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·ABSTRACT 

SRC Fuel Combustion Test Program in 
an Oil-Desi2ned 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 th~s 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 differ~nt 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 Oil; and (3) SRC/Water Slurry. The.SRC Residual 
Fuel Oil 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 Oil were combus ted . in a 700 hp (30 X . , 06 Btu/hr f'uei 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 02, C02, CO, unburned hydrocarbons, SOx, 
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.!] 86.2 pef·c.::eu t 
Sulfur Dioxide, S02 0.7 1. 4 lb/million Btu 
Nitrogen Oxides, NOx 0.41 1. 45 lb/million Btu 
Particulates: 

Uncontrolled 0.09 1.25 lb/million Btu 
Controlled 0.001 0.011l lb/million Btu 

Opacity, Uncontrolled 3 19 percent 

The particulates were characterized via mass loadings, impactors, in-situ 
resistivity measurements, ultra~fi~e 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 squ~re feet of plate collection area; a rever3c air fabric filter pilot 
dust collecter and a commercial .Pulse-jet fabric filter dust collector were 
operated at high collection efficiency. 

Experience gained dur.i.ng .these tests on . the 700. hp boiler will be valuable 
in making recommendations for future test's and 'will provide a basis for 
conversion of industrial oil-fired boilers to SRC fuels. 

i i 
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I; . INTRODUCTION. AND. SUMMARY 

Sol vent refining. of coal is a process that could make use ·of our 

country's vast coal reserves while minimizing the impact on the environment •. 

Solvent Refined Coal (SRC) is relatively ash and sulfur free and has a 

significantly higher heating value than raw coal~ 

SRC products are forme.d in a pr-ocess which involves· the dissolution and 

hydrogenation of. pulverized coal'· fn a process:.:.derived solvent. · Hy.drogena-
9·: . 

tion ·of the· co~l ~esults in the. removal of substantial ~ortions of ·sulfur 

and oxygen as well as minor amounts of nitrogen. The process stream is 

flashed to release light gases, de-ashed using the Critical · Solvent 

De-ashing process (CSD), and fractionated to separate byproduct gases, net 
. . 

distillate ·liquids, recycled process solvent, and the solid SRC Fuel 

product. SRC Fuel is the· hydrocar-bon fraction with a boiling point of 8SOOF 

or more. 

As indicated, co~l refining consists prima,rily of adding hydrogen to 

the carbon iri coal while removing most of the_ sulfur anci ash -- the two 

chief pollutant~ in bituminous uuals. In the 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 the coal/solvent mixture and the mixture flows into a 

reactor vessel where liquefaction is completed. The mixture then flows to 
. . 

separation and de-ashing steps where sulfur and ash are removed. The first 

series of operations yields naphtha and distillate liquid product streams 

and a small quantity of gas which are recycled into the process as fuel. 

Mo~t ·of the .sulfur· pr·e~ent in the raw coal feedstock is drawn off in this 



series of operations as hyd~ogen sulfide which is subsequently 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 oil and is approximately 45 percent higher 

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

16,000 Btu/lb, versus 11,000 Btu/lb for raw coal). The mineral ash content 

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

In the second stage of the process, a portion of the SRC Fuel is 

treated with hydrogen in a catalytic hydrocracker to produce additional 

distillate fuel~, petrochemical and gasoline feedstocks, and very low sulfur 

solid and residual fuels. These products a!·e referred to as two-stage 

liq~efaction (TSL SRC) products. 

The Residual Fuel Oil is produced by blending the SRC Fuel or the TSL 

SRC Fuel with the distillate fuel oils produced . in each stage or thEi! 

process. Th'...!s the SRC Residual Fuel Oil is comprised of SRC Fuel and 

fir~t-~tap;e fuel oils ( 4ooo to 850°F); the TSL SRC Residual Fuel Oil is 

comprised of TSL SRC Fuel blended with both first- and second-stage oils 

(400° to 850°F). Since all the stocks blended are liquids, they both t'orlli 

heavy liquid products rather than slurrie~. 

This direct coal liquefaction process yields approximately three 

barrels of oil-equivalent products per ton of coal versus two barrels per 

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

2 



... ~·, 

consumption of hydrogen and self-contained hydrogen generation make the 

process less costly(11). 

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

Coal Research awarded a contract to Spencer Chemical Company to study the 
'j •• 

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

transport. Spencer completed the contract in 1965, successfully 

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 pe!" day was 
:· ,,. 

built at the U.S. Arcy's Ft. Lewis near Tacoma, Washington. The plant began 

operating in 1975. 

In addition to the government's efforts on SRC res~arch and develop-

ment, the Edison Electric Institute and Southern Company Services teamed 

together in 1972 to study the key steps in the SRC process. Consequently, 

Catalytic, Inc. was awarded a contract to design, build, and operate a· 6-

ton per day pil~t 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 

Institute. In 1976, the U.S. Energy Research and Development Administration 

(ERDA), now the Department of Energy (DOE), began· funding work at ·the 

Wilsonville plant. 

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

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

.3 



performed in a 500 lb/hr solid fuel combustion test facility at DOE's 

Pittsburgh Energy Technology Cente!" (PETC)(3), in a solid fuel burning test 

facility at Combustion Engineering, .Inc. (4), and in a Stirling boile!" at 

Babcock and Wilcox(5). A full-scale boiler test was performed at Georgia 

Power Company's Plant Mitchell site in 1977(6), 

Due to the success of hath the Ft.. Lewis ann the Wilsonvill~ plfl.nt.~,, 
.I.·'<..'. 

the Department of Energy (DOE) took the next step in preparing the solven~-
. . :',:; 

refined coal technology for commercial use in 1978. At this time contracts 

were awarded to International Coal Refining Company (ICRC) - a joint venture 

of Air Products and Chemicals and Wheelabrator-Frye, 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 c~al-d~signed utility 

boiler at Plant ~itchell, the viability of SRC as a replacement fuel in more 

compact oil- or gas-designed units. at signif'icantly higher heat liberation 

rates remained uncertain. Thus, in !980, ICRC was .commissioned by DOE to 

ascertain the technical and marketing as;:>ects associated with purni:lg .SRC .in 

oil- and gas-designed boilers. It ·,.;as de terrnined that the most economical 

and expedient way of obtain~ng the necessary informat~on. on techn~cal feasi-

bility and boiler scale-up was through a test program to be conducted at the 

PETC combustion test facilities which include 100 hp fi!"et:.lbe and 700 hp 

watertube oil-designed boilers. 

The first ;:>hase of the PSTC: combustion test. program was compieted in 

October, 1980. It de::nonst:--ated that SRC in pulverized, sl:.1rried and melt 

4 



forms could be successfully fir-ed in the 100 hp four-pass fire tube boiler 
r :·. ·, , 

designed for burning oil at very high volumetric heat release ratesC 1). 
: .· ..... 

. . 
When firing the slurry of pulverized SRC/SRC process solvent and the SRC 

melt, .·full" boiler rat.i~g was obtained, and carbon conversion efficiencies 

were high (99.8 percent and 99.4 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. 
fc.::~ ... ~ ·.· 
During these tests, carbon conversion efficiency was 99.2 percent. Part of 

-iti'e boiler flue· gas wa~ dive~·i~d through a field comparator, which is a 

c.-1~~ 
reverse air pilot filter. The field comparator exhibited excellent particle 

~"11' ~ . 
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 boil~rs. The program also involved determination of appropriate 

fuei handling procedures, comb~stion characteristics, .flue gas emissions and 
. ,; ; . . ~ . ' 

partic~late control equipment design. The SRC fuels evaluated in this 

program were pulverized SRC Fuel, SRC Residual Fuel Oil (pulverized SRC 

dissolved in SRC process liquids), and an SRC/Water Slur-ry. For the 

particulate control studies, a mobile electrostatic precipitator (ESP), a 

field comparator, ·and a pulse-jet baghouse were utilized. Wheelabrator-Frye 

Science, Inc. and Southern Research Institute were responsible for 

operating and evaluating the performance of the ESP. 

5 



The·· 700 hp boiler is one of three oi1-des·igned . boilers comprising the 
·. . 

Liquid :F·uel Combustion Test Facility at PETC .. The 700 hp boiler· facility 

consist·s · of a Nebraska 700 h;:>, two-drum, "D" type, 'Watertube, industrial 

package boiler originally designed for· oil firing. A schematic of the test 

facility is shown in Figure z. The construction of. the boiler and related 
. . . 

support systems was completed in the fall of 1978. Previous testing in- the 

7QO hp boiler included the following: · parametric. studies with No. 6 fuel 

oil. ahd -•'30- percent, 40 percent and 50 percent: Pi.ttsburgh ·seam· coal-oil­

mixtures.·· (COM); a 500-hour duration test with a 40 percent COM; a :/€oM 

particle·siz~ test series utilizing three different ·particle size distriBu­

tions; a :coal type COM test series utiliiing Illinois, Montana Rosebud,~~nd 
. . . 

Pittsburgh seam coal; a COM Dual Air Zone ·register performance test series; 

a COM radiant section sootblower test .se.ries; parametric _coal-w.ater-mix'tbre 

(CWM) ·testing with Pittsburgh seam coal utilizing a Single Air Zone (SAZ) 

register; and, finally; a CWM test series utilizing a coal that·-had been 

beneficiated (physically treated to lower ash a:n~ sulfur-content). 

On August 16, 1982, baseline oil testing, the first of :the four series 

of SRC fuels testing, was initiated. ·In order to accomplish this testing, ~ 

multifuel burner assembly containing a Coen No .. 6· fuel oil gun was retro-

fitted to the boiler. This slow mix b~rner assembly was a:modified version 

of the one designed by Beard, Diaz, Weidman and· Associates, Inc~ Inherent 

in the slow mix 'purner desip;n w~s the capai;>ility of· supplying pri1!lary. or 

center air during the No. 6 fuel oil combustion tests. Primary air was, in 

fact, used to a very slight degree to aid in refining .critical cqmbustion 

emission levels. Baseline oil testing .. was performed for three weeks, the 

last two weeks of which ·were used . to evaluate the mobile ESP. T 0 simulate 
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::. actual .ut~li ty bo~ler condi t;i.or).s and t.o establish a common baseline for the 

·:,. ,last .thr.:.~e. phase.s ·of SRC fuels ·.testing, preheated secondary air. ·was utilized 

.;:,..for tn.~s·e -No. ~ · fuel oil tests~ Pr-oblems encountered during testing were 

.::· .. the ini-t.ial inability to· properly shape the· flame due to a malfunctioning 

;·:, atomiz,iJ:lg ste·am differ~Qtial. pressure regulator and . occasional . boiler 

~<~_shutdowns due to difficu;lt ies with the boiler feedwa ter chemistry. 

-L:o., .The: :seqond ·series of .. s~c;:.,,f-uels testing involved the combustion of SRC 

Mo:fuel in ,a pulverized form. The: particle size- distribut.ion for this. testing 

-u(¥as 90 percent _minus ?00 mesf.l. Facility modifications included the instai.-

bmf.ation of a,SRC Fuel feed bin -and transporj:. .sy~tem. Existing coal storage, 

. -,pulverization and . transport systems in an- adjacent building wer-e modified t ,. __ J, • • 

;;;·-.~f.or .. use in this test program. A slight modification of the slow mix burner 

: :' ;rt,~s performed to permit the removal of the No. 6 fuel oil bl.!rner gun when 

.. :•_,firing SRC Fuel. SRC Fuel testing ....-as begun· on October 18, 1982, and lasted 

for a period of fiv~ · w.eeks ending .on No\Tember 19, 1982. In conjunction ·with 

these combustion test$, ESP performance studies were also conducted during 

,. the middle . and latter. portion or this five-week period. Major problems 

encountered during this testing with the slow mix burner included the 

followi':lg:. SRC Fuel flow fluctuations to the boiler; clinker. formation or 

. fouling of ·the 'SRC 'Fuel burner tip; . a.nd the need to use a natural gas 

support . flame. during the SRC Fuel duration tests. These problems and the 

numerous mo~.ifications made_. to the original system designs (Section V .B.2) 

.are. described ~n Appendix C, Section B of this report. 

A $econd set o,f .SRC Fuel combustion tests was performed during the 

period from January 25, .1983 to February 2, 1983 using the fast mix burner 
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designed at PETC. This 5-in~h water-cooled burner, with an adjustable water 

cooled cone, eliminated the clinker formation that was a major problem.when 
." •• oo "/ 

using the slow mix burner in earlier testing. The success of the fast m~x 

burner was direc~ly attributable to the higher SRC Fuel burner exit 

velocities and the maintenance of moderately cool burner and cone surfaces, 

preventing clinker formation. 

The third series of SRC fuels testing involved the combustion of SRC 
:. ·:,"'! (! . ' .. 

·., 

Residual Fuel Oil, a 50/50 mixture of pulverized SRC Fuel dissolved in the ·. ~.:· 

SRC process solvent. These tests were performed for two 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 ~uel Oil storage tank and 

a SRC Residual Fuel Oil fuel train including a fuel heater capable of 

raising the temperature of the SRC Residual Fuel Oil 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 combustion 

of a pulverized SRChiater Slurry fuel containi::.g 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 tasting began on January 3, 1983, and was 

performed for a period of two weeks ending on January 14, 1983. As in all 

phases of SRC fuels testing, ESP and fabric filter evaluation tests were 

performed. Facility modifications wer"= minimal since the existing coal-

water-mixture fuel preparation and transport systems needed only to be 
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reinstalled. A minor problem encountered during this final series of SRC 

fuels testing wa~ uucasional clinker buildup experienced on the fuel burner 

nozzle causing key combustion emis~ion levels to fluctuate. The Coen No. 6 

fuel oil burner with a nozzle cap consisting of ~ight. 1_5/64-inch nozzle 

orifices was utilized. 

In this report, the day-to-day test activities of the SRC Phase II 
.. \.•;• 

p~o'gra:n are described. Combustion test data<7) compiled during these tests 
:::::t•·""· 

is. presented and final conclusions .and recoamienda t·ions are given. 
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II. SUMMARY FUEL COMPARISON 

The heating value of alternate fuels is a major 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 Phase 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 composi-tion fr-om the No. 6 oil as 

expected. The carbon/hydrogen ratios of the SRC fuels were higher than 

those of the No. 6 oil while the sulfur content was in the sc.me 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 or the No. 6 oil. While so2 levels were in the same range, NOx 

leve:!.s ·were typically higher for the SRC fuels due to the higher fuel bound 

nitrogen. 

During the SRC combustion test program, SRC was: fired in three 

diffcrc11t form.c--.colid; ,liquid and slurry .. Ea.ch form ?resented i::.s own s~t. 

of handling and operating requirements. · Below is a brief summar-y of the 

requ~rements for each of the SRC fuels tested: 
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SRC Fuel and SRC/Water Slurry were prepared on site by GE/MATSCO 

personnel. Crushed SRC Fue·l was delivered by railcar to PETC. The SRC Fuel 

was then pulverized in a rotating hammermill pulverizer to a particle size 

distribution of 90 percent mirius 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 ~onveyed 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 thr.ough the specially designed SRC Fuel burner. 

For the SRC/Water Slurry· tests, the SRC Fuel was fed pneumatically by 

the. Petrocarb pulverized fuel injection system to an 1 8-ton storage 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 ai~ through a modified nozzle. 

SRC Residual Fuel Oil required t~o system modifications. After 

preparation by· Catalytic, Inc., at Wilsonville, Alabama, the SRC Residual 

Fuel Oil was delivered in ready-to-fire form in insula ted tank trucks. Due 

to the viscous nature of SRC Residual Fuel Oil, the fuel had to be stored .on 

site in a tank heated to 2000F. Heating to 3000F was necessary to atomize 

the fuel at the burner. In comparison, No. 6 fuel oil must be ·maintained at 

1000F when in storage and must be heated to 2200F to atomize at the burner. 

, , 
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I II . COMPARISON OF FUELS 

A. General 

Four different fuels were evaluated during the SRC fuels combus-

tion test program. SRC was tested in three differ~nt forms: pulverized SRC 

Fuel, SRC Residual Fuel Oil and ·sRC/Water Slurry. No. 6 "fuel oil was also· ·-

tested t·o provide baseline data for comparison purposes. 

B. SRC Fuels Specification3 
~~ 

··-· ,.y 

Table 28 presents a summary comparison of the fuels tested during 

the SRC· fuels test· program. . Higher heating values o"f the No. 6 oil tested 

(both batches) were slightly lower: than th~ publish~d value of 

18,'126 Btu/lb(9) due to the large amounts 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 i0,543 Btullb to 16,808 Btu/lb. The 

lower Btu content of the SRC/Water Slurry (10,543 Btu/lb) on~ 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 Oil (16,808 3t~/lb) was due 

to the :).ower moisture content in· the ·fuel and' the presence of the process 

solvent in the fuel. 

B~cause i constarit tberma~ input of 30 x 106 Btu/hr is required to 

operate the boiler at full load conditions c-24,000 lb/hr of saturated steam 

at 175 psig) I fuelS Of lower 3tU COntent mUSt be fired at higher ·fuel flOW 

rates. This· can be seen in· Table 28 ~ The No. 6 oil (Batch B) had the 
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higtest Btu c.ontent of 18, 109 Btu/lb and consequ~ntly. the lowest fuel . flow 

rate of 1492 lb/hr. The SRC/Wa ter Slurry had the lowest Btu content of 

10,543 Btu/lb on a wet basis and consequently the highest fuel flow rate of 

2554 .l.b/hr. 

Boiler efficiencies were also affected by the .. amou~t of m?isture 

present in the fuel. Typical boiler efficiencies at f~ll boiler loads and 

excess air levels ranging be~ween 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 •. 

The ultimate analysis of typical samples of each of the four fuels 

is shqwn in Table 28. The moisture content. of the SRC Residual Fuel Oil and·· 

the SRC Fuel was quite low (- V4 percent). Moisture in the No. . 6 oil 

varied from -3 percent to -6 percent. The highest moisture content was 

pre~~nt in the SRG/Water Slurry (33.7 percent). 

The carbon content of the SRC Fuel. and SRC Residual Fuel. Oil was 

very close to ':.hose of the. No. 6 fuel oil, va_rying _by less than 6 percent. 

Hydrogen content in the SRC fuels was somewhat lower than those of the No. 

6 oil. 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 on. The percentages of inherent oxygen in the fuels were closely 

grouped. Ash content of the SRC Fuel and SRC Residual Fuel Oil was in the 

range of that of No. 6 oil (-0.10 percent). The ·sRC/Water Slurries had a 

13 



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

\~ of ; percent by weight of (omar-D additive. 

.... 

.. , 

., 

·Carbon/hydrogen ( C/H) ra tics were computed from the typical fuel 
.·. 

analysis and are given in Table 28. The C/H ratios of the SRC fuels were 
. ' 

higher than those of the No. 6 oii. SRC Fuel had the highest C/H ratio. 

The lowest C/H ratio was for- the No. 6 oil Batch A which had the highest 
. ~ . 

moistur~ ~unt~n~. 

Stoichiometric air/fuel (SA/F) ratios were 
.~.~ ;~ 

calcuta ted from each 
.,., ··-

typical f\tel a:nalys is. The SA/F values were closely grouped for the SRC 
~ : .. / 

Fuel and the liquid fuels. 

C. Emission Levels 

·The amount of the chemical constituents in the fuel has an effect 

on the amounts of emissions. A comparison of flue gas emissions for the 

various SRC fuels can be seen in Table 28. so2 emissions are generally 

higher for fuels which contain mor.e sulfur. For this reason, the SRC Fuel 

and the SRC/Water Slurry had higher S02 emissions than the No. 6 fuel oil 

tested. ,. SRC Residual Fuel Oil had lowest S02 emissions due to a lower 

sulfur content in the fuel. NOx emissions are affected by a number of 

factors. Generally, NOx levels are lower at lower excess air levels and 

lower combustion air temperatures. Nitrogen content in the fuel has th~ 

most significant effect on NOx emissions, ho-.-lever-. As shown in Table 28, 

the SRC fuels exhibited NOx emissions that were more than six times higher 

than when burning No.· 6 fuel oil containing less nitrogen. Particulate 
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emissions for the SRC fuels were much higher than those for the No. 6 oil. 

This is due to the larger percentages of ash in the coal-derived SRC fuels. 

The carbon content found in the particulate emiss;lons varied widely. The 

SRC Fuel generally had the highest amount of carbon present in the 

particulate. 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 method,(8) 

and EPA method< 10), respectively. Despite the use . of the two different 

sampling methods, very similar particulate emission levels wer~ measured by 
.-Jo,. ' ' ·--
both personnel groups during testing of the SRC fuels. Re:;~ul ts from these 
:Jr: .. 
tests can.be seen in Table 29. 

D. Combustion Test Data Results 

All combustion tests .performed during the. SRC Phase II prog:-am were 

conduct-ed at full boiler steam load of -24,000 lb/hr. Secondary air 

temperatures ranged from. SOOOF. to 6000F. Depending on the fuel being fired, 

excess air levels varied from 12.1 to 42.4 .percent. 

Carbon conversion efficiencies during all fuel fi:-ing modes were 

generally ~97.7 percent. As expected, No. 6 fuel oil and SRC.Residual Fuel 

Oil exhibited ·the highest carbon conversion efficiencies at 99.98 a~d 

99.9 percent, respectively. Carbon conversion .efficiencies of SRC/Water 
. • !.. · .. 

Slurry fuels were most nearly the same as that of the SRC Fuel fast mh: 

burner tests at 98.9 percent.and 98.7 to 99.3 percent, respectively. Carbon 

conversion efficiencies experienced when performing the first portion ·Of ·SRC 
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Fuel testing with the slow mix burne!" were in a range between 97.8 a,...d 

98.9 per.cent . ~ . ' '. ~ 

.. 
. Boiler efficiencies were highest f6r SRC Residual Fuel Oil.and SRC Fuel 

testing of. the fast mix. burner at ·85.4 percent and 84.1 to ss:s· p~!"~et:t, 

respective.ly. Although· the .first portion of·SRC Fuel tests with .. the slow 

mix burner exhibited .lower carbon conversion effie iencie.s than' No. 6. fuel 

oil. tests, . boiler efficiencies were similar ·at. a range ··b'etween· 81.1 ·.:.ttf 

83.~ per?e~~ ,~nd 82.6 percent, respectiv~ly. Boiler· ·efficiencies ·wh~~ 

burning !?RC/Water Slurry we.re also similar. at 81.9 percent. : ··· ':~.~ 

Particulate emissions, as- determined'by isokinetic te~ting,· ~ere higher 

for SRC/Water Slurry testing than SRC Fuel testin~ with the fast :nix.·ourner;: 

ranging between 0. 74 lb/MBtu to 1.00 lb/MBtu. Particulate ·emissions for SRC 

Fuel testi:'lg with the f:=.sl:. ::::ix bur:1er · ranged between 0.44 lb/MBtu to 

0 ~79 lb/MBtu. This difference was due tb th·e . increased. ash' content· of the 

SRC/Water Slurry fuels caused by the addition·. ·of· Lomar-D., a viscosity 

reducing agent which contained 35 · percent inorganic·· ash; ' Particulate 

emissions were highest at 0.72 lb/MBtu to 1.25 lb/MBtu f')r·SRC-F\..iel·testi~; 

utilizing_ the slow mix burner. · Particulate emi'ssioris ·were· .i'owest f?:- '3R~ 

Residual F\uel Oil and No. 6 fuel oil at ranges of·.O.Cl93 to 0 .. 196· lb/r'.Stu and 

0.02 to 0.04 lb/MBtu, respectively. .. 
'. 

· . The :magnitude of so2 emissions is directly rela.te.d ···to' the · sulfur 

content of the fuel. SRC Residual Fuel Oil and· No. 6 fuel"·oil· contained the 

lowest sulfur contents of 0.44 l·!eig'!t pe!"cent and 0.64 weig~t perce:1t, 

!"espectively, of any of the fuels tasted during t~e SRC ?!'lase II program. 
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Consequently·, S02 emissions were lowest for SRC Residual Fuel Oil and No. 6 

fuel oil at 0.73 lb/MBtu and 0.9U lb/MBtu, ~espectively. S02 emissions were 

slightly higher for SRC Fuel testing of th_e fast mix bu~ner at a range of 

0. 98 lb/MBtu to 1. 14 lb/MBtu. Higher so2 emissions were obtained with SRC 

Fuel when utilizing the -slow mix burner and were in a range between 

.1.17 lb/MBtu to 1.39 lb/MBtu. Similar high S02 emissions of 1. 32 lb/MBtu 

were realized when testing SRC/Water Slurry fuels. These· highe·r S02 emis­

~ions were expected when burning the SRC Fuel in either pulverized or 

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

Similarly, NOx emissions are related to the level of fuel bound 

nitrogen~ NOx emissions were lowest for No. 6 fuel oil testing at 

0.29 lb/MBtu and slightly higher for SRC Residual Fuel Oil at 0.71 lb/MBtu. 

