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C EXECUTIVE SUMMARY 

INTRODUCTION 

The energy c r i s i s  and the loss  of i ndus t r i e s  in She City of  Phi lade lphia  have 
been the dr iving forces  behind th is  p r o j e c t  to bu i ld  a c e n t r a l  coal  
g a s i f i c a t i o n  f a c i l i t y  in the c i t y  for  producing medium-Btu gas for  i n d u s t r i a l  
usage. 

The energy c~is i~  has c rea ted  a s i t u a t i o n  in which low s u l f u r  fue l  o l l  has 
become scarce and expensive.  Domestic na tu ra l  gas has a lso  become scarce and 
has e i t h e r  not been a v a i l a b l e  to large i n d u s t r i a l  consumers of  energy or has 
been ava i l ab l e  on an inconvenient and i n t e r r u p t i b l e  b a s i s .  

The City of  Phi ladelphia  has been los ing jobs because indus t ry  is  moving away 
from ~he area for  a v a r i e t y  ~f reasons, including the d i f f i c u l t y  in obta in ing 
a c lean burning fue l .  The making of  a fue l ,  such as environmentally 
accep tab le  coal  gas,  a v a i l a b l e  to i ndus t r i e s  would be a f ac to r  helping to 
a l l o w  for  i n d u s t r i a l  expansion and en t i c ing  new i n d u s t r i e s  to the area .  

The Indus t r i a l  Fuel Use Act o f  $978 was enacted to ~ o h l b i t ,  with except ions ,  
the use o f  petroleum and na tu ra l  gas in news large i n d u s t r i a l  and u t i l i t y  
b o i l e r s  and provided for  pos s ib l e  e;ctenslon to other  i n d u s t r i a l  p rocesses .  
The U.S. Department o f  Energy daveloped a major na t iona l  po l i cy  of  conversion 
from fue l  o i l  aud na tu ra l  gas to the more abundm, t coal  resources .  

Although there are  numerous low- a~d medlum-Btu E a s i f i e a t l o n  p lan ts  opera t ing  
overseass there are ouly l~mlted commercial users  of  low-Btu coal  gas and no 
medium-Btu c ~ e r c i a l  p lan t s  in the United S ta tes  today. Modern technology 
has r e su l t ed  in the coal  g a s i f i c a t i o n  process  ava i l ab l e  today which can 
manufacture clean burning coa l -der ived  gas in an environmental ly acceptab le  
m a n n e r .  

On March 15 s 1979, the United Sta tes  Department of  Energy re leased  a Program 
Znteres t  Notice (PIN) on a low/medium-Btu coal  g a s i f i c a t i o n  assessment program 
for  p o t e n t i a l  users  in order to  reach a " r e a l i s t i c  assessment of  the 
f e a s i b i l i t y  (from the owner /user ' s  point  o f  view) o f  u t i l i z i n g  low- or 
medium-Btu gas from coal  in a v a r i e t y  of  i n d u s t r i a l  app l i ca t ions  and/or 
commercial g a s i f i c a t i o n  sys tems."  

Because Phi ladelphia  Gas Works is  v i t a l l y  £nteres ted  in explor ing the 
f e a s i b i l i t y  of  using environmentally accep tab le  coal  gas to help meet t h e i r  
cha r t e r  for  s a t i s f y i n g  the c i t y ' s  demands for  gas, they responded to the PIN 
and were awarded funds for  a Phase I f e a s i b i l i t y  s tudy in October 1979. 

The f e a s i b i l i t y  study addressed market -analys is  cuns idera t iona ,  pre l iminary 
economic/operat ional  a n a l y s i s ,  heating value cons ide ra t ions ,  conceptual  design 
of  the g a s i f i c a t i o n  p lan t ,  and recommended economic/operat ional  t r a d e - o f f s .  

The year-lonE study which culminated in a f i na l  r epo r t  which was re leased  iu 
February 1981 concluded that  the p o t e n t i a l  range of  gas cos t s  compared 
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f a v o r a b l y  wi th  No. 6 fue l  o i l  as  an energy source~ however,  the  c o s t  was v e r y  
dependent  on coa l  c o s t s .  

A d d i t i o n a l  funds were awarded to  PGW in October  1980 from the  U.S. DOE under 
P u b l i c  Law 96-126 f o r  a 12-month s tudy  to  d e f i n e  the  means by which they would 
proceed toward c o n s t r u c t i o n  and o p e r a t i o n ,  c o n s i d e r i n g  the  f o l l o w i n g  f a c t o r s :  

a .  Techn ica l  and economic f e a s i b i l i t y ,  
b.  F inanc ing  a l t e r n a t i v e s ,  
c .  Resource  assessment  and a v a i l a b i l i t y ,  and 
d. A b i l i t y  to c o n s t r u c t  and ope ra t e  a commercial p l a n t  in  an 

env i ronmen ta l ly  a c c e p t a b l e  manner on a s e l e c t e d  s i t e .  

As p a r t  o f  the  f e a s i b i l i t y  s t udy  and in  accordance  wi th  the  Na t iona l  
Environmental  P o l i c y  Act which s t i p u l a t e s  t ha t  an envi ronmenta l  assessment  
s h a l l  be prepared  f o r  F e d e r a l l y  funded p r o j e c t s ,  an environmenta l  assessment  
o f  the  p r o j e c t  was prepared  to  e v a l u a t e  the  p o s i t i v e  and n e g a t i v e  impacts ,  and 
when p o t e n t i a l l y  n e g a t i v e  impacts  could occu r ,  to  e x p l a i n  the m i t i g a t i v e  
measures which would be taken to avoid or minimize them. This document, which 
d e s c r i b e s  the r e s u l t s  o f  the  envi ronmenta l  a s ses smen t ,  c o n t a i n s  the  fo l lowing  
s e c t i o n s :  (1) P r o j e c t  D e s c r i p t i o n ;  (2) D e s c r i p t i o n  o f  the  Environment;  (3) 
Environmental  Impacts of  the Proposed P r o j e c t |  (4) A l t e r n a t i v e s  to the 
Proposed Act ion  and Thei r  Impacts ;  (5) Agencies  and Companies Contac ted;  and 
an Appendix which con ta in s  l e t t e r s  o f  endorsement from agenc ie s  and companies 
c o n t a c t e d .  

PROJECT PHILOSOPHY 

The under ly ing  ph i losophy  behind the  p r o j e c t  is to  des ign  a coa l  g a s i f i c a t i o n  
p l a n t  in  P h i l a d e l p h i a  us ing  s t a t e - o f - t h e - a r t  p o l l u t i o n  c o n t r o l  t echnology  and 
p roces s  equipment f o r  producing  a c lean  medium-Btu gas which can be bo th  
produced by the £ a c i l i c y  and burned by i n d u s t r i a l  u se r s  in  an env i ronmen ta l l y  
a c c e p t a b l e  manner by complying w i th  a l l  a p p l i c a b l e  P h i l a d e l p h i a ,  Pennsy lvan ia ,  
and Fede ra l  environmental  r e g u l a t i o n s .  The coa l  gas w i l l  r e p l a c e  198,388 gpd 
o f  No. 6 f u e l  o i l  which the i n d u s t r i e s  would o the rwi se  use as f u e l .  An 
a r c h i t e c t u r a l  r ender ing  o f  the  proposed f a c i l i t y  i s  shown in  the f r o n t i s p i e c e .  

ENVIRONMENTAL IMPACTS 

The o v e r a l l  environmental  impact o f  the  p r o j e c t  i s  a ~ o s i t i v e  one.  The 
f a c i l i t y  w i l l  have the c a p a c i t y  to  produce 20.58 x 10 Btu per  day of  c l ean  
burn ingmedium-Btu  gas (HHV = 290 Btu per  c u f t ) .  This w i l l  r e p l a c e  
198,388 gpd of  low s u l f u r  No. 6 f u e l  o i l  which the  i n d u s t r i e s  would o t h e r w i s e  
use as f u e l .  The p r o j e c t  w i l l  have a s t l m u l a t o r y  impact on the economy. 
P l a n t  c o n s t r u c t i o n  w i l l  boos t  t o t a l  c i t y  employment by a h igh of  715 jobs  in  
1984. P l an t  o p e r a t i o n  w i l l  i n c r e a s e  t o t a l  c i t y  employment to  105 j o b s .  The 
major  economic e f f e c t s  o f  the  p l a n t  w i l l  beg in  to  occur  in  1987, as  a r e s u l t  
o f  the r e t e n t i o n  o f  the 1,500 manufac tur ing  j o b s .  A f t e r  accoun t ing  fo r  r i p p l e  
e f f e c t s 1  c i t y  employment w i l l  be h igher  by 2,262 in  1987 and by 2,695 in  1990 
because  o f  the  coa l  g a s i f i c a t i o n  p l a n t .  By 1990, the  g ros s  c i t y  p roduc t  w i l l  
be i n c r e a s e d  by $110.85 m i l l i o n  annua l ly ,  pe r sona l  income w i l l  be i nc reased  by 
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C $47 m i l l i o n ,  and the c i t y  wage and ea rn ings  tax  w i l l  be i n c r e a s e d  by 
$2 .3  m i l l i o n .  During the c o n s t r u c t i o n  pe r iod ,  an e s t i m a t e d  500 c o n s t r u c t i o n  
j o b s  c r e a t e d  by the p r o j e c t  w i l l  have a p o s i t i v e  e f f e c t  on the P h i l a d e l p h i a  
economy fo r  s e v e r a l  c a l enda r  q u a r t e r s .  The o p e r a t i n g  f a c i l i t y  i s  p r o j e c t e d  to  
p rov ide  105 f u l l  time j o b s .  The i n c r e a s e d  demand on the  Pennsy lvan ia  coa l  
i n d u s t r y  to supply  329p376 Cpy of  coa l  w i l l  benefit t ha t  i n d u s t r y .  
P h i l a d e l p h i a  i n d u s t r i e s  which a re  p r e s e n t l y  o p e r a t i n g  on f u e l  o l l  o r  
i n t e r r u p t a b l e  n a t u r a l  gas would p o t e n t i a l l y  c l o s e  down o r  move away from the  
c i t y  i f  t h e i r  conven t iona l  sources  o f  energy were to  become u n a v a i l a b l e  or  too  
e x p e n s i v e .  This t rend could  s e v e r e l y  impact the c i t y ' s  economy a t  a time when 
t h e r e  i s  an a c t i v e  program to  a t t r a c t  new i n d u s t r y  to  P h i l a d e l p h i a .  The 
f a c i l i t y  w i l l  p rov ide  a r e l i a b l e  source  o f  fue l  to  t h e s e  i n d u s t r i e s .  

The coa l  g a s i f i c a t i o n  p l a n t  w i l l  occupy a 43-ac re  s i t e ,  known as the R i v e r s i d e  
S i t e ,  which i s  l oca t ed  a long the Delaware River  next  to  P o r t  Richmond between 
the  Be t sy  Ross and Benjamin F r a n k l i n  Br idges .  The c l e a r e d  s i t e  was p r e v i o u s l y  
used f o r  i n d u s t r i a l  purposes  and has a G-2 i n d u s t r i a l  zoning.  

Adverse impacts dur ing the c o n s t r u c t i o n  phase of  the  p r o j e c t  a re  =ct  expected  
to  be s i g n i f i c a n t l y  d i f f e r e n t  than those  occu r r i ng  dur ing  any major i n d u s t r i a l  
c o n s t r u c t i o n  p r o j e c t .  Adverse impacts w i l l  be avoided  or  min imizedwhenever  
p o s s i b l e  through the use o f  good eng inee r ing  p r a c t i c e s .  

During operation of the coal gasification facility, specific mitigative 
measures  have been des igned i n t o  the f a c i l i t y  to avoid  adver se  environmental  
impacts  wherever p o s s i b l e .  In a d d i t i o n  to  these  e x t e n s i v e  eng inee r ing  
s a f e g u a r d s ,  e l a b o r a t e  moni to r ing  and c o n t r o l  i n s t r u m e n t a t i o n  s h a l l  be used.  

The GKT e n t r a i n e d  bed, oxygen-blown g a s i f i c a t i o n  p roces s  provided  by 
Krupp/Koppers was s e l e c t e d  because  i t  i s  a counnercial ly proven system and 
because  o f  i t s  p o s i t i v e  envi ronmenta l  c h a r a c t e r i s t i c s  such as i t s  a b i l i t y  to  
E a s i l y  many coa l  types  and the f a c t  t ha t  i t  does no t  produce t a r s ,  phenols ,  o r  
ammonia. During g a s i f i c a t i o n  o f  the  c o a l ,  p o l l u t a n t s  such as heavy meta ls  in  
the  coa l  a re  concen t r a t ed  i n t o  the s l a g  and ash. None o f  these  p o l l u t a n t s  a r e  
found in  the product  gas .  

The f a c i l i t y  w i l l  prnduce 250 tpd o f  non-hazardous s l a g  and f l y  ash .  The 
p r o p o r t i o n  of  t h i s  which i s  f l y  ash w i l l  be reduced to  a minimum by r e t u r n i n g  
to  the  g a s l f i e r  a po r t i on  o f  the  unburned carbon in  the r ecovered  f l y  ash.  
The combined s l a g  and f l y  ash w i l l  occupy 347 cubic  ya rds  per  day o f  l a n d f i l l  
volume. A v a i l a b l e  hau le r s  and l a n d f i l l s  have been i d e n t i f i e d .  Other methods 
f o r  s o l i d  waste  d l s p o s a ~  i nc lud ing  r e t u r n i n g  the s o l i d  waste  to  the  mines 
from which the ~oal came, a re  being exp lo red .  

