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i~aoDuc~zo~ 

The major o b j e c t i v e  o f  the f e a s i b i l i t y  study funded under DOE Grant 

No. DE-FG01-80RAb0371 was to produce a d e f i n i t i v e  desiEh and c o s t  

es t imate  for  the PGWCoal Gas~f l ca t ion  Pro jec t ,  thereby producing 

des ign and economic information i n  s u f f i c i e n t  d e t a i l  to enable  PGW 

to make a "go" or "no-go" d e c i s i o n  on the projec t .  

This repor~ i s  a compi lat ion o f  the des ign  e f f o r t ,  beginning with  a 

review of  the previous f e a s i b i l i t y  study under NPIRA-21 wi th  a 

d i s c u s s i o n  o f  the r a t i o n a l e  l eading  to  the overa l l  plant  des ign  

e f f o r t .  

PROJECT BACKGROUND 

The Philadelphia Gas Works (PGW), a munlclpally owned gas utility, 

d i s t r i b u t e s  gas for  r e s i d e n t i a l ,  commercial~ and i n d u s t r i a l  uses  to 

about 540,000 customers wi th in  the l l m l t s  of  the City o f  

P h i l a d e l p h i a .  

Ph i lade lph ia  Gas Works has experienced d i f f i c u l t i e s  in  securing  a 

s u f f i c i e n t  supply Of natural  gas to meet the requirements o f  a l l  who 

would pre fer  to use t h i s  f u e l .  E e s t r i c t l o n s  have had to be placed 

on the acceptance of  uew i n d u s t r i a l  customers.  This i n a b i l i t y  to  

projec t  a r e l i a b l e ,  s u f f i c i e n t ,  and moderately priced supply o f  

natural  gas for  the future contr ibuted to  Phi ladelphla~s  

difficulties in retaining the present industrial base as well as 

a t t r a c t i n  E new companies to the area .  

At the same times o i l  users  are encounterin E rapidly  e s c a l a t i n g  f u e l  

c o s t s ,  and uncertain about the future  a v a i l a b i l i t y  o f  low s u l f u r  

fue l  o i l .  The s i t u a t i o n  i s  a l s o  complicated by l e g i s l a t i o n  aimed at 

reduolng o l l  consumption and by d i f f i c u l t i e s  in  ahsuring a long term 

supply of  natural  gas .  The r e s u l t  i s  a threat  to  the continued 

well-being of industrial activity in Philadelphia, 
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In view o f  the p o t e n t l a l l y  ser ious  impact that  the lack of  a 

r e l i a b l e  compet l t lve  energy supply w i l l  have on the City o f  

Ph i lade lph ia ,  PGW embarked on a search to  develop aide:mate sources 

o f  fue l  for  industry wi th in  the c i t y .  

At the present time gas u t i l i t y  companies are not operating coal  

g a s i f i c a t i o n  plants  in  the United S t a t e s .  Although PGWcan draw 

upon valuable  past  exper ience ,  t echnc log l e s  and economic condi t ions  

have changed s iEn£f~cant ly  s ince  coal  gas was l a s t  d i s t r i b u t e d  by 

PGW in  Phi lade lphia .  As a r e s u l t ,  many i s s u e s  had to be 

i n v e s t i g a t e d  prior  to committing large amounts o f  c a p i t a l  to the 

implementation of  a centra l  coal  g a s i f i c a t i o n  p lant .  

An assessment o f  a c en tra l  coal  g a s i f i c a t i o n  plant  was i n i t i a t e d  in  

November 1979 by PGW under a grant provided by the Depare~ent of  

Energy through NPI RA-21. The objec t ive  o f  that study was to a s s e s s  

the t echn ica l  and economic f e a s i b i l i t y  o f  producing,  d i s t r i b u t i n g ,  

s e l l i n g ,  and using coa l  gas for  i n d u s t r i a l  a p p l i c a t i o n s  in  

Ph i lade lph ia .  

The study,  which was completed in  October 1980, served as the bas i s  

for  the PGW Caal G a s i f i c a t i o n  Pro jec t .  I t  r e s u l t e d  in  the 

i d e n t i f i c a t i o n  of~ (1) users for  the gas ,  (2) s e l e c t i o n  of  a 

conuaercially proven g a s i f i c a t i o n  process ,  (3) a conceptual system 

des ign and cost  e s t imate ,  and (4)  a f i n a n c i a l  a n a l y s i s .  The 

s p e c i f i c  tasks and t h e i r  r e s u l t s  are summarized on Table I -1 .  

As a r e s u l t  o f  the Conceptual Deslgu and F e a s i b i l i t y  Study (or 

Phase I ) ,  PGW determined that the Coal G a s i f i c a t i o n  Projec t  can 

serve as a point o f  i n d u s t r i a l  growth and s t a b i l i t y  in  Ph i lade lph ia .  

PCW looks upon th i s  projec t  as making a s i g n i f i c a n t  contr ibut ion  to 

the energy supply of  Ph i lade lph ia  and has entered i n t o  Phase II  o f  

the projec t  which i s  the d e f i n i t i v e  des ign s tage .  
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TABLE !-I 

REVIEW OF PHASE I 

o 

o 

o 

o 

Market Analys is  

Def ine  Transmission Options 

Site S e l e c t i o n  

Process  S e l e c t i o n  and 
Conceptual Deslgn 

R e t r o f i t  Assessment 

Financial Analysis 

Contacted 160 users  throughout 
the c i t y .  Resul ted in  design 
b a s i s  concentrat ing on major users 
along Delaware River .  

Computer ana lys i s  o f  various  
d i s t r i b u t i o n  systems demonstrated 
f e a s i b i l i t y  o f  i s o l a t e d  system for 

t r a n s m i s s i o n  of  low-medium-Btu gas.  
A segregated system dedicated to 
i n d u s t r i a l  customers w i l l  ensure 
pro tec t i on  from in terrupt ion  by 
r e s i d ~ n t l a l m a r k e t .  

Reviewed s u i t a b i l i t y  o f  16 s i t e s  
throughout the c i t y .  Concluded 
that  three s i t e s  on Delaware Rivet 
are mostsuitable. 

Evaluated s i x  d i f f e r e n t  coal  
g a s l f l c a t l o n  p r o c e s s e s .  Se lec ted  
the Koppers-Totzek for  conceptual 
des ign for  plant  to  produce 
20 b i l l i o n  Btu per day of  medium 
Btu gas. 

Evaluated the f e a s i b i l i t y  o f  
producing LBG versus  MBG. Concluded 
that LBG i s  f e a s i b l e  for  large  
users  with some derat ing ,  but MGB 
is most suitable for distribution 
to  v a r i e t y  of  u s e r s .  Customer 
could take advantage of  r e t r o f i t  
tax c r e d i t s .  

Conducted d e t a i l e d  f i n a n c i a l  ana lys i s  
for  municipal and pr ivate  ownership 
s c e n a r i o s .  Concluded that MBC 
i s  compet i t ive  v l ch  No. 6 f u e l  o i l .  
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PROJECT OVEEVIEW 

The o v e r a l l  des ign  and c o n s t r u c t i o n  schedule  for  the PGW Coal 

C a s i f i c a t l o n  P r o j e c t  i s  shown in  Figure  1-1 .  I t  can be seen that  

the Conceptual Design and P e a s i b £ 1 i t y  Study was Completed in  

October 1980 and the D e f i n i t i v e  Study,  or Phase ~I ,  was i n i t i a t e d  

immediately t h e r e a f t e r .  The Phase I I  e f f o r t  c o n s i s t s  o£ a rev iew o£ 

Phsse I ,  a determinat ion  o£ the market for  medlum-Btu gas ,  a 

d e f i n i t i v e  eng ineer ing  des ign  and c o s t  e s t i m a t e ,  and a 

f l n a n c i a l - r l s k  a n a l y s i s .  Phase I I  a l s o  inc ludes  a determinat lon  of  

coal  a v a i l a b i l i t y ,  an assessment of  environmental  impact s and an 

e n g i n e e r l n g / c o n s t r u c t l o n  schedule .  The r e s u l t  o f  Phase I I  i s  a 

Business  P I ~  wi thwhichPGW can approach the f i n a n c i a l  co~nuni ty  

and users  o£ the gas ~or support to  proceed with the p r o j e c t .  

I£ PGW proceeds with the p r o j e c t ,  d e t a i l  des ign  w i l l  begin  in  e a r l y  

1982 with subsequent procurement and c o n s t r u c t i o n  a c t i v i t y  l ead ing  

to p lant  s t a r t - u p  iu  ear ly  to  mid-1985.  Commercial opera t ion  and 

product ion o f  gas i s  planned for l a t e  1985. 

APPROACH TO DEFIlq'£TIVE DESIGN 

The o b j e c t i v e  o f  t h i s  work i s  to  deve lop  a d e f i n i t i v e  des ign  and 

cos t  e s t imate  for  the g a s l f l c a t i o n  system s e l e c t e d  for conceptua l  

des ign .  The l e v e l  o f  d e t a i l  in  t h i s  phase r e f l e c t s  the a p p l i c a t i o n  

o£ approximately  10 to  15 percent o£ the engineer ing  for the  

p r o j e c t .  

The o b j e c t i v e s  o f  t h i s  phase are accomplished by f i r s t  e s t a b l i s h i n g  

process  c r i t e r i a  for the des ign .  In t r a n s i t i o n  from conceptua l  to  

d e £ 1 n i t l v e  d e s i ~ ,  process s u p p l i e r s  i n  areas such as g a s i f i c a t i o n  

and d e s u l f u r i s a t i o n  w i l l  be requested  to  supply c o a l -  and product  

g a s - s p e c i f i c  heat  and mater ia l  ba lances .  The net  r e s u l t  i s  a 

process  d e s c r i p t i o n  with process  f low drawings to be used as the 

b a s i s  for  d e s i g n .  
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. 3 . 1  

The definitive desisn entails developing a llst of equipment and 

preparing specifications for the major items and evaluating the 

quo ta t i ons  r ece ived  from vendors  in  s u f f i c i e n t  d e t a i l  to  s e l e c t  the 

b e s t  o f f e r i n g s  f o r  e s t i m a t i n g  purposes .  The c o s t  e s t ima t e  and the 

des ign  then serves  as the  ba s i s  f o r  the d e c i s i o n  to  e n t e r  i n to  the 

d e t a i l  p lan t  des ign and c o n s t r u c t i o n  phases .  

Task 1.0 o f  Phase l~ was r e s e r v e d  to  review Phase I and to  e s t a b l i s h  

c r i t e r i a  f o r  d e f i n i t i v e  des ign .  Included in  t h i s  t a sk  were: 

a .  Review of  p r o j e c t e d  f u e l  r equ i remen t s ,  

b .  D e s c r i p t i o n  o f  s i t e ,  

c .  Review market p e n e t r a t l o n s ~  

d.  Review feeds tock  supply  and byproduct  d i s p o s i t i o n ,  

e .  Review conceptua l  des ign  o f  p l an t  and d i s t r i b u t i o n  systems, and 

f .  Review o v e r a l l  concep tua l  des ign .  

The r e s u l t  o f  Task 1.0 was an assessment o£ the  p r o j e c t  and an 

establishment of criteria for the definitive design. 

Market and Fuel Use Cons ide ra t i ons  

The t h r ee  major energy u s e r s  t h a t  were i d e n t i f i e d  in  Phase I were 

con tac t ed  i n d i v i d u a l l y  to  r e v l e w P h a s e  I and to  d i s cus s  the 

competitive position of MBG with alternative fuels. 

Each of  these  companies was given a copy o f  the  Phase I Draf t  Report 

and meetings were held  ~rith each on sepa ra t e  days dur ing  the week o f  

November 17, 1980. The p e r t i n e n t  in format ion  d i s c u s s e d  a t  these  

meet ings  was a review of  the  Phase I e f f o r t  and the  r e s u l t a n t  

economic analysis. Fuel price comparisons for Philadelphia were 

developed in  cu r r en t  d o l l a r s  and were compared wi th  the p r o j e c t e d  

cos t s  fo r  N~G. The gas use r s  were advised o f  the  e f f o r t  involved in  

Phase I I  o f  the P r o j e c t  and t ha t  PGW intends  to  develop a n e g o t i a b l e  

cos t  f i g u r e  fo r  MBG by August 1981. The users  were r eques t ed  to  

-5  
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i n d i c a t e  t h e i r  i n t e r e s t  and to provide  further  in format ion  wi th  

r e s p e c t  to  load c h a r a c t e r i s t i c s  and future  requirements .  

R e s u l t s  o f  these  meetings are summarlzed as £ol lows:  

Robe & Haas - Ind ica ted  t h a t  they  are e v a l u a t i n g  s e v e r a l  

o p t i o n s ,  one of  which i s  MBG. They are the o n l y  company o f  the 

three  that  can e c o n o m i c a l l y  cons ider  convers ion  to  d i r e c t  

f i r i n g  o f  c o a l .  They agreed to maintain i n t e r e s t  in  the  NBG 

a l t e r n a t i v e  as reques ted ,  and would advise  immediately  i f  i t  

were removed from c o n s i d e r a t i o n .  

A l l i e d  Chemical - I n d l c a t e d  t h a t  d i r e c t  f i r i n g  o f  c o a l  was 

s t i l l  an opt ion  but i t  did not  appear v i a b l e .  Other o f f e r e r s  

o f  f u e l  gas from coa l  had been n o t i f i e d  by A l l i e d  t h a t  they  

were not  being cons idered  in  deference  to PGW. .Al l i ed  agreed 

to  mainta in  i n t e r e s t  and would provide load i n f o r m a t i o n  as 

reques t ed .  

N a t i o n a l  Sugar - S ta ted  t h a t  the  r e s u l t s  of  PGUIs c o a l  

g a s i f i c a t i o n  study would be eva luated  iu comparison w i th  

N a t l o n a l ' s  future  a l t e r n a t i v e s .  They did not  c o n s i d e r  d i r e c t  

f i r i n g  o f  coal  to  be an a l t e r n a t e  because of  the l arge  c a p i t a l  

c o s t s .  They a l so  agreed to  mainta in  i n t e r e s t  and would provide 

load i n f o m a t l o n  as r e q u e s t e d .  

