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SECTION 1.0 

OBJECTIVE AND SCOPE OF WO2K 

The o v e r a l l  o b j e c t i v e  o f  t h e  ~ e s t i n g n o u s e  Coal G a s i f i c a t i o n  Program i s  t o  
demonstrate t h e  v i a b i l i t y  o f  t h e  Westinghouse p r e s s u r i z e d  f l u i d i z e d  bed 
g a s i f i c a t i o n  system f o r  p r o d u c t i o n  o f  low- and i n t e r m e d i a t e - B t u  f u e l  gas f o r  
e l e c t r i c  power genera t ion ,  syngas, feeds tocks  o r  i n d u s t r i a l  f u e l s  and t o  
o b t a i n  performance and sca le-up d a t a  f o r  t h e  process and hardware. 

1.1 OPERATION AND MAINTENANCE OF THE PDU 

Tne Task 1  o b j e c t i v e  i s  o p e r a t i o n  o f  t h e  process development u n i t  (PDU) t o  
e v a l u a t e  t h e  process f e a s i b i l i t y  and o p e r a b i l i t y  o f  t h e  Westinyhouse advanced 
f l u i d i z e d  bed c o a l  g a s i f i c a t i o n  process and t o  p r o v i d e  d a t a  f o r  sca le-up and 
component hardware des igns.  The i n i t i a l  work i n  t h i s  t a s k  i n v o l v e d  e v a l u a t i o n  
of t h e  d e v o l a t i l i z e r  system f o r  d e c a ~ i n g  and d e v o l a t i l i z i n g  f r e s h  c o a l  
feeds tocks .  Process f e a s i b i l i t y  of t n e  d e v o l a t i l i z e r  was demonstrated t h r o u g h  
a  s e r i e s  of t e s t s  w i t h  a  v a r i e t y  o f  c o a l  feeds tocks ,  i n c l u d i n g  h i g h l y  c a k i n g  
Eas te rn  b i ~ u m i n o u s  c o a l s .  F o l l o w i n g  these  t e s t s ,  t h e  g a s i f i e r - a g g l o r r l e r a t o r  
system f e a s i b i l i t y  was demonstrated w i t h  chars  produced i n  t h e  d e v o l a t i l i z e r  
and w i t h  o t h e r  m a t e r i a l s ,  i n c l u d i n g  coke Dreeze, chars  f r o m  another  
g a s i f i c a t i o ~ l  process ana b o t h  non-cak ing and h i g h l y  c a k i n g  coa ls .  These 
n ~ a t e r i a l s  were s u c c e s s f u l l y  g a s i f i e d  and ash agglomerates were s u c c e s s f u l l y  
'produced f r o m  each feeds tock .  

A d d i t i o n a l  t e s t i n g  o f  t h e  g a s i f i e r - a g g l o m e r a t o r  r e a c t o r  i n c l u d e d  d i r e c t  c o a l  
f e e d  as w e l l  as oxygen-blown g a s i f i c a t i o n  o f  a  char  o r  c o a l  bed. These t e s t s  
were f o l l o w e d  b y  e v a l u a t i o n  o f  t h e  i n t e g r d t e d  system c o n s i s t i n g  o f  t h e  
d e v o l a t i l i z e r  and g a s i f i e r - a g g l o m e r a t o r .  Based on t h e  r e s u l t s  o f  t h e  
two-s tage a i r - b l o w n  t e s t s ,  f u r t h e r  a n a l y t i c a l  comparisons a r e  b e i n g  made o f  
t h e  s i n g l e -  and two-s tage o p e r a t i o n  t o  de te rm ine  t h e  a d v i s a b i l i t y  o f  o p e r a t i n g  
t h e  PDU i n  t h e  two-s tage mode. 

S i n g l e - s t a g e  g a s i f i e r  t e s t i n g  w i l l  c o n l i r l u e  under Task 1  w i t h  t h e  g a s i f i e r  
o p e r a t i n g  a t  o r  near des ign  temperature,  p r e s s u r e  and s o l i d s  f e e d  c a p a c i t y  
u s i n g  a  v a r i e t y  o f  feeds tocks  t o  i n c l u d e  a  h i g h l y  c a k i n g  c o a l .  G a s i f i c a t i o n  
w i l l  be accompl ished w i t h  a i r  and w i t h  oxygen t o  produce low-Btu gas and 
medium-Btu s y n t h e s i s  gas and agglomerated ash a t  a  h i g h  o v e r a l l  carbon 
u t i l i z a t i o n .  

I n  a d d i t i o n ,  combust iur~ t e s t s  w i t h  b o t h  low- and medium-Btu gas f r o m  t h e  PDU 
a r e  a l s o  planned w i t h  tne '  o b j e c t i v e  o f  d e t e r m i n i n g  combust ion s t a b i 1 i t . y  over  
t h e  e n t i r e  turndown r a n y e  f u r  t h e  process.  

Under T a s ~  2, p r e s e n t  work i n v o l v e s  t h e  m o a i f  i c a t i o n  and upgrad ing  o f  t h e  PDU 
t o  acn ieve  o e t t e r  performance as d i c t a t e d  by t h c  r e s u l t s  o f  p r i u r  t e s t i n g  
e f f o r t s .  One s u ~ t a s k  i n c l u d e s  m o d i f i c a t i o n s  t o  upgrade t h e  h igh -p ressure  



oxygen system t o  suppor t  t h e  t e s t i n g  program. S p e c i f i c a l l y ,  t h i s  work 
i n v o l v e s  t h e  oxygen supply,  process p i p i ng ,  f l o w  c o n t r o l s ,  i n s t r umen ta t i on  and 
r e l a t e d  process hardware. The PDU w i l l  a l s o  be m o d i f i e d  t o  p r o v i d e  t h e  
c a p a b i l i t y  o f  e v a l u a t i n g  t h e  equipment and subsystems necessary f o r  hea t  
rec.overy and f i n e s  r e c y c l e  t e s t s  u s i n g  t h e  PDU-derived f u e l  gas. 
M o d i f i c a t i o n s  t o  bo th  t h e  PDU and t h e  Tes t  and Development Center a re  p lanned 
t o  p e r m i t  combustion e v a l u a t i o n  t e s t s  o f  medium- and low-Btu gas f r om t h e  PDU. 

1.3 SCALE-UP DESIGN AND ANALYSIS 

Scale-up des ign and a n a l y s i s  o f  t h e  Westinghouse process a re  performed as p a r t  
o f  Task 3. The o b j e c t i v e s  o f  t h i s  task  a re  t o  conduct exper imenta l  and 
a n a l y t i c a l  work r e q u i r e d  t o  e s t a b l i s h  a da ta  base as w e l l  as des ign  models and 
procedures f o r  s c a l i n g  up t h e  components and subsystems o f  t h e  f l u i d i z e d  ~ e a  
g a s i f i c a t i o n  process. The Co ld  Flow Scale-up F a c i l i t y  (CFSF), a l a r g e  3-meter 
s c a l e  c o l d  f l o w  nhsdel, i s  t h e  p r i n c i p l e  t on1  f o r  p r o v i d i n g  t h i s  i n f o rma t i on .  
I n i t i a l  o p e r a t i o n  i s  i n  t h e  g a s i f i e r  mode t o  determine sca le-up c r i t e r i a ,  
deve lop a n a l y t i c a l  ~nnde ls  f o r  scale-up and determine operab le  geometr ies.  

1.4 LABORATORY SUPPORT STUDIES 

T h i s  t a s k  c o n s i s t s  o f  c o n s u l t a t i o n  and a n a l y t i c a l  and bench s t u d i e s  by 
personne l  f r om  tne  chemical  eng inee r i ng  research  and o t h e r  departments o f  t h e  
Westinghouse Research and Development Center  i n  suppor t  o f  PDU ope ra t i ons  and 
systems a n a l y s i s  and sca le-up cons ide ra t i ons .  General areas o f  work i n c l u d e  
gas -so l i ds  f l o w  model ing,  c o a l  and ash behav ior ,  ash agglomeration, 
g a s i f i c a t i o n ,  f l u i d i z a t i o n ,  a n a l y s i s  o f  o p e r a t i n g  and r e l i a b i l i t y  problems, 
gas c lean ing ,  hea t  recovery ,  scale-up and t u r b i n e  e f f e c t s .  

Suppor t  work has i nc l uded  s t u d i e s  and exper iments  i n  f u e l  process ing,  a n a l y s i s  
of o p e r a t i n g  c o n d i t i o n s  f o r  t h e  PUU, o b t a i n i n g  d a t a  f o r  PDU mod i f i ca t i ons ,  
a n a l y s i s  and i n t e r p r e t a t i o n  o f  r e s u l t s  f r o m  PDU opera t ion ,  develnpment of 
p rocess  models f o r  scale-up, and unders tanding o f  process phenomena t o  achieve 
r e l i a b l e  ope ra t i on .  Work has a l s o  been conducted i n  t h e  areas o f  c o l d  f l ow  
and a n a l y t i c a l  model ing,  coa l  behav ior ,  coa l  and ash chemical  phenomena, 
env i ronmenta l  impact, and process and systems eng inee r i ng  c o n s u l t a t i o n .  

F o r  t h e  1 abo ra to r y  suppor t  exper imenta l  program, t e s t  f a c i  1 i t  i c s  i nc l ude :  

Two f l e x i b l e  1 - f o o t  d iameter  s e m i c i r c u l a r  u n i t s ,  which operd te  
a t  atmospher ic p ressure  and ambient temperature f o r  
f l u i d i z a t i o n  s t ud ies .  

e A f l u i d i z e d  bed t e s t  u n i t ,  o p e r a t i n g  a t  des ign  temperature and 
pressure,  f o r  d e v o l a t i l i z a t i o n  and g a s i f i c a t i o n  i n v e s t i g a t i o n s .  

e An atmospher ic p ressure  f l u i d i z e d  bed ayylomerator,  o p e r a t i n g  
a t  des ign  temperatures.  



A pressurized thermogravimetric analysis system, differential 
thermal analysis and a pressurized high temperature fluidized 
oed test unit are available to conduct investigations in gas 
cleaning and gasification. 



SECTION 2.0 

TECHNICAL PROGRESS SUMMARY 

2.1 OPERATICN AND MAINTENANCE OF THE PDU 

2.1.1 Gasifier Test TP-023-4 

Test TP-023-4 continued a series of oxygen-blown, single-stage gasifier 
feedstock characterization tests at 130 psig begun during 1979. The 
objectives of TP-023-4 were to: 

a Operate the gasifier with the modified oxidant tube at oxygen 
concentrat ions over 50 percent, evaluat l nq  the e f r e ~  t Sveness of thi r, 
tube design for reducing sintered-material formation at the tip. 

Obtain data relating product gas composltion and pr-ucess efficiency to 
reactor temperature, steam/coal ratio and recycle gas/coal ratio. 

Evaluate the cyclone cold wall as a means of reducing accumulation of 
solids. 

Continue heat recovery experiments. 

m Evaluate gasifier operability with Texas lignite as the feedstock. 

This test demonstrated the effectiveness of the modified oxidant tube fot 
avoiding formation of sintered material. A new apparatus in the cyclone, 
using a "cold-wall" principle, showed promise as a means of controlling solids 
buildup downstream of the gasifier. 

The test took place in three campaigns. The first was ended when solids 
buildup from a small ledge in the gasifier outlet piping restricted product 
gas flow. The second was terminated by the ignition of an accumulation of 
flammable gas in the head space of the water separation pit; only minor 
equipment damage resulted. Final shutdown was caused by numerous 
interruptions in the flow of lignite feedstock, due to moisture, which led to 
operational upsets in the grid area and eventual formation of d clinker. 

The total onstream time for test TP-023-4 was 175.5 hours. Pittsburgh seam 
coal was fed to the gasifier Fur 10G.5 hours; T c x , ~ s  lignite feeding took  place 
during the last 14 hours of the test. Three steady-state periods of 
significant duration were accomplished with Pittsburgh seam coal. 

2.1.2 Gasifier Test TP-027-1 

Test TP-027-1 was the first of a series of high-pressure oxygen-blown gasifier 
tests with coal feedstocks. Shakedown of the entire PDU for this 
configuration was a priority item for this test. Otherwise, the objectives of 
test TP-027-1 were to: 



0 Establish baseline data for gasification of Indiana #7 coal with 
oxygen at 230 psig. 

0 -  Operate with Indiana #7 coal and Texas lignite feedstocks at high 
oxygen concentrations in,the oxidant tube to generate data at low 
steam/coal and recycle gas/coal ratios. 

0 Continue heat recovery experiments.. 

0 Further evaluate water injection and the cyclone cold wall insert as a 
means of controlling solids accumulation in the cyclone. 

Demonstrate carbon conversion at 90 percent.with heat and material 
balance closures within 5-10 percen't for total mass balances and 
carDon balances. 

Evaluate raw gas composition and process efficiency relative to 
steam/coal and recycle gas/coal ratios and to gasifier temperatures. 

0 Study the relationship of withdrawal rate with bed ash content. 

PDU operation at the higher pressure was successfully demonstrated. 

The modified oxidant tube allowed injection of 63-65 percent (vol) oxygen 
without sintering. Ash withdrawal concentrations ran.ged from 60-80 percent. 
Run termination was dictated by plugging of a gas cooler' in the recycle gas 
system. 

The total onstream time for TP-027-1 was 87 hours, during which a blend of 
Ohio #9 ana Indiana #7 coal was fed for 69.5 hours. Lignite feedstock was not 
tested as planned as a result of the premature shutdown. 

Gasifier Test TP-027-2 

Test run TP-027-2 was the second in a series of oxygen-blown single-stage 
gasifier tests at 225 psig. Specific objectives of test TP-027-2 were to: 

0 Establish base-case performance data and demonstrate gasifier 
operability for oxygen-blown gasification of high-ash bituminous 
coals, Ohio #9 and Pittsburgh seam, at 225 psig. 

0 Evaluate gasifier operability with Texas lignite as the feedstock. 

Operate the modified oxioant' tube a t  oxygen concentrations of at least 
60 percent. 

Achieve and maintain greater than 70 percent ash concentration in the 
withdrawal stream. 

Continue testing of water injection, the' cyclone cold wall, and the 
heat recovery system. 



Test TP-027-2 was a continuation of oxygen-blown single-stage gasifier testing 
at 225 psig, which began with test TP-027-1 in April. Operation of the PDU 
was relatively smooth during TP-027-2, with significant operating periods 
where Pittsburgh seam and Ohio #9 coals were used as feedstocks. The test was 
interrupted for a few hours for repair of a leaking exchanger; combustion was 
not quenched during this period. The modified oxidant tube continued to 
perform well. Ash concentrations in the withdrawal stream were consistent and 
ranged between 60 and 75 percent. Run termination was necessary when bed 
defluidization occurred as a result of attempts to clear a congestion in the 
grid area of the gasifier. 

The total onstream time for test run TP-027-2 was 164.5 hours, during which 
Ohio #Y coal was fed for 61 hours and Pittsburgh seam coal was fed for 64 
hours. Lignite feedstock was not tested as planned as a result of a premature 
shutdown. 

2.1.4 Gasifier Test TP-027-3 

Test TP-027-3, a high-pressure oxygen-blown gasifier test with T e x d ~  lignite, 
Pittsburgh $8 and Upper Freeport seam coals, was initiated on June 12, 1980. 
This test will be completed in July, the results of which will be discussed in 
the next quarterly report. 

2.2 PROCESS ANALYSIS AND DESIGN 

2.2.1 Cyclone Deposit Control 

The chemical charaCrerlzal,iu~~ uT cyclone deposits from t e s t  TP-n?3-3 was 
completed. The results indicate that, in addition to the crystalline Fel, S 
glue, there is possibly an amorphous sulf ur-containing compound that proviaes 
a binding matrix fnr the deposits. 

Hardware developments in the area of deposit control include a demonstratiur~ 
of the viability of quench water injection as a means of eliminating cyclone 
deposits in the PDU. Further, a scoping evaluation was conducted on the 
cyclone cold wall concept that promises to be a potential long-term solution 
to this problem. 

2.2.2 PDU Operational Analysis 

A cause-effects analysis was conducted on the recycle gas after cooler plug 
incident that occurred during gasifier test TP-UZ'Z-1. The arlalysis shows that 
the plug was a result of fines lodging in a separator vessel located 
downstream of the cooler and eventually caused the deposition to backfill into 
the cooler. 

The precision and accuracy of product gas flow measurement at the PDU were 
investigated. A systems model based on control theory shows that, in order to 
reduce the oscillations recorded on the flow meter, it will be necessary to 
sacrifice the tolerance on the maximum deviation in system pressure from set 



p o i n t  cond i t i ons .  The i naccu rac i es  i n  measurement d u r i n g  t e s t  TP-023-4 were 
asc r i bed  t o  a  b u i l d u p  of m a t e r i a l  on t h e  o r i f i c e  p l a t e .  Steps have been taken  
t o  r o u t i n e l y  i nspec t  and c l ean  t h e  o r i f i c e  p l a t e  a f t e r  each shutdown t o  
m in im ize  sys.tem i naccu rac i es  i n  t h e  f l o w  measurement. 

2.2.3 PDU Process Ana l ys i s  

F i nes  ca r r yove r  a a t a  f r om  t h e  1978 g a s i f i e r  t e s t  s e r i e s  was c o r r e l a t e d  us i ng  
an e l u t r i a t i o n  cons tan t  method of r e l a t i n g  t h e  c a r r y o v e r  r a t e  t o  t h e  p a r t i c l e  
s i ze ,  t h e  f l u i d i z e d  bed p r o p e r t i e s  and t h e  o p e r a t i n g  v e l o c i t i e s .  

A s t eaay -s ta te  ash ba lance was performed u s i n g  gene ra l i zed  parameters t o  
desc r i be  va r i ous  modes o f  o p e r a t i o n  on t h e  PDU g a s i f i e r .  A  f u n c t i o n a l  
r e l a t i o n s h i p  was ob ta i ned  between t h e  ash con ten t  i n  t h e  bed and t h a t  i n  t h e  
w i thd rawa l  stream. 

2.3 PROCESS AND COMPONENT ENGINEERING AND DESIGN 

Process and component eng inee r i ng  work accomplished t h i s  q u a r t e r  cons i s t ed  o f  
a  v a r i e t y  o f  tasks .  

F o l l o w i n g  commissioning o f  t h e  h igh-p ressure  oxygen supp ly  pump, a  
new, l a r g e r  tank  p ressure  b u i l d i n g  c o i l  was i n s t a l l e d  and commissioned. 

r System and component design, as w e l l  as process and i n s t r u m e n t a t i o n  
and component drawings, were completed f o r  t h e  advanced heat  r ecove ry  
t e s t  loop. F a b r i c a t i o n  o f  components i s  approx imate ly  80 percen t  
complete. 

o The b i d  package f o r  t h e  des ign  phase o f  t h e  PDU power upgrade was 
approved and a  c o n t r a c t  awarded.., 

The des ign  f o r  power f eed  upgrad ing o f  t h e  steam system was completed. 

e Electrical/instrumentation i n s t a l l a t i o n  f o r  t h e  t o t a l  condensable 
ana lyzer  was cnrnpleted. 

I n  f i n e s  r e c y c l e  and u t i l i z a t i o n  work: 

The surge vessel ,  a l l  m a t e r i a l  r e q u i r e d  t o  f a b r i c a t e  t h e  f i n e s  
coo le rs ,  i n c l u d i n g  t h e  i n t e r n a l s ,  and a l l  p i p i n g ,  va lves,  and f i t t i n g s  
f o r  t h e  g l y c o l  c o o l i n g  l oop  were. r ece i ved  on s i t e .  

r The f a b r i c a t i o n  drawings f o r  t h e  f i n e s  c o o l e r s  and t h e  p r e l i m i n a r y  
arrangement drawing f o r  major  p i p i n g  spool  p i eces  and vesse ls  were 
completed. 

F a b r i c a t i o n  o f  t h e  C-120 p a r t i c u l a t e  sepa ra t i on  vesse l  was i n i t i a t e d ,  
w i t h  t h e , r e f r a c t o r y  c l i p s ,  r e f r a c t o r y  and nozz le  s leeves ordered and 
rece i ved  . 



2.4 SCALE-UP MODEL 

During this report period, general contractor site work was conipleted except 
for miscellaneous items and preparation of the final deficiency list for 
building acceptance by Westinghouse. In addition, all six model test sections 
were finish-welded, three of which were finish-machined and delivered to the 
site. Following erection of the observation platform, the first two model 
sections, as well as the drawoff cone and the feed tube, were installed in the 
observation platform structure. 

The model internals were assembled as a single unit, which is now being 
prepared for installation in the interior of the model sections. 

In other work, the design of the in-line filters for the air compressors and 
the lifting beams for the main model was completed. Precommissioning 
activities for the scale-up facility were initiated, including preparation of 
equipment and valve lists and operating procedures for the main air compressor 
subsystems. 

Currently, a setup for hydrotest of the cooling water lines is being prepared, 
installation of process piping is continuing, and the initial charge of bed 
material is being prepared for shipment to the site. 