P roces s  water  requi rements  (1 ,396,000 gpd) w i l l  be supp l i ed  d i r e c t l y  from the  
Delaware R ive r .  This i s  a v e r y  small  percentage  o f  the  t o t a l  f low of  the 
r i v e r .  Cooling tower blowdo~nt, t r e a t e d  was tewate r ,  and t r e a t e d  coa l  p i l e  
r u n o f f  (360,000 gpd) w i l l  be r e tu rned  to  the r i v e r .  Twen ty - f ive  pe rcen t  o f  
the  wa te r  removed from the r i v e r  w i l l  be r e tu rned  to  the  r i v e r .  The t o t a l  
q u a n t i t y  o f  Delaware River  wa te r  consumed because o f  evapo ra t i on  and p rocess  
u t i l i z a t i o n  w i l l  be 1,057,300 gpd. C i ty  of  P h i l a d e l p h i a  wa te r  w i l l  be used a t  
the  r a t e  o f  11,000 gpd fo r  p o t a b l e ,  s a n i t a r y ,  and m i s c e l l a n e o u s  uses  and then 
r e t u r n e d  ~o the c i t y  s a n i t a r y  system.  

e . .  
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The K-T g a s l f l e r  has an u n i n t e r r u p t e d  h i s t o r y  o f  sa fe  o p e r a t i o n .  In an 
emergency such as loss  of  the coa l  feed  system or  a change in  oxygen p re s su re  
the gaslfiers can be shut down almost instantaneously. 

A s o p h i s t i c a t e d  h e a l t h  and s a f e t y  program s h a l l  be requ i red  by the  ope ra to r  o f  
the  f a c i l i t y .  This w i l l  inc lude  a p p r o p r i a t e  moni tor ing  in s t rumen t s  f o r  CO, 
H2 , H2S , p o l y n u c l e a r  aromatic  hydrocarbons ,  organic  compounds, and coa l  dus t .  

Air  emiss ions  from ope ra t i on  o f  the  coa l  g a s i f i c a t i o n  p l a n t  a re  not  cons idered  
s i g n i f i c a n t .  During s t a r t -upp  product  gas w i l l  be f l a r e d .  Overa l l  a i r  
impaces o f  the  f a c i l i t y  have been examined by comparing a i r  emiss ions  which 
would r e s u l t  i f  the  four  i n d u s t r i e s  were to  burn medlum-Btu gas and No. 6 f u e l  
o l l  (0 .5  pe r cen t  S) .  Su l fu r  d iox ide  emiss ions  r e s u l t i n g  from burn ing  low 
s u l f u r  o l l  and medium-Ben gas w i l l  be approximate ly  the same; and,  l e s s  than 
70 pe rcen t  o f  the  maximum permi t t ed  by c i t y  a i r  q u a l i t y  s t anda rds  f o r  burning 
the  q u a n t i t y  o f  f u e l  which w i l l  be produced.  None of  the proposed i n d u s t r i a l  
u se r s  o f  the mediom-Btu gas i s  in  a n o n - a t t a l n m e n t  area  f o r  SO 2. 

Conversion to  medlum-Btu gas w i l l  r e s u l t  in  a decrease  in  both  n i t r o g e n  
d iox ide  and p a r t i c u l a t e  emiss ions .  Ni t rogen  d iox ide  emiss ions  w i l l  decrease  
from 10,667 lbs  per  day to 4,600 lbs per  day,  and p a r t i c u l a t e s  w i l l  decrease  
from 3,067 lbs  per  day e~ 360 lbs per  day .  

Conversion to  burn ing  of  the medium-Btu gas from fue l  o i l  by the  fou r  
i n d u s t r i a l  u se r s  should cause a dec rease  o f  283 tons per  y e a r  o f  t o t a l  
suspended p a r t i c u l a t e  emissions an~ a decrease  o f  1,001 tons per  y e a r  o f  
n i t r o g e n  oxide emiss ions .  

Ai r  emiss ions  from the cool ing  tower w i l l  c o n s i s t  o f  waeer vapor .  The coo l ing  
towers w i l l  make a minimal c o n t r i b u t i o n  co the water  vapor a l r e a d y  in the 
atmosphere and w i l l  cause no a d d i t i o n a l  fogging or  i c i n g  c o n d i t i o n s  in  the 
v i c i n i t y  o f  the  p lane .  Air  emiss ions  from the p l a n t  f l a r e  and from ven t s  
loca ted  on v a r i o u s  process  u n i t s  w i l l  c o n s i s t  p r i m a r i l y  o f  w a t e r ,  a i r ,  and 
p o s s i b l e  t r a c e  amounts of  o the r  gases  which should n e i t h e r  be ab le  to be 
smelled beyond the  i - . - ed la te  a rea  o f  the  ven ts  nor  c r e a t e  a h e a l t h  or  s a f e t y  
hazard  to workers or  the community. 

Dust c o n t r o l  systems have been des igned i n t o  the f a c i l i t y  to  minimize f u g i t i v e  
dus t  emiss ions  so t h a t  they comply wi th  the  C i ~  of  P h i l a d e l p h i a  a i r  
r e g u l a t i o n s  f o r  f u g i t i v e  and nuisance  d u s t i n g .  Water and polymer sprays  s h a l l  
be u t i l i z e d  to  c o n t r o l  dus t  a t  the coa l  p i l e s .  A wind, t l m e - a c t l v a t e d  spray 
system s h a l l  be used on the rese rve  coa l  p i l e .  At o ther  p o i n t s  where coa l  
dus t  could be gene ra t ed ,  such as a t  the  delumpers,  s i l o s ,  and pneumatic 
conveyors ,  h i g h l y  e f f i c i e n t  f a b r i c  f i l t e r s  s h a l l  be used to  p reven t  coal  dus t  
p a r t i c l e s  l a r g e r  than 0.04 microns from e n t e r i n g  the at~aosphere. A l l  coa l  
conveyors s h a l l  he shrouded. Slag and ash s h a l l  be s to red  in  covered hoppers 
and a spray sys tem s h a l l  be used to minimize d u s t l r ~  when the m a t e r i a l  i s  
t r a n s f e r r e d  co covered t r ucks .  

Other than medium-Ben gas the only r e c y c l e a b l e  by-products  which w i l l  be 
recovered from the  f a c i l i t y  w i l l  be s a l e a b l e  e lementa l  s u l f u r ,  and s l ag  and 
f l y  ash which may be s a l e a b l e .  Buyers f o r  the s u l f u r  have been i d e n t i f i e d .  
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The S t r e t f o r d  p l a n t ,  used to  recover  s u l f u r  from the  raw product  gas~ w i l l  use 
a N i t t e t u  r e d u c t i v e  i n c i n e r a t i o n  process to  decompose the puree s t ream whlch 
would o therwise  c o n s t i t u t e  a wastewater  d i s p o s a l  problem. 

Noise ~rom o p e r a t i ~  the  g a s i f i c a t i o n  f a c i l i t y  w i l l  be minimized by us ing  
acousr  ~cal i n s u l a t i o n  and no i se  i s  not expected to  be d i s c e r n i b l e  among the  
backg¶ ound o£ i n d u s t r i a l  and highway noises  a l r e a d y  heard  a t  the r e s i d e n t i a l  
a reas  near  the s i t e .  

R a i l  t r a f f i c  through Por t  Richmond w i l l  i nc rease  by one 70-car  t r a l u  per  week 
which w i l l  uulo::J du r ing  a two or  three  day p e r i o d .  T h i r t e e n  23- ton t r u c k  
loads of  s l a g / a s h w i l l  l eave  the  f a c i l i t y  f i ve  days per  week. The t r a i n  
t r a f f i c  r e s u l t i n g  from supply ing  coal  to  the g a s i f i c a t i o n  f a c i l i t y  i s  l e s s  
than  th ree  percen t  o f  the t r a f f i c  ~ i c h  w i l l  he gene ra t ed  from the scheduled  
expansion o f  ad j acen t  Por t  Richmond so tha t  i t  can serve  as a major coa l  
e x p o r t l n g y a r d .  

Quick access  to I n t e r s t a t e  Route 95 from the s i t e  should not  cause a 
d i s c e r n i b l e  inc rease  in  e i t h e r  t r a f f i c  or noise  in  the  a r ea .  Increased  
t r a f f i c  because o£ employees i s  a l s o  not  expected to cause a s u b s t a n t i a l  
d i f f e r e n c e  in t r a f f i c  f low near  the s i t e .  On-s~te p a r k ~  w i l l  be p rov ided .  

ALTEI~ATIVES 

Severa l  a l t e r n a t i v e s  were cons idered  in  the  s tudy .  The Rivers ide  s i t e  was 
s e l e c t e d  from more than 16 s i t e s  examined because i t  was the  only a v a i l a b l e  
env i ronmenta l ly  accep tab le  s i t e  o f  s u f f i c i e n t  s i z e  f o r  the  f a c i l i t y  near  
p o t e n t i a l  users  of  the  gas w i t h i n  the Ci ty  o f  P h i l a d e l p h i a .  

Hedium-Btu gas was s e l e c t e d  as the coa l  der ived  f u e l  o f  choice because i t  can 
be t r a n s p o r t e d  a sho r t  d i s t a n c e  to  des igna ted  i n d u s t r i a l  u se r s  from a c e n t r a l  
p l a n t  in  P h i l a d e l p h i a  a t  a p r i c e  which is  p r o j e c t e d  to  be lower than the  p r i c e  
o f  No. 6 f u e l  o l l  in  1985, minimal r e t r o f i t  expense i s  r equ i red  by i n d u s t r i a l  
u se r s  of  the gas,  and environmenta l  c o n s i d e r a t i o n s  a re  r e s t r i c t e d  to a s i n g l e  
£ a c i l l t y .  

The KT g a s l f i e r  was s e l e c t e d  from th ree  a l t e r n a t i v e  g a s i f i e r s  because i t  i s  
c o m e r c i a l l y  proven and because o f  i t s  unique a b i l i t y  to  g a s i f y  many c o a l s  and 
because of  the f a c t  t h a t  i t  does not  produce t a r s ,  phenols ,  or ammonia and i s ,  
t h e r e f o r e ,  an env i ronmenta l ly  c l eane r  p l a n t .  

A St reCford  d e s u l f u r i z a t l o n  u n i t  was selecUed from a l t e r n a t i v e  sys t eus  because 
o f  i t s  low c a p i t a l  cos t  for  small  capac i ty  p l a n t s .  The molten s u l f u r  
c o n f i g u r a t i o n  was s e l e c t e d  because i t  produces a s a l e a b l e  product  and r e s u l t s  
in  no s o l i d  or l i q u i d  waste .  

The a l t e r n a t i v e  of  t ak ing  no a c t i o n  was r e j e c t e d  a t  the  s t a r t  o f  the 
f e a s i b i l i t y  s tudy whose purpose was to explore the  use o~ coal  gas as a 
s u b s t i t u t e  for  f u e l  o i l  and n a t u r a l  gas.  
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ACBHCIES AND COMPANIES CONTACTED 

• The £ollowlng agencies or companies have been contacted concerning the project  
and in some cases have already provided l e t t e r s  supporting the pro3eet.  

Delaware River Basin Commission, 
Pennsylvania Department e£ Environmental Resources s 
Philadelphia Department o£ Licenses and Inspection, 
Philadelphia Air Manasemeut Services,  
Philadelphia Water Department, 
Philadelphia Port Corporation, 
Philadelphia Indus t r ia l  Development Corporation, 
Philadelphia Planning Co~iss ion ,  
United States Environmental Protect ion Agency, 
U.S. Army Corps o£ Engineers, 
U.S. Energy Management Agency, 
Conrail,  
Danella Bros., Inc.  
Lanchester Corporation, 
Arcs Chemical Co., and 
Essex Chemical Corporation. 
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(,  1,0 PROJECT DESCRIPTION 

1.1 INTRODUCTION 

The energy  c r i s i s  and the l o s s  og i n d u s t r i e s  in  the  C i t y  o f  

P h i l a d e l p h i a  have been the d r i v i n g  f o r c e s  behind t h i s  p r o j e c t  t o  

b u i l d  a c e n t r a l  coa l  g a s i f i c a t i o n  f a c i l i t y  in  the  c i t y  f o r  producing 

medium-Btu gas fo r  i n d u s t r i a l  u sage .  

The energy  c r i s i s  has c r e a t e d  a s i t u a t i o n  in  which low s u l f u r  f u e l  

o l l  has become sca rce  and e x p e n s i v e .  Domestic n a t u r a l  ga s . ha s  a l s o  

become s c a r c e  and has e i t h e r  not  been a v a i l a b l e  to  l a r g e  i n d u s t r i a l  

consumers o f  energy or  has been i n c o n v e n i e n t l y  a v a i l a b l e  on an 

i n t e r r u p t i b l e  b a s i s .  

The C i ty  o f  P h i l a d e l p h i a  has been l o s i n g  jobs  because  i n d u s t r y  i s  

moving away from the a rea  fo r  a v a r i e t y  of  r e a sons ,  i n c l u d l n g  the  

i n a b i l i t y  to  o b t a i n  a c l ean  burn ing  f u e l .  The emking o f  a f u e l ,  

such as  env i ronmenta l ly  a c c e p t a b l e  coa l  gas ,  a v a i l a b l e  t o  i n d u s t r i e s  

~ould be a f a c t o r  in  he lp ing  to  a l l ow  fo r  i n d u s t r i a l  expans ion  and 

e n t i c i n g  new i n d u s t r i e s  to the  a r e a .  

The I n d u s t r i a !  Fuel  Use Act o f  1978 was enac ted  to  p r o h i b i t ,  w i th  

e x c e p t i o n ,  the  use  of  pe t ro leum and n a t u r a l  gas ~n new l a r g e  

i n d u s t r i a l  and u t i l i t y  b o i l e r s  and provided  fo r  p o s s i b l e  e x t e n s i o n  

to o t h e r  i n d u s t r i a l  p r o c e s s e s .  The U.S. Department o f  Energy 

developed a major n a t i o n a l  p o l i c y  o f  convers ion  from f u e l  o i l  and 

n a t u r a l  gas to  the  more abundant c o a l  r e s o u r c e s .  