A fur ther  pene tra t ion  o f  the MBG market in P h i l a d e l p h i a  was 

conducted by exp lor ing  the  i n t e r e s t  o f  the f o l l o w i n g  companies and 

agency:  

a.  Publ i cker  I n d u s t r i e s ,  

b. Amstar Sugar, 

c .  P h i l a d e l p h i a  Navy Yard, and 

d. Newman Paper. 

1-6 
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As w i t h  the  t h r e e  majo~ u s e r s ,  c e p i e ~  o f  the  Phase I D r a f t  Report  

were d l e t r l b u t e d  to  each and a s l u ~ l e  m e e t l n g  was he ld  w i t h  each 

group represented. The results of that meetinE'.indlcated that 

insufflc~ent interest in MBG exists to warrant dlstrlbutlon south of 

National Sugar. Newman Paper expressed considerable interest and 

was included as a point of distribution for the project. 

Conclusions reached from the user ana lys i s  in  these Subtasks are: 

- I n t e r e s t  e x p r e s s e d  by the t h r e e  major u s e r s  and Newman Paper i s  

s u f f l c l e n t  f o r  the  b a s i s  o f  a d i s t r i b u t i o n  sys tem.  

- The t o t a l  connec ted  load o f  t h e s e  u s e r s  i s  approx imate ly  

20 b i l l l o n  Btu per day.  

The number of  gas i f i e r s  required to supply these customers i s  

in excess  o f  0us,  and considerably l e s s  than three. Therefore,  

the plant design w i l l  be based on two GKT g a s l f i e r s .  

- Each u s e r  w i l l  be expected  to  m a i n t a i n  a dual  f u e l  burner 

c a p a b i l i t y ,  probably  us ing  No. 6 f u e l  o i l  as  the backup.  

Site C o n s i d e r a t i o n s  

The conceptual design of  Phase I i d e n t i f i e d  the former g a s i f i e r  s i t e  

of  PGW as the s i t e  for d e f i u l t i v e  des ign .  This s e l ec t ion  was made 

after  determining the f e a s i b i l i t y  o f  l oca t ing  the plant at various  

s i t e s  wi th in  the c i ty  and along the Delaware River. Early iu 

Phase TX, the  PGW s i t e  was prec luded  from c o n s i d e r a t i o n  as a p l a n t  

s i t e  in  v i e w  o f  i t s  p o t e n t i a l  use  f o r  f u t u r e  peak shav ing  f a c i l i t i e s  

by PGW. I t  became n e c e s s a r y  to  i d e n t i f y  and e v a l u a t e  a l t e r n a t e  

s i t e s  f o r  the  g a s i f i c a t i o n  p l a n t .  
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1.3.2.1 

The followln 8 alternate s~tes were identified: 

EasEern Gas Not acceptab le  on the  bas i s  

tha t  s i t i n g  vould  requi~e 

purchase and d e m o l i t i o n  of  the 

Philadelphia Coke Works. 

Northern Metals No longer available. 

Kerr-McGee 

E~verside  

No longer  a v a i l a b l e .  

This s i t e  was the  second 

choice  in  the  conceptua l  s tudy .  

At the time o f  Phase IZ 

e v a l u a t i o n ,  ownership and 

a v a i l a b i l i t y  was not  c l ear ,  

which n e c e s s i t a t e d  review 

of a d d i t i o n a l  s i t e s .  

Port  Richmond Coal Terminal Two parce l s  of  land 

a v a i l a b l e  from Conrai l  on a 

long-term l e a s e  b a s i s .  

S u i t a b i l i t y  of  one parcel  

was determiued.  

t 

Evaluat ion  of  the Port  Richmond S i t e  

The Port  Richmond s i t e ,  cuCrent ly  owned by C o n r a i l ,  i s  l ocated  

between Conrail*s Port  Richmond r a i l  yard and A l l e g h e u y  Avenue. 

s i t e  would be a v a i l a b l e  £~om Conrail  on a 50 -year  l e a s e  b a s i s .  

The 

The Port Richmond s i t e  e s s e n t i a l l y  c o n s i s t s  o£ four  p i er s  (A, B, C, 

and D) and a por t ion  o f  the  r a i l  yard. The s i t e  i s  d i s s e c t e d  by 

Shore Roadj Conrai l~s  p r i v a t e  road. In a d d i t i o n ,  Conrai l  requires  a 

r l g h t - o f - w a y  for  two P h i l a d e l p h i a  Be l t  Line r a i l r o a d  tracks which 

cross  the property below Shore Road. 
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To i m p l e m e n t  the  proposed  p l a n t  l a y o u t  i t  i s  recommended t h a t  the  

w a t e r w a y s  b e t w e e n  P i e r s  A, B, C, and D be t o t a l l y  f i l l e d  w i t h  au 

a p p r o p r i a t e  f i l l  m a t e r i a l .  An a t t e m p t  t o  p a r t i a l l y  f i l l  t h e  p l e r  
w a t e r w a y s  would  ~ e s u l t  i n  crowd£nE o f  t h e  p r o c e s s  u n i t s  w h i c h  c o u l d  

l e a d  t o  s a f e t y  and l a y o u t  p r o b l e m s  i n  the  d e t a i l  d e s i g n  p h a s e  o f  the  

' O  • pr j ee r .  

Th8 t o t a l  volume of f i l l  required between the piers (assuming an 

average depth of  30 f ee t )  i s  approximately 400,000 yd 3. Ass,-,ing a 

very low cost  of  $10 per yd3 for the f i l l  operation, the t o t a l  cost 

~o f i l l  the pier waterways i s  four mi l l ion  dol lars .  

From a t e c h n i c a l  v i e w p o i n t  t h e  o n l y  a d v a n t a g e  o f  t h e  P o r t  Richmond 

s i t e  i s  t h e  p r e s e n c e  o f  the  e x i s t i n g  t a l l  yard f o r  c o a l  u n l o a d l n  E. 

The d i s a d v a n t a g e s  o£ the  s i t e ,  h o w e v e r ,  are  numerous and a r e  l i s t e d  

as  f o l l o w s :  

a. The pier  waterway f i l l  operation i s  not economically f e a s i b l e  

compared to the cost o f  the a l ternat ive  Riverside s i t e .  

b. The ability to obtain permits from the EPA, Department of 

Interiorj and the U.S. Army Corps of Ensineers for the fill 

oI~eration is uncertain. 
'I 

c .  The r i g h t - o f - w a y  f o r  t h e  P h i l a d e l p h i ~  B e l t  L ine  r a i l r o a d  t r a c k  

and Conrail's Shore Road reduce the usability of ~ site. In 

addition, safety and insurance problems may result dv~e to these 

rights-of-way. 

d.  The d e m o l i t i o n  o f  the  w a r e h o u s e  on P i e r  B and t h e  b o a t  s a l v a g e  

increase the cost and time required for site preparation. 

As a r e s u l t  o f  the  above  e v a l u a t i o n  i t  was r e c o - ~ e n d e d  t h a t  t h e  Por t  

Richmond site be dropped as a possible gasification plant si~e. 

1-9 
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1.3 .3  

The s e c o n d  s l t s  i n  t h e  P o r t  Richmond y a r d  was  n o t  c o n s i d e r e d  b e c a u s e  

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

of that site. 

Evaluation of the Riverside Site 

The s i t e  i s  l o c a t e d  i n  the n o r t h e a s t e r n  s e c t i o n  of  P h i l a d e l p h i a ,  

south of  Richmond S t r e e t  and between Dyott  and Cumberland S t r e e t s . ,  

The l o c ~ t l o n  has d i r e c t  Delaware River f rontage  with a sh ipp ing  

berth on the  e a s t e r n  s ide  o f  ~he s i t e .  

The s i t e  i s  l o c a t e d  adjacent  to the  C o n r a i l ' s  Port Richmond r a i l  

yard.  As a r e s u l t s  the s i t e  should have easy access  to e x i s t i n g  

r a i l  l i n e s .  

Based on the assumed rail yard configuration and the area 

requirements for the major process units, the site appeared Co be 

feasible. 

From a pre l iminary  l a y o u t  v i e w p o i n t ,  the  s i t e  a l lows s u f f i c i e n t  area 

for  p lant  roads ,  conveyor systems,  drainage  d i t c h e s ,  pipe racks ,  and 

cable  trays. 

The owners o f  the  Rivers ide  S i t e  were contac ted  to enter  i n t o  

n e g o t i a t i o n s  for  a one year op t ion  Co purchase the s i t e .  In view o f  

the limited availability of alternate sites for this project, the 

d e f i n i t i v e  des ign  proceeded under the  assumption that  the R i v e r s i d e  

S i t e  i s  a v a i l a b l e .  

Coal Cons idera t ions  

In Phase I ,  a t y p i c a l  P i t t sburgh  No. 8 c o a l  was used as the  base 

coal  in conceptua l  d e s i s t .  The base  c o a l  was only  gener ic  in  t h a t  

i t  was not  i d e n t i f i e d  wlth  any s p e c i f i c  c o a l  supp l i er s  and, as a 

consequence,  some key data such as c o a l  c o s t s ,  a v a i l a b i l l c y ,  e t c .  

were not  f~rmly e s t a b l i s h e d .  
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In Phase I f ,  a search 'for a des ign  coa l  with i d e n t i f i a b l e  coal  

supp l i er s  was conducted to  r e c t i f y  these  u n c e r t a i n t i e s .  

The coal search was initiated by developing a design coal 

speclficatio.,  £ollowed by prescreeniug of coal companies in the 

f i v e - s t a t e  areas i u c l u d l n g  Pennsylvania~ West V l r g i n i a ,  Ohio, 

Kentucky, and Maryland. Le t t er s  o f  s o l i c i t a t i o n  for  coal  
da ta / in format ion  were sent  to  15 p o t e n t i a l  coa l  s u p p l i e r s ,  f i v e  of  
whloh r e s p o n d e d .  The o o a l  d a t a ,  a s p r o v i d e d  by t h e  o o a l  ccmrpaniesb 

Were then  a n a l y z e d  and oomparedj and t h e  i m p a c t s  on t h e  p l a n t  

performance plant  economics eva luated .  A d e t a i l e d  d e s c r i p t i o n  of  

the coal  search and a summary of  the e v a l u a t i o n  i s  presented in  

Appendix A, 

The r e s u l t s  of  the i n i t i a l  e v a l u a t i o n  showed that  the C&K coal  i s  

the preferred des ign coal  in  that  i t  has the advantage o f  y i e l d i n g  

relative potential savings compared t o  a somewhat arbltiary cost for 

Pittsburgh No. 8. It also has the advantage of abudant ooal 

reserves and large production rate to meet the PGWgasification 

plant requirements. 

In order to procede wi th  the d e f i n i t i v e  des ign in  a t imely  manners 

the heat and mater ia l  balances  for  the g a s i f i c a t i o n  process  were 

based upon the a n a l y s i s  o f  P i t t sburgh  No. 8 which i s  very s imi lar  to  

the a n l a y s l s  of  C&Kand severa l  other  coa l s  under e v a l u a t i o n .  The 

supp l i er  o f  the g a s i f i c a t i o n  process  ind ica ted  that  these  s imi lar  

c o a l s  would a l l  produce  e s s e n t i a l l y  t h e  same b a l a n c e s  o f  t h i s  l e v e l  

o f  a n a l y s i s ,  and t h a t  p r e c i s e  p e r f o r m a n c e  g u a r a n t e e s  c o u l d  n o t  be 

d e t e r m i n e d  w i t h o u t  f u l l  oommerc la l  t e s t i n g  o f  t h e  s p e c i f i c  d e s i g n  

c o a l ,  

P r o c e s s  Considerat ions  

The process  s e l e c t l o n  c r i t e r i a  for  t h i s  pro jec t  was based upon the 

requirement t o . u s e  C .mmercla l ly  proven p r o c e s s e s .  The commercial 
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1 .3 .4 .2  

v i a b i l i e y  o£ t h i s  plant  required that  the l e v e l  of  t e e h n o l o g l c a l  

r i s k  i d e n t i f i e d  with the process  be minimal. Theregore, i t  was 

imperative that  the processes  making up the complete system be 

s e l e c t e d  from those which are commerciaI~y proven and are guaranteed 

by a process  suppl ier•  

Gasi£icatlon System 

The Koppers-Totzek (KT) Entrained Bed g a s i f l c a t i o n  process  was 

s e l e c t e d  and G e s s e l l s c h a f t  for  Kohle-TechnoloEie mbH (GKT) of  West 
Germany i s  supplyinE process information.  Since ~he s tar t -up  of  the 

f i r s t  KT plant in  1951, more than 50 g a s l f i e r s  have been de l i vered  

to 14 d i f f e r e n t  c l i e n t s  Co produce synthes i s  gas,  primari ly  for  

ammonia production.  The da i ly  a , , ,onia  capacity  of  KT plants  in  

operat ion i s  in  the range of  4 ,000 ton per day, which represents  

more than 90 percent o f  the wor ld ' s  coal -based an~onia product ion .  

By e~perlence  gained in actual  operat ion ,  the commercial c a p a b i l i t y  

of  the KT process  has been proven. A ranEe o£ feedstocks  can be 

gas i f l ed~  from l i g n i t e  to anthrac i t e  as we l l  as petroleum coke, 

charcoal ,  Ears, and heavy r e s i d u e s .  

Yeedstocks of  high ash and/or s u l f u r  content ,  which are not 

acceptable  for  conventional  processes  because of  t echnica l  or 

enviroumental a spec t s ,  can be e a s i l y  u t i l i z e d  by the KT process .  

Unlike f i x e d  bed and f l u i d i z e d  bed proces ses ,  no l i m i t a t i o n  

regarding s i z e  d i s t r i b u t i o n  e x i s t s  with the KT process ,  and the 

e n t i r e  mine output can be u t i l i z e d .  In general ,  c r i t i c a l  des ign 

eons iderat ions  with respect  to ash or coklnE proper t i e s  o f  the coal  

are not e x i s t e n t .  

