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EPRI PERSPECTIVE 

PROJ~C~DESCRIPTION 

The Lurgi moving-bed g a s i f i e r ,  as c u r r e n t l y  u~ed commercial ly in  South A f r i c a  and 

elsewhere, i s  a p r e s s u r i z e d  c s u n t e r e u r r e n t  re~vtor  wi th  the coal  fed and the ash 

withdrawn v ia  lock hoppers.  Excess steam i s  i n j e c t e d  a t  the bottom to  keep the  ash 

below i t s  f u s i o n  tempera ture  so that  i t  o p e r a t e s  wi th  dry ash re~ovs l .  This  excess  

steam reduces the thermal e f f i c i ency  and produces large volumes of  contaminated 

water, which requ i re  treatment. ThqA B r i t i s h  Gas Corporat ion (BGC) i s  developing a 

slagging v e r s i o n  of  the Lurgi  g a s i f i e r .  By o p e r a t i n g  a t  higher s l a g g i n g  tempera-  

tu re ,  only the steam for the g a s i f i c a t i o n  r e a c t i o n  i s  requi red .  The steam consump- 

t ion  is  t h e r e [ o r e  much lower,  the o v e r a l l  e f f i c i e n c y  i s  gceut l¥  improved, and the 

waste water treatment is markedly ~educed. In addition, the higher slagging temper- 

ature increases the reactloa ~ate. '~hese factors result in throughputs  three to 

~our times that of  the dry ash units. 

In moving-bed g a s i f l e r s ,  both dry ash and s lagg ing,  a sized coal ,  t y p i c a l l y  k inch 

to 1~ inch, is  used as top ~aed through the lock hopper. The s lagging vers ion  o f  

the g a s i f i e r ,  however, a l s o  provides the o p p o r t u n i t y  for  g a s i f i c a t i o n  of by -p roduc t  

tar  and f i ne  coal  b 1, i n j e c t i o n  i n to  the bottom s lagging zone. 

In 1975 EPRI and 14 U.S. o i l  and gas companies j o i n e d  with BGC to c o n v e r t  one of 

their commercial Lu~gl dry ash gasifiers to slagging operation at Westfield, Scot- 

land,  This i n i t i a l  program, completed in  mld-1977, culminated in  a 23-day r u n  on 

s c o t t i s h  coa l  and conf i rmed the throughput  (350 tons/day} and e f f i c i e n c y  advan tages .  

Economic e v a l u a t i o n s  conducted for EPRI, u s i ng  I l l i n o i s  No. 6 coa l  and based on 

ex t rapo la ted  performance of the Wes t f i e ld  Sl~ggtng G a s i f i e r ,  conf i rmed the  economic 

competit iveness o f  t h i s  process for gaal£ icat ion-c~mbined-cyc le power genera t ion  

[EPRI F ina l  Reports AF-642 and At~-1725), f u e l  gas [Et~RZ Plna l  Report &F-782), and 

methanol [EPRI F i n a l  aepn r t  AF-523) p r oduc t i on .  

The work reported hare covers the results o£ s further test program on caking coals 

{Bcltlsh and U.S.) using the 6-fcot-dlametar, 350-tons/day gasifie~. EPRI undertook 



th is  pro~ect (RP126?-Z) in 1979 to examine the technical  s u i t a b i l i t y  of  the tech- 

nology for power gene ra t i on  a p p l i c a t i o n s .  

A to ta l  of l? days o~ test ing was aoaomplished Ln e~uent~all~ three runs. In th~ 

g l i n t  run a B r i t i s h  coal ,  R0asington, was used. This coal, wi th which BGC had con- 

s[derable p r io r  r u n  experience, has caking q u a l i t i e s  and other proper t ies  s im i la r  to 

the abundant U.S. I l l i n o i s  No. 5 and Re. 6 coals.  Load turndown and turnup were 

invest igated over the r~nge o~ 30 to 100~ of  f u l l  load. Measurements o~ operat ional  

s t a b i l i t y  a t  v a r i o u s  load l e v e l s  and dur ing t r a n s i e n t s  were completed.  

The Q~oond run u t i l i z e d  Pittsburgh No. 8 coal wi th a s imi lar  ser ies o~ load-chang~ 

tests to those conducted e a r l i e r  wi th the aossington coal. In add i t i on ,  th is  run 

included going to and returning Erom standby condi t ions.  

In the t h i r d  and f i n a l  run, also using Pi t tsburgh No. 8 coalf the fo l l ow ing  addi-  

t iona l  parameters were tnvestigsted¢ 20~ f ines  add i t ion to feed coal ,  ~ar recycle 

t0 bottom slagging zone, l imestone f l ux  add i t i on ,  and extended periods o f  system 

cont ro l  in the g a s t f i e r  fo l low mode. 

PROJEC? OBJECTIVES 

The main ob jec t i ve  was to test  the c a p a b i l i t y  o f  the BGC-Lurgi slagging Gas i f te r  to 

respond to the type of  l o ~  changes which w i l l  be demanded from g a s i f i c a t i o n  units 

i n t eg ra t ed  with combined-cycle  power-genera t ing  systems, The four  s p e c i f i c  p r o j e c t  

o b j e c t i v e s  wares 

Measure and analyze s t e a d y - s t a t e  performance of  the g a s i f i e r  on 
s t r o n g l y - c a k i n g  U.S. coa l  unde~ v a r i o u s  prooess cond i t ions  i n o l u d i n g  
var ious  throughputs ,  t a r  r e c ~ l e  t o  d i s t r i b u t o r  and t o  t u y e r e s ,  and 
with Eines  a d d i t i o n  t o  the feed c o a l  

a I d e n t i f y  any s teady-aba te  f l u c t u a t i o n s  in  gas flow or hea t ing  va lue  
which might  adverse ly  impaot the  g a s i f i e r ~ n  s u i t a b i l i t y  fo r  use in an 
in tegrated power system 

Determine the response of  the g a s i f i e r  to  var ious  r a t e s  of  l oad  
change Inc lud ing extremely rapid step changes 

• Assess t he  genera l  s t a t e  c f  the t echnology  

pRO3EC~' RESULTS 

The high e E f i c l e n c y  of  the IlGC-Lurgi S lagging  G e s i f i e r  a t  f u l l  throughput  and a t  

turndown was dooumented throuqh good qua l i ty ,  h e a t  and ma te r i a l  ba lances  on both 

weekly-caking and st rongly-caking coals. The un i t  performed extremely wa l l  over 

v i  



the short term, meeting a l l  dynamic and steady-state s t a b i l i t y  requirements of 

combined-cycle power-generating ~ystems, Dramatic bed i n s t a b i l i t i e s  and gas- 

h e a t i n g  va lue  f l u c t u n t i o n s  did  no t  occur even during r a p i d  ( lOb/minute) r a t e  

changes. 

Al l  r e l e v a n t  s t e a d y - s t a t e  f l u c t u a t i o n s  were q u a n t i f i e d  and can be accommodated 

through a p p r o p r i a t e  des ign .  Simple c o n t r o l  in  the g a s t f i e ¢  fo l low mode can be 

used for  a l l  t r a n s i t i o n s  oven whi le  i nc o r po r a t i ng  lock hopper p r e s s u r i z a t i o n  with 

raw gas, The dynamic reaponee was excellent. Fluxing with limestone (more widely 

avai lab le  than blast furnace s lag) ,  gasi fy ing coal containing 20% f ines, and t o ta l  

g a s i f i c a t i o n  of  net tar were a l l  demonst ra ted  with no shor t - to~m d i f f i c u l t ~ = ~ .  

Some adverse  opera t ing  c o n d i t i o n s  were encountered (most o f  which can be ~ s i g n e d  

out of a co~u~erclal plant)~ and the gasifier proved itself to be very fotgivlng. 

Recover ies  from upsets  were made with minimum d e v i a t i o n  f r ~  the planned t e s t  

sdhedule  and,  i n  most cases0 wi th  no d i s r u p t i o n  oE gas p~oduc t ion .  

The f o l l o w i n g  r e p o r t  a c c u r a t e l y  d e s o r l b e s  the SGC-Lurgi S lagg ing  G a s i f i e ~ ' s  e x c e l -  

l e n t  s h o r t - t a m  performance and o p e r a b i l i t y  ~uring the  EPRI t e s t s .  The pe~for-  

manc~ results have been utilized under a separate contract with General ELectric 

Company (RP914) to confirm the viability of several proposed schemes for control 

of gaslflcatlon-comblned-cyele plants using the BGC-Lurgi Gaslfler. & report on 

this work will be issued shortly. 

Subsequent to this EPRI test program, BGC has conducted tests on additional fines 

injection through the tuyeres to the bottom-slagglng ache. 

~ot  y e t  demonst ra ted  are the performance on 1owe= rank c oa l s  end the  long- term 

mechanical integrity of the gaslfie~. BGC has announced plans to add:ese this 

latter issue by c0ndu0ting a long-term endurance =un at Westfleld in sumner 1981. 

Another concern with all gasification technology is that of scale-up to full com- 

n~rclal size. A particular concern in the BGC-Luzgl technology Is flow distrlbu- 

tlon at larger diameters than the 6-foot unit already demonstrated. However, the 

s~hillty of performance a t  part-load conditions documented herein for the 6-foot 

unit gives reason for optiallsm that the unit should also be operable when scaled 

up, BGC is proceeding with plans to install n larger 8-foot-diameter commeccial- 

sized unit at Restfleld capable of 600 to 800 tons/day throughput for commission- 

Ing In early 1983. Together with the demonstrated short-term performance docu- 

mented in this report, the extended run and scale-up to 8-£oot diameter wl!l 

v i i  
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con£1~m the p o s i t i o n  o~ ~ e  BGC-LUrgi s l~ggtng Gasif£er  as  a most pramts£ng oan~t-  

da t e  ~or power genera t ion  a p p l i c a t i o n s .  The teohnology development £s there£ote  

proceeding on a l og ioa l  plane whioh~ w£thin a few yeats, should resu l t  £n f u l l  

con~eccial  a v a f l a b l l i t ¥ .  

John Mcl~anielp project  Manager 
Advanced Powe~ Systems a£vis ion 
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section 1 

INTRODUCTION AND SUHP~RY 

The maln aims of the EPRI project were to orientate the performance of the Slagging 

Gasifier, with its already proven record of success on a variety of coals, to the 

special requirements of the uomblned ¢yale operation. The three main special re- 

q~irementewere: 

For ~e gasifier tO perEorm with stability and reliability a~ a 
variety of loadinge, perhaps over the range 30 - 110% of standard 
loading. 

For Qh~n~ee between the above 1oadings to be made reliably and 
quickly, without producing gaslfier upsets or transient behaviour 
with variation in make ~as CV." 

For the back end of the plant to produce a constant cv gas at a 
steady flow, the latter being capable of rapid a~teration when 
desired. 

~8 range of loadin9 s required and the time required to change from one to the 

other were proposed by British GaB (£rom data supplied by EPR~) and accQpted by 

EPRI before the project and these are shown in Table I-i. 

Table i-i 

LOADINGS AND LOAD RATE CHANGES REQUIRED FOR SL~GGING 
GASZFXER IN A COMbINeD POWER CYCLE 

~oadtng (sc~(N oxygen ) 

158,080 

147,200 

112,000 

48,000 

% of  Standard Load Time to Change to 
Given Load From 
Standard Load 

9 8 . 0  6 seconds 

9 2 , 0  60 seconds 

70.0 I0 seconds 

30.0 1 hr 40 minutes 

*Calorlflc Value 
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Table l-I assumes a standard loading of 160,000 SCP/H oxygen ~nd the load change 

rates oor~espo~td uo the combined p~w~r cycle functions of frequency regulation, 

tie-li~e back up al|d daily load following. 

De~ore t h e  r ~ m s ,  p l a n t  c o n t r o l a  w o r e  m o d i f i e d  t o  h o l d  p r o d u c t  g a s  E1ow s t e a d y .  

Using t h i s  "~Iow Con~rol" system, s~eam and  o x y q o n  a r e  automatically ~sd t o  

~he gasi~ier as needed to maintain plan~ pre=sure. This system is described in 

Appendix A. 

Th~ |)re}act w~ to be carried out on t i le  British Gas standard reference coal, 

Pm~slngton, a 702 rank coal, and on the EPRI chosen coal, Plttaburgh 8, from the 

Champion ~lant in Pennsylvania. ~luillary programme objeetlvcs included running 

th~s coal unscreened (witl* 25% ma~erlal loss than % inch} and tar inJecuion to the 

tuyeres was planned. 

EPR] RUN - Ol 

Run EPRI - 01 was on Rosslngcon coal and planned to commission now gasifler instru- 

men~ systems in parallel wi~h the [nvastigatio.s into load change. The run was 

scar~cd on 14 October 1979 a t  11:12 hours when steam/oxygen was injected into t h e  

gaslfle~ and the gas|flat was set up at s~andard loading of 160,00~ SCF/|i oxygGn, 

with s~e~/o~ygon 1.30. Successive test perils looked at gaslf~er Derformanoe ~t 

110,000, 80,000 and 50.000 StY/I| oxygen loading, with the loading being returned ~o 

standard between each test l~riod. The period of running at 80,000 SCF/H oxygen 

loadin~ was prolonged in order ~o obtain data o. gaslfier performance at differen~ 

stirrer speeds and different rates of tar injection to the bed top. At 50,000 

SC~/H loading the ste&~/oxygen ratio was high a~ 1.88 (due to an error in the sots}, 

but this caused no operational problems. All lead changes ware carried ouc a~ or 

greater than the reuomme;tded rates and the gasi~ier was introduced to ~,e flow con- 

=Eel mode with gaslfier rates bsi.g brought up to 180,000 StY/I! oxygen loading in 

this mode before ~he run was terminated at 12:04 on 19 O c t o b e r .  

~PRI RUN - 02 

No major gas|fief changes were made for EPRI - 02, with the run aiming to consoli- 

date the position obtaised o. Rosslngton coal wi~ Pittsburgh 8. The run started 

at 03~03 hours on 7 November and, after a standard start up on Rosslngto. coal, the 

loading was brought to 80,000 SCP/II oxygen loading and Plttsburgh 8 c o a l  brought 

to the gas|fief. There were some initial problems will tmderfluxinq on limestone, 

but eventually satisfactory operation was obtained with BFS* fluxing at 

*Blas------t F u r n a c e  Slag 
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130,000 SCF/H oxygen loading. At this Juncture, however, premnture run terminatlon 

occurred, after only 36~ hours on line, due to a flange failur~ at a tuyere. The 

leak was rectified ~nd all other tuyeres were chsaked before the gaslfier was 

reedy for the uontinua~ion of run - O2, redesignated EPRI - 02B. This run started 

on 21 Nove~er at 16145 with Pittsburgh 8, fluxed with BFS, being introduced to the 

gaslficr at 130,000 SCF/H oxygen loading. The loading was then brought to 160,000 

SCF/H oxygen and then down to 110,000 SCF/H oxygen before being returned to 160,000 

StY/I! oxygen, some load spikes down to the intsrmsdiat~ leading being corried out. 

Ah thls stage in the r~u there was a problem in the quench chamber. At 10:11, 24 

N~vember, it was dsoided to carry out an atmospheric pressure standby to cure the 

p~oblem. This was do,e after depressurising the gasifier to standby conditions. 

The gasifler was boxed up, rspressurised, and the run restarted at 01:18 on 25 

November, no problems being encountered. Test periods at 160,O00, 110,000, 80,000 

and BO,OOO SCF/H oxygen loading were cerried out with extenslv~ running in flow 

control in order to determine optimtun oontrolle= settings. The gaslfier again 

demonstrated its ability to chan~e rapidly fEom one loading to another with no pro- 

ce~s upsets and ~io gaslfier transients, before the run was term~Lnated at 12:20 on 

27 November. 

EPRI RUN - 03 

EPRI - 03 aimed t o  ampligy the successes of run EPRI - 02B m~d to carry out the 

anclllary programme objectives of running on unscreened coal and of tar injection 

~o the tuyeres. Limestone fluxing of Pittsburgh 8 was also to be attempted. 

The run was =~arted at 13:03 on 13 December, and the gaslfler established on 

s c r e e n e d  Pittsburgh 8 coal, ~lu~ed with B~'S, at 130,000 SCF/H oxygen loading. ~er- 

formance data was o b t a i n e d  at this loading and then tar injection to the Tuyeres 

~as b~ught on, initially at about 1,000 lhs/hr and then at an estimated 1,500 

Its/hr. Gasifier perferman=e was satisfactory during these tests and following 

those unscreened Pittsburgh 8 coal was charged to the gasifier. Performance on 

this fuel differed little to that on the screened fuel, and it was run at loadings 

of 130,000, 80,000, 50,000 and 160,000 SC~/H oxygen. Most Of the run was carried 

out In the flow control mode and the gasiEier was able to change rapidly £rcm one 

load to another wlthout any process upsets. Limestone fluxing was else successful- 

ly introduced for the first tires. The run was termineted at 10:43 on 18 December. 

~m runs are sllown in table fom in 1-2. The short programme had satisfactorily 

demonstrated that the Slagging Gaslfler is suitable for use in a combined power 

cycle, some of the important points being: 
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The gasifer can run steadily, wlCh no signs of d e g e n e r a t i v e  beha- 
vlour, at a variety of loads An the range 50 - ]B0,000 (180,000 
demonstrated only on Rosslngton coal but probably certain on 
Pittsburgh 8 as w e l l )  SCF/I{ oxygen (30 - 110% of standard}. 

Average calorific va~ue Of the make ga~ was nearly constant, wha~- 
e v e r  t h e  l o a d i n g ;  s m a l l  d i f f e r e n c e s  w h i c h  d i d  a r i s e  c o u l d  be  a t t r i -  
b u t e d  to different concentrations of nitrogen f rom the slag system 
at v a r i e d  l o a d s .  

Changes f rom one l o a d i n g  t o  a n o t h e r  can be c a r r i e d  o u t  r a p i d l y  
without upsetting the gasifior operation and withou~ produelng 
any significant transients (see section 12] in make gas quan- 
t i ~ y .  I ndeed ,  l o a d  changes in t he  100 - 30 - lOOt range were 
carried out at up to and over ten times the designated progra,,~a 
r a t e s  o f  c h a n g e  on occasion. 

Flow control, with back ~nd of plant held steady, works well on the 
~lagglng Gaslfier. A slmple closed loop circuit was shown ~o be 
satlsfacto¢~; as the gas CV i a  ~eady and only Influenced in a very 
minor way by any  bed upsets Which did occur, the above resorted to 
s|mple closed loop appears to be adequate for gasifier control in 
the combined power c y c l e  mode. 

As a consequence o f  f l ow  c o n t r o l ,  s t eam/oxygen  f l ows  t o  t he  g a s i f i e r  
w i l l  f l u c t u a t e  s l i g h t l y ;  more so i f  p r e e s u r i s a t i o n  o f  t he  c o a l  l o c k  
i s  done by c rude  gas from d o w n s t r o ~ , .  

Tar  can be r e - i n ~ e c t e d  to  e x t i n c t i o n  down i n  the  q a S i f i e r  t u y e r e s  
with no detrlm'en~ to gastfia~ performance and w£~ only smatl 
changes in gasifier characteristics, including a ~light drop in 
make gas CV. 

Fluxing can be carried out with either BFS or limestone. 

Locking can be on nitrogen or on raw gas. Locking has no signifi- 
Cant effect upon gaslfler performnnco. 

S~irrer revolution speed and tar injection to the gasifier top con- 
tributes to bed  behavior An oenoral and there are optlmumvalues for 
the above for given conditions on a given coal. However, tee 
gaelflor exhibits a wide tolerance of the above parameters. 

P i t t s b u r g h  8 coal, a s  delivered t o  Westfield, is a suitable c o a l  for 
Slaggln~ Gasification. The gaslfiar will tolerate fine material of 
less than ~. at levels up to at least 25% in the top coal feed. 
Th is  l e v e l ,  on t he  ev idence  o f  EPRI - 03,  cou ld  be s i g n i f i c a n t l y  
higher. 

It can therefore be concluded that the runs carried out in the short program, 

sponsored by EPRZ successfully achieved all ma~or objectives. Pittsburgh 8 coal 

can be regazded as a suitable fuel for the Slagging Gasifier in a combined cycle 

system. COml01ete eptimisation of operating conditions on this fuel was no= possible 

during the contract period, and this, coupled with gasifier design improvements 
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aimed p a r t i o u ~ a r l y  a t  p i t t s b u z g h  8 c o a l ,  i s  l i k o l y  t o  r e s u l t  i n  an even  b e t t e r  

pe r£o~manca  on a c o m m e r c i a l  p~an~ d e d l 0 a t c d  o h i e f l y  co  t h i s  Eue~. 
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Section 2 

STEADY STATE HEAT AND MASS BALANCES 

The production of heat and material balances during ~he EPRI 9ro3ect were subject 

to errors arising out ef the inaccuracies discussed in Appendix E. In the pre- 

paratlon of these balances, some of these potential inaccuracies can be taken into 

account, and the d~ta can be manlpulatod in a consls~ent manner to pzoduc~ a mass 

and h~at balance ~hich will he close ~o within 2% ~or the major elenmnts C, ||, and 

O. I~ is ~his philosophy which has bnen applied to the thirteen heat and materlal 

balancus produced across the EPRI projects, and whose details can be found in the 

Appendix.  

The results oE these mass and b~at balances a~o summarised in Table 2-1. The re- 

sults during the EPRI contract serve to illustrate the consistency o~ the Sl~gging 

Gasifier perEormance data from coal to coal (partlcularly ~rue for bituminous coals} 

and the relative insensitivity of the process to changes in process parameters. 

The steam usage of the process between 1.0 and 1.30 steam/total oxygen input ratio 

ks shown An Figure 2-i, where it can he seen that, within experimental error, con- 

sls~Qnt steam usage is obtain=d across the three r u n s ,  despite variations i n  coal 

type, load, fluxing and t~r in~ection ~o the tuyeres. The oxygen consumption is 

plo~ted against gaslfler loading An Figure 2-2, mld this shows the only dlscernable 

trend, that o~ Increased specific oxygen consumption towards lower feedings. This 

effect is likely to be due to relatively greater heat losses expressed as a p~rcen- 

rage of total gas~fier energy output. 

Changes i n  p r o c e s s  c o n d i t i o n  d id  p roduce  minor  e f f e c t s  upon g a s i f i e r  pe r fo rmance  

d a t a ,  a l t h o u g h  t h e s e  e f f e c t s  were vmry s m a l l .  Thus, t a r  i n j e c t i o n  t o  ~ e  ~ u ) J r e s  

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

t r a t i o n  i n  t h e  make gas  and a s l i g h t l y  h i g h e r  oxyqen consumpt lon  and lower  gas BHV. 

Coal with more (ines in perhaps showe(! a slight increase in oxygen consumption- 

Little effect was seen of different coal types, dlffcrent fluxing agents and tar 

injection to the gas:£fieg to~.. 
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The consistent performance of the gaslf~er across a wide varloty of conditions can 

be expressed in anothe~ way by exa~ininQ the gas analyses across the various ~ass 

balance periods, as Tabl~ 2-2 illustrates. Gas LHV was ~ry steady across a range 

of condl~ione, showing a rsduotlon towards low loadings bmcause c£ eMtr~ =ont~ibu- 

tlon from el~g system Nitrogen as ~Igure 2-3 shows. 