Fuel nitrogen .contents of No. 6 fuel oi1 and ·SRC. Residual Fuel Oil were 0.22 

weight percent anq 1.35-weight percent, respectively~ NOx emissions were in 

a range bet; ween 0. 6 3 1 b/MBtu · to 1 • 45 1 b/MBtu when testing SRC. Fuel with the 

sJ.ow mix burner.· NOx· emissions ranged from 1. 17 lb/MBtu to 1. 37 lb/MBtu 

when utilizing the fast. mix burner during the last phase of .~RC Fuel 

testing. Nit~ogen content ~f SRC Fuel was 2.00 weight percent; therefore, 

the higher NO,c . emission leve1s resulted. NOx emissions of 0. 49 . lb/MB~u 

obtained during SRC/Water :.Slurry .. testing were lower· than that obtained 

during SRC Fuel testing due to the lower flame . tem.perature experienced when 

burning SRC/Water.Slurry. The formation of NOx during·combustion is·als<;>·a 

function of the combust.ion flame temperature. . 



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

A range of modifications, varying in magnitude were performed on 

the 700 hp CTF to accommodate each different fuel firing mode of the SRC 

Phase II program. Be~ause the necessary equipment and facilities were 

already in place, modifications for the No. 6 fuel oil program were minimal. 

However, major installations and existing systems retrofitting were requir,ed 

to accomplish the SRC Fuel, SRC/Water Slurry and SRC Residual Fuel Oil te:st 

p)ans. In all cases~ an emphasis was put on the utilization of the existi'hg 

facility equipment to successtully perform the SRC Phase II _program. 

SRC Residual Fuel Oil and No. 6 fuel oil were both received on-

site in a ready-to-fire form. No. 6 fuel oil, of course, required ·no 

preparation; whereas, the SRC Residual Fuel Oil was ;::>repared by Catalytic, 

Inc., at Wilsonville, Alabama and shipped to PETC in six insulated 6ooo-

gallon tank trucks. No major modifications were required to ready the 

700 hp CTF for No. 6 fuel oil testing as the existing facility's No. 6 fuel 

oil storage and transport system were fully utilized. Modifications that 

were maQ.e prior to the No. 6 fuel oil test period are detailed in Section 

V.A.2. Modifications to accommodate SRC Residual Fuel· Oil storage and 

transport were minor when compared to a No. 6 fuel oil setup. A 2500-gallon 

fuel storage tank, fuel transport and fuel heating system were installed 

prior to this program's inception. SRC Residual Fuel Oil, d'.le to its 

viscous· nature, had to be stored at a temperature of 2000F and heated to 

300°F befor~ being atomized. In contrast, No. 6 fuel oil can be stored at a 

. temperature of 10ooF and must only be heated to 22ooF before being atomized. 
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The engin·ee:-ing design and installation of the SRC Residual Fuel Oil fuel 

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

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

performed ~t- thi PETC site. Crushed SRC Fuel was unloaded into the existing 

20-ton storage- hopj)er at Building 89 and from there was sent to the ACM-10 

-::::rotating hammermill pulverizer where it .was pulverized to a particle size 

:; :.consisting of 90 ·percent minus 200 mesh. The ACM-10 . pulverizer· fed the 

;.:;J'P'etrocarb pulverized fuel injection system· in Building 89. The Petrocarb 

system was utilized to store approximately 6. tons of SRC Fuel arid to deliver 

the SRC Fuel to either the 400-cubic foot V ibra Screw SRC Fuel feed bin, 

"'located approximately 220-feet away, or to an existing 18-ton SRC Fu'el 

:storage bin located above the SRC Fuel slurry mix tank in Building 9 3. A 

prima!"'y air blower was installed in conjunction with the 400-cubic foot SRC 

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

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

SRC/Water Slur!"'y 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'fue-l"'oil, 

SRC Residual Fuel Oil, and SRC/~ater Slurry) du.ring the SRC Phase· II 

prog!"am. 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 i:~capabili ty of the PETC facility to deliver SRC Fuel to the boiler 

via on-line pulverization. Critical to the maintenance of a steady fuel 

flow in a pre-pulverization firing mode was the maintenance of a non­

fluctuating static pressure within the 400-cubic foot SRC Fuel ·storage bin 

and screw feed hopper. This problem was alleviated somewhat by the instal-

lation of a back-pressure-regulating valve on top of the SRC Fuel bin, 

maintaining the bin under a positive nitrogen pressure of -32 inches W.C. 

In addition, several nitrogen purge and/or fluidizing taps were located .on 

the bin bot tom and/ or the feed screw hopper, the feed screw hopper being 

pressurized to :-10-15. inches W.C. Another factor that was critical in main­

taining a non-fluctuating fuel flow was the maintenance or" a ;:>rimary air 

velocity such that fuel saltation was not an occurrence. Saltation is the 

settling of the· pulverized solid. fuel f!"om the primary air conveying line 

onto the inner walls of the transport line. Saltation ·is characte:-ized by 

the following: ( 1) a steady dec!"ease in primary air flow during steady­

state full load operating conditions; and (2) a spike o!" sudden increase in 

steam flow, carbon monoxide emission levels, and opacity emission levels; 

these parameters returning immediately ·to thei:- forme!"· steady-state values. 

The '5teady .decrease in primary air flow is considered to be an indication of 

the SRC Fuel dropping ·aut of the conveying air st~eam, becomi:~g deposited on 

the inner walls of the transport line, and causing an inc!"ease in ;:>ressure 

drop and resultant· decrease in primary air flow. The occurrence of steam 

flow, carbon monoxide and opacity spike.5 may be the t'esult of U1!::! SRC Fuel 

on the inner walls of the transport line breaking loose and beooming 

entrained in the fuel stream causing a sudden increase in fuel flow while a 

constant input.of combustion air is being mai:~tained. Evidence of saltation 

was prevalent during the f'i!"st three weeks of testing. ·However, af'ter 

20 



sta-ging· two blowe.rs in series to boost the prima:-y air capacity, and as a 

result the· primary air velocity, no evidence of saltation was observed 
.. 

during ·the. finai week of steady-stat'e duration testing. The above stated 
•' ' 

fuel feed problems were not an occurrence at the Plant Mitchell SRC Fuel 

Burn Test(6), as fuel feed was performed by on-line pulverization • 

. ;-

An isolated problem encountered in the transport of the SRC 
r~:-:· . . . 

Residual Fuel 6il, d~e to its ·viscous nature, was a boiler tripout due to 

~.!;. : . ··. 
fuel line plugging at the Micro Motion mass flowmeter. So that testing 

'could continue, the upper range of the fuel line pressure switch was 

"': ::fncreased. Over the course of that day's testing the fuel pump discharge 
~·; . . . . ·.· 

pressure slowly d:-opped to a normal level, indicating dissolution of the 

·' fuel line restriction. 

A similar problem of high fuel line pressure was also encountered 

durl.ng init'ia'l SRC/Water Slurry testing with a SRC/Water Slurry fuel 

containing ~ 68 percent solids concentration. Due to the high viscosity of 

the SRC/Water Slurry at this concentration, high fuel pump discharge pres-

sures· were being experienced and we:-e a detriment to testing. To alleviate 

this probiem, the· concentration of the SRC/Water Slurry was decreased to 

67 percent and testing was conducted without any further high fuel pressure 

problems. 

; . : . ~ ~ . . 
F. Comparison of Facility.Operatiilg Conditions 

·., 

Boiler operations during each fuel firing mode we:-e similar in that the 

boile!" was generally shut . down in the late evening and early morning hours 
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during daily parametric testing, as evaluation of the mobile ESP. was no't 

required. During steady-state duration testing of each fuel, the boiler was 

operated during the night to ~aintain a constant heat flux through the ESP, 
• c, 

facilitating its performance evaluation. At times, nighttime operation of 

the boiler was performed with the particular fuel being evaluated, depending 

on its supply. This was never the case with the SRC/Water Slurry due to the 

limited quantities that could be produced daily. 

.t ii ;-~ . ., 

Combustion of the liquid fuels, No. 6 fuel oil, SRC Residual Fuel Oil; 

and SRC/Water Slurry was carried out with very few problems. 
. ' . ·: ~-: :·. :. 

Exceptions to 

. ~ri-

this were the initial inabilities to maintain both No. 6 fuel oil and SRC 
• ~ r :>-

Residual Fuel Oil flame shapes in a concentric ball, rather than one that 
• '!!' 

exhibited eight distinct fingers. These fingers correspond to the eight 

nozzle orifices of the fuel burner nozzle emitting the liquid fuel in a 

distinct stream, not having been properly atomized. These problems were 

eventually alleviated by maintaining the proper atomizing steam-to-fuel 

pressure differential. Atomization of the SRC/Wa ter Slurry was performed 

using high pressure air as in coal-water-mixture combustion. Both No. 6 oil 

and SRC Residual Fuel Oil test periods utilized the Coen No. 6 fuel oil 

burner nozzle cap with eight 5/32-inch orifices. To accommodate the higher 

fuel ana ato~izing steam pressures experienced at the burner when !'iring SHC 

Residual Fuel Oil compared to No~ 6 fuel oil, the center hole of the nozzle 

body ·..ras increased from 1/2 inch to 11/16 inch.· SRC/water.'s'lurry testing 

utilized the Coen coal-water-mixture burner gun and nozzle with eight 

15/64-inch orifices in the nozzle cap. A similar partially opened single 

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

Residual Fuel OE test periods was utilized. :'n.:s, in conjunction with 
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a co-cur-rent diffl,lser, imparting a rotational swirl to the. primary a~r in ) . . . 

the same direction as that imp;arted by the seconqary air, yielded. similar 

flame appearances. Both No. 6 fuel oil and SRC Residual Fuel Oil flames 
' . 

~:ere in the s~ape of a ball, centered concentrically in the firebox, and 

bright orange in color. In addition, the length of each of.these fla~es was . ~: ' .·. 
approximately half the le~gth of the firebox. 
::·· '. : ~ 

In contrast, the SRC/Wa ter Slurry and SRC Fuel flames were longer and 

n~rrower in,shape, both of these firing modes utili~ing the cou~ter-current 
f--· 

~~f~user to impart a swirl to the primary air that was counter to that -of 

.the seqondary air. The SRC/Water Slurry ·flame, with respect to that of the 
. 1\ •:. 

S~C Fuel, was slightly shorter and wider,· the SRC Fuel flame length being 

~pP.roximately 80 percent the ~ength of the firebox. 

The occurrenoe of clinkers or buildup of melted SRC Fuel on.the ~ip of 

the SRC Fuel bprner. was the. most significant detriment to. t.he suqcessful 

combustion of _the SRC Fuel. In order to avoid this clinker formation 

problem, an optimum primar:y air velocity had to be maintained at the exi.t· of 

the SRC Fuel burner through proper burner design. In addition, the burner-

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

the SRC Fuel could not mel.t, adhere .to its surface, and cause :clinker. 

formation. Figure 11.F details the design of a wa~er-cooled -SRC Fuel burner 

(fast mix burn~r) that did in fact eliminate this fouling problem, as 

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

at· PETC. The depositicm 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 experienced during this test period. The sporadic occurrence of .,_ .. 

these deposits affe~ted e~ission levels to a slight degree. 
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.. 
IV. CONCLUSIONS AllD REC01'14ENDATIONS 

The principal goal of demonstrating the combustion of SRC fuels in an 

oil-designed boiler was successfully achieved as a result of the combustion 

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 ~olvent (SRC Residual Fuel Oil). 

The carbon conversion efficiencies obtained in all SRC fuels -tests 

·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 6000F 

air preheat, resulted in average carbon conversion efficiencies of 

·99.8 percent for SRC Residual Fuel Oil and 98.9 percent for SRC/Water 

Slurry. Parametric tests, at full boiler load with an average 5630F air 

preheat, resulted in an average carbon conversion efficiency 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 Oil tests were ·higher (84.7 percent and 85.3 percent, 

respectively) than when burning No. 6 fuel oil (81.9 percent) at full boiler 

load with 5000F air preheat. The average boiler efficiency pbtained in the 

SRC/Water Slurry tests (81.8'percent) was comparable to when burning No.6 

fuel oil. 

The emissions of NOx were high when burning all three forms of SRC Fuel 

due to high fuel bound nitrogen. The NOx emis~ions when burning SRC/Water 

Slurry were lower than when burning SRC Fuel under similar operating· 
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conditions, due to lower flame temperatures associated with the high water 

content of the slurry fuel. Due to the short time span available for 

testing, no attempt. wa~. made. to minimize NOx e:nissions via combustion 

modifications. Uncontrolled particulate emissions were also high, but 

results of the different particulate control equipment tests ·indicate that 

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

The three different forms of. SRC fu~ls utili~ed during thiA ~ombustion 

program have demonstrated, in most ar.~as, desirable handling ;:~nd combustion 

characteristics. The test firings consumed 500 tons of SRC Fuel,. 

30,000 gallons . of SRC Residual Fuel Oil and 20,000 gallons of SRC/Wa ter 

Slurry. 

High NOx emission levels, due to the high fuel bound nitrogen, indicate 

the need for site specific NOx control.. In addition, there is a probable 

need for particulate control when burning SRC Fuel and SRC/Water Slurry. 

Hnwev~r, particulate emissions ma~ be reduced by burner optimization. 

Pre-pulverization and storage of SRC Fuel in that form should be 

avoided due to the inher~~t transputt ~roblem~ associated with this type of 

SRC Fuel firing mode. Therefore, it is recommended that only on-line 

pulverization be used. In addition, it is critical that cooling of the SRC 

Fue~ ~e m~intained when pulverizing ·due to agglomeration of the SRC Fuel at 

elevated temperatures. 

26 



The overall test results from the PETC 700 hp boiler SRC combustion 

tests have proven that SRC is a viable alternate for fuel oil in oil­

designed boi~ers. 
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V. TEST PROGRAM 

A. . No. 6 Oil Baseline Test,s. · · 

· .1. Combustion· Test Plan· 

The No •. 6 611 baseline tests were conducted over a period of 

three weeks from August ·18 .. to September 3, 1982,' During··t.his pel"iod .o.ll . . . . . . 

combustion test-ing was. perfor.med. a,t full boiler ·lOad •. ·Parametric te:Jting to 

determin~ optimum ~oUer operating conditions. was. conducted during the first 

week (August 18 to August 20). Eight parametric tests were conducted at two 

secondary air· preheat temperatures (-500°f and. -600°F) while excess air 

levels were varied. 

Steady-state duration. tests were .conducted during the second 

and third weeks· .of testing (August 23 to. September. 3). Conditions. for these 

steady-state tests were selecte~ ~ased upon parame~ric t~~t results. 

Eighteen steady-state tests were performed at a flue-gas oxygen level of 

- 2. 5 percent with secondary air preheated to - 5000F. 

2. Combustion Test Facility 

The pr~mary component of tne Combustion Test Facility is the 

700 hp, t"!o-drum, "D" type package, watertube 1 industrial boiler designed 

Z'or oil firing (Figure 1). The boiler was manufactured by the Nebraska 

Boiler Company and, at full .capacity, generates 2~,000 pounds of ::;Qi:.UL'ated 
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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) is a welded-wall construction 

of finned, 2-inch-o.d., electric resistance welded carbon steel boiler tubes 

(Figure 3). In addition, the convection section tubing bank consists of the 
.. • '. • :. .-.,. • .~ J : • • • ·.: • - ; • • • • 

same 2-inch-o .d. e~ectr~~ .. res~stance .welded carbon. steel boiler tubes. Four 

baffles ( 18 gauge 304 stainless steel plates) are staggered in the con-
.•. , r• : .. ~ , , .. ~ • , , ~· ' " • . . ... ... 

vection section to alter the direction of the comb~stion gases passing from 
:: .. ' .' . · .. :. ' '· ': .. ,' . . :·. : . '• . '. . .. ~ ··. . 

the radiant section, maximizing heat _.transfer. The open c::--oss-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 4. 906 square feet • . ; 

The convection section is supplied with a sootblower, Boyer Type VH 

valve-in-head. Two Tate-Jones sight gl~s.e.s are ,located on the back furnace 

wall to afford the boiler operator a view of the flame when making critical . ;' . ·-:'"'' . . .. . ' .. . . . . . . ' ,. 

boiler operating _parameter adjustment~. Two additional Tate-Jones sight ·.. . .. .: . . ,.) . 

glasses were installed on the east side of the boiler prior to this program . :· . . . . . . . . . 

to afford the operators a better vie.w of .flam~. length and the. position of 

the flame relative to the burner. 

Boiler interlocks automatically shut the boiler down in the 

event any of the following occur: .. . . . (1) loss of the atomization medium; 
·: '. 

(2) high boiler steam pre~sure; (3) low boiler water level; (~~ low 
.... : .· .. ~·--. 

combustion air flow; or (5) excessive pressure at the fuel pump. 

The 175 psig steam generated by the boiler is condensed in an 

air-cool~d condenser 1 coll~cted in a hot well tank 1 pass~d through the sub-
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cooler" section of the air-cooled condenser and back to the deaera tor 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. The que· gas then ~nters 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 

outlets. 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. Separate induced 

draft fans are located downstream of• both ,the baghouse ·and mobile ESP to 

provide the draft necessary for expelling the :flue gas to the a tmospher.e .. 

Flow· measurements a!"e performed by using .a manom~ter. across the splitter and 

a flow orifice· near the ESP inlet. In prder to achieve even flow and. 

particulate distribution to both outlet legs ·of th~ splitter, the. splitter 

is posit~oned a minimum of eis;ht pipe diameters downstrea.I11 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 ba:ghouse with the appropriate flow 

control valve to divert a portion O!" all of the flue gas flow around the 

bnghauoP.. 

The reverse air fabric pulse-jet baghouse (Figure 6) contains 

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

Corporation. These filter bags have a unique resin syste~ which coats and 
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protects the fiberglass from abrasive and CO!"rosive environments by lubri-

eating the glass. fibers and preventing fiber-to-fiber abrasion. The bags 

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 

bet~een 2 inches and 4 inches w~c. 

Number 6 fuel oil is stored in a 60,000-gallon capacity insu-

lated storage tank. The No •.. 6 fuel oil storage tank is located approxi-

mately 250: feet ·northwest of the CTF and contains an internal steam coil to 

maintain the No. 6 ·fuel ·on temperature at 1000F. A Brown Fin Tube suction 

heater then heats the fuel oil from 1000F to 1400F. A Roper Type 1 pump 

feeds the oil into the building· and to the suction side of a variable speed . 

3 hp progressing cavity Moyno pump. This Moyno pump contains an elastomer 

lin~r, Buna-N stator and a 0.010-inch undersiz~d· chrome-plated !"otor. · 

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 oil temperature from 140°F to 2200F · immediately 

upstream of the fuel burner. Measurement of the fuel flow rate is done with 

a mass flow mete!" manufactured by· Micro Motion, Inc." and a volumetric flow 

meter. 

The combustion air system supplies approximately 6000 scfm of 

primary and secondary ai!" preheated to a maximum temperature of 6oooF. The 

combustion ai!" supply is obtained by combining heated air from a Jof centri­

fugal compressor (the air is preheated to 110QOF in two oil-fired; closed-
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cycle heaters iocated cto .. nstream o{ the ·'Joy · Compre~s~r) with ambient 

temperature air . from a ·Buffalo Forge. fdrced-draft · f~n. The . temperature is 

set,. by controHing the· portion of heated. air which. is ·added· to the ambient 

temperature air stream.·· · · - i --~ ' • ' ~ ... c 

,o;: ..._ 
:.., . 

The. S01.irce of tne priinary ··air was a' . Buffalo •. Forg'e c. forced­

draft fan which was able to supply a volumetric air flow of 1500 scfm at a 

static pressure output of 24 inches W. C. This blower was located approxi­

IIiately 20 feet south of Buiiding 93·.· · Th.e primary air was conveyed to the 

boiler via a 6-inch schedule 40 'pipe; the how' 'rate was '''cont'roiied. by a 

6-inch air actuated butterflY: valve ~stalled im'medi.ately upstream of the 

boiler. Measurement of primary air fiow was pe~fo~med by an 8~in.ch. Brandt 

Industries flow meter (Figure 7). lo'cated upstream of the·· blower inle't. Th.is 

8-inch section of the inlet line also in~orpor'a'tad ·a'n a..: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. 

InstrJmentatidn at the 700 hp Co~&~~tio~ Test Facil!ty 

includes both continuous ·on.:.line and periodic ··in-·now measurements. With 

th~ exception of a·few m~a~urements reaci·localiy frd~'g~uges mounted in the 

boiler room and acquired by sampling: probes, most measurements· are trans­

mitted by pneumatic or electric signals to the Data Acquisition System and 

displayed and/or recorded in the control room (Figure 8). A complete list 

of all instrumentation and ·the respectiv·e ranges is ·found in Appendix A. 
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Fiue-gas constituents, namely, 02, C02, CO, SOx, NOx, and 

total hydrO"carbons (THCi are. ·measured continuously during each -test. Each 

flue-gas · sam:pl~ is. drawn .. by . pump suc~ion through a Pall particulate· filter 

into a Hankinson compressed air dryer, then further dried by a Perma Pure 

Dryer, arid delivered to the gas arialyzers. ·The t~pe and ranges of the gas 
. . 

analyzers used to determine the flue-gas constituent levels are described in 

Appendix c. 

The Data Acquisition System consists of a Digital Equipment 

Corporation PDP-11/40 computer, a 100-point scanner for electrical signals 

and a 64-~oint scann~r for-pneumatic ·signalj~ The sc~nners are controll~d 

r~motely by ·the PDP.- i·.i/~0 computer.·· Signals are accepted six times per' 

minute and their ave··rage values are per~anently stored on a computer disc. 

Error due to the Data Acqui~ition System is less than 0.1 p&rcent of instru-

ment range. 

3. Burner Nozzle Selection 

The most si~nificant modifications to the 700 hp CTF prior to 

the No. 6 fuel o.il testing wer_e: ( 1) the replacement of the original Coen 

No. 6 fuel oil 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 multi-fuel. burner is a modified version (Figure 11.B) of 

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

Inc., which incorporates a guide ~ube to support and locate the Coen Company 
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Mode 1 No; 2 mV oil burner gun assembly (Figure 9). This guide tube i~ a 

2 1/2-inch schedule 40 steel pipe that is positioned concentrically inside 

the burner. The guide tube is located on the horizontal center line of the 

6-inch long radius elbow that connects the burner to the primary air system. 

· This can be seen in Figure 11 • B. A diffuser was positioned on the guide 

tube to impa:""t a clockwise swirl to the primary air (co-current with the 

secondary ai:"") being conveyed through the annular space between the 

water-cooled portion of the burner and the guide tube. 

The air reglster, manufactured l.Jy t.he Coet"1 Company, i:J 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 

injection holes admitting natural gas as a start-up fuel, surrounds the 

burner. The basic 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 internal mixing using 

either steam or air as the atomizing medium. The atomized fuel exits 

through the nozzle cap which contains eight :;/32-inch nozzle holes at a 

spray angle of 75 de~rees. 

4. Combustion Test Operations 

No. 6 fuel oil is delivel"ed to PETC 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 oil 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 . 

