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ABSTRACT

SRC Fuel Combustion Test Program in
an Oil-Designed 700 HP Watertube
Boiler: Phase II

Solvent Refined Coal (SRC) combustion tests were conducted at the U.S.
Department of Energy's Pittsburgh Energy Technology Center (DOE/PETC) over a
five-month period ending in January 1983. Several organizations partici-
pated in this program including: International Coal Refining Company,.
Babcock ‘& Wilcox, Combustion Engineering, Electric Power Research Institute,
Southern Company Services, Southern Research Institute, Wheelabrator-Frye's
Air Pollution Control Division, and independent consultants. Combustion and
flue-gas treatment of three different physical forms of SRC, as well as'a
No. 6 fuel oil; were evaluated.’ The three SRC fuels were (1) pulverized SRC
Fuel; (2) SRC Residual Fuel 0il; and (3) SRC/Water Slurry. The.SRC Residual
Fuel 0il was a’ solution of SRC Fuel dissolved in heated process solvent.
Approximately 500 tons of pulverized SRC Fuel and 30,000 gallons of SRC
Residual Fuel 0il were combusted in a 700 hp (30 x 1ob B8tu/hr fuel input)
oil-designed watertube package boiler.

Sixty (60), four-hour ASME combustion tests with three different SRC fuels
were successfully concluded. The principal parameters evaluated were excess
air levels. and combustion air preheat temperature levels. Extensive data
was collected on flue-gas levels of 0, CO2, CO, unburned hydrocarbons, SOy,
NOx, uncontrolled particulates, uncontrolled opacity and carbon content of
the flue-gas particulates. Boiler and combustion efficiencies were
measured..

SRC Fuels Burn Test Results

Carbon Conversion Efficiency

97.7 99.9 percent
Doiler Efficiency 80.5 = 86.2 perceul
Sulfur Dioxide, SO 0.7 - 1.4 lb/million Btu
Nitrogen Oxides, NOy 0.41 - 1.45 lb/million Btu
Particulates:
Uncontrolled 0.09 - 1.25 1b/million Btu
Controlled 0.001 - 0.014 1b/million Btu
Opacity, Uncontrolled 3 - 19 percent

The particulates were characterized via mass loadings, impactors, in-situ
resistivity measurements, ultra-fine sampling, optical large particle
sampling, five-stage cyclone sampling and chemical analysis of various cut
sizes. A three-field pilot electrostatic precipitator (ESP) containing over
1000 square fect of platc collection area; a reverae air fabric filter pilot
dust collecter and a commercial pulse-jet fabric filter dust collector were
operated at high collection efficiency.

Experience gained during .these tests on the 700.hp boiler will be valuable

in making recommendations for future tests and will provide a basis for
conversion of industrial oil-fired boilers to. SRC fuels.

ii
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I. INTRODUCTION.AND.SUMMARY

Solvent fefining. of coal is a process that could make use -of our
country's vast coal reserves while minimizing'ﬁhe impact on the environment.
Solvent Refined Coal (SRC) is relatively ash and. sulfur free and has a
significantly higher heating value than raw coal,

Y SRC products are formed in a procesS which involves the dissolution and
hydrogenation of pulverized coal in a proceséideriQed solvent. = Hydrogena-
tion of the coal results in the removal of substantial portions of 'sulfur
and oxygen és well as.minor amounts of nitrogen. The process stream is
flashed to release light gases, de-ashed using the Critical ~Solvent
Dg-ashing prbcess (CSD), and fraétidnated';o Sepérate byproduct gases, net
distillate ‘liqu;ds, trecyc;ed process sdlvent, 'apd the solid SRC Fuel
product. SRC Fuel is the hydrocarbon fraction with a boiling point of 850°F

or more.

As indicated, coal refining consists primarily of adding hydrogen to
the carbon iﬁ coal while removing most of the sulfur and ash -- the two
chief pollutants in bituminous cuals. in ﬁhe SRC Fuel process, raw coal is
pulverized, mixed with solvent- derived from the process, and heated under
pressure in a fired heater. Hydrogen produced by gasifying coal and process
residues is added to the7¢oal/solvent mixture and the mixture flows into a
reactorAvessel where ;iqugfaction is completed. The mixture then flows to
separation éné dé-aéﬂiné steps where sulfur énd ash are remo?ed; The first
series of operations y;elds naphtha and distil}ate liquid product streams
and a éﬁail quén;itx of gas which éré rec??lé&'in;q Qhé précess‘gs fuel.

Most of the sulfur present in the raw coal feedstock is drawn off in this



series of operations as hydrogen sulfide which is sutsequently converted to

elemental sulfur.

The chief product of this first process stage is SRC Fuel which, when
cooled, becomes a shiny black solid material. The heating value of SRC Fuel
approximates that of No. 6 fuel o0il and is approximately 45 percent highér

' than that of the raw bituminous coal from which it 1is derived (about

€1
e

16,000 Btﬁ/lb, versus 11,000 Btu/lb for raw coéi). The mineral ash content
' : Db

of SRC Fuel is comparable'to No. 6 fuel oil (0.1 percent).

in the éecond stage of the procesé; a portion of the SRC Fueiﬁiis
treated with hydrogen in a cataiytic hydrocracker to produce additional
distillate fuels, petrochemical and gasoline feedstocks, and very low sul}ur
solid and residual fuels. These products are referred to as two-ééage

liguefaction (TSL SRC) products.

The Résidual Fuel 0il is producéd by blending the SRC Fuel or the TSL
SRC Fuel with ‘the distillate fuel oils produced .in each stage of the
process, Thus the SRC Residual Fuel 0il is comprised of SRC Fuel and
first;étage fuel oils (H400° ¢to 850°F){ the TSL SRC Residual Fuel O0il is
comprised of TSL Sﬁc Fuel blended with both first- and second-stage oils
(400° to 850°F). Since all the stocks blended are liquids, they both torm
heavy liquid products rather than slurries. -

This direct vcoal liquefaction process yields approximately three
bérrels of oil;equivalent products per ton of coal versus two barreis per

ton of coal from indirect coz2l liquefaction. Furthermore, the low



consumption of hydrogen and self-contained hydrogen generation make the

process less costly(11).

The development of the SRC process began in 1962 when theé Office of

Coal Research awarded a contract to Spencer Chemical Company to study the

~

feasibility of removing ash from cocal thereby making it more economical to

transport. Spencer completed the contract in 1965, successfully

- -
Ial .

demonstrating that the process worked in their 50-pound per hour laboratory

model. After the success of the small-scale unit, the government contracted

with the Pittsburg and Midway Coal Mining Company to scale-up the process in

1966. In 1972, a plant capable of processing up to 50 tons per day was

~ built at the U.S. Army's Ft. Lewis near Tacoma, Wasnhington. The plant began

operating in 1975,

In addition to the government's efforts on SRC reseafch and de?elop-
ment, the EQison Electriec Institute and Southern Company Services teamed
together in 1972 to study the key steps in the SRC procegé. Consequently,
Catalytic, Ine. was awarded a contract to design, build, and operate a 6-
ton per day pilot plant at Wilsonville, Alabama. Construction of the plant
was completed- in 1973, That same year, the Electric Power Research
Institute (EPRI) assumed the responsibilities of the Edison Electric
Inétitute; In 1976, the U.S. Energy'Research and Development Administration
(ERDA), now the Deﬁartment of‘ Energy (DOE),. began’ fﬁnding wofk at ‘the

Wilsonville plant.

Combustion testing of SRC was first conducted in a2 test furnace at

Babcock and Wilcox Company in 1964(2), In. 1976, independent testing was-



performed in a 500 lb/hr solid 'fuel combusti&n test facility at DOE's
Pittsburgnh Energy Technology Center (?ETC)(3), in a solid fgel burning test
facility at Combustion Engineeriné,'lnc.(“), and in‘; Stirling boiler at
Babcock and Wilecox(5). A full—sbale boiler tést was'performed ai Georgia
Power Company's Plant Mitcheli site'in‘1977(6). | |

Due to the success aof both the Ft. Léwié and the Wilsonville pla?gg,
the Department of Energy (DOE) took the néxﬁ'étep in'ﬁreparing‘thevsolQenff
refined coal tecﬁnology for commercial use in 1978. At this time céngracas
were éwarded to International Coal Refining Company (ICRC) ; a'joint ventuge
of Air Products and Chemicals and Wheelabrator-E‘ryez Inc. (WFI) - for the
design, construction, and operation of 6000-ton per day "modules" of a

commercial SRC plant near Newman, Kentucky.

Although, _SRC was burned successfully in the coal-designed utility'
boiler at Plant Mitchell, the viability of SRC as a replacement fuel in more
compact oil- or gas-designed units at significantly-ﬁigher heat: liberation
rates remained uncertain. Thus; in 1980, ICRC was commissioned Dby DOE to
ascertain the technical and ;arketing aspéqts associated with pu;ping.SRp in
oil- ;nd gas-designed boilers. ;t>was déterﬁingd t?at ;Qe most éﬁonomical
and expedieqt way of obtaining the necessary informat;on,on technical -feasi-,
bility and boilgr scale-up was through a test pEogra@ to‘be‘conducted at'the
PETC combustion ‘ﬁest facilities which' inclﬁde 100 hp fi:géube and 700 hp

watertube oil-designed boilers.

~ The first phase of the PETC combustion test program was compieted in

October, 1380. It demonstrated that 3RC in pulverized, slurried and melt



forms could be sucnessfully ired in the 160 hp four- -pass firetube boiler
‘deSigned 555' burning Oll at very high volumetric heat release rates(1),
When firing the slurry' of pulverized SRC/SRC process solvent and the SRC
melt full bOiler rating was obtained, and carbon conversion efficiencies
‘were high (99 8 percent and 99. u percent respectively). The boiler was
intentionally operated at half load, with the pulverized SRC, to enable use
of available burners previously developed at PETC for pulverized SRC fuels.
Suring these tests, carbon converSion effiCiency was 99 2 percent. Part of
the boiler flue gas was diverted through a field comparator, which is a
zd:

reverse air pilot filter.' The field comparator exhibited excellent particle

collection efficiency.

Phase II of the SRC combustion test program at PETC was implemented in
the 700 hp Combustion Test Facility. The primary objective of Phase II was
to attain successful combustion of SRC fuels in this watertube bOiler which
was deSigned for firing oil at heat release rates typical of those used in
industrial bOllePS.. The program also involved determination of appropriate

fuel handling procedures, combustion characteristics,‘flue gas emissions and
partic"late control uequipment design. The' SRC -fuels evaluated in this
program were< pulveriﬂed SRC Fuel SRC ReSidual Fuel Oll (pulverized SRC
dissolved" in SRC process liqu1ds) and an SRC/Water Slu"ry. For the
particulate control studies, a mobile electrostatic precipitator (ESP) a
field comparator, ‘and a pulse-Jet baghouse were utilized. Wheelabrator-Frye
Science, 155{‘“' and Southern Researchﬂ Institute were responsible for

operating and evaluating the performance of the ESP.



The.- 700 hp boiler is one of three oil-deéignéd.boile}s comprising thé
Liquic ‘Fuel Combustion Test Fécilityuaﬂ PETC. . The 760 Bp boiler facility
consists of a Nebraska 700 hp, two-drum, "D" typé, =waterﬁubé,~ industrial
package boiler originally designed for oil firing. A schematic of the test
facility is shown in Figure 2. The construction of the boiler and related
support systems was completed in the f;ll of 1978. Prévioﬁs'testing in - the
700 hp boiler included the following:- parametric'studies with No, 6 fuel
oil. and-40. percent, 40 percent and 50 percent ' Pittsburgh seam" coai;oil-
mixtures.”(COM); a 500-hour duration test with a uovpercent COM; a oM
particle sizé test series utilizing three diffeérent particle size distribu-
tions; a ‘coal type COM test series utilizing Illinois, Montana Rosebud,ﬁ%nd
fittsburgh seam coal; a COM Dual Air Zone'registér pérfdrmance test series;
a COM radiant section sootblower test éebi°s; ﬁarametric:cﬁal-wéter-mixtﬁre
(CWM) » testing with Pittsburgh seam coal utilizing a Single Air Zone (SAZ)
register; and, finally; a CWM test series utilizing a COalvthatuhéd been

beneliciated (physically treated to lower ash and sulfur.content). -

On August 16, 1982, baseline oil testing, the first of the four series
of SRC fuels testing, was initiétedﬂ -In érdgr to acéémpliéh this testing, a
multifuél burner assembly containiné.a Coen No.. & fgel‘oil gun was retro-
fitted to the boiler. This slow mix bﬁrner assembl§ was’atmodified version
of the one designed by Beard, Diaz, Weidmén and-Associatés, Inc. Inherent
in thé slow mix burner design was the capabilitv éf‘gﬁppiying primarY‘or
center air during the No. 6 fuel oil combuﬁtion ﬁestél Primary air was, 'in
fact, used to a very slight degree to aid iﬂ refining .critical combustion
emission levels. Baseline 0il testing. was performed for.three weeks, the

last two weeks of which were used to evaluate the mobile ESP. To simulate



3-ae§uallu;i;ity,boiier conditions and to establish a common baseline for the
..-last three phases-of SRC fuels.testing, preheated secondary air -was utilized
.o for tn¢§e'No;-6-£uel oil tests, Problems encountened during,testing were
= the initial-inability to- properly shape the flame due to a malfunctioning
+. atomizing .sﬁéam differential pressure regulator and .occasional . boiler
.- Shutdowns due to difficulties with the boiler feedwater chemistry.

Peys.”

-f:n. -The:second series of -SRC,.fuels testing involved the combustion of SRC
moFuel in .a pulyerizéd form. The. particle size distribution for this.testing
-yias- 90 percent minus 200 mesh.. Facility modifications included the instal-
spdation of a.SRC Fuel feed bin -and transport .system. Existing coal storage,
;agplverization and -transport systems in an- adjacent building were modified

ayfor-use in this test program. A slight modification of the slow mix burner

:iwas performed to permit the removal of the No. 6 fuel oil burner gun when

. firing SRC Fuel. SRC Fuel testing was begun- on October 18, 1982, and lasted -

for a period of five-weeks ending on November 19, 1982. In conjunction with
these combustion tests, ESP performance studies were also condgcted during
- .the middle:.ané létter- ﬁor:ion of this five-week pe;iod. Majo; problems
encountered duringvﬁﬁhis ‘testing with the slow mix burner : included the
followipg;‘ SRC Fuél flow fluctuations to the boiler; clinker formation or
.foﬁling of ‘the 'SRC ‘Fuel burner tip; and the need to use a natural gas
: support.flame;during the SRC Fuel duration tests. These problems and the
humenous mqq;fications made . to the original system designs (Section V.B.2)

..are described in Appendix C, Section B of this report.

A second set of SRC Fuel combustion tests was performed during the

_éeriod from January'25,-1983 to February 2, 1983 using the fast mix burner



designed at PETC, This 3-+n h water-cocled burne" with an adjustable water
cooeed cone,‘ellmlnated he cl¢nkef‘;ormatlon thao was a magor problem when
u51ngvthe.slow mix burner 1n’eerlleo »ee;log ' The success of uhe fast mix
burnev ”Qas dloeooly attrlbutable to Qée hlgher SRu Fuel burner exit
velooﬂtles and the malnoenance of moderate y cool ourne:‘and cone sgrfacee,
preventing clinker feormation. |

Toe thlrd series of SR” fuels tesequ”;n;olved toe combustion of Sﬁg
Re31dual Fuel 0il, a 50/50 mlxture of pulverlzed SRC Fuel dlssolved 1n” the
SRC process solveot. These teste were per%o"med for th weeks beginning on
December 6, 1982. Again, ESP and fabric filter evaluations were performed
during this phase of testing. Facility design modifications were the
installation of a heated 2500-gallon SRC Residual Fuel 0il storage tank and
a SRC Residual Fuel 0il fuel train including a fuel heater capable of
raising the temperature of the SRC Residual Fuel 0il above 300°F, No

problems were encountered during this third series of SRC fuels testing.

The fourth series of the SRC fuels testing program. involved combus;ion
of a pulverized SRC/Water Slurry fuel containing 66 percent SRC Fuel and
33.5 percent water. In order to promote good mixing and attain a maximum
SRC Fuel concentration, a viscosity reducing agent was mixed into the fuel
as part of the liquid phase, comprising 0.5 percent by weight of the total
fuel mixture. SRC/Water Slurry tssting began on January 3, 1983, and was
performed for a period of two weeks ending on January 14, 1983. As in all
pnases of SRC fuels testing, ESP and fabric filter evaluation tests were
perfcrmed, Facility modifications were minimal since the existing coal-

water-mixture fuel preparation and transport systems needed only to be



'réinStalled. A minor problem encountered dufing this final Seéies'of SRC
fuels testing was ovcceasional clinker buildup expérienced on the fuel burner
nozzle caﬁsiné key combusiion.émission levels to fluctuate. The Coén No. 6
fuel oil burner with a 'ﬁozzle ﬁap consisting of:_eight_ 15/64-inch nozzle

orifices was utilized.

In this report, the day-to-day test activities of the SRC Phase II

program are described. Combustion test data(7) compiled during these tests
§§Tpresentéd and final conclusions and recommendations are given.

he
e



II. SUMMARY FUEL COMPARISON

The heating value of alternate fuels is a gajor'concern to those who
might substitute them for conventional fuels, since fuels with lower heating
values would be required in larger quantities. The heating values of the
SRC fuels tested during Phnase II of the SRC‘Fuel test program were typically
lower than those of the No. 6 oil baseline fuel. For this reason, fuel flow

rates were "higher for the SRC fuels.

~+The SRC fuels differed in chemical composition from the No. 6 oil as
expected. The carbon/hydrogen ratios of the SRC fuels were higher than
those of the No. 6 o0il while the sulfur content was in the same range.
Nitrogen and oxygen contents were typically higher and lower, respectively.

Ash contents of the SRC fuels were comparable to that of the No. 6 fuel oil.

The emission levels of the SRC fuels differed from those of the No, 6
oil., SRC fuels particulate emissions were on the order of 30 times higher
than those of the No. 6 oil. While SO, levels were in tﬁe samé range, NOy
levels. were typicaily higher for the SRC fuels due to the higher fuel bound

nitrogen. ' ‘ e

During the SRC combustion test program, SRC was: fired in three
different forme--golid; liquid and slurry. . Eacn form presented its own setf
of handling and operating requirementsﬁ- Below 1is a brief summary of the

requirements for each of the SRC fuels tested:



SRC Fuel and SRC/Water Slurry. were Aprepéred on site b& 'GE)MATSCO
personnel. Crushed SRC ?uél waé delivered by EailcarAto PETC.‘ The SRC‘Fuel
was then pulverized in a rotating hammermill pulverizer to a particle size
distribution of 90 percent minus 200 mesh. The pulverized fuel was then fed

to and stored in the Petrocarb pulverized fuel injection system.

For the SRC Fuel tests, the SRC Fuel was conveyed pneumatically by the
Petrocarb pulverized fuel injection system to a 400-cubic foot storage bin.
From there the fuel was fed through a Vibra Screw feed system to a blower

system which- injected fuel through the specially designed SRC Fuel burner.

For the SRC/Water Slurry- tests, the SRC Fuel was fed pneumatically by
the. Petrocarb pulverized fuel 4injection systen to an 18-ton étorage bin.
From the storage bin, SRC Fuel was fed by gravity to the SRC/Water Slurry
mix tank and mixed with water and a dispersant, Lomar-D, to make "batches"
of SRC/Water Slurry. The fuel was then pumped to the burner where it was

atomized by air through a modified nozzle.

SRC Residual Fuel 0il requiéed two sisﬁem .modifications. After
preparation byACatal§tic, Inc.,'at Wilsonvillé,'ALabamé, the SRC Residual
Fuel 0il was delivered in ready-to-fire form in insulated tank trucks. bue
to the viscous nature of SRC Residual Fuel.Oil, the fuel had to be stored!on
site in a tank heated to 2000F. HeatingAto 3000F was neceséary to atomize
the fuel ét the burner. In comparison, No. 6 fuel o0il must be ‘maintained at

1009F when in storage and must be heated to 2200F to atomize at the burner.

"



III. COMPARISON OF -FUELS
A, General ~

Four different fuels were evaluated during the SRC fuels combus-
tion test program. SRC was tested in three different forms: pulverized SRC
Fuel, SRC Residual Fuel 0il and“SRC/Water Slurry. No. 6 fuel oil was also -

+ ' . T . . e , . :."‘['»
tested to provide baseline data for comparison purposes. ?

g

B. SRC Fuels Specifications

Table 28 presehts a summary comparison of the fuels tested during
the SRC- fuels test program.  Higher heating values of the No. 6 o0il tested -
{both  batches) | were slightly lower® than the published value of '
18,126 Btu/1b(9) due to the large =zmounts of moisture content in the fuel
(*3 to ~6 percent). The heating values of ‘the SRC fuels were lower than
those of the No. 6 oil ranging from 10,543 Btu/lb to 16,808 Btu/lb. The
lower Btu content of the SRC/Water Slurry (10,543 Btu/lb) on a wet basis was
due to the large amounts of water needed to prepare the fuel in slurry form. -
The higher Btu content of the SRC Residual Fuel 0il (16,808 3tu/lb) was due
to the lower moisture content in the ‘fuel and the presence of the process

solvent in the fuel.

Because & constant thermal input of 30 x 108 Btu/hr is required to
operate the boiler at full load conditions (~24,000 lb/hr of saturated steam
at 175 psig), fuels of lower Btu content must be fired at hnigher fuel flow

rates. This can be seen in Table 28. The No. 5 o0il (Batech B) had the
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higrest Btu content of 18,109 Btu/lb and consequéntly'the lowest fuel flow
rate of 1492 1lb/hr. The SRC/Water Slurry had the lowest Btu content of
10,543 Btu/lb on a wet basis and consequently the highest fuel flow rate of

2554 1b/nhr.

Boiler efficiencies were also affected bf the amount of moisture
present in the fuel. Typical boiler efficiencies at full boiler loads and
excess air levels ranging.bepween 13.5 to 28.8 percent for the fuels tested_
are shown in Table 28. As can be seen, the fuels with higher moisture

content generally had lower boiler efficiencies.

Ihe‘ultimate analysis of typical samples of each of the four fuels
is shown in Table 28. The moisture content.of the SRC Residual Fuel 0il and-
the SRC Fuel was quite low (~1/4 percent). Moisture in the No. 6 oil
varied from ~3 percent to ~6_percent. The highest moisture content was

present in the SRC/Water Slurry (33.7 percent).

The carbon content of the SRC Fuel and SRC Residual Fuel 0il was
very close to those of the No. 6 fuel oil, varying by less than 6 percent.
Hydrogen content in the SRC‘fuels was .somewhat lower than fhose of the No.
6‘911. This is due to the fact that the SRC fuels are derived from coal
which contains less hydrogen than oil. Nitrogen content of the SRC fuels .
was much higher than those of oil (5 to 10 times higher). ‘The sulfur
content of the fuels tested was‘similar to or slightly larger.than that of
No‘6 fuel oil. The.pefcentages of inherent oxygen in the fuels were closely
grouped. Ash content of the SRC Fuel and SRC Residual Fuel 0il was in the

range of that of No. 6 oil (~0.10 percent). The SRC/Water Slurries had a
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moisture content.

higher ash content (0.0027 to 0.0055 1b ash/lb slurry) due to the addition

of } percent by weight of ‘Lomar-D additive.

'Carbon/hydroéen (C/H) ratios were computed 'froiﬁ the typ'ical fuel
énalysis ‘and are given in Table 28, The C/H ratios of the SRC fuels were
higher than those of the No. 6 oil. SRC Fuel had the highest C/H ratio.

The ldwest C/H ratio was for the No. 6 o0il Batch A which had the 'highest

GE
Stéichiometric air/fuel (SA/F) ratios were calculated from each

t':ypical' fuel énalysis. The SA/F values were élos'éiy érouhed for the SRE

"w

Fuel and the liquid fuels.
C. Emission Levels

' The amount‘of‘ the chemical constituents in the f‘\zexll ﬁas an effect
on the amounts of emissions. A Acomp‘aar‘isor\m of f‘iue g'as ‘é‘mri'ssiéns for t;'le
various SRC fuels can'bel seenv in Table 28. 302 emiésions vare généréliy
higher for fuels which cont;ain more sulfur. Fdr‘ this reasoh, the ‘S'RC Fuel
and the SRC/Water Slurry had higher SO, emissions than the No. 6 fuel oil
tested. 'SRC .Residual Fuel 0il had. lowest SOQ emiésions di..le t'o a lower
sulfur content in the fuel. NOx emissions are affected by.a number of
faé'tor-s.' Geﬁerally, NOx 1levels are lower at lou‘veAr"e-xcess air leveis and
lowef‘ .cAérhbu“stion aif temberatures. Nit‘r;og'en cor;tent in the fuel hés the
most signif‘ic.ant.ef‘f‘ect on NOy emissiéns, Héwe;/e;-. As shc;wn in Table 28,A
the SRC fuels exhibited NOy emiss.ions that wer‘eb more than six timés higher

than when burning No. 6 fuel oil containing less ni‘ﬁr'ogen. Particulate
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“emissions for the SRC fuels were much higher than those for the No. 6 ofl.
This is due to the larger percentages of ash in the coal-derived SRbeuels.
The carbon content found in the particulate emissions varied widely. ‘The
SRC ruel generallj had the highest amount of carbon present in Athe
partlculate. The lowest levels of carbon were found in the No. 6 fuel oil
particulate emissions. Mass train sampling for determination of particulate
emissions was performed by PETC and WFI personnel using the_ASME‘methodfa)
and EPA method(1°), respectively. Despite. the use ,of the- two' different
sampling methods, Very similar particulate emission levels were measured by

1 P

both personnel groups during testing of the SRC fuels. Results from these

»or

tests can be seen in Table 29.
D. Combustion Test Data Results

All' combustion tests performed during the . SRC Phase I1 program were
conducted at full boiler steam load of ~24,000 1b/hr. Secondary air
temperatures ranged from 500°F to 600°F Depending on the fuel being fired,

excess air levels varied from 12.1 to 42.4 percent.

Carbon conversion efficiencies duriné all fuel .firing modes were
generally 397.? percent. As expected, No. 6 fuel oil and SRC Residual Fuel
0il exhibited"the highest‘ carbon conversion efficiencies at 99.98 and
§9 9 percent ‘ respectively. Carbon conversion .efficiencies of SRC/Water
Slurry fuels were most nearly the same as that of the SRC. Fuel fast mix
burner tests at 98 9 percent and 98. 7 to 99 3 percent respectively. Carbon

conversion erflciencies experienced when performing the first portion of SRC
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Fuel testing with the slow mix burner were in a range between 97.8 a-d

38.9 percent

.Boiler efficiencies were highest for SRC Residual Fuel 0Oil.and SRC Fuel
testing of the fast mix. burner at 85.4 percent and 84.1 to 85.% percent,
respectively. Although -the .first portion of-SRC Fuel tests with “the slow
mix burner exhibited .lower carbon conversion efficiencies than:No. § fuel
oil . tests, boiler efficiencies were similar -at.a range-.between 81.1":t5

83.2 pereent .2nd 82.6 -percent, respectively. Boiler' -efficiencies whéa

W

burning SRC/Water Slurry were also similar.at 81.9 percént. © .=~ -~ = .l

Particulate emissions, as- determined by isokinetic teéting;iwéreuhigher
for SRC/Water Slurry testing than SRC Fuel testing with the fast mix.burner; -
ranging between 0.74 1b/MBtu to 1.00-1b/MBtu. Particulate ‘emissions for SRC
Fuel testing with the Ffast =ix burner - ranged bétween - 0,44 1b/MBtu- to
0.79 lo/MBtu. This difference was due to the<increased:ashicontent‘of the
SRC/Water Slurry fuels caused by the ‘addition. .of Lomar-D, - a viscosity.
reducing agent which contained 35  percent: incorganic~ ash. ¢ Particulate
emissions were highest at 0.72 lb/MBtu to 1.25 lb/MBtu for.SRC Fuel testing
utilizing the slow mix burner.  Particulate emissions 'were lowest for SRC
Residual Fuel 0il and No. 6 fuel oil at ranges 0f.0.093 to 0.196 1b/MBtu and

0.02 to 0.04 1lb/MBtu, respectively. o e e TR

--The :magnitude of SO, emissions is directly related =to’ the - sulfur
content of the fuel. SRC Residual Fuel 0il.and No. 6 fuel“oil contained the
lowest sulfur contents of 0.44 weight percent and 0.54 weigat percent,

respectively, of any of the fuels tested during the SRC Phase I1I program.
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éonéeduently}'SOZ eﬁiééions werellééeéﬁ for SRC Residual Fuel 0il and No. 6
fuel oil at 0.73 1b/MBtu and 0.94 1lb/MBtu, respectively. SOp emissions were
slightly highér‘for_SRC_Fuel testing of the fast mix burner at a range of
0.98 1b/MBtu to 1.1u.1b/MBtd. Higher SO> emissions were obtained with SRC
Fuel when utilizing the -slow mix burner and were in a range between
1.17 1b/MBtu to 1.39 1b/MBtu. Similar'high SO, emissions of 1.32 1b/MBtu
were realized when tesfing'SRC/Water Slurry fuels. These: higher SO0, emis-
sions were expécted Qhen burning the SRC Fuel in either pulverized or

slurried form due to its higher sulfur content of 0.90 weight percent..

Similariy, NOx émissions are related to the level of fuel bound
nitrogen. NOy emissions were Aiowest for No. 6 fuel oil testing at
0.29 1b/MBtu and slightly higher fér SRC Residual Fuel 0il at 0.71 1b/MBtu.
Fuel nitfogenncontents'Of No. 6 fuel oil and SRC Residual Fuel Oil were 0.22
yeight pércent and_1.35~weight percent, respectively. NOyx emissions were in
a range between 0.63 lb)MBtu'to"1,u5 1b/MBtu when testing SRC Fuél with the
slow mix burner.: :NOi emissions ranged from 1.17 1b/MBtu to 1.37 lb/MBtu
when utilizing the fast - mix burner during - the last phasg of SRC Fuel
testing. Nitrogen content of SRC Fuel was 2.00 weight percent; therefore,
the higher NO*,-émission levels resulted. NOy emissions of 0.49. 1b/MBtu
obtained‘ during SRC/Water .Slurry .testing were lower than .that obtained
during SRC Fuel tésting due to the lower flame ‘temperature experienced when
burning SRC/Water .Slurry. The formation of NOy during combustion is‘alsg'a

function of the combustion flame temperature.



