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SCR Holds Promise for Effective NO, Control 
CCT Projects Address Higher Costs, Limited U.S. Experience 

Clean Coal Briefs 
This quarter saw several major 

projects in the Clelm Coal Technology 
Program complete construction activi- 
ties and move into initial opcretions, 
bringing to 17 the total number of 
operatingf~cilitiesin theprogram Data 
generated from these projects will help 
utilities form their stratcgics for corn- 
pliance with the IYYO Clean Air Act 
Amendmxlts. 

Pure Air began running its first 
advanced flue gas desulfurization unit 
on June 2. The scrubber is running 

well, capturing more than YO percent of 
the SO, emissions from two units at 
Northern Indiana Public Service 
k’s Bailly Station Construction of 
the 528 MW scrubber was completed 
ahead of schedule and within its origi- 
nal budget (see story,p. 5). Senators 
PhilGramm(TX)andRichardLugar 
(IN) were among the guests at a 
NIPSCO Open Housc to note the third 
anniversary ofEarth Day.. Across the 
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Selective Catalytic Reduction (SCR)--a postcombustion process for destroying 
nitrogen oxide (NOi) before it is emitted into the atmosphere-has the potential to 
be one of the most effective options for reducing NO\ from existing and new fossil 
fuel-fired power plants. 

SCRtechnologygenerallyinvolvesi~?jectingammoniaintothefluegasofaboiler 

and passing it over a catalyst where the ammonia rencts with NO, to produce 
molecular nitrogen and water vapor, usual components of ouratmospherc. SCR can 
be used alone or with other emission control processes to provide an integrated 
pollution control system. 

In wide commercial use with low sulfur coals in both Japan and Europe. SCR 
consistently xhicvcs more than 80 percent NO, reduction-significantly higher 
than othcrcmerging NO% control techniques. And because it is installed downstream 
of the boiler, SCR can be used with all types of boilers. Yet certain issues remain 
to be resolved if SCR technology is to rcalize its potential in the United States. 
Capital costs arc higher than those of other NOL control techniques. 

A second concern is the limited U.S. experience with SCR. Because the catalyst 
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SCR...continued from pg. 1 

can deteriorate as it ages, ““reacted 
ammonia CB” pass through the SCR 
reactor. This ammonia combines with 
other constituents of flue gas, forming 
sticky solids that can cause corrosion, 
plugging or other operating problems. 

Technicalpetiormanceandcostdata 
from three projects in the Clean Coal 
Technology program will help address 
these concerns with SCR technology. 
One project will look at SCR with high 
sulfurcoals and arangeofcutalysts and 
operating conditions. The other two 
projects each uniquely combine SCK 
withotherpollutioncontroltechniques. 

The success of these demonstrations 
will be especially important if regula- 
tions adopted under the Clean Air Act 
amendments eventually require espe- 
cially high levels of NO” reduction. 
While low-NO” combustion technolo- 
gies may be able to achieve enough 
reduction to meet the law’s acid rain 
requirements, Title I of the new law 
requires maximum NO. reduction in all 
““onattainment” areas, including a I h- 
state area in the northeastern U.S. 

DRY WASTE TO DISPOSAL 

SOxNOxRox Box (SNRB) Process Schematic 

Southern Co. Services 

I” this project, sponsored by South- 
ern Company Services, nine reactors 
(six small and three large) will be used 
with nine different catalysts to provide 
dataforscale-up,performance,a”dcost 
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evaluation. Fluegasslipstreams(0.201 
2.5 MWe) at 700°F from a 75 MWe 
boiler at Gulf Power Company’s Plant 
Crist, Pensacola, Florida. will be used 
for the tests. 

After ammotlia injection, the flue 
gas will pass over the SCRcatalyst beds 
where more than X0 percent of the NO, 
will bereducedto”itrogen.Thehhottlue 
gas will be cooled in the air prchcater 
prior to release to the stack. 

High sulfur coals (2.6 to 3.1 percent 
sulfur) will be used for the tests, which 
are scheduled to begin in the Spring of 
1YY.i. 

SNRB 

Babcock & Wilcox Co. is prcmicr- 
i”gtestsoftheSOxNOxRoxBox(SNRB) 
process using a 5 MWe tlue gas slip- 
stream at Ohio Edison’s R.E. Burger 
Plant in Dilles Bottom, Ohio. With this 
integratedenmissionscontrol technique, 
hydrated lime is injected into the gnses, 
reacting with SO, and SO, to fornl 
particulates of calcium ulfite and GI- 
~iutnsdiate. Amm~~“iaisthenII1Ject~d 
into the ilue gas which flows to a high 
tempcratwe haghou\c tot- part~culati: 
itlId NO, I.CrllWLII. A Ll”i‘~LIC t’eature ill 
>&KU I\ lhilt thy. XK catalyst ,\ ii,. 

vi,,, “FI’~“,W l,(/ ,(” f 



Clean Coal Technology SCR Projects Summary 
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SCR...continued from pg. 2 

stalled with the bags, resulting in a 
significant saving of space. 

Approximately YOpercent NO,,70- 
80 percent SOx, and 99+ percent par- 
ticulates are expected to hc captured in 
the SNRB system using high sulfur 
coals. Initial testingon theBurgerplant 
SNRB unit has demonstrated that these 
performance goals can he achieved. 

In support of the Clean Coal project 
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a hag fabric evaluation unit at the 
Colorado Springs Martin Drake Plant 
has accumulated 2,SOO operational 
hours. 

SNOX 

In the SNOX project, being con- 
ductedhy ABBEnvironmentalatOhio 
Edison‘s Niles Station, a 35 megawatt 
slipstream is sent to the SCR reactor 
which is located downstream of a 
haghouse and a flue gas reheater. 

More than 90 percent of the NO. in 
the heated particulate free flue gas 
r-.~;!ct‘-~~ithammoniain thepresenceof 
\ ;?:!I.’ ‘opsoe A/S catalyst to form 

:,,;:A ..:‘1 ;:,:d water vapor. 
‘&e effluent from the SCR reactor 

is then passed over an oxidation cata- 
lyst toconverttheSO,toSO,. Thenthe 
flue gas is cooled in a proprietary heat 
exchanger. condensing the SO, and 
water to produce saleable sulfuric acid. 
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The SNOX process is designed to 
remove more than 90 percent of NO, 
and 95 percent of SO,. 