Although t h e r e  a re  numerous low and medlum-Btu g a s i f i c a t i o n  p l a n t s  

o p e r a t i n g  o v e r s e a s ,  t he re  a re  on ly  l i m i t e d  commercial u s e r s  o f  

low-Btu coa l  gas and no medium-Btu c o l e r c l a l  p l a n t s  in  the  Uni ted  

S t a t e s  today .  Cas de r ived  from c o a l  l i t  the s t r e e t s  o f  P h i l a d e l p h i a  

b e f o r e  n a t u r a l  gas became a v a i l a b l e ;  however,  the  p roces s  used to  

produce the  gas then would no t  be a c c e p t a b l e  wi th  t o d a y t s  s t r i c t  
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environmenta l  s t a n d a r d s .  Modern t e c h n o l o g y  has r e s u l t e d  in  the  coa l  

g a s l f l c a t l o n  p rocess  a v a i l a b l e  today  which can manufacture  c l e a n  

burning c o a l - d e r l v e d  gas in  an e n v i r o n m e n t a l l y  a c c e p t a b l e  manner. 

Other ,  l a r g e r  coa l  gaa£flcaC~on p l a n t s  ue lng  t e c h n o l o ~  s i m i l a r  to  

tha t  p roposed  fo r  the  P h i l a d e l p h i a  p r o j e c t  a re  being planned by the  

Tennessee V a l l e y  A u t h o r i t y  in  Murphy H i l l ,  Alabama, and by the  C i t y  

o£ Memphis, Tennessee .  

0nMarch 15, 1979, the  Uni=ed S t a t e s  Department o£ Energy r e l e a s e d  a 

Program I n t e r e s t  No t l ce  (PIN) on a lov/medlum-Btu coa l  g a s i f i c a t i o n  

assessment  program f o r  p o t e n t i a l  u s e r s  in  o rde r  to reach  a 

I t r e a l i s t £ c  a s sessmen t  o£ the £ e a e l b i l £ t y  (from the o w n e r / u s e r ' s  

poin t  o f  v£ew) o f  u t i l i z i n g  low o r  med lumBtu  gas from c o a l  in  a 

v a r i e t y  o f  i n d u s t r i a l  a p p l i c a t i o n s  and /o r  commercial g a s l f £ c a t i o n  

sys tems,  wt 

Because the  P h i l a d e l p h i a  Cas Works i s  v i t a l l y  i n t e r e s t e d  in  

exp lo r ing  the  f e a s i b i l i t y  o f  us ing  env i ronmen ta l l y  a c c e p t a b l e  coa l  

gas to  h e l p  meet ~he i r  c h a r t e r  f o r  s a t i s £ y i u g  the c i t y ' s  demands f o r  

gas they  responded to  the PIN and were awarded £uuds £or the  Phase I 

f e a s i b i l i t y  s tudy  in  October  o f  1978. 

The f e a s i b i l i t y  s t udy  addressed  m a r k e t - a n a l y s i s  cons ide raClons ,  

prelJJninary economlc /ope ra t i ona l  a n a l y s i s ,  hea t lug  va lue  

cons lde ra t i ons~  concep tua l  des ign  o f  the  g a s i f i c a t i o n  p l a n t ,  and 

recommended economic /ope ra t i ona l  t r a d e - e l l s .  

The yea r  long s tudy  t ha t  cu lmina ted  in  a f i n a l  r e p o r t ,  which was 

r e l e a s e d  i n  Feb rua ry  1981p concluded t h a t  the  p o t e n t i a l  range o f  gas 

cos t s  compared f a v o r a b l y  wi th  N:~. ~ f u e l  e l l  as an energy sou rce ;  

however,  the  c o s t  was very  dependent  on c o a l  c o s t s .  

Add i t i ona l  funds were awarded to  PGW in  October  1980 under  P u b l i c  

Law 96-126 from the  U.S. DOE fo r  a 12-month s tudy  to  d e f i n e  the  
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means by which they would proceed toward cons t ruc t i on  and opera t ion ,  

considering:  

a l  

b° 

C °  

d. 

Technical and economic f e a s i b i l i t y ,  

Financing a l t e r n a t i v e s ,  

Resource assessment and a v a i l a b i l i t y ,  and 

Abi l i ty  to cons t ruc t  and operate a co~nerc ia l  plant  in an 

environmental ly acceptable  manner on a s e l ec t ed  s i t e .  

As part  of the f e a s i b i l i t y  study and in  accordance with the National 

Environmental Pol icy  Act an Environmental Assessment contained in 

the following document was prepared to demonstrate how the f a c i l i t y  

w i l l  be const ructed and operated in an environmental ly  acceptable  
~ n n e r .  

1.2 BASIS FOR DESIGN 

The underlying philosophy behind the p r o j e c t  i s  to design a coal 

g a s i f i c a t i o n  plant  in  Phi ladelphia  using s t a t e - o f - t h e - a r t  po l lu t ion  

cont ro l  technology and process equipment fo r  producing a medium-Btu 

gas which can be both produced by the f a c i l i t y  and burned by 

i n d u s t r i a l  users in an envircnmP_ntally acceptable  manner. The coal 

gas will replace 198,388 gpd of No. 6 fuel oil which the industries 

would otherwise use as fuel. Specific features of the project are 

listed as follows: 

Type of Plant :  Coal g a s i f i c a t i o n  plant  producing medlum-Btu gas for  

i n d u s t r i a l  users .  

P!ant  Si te:  City of  Phi ladelphia  on the Delaware River a t  the 

Riverside s i t e  loca ted  between the Benjamin Frankl in  and Betsy Ross 

Bridges.  

C 
. 

Plant Size: Two gasifiers with a capacity of producing 20.58 x 109 

Btu/day of medlum-Btu gas for distribution to industry. 
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Coal Feed: 1,128 tpd (329,376 tpy) of P i t t sburgh  No. 8 and/or o ther  

e a s t e rn  bituminous coa l s .  Character£s t ics  of  the coel  are shown in 
Table 1-1. 

Coal Storage: Live s to rage ;  10,000 tons. Dead s torage ;  
56,000 tons.  

Gas i f i ca t i on  Process:  
i i 

Krupp/Koppers. 
G~T g a s i f i c a t i o n  process provided by 

Su l fu r  Removal and Recoverer: S t re t fo rd  p lan t  designed to remove 

e s s e n t i a l l y  a l l  H2S from product gas. COS is  not  removed from gas,  

r e su l t£ng  in 0 . I  mole percent  su l fu r  in product gas. 27.2 tons per 

day of  pure elemental molten su l fu r  ~rill be produced for  sa le  to the 
chemlcal market. 

Hake-up Water Suppl~: Potable  water (11,000 gpd) i s  to be supplied 

from the City of Ph i l ade lph ia  Water Departlnent. Plant  water 

requirements (1,396,000 gpd) are  supplied d l recCly  from the Delaware 
River.  

Wastewater Disposal: San i ta ry  wastewater (11,000 gpd) discharged to 

the City of Phi ladelphia  San i t a ry  System; cool lng water blowdown, 

t r e a t e d  wastewater, and t r e a t e d  coal p i le  runof f  (360,000 gpd) 

discharged into the Delaware River.  Twenty-f~ve percent  of the 

water removed from the r i v e r  w i l l  be returned to  the r i v e r  at  the 
f a c i l i t y .  

Sqlid Waste Dispos, l :  Non-hazardous f ly  ash from gas scrubbing 

(202 tpd) and slag from g a s i f l e r  bottoms (48 tpd) picked up at  the 

p lan t  gate by a cont rac ted  hau le r  and t ranspor ted  to a l icensed 

l a n d f i l l .  The volume of  so l i d  ~wste produced ~ 1 1  be 347 cubic 
yauds per day. 
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C Health and S a f e ~ :  A heal th  s a f e t y  program for  worker p ro t ec t i on  

includes monitors and alarms fo r  H2S , CO, H 2, dust ,  po lynuc lear  

aromafilc hydrocarbons, and orEanic compounds. Almost instantaneous 

shutdown of the @asifier is possible in the evens of an emergency 

such as loss of the coal feed system or a ch~nEe in oxygen pressure. 

Dus_.~CControl: Dust control  and f i l t e r s ,  sprays,  and enclosed 

s t r u c t u r e s  used to control  dust during s torage and handl ing of  coal ,  

ash, and s l ag .  

Noise: Enclosed bui ldings ,  a c c o u s t l c a l  shrouding, and i n s u l a t i o n  

s p e c i f i e d  a t  major sources of noise  such as at  the coal  u~loadin E 

area and coal  c rushers .  

1.3 OVERALL PROCESS DESCEIPTION 

C 

The pre l iminary  design completed during Phase I I  of the PGW Coal 

G a s i f i c a t i o n  Pro jec t  is  based on the g a s i f i c a t i o n  process o f f e r ed  by 

GKT. The GKT Gas i f ica t ion  Unit cons i s t s  of two p a r a ! l e l  

g a s i f i c a t i o n  and clean-up t r a i n s .  No spare t ra ins  are  provided in  

the present  design.  An overa l l  process block diagram of  the PCW 

g a s i f i c a t i o n  plant  is  shown in Figure  1-1. The g a s i f i c a t i o n  p lant  
basically consists of the followlnE units: 

Unit No. 

10 

15 

20 

30 

40 

42 

44 

5O 

Coal Receiving and Handling 

Coal Dust Supression 

Coal Prepara t ion  and Conveying 

GKT Gasification 

Sulfur Removal and Recovery 

Stretford Desulfurization 

Nittetu Inc~neratlon 

Air Separation 
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Unlt  No. 

60 

70 

80 

90 

62 

64 

72 

74 

81 

82. 

83 

84 

85 

86 

87 

91 

92 

94 

Product  Gas Handl ing 

Gas Compression 

Gas Dehydra t ion  

Water Treatment  

GKT~ash Water 

Waste Rater 

U t i l i t i e s  

Coolin E Water 

Steam~ BFWp and Condensate Return  

F i r e w a t e r  

P lan t  & Po tab le  Water 

P l an t  and Ins t rument  Air  

Sewer and S a n i t a r y  Drain 

B o i l e r  

0f£s iCes  

Main Process Flare & Relief 

Fly Ash Removal and StoraEe 

Sla 8 Removal and Storage 

For the GKT g a s i f i c a t i o n  p l an t  2 .0  i n .  by 0 i n .  s i zed  c o a l  i s  

d e l i v e r e d  by u n i t  t r a i n  v ia  i n - p l a n t  t r acks  to  the Coal Rece iv ing  

and Handl ing Uni t .  In  t h i s  u n l t  the  coal  i s  unloaded from the  u n i t  

t r a i n  t o  the  s t o r a s e  a r e a ,  where a s tock  p i l e  i s  formed by a 

lowerinE w e l l .  From the s t o r age  a r e a ,  b e l t  conveyors d e l i v e r  the 

coal  to  bunkers fo r  coal  p r e p a r a t i o n  a t  the r a t e  of  approx imate ly  

1200 tons per day (as r e c e i v e d ,  wi thou t  l o s s ) .  

In  the  Coal P r e p a r a t i o n  and Conveying Unit  the coal  i s  fed  from the 

bunkers to p u l v e r i z e r s  where the  coa l  i s  dr ied  end p u l v e r i z e d  to  the 

fo l lowln8  GKT s a s l f i e r  feed r equ i r emen t s :  

o S ize  - 90 percent  through 170 mesh and 70 percent  through 
200 mesh 

o Mois ture  Content - one p e r c e n t  

1 - 6  
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C 

An a i r  h e a t e r  which uses  medlum-Btu p roduc t  &as i s  used to  hea t  a i r  

fo r  the  purpose  o f  reduclnE the coa l  i n l e t  moi s tu re  to  one pe r cen t  

in  the  p u l v e r i z e r .  The hea ted  a i r  pneuma t i ca l l y  c a r r i e s  the  coa l  

from the  p u l v e r i z e r  to  a p a r t i c u l a t e  removal system.  Coal d u s t  

( p u l v e r i z e d  c o a l )  from the removal system i s  c o l l e c t e d  and 

pneuma t i ca l l y  conveyed v ia  by -p roduc t  n i t r o g e n  from an a i r  

s e p a r a t i o n  p l a n t  to  s e r v i c e  b ins  w i t h i n  the  GKT C a s i f i c a t l o n  Uni t  

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

In  the  e n t r a i n e d  bed g a s l f i e r s ,  the  coa l  dus t  i s  ox id i zed  by oxygen 

in  the  p resence  o f  steam. C~alj  oxygen, and steam are  brought  

t o g e t h e r  and d i s t r i b u t e d  to fou r  E a s l f l e r  burner  heads which are  90o 

a p a r t .  Reac t ion  tempera ture  a t  the  burner  head d i scha rge  i s  

3300-3500oF and the  o p e r a t i n g  p r e s s u r e  i s  s l i g h t l y  above 

a tmospher ic .  The coa l  i s  g a s i f i e d  almost  comple te ly  and 

imnedfa t e ly .  Under the  p rocess  c o n d i t i o n s  p r e v a i l i n g  in  the 

g a s i f e r ,  carbon and hydrocarbons  con ta ined  in  the  coa l  a re  conver t ed  

to carbon monoxide, hydrogen,  and carbon d i o x i d e .  

The g a s i f i e r  i s  a r e f r a c t o r y  l i ned  s t e e l  s h e l l  equipped wi th  a wa te r  

jacket for producin E low-pressure process steam at 28 psig. The low 

pressure steam from the jacket is more than enough to meet the 
gaslflerls needs. 