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

Other processes  se lecued for  th i s  plant  were a l s o  judged on proven 

c ~ e r c i a l  background. The most per t inent  of  these i s  the 

d e s u l f u r i z a t i o n  p lant ,  for  which the S tre t ford  process  was s e l e c t e d .  
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1 .3 .5  

The Stre t ford  process  uses r e l i a b l e ,  rugged, s imple technology for  

almost t o t a l  removal o£ H2S from gas streams. There are 
31 s u c c e s s f u l  Strat ford  uni t s  operating around the world.  These 

involve a variety of applications: town-gas, coal gas, SNG, 

coke-oven gas, and natural-gas processing. 

This  proprietary process  has been developed by W.C. Homes & Co. 

L t d . ,  England, a part of  Peabody Galion Corporation of  New York. 

This process i s  now ava i lab l e  for  wider use in  the U.S. with four 

i n s t a l l a t i o n s  already operating s u c c e s s f u l l y  in  St .  Louis ,  Honolulu, 

Ontario,  and York, Pennsylvania.  The s u l f u r  tonnage handled by 

indiv idual  S tre t ford  plants  has grown over the past  14 years from 

200 Ib per day to a capability of 30 long tons per day in a 

single-traln. PGW is also using the Stretford process for 

desulfuriza~ion of gas produced in the 60MMCFD synthetic gas plant. 

R e l i a b i l i t y  Factors 

R e l i a b i l i t y  and on-stream fac tors  were considered iu  completion of  
. . ~  

the plant design.  The plant w i l l  be Operated as a baseload f a c i l i t y  

with a 50 percent turndown c a p a b i l i t y  on weekends and a two or three 

week scheduled shutdown per year.  I t  i s  an t i c ipa ted  t h a t  rout ine  

maintenance w i l l  be scheduled on dual t ra in  equipment for  weekends. 

The stream factor  of  a l l  equipment in  th i s  plant i s  rated above 

90 percent .  This i s  e i t h e r  sta~ed by the process  suppl ier  or is 

specified in the design. 

Critiera for Definitive Design 

Having given due cons iderat ion  to the information generated in the 

review o£ Phase I ,  an updated conceptual plant  des ign was developed.  

This design i s  presented in  a t o p i c a l  report e n t i t l e d  PGW Conceptual 

Plant Design Review, and i s  presented as Appendix Z. 
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2.0 

2.1 

2.2 

BASIS FOR PROCESS DESIGN 

PLANT SITE 

Rivers ide  I n d u s t r i a l  Park, the 43-arce  s i t e  for  the PGW coal  

gas i f i ca t ion  project is  locaLed in Northeast Philadelphia along the 

Delaware River, west o£ Conrail's Port Richmond rail yard and 

halfway between the Betsy Ross and the Benjamin Franklin Bridges. 

It is the only available site of this size in the city of 

Philadelphia which is designated as industrial zone and is near 

major industrial users of the medium-Btu gas to be generated by the 

gasification facility. The cleared and nearly level site consists 

of fill and rubble aud remnants of piers and dry docks which existed 

during World War II when the site was known as the Camps Ship Yard. 

The L-shaped s i t e  i s  bo~.dered to the n o r t h e a s t  predominantly by 

water adjacent  to  P ier  20, to  the southwest  predominantly by water 

adjacent to Pier 75, to the northwest predominantly by Beach Street, 

and to the east by the Delaware River. Elevation of the site is 

I0.0 feet (USGS datum), the same as the I00 year flood level. 

PLANT SIZE 

The p lan t  s i z e  of  the coal  g a s i f i c a t i o n  f a c i l i t y  i s  nominal ly  

20 b i l l i o n  Btu per day based on the h igher  h e a t i n g  va lue  (HHV) of  

the  p~oduct medium-Btu Eas, which w i l l  be d i s t r i b u t e d  to i n d u s t r i a l  

users  through a gas d i s t r u b i t i o u  System a t  35 p s i g .  Based on the 

pro jec ted  gas demand, the g a s i f i c a t i o n  f a c i l i t y  i s  to  operate  at  

f u l l  load during the weekdays and at h a l f  load during the weekends 

(Saturday and Sunday).  On a weekly b a s i s ,  t h e r e f o r e ,  the expected 

on-stream fac tor  i s  6 / 7 t h  or approximately 85 .7  percent .  Uowever, 

the annual on-stream fac tor  w i l l  be about 80 percent ,  taking 

scheduled and unscheduled shutdowns ~nto account .  
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TABLE 2-1 

COAL CHARACTERISTICS 

Rank C l a s s l f l c a t l o n  

S ta te ,  County 

Bed Name & Number 

ProxlmateAnalys is~  Wt. %, A.E. 

Mosi~ure (seam) 

V o l a t i l e  Matter 

Fixed Carbon 

Ash 

TOTAL 

High Heating Value, Btu/ lb  

As Received 

Moisture & Ash Free (MA~) 

Ult imate Analysis ,  Wt %, Dry 

Hydrogen 

Carbon 

Ni~roEen 

Oyxgen 

Sulfur 

Ash 

TOTAL 

Free Swelling Index (FSI) 

Ash F u s i b i l i t y  Temp., o F 

I n i t i a l  Deformation 

Softening 

Fluid  

Hardgrove Gr lndab i l i t y  Index 

Reduciu~ 

2093 

2138 

2156 

Bituminous 

PA, Greene 

Pittsburgh No. 8 

4.58 

37.33 

50.26 

7.83 

100.00 

13,/+42 

15,330 

5.28 

77.7! 

1.42 

4.74 

2.64 

8.21 

100.00 

7.5 

64 

Oxidizing 

2444 

2480 

2516 
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2.4 

COAL FEED 

The design coal for the facility is a typical Pittsburgh NO. 8 coal, 

the characteristics of which are shown in Table 2-I. Although the 

gener ic  p r o p e r t i e s  of  t h i s  coal were used fo r  the bas ic  process 

design and performance c a l c u l a t i o n s ,  many o ther  coals  can a l so  be 

used as feed,  s ince the g a s i f l e r  can handle a wide range of  coal  

types (see  Appendix A). The feed coal  (2- inches  by 0- inch)  w i l l  be 

brought i n t o  the p lan t  s i t e  by u n i t  t r a i n s  v ia  C o n r a i l ' s  Por t  

Richmond t a l l  yard.  An approximately  6D-day supply of  coal  w i l l  be 

s to red  o n - s i t e .  

GASIFICATION PROCESS 

The GKT process as o f fe red  by G e s e l l s c h a f t  f u r  Kohle-Technologie of  

Esseu, West Germany, is used as the gasification process in the 

present design. The GKT process, which was previously known as the 

Koppers-Totzek process, was selected during Phase I (Conceptual 

Design) of the current project. 

The GKT g a s i f i e r  is  an en t ra ined-bed ,  oxygen blown u n i t .  I t  is  

f l e x i b l e  in coal  feed types and does not  r e j e c t  coal  f i nes  nor  

genera te  t a r s ,  o i l s ,  and phenols.  When fed with au Eas te rn  

bituminous coa l ,  the carbon convers ion  e f f i c i e n c y  of  the g a s i f l e r  i s  

in  ~he range of  88 to 95 pe rcen t .  For the present  de&ign, a 

conse rva t ive  f igu re  of 88 percent  has been recommended by GKT ( in  

con junc t ion  wi th  the P i t t sbu rgh  No. 8 design coal)  to  provide a 

margin of  f l e x i b i l i t y  to account fo r  v a r i a t i o n s  in  coal  feed .  

Furthermore,  a scheme of r e cyc l i ng  f l y  ash (con ta in ing  unburned 

carbon) to the g a s i f i e r  i s  a l so  inc luded in the p resen t  des ign which 

w i l l  provide an a d d i t i o n a l  degree of  carbon conversion e f f i c i e n c y .  

For the p resen t  design basis  of a nominal 20 b i l l i o n  Btu per  day 

p l a n t ,  two four-headed g a s i f l e r s  have been proposed by GKT. The GET 

battery limits will include two trains of gasifier with ancillary 
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2.5 

2.6 

equipmentj waste  heat recovery b o i l e r s ,  gas clean-up equipment, and 
a common gas holder, electrostatic precipltator, and wasb water 

treatment unit. All other units interfacin 8 ~th the GKT units are 

made compatible with the gasification process as offered by GKT. 

SULFUR REMOVAL AND RECOVERY 

The raw gas from the GKT plant w i l l  5e desu l fur ized  in a S tre t ford  

process ,  which was a l s o  s e l ec t ed  during the Conceptual Design Phase.  

The S tre t ford  plant i s  designed to remove the bulk of  s u l f u r  

compounds in the raw gas such that, when the final clean gas is 

burned in industrial boilers, ~he emission will comply with the 

limit (500 ppmv SO 2 or 0.86 Ib SO 2 per 106 Btu) see by the City of 

Philadelphia. 

The $tre t ford  process  i s  a d i rec t  conversion process which i s  

capable of  removing H2 S present in the raw gas and subsequently 

converting i t  to  a recoverable  elementary su l fur .  In the present  

design, 27.2 tons per day Gf sulfur is recovered as high quality 

molten sulfur, which is salable at about $II0 to 125 per ton at the 

plant gate. Purge liquor associated with molten sulfur production 

will be treated on-slte so that there will be no hazardous discharge 

from the sulfur removal and recovery units. 

MAKEUP WATER SUPPLY 

Approximately 1 .4  m i l l i o n  gal lons  per day of  plant  makeup water i s  

required for  process  system uses .  Economics favor providing an 

on-site river water treatment system to supply process system uses, 

in lieu of purchasing treated water from the City of Philadelphia 

Water Department (approaching $0.75 per 1,000 gallons). For potable 

water supply and sanitary purposes, City of Philadelphia water is 

the exclusive source. 
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C 2.7 SOLID WASTE DISPOSAL 

The coal  g a s i f i c a t i o n  f a c i l i t y  w i l l  produce two types  o f  s o l i d  

wastes - granular slag and fine fly ash mixed with unburned carbon. 

Approximately 30 percent of the coal ash is recovered as quenched 

molten slag from the gasifier bottom and the remaining 70 percent 

(entrained in the raw gas) is recovered in the form of a wet filter 

cake from a downstream gas cleanup system. The high temperature 

oxldatlon process results in these materials being stabilized and 

free of organics. They are suitable for dlsposal in a land fill. 

In order to a l l e v i a t e  s o l i d  waste d i sposa l  problems,  and a l so  to 

r e u t i l i z e  some of the  carbon contained in  the  f l y  ash f i l t e r  cake, 

r e c y c l i n g  of  up to 5G percent  of  the f l y  ash cake to the  g a s i f i e r  i s  

incorporated in the presen t  des ign .  The q u a n t i t y  o f  ne t  s o l i d  

wastes  that  must be d i sposed  o f  var i e s  with the  r e c y c l l n E  rate  - a t  

0 percent  r e c y l e ,  i t  i s  378 tpd (33 tpd of  s l a g  and 345 tpd of f l y  

ash) and at 50 percent recycle, it is 250 tpd (48 tpd of slag and 

202 tpd and fly ash), or only two-thlrd of the non-recycle ea3e. 
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3.0 

3.1 

PROCESS DESCRIPTION 

OVERALL PROCESS DESCRIPTION 

The pre l iminary  des ign  completed dur ing  Ph=~e I I  of  the PGW Coal 

Gas i f i ca t ion  Project  i s  based on the ~ a s i £ i c a t i o n  process of fered by 

GKT. The GKT Gas i f icat ion  Unit c o n s i s t s  o f  two para l l e l  

gas i£ i ca t ion  and clean-up tra ins .  N~ spare trains  are provided in 

the present design.  An overal l  process  block diagram of  the PGW 

ga~ificatlon plant is shown in Figure 3-,I. The gasification plant 

5aslcally consists of the following unit~: 

Unit No. 

I0 

15 

20 

30 

40 

42 

4¢ 

50 

50 

62 

54 

70 

72 

74 

80 

81 

82 

83 

8¢ 

85 

86 

87 

Coal Rece£ving and Handling 

Coal Dust Supress ion  

Coal Preparation and Conveying 

GKTGasification 

Sulfur Removal and Recovery 

Stretford Desulfurization 

Nittetu Incineration 

Air Separation 

Product Gas Handling 

Gas Compression 

Gas Dehydration 

Water Treatment 

GKT Wash Water 

Waste'Water 

Utilities 

Cooling Water 

• Steam, BFW, and Condehsate Return 

Firewater 

Plant & Potable Water 

Plant and Instrument Air 

Sewer and Sanitary Drain 

Boiler 
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Unit No. 

90 

91 

92 

94 

O £ £ s i t e s  
Ma~u P r o c e s s  F l a r e  & R e l i e f  

F l y  Ash Removal  and S t o r a g e  

S lag  Removal  and S t o r a g e  

Pot the GKT g a s i f i c a t i o n  plant 2- inches  by O-inch s ized  coal  i s  

de l ivered  by un i t  t r a i n  v ia  in-p lant  tracks to the Coal Receiving 

and Handling Uni t .  In th i s  unit  the coa l  i s  unloaded from the un i t  

tra in  to the s torage  area,  where a s tock  p i l e  i s  formed by a 

lowering w e l l .  From the storage area,  b e l t  conveyors d e l i v e r  the 

c o a l  t o  b u n k e r s  f o r  c o a l  p r e p a r a t i o n  a t  t h e  r a t e  o f  a p p r o x i m a t e l y  

1 ,200  t o n s  per  day ( a s  r e c e i v e d ,  w i t h o u t  l o s s ) .  