Construction of the demonsuation 
unit was completed in December 1991 
and the test program began in March of 
1992. Preliminary results indicate that 
emission reduction goals will be met. 
Full load operational tests will begin 
early this summer. 

SCR technology promises many 
benefits as a pollution control tech- 
nique-high effectiveness, wide boiler 
applicability, ease of retrofit, lack of 
mechanical parts and ease of operation. 
But with its promise also comes its 
challenges of high cost and reliability 
with U.S. coals. 

Detailedperformanceandeconomic 
data from each of these Clean Coal 
Technology projects will help deter- 
mine the future for SCR technology as 
a cost-effective pollution control 
strategy in the U.S. m 
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TM Plant Sets New Technical Operations 
And Environmental Performance Records 

More than 720 hours (30 days) of 
continuous operation were achieved at 
American Electric Power’s Tidd Plant 
in Brilliant, Ohio in June and July, 
setting a new record for extended op- 
eration. The run included 100 hours at 
full bed height, a target previously set 
for the plant. Following the run, the 
plant was brought to an orderly shut- 
down toallow engineers toexamine the 
effects of the record setting test run. 
Prior to the record setting run, the long- 
estpreviousrunat tbeTidd sitewas I54 
hours. 

At the same time, the plant’s envi- 
ronmental performance has met or ex- 
ceeded expectations for eliminating 
sulfur dioxide and nitrous oxide emis- 
sions. Environmental tests conducted 
in February showed that the Tidd unit 
was in compliance with sulfur dioxide, 
nitrogen oxides, carbon monoxide and 
particulate emission limits. 

The test run began on June 8, 1992. 
Its completion brings the project’s total 
accumulated run time to more than 
2,100 hours. In February, the plant 
reached its maximum generating ca- 
pacity of 70 megawatts. Demonstra- 
tion runs will continue through March 
of 1994. 

Problemsencountered todate-such 
as cyclone pluggages, fuel injector 
pluggages, bed-ash or sorbent agglom- 
eration-have been evaluated by the 
project engineering staff and have been 
resolved with facility modifications or 
operational changes. 

Futurepiansincludeparametrictests 
(using different coals and sorbents) as 
well as evaluation of ha gas cleanup 
filters using a flue gas slipstream from 
the facility. Both programs are ex- 
pected to be underway by the end of the 
summer. 

Nearly 200 engineers, government 

ENCOAL Plant Starting Up 
Plant startup and pre-operational 

testing are under way at ENCOAL 
Corporation’s demonstration facility 
near Gillette, Wyoming. The $72 mil- 
lion project, 50 percent cost shared by 
DOE, will soon begin the planned two- 
year operating period. 

burn tests is expected to begin by mid- 
summer. ENCOALhasnegotiatedcon- 
tracts with both industrial and utility 
users for combustion tests of all fuels 
produced in the first year of plant 
operation. 

The 1,000.ton per day plant will 
convert low-rank Powder River Basin 
subbituminouscoalfromtheTritonCoa1 
Company’s Buckskin Mine into two 
marketable fuels-a low sulfur coal- 
derived liquid fuel, similar in quality to 
a low sulfur No. 6 fuel oil, and a solid 
fuel th:+! has the benefits of high rank 
I::cs:,‘:~ i:.” *litmus coals, but without 
li : b :*,?i-~?i:!‘. .dI content. 

Thetwofuelsproducedintheprocess 
constitute 60 percent of the original 
input coal by weight, but contain 90 
percent of the coal’s original beating 
value. 

TheENCOALproject has progressed 
quickly since the signing of the Coop- 
erative Agreement in September of 
1990. 

ii~ pkmned during startup of the 
project, the plant was operated up to 70 
percent capacity in a fully integrated 
mode, and produced specification solid 
fuel. 

One month after DOE approval, a 
formal ground-breaking ceremony was 
conducted at the project site marking 
the first Clean Coal III project to begin 
construction. 

Full scale production of products for 

Construction and commissioning of 
the mild gasification plant was 
completed in May, 1992. . 

officials, educators, engineering con- 
sultants and representatives of other 
electrical utilities attended the second 
annual Technology Transfer Open 
Houses held at the Tidd Plant on June 5 
and June 8. The open houses included 
technical presentations and plant tours. 

Sponsors included the Ohio Coal 
Development Office, The Babcock & 
Wilcox Company, and American Elec- 
tric Power. Participants learned about 
the design of the Tidd PFBC Plant and 
its operational experience since first 
generatingelectricityfromacombined- 

cycle operation in late 1990, and the 
ceramic, hot-gas filter system that will 
be exposed later this year to part of the 
PFBC gases. 

Tbc project is one of the first large 
scale plants to become operational un- 
der DOE’s CCT Program. DOE is 
providing $60.2 million of the total 
estimated project c’ost. m 

Round V Update 
On July 6, 1992, DOE issued the 

fifth and final of its originally-sched- 
uled solicitations (Program Opportu- 
nity Notice (PON) for Clean Coal 
Round V) in the multi-billion dollar 
Clean Coal Technology Demonstra- 
tion program. 

Proposals are due by December 7, 
1992, and DOE expects to announce 
its selections by May 6, 1993. 

Approximately $568millioninfed- 
era1 matching funds will be made 
available by DOE for the projects 
selected in this round of the CCT 
program. 

In the PON, DOE is emphasizing 
projects that woulddemonstrate tech- 
nologies that “shall advance signifi- 
cantly the efficiency and environ- 
mental performance of coal-using 
technologies and be applicable to 

See “Round V” on pqe /, 



Pure Air FGD Scrubber Begins Operations 
Indiana Utility Leads 
Nation in Clean Air Act 
Compliance 

At Northern Indiana Public Service 
Co.‘s (NIPSCO) Bailly Station along 
theshoresofLakeMichigan,nearGary, 
Indiana, advanced clean coal techno- 
ogy isallowing the utility tobecome the 
first in the U.S. to meet new sulfur 
dioxide emissions standards from the 
Clean Air Act Amendments of 1990. 

Pure Air-a general partnership bc- 
tween Air Products and Chemicals, Inc. 
and Mitsubishi Heavy lndustrics 
Amcrica,lnc.-beganoperatingit~first 
advancedtluegasdesulfurirationfacil- 
ity on June 2. Operations have gone 
extremely well, with the facility captur- 
ing at least 90 percent of the SO, emis- 
sions from the power plant while mak- 
ing a high quality gypsum product that 
is being sold to a nearby wallboard 
plant. 