. Puring . the first week of the three-week No. 6 fuel oil 

testing period, parametric boiler tests were performed. Operation of the 

boiler was conducted on a daily start-up and shutdown basis during this 

' 
first week since ESP evaluation tests were not being performed. Generally, 

the boiler was brought on-line with No. 6 fuel oil at 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 a:1d the atomizing steaii! pres-

sure at the burner set at 25 psig. Immediately following, the remaining 

systems (boiler feedwater, steam condensate, flue gas, and natural gas) were 

set up for operation. Number 6 fuel oil flow was then initiated to the 

boiler; the No. 6 fuel oil flame was ignited by the natural gas pilot. Fuel 

flow rate for the first fo~ty-five minutes, when the boiler was cold, was at 

the lowest possible rate (6.8-7 .5 lb/min). Once the boiler steam header 

pressure reached 175 psig and steam flow had been established, bciler steam 

replaced station steam for fuel atomization. Boiler feedwater chemistry was 

also checked at this time. 

The furnace pressure was set and the No. 6 fuel oil firing 

rate was gradually increased until full load was established at 0600 hours 

Excess oxygen was maintained at 3·.5-5 .0 percent during this process. The 

specified furnace pressur·e was set and the flue gas flow directed around the 

700 hp baghouse or to the mobile ES? (during steady-state duration boiler 
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testing) as specified. At 0500 ~ours, the ~team sootblowers were activated 

to clean the boiler convective tube bank. Fo~al test conditions were then 

established by 0800 hours a!'ter raising the secondary ait' 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 daily 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

mance of the mobile ESP was evaluated. Consequently, the boiler was main­

tained at less than half load during overnight operations to maintain an 

approximate 300°F temperature at the ESP outlet. Otherwise, ~ombu~tion test 

operations for steady-state duration testing.~were. identical to that of para­

metric testing. Isokinetic sampling to determine.. flue-gas particulate 

loading and velocity was performed ·during each four-hour 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 ~perating 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 flOYI, etc.) are con­

tinuously displayed on Video terminals and monitored ~Y the engineering 

staff. 
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. 5·~ '· Combusti'on. Test. Synopsis. ;: ' . ' . ~ . 

. -_ ... 

Parametric Tests:. 

, -A~gust J8,.·l98.~, Wednesday- Run 0818SD· 

. •' ·~ :. ·•j . > ..... 

Testing was performed at full load boiler conditions and 

a secondary air temperature of approximately 6000F. Several problems were 

encount·er.ed dur.ing .... the day' S· :test ·activiti-es •. ·. During the ·first portion of 

. testing :·(0818-1) ,. the -measured flue-gas. oxygen .level indicated oper.ation at 

.However, a .leak was discovered . in the· flue-gas 

sampling. system. and wa~. ·immediately, ~epaired. .Subsequent flue-gas oxygen 

levels· indicated ·act.ual ~boiler.· operation :corresponding to · 10 percent: excess 

air .("':'2 percent. flue-gas· oxygen)· and: combustion· .testing. was completed. The 

. second . p.ortion of:·· testing- -{08.18.-·2.) was. then .. performed . at· · the · original 

specified.:. conditions of·· .. 20 percent .. · excess .. air · ( -3.7 pe~cent ·· flue-gas 

oxygen)-. · · Th_e .original. specified · ~ondi tions· of' 30. percent. excess air wez:-e 

performed 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 

ope.rating at the . .30 percent excess air level. ( ::-5 percent flt:le.-gas oxygen). 

Several . computer·.: !'qra.shes" · ·9ccurred; throughout the· .day. interr.upting data 

recording. At · one ·. point the . computer· was shu.t down , for: ·repairs. Steam 

quality, as:· measur·ed ... during . the test, was poor, indica.ting a possible 

feedwater -chemistry. p!"obleni. · · . 
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August 19, 1982, Thursday - Run 0819SD 

The first portion of testing (0819-1) was performed at a 

12.5 percent excess air level (-2.4 percent flue-gas oxygen) and a secondary 

air temperature of 6000F without the occurrence o( any major problems. 

During this test, an intensely bright, ball-shaped flame was observed. Test 

conditions specified for the second portion of testing (0819-2) required the 
. . 

lowest excess air level possible while still maintaining CO lev.els under 

400 ppm. As a result, an oxygen level in the flue gas· of 0. 7 percent was 

established for this test with CO levels averaging approximately 2qo ppm. A 

boiler flameout occurred once due to a low water level 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 

causir.g problems. 

August 20, 1982, Friday - Run .0820SD 

During this day's. test period, three combustion tests 

were performed utilizing a secondary air preheat temperature of 5000F. The 

first portion of te.sti.ng ( 0820-1) was conducted at an excess air level of 

1 ~. 5 percent ( -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. Consequently, 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 indicate,d that a problem 

existed with the boiler water chemistry. No other serious difficulties were 

ex per fenced. 

b. ' Duration tests 

The· conditions established for the remaining steady-

state· tests were based on the previous parametric combustion· tests. These 

conditions were a secondary air preheat temperature of 50\)0F at an excess 

air level of 12.5 percent (-2.4 percent flue-gas oxygen). 'The tests were to 

. :· . 1,.: : 
be conducted at steady-state conditions for a period of 10 hours' .duration 

per day for 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 performed 

well with a~ excellent flame observed. Steam quality checks showed 

·99.1 percent indicating that the boiler feedwater treatment problem had been 

alleviated. The computer 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 0824SS.· 

·.: 

Two additional four-hour .. comb1Jstion· tests were· carried 

out at the specified boiler operating conditions (0824-1 and 0824-2). 

Several minor adjustments. had. to :b~. mad_e , to shap~ _the flame during the 

setting of test conditions due to moderate flame impingement on the boiler 

watertube~. These difficu.lties were caused. by. a. l!lalfu~ctioning atomizing 

st~am & regulator. Excessively. higb ~emperat4res ("':'J6UOF) at the ESP .iulet 

necess,_it?teq .. the. removal. of a porti~m of the flue.-:gas· · duct .. insulation 

leadinP:i . t_o the ESP .•. 

. .. ·. 

fl..ugust 25, 1982, Wednesday - Run 0825SS ·( 

Add_itional con;~bustion te~ting at the sp_e.cified condi-:­

t ions wa·s . originally schedule~; . howev:er, numerous ~oi-le-r: . flameouts OQCU!"'red 

due to a loss of plant P.9wer and an unbalance~ boiler feedwa ter chemistry. 

Eventually, test conditions were set and tqe . boiler was qpera.t;.ed f.or 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 • 

. ~ugust 26,-1982, Thursday- RJJn 0826SS. 

Combustion. testing ·at the . specified .conditions .. was 

perfoz:-m~d f~r . two, .four-hour r'uns. ( 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 
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star~shaped ~lame hitting the watertubes in the firebox, was believed to be 

caused by .po_or fuel atomizat.ion. · Aga.in, these difficulties were caused by a 

malfunctioning atomizi.ng steam t::.P regulato·r. 

August 27, 198a, Friday - Run 0827SS 

Two combustion. tests 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 the nozzle was stili causing pr~blems with shapi!'lg the flame as 

impingement of the flame on the watertube~ still existed. The flame shape 

~o:as 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 t:lame was established. The 

boiler was then brought back up to test c9nditions. while maintaining the 

desired ball-shape,d, non~impinging flame. 

conducted without further pro~lems~ 

The remainder of the test was 

problems. 

August 30, 1982, Monday - Run 0830SS 

This test was conducted as specified without any major 

Flame patterns were good throughout both combustion test runs 

(0830-1 and 0830-2). A slight fuel flow control _problem existe_d early 

during the testing period and was quickly corrected. In addition, an anti­

foaming agent was periodically added to the boiler feedwa ter to balance the . . .. . . . 

feedwater chemistry and improve the poor steam quality that existed 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 

subsequent momentary interruption of the Data 

computer shutdown and a 

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 runs (0901-1 and 0901-2) 

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 ~ regulator resu:ted in the attainment 

of a much higher atomizing steam/ fuel ratio of 0. 30 and a desired ball-

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 feedwa ter conductivity· levels ·were discovered to !:>e high. Attempts 

to lower these levels by bottom blowing were initiated and continued 
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nu~erous times throughout the test. This procedure was also continued 

during the night following the test. 

September 2, 1982, Th~rsday - Run 0902SS 

Combustion test runs (0902-1 and 0902-2) were performed 

at the specified boiler operating conditions. Some minor problems occurred 

during the course of the ·test but were corrected immediately. These 

problems included a computer shutdown, a malfunctioning oxygen analyzer, 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 duration test period for No. 6 fuel oil 

was concluded with combustion test runs 0.903-1 and 0903..;.2, These combustion 

tests were carried out at the specified boiler operating conditions. A 

moderate decr~ase in the city water pressure occurred during the· course of 

testing, causing a slight decrease in boiler steam flow.· The city wal..er 

' pressure was gradually restored without causing a boiler shutdown. ·Boiler 

feedwater conductivity was greatly reduced to within acceptable limits as of 

the beginning of this test. .Number 6 ·fuel oil 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 

~eights 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 shows the fuel analysis of the actual No. 6 oil samples taken 

during each test.. Nitrogen content in the fuel ranged from 0.21 to 

0.26 percent. 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 higher 

moisture content in the fuel was due to the low level of No. 6 fuel oil in 

the storage tank, the oil becoming mixed with the ever-present 3- to 4-in9h 

layer of water on the tank bottom. The higher heating va,!.ue (HHV) of. the 

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

Table 2 presents the actual boiler operating conditions and 

performance of these eight parametric tests. All of the tests were 

conducted at full load conditions with secondary air temperatures of 6000F 

(first five tests) and 5000F (last three tests). The excess air was varied 

from 3.1 to 31.0 percent. Average flue-gas temperatures varied from 528°F 

to 603°F. Carbon conversion efficiencies were all above 99.9 percent. The 

boiler efficiency varied from 79.6 percent to 83.5 percent and was higher 

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

T;;:~blA ~ RhnwR thP. flllP.-gas analyses and particulate emissl.ons 

for the eight No. 6 oil parametric tests. S02 emissions were in the range 

of 0. 90 to 0. 95 lb/MBtu. These values were higher than those calculated 

from sulfur content in the fuel analysis. NOx emissions were in the range 

of 0.25 to 0.34 lb/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 SOOOF were ·selected 

to perform the steady-state tests. Table 4 shows the No. 6 ·cfuel oil 

analyses for th~se tests. On August 31, 1982, ~new batch of No. 6 oil was 

delivered on site. Subsequently, the moisture content of the new No. 6 fuel 

oil was reduced by approximately one-half to the range of 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 oil steady-state duration tests. Carbon conversion 

efficiencies were ·an above 99.97 percent. The boiler efficiency varied 

from 80.6 percent· to 82.8 percent. The variations of boiler efficiencies 

were largely due to the variations .. of the fuel· compositions and atomizing 

steam pressure and flow. 

Table 6 gives the flue-gas analyses and particulate emissions, 

during these steady-state duration tests. so2 and NDx emissions were 

generally 0.94 lb/M9tu and 0.29 lb/MBtu, respectively. Uncontrolled 

particulate emissions ranged from 0.02 to 0.04 lb/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 

i~o .• · 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.Fuel Tests 

Corcbustion· 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 wa~ conducted at two different secondary air preheat 

temperatures (-~00°!~and ~60QOF).and two different flue-gas.oxygen levels 

(-3 .. 2 percent. and -5.0 pc·:-e:entl. 

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 weeks.· One week was devoted 

entirely. to· modifying the fuel feed system and burner assembly in order to 

improve 'the· system performance. 

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 

straigh.t 6-inch "EoQno" bYrner· was installed during· ~he week of November 8, 

1982 and used for the remainder of the steady-state· duration tests. Testing 

was. conducted at one secondary air temperature (.:.6oooF) and various flue-gas 

oxygen levels ranging from 2. 7 percent to 6. 5 p·ercent. 
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One additional week (January 27 to '.February 6, 1983) was 

. spent conducting the PETC fast mix burner tests. Six short-duration tests 

were conducted during the week at two different secondary air temperatures 

( -soooF and -6oooF). Flue-gas oxygen levels ranged from 2. 7 percent to 

5.5 percent. 

'' 

2. Combustion Test Facility 

In the initial planning, the SRC Fuel was to be pulverized in 

Alabama and transported via truck 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 us.ed to pulverize the 

SRC Fuel. 

The existing. 2Q_-ton coal s~orage. hopper at Building 89 .. (see. 

Flow. Diagram in Figure 4 .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 

continuous fuel injection system manufactured by ~etrocarb in Building ·89 .. 

(see F,igure 12.). The Petrocarb pulveriZf1!d fuel injection system was used to 

store approximately six tons o.f pulverized SRC Fuel and to deliver the SRC 

Fuel, to eith~r the .400-cubic foot capacity vibrating. bottom SRC Fuel ·feed 

bin (Figure 13) located approximately 2f0 feet away, or to an ·existing 
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18-ton _capac;:ity pulverized coal storage bin located above the coal . slurry 

mix tank in Building 93. 

The 18-to~ 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 

existi~g dense-phase pneumatic transport system. 

The . 400-:"cubic foot SRC Fuel feed bin (see r'ig).lres i4.A .and _,. 

14.:8) was installed. in ~he courtyard just south of Building 93.. .This. bin . '· . · .. 

~eld 1 1",000 lbs of SRC Fuel, which is approximately a si:c.-. h91Jr supply of 

fuel. The SRC. Fuel w_as pne\lma tically ~ransported .. to th.e baghou~e .. on top, of 
. . " -~ . . . ' ' 

the feed bin. The fee<;i. bin was equipped with a vibrating cone b~ttom, load 

cells and explosion vent rupture disc. The bin was maintained under a 

positive nitrogen pressure (-32 inches W.C.) with a continuous purge venting . . . 

out the top through a back-pressure regulating valve. Several nitrogen 

purge and/or fluidizing taps were_ located on th~. bin bottom and on the feed 

screw hopper for use as required, the feed screw hoppe~ being pressurized to 

-10-15 i,nQhes 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 24 inches w.c. pressure, carrying the SRC Fuel . . . . . . 

throuF:h a 6-inch dilute-:-phase pneumatic transport. line t9. the boiler some 70 

feet distant.· The. 6-inch tran.sport sy~tem was designed to withs~and. at 

l.east a 50 psig explosion .pressure, and a similarly designed cq~tainment. was 

construc.teQ around the blower. At full load, approxime3. tely 1800 lbs/hr of 

SRC , Fuel . were fed from the bin into the blower suction using a Vibra 
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Screw Model HD-2 variable speed feeder (Figure 15). Any . agglomeration of 
. . 

SRC Fuel particles that occurred in the handling and storage of . the fuel 
•, 

were to be broken up by feeding the SRC Fuel through the primary air blower 

incorporating a 21-inch diameter wheel rot~ting at 3600 rpm. 

A 6-inch butterfly valve located downstream of the blower was 

used to control the primary air flow. This flow was measured using a Brandt 

flowmeter located upstream of the feed screw, which prevented any fuel from 

fouling the in·strument. 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 No~zle S~lection 

The·· consulting firm. of Beard, Diaz, Weidman· and Associates, 

Inc. was retain~d by ICRC to design a multi-fuel burner (.see Figure 11.A). 

A constraint that had to be considered when designing the slow mix burner 

was sufficient room was not available within the 700 hp boiler burner 

assembly for . a dual register burner. In·addition, due·to the 6.5foot 

distance from the . boiler front to . the rear. wall-mou~ted motor . control 

center,· there· was insufficient room for a long burner. The original design 

of the slow mix. burner·. was modified in several ways prior to fabrication 

(Figure l1.B). First,- instead of· welding ·the· burner to the Single Air ·Zone 

register cover- flange, a ·slide fit apd seal ar.rangement were designed to 

allow axial movement of the. burner during qperation .. This arrangement also 

allowed for relatively easy bur.ner removal and maintenance. A gear assembly 
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was incorporated to perform the manual axial burner adjustments. Secondly, 

instead· of welding an elbow to the burner as· in the original design, the 

elbow was flanged to the burner, again for ease of maintenance. It was also 

necessary to reduce the angle of the elbow from goo to 67° 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 hose 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" burne!" was designed on-site by members of the 

engineering staff (Figure 11.D). 

· This burner was similar to the previous 6-inch slow mix 

burner, with the exception that the 6-i!'lch to 8-inch flared-out conical 

section at the burner exit was eliminated. This burner, in conjunction with 

a few fuel delivery modifications, greatly improved but .did not eliminate 

the previous operational problems experienced with the slow mix burner. Due 

to scheduling requirements, the SRC Fuel steady-state combustion tests were 

performed with the 6-inch "Econo" burner and a 5 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 <iir piping was reduced from 6 inches to 

4 inches in diameter. This burner performed very well, eliminating the 
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prev.ious operational problems experienced with both the slow mix and 6-inch 

"~pono" 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. 

4. Combustion Test Ooerations 

Two-hundred-fifty tons of crushed SRC Fuel (minus inch) 

were. received and stored in five railroad cars at the Hazelwood storage 

yard, approximately 10 miles from PETC. The SRC Fuel was bottom u~loaded 

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

carrying approximately 10 tons of SRC Fuel. The MikroPul ACM-10 pulverizer 

was able to .. p!"'ocess 1500 lbs/hr of SRC Fuel, doing so at a particle size 

consisting of 90 percent minus· 200 mesh (70 percent through 325 mesh).. This 

pulverization process was performed continuously during the SRC Fuel testing 

phase,. with 30 to 40 tons of SRC Fuel b~ing received and pulverized for each 

week of testing. The suppression of dust generated by daily pulverization 

was performed by a baghouse at the entrance to the Petrocar-b 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 300°F 

temperature at the electrostatic precipitator (ESP) exit. A major portion 

of the flue ~as had to be diverted to the ESP during Mighttime operations 

due to the inability to operate at more than 30 perc~nt of full load. with 

natural gas. At or about 0500 hours, the hot air heaters were brought on-

line; by 0600 hours hot secoripary a'~ was being sent to the 700 hp 
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boiler. Prior to the initiation of SRC Fuel firing at 0700 hours, the 

following was enacted: ( 1) the desirec! ·secondary ai:- te:np.:rature was 

established; (2) cooling water flow to the.burner was initiated; (3) the gas 

damper valving upstream of the ESP and baghouse was adjusted to equally 

' distribute flue-gas flow through these particulate collection'. assemblies for 

'' 

the advent of f·ull boiler load; ( 4) the primary air blower was energized and 

the 8-inch butterfly valve was opened; and ( 5) the. combustion air flow was 

set at a rate corresponding to 8-10 percent excess oxygen. At this point, 
', 

the s:vstem was ready for SRC Fuel and all' that remained was to initiate the 
. ' . ' . . 

vibrator motor on the 400-~ubic foot bi~ an~ depress the "start" bution at 

the boiler front. This action caused the slide valve downstream of the 

feedscrew to open and the feedscrew motor to energize. The variable feed-

screw motor control was ·adjusted to produce. an SRC Fuel flow of -440 lb/hr. 

Primary and secondary air ~lows wete then adjusted ai we~e:the.air register 

louvers to attain stable combustion. Gradually; the process of lowering 

natural gas flow and increasing the pulver{zed SRC Fuel flow, while 

adjusting the air flows to maintain stable combustion, ·was ·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 increased by increasing the speed· of the 

screw feeder and air flows were continually adjusted until full load was 

reached. 

Generally, test conditions were achieved by 0800 to 

0900 hours and the first four-hour steady-state test was perfon;ned. Upon 

its ?ompletion, a. one-hour period was required, duririg parametric testing, 

to change boiler ope!'ating parameters in readiness for the second four-hour 
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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-
• v' • ., 

hour-and-forty-five-minute isokinetic and an ESP parametric test were 

performed during each four-hour steady-state period along with fuel sample .. · ..... 

collection for chemical analysis • 
. ··.'·. . ....... 

Combustion test procedures · 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 
·.· ·.·. ,' .· ;-.· 

parame~ers as was necessary during parametric testing. 

5. Combustion Test Synopsis 

a. Shakedown Tests 
:. 

October 18, 1982, Monday - Run 1018SD 

This was the first of several trial ~urns that were made 

prior t.o the scheduled shakt!uown tests ror SRC Fuel in the 700 hp boiler. 

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-inoh 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. ·rt was 

used in conjunction with a 300 co-current diffuse·r. 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'' s 

operations, it was discovered that a small amount of natural gas assistance 

to the SRC Fuel flame greatly aided in moving the flame· off of the burner 

tip. '~. 

October 19, 1982, Tue~day - Run 10i9SD 

The "Econo" burner was removed and replaced with the. 

original slow mix burner and the 300 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 establj,shing an acceptable 

fuel feed· flow. Although independent SRC Fuel combustion was established, 

problems· were again encountered with fouling of the burner tip and flame 

impingement on the boiler floor. Additional eft'or·ts on thi:J d.:ly were t.he 

placement of 300 co-current diffuser from its original ,, i.nches baok from 

the end of the guide tube position to 11-1/2 inches back from the end of the 

guide tube. This had no appreciable ef.fect on the moderate !lame luJpinge­

ment that was occurring. 

Oetnher 20, 1982, Wedne~n~y - Run 1020SD 

Testing on this day was ·devoted 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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delive,ry tube within the burner. Problems were experienced wit·h fuel flow 

fluctua tiops due to the non"':'uniform deli very of. f\lel from the 5-inch screw 

feeder. Despite these problems, one isokinetic test was performed during 

the. afternoon as the bo~ler was fired on SRC Fuel without· natural. gas 

support. The moving of ·.the primary air co-current diffuser back to approxi-

ma tely 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 2J, 1982, Thursday- Run 1021SD 

The boiler was opera ted on . this day with n~ tural gas 

support because a stable flame could not be obtained with SRC Fuel alone. 

Wheelabrator-Frye qonducted mass train sampling and ESP parametric. :testing 

at both full and 2/3. load conditions. Oper::~.tion ·at 2/3 load was performed ... 

to determine the effect on carbon burnout. Res~lts indicated little:effect 

on carbon burnout; therefore, this approach d.id not warrant further pursuit.· 

Uctober 22 and 23, 1982, Friday and Saturday 

Formal testing was not conducted during this period. 

This time was used to make modificatior)s to the fuel':"'feed and burner systems 

in an effort to improve combustion. Modifications included: removal of the 
.. 

exisiing 6-inch primary air line and the ,installation of a new 6-inch flex 

ho~e line without the goo .elbows i. 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. Resul"ts were 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. refinements 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 tes"ts. The best 

available burner at this time was the slow mix burner; 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 450 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 5300F secondary air temperature and a 

flue-gas oxygen level of 5. 4 percent ( 32.0 percent excess air). The length 

of the fla:n.e was approximately 80 percent of that of the firebox with no 

severe impingement occurring. During the second portion of testing 

(1024-2), conditions were established at a flue-gas oxygen 'level of 

3. 2 per-cent ( 16.5 pe:-cent excess air) and a secondary air temperat~e of 

6150F. CO levels aver-aged 200 ppm with occasional spikes up to 400 ppm. 
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·Boiler- oper.ation 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 par-ametric tests were performed with a 

secondary air preheat temperature of approximately 5000F. The first portion 

of testing ( 1025-1) was performed at .a flue-gas oxygen level of 5.1 percent 

(29.4 percent ~xcess air). During the course of this test the .steam flow 

oscillated severely due to oscillating pressures within the 400-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) after 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. 

October 26, 1982, Tuesday - Run 1 026SS 

Steady-state duration tests for SRC Fuel began on this 

day. One combustion t.~:s t. was performed at a secondal"y air temperature of 

6000F and a minimum excess air level of 15 percent (approximately 3 percent 

flue-gas oxygen). Electrical short circuits in the ESP prevented WFI from 

. performing ESP parametric . t~e.sts; _ hqwever, an isokinetic .test was conducted 

57 



to determine carbon conversion efficiency. Clinker formations on the burner 

were observed throughout the test causing very high CO levels (-700 ppm). 

Efforts to remove the clinker by various burner and louver adjustments were 

relatively unsuccessful. Fuel feed problems were still encountered with the 

5-inch screw feeder system. 

October 27, 1 ~82, Wednesday 

Nt:~ b~~t;.j ng w::~~ pP.rfnl"'mP.rl in nrrlP.r · t.n m~ke modifications 

to the fuel feed system. The 5-inch feedscrew at the bottom of the SRC Fuel 

feed bin was removed and a new 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 test 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 4-foot long section of a 4-inch schedule 40 carbon steel pipe. 