Fluxing agent choice will have a marginal effect ,n gasif£er performance. If we 

compare the last two mass balances on EPRI - 03, 0.81% of the total output gasi~ler 

heat ~nt out in the slag with limestone Eluxlng, whereas the BFS case was higher 

at 1.44%. Thus, limestone fluxing will result in a slightly better effiolency 

(reflected mainly in oxygen consLuoptlon). The oxygen consumptions on limestone 

(58.G2 SCF/therm) and BFS (60.94 SCF/therm) hear this out, although in view of the 

inaccuracies in t~" latter flguras the trend may be fortuitous. 

There are minor differences in gas analysis when comparing Pittsburgh 8 and 

Rossington coal. In general, for the former coal, CO 2 levels in the raw gas tend 

to be higher by about 1%, whereas CO figures are correspondingly lower. On a 

N2-free basis, the methane ~-oncentration in the gas goes up with reducing load on 

Pittsburgh 8 wherease no effect i~ noticeable for 8ossington, as Figure 2-3 shows. 

In general, therefore, analysis of the heat and mass balance and general perfor- 

mance data shows ~he ~eneral constancy of performance o~ the Slagging Gasifier over 

a range of conditions, confirming observations ~de over a significant number of 

earlier runs. 

2-5 



p P 

H 

2= 

8 

0 

U3 

Z 
< 

,4 
I 

r ~  

,.,1 

~,~,~' o o o . .  

~ " ~ ~ 

~ , . o  ~ ~ ... 

. = ~ , .  ,~ : o 

, ,  S 1~ ,,, ,,, o o 

l . - - . . - . . . ~  - -  

i ~ , ! o  . 1 ' ' ~ '  . ~  o 
_ - ~ ~ ! -_ s = ~. s = _s. i i 

j -  
i I  
l i  

| ,  | 

E 8 

| 

2 - 6  



Sec=lon 3 

PROCESS DYNAMICS AT STEADY STATE 

Gaslfier behavior at steady state under a variety of operating conditions is sum- 

marized in Table 3-I. General gasifler behaviour centxes around the fi~ed bed of 

coal, which in the Westfield Slagging Gasifler is approximately six feet in diameter. 

The "fixed" or more correctly, coun~ercurrent, bed works best when smooth fuel flow 

down she shaft to the reaction zone is couplod with good wel~ dlstributed gas flow 

up the bed, allowing intimate contact with the descending fuel and proper promotion 

of various physical and chemical reactions of the coal which mus~ occur before the 

carbon rluh char is delivered ~o the cQactlon zone. 

At the top of the bed, there must be a system which enables coal to be laid down 

smoothly and continuously at the bed top, keeping this bed top level "fixed"; and a 

suitable escapement cross-sectiunal area must be provided for the ascending gases 

before they leave the reactor via one or mor~ offtakes. At the bottom o£ the react- 

or there must he a system ~or injecting gasification medium which must allow the 

ash to separate as molten slag and be continuously removsd from the reactor. 

Imperfect bed behavior was observed during the EPRI c o n t r a c t  and can be divided into 

four oategorLes: 

IQ 

2. 

3. 

4. 

Poor coal feed to the gaaifier top, rasultlng in a low fuel bed 
level. 

Irregular flow of solld fuel down the gaslfier shaft. 

Abnormally ~igh torque on the stlrrer/dlstrlbution. 

Bed channellln%. 

Throughout the EPRI project, the only example of poor coal feed to the bed top was 

during EPRI - 01 on Rossington coal. It was masked by a continuous rise in offtake 

temperature with concentrations of CO 2, CH 4, C2H 4 starting to fall. 

O~ s u c c e s s f u l  a d ~ t i o n  o f  f r e s h  c o a l ,  t h e  s u d d e n  i n r u s h  o f  f u e l  t o  t h e  bed  t o p  

c a u s e d  t h e  cfftake t~nr~perature to fall, and as the offtake tea~erature approached a 

minimum value, the concentrations of CO2, CH 4, C2H 4 all started to increase apain, 

3-1 
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all ~ending to overshoot their original value eventually reaching equillbrlum 

again. 

This particular incident appeared to be causod by fuel hanging up above the top cone 

of the coal lock which needed to be released before conditions returned to normal. 

The abssnco of fresh coal feed led to increasing offtake temperatures. Me~hane, 

ethane and ethylen~ are forme~ by hydrogena~Ive pyrolysis of  the volatile matter 

in the coal In a zone somewhere at the top/mlddlu of the bed and some of the CO 2 

will be formed from py~olysls in this zone and it is clear that the low bed level 

Interfered with this zono, deoreaslng the amount of pyrolysis products. On restora- 

tion of foed the zone was restored and momentarily enlarged, resulting in a greater 

than normal amount of product. 

This phenomQnon l%ighlights the importance of good coal feed to the gasifier to main- 

tain the "fixed" bed top level. Poor coal feed can result through mechanioal fail- 

ure, for instance, of uhe bottom cone shroud, but in ~he above example the problem 

appeared to have b~en caused by wec dusty coal hanging up at the coal lock bottom. 

Unfortunately, in the Westfield Gasifier used f o r  these tests, the distributor 

volume be~ . that of the original Lurgi Gasifier now utillsed as a Slagging Gasifler 

in the Westfield Gasifier, is small in comparison wi~1 throughput, and cannot ade- 

quately act as a buffer against coal hang up in the feed system. This p::oblem is 

corrected in con~uercial design. 

The irregular flow of solid fuel ~own the shaft, 2 above, is by far the commonest 

manlf~station of imperfect bed behavlour, and may always he incipiently present, to 

be only noticed in the more severe instances. 

The irregular solid fu~l flow phenomenon occurs with greater frequency at high loads 

and very low steam/oxygen ratios. Zt is promoted by tar injection to the gasifier 

top and by low stirrer speeds and by tar injection to the tuyeres. 

optimlsa~lons o f  gasifier conditions to reduce the phenomenon needs to take several 

variables into account including gasifier design. However, it should be stressed 

that, during the EPRI contract, whilst llttle effort was made towards complete 

optimlsatlon, n o  serious bed upsets were generated from this phenomenon and it 

~ppears unlikely that those that dLd occur would have interfered at all with a 

gasifier-uum~ined cycle. 
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A thlnd type of b~d phenomenon can be recognlsed which appears to be mainly re- 

stricted to highly swellln~ and caking coals of high fines c n n t Q n t ,  and ~his ma~ll- 

fest~d i~solf on EPRI - -  03. The ~neidents are uharactorlsed by an i~,oroaslng 

torque o n  the stirrer/distributor system. Providing that the system can bu restored 

back to nor~l ope=ation quickly, the gasification pro~esses carry on smo¢{thly w~uh 

no marked upsets and interference from the above phenomenon, and th~s is gen~raliy 

the case. 

The third phsnomenon, described above, if it persists, may interfer~ with gasifler 

operation but can be overcome with careful attention co gasifier design and oper- 

ating technlgues. 

The fixed bed generally bshavQd very wall throughout the EPRI pro~Gct, although all 

three categories of bahaviour described above were present. Given proper attention 

to design, there appears little likelihood of poor feed throllgh the tea] ]ock and 

stirrer system happening on the type o~ Pittsburgh 8 coal used here, and poor bed 

behaviour for this reason is only likely to occur if the coal itself is of poor 

quallty, perhaps hlqh in fines and very wet. unwashed teal could present problems 

if the unwashed element comprises a sticky clay. Irregular flow phenomena, as 

dascrihed ah0ve, are likely to be always presont to some extent on all coals under 

m0st conditions, but on Pittsburgh 8 are unlikely Co interfere with normal process 

o~aration. Given further optimisation, and attentlon to design, it is llkely t]~at 

the occurrence of this behavior can be further minimised. 

Bed channelling (4), is probably a phenomenon which i~ always incipiennly present. 

This phenomenon was not markedly present during ~he EPRI contrast and never causQd 

any bed upsets. It is probably characterissd by an upward 3plke in offtako tom- 

per~ture profile which then returns back to normal. In bed channelling, the closing 

of a channel will simply restore thG tQmpera~ure back to normal and coal flow is 

not Snterfered with. very occasionally the C02 at the off/takes may increase 

slightly and the bed DP's* fall, perhaps indicating a large channel in the center 

of the bed. 

For a given steam/oxygen ratio and loading on a fixed coal type with a standard 

amount of flux, gas analysis, and hence gas CV + ks relatively very stable for the 

Slagging Gaeifier. Because of the nature oE the fixed bed there are small fluctua- 

tions in concentrations of all gaseous components which occur even when nhe gaslfier 

*Differential Pressure 
~Calorific Value - net or gross heating value 
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i s  r unn ing  s t e a d i l y !  the w ides t  obuervod  v a r i a t i o n  occurs  i n  thc  mSnor components 

Ctl 4, C2114, and CO 2. Ch0 m a j o r i t y  o f  mQthane from P-he S lagg ing  G n s i f i o r  ,is thought  

t o  be goue ra tod  from the d e s t r u c t i v e  p y r o l y s i s  o f  the v o l a t i l e  matter"  ,in the coa|., 

in  t h e  prosonc,~ o f  l a rgo  p a r t i a l  p ressu res  o f  hydrogen,  in the  m i d d l e / t o p  o f  "11o 

f u e l  bed.  L o s - o r  a,~Junts o f  m~thane w i l |  be £ormqd ~u r tho r  down ~rom dicQc~ char  

h y d r o g e n a t i o n  trl the r e a c t i o n  zone a t  the  bot tom o~ the g a a i f i e r .  Ethane and 

o t i l y l o n e  w i l l  a l s o  a r i s c  from s i m i l a r ,  concu r ren t  r o a c t l o . . s  i n  t;he m idd le  o f  the 

bed! t h e i r  r e l a t i v e  c o n c e n t r a t i o n s ,  i n  the presol~cc o~ l a r ~ c  amounts o f  hydrogen,  

co r respond t o  e q u i l i b r i u m  a~ 800 - 900°C under S|agg ln~ G a s i f i o r  c o n d i t i o n s ,  which 

may be i n d i c a t i v e  o f  the tempera tu res  prova$11ng in  the above ment ioned  p y r o l y s i s  

zone. 

Sorlous Intor¢oronco with tl, o pyrolysis zone ca. occur if the bcd level becomes too 

low, whet* methane, ethane and othyloao concentrations dipped sharply as the bed 

love] droppcd. Some |mrturbat|on of if%is zo,u Cal~ occur during an iYrogular [ue] 

flow, although the e~foct is it, so markcd. 

During i n c i d o n L s  when the s t i r r e r  t o r q u e  r i s e .  s h a r p l y  t h e r e  i s  a l s o  ev idonco  ~or a 

small rlsu in mcthane concentratio,~. 

The m a j o r i t y  o f  ~hn carbon  d lex ld~:  i s  l i k e l y  to  hu genera ted  i n  the  combust ion zone 

in a set|on o~ roaetlons, thus: 

C + O. = CO~ (I) 

CO 2 ÷ C = 2C0 (2) 

CO + 1~20--- CO~+ll 2 (3) 

A l though  s i g n i f i c a n t  amounts c,~n bu fo~'med from p y r o l y s i s  r e a c t i o n s  i n v o l v i n g  the. 

oxygen i n  t h e  c o a l  highQr up the  ~ * . ,  a s l i g h t  f u l l  i n  carbon d i o x i d e  c o n c e n t r a t i o n  

can occu r  when t he  bed l e v e l  i;~ l ow .  Poor g a ~ / s o l l d  l o~d in .  3 i n  the  m idd le  o f  t he  

r e a c t o r ,  wh ich  I s  thought  to  occu r  d u r i n g  coa l  f low i r r e g u l a r i t i e s ,  can, however,  

account  f o r  r e l a t i v e t y  h igh  e o n c o n ~ r a t i o n s  o f  CO 2 formed ~rom r e a c t i o n  (1) Qscaptng 

~he raceway, ~rhaps by channelling up the walls. High torque incldents apDeor to 

have little efEect upon the carbon dioxide concentration. Variation of the calori- 

fic v a l u e  i s  t a ~ l i k o l y  t o  b c a  pl"oblem An the  o p e r a t l o n  o f  a combined c y c l e  system 

using the Slagging Gasi~ier u n l o s s  there Is some mechan ica l  breakdown. Examination 

of the methane chart durlng the "starved fu~l" incident shows that the methane 

percentage in ~.ho make gas was reduced to below hal~ its normal level, which would 
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have caused a reduction in the flare gas CV OE approxlmately i0%. This type of 

incident is more llkel¥ to bm caused by a meullanloal problem and is not a normal 

feature of ~he gasi£~er'e operation. 

The coal flow Irregularity phenomenon can also have a slight effect upon the control 

systems. The gas p~oduction rate was held constant throughout one such incident and 

it can be concluded from the above that the effect of the incident is to slightly 

reduce both the CV of the gas and its production rate. It appears that during the 

incident the process is less efficie,t, this loss in efflolency manifesting itself 

in more than noz1~al sensible heat losses ~rom the bed top, due perhaps he less 

devolati~Isatlon/pyrolysis/hyd~ogenolysis reaction occuring in the bed. 

In the flow control mode, for this fairly severe incident, the steam/oxygen flow 

rates increased by abcu~ 6%. This perturbation on the gesifler may indeed help to 

lessen the oEEeet of such incidents on the bed, with the higher flows opting up 

now channels £n the bed. 

When operating the gasifler in flow control the steam/oxygen flows will fluctuate 

slightly although controller settings can bQ seleotQd to mlnlmise this fluctuation, 

perhaps to about ~3% under the best conditions. However, when locking on raw gas 

the problem is more severe, with an increase in flow of up to 22,500 SCF/H steam/ 

oxygen bl~et oqer a five minute period (four times an hour on standard load). If 

this system is practised, the oxygen and steam systems will need to have sufficient 

flexibility to provJde this increase, which represents about 14~ of standard load 

and 56% of quarter load. In view of this it wou]~ perhaps appear desirable to lock 

on nitrogen. The swing can be reduced significantly by a much slower pressurisatlon 

of the coal look, which would certainly be done at lower feedings. 

Increase in the steam flow to the gasifier will not cause operational problems as 

considerably higher steam/oxygen ratios than standard were used, with no difficul- 

ties arising, during EPRI - 01. It did cause an increase in CO 2 level In the make 

gas ~J1d had a small effect upon gas CV. Increasing the oxygen throughput with 

regard to steam was practised in EPRI - 02 end 03 when steam/oxygen ratios of i.I 

and 1.2 were used £or periods. No process problems were encountered; thus the 

Slagging Gasifier is not unduly sensitive to steam/oxygen ratios, and precise con- 

trol of thi~ parameter, although desirable, is not essential for continuous smooth 

operation of the gasifier. 
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Section 4 

DEMONSTRATED RAPID LOAD CHANGES 

The load changes made during ~he EPRI contract are summarlsod graphically in Fiq- 

gure 4-1. The notational theoretical responses required are taken from D.N. E~'art 

et al, 1978 American Power Conference. Note that the Westfield responses are 

generally faster. 

Details of the load changes are ~Iven in  the individual run reports. Discussion 

of the dynamics accompanying some of theee load changes is proscnted in ~hc next 

section and in the run r6porte. 
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Section 5 

PROCESS DYNAMICS ACCOMPANYING LOAD CHANGES 

GENERAL BEHAV~OUR DURING TR~IE}~S 

During the EPRI project the ~asifier showed that it was capable of making rapid 

changes in load without Interfering with gasifier stability: thq,~e rapid changes 

0xceeding the orig£nal specifications, before the contract, by EPRI. It thus 

appears that the Slagging Gssi~ier can respond reliably to load changes at a rake 

which w~ll more than satisfy the worst oa5~ of a single gaslfier asso~ia~e~ with ~ 

s~ngle gas turbine. 

There is virtually no change in ~he gas produced due uo load variations except for 

an increase in nitrogen ~ontent as ~e load decreases b~causc this particular gasi- 

tier used nitrogen in the slag removal syst&m. Slight variations An downstream 

pressure and C0 2 and H2S concentrations wall be easily deal~ wi~h by acid gas re- 

moval systems such as Rec=isol and Selexol. 

The effects of rapid flow variations on the gasifier w~ll be described in the fol- 

lowing section and in the individual run reports. A flow spike or flow reduction 

has no significant effects~ but there ~s a noticeable effect upon bed pressure drop 

when the gas production rate is increased rapidly. They remain at about double 

their normal values for more than 15 minutes. Ther~ is no evidence that these napid 

load changes promote bed disturbances, 

The flare gas CV was nearly constant through all the changes imposed upon the gasi- 

fler. The greatest variation observed was a 5% increase for approximately 20 

minutes after a very rapid load reduction: this was caused by an incress, in 

methane concentration,and a slower change would probably reduce this small increase. 

~n conc lus ion ,  th~ e f f e c t  oll r ap id  change o f  throughput  on the  major  performance 

variables during a change are virtually indistinguishable from ~he normal running 

situation except for the gasifier pressure which shows a typical slight increase or 

decrease at ~he change° The differential pressure levels through the bed do show a 

significant Increase when the gas make is increas~ rapidly. They then take at 

least 15 minutes ~o reduce to thelr normal values at the new throughput. Bed DP's, 
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although of value in understanding the behaviour of the gasifier, do not affect the 

gasiEier's output An any wa F and, uherefore, are not regarded as major performance 

variables. The surge in bed DP's is probably caused by the narrow gas flow channels 

oE a partic~|lar size and shape established in the bed at the low rate which are 

di~flcul5 to break down, b u t  as this restricting bed reacts new upper layers will be 

lald down so as to allow the high gas flow ra~e and, therefore, the pressure drop 

slowly reduces to normal. 

A microprocessor would appear to be unnecessary to accommodate the required rates of 

chunge; :.st if immediato, vir~ually instant changes are required, then it could be 

tuned to give an exact renI~Onse for a particular coal and plant. 

THE RESPONSE TO PULSE CHANGES 

At the conception of the EPRI propect, the Sponsors were concerned that the dynamic 

r~.Sponse functions o~ th~ gasifier and its systems be measured. The preferred me- 

thod was one of pulse testing which, in the simplest case, would consist of making a 

sharp downward spike in the gasiflcauion medium, ideally lasting o,e uo two mlnutesz 

this spike would uhen produce a similar r0duction spike in overall gas fl0w as 

measured at the back end of the plant just before the final flare control valve. 

The transfer function for the gas[flat and its systems could then be derived by 

using a computin~ method developed by EPRI. 

The above ideal approad, depended upon the gasifler working in pressure control at 

~he back end and giving a steady flow output under constant conditions. However, 

the gasifi~r and its control systems do not produce ~his ideal behaviour end in 

pressure control the flow profile at the back end is irregular and  corrupts the 

expected d~nward flow spike. In fact, after initial cc~missioning, the r~ pro- 

gramme concentrated on working in the back end flow control mode, which meant that 

such a spike could not be done. In this mode a spike in flow at the back end of 

the plant, produced by movi,g the flow set point, has the effect of producing a pres- 

sure rise at the gasifier, which is countered by fall in gasification medium input 

to the gasifier. 

However, during normal ru:ming, a concentration spike in nitrogen in flare gas can 

be introduced into the base of the gasifier, and the effects of this spike were in- 

vestlgated in detail during EPRI - 03, and the results have been analysed. 

During this run, a sharp recte.~gular puls,: in the nitrogen suppiy to the gasifler 

purge/control systems was produced over 20 seconds. Since nitrogen is inert ~his 
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pulse can be used to identify details of the flow pattern through the gasi~ier and 

its systems, as continuous analysis for nitrogen is done just before the flaz~ 

valve, using a mass spectrometer coupled to a small side stroampurificati¢;n system. 

Typical output peaks taken during EPRI - 03 are shown in Figure 5-1. These are at 

160,000 SCF/H oxygen loading on Pittsburgh 8 coal and the input pulse is followed 

by an N 2 peak measured by the mass spectrometer. Examination of this outpu~ trace 

@uggests that in many cases a second minor peak occurs, sometimes with a sufficient 

delay to overlap the next pulse. This ghost l~ak may be caused by interaction of 

the two coolln 9 streams. 

Figure 5-2 shows the nitrogen output concentration from four such pulses for a per- 

iod of running at 160,000 SCF/H oxygen loading. The figure also shows an "average 

curve" which is representative of ali the curvQs and is arranged to start and finish 

at ~%e sa~e level, ignoring any seconder}" peak. 

The transportation lag in the system can be calculated from the known volumes and 

conditions of the cooling streams. These have been calculated as follows: 

Reduced volume of: 

(a) (% gasifier + No. 1 cooling train) 

(b) (% gasifier + No. 2 cooling train) 

= 20557 SCF 

= 26178 SCF 

Table 5-1 shows the calculated times to traverse the cooling train using the above 

data and compares it with the actual times measured from the charts at three dif- 

ferent Ioadings. 

Table5-1 

TIME TAKEN TO TRAVERSE COOLING STREAMS 

Oxygen Loading Time to Time to Time to 
(SC~/H) Traverse peak N 2 first N 2 

(Train- Variation Variation 
(Calotd) (Sees) (Seoe) 

sees 

Ca) (b) 
50 ,000  557 710 330 - 360 270 - 300 

130,000 214 272 170 - 180 130 - 140 
160,000 174 220 192 152 
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Table 5-1 suggests that the vessel volumes have been greatly overestimated by ig- 

noring dead space and assuming plug flow, as ~he agreonmnt between observed and 

calculated results is not good. 

Frequency response analysis was carried out from the curve in Figure 5-2 by using a 

rectangular pulse for input of duration 20 seconds. The hslght oZ the input pulse 

should be adjusted so as to give conservation of nitrogen, ioe., so that the net 

area under each pulse is the same. This has not been done since this only assures 

~hat when input and output nitrogen are measured in the same units the overall gain 

of the system is i. The transportation lag of 130 seconds in the system has been 

ignored so as to give an instantaneous output. The Bode diagram in Figure 5-3 was 

obtained using the programme supplied by EPRI. 

An approximate transfer function has been obtained by a general leas~ square analy- 

sis o~ uhe two Bode plots, which yields 

e'14"4s/(14s + 1) 3 

The above £unctlon is also plotted in Figure 5-3. With ~he additional 130 second 

lag Che f~ction becomes 

- 1 4 4 " 4 s / ( 1 4  s e + 1) 3 

Since t h e  high frequency data is doubtful this trm~sfer function should be treated 

with caution. The proclso utility of ~he function is not apparent since it might 

be expected that the cooling train would be represented as a series of first order 

lags and a transportation delay. ~f further details of this function are needed it 

would b~: useful to obtain information to define the Bode d~agrams at higher Ere- 

quen~ies by using a short input pulse and, were i~ possible, at a larger variation 

in N 2 flow, so as to retaln accuraCy in the mass spectrometry measurements. 

Attention was also given to ~le behaviour of three gasifier variables across a load 

spike sho~n~. ~le gaslfin: prossure is a f~Lction ofb othsteam/oxygen inlet rate 

and the down stream valve position. In the experiment a proportlonal/integral con- 

troller Is used to eliminate one dependency by linking inlet flew to existin~ 

gasificr pressure. The constants of the controller arc known. 
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For pulse testing it would be desirable that the gasifier is noa disturbed in som~ 

extra manner beyond the input pulse. It Is obvious, in the example given, that 

coal locking'has produced signlfi=ant changQs in gaslfier Dressura and gaslflcation 

medium flow and therefore it is difficult to relate the oxygen flow changes directly 

to t h e  output £1ow l e v e l .  

Smoothed data from Figure 5-4 are plotted on a common time aKis in Figu~ 5-5, 

allowing for differe.ces in zero tlme in the chart recorders. This suggests that 

the pressure chang~ ~aused by altering the outlet ~low takes about 12 8Q~onds to 

travel up the cooling train and shows that coal locking has a major influenc~ on 

inlet flow rate. There may be a possibility that the PI controller gain is slightly 

too high, cauaing unwanted flow fluctuations, but this would require much more 

investigation and more details of the gasifi~r system pressure history. 
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Section 6 

HECHANICALPERFOP~L~CE 

Sustained gasifier operation, necessary in commercial situations for periods of ~le 

order of nine months, r011es heavily on the integrity of the various components of 

the Slagging Gaslfle~ ~eactor. Of particular ~n~crest and relay•nee ar~: 

s coal fe~d and related systems ~lluh include system• for injecting 
ear t o  t h 0  gasiflor t o p .  