E. Comparison of Fuel Preparation, Handlirg, Storage and Transport

A range of modifications, varying in magnitude were performed on
the 700 nhp CTF to accommodate each different fuel firing mode of the SRC
Phase II program. Because the necessary equipment and facilities were
already in place, modifications for the No. 6 fuel 0il program were minimal.
However, major installations and existing systems retrofitiing were required
to accomplish the SRC Fuel, SRC/Water Slurry and SRC Residual Fuel 0il test
plans. In all cases, an emphasis was put on the utilization of the existinhg

facility equipment to successfully perform the SRC Phase II program.

SRC Residual Fuel 0il and No. & fuel o0il were both received on-
site in a ready-to-fire form. No. 6 fuel oil, of course, required ‘no
preparation; whereas, the SRC Residual Fﬁel Cil was prepared by Catalytic,
Inc., at Wilsonville; Alabama and shipped to PETC in six insulated 6000-
gallon tank trucks. No major modifications were required to ready the
700 hp CTF for No. 6 fuel oil testiﬁg as the existing facility's No. 6 fuel
0il storage and transport system were fully utilizéd. Modifications that
were made prior to the No. 6 fuel oil test period are destailed in Section
V.A.2. Modifications to accommodate SRC Residual Fuel- 0il storage and
transport were minor when compared to a No. & fuel oil setup. A 2500-gallon
fuel stofage tank, fuel transport and fuel heating system were installed
prior to this program's inoeption. SRC Resgidual Fuel 01il, due to its
viscous- nature, had to be stored at a temperature of 200°F and heated to

300°% before being atomized. In contrast, No. 6 fuel o0il can be stored at a

_temperature of 1000F and must only be heated to 2209F before being atomized.
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The engineering design and installation of the SRC Residual Fuel 0il fuel

storage and transport system are detailed in Section V.C.2.

The - preparation of - both SRC Fuel and SRC/Water Slurry was

performed at- the PETC site. Crushed SRC Fuel was unloaded into the existing

»-20-ton storage hopper at Building 89 and from there was sent to the ACM-10

(e

i

S

‘

‘rotating hammermill pulverizer where it .was pulverized to a particle size
iconsisting of 90 percent minus 200 mesh. The ACM-10‘-pulveriZer” fed the

‘Petrocarb pulverized fuel injection system in Building 89. The Petrocard

system was utilized to store approximately 6 tons of SRC Fuel and to deliver
the SRC Fuel to either the U400-cubic foot Vibra Screw SRC Fuel feed bin,

Tocated approximately 220 .feet away, or to an existing 18-ton SRC Fuel

storage bin located above the SRC Fuel slurry mix tank in Building 93. A

primary air blower was installed in conjunctionvwith the 400-cubic foot SRC

Fuel feed bin to pneumatically transport the SRC Fuel to:the boiler for

© combustion., This 1is detailed in Section V.B.2. In the preparation of

"SRC/Water Silurry fuels, the SRC Fuel was gravimetrically fed into the

existing 1800-gallon mix tank which had been pre-charged with 'a measured

amount of water. The existing coal-water-mixture transport system was

"utilized to store and convey the SRC/Water Slurry fuel to the boiler for

combustion. This system is detailed in Section V.D.2.

No .major - problems  were encountered during the preparation,
storage, and transporting of any of the liquid fuels, (i.e., No. 6 fuel oil,
SRC Residual Fuel O0il, and SRC/Water Slurry) during the SRC Phase- II
program. However, this was not the case during SRC Fuel testing, as fuel

transport problems plagued most of the test series. These problems were due
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.to the incapability of the PETC facilityitd deliver SRC Fuel toithe‘boilér
via on-line pulveriZation. .CFitical to thé 'mainténanceb 5f a steady Afuel
flow in él pre-pulvefizatibn firing moae . was ﬁhé mainténaﬁce .of ‘a non-
fluctuéging stétia pressure Qithin the MOO-chic foot‘SRC Fuel'stobage bin
éhd écrew feed hopper. This problem was aileViatéd somewhat by the instai-
iaﬁion of a back-bressure-regulating valve 6h top. of the SRC Fuel bin,
maintaining the bin under a positive nitrogen pressure of ~32 inches W.C.
In addition, several nitrogen burge and/or flﬁidiéing taps we;e'ioéated on
the bin 5ottom and/or thelfeed scréﬁ hoppér,'thé feed screw hdpﬁer beiﬁg
préssurized to ~10-15 inches W.C. Anotheﬁhfactbr that QasAcritical in méin-
taining a non-flucﬁuating fuel flow was the maintenaﬁde of a pfimary air
Qelocity such that fuel saltétion was not ag occurrénce. Saltation is the
settliﬁg of tﬁe'pulve}ized solid fuel ffom the pﬁimary'air conveying line
onto the inner walls Sf the transport'lihe;' Séltation'is cﬁaracterized‘by
the followingf (1) a éteaéy aecreéée in brimafy air fioﬁ during steady-
stété full load Operétiné conaitions; aﬁd (2) a épike dr sudden inérease in
steam flow, carbon monoxide emission levels, and opacity emission levels;
these parameters returning immediately "to their former'sieady-state values.
The steady decrease in primary air flow is considered to be an indication of
the SRC Fﬁel dropping out of the conveying air stream, becomiﬁg deposited on
the inner wallis of the transport line, and causing an increase in pressure
drop and resultant decrease in primary aif fiow. The occurrence of steam
flow, carbon monoxide and opacity spikes may be the result of the 3RC Fuel
on tbe inner walls qf the <transport line breaking loose and becoming
entrainediin the fuel stream causing a sudden increase in fuel flow while a
constant input. of combu%éion air is being maintained. Evidence of saltation

was prevalent during the [irst three weeks of testing. - However, after
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‘staginé'tuo blowers in series to boost:the primary alr capacity, and as a
result "be: primaryA.alr ;eloclty, no evidence of saltation Huas 'observed
durlng the flnal week of steady state duratlon testlng | The aboue stated
fuel feed problems were not an occurrence at the Plant Mltchell SRC Fuel

Burn Test(é), as fuel feed was perlormed by on-line pulverlzation.

" An 1solated problem encountered in the transport of tne SRC
“Residual Fuel 0il, due to its viscous nature, was a b011er tripout due to
““fuel line pluéging"'at' the ‘Micro' Motion mass flowmeter. So that testing

-

“could econtinue, 'the upper range of the fuel line pressure sw1tch was
thincreased Over the course of that day's testlng the fuel pump dlscharge
- pressure slowly d"opped to a normal level 1ndlcat1ng dlssolutlon of the

“ fuel “line restriction.

Aosimilar problem'of high fuel line pressure was also encountered
:during‘<lnitlal‘ S?C/Qater élurry testing with ‘a SRC;Water Slurry fuel
containing‘a 68 percent solids‘concentration. Due to the hléh viscosity of
‘the SRC/Water'Slurrp'atvthis concentration, high fuel pump discharge pres-
‘sures were belng exper1enced and were a detriment to testlng. To:alleviate
thls problem the concentratlonA of the SRC/Water Slurry was decreased to
67 percent and testing was conducted w1thout any further hlgh fuel pressure
problems.- | . ‘ .'

F. Comparison of Facility Operating Conditions

Boiler operations during eacn fuel firing mode were similar in that the

boiler was generally shut down in the late evening and early morning hours
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during daily paramstric testing, as evaluation Sf the mobile ESP was hof
required. During steady-state duration testing of each fuel, thé boiler waé
operated during the night to maintain a constant heat flux thrbdéh the ESéz
facilitating its performance evaluation. At times, nighttfme dperation of
the boiler was performed with the particular fuel being evaluétéa, depending
on its supply. This was never the case with the SﬁC/Water Slurry 5ue to#tﬁé

limited quantities that could be produced daily.

Combustion of the liquid fuels, No. $ fﬁel oii, SRC Residual Fuél égif
and SRC/Water'Slurry'was carried o;t with very few broblems. Exéeptidﬁ;ﬁ%g
this were tﬁe initial inabilities to maintain both No. 6 fuel oil and SRe
Residual Fuei 0il flame shaées in avconcéntric ball, raéher than one tﬁgi
exhidbited eight distinct finge}s. These fingers correspond to ‘the eiéﬁ%
nozzle orifices of the fuel burner‘ nozzle emitting the liquid fuel 'in a
distinct stream, not having been propérly aﬁomized.' These.problems were
evernitually alieviated by maintaining the proper atomiziné steam-to-fuel
pressure differential. Atomization of the SRC/Water Slurry was performed
using high pressure air as in coal-water—mixture-combustion. Both No. 6 oil
and SRC Residual Fuel 0il test periods utilized the Coen No. & fuel 0il
burner nozzle cap with eight 5/32-inch orifices. To accommodate the higher
fuel and atomizing steam pressures experienced at the burner when {iring SRC
Residual Fuel 0il compared to No. 6 fuel o0il, the center hole of the poizlé
body wWas increased from 1/2 inch to 11/1% inch.- SRC/Water 'Slurry testing
utilized the Coen coal-water-mixture burner gun and nozzle with- éiéﬁﬁ
15/6U-4inch orifices in the nozzle cap. A similar partialiy opengd sihglé

air ‘zone (SAZ) register louver setting for both No. 6 fuel o0il and SRC

Residual Fuel 0il test periods was utilized. This, in conjunction with
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g_po-currgnt:diffuser, imparting a ropational'swirl to the. primary air in
the §ame_d%gection as phat‘imparted by the secondary air, yielded. similar
flame'appearances. Both Noﬂ 6 fgel 0il and SRC Residual Fuel 0il flames
were in tﬁe spape of a ball, centered concentrically. in the fireboi, and

bright orange in color. In addition, the length of each of .these flames was

gpproximately half the length of the firebox.

In contrast, the SRC/Water Slurry and SRC Fuel flames were.longer and
ngrroyer in:shape, bpth of these firing modes utilizing the counter-current
g}ffuser to impart a swirl to the primary air that was countgr to that .of
;Qg segondary‘a;r. The SRC/Water Slurry flame, with respect to that of the
SgC'Eue;, was slightly shorter and wider,  the SRC Fuel flame length being

approximately 80 percent the }ength of the firebox.

The occurrence of clipkers'or buildup of melted SRC Fuel on.the tip of
the SRC Fuel bgrper_was the. most significant detriment to the suceessful
combustion of the SRC Fuel. In order to avoid this clinker formation
problem, an optimum primary air velocity had to be maintained at the exit of
the SRC Fuel burner thrqugh proper burner design. In addition, the burner

surface temperature had to be maintained at a relatively low level. such that

the SRC -Fuel could not melt, adhere .to its surface, and cause -¢linker

formation. Figure 11.F details the design of a water-cooled SRC Fuel burner

(fast mix burner) that did .in fact eliminate this fouling problem, -as

demonstrated in a final SRC Fuel test series utilizing the fast mix burner

at' PETC. The deposition of SRC Fuel minus its volatile matter on the tip of

the Coen burner cap during SRC/Water Slurry testing was the only combustion
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problem expsriencsd during this test period. The sporadic occurrence of

these deposits affected emission levels to a slight degree.
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IV. CONCLUSIONS AND RECOMMENDATIONS

The princibal goal of demonstrating the combustion of SRC fuels in an
oii-designed boiler was successfully achieved as a result of the éombustion
.tests in PETC's 700 hp watertube boiler. The boiler was operated without
derating when burning. SRC in three different forms; pulverized, slurried

with water, and in solution with a process solvent {(SRC Residual Fuel 0il).

The carbon conversion efficiehcies obtained in all SRC fuels ~téS£s
‘conducted at full boiler load were high, ranging from 97.7'to 99.9 percent.
The steady-state duration tests, conducted at full boiler load with 600°F
air ‘preheat, resulted 1in average carbon éonversion efficiencies of
‘99.8 percent for SRC Residual Fuel 0il and 98.9 percent for SRC/Water
Slurfy. Parametric tests, at full boilér load with an avérage 563°F air
preheat, resulted in an average carbon conversion effiéiency of 98.9 percent

for SRC Fuel when using the improved design fast mix burner.

Average boiler efficiencies obtained in these same SRC Fuel and SRC
Residual Fuel 0Qil tests were -higher (84.7 percent and 85.3 percent,
respectively) than when burning No. 6 fuel oil (81.9 percent) at full boiler
loaa with 500°F air preheat. The average boiler efficiency obtained in the
SRC/Water Slurry tests (81.8 percent) was comparable to when burning No. 6

fuel oil.
The emissions of NOy were high when burning all three forms of SRC Fuel

due to high fuel bound nitrogen. The NOy emissions when burning SRC/Water

Slurry were lower than when burning SRC Fuel under similar operating:
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conditions, due to lqwer.flame temperatures associated with the high water
content of the slurry f{uel. Due to the short time span avéiiable for
testing, no attempt was. qadg to minimize NOy emissions via combustion
modifications. Uncgntrolled particulate emissions were also hnigh, but
.results_of the different p;rticulate control equipment tests.indicate that

this equipment can be used to limit emissions to within acceptable limits.

Tge three different fqrms of SRC fuels utilized durin% this ddmbustion
program have demonsﬁrated, in most areas, desifable handling Aand combu;tion
charac¢teristics. . The test .firings consumed 500 tons of SRC Fuel,
30,000 gallons of SRC R;sidual Fuel 0il aﬁdl 20,000 gallons of SRC/Water

Slurry.

High NO, emission levels, due to the high fuel bound nitrogen, indicate
the need for site specific NOy control. In addition, there is a probabie
need for particulate control when burning SRC Fuel and SRC/Water Slurry.

‘Hawever, particulate emissions may be reduced by burner optimization.

Pre-pulverization and storage of SRC Fuel in that form should be
'avoided due to thé innerent transpurt problems asgsociated with this.typé of
SRC Fuel firing mode. Therefore, it 1is recommended that only on-line
pulverization be used. In additién, it is:critical that cooling of the SRC
Fusl be mzintained when pulVerizing-due to agglomeration'of the SRC Fuel at

elevated temperatcures.



Thé overall test results from the PETC 700 hp boiler SRC combustion
tests have proven that SRC is a viable alternate for fuel o0il in oil-

designed boilers.
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V. TEST PROGRAM - -

A, No. 6 0il Baseline Tests.—

. -Combdstion-Test Plan-

'TheJNo.-G 0il bgseline tests were conducteq over a period of
three weeks from August 18,tovSéptember 3, 1982/ During~th;s pefioq_all
tcombustion'tesping was‘perfonmed”a§ full boilér;load.lﬂ?aramefric testing to
determine optimum bo¢iler opebating conditiqns,ﬁasuconducted during the first
week (August 18 to August 20). Eight parametric tests'were-conducted at two
secondary air preheat wtemperatdresv (~SOQ°F aﬁd,”~6006F) while excess air

levels were varied.

. Steady-state dﬁration‘tesﬁs were conducted during the second
and third weeks of testing (August 23 to.September.3). Conditionsvfor.these
steady-state tests weée selected UbLased upon para@etric fest  results.
Eighteeq steady—stgte tests were berformed at a flue-gas oxyéen level of

~2.5 percent with secondary air prehéated to ~500°F,

2. Combustion Test Facility

The primary compaonent of the Combustion Test Facility is the
700 hp, two-drum, "D" type package, watertube, industrial boiler designed
for oil firing (Figure 1). ~ The boiler was manufactured by the Nebraska

Boiler Company_and, at full capacity, generates 24,000 pounds of saturated
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steam per hour at 175 psig, with a heat liberation rate of

47,100 Btu/ft3-hr.

The furnace (radiant section) lS a welded-wall construction
of finned, 2-inch-o0.d., electric resistance welded carbon steel boiler tubes
(Figure 3). In addition the convection section tubing bank consists of the
Sanme 2-inch;o d.‘electric resistance welded carbon steel boiler tubes.‘ Four
baffles (18 _gauge 304 stainless steel plates) are staggered in the _con-
vection section to alter the direction of the combustion gases passing from

'the radiant' section, maximizing heat transfer. The open cross-sectional
area of the convection section, excluding the baffle,.is 8. 2 square feet.
The cross- sectional area in the plane of the baffle is u 906 square feet.
The convection section is supplied with a sootblower, Boyer Type VH
~valve-in-head. Two Tate-Jones sight glasses are located on the back furnace
.wall to afford tne boiler operator a view of the flame when making critical
boiler operating parameter adjustments. Two additional Tate-Jones Sight
glasses were 1nstalled on the east s1de of the boiler prior to this program

to afford the operators a. better view of flame leng*h and the pos1tion of

the flame relative to the burner.

Boiler interlocks automatically shut the boiler down in the
event any of the following oceur: (1) loss .Qf, the atomization medium;
(2) high boiler steam pressure, (3) low boiler water level (4) low

combustxon air flow, or (5) excessive pressure at the fuel pump.
The 175 psig steam generated by the boiler is condensed in an

airecnonled condenser, eollected in a hot well tank, passed through the sub=
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cooler section of the air-cooled condenser and back to the deaerator tank.

A view of the No. 6 fuel oil flow diagram can be seen in Figure 4.A,

The flue gas leaving the boiler passes. through a damper valve
which controls the furnace pressure. Ihe flpe. gas then: enters a cooler
which uses ambient air to control the flue gas temperature at the cooler
exit. Immediately downstream of the flue gas cooler exists a "Y" type "flow
splitter" (Figure 5) with a 20-inch diameter inlet and two 16-inch diameter
_ oqtlets. - The 16-inch diameter outlet ducts both incorporate manual flow
control valves that enable the diversion of any portion of the flue gas to
either the American Air Filter Baghouse or mobile. ESP, Séparate induced
draft fans are located downstream of° both :the baghouse and mobile ESP to
provide the draft necessary for expelliﬁg,the flue gas to the atmosphere..
Flow measurements are performed by using a manometen.across the.splitter and
a flow orifice near the ESP inlet. In order to achieve even flow and
particulate distribution to both outlet legs ‘of the split;er, the. splitter
is positioned a minimum of eight pipe diameters downstream and two pipe
diameters upstream of the nearest flow-disturbance (tests were performed to
verify that even flow and particulate distribution to both outlet legs of
the splitter were, in fact, occurring). To further facilitate testing, a
by-pass duct is installed around the baghouse with ‘ﬁhe appropriate flow
control valve to divert a portion or all of~the flue gas flow around thé

baghouae.
The reverse air fabric pulse-jet bagnouse (Flgu"e 6) contains

120 duyglas filter fabric bags manufactured by Huyck Felt, Division of Huyck

Corporation. These filter bags have a unique resin system which coats and.
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protects ‘the fibe?glass feom aSrasive and corrosive environments by lubri-
cating the glass. fibers and preventlng fiber-to-fiber abrasion. The bage
are cleaned using a pulse of compressed air at 75 psig. The frequency of
pulsing was set to maintain- the pressure drop across the baghouse assembly

beuween 2 nches and 4 1nches W. C

Number 6 fuel 011 is stored in a 60,000-gallon capacity insu-
lated storage tank. The No.-6 fuel oil storage tank is located approxi-
maﬁely 250:feetinorthwest.of-the CTF and.cohtains an internal steam coii to
maintain the No. Bffuel‘oil temperature at 1009F. A Brown Fin Tube suction
heater then heats the ‘fuel oil from 100°F to 1HO°F A Roper Type 1 pump
feeds the oil 1nto the buildlng and to the suction side of a variable speed.
3 hp progressing cav1ty Moyno pump. This Moyno pump contains an elastomer
liner, Buna-N» stator and a 0. 010 lnch undersized- chrome-plated -rotor.’
Located between the suction heater and the 3 hp Moyno pump. is a -fuel

strainer manufactured-by Zurn Industries, Inc.

A - Brown- Fin Tube 'steam shell-and-tube oil‘ heat exchanger
raises . the No. 6 fuel o0il temperature from 140°F to 220°F - immediately
upstream of the fuel burner. Measurement of the fuel flow rate is done with
a mass flow meﬁer manufactured by Micro Motion, Inec. and a volumetric flow

meter.

The combustion air system supplies approximately 6000 scfm of
primary and secondary air preheated to a maximum temperature of 600°F., The
combustion air supply is obtained by combining heated air from a Joy centri-

fugal compressor (the air is preheated to 11009F in two oil-fired, closed-
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cycle heaters located :downstream of the -Joy ' Compréssor) with ambient
temperature air from a Buffalo Forge forced-draft fan. The température is
- set’by controlling the portion of heated air which is added to the ambient

temperature air stream.” =

The -sourée of the primary ‘dir was a ‘Buffalo” Forge' forced-

raft fan which was able to supply a volumetric air flow of 1566 sefm at a

static pressure output of 24 inches W.C. This blower was located approxi-
mately 20 feet south of'Euilding 93 ' The primaéy air kéé'conveyed to the
boiler via a 6-inch schedule Ho'bipe;'the flow‘}aﬂé Qééﬁéohfréiiéd'sy a
6-inch air actuated butterfly valve installed immediafely upsiream of the
boiler. -Measurement of primary air flow wés:pé;fo;méﬁﬁby an 8<inch Brandt
Industries flow meter (Figure 7) located upstream of the blower inlet. This
8-inch section of the inlet line also incorporated ‘an 8-inch butterfly valve
that would provide a positive shutoff of the primary air flow if actuated by
the boiler logic system. A silencer was installed on the suction end of the

8-inch inlet line section. Lol e Lim T

Instrimentation at 'the 700 hp Combustion Test Facility
includes both continuous bn-line and periédic in-flow measursments. With
‘the exception of a few measurements read -locally frof gauges mounted in the
boiler room arnd aéquiﬁed by sampling - probes, most measurements are trans-
mitted by pneumatic or electric signals to thne Data Acquisition SysEem and
displayed and/or recorded in the control room (Figure 8). A complete list

of all instrumentation and -thé respectiveé ranges is found in Appendix A.
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Fiﬁe-gas}‘conétitﬁents, namely, O, ébg,A €O, SOx, NOy, and
totalAhydrbCarbons‘(THCX éﬁeﬂmeésured coﬁtihuously durihg.éacﬁ'tést. Each
flue-gaS'éa@plg is’drawn;by:bump suctidn throﬁgh a Pall particulaté‘filter
into a'Hahkinson'compreéséd'air dryeg; then further dried by a Perma Pure
Dryer, and delivered to the gas aﬁalyzers; ‘The type'and'ranges of the gas
analyzers used to determine the flue-gas constituent levels are described in

Appendix C.

The Déta Acquisition System consists of a Digital Equipment
Corporation PDP-11/40 computer, a 100-point scanner for electrical signals
and a 6N-bdipt‘scanhér for “pheumatic -signals. The scanners are confroiléd
remotely by the PDP-1.1740 computer. Signals are acéepted six times ‘per
minute andAtheir aﬁéragejbaiues are:perhanehtly stored on ‘a computer disé.
Error due to the Data Acquisition Systeh is less than 0.1 pércent of instru;

ment range.

3. Burner Nozzle Selection

The most significant modifications to the 700 hp CTF prior to
the No. 6 fuel oil testing were: (1) the replacement of the original Coen
No. 6 fuei 0il burner with .a multi-fuel burner in the existing Coen SAZ-20
air register; and (2) the installation of .an accompanying primary air

system.
The mu;éi-erl,burﬁéq is a modified version (Figure 11.B) of

the original design (Figure 11.A) by Beard, Diaz, Weidman and Associates,

Inc., whidh incorporates a guide tubé to support gnd locate the Coen Company
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Model No;jZ mv oii turner gun assembly (Figure 9). This guide tube is a
2-1/2-inqh schedule U40 steel pipe that is positioned concentri@allylinside
the burher. Thg guide tube is located on the horizontal center line of the
6-inch iong:radius elbow that connects the burher to the primary air system.
‘This cg@ be seen in Figuref11.B. A diffuser was positioned on the guide
tube to.impart a.ciockwise swirl to the primary air (co-current with the
secondary air) being conveyed through the 'annular épace between the

water-cooled portion of the burner and thé g&ide tube.

The air registeyr, manufactured Ly Lhe Coen Company, is a
single-air-zone type with a wide-flare refractory throat incorporating a 9-
inch offset extension. This Single Air Zone (SAZ) is shown in Figure 10.
In addition, a 2-foot 3/8-inch diameter gas ring bustle pipe, with 48
injectién holes admitting ‘natural gas as a start-up fuel, surrounds the
burner. The bdasic air register, extended tile throat and gas ring bustle
pipe are commercially available equipment. The No. 6 fuel oil atomizer, a
Model No. 2 mV type made by the Coen Company, features internaI mixing u;ing
either steam or air as the atomizing medium. The atomized fuel exits

through the nozzle cap which contains eight 3$/32-inch nozzle holes at a

sbray angle of 75 degrees:

4. Combustion Test Operations
No. 6 fuel oil is delivered to PEIC by tanker <truck and

stored in a 60,000-gallon No. 6 fuel oil storage tank (See Section V.A.2).

Prior to boiler start;up, the No. 6 fuel o0il is circulated through the pre-
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heater and back to the storage tank, while other boiler preparation steps

are being carried out.

;Quring “the first week of'vthe thfee-weék No. 6l‘fuel oil
tésting period, parametric poilef tests were performed. OperaFéOA!of the
boiler was conducted on a daily start-up and shutdown basis dur;né this
first week since ESP evaluation tests were not bging performed. Generally,
the boiler was brought on-line with No. 6 fuel oil ét 0100 hours each day as

per the following procedures.

After fuel oil recirculation was in progress, station steam
(100 psig) was cut into the fuel oil preheater-aqd the atomizing ;tggm‘pres-
sure at ;he burner set at 25 psig. Immediately following, theﬁfemaining
systgms (boiler feedwater, stegm cgndensate, flue gas, and natural gas) were
set up for operation. Number 6 fuel o0il flow was then iﬁitiatea to the
boiler; the No. 6 fuel oil flame was ignited by the natural gas pilof. Fuel
flow rate for the first forty-five minutes, when the poilé; was cold, was at
the lbwest possible réte (6.8-7.5 1lb/min). Once the bodiler steém ﬁéader
pressure reached 175 psig and steam flow had been established, boiler steam
replaced station steam for fuel atomiéation. Boiler feedwater chemistry was

also checked at this time.

The furnace pressure was set and thé No. 6 fuel oil firiné
rate was grédually increaséd unti; full‘load was establishéd at 06090 hours
IXcess oxygen was maintained at 3:5-5.0 percent durihg this process. .fhe
specified furnace pressure was set énd the flué gas flow directed around the

700 hp baghouse or to the mobile ESP (during steady-state duration boiler
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testing) as specified. At 0500 hours, the stéém sodtblowers were activated
to clean the boiler convective tube bank. Formal :estlconditions were then
established by 0800 hours after raising the secondary air preheat to the
specified temperature at 0700 hours. Generally, two combustion tests, each.
four hours in duration, were performed each day, with testing ending at
1700 hours Three combustion tests were conducted on the final day of -para-

metric boiler testing.

Upon completion of.déily parametric combustion testing, the
boiler load was slowly reduced until the boiler was shut down at 2200 hours
During the'following two weeks of steady-state duration testing, the perfor-
ménce of the mobile ESP was evaluated."Consequently, the boiler was main-
tained at less than half load during 6vernight operations to maintain an
approximate 3000F temperathre at the ESP outlet.-lOtherwise;_dombuStion test
operations for steady-state duration testingfwere;idenpical to that ofﬁpara-
metric testing. . Isokinetic 'sampling to determine. flue-gas particulate
loading and velocity Qas performed during each four-houé'combustion test for

both parametric and steady-state duration testing periods.