2.5 LABORATORY SUPPORT STUDIES 

Gas-Solids Flow Modeling 

Experiments qsing a.jet nozzle configuration similar to that employed in the 
PDU are continuing. Tracer gas is injected into the jet to simulate the 
oxygen flow and gas samples are collected from the bed to investigate the 
dispersion of the tracer. , The literature data on jet penetration were 
analyzed to test the correlation developed previously. A correlation was 
developed which successful ly correlaled recent jet penetration data avai 1 able 
in the literature. 

The experiments to study the rate of particle separation for the acrylic- 
dolomite system'were completed, the results of which are discussed in Section 
7.1. Exploratory experiments are being conducted with different pairs of 
materials of different density ratios in order to selecl d suitable p a i r  for 
further studies. 

2.5.2 Coal/Ash Behavior Gasification 

Gasification - A screening test and procedure for coal/char characterization 
on the thermogravimetric analyzer (TGA) was established to obtain reproducible 
data. 

Ash Agglomeration - Three steady-state ash agglomeratlon tests were co~~ipleted 
using coke breeze and Indiana #? coal. Operating temperatures and fines 
concentrations were investigated. 



Deposit Control - A program to develop deposit control techniques was 
formulated, consisting of three para1 lel efforts: 

0 A deposition formation mechanism study to determine the 
mineral compounds in coal that are responsible for deposit 
formation. Samples of various coals, including Pittsburgh, 
Montana, Western Kentucky, and Indiana, as well as Texas 
lignite were analyzed by infrared spectra and by chemical 
analyses. Pittsburgh coal, which was shown to have high 
concentrations of pyrite and hydrated potassium-aluminum- 
silicon oxides, was expected to have a high fouling 
potential. Montana coal would be nioderately fouling, followed 
by Western Kentucky and Indiana coals and Texas lignite. 

Development of a coal screening test for deposit potential. 
The agglomerating combustor/gasifier at the Westinghouse R&D 
Center will be used for the coal deposit potential screen test 
development. A probe to be installed in the unit freeboard 
was designed. 

A deposit control technique development effort was initiated 
to assess the commercial feasibility of water injection and 
hardware cooling as deposit control techniques. 

2.5.3 Gasifier System Model Integration 

A tentative sequence for a design procedure was established and a compilation 
of all available models/correlations describing the relevant phenomena is 
being prepared. 

2~5.4 Particulate/Chemical Profiles and Control 

The solids handling and heat transfer requirements associated with the 
proposed continuous recycle of char carryover from the PDU fluidized bed 
gasifier were analyzed. The analysis focused on (1) determining the total 
recycle rate as a function of bed operating parameters and (2) investigating 
vavious up1 ions for cool lng the recycle char to temperatures (%400°F) that 
the proposed starwheel feeder can tolerate. 

2.5.5 Environmental Im~act Assessment 

The final RCRA Phase I regulations on hazardous waste management as 
pr.o~nulyaled on May 19 were reviewed to assess the impact on Westinghouse 
gasification ash agglomerates disposal. An analysis of the effects of 
leaching medium, solids pdrticle size and contact surface area on leachate 
characteristics was completed on TP-020-2 ash agglomerates. 



2.6 SUMMARY SCHEDULES 

LEGEND: 
Task Complete V Desi gn/Approval . . . . . . . . . . . 
Tes t  - Procurement ...- - - - Cons t ruc t ion /  

M o d i f i c a t i o n  --- 

Task D e s c r i p t i o n  

Opera t ion  and Maintenance o f  t h e  PDU 

S i  n g l  e-Stage G a s i f i e r  Operat ion 

G a s i f i e r  Oxygen-Blown 
G a s i f i e r  Air -Blown 
Maintenance and Test  M o d i f i c a t i o n  

Two-Stage Operat ion 

Gas Charac te r i za t ion ,  Treatment 
and U t i  1  i z a t i o n  

PDU M o d i f i c a t i o n s  

M o d i f i c a t i o n  f o r  Improved Operat ion 

Coal P repara t ion  
Power D i s t r i b u t i o n  

M o d i f i c a t i o n  f o r  Oxygen G a s i f i c a t i o n  

Oxygen System Upgrading 

M o d i f i c a t i o n  f o r  Gas Character iza-  
t i o n ,  Treatment and U t i l i z a t i o n  

Gas C h a r a c t e r i z a t i o n  Upgrading 
F ines C o l l e c t i o n  and Recycle 

S t r u c t u r a l  M o d i f i c a t i o n s  
Heat Recovery Phase I 

M o d i f i c a t i o n  f o r  System I n t e g r a t i o n ,  
Con t ro l  and Re1 i ab i  l i ty 

PDU/TDC Pi  p e l  i ne 

Scale-Up Design and Ana lys l s  

Operat ion o f  Cold Flow Scale-Up 

FY 1980 FY 1980 

SEPT 

-14C-- 

JULY APR AUG MAY JUNE 

. -  



Gas-Sol i d s  Flow Model ing 

J e t  Phenomena 

PDU S imu la t i on  Tests  
C i r c u l a r  U n i t  
Coal Feed P a r t i c l e  H i s t o r y  

Char/Ash sepa ra t i on  

~ c i ~ l  i c-Dolomi t e  M i x t u r e  
S imu la t i on  

Dens i ty  E f f e c t  Tests 
PDU CharIAsh 
Dynamic Tes t  S imu la t i on  

Coal/Ash Behavior 

Devolatilization/Combustion 

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

Coal C h a r a c t e r i z a t i o n  Tests 

Ash Agglomerat ion 

Reactor Tests 
Model Development 

Deposi t  Con t ro l  

Format ion Mechanism 
Screeni ng Tes t  
Cont ro l  Technique Dev. 

G a s i f i e r  System Model I n t e g r a t i o n  

P a r t i c u l  ate/Chemi c a l  P r o f i  1  es and 

P a r t i c u l a t e  

Fines Recycl e  Ana l ys i s  
PDU Data Ana l ys i s  



1. Complete v e l o c i t y  p r o f i l e s  mapping f u r  j e t  nozz l e  s i r n i l a r  t o  t h a t  i n  t h e  
PDU. 

2 .  Design completed and b i d s  rece ived ,  a w a i t i n g  d e c i s i o n  t o  cons t ruc t .  

Task D e s c r i p t i o n  
I 

Labo ra to r y  Suppor t  S tud ies  (Cont 'd.  ) 

A1 k a l  i 

PDU Measurement Suppor t  

Sul f u r  
Ammoni a 

Env i ronmenta l  Impact  Assessment 

Ash Agglomerates 

Screen! ng Tests  
RCRA Impact  

S o l i d / L i q u i d  Residues 

.! 

3 .  Complete r a t e  o f  p a r t i c l e  sepa ra t i on  s t u d i e s  f o r  a c r y l i c - d o l o m i t e  n i i x tu re ;  
p r c l i n i i n a r y  rnathe~nat ica l  mode'l develuped; i n i t i a t e  t e s t s  w i t h  h o l l o w  , 

sp r~eres -cork  m i x t u r c  t o  s tudy  den5it.y r a t i o  e f f e c t .  

- 

FY 1980 

4. T o p i c a l  r e p o r t  issued.  

FY 1980 

5. Pe r f o rm  sc reen ing  t e s t s  on TP-323-4 (Texas l i g n i t e  ash agglomerates).  

SEPT 
I 

.st 

APR JULY 

6. KCRA Pilase I r e g u l a t i o n s  impact assessed. 

7 .  Pe r f o rm  8CRAIEP t e s t  on TP-023-4. 

AUG 

8. Cornplete TP-025-2 sepa ra t i on  p i t  s ludge sc reen ing  t e s t s .  

MAY 

7 ~ 6  

, JUNE 

77 . . . . . . . . 
8~ 

L 



PDU TEST OPERATIONS AND RESULTS 

3.1 GASIFIER OPERATION 

3.1.1 Gasifier Test TP-023-4 

A single-stage, oxygen-blown gasifier test, TP-023-4, was conducted from 
March 6 to April 2, 1980. Prior to this test- startup, the following 
modifications were made to the cyclone collection system: (1) a cold wall 
segment was embedded in the cyclone barrel, with the metal wall exposed to the 
incoming hot dust-laden gas, and (2) the gasifier/cyclone connecting spool 
piece was recast to a rectangular inlet configuration. The former geometry. 
was a circular-to-rectangular transition. 

The objectives of test TP-023-4 were to: 

Demonstrate the operability of the gasifier with the modified 
oxidant tube at an oxygen concentration greater than 50 
percent and evaluate the effectiveness of the modified tube in 
reducing tube buildup. 

Provide data for the evaluation of product gas composition and 
process efficiency as a function of gasifier temperature, 
steam-to-coal ratio and recycle-gas-to-coal ratio. 

Evaluate the cold wall as a method of controlling solids 
deposits in the cyclone. 

Operate and obtain data from the heat recovery test loop. 

m Evaluate the operability of the gasifier using Texas lignite. 

The test was conducted in three campaigns. During the first campaign, PDU 
operatlons were Inltlated on March 6, 1980 with pressurization,.ieak check and 
hot air dryout. After completing 33 hours of hot operation, which was 
comprised of 8 hours of Pittsburgh #8 seam coal feed, an abnormally high 
pressure drop was noted across the cyclone, necessitating a shutdown. During 
coal feed operations, the gasifier quench spray injection was not employed, 
which permitted an independent evaluation of the cold wall concept as a means 
of combatting cyclone deposition. A post-test inspection revealed that the 
impedance was caused primarily by material deposition in the cyclone inlet 
piping. During reassembly of the PDU hardware prior to the test,,there was a 
slight misalignment of the gasifier-to-cyclone spool piece, such that a small 
refractory ledge 114-inch high extended into the gas stream. It appears that 
solids impinged and adhered on this ledge, restricting the' gas flow. An 



inspection of the cyclone internals showed that the metal cold wall was 
virtually free of solids buildup, whereas the uncooled refractory portion of 
the barrel was coated with a minor accumulation of material. 

After conducting repairs on the cyclone inlet piping, the test was resumed on 
March.19. The test plan was modified to include operation of the gasifier 
water spray injection system to quench the off-gas and the entrained solids 
below the estimated eutectic temperature of the "glue" present in the solids. 
PDU operations proceeded smoothly through initiation of Pittsburgh coal feed, 
and while preparations were under way to start set point 1, an incident not 
directly concerned with gasifier operation forced a premature termination of 
the test. The incident related to a minor detonation of combustible gases in 
the head space of the waste water separation pit, which resulted in damage to 
the metal cover of the pit and to a duct that connects the pit's vent blower 
to the thermal oxidizer. During this campaign, 22 hours of hot operation were 
logged, with approximately 10 hours in the coal-feed mode. 

Immediately following this incident, an extensive safety review was 
conducted. Uiscoveries made and correctlve actions taker1 ir~clude: 

 he 2-107 vessel, which collects the blowdowns from the water 
quench system, was previously arranged to vent to the thermal 
oxidizer. A portion of the vent header, however, is 
underground; this portion was found to be blocked by a pocket 
of water and process solids. 

Inspection of the gasifier relief devices showed that the 
rupture disc was wrinkled and had a pinhole leak, such that 
raw gas could escape and backflow from the blocked vent header 
and 2-107 to the separator pit. 

The separator pit blower itself does not appear to have been 
the source of iynition. The blower has an induction motor; 
clearances and grounding all appear satisfactory.. 

m The vent header line was cleaned and pressure gauges have been 
installed at both ends of the line to allow detection of any 
restriction to flows. 

The 2-107 vessel is now vented directly to the separator pit, 
such that the tie-in from the vent header to 2-107 to the pit 
is avoided. 

e Several modifications were mods in t.hr! blower and pit system: 

- The blower was relocated to a new pad near the thermal 
oxidizer. 

- Fldrlie ar%resturs were installed at the blower inlet and just 
before the duct connects to the thermal oxidizer. 



- A 3-inch diameter vent was installed in the vent cover to 
avoid negative gauge pressure below the cover. 

- Drain valves were installed in the duct so that 
disconnection is not necessary for drainage. 

- A combustible gas monitor was installed at the separator 
pit. 

Procedural modifications include the following: 

- The underground portion of the vent header line is 
inspected prior to each test run. 

- Scrubber blowdowns are controlled to avoid blowing 
flammable gas to 2-107. 

Test TP-023-4 was reinitiated on March 24. After a normal startup phase, set 
point 1 conditions were achieved on March 27 at 1900 hours. The goals of this 
set point were to conduct a 48-hour duration test with Pittsburgh #8 seam coal 
at a freeboard temperature of 1825"F, a recycle-gas-to-MAF-coal ratio of 2.10 
and a steam-to-MAF-coal ratio of 1.05, and further to characterize the 
performance of the modified oxidant feed tube at an oxygen concentration of 50 
percent. During this set point, smooth operation of the gasifier was 
demonstrated at a temperature of 1825°F and at reduced recycle gas and steam 
usage rates that were, respectively, 1.5 and 0.9 on a pound/pound MAF coal 
basis. The oxidant tube was operated at an oxygen concentration of 59 percent 
without any evidence of ash sintering at the tip of the tube. This set point 
logged 48 hours of operation and was divided into two steady-state periods, 1A 
and 1B. 

On March 30 at 0530 hours, set point 2 was initiated, which was a similar 
evaluation of the performance of the gasifier but at the lower temperature of 
1725°F. As in set point 1, the economies,achieved in recycle gas and steam 
usage surpassed the requirements of the test plan. A total of 43 hours of 
operation was logged in this period. 

Se1 pu. i i~ t  3 was planned as a scoping evaluation of Texas lignite. After an 
interim bed turnover and cool.down period, lignite feed was initiated on 
April 1 at 1045 hours. During this set point, frequent interruptions in the 
coal feed were encountered due to the high moisture content of 24 percent in 
the lignite. However, with the aid of, the multifeed system, which delivers 
feedstock from independent lock hopper trains into a common pneumatic 
transport line, i.t was possible to sustain feed during these interruptions in 
any one system by temporarily increasing the coal feed in another train. At 
2140 hours on April 1, simuJtaneous blockages in both systems caused a total 
loss of lignite feed to the gasif'ier. The carbon inventory in the bed was 
depleted and a temperature.excursion was noticed in the grid area of the 
gasifier, which contributed to a blockage of as'h withdrawal from the 
gasifier. The test was terminated on April 2 after completing 10 hours of 
lignite testing. 



A post-test inspection of the cyclone showed that the inlet piping and the 
cyclone barrel were essentially free of solids accumulation. This condition 
was attributed to the quench water injection system, which was operational all 
through the third campaign of this test. Post-test inspection of the gasifier 
vessel showed a buildup of material in the grid area, attributed to the loss 
of lignite feed to the gasifier. 

A chronology of test events is shown in Table 3.1-1 and a summary of 
steady-state data is presented in Table 3.1-2. Heat and material balances are 
presented in Tables 3.1-3 to 3.1-7. Product gas flow measurement data for 
this test were invalid because of a buildup of material on the orifice plate. 
Hence the balances were performed by simultaneously forcing closures for 
hydrogen and oxygen species. Figure 3.1-1 is a flow schematic for the balances. 

Notable accomplishments of test TP-023-4 are as follows: 

A total .of 146 hours of hot operation was logged, incl.uding 
117 hours of Pittsburgh coal feed (46 tons) and 12 hours of 
Texas lignite feed (9 tons). 

Operability of the modified oxidant feed tube was demonstrated 
at oxygen concentrations between 53 and 63 percent. 

Stable operation of the char-ash annulus was possible by the 
total absence of sintered ash deposits from the oxidant tube 
tip. In earlier oxygen-blown gasifier tests of,the 1978-79 
campaigns, this was a chronic problem, particularly with 
Pittsburgh seam coal at oxygen concentrations less than 40 
percent. 

o The cyclone cold wall concept was identified as a promising 
candidate for solving the cyclone deposition problem in a 
thermally efficient manner. The use of quench water injection 
was shown to be an expedient means of avoiding cyclone buildup 
in the PDU, thereby permitting long-duration testing of the 
gasifier. 

heat recovery testing was achieved for approximately 23 
hours. Data on heat transfer characteristics are reported in 
Section 3.2. 

TP-027-1 marked the first of a series of high-pressure, 230-psig tests on the 
single-stage oxygen-blown gasifier. Prior to this test, experience on the PDU 
oxygen-blown gasifier was 'confined to operation at a pressure of 130 psig. 
This test was intended to be a,checkout test of the modified oxygen storage . 
and delivery system using an ~ndiana #7 seam coal as the feedstock. Some of 
the other objectives of this test were to: 



TABLE 3.1-1 
. . 

CHRONOLOGICAL SUMMARY OF EVENTS, TEST TP-023-4 

i 

Established coke breeze bed 

Achieved autogenous ignition 

Ramped temperature to 1800°F 

Initiated oxygen flow to gasifier 

Initiated coal feed 

Initiated fines recycle 

Initiated routine shutddwn and interim inspection 

SECOND STARTUP 

Started system pressurization 

Achieved acceptable leak rate, began ramping temperatures 

Began 12-hour hot air dryout hold ---. . , -.". 

EVENT 

FIRST STARTUP 

Initiated pressurization and leak check 

Depressurized system 

Repaired 'leaks 

Initiated pressurization and leak check 

Conducted operational checkout of cyclone cold wall flow 
1 oop 

Ramped temperature to 250°F, began hot air dryout 

Ramped temperature to 500°F, began hot air dryout 

Started up feed systems 

DATE 

3-6-80 

3-7-80 

3-8-80 

TIME -- 

0030 

1600 

1800 

0000 

0800 

1600 

0800 



TABLE 3.1-1 (Continued) 

EVENT 
-- 

Achieved autogenous ignition 

Initiated oxygen flow to gasifier 

Initiated feeding Pittsburgh seam coal to gasifier 

Initiated recycle fines feed to gasifier 

Experienced minor detonation of combustible gases in the 
separator pit, initiated shutdown to investigate the 
incident and repair the disabled separator pit fan 
housing 

THIRD STARTUP 

Initiated computer controlled pressurization of system 
for restart 

L 

DATE 
I 

3-21-80 

3-22-80 

3-24-80 

Achieved acceptable leak rate, began ramping gasifier 

Started 12-hour hot air dryout hold 

Initiated coke breeze feed to gasifier 

Achieved autogenous ignition 

Initiated oxygen flow to gasifier 

Initiated Pittsburgh seam coal feed 

Initiated recycle fines feed to gasifier 

Achieved Set Point No. 1A conditions 

Restored Pittsburgh coal Peed 

Began recycling fines to gasifier 

Achieved Set Point ho. TB conditions 

Achievea Set Point No. 2 conditions 

Started heat recovery experiment 

TIME 

0935 

1930 

2125 

0035 

0145 to 
0710 

0410 



DATE 

4-01 -80 

4-02-80 

TABLE 3.1-1 (Cont inued)  

- . .  . .- 

EVENT 

Began decreas ing r e a c t o r  temperatures f o r  t r a n s i t i o n  t o  
l i g n i t e  feedstock 

I n i t i a t e d  l i g n i t e  feed  t o  g a s i f i e r  

S ta r t ed . f eed i . ng  r e c y c l e d  : f i nes  

Achieved Set P o i n t  No. 3 c o n d i t i o n s  

Loss o f  l i g n i t e  f eed  th rough  C-103 and C-109 systems 

Restored l i g n i t e  feed  through. C-103 and C-109 systems 

Temperature excurs ion  on bed thermocouples - t h e  oxygen 
f l ow  was reduced oecause o f  problems i n  f e e d i n g  l i g n i t e  
t o  t h e  g a s i f i e r .  

Unable t o  recover  normal opera t ion .  L o s t  ash 
wi thdrawal ,  i n d i c a t i n g  a r e s t r i c t i o n  a t  t n e  t o p  
o f  t h e  ash annulus. Terminated t e s t  TP-023-4 



T A B L E  3.1-2 

S U W A R Y  OF OPEKATIMG DATA FOR G A S I F I E R  T E S T  T P - 0 2 3 - 4  

63 
L i g n i t e  

1546 

Stecdy State 

-EST RUN DFTE AN0 TI:!E (1930) 

I.iEAS5REO C9SI FIE5 P.ARAMETES 
Frecboard Tmperature 
G a s i f i e r  Bed lemperatur? 
Ash A ~ ~ J ~ u s  Temperature 
Average Eied Height*  
Syslal >ressure 
Average G a s i f i e r  8ed D e i s i t y '  
Average A n n u l ~ s  Densi ty  
Freeboard Gas V e l o c i t y  
OxiJant  Ttibe V e i o c i t y  
Oxjgea :oncentrat ion 
C02' Eesd E:aifri 31 
Coz. Fesd Rate 
F incs F?ed Mater i  a1 
F i r e s  Fsed Rat,e 
Cjc'one C o l l e c t i o n  Rate 
Cat-rysv?r t o  h a t e r  Syst,m** 
Ash W i  t !~dra i ra l  Rate 

U n i t  

OF 

9 
OF 

f e e t  
p s i 9  
l b / f t 3  
l b / f $  
fps 
fps 

% 

l b / h r  

l b / h r  
l b / h r  
l b / h r  

1 A 

H o ~ ~ r s  
3 i Z 8 - 2 ~ 1 & 3  
1230-0730 

1821 
1852 
939 

10.33 
135 

16.69 
11.94 

1.93 
99 
58 

Pph. Sem 
893 

34.55 
35.66 

3.29 
' 0.00 

0.51 
26.00 

228 

1.33 
1.25 
2.33 
2.45 

20.36 
7.31 

40.40 
57.34 

PRODUE7 GA; ANALYSIS, CRY BASIS 
C a ~ t  Gn H011ox i c e  

I I 
% 38.14 

C:r-Lon .I i ox i de % 26.64 
M2tC ane % 4.11 
N i t r c g e i  % 0.00 
Hydrogel Sulf i .de % 0.54 

3b.36 Eydr n9e.i % 
262 EHV. DI.:, Bas i s  (Gas Chrmatograph) Btu/s:f 

OVEF.AU PRlICESS RATES -- 
Stean/Coal Rat io ,  NAF+ I b / l  b, 0.91 
C x ~ e n / C o a l  Rat io ,  MAF lS/ lb .  1.06 
T o G l  Moisture/Coal Rat'o, MAF l b / l b >  1.91 
R e q c l e  Fas/Ccal Rat io ,  MAF l b / l b  1.41 

SOLTOS P.?!ALYSIS 
Ash ti1c:ent - ' ines % 25.36 
P.sh Ccnxent - Feedstock % 7.03 
A.3 Conzent - 8ed % 29.51 
?.sh Con-ent - 4gglomera:e % 67.89 . 