Oxygen fo r  the  g a s i f i c a t i o n  r e a c t i o n  i s  p rov ided  by an a i r  

s e p a r a t i o n  p l a n t .  The a i r  s e p a r a t i o n  p l a n t  w i l l  be a tu rnkey  

f a c i l i t y ,  and eng inee r ing  and des ign  s e r v i c e s  w i l l  be fu rn i shed  by a 

c o n t r a c t o r  expe r i enced  in t h i s  f i e l d .  The oxygen p u r i t y  f o r  the  

plant is 98 vol percent with 2 percent inerts (mostly argon). 

By-product nitrogen (98 vol percent purity) from the plant is used 

fo r  coa l  dus t  conveying and g a s i f i c a t i o n  sys tem purging and 
b l a n k e t i n g .  

In  the g a s i f i e r ,  approximate ly  30 pe rcen t  o f  the coa l  ash p a r t i c l e s  

c o a l e s c e  and drop out  as s l ag  i n t o  a s l a g  quench and removal sys tem.  

1-7 



The s l a g  i s  removed by b e l t  conveyor to  temporary s l a g  s t o r age  

facilities (Unit 94) prior to tall loadln E for disposal. 

The remaining ?0 pe rcen t  o f  the f i n e  ash p a r t i c u l a t e s  a re  c a r r i e d  

overhead out  o f  the g a s i f l e r  as f l y  ash e n t r a i n e d  with unburned 

carbon and are  removed downstream by the  gas c lean-up t r a i n .  

The mediu~-Btu product  e x i t s  the  g a s i f l e r  a t  approximate ly  2700oF. 

The gas passes  through a waste hea t  b o i l e r  which produces 925 ps ig  

s a t u r a t e d  steam. At the  e x i t  o f  the waste hea t  b o i l e r  the  gas 

temperature  i s  reduced to  600OF. The gas then passes  through a 

clean-up tralnwhere the temperature of the gas is subsequently 

reduced to 95oF and the majority of the entrained fly ash and carbon 
p a r t i c u l a t e s  a re  removed. 

In the c lean-up  t r a i n  the f l y  ash i s  removed v i a  a c i r c u l a t i n g  wash 

water  system which scrubs  the gas .  The wash wate r  s t ream ladden 

with f l y  ash and unburned carbon i s  sen t  to  the GKT Wash Water 

Treatment (Unit  72). In  the wash water  t r ea tmen t  the e n t e r i n g  wash 

water s t ream i s  sen t  to  two r e c t a n g u l a r  s e t t l i n g  ponds. The f l y  ash 

s ludge from the  s e t t l i n g  ponds i s  sent  to  a con"non t h i c k e n e r .  The 

underf low of  the  t h i c k e n e r  i s  pumped to  r o t a r y  vacuum f i l t e r  where 

the mois ture  i s  reduced to 50 percen t ,  The f l y  ash f i l t e r  cake i s  

then sen t  v i a  b e l t  conveyor to temporary s to rage  f a c i l i t i e s  

(Unit 92) p r i o r  to d i s p o s a l  by r a i l  or t r u c k .  The amount o f  f l y  ash 

to  d i sposa l  f o r  a t y p i c a l  P i t t s b u r g h  No. 8 coa l  a t  the p l a n t  des ign  

product ion  r a t e  i s  345 tpd.  

To reduce the s ludge d i s p o s a l  problems, and a l so  to  r e u t i l i z e  some 

o f  the carbon in  the f l y  ash cake,  r e c y c l i n g  o f  up to  50 percent  o f  

the  s ludge cake to the  g a s i f i e r s  i s  i nco rpora t ed  in  the p resen t  

des ign .  Recycle o f  50 percent  o f  the f l y  ash cake w i l l  i nc rease  the  

g a s i f l e r  carbon convers ion  from 88.0 to 93.6 pe rcen t  whi le  reducing  

the raw coal  feed  by 6 pe rcen t .  The r e c y c l e  o f  s ludge  to the 

g a s i f £ e r  i s  l i m i t e d  to 50 pe r cen t ,  s ince  the p u l v e r i z e r  and a i r  

1.-8 
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h e a t e r  des ign  i s  c u r r e n t l y  l ~ n i t e d  to a maxlmumof 12 percen t  

m o i s t u r e .  Recyc le  o f  50 pe rcen t  o f  the  s ludge  cake to  the g a s i f i e r  

w i l l  no t  s i g n i f i c a n t l y  a f f e c t  the  g a s l f i e r  gas  p roduc t ion  or  

composi t ions  s i n c e  the  hydrogen,  oxygen, n i t r o g e n ,  and s u l f u r  to  

carbon r a t i o s  in  the  mixed feed  are  e s s e n t i a l l y  the  same as the  raw 
coal  f eed .  

Summarized in  Table  1-1 i s  the  m a t e r i a l  ba lance  f o r  the  r e c y c l e  o f  

s ludge cake c a s e s .  The m a t e r i a l  ba lance  r e p r e s e n t s  a ~ o d u c t  gas 

p roduc t ion  r a t e  o f  20.58 b i l l i o n  Btu /day  a t  the  p l a n t  b a t t e r y  l lm ic s  

(high heae in  E v a l u e ,  no s e n s i b l e  hea t  c r e d i t  b a s i s ) .  

Downstream of  the  gas c l ean -up  t r a i n  the  two g a s i f l c a C i o n  t r a i n s  

j o i n  t o g e t h e r  to  form a s i n g l e  t r a i n .  The gas  then passes  through a 

gas h o l d e r  and an e l e c t r o s t a t i c  p r e c i p l t a t o r  f o r  f i n a l  p a r t l c u l a c e  

removal be fo re  e x i t i n g  the GKT b a t t e r y  l i m i t s .  The composi t ion  and 

c o n d i t i o n s  of  the product  gas ex l c lng  the GKT b a t t e r y  l i m i t s  a re  
shown below: 

Component MoleZ 

H2 27 • 29 

N2 0 . 9 2  

Ar 0.57 

C02 6.36 

C0 58.61 

CH4 0.01 

H2S 0.85 
COS 0.09 

HCN 75 PPMV 

H20 5.3.___~0 

TOTAL 100. O0 
Temperature ~ OF 95 

Pressure, in. W.C. 22 
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From the GKT Gas lg i ca t lon  Unit the gas i s  compressed to 

approximaeely 6 ps ig  p r io r  to enter ing the Desulgur iza t ion  Unit .  
The d e s u l f u r i z a t l o n  un i t  i s  a S t r a t f o r d  process  which removes H2S 
present  in the raw gas by convert ing i t  to  recoverab le  elemental 

su l fu r .  The S t r e t f o r d  process is  a low temperature 

abso rp t i on -d i r ec t  oxidati,~n d e s u l f u r i z a t i o n  process .  The raw gas 

from the GKT g a s i f i e r  contains about 0.90 and 0.09 percent of  R28 

and COS, r e spec t ive ly~  on a dry gas volwne bas£s .  To comply with 

the EPAenvlronmental regula t ions  s e t  by the Ci ty  of  Phi ladelphla  

(500 PPNV or 0.86 lb S02/106 Btu inpu t ) ,  the  raw gas must be cleaned 

before being u t i l i z e d  in the b o i l e r s .  The S t re t£ord  desu l£u r i za t ion  

process removes almost a l l  H2S from the gas .  COS in the gas i s  not  

removed; however~ i t s  content i s  low and burning the gas wi l l  
produce only 350 PPHV S02. 

The S t re t fo rd  process  b a s i c a l l y  cons i s t s  o f  an absorber ,  o x i d i z e r s ,  

a su l fur  removal system, an inc ine ra t ion  un i t  for  handling S t r a t f o r d  

purge so lu t ion j  and a s soc ia t ed  pumps, a i r  blowersj  and so lu t ion  

makeup equipment. Removal of  H2S occurs in the S t r e t fo rd  absorber  

mixer and r eac t ion  v e s s e l  where the product  gas stream contacts  the 

lean S t re t fo rd  s o l u t i o n .  The clean gas e x i t i n g  the ~eaction ~ s s e l  

i s  de l ivered to the Gas Compresslon and Dehydration Units a t  105oF 
and 2 pe l f .  

The su l fu r  removal system employed for  the S t re t£ord  process 

produces a s a l eab le  molten su l fu r  product .  The molten su l fu r  i s  

s tored  in a s to rage  p i t  p r io r  to r a i l  loading.  The molten s u l f u r  

produced at  design g a s i f i c a t i o n  plant  c apac i t y  for  a typ ica l  

P i t t sburgh No. 8 coal  i s  27.3 TPD. 

( . 

In the S t r e t fo rd  p rocess ,  s a l t s  (Na2S04, Na2S203, & NaSCN) are  

produced during the absorpt ion and ox ida t ion  s t e p s .  The s a l t s  

accumulate in the S t r e t f o r d  so lu t ion  and the f r e e  a l k a l i  por t ion  of  

the working so lu t i on  i s  suppressed. To remedy t h i s ,  a purge stream 

£rom the St re t£ord  so lu t i on  containing s a l t s  £o~ned during the 
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p r o c e s s  ~s sen t  to  a Nittetu I n c l n e r a t i o n  P l a n t  (Uni t  44) to 

decompose the sa l~s  v i a  r e d u c t l v e  i n c ~ n e r a t l o n .  In  the  N i t t e t u  u n l t  
t he  purge s o l u t l o n  i s  v a p o r i z e d  and the s a l t s  decomposed in  a 

£urnace .  Regormed mo l t en  s a l t s  a re  chert quenched and the  s o l u t i o n  

r e t u r n e d  to the S t r e t f o r d  p r o c e s s .  Decomposed gases  ( con ta in ing  

H2$) £oraed during the  quench ope ra t i on  a re  s e n t  to  the  i n l e t  o f  the  

S ~ r e t f o r d  absorber  where t hey  a re  mixed wi th  she raw product  gas 
from the  GKT p l an t .  

From the  D e s u l g u r i z a t i o n  Unlt  the  d e s u l f u r i z e d  p roduc t  gas i s  

compressed to  35 p s i g  i n  a s e t  o£ p a r a l l e l  compxessors .  The two 

compressors  are  c e n t r i £ u g a l  machines with a £ t e r c o o l e r s  and are  

d r iven  by condensing steam t u r b i n e s  us ing excess  low p r e s s u r e  steam 

£rom the  gas i£1er  j a c k e t .  A t h i r d  compressor d r i v e n  by e l e c t r i c  

motor w i l l  provide  a 50 p e r c e n t  s tandby c a p a b i l i t y  £or s t a r t u p  and 
emergency s i t u a t i o n s .  

From the  Gas Compression Uni t  (Uni t  62) the  p roduc t  gas z n t e r s  the 

Gas D e h y d r a t l o n U n i t .  In  the  gas dehydra t ion  u n i t ,  excess  water  

from the compressed gas (40 p s l g )  i s  removed to  meet  the  s e l e c t e d  

p roduc t  gas water  c o n t e n t .  Host  n a t u r a l  gas p i p e l i n e s  

s p e c i f i c a t i o n s  r e q u i r e  a wa te r  con ten t  not  to  exceed  7.0  lb H20)/M M 

SCF due to  long p i p e l i n e  d i s t a n c e s  and p r e s s u r e s  up eo 1000 ps l a .  

The PGWappl l ca t ion  r e q u i r e s  t r ansmis s ion  d i s t a n c e s  o f  on ly  

£ 1 v e ~ l e s  and a d i s c h a r g e  p r e s s u r e  of  35 p s l g .  There£ore ,  a low 

gas  water  content  s p e c l f i c a t i o n  i s  not  n e c e s s a r y  and economic 

c o n s i d e r a t i o n s  have led  to  the  s e l e c t i o n  o f  53.3  lb  H20/MMSC F (or  

20°F dew p o i n t ) .  The wet compressed gas a t  40 p s i g  and dew po in t  o f  

100°F has a water  con t en t  og 851.1 lb/MM SCF. The dehydra t i on  un i t  

w i l l  remove the excess  wa te r  (797.8  l b / ~  SCF) to  p reven t  gas 

£ reeze -ups  and gas t r a n s m i s s i o n  problems such as p ipe  l l n e  

c o r r o s i o n .  A s tandard  t r l e t h y l e n e  g lyco l  system i s  employed for  ~he 
Dehydra t ion  Unit (Uni t  64 ) .  
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From the gap dehydration un i t  the product gas is  metered p r io r  to 

exiting ~he plunt battery l£mlts and enterin E the product gas 

distrlbution system. The compositlon and condltions of the produc~ 

gas exlting the plant battery 1£mlts are shown below: 

/ 
Component MoleZ 

H2 28.45 

N2 2.45 

Ar 0,59 

C02 7.22 

C0 61.08 

O.Ol 
H2S 

COS 0.09 

HCN 26 PPMV 

H20 0.11 

100.00 
Temperature, o F 160 

Pressure, psig 35 

HHV~ Btu/SCF 289.5 

.,The design heat duty of the mediumBtu gas delivered from the 

@asi f i ea t lon  ba t t e ry  l imi ts  to  the users is  20.58 b i l l i o n  Btu/day 

(HHV b a s i s ) .  The cold gas e f f i c i e n c y  is  56.7Z based on the 
foilowing def ln£t ion:  

1.4 

Cold Gas (HHV of Product Gas a t  60OF at  GKT b a t t e r y  l lm~ts)  
Ef f lc£ency  ,Z = ' (HRv of A.R. Coai Feed~ 

COAL RECEIVING AIqD HANDLING 
x 100 

¢. 