~u the Coal Preparat ion 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 co~l i s  dried and pulverized to  the 

fo l lowing  GET g a s i f i e r  feed requirements: 

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

200 mesh 

o Moisture Content - one percent "-~ 

An a ir  heater which uses med£um-Btu, product gas i s  used to heat a i r  

f o r  the  p u r p o s e  o f  r e d u c i n g  the  c o a l  i n l e t  m o i s t u r e  t o  one p e r c e n t  

in the p u l v e r i z e r .  The heated a i r  pneumatical ly  carr ies  the c o a 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 dust 

(pulverized c o a l )  from the removal system i s  c o l l e c t e d  and 

pneumatically conveyed v ia  by-product n i t rogen  from an a ir  

separation plant  to s e r v i c e  bius wi th in  the @KT G a s i f i c a t i o n  Unit 

battery l i m i t s .  

I n ' t h e  e n t r a i n e d  bed g a s i f i e r s ,  t h e  c o a l  d u s t  i s  o x i d i z e d  by o x y g e n  

in  the  p r e s e n c e  o f  s t e a m .  C o a l ,  o x y g e n ,  end s t e a m  are  b r o u g h t  

t o g e t h e r  and d i s t r i b u t e d  t o  gout  g ~ s i f i e r  b u r n e r  beads  which  a r e  90 ° 

a p a r t .  R e a c t i o n  t e m p e r a t u r e  a t  the  b u r n e r  head d i s c h a r g e  i s  3300 t o  
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3500°F and the operat ing  pressure  is s l i g h t l y  above atmospheric .  

The coa l  i s  Eas£f led almost complete ly  and i " " e d i a t e l y .  Under the 
process  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 l f e r ,  carbon and 

hydrocarbons con~alned in the c o a l  are converted to carbon monox£de~ 
hydrogen,  and carbon d i o x i d e .  

The g a s i f i e r  i s  a refractory l ined  s t e e l  s h e l l  equipped with e water 

jacket for producing low-pressure process steam at 28 ps ig .  The low 

pressure steam from the jacket i s  more than enough to meet the 
gas l f l er~s  needs, 

Oxygen for  the g a s i f i c a t i o n  r e a c t i o n  i s  provided by an a i r  

s eparat ion  p l a n t .  The a i r  s epara t ion  p lant  w i l l  be a turnkey 

f a c i l i t y ,  and eng ineer ing  and des ign  s e r v i c e s  w i l l  be furnished by a 

contrac tor  experienced in  t h i s  f i e l d .  The oxygen p u r i t y  for  the  

p lant  i s  98 volume percent  w~th two percent i n e r t s ~ s ~ l y  argon) .  

By-product nitrogen (98 volume percent purity)  £romthe plant i s  u=ed 

for coa l  dust conveying and g a s i f i c a t i o n  system pur~ing and 
blanketing. 

In the g a s i f i e r ,  approximately 30 percent  o f  the coa l  ash p a r t i c l e s  

coa l e sce  and drop out  as s l ag  i n t o  a s l ag  quench and removal system. 

The s l a g  i s  removed by b e l t  conveyor to temporary s l a g  s torage  

f a c i l i t i e s  (Unit  94) pr ior  to  r a l l  loading  for  d i s p o s a l .  

The remaining 70 percent  o f  the f i n e  ash p a r t i c u l a t e s  are carr ied  

overhead out o f  the g a s i f i e r  as f l y  ash entra ined  with unburned 

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

The medium-Btu product exits the gaslfier at approximate|y 2700oF. 

The gas passes through a waste heat bo i ler  which produces 925 psig  

saturated  steam. At the e x i t  o f  the waste heat  b o i l e r  the  gas 

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

c lean-up t ra in  where the temperature o f  the gas i s  subsequent ly  

reduced to  95OF and the major i ty  o f  the en~ralned f l y  ash and carbon 
p a r t i c u l a t e s  are removed. 
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~n the c l ean-up  t r a i n  the f l y  ash is removed v i a  a c i r c u l a t i n g  wash 

water system whlch scrubs the .gas° The wash water stream ladden 

with fly ash and unburned carbon is sent to the GKT Wash Water 

Treatment Unit (72). In the wash water treatment the entering wash 

water stream is sent to two rectangular settling ponds. The fly ash 

sludge from the settling ponds is sent to a cow, on thickener. The 

underflow of the thickener is pumped to rotary vacuum filter where 

the moisture is reduced to 50 percent. The fly ash filter cake is 

then sent via belt conveyor to. temporary storage facilities 

(Unit 92) prior to disposal by rail or truck. The amount of fly ash 

to disposal for a typlcal Pittsburgh No. 8 coal at the plant design 

production rate is 345 tpd. 

To reduce the s!udEe d i s p o s a l  problems, and a l s o  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  incorporated  ~n the present  

d e s i g n .  Recycle  o f  50 percent  o f  the  f l y  ash cake w i l l  increase  the  

g a s i f i e r  carbon convers ion  from 88 .0  to  93 .6  percent  whi le  reduc ing  

the  raw coa l  feed by s i x  percent .  The r e c y c l e  of  s ludge to the  

g a s l f l e r  i s  l i m i t e d  to  50 percent~ s i n c e  the p u l v e r i z e r  and a i r  

heater design is currently limited to a maximum of 12 percent 

moisture. Recycle of 50percent of the sludge cake to the gasifier 

will not siEniflcantly affect the Easifier gas production or 

composition, since the hydrogen~ oxygen~ nitrogen, and sulfur to 

carbon ratios in the mixed feed are essentlally the same as the raw 

coal feed. 

Sunnnarized in Table 3-1 is the mater ia l  balance for 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  represent s  a product gas 

product ion  rate  o f  20 .58  b i l l i o n  Btu per day at  the p lant  b a t t e r y  

l i m i t s  (h igh  h e a t i n g  v a l u e ,  uo s e n s i b l e  heat  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 i c a t 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 
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gas ho lde 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  fo r  f lus1  p a r t i c u l a t e  

removal before exiting the CKT battery limits. The composition and 

conditions of the product gas exiting the GKT battery limits are 

shown below: 

Component Zole___._~Z 

H2 27.29 

N2 0.92 

Ar 0.57 

C02 6.36 

CO 58.61 

c ~  O.Ol 
H2S 0.85 

COS 0.09 

RCN 75 PPMV 

H20 5.30 

TOTAL 100.00 

Temperature, OF 95 

Pressure, in. W.C. 22 

From the CKT G a s i f i c a t i o n  Unit the gas i s  compressed to 

approx imate ly  6 ps ig  p r i o r  to e n t e r i n g  the  D e s u l f u r i z a t i o n  Un i t .  

The d e s u l f u r l z a t l o n  un i t  i s  a S t r e t f o r d  process  which removes H2S 

presen t  in  the  raw gas by conve r t ing  i t  to  r e c o v e r a b l e  e l emen ta l  

s u l f u r .  The S t r e t f o r d  process  i s  a low t empera tu re  a b s o r p t i o n -  

d i r e c t  o x i d a t i o n  d e s u l f u r i z a t l o n  p r o c e s s .  The raw gas from the  GKT 

g a s i f l e r  c o n t a i n s  about  0.96 and 0.09 p e r c e n t  o f  H2 S and COS, 

r e s p e c t i v e l y  s on a d ry  gas volume b a s i s .  To comply with the  EPA 

environmenta l  r e g u l a t i o n s  s e t  by the  C i ty  o f  P h i l a d e l p h i a  (500 PPMV 

or 0.86 Ib 502 per 106 Btu input), the raw gas must be cleaned 

before being utilized in the boilers. The Stretford desulfurization 

process removes almost all H2S from the gas. COS in the gas is not 

removed~ howeverp its content is low and burnin E the gas will 

produce only  350 PPMV SO 2. 
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C The S t r e t f o r d  process  b a s i c a l l y  c o n s i s t s  o f  an a b s o r b e r ,  o x i d i z e r s ,  

a s u l f u r  removal sys tem,  an i n c i n e r a t i o n  u n i t  f o r  hand l ing  S t r e t f o r d  

purge s o l u t i o n ,  and a s s o c i a t e d  pumps, a i r  b lower s ,  and s o l u t i o n  

makeupequipment .  Eemoval o f  H2 S occurs in  the  S t r e t f o r d  absorber  

mixer  and r e a c t i o n  v e s s e l  where the product  gas s t ream con tac t s  the 

l ean  S t r e t f o r d  s o l u t i o n .  The c lean  gas e x i t i n g  the  r e a c t i o n  v e s s e l  

i s  d e l i v e r e d  to  the Gas Compression and Dehydra t ion  Units  a t  105oF 

and 2 ps ig .  

The s u l f u r  removal sys tem employed fo r  the  S t r a t f o r d  process  

produces a s a l eab l e  mol ten  s u l f u r  p roduc t .  The mol ten s u l f u r  i s  

s t o r e d  in  a s to rage  p l t  p r i o r  to  r a i l  l oad ing .  The molten s u l f u r  

prod.lced at design gasification plant capacity for a typical 

Pittsburgh No. 8 coal is 27.3 tpd. 

In the S t r e t f o r d  p r o c e s s ,  s a l t s  (Na2S04, Na2S203, and NaSCN) are  

produced dur ing the  a b s o r p t i o n  and o x i d a t i o n  s t e p s .  The s a l t s  

accumulate in the  S t r e t f o r d  s o l u t i o n  and the f r e e  a l k a l i  po r t i on  o f  

the  working s o l u t i o n  i s  suppressed .  To remedy t h i s ,  a purge s t ream 

from the S t r e t f o r d  s o l u t i o n  con ta in ing  s a l t s  formed dur ing  the 

process  is  sent  to  a N i t t e t u  I n c i n e r a t i o n  P l a n t  (Unit  44) to  

decompose the s a l t s  v i a  r e d u c t i v e  i n c i n e r a t i o n .  In  the N i t t e t u  u n i t  

the  purge s o l u t i o n  i s  vapo r i zed  and the s a l t s  decomposed in  a 

fu rnace .  Reformed mol ten  s a l t s  are  then  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 rocess .  Decomposed gases ( con ta in ing  

H2 S) formed during the  quench o p e r a t i o n  are  s en t  to  the i n l e t  of  the  

Stratford absorber where they are mixed with the raw product gas 

from the GKT plant. 

From the D e s u l f u r l z a t i o n  Unit  the d e s u l f u r i z e d  produc t  gas is  

compressed to 35 ps ig  in  a se t  o f  p a r a l l e l  compressors .  The two 

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  and are 

d r iven  by condensing steam tu rb ines  us ing  excess  low pressure  steam 

from the g a s i f i e r  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  p r o v i d e  a 50 pe rcen t  standby c a p a b i l i t y  f o r  s t a r t u p  and 

emergency situations. 
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From the Gas Compression Unit  (Unit  62) the product gas e n t e r s  the 

Gas Dehydrat ion Unit .  In the gas dehydrat ion u n i t ,  excess water  

from the compreesed gas (40 ps lg )  i s  removed to meet the  s e l e c t e d  

product  gas water  con ten t .  Most n a t u r a l  gas p i p e l i n e s  

s p e c i £ i c a t i o n s  requi re  a water  con ten t  not to exceed 7.0 lb H20 per 

MM SCF because of long pipeline distances and pressures up to  

1000 psla. The PGW application requires transmission distances of 

only five miles and a discharge pressure of 35 pslg. Thereforep a 

low gas water content specification is not necessary and economic 

considerations have led to the selectlon of 53.3 lbs H20 per ~4 SCF 

(or 20OF dew point). The wet compressed gas at 40 psig and dew 

point of 100oF has a water content of 851.11b per MM SCF. The 

dehydration unit will remove the excess water (797.8 Ib per MM SCF) 

to prevent gas greeze-ups and gas transmission problems such as pipe 

line corrosion. A standard triethylene glycol system is employed 

for the Dehydration Unit (Unit 64). 

From the gas dehydrat ion u n i t  the product gas i :  metered p r i o r  to 

exiting the plant battery limits and entering the product gas 

distribution system. The composition and conditions of the product 

gas exiting the plant battery limits are shown below= 

Component Mole__~x 

H2 28.45 

N2 2.45 

Ar O.59 

CO 2 7.22 

CO 61.08 

c,,~+ o .o l  

H2 S 

cos O. 09 

HCN 26 PPMV 

H20 0.11 

100. O0 

Temperature ~ °F 160 
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3.2.1 

Pressure ,  psi E ~ 35 
\ 

HHV, Btu/SCF ' 289.5 

The design heat  duty of  the medium Btu gas de l ivered from the 

g a s i f i c a t i o n  bat tery  l imi t s  to the users  i s  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  i s  66.7 percent based on the 

fo l lowing  d e f i n i t i o n :  

Cold Cas (HI/V o f  Product Gas at  60OF at GKT battery  l i m i t s )  ~ 100 
E f f i c i e n c y  %= '(HHV of  A.R. Coal Feed) 

COAL RECEIVING AND HANDLING 

Complete coa l  handling f a c i l i = i e s  are provided for r e c e i v i n g  and 

s tor ing  coa l  de l ivered  by r a i l  and t r a n s f e r r i n g  the coal  to the 

p lant .  TWo tra ins  are provided for  coa l  unloading,  and one t r a i n  

for s tack ing ,  rec la iming and conveying equipment. A process  f low 

diagram for  the Coal Receiving and Handling Unit (Unit I0) i s  shown 

in Figure 3-2 .  Although the r e c e i v i n g  and handling f a c i l i t i e s  are 

designed for  Pittsburgh No. 8, the  s torage  and conveying f a c i l i t i e a  

are capable o f  handling other eas t ern  bituminous coals  s e l e c t e d  as 

p o s s i b l e  candidates  (see Appendix A). 

Coal Rece iv ing  

Washed coa l  i s  de l ivered  to the plant  by uni t  trains  c o n s i s t i n g  of  

seventy 100-ton bottom dump cars (or t h e i r  equ iva lent ) .  The des ign 

coal  has a nominal s i z e  of 2 - inches  by 0 - inch ,  weighs 50 pounds per 

cubic f o o t ,  and has an angle o f  repose  o f  38 degrees .  Allowance i s  

made, however, for  accepting reasonable  var ia t ions  in these 

parameters. 