*Fran j e t  i n l e t  t o  top  o f  bed. 
**Est i~a:ed f r a n  ssh balance. 

18 

Ho~rrs 
3- iS-6" 

1700-2300 ' 

1820 
1850 ' 
923 ; 

10.45 : 

135 / 
17.10 1 
11.84 / 

1.88 
100 

58 i 
Pgh. Seam j 

856 

+Mcis.Swre and as1 f ree.  

37.63 
30.28 

3.55 
0.00 1 
0.50 

28-04 
247 1 

1 

1.01 
1.17 
2.01 
1.68 

22.47 
9.94 

28.19 
66.63 

34.26 
34.64 

3.60 
0.00 
0.53 

26.E8 
224 

1 . i 5  
1 .?1 
2.i5 
2 .;3 

21.E1 
7.57 

34.11 
63.11 

- 
257 
259 
133 
35 

2.4 

Hours 
j - j l - b l j  

0830-1600 

1786 
18'4 
1268 

10.54 
145 

14.51 
12.59 

1.83 
99 
5 3 

Pgh. Seam 
718 

279 
288 
105 
47 

2 8 

Hours 
5-jl-BU' 

1630-2100 

1779 
1816 
1295 

11.08 
134 

15.06 
13.05 

1.82 
100 
5 2 

Pgh; Seam 
' 631 - 

26 3 r 
300 
207 
43 

Recycle F ines 
248 
2 4  
100 

. r 8  



TABLE 3.1 -3 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-023-4 ,  SET POINT 1A 

STREAM NO. 3 

BOOSTER 
STEAM 

0.00 

8.8 

0.00 
0.00 
0.80 

18.016 

0.08 
0.00 
0.0P 
0.00 
0.00 
0.00 
0.08 
0.05 

180.08 

4 

A I R  

6 

G R I D  
GAS 

0.00 

209.0 

a. 00 
0.00 
0.00 

2 3 . 9 2 3  

3 7 . 4 8  
26.94 
30.21 
4.42 
0.50 
0.00 
0.00 
0.00 
0.46 

STREAM 
D E S C R l P T I O N  

STEAM TO 
G R I D  

STEAM TO 
A I R  TUBE 

C 0 2  
PURGE 

SPARGER 
R I N G  

1 6 9 . 1 5  

1 8 8 . 8  

T O T A L  L B / H R  

TEMPIERATURE F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CACBON L B / H R  
HYDROGEN L B / H R  
OXYGEN . L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
ASH L B / H R  

H E A T  CONTENT 
K B T U / H R  



STREAM NO. 

STREAM 
D E S C R I P T I O N  

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

TABLE 3.1 -3 ( C o n t i n u e d )  

GASIF IE iR  HEAT AND IVATERIAL BALAP4CES, T E S T  T P - 0 2 3 - 4 ,  SET POINT I A  

CO VOLUME X 
C 0 2  V O L U W  X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON ' L B / H R  
HYDROGEN L B / H R  
GXYGEN L B / H R  
N I T R O G E N  ? B / H R  
SULFUR ? B / H R  
ARGON I-B/MR 
ASH - B / F R  

H E A T  CONTEST 
K B T  J/HF. 

TRAYSPORT 
GA S 
( F V - 3 3 )  

T,?ANSPORT 
GAS 
( F V - 2 9  

COAL 
FEED 81 
TRANS.  G. 

12  

OXYGEN 
TO 
TUBE 

854..00 

507.8 

854.88 
0.0.0 
0.08 

32 .?I00 

0. dB 
0. dB 
0. BB 
0. dB 
0. dB 
5.d@ 

100.dB 
0.00 
0.00 

0.100 
0. I0B 

854.108 
0. 108 
0.108 
0.I0X 
0.80.3 

83.193 

1 3  

C 0 2  
TO 
TUBE 

0.00 

507.0 

0.00 
0.00 
0.00 

44 .011 

0.00 
100.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

F I N E  
F E E D  & 
T R A N S .  6 .  



T A B L E  3 . 1 - 3  (Cont inued) 

G A S I F I E R  HEAT AND M A T E R I A L  BALANCES, TEST T P - 0 2 3 - 4 ,  SET P O I N T  1 A  

STREAM NO. 

T O T A L  
CLOSURE 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS.G. 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2  ) 

H E A T  
LOSS 

T O T A L  L B / H R  

TEMPEF.ATURE F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I C  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
COZ V O L U k E  X 
H 2  VOLUKE X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
K B T U / H R  



TABLE 3 .1 -4  

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-023-4 ,  SET POINT 1B 

STREAM NO.. 

STREAM 
D E S C R I P T I O N  

'STEAM TO 
G R I D  

S11EAM T O  
A I R  TUBE 

BOOSTER 
STEAM 

G R I D  
GAS 

SPARGER 
R I N G .  

A I R  C 0 2  
PURGE 

T O T A L  L B f H R  

T E M P E R A T U U  F 

GAS L B f H R  
S O L I D  L B / H R  
L I Q U I D  L B f H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H 4  VOLlIME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
SULFUR L R / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
K B T U I H R  



TABLE 3.1 -4  (Continued) 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-023-4, SET POINT 1B 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

BOOSTER 
GAS 

TRANSPORT 
GAS 
( F V - 3 3  

TRANSPORT 
GAS 
( F V - 2 9 )  

COAL 
F E E D  & 
TRANS.  C .  

OXYGEN 
TO 
TUBE 

C 0 2  
T O  
TUBE 

F I N E  
F E E D  81 
TRANS.  C. 

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H 6  VOLUME X 
H 2 3  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H Z 0  VOLUME X ' 

ELEMENTS 
CA.XBON L B / H R  
HV3ROGEN L B / H R  
OXVGEN . L B / H R  
N I T R O G E N  L B / H R  
SU-FUR L B / H R  
AFZON L B / H R  
A S 4  L B / H R  

H E A T  CONTENT 
K B T U / H R  



TABLE 3.1-4 (Cont inued) 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-023-4, SET P3INT 1B 

STREAM NO.  

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

8 0 9 . 0 0  

PRODUCT 
G 9 S  

CYCLONE 
F I N E S  & 
TRANS .G. 

964.85  

A S H  
W I T H -  
DRAWAL 

4 3 . 0 0  

BED 
SAMP L F 
( S C - 2 Z  > 

6 . 3 0  

H E A T  
L O S S  

T O T A L  
CLOSURE 

T O T A L  L B # H R  

TERPERATURE F 

6 A S  L B # H R  
SOL I D  L B t H R  
L I Q U I D  L B # H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
CH4 VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUHE X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L 3/HF. 
HYDROGEN L3/HF.  
OXYGEN L3/HF. 
N I T R O G E N  L?/HF.  
SULFUR L3 /HF.  
ARGON L83/HF. 
A S H  L 3/HF. 

H E A T  CONTENT 
KBTU.{HR 



TABLE 3.1-5 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-023-4, SET POINT 2A 

STREAM NO. 

BOOSTER 
STEAM 

STREAM 
D E S C R I P T I O N  

STEAM TO 
GR I C* 

STEAM TO 
A I R  TUBE 

A I R  C 0 2  
PURGE 

G R I D  
GAS 

SPARGER 
R I N G  

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
SOL l D L B I H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
COZ VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
KBTU/HR 



TABLE 3.1 -5  (Continued) 

G A S I F I E R  HEAT AND-MATERIAL BALANCES, TEST TP-023 -4 ,  SET POINT 2A 

STREAM NO. 

C 0 2  
T O  
TUBE 

STREAM 
D E S C R I P T I O N  

TRkNSPORT 
GAS 
( F V - 3 3 ,  

TRANSPORT 
GAS 
( F V - 2 9  1 

COAL 
F E E D  & 
T R A N S .  6 .  

OXYGEN 
TO 
TUBE 

F I N E  
F E E D  6 
TRANS.  ,,G . 

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B I H R  
S 3 L I D  L B I W R  
L I Q U I D  L B I H R  

784.29 
0:. 88 
a'. B0 

MDLECULAR W E I G H T  

CO VOLUME 1: 
C 0 2  VOLUME I 
H 2  VOLUNE X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARBON L B J H R  
HYDROGEN L B J H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
SULFUR L L / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT . 
K B T U  I H R  



TABLE 3.1 -5 , ( C o n t i n u e d )  

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-023 -4 ,  SET POINT 2A 

STREAM 3 0 .  

T O T A L  
CLOSURE 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS.G. 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2 )  

H E A T  
L O S S  

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
S O L I D  L B / H R  
L I Q U I D  L B / H R  

MCLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
E 2  VOLUME X 
CH4 bOLUME X 
H Z S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
X R  VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
Y I T R O C E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
K B T U / H R  



TABLE 3.1-6 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-023-4, SET t'OINT 2B 

STREAM NO. 

STREAM ' 
DESCRIPT ION 

STEAM TO 
G R I D  

STEAM TO 
AIR TUBE 

BOOSTER 
STEAM 

A I R  cor 
PUCGE 

G R I D  
GAS 

SPARGER 
R I N G  

4 6 1 . 4 2  TOTAL LB/HR 

TEMPERATURE F 

GAS L B / H R  
S O L I D  L E / H R  
L I Q U I D  LB /HR 

YOLECULAR WEIGHT 

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
CH4 VOLUME X 
H2S VOLUME X 
N2  VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARBON L D / H I  
HYDROGEN LB /HC 
OXYGEN LB /HR 
NITROGEN LS /HR 
SULFUR L € / H L  
ARGON. LE./HP. 
ASH LE/HP. 

HEAT CONTENT 
KBTU/HR 



STREAM NO. 

STREAM . 
DESCRIPTION . 

TOTAL LB/HR 

TEMPERATURE F  

GAS LB/HR 
SOL I D  LB/HR 
L I Q U I D  LB/HR 

MOLECULAR WEIGHT 

TABLE 3 .1-6  ( C o n t i n u e d )  

GASIF IER MEAT AND MATERIAL BALANCES, TEST TP-023-4 ,  SET POINT 2 8  

co VOLUME X 
C O i  VOLUME X 
H2 VOLUME X 
CH4 VOLUME X 
H 2 5  VOLUME X 
N2 VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON LB/HR 
HYDROGEN LB/HR 
OXYGEN LB/HR 
NITROGEh LB/HR 
SULFUR LB/HR 
ARGON LB/HR 
ASH LB/HR 

HEAT CONTENT 
EBTU/HR 

8 

BOOSTER 
GAS 

2 0 2 . 3 6  

1 7 0 . 0  

2 0 2 . 3 6  
8.00 
8.00 

2 6 . 7 5 9  

3 3 . 6 0  
3 6 . 5 1  
2 5 . 6 9  

5 . 3 8  
l?. 4 6  
E . 0 0  
b? .OO 
k?. 00 
E . 3 6  

6 6 . 7 4 4  
E . 0 7 1  

1 2 5 . 4 3 6  
E .000 
1 . 1 1 1  
E .000 
6.000 

6 6 6 . 2 1 1  

TRANSPORT 
GAS 
( F V - 3 3 )  

TRANSPORT 
GAS 
I FV-29  8 

1 1  

COAL 
FEED & 
TRANS. G. 

1 2 8 9 . 0 6  

1 9 9 . 0  

6 0 8 . 0 6  
6 8 1 . 0 0  

0.00 

2 6 . 7 5 9  

3 3 . 6 0  
3 6 . 5 1  
2 5 . 6 9  

3 . 3 8  
0 . 4 6  
0.00 
0.00 
0.00 
0 . 3 6  

7 1 4 . 1 6 4  
5 1 . 4 6 7  

4 4 7 . 3 6 2  
1 0 . 4 1 9  
1 5 . 8 7 0  
0.000 

4 9 . 7 8 1  

1 2  

OXYGEN 
TO 
TUBE 

7 6 6 . 0 0  

5 0 3 . 0  

7 6 6 . 0 0  
0.00 
0.00 

3 2  -080 

0.00 
0.00 
0.00 
8.00 
0.00 
0.00 

1 0 0 . 0 0  
0.00 
0.00 

0.000 
0.000 

7 6 6 . 0 0 0  
0.000 
0.000 
0.000 
0.000 

7 3 . 9 0 3  

1 3  

C 0 2  
TO 
TUBE.  

8.00 

5 8 3 . 0  

65.00 
0.00 
0.00 

4 4  . 0 1 1  

0.00 
1 0 0 . 0 0  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.000 
0.000 
0.000 
0.000 
0.000 

: 0.000 
0.008 

0.000 

F I N E  
FEED & 
TRANS. 6. 



TABLE 3.1-6 ( C c n t i n u e d )  

G A S I F I E R  HEAT AND MATERIAL BALANCES, TEST TP-023 -4 ,  SET POINT 2B 

STREAM NO. 

STREAM 
D E S C R I P T I O N 1  

L I Q U I D  
WATER 
I N J E C T ' I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  81 
TRANS.  G . 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2  

H E A T  
L O S S  

T O T A L  
CLOSURE 

T O T A L  L 6 / H B  

TEMPERATURE F 

GAS LE'/HP. 
S O L I D  LE,/HE 
L I Q U I D  L E / H L  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
CH4 VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUMf  X 
0 2  VOLUME X 
A R  VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON - B / H R  
HYDROGEN - B / H R  
OXYGEN -B/MR 
N I T R O G E N  L B / F R  
S U L F U R  i - B / k R  
ARGON LB/) .R 
A S H  LB/).R 

H E A T  C O N T E I G  
K B T U / H R  



TABLE 3.1 -7 

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-023-4 ,  SET POINT 3 

STREAY NO. 

STEAM TO 
G R I D  

STEAM TO 
A I R  TUBE 

BOOSTER 
STEAM 

A I R  C 0 2  
PURGE 

G R I D  
GAS 

SPARGER 
R I N G  

T O T A L  CB/HR 

TEMPERATURZ F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I D  i B / H R  

MOLECULAR W E I G H T  

co VOLUME x 
C 0 2 '  VOLUME x 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
C A R B 3 N  L B / H R  
HVDR3GEN L B / H R  
OXYGEN L B / H R  
N I T R J G E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
ASH L B / H R  

H E A T  CONTENT 
K B T U / H R  



TABLE 3.1-7 ( C o n t i n u e d )  

G A S I F I E R  HEAT AND MATERIAL BALANCES, TEST TP-025-4 ,  SET POINT 3 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

B m S T E R  
GAS 

TRANSPORT 
CP s 
: F V - 3 3  ) 

TRANSPORT 
GAS 
( F V - 2 9 )  

COAL 
F E E D  (L 
T R A N S .  G. 

O X V G E N  
TO 
TUBE 

F I N E  
F E E D  81 
TRANS.  G .  

TOTAL L B / b R  

TEMPERATURE F 

GAS L B f k R  
SOL I D  L B f k R  
L I Q U I D  L B f k R  

MOLECULAR CE IGHT 

CO VOLUWE X 
C 0 2  VOLUME 2 
H 2  VOLUHE X 
C H 4  VOLUKE L 
H 2 S  VOLUHE Y 
N 2  VOLUWE L 
0 2  VOLUHE 2 
A R  VOLUHE X 
H 2 0  .VOLUME L 

ELEMENTS 
CARBON L B l H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
S U L F U R  L B / H R  
ARGON L B / H R  
A S H  L b H R  

H E A T  CONTENT 
K B T U f I - R  



TABLE 3.1-7  (Cont inued) 

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-023,-4, SET POINT 3 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS.G. 

A S H  BED H E A T  
W I  TH-  SAMPLE L O S S ;  
DRAWAL ( S C - 2 2 )  

T O T A L  
CLOSURE 

T O T A L  L B / H R  

TEMPERATURE . F 

GAS L B / H R  
SOL I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H Z  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
S U L F U R  L B / H R  
ARGON L B / H R  ' 

A S H  L B / H R  

H E A T  CONTENT 
K B T U / H R  



PRODUCT GAS 

CYCLONE 

RADIAL FEED & 
CYCLONE FINES & 

TRANSPORT GAS 
TRANSPORT GAS 

RECYCLE GAS 

FLOW-61 

SPAMGER RING RECYCLEGAS 

S T E M  TO TUBE 

OXYGEN TO TUBE 

COAXIAL FEED & 

TRANSPORT GAS 

Figure 3.1 - 1 .  Heat and Material Balance Flow Schematic 



Establish performance data on Indiana #7 coal feed to the 
oxygen-blown gasifier at 230 psig. 

Continue the operability evaluation of the modified oxidant 
feed tube design at oxygen concentrations between 50 and 60 
percent. 

Continue the evaluation of the cold wall concept and gasifier 
quench spray injection on cyclone deposition control. 

The feedstock actually used in this test was a blend on Indiana #7 and:Ohio #9 
coals. These coals had been independently procured and were sent separately 
to an outside coal preparation facility for drying. Apparently the.two 
batches of coal were processed in a single run and consequently-mixed 

' 

together. Sulfur and ash analyses performed on several samples taken from the 
resulting coal pile indicated that a fairly homogeneous blended feedstock was 
inadvertently produced. Although it was clear that this material would not 
afford an effective means of feedstock characterization, it did fulfill the 
need for a checkout test. 

Test TP-027-1 began with norma,, startup activities early on April 24. Initial 
operation with coke breeze was hampered by repeated failures of the steam 
boiler feedwater pump. After conducting repairs on a flow switch, the oxygen 
and steam flows were restored on April 28. At this time it became necessary 
to decrease the system pressure from 230 psig to 200 psig. for the following 
reasons : 

0 Since the oxygen vaporizer was limiting the capacity of the 
system, slugs of liquid oxygen were carried into the supply 
header. This caused frosting and periodically resulted in 
actuating a low temperature switch and interrupted oxygen flow 
to the gasifier. It was reasoned that the decreased system 
pressure would demand less oxygen and accommodate the limited 
capability of the oxygen feed system. 

The water injection supply pressure was insufficient to 
provide gas quenchl'ng to 1150°F. Additional pressure drop 
would be available at a NU-psig system pressure. 

0 Limited mass flow capability in the recycle gas supply to the 
ash annulus required a decrease in pressure to produce a 
higher fluidizing velocity. 

Conditions for set point 1 were obtained on April 28. The freeboard 
temperature at the maximum available oxygen flow was a nominal 1780°F, 
slightly different from the planned temperature of 1850°F. A t o t a l  o f  26 
hours of stable gasifier operation was achieved until April 30. The set point 
period was divided into three segments, 1A, 1B and 1C, to differentiate 
between small changes made in the recycle gas flow rate to the ash annulus. 



The test was prematurely terminated when the recycle gas compressor discharge 
pressure began to increase. After it was established that a restriction 
existed in the aftercooler, the PDU was shut down. 

Following the shutdown, the gasifier and cyclone internals were inspected and 
found to be free of deposits or accumulation of materi.al. The recycle gas 
compressor aftercooler was plugged on the exit side only, with little fouling 
observed on the inlet side of the shell and tube heat exchanger. An analysis 
of this failure is given in Section 4.3.2. 

A chronology of significant events for test TP-027-1 is given in Table 3.1-8. 
Steady-state operational data are reported in Table 3.1-9. No steady state 
was obtained during set point 1A. Two steady states were obtained for set 
point 1B and one for set point 1C. The heat and material balances for this 
test are reported in Tables 3.1-10 to 3.1-12. The data used in these balances 
are as measured by plant instruments; the moisture in the product gas was 
measured by the newly installed water gas chromatograph, 

Notable accomplishments for this test were: 

Eighty-s4ix hours of hot operation, which included 69 hours of 
coal feed, on the first high-pressure oxygen-blown test were 
achieved while processing 50 tons of blended Indiana #7 - Ohio 
#9 coals. 

0 Functional checkout 'of the oxygen-blown gasifier was completed 
at a system pressure of 200 psig. 

The modified oxidant feed tube was tested .a t  an oxygen 
concentration of 63 to 65 percent for the entire duration of 
coal feed. 

The ash agglomerator was operated at steady conditions, with 
the ash discharge concentration above 60 percent. Also 
achieved sustained operation for 6 hours at an ash 
concentration of 80 percent. 

The cyclone inlet gas temperature was controlled by water 
injection at 1150°F, thereby eliminating material deposition 
In the cyclone. 