Complete coal handling f a c i l i t i e s  are  provided for  r ece iv ing  and 

s to r ing  coal del ivered by r a i l  and t r a n s f e r r l n  E the coat to the 

p lan t .  Two t ra ins  are provided fo r  coal unloading, and one t r a i n  

for  s t aek lng ,  reclaiming and conveying equipment. A process flow 
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diagram for  the Coal Receiving and Handling Unit (Unit 10) i s  shown 

in  Figure 1-2. Although the rece iv ing  and handling £ a c i l i t i e s  e re  

designed for  P i t t sbu rgh  No. 8, the s to rage  and conveying £ a c i l i t i e s  

are capable o£ handling other eas te rn  bituminous coals se l ec t ed  as 
possible  candida tes .  

Coal.Receivin ~ 

Uashed coal is  de l ive red  to the plant  by un i t  t r a in s  cons i s t ing  o£ 

seventy lO0-ton bottom dump cars (or t h e i r  equ iva len t ) .  The design 

coal has a nominal s i ze  of 2-inches x 0 - inches ,  weighs 30 pounds per 

cubic foo t ,  and has an angle of repose of  38 degrees.  Allowance i s  

made, however, for  accept ing reasonable v a r i a t i o n s  in these 
parameters.  

Coal is rece ived a t  two pa ra l l e l  t r ack  unloading hoppers. An 

enclosure is  provided over each hopper, incorpora t ing  thaw shed and 

a manually operated car  shaker to a s s i s t  in  unloading wet or f rozen 

coal .  Dust suppression and co l l e c t l on  systems are  provided to 

control  ~:he f u g i t i v e  dust  emissions genera ted  by the unloading 

operat ion (Unit 13). 

Each unloading hopper with a capaci ty  of  100 tons has manually 

operated ~ u t o f £  gate  and four v ib r a t i ng  f eede r s .  The v i b r a t i n g  

feeders discharge to the two p a r a l l e l  unloading conveyors, each 

48 inches vide.  Coal unloading from the un i t  t r a i n  is  completed in  

two days, based on one s h i f t  (8 hours) per day. 

Conveying to Storage,  Uei~hing, and S ~ p l i n ~  

The hooded coal unloading t r a n s f e r  conveyor i s  48 inches wide and 

has a capaci ty  of 1000 TPH. I t  conveys coal  from the hopper 

unloading conveyors to a l ive  s torage p i l e  (10,000 tons) v ia  a 

lowering well  ( s t ack ing  tube) .  
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As the conveyor l eaves  the unloading hopper t unne l ,  a t  a p o i n t  j u s t  

above grade e levat lonD a s e l f - c o n t a l n e d  weigh s c a l e  ks p rov ided .  

The weigh s c a l e  i s  capable of  de te rmin ing  f low r a t e  and t o t a l  

i n t e g r a t e d  accumulated f low, and has p r o v i s i o n s  f o r  p e r i o d i c  

c a l i b r a t i o n .  

The un load ing  t r a n s f e r  conveyor head p u l l e y  i s  l oca t ed  i n  the  

sampling system enc losu re .  A magnet ic  s e p a r a t o r  i s  provided to  

remove tramp i r o n  from the coal  s t ream.  The r e j e c t s  a re  chuted 

ou t s i de  o f  the  sampling enc losure  to  a t o t e  box a t  grade .  P e r i o d i c  

t ruck  removal of  tramp i ron  i s  made. 

A sampling system i s  i n s t a l l e d  to  c o l l e c t  coal  samples f o r  

l a b o r a t o r y  a n a l y s i s  and coal  s u p p l i e r ' s  use .  The system enc losu re  

i s  v e n t i l a t e d ,  and dus t  supress lon  and c o l l e c t i o n  systems a re  a l s o  

i n s t a l l e d  (Unit  15). 

Coal Storage 

The coal  i s  s to red  as a long p i l e ,  which i s  capable o f  s t o r i n g  

66,000 cons o f  coa l .  The coal  s t o r a g e  a rea  i s  s ized  fo r  

approxlat~nely 60 day supply of  c o a l .  About 10,000 tons  o f  coa l  or  

10 days supply i s  placed in  " l i v e  s t o r a g e " .  The l i v e  s t o r age  p i l e  

i s  formed by a lowering well  a t  one end o f  the  p i l e ,  fed by the  

t r a n s f e r  conveyor.  

, 

Underneath the  l i v e  p i l e  are t h r e e  r ec l a im  hoppers ,  from which a 

b e l t  conveyor o f  200 TPH capac i ty  and 30 inches  wide conveys the 

coal  to  the  two coal  s to rage  s i l o s .  Each s t o r age  s i l o  i s  25 f e e t  

d iameter  and has a l l v e  capac i ty  o f  600 t o n s .  The top of  each s i l o  

i s  a t  an e l e v a t i o n  of  approximately  123 f e e t  above grade.  The 

bottom of  each s i l o  has a power opera ted  s h u t o f f  ga te  and a 

v i b r a t i n g  f eede r  wi th  a v a r i a b l e  c a p a c i t y  up to  50 TPH. The 

v i b r a t i n g  feeders  d ischarge  d i r e c t l y  i n t o  t he  p u l v e r i z e r  a s sembl i e s .  

1-19 



. . . . . . .  ~ i , b .  ~ . . . . . . . . .  ~ . . . . . . . . . .  ~ *  ~ ~ .  

1.5 

The "dead s torage"  s ec t i on  of the p i l e  (56,000 tons) i s  formed by 

moving the coal with a bu l ldozer .  This coal i s  used only in case of  

supply i n t e r r u p t i o n s .  The p i l e  i s  compacted and sprayed with an 

organic polymer c rus t ing  agent to minimize both dust ing and ra in  

eros ion  problems. The e n t i r e  coal  p i l e  i s  diked and l ined with a 

c lay  base to prevent  seepage. Contaminated r a i n f a l l  runoff  i s  

c o l l e c t e d  in a l ined  s e t t l i n g  pond. S e t t l e d  p a r t i c l e s  are  

p e r i o d i c a l l y  removed and sent back to the coal  p i l e .  The water from 

the pond i s  pumped to  a waste treatment f a c i l i t y  and neu t r a l i zed  

before  being discharged to the r i v e r .  

COAL PREPARATION AND CONVEYING 

In the coal  p repara t ion  uni t  the bunker coal  or a mixture of  the 

bunker coal  and recyc led  f l y  ash sludge cake (50 percent  mois ture  

from the GKT coal  g a s i f i c a t i o n  p lan t )  i s  dr ied and pulver ized  to  the 

fol lowing GKT g a s i f i e r  feed requirements:  

Size - 90 percent  through 170 mesh and 70 percent  through 
200 mesh 

Moisture content  - One percent  

Pneumatic ccnveyors t ranspor t  the dr ied and pulver ized  coal  from the 

pulver ized coal s torage  bin to the g a s i f l e r  s e r v i c e  b ins .  

Compressed n i t rogen  from the a i r  separa t ion  p lant  i s  used a~ the 
conveyiug medium. 

I t  should be noted tha t  the f l y  ash has a high carbon content  and 

the recyc le  approach i s  s e l ec t ed  for  a higher  carbon u t i l l z a t i o n .  

For the design coal  (P i t t sburgh  No. 8) 50 percent  of  the f i l t e r  cn~:e 

recovered in the GKT g a s i f i c a t i o n  plant  is  r ecyc led .  However, 

depending upon the coal  being processed,  ove ra l l  moisture removal 

and heat duty required  in the pu lve r i ze r ,  the r ecyc le  r a t e  can be 

var ied .  The equipment i s  designed Co provide t h i s  f l e x l b i l i C y .  

More d i scuss ion  of  the recyc le  of  the f i l t e r  cake and i t s  e f f e c t  on 

overa l l  carbon u t i l i z a t l o n  is  given in Appendix B. 
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The complete system as shown in Figure 1-2 i s  designed to provide 

maximum in s a f e t y ,  r e l i a b i l i t y ,  and £ 1 e x l b i l i t y .  Each t r a in  i s  

designed to process  25 tph (600 TPD) o£ pul lver~zed coa l /£11 te r  cake 
mixture (dry b a s i s ) .  

The coal p repara t ion  uni t  cons i s t s  of  two 50 percent  r o l l e r  m i l l s ,  

and two 50-pe¢cent t r a ins  of  a s soc ia ted  a n c i i l i a r y  equipment such as 

bag c o l l e c t o r ,  r ecyc l e  fan and a i r  hea te r .  The pulver ized coal 

conveying uni t  has two t r a i n s ,  each cons l s t i ng  of  a s torage si lo~ 

pneumatic pump and a conveying l ine  feeding to  the gas ig i e r  s e rv i ce  
b ins .  

The r o l l e r  mi l l s  are designed to  process coal with a Hardgrove 

Gr lndab i l i ty  Index o£ 50, and a max~nummoisture content  of  

12.0 percent .  Provis ions  are made to r ecyc l e  up to 50 percent  o£ 

ths f l y  ash cake from the CKT uni t  with the base coa l .  For higher 

ash coals  a smaller  r ecyc le  percentage i s  recommended. For the 

design coal (4.6 percent  mois ture)  with 50 percent  f i l t e r  cake 

r ecyc le ,  the heat ing  load required for  the p u l v e r i z e r  hea te r  i s  

about 20.5 MM Btu/hr .  For a 12 percent  mois ture  raw coal  feed the 

heat ing load increases  to about 34.4MM Btu/hr .  A small por t ion  of  

the clean product gas from the g a s i f i c a t i o n  uni t  w i l l  be u t i l i z e d  in  

a hea ter  for  producing the hot a i r  for  the p u l v e r i z e r s .  

Each mi l l  and i t s  a s soc ia t ed  equipment, with the except ion of  the 

bag c o l l e c t o r ,  are designed fo r  50 ps ig  in accordance with the NFPA 

code. The bag type dust  c o l l e c t o r  i s  s u i t a b l y  equipped with an 

explosion door which r e sea l s  - to  prevent the i n f i l t r a t i o n  of  

ambient a i r  in to  the system a f t e r  r e l i e v i n g .  Iu add i t ion ,  p a r t i a l  

r e c i r c u l a t l o u  of  gases from the clean s ide  o f  the c o l l e c t o r  back to  

the r o l l e r  mi l l  fu r the r  increases  the s a f e t y  and r e l i a b i l i t y  o£ the 

pu lver iz ing  c i r c u i t .  This r ecyc le  loop, conta ining l e s s  than 

0.02 grains o£ p a r t i c u l a t e  per ac tua l  cubic f o o t ,  insures  a 

s u f f i c i e n t l y  low oxygen content  in the system gases ,  which minimlzes 

the hazardous nature of  the f i n e l y  pulver ized coa l .  Each baghouse 

i s  s ized for  36,000 ACFM and has an a i r / c l o t h  r a t i o  of  4 . 5 /1 .0 .  
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P u l v e r i z e d  coa l  from each baghouse goes to  a 15- ton  c a p a c i t y  

p u l v e r i z e d  coa l  s t o r age  bium which i s  10 f e e t  in  d i ame te r .  The top  

of the bin is at an elevatin of app~oxlmately 28 feet above grade. 

The bo t tom of  the  b in  has r o t a r y  a i r  lock  and d i s c h a r g e s  d i r e c t l y  

i n t o  the  pneumatic pump i n l e t  hopper .  CompEessed n i t r o g e n  

(98 percent purity) at 35 pelf is supplied from the air separation 

plant. The coal is conveyed via a carbon steel conveyln E plpe to 

the gasifier service bins through a 4-way splitter. 

GKT COAL GASIFICATIONAND WASH WATER TREATMENT 

For the  p£oduct ion  of  medium-Btu gas from c o a l ,  GKT's e n t r a i n e d  bed 

coa l  g a s i f i c a t i o n  p rocess  has been s e l e c t e d  fo r  the  PWG p l a n t .  Coal 

dus t  p u l v e r i z e d  and cond i t i oned  to  70 pe rcen t  through 200 mesh s i z e  

and one pe r cen t  water  con ten t  from the Coal P r e p a r a t i o n  and 

Conveying Unit  i s  p roces sed  through the g a s l f i e r  and p a r t i a l l y  

o x i d i z e d  under exothermic c o n d i t i o n s  a t  p r e s s u r e s  s l i g h t l y  above 

a tmosphe r i c .  Process  f low diagrams fo r  the  GKT Uni t  (Uni t  30) a r e  

shown in  F igures  1-3 and 1-4.  The GKT Wash Water Treatment  Uni t  

(Uni t  72) i s  shown in  F igu re  1-5. 

To produce approximate ly  20 b i l l i o n  Btu per  day of  medium BCu gas 

from a Cyplcal  biCumlnous c o a l ,  two four -headed  GKT g a s l f l e r s  a re  

r e q u i r e d ,  As f e e d s t o c k  Co the  g a s i f i e r ,  i n  p r i n c i p l e ,  any kind of  

coa l  can be used.  The e f f i c i e n c y ,  however,  de f ined  by the o v e r a l l  

carbon conver s ion  and the  ou tpu t  o f  u s e f u l  gas (carbon monoxide plus  

hydrogen)  i s  to  a c e r t a i n  degree  dependent  on the  type  and q u a l i t y  

o f  the  f e e d s t o c k .  For the  PGU p l a n t ,  a t y p i c a l  P i t t s b u r g h  No. 8 

coa l  has been used as the  des ign  coa l  fo r  the  p l a n t  de s ign .  Enough 

f l e x i b i l l C y ,  however~ has  been added co the  g a s i f i c a t i o n  p l a n t  

des ign  to  accommodate a v a r i e t y  o f  e a s t e r n  bi tuminous c o a l s .  

The material balance for the GKT plant is shown in Table 1-2. The 

gasification plant is designed to handle 1200 tpd as-received coal 

(2 in. by 0 in,). Raw coal is dried and ground Co the required size 
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in the Coal Prepara t ion  Unit .  Pulver ized coal is  then pneumatical ly 

t ranopor ted from the Coal Prepara t ion  Unit to the GKT g a s l f £ e r  

trains v£a conveying nitrogen supplied from the Air Separatlon Unit. 