• The gaslfier hearth. 

• Slag tap systems. 

• The quench chamber and slag tapping and re,oval systems. 

• Gasifier standby procedure~ which may b~ n0cessary for on line 
~emedles to faults in the above systems. 

more detailed discussion of ~,e top of ~he bed systems and coal feed systm,s is 

found in ~hc Lurgi report (Section 7). The importance of ke•plng a fixed bed top 

has been stress•d earlier in this report, and this mean• rahat coal charging and 

feedin~ systems, •s well as being of the right design, must be very reliable: and 

Westfield experience with a few minor exceptions, has proved this to he the case° 

It should be ~emembarad that the feed system is deslgned to handle lump coal, so 

that problems can be satlcipated in tryin~ uo feed fine coal, particularly if it is 

contaminated wiuh dirt and dust. 

The stirrer system gave a good performance through most of the project, being able 

to produce a char •ultable ~or g~sification f~om a hLghly caking and swelling coal. 

Wi~h a high fines content An Pittsburgh 8 coal ~hero was a tendency for a high 

torque on the •tirrer/distrlbutor system to occur, especlaIly at high speed. 

Table 6-i summarizes the properties of the •lag wh£ch passed through the hearth in 

the four EPP,~ rblns. For all the runs the slag analysis was falrIy eon::,istent and 

the •lag temperatures will have been roughly constant a• most of the running was 

done at about I. 30 •team/oxygen ratio. 
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The slag tap system at the hearth bottom worked well during the RPRI project. The 

system had Z ~  before t~%~ project ~u~d added a further 415 hours to their total 

runn£n~ time. The slag tap w¢.e visually examined between runs and appeared not to 

be wearing oE being damaged with ~ime. 

Per EPRI - 01, on Roasington coal, fluxing levels and slag tapping experience had 

been gained over previous runs and the performance here can be regarded as being 

close to optimum. For the given hearth geometry, turndown to 30% of standard load 

was aohleved with good opera£ion of the system. 

During EPRI - 01 an error in fluxing led to the addition rate being 5 - 10% below 

optimum but this had little e£fsct. 

Dtlzing EPRX - 02A, while on Rosslngton, fluxing was inadequate because of a block- 

age in ths fl~ing feed to the =ca1 lock, but this was quickly recognised and easily 

remedied. ~luxing on Pittsburgh 8 was initially carried out on limestone, and poor 

slag tapping was obtained due to under~luxing before good conditions were obtained 

on BPS flux. For run - 02B, fluxing on Pittsburgh 8 was established immediately on 

BFS and good slag tapping was obtained. This run demonstrated the capability of the 

hearth and slag tagping systems to make a rapid and complete recovery following a 

hot standby. 

Slag tapping was good Uhroughout EPRI - 03 and changing from screened to unscreened 

coal did not effect the tapping quality nor did changing fluxes. 

The slag tapping systems worked well during ~he EPRI pro~eot and were shown to be 

capable of dealing with all turn up and ~urn do%a% conditions used. 

Although fluxing on Pittsburgh 8 was not properly optimised during the project, it 

is apparent that significant amount of limestone flux are required to operate the 

slagging gasifier on this fuel, with flux/ash ratios likely to be o~ the order of 

1.0/i.0. (in the two runs on Pittsburgh no attempt was made ~o sptlmise fluxing 

which was set at 1.2 to give a good performance. An optimum ratio less than the 

above 1.2 can therefore be possible). 

Tuyere systems generally gave satisfactory performance during the EPRI project. 

During EPRI - 03, tar injection through Ruysres was aRtempted. There was a 24 

hour period of tar injection to the tuyeres. 
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Sla W uapping and slag removal systems work~d well durin9 the EPRI contraut and these 

syst:ems are ready for comma~iat du~y. 

The problem with the quench ch.wbor during EPRI - O2B was mainly due to control 

systems not being set up properly. Further improvement can be obtained by dus 

attention to design. 

The incident z c f c r r e d  t0 above illustrates the value of a 9asi~ier that can readily 

be put on standby to effect necessary repairs, either in the gasifier or its ancil- 

iiary systems; and then be expected to ze~urn on llnt quickly and reliably. The 

Slagginq Gasifier is an example of such a gasi£1er, as it has demonstrated of ten in 

the past. Providing that K|%Q gasifier is running properly, with seed bad and hearth 

conditions, it ai)poars that retuml from a standby situation is certain, provided 

tha proper slmplo routi*Ios are followed. The standby can either be ho~, ac pres- 

suze, or cold at atmospheric. In th~ latter case there appears to be no limit to 

the length of standby period which can be reliably obtained. 

6-4 



P 
P 

Section 7 

PERFORMANCBOF LURGI PROPRZET3~q~ EQUIPHENT 
(By Lurgi Kchle und MinerolSltechnlk GmbH) 

This report is produced w~th exclusive reference to the general performance of Lurgl 

proprietary equipment. Special emphasis is given to the influence of the perfor- 

mance of the stirrer/dlstributor system on the general gasifier behavlouEo Depend- 

ing on the type of coal, an optimt~n stirrer speed has been identified ~o give the 

best gasifler performance for steady state operations. 

The stirrer/coal distributor system performed satisfactorily at all load changes. 

Tar reuirculation on the distrLbutor has, in this particular equipment, a noticeable 

impact on gasifier performance. 

There Ss no conclusive evidence of the influence of an increased fraction of fines 

in the feed coal. 

Although the gasifier performed well under all operating conditions, several bed 

upsets occurred in regular intervals. These bed upsets, however, had no lasting 

effect on the gasifier performance. 

OBJECTIVES 

The objec~ive~ of the EPRZ-trials on the slagging BG/Lurgi gasifier in Westficld 

include the test of the performance of the available stlrrer/distributor equ~ment 

with respect to gasification of two different coals. Due to the availability of 

experience in fixed bed gasificatlon, Lurgi was invited to provide some input in 

outlining the run schedules and in coveritlg and evaluating the trials as far as th~ 

Lurgi proprietary equipment is concerned. 

Because of the countercurrent operation, fixed bed gasification is inherently more 

efficient than fluidlzed bed or entralned bed gasification. Considering the large 

VOlUme of coal normally 9resent in the reactor, there is reason to assume that 

fixed bed gasification is operationally safer than other modes of gasification. 
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The EPRZ-trials aonsisted o~ three individual z~ns. This report =overs only those 

particular aspnc~s of the e... 3riments whiah aze related to the Lurgi proprietary 

~luipmen~. 

The malnpoints considered are= 

• Optimlzin~ s~irrer speed for different loads of two different coals. 

• Evaluation of ~ar injection to the c0al dlstribut0r. 

• Influence of high fines content in regard to the uppe~ part of the 

gasifier. 

• Evaluation 0£  b s d  Upsets. 

Some convenient performance critQria for good fixed bed gasification are: 

Low offCake temperatures of the raw gas. 

LOw pressure loss of the ~ixed bed. 

High calorlfiu value of the raw gas. 

Low standard deviations of all dependent variables. 

GENERAL ARRANGEMENT OF CO~L DISTRIBUTOR, $TIRRER AND TAR RECIRCULATION SYSTEM 

Coal is fed from bunkers via a manually operated lock hopper, into a coal distri- 

butor. Flux is fed simultaneously with the coal into the lock hoper via a vibra- 

tor feeder. The coal distributo~ is h~draul£cally driven and feeds the coal in 

layers onto the coal be~. Tar is fed into the top par~ of ~he coal distributor to 

wet the coal in the distributor. The arms o f  the stirrer break up any caked lumps 

which may form during devolatization in the upper part of the reactor. 

A particular coal distributor and stirrer system is usually designed for a set of 

particular coal properties and fur particular operation conditions of ~he reactor. 

Although the available system in the Slagging Gasifler is certainly not suitable for 

all coals, serious operational problems did not appear. 

ANALYSIS OF EXPERIMENTALRESULTS 

stirrer speed optimizatlonfor Roam in,ton and Pittsburgh 8 coal 

Figure 7 - 1  shows the dependence o£ offtake tempsrat~Lres on the stirrer speed (Run 

No. i). Under certain conditions the performance of the gasifier improves with 

greater RPH (Revolutions Per Hour). 
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This effect is even more ~erosp~ible when evaluating run No. 2. Table ?-is pre- 

sents a quantltative evaluation of three stirrer speeds using offtakQ temperatures, 
bed &p and ~alaulstsd lower calori£io value. Table 7-1e shows e ra~ing of nine 

hourly mean values in which ths most favorable value (iowes~ offtake temperatures 

and bed ~'s, high~st calorific val~e) is given the number i, the least favorable, 

~he number 9. The elements of the matrix show the matching stirrer spee~. The 

table shows c0nsi~ten~ly ~he lowest value to have the worst rating and the highest 

value the heat followed 01osely by #he intermediate BPH. In the same manner, the 

standard deviations are evaluated (Table 7-1b). For the s~ke of clarity, Table 7-15 

shows only the ~wo lowest and two highest ratings of the nine periods investigated. 

Considzring the fast that %he intermediate value is close to the highest value in 

Tables 7-1a and 7-1b, thle in~ez~edlate value is assu~ed as a base for the relation 

between load and stirrer speed (Figure 7-2). Con~aring Rossing~on and Pittsburgh 8 

coal, a dlstinctivm influence of th~ type of coal ls evident. 

Stirrer s~eed settings at increased fines content of feed coal 

Based on previous experience of the influence of fines in "dry ash gassifier," the 

stirrer speed has be~n increased proportionally with the fraction of fines in run 

No. 3. However, the fines content is considered ~ he very moderate compared to 

similar gasification tests with dry ash gaslfier, where ~e fines content reached 

30% < i/8". 

stirrer tests with high fine~ content indicated 'that increasing the stirrer speed 

above the previously identified value may .improve the bed behaviour. However, the 

fines content fluctuated considerably during the second half of run No. 3, hence a 

conclusive assessment was not possible 

Table 7-1a 

EVALUATION OF STIRRER SPEED TESTS 

Var!a~e/Ratlng 1 2 _ 3 4 5 6 7 8 9" 
lower bed p 112 112 -87 87 112 87 62 62 62 Matrix elements: 
%~pper bed p 112 87 i12 87 87 112 62 62 62 stirrer speed 
T3 112 87 i12 112 87 87 62 62 62 (in %) 
T4 112 87 112 87 112 62 62 62 62 
oaulorifio value 112 112 112 87 87 62 87 62 62 

*Ra~ingS of 9 mean values of bed pressure losses, offtake temperatures and heating 

values. 
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Table 7-1b 

EVALUATION OF STIRRER SPEED TESTS 

Var~ja~e<rating 1 2 3s 3e 
hy~raullc p~essu~e o~ 
stirrer drive 112 87 62 62 
lower bed p 112 112 62 62 
upper bed p 87 87 62 62 
T 3 87 42 62 52 
T 4 87 42 ~2 62 
calorific valu~ 42 87 87 87 

Matrix elements: 
stirrer speed RPH (in %) 

EVALUATZON OF THE TAR RECIRCULATIO~ 

0b~ectives and analTsis o£ the present s_yst.em 

The objective of the tar reclrculatlon to the top of the reactor is to recycle the 

tar to extinction in a countercurrent mode with the coal in the moving bed. Fur- 

thermore, wetting evenly the coal in the upper part of the reactor decreases the 

dUSU content of the offgas. 

The tar in the reactor is partlall~ dis~illed and isar=lally cracked. However, 

from the experiments conducted within the EPRI-pEogram, no precise information is 

available concer~ing tho whereabouts of tar fractions. 

Impact of tar recirculation on the reactor perEormance under various operating 
conditions 

Figure 7-1 shows offtake temperatures at two different tar rates; the graph shows 

consistenly the influence of tar re0ii,~,llatio~, ts the distributor. The performance 

of the operation with Pittsburgh 8 coal deteriorates with incre~sed tar recircula- 

tion. 

This is caused by constructional deficiencies and hence uneven wetting of coal. 

Experimental evidence from other gaslflers has shown that tar recir=ula~ion has no 

adveEse operational effects. 
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The effect of ta~ on the raw gas analysis is given in Table 7-2. The influence of 

~ar is malnly shown by the increase of standard deviations rather ~han a change in 

~ a a n  v ~ l ~ Q s .  

Table 7-2 

INFLUENCE OF TAR RECIRCULATION TO THE D~STP~BUTOR ON RAW GAS ANALYSI6 

~O tar max. tar 
Mean (%} st. dev. Mean (%) st. dev. 

N 2 3.36 0.56 3.26 0.56 
C~I 4 7.13 9.44 6.87 0.89 
H 2 27.9 0.62 28.1 3.15 
C2H_ 0.43 0.04 0.41 0.06 
C2H ~ 0.14 0.01 0.15 0.02 
CO 56.1 1.33 54.8 5.99 
CO 2 3.83 0.47 4.16 0.66 
H2S 0.63 0.02 0.59 0.09 
COS 0 .08  0.002 0 .07  0.008 

There is no conclusive relation between tar recirculation and dust content o~ the 

tar. Test periods were too short uompared to the dynamics of settling and sedimen- 

ration in the tar separa~oE. 

GENERAL RE~LRRES TOT HE OPERATION ~TLOADCHANGES 

Load changes, as tested between 100% and 30%, require, in general, adjustments of 

the stirrer speed according to Figure 7-2. 

However, at pulse test (duration up to ten minutes) the stirrer speed can be kept 

constant without any bed upsets. Ramp changes require ~pproximate proportional 

changes in stirrer speed. Too high a change leads to instant overfilling of t_he 

reactor and hence, to severe upsets (high hydraullc pressure, high offtake temper- 

atures, high bed Ap's). 

A typical incidence shows that increasing the starer speed too rapidly leads in- 

suentaneously to immediate rapid increase An both bed ~p's and hydraulic pressure. 

The peralsability of the bed decrease~ suddenly and the offtake temperauures rise. 

Usually, incidents of this kind caL be rectified by lowering the stirrer speed 

i,~diately an~ following gradual increase. 
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EVALUATION 0~ BED UPSETS 

The operation of fixed bed gasification is essentially dependent on the dynamics of 

the coal had. 

Any upuet in the sn~oth downward flow of coal has savors effeats on the gasifier 

performanco. 

Several times during the experimental runs, bed upsets oocurrod in irrepular inter- 

vals which were immediately recognized by strong variations in bed pressure losses 

m~d gas temperatures. 

These random bed upsets, however, never caused serious operational problems. In 

most cases, bad upsets rectified themselves without any operational interEerence 

from outsldo. 

CONCLUSXONS 

It is generally known tha~ ~he operation of th~ fixed bed BG-Lur~ Slagging Gasificz 

is influenced by the performance of stirrer and coal distributor. This ~lenomenon 

has been confirmed during these experlments. The stirrer speed has to be adjusted 

to the particular conditions of this system. Optimizing the stirrer speed leads 

to significant improvement o£ the operational behaviour. 

The experimental evidence indicates that the operation of the stirrer and coal 

distributor can be fur~or adjusted for different coal properties. 

There is a significant influonce o£ tar reclroulation in this particular equipment 

~ndor any operating conditions. However, tar reeirculation never caused any c -,¢I- 

¢al operational problems. 

There is no conclusive evidence how the increased £J~os cuntent of the feed coal 

affects the performance of stirrer and coal distributor. 

From the experience with the dry ash gaslfier, the stirrer speed is to be increased 

with increased fraction o~ fines in the feed coal. However, fines content during 

the ~.PRI-trials has been very moderato (approximately 20% < 1/4" vs 20% < I/8" in 

"dry ash" gasifier on blt~inous coal). 
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Seotion 8 

PARTICULATES ZN RA~ GAS 

EPRZ is concerned about the e ~ f e o t  of impurities in the gas from the Slagging 

Gasifiur on the hot components oE gas turbines. In particular, two tFpes of attack, 

namely hon corrosion due to salt layer deposltion and eroslo|~ due t o  dust particles, 

ate o f  intereS~o 

A maximumlimlU of 0.5 ppmbyweight of reactive alkal£ metals is given as a 9u£de- 

line for fuel impurities. Fuller details of the more important aspects oE ~he above 

prob~0m~ are given in Appendix C, 

Heasuremen~s earrled out at WastEield ~zring the EPRI trials allowed the dust con- 

centrations in the gas from the Slagglng Gaslfier to he calculated for a range of 

ioadlngs. The dust samples collected were then sent off to the British Gas 

Corpora~$on London RQseaTeh Station for £uEther analysis. 

DESCRIPTION OF DUST PROBE AND FILTER SYSTF24 

The dsslgn of a dust probe to sample the flare gas to No. 4 flare isoklne~Ically 

was based on the British Standard Method for sampllng superheated steam from steam 

generating unlts (B.S. 3285: 1960). 

The location of the dust sam~llng point in the No. 4 flare llne is shown in 

Figure C-I in Appendix C. Figure C-2 shows the probe and filter assembly for samp- 

ling the gas from the 6" N,B, line, and details about the related pipework and 

instrumentation are given in Figure C-3 in Appendix C. Steam trace heatinq of the 

probe plpework was necessary to prevent bl~:kaqe of the filter by ammonium oarbo- 

nabs, a problem encountered In preliminary trlals prior to EPRI - 01. 

The filters were held in the filter holder by a stainless steel mesh disc and a 

threaded retaining ring, What~an GF/B glass microfibre filters were used throughout 

the nrlals and their technical charaeterlstics are given in Appendix C, 
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DESIGN CONSIDERATIONS AND COMMENTS 

The design was based on sampllng gas produced at aun oxygen loading of 160,O00 SCFH -I 

and a steam/oxygen ratio of 1.3, with single flare operation. Orifice plate calcu- 

lations for the probe were carried out at Westfield on line to the computer at 

London Research Station, using the orifice plate program developed by British Gas. 

Details about the location and diame£er of the probe sampling par~s calculated as 

per B.S. 3285t 1960 are given in A~pendlx C. Eventually, the probe was located in 

a portion of the flare line of 6" N.B., and the design with four sample parts was 

adopted. 

The probe design, Figure C-2 in Appendix C, b~Ld to allow for filters to be changed 

when the gasifier was on line. ~ncorporated i11 the design was a facility for re- 

moving the whole probe from the flare llne sho, lld any blockages occur, allowing it 

to be cleaned and replaced, again, while on line. 

The control system on the probe pipework enabled the flow through the filter to be 

adjusted so that isokinetic samplin~ could be achieved for the range of feedings 

used throughout the EPRI project. 

METHOD OF OPERATION O~ ~ DUST PROBE 

The operating procedures for the dust probe are given in detail in Appendix C. 

particular, the valve sequences for the following operations are given: 

I. Insertion of probe on llne. 

2. Removal of probe on line. 

3. Changing probe filter on line. 

In 

PROBLEMS ENCOUNTERED ANDHOWTHEYWEREOVERCOME 

From preliminary trials prior to the EPRI project, there was a problem with ammo- 

nium carbonate crystals blocking the filters. This was overcome to some extent by 

using steam trace heating on the probe pipework. The effectiveness of this was im- 

proved after run EPRI - Ol by lagging the system. 

Between test runs, it was noted that liquor had condensed in the flare line at the 

dust probe sampling point. As there was no drain valve on this section of the No. 4 

flare llne, the dust probe pipework was purged out for several hours with the flare 

gas in anattempt to remove the condensed liquor before starting a test. 
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Prior to the £PRI trials, no flow controller was used, but the flow was observed to 

drop off oven when reset. This was partly d u o  to ~mmonlum ¢arbonat~ crystaliLsinq 

out in the pip,work. For the EPRI runs, a flow contr~ller and flow c o n t r o l  valve 

~ro introduced, giving bot¢0r flow control. After run E~RI - 01, the size of the 

flow control valve was reducod to give even bettor control. 

~n preliminary tests and at the boglnning of the EPRI t~rlals, problems were on- 

countered with the filters. On occasion, they ~i~hcr dlsintegrated o r  blocked up 

&>mpletoly. l|ow0ver, as ~xpur|ence of operating ~hu probe increased, those situa- 

tions became l~ss frequent. It was discovered that tlghtonlng the filter retain 

zing too much helped oausQ tljo filter to dlsint~qrate. It becam= oaslor ¢o judge 

eho duration o£ a ~est as t|io EPRZ project progressed and so t~st failure duo to 

blocked filu~r~ b~camo loss frequent. 

RESULTS OF DUST CONCENTRATION MEASUREMENTS 

Full details of the dust concentrations measured ~or the three EPRI test rm~s are 

given in TabLe 8-I. ?ig,res 8-I and 8-2 show ~ho dus~ concentrations plotted against 

oxygen loading, and against gas flow at NO. 4 flare for ~ho run EPRI - 03. The 

data have boon corrected for ~he actual temperatures and pressures being slightly 

different from the design tam~ratures and pressures. The criteria for accepting a 

given result as being Isoklnotlc are given in Appendix C. 

Not much useful quanEitatlve information was obtained from EPRI - el, although val- 

uable ex~rlence and expertise at uslng the probe wore gained. In fact, for 

EPRI - 01, only two isokinotlc values wore obtained, while for EPRI - 02B, four 

values wore obtained, two of whiuh are suspect because the filter papers were 

slightly damaged. Those suspect results were for the two highest oxygen loadings 

and may be lower than was actually the case. By far, the most =ellable results were 

from run EPRI - 03, whore all the filter papers were intact and all ~he tests were 

isokinetic. 

H~nce, from the results obtained, i~ is not possible to compare the dust concentra- 

tions obtained for the three dlfforent coals, namely, Rossington, s¢reencd 

Pit:usburgh 8 and as received Pittsburgh 8. 

The highest dust concentration measured was for as received Pittsburgh 8 during the 

test period N of run EPR¢ - 03. This corresponds to about 3.5 x 10-2rag. of dust 

per standsrd cub ic  foot of gas, equivalent to 1.3 ppm. w/w. 
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RESULTS OF DUST ANALYSIS 

Dust partlcle analysis was carried o~t at the British GasLondon Research Station. 

The particles were observed using a ac~n[ng electron mic..-oscope, and analysis o~ 

individual particles was carried out using an energy dispersive X-ray spectrometer. 

The materlal collected on the filter paper~ was ~retreated, before analysis, by 

solvent washing to remove tar and other organic materi~is. 

Under the contract, two dust samples only were analysed, namely those for ~amples 3 

and 4. The gasifier conditions for sample 3 are g£ven in Table 8-1. Sample 4 was 

obtained under the same condltions, but in this case, sam~llng was isokinetic. For 

sample 4, however, the filter was Eound to be slightly eroded on rE~m~val from the 

filter holder, making q,/antitative dete~uination of the dust concentration 

impossible. 

Examples of the dust particles analysed are given in Figures 8-3 to 8-6. Micro- 

graphs of a blank filter are given in Figures 8-7 and 8-8. Table 8-2 9ires the 

analyses of the particles numbered in Figures 8-4, 8-6, and 8-8, while Table 8-3 

gives a summary of all the paEticles analysed. 

Intez?retation of the results should be considered in the light of the information 

given by EPRX in Appendix C, 

None of the particles analysed for samples 3 and 4 had Na as a major component, and 

only 6% of ~he par£1cles had K as a ~m~or component. This aces not take into 

a=co~t the dlfferen~ sizes end weiqhts of the partloles. The analyses thus ob- 

tained are only qualltatlve. 