Coal is cece ived  at two p a r a l l e l  track unloading hoppers. An 

enclosure  i s  provided over each hopper, incorporating thaw shed and 

a manually operated car shaker to  a s s i s t  in  unloading wet or frozen 
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3 . 2 . 2  

coa l .  Dust suppress ion and c o l l e c t i o n  systems are provided to  

control  the f u g i t i v e  dust emiss ions  generated by the unloadinE 

operation (Unit  15) .  

Each unloading hopper with a capaci ty  o f  100 tons has manually 

operated s h u t o f f  gate  and four v i b r a t i n g  f eeders .  The v i b r a t i n g  

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

48 inches wide .  Coal unloading from the u n i t  tra in  i s  completed iu  

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

Conveying To Storage,  Weighing, and Sampliu~ 

The hooded coa l  unloading transfer  conveyor i s  48 inches wide and 

has a capaci ty  o f  1,000 tph. Zt conveys coa l  from the hopper 

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

lowering w e l l  ( s tack ing  tube) .  

As the conveyor l eaves  the unloading hopper tunnel ,  at a point  j u s t  

above grade e l e v a t i o n ,  a s e l f - c o n t a i n e d  weigh sca le  i s  provided.  

The weigh s c a l e  i s  capable of  determining f low rate  and t o t a l  

integrated accumulated f low,  and has prov i s ions  for per iod ic  

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

The unloading t rans fer  conveyor head p u l l e y  i s  located in the 

sampling system enc lo sure .  A magnetic separator is provided to  

remove tramp iron from the coal  stream. The r e j e c t s  are chuted 

outs ide  of  the sampling enclosure to a t o t e  box a~ grade. P e r i o d i c  

truck removal o f  tramp iron 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  coa l  samples for  

laboratory a n a l y s i s  and coa l  s u p p l i e r ' s  use .  The system enc losure  

i s  vent i la tedp  and dust supress iou and c o l l e c t i o n  systems are a l s o  

i n s t a l l e d  (Unit 15) .  
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3.2.3 

3.3 

Coal Storage 

The coa l  i s  s tored as a long  p i l e ,  which i s  capable  o f  s t o r i n g  

66 ,000  tons  o f  c o a l .  The c o a l  s torage  area i s  s i z e d  for  

approxlatmely 60 day supply  o f  c o a l .  About 10 ,000 tons  o f  coa l  or 

10 days supply i s  placed i n  " l i ve  s torage ."  The l i v e  s torage  p i l e  

i s  formed by a lowering w e l l  at one end o f ' t h e  p i l e ,  fed by the 

t~ansfer  conveyor. 

Underneath  t h e  l i v e  p i l e  a r e  t h r e e  r e c l a i m h o p p e r s ,  from w h i c h  a 

b e l t  c o n v e y o r  o f  200 tph ~ a p = c i t y  . ~ d  30 i n c h e s  w i d e  c o n v e y s  t h e  

c o a l  t o  t h e  two c o a l  s t o r a g e  s i l o s .  Each s t o r a g e  s i l o  i s  25 f e e t  

d i a m e t e r  and has  a l i v e  c a p a c i t y  o f  600 t o n s .  The t o p  o f  each  s i l o  

is at an elevation of approximately 123 feet above grade. The 

bottom of each silo has a power operated shutoff gate and a 

vibrating feeder with a variable capacity up to 50 tph. The 

vibrating feeders discharge directly into the pulverizer assemblies. 

The "dead storage" section of the pile (56,000 tons) is formed by 

moving the coal with a bulldozer. This coal is used only in case of 

supply interruptions. The pile is compacted and sprayed with an 

organic polymer crusting agent to minimize 5oth dusting and rain 

erosion problems. The entire coal pile is diked and lined with a 

clay base to prevent seepage. Contaminated rainfall runoff is 

collected in a lined settling pond. Settled particles are 

periodically removed and sent back to the coal pile. The water from 

the pond is pumped to a waste treatment facility and neutralized 

before being discharged to the river, 

COAL PREPARATION AND CONVEYING 

In the coa l  preparat ion u n i t  the bunker coa l  or a mixture o f  the 

bunker coal and recycled fly ash sludge cake (50 percent moisture 

from the GET coal gasification plant) is dried and pulverized to the 

following GKT Easifier feed requirements: 
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o Size  - 90 percent through 170 mesh and 70 percent through 

200 mash 

o Moisture content - One percent 

Pneumat i c  c o n v e y o r s  t r a n s p o r t  t h e  d r i e d  and p u l v e r i z e d  c o a l  from t h e  

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

Compressed n i t r o g e n  from t h e  a i r  s e p a r a t i o n  p l a n t  i s  used  a s  t h e  

conveying medium. 

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

the recycle approach is selected for a higher carbon utilization. 

For the design coal (Pittsburgh No. 8) 50 percent of the filter cake 

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

depending upon the coa l  being processed,  o v e r a l l  moisture removal 

and heat duty required in the p u l v e r i z e r ,  the recyc l e  rate  can be 

v a r i e d .  The equipment  i s  d e s i g n e d  to  p r o v i d e  t h i s  f l e x i b i l i t y .  

More d i s c u s s i o n  of  the r e c y c l e  o f  the f i l t e r  cake and i t s  e f f e c t  on 

o v e r a l l  carbon u t i l i z a t i o n  i s  given in Appendix B. 

The complete system as shown in  Figure 3-2 i s  desiD~ed to provide 

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

designed to proceas 25 tph (600 tpd) o f  pu l iver ized  c o a l / f i l t e r  cake 

mixture (dry basis), 

The coa l  preparation unit  c o n s i s t s  o f  two 50 percent r o l l e ~  m i l l s ,  

and two 50 percent t ra ins  o f  a s soc ia ted  a n c i l l i a r y  equipment such as 

bag c o l l e c t o r ,  r e c y c l e  fan  and a i r  h e a t e r .  The p u l v e r i z e d  c o a l  

conveying unit  has two t r a i n s ,  each c o n s i s t i n g  o f  a storage s i l o ,  

pneumat i c  pump, and a c o n v e y i n g  l i n e  f e e d i n g  t o  t h e  g a s i f i e r  s e r v i c e  

bins .  

The r o l l e r  m i l l s  are designed to process  coa l  with  a Hardgrove 

Gr indabi l i ty  Index o f  50, and a maximum moisture content o f  

12.0 percent .  Provis ions  are made to r e c y c l e  up to 50 percent of  

the f l y  ash cake from the GKTunlt with  the base c o a l .  For higher  
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3.4 

ash c o a l s  a smaller  r e c y c l e  percentage  i s  recommended. For the 

design coal (4.6 percent moisture) with 50 percent filter cake 

recycle, the heating load required for the pulverizer heater is 

about 20.5 MMBtu per hour. For a 12 percent moisture raw coal feed 

the heating load increases to about 34.4 MM Btu per hour. A small 

portion of the clean product gas from the gasification unit will be 

utilized in a heater for producing the hot air for the pulverizers. 

Each m i l l  and i t s  a s s o c i a t e d  equipment,  with the  e x c e p t i o n  o f  t h e  

bag c o l l e c t o r ,  are des igned for  50 ps ig  iu  accordance wi th  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 

e x p l o s i o n  door which r e s e a l s ,  to  prevent  the i n f i l t r a t i o n  of  ambient 

a i r  i n t o  the system a f t e r  r e l i e v i n g .  In a d d i t i o n ,  p a r t i a l  

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

the r o l i e r  m i l l  further  increases  the  s a f e t y  and r e l i a b i l i t y  o f  the 

p u l v e r l z i u g  c i r c u i t .  This r e c y c l e  loop ,  c o n t a i n i n g  l e s s  than 

0 .02  grains  o f  p a r t i c u l a t e  per a c t u a 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 minimizes 

the hazardous nature o f  the f i u e l y  pu lver i zed  c o a l .  Each baghouse 

i s  s i z e d  for 36,000 ACFM and has an a i r / c l o t h  r a t i o  o f  4 . 5  to  1 .0 .  

Pulver lzed  coa l  from each baghouse goes to a 15- ton  capac i ty  

pu lver i zed  coa l  s torage  b in ,  which i s  10 f e e t  in  diameter.  The top 

o f  the b in  i s  at an e l e v a t i u  o f  approximately  28 f ee t  above grade.  

The bottom o f  the b in  has ro tary  a i r  lock and d i scharges  d i r e c t l y  

into the pneumatic pump inlet hopper. Compressed nitrogen 

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

p l a n t .  The coa l  i s  conveyed v ia  a carbon s t e e l  conveying  pipe to 

the gasifier service bins through a four-way splitter. 

GKT COAL GASIFICATION AND WASH WATER TREATMENT 

For the product ion  of  medlum-Btu gas from c o a l ,  GKT's entra ined  bed 

coal gasification process has been selected for the PWG plant. Coal 

dust pulverized and conditioned to 70 percent through 200 mesh size 
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and one percent water content  from the Coal Preparation and 

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

ox ld ized  under exothermic condi t ions  at pressures s l i g h t l y  above 

atmospheric. Process flow diagrams for the GKT Unit (Unit 30) are 

shown in Figures 3-3 and 3-4. The GKT Wash Water Treatment Unit 

(Unit 72) is shown in Figure 3-5. 

Note that a single gasification train is shown on Figure 3-3 for 

clarity. This is reflected in Table 3-2, GKT Gasification Unit 

Material Balance. This balance is independent of ash recycle, as it 

is restricted to the gasification process and wash water treatment. 

To produce approximately 20 b i l l i o n  Btu per day of  mediumBtu gas 

from a t y p i c a l  bituminous c o a l ,  two four-headed GKT g a s i f i e r s  are 

required.  As feedstock  to the g a s i f i e r ,  in  p r i n c i p l e ,  any kind of  

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

carbon convers ion and the output 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 qua l i ty  

of  the f eeds tock .  For the PGW plant ,  a typ ica l  Pi t tsburgh No. 8 

coal  has been used as the des ign coa l  for  the plant  des ign .  Enough 

f l e x i b i l i t y ,  however, has been added to the g a s i f i c a t i o n  plant  

des ign to accommodate a var i e ty  of  eas tern  bituminous c o a l s .  

The gasification plant is designed to handle 1,200 tpd as-received 

coal  (2 - inches  by 0 - i n c h ) .  Raw coal  i s  dried and ground to the 

required s i z e  in  the Coal Preparat ion Unit .  Pulver ized coal  i s  then 

pneumatical ly  transported from the Coal Preparation Unit to the GKT 

g a s i f i e r  t r a i n s  v ia  c o n v e y i ~  n i t rogen  supplied from the Air 

Separation Uni t .  The pulver ized  coa l  i s  routed v ia  a f low s p l i t t e r  

to s e r v i c e  bln8 w i t h i n  the GKT bat tery  l i m i t s .  The conveying 

n i trogen i s  vented to  the atmosphere through f i l t e r s  at  the s e r v i c e  

b ins .  Pulver ized  coal  f lows by grav i ty  from the s e r v i c e  bind to the 

feed b i n s .  Four s e r v i c e  bins  and four feed bins are provided for  

each g a s i f i e r .  The ~ r v i c e  bins  and feed bins provide a guaranteed 

supply of  coa l  to the g a s i f i e r s  in  the event of  au upstream 
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emergency shut-down. The s e r v i c e  and feed b ins  p rov ide  a t o t a l  o f  

approximately 15 minutes of storage for the gasifiers at design 

usage rates, 

Contro ls  r e g u l a t e  the i n t e ~ n i t t e n t  f eed ing  o f  coa l  from the s e r v i c e  

b ins  Co the feed bins  which are  connected to  twin v a r i a b l e - s p e e d  

coa l  screw £eeders .  Your double coa l  screw f e e d e r s  a re  provided per 

g a s l f l e r  to  Supply p u l v e r i z e d  coa l  to  each bu rne r  head.  The 

p u l v e r i z e d  coal  i s  con t i nuous ly  d i scharged  from the  twin screws i n t o  

mixing nozz les  where i t  i s  e u t r a i u e d  in  oxygen and low p re s su re  

steam. For each gasifier 48,230 Ibs per hour (579 tpd) of 

Pittsburgh No. 8 coal react with 47,455 lbs per hour (569.5 tpd) of 

oxygen and 4,422 Ibs per  hour of  steam for  the  p roduc t ion  o f  

I0 b i l l l o n  Btu per day o f  medium-Btu gas ( lower h e a t i n g  va lue  

b a s i s ) .  The mixture  i s  then d e l i v e r e d  through twin blow pipes  to  

each burner  head.  Moderate tempera ture  and h igh  burner  v e l o c i t y  

p reven ts  the r e a c t i o n  o f  coa l  and oxygen u n t i l  they e n t e r  the 

gasification zone. 

Oxygen/steam mixers a re  provided to insu re  complete  mixing be fo re  

i u~ec t ion  in to  the blow p ipe s .  Two oxygen/s team mixers  a re  provided 

per  g a s i f i e r .  The normal oxygen/ coa l  r a t i o  f o r  a t y p i c a l  

P i t t s b u r g h  No. 8 coal  i s  0.98 l b / l b  and the normal s t eam/coa l  r a t i o  

i s  0.09 l b / l b .  The oxygen r e q u i r e d  f o r  the p a r t i a l  o x i d a t i o n  

r e a c t i o n  i s  provided a t  98 volume pe rcen t  p u r i t y  from an a i r  

s e p a r a t i o n  p l a n t .  Approximately 54,950 lbs per  hour  of  low p res su re  

steam a t  28 ps ig  i s  genera ted  from each g a s i f l e r  j a c k e t .  

Iu  the g a s i f i e r ,  the coa l  dust  i s  ox id ized  by oxygen in  presence  o f  

steam. Under the process  cond i t ions  p r e v a i l l n g  in  the  g a s i f i e r ,  

carbon and hydrocarbons conta ined  iu  the coal  a re  conver~ed to 

carbon monoxide, hydrogen,  and carbon d i o x i d e .  Besides  these  

components, s u l f u r  compounds in 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 impur i ty  o f  the 

oxygen and the f e e d s t o c k ,  a re  con~alned in the  genera ted  gas.  
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Traces of  methane, not  exceed ing  0.01 percent  by volume, are a l s o  

produced.  However~ no hydrocarbons ,  pheno l s ,  aromatics ,  or any 

other organic compounds are generated in the GKT gasification 

process. 