Heat recovery testing was conducted for 17 hours during this 
test. The data are reported in Section 3.2. 

3.1.3 Gasifier Test TP-027-2 

Test TP-027-2 continued the series of high-pressure, 230-psig, oxygen-blown 
gasifier tests to evaluate the feasibility of producing medium-Btu gas in the 
single-stage gaslfler. This test was designed to use Ohio #9 and Pittsburgh 
#8 coals as the primary feedstocks. The objectives of test TP-027-2 also were 
to: 



TABLE 3.1-8 

CHRONOLOGY OF SIGNIFICANT EVENTS, TEST TP-027-1 

*Two deviations were made that are shown in Table 3.1-9 as set Points 1B and 1C. 

EVENT 
I 

Started system pressurization. 

Initiated temperature ramp for hot air dryout. 

Stated coke breeze bed buildup. 

Achieved ignition. 

Initiated oxygen flow to gasifier. 

Began feeding Indiana-Ohio blend coal to gasifier. 

Started recycling fines. 

Lost oxygen and steam flow because of a boiler feedwater 
pump failure. Gasifier was idled in an air-blown mode. 

DATE 
I 

4-24-80 

4-25-80 

4-26-80 

4-27-80 

injection nozzle. 
- Higher fluidization velocity in the ash annulus. 
Achieved Set Point 1 Conditions.* 

Coal feed interrupted because of feedline plug. Gasifier 
Switched to air-blown mode. Substituted coke breeze. 

Restored coal feed and oxygen flow to gasifier. 

Initiated testing of heat recovery loop at a gas flow of 

Noted an abnormal increase in the discharqe pressure on the 
recycle gas compressor. 

TI ME 

0615 

1700 

2005 

2210 

0650 

1045 

1450 

1625 
t o 
2230 



TABLE 3.1-9 

SUMMARY OF OPERATING DATA FOR GASIFIER TEST TP-027-1 

+Moisture and ash f ree .  
*Fr.ui~i je l  i n l e L  lu top o f  bed. 

**Estimated fr(m quench water samples, isok i n e t i c  probe, o r  t o t a l  condensables ana lys i s  (TCA). 

Steady S ta te  

TEST RUiJ DATE A?IO TIME (1980) 

MGSUCE3 GASITICR PA'~AMCTCRS ' 

Freeboard Tenperature 
G a s i f i e r  Bed lemp'erature 
Ash Annulus I m p e r a t u r e  
Average Bed Height* 
Systen Pressure 
Rv~rage  Gaz i f i ~ r  Red Densi ty  
Avcregc Annulus Dcns i t y  
Freeboard Gas V e l o c i t y  
Oxidant Tube V e l o c i t y  
Oxygen Concentrat ion 
Coal Feed Mater i  a1 

' Coal Feed Rate 
Fines Feed M ? t e r i a l  
Fines Feed Rate 
Cyclone C o i l e c t i o n  Rate 
Carryover t o  Water System** 
Ash Withdrawal Rate 

PRODUCT GAS_ ANALYSIS, DRY BASIS  
Carbon Monoxide 
CII~JUII D iox ide  ' 

Meth m e  
Ni t rogen 
Hydrogen S u l f i d e  
Hydrogen 
HHV, Dry B a s i s  (Gas Chranatograph) 

O V ~ R A L I .  YFtOiESS RATES 
Stem/Coal Rat io ,  MAFI. 
0xygen)Coal Rat io ,  M A F  
Tota l  Moi sture/Coal Ratio, MAF 
Recycle Gas/Coa! Rat io ,  MAF 

SOLIJS ANALYSIS 
Ash Content - Fines 
Ash I:nntent - Feedstock 
Ash Content - Bed 
Ash Content - Agglomerate 

U n i t  

0 

OF 
OF 

P 
feet  
ps i9  
l b / f t 3  
l b / f t J  
fps 
fps 

X 

1 b/hr  

l b / h r  
l b /h r  
l b / h r  
l b /h r  

% 
% 

. % 
% 

: 
~ t u ' / s c f  

l b / l b  
l b / l b  
l b / l b  
l b / l b  

X 
% 
X 
% 

18-1 

Hours 
j-i+-bu 

1440-1845 

1787 
1774,  
451 

11.35 
208 

21.49 
15.73 
2.02 
130 
65 

18-2 

Hours 
4 - i ~ - 8 ~ / ~ 3 4 5  
4-30-80/0400 

1793 
1780 
411 

!1.87 
206 

21.47 
1 4 . 2 3  
2.15 
135 
62 

1C 

Hours 
i -30-3G 

0500-1200 

1758 
1754 

436 
10.72 
206 

22.21 
14.79 
1.92 
119 
6 4 - Ohio-Indiana Blend - 

1451 1 1430 1 1435 - 
25 3 
227 
300 
122 

36.39 
31.87 
4.13 

.49 

.61. 
26.51 

243.17 

0.186 
1.146 
0.600 

-2.106 

25.85 
12.46 
40.55 
72.57 

Recycle Fines 
319 
230 
300 
116 

37.69 
30.92 

.49 
4.05 

.57 
26.28 

246.53 

Q.535 
1.173 
0.609 
2.461 

33.56 
12.95 
35.65 
73.59 

- 
229 
219 
300 
116 

36.42 
35.57 

.49 
3.63 

.70 
23.19 

229.00 

0.065 
1.048 
0.525 
2.554 

31.76 
12,98 
43.74 
69.56 



TABLE 3 . 1 - 1 0  

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-027-1 ,  SET POINT 1B-1 

STREAM. NO. 

STRE AH 
DESCRIPT ION 

STEAM TO 
G R I D  

STEAM TO 
A I R  TUBE 

BOOSTER 
STEAM 

A I R  C 0 2  
PURGE 

G R I D  
GAS 

SPARGER 
R I N G  

TOTAL LB/HR 

TEMPERATURE F 

6 A S  LB/HR 
S O L I D .  LB /HR 
L I Q U I D  . LB/HR 

NOLECULAR WEIGHT 

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
CH4 VOLUME X 
H2S VOLUME X 
N2  VOLUME X 

, 0 2  . .VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBCN LB /HR 
HVDRCGEN LB /HR 

' OXVGEN LB /HR 
NITROGEN LB/.HR 
SULFUR LB /HR 
ARGON LB /HR 
ASH LB/HR 

HEAT CONTENT 
KBTU/HR 



TABLE.  3 . 1  -1 0 (Continued) 

G A S I F I E R  HEAT AYD MATERI.4L BALANCES, TEST T P - 0 2 7 - 1  , SET P O I N T  1 B - 1  

STREAM 110. 

STREAM 
D E S C R I P T l O N  

BOOSTER 
GAS 

TRANSPORT 
GAS 
[ F V - 3 3  ) 

TRANSPORT 
GAS 
( F V - 2 9  

COAL 
FEED & 
TRANS. G. 

OXYGEN 
T O  
TUBE 

C 0 2  
TO 
TUBE 

F I N E  
FEED & 
TRANS. 6. 

TOTAL LB/HR 

TEMPERATURE F 

GAS L 3/HR 
S O L I D  L B f H R  
L I Q U I D  LB/HR 

CD VOL.UME X 
CD2 VClLUHE X 
HZ VOLUME X 
CH4 VClhUME X 
H2S  VOLUME X 
N 2  VOtUME X 
0 2  VOLUME X 
AR VOLUME X 
H Z 0  v0;uME x 

E L E M N T S  
CARBON LB /HR 
HYDROGEN LB /HR 
OXYGEN LB /HR 
NITROGEN L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
ASH L B / H R  

HEAT CONTENT 
K B W / H R  



TABLE 3.1-1.0 ( C o n t i n u e d )  

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-027-1, SET POINT 1B-1 

STREAM NO. 

HEAT 
L O S S  

8,88 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS.  G . 

A S H  
W I T H -  
DRAWAL 

BED.  
SAMPLE 
( S C - 2 2 )  

T O T A L  
CLOSURE 

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
S O L I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H Z  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
, CARBON L B / H R  

HYDROGEN L B / H R  
OXYGEN L 8 / H R  
N I T R O G E N  L B / H R  
S U L F U R  L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
KBTU/HR 



TABLE 3.1-11 

GASI'IER HEAT AND MATERIAL BALANCES, TEST TP-027-1 ,  SET POINT 1B-2 

STREAM NO.' ' 4 

A I R  STREAM 
O E S C R I P T  I O N  

STEAM TO 
G R I D  

STEAM T O  
A I R  TUBE 

BOOSTER 
STEAM 

C 0 2  
PURGE 

G R I D  
GAS 

SPARGER 
R I N G  

T O T A L  L R / H R  

TEMPERATURE F 

G A S  L B / H R  
SOL 1 D L B / H R  
L I Q U I D  L B / H R  

M O L E C U L A R  W E I G H T  

CO VOLUME % 
C 0 2  VOLUME X 
H 2  VOLUME % 
C H 4  VOLUME X 
H2S VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

0.00 
0.00 
0.00 
0.00 
PI. 00 
1.00 
0.00 
0.00 

180.00 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
S U L F U R  L B / H R  
ARGON L B / H R  
ASH L B / H R  

H E A T  COBBENT 
E 3 T U / H R  



TABLE 3.1 -1 1 (Cont inued) 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-027-1, SET POINT 1B-2 

STREAM NO. E: 

BOOSTER 
GAS 

4 6 1 . 8 7  

17 1 . 0  

4 6 1 . 8 7  
0;00 
0.00 

2 5 . 6 0 3  

37..47 
3 0  .. 7 0  
26. .23 . 

4..12 
0..57 
0..49 
0 ..00 
8 i . 0 0  
0 . 4 3  

156. .633 
12.898 

286.588 
2 - 4 6 6  
3 . .283 
0 ..000 
0.000 

1 7 2 8 . 1 5 6  

1 2  

OXVGEN 
TO 
TUBE 

1 3 6 0 . 0 0  

4 9 8 . 0  

1 3 6 0 . 0 0  
0.00 
0.00 

3 2 . 0 0 0  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1 0 0 . 0 0  
0.80 
0.00 

0.000 
0.000 

1 3 6 0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 

1 2 9 . 6 0 8  

1 3  

C 0 2  
TO 
TUBE 

0.00 

4 9 8 . 0  

0.00 
0.00 
0.00 

44 . 8 1  1 

0.00 
1 0 0 . 8 0  

0.80 
0.80 
0.00 
0.00 
0.80 
0. 80 
0.80 

0.000 
0.800 
0.000 
0.000 
0.000 
0.000 
8.000 

0.800 

1 4  

F I N E  
FEED 81 
TRANS. 6 .  

6 8 0 . 4 6  

2 7 3 . 0  

3 6 1 . 4 6  
3 1 9 . 0 0  

0.00 

2 5 . 6 0 3  

STREAM 
DESCRIPTION 

TRANSPORT 
GAS 
( F V - 3 3 )  

TRANSPORT 
GAS 
( F V - 2 9  

COAL 
FEED & 
TRANS. G. 

TOTAL LB/HR 

TEMPERATURE F 

GAS LB/HR 
SOLID  LB/HR 
L I Q U I D  LB/HR 

MOLECULAR WEIGHT 

CO VOLUME X 
CO2 VOLUME X 
H2 VOLUME X 
CH4 VOLUME X 
H2S VOLUME X 
N2 VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H 2 0  VOLUME X 

ELEMENTS 
CARGON LB/HR 
HVDF.OGEN LB/HR 
OXVGEN LB/HR 
NITF.OGEN LB/HR 
SULFUR LB/HR 
ARGON LB/HR 
ASH LB/HR 

HEAT CONTENT 
KBTU/HR 



TABLE 3 . 1  -1 1 ( C o n t i n u e d )  

G A S I F I E R  HEAT AND MATERIAL BALANCES, TEST TP-027 -1 ,  SET POII IT 1B-2  

STREAM NO. 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATER 
I N J E C T I O N  

PRODUCT 
GAS- 

CYCLONE 
F I N E S  & 
T R A N S .  G ., 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2  

H E A T  
L O S S  

T O T A L  
CLOSURE 

T O T A L  LB:HR 

TEMPERATURE F . 

GAS L B H R  
SOL I D  LB.'HR 
L I Q U I D  LE!HR 

YOLECULAR WE t G H r  

CO VOLUME X 
COZ VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 

: A R  VOLUME X 
H Z 0  VOLUME X 

E L E M E N T S  
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN U 8 / H R  
N I T R O G E N  O.B/tCR 
SULFUR L B / H R  

. ARGON L B / H R  
ASH L B / H R  

H E A T  CONTE WIT 
KBTW/HR 



TABLE 3 . 1 - 1 2  

G A S I F I E R  HEAT AND MATERIAL BALANCES, TEST TP-027 -1 ,  SET POINT 1 C 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

STEAM T,O 
G R I D  

STEAM TO 
A I R  TUBE 

BOOSTER 
STEAM 

A I R  C 0 2  . 
PURGE 

G R I D  
GAS 

SPARGER 
R t NG 

TOTAL ' LBIHR. 

TEMPERATURE F 

GAS L B / H R  
S O L I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VDLUME X 
C H 4  V3LUME X 
H Z S  V3LUME X 
N 2  V3LUME X 
0 2  V3LUME X 
A R  VOLUME X 
H 2 0  VOLUME X 

ELEMENT; 
CARBON L B / H R  
HYDROGEN ' L B / H R  
OXYGEN L B / H R  
N l T R O G E N  L B / H R  
.SULFUR L B / H R  
ARGON L 8 / H R  
A S H ,  L B / H R  

H E A T  CONTENT 
K B T U / H R  



TABLE 3.1 -1 2 ( C o n t i n u e d )  

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-027- . I ,  SET POINT 1C 

STREAM NO. 

STREAH 
DESCRlPT tON 

BOOSTER 
GAS 

TRANSPORT 
GAS 
( F V - 3 3 )  

TRANSPORT 
GP S 
( F V - 2 9 )  

F I N E  
FEED & 
TRANS. 6. 

,COAL 
FEED & 
TRANS. G. 

JXYGEM 
TO 
TUBE 

C 0 2  
TO 
TUBE 

TOTAL LB/HR 

TEMPERATURE F 

GAS LB/HR 
S O L I D  LB /HR 
L I 3 U I D  LB /ER 

MOLECULAR WE I E H T  

CD VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H I  VOLUME X 
H2S VOLUME X 
N2 VOLUME X 
02 VOLUME X 
Aa VOLUME X 
W20 VOLUME X 

3 6  .m 
3 5 . 2 2  
2 3 . 3 3  

3 . 7 7  
B.65 
0 . 4 8  
B.88 
8.88 
PI. 47 

ELEMENTS 
CARBON LB.'HR 
HYDROGEN L B l H R  
OXYGEN L B l H R  
NITROGEN LB.WR 
SULFUR LB.'IHR 
PRGON L B.',HR 
PSH LB.rHR 

I-EAT CONTENT 
KBTU/HR 



TABLE 3.1 -1 2 (Cont inued) 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-027-1, SET POINT 1C 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

L I Q U I D  
WATEF. 
I N J E C T I O N  

T O T A L  
CLOSURE 

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS.  G . 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2 )  

H E A T  
L O S S  
r 

T O T A L  L B / H R  

TEMF ERATURE F 

GAS L B / H R  
SOL l D L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME X 
CO2 VOLUME X 
H 2  VOLUME X 
CH4 VOL'UME X 
H 2 S  VOLlUME X 

' N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H 2 0 .  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN1 L B / H R  
O X I G E N  L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGQN L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
K B T U / H R  



Evaluate the operability of the Westinghouse gasifier with 
Texas lignite. 

Demonstrate the operability of the gasifier with the modified 
oxidant tube at an oxygen concentration of at least 60 percent. 

Achieve and maintain at least 70 percent ash in the withdrawal 
material. 

e Continue to evaluate the cyclone cold wall and water injection 
as methods of reducing solids deposits in the cyc.lone.. 

Operate and obtain data from the heat recovery test loop. 

Test TP-027-2 was started on May 8 with pressurization and the leak check. 
The normal pre-startup activities proceeded smoothly and ignition of a cuke 
breeze bed was achieved on May 10. The normal sequence of operations was 
somewhat altered in that Ohio coal feed was initiated prior to the switchover 
from the air-blown to the oxygen-blown mode of operation. A flow check of the 
multifeed system was performed to determine the full range of solids feed 
rates and operating gas velocities for the Ohio coal. 

Set point 1 conditions were established on May 12, and gasifier operation 
proceeded smoothly until May 13, when a leak in a water tube was discovered in 
the E-102A air-cooled exchanger associated with the C-122 recycle gas cooler. 
The gasifier was depressurized to 100 psig and cooled in the air-blown coke 
breeze mode while the tube was plugged. Set point conditions were 
subsequently restored on May 14. Fines recycle was halted on May 15 to allow 
an inventory of fines to build up in the collection lock hopper and to obtain 
performance data on fines consumption. A total of 44 hours of gasifier 
operation was obtained at nominal set point 1 conditions on Ohio coal. This 
period was divided into three segments, 1, 1A and lB, to differentiate between 
marginal changes in the gas and solids flow settings. 

Pittsburgh coal feed was initiated on May 14 and set point 2 conditions were 
established the following day. As was done in the Ohio coal set points, fines 
recycle was halted for a period of 4.5 hours, followed by a 45.5 hour period 
where all the process conditions required by the test plan, including fines 
recycle, were met. The steady-state operation during this long set point was 
interrupted once for two hours when a suspected bridge in the ash annulus was 
successfully overcome with a temporary increase in the ash fluidizing flows. 

Test TP-027-2 was terminated on May 17 after repeated attempts at clearing a 
bridge that had formed in the reglon of the gasifier grid proved to be 
unsuccessful. An inspection of the gasifier showed a buildup of slag and 
sintered material at the grid area, covering most of the cross-sectional area 
and extending about 22 inches in height from the bottom of the conical grid 
section. There was a blowhole through the buildup that was centered above the 
oxidant tube outlet. A post-shutdown analysis of differential pressure traces 
and thermocouple readings, aided by an inspection of gasifier internals, 
revealed the following scenario as the likely cause of the prob,lem. 



The ash annulus was operated in a virogously slugging mode, which caused a 
slug of material to remain stationary at the top of the annulus. In order to 
dislodge this slug, an attempt was made to partially slump the fluidized bed 
above the slug by simultaneously lowering all flows to the grid and the ash 
annulus. However this action resulted in a reduction in the solids 
circulation and heat dissipation around the oxygen jet, leading to slag 
formation. In future tests, the slugging behavior of the ash annulus will be 
closely monitored to prevent the formation of stationary slugs, and in the 
event of stagnation, the corrective action will involve a momentary increase 
in annular gas flows. 

A chronology of significant events during TP-027-2 is given in Table 3.1-13, 
and the nominal operating data are reported in Table 3.1-14. The chemical 
analyses of samples taken during TP-027-2 were completed and the heat and 
material balances are being prepared. These results will be reported in the 
next quarterly progress report. 

The following accomplishments were achieved during TP-027-2: 

A total of 165 hours of hot operation were achieved, including 
63 hours of Ohio #9 coal (34 tons) and 65 hours of Pittsburgh 
#8 coal feed (29 tons). 

Two long-duration set points on Pittsburgh #8 and Ohio #9 coal 
demonstrated that the operability characteristics of the PDU 
gasifier at the higher pressure differ insignificantly from 
those at the lower pressure. A n  ir~depth analysis of the 
effects of..pressure on the performance characteristics, in 
particular, methane formation and carbon conversion, will be 
presented in the next quarterly report. 

@ The long-duration test on Ohio #9 coal was a significant 
achievement. Prior experience with this coal during the 
TP-023 test series indicated that the high ash content in the 
coal gave it a greater propensity for sintering at the outlet 
of the oxidant tube. However, test TP-027-2 was free of 
sintered deposits in more than 60 hours of steady operation on 
Ohio coal, thereby demonstrating the improved performance of 
the modified oxidant tube at oxygen concentrations greater 
than 58 percent. 

For the third consecutive test, the cyclone barrel .and inlet 
piping were free of deposits as a result of quenching.the 
gasifier off-gas by means of spray water injection. 

3.1.4 Gasifier Test TP-027-3 

High-pressure, oxygen-blown gasifier testing continued in June with TP-027-3, 
which was designed as a feedstock characterization test with Texas lignite, 
Pittsburgh #8 coal and Upper Freeport seam coal. The first set point with 
lignite is intended to be. a low-press'ure, 130-psig test that will essentially 
duplicate the conditions that were achieved during TP-023-4. The second set 



- - TABLE 3.1-13 -, 
" - 

CHRONOLOGY OF SIGNIFICANT EVENTS, TEST TP-027-2 

EVENT 
1 

Initiated system pressurization and pressure leak check 

Achieved acceptable leak rate, initiated temperature ramp 

Began 12-hour hot air dryout 

Startcd system pressure ramp to 230 psig 

Initiated coke breeze feed to gasitier 

Achieved autoqenous ignition 

Initiated Ohio #9 coal feed 

Oxygen flow to gasifier 

Began feeding recycled fines to gasifier 

Achieved set point 1 conditions 

Started heat recovery system, experienced unstable heat 
recovery flow control 

Heat recovery system shut down 

Kestarted h e d l  r.ecovel-y system, flows st1 11 errat it: 

Shut down heat recovery system, initiated coke breeze feed 
to gasifier 

Began depressurization to IUU psig for E-102A ~ooler 
repair, exchanged air for oxygen to gasifier 

Started pressure ramp to 2 j U  psig 

Reinitiated oxygen tlow to gasifier 

Began Uhio #9 coal feed 

Started feeding recycle fines to gasifier 

--- 
- 
DATE 

5-08-80 

5-(19-80 

5-10-80 

5-1 1-80 

5- 12-80 

5-13-80 

TIME 

1400 

0005- 
0405 

0900 

09 15 

1700 

2200 

1400 

1700 

1940 

0030 

1115- 
1150 

1250 

1015 

0101- 
0200 

0400- 
U430 

0945 

1620 

1910 

1940 



TABLE 3.1-13 (Continued) 

*Two deviations were made that are shown in Table 3.1-14 as set points 1A ana 18. 