All operating . data obtained from testing  was recorded
manually every 30 minutes by boiler operating technicians. A significantly
more extensive data collection was performed by the computer controlled Data
Acquisition System as described in Section V.A.2. Critical operating para-
meters (i.e., air, fuel flow, air/fuel ratios;.steam flow, etc.) are con-
tinuously displayed on video terminals and monltored ULy the engineering

staff.
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.5«:. . Combustion.Test Synopsis. -

Coua At

~ a.: Parametric Tests:. . - - - '*-

R O T

.+ .August 18, :1982, Wednesday -~ Run 0818SD -

np "

- - N
.8 N 4

Testing was performed at full load boiler conditions. and
a secondary air temperature of appreximately 6000F. Several problems were
.encountered during..the day's :test -activities.. . During the first portion of
testing ((0818-1), the:-measured flue-gas oxygen .level indicated operation at
.30-percent ' excess. .air. . However, a .leak was discovered. in the' flue-gas
sampling system.and was. immediately repaired. - .Subsequent .flue-gas oxygen
levels- indicated ‘actual boiler.-operation .corresponding to 10 percent:excess
-air (~2 percent. flue-gas oxygen) and’ combustion. .testing. was ccmpleted. The
.second . portion. of- testing--(0818-2) was then. .performed -at-'the ~original
specified.:. conditions - of~ .20 percent-  excess . air - (~3.7 percent * flue-gas
oxygen). - The original specified conditions of: 30. percent. excess air were
pérformed during the -third. portion of the day's test-period: (0818-3). For
this test it was necessary to bring the ESP induced draft fan on-line to
provide the required: draft to maintain a 2-inch ‘W.C.. . furnace pressure when
operating at the. .30 percent excess air level. (~5 percent  flue-gas oxygen).
Several  computer . "crashes" 'occurred: throughout the: day. interrupting data
recording. At ‘one  point the.computer was shut  down. for: repairs. Steam
quality, as:-measured. during . the test, was .poor, -indicating a possible

.feedwater~¢hemistry.probrem.
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August 19, 1982, Thursday - Run 0819SD

The first portion of testing (0819-1) was ﬁebfo%med at a
12.5 percent excess air level (~2.N.percent flue-gas ox&één) énd‘a secondary
air temperature of 600°F without the occurrence of ‘anyh major ‘proSléms.
During this test, an intensely bright, ball;shaped flaﬁe was observed. Test
conditions specifigd for the second portion of testing (0819-2) required the
lowest excess air ievel'possible while still maintaining CO'lévelé under
koo ppm.' As a result, an oxygen level in the flue gas of 0.7 percent was
established for this test with CO levels averaging approximétely ZQO ppm. A
boiler flameout occurred once QUe to a low water }evel in the steam drum.
The boiler was brought back on-line and the test was completed. Again,

steam quality measurements were poor as the boiler water chemistry was still

causing problems.
August 20, 1982, Friday - Run 0820SD

During this day's test period, three combustion tests
were performed utilizing a secondary air preheat temperature OSVSOQOF. The
first portion of testing (0820-j) was conducted at an excess air level of
12.5 percen; (~2.3 percent flue-gas oxygen);‘ During the second portion of
testing (0820-2), the excess air level was decreased to the lowest permis-
sible limit while maintaining CO levels. less than 400 ppm: Consegquently, an
excess air level: of 3.2 percent (0.7 percent flue-gas oxygen) was
established for this test as CO levels averaged 480 ppm. For the. third
portion of testing, the excess air level was .set at 20 percent (~3.7

flue-gas oxygen). Small problems with the flue-gas analysis equipment were
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experienced requiring the use of a back-up oxygen analyzer for a portion of
the second test. Steam'quality measurements again indicated that a problem
existed with the boiler water chemistry. No other serious difficulties were

experienced.

b.’ Duration Tests

The cbpditions ‘established for the remaining steédy-
state tests were based on the previous parametric combustion'tesés. These
‘conditions were a Seconéary air preheat temperature of 5000F at an excess
air level of 12.S‘percent (~2.H percent flue-gas oxygen). ' The tests were to
be'condﬁcted at steaay;stgié:conditions for a period of 10 ﬁghrs'.duration

‘per day f@r five days.
August 23, 1982, Monday - Run 0823SS

'Two four-hour combustion tests (0823-1 and 0823-2) were
conducted successfully at the specified conditions, Both tests performéd
well with 2n ekcellént flame observed. Steam quality checks showed
‘99.1‘percent indicéting that the boiler feedwater treatment problem had been
alléviéted. The computér had "crashed" during the previous night and was
only available for data acquisition for approximately one hour during this

test.
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August -24, 1982, Tuesday - .Run 0324SS:

Two additional four-hour combustion' tests were  carried
out at the specified boiler operating conditions (0824-1 and 0824-2).
Several minor édjustments_ had to be made :to shape the flame during the
setting of test conditions due to moderate flame impingement on the boiler
watertubes. These difficulties were caused by a malfunctioning atomizing
steam AP regulator. Excessively high temperatures (~36U9F) at the E3P iulet
necessitated  the removal. of a portion- of the flue-gas - duct .insulation

leading to the ESP.
August 25, 1982, Wednesday - Run 0825SS .. ¥

- . L Additional combustion testing at the spgpified_.condir
tions was originally scheduled; however, numerous. boiler flameouts- occurred
due to a loss of plant power and an unbalanced boiler feedwater chemistry.
Eventually, test conditions were set and tne boiler was operated for only
1 1/2 hours. A decision to abort the remainder of the test was reached when
undesirable flue-gas temperatures at the ESP inlet could not be lowered. No
isokinetic samples were taken.

August 26,- 1982, Thursday - Run 0826S8S. .

Combustion. testing -at the  specified conditions. was
performed for two, four-hour runs (0826-1 and 0826-2). Throughout most of
the .test, great difficulties were encountered in trying to obtain the-

desired flame shape. Flame impingement, due to the fingers of. the



starfshaped flame hitting the watertubes in the firebox, was belleved to be
caused by poor fuel atomization. Again, these dlfflcultles were caused by a

malfunctioning atomizing steam AP<regu1ator.
August 27, 1982, Friday - Run 0827SS

“Two combusticnlltests were performed at the specified
boiler conditions on this day. During 'the first portion of  testing
(0827-1).. the inability to set’ the -proper atomizing steam/fuel differential
pressure at tne nozzle was still causing problems w1th shaplng the flame as
impingement of the flame.on the watertubes still existed. The flame shape
was much improved during the second portion of testing (0827-2). The
improved flame shape was the result of . bringing: ‘the boiler load and
secondary air preheat down until a ball-shaped flame was established. The
boiler was then brought back up to test-cgnditiens while maintaining the
desired ball-shaped, non-impinging flame. ' fhe .remainder .of tne. test was

conducted without. further problems.
August 30, 1982, Monddy - Run 0830SS

This test was conducted as sbecified without any major
problems, Flame patterns were good throughout both combust*on test runs
(0830-ﬁ and 0830-2) A slmght fuel flow control problem ex1sted early
durlng the testlng period and was qulckly corrected. In addvtlon an anti-
Loamlng agent was perlodlcally added to the b01ler feedwater to balance the
feedwater cnemlstry and 1mprove the poor steam quallty that exlsted early in

the test.
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August 31, 1982, Tuesday - Run 0831SS

The first portion of testing (0831-1) ran very smoothly
as all required samples were collected. Several problems arose during the
second portion of testing (0831-2) including a computer shutdown and a
subsequent momentary interruption of the Data Acquisition System. In
addition, a plugged fuel line strainer resulted in a boiler shutdown. This
was believed to be caused by the addition of a new load of No. 6 fuel oil
into the storage tank churning up bottom residues which in turn caused fuel
line strainer plugging. Several additional boiler shutdowns occurred due to

low city water pressure before test conditions were re-established and

testing concluded.
September 1, 1982, Wednesday - Run 0901SS

Two additional combustion test Euns (0901-1 and 0991-2)
were performed at the specified test conditions. Difficulty in shaping the
flame from its impinging condition early during the test was encountered.
The bypassing of the atomizing steam AP regulator resultad in the attainment
of a much hnigher atomizing steam/fuel ratio oé 0.30 and a desired bpall-
shaped flame appearance. Generally, the flame appearance throughout the
remainder of the test was good and no impingement on the watertubes was
evident. However, several times during the course of the test, the boiler
experienced flameouts due to a low water level in the boiler steam drum.

3oiler feedwater conductivity levels were discovered to be high. Attempts

to ‘lower these levels by pottom blowing were initiated and continued
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nugerous times throughout the test. This procedure was also continued

during the night following the test.
September 2, 1982, Thursday - Run 0902SS

Combustion: test runs (0902-1 and 0902-2) were performed
at the specified boiler opefating conditibns. Some minor broblems occurred
during the course of thé ‘test but were corrected immediately. These
problems included a compdter shutdown, a malfunctioning oxygen ana;yzer, and
an improper water level in the boiler steam drum. In general, the test ran

quite well without problems.
September 3, 1982, Friday - Run 0903SS

The steady-state Quration test period fdp No. 6 fuel oil
was concluded with combustion test runs 0903-1 ana'090342; These combustién
tests were carried out at the specified boiler bpérating conditions. A
moderate decrease in the city water pressure occurred during the course of
testing, causing a slight decrease in boiler steam flow. The city waier
pressﬁre was gradually'restored without causing a boiler shutdown. “Boiler
feedwater conductivity was greati& reduced to within acceptable limits as of
the beginning of this test. Number 6 'fuel o0il steady-state tests were

concluded.
Cumulative ash deposits removed from the 700 hp boiler

firebox after the No. 6 fuel oil tests were of a negligible amount and no

welights were recorded.
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6.  Combustion Test Results and Discussion

Eight parametric tests were performed' with No. 6 fuel oil
from AuguSt 18 to August 20, 1982. Test results are presented in Tables 1
to 3. Table 1 shows the fuel analysis of.the actual No. 6§ oil saﬁplés taken
during each test.. Nitrogen content in the fuel ranged from 0.21 to
0.26 pefcent.i Sulfur content ranged from. 0.63 to 0.68 percent. Moisture
contents of these fuel samples.varied from 5.8 to 7.8 percent. This higﬁer
moisture content in the fuel was due to the low level of No. & fuel oil in
the storage tank, the bil becoming mixed with the ever-present 3- to 4-inch
layer of water on the tank bottom. The higher heating value (HHV) of the

fuel o0il was in the range of 17,404 to 17,556 Btu/lb.

fable 2 presents the actual boiler operating conditions and
performance of these eight parameiric tests. A1l of the tests were
conducted at full load conditions with secondary- air temperatures of 600°F
(first five tests) and 500°F (last three tests). The excess air was varied
from 3.1 to 31.0 percent. Average flue-gas temperatures varied from 528°F
to 6039F, Carbon conversion efficiencies were all above 99.9 percent. The
boiler efficiency varied from 79.6 percent to 83.5 percent and was higner

with lower excess air and with higher combustion air temperatures..

Tahle 3 shaws the flue-gas analyses and particulate emissions
for the eight No. 6 oil parametric tests. SO0, emissions were in the range
of 0.30 to 0.95 lb/MBtu. These values were higher than those calculated
from sulfur content in the fuel analysis. NOy emissions were in the range

of 0.25 to 0.34 1lb/MBtu and were generally lower at lower excess air levels
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and lower combustion air preheat temperatures. Uncontrolled particulate

emissions were in the range of 0.02 to 0.04 lb/MBtu.

Based on the parametric tests results, an excess air level of
12.5 percent and combustion air preheat temperature of 500°F were -selected
to perform the steady-state tests. ‘Table 4 shows the No. 6 .fuel oil
analyses for these tests. On August 31, 1982, a new batch of No. 6 o0il was
delivered on site. Subsequently, the moisture content of the new No. 6 fuel
0il was reduced by épproximately one-half to the range 6f 3.0 to
4.3 percent; correspondingly, the HHV: of .the new fuel, increased from

approximately 17,500 to slightly over 18,000 Btu/lb.

Table 5 gives the actual boiler operating -conditions and
performance of the No. 6 o0il steady-state duration tests. Carbon conversion
efficiencies were all above 99.97 percent. The boiler efficiency varied
from 80.6 percent to 82.8 percent. The variations of boiler efficiencies
Wwere largely due to the variations.of the fuel compositions and atomizing

steam pressure and flow.

Table 6 gives the flue-gas analySes'anq particulate emissions.
during these steady-state duration tests, SO, and NOy emissions were
generally 0.94 1lb/MBtu and 0.29 1lb/MBtu, respectively. Uncontrolled
particulate emissions ranged from 0.02 to 0.04 1b/MBtu. It might be noted,
that particulate (isokinetic) samplings were not performed on September 1,
1982 (Test Nos. 0901-1 and 0901-2); the isokinetic sampling data of test
No.- 0830-2 on August 30, 1982 utilized the same operating conditions and

therefore was used for the Test Nos. 0901-1 and 0901-2.
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B. SRC”FueI Tests

1,  Combustion’ Test Plan

SRC Fuel tests were conducted over a period of five weeks
from October 24 to November 19, 1982, with one additional week of fast mix

burner tests from January 27 to February 2, .1983 (six weeks total).

Shakedown and parametric testing was conducted during the first week
(October 18 .to October 25):. Four parametric tests were performed during
the week., Testing was conducted at two different secondary air preheat
temperatures (~~000CF and ~6000F) and two different flue-gas.oxygen levels

(~3.2 percent and -~5.0 pcrcent).

Steady-state duration tests were originally scheduled for two
weeks. However, due to problems with the burner and the fuel feed system,
testing was extended from two ‘weeks to four wéeks; One week was devoted
entirely .to modifying the fuel feed system and buéner assembly in order to

improve ‘the system perférmance.

Nineteen steady-state duration tests were performed during
the period from October ' 26 to November 19, 1982. The slow mix burner
(Figure . 11.B) was utilized between October 26 and November 5, 1982. The
straight 6-inch. "Econo" burner was installed during the week of November 8,
1982 and used for the remainder of the steady-state duration tests. Testing
was. conducted at one secondary air temperature (~6000F) and various flue-gas

oxygen levels ranging from 2.7 percent to 6.5 percent.
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One additional week (January 2% to :Eébrugry 6, .1983) was
.spent conducting tbe PETC fast mix burner‘tests. Six short-duration teéts
were conddcted during the week at two different secondary air temperatﬁrés
(~5000F and ~600°F). Flue-gas oxygen levels ranged frqm 2.7 percent to

5}5 percent.

2. Combustion Test Facility

In the initial planning, the SRC Fuel was to be pulberized in
Alabama and transported via tfuck or rail to PETC. However, it was deter-
mined that the combination of extended storage time, possible high»ambient
temperatures, and motion would compact and cause. agglomeration of the
pulverized product. Therefore, the PETC facility was used to pulverize the

SRC Fuel.'

,The'exisﬁing'zq-ton cqalAsgorage,hopper”atiBuilding”89~(see.
quw,biagrap in Figure U.B)'was,utilized to store crushed SRC Fuel as: it
arrived on site at PETC. The MikroPul ACM-10 rotating hammermill pulverizer

(Figure 20) in Building 89 was modified to pulverize the SRC Fuel.

~The ACM-10 pulverizer fed the pulverized' fuel storage and .
coptinuous fuel injection system manufactured by Petrocarb in Buildin§'893
(sge Figure 12). The Petrocarb pulverized fuel injection system'was used to-
store approximately six tons of pulverized SRC Fuel and to deliver the SRC
Fuel to either the 400-cubic foot capacity vibrating- bottom SRC Fuel feed

bin (Figure 13) located approximately 220 feet away, or to an'néiisting
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18-ton capacity pglverized coal storage bin located above the coal - slurry

mix tank in Building 93.

The 18-ton storage bin in Building 93 was used to store and
to transfer SRC Fuel to the 400-cubic foot feed bin using a powder pump, an

existing dense-phase pneumatic transport system.

The'MOOecubiq foot SRC Fuel feed pin_(see_ﬁigpres 14,Aband
14.B) was installed in the courtyard just south of Building 93. This. bin
held 11j000 lbs‘of SRC Fuel, which is gpproximately a siffyhopr §upp}x of
fuel. The SRC.Fuel was pneumatically transporte?”to thg ?3ghpua§“on tog of
the feed bin. The feed b;n was equipped with a yibrating;cone bottom, lqad
cells and explosion vent rupture disec. The bin was maintained under a
positive nitrogen pressure (~32 inches W.C.)vwith.a continuous purge venting
out the top through a backe-pressure regulating valve. Several nitrogen
purge and/or flui@izing taps were located on the. bin bottom and on the feed
seraw hopper{for use as required, the fegd screw hoppeg bgipg pressurized to
~10-15 inches W.C. A rotary air lock was installed to .isolate ‘the baghouse
from the feed bin.

An air blower with a 20 hp motor and silencer supplied up to
1500 scfm of primary air at 2“ inches W.C. pressure, carrying the SRC Fuel
through a 6-inch dilute-phase pneumatic transport line to the boiler some 70
feet distant.. The 6-inch transport system was designed to withatand at
least a 50 psig explosion pressure, and a similarly designed containment was
construgteq around the blower. At full load, approximgtely 18OQ_lb§/hr of

SRC  Fuel  were fed from the bin into the blower suction using a Vibra
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Screw Model HD-2 variablé épeed feéder (Figurel15). AnyAagglomération of
SRC ‘Fuel partlcles that occurred in the handllng and storage of the fuel
were to be broken up by feedlng the SRC Fuel through the prlmary air blower

1ncorpor'atlng a 21= 1nch dlameter wheel rotatlng at 3600 rpm.

A 6-inch butterfly valve located downstream of the blower was
used tovcontbol the primary air flow. 'This flow was measured using a Brandt
flowmeter located ubstream of the feed screw, whiéh prevented any fuel from
fouling the instrument. In addition, an 8-inch automatic butterfly valve
was installed upstream of the blower suction, and a knife-gate valve was
used at the screw discharge to provide a positive shutoff of the SRC Fuel

flow. The SRC Fuel flow diagram can be seen in Figure 4.B.

3. . Burner Nozzle Selection

'Theﬁcopsdlting firm. of Beard, Diaz,»Weidman‘and'Associates,
Inc. ~ was retained by ICRC ;d‘design a multi-fuel.bubner (see Figure 11.4).
A constraint that Aad to be considered when designing the slow mix burner
was sufficieqt room was not available within the 700 hp boiler bufnen
assembly for. a dual regiSter burner. In addition, due to the 6.5 ‘foot
distance from the - boiler front to -the rear. wall-mounted motor control
center, - there was insufficient room for a long burner. The 6riginal design
of the slo& mix. burner. was modified in several ways prior .to fabrication
(Figure 11.B). First, instead of welding the burner to the Single Air ‘Zone
register cover flange, a 'slide fit and seal arrangement were designed'to
allow axial movement éf the burner during obebation.. This arrangement also

allowed for relatively easy burner removal and maintenance. A gear assembly
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was incorporated to‘perform the manual axial burner adjustments. Secondly,
instead'of welding an élbow'to the burner as in the original design, the
elEow was flanged'to the burner, again for ease of maintenance. It was alsé
necessary to feduce the angle of the elbow from 90° to 670 in order to clear
the boiler front instrument panel. Finally, a 6-foot section of flexible
hose was used to connect the burner elbow to the primary air line, in place
of a rigid pipe. This'h55e was especially designed for pneumatic conveying
with smooth inner walls. It was rated at 100 psi with the ability to

dissipate an electrical charge.

Due to operational problems experienced with the slow mix
burner the 6-inch "Econo" burner was designed on-site by members of the

engineering staff (Figure 11.D).

-This burner was similar to the previous 6-inch slow mix
bubner, with the exception that the 6-inch to 8-inch flared-out conical
section at the burner exit was eliminated. This burner, in conjunction with
a few fuel delivery modifications, gréatly improved but .did not eliminate
the previous operational probléﬁs experienced with the slow mix burner. Due
to scheduling requirements, the SRC Fuel steady-state combustion tests were
performed with the 6-inch "Econo" burneﬁ and a b5 percent natural gas

thermal-input.

A final SRC Fuel test series ‘was conducted successfully using
a 5-inch fast mix burner with a water-cooled center cone (see Figure 11.F).
For this test series the primary air piping was reduced from 6 inches to

4 inches in diameter. This burner performed very well, eliminating the
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previous operational problems experienced with both the slow mix and 6-inch
"Econo" burner. A view of the 5-inch fast mix burner as it is situated with

respect to the 700 hp boiler can be seen in Figure 16.

y, Combustion Test Operations

Two-hundred-fifty tons of crushed SRC Fuel (minus 1 inch)
were received and stored in five railroad cars at the Hazelwood Storage
yard, approximately 10 miles from PETC. The SRC Fuel was bbttom unloaded

onto a portable convevor and into a covered tri-axle dump truck, each truck

parrying approximately 16 tons of éRC Fuel. The MikroPﬁl ACM-10 pulverizer
was able.tqugrocess 1500 1lbs/hr of-SRC Fuel, doigg so.at a parficfe size.
consisting of 90 percent minus'éOO mesh (70 percent through 325 mesh);.'This
pulverization process was performed continuously dﬁring the SRC Fuel teéting
pbase, with 30 to HQ tons of SRCleel being received and pulQerized for egcb
week of testing. The suppression of dust generated by daiiy pulveriéation

was performed by a baghouse at the entrance to the Petrocarb pulverized fuel

storage vessels.

Parametric testing with SRC Fuel was conducted during the
first three weeks of the five-week testing period. In general,'the boiler
was operated on natural gas during the nighttime to maintain a 3000F
temperature at the electrostatic precipitator (ESP) exit. A major portion
of the flue gas had to be diverted to the ESP during nighttime operations
due to the inability to operate‘at.morg than 30 percent of full -load with
natural gas. At or about OSOO“bqurs, the ho; air heaters were brought on-

line; by 0600 hours hot secondary air was being sent to the 700 hp
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bbiiér. . Prior to the initiation‘ of -SRC Fuel fir;ng at 070d'hours, the
following was enacted: (1) the desired secondary air. tempéééturé was
established; (2) cooling water flow io the burner was initiated; (3) thé gas
damper valving upstream of the ESP and baghouse was adjusted to equally
distribute flue-ga§ flow{tﬁrouéh these ﬁarticulage collectibn?assémblies fbr
thé'édvént of full boiler 1oaa; (ﬁ) the'primarf airvbloﬁér Qas'enefgized and
ihé 8-inch but£erfiy val#e wa; epéned; and (5) thé céhbhétion.éir flow was
set at a }atg coréesponding to 8-10 percent‘exceSS o#ygen;' At ﬁﬁis boiht,
tﬁé s#sﬁem was readyAfor.SRé Fuel and éil’£hat reééinéd ;as té initiaﬁelthé
vibfator msﬁor on the HOé-éubic fooe bin ana depress the‘"étarf" bﬁtton at
thé Séiler .front. This éctibn caused the ‘éiide vai?e ‘dOQnstream of the
feedscrew to open and the feedscrew motor to energize. Tﬁe variable feed-
screw motor control was adjusted to produceﬂan‘S§C‘Fuél flow of~~ﬁu0-lb/hr.
Primaryvand secondary air flows were then adjusted'aé webefthe'éir-register
lodvers to attéin stable combustion. Gradually, the. pfocéés' of léwering
natur;l gas fl;w and increasing the pulverized SRC Fuel floQ, while
adjusting the air flows to maintain stable qombustion,'waé'continued until
the support flame was extinguished. If the extinguishing of the natural gas
support flame was successful, the boiler would be operating at approximately
half load. Fuel flow was then increésed by increasing the spezed of the
screw feeder and air flows were continually adjusted until full load was

reached.

" Generally, test conditions were achieved Dby, 0800 to
0900 hours and the first four-hour steady-state test was performed. =~ Upon
.its combletion, a one-hour period was requifed, during parametric ;esting,

to change boiler operating parameters in readiness for the second four-hour



steady-state test. Testing for the day usually concluded upon completion of
the second steady state test between the hours of 1700 and 1800. A one-
hour-and-forty-five-m*nute 1sok1netic and an ESP parametric test were
performed during each four-hour steady-state period along with fuel sample‘
collection for chemical analysis.. - » h |
" Combustion test procedurese during steady-state‘ duration
testing were exactly the same as those utilized during the parametric test

period. The lone exception was the fact that no time was required in

between four-hour steady-state duration tests to change boiler operating

parameters as was necessary during parametrlc testing

5. Combustion Test Synopsis

a. Shakedown Tests

October 18 1982 Monday - Run 10188D

Thislwas the first of seyeral trial turns that were made
prinr to the schcduled shakeduwn tests Ior SRC Fuel in the 700 hp b011er.
Independent SRC Fuel combustion was attained several times during this day's
test period. Initial problems encountered were the inability to move the
flame ignition point'off of the burner tip and the clinker buildup which
resulted. However, these tests were conducted primarily to evaluate the
fuel feed.system and not to‘observe the operational characteristics of the \

burner. The burner used on this day was the "Econo" burner. This burner

had a straight 6=inch throat for higher primary air/SRC Fuel velocities at
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the burner exit and was made as a back-up to the slow mix burner. It was
used in conjunction with a 300 co-current diffuser. - This co-current
diffuser imparted a swirl to the primary air that was identical in direction
to that which was imparted to . the secondary air. During the day“é
operations, it was discovéred that a small amount of natural gas assistance
to the SRC Fuel flame greatly aided in moving the fléme'off of the burher‘

tip.
October 19, 1982, Tuesday - Run 1019SD

The "Econo" burner was removed and 'replaced with the
original slow mix burner and the 30° co-current diffuser, Little time was
available -to observe the operational characteristics of the slow mix burner,
as a great deal of effort was directed towards establishing an acceptable
fuél feed  flow. Although independent SRC Fuel combustion was established,
problémS'weée again gncountered with fouling of the burner tip and flame
impingement on the boiler floor. Additional efforts on thia day were the
placement of 309 co-current diffugser from its origimal ' inches back from
the end of the guide tube position to 11-1/2 inches back from the ena of the
guide tube. This had no appreciable effect on the moderate flame impinge-

ment that was occurring.
Netnher 20, 1982, Wednesday - Run 1020SD -
Testing on this day was“@evotéd to shakedown operation’

of the slow mix burner. Much of the time was used to determine the optimum '

position for the 30° co-current swirl diffuser in the primary air/SRC Fuel
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delivery tube withiﬁ the burner.A Problems were experienced Qith fuel flow
fluctﬁations due to the nonfﬁnifcrm delivery of fuel from the S5-inch screw
feeder. Despite these problems, one isokinetic test was performed during
the afternoon as the boiler was fired on SRC Fuel without - natural. gas
support. The moving of -the primary air co-current diffuser bagk to approxi-
mately 21 inches from the end of the guide tube resulted in -slightly
alleviating the flame impingement problem. Additional efforts on this day
were the lowering of the boiler load to a point where an optimum flame

length for the boiler was established.

October 21, 1982, Thursday - Run 1021SD

The boi;er was operated on .tbis day with natural gas‘
support because a stable flame could not be obtained with SRC fuel alone..’
Wheelabrator-rrye conducted‘mass train sampling and ESP parametric -testing
at both full and 2/3.load conditions. Operation.at-2/3 load was performed-
to determine the effect on carbon burnout. Results indicated little. effect

on carbon burnout; therefore, this approach did not warrant further pursuits.

y

Uctober 22 and 23, 1982, Friday and Saturday

Formal testing was not conducted during this period.
This time was used to make modifications to the fuel-feed and burner systems
in an effort to improve combustion. Modifications included: removal of the
existing 6-inch primarf air line and the .installation of a new 6-inch flex
hose line without the 90° eibows; and construction of an adjustable water-

cooled cone that was inserted in the slow mix burner.  The cone was .intended
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to act as a radiation shield at the exit of .the burner. One shakedown test
was performed with the new. water-cooled cone. Results wers not encouraging
as combustion was unstable. The cone was removed and no further testing was
performed. (The idea to use the water-cooled cone was the result of
previous experience in burning SRC Fuel at PETC. Although this particular
.design failed, later«refinemenés resulted in the successful tests with the
fast mix burner in January 1983.) Due to the limited time available for
testing, a decision was made to begin the parametric tests. The best
available bﬁrner at this time was the slow mix burher; therefore, it was
decided that this burner would be used in conjunction with the 30°
co-current diffuser for the start of parametric .testing after an initial
attempt to perform testing with a 459 co-current diffuser resulted ‘in poor

flame stability.

b. Parametric Tests

October 24, 1982, Sunday - Run 1024SD

Two, four-hour combustion tests were conducted on the
first day of parametric testing. During the first portion of testing
(1024-1), conditions were set at a S530°F secondary air temperature and a
flue-gas oxygen level of 5.4 percent §32.0 percent excess air). The length
of the flame was approximately 80 percent of that of the firebox with no
severe impingement occurring. During the second portion of testing
(1024-2), conditions were est;blished at a flue-gas oxygen ‘level -of
3.2 percent (16.5 percent excess air) and a secondary air temperature of

6150F, CO levels averaged 200 ppm with occasional spikes up to .400 ppm.
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-Boiler operation was much more unstable during the second test as the flame

was observed to be impinging on the left wall in the rear of the firebox.

. October 25, 1982, Monday - Run 1025SD

‘Two additional parametric tests were perfofmed with a
secondary air pbeheat temperature of approximately S5000F. The first portion
of testing (1025-1) was performed at .a flue-gas oxygen level of 5.1 percent
(ZQ.U percent excess air). During the course of this test.the.steam flow
oscillated se?erely due to oscillating pressures within the uoo;cubic foot
SRC Fuel storage bin. The indirect cause of these static pressure oscil-
lations was a plugged fuel line in the Petrocarb fuel system. These steam
flow fluctuations were not evident during- the second portion of testing
(1025=-2) gfter the plugging problem had been remedied. Flue-gas oxygen
levels were set at 3.0 percent (14.5 percent excess air) for this test.
Some clinker formation was noted but the burner would clear itself to the

extent that testing was not interrupted.

C. Duration Tests - .

October 26, 1982, Tuesday - Run 1026SS

Steady~-state duration tests for SRC Fuel began on this
~ day. One combustion test was performed at a secondary air temperature of
600°F and a minimum excess air level of 15 percent (approximately 3 percent
flue-gas oxygen). Electrical short circuits in the ESP prévented WFI from

~performing ESP parametric.tests; however, an isokinetic¢ test was .conducted
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jto qeterminé carbon conversioh effieciency. Clinker formatiqns on the burner
were observed throughout ihe test causing very high CO 1levels (~700 ppm).
Efforts to remove the clinker by various burner and louver adjustments were
relatively unsuccessful. Fuel feed broblems were still encountered with the

. 5-inch screw feeder system.
October 27, 1982, Wednesday

Nn tevst.jng was performed in order tno make modifications
to the fuei feed system. The S;inch feedscrew at the bottom of the SRC Fuel
feed‘bin was removed and a neﬁ 6-inch feedscrew was installed in its place.
In addition an 8-foot long flanged section of the primary air/SRC Fuel line
was removed and two spool tést sections were installed back-to-back to
evaluate fuel deposition on the inside of these pipes. The two spool test
pieces consisted of one 4-foot long section.of 6-inch I.D. stainless steel

pipe and one Ud-foot long section of a U-inch schedule U0 carbon steel pipe.
October 28, 1982, Thursday

A shakedown run with the new 6-inch screw feeder was
unsuccessful. Flame stability was very poor and an -independent SRC Fuel
flame was never established. Since the modificaﬁions to the fuel feed
system’ did not improve the test performance, the decision was made to
replage the spool test sections with the original pipe. section and to

replace the 6-inch feedscrew with the former 5-inch feedscrew.
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October 29, 1982, Friday - Run 1029SS

Steady-state duration testing resumed on this day,
utilizing a secondary air preheat temperature of 660°F. Afﬁer a long period
of adjustment, fairly stable combustion conditions were established. A
flue-gas oxygen level of 2.7 percent (12.8 percent excess air) was sg@ for
the first portion of testing (1029-1). <Clinker buildup on the burner during
this part of the test, in conjunction with the low excess 0, levels in the
flue-gas, caused severe swinging of the opacity, -CO, 02, and NOy emission
lgvels. These fluctuating emission levels also did not facilitate favorable
parametric evaluation of the mobile  ESP, During the second portion of
testing (1029-2), the excess air 1level was increased from ~13 to
~25 percent, raising the flue-gas oxygen level from 2.7 to 4.4 percent.
This was done in an effort to minimize the fluctuations in opaeity, CO, Op,
and NOy emission levels. Consequently, boiler operating éonditions became
significantly more. stable during this part of the test, with CO and opacity
levels averaging ~83 ppm and ~ 17 percent, respectively. In addition, one
isokinetic test was performed. during. this period. Consequently, boiler
operations. became signliflcantly more stable during this part of the test,
with CO and opacity emiSsion 'iévels averaging ~83 ppm and ~ 17 percent,

respectively. One isokinetié test was performed during this last portion of

testing.