The $150.5 million project-that 
includes design, construction and three 
years of operation-is one of 42 gov- 
ernment/industry efforts being funded 
through the Department of Energy’s 
Clean Coal Technology program. 

The pioneering technology is allow- 
ing tbc utility to meet its Clean Air 

requirements nearly two years ahead of 
its deadline while holdingdowncosts to 
ratepaycrs and avoiding coal mining 
job losses in the midwest. 

The Pure Air advanced desulfuriza- 
tion system-with the largest capacity 
SO2 absorber in the western hemisphere 
and the largest in the world to opcrete 
with high sulfur coals-is treating the 
fluegasesfromtwoboilers(Units7and 
8) at the Bailly Station which have B 
combined capacity of 528 megawatts. 
Emissions from the plant will be re- 
duced by about 50,000 tons of SO, per 
y-%lr. 

The project was brought on line two 
weeks ahead of schedule and within its 
budget,despitcacollapseofthecooling 
waterrecirculationlinesat theplantlast 
summer which took several months to 
repair. 

The Pure Air scrubber has several 
advanced features compared to first 
generation scrubbers. The absorber 
uses a high-velocity co-current design, 
so that the scrubbing slurry flows in the 
same direction as the tlue gas. This co- 
current design allows a relatively high 
tluc gas velocity--about 20 feet, per 
second, versus eight to 12 for a conven- 
tional unit. This allows for smaller 
space requirements. 

NIPSCO Bailly Station. Pure Air SO, Scrubber and New Stack are to 
Right of Power Plant (528 MWe) 

5 

Because of the system’s high degree 
of reliability, no spare or backup mod- 
ulesarer~quired,resulting inasubstan- 
tial cost saving. 

Another key benefit of the technol- 
ogy is its ability to produce high-grade 
(93 percent purity) gypsum as a 
byproduct instead of the waste sludge 
typically produced with older scrub- 
bers. A long-term gypsum sales agree- 
ment has already been signed with the 
U.S. Gypsum Corporation for use at a 
nearby wallboard plant. 

Contributing to the gypsum’s high 
degree of purity is a novel device called 
an air rotary sparger located in the 
absorber module. The sparger com- 
binesstirringandairdistribution within 
the absorber, facilitating the oxidation 
of sludge to gypsum. Merging these 
functions in one piece of equipment 
will provide better mixing within the 
base of the absorber, making a higher 
quality gypsum. 

Another unique feature of the Pure 
Air system is the way it treats wastewa- 
ter from the scrubber. Wastewater is 
injected into the tlue gas ductwork up- 
stream of the existing electrostatic pre- 
cipitator. The hot gases evaporate the 
water, and dissolved solids will be cap- 
tured by the precipitator along with the 
lly ash. 

At Bailly, capital costs are expected 
to be held to $160 per kilowatt, com- 
pared to the $300 per kilowatt cost of 
building conventional wet scrubbers. 
And the scrubber’s improved energy 
efficiencyandhigbreliability willmean 
lower operating and maintenance costs 
as well. 

In addition to these advanced techni- 
cal features, the project is showcasing a 
first-of-its-kind innovative business arm 
rangement whereby Pure Air financed, 
designed, built, and will own, operate, 
and maintain the scrubber facility for 
the utility fora20-yearperiod. Suchan 
arrangement lessens the capital funding 
requircmcnts for the utility, and allows 
theutilitytomaintainitsfocusonpower 
generation and distribution. . 



B&W Low-NOx Cell Burner Tests Under Way 
The Babcock & Wilcox company 

(B&W) hascompletedparametrictests 
of a new Low NO Cell’” burner 
(LNCB)’ system that had been retro- 
fitted onto Dayton Power & Light’s 
(DP&L’s) 605 MWe No. 4 boiler at 
their J.M. Stuart Station near Aber- 
deen. Ohio. 

The LNCIM burners met a major 
prqjectgoalreducin@NO~emissions by 
more than fifty percent. 

The boiler was originally fired with 
B&W’s standard two-nozzle cell bum- 
ers. These burners. designed in the 
IY6Os forhighheat releese.areactually 
two burncrs close coupled to form a 
“cell” that produces rapid fuel/air mix- 
ing and a relatively small llame zone. 

Cell burners thus produce a very hot 
llameandacorrespondinghighlevelof 
NOk formation. Because of the close 
burner groupings, cell burners cannot 
be replaced with standard low-NOi 
burners without extensive water wall 
modifications. B&W, with funding 
assistance from the Electric Power Re- 
search Institute, developed the LNC 
burneras;meconomical low NOa “plug- 
in” replacement for cell burners. 

In November 19’) I DP&Lstarted”p 
boiler No. 4 with 24 newly retrofitted 
LNC burners. During the start-up, very 
highcarbonmonoxide(CO)concentra- 
tions (up to I2 percent) were observed 
in the lower furnace below the burners. 
The level of NOx reduction in the boiler 
was only about 35%. well below the 
project goal. 

By retracting the coal impellers in 
all the burners to focus the flame more 
tightly, NO. emissions reduction in- 
creased to about 45% but this only 
slightly reduced the CO concentration 
in the lower furnace (about 8-10 %G). 

Tb; I ,liC l,i~ml,v ,ii~v : i: to mini- 
m ,t,t ‘~ (J; ::j, (,,, e, Ji, ,,,;,y :~,,,:/ ‘&W 

an ill :,i,, :x,r,~ I: cj !,,, /v ;A~’ .Li po- 
tc,iiiai Im?rj.-t~Ydl; !il.i!i:iu11s LO the lower 
furnace reducing gas condition. 

The impeller retraction test indi- 
cated that impellers having a narrower 
spray angle would improve NO< rcduc- 

[ion. Numerical mod&n@ showed that 
the CO problem could be resolved by 
inverting alternate LNC burners and 
their NO< ports on the bottom row of 
burners. This would insure a combus- 
tion air supply for the reducing gases in 
the lower furnace. 

Inversion of alternate Low NO\ Cell 
burners and replacement of the LNC 
burner coal impellers with those of a 
shallower deflection angle were oom- 
pleted during a scheduled el&en-day 
outage ofthe boiler that began April 26. 
lYY2. During that time. DP&L in- 
spected the boiler nod noted that the 
pendantsuperheatersurtacewascleaner 
than usual. 