DATE 

5-14-80 

5-14-80 

5 - 15.-80 

5- 16-80 

5- 17-80 

**Two deviations were made that are shown in Table 3.1-14 as set points 2A ,and 28. 

TIME 

0030 

0920 

2030 

0400 

05 15 

2005- 
2200 

07 10 

1010- 
1100 

1230 

1250 

1320 

1335 

1410 

1830 

EVENT 

Achieved modified set point 1 conditions* ' 

-- 
Started heat recovery system 

Initiated Pittsburgh seam coal feed 

Achieved set point 2 conditions** 

Heat recovery system shut down, flow control problems 

Ash annul us temperatures decreased, indicating the 
presence of a stationary slug of material at the top of 
the annulus. Reduced 02 concentration in oxidant tube, 
increased bed level and alternately increased and 
decreased gas flows in ash annulus. 

Began increasing oxygen and steam flows to regain 
freeboard temperatures 

Ash annulus temperatures dropped, indicating presence of 
a stationary slug of material near the oxidant tube 
outlet. In the attempt to dislodge the slug, gas flows 
in the g r i d  and sparger were pulsed downward in an 
attempt to regain ash annulus temperature. 

No withdrawal from gasifier 

Started feeding coke breeze to gasifier 

Stopped coal feed 

Oxygen flow stopped, air flow to oxidant tube initiated, 
reduced freeboard temperature to 1600°F 

Began depressurization to 130 psig 

Initiated shutdown 

.- 



SUMMARY OF NOMINAL OPERATING DATA FOR G A S I F I E R  TEST T P - 0 2 7 - 2  

*?ran j e t ' i n l e t  t o  :op of ted  
* * i s t i m a t 4  from queich u d t ~ r  samples, i r o k i n e t i c  probe. o r  t o t a l  condensables ana lys i s  (TCA) 

SET POINT 

TEST RUN DATE AND TIME [J530) 

XfASURED GF.'.IF IER PARFYETE.6 

Freeb0ar.d Temperat~re 
Gasi f ier  Be6 Tempecaturr 
Ash ann~ . lus  temperr ture 

Average 3ed Heighti 
System P-essure 

Aver&;e ;asif i e r  Bed 0ertsi.t.y 

Average 4nnulus Oensi t y  

Freeboad Gas Ve1o:ity 

Fines F z d  Materia' l  

Fines Fzed Rate ' 

Coal F E ~  K a t e r i a l  

Cool F w d  Rate 

Carryover t~ Water Systemr* ' 

Ash l l i tbdrawal  Rate 
HHV, Or:/ .Basis (GEs, Chrom3t.agraph) 

SOLIDS ANA-YSIS -- 
As4 i o n l e n t  - Fines 

2A 

Hours 
5-1 5-80/0815 

t o  
5-15-80/1230 

1837 
1790 
612 

.11.64 
233 

13 

9 

1.02 

-. 
-- 

Pgh. 88 Seam 

1206 

60 
66 

258 , 

28 
8 

22 
53 , 

h i t  

JF 
DF 
OF 

fee t  
p s i g  

l t / f t 3  

l t / f t 3  

f p r  

b!hr 

I b l h r  

Pb/nr 
l b / n r  

~ u l s c f ~  

X 1  

28 

Hours 
5-1 5-80/1230 

t o  
5-1 7-80/1000 

1830 
1790 

550 

10.55 
233 

14 

12 

, 1.03 

Kecycle Fines 

136 

Pgh. YE Seam 

934 

:: 
253 

26 
8 

27 
66 

. Ash l o n t e n t  - Feedstock 
Ash Content - Bed 
Ash i o n t e n t  - ion lo me rite 

. 

M c d i f i e d l E  

'iours 
5-1 4-80/0815 

to 
5-'4-8D/2015 

1834 
.l e l  1 

414 

10.96 
232 

15 

11 

0.89 

- - 
-- 

Ohio 89 

385 

47 
131 
242 

36 

- 
i 

b u r s  
5-1 2-8O/C1030 

t o  
5-13-80/0200 

1817 
17;O 
4ZO 

'1.58 
220 

- 5 

-; 2 

1.10 

Recy-le Fines 

337 

O h i ~  Y 5  

, 1147 

! 
48 

1,72 
, 234 

32 

M o d i f i e d l A  

llours 
5-1 4-80/0030 

t o  
5-14-80/0815 

1822 
1790 

460 

10.75 
233 

15 

11, 

1.01 

Recycle Fines 

205 

Ohio 119 

1004 

142 
236 

29 
14 
36 
62 

X 14 
36 

% : 64 2 

14 
35 
66 . 



p o i n t  w i l l  be a  100-hour t e s t  on ? i t t s b u r g h  coa l  'aimed a t  maximiz ing t h e  ash 
con ten t  i n  t h e  wi thdrawal  stream. The t h i r d  s e t  p o i n t  w i l l  b e , a  48-hour s e t  
p o i n t  w i t h  Upper F reepo r t  seam coa l  a t  process c o n d i t i o n s  i d e n t i c a l  t o  s e t  
p o i n t  2. 

T h i s  t e s t  was s t a r t e d  on June 12 'and w i l l  be completed as planned i n  Ju ly ,  a t  
which t i m e  a  d e t a i l e d  chronology and process d a t a  w i l l  be a v a i l a ~ l e .  

3.1.5 G a s i f i e r  Test  TP-025-2 

TP-02'5-2 was an a i r -b lown g a s i f i e r  t e s t  w i t h  I n d i a n a  #7 coal,,  conducted i n  
October 1979. The chronology o f  s i g n i f i c a n t  events  was r e p o r t e d  i n  t h e  
October t o  December 1979 q u a r t e r l y  p rogress  r e p o r t .  The s teady -s ta te  process 
d a t a  and t h e  heat  and m a t e r i a l  balances f o r  t h i s  t e s t  were completed d u r i n g  
t h i s  r e p o r t i n g  p e r i o d  and 'a re  presentea i n  Tables 3.1-15 t o  3.1-18. 

3.1.6 G a s i f i e r  Tes t  TP-023-3 

TP-023-3 was an oxygen-blown, low-pressure g a s i f i e r  t e s t  w i t h  Upper F reepo r t  
and P i t t s b u r g h  #8 coa ls ,  conducted i n  December 1979. The chronology was 
r e p o r t e d  i n  t h e  October t o  December 1979 q u a r t e r l y  p rogress  r e p o r t .  An 
a n a l y s i s  o f  process da ta  gathered d u r i n g  t h i s  t e s t  was completed, and t h e  
r e s u l t s  show t h a t  no s i g n i f i c a n t  s teady s t a t e  w i t h  accura te  process da ta  were 
obta ined.  I n  l i e u  o f  s t eady -s ta te  i n f o rma t i on ,  Tab le  3.1-19 g i ves  t h e  nominal 
o p e r a t i n g  c o n d i t i o n s  t h a t . w e r e  achieved i n  t h e  t e s t .  

Work Forecas t  f o r  Next Quar ter  

Complete TP-027-3, a  h igh-pressure,  oxygen-blown g a s i f i e r  t e s t .  

Conduct oxygen-blown g a s i f i e r  t e s t s  TP-027-4 and -5. 

3.2 HEAT RECOVEKY TEST DATA 

The Phase I heat  r ecove ry  t e s t  loop,  c o n s i s t i n g  of fou r  water -coo led double  
p i p e  nea t  exchangers i n  se r i es ,  was operated f o r  a  t o t a l  d u r a t i o n  o f  90 
hours . .  Heat t r a n s f e r  da ta  were acqu i red  d u r i n g  s e t  p o i n t  ope ra t i on  f o r  a11 
g a s i f i e r  t e s t s  conducted i n  t h i s  r e p o r t i n g  pe r i od .  The tube  f l u i d  was a  s l i p  
s t ream of gas ' t aken  dowrlstreain o f  t h e  cyc lone  a t  a  temperature o f  1200°F t o  
1  3i)i1°F. 

Tables 3.2-1 t o  3.2-3 p resen t  t h e  hea t  t r a n s f e r  da ta  ob ta i ned  i n  t h e  s i x  s e t  
p o i n t s  t h a t  were conducted (HR-1 th rough  HR-6). Measured va lues o f  tube  and 
s h e l l  s i d e  f l u i d  f l o w  r a t e s ,  t h e  i n l e t  and o u t l e t  temperatures and es t imates  
f o r  hea t  du t y  a re  repor ted .  On comparing t h e  hea t  ba lance between t h e  gas and 
t h e  water streams, i t  i s  no ted  t h a t  t h e  c l o s u r e  as d e f i n e d  by: 



, . TABLE 3.1-15 

SUMMARY OF OPERATING DATA FOR AIR-BLOWN G A S I F I E R  TEST T P - 0 2 5 - 2  

Set  P o i n t  1 2A-1 I 2A-2 I 2A-3 

1 I I . Hours I 
I I Hours 11- 10-79/2130 I Hours  

11- 11-79 
TEST RUN DATE ANo T IME ( 1 y / Y )  u11 I L 0945- 2030 11 I 1 . 7 ~ / 0 4 w  nmn t.n I 130 I 

MEAqIIRFn  ASI IF GR_PARANETEP_Z 
Freebozrd Teniperature 
Gas i f i e ~ '  Bed Temperature 
Ash Annulus Temperature 
Average bed He lgn tn  
Systern P ressu re  
Average G a s i f i e r  Bed D e n s i t y  
Average Annulus D e n s i t y  
Freeboard Gas V e l o c i t y  
A i r  Tuoe V e l o c i t y  
Coal Fee l  E l a t e r i a l  
Coal Feed Ra te  
F i n e s  Feed F l a t e r i a l  

' F i n e s  Feed Rate  
Cyc lone C a l l e c t i o n  Rate  
Carryover  t o  Water System** 
Ash Wit t idrawal Rate  

E T  GAS AllALYS!S, DRY BASIS 
Gal-b~n Nonoxi de 
Carbon D i o x i d e  
blettiane 
N i t r ogen  
Oxygen 
Hydrogen 
HHV, D r y  Basis  (Gas Chromatograph 

OVERALL PROCESS RATES 
SteamICoal R a t i o ,  MAF+ 
T o t a l  Mois ture /Coal  Ra t i o .  MAF 
Recyc le  GasICoa1 R a t i o ,  MAF 

SOLIDS AMALYS~S 
Ash Content - F ines  
Ash Content - F e e d S t 0 ~ ~  
Ash Content - Bed 
Ash CIIII~~IIL A t j g l a m r ~ t c  

1094 1 1135 
Recvc le  F ines  D 

-- 
+?lo isLu1.e and esh ~ P C C .  
*From j e t  i n l e t  t o  t o p  o f  bed. 

* q ~ , t i m a k c d  t r om quench wdtyt .  i m l g l 1 ~ 3 ,  i m k i n c t i t  probe, or to ta l  rnndensables  a n e l y s j s  (TCA). 



TABLE 3.1-16 

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-025-2 ,  SET POINT 2A-1 

STREAM NO. 

G R I D  
GAS 

SPARGER 
R I NG 

STR.EAM 
D E S C R I P T I O N  

STEAM TO 
G R I D  

STEAM T O  
A I R  TUBE 

BOOSTER 
STEAM 

C 0 2  
PURGE 

T O T A L  L B / H R  

GAS L B / H R  
SOL I D  L B / H R  
L I C U I D  L B / H R  

MOLECULAR W E I G H T  

VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME 
VOLUME , 
VOLUME 
VOLUME 
VOLUME 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L 8 / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
KBTU/HR 



T A B L E  3.1 -16 (Continued) 

G A S I F I E R  HEAT AND M A T E R I A L  BALANCES, T E S T  T P - 0 2 5 - 2 ,  SET P O I N T  2A-1  

STREAM NO. 

A X I A L  F I N E S  
F E E D  & 
TRANS.  G. 

STREAM 
D E S C R I P T I O N  

B O O S r E R  
GAS 

TRANSPORT SPARGER A X I A L  COAL 
GAS T O  C 1 1 9  GAS TO C 1 1 9  F E E D  & 
f F v - 3 3 )  < F V - 2 9 )  T R A N S .  G. 

OXVGEN 
T O  
TUBE 

C 0 2  
TO 
TUBE 

T O T A L  L8.fHR 

TEMPERATURE F 

GAS L B t H R  
S O L I D  L B t H R  
L I Q U I D  L B t H R  

MOLECULAR W E I G H T  

CO VOLUME X 
C O 2  VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  'JOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
AR i lOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L 3 / H 3  
HYDROGEN L 3 / 3 R  
OXYGEN. L 3 / H R  
N I T R O G E N  L 3 / H R  
SULFUR L B / H R  
ARGON L~IKR 
ASH L B / H R  

H E A T  C O N T E l l T  
K B T U / H R  



STREAM NO. 

STREAM 
DESCRIPTION 

TCTAL LB/HR 

TEMPERATURE F 

GAS LB/HR 
SCL I D  LB/HR 
L I Q U I D  LB/HR 

MOLECULAR WEIGHT 

CO WLUME X 
C02 VOLUME X 
HZ WLUME X 
CH4 VOLUME X 
H2S . VOLUME X 
N2 MLUME X 
0 2  VOLUME X 
AR VOLUME X 
H20 MLUME X 

ELEMENTS 
CARBONi LB/HR 
HYDROGEN LB/HR 
OXYGEN LB/HR 
NITROGEN LB/HR 
SULFUR. LB/HR 
ARGON LB/HR 
ASH LB/HR 

HEAT CONTENT 
KBTU/HR 

TABLE 3.1-16 ( C o n t i n u e d )  

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-025-2 ,  SET POINT 2A-1 

L l C U I D  
WATER 
INJECTION 

PRODUCT 
GAS 

1 7  

CYCLONE 
FINES 8 
TRANS. G. 

1 1 1 2 . 1 0  

1 9 3 . 0  

8 9 0 . 1 0  
2 2 2 . 0 0  

8.00 

27.205  

15 .46  
1 2 . 6 5  
1 0 . 3 1  

1.08 
0.00 

6 0 . 2 7  
8.00 
8.00 
0 . 2 3  

2 7 8 . 9 9 3  
9 . 4 6 2  

2 1 8 . 2 4 0  
5 5 4 . 2 0 7  

1 . 0 8 8  
0.080 

50.105 

3579.116  

1 8  

ASH 
WITH- 
DRAWAL 

1 2 8 . 0 0  

1 6 0 . 0  

0.00 
1 2 8 . 0 0  

0.00 

8.080 

0.00 
0.00 
0.00 
0.00 
0.00 
0.80 
0.00 
8.00 
0.00 

6 2 . 2 9 8  
0 . 4 3 5  
0 . 8 8 3  
0 . 7 5 5  
0 . 8 5 8  
0.000 

6 2 . 7 7 1  

9 1  1.302 

19  

BED 
SAMPLE 
( SC-22) 

3 .35  

1 7 5 6 . 0  

0.00 
3.35  
0.00 

0.000 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.08 

2.414  
0 .013  
0 . 0 4 6  
0 . 0 2 7  
0 .014  
0.000 
0 . 8 3 7  

3 6 . 3 7 2  

HEAT 
LOSS 

TOTAL 
CLOSURE 



STREAM NO. 

STREAM 
DESCRIPTION 

TOTAL LBIHR 

TfMPERATURE F 

GAS LBlHR 
ShJL 1 D LB l I iR  
L I Q U I D  LB/NR 

MJLECULAR WEIGHT 

TABLE 3.1-17 

G A S I F I E R  HEAT AND MATERIAL BALANCES, TEST TP-025 -2 ,  SET POINT 2A-2  

CO VOLUME .U 
C02 VOLUME ly 
H2 VOLUME ly 
CH4 VOLUME X 
H2S VOLUWE r 
N2 VOLUME X 
0 2  VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS . , 

CARBON LB/HR 
HYDROGEN LB/HR 
OXYGEN. LBfHR 
NITROGEN LBfHR 
SULFUR LBfHR 
ARGON LBIHR 
ASH L6.f HR 

HEAT CONTENT 
KBTUYMR 

1 . . -  
STEAM TO 
GRID 

318.88  

413 .8  

3 1 B . M  
0.88 
0.88 

18.01.6 

0.00 
0.00 
0. 00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 8  
0 . 0 8  

100 .0e  

0 .*0~a 
35.5E4 

282.416 
0. 0P0  
0. 0P0  
0.080 
0.080 

48.471 

2 

STEAY TO 
A I R  TUBE 

0.80 

6 . 8  

0.08 
2.08 
a.00 

18.816 

0.180 
0.80 
0.a0 
0.90 
0.80 
0.00 
0.00 
0.00 

118 .80  

.P. .. 
0 -080 
B .,000 
0 -080 
0 -880 
0 -000 
B -080 
0.000 

0.800 

3 

BOOSTER 
STEAM 

0.08 

0.8 

0.00 
0.08 
0.00 

18.016 

8.08 
0.00 
8.08 
0.00 
fl.00 
0.00 
0.00 
8.00 

180 .06  

C .A ." 
0 . 0 8 0  
0 .'060 
8 . 0 8 0  
0.808 
0.000 
0.008 
0.000 

8 .000 

4 

A I R  

391  1 .80 

824 .H 

391  1 .00  
0.00 
0.00 

28.963 

0.00 
8.88 
0.00 
0.00 
8.00 

78.06  
21 .00  

0 . 9 4  
0.00 

I *  ..* 
0.000 
8 . 000 

907.423 
2952 .870  

0.000 
50 .706  
0.000 

723.032 

5 

C02 
PURGE 

211.88  

148 -0 

2 1 1 . m  
0 .E0  
B.EH 

44 . H I  1 

8.88 
160.  0.6 

0.0E; 
0.0.6 
0.BB 
8.88 
0.08 
0.0Q 
0.08 

5 7  i'ss'i 
0.0l0 

153.416 
0.080 
0.088 
0.080 
0.080 

3.157 

6 .  

GRID 
GAS 

0.08 

135.0  

0.00 
0.00 
0.00 

27.069 

16.14 
12 .31  
18 .69  
0 . 9 7  
0.00 

59.73 
0.00 
0.08 
0 .15  

0.000 
8.000 
0.000 
0.000 
0.000 
0.000 
8. 000 

0.000 

SPARGER 
RING 



TABLE 3.1 -1 7 ( C o n t i n u e d )  

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-025-2 ,  SET POINT 2A-2 

STREAM NO. 

A X I A L  F I N E S  
F E E D  & 
T R A N S .  6 .  

STREAM 
D E S C R I P T I O N  

.BOOSTER 
GAS 

TRANSPORT 
GAS TO C 1 1 9  
( F V - 3 3  ) 

SPARGER A X I A L  COAL 
GAS TO C 1 1 9  F E E D  & 
( F V - 2 9 )  TRANS. G. 

OXYGEN 
TO 
TUBE 

C 0 2  
TO 
TUBE 

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
SOL I D  L B / H R  
L ' IOU' ID  L B / H R  

CO VOLUME X 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
'N2 VOLUME X 
b2 VOLUME X 
AR VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN L B / H R  
N I T R O G E N  L B / H R  
.SULFUR L B / H R  
ARGON L B / H R  
A S H  L B / H R  

H E A T  CONTENT 
' K B T U / H R  



STREAM NO. 

STREAM 
D E S C R I P T I O N  

T O T A L  LB.'HR 

TEMPERATURE F 

'J 

TABLE 3.1 -1 7 ( k n t i n u e d )  

G,4SIFIER HEAT AND VATERIAL BALANCES, TEST TP-025 -3 ,  SET POINT 2A-2 

GAS ' LB.'HR 
SOL I D  LB:HR 
L!OUID. LB:HR 

CO VOLUME X 
COZ VOLUME X 
H Z  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME Y 
N 2  VOLUME X 
0 2  . VOLUWE . Y 
AR VOLUNE Y 
H 2 0  . VOLUME Y 

ELEMENTS . 
CARBON L B f H R  
HVDROGEN L L f H R  
OXYGEN L E J H R  
N I T R O G E E  L L J H R  
SULFUR LE.JHR 
9 R 6 0 N  L E f H R  
9 S H  LE.f HR 

H E A T  CONTENT 
KBTU, -IR 

l I Q U I D  
V A T €  R 
' INJECTION 

PROCUCT 
GAS 

18 

A S H  
W I T H -  
DRAWAL 

114.00 

161.8 

8.88 
114.00 
8.88 

8.008 

0.00 
0.08 
8.08 
8.80 
8.88 
8.88 
8. fl8 
0.88 
0.88 

45.794 
8.331 
0.308 
0.581 
0.738 
0.000 
66.394 

673.305 

19 

BED 
SAMPLE 
( S C - 2 2 )  

2.57 

1760.0 

0.E8 
2.57 
0.88 

.. 0.008 
0.88 
H.88 
0.08 
8.08 
0.88 
8 .BP 
0.08 
8.8B 
8. 8P. 