November 1, 1982, Monday - Run 11018S

Testing, on‘this day, was continued at a secondary zair
temperaﬁuré of 6000F, During the first portion of testing (1101~1),
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flue-gas oxygen levels averaged 4.l percent (24.2 percent excess air).
Plugging of .the Petrocarb fuel feed syStem occurred during this test,
causing a disruption of SRC Fuel flow to the 400-cubic foot storage bin and
a slight decrease in the bin static pressure. This decrease iq the static
pressure within tﬁe HOO-cubid foot bin subéequentiy caused the fuel flbw,
and ‘as a result, the boiler steam flow to decrease slightly. The feed line
was . cleaned - and boiler opérating conditions Were set to achieve a flue-gas
oxygen. level of 5 peréedt‘(28.6 percent excess air) for the second portion
of testing (1i01-2).' This second testiwas performed under stable combustion
conditions, although plugging problems still existed within the Petrocarb
system. Additional testing was subsequently performed to evaluate ‘the
;ffects of increased ‘primary air on combustion ‘and flame appearance. " The
addition of an increased amount of primary air proved to- have little effect;
as -attempts "to obtain a better 'shaped flame ébd_lstable combustion were

relatively. unsuccessful.
November 2, 1982, Tuesday = Run 1102SS

Several -attempts to attain test conditions were
‘unsuécessful. - Upon inspection, the 3/U-inch t;ansport‘ line from the
Petrocarb feed system was found. to be.geverely restricted, due to a plug of
hardened SRC Fuél. Testing for the day was aborted while svstem repairs

were made. .
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November 3, 1982, Wednesday - Run 1103SS

[N

Plugging problems ‘still existed within " the ;Petnocarb

-~

'feed’system, causing a delay in combustion testing. After isolating the

¥

Petrocarb system and installing separate pressure regulations to the”bin and
feed serew hopper, ‘an independent SRC Fuel flame was established and test
'conditions were attained. Only one test (1103 1) was conducted for ~1=1/2
hours’ at a flue-gas oxysen level Of ~5 percent’(29 7 percent excess air)
During this test, the flame was’ observed to be long and impinging in the

lower left hand corner of the firebox. o

ﬁovemberlﬁ; 1982; Thursday - ﬁun;l10MSS":
During the night prior to this test, a back-pressure
regulating valve was installed on top of the SRC Fuel bin to maintain a
pressure of 32 inches W. G. within the bin. After establishing an indepen-
dent SRC Fuel flame, one test (1104) was conducted at a flue-gas oxygen
level of 5.4 percent f38;l percent excess air) and a secondary air
temperature near S00OF. Successful testing was accomplished at an opacity
level oscillating between 10 and 18 percent without the Detrocarb system in
operation." During this test isokinetic testing was also performed in
conjunction‘with'EsP evaluations. When the Petrocarb system was activated
to refill the bin after testing; boiler operation became ‘very unstable.
However, normal operations were maintained when the Petrocarb 4system‘ was

adjusted to feed at the same rate as the boiler was consuming fuel.
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November 5-7, 1982, Friday, Saturday, Sunday-

No formal testing was conducted on Friday, November 5.
Discussion was held concerning methods of improving the fuel transport
system performance; Severai ideas were considered and implementation was
begun over the weekend. One of thgse ideas was :the staging of two'primary

air blowers to increase the primary air flow.
November 8-11, 1982, Monday, Tuesday, Wednesday, Thursday

No testing other than system shakedown runs was
conducted during this period. This entire week was devoted to solving the
problems in the SRC Fuel delivery system and the SRC Fuel burner. During

the week the following modifications were enacted and tested:

(1) A second primary air blower was connected in series.
with the original blower increasing the primary air

flow capacity by approximately 75 percent.

(2)' The opening in the SRC Fuel bin bottom was enlarged
from 10 to 12 inches to increase the SRC Fuel flow
~and a 12-inch knife gate valve was installed to
isolate the bin from the rest of the fuel feed,

system.

(3) The amplitude of the bin vibration was increased by

40 percent, having no effect.
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“(4) " A nitrogen purge was provided beneath the vibrating-

baffle. This had no effect.

- (5). The=.SRC Fuel -particle 'size was increased to
" approximately 70 percent minus 200 ' mesh.. This -
- seemed to improve. the stability of. the fuel flow

from the feedscrew. -

- (6) The crushed SRC Fuel was wetted with approximately
0.5 to 1.5 weight percent water. . This had no

effect.

‘All- of the above changes were made in an attempt to-
improve the fuel.ihandling system. - The résult was improved fuel: feed;
however, the burner performance was 3Still not:improved. Consequently, the
straight 6-inch "Econd" burner, with a tangential inlet elbow, was
reinstalled in place of the diverging nqzzle slow mix burner. This resulted
in slightly mbre stable combustion and fewer fouling problems. In addition,
this burner exhibited a‘' wide range of adjustment to the combustion
parameters gun position aﬁd Sécqndary-air swirl.

Tﬁe final:modification was the installation of a reverse
sﬁih330° difquer. This greatly improved combustion stability and reduced
burner fouling. At this poin;, a.deqision was-made to continuevtesting with

the above configuration.



November 12, 1982, Friday - Run 1112SS

Duration testing continuedﬂwitp‘the "Econo" burner using
SRC Fuel pulverized to 90 percent minus 200 mesh. Two tests were run at
‘ higﬁ flue-gas oxygén levels. The -first pqr;iop‘_ofj\testing (1112-1) was
‘performed at a flue-gas oxygen level of 1515 percent (31.8 percent excess
air) and a secondary air, temperature of 589°F.<.; The . second portion. of
testing was conducted at a_ flug-ga§ oxygen level.. of 5.2 percent
(29.8 percent excess air) with a 5STUOF secondary. air temperature. Both
tests regg;red natupgl.gas support at a ;herma; inpgp,o{ 5 perceqt_of,the
total. A primary air flow corresponding to a primary to total air.ratio of
18 percent was found to _provide better“{compgstiqn ,cqnditiqns thanﬂ,lower

primary to total air ratios.
November 15, 1982, Monday - Run 1115SS

.MAdditionalf dqratiqn ”tgsting was‘ conducted with the
"Econo" burner, the 30° reverse.diffuser, and the SRC Fuel pulverized to a
particle size consis;ing of 90 percent‘ming§.200 mesh. This was the case
for the remainqer of the week. The fip§§'portion ofﬁpesping {1115=1) was
run with a ;ecqndary air temperature of 592°F_and_aAflue-gas.oxygen level of
5.4 percent (32,1 percent excess air). Very stable combqg;iég was obtained
with natural gas SUPPQ?F',_A The second"portipn of te;;ipg_'(1115e2) was
performed at a 6.5 perc§nt (42.4 percent excess air) flue-gas oxygen level
and a 5929F secondary air tempe;apure with no  natural gas support.

Isokinetic testing was performed during each formal test period. Clinkers
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formed on the burnér and were dislodged several times during both test

series.
November 16, 198?; Tuesday - Run 1116SS

.Tesﬁing Qas' condﬁcted on this‘ day with sécondar§ air
préheaf temperatupes'héar 57SOF. Thé firéf'bortién of éeéting (1116-1) wés
performed at ‘a flue-gas ﬁSiygen level éf 6 peréent Qithouf nétural gas
suppOrt.a -Qbacity 'aﬁ& " CO vlevéls éQeFaged ‘17-berce§t Aand 40 ppm,
respectively. VCdmbusﬁion.Was véry goé& kitg the flame inia céhe shape at
the burner anq concentrically centered in tﬁe furnace. Thé second portion
of testing 1&53 ﬁl;p condqpted at a flue-gas oxygenv_levél of 6 pércenﬁ.
Initially; boile; 'conéition#‘ ;ﬁbéared' to be étéble,~ bﬁt midway into the
test, these éond;ﬁ;ons Qegraded, 'necéssitatihg ﬂatural gas support.
Isokinetic.tes;ihg was aborted at this‘point; however, a 7 percent natural

gas thermal input was required to complete ESP teSting,
November 17, 1982, Wednesday - Run 1117SS

_Both pofﬁions'df this test (1117-1 and 1117-2) were con-
ducted at a 6 percent k”39'percéﬁt éxcéss air) flue-gasfoxygen level with
secondary air temperaturés near S75°F. 'Thié‘was the highest secondary air
preheat temperature'éttéiﬁéblé at this high'exééss air level. Natural gas
“assiétance was'usgd_fpr both tests préviding 5 percent of the total therqall
input. Opacity and CO leveis.‘were steady during both test perioés,

averaging 15 percent and 50 ppm, beépectively.



November 18, 1982, Thursday - Run 11183S

The first portion of testing (1118-1) was conducted at a
5.8 percent (36.1 percent excess air) flue-gas oxygen level and a 588CF
secondary air temperature. CO and opacity"levels averaged U0 ppm and
14 percent, reéspectively, throughout this test. During the second portion
of testing (1118-2), the flue-gas oxygen level averaged 6 percent
(37.6 percent excess air) with a 5620F secondary air temperature. An
increase in fuel flow, and, as a result, steam flow, was experienced during
‘this run due to an increase in the 400-cubic féot bin pressure. Because of
this, a ’third period of tésiing (1118-3) was ﬁerforméd at the same
conditions. Problems with clinker formaﬁion on the burner were experienced
throughoﬁt the entire day. NOx levels were excessively high although CO
1evei$ were normal. Natural gas was used to'proﬁide a 7 percent thermal

- load subpbrt during all of the day's testing.
November 19, 1982, Friday - Run 1119SS

The SRC Fuel combustion phéée of the SRC fuels test
progfam was concluded with three test runs (1119-1, 1119-2, and 1119-3).
Natural gas support was used for all three tests. Test conditions were set
at a flue-gas oxygen level of 6 percent (=38 percent cxeess air) with
secondary air températures near 590°F.‘ Clinker formation was experienced

throughout the testing period; however, no serious complications developed.
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Cumulative ash deposits removed from the 700 hp boiler

firebox after SRC Fuel testing with the slow mix and "Eccao" burner were of

a negligible amount.

d. PETC Fast Mix Burner Tests

January 25, 1983, Tuesday - Run 0125SD

Shakedown testing of the new 5-inch water-cooled burner,
without the cone, was initiated on this day with Run No. 0125§D. SRC
Fuel/natupal gas combustion was established apd iqitial attempts at
extinguishing»the natural gas support flame were unéﬁccessful as qombustign
becamg unstable and the boiler experienced a flameout. After instailing the
cone at the designed position which would produce a 125 ft/s fueL velocity
at the nozzle tip, SRC Fuel/natural gas combustion was again e#tablished.
Th%s position placed the cone 3/4 inch ﬁast‘the burner tip and producéd a
cone shaped flame at an SAZ;ZO louver setting of 4.5. After extinguishing
the natural gas support‘flame and closing the louvers down to a 2.0 setting,
the flame came back against the cone and clinketn formation on ﬁhe cone
became evidentf Consequently%'phe boiler was shut down for the .day and the

burner removed and cleaned.
January 26, 1983, Wednesday - Run 0126SD
Shakedown testing continued on this day, Run No. 0126SD.

Initial efforts were thwarted by clinker formation on the burnep following

the extinguishing of the natural gas support flame, The boiler was
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sﬁbsequeﬁtly shut down to clean the clinker from. the deflector cone.
Shortly thereafter, the boiler was once again shut down to }ebair é leaking
burner.packing gland which had become a recufring problem oﬁ>this*day. At
this time tﬁé cone was ;djﬁstéd'so that it<ﬁas‘hrotruding 3/8 inch from the
tip of the burner.: SRC Fuel combuétion wés agaih :initiated, but the
inability tp keep the flame from igniting at the cone led'tovthe instal-
lation ofvthe reverse diffuser. With ﬁhe reverse diffuéer positioned 18
inches from the inner cone fpont'surface, Severél.Boiler flameouts 6ccubbed;
In addition, moderate impingement was noted in the right uppef corner of the
boiler, when viewing the flame from tﬁe»réar., A series of burner, cone, énd
louver ﬁositions wére investigated in an attempt to attain stable éombustion
but to no avail. Due to these difficuities, it was decided to end testing

for the day and check another diffuser position on the following day.
January 27, 1983, Thursday - Run 0127SS

The 30° reverse diffuser was'mounted 2 inches from the
front end of the deflector (cone end) for tésting on this day. Clinker
formations hampered the initial phases of'testing;u'After extensive adjﬁst-
ments did not improve combustion perfdrmanéé; the 30° reverse diffuser was
replaced with- a 306 co-current diffuser. Consequently, an imﬁediate
improvement was noticed. One combustion test (0127-1), with an aceompanying
isokinetic test, was completed at a seconaafy4 air pbéheap temperature of
S000F and a 5 percent (28.8 percent excess air) excess oxygen level in the
flue gas. Throughout testing, large fluctuétionst in stéamA flow were
experienced due to fluctuations‘ in the fuéi flow.’ :These' fluctuétions in

fuel flow were believed to be ‘caused by a malfunctioning vibrator én the SRC
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Fuel feed bin. Prior to the initiation of this combustion test, the 300
co-current diffuser was set at a pésition 9 inches back from the deflector

cone.
~ January 28, 1983, Friday -~ Run 0128SS

‘Tes;§ng _was initiglly q§layeq _so;ﬂthat the. primary air
blqwer pqtofﬁgpqld be ghanggq dgg @o_a qoisy pearing a;vpbe fan sidef_ When
testing was begun on phisAFriqay_afterpoqnt;g§f0r§s.yerg concentrated on
~determining thg_best Pq;;tign for.;he co-currént diffusera’ ReggoqablyAgood
' data~haq beeg 9b;aiped.oq Janq;ry\??, 1983, gith the'S-inch.bgrneb aqdrthe
qiffgsen éet 9 iqéhes back_fpom,the.deflgctor cone. Boiler tests to deter-
@ine high.aqgnloy Qxygenvlevgls with thg_co-curreqt»diffuser j2 ipches and
6 inches back from tﬁe deflector cone were conducted on this day.

With the co=-current diffuser set at 12 inches back from
the deflector cgne?"e¥gel;¢n§ qumbustiop was attained at the 5 percent
(~29 percent excess aig), oxygeﬁ level. The,abi;ity tphspape the flame by
moving the SAZ-20 louvers from the No. 3 to the No. 6 louver sgttiqg, while
adjusging 'th9‘ inqe: cone deflgqtpr, was very gffeg;ive. The flame
appearance was short :and briéht” and rgtating _;p a. tight 4pallv.ath the
5 pe?éent.pg‘}evgl; however, it Dbecame smoky as th?upgilgvel_was,lowered.
As tbe.sggopdary g;r tempgfatube was redgceq(to 30093{ CO levels .remained
b;glativelyistablefgt,7ijpm with O2 levels at 3.to 4 percent. quever, as
the temperature was lowered below 300?F, the‘firebox pecame smoky and the

>

‘boiler experienced a flameout due to the Fireye losing sight of the flame.

69



The boiler wa54brought back up with the diffuser placed
at a position 6 inches back from the deflectop~§one, At'S percent_gxgess
02, the flame was very bright} however, it. was broadef and fuller in
appearance when compared to the flame achieved with the diffuser set at a
position 12 inches back from the cone. A clinker formed at this condition
and by adjusting the deflector cone .inward, the glinker was eliminated.
Shortly thereafter the boiler was shut down_after all of the requi;ed data

was .obtained.

January 31, 1983, Monday - Run 0131SS_
s

Testing was contipued with tbe Sfipch burner and the -30°
co-current diffuser. The first portion of testing (0131-1) was conducted
with a 59U4OF secondary air temperature and a 3.4 percent (17.5 percent
excess air) oxygen level in the flue-gas. CO levels averaged ~50 ppa.
Initially, boiler operation was hampered by unstable comﬁustion. Afier
completioﬁ of the first isokinetic test, a shutdowp occurred'due to‘total
cqnsumption of fuel in the sﬁorége bin. More fuel was added to the SRC Fuel
feed bin and the boiler restarted. The Second_portion of testing (0131-2)
was performed with a flue gas oxygen levélh of 5.5 percent_,(33x8 percent
excess air). and a S5759F secondary air temperature. Much difficulty was
experienced during this test due to unstable c§mbustioﬂ.. Fpel flow ﬁrob}ems
caused steam load fluctuations and a boiler shutdown. After the test, it
was discovered - that the ring in front of .the shroud was' warpéd 'dué to
excessive heat absorption. The purpose'of this ping was to prevent air from

. getting behind the gas ring. Because it was warped it prevented the flame
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fromjforﬁiné'é ball. ~ Due to-the unstable conditions, the validity of this

test “was highly questionable.

February 1, 1983, Tuesday - Run 0201SS

Only one test, 0201-1, was performed on this day. Con-
ditions were set ”at a flué;gas oxygen level of 2.7 percent (12.9 percent
excess air) with a 6009F secondary air temperature. The start of the test

.was delayed due to a faulty steam transmitter which had to be beplaced.
Fuel flow problems wéfé encountered throughout the test and one computer
crash occurred. The flame was observed to be in a tight ball and very
bright,'aimdst‘YélloQ-white in appearance. CO levels and NOy levels were
'Jﬁsﬁﬁpm and ~890 ppm, respectively. The rest of the day was devoted to
iéstabiishing a-procedu?e to deliver fuel from the Petrocarb system to the

400-¢ubic foot bin while operating the boiler.
' February 2, 1983, Wednesday - Run 0202SS

- PETC fast mix burner tests were concluded on this date.’
'Thé first>bart §f'the'tés€*(0202;1) was conducted at a‘flue-gas oxygen level
of 4.2 §erceﬁ£ (é3.6‘pérééht excess ‘air) with a 6009F secondary air
temperéture.‘“ Af;er éompletion of tbe>isokinetic test, the coolant to the
gun was tu;nea off to observe the effect of clinker formation. After 20
>m1ﬁutes; a certain amount of clinker buildup was noted; however this ‘blew
éff rapidly. The second pért of the test was run with a 500°F secondary air

" temperature and'a‘3t“ percent (17.9 pgrcentAexcess air) oxygen level in the

flue gas. CO levels and NOy levels were ~55 ppm and 925 ppm, respectively.
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During th;s.test period, SRC Fuel was transferred from the Petrocarb system

while the boiler was operating with a minimum amount of instabilities.

Cumuiafi;e ash depqsitsvwi;hin ﬁbe 7QO ﬁp boiler firebox
were again negligible (<1 pound)ﬂ The depositg';hgt existed ygreuin the
form of a black powder and could be brusﬁed away very readily. In certain
locations, alqng the flgme _pagh and at th entrance to_ the convection

section, the deposits had become crusty.

6{ Combustion Test Results and Discussion

Four parametric tests were performed with SRC Fuel from
October 24-25, 1982. Table 7 gives the fuel analysis for eaqh of tbequur
parametric tests. Moisture content was very similar for the;e tests at
~0.38 percent. Nitrogen content ranged from 1.94 to 1.98 percent. Sulfur

content ranged from 0.82 to 0.93 percent.

Table 8 gives the boi;er operating conditions and boiler
performance during SRC Fuel parametric tests. All tests were conducted at
full load boiler conditions. Three tests (1024-1, 1025-1, and 1025-2) were
conducted with secondary air temperatures near 500°F. One test (1024-2) was
copduc;ed with a 600°F secondgrywaig tgmperggurg. ‘ Flue-gas.oxygen lévels
were g;ther‘~3 percent or ~5‘percent, Excess air levels ranged from 14.5 to
32.0 percent. Average flue-gas temperatures varied from 526°F to 606°F.
Carbon conversion efficiencies 'yarieq from 97.8 to. 98.8 percent. Boiler
efficiencies were in the range of 81.5 to 83.7 percent. .Additional para-

metric testing indicated that an excess O, 1level of ~5.0 percent was
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necessary 'so that non-fluctuatlng dust loadings could be sent to the ESP and
facllltate 1ts favorable evaluatlon. Consequently, this 5 0 percent excess.
Og level was chosen to perform the’ duratlon combustion tests in conJunctlon"
with a 600°F secondary air preheat. This level of preheat was chosen as it

is representative.of that which is available in the utility industry.

Table 9 gives the flﬁe-ges analysis and.narticulate emissions
during the SRC Fuel parametric tests. -Measured SO0 emissions were in the
range of 1.23 to 1.29 1lb/MBtu. These Yalues were higner (approximately
T-24 percent higher) than those caiouleted from the fuel analysis. These
discrepancies wereAdue mainly to error'in_the-fuel analysis and drifting of
the SOp meter. NOyx emissions'were in the range of 0.56 to 0.80 1lb/MBtu.

Particulate emissions were in the range of 1,07 to 1.26 1b/MBtu.

Table 10 gives the'.f‘uel' analysis for SRC Fuel steady-state
duration tests. Eighteen stead&-state duration tests were berfOrmed from .
October 26 to November 19, 1982, The moisture content of the fuel ranged
from 0.42 to 0.67 percent, with tneﬂhigher heating value of the fuel ranging

from 15,766 to 15,950 Btu/lb.

_.Table 11 shoys tne boiler operating‘_conditions_ ano boiler
performance during SRC Fuel'steady-state duration -tests. The boiler was
operated ‘at full 1load conditions  with flue-gas oxygen levels geneérally
ranging from 4.4 to 6.5 percent. Secondary -air temperatures were. set
between S500O0F and 6000CF. Carbon conversion efficiencies_were in a range
from 97.7 to 98.9 percent. Boiler -efficiencies. veried. from 81.1 to

83.2 percent.
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Table 12 giveé the flue-gas analysis and particulate emis-

sions for the eighteen steady-state duration tests with SRC Fuel. S0z and

NOyx levels ranged from 1.17 to 1.39 1b/MBtu and 0.63 to 1.45 1lb/MBtu,
respectively. Uncontrolled particulate emissions varied from 0.72 to 1.25

1b/MBtu.

Table 25 gives the fuel analysis for the PETC fast mix burner
tests. Six tests were conducted from January 27 to February 2, 1982, The
moisture content of the fuel'ranged from 0.28 to 0.43 percent. The higher

heating value of the fuel varied from 15,820 and 15,911 Btu/lb.

Table 26 shows the boiler operating conditions and boiler
performance during PETC fast mix burner tests. The boiler was operaped at
full load conditions. Flue-gas oxygen levels were varied from 2.7 to
5.5 percent. Secondary air was preheated to either near 5009 or near
6009F. Average flue-gas temperatures were between 4820F and 509OF. . Carbon
conversion efficiencies ranged between 98.6 and 9§.3 percent. Boiler

efficiencies were in a range from 83.7 ‘to 85.6 percent.

Table 27 gives the flue-gas analysis and particulate
emissions for the six PETC fast mix burner tests. SOz and NOx levels ranged
from 0.98 to 1.14 1b/MBtu and 1.17 to 1.37 1b/MBtu, respectively.

Uncontrolled particulate emissions varied from 0.44 to 0.87 1b/MBtu.
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C. SRC Residual Fuel 0il Tests

1. Combustion Test Plan

SRC Residual Fuel 0il tests were conducted over a two-week
period from December 7 to December 16, 1982, Four parametric tests were
conducted on December 8 and December 9, and two additional tests were
completed on December 15 and December 16. Testing was conducted at two
secondary éir‘ brehéat temperatures (~5000F and <~600°F) while excess air

levels were varied.

Steady-state duration tests were conducted during the week of
December 10 %o December.17. Operating conditions for these duration tests
wefe selected based upon parametric test results. Eleyen steady-state -dura-
tion tests were performed at a flue-gas'oxygen level of ~2.5 percent with

secondary air preheated to- ~600°F,

2. Combustion Test Facility

The fuel ‘storage and * transport system was specifically
designed for the SRC Residual Fuel 0il testing phase, design criteria being

bésed on tﬁe physical properties of this particular fuel.

A 2500-gallon storage tank, (See Flow Diagram in Figure 4.C)
located inside a containment wall, was installed on the south side of
.Building 93. External steam coils maintained .the SRC Residual Fuel 0il in

the tank at 200°F. The tank was sealed and inerted with a nitrogen blanket
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maintained at 1.0-1.5 psig. A rupture disc -set at 2.5 psig provided
over-pressure protection. Any vapors vented from the tank passed through a
recycle condenser ;nd a charcoal filter £o remove the vapors from the vent
gas. A view of the Residual Fuel 0il Tank and fuel heater can be seen in
Figure 17.

) An AC frequency controlled variable speed motor driving a
Delaval posi;ive‘displacemgnt pump fitted with Kalrex seals (Figurel18) was
used to pump and ;ontrol the fuel flow. Thi$ fYow was measured using a

Micro Motion flow meter (Figure 19). A Crane-Deming (positive displacement)

recirculat;on pump was installed upstream of the DelLaval fuel pump to recir-
culaté SRC Residual Fuel 0il fuel back to thé hold tgnk. Two Brown Fin Tube
steam heaters connected in series were used to heat the fuel to
approximately 325°F. The fuel then was either recirculated or fed directly
to the boiler. The positions of the recirculation valve and fuel stop valve
were interlocked with the boiler flame monitoring system. One-hundred-
seventy;five psig steam was available to’atomize the SRC.Residual Fuel 0il.

The existing natural gas system was used to "light off" and warm up the

boiler prior to a SRC Residual Fuel 0il test.

3. Burner Nozzle Selection

The slow mix burner (Figure 11.B) was utilized "\for the
two-week SRC Residual Fuel 0il test series. This burner configuration was
the same as that whiech was used during No. 6 fuel oil testing and is
described in Section V.A.3. The Coen burner cap with eight 5/32-inch»noéile
holes, each fitted with tungsten carbide inserts and having a 75° spray

angle, was utilized. Modifications required of the burner assembly included
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ihcréaéing the center hole of thé nozzle body from 1/2 inch to 11/16 inch to
reduce the pressure drop caused by the increased amount of atomizing Steam
néeded for good atomization. A center rod was also piaced in the nozzie
body and cap to reduce carbon buildup. In addition,‘a co-current diffuser
(one that imparted a swirl to the primary air, in the same direction as that
of the secondary air swirl) was utilized for the entire SRC Residual Fuel
0il test period. This same co-current diffuser was used during No. 6 fuel
0oil testing. Steam, available at a maximum pressure>of 175 psig, was used

to atomize the viscous SRC Residual Fuel 0il.

4, Combustion Test Operations'_

The SRC Residual Fuel 0il was approximately 50 percent SRC
Fuél dissolved in SRC Fuel process solvent. This fuel had a flash point
oVerA300°F; a pbur point of 1200?, a boiling pointvover 4SQOF, and could be
atomized in the 300°F temperature range. The SRC Residual Fuel 0il was
prepared by Catalytie, Inec. at Wilsonville, Alabama and shipped to PETC in
six insulated 6000-gallon tank trucks. All six tank trucks were then parked
for several weeks remote from the combustion test facility. Low pressubé
steam was connected to an internal steam coil in each tank truck to maintain
the fuel at a temperature of 160°F. A nitrogen blanket was kept on the

trucks at all times.
When SRC Residual Fuel 0il was required to fill the 2500~

galldn hold tank, a tank truck was moved to a position for connection to the

heat traced hold tank supply piping. To initiate SRC Residual Fuel 0il fuel
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transfer, the tanker was pressurized with nitrogen to 15 psig, forcing the

fuel to flow into the 2500-gallon hold tank.

The temperature of thé SRC ﬁesidual Fuel Oil in the hold tank
was maintéinedvat a minimum 180OF by steaﬁ plateéoils mounted on its outer
walls. }”This temperature was the minimum requi}ed for pumping. :The fﬁél
delivéry sYstem was capable of délivering'to the boiler 200 gallons per hour

of SKC Hesidual Fuel Uil at 3259F and 100 psli.

Twa separate phases of SRC Residual Fuel 0il testiné wéré

conducted during a two-week period in December 1982.

Parametric testing with SRC Residual Fuel 0Oil was performed
during the week of December 6, 1982 - December 10, 1982, After formal
£es£iﬁg each day the boiler was operated on naturai gas atla steam load of
10,000 1lb/hr with a major portion of the flue-gas flow being diverted
through the ESP, This enabled the maintenance of' the necessary 3000F
teﬁperature'at the ESP exit. Nighttime boiler operation during tﬁe duration
testing period from Deéembeé 13, 1983 - December 17, 1983 utilized this same

warmup schedule.

Prior to beginning SRC Residual Fuel 0il testing during both
barﬁmetrid ahd duration phases, the fuel wgé recirculated to the boiler and
Back to the hold tank. .Upon leaving the hold tank, the fuel paséed through
the fuel heaters an& was heéted to a tem;erature of 3259F, The path of the
recirculating fuél was édntrolled by two shutoff valves; one in the recir-

culation line and the other in the fuel delivery line to the burner. Both
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valves were iocerlocked with the boiler flaoc monitoring system and'ioithe
event of a boiler flameout, Afuel flow to -the burner was ahut off and
diverted to the 2500-gallon hold tank.. Preheat of the combustion air was
ganerally initiated at 0600 hours durlng both parametric and duration
.testipg perioda. During parametric tcsting, the boiler was opcraiing on ‘
natural gas atl this time. A.Therefore, the following had to be verified
before initiating an SRC Re31dual Fuel 0il flame at 0630 hourS' ‘ (1) in
order to maintain a sufficiently cool burner, cooling water to the burner
was set to maintain a 150F differential; (2) a coobuacion air flow yielding
8-10 percent excess 02 waS.Verified by the operator while the appropriace
speed of ?he fuel feed pump was set;'and (3) atomizlng,steam.pressure at the
borncr was set at 25 psig. ' Upon establishing stable SRC Residual Fuel 0Oil
combgstion; the natural gas support flame was extinguished. Full boiler
load was estaolished by 0700 hours with test conditions being acpieyed'by

'0800_houra.