October 28, 1982, Thursday 

A shakedown' run with the new 6-inch screw feeder was 

unsuccessful. Flame s.tabili ty 

flame was never established. 

was very poor and an independent SRC Fuel 

Since the modifications t9 the fuel feed 

system did not improve the test performance, the decision was made to 

replace 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 6000F. After 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 set 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 02 levels in the 

flue-gas, caused severe swinging of the opacity, CO, 02, and NOx emission 

levels, These fluctuating emission levels also did not facilitate favorable 

parametric evaluation of the mobile· ESP. During the second portion of 

testing ( 1 029-2), the excess air level 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 opacity, CO, 02, 

and· NOx emission levels. Consequently, boiler operating conditions became 

significantly more. stable during this part of the test, with CO and opacity 

levels averaging -83 ppm and - 17 percent, !"'especti vely. In addition, one 

isokinetic test was performed during. this period. Consequently, boiler 

operations became signlflc::<uitly wut'e stable dul'ing this part of the te!t, 

with CO and opacity emission levels averaging - 83 ppm and - 17 percent, 

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

testing. 

November 1, 1982, Monday- Run 1101SS 

Testing, on this day, was continued at a secondary air 

temperature of 600oF. During the first portion of testing (1101-1), 
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flue-gas oxygen· levels averaged · 4 o 4· percent ( 24 •· 2 percent excess air) o 

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 ~ressureo ~his decrease in the static 

pressUre within the 400-cubic· foot bin subsequently caused the fuel· flow, 

and ·as a result, the boiler steam ·flow to oeci•ease slightly o The feed line 

was . cl"eaned . arid boiler operatir1g conditions were set to achieve a flue-ga"s 

oxygen. level of. 5 percent . ( 28 0 6 percent excess air). ror the second portion 

of testing ( 1101-2) o This second test was performed under stable combustion 

conditions, although plugging problems still existed within the Petrocarb 

system. Additional testing was subsequently performed to evaluate the 

effects of increased primary air on combustion . and flame . appearance~ The 

addition of an incre·ased amount ·of primary air prove·d to· hav~ little effect, 

as ·attempts · t6 obtain a better· ·shaped flam·e and stable combustion were 

relatively. unsuccessful. 

unsuccessful. 

November 2, 1982, Tue~d~y a Run 1102SS 

Several ·attempts to attain test conditions were 

Upon inspection, the 3/4-inch transport line from the 

Petrocarb feed system was found. to be severely restricted, due to a plug of 

hardened SRC Fuel. Testing for the day was aborted while system repairs 

were ma,de •. 
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November 3, 1982, Wednesday- Run 1103SS 
;-:. .. :. 

Plugg.ing ·problems ·still existe.d within·· the Petrocarb 
. ~ 

feed· system, · causing a delay in combustion testing. After isolating the 
·.: _;,.' 

Petrocarb system. and installing separate pressu~e re.gulations to the bin and 
' . ~ ·l 

feed screw ·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 oxyg~n· ievel of -5 perce~·~·' .(29. 7 percent exces~ air). 
-: !.". ) • 

During this· test, the flame was· observed to he long and impinging in the 

lower left.hand corner of the firebox. 
• ,c 

November 4·, 1982, Thursday - Ru~ · 1 104SS 

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 (j8.1 percent excess air) and a secondary air 

temperature near 5000F. Successful testing was accomplished at an opacity 
...... ' 

level oocille.ting between 10 and 18 p~reent without the Petrocarb system if1 

operation. During 'this test, 
. . 

isokinetic testing was also performed in 
. . 

conjunction with Es·p 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 system 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. Several ideas were considered and implementation was 

begun over the weekend. One of these 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 entir·e week was devoted to solving the 

problems in the SRC Fuel deli very 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 bott.om 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 fe_ed 1 . 

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. 

effect. 

This had no 

Ail of the above changes were made in an at tempt to 

improve the fuel ·handling system. The result was improved· fuel: feed.; 

however, the burner performance was still not improved. Consequently, the 

straight 6-inch "Econo" burner, with a tangential inlet elbow, was 

reinstalled in place of the diverging nozzle slow mix burner. This resulted· 

in slightly more stable combustion·and fewer fouling problems. In addition, 

this burner exhibited a· wide range of adjustment to the combustion 

parameters gun position and secondary. air swirl. 

The final modification was the installation of a reverse 

spin· 300 diffuser. This greatly improved combustion stability and reduced 

burner fouling. At this point, a decision was made to continue testing with 

the above configuration. 



. ; . 

November 12, 1982, Friday- Run 1112SS 

Duration testing cont;lnuedo .wit.h the "Econo" burner using 

SRC Fuel pulverized to 90 percent minus 200 mesh. Two tests were run at 

high f~ue-8;aS oxygen levels. The . first portion of ,testing ( 1112-1) was . :, . . .. ~ ~ 

perfo~~d at a flue-gas oxygen level. of .5. ~ per.cent . (31.8 percent excess . '. . ' . . . . ., .. · " . . . . . ' . 

air) and. a s~c~r1dary air. temperature of .. ?8_9oF. . . 'I:h~ .. s~_cond P?r.tion of 

testing was cot:l~ucted at a. flue-gas oxygen , level .. ; of 5.2 percent 

( 29.8 percent ex~ess air) with. a 57 4~F. ~econdary. a~r temperature. Both 

tests re~1.:1~red natural gas support at a .. thermal input .o( 5 percent of. the 

total. A primary air flow. corr~sponding to a primary to. tot~l air, ratio of 

18 percent was found to provide better combustion . condi.tions . : J: ~ . than ... lower 

primary to total air ratios. 

November 15,_ ~982, ~~nday -Run 1115SS 
.. 

AdditiQnal duration .testing was ~onducted with the 

"Econo" burner, the 300 reverse diffuser, and the SRC Fuel pulverized to a 

particle size consisting of 90 percent. minu~ . 200 mesh. This was the case 

for t,he remainder of the week o . ~t:te fi~~ t. portion of t.es.ting ( 11.15-,1) was 

run with a ~ecC?ndary ai~ temperature of 592°F a.nd a. flue-gas .oxygen level of 

s. 4 percent (32 .• ,1 percent .. exc~ss air)'.: .. Very s.t:aple combu.st;ioQ ~s obtained 

With natural gas support. The second_porti9n of_te.sting (1115-2) was 

performed at a 6.5 perc~nt (42o4 percent excess air) flue-gas oxygen level ... 

and a 5920F secondary air te~p_era~ure wito no natur1il gas s~pport_o 

Isokinetic testing was performed du!'ing each formal test pe:-iod o Clinke:-s 
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formed on the burner and were dislodged several times during both test 

series. 

November 16~ 1982, Tuesday- Run 1116SS 

Testing was conducted on this day with secondary air 

prehe·a t temperatures near ·5750F. The first portioPI of testing ( 1116-1) was 
.. ; .. 

performed at a flue-gas oxygen level of 6 percent without natural gas 

support. Opacity and· · CO levels averaged 17 percer:tt ·and · 40 ppm, 

respectively. Combustion was very good with the flame in· a cone shape at 

the burner and concentrically centered in the furnace. The second portion 

of testing was also conducted at a flue-gas oxygen level of 6 percent. 

Initially,· boiler conditions· a·p.peared to be· stable,. but midway into the 

test, these conditions degraded, necessitating natural gas support. 
. . 

Isokinetic testing 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 portions of this test (1117-1 and 1117-2) were con-
. . 

ducted at a 6 percent (-39 ·percent excess air) flue-gas ·oxygen level with 

secondary air temp'eratures near 5750F. This was the highest secondary air 

preheat temperature attairiabl.e at this high. excess air level. Natural gas 

·assistance was used .. for both tests providing 5 .Percent of the total thermal 

input. Opacity ·and CO leveis were steady during both test periods, 

averaging 15 percent and 50 ppm, respectively. 
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No\'ember 18, 1982, Thursday- Run 1118SS 

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 5880F 

secondary air temperature. CO and opacity levels averaged 40 ppm and 

14 per.cent, respectively, 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 'foot bin pressure. Because of 

this, a third period of testing (1118-3) was performed at the same 

conditions. Problems with clinker fo!"'!!Iation on the burner· were experienced 

throughout the entire day. NOx levels were excessively high although CO 

levels were normal. Natural gas was used to provide a 7 percent thermal 

ioad support during all of the day's testing. 

November 19, 1982, Friday- Run 1119SS 

The SRC Fuel combustion phase of the SRC fuels test 

program 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~~s oxy~en l~vel of 6 peroent (-38 PorccQt c~COQQ ~ir) with 

secondary air temperatures near 5900F. 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 "Ecc!'lo" 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. 0125SD. SRC 

Fuel/natural gas combustion was established and initial attempts at 

extinguishing the natural gas support flame were unsuccessful as combustion 

became unstable and the boiler experienced a flameout.· After installing 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 established. 

This position placed. the cone 3/4 inch past 'the burner tip and produced a 
/ 

cone shaped flame at an SAZ -20 louver setting of 4. 5. After extinguishing 

the natural gas support flame and closing the louvers down to a 2.0 setting, 

the flame cam~ baok agai m~t. t.he cone and clinker. formatic;m on the cone 

became evident. Consequently, the 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 burner following 

the extinguishing . of the natural gas support flame, The boiler was 
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subsequently shut down to clean the clinker from the deflector cone. 

Shortly thereafter, the boiler was once again shut down to repair a leaking 

burner packing gland which had become a recurring problem on this day. At 

this t1me the cone was adjusted' so that it was protruding 3/8 inch from the 

tip of the burner. SRC Fuel combustion was again ·initiated, but the 

inability to keep the flame from igniting at the cone led to the instal-

lation of the reverse diffuser. With the reverse diffuser positioned 18 

inches from the inner cone front surface, several boiler flameouts occurred. 

In addition, moderate impingement was noted in the ri~ht upper corner of the 

boiler, when viewing the flame from the rear. A series of burner, cone, and 

louver positions were investigated in an attempt to attain stable combustion 

but to no avail. Due to these difficulties, it was decided to end testing 

for the day and check another diffuser position on the following day. 

January 27, 1983, Thursday- R~~ 0127SS 

The 300 reverse diffuser was mounted 2 inches from the 

front end of the deflector (cone end) for testing on this· day. Clinker 

fo!"''Ilations hampered the initial phases of ··testing. · After extensive adjust-
. . . 

ments did not improve combustion performance, the 30° reverse diffuser was 

replaced with a 30° co-current diffuser. Consequently, an immediate 

improvement was noticed. One combustion test (01Z7-1), wi.th nn 8.00ompanying 

isokinetic test, was completed ·at a secondary. air preheat temperature of 

5000F and a 5 percent (28.8 percent excess air) excess.oxygen level in the 

flue gas. Throughout testing, large fluctuations in steam flow were 

experienced due to fluctuations in the fuel flow.· These fJ,.uctuations in 

fuel flow were believed to be -caused by a malfunctioning vibrato~ On the SRC 

.·.· 
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Fuel feed bin. Prior to the initiation of. this combustion test, the 300 
~ - . 

co-current di~~us~r was set at a position 9 inches back from the deflector 

cone. 

January 28, 1983, Friday -_Run 0128SS 

Testing was initially delayed so .. that the prim(!.ry air 

blower ,m~tor could be changeQ. due to_ a noi:;~y bearing at ~he fan side. When . ' . .. . ' . . -· ... 

testing was . beg':ln o~ this Friday afternoon_, . efforts w_ere concentrated on 

determining the best position for the co-.current diffuser. Re~l!'onably good . . . . . 
data had been obtained on January 27, 1983, with t~e 5-inch b\,lrner and the ..... : . :'. . . . •.. . ,· 

diffuser set 9 inches back from the deflector cone. Boiler tests to deter-
. . . . ' . 

mine high an_d_ low oxyg~~ levels wi~h the co-c)Jrre~t diffuser 12 inches and 

6 inches back from the deflector cone were conducted on this day. 

.. . ., -

With the co-current diffuser set at 12 inches back f~om 

the deflector 90ne, . excellent combustion was attained at the 5 percent 
. . . . 

(- 29 percent. exce~s air.) . oxygen level. The. abni ty t.o. sl'lape the flame by 

moving the SAZ-20 louvers from the_ No. 3 to the No. 6 louver setting, while 
' . '· . ., . 

adjusting . the . inner cone deflector, was very effective .• The flame 

appearance was short .and brigh~ . and rotating ~n a _ tight ball at the 
.· . ' ~-. 

5 percent 02 level; however, it became smoky as the 02 level was . lowered • . . . -. . . ... ; · ... : . .. . . . . ' ·.:·...:. 

As the secondary air temperature was reduce~ . to 3000F, CO ~evels . remained 
' .. ·. . : :-:· .. -

relatively. stable ,at. 7Q ppm with 02 level~ at 3 to 4. percent. However, as 

the temperature was lower~d below 3000F, the firebox became. smoky and the 

.boiler_ experienced a .. flameout due to the Fireye losing sight of the flame. 
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. The boil.er was ·brought back up with the. diffuser pl~ced 

at a position 6 inches back from the deflector cone.. At 5 percent expess 

02, the flame was very bright; however, it. was broader and fuller in 

a_ppearance 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 c~ne . inward'· the clinker was eliminated. 

Shortly thereafter the boiler was shut down after all of the required data 

wao.obtaincd. 

January 31, 1983, Monday- Run 01 . .31SS 
/ 

Testing was continued with the 5-inch burner and the 300 

co-curren.t diffuser. The first portion of testing (0131-1) was conducted 

with a 5940F secondary air temperature .. and a 3.4 percent (17.5 percent 

excess air) oxygen level in the flue-gas. CO levels averaged ~so ppm. 

Initially, boiler operation was hampered by unstable combustion. After 

completion of the first isokinetic test, a shutdown occurred due to total 

consumption of fuel in the storage 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 oxyg~n level .. of 5.5 percent (33.8 percent 

excess air) and a 575°F secondary air tempe.rature. Much .~ifficulJ:,y was 

experienced during this test due to unstable c9mbustion. Fuel flow problems 

caused steam load fluctuations and a boiler shutdown. After the test, it 

was discovered · that the ring in front of the shroud was warped due. to 

excessive neat absorption. The purpose of this .ring was to prevent air from 

getting behind the gas ring.· Because it was warped it prevented the flame 
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from 'forming. a ball. Due to· the unstable conditions, the ·validity of this 

test ··was highly questionable. 

February 1, '1983 ,· Tuesday - Run 0201 SS 

Only one test, 0201-1 , was performed on this day. Con­

ditions were set at a flue-gas ojcygen level of 2.7 percent (12.9 percent 

excess air) with a 6000F secondary air temperature. The start of the test 

. was delayed due to a faulty steam transmitter which had to be replaced. 

Fuel flow problems were encountered throughout the test and one computer 

crash occurred. The flame was obser.ved to be in a tight ball and very 

bright, almost · y:ellow-whi te in appearance. CO levels and NOx levels were 

-·45.ppm and -ego ppm, respectively.· The rest of' the day was devoted to 

establishing a procedure to deliver fuel from the Petrocarb system to the 

400-cubic foot bin-while operating·the boiler. 

February 2, 1983, Wednesday - Run 0202SS 

PETC fast mix burner tests were concluded on this date.· 

The first part or· the· test (0202.;.1) was conducted ·at a flue-gas oxygen level 

·or 4. 2 percent ( 23. 6 ·percent excess · air) with a 6000f secondary air 

temperature. After completion of the isokinetic test, the coolant to the 

gun was turned off to observe the effect of clinker formation. After 20 

minutes, a cer•'tain amount of clinker buildup was noted; however this ·blew 

off rapidly. The second part of the test was run with a SOOOF secondary air 

temperature and a· 3~4 percent (17.9 percent excess air) oxygen level in the 

flue gas. CO levels and NOx levels were -ss ppm and 925 ppm, respectively. 
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During this test period, SRC Fuel was transferred from the Petrocarb system 
. . . . . . . 

while the boiler was ope.rating with a minimum amount of instabilities. 

Cumulative ash deposits within t~e 700 hp boiler firebox 

were again negligible k 1 pound). The deposit~ that existed were in the 

form of a black powder and could be brushed away very readily. In certain 

locations, alo.ng the fl~e pa~h and. at the entrance to the convection 

se:ction, the d~posi ts had beco.m.e cr:-usty. 

6.. Combustion Test Results and Discussion 

Four parametric tests were pe_rformed with S~C Fuel from 

October 24-25, 1982. Table 7 gives. the fuel analysis for each of the four 

parametric tests. Moisture content was very similar for these 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 boiler operating conditions and boiler 

performance during SRC Fuel parametric tests. All tests were conducted at 

full load t:>oiler conditions. Three tests (1024-1, 1025-1, and 1025-2) were 

conducted with secondary air. temperatures near 500°F. One test (1024-2) was 
' : ,; . . . . . ' ·. . ' ·., .: ... . .. ~ . . 

conducted with ,a 6000F secondary air temperature. Flue-gas oxygen levels 
. . " •. . ... . . . . . ~ 

were either - 3 percent or - 5 percent. . . \ . . . Excess air l~vels ra~ged from 14.5 to 

32.0 percent. 
:_., . Average flue-gas . ~emperatures varied from 5260F to 6060F. 

Carbon conversion efficiencies varied fro!D 97.8 to. 96.8 percent. Boiler 

efficiencies were in the range of 81.5 to 83.7 perqent. . Additional para-

metric testing indicated that an excess 02 level of -5.0 percent was 
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. . . 
necessary so that non-fluctuating dust loadings could be sent to the ESP and 

facilitate its favorable evaluation. Consequently, this 5. 0 percent excess. 

02 level was chosen to perform the· duration combustion tests in conjunctiori" 

with a 6000F secondary air preheat. This level of preheat wa~ chosen as it 

is representative of that which i:s available in the utility industry. 

Table 9 gives the flue-gas analysis and. particulate emissions 

during the SRC Fuel parametric tests. ·Measured S02 emissions were in the 

range of 1.23 to 1.29 lb/MBtu. These values were higher (approximately 

7-24 percent higher) than thos·e calculated from· the fuel analysis. These 

discrepancies were due mainly to error in. thE! fuel analysis . and drifting <;>f 

the so2 meter. NOx emissions were in the range of 0.56 to 0.80 lb/MBtu. 

Particulate emissions were in the range·. of 1. 07 to 1 .26 lb/MBtu. 

Table 10 gives the fuel· analysis for SRC Fuel steady-state 

duration tests. Eighteen s~eady-state duration tests were 'performed from 

October 26 to November 19, 1982~ The moisture content of the fue.l ranged 

from .0.42 to 0.67 percent, with the.higher. qeating yalue of the fuel ranging. 

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

Table 11 shows the boiler operating conditions and boiler 

performance during SRC Fuel steady-state duration ·tests. The boiler was 

operated "at full load conditions .with flue-gas oxygen levels generally 

ranging from 4.4 to 6.5 percent. Secondary .air temperatures were. set 

between 5000F and 6000F. Carbon conversion efficienqies were in a ~an~e 

from 97.7 to 98.9 percent. Bo~ler effiQiencies varied from 81. 1 t.9 

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

sions for the eighteen steady-state duration tests with SRC Fuel. S02 and 

NOx levels ranged from 1.17 to 1.39 lb/MBtu and 0.63 to 1.45 lb/MBtu, 

respectively. Uncontrolled particulate emissions. varied from 0.72 to 1.25 

lb/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 operated at 

full load conditions. Flue-gas oxygen levels were varied from 2.7 to 

.5. 5 percent. Secondary air was preheated to either near 500°F or near 

6000F. Average flue-gas temperatures were between 4820F and 5090F. Carbon 

conversion efficiencies ranged between 98.6 and 99.3 percent. 

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

Boiler 

Table 27 gives the flue-gas analysis and particulate 

emissions for the six PETC fast mix burner tes t.s. SOz and NOx levels ranged 

from 0.98 to 1.14 lb/MBtu and 1.17 to 1.37 lb/MBtu, respectively. 

Uncontrolled particulate emissions varied from 0.44 to 0.87 lb/MBtu. 
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c. SRC Residual Fuel Oil Tests 

1. Combustion Test Plan 

SRC Residual Fuel Oil 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 air preheat temperatures ( -5oooF and -6oooF) while excess air 

levels were varied. 

Steady-state duration tests were conducted during the week of 

December 10 to December 17. Operating conditions for these duration tests 

were selected based upon parametric test results. Eleven steady-state dura-

tion tests were performed at a flue-gas· oxygen level of -2.5 percent with 

secondary air preheated to -6oooF. 

2. Combustion Test Facility 

The fuel ·storage and· transport system was specifically 

designed for the· SRC Residual Fuel ·on testing phase, design criteria being 

based on the 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. so~th side of 

.Building 93. External steam coils maintained the SRC Residual Fuel Oil in 

the tank at 200oF. The tank was sealed and inerted with a nitrogen blanket 
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maintained at 1.0-1.5 psig. A rupture disc s~t at 2.5 psig provided 

over-pressure protection. Any vapors vented from the tank pass·ed through a 

recycle condenser and a charcoal filter to remove the vapors from the vent 

gas. A view of the Residual Fuel Oil Tank and fuel heater can be seen in 

Figure 17. 

An AC frequency controlled variable speed motor driving a 

DeLaval positive displacement pump fitted with Kalrex seals (Figure 18) was 

used to pump and control the fuel flow • Thi~ f10\r was measured using a 
., 

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

recirculation pump was installed upstream of the DeLaval fuel pump to recir-

culate SRC Residual Fuel Oil fuel back to the hold tank. Two Brown Fin Tube 

steam heaters connected in series were used to heat the fuel to 

approximately 3250F. 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 Oil. 

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

boiler prior to a SRC Residual Fuel Oil test. 

3. Burner Nozzle Selection 

The slow mix burner (Fip:ure 11.B) was utilized .'\for the 

two-week SRC Residual Fuel Oil test series. This burner configuration was 

the same as that which 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 nozzle 

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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increasing the center hole of the nozzle body from 1/2 inch to 11 I 16 inch to 

reduce the pressure drop caused by the increased amount of· atomizing steam 

needed for good atomization. A center rod was also placed in the nozzle 

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 

Oil test period. This same co-current diffuser was used during No. 6 fuel 

oil testing. Steam, available at a maximum pressure of 175 psig, was used 

t·o atomize the viscous SRC Residual Fuel Oil • 
. •. 

4. Combustion Test Operations 

The SRC Residual Fuel Oil was approximately 50 percent SRC 

Fu~l dissolved in SRt Fuel process solverit. This fuel had a flash point 

over 300°F, a pour point of 1200F, a ·boiling point over 45QOF, and could be 

atomized in the 300oF temperature range. The SRC Residual Fuel ·Oil was 

prepared by Catalytic, Inc. 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 pressure 

steam was connected to an internal steam coil in each tank truck to maintain 

the fuel at a temperature of 16QOF. 

trucks at all times. 

A nitrogen blanket was kept on the 

When SRC Residual Fuel Oil was required · to fill the 2500-

gallon 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 Oil fuel 
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transfer, the tanker was pressurized with nitrogen -to 15 psig, forcing the 

fuel to flow into the 2500-galion hold tank. 

The temperature of the SRC Residual Fuel Oil i~ the hold tank 

was maintained at a minimum 18QOF by steam platecoils mounted on its outer 

walls. This temperature was the minimum required for pumping. The fuel 

delivery system was capable of delivering to the boiler 200 gallons per hour 

of SH~ Hesidual Fuel 011 at 3250F and 100 p~lg. 

Two separate phases of SRC Residual Fuel Oil testing wer~ 

conducted during a two-week period in December 1982. 

Parametric testing with SRC Residual Fuel Oil was performed 

during the week. of December 6, 1982 - December 10, 1982. After formal 

tes.ting each day the boiler was operated on naturai gas at a steam load of 

10,000 lb/hr with a .major portion of the flue-gas flow being dive~ted 

through the ESP. This enabled the maintenance ot' tne necessary 300°1' 
' 

temperature at the ESP exit. Nighttime boiler operation during the duration 

testing period from December 13, 1983 - December 17, 1983 utilized this same 
,. 

warmup schedule. 

