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recommendation, or favoring by the United States Government or any 
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. . SUMMARY 

This  document is  t h e  second of a two-volume Overa l l  Program Plan f o r  

~ e s c h e d u l i n g  Task I X  (Technical Support) of t h e  I n d u s t r i a l  Fuel  Gas Demonstration 

P lan t  Program (MLGW~DOE), Cont rac t  ET-77-C-01-2582. Volume I p resen t s  t h e  

schedule and o rgan iza t ion  f o r  ca r ry ing  ou t  t h e  o v e r a l l  p lan  which i s  d iv ided  

i n t o  t h r e e m a j o r  t a sks :  Bench Sca le  Tes t s ,  Cold-Flow Model S tud ie s ,  and Pilot: 

,Plant  Operat ions.  This  volume, Volume 11, g ives  a more d e t a i l e d  p r e s e n t a t i o n  

of t h e  t e s t  o b j e c t i v e s  and procedures f o r  t h e  most important p a r t  of t h e  p lan ,  

P i l o t  P l an t  Operat ions.  

The o b j e c t i v e  of Volume I1 is t o  provide a sys temat ic  approach t o  o b t a i n  

high carbon conversion under s t eady- s t a t e ,  a sh  agglomerating cond i t i ons  wi th  

c o a l  i n  t h e  U-GAS p i l o t  p l a n t .    his w i l l  a l low t h e  achievement of t h e  p r i n c i p a l  

goa l  of p i l o t  p l a n t  ope ra t ions ,  t h a t  is, t o  o b t a i n  d a t a  f o r  t h e  des ign  of t h e  

. ,U-GAS demonstration. plant. . . 

The t e s t  program f o r  p i l o t  p l a n t  ope ra t ions  has  been formulated wi th  t h e  

a s s i s t a n c e  of t he  Technical  Subcommittee which has  members from a l l  t h e  p a r t i e s  

involved i n  t h e  I n d u s t r i a l  Fuel  Gas   em on strati on P l a n t  Program, namely, 

   em phis Light ,  Gas and' water Div is ion ,  Department o'f Energy, Fos t e r  Wheeler 

Energy Corporat ion,  De l t a  Refining Company, I n s t i t u t e  of Gas Technology, and 

Monsanto Research Corporat ion.  

. : I N  S T . I T  U T  E 0 F .. G A S  T E C H N . O L O G Y  
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DISCUSSION 

A p i l o t , p l a n t .  t e s t  program has  been formulated wi th  an  o v e r a l l  o b j e c t i v e  
. - .  

t o  o b t a i n  d a t a  f o r  t h e  des ign  of the 'demonst ra t ion  p l a n t .  SinCe:.pilot p l a n t  

t e s t s  t o  d a t e .  wi th  'coal  have.  h o t  demonstrated ash-balanced opdra t ion  wi th  t o t a l  

a sh  agglomeration, ' a n ' i n i t i a l  s e r i e s  of t e s t s  wi th  coke and c o a l  w i l l  be  con- 

duc ted .  Analysis  o f ' p a s t .  t e s t ' d a t a  on both coke and c o a l  has  i d e n t i f i e d  key 

v a r i a b l e s  a f f e c t i n g  a sh  agglomeration. These v a r i a b l e s  a r e  temperature,  bed 

ash-content ,  bed h e i g h t ,  p a r t i c l e  s i z e ,  ,and gas v e l o c i t y .  The o b j e c t i v e  of 

t h e  coke and c o a l  t e s t s  i s  t o  s y s t e m a t i c a l l y  o b t a i n  d a t a  on t h e  e f f e c t  of t h e  

above v a r i a b l e s  on agglomeration and e s t a b l i s h  . . ,a l o g i c a l  b a s e l i n e  f o r  planning 

t e s t s . t o  o b t a i n  ash-balanced o p e r a t i o n  wi th  coa l .  This  d e t a i l e d  t e s t  program 

w i l l  confirm t h e  ope ra t ing  range of t h e  above v a r i a b l e s  for ,  coke and e s t a b l i s h  

t h e  ope ra t ing  range of t h e  a b o v e , v a r i a b l e s  for . . coa l .  

Based on t h e  r e s u l t s  of t h e  i n i t i a l  t e s t s  wi th  coke and .coal ;  and from 

t h e  s imultaneous e f f o ' r t s  on t h e  2-inch-diameter . , bench . s ca l e  u n i t  and t h e  cold- 

flow model, , d e t a i l e d  p lans  for ,  a n  .extended per iod  t e s t  w i t h  c o a l  w i l l  be  

developed. The o b j e c t i v e  of . . th i s  . \ test w i l l  b e  t o  o p e r a t e  f o r  5 days and , . achieve  

.- ash-balanced ope ra t ion  wi th  c o a l  under agglomerating cond i t i ons .  D a t a  from 

t h i s  t e s t  w i l l  be  used t o , d e v e l o p  p l ans  f 0 r . a  subsequent s e r i e s  of t e s t s  a t  

h ighe r  p re s su re  t o  e s t a b l i s h  t h e  des ign  d a t a  base, fo,r t h e  demonstrat ion p l a n t .  

The fol lowing s e c t i o n s  c o n s i s t  of s p e c i f i c  d e t a i l s  of t h e  i n i t i a l  s e r i e s  

of. t e s t s  with coke 'and  c o a l ;  o u t l i n e s  t h e  gene ra l  d i r e c t i o n  and o b j e c t i v e s  of 

t h e  remainder of t h e  t e s t  program; d i s c u s s e s  t h e  procedures f o r  conducting 

t e s t s ,  and ob ta in ing ,  t r a n s f e r r i n g ,  and reducing d a t a ;  con ta ins  t h e  d e t a i l s  of 

o p e r a t i n g  procedures; and p re sen t s  a c o s t  e s t ima te  t o  implement t h e  o v e r a l l  

program plan.  

I N S ,T"" l  T U T E O F  ' G A S  



, . ' PILOT. PLANT TEST PROCEDURES 
. . 

The pr.0cedbr.e~ f o r  pladaing,  conducting, and monitor ing p i l o t  p l a n t  t e s t s  

have been re-evaluated wi th  g r e a t e r  emphasis on o v e r a l l  t e s t  management t o  

a s s u r e  t h a t  program'object ivek a r e  a t t a i n e d .  This  s e c t i o n  d i s c u s s e s  

procedures f o r  formulat ion and implementation of t e s t  p lans ,  p i l o t  p l a n t  t e s t  

o rgan iza t ion  and monitor ing of t e s t s .  

Tes t  Run Formulation and Implementat ion.  

T h e  gene ra l  procedure w i l l  be  t o  formulate  a  d e t a i l e d  p l an  f o r  each t e s t  

run .  A t e s t  run  w i l l  c o n s i s t  of a s e r i e s  of s e t  p o i n t s ,  each s e t  po in t  

spec i fy ing  t h e  va lues  of c o n t r o l l e d  v a r i a b l e s  f o r  a  s t eady- s t a t e  ope ra t ing  

per iod .  

Based on information from previous  t e s t s ,  t h e  2-inch-diameter bench s c a l e  

t e s t s ,  and t h e  cold-flow model s t u d i e s ,  t h e  Operations Manager ( W .  A.  Sandstrom) 

w i l l  b e  r e s p o n s i b l e  f o r  formula t ing  a  d e t a i l e d  test' r ~ n . ' ~ l a n  a s  shown i n  F igure  1. 

Appropriate  recommendations from e i t h e r  t h e  Ash Chemistry Task Force o r  t h e  

Ash Agglomeration Task Force w i l l  b e  incorpora ted  i n  t h e  t e s t  p l an .  However, 

t h e  o v e r a l l  t e s t  run  p l an  w i l l  fo l low the  gene ra l  o u t l i n e  of t h e  Tes t  P lan  

D e t a i l s  s e c t i o n .  The p l an  w i l l  then  be  reviewed and modified by t h e  P r o j e c t  

Manager and submitted t o  t he  Technical  Subcommittee and t h e  Execut ive Program 

Advisor f o r  review and approval .  The Technical  Subcommittee Chairman w i l l  be  

r e spons ib l e  f o r  o b t a i n i n g ' t h e  concurrence of t h e  Committee and adv i s ing  t h e  

P r o j e c t  Manager of i t s  approval .  The d e t a i l e d  t e s t  run  p lan  w i l l  b e  f i n a l i z e d ,  

documented and d i s t r i b u t e d  t d  t he  p l a n t  ope ra t ions ,  on - s i t e  monitors  and t h e  

Technical  Subcommittee. The approved t e s t  p lan  w i l l  b e  followed dur ing  t h e  

t e s t  run .  The S h i f t  Supervisor  w i l l  be  r e spons ib l e  f o r  execut ing t h e  approved 

p lan  and t h e  on - s i t e  monitors  w i l l  v e r i f y  t h e  t e s t  p lan .  

It is a n t i c i p a t e d  t h a t  changes . t o  t h e  t e s t  run  p l an  may be  necessary  a s  

t h e  run  proceeds. Under cond i t i ons  where prompt a c t i o n  is  r equ i r ed  (e .g . ,  a t  

s e t  po in t  ope ra t ing  cond i t i ons  w h e r e . t h e r e  a r e  i n d i c a t i o n s  of ash d e p o s i t i o n  

o r  where s e t  p o i n t  cond i t i dns ,  l ead  : t o  b n s t a b l e  o p e r a t i o n ) ,  t h e  S h i f t  Supervisor  

w i l l  make-appropr ia te  d e c i s i o n s  f o r  any changes o r  te rmina t ion  of t h e  t e s t  run .  

The on - s i t e  monitors  w i l l .  b e  informed of , '  t h e  'decis ion and t h e  a c t i o n  t o  be taken.  

I N S T I T ' U T E  0 F G A S  T E C H N O L O G Y  
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. . 

Minor changes i n  t h e  t e s t  p l a n  w i l l  b e  s i m i l a r l y  implemented by t h e  S h i f t  . . . . 
Supervisor  i n  c o n s u l t a t i o n  wi th  t h e  monitors .  Decis ions by t h e  S h i f t  Super- 

v i s o r  on major changes t o  t h e  p l an  o r  on te rmina t ion  of t h e  t e s t  under normal 

ope ra t ing  cond i t i ons  w i l l  b e  conveyed t o  t h e  P r o j e c t  Manager. The P r o j e c t  

Manager, o r  h i s  des ignee ,  w i l l  c o n t a c t  t h e  Technical  Subcommittee Chairman and 

t h e  Executive Program Advisor and o b t a i n  t h e i r  approval  be fo re  proceeding wi th  

t h e  change. 

I 

Various s e t  p o i n t  ope ra t ing  cond i t i ons  f o r  a t e s t  run  a r e  based on t h e  

l a t e s t  a v a i l a b l e  informat ion ,  bo th  from previous t e s t s  and l abo ra to ry  s t u d i e s .  
I A t e s t  run  p lan  o r  any p re se l ec t ed  cond i t i on  f o r  s e t  p o i n t  may be changed 

us ing  t h e  above ou t l i ned  procedure f o r  t e s t  run  formula t ion .  

P l a n t  Operat ions Management 

The p i l o t  p l a n t  ope ra t ions  a r e  under t h e  d i r e c t i o n  of an  Operat ions 

Manager who is  r e s p o n s i b l e  f o r  day-to-day ope ra t ion ,  maintenance, and upkeep 

of t h e  p i l o t  p l a n t .  He is  a l s o  r e s p o n s i b l e  f o r  t h e  work of t h e  f o u r  sub- 

c o n t r a c t o r s  who provide s e r v i c e s  t o  t h e  p i l o t  p l a n t  (mechanical,  e l e c t r i c a l ,  

i n s t rumen ta t ion ,  and i n s u l a t i o n ) .  The Operat ions Manager, i n  conducting t e s t s ,  

i s  a ided  by a n  Operat ions Superv isor ,  f i v e  S h i f t  Engineers ,  and e i g h t  Opera tors .  

This  group a l s o  has  an  engineer  and a n  a s s i s t a n t  who a r e  r e s p o n s i b l e  f o r  col-  

l e c t i o n ,  a s s i m i l a t i o n ,  and r e p o r t i n g  of p i l o t  p l a n t  t e s t  d a t a .  For conduct ing 

p i l o t  p l a n t  t e s t s  t h e  ope ra t ions  o rgan iza t ion  is  s e t  up a s  shown i n  F igure  2.  
I 

I To provide 24-hour coverage dur ing  a  t e s t ,  IGT u t i l i z e s  8-hour s h i f t s .  

The s h i f t  team c o n s i s t s  of a  S h i f t  Supervisor ,  a  S h i f t  Engineer,  two Opera tors ,  

and an  Instrument  Technician.  Mechanical, e l e c t r i c a l  and maintenance s e r v i c e s  

a r e  provided dur ing  t h e  day s h i f t  and a r e  a v a i l a b l e  on c a l l  dur ing  t h e  o t h e r  

two s h i f t s .  The S h i f t  Supervisor  i s  a s e n i o r  IGT person who is  r e s p o n s i b l e  

f o r  t h e  o v e r a l l  t e s t  ope ra t ions  dur ing  t h e  s h i f t .  He w i l l  a s s u r e  t h a t  t h e  

approved t e s t  p l an  i s  fo l lowed ;~wi l l 'make  de 'c is ions and t a k e  a p p r o p r i a t e  a c t i o n  

on changes o r  shutdowns under emergency cond i t i ons .  He w i l l  a l s o  n o t i f y  t h e  

P r o j e c t  Manager of t h e  necessary  changes, i f  any, t o  t h e  t e s t  p lan ,  and w i l l  

I c a r r y  them ou t  a f t e r  t h e  P r o j e c t  Manager o b t a i n s  t h e  approval  f o r  t h e  change. 

I n  t h e  P r o j e c t  Manager's absence,  t h e  S h i f t  Supervisor  w i l l  fo l low t h e  pro- 

cedure ou t l i ned  i n  t h e  previous  s e c t i o n  t o  o b t a i n  approval  f o r  any changes. 

I 
I N  S T  I T  U . ' T  E 0 F G A S  T E C H N O L O G Y  

I 



Figure 2. PIOLT PLANT TEST ORGANIZATION 
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The S h i f t  Supervisor  w i l l  be  r e s p o n s i b l e  f o r  a l l  communications w i t h  t h e  

on - s i t e  monitors .  He w i l l  b r i e f  them on t h e  cond i t i ons  of t h e  t e s t ,  provide 

t h e m . t e s t  d a t a  f o r  v e r i f i c a t i o n  purposes,  a d v i s e  them of h i s  d e c i s i o n  and 
. . 

reason  f o r  sugges t ing  a  change from t h e  approved t e s t  p lan ,  n o t i f y  them of 
. . 

h i s  a c t i o n s  dur ing  an  emergency cond i t i on ,  and a s s u r e  t h a t  t h e  monitors  do not  

i n t e r f e r e  wi th  t h e  normal r o u t i n e  of o t h e r  IGT t e s t  personnel .  The P r o j e c t  

Manager w i l l  b e  r e spons ib l e  f o r  b r i e f i n g  a l l  o t h e r  p e r t i n e n t  i n d u s t r i a l  team 

members, DOE personnel ,  and o t h e r  i n t e r e s t e d  p a r t i e s  on t h e  s t a t u s  of t h e  tests. 

A l l  c a l l s  f o r  such informat ion  w i l l  be  d i r e c t e d  t o  him. 

The S h i f t  Engineer w i l l  b e  r e s p o n s i b l e  f o r  conducting t h e  t e s t  ope ra t ions  

dur ing  h i s  s h i f t .  He w i l l  a s s u r e  t h a t  a l l  necessary  samples, d a t a ,  and 

readings  a r e  gathered i n  a  t iulely f a s h i o n  and reduce t h e  d a t a  a t  r e g u l a r  i n t e r -  

v a l s  t o  check test cond i t i ons .  He w i l l  d i r e c t  t h e  work of t h e  o p e r a t o r s  and 

t h e  subcontracted p e r s o n n e l - a s  necessary ,  a s s u r e  t h a t  t h e  p i l o t  p l a n t  u n i t  i s  

func t ion ing  proper ly  from both t h e  process  and t h e  mechanical viewpoint ,  and 

' w i l l ' n o t e  any upse t s  o r  d e v i a t i o n s  from s e t  cond i t i ons  of t h e . c o n t r o l l e d  . . 

v a r i a b l e s  and t a k e  necessary  a c t i o n s  t o  c o r r e c t  them. The o p e r a t o r s  w i l l  t ake  

s o l i d s  samples, dump s o l i d s  and f i n e s  ou t  of hoppers,  and c o l l e c t  data.  on 

a p p r o p r i a t e  d a t a  s h e e t s .  They w i l l . h e l p  t h e  S h i f t  Engineer o p e r a t e  t h e  p i l o t  

p l a n t  and a l s o  t roubleshoot  any ope ra t ing  problems. They w i l l  a l s o  be respon- 

s i b l e  f o r  dry ing  feed m a t e r i a l  ahd ' f o r  upkeep. of both t h e  c o n t r o l  room and 

t h e - p i l o t  p l a n t  surroundings. '  The l i q u i d  and gas samples w i l l  be  c o l l e c t e d  

by t h e  p i l o t  p l a n t  a n a l y t i c a l  group.. 
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Both MLGW and DOE w i l l  have around-the-clock on - s i t e  monitors  dur ing  each 

p i l o t  p l a n t  t e s t  run .  The func t ion  of t h e  monitor w i l l  be  t o  observe ' t e s t  

o p e r a t i o n s  i n  o r d e r ' t o  v e r i f y  t h a t  t h e  t e s t  p lan  is  being fol lowed.  To accom- 

p l i s h  t h i s  i t  w i l i  be  'necessary t h a t  t h e  monitors  have r e a d i l y  a v a i l a b l e  test 

d a t a  t h a t  can be  used t o  compare wi th  t h e  va r ious  s e t  p o i n t s  i n  t h e  t e s t  run .  

It w i l l  a l s o  b e  necessary t o  s e t  up a  communications procedure so  t h a t  t h e  t e s t  

d a t a  and information on t h e  s t a t u s  of t h e  t e s t  run  can be  e f f i c i e n t l y  t r a n s f e r r e d  

. t o  t h e  monitors .  The fo l lowing  gu ide l ines  a s  shown i n  F igure  3 w i l l  a s s u r e  smooth 

i n t e r a c t i o n  between t h e  on-s i te  monitors  and IGT ope ra t ing  personnel :  

1 )  When. a  t e s t  i s  i n  'p rogress ,  t h e  s h i f t  supe rv i so r  w i l l  be  r e spons ib l e  
f o r  providing t h e  monitors  wi th  t e s t  run  d a t a .  These d a t a  w i l l  b e  raw un- 
confirmed d a t a ,  t h a t  is, they w i l l  n o t  be  f i n a l i z e d ,  bu t  w i l l  be  s u f f i c i e n t l y  
a c c u r a t e  for '  monitor ing purposes.  A l l  'o ther  information regard ing  the  progress  
of t h e  run  w i l l ,  b e  provided i n  pre-scheduled d a i l y  b r i e f i n g s  by t h e  ope ra t ions  
manager. The ope ra t ions  manager w i l l  a l s o  be  r e s p o n s i b l e  f o r  keeping t h e  
monitors  informed of p rog res s  on t h e  p ' i l o t  p l a n t  dur ing  p l a n t  turnarounds.  
Information on t h e  progress  of a l l  o t h e r  p r o j e c t  a c t i v i t i e s  inc luding  t h e  d i s -  .- 
t r i b u t i o n  of f i n a l i z e d  t e s t  d a t a  w i l l  b e  t h e  r e s p o n s i b i l i t y  of t h e  p r o j e c t  
manager. 

2) The monitors  w i l l  v e r i f y  t h a t  t h e  t e s t  p l a n  i s  being followed by 
examining t h e  t e s t  run  d a t a . p r 0 v i d e d . b ~  s h i f t  supe rv i so r s .  The monitors  w i l l .  
p r epa re  d a i l y  r e p o r t s  based on t h e i r  observa t ions  of t h e - t e s t  run  and o t h e r  
in format ion  rece ived  dur ing  t h e  course  of t h e  run .  I f  any doubt e x i s t s  about  
t h e  d a t a  o r  o t h e r  in format ion  they  have .obta ined ,  the moilitors should consu l t  
w i th  t h e  s h i f t  supe rv i so r  b e f o r e  prepar ing  t h e i r  w r i t t e n  r e p o r t .  One copy of 
each r e p o r t  w i l l  b e  d i s t r i b u t e d  t o  t h e  p r o j e c t  manager a s  soon a s  p o s s i b l e  a f t e r  
p repa ra t ion .  

! ~ 

3)  It may be necessary  t o  a l t e r  t h e  t e s t  p l an  because of in tormat ion  
gained dur ing  previous  t e s t  pe r iods .  I n  t h i s  c a s e  i t  w i l l  b e  t h e  r e s p o n s i b i l i t y  

, of t h e  s h i f t  supe rv i so r  t o  c o n s u l t  w i th  t h e  monitor and inform him of t h e s e  
changes. For t h i s  reason  t h e  monitor should be  r e a d i l y  a v a i l a b l e  a t  a l l  t imes, 
e i t h e r  i n  t h e  U-GAS p i l o t  p l a n t  o r  i n  h i s  ass igned  o f f i c e  a r e a .  
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DETAILED TEST PLAN 

The fo l lowing  s e c t i o n s  con ta in  a - d e t a i l e d  t e s t  p lan .  The p lan  has  f i v e  

p a r t s :  A) Start-Up, B) Hot Shakedown, C) Tes t s  wi th  Coal, D) Tes t s  a t  High 

P res su re ,  and E) Parametr ic  Tes t s .  , , 

The Start-Up s e c t i o n  a p p l i c s  t o  a l l  t e s t s  and i s  sepa ra t ed  from t h e  o t h e r  

s e c t i o n s  t o  avoid redundancy. 

The r e a c t o r  has  undergone s i g n i f i c a n t  mod i f i ca t ion  - a l a r g e r  diameter  
\ 

v e n t u r i  and a j e t  i n  t h e  c e n t e r  of t h e  v e n t u r i .  Therefore,  t h e  f i r s t  t e s t s  

of t h e  modified g a s i f i e r  w i l l  u s e  coke f eed .  The reason f o r  t h e s e  changes 

is  t o  o b t a i n  a  g r e a t e r  f l e x i b i l i t y  i n  t h e  c o n t r o l  of agglomerate d i scha rge  and 
. . 

d i s t r z b u t i o n  of oxygen f eed .  These a d d i t i o n a l  runs  wi th  coke w i l l  s e r v e  t o  

shake down t h e  modified u n i t  and o b t a i n  b a s e l i n e  d a t a .  Comparison wi th  pre- 

v i o u s  d a t a  from o p e r a t i o n s  wi th  coke feed  w i l l  determine i f  i nc reas ing  t h e  

d iameter  of t h e  v e n t u r i  t h r o a t  from 3 inches  t o  4-112 inches  a f f e c t s  t h e  r a t e  

of agglomerate  discharge. '  Data from t h e s e  t e s t s  w i l l  be  u s e f u l  i n  c o r r e l a t i n g  

t e s t  r e s u l t s  of t h e  2-inch bench-scale agglomeration'  u n i t .  F i n a l l y ,  t h e s e  

t e s t s  w i l l  e s t a b l i s h  a  range .  of ope ra t ing  v a r i a b l e s  w i th  coke under ash- 

balanced,  agglomerating cond i t i ons .  

The c o a l  t e s t s  s e r v e  t h e  same purposes a s  t hose  us ing  coke; t h a t  is ,  t o  

e s t a b l i s h  t h e  range of o p e r a t i o n  under agglomerating cond i t i ons .  I n  a d d i t i o n ,  

carbon u t i l i z a t i o n  and o t h e r  d a t a  from t h e  extended s t e a d y - s t a t e  c o a l  run  w i l l  

b e  needed i n  t h e  d e c i s i o n  regard ing  process  f e a s i b i l i t y .  

P re s su re  t e s t s  w i th  t h e  g a s i f i e r  a t  60 p s i a  us ing  c o a l  w i l l  p rovide  d a t a  

necessary  f o r  t h e  des ign  of t h e  demonstrat ion p l a n t .  This  w i l l  b e  achieved 

by c o r r e l a t i n g  t e s t  r e s u l t s  a t  a tmospheric  p re s su re .  I n  a d d i t i o n ,  h igher  

p re s su re  t e s t s  w i l l  s e r v e  t o  check t h e  v a l i d i t y  of IGT's mathematical model. 

Paramet r ic  t e s t s  w i l l . p r o v i d e  d a t a  t o  answer any remaining ques t ions  i n  

t h e  des ign  of t h e  demonstrat ion p l a n t .  These t e s t s  w i l l  determine g a s i f i e r  

turndown c a p a b i l i t y ,  response  t o  feed  changes, and load  fo l lowing  c a p a b i l i t y .  

This  d e t a i l e d  t e s t  p l a n  should determine t h e  ope ra t ing  cond i t i ons  

necessary  t o  ach ieve  agglomerat ion .under ash-balanced cond i t i ons  wi th  c o a l .  

Fu r the r  suppor t  w i l l  come from tests wi th  t h e  co ld  f low model. These t e s t s  

w i l l  i s o l a t e  t h e  e f f e c t s  of hydrodynamic f a c t o r s  on r a t e  of p a r t i c l e  d i scharge .  
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through t h e  v e n t u r i  t h r o a t .  I n  a d d i t i o n ,  suppor t ing  t e s t s  wi th  . .. t h e  2-.inch 

bench-scale u n i t  w i l l  f u r t h e r  a s s i s t  i n  achiev ing  a sh  agglomeration wi th  c o a l .  



. . ' A. Star t -up . . 

This  s e c t i o n  a p p l i e s  t o  a l l  t e s t s .  A t ' t h e  s tar t  of a t e s t ,  t h e  g a s i f i e r  3 
is empty a t  ambient temperature.  U-GAS engineers  have developed a sequence 

of s t e p s  f o r  s t a r t i n g  up t h e  r e a c t o r .  A t  t h e  completion of t h e s e  s t e p s ,  t h e  

g a s i f i e r  is  ready t o  produce test d a t a .  