Parametric testing began May 14, 
lYY2. Preliminary results show that the 
impeller change and burner inversion 
were successful. The Low NO> Cell 
burners are now achieving better than 
50% NOa reduction. Long-term testing 
should begin mid-July. If success con- 
tinues, the project will be the first com- 
mercial-scale, full burner retrofit dem- 
onstrationofthistcchnologyonautility 
boiler. 

Cell type burner units account for 
approximately 24,000 MWe of electri- 

cal generation capacity in the U.S. 
Within the U.S., there are 34 utility 
boilers(alldesi~nedbyB&W).equipped 
with cell-type burners. Of this total. 
approximately YO%I are of the two- 
nozzle cell type, ranging from 300. 
1.300 MWe with the average size of 
these boilers being 766 MWe. 

These units produce approximately 
I3 percent ofthcpre-NSPS utility NO, 
emissions and are likely to be targets of 
NO\ reduction regulations. 

The LNC burner. assuming success- 
ful demonstration of the technology. 
will offer B viable alternative to com- 
mercial low-NO, burners. selectivecate- 
lytic reduction. and thermal de-NO\ 
systems at reasonable capital and oper- 
ating costs. l 

Above: Workers at Dayton Power 
& Light Co. J.M. Stuart Plant 
Finalize Installation of Two Low 
NO, Cell Burner Arrangements In 
Boiler Wall of 605 MWe Unit No. 4. 

Left: Close-Up Shows Adjustable 
Louver Dampers in Upper Open- 
ing and LNC Burner In Lower 
Opening. Coal Enters Through 
Center Nozzle-Outer Vanes Impart 
Swirl to the Secondary Air. 
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state, the LIFAC sorbent in,jcctiondes- 
ulfurira~ion unit began initial opcra- 
tionsinJune. TestsatRichmondPower 
bi Light’s Whitcwater Velley Station 
iire expected to u” through lYY4. 

The neighboring state of Ohio also 
inaugumled commercial-scale opera- 
lions on Iwo new proiects. both demon- 
swain): lechnolopies designed to IC- 
n~ovc nudt~plc pollu&ml\ with R single 
process while avoiding waste disposal 
problems. Al Ohio l.:dison’s NBes 
plant ineastemOhio. testolihe SNOX 
process beyano” March 2.3. About we 
third ofthc llue gaseh tnm the plant‘s 
I 15 megiwau “nils 1s bcinp trcoled. In 
addition lo mecllng c~n~ssion goals. 
early tests arc showing the process can 
produce high qualily (Y.? percent PUIC) 
sulfuric acid--nearly 50 ions have a- 
ready been made Down the river at 
Ohio Edison’s R.E. Burger Station in 
Dilles Bottom, tests of the 
SOxNOxROxBox (SNRB) con- 
menced on May IX. A five megawatt 
slipswear” of flue gas is being treacd 
with the innoviltive process All 
indications are that the process should 
easily mcel its performance goals for 
SO\. NO%. md parriculales Clean 
Coal Today readers are encoumgcd to 
atlend a one day technology rransfer 
open house at the Burger Station fo see 
the SNRB system in action. The day- 
long technical program and tour-spon- 
wed by the Ohio Coal Development 
Off%-will be held twice-once on 
Friday, August 21 and again on Mon- 
day,August 24. Advanceregistrationis 
required but there is no fee involved. To 
register, call I-X00-444.SNRB. Two 
highly successful similar events have 
already been held at the Tidd plant. 

Start-up activities also began at rhc 
ENCOAL plant in Gillelte. Wyoming 
in June. SLitI newly three months ahead 
of schedule, the phmt is expected to be 
in full operation by mid-July. Opera- 
tions will run fortwoyenrs. Wisconsin 
Power 81 Light and Texaco Power 
have each signed contracts to purchase 
theplant’sproducts.. Inarelateditem. 

Shell Oil Company announced tha it 
plans to sell Shell Mining (parent 01 
ENCOAL) toZeiglerCoal Holdin~Co. 
The Clean Coal pro.ject is not expected 
to he affected by the wlc. 

The depimment also isppl’ovcd a re- 
assignment olthe City of Tallahassee‘s 
CFB repowxin~ project to the York 
County Energy Partners. i, subsidiary 
of Air Products & Chemicals. The 
relocu~ion willmvolve buildingagrass- 
roots 250 nq;nvett cogencralion plant 
that will provide both power 10 Mcwo- 
politan Edison a”d steam 1o a nearby 
manufacturing plant. ‘The cwulating 
lluidizcd bed combustion tcchnoloey 
wdl be prowded by Foster Wheeler 
USA. Federal lundinp Ior rhe prolccl 
re”xins ill about $75 million. Project 
tolal COSI is noufl $374.3 million. 

On July I, Gulf Power Company, 
Southern Company Services hosted 
a” open house and groundhreaking to 
kick oft” conwuc~ion for its selective 
catalytic reduction project at ils Plant 
Crist i” Pensacola, Florida. Informa- 
Go” fwm therlcmonsrrationoftliis tech- 
nology on U.S. coals will be critically 
important in upcoming years as final 
NO% regulations xc put i”lo place (see 
story p. I). 

Assistant Secretary for Fossil En- 
ergy James G. Randolph represented 
the Energy Department on Ju”c 25, 
IYY?, at il ceremony to com”lC”Ce op- 
erations at the Advanced Coal Con- 
version Process Demonstration spon- 
sored by the Rosebud Syncoal Part- 
nership. Also attending was PETC 
Director Sun W. Chum along with 
otherfederal,regionel andlocalelected 
oltlcials 

On April 22. Secretary of Energy 
James Watkins paid a” ilnprolnptu 
visit to Ohio Edison‘s Lorai” station 
where he met with plant personnel to 
discuss results from the LIMB and 
Coolside tests. The Secrewoy was in 
the UCB conducting a technology lrans- 
fcr meeting. 

INTERNATIONALNEWS: Clean 
CDBI technologies were highlighted for 
anaudienceofsome 22,OOOattendees at 
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theEXPOMIN.held inSantiago.Chile 
o” May 12-16. Technical information 
was provided to potelrtial users. inter- 
“alio”itl ~ovcmment officialsandregu- 
li~tors The Clean Coal program also 
participated in the ECOBRAZIL ‘92, 
a” international exhibition designed to 
accon~pany the Rio Conference on the 
Enviro”“wv ‘The Deputy Assistant 
Secretary for Coal Technology led a IS- 
member wade mission m Indonesia and 
Thadand the week of June IY. Ten 
induslnal represematives accompanied 
the mission, the g!oal of which was to 
promotesalcsofU.S.coalequipme”t in 
these two rapidly crowing countries. l 

Round IV Update 

DOE’s Round IV Clean Coal 
projcctsaremovingclosertoawsrd. 