Prior to beginning SRC Residual.Fuel Oil testing during both 

parametric and duration phases, the fuel was recirculated to the boiler and 

back to the hold tank. Upon leaving the hold tank, the fuel passed through 

the fuei heaters and was heated to a temperature of 325°F. The path of the 

recirculating t\HH was controlled by two shutoff valvt:!Si one in the recir-

cula tion line and the other in the fuel delivery line to the burner. Both 
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valves were interlocked with the boiler flame moni taring system ~nd in the 

event of a boiler flameout, fuel now to ·the burner was shut off and 

qi verted to the 2500-gallon hold ta.Ilk •. Preheat of the combustion air was 

generally initiated at 0600 hours during both parametric and duration 

testi,ng periods. During parametric testing 1 . the boiler was operating on 

natural gas at this time. Therefore, the following had to be verified 

before initiating an SRC Residual Fuel Oil 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 combustion air flow yielding 
·." · •. 

8-10 percent excess 02 was verified by the opera tor while the appropriate 

speed of ~he fuel feed pump was set; and (3) atomizing.steam pressure at the 

bl1fn~r was set at 25 psig. Upon establishing stable SRC Residual Fuel Oil 

qol!lbustion, the natural gas support flame was extinguished • Full boiler 
. ,. 

load was established by 0700 hours with test conditions being achieved by 

0800 hours • 
.... ~, . . 

During duration testing, the boiler steam load was increase,d 

from 10,000 lb/hr at 0630 hours to obtain full load operation by 07_00 hours. 

Test conditions were then achieved by 0800 hours. Generally two 1 four-hour 

combustion tests were conducted during both parametric :1nd duration test 

d~ys. Isokin~tic testing 1 performance evaluation tests of the mobile ESP 1 

and fuel sampling for cqemical analysis were performed during each four-hour 

test. Daily testing periods for the parametric tests were usually one to 

two hours longer than that of the duration tests. This was due to the ext.ra 

time required to change boiler operating parameters between the four-hour 

test :--uns. 
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5. Combustion Test Synopsis 

a. Parametric Tests 

December 7, 1982, Tuesday Run 1 207SD · : . 

The.. s.cheduled tests performed Very ·well· with ·few 

problems·. During the first portion of testing (1207-n,·exceilent full .. load 

operating conditions were achieved wi'th 'a 3 perc'ent:·· ·ci5.7 percent e.xcess 

air) . flue-gas oxygen level and a 6000F secondary alr temperatur.e. 'The 

'second p~rtion of testing ( 1207 -2), was·. perfoi-med at'. a low . flue-ga~. oxygen 

level of 1 • 7 percent ( 8. 6 percent ·excess aid while · st.ill ·maintaining· an 

opaci'ty level less than 25 perc.ent. The flame obse·rved ... during this run had 
• • l • • 

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 1 2083D 

For the first portion of testing ( 1208-1), test condi-
., .. 

tions we're set at a 3 percent ( 17.1 percent . excess air) flue-gas oxygen 

level· and·· a 500°F. secondary air temperature. 'fhe boiler operated we'll at 
. . . . . 

these settings. . The second portion. of ·t:esting 0208-2), . 'was run at the 
' 

lowest flue-gas oxygen level (- 1 .5 percent) while still main.taining an 

opacity level less than 25 percent. The exces.s air level for 1208-2 was 
.. . 

1.1 percent. No major problems developed during either "portion of the 

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

Both tests during this run were conducted at a flue-gas 

oxygen level of U.3 percent· (-24 percent excess air). During the first 

portion of testing (1209-1), the secondary air preheat temperature was held 

at 5000F, and raised to 6000F for the second testing period ( 1209-2). Both 

tests ran well as operating conditions were good. However, data for ·these 

tests was ·not analyzed because .of problems with the Data Acquisition Systein 

and an error in the.Beckman. Oxygen Meter. It was also found that the second 

blower which was installed during the SRC Fuel 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 pressure of the blo~er, due to locatioti 

upstream of the meter, .had the Brandt meter beyond its· operation range·. The 

use of this blower was discontinued in the future tests. 

b. Duration Tests 

December 10, 1982, Friday - Run 1210SS 

One test (1210) was performed. The secondary air 

preheat temperature was 6oooF and the flue-gas oxygen level was 2.5 percent 

(13.3 percent excess air). These conditions were selected for the duration 

runs. During the test several flameouts occurred as a result of possible 

clinker formation on the burner tip and subsequent plugging of the nozzle. 

Later the flame returned to normal indicating ~he 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. 

problems were encountered and corrected early in the testing. 

December;15, 1982, Wednesday- Run 1215SS 

Minor computer 

Three tests were ·planned for this run. However, due to 

a malfunction of the S02. meter· only two sets of flue-gas data were taken. 

For both tests (1215-1 and 1215-2) flue-gas oxygen was held at 2.5 .Percent 

and the secondary air temperature at· 600°F. A special parametric test was 

run.after.completion of the steady-state duration test. During this para­

metric test, the secondary air temperature w~s.maintained at 600°F while the 

f:).ue-gas oxygen was reduced as much as possible while maintaining opacity 

levels less than 25 percent. 
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December 16, 1982·, Thursday - Run 12.,.6SS 

Two steady-state duration tests were run. The first 

portion of testing ( 1216-1) performed well, except for a momentary rise in 

fuel pressure caused by an obstruct ion in the burrier. 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 duration tests were then performed at a 4.3 percent and a 

5. 0 percent flue-gas. oxygen level to determine the effect of excess oxygen 

on opacity reduction and particulate emission rate. Opacity levels for both 

of these tests were nearly the same (between 4 and 5 perc~nt). I~okinetic 

test's were taken' at 4.3 percent excess 02. No data was taken at' the 

5. 0 percent oxygen level because of a problem with the co meter . and ef.forts 

to conserve fuel for the following.day's testing. 

December 17, 1~82, 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. 1217-2). The C02 analyzer needed to be 

replaced twice during testing' which caused delays and prevented completion 

of the third test. Numerous calibrations of the CO analyzer were made· to 

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 6000F secondary air temperature. 

tests were performed for this test. 

83 

No isokinetic 



Throughout the SRC Re'sidual E'uel Oil. testing program, 

minor problems were encountered involving fuel line plugging in the Micro 

Motion flowmeter a!'ld momentary shutdowns of the Data Acquisition. computer 

but overall, all te.sts were ·considered very successful with respect to the 

data quality and tqe boiler performance obtained. 

Prior to initiating the SRC Residual Fuel Oil tests, the 

walls· a:nd floor of· the firebox were· brushed· ·and thoroughly cleaned. This 

was done again ·at the· end of the SRC Residual Fuel Oil. 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 Oil testing. These ·deposits were 

u'niform throughout the interior. Performance. of the fuel· burner during the 

SRC Residual· Fuel Oil tests was excellent despite: the moderately higher fuel 

pressures than those which were encountered during No. 6 fuel oil testing. 

6. Combustion Te~t Results and Discussion 

Six parametric tests were performed from December 7 to 

December 9 , 1982. Data from December 9 was not used 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 Oil 

during parametric tests. The SRC Residual Fuel Oil had a nigher 

carbon/hydrogen ratio than did the No. 6 fuel oil (10.79 versus 7.03). The 

nitrogen content was approximately 1.32 percent except for sample 1208-1 

which was .1.23 percent. Sulfur content· was in the range of 0.40 to 

0.49 percent. The moisture content in the SRC Residual Fuel Oil was 
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gen~rally in the· !,'ange· of 0.18 .to 0.36 percent. 

ra11ged from :1q.,_q78 .Btu/lb to 16,817·Btu/lb. 

Higher heating. values 

. .~. 

The boiler operating conditipns an~ .. boiler pe_rformance. fc;>r 

SRC Residual Fuel Oil are given in Table 14. All tests were conducted at 

fu].l .load· copditiQns ~ ,. Secondary alr temperatures were set at - 6oooF for the 

firs.t four ~ests and at.- 50.00F for . the last two .tests of duration. tes·ttng .• 

. At each .secondary. ai.r temperature setting, excess air .·levels were varied. 

fuel te~pe_ratu~e was. set .around- 3000F which gave the SRC Residual Fuel Oi.l a 

viscosity· of -30 cp (-,150 ssu). Average flue-gas temperatures during. this 

t.estil)g ... ranged ... bet ween .485~F and :51 50F which is approximately 750F: - lower' 

than those· of_ ·the ,No. 6 fuel -oil tests.. For example, in Run 0818-.1 .(No. 6 

oil). the average flue-gas. :temperat.ure was 5709F and in Run , 1207~2 ·: (S.RC 

Residual Fuel Oil) the average flue-gas temper-ature was 4900F. Both runs 

were performed at the s~.e. op~~~ing 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 efficienci_es ranged· 

. from 84·.3· to .. 86•2- percen.t .which were almost four percentage points: ·higher 

than. tho·se ;Of .the No. 6 oil tests.· ,The higher boi:ler efficiencies.with the 

SRC .. Residual Fuel Oil·· were .due to three factors: · ( 1) combustion of· .SRC 

Residual Fuel. Oil resulted in a lower· average flue-gas· temperature· which 

lowered the· flue-gas heat loss; ( 2) SRC · Residual Fuel Oil· -had a· lower 

moisture content; ·and (3)· tbere was. a higher. carbon/hydrogen rat±:o. in the 

SRC Residua-l Fuel On. 
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Table 15 gives the flue-gas analysis and particulate emis­

sions during SRC Residual Fuel Oil parametric tests. Emissions of S02 were 

in the range of 0.59 to 0.71 lb/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 analysis; and ( 2) drifting of the S02 meter. NOx 

emissions were in the· range or 0.57 ··to 0. 76 ib/MBtu. Uncontrolled particu­

late emissions varied from 0~09 to 0.24 lb/MBtu. 

Table 16 gives the fuel analysis for SRC Residual Fuel ·au 

during eleven steady-state duration tests. 

·Table 17 gives the boiler operating conditions and boiler 

performance during SRC Residual Fuel Oil steady-state duration tests. All 

tests were performed at full-load conditions. ·The excess air ranged between 

13.0 and 14.6 percent. Secondary air temperatures ranged between 5890F and 

6010F and average flue-gas temperatures ranged between 4850F 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 analyses and pa~ticula te .. emis­

sions for $RC Residual Fuel Oil steady-state duration tests. so2 and NOx 

emissions were generally 0.73 and 0.71 lb/MBtu, respectively. Uncontrolled 

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

1. Combustion Test Plan 

SRC/Water Slurry . tests wer:e conducted duri.ng the two-week 

period from January 3 to January 16, 1983. .Parametric testing was. cqmpleted 

during the first week. Six parametric tests were .performed. ~etween 

January 3 and January 9 • Testing was conducted . at various s.econdary air 

preheat temperatures ranging from 5000F .to 5750F and at flue-gas oxygen 

levels ranging between 2.0 and.4~0 percent. 

Steady-state duration tests were conducted during the second 

week or testing (January 11 to January 14). Conditions for the steady-state 

tests were selected. based upon parametric test results. Eight steady ... state 

duration tests were performed at a flue-gas· oxygen . level of -:- 3.0 percent 

with secondary air prE!heated. to - 6000F. 

2. Combustion Test Facility 

Facility modifications necessary to accommodate the 

combustion of SRC/Water Slurry fuels involved the .return or the 700 hp CTF 
~ ~ • o ' • •• , ~ ' I •' • 

to the former coal.-water-mixture firing configuration and integration of the 

coal-water~mixture fuel . preparation system with the .SEC Fuel h~ndling 

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 1 8-ton capacity coal storage bin which was reconnected to 

the gravimetric feeder. Mixtures were then prepared in the coal-water­

mixture ·ruel preparation area (See Flow Diagram in Figure 4.0). To prepare 

a mixture of SRC/Wa ter 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 mixture· was ·continuously 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/Wa ter 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 Moyna recirculation pump. The SRC/Water 

Slurry mass flow rate to the boiler was regulated by a variable speed, 

progressing cavity, 5 hp Moyna pump and was measured by a Micro Motion'mass 

flow meter. The Moyna pump was fitted with a Buna-N elastomer stator and a 

0.010-inch undersized ch~ome-plated rotor. 

Th~ combustion air system was composed of preheated primary 

and secondary air streams. The primary and secondary aiP 'preheat :Jystem is 

a combination of ambient temperature air from the forced air blower and the 

air stream heated by a toto-stage air heater·. The secondary air preheat 

.sy~t.o!!l'll ~nn oupply 1.1~00 ~l"!fm nf heated ~j,r, at a maximum id.r temperature of 

6oooF. 
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3. Burner Nozzle Selection 

The Coen burner gun modified for coal-water-mixture firing 

was utilized for the SRC/Water Slurry tests (Figure 11 .E). The Coen Model 

No. 2 mV atomizer was used in conjunction with a nozzle cap containing eight 

15/64-inch openings at a 6oo 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 were 

evaluated. A nozzle cap with eight 3/16-inch orifices at a 750 spray angle 

caused heavy flame impingement on the refractory cone rega.rdless of adjust-

ments to air register louver settings, fuel· and air ·flow rates. Testing 

with a nozzle cap having eight 3116-inch openings and a 6oo spray angle 

produced higher atomizing air and slurry pressures at the nozzle with no 

·appreciable difference in flame·shape or boiler performance. 

4. Combustion Test Ooerations 

SRC/Water Slurry tests were conducted in two separate phases 

during a two-week period in January, 1983. The first phase, parametric 

testing, was performed during the 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 night time operations. The second phase of the 

SRC/Water Slurry test program, steady-state duration testing, was performed 

between January 11, 1983 and January 14, 1983. 
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during this period was maintained using natural gas at a boiler steam output 

of 8,000 lb/hr, one-third of full boiler load. With a major portion of the 

flue-gas flow 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 SRt,;/Wa ter Slurr·y fuel was recirculated con~inuously to the 

boiler and back to the hold tank, beginning at 0400 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 case of steady­

state testing, the boiler was already operating 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) maintain 

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, the SRC/Water Slurry flow rate was further 

increased until full boiler load was obtained. Test conditions were 

generally established by 0800 hours. Each parametric and steady-state dura­

tion test period lasted approximately four hours and two tests 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 support 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 possible settling out of the SRC Fuel. Nighttime operating 

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

5. Combustion Test Synopsis 

a. Shakedown Tests 

January ~' 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 750 spray angle. The 

fuel mixture for this test was 67.5 percent SRC Fuel (90 pernent minus 200 

mesh), 32.0 percent water, and 0.5 percent Lomar-D. While firing at half 

load, excessive fuel pressures at the burner necessi.tated the change to a 

burner cap with larger holes ( 15/64 inch in diameter) to decrease fuel 

pressur~s. The reverse spin swirl diffuser in the primary air line was 
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~tilized during these ~ests. Large particle~ of SRC Fuel in the fuel slurry 

(-1/4-inch x· 0-inch), due to ·initial pulverization problems, plugged the 

burner nozzle several times dur~ng the first shakedown run and caused boiler 

flameouts. Consequently, the fuel mixture was recirculated through a basket 

strainer in the hold tank to remove these large particles, eliminating 

burner plugging problems. 

January 5, 1983, Wednesday Run No. 0105SH 

Shakedown testing on the second day resulted in good 
.. 

operation at ·flue-gas oxygen, le"?els 6'f 5 percent and 2 percent. When the 

secondary air preheat. was reinoved, the steam ioad dropped about 7 percent 

and the flame impinged on the refractory cone. Later, the flame became 

increasingly·unstable.and an ~rderly shutpown was enacted. The high and low 

excess oxygen levels were run at a preheated secondary air temperature of 

,uuuF. A clinker formed on the burner tip when the ooiler was operate6 with 

appro~imately 3 percent oxygen in the flue gas. 

b. Parametric Tests 

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

Two tests· were scheduled for this run with a 

66. 1 percent SRC ~uel concentration. Durin~ the first portion of testing 

(0.10G-1), test conditions were set at a 2.8 percent ( 13.9 percent excess 

air). flue-gas oxygen level and a 6000F secondary air temperature. Operation 

was good despite several minor p~oblems. Throughout. the test, clinkers 
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fo~med on the burner cap each time the electrostatic precipitator was opened 

and closed and a resultant change in furnace pressure occurred. As the 

clinker built up, CO 1 evels inc rea sed. Whe·n the clinker broke away, CO 

levels returned to normal. 

The second portion of testing (0106-2) was run to eval-

uate the lowest flue-gas oxygen level while still maintaining CO levels less 

than 400 ppm at. a secondary air temperature of 6000F. The lowest flue-gas 

oxygen level was determined to be approximately 2.5 percent ( 11 .2 percent 

excess air). 

, .~ .· .. 
January 7, 1983, Friday- Run No. 0107SD 

Two parametric tests were run with a SRC/Water Slurry 

containing a 66 percent SRC Fuel concentratfon. In Test I (0107-1) boiler 

conditions were set for a flue-gas oxygen level of 2.8 percent (14.5 percent 
o 0 ; 0 0 poO ' 

excess air) with a secondary air temperature of S00°F. 
: ·;. 

This ~est perf?rmed 
'·' 

well although there were problems with occasional clinker formation on the 

nozzle cap requiring readjustments to bring the oxygen level back to 

original specifications. 

During the second portion of testing (0107-2), the 

flue-gas oxygen level was lowered as far as possible while still maintaining 

CO levels below 400 ppm at a secondary air temperature of soooF. The 
.. ·· ... , .. , . 

flue-gas oxygen level was lowered to and remained relatively stable at 
., •• : •. J 

2 percent~ 0.2 (9.6 percent excess air) for most of this test. 

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

Two parametric tests were run at a 4 percent 

(21 .8 percent excess air) flue-gas oxygen level with a SRC/Water Slurry 

containing 65.5 percent SRC Fuel. The first portion of testing ( 0110-1) 

performed well. Except for the flame occasionally impinging on both sides 

of the wa tertube walls in the fire Mx, stable combu~tion was attained. CO 

levels for this test averaged approximately 58 ppm with few fluctuations 

throughout testing. The combustion air temperature was maintained at 

approximately 5000F. 

During the second portion of testing (0110-2), the 

secondary air temperature was to be raised to 6000F. However, 5700F was the 

highest achievable secondary air temperature. Overall, this test ran well 

with stable combustion although some deposits were noted on t.ht::! nozzle eap 

when the burner was removed after completion of the tests. 

c. Duration Tests 

January 11, 1983, Tuesday - Run No. 0111SS 

Testing was continued with a flue-gas oxygen ·level of 

3 percent (- 15 percent excess air) using a 6000F preheated secondary air 

temperature. The first portion of testing (0111-1) perfo!."'Iled well except 

for several increases in carbon monoxide ( ft-om -80 pplll to 127 ppm) due to 

deposits forming on the burner nozzle cap. This phenomenon 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. 

After completing the day's formal testing, two different 

nozzle caps were evaluated for · short periods to determine their· 

effectiveness in producing a flame without sparklers. Use of a 3/16-inch 
,. ,,: 

750 burner cap resulted in heavy flame impingement on the refractory cone, 

no matter how many adjustments were made. Use of a 3/16-inch, 600 burner 

cap resulted in a 7 psi increase in atomizing 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-state duration testing continued at a 3 percent 

excess oxygen level and a 6oooF secondary air temperature. The first 

portion of testing (0112-1) performed well except for an . increase in CO 

levels ( 100 ppm versus 60 ppm) on one occasion. Consequently, the boiler 

was shut down, the nozzle cleaned, and when testing resumed, the CO levels 

decreased back to 60 ppm. The second portion of testing (0112-2) ran 

extrem~ly well although the fuel burner nozzle pressure fluctuated 

periodically. 
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January 1.3, -1983,-Thu_rsday- Rut:l-.No. 0113SS 

.. ' 

Steady-state duration ·testing conti_nued wit"h ll!Or~ data 

being acquired- at .a 3. percent -fl~e-gas oxygen .. level and a ~OOOF secondary 

ciir temperature. Exce_llent p_erformance ··:-·Wa~ . obtained ·during ~h~ first 

portion of testing (0113-1). The second portion of testing (0113-2) 

performed very well without .incident, also •.. , ,, . : . .. . ,,~··" .. ,.,. .. 

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

.This- was the final day of duration testing._ Testing was 

con-tinued. with .a 3 percent. flue-gas oxygen .level. and ·a 600°~ secondary air 

temperature. In the first portion of testing (0_114-1); clinker formations 

on the burner nozzle caps caused intermittent high levels of carbon monoxide 

up to -119 ppm. Clinker formations were more prevalent duri:ng the second 

portion of testing (0114-2), causing CO levels to rise as high as 322 ppm. 

In both cases · it was necessary to rap on --the burner tube to remove the 

clinkers. When the clinkers· were removed,· the CO :levels re~urned_ to around 

75 ppm. Throughout the day a bright stable. rlame with a. high swir:-1: pattern 

was present •. 

. ..... , ' . . ~ . . ·. 

·Upon completion of· ·steady-state duratit:m :tests, measure~ 

ments made on the nozzle cap ·orifices revealed a. nozzle orifice size 

increase, due to erosion, of· 0. 0025 inch . for .approximately 90 hour-s of. full 

boiler·. load service. 
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· The largest firebox deposits were experienced during· the 

SRC/Water Slurry·tests. A total of 34 pounds was removed from the firebox, 

the larger accumulations be'ing located on _the floor at the front right and 

rear left corners. In these areas, the accumulations were 3 inches deep, 

covering an area with an approximate two-foot radius. . 

6. Combustion Test Results and Discussion 

Six parametric tests were performed with SRC/Water Slurry 

from December 6 through December 10, 1982. Table 19 .gives the· fuel analyses 

for these six SRC/Wa'ter Slurry parametric tests. The SRC Fuel concentration·' 

ranged from 65.3 'to 66.0 percent for these· tests. The particle size of the 

SRC Fuel· varied from· 87 to 91 percent minus 200 mesh. Nitrogen content. of 

the SRC Fuel in the . ·mixture ranged from 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 full load ·conditions with two different secondary air 

temperatures, -5700F for the first three tests and -5000F for the last th~ee 

tests. For each secondary air temperature, the excess air level was varied 

from 10 to 20 percen~. Average 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 percent. Both carbon conversion er'ficiencies 'and. boiler efficiencies 

did not vary notably with variances in secondary air tempe_ratures or excess 

air levels. Duri.ng all SRC/Wa ter Slurry combustion tests, 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 i~ 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._o fuel. oil. 

Table 21 _gives the flue-gas analyses and particulate emis-

sions during. the SRC/Wate.r Slurry parametric tests.. ~easured S92 em_issions 

were in the range of 1. 38 to 1. 47 lb/MBtu. These. values are somewhat higher 

(approximately 1 to 1.0 percent nigher than those . ca.lculated from the fuel 

analysis). These discrepancies are due mainly to error in the fuel analysis 

and drifting of the S02 meter. NOx emissions were in the range of 0.41 to 

0.65 lb/MBtu. This is considerably lower than the NOx emissions of 

1.17 lb/MBtu to 1.37 lb/MBtu experienced during SRC Fuel testing with the 

fast mix burner. Uncontrolled particulate emissions were in the range of 

0.86 to 1.15 lb/MBtu which is oonsiderably more than those during SRC Fuel 

testing using the fast mix burner (0.44 to 0.87 lb/MBtu). This can be 

accounted for as the 35 percent ash content in the Lomar-D fual additive 

which would yield an additional 0.19 lb/MBtu particulate emission. 

Table 22 gives the fuel analysis for SRC/Water Slurry used 

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

66.5 to 66.7 pe~cent. 
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Table 23 shows the boiler operating conditions and boiler 

pe!'"fo.rmance ·during SRC(Water Slurry steady-state duration tests. The boiler 
. . . 

was· opera ted· at full load with excess air .levels ranging between 14.9 and 

15.9 percent. Secondary air temperatures were set at approximately 6000F. 

Carbon conversion efficiencies were all 98.8 percent and above. Boiler 

efficiencies varied from 81.2 to 82.3 percent. 

" 
Table· 24 gives the .flue-gas analyses for SRC/Water Siurry 

~teady-state duration· tests·. S02 and NOx leve·ls ranged from 1 • 1 8 to 

1 ._47 lb/MBtu and 0.47 to 0.56 lb/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 test . data compile_d 

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

Test No. 0!318-1 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 82.59 82.15 82.15 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 . 0.63 0.611 0.63 0.65 0.65 . 0.68 0.66 0.611 

Oxygen 5. 11 11.911 5.36 . 5.01 4.45 5.26 . 11.22 5.09 

Ash 0.09 0.08 0.07 0.08 0.09 o. 14 0.11 o. 10 

Moisture (J) 6.5 6.3 5.8 7.8 6.1 6.7 .. 6. 3 6.3 

..... Higher Heating Value 
0 
0 

(Btu/lb) 17' 11011 17,1406 17,107 17,4118 17 ;496 17,520 17,556 . 17,1186 

Specific Gravity at 75°F 0.91167 

.,. 
'ultimate·analysis, m~isture content, and hea~ing value were determined according to ASTM Section 5 (Petroleum 
Product Lutricants. aod Fossil Fuels) standards. 
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TABLE 2. OPERATING CONDITIONS AND BOILER PERFORMANCE: N0.6 FUEL OIL PARAMETRIC TESTS 

Test No. 