The pulverlzed coal is routed via a flow splltter to service bins 

within the GKT battery limits. The conveying nitrogen is vented to 

the atmosphere through filters at the service bins. Pulverized coal 

flows by gravity from the service bind to the feed bins. Four 

se rv ice  bins and four  feed bins are provided for  each g a s i f i e r .  The 

ser%~ce bins and feed bins provide a guaranteed supply of coal to 

the g a s l f i e r s  in  the event of an upstream emergency shut-down. The 

se rv ice  and feed bins provide a t o t a l  of  approximately 15nLinutes of 
s torage fo r  the g a s l f l e r s  at  design useage r a t e s .  

Controls r egu la t e  the i n t e r m i t t e n t  fee4in8 of  coal from the se rv ice  

bins to the feed bins which are  connected to twin var iab le -speed  

coal screw feeders .  Your double coal screw feeders  are provided per 

g a s l f l e r  to supply pulverized coal to each burner head. The 

pulver ized coal is  continuously discharged from the twin screws in to  

mixing nozz!es where i t  is  en t ra ined  in  o~Tgen and low pressure  

steam. For each g a s i f i e r  48,230 lb /h r  (579 TPD) of P i t t sburgh  No. 8 

coal r eac t  with 47,455 lb /hr  (569.5 TPD) of oxygen and 4422 lb /h r  of 

steam fo r  the production of 10 b i l l i o n  Btu per day of med~umBtu gas 

(lower heat ing  value bas i s ) .  The mixture is  then de l ivered  through 

twin blow pipes to each burner head. Moderate temperature and high 

burner v e l o c i t y  prevents the r eac t ion  of  coal and oxygen u n t i l  they 
en te r  the g a s i f i c a t i o n  zone. 

Oxygen/steam mixers are provided to insure  complete mixing before 

i n j e c t i o n  in to  the blow pipes.  Two oxygen/steam mixers are  provided 

per g a s i f l e r .  The normal oxygen/ coal r a t i o  for  a typ ica l  

P i t t sburgh No. 8 coal i s  0.98 lb / lb  and the normal steam/coal r a t i o  

is  0.09 l b / l b .  The oxygen required  for  the p a r t i a l  oxidat ion 

reac t ion  i s  provided at  98 vol .  percent  p u r i t y  from an a i r  

separa t ion  p lan t .  Approximately 54,950 l b /h r  of low pressure  steam 
at  28 psig i s  generated from each g a s i f l e r  j acke t .  

;i 
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In  the g a s i f l e r ,  the  coa l  dus t  i s  ox id i zed  by oxygen in  presence  o f  

steam. Under the p roces s  c o n d i t i o n s  p r e v a i l i n g  in  the g a s i f l e r ,  

carbon and hydrocarbons  con ta ined  ~n the  coa l  a re  conver ted  to  

carbon monoxide, hydrogen~ al~ ~arbon d i o x i d e .  Bes ides  these  

components, s u l f u r  compounds i n  accordance  wi th  the  s u l f u r  con ten t  

o f  the f e e d s t o c k ,  and n i t r o g e n  r e s u l t i n g  from the  i~2purity of  the  

oxygen and the f e e d s t o c k ,  a re  con ta ined  in  the  genera ted  gas .  

Traces o f  methane, not  exceeding  0.01 p e r c e n t  by volume, are  a l s o  

produced.  However, no hydrocarbons ,  pheno l s ,  a roma t i c s ,  or  any 

o the r  o rgan ic  compounds a re  genera ted  in  the  GKT g a s i f i c a t i o n  

p r o c e s s .  

The g a s i f i c a t i o n  r e a c t i o n  ( p a r t i a l  o x i d a t i o n )  o f  the  coa l  i s  c a r r i e d  

out  in  two four -headed  g a s i f l e r s ,  each of  which i s  connected to  a 

waste  h e a t  r e cove ry  sys tem fo r  g e n e r a t i o n  of  h igh  p r e s s u r e  steam 

(925 p s i g ) .  The g a s i f i e r  i t s e l f  i s  a d o u b l e - s h e l l  r e a c t o r ,  l i n e d  

wish r e f r a c t o r y ,  and g e n e r a t e s  l o w - p r e s s u r e  steam (28 p s l g )  w i t h i n  

i t s  s h e l l .  Endothermlc r e e c t l o n s ,  occur ing  in  the  g a s i f i e r  between 

carbon and steam, aud r a d i a t i o n  to  the r e f r a c t o r y  wa l l s  

s u b s t a n t i a l l y  reduce  the flame tempera tu re  from 3500oF to  2700OF. 

Ash in  the coa l  feed  i s  l i q u i f l e d  i n  the g a s i f l e r  high t empera tu re  

zone. Approximately  30 pe rcen t  o f  the ash i s  dropped ou t  o£ the  

g a s i f i e r  as mol ten s l a g  and i s  quenched and c o l l e c t e d  in  a wa te r  

s e a l  t ype  s l ag  quench tank and r ecove ry  system a t  the  bot tom of  the  

g a s i f i e r .  The r ecove red  g ranu la r  s l a g  i s  t r a n s p o r t e d  from the 

bottom of  the  s l a g  r e c o v e r y  sys tem,  v i a  a s l a g  e x t r a c t o r  (drag cha in  

conveyor ) ,  where the s l a g  i s  dewatered and d e l i v e r e d  to  a b e l t  

conveyor .  B e l t  conveyors ,  in  t u r n ,  d e l i v e r  the  s l ag  to  an o n - s l t e  

s t o r a g e  a rea  p r i o r  to  d i s p o s a l .  

The remainder  o£ the ash and the  unreac ted  carbon a re  e n t r a i n e d  i n  

the  gas e x i t i n g  the  g a s l f i e r .  Water sp rays  quench the gas to  reduce  

the  t empera tu re  below the  ash f u s i o n  t empera tu re  to  p reven t  s l a g  

p a r t l c u l e s  from adher ing  to  the  tubes  o£ the  was te  hea t  b o i l e r  

mounted over  the  g a s i f i e r .  
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C The raw gas from the  g a s l f l e r  passes  through the  was te  h e a t  b o i l e r  

where 55,550 Ib/hr of high pressure, saturated steam (925 pslg) is 

generated per gasifler. After leaving the waste heat boiler, the 

gas at 600oF is cleaned and cooled in a Eas clean-up system. The 

system consists of a cooling washer which removes the largest 

particulates and cools the gas to 100OF, followed by a 

" d i s i n t e g r a t o r "  type  sc rubber  which reduces  the  p a r t i c u l a t e  c o n t e n t  

o f  the  gas to  approx ima te ly  0 .004 g r a in s  per  s t anda rd  cubic  f e e t .  

To reduce  the  water  d r o p l e t s  c a r r i e d w i t h  the  raw gas ,  a s e p a r a t o r  

i s  l i nked  downstream to  the  d i s i n t e g r a t o r  by which the  m a j o r i t y  o f  

the  wate r  i s  r e c o v e r e d .  The c o l l e c t e d  wate r  i s  r e c y c l e d  t o  the  

coo l i ng  washer.  A f t e r  l e a v i n g  the  s e p a r a t o r ,  the  gas passes  through 

a second s e p a r a t o r  f o r  f i n a l  t r e a tmen t  and i s  r o u t e d  t o  the  raw gas 

blower  which feeds  a gas h o l d e r  and an e l e c t r o s t a t i c  p r e c i p i t a t o r .  

The gas blower p r e s s u r i z e s  the  raw produc t  gas to  a d e l i v e r y  

pressure at the GKT Gasification Unit batteryllmlts (downstream of 

electrostatic precipitator) to approximately 22 inches of water. 

Downstream of the raw gas blowers the two gasification trains join 

together to form a single train. The combined pressur£zed raw 

product gas pas3es into a single gas holder. The capacity of the 

8as holder is approximately 1.117 MMSCF of raw product gas. The gas 

holder provides approximately 20 minutes of storage capacity at the 

design usage rate in the event of a short term upstream Easlfication 

system failure. The gas holder also helps to smooth out the product 

gas user demand fluctuations. From the gas holder the gas is 

d i scha rged  to  an e l e c t r o s t a t i c  p r e c i p i t a t o r  which removes the  

remaining fine particles before the gas enters the Desulfurizatlon 

Unit for final clean-up. 

P a r t l c u l a t e - l a d e n  water  from the GKT gas c l e a n i n g  and c o o l i n g  system 

i s  channeled to  s e t t l i n g  bas ins  in  the  GKT Wash Water Treatment  Uni t  

(Uni t  72) .  A p o r t i o n  o£ the f l y  ash c a r r i e d  ove r  from the  g a s i f i e r  

w i l l  be c o l l e c t e d  a t  the  f l y  ash sump and pumped as s l u r r y  t o  the  
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waste water treatment settling basins. The major portion of the 

particles, however~ are channeled with the circulating waste water 

which, agter leaving the wash cooler, flows to aettllnE haslns for 
particulate rp~noval. 

In the Wash Water Treament Unit, two 33 ft by 197 ft settling basins 

are provided to separate the ash and carbon particles entrained in 

the wash water from the GKT Gasification Unit. The settling basins 

are designed with adequate residence time to allow the settling of 

particles to the bottom of the settling basins, from which they are 

pushed hy scrapers to a collecting sump adjacent to the settllng 

basins. The ash slurry from the collect£on sump is pumped to a 

thickener. From the underflow of the thickener, a slurry pump 

transports the ash sludge to rotary vacuum filters for water 

removal. Two rotary vacuum filters are provided to reduce the 

sludge water content to 50 percent. 

The f l y  ash s ludge from the r o t a r y  f i l t e r s  i s  t r a n s p o r t e d  to the ash 

s t o r age  a r ea  v i a  b e l t  conveyors f o r  temporary o n - s i t e  s t o r a g e .  For 

P i t t s b u r g h  No. 8 coal  wi th  an ash con ten t  of  7.83 pe rcen t  t h i s  would 

r e s u l t  in  an ash sludge p roduc t ion  r a t e  of  345 tpd a t  de s ign  

c a p a c i t y .  To reduce the ash d i s p o s a l  problem the GKT g a s i f i c a t i o n  

p l a n t  has been designed with  the c a p a b i l i t y  of  r e c y c l l n  E a maximum 

of  50 pe rcen t  of  the as~l s ludge to  the p u l v e r i z e r s .  (The r ecyc l ed  

s ludge cake i s  t r a n s p o r t e d  to the  p u l v e r i z e r s  in the  Coal 

P r e p a r a t i o n  Unit  v i a  b e l t  conveyors ) .  The sludge~ a t  50 pe r cen t  

r e c y c l e ,  con t a in s  approximate ly  26 percen t  unused carbon and w i l l  

i n c r e a s e  the  g a s l f i e r  carbon convers ion  from 88.0 to 93.6 pe rcen t  

whi le  reduc ing  the raw coal  feed by 6 pe rcen t .  The mixed feed  would 

c o n t a i n  approximate ly  11.5 pe rcen t  moi s tu re  compared to  4 .6  pe rcen t  

fo r  the P i t t s h u r E h  No . 8 f r e s h  feed  c o a l .  The p u l v e r i z e r  and the  

p u l v e r i z e r  a i r  h e a t e r  are s i zed  to  handle  the  ash r e c y c l e  o p e r a t i o n .  

i 

1-30 



i 

. ,  . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

1.7 

1.7.1 

During s t a r t - u p  o f  the  g a s i £ i e r s ,  the  o f f - e p e c  product  gas w i l l  be  

rou ted  to  s t a r t - u p  ~ l a r e s  provided w i t h i n  the  GL'T b a t t e r y  l i m i t s .  A 

s t a r t - u p  Glare i s  p~ovided fo r  each GKT g a s l f i e r  t r a i n .  P roduc t  gas 

i s  d i v e r t e d  ups t ream of  the raw gas b lowers  to  each g l a r e .  The 

s t a r t - u p  o f  a g a s i f i e r  from ambient to  des ign  cond i t i ons  t akes  a 

msxlmum o£ t en  hou r s .  R e s t a r t  o f  the  g a s l f i e r  a £ t e r  a sho r t  

shut-down p e r i o d  (abou t  one hour ) ,  however,  t akes  only  30 minutes .  

A s i n g l e  CKT g a s i f £ e r  can be turned  do,~n to  approx imate ly  70Z o£ i t s  

f u l l  load c a p a c i t y  w i t h i n  a few minu tes .  The product  gae ou tpu t  

from the  t w o - g a s l f i e r  CKT p l an t  can t h e r e f o r e  be a d j u s t e d  in the  

range of  35-100 p e r c e n t .  • 

SULFUR RE~OVAL AND RECOVgRY 

The s u l f u r  removal and recovery  sys tem c o n s i s t s  o f  two u n i t s .  The 

f i r s t  un i t  c o n s i s t s  o f  a S t r e t£o rd  d e s u l f u r i z a t i o n  p l an t  (Uni t  42) 

which removes H2S p r e s e n t  in  the  raw gas by conve r t i ng  i t  to  

r e cove rab l e  e l ementa l  su l£ur .  The S t r e t f o r d  p l a n t  gene ra t e s  a purge 

l i q u o r  s t ream c o n t a i n i n g  i n s o l u b l e  Na2S04, Na2S203, and NaSCN s a l t s .  

The purge s t r e e m h a s  a high COD va lue  and i s  decomposed in  the  

second u n i t ,  the  N i t t e t u  r e d u c t l v e  i n c i n e r a t i o n  p l a n t  (Uni t  44 ) .  