Durlng duration testing, the boiler.steam load was'increased
from 10, OOO lb/hr at 0630 hours to obtain full load operation by 0700 hours.
Test conditions were then achieved by 0800 hours. Generally two, four-hour
combustion tests were conducted during both parametric and duration test
days. Isokinctic testing, performance evaluation‘tests of the mobile ESP,
and fuel sampling for_cnemical analysis were oerformed during each four-hour
test. Daily testing perlods for the parametric tcsts were uaually one to
cwo hours longerrthanrthac of ;he duration teats.. Thls was due to the extra
time required to chaoge boiler operating parameters between toe four-hour

test runs.
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5. Combustion Test Synopsis

a. Barametric Tests

e e ¢

’ December'7; 1982, Tuesday - Run 12b7§D‘3*‘~

The’ scheduled tests performed very 'well with 'few
problems. During the first portion of testing (1207-1), eéxcellent full load
operating conditions were achieved with & 3 pefdéhﬁy'(ﬁ5.7 percent excess
air) flue-gas .oxygen level and a 6005F secondary air tembeﬁatuﬁe. ‘The
second ﬁééiion>of testing (1207-2), was performed at a Iow'fiué;gaéféxygen
level of 1.7 percent (8.6 percent excess air) while ~s"r:ill lmaiﬁtainiﬁé""an
opacity level less than 25 percent. The flame Obse%veéidﬁbing this run had
a "ball" shape and was very brilliant. Some light deposits were noted on

the burner cap at the end of the test.

December 8, 1982, Wednesday - Run 1208S3D

For the first portion of testing (1208-1), test condi-
tions were set at a 3 percent (17.1 pehcént 'éxéesé‘ air) flue-gas oxygen
levei'ahd{a 5009F secondary air temperatufé..rTﬁé-boiiéf obéféted well at
these 'éettinéé; “The second partion' 6f testing {1208-é); :Qas ,rﬁﬁ at the
lowest flue-éﬁé oxygen level (~1.5 peroenty’ while still méintﬁining an
opacity level iess'than 25 percent;# The excess air level for 12082 was
‘7;7 béfceht. No major problems develdpéd"AUPing' either “portion of the

testing.
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December 9, 1982, Thursday - Run 1209SD

Both tests duping this run were conducted at a flue-gas
oxygen level of 4.3 percent (~24 percént excess air). During the first
portion of testing (1209-1), the secondary air preheat temperature was held
at 500°F, and }aised to 600°F for thé second testing period (1209-2). Both
tests ran Qell as operating conditions were good.. However, data for ‘these
tests was not analyzed because .of problems with the Data Acquisition Systgm
and an error in the.Beckman Oxygen Meter. It was also found that'thé second
blower which was iﬁstalled during the SRC Fugl tests to increase the primary
air flow was causing the primary air flow measurement from the Brandt meter
to be in error. The high discharge bressure of the blower, due to location
upstream of the meter, had the Brandt meﬁer beyond its operation range. The

use of this blowef was discontinued in the future tests.

b. ' Duration Tests
December 10, 1982, Friday - Run 1210SS

AOne ﬁest (1210) was p;rfopmed. The .secondary air
prehe;t temperaﬁure was 6OQ°F and the flué-gas oxygen level wés é.S.pgrQeqt
(13.3 percent excess<§ir). VThese éonditions were selgcted fof tﬁe durati§n
runs. During thé test severél flameouts océurred és a resdlt of poséiblé
élinker formation'on the'burner tip and subseﬁuent plugging of the nozzle.
Later the flame returned to normal indicating the clinker may have burned

itself out.
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December 13, 1982, Monday - Run 1213SS

Two tests (1213-1 and 1213-2) were run at the steady-
state duration conditions, These tests ran well except for a momentary
problem with high fuel pressure which was believed to have been caused by a

fuel line restriction.

December 14, 1982, Tuesday - Run 1214SS

Test conditions for both parts of the test (1214-1 and
1214-2) were set at the steady-state duration conditions. Minor computer

problems were encountered and corrected early in the testing.
December, 15, 1982, Wednesday - Run 121588

_ Three tests were planned for this run. However, due to
a malfunction of the SO, meter only two'sets of flue-gas data were taken.
For both te;ts (1215-1 apdA1215-2) flue-gas oxygen was held at 2.5 percent
and the secondary air temperature at-600°F, A special parametric test was
run';fter:completion of the steady-state duration test. During this para-
~metric test, the secondary air temperature was maintained a;IGOOOF while the
flue-gas oxygen was reguced”as much as possible while maintaining opacity

levels less than 25 percent.
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December 16, 1982, Thﬁréday'- Run 1216SS

Two Steady;state duration tests were run. The first
ﬁbfﬁion of testing (1216-1) performed well; except for a momentary rise in
fuel pressure caused by an obstructibh in the burner. The obstruction
gradually disappeared and the fuel pressure returned to normal. -The second
portion of testing (1216-2) ran extremely well with no-significant problems.
Two special short dﬁra;ion tests were then performed at a 4.3 percent and a
5.0 percenf flue-gas oxygen level to determine the effect of excess oxygen

y

" on opacity reduction and particulate emission rate. Opacity levels for both
" of these tests were nearly the same (between 4 and 5 percent). Isokinetic
tests were taken' at 4.3 percent excess 0p. ~No data was taken at the

5.0 percent oxygen level because of a problem with the CO meter ‘and efforts

"to conserve fuel for the following day's testing.
December 17, 1982, Friday - Run 1217SS

Test conditions for this run were set at normal steady-
state duration test values. Two of the three scheduled tests were performed
at these conditions (1217-1 and(1é17-2).: The COZ analyzer needed to be
replaced twice during testing which cadsedidelays and prevented completion
bf the third test. Numeﬁoﬁs calibrations of the CO analyéer were madeito
assure reliable data, Flame appearance throughout the testing period was
good. One special short duration test was then performed at a 0.5 percent
excess oxygen level and a 600°F second;ry air température. No isckinetic

tests were performed for this test.
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Throughouﬁ the SRC Residual .Euel Oil.-testing program,
minor problems were encountered involving fuel 1line piugging in the Micro
Motion flowmeter and momentary shufdowns of the Data Aéquisition.computer
but overall, all tests were -considered very successful withlrespect to the

data quality and the boiler performande obtained.

Prior 'to initiating the SRC Residual Fuel 0il tests, the
walls’ and floor of the firebox' were' brushed and thoroughly. cleaned. - This
was done again -at thé end of the SRC Residual Fuel 0il testing 'and ‘the ash
was saved and weighed. Only 1.5 pounds of ash were found remaining’ in the
firebox at the end of SRC Residual Fuel 0il testing. These "deposits were
uniform throughout the interior. Performancé.of the fuel burner during the
SRC Residual-Fuel 0il tests was excellent despite:the mOdera;ely higherifuel
pressures than those which were encountereéd during No. 6 fugl oil testing.

.

6. Combustion Test Results and Discussion

Six parametric tests were performed from December 7 ;o
December 9, 1982. Data from December 9 was not uéed because of a data
acquisition problem. Two additional parametric tests were conducted on
December 15 and 16 following completion of the scheduled steady-state dura-
tion tests. Table 13 shows the fuel analysis of the SRC Residual Fuel 0il
during parametric tests. The' SRC Residual. Fuel 0il had a higher
carbon/hydrogen ratio than did the No. 6 fuel o0il (10.79 versus 7.03). The
nitrogen content was approximately 1.32 percént except fé; samplg 1208-1
which was .1.23 percent. éu}fur content ' wés in tﬁe 'fange of‘ 0.40 to

0.49 percent. The moisture content in the SRC Residual Fuel 0il was
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generally in the -range of 0.18 to 0.36 percent. . Higher heating. values

ranged from 16,678 Btu/lb to 16,817 Btu/lb. IR - el

The boiler operating conditions and boiler performance. for
SRC Residual Fuel 0il are given in Table 14. All tests were conducted at
full load'conditions, . Secondary air temperatures were set at ~6009F for the
first four tests and at ~S5000F for .the last two tests of duration. testing.
-At. each .secondary: air temperature setting, -excess air .levels were varied.
Fuel temperature was set .around. 3009F which gave the SRC Residual Fuel . 01il a
viscosity:of ~30 c¢p (~150 ssu). Average flue-gas. temperatures during this
testing - ranged - between U859F and -5159F which is approximately 75°F-- lower:
than those' of the No. 6 fuel -oil tests. .For example, in Run 0818<1 (No. 6
0il) the average .flue-gasu;tempefature was S5T09F and in Run . 1207-2 -:(SRC
Residual Fuel 0il) the average flue-gas temperature was U4900F. Both runs

were performed at the same operating conditions.

Carbon .conversion -efficiencies for - these parametric tests
were 99.6 percent ‘and above. The higher carbon conversion efficiencies were
at the higher..secondary air- temperatures. ;- The boiler efficiencies ranged
.from 84.3 to. 86.2 percent which were almost four .percentage points: -higher
" than. those :of .the No. 6 o0il tests. .The higher boiler efficiencies .with the
SRC..Residual Fuel 0il-were due to three factors:..(1) combustion of .SRC
Residual Fuel 0il resulted in. a lower average flue-gas - temperature - which
lowered .the  flue-gas heat loss; (2) SRC - Residual Fuel 0il .had a- lower
moisture content; - -and (3) there was.a higher carbon/hydrogen ratio.in the

SRC Residual Fuel 0il. B oL o SR - JECC
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Table 15 gives the flue-gas analysis and particulate emis-

sions during SRC Residual Fuel 0il parametric tests. Emissions of SO» were
in the range of 0.59 to '0.71 1b/MBtu. These measured values were much
higher (from 16 to 46 percent higher) than values calculated from the fuel
analysis;' These large discrepancies were due mainly'.to two factors:
(1) the error in the fuel aﬂalysis; and (2) drifting of the SO2 meﬁer.A NOx
emissions were in the range of 0.57 to 0.76 1b/MBtu. Uncontrolled particu-

v

late emissions varied from 0.09 to 0.24 1b/MBtu.

Table 16 gives the fuel analysis for SRC Residual Fuel 0il

during eleven steady-state duration tests.

"Table 17 gives the boiler operating conditions and boiler
performance during SRC Residual Fuel 0il steady-state duratioﬁyte$;s. ALl
tests were performed at full-load conditions. The excess air ranged between
13.0 and 14.6 percent. Secondary air temperatures ranged between 5899F and
6019F and average flue-gas temperatures ranged between U4859F and 5250F.
Carbon conversion efficiencies were 99.7 percent or above. Boiler

efficiencies varied between 84.5 and 85.6 percent.

Table 18 shows the flue-gas anéiyses and paPticulaié"émié;
sions for SRC Residual Fuel 0il steady-state duration tests. SOg.ahd Nd#
emissions were generally 0.73 and 0.71 1lb/MBtu, respectively. Uncontrolled

particulate emissions ranged between 0.093 and 0.196 1b/MBtu.
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D. SRC/Water Slurry Tests

1. Combustion Test Plan

SRC/Water Slurry tests were cquucted during the two-week
period from January 3 to January 16, 1983. . Parametric testing was completed
,during thg first . week. Six parametrié tests: were performed . between
January 3 and January 9. Testing was conducted .at various secondary air
preheat temperatures ranging from 5O000F toA 5759F and at flue-gasv oxygen

levels ranging between 2.0 and. 4.0 percent.

Steady-state duration tests were donducted during the second:
week of testing (January.11 to January 14). Conditions for the steady-state
tests were selected based upon parametric test reéplts. Eight steady-state
duration tests were performed at a flue-gas: oxygen..level of ~ 3.0 percent

with secondary air preheated to ~600°F.

2.  Combustion Test Facility

Facility modifications necessary to accommodate the
combustion of SRC/Water §}gr§x,fqe;s involved the .return of the 700 hp CTF
to the former coal-water-mixture firing configuration and integration of the
?oal-ﬁateremixture . fuel .preparation system with the SRC Fuel handling

system.

SRC Fuel was pulverized to 90 percent minus 200 mesh

(70 percent through 325 mesh) in the MikroPul ACM-10 pulverizer and
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pneumatically transported by the Petrocarb pneumatic coal transport system
to the existing 18-ton capacity coal storage bin which was reconnected to
the gravimetric feeder, ~Mixtures were then prepared in the coal-water-
mixture fuel preparation area (See Flow Diagram in Figure 4.D). To prepare
" a mixture of SRC/Water Slurry,‘a measured amount of water was pumped into
the 2000-gallon mix tank; then a measured amount of the dispersant,; Lomar-D,
(approximately .0.5 percent of "the total weight of the final fuel mixture)
was dissolved in the water. The mixturé was 'contlnucusly agitated and
recirculated while SRC Fuel was dropped into the tank. Approximately
1200 gallons of a 65-67 weight percent mixture'were prepared in each batch.
The SRC/Water Slurry was transferred by a Sandpiper air-powered diaphragm
pump to a 2800-gallon holding tank which was equipped with an agitator motor
driving two turbine blades and a Moyno recirculation pump. The SRC/Water
Slurry mass flow rate to the boiler was regulated by a variable speed,
progressing cavity, 5 hp Moyno pump and was measured by a Micro Motién‘mass
flow meter. The Moyno pump was fitted with a Buna-N eiastbmer stator and a

0.010-inch undersized chrome-plated rotor.

The combustion air system was composed of preheated primary
and secondary air streams. The primary and secondary air preheat aystem is
a combination of ambient temperature air from the forced air blower and the
air stream heated by a two-stage air heater. The secondary air preheat
systam enan oupplv U500 safm of heated air, at a maximum éir temperature of

600°F,
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3. Burner Nozzle Selection

The Coen burner gun modified for céal-water-mixture firing
was utilized for the SRC/Water Slurry tests (Figure 11.E). Thé Coen Model
No. 2 mV atomizer was used in conjunction with a nozzle cap containing eight
15/6l4-inch openings at a 600 spray angle. -The atomizer assembly and its
dimensions are shown in Figure 9. Compressed air, available at pressures up

to 100 psig, was used for atomization.

During the final week of testing, additional nozzle caps weré
evaluated. A nozzle cap with eight 3/16-inch orifices at a 759 spray angle
. caused heavy flame impingement on the refractory cone regardless of adjust-
ments to air register iouver settings, fuel and air flow rates. Testing
with a nozzle cap haviﬁg eight 3/16-inch openings and a 60° spray angle
prqduced higher atomizing air and slurry pressures at the nozzle with no

-appreciable difference in flame shape or boiler performance.

y, Combustion Test Operations

SRC/Water Slurry tests were conducted in two separate phases
during a two-week period in January, 1983. . The Afi;st phase, parametric
testing, was performed during thé week of January 4, 1983 through
. January 10, 1983. Since performance evaluation of the ESP was not being-
conducted during the parametric test period, it was not necessary to run the
boiler on natural gas for nighttime operations. The éecond phase of the
SRC/Water Slurry test program, steady-state duration testing, was berformed

between January 11, 1983 and January 14, 1983. Nighttime boiler operation



during this period was maintained using natural gas at a boiler steam output

of 8,000 1b/hr, one-third of full boiler load. With a major portion of the
flue-gas flbw being diverted through the ESP, a constant heat flux was main-

tained through the ESP, facilitating its performance evaluation.

Prior to beginning both parametric and steady-state duration
test periods, the SRC/Water Slurry fuel was recirculatéd continuously to the
boiler and back to the h&ld tank, beginning at O400 hours. At this time
natural gas combustion was -initiated for parametric testing and the boiler
load brought up to a steam output of 8000 lb/hr. (In the casevof Steady-
state testing, the boiieé was already opérating at this maximum natural gas
capacity, one-third of full boiler load.) At 0500 hours, the flow of hot
air to the boiler was initiated and the temperature was slowly increased to
~5000F by 0600 hours SRC/Water Slurry combustion with a natural gas support
flame was initiated at 0700 hours after verifying the following: (1) open
the center air control valve to 20 percent of full scale on the center air
flow indicating gauge; (2) insert the SRC/Water Slurry burner; (3) ﬁaintain
combustion air flows to attain 8-10 percent excess oxygen in the flue gas;

and (4) set atomizing air pressure at the burner to 20-40 psig.

The boiler load was slowly brought up by increasing the SRC/
Water Slurry flow rate to a point where the natural gas support flame could
be extinguished. Subsequently, éhe SRC/Water Slurry flow rate was further
increased until full boiler 1load was obtained. Test conditions ~were
generally established by OSOO hours. Each parametric and steady-stéte dura-
tion test period lasted approximately four ﬁours and two tesﬁs were

conducted each day. A one-hour period was required between the parametric
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tests to change the necessary boiler operating parameters in order to meet

specified test conditions. Isokinetic testing and fuel sampling were

performed during each parametric and steady-state duration test.
Performance evaluation testing of the mobile ESP was conducted during the

steady-state duration testing.

Upon completion of each day of testing the boiler load was
slowly lowered by decreasing the SRC/Water Slurry flow rate to just above
the point where natural gas was needed to sustain combustion. The natural
gas supporﬁ flame was then initiated and the SRC/Water Slurry flame
extinguished. The SRC/Water Slurry fuel train was then flushed with water
to prevent - any poséible settling'out of the SRC Fﬁel. Nighttime operating

conditions were set up as explained at the beginning of this section.

5. Combustion Test Synopsis

a:. Shakedown Tests

January 4, 1983, Tuesday - Run No. 0104SH

The first test with SRC/Water Slurry was conducted using
the burner nozzle cap utilized during the No. 6 fuel oil tests. This nozzle
cap had eight 5/32-inch diameter holes drilled at a 75° spray angle. The
fuel mixture for this test was 67.5 percent SRC Fuel (96 percent minus 200
mesh), 32;0 percent water, and 0.5 percent Lomar-D. While firing at half
1oad;'excessive fuel pfeésures at the burner necessitated the change to a
burner cap with iargef holes (15/64 inch in diameter) to decrease fuel

pressures. The reverse spin swirl diffuser in the primary air line was
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dtilizeé duriné'these tests. Lafge particleé of SRC Fuel in the fﬁel.slurry
(f1/4-inch X O-inch), due to initial pulverizatior problems, plpgged the
burnér'nozzie'several times dufing éhe firstvshakedowh run and caused boiler
flaﬁéouts. Consequently, the fuel mixture wés recirdulatedﬂtﬁrough a basket
strainer in the hold tank to remove these large particles, eliminating

burner blugging problems.
' January 5, 1983, Wednesday - Run No. 0105SH

Shakedown iesting on the second day resulted in good
6peratidn'at'fiue-gas oxygenilevels of 5 percen€~and 2 percent. When the
secondafy aié pbeheat.was'removed, the étéam lo0ad dropped abou:t 7 percent

and the flame impinged on the "efractofy cone. Later, the flame became
increasingly unstable and an orderly shutdown was enacted.v The hiéh and low
excess oxygen levels were‘run at a preheated secondary air temperature of
3009F. A clinker formed on the burner tip when thé boiler was operated with

apprdkimately 3 percent oxygen in the flue gas.

b. Parametric Tests

January 6, 1983, Thursday - Run No. 0106SD

Two tests’ wefe . scheduled for ﬁhis run with a
66.1 percent SRC Fuel concentratlon. During tﬁe first portion of testing
(0106 1) test condltlons ‘were set at a 2.8 percent (13 9 percent excess
alr) flue-gas oxygen level and a 6000F secondary alr temperature. Operation

was sood despite several ‘minor problems. Throughout the test, clinkers
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formed on the burner cap each tlme the electrostatlc preclpltator was opened
and closed and a resultant change 1n furnace pressure occurred As the

cllnker bullt up, Cco levels 1ncreased, When the cllnker broke away, co

_ llevels returned to normal,

The second portion of testlng (0106 2) was run to eval-
uate the lowest flue-gas oxygen level while still maintalnlng CO levels less
than 400 ppm at a secondary air temperature of 600°F The lowest flue-gas
oxygen level was determlned to be approximately 2. 5 percent (11.2 percent

excess air).
January 7, 1983, Friday - Run No. 0107SD

Two parametrlc.tests were.run wlth a SRC/Water Slurry
containing a 66 percent SRC Fuel concentratlon. In Test I (0107 1) b01ler
conditions were set for a flue-gas oxygen level of 2 8 percent (1“ 5 percent
excess air) with a secondary air temperature”of 500°F3 Tnlsﬁtest performed
well although there were problems with occaslonal clinker formation on the

nozzle cap requiring readjustments to bring tbe _oxygen level back to

original specifications.

During the second portlon ofa'testing (0107-2), the
flue-gas oxygen level was lowered as far as possible while still maintaining
co levels below HOO ppm at a secondary alr temperature of SOOOF v}The
vflue-gas oxygen level was lowered to and remalned relatlvely stable at

2 percent + 0.2 (9.6 percent excess air) for most of thls test.

93



January 10, 1983, Monday - Run No. 0110SD

Two parametric tests were run at -a Y4 percent
(21.8 percent excess air) flue-gas oxygen level with a. SRC/Water Slurry
containing‘65.5 percent SRC Fuel. The firsfipoétion of testing (0110-1)
performed well. Except for the flame occasiénally impinging on botﬁcsides
of the watertube'walis in the firebox, stable combustion was attained. CO
levels for this test avéraged approximately Ss-ppm with few fiuctua;ions
bthroughout testing. The combustion éir temperature Qas maintéiﬁéd at

approximately S500°F.

During the second portion of testing (0110-2), .the
secondary air temperature was to be raised to 600°F. However, 570°f wa; ﬁhe
highest achievable secondary air temperature. Overall, this test ran well
with stable combustion although some deposits were noted on the nvzzle cap

when the burner was removed after completion of theée tests.

c. Duration Tests
January 11, 1983, Tuesday - Run No. 0111SS

Testing was .contin§ed with a flue-gas oxygenA'level of
3 percent (~15 percent excess air) using a 600°F preheated secéndary air
temperature. The first portion of testing (0111-1) performed well excébt
for several increases in carbon monoxide (from ~80 ppum to 127 ppm) due to
deposits forming on the burner nozzle cap. This phepomenon was confirmed

when rapping the burner gun sharply with a hammer to dislodge these deposits
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resulted in a reduction in CO levels. Excellent performance was noted -
throughout the second portion of testing (0111-2), as there were no notable

problems.

4Afteb.eedpleting the day's formal testing, two different
nozzle caps were evaldated ‘ for 'shert periods to determide their-
effectiveness in preduclng a flame wlthout Sparklers. Use of a 3/16-inch
'750 burner cap resulted 1n heavy flame impingement on the ref;;ct;rf.cone,
no matter how many adJustments were made. Use of a 3/16-inch, 60° burner -
cap resulted in a 7 p51 increase in atomlzlng air pressure and a 23 psi
increase in slurry fuel pressure at the nozzle. No appreciable difference

was noted in the flame shape or boiler performance. Sparklers were still

present.

January 12, 1983, Wednesday - Run No. 0112SS

Steady-sﬁate ddration testing cdhtinued at a 3 perceht
excess ox&gen level and a 600CF secondary air temperature. The first
portion of testing (0112-1) performed well. except for an - increase in CO
levels (100 ppd versus 60 ppm) onAone occasion. Consequently, the boiler
was shut down, tﬁe nozzle eieaned; and when testing resumed, the CO levels
decreased back to 60 ppm. The second portion of testing (0112-2) ran
éextremely well although the fuel burner nozzle pressure fluctuated

‘periodically.
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January 13, 1983, .Thursday - Run.No. 0113SS
Steady-state duration -testing continued with more data
being acquired- at a 3.percent flue-gas oxygen.level and a 6009F secondary
air temperature. Excellent performance . was .obtained -during .the first
portion of testing (0113-1). The second portion of testing (0113-2)
performed very well without_inpiqent,‘also.ut; g

e v an

January 14, 1983, Friday - Run No. 0114SS. -

.This- was .the final day of duration testing. Testing was
continued .with .a 3 percent. flue-gas oxygen level. and ‘a 6009F secondary air
temperature. In the first portion of testing (0114-1); clinker formations
on the burner nozzle ¢aps causéd intermittent high levels of carbon monoxide
up to ~119 ppm. Clinker formations were more prevalent during the second
portion of testing (0114-2), causing CO levels to rise as high as 322 ppm.
In both dases it was necessary to rap on ~the ‘burner tube to remove the
clinkers.. When the clinkers were removed, the CO . levels returned to around
75 ppm. Throughout the day a bright stable flame with a. high swirl. pattern

was present.

Upon completion: of steady-state duration itests, measure-
ments made on the nozzle -cap -orifices revealed a. nozzle orifice size
increase, due to erosion, of "0.0025 inch..for:approximately 90 hours of. full

boiler .load service. :
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- The largest firebpx depésits were'expérienced,during;the
SRC/Water Slurry'tests. A total of 34 poun&s was removed from ﬁhe fiﬁeﬁox,
the larger accumulatiobs being located on the floor at the front right and
rear left corners. In these areas, ﬂhe accumulations were 3 inches deep,

covering an aréa with an approximate two-foot radius.

6. Combustion Test Results and Discussion

Six barametriC‘-tests were performed with SRC/Water Slurry
from December 6 through December 10, 1982. ATable 19.gi?¢s the fuel anélyses
" for these six SRC/waté; Slurry parametric teéts. The SRC Fuel concentration”
ranged from 65.3‘to 66.0 percent for these{tests. fhe barticie size of ‘the
SRC Fuel varied from 87 to 91 percent minus-ZOO mesh.. “Nitrogen content: of
the SRC Fuel in the 'mixture ranged fromv 1.77 to. 1.93 percent. Sulfur

content was around 0.97:percent..

Table. 20 gives boiler operating conditions and boiler perfor-
mance. during SRC/Water Slurry parametric tests. All of the tests: were
conducted at rull 1o0ad - ¢onditions with two different secondary air
temperatures, ~570°F for the first three tests and ~500°F for'tﬁe‘last three
tests. For each secondary air temperature, the excess air level was varied
from 10 to 20 percent. Ayerage flue-gas temperatures varied slightly from
5150F to. 5360F. Carbon conversion efficiencies varied from 98.5 to
98.9 percent. Boiler efficiencies ‘were in. the range of 80.2 to
81.6 ﬁercent. Bqth carbon ébnvérsion efficiencies éﬁ@ boiler efficigncies
‘did not vagy.notably-with variances in secohdary air~§emp§ratures or exceés

air levels. During all SRC/Water Slurry combustion testé, atomizing air- use
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was at the upper limit of its source's capacity. It is felt that a small

increase in atomizing air capacity could have greatly aided the development

_of trends in both carbon conversion and boiler efficiencies as functions of

secondary air temperature and excess air levels.

The SRC/Water Slurry fuels had lower boiler efficiencies than
the other SRC fuels. This was primarily due to the higher water content in
the fuel (~34 percent). .However, the boiler efficiency. for SRC/Water Slurry

combustion was comparable to that obtained when burning No. 6 fuel oil.

Table 21 gives the flue-gas analyses and particulate emis-
sions during . .the SRC/Water Slurry pérametric tests.. Measured S0, emissions
were in theArange of 1.38 to 1.47 1b/MBtu. These. values are somewhat higher
(approximately 1 to‘1p percent higher than those . calculated from the fuel
analysis). These discrepancies are due mainly to error in the fuel analysis
and drifting of the SO meter. NOyx emissions were in the range of 0.41 to
0.65 1b/MBtu. This 1is considerably lower than the NOx emissions of
1.17 1b/MBtu to 1.37 1b/MBtu experienced during SRC Fuel testing with the
fast mix burner. Uncontrolled pérticulate emissions were in the range of
0.86 to 1.15 lb/MBtu.which'is considerably more than those during SRC Fuel
testing using the fast mix burner (0.44 to 0.87 1b/MBtu). This can be
accounted for as the 35 percent ash content in the Lomar-D fuel additive

which would yield an additional 0.19 1lb/MBtu particulate emission.
Table 22 givés the fuei analysis for SRC/Water Slurry used

during steady-state duration tests. SRC Fuel concentrations varied from

66.5 to 66.7 percent.

98



Table 23 shows the boiler operating conditiocns and boiler
: perfquance‘during SRC/Water Slurry steady-state duration tests. Thé boiler
3was'operéted at full ioad with excess air .levels rahginé betﬁeeﬁ‘1u.9 and
15.9 percent. Secondary air temperﬁtures were set at approximately §Ob°F.
Carbon conversion efficiencies weré all 98.8 percent and abové.“ Boiler

efficiencies varied from B81.2 to 82.3 percent.
Table 24 “éiVes the flue-gas analyses for SRC/Watér Slurry

‘ steady-state duration tests. SO; and NOx levels ranged from 1.18 to

1.47 1b/MBtu and 0.47 to 0.56 1b/MBtu, respectively. Uncontrolled particu-

late emissions varied from 0.74 to 1.00 lb/MBtu.