· Thermal Input (MBtu/hr) 

Steam Flow (lb/hr) 
~ . ... . ... 

F~,ue;_:Ga·s 02 ( %) : ~ ~ 

Excess Air (%) 

Secondary Air Flow (lb/hr) 

Secondary Air Temp. (OF) 

Primary Air Flow. ( lb/hr) 
P·r-~mary. lli.r ~e~p~ (·oF)· .. 

Fuel Flow .( n)/hr) 

F~ei Temp: (OF) .. . ... 
Fuel·Pressure at Burner (psig) 

Ato~izing Steam Flow (lb/hr) 

Burner Position (in) 

Sw~rl ·setting 

Average Flue-Gas Temp. (OF) 

Carbon·Conversion Eff. (%) 

Boil~r Efficiency (%) 
(~eat -Loss Method) 

0818-1 

30.20 

24,390 

1.7 

8.4 

21,790 
605 

1, 241 

65 

.. i, 561 

213 

62.0 

238 

5-1/2 

570 

99.98 

82.5 

0818-2 

30.37 

23,980 
·. ·3.7 

20.9 

22,950 

595 

2,690 

71 

1,565 
211 

"62.0 

237 

6 

603 

99.98 

80.7 

0818-3 

30.45. 

23,690 

5.1. 

31.0 

23,250 

59lf 

4, lfiJ6 

68 

:·; ;565 

215 

"62. 3 

237 

1 

6-1/lf 

613 

99.99 

"19.6 

0819-1 

30.28 

2lJ, 150 

2.!1 

12.9 

21,840 

610 

1,180 

68 

1 ;560 
215 

.61.7 

237 

1 

4-1/2 
· .. ~32 

; 99.98 

82.9 

0819-2 

29.91 

23,660 

0.6 
.. 

3. 1 

18,830 

599 

1,995 

76 

1,560 

213 

61 ~7 

236 

1 

5.:.112 
:., 528 

99.95 

83.5 

0820-1 

29.!1!1 

23,750 

3·3 
12.2· 

22,060 

502 

1, 321 

63 

1,536 
217 

61.7 

241 
,. 

5;:.;1/2. 

5!14 

99.98 

82.4 

0820-2 0820-3 

29.03 30.07 

23,36.0 23,620 

0.7 3.7 
3.6 2.L!J 

19,!110 
510 

1,518 

10 

1,524 
210 

62.3 

2!12 

l 

50::1/2 

555 

99.93 
82~·9 

22,710 

!195 

2,822 

69 

1 ,573. 

215 

62.0 

239 
1 •. 

5. 

607 

99.98 

80~0 



TABLE 3. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: NO. 6 FUEL OIL PARAMETRIC TESTS 

Test No. 0818-1 oe18-2 OA18-3 0819-1 0819-2 (•820-1 0820-2 Q820-3 

Flue-Gas Analysis 

02 (%) 1.7 3.7 5. 1 2.4 0.6 2.3 0.1 3.7 

C02 (%) 14.5 12.8 11.8 13.7 15.4 13.9 15. 1 12.6 

co (ppmv) 36 29 41 23 190 35 76 . 22 

S02 (ppmv) 520 lt55 518 560 501 550 456 

(lb/MBtu) 0.90 C95 0.95 0.92 0.90 0.92 0.91 

NOx (ppmv) 225 241 216 215 215 218 210 213 
(lb/MBtu) 0.28 0.34 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 
0 
1\) 

Opacity, Uncontrolled (%) N.A. N.A. N.A. N.A. N.A .5 6 

Particulate 

Emissions; Unco::1trolled 

(lb/h.:-) 0.772 0.6lt4 0.600 0.7lt3 0.968 0~656 1.150 0.9lt6. 

(lb/M3tu) 0.026 0.021 0 •. 020 0.025 0.033 0.022 0.040 0.031 

Carbon Content (%)+ 27.9 36.8 28.7 29.8 63.7 41.lt 72.5 24.9 

. . . 
Total hydrocarbon3. 

+Loss-on-ignition method. 



T/\OLE 11. Fllfo:L 1111/\LY::;rs: · NO. 6 FUEL OIL Dlllli\TION rr.;,r:;* 

·,·est No. _2!!2 3-1 0823-2 082'1-1 002'1-2 . 0826-1 0826-2 0027-1 N.\27< n;-: ~n-; ....:...:.....= __ 

Ultimate analysis (wt %) on moisture free· basis . 
llyclrc'w~ r1 12. ') I 12 .'19 12.117 10.96 11 • 3fi 10 .R~ 10.% ll.t:; i ' (_ . -.: .. 
C<1 chon 82.011 [lj • 90 . 1)11. 70 86.811 no. 9'' 8J.Y) Go.~n s] .'i (, :·:.1). :, ;.: 

IIi t1·o~~n 0.21 0.2? 0.20 0.20 0.20 o.n 0.21 0. I'} () . (,' 

0111 rue 0./)7 0.67 0.67 0.71 0.65 0.65 OJ•(, rj. (l ;I :'}. ~;:_ . 
Oxygen 11.50 11.611 1.137 1. 20 6.69 It. '17 6. 1(1 3 . 0. ~ .- --

_. ·'· 

ll~h 0.07 0.08 0.09 0.09 0. 111 0.12 ~- 11 1.1. !0 

11oi3ture (%) 6.0 6.) 6.) 6. 1 
0 

6.11 6.3 6.2 6.7 .· -
'} . ':· 

w IIi ghf!r lleatin~7, lf.1l1IP. 

(IJtu/lh) 17' 1121 17.502 17,1177 17 'll33 17 '523 17 '518 17,506 17, r;o;-: ~t.:··~; 

-·-"ultimate analysis, mo-isture content, and heating value were determined according to ASTM Section 5 (Petroleum 
Product Lubricants and Fossil Fuels) standards. 



TIWL::: lJ. Fli:::L. fiNfiLYSIS: NC. 6 FUEL OH. DI!TlfiTIOt·l TESTS*(corl'~inncd) 

-, e:o;t N·:>. 0830-2 OS31-1 0331-2' 0901-1 0901-2 0902-' _Q~O?:.?_ noo 'l- 1 C·?·) 3-.: --=---=:-- ---

Ultimate analysis (wt ~) on moisture free basis 
' 

llydt'Of.en . 12 .IJ 1 11.67 11.62 12.23 1).1fl 13. 17 1'1. 112 13. l!j' ' I.~:' 

r:a t'lu.m 80.59 82.83 1311. 11 82.611 85.66 85.i1 83.60 13J. ?S. ..... - -·· :: :- ... ~-
Ni~rogcn 0. 23 0. 1lJ 0. 11. 0.16 0. 17 0. ,, 0.;:>1 0.2~ ·:·. j.':. 

S1Jlfnr 0.66 0.60 0.511 0.50 0.51 O.':;iJ 0.50 o.s 1 (t. :- . 

Oxygen 6-.02 'I. f) 3 3 ,IIi) 11.35 0.38 0. 3) 1.17 ?..)} 
. .., 

..: . ~-. 
fish. 0.0·? 0.09 0. 13 0. 12 o. 10 0. w (). 10· n. 11 1 ·.-. 

t·loisture (1) 6.2 3 ;& 3:1 3.3 ].5 . J:. 1 q,J 3. 1 - .. , .... :. 
0 

II igher· ll<?ati'lg ~'Jalue .l::' 

(Btullb) 17 'q61 17 ,889 18' 10'9 18' 127 18,112 18 ,OIJII 1[\, 168 18 ,OliO ,r.. 0 3'! 

* Ultimate.analysis, moisture content, and heating value were determined according to ASTM Section 5 (Petroleum 
Product Lubricants an•:: FossE Fuels) standards. 



TABLE 5. OPERATING CONDITIONS AND BOILER PERFORMANCE: NO. 6 FUEL OIL DURATION TI~STS 

Test No. 0823-1 0823-2 08211-1 08211-2 0826-1 0626-2 0827-1 0827-2 0830-1 

Therma~ Input (MBtu/hr) 30.01 29.711 30.57 29.96 30.39 29.211 29.39 29.111 20.89 

Steam Flow (lb/br) 23,860 23,900. . 211,,250 23,9110 211,220 211,070 211 ~ 120 23,760 23, B'TO 

Flue-Gas 02 (%) 2.11 2.11 2.5 2.11 2.3 2 .II . 2.11 2.11 2.11 

Excess Air (%) 12.5 12.9 12.9 . 12.9 12.7 13.1 . 12.9 12.9 12.6 

Secondary Air Flow ( lb/h:r) 19,690 19,1160 19,500 19,650 22,380 22,050 22, 100 21,970 22,050 

Second~ry ~ir Temp. (OF) 509 512 503 1198 ~95 1197 .. 1197·. .. 1196 505 

Primary Air Flow (lb/hr) 11,569 ~.11611 11,500 ", 176 1,2211 982 1, 3011 1 , '367 . '1 ,0118 

Primary Air Temp. (OF) 68 68 65 71 63 72 65 7l 62 
, ..... 

·0 Fuel Flow -Ob/hr) 1,590 1,568 ·i ,620 1,590 1,590 1,527 1, 530 1, 532 1,1198 'I.Jl 

Fuel Temp. (OF) 213 213 216 215 210 203 . 206. 202 208 

Fuel Pressure at Burner. (psig) · 611.0 611.0 63.0 M.o 61.7 61.8 . 11'6. 7. ... 51.·7 52 

Atomizing Steam Flow (lb/hr) 258 2511. 2118 250 2112 211 1 ".189 . · .. 212 . 203 

Atomizing Steam Pressure at ... 

Burner. ( ps.t'g) 75.0 . 75.0 -N.·A. N.A. . 72.6 71.'3 53.5 . 59.2 57 

Burner Position (In) 1 1 1 .l 

Swirl·Setting 5 5 5-·1/2/3::..3/lf . ·5-1 /II 5-1/2/3-1/2 5 5 ·. 5-:-1/2 3 

Average· Flue-Gas Te11p. (OF) 563 573 543 5511 539 553 .. 535. . 552 . 531 

Carbon Conversion ~ff. .(%) 99.98 . 99.97 99.98 99.99 99.98 99.98 99~97· 99.97 . 99.97 

Bolle~ Efficiency (%) 
{ lleat Loss Method) . 81.2 81.0 8~ .5 .. , 82.5 82.8 . 82.5 82.7· ' . 82.2 82.6 



TARLE 5. OPERATING CONDITIONS AND BOILER PERFOilMANCE: NO. 6 FUEL OIL DURATION TESTS (continued) 

Test No. 0830-2 0831,-1 -J831-2 0901-1 •)901-2 0902-1 0902-2 090)-1. 0903-2 

Thermal Input (MBtu/hr) 28 .5't 2').36 29.53 29.80 29.60 29.10 29.25 29.0'1 2El.91.J 

Steam Flow (lb/hr) 23,6IJJ 23,930 211,3110 23,960 21t, 100· 211,010 23,900 211, o•w 23,750 

Flue-Gas 02 <:O 2 .!J 2.11 2.5 2 .II 
2 ·'' 2.5 2.5 2 .II 2. 'I 

Excess A.ir (%) 12.~ 13.2 13.5 12.6 12.1J. 12.8 12.5 12. 1 12.7 

Secondary Air F'low (lb/hr) 21, 7':0 22,2110 22,350 22,130 22,22J 22,350 22, 100 21,930 21,090 

Secondary Air Temp. (OF) !Jg2 1199 1195 501 lt9·) 1198 '196 502 1f97 

Pr·imary Air Flow (lb/hr) 935 1,100 1, 737 1,250 1, 722 1,280 1,559 1 '659 1 '11118 

Primary Air Temp. (OF) 13 70 73 71 74 69 711 60 ·67 
0 1-'uel Flow (lb/hr) 1,1.J94 1,1198 1,1192 1 '505 1,1197 1,1173 1,1172 1,1171 1, IJ68 
~ 

Fuel Temp. (OF) 205 208 210 211 20I.J 209 206 209 210 

Fuel Pressure at Burner (psig) 5-' 5'1 53 5I.J 51 65 65 65 66 

Atomizing Steam Flow (lb/hr) 211 206 198 213 1111 252 260 .'256 257 

Atomizing Steam Pressure at 
13urner (psig) 59 60 57 62 6? 76 77 75 76 

Burner Position (in) 1: . 1 

Swirl Setting 3 3 3 3 " 2-112 3 3-1/2 3-1/2 

Average Flue-Gas Temp. (OF) 5113 5110 568 553 581 5'111 557 566 57'1 

Carbon Conversion Eff. (%) 99.91 99.97 99.96 99.97 99.97 99.98 99.90· 99.9.7 99.97 

Boiler Efficiency (%) 
(Ilea t l.oss Method) 62.G 82.5 . . 82.0 . 82.3 80.6 81.·6 60.9 . '131. 2 81.9 



TABLE 6. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: NO. 6 FUEL OIL DURATION TESTS 

Test No. 0823-1 0823-2 0824-1 082'1-2 0826-1 0826-2 0827-1 062'(-2. 0830-.1 

Flue-Gas Analysis 

02 (%) 2.4 2.4 2.5 2 .II 2.3 2.4 2.4 2 ·'· 2.'1 

C02 (%) 13.7 13.5 13.7 13.8 13.5 13.7 13.6 13.7 13.7 

co (prmv) 2'1 22 118 34 29 29 20 23 27 

302 (ppmv) 504 512 500 508 506 1190 513 519 506 

(lb/MBtu) 0.92 . 0.95 0.911 0.91 0.92 0.91 0.90 0.96 0.90 

NOx (ppmv) 210 172 203 196 225 199 237 205 23'1 

(lb/MBtu) 0.28 0.23 0.27 0.25 0.29 0.27 0.31 0.27 0.30 

0 Tile• (ppmv) ...... 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 It 8 8 10 9 0 

Particulate 

Emissions, Uncontrolled 

{lb/hr) 0.91 0.92 0.99 0.50 0.86 0.68 0.86 0.86 1. 11 

(lb/MBtu) 0.03. 0.03 0.011 0.02 0.03 0.03 0.03 0.03 O.Oit 

Carbon Content (%)+ 26.8 36.2 26.9 29.7 30.5 31.0 117. 1 45.3 33. 1 

! 
' 

*Total Hydrocarbons. 

+Loss-on-ignition method. 



0 
()) 

T/\IJLE 6. F'LUE-G/\S ANALYSIS /\NO PARTICULATE EMISSIONS: NO. 6 F'liEL OIL DURATION TESTS (continued) 

Test No. 

F'lue-Gas Ani'llysis 

02 (%) 

C02 <:O 
co ( ppmv) 

so2 ( ppmv) 

(lb/MBtu) 

NOx (ppmv) 

(lb/t':Btu) 

THC* (ppmv) 

Opacity, Uncontrolled (%) 

Particulate 

Emissions, Uncontrolled 

(.lb/llr) 

(lb/MBtuJ 

Carbon Content (%)+ 

*Total Hydrocarbons. 

+Loss-on-ig1itio~ method. 

0330-2 0831-1 0831-2 

2 .II 2.1J 2.5 

13.7 13.'1 13.3 

IJ7 32 37 

1161 IJ60 IJ29 

0.83 0.85 0.60 

203 212 190 

0.26 0.28 0.25 

0.3 1. 0 0.2 

N.A. N.A. 0 

1).86 0.97 0.82 

0.03 0.03 0.03 

lJ0.9 39.2 36.7 

0901-1 0901-2 0902-1 0902-2 0903-1 . 

2.11 2.1J 2.5 2.5 2 .'1 

13.6 13.5 13.6 13.6 13.7 

29 35 36 116 26 

388 398 380 1102 396 

0.70 0. 711 0.71 0.73 0.72 

193 192 181 181J 173 

0.25 0.26 0.24 0.211 0.22 

0.5 0.2 0.6 0.11 0.0 

0 0 5 0 

0.86 0.86 0.97 1.09 0.98 

0.03 0.03 O.Oll O.OIJ 0.011 

40.9 IJ0.9 29.0 26.6 3'1.2 

0903-2 

2.'1 

13.6 

27 

'102 

0.71J 

178 

0.2lJ 

0.6 

0 

1 • 11 

O.OlJ 

33.1 



TABLE 7. FUEL ANALYSIS: SRC FUEL PARAMETRIC TESTS USING SLOW MIX BURNER* 

Test No. 10211-1 102lt-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. 9lt 1.94 1.98 1.98 

Sulfur 0.82 0. 82 0.93 0.93 

Oxygen 3.85 3.85 11.03 4.03 
_. 
0 Ash 0.113 0.43 0.37 t}. 37 
\0 

Moisture (J) 0.37 0.37 0.38 . o. 38 

Higher Heating Value 15,839 15,839 15,850 15,850 

on Moisture Free Basis 
(Btu/lb) 

* UltUffiate analysis, moisture content, and heating value were determined according to ASTH Section 5 (Petroleum 
Product Lubricants and Fossil Fuels) standards. 
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TABLE 8. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC FUEL 
PARAMETRIC TESTS USING SLOW MIX BURNER 

Test No. 10211-1 10211-2 1025-1 

Thermal Input (HBt.u/hr) 29.88 29.33 30.22 

Stearn Flow (lb/hrl 211,.030 23,970 23,920 

Flue-Gas 02 (~) 5.11 3.2 5.1 

Excess Air (~) ]2.0 16.5 29.11 

Secondary Air Flow (lb/hr) 23,.630 19,860 22,3110 
Secondary Air Temp. (OF) 530 615 503 

Primary Air Flow Clb/hr) ,,555 11,1150 11,916 
Primary Air Temp. (OF) 51 56 1111 

Solid F~el Flow (lb/hr) 1,725 1,690 1,766 
Natural Gas (scfm,} 0 0 0 

Burner Position (in) 1-1/8 1-1/8 1 

Swirl Setting 8 817-1/2 8 

Average Flue-Gas Temp. ·(OF) 526 5116 51111 

Carbon Conversion Eff. <S> 98.6 98.8 98.2 
Boiler Efficiency (~) 82.7 83.7 82.2 

(Heat Loss Method) 

1025-2 

30.26 

2'4,050 

3.0 

111.5 

19,860 
512 

11,683 

51 

1,781 

0 

1/2/1-1/8 

7-3/11 
606' 

97.8 
81.5 



TABLE 9. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC FUEL 
PARAMETRIC TESTS USING SLOW MIX BURNER 

Test No. 102q-1 102q-2 1025-1 1025-2 

Flue-Gas Analysis 

02 (J) 5.q 3.2 5.1 3. 1 

C02 (J) 12.8 1q.6 13.1 1q.7 

co (ppm..,) 83 170 10 370 

S02 (ppm,) 566 653 ';J11 6q2 

(lb/MBtu) 1.27 1.29 1.26 1.23 

NOx (pp~) q9q 111q q58 qQ2 

(lb/MBtu) 0.80 0.59 0.72 0.56 

THe• (ppm.,) 1 2 2 

Opacity, Uncontrolled (J) 15 29 20 q8 

Particulate 

Emissions, Uncontrolled 

( lb/hr) 30.3 28.5 30.6 35.5 
(lb/MBtu) 1. 11 1.07 1.10 1.26 

Carbon Content (J)+ 70~6 60.9 89.5 93.3 

•Total hydrocarbons. 

+Loss~on-igniti~n method. 
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TABLE 10. FUEL II.NALYSIS: SflC FUEL DUflATION :'ESTS * 

Slow t-Ux Burner Used 10/26 Through 11/011 6-:nch 
"Econo" Burner Used 11/12 

Test No. 1026-1 1029-1 1029-2 1101-1 1101-2 1103-1 110lt 1112-1 1112-2 

Solid Particle Size Consist 95 91 91 100 100 93 90 
.(% minus 200 me::.h) 

Ultimate ·anill:Ysis (wt %) on moisture f=ee basis 

Hydrogen 6.16 6.17 6.:17 6. 111 6.111 6.18 5.67 6.03 6.57 

Carbon 86.97 86.30 86.30 87.011 87.011 86.66 86.12 86.117 86.7~ 

Nitrogen 1.91 1.·75 1. 75 1.98 1.S·8: 2.01 2.02 2.02. 2.08 

Sulfur 0.97 0.911 0.911 0.97. . 0.97 0.99 1.03 1.03 1..02 

Oxygen 3.93 11.33 11.33 3.76 3.76: 4.02 5.06.' 11.37 3.51 

Ash 0.06 0.:52 0.52 o. 11 .. 0·.11 0.1- 0. 11 0.07 0.08 
. ,. 

Moisture. (J) 0.63· 0.112 0 •. 112 o.67 0.67 o:IIB o:53 0.56' 0.59 
Higher Heating Value 15,8')lt 15,865 15,865 15,812 15,812 15,922 15,925 15,666 15,903 

on Moisture-Free 
Basis (Btullb). 

* .. 
Ultimate analys::.s, mvisture conten't, and heat.ing value were determined c:.ccording to ASTM. Section. 5 (Petroleum 
Product Lubricants and Fossil Fuels) standards. 



TABLE 10. FUEL ·ANALYSIS: SRC FUEL DURATION TESTS*(continued) 

3low Mix Burner Used 10/26 Through 11/011 6-Inch 
"Econo" Burner Used 11/12 

·Test. No. 1115-1 1115-2 . 1-117.,.1 1117-2 1l18-1 1118-2 1118-3 1119:...1 1119-2 .. 1119-3 

Solid:Partlcle Size 100 100 100 100 98 98 98 100 100 100 
Consist (~ minus 
200mesh) 

. Ultimate analysis (wt %) on moisture free basis 

. Hydrogen 6. 111 6.10 6.09 6.211 6.11 6.1] 6.1] 6.32 . 6.05 . 6.31 

Carbon 86.89 86.93 . 86.78 .86.118 85.81 85.05 85.05 86.55 . 86.112 ,·86. 79 

Nitrogen 2.07 2.01 . 1.96 2.02 ~.06 2.06 2.06 2.07 2.07 ·2.09 

Sulfur 1.00 0.99 0.97 0."97 0.89 1 .01 . 1.()1 . ,1.03 1.03 . 1". 03 
w 

.- Ox~gen 3.82 . 3.89 11.13 .. 11.27 11.99 :5.59 . 5.59 . 3.87 11.25 . 3.60 

Ash 0.08 0.07 0!07 0.03 0.15 0.16 0.16 . 0.16 0.19 0.19 

Moisture (~) 0.50 0.117 . 0.62 0.113 0~66 0.62 0.62 0.51 0.61. ' 0.57' 

Higher·Heating Value 15,880 15,876 15,8811 '·15,793 15,950 15,950 15,950 15, 766' ·15,892 .. 15_,818 : 
.on Moisture-
Free Basi.s .. 

· (Btu/lb) 

.... 
. · .. -"Ultimate. analysis, moisture content, and heating value were determined according to ASTM Section.,S· -(Petroleum. 