1.6E5 
0.810 
8.023 
8.018 
0.010 
0. BE0 
8.824 

25.276 

H E A T  
L O S S  

8.08 

0.0 

8.88 
0.88 
8.08 

0.088 

0.88 
0.80 
8.80 
0.08 
8.00 
8. 88 
0.00 
8.80 
0.08 

8.880 
8.888 
8.888 
8.888 
8.880 
0.080 
8.800 

425 .888 

T O T A L  
CLOSURE 

-2.69 

8.0 

0.80 
0.08 
0.80 

8.080 

8. 88 
8.88 
8.08 
8.08 
0.00 
8. 88 
8.88 
0.88 
8.88 

-0.709 
-27.388 
-8.883 
-1.574 
67.861 
180.000 
12.039 

1 .I78 



TABLE 3.1-18 

GASIFIER HEAT AND MATERIAL BALANCES, TEST TP-025-2 ,  SET POINT 2A-3 

STREAM NO. 

STREAM 
D E S C R I P T I O N  

STEAM TO 
G R I D  

STEAM TO 
A I R  TUBE 

BOOSTER 
S T E A M  

A I R  C 0 2  
PURGE 

G R I D  
GAS 

SPARGER 
R I N G  

T O T A L  L B / H R  

TEMPERATULE F 

GAS' L.B/HR 
S O L I D  L B / H R  
L I Q U I ' D  L B / H R  

'MOLECULAR W E I G H T  

CO VOLLME X 
C 0 2  VOLLME X 
H 2  V O L t M E  X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
N 2  VOLUME X 
0 2  VOLUME X 
A R  VOLUME X 
H Z 0  VOLUME X 

ELEMENTS 
CARBON L B / H R  
HYDROGEN L B / H R  
OXYGEN , L B / H R  
N I T R O G E N  L B / H R  
SULFUR L B / H R  
ARGON L 8 / H R  
ASH L B / H R  

H E A T  CONTENT 
K B T U / H R  



T4BLE 3 . I -18  (Continued) 

GASIFIER AEAT AND MATIERIAL BALANCES, T'EST TP-025-,2, SET POINT 2A-3 

-STREAM NO. 

STREAM.  
D E S C R I P T I O N  

BOOSTER 
GAS 

TRACSPORT SFARGER 
GAS T O  C:19 GAS T O  C 1 1 9  
( F V - 3 3 . )  ( F V - 2 9 )  

9 X I A L  COAL 
F E E D  81 
TRANS.  G. 

OXYGEN 
T O  . 
TUBE 

C 0 2  
TO 
TUBE 

A X I A L  F I N E S  
F E E D  & 
TRANS.  G. 

T O T A L  L B / H R  

TEMPERATURE F 

GP.S L B / H R  
SClL I D  L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

CO VOLUME Y 
C 0 2  VOLUME X 
H 2  VOLUME X 
C H 4  VOLUME X 
H 2 S  VOLUME X 
W2 VOLUME Z 
0 2  VOLUME X 
AR VOLUME X 
' 420  VOLUME X 

ELEMENTS 
CARBON L E f H R  
HYDROGEN LE.fHR 
OXYGEN L 6 4 H ' R  
N I T R O G E N  L 6 4 H R  
S U L F U R  L G I H R .  
ARGON L B / H R  
A S H  L B f H R  

H E A T  CONTENT 
KBTU.CHR 



TABLE 3.1-1 8 (Continued) 

GASIF IER HEAT AND MATERIAL BALANCES, TEST TP-025-2 ,  SET POINT 2A-3 

STREAM N C .  

T O T A L  
CLOSURE 

STREAM 
D E S C R I P T r O N  

L I Q U I D  
WATE R 
I N J E C T I O N  

PRODUCT 
GAS 

CYCLONE 
F I N E S  & 
TRANS .G. 

A S H  
W I T H -  
DRAWAL 

BED 
SAMPLE 
( S C - 2 2 )  

H E A T  
LOSS 

T O T A L  L B / H R  

TEMPERATURE F 

GAS L B / H R  
SOL ID L B / H R  
L I Q U I D  L B / H R  

MOLECULAR W E I G H T  

VOLlJME X 
VOLUME X 
VOLUME X 
VOLUME X 
VOLUME X 
VOLUME X 
VOLUME X 
VOLUME X 
VOLUME X 

ELEMENTS 
CAREON L B / H R  
HYDF:OGEN L B / H R  
OXYGEN L B / H R  
N1TF.OGEN L B / H R  
SULFUR L B / H R  
ARGON L B / H R  
ASH L B / H R  

H E A T  CONTENT 
KB.TU/HR 



TABLE 3.1-19 

SUMMARY OF NOMINAL OPERATING DATA FOR GASIFIER TEST TP-023-3 

*From j e t  i n l e t  t o  t o p  o f  bed. 
**Est imated f rom quench water samples, i s o k i n e t i c  probe, o r  t o t a l  condensables 

a n a l y s i s  (TCA) . 

Set P o i n t  
1 

TEST RUN dATE AND TIME (1979) 

IYEASUHED GASIFIER PARAMETERS 

Freeboard Temperature 
G a s i f i e r  Bed Temperature 
Ash Annulus Temperature 

Average Bed He igh t *  
System 2ressure 

Average G a s i f i e r  Bed Densit,y 
Awerage Annul us Dens i t y  

Freeboard Gas V e l o c i t y  ' 

5 i n e s  r e e d  M a t e r i a l  

F i n e s  Feed Rate 

Coal Feed M a t e r i a l  

Coal Feed Rate 

Car ryover  t o  d a t e r  System** 
Asn d i t hd rawa l  Rate 

HHV, Dry  Basis  (Gas Chromatograph) 

SOLIDS ANALYSIS 

Ash CUIIL~IIC - t i n e s  
Ash Content - Feedstock 
Ash Content - Bed 
Ash Content - Agg1omerat.e 

7 

U n i t  

OF 
OF 
OF 

f e e t  
~ s i g  

1 b / f t 3  
1 b / f t 3  

f p s  

1 b/ h r  

1 b /h r  

1 b /h r  
l b / h r  

B t u l s c f  

% 
% 
% 
% 

3 

Hours 
12-16 

0700- 1 '1 30 

1837 
1903 
280 

30.28 
130 

19.05 
9.95 

1.64 

R ecyc 1 e 
F ines  

279 

Chariipion 
Coal 

82 1 

N/ A 
7 2 

274 

15 
6.8 

2 1 
4 6 

. 



TABLE 3.2-1 

PDU HEAT RECOVERY TEST RESULTS, TEST TP-023-4 

Gas Side Conditions 

Flow Rate, lb/hr 
Inlet/Avg Velocity, fps 
Temperature In, OF 
Temperature Out, OF 
Predicted Duty, Btu/hr 

Water Side Conditions 

Flow Rate, lb/hr 
Temperature In, OF 
Temperature Out, OF 
Calculated Duty, Btu/hr 

Experimental Gas Side 
Film Coefficient* 

*Uses gas side heat duty, theoretical specific heat, and estimate of shell side 
coefficient. 



TABLE 3.2-2 

PDU HEAT RECOVERY TEST RESULTS, TEST TP-027-1 

*Uses gas s i d e  hea t  duty,  t h e o r e t i c a l  s p e c i f i c  heat, and es t ima te  o f  s h e l l  s i d e  
c o e f f i c i e n t .  



TABLE 3.2-3 
. , .  . . .. . 

PDU HEAT RECOVERY TEST RESULTS, TEST TP-027-2 

Set Point 
I 

Date/Time ( 1980) 

Duration, hr 

Gas Side Conditions 

Flow Rate, lb/hr 
Inlet/Avg Velocity, fps 
Temperature In, OF 
Temperature Out, OF 
Predicted Duty, Btu/hr 

Water Side Conditions 

Flow Rate, lb/hr 
Temperature In, OF 
Temperature Out, OF 
Calculated Duty, Btu/hr 

Experimental Gas Side 
Film Coefficient 

HR-5 -- 
5/12 @ 1747 - 5/13 @ 0047 

7 

1008 
134/ 109 
1098 
504 

221,500 

4400 
4 8 
90 

185,000 

155 

. HR-6- 

5/14 @ 1312 - 2242 

9-1 /2 

1022 
136/110 
1098 
504 

218,500 

4400 
4 8 
100 

229,000 

181 

L 



(Gas Side Duty - Water Side Duty) 
(Gas S ~ d e  Duty) 

varied from -30 percent to +16 percent. A preliminary operational analysis 
indicates that the discrepancy in the heat balance is a probable result of 
inaccuracies in the rotameter measurement of water flow rates. Steps are 
being taken to replace the rotameter with an orifice plate flow meter, and 
thereby enhance the accuracy of measurement. The gas side flows, however, are 
measured by means of an orifice with pressure-temperature compensation and are 
accurate within +5 percent. Although the dust loading in the gas stream is 
not directly measured, it is possible to infer this quantity from the 
isokinetic sampling apparatus located in the main hot gas stream. The 
magnitude of error as a result of excluding the effect of fines on the gas 
side heat duty is estimated to be less than 2 percent. The experimental gas 
side heat transfer coefficients varied from 152 to 239 ~tu/hr-ft2-0~, 

Post-test inspections of the test loop apparatus have revealed that the Lubes 
were essentially free of deposits A few ounces of material found in the 
first exchanger after test TP-023-4 were verified, by an ash analysis, to be 
char fines. 

Operational problems in the heat recovery loop were encountered for the first 
time during test TP-027-2, when it was difficult to control the gas flow at a 
steady value. A post-test inspection revealed that the flow control valve was 
eroded at its seat. An evaluation of this problem is presently being 
conducted. 

Work Forecast for Next Ouarter 

Continue heat recovery testing during oxygen-blown gasifier tests TP-027-3, 
TP-027-4 and TP-027-5. 



SECTION 4.0 

PROCESS ANALYSIS AND DESIGN 

4.1 PRODUCT CHARACTERIZATION 

4.1.1 Hardware U ~ a r a d e  

The gas chromatograph t o  measure water  i n  t h e  raw g a s i f i e r  o f f - g a s  was 
f u n c t i o n a l l y  checked o u t  and r o u t i n e l y  opera ted  d u r i n g  g a s i f i e r  t e s t  
TP-027-1. The measured m o i s t u r e  c o n t e n t  i n  t h e  raw gas was compared w i t h  t h e  
e s t i m a t e d  c o n t e n t  o b t a i n e d  b y  f o r c i n g  an e lementa l  hydrogen c l o s u r e  i n  t h e  
h e a t  and m a t e r i a l  ba lances f o r  t e s t  TP-027-1. These r e s u l t s  a r e  shown below: 

M o i s t u r e  Content  i n  Raw Gas ( % I  

Steadv S t a t e  
As Measured 

or) GC Est imated  

l n s t a l l d t i o n  o f  t h e  water  vapor d r ~ a l y z e r  (WVA) t r a i n  i s  under way and a 
f u n c t i o n a l  checkout w i l .1  be per formed i n  t h e  f o r t n c o m i n g  g a s i f i e r  t e s t s .  The 
WVA t r a i n  w i l l  c o n t i n u o u s l y  sample a  s l i p  s t ream o f  p r o d u c t  gas and o b t a i n  a  
measure o f  m o i s t u r e  by condensing t h e  vapor. T h i s  u n i t  w i l l  a l s o  p r o v i d e  a  
means o f  measur ing w a t e r - s o l u b l e  t r a c e  compounds such as ammonia and c h l o r i d e s .  

The o n - l i n e  i n f r a r e d  ana lyzer  t o  measure ammonia and water  i n  t h e  raw gas was 
a l s o  i n s t a l l e d  and a  f u n c t i o n a l  checkout  was per formed i n  g a s i f i e r  t e s t  
TP-027-3. P r e l i m i n a r y  r e s u 1 . t ~  f r o m  t h i s  i n s t r u m e n t  i n d i c a t e  t h a t  t h e  ammonia 
c o n t e n t  i n  t h e  gas i s  l e s s  t h a n  500 ppm. 

The chemica l  c h a r a c i e r i z a t i o n  o f  c y c l o n e  d e p o s i t  samples f r o m  g a s i f i e r  t e s t  
TP-023-3 was completed, t h e  r e s u l t s  o f  which a r e  d iscussed  i n  S e c t i o n  4.2. 
S o l i d s  samples f ro in  g a s i f i e r  t e s t s  TP-023-4, TP-027-1. and TP-027-2 were 
analyzed. The r e s u l t s  o f  . t h e . u l t i m a t e  ana lyses have-been used i n  t h e  h e a t  and 
m a t e r i a l  ba lances f o r  t h e  r e s p e c t i v e  t e s t s .  

dark F o r e c a s t  . f o r  - Next  .- Q u a r t e r .  , . - 
. . .. . . 

Commission t h e  water  vapor ana lyzer  and thea lnmonia-watkr  i n f r a r e d a n a l y z e r .  
. . 

' < . " I . .  0 



4.2 CYCLONE DEPOSIT CONTROL 

Material deposition in the PDU cyclone has historically been the primary cause 
for the premature termination of oxygen-blown gasifier tests conducted in 1978 
and 1973. work on deposit control during this reporting period was focused on 
three areas: 

a An investigation of possible mechanisms for cyclone deposition based 
on the chemical analyses of deposits from test TP-023-3. 

a A demonstration of the viability of quench water injection as a 
near-term method of eliminating deposits and permitting long duration 
tests in the PDU. 

6 A scupir'lg evaluation of thc cyclone cold wall device, which has 
emerged as a promising long-term solution to the deposit control 
problem. 

4.2.1 Characterization of Cyclone Depus i Ls,  Test TP-023-3 

Gasifier test T?-023-3, conducted in December 1979, was an oxygen-blown test 
using Pittsburgh #8 and Upper Freeport seam coals. The test was terminated 
after completing 68 hours of operation with Pittsburgh #8 coal, when it was 
clear that material deposition in the cyclone was restricting gas flow from 
the gasifier. Following the shutdown, a systematic investigation of the 
bui ldup patterns in the cyclone and associated equipment was initiated. 
Unlike the previous gasifier tests, when grab samples of deposit were taken, 
during this evaluation samples were systematically obtained from key locations 
in the process such as the gasifier wall, the interconnecting piping, the 
cyclone barrel, the cyclone downcomer, the exit pipe from the cyclone, and the 
collected fines. furthermore, at each location the samples were subdivided to 
oDtain the distribution of various species across the thickness of the 
specimen. The chemical characterization of the samples included a qualitative 
x-ray diffraction analysis and a quantatative determination of the mineral 
oxides and the various types of sulfur, namely sulfate, pyritic and organic, 
present in the deposits. 

On collating the chemical analyses, the following salient conclusions were 
drawn : 

a The deposits in the cyclone and interconnecting spool piece 
showed a significant enrichment of iron and sulfur as compared 
to t hese  species in the mineral matter of the coal. 

a Altnough it was evident that iron and sulfur were selectively 
deposited, the exact structure of the associated iron-sulfur 
conipound was not clear. The x-ray diffraction analyses showed 
the presence of Si02 and complex magnesi~im-iron silicates. 
Unlike previous data on Pittsburgh coal deposits, the x-ray 
results did not reveal any significant amounts of crystalline 
Fel-xS. 



e The ratio of organic sulfur to total sulfur in the deposits 
was significantly greater than in the coal feedstock. This 
finding, in conjunction with the x-ray results, suggested that 
a sulfur-containing amorphous compound, possibly of an organic 
nature, could act as a low-melting binding matrix for the 
-depos its . 
It now appears that the presence of Fel,,S as a major 
crystalline phase is primarily influenced by the operating 
temperature of the cyclone. In prior runs with Pittsburgh 
coal, the cyclone was operated without water injection at, 
1800°F and the deposits showed a significant concentration of 
F ~ I - ~ S .  However, in this test the gas temperaturewas . 
maintained between 1400°F 1550°F by quench water injection and 
the deposits were free of Fel-,s. This result was 
corroborated in a previous test with Ohio #9 coal, TP-023-1, 
when water injection was employed and.similar x-ray results 
were obtained, showing the absence of Fel-,S. 

The overall conclusion from this study is that in addition to the previously 
suspected low melting "glues" such as Fel, S and the eutectics of the 
K-A1 -Si system, there could exist an amorpfious sulfur-containing compound of 
an indeterminate structure that would act as a binder. From an operational 
standpoint, the results of test TP-023-3 indicated the need to quench the gas 
to a temperature less than 1400°F in order to eliminate deposition. 

4.2.2 Evaluation of Quench Spray 1n.iection 

The three gasifier tests conducted during this reporting period, TP-023-4, 
TP-027-1 and TP-027-2, demonstrated the feasi bi 1 ity of the quench spray 
injection method as a means of combatting the cyclone deposition problem in 
the PDU. On all three tests, the off-gas from the gasifier was quenched from 
a nominal 1820°F to 1150°F by injecting a cold water spray in the freeboard 
section of the gasifier. In more than 400 hours of cumulative hot operation, 
the cyclone vessel and the interconnecting piping were free of deposits. 

Evaluation of Cyclone Cold Wall 

The cyclone cold wall consists of a cooled metal segment embedded in the 
cyclone barrel section. The purpose of this wall is to quench the impacting 
solids particles to a temperature below the stickiness threshold for the 
"glue" material and thereby prevent their deposition on the wall. This 
concept was eva1uat.ed during thc first startup of test IP-U23-4, when the 
gasifier was operated at a freeboard temperature of 1800°F using Pittsburgh #8 
coal. The system was operated without the quench waler spray to provide an 
independent evaluation of the cold wall concept. After completing 33 hours of 
hot operation, including 8 hours with Pittsburgh #b coal feed, the cold wall 
was essentially free of deposits, whereas the rest of the cyclone barrel 
showed siyns of buildup. This short-duration scoping test showed that the 



cold wall concept is a potential long-term solution to the cyclone deposit 
problem, which would avoid the thermal penalty of excess cooling, as is the 
case with the quench spray method. 

In subsequent tests the cyclone cold wall operation was continued, in 
conjunction with quench water injection, to evaluate the extent of wear and 
metal degradation on the impacting surface of the wall. 

Work Forecast for Next Quarter 

Future oxygen-blown gasifier tests will include operation of the quench water 
injection system to control the cyclone inlet temperature at 1150°F. Studies 
on the cold wall design and hardware performance will continue to consolidate 
the long-term design for a water-cooled interconnecting pipe and cyclone. 

Studies on the deposit mechanism will continue at the Westinghouse R&D Center 
where a bench-wale aggl~merator ur~il will be adapted to simulate PDU 
conditions in the cyclone and associated equipment. 

4.3 PDU OPERATIONAL ANALYSIS 

4.3.1 Recycle Gas Aftercooler Plua. Test TP-027-1 

Gasifier test TP-027-1 was terminated when an abnormally high-pressure drop 
was noted across the recycle gas compression system. Following test shutdown 
an inspection of the E-106 aftercooler, which is a water-cooled shell and tube 
exchanger for the spillback to the compressor, showed an extensive plug on the 
cold exit side of the tube bundle. An investigation into the probable causes 
and mechanisms of buildup was completed. The conclusions are su~iimarized below: 

The aftercooler plug was caused by a gradual buildup of 
material consisting primarily of char fines that escape the 
 scrubber,.^ and the 10-micron ti?ters located upstream of the 
recycle gas compressor. The deposit showed an ash 
concentration of about 29 percent, the remainder being carbon. 

The deposit originated in a moisture separator pot located 
downstream of the cooler and finally migrated bdck to the exit 
side o f  the lube bundle. 

a Although an abrupt increase in the recycle yas supply pressure 
was noted in the last three hours of operation during 
TP-027-1, it is not cleara that the deposit was formed 
contlnually over 300 hours of testing. During normal operation 
the spillback loop has an available pressure drop of 80 psi, 
most of which is throttled across an automatic control valve 
located upstream of the cooler. Any increase in the pressure 
drop across the cooler was thus automatically compensated by 
the contrwl.valve, thereby "disguising" an impending plug in 
the system. 



0 As a  r e s u l t  o f  t h i s  i n v e s t i g a t i o n  t h e  f o l l o w i n g  a c t i o n  i tems 
nave been impl.emented: ( 1 )  a  d i f f e r e n t i a l  p ressure  i n d i c a t o r  
was mounted across t h e  c o o l e r  t o  c l o s e l y  mon i t o r  t h e  p ressure  
drop, ( 2 )  t h e  mo i s tu re  separa to r  and t h e  c o o l e r  were cleaned, 
and ( 3 )  a  secondary bank o f  f i l t e r s  w i  11 be i n s t a l  l e d  upstream 
o f  t h e  compressor. 