An extremely approximate guide to the levels of the various elem=nts is as follows: 

major component > 10% 

minor component i - 10% 

trace component > 1% 

Care most be taken, however, to avoid reading too much into the above figures. 

It therefore seems lfkely that even for "the maximum obse~,ed dust loading of about 

1.3 ppm, the reactive alkali ~t.~l content will he the 0.5 ppm limit specified hy 

EPRX in Appendix C. Only elements with atomic number > ii were detecUable, which 
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Pigu=e 8-5. Dust Filter Test 4, M~gnification x i00 ~ 

F i g u r e  8 -6 .  Dust: F i l te~c Test: 4 ,  M a g n i f i c a t i o n  x 250 ~ 

*PleeEe note that the Illustration(s) on this page haVe been reduced 10% in printing, 
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TABLE 8-2. ANALYSES OF PARTICLES NUMBERED IN MZCROGRAPHS 

Pigu.Te 

J ,  

?.7 

7.9 

7.11 

Tes% Particle 

I 

2 

3 

Sp ~e 

S, Pe 

AI, 8i, Ca 

MinO~ 

I 

AI, Si 

Si 

M~, S 

Blank 

S, Zn 

8i, S, ~e 

S, Pe 

Si, S, ~e 

Si, 8, Ca 

8, Fe 

B 

S, Fe 

Na, Cl 

Si. 0a 

~e 

Na 

Na, Si 

Na, Mg, At, K 

Si, C~, Mn 

81 

SI 

8i 

Na, ~, K 

~rs.c e 

Mn 

K 

Si 

A1, Ca 

Ca 

Fe 

Ni 

AI, Ca, Fe 

Ca, Cr 

AI, K, Ca 

S, Cl 
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TABLE 8-3. SU}~ARY OF PARTICLE ANALYSES 

Number oE Particles Analysed 

Proportion with S and Fe major 

Proportion with S i  majo r  

P r o p o r t i o n  w£ah K ma jo r  

Proportion with K =race 

P~oportion with Ne major 

Proportion with Na trace 

Tes% } 

,~4 

74 

5B 

6 

~8 

0 

21 

Tes% 4 

24 

4~ 

85 

0 

25 

0 

75 

~l~ak 

7 

0 

B5 

0 

45 

14 

100 

uni~B 

8-12 



means it is not possible to comment on th~ relative levels of akali metal chlorides, 

hydroxides, oxides and carbonates In the particles. 

No vanadium, lead or phosphorus, believed to enhance hot corrosion, were reported 

tO be present. 

Complex akali metal sulphates containing Fe, Co and Ni are also thought to contri- 

bute to hot corrosion. From the results in Table 8-2, Co and Ni are not important, 

al~1ough Fe was found to be a major component in man7 of the particles. 

PHYSICAL DESCRIPTION O~ DUST PARTICLES 

Particles were found to range in size from 1 to 50 ~m. Attempts to isolate smaller 

particles were unsuccessful, and because a proportion of the finer particles dls- 

appeared into the bulk of the filter, particle size analysis was not possible. 

Examples of the individual particles studied are given in Figures 8-3 to G-6. 

Sn,all groups of particles were often found, as shown in FiguTe 8-4 and may have 

been deposited as part of a tarry droplet. 

According to the information in Appendix C, particles below i ~m in diameter should 

not cause erosion and in general manufacturers specify no particles > 1Opm for a 

total dust loading of > 35 ppm. The dust particles collected are outside the size 

restriction, although the to~al loading should be much less than 35 plm~. Although 

the hardness of the particles was not measured, problems of erosion may perhaps be 

en~untered. 

More quantitative experimental information using better filters is required before 

the full extent of the erosive nature of dust particles can be satisfactorily 

assessed. 

DISCUSSION AND CONCLUSIONS 

The method of sampling gas from No. 4 flare line is worth further conslderation, as 

is the origin of the dust particles collected. 

As ~he gas was required to be sampled Just before NO. 4 flare, the only reasonable 

configuration for the probe in this location, bearing in mind the physical con- 

straints at the deaerator roof, was, in fact, with the probe pointing vertically 
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upwards from the flare line. It is likely, therefore, tha~ a proportion of the 

heavier dust particles may not actually have reached the filter. 

The filters were found to he discoloured on both sides, suggesting that some mater- 

ial had passed through. It is not, therefore, possible to specify whether the 

values obtained in this work for t.hs dust concentrations are lower or uplm~r limits. 

The filters used were not ideal, but were chosen initially to survive the aggres- 

sive environment of the raw Slagging Gasifier gas. Blank filters were observed to 

contain some particles similar in appearance to those being collected by the test 

filters. It has been suggested that Nuclepore filters would be more suitable for 

future experiments. 

Considering the limited number of samples, end the uncertainties in the measured 

dust concentrations, together with the qual~tatlve nature of the analytical results, 

the overall effect of dust from ~he Westfield Slagging Gasifier on turbine blades is 

vary much open to debate. ~t is not ~ssib!e to draw scientifically valid conclu- 

sions, but it would agpear that hot corrosion ks unlikely to present too much of a 

problem, particularly since in an industrial plant, there would be at least one 

more cleaning stage, mainly for sulphur removal, whichwould reduce the dust con- 

centration even more. 

It is likely that most of the dust collected originated from ~he inside walls of the 

pipework downstream o." ~:he gaslfier, as opposed to carry over frc~ the top of the 

bed of the gasifier. This leaves t.he interpretation of the result open to specula- 

tion without further experiments to determine the origin of the dust. Further 

analysis did reveal that apprxomately 25% of the solld materlal was present as 

hydrocarbon. 
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Section9 

LORD CHANGE TESTS ON OXYGEN PLANTS 
(By BOC Limitod) 

BACKGROUND 

British Gas operates two B0C designed and built l00. TPD* Tonnox Internal compression 

plants supplying oxygen to their gasiEiers. The test for EPRI required the gasi- 

fiefs to be flexed from full load to 45% load and back again in short periods of 

time, to simulate SNG production for gas turbines generating eleotricity. 

To demonstrate the ability of typical oxygen plants to cope with the flexible 

oxygen de-ands of a g~sifer it was necessary to carry out load change tests on one 

ofthe Westfield Tonnox pla~ts. The obJeutlve of the tests was to identify the 

rate at which the oxygen plant could be turned up and down, such that the power 

savings associated with reducing output could be realised. 

TEST PROCEDURE 

The test was carried out on No. 1 plant. 

The plant was running in a turndown condition on 19 December, 1979, making both 

gaseous and liquid oxygen. Power readings and oxygen make were recorded at thls 

setting. 

On 20 December, 1979 the plant was increased to a maximum gaseous oxygen setting. 

It was then run for 2% hours at this setting and power and oxygen make recorded. 

The plant was then reduced to a turndown gas plus liquid setting. 

The oxygen and nitrogen purities were measured by portable analyser since the plant 

continuous analyeers were not operable. Oxygen flow was taken from the plan~ flow 

recorder, power consumption was taken from the l~r meters. Cooling wa~er power 

is not included in the L.T. measurement since C.W. is common site supply. 

*TPD = long ~ons (1016.1 kg) per day 
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RESULTS 

The readings taken whilst increasing and reducing plant output are shown on Fig- 

ures 9-1 and 9-2 respectively. 

• Turndown setting 19 ~ 20 December, 1979 

--Liquid oxygen make = 5.3 TPD = 5,850 sft3/hr * 

--Gaseous oxygen make = 66.5 TPD = 73,400 sft3/hr 
Chart Reading = 5.5 

--Total OXygen ~ke = 79,250 sft3/hr purity 96.7% 

--Total power = 2,094.8 kW 

--Specific power of oxygen = 26.4 kw/l,O00 sft3/hr 

--Specific power of gaseous 
oxygen 25.4 kW/1,000 sft3/hr 

(allowing 40 kW/1,0O0 sft3/hr for LO) 

Increasing plant output: 

--The ~aseous oxygen flowrate was increased from a chart reading of 
5.5 to 8.2 in 20 minutes. This represents an increase in oxygen 
flow from 73,400 sft3/hr to 109,430 sft3/hr7 i.e., 57% to 100%. 
The oxygen purity increased over the next 20 minutes and the 
gaseous oxygen flow was correspondingly increased to a further 5%. 

Maximum gaseous oxygen 20 December, 1979 

--Liquid oxygen make = 0 

--Gnseous oxygen make = 102.2 TPD . 
112,770 sftJ/hr Purity 96.5% 

--Total power ~ 2,3?8.8 kW 

--Specific power of gaseous 
oxygen ~ 21.1 kW/l,000 sft3/hr @ 450 psig 

Re~:olng plant output 

--The gaseous oxygen flew rate was reduced from a chart reading of 
8.55 to 5.5 in 22 minutes° This represents a decrease in oxygen 
flow from i14,100 sft /hr, to 73,400 sft3/hr~ i.e., 104% to 5%. 

The oxygen purity as mQasured by the portable analyser read low be- 
fore and during the test such chat the rate of oxygen Lake off was 
reduced to recover this. The indicated purity partlally recovered. 

*eft 3 = cubic feet atl Pressure - 30 inches Hg 
Temperature - 60°F 
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COMMENTS 

Q 

No difficulty was experienced in retaining purity or increasing the 
plant output in l0 ~inutes. Indeed the increased oxygen purity 
implies not enough gaseous oxygen was withdrawn. Therefore, with 
gain in operating experience it is possible ~hat 20 minuues could 
be improved upon, when increasing plant output. 

The rapld turndown of e plant is usually more difficult than the 
reverse, therefore, it is unlikely that a turndown time of better 
than 20 minutes is achievable on this plant. 

The limits of turndown and maximum gas as measured during these 
short tests cannot be considered to he the absolute limits oE this 
plantts operating range. Certainly there is scope for optimlsation 
which could no~ be attempted within the timescale of the tests. 

DISCUSSION 

NO problem was experienced turning the plant up or down in 20 
minutes and still retaining the deslgn purities on both oxygen and 
waste nitrogen. It is probable the turn up rate could be improved 
upon with practice. The quality of products imposes restraints on 
the flexing time of plants. If nitrogen purity is not critical, 
and oxygen purities down to 90% are acceptable then it is likely 
that similar load changes could he carried sun in less than 20 
minutes on this particular plant. 

The Westfield Tonnox plants are oversized for their present oxygen 
demand. A plant specifically designed £or the oxygen demand would 
have a more suitable range of operation. 

The Tonno~ plants use a now outdated high pressure Heylandt lique- 
faction cycle which inct|rs higher power consumptions than would be 
acceptable on modern plants. Modern low pressure gas plants deliver 
gaseous oxygen at e few pslg with external oxygen cempzession. 

Tonnox p l a n t s  are similar to modern low pressure air separation 
plants insofar as the distillation columns are concerned. Both use 
the classic double column system. 

The turn up/down rates of these tests wore oarrled o~t totally 
manually on a plant with practically n~ automation. Automatic 
computer controlled plants could undoubtedly operate these load 
changes far more efficiently and efEictively than any manual 
operation. 

SUt~IARY 

The objective of the tests was to identify the rate at which typical 
oxygen producing plants could be turned up and down to simulate a 
variable gasifier demand. 

The tests proVerS that a IDD TPD Tonnox plant can flex between 65 
and 100% of gaseous oxygen make in 20 minutes. 
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NC difficulties in maintaining design purities were experienced. 

There is considerable scope for optimisation of the plant which was 
not possible with the limlted time and data available. A wider 
o~eEatlng range and quicker load changes might be possible with 
cperaUlonal experience. 

Automatic computer controlled plants could undoubtedly operate these 
load changes more eEEiclently and effectlvely than manual operation. 
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Section i0 

REPORT ON TEST RUH EPR/ - Ol 

SUH,qAR¥ 

Run - 01 was the first of the three run pro~rammes of the EPRI contract and aimed 

~c de,one,rate the ability of thu gasif~er, operating on the standard reference 

coal, ,~oss£ngton,* to run at various Ioadings, and to change to these various load- 

ings quickly and reliably. The dynamic behavior of the gasifler during these 

changes was to be investigated as ~as the ability of the gasiEier to be controlled 

from the back end of the plant. 

Slagging Gasification on Rossington coal started at 11:12 on 14 October, and with 

good running obtained under standard conditions. + Some brief assessments of the 

effect of stirrer speed on performance were eazrLed out before a mass balance 

performance test period was initiated. The gasifier was ~hen turned down over ten 

minutes to 100,000 SCF/H oxygen loading with no problems and held at this loading 

for four hours, and then brought back up again at 13:17 on 15 October, 1979. Over 

the next six hours the gasifier was then spiked down to Ii0,000 SCF/H oxyqen and 

back again on two soparate ocuaslons, the total duration of each spike being ten 

minutes and three m~nu~es. These were carried out without problems and at 22:07 

gasifier loading was brought dotn% to 80,000 SCF/H oxygen over half an hour. 

There was a prolonged period uf ztlnning of oveE 40 hours at this loading. During 

this time sevaEal performance tests wars carried out on the gasifier. These 

included three planned mass balance periods, the successful commissioning o£ £1ow 

control on the gasifier, and a series of short tests with different rates oE tar 

injection and different stirrer speeds. All these tests were successfully carried 

out and at 19:33 on 17 October the rates wsre brought back slowly to standard con- 

ditions in flow control. After a period of steady running at 160,000 SCF/H oxygen 

*The'-----standard reference coal, Rossington, is a 702 rank coal from a long life 
single seam colliery in Yorkshire and Is thought to be typical of coa1~ available 
for gasification in Britain in the 21st ~entury. 

+Standard Westfleld Slagging Gasifier conditions are defined as 160,000 SCF/H 
(approximately 96% pure) oxygen loading to the tuyeres H20/O 2 = 1.30(v/v), and 
pressure psig. 
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loading rate reduction again co~menced, with the gasifler being steadied out at 

50,000 SCF/H oxygen loading on 18 October. Running at 50,000 SCF/H oxygen loading 

was planned to he carried out at 1.30 steam/oxygen ratio, buu due to a calibration 

error this was, in f~ct, 1.88. This high value did not affect smooth operation at 

the low loading. 

The run was concluded with a period in flow control, with rates being brought up to 

180,000 SCF/H oxygen before pressure control was restored and a controlled shut- 

down w~s carried out. 

The run is summaEised diagramatically in Figure i0-i. Table i0-i describes ~he 

load changes made during the run. 

EQUIPMENT, INSTRU~IENTS AND CONTROLS 

There were no major gasifie~ changes for EPRI - 01. However, numerous changes 

were made on ~he control and instrumentation side, some of which had started to 

be commissioned during previous runs. Some of these were: 

• Installation of a new fl~e tip at number 4 flare to provide for 
quiete~ running on single flare, full load, operation. 

• Replacement of the 4" flare control valve bS' a 6" valve on number 4 
stream to deal with potential higher flows UP the flare. 

• A new control system which enabled th~ gasifier to work in back end 
flow c~ntrol and front and pressure control as well as the normal 
mode of flow control on the steam/oxygen and pressure control at the 

flare. 

• Continuous gas analysis at the flare by mass spectrometer for the 

elements CO, H 2, CH 4, CO 2, N 2, C2H 4, C2H 6, COS, H2S. 

• Continuous gas analysis at the u~per dlmester (either 3 or 4) using 
discrete individual analysers to monitor CO, CO 2 , H 2, CH 4 , H2S and 
~otal hydrocarbons. 

• Continuous measurement of gas CV and Wobbe number at the upper 

dentister. 

Q ~etering of tar injection to gasifier. 

Installation of data logging system. 

Instrumentation apart, systems were operated as per previous runs and it was planned 

to use the system developed to facilitate running at low loads. 
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RUN DIARY 

Th~ run was initiated at 08:45 on 14 O-.tob0r, 1979. At 11:12 locking on Rossington 

%~shed singles (%" - 1%") co,nmenoad. Coal locking was intially on raw gas. By 

11:45 the g~s~fier was under standard con@Itions of 160,000 SCF/M oxygen loading, 

I. 30 steam/oxygen ratio and 340 psig. ~ was decided to hold pressure slightly 

bslow the normally used 350 psig in order to avoid any problems with pressure fluc- 

tuations lifting relief walves when the various control modes were tried later on 

in the run. 

A good start up %~as obtained, with automatic slag tapping being commissioned and 

tar injection to the gasifler top being brought on at 60% pump stroke. 

Early on 15 October the gasifier was settled down and running well on Rossington 

coal at standard reference conditions and a performance test period was started, 

with a sides~ream being put on at 04117. Good gaslfier performance continued 

throughout this mass balsnQe period. At ii.00 rate reduction to 10D,00D SC2/H 

OXygen commenced, with the gaslfier being brought down from 160,000 SCF/H oxygen in 

ten minutes. Tar injection was brought down to 50% ptE~p stroke. This rsduotion in 

rates was cat-tied out smoothly and produued no d isue.rnable transient effects upon 

the ~sifier. 

At 15~43, after four hours of steady running at ll0,00O SCF/H oxygen, the rates 

were brought back up to 15D,000 SCF/H in ten minutes, again, with no problems 

and again, without the gaslfler e~hibiting any significant transier.t ph~::omena. 

Afte~ .C.iowing two hours for the gasifier to settle down at standard loading, the 

rat~ ~Ee dropped to 110,000 SCF/H oxygen and then brought back up again, all in 

the s~ace of ten minutes. Th~s p~oduced no effeot upon the st~.*ady performance of 

the c, asifier, nor did it when the exorcise was repeated again at 20:15, this time 

over thr~e minutes. Again, no Upsets were created. 

At 22t07 gasification rates were staztlng to be lowered towards 80,000 SCP/H oxygen 

loading, this loading being reached at 22:30. Again, a good transition was ob- 

tained, with no obvious major transient phenomena, and the gasifier settled down to 

work well at this half load, with good performance in all azeas~ Tar injection to 

the gasifier top was proving difficult to establish and at 03:42 both pumps were 

turned on at high stroke. This appeared to upset the bed slightly with a high bed 

DP and offtakes ~or~peratures. Tar injection Has that: ~,~l~d on to one pump at 60% 

stroke and good gasifier performance continued. Performance data was gathered at 

this loading and a sidestream was rum this period ending a~ 11137 when tar injection 
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was raised to 80% pump stroke Between 14;00 and 17~00 experiments were carried out 

on gasifier oontrol, which ended wlth s%;¢cessful front end pressure control, bank 

end flow control being achieved. Tar Injection was then brought to as high as 

possibl~, at 90% pump stroke, which represented a tar rate of about 12% of the DA~ 

coal feed, and further performance data gathered under these conditions, with 

another sidestreambeing run. At this high tar load the effec~c of three stirrer 

speeds were investigated. Gasifier control in back end flow was restored and ~ur- 

ther adjustments and improvements made to the control system. Gasifier performance 

continued to be good and at 06:15 tar inJectiDn was reduce~ down to 50% pump stroke, 

so Chat further performance data could be gathered at half load, this time with a 

low tar injection rate to the gasifier top. Sidestream number 4 was put on. 

Distributor revolutions were changed at 13:15 and again at 16z33, which represented 

the last test a~ 80,000 SC~/H loading. 

At 19:33 the gasi~ler was put in back end flow control and rate increased achieved 

by moving up the flow co~trol set poin~ at the back end of the plant. In this way 

standard running conditio~.s of 160,000 ~CF/H o~ygen, H20/02 i.~0 were reached by 

21:05, and ea~'ly on 18 October the gasifier we3 ~estored to back end pressure con- 

trol. Gasifi~r performance Pontlnued to be satisfactory at the high loads and at 

04:15 rate reduction to 50,000 SUF/H oxygen loadinq was co~enoed as per programme, 

this being finally reached at 06:15. Due to a calibration error on the steam flow 

indiuator, the steam/oxygen ratio at thls loadin~ wa~ subsequently discovered to be 

1.88. However, ¢hi~ ratio still allowed ~cceptable hea~th conditions and good bed 

behaviour. 

For 50,000 SCF/H running, tar w-'-s reduced to 31'% pump stroke. A good transition 

was made to this loading. Performance data was gathered under these conditions with 

a sidestream being run, after which the gasifier was put in flow control and the 

rates raised. Early on 19 October, while this was occurring, gasifier conditions 

deteriorated due to ad hoc manipulatlon of the steam/oxygen flows because of uncer- 

tainty about the ste~/oxygen ratio. However, the problem was idendified, and 

this allowed rate increase at 1.30 steam/oxygen ratio to take place. The rates 

were successfully brought to 180,000 8C.V/H oxygen at whioh load steady running was 

obtained for a brief period before t~ r~m was terminated with a controlled shut- 

down at 12:04. 

Pigure i0-I shows the run sc/tematicall:- with the run periods in Table 10-2. 
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Date 

14. i0.79 

14. i0.79 

14.10.79 

14.10.79 

15.10.79 

15.10.79 

15.10.79 

15,10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

15.10.79 

Tim.._~e 

08=45 

11=12 

11:45 

13=00 

04=05-i0=i0 

11=00 

Ii=26 

15:10 

15:43 

15=53 

18=15 

18:20 

18=25 

19=15 

20:15 

20=27 

20=37 

Table 10-2 

SUMMARY OF RUN PERIODS 

Period 

1 

1 

2 

3 

Start u p phase. 

Steam/oxygen on. Locking on 
Rossington coal and 1801b/lock 
CACO 3 flux. 

Rates now 160,000 SCF/H, steam/ 
OXygen 1.3/1. 

Tar injection on at 60% 

SidestreamNo. 1 completed. 

Staz~ of rate reduction to 
ii0,000 SCF/H. Distributor revs 
down 70-60-50%. Tar injection 
down to 50%. 

Rates now 110,000 SCF/R. Tar 
injection 40%. 

Increased proportional band to 
100% to steady flow. 

Starting to increase rates. 

Rates 160,000 SCF/H. Tar injec- 
tion up to 60%. 

Dropping rates in steps of i0,000 
scF/~. 

Rates now i00,000 SCF/H. 

Backup to 160,000 SCF/H. 

Tar injection up to 80% 

Dropping rates to iI0~000 BCF/H 
over 90 seconds then increased to 
160,000 SCF/H over 80 seconds. 

Tar injection now 95%. 

Tar injection rate now 50%. 

(Continued next page) 
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Dat_._~e 

15.10.79 

15.10.79 

16.10,79 

16,10.79 

16.10.79 

16.10.79 

16.10.79 

16.10.79 

16.10.79 

16.10.79 

16.10.79 ' 

16.10.79 

16.10.79 

16.10.79 

16.10.79 

16.10.79 

16. i0.79 

.16.10.9 

16.10.79 

16,10.79 

16.10.79 

16.10.79 

16.10.79 

22:07 

22:39 

02:50 

02:57 

0 3 : 5 2  

04:31 

05:00 

06:15 

06:35 

ii:i0 

11:37 

13:40 

14:37 

15:17 

15:22 

15:37 

15:56 

16:30 

16:45 

17:15 

18:15 

18:20 

20:15 

Period 

3 

4 

4 

4 

5. 

5 

5 

5 

6 

cutting rates. 

Rates now 80,000 SC~/H. 

T~ injection now 100%. 

Pi~st tar injection pump on also 
at 95%. 

Second tar pump shut down. First 
one still at 95%. 

Tar injection ~ump turned down 
to 80%, 

SideetJceam No. 2 on. 

Proport%onal band on gasifier 
pressure controller is now 60%. 

Tar injection down to 60% pump 
stroke. 

Sides:ream No, 2 off, 

Tar injection up to 80%. 

Gasifier No. 4 valve in manual 
control. 

Steam into manual control. 

Into front end automatic uontrol. 

Into flow control on CV 201. 

Gasifier pressure dropped to 
323 psig. 