U-GAS p , i l o t  p l a n t  o p e r a t o r s  u s e  a formalized l i s t  of s t e p s ,  t h e  "U-GAS 

Start-Up Procedure,' '  t o  s t a i t  a l l  t e s t  runs .  Appendix A con ta ins  t h e  most 

r e c e n t  v e r s i o n  of t h i s  procedure. Upon t h e  completion of each s t e p ,  t h e  

o p e r a t o r  w r i t e s  t h e  d a t e ,  time', and i n i t i a l s  i n  t h e  a p p r o p r i a t e  box. The 

ope ra to r  no te s  any d i f f i c u l t i e s  and t h e i r  remedy i n  t h e  "Remarks" box. 

12. 
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B. Hot Shakedown Tes t  

The o b j e c t i v e s  of t h i s  t e s t ,  Run 127, a r e  t o  c a r r y  ou t  a  ho t  shakedown 

of t h e  U-GAS p i l o t  p l a n t  u s ing  m e t a l l u r g i c a l  coke a s  s t a r t -up  feed m a t e r i a l .  

A h o t  shakedown t e s t  is  necessary  because s e v e r a l  modi f ica t ions  have been 

made t o  t h e  p i l o t  p l a n t  a f t e r  t h e  J u l y  t e s t ,  Run 126. 

Severa l  new p ieces  of equipment were added: a  scrubber  f o r  t h e  product  

gas ,  a  new r e a c t o r  feed  screw feede r ,  and p re s su re  r e l i e f  va lves  f o r  ope ra t ions  

a t  r e a c t o r  v e s s e l  des ign  p re s su re .  

Other p i eces  of equipment were modified: The c o a l  and coke screw feede r  

d r i v e s  were revamped t o  provide v a r i a b l e  feed  mixtures .  The v e n t u r i  t h r o a t  

was widened t o  4-112 inches  and shortened t o  2 inches .  A 1-112 inch j e t  

nozz l e  e n t e r i n g  through t h e  a x i s  of t h e  v e n t u r i  t h r o a t  was i n s t a l l e d .  Also, 

t h e  weigh s c a l e  lockhopper feed  system was s i g n i f i c a n t l y  changed. 

,.. A l l  equipment have been checked f o r  o p e r a b i l i t y  a t  ambient temperature 

. , and p re s su re .  Malfunct ions and l e a k s  have been r e c t i f i e d .  However, on ly  

ope ra t ions  a t  o r  near  t e s t  cond i t i ons  can proper ly  shake down t h e  process  

equipment t o  ensure  r e l i a b i l i t y  dur ing  a  c o a l  t e s t .  

U-GAS engineers  and t echn ic i ans  w i l l  c a r e f u l l y  monitor and record  t h e  

ope ra t ion  of a l l  p a r t s  of t h e  p i l o t  p l a n t  dur ing  t h e  h o t  shakedown t e s t  t o  

confirm equipment r e l i a b i l i t y  o r  need f o r  f u r t h e r  improvement. 

S e t  p o i n t  

0 
Af t e r  reaching  a  bed temperature of approximately 1600 F (Step 47 of t h e  

U-GAS s t a r t - u p  procedure) ,  o p e r a t o r s  w i l l  make adjustments  t o  t h e  process  gas  

flows t o  i n c r e a s e  bed temperature t o  1800°F. Var iab les  w i l l  b e  c o n t r o l l e d  
- 

w i t h i n  l i m i t a t i o n s  c a l l e d  f o r  a t  Se t  Po in t  1 i n  Table I. A s  t h e  bed tempera- 

t u r e  s t a b i l i z e s ,  t h e  v e n t u r i  annulus v e l o c i t y  may have t o  be  a d j u s t e d .  The 

proper v e l o c i t y  t o  u s e  i s  t h a t  which y i e l d s  a  v e n t u r i  d i scha rge  no t  exceeding 

20 l b s / h r .  This  smal l  d i scha rge ,  e s s e n t i a l l y  t h e  c o a r s e s t  f r a c t i o n  of t h e  

coke f eed ,  keeps t h e  v e n t u r i  t h r o a t  c l e a r ,  y e t  a l lows  bed a sh  con ten t  t o  b u i l d  

up r a p i d l y  t o  promote ash agglomeration and/or  achieve  t h e  s e t  p o i n t  va lue .  

A s  t h e  hourly bed samples show a r i s i n g  a sh  con ten t ,  t h e  a l t e r n a t e  bed.  

d i scha rge  w i l l  be  a c t i v a t e d  a t  30% bed ash  con ten t .  By t h e  time 35% bed ash  

con ten t  is recorded,  t h e  a l t e r n a t e  bed withdrawal,  determined from rough ash  

1 3  
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ASH AGGLOMERATING CASIFIER 

S e t  
Po in t  

1 

Table I 

Hot Shakedown Test With Coke Operating Conditions 

Ash S u p e r f i c i a l  Venturi  Bed 
Bed Conc. Veloci ty Annulus Heilcht 

Period Temp* i n  Bed FPS Vel. FPS ~ e e ;  C p l o n e ' s  Opera t ing  
H r s . 5 6  ~ 1 5 F  L 5% r 0 . 5  + 5 A 0.5 I n t  . I I I I 1  - - - 

4 B 12 1950**** 35 4 40 4 Yes No No 

OTHER OPERATING CONDITIONS REQUIRED 

Mode = Steam-Air-Oxygen Process Gas 
Process  Gas t o  Grid = 15% oxygen conc. max. 
Process  Gas t o  Venturi Annulus = 21% Oxygen Conc. Max. 
Process  Gas t o  Central  J e t  = 50% Oxygen Conc. Max. 

* Or a s  required t o  c o n t r o l  v e n t u r i  d i scharge  c l a s s i f i c a t i o n  c a p a b i l i t y .  

** Minimum O2 a t  g r i d  under p a r t i a l  agg l .  mode. May be repeated a t  3A or  4 A .  

*** Assumed temperaturs f o r  balanced ash agglomeration W/O bed withdrawal. 
May r e q u i r e  more s e t - p o i n t s  f o r  ash agglomeration W/O bed withdrawal. 

**** A s  required t o  s u s t a i n  ash  balance W / O  bed withdrawal. . 
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balance  c a l c u l a t i o n s ,  &ill prevent  f u r t h e r  r i s e  i n  bed ash  con'tent.  Two t o  

fou r  ho,urs may be needed with ash  samples from t h e  bed taken hour ly  t o  confirm 

a s t a b l e  35% bed a sh  con ten t .  

To v e r i f y  s t a b i l i z a t i o n  and o b t a i n  s u f f i c i e n t '  d a t a  f o r  a n  a c c u r a t e  a sh  

balance,  6  t o  12 hours  of ope ra t ion  w i l l  be  r equ i r ed .  Ash ba lances  can be  

ca l cu la t ed  from t h e  feed  bed withdrawal,  v e n t u r i  d i scha rge ,  and d u s t  s t ream 

ask anaxyses.  Af te r  completion of one o r  two a sh  ba lances ,  c o n t r o l  v a r i a b l e s  

w i l l  be  changed t o  achieve  S e t  Po in t  2 .  Ash agglomeration'may occur dur ing  

Se t  Poin t  1. Onset of ash  agglomeration is  ind ica t ed  by a  r i s e  i n  v e n t u r i  d i s -  

charge r a t e  wi th  no change i n  v e n t u r i  annulus v e l o c i t y .  The weight f r a c t i o n  

of agglomerates i n  bed and v e n t u r i  d i scharge  samples w i l l  be  determined. 

S e t  Po in t  2  

0 
To r a i s e  t h e  bed temperature t o  1850 F a s  c a l l e d  f o r  i n  t h i s  s e t  p o i n t ,  

t h e  ' ope ra to r  w i l l  aga in  a d j u s t  f lows a s  descr ibed  i n  t h e  s e c t i o n  "Control of 

Operating Var iab les . "  Addi t iona l  oxygen is r equ i r ed  t o  r a i s e  t h e  bed temperature.  

This  oxygen can be added by inc reas ing  flow through both t h e  938 and t h e  9303 

streams.* However, a  flow i n c r e a s e  of oxygen t o  t h e  938 s t ream w i l l  i n c r e a s e  

the  concen t r a t ion  of oxygen a t  905, 906, and 9405 ( see  F igure  5 ) .  Since s e t  

p o i n t  v a r i a b l e  va lues  s p e c i f y  no i n c r e a s e  i n  t h e  g r i d  and v e n t u r i  annulus 

oxygen con ten t ,  t h e  p re fe r r ed  method of adding oxygen is  through t h e  j e t ,  

s t ream 9303. Any r i s e  i n  s u p e r ' f i c i a l  v e l o c i t y  r e s u l t i n g  from adding oxygen 

through s tream 9303 can be o f f s e t  by a  r educ t ion  i n  t h e  flow of process  gas  

( a i r )  through stream 9405. 

A s  t h e  bed temperature r i s e s  and s t a b i l i z e s ,  an  i n c r e a s e  i n  t h e  coke feed  

r a t e  w i l l  be requi red  t o  main ta in  t.he c o n t r o l  v a r i a b l e  bed l e v e l  a t  t h e  s e t  

po in t  va lue .  A s  wi th  Se t  Po in t  1, hour ly  bed sample ana lyses  f o r  a sh  w i l l  b e  

used t o  determine a  rough a sh  ba lance .  A l t e r n a t e  bed withdrawal w i l l  be  

ad jus ted  t o  r e t a i n  a  35% bed a sh  con ten t .  I f  more agglomerates form and d i s -  

charge a t  t h i s  h igher  temperature,  no i n c r e a s e  i n  a1 terna t .e  bed d ischarge  may 

be needed. Aga in , ' 6  t o  12 hours  w i l l  b e  r equ i r ed  t o  o b t a i n  one o r  two 

succes s ive  ash  ba lances .  

Measurement of a sh  agglomerate con ten t  i n  bed and v e n t u r i  d i scha rge  

samples w i l l  b e  c a r r i e d  ou t  a s  descr ibed  i n  Se t  Po in t  1. 

* Flow s t ream numbers a r e  re ferenced  i n  F igure  4, page 33. 

1 5  
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S e t  Po in t  2A 

I f  t he  presence of a sh  agglomerates  is  de t ec t ed  e i t h e r  by v i s u a l  obser- 

v a t i o n  of t h e . v e n t u r i  d i scha rge  m a t e r i a l ,  o r  by a n  i n c r e a s e  i n  t h e  d ischarge  

r a t e ,  Se t  Po in t  2A s h a l l  be implemented. The o b j e c t i v e  of 2A i s  t o  determine 

i f  improved (a g r e a t e r  q u a n t i t y  of agglomerates)  a sh  agglomerat ion r e s u l t s  

from iritrucluciag a l l  of t h e  oxygen a t  t h e  c e n t e r  of t h e  r e a c t o r .  Since a  

comparison i s  needed wi th  p a r t i a l  a s h  agglomerating cond i t i ons ,  t h i s  procedure 

(Se t  Poin t  2A) w i l l  only be implemented i f  p a r t i a l  agglomerat ion occurs  i n  
* .. 

S e t  Poin t  2.  I f  n o t ,  t h i s  change w i l l  b e  de fe r r ed  u n t i l  S e t  Po in t  3  o r  

poss ib ly  Se t  Faint 4 .  The procedure f o r  making t h i s  change fo l lows .  

Rased upon t h e  computer d a t a  of s t a b i l i z e d  cond i t i ons  f o r  S e t  Po in t  2A, 

a c a l c u l a t i o n  w i l l  b e  made d i r e c t i n g  a l l  oxygen t o  t h e  c e n t r a l  jet and v e n t u r i  

annulus wi th  t h e  t o t a l  molar flow as s p e c i f i e d  i n  t h e  S e t  P o i n t .  It may 

develop t h a t  t o  hold t h e  s t a t e d  l i m i t  of Table I, 21% 0 a t  t he  v e n t u r i  annulus 2 
and 50% a t  t h e  j e t ,  t h e  g r i d  oxygen concen t r a t ion  cannot be  reduced t o  zero .  

I n  t h i s  ca se ,  changes w i l l  b e  made t o  ach ieve  minimum oxygen a t  t h e  g r i d .  

Care must be  taken by t h e  ope ra to r  t h a t  a t  'no time dur ing  t h e  changes i n  f low 

should any of t h e  above l i m i t s  be  broached. oxygen flow w i l l  probably i n c r e a s e  

through t h e  j e t ,  s t ream 9303', and a i r  f low w i l l  decrease  through t h e  j e t ,  

s t ream 9405. The annular  v e n t u r i  f low i s  r e a d i l y  changed t o  100% a i r  (or  21% 

oxygen) by supplying f low only through ; t r e k  906. The j e t  flow changes should 

be accompanied by a  sys temat ic  adjustment  t o  reduce f low through s tream 905 

and inc rease '  f low through s tream 903 t o  main ta in  t h e  same t o t a l  oxygen flow. 

Se t  Pofnt  3 

I f  i t  develops upon completing t h i s  o p e r a t i o n , t o  achieve  S e t  Po in t  2A 

t h e r e  i s  no change i n  agglomerate d i scha rge  r a t e ,  t h e  condi- 

t i o n s  of Se t  Po in t  2  w i l l  be  r e s t o r e d .  However, i f  t h e  change t o  S e t  Poin t  2A 

y i e l d s  an improvement i n  the  q u a n t i t y  of agglomerates d i scha rge  through t h e  I 
v e n t u r i  bu t  no ash ba lance  wi thout  a l t e r n a t e  bed withdrawal,  p repa ra t ions  I 
\ d i l l  be  made t o  proceed , to  S e t  Po in t  3  whi le  main ta in ing  a  low oxygen content  

a t  t h e  g r i d .  Since both annular  and j e t  oxygen c o n c e n t r a t i o n s ~ w i l l  probably 

he a t  maximum va lue ,  oxygen w i l l  have t o  be added ( t o  r a i s e  t h e  bed tempera- 

t u r e )  ro the g r i d  by r a i s i n g  s t ream 90.5 and lowering s t ream 903. These changes 

t o  r a i s e  t h e  bed temperature w i i l  probably s i g n i f i c a n t l y  ' i n c r e a s e  t h e  v e n t u r i  

16  
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0 
d i scha rge  r a t e . a f t e r  a , s m a l l .  temperature r i s e  (10 F ) .  Accordingly, t h i s  r i s e  

, 
i n  temperature w i l l  b e  l i m i t e d  t o  t h a t  necessary t o  a l low a complete elimin- 

a t io ,n  of t h e  bed withdrawal s t ream a s  proven by bed a sh  sample a n a l y s i s .  

Condit ions h i l l  be  maintained a t  1 9 0 0 ~ ~  f o r  S e t  Po in t  3  i f  bed withdrawal 

i s  s t i l l  requi red  f o r  a t ime necessary  t o  achieve  s u f f i c i e n t  d a t a  t o  c a l c u l a t e  

two ash  ba lances .  Then, the . same procedure used t o  reach  Se t  Po in t  3  w i l l  b e  

used t o  a t t a i n  S e t  Poin t  4 ,  namely, r a i s i n g  s t ream 905 and lowering s t ream 903. 

I f  i n  doing so  each of t h e  limits s e t  f o r  oxygen con ten t  (15%, 21%, and 50%) 

a r e  reached, t h e  s h i f t  superv isor  s h a l l  c o n t a c t  t h e  program manager f o r  

i n s t r u c t i o n s  a s  t o  whether any l i m i t  p rev ious ly  l i s t e d  on Table I can  be  

modif ied.  h 

S e t  Po in t  4  

I f  i t  develops t h a t  bed withdrawal i s  e l imina ted  dur ing  t h e  changes made 
0 

t o  achieve  S e t  Poin t  3  whether a t  1900 F o r  lower,  t h e s e  cond i t i ons  s h a l l  be  

he ld  f o r  12 'hours  t o  -record s u f f i c i e n t  d a t a  and o b t a i n  samples. Upon achiev ing  

th i s .  goa l ,  t h e  f i n a l  change on Table I s h a l l  be  implemented. This  change is  

4B on Table I b u t  i t  w i l l  b e  renumbered 3 B . i f  implemented a f t e r  S e t  Po in t  3 .  

This  procedure involves  a c t i v a t i n g  the  i n t e r n a l  cyclone s e a l  po t  t o  r e c i r -  

c u l a t e  char  f i n e s  i n t o  t h e  r e a c t o r  bed. This  change should be  implemented 

by s lowly r a i s i n g  F I  9364, t h e  s e a l  po t  n i t r o g e n  a e r a t i o n  gas ,  whi le  monitor ing 

t h e  c h a r t  t r a c e s  of PDR 9301, 982, and 983. When t h e  cyclone begins  t o  

. func t ion ,  PDR 9301 w i l l  r i s e  t o  0.4 p s i ,  and PDR 982 and PDR.983 w i l l  a l s o  

r i s e  on t h e  c h a r t .  PDR 983 should read  about  0.15 p s i  and PDR 982, 0.4 p s i .  

Changes t o  feed  r a t e  and s t e a m l a i r  r a t i o s  may be  needed t o  r e t a i n  t h e  bed 

temperature and l e v e l .  Af t e r  s t a b i l i z a t i o n  t h e  v e n t u r i  d i scha rge  r a t e  and 

bed a sh  l e v e l  w i l l  b e  watched c a r e f u l l y  ( t h e  former may f a l l  and t h e  l a t t e r  

m a y x i s e ) .  A drop . i n  t h e  v e n t u r i  d i scha rge  r a t e  i s  n o t  a s  c r i t i c a l  ( f o r  t h e  

feed  r a t e  of coke w i l l  probably have been lowered) as a r i s e  i n  bed a sh  

con ten t .  I f  t h e  l a t t e r  cond i t i on  develops,  a c t i v a t e  a  bed withdrawal t o  

hold a sh  content  a t  t h e  se t -poin t  cond i t i on ,  and then  r a i s e  t h e  bed tempera- 

t u r e .  I f  a  l a r g e r  temperature r i s e  seems n e c e s s a r y . t o  main ta in  an ash  ba l -  

ance without  bed withdrawal,  a  d e c i s i o n  w i l l  b e  made whether t o  cont inue  t h e  

p u r s u i t  of Se t  Po in t  3B. A s  Table I i n d i c a t e s ,  i t  may w e l l  develop t h a t  
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S e t  Poin t  4 w i l l  b e  reached be fo re  t he  i n t e r n a l  cyclone can be  a c t i v a t e d .  

This  cyclone a c t i v a t i o n  w i l l  no t  be  used u n l e s s  an  ash ba lance  is  reached 

wi thout  a l t e r n a t e  bed withdrawal.  I n  any event ,  t h e  same procedure j u s t  

descr ibed  w i l l  be  used i f  cyclone a c t i v a t i o n  occurs  a t  4B i n s t ead  of 3B. 

Assuming t h e  above set po in t  i s  a t t a i n e d ,  shakedown d a t a  f o r  1 2  hours  

w i l l  b e  rec.orded. Fol lowir~g d i r e c t l y  upon t h i s  accomplishment, t h e  second 

phase of t h e  hot  shakedown t e s t  w i l l  begin.  This  phase c o n s i s t s  of determining 

t h e  e f f e c t  of bed h e i g h t ,  s u p e r f i c i a l  v e l o c i t y ,  bed a sh  concen t r a t ion  and 

' v e n t u r i  annulus v e l o c i t y  u p o n . t h e  process  system due t o  t h e  newly a l t e r e d  

v e n t u r i  and c e n t r a l  j e t  p ipe .  

S e t  Po in t  5 

S e t  Po in t  5 (Table 11)  i s  achieved by reducing the  v e n t u r i  annulus 'gas 

flow and inc reas ing  t h e  c e n t r a l  j e t  flow ( see  "Control nf Operating Var iab les , "  

v e n t u r i  annulus v e l o c i t y ) .  It may develop t h a t  a s i g n i f i c a n t  s o l i d s  downflow 

may occur  even though no o t h e r  ope ra t ing  cond i t i on  has  been changed. S u f f i c i e n t  

samples and d a t a  should be  taken t o  s u b s t a n t i a t e  t h e  e f f .ec t  of t h i s  change on 

t h e  c l a s s i f i c a t i o n  c a p a b i l i t y  of t h e  v e n t u r i  annulus.  Unless t h e r e  i s  a s eve re  

upse t  of t he  a s h  agglomerating process ,  t h i s  s e t  p o i n t  should be  maintained 

f o r  6 hours ,  providing t h e  v e n t u r i  s o l i d s  r a t e  is  n o t  too  hi.gh and is no t  

too h o t  t o  handle i n  t h e  d i scha rge  drums. Assuming t h e  oxygen concen t r a t ion  

is no t  l i m i t i n g  a t  o t h e r  f low p o i n t s ,  t h e  v e n t u r i  annulus oxygen concen t r a t ion  

can be  reduced by lowering s t ream 906 and adding steam through s tream 9304 .  

However, the  oxygen removed would probably have t o  be added through s tream 

9303 t o  t h e  c e n t r a l  j c t .  The above procedure should lower the  temperature 

of the s o l i d s  discharged from t h e  v e n t u r i .  

S e t  Poin t  6 

S e t  Poin t  6 i s  achieved by r a i s i n g  s t ream 906 and lowering s t ream 9405 .  

However, t h i s  o p e r a t i o n  could r e s u l t  i n  an  increased  a sh  agglomerate concen- 

I r a  ti.on i n  the f l u i d  bed. I f  evidence develops t h a t  t h i s  i n c r e a s e  does 

happen, a d e c i s i o n  w i l l  be made a s  t o  whether t h i s  concen t r a t ion  p r e s e n t s  t h e  

hazard of r a i s i n g  t h e  minimum f l u i d i z i n g  v e l o c i t y .  There a r e  two d i r e c t  ways 

of d e t e c t i n g  this.phenomenon: increased  presence of a s h  agglomerates i n  t h e  

bed samples which a l s o  y i e l d  a h ighe r  ash  con ten t ,  and a reduced v e n t u r i  . 

d i scha rge  r a t e  proving an  unbalanced s t a t e  of 'ash accumulation. I f  no problems 
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ASH AGGWRATING G4SIFIER 

Table I1 
Continuation of Shakedown Test with Operations at Ash ~ ~ ~ i o m e r a t i n ~  Conditions Produced 

From Table 1 Coke Shakedown Data 
I 

k h  Superficial Venturi .Bed 
Bed Conc. ' Velocity Annulus Height 

Set Period Temp* in Bed FPS Vel. FPS ~ e e i  Cyclone's Operating 
Point Hrs. f 6 15 Ft A. 5%tt t 0.5 A 5 A 0.5 & Int. I I I - 

OTHER OPERATING CONDITIONS REQUIRED, 

Mode - Steam, Air, Oxygen 
Process Gas, to Grid - 15% Oyxgen Conc. Max. 
Process Gas to Venturi Annulus - 21% Oxygen Conc. Max. 
Process Gas to Central Jet 50% Oxygen Conc. h. 

tf. Assumed from Table I results. 
tt Assumed. 

Optimum; as required to control venturi discharge classification capability. 
'* 10 FPS below optimum. 
'** 10 FPS above optimum. 

NOTE: Decision not to include internal cyclone wil'l be reviewed based 
on results of 4B.. 
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a r e  d e t e c t a b l e ,  d a t a  and samples w i l l  b e  taken f o r  6 hours .  Following t h i s  

s e t  p o i n t ,  cond i t i ons  w i l l  b e  r a p i d l y  ad jus t ed  t o  achieve  S e t  P o i n t  7 .  This  C 
s e t  p o i n t  r e s t o r e s  t h e  annulus v e l o c i t y  found d e s i r a b l e  dur ing  t h e , f i r s t  phase 

of t h i s  shakedown t e s t .  

S e t  Point  7 

S e t  Po in t  7 w i l l  b e  achieved by reducing t h e  f low through s tream 9405 

f i r s t ,  and t o  i t s  minimum a l lowable  flow ( c e n t r a l  j e t  v e l o c i t y  50 f p s ) ,  i f  

r e q u i r e d ,  t o  achieve  t h e  lower bed s u p e r f i c i a l  v e l o c i t y  of 3  f p s .  Only then  

should flow through t h e  g r i d  (s t reams 905 and 903) be  reduced. The ope ra t ion  

should be  watched c a r e f u l l y  f o r :  1 )  any change i n  a s h  agglomerate s i z e  a s  a  

r e s u l t  of lower g a s i f i c a t i o n  r a t e  and 2) any r educ t ion  i n  agglomerate con- 

c e n t r a t i o n  i n  the  bed samples (both v i s u a l l y  and by a sh  c o n t e n t ) .  Twelve 

hours  of shakedown d a t a  and samples w i l l  b e  taken.  

S e t  Poin t .  8 

Upon r e s t o r i n g  t h e  s u p e r f i c i a l  v e l o c i t y  t o  4  f p s ,  t h e  bed he igh t  w i l l  be  

allowed to  drop by reducing t h e  feed  r a t e . o f  coke 20%. It should t ake  3  t o  4  

hours t o  drop the  bed l e v e l  t o  two f e e t .  Although no hazard i s  envisioned by 

t h i s  ope ra t ing  mode, p a r t i c u l a r  i n t e r e s t  should be  taken i n  t h e  carbon oxide  

r a t i o s  i n  the  product gas .  Note a l s o  should be taken  of t h e  f i n e s  l o s s  r a t e  

n s  t he  feed a t  t h i s  s e t  p o i n t  i s  e n t e r i n g  t h e  bed 6 inches  above the  top of 

t he  bed.  S ix  t o  twelve hours  of s t e a d y - s t a t e  ope ra t ions  a r e  r equ i r ed .  