E. Combustion Test Data Tables

- The following- tables present all combustion iest ‘data éémpileq

during the SRC Phase II program.
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TABLE 1. FUEL ANALYSI3: NO. 6 FUEL OIL PARAMETRIC TESTS *

. 001

Test No. 0818-1 0818-2 0818-3 0819-1 0819-2 0820-1  0820-2  0820-3
Ultimate analysis (wt %) on moisture free basis
Hydrogen ~11.88 11.52 11.56 11.85 12.00 12.02 11.18 11.78
Carbon © 82.07 82.55 82.15  B82.15 82.60 81.69 83.61 82.17
Nitrogen 0.22 0.23 ~ - 0.23  0.26 0.21 0.21 0.22 0.22
Sulfur 0 0.63 0.64  0.63 0.65 0.65 - 0.68 - 0.66 0.64
Oxygen 5.1 - 4,98 " 5.36 .5.01 4.45 5.26 4,22 - 5.09
CAsh 0.09  0.08 0.07 ~  0.08 0.09 . 0.14 0.1% - 0.10
Moisture (%) - 6.5 6.3 5.8 - 7.8 6.1 6.7 - 6.3 6.3
' Higher Heating Value ’ ! . 4 ,
(Btu/1t) ~_ 47,u04 17,408 . 17,437 17,88  17;496 - 17,520 17,556 . 17,488

Spgcific Gravity at T59F 0.9467

‘fUlt1mate -analysis, moisture content, and heazing value were determined accord1ng to ASTM Section 5 (Petroleum
Product Luktricants. and Fossil Fuels) standarjs
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TABLE 2. OPERATING CONDITIONS AND BOILER PERFORMANCE:

NO.6 FUEL OIL PARAMETRIC TESTS

(Heat Loss Method)

'79.6

82.1

82.9

5°

Test No. 0618-1  0818-2  0818-3  0819-1  0819-2  0820-1  0820-2 0820-3
' Thermal Input (MBtu/hr) 30.20 30.37 30.45.  30.28  29.91 29.44 29.03  30.07
Steam Flow (1b/hr) 21,390 23,980 23,690 24,150 23,660 23,750 23,360 23,620
FlueGas 0p (%) .7 .© 0T 3 s 2 06 23 0.7 3.7
'Excess Air (%) 8.4 20.9 31.0 12.9 307 12.2 - 3.6 - 214
Secondary Air Flow (1b/hr) 21,790 22,950 23,250 21,840 18,830 22,060 19,410 22,710
Secondary Air Temp. (OF) 605 595 594 610 599 502 510 495
Primary Air Flow (lb/hr) C1,2u 2,690 4 uK6 1,180 1,995 1,321 1,518 2,822
Primary Air Temp. (OF) s T 66 68 76 63 70 69
Fuel Flow (1b/hr) t e 561 1,565 0 1565 01,560 1,560 1,536 1,524 1,573
Fiel Temp. (OF) 213 211 215 215 213 217 210 215
Fuel Pressure at Burner (psig)  62.0 ~ .62.0 '62.3 617 61.7 61.7 62.3  62.0
Atomizing Steam Flow (1b/hr) 238 237 237 237 236 2 242 239
Burner Position (in) 1 1 R B o R L
Swirl Setting §5-1/2 - 6  6=1/4  “b-172 5-1/2 5-1/2 5:1/2
Averégé Flue-Gas Temp. (°F) 570 T 603 613 . 532 3,528 shy 555 607
Carbon ‘Conversion Eff. (%) '99.98 99.98  99.99  :99.98 99.95 99.98 99.93  99.98
Boiler Efficiency (%) 82.5 - 80.7  82.9 " 83.5

80.0
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TABLE 3. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:

NO. 6 FUEL OIL PARAMETRIC TESTS

Test No. 0818-1 0818-2 0818-3 0819-1 0819-2 820-1 0820-2  0820-3
Flue-Gas Analysis
02 (%) 1.7 3.7 5.1 2.4 0.6 2.3 0.7 3.7
COop (%) 4.5 . 12.8 11.8 13.7 15.4 13.9 15.1 12.6
co  (ppmy) 36 29 41 23 190 35 76 22
'S02 (ppmy) 520 455 -— 518 560 501 550 456
(1b/MBtu) 0.90 €.95 - 0.95 0.92 0.90 0.92 0.91
NOx (ppmy) | 225 2u1 216 215 215 218 210 213
(1b/MBtu) 0.28 G.34 0.33 0.28 0.25 0.28 0.25 0.30
THC* (ppmy) 0.8 0.6 0.6 0.7 0.2 0.6 2.0 0.6
Opacity, Uncontrolled (%) N.A. N.A. N.A. N.A. N.A 5 6
Particulate
Emissions, Uncontrolled
(1b/h-) 0.772  Q.64n 0.600 0.743 0.968 0.656 1.150 0.946
(1b/M3tu) 0.026 ¢.021 0.020°  0.025 0.033 0.022 0.040 0.031
27.9 28.7 29.8 - 63.7 41.4 72.5

Carbon Content (#)*

*Total hydrocarbons.

*Loss-on-ignition method.

6.8

2“ 09
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TABLE 4. FUEL ANALYSIS: - NO. A FUFL OIL DURATION TRSTR-*

“est No. 0823-1 0823-2 0824-1 0824-2 * 026-1 0826-2 0627-1 2827-2 230~

Ultimatéiéhalysis (wt %) on moisture free basis

lydrogen 12.51 12.19 12.47 - 10.96 11.36 - 10.89 1016 SN 2.0
Carbon 82.0n . Bi.90 84.70 86.8M 0.9 83.35 20.20 83.74 io.ﬁz
Nitrogen 0.21 0.22  0.20 - -0.20 0.20  0.22. 0.21 0.i2 Py
Julfur ' S 0.67 0.67 0.67 0.71  0.65 0.65 0.66 0.5 AL
Oxygen . ‘ .50 RN 1.87 1,20 6.69 ST 8.36 3.5 I
Ash ' 0.07 0.08 0.09 0.09 0. 14 0.12 011 0,10

Nolature (%) 6.0 6.3 6.3 6.1 6.4 6.3 6.2 . 6.7 \

Higher lleating Valne

(Dtu/1b) 17,021 17,502 17077 17,433 17,523 17,518 .17,506A 17,500 17,537

“Ultimate analysis, moisture content, and heating value were determined according to ASTM Section 5 (Petroleum
Product Lubricants and Fossil Fuels) standards. '
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TABLE 4.

FUZL ANALYSIS: NC.

6 FUEL OTL DURATION TESTS*(con-inned)

(Btu/1b) . 17,461 -

* . 9.
Ultimate. analysis, moisture content, and heating value were
Product Lubricants an’ Fossil Fuelsg) standards.

Test No. 0830-2 05311 0831-2  0901-1 0901-2 0902--
- ﬁltiméte analysié (wt %) on moisture free basis v )
' Hydrogen}‘ & l,‘ 12,01 11.67 11.62 12.&3 l3.]é 13.!7
Carbon 80.59  92.83 RURE] 82.6  85.65 B5.71
Nitrogen 0.23 0.18 0.17 0.16 0.17 0.:7
sulfor . 0.66 0.60 0.54 0.50 0.51 0.50
Qxygeni . 6.02 h.63 3.3 h.35 0.38 0.3%
Ash. ) 0.09 0.09 0.1%3 0.12 0.10 0.10
Moisture (%) 6.2 36 377 , 3.3 3.5 34
Higher lleating Value ‘ - - ' '
17,889 18,109 18,127 18,112 18,044

0902-2

™. n2
83.60
0.21

4.3

19,168

00021

18,00

determined according to ASTM Section 5 (Petroleum

R, 03
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TABLE 5. OPERATING CONDITIONS AND BOILER PERFORMANCE: NO. 6 FUEL OIL DURATION TESTS

Test No. 0823-1  0823-2 0824-1 0824-2 0826-1 0826-2 0827-1 0827-2  0830-1
Thermal Input (MBtu/hr) 30.01  29.74 30.57 29.96 30.39 29.24° 29.39 . 29.01 28.89
Steam Flow (1b/hr) : 23,860 23,900. 24,250 23,910 24,220 24,070 24,120 23,780 23,870
Flue-Gas 0> (%) 2.4 2.4 2.5 2. 2.3 2. 2.0 - 2.4 2.4
Excess Air (%) 12.5 12.9 . 12,9 £12.9 12.7 13.1 12.9: 12.9 12.6
* Secondary Air Flow (1lb/hr) 19,690 19,460 . 19,500 19,650 22,380 . 22,050 22,100 21,970 22,050
Secondary Air Temp. (OF) - 509 512 - 503 h98 49s 497 - 97 496 - 505
Primary Air Flow (1b/hr) 4,569 4,464 . 4,500 N,176 1,221 982 1,300 1,387 - - 1,08
Primary Air Temp. (OF) : 68 68 65 71 63 72 65 al 62
Fuel Flow (1b/hr) . 1,590 1,568 1,620 1,590 1,590 1,527 1,530 1,532 1,198
Fuel Temp. (OF) 213 213 216 . 215 210 203 © 206 202 208
Fuel Pressure at Burner (psig) 64.0 64.0 i. 63.0 64.0 61.7 61.8 W8T 51T 52
. Atomizing Steam Flow (lb/hr) 258 254 . 2u8 250 2n2 241 ©189 - L 212 203
Atomizing Steam Pressure at . ' S
Burner (psig) : . 75.0.  75.0 - N.A. ‘N.A. 12,6 . 71.3 53.5 59,2 57
Burnén Position (in) N ' 1 B 1 b P | 1
Swirl-Setting ' 5 5 .5-1/2/3;3/W L S-/M 5-1/2/3-1/2 5 5 L 5-1/2 3
Average Flue-Gas Temp. (°F) . 563 573 - 543 554 539 553 £ 535 - 552" 531
.. Carbon. Conversion Eff.. (%) 99.98 ° 99.97  .99.98 99.99 99.98 99.98 99.97- 99.97 - 99.97
Boiler Efficiency (%) L R - S
81.00 . - 81.5- - 82.5 82.8 .82.5 82,7+ . . 82.2 - 82.6

. (Heat Loss Method) . 81.2
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TABLE 5. OPERATING CONDITIONS AND BOILER PERFORMANCE:

NO. 6 FUEL OIL DURATION TESTS (continued)

Test Nol 0830-2 0831-1 2831-2 . 0901-1 J901-2 0902-1 0902-2 0903-1 0903-2
Thermal Input (MBtu/hr) 28.5M4 29.36 29.53 29.80 29.60 29.10 29.25 29.04 28.914
Steam Flow (1b/hr) 23,602 23,930 24,340 23,960 24,100 24,070 23,980 2,000 23,750
Flue-Gas 0o (%) 2.4 2.4 2.5 2.4 2.1 2.5 2.5 2.0 2.1
Excess Air (%) 12.4 13.2 13.5 12.6 12.4 12.8 12.5 12.1 12.7
Secondary Air Flow (1b/hr) 21,70 22,240 22,350 22,130 22,222 22,350 22,100 21,930 21,890
Secondary Air Temp. (©F) . hg2 499 ugs 501 19> 498 n96 502 n97
Primary Alr Flow (1b/hr) 935 1,100 1,737 1,250 1,722 1,280 1,559 1,659 1,18
Primary Air Temp. (°©F) 73 70 73 71 T4 69 T4 60 67
Fuel Flow (1b/hr) 1,494 1,498 1,492 1,505 1,497 1,473 1,072 1,071 1,168
Fuel Temp. (°F) 205 208 210 211 204 209 206 209 210
Fuel Pressure at Burner (psig) A 54 53 54 57 €5 65 65 66
Atomizing Steam Flow (1b/hr) 211 206 198 213 4§17 252 260 256 257
Atomizing Steam Pressure at
Burner (psig) .59 60 51 62 67 76 77 75 76
Burner Position (in) _ t 1 1 1 1 1 " 1 1
Swirl Setting 3 3 3 3 | 2-1/2 3 3-1/2 3-1/2
Average Flue-Gas Temp. (OF) 5U43 540 568 553 581 5iy 557 . 566 571
Carbon Conversion Eff. (%) "+ 99.97  99.97  99.98 99.97 99.97 99.98 99.98. 99.97 99.97
Boiler Efficiency (%) .
(lteat Loss Method) 82.¢ 82.5 - 82.0 - - 82.3 80.6 81.6 80.9 "81.2 81.9
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TABLE 6.

FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:

NO. 6 FUEL OIL DURATION TESTS

Test No. 0823-1 0823-2 0824-1 0821-2 0826-1 0826-2 0827-1 0827-2. 0830-1
Flue-Gas Analysis '
02 (%) 2.4 2.4 2.5 2.0 2.3 2.4 2.4 2.4 2.h
cop (%) 13.7 13.5 13.7 13.8 13.5 13.7 13.8 13.7 13.7
co (ppmy) 21 22 48 34 29 29 20 23 Co27
S0 (ppmy) 504 512 500 508 508 490 533 519 508
\ (1b/MBtu) 0.92." 0.95 0.9 0.91° 7 0.92 0.91 0.98 0.96 0.90
NOx {ppmy) 210 172 203 196 225 199 237 205 234
(1b/MBtu) 0.28 0.23 0.27 0.25 0.29 0.27 0.31 0.27 0.30
THC* (ppmy) 0.7 1.0 0.3 0.2 0.3 0.2 0.4 0.9 0.6
Opacity, Uncontrolled (%) N.A: N.A. 5 4 8 8 10 9 0
Particulate
Fmissions, Uncontrclled
(1b/hr) 0.91 0.92 0.99 0.50 0.86 0.88 0.88 0.88 1.1
(1b/UBtu) 0.03. 0.03 T 0.04 '0.02 0.03 0.03 0.03 0.03 0.0l
Carbon Content (%)+ 26.8 36.2 28.9  29.7 30.5 31.0 n7 .1 45.3 33.1

%#Total Hydrocarbons.

*Loss-on-ignition method.
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TABLE 6. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:

NO. 6 FUEL OIL DURATION TESTS (continued)

Test Ho._ 0330-2 0831-1 0831-2 0901-1 0901-2 0902-1 0902-2 0903-1  0903-2
Flue-Gas Analysis
02 (%) 2.4 2.4 2.5 2.h 2.4 2.5 2.5 2.0 2.1
cop (%) 13.7 13.4 13.3 13.6 13.5 13.6 13.6 13.7 13.6
€o  (ppmy) U7 o3 37 29 35 36 g 26 21
S0, (ppmy) n61 460 429 388 398 380 h02 398 ho2
(1b/MBtu) 0.83 0.85 0.80 0.70 0.74 0.71 0.73 0.72 0.74
NOy (ppiny) 203 212 190 193 192 181 184 173 178
(1b/¥Btu) 0.26 0.28 0.25 0.25 0.26 0.24 0.2 0.22 0.24
THC* (ppm,,) 0.3 1.0 0.2 0.5 0.2 0.6 0.h 0.8 0.6
Opacity, Uncontrolled {%) N.A. N.A. 0 0 1 0 5 0 0
Particulate
Emissions, Uncontrclled
| (1b/hr) 9.86 0.97 0.82 0.86 0.86 0.97 1.09 0.98 1.11
(1b/MBtu} 2.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04
Carbon Content (%)+ 40.9 39.2 36.7 40.9 40.9 29.0 26.6 3.2 33.1

*Total Hydrocarbons.

*Loss-on-igaition method.
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TABLE 7. FUEL ANALYSIS: SRC FUEL PARAMETRIC TESTS USING SLOW MIX BURNER *

Test No. 1024-1 . 1024-2 1025-1 1025-2

Solid Particle Size Consist ‘ -- -- 96 96
(% minus 200 mesh)

Ultimate analysis (wt %) on moisture free basis

Hydrogen 6.23 . 6.23 6.17 6.17
Carbon 86.72 86.72 86.53 86.53
Nitrogen - 1.94 1.94 1.98 1.98
Sulfur 0.82 0.82 0.93 0.93
Oxygen 3.85 3.85 4.03 4.03
Ash 0.43 0.43 0.37 0.37°
Moisture (%) | 0.37 0.37 0.38 " 0.38
Highef Heating Value 15,839 15,839 15,850 15,850
on Moisture Free Basis :
(Btu/1b)

o,

“Ultimate analysis, moisture content, and heating value were determined according to ASTM Section 5 (Petroleum
Product Lubricants and Fossil Fuels) standards.
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TABLE 8,

Test No.

Thermal Input (MBtu/hr)
Steam Flow (1b/hr)
Flue-Gas 0y (%)

Excess Air (%)

Secondary Air Flow (1b/br)
Secondary Air Temp. (OF)
Primary Air Flow (1b/hr)
Primary Alr Temp. (°F)
Solid Fuel Flow (1b/hr)
Natural Gas (scfm}

Burner Position (in)

Swirl Setting

Average Flue-Gas Temp.:(°F)
Carbon Conversion Eff. (%)

Boiler Efficiency (%)
(Heat Loss Method)

OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC FUEL

PARAMETRIC TESTS USING SLOW MIX BURNER

1024 -1

29.88
24,030
5.4
32.0
23,630
530
8,555
51
1,725
0
1-1/8
8

526
98.6
82.7

1024-2

29.33
23,970
3.2
16.5
19,860
615
u,150
56
1,690
0
1-1/8
8/7-172
548
98.8
83.7

1025-1

30.22
23,920
5.1
29.4
22,340
503
4,916
ny
1,766

5hy
98.2
82.2

1025-2

30.26

- 21,050
3.0
.5
19,860
512

. 4,683
51
1,781

0
1/2/1-1/8
7-3/4
606
97.8
81.5
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TABLE 9. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC FUEL

Test No.

Flué-Gas Analysis
02 (%)
cop (%)
co (ppmy)
502 (ppmy)
(1b/MBtu)
NOx '(ppmV)
.‘;, .(lb/MQtu)
THC* (ppﬁv)
Opacity, Uncontrolled (%)
Particulate
] Emissions, Uncontrolled
- (1b/hr)
(1b/MBtu)

Carbon Content ($)*

#Total hydrocarbons.

+Loss-on-ignition method.

PARAMETRIC TESTS USING SLOW MIX BURNER

1024-1

5.4

- 12.8
83
566
1.27
u9y
0.80
1

15

30.3
1.1
70.6

1024-2

28.5
1.07
60.9

1025-1

30{6
1.10
89.5

1025-2

35.5
1.26

93.3
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TABLE 10. FUEL ANALYSIS: SRC FUEL DURATION TESTS *

Slow Mix Burner Used 10/26 Through 11/04 6-Inch
"Econo" Burner Used 11/12

Test No. 1026-1 1029-1 1029-2 1101-1 1101-2 1103-1 1104 1112-1 .1112-2

Solid Particle Size Consist 95 91 91 100 100 93 90 T -
(% minus 200 mesh)

Ultimate~§nalysis (wt Z) on moisture free basis

Hydrogen 6.6 6.7  6.17 6.1 6.1  6.18  5.67  6.03  6.57

Carbon 86.97 86.30 86.30  87.04 87.ch 86.66 B6.12 B6.47 86.74
Nitrogen 1.91 1.75 1.75 -~ 1.98 1.8 2,01 2.02 2.02 2.08
Sulfur 0.97 0.94 0.94 0.97. 0.7 0.99 1.03 1.03 1.02
Oxygen : 3.93 4.33 4.33 3.76 3.76: h.02 5.06  4.37 3.51
Ash - - 0.06 0.52 0.52 . 0.11. 0.1 0.1% 0.1 0.07 0.08
Moisture . (%) . 0.63. 0.42 0.42 0.67 0.€7 0.46 0.53 0.56  0.59
Higher Heating Value 15,804 15,865 15,865 15,812 15,812 15,922 15,925 15,866 15,903

~on ﬂqisture—Free
‘Basis (Btw/1b)

S S - . : : :
Ultimate analys:is, moisture content, and heati ue > rmi - STM Sec . Petro
lys- , ating value were determined zccordi i :
Product Lubricants and Fossil Fuels) standards. i rding to ASTM Section 5 (Petroleun
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TABLE 10. FUEL ANALYSIS: SRC FUEL DURATION TESTS*(continued)

3low Mix Burner Used 10/26 Through 11/04 6-Inch
"Epono" Burner_Used 11/12

- Test. No. IIIS-IV 1115.2  ’111791 1117=-2 1118-1 1118-2 1118-3 1119;1 1119-2 . 1119-3
. Solid Particle Size 100 100 . 100 100 98 98 98 - 100 1000 - 100 -
“  Consist (% minus . . : :
200- mesh)

.Ultihate analysié (wt %) on moisture free basis

. Hydrogen 6.14 6.10 - 6.09 . 6.24 6.11  6.13  6.13 6.32. 6.05 6.3
Carbon 86.89 86.93 . 86.78 86.48  85.81 85.05 B85.05 86.55 - 86.42 -86.79
Nitrogen . 2.07 2.01 .1;96 2.02 2.06 2.06 2.06 2.07 2,07 -2.09
Sulfur . .00 0.9  0.97  0.97  0.89 1.01. 1.01 . 1.03 . 1.03. - 1.03
Oxygen - 3.82  -3.89 4.13 . b.27 4.99 5.59 . 5.59 -3.87. 4.25 " 3.60
Ash ) 0.08  0.07 .. 0.07 0.03  0.15 0.16 0.16 0.6 0.19  0.19 -
Moisture (%) 0.50 0.47 “0.62 043  0.66 0.62 0.62 0.51 0.61. ' 0.57

- Higher -Heating Value 15,880 15,876 15,884 15,793 15,950 15,950 15,950 15,766 -15,892.° 15,818 : :
_on Moisture- < - Tee
Free Basis

“(Btu/1b)

l.

“Ultimate: analysis, moisture content, and heating value were determined accord1ng to ASTM Sect1on 5 (Petroleum .
Product Lubricants and Fossil Fuels) standards. el
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TAELE 1.

SRC FUEL DURATION TESTS

OPERATING CONDITIONS AND BOILER PERFORMANCE: -

Slow Mix Burner Used 10/26 Through 11/04 6-Inch
"Econo" Burner Used 11/12

Test No. 1026-1  1029-1  1029-2  1101-1  1101-2 1103-1 1104 - 1112-1 1112-2
Thermal Input (MBtu/hr) 29.68  23.35 .30.06  29.46  29.74 29.91 30.33 30.23 30.63
Steam Flow (1b/hr) 23,770 23,730 23,820 23,630 23,360 23,790 . 23,730 23,690 23,760
Flue-Gas 0y (%) 3.2 2.7 4. 4.4 4.9 5.1 5.3 5.4 5.2
Excess Air (%) 15,1 12.8 25.0 2u.2 28.6  29.7 38.1  31.8  29.8
Secondary Alr Flow (1b/hr) 19,610 19,050 21,480 20,980 ' 22,020 23,070 23,500 .23,340 23,190
Secondérylﬂlr Temp. (OF) 597 610 583 601 EET 536 518 589 STA
Primary Afr Flow {1b/hr) 4,729 4,631 4,730 4,512 . 4,5E1 4,674 4,774 5,058 . 5,117
Primary Air Temp (OF) 52 ; 66 | 56 12 ' 69 60 U6 ' v95 86
Solid Fuel Flow (1b/hr) 1,729 1,729 1,730 1,690 1,721 1,72¢ 1,750 1,611 1,643
‘Natural Gas (scfm} 0 0 0 0 0 0 0 25.60 24.87
Burner Position (in) M 1 1 - -- 1 I 1 2.
Swirl Setting 8 8 T-172 8 7-172 8 8 8. 6-1/2
Average Flue-Gas Temp. (OF) 538 595 630 540 573 579 560 571 . 568
Carbon Conversion Eff. (%) 97.8 96.1 98.9 98.5 98.7 98.7  98.9 98.0 97.7
Boiler Efficiency (%) . : A
(Heat Loss Method)  83.2 . 82.8 81.1 82.9 81.9 81.8 82.3 B81.u .80.8
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TABLE 11. OPERATING CONDITIONS AND BOILER PERFORMANCE

Test No.

SRC FUEL DURATION TESTS (continued)

Using 6-Inch "Econo" Burner

ThermalbInput {MBtu/hr)
Steam Flow (1b/hr)
Flue-Gas 05 (%}

Exgesé Air (%)
Seéénd;;y Air Flow (1b/hr)
Secondary Air Temp. (°F)
Primary Air Flow>(lb/hr)
Primary Air Temp. (©OF)
Solid Fuel Flow (1lb/hr)
Natural Gas (sefm)
Burner Position (in)

Swirl Setting

Average Flue-Gas Temp. (OF)
Carbon Conversion Eff. (%)

Boiler Efficiency (%)
(Heat Loss Method)

1115-1  1115-2 1117-1 1117-2 1118-1 1118-2 1118-3 1119~1 1119~-2 1119-3

30.25% 29.73 30.08 30.29 30.26 31.11 30.98 31.08 31.47 31.11
24,110 23,400 24,000 23,910 23,780 24,540 24,350 24,120 24,210 24,090
s.4 6.5 6.1 6.2 58 6.0 6.1 6.0 6.0 6.3
32.1 42,4 384  39.3 36.1 37.6 38.5 37.9 37.7 40.8
22,990 23,460 24,130 24,400 24,170 25,920 25,§1o 23,700 23,730 23,960
592 592 577 574 588 562 562 590 587 585
5,51 6,113 5,796 5,542 5,827 5,834 5,805 5,823 5,709 5,825

62 58 76 78 88 87 86 74 95 93
1,616 1,692 1,599 1,624 1,602 1,642 1,639 1,677 1,691 1,674
25.64 0 25.80 24.38 25.07 27.21 26.18 24.72 23.99 24.12
172 172 0/1/2 0 o0s1/2 12 12 2 a2 a2

6 6 6/6-1/2 6-1/2 6 6 6 6 6 6

523 5220 531 535 539 551 552 534 535  SHO
98.5 98.9  98.7  98.8  98.7  98.9 99.0 99.4 99.0 99.5
82.8  82.4  82.4  82.1° 82.6 82.3 82.3 82.5 82.4 82.3
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TABLE 12. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:
SRC FUEL DURATION TESTS

Using 6-Inch "Econo" - Burner

- Test No.

Flue-Gas Analysis

1026 1029-1  1029-2  1101-1  1101-2 1103 1104  1112-1  1112-2

0, (%) 3.2 2.7 N4 4 ‘4.9 5.1 5.3 5.4 5.2
Cop  (4) 0,7 15.1 13.7°° 13.60  13.2 13.0 12,8 12.5  12.6
CO  (ppmy) 248 313 '83-- '8 - 61 63 54 - - 83 - 82
S02 (ppmy) 629 674 602 612 584 585 580 588 603
(1b/MBtu) 1.23 1.23 .26 1.30 . 1.29 0 1.29 1.29 . 1.30 . 1.32
NOx (ppmy) hy7 451 543 54y 580 596 . 498 732 . 665 . °
~ (1b/MBtu) 0.63 0.65 0.82 .. 0.83 .. 0.92 -0.94%. 0.80 . 1.16 1.05
THC* (ppmy) 2 2 1 1 1 1 2 2 1
Opaciﬁy, Uncontrolled (%) 43 Uy 17 15 oM 1 14 . 16 - 19

Particulate

Emissions, Uncontrolled

(1b/hr) 341
{(1b/MBtu) 1.25
Carbon Content (%)* 95.1

®Total hydrocérbons,"

- +Loss-on-ignition method.

28.9  19.7 26.2 23.0 22.2 21.4 29.8 35.4
1.06 0.72 0.85 0.98 0.81 . 0.77 1.10 1.28
81.5 82.7 84,7 84.8 86.5 77.5 94.9

95.5
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TABLE 12. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:
SRC FUEL DURATION TESTS (continued)

Using 6-Inch "Econo" Burner

'Test No. 1115-1 1115-2  1117-1  1117-2 1118-1 1118-2 1118-3 1119-1 1119-2 1119-3

Flue-Gas Analysis . . . . _ - o o v o 4
02 (%) 5.4 65 6.1 6.2.. 5.8 6.0 . 6.1 .6.0 6.0 6.3

oz () 126 1.7 12,2 12,0 - 123 122 120 1200 12,1 12,0,

co (ppmy). . . k2 30 56 51 b2 4 38 62 - 67 70

. S0 (ppmy) 568 522 528 499 620 590 600 S48 553  Su2

© (l/MBww) . 126 128 121 17 1.39 1,32 136 1.28 1.28 1.28

NOy (ppmy) 659 602 661 549 890 900 950 773  TIT 695

(1b/MBtu) 1.05  1.06  1.09 _ 0.92  1.43 145 154 1,30 1.19  1.18

THC* (ppmy) R 1 ' T T T R R 1

Opacify, Uncontrolled ‘ - . . ] . -

¢ I TN - 15 % m . w 16 5 13 12 12
Partiéulate _

Emissions, Uncontrolled . , S . .
" (1b/hr) 2000 18.51 20.23 20.53 19.87 19.15 18.27 20.94 18.29 17.54

" (1b/MBtu)  0.88  0.69 0.75 0.75 ~0.73 0.68 0.66 0.76 0.68  0.66
‘Carbon Content ($)*  93.2  84.7  93.6 . 86.1 90.8 82.9 78.9 42.7 85.9  41.3

®#Total hydrocarbons.

+Loss-on-ignition method.



gLl

*
TABLE 13. FUEL ANALYSIS: SRC RESIDUAL FUEL OIL PARAMETRIC TESTS

Test No. 1207-1 1207-2 1208-1 1208-2 1215-3 1216-3
Ultimate analysis (wt %) on moisture free basis
Hydrogen. 1.97 8.02 7.80 3.06 8.04 8.14
Carbon ' 86.43 86.93 85.18 86.44 87.00 86.53
Nitrogen 1. 1.31 : 1.23 1.32 1.35 1.3%
Sulfur D.43 0.49 0.43 0.40 0.44 0.47
Oxygen . 3.80 3.20 5.30 3.7 3.13 3.43
Ash ' D.06 0.05 0.06 0.07 0.04 0.08.
Molstufe (%) ' 0.22 0.19 0.29 .18 0.36 1.32
Higher Heating Value (Btu/1b) 16,808 16,817 16,761 16,764 16,763 16,678

Ultimate analysis, woisture content, and heéting value were determined according to ASTM Section 5 (Petroleum
Product Lubricants and Fcssil Fuels) standards.



6L1

TABLE 14. OPERATING CONDITIONS AND BOILER

Test No.

Thermal Input (MBtu/hr)
Steam Flow (1b/hr)
Flue-Gas 02 (%)

Excess Air (%)

Secondary Air Flow (1b/hr)
Secondary Air Temp. (°F)
Primary Air Flow (1b/hr)
Primary Air Temp. (©OF)
Fuel Flow (1lb/hr)

Fuel Temp. (©F)

Fuel Pressure at Burner (psig)

'Atomizing'Steam Flow (1b/hr)

Atomizing Steam Pressure at
Burner {(psig)

Burner Position (in)

Swirl Setting

Average Flue-Gas Temp. (°F)
Carbon Conversion Eff. (%)

Boilar Efficiency (%)
(Hdeat Loss Method)

1207-1

30.10
24,230
2.8
15.7
23,000
592
1,087
90
1,602
288
97
338

105
1-1/8
h-1/4
492
99.8

85.6

PERFORMANCE :

1207-2

29.77
24,020
1.7.
8.6
21,080
589
463
93
1,596
304
90
315

98
1-1/4
u-1/4
490

99.9

-86.0

SRC RESIDUAL FUEL OIL PARAMETRIC TESTS

H-1/4
- 486
99.6

85.4

1208-2

29.66
23,760
1.5
7.7
20,190
502
2,621
85
1,626
301
100
336

108

4_1/4
4g2
99.6

85.4

104
-5/8

485
99.8

86.2

1216-3

29.57
24,40
.y
25.4
21,820
588
n,573
35
1,596
295
100
301

106
-1/4

515
99‘9

81.3
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TABLE 15. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC RESIDUAL FUEL OIL PARAMETRIC TESTS

Test No. 1207-1 1207-2 1208-1 1208-2 1215-3 1216-3

Flue-Gas Analysis

0o (%) 2.8 1.7 3.1 1.5 0.4 4.4
coz (%) 1.7 15.8 .y 15.6 16.7 13.8
CO (ppmy) ' 53 8Y 35 94 123 25
S02 (ppmy) 380 409 315 399 396 n3
(1b/MBtu) 0.71 0.71 0.59 0.70 0.66 0.69
NOx (ppmy) 487 4es 495 509 483 533
(1b/MBtu) 0.65 0.58 0.66 0.64 0.57 0.76
THC* (ppmy) 0.8 9.7 0.2 0.2 0.2 0.4
Opacity, Uncontrolled (%) 1 17 1 16 1" 6
Particulate

Emissions, Uncontrolled

(1b/hr) 3.55 3.50 6.52 6.18 6.4 2.39
(1b/MBtu) 0.132 - 0.134 0.240 . 0.226 0.243 _ 0.090
Carbon Content (%)* 59.1 50.3 88.7 83.1 54,3 76.8

*rotal hydrocarbons.