Product Lubricants and Fossil Fuels) standards. • 



TABLE ~1. OPERATING CONDITIONS AND BOILER PERFORMANCE: · 
SRC FUEL DURATION TESTS 

Sl:>w Mix Burner Used 10/26 Through 11/0~ 6-Inch 
"Econo" Burner Used 11/12 

Test No. 1026-1 1029-1 1029-2 1101-1 1101-2 1103-1 11011 . 1112-1 1112-2 

Thermal Input (HBtuihr) 29.68 n.a5 . 30.06 29~~6 29.7li 29.91 30.}3 30.23 . 30.63 

Steam Flow (lb/hr) 23,710 21,730 23,820 23,630 23,360 23, 790· ' 23,730 23,690 23,760 

Flue-Gas 02 .< J) 3.2 2.7 ~.4 4.~ 11.9 5.1 5.3 5.~ 5.2 

Excess Air U) 15.1 12.8 25.0 24.2 28.6 29.7 38.1 31.8 29.8 

Secondary Air Flo~ (lb/hr) 19,610 19,050 21,480 20,980 22,020 23,070 23,500 .2],3~0 23,190 

Second~r~ Air Temp. (OF) 597 6-10 583 601 '5€7 536 518 589 574 

Primary Air Flow (lb/hr) 4, 729 ...... ltl,6]1 ~.130 ~.512 ~. !;.f;l 4,6711 4,774 5,058 5.117 
t: Primary ~ir Temp CDF) 52 66 56 72 69 60 116 95 86 

Solid Fuel Flow (lb/hr) 1, 729 1,729 1,730 1,690 1,721 1,72C• 1,750 1,611 1,6~3 

Natural Gas (scfm) 0 0 0 0 0 (I 0 25.60 24.87 

Burner Position (in) 1 1 3/11 2-1/4 

Swirl Setting 8 8 7-1/2 8 7-1/2 8 8 8 6-1/2 

Average Flue-Gas temp. (OF) 538 !:·95 630 5110 5!3 579 560 571 568 

Carbon Conversion Eff. (~) 97.8 98.~ 98.9 98.5 98.7 98.7 98.9 98.0 97.7 

Boiler Efficiency (J) 

(Heat l~oss Method) 83.2 82.8 81. 1 82.9 81.9 81.8 82.3 81.~ . 80.8 



TABLE 11 • OPERATING CONDITIONS AND BOILER PERFORMANCE 
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 

Thermal Input (MBtu/hr) 30.25 29.73 30.08 30.29 30.26 31.11 30.98 31.08 31.47 31.11 

Steam Flow (lb/hr) 24,110 23,1WO 2li,OOO 23,910 23,780 24,5ll0 24,350 2ll' 120 24,210 2li,090 

Flue-Gas 02 .(:() 5.ll 6.5 6. 1 6.2 5.8 6.0 6. 1 6.0 6.0 6.3 

Excess Air (%) 32.1 ll2.4 38.ll 39.3 36.1 37.6 38.5 31-9 31-1 l!0.8 
... 

Secondary Air Flow ( lb/hr) 22,99.0 23,ll6o 24' 130 24 '1100 24' 170 25,920 25,910 23,700 23,730 23,960 

Secondary Air Temp. (OF) 592 592 577 57ll 588 562 562 590 587 585 

Primary Air Flow (lb/hr) 5,451 6' 113 5,796 5,542 5,827 5,83ll 5,895 5,823 5,709 5,825 

Primary Air Temp. (OF) 62 58 76 78 88 87 86 7li 95 .93 
\J1 

Solid F.uel Flow (lb/hr) 1,616 1,692 1 '599 1 '624 1,602 1 '6ll2 1 '639 1,677 1 '691 1,67ll 

Natural Gas (scfm) 25.6ll 0 25.80 2ll.38 25.07 27.21 26.18 24.72 23.99 24. 12 

Burner Position (in) 1/2 1/2 0/1/2 0 0/1/2 1/2 1/2 1/2 1/2 1/2 

Swirl Setting 6 6 6/6-1/2 6-1/2 6 6 6 6 6 6 

Average·Flue-Gas Temp. (OF) 523 522 531 535 539 551 552 53ll 535 5ll0 

Carbon Conversion Eff. (%) 98.5 98.9 98~7 98.8 98.7 98.9 99.0 99.ll 99.0 99.5 
Boiler Efficiency (,) 82.8 82.ll 82.ll 82. 1 . 82.6 82.3 82.3 82.5 82.ll 82.3 

(Heat Loss Method) 
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TABLE 12. 

Test No. 

Flue-Gas Analysis 

02 (%) 

C02 (%) 

co (ppmv> 

S02 (ppmv) 

(lb/MBtu) 

NOx (ppmv) 

(lb/MBtu) 

THC* (ppmv) 

Opacity, Uncontrolled (%) 

Particulate 

Emissions, Uncontrolled 

(lb/hr) 

(lb/MBtu) 

Carbon Content (%)+ 

*Total hydrocarbons.· 

+Loss~on-ignition method. 

1026 

3.2 

14.7 

248 

629 

1.23 

447 

0.63 

2 

43 

34 .. 1 

1.25 

95.1 

FLUE-GAS 
SRC 

Using 

1029-1 

2.7 

15. 1 

313 

674 

1. 23 

451 

0.65 

2 

44 

28.9 

1.06 

81.5 

ANALYSIS AND PARTICULATE EMISSIONS: 
FUEL DURATION TESTS 

6-Inch 11Econo" · Burner. 

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

4.4 4.4 . 4.9 5. 1 5.3 5.4 5.2 

13.7 . ·13.6 13.2 13~0 · ' 12 .~a 1~.5 12.6 

83 . . 88 61 63 54 83 82 

602 612 584 585 580 588 603 

1.26 1.30 . 1. 29 "1.29 1.29 1. 30 1.32 

543 544 580 596 498 732 665". 

0.82 0.83 Q.92 '0.94 0.80 1.16 1.05 

2 2 

17 15 . 11 14 14 . 16 19 

19.7 26.2 23.0 22.2 21.4 29.8 35.4 

0.72 0.85 0.98 0.81 0.17 1. 10 1. 28 

82."7 84.7 84.8 86.5 17.5 94.9 95.5 



TARLE 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 .. 
. . : .. .; .. ! 

02 (J) 5.11 6.5 6.1 6.2 5.8 6.0 6 01 '. 6.0 . 6.0 6 .J . 

C02 <J) 12.6 11.7 12.?. 12.0 12.3 12~2 . 12. 1 . 12 .• 1 1Z.1 12.0 
( ; :1' 

C(). _(PPnty). 1112 30 56 51 IJ2 111 38 62 67 70 

S~2 .(ppmy) 568 522 528 1199 620 590 600 5118 553 5112 

( lb/ME:tu) 1.26 1.28 1. 21 1.17 1.39 1.32 1.36 1.28 1.28 1.28 . :: 

NOx (ppmy) 659 602 661 5119 890 900 9~0 113 711 695 

~ (lb/MBtu) 1.05 1.0.6 1.09 0.92 1.11] 1.115 1.511 . l.30 1-19 1. 1 ~ 
-.1 

TjiC1 (ppmv> 1 1 1 . 1 2 1 -1 . 

Opacity, Uncontrolled 

(J) 15 16 1 ,, 111 16 15 .. 1.3 12 12 

Particulate 

Emissions, Uncontrolled 

( lb/hr) 211 •. 011 18.51 20.23 20.53 19.87 1?. 1,5 1~_.27 20.911 18.29. 17.511 .... 
, (lb/MBtu) 0.88 0.69 0.75 0.75 0.73 0.68 0.66 0.76 0.68 0.66 

Carbon Content (J)+ 93.2 811.7 93.6 86.1 90.8 82.9 78.9 112.7 85.9 111.3 

. ' .•.. ' . . " .~ .. 
. , ' . .. ·' 

*Total hydrocarbons. 

+Loss-on-ignition method. 



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 (1o1t %) on moisture free basis 

Hydrogen '1.91 8.02 7.80 a.o6 8.011 8. 111 

Carbon 86.113 86.93 85.18 86.11q 87.00 86.53 

Nitrogen 1.31 1.31 1.23 1.32 1.35 1. 35 

Sulfur •J. q3 o4q9 0.113 o.qo 0.1111 o.•n 

Oxygen 3.60 3.20 5.30 }.71 3-13 3.11] 

Ash 0.06 0.05 0.06 0.07 0.011 0.08. 

Moisture (J) 0.22 0.19 0.29 o. 18 0.36 1. 32 
Higher Heating Value (Btu/lb) 1'6 ,608 16,817 16,761 16,7611 16,763 16,676 

()) 

* Ultimate analys{s, troisture content, and heating value were determined according to ASTH Section 5 (Petroleum 
Product Lubricants and Fossil Fuels) standards. 



TABLE 14. ·.OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC l.lESIDUAL FUEL OIL PARAMETRIC TESTS 

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

Thermal Input (MBtu/hr) 30.10 29.77 29.89 29.66 29.03 29.57 

Steam Flow (lb/hr) 24,230 24,020 23,960 23,760 24,500 24,440 

Flue-Gas 02 (%) 2.8 1.7 3.1 1.5 0.4 4.4 

Excess Air (%) 15.7 8.6 17.1 1.1 2.3 25.4 

Secondary Air Flow (lb/hr) 23,000 21,080 23,040 20' 190 17,880 21 '820 

Secondary Air Teq>. (OF) 592 589 505 502 604 588 

Pr1mary Air Flow (lb/hr) 1,087 463 1,032 2,621 3,319 4,573 

Primary Air Temp. (Of) 90 93 9'1 85 44 35 

Fuel Flow (lb/hr) 1,602 1 ,596 1,622 1 ,626 1,578 1,596 

\() 
Fuel Temp. (OF) 288 304 303 301 303 295 

Fuel Pressure at Burner (psig) 97 90 91 100 95 100 

Atomizing_Steam Flow (lb/hr) 338 315 306 336 290 301 

Atomizing Steam Pressure at 
Burner (psig) 105 98 96 108 104 106 

Burner Position (in) 1-1/8 1-1/4 - 1 -5/8 -1/4 

Swirl Setting 4-1/4 4-1/4 4-1/4 4-1/4 4 4 

Average Flue-Gas Temp. (OF) 492 490 .1186 492 485 515 

Carbon Conversion Eff. (%) 99.8 99.9 99.6 99.6 99.8 99.9 
Boiler Efficiency (%) 

(Heat Loss Method) 85.6 ·86.0 85.4 85.4 8~.2 811.3 



~ 

N 
0 

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

Test No. 

Flue-Gas Analysis 

02 ('/.) 

C02 ('/.) 

CO (ppmy) 

so2 (ppmy) 

(lb/MBtu} 

NOx (ppmv) 

( lb/MBtu) 

THC* (ppmv} 

Opacity, Uncontrolled ($) 

Particulate 

Emissions, Uncontrolled 

(lb/hr) 

(lb/MBtu) 

Carbon Content ('/.)+ 

*Total hydrocarbons. 

+Loss-on~ignition metho1. 

1207-1 

2.8 

14.7 

53 

380 

0.71 

487 

0.65 

0.8 

11 

3.55 

0.132 

59.1 

1207-2 1208-1 1208-2 1215-3 

1.7 3.1 1.5 0.4 

15.8 14.4 15.6 16.7 

Bit 35 94 123 

409 315 399 396 

0.]1 0.59 0.70 0.66 

468 495 509 483 

0.58 0.66 0.64 0.57 

0.1 0.2 ().2 0.2 

17 11 16 11 

3.60 6.52 6.18 6.44 

o.n4 0.240 0.226 0.243 

50.8 88.7 83.1 54.3 

1216-3 

4.4 

13.8 

25 

3't3 

0.69 

533 
0.76 

0.4 

6 

i.39 

0.090 

76.8 



N 

TABLE. 16. FUEL ANALYSIS: SRC RESIDUAL FUEL OIL DURATIO~ TESTS* 

Test No. 12'10 1213-1 1213-2 1214-1 1214-2 

Ultimate analysis (wt %) on moisture free basis 

Hydrogen 8.11 7.81 7.93 8.10 7.99· 

Carbon 86.96 85.66 86.71 86.92 85.78 

Nitrogen 1.26 1.29 1.31 1.27 1.19 

Sulfur . 0.56 0.45 0.57 0.42 0.49 

Oxvgen 3.02 4.73 3.37 3.21 4.48 

Ash 0.<09 0.06 0.11 0.08 0.07 

Moisture (~) 0.23 0.39 0.37 0.39 0.38 

Higher Heating Value (Btu/lb) 16,"113 16,714 16,672 16,808 16,755 

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



T~BLE 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 analysis Cwt %) on moisture free basis 

Hydrogen 7.98 8.011 8.07 8·.111 8.05 8.09 

Carbon 87.02 87.00 86.311 86.53 86.19 86.98 

Nitrogen 1. 30 ~ 0 35 1. 36 1. 35 1.27 1.29 

Sulfur 0.51 o.I,JII 0.117 0.117 0.118 0.116 

Oxygen 3.14 3.1] 3.72 ].43 3.911 3.16 

Ash 0.05 0.011 0.011 0.08 0.07 0.02 

Moisture (S) 0.]11 0.]6 0.42 1.32 0.53 0.70 

Higher Heating Value· (Btu/lb) 16,721 16,763 16,737 15,678 16,601 16,628 
_. 
1\) 
1\) 

.... 
nUltimate analysis, moistDre content, and heating value were determined acco~ding to ASTH Section 5 (Petroleum 
Product Lubricants and Fossil Fuels) standards. 



TABLE 17. OPERATING CONDITIO~S AND BOILER PERFORMANCE: SRC RESIDUAL FUEL OIL DURATION TESTS 

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

"'Thermal ·Input (MBtu/hr) 29.78 29.02 29.25 29.31 29.11 

Steam Flow (lb/hr) 23,930 24,220 24,060 23,290 24,220 

Flue-Gas D2 (%) 2.4 2.6 2.6 2.4 2.5 

Excess Air (%) 13.3 1.4 .6 14.2 13.0 13.5 

Secondary Air Flow (lb/hr) 20,440 20,370 20,560 19,650 20,310 

Secondary Air Temp. (OF) 594 . 596 589 598 595 

Primary Air Flow (lb/hr) 2,985 2,644 2,619 1 ,918 1,671 

Primary Air remp~ (OF) 36 24 28 33 44 

Fuel Flow (lb/hr) 1611 1566 1584 1578 1566 

1\) Fuel Temp. ·coF) 304 303 298 302 300 
w 

Fuel Pressure at Burner (psig) 100 100 100 94 94 

Atomizing Steam Flow (lb/hr) 339 303 303 294 293 

Atomizing Steam Pressure at 
Burner (psig) 108 107 107 104 '104 

Burner Position (in) -3/4 -1 -1 0 0 

Swirl Setting 4-1/4 4 4 4 4 

Average Flue-Gas Temp (OF) 493 489 491. 485 490 

Carbon Conversion Eff. (%) 99.8 99.8 99.9 99.7 99.7 

Boiler Efficiency (J) 
85.5 (Heat Loss Metho·j) 85. 1 85.6 85.4 85.4 



TABLE 17_. OPERATING CONDITiotiS AND BOILER PERFORMANCE:: SRC RESIDUAL FUEL :JIL DURATION TESTS (continued) 

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

. Thermal Input. (MBtu/hr) 29.27 29.21 29.13 29.31 29.05 29.08 

Steam Flow (lb/hr) 2lt,580 2lt,530 2lt,220 24,240 2lt,400 24,440 

Flue-Gas 02 ('/.) 2.6 2.6 2.6 2.6 2.7 2.5 

Excess Air ('/.) 1lt • 1 1lt.2 14. 1 14.2 1lt.!J 13.8 

Secondary Air Flow (lb/hr) 20,510 20,360 .20' 150 20,120 20,920 20,690 

.secondary Air Temp. (OF) 598 59lt 601 597 592 596 

Primary Air Flow (lb/hr) 3,071 3,039 3,316 3,346 2,695 2,684 

Primary Air Temp. (OF) 48 !JO !JO 39 32 36 

Fuel Flow (lb/hr) 1,578 1,572 1,572 1,590 1,578 1,576 

N Fuel.Temp •(OF) 
.t= 

298 298 302 301 298 30lt 

Fuel Pressure at Burner (psig) 93 92 96 98 ' 85 86 
'· Atomizing Ste.am Flow (lblbr) ·281 280 28lJ 28lJ 268 268" 

Atomizing Steam Pressure at 0 

Burner (.psig) 100 100 101 101 JOlt 10lt 

Burner Position (in} -5/8 -3/8 .:..3/8 -3/8 -1/2 -1/2 

Swirl Setting lJ lJ lJ 4 lt-1/lt 4-1/lt 

Average Flue-Gas Temp. (OF) lJ87 490 lt90 lt92 ·. 525 493 

Carbon Conversion Eff. ('/.) .. 99.8 99.8 99.7 99.7 99.7 99.1' 

Boiler E:ff.ic iency (%) 
(Heat Loss Method) 85.4 85.2 85.lt <35.2 84.5 85.1 . ·- . . . 

·.· :. 



N 
VI 

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

Test 'No. 

Flue-Gas ·Analysis 

. 02. <.%> 
.co2 <%> 
co (ppmy) 

S02 {ppmy) . 

·(lb/MBtu)· 

NOx' ( ppmy )· · 

(lbi'MBtu): 

THC* (ppinv> 

Opacity·, Uncontrolled (~) 

Particulate 

Emissions, Uncontrolled 

· (lb/hr) 

. ( lb/MBtu )' . 

Carbon Content (~)+ 

· *Total ·Hydrocarbons. 

+Loss~on-ignitio~ method. 

1210 

2 .lt ... 

1lt.J 

29 

375 
0.71 

5lt2 

0.7lt. 

0.6 

1 

3-59 
0.133 . 

68 •. IJ 

1213-1 1213-2 121lt-1 

. 2.6 2.6 2.lt 

1lt .• 7 1lt.9 1lt.9 . 

29 36 .31', 

380 391 365 
. 0.70 0.73 0.67 

527 529 ·lt27 

0.70 0.71 0.56' 

0.6 0.] 0.9 

.3 3 10 

'3.00 2.lt6 lt.lt4 ... 

0•11lt 0.093 0.161 

11;6 78.6 87.5 
.. 

. :. ... 

121lt-2 . 

·2.5 

1lt·. 8 

ltlt .. 

379 
:o.1o 
ltltlt· 

0.58 
,., 
0.6 

8 
C· 

., • 55 

<L113 

8lt.1 

. ........ 
·' 



TABLE 18. FLUE-GAS ANJI.LYSIS AND PARTICULATE EMISSIONS: SRC RESIDUAL FUEL OIL DURATION TESTS (continued) 

Test No. 1215-1 12~5-2 1216-1 1216-2 1217-1 1217-2 

Flue-Gas Analysis - .. ' 

02 (:£) 2.6 2.6 2.6 2.6 2.7 2.5 

C02 (:£) 14.6 H.6 14.6 l4. 7 14.8 14.7 
' . ~ . .. . 

co (ppmv) 40 49 30 30 31 

so2 (ppmv) 345 ~-52 360 360 350 380 

· Ob/MBtu") · 0.65 •).66 0~67 ·0.67 0.~5 0 •. 7-2 

NOx (ppmv) : 
.. 

465 ll6E 528 524 500 506 

( lb/MBtu) 0.63 ::1.·53 0.71 0.70 0.67 0.69 

THC*. (ppmv) 0.5 D.<S 0.6 0.6 0·.8· 0.5 .. 
1\) opaci~y, Uncontro:..led r:£ > 7 ··1 .·. 6. 6 8 8. 
0\ ., ~-

Particulate : 

E11i~sions, Uncontrolleoj 

(lb/hr) 3.63 : 4.00 4.74 5.a1 4.42 4.~3 
·. 

" .. . . (lb/MBto) 0.137 0.152 0.1180 0.196 0.168 0.184 

Carbon ·Content:··(:£ t+ · 71.0 84.1 85.5 85'.5 87.3 88.5 
. ~ ; . 

*Total.,Hydrocarbo~s._ . 

+Loss-o~~ig~~~ion met.hod. ... 

'•. 
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TABLE 19. FUEL ANALYSIS: SRC/WATER SLURRY PARAMETRIC TESTS* 

Test No. 0106-1 0106-2 0107-1 0107-2 0110-1 0110-2 

SRC-I Concentration (J) 66.0 66.0 66.4 65.5 65.3 65.9 

Lomar-D Concentration (J) 0.5 0.5 0.5 0.5 0.5 0.5 

Particle Size Consist 
(J minus 200 mesh) 91 87 88 91 91 90 

Ultimate Analysis 
on Moisture-and-Loma!"-0-
Free Basis (J) 

Hydrogen 6. 18 6.18 6. 16 . 6.16 6.06 6.06 

Carbon 86.27 86.27 85.55 85.55 86.21 86.21 

Nitrogen 1.89 1.89 1. 93 1. 93 1.77 1 ~ 71 

Sulfur o.9e 0.98 0.97 0.97 0.96 0.96 

Oxygen 4. 3e. 4.38 "4.96 4.96 11.113 11.113 

Ash 0.31 0.31 0.43 0.113 0.56 0.56 
Higher Heating Value 

on Moisture-Free 
Basis (Btu/lb) 15,736 15,736 15,851 15,851 15,843 15,8''3 

_ ... 

nUltimate analysis, moisture content, and heating value were determined according to ASTM Section 5 (Petrole~~ 
Product Lubricants and Fossil Fuels) standards. 



TABLE 20. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC/W~TER SLURRY PARAYETRIC TESTS 

Test No. 0106-1 0106-2 0107-1 0107-2 0110-1 0110-2 

Thermal Input (MBtu/hr) 30.60 30.115 29.51t t:9.23 30.77 )1.35 

Flue-Gas 02 (J) 2.8 2.1t 2.9 2. 1 lt.O lt.O 

Excess Air (J) 13.9 11.2 lit .5 9.6 21.B 21.8 

Steam Flow (lb/hd 2lt,300 23,1t0') 23,000 t:'J '360 21t' 120 2'1 ,lt30 

Secondary Air Flow ( lb/hll") 18,670 18,20J 18,220 17' 350 20,It50 20,560 

Secondary Air Temp. (OF) 557 570 lt99 502 1199 569 

Primary Flow·(lb/hr) 11,1102 11,380 lt,559 ~.1170 5,205 5,198 

Primary Air Temp. (OF) 5119 5115 500 ~911 1192 561 

Fuel Flow ( lb/hr) 2,661t 2' 62~· 2,568 2,580 2,700 2,688 
__. 
1\) Fuel Pressure at Burner {psig) 85 87 85 90 89 89 
CD 

Fuel Temp. (°F) 159 165 1011 . 103 102 101 

Atomizing Air Flow (lb/hr) 980' 931 1,350 I , 1 Oil 1,0911 1,093 

Atomizing Air Pressure at 
Burner (psigL 86 86 85 ·86 85 85 

Burner Position (in) 0 0 0 11/2 0 0 

Swirl Setting 2-1/lt 2-1/lt 2 2-1/lt 2-1/lt 2 

Average Flue-Gas Temp. (Of'~ 516 532 515 536 525 535 

Carbon Conversion Eff. (~) 98.8 98.5 98.9 ·98.9 9~.6 98.8 

Roller Efficiency (J) 
(Heat Loss Method) 81.6 B 1. 1 81." 80.9 80.2 80.5 
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TABLE 21. FLUE-GAS ANALYSIS AND PARTICULATE EMISSIONS: SRC/WATER SLURRY PARAMETRIC TESTS 

Test No. 

Flue-Gas Analysis 

02 (~) 

C02 (~) 

CO (ppmy) 

S02 (ppmy) 

{lb/MBtu) 

NOx (ppmy) 

(lb/MBtu) 

THe• (ppmv> 

Opacity, Uncontrolled (J) 

Particulate 

Emissions, Uncontrolled 

(lb/hr) 

(lb/MBtu) 

Carbon Content (J)+ 

•Total hydrocarbons. 

•toss...:on-ignition inethod. 

0106-1 0106-2 

2.6 2.1f 

15.6 16.0 

76 260 

71f6 790 

1.36 1.1f2 

371 325 

0.112 0.49 

10 10 

25.116 31.75 

0.92 1.15 

66.7 71.0 . 