Tar injection dropped to 60%. 

Switched from local to remo~e 
control on FC.IOO.D. 

Gaslfler pressure up to 334 psig. 

Tar injection pump up to 90%. 

Sides:ream No. 3 on. 

Distributor down to 20%. 

Gaeifier back on pressure control. 

(Continued next page) 
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Dat__~e 

16.10.79 

16.10.79 

16.10.79 

17.10.79 

17.10.79 

17,10.79 

17.10.79 

17.10.79 

17.10.79 

17.10.79 

17.10.79 

17.10.79 

17.10.79 

17.10.79 

17. i0.79 

37.10.79 

18.10.79 

18.10.79 

18.10.79 

18.10.79 

18.10.79 

18.10.79 

18.10.79 

18.10.79 

Time 

22=00 

22=19 

22=20 

01 :10  

02 :05  

03:40 

04:40 

06=15 

08:10 

14:00 

18:37 

19!57 

20:12 

10=15 

20=30 

21 :05  

04:15 

05:23  

06:15 

06:30 

06=45 

07=25 

07:45 

ii:i0 

Perio__.d 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

Tar injection stopped. 

Tar injection back on line. 

Sidestream No. 3 off. 

Tar injection pump stopped. 

Tar injection back on line. 

Automatic flow control 
established. 

Back to pressure control 
conditions. 

Tar injection down to 50%. 

Sidestream No. 4 on. 

Sidestream No. 4 off. 

Flow control established i n  
automatic. 

Increased rates to I00,000 SCF/H. 

Proportional band down from 
60-50%. 

Rates 115,000 SCF/H. 

Rates 130,000 SCF/H. 

Rates 160,000 SCF/H. 

Starting to reduce rates. 

RaKes now 80,000 SCF/H. 

Rates down to 50,000 SC2/H, 
Proportional ~and set at 700%. 

Tar injection set at 31%. 

Proportional ban6 set at 40%. 

Increased tar injection to 40%. 

Tar injection 50%. 

Sidestream No. 5 on. 

(Continued next page) 
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Date 

18.10.79 

19.10.79 

19. I0.79 

19.10.79 

19.10.79 

19.10.79 

19.10.79 

19.10.79 

19. i0.79 

19. i0.79 

19. i0.79 

19. I0.79 

19. i0.79 

19.19.79 

19.10.79 

19.10.79 

Tim...~ 

17 :20  

00~00 

01=50 

02:06 

02=17 

02=57 

03:39 

04=25 

07:40 

08:40 

09:32 

09=45 

10:24 

II:00 

11:56 

12:04 

Period 

9 

I0 

i0 

10 

I0 

I0 

10 

i0 

10 

I0 

i0 

I0 

I0 

i0 

I0 

i0 

Sides=ream No. 5 off. 

Changing to flow control at back 
end. 

Double loads of flux added; i.e., 
360 lhs. 

Back to pressure control. Rates 
at 60,000 SCF/H. 

Rates at 80,000 SCF/H. 

Changing ratio ~o i.i/i. 

Ratio back to 1.3/1. 

Going over to flow control. Tar 
injection up to 60%. 

Reducing rates in Elow control 
to 60,000 SCF/H. 

Increasing rates. 

Rates now ii0,000 SCF/H. 

Rates up to 120,000 SCF/H. 

Rates now 155,000 SCF/H. 

Rates 180,000 SCF/H, ratio 1.25/1. 
Tar injection off. 

Into pressure con,--~ol. 

Shut down. 

tend of Table 10-2) 
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SLAG TAPPING AND SLAG REMOVAL 

Slag tapping and slag removal w e r e  good throughout run EPRI - 01, although when 

changes were made to gasifier loading At was noticeable that the hearth took far 

longer than any other gasifi~ area to completely respond to these changes. 

PLUXING SYSTEMS 

Pluxing during EPRZ - 01 was on llmestone flux. 

Table 10-3 gives ~hs ZltD~/ooal ash-slag balances for the various run periods. Some 

of the errors observed can be attributed to the fact that the periods analysed were 

short and time to attain equillbriumwas not a~hiaved. Errors in iron balance may 

be attributed to difficulties in sampling and analysing the slag for fixed and free 

iron. 

~luxing systems worked well during EPRI - 01, yielding good hearth conditions with 

a Erse flowing slag. 

BED BEH~VIOOR 

Bed behaviour was generally good throughout E~RI - 01. The steady ~ periods of 

the gasifier allowed the following periods to he analysed in some depth: 

IA: 160,000 SCF/H, 1.30 H20/O2; distributor 1.37% tar injection 60% pump 
stroke. 

IB: As above with distributor at 70% 

3: 160,O00 SCF/H, 1.30 H20/O~; distributor 70% various tar in~ection 
rates. This period includes two brief sxcurslons down to Ii0,000 
SCP/H oxygen. 

6A: 80,000 SCP/H, 1.30 H20/O2~ distributor 20% tar high (90% pump stroke). 

6B: As above with distributor 65.5%. 

6C: As above with distributor 100%. 

6D: As ~bove with distributor 37.5%. 

7A: 80,000 SCP/H, 1.30 H20/O2~ distributor tar injection low {50% pump 
stroke}. 

7B: AS above with distributor 62.5%. 

7C: As above with distributor 100% 

7D: As above with distributor 37.5%. 
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8s 

98 

160,000 SCF/H at 1.30 H20/O2J gaslfler in flow controll distributor 
70% tar injection 60% p~mP stroke. 

50,000 SCF/H oxygon lo~ding ~t 1.88 H20/O 2. Distributor at 30% tar 
in~ectlon 40% pump stroke. 

The offtake temperature analysls for the periods above shows a trend to higher meat 

offtake temperatures at higher loads as per Table 10-4. 

Table 10-4 

OFFTAKE T~4PERATURES 

Test Mean Temp. Me~ian Temp. 
Period op o F 

IA 889 886 

IB 983 977 

3 943 940 

6A 965 964 

6B 901 898 

6C 920 913 

6D 918 919 

7A 919 913 

?B 896 903 

7C 894 899 

7D 888 880 

8 (All) 949 944 

8 (last 2 hrs) 956 945 

8 (las~ 5 hrs) 947 948 

9 880 883 
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The effect of tar injection and stirrer speed on offteke temperature was also 

examined at 80,000 SCF/H oxygen loading at 1.30 during periods 6 and 7. The 

conalusions were: 

• Tar injection leads to less than perfect bed conditions. 

a There is an optimum stirrer speed for the best bed conditions. 

The CO 2 trace is more ragged at high tar lnJectlon (Figure 10-2) than at low tar 

injection (Fibre I0-3). "High" tar injection rate refers to a recycle rate of 

about 900 lhs/hr of wet dusty tar to the bed top~ "low" refers to a rate of about 

450 ibs/hr. 

As was stated earlier, bed behaviour during ~le run was good. There appeared to be 

llttle effect of transients and any effect of a ohange in loading produced an imme- 

diate effect upon those factors which did change, suoh as bed DP. The mean offtake 

temperature adjusts quickly to the new condltions, there was no significant change 

in average offtake temperature. 

DUST IN FLARE GAS 

~ Xsokinetlc gas probe was installed at the high pressure side o£ number 4 flare 

valve for EPRI - Ol and the gas passed at pressure unler flow control through a 

Whatman GF/B paper filter. The filter was weighed before installatlon, then dried 

at 100°C for 24 hours, end weighed again after it was r~uuoved. The assembly was 

heated to prevent ammonium carbonate entrainment on the filter. The results ob- 

tained are summarised in Table 10-5. The results indloate that dust levels in the 

flare gas are I~, of the order of 0.I ppm (W/W). 

PLANT BEHAVIOUR IN FLOW CONTROL 

The controller settings were altered from time to time during the run because of the 

various throughputs and control methods used. These settings are given in Table 

10-6. The steam/oxygen ratio was nominally 1.3 to 1 throughout except for the 

50,000 SCF/H oxygen ioadiLg when it was higher at 1.88 to I. The steam/oxygen flow 

charaoteristios and the gaslfier pressure plus flare ~as flow for %he periods re- 

ferred to in Table lO-S are given in Figure 10-4, which is made up of sections of 

recorder chart taken during e typical period. 

These figures show, as expected, variable gas flow in pressure control and variable 

s~eam/oxygen flow in flow control. 
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CONDITION I. 

l0 Is 
PRESSURE CONTROL. LOW P.B. AND HIGH RESET ON 
P.C. CAUSED FLUCTUATIONS ON GAS MAKE. 

CONDITION 2, 

!P 

I O  IS 
PRESSURE CONTROL. LOW P.B. AND OVERSIZE 
CONTROL VALVE ON P.C. SYSTEM CAUSED THE GAS 
FLOW TO VARY IN ORDER TO CONTROL THE GASIFIER 
PRESSURE. 

CONDITION 3. 

{P 

PRESSURE CONTROL. LOW P,B. AND AN OVERSIZE 
CONTROL VALVE ON THE P.C. SYSTEM CAUSED THE 
GAS FLOW TO FLUCTUATE. 

Fi~tre 10-4. Re=order Charts Showing I'I~ and 
Pressure Characteristics at Several 
Controller Settings 

10-21 



p 
p 
p 
p 
p 

P 
P 
p 
p 
p 

CONDITION 4, 

~ F  

i O  S 

PRESSURE CONTROL. INCREASING THE P,B. ON THE 
P.C. STEADIED OUT THE GAS FLOW AND THE 
ADDITIONAL PRESSURE VARIATION WAS NOT 
EXCESSIVE. 

P 

CONDITION 5. 

i i 
PRESSURE CONTROL AT STANDARD RATES THE 
STF.J~DY STATE CONTROL WAS QUITE GOOD. 

CONDITION 6. 

IP IF 
i 1 
'I0 S 

FLOW CONTROL. THE GAS FLOW WAS CONTROLLED 
AND THE STEAM AND OXYGEN FLOWS VARIED TO 
MAINTAIN A STEADY PRESSURE. 

Figure 10-4 (Co~It) 
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CONDITION 7. 

tP ~ F  

'i , ! 
.0 S 

PRESSURE CONTROL. THE CONTROLLER SETTINGS ARE 
THE SAME AS FOR CONDITION 6 BUT THE GASIFIER IS 
IN PRESSURE CONTROL. 

CONDITION 8. FLOW CONTROl. 

\ 

CONDITION 9. 
~o 

FLOW CONTROl- THE GAS FLOW IS STEADY. THE 
STEAM AND OXYGEN FLOWS ARE NOT VARYING 
EXCESSIVELY. THE GASIFIER PRESSURE IS UNSTEADY 
BUT AGAIN THESE SMALL FLUCTUATIONS ARE 
ACCEPTABLE. 

Figure 10-4 (Con' t )  
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CONDITION 10. 

CONDITION 11, 

CONDITION 12. 

~ F  IP 

Io Is 
PRESSURE CONTROL, THESE CHARTS SHOULD BE 
COMPARED TO THOSE UNDER CONDITION 5. IT CAN 
BE SEEN THAT A 30% P.B. IS PROBABLY TOO LOW 
WHEN USING THE 6" CONTROL VALVE AS IT TENDS 
TO PRODUCE FLOW FLUCTUATIONS, 

F 

PRESSURE CONTROL. 

P F 

PRESSURE CONTROL. THERE WAS A FLOW 
VARIATION ON ~ HE STEAM SYSTEM WHICH WAS 
BEING TRANSFERRED TO THE OXYGEN BY THE 
CASCADE CONTROL SYSTEM. THE LOW RANGE 
INDICATORS NEED DIFFERENT CONTROL SETTINGS 
TO MAINTAIN STABLE CONTROL. 

Figure i0-4 (Con't) 
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CONDmON 13. 

LP 

io 
PRESSURE CONTROL. THE STEAM FLOW 

iS 

F 

CONTROLLER RESET HAS BEEN INCREASED FROM 
ZERO TO 2, 

CONDITION 14. 

f(P 

FLOW CONTROL. SEI"rlNGS AS FOR 13 BUT NOW 
IN FLOW CONTROL. 

CONDITION 15, 

J 

PRESSURE CONTR~..~. SEI"rlNGS AGAIN AS FOR 13 
BUT AT 80.000 RATHER THAN EO00OO SCFH OXYGEN 
BLAST EQUIVALENT. 

F£gure 10-4 (Con~t) 
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CONDITION 16. 

lo 
FLOW CONTROL. SETTINGS AS FOR ;5. 

IS 

CONDITION 17. 

" i~?0 S 

FLOW CONTROL. CHANGING RATES IN FLOW 
CONTROL OVER AN EXTENDED PERIOD CA;4 BE 
CARRIED OUT WITHOUT ANY DIFFICULTY. 

CONDITION 18. 

IP 
'",.'~ 0 S 

FLOW CONTROL'~ THE GASIFIER PRESSURE CHART 
SHOWS THE INCREASE CAUSED 8Y SETTING A RESET 
OF 5 ON THE PRESSURE CDNTROI..ER. WHEN THE 
RESET WAS ZERO THERE WAS AN OFFSET ON THE P.C. 

Figure 10-4 ( t on ' t )  
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Although gaslfier bed behavlour was steady and very satisfactory throughout the 

run, the bed appeared to be more steady when operating in flow control, with the 

front end pressuL~ control qulckly recognising the slight pressure Incroaso from e 

high ofEtake temperauure and dropping the rates slightly. ThQ 6" ~lare gas cont~o~ 

valve was almost shut at the lower gasifier rates and a small valve would clearly 

be beneficlal for control. 

• l~e zero reset levels recorded in Table 10-5 wero selooted by accident because the 

reset dials on the instEuments were not continuous. Condition 18 on Figure 10-4 

shows how the gas~fier pressure incressed to its set point when a reset level of 5 

was selected. : 

The experience o f  this run showed that the gasifier car, be operated satisfactorily 

in the flow control mode at bo~ll low and high flare gas product/on rates, although 

the controller settings are not at their optlmu;nvalues. Comparison of periods 5 

and lO shows that in ~he gaslf~er pressure control mode,the gas flow rate,and also 

the gasifier pressure,is conslderablymore stable with a 40¢ proportional band val- 

ue on the gasifier pr0ssure controller. Zn the gas~fier flow control mode the 

steam/oxygen flows are still rather variable an high rates, although no problems 

were exp~rlenced as long as sufficiently high vent rates on oxygen and steam ring 

mains were maintained. 

STEAH/OX~GE~ RATIO AT 50,000 SCF/H OXYGEN LOADING 

The carbon dioxide level in the make gas was considerably higher during EPRI - 01 

at 50,000 SCF~H o~ygen loading than would be expected for the nominal set steam/ 

oxygen ratio of 1.3, so the steam and oxygen sets were ohecked and calibrated i~me- 

dlately after ~he run. 

The high steam and oxygen ~low indicators and the low range oxygen indicator ware 

found to be accurate, but the low sneam range flow instrument was giving a much 

lower indicated flow than the actual value. 

The effect of this was than bhe steam/oxygen ratio, instead o~ being 1.34 was 

actually 1.88 to I. This ratio would give a considerably higher carbon dioxide 

level in the flare gas. 

The limestone fluxin~'~.~n ~' EPRI - 01 will add about 1/3% CO 2, so that at a steam/ 

oxygen ratio of 1.88 durlng this ~m ~he C02 level should be about 6.9%, which is 
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c l o s e  t o  t h e  v a l u e  r e c o r d e d  by t h e  ma=s s p e c t r o m e t e r  d u r i n g  t h i s  p e r i o d  o£ 

EPRZ - 01, confirming the error and correction. 

BEHAVIOUR OF GASZFIER DURZNG TRANSIENTS 

During run EPRI - 01 the gaslfier was subjected to several programmed load changes 

which are represented generally in Table 10-£. Most of these changes were 

don~ in pressure contro~, that is, there was tight control at the gas(fief front 

end on the steam/oxygen flows, with consequent floating and varlat.~.on in p~essure 

and flow in particular at the back end. Apart from start u~, the transients can 

be listed as follows: 

Rate zcduotion from 160,000 SCF/H oxygen (H20/O 2 = 1.3) to 160,000 
SCF/H in ten minutes, then settling down to steady running at 
160,000 SCF/H OXygen. 

Rate increase from 110,000 SCr/Hoxygen {H~O/O~ ~ 1.3) to 160,000 
SCF/H in ten minutes, then settling down t5 steady runnlng at 
160,000 SCF/H oxygen. 

Rate reduction from 160,000 SCF/H oxygen (1.30 H20/O 2) to 110,000 
SCF/H oxygen and back in ten minutes. 

Rate reduction from 160,000 SCF/H oxygen (2.30 H20/O2) to if0,000 
SCF/H oxygen and back in three mlnutes. 

Rate reduction from 160,000 SCF/H oxygen (1.30 H~O/O~) to 80,000 
SCF/H oxygen in 35 minutes, then settling down to-a s~eady running 
80,000 SCF/H oxygen. 

Rate increase to 160,000 SCF/H oxygen (1.30), from 80,000 SCP/H 
oxygen in 35 minutes then settling down to a steady running at 
80,000 SCF/H oxygen. 

Rate d~.crease to 50,000 SCF/H oxygen from 160,000 (1.30 .H20/O 2) . 
This also involvea an alteration in H20/O 2 to 1.88. 

Rate increase from 50,000 SCF/H oxygen to 180,000 SCF/H oxygen, 
steam/0xygen also changing from 1.88 to 1.30, followed by a steady 
running at 180,000 SCF/H just prior to shutdown. This change was 
performed .~n flow control and involved a stop at 80,000 for four 
hours before going back to 50,000 SCF/H to check the sets and then 
br~.nglng the gasifier up over about three hours to 180,000 SC~/H. 

The above ahanges were carried out without causing any gas(fief upsets. No prob- 

lems were encountered that could be attributed to dust carry over, and manual 

operational requirements were untroubled. 
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A qualitative picture of the Sharp spike down to i00,000 SCF/H from 150,000 SCP/H 

oxygen is given in Figure 10-5. This appeared ~o have no signficant effect upon 

gas analysis, as is seen in Figures 10-6 to 10-8. 

similar lack of significant ohan~e was observable at the rest of the transients. 

Ths only =en'sietent dlsoernable effect was the greater contribution of nitrogen to 

thetotal gas oomposltion at lower lodds, an expected phenomenon as the amount of 

nitzogsn to the gasifier was roughly constant throughout the run. 

POST RUN INSPECTION 

The gaslfier was shut down a few minutes after th~ bottom cone of ~he coal lock had 

cleared of coal, with the distributor being stopped a~ the same bime as the tuyeres 

were switched off. Ta~ injection to the distributor had been stopped an hour 

previously. 

After cooldown, the gasifier was opened and the contents inspected. There was some 

caked coal at the top of t.he bed, which had been broken do~m into reasonable sized 

lumps before the coal left the influence of the stirre~, and the rest of the bed 

was full of good char and sho~d no inhomogeneities or large caked agglomerations. 

CONCLUSIONS ' 

Run EPRI - 01 successfully met its objectives. During steady state running, ~he 

gasifier showed steady parfurmaNce at 160,000 SCF/H OXygen (i00~ loading), at 

110,000, at 80,000 and at 50,000 SCF/H oxygen. At all oE the above loadlngs the 

gasiflsr showed that it was capable of sustained running, with the possibilities of 

even lower turndowns than the 30% reached on this run. 

Change from one loading to another was carried out smoothly according to schedule, 

and produced no gasi~ier upsets a~dmin~mal transient phenomena such as varying 

~as analysis. The gaeifier didact object to being c0~rolled in the beck end, 

flow control mode, although further work is needed to est--blish best operating 

conditions under this latter regime. 

The available evidence suggests that turnup and turndown in load can be achieved 

very quickly on the gasifier itself when working on the medium caking and swelling 

Rossington coal. 
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OXYGEN FLOW 

STEAM FLOW 

¥£~re 10-5. Spike Down to 3/0,000 SC~/H from 160,000 SC2/H 
RecOraor Speed: 2 Min./CM 
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Al l  q a s i f i e r  systems worked ~ s l l  during ~ha run,  and pos t  run inspechion r e v e a l e d  

no s ign i f i can t  wuar o~ damage to ~as l f le r  InternalS. 
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section ii 

REPORT ON TEST RUN EPRI - 02 

SUMMARY 

EPRI - 02 was planned to essentially repeat run EPRI - 01, but to use Pittsburgh 8 

coal instead of Roesington. Fl~xing on Pittsburgh 8 coal ~ould he on BF5 and not 

limestone, as no experience had been obUalned on the latter flux with Pittsburgh 8 

coal. 

The run was done in two partB because the first attempt (EPRI - O2A) waa frustrated 

by an incurable leak at a tuyere flange after only 36 hour~ on llne which necessi- 

tated shutdown for repairs. The run was then restarted as EPRI - O2B. 

EPRI - 02A started early on 7 November, and after a standard startup on Rossington 

coal, the loading was reduced to 80,000 SCF/H oxygen, and Pittsburgh 8 coal intro- 

duced to the gasifier. Fluxing was with llmestone end not with Blast Furnaces Slag 

(BFS) as originally planned, as there were problems with the BFS weigh hopper. On 

limestone there were problems with black tuyeres cause~ by underfluxing, these prob- 

lems not being satisfactorily solved until BFS fluxing was restored at 130,000 SCF/H 

loading at 06:25 on 8 November. However, shortly after this, an incurable leak at 

the back end of a tuyere developed, enforcing a shutdown at 15:32. 

The gasifier was unloaded after cool down, and the neceesar F repairs and checks made, 

and run E~RI - 02B was started on 21 ~vemh~r with ~team/oxygen being introduced to 

the gasifler at 15:45. A good standard startup on Rossington coal fl,~xed with 

limestone was obtained and the rate was then dropped to 130,000 SC~/H in preparation 

for changeover to Pittsburgh 8 coal with BFS replacing lhuestone fluxing. Changeover 

tu the latter fuel was started at 22:38 and a good transition obtained, except that 

a tuyere went black. This was cleared by 13:05 on 22 t~ovember, by ~hLch time the 

loading had been brought ~ to 160,000 SCF/H oxygen. R11nnlng on this loe, ding was 

good, and perEurmance tests were carried out and control in the flow mode tried. 

At 05:15 on 23 lqove~0er the load was reduced to 110,000 SCF/H o~gen at 1.20 steam/ 

oxygen, where it was held for 18 hours before helng brought back up again to 160,000 

8CF/H loading. At this loading the ra~es were spiked down to ii0,000 SCF/H oxygen 

Ii-I 



i n  flow control without =ny gasifisr upsets o~c~ing. Early in the mo~-nlng of the 

24th there were problems in the quenuh chamber due to an instrument fa~l~. 

By 10s00 hours the p~oblem had beo~e severe, so it was decided to go on standby, 

cool the gasiEier down and depress~rise, thus allowing entry to remedy the problem. 

The gaslfier was put on standby at i0:ii and cooled down and depressurised. The 

manway was taken off at 19:05 to reveal t]~ problamwhlch was rectified r,~dily. 

The gasifier was then closed at 21:0D hours and restarted successfully on Rosslngton 

coal at 130,000 SCP/H oxygen loa~ing, before being switched over to Pittsburgh 5 

coal au 03:33 on 25 November. A good transition to thi~ fuel was obtainQd, an~ at 

06:38, with the gasi~ier in flow control, the load was brought down to 80,000 SC~/H 

oxygen. Performance data was gathered at 00:38 on 26 November, with runnlng being 

established at this loading before the ~ates were dropped tO 50,000 SCF/H oxygen 

by 05~21 hours. Further data was oolle=ted at this loading before the rates were 

again brought up to 160,000 SCF/H oxygen loading, settled down and then dropped to 

ii0,000 SCF/H oxygen. Two performance tests were done at this loading, one wlth no 

tar injection to the top of th~ bed and one with high tar (100% pump stroke), The 

run was then terminate~ by standard procedures at 12:20 on 27 ~ov~mber, after nearly 

six d~ys continuous running, including the cold standby period. 