Set Poin t  9 

Set '  Po in t  9 may not  be  achievable .  To reduce  t h e  bed ash con ten t  below 

a n  agglomerating a sh  balanced s t a t e  w i l l  r e q u i r e  a c t i v a t i o n  of t h e  a l t e r n a t e  

bed withdrawal l i n e .  Based on ope ra t ing  cond i t i ons  of Se t  Po in t  4 ,  calcu- 

l a t i o n s  w i l l  be  made of t h i s  r equ i r ed  bed withdrawal r a t e .  I f  i t  i s  h igh ,  

t he  bed l e v e l  can be maintained by increased  f eed .  However, increased  feed 

w i l l  n e c e s s i t a t e  an  i n c r e a s e  i n  oxygen concen t r a t ion  a t  a l l  s t reams no t  a l r eady  

ope ra t ing  a t  the  l i m i t .  This  l a t t e r  development may prevent  achiev ing  S e t  

Point- 9, t1,::ugh d a t a  and samples w i l l  b e  taken a t  whichever ' reduced bed ash  

ronccn t r s t i c ? ~ :  is  achievable .  
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Se t  Poin t  10 

Se t  Po in t  10 may a l s o  be  d i f f i c u l t .  I f  t he  u n i t ' i s  ope ra t ing  i n  a n  a sh  

balanced s t a t e  without  a l t e r n a t e  bed withdrawal a t  40% o r  l e s s  ash  concen- 

. t r a t i o n  and no o p e r a t i o n a l  changes a r e  made, t h e  a sh  content  of t h e  bed w i l l  

no t  r i s e .  Whether S e t  Poin t  10 is  reached o r  n o t ,  s t eady- s t a t e  d a t a  f o r  12  

hours  should be  taken. Assuming g a s i f i e r  ope ra t ion  can be  continued wi thout  

i n t e r r u p t i o n ,  Table 11, second p a r t ,  .Se t  Po in t s  11 through 17,  i l l u s t r a t e s  

two f i rm and f i v e  p o t e n t i a l  s e t  p o i n t s  f o r  continued ope ra t ion  wi th  coke. 

Se t  Poin t  12 

S e t  Poin t  12 should be  achieved by ' reducing  t h e  oxygen concen t r a t ion  
0 

a t  t h e  c e n t r a l  j e t  so  t h a t  temperatures  50 F lower than  employed i n  S e t  Poin t  5  

can be reached.  Probably, a l t e r n a t e  bed withdrawal w i l l  have t o  be  employed 

t o  r e s t r i c t  bed ash  content  t o  30%. A s  i n  Table I, a t  l e a s t  two s t eady  per iods  

of ash  ba lance  should b e  obtained us ing  t h e  a l t e r n a t e  bedawithdrawal  a s  

r equ i r ed  be fo re  going on t o  S e t  Po in t  13 .  

S e t  Poin t  13  

Operat ions a t  S e t  Po in t  1 3  r e q u i r e  only a  smal l  r educ t ion  i n  a l t e r n a t e  

hed withdrawal r a t e  t o  a l low t h e  bed a sh  con ten t  t o  r i s e .  Af t e r  t h e  bed ash  

con ten t  s t a b i l i z e s  near  40%, two complete a sh  ba lances  w i l l  b e  taken wi th  

p a r t i c u l a r  no te  a s  t o  whether t h e  v e n t u r i  d i scha rge  r a t e  of S e t  Poin t  1 3  

exceeds t h a t  of Se t  Po in t  12. 

Se t  Po in t s  11, 14,  15 ,  16,  and 17 

A t  t h i s  p o i n t ,  t h e  time a v a i l a b l e  f o r  con t inua t ion  of shakedown t e s t i n g  

w i l l  be  determined. I f  l i t t l e  time is  l e f t ,  S e t  Po in t s  11, 14 ,  15 ,  16 ,  and 17 

w i l l  be  cance l l ed .  I f  time permi ts ,  a s  many a s  p o s s i b l e  ( i n  numerical o rde r )  

of t hese  s e t  p o i n t s  should be conducted. The procedure i s  t h e  same a s  t h a t  
I 

employed t o  achieve  S e t  Po in t s  5  through 10  a s  b a s i c a l l y  t h e  same c o n t r o l  I 
v a r i a b l e s  a r e  t o  be modif ied.  The major d i f f e r e n c e  i s  t h a t  a l t e r n a t e  bed ~ 
withdrawal w i l l  probably be needed a t  each of t h e s e  s e t  p o i n t s .  To t h e  e x t e n t  

I 

t h a t  a n y  o r  a l l  O F  t he se  s e t  p o i n t s  can be  reached,  they provide  va luab le  d a t a  i 1 

011 t h e  ope ra t ion  of t h e  g a s i f i e r  agglomerator a f t e r  t h e  v e n t u r i - c e n t r a l  j e t  

modi.fications made fol lowing Run 126. The r e a c t o r  system w i l l  then  be s h u t  , 

down f o r  i n t e r n a l  examination. 



ASH AGGUMERATING GASIFIER 

Sr t 
Point 

Table I1 (Cont'd.) . . 
Continuation of Coke Tests to Develop Ash Agglomerate Production Rate 

' Ash Superficial Venturi ,Bed 
Bed Conc. Velocity Annulus Height 

Period Temp6 in Bed FPS Vel. FPS Feet 
Hrs.'=6 * 1 5 P  A S %  L 0.5 2 5  nt. : 

12 1900'' 40 4 50 ttt 4 No No No 

OTHER OPERATING CONDITIONS REQUIRED 

Mode - Steam, ~ i r ,  Oxygen 
Frocess Gas to Grid - 159 Oxygen Conc. Max. 
Process Gas to Venturi Anulus 21% Oxygen Conc. Max. 
Process Gas to Central Jet 50% Oxygen Conc.. Max. 

If time permits. 
** SOOF lower than set points 5 to 10. 

t Optimum; as required to control .verituri discharge classification capability. 
tt 10 FPS below optimum. 
ttt 10 FPS above optimum. 
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C .  Coal ~ e s t s  

Objec t ives  of t e s t s  w i th  c o a l  a r e  t o  e s t a b l i s h  a  range of ope ra t ing  

v a r i a b l e s  w i t h i n  which t h e  g a s i f i e r  can achieve  s t a b l e ,  ash-balanced ope ra t ion .  

Carbon u t i l i z a t i o n  and o t h e r  d a t a  from t h e  extended s t eady- s t a t e  c o a l  t e s t  

w i l l  b e  used i n  t h e  d e c i s i o n  regard ing  process  f e a s i b i l i t y .  

S e t  Po in t  1 

Se t  Poin t  1 w i l l  be c a r r i e d  ou t  wi th  t h e  f l u i d i z e d  bed a t  1 8 2 5 ' ~  and 40% 

ash ,  a s  shown i n  Table 111. The ope ra to r  w i l l  s t a r t  t h e  t e s t  w i th  m e t a l l u r g i c a l  

coke, fol lowing t h e  s t a d a r d  'u-GAS' Start-Up Procedhre through s t e p  47. 

F lu id i zed  bed temperature w i l l  be  increased  t o  1825'~.  The ope ra to r  w i l l  then  

swi tch  t h e  process  gas mixture  t o  steam/oxygen. Following temperature s t a b i l -  

i z a t i o n ,  run-of-mine (114-inch X 0)  Kentucky No. 9  c o a l  w i l l  b e  f ed  i n t o  t h e  

g a s i f i e r  a s  a  blend wi th  coke. For t h e  f i r s t  hour ,  approximately 20% of t h e  

feed  w i l l  be  c o a l .  I n  t h e  second hour ,  40% of t h e  feed  w i l l  be  c o a l .  I n  t h e  

t h i r d  hour,  60%. I n  t h e  f o u r t h  hour ,  80%. F ive  hou,rs f r o m , t h e  s t a r t  of feeding  

c o a l ,  coke feed w i l l  c ea se  a l t o g e t h e r .  

Since i t  is  no t  known f o r  c e r t a i n  t h a t  ash-balanced (no a l t e r n a t e  bed 

withdrawal) ash  agglomeration wi th  t h i s  c o a l  can b e  reached a t  temperatures  

below 1 9 0 0 ~ ~ ~  c a r e f u l  a t t e n t i o n  w i l l  be  g iven  t o  t h e  bed a s h  con ten t  a t  a l l  

t imes.  I n  a d d i t i o n ,  t h e  presence of s i n t e r  f l a k e s  (formations of f i n e  a sh  

p a r t i c u l a t e )  i n  t h e  v e n t u r i  a sh  d i scha rge  is  cause f o r  concern. I f  any a r e  

d e t e c t e d ,  a  d e c i s i o n  w i l l  be  made whether t o  cont inue  t h i s  s e t  po in t ,  modify 

t h e  t e s t  cond i t i ons ,  o r  go on t o  t h e  next  s e t  p o i n t .  

S e t  Poin t  2 

S e t  Po in t  2  i s  r e a d i l y  obta ined  by lowering t h e  a l t e r n a t e  bed withdrawal 

r a t e  u n t i l  t he  bed ash  con ten t  r i s e s  t o  55%. Two wel l - subs tan t ia ted  a sh  ba lance  

pe r iods  w i l l  be  obta ined  a t  t h i s  ope ra t ing  cond i t i on .  This  ope ra t ing  p o i n t  

of 55% may promote more a sh  s i n t e r  product ion than  Se t  Po in t  1, bu t  a l s o  may 

g i v e  s t r o n g  evidence of a sh  agglomerate  product ion.  I f  agglomerates a r e  

produced, a  r i s e  i n  t h e ' v e n t u r i  d i scha rge  r a t e  should b e  apparent .  I f  a sh  

agglomerates demonstrate  s i g n i f i c a n t  presence,  t h e  ope ra to r  w i l l  proceed t o  

S e t  Po in t  2A. 
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ASH AGGLOMERATING GASIFIER . 
Table 111 

Ash Agglomerating G a s i f i e r  Coal Tes t  Runs 

S e t  
Po in t  

Period 
Brs. + 6 

12 

12 

12 

12 

12 

12 

12 

Bed 
Temp. 
2 15'F 

Ash Content 
i n  Bed, 

x + 5% 

S u p e r f i c i a l  Ventur i  Bed 
Veloci ty  Annulus, Vel . 

F / S + O . L  F P S + 0 . 5  F t . k O . 5  
Cvclone 
I n t .  Ext. - 

, 10 12 1875 55 4 40* 3 No No 

11 12 1875** 55** 4 10* 4 No No 

12 4 8 1875** 55** 4 40* 4 Yes No 

1 3  48 1875** . 55** 4 40* 4 Yes Yes 

OTHER OPERATING CONDITIONS REQUIRED 

node - Steam. Oxygen 
Process  Gas t o  Grid - 15% Oxygen Conc. Uax. 
Process  Gas t o  v e n t u r i  ALIIIU~UCI - 21% OKyg~n ranr.. nBxt 
Process  Gas t o  C e n t r a l  Jet - 50% Oxygen Conc. Uax. 

Optbum; as requ i red  t o  c o n t r o l  v e n t u r i  d i scharge  c l a s s i f i c a t i o n  c a p a b i l i t y  

+ - ** Or a s  r e s u l t s  wi thou t  bed wi thdrava l  
*** Uinimum 0 a t  g r i d  under p a r t i a l  agg l .  mode. T h i s  test may be 3A. 4 A ,  e t c .  

2 

2 4 
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Se t  Poin t  2A 

S e t  Po in t  2A is achieved i n  t h e  same manner as was 2A of t h e  h o t  shakedown 

coke test, Run 127, by inc reas ing  t h e  annular  v e n t u r i  and c e n t r a l  j e t  oxygen 

concen t r a t ion  t o  supply a l l  t h e  oxygen i f  poss ib l e .  ' A s  i n  Run 127, t h e  e f f e c t  

of t h i s  change, i f  any, upon a sh  agglomerate product ion r a t e  should be  r e a d i l y  

w t e d .  Again, 6  t o  12 hours  of d a t a  should be  taken.  I f  agglomerates a r e  n o t  

seen  i n  a  r e l e v a n t  q u a n t i t y  i n  S e t  Po in t  2 ,  Se t  Po in t  3 should b e  conducted. 

S e t  Po in t  3 ,, 

Se t  Po in t  3 r e q u i r e s  ope ra t ion  a t  a  hi.gh bed a s h  l e v e l  (70%).  Even more 

c a r e f u l  monitor ing of t h e  bed ash  con ten t  w i l l  be  r equ i r ed .  The presence of 

ash  f l a k e s  i n  t h e  v e n t u r i  d i scha rge  is even more l i k e l y .  I f  t h e  l a t t e r  a r e  

d e t e c t e d ,  r ap id  changes i n  bed a s h  con ten t  must be  made by f a s t  f l u s h i n g  of 

t h e  bed wi th  f r e s h  feed  and inc reas ing  t h e  a l t e r n a t e  bed withdrawal r a t e  wh i l e  

monitor ing a  bed temperature of a t  l e a s t  1 8 0 0 ~ ~ ~  s o  a s  no t  t o  evolve o rgan ic s  

from t h e  system. I f  cond i t i ons  a r e  s t a b l e  and no a sh  f l a k e s  appear ,  two ash- 

balanced per iods  w i l l  be  recorded be fo re  moving t o  Se t  Po in t  4.  Again, i f  

ash  agglomerates appear i n  s i g n i f i c a n t  q u a n t i t i e s  a t  e i t h e r  S e t  Po in t  3 o r  

S e t  Po in t  4,  theHA"option should be implemented t o  determine i f  t h e  agglomerate 

r a t e  i n c r e a s e s  when a l l  oxygen i s  suppl ied  t o  t h e  c e n t e r  of t h e  r e a c t o r .  

S e t  Poin t  4  

S e t  Po in t  4 ' c o n s t i t u t e s  a  s i g n i f i c a n t  chq-ige i n  t h e  v e n t u r i  annulus 

v e l a c i t y .  This  change may r e s u l t  i n  a  l a r g e  s o l i d s  flow from t h e  v e n t u r i  such 

t h a t  t h e  a l t e r n a t e  bed withdrawal r a t e  may have t o  be  reduced t o  main ta in  bed 

l e v e l .  The c h a n g e w i l l  be made by reducing t h e  f low from stream 906 and w i l l  

n e c e s s i t a t e  a flow i n c r e a s e  t o  s t ream 9405 t o  main ta in  t h e  s u p e r f i c i a l  v e l o c i t y  

and bed temperature.  . It may develop t h a t  t h e  l a r g e  s o l i d s  f low from t h e  ven- 

t u r i  w i l l . r e s u l t  i n  a  lowering of t h e  a sh  con ten t .  A d e c i s i o n  may be  needed 

whether t o  r a i s e  t h e . v e n t u r i  annulus v e l o c i t y  t o  r e t a i n  t h e  70% bed a sh  l e v e l .  

If t h i s  f a l l i n g  a sh  content  problem does n o t  occur ,  two s t e a d y - s t a t e  ash- 

balanced per iods  w i l l  b e  obta ined  be fo re  moving on t o  S e t  Po in t  5 .  

Se t  Po in t  5 

To achieve  S e t  Po in t  5  i t  w i l l  be  necessary  f i r s t  t o  reduce t h e  bed a sh  

content  t o  40% by f l u s h i n g  t h e  r e a c t o r  wi th  a d d i t i o n a l  feed  wh i l e  s imultaneously . 
removing bed m a t e r i a l  a t  a  h igher  r a t e .  This  increased  s o l i d s  flow may 
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t emporar i ly  r e q u i r e  a g r e a t e r  t o t a l  oxygen inpu t  t o  s u s t a i n  bed temperatures .  

I f  a d d i t i o n a l  oxygen is  needed, none of t h e  e s t a b l i s h e d  l i m i t s  (15% a t  t h e  

g r i d ,  21% a t  t h e  v e n t u r i  annulus,  o r  50% a t  t h e  j e t )  can be exceeded. A s  t h e  

40% bed ash con ten t  is approached, oxygen w i l l  b e  added t o  the  c e n t r a l  j e t  t o  
0 r a i s e  t he  bed temperature t o  1875 F.  Any adjustment  r equ i r ed  t o  main ta in  

s u p e r f i c i a l  v e l o c i t y  w i l l  be  made by lowering s t ream 9405 f low.  Since t h e  

ope ra t ing  mode is  q u i t e  s i m i l a r  t o  S e t  Poin t  1, except  f o r  a 5 0 O ~  h igher  

temperature,  t h e  d i scha rge  from t h e  v e n t u r i  and bed w i l l  be c l o s e l y  monitored 

f o r  t h e  presence of a sh  f l a k e s .  I f  ash  formations appear ,  s o l i d s  f l u s h i n g  

w i l l  b e  requi red  t o  a s s u r e  t h e i r  removal from t h e  r e a c t o r .  Any increased  flow 

of a sh  from t h e  v e n t u r i  w i l l  b e  noted i f  i t  occurs .  I f  so ,  t h e  "A" op t ion  

w i l l  be  employed s o  t h a t  when s t eady  flow r a t e s  and temperatures  a r e  reached,  

d a t a  and samples y i e l d i n g  a s h  ba lances ,  wi th  o r  wi thout  a l t e r n a t e  bed with- 

drawal ,  s h a l l  be  obta ined  fo,r  two pe r iods  (6 hours  minimum). 

S e t  Poin t  6 

S e t  Poin t  6 is  s i m i l a r  t o  Se t  Po in t  2 except  f o r  o p e r a t i o n  a t  1875'~.  

S i m i l a r l y ,  changes w i l l  be  made t o  t h e  a l t e r n a t e  bed withdrawal r a t e  t o  r a i s e  

t h e  ash  l e v e l  t o  55%. The bed and v e n t u r i  d i scha rge  s o l i d s  w i l l  b e  c l o s e l y  

observed f o r  a sh  f l a k e  formations.  These formations,  as s t a t e d  s e v e r a l  t i m e s ,  

i f ' p r e s e n t ,  r e q u i r e  o p e r a t i o n a l  changes t o  f a c i l i t a t e  t h e i r  r a p i d  removal 

( f l u s h i n g  t h e  bed wi th  feed  s o l i d s ) .  I f  such ash  formations do n o t  appear ,  

two s t eady- s t a t e  a s h  ba lance  per iods  w i l l  b e  obta ined  wi th  t h e  u s e  of a l t e r n a t e  

bed withdrawal,  i f  necessary .  I f  t h e r e  is a n  i n c r e a s e  i n  t h e  v e n t u r i  d i scha rge  

r a t e  (more agglomerates) ,  t h e  u s e  of t h e  "A" o p t i o n  (maximizing oxygen t o  t h e  

c e n t e r  of t h e  r e a c t o r )  w i l l  be  made t o  a s c e r t a i n  i t s  a s h  agglomerating p o t e n t i a l .  

S e t  Poin t  7 

S e t  Po in t  7 w i l l  b e  t h e  nex t  g o a l  and as noted ,  except  f o r  a 5 0 ' ~  h igher  

temperature,  r e q u i r e s  t h e  same type  of c o n t r o l  changes a s  s e t  Po in t  4 .  Again, 

wh i l e  watching f o r  nonconforming ash  formations i n  t h e  h o t  s o l i d s  s t reams,  

as w e l l  as an increased  presence of agglomerates,  two s t eady- s t a t e  ash  ba lance  

pe r iods  s h a l l  b e  recorded f o r  which adequate  sampl'e~documentation w i l l  be  taken.  

I f  a sh  agglomerat ion i m p r o ~ e s ' s i g n i f i c a n t l ~ ,  t h e  "A" o p t i o n  w i l l  b e  t r i e d .  
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S e t  Po in t  8 '  

0 
Se t  Po in t  8 ,  except  f o r  t h e  50 F higher  bed temperature,  r e q u i r e s  t h e  

same c a r e f u l  observa t ions  a s  d i d  S e t  P o i n t ' 5 ,  f o r  i t  i s  p o s s i b l e  t h a t  a  h igh  t 

v e n t u r i  d i scha rge  r a t e  may prec lude  r e t a i n i n g  a  70% ash '  concen t r a t idn  i n  

t h e  bed. I f  so ,  a modi f ica t ion  i n  t h e  20 f p s  v e n t u r i  annulus v e l o c i t y  w i l l  
, , 

have ' to  b e  made. Regardless ,  two s t eady- s t a t e  ash ba lance  per iods  s h a l l  b e  

obtained wi th  s u f f i c i e n t  samples f o r  v e r i f i c a t i o n .  
. . 

Se t  Po in t  9 

Se t  Po in t  9 a l lows  f o r  ope ra t ion  a t  a  lower s u p e r f i c i a l  v e l o c i t y  (3 f p s ) .  

Comparisons a s  w e l l  a s  observa t ions  w i l l  b e  made of bo th  t h e  composition of 

' t h e  bed and v e n t u r i  d i scha rge  m a t e r i a l ,  f o r  a  change i n  a sh  agglomerate o r  
. . 

ash  f l a k e  presence may occur .  The presence of t h e  l a t t e r  i s  cause  f o r  a l t e r i n g  

t h e  s e t  p o i n t  cond i t i ons .  ' However, an  i n c r e a s e  i n  agglomerate d i scha rge  from 

t h e  v e n t u r i  is  cause  f o r  implementing t h e  "A" o p t i o n  i f  i t  is no t  i n  e f f e c t .  

Again, d a t a  and samples f o r  two s t eady- s t a t e  a sh  ba lance  per iods  s h a l l  be 

obta ined .  

Se t  Po in t  10 

The e f f e c t  of a  lower (3  f t .  ve r sus  4 f t . )  f l u i d  bed l e v e l  i s  i n v e s t i -  

- gated i n  S e t  Poin t  10.  Data w i l l  b e  taken wi th  documenting samples f o r  two 

s t eady- s t a t e  per iods  of ash balanced ope ra t ion .  Again, t h e  "A" op t ion ,  i f  n o t  

implemented e a r l i e r ,  can be used fo l lowing  S e t  Po in t  10  i f  t h e r e  i s  a n  

- increased  agglomerate presence.  

Se t  Po in t  11 

Beginning wi th  S e t  Poin t  11 of t h i s  c o a l  t e s t ,  run ,  c o n t r o l  v a r i a b l e s  s h a l l  

be  ad jus t ed  t o  maximize ash .agglomera t ion  and minimize withdrawal .  'Accordingly, 
. . 

based upon t h e  gene ra l  t r ends  observed i n  t h e  e a r l i e r  10 s e t  p o i n t s ,  bed h e i g h t ,  
, . s u p e r f i c i a l  v e l o c i t y ,  and bed temperature s h a l l  be a l t e r e d  t o  maximize agglom- 

e r a t e  product ion.  I f  t h i S  o b j e c t i v e  i s  obta ined ,  t h e  r e s u l e i n g  o p e r a t i o n a l  

changes s h a l l  be documented by d a t a  from two s t eady- s t a t e  pe r iods  of n o t  less 

than  12  hours each. 



S e t  Poin t  12  

Upon completion of S e t  Po in t  11, t h e  r e a c t o r ' s  i n t e r n a l  cyclone s h a l l  be  

a c t i v a t e d .  Ac t iva t ion  is  achieved a s  descr ibed  dur ing  t h e  coke shakedown t e s t s  

by supplying n i t r o g e n  a e r a t i o n  gas t o  i ts  r e v e r s e  s e a l  po t .  Once a c t i v a t e d ,  

changes i n  r e a c t o r  s o l i d s  feed may b e  r equ i r ed  ( l e s s  f i n e s  l o s s ) .  Bed with- 

drawal s h a l l  b e  a c t i v a t e d  t o  hold t h e  bed ash  content  of S e t  Po in t  11. I n  

a d d i t i o n ,  some oxygen w i l l  be  needed t o  r a i s e  t h e  bed temperature a s  t h e  a d d i t i o n  

of f i n e s  t o  t h e  r e a c t o r  bed gene ra l ly  r e q u i r e s  a h igher  a sh  agglomerating tem- 

p e r a t u r e .  The temperature r i s e  needed is  n o t  expected t o  exceed 25 '~.  Assuming 

s t a b l e  cond i t i ons  a r e  achieved,  d a t a  and samples should be  taken f o r  a 48-hour 

per iod  t o  accumulate drum q u a n t i t i e s  of ash agglomerates.  

S e t  Poin t  1 3  

I f  Se t  Po in t  12  i s  achieved wi th  s t eady- s t a t e  d a t a  procured, t h e  e x t e r n a l  

cyc lones  s h a l l  be  a c t i v a t e d .  The second-stage cyclone has  a r e v e r s e  s e a l  po t  

s i m i l a r  t o  t h e  i n t e r n a l  cyclone.  To accomplish r e c i r c u l a t i o n  of second-stage 

d u s t ,  t h e  d i v e r t i n g  v a l v e  s h a l l  be  c losed  and t h e  r e c i r c u l a t i n g  v a l v e  opened. 

Af t e r  a d u s t  l e g  ( l e v e l )  has  accumulated up t o  t h e  bottom of t h e  second-stage 

cyc lone ,  t h e  a e r a t i o n  n i t r o g e n  w i l l  b e  turned  on s lowly u n t i l  t h e  c h a r t  t r a c e s  

and bed temperature i n d i c a t e  f low has  s t a r t e d  i n t o  t h e  r e a c t o r .  A t  t h i s  time, 

a d d i t i o n a l  oxygen flow w i l l  be  needed t o  r e s t o r e  t h e  bed temperature.  To t h e  

e x t e n t  t h e  c a p a b i l i t y  e x i s t s ,  t h e  r a t i o  of 938 (02) t o  904 (steam) w i l l  be  

i nc reased  t o  achieve  t h e  g r i d  and annulus v e n t u r i  oxygen l i m i t s ,  1 5  and 21%, 

r e s p e c t i v e l y ,  be fo re  adding e x t r a  oxygen t o  t h e  c e n t r a l  j e t  by way of 9303 flow. 

Probably a 10' t o  1 5 ' ~  bed temperature r i s e  over S e t  Po in t  12  w i l l  be  requi red  

t o  s u s t a i n  f u l l  a sh  agglomeration. Depending upon t h e  amount of e x t r a  oxygen 

r e q u i r e d ,  a feed  r a t e  change may o r  may n o t  be  necessary  t o  hold  t h e  bed l e v e l .  

It w i l l  t ake  6 t o  12  hours  t o  s u b s t a n t i a t e  s t eady- s t a t e  ope ra t ion .  When steady- 

s t a t e  is  achieved,  program requirements  c o n s i s t e n t  wi th  t ime allowed may suggest  

a 72 t o  120 hour t e s t  per iod  a s  d iscussed  below. 