Three pro@&, expected to he 
awarded in mid-July 1992. are: (I) 
Micronized Coal Reburning 
Demonstration for NO” Control 
on a 175.MWe Wall-Fired Unit, 
at Shawnee Fossil plant near 
Paducah. Kentucky, (2) Wabash 
River Coal Gasification Repow- 
wing Project. at PSI’s Wabash 
River- Gencraing Station, West 
Terre Hautc, Indiana, Phion Pine 
IGCC Power Project, at Tracy 
Station “ear Reno, Nevada. 

Final negotiations have begun 
onfiveofihesixremaillingprojects 
selected under Round IV. 

TherrnoChem Inc.‘s project for 
the demonstration of a. pulse com- 
bustor is still in fact-finding and 
“ol expected 10 be submitted for 
approvnl uotil mid July 1992. 

The total dollar value of the 
Round IV projects is $ I .5 billion, 
ofwhich DOE’s share is $567 mil- 
lion. 

With the addition of the Round 
IV projects, there are 42 active 
projeas in the Clean Coal program, 
approaching a total value of $4.6 
billion. of which DOE’s share is 
about $1.7 billion. 

~~~.~~ 



Status of Clean Coal Technology Demonstration Projects 

EER Corporation. Enhancing the Use of Coals by Gas Reburning and Sorbent Injection. (Hennepin and Springfield, IL) 
Long-rem loadfollon~in,q fesfinfi ofGR-SI continues or Hmnepin uchieving more than the pr-eject goals of60 pewem NO 
~edrr~rio~~andSOpe~reruSO,~eduction. Long-term te.stin~uttheS/~ri~~yfi’eMsite, t~~mpu~a~i/ysuspvndedinAprilafie~theMa~~h 
srart-up. is scheduled II) wsume in the third qua,-rer of 1992. 

Babcock & Wilcox. LIMBlCoolside Demonstration Project. 
The.final Coo/side Topical Rcqor-t and the LIMB E.w-tcnsion Final Repwr of-e being r~onzpleted. 

(Lorain, OH) 

American Electric Power. Tidd PFBC Demonstration Project. (Brilliant, OH) 
TechnolqTy Trunsfer Open Houses were held at the Tidd Foci1it.y on June 5 and 8 with more thun 2OOprrsons in uttmdancr. 
As ofJuly 10, the plant ho.\ operared uhout 2.100 hours on coal, with 740 hours ofconfinuous oper-alion recently completed. 

Rosebud Syncoal Partnership. Advanced Coal Conversion Process Demonstration. (C&trip, MT) 
The oper-ations phase alfull capacity commenced in June und will continue rhrouah curly 1996. At prr.rent,Jixu tesr hum.r qf 
the synroal producr ore scheduled. An initial shipment ofS,OOO tons of Sync& ro Novther-n Stares Powerfor u fesf burn was 
(,~onzpleted. The plant M’US dediuired on .June 25. 1992. 

CQ, Inc. Coal Quality Expert. (Homer City, PA) 
CQ, lnc..andassuciatrdsuh~ont~o~torhav~~agreedon employing objc~ta~ientedcodefi,rihe expertsystem. Theproguzmmin~ 
languuge is to be Borland C++ (Release 3). Over 100 algorithms we under development based on the data &ahcred duriq 
the bench, pilot, andfull-scale te’s~s and hums. The Acid Rain Advisor package WU.T releused in June 1992. 

York County Energy Partners. Circulating Fluidized Bed Cogeneration Project. (York, PA) 
The original City <jf Tallahassee project has olficial/.y been transfeved to the York County Energy Parnters to complete a 
cogeneration venfwt fo supply power 10 Mewopoliran Edison and steam for exporr fn industry ul a sire in York. PA. 

Pure Air. Advanced Flue Gas Desulfurisation Demonstration Project. (Gary, IN) 
Construction was completed the 2nd quarter- ($1992. Full-scule ape,-ations heRoI June 2.1992, uhead of schedule and within 
budget. The FGD unit is initiully being operated to redwe SO, emissions by 90 percent, und the plant is producing gypsum 
thar is being sold to a near-hy wallhoard monufactuw 

Southern Co. Services. NOx Reduction for Tangential-Fired Boilers. (LynnHaven,FL) 
Long-term &es* datafrom operating the Low NO Concenrric Firing System (LNCFS) Levelll equipment (one of thwe basic ai!/ 
coal.feed wnfi&wotions lo he tested) indiruted,Ju// load NO< redurtions up fo 40 per-cent cornpored to the baseline emission 
data Long-rerm datafor Level Ill show that NO rmission,s hove been r-educed by os much as 4X pewen, compared to hasriinr 
values. A portion of Level I diagnostic testing hos been complned with prelimina,y I-esults indicatingfull loud NO r-rducrions 
of 35 percent below hoseline. 

Southern Co. Services. NOx Reduction for Wall-Fired Boilers. (Coma, GA) 
Long-term lestinfi ofAdvanced Ove@re Air (AOFA) has been completed. Stutistically reliable duta indicate, depending upon 
load, a NO, reduction of 24 percent. Long-term testing of the Low NO$ hwners (LNBJ M’OS completed with 94 days of data 
collected. A 4X percenr reduction of NO, atfull loud wus indicated. Diagnostic, ~hemiad enzissions, and long-term restingfo~ 
rhe LNB plus AOFA confijiuration u~ill he resumed in August 1992, after the scheduled tuninfi /$new mills and retuniq of the 
bur-ners 

Passamaquoddy Tribe. Cement Kiln Flue Gas Recovery Scrubber. (Thomaston, ME) 
Thecen~entkiinflue~asso-uhhe,-pluntwr,s~esrarrcdonMay 12. Whileoperati~r~, rhes~~,lhhe,-fa~ilityhas~onuiste,~rlyex~eeded 
90 percent SO, I-emoval, und has allowed the previously londfillrd kiln dust 10 he r-rcycled to the cement making process. 

Babcock & Wilcox Co. Coal Reburning for NOx Control. (Cassville, WI) 
Results of purametric and rqximization tesriq rrrently completed indicare NO, emissions are redwed by about 55 percent 
hehwew full load (110 MWj and 70 MW. Lon,q-term operorion will proceed in a /oud,following manner. 