+Loss-on-ignition methed.
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TABLE 16. FUEL ANALYSIS: SRC RESIDUAL FUEL OIL DURATION TESTS *

Test No. 1210 1213-1 1213-2 12141 1214-2

Ultimate analysis (wt %) on moisture free basis

Hydrogen : 8.1 7.81 7.93 8.10 7.99-
Carbon 86.96 85.66 86.71 86.92 85.78
Nitrogen 1.26 1.29 1.3 1.27 1.19
Sulfur . . .0.56 0.45 . -0.57 : 0.42 . 0.49
Oxygen - 3.02 4.73 . 3.37 3.21 4,48
Ash . ' 0.99 0.06 0.1 : 0.08 0.07
Moisture (%) 0.23 ‘ 0.39 0.37 0.39 ~ 0.38
Higher Heating Value (Btu/lb) 16,713 16,714 . 16,672 16,808 16,755

L

“Ultimate analysis, moisture content, and heating value were determined according to ASTM Section 5 (Petroleum
Product Lubricants and Fossil Fuels) standards.
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TABLE 16. FUEL ANALYSIS: SRC RESIDUAL FUEL OIL DURATION TESTS*(continued)

Test No. 1215-1 1215-2 1216-1 1216-2 1217-1 1217-2

Ultimate analvsis (wt %) on moisture free basis

Hydrogen 7.98 3.04 8.07 B.1y 8.05 8.09
Carbon 87.02 87.00 86.34 86.53 86.19 86.98
Nitrogen 1.30 ) 1.35 1.36 1.35 1.27 1.29
Sulfur < 0.51 0.4y 0.47 D.47 0.48 0.146
Oxygen 3.14 3.13 3.72 3.43 3.94 3.16
Ash 0.05  0.04 0.04 .08 0.07 0.02
Moisture (%) 0.34 0.36 0.42 132 0.53 0.70
Higher Heating Value (Btu/1b) 16,721 16,763 16,737 15,678 16,601 16,628
determined according to ASTM Section 5 (Petroleum

"Ultimate analysis, moistare content, and heating value were
Product Lubricants and Feossil Fuels) standards.
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TABLE 17. OPERATING CONDITIONS AND BOILER PERFORMANCE:

Test No.

“Thermal ‘Input (MBtu/hr)
Steam Flow (1b/hr)
Flue-Gas 02 (%)
Excess Air (%)
Secondary Air Flow {1b/hr)
Secondary Air Temp. (©F)
Primary Air Flow (1b/hr)
_Primary Air Temp. (©F)
Fuel Flow (1b/hr)
Fuel Temp. (°F) - '
Fuel Pressure at Burner (psig)
Atomizing Steam Flow (1b/hr)

Atomizing Steam Pressure at
Burner (psig)

Burner Position (in)

Swirl Setting

Average Flue-Gas Temp (OF)
Carbon Conversion Eff. (%)

Boiler Efficiency (%)
(Heat Loss Method)

1210

29.78
23,930
2.4
13.3
20,440
594
2,985
36
1611
. 304
100
339

108
-3/
4-1/4
493
99.8

85.1

SRC RESIDUAL FUEL OIL DURATION TESTS °

1213-2

29.25
24,060

2.6

1.2
20,560

589

2,619
28

1584

298
100
303

107
-1
4
491.
99.9

85.4

- 12144

29.31

23,290
2.4
13.0

19,650

598
1,918
33
1578
302
94
294

104
0
4

485

99.7

85.4

1214-2

29.1
24,220
2.5
13.5
20,310
595
1,671
By
1566
300
94
293

104

490
99.7

85.5
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TABLE 17. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC RESIDUAL FUEL IL DURATIDN TESTS (continued)

Test No.

. Thermal Input (MBtu/hr)

Steam Flow (1b/hr)}

. Flue-Gas 02 (%)
~ Excess Air (%)

Secondary Air Flow (1lb/hr)

Secondary Air Temp. (©F)

Primary Air Flow (1b/hr)
Primary Air Temp. (OF)

Fuel Flow (1b/hr)

Fuel Temp '(OF)

Fuel Pressure at Burner (psig)
Atomiziné Steam Flow (1b/br)

Atomizing Steam Pressure at
Burner (psig)

Burner Position (in)

Swiri Setting

Average Flue-Gas Temp. (CF)
Carbon Conversion Eff. (%)

Boiler Efficiency (%)
(Heat Loss Method)

1215-1

29.27
24,580
2.6
14.1
20,510
598

u8
1,578
298
93
281

100

., =5/8

487
.99.8

85.4

1215-2

29.21
21,530
2.6
14.2

20,360 .

594

3,039
)

1,572
298
92

280

100
-3/8

490
99.8

85.2

- 1216-1

29.13

21,220
2.6
4.1

. 20,150 -

601
3,316
40
1,572
302
96
284

101
-3/8
y
490
99.7

85.4

1216-2

29.31
24,240
2.6
.2
20,120
597
3,346
39
1,590
301
98
284

1O1A
-3/8

3
ug2
99.7

35.2

1217-1

29.05

24,400
2.7

.y

20,920

592

2,695

32

1,578

298
© 85
268

104

- =172
A-1/4

-525
99.7

8.5

1217-2

29.08
24,440
2.5
13.8
20,690
596
2,684
36
1,576
304
86
268

104
~-1/2
h-1/4
493
9.7

85.1 "



TABLE 18. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC RESIDUAL FUEL OIL DURATION TESTS

Test No. - 1210 1213-1 1213-2 12141 1214-2

qug;Gas'Analy51§>_ ’ _ '
02.(8). : 2.4 2.6 2.6 2.4 2.5

€Oz ($) | ST 1,7 ~ 1. | W9 . 1.8
CO (ppmy) 29 29 36 : 37. - 1
Sop (ppmy) . . - 375 380 391 <365 379
(1b/MBtu)- 0.71 . 0.70° . 0.73 - 0.67 0.70
NOy' (ppmy) o 542 - s21 529 a2y - gy
(1byMBtw) =~ 074 070 ot 0.56 0.58
" THC* (ppimy)  * 0.6 0.6 0.3 o 0.9 ° ‘626
§  Opacity, Uncontrollad (%) 7 3 3 B 0 8
Particulate ' ‘ o

- Emissions, Uncontrolled

(1b/hr) 3.59 3.00 2.46 y.uy .55
- (1b/MBtu) . 0.133 - 0.114 - 0.093 0.167 0.173
Carbon Content ($)* = 68.4 - 77.6 © - 18.6 87.5" 8u.1

- #Total -Hydrocarbons.

+Loss-on-ignition method.
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TABLE 18. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC RESIDUAL FUEL OIL DURATICN TESTS (continued)

Test No. 1215-1 1215-2 1216-1 1216-2 1217-1 1217-2

Flue—Gaé Analysis . . R . . - .
02 (%) 2.6 2.6 2.6 2.6 2.7 2.5

coz (%) ' 14.6 14.6 4.6 .7 14.8 14.7
ca (ppmy) 4o 49 30 30 - 31
SG5 (ppmy) 345 352 360 360 350 380

- (1b7MBtu) - 0.65 9.56 0.67 10.67 © 0.65 - 0.T2
NGx (ppmy) = = .- 465 L6€ 528 524 500 506

. (1b/MBtu) 0.63 9.53 0.71 0.70 0.67 0.69
THC* (ppmy) 0.5 9.5 ‘ 0.6 0.6 0.8 0.5
Opacity, Uncontroiled (%) T .. T 6. 6. 8 . 8..

Particulate | “ |

Emissions, Uncontrolled

(1o/br) 3-63f 4.00 R 5.2 R 4.83

. (1b/MBta) 0.137 0.152 0. 180 c.196 0.168 0.184
~ Carbon -Content " (#)* 71.0 8l.1 85.5 8.5 87.3 88.5

e .

’TotalaHydfocarbons{,

*Loss—on:igp;pion method.
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TABLE

Test No.

SRC-I Concentration (%)
Lomar-D Concentration (%)

Particle Size Consist
(£ minus 200 mesh)

Ultimate Analysis
on Moisture-and-Lomar-D-
Free Basis (%)

Hydrogen
Carbon
NitrogenA
Sulfur
Oxygen -
Ash

Higher Heating Value
on Moisture-Free
Basis (Btu/lb)

<

Ultimate analysis, moisture content, and heating value were determined according to

19. FUEL ANALYSIS: SRC/WATER SLURRY PARAMETRIC TESTS™*

0106-1

66.0
0.5

91

6.16
86.27
1.89
0.98
4,38
0.31

15,736

0106-2

66.0
0.5'

87

6.18
86.27
1.89
0.98
4.38
0.31

15,736

Product Lubricants and Fossil Fuels) standards.

0107-1

66.4
0.5

88

6.16
B5.55
1.93
©0.97
4.96
0.43

15,851

0107-2

65.5
0.5

91

. 6.16
85.55
1.93
0.97
h.96
0.43

15,851

01101

65.3
0.5

91

6.06
86.21

1.77

0.96
u.43
0.56

15,843

0110-2

65.9
0.5

90

6.06
86.21
1.77
0.96
4,43
0.56

15,843

ASTM Section 5 (Petroleum
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TABLE 20. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC/WATER

Test No.

Thermal Input (MBtu/hr)
Flue-Gas 07 (%)

Excess Air (%)

Steam Flow (1b/hr)
Secondary Air Flow (1b/hr)
Secondary Air Temp. (OF)
Primary Flow -(1b/hr)
Primary Air Temp. (©F)
Fuel Flow (1b/hr)

Fuel Pressure at Burner {paig)
Fuel Temp. (©F)

Atomizing Air Flow (1b/hr)

Atomizing Air Préssure at
Burner (psig).

Burner Position (in)

Swirl Setting '
Average Flue-GCas Temp. (OF)
Carbon Conversion Eff. (%)

Boiler Efficiency (%)
(Heat Loss.Method)

0106-1

30.60
2.8
13.9
24,300
18,670
557
4,402
549
2,664
85
159
980

86
0
2-1/4
516
98.8

0106-2

30.15
2.4
1.2
23,1409
18,200
570
y,380
5u5
2,625
87
165
931

86
0
2-1/4
532
98.5

B1.1

0107-1

29.54
2.9
1.5
23,000
18,220
99

4,559
500
2,568
85
o4 -
1,350

85

515
98.9

SLURRY PARAMETRIC TESTS

¢107-2

29.23
2.1
9.6

21,360
17,350
502
4,470
494
2,580
90
103

1,108

86
172
2-174

536

98.9

80.9

0110-1

30.77
4.0
21.8
24,120
20,450
499
5,205
492
2,700
89
102

1,090 -

85

2-1/4
525
98.6

80.2

0110-2

31.35
u.0
21.8
21,430
20,560
569
5,198
561
2,688
89
101
1,093

85

535
98.8

80.5
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TABLE 21.

Test No. 0106-1
Flue-Gas Analysis
0, (%) 2.8
cop (%) 15.6
.CO (ppmy) 78
S02 (ppmy) 746
(1b/MBtu) ©1.38
NOx (ppmy) 37
(1b/MBtu) o.u2 -
THC? (ppmy) 1
Opacity, Uncontrolled (%) 10
Particulate
Emissions, Uncontrolled
(1b/hr) 25.48
(1b/MBtu) 0.92
Carbon Content (%)* 68.7

*Total hydrocartons.

*Loss-on-ignition method.

FLUE-GAS ANALYSIS AND PARTICULATE

0106-2

2.4
16.0
280
790

1.42

" 325

0.49

1
10

EMISSIONS: SRC/WATER SLURRY

0107-1 0107-2
2.9 2.
15.1 16.0
94 259
755 797
1.42 1.42
350 321
0.65 0.41

1 R

12 ERT
23.36 23.79

0.86 0.88
67.4 68.1

PARAMETRIC TESTS

0110-1 0110-2
4.0 4.0
14.0 14.0
51 51
T4 718
1.46 1.7
416 - 40
0.47 . 0.61
1 1
12 SR P
29.23 26.79
1.0 ~0.95

T1.2 70.0
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TABLE 22. FUEL ANALYSIS: SRC/WATER SLURRY DURATION TESTS*

Test No. 0111-1 0111-2 0112-1 0112-2 0113-1 0113-2 011U-1 0114-2
SRC-1 Concentration (%) 66.5 66.7 66.6 66.5 66.7 66.7 A66.6 66.6
Lomar-D Concentration {¥}) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Particulate Size Consist )

(% minus 200 mesh) 90 91 89 91 88 B8 89 89
Ultimate Analysis

on Moisture-and-Lomar-D-

Free Basis (%)

Hydrogen 6.10 6.1 5.83 5.83 5.95 5.95 5.98 5.98

Carbon : 86.53 86.53 86.63 86.63 86.10 86.10 86.89 86.89

Nitrogen 1.81 1.81 1.91 1.91 1.80 1.80 1.73 1.73

Sulfur 0.96 0.96 0.94 0.94 D.89 0.89 0.91 0.91

Oxygen - AT 414 4.35 4.35 5.12 5.12 y.28 4.28

Ash ' 0,46 0.6 0.34 0.34 2.13 0.13 0.21 0.21
Higher Heating Value

on Moisture-~Free R

Basis (Btu/lb) 15,750 15,750 15,907 15,907 15,380 15,880 15,8ul

Ultimate analvsis, moisture content, and heating value were determined according to ASTM Section 5 (Petroleum
Product Lubricants and Fossil Fuels) standards. ’
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TABLE 23. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC/WATER SLURRY DURATION TESTS

" " (Heat Loss Method)-

82.3

82.0

Test No. 0111-1  0111-2  0112-1  0112-2  0113-1  0113-2  0114-1 0114-2
- Thermal Input’ (MBtii/hr) - 28.50 ©  28.64 28.78 28.75 28.94 29.01 28.93  28.68
Flue-Gas 0, (8) 3.0 0 3.1 3.1 3.1 ‘3.1 3.0 3.0 3.0 °
Excess Air (%) 15.2 15.5 15.8 15.9 15.7 4.9 15.3 15.2
Steam Flow (1b/hr) 22,960 23,020 23,020 22,980 23,360 23,250 23,250 23,170
Secondary Air Flow (1b/hr) 17,680 17,730 17,750 17,590 17,800 17,580 17,870 17,760
Secondary Air Temp. [OF) 596 - 601 © . 600 ¢ 598 598 ' 603 600. 602 -
Primary Aif Flow(1b/hr) 4,579 4,584  N,585 4,601 4,487 4,499 14,533 4,529
Primary Air Temp. (©F) 588 . .. 592 ¢ - 595 591 588 7593 592 592
Fuel Flow (1b/hr) S 2,436 2,U39 2,839 2,437 2,454 2,460 2,454 2,430
Fuei Pressure at Burner (psig)' 88 90 | 87 90 88 S 91 87 é9
Fuel- Temp. (°F) 96 94 96 .97 96 100 98 99 -
Atomizing Air Flow (1b/hr) 1,073 1,075 . . 1,085 1,115 1,117 1,113 1,113 1,090
Atomizing Air Pressure at ; : . .
Burner (psig) 84 84 83 85 85 86 85 84
Burner Position’(in) - - 0 0 0 0 0 0 0 0
Swirl Setting . 2 2 2 2 2 2 2 2
Average Flue Gas Temp. (OF) 510 522 506 526 496 519 502 523
Carbon Conversion Eff. (%) 98.8 98.8 98.9 99.1 99.0 98.9 99.0  98.8
Boiler Efficiency (%) |
81.5 - 81.2 82.1 81.7 81.9 81.3
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TABLE 24. FLUE-GA3 ANALYSIS AND PARTICULATE EMISSIONS: SRC/WATER SLURRY DURATION TESTS

Test No. . 01111

0111-2

0112-1.
Flue-Gas Analysis
02 (%) 3.0 3.1 3.1
cop (1) - 14.8 1.8 15.1
o (ppm,) - 78 80 70
S0p (ppmy) 52 741 620
(1b/MBtu) 1.47 1.45 1.18
NOy (ppmy) 57 363 376
(1b/MBtu) R . 0.51. 0.51
THC* (ppmy) 2 2 1
Opacity, Uncontrolled (%) 12 12 RE
Particulate
Emissions, Uncontrclled _
(1B/br) 2574 25.74  22.23
 (1b/mMBtu) .00 7 1.09 0.86
Carbon Content (%)* 63.8 67.3

*fotal hydrocarbons.

+Lo‘ss-on%ignition method.

LTI

.0112-2 0113-1 0113-2"
3.1 3.1 3.0
1.9 15.0 15.2
60 83 70
621 675 699
1.20 1.29 1,32
374 109 363
0.52 0.56 0.49
1 ] 1
12 0 "
20.05 19.31  20.41
077 e.74 - ¢ 0.78
64.7 73.9 . " 713.9

"‘-{.':‘ R

01i4-1  0114-2
3.0 3.0
14.9 .7
81 87
696 695
1.35 1.36
351 334
0.49 0.47.
1 et
12 12
2046 23.08
" 0.79 090
70.4 749"
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TABLE 25. FUEL ANALYSIS:

Test No. 0127-1
Solid Particle Size Consist 93

(¢ minus 200 mesh)

Ultimate analysis (wt %) on moisture free basis

Hydrogen - 5.95
“Carbon o ‘ | 'Tfﬂ 86.50.
Nitrogen ':ff ; - 1.91
-Sulfur- : 0.§2
Oxygen. . S “H.Su
Ash . 0.18
Moisture (%) _ 0.28 .

Higher Heating Value
on Moisture-Free

Basis (Btu/1b) .- 15,864

6.05

87. 14"
1.83

0.74

4.18

0.07

0.36

15,867

PETC FAST MIX BURNER TESTS *

©.0.32

15,911

5.96

" 86.80

2.03
- 0.88
4.23

0.10

0.43

. 15,820 .

0202-1  0202-2
100 98
6.09 6.13
86.85 " 8699
2,09 . 2.04
0.65. 0.89
4.26 - . 3.84
0.06 0.12
0.34 '0.34
15,875 15,889

. Ultimate analysis, moisture content, and heating value were determined accordlng to ASTM. Sect1on 5 (Petroleum

Product Lubricants and F05511 Fuels) standards.
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Test No.

. Thermal Input (MBtu/hr)

Steam Flow (1b/hr)
Flue-Gas 0y (%)

Excess Air (%)

Secondary Air Flow (1b/hr)
Secondary Air Temp. (?F)
Primary Air Flow (1b/hr)
Primary Air Temp. (OF)
Solid Fuel Flow (1lb/hr)

Natural Gas (scfm)

.Burner Position (in)

Swirl Setting

* Average Flue-Gas Temp. {°F)

Carbon Conversion Eff. {%)

Boiler Efficiency (%)
(Heat Loss Method)

TABLE 26.

3-1/2

509 -

98.6

83.7

OPERATING CONDITIONS AND BOILER PERFORMANCE:
PETC FAST MIX BURNER TESTS

u92
98.8

85.2

509
99.3
84.1

1,700

2-1,8
3-1/2
482

98.7

85.6 -

0202-1

29.76
24,130
n.2
23.6
21,810
598
3,373
89

1,700

2-1/8
3-172
499
99.2

85.0

0202-2

29.22
24,410
3.4
17.9
21,120
506
3,200
81

1,700

2-1/8
3-1/2
497

98.9

. 8u.8
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TABLE 27. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS:
PETC FAST MIX BURNER TESTS

Test No. 0127-1 01311 0131-2 0201-1 0202-1 0202-2

Flue-Gas Analysis

0r (%) 5.0 3.4 5.5 2.7 4.2 3.1

Cox (%) : 13.2 4.7 12.9 15.2 14,0 14.5

CO  (ppmy) 43 . 56 49 4 1 | 49 55

S0z (ppmy) 477 500 508 550 498 539

(1b/MBtu) - 1.03 0.98 1.4 - 1.05. 1.03 1.07

NOx (ppmy) 777 829 -~ 820 899 920 _' © 925

(1b/MBtu) 1.21 1.17 1.32 1.23 1.37 1.32

‘THC* (ppmy) ' 1 1 1 1 0.9 0.9

Opacity, Uncontrolled (%) S0 1" h ' 1" 10 | 10
Particulate | |

‘Emissions, Uncontrolled

(1b/hr) 23 19.3 11.9 21.1 13.6 19.2
(1t/MBtu) 0.87 0.72 0.4} 0.79 0.50 - 0.71
Carbon Content (%)% ¢0.0 92.8 90.9 93.5 90.7 86.0

*Total hydrocarbons.
+Loss-on-ignition method.



TABLEZ 292,

COMPARISON OF FUZLS: SAC COMB

USTION TZST PRCGRAM

¢ . . 3RC SRC Fuel SHC/
No. & 2il No. § 0Qil Pesicual ‘rfast Mix Hater
fuel Batch A* -3atsh 3¢ Fuel 2:1% Surnert Slurrv®
SRC-I Cencentration (%) - - ~309 - 56.7
Particulate Size Distridbution - - - 100 Q1
"+ {% =inus 200 mesh)
Ultimate Analvsis
on Moisture~Free Z2asis (%)
Hydrogen 11.78 11.62 7.97 5.95 £.10
Carbon 82.17 84,11 86.43 86.50 86.53
\itrogen 0.22 0.17 1.31 1.91 1.81
Sulfur 0.64 0.54 c.43 0.92 0.96
Oxygen 5.09 2,43 2.80 4,354 4.14
Ash 0.0 0.13 0.06 0.18 0.46
Moisture (%) 6.3 3.7 0.22 9.28 23.30
Hizher Heating Valueé
on Wet Basis (Btu/1b) 17408 18109, 16808 15820 0583
Tuel Flow at 30 x 106
MBousty
Thermal Input, 16/hr 1573 1442 1602 1700 2558
C/4 Weight Ratio 6.98 7.24 10.84 14.54 14,19
Stoichiometrie Air/Fuel
Weight Ratio 13.31 13.54 12.68 11.84 11.91
Ixcess Air, (%) 21.4 13.5 15.7 28.8 15,5
Combustion Air Temp. (OF) 495 ugs 592 504 501
Soiler ETfficieney, (%) 80.0 82.9 85.6 33.7 §1.2
Tlue-Cas Analysis
02 (%) 3.7 2.5 2.8 €. 3.1
Coz (%) 12.6 13.3 4.7 13.2 1,2
CO (ppmy,) 22 37 53 43 78
S0z (ppmy) usg 129 380 u77 752
(1Y /¥Beu) 0.91 0.80 .7 1,03 1,47
NOx ‘ppm.,) 2112 190 u37 T 357
(15/MBtu) 0.30 0.2¢ 0.55 1.21 0.50
THC** (poavy) 0.6 0.2 0.8 1 2
Jpacity, Uncontrolled (%) 1 0 11 10 2
Particulate
Zmissions, Un¢ontrolled
(1b/8p) 0.9ub 0.82 355 23.4 25,74
(1lb/MBtu) 0.031 0.03 0.132 0.37 1.00
Tiyash Carbon Content (%)% 2u.9 36.7 59.1 90.0 67.3

#Typical Values.
##Total Hydrocarbens.

$8 5s3-0nelgnition Methud.

136




TABLE 29. MASS TRAIN DATA, 1b/106 Btu
No. 6 FUEL OIL

ASME METHOD : EPA METHOD*
TEST NO. (PETC) ‘ (WFI)
08181 0.03
0818-2 . ' 0.02
0818-3 o 0.02
0819-1 : 0.03 .
0819-2 0.03
0820-1 - 0.02
0820-2 0.04
0820-3 .. 0.03
0823-1 ’ . 0.03
0823-2 0.03
0824-1 0.04
0824-2 0.02
0826-1 0.03
0826-2 : 0.03
0827-1 0.03
0827-2 0.03
0830~1 : 0.04
0830-2. . 0.03
0831-1 | 0.03
0831-2 0.03-
0901-1 . 0.03
0901-2.. 0.03
0902-1 0.03
0902-2 0.04
0903-1 0.03

0903-2 : 0.04

®Not perfomed

137



TABLE 29. MASS TRAIN DATA, 1b/106 Btu (Continued)

- SRC FUEL

' ASME METHOD EPA METHOD®*
TEST NO. (PETC) . ‘ (WFI) -
1024-1 : 1.11 -
1024-2 1.07 -
1025-1 1.10° -
1025-2 1.26 -
1026-1 1.25 -
1029-1 , 1.06 1.43
1029-2 0.72 0.92"
1101-1 , 0.85 0.95%7
1101-2 0.98 0.90::
1103-1 0.81 1.00
1104-1 0.77 0:85.¢
1112-1 1.10 -
1112-2 1.28 -
1115-1 - 0.88 0.92
1115-2 0.69 0.67 -
1116-1 - 0.67
1116-2 - 0.80
1116-3 - 0.70
1117-1 0,75 0.85 :
1117-2 0.75 0.98 -
1118-1 0.73 0.80
1118-2 0.68 0.80
1118-3 0.66 -
1119-1 0.76 0.78
1119-1 - 2.1
1119-2 0.68 0.73
1119-3 0.66 0.71
0127-1 0.87 -
0131-1 0.72 -
0131-2 0.44 -
0201-1 0.79 -
0202-1 0.50 -
0202-2 0.71 -
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TABLE 29. MASS TRAIN DATA, 1b/106 Btu (Continued)
SRC RESIDUAL FUEL OIL

: ASME METHOD . EPA METHOD*
TEST NO. (PETC) (WFI)
1207-1 0.13 -
1207-2 0.13 - _
1208 - 0.24 0.28
1208-2 0.23 0.26
1209-1 - 0.22
1209-2 - 0.16
1210-1 0.13 0.15
1210-2 : - 0.19
1213-1 0.11 0.13
1213-2 0.09 - 0.13
12141 0.17 0.23
1214-2 0.17 0.21
1214-2 - 0.21
1215-1 0.14 0.19
1215-2 0.15 0.15
1215-2 - 0.18
1215-3 0.24 0.31
1216-1 0.18 0.24
1216-2 0.20 0.22
1216-2 - 0.1
1216-3 0.09 -
12171 0.17 0.18
1217-1 0.18 0.20
1217-2 - 0.20
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TABLE 29. MASS TRAIN DATA, 1b/106 Btu (Continued)
SRC RESIDUAL FUEL OIL

ASME METHOD EPA METHOD*
TEST NO. (PETC) , (WFI)
0105-1 - 0.87
0106-1 0.92 0.85
0106-2 1.15 _ -
0107-1 0.86 0.88
0107-1 - : 1.12
0107-2 0.88 0.89
0110-1 . o 1,04 s 1.16
0110-2 . : T 0.95 0.92
0111-1 1.00 0.85
0111-2 1.00 1.04

01121 0.86 . , 0,91
0112-2 0.77 0.77

. 0113-1 0.74 : . 0.73
0113-2 0.78 0.79
0114-1 0.79 : . _ 0.93
0114-2 0.90 0.92
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APPENDIX A
A. 700 bhp COMBUSTION TEST FACILITY
A.1 700 hp Boiler

The primary component of the Combustion Test Facility (CTF) is the
700 hp, two-drum, "D" type package, watertube, industrial  boiler designed
for oil firing. A horizontal cross-sectional plan view of  the boileri'is
shown in Figure 3. The boiler was manufactured by the Nebraska Boiler
Company and, at full capacity, generates 24,000 pounds of saturated 'steam
per hour at 175 psig, with a heat liberation rate of 47,100 Btu/ft3-hr. .The

boiler has the following design and operating specifications:

Boiler ID: Watertube "D" - NS-B-U40

Convection Heating Surface: 1956 sq ft

Radiant Heating Surface: 518 sq ft

Furnace Size: 6.3 ft Wx 13.3 ft L x 7.4 ft H
Design Steam Capacity: 24,000 1lb/hr

Design Pressure: 250 psig

Operating Pressure: 175 paig

Feedwater Supply Temperéture: 227°F

Sootblower: One Boyer Type VH valve-in-head
Désign No. 6 Fuel 0il Consumption: 30 x 106 Btu/hr

Design No. 6 Fuel 0il Excess Air: 12,5 percent
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A.2 Flue-Gas Pulse-Jet Baghouse -’

Particulates are filtered by "an Américan Air'Filter reverse air
fabric pulse-jet baghouse and the flue gas exits the stack through an
induced draft fan. For high sulfur fuels, a flue-gas'desulfurization system
is provided in the flue-gas duct, upstream of the baghouse. To reduce the
SO2 emissions to an acceptable level, the-SO2 is ‘reacted with a:dry sorbent,

1sodium bicarbonate, ‘to produce sodium sulfite,- which is -collected on the
. filter bags along with the flyash. The flue=gds desulfurization system was
.noti-used: during this program. - The baghouse contains 120 Huyglas filter
:fabric bags manufactured by Huyck Felt; Division ‘of'Huyck Corporation: "“The
i bags are ‘arrayed in 10 rows of 12 bags. The bags are 5-1/4 inches in
diameter by ‘11 feet 9 inches long, providing - total cloth area of 1979 square
feet. They are 100 percent fiberglass needle felt fiber that can
continuously operate at'SOOOF and can allow for surges up to 5500F. These
filter bags have a unique resin system which-'coats and" protécts the fiber-
glass from abrasive and corrosive environments, lubricating the glass fibers
and preventing the fiber-to-fiber - abrasion to which constantly flexing
filter bégs are subject in pulse-jet filter systems. ‘'The bags'.are cleaned
using a pulse of olean air. Two air header manlfolds, one on éach side of
the unit, provide the pulsing air. Each header manifold is 79 inches long
by 6 inches high. The pulse pressure was .maintained  at 75 psig. The
frequency of pulsing was determined such that the pressure drop across the

filter was maintained between 2 inches and 4 inches H20.
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B. PACILITY MODIFICATIONS FOR SOLVENT REFINED COAL - PHASE II
B.1 PFlue-Gas Duct Design

As mentioned earlier in Section II, the test plan called for the
installation of a mobile Electrostatic Precipitator (ESP) for particulate
collection. The ESP was supplied, installed and operated by WFI. It wag.
designed to be operated using approximately 5000 acfm of flue gas, which igA

approximately one-half of the 700 hp boiler full load output.