Extended Coal Tes t  

Based on r e s u l t s  from the  above c o a l  t e s t  run  and from simultaneous e f f o r t s  

on t h e  2-inch-diameter bench-scale u n i t  and t h e  cold-flow model, a l o g i c a l  

approach t o  ash-balanced o p e r a t i o n  wi th  c o a l  w i l l  b e  developed and form a s p e c i f i c  

b a s i s  f o r . a n  extended per iod  test wi th  c o a l .  The o b j e c t i v e  of t h i s  t e s t  w i l l  be  

t o  o p e r a t e  f o r  5 days under ash-balanced, agglomerating c o n d i t i o n s  a t  ope ra t ing  

v a r i a b l e  va lues  determined from Se t  P o i n t s  1 through 13. 
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D .  P re s su re  Tes t s  
. . 

I The o b j e c t i v e  of t h e s e  t e s t s  is  t o  determine i f  r e a c t o r  ope ra t ion  changes 

s i g n i f i c a n t l y  wi th  an  i n c r e a s e .  i n  p re s su re .  

Af t e r  t e s t s  a t  atmospheric p re s su re  have determined a t e s t  parameter 

"envelope" f o r  ash-balanced g a s i f i e r  ope ra t ion  a t  c o n t r o l l a b l e  cond i t i ons ,  

U-GAS engineers  w i l l  c a r r y  ou t  t e s t s  a t  a h igher  p re s su re .  IGT f e e l s  t e s t i n g  a t  

only one h igher  p re s su re  l e v e l ,  60 p s i a ,  w i l l  s u f f i c e  t o  e x t r a p o l a t e  r e a c t o r  

behavior  t o  t h e  demonstrat ion p l a n t ' s  des ign  va lue  of 90 p s i a .  However, i f  

60-psia t e s t  r e s u l t s  cannot be  r e a d i l y  ex t r apo la t ed  from those  a t  atmospheric 

I pres su re ,  t e s t s  a t  i n t e rmed ia t e  p re s su re ,  40 p s i a ,  w i l l  be  c a r r i e d  o u t .  

I The. f i r s t  60-psia t e s t s  w i l l  s e r v e  t o  shake down t h e  U-GAS r e a c t o r  oper- 

a t i n g  i n  t h e  high p re s su re  regime. During shakedown t e s t s ,  t h e  g a s i f i e r  w i l l  

: . u s e . a  coke f eed .  Following demonstrat ion of s t a b l e  g a s i f i e r  ope ra t ion  wi th  

coke, U-GAS engineers  w i l l  s t a r t  feeding  c o a l .  The t e s t  w i l l  proceed wi th  

c o a l  feed  a t  ope ra t ing  v a r i a b l e  v a l u e s  from t.he previous atmospheric  p re s su re  

long-durat ion c o a l  t e s t .  The test w i l l  l a s t  s e v e r a l  days t o  demonstrate  

s t a b l e  g a s i f i e r  ope ra t ion  wi th  c o a l  feed  a t  60 p s i a .  

I f  warranted,  t e s t s  a t  40 p s i a  w i l l  be  c a r r i e d  o u t  i n  t h e  same manner a s  

those  a t  60 p s i a .  
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E. paramet r ic  ~ e s t s  

The o b j e c t i v e  of t h e s e  t e s t s  is  t o  determine t h e  g a s i f i e r ' s  turndown capa- 

b i l i t y ,  response t o  changes i n  ope ra t ing  v a r i a b l e s ,  and load-following charac- 

t e r i s t i c s .  More d e t a i l e d  p lans  f o r  t h e s e  t e s t s  w i l l  be  formulated a f t e r  t he  

6 months p i l o t  p l a n t  ope ra t ions .  

Turndown Tes t s  

Turndown r e f e r s  t o  t h e  a b i l i t y  of t h e  g a s i f i e r  t o  produce a sma l l e r  

q u a n t i t y  of gas  wi th  no decrease  i n  gas  q u a l i t y .  During turndown t e s t s  t h e  

g a s i f i e r  w i l l  o p e r a t e  on c o a l .  I n  t h e  f i r s t  t e s t ,  o p e r a t o r s  w i l l  ach ieve  

s t a b l e ,  atmospheric g a s i f i e r  ope ra t ion .  They w i l l  then reduce feed r a t e s  of 

c o a l  and process  gas  i n  smal l  decrements.  I f  t h e  bed remains we l l - f l u id i zed  

and gas q u a l i t y  does no t  s u f f e r ,  o p e r a t o r s  w i l l  proceed t o  t he  next  decrement, 

and so on, u n t i l  f l u i d i z a t i o n  o r  gas  q u a l i t y  f i n a l l y  d e t e r i o r a t e s .  A t  t h i s  

p o i n t ,  ope ra to r s  w i l l  r e s t o r e  t h e  g a s i f i e r  t o  t h e  o r i g i n a l  ope ra t ing  cond i t i ons .  

I n  t h e  next  t e s t ,  ope ra to r s  w i l l  ach ieve  s t a b l e ,  s t eady- s t a t e  g a s i f i e r  

o p e r a t i o n  a t  60 p s i a .  They w i l l  then  reduce feed r a t e s  of c o a l  and process  

gas  i n  small  decrements,  and fo l low t h e  same procedure a s  i n  t h e  atmospheric- 

p r e s s u r e  turndown t e s t  . 
R ~ S D O ~ S ~  t o  Changes i n  O ~ e r a t i n e  Var iab les  

For t h e s e  t e s t s  t h e  g a s i f i e r  w i l l  o p e r a t e  on c o a l .  Operators  w i l l  ach ieve  

s t a b l e ,  s t eady- s t a t e  g a s i f i e r  ope ra t ion  a t  atmospheric p re s su re .  They w i l l  

then  reduce and r e s t o r e ,  i n  success ion ,  each of t h e  seven ope ra t ing  v a r i a b l e s  

descr ibed  i n  t h e  s e c t i o n  "Control of Operating Variables. ." Amount of reduc- 

t i o n  w i l l  be  determined by change i n  o u t l e t  gas  q u a l i t y ;  f o r  example, e i t h e r  

a n  inc rease  o r  dec rease  by l o % ,  o r  o t h e r  pre-determined percentage,  i n  hea t ing  

v a l u e .  

The t e s t  w i l l  then  be  repea ted ,  except  o p e r a t o r s  w i l l  f i r s t  i n c r e a s e  and 

then  r e s t o r e  ope ra t ing  va r i ab l e s . .  Amount of i n c r e a s e  w i l l ,  a s  i n  t h e  previous 

t e s t ,  be  determined by change i n  o u t l e t  gas  q u a l i t y .  . 

Load Following C a ~ a b i l i t v  

For t hese  t e s t s  t h e  g a s i f i e r  w i l l  o p e r a t e  on c o a l .  Operators  w i l l  ach ieve  

s t a b l e ,  s t eady- s t a t e  g a s i f i e r  ope ra t ion  a t  60 p s i a .  They w i l l  then a t tempt  

manually t o  a l t e r  gas output  i n  response t o  an  a r t i f i c i a l  load .  This  a r t i f i c i a l  
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load  w i l l  b e  a  l i n e  on a  pre-prepared s t r i p  c h a r t .  The s t r i p  c h a r t  ~ l l ' b e  

mounted i n  t h e  product gas  flow reco rde r .  The ope ra to r  w i l l  a t tempt  t o  

superimpose t h e  l i n e  record of product gas  flow on the  a r t i f i c i a l  load l i n e  

without  s a c r i f i c i n g  gas q u a l i t y .  Achieving and ' con t ro l l i ng  ' t h i s  c a p a b i l i t y  

i n  t h e  U-GAS p i l o t  p l a n t  may r e q u i r e  a d d i t i o n a l  automatic  c o n t r o l  components. 

3 1  
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CONTROL OF OPERATING VARIABLES 

P a s t  exper ience  has  shown t h a t  nea r ly  a l l  observable  r e a c t o r  behavior 

depends on seven c o n t r o l l a b l e  ope ra t ing  v a r i a b l e s .  These a r e :  

1 )  f l u i d i z e d  bed temperature 

2 )  s u p e r f i c i a l  v e l o c i t y  

3 )  v e l o c i t y  through t h e  v e n t u r i  annulus 

4) f l u i d i z e d  bed he igh t  

5)  f l u i d i z e d  bed a sh  concen t r a t ion  

6)  oxygen concen t r a t ion  of process  gas  e n t e r i n g  t h e  d i s t r i b u t o r  

7 )  oxygen concen t r a t ion  .of process  gas  e n t e r i n g  t h e  v e n t u r i  annulus 

A l l  o the r  v a r i a b l e s  such a s  product gas composition, feed  r a t e ,  p rocess  

gas o v e r a l l  composition, bed d e n s i t y ,  bed s o l i d s  removal r a t e ,  and ash  d i scha rge  

r a t e  depend upon changes made i n  t h e  seven primary ope ra t ing  v a r i a b l e s .  

U-GAS ope ra to r s  achieve  c o n t r o l  of each ope ra t ing  v a r i a b l e  through r a i s i n g  

o r  lowering c e r t a i n  numbered feed  s t reams,  shown i n  F igure  4 .  The methods of 

changing ope ra t ing  v a r i a b l e s  a r e  g iven  i n  Table I V  which fo l lows .  The diagrams 

i n  t h e  t a b l e  show d i f f e r e n t  s t reams be ing  r a i s e d  o r  lowered depending on 

whether the  process  gas  is  a mixture  of a i r  and steam, a i r  and steam and oxygen, 

o r  oxygen and steam. 

To r a i s e  f l u i d i z e d  bed temperature,  f o r  example, assuming t h e  process  gas  

i s  a  mixture of a i r  and steam, t h e  U-GAS ope ra to r  would lower t h e  flow i n  

s t reams 903 and r a i s e  t hose  i n  s t reams 905 and t h e  a i r  j e t  9405. I f  oxygen 

concen t r a t ion  a t  t he  g r i d  exceeds 15% from t h e s e  changes, t h e r e  is  a danger 

of s i n t e r  formation.  I n  t h i s  ca se ,  t h e  ope ra to r  would r a i s e ,  i n s t e a d  of lower,  

steam f low t o  s t ream 903; and lower,  i n s t ead  of r a i s e ,  a i r  f low t o  s t ream 905. 

However, a i r  flow through j e t  9405 would have t o  be  increased  more than be fo re .  

The o the r  v a r i a b l e s  a r e  a l t e r e d  i n  a  s i m i l a r  manner, a s  shown i n  Table I V .  
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TABLE IV 

FLUIDIZED BED TEMPERATURE 

Raise Lower 
Stream A i r  Enriched Stm Air  Enriched 'st6 

To - No. - Comp . Stm Air-Stm Oxy - ~ t m  ~ i r - ~ t m  
A 

Oxy 

Grid 903 Steam * I * I * I 7 t A 

A i r  
Heater 904** Steam 

I 
* 1 

' t I 

Grid 905 Air *6 * 4 *v 

t 
1 4 

Ann. 906 Air 

A i r  t Heater  938** Oxygen 

J e t  9303 Oxygen 1 
9 

t 
Ann. 9304 Steam t~ 

A 
t l 

J e t  ,9405 Air t .  

* Only i f  g r id  oxygen conc. w i l l  exceed 15%. 
I ** These streams p l u s  a i r  from compr. flow t o  a i r  hea te r .  Process gas from air heater 

flows t o  streams 9405, 905 and 906. (Refer t o  Fig. 4) 

t Only i f  ven tu r i  annulus oxygen conc. w i l l  exceed 21%. 

Legend : 

Raise 
Lower 
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TABLE I V  (Cont 'd .) 

SUPERFICIAL VELOCITY 

( Raise 
Stream A i r  Enriched Stm 

To 
7 

No. - Comp. Stm - ~ i r - ~ t m  Oxy 

Grid 903 S t  e m  t ?- 
A i r  - 
Heater 904** Steam 

Grid 905 Air ? 
Ann. 906 Air 

A i r  
Heater 938** Oxygen 

Jet 9303 Oxygen 

Ann. 9304 . Steam 

J e t  940.5 A i r .  7 

Lower 
Air  Enriched Stm 
Stm 
- .  

Air-Stm Oxy 

e 

" These streams p lus  a i r  from compr. flow t o  a i r  h e a t e r .  Process gas from a i r  hea te r  
flows t o  streams 9405,. 905 and 906. 

Legend : 

Raise 
Lower 
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VENTURI ANNULUS VELOCITY 

Raise Lower 
A i r  Enriched Stm Ai r Enriched Stm 
Stm - Air-Stm & Stm - Air-Stm Oxy 

Grid 903 Steam 

A i r  
Heater 904+* Steam 

Grid 905 A i r  

Ann. 906 fir 7 t t 4 4 4 
Air  
Heater 938** Oxygen 

J e t  9303 Oxygen 

Ann. 9304 Steam 

Jet  9405 Air 

* Only  if ven tur i  annulus conc. w i l l  exceed 21%. I 

**  These streams p lus  a i r  from compr. flow t o  a i r  hea te r .  Process gas from a i r  heate. 
flows t o  streams 9405, 905 and 906. 

Legend : 

Raise 
Lower 
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OXYGEN CONCENTRATION OF GRID PROCESS GAS 

Raise Lower 
' . Stream Air Enriched Stm Air Enriched Stm 

To'.; No. .,  + Comp. ' - Stm - ~ir-~tm' Oxy - Stm . Air-Stm Oxy 

Grid 903 Steam t 
Air , 
Heater 904** Steam 

Grid 905 Air , 7 7 ? 1 4 
Ann. 906 Air 

Air 
Heater 938** %Ygen 

Jet 9303 Oxygen 

Ann. 9304 Steam 

C Jet ' 9405 Air 

I 
'. 

.,3es 
These streams plus air from compr. flow t b  air heater. Process gas from air heater 
flows to streams 9405, 905 and 906. 

Raise 
Lower 



FLUIDIZED BED HEIGHT 

Raise Lower 
Stream A i r  Enriched Stm Ai r Enriched Stm 

To - No. - Comp. Stm - ~ i r - ~ t m  Oxy ~ t m  - Air-Stm Oxy 

Grid 903 Steam 

A i r  
Heater 904** Steam 

Grid 905 Air 

Ann. 906 Air 

A i r  , 

Heater 938** Oxygen 

J e t  9303 Oxygen 

Ann. 9304 Steam 

J e t  9405 Air t 7 t ' 1 1 
Feed Rate 7 t t 1 1 
Note : 

As new bed leve l s  a r e  approached, both feed r a t e  and 9405 flow w i l l  have t o  
be readjus ted t o  s t a b i l i z e  bed height .  

I 

** These streams plus a i r  from compr. flow to  a i r  hea te r .  Process gas from air  hea te r  
flows t o  streams 9405, 905 and 906. 

Legend : 

Raise 
Lower 
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FLUIDIZED BED ASH CONCENTRATION 

Raise Lower 
Stream Ai r  Enriched Stm Ai r  Enriched Stm 

To - No. - Comp . Stm - A i r - ~ t m  ~ x y  - ~ t m  ~ i r - ~ t m  Oxy 

A i r  
Heater  904** Steam 

Grid 905 Air  

Ann. 906 Air  

A i r  
Heater  938** w'gen  : 

J e t  9303 Oxygen 

Ann. 9304 Steam 

J e t  9405 Air 

Bed d i s c h .  flow 

** These s t reams p l u s  a i r  from compr. flow t o  a i r  h e a t e r .  Process  gas  from air  h e a t e r  
f lows t o  s t reams 9405, 905 and 906. 

-'.: . , ' Note: . ; . . . , . . . , 

As new ash  concen t r a t ion  i s  a p ~ r o a c h e d  both bed d i scha rge  r a t e  and 9405 flow w i l l  have t o  
be r ead jus t ed  t o  s t a b i l i z e  bed ash con ten t .  

Leaend : 

Raise 
Lower 
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OXYGEN CONCENTRATION OF VENTURI ANNULUS PROCESS GAS 

Stream 
To No. C o m ~  . 

Grid 903 St  earn 

A i r  . 
Heater 904** Steam 

Grid 905 Air 

Ann. 906 Air 

Air 
Heater 938** @men 

J e t  9303 Oxygen 

Ann. 9308 Steam 

Raise 
Air Enriched Stm 
Stm - ~ i r - ~ t m  Oxy 

' Lower 
A i r  Enriched Stm 
Stm - Air-Stm 9 

J e t  9405 Air 

t 

** These streams plus a i r  from compr. flow t o  a i r  heater. Process gas from a i r  heater 
flows t o  streams 9405, 905 and 906. 

Legend : 

Raise 
Lower 
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TEST DATA ACQUISITION AND.REDUCTION 

The main purpose o f . runn ing  t h e  U-GAS P i l o t  P l a n t  is  t o  produce a n  a c c u r a t e  

d a t a  base  and t o  perform d a t a  a n a l y s i s  t o  determine t h e  des ign  cond i t i ons  .. . < .  

s u i t a b l e  f o r  commercial u t i l i z a t i o n  of t h e  U-GAS process .  To achieve  t h e s e  

o b j e c t i v e s ,  accuracy,  c a r e  f o r  d e t a i l ,  e f f i c i e n c y ,  and thorough 

checking and rechecking a r e  necessary .  To e s t a b l i s h  a  good d a t a  base ,  t h e  

procedures descr ibed  below must be followed c a r e f u l l y .  However, procedures 

must be updated t o  r e f l e c t  any.changes made i n  t h e  p i l o t  p l a n t  system. 

1. Data Acquis i t ion  

e To ensure  a  uniform d a t a  base,  a  s imple procedure has been 

i n s t i t u t e d  regard ing  d a t a  a c q u i s i t i o n . .  

A t  t h e  s t a r t  of each run ,  a  s h i f t  engineer  w i l l  assemble a  

l a r g e  accord ian  f i l e  f o l d e r  wi th  5 c u t  f i l e s  placed i n s i d e  

proper ly  marked wi th  t h e  fol lowing l a b e l s :  

a )  Panel & Local Data,  Run /I 9 

b) Data Reduction, Run /I 9 

c )  C h e c k L i s t s ,  Run/ /  , 
d )  ' Analys is ,  Run /I 3 

e )  Char t s ,  Run /I 

Use a  marker t o  i n d i c a t e  t h e  Run number.on t h e  pocket f o l d e r .  

A sample of Panel  and Local Data s h e e t s  t oge the r  w i th  s o l i d s  

d i scha rge  s h e e t s  (C-4, C-7, 2nd s t a g e  f i n e s ,  3rd s t a g e  f i n e s )  
. ', 

a r e  provided h e r e i n .  (See Appendices B-1  through B-6 .). ' , ' 

, . .  

o On a l l  t h e  d a t a  s h e e t s  complete and a c c u r a t e  e n t r i e s  must be 

made of t h e  Run number, t h e  d a t e ,  t h e  names of ope ra t ing  

personnel  , e  t c  . 
0 '  A proper markup of a l l  t h e  c h a r t s  a t  t h e  beginning of each 

s h i f t  i s  mandatory ( e , g . ,  t ime, d a t e ,  run  number). I f  t h e  

c h a r t  does no t  correspond t o  t h e  c lock ,  make t h e  proper  

adjustment .  



Monitor a l l  t h e  c h a r t s  ( e s p e c i a l l y  t h e  feed c h a r t )  every few 

minutes t o  ensure  t h e i r  o p e r a b i l i t y .  I f  something appears  , t o  

be a m i s s  w i t h  any c h a r t ,  t a k e  c o r r e c t i v e  a c t i o n s  immediately. 

I f  f o r  some r eason  d a t a  a r e  no t  recorded on t h e  panel  o r  

l o c a l  d a t a  s h e e t s  dur ing  t h e  course  of t h e  run,  p l ease  ind i -  

c a t e  t h e  n a t u r e  of t h e  problem on t h e  d a t a  s h e e t  f o r  t h a t  

p a r t i c u l a r  t ime i n t e r v a l .  

o The s h i f t  engineer  is r e s p o n s i b l e  f o r  making p r e c i s e  and 

a p p r o p r i a t e  e n t r i e s  i n  t h e  l o g  book dur ing  t h e  c-OtIrse of rhe 

run. Log t h e  exac t  cha in  of even t s  a s  you perce ive  them and 

record your r e s p e c t i v e  a c t i o n s .  (Refra in  from e n t e r i n g  ~ ~ 1 r . h  

t r i v i a l  remarks as "made a  round of c o f f e e  tonight!") Some- 

times i n  emergency s i t u a t i o n s ,  s h i f t  engineers  have t o  t ake  

quick and though t fu l  a c t i o n s .  A t  t h e s e  moments, don ' t  j u s t  

spend time w r i t i n g  i n  t h e  l o g  book. In s t ead ,  t r y  t o  b r ing  

the  s i t u a t i o n  under c o n t r o l  through ana lyz ing  and a t tempt ing  

t o  s o l v e  t h e  problem f i r s t .  Make e n t r i e s  a f te rward  without  

drawing any undue conclus ions .  

Any d a t a  a c q u i s i t i o n  changes i n  t h e  p i l o t  p l a n t  (e .g . ,  new 

thermocouples, new loops ,  e t c . )  s h a l l  be incorpora ted  by t h e  

s h i f t  ' engineers  i n  t h e  panel  and i o c a l  d a t a  s h e e t s  be fo re  t h e  

s t a r t  of t h e  next  run.  

2 .  Data Reduction 

e . To a s s e s s  t h e  a c t u a l  ope ra t ing  cond i t i ons  (f lows,  v e l o c i t i e s ,  

e t c . )  du r ing  t h e  AAG t e s t  runs ,  i t  is important  t h a t  t h e  s h i f t  

engineer  on duty  reduce t h e  run  d a t a  every 2 hours  (or  more 

f r equen t ly  i f  neces sa ry ) .  A sample of i npu t  d a t a  s h e e t  i s  

included h e r e i n  f o r  r e f e rence .  A l l  t h e  flow, temperature and 

p re s su re  r ead ings  from t h e  panel  and l o c a l  d a t a  s h e e t s  should 

be en tered  wi th  c a r e  (always check e n t r i e s  a g a i n s t  t h e  panel  

and l o c a l  d a t a  s h e e t s ) .  (See Appendix C-1.) 
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A p o r t a b l e  Data Terminal (Model 745, Texas Instrument)  has  

been i n s t a l l e d  i n  t h e  AAG Control  Room. To reduce t h e  d a t a  

r educ t ion  time and computer charges,  a  run-only-version of 

t h e  flow program (On-Line System) has  been prepared.  A 

sample of On-Line System, Input-Output is  a t t a c h e d .  Follow 

the  sample s h e e t  c a r e f u l l y  and o b t a i n  a n  output  i n  a  reason- 

a b l e  amount of time. ( i t . s h o u l d  not  t ake  more than 5 minutes 

t o  g e t  t h e  ou tpu t ) .  F igure  5  shows a sample inpu t /ou tpu t .  

While. s t i l l  r ece iv ing  t h e  ou tpu t ,  check t h e  inpu t  t o  t h e  

computer from Input  Data Sheet and make s u r e  t h e r e  a r e  no . 

e r r o r s  i n  t r a n s f e r r i n g  t h e  numbers. I n i t i a l  t h e  Input  Data 

Sheet t o  v e r i f y  t h a t  you have checked i t .  

I f  f o r  some reason  a n  acces s  t o  t h e  On-Line System is  no t  

a v a i l a b l e ,  c a l l  368-1895 ( in s t ead  of 363-1380). I f  t h e  prob- 

lem s t i l l  p e r s i s t s ,  inform On-Line Operat ions i n  P i t t s b u r g h  

a t  (412) 931-7600 and exp la in  our  problem t o  them. I f ,  i n  

s p i t e  of a l l  t h i s ,  t h e  problem s t i l l  e x i s t s ,  don ' t  waste  time 

t r y i n g  t o  run  t h e  computer. In s t ead ,  t r y  t o  prepare  t h e  

Input  Data Sheet  (you don ' t  need a  computer f o r  t h i s )  and run  

i t  o f f  when acces s  t o  t he  On-Line System i s  a v a i l a b l e  aga in .  

From t i m e  t o  t ime, e i t h e r  a change i n  t h e  o r i f i c e  diameter  o r  

meter range on some flow i s  necessary .  I n  t h i s  event ,  t h e  . 

s h i f t  engineer  should inform t h e  Data Analysis  Group of t h e  

change a s  quick ly  a s  p o s s i b l e .  Under such circumstances t h e  

necessary  changes i n  t h e  program can  b e  made t o  r e f l e c t  t h e  

new cond i t i ons .  

We have a  computer program f o r  t h e  o r i f i c e  p l a t e  t o  determine 

t h e  flow of steam, gas and l i q u i d  through a  s p e c i f i c  o r i f i c e .  

With a  change i n  o r i f i c e  d iameter ,  a  new c o e f f i c i e n t  must be 

c a l c u l a t e d  and t h e  flow program must be updated t o  r e f l e c t  

t h a t  change. For a  change i n  Meter Range, t h e  d a t a  f i l e  must 

be  updated.  

A t  t h e  end of each run,  t h e  Data Terminal should be proper ly  

cleaned and r e tu rned  t o  t h e  o f f i c e .  
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SYSTEM-. . 
.TOP f t r~ r ;  .Tmr 
F I L E  CCEATED 

0021 0 2 .q 
oozi'o 0 
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T I U  SRVCD 

. *  , . 

SYSTEM'. . 
.RUN nnco 

TYPE 1 fXlF F I L E  INTUT.  TYPE C TOY TTY I H P U T I  1 

W E P M L  SLREFF,ICIF(C VELOCITY (ir 1 9 3 0 . 0  ' F v  6.0 P S I G )  - 4 - 2 0  TP: 
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K T .  DEV. or Sun or 9 9 r r r t 3 o  ~ s o r t u t ~ w  APPLICABLC> 

Rr(D 5lPl OF 905r906(YHEW APPLICnBLE> 1 3 . 0 3  % 

F I L E S  UNSAVED: 
fYY.G.TNr- 

. . . . 

Figu re  5. ' ON-LINE S Y S T ~  INPUT-OUTPUT 



e , A l l  i n  a l l ,  Data Reduction every 2  hours  s e r v e s  two purposes:  

a )  . We g e t  an a c c u r a t e  p i c t u r e  of t h e  ope ra t i ng  cond i t i ons  

of t h e  p l a n t  which enables  u s  t o  make any changes 
. . 

r equ i r ed ,  and 

b )  A s  a  by-product, 40-50% of t h e  d a t a  a n a l y s i s  work i s  

begun. 