Bethlehem Steel Corp. Coke Oven Gas Cleaning System. (Sparrows Point, MD) 
The coke ovens wereplaced on “cold idle” 011 January 24.1992. The project ho.7 heen postponedfor- at least ~woyears fo allow 
for rehahilirution of the coke ovens. 

Southern Co. Services. Chiyoda Thoroughbred-121 FGD Process. (Newnan, GA) 
Construcrinn is nearly complete with the exception of the gypsum stack ores. Tie in to the hoi/e? is expected fo occur duriny 
the mw scheduled outqe in September- 1992. 

ABB Combustion Engineering. IGCC Repowering Project. (Springfield, IL) 
Efforts continued on the mechanical designsfor the gasi’er and heat achangers. Procexs,flow diugroms und mater-ial and 
energy balances have been completed and submittedfor review. 

American Electric Power Service Corp. PFBC Utility Demonstration Project. (New Haven, WV) 
Value engineerin,q activities directed a improving the PFBC grassroots plant efficiency and economi<, perfwmance ore 
continuing. 



Southern Co. Services. SCR for High-Sulfur Coal Boilers. (Pensacola, FL) 
Design work is more than 80 pmwnt (.omple1e and consfrurtion. which began March 23, lYY2, is in prog”ss. Detailed 
nrrasurrments g”huselineflur gas conditions uf the Plant Cristprojecr site UI’C complrtr. Seven suppliw.s of nine catalysts have 
been selected. A fiwmal ,qround breaking ceremonvfor the project ~jas held July I, 1992. at Plan: Crist. 

Babcock bi Wilcox Co. SNRB Flue Gas Clean-Up Project. (Dilles Bottom, OH) 
Iniral opwxion actiGries of the drmnnsr~ulionfo~iliry continue. NO! r-rdwtions abow 90 prr-cmt haw been achieved, with 
SO, reducrions of75 pewmr. 

ABB Combustion Engineering. SNOX Flue Gas Cleanup Project. (Nile% OH) 
TheSNOXfaciliryis bein opuuredat 70pe~~mr~~a~~u~ityandisp~-~~drr~~in~93pr~-~mtp~~esu~u~i~~ucid. Mechoni~alpr-r,blems 
in the ammonia,fcrd system which prevent full capacity operurions alp being wrolvcd. 

Bethlehem Steel Corp. Blast Furnace Granulated Coal Injection. (Bums Harbor, IN) 
Processdesi,~n anrldrroilede~~,~inee,-infi WE conrinrrin~. A rvvisrdEn~‘ior-nmenta/Assessmenrfr~r- theproject is being r-eviewed 
by DOE. 

Bechtel Corp. Confined Zone Dispersion FGD Project. (Indiana County, PA) 
Slurry injrcrion ,~SIS using dolomitic lime have indicuted that the expwted IPVP/ of SO, emissions reduction of SO percent can 
bc reached and possibly exceeded. Six months of continuous parametric trstir2y wail/ hefollowcd by .si.x months of testing under 
optimum conditions. 

AirPol, Inc. Gas Suspension Absorption Project. (Paducah, KY) 
Construction ofthe facility commen<~ed during the Zndquartrr- of 19Y2. Erection of the plant is scheduledfor Ihe 3rd quartet- 
of 1992, with operorions to commence at the smrt of the 4th quarter. 

Alaska Industrial Development Authority. Healy Clean Coal Project. (Healy, AK) 
Dr.~ign work continur.s. Boiler flow’ te~t.7 urc complete and coldflow, fcsfs of the coal feed system have been initiated. 

Public Service Cu. of CO. Integrated Dry NOrSO, Control System. (Denver, CO.) 
Baseline tesrin$ of the hoi/u with UI’PU injection was emplrrcd in March 1992. lnstallution of the majority (If remaining project 
equ;pmento~(,lr,-,-eddu,-inRthrouto,~r whichstartedMarch20, /992,a~~dendedinearlyJunr1992. Star-t-upofallmajorsystems 
has heyun. 

Tampa Electric Company. Integrated Gasification Combined Cycle Project. (Tampa, FL) 
A NEPApuhlic scoping meeting will he held in Fort Meade, FL, on August 12, 1992. Tampa EIectric is preparing upermitting 
sire cwtificafc applirationfor- the Stair ofFlor-<da. 

LIFAC N. America. LIFAC Sorbent Injection Desulfurization Demonstration Project. (Richmond, IN) 
Conwucrion is about complete. The sfut rjf operations ws delayed to mid-1992 primarily due 10 udditional design and 
permitting requiwmenrs, including redesign of the humidification section of the actisvtion wac’1o~ fo improve process 
perfovnunce. Puuzmetric te.srinfi began in PUT-!y June 1992. 

Air Products and Chemicals, Inc. Liquid Phase Methanol Process. (Daggett, CA) 
Negotiarions UI-c complete. DOE uwait.s .submitrul of selwr-ul key documents. 

Babcock & Wilcox, Inc. Low-NOx Cell Burner Retrofit. (Aberdeen, OH) 
Ever-y other lower burner ond NOI porr were inverred und shallow on,@ I-eplacemmr impellers WPW installed by May 9,1992, 
to mitigate rdxcessively hifih CO concentrations occurring in the lower-furnuce when operating ro acheive high NO! emissions 
wducrions. These mod(fications permitted ,rwm NO> emission reductions of greu’er than 50 percent and low CO 
cnncentrutions in the lower furnace. 

ENCOAL Corp. Mild Gasification Project. (Gillette, WY) 
Planr star?.up tesring is underway. As planned. rhe plant I*‘US operated at about 7Opercent capacity in afully inregrared mode. 
Spec(fication solid process derived,fuel was pr-oduccd. Full operations should bruin in the third quarler of 1992. 

MK-Ferguson Co. NOXSO Flue Gas Cleanup System. (Niles. OH) 
PI-eliminary design activities ar-e proceeding. 

DMEC-1 Ltd. Partnership. Pressurized Circulating Fluidized Bed Demonstration Project. (PleasantHill,IA) 
A NEPA public scopinp mrering MU.S held July K. PI-rlimina~y design activities ore continuing. 