ICRC, Southern Company Services (SCS) and MATSCU/GE worked
_together to design a ducting system that would properly split the flue gas.
A "Y" type "flow splitter"” (Figure 5) with 20-inch diameter inlet and two
16-inch diameter outlets was designed by SCS. It was installed in the flue-~
gas duct downstream of the flue-gas cqoler. The existing 16-;nch diameter
ducts each had manual flow control valves. The flow was measured by using a
manometer across the splitter and also a floﬁ orifice near the ESP inlet,
and also by a pilot tube traverse a¢ross the flue-gas duct by isokinetic
technicians. A minimum of eight pipe diameters upstream and two downstream
of the splitter were used as design parameters to help achieve even flow and

particulate distribution. The flow velocity was a nominal 60 fps in each

16«inch diameter duct.

In addition, a bypass duct was installed around the baghouse to
facilitate testing. All of the duct was insulated and made of 304 stainless

steel to resist corrosion.
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D.

700 hp BOILER FPACILITY EQUIPMENT

(Shown in Figure 3.A, Appendix A)

D.1. Boller FPeedwater/Steam

b.

Ce.

d.

f.

Deaerator -~ Enpro Series 'A', Model CPD-310A with outlet

capacity 30,000 lbs/hr

Boiler Feedwater Pump - Ingersoll Rand Type GTB rated for

80 gpm at 3550 rpm

Feedwater Flow Control Valve - Bailey Meter 1}-inch Globe

Valve with Bailey Positioner

Steam Pressure Valve - Masoneilan 4-inch Globe Value

Air Cooled Condenser and Subcooler - Ecodyne Forced Draft
System Condenser and Subcooler; Model 9w-38L-2F8vwithvnominal
capacity of 25,000 lbs/hr steam and 21,180,000 Btu/hr heat

transfer rate

Hot Well Tank - Carbon steel; rated for 200 psig at 400°F

with a 150 gallon capacity

Steam Calorimeter - Croll~Reynolds Throttline Steam

Calorimeter
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D.2. Combustion Air Supply Equipment

a.

b.

Combustion Air Compressor - Joy Centrifugal four-stage
compressor Model No. Turbo Air 30M4 Capacity: 2650 scfm at

135 psig

Combustion Air Heaters - Ionics, Inc., oil-fired closed cycle

heaters (two)

Forced Draft Fan - Buffalo Forge type HSMW industrial fan
arrangement No. 1, rated for T300 acfm at 20 inches static

pressure

Combustion Air Control Valve - C.E. Invalco 18-inch butterfly

valve with Moore positioner (from fan)

D.3. General Fuel Handling/Supply Equipment

b.

Raw Coal Storage Bin - 22-ton capacity, carbon steel

construction
Rotary Valves - Rutler Type HDR-F-S-8NH-1=RT-T3 Standard 2

Rolléer Mill - Williams Patent Crusher Gnome Roller Mill

~ package unit; nominal rate: 2,000 lbs/hr

Cyclone Separator - Williams Patent Crusher Cyclone Collector
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€.

i

Dust Collector - Buffalo Forge Type P Aeroturn Square Weld

Pulverized Coal Supply Hopper - 18-ton capacity, carbon steel

construction

CWM Mix Tank - 1800 gallon carbon steel, steam Jjacketed =

agitator - 2 sets of turbine blades

Mix Tank Agitator - Proquip Model 7ZFS15B (10 hp motor) twin
turbine blade agitator with 2-inch shaft (each turbine blade

made up of four 11}-inch bladeo)

Recirc/Tranéfer Pump - Warren Rupp "Sandpiper" air powered -

diaphragm pump, Model SA2-A Type 3

CWM Hold Tank - 2800 gallon carbon steel, steam-jacketed,

agitated by mixer with two turbine blades

]

Hold Tank Agitator - Proquip Model 7ZGS30B (7% hp motor);
twin turbine blade agitator with 2-inch shaft (each turbine

blade made hp of four 1l4i-inch blades)

- CWM Variable Speed Pump - Moyno 5 hp 4YEOES1-CDQ progressing

cavity pump with elastomer liner Buna-N stator and a 0.010-

inch chrome plated ﬁnders;zed rotor

Recirculation Pump - Moyho'3 hp fixed speed; Model DF-CDT
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ne.

- Qo

Micro Motion Mass Flow Meter ‘= ‘Micro Motion Model C-100;

Range: 0-100 lb/min{range"z"

Pinch Valve' - RKL«CohtroisAIhq.; cast iron ‘diverter valve;

2-inch series DV-LH St

Single Air ZOne“Regisfer =" Coen’' package sihgle"air zone
register with wide-flare refractory throat aﬁﬁ non-standard

9-inch offset extension

D.4. Flue-Gas Exhaust System Equipment

- B

b.

d.

Stack Damper - W.K.M. Industries 24-inch butterfly valve with

Bailey positioner

Flue-Gas Cooler - Ionics, Inc. shell and tube heat exchanger

with gas on the tube side; designed for a maximum of

1,143,480 BLu/hr heat transfer; with 1151'sq ft heat transfer

surface
Baghouse - American’ Air Filter Size 12-108=1732 Fabri-Pulse
Dust Collector (for additional information, refer to

Section III.2)

Induced Draft Fan - Zurn Clarage Series 1270, size 223
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_.D.5. No. 6 Fuel 0il/Storage Handling Equipment

(Shown in Figure 4.A, Appendix 4) .

b.

Ty v

Ce

.

e.

Storage Tank -“égpopp,ggllgn carbon. steel tank containing an

internal steam coil’

Suction Heater. - Brown Fin Tube Tank .Suction Heater Model No.

2BEU0805

Pump at Suction Heater - Roper Type 1 progressing cavity pump

with 5 hp motor (nat. shown in Figure 5) ..

.Pump“- Moyno 3 hp;ﬁode;uZLQrCDQ'progressing cavity with elas-

tomer liner, Buna-N stator and .a .0.010-inch undersized chrome

plated rotor

Heat ExchangerA-fquwn Fin Tube-Double.Pipe:Hairpin Section,

Type 40 .

' D.6. SRC Puel Equipment

(Shqun:tq‘Pigpre 4.B, Appendix A)

¢

Petrocarb'Fuél‘InJection‘System -~ -Petrocarb Pulverized Fuel

Injection System for injecting fuel at a maximum rate of

‘1000:1b57h§_under.é,pbessube of 103 psig + 5 psi. - Designed

for coal particle size of 70 percent through 200 mesh and

total moisfurq cohtéht not in ekcess of 1.0 percent water by
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b.

ey

d.

.'weight,  Figure 6 depicts: this system. . The-system consists

of:a Feed Bin (3500 1lbs- capacity); .two. Storage Injectors in

parallel (each 600 lbs capacity) and two Primary Injectors

- (each 1500"1bs .capacity).- The system is designed to operate,

continuously, 24 hours per.day. The Primary Injector is
mounted on strain gauge load cells and the loss in weight
recorded on a.strip chart.. The Storage Injectors are mounted
above .the Primary Injector and: pressurized tou.'5 psl above the

Primary Injector pressure. The system is automatically

-.controlled by a series of-.differential: pressure regulators

and motorized valves., et

ACM-10 Pulverizer.A-.,Pulven}zingf Maghinery Co.  Model 10
Mikro-ACM pulverizer of.: cast iron steel -construetion with

10 hp main drive motor

Vibra Screw Feed Bin - Vibra 3crew Inc, Model .LBB-8-400 Live

Bottom Bin; 400-cu ft capacity

Bin Vent - Pulverizing Machinery Co. Model .10B.Bin Vent; nine
polyesteh felt bags, each four-feet long, HCE treated with

Copper grounding wire .-

Bin Outlet Control Valve - Josam-Wey f=inch knife valve

Feedscrew - Vibra Screw Feeder; heavy .duty, 6-inch with

10-inch inlet and 27-5/8 inches from inlet to outlet
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D.7.

h.

Blower - Buffalo Forge Size 5.5 Type E SWS1 fan.arrangement

rated for 2000 acfm at 3550 rpm and 70OF (first in series)

Control Valve - Centerline Manufacturing Co., 8-inch

butterfly valve (Primary Air Shutoff)

‘Blower - Buffalo Forge Size U4 Type RE SWS1 fan arrangement

rated for 1725 acfm at 3550 rpm and 700F (second in series)

SRC "Fuel Flow Control Valve - Centerline Manufacturing Co.,

6-inoh butterfly valve

SKC Residual Fuel 011 System Equipment

(Showm in Pigure 4.C, Appendix A)

b.

" SRC Residual Fuel 0il Tank - 2500 gallon storage tank,

externally heated by steam coils inerted with nitrogen

Recirculation Pump - Crane-Deming Type 20 positive displace-

ment pump

Transfer Pump - DelLaval Imo positive displacement pump (Model

#A3DE-106) ; variable 1-7 gpm at 200 psig

Maés Flowmeter - Micro Motion, Inc. mass flow meter, Model

No. CS0AFT1S; Range: O0-40 lbs/min
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€. Steam Heater - Brown Fin Tube Co. Hairpin Section Type
80-1C000-320 shell and tube with o0il on the tube side (two in

series)

f. Fuel Flow Control Valves - Contromatics - 1-inch ball valves

(recirculation or, boiler feed valves)

D.8. SRC/Mater Slurry Equipment

(Shown in Figure 4.D, Appendix A)

a. Center Air Flow Control Valve - North American 8-inch butter-

fly valve with Moore positioner

SYSTEM INSTRUMENTATION i

Data Measurement Points (All information is fed to the DAS except as

noted).

E.1. Boiler Feedwater

- Temperature: Boiler Feedwater

Condensate at DA Tank

Feedwater Temperature at drum; (local)

Pressure: ?eedwater Pressure before Steamdrum; U-6U0

psig, (local)
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1'

2.

. Flow:

Other:-

Boiler Feedwater; Flow Orifice (0-100" H20)
Boiler Feedwater Meter; Badger Meter

(gallons) (local)

. Water Level Hot Well (gallons)

Steamdrum Level, Bailey Control System

(local)

E.2. Boiler Steam Recirculation System

Temperature:

Pressure:

Flow:

E.3. Secondary Air

Temperature:

Pressure:

Steam from Builer

qucooleriLouvers (local)

Steam Pressure at Boiler

Steam Flow from Boiler Flow Orifice
(0-150" H20)
Steam Flow Totalizer, Taylor, RDG x 360 =

1b/hr, (local)

Secondary Air at Brandt

Secondary Air, Brandt; (0-30" W.C.)

Brandt 21DPT2235 transmitter
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2.

Flow:

E.4. Primary Air
Temperature:
Pressure (differential):

Flow:

E.5. Flue Gas

Temperature:

Pressure:

Secondary Air Flow, Brandt (0-2" W.C,)
(Brandt Primary Element 10DSK1012-18; 601.6

1b/min)

Center Fire Air Temperature at Brandt

Brandt PI-10PT2441-91 Transmitter

: f
Center Fire Air Flow, Brandt (0-4.74" W.C,)
(Brandt Primary Element B-NZP1131-8; (9165

1b/hr)

Staok Blower. Inlet

Stack Blower Outlet

Flue-Gas after Cooler

Flue-Gas at Sample Point (immediately down-
stream of boiler exit) .

Duct Exit of Boiler

Flue-Gaa Coolar Tube Temperature

Furnace Pressure (-1 - +3" H»0)
Flue-Gas, Magnehelic; 0-1" H20 (local)

Pulse-Jet Baghouse Pressure Drop (0-20"

. Hp20) (loeal)
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3.

2.

Analysis:

E.6. Fuel

Temperature:

ETERN

a.' No. 6 Fuel Oii: -

b. Coal:

C. Coal-Slurry Mixﬁures:

Py

Pressure:

Opacity; Lear Siegler Model 611 (0-100%)

(local)
O2 after furnace, Taylor Model 0A.269
(0-25%)

(See Appendix D for additional flue-gas

analysis equipment.)

StoragebTank (5 points)

Test Fuel at Burner

Coal Supply Hopper

" Dust Collector

Proportioning Feed Tank

~Hold Tank

Test Fuel at Burner

Discharge Pressure at pump (0-400 psig)

(loééi)v

Fuel Pressure before preheater (0-300 psig)

Fuel Pressure at burner (0-150 psig)

(local)
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3.

1.

2.

Flow:

Other:

E.7. Atomizing Steam
Temperature:

Pressure:

Flow:
E.8. Atomizing Air
Temperature;

Pressure:

Floco Volumetric fuel flow (gallons)

(local)'

_ ngrg_ﬁotion Mass flowmeter (0-40 1b/min)

Micro Motion Mass flowmeter (0=100 1b/min)

_Hold Tank Level, Magnehelic (0-100":H20)

(local) = . .

T

Atomizing Steam to Burner

Pressure of Atomizing Steam at burner. .

(0-150 psig) (locaij

Atomizing Steam Flow (0-150" H20)

Atomizing Air at orifice

Atomizing Air Pressure at orifice (0-150

psig)
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~ Atomizing Air Pressure at nozzle (0-150

'Ti§818)nf;
3.‘1 Flow: L T N A Atolelﬂgv Aif' Flow (0_50" w'C.) '
Note 1:

"All ‘'temperatureés are relayed to the Honeywell 48 _point digital

indicator and computer except ashdtheﬁwise noted.

Note 2:
All pressure transmitters are of the type mentioned on the "Special

Notes" at the end of this appendix.
Special ‘Notes

In addition, special transmitter models and other inétruméntation specifi-

cations are as follows:

1. All high pressure transmitters (i.e., pump oﬁtlet, ' nozzle

pressure, atomizing. air and atomizing steam)f are Taylor Types

332TF (adj. 10-100.psig) or 333TF (adj. 50-500 psig).

"2, " All low or differential pressure transmitters except for Primary

and Secondary air are Taylor Typés 303TD (adj. 20-250" H50); 302TD

(adj. 5-50" Hp0) and 301TD (adj. 0-10" Hy0).-
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Diaphragm seals fér pressure transmitters on tne,SRC-I'Residual

O0il and SRC-I/water fuel trains are Ametek Models SN and SM with
ranges to 1500 psig. - Fill fluids were DC-200 silicone for low
temperature applications (-60° +300°F) and DC-704 silicone for

high temperature applications (300-6509F).

The SRC Y400-cubic foot bin weigh system was an Emery system No.

J=-10145. The weigh cell model was AC-10SH; the totalizer Model

LT-4E; and the indicator Model AHE-24G.

The center air differential pressure transmitter and primary

element were Taylor 301TD (0-10" Hp0) and Brandt Primary Element

No. 10NZP1022-10-3.

The Residual 0il heater temperature transmitter was an AGM

thermocouple transmitter with range of 0-400°F, type 'K'.

The Residual 0il tank temperature regulator was a Jordon Mark 80

with range of 160-225°F.

Indicating controllers for all processes were Taylor Models

1412RZ11 and 1414RZ11 with ranges of 3-15 psig.
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F. -~ FLUE-GAS. ANALYSIS EQUIPMENT

Six flue-gas components are monitored continuously as they exit the

boiler. .

They ‘are: . -

Oxygen - Beckman Model 755 O, Analyzer; Operation Range: 0-25%
NO/NO, - Beckman Model 951 NO/NO, Analyzer: Operation Range:

0-1000 ppm

ggpbon Dioxide = M.S.A. Lira 303 COp Analyzer: Operation Range:

0-25%

Hydrocarbons - Beckman.Model 400 Hydrocarbon'Analyzer; Operation

Range: 0-100 ppm

Carbon Monoxide - M.S.A. Lira 303 CO Analyzer; Operation Range:

0-1000 ppm . .

Sulfur Dioxide - M.S.A. Lira 303 SOp Analyzer; Operation Range:

0-4000 ppm
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APPENDIX B
A. FIELD CLOTH COMPARATOR

The field comparator is.a device designed to evaluate a fabric filtra-
tion in the field under actual operating conditions. Flue gas is extracted
from the duct and piped to the test chamber where filtration takes place
through one square foot of cloth. Heating Jackets maintain the 1lines and
chamber at constant temperature. In‘the filtration mode gas flows into the

hopper side of the chamber--through the cloth--through the Balston filter

#3, the condenser, dryer, pump, rotameter, and dry test meter, During
reverse air cleaning, the opposite of the above occurs. Flue gas is
pre-cleaned by Balston filter #1 before it enters the clean air side of the
chamber. Dust,_ which 1is removed by the reverse cleaning, 1is trapped by
Balston filter #2 prior to entering the condenser. The condenser is
operated in an ice bath and serves to remove moisture from the flue gas
prior to entry into the pump and rotameter. The silica gel dryer cartridge,
placed between the condenser and pump, 3erves to remove Aall residual
moisture not trapped by the condenser so that corrosive gases will not

affect the pump.

A typical cycle involves 60 minutes of filtration. Cleaning is
accomplished by 30 seconds to one minute of reverse air flow and 30 seconds
to_one minute of dust settliné time. The frequency c¢leaning is dependent
upon the pressureidrop across the filter cloths. The reverse gas-to-cloth

ratio was chosen to be at the gas-to-cloth ratio of 1:1.
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Testing for each of the trial fuels Aproceedeq as fqllows: _A'.clean
sample of cloth was installed in the test chamber. Flue gas was filtqred
for one hour at a given gas-to-cloth‘ratio taking data boints‘(s'pressure
readings and 10 temperature readings) every 10 .minutes. Cle;ning occurred,
‘wﬁénever a 8P across the filter reached 4 inches Hy0 or as decided dependent

upon the length of time until a given fuel was exhausted.

The filtration and cleaning cycle'was repeated using the same éample of
cibth for the duration of each test. Pressure drop data was averaged at

eaéh data point in order to plot the AP versus time graphs. .
B. MOBILE ESP EQUIPMENT DESCRIPTION

The Wheelabrator-Frye Inc. mobile electrostatic precipitator, MESP; is
a three field unit complete with automatic voltage controls, rappers,
vibrators, hoppers and an induced draft fan capable of 9000 acfm at 700°F.

The MESP is mounted on a trailer 8'0" wide by 54'6" long and 13'6" high.

CSH PLATE - STAR WIRE CONFIGURATION

Each field consists of discharge surface (DS) pipe frames that are 5'0O"
in height and 6'3" long and have 12 wires per frame. The collecting surface
(CS) plate is 6'6" tall and consists of four interlocking étrips for a

length of 6'3". The plate spacing can be varied for gas passages of 10",
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127, 14", 16", 18" and 20". The SRC program utilized five 10" gas passages

which results in a collecting area of 1218.75 square feet.

The CS plate  and DS pipe frames are of the Lurgi design. The inter-
locking strips of the CS plate are Lurgi's CSH design. Two standard wires
are available in the pipe frames, the star wire which resembles a piece of
square bar stock and the B-5 isodyn wire which resembles a large spiked saw

blade. The star wire was used for the 3RC program.

three point insulator configuration. Each field also consists of a rapping
insulator and a high voltage feed insulator. The insulators are kept clean
by induced: purge air and by compressed air which allows for any deposited

ash to be blown off.

Bach CS plate is individually bottom rapped with a rotating falling
hammer. 'The hammers are a modified Lurgi DS hammer that weigh 8-10 pounds,
All the DS pipe frames in each field are cleaned with a side mounted Eriez
Pf150_vibrator. Both CS rappers and DS vibrators are manually controlled

for each field.

The ash or dust removal system consists of two trough hoppers per field
with screw conveyors. . The acrews empty into two. pyramidal hoppers which are
emptied into 55-gallon drums by a vacuum system.

The required gas volume is induced with a Garden City Fan & Blower Co.

RF19 fan. This fan is capable of pulling 9000 acfm at 700°F. The volume is
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controlled by an opposed louver damper. The specific collecting area, SCA,

(££2/1000 acfm) for the MESP at 10" spacing is as follows:

3600 . ' S ’ T 406 -
5000 . . : 244

- 7000 . : . . - Ty
9000 L : 135

The gas face.velocity (ft/sec) through the MESP. is as follows:

ACFM : o ' Ft/Sec
3000 . : R 1.9
5000 3.1
7000 4.3
9000 Co . 5.5

The automatic voltagé controls are the Allen-Bradley Bulletin 1082 AVC.
The transformer/rectifiers (T/R) are by Nothelfer Winding Laboratories
(NWL). The controls have variable tap reactors which result in reactance of
30 percent, 50 percent or 70 percent. The T/R's have variéble-tap trans-
formers which are rated at 45 KV and 75 KV. The T/R's also haye a polarity
switch for positive -and negative corona. -For the SRC fuels program the
T/R's were set at 60 KV with 50 percent reactance with negative polarity.
The current density (Ma/ft2) for the MESP at 10" spacing 25 ua/fte at 16 ma

and 123 ua/ft2 at 50 ma.
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The gas distribution devices consist of an inlet nozzle with two
perforated plates and an egg crate flow straightener and an outlet nozzle
with éne perforated plate. The gas distribution has been measured with a
hot -wire ;nemometer' and found to be 30 percent RMS at the inlet and

10 percent RMS at the outlet.
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APPENDIX C

A. OPERATIONAL PROBLEMS ENCOUNTERED DURING NO. 6 FUEL OIL TESTING -

SOLUTIONS, INNOVATIONS

During the three-week No. 6 fuel o0il test period, persistent operating
difficulties were encountered with' the boiler feedwater chemistry, the
atomizing steam differential pressure regulator, and the computer Data
Acquisition System. These facilities and test operation problems were
addressed and resolved during the test program and are explained in the

following paragraph.

During the first week of parametric testing, computer shutdowns were a
continuous occurrence due to a drop in the site power line volpage. Despite
these computer shutdowns on three of the five days of the first week's
testing period, shakedown testing proceeded with few interruptiops. Two
additional computer shutdowns occurred during the second and third week of
steady~state testing, having no effects on the acquisition of data and

completion of the No. 6 fuel o0il test program.

Additional broblems that occurred during the first week were the
inability to maintain a 2.0-inch W.G. furnace pressure while running the
boiler at an elevated excess air level (30 percent) and the lack of a
necessary negative static pressure at the PETC isokinetic sampling port. To
attain the specified 2.0-inch w.G. furnace pressure, the ESP induced draft
fan was put into operation while adjusting the appropriate valving at the

flue-gas flow splitter and ESP stack outlet.
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"In order to induce the deslired negative static. pressure at the PETC
isokinetic sampling port, the butterfly damper valve at the inlet to the

baghouse was opened slightly.

Prior to the start of-the SRC Phase II program, a change to a different
manufacturer's feedwater chemical treatment for neutralization of acidic
conditions was made. Due to ‘the chemical incompatibility of the new
manufacturer's chemical water treatment with the former manufacturer's
similar product, a problem arose as the following symptoms were no§ed:
(1) poor steam quality as indicated by below average steam calorimeter
temperature; ,(2) numerous boiler shutdowns that occurred after a false
indication of a flow water level in the boiler. steam drum caused a sudden
and severe ‘increase in boiler feedwater flow and consequently boiler oteam
flow. This false indication of the boiler water levei was due to foaming, a
chemical problem in which the high surface tension of .the boiler water
causes many of the steam bubbles to be encased by a water film., These film
encased bubbles rose and passed out into the steam flow. The cause of the
high surface tension was due to the high concentration of solids in the
boiler which were a result of the incompatibility of chemicals recommended
by the manufacturer for condensate treatment. To alleviate this problem the
boiler water system was purged of the undesirable solids present by
extensive surface blowdown during the latter portion of the No. 6 fuel oil
test period. This eliminated the high solids ¢oncentration in the boller
water and, in conjunction with a new wmanufacturer's water treatment plan,

preventgd the foaming problem from occurring throughout the entire SRC

Phase II program.
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Over the course of the last two weeks of steady-state duratioa testing
with No. 6 fuel oil, a problem developed in maintaining the flame in a
desirable ball shape, concentrically centered 'in the firebox with no
impingement. The problem was characterized by the flame periodically
Jumping into a "star" pattei'n‘ as ‘eight distinct fingers corresponded to the
eight holes in .the nozzle cap. As a result heavy impingement was observed
on the firetubes. . This undesirable condition was caused by a malfunctioning
atomizing steam AP regulator. It ‘could be alleviated by adjusting the
boiler load and lowering the secondary air temperature until the ~'flame
returned to ‘'a‘ ball shape and then- re-establishing former full 1oad
candit.ions slowly, while critically adjusting the atomizing steam and fuel
differential pressure, Additional insurance against this occurrihgé'ﬁgs
accomplished by maintaining an atomizing air/fuel ratio of 0.30. "Tﬁis
higher atémizing air/fuel ratio was not attainable until after the atomizing
steam AP regulator was bypassed. Atomizing air/fuel ratios ‘prior to Oth'ifs

were no ‘higher than 0.17.
The minor problem of achieving a lower flue-gas temperature at the MESP
inlet ‘was remedied by removing a portion of the insulation covefing the

flue-gaa duct line leading to the ESP from the flue-gas splitter.

B. OPERATIONAL PROBLEMS ENCOUNTERED DURING SRC FUEL TESTING - SOLUTIONS,
INNOVATIONS

Prior to the inception of the formal SRC Fuel test program, shakedown'

of the SRC Fuel delivery system and slow mix burner was performed. Initial

199



problems that arose were the following: (1) uneven flamé distributlon
around the perimeter of the slow mix burner; (2) insufficient SRC Fuel flow
that resulted in not being able to attain full boiler load; (3) severely

fluctuating SRC Fuel flow to the boiler.

Early SRC Fuel testing during the week of August 15, 1982, indicated
that some modifications would be necessary to the SRC Fuel burner to improve
burner flame distribution. When viewing the flame from the rear of ﬁhe
boiler, it could be seen igniting only in the upper portion of the burner.
Consequently, a.,scoop-shaped deflector was 1nstalled-within the burner on
thé eentgr‘guide pipe in an attempt to divert half of the SRC Fuel flow to
the lower perimeter. of the burner. 'Results from testing this deflector were

unsuccessfulX as the flame shape.pemained unevenly distributed.

As a result, a "Tangential Inlet Elbow" was installed as shown in

Figure 11.C which greatly improved the flame distribution characteristies.

Severe ﬁulsations in the SRC Fuel flow, when utilizing the 3-inch
feedscrew, resulted in a wide fluctuation in boiler 1load. This 'was
corrected by eliminating the fluffing/fluidizing gas and operating the Vibra
Screw and U400-cubic foot bin at a higher amplitude of vibration. This
facilitated smooth fuel delivery by packing the fuel to a more uniform

density without causing bridging or starving of the feadacrew.

The inability to reach full boiler load had become a continuing problem

with the original 3-inch feedscrew during early shakedown runs. The
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utilization of a larger 5-inch feedscrew operating at a lower rotational
speed enabled the successful attainment of full boiler load:

Unlike operations with the 3-inch feedscrew, it Was' necessary "when
using the 5-inch feedscrew to maintain the fluffing/fluidizing gases to the

bottom of the 400-cubic foot bin and screw feed hopper in order -to assure

-4
s -

non-fluctuating fuel flow. "

The subsequent problems which occurréd during the SRC Fuel test’ period

w e

:Initially, the "Econo" burner was tested.. This burner ‘had a straight’'6-inch

~throat and was fabricated as a back-up to the slow mix burner. :*Problems

encountered: during the initial testing of the "Econo" burner were the
inability to move the flame ignition point off of the burner tip, the
resultant clinker buildup that this caused, and flame impingement on the
boiler watertubes. The addition of a small amount of natural gas assistance
to the SRC Fuel flame greatly aided in moving the flame off of the burner
tip. Subsesquent testing of the slow mix burner resulted in similar burner
fouling problems. Moderate flame impingement, which also -occurred when
using the slow mix bhurner, was alleviated somewhat by adjusting the position
of the 30° co-current diffuser on the. primary air/SRC' Fuel guide tube within

the burner.

The non-uniform delivery of SRC Fuel from the SRC Fuel storage bin via
the 5-inch screw feeder caused moderate fuel flow fluctuations that ‘resulted
in combustion instabilities. These fluctuations were directly attributable

to fluctuations in the SRC Fuel bin and feedscrew hopper pressures. To
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alleviate these pressure instabilities, a back-pressure-regulating-valve was

installed on top of the SRC Fuel bin, maintaining it under a positive

nitrogen pressure of ~32 jinches W.G. In addition several nitrozen purge

and/or fluidizing taps were installed on the bin bottom and on the ieedscrew

hopper maintaining a feedscrew hopper pressure of ~10-15 jnches W.G.

Additional problems related to fuel handling were the occasional.
plugging and malfunctioning of the Petrocarb feed system to the.uoo—cubiqg~
foot SRC Fuel bin. This, at times, interrupted boiler operations when
£111ing the SRC Fuel bin due to the disturbances of the SRC Fuel bin static ;. |
pressure. To avoid this problem, the Petrocarb feed system was only

operated when the boiler was not firing SRC Fuel, in the evening hours and

at any other time during the daily testing hours, when warranted. To avoid

the problem of not being able to f£ill the SRC Fuel bin due to a.

malfunctioning Petrocarb feed system, the 18-ton SRC Fuel storage bin in

Building 93 was used to store and to transfer SRC Fuel to the Vibra Screw

feed bin using an existing dense-phase pneumatic transport system.
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