3 .  Data Analys i s  

o once' t h e  d a t a  r educ t ion  is  ac.comp'lished, ( a t  every 2-hour 

. i n t e r v a l )  t h e  next  s t e p  i n  t h e  da.ta a n a l y s i s  r e q u i r e s  prepar-  

a t i o n  of a  Data Summary Sheet  ( s ee  Appendix C-2). This  d a t a  

summary s h e e t  i s  i n  essence  a running l o g  of t h e  e n t i r e  test 

r u n .  Here t h e  raw d a t a  on gas  and s o l i d s  f lows a r e  r epo r t ed  

t oge the r  w i th  a n a l y s i s  of r e a c t o r  gas  and s o l i d s  ( feed ,  bed, 

C-4 d i s cha rge ,  C-7 d i s cha rge ,  2nd s t a g e  f i n e s ,  3 rd  s t a g e  

f i n e s ) .  Both t h e  r e a c t o r  gas  composition a n a l y s i s ,  a s  d e t e r -  

mined by t h e  Mass Spectrometer., and s o l i d s  a n a l y s i s  (proximate,  

u l t i m a t e  and h e a t i n g  va lue )  a r e  performed by IGT's S t a t e  S t r e e t  

A n a l y t i c a l  Groups. Genera l ly ,  a  d a t a  summary s h e e t  w i t h  a l l  

ga s  and l i q u i d  f lows is  kep t  up-to-date a s  w e  proceed wi th  t h e  

run .  

A f t e r  c a r e f u l  e v a l u a t i o n  of t h e  d a t a  summary s h e e t ,  some 

s t e a d y - s t a t e  t ime pe r iods  a r e  s e l e c t e d  f o r  a n a l y s i s .  I n  gen- 

e r a l ,  t h e s e  t ime pe r iods  r e f l e c t  reasonably  s t a b l e  temperatures  

and flow r a t e s .  Samples a r e  then  s e l e c t e d  from t h e s e  t ime 

i n t e r v a l s  and s e n t  t o  S t a t e  S t r e e t  f o r  t h e  r equ i r ed  a n a l y s i s .  

On r e c e i v i n g  t h e s e  a n a l y t i c a l  r e s u l t s ,  a n  a t tempt  i s  made t o  

p repa re  m a t e r i a l  and energy ba lances  f o r  t h e s e  s t e a d y - s t a t e  

pe r iods .  

a )  ~ a n u a l  Method 
\, 

F i r s t ,  worksheets  of m a t e r i a l  and. energy ba l ances  ( s e e  

Appendices C-3 and C-4). a r e  prepared.  Then t h e  neces- 

s a r y  in format ion  i s  t r a n s f e r r e d  t o  t h e  M a t e r i a l  and 

Energy Balance Summary Sheet ( s ee  Appendix C-5). . Also 



an  "Operating Data 'Summary1' s h e e t  is  prepared fox  t h e  

p a r t i c u l a r  s t eady- s t a t e  t ime per iod  ( see  Appendix C-6). 

b .  Computer Method 

Recent ly,  a  computer program has been devised t o  pre- 

pa re  m a t e r i a l  and energy ba lances  f o r  AAG. 

The fo l lowing  i n p u t s  a r e  r equ i r ed :  

t i m e  i n t e r v a l ,  u l t i m a t e  a n a l y s i s  of f eed ,  C-4,'2nd s t a g e  

f j n e s ,  3rd s t a g e  f i n e s ,  C-7, bed, feed  mois ture  con ten t ,  

s o l i d s  feed  r a t e s  ( a l l ) ,  gas  flow r a t e s ,  compositions of 

v a r i o u s  s t reams l i k e  g r i d  gas ,  v e n t u r i  gas ,  e t c . ,  r e a c t o r  

gas  composition (dry b a s i s ) ,  i n i t i a l  and f i n a l  bed h e i g h t  

and d e n s i t y ,  temperatures  of v a r i o u s  s t reams,  steam pres- 

s u r e s  and HHV of s o l i d s .  The output  is p r in t ed  a s  i n  

~ i g u r e  6 which fol lows:  

4  6 

I N S T I T U T E  0 F G A S  T E C H N O L O G Y  



Figure 6 
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m 
4 .  Data Storage and Reporting 

Once the  run  is  over ,  t h e  s h i f t  engineer  on duty  must make s u r e  t h a t  t h e  

run  f o l d e r  is  arranged p r o p e r l y  and readied  f o r  d a t a  a n a l y s i s .  The fo l lowing  

a c t i o n s  must b e  taken t o  p re se rve  t h e  v a l u a b l e  r u n  d a t a .  

During t h e  run ,  make s u r e  t h e r e  a r e  no missing d a t a  s h e e t s .  

Arrange them i n  proper  f i l e s  when you s t a r t  a  new s h e e t .  

S h i f t  engineers  a r e  r e s p o n s i b l e  f o r  checking t h e  e n t r i e s  on 

a l l  t h e  d a t a  s h e e t s  . (date ,  run  number, t ime, '  i n i t i a l s ,  e t c . ) .  

6 A l l  t h e  c h a r t s  should be proper ly  fo lded  and i d e n t i f i e d  and 

then placed i n  t h e  app ropr i a t e  f i l e .  Folded c h a r t s  should b e  

w i t h i n  a  7-1/2" X 10" s i z e  range. On each fo lded  c h a r t  a  

proper . i d e n t i f i c a t i o n  (run number, t i t l e ,  d a t e ,  e t c . )  must b e  

marked. Use paper c l i p s  and rubber  bands t o  hold t h e  c h a r t s  

t oge the r .  

Put a l l  s o l i d s  d i scha rge  d a t a  s h e e t s  w i th  Panel  and Local  Data 

s h e e t s .  

e ' I f  qkick-ash a n a l y s i s  r e s u l t s  a r e  a v a i l a b l e  on s e v e r a l  samples 

l i k e  bed, 2nd and 3rd s t a g e  f i n e s ,  C-7, C-4, e t c . ,  a r r ange  

them i n  t h e i r  proper  c a t e g o r i e s  and i n  chronologica l  o rde r  

( t ime and d a t e )  and s t a p l e  them s e p a r a t e l y  (each ca tegory)  

t o  avoid any mixups. 

e For easy r e t r i e v a l ,  a l l  r u n  f o l d e r s  a r e  s t o r e d  i n  chrono- 

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

0 A t  t h e  end of each month, run  d a t a  a r e  r epo r t ed  i n  t h e  

Monthly Report.  They inc lude  run  d a t a  summary, ope ra t ing  

d a t a  summary, mass and h e a t  ba lances  and t h e  commentary on 

t h e  run  i t s e l f .  

In  t h e  event  of l a t e  a r r i v a l  of some a n a l y s i s  of s o l i d s ,  

p e r t i n e n t  in format ion  i s i r e l e a s e d  as and when i t  becomes 

a v a i l a b l e .  
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5. Weight F rac t ion  of Agglomerates 

The primary purpose f o r  i n v e s t i g a t i n g  v a r i o u s  ope ra t ing  parameters  such a s  

bed h e i g h t ,  bed ash con ten t ,  s u p e r f i c i a l  v e l o c i t y  and bed temperatures ,  is t o  

determine t h e  r a t e  of ash  agglomeration. This  r a t e ,  f o r  t h e  purpose of moni- 

t o r i n g  t h e  t e s t  ope ra t ion ,  should be  determined r a p i d l y  a s  t h e  t e s t  proceeds.  

What is  wanted i s  t h e  weight f r a c t i o n  of t h e  agglomerates i n  each s o l i d s  d i s -  

charge s t ream. This . ,de te rmina t ion  can be  accomplished by an  a c t u a l  phys i ca l  

removal.and weighing of agglomerates from s o l i d s  d'ischarge samples.  Another 

method i s  t o  t ake  t h e  same samples and determine by a f l o a t - s i n k  ( p u t t i n g  t h e  

m a t e r i a l  i n  a f l u i d  t o  f l o a t  t h e  char  and s i n k  t h e  a sh )  method, t h e  weight 

f rac . t ion  of agglomerates .  The l a t t e r  method could be e x c e l l e n t  f o r  a c c u r a t e  

de te rmina t ions  of ash  agglomerate concen t r a t ions  provided t h a t  t h e  agglomerates 

a r e  c o n s i s t e n t l y  heav ie r  than  t h e  cha r .  However, t h i s  f l o a t - s i n k  method i s  

time-consuming and is  inappropr i a t e  f o r  c o n t r o l  of bed ash  content  dur ing  t h e  

t e s t  program. Accordingly, t h e  more s u i t a b l e  method dur ing  a t e s t  run  is  t o  

weigh the  bed samples taken hour ly  and phys i ca l ly  s e p a r a t e  t h e  ash  agglomerates 

by hand. IGT's experience wi th  such samples l e a d s  t o  t h e  conclus ion  t h a t  

accuracy t o  w i t h i n  5% can be expected. '  This  accuracy,  a long wi th  t h e  t ime re -  

qu i r ed ,  would be  accep tab le  t o  y i e l d  r a p i d l y  t h e  informat ion  needed f o r  program 

changes f o r  succeeding S e t  Po in t s .  The agglomerates separa ted  would be  weighed 

along wi th  t h e  bed sample weight ,  and t h e  r a t i o  would y i e l d  t h e  percent  agglom- 

e r a t e s .  If bed withdrawal i s  under way, t h e  withdrawal r a t e  would be mul t ip l i ed  

by t h e  agglomerate percentage i n  t h e  bed sample t o  determine t h e  agglomerate 

withdrawal r a t e .  Upon adding t h i s  r a t e  t o  t h a t  of agglomerates  discharged 

from t h e  v e n t u r i ,  t h e  sum can be  compared t o  t h e  a c t u a l  a sh  feed  r a t e .  From 

t h i s  in format ion ,  a graph w i l l  b e  prepared r e l a t i n g  bed a sh  con ten t  t o  percent  

of a sh  agglomerated. 

A s  a back-up, t he  a sh  concen t r a t ion  of va r ious  p a r t i c l e  s i z e  f r a c t i o n s  

w i l l  be  determined on t h e  same bed sample. Although t h e  manner of i l l u s t r a t i n g  

agglomerate concen t r a t ion  by p a r t i c l e  s i z e  has  no t  been determined, i t s  r e l a t i o n -  

s h i p  t o  bed temperature may be  found t o  b e  obvious, depending upon t h e  r e s u l t s  

ob ta ined  . 
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NORMAL AND EMERGENCY OPERATING PROCEDURES 

. This  s e c t i o n  g ives  t h e  major U-GAS ope ra t ing  procedures  involved i n  

normal ope ra t ion  and emergency circumstances.  

Normal O ~ e r a t i n g  Procedures 

During normal ope ra t ion ,  U-GAS o p e r a t o r s  fo l low s e v e r a l  p r ~ c e d ~ ~ r e s .  These 

procedures  a r e  f o r  t h e  fo l lowing  purposes: 

e main ta in ing  bed temperature 

e swi tch ing  from coke t o  c o a l  feed  

a main ta in ing  bed he igh t  

0 swi tch ing  from s t e a m l a i r  t o  steam/oxygen g a s i f i c a t i o n  
and v i c e  v e r s a  

o i d l i n g  t h e  u n i t  

e normal shutdown 

manway opening 

(Appcndiccs D-1  through D-7 show t h e s e  procedures .  ) 

Also U-GAS t echn ic i ans  use  t h e  fo l lowing  sampling procedures  t o  c o l l e c t  

d a t a  dur ing  normal ope ra t ion :  

f ee.d 

bed 

2nd s t a g e  cyclone f i n e s  

3rd s t a g e  cyclone f i n e s  

r e a c t o r  gas 

product gas condensate  

v e n t u r i  d i scha rge  

bed d i scha rge  

(Appendices D-8 through D-15 show t h e s e  s o l i d s  and .gas sampling 
a procedures .  ) 
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Emergency Operat ing P rocedures .  . . 

During emergencies,  U-GAS o p e r a t o r s  fo l l ow  s e v e r a l  shutdown procedures:  

e high  temperature  i n  t h e  r e a c t o r  

s l o s s  of steam 

Q l o s s  of p rocess  a i r  

l o s s  of power 

Q l o s s  of n i t r o g e n  

e l o s s  of feed  

(Appendices E-1 through 'E-6 show t h e s e  procedures . )  



COST ESTIMATE 

A summary of c o s t s  f o r  t h e  P i l o t  P l a n t  o p e r a t i o n s  is  

shown i n  T a b l e  5 be10.w. The c o s t s  are broken  down i n t o  g e n e r a l  c a t e g o r i e s  

of l a b o r  and materials and s e r v i c e s .  The u s u a l  DOE f a c i l i t y  overhead c h a r g e s  

aud IGT's G&A c o s t s  are i n c l u d e d .  A more d e t a i l e d  breakdown of c o s t s  w i l l  

be  provided under  s e p a r a t e  c o v e r .  

Table 5. ADDITIONAL FUl.IDING REQUIRED 
FOR TASK I X  - TECHNICAL SUPPORT 

(Cost  E s t i m a t e  Summary) 

T o t a l  D i r e c t  Labor $ 255,673 

M a t e r i a l s / S e r v i c e s  626,570 

T o t a l  D i r e c t  C o s t s  $ 882,243 

DOE F a c i l i t y  Overhead @ 17% 149 ,981  

T o t a l . D i r e c t  and Overhead C o s t s  $1,032,224 

G e n e r a l  and A d m i n i s t r a t i v e  @ 9.0% 92,900 

T o t a l  Est imated Cost  $1,125,124 
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APPENDIX A 

U-GAS S t a r t - U p  P r o c e d u r e  
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I n s t i t u t e  o f  Cas Technology 
U-GAS Program 

U-GAS START-UP PROCEDURE 

Rev. 0 /21/78  
Form AAG 7-20 
P r o j e c t  No. 9616 
Run No. 

* S p e c i f i c  o p e r a t i n g  procedures  a r e  d e t a i l e d . i n  t he ' p rocedu re s  Manual. 

STEP 

1 

2  

3  

4  

i 

DATE TIHE INT. 

' 

ACTIONS 

S t a r t  the .  i n c i n e r a t o r .  ( R e f e r  t o  s p e c i f i c  p rocedu re . )  * 
\ 

S t a r t  v a l v e  check list - 
Close  bed d i s c h a r g e  v a l v e  (FV9349b C4, C5. C6, C7 v e n t s .  
Open v e n t u r i  s l i d e  v a l v e  ( N 9 3 2 ) .  main a i r  s u p p l y  
v a l v e  (VO1-5). 

Open p r o d u c t  g a s  i n l e t  v a l v e  t o  s c r u b b e r  N915A and 
p roduc t  g a s  bypas s  PV966. Be c e r t a i n  t h a t  r e a c t o r  
r u p t u r e  d i s c  v a l v e s  V0'-243. V59'-76 a r e  open. '  
Check b l a s t  c o n n e c t i o n s  t o  above-mentioned v a l v e s .  

Turn on a l l  r e c o r d e r s .  S e t  t i m e  and d a t e  s tamp on 
c h a r t s .  V e r i f y  a l l  r e c o r d e r s .  c o n t r o l l e r s .  i n d i c a t o r s  
f o r  z e r o  r e a d i n g s .  S e t  a l l  c o n t r o l l e r s  on  z e r o  s e t t i n g  
and on manual o p e r a t i o n ,  e x c e p t :  

TIC 917 a t  600°F on Auto o p e r a t i o n  
TIC 9330 a t  700°F on Auto o p e r a t i o n  
PIC 901 a t  20 p s i  on Auto o p e r a t i o n  

4 

REMARKS 
(PROBLEMS AND SOLUTIONS) 

I 

. . 

Page 1 of  12  I 
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b 

STEP 

5 

6 

7 .  

8 

+ 

DATE TIME INT. ACTIONS 

Check i n s t r u m e n t  a i r  to.PDT. FT. PT, FIC, rR, e t c .  
( b o t h  p a n e l  and l o c a l  mounted) p l a n t  a i r  t o  c o o l i n g  
r i n g s ,  and  n i t r o g e n  t o  pneumat ic  v a l v e s .  b 

Open s l i g h t l y  ~ ~ 9 0 5 ,  906 a n d 9 1 0 5  and  set them on  
manual. o p e r a t i o n .  

- . .- .- .. - ... - .  ..---- 

Turn on  a l l  s t e am ~ r a c i n g s  p a r t i c u l a r l y  a t  p r o d u c t  g a s  
l i n e ,  2nd and 3 r d  s t a g e  d i p l e g s .  PV 966 v e n t  l i n e ,  f e e d  
chuce  t o  s i l o  A and t r a n s f e r  s c r ew  f e e d e r  t o  e i l o  B. 

- - - -- - . . . . . - -  . - .  -- 
S t a r t  s c r u b b e r  ( r e f e r  t o  spec:fic p rocedu re )  

REMARKS 
(PXOBLEMS AND SOLUTIONS) 

, 

Page 2 of  12 . 
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STEP 

9  

10  

11 

12 

DATE 

. . 

TIME INT. 

-. 

ACTIONS 

Open main N2 supp ly  t o  r e a c t o r .  S e t  pu rges  p e r  N 
2  pu rge  l i s t .  Take one s e t  of  l o c a l  and p a n e l  d a t a .  

Ad jus t  p u r g e s  u n t i l  a l l  PDR's a r e  z e r o  and n o t e  s e t t i n g ! .  
Spool  p i e c e  must f i r s t  be  i n s t a l l e d  i n  n i t r o g e n  s u p p l y  
Line  t o  r e a c t o r .  Wire b l i n d  f l a n g e s  t o  s p o o l  p i e c e .  
The re  s h o u l d  be NO f l o v  t h rough  t h e  9361 l o o p  o r  
FI9349. 

Check a l l  b l a s t  t a p s  on  a l l  s o l i d  h a n d l i n g  v a l v e s .  
Use r a d i o s  and c o n f i r m  f l o v  on FR9314 ( t o t a l  n i t r o g e n ) .  

Check FR9314. I f  f l ow  does  n o t  f a l l  below 1.0 an  
unmetered b l a s t  is l e f t  open.  ( T o t a l  pu rges  
-15 m o l e a l h r . )  

Check N p u r g e s  t o  t h e  reac to ' r  a g a i n s t  FR9394. 
I t  s h o u i d  f a l l  between 3 .0  and t . 0 .  
(12 .5  t o  16 .5  m o l e s l h r )  

REMARKS 
(PROBLEMS A N D  SOLUTIONS) 

.. , 

< 

Page 3  bf 1 2  
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STEP 

13  

14 

15 

16 

1 

DATE TI- INT. ACTIONS 

Open N supp1.y t o  1 s t  end 2nd quencher .  S e t  p r e s s u r e  
on P I  4103 and P I  9L21 t o  35 p e l .  
\ 

Turn on a l l  pu rges  t o  L-valve, e e t  a t  10.0 

€1 9341 €1 9345 
FI 9342 €1 9346 
F I  9343 FI 9347 
€1 9344 

Turn on N t o  9303. '  S e t  FIC 9303 a t  3 .0  on au tomat i c  
p o s i t i o n . 2  Leave manual and a u t o  e t a t i o n  open on 

21'-6" Leve l .  (oG.8 molee /h r . )  

Turn on  s t a r t - u p  burne r  and open a i r  va lve .  Ad jus t  
f l o v  t o  4" H 0 on PDI 972 and. 3.9 on €1336 f o r  c o o l i n g  
nozz le  (on 23'-2" l e v e l ) .  Be s u r e  t o  i n s t a l l  s p o o l  
p i e c e  on t h e  n a t u r a l  gae  l i n e .  
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ACTIONS 

C a l l  a n a l y t i c a l  group;.  a s k  them t o  s t a r t  g a s  a n a l y z e r  , 
a s p i r a t i o n .  M a k e - s u r e  t h e  b l o c k  v a l v e  (V50'-76) f o r  
s t e am t r a c i n g  and p r o d u c t . g a s  sample  l i n e  i s  open .  
R a i s e  r e a c t o r  p r e s s u r e  t o  6  p s i  f o r  s u f f i c i e n t  a n a l y z e r  
p r e s s u r e  by a d j u s t i n g  PIC 915A. (Ana lyze r s  l o c a t e d  i n  
a d j a c e n t  l a b .  Bldg.  1 9 . )  

, I n fo rm  Steam-Iron:  AAC w i l l  u s e  300 I / h r  o f  150  p s i  
s t e a m , i n  8  h o u r s .  AAG w i l l  u s e  12 ,000 SCFH of  N 2  i n  
4 h o u r s .  

Inform HYCAS: AAC w i l l  u s e  10 ,000 SCFH o f  p l a n t  a i r  
and 1.000 SCFH o f  n a t u r a l  g a s  i r i e d i a t e l y .  AAC w i l l  
need  a  c o n t i n u o u s  s u p p l y . o f  i n s t r u m e n t  a i r .  

Turn  on compres so r  ( r e f e r  t o  s p e c i f i c  p r o c e d u r e ) .  

I m p o r t a n t :  B e f o r e  t u r n i n g  on t h e  c o m p r e s s o r ~ c l e a n  
t h e  compre s so r  room w i t h  a i r  hose .  Cover a i r  i n l e t  
f i l t e r  b e f o r e  c l e a n i n g  t h e  room and remove c o v e r  
a f t e r v a r d s .  

S v i t c h  PSL 960 ( p r o c e a s  comprebsor  f a i l u r e  low 
p r e s s u r e )  t o  o f f  p o s i t i o n .  

STEP 

17  

1 8  

19 

20 

L 

DATE TIME INT. 
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STEP 

21 

22 

2 3 

24 

DATE 

. 

TIKE 

I 

INT. ACTIONS 

R a i s e  FIC 905 t o  6 . 0 ,  FIC 906 t o  8 . 0  and FIC 9405 t o  
2 . 5  a u t o m a t i c  m d e .  M a i n t a i n  20 p s i  a t  PIC 991.  

(9405 6 9303 t o  n e t  100  f p s  a t  c e n t e r  l e t . )  
TO = 1 5 0 ' ~  FR 905 = 37 m o l e s / h r  
P 3 20 p s i g  FR 906 = 35 m o l e s / h r  

FR 9405 = 6 m o l e s / h r  

Mark and  t a r e  C-4 and  C-7 d i s c h a r g e  drums.  
S t a r t  l o c a l  and  p a n e l  d a t a  r e c o r d i n g .  
Hark and  t a r e  2nd and  3 r d  s t a g e  d u s t  drums.  

-- 
S t a r t  t h e  a i r  h e a t e r  and  r a i s e  t o  4 0 0 ~ ~  i n  no  less t h a n  
1 hou r .  ( R e f e r  t o  s p e c i f i c  p r o c e d u r e ) .  I n c r e a s e  t h e  
t e m p e r a t u r e  by 10o°F/hr t i l l  i t  r e a c h e s  800°F. 

-- 
Check P I  919 r e a d i n g .  I f  i t  e x c e e d s  ) p s i ,  itii p r o d u c t  
g a s  l i n e  is p a r t i a l l y  Check a l l  PDI ' s  
r e a d i n g s  t o  l o c a t e  b lockage  and  . c l e a r  i t .  

R m  
(PROBLEMS AND SOLUTIONS) 

P a g e 6  of  12 
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STEP 

25 

26 

2 7  

DATE 

\ 

2 8 

2 9  

TIME 

Check f o r  l e a k s  a t  a l l  f l a n g e s  and s c r ew  t h r e a d  j o i n t s  
which v e r e  opened b e f o r e  t h e  run .  A l so  check  p a c k i n g s  on 
r e a c t o r  s c r e w f e e d e r  and L-valve.  A f t e r  check ing ,  r educe  
PIC 915 t o  2  p s ig .  

-- .- 

Try s t a r t - u p  b u r n e r .  Make s u r e  i t  w i l l  s t a y  lit f o r  
5  minu te s .  ( R e f e r  t o  p r o c e d u r e  f o r  i g n i t i n g  s t a r t - u p  
b u r n e r ) .  Then, t u r n  i t  o f f .  
Impor t an t :  Do n o t  t u r n  o f f  t h e  a i r  f l ow  and 986 pu rge .  

---- - - - - . -- --. - 
Turn .on  N t o  903 loop .  S e t  PV 923 a t  70 p s i g .  S e t  FIC 
903 t o  a c 2 i e v e  15% oxygen . a t   rid-et FIC 903 on  
a u t o m a t i c  mode. N o t i f y  Steam Ir.on of  N 2  consumpt ion .  

*With TR 9206-18 a t  650°F and P I  905 a t  20 p s i g  
905 f l o v  126 mo le s /h r  :. 90.3 = 10 moles /hr .  

I 

INT. 

\ 

I 

Page 7  of  12 

ACTIONS 

While t h e  a i r  h e a t e r  t e m p e r a t u r e  is b e i n g  r a i n e d .  
p r e s s u r i z e  t h e  sys tem by a d j u s t i n g  PIC 915 b n t i l  i t  
r e a d s  10-15 p s i g .  

Check t o  make s u r e  b o t h  quenche r s  a r e  d r a i n e d  o f  v a t e r  
and s o l i d s  d u r i n g  t h e  p r e s s u r e  test .  

REMARKS 
(PROBLEMS AND SOLUTIONS) 
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STEP 

3 0 

3 1 

3 2 

33 

DATE TIME INT. ACTIONS 

C a l c u l a t e  
- S u p e r f i c i a L  V e l o c i t y  FPS . 
-Grid V e l o c i t y  FPS 
- V e n t u r i  V e l o c i t y  FPS ( a n n u l a r )  
- C e n t e r  Je t  V e l o c i t y  FPS 
-02 a t  G r i d  X 

T u r n  o n  s c a l e  s y s t e m .  ( R e f e r  t o  p r o c e d u r e  f o r  s t a r t i n g  
s c a l e ) .  S w i t c h  f e e d i n g  s e l e c t o r  s w i t c h  t o  s c r e w  f e e d e r .  
S e t  p o i n t e r  o n  s c a l e  t o  165 l b s .  S e t  s i l o  s e l e c t o r  
s w i t c h  t o  f e e d  c o k e .  

T u r n  down a i r  h e a t e r  t o  6 0 0 ' ~ .  

- 
c h e c k ,  a e r a t i o n a t  L-Valve.* 
S t a r t  r e a c t o r  s c r e w  f e e d e r  ( A u t o m a t i c  o p e r a t i o n  s e t t i n g ) .  
S e t  s c r e w  f e e d e r  r a t e  a t  l w e r  l i m i t  o f  s l o w  s p e e d  
a d j u s t m e n t  and  test dump c y c l e .  