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  carr i ed  

out in two four-headed gasifiers, each of which is connected to a 

waste heat recovery system for generation of high pressure steam 

(925 psig). The gasifier itself is a double-shell reactor, lined 

with refractory, and generates low-pressure steam (28 psig) within 

its shell. Endothermic reactions, occuring in the ga~ifier between 

carbon and ~ste~m, and radiation to the refractory walls 

substantially reduce the flame temperature from 3500oy to 2700°F. 

Ash in  the coa l  feed i s  l i q u i f i e d  in the g a s i f i e r  h igh  temperature 

zone .  Approximately 30 percent  o f  the ash i s  dropped out  o f  the  

gasifier as molten slag and is quenched and collected in a water 

seal type slag quench tank and recovery system at the bottom of the 

gasifier. The recovered granular slag is transported from the 

bottom of the slag recovery system~ via a slag extractor (drag chain 

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 .  Be l t  conveyors ,  in  turn ,  d e l i v e r  the  s l ag  to an o n - s i t e  

s torage  area pr ior  to  d i s p o s a l .  

The remainder o f  the ash and the  unreacted carbon are en tra ined  in  

the gas exiting the gasifler. Water sprays quench the gas to reduce 

the temperature below the ash fusion temperature to prevent slag 

partlcules from adhering to the tubes of  the waste heat boiler 

mounted over the Easifier. 

The raw gas from the g a s i f i e r  passes  ~hrough the waste heat  b o i l e r  

where 55 ,550  lbs  per hour o f  h igh  pressure ,  sa turated  steam 

(925 psig) is generated per 8asifier. After leaving the waste heat 

boiler, the gas at 600oF is cleaned and cooled in a gas clean-up 

system. The system consists of a cooling ~asher which removes the 
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l a r g e s t  p a r t i c u l a t e s  and c o o l s  t h e  gas  t o  170oF,  f o l l o w e d  by a 

" d i s i n t e g r a t o r "  type  s c r u b b e r  which  r e d u c e s  t h e  p a r t i c u l a t e  c o n t e n t  

o f  the  gas  t o  a p p r o x i m a t e l y  0 . 0 0 4  g r a i n s  per  s t a n d a r d  c u b i c  f e e t .  

To r e d u c e  t h e  w a t e r  d r o p l e t s  c a r r i e d  w i t h  t h e  raw g a s ,  a s e p a r a t o r  

i s  l i n k e d  downstream t o  t h e  d i s i n t e g r a t o r  by which  t h e  m a j o r i t y  o f  

the  w a t e r  i s  r e c o v e r e d .  The c o l l e c t e d  w a t e r  i s  r e c y c l e d  t o  t h e  

c o o l i n g  w a s h e r .  A f t e r  l e a v i n g  the  s e p a r a t o r ,  t h e  gas  p a s s e s  through  

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

b l o w e r  which  f e e d s  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  b l o w e r  p r e s s u r i z e s  the  raw p r o d u c t  gas  t o  a d e l i v e r y  

p r e s s u r e  a t  the  GKT G a s i f i c a t i o n  U n i t  b a t t e r y  l i m i t s  (downstream o f  

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 )  t o  a p p r o x i m a t e l y  22 i n c h e s  o f  w a t e r .  

Downstream of the raw gas blowers the two gasification trains join 

together to form a single train. The combined pressarlzed raw 

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

gas holder is approximately 1.117 MM SCF 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 

gasification system failure. The gas holder also helps to smooth 

out the product gas user demand fluctuations. From the gas holder 

the gas is discharged to an electrostatic precipltatorwhich removes 

the remaining fine particles before the gas enters the 

Desulfurlzation U n i t  for final clean-up. 

P a r t i c u l a t e - l a d e n  w a t e r  from t h e  GKT gas  c l e a n i n g  and c o o l i n g  s y s t e m  

i s  c h a n n e l e d  to  s e t t l i n g  b a s i n s  i n  the  GKT Wash Water Treatment  Un i t  

( U n i t  7 2 ) .  A p o r t i o n  o f  the  f l y  a sh  c a r r i e d  o v e r  from t h e  g a s l f l e r  

w i l l  be  c o l l e c t e d  a t  t h e  f l y  ash  sump and pumped as  s l u r r y  t o  the  

w a s t e  w a t e r  t r e a t m e n t  s e t t l i n g  b a s i n s .  The m a j o r  p o r t i o n  o f  the  

particles, however, are channeled with the circulating waste water 

which, after leaving the wash cooler, flows to settling basins for 

particulate removal. 
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In  the  Wash Water Treament Uni t ,  two 33 f t  by 197 f t  s e t t l i n g  bas ins  

a re  provided  to  s e p a r a t e  uhe ash and carbon p a r t l c l e s  e n t r a i n e d  in 

the wash water  from the GKT G a s i f i c a t i o n  Uni t .  The s e t t l i n g  bas ins  

a re  designed wi th  adequate  r e s i d e n c e  time to  al low the s e t t l i n g  of  

p a r t i c l e s  to  the bottom o f  the s e t t l i n g  bas ins ,  from which they  a re  

pushed by sc r ape r s  to  a c o l l e c t i n g  sump ad j acen t  to the s e t t l i n g  

basins. The ash slurry from ~he collection 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 ~ilters are provided to reduce the 

sludge water  con ten t  to  50 ~ e r c e n t .  

The fly ash sludge from the rotary filters is transported to the ash 

storage area via belt conveyors for temporary on-site storage. For 

Pittsburgh NO. 8 coal with an ash content of 7.83 percent this would 

result in an as~ sludge production rate of 345 tpd at design 

capacity. To reduce the ash disposal problem the GKT gasification 

plant has been designed with the capability of recycling a maximum 

of 50 percent of the ash sludge to the pulverizers. (The recycled 

sludge cake is transported to the pulverizers in the Coal 

Preparation Unit via belt conveyors). The sludge~ at 50 percent 

recycle, contains approximately 26 percent unused carbon and win 

increase the gasifier carbon conversion from 88.0 to 93.6 percent 

while reducin 8 the ~:aw coal feed by 6 percent. The mixed feed would 

contain approximately 11.5 percent moisture compared to 4.6  percent 

for the Pittsburgh No. 8 fresh feed coal. The pulverizer and the 

pulverizer air heater are sized to handle the ash recycle operation. 

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

rou ted  to s t a r t - u p  f l a r e s  provided w i th in  the GKT b a t t e r y  l i m i t s .  A 

s t a r t - u p  f l a r e  is  provided fo r  each GKT g a s i f i e r  t r a i n .  Product  gas 

is diverted upstream of the raw gas blowers to each flare. The 

start-up of a gasifier from ambient to design conditions takes a 

maximum of ten hours. Restart of the gasifier after a short shut- 

down period (about one hour), however, takes only 30 minutes. 
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3.5 

3.5.1 

A s i n g l e  CKT g a s i f i e r  can be turned down to  approximate ly  70 pe r cen t  

o f  i t s  f u l l  load capac i t y  w i t h i n  a few minu t e s .  By s h u t t i n g  down 

one g a s i f l e r  comple te ly  and tu rn ing  the  remainlu  B g a s l f l e r  down to  

70 percent, the plant production is reduced to  35 percent. 

Therefore, the product gas output from the two-gasifler GET plant 

can be adjusted in the range of 35 tr I00 percent. 

SULFUR REMOVAL AND RECOVEEY 

The s u l f u r  removal and r ecove ry  system 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 f o r d  d e s u l f u r i z a t i o n  p l a n t  (Unit  42) 

which removes H2S present in the raw gas by converting it to 

recoverable elemental sulfur. The S~recford plant generates a pur~e 

liquor stream containlng insoluble Na2S04, Na2S203, and NaSCN salts. 

The purge stream has a high COD value and is decomposed in the 

second u n i t ,  the 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  p l an t  (Unit  44) .  

Pa r t  o f  the c lean  product  gas from the S t r e t f o r d  p lan t  i s  burned 

with substoichiometric air in the Nittetu plant to produce the hot 

reduced gas necessary for the decomposition of the salts. Sodium 

vanada t e ,  a component of  S t r e t f o r d  S o l u t i o n ,  i s  r ecove red  wi th  

c a u s t i c  a lkal~ ~u the  N i t t e t u  p l an t  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 .  The ~.~ _ ~ s e d  gas produced iu  the N J t t e t u  p l an t  con ta ins  

H2S and i s  r e c y c l e d  Co the S t r e t f o r d  p lan t  to  combine with the raw 

gas from GKT g a s i f i c a t i o n  p lan t  fo r  s u l f u r  removal .  

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

The Stretford desulfurizat~on process developed by the British Gas 

Board is a dlz:ct oxidation process. The Stretford Plant is 

designed to remove 90 percent of the sulfur contained in the product 

gas produced from the gasif~atlon of Pittsburgh No. 8 coal, which 

contains 2.64 percent sulfur by weight (d~y basis). The product gas 

from the GKT gasification plant contains 0.90 percent H2S and 

0.09 percent COS on a dry volume basiso The Stretford plant removes 

almost all H2S. COS is not removed from the gas; however, when 
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3.5 .1 .1  

burned i t  w i l l  produce on ly  350 ppmv S02 or 0 .60  lb SO 2 per 106 Btu 

heat  input which i s  w e l l  below the 500 ppmv or 0 .86  lb $02 per 106 

Btu l i m i t  s e t  by the  Ci ty  o f  P h i l a d e l p h i a .  

The S tre t ford  p lant  can be des igned to produce e i t h e r  f i l t e r  cake or 

molten s u l f u r .  The s ~ l o c t i o n  depends ~n the  p lant  c a p a c i t y ,  

environmental  r e s t r i c t i o n s ,  by-product  s u l f u r  c r e d i t  and the f l ] t ~ r  

cake d i s p o s a l  c o s t s .  The molten s u l f u r  c o n f i g u r a t i o n  generates  a 

purge l iquor  stream which requires  e i t h e r  o n - s i t e  treatment by 

r e d u c t i v e  i n c i n e r a t i o n  or d i s p o s a l  by h a u l i n g  i t  to  a hazardous 

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

depends on the s i z e  o f  ~he p lant  and economics .  ~ economic 

e v a l u a t i o n  of  the above op t ions  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  o f  the molten s u l f u r  o p t i o n  with  

o n - s i t e  r e d u c t i v e  i n c i n e r a t i o n .  

Process  Chemistry "" 

The Stretford solution is an aqueous mixture of 

anthraquinonedisulfonic acid (ADA), sodium metavauadate, and sodium 

carbonate. The removal of H2S and its conversion to elemental 

sulfur are represented by the following idealized reactions: 

2H2S + 2Na2CO 3 ÷ 2HaHS + 2NaHCO 3 

2NaHS + 4NaV03 + H20 ÷ Na2V409 + 4NaOH + 2S 

Na2V409 + 2 NaOH + H20 + 2ADA÷ 4NAVO 3 + 2ADA(H 2) 

2NaHC03 + 2Na0H ÷ 2Na2C03 + 2H20 

2ADA(H 2) ÷ 02÷ 2ADA + 2H20 

where ADA(H 2) r e p r e s e n t s  the reduced form o f  ADA. Ion ized  forms o f  

the r e a c t a n t s  in aqueous s o l u t i o n  are u s u a l l y  i n v o l v e d .  The sum o f  

the forego ing  r e a c t i o n s  g ives  the o v e r a l l  r e a c t i o n  

2H2S + 0 2 +  2H20 + 2S. 
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°1 
C In t h i s  sequence o f  r eac t ions~  t he  h y d r o s u l f i d e  r e a c t i o n  product  i s  

ox id i zed  to  f r e e  e lementa l  s u l f u r  by r e d u c t i o n  o f  vanadium from the  

p e n t a v a l e n t  to the quadr~valent  o x i d a t i o n  s t a t e ,  and the  reduced 

vanadium i s  r eox id l zed  by r e d u c t i o n  o f  ADA. Air i s  blown through 

the  s o l u t i o n  in  the o x i d i z e r  v e s s e l  to  r e o x i d i z e  the  reduced ADA. 

Although the r a t e  o f  H2 S a b s o r p t i o n  i nc r ea se s  with the  a l k a l i n i t y  o f  

the  s o l u t i o n ,  p H v a l u e s  above 9.5 are  unfavorab le  f o r  conve r s ion  to  

e l ementa l  s u l f u r .  

3 . 5 . 1 . 2  Process  D e s c r i p t i o n  

/ 

For the des ign  coa l  (2.64 pe rcen t  S, d ry  b a s i s )  the  S t r e t f o r d  p lan t  

capacity is 27.3 tpd sulfur. Equipment sizing for the process is 

governed by the total quantity of sulfur in the fuel gas from the 

GKT gasification plant. The present desiEn conservatively assumes 

that all the sulfur present in the coal appears in the gas. 

Howevers in the actual operation, some sulfur is retained in the 

ash. This allows a margin for using a higher sulfur coal. 

Figure  3-6 shows the process  flow and Table 3-3 g ives  the m a t e r i a l  

ba lance  fo r  the S t r e t f o r d  p l a n t .  The raw gas from the  GKT 

g a s i f i c a t i o n  p lan t  a t  95OF and 15.5 p s i a ,  and the decomposed gas 

from the N i t t e t u  p lan t  a t  120OF and 15.5 ps ia  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 ox id i zed  S t r e t f o r d  s o l u t i o n .  The gas and the 

s o l u t i o n  from the  s t a t i c  mixers  d i s cha rge  in to  the r e a c t i o n  v e s s e l  

which is sized to allow sufficient residence time for the sulfur 

forming reaction mechanism to go to completion. 