Pa r t  o f  the  c l e a n  produc t  gas from the  S t r e t f o r d  p lan t  i s  burned 

wi th  s u b s t o i c h i e m e t r i c  a i r  in the N i t t e t u  p l a n t  to  produce the  hot  

reduced gas n~ces sa ry  fo r  the  decompos i t ion  o f  the  s a l t s .  9odium 

vanada te ,  a component o f  S t r e t f o r d  S o l u t i o n ,  i s  r e c o v e r e d ~ r f t h  

c a u s t i c  a l k a l i  i n  the  N i t t e t u  p l an t  and i s  r e c y c l e d  ~o the $ t r e t f o r d  

p l a n t .  The deccmposed gas produced in  the  N i t t e t u  p l an t  c o n t a i n s  

H2S and i s  r e c y c l e d  to  the  S t r e t f o r d  p l a n t  to  combine wi th  the  raw 

gas from G~T g a s i ~ i c a t l o n  p l an t  f o r  s u l f u r  removal .  

S t r e t f o r d  D e s u l f u r i z a t l o n  

The S t r e t £ o r d  d e s u l f u r l z a t i o n  p rocess  deve loped  by the B r i t i s h  Gas 

Board i s  a d f r e c t  o x i d a t i o n  p roces s .  The S t r e t £ o r d  P lan t  i s  
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designed to remove 90 percent  of  the s u l f u r  contained in  the product 

6as produced from the g a s l f i c a c l o n  of P i t t sburgh  No. 8 coal ,  which 

conta ins  2.64 percent  s u l f u r  by weight (dry b a s i s ) .  The product gas 

from the CKT g a s i f l c a c l o n  p lant  contains 0.90 percent  H2S and 

0.09 percent  COS ou a dry volume bas i s .  The S t r e t f o r d  pla~c removes 

almost a l l  H2 S. COS is  not removed from the gas; however, when 

burned i t  wi l l  produce only 350 ppmv SO 2 or 0.60 lb.  S02/106 Btu 

hea t  ~nput which i s  well  below the 500 ppmv or 0.86 lb .  S02/106 Btu 

l i m i t  se t  by the Ci ty  of Phi lade lphia .  

The S t r e t fo rd  plant  can be designed to produce e i t h e r  f i l t e r  cake or 

molten su l fu r .  The s e l e c t i o n  depends on the plant  capac i ty ,  

environmental r e s t r i c t i o n s ,  by-product su l fu r  c r e d i t  and the f i l t e r  

cake disposal  cos t s .  The molten su l fu r  conf igura t ion  generates  a 

purge l iquor  stream which requ i res  e i t h e r  o n - s i t e  t rea tment  by 

reduc t ive  i n c i n e r a t i o n  or d isposal  by haul ing i t  to a hazardous 

waste treat3nent f a c i l i t y .  Again the s e l e c t i o n  betweeu the two 

depends on the s i ze  of  the plant  and economics. An economic 

evalua t ion  of the above options was performed (see  Appendix C) and 

the r e s u l t s  favored the  s e l e c t i o n  of the molten s u l f u r  o p t l o n w l t h  

o n - s i t e  reduct ive  i n c i n e r a t i o n .  

Process Chemistry 

The S t r e t f o r d  so lu t ion  is  an aqueous mixture of  

anthraqulnonedisul fonic  acid  (ADA), so~ummetavanada te ,  and sodium 

carbonate .  The removal of H2S and i t s  conversion to e~emental 

s u l f u r  are represented  by the following idea l i zed  r eac t i ons :  

2H2S + 2Na2C03 ÷ 2Naris + 2NaHC03 

2N~,q~ • 4NaVO$3 + B20 ÷ lqa2V409 + t~NaOH + 2S 

Na2V409 + 2 NaOH + H20 + 2ADA .~ 4NAVO 3 + 2ADA(H2) 

2NaHC03 ÷ 2NaOH ÷ 2Na2CO 3 + 2H20 

2ADA(H2) + 02 ÷ 2ADA + 2H20 

1-32 



~:~: 
where ADA(H2) represents the reduced form of  ADA. Ionized forms of  

the r e a c t a n t s  in aqueous so lu t ion  are usua l ly  involved.  The sum of  

the foregoing reac t ions  gives the overa l l  r e a c t i o n  

2H2S + 0 2 ~  2H20 + 2S. 

In t h i s  sequence of  r e a c t l o n s ,  the hydrosu l f ide  r eac t ion  product i s  

oxidized to  f ree  elemental s u l f u r  by reduct ion of  vanadium from the 

pentava len t  to the quadr lva len t  oxidat ion  s t a t e ,  and the reduced 

vanadium i s  reoxidized by reduct ion  of  ADA. Air i s  blown through 

the s o l u t i o n  in the ox id izer  v e s s e l  to reox id lze  the reduced ADA. 

Although the r a t e  of  H2S absorp t ion  increases  with the a l k a l l n i t y  of  

the s o l u t i o n ,  pHva lues  above 9.5 are unfavorable  fo r  conversion to 
e l e~en ta l  su l fu r .  

Process  Descr i~t lon 

Yor the design coal (2.64 percent  S, dry b a s i s )  the S t re tgord  plant  

capac i ty  i s  27.3 tpd su l fu r .  Equipment s l z l n  8 for  the process  i s  

governed by the t o t a l  quan t i ty  of  s u l f u r  in the fue l  gas from the 

GKT g a s i f i c a t i o n  p lant .  The presen~ design conse rva t i ve ly  assumes 

Chat a l l  the su l fu r  pzese~c in the coal  appears in the gas. 

However, in the ac tua l  opera t ion ,  some su l fu r  i s  r e t a ined  in the 

ash. This allows a margin for  using a higher s u l f u r  coal .  

Figure 1-6 shows the process  f low and Table 1-3 gives the mater ia l  

balance for  the S t r a t f o r d  p lan t .  The raw gas from the CKT 

g a s i f i c a t i o n  plant a t  9§OF and 15.5 ps ia ,  and tha decomposed ga6 

from the N i t t e t u  plant  a t  120oF and 15.5 ps i a  are  combined and 

compressed in  the blower. The combined gas i s  cooled and washed in 

s t a t i c  mixers with the oxidized S t r e t f o r d  s o l u t i o n .  The 8as and the 

so lu t ion  from the s t a t i c  mixers discharge in to  the r eac t ion  ves se l  

which i s  s ized to allow s u f f i c i e n t  res idence time for  the s u l f u r  

forming reac t ion  mechanism Co go Co completieu. 

. '  
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1.7.2 

The t r e a t e d  gas e x i t s  the  top o f  the  r e a c t i o n  v e s s e l  and e n t e r s  the  

gas compression and dehydra t ion  u n i t s .  The s o l u t i o n  from the  

reaction zone in the re~ctlon vessel flows to an oxidizer tank where 

an aerator disperses air supplied by the air blower. Sulfur slurry 

overflows from the oxidizer tank into the sulfur slurry tank by 

g r a v i t y .  The o x i d i z e d  s o l u t i o n  i s  r e c y c l e d  from the pump tank  t o  

the static mixers. A cooling tower and circulating pump are 

provided w i th  the  pump tank to ma in t a in  the  hea t  and water  b a l a n c e  

in  the u n i t .  

The s u l f u r  s l u r r y  which flows to  the  s l u r r y  tank i s  a g i t a t e d  and,  

thus ,  d e a e r a t e d .  S l u r r y  from the s l u r r y  tank i s  then pumped t o  a 

c e n t r i f u g e .  The r ecove red  s o l u t i o n  i n  the  c e n t r i f u g e  goes hack t o  

the  o x i d i z e r  tank  and the  50 pe rcen t  c o n c e n t r a t e d  s u l f u r  cake p a s s e s  

to  the r e s l u r r y  tank .  The concen t r a t ed  s u l f u r  s l u r r y  i s  mixed wi th  

water  to a 30 p e r c e n t  s l u r r y ,  which i s  pumped to  the s u l f u r  m e l t e r  

by a r e s l u r r y  pump. The s u l f u r  m e l t e r  c o n s i s t s  o f  a s t eam-hea ted  

exhanger where the  tempera ture  o f  the  s l u r r y  i s  r a i s e d  above t he  

mel t ing  po in t  o f  the s u l f u r  a t  a p r e s s u r e  s u f f i c i e n t l y  h igh to  

prevent  the  s o l u t i o n  from b o i l i n g .  S e p a r a t i o n  of  the mol ten  s u l f u r  

and the ho t  s o l u t i o n  occurs  in  the  s u l f u r  s e p a r a t o r  due to  l a r g e  

d i f f e r e n c e  in  s p e c i f i c  g r a v i t y .  The mo l t en  s u l f u r  passes  to  the  

s u l f u r  s t o r a g e  p i t  w i th  the hot  s o l u t i o n  be ing  re tu rned  to  the  

r e a c t i o n  v e s s e l .  A chemical  mix tank i s  r e q u i r e d  for  p r e p a r i n g  

f r e s h  S t r e t f o r d  s o l u t i o n  and adding makeup chemica l s .  

A purge s t ream from the  r e c i r c u l a t i n g  S t r e t f o r d  s o l u t i o n  s t ream i s  

sen t  to the  N i t t e t u  i n c i n e r a t i o n  p l a n t .  

Nittetu Incineration 

The s t r e t f o r d  p l a n t  puree  l i quo r  ( c o n t a i n i n g  sodium s a l t s )  has h igh 

COD value  and cannot  be  b lodegraded .  ."~e N i t t e t u  r e d u c t i v e  

i nc~ne ra t l on  p r o c e s s  i s  designed to  decompose the  purge l i q u o r  under 

h igh tempera ture  and reducing  ,atmosphere in  which accumulated i n e r t  
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compounds such as Na2so4 , Na2S203 and NaSCN in  the  s o l u t i o n  are 

conver ted  to the a c t i v e  components Na2C03, NaHCO3 and NaHS. Also, 

sodium vanadate  i s  r ecovered  wi th  caus t i c  a l k a l i .  Decomposed gas 

c o n t a i n i n g  H2S i s  r e c y c l e d  back to the  S t r e t f o r d  p l a n t .  

The N i t t e t u  process £s shown in  Figure  1-7, and Table 1-4 gives the  

m a t e r i a l  ba lance .  The purge l i quo r  from the  S t r e t f o r d  process ,  

c o n t a i n i n g  about 70 p e r c e n t  water ,  i s  fed to  an evapora to r  a t  the 

o p e r a t i n g  cond i t i ons  o f  about  140oF and 100-200 mmHg abs ,  where i t  

i s  concen t ra ted  by use  o f  decomposed gas as a h e a t  source .  

Vaporized water  from the  evapora tor  i s  sen t  t o  a su r f ace  condenser,  

where i t  i s  condensed and r ecyc l ed  to the quench tank .  The 

concen t ra ted  waste ,  w i th  a t o t a l  s o l i d  con ten t  o f  40 to  

45 wt pe rcen t ,  i s  fed  to a furnace  using sp ray  n o z z l e s .  At the 

upper s e c t i o n  of  the f u r n a c e ,  a hot  gas g e n e r a t o r  burns the product  

f u e l - g a s  wi th  s u b s t o i o h i o m e t r i c  a i r  to  produce ho t  reducing gas.  In  

the  furnace ,  water i s  vapor ized  from the was te  l i q u o r  and the 

i n a c t i v e  s a l t s  are  decomposed under the r educ ing  atmosphere.  These 

s a l t s  are  in molten s t a t e .  Some are c a r r i e d  over  by hot  decomposed 

gases  and some flow a long  the  r e f r a c t o r y - l i n e d  wa l l  to  the  quench 

tank loca ted  below the fu rnace .  Here the Eases a r e  cooled qu ick ly  

and the s a l t s  are  c o l l e c t e d  and d isso lved  i n  the  l i q u i d .  Hot 

decomposed gases are  i n j e c t e d  i n t o  the l i q u i d  through a downcomer 

tube and r i s e  through an annu la r  sec t ion  l~tween tube and weir  where 

t h e y  are  contac ted  i n t ~ n a t e l y  w l t h w a t e r .  The recovered  s o l u t i o n  i s  

c o l l e c t e d  in the recovered  s o l u t i o n  tank and pumped back to the 

S t r e t f o r d  p l a n t .  The decomposed gas l eav ing  the  quench tank i s  

f i r s t  sen t  to the evapora to r  hea t  exchanger f o r  h e a t  recovery  and 

finally to a gas cooler. The decomposed gas containing H2S is sent 

back t o  the Stretford plant to be mixed wlth the raw gas from the 

GKT gasification plant. 

} 
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TABLE 1-4 

MATERIAL B,A~NCE F0E NZTTETU INCINRR%TION Plm~T 
u i 

S T R ~ H B F ~  1 2 3 

T e m p e r a t u r e ,  OF 105 120 195 

P r e s s u r e ,  p s l a  16 .2  15 .5  4 4 . 7  

T o t a l  F low,  l b s / h r  1892 7424 3540 

L i q u i d ,  81~n - .0594 6 .1  

F l o w i n g ,  I b s / g a l  - 8 .25  9 .67  

Vapor F l o v ,  ACFS 13.6 27.70 - 

F l o w i n g ,  l b s / f t 3  0 .0591  0 .0743  m 

Vapor Ho l .  Wt. 21.6 29.77 - 

ADA S o l u t i o n ,  I b / h r  3540 

C02 9.02 60.84 - 

CO 76.33 2 3 . 9 9  - 

H2 35.53 11.13 - 

COS 0.12 - 

N2 3.07 120.99 - 

Ar 0 . 7 4  

clz4 0.01 - _ 

H20 9 .11  29.10 154.15 

H2S - 4 . 0 2  m 

Nails - - 4.30 

4 

105.2 

124.7 

3500 

6.17 

9.45 
m 

3500 

m 

u 

138 .0  

TOTAL 133.93 250.07 158.45 138.0 
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C 1.8 AIR SEPARATION 

A 1200 TPD a i r  separation plant is required to provide oxygen for 

the GET Gasif icat ion Unit. The by-product ni trogen from the a i r  

separation plant is u t i l i zed  for pneumatic conveying of pulverized 

coal from the coal preparation area to the gas i f i ca t ion  unit and for 
gas l f l e r  unit  purging and blanketlng. 