*FI 9341-7 '10 - 0  

REMARKS 
(PROBLMS A N D  SOLUTIONS) 

Page  8 o f  12 . 
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. 
S ~ E P  

34 

'2 

3  5  

36 

37 

i 

DATE TIME INT. ACTIONS 

Adjus t  speed o f  r e a c t o r  screw f e e d e r  f o r  d e s i r e d  s o l i d s  
f eed  r a t e  of 500 l b s / h r .  Ra i se  r e a c t o r  screw speed 
( g r a d u a l l y )  u n t i l  d e s i r e d  f eed  r a t e  is a t t a i n e d .  

\ 

Feed a  t o t a l  o f  1500 l b s  t o  t h e  r e a c t o r .  

Watch f o r  m a t e r i a l  f a l l i n g  through t h e  v e n t u r i .  
Ad jus t  FIC 906 i f  n e c e s s a r y  t o  o b t a i n  a  d i s c h a r g e  r a t e  
through C-4 o f  10-20 l b s l h r .  

Observe pen t r a c e s  o f  PDR 913 and 0 1 2  f o r  deg ree  of 
f l u i d i z a t i o n .  I f  i n  doub t .  a d j u s t  FIC 903,  905 o r  
9405. Check v e l o c i t y  w i t h  computer:  

-Grid v e l o c i t y  need n o t  exceed 0 . 8  FPS 
- S u p e r f i c i a l  v e l o c i t y  need n o t  exceed 2.0 FPS 

RPiARKS 
(PROBLEMS AND SOLUTIONS) 

Page 9 of 12 
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* 

b 

REMARKS 
(PROBLEMS AND SOLUTIONS) 

Page 10 of  12 

ACTIONS 

Monitor TR 2302-3. Ra i se  a i r  h e a t e r  t o  8 0 0 ~ ~ .  Do not  
a l l o w  TR 9302-21 t o  exceed 1 5 0 0 ~ ~ .  

During h e a t i n g  of bed. c a l c u l a t e  v e l o c i t i e s  a t  
v e n t u r i  m d  s u p e r f i c i a l  and a d j u s t  9Q6 t o  hold  
10-20 l b d h r  C-4 d i s c h a r g e  c o n s i s t e n t l y .  

I f  bed t e q e r a t u r e  TR3206-3 does  n o t  r i s e  a t  a  minimum 
of  6 0 ° ~ / h r ,  i g n i t e  e t a r t - u p  burne r  (Refe r  t o  s p e c i f i c  
procedure.)  Shu t  o f f  P I  9507 and l e a v e  F I  986A on. Se t  
PDI 971 a d  PDI 972 a t  4" W . C .  

I n c r e a s e  t h e  h e a t  i n p u t  through t h e  burner  t o  o b t a i n  
100OF/hr r r s e  a t  TR 9206-3 by r a i s i n g  PDI 971 and PDI 972 
a s  needed. 

INT. STEP 

3 8  

39 

40 

4 1 

DATE TIME 
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STEP 

42 

4 3  

44 

45 

, 

DATE TIME INT. ACTIONS 

When t h e  r e a c t o r  t empera tu re  TR 9206-3 r e a c h e s  700 '~;  
Check BFU p r e s s u r e  P I  9115 
I f  it r e a d s  200 p s i .  s w i t c h  PSL 954 t o  o f f  

p o s i t i o n .  
I f  i t  r e a d s  below 5 0  p s i ,  u s e  c i t y  p r o c e s s  wa te r  

and s t a r t  quench pump. 
Open b l o c k  v a l v e s  ups t ream and downstream of I l l 917  and 
TV 9330. - -- 
When bed t empera tu re  r i s e  r e a c h e s  3 0 0 ° ~ / h r  (bed a u t o  
i g n i t i o n )  t u r n  o f f  s t a r t - u p  bu rne r .  R e s t o r e  purge  
FI  9307 a t  s t a r t - u p  bu rne r .  Close  a l l  
v a l v e s  on a i r  and g a s  supp ly  l i n e s  dovnst ream o f  
p r e s s u r e  r e g u l a t o r s .  

A s  t h e  t empera tu re  i n  t h e  bed a t t a i n s  1 5 0 0 ~ ~  
Switch  s team t o  903, 904 l o o p s .  
Swi tch  PSL'959 ( low s team p r e s s u r e )  t o  o f f  pos i t i o l r .  

-. - - -  - . -  . .. - .-_.._ _ ___. 
Run computer c a l c u l a t i o n s  e v e r y a h o u r  u n t i l  bed 
t empera tu re  s t a b i l i z e s  s o  a s  n o t  t o  exceed 4  FPS 
s u p e r f i c i a l  v e l o c i t y  by a d j u s t i n g  905. 903 and 9405 
a s  needed. 
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STEP 

4 6 

47 

DATE 

LL Page 12 of 12 

TIHE INT. ACTIONS 

Check gas analyzer flows. These flows can be read at the, 
adjecen: lab. (Building 19). If there is no flow tell 
shift emgineer.* 

Follow specific instructions for the run by going 
to Test Run d - specific procedures. 

-- 

2 

REHAR KS 
(PROBLEMS AND SOLUTIONS) 

* Call Analytical Croup 
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I 

TIME 0200 0400 ,0600 0800 1000 1200 1400 1600 
1800 2000 2200 2400' 

3 

P-DI 9331 PSI 
AP 2ND STAGE QUENCHER 

1 



AA(;/Panel Proj .  9616 R~v.R/lh/7.S Test I h y  h' R I I ~  h' n : ~  r (. P:II!P .TI,.  
I 

Time 0:Oo 0400 0600' OR00 l0nO l2n0 14no 1 r~on 1 snn _'one n 24nn - 

FR 906 - i n  W. C .  
HTD a i r  t o  ven tur i  

PDR 912 p s i  
& Across e n t i r e  bed. , 

PDR 913 p s i  
. ' AP across  of  bed 

h~ 9383 
Methane 

PR 901 P S ~ R  
A i r  P .  f o r  995 a i r  flow 

P9R 911 p s i  a 

AP across  g r i d  

PDR 910 p s i  
AP across  v e n t u r i  

FR 920 i n  W.C. 
Prod. Gas Flow - 
FR 9405 i n  W.C 
Process a i r  t o  c e n t e r  j e t .  

FR 9394 i n  W.C. 
Purge N2 t o  r e a c t o r  

FR 995 i n  W.C. 
Air t o  a i r  heater 

> 

FR 918 i n  W.C. . . 
H20 t o  1 s t  quencher 



L 

I::?, . - 10 [ Rev. 3/16/78 1 Run # Date ~ n ~ e  q 

TIME 0200 0400 0600 0800 1000 1200 1400 1600 1300 2000 2200 2400 . 

TR ,9206-2 OF 

GAS T. ENTERING GRID 

0 
TR 9206-3 F 
RED T. 11" ABOVE GRID 

M 

Tk 9 2 1 ~ - 4  OF 

02 SUPPLY T. 

TR 9206-5 OF 

BED T. 22" ABOVE GRID 

"TR 9206-6 O F  

BED T. . . 33" ABOVE GRID 
b 

TR 9206-7 Q~ 

Grid Temp. 



Run b' Ontc 

TIME 

TR 9206-14 OF 

QUENCHER Hz0 (INLET) T. 

TR 9206-15 OF 

PROD. GAS T. 

TR 9206- 16 
0 F 

GAS T. TO 1ST QUENCHER 

TR 9206-17 OF 

STM. T. TO A I R  HTR. 

1600 0200 1800 0400 2000 0600 2200 2400 

I 

0800 1000 1200 1400 



);I t r 

Time 020n 04no n6ol:, o ~ n o  loon t r n n  i4no IOQO lsno ?nno 22111-1 24nh 

OF TI-9206-25 
 temp. i n  Feed Chute 

O F  TI-9206-26 
Scrubber  I n l e t  Gas T .  

TI-9206-27 OF 

. Scrubber  O u t l e t  Ga!: T 

O F  TI-9206-28 
Water T. i n  Scrubber  S u q  

OF TI-9206-29 
Exhaust  Temp. o f  a i r  h t r  

TI-9206-30 
0 F 

Air T. a t  FE 995 

TR 902 
0 F 

Air Htr .  Contro l  T .  



0
 

F
 

G
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S
 

T
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O

G
Y

 



AP ACROSS L-VALVE 

RCTR. SCR.  FDR. 



APPENDIX B-2 



C 

I - '  

, 

, 

. , 

A AC 
L o c a l  I n a t r u m e n t e  
D a t a  S h e e t  

, T . .  O F  (camp. ~ m . )  In  HG Vacuurl 
A i r  F i l t e r  R e e t r i c t i o n  

0 '  - 0 "  

, n a u g e  (Comp. Rm.) 
C h e c k  w a r n i n g  l i g h t 8  0 ' - 0 "  
o n  c o m p r e e e o r  B (Comp. Rm.) 

C h e c k  w a r n i n g  l i g h t a  0 ' - 0 "  
o n  D e i o n i z e r  (Cornp. Rm.) 

! 

P r o J  . 9 6 1 6  

S h i f t  

E n g i n e e r  

T e c h .  

b 
A 

- 

i A 

, 
A A G  7 - 1 q  R e v .  ~ / 1 6 / 7 8 ~ ~ ~ f l ~ ~ l  l R u n  (1 D a t e  P a g e  1 /13  

1 

2 3 0 0 - 0 7 0 0  

I 

- 

i 

T i m e  

F e e d  
. . - . - - - - -. . . -- - - - - -. . 

P I  9 1 0 1  0 ' - 0 "  
S t e a m  P r e s s . ,  P S I C  ( c o n .  rm)  

P I  9 3 1 4  0 '  - 0 "  
Nz S u p p l y  p r e s e  P S I C ( c o n . r m :  

P I  9 1 1 5  o ' - o w  
q u e n c h  H 2 0  s u p p l y  P . ,  
P S I C  ( c o n .  r m . )  

- 
PI 9 9 9  0 '  - 0 " .  
N2 p u r g e  to C-4 h o p p e r  

PI 9 3 1 8  0  ' - 0 "  
NZ p u r g e  t o  B .  E l e v a t o r  
( B o t t o m )  
C o m p r e s s o r  A i r  D i s c h a r g e  

O 1 - 0 "  

0 7 0 0 -  1500  1 5 0 0 - 2 3 0 0  

I 

4 

4 

0 2 0 0  0 6 0 0  0 4 0 0  0 8 0 0  1 0 0 0  1200  1 4 0 0  1800  

I .  

1 

1 6 0 0  2 0 0 0  

-- - -- 

I 

- - - - 

. . . - - - - 

2 2 0 0 .  

-- 

2400 

. ,  

I 

- - . 

. - . - 

- - 

- - - . - 

> 

- . -- 







I 
A ~ ~ / l . o c a l  P r o j .  9 6 1 6  

Time 

PI 9 3 0 4  1 3 ' - 1 0 "  
f E  9 3 0 4  i n l e t  P r e s s .  PSlC - 
PI 004  1 3 ' - 1 0 "  
k ' k  9 0 4  I n l e t  P r e s s ,  PSIC 

F I  9 3 5 4  1 3 ' - 1 0 "  

N 2  Purge  t o  P u r p l e  P e e p e r  

PI  9 0 3  1 3 ' - 1 0 "  
FE 9 0 3  I n l e t  P r e s s ,  PSIC 

PI 909  1 3 ' - 1 0 "  
FE 909  I n l e t  P r e s s ,  PSIC 

F I  9 3 1 6  1 3 ' - 1 0 "  
N 2  t o  s i l o  " A "  ( B o t t o m )  

PI  9 3 8  1 3 ' - 1 0 "  
PE 9 38 oxp~en Inlet Press, PSTc 

Check a i r  h e a t e r  f o r  1 3 ' - 1 0 "  
Hot s p o t s  on s h e l l  

Check s i g h t  p o r t  f o r  1 3 ' - 1 0 "  
H a t e r i a l ' f a l l i n g  from v e n t u r i  

A A C  

0200 1400 

# Run 

1200 

Rev 

0600 

7-19 
w 

0400 

~ / 1 6 / 7  

0800 

a t e  

1600 - 

T e n t  Day 

1000 2000 1800 

Page 4 / 1 3  

2200 2400 

- 

< 



' A ~ C t L o c a l  I proj. d616 
* 

A A C  7-19 Rev~/lh/'9hert ~ a y ,  I K u l l  I Date 

- T 1m.e 0 2 0 0  0 4 0 0  0 6 0 0  0 8 0 0  1 0 0 0  1 2 0 0  1400 1 6 0 0  1800 2 0 0 0  2 2 0 0  24,,0 
F I  991 21'-6" 
N Purge to H.P. tap PDT 9355 
2 

.- - 
FI 9 3 0 6  r - 6 "  
Pvrge to 2nd stage dipleg dust 

rettrrn line 
F I  9 9 0  L L . - ~ - .  
Purge 6 ' .  above 2nd staRe 
dust injection nozzle 
F I  9 2 9  
purge 2' .above 2nd stag:' 
dust injection nozzle 1 
I 9 1 1  

6 2  .purge 19, H.P. tap PW P?I. 
1 ' -6" 

- - - - -  
- - ~- - - - - .- -~-p ~- p---p p-pp- - ~ - 

FI 9 3 3 4  21 '-6" 

N t  p u r g e  t o  e i l o  "B" (bottom) 

4 

P I  9120 21'-6" 
P r e 3 e  i n t o  venturi. psig. 

P I  9 1 1 9  2 1'-6" 

P r e e s  i n t o  grid. Peig. 

TI 9 0 3  2 1 '.;6" 
Q E  903 inlet t e m p e r a t u r e  F 



r 
~ h ~ / L o c a l  I P r o J .  9 6 1 6  

Time 

P1 9 2 3  2 1 ' - 6 "  
N 2 / s t m .  P a f t e r  P V  9 2 3 ,  p s i g  

F1 9 1 0 A  2 1 ' - 6 "  

N 2  pEfM71 to 

2 1 ' - 6 "  
i:g2\%0ced m a i d  P . .  N p p s i g .  

c h e c k  v e n t u r i  2 1 ' - 6 "  
F o r  h o t  e p o t e  

A A G  

0 2 0 0  

: 
1 

7 - 1 9  

0 4 0 0  

R e v .  

0 6 0 0  

F I  9 3 6 5  2 1 ' - 6 "  
N 2  p u r g e  t o  L - v a l v e  

F I  9349 21 ' -6" 

N~ purge t o  bed d i scharge  l i n e  . 

P I  9405 21 ' -6"  
. F E  9405 I n l e t  P r e s s . ,  p s i g .  

4 

h / 1 3  

2 4 0 0  2 0 0 0  

a t e  
I 

16'00 .  

~ 

p a g e  

2 2 0 0  1 8 0 0  1 4 0 0  1 2 0 0  

R/16 /7  

0 8 0 0  1 0 0 0  



, 
A A C f L o c a l  P r o j .  9 6 1 h  

T i m e  

F I  9 3 0 7  2 g 1 - 1 "  - 
N p u r g e  t o  g a s  n o z z l e  s t a r l u p  - - b u r n e r  ,. . 

7 

F I  9 8 6  2 9 ' - 2 "  
N2 p u r g e  t o  s t a r t - u p  b u n e r  

F I  9 2 8  29 ' - 2 "  
N2 a e r a t i o n  . 2n.? s t a g e  
d f  p l e g  H.P. s i d e  (PDT '996 r3997) 

F I  9 3 4 8  29.1 ..:'I 
N2 p u r g e - p r o d .  g a s  sarnp1.e 
I i n e d s  t r e a m  'I o f  f i l t e r s  
PDI  9 7 2  2 9  1 .-2" 
p l a n t  a i r  f l o w  t o  s t a r t - u p  

r 

, P D I  9 7 1  2 9 ' - 2 "  
G a a  f l o v  t o  s t a r t - u p  b u r n e r  

C h e c k  v i e w p o r t  f o r  2 9 ' - 2 "  
b e d  f l u i d i z a t i o n  

F I  9 1 3 - 8  2 9 ' - 2 "  
Low p r e a a  t a p  N 2  p u . r g e  
(PDT 9 1 3 )  
F I  9  13-A L Y ' - z ' .  
N 2  p u r g e  a t  v i e w  p o r t  

F I  9 1 b - B  -. 
N2 p u r g e - L . P .  t a p  PDT 9';01 
( l a t  s t g .  CYC.) 

F I  9 2 5  2 9 ' - 2 "  
N 2  p u r g e  ( B e d  a a m p l e  t a p )  

2 9 -  - 2 -  F I  9 3 5 6  
H i g h  p r e s s u r e  t a p  p u r g e  
(PDT. 9 3 5 6 )  
F l  9 3 5 5  A 2 9 ' - 2 "  
T O L  - v a l v e  112 f t  above  g r i s -  

AAC; 

0 2 0 0  

7 - 1 9  

0 4 0 0  1 8 0 0  

I 

I .  

0 6 0 0  2 4 0 0  2 0 0 0  

P ~ K C  : / I S  

2 2 0 0  

- 

0 8 0 0  1 2 0 0  1 0 0 0  1 4 0 0  

D a t e  

1 6 0 0  



APG/ ~ o c a l  P r o f .  9 6 1 6  

T i m e  
FL 9 3 5 5 8  2 9 ' - 2 "  
T o  I.-valve 1 / 2  ft above  q r i d .  

4 
N2 , o i l r ge  t o  L - v a l v e  

F I  9 3 4 4 8  2 9 ' - 2 "  
N 2  p u r g e  t o  L - v a l v e  

F I  9 2 0 A  2 9 ' - 2 "  
N2 p u r g e  o n  H .P .  s i d e  of 
FT 9 2 0  ( P r o .  g a s )  
F I  9 2 0 8  2 9 ' - 2 "  
N2 p u r g e  o n  L . P . S i d e  o f  
FT 9 2 0  ( P r o .  g a s )  

'VT 9 2 0  2 9 ' - 2 "  
P r o d u c t  G a s  P r e s s . ,  

p i s g  

FZ 9369 29'-2- 
s e a l  p o t  N 2  aeration f o r  r e i n j e c t i o l  
o f  2nd s t a g e  c y c l o n e  f i n e s  
7 

29'  - 2" 
s e a l  p o t  i n , d u s . t ,  
l i n e .  2nd s t &  c y c i o n e  

,,I-2'' 9p?6AiBt0 s e a l p o t  i n  d u s t  
r e l n ~ e c t i o n  l i n e ,  2nd s t g .  c y c l o n e  

F I  9391 29' -2" 
N 2  p u r g e  t o  bed sample  l i n e  

P I  9138 291-2"' 
P. Tap on  lw s i d e  of PDT 9 1 3  

PS i g  
F I  9341 29'-2" 

L-va lve  p u r g e  a 1  

29 ' - 2" F I  9342 
L-va lve  pu rge  a2 

F I  9343 29'-2" 
L -va lve  pu rge  r 3  

i 

I 

811; 

: I 400  

I 

P n x e  

2 2 0 0  

- 

2 0 0 0  

I 

[ ) a t e  

1 6 0 0  1 4 0 0  

;rAC 

0 2 0 0  

- 

LROQ 

- - -  

7 - 1 9  

0 4 0 0  060C! 1 2 0 0  0 8 0 0  

- - - -  

. 

1 0 0 0  

- - 

. 





I 

A A C / L o c a l  I P r o i .  9616 

T i m e  

FI 9360 39' -0" 
Low p r e s s .  T a p  p u r g e  

( p p z 9  360) ,.* 
F L  7 o ~  ~7 - U  

N2 p u r g e  ( m i d )  1 s t  s t a g e  
d i p l e g  H P .  s i d e  of (PDT 982F;QRS) 

N2 p u r g e  ( t o p )  1 s t  s t a  R e  d i p  l eg  I .P. s i d e  o f  (PDT . 5 3 )  

F I  983 3'9'-0" 
N2 p u r g e  ( b o t t o m )  l e t  

d i p l e g  L . P . s i d e  o f  (PDT 982 

F I  9363 39'-0" 
N2 p u r g e  t o  f l a n g e  a t  t h e  t o p  
o f  r c t r .  e c r .  f e e d e r  

FI 912 39'-0" 
Low p r e s e .  t a p  p u r g e  
(PDT 912) 
FI 931 39'-0" 
N2 p u r g e  t o  d e l v .  e n d  o f  
m. e c r .  f e e d e r  
FI 930 39'-0" 
N2 p u r g e  t o  r e c e i v i n g  e n d  o f a  . r c t r .  e c r .  f e e d e r  
PDI  915 39'-0" 
AP ' 3 '  f r e e b o a r d  , p s i  

FI 994 39' -0" 
h i g h  p r e e s .  t a p  p u r g e  (PDT 

2 )  Si 

FI 915 B 39 '-0" 
N2 pu rge  t o  lw s i d e  oE PDI 915 

R e v  

0600 

AAC 

0200 

. 

7-19 

0400 

. 
~ / 1 6 / 7 8 : T e s  t Day!/ !Run It Da : e  P a ~ e  1 0 / t J  

1200 

- -  

0800 

-. . 

1 4 0 0  1000 2000 1600 

- * 

1800 

4 

2200 

- 

240C 



I 

~ A G / L o c a l  P r o j .  9 6 1 6  

Time 

F I  9 8 4  5 9  ' - 0,- 
N 2  p u r g e  t o  F . U .  s c a l e  

P I  9 1 2 1  5 9 ' - 0 '  
P r e s s  ,of Quench  N2 
(2nd  s t a g e )  pai l3 
P I  9 1 0 9  59'-C' 
P r e s s  o f  q u e n c h  Hz0 
( 2 n d  's t a g e )  P s i 
P I  9 3 3 0  59' -C, ' - -  - 

p r e s s  o f  q u e n c h  Hz0 
( 2 n d  s t a g e )  p s i g  
P I  9 1 0 3  > Y y  - 0 -  
P r e s s  o f  q u e n c h  N2 
( l e t  s t a g e )  
P I  9 1 0 2  
P r e s s  o f  q u e n c h  H20 
( 1 s t  s t a g e )  ~ s i g  
P I  9164 5 9 '  - Z ' .  
C-2 h o p p e r  p r e s s ,  i n  . - . c .  

F I  9 8 5  5 9 ' - 0 "  

N2 p u r g e  t o  C-2 h o p p e r  
. . 

TI 9381 A 59' -(I" 

BFW Temp. t o  wasteheat b o i l e r .  
F 

TI 9381 B 59'-0 ' 
Steam temp-from uas tehea tobol le r  

F 
PI 9381 A 59' - 3" 
BFW Press .  t o  wasteheat b o i l e r  

PS lE 

PI 9381 B 5 9 ' 4 "  
Steam press.from wasteheat b o i l e -  

PS 'I 
PI 9121 B 59'-8" 
N~ SUPPLY press .  t o  2nd s tzge  

guencher ps i g  

AA(:7-19  

0200  

I , n , , , .  .J I:!]: 

2100 '000 0 4 0 0  

* 

2400 

d 

D a t e  

1600  1400 

r . v . X / 1 6 / 7 A  Y .- 

0600  1800 

I 
. . 

II 

1200  

T e n t  1 
0800  

P a y  

1000 
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a 1 I P r o ! .  9 6 1 b  

T i m e  

F I  9 1 9  6 9 ' - 6 "  
n i g h  p r e s s  t a p  p u r g e  
( P D T  9 4 1 )  2nd s t a g e  cyc.  
F I  9 4 1  6 9 ' - 6 "  
Low p r e s s .  t a p  p u r g e  
(PDT 9 4 1 )  
F I  9 3 3 1  - 
Low p r e s s  t a p  u r g e  
( P D T  9 3 3 1 )  f o r  4nd s t g .  plnh-bP . 
F I  9 1 5  6 9 ' - 6 "  
Low p r e s a  t a p  u r g e .  
(PDT 9 2 0 1 f o r  SrS s t g .  c y c  AP 

F I  9 3 3 8  6 9  " -  6" 
P u r g e  t o  l e v e l  i n d i c a t a r  
( s i l o  A) 
F I  9 3 3 9  6 9 ' - 6 "  
P u r g e  t o  l e v e l  i n d i c a 1 3 r  
( s i l o  8 )  

6 9 ' - 6 " .  F I  9 3 6 2  
N2 p u r g e  t o  s i l o  A h o p p e r  

FI 9340 A by'-6" 
N purge t o  r e a c t o r  h i g h  . p e s s .  

r e l i e f  valve .  
FI 

N purge t o  r e a c t o r  low pcess .  
r e l i e f  va lve .  

A A C  

0 2 0 0  

7 -19  

0 4 0 0  

1 Run 

1 2 0 0  

T e s t  Dayn 

1 0 0 0  

~ e v . 8 / 1 6 / 7 8  

0 6 0 0  2 0 0 0  

i 

. 

I'npc! 

2'00 

I/ 

1 4 0 0  

- .- 

0 8 0 0  

9 - - - - - - - -  

['3/1; 

7 4 0 0  1 6 0 0  1 8 0 0  

. 
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Run Number ,-- AAG C-4 DISCHARGE SHEET 
Sheet  Number 

I N S T I T U T E  0 F G  A S T E C H N O L O G Y  

- - 
7 
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AAG C-7 DISCHARGE SHEET 

Run  umber Sheet  Number I 

Form AHG 7-18 Rev. 8 /1 /78  

I N S T I T U T E  0 F G A S  

- -- 

T E C H N O L O G Y  



AAG 2ND STAGE CYCLONE FINES SHEET 

Run Number Sheet Number 

o Start  f i n e s  rate  a t  steam sv i tchover .  

o A f i n e s  rate  must be taken every 4 hours even i f  drum is not f i l l e d .  

o Take f i n a l  r a t e s  vhen ehutdovn procedure 1s s tarted .  

I N S T I T U T E  

. 

L 

U 

Fona AAC 7 - 1 7  Rev. 

T E C H N O L O G Y  

- 

I 

8 /1 /78  

. 

h 
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AAG 3RD STAGE CYCLONE FINES SHEET 

Run Number Sheet Number 

o Star.t f i n e s  rate  a t  eteam evitchover.  

o A f i n e s  rate  must be taken every 8 hours even i f  drum i s  not f i l l e d .  
. . 

o Take f i n a l  r a t e s  when shutdovn procedure i s  e t s r t e d .  