Pest run inspection r e v e a l e d  satisfactory conditions. A s c h e m a t i c  of t h e  run is 

given in Figure !i-I. Tab~e ii-i s~ariees the load changes made during the ~tm. 

E~UZPNENT, ZNSTRU51ENTS AND CONTROLS 

NO changes were mad~ to gas~fler configurations as compared to EPRZ - 01, although 

oontlnuea improvement of instrumentation and data logging systems were carried out 

between runs EPRI - 01 and BPRZ - 02. 

The control system was as for run - 01 except that the size of the flare gas control 

valve was reduced from six inches to four inches in diameter. 

RUN DIARY 

$~art up phase for EPRI - 02A began at 01z25 on 7 Nov~nber, 1379. Steam/oxygen at 

6t~ct-~p rates was admitted down the tuyeres at 03z03 and Rossington coal charging 

oon~enced, with lIInestone fl~King. A good startup was auhieved, an~ the gaslfler 
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was settled down under standard conditions of 160,000 oxygen loading, steam/oxygen 

at Iz30. Gaslfle~ pressure was kept slightly low at 335 psig in anticipatlon o~ a 

fluctuatlng pressure when Elow oontrol wag engaged; thus the lifting of a relief 

valve at WHB could be avoided. 

Running under standard conditions was satisfactory, with all tuyeres bright, good 

slag tapping in automatic, and steady bed behaviour. At 08~45 the rates were re- 

duced to ii0,000 SCF/~! oxygen followed by a reduction to 80,000 SCF/H. Running 

u~:~erthese conditions was satisfactory and at 19:03 preparations were started to 

change oyez to Pittsburgh 8 c0al. The south flux weighing hopper, which works on 

BFS, was found to be faulty, so the decision was taken to flow the Pittsburgh 8 

coal with limestone, initially (at a flux/ash ratio of about 0.6). The first lock 

of Pittsburgh 8, fluxed in this way, was charged to the gasi£1er a~ 19137, and a 

good transition to this ~uel was achieved st 80,000 SCF/H oxygen loading, with 

steam/oxygen 1.30. Slag tapping was good with all tuyeres bright, although bed be- 

haviour was more unsteady as compared to Rossington coal at this loading. However, 

conditions deteriorated overnight wi~ tuyeres going dim and black so it was de- 

cided to purge out the gasifier with Rossington coal to establish ~ conditions. 

On switching back to Pittsburgh coal the tuyeres again went black so Rosslngton 

coal was again supplied as feed. The fluxing rate with limestone for Pittsburgh 

coal was clearly too low and needed further investigation. 

There was also a problem with a leak to a tuyere 51ange and emergency repairs to 

this joint were carried out. By 10:54 the gasifier was working satisfachorily on 

Rossingtos coal, and as an emergency system was now available for RPS charging, it 

waB de0ided to restore Pittsburth 8 feed with BFS fluxing and this was done at 

13z08, with loading 130,000 SCF/H oxygen and steam/oxygen 1.30. A good ~ransltion 

was obtained and running was satisfactory under these conditions, but the leak to 

the tuyere flange became worse and with no possibility of on line repairs being 

carried out a controlled shut down was carried out at 15:32 hours. 

The gaslfler was cooled down and unloaded. The leak was repaired and other tuyeres 

checked and preparations made for zestart and continuation of EPRI - 02 (EPRI - 02B)o 

These were completed by ~1 November at Ii: 30. Standard start up procedures were 

slightly delayed due to a problem with the coal lock hydraulics, but by 16:45, 

steam/oxygen were introduced to the gasif~er at start up rates. Rossington coal 

charging was started with fluxing with limestone. 

IL-S 
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Rosslngton coal was established under standard conditions with no problems and the 

rate was then brought down to 130,000 SCF/H oxygen in ~re~aratlon £or ecce~tlng 

Pitt~bllrgh 8 coal. ~luxing was changed to BFS and at I1:38 the f~rst lock of 

Pitt'~urgh 8 coal was charged to the gasifier. A good transition to nhis fuel was 

obtained. The steam/oxygen ratio was decreased to 1.10 and the flu~ing rate in- 

creased sllghtly. 

At i0~00 tar injection was brought on to the gasifier top and the loading was 

brought to 160,000 SCF/H. This increase in loading produced no problems, and the 

steam/oxygen ratio was brought to 1.20 ~t 13:05. Slag tapplng remained good with 

all tuyeres bright. Performance data was cellected at this loading, with a side 

stream being started at 21:20 and the gaslfier put into the flow control mode 

at 23~25. 

Runnin9 at this lo~ding continued into 23 November and at 05:24 the r a t e s  ~ r e  

brought down to 110,000 $CF/B oxygen Iz~ ~ressure control. Steady running at thls 

load was achieved with no sign of any transients due to she ~;ange in rates. A 

~ass balance period Was started at llz30. 

The gasifior was put into flow control a~ 17~00 a n d  running continued to be 

satisfactory. 

At 23t53 the rate was Increased to 160,OO0 SCF/H, again In pressure control, with 

the gasifier put back in the Elow control mode at 00:25. A good transition was 

obtained with no problems being encountered. During the early morning of 24 

November so~e sharp splkes down to ii0,O00 SCF/H and back were done In flow~on- 

trol, with the controller settings being tuned to eventually ~llow the complete 

exercise to be carried out in seven mlnutes without causing any process problems. 

By 09:00 it was ap@arent there was a problem in the quench ~hamberso the decision 

was taken to do a cold standby, remove the manway door and investigate the problem. 

At 10:ll the preparations for standby were complete. By 18:15 the gasifier was 

nominally at zero pressure. Inspection of q~:ench chamber was carried out from the 

manwa¥ door. The fault was rectified. 

The manway door was rep~acsd and i~ was dscldQd to come b a c k  o n  l l n e  w ~ t h  l ~ s s i n g t O n  

c o a l .  S t e a m / o x y g e n  a t  s t a r t  up  r a t e s  was  a d m i t t e d  t o  t h e  g a s i f i a r  a t  01:28R w i t h  

t h e  f i r s t  l o c k  o f  R o s s i n g t o n  c o a l ,  f l u x e d  w i t h  l i m e s t o n e ,  b e i n g  c h a r g e d  a t  0 1 : 3 5 .  

At 01=57 t h e  g a s i f i e r  had  r e a c h e d  i t s  p l a n n e d  l o a d i n g  o f  130 ,000  SCF/H o x y g e n ,  w i t h  

steam oxygen 1.20 and pressure 335 psig. All tuyeres were coming bright and a good 
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restart had been obtaihed with no problems. At O3s06 the steam/oxygen ratio was 

~Tin~md to 1.30 and at 03=33 Pittsburgh 8 was charged uo the geslfier with fluzing 

being switched to BFS. An excellent ~ransltlon to Pittsburgh 8 was cbtaln~d and 

at 06s38 the gaslfier was reduced to 80,000 SCF/H Oxygen loading in flow control. 

The gasifier was settled down at this loading and performance data collected, w~th 

a side stream being run. Running was good at this loading and at 00:38 on 26 

November the 1cad was brought up to 160,000 SCF/H oxygen loading, without any 

upsets occurring, over half an hour. 

~ith steady conditions established at the above loading, the rates were dropped te 

50,000 SCF/H oxygen at 05z21. Tar injection to the gaslfler top sQt at 50% pump 

stroke. Good running was obtained and ~rformance data was collected at this 

loading with a si~e stream bait9 x~In° At the end oE this period, at 23~35, thQ 

gasifler loading was brought up again to 160,000 SCF/H oxygen. 

Both the change down in loading to 50,000 SCF/H oxygen, then later back again to 

full loading proved to be satisfactory operations with the changes themselves pro- 

ducln 9 no observable transients in gas~ fief behaviour. Good running at full load 

was had into 27 Novembe~ and at 01:40 the steam/oxygen flow was ~educed agai~l, 

this time to ii0,000 SCF/H oxygen at 1.30 H20/O 2. This loading was chosen to 

investigate ~he effect of tar injection at the bed top. Initially the pump was 

turned off end then, at 07J00 brought on at a maximum stroke. This latter process 

alteration brot~ht about a slight, but significant effGct upon bed behaviour, with 

ofEtake tamE~rature, etirze= to~que, CO i at o££t~kQ and bed DPs be~gmore varia- 

ble at high tar loadinps to the top of thm gasifier. 

At Ii:30 preparations were made for shut down with the tar injection to the gasi- 

fief top being turned off, and this was carried out in a standard manner at 12z20. 

The run is shown sehcmatically in Figure 11-i. A breakdown of the major run p~r- 

iods for EPRI - 02 is given in Table 11-2. 

SLAG TAPPING A~D SLAG REMOVAL 

EPRZ - 02A started by fluxln~ the Pittsbu~h 8 coal with limestone and the rela- 

tively low levels of this Elux used led to poor hearth conditions, particularly 

witch regard to tuyeres. When a further attempt was made to re-inl;~c.~uce Pittsburgh 

8, a'paln fluxed with limestone the same probleJns recurred, end it was not until 

Pittsburgh 8 was flvxed with BFS that completely satisfactory tapping was obtained, 
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DaCe 

7 Roy 79 

(ZPRZ - 02A) 

8 Nov 79 

(gegl - 02A) 

TABLE 11-2. SI~LZ¥1ED RUN DIARY OF EPRI - 02 

P e r l o d  

Time No. CommenCe 

03.03 - STeam/oxygen In  

03.35 RaCes 160,000 SCFW "1 oxysen r a t i o  

1 . 2 / 1 .  

05.00 Tar In~e~tlon on at 6OZ. Ratio 1 . 3 / 1  

07.58 Limestone and BFS in. RaCes ~10p000. 

08.50 2 RaCes down Co 80,000 SCFR -I. 

09.15 PB chanEed from 4OZ to 8OZ. 

10.30 PB -- 40OZ. RESET I. 

14.15 Tar i n j e c t i o n  cu t  t o  50g. 

14.20 Tar ln jecCLon cuC Co 60Z. 

15.45 PB - 40OZ. RESET - 0.2. 

16,30 PB - 40OZ. RESET - 0 ,1 .  

00.58 R e d u c t ~  steam/oxygen to  1.111 

0~.23 Steam/oxygen Co 1 .3 /1 .  

02.17 A11 tuyeres black. 

02.25 3 RaCes now I00,000 SCFH -1. 

02.38 RaCes increased to  120,O00 SCFH -I. 

02.58 RaCes co 130,0OO SCFH - 1 .  

STeam/oxygen Co 1 .1 /1 .  

03.44 Locked i n  R o s s i n g c o n .  

03.57 Tar i n j e c t i o n  on a t  4OZ. 

04.48 Steam/oxygen Co 1 .3 /1 .  

06.10 PB - lOOX. 

06.25 P£tcsbuTsh i n .  Ta~ injection 60X. 

07.15 Tar tn]ecC£on 100Z. 

07.30 Tar inJecCio, 60~. 

08.50 TaT In, scrEen off. 

09.00 R0ss~ngton and BF5. 
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Dat____%e 

21 Nov 79 

(EPRI - 02S) 

22 Nov 79 

22 Nov 79 

(EPRI - 02B) 

23 Nov 79 

T:Lm__...S 

09.50 

II.48 

13.08 

15.32 

16.45 

17.45 

18.45 

19.33 

20 ,15  

21.44 

22.38 

00,00 

00,47 

01 .00  

02.06 

O7.O5 

O 7.50 

10.20 

11.35 

12 ,42  

13,05 

14.18 

17.2C 

19.10 

21.30 

23°30 

23°35 

00 ,15  

00 .18  

Period 

No. 

6 

Comments 

S~eam/oxygen to 1.1/1. 

Steam/oxygen to 1.3/I. 

Pittsburgh + BFS, 

Shut down- Zeak in tuyere. 

Steam/oxygen i n .  

Rates 160,000 SCFH -1 oxygen .  

Tar i n j e c t i o n  on a t  100Z. 

Tar i n j e c t i o n  6OZ. 

Rates now 130,000 8CFH -1 oxygen. 

Ross tng ton  + BFS, 

Pittsburgh + BFS. 

Steam/oxygen t o  1 . 2 / 1 .  

F l u x  i n c r e a s e d .  

Steam/oxygen t o  1 . 1 / 1 .  

Flux up. 

Flux down. 

Flux up. 

Inoreaalng rates. 

Rates 160,000 SCFH "I. 

T~r i n j e c t i o n  o f f .  

Steam/oxygen ~o 1 .2 /1 ,  

Tar injectlon at 50~, 

Star~ of mass balance period° 

PB - 200Z. RESET - 2. 

PB - 600%. RESET- I .  

PB - 4OZ. RESET - 0 o l .  

I n t o  flow control. 

Reverted t o  p ressure  control. 

Back t o  Elow control. 
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Date 

23 Nov 79 

(BPRI - 02B) 

24 Nov 79 

25 Nov 79 

Time 

01.47 

02.35 

02.42 

fl3.1~ 

o4.n0 

ns.0& 

05.1o 

~5.15 

O5.2~ 

08.15 

11.30 

17.00 

23.25 

23.31 

23.42 

23.53 

00.~5 

01.O3 

02.50 

02.55 

03.29 

03.50 

04.30 

04.44 

0~.07 

08.57 

10.11 

0 L . 2 ~  

01.35 

Pecled 

NO. 

A 

P~essure 

Control 

B 

Flow 

Control 

8 

C 

160,000 

in Plow 

Control 

( m a l n l y )  

wlth 

S p i k e s  

Comments 

P . - 3 0 ~ .  RES~-  1. 
In pressure control. 

Rack to flow control. 

PR - 100X. RESET - 2. 

Tar ~n~ectlon 60~. 

~R - 2 0 0 ~ .  RESET - 2.  

Into presents o o n t r o l .  

Reducing rates. 

Rates IIO~O00 SRPH -I oxygen. 

T a r  t n J e c ~ i o n  50~.  

Start of mass balance p e r i o d .  

PB - 100X. RESET - 2. 

I n t o  f l o w  c o n t r o l .  

I n t o  f l o w  c o n t r o l .  

PB - 200~. RESET - 2. 

Increasing rates. 

Rates 160,000 SCFH -1 oxygen. 

~nto f~ow control. 

PB - IOO~. RESET - 2. 

Splk£ng down.  

Only dow~ to 145,O00 SCFK "I. 

P ~ -  40Z. RESET - 2. 

PB - 40~. RESET - 0.I. 

ReduelnE flow to Ii0~000 SCFH-1. 

Rates Increased to 160,000. 

~R - 3n~. RRSET - 0 . 1 .  

10 m i n u t e  s p i k e  down t o  1 1 0 ~ 0 0 0 .  

Cold  s t a n d b y .  

Steem/oxyEen i n .  Rates Co 130,000.  

Rosslngton + CaCO 3 iocked I~. 
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D 

Da r._...~e 

25 Nov 79 

26 Nov 79 

Period 

Tim._.._~ No. 

02.26 D 

02.38 Restart 

03,06 on 

03,30 Rossington 

04.55 E 

05.30 Restart on 

06,00 P i t t s b u r g h  

06,38 130,000 
06.45 9 

07.13 I0 

F 

80,000 

ii.00 Pittsburgh 

in 

Flow Control 

23.02 11 

23.25 

00.38 

00.58 

01.12 

P e r i o d  a t  

O1.58 160,000 

12 

04.05 G 

04.54 

05.21 

55Z 

50,000 

37.5%. 

09.42 H 2 

17.36 

Comments 

Tar i n j  on on ac 60~. 

Steam/oxyooen t o  1,1/t.  

Steam/oxygen  t o  1 . 3 / 1 .  

Pittsburgh + BFS. 

PB - 100Z. RESET -2. 

Into flow control. 

PB - 30%. RESET - 0.1. 

Reducing r a t e s .  

Tar injection 5OZ. 

Rates 80=000 SCFH - I  oxygen. 

S t a r t  o f  mass b a l a n c e  p e r i o d .  

I n t o  p r e s s u r e  c o n t r o l ,  

luco  f l o w  c o n t r o l .  

~ n c t e a s l n g  r a t e s .  

PB - 30Zo RESET - 0 : 1 .  

Rates 160,000 SCFH -1 oxygen, 

PB - 3OZ. RESET - 0 . 1 .  

S t a r t i n g  to  r educe  r a t e s .  

R a t e s  50 ,000 SCFH -1 o~ j 'gen .  

Tar i n j e c t i o n  40Z. 

Tar  i n j e c t i o n  50X. 

PB - 30X. RESET - 0 . 2 .  
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D a  t_._~e 

27 Nov 79 

(EPRI - 02B) 

Tim._..~e 

2 1 . 3 3  

23.35 

01.00 

01.30 

01.40 

07.00 

11.30 

1 2 . 2 0  

Period 

No~ 

13 

I 

160,000 

t 4 a  

J 

NO TAR 

II0,000 

14b 

K 

7.00-I 1.30 

HIGH TAR 

I I0,000 

Comments 

PB - 30X. RESET - 0 , 5 .  S t a r t i n g  t o  

increase r a t e s ,  

Rates 160,000 5CFH -I oxygen. 

T a r  i n j e c t i o n  o f f .  

S t a r t i n g  r a t e  r e d u c t i o n .  

Rates II0,000 SCFH -I oxygen. 

PB - 30g. RESET - 0,I. 

Tar injection 100Z. 

T a r  i n j e c t i o n  o f f .  

Into pressure control. 

Shut down. 
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and by ~len the ~m had to be terminated because oE a bad leak at a tuyere main 

flange. 

For the continuation of the run, EPRI - 02B, it was decided to flux with BFS at a 

flux ash ratio, on Pittsburgh 8, of about 1.50:1, and this hlgh fluxing rate led to 

satisfactory slag tapping performance; with high slag discharge rates under all 

cond~tlons. Return from standby was ~ollowed i~ediately by good hearth conditions. 

FLUXING SYSTEMS 

Fl~Ing on Pittsburgh 8 was planned to be on BFS throughout EPRI - 02, usln 9 the 

south hunker ~Ind ~he t~eigh cell system which enabl~d the welghE of slag charged to 

each coal lock to be accurately estimated. Unfortunately, there was ~ problem with 

the ~ystams early in EPRI - 02A and it was decided to go over to the north bunker 

and Elux the Pittsburgh 8 coal with limestone. 

Fluxing on l£mestone ~as inltially at a fl~ to ash ratio of about 0.5, but this 

gave poor hearth conditions, particularly with respect to black tuyeres, and the 

fluxing load was later increased to flux ash ~atio of 0.6. This again proved to 

be too low a Slt~Xing level. At this stage in the run BFS flux was again available 

so this flux was switched to a flux/ash ratio of 1.6. This flux and fluxing level 

proved satisfactory. 

For EPRI - 02B, fluxing with blast furnace slag flux was used throughout. This was 

brought up to a level uoz-respondlng to a Elux to ash ratio of 1.6. 

The flax/coal ash-slag balance is given in Table 11-3. However, no attempt was 

made to optimise the flinging. Table 11-3 shows good agreement between the calcula- 

ted and experimental slag composition for all the run periods analysed. The dis- 

crepancy in iron figures shows that more than the assumed 20% of iron total is 

reduced to free iron. 

BED BEHAVIOUR 

The bed behaviour throughout run EPP~ - 02 on Pittsburgh 8 coal was satisfactory, 

causing no operational ~psets, although it was genera21y less stable than fox run 

EPR~ - 01 on Roselngton coal. 
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The steady run periods which were analysed in som~ depth are detailed in TaBle 

11-4. The average offtake temperatures for these periods are given in Table Ii-5. 

For normal hehavlou~ on Rosslngton at standard ratQQ the frequency of above tem- 

perature excursions is general of ~he order of 1.0 or less per hour. Figure 11-2 

plots the frequency of high temperature excursions as a function of oxygen loading 

for EPRI - 02B shows, hut not unexpectedly, a marked trend to less stable beha- 

u/our at high loads. This effect also shows up in the general bed DP behavlour, 

the stlrrez torque and the CO 2 analysis at the offtake, all of which become more 

ragged a~ high loads. 

During periods A, C and ~, bed behavlour was generally less stable than in the 

other periods studied. A comparison of periods A and B shows a marked improvement 

in gaslfier behavlour obtained in going from pressure control t o  flow control. 

This latter effect was gsnsrally observable throughout the run. 

The offtake te~gerature profile shows a slowly undulating pattern with reduced bed 

stability on Pittsburgh 8 coal compared with Rosslngton. 

No significant trend to higher mean offt~ke temperatures with increasing oxygen 

loading was obtained from this run, in contrast with the trend observed on 

EPRX - 01. 

Tar In~ection to the bed top was almost constant throughout the run and imsuffi- 

clen~ data w~re obtained to estimate the effect of this parameter on bed behavlour. 

PLANT BEHAVIOUR IN FL0WCONTROL 

Experience obtained during run - 01 i~dicated that very satisfactory steady flow 

control operation could be obtained when running on Rossingtoncoal. Run - 02 was 

indended to compare the plant hehavlou~ on run - 01 with that obtained on Pittsburgh 

coal. 

ThQ denT.tel system was as for run - 02 except that the size of the flare gas con- 

trol valve wag zeduced f~om mix inches to four inches in d£ameter. 

The control characteristic settinqs were changed at various times throughout the 

run to obtain a number of different periods. The actual settings and their effects 

on the steam/oxygen flows, gaslfler pressure and flare gas flows are shown in 

Table ll-6and Figure 11-3. PB is the proportlonal band and the reset is shown as 

repeats per ,.~inute.. 
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TARLE 1 1 - 5 .  OFFTAKE TEHPERATURES EPRI - 02B 

Test: 

Period 

A 

B 

C 

D 

E 

F 

G 

HI 

tl2 

I 

J 

K 

l 
No. 3 0 f ~ t a k e l R o ,  4 0 f f t a k e  

| 

t~ean ~ ~ea  n 

°F i o F 

933 933 

945 927 

928 929 

873 873 

964 965 

920 912 

9n8 914 

796 794 

~90 884 

914 923 

894 888  

938 93[ 

1 1 - 1 7  



Io 

3 ,0 -  

2.0 
,,x, 

1.0 

0 

PERIOD C 

0 50.000 100.000 150.000 

OXYGEN LOADING SCF./HR. 

~igure 11-2, Graph o~ O f f ~ k e  Te~peratume ~ur~L~ons  VO~ Loading 
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CONDITION 1 

lo LS 

IN PRESSURE CONTROL. GAS FLOW IS VARIABLE 
DUE TO HIGH RESET VALUE ON P.C. THE PRESSURE 
IS BEING CONTROLLED QUITE WELL. 

CONDITION 3 

Its Io 
IN PRESSURE CONTROL. GAS FLOW PRESSURE AND 
OXYGEN FLOW ARE VARIABLE. THIS IS PROBABLY 
DUE TO THE REDUCED THROUGHPUT, THE INCREASED 
P.B. ON THE P.C. AND THE HIGH P.B. ON THE O.F.C. 

CONDITION ~. IN PRESSURE CONTROL, GAS FLOW. PRESSURE AND 
OXYGEN FLOW ARE VARIABLE. THIS IS PROBABLY DUE 
TO THE INCREASED P.B. AND INCREASED RESET ON 
THE P.C. 