Energy and Environmental Research Corp. Gas Reburning and Low-NO,, Burners on Wall-Fired Boiler. (Denver, CO) 
Constr-ucrion is &our complete. Oprimization testing ofgas rehurning startcdln April 1992. with GRILNB operations expected 
to commenrc~ after the burner and pulrvrizrrfine tuning wwk is completrd. Check-our and test@ of equipment is underway. 

Wabash Joint Venture. Wabash River Coal Gasification Project. (W. Terra Hate, IN) 
Repot-r IO Cnn~rrss submitted in early June to both legislotilw hodips. 

SW “Slams” on pa,p I I 
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FIRST ANNUAL CLEAN COAL TECHNOLOGY CONFERENCE 
September 22-24, 1992 

REGISTRATION INFORMATION: 
The registration fee lor this conference is $125 for General Anendees 
and $7.5 lor Government Attendees/Presenters. Onsite registration w/II 
be $200. Registration costs include all lunches, continental breakfasts, 
breaks, receptions, and proceedings. To register by phone please call 
Burns and Roe a, 703-207-0800 o, fax 703-207~8538. 

Burns and RoeiCCT Conference 
2812 Old Lee Highway, Suite 135 

Fairfax, VA 22031 

Registrations should be completed by August 15. 1992. Cancellations 
will be accepted and refunds provided until September 7. 1992. 

HOTEL INFORMATION: 
All events will be held at the Sheraton Cleveland City Centre Hotel In 
Cleveland, Ohio (800) 321.1090 or (216) 771.7600. A group rate of 
$89 per night for a single and $99 per night for a double is available. 
To take advantage of the special rate. please contact the hotel directly 
and request the Department of Energy’s room block. Reservations 
must be made by September 7. 1992. The Sheraton Cleveland City 
Centre Hotel is located approximately 13 miles from the airport in 
downtown Cleveiand. 

CONTACTS: 

For further information regarding the conference please contact Ms. 
Denise H. Calore, U.S. Department of Energy‘s Clean Coal Technol- 
ogy Program, 703-235-2623, or Mr. Robert H. Aobey. Burns and Roe 
Enterprises. 703~207-0800. 

TUESDAY EVENING (SEPTEMBER 22,1992) 

Registration (3:00 p.m. 7:00 p.m.) 
Reception Cocktail Party (6:OO p.m.-B:00 p.m.) 
(Sponsored by Centerior Energy) 

WEDNESDAY MORNING (SEPTEMBER 23,1992) 

Plenary Session (9:00 a.m.) 
Moderator: Jack S. Siegel, Dep. Ass,. Sec.. Coal Technology. U.S.DOE 
Opening Greeting: Donald E. Jakeway. Director, Ohio Department of 
Development 
Introductory RemarksiNES Implementation: 
The t?m. James 0. Randolph. Asst. Sec. for Fossil Enerav. U.S.DOE 
St* Regulatory View of C&pliance Strategies: “. 
Craig A. Glazer, Chairman. Public Utilities Commission of Ohio 
Perspective of Utiliw lnvestina in a Maior CCT Power Generatina 
Technology: Girard F. Anderson, Pres. and Chief Operating Officer, 
Tampa Electric Co. 
Perspective of Utitii kwesting in a M&v CCT RetmtiiTedmology: Gay 
t.. Neale. Pres. and Chief Operating Mficer. Northern lndiana Public 
Selvice Company. 

Regulatory Panel Session (10% a.m. - 12:30 p.m.) 
Moderator: Ashley C. Brown, Commissioner. PUC of Ohio 
Panel Members: 
Daniel W. Fesskr, Pms., CA Public Utilities Commission 
Sill Tucker, Chaimlan. WY Public Service Commission 
James R. Monk, Chairman, IN Utility Regulatory Commission (invited) 
Wendell F. Holland, Commissioner. PA Public Utility Commission (invited) 

WEDNESDAY AFTERNOON (SEPTEMBER 23,1992) 
Luncheon Speaker (12:30 p.m. - 2:00 p.m.): 
Thomas Attmeyer, V.P. for Govt. Affairs Nail Coal Assoc. 

Concurrent Technical Sessions (2:00-5% p.m.) 
Session 1: Advanced Power Generation Systems 
Session 2: High Performance Pollution Control Systems 

Government Export Panel Session (2:00-3:30 p.m.) 
Moderator: Peter J. Cover, Program Manager, Coal B Technology 
Exports. U.S. DOE 
Panel Members: 
Robert A. Siegel. U.S. Agency for international Development (Invited) 
Or. Joseph Yancik. U.S. Depaitment of CommerceilTA 
John W. Wisniewskt. Export-impart Sank of the U.S. 

WEDNESDAY AFTERNOON (cont.) 

Jack Williamson, U.S. Trade and Development Program (Invited) 
Harvey A. Himberg. Overseas Private Investment Corporation 
(Invited) 

Industry Export Panel Session (3:45-5:15 p.m.) 
Moderator: Ben N. Yamagata, Exec. Dir. Clean Coal Technology 
Coalition 
Panel Members: 
Kurt Yeager. Electric Power Research Institute 
John Banister, Mission Energy (Invited) 
Walter Scudzio, Shell Oil (Invited) 
Charles Johnson. East-West Center (Invited) 
TBD. Foster Wheeler 

THURSDAY MORNING (SEPTEMBER 24,1992) 

Utility Panel Discussions (8:30-10:00 a.m.) 
Moderator: George T. Preston, VP.. Generation and Storage Div. 
Electric Power Research Institute 
Panel Members: 
James J. Markowsky Ph.D.. Sr. V.P. and Chief Engineer. American 
Electric Power 
Stephen C. Jenkins, V.P. Commercial Development, Destec Energy, 
1°C. 
Randall E. Rush, Director, Clean Air Compliance, Southern Company 
Services. Inc. 
Georae P. Green. Manaaer. Electric Supplv Resources. Public 
Se& of Colorado ” 
Howard C. Couch, Manager, Environmental and Special Projects, 
Ohio Edison 

ConcurrentTechnicalSessions(10:15a.m.-12:OOp.m.) 
Session 3: Advanced Power Generation Systems 
Session 4: NO, Control Systems 
Session 5: Coal Processing Systems 

Luncheon Speaker (12:00-2:00 p.m.): TbeHon.WilliamG. 
Rosenberg, Asst. Admin. for Air and Radiation, U.S.EPA 