Form MC 7 - 1 7  Rev. 8 /1 /78  - 

START TLHE F I N I S H  TIKE.  ELP'. TIFIE TARE KT. ' GROSS kT. 

DATE DATE UINUTES U S .  LBS . 
-~ .. 

. 

- 

.-- 

. 
I 

G A S  T E C H N O L 0 , G Y  

NET WT. 

LBS . 

* 
RATE 

LB/HR 

- 

J 



APPENDIX C-1 



INPUT DATA .SHEET FOR AAG6 

Run NO. 

Date 

Time 

TR-9206-17, s t e am 
n - 9 3 7 ,  N~ 

I for  Nz 
3 for  s t e am 

1 for Nz 
3 for  s t e am 

Rev: 8/16/78 

0 to a i r  h t r  
1 to 905 
Z to 906 

FR-905 MI7 - , T , p -  
'F TR-9206-18 . PI-905 IS" W.C. 

p'ig 

' FR-906 MR - . T .. p 
b= S O "  W.C. 'F TR-9206-18 m-906 

psig 

T . p -, 
' F  TR-9206-17, s t e a m  PI-9304 1 for  Nz 

TI-937, N2 psig 3 for  s t e am 

FR-9303 MR - , T , p 
*F 1-1-9303 m-9303 1 for  Nz hm= 100" W. C. psig 2 for  o2 

FR 9405 MR , T ' " - I .  

OF TR-9206-18 hn - 100" W.C. PI 3405 

. P s l g  , 

FR - 937 T MR - * p-' 
hrri = 1000 w. c. F , n - 9 3 7  PI  :937 

Psig 

FR-918 -- 
hm= loo ' ,  W. C. 

FR-909 MR - 8 T P * 
tun = 30" W. C. 'F TR-9206-17. s t e a m  PI-909 ' 1 for  Nz 

n - 9 3 7 .  NL psig 3 for  s t e am 

FR-9394 hR oT I p 
b up 200" W.C. F TI-957 

psig 

IW vent, pal - PI-913, psig 'F, TR-9206-1 'F. TR-9206-3 Vent Diam. . i n  

NOTE: F o r  m e t e r  differential  changes f rom indicated va lues ,  u se  m e t e r  reading on cha r t  multiplied by 

on this sheet . unti l  the p rog ram 1s updated. 

I N S T I T U T E  T E C H N O L O G Y  



APPENDIX C-2 

I N S T I T U T E  . 0 F G A S  T E C H N O L O G Y  

- - 



I N S T I T U T E  G A S  T E C H N O L O G Y  



I N S T I T U T E  

APPENDIX C-3 

T E C H N O L O G Y  



AAG HASS BALANCE W R Y S H E E T  

I Run No. Date T h e  Period I 
' 6 Feed Rate I t/hr O2 to Heater. FR 938 1 - mol/hr 

Mositurc in r/hr Air to heater. FR 995 mol/hr 

Sulfur 

Nitrogen 

Dry Feed . @/hr 

Carbon 

Ash 

Hydrogen 

Sulfur 

Nitrogen 

Oxygen 

Steam I 1 

, Bed Ht./Initial/Final. / ft To venturi, FR 906 mol/hr t mol/hr 

Densitv/lnitial/Final / #/ft3 
 ARC^ Invnt. mols/hr N2 t/hr - 

Carbon O2 
Ash Steam -- 
Hyd.rogen To center jet, FR 940S-mol/h1~ S mol/hr 

\ 

Hydrogen * 
Sulfur 

Nitrogen 

Oxygen 

C-4 Disch. u/hr t t/hr 

Carbon 

Ash 

Hydrogen 

Sulfur 

Nitrogen 

@/hr 

C-7 Disch. Ulhr 

Carbon 

Carbon 

Ash 

Hydrogen 

Sulfur 

Nitrogen 

Aux .  N2/02 to Rectr. FR 9303 

Total at Grid w l / h r  

t t /hr I 

Oxygen 
pp 

2nd Stage Fines . t/hr $ t/hr 

Total N2 Input I mol/hr 

Purnes. incl. 909 4 

t O2 to Heater 

W.W. of gas to heater 

T o  Grid, FR 905 mols/hr 

N2 

O2 
Steam 

Stm. to Venturi. FR 9304 

1 

mol/hr 

N2 I 0, Stm 

" .  
N2 at Grid 

N at venturi 2 
. N, at center jet 

Fines Reinj. gas, FR 909*N2 

Total N2 purges 

\ 

I I 
mol/hr' 

m l / h r  

I N S T I T U ' T E  

mol/hr 

Oxygen 

3rd Stage Fines @/hr 

Carbon 

Ash 

Hydrogen , 

Sulfur 

Nitrogen 

Oxygen 

Stm. to Grid FR 903 

T E C H N O L O G Y  

mol/hr 

t 

Stm. to Heater FR 904 m l s / h r  - 
H2S 

Reactor Gas Condensate 

r[hr 

-- 

mols/hr 

ts 

"2 

N2 from feed 

Subtotal 

Less N2 in Solids discharge 

Total N2 

Dry Reactor Gas mol/hr 

N2 
C O  

C02 

mol/hr 

t sol /hr 
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I N S T I T U T E  

Rev. 8/16/78 

. : .LIAC HEAT B A M C E  WORKSHEET Basis: 77'~ 

Run No. Date Time Period 

T E C H N O L O G Y  

IN 

Coal Feed. Dry 70'~ r/hr 

Moisture 70°F Ilhr 
+ 

N2 Purge, 70°F 8/hr 

FR 905, Grid Gas U~ mols/hr 

N2 
0 

Steam 

FR 903 P. OF, steam mol/hr 

FR. 906, Vent, gas OF mol/hr 

N2 

O2 
Steam 

FR 9304, P. u ~ ,  Steam mol/hr 

FR 9405. Center jet gas "F mols/hr 

N2 

O 2  -. 

om 

Reactor Gas 

OF 

N2 mols/hr 

CO mols/hr . 
C02 mols/hr 

H mols/hr 

. CH mols/hr 

H,S mols/hr ... 
H 0 mols/hr 

Solids 

A Bed Inv. OF 4 /hr 

C-7 Discharge OF r/hr 

C-4 Discharge OF a/hr 

2nd Stage Fines O F r/hr 

3rd Stage Fines O F r/hr 

Steam 
R. C. (Sensible Heat) - 

FR 9303 N /O 70°F mol/hr N2 = Btu/hr 

Coa 1 
CO = Btu/hr - 

Sensible Heat = Btu/hr 

Heat of comb = Btu/hr 

Uois. Enthalpy = Btu/hr 

N7 Purge - 
Purges = Btu/hr 

Grid Gas 

Sen. Heat N = 
2 

Btu/hr 

C02 = Btu/hr 

H z -  . . ~ t u / h r  

a = Btu/hr 

H S =  Btu/hr 

R. C. (Heat of Comb.) - 
co = Btu/hr 
HI = Btu/hr 

ad o Btu/hr 
HIS = Btu/hr 

905 Stm. Enthalpy = Btu/hr Total R.C. Btu/hr 
903 Stm. Enthalpy = 

Total at Grid Btu/hr 

Venturi Gas 

Sen. Heat NZ = Btu/hr 

Sen. Heat 0 = Btu/hr 

906 Stm. Enthalpy = Btu/hr 

9304 Stm. Enthalpy = Btu/hr 

Total at Venturi Btu/hr 

Center Jet 

Sen. Heat N = 
2 Btu/hr 

Sen. Heat 0 = Btu/hr 

9405 Stm. Enthalpy = Btu/hr 

Total at Center Jet Btu/hr 

Total In Btu/hr 

Out - In = Btu/hr 

\ Balance = (Out/In)x100 

Solids (Sen. Heat) 

A Bed = Btu/hr 

C-7 Dis. = Btu/hr 

C-4 Dis. = Bto/hr 

2nd Stage Fines = Btu/hr 

3rd Stage Fines = Btu/hr 

Soilds (Heat of Comb.) 

A B e d  - Btu/hr 
I 

C-7 Dis. - Btu/hr 

C-4 Dis. - Btu/hr 

2nd Stage Fines = Btu/hr 

Jrd Stage Fines = Btu/hr 

Total Solids Btu/hr 

Wall losses Btu/hr 

Total Out Btu/hr 
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RFACTOR CAS . . . . - - - - 
N 2  - mollhr 
CO 

co2 ? . 
Hz 
C", 
11,O 
11,s  

FEED 

ASH 
H O I S T .  
TOTAL 

ASH - 
C l b l h r  
'2 " 

ASH 

Material and Energy 
Balance Summary Sheet 

PRODllCT GAS ---- 
N2 
cn 
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. , AAG OPEMTINC COSDITIONS SULl'i4RI' 

Run So. Date Time Period t o 

Venturi Diameter inches Fee& Material 

I N S T I T U T E  

0 ' ' 1 Arerspe Fluidized Bed Temperature, F , 

2 .4\.erage Reactor Pressure, psig 

3 \'enturi Pressure Drop, .psi 
-.- 

4 Superficial Velocity, .ft/sec 
-.-. 

S Freeboard Velocity, ft/sec 

0 F G A S  

' 6  

7 

R 

9 

T E C H N O L O G Y  

\'rnturi Velocity, ft/sec 
. .. - - . - - 

Crid G35, mol/hr 

Grid Ga. Composition: %N2 

,802 

I 

10 i , %Steam 

1 1  I \'enturi Gas, mol/hr 
I?; Venturi Gas Composition: %N2 

I3 

14 
$02 
%St earn 

15 Fluidized Bed Density, lb/CF 

I lh Fluidi zed Bed Height, ft 

I 7  

18 

19 

20 

21 

22 

Feed Composition, @/hr, %C/%Ash 
Average Fluidized Bed Composition, I/hr, \C/8Ash 

Bed Discharge Composition, n/hr, %C/bAsh 

Venturi Discharge Composition, )/hr, \C/%Ash 

2nd Stage Fines Composition, I/hr, %C/\Ash 

3rd Stapr Fines Composition, t/hr, \C/%Ash 

23 Carbon/Oxygen (Weight Basis) 

24 Carbon/Steam (Weight Basis) 
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I INSTITUTE OF GAS TECHNOLOGY 
LOW-BTU PROGRAM . 

PROCEDURE 
FOR MAINTAINING BED TEMPERATURE 

Under s t eady . f low dur ing  t h e  g a s i f i c a t i o n  p roces s  t h e  bed 
temperature r a r e l y  changes s i g n i f i c a n t l y  . However, sharp.  r i s e  of  
bed temperature can occur  due t o  t h e  fo l lowing  causes :  

(N.B. - Reactor h igh  temperature had been se,t  a t  2 0 0 8 ~ .  A t  
t h i s  temperature steam -or  N2 w i l l  be au toma t i ca l ly  i n j e c t e d  
r e a c t o r  through 904 loop u n t i l  i t  i s  r e s e t .  Therefore 

I I 

be c e r t a i n '  t h a t  loop.904 t o  a i r  hea te r ,  i s  open and 904 switch 
i s  on lioni' p o s i t i o n . )  i 

STEP 

A. Stoppage of  Feed: 

Monitor WR 916. I f  it i n d i c a t e s  t h a t  t h e  hopper i s  empty, s t a r t  
r e c i r c u l a t i n g  feed  t o  hopper. 

. . .  

ACTION . . . 

I f  hopper i f  f u l l  check t h e  fo l lowing:  
- Operation of  t h e  screw feede r  t o  weigh drum. 
- Operat ion of r e a c t o r  screw feede r .  
- Sca le  cyc l e  and o p e r a t i o n  o f  pneumatic va lves ,  C2 ven t .  
- L-valve. 

REMARKS 

I t  i s  always s a f e  t o  i d l e  t h e  u n i t  ( r e f e r  t o  i d l i n g  procedure)  
whi le  feed problem i s  being r e c t i f i e d  and r e - s t a r t  t h e  
g a s i f i c a t i o n  p roces s  a f t e rwards .  

B.  Loosing Bed Height : 

Check bed d i scha rge  r a t e  and C4 d i scha rge  r a t e .  Reduce d i scha rge  
r a t e  whi le  monitor ing bed ash con ten t .  

I Increase  feed  r a t e  t o  main ta in  4  f e e t  o f  bed h e i g h t .  i 

C. Loosing Steam Pres su re :  

Maintain 70 p s i g  steam by a d j u s t i n g  PR923. 

Increase  steam r a t e  through loop 903 t o  r e - e s t a b l i s h  p re -  
determined temperature.  

Page 1 of 2 i 
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1 STEP I ACT I ON REMARKS 
I 

I 4 

i 
While on steam/oxygen gasification reduce oxygen flow and monitor a 

superficial velocity. I 
i 

In case of total loss of steam start shut down (refer to specific 
procedure) I 

I 

D. Onset of Clinker - Formation: 

If any one of thc bed thermocouples suddenly shows a sharp rise . 

in temperature this indicates the onset of clinker formation. 
Start idling the unit. 

I 

Some times the bed height suddenly increases slightly without , 
I 

simificant rise in temperature. This ~ould also indicate the i 
u n s e ~  or clin~er formation. i 

Page 2 of 2 
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Rev. 8.15.78 
INSTITUTE OF GAS TECHNOLOGY 
LOW ' BTU PROGRAM 

PROCEDURE 
FOR SWITCHING FROM COKE TO COAL 

STEP 

Activate s i l o  (A) l e v e l  i n d i c a t o r  and determine t h e  
quan t i ty  of coal  ava i l ab le .  

2 .  I Be c e r t a i n  t h a t  s i l o  (A) hopper i s  f u l l .  I I 
I f  i n  doubt,  f i l l  up hopper: 

- Fl ip  f l a p  gate  t o  "A" p o s i t i o n .  
- Turn on bucket e l eva to r  and feed t r a n s f e r  conveyor. 
- Open s i l o  (A) discharge  valve (V0'-42). This va lve  is used 

regu la te  t h e  f i l l i n g  r a t e  of hopper. 
Caution: I f  valve i s  opened too  much, l a rge  q u a n t i t y  

of  coal  might jam t h e  bucket e l e v a t o r  causing 
lengthy stoppage. :  
- 30 minutes lead time i s  needed p r i o r  t o  

feeding coal t o  r eac to r .  

I f  hopper i s  f u l l :  
- F l i p  f l a p  g a t e  t o  "A" p o s i t i o n .  
- Turn o f f  screw feeder  from S i l o  (B) t o  weigh drum. 
- Switch s i l o  s e l e c t o r  t o  s i i o  (A) p o s i t i o n .  
- Turn on screw feeder  from s i l o  (A) t o  weigh drum (automatic 

p o s i t i o n ) .  

Watch weigh recorder  (WR 916) f o r  f i l l i n g  r a t e  o f  C-1.  I f  it i s  
zero,  you have a  problem on hand, t r y  t o  loca te  source and t ake  
appropr ia te  ac t ion .  

While working on coal  feeding problems, use coke t o  feed t h e  
r e a c t o r  t o  maintain bed height  by: 
- s t o p  screw feeder from s i l o  (A) t o  weigh drum. 
- S t a r t  screw feeder  from s i l o  (B) t o  screw feeder  (Automatic 

p o s i t i o n ) .  

N . B .  - Coal r e c i r c u l a t i n g  t o  s i l o  (A) hopper should be done while 
coal  i s  being fed  t o  r e a c t o r .  I 

Switching from coal  back t o  coke a f t e r  i d l i n g  t h e  u n i t  (low 
r e a c t o r  temperature.) r equ i res  d ra in ing  of .CI & C2, before  
proceeding t o  feed coke. 

I N S T I T U T E  0 F G  A S T E C H N O L O G Y  
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Rev. 8.15.78 

INSTITUTE OF GAS' .TECHNOLOGY 
LOW BTU PROGRAM 

PROCEDURE 
FOR MAINTAINING B ~ D  HEIGHT 

i 

I N S T I T U T E  0 F G A S T E C H N O L O G Y .  

-... ,.-" ..- " - . . . .. . - . .  . -  .. . . . . . . - . .-" - .. -. - . - .  -- . - - . . 

STEP 

1. 

2. 

3 .  
r e a c t o r  screw f e e d e r  %PM. 

B. (To Lower bed 'he ight ) .  

Adjust g a s i f i c a t i o n  media accord ingly  t o  main ta in  d e s i r e d  bed 
temperature and s u p e r f i c i a l  v e l o c i t y .  

Check t h e  r a t e  of  Cq discharge .  ' I nc rease  C-4 d i scha rge  i f  needed 
Bed d ischarge  l i n e  can a l s o  be a c t i v a t e d  i n  c a s e  immediate 
r educ t ion  o f  bed l e v e l  i s  r equ i r ed .  

N.B. Experience shows t h a t  d i scha rge  cyc l e  s e t  on t imer  

Once t h e  d e s i r e d  bed he igh t  i s  reached,  main ta in  bed l e v e l  by 
a d j u s t i n g  r e a c t o r  screw f e e d e r  RPM. 

F 

- ACTION.. . 

A. (To r a i s e  bed h e i g h t ) .  

Increase  RPM of r e a c t o r  screw feede r .  Do not  s e t  t h i s  speed 
h ighe r  than  t h e  r a t e  o f  f i l l i n g  C-1 .  

Check the '  r a t e  o f  bed d ischarge  and C-4 d ischarge .  Reduce t h e s e  
r a t e s  i f  necessary  t o  r a i s e  bed h e i g h t .  

Once t h e  d e s i r e d  bed he ight  i s  reached main ta in  bed by a d j u s t i n g  

REMARKS 

. 
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Rev. 8:15.78 

INSTITUTE OF GAS TECHNOLOGY 
LOW BTU PROGRAM 

. , .t PROCEDURE . 

FOR SWITCHING FROM STEAM/AIR TO STEAM/OXYGEN GASIFICATION 
AND VICE VERSA 

Step 

A. Oxygen Stream 

Act ions  

1. Open a l l  block valves from oxygen tank o u t l e t  t o  AAG bui ld ing 
main oxygen supply valve VO1-101. 

Remarks 

2. Set  oxygen pressure  r egu la to r  a t  70 p s i g .  

3 .  Check FIC 938 and FR 938 f o r  zero reading.  (15  needed, 
have P a n e l l i t  zerocheck them.) Be c e r t a i n  t h a t  
instrument a i r  .is on. 

4. Check 938 loop. Bypass valve V13'-33 must be closed.  Open V13'-84 
and V13'-83. 

5. Open oxygen main supply valve 0'-101. 

B. Steam Flow 

1. Be c e r t a i n  t h a t  a l l  block valves on 904 loop t o  t h e  a i r  h e a t e r  
a r e  open. (Except 904 bypass .valve V13'-49, V13'-74, -V13'-45, and V13'-46 1. 

2. Steam i n j e c t i o n  904 system i s  on p o s i t i o n .  

3. Check FIC 904 and FR 904 f o r  zero reading.  Be c e r t a i n  t h a t  instrument 
a i r  i s  on. 

C. Switching from Steam/Air t o  Steam/Oxygen 

1. F l i p  a i r  p ressu re  bypass switch PSL 960 t o  ON p o s i t i o n .  

2. I f  O2 is  used a t  t h e  9303 j e t ,  c lose  $ manual s t a t i o n  V21'-112, V211-113 
and open vent V211-114. 

. . .  

Page 1 of 2 
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Step Act ions  

- 
Remarks 

3. Switch FIC 904 t o  manual pos i t ion .  Open FV 904 s l i g h t l y  t o  
have 10 mols/hr of  steam. Se t  FIC 904 on " A ~ t o r n a t i c ~ ~  p o s i t i o n .  

4. Open main vent valve (VO1-5) s l i g h t l y .  

5. Switch FIC 938 t o  manual p o s i t i o n .  Open FV 938 s l i g h t l y  t o  have 
2 mols/hr of  oxygen. 

6 .  Press  llOxygen-Onll b u t t a n  on t h e  panel board. Green l i g h t  i n d i c a t e s  
t h e  so lenoid  valve i s  open and oxygen i s  flowing. 

7 .  Monitor FR 904 and FR 938 f o r  c o r r e c t , f l o w .  Af ter  t h e  steam and 
oxygen flows have been es tab l i shed ,  switch FIC 938 t o  "automatic" 
p o s i t i o n .  

8. Raise flow through 904 and 938 slowly i n  corresponding r a t i o  while 
i n t e r m i t t e n t l y  opening manual vent  .(VOt-51.To monitor t h e  p ressure  
of  t h e  steam/oxygen stream on PIC 901, switch $-way d i v e r t e r  . 

valves  on panel board t o  steam/oxygen mode and t o  PT 901. 

9. A s  t h e  steam/oxygen flow inc reases ,  a i r  flow decreases a s  indica ted  on 
FR 995. When flow 904 and 938 reach t h e  des i red  s e t  p o i n t ,  c lose  
main a i r  i n l e t  valve t o  heaterV13'-42.  

10. Adjust 904 and 938 flows t o  maintain bed temperature and v e l o c i t i e s .  

IMPORTANT: In emergency h i t  t h e  "oxygen Off" but ton  on t h e  panel 
board. Red l i g h t  i n d i c a t e s  oxygen i s  o f f .  

11. Turn o f f  compressors. (Refer t o  s p e c i f i c  procedures) 

D. Switching From Steam/Oxygen Back t o  Steam/Air Gas i f i ca t ion  

1. Turn on compressors ( r e f e r  t o  s p e c i f i c  procedures) .  

2 .  Switch 3-way d i v e r t e r  valves t o  s team/ai r  mode and t o  PT 9337. 

3. Set  PIC 901 a t  20 p s i  and on automatic operat ion.  

4.  Open main a i r  i n l e t  va lve  YO'-1. 

5. Decrease flows through 904 and 938 t o  maintain s teady flow a t  
905 and 906. 

46. Check t o  b.e c e r t a i n  N2 manual s t a t i o n  t o  9303 i s  open. 

7 .  Cut o f f  oxygen flow by h i t t i n g  "Oxygen Off" switch. 

8. Reduce FIC 904 t o  zero.  

9. Once s teady flow i s  res to red ,  f l i p  PSL 960 t o  OFF pos i t ion .  

Page 2 of 
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Rev. 8.15.78 
ZNSTlTUTE OF GAS TECHNOLOGY 
1.OW BTU PROGRAM 

PROCEDURE FOR I D L I N G  THE UNIT 

Introduce steam t o  a i r  h e a t e r  through FR 904 

In t roduce  steam t o  v e n t u r i  through FR 903 .and BR-4304 

Tyrn PSL 960 t o  "ON" p o s i t i o n  

Reduce a i r  flow t o  t h e  r e a c t o r  as you i n c r e a s e  steam 

Turn o f f  oxygen i f  it i s  being used 

Make s u r e  N; i s  flowing through FR 9303 when 0 i s  tu rned  o f f  2 

In t roduce  enough steam i n t o  t h e  r e a c t o r  t o  s u s t a i n  f l u i d i z a t i o n  
(about 50 moles) 

Close t h e  4" bras.s. .valve (V13'-42) on 13 '  l e v e l  t o  i s l o a t e  t h e  
compressor and t o  prevent  steam from g e t t i n g  i n t o  t h e  compressor. 

Turn o f f  t h e  f eed  

I N S T I T U T E  
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SHUTDOWN PROCEDURE FOR 

ASH AGGLOMERATING GASIFIER 

B Run No. . . . . Date ~ 

Reason f o r  Shutdown Time 

. -. . .  . . 
Action: . . . .  . .  . . . . .  .. . . ' I n i t i a l  

1. Diver t  N2 t o  FE9303 ( i f  O2 is  being used) b y u s i n g  SW9303. 

2. Turn o f f  O2 va lve  a t  t he  pane1,and a l l  va lves  r e l a t e d  t o  0 
flow on the  O2 pad and i n  t h e  bui1,ding. 2 

3. Diver t  a l l .  dust.  from..second and t h i r d . s t a g e  cyclones t o  t he  
bypass. 

4. Diver t  steam flow i n  FE904 t o  t h e  g r i d  and FE903 t o  t h e  
v e n t u r i .  Turn o f f  feed .  

5. In t roduce  flows i n  FE903 and FE904 whi le  s imultaneously 
reducing a i r  flow t o  FE905, FE906, and FE9405 t o  s u s t a i n  
f l u i d i z a t i o n .  

6. Turn of f  a i r  h e a t e r .  

7. Close 4" b r a s s  block va lve  Y13'-42 on 13'-10" l e v e l ,  a s  
FR 905, 906 and 9405 approach zero .  

8. F l i p  a l l  p r e s s u r e  swi tches  PSL959, PSL960, PSL954 and v e n t  
va lve  bypass t o  "on" p o s i t i o n .  

9. Turn o f f  compressor (Joy) and i t s . c o o l i n g  water  pump. 

10. T e l l  a n a l y t i c a l  l a b  t o  t u r n - o f f .  

11. Close VS9'.-6. 

12. Turn o f f  FI920A, FI920B, and FI9348. 

13. Close FV934. 

14. Let  r e a c t o r  coo l  down t o  1 0 0 0 ~ ~  w i t h  steam be fo re  a t t empt ing  
t o  remove t h e  bed. 

15. Remove t h e  bed e i t h e r  through t h e  v e n t u r i  o r  bed d i scha rge  
l i n e .  

16. Switch t o  N2 a t  FE903 and 904. 
m 

17. Turn o f f  flow t o  FE903 and reduce f low t o  FE904 t o  5000 SCFH. 

18. Drain 1st and 2nd s t a g e  quenches of any s o l i d s  or  water .  
Make s u r e  t h a t  they  a r e  empty. Leave them open. 

I N S T . 1  T . U , T  E 0 F G A S .  T + E  C H . N  0 L 0 G Y 



Shutdown Procedure for Ash Agglomerating Gasifier 

19. When the reactor temperature drops to 800°~, close the 
block valves upstream of TV917 and TV9330. Close RFW bypass 
and valve downstream of quench pump (V21'-120 & V21t-125). 

20. Remove spool piece from natural gas mainline and install 
blind flanges to prevent all flow. 

21. When the geactor temperature as indicated by TE9206.13 drops 
below 600 F, start opening.the manways. Follow manway 
,opening procedure from this step onward. 