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 

Eas compression and d e h y d r a t i o n u n l t s .  The s o l u t i o n  from the 

r e a c t i o n  zone in the r e a c t i o n  v e s s e l  flows to  an o x i d i z e r  tank where 

an a e r a t o r  d i s p e r s e s  a i r  supp l i ed  by the a i r  blower.  Su l fu r  s l u r r y  

over f lows  from the o x i d i z e r  tank i n t o  the  s u l f u r  s l u r r y  tank  by 

g r a v i t y .  The ox id ized  s o l u t i o n  i s  r e c y c l e d  from the pump tank to  
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3.5.2 

the s t a t i c  mixers .  A c o o l l n g  tower and c i r c u l a t i n g  pump are 

provided with the  pump tank to maintain the hea t  and water balance  

in  the u n i t .  

The sulfur slurry which flows to the slurry tank is agitated and, 

thus, deaerated. Slurry from the slurry tank is then pumped to a 

c e n t r i f u g e .  The recovered  s o l u t i o n  in  the c e n t r i f u g e  goes back to  

the o x i d i z e r  tank and the  50 percent concentrated  s u l f u r  cake passes  

to the r e s l u r r y  tank.  The concentrated  s u l f u r  s l u r r y  i s  mixed w i th  

water to a 30 percent  s l u r r y ,  which i s  pumped to  the  su l fur  mel ter  

by a re s lurry  pump. The s u l f u r  melter  c o n s i s t s  o f  a steam-heated 

exhanger where the  temperature of  the s l u r r y  i s  ra i s ed  above the 

mel t ing  po in t  o f  the  s u l f u r  at  a pressure s u f f i c i e n t l y  high to 

prevent the s o l u t i o n  from b o i l i n g .  Separat ion  o f  the molten s u l f u r  

and the hot  s o l u t i o n  occurs  in  the s u l f u r  s epara tor  because o f  a 

large 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 molten s u l f u r  passes  to  

the su l fur  s torage  p i t  w i th  the hot  s o l u t i o n  be ing  returned to the  

r e a c t i o n  v e s s e l .  A chemical  mix tank i s  required  for  preparlug 

fresh S tre t ford  s o l u t i o n  and adding makeup chemica l s .  

A purge stream 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  stream i s  

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

N i t t e t u  I n c i n e r a t i o n  

The s tret~ord p lan t  purge l iquor  ( c o n t a i n i n g  sodium s a l t s )  has h igh  

COD value and cannot  be biodegraded.  The N i t t e t u  reduct ive  

i n c i n e r a t i o n  process  i s  designed to decompose the purge l iquor  under 

h igh  temperature and reducing  atmosphere in  which accumulated i n e r t  

compounds such as Na2SO4, Na2S203, and NaSCN in  the s o l u t i o n  are 

converted to the a c t i v e  components Na2CO3, NaHC03, and NaHS. Al so ,  

sodium vauadate i s  recovered with c a u s t i c  a l k a l i .  Decomposed gas 

conta in ing  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 .  
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The N i t t e t u  process i s  shown in  Figure  3-7,  and Table  3-4 gives the 

u m t e r l a l  ba lance .  The purge l i q u o r  from the S t r a t f o r d  p roces s ,  

containing about 70 percent water, is fed to an evaporator at the 

operating conditions of about 140oF and I00 to 200--- Hg abs, where 

it is concentrated by use of decomposed gas as a heat source. 

Vaporized water from the evaporator is sent to a surface condensers 

where i t  i s  condensed and r e c y c l e d  to  the quench t ank .  The 

c o n c e n t r a t e d  waste,  wi th  a t o t a l  s o l i d  con ten t  o f  40 to  

45 wt pe rcen t t  i s  fed to  a fu rnace  usiug spray n o z z l e s .  At the 

upper  s e c t i o n  of  the fu rnace ,  a ho t  gas g e u e r a t o r  burns the  product 

f u e l - g a s  with s u b s t o i c h i o m e t r i e  a i r  to  produce ho t  r educ ing  gas. In 

the  fu rnace ,  water i s  vapo r i zed  from the waste l i q u o r  and the 

i n a c t i v e  ~a l t s  a re  decomposed under the reduc ing  a tmosphere .  These 

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

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

tank  l oca t ed  below the f u r n a c e .  Here the gases a r e  coo led  quickly  

and the s a l t s  are c o l l e c t e d  and d i s so lved  in  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 qu id  through a downeomer 

tube  and r i s e  through an annu la r  s ec t i on  between tube and weir  where 

they  are  contac ted  i n t i m a t e l y  wi th  water .  The r e c o v e r e d  s o l u t i o n  i s  

c o l l e c t e d  in the r ecove red  s o l u t i o n  tank and pumped hack t o  the 

S t r e t f o r d  p l an t .  The decomposed gas leaving the  quench tank i s  

f i r s t  sen t  to  the e v a p o r a t o r  hea t  exchanger fo r  h e a l  r e c o v e r y  and 

f i n a l l y  to  a gas c o o l e r .  The decomposed gas conea ln ing  H2S is  sent  

back to  the  S t r a t f o r d  p l a n t  to  be mixed with the  raw gas from the 

GKT gasification plant. 

AIE SEPARATION 

A 1,200 tpd a i r  s e p a r a t i o n  p l an t  i s  r equ i red  to  p rov ide  oxygen for  

the  GET G a s i f i c a t i o n  Un i t .  The by-product  n i t r o g e n  from the  a i r  

s e p a r a t i o n  plant  is  u t i l i z e d  fo r  pneumatic conveying o f  pu lve r i zed  

coa l  from the coal  p r e p a r a t i o n  a rea  to the g a s i f i c a t i o n  un i t  and fo r  

g a s i f i e r  uu l t  purging and b l a n k e t i n g .  
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TABLE 3-4 

MATERXAL BALANCE FOR NITTETO XNCXNERATION PLANT 

STREAM NOMBER I 2 3 4 

Tempera tu re ,  OF 105 120 195 

P r e s s u r e ,  p s i a  16.2 15.5 44 .7  

T o t a l  Flow, I b s / h r  1892 7424 3540 

L i q u i d ,  gpm - .0594 6.1 

F lowing ,  l b s / g a l  - 8 .25 9.67 

Vapor Flow, ACFS 13.6 27 .70  L 

Flowing, Ibs/ft 3 0.0591 0.0743 - 

Vapor Hol. Wt. 21.6 29.77 - 

ADA Solution, ib/hr 3540 

C02 9.02 60.84 - 

CO 76.33 23.99 - 

H 2 35.53 11.13 - 

COS 0.12 - - 

N 2 3.07 120.99 - 

Ar 0 .74  - - 

c ~  O . O l  - - 

a20 9.11 29.10 154.15 

H2S - 4 .02  - 

NaHS - - 4 .30  

TOTAL 

105.2 

1 2 4 . 7  

3500 

6.17 

9.45 

3500 

I 

m 

138.0 
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The oxygen purity s p e c i f i e d  for the plant i s  98 volume percent with 

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

a maximum of two percent oxygen and is bone-dry. The required 

pressures for the oxygen and by-product nitrogen at the air 

separation plant battery l imi t s  are 1 ps ig  and 40 ps ig ,  

r e s p e c t i v e l y .  The oxygen product p~ped from the a ir  separation 

plant is  compressed to approximately 15 psig by a compressor within 

the GKT battery l i m i t s .  The by-product ni trogen ava i lab le  at 

40 pslg from the air separation cold box will be adequate for the 

GKT gasification unit conveying and purging requirements. 

The total normal nitrogen requirement for GKT gasification plant 

conveying and purging is shown below. The conveying nitrogen 

est imate i s  based on 7.0 lhs of  c o ~  conveyed per lb of  ni trogen.  

In addit ion to the normal ni trogen requirements, the ni trogen 

requirement for g a s i f i e r  system emergency shutdown purging i s  a l so  

shown. 

Conveying 

Purging & Blanketing 

Total Normal 

186,140 Scflhr (35 psig) 

1481900 Scf/hr (25 psi~) 

335~040 Scf/hr 

Emergency Shutdown Purging 893,470 Scf/hr (15 ps ig)  

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

Engineering and design w i l l  be furnished by a contractor experienced 

in this field. 

The basic  process for separating oxygen from a ir  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 te  and the 

components are separated by frac t ionat ion .  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 .operat ion economically prac t i ca l .  
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In a s i m p l i f i e d  form, the main process s teps  to produce oxygen and 

by-product  n i t r o g e n  in an a i r  s epa ra t ion  plant  inc lude :  a i r  

compression, water  and carbon dioxide removal, cool ing  to l i q u i d  a i r  

tempera ture ,  gas expansion to produce r e f r i g e r a t i o n ,  s epa ra t i on  o f  

a i r  by d i s t i l l a t i o n ,  product h e a t i u g  by heat  exchange wi th  the 

incoming a i r ,  and compression of  oxygen to the requ i red  p ressu re .  

Figure 3-8 dep ic t s  a t y p i c a l  low pressure  cycle  oxygen p lan t  wi th  

l i q u i d  oxygen and n i t r o g e n  s t o r age .  

In the a i r  s epa ra t ion  p lan t  the r e f r i g e r a t i o n  process used to reach 

l i q u i d  a i r  temperatures  i s  r e g e n e r a t i v e .  Warm process a i r  e n t e r i n g  

the p lan t  i s  cooled by the separa ted  products  as they leave in  a 

r eve r s ln~  heat  exchanger.  The heat  recovery is  incomplete ,  however, 

so r e f r i g e r a t i o n  must con t inuous ly  be added. 

Air a l so  con ta ins  v a r i a b l e  q u a n t i t i e s  o f  dus t ,  water ,  carbon d iox ide  

and hydrocarbons.  These impur i t i e s  must be removed from the system 

to insure  a s a f e ,  e f f i c i e n t  ope ra t ion .  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 a i r  compressors.  The 

dust  t h a t  goes by, along with  o ther  contaminants ,  as removed in a 

water wash tower, 

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  turndown, two 50 percent  a i r  

s epa ra t ion  t r a i n s  (600 tpd each) w i l l  be provided.  In a d d i t i o n ,  

there  w i l l  be two main a i r  compressors - one dr iven  by an e l e c t r i c  

motor,  the o ther  by a steam t u r b i n e .  Approximately 93,000 lbs per 

hour of  s a t u r a t e d  steam a t  925 psig is  a v a i l a b l e  £or use by the a i r  

compressor steam t u r b i n e .  This i s  approximately  65 percent  o f  the 

t o t a l  compressor power requi rement .  The e l e c t r i c  d r iven  compressor 

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

Compressed a i r  from the main a i r  compressors e n t e r s  the  base o f  

water  w~sh tower and is  cooled by a coun te rcu r r en t  d i r e c t  con t ac t  

wi th  water sprayed in to  the top of  the tower. The warmer water i s  

r e tu rned  to the cool ing  water  system by process a i r  p r e s su re .  Air 
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l eaves  a t  ~he top of the tower a t  near ambient temperature  and flows 

~o the r eve r s ing  heat  exchangers .  

Compressed process a i r  i s  cooled to l i q u i d  a i r  temperatures  iu 

r eve r s ing  hea t  exchangers by the outgoing s t reams.  Durin~ t h i s  

process ,  contained water and carbon dioxide  are  f rozen  and depos i ted  

as so l id s  ins ide  the exchanger.  

At r egu la r  i n t e r v a l s ,  the  a i r  and uhe waste n i t r o g e n  s t ream, which 

i s  the l a r g e s t  e f f l u e n t  s t ream,  are in te rchanged .  Both cont inue  to 

flow in the same d i r e c t i o n ,  across  the same temperature  g r a d i e n t ,  

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

the  water and carbon dioxide  depos i ted  by the a i r  before  r e v e r s a l  i s  

evaporated completely and removed'~rom ~he p lan t  by waste n i t r o g e n .  

Switch~ng is accomplished by an automatic system of timers, warm-end 

r eve r s iug  va lves ,  and cold-end check.~,a!~es. 

S l i g h t l y  superheated a i r  leaves the r eve r s ing  exchanger,  e ~ L ~ : :  the 

h igh  pressvre  column and is  separa ted  in t~  an oL~gen r i c h  l iqu i~  a t  
: 

~he bottom, pure l iqu id  n i t r o g e n  e t  the t~p,  and impure l i q u i d  

n i t r o g e n  pa r t  way up the column. 

Pure n i t r o g e n  gas from the top of  the high pressure  column is  

condensed in the r e b o i l e r  by b o i l i n g  pure l i q u i d  oxygen in the low 

pressure column. The returning liquid nltro~u serves as ~lux for 

the high pressure  column. 

Fur ther  down the high pressure  column, impure l i q u i d  n i t r o g e n  i s  

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

pressure  column and par t  o f  i t  a c t i n g  as a subcool ing medium for  

l i q u i d  oxygen product in  the product  subcooler ,  i f  r equ i r ed .  Waste 

n i t r o g e n  vapor i s  withdrawn from the top of  the l~w pressure  column. 

Rich l i q u i d  oxygeu is  taken from the base of  the high pres.sure 

column, suhcooled v ia  the waste n i t rogen  stream, p u r i f i e d  in  the 
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r i c h  l i q u i d  f i l t e r ,  and passed to the feed entry tray o f  the low 

pressure column. 

Provisions for nitrogen drawn off the top of the high pressure 

column w i l l  be made in  two p laces .  F i r s t  i s  the pure l iqu id  

nitrogen stream sent to a nitrogen flash separator where resulting 

liquid is sent to nitrogen storage. The flash from the separator is 

combined with the effluent gas of the turbo expander and sent 

through the reversing exchangers foe recovery of its refrigeration, 

then on to product usa~e~ o, ,~ise it goes out as waste nitrogen 

through the silencer. The operator will control just how much 

l i q u i d  n i t rogen  is withdrawn, from the h igh  pressure  column. 

The other stream, co ld  pure n i t rogen  gas~ i s  sent to the r e v e r s i n g  

exchanger.  Pare o f  t h i s  gas i s  drawn o f f  at  the midpoint and sent  

to the  expander. Expander exhaust  a long with the p o s s i b l e  f l a s h  

'from the separator is sent back t o  the reversing exchanger as 

described above. 