4.3.2 Produc t  Gas F low Measurement 

Iqeasurement of t h e  POU p roduc t  gas' f l o w  r a t e  i s  accomplished by a  pressure-  
and temperature-compensated o r i f i c e  p l a t e  f l o w  meter, FT-26, l oca ted  upstream 
of t n e  back p ressure  cont.ro1 va lve,  PCV-15, which ma in ta i ns  the system a t  t h e  
o p e r a t i n g  pressure.  H i s t o r i c a l l y ,  t h i s  f l o w  meter has been suspected o f  
caus ing  undes i r ab le  hea t -ma te r i a l  ba lance c l osu res  due t o  t h e  tendency o f  t h i s  
ins t rument  t o  o s c i l l a t e  i n  a wide span. I n  1979, i t was tnough t  t h a t  t h e  
o s c i l l a t i o n  was caused by m i s t  ent ra inment  f r om  t h e  p a r t i c u l a t e  scrubbers,  and 
i n  an e f f o r t  t o  e l i m i n a t e  t h i s  problem a  m i s t  e l i m i n a t o r  was i n s t a l l e d  on t h e  
e x i t  p i p e  o f  t h e  scrubber.  However, g a s i f i e r  t e s t s  TP-023-4 and T?-027-1 have 
shown t h a t  t h i s  problem has pe rs i s t ed ,  w i t h  t h e  amp l i tude  o f  t h e  o s c i l l a t i o n  
approaching 60 t o  100 percen t  o f  t h e  mean va lue  o f  t h e  i r ~ d i c a t e d  f l ow .  

I n  o rder  t o  c h a r a c t e r i z e  t n i s  d i s t u r ~ a n c e  f r o m  b a s i c  c o n t r o l  theory ,  t h e  
sys.tem was modeled as a  s i n g l e  c a p a c i t o r  and s i n g l e  f l o w  r e s t r i c t i o n .  The 
conc lus ions  drawn from t h i s  s tudy  a re  as f o l l o w s :  

The o ~ s e r v e d  f l o w  o s c i ~ l a t i o n s  a re  t i m e  f l o w  changes caused b y  
changes i n  t h e  p ressure  r e s u l t i n g  f r om  t n e  i n t e r m i t t e n t  dumps 
o f  water f r om  t h e  quench scrubber system. Dur ing  a  dump, 
approx imate ly  5 c u b i c  f e e t  o f  water i s  removed f r om a  vesse l .  
As t h e  gas d i sp l aces  t h e  volume t h e  r e s u l t i n g  decrease i n  
p ressure  o f  about 3  p s i  c a l l s  f o r  t h e  automat ic  c o n t r o l  a c t i o n  
t o  c l o s e  PCV-15 i n  o rde r  t o  r e b u i l d  pressure.  The c l o s i n g  o f  
PCV-15 induces a  change i n  t h e  a c t u a l  gas f l o w .  

The magnitude of f l o w  o s c i l l a t i o n s  c o u l d  be reduced by 
r e t u n i n g  t h e  p ressure  c o n t r o l l e r .  However, i f  s i g n i f i c a n t  
b e n e f i t  i s  t o  be gained, t h e  c o n t r o l  a c t i o n  o f  PCV-15 would 
have t o  be slowed t o  t h e  p o i n t  where subsequent water system 
dumps wo1.11d occur  b e f o r c  t h e  c o n t r o l  l e r  f ~ d d  comp le te l y  
responded t o  t h e  i n i t i a l  dump. T h i s  would d e f e a t  t h e  f u n c t i o n  
o f  th.e p ressure  c o n t r o l l e r .  

F o l l o w i n g  t e s t  TP-023-4 t h e  o r i f i c e  p l a t e  on FT-26 was inspec ted  i n  an e f f o r t  
t o  r e s o l v e  t h e  measurement e r r o r s  t h a t  were e v i d e n t  d u r i n g  t h e  t e s t  f r om  
o n - l i n e  mat.eria1 balanccs. The o r i f i c e  wds found  t o  be p a r t i a l l y  r e s t r i c t e d  
by a  m i x t u r e  o f  char f i n e s  and w h i t e  c r y s t a l l i n e  m a t e r i a l  which smel led o f  
napthalene. S ince the gas f l o w  measurement i s  sens-i 1 ive  . to smal l  changes.. in 
t h e  e f f e c t i v e  o r i f i c e  bo re  diameter,  i t  was dec ided t o  implement a  r o u t i n e  
i n s p e c t i o n  and cleanup o f  t h i s  c r i t i c a l  o r i f i c e  p l a t e  f o l l o w i n g  every  g a s i f i e r  
t e s t .  P o s t - t e s t  i n s p e c t i o n  a f t e r  t e s t s  TP-027-1 and TP-027-2 showed t h a t  t h e  
o r i f i c e  p l a t e  was e s s e n t i a l l y  f r e e  o f  depos i t s ,  sugges t ing  t h a t  t h e  depos i t s  
seen a f t e r  t e s t  TP-023-4 represen ted  a  cumu la t i ve  laydown o f  t r a c e  naptha lene 
over  severa l  months o f  PDU opera t ion .  



4.4 PDU PROCESS ANALYSIS 

4.4.1 Fines Carryover Analysis 

The fines carryover data from the gasifier tests conducted in 1978 were 
analyzed to obtain a correlation for estimated values of the elutriation 
constant. 

The results have been plotted in Figure 4.4-1. A comparison of this data with 
a similar correlation in the published literature1 shows that the 
elutriation constant for the PDU fluidized bed gasifier is slightly higher 
than predicted for the identical Reynolds' number and particle size. 

4.4.2 Ash Agglomerator Perfprmance 

A set of steady-state mass balances was performed to obtain a functional 
relationship between the ash concentration in the bed ar~d that in the 
withdrawal. 

The significance of the results are summarized and discussed below. 

a High-ash coals result in higher bed ash concentrations than 
coals with similar reaction rates and lower ash fractions. 

a Highly reactive coals result in higher bed ash concentrations 
than coals with similar ash fractions and lower reactive rates. 

a If ash balance is maintained, changes in the withdrawal ash 
fraction should.not greatly affect the bed ash fraction in PDU 
operation. 

All three of the above results have been observed in PDU operation: 

a With high-ash coals, and particularly the reactive feedstocks 
such as lignite, the bed ash content has been higher than with 
Pittsburgh seam coal. 

r During ash annulus upsets, such as In test TP-023-4, tne bed 
ash content increased marginally while the withdrawal ash 
decreased substantially as a result of poor physical 
separation. 

4.5 DATA ACQUISITION SYSTEM UPGRADE 

The PDU data acquisition system was modified to conform to the new IAS 
( Interactive Applications System) version 3.0 operating system and the new 
FORTRAN version 2.2. This change was necessary since the vendor upgraded the 

1. Yagi, Aochi Correlation; pp. 315, Fluidization Eng,ineering, Kunii & 
Levensfael, Wiley (1969). 



Figure 4.4-1. Correlation for Fines Elutriation Constant 



operat 
suppor 
has a 
appl ic 
analog 

ing system software to the new IAS version 3.0 and consequently dropped 
,t for the old RSX 1lD version 6 2 operating system. The new system also 
scheduling algorithm, which can be utilized to effectively schedule 
ation tasks in and out of memory. A block read feature in scanning 
points was utilized to further improve the speed of the system. 

A feature to scan different analog points at different multiples of base scan 
rate has also been added in the scan task. This feature will be particularly 
useful for supervisory control when some points may need to be scanned at a 
different rate than other points. 



PROCESS AND COMPONENT ENGINEERING AND DESIGN 

5.1 OXYGEN SYSTEM UPGRADE 

Following commissioning of the high-pressure oxygen supply pump for operation 
at 230 psig, a new, larger, tank pressure building coil was installed and 
commissioned. 

Modifications to upgrade PDU steam system capacity included installation of a 
new 4-inch steam supply line. In addition, the new superheater, heating 
element and electrical components for the steam boiler system were received 
for installation. 

Work Forecast for Next Quarter 

Install and check out the superheater and associated equipment. 

5.2 FINES RECYCLE AND UTILIZATION 

During this quarter, the following was accomplished: 

The surge vessel, all material required to fabricate the fines 
coolers, including the internals, and all piping, valves, and 
fittings for the glycol cooling loop were received on site. 

0 The fabrication drawings for the fines coolers and the 
preliminary arrangement drawi'ng for major piping spool pieces 
and vessels were completed. 

0 Fabrication of the C-120 particulate separation vessel was 
initiated, with the refractory clips, refractory and nozzle 
sleeves ordered and received. 

Related structural work includes completion of the steel framing design for 
the entire structure, the foundation plan drawing, the concrete footing and 
retaining wall calculations with reinforcement determination, and the 
preliminary specifications for general construction activities, such as 
excavation, concrete, etc. 

Work Forecast. for Nex t  Quartcr 

Fabricate fines coolers and internals. 

0 Initiate glycol cooling system upgrade. 

Complete fabrication of C-120 fines vessel and initiate 
installation of refractory. 



e I n i t i a t e  C-108A p a r t i c u l a t e  removal m o d i f i c a t i o n s .  

e ,  Approve s t r u c t u r e  des i yn  and s e l e c t  c o n t r a c t o r .  

e I n i t i a t e  f a b r i c a t i o n  of C-120 i n t e r n a l s  cyc lone  and surge 
vesse l  c o o l i n g  i n t e r n a l s .  

5.3 HEAT KECOVERY 

System and component design, as w e l l  as process and i n s t r u m e n t a t i o n  and 
component drawings, f o r  t h e  advanced Phase I heat  r ecove ry  t e s t  l oop  were 
completed t n i s  q u a r t e r .  F a b r i c a t i o n  o f  components i s  approx imate ly  80 percent  
complete.  

Work Fo recas t  f o r  Next  Q u a r t e r  

Complete i n s t a l l a t i o n  of t h e  advanced Pnase I h e a l  rxecovery t e s t  loop, 
i n c l u d i n g  t h e  t e s t  l oop  i t s e l f ,  t h e  upgraded p l a n t  water system, and t h e  105 
l o c k  hopper system. 

5.4 ELECTRICAL AND INSTRUMENTATION UPGRADE 

I n  t h i s  r e p o r t  pe r iod ,  t h e  f o l l o w i n g  was accomplished: 

e The b i d  package f o r  t h e  des ign  phase o f  t h e  PDU power upgrade 
was approved and a c o n t r a c t  awarded. The des ign  was 
completed, rev iewed and approved w i t h  m i  nor  changes, w r~ i c l i  t h e  
c o n t r a c t o r  w i  11 i n c o r p o r a t e  i r l  t h e  f i n a l '  design. 

0 The des ign  f o r  power f eed  upgrad ing o f  t h e  st.eam system was 
completed. 

0 Electrical/instrumentation i n s t a l l a t i o n  f o r  t h e  t o t a l  
condensables ana lyzer  was completed. 

k o r k  Fo recas t  f o r  Next Q u a r t e r  

e Submit a b i d  package f o r  procurement and i n s t a l l a t i o n  o f  PDU 
power upgrade work. 

e I n s t a l l  power feeder. hardware f o r  t h e  steam system upgrade., 



SECTION 6.0 

SCALE-UP MODEL 

Ouriny this report period, general contractor site work was completed except 
for miscellaneous items and preparation of the final deficiency list for 
building acceptance by Westinghouse. In addition, a1 1 six rnodel test sections 
were finish-welded, three of which were finish-machined and delivered to the 
site (see Figure 6.0-1). Following erection of the observation platform, 
shown in Figure 6.0-2, the first two model sections, as well as the drawoff 
cone and the feed tube, were installed in the observation platform structure. 

The model internals were assembled as a single unit, which is now being 
prepared for installation in the interior of the model sections. 

Significant accomplishments for this quarter are as follows: 

a Completed all electrical subcontract work. 

a Installed all six weigh cells under their respective   ins. 

a Completed erection of the observation platform. 

a Completed piping installation in the compressor shelter. 

a Completed pipework on external storage bins. 

a Completed test run of main drive motors. 

a Installed air intake filters. 

a Installed cyclone separators. 

a Aligned couplings on the compressor. 

a Fabricated vibration support and pit ladder. 

a Performed grouting on steel work and piping supports. 

In other work, the design of the in-line filters for the air compressors and 
the lifting beams for the main model was completed. Precommissioning 
activities for the scale-up facility were initiated, including preparation of 
equipment and valve lists and operating procedures for the main air compressor 
 subsystem^, 

Currently, a setup for hydrotest of the cooling water lines is being prepared, 
installation of process piping is continuing, and the initial charge of bed 
iadlsr-id1 i s  being prepared f o r  shipinent to the site. 



Figure 6.0-1. Cold Flaw Test Facility Model Sectic~n 



Figure 6.0-2. Cold Flow Test Facility Observation Platform 



Work Forecast f o r  Next Quarter 

Complete i n s t a l  l a t i o n  o f  scale-up model t e s t  sections, model 
i n t e r n a l s ,  computer console and process piping.  

Perform i n j t i a l  s t a r t u p  o f  a i r  compressors. 

Pressure/leak t e s t  and f l u s h  water and a i r  l i n e s .  

Complete procedures and t e s t  plans f o r  system commissioning. 



SECTION 7.0 

LABORATORY SUPPORT STUDIES 

Support work on fuel processing was conducted to investigate operating 
conditions for the PDU test program, provide troubleshooting capability for 
PDU operation, obtain data for PDU modifications, analyze and interpret 
results for PDU operation, develop process models for scale-up, and understand 
process phenomena to achieve reliable operation. Work was conducted in the 
areas of gas-solids flow modeling,. coal/ash behavior, gasifier system model 
integration, particulate/chemical profiles and environmental impact. 

7.1 GAS-SOLIDS FLOW MODELING' 

7.1.1 Jet Phenomena 

Experiments using a jet nozzle configuration similar to that employed in the 
PDU are continuing. Tracer gas was injected into the jet to simulate the 
oxygen, and gas samples were collected from the bed to investigate the 
dispersion of the tracer. In the meantime, the literature data on jet 
penetration were analyzed to test the correlation developed previously. A 
correlation was developed which successfully correlated the jet penetration 
data available in the literature1 obtained from fluidized beds of sand 
(op = 2629 kg/m3), FMC char (pp = 1158 kg/m3), and siderite 
(pp = 3988 kg/m3) at pressures up to 5300 kPa (%53 atm). The limiting 
case of the developed correlation at one atmospher ic pressure ( 101 kPa) 
reduces to a form similar to that developed earlier using jet penetration data 
collected in the Westinghouse laboratory at ambient pressure, although the 
numerical coefficients are slightly different. 

The developed correlation is presented in Figure 7.1-1 and equation 1: 

where 

do = jet nozzle diameter 

Lmax = jet penetration depth 

Rcf = ratio of complete fluidization velocity atpressure P over that 
at atmospheric pressure 

" 0 = avetdye j e l  rruzzle velocity 
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Figure 7.1 -1. Comparison of the Correlation with the High-Pressure 
Jet Penetration Data of Knowlton and Hirsan ( 1  980) 



f = fluid density 

P = particle density. P 

The correlation successfully correlates the data to - +40 percent. 

7.1.2 Particle Separation 

The experiments to study the rate of particle separation for the. acrylic- 
dolomite system were completed. Exploratory experiments are being conducted 
with different pairs of materials of different density ratios in order to 
select a suitable pair for further studies. The results of the 
acrylic-dolomite system are summarized below. 

The experimental results for the rate of separation of dolomite from acrylic 
for mixtures of 20 percent and 40 percent dolomite by weight were presented in 
two previous quarterly reports, FE-1514-113 and FE-1514-117. The results for 
the 60 percent dolomite mixture are presented in Figures 7.1-2 to 7.1-5. It 
took between 15 to 20 seconds for the 20-percent dolomite mixture to reach an 
equilibrium concentration in both the top and the bottom layers, while it 
takes only half that time, 7-10 seconds, for the 60-percent dolomite mixture, 
as shown in Figures 7.1-2 to 7.1-5. The separation fluidizing velocity does 
not seem to affect the total time required to reach equilibrium for .a 
particular mixture. 

A mathematical model was developed to predict the rate of particle 
separation. The present mathematical model assumes that the particle 
segregation in a fluidized bed can be simulated with two perfectly mixed 
fluidized beds in series with particles interchange between them. 

Equation 2a was used to fit the experimental data with excellent results. 
Four cases for both the 20-percent and the 60 percent dolomite mixtures are 
presented in Figures 7.1-6 and 7.1-7. The success of the correlation suggests 
possible physical significance of the parameter, m, defined in equation 2b. A 
constant m means a constant volumetric exchange rate between the two fluidized 
beds during t.he transient period. This assumption seems to be a reasonable 
approximation as evident from comparison with the experimental data'shown in 
Figures 7.1-6 and 7.1-7. 

Work Forecast for Next Quarter 

Continue tracer injection study to simulate oxygen injection 
in the PDU with a similar jet nozzle configuration. 
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Curve 723081-A 
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2nd 2. 5 cm bed Bed Height 11 cm 
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Figure 7.1-2. Rate of Particle Separation at a Velocity of 40 cm/s- 
60 w/o Dolomite Mixture 



Curve 723083-A 
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Figure 7.1-3. Rate of Particle Scporntion at a Velocity of 50 cm/s- 
60 w/o Dolomite Mixture 
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Curve 723084-A 

Figure 7.1i4. Rate of Particle Separation at a Velocity of 77 cmls- 
60 w/o Dolomite Mixture 
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Figure 7.1-5. Kate of Particle Separation at a Velocity o f  103 cm/s- 
6 0  w/o  Dololrlite Mixture 

&' 



Curve 723085-A 
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Figure 7 . 1 4 .  Comparison of Experimental Data with the Theoretical Rate 
Equation for a 20.Percent Dolomite Starting Mixture 
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Curve 723082-A 
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Figure 7.1-7. Comparison of Experimental Data with the Theoretical 
Rate Equation for a 60 Percent Dolomite Starting Mixture 



Perform exploratory experiments for different pairs of bed 
materials of different density ratios and select a pdir of 
mater.ials for further study on the rate of particle separation. 

7.2 COAL/ASH BEHAVIOR 

7.2.1 Gasification 

Experimental conditions and procedures for coal/char characterization on the 
thermogravimetric analyzer (TGA) were established to obtain reproducible 
data. A flow rate of 300 ml/min and a sample weight of about 5 mg are being 
used for these tests. A number of coals and chars were characterized and the 
results are shown in Figures 7.2-1 through 7.2-5. The total area shown on the 
graphs represents the average reaction rate for the temperature and gas 
composition given in the legend. 

7.2.2 Ash Aanlnmerat.ion 

Tests MG-4 ana MG-5 were conducted in the ash agglomeration test facility with 
coke breeze for a steady-state period of approximately 5 hours. The following 
conditions were maintained in these tests: 

Bed temperature = 1950°F 
Jet Velocity = 71 ft/s 
Superficial velocity in the gasifier = 4 ft/s 
Bed ash content = 25 percent. 

In test MG-4, the size distribution of the feedstock was -12 + 35 mesh 
(-1.7 + 0.5 mm). Agglomerates of desirable quality were obtained. The ash 
content and bulk density of the agglomerates were 99.8 percent and 38.9 
lb/ft3, respectively. No molten phase was observed i n  the  agglomerates in a 
microscopic examination. Almost a1 1 agglomerates were found to-be" larger than 
0.067 in (1.7 mm). Their low bulk density indicates that they are fairly 
porous. 

The objective of test MG-5 was to study the effect of fines on agglomeration. 
In this test, the size of the feedstock was -12 mesh (-1.7 mm) and the amaunt. 
of coke breeze smaller than -35 mesh (0.5 mm) was approximately 39 percent. 
No problems were experienced in using air as the transport gas despite the 
large amount of fines. The operating conditions in this test were the same as 
in test MG-4 except for the size distribution of the feedstock. No 
agglomerates were produced in this test. From the information available in 
the literature, it is known that it is more difficult to agglomerate fines 
than larger particles. This test has supported this view. 