Figure 11-3. Recorder Charts Showing ~low 
and Pressure at Several 
Controller Settings 
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CONDITION 5 IN PRESSURE CONTROL."THE.VARIABIUTY HAS BEEN 
REDUCED BY SWITCHING TO THE PRESSURE TAPPING 
201 WHICH IS CLOSE TO THE PRESSURE CONTROL 
VALVE, 

CONDITION 7 

.:.i i 

IN PRESSURE CONTROL. THE VARIABILITY HAS BEEN 
REDUCED AGAIN BY REDUCING THE RESET VALUE ON 
P.C. THE GAS FLOW IS NOW FAIRLY STEADY. 

CONDITION 8 

4 

i: fill: , 
. . . . . . . . . . . . . . . . . . . . .  F i . , : 

• ' '. i ! : i ! f '  

. . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 " " - : ' T  . . . . . . .  ! . . . . . . . . . . .  ~ . . . .  i 

IN PRESSURE CONTROL, THIS SHOWS THAT CHANGING 
COALS DOES NOT MAKE ANY MAJOR DIFFERENCE TO 
THE CONTROL CHARACTERISTICS. 

Figure 11-3 (Con't) 
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CONDITION 10 IN PRESSURE CONTROL. THE GAS FLOW HAS 
BECOME SLIGHTLY MORE VARIABLE AT THE HIGHER 
THROUGHPUT. 

CONDITION 11 IN PRESSURE CONTROL THE PRESSURE CONTROL 
HAS IMPROVED AND THE GAS FLOW IS STEADIER. 
DUE TO THE REDUCED PROPORTIONAL BAND AND 
REDUCED RESET ON THE P.C. 

CONDI .~10N 13 

., 
IN PRESSURE CONTROL. THE P.C. SETTINGS ARE THE 
SAME AS CONDITION 1. BUT THE P.B. AND RESET ARE 
REDUCED ON THE O.F.C. AND THE RESET IS REDUCED 
ON THE S.F.C. 
THERE ARE AGAIN CONSIDERABLE VA~,~TIONS ON THE 
GAB FLOW, TAPPING POINT 202A IS IN USE. 

Figure 11-3 (Con't) 
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CONDITION 15 

i 
. -,, .L ,,..... . . . . . . . . .  :., 

IN PRESSURE CONTROL. REDUCTION OF THE RESET 
ON THE P.C. HAS REDUCED THE VARIABIU'rY OF THE 
GAS FLOW SLIQHTLY, 

CONDITION 16 

. . . .  ; , . ~ . .  : . . . . . . . . . .  

IN PRESSURE CONTROL. CHANGING TO PITTSBURGH 
COAL HAS AGAIN NOT MADE ANY MAJOR DIFFERENCE 
TO THE CONTROL CHARACTERISTICS. THERE IS A 
REDUCTION IN THE GAS MAKE AT THE SAME STEAM/ 
OXYGEN F!.O~A/, 

CONDITION 1"/ IN PRESSURE CONTROL THE GAS FLOW IS STILL 
RATHER VARIABLE. 

Figure ii-3 (Con't) 
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P 

CONDITION 18 

CONDITION 19 

CONDITION 22 

.... F ~ P  

IN PRESSURE CONTROL, THE P.B. AND RESET ON 
THE P.C. HAVE BEEN INCREASED, WHICH HAS 
STEADIED OUT THE GAS FLOW. THE PRESSURE 
CONTROL HAS DETERtORATED BUT IS STILL 
ACCEPTABLE, 

IN PRESSURE CONTROL THE P.B, HAS BEEN 
INCREASED AND THE RESET DECREASED ON THE P.C. 
THIS HAS STEADIED OUT THE GAS FLOW EVEN 
MORE. BUT AGAIN THE PRESSURE IS SUGHTLY MORE 
VARIABLE. 

IN FLOW CONTROL THE PRESSURE CONTROL IS 
REASONABLE. THE GAS FLOW AND THE STEAM/ 
OXYGEN FLOWS VARIABLE, 

Figm:e 11-3 (Con ' t )  
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CONDITION 23 IN FLOW CONTROL. THE P.B. AND RESET HAVE BEEN 
INCREASED. ON THE P,C, THE PRESSURE CONTROL HAS 
THEREFORE DETERIORATED. 

PI 
CONDITION 25 IN PRESSURE CONTROL. 

Io IS 

CONDITION 26 

iI tF 
IN FLOW CONTROL. OXYGEN AND STEAM FLOW 
VARIABLE. 

F:tg~ze 11-3 (Con't) 
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CONDITION 30 IN FLOW CONTROL OXYGEN AND STEAM FLOW 
VARIABLE, 

CONDITION 31 IN FLOW CONTROL OXYGEN AND STEAM FLOWS 
MORE VARIABLE DUE TO THE REDUCTION OF THE P.B. 
ON THE P,C. BUT THE PRESSURE CONTROL HAS NOT 
IMPROVED, 

CONDITION 32 IN FLOW CONTROL. THE OXYGEN AND STEAM FLOWS 
HAVE STABILISED AND THE PRESSURE HAS BECOME 
MUCH MORE STABLE. THIS WAS DUE TO THE 
REDUCTION IN THE RESET VALVE ON THE P.C. FROM 
2 TO 0.1, 

Pigure 11-3 (Con' t) 
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CONDITION 33 

i : FII ~ i 

IN FLOW CONTROL. THIS CONDITION IS VERY 
SIMILAR TO CONDITION 32. THE SLIGHT REDUCTION 
OF THE P.B, ON THE P.C. SHOULD HAVE IMPROVED 
THE PRESSURE STABILITY SLIGHTLY, BUT DOES 
NOT APPEAR TO HAVE MADE MUCH DIFFERENCE. 

CONDITION 34 
. . . . . .  Io I 

IN PRESSURE CONTROL. THIS GIVES VERY GOOD 
PRESSURE CONTROL WITHOUT EXCESSIVE SWINGS 
ON THE GAS FLOW RATES. I.E. A LOW P.B. WITH A 
LOW RESET VALUE ON THE P.C. GIVES THE BEST 
CONTROL, 

CONDITION 35 

..IO S 
IN PRESSURE CONTROL. AGAIN A CHANGE OF COAL 
TO PII"rSBURGH MAKES UTrLE DIFFERENCE, EXCEPT 
FOR A REDUCTION IN THE GAS MAKE. 

¥1gl.u:e 11-3 [Con'S) 
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CONDITION 35 

P 

IN PRESSURE CONTROL. INCREASING THE P.B. AND 
RESET ON THE P.C. CAUSES A DETERIORATION OF THE 
PRESSURE CONTROL PLUS MORE VARIATION OF THE 
GAS FLOW. 

CONDITION 37 

lp " IF 
IN FLOW cONTROL. THE PRESSURE IS R/',rHE~ 
VARIABLE AS ARE THE OXYGEN AND STEAM FLOWS.. 

CONDITION 38 

IP IF 
IN FLOW CONTROL WITH P,C, SETI'INGS SIMILAR 
TO CONDITION 35 EVERYTHING WAS CAIRLV STABLE 
AND THE PRESSURE CONTROL GOOD. {THIS WAS 
UNFORTUNATELY A RATHER SHORT PERIOD, 
THEREFORE THIS RESULT NEEDS CONFIRMATION.} 

Figure 11-3 (Con't) 
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CONDITION 39 

CONDITION 40 

. . .  ! !L .~ .i ..~ , ,~ .... 

. . .  . . . . . . .  ' . ,  . ,  

: : C S 

IN FLOW CONTROL, AGAIN WITH P.C. SETTINGS 
SIMILAR TO CONDITION 35 EVERYTHING WAS FAIRLY 
STABLE AND THE PRESSURE CONTROL GOOD. THE 
GASIFIER AT HALF THE STANDARD LOAD. 

IF 
"l's 

IN FLOW CONTROL, USING LOW RANGE ORIFICE 
SIGNALS, THE PROPORTIONAL BANDS HAD TO BE 
INCREASED AND RESETS DECREASED ON THE OFC 
AND SFC BECAUSE OF THE RANGE CHANGE. 

CONDITION 43 IN FLOW CONTROL. INCREASING THE RESET VALUE 
TO ONE ON THE P,C. CAUSED POOR PRESSURE 
CONTROL AND VARIABLE STEAM/OXYGEN FLOWS. 

Figure  11-3 (Con't) 
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CONDITION 44 

F•F 
0 

IN FLOW CONTROL. REDUCING THE RESET VALUE 
BACK TO 0.1 ON THE P.C. IMPROVED THE PRESSURE 
CONTROL AND REMOVED THE WIDE SWINGS ON THE 
STEAM AND OXYGEN FLOWS. 

CONDITION 45 

t IF 
IN FLOW CONTROL. CONTROL WAS QUITE GOOD. 

CONDITION 46 

IP rF 
tls 

IN FLOW CONTROL. USING LOW RANGE ORIFICE 
SIGNALS, INCREASING THE RESET ON THE P.C. TO 0.2 
MADE LITTLE DIFFERENCE. 

P1gure 11-3 (Con~t) 
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CONDITION 48 IN FLOW CONTROL. INCREASING THE RESET ON THE 
P,C. TO 0.E CAUSED THE PRESSURE TO BECOME 
VARIABLE AND THE STEAM AND OXYGEN FLOWS 
TO START SWINGING. 

CONDITION 49 

• • e '  . . . . .  

IN FLoW CONTROL %VITH THE PRESSURE CONTROLLER 
SEI"rlNGS SIMILAR TO CONDITION 35, 38 AND 3B, THE 
PRESSURE CONTROL WAS STEADY AND THE OXYGEN 
AND STEAM FLOWS NOT VARYING WILDLY. 

CONDITION 50 

.lo..L ..... ,. 
IN PRESSURE CONTROL THE PRESSURE CONTROL IS 
GOOD WITHOUT WiLD SWINGS ON THE GAS FLOW. 

Figure 11-3 (ton't) 
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FiguEe 11-3 consists of a number of chart sections showing the gas flow and gasl- 

EiQr pressure on the upper chart an~ the oxygen and steam flow on the lower chart. 

The flow is marked F, the Pressure P, the oxygen flow O and the steam flow So A 

few conditions given in Table 11-6 are not shown in Figure 11-3 because either the 

period was too short or load changes were being carrlea out. 

It may seem from conditions 35° 38, 39 and 50 that the best pressure control set- 

tings foz the four inch control valve are 30% PB and 0.i. reset. These were th~ 

lowest values evaluated, therefore the optimum se~tings may be even lower. The 

s~eller valve gives much better control than the six inch valve used on run - 01 

which suffered from instability once the PB was reduced below 40%° 

The steady state operation Of the gasifler whether in pressure or flow control was 

at its best when the pressure controller settings were at the minimum values eval- 

uated which were 30% PB and O.i reset in combin~tlon with the 4" pressure control 

valve. The optimum settings may be even lower. 

The flare gas, steam and oxygen flow controllers were set up with wide proportion- 

al bands whi~ gave acceptable control characteristics. An improvement will be 

achieved in tho case of the steam/oxygen flows by commissioning the vortex flow 

meters so that one instrument range can be used to give the full turn down. The 

proportional band of the gas flow controller should be reduced during the next run 

such that more rapid changes of flow can be aohieved in automatle control. 

BEHAVIOR DF GASIFIER DURING TRANSTENTS 

During ~un EPRI - 02, various progra~ed load changes were carried out as detailed 

on Table Ii-i. No problems were encountered during the load changes. 

A qualitative picture of the sharp ~pikes 1 and 2 down to ii00000 SC~/H from 1600000 

SCF/H oxygen blast is given in Figures 11-4, 11-5, II-6, I1-7, 11-8, 11-9, 11-10 

and ii-ii for the two separate spikes down in rate. There was no significant change 

the make gas during load changes except for the slightly 9rester contribution of 

the nitrogen input from the slag systems and purges did not vary with throuphput. 

There was some ~odlflcatlon of the gas composiulon approximately 15 minutes after 

Spike 1. 
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OXYGEN FLOW 

~SSURE 

GAS FLOW 

STEAM FLOW 

Figure 11-4. Major Gasifier Paramehers Across Spike 
EPRI - 02 

Chart Speed= 2 Min./CH 
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Major Gasifler Parameters During Spike 
Down in Rates 
EPRI- 02 
Chart Speed: 2 Min./CM 
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POST RUN INSPECTION 

The gasIEier was cooled down agree EPRI - 02A but close inspootlon of the f~el bed 

and gaslfier internals were not carried out. The necessary repairs w~re ca~zled 

out before restarting the run ms EPRT - O2~. 

EPRZ - 02B was shut down with the distributor almoe~ empty of fuel. The coal was 

strongly caked in the region of the upper part of the stirrer, but there was t~an- 

sitlon to a good size distribution char by the t~ ~he bottom of thu stirrer was 

reached. At the shaft top, there was a mass of what appeared to be partially car- 

bonized flnes/tar mixture. 

The bed below the stirrer was full of good char but in the shaft centre At ap- 

peared to have a greater tendency to be stuck together than at the walls, perhaps 

indicating a more rapid flow of fuel down the centre of the shaft. 

During EPRI - D2B the gasifier was put on to cold standby at i0:II on 24 November 

due to a problem in the quench chamber. With the gasifier on a c~Id standby the 

quench chamber was opened. The probl~was cured and the run restarted. 

The major cause of the p~oblem was due to an instrument error. Post standby, the 

conditions were corrected and there w~e no £urthe/ problems. 

CONCLUSIONS 

Run EPRI - 02B successfully demonstrated that the gasifier can work well on 

Pittsburgh 8 coal and can respond £avourably to raoid load changes. At standard 

load bed hehaviour was less stable than on Rossington coal, with greater oEftake 

temperature swings, but sustained running was always possible. 

Shut down of EPRI - 02K w~a caused by a leak at a tuyere flange. This type of 

problem can be readily avoided. The standby of EPBI - 02B was a convincing demon- 

stration of the gaslfier's ability to come back, rapidly and reliably, on line 

a~ter an upset. 

It is clear that the Slagging Gasifier oEfers a reliable source of l,termediatQ 

BTU gas for oombined cy~lepower generation, and that changes in power dew, and c a n  

be rapidly acconnuodated by the fixed bed system, which is not upset by major 

changes and maintains a reliable supply of gas at a fixed CV. Tigh~ gas flow 
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control an the back end of ~heplant will lead to slight fluctuations in gasifier 

pressure and gasification medium flow, but these were shown to have no detrimental 

effect upon gasifier perfol~ance. 
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Section 12 

REPORT O~ TEST RUN EPR/ - 03 

SUMMAR~ 

Run BPRI - 03 aimed to consolidate the results of EPRI - 02, which had been a suc- 

cessful gasifier operation on screened Pittsburgh 8 coal, and to carry out the 

three additional objectives: 

• Running the Slagging Geslfier on Pittsburgh 8 coal with tar ~joc- 
t£on to the tuyeres. 

• Running on Pittsburgh 8 coal as delivered, which contained about 25~ 
material less then %", instead of on the screened fuel. 

• Attempting to flux Pittsburgh 8 coal with llmestone instead of BFS. 

Run EPRI - 03 was planned to fuzthe~ Investigate the behaviour of Pittsburgh 8 coal 

in the Slagging Gasifier and started on 13 December, 1979, with standard conditions 

being established on Rosslngton coal. Screened Pittsburgh 8 c0al, fluxed with BFS 

was introduced at 19:18 at 130,O00 SCF/H oxygen loading, 1.30 H~O/02 and a perfor- 

mance test run under ~hese conditions. Gasifler conditions were satisfactory and 

tar injection down tuyeree was brought on at 00:12 on 14 December, with satisfac- 

tory performance of the system. A performance test was done nnder these conditions 

and at 23:05 the tar rate to the tuyeres was increased and a further performance 

test run. 

satisfactory cOmpletion of the above major objective of the run enabled the second 

objective to ba started, with as received Pittsburgh 8 coal, containing about 20% 

metel'ial lass than %" being charged to the gaslfier at 14:25 on 15 December. Per- 

formance on this fuel was satisfactory and at 04:23 on 16 December the rate was 

reduced from 130,000 SC2/H oxygen to 80,000 SCF/H, followed st ii:28 by a further 

reduction to 50,000 SCF/H. Both the step downs and subsequent running were satis- 

factory and at 18:34 the rats was returned 130,000 SCF/H oxygen. A spike down to 

50,000 SCF/H loading over ten minutes was performed. A further run objective of 

fluxing Pittsburgh 8 coal wlth limestone was then started. Limestone was charged 

early on 17 December a~d no problems were encountered with this method of fl%u(ing, 

and at 14~07 gasifi~ load was raised to 160,000 SCF/H oxygen with test periods at 

three different stirrer revolutions being initiated. 
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At 04:30 on IS December the load was reduced rapidly from 160,000 SCF/H oxygen to 

50,000 SCF/H and stabilised; it was then brought back to full load at 08:30. 

further losd spike down to ii0,000 SCF/H was performed at 10:15. None of those 

rate changes caused any problemsr and the gaslfler was subjected to a controlled 

shutdown at 10:43 after 118 hours o~ contlnuous running. 

Poet run inspection revealed good con~itlo:ls inside the gasifier. The schematic of 

3PRI - 03 is given in Figure 12-1. Table 12-1 shows the load changes carried out 

during the run. 

EQUIPMENT, INSTRU~S AND CONTROLS 

The gasifimr system was modified to provide tar injection to tuyeres with the tar 

being pumped into the rameway. 

Other gasifier systems were unchanged for the r~m except for continuing improvements 

in data a=qulsitlon and logging systems. 

RUN DIARY 

Preparations for EPRI - 03 were completed on 13 December and at 10:51 the run was 

initiated. 

At 13:03 the steam/oxygen was brought on at startup rates. Rossington singles 

charging commenced, fluxed with limestone. 

The startup was good and the gasifier was established at standard conditions of 

160,000 SCF/H oxygen loading, with steam/oxygen 1.30 and pressure 335 psig. Control 

was initially in pressure control at number 4 flare, with the pressure being held 

slightly low, at 335 psig, in anticipation of the flow mode of control being engaged 

once satisfactory running was established. 

Good conditions were obtained at the standard loadings with steady bed conditions 

and good slag tapping. At 17:09 the rate was reduued to 130,000 SCF/H oxygen over 

five minutes in preparation for accepting Pittsburgh 8 coal. This change went very 

smoothly with no discernable transients due to the load variation, and at 18:30 the 

gasifier was put in back end flow-front end pressure control. 
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There was a slight problam wlth flux flow, due to a blockage, and this was recti- 

fied! at 19z08 the fleet lock of Pittsburgh 8 coal was cha~ged to the 9asifler, 

with fluxing bein~ switched to BFS. A good transition to this fuel was obtained 

with no bed problem9. 

With gaaifier performance 900d,  a mass balance period was started at the beginnincJ  

of 14 December, with the side stream sampling system being put on. No tar was in- 

jected either to the gasifier top or down the tuyeres and gasifier performance was 

satisfactory in all areas. At 10:O8, with the performance test on screene~ 

Pittsburgh 8 at 130,000 SCF/H oxygen loadin~ completed, tar injection was put on to 

the gasifier top and this was switched to down tuyeres at 55% pump stroke, at 11:12. 

The system was successfully commissioned. 

By 13:00 it was apparent that t h e  estimated l,O00 ibs/hou~ of tar being injected 

into the gasifier raceway was having a significant effect upon gasifier performance. 

Coal locking frequency was down slightly, uhe methane contenu of the make gas had 

dropped by about 10% of the previous value and the average cfftake temperature had 

risen appreciably. A performance test under these conditions was started. 

Gasifier behaviour continued to be satisfactory. At 23:05 tar injection to the com- 

bustion zone was increazed to 95% pump stroke, with no problems arising. A perfor- 

mance ~est period under these conditions was started at 01:00 on 15 December. The 

indir.atlons from average offtake temperature and methane concentration in the make 

gas suggested that not much more tar %#as being put into the raceway at 95% pu~p 

stroke as comi~ared to 65% pump stroke, although there was a sllght deterioration in 

'slag tapping. 

At Ii:00 hours the perfoz~aance test period was completed and tar injection was 

switched to uhe gasifier top with a small steam p%~Tge being left on the tuyere tar 

injection system. Preparations were being made for switching the screened 

Pittsburgh 8 feed to an unscreened fuel containing about 25% material less than 

%". By 14:25 unscreened Pittsburgh 8 coal was entering the gasifier, with tar 

in~ection turn.ed off during this t~ansition period, which produced little noticeable 

effect, although the bed cunditions were slightly more ragged as compared to the 

screened fuel case. 

Tar ia~ection to the gaslfier top was restored at 60% pump stroke at 16:15 and a 

performance test period was started at 17~O0 on a coal with a fines content running 

at about 20% less than %". Gasifier performance under these conditions continued 

-1.2- 5 



to be satisfactory into 16 December and at 00:30 hours coal looking, which had been 

on ni~--~ogen, was switched to raw gas. With the gasiEier in flow control, this 

deplenlon o~ gas down irtr~am at intervals was easily accounted for by T/~e =ont~ol 

sysUem, with no upsets belng caused, and the gasifler was left in this mode for the 

rest o f  the run. 

At 04:18 the 9asifier rates were lowered to 80,000 5CF/H, from 130,000 SC~/H oxygen, 

across five minutes, the operation being carried out smoothly in flow control with 

no transient upsets occuring at the 9asifier. R~mning at half loading proved to be 

sakisfa=tory, and at 11=20 a further reduction in rates to 50,000 SCF/H was carried 

out eu¢cessfully. Running at this loading was s~tisfactory. At 18=31, with running 

steady at 50,000 SCP/H oxygen loading, the rates were brought up to 130,000 SCF/H 

oxygen over three minutes. 

With steady runnln9 established at these loadlngs on the unscreened coal, the gasi- 

fier load was spiked to 50,000 SCF/H oxygen and back again over ten minutes. This 

provided sccae noticeable transients in the 9asifier. 

Running continued into 17 December with these conditions and satisfactory perform- 

anoe was obtained. At 02:00 fluxing was changed over from BFS to limestone with 

the latter being charged at a flux/ash ratio of about 1.0. The changeover was 

ao=o~pllshsd without any problems with slag tapping remaining good and all tuyeres 

remaining bright, and a performance test periodwas started at 03:00. As part of 

t.hls test perlodj stirrer revolutions were to he vazied. 

At 14:07 the testing at 130,000 SC~/Hoxy~enloadin9 was completed and the rate was 

brought up to 160,000 SCF/H across three minutes, with the distributor revolutions 

then being brought up more slowly to 125%. At 21:21 r~es were cut to 50,000 SCP/B 

and at 23=47 rates were increased to 130,000 SCF/H. 

Four hours., running were obtained at this loading without any incidents. At 04:30 

the gasJ-fier load was dropped very sharply down to 50,000 SCF/H ~ver about two 

minutes and w~s held at this load until 08:15, when it was restored again to 160,000 

SCF/H oxygen, this time over 25 minutes. Bo~'.h the ~o,re load changes caused no 

gasifier upsets and generated no obvious transiento. 

With the load ing estab l ished a t  160,000 SCF/H ox~en ,  a sharp spike down to  110,000 

SCI~/H was performed and the load held briefly at t h e  latter value for three minutes, 

before being rapidly brought back to full load. This load spike resulted in 



no gasifier problems and after ra-stabilising at full load, preparations were mads 

to carry out shutdown. This was oarrisd out at 10:43 and was followed by standard 

COOl down with nltxugen. Run EPP/ - 03 lasted 118 hours. A schmmatic Of the run 

is shown in Fi~Ire 12-1, and a run dairy, is given in Table 12-1. 

SLAG TAPPING AND SLAG REMOVAL 

Slag tapping and slag removal was good throuout run EPRI - 03, with good perform- 

ance being obtalncd across 10ad changes and changes in fluxing agent. At the 

higher rate ef tar injection to the tuyeres there was a subjective impress/on that 

slag tapping deteriorated, although any effect was small. 