Fina l  separat ion  o f  oxygen takes p lace  in the low pressure column. 

P r o v i s i o n s  for l i q u i d  oxygen to  be taken from the base of  low 

pressure  column, passed through l i q u i d  oxygen guard absorber,  

subcooled i n p r o d u c t  subcoo ler ,  and then sent  to s torage w i l l  be 

made. The subcool in& mediumwould be impure n i t rogen  from the h igh  

pressure column. 

Product oxygen gas i s  taken o f f  jus t  above the bottom of  the low 

pressure  column and sent  through a ir  l i q u e f i e r  exchanger,  where i t  

may be superheated by a s l i p s t r e a m  o f  condensing a i r ,  and then to  

the revers ing  exchangers for the recovery  o f  the r e s t  o f  i t s  

refrigeration, and finally to delivery to the GKT Gasification Unit 

bat tery  l i m i t s .  

Liquid oxygen and n i t r o g e n  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 n i t rogen  during .an 

3-38 

!i ~!~i ~i ~ ": 

. !i i~! ~ 

!iiii ~ i i !; i 

ii ! i !  i:i ̧  

/ ! i /  

/ • 



~: •~ ~•i~• I 

//••~ k: • 

• •. i ̧z̧  ii -? 

• i ~ 

L ~ 

C 

3.7 

3.7.1 

emergency shutdown. Since  the oxygen p lant  i s  dual  t r a i n  and has 

the capability of operating one train on either steam or 

electricity~ it is expected that a shut-down would only reduce 

oxygen production by 50 percent. For this reason~ the liquid 

storage requirement is 50 percent of design capacity for 24 hours~ 

i . e . ,  600 tons .  

The l i q u i d  oxygen s torage  c o n s i s t s  o f  a main 600 ton l i q u i d  oxygen 

s torage  tank at  5, p s ig  and a 25 ton  l i q u i d  oxygen tank at  15 p s i g .  

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

oxygen from the 600 ton tank to  the  25 ton tank .  A vaporizer  at the  

d i scharge  o f  the  25 ton  tank vapor izes  the  l i q u i d  oxygen for 

d e l i v e r y  to  the OKT b a t t e r y  l i m i t s .  The minimum d e l i v e z y  pressure 

o f  gaseous oxygen to  the  GKT b a t t e r y  l i m i t s  i s  1 p s l g .  This system 

w i l l  insure  that  f l u c t u a t i o n  o f  the oxygen pressure  does not  occur 

iu  the  event that  response  time of  the a i r  s e p a r a t i o n  u n i t  i s  s low 

relative to the oxygen demand rate of the gasifiers. 

The liquid nitrogen storage system consists of a 275 ton storage 

tank at 40 psig and a vaporizer which provides the normal nitrogen 

required for.conveying and purging in the event o f  an air separation 

plant shutdown. "The storage system will be capable of supplying 

nitrogen gas at 40 pslg at a designwithdrawal rate of 6000 SCFM. 

For gasification system emergency shutdown purging, a high pressure 

nitrogen tube trailer (rental) is provided. The high pressure tube 

trailer will provide an instantaneous supply of nitrogen for 

gasifier system purging. The tube trailer will be designed for a 

maxlmumwithdrawal rate of 15,000 SCFM for 15 mlnutes~ i.e., 

225,000 SCF storage capacity. 

PRODUCT GAS HANDLZNG 

Gas Compression 

The c l ean  fue l  gas from the StreCford p lant  i s  compressed to  40 p s i g  

and coo led  to 100o~ pr ior  to dehydrat ion and d i s t r i b u t i o n .  The 
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product gas leaves  the S tra t ford  absorber at 105OF and 1.5 ps lg  

saturated with water vapor. The gas i s  compressed in a set o£ 

parallel compressors. The compressors are centrifugal machines with 

aftercoolers. 

The compressors w i l l  be driven by condensing steam turbines  us ing 

exces s  low pressure steam from the @asif ier  jacke t s .  The steam i s  

superheated prior  to en ter ing  the turbines at 25 ps ig  and 322oF 

(55op superheat) .  There i s  s u f f i c i e n t  steam to provide 100 percent 

o£ the compression duty. Because o£ the high s p e c i f i c  volume o£ the 

steam, ~wo turbines w i l l  be needed to  handle the steam a v a i l a b l e .  A 

third compressor driven by e l e c t r i c  motor w i l l  provide 50 percent of  

the plant output and w f l l  be used for startup and standby duty. 

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 heat exchanger to 100oF with coo l ing  water in order to condense 
h i ,  

as much water as p o s s i b l e .  I t  i s  i~tended to minimize the load on 

the  dehydrat 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 plant main c o o l i n g  

tower .  

Gas Dehydrat ion 

In the  gas dehydrat ion u n i t  (Unit  6 4 ) , e x c e s s  water drom the 

d e s u l f u r l z e d  and compressed gas (40 ps i8 )  is  ~emoved to meet the 

s e l e c t e d  medium-Btu p l p e l l u e  gas s p e c i f i c a t i o n s  o f  water content  not 

to exceed 53.3 lb H20 per MM SCF. Host natural gas p l p e l i n e s  

s p e c { f i c a t l o n s  require a water content s p e c i f i c a t i o n  not  to  exceed 

7 .0  lb I]20 per ~ $ C F  because o£ long dis tances  and p i p e l i n e  

pressures  up to 1000 ps iE.  However, the  PGW a p p ] ' c a t i o n  requ ire s  

on ly  short  d i s tance  t ransmis s ion  and a r e l a t i v e l y  low pressure  of  

35 p s i g .  Therefore ,  very low water content  s p e c i f i c a t i o n  i s  not  

neces sary  and economic c o n s i d e r a t i o n s  led  to the s e l e c t i o n  o£ 

53.3  lb H20 per M MSC¥ (or 20°F dew poiut )  l imi t °  The wet 

compressed gas at 40 ps ig  and dew point o£ 100oF has a water content 
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of  851.1 lbs per ~ SCF. Dehydra t ion  u n i t  w i l l  remove the excess 

water (797.8 lbs per NN SCF) to  prevent  gas f reeze-ups  and gas 

t r a n s m l s s i o u  problems such as pipe l l u e  cor ros ion .  ~n most newer 

p l au t s  t r l e t h y l e n e  g lycol  (TEG) s y s ~ e ~ h a s  been u t i l i z e d ,  as in  the  

present  des ign .  

A ~rocess flow diagram of a t y p i c a l  gas dehydrat ion p l an t  i s  shown 

in F igure  3-9. The wet i n l e t  gas e n t e r s  the bottom of  the absorber  

and flows upward through t r a y s  c o u n t e r c u r r e n t  to the concen t r a t ed  

(99.7 pe rcen t )  g lycol  flowing downward through the column. 

97.8 pe rcen t  o f  the water in  the  gas is  absorbed by g l y c o l  f lowing 

a t  a r a t e  of  1.55 ga l lons  per lb H20 removed. The dry gas wi th  a 

water  con ten t  of  53.3 lbs per MM SCF leaves  the top of  the absorber  

through mist  e l imina to r  which a ids  iu removing any e n t r a i n e d  g lyco l  

d r o p l e t s .  I t  then flows through a g lyco l  cooler  and is  hea ted  from 

100 to 160OF by the incoming r egene ra t ed  hot  g lycol  which is  cooled 

from 250 to l l 0 ° F .  

o 

The d i l ~ te  g lycol  (93,6 percent) leaves the bottom of the absorber 

and e n t e r s  a hea t  exchanger c o i l  ( in  the g lycol  s t i l l )  where i t  i s  

preheated  before  being f lashed  £u the  f l a s h  tank.  The d i l u t e d  

g lyco l  s t ream then passes through a g lyco l  f i l t e r  which removes any 

fo re ign  s o l i d  p a r t i c l e s .  The c l e a n  g lyco l  i s  fu r the r  hea ted  in  the 

accumula to r /hea t  exchanger to about  260OF and enters  the g l y c o l  

s t i l l  ( s t r i p p e r )  for  r e g e n e r a t i o n ,  which i s  mounted on the top of  a 

r e b o i l e r  ope ra t ing  at 400oF. 

The d i l u t e  g lyco l  passing downward through the  s t r i p p e r  i s  con tac ted  

by hot  r i s i n g  water vapors pass ing  upward through the column. The 

water  vapor r e l ea sed  in the r e b o i l e r  and s t r ipped  from the g l y c o l  in  

the s t r i p p e r  i s  discharged to the  atmosphere.  

In the r e b o i l e r ,  g lyco l  i s  concen t r a t ed  to 99.7 percent  by adding 

1 i t 3  per ga l lon  of s t r i p p i n g  ga~ (n i t rogen )  through a spa rge r .  The 

n i t r o g e n  a ids  in removing any water  vapor pockets which might 
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otherwise remain in  the g lycol  s o l u t i o n .  The concentra ted 81ycol 

from ~he r e b o i l e r  flows to the g lyco l  accumula tor /hea t  exchanger,  

passes through the  g lyco l  coo le r ,  and r e t u r n s  to the absorber to  

complete the c y c l e ,  h g lycol  makeup of seven gal lons  per day i s  

r equ i r ed .  

WASTEWATER TREATMENT 

Plant  i n d u s t r i a l  wastewaters  are c o l l e c t e d  and t r e a t e d  before  

discharge to the Delaware River so t h a t  the  e f f l u e n t  meets 

app l i cab le  d i s c h a r s e  r egu l a t i ons  of  the U.S. Environmental 

P r o t e c t i o n  AEencY, Pennsylvania  Department o f  Environmental 

Resources,  Delaware River Basin Commission and City of  P h i l a d e l p h i a .  

The process flow diasram shown iu Figure  3-10 schemat ica l ly  

represen t s  the  wastewater  t rea tment  system (Unit 74). P lan t  

i n d u s t r i a l  waste sources are as fo l lows :  

a.  T r a v e l l i n  E water screen backwash, 

b.  I n - p l a n t  f l oo r  d ra in s ,  

c. Grav i ty  f i l t e r  backwash, 

d. Carbon f i l l e t ' b a c k w a s h ,  

e.  Deminera l izer  r egene ra t ion  was t e s ,  

f .  Coal and ash p i l e  r u n o f f ,  

8. River wate~ clarlfier sludg e, and 

h.  Cooling towers blowdowa. 

Trave l l ing  water  screens are backwashed to  an adjacent  dewaterinE 

chamber where s o l i d s  are separa ted  and the  water allowed to  d r a i n  

back to the  in take  s t r u c t u r e .  Sol ids  are  c o l l e c t e d  ~.n a dumpster 

"For haulaway.  

Wastes from the i n - p l a n t  f loo r  sumps, g r a v i t y  f i l t e r  backwash and 

carbon f i l t e r  backwash are d i r e c t e d  to  an e q u a l i z a t i o n  and ho ld ing  

tank.  Deminera l izer  r egenera t ion  wastewater  i s  co l l e c t ed  in  a 

separa te  tank~ where the acid  and a l k a l i n e  wastes are allowed to  

3-,.42 
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s e l f - e q u a l l z e  before  be ing  *'rough" n e u t r a l i z e d  and'conveyed to  the  

e q u a l i z a t i o n  and ho ld ing  tank.  Coal and ash p i l e  runof f  are 

c o l l e c t e d  and pumped at a c o n t r o l l e d  rate  to  the e q u a l f z a t l o n  and 

h o l d i n g  tank.  An i n - l i n e  mixer and pHmoni tor  are provided in  the  

pump discharge  l l n e .  A pH c o n t r o l l e r  a d j u s t s  the  feed o f  lime 

s l u r r y  to n e u t r a l i z e  the runof f  to  a minimum pH o f  6 . 0 ,  before  i t  

e n t e r s  the e q u a l i z a t i o n  and h o l d i n g  tank.  R a i n f a l l  in  excess  of  the  

o n c e - i n - t e n - y e a r ,  24-hour storm overf lows d i r e c t l y  to the o u t f a l l .  

Wastewaters c o l l e c t e d  in  the  e q u a l i z a t i o n  and h o l d i n g  tank are mixed 

and pumped at a f l o w - c o n t r o l l e d  r a t e  to  the n e u t r a l i z a t i o n  tank. A 

pH c o n t r o l  system feeds e i t h e r  lime s lurry  or s u l f u r i c  ac id  

s o l u t i o n ,  as required ,  to  adjus t  the p H w i t h i n  8 .0  to  9 .0  range.  

N e u t r a l i z a t i o n  tank overf low e n t e r s  the o x i d a t i o n / f l o c c u l a t i o n  tank 

where polymer i s  added to the wastewater to  a id  in  f l o c  formation 

and a i r  suppl ied to  o x i d i z e  any i ron .  Overflow from the 

o x i d a t l o n / f l o c c u l a t i o n  ~ank enter~  a Lamella type g r a v i t y  s e t t l e r  

where suspended s o l i d s  are separated  from the wastewater .  S e t t l e r  

overf low enters  the grav i ty  p o l i s h i n g  f i l t e r s  and i s  then d i r e c t e d  

to the effluent flow and sampling chamber, prior to discharge to the 

Delaware River. 

The s e t t l e r  s ludge i s  p e r i o d i c a l l y  blown down to  the s ludge 

th ickener  where it combines wi th  the  r iver  water c l a r i f i e r  s ludge .  

Thickened s ludge i s  pumped to the dewatering f i l t e r .  The s ludge 

cake i s  d isposed of  with the g a s l f l e r  s l a g / a s h  in  an approved 

l a n d f i l l .  

Cool ln  8 tower blowdown i s  g e n e r a l l y  acceptab le  for d i scharge  wi thout  

treatment due to the high degree o f  treatment provided for tower 

makeup water .  In the f i n a l  de s ign  phaset c o o l i n g  tower blowdown may 

be used for g a s i f l e r  quench or coa l  dust suppres s ion ,  thereby 

e l i m i n a t i n g  the need for a d i r e c t  blowdown d i s charge .  
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