THURSDAY AFl-ERNODN (SEPTEMBER 24.1992) 
Concurrent Technical Sessions (2:00-5:15 p.m.) 
Session 6: Advanced CombustioniCoal Processing 
Session 7: NO, Control System 
Session 8: Retrofit for SO, Control 
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Status...continued from pg. 9 

Sierra Pacific Power. Pition Pine IGCC Project. 
Rcpmt to Coq:r~r.u suhnrirred in car/y .lww to horh Ic,~i,lofiw hodi~~.~. 

Tennessee Valley Authority. Micronized Coal Kehurning for NO. Control. 
Repolf fo Co~,~rr.rs srrhrnirr~~f in t~o!-ly .Iww fi, /XI//I legidrrfi~v hodics. 

Round V...continued from pg. 4 
either new or existing fxililies.” Im- 
proved environmental perf(mrwze is 
likely to become increasingly impor- 
tantnsi~tilities;mdothercncr~ycompa- 
niesseekways tomeetexpectedgrowth 
inenergydemandwhilecomplyingwith 
the more stringent emission standards 
now going into cffecr. 

Incrc;ued cllicicncy also reduces 
emissions of cuhon dioxide. one of 
severnl so-called “greenhouse eases.” 

Presently, 42 projects are ill ncgoti;l- 
11011 Dr are under way or IlilYC been 
completed in the previous tour rounds 
01 the CCT proeram which bcw~~ in 
~‘,M. Theesc pro,ccts. vvhxh ,I,\DIV~ 

joint ~ovemmentiindustry funding to- 
taling $4.h billion, are located in 20 
states. 

Round V will allow~ovemmentcost- 
sharing for certain project specific de- 
velopmentactivitiessuchasdesignveri- 
fication tests and materials testing tied 
directly to the dcmonstrntiot~. DOE’s 
share of the cost of thcsc aclivitics 
would bc limited to II) percent of iIs 
overall corltrihution to the project, ;und 
no ~ovcmmenl funds could be uscd to 
build (new rating facilities. 

III drafting fhc solicitation, DOE 
received input from hoth industry and 
oohlic sourccz as well as the Connrew. 
I W” pubhc mcet,ngs wcrc held last 

(Reno, NV) 

(Paducah, KY) 

year to receive industry input, and a 
dmftsolicitationwasdistributedin April 
of this year for comments. 

DOE will hold a pre-proposal con- 
ference on August 6. lYY2, at the DOE 
Headquarters Auditorium in Washing- 
ton to clarify any specific questions 
related to the solicit&ion. 

To receive a copy of the PON, 
~~ntxt: I1.S. Department of Enerpy, 
P.O. Box2SoU.Attn: DocumentControl 
Specialist. PK.3.1, Washington. DC 
20013. Copies arc also available in 
Room IJ-005. Forrestal Building, 1000 
lndepcndence Avenue. SW, Washing- 
ton. DC. hetwcen ‘J a.m. and 3 p.m. 
weekdays. , 



Upcoming Events 
Date 

September 1517.1992 

Event 

TwelfthAnnualGasificationandGasStreamCleanur,SvstemsContractors 
ReviewMeetin~,Morgantown EnergyTechnologyCenter,Morgantown, 
WV 

Contact 

METC Conf. Svcs. 
304-291-4108 

September 22.24, 1992 First Annual Clean Coal Technologv Conference, Sheraton Cleveland D. Calore 
City Centre Hotel. Cleveland, OH 703-235-2623 

October 12.16, 1992 Pittsbureh Coal Conference, Green Tree Marriott, Pittsburgh, PA G. Elia 
4 12-892-5862 

October 1X-22, 1992 ASME International Joint Power Generation Conference, 
Hyatt Regency, Atlanta, Georgia 

October 27.28, 1992 Ninth Annual Heat Enlrines. PFBC, and Gas Stream Cleanur, Svstems 
Contractors Review Meeting, Morgantown Energy Technology Cater, 
Morgantown, WV 

G. Elia 
412-892-5862 

METC Conf. Svcs. 
304.29 I-4 I OX 

CCT Reports Update 

The following Clean Coal Technology Program Reports and Comprehensive Reports to Congress have been released 
since the last issue of Clean Coal Today. Copies of the Reports are available from the National Technical Information 
Service, U.S. Department of Commerce, Springfield, VA 22161. 

Jun 92 DOE/FE-025% Pifion Pine IGCC Power Project (Sierra Pacific Power Company). 

Jun 92 DOE/FE-0256P Micronized Coal Reburning Demonstration for NO” Conlrol on a l75-MWe Wall-Fired Unit 
(Tennessee River Valley Authority). 

Jun 92 DOE/FE-0257P Wabash River Coal Gasification Rcpowering Project (Wabash River Coal Gasification 
Rcpowering Project Joint Venture). 

Aug91 
NTIS/DE92007602 Healy Clean Coal Project, Healy Coal Firing at TRW Clcvcland Test Facility. 

The following papers, authored by DOE employees or CCT participants, have been delivered at recent conferences. 
Copies are available from the authors. For further information, contact Doug Archer, Office of Clean Coal Technology 
at 703-235-2628. 

“PFBC Plant Operations-Tidd.” Dennis K. McDonald, The Babcock & Wilcox Co.; Power-Gen ‘9/, Tampa, FL, December 
1991. 

“Industrial Pressurized Fluidized-Bed Combustors, 1992.” Donald L. Bank, Thomas J. Hand, and Mark Freier, Morgantown 
Energy Technology Cater; American PWPI. Confewnw, Chicago, IL, April 1992. 

“The Iowa Power PCFB Demonstration ProjectlAhlstrom Pyroflow Pressurised Circul: i, ; i.l,a~, !.:,z :,: !I: i ‘:. xbr~:wl~ ,,,. ,” S.J. 

Provol, Pyropower Corporation; and G. Kruempel and S. Ambrose, Iowe Power; Anwt,ic ,..s /‘;)rr:r:~ C’Q’imu’, T!;tcago, IL, 
April lYY2. 

“ThePSIEnergyWabashRiverCoalGasificationRepoweringProject.” J.U.Bott,PSIEnergy,lnc.;andD.G.Sundstrom,Destec 
Energy, Inc.: American Po~w Cmfer-ewe, Chicago, IL, April 1992. 

“PFBCPlant Operations.” Fred L. Kisinger. TheBabcock Rr Wilcox C~.;A,~~~-~I,U~P/~)M’PI-CI)I~~~~,II(.P, Chicago, IL, April 1992. 
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