0107-1 0107-2 0110-1 

2.9 2. 1 lf.O 

15. 1 16.0 11t.o 

91f 259 51 

755 797 711f 

1.42 1.1f2 1.46 

350 321 416 

0.65 0.111 O.lf7 

12 14 12 

23.36 23.79 29.23 

0.66 o.66 1.04 

67.1f 66.1 71.2 

0110-2 

lf.O 

11f.O 

51 

718 

t.lf7 

440 

0.61 

12 

26.79 

0.95 

70.0 



TABLE 22. FUEL ANALYSIS: SRC/WATER SLURRY PURATION TESTS* 

Test No. 0111-1 0111-2 0112-1 0112-2 0113-1 0113-2 01111-1 01111-2 

SRC-1 Concentration (%~ 66.5 66.7 66.6 66.5 &6.7 66.7 66.6 66.6 

Lomar-D Concentration {J) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Particulate Size Consist 
(J minus 200 mesh) 90 91 89 91 6S B6 69 69 

Ultlmate Analysis 
on Moisture-and-Lomar-0-
Free Basis (J) 

Hydrogen 6.10 6.1<0 5.63 5.63 5.95 5.95 5.96 5.98 

Carbon 86.53 66.5] 86.63 86.63 86.10 86.10 86.89 66.89 

Nitrogen 1. 81 1. s 1 1.91 1.91 1.60 1.80 1.73 1.73 

w Sulfur 0.96 0.96 0.9!J 0.911 0.89 0.89 0.91 0.91 
0 

Oxygen 11.111 II. 14 11.35 11.35 5.12 5.12 11.28 11.28 

Ash 0.116 0.116 0.311 0.311 0.13 0.13 0.21 0.21 

Higher Heating Value 
on Moisture-Free 
Basis (Btu/lb) 15,750 15,750 15,907 15,907 15,;380 15,680 15,81111 15,81111 

-·-"ultimate anal!sis, moisture content, and heating value were determined acc·:>rding to ASTM Section 5 (Petroleum 
Product Lubricants and Fossii Fuels) standards. 



TABLE 23. OPERATING CONDITIONS AND BOILER PERFORMANCE: SRC/WATER SLURRY DURATION TESTS 

Test No. 0111-1 0111-2 0112-1 0112-2 0113-1 0113-2 011lt-1 011lt-2 

. Thermal inpu~· (MBtii/hr) · 28.50 . 28.6lt 28.78 28.75 28.9lt 29.01 28.93 28.68 
, ·. 

Flue-Gas o2 (%) 3.0 ' 3.1 3. 1 : 3. 1 . 3. 1 3~0 3.0 · 3·.o 

Excess Air (%) 15.2 15.5 15.8 15.9 15.7 1lt.9 15.3 15.2 

Steam Flow ( lb/hr) 22,960 23,020 23,020 22,980 23,360 23,250 23,250 23' 170 

Secondary Air Flow (lb/hr) l7 ,680 17,730 17,750 17,590 17,800 17,580 17,870 17,760 

Sec?~dary .·Air. Temp. (OF) 
. ~ ,· 

596 601 .. 600 598 598 603 600 602-. 

f>rbnary ·Ait· Flm:.,··(lb/hr) lt,579 lt,58lt 11,585 4,601 lt,lt87 lt,lt99 lt,533 lt,529 

Primary Air Temp. (OF) 588 592 ' 595 ,591 58'8 ;'593 592 59~ . 

Fuel-Flow (lb/hr) 2,lt36 2,439 2,lt39 2,lt37 2,454 ·2';lt60 2,lt5lt 2' l! 30 
·.:.... 

Fuel Pressure at Burner (psig) 88 90 87 90 88 91 87 89 w 

Fuel-Temp. (OF) 96 94 96 97 . 96 100 98 99 

Atomizing Air Flow (lb/hr) 1,073 1 '075 . 1,085 1 '115 1; 117 . '1 '113 1~113 1,090 

Atomizing Air Pressure at 
Burner (psig) 84 8l! 83 85 85 86 85 84 

.. 
Burner ~osition·(in) 0 0 0 0 0 0 0 0 

.. 
Swid.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 

B_o:i.ler Efficien.cy (%) 
· ': (Heat Loss Method)· 81.5 81.2 82.1 81.7 82.3 81.9 82.0 81.3 

.. 

·:. 
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TABLE 24. ?LUE-GA3 ANALYSIS AND ?·ARTICULATE EMISSIONS: SRC/WATER SLURRY DURATION TESTS 

Test No. 

Flue-Gas Analysis 

02 (%) 

C02 (%) 

CO (ppmv) 

so2 (ppmv) 

(lb/MBtu) 

NOx (ppmv) 

(lb/MBtu) 

THC* (ppmv) 

Opacity, Uncontrolled ( %') 

Particulate 

Emiss~ons, Uncontrc Ued 

( lB/Ibr) 

(lb/MBtu) 

Carbon Content (%)+ 

*Total hydrocarbons. 

+Loss-on-ignition me_th•)d. 

0111.,.1 0111-2 

3.0 3. 1 

n.8 14.8 

78 80 

1.52 741 

1._4'1 1.45 

:57 363 

•).5·::: 0.51 

2 2 

12 12 

25.7~ 25.74 
..... 

1. O(:C· l.OD 

63.8 67.3 

0112-1 .. 0112-2 0113-1 01:13-2 -.- 01.14-1 

3. 1 3. 1 ~. 1 3.0 3.0 

15.1 14 ._9 15.0 15.2 14.9 

70 60 e3 70 81 

620 621 615 699 696 

1. 16 1.20 1.29 1.32 1.35 

376 374 lt09 363 351 

0.51 0.52 0.56 0.49 O.lt9 

12 12 11 1l 12 

22.23 20.05 19.3l 20 .It 1 20.lt6 
: .:• 

0.86 - 0. 77 a .. 7lt -
.·: 

0.78 0.79 

-·7l.lt. 64.7 73.9 ' -73-9 70.4 

··::"·': ·.:"" ·. 

0114-2 

3.0 

J4.7 

87 

695 

1.36 

334 

0.47. 

1 

12 

23.08 

0~90' 

74 ~g, :_ 
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TABLE 25. FUEL ANALYSIS: PETC FAST MIX BURNER TEST~ * 

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

Solid Particle Size Consist 93 99 99 100 100 98 
<-% minus 200 mesh) 

Ultimate analysis (wt %) on moisture free basis 

Hydrogen 5.95 6.05 6.03 5.96 6.09 ,;6.13 
-,, .. 

87. l~ :< 8'6~·99 ·Carbon 86.50 86.80 86.80 86."85 · .. 
.. ·"' ., ~ .. ., 

Nitrogen 1. 91 1 ~ 83 1. 72 2.03 . 2.09 '2.0~ 

. Sulfur· 0.92 0.7~ 0.85 0.88 0.65. 0.89 

Oxygen. ~-5~ ~.18 4.~1 ~.23 ~~2'6 :-3.8~ 

Ash 0.18 0.07. 0.19 o. 10 0 •. 06 0~_12 

M<>isture (J) 0.28. 0.36 . 0.32 0.113 0.3~ 0.3~ 

Higher Heating Value 
on Moisture-Free 
Basis (Btu/lb) 15,86~ 15,867 15,911 15,820 ' 15,875 15.;889 

Ultimate analysis, moisture content, and· heating value were determined ac-cording to ASTM. Section 5 (Petroleum· 
Product Lubricants and Fossil Fuels) standards. 



TABLE 26. OPERATING CONDITIONS AND BOILER PER!?'ORMAN-:~E: 

PETC FAST MIX BURNER TESTS 

Test No • 0127-1 0131-1 0131-2 0201-1 0202-1 0202-2 

. Thermat" Input (MBtu/hr) 29.39 29.57 29.91 29.27 29.76 29.22 

Steam Flow (lb/hr) 23,520 2~,290 2~ ,010 23,·~50 2~' 130 211, •no 

Flue-Gas 02 U) 5.0 3.11 5.5 2.7 ''· 2 3.~ 

Excess Air (J) 28.8 17.5 33.8 12.9 23.6 17.9 

Secondary Atl.r Flow (lb/hr) 23' 190 20,820 23,8~0 18 ,.;no 21,810 21 '120 

Secondary Air Temp. (::>F) 50~ 5911 575 601 598 506 

Primary Air Flow (lb/hr) 3,~23 3.~~8 3,508 3,'500 3, 373 3,200 

w Primary Air Temp. (OF) 80· 73 71 80 89 81 .r= 

Solid Fuel Flow (lb/hr) 1 '700 1,700 1 '700 1,700 1 '700 1 '700 

Natural Gas (scfm) 0 0 0 ··o 0 0 

.Burner Position (in) 2-1/8 2-1/8 ·2-1/8 

Swirl Setting ]-1/2 3 3 3-1/2 3-1/2 3-1/2 

Average Flue-Gas Temp ... (OF) 509 ~92 509 ~82 ~99 497 

Carbon Conversion Err .. {J) 98.6 98.8 99.3 9!L7 99.2 98.9 

Boller Effi~iency (J) 83.7 85.2 811.1 85.6 85.0 84.8 
(Heat Loss Method) 



TABLE 27. FLUE-GAS ANALYSIS AND PARTICULATE EMl~~JONS: 
PETC FAST MIX BURNER TESTS 

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

Flue-Gas Analysis 

02 (%) 5.0 3.4 5.5 2.7 4.2 3.4 

C02 (%) 13.2 14.7 12.9 15.2 14.0 14.5 

co (ppmv) 43 56 49 41 49 55 

so2 (ppmv) 477 500 508 550 1198 539 
(lb/MBtu) 1.03 0.98 1.14 1.05. 1.03 1. 07 

NOx (ppmv) 111 829 820 899 920 ; 925 
(lb/MBtu) 1.21 1.17 1. 32 1.23 1.37 1.32 

w THC* (ppmv) 0.9 0.9 IJl • 

Opacity, Uncontrolled (%) 10 11 11 11 10 10 

Particulate 

Emissions, Uncontrolled 
( lb/hr) 23.4 19.3 11.9 21.1 13.6 19.2 

(lb/MBtu) 0.87 0.72 0.44 0.79 0.50 0.71 

Carbon Content (%)+ 90.0 92.8 90.9 93.5 90.7 86.0 

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



:'AELE 2~. GC!"? A ll:SON o: :u::~s: S?.C CC!-':Et:S':'IO~ '!'!:ST ?RCGRAM 

SRC SRC :'•;ei ~Ht:/ 

!-lo. 6 Oil ~0. 5 ·oil ?.esidual . ·:;~s~ ~ix '.late:-
:'Jel Sate~ A• ':Ia~~~ "* F~el 'Ji!• 3u:-ne:-• ~ 

SRC-I Ccncentr-ation ( ~) -50~ 56.7 

?a:-oticulate Size ~ist!""ibution 100 91 
~. {% :iinus'200 mesh) 

Ul:!.~at.e Analysis 
on Moisture-?r~e Easis (~\ . ' 
!iyc!:-ogen 11,78 11.62 7.97 5.95 6.10 
:ar~on 82.17 84. 11 86.43 86.50 86.53 
Hitrogen 0.22 0.17 1. 31 1. 91 1.81 
Sulfur 0,511 0.54 0.43 0.92 0.96 .• 

Oxygen 5.09 3.43 3.80 4.54 4.14 
Ash 0.10 o. 13 0.06 0.18 0.46 

':.;.d(' 
Moisture c•. pI 6.3 3,7 0.22 0.29 33-30 ~ · . .-~G 

H!;~;her Heatbg Value i::SD 
on iiet Sa sis ( Stu/lb) 17408 18109. 16808 15820 1USLt3 ·.::~::() 

106 
··~.1' 

:'uel Flow at 30 X 

~cul!:J' . "".:;r.: 
Thermal Input, lo/hr 1573 149:> li5UC: ,700 ~SS!I . ;~~~f.:.-

C/!! Weight Ratio 6.98 7.24 10.84 14.54 14.19 · .. :J .. 
·u 

Stoichiometric Ai:-/Fuel ~· : 

·.;eight Ratio 13.31 13.54 12.68 1; .84 , 1.91 

Excess Air, m 21.4 13.5 15.7 28.8 15.5 

Combus:ion Air Temp. (0!") !195 1195 592 504 501 

3oiler ::rricieney, (%) 80.0 82.0 95.6 33.7 81.2 

:'lue-Gas Analysis 

02 m 3.7 2.5 2.13 5.0 3.1 
C02 (Sl 12.6 13.3 14.7 13.2 14.2 
co ( PPI!Iv) 22 37 53 43 78 
502 (ppm,, l 4~(j 1129 380 477 752 

(lb/~tu) 0.91 o.ao 0.71 :.03 1. ~·, 
II Ox (;>pm.,l 213 190 487 17i 357 

(l~/1-!Stu) 0.30 0.25 0.65 1.21 o.so 
r:;c•• (ppmv) 0.6 0.2 0.3 2 

·Jpac:!.:y, 'Jncontrolled (%) 0 11 10 i2 

?articulate 
2:ni.~1!ians, Un¢¢nt:-olled 

< lb/t\rl 0.9Uti 
''' B'. 

3·55 ?.3.4 25.711 
(lb!MBtu) 0.031 0.03 0.132 0.87 1.00 

... 
?lyash Ca:-bon :on tent (~)·•· 24.9 36.7 59. 1 90.6 o7.3 

1 Typical Values. 
••Total ;;ycroca:-bcns. 
•••~oss-on-~gt.i~lon :-If:! ~~:vt.i. 
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TEST NO. 

0818-1 
0818-2 
0818-3 
0819~1 
0819-2 
0820-1 
0820-2 
0820-3 
0823-1 
0823-2 
0824-1 
0824-2 
·o826-1 
0826-2 
0827-1 
0827-2 
0830-1 
0830-2. 
0831-1 
0831-2 
0901-1 
0901-2 .. 
0902-1 
0902-2 
0903-1 
0903-2 

*Not perfomed 

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

ASME METHOD 
(PETC) 

0.03 
0.02 
0.02 
0.03 
0.03 
0.02 
0.04 
0.03 
0.03 
0.03 
0.04 
0.02 
0.03 
0.03 
0.03 
0.03 
0.04 
0.03 
0.03 
0.03· 
0.03 
0.03 
0.03 
0.04 
0.03 
0.04 
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EPA METHOD* 
(WFI) 



TEST NO. 

1024-1 
1024-2 
1025-1 
1025-2 
1026~1 
1 029~ l 
'1029-2 
1101-1 
110'1-2 
1103-1 
1104-1 1, 2-, 
1112-2 
1115-1 
1 1 15-2 
1116-1 
1116-2 
1116-3 
1117-1 
1117-2 
1118-1 
1118-2 
1118-3 
1 1 19-1 
1119-1 
1119-2 
1119-3 
0127-1 
0131-1 
0131-2 
0201-1 
0202-1 
0202-2 

TABLE 29. MASS TRAIN DATA, lb/106 Btu (Continued) 
· SRC FUEL 

ASME METHOD 
(PETC) 

1 0 11 
1.07 
1 0 10 ' 
1.26 
1.25 
1.06 
0.72 
0.85 
0.98 
0.81 
0.77 
1.10 
1.28 
0.88 
0.69 

0.75 
0.75 
0.73 
0.68 
0.66 
0.76 

0.68 
0.66 
0.87 
0.72 
0.44 
0.79 
0.50 
0.71 
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EPA METHOD* 
(WFI)' ·. 

1.43 
0.92··: 
0.95~,; 
0.90!; 
1 .00 . 
0;85 :. :· 

'> 

-· 
0.92 
0.67 
0.67 
0.80 
0.70 
0.85 
0.98 .. 
0.80 
0,80 

0.78 
2. 11 
o. 73 
0.71 



TEST NO. 

1207-1 
1207-2 
1208 
1208-2 
1209-1 
1209-2 
1210-1 
1210-2 
1213-1 
1213-2 
1214-1 
1214-2 
1214-2 
1215-1 
1215-2 
1215-2 
1215-3 
1216-1 
1216-2 
1216-2 
1216-3 
1217-1 
1217-1 
1217-2 

TABLE 29. MASS TRAIN DATA, lb/106 Btu (Continued) 
SRC RESIDUAL FUEL OIL 

ASME .METHOD 
(PETC) 

0.13 
0.13 
0.24 
0.23 

0.13 

0. 11 
0.09 
0.17 
0.17 

o. 14 
0.15 

0.24 
0.18 
0.20 

0.09 
o. 17 
0. 18 
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EPA METHOD* 
(WFI) 

0.28 
0.26 
0.22 
0.16 
0.15 
0.19 
0.13 
0.13 
0.23 
0.21 
0.21 
0.19 
0. 15 
o. 18 
0.31 
0.24 
0.22 
0.11 

0.18 
0.20 
0.20 



TEST NO. 

0105-1 
0106-1 
0106-2 
0107-1 
0107-1 
0107-2 
0110...,1 
0110-2 
0111-1 
0111-2 
0112-1 
0112-2 
0113-1 
0113-2 
0114-1 
0114-2 

TABLE 29. MASS TRAIN DATA, lb/106 Btu (Continued) 
SRC RESIDUAL FUEL OIL 

ASME METHOD 
(PETC) 

0.92 
1.15 
0.86 

0.88 
1.04 .. 
0.95 
1.00 
1.00 
0.86. 
0.77 
0.74 
0.78 
0.79 
0.90 
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EPA METHOD* 
(WFI) 

0.87 
0.85 

0.88 
1.12 
0.89 
1 • , 6 
0.92 
0.85 
1.04 
0.91 
0.77 
0.73 
0.79 
0.93 
0.92 
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APPENDIX A 

A. 700 bp aJtBUSTIOI TBST FACILITY 

A. 1 700 bp Boiler 

The primary component of the Combustion Test Facility (CTF) ls the 

700 hp, two-drum, "D". type package, watertube, industrial· boiler designed 

for oil firing. A horizontal cross-sectional plan view of. the boiler.l'is 

shown in Figure 3. The boiler was manufactured by the Nebraska Boi·ler 

Company and, at full capacity, generates 24,000 pounds of saturated ·s.team 

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-40 

Convection Heating Surface: 1956 sq ft 

Radiant Heating Surface; 518 sq ft 

Furnace Size: 6.3 ft W x 13.3 ft L x 7.4 ft H 

Design Steam Capacity: 24,000 lb/hr 

Design Pressur~: Z50 psig 

Operating Preaaure1 175 p3ig 

Feedwater Supply Temperature: 2270F 

Sootblower: One Boyer Type VH valve-in-head 

Design No. 6 Fuel Oil Consumption: 30 x 106 Btu/hr 

Desisn No. 6 Fuel Oil Excess Air: 12,5 percent 
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A. 2 Flue-Gaa Pulse-Jet Bagbouse · · 

Particulates are filtered by 'an American 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 

S02 emissions to an acceptable level, the·S02 is ·reacted··with a·dry sorbent, 

.1so,41um bicarbonate, to' produce sodium sulfate,·- which ·is ·collected on ··the 

! filter bags along with the flyash. ·The flue.;;gas desulfuriza:tion ·system" was 

:tROtl'·:used· durihg this program.· The baghous·e contains i2o· Huyglas 'filter 

·fabric bags manufactured· by ·Huyck· Felt",' Division· ·of' Huyck Corporation; ·'The 

:, hags are ·arrayed in 10 rows of 12 bags. 'The bags are 5-1/4 inches Jn 

diameter by ' 11 feet 9 inches long, providing ·total cloth a·rea of 1979 square 

feet. They are 100 percent fiberglass needle felt fiber that can 

continuously operate at 5000F and· can allow for surges· up to 5500F. These 

filter bags have a unique resin ·system ·which··· coats and· ·prot·ect's· the fiber­

glass from abrasive and corrosive environments, lubricating the glass fibers 

and preventing the fiber-to-fiber· abrasion to which constantly flexing 

filter bags are subject in pulse-jet filter systems. ·The bags'-are cleaned 

ustng a pulse of alean air. Two air h·eadet• wanlCulds, ·one on ·each side ot· 

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. FACD.ITY HODIFICATIOIIS FOR SOLVD'f REFIRED COAL - PHASE II 

B. 1 Flue-Gas Duct Dea:lgD 

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 was 

designed to be operated using approximately 5000 acfm of flue gas, which i:;s . 

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

ICRC, Southern Company Services (SCS) and MATSCO/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 cooler. The existing 16-inch diameter 

ducts each had manual flow control valves. The flow was measured by using a 

manometer across the splitter and also a flow orifice near the ESP inlet, 

and also by a pilot tube traverse across 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. 

146 







C.OAL 

'"'''" 
MOP PII 

co .. r .... ..... • 
I 

-..k-..:: 

.. o .• ""'' ou •u•• 

c a.• ••••••1• •u .. r 

NO 

I 

c.o. ... 

•o.• ruu 
OU I tOIAfll ...... ......... 

fUll •••••• 

C.O.M. 

•••• •u•• 

OOIC!e ••••• ... 

AIO 

t•euCIO ... , ' ••• 

'10 II f. WAIIIIUII 

PACI&et IOHII 

AIO•I IM8 . ..... 
,. ... 

FIGURE 2 

COMBUSTION TEST FACILITY 
FLOW DIAGRAM 

. ..... ... ,. . 
... ~ 



\11 
0 

30mm 

Fins dual-welde 
to tubes 

Burner 
nozzle 

L Refractory 
throat extension 

Welded wall construction 
finned tubes 

New view 
port windows 

' 

1.511 

' co 
• I 
CD 

VIew port 
windows 

Figure 3 Sectional Plan 700 H P Watertube Boiler 

: 
N . ,, .., 

~ 
Sectlon.::A A-
Baffle 



IT~AM 

AMBIENT TEMPERATURE AIR 

FORCED DRAFT 
FAN 

AIR FROM 
AIR HEATER 

VARIABlE 
SPUD 

ATOMIZING 
ST~AM 

BlOWER 
AMBIENT 
PRIMARY 

NO. :I 
fUEL OIL 

AIR HEATER 
PREHEAT~O SlCI)M)ARY AIR 

FIGURE 
FUEL OIL 

4·A 

FLOW DIAGRAM 

TO 
BAG HOUSE 

IT~AM 

FEEOWATER 

NATURAL GAS 



Vl 
I\) 

SCMWfi"IOl• 

.. 1.0GIN 

.. , 

DV'n 
COL.L.IClOR 

IOIC 
110PIACI 

HOHI" 

DUif 

IIOC lllC 
&10AAGI 110AACI 
&NI(C1011 t•UICIOA 

PI TAO PI TAO 
CARe CARe 

tAAHUOIIIt IAANUORI 

SRC 

S¥111 .. 

FIGURE 

FUEL 

IYIIIM 

48 

FLOW 

lAC 
.fllOaiN 

.. IHlAIIO 
MCONOAIIIY._tl 

....... 

fUll . 

DIAGRAM 

DUSf 
CDlUCfOil 

toaaGHDUSI 

lOIII' 



\.11 
w 

VENT 

PANEl 
HEATER 

VENT 

AMIIIENT 
PRIMARY 

AIR 

INlET 

RECIRCUlATING liNE 

S&C RESIDUAl 

VARIABlE SI'EED 
I'UMJ' 

... 
"' :1 .. 

MICRCHoiOTION 
flO-ETER 

eLOWER 

FIGURE 4C 

ATOMIZING STEAM 

PREHEATED SECONDARY AIR 

~lUE GAS 

NATURAL GAS 

SRC RESIDUAL FUEL OIL FLOW DIAGRAM 

TOBAGHOUSE 

TOUP 



.. , 

VAIUA8ll U'&D ...... 

DUSI 

lAC 
SIOR.AGI 

•net CHI 

"tlliO 

c••• 
IYIUM 

FIGURE 40 

lAC 
110"-AGI 
IIUICIOA 

.......... 0 
IICOND•RWA .. 

"'IH(AIIO 

SR·C/ WATER SLURRY FLOW DIAGRAM 

flUIDAl 

JOIIP 



' I I ........ 

I 

J 
't I 

o' 
C\1 

SECTION '\8-Bq 
SCALE : I" - 1'-- 0' 

Q. 
VI 
'b 

~ 

_, 

~I 
-:I 

~I 
~ 

I 
I ~u I 
2'-62 I 

8 

t! 

a:: 
~ 

0 
I .. 

N 

., ,. 
~ ~L.JOSS· zT~ 

7'- 2" 

PLAN 
FIGURE 5 

FLOW SPLITTER 
155 

!t 

::: 
0 .. • 
.:t 

._ l..g a-_ 
..0 ... 
('T' 

t 

!i)(fiQ;VS ION JouJT 

(S6G 0/IJG, 'Z.7-Il:fi1·Z 
TIG"N-(j) 

4'-25." 
8 

~ 

. ·. 
~-: 

: . ......:... 

-· 



..... 
V1 
0'\ 

Solenoid Valve 

A f 
AlrValve 

oo Door ' 
~--=-~--

Compressed 
Air Man I fold 

Assembly 

Hold Down Clip 

ENLARGED DETAIL OF COMPRESSED 
AIR