t )  
I ) r i i . t  M3.:i? (X.) . 

Air Flow (lb/lrr) 

.. . 
PAR ,:LIITEilS ARE GIVE3 FOR DESI(;N CONDITIONS. 

IlbTi\ S0U:CE:: Lt'ASCO SERVICES,  MAY 1978 

: BAS,:!) ON PI? i:LI ' IINARY SELECTION AND APPROXIMATED FOR ENVIRONIENTAL CONSIDERATION. 



TABLE 3 

' DRIFT :1-1SS DISTRI3UTIOII FOR ALTERXATE CGOLI2;G TOI.;ERS 

BASKETT SITE 

DROP DL'ZETER DRIFT 1ISS 
(MICF.CINS ) 1 

ALTERNATE COOLING TOTJER TYPES ARE HYPERBOLIC NATUEWL 

DRAFT, RECTAYGULAR MECHANICAL DRAFT Aim ROUND 

ME -1 CAL DRAFT. 

DATA SOURCZ : EBASCO SERVICES, l!AY 1978. 