The transition from screened Pittsburgh 8 coal to the unscreened feed (contalnlng 

2S%material less than %") has no sffsot upon slag tapping. 

Sla~ quenching was good with dense black frit always being produced. 

FLUXING SYSTEMS 

Pluxing at the start of EPRI - 03 was set up to be on limestone fl%%xing while 

Rossington coal was being eharge~. In the initial stages a lump of concrete par- 

tially blocked the vibrator gate, resulting in underfluxing Rossington. This fault 

was soon corrected, and when the transition to Pittsburgh 8 coal was made the flux- 

ing was swltched to BFS from the South bunker. 

Fluxing on BFS was at a rate giving a flux/ash ratio of about 146. Fluxing rate 

on BFS remained the same for the unscreened coal (which had a very similar ash con- 

tent) and a good free flowing slag was obtained. The fluxing rate may have been 

slightly hlgh but no attempt was made to optimise the flux/ash ratio. 

During the later stages of the run, when operating on unscreened Pittsburgh 8, 

fluxing was switched to limestone, giving a flux/ash ratio of 1,20. Again, a free 

flowing slag was obtainS, and again, no attempt was made to optlmlss the amount 

of flux required. 

The flux balances across run EPRI - 03 are presented in Table 12-3. On BFS there 

was good agreement between the experimental and calculated ash composition. A good 

free flowing slag was obtained. Balance agreements with limes hone fluxing were not 

as good, elements were out of balance, indlcatlng that the hearth had not come to 

equilibrium on limestone fluxing following the long period on B~S fluxing. The 

main difference may he due to analytical error. 
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Dat~e 

13 Dec 79 

14 Dec 79 

TABLE t2-2. 

Time 

tO,51 

13.03 

[3.45 

17.09 

17.15 

17.25 

18.30 

• 19 .08  

O0.O0 

]0.08 

11.12 

13.00 

19.30 

23.00 

23.05 

SLMPLIFIED RUN D~ARY O~ EPRI - 03 

Period 

No___.___~_. Comments 

Start up commenced. 

Steam/oxygen down Cuyeres. 

Rates 160,OO0 SCFI1-1 oxygen. 

$team/oxyseu 1 . 3 / 1 .  

P r e s s u r e  335 p s i g .  Zn 

p r e s s u r e  c o n t r o l .  On h i g h  

r a n g e  transmitters, 

Reducing rates. 

Rates now 130,000 SCFH -1 

o x ~ e n .  

~strlbutor to 87.5Z. 

Into flow control. 

Pittsburgh In wlth BFS. 

Start of Mass Balance I 

End of ~ss Balance I. 

Tar  I n j e c t i o n  on to  

d i s t r i b u t o r  - 60Z 

Tar  S n j e c t i o n  on t o  tuyeres 

- 65%. 

Start  o f  Mass Balance 2. 

8team/o~TEen r a ~1o  now 1 . 2 / 1  

End oE blase B a l a n c e  2 

Tar £nJeccton set a t  95X. 

Ds ~s 

Logger 

Period 
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Dat__~e 

15 Dec 79 

16 Dec 79 

Tim___e 

0 1 . 0 0  

11 .00  

11.28 

12.35 

14.30 

16.15 

17.00 

03 • 00 

03.01 

0 4 . 1 8  

05.01 

09.00 

11.20 

11.28 

14.26 

Period 

No. Comments 

Da ta 

Logger 

P e r i o d  

Start of Mass Balance 3. 

End of Mas~ Balance 3 

Tar injection back on to 

distributor 

R.O.M. Pittsburgh starting. 

Tar  i n J c c t £ o n  o ~ .  

Tar injection on at 60% t o  

d£strlbucor. 

Start o£ ~ss Balance 4. 

End of ~ss Balance 4. 

Tar injection up to 80% to 

d i s t r i b u t o r ,  

Dropping rates t o  80,000 

SCFB -I oxygen. 

Tar injection down to 5OZ. 

On low range transmitters. 

Tar injection to 80Z pump 

stroke, 

Starting to reduce rates, 

Rates now 50,000 SCFH -I 

oxygen. 

Steam/oxygen r a t i o  now on 1 .3 /1  

Steam/oxygen r a t i o  t o  t . 1 / 1 .  
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Da t.___~e 

17 Dec 79 

Time 

17.05 

17.54 

18.31 

[8.35 

20. 04 

20.14 

21.30 

01.53 

03.00 

08.15 

14.00 

14.05 

14.10 

20,07 

20.42 

21.21 

Period 

~o. Comments 

Tar I n j e c t i o n  down to 60~. 

On high range transmitters 

Starting to increase rates. 

Rates non 130,000 SCFH -I 

oxygen. 

Spike dawn to 50,000 SCFH -I 

oxygen .  

Spike  up to  130,000 SCPH -1 

oxygeno 

Tuyere shut off. 

Rates still 130,000 SCFH -! 

oxygen. Steam/oxygen 1.2/I. 

Pittsburgh and limestone. 

Sta r t  of ~ss Balance 5. 

Steam/oxygen ratio 1.3/I 

End of Mass Balance 5. 

S~srtir~ t:o increase rates. 

R a t e s  now 160,000 SCFH - !  

ox~e~. 

UalnE Vortex meters on flow 

controller. 

Back on orifice meters. 

Bates cut to 50,0OO SCFlr-1 

oxygen. 

Da I:a 

Logger 

P e r i o d  

J 

L 

H 

12-10 



Date 

18 Dec 79 

Time 

23.47 

23.55 

00,22 

00.32 

0~.30 

04.35 

07.03 

07.59 

08.15 

08.22 

08.40 

10.15 

10.26 

10.43 

Pe r i o d  

No. 

I0 

10 

10 

Comments 

S t a r t i n g  to Inccease r a t e .  

Rates now 130,000 SCFH "1 

oxygen. D i s t r i b u t o r  at  85%. 

I n c r e a e l n g  r a t e s .  

Rates now 160,000 SCFH -1 

oxygen. 

Reducing ra tes .  

Rates  c u t  to  50,000 SCFH "I  

oxygen .  

Tar i n j e c t i o n  o f f .  

Tar i u j e c t i o n  ¢~. 

S t a r t i ~  to iacrease rates 

end d i s t r i b u t i o n  speed, 

Tar I n j e c t i o n  o f f .  

Rates a t  160,000 SCFH -1 

o x y g e l t .  

S t a r t i n g  to  s p i k e  down to  

110,000. 

Rates back to  160,O00 SCFH -1 

oxygen. 

Shut down. 

Logger 

Period 

q 
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BED BEHAVIOUR 

Bed bshaviour on Pittsburgh 8 coal during EPRZ - 03 was generally less steady than 

that sxpeoted on Rosslngton seal during the tes~ periods of significant duration. 

As ~ith EPRI - 02B, many of nhe test periods were short, although it was apparent 

that there was a trend to greeter bed unsteadiness at the higher gasifier lo~dlngs. 

However, at all loadings no significant operational problems were encountered, with 

the gasifer capable of rtmnlng under sustained loading at all conditions. 

Table 12-4 gives details of the steady run periods analysed for EPRI - 03. An 

examination of the charts for offtake temperatures, and offtake CO 2 analysis shows 

that periods C, D and E exhibit More instabilities, which correlates with the ob- 

servations on offtake temperatures (Pigure 12-2). Figure 12-3 compares the charts 

obtained for period B (reasonably well behaved) and period C (less sUeady). These 

charts indicate that tar injection to the tuyeres results in a less steady bed Per- 

formance, although it should be emphasised that bed bshaviour during this latter 

period was steady ana allowed sustained running with no operational problems. 

There was a trend to higher offtake temperature with increased oxygen loading. 

The behsviour of the screened and unscreened Pittsburgh 8 coal in tl~e qasifier can- 

not be directly co~;ared as no t~o substantial run periods differed o~ly in thi~ 

faoter. However, there is little evidence to suggest that there Is any difference 

in performance between the two feeds. Thus, comparison of B, C, D periods with E 

and M reveal no significant effects o£ coal feed. 

A similar situation arises when a comparison between the gasifier running on BPS 

and on limestone fluxlng is attempted. At the changeover to limestone, at the end 

of period J into period K, the gasifier was in flow control, and steadier behaviour 

on limestone fluxing was apparent, as evidenced by less cycling of input/steam 

flows (which follow offtake swings caused by bed instabilities}. 

Comparison of beh~viour in periods B, C, D an~ E with that of K, L and M suggests 

again that the limestone flux gives better bed behaviour than the BFS° 

Bed behevlour duing EPRZ - 03 wes thus usually satisfactory, with no operational 

problems. Howeverr there were too many process Qhanges to properly assess the 

effect of a multitude of operationa~ parameters on gasifler hehaviour. These 
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Figure 12-3. % CO2 Charts. Top Chartz Period B. Bottom Chart: Period C 
Chart Speed: 2 MIn./CM 
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include tar injection at both the top and bottom of the gasifier, stirrer speed, 

effect of flux type, amount of fines in the coal and gasifi0r loading. All the 

above factors will contribute to bed conditions. Again, for the above reasons, it 

is difficult to compare the performance of Rossington in the gasifier to that of 

Pittsburgh 8. 

PLANT BEHAVIODR IN F~OW CONTROL 

One e£ the objectives of run EPRI - 03 was to improve the gasifier's speed of re- 

sponse under flow control mode conditions. This was to be done in combination with 

trials on the tar injection to the tuyere region, gasification of Pittsburgh 8 coal 

contei~ing a substantial amount of fines and flu~ing with limestone. Control sys- 

tems were as for EPRI - 02. 

The controller settings for the various run periods are given An Table 12.5. Sec- 

tions cf the flow and pressure charts are given in Figure 12-4. During steady 

state operation, pressuring the coal lock on raw gas, which was practiced for most 

of the run, caused the oxygen and steam demand to fluctuate in order to provide the 

additional gas surge required. 

The vor£ex meters gave satisfactory outputs ~iroughout the run and should provide 

a better method of flow measurement because of their turn down capability. They 

aid, however, also give a mere variable flow signal at the lower rates. 

The gas flow control valve was affected such that the change from low to standard 

throughputs caused it to fluctuate, and thus, the response to this valve was set 

rather slower than had been necessary on run EPRI - 02. 

The experience of this run shows that it is possible to control the gasifiar in the 

back end flow mode. The use of raw gas for pressurising the coal look would mean 

that the oxygen/steam supply syetemwould have to be fairly flexible with regard tO 

throughput. 

If the coal lock is pressurisea with nitrogen, then fairly stable steam and oxygen 

flows will still give good control. Vortex meters, which were only used briefly 

during the run, are probably satisfactory for providing the flow signals to control 

the steam and oxygen throughputs. 
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CONDITION 1 

IP F 

O 
FLOW CONTROL QASIFIER PRESSURE AND ALL 
FLOWS RELATIVELY STEAOY, 

CONDITION 2 

C,~ N D/TIO N 3 

IP IF " 

FLOW CONTROL PRESSURE AND FLOWS ALL 
SLIGHTLY MORE VARIABLE DUE TO THE AFFECT 
OF TAR INJECTION DOWN TO THE TUYERES. 

/PIF 
FLOW CONTROL AGAIN EVERYTHING RELATIVELY 
STEADY. R.O.M. PITTSBURGH HAS LESS AFFECT THAN 
TAR INJECTION DOWN THE "DJYERES. 

Figure 12-4. RecoEd~Charts Showin9 Flo~ and 
Pressure C~eCteristics at Several 
Controller Settings 
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CONDITION 4 

..... IF 

FLOW CONTROL. THE LOW RANGE TRANSMII"rERS WERE 
IN USE THEREFORE THE O AND S VARIATIONS LOOK 
WORSE. THE CONTROL SETrINGS ALSO HAD TO BE 
ADJUSTED TO AVOID FLUCTUATIONS ON THE OXYGEN 
AND STEAM FLOW, LOCKING ON RAW GAS CAUSED 
PEAKS ON THE OXYGEN AND STEAM FLOWS, 

CONDITION 5 

fP IF 
FLOW CONTROL. THE LOW RANGE TRANSM|TrERS 
WERE STI I I  IN USE. A TYPICAL FLOW AND PRESSURE 
VARIATION CAUSED BY A COAL LOCK IS SHOWN, 

CONDITION 8 FLOW CONTROL. THE STEAM AND OXYGEN FLOWS 
ARE BACK ON THE HIGH RANGE TRANSMITi'ERS AND 
HAVE BEEN RESET TO THE NORMAL CONTROL 
SETTINGS. THE CONTROL ACHIEVED IS SIMILAR TO 
THAT IN CONDITION 1 EXCEPT FOR THE FLOW PEAKS 
CAUSED BY THE COAL LOCKS, 

Pigure 12-4 (ton't) 
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CONDITION 7 

CONDITION 6 

CONDITION 9 

i i  iIt n I 

FLOW CONTROL THE GAS FLOW CONTROL VALVE 
OSCILLATED WHEN THE FLOW WAS INCREASED TO THE 
EQUIVALENT OF 160,000 SCFH OXYGEN BLAST SO THE 
P.B. WAS INCREASED TO 500. THE GASIFIER PRESSURE, 
OXYGEN AND STEAM FLOWS ARE AGAIN VARIABLE 
BECAUSE OF THE FREQUENT COAL LOCKING ON RP, W 
GAS, 

FLOW CONTROL. THE VORTEX SIGNAL IS LINEAR 
WITH FLOW. ONLY THE OXYGEN AND STEAM FLOWS 
WERE PARTIALLY CONTROLLED USING THE VORTEX 
SIGNALS. THEY MADE LI1TLE DIFFERENCE TO THE 
FLOW VARIATIONS AT THIS POINT ON THE RANGE. 

.... Ip il 

FLOW CONTROL. AT LOW RATES THE COAL LOCKS ARE 
RELATIVELY FAR APART. THE AFFECT OF COAL LOCK IS 
SHOWN. THE PRESSURE CONTROL IS VERY GOOD 
EXCEPT FOR THE DIP AND RECOVERY DURING A LOCK. 

Figure 12-4 (Con't) 
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CONDITION 10 FLOW CONTROL THE GAS FLOW CONTROL VALVE 
AGAIN OSCILLATED WHEN THE FLOW WAS INCREASED 
TO THE EQUIVALENT OF 160.000 SCFH OXYGEN BLAST 
SO THE P,B. WAS AGAIN INCREASED TO 700. THE 
GASIFIER PRESSURE, OXYGEN AND STEAM FLOWS ARE 
AGAIN VARIABLE BECAUSE OF THE FREQUENT COAL 
LOCKING ON RAW GAS, BUT THIS HAO BEEN MAOE 
WORSE BY THE REDUCED CONTROL OF THE GAS 
FLOW. 
THE VALVE OSCILLATION .JIAY BE LINKED TO THE 
CHANG,. ~ OF FLOW AS THE SYSTEM HAD WORKED 
PREVIOUSLY AT THESE SE'~INGS (SEE CONDITION 7). 

F igu=e 12-4 (Con ' t )  

. . .  i.2~.,2 2 
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BEHAVIOUR OF THE. GASZFIER DURING TRANSZ~NTS 

During ~PR~ - 03 several transient load changes were carried out and the general 

description of these changes is given in Table 12-1. 

With the control valves set up as for Conditi]~n !0, a load reduction spike was 

carried out reducing from 160,000 SCP/H oxygen" blast equivalent to 110,000 SCP/H 

and back again. The change and its effect on the constituents of +--h~ make gas are 

showin in Figures 12-5 to 12-8. /" 
/ / 

The major step change of the,run was from 160,000 SCF/H to below 50,000 SCF/H oxy- 

gen blast equivalent in a~6ut two minutes with the controllers set up as for 

Condition 7. This c~-ahge and its effect on the uonstitutents of the make gas are 

shown in Figures 12'19 to 12-13. The most rapid increase in the gas make was from 

50,000 SCr/H tO 130,000 SCF/H oxygen blast equivalent in three minutes with the 

controllers set up as for Condition 6. This change and its effect on ~,e constitu- 

ents of the make gas are shown on Figures 12-14 to 12-17. It can be seen from 

these figures that, apart from the normal changes in nitrogen levels, there is a 

small temporary increase in the methane and ethane percentages of 2% and one tenth 

of a percent respectively after the rapid major load reduction and, slmllarly, 

there is also a similar te,%porary reduction after the rapid increase in throughput, 

although the latter is not so well defined. Cars should be taken to keep the gas 

flow control valve in good c~ndition so as to avoid fluctuations when making large 

increases in throughput. 

Major changes in the gas ~,~<~;:e carried out in periods of two or three minutes can 

cause a s l i g h t  temporary:*  .~nge ~n t h e  methane and e thene  l e v e l s  i n  t h e  p r o d u c t  gas.  

Flow spikes from 150,00U ~ 110,000 SCF/K oxygen blast equivalent have no signifi- 

cant effect. The slight temporary change in menhane and ethane !evels may disap- 

pear by change in operational techniques. 

TAR INJECTION TO THE TUYERES 

With period B of the run completed (which was carried out at 130,000 SCF/H oxygen 

loading, 1.30 ~20/O2 and no tar injection either at the top or the bottom) tar 

injection ~.;as brought down tuyeres at a pump stroke setting of 65% to give an esti- 

mated tar flow rate of bet~seen 1,000 to 1,200 ibs/hr. The introduction of tar down 

the tuyeres produued no dramatic effects at ~te gasifier bottom, and the steam/ 

oxygen ratio was moved from 1.30 to 1.20 in anti=ipatinn of cooler race~ay 

conditions. 
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• LHV FLARE GAS 

OXYGEN FLO~ 

G A S I F I E I ~  

FLOW "~ ' 

Pigure 12-5. Major Gasifier Parameteus Across a Load 
Change from 160,000 to I~0,000 SCS/H 
Oxygen and back 
EPRI - 03 
Chart Speed: 2 Min./CM 
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OXYGEN FLOW 

STEAM FLOW 

FLARE GAS FLOW 

/ 

Figure 12-9. Major Gasifier Parameters Across a Load 
Reduction from 160,000 to 50,000 SCF/H 
EPRI - 03 
Chart Spsed: 2 Min./CM 
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LHV FLARE GAS 

GASIFIER PRESSURE 

- ' STEAM FLOW 
, 

Figure 12-14. Major Gasifier Parameters Across a Load Zncrease 
frc~ 50,000 to 130,000 SCF/H 
EPRI- 03 
Chart Speed: 2 Min./CM 
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X.~tor analysis (s~e FigUre 12-3, Table 12-4, and related discussion) ind~cat.d tl~a~ 

the bed was slightly less steady with ta~ il~jectlon to the racew,iy and that hearth 

conditions had deteriorated s1[ght~y, althoncjh b o t h  t h o s e  factors did not intoFforo 

with continu,~d satisfactooy operating uoz~ditio.s. The average offtake temperatut'e 

uf ~h~ gasifie~" rose from 902 ~o 9~IoF, and the aver'ago metha:u:~ co,~centration i. 

~he o~ftak~ gases dropp0d to 5. ?~ from 6..It. The alive t'epr~ss.tod ~ho tot,~l of 

app~eolahlo diff~ronct~8 that could bu obaot'vod on ling, sold, after a 12 h~ur por~od.  

the pump stroke was L'aJsed to 95%. During l:he onsuinu period. At uh~ stzppos~dly 

h i g h o r  i n j ~ c t l o n  rate, th~ offtake temperature avura~o ~'Ü~Inod tho snmo and the 

methane concelebration iu tl~ make gas did not  change, luadin~ to the a~splcion t|~t 

the f l ~  rate of tar had no t  changed, despite tl~'o alteration in pump stroke. 

POST RUN INSPECTION 

The gaslfiQr was shut do~t while rtmuing at 160,000 SCF/|] oxpgon loading o. un- 

screened Pittsburgh 8 at the moment tl~ coal 1~ck was empty. Stahdard procedures 

were used ,  

Post run insl~etion rovSalod that t he  distributor was nearly umpt¥. There was soma 

caked m a t e r i a l  a t  the top  o f  thu bed.  

~Io distributor area was full of caked coal which was readily broken into sma1!e~ 

pieces, and below the distributor, there w~)ro discrete char lumps generally in the 

range ~" ~o  15"; two exceptions wore two dlsc~e~e volumes of caked coal, which, 

again, wore readily broken up into smaller plece~. There was little dust i, the 

bed until the very bottom was roached, when ~ere was a considerable amount of dust 

associated wi~h t l l o  raceway char. 

CONCLUSIONS 

RUn EPRZ - 03 extended ~e experience o£ run EPRI - 02 on Pittsburgh 8 coal wilh 

fuEthe~ e:~peri~noe o11 load turn up and turn ~own, with partloular emphasis on 

control systems! wi~l ~unning on limestone instead of BFS flux: with running on a 

coa l  feed coatai~Ing a uonslder~ble amount of flne material, and with running with 

tar h=in~ in~ected down the tuyeres. 

Load turn up and turn down again proved to be a reliable operation with little evi- 

dence of ~ransient upsets oceurrlng In the gasifier. The gasifler worked well in 

flow control, and it appeared posslhle to tune the ~ntrol characteristics of the 

plank to obtain a minimum of fluctuation in the steam/oxygen flows and on gasifler 
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p~o ,~u : : c ,  a ~ h o u g h  ~omu aignl f lcant  v . r i ~ t i on  in 9~ i~ ioa t lon  mo~llum i= l i ~ - u l y  ' to 

occu~ l~ c o a l  I o c k i . ~ j  o,~ raw q a .  I s  p ~ a c t l c c d .  ~'ho g a ~ f l o ~ "  op~ca~od  a t  loa,~t  a~ 

~ u l l  on l i~nu-~onu ~|t~x a:: o~t ~FS ~t~x~ ~ ] ~ | | o u g h  thol 'o  W~S not. l;[;na 1:o o p t : i m t ~  

~i thcr  ~luxi .q agent. |;p to 25~ mu~v~ial Ices t h ~  ~" i;~ t|m coal fc~d ~pp0arcd 

to m,~kc l i ~ l . 0  di f furu.~u to ~.l~;iflur l ~ f o ~ c v .  

9~c inj~c~.io~ to the t~1~'~u~ at a !'ate u~ least equal to ~ho ng~ g ~ i ~ i e r  make at 

th~ ~of und wa~ ~uev , : . , ; ~u l l ~  ~ nc~:omplisl~od, t~hc. t'u.nlnq with t , ~  in~uctlon to the 

t u y o r o s ,  bo~h hogarth m~d hod hoh,~v~our a p l m a r o d  ~o ( I o ~ r l o t ' a k ~  a l i t t l e ,  a l t h o u g h  

thor~ wa~ no incli~atlon of a.y l~coco~u Izzoblomn. 

The tl lrou ~PRI {'um~ ilavu thot'efo~o boQw~ ~blu to domonutrato C|Ic potuntia~. ~nd ver- 

~a~ i t l t y  of  ~ilu Sl~jqi:~,j G ~ l f i o r  vhm~ worklm] on Pi~sburoh 8 c o a l ,  a l t h o u g h  t i rade 

~a~ l i t t l e  ~imu to Ol~i~i~.~u qau l t i~r  opera!in9 toad! t ic .s ,  and s ~ l l l  Io~. to op t l -  

In|if¢~ g.~sif ier dc~igl: for l~Orform,~.ce of  ~his co,,l. Give. ~hl9 =ira0, i t  i9 apparo:~t 

th,~t co~mvrvial ~[Ju~,~io. i .  the combi.ed cycle mode, for ~ l , .~t r lc  power qc .c ra t io . ,  

with ~ l l  i~u ddv.mt~gc:;, i~ c u r t d i ,  to bu s .cco~fu l .  
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