The oxygen puri ty specif ied for the plant is  98 vol.  perce~t with 

2 percent inerts  (mostly argon). The by-product nitrogen contains a 

maximum of 2 percent oxygen and is bone-dry. The required pressures 

for the oxygen and by-product nitrogen at the a i r  separation plant 

bat tery l imlts  are I psig and 40 PsiE, respect ively .  The oxygen 

product piped from the a i r  separation plant is  compressed to 

approximately 15 psig by a compressor within the GKT bat tery  l imi t s .  

The by-product nitrogen available at  40 pslg from the a i r  separation 

co,d box will  be adequate for the GKT gas i f i ca t ion  unit  conveying 
and purging requirements. 

~ne to ta l  normal nltrogen requirement for GET gas i f i ca t ion  plant 

conveying and purging is  shown below. The conveying nitrogen 

estimate is based on 7.0 lbs.  of coal conveyed per lb of nitrogen. 
In addition to the normal nitrogen requiremento, the nitrogen 

requirement for gas l f l e r  system emergency shutdown purging is also 
shown. 

Conveying 

Purging & Blanketing 

Total Normal 

186,140 Scf/hr (35 psig) 
148,900 Scf/hr (25 psig) 
335,040 Scf/hr 

Emergency Shutdown Purging 893,#70 Scf/hr (15 psig) 

The a i r  separation plant (Unit 50) is a turnkey f a c i l i t y .  

Engineering and design wi l l  be furnished by a contractor  experienced 
in thls  £1eld. 
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The basic  process for separating oxygen from air  i s  a d i s t i l l a t i o n  

operation that takes place at low temperatures under moderate 

pressure in which air  i s  reduced to the l iquid  s ta t e  and the 

components are separated by f rac t ionat lon .  The cryogenic 

temperatures are achieved by spec ia l  heat exchange equipment and 

expansion turbines that e f f i c i e n t l y  transfer  heat and energy between 

feed and products to make the operation economically p r a c t i c a l .  

In a s lmpl£f led form, the main process steps to produce oxygen and 

by-product nitrogen in an a ir  separation plant include: a i r  

compression, water and carbon dioxide removal, cool ing to l iquiG a ir  

temperature, gas expansion to produce re fr igera t ion ,  separation o f  

a ir  by d i s t i l l a t i o n ,  product heating by heat exchange with the 

incoming a i r ,  and compression o f  oxygen to the required pressure.  

Figure 1-8 depicts  a ~ypical low pressure cycle  oxygen plant wlth 

l iquid  oxygen and nitrogen storage: 

In the a ir  separation plant the r e f r i g e r a t i o n  process used Co reach 

l iquid  a i r  temperatures i s  regenerat ive .  Warm process a i r  entering 

the plant i s  cooled by the separated products as they leave iu a 

r e v e r s i n g  h e a t  e x c h a n g e r .  T h e  h e a t  r e c o v e r y  i s  i n c o m p l e t e ,  h o w e v e r ,  

so r e f r i g e r a t i o n  must continuously be added. 

Air a l so  contains variable  quant i t i e s  o£ dust,  water, carbon dioxide 

and hydrocarbons. These impurit ies  must be removed from the system 

to insure a sa fe ,  e f f i c i e n t  operation.  In the process ,  dust i s  

removed by a f i l t e r  on the i n l e t  of  the main air  compressors. The 

dust that goes by, along with other contamlnanCs, i s  removed in a 
water wash Cower. 

For r e l i a b i l i t y  and f l e x i b i l i t y  in  turndo~m, two 50 percent a ir  

separation trains  (600 tpd each) w i l l  be provided. In addit ion,  

there w~ll  be two main a ir  compressors - one driven by an e l e c t r i c  

motor, the other by a steam turbine.  Approximately 93,000 lb /hr  o£ 

saturated steam at 925 ps ig  i s  ava i lable  for  use by the a ir  
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compressor steam turb ine .  This i s  approximately 65 percent  of the 

t o t a l  compressor power requirement .  The e l e c t r i c  dr iven compressor 

i s  s ized to provide 50 percent  of the a i r  compressor requirement.  

Compressed a i r  from the main a i r  compressors e a t e r s  the base of 

water  wash tower and is  cooled by a countercur ren t  d i r e c t  contact  

with water sprayed in to  the top o£ the tower. The warmer water i s  

re turned  to the cooling water system by process a i r  pressure .  Air  

leaves a t  the top o£ the tower a t  near  ambient temperature and ~lows 

to the r eve r s ing  heat  exchangers.  

Compressed process a i r  is  cooled to l iquid  a i r  temperatures in 

revers ing  heat  exchangers by the outgoing streams. During th i s  

process,  contained water and carbon dioxide are  f rozen and deposi ted 
as sol ids  ins ide  the exchanger. 

At regular  i n t e r v a l s ,  the a i r  and the waste n i t rogen  stream, which 

is  the la=~=at e f f l u e n t  stream, are  interchanged.  Both continue to 

flow in the same direc~ion~ across  the same temperature g rad ien t ,  

but the passages through which they flow are switched.  As a r e s u l t ,  

the water and carbon dioxide depos£ted by the a i r  before  r eve r sa l  i s  

evaporated completely and removed fr~n the plant  by waste n i t rogen .  

Switching i s  accoNpllshed by an automatic system of t imers ,  warm-end 

revers ing  valves ,  and cold-end check valves.  

S l l g h t l y  super| .eate~ a i r  leaves the revers ing  exchanger, en te r  the 

high pressure  column and is  separa ted into an oxygen r i c h  l iqu id  a t  

the bottom, pure l iquid  n i t rogen  a t  the top, and impure l iqu id  

n i t rogen  par t  way up the column. 

! 

Pure n i t rogen  gas fro~ the top of the high pressure  column ls  

condensed in  the r ebo i l e r  by boi l ing  pure l iqu id  oxygen in  the low 

pressure  column. The r e tu rn ing  l i qu id  n i t rogen serves  as r e f l u x  for  
the high pressure  column. 
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Fur ther  down the high pressure  column, impure l iqu id  n i t rogen  i s  

withdrawn and subcooled, par t  of  i t  providing r e f l u x  for  the low 

pressure  column and part  of  i t  a c t i ng  as a subcoollng medium for  

l iqu id  oxygen product in the product subcooler ,  i f  r equ i red .  Waste 

n i t rogen  vapor is  withdrawn from the top of  the low pressure  column. 

Rich l i qu id  oxygen is  taken from the base of  the high pressure  

column, subcooled v ia  the waste n i t rogen  stream, pu r i f i ed  in  the 

r i ch  l i qu id  £ i l t e r ,  and passed to the feed ent ry  t ray  of the low 
pressure  column. 

Provis ions  for  n i t rogen  drawn o f f  the top of  the high pressure  

column w i l l  be made in two places .  F i r s t  i s  the pure l i q u i d  

n i t rogen  stream sent  to a n i t rogen  f l a sh  separa tor  where r e s u l t i n g  

l iqu id  is  sent  to n i t rogen  s torage .  The f l a sh  from the separa to r  i s  

combined with the e f f l u e n t  gas of the turbo expander and sent  

through the revers ing  exchangers £or recovery o£ i t s  r e f r i g e r a t i o n ,  

then on to product usage, otherwise i t  goes out as waste n i t rogen  

through the s i l e n c e r .  The operator  w i l l  cont ro l  j u s t  how much 

l iqu id  n i t rogen  is  withdrawn, from the high pressure column. 

The other  streams cold pure n i t rogen  gas,  i s  sent  to the r eve r s ing  

exchanger. Par t  of  th i s  gas is  drawn o f f  a t  the mldpolnt and sent  

to the expander. Expander exhaust along %riCh the poss ib le  £1ash 

from the separa to r  is  sent back to the revers ing  exchanger as 

described above. 

Final  separa t ion  of oxygen takes place in  the low pressure  column. 

Provisions for  l i qu id  oxygen to be taken from the base of  low 

pressure  column, passed through l i qu id  oxygen guard absorber,  

subcooled in  product subcooler,  and then sent  to s torage w i l l  be 

made. The eubcoollng medlumwould be impure n i t rogen from the high 
pres8ure coltunn. 
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Product oxygen gas i s  taken o f f  j u s t  above the bottom o£ the low 

pressure  column and sent  through a i r  l ique£1er  exchanger, where i t  

may be superheated by a s l ips t ream of condensing air~ and then to  

the revers ing  exchangers got the recovery  o£ the r e s t  of  i t s  

r e f r i g e r a t i o n ,  and £ ina l ly  to de l ive ry  to  the CKT Gas i f i c a t i on  Unit  

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

Liquid oxygen and n i t rogen  s torage f a c i l i t i e s  are required to 

provide 24 hours o f  back-up product oxygen and ni t rogen duzi:lg an 

emergency shutdown. Since the oxygen p lan t  i8 dual t r a i n  and has 

the c a p a b i l i t y  of  operat ing one t r a i n  on e i t h e r  steam or 

e l e c t r i c i t y ,  i t  i s  expected that  a shutdown would only reduce oxygen 

production by 50 percen t .  For t h i s  reason,  the l iqu id  s to rage  

requirement i s  50 percent  of design capac i ty  £or 24 hours,  i . e . ,  

600 tons.  

The l iqu id  oxygen s torage  cons i s t s  o£ a main 600 ton l iqu id  oxygen 

storage tank a t  $ ps ig  and a 25 ton l i q u i d  oxygen tank a t  15 ps ig .  

Two 100 percent  l i q u i d  oxygen pumps are provided to pump l i qu id  

oxygen from the 600 ton tank to the 25 ton ~ tank. A vapor izer  a t  t h e  

discharge of  the 25 ton tank vapor izes  the l i q u i d  oxygen for  

de l ivery  to the GKT b a t t e r y  l i m i t s .  The minimum de l ive ry  p ressure  

o£ gaseous oxygen to the GL'T b a t t e r y  l i m i t s  i s  1 ps£g. This system 

wi l l  insure tha t  f l u c t u a t i o n  o£ the oxygen pressure  does not occur 

in the event tha t  response time 0£ the a i r  separa t ion  uni t  i s  slow 

r e l a t i v e  to the oxygen demand ra t e  o£ the g a s l f l e r s .  

The l lqu id  n i t rogen  s torage  system c o n s i s t s  of  a 275 ton s to rage  

tank at 40 ps ig  and a vaporizer  which provides  the normal n i t rogen  

required for  conveying and purging in  the event  o£ an a i r  s epa ra t ion  

plant  shutdown. The s torage system w i l l  be capable o f s u p p l y l n g  

ni t rogen gas a t  40 ps lg  a t  a design withdrawal r a t e  of  6000 SCFH. 

For g a s l f l c a t l o n  system emergency shutdown purging, a high p ressure  

ni t rogen tube t r a i l e r  ( r en ta l )  i s  provided.  The high pressure  tube 

t r a i l e r  w i l l  provide an instantaneous supply of  ni t rogen £or 

1-43 



1.9 

1.9.1 

1.9.2  

g a s l f l e r  system purging.  The tube t r a i l e r  w i l l  be des igned fo r  a 

mazlmumwlthdrawal r a t e  of  15,000 SCFM fo r  15 m l u u t e s ,  i . e .  

225,000 SCF s torage  c a p a c i t y .  

PRODUCT GAS HANDLING 

Gas Compression 

The c lean  f u e l  gas from the  S t r e t f o r d  p lan t  i s  compressed to  40 ps ig  

and cooled to  100OF p r i o r  to  dehydra t ion  and d i s t r i b u t i o n .  The 

p roduc t  gas leaves  the  S t r e t f o r d  absorber  a t  105oF and 1.5 ps ig  

s a t u r a t e d  wi th  water  vapor .  The gas i s  compressed in  a s e t  o f  

p a r a l l e l  compressors.  The compressors are c e n t r i f u g a l  machines wi th  

a f t e r c o o l e r s .  

The compressors w i l l  be d r i v e n  by condensing s team t u r b i n e s  using 

excess  low pressure  steam from the  g a s i f l e r  j a c k e t s .  The steam i s  

supe rhea ted  p r io r  to  e n t e r i n g  the tu rb ines  a t  25 p s i  g and 322oF 

(55°F supe rhea t ) .  There i s  s u f f i c i e n t  steam to  p rov ide  100 percent  

o f  the  compression du ty .  Because of  the high s p e c i f i c  volume of  the  

s team,  two tu rb ines  ~ 1 1  be needed to  handle the  steam a v a i l a b l e .  A 

t h i r d  compressor d r iven  by e l e c t r i c  motor w i l l  p rov ide  50 percent  o f  

t h e  p l a n t  output  and w i l l  be used fo r  s t a r t u p  and s tandby du ty .  

The o u t l e t  gas from the  compressor w i l l  be cooled in  a s h e l l  and 

tube hea t  exchanger to  100OF wi th  cool ing  water  i n  order  to  condense 

as much wate r  as p o s s i b l e .  Zt i s  in tended to minimize the  load on 

the  dehydra t ion  u n i t .  The condensate  from the  compressor 

a f t e r c o o l e r s  w i l l  be used as  make-up to the p l a n t  main coo l ing  

tower .  

Gas Deh~drat lon 

In  the gas dehydra t ion  u n i t  (Unlt  64) ,  excess wate r  from the  

d e s u l f u r i z e d  and compressed gas (40 paiR) i s  removed to  meet the 

i 
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