. . 
" I N S T I T U T E  O F '  G A S  
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Run # 

1. S t a r t  p l a n t  a i r  t o  r e a c t o r  v i a  s t a r t - u p  burner when TE-9206-13. 
reaches 600'~. I f  temp r i s e  gccurs and l a s t s  f o r  15 minutes ,  s t o p  
a i r  flow, cool r e a c t o r  t o  500 F, re in t roduce  a i r  flow f o r  15 minutes 
t o  check again f o r  temp r i se . .  
Comments : ) 

2 .  Blast  with N ' t h r o u g h  bypasses on F I ' s  t o  a l l  purges on i n t e r n a l ,  
second, and Zhird s t age  cyclone d ip legs  t o  c l e a r  p r e s s q e  t aps  of  
dus t  . 
Comments : 

3 .  Turn off  a l l  flows t o  u n i t  including main N . Remove spool  piece 
and i n s t a l l  b l ind  . f langes  . t o  b l o c k a l l  N2 flow t o  t e a c t o r  system. 
Notify HYGAS we a r e  no longer using N2. 
Comments. 

4 .  ob ta in  signed approval from s h i f t  eng ' r  t o  open reac to r .  Send 
copy t o  s h i f t  supervisor .  

5. . Open b l ind  f l ange  on r e a c t o r  o u t l e t  "T" by loosening a l l  b o l t s ,  
then loosening f.lange. ,When.aosured t h a t  any r e s i d u a l  p ressu re  
has.been re l i eved ,  remove b o l t s  and then f lange .  
Comments : 

6 .  Open upper manway. Follow Procedure of Item 5. I n s e r t  a i r  mover. 

7 .  Open lower manway. Follow procedure of Item 5. 
Comrnen t s : 

Comments : 

8. Open valves below ven tu r i  t o  he lp  draw cool a i r  t o  r e a c t o r .  
Comments : 

9. Check PT' s and P R ' s  f o r  zero reading.  
Comments : 

I  N . S  T , I  T  U T  E 0 F G A S  T E C H N O L O G Y  



10. Check a l l  PDT's and PDR1s f o r  zero reading.  
Comments : 

11. Check a l l  l o c a l  gauges f o r  zero reading.  
Comments : 

12. Add o i l  t o  automatic valve o i l e r s  on 211,  2 9 ' ,  3 9 ' ,  SO1, a ~ t l  59l 
l e v e l  with DTE-24 o i l .  
Comments : 

1 3 .  I f  t he  manways a r e  open and t h e  r e a c t o r  temperature begins t o  rise 
(bed mate r i a l  oxidiz ing) ,  put  n i t rogen through 905 6 906. and pos t  
a s i g n  a t  each manway t h a t  n i t rogen is  i n  the  r eac to r .  

14. ~ e f o r e  proceeding with t h e  r e a c t o r  check l is t ,  check t h e  r e f r a c t o r y  
t o  insure  t h a t  none w i l l  f a l l  while working i n  t h e  r eac to r .  

I N S T I T U T E  0 F '. G A S  T E C H N O L O G Y  
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Once feed t o  t h e  r e a c t o r  has  s t a r t e d ,  t h e  feed  sample i s  t o  be taken 
every  fou r  hours  u n l e s s  o the rwi se  s p e c i f i e d .  The sample p o i n t  i s  l o c a t e d  
on the  39' l e v e l  under t h e  r e a c t o r  screw f e e d e r  d i r e c t l y  below t h e  C-8 
hopper.  The sample is  t rapped  and i s o l a t e d  by use  of two 3" b a l l  va lves  
and then d ischarged  through a  4" p ipe  l i n e  t o , b e  c o l l e c t e d  i n  a  5-gal lon 
p a i l  a t  grade l e v e l .  

The procedure i s  a s  fo l lows  : See F igure  D - 1 '  .. 

1. Place  an empty 5-gal lon p a i l  beneath t h e  f eed  d i scha rge  l i n e  a t  g rade  
l e v e  1. 

2. A t  t he  29' l e v e l ,  t h e  feed d ischarge  1 i n e . b r a n c h e s  o f f  i n t o  two s e p a r a t e  
l i n e s .  One l i n e  goes t o  grade l e v e l  i n s i d e  t h e  b u i l d i n g  where t h e  
sample i s  c o l l e c t e d ,  and t h e  o t h e r  goes t o  grade l e v e l  o u t s i d e  t he  . 
b u i l d i n g .  Open V29'-78 (4" k n i f e  g a t e  va lve  block) and c l o s e  V29'-79 
(4" k n i f e  g a t e  va lye  block)  s o  t h e  sample w i l l  be c o l l e c t e d  i n s i d e  t h e  
bu i ld ing .  

3. A t  t h e  39' l e v e l  make s u r e  V39'-51 (3" b a l l  va lve )  is  c l o s e d ,  then  open 
V39'-52 (3" b a l l  va lve  d i r e c t l y  below screw feeder.). . . 

4 .  Wait s e v e r a l  seconds f o r  t h e  s e c t i o n  of 3" p i p e  between V39-'-52 and 
V39'-51 t o  f i l l  wi th  feed  sample,  then  c l o s e  V39'-52 t o  i s o l a t e  t h e  
sample from t h e  r e a c t o r .  

CAUTION: A t  no t ime should V39'-52 and V39'-51 both  be open a l lowing  
r e a c t o r  p r e s s u r e  t o  escape  through sample d i s cha rge  l i n e .  

5 .  Next, open V39 '-51 t o  d i s cha rge  t h e  sample t o  a  5-gal lon p a i l .  

6.  When t h e  3" l i n e  between V39'-52 and V39'-51 is empty, c l o s e  V39'-51. 

7. C o l l e c t  a  q u a r t  sample from t h e  5-gal lon p a i l . .  Label  it "Feed Sample", 
"Coket1, o r  "Coal". Mark t h e  c o r r e c t  t i m e ,  d a t e ,  and run  number. Record 
t he  sample i n  t h e  running.  sample l og .  

NOTE:' ~ f t e r  t he -  feed s t o c k  t o  t h e  r e a c t o r  has  been switched from coke 
t o  c o a l  o r  v i c e  v e r s a ,  t h e  next  sample taken  should be d i scarded  due 

. 

t o  p o s s i b l e  r e s i d u a l  feed sample i n  t h e  feed d ischarge  l i n e  d i r e c t l y  
above V39'.-52. Af t e r  d i s c a r d i n g  t h e  f i r s t  sample,  res,ample . .  and . prope r ly  
l a b e l  t h e  ,second sample. 

I N S T I T U T E .  0 F .: G  A S, T E C H N O L . O G Y  
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Bed Sample 

'The  bed sample t a p  i s  l o c a t e d  on. t h e  29' l e v e l  and a  sample i s  taken  
every hour ,  once autogenous r e a c t i o n  h a s  begun. The procedure is a s  fo l lows:  
See Figure D-2:. 

1. P lace  an empty sample bo t  under t h e  o u t i e t  o f  t h e  sample d i s cha rge  l i n e .  

2. P lace  t h e  cool ing  c o i l  i n  t h e  po't and e s t a b l i s h  t h e  flow on F I  9404. 

3. Close V29'-55 on t h e  sample t a p  l i n e  i f  open. 

4 .  Open block va lve  ~ 2 9 ' - 5 4  on t h e  sample d r a i n  l i n e  i f  c lo sed .  

5 .  Open V29'-160, i f  i t  i s  c lo sed  ( t h e . v a l v e  should s t a y  i n  t h e  open p o s i t i o n ) .  

5. Close V29'-163 s i g h t  p o r t  b lock  va lve  i f  open. 

7 .  Rapidly swing open, c losed  V29'-55. Reactor  p r e s su re  w i l l  move t h e  sample 
through the  1" l i h e  t o  d r a i n  t o  t h e  sample pot .*  

8 .  I f  t h e  sample.does n o t  move f r e e l y  through t h e  1" l i n e ,  use  n i t r o g e n  from 
V29'-58 t o  a i d  sample flow.* 

9.  When 112 t o  1 q u a r t  of sample has  been c o l l e c t e d  and V29'-35 i s  c l o s e d ,  
. c l o s e  V29'-58 i f  t h e  N2 b l a s t  i s  on. 

10 .  '.. . c l o s e  ~ 2 9  ' -160. 

11. Open V29'-55. 

12.  A f t e r  t h e  sample has  cooled ,  t u r n  o f f  t h i  N f low through F I  9404 t o  t h e  
2  

sample c o i l .  Remove t h e  c o i l  and p l a c e  t h e  sample i n  a  q u a r t  j a r .  Label  it 
?Bed Sample". Mark t h e  c o r r e c t  d a t e ,  t ime and run  number on l a b e l .  Record 
t h e  sample i n  t h e  running sample l og .  

*CAUTION: Face s h i e l d  o r  goggles  must be  worn when t a k i n g  sample. 

G A S .  T E C H N O L O G Y  
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2nd Stage Fines Sample 

. .Once autogenous r e a c t i o n  has  taken p l ace  the  second s t a g e  f i n e s  sample 
is  taken every fou r  hours  u n l e s s  o therwise  s p e c i f i e d .  The sample i s  taken 
a t  one of two p o i n t s ,  1 )  a t  t he  bottom of t he  C-5 hopper,  grade l e v e l ,  when 
f i n e s  a r e  not being r e i n j e c t e d  i n t o  t h e . r e a c t o r ,  and 2) d i r e c t l y  from the  
cyclone d i p l e g  l i n e  a t  the  39' l e v e l  when f i n e s  a r e  be ing  r e i n j e c t e d .  

The procedure f o r  t ak ing  a sample when f i n e s  a r e  be ing  c o l l e c t e d  a t  
grade l e v e l  i s  a s  fo l lows:  

See F igure  D-3.  
1. Close the.VO1-106, 2" b a l l  va lve .on  t h e  o u t l e t  of the C-5 hopper t o  al low 

dus t  t o  c o l l e c t  i n  the  hopper i f  the  va lve  i s  n o t  a l r e a d y ' c l o s e d .  

2. While wa i t i ng  f o r  dus t  t o  c o l l e c t  i n  t h e  hopper ,  screw a sample j a r  on to  
the  sample cap a t t ached  t o  t he  314" l i n e  out  of t h e  bottom c o n i c a l  s e c t i o n  
of t he  C-5 hopper.  

3 .  Open.VO1-100 c a r e f u l l y  t o  a l low sample t o  f low from t h e  C-5 hopper i n t o  
the  q u a r t  j a r ;  (Rapid opening and c l o s i n g  of va lve  works b e s t  t o  o b t a i n  
a  sample without  plugging sample l i n e . )  

4 .  When t h e  j a r  i s  h a l f  f u l l ,  c l o s e  VO1-100 and remove t h e  j a r  and l a b e l  i t  
"2nd Stage Fines". Mark the  c o r r e c t  t ime,  d a t e  and run  numb,er on t h e  l a b e l .  
Record t h e  sample i n  t h e  running samp'le log .  

The procedure f o r  t ak ing  a ' s ample  when f i n e s  a r e  be ing  r e i n j e c t e d  i s  a s  
fo l lows  : 

See Figure  D-4. 

1. Connect a  c l e a n  sample con ta ine r  t o  t h e  sample l i n e  us ing  two p ipe  wrenches 
t o  t i g h t e n  t h e  1" connect ing  union. ' 

2. Open V39'-94 block va lve  on t h e  dus t  sample c o l l e c t i n g  l i n e  t o  t h e  sample 
c o n t a i n e r .  

3 .  P a r t i a l l y  open t h e  V39'-95 vent  va lve  on t h e  sample con ta ine r  t o  a s su re  flow 
of dus t  i n t o  con ta ine r .  

4 ,  Determine when t h e  c o n t a i n e r  i s  f u l l  by observing d ischarge  from v e n t ,  then 
c l o s e  the  V39'-94 block va lve  on t h e  sample l i n e  and d isconnect  t he  con ta ine r  
'from t h e  l i n e .  

5 .  Label t h e  c o n t a i n e r ,  "2nd Stage F ines  - r e i n j e c t i o n " .  Mark the  c o r r e c t  t ime,  
d a t e  and run number on the  l a b e l .  Record t h e  sample i n  t h e  running sample 
log .  
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3rd Staee Fines Sam~le 

The third stage fines sample is taken every four hours once autogenous 
operation has been achieved. 

, The sample is taken at one of two points: (1) at grade level at the 
bottom of the C-6 hopper when 3rd stage cyclone fines are being collected; and 
(2) at the 29' level when 3rd stage cyclone fines are being reinjected into 
the reactor. , 

The procedure for sampling when fines are being collected is as follows: 

See Figure D-4. 

1. close the VO1-112, 2" ball valve (block valve) on the outlet of 
C-6, if it is not already closed, to collect dust in the C-6 hopper. 

2. While fines are collecting in the hopper, screw the sample quart jar 
onto the threaded top attached to the 3/4" line out of the bottom conical 
section of the C-6 hopper. 

3. Carefully open VO1-105 to allow sample to .flow into the quart jar. (Rapid 
opening and closing of valve works best to 0btain.a sample without 
plugging sample'line. 

4. Collect 1/2 jar and then close VO1-105. Remove the jar. Label it: 
"3rd Stage Fines". Mark the correct time, date and run number on the 
sample label. Record the sample in the running sample log, 

When fines are being reinjected,.the procedure is as follows: 

See Figure D-6. 

1. Connect a clean sample container to the sampling line coming directly off the 
3rd stage cyclone dipleg by means of the 3/4" pipe union provided on line,. 

2. Open V29'-129, block valve on the sample line out of the 3rd stage dipleg. 

3. .Open V29'-127, vlock valve on the sample cantarner. 

4. Partially open the V29'-126,vent valve on the sample container to assure flow 
of fines into the container. 

5 .  Determine when the container is full by observing discharge from the vent, 
then close V29'-127 and clean the sample line with an N2 blast from 
V29'-128. 

6 .  When the sample line into the dipleg is clear, close V29'-129.' 

7. Close N2 blast valve V29'-128. 

8. Remove thd sample container. 

9. Open V29'-128 and then open V29'-129 to clean the sample line to the dipleg 

10. When the line is clear, close V29'-129. 

11. Close V29'-128. 

I N S T  I I T . U  T  E  O F ,  G A S T E C - H N O L O G Y  



3rd S tage  Fines Sample, Continued 

12'. T rans fe r  t h e  sample t o  a  q u a r t  j a r .  Label i t :  "3rd S tage  Fines".  

. , Mark t h e  c o r r e c t  t ime,  d a t e  and run  number on t h e  sample l a b e l .  Record t h e  
sample i n  t h e  running sample log .  

13.. Connect a c l ean  sample c o n t a i n e r  t o  t h e  sample l i n e .  

I N S T I T U T E  0 F G  A S T E C H N O L O G Y  
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Reactor Gas Sample* 

The Reactor Gasis monitored continuouslyfor 02, C02, CO, H2 and ~ethane,' 

once the start-up burner has been lit. . A  reactor gas sample is taken. 

every four hours once autogenous state has been reached. 
! 

The sample is taken from' the reactor at the upper-most nozzle on 

the east side of the 39' level. See sketch of sampling system, Figure D-7. 

, The sampling system is operated by the analytical group only. 

The analytical group is to be notified by the shift engineer as soon as 

feed to the reactor is started so that the sampling system and analyzer can 

be readied. 

The analyzer outputs are monitored in the control room on the' analyzer 

recorders. Any unusual, readings should be reported to the analytical group 

for verification. The analyzers are calibrated daily. 

* If anything appears amiss with the above.equipment, notify the 
shift engineer immediately as reactor gas could be leaking into the 
AAG building. 
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Product Gas Condensate Sample 

Once an autogenous stage has been reached, the product gas condensate is 
. . 

collected continuously and a sample is taken every 8 hours. 
. . 

The sample is used to test for sulfur, other inorganic and organic. compounds 

and the amount of condensate collected. 

The sample is taken off the product.gas line at the 21' level. See sketch 

of sampling system, Figure D-8. 

The sampling system is operated by the analytical group only. 

The analytical group is to be notified by the shift supervisor as soon 

as the start-up burner is lit, so that the sampling system can be readied. 

No monitoring of the system by AAG personnel Is necessary, but if 

irregularities or 1eaks.are noticed in the sampling system, they should be 

reported to shift engineer so the analytical group can be notified to' take 

corrective action. 

G A S  T E C H N O L O G Y  
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Ventur i  Discharge Rate and Sample 

The v e n t u r i  d i scharge  i s  taken every hour on t h e  h a l f  hour s t a r t i n g  when 
feed  t o  t he  r e a c t o r  begins .  A sample of t h i s  d i scharge  i s  taken every two 
hours  un le s s  o therwise  s p e c i f i e d .  This  d i scha rge  is  we ighed , in  55 g a l l o n  
drums and a l l  weights  a r e  recorded on t h e  C-4 d i scha rge  shee t .  (The s o l i d s  
a c t u a l l y  d ischarge  from t h e  C-4 'hopper i n t o  t h e  drum.) A l l  C-4 drums a r e  
l abe l ed  wi th  c o r r e c t . r u n  number and drum number. 

When FV999 is  open and V0'-41 i s  c losed ,  t h e  C-4 'discharge and sampling 
procedure i s  a s  fo l lows:  

See Sketch F igure  D-9. 

1. Set  t h e  so lenoid  ope ra t ed  n i t r o g e n  b l a s t  purge (SW 999) t o  FV 999 f o r  
automatic  ope ra t ion .  

\ 

2.  Close FV 999, (HPB 999) ( the  s l i d e  g a t e  va lve  between C-3 and C-4), t hen  
the  FV 999 l i m i t  swi tch  w i l l  a c t i v a t e  t h e  "closed" l i g h t .  

3.  When t h e  "closed" l i g h t  a s s u r e s  t h a t  t h e  FV 999 is  f u l l y  c lo sed ,  open 
PV 9350, t h e  so lenoid  opera ted  C-4 ven t  va lve .  The EL 9350 l i g h t  w i l l  
glow red .  

4 .  When P I  908 i n d i c a t e s  l@ss than  .2 p s i  i n  t h e  C-4 hopper,  s lowly open 
V0'-41 (va lve  below t h e  C-4 hopper) t o  r e l e a s e  any r e s i d u a l  p r e s s u r e  
no t  i n d i c a t e d  on P I  908. Use a scoop t o  sample t h e  d ischarge  a s  i t  f lows 
from the  C-4 hopper i n t o  a  t a r e d  and c o r r e c t l y  l abe l ed  drum. 

5.  Put  t h e  scoop wi th  the  sample on t h e  s c a l e  top  f o r  obse rva t ion  whi le  
cool ing .  

6 .  Before V0'-41 i s  f u l l y  opened, b u t  a f t e r  t h e  i n a t e r i a l  has  d ra ined  from 
C-4, open V0'-140 (NZ b l a s t  t o  V0'-41) and a d j u s t  t h e  purges t o  t h e  
bonnet and s e a t  by us ing  V0'-87, V0'-88 and VOl-89 t o  c l e a r  t he  va lve  
of any r e s i d u a l  d i scharge .  

7. Open VO1-41 f u l l y  t o  a s s u r e  t h e  C-4 hopper i s  empty; then  c l o s e  V0'-41 
a f t e r  t h e  C-4 hopper is  c e r t a i n l y  empty. I f  V0'-41 is  p rope r ly  c lo sed ,  
t he  N2 flow a t  V0'-140 w i l l  s t o p .  L i s t e n  f o r  t h i s  s t o p .  

8 .  Close V0'-140 (N2 b l a s t  t o  V0'-41). 

9. Close PV 9350. EL 9350 must s t o p  glowing o r  t h e  ven t  is  n o t  c losed .  

10. Open FV 999 ( s l i d e  g a t e  between C-3 & C-4 hoppers) ;  a n  "open" l i g h t  w i l l  
. i n d i c a t e  FV 999 i s  f u l l y  opened.. P I  908 w i l l  now i n d i c a t e  t h e  p r e s s u r e  
i n  C-4. 

11. Discharge i s  now complete and t h e  weight of t h e  C-4 drum can be logged. 

12. When t h e  sample c o o l s ,  p l a c e  i t  i n a  1-quart  ja? and l a b e l  i t  "C-4" . Mark 
the  c o r r e c t  t ime,  d a t e ,  and run number. Record t h e  sample i n  t h e  running 
sample ' log. 
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Bed Discharge Rate and Sample 

See ske t ch  F igure  D-10 

A) Turn o f f  t h e  bed d i scha rge  t imer  (TCC 9349) on t h e  push-button pane l  i n  
t h e  Cbnt ro l  ~ o o m  and c l o s e  t h e  b lock  va lve  (V21'-82) below t h e  3" 

.au tomat ic  bed d i scha rge  va lve  FV 9349. (21'-6" l e v e l . )  

B) A t  t h e  ground l e v e l  - 
1. Open t h e  C-7 hopper ven t  so l eno id  (S-9390). The r e d  l i g h t  must begin  

t o  glow. 

2. Open t h e  va lve  (V0'-48) below t h e  C-7 hopper and wai t  u n t i l  t h e  
m a t e r i a l  i s  dra ined  i n t o  t h e  55-gallon drum. Use b l a s t  va lve  

. VO1-93 t o  c l e a n  t h e  s o l i d s  from VO1-48. 

. 3 .  Close t h e  va lve  below C-7 and c l o s e  t h e  C-7 vent  va lve .  

, 4 .  .Weigh the  d ischarged  m a t e r i a l  and record  t h e  weight on t h e  C-7 
. . discharge  s h e e t .  

5. Take a one-quart sample of t h e  bed d ischarge  m a t e r i a l  from every  
f i l l e d  drum. 

C) Open t h e  block va lve  below t h e  3" au tomat ic  bed d ischarge  va lve  and t u r n  
' o n  t h e  bed d ischarge  t imer  a t  t h e  push-button panel .  

D) I f  t h e  m a t e r i a l  i s  d i scha rg ing  from t h e  bed: 

1. PDR 912 w i l l  i n d i c a t e  a cont inuous lowering of t h e  bed l e v e l .  

2. TI 9207 w i l l  i n d i c a t e  a r i s e  i n  temperature t o  500°F o r  h ighe r .  

3.  The bed ash  content  should f a l l  t o  a lower l e v e l  than  i n  t h e  previous  
hour .  

I N S T I T U T E .  O F .  G A S  T E C H N O L O G Y  
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF 
HIGH TEMPERATURE IN THE REACTOR 

1. Examine the temperature chart (TR 9206) to dete~ine if the bed rise is 
uniform throughout the bed or localized. 

2. If the temperature is localized and if the formation of clinker is apparent, 
start shutdown procedure. 

3 .  If the temperature rise is uniform throughout the bed, tfdllow the idling 
procedure. 

4. Determine ash content of the bed. 

5. If ash content of the bed exceeds 30%, drop 600# of bed material and 
feed equivalent amount of fresh feed to lower the ash content of the bed. 

6. Resume normal operations as the bed temperature approaches 1400'~ uniformly. 

7.  During any procedure or by human error, if the bed gets defluidized and 
does not get refluidized either by steam or air, start shutdown procedure 
immediately. 
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF 
LOSS OF STEAM 

1. In t h e  event o f  l o s s  o f  steam pressure ,  PSL 959 ' w i l l  shutdown t h e  
. compressor and oxygen valve. 

2. Introduce N2 t o  t h e  a i r  h e a t e r  through F R W ~  immediately t o  s u s t a i n  
f l u i d i z a t i o n .  Turn o f f  the  feed. 

3. Inform 'HYGAS o f  steam shutdown. 

4. Res tar t  t h e  u n i t  when steam re tu rns .  

5. If during steam shutdown, bed g e t s  de f lu id ized  due t o  l o s s  of a i r ,  
and i f  it does not  r e f l u i d i z e  a f t e r  steam reswnes,,start shutdown 
procedure immediately. 
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EMERGENCY SHUTDOWN PROCEDURE I N  CASE' OF 
LOSS OF PROCESS AIR 

1. In the event of loss of process air, P S L  960 will shut down air heater, 
close the 6-inch cylinder valve and activate N blast in the venturi. 2 

2. Implement the idling procedure. 
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EMERGENCY SHUTDOWN PROCEDURE I N  CASE OF 
LOSS OF POWER 

1. Loss of power would shut down the compressor which in turn will 
activate P S L  960 to turn off air heater and close the cylinder valve. 

2 .  If the loss of power is momentary, restart the compressor immediately, 
turn on the air heater and resume normal operation. 

3 .  If the bed gets defluidized due to loss of air compressor and does not ;efluidize 
with air, start shutdown procedure immediately. 
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EMERGENCY SHUTDOWN PROCEDURE I N  CASE OF 
LOSS OF NITROGEN 

1. Loss o f  n i t r o g e n  would r e s u l t  i n  t h e  l o s s  of a l l - . t h e  purges ,  l o s s  
of flow i n  t h e  9303 l o s s  o f  a tomizing n i t rogen  i n  t h e  
quenchers ,  and probable  l o s s  o f  feed  i f  L-valve i s  i n  ope ra t i on .  

2 .  S t a r t  i d l i n g  procedure.  

3 .  Inform HYGAS about  NZ p r e s s u r e  f a i l u r e .  

4 .  When N2 i s  resumed, determine t h e  number o f  plugged p r e s s u r e  t a p s ,  
nozz l e s ,  and j e t s .  

5. If t h e  e x t e n t  o f  plugging i s  n o t  ex t ens ive ,  resume the ,no rma l  run 
ope ra t i on .  

6 .  I f  many nozz l e s  a r e  plugged,  s t a r t  t h e  shutdown proce'dure. 

I N S T I T U T E  \ 
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EMERGENCY SHUTDOWN PROCEDURE IN CASE OF 
LOSS OF FEED 

1. Loss of  feed would r e s u l t  r i s e  g f t h e  bed temperature and 2n poss.ible 
damage t o  the  reac to r  feed screw. 

2 .  Turn o f f  the  r e ac to r  feed screw. 

3 .  S t a r t  i d l i ng  procedure. 

4. D e t e r m i n e t h e c a u s e f o r f e e d f a i l u r e .  

5. Rectify the  feed problem. 

6. Resume normal run operations.  
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