Test MG-6 was conducted with Indiana #7 coal at a temperature of about 
1850°F. The following cdnditions were maintained: 

Size distribution = -12 + 35 mesh 
Jet velocity = 61.8 ft/s 
Bed ash content = 29.6 percent 
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RUN $ 6 2 0  TGA 1 3  
PITTSBURGII  SEAM COAL; MONTOUR MINE 

• - 1 0 0 0 + . 2 5 0  m m  
SAMPLE HEATED TO 9 8 2  C  I N  N 2 ;  2 5 0  ML/MIN 
REACTED AT 9 8 2  C  WITH STEAM; 100 M L / M I N  
H2 5 0  M L / M I N ;  N 2  1 5 0  M L / M I N  
T o t a l  A r e a  1 . 0 4 8 5  

Figure 7.2-1. Reactivity of Pittsburgh Seam Coal 



RUN # G 2 6  T G A  P 3  
WYOMING S U B - C  C H A R ;  S C 2 2  T P  15 -1  
- 1 , 0 0 + . 2 5 0  mm 
S A M P L E  H E A T E D  TO 9 8 2  C  I N  N 2 ;  2 5 0  ML/MIN 
R E X C T E D  A T  9 8 2  C  I N  S T E A M ;  100 M L / M I N  
H 2  5 0  M L / M I N ;  N 2  150 M L / M I N  
T o t a l  A r e a  = 1 3 . 0 4 2 3  

F R A C T I O N  C R E A C T E D  

Figure 7.2-3. Reactivity of Wyoming Sub-C Char 
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RUN # G 2 5  TGA # 3  
MINNEIIAHA COAL;  - 1 . 0 9 + . 8 5 0  mm 
SAMPLE H E A T E D  TO 9 8 2  C  I N  N 2 ;  2 5 0  M L / M I N  
REACTED A T  9 8 2  C  WITH S T E A M ;  100 M L / M I N  
H 2  5 0  M L / M I N ;  N 2  1 5 0  M L / M I N  

T o t a l  A r e a  = 1 . 7 1 2 9  

F R A C T I O N  C R E A C T E ~  

Figure 7 .24 .  Reactivity of Minnehaha Coal 



RUN P G 2 2  TGA 8 3  
I L L I N O I S  8 6  COAL; - 1 . 0 0 + . 2 5 0  mm 
SAMPLE HEATED T O  9 8 2  C I N  N 2 ;  2 5 0  M L / M I N  
REACTED AT 9 8 2  C WITH STEAM; 100  NL/MIN 
H 2  5 0  MJ*/MIN; N2 1 5 0  M L / M I N  

T o t a l  A r e a  = 2 . 0 0 4 4  

FRACTION C REACTED 

Figure 7.2 '4. Reactivity of Illinois # 6 Coal 



RUN # G 2 1  TGA # 3  
0 1 1 1 0  # 9  COAL; - 1 . 0 0 + . 2 5 0  mm 
SAMPLE HEATED TO 9 5 2  C  I N  N 2 ;  2 5 0  MT,/MIN 
REACTED AT 9 8 2  C WITH STEAM; 100 ML/MIM 
H2 5 0  M L / M I N ;  N 2  1 5 0  M J ~ / M I N  

T o t a l  A r e a  = 1 . 4 1 5 3  

F R A C T I O N  C REACTED 

Figure 7.25.  Reactivity of Ohio # 9 Coal 



No ash agglomerates were obtained during this test. It is believed that this 
temperature is not high enough for agglomerate formation. Minnehaha coal was 
fed pneumatically without any problem ana the mixed mean temperature of solids 
and gas was maintained below 400°F. Control of the operating conditions was 
excellent until the test was terminated after a steady-state operation of 
about 1-1/2 hours because of failure of the air supply. 

Following several successful tests on the ash agglomeration reactor, some 
-modifications were performed: the discharge screw conveyor, which failed 
during operation, was replaced, and a new steam generator was installed to 
replace the on-loan steam- generator. 

7.2.3 Deposit Control 

A deposit control program was devised based on the objective of developing 
techniques to contr0.1 the formation of deposits in the gasifier system. The 
program consists of three parallel efforts: (1) a deposit formation mechanism 
study to verify proposed mechanisms of deposit formation, (2) a coal screening 
test development effort to evolve a method to determine the deposit formation 
potential of coals, and (3) a deposit formation control technique development 
effort to identify commercially feasible deposit control techniques based on 
laboratory data, PDU verification tests and commercial design evaluations. 

Deposit Formation Mechanisms 

Infrared spectra were obtained for samples of various coals, including 
Pittsburgh, Montana, Western Kentucky, Texas lignite and Indiana coals. Among 
the minerals identified in these coal samples were hydrated potassium-aluminum- 
si 1 icon oxides ( K ~ o - A ~ ~ o ~ - s ~ o ~ - x H ~ o ) ,  aluminum si 1 icates (A1203-Si02), 
carbonates (MgC03 or CaC03) and sulfates. The patterns for K20-A1203-Si02-xH20 
were strongest in Pittsburgh and Montana coals. They were also present. i n  
Western Kentucky coal. Indiana coal d i d  n o t  show patterns for this mineral 
although other silic,ates, probably H1203-Si02, were indicated. Based on this 
analytical result and on previous conclusions that low-melting eutectics of 
the K-HI-Si oxide system may be involved in the binding matrix of ash 
deposits, more deposit problems can be expected with Pittsburgh or Montana 
than with Western Kentucky coal. 

Indiana coal may not present any serious problem as far as the 
alkali-aluminum-silicate deposits are concerned. However, other minerals, 
such as pyrite (FeS2) may also be responsible for the binding matrix in 
deposits. The infrared spectrum of pure pyrite does not show characteristic 
peaks, so pyrite could not be identified in t.he,spectra of coal samples. 
Therefore, chemical analyses were performed to determine the pyrite contents 
and consequent fouling potentials of the various coals used in the PDU 
gasifier. The results (Tab1.e 7.2-1) show that the concentration of pyritic 
sulfur is highest in Pittsburgh and Western Kentucky coals. Montana coal is 
fairly rich, while Indiana coal and Texas lignite are low in pyritic sulfur. 

Pittsburgh coal, with high concentrations of pyrite and hydrated potassium- 
aluminum-silicon oxides, was expected to have a high fouling potential. 
Western Kentucky coal, though rich in pyrite, was shown to have fairly low 



TABLE 7.2-1 . . - .. . 

Coal Sample 

P i t t s b u r g h  

Western Kentucky 

Montana Rosebud 

Ind iana  #7 

Texas L i g n i t e  

. - . - .  

Percent of To ta l  Sample Weight . . . . .  

Organic S 

0.83 ..... 

1.56 

0.06 

0.60 

0.44 

T o t a l  Fe  

1.25 

1.02 

0.80 

1.33 

0.45 

T o t a l  S 

2.16 

2.67 

0.82 

0.91 

0.53 

Non-py r i t i c  Fe  

0.32 

0.10 

0.19 

1.06 

. 0.42 

S u l f a t e  S 

0.26 

0.05 

0.06 

0.01 

0.06.  

P y r i t i c  S 

1.07 

1.06 

0.70 

0.30 

, ' 0.03 
. . 



concentrations of K-A1-Si oxides. Depending on the operating conditions of 
the gasifier, deposit formation from either pyrite or K-A1-Si oxides may 
dominate, and Western Kentucky coal may be.either highly fouling, due to 
pyrite, or only fairly troublesome, due to K-A1-Si oxides. Montana coal was 
expected to be moderately fouling, followed by Indiana coal and Texas lignite. 

Coal Screening Test Development 

The small-scale agglomerating combustor/gasifier located at the Westinghouse 
R&D Center will be used for the coal screening test development. Coals will 
be tested in the unit for deposit formation potential under operating 
conditions suitable for ash agglomerate formation. Deposit formation will be 
measured on a refractory probe located in the freeboard area of the unit. The 
probe will also be capable of cooling to study the influence of probe 
temperature on deposit formation. The d.ira-cuuled probe I s  made of a disk of 
Castolast G material (4-inch-diameter) cast over a coil of Incoloy or 
stainless steel tubing. Thermocouples are embedded in the disk to measure its 
temperature. 

Deposit Formation Control Technique Development 

Two deposit control techniques were tested on the PDU which show technical 
promise: (1) injection of water into the fuel gas outlet to cool the gas 
below the deposit formation temperature (2) and cooling of a section of the 
cyclone internal surface below the formation temperature. The first step in 
the deposit formation control technique development effort is to assess the 
commercial feasibility of those two techniques as a function of the gasifier 
application. This feasibility evaluation was initiated this quarter with the 
development of a basis for the evaluation and a definition of the scope of the 
assessment. 

The conclusions from the assessment of water injection and hardware cooling 
can potentially lead to the formulation of a variety of program objectives, 
rariyirig from developing a greater understanding of the commercial design of 
these techniques to developing alternate control techniques. In general, the 
steps involved in the development of alternate control techniques are: 

Propose alternate control techniques based on.current 
understanding of deposit formation mechanisms. 

Characterize the proposed techniques in the laboratory and 
rank their technical and commercial potentials. 

Verify the high-ranking techniques on the PDU. 

Perform commercial design evaluations. 

Work Forecast for Next Ouarter 

Continue coallchar characterization tests on the 
thermogravimetric analyzer. 



a Perform ash agglomeration tests with Indiana #7 and Pittsburgh 
seam coals. 

a Complete construction of the deposit formation probe for the 
coal screening tests and test using a variety of coals and 
gasifier operating conditions. 

Verify deposit formation mechanisms by chemical/physical , 

characterization of aeposits generated on the probe in the 
coal screening test. 

a Complete the assessment of commercial feasibility of deposit 
control by water injection and hardware cooling and define the 
development effort objectives based on the conclusions. 

7.3 GASIFIER SYSTEM MODEL INTEGRATION 

design procedure is being prepared for the hestinghouse gasifier to reflect 
1 1  the conceivable phenomena affecting gasifier performance. This procedure 
i l l  enable accommodation of new developments and improvements on the existing 

models. A tentative sequence for the procedure was prepared, and a 
compilation of all available models/correlations describing relevant phenomena 
is i r ~  progress. 

Work Forecast for Next Quarter 

Complete compilation of all available models and correlations relevant to the 
design procedure for the gasifier system model integration. These will be put 
in programmable forms, and will be inserted into the final procedure sequence. 

7.4 PURTICULATEICHEMICAL PROFILES AND CONTROL 

The solids handling and heat transfer requirements associated with the 
proposed continuous recycle of char carryover from the PDU fluidized bed 
gasifier were analyzed. The analysis focused on: (1) determining the total 
recycle rate as a function of bed operating parameters and (2) investigating 
var iuus opt ions for cool ing the recycle char t.o t.emperatures (s400°F) that 
the proposed starwheel feeder can tolerate. 

An existing particle profile computer program developed by Westinghouse for 
fluidized bed combustion systems was used to project the PDU gasifier char 
recycle rates.- A description of the particle profile program was previously 
documented.2,3 A recent research memo4 provides detai 1 s of the 
modifications and calibrations.performed on the program to facilitate its use 
for the PDU gasification system. Table 7.4-1 summarizes the program 
projections for the  continuous recycle mode of gasifier' operation. The 
signif,icant result is that, depending on the performance of the C-119 cyclone, 
char recycle rates may vary from one to as much as seven times the coal feed 
rate. For the base case studied, this corresponds to solid flows from 800 to 
4900 pounds/hour. 



TABLE 7.4-1 

PARTICLE PROFILE PROGRAM PROJECTIONS FOR RECYCLE MODE OF OPERATION 

e 
I Grade E f f i c i e n c y  Assumed f o r  the,C-119 Recycle Cyclone 

Parme t e r  

Coal 'eed Rate 

Ash Withdrawal Rate 

Bed Carryover Rate 

and the  Second-Stage Cyclone i s :  

As Suppl ied 
by  Ducon 

87.9 g/s 
(697 l b / h r )  

14.8 g/s : 

(117.4 l b / h r )  

611.6 b/s 
(4849.5 l b / h r )  

608.4g /s  ' 

(4824 ' 1 b /h r )  

2.8 g/s 
(21.9 l b / h r )  

99.5% 

2.2 g/s 
(17.4 l b / h r )  

0.6 g/s 
(4.8 l b / h r )  

78.1% 

b 

"Worst Case" 
! frm PDU 

Performance 
Curves f o r  C-119 

87.9 g/s 
(697 l b / h r )  

11.9 g/s 
(94.3 l b / h r )  

108.2 g/s 
(858.1 1 b /h r )  

"Best Case" 
from P9U 

Performmce 
Curves f o ~  C-119 

87.9 g/s 
(697 lb!l-r) 

13.7 g/s 
(1C18.3 1 b /h r )  

303.8 g/s 
(2409 l b f i r )  

299.4 g/s 
(2373.8 1 b /h r )  

3.9 g/s 
(31,.1 l b / h r )  

98.6% 

1.7 g/s 
(13.5 l b / k r )  

2.2 g/s 
(17.6 lb!hr) 

43 .5% 

Primary Cyclone Recycle Rate 

Primary Cyc 1 one Err,i ss i on Rate 

Primary Cyclone E f f i c i e n c y  

Secondary Cyclone 201 l e c t i o n  Rate 

Secondary Cycle Emissic~n Rate 
I 

Secondary Cycl one E f f i c i e n c y  

102.1 g/s 
(809.2 1 b / h r )  

5.7 g/s 
(45.1 l b / h r )  

94.3% 

1.3 g/s 
(15 I b / h r )  

3.8 g/s 
(30.1 I b / h r )  

33.2% 



Several options were examined f o r  cool ing the recycle char from i t s  e x i t  
temperature of 1600°F t o  the required 400°F. These included: (1) a f i xed  bed 
mode wi th jacketed pipe cooling, (2) a f i xed  bed mode wi th a central  
cy l i nd r i ca l  cooling surface, and (3) a " f ree f a l l "  mode o f  cooling. The f i r s t  
option i s  not v iable since the analysis showed tha t  f o r  recycle loop mass 
flows of'more than 75 pounds/hour the 480°F temperature cannot be reached a t  
the end o f  the proposed 20-foot f a l l .  Option two approaches the lower l i m i t  
of the required cooling r a t e  with the constraint  tha t  the spacing between 
cooling surfaces should not exceed 1-1/2 t o  2 inches. Both the f i r s t  and 
second options are susceptible t o  water condensation problems given the 
potent ia l  f o r  a high p a r t i a l  pressure o f  water vapor i n  the gas, especial ly 
wi th  the cyclone spray system being considered. The t h i r d  option examined 
gave promising resu l ts  only f o r  the l i m i t i n g  case f o r  which a l l  the char 
par t i c les  were assumed t o  have an op t i ca l l y  c lear  view o f  the cooled pipe 
walls and radiat ion was strong. However, considering the high solids: gas 
mass r a t i o  i n  the cooler (2.5 pounds/pound), t h i s  assumption i s  not val id. 
Option three i s  also susceptible t o  water condensation problems. Another 
potent ia l  problem wi th option three i s  tha t  o f  transport gas leaking past the 
feeder and f lowing up the cooler leg  i n t o  the cyclone, where it w i l l  have 
deleterious e f fec ts  on cyclone performance. I n  summary, none o f  the three 
cooling options analyzed appear viable. 

A high temperature so l ids feeder w i l l  obviate the problem o f  char cooltng. 
Toward t h i s  end, a high temperature sol ids feeder was i den t i f i ed  (Figure 
7.4-1). Available from the General Atomic Company, the u n i t  i s  rated f o r  
1300°F operational duty i n  t ransferr ing sol ids across pressure boundaries and 
has been' used f o r  t ransferr ing graphite f ines (%I25 pm) from a recycle 
cyclone back i n to  a f l u id i zed  bed system. The u n i t  i s  available i n  a var ie ty  
o f  sizes. The 6-inch u n i t  has been operated a t  1200°F f o r  extended periods o f  
time, t ransferr ing approximately 2 tons per hour a t  6 rpm. 

Work Forecast f o r  Next Quarter 

Apply the pa r t i c l e  p r o f i l e  model t o  in terpretat ion o f  PDU data. 

7.5 ENVIRONMENTAL IMPACT STUDIES 

The f i n a l  Kesource Conservation and Recovery Act (RCRA) regulations (Phase I) 
on hazardous waste management as promulgated i n  the Federal Register, May 19, 
1980, were care fu l l y  reviewed and are out l ined i n  Figure 7.5-1. The 
promulgation schedule f o r  the three-phased RCRA program i s  summarized i n  Table 
7.5-1. The hazardous waste i den t i f i ca t i on  mechanism as modified i n  the f i n a l  
regulations i s  shown i n  Figure 7.5-2. Special a t tent ion was directed toward 
ident i f y ing  the changes from the previously proposed regulations (Federal 
Register, December 18, 1978). Two o f  the major changes that  could have impact 
on Westinghouse coal gas i f icat ion residue disposal are: 

a Extraction procedure (EP) t o x i c i t y  c r i t e r i a  were relaxed from 
lOxDWS t o  100xDWS. 

a The 'special waste category," which was proposed t o  include 
u t i l i t y  waste, was eliminated i n  the f i n a l  regulations. 



TRANSFERS ABRASIVE SOLIDS ACROSS PRESSURE BOUNDARY 

* RATED FOR 7mmC OPERATION 

GRAPHITE FIBER SEALS-N2 PURGED 

SOLID LUBRICANT BEARINGS 

FLAME-SPRAYED COATINGS ON ROTOR TO MINIMIZE WEAR RATE 

AVAILABLE I N  VARIETY OF SIZES-6" IS STANDARD 

+ CAN BE CONSTRUCTED FOR CHEMICAL CORROSION RESISTANCE 

F i r e  7.41. High Temperature Rotary Solids Feeder 



ALL PERSONS 
WHO HANDLE 

HAZARDOUS WASTES 

NOTIFY EPA, < 90  DAYS 

OBTAIN I D  NUMBER.  

GENERATORS TRANSPORTERS 

PART 262 PART 263 

OWNERSIOPERATORS OF 
TREATMENT/STORAGE/DISPOSAL OF 

HAZARDOUS WASTES 
INCLUDING GENERATORS 

WITH > 90  DAYS 
ON-SITE STORAGE 

STOP OPERATION 
INTERIM OBTAIN STATUS 1 I I F  W10 

PART 265 INTERIM STATUS I 
I APPLY PERMIT I 

PARTS 264, 
122,124 

Figure 7.5-1. Hazardous-Waste-.Regula tions - Phase I 



TABLE 7.5-1 

KCRA SCHEDULE 

May 19, 1980 

August  16, 1980 

November 19, 1980 

Nuve~l~ber,  1480 ' . 

A f t e r  1981 

Promu lga t ion  o f  Phase I Hazardous Waste R e g u l a t i o n s  

Generators  Determine i f  Waste Hazardous 

0 N o t i f y  EPA o f  A l l  Hazardous Waste A c t i v i t i e s :  
Generat ion,  Storage, T r a n s p o r t ,  Treatment  and 
D i s p o s a l  

Phase I R e g u l a t i o n s  E f f e c t i v e  
-- 

. Scheduled Promu lga t ion  o f  Phase I 1  R e g u l a t j o n s  

0 ~ r o r n u l ~ a t i o n  o f  A d d i t i o n a l  Ha7ardntrs Waste L i s t  
by EI'A 

0 Phase I11  R e g u l a t i o n s  . to  be Proposed 



SOLID WASTE 7 
NDT ON LISTS I 1 LISTED WASTES 

LISTS 
I 

.) . OELISTED .) 
HAZARDOUS WASTE CHARACTERISTICS DELISTING PETITION I 

1 I 

I&]+I REACTIVE 

WASTE WASTE 

ACUTE HAZARDOUS 1 TOXIC 1 
I I 

FAILSTO DELlST 
I " 

~ i ~ k r e  7.5-2. Hazardous Waste Identification Mechanism , 



However, utility waste will be temporarily exempted from the Phase I 
regulations. The Environmental Protect ion Agency (EPA) plans to develop 
specific standards in the Phase I1 and Phase I11 program that are applicable 
to energy wastes from fossil fuel processes to incorporate more flexible, 
site-specific factors. 

These changes do not alter the previous conclusion, based on the proposed 
regulations, that the ash agglomerates from the Westinghouse coal gasification 
process are not hazardous according to the RCRA. 

Leachate analyses were completed to investigate the effects of the following 
variables: 

Leaching Medium - Table 7.5-2 summarizes the. results of test 
TP-020-2, an alr-blown devolati 'I izer/gasif ier test, using 
.deionized water, C02-saturated water and acetate buffer as 
t h e  media. Only a very slight difference was noted between 
the deionized and CU2-saturated water leaching. Leachate 
with CO -saturated water (pH ~ 4 )  had. .a  slightly lnwer pH ? and a s lght ly higher Ca, So4 and TDS. But acetate-buffered 
leachate had a much lower pH and higher concentrations of TDS, 
Fe, Mn, C1, Al, B, Ca, Ga and Si. 

Particle Size - Table 7.5-3 summarizes the results of leachate 
characteristics of two particle size fractions (~500 pm 
and >I400 pm). Higher concentrations (Mn, B, Hg, Mg, Si, 
So4 and TDS) are seen in the leachate from the smaller , 

particle size. 

Surface Area - Table 7.5-4 summarizes the results from the 
leaching tests on test TP-020-2 agglomerates before crushing 
and after crushing to increase the surface area. Higher 
concentrations of B ,  S04, S ana TDS are found in the 
leachate of the crushed solids, which had a higher 
solid/liquid contact surface area. 

Work Forecast for Next Quarter : 

'Test the Texas lignite ash agglomerates from TP-023-4. 
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TABLE 7 . 5 - 2  

LEACHATE CHARACTERISTICS OF TP-020 -2  ASH AGGLOMERATES 
AS A FUNCTION OF LEACH MEDIUM 

DWS - N I PDWR, NSDWR, a n d  WHO D r i n k i n g  Water Standards 

v//4 Exceeds DWS 

Exceeds 10 x DWS 



TABLE 7,5-.3 

LEACHATE CHARACTERISTrCS OF TP--020-2 ASH AGGLOMERATES 
AS A FUNCTION OF SOLID PARTICLE S I Z E  

. . . .  

DWS - N I  PDWR, NSDWR, and .W l i 0  D r i n k i n g  Water Standards 

v 7 A  Exceeds DWS 

Exceeds 10 x DWS 

PO4 
TOC 
PH 

SC,p  mholcm 

< 1 
< 10 

7.76 
133 

< 1 
< 10 

7.77 
188 

- 6.5-8.5 .. 
?r 



TABLE 7.5-4 

LEACHATE CHARACTERISTICS OF T P - 0 2 6 ~ 2  'ASH AGGLOMERATES 
AS A FUNCTION OF ASH SURFACE AREA (CRUSHED VERSUS 

UNCRUSHED AGGLOMERATES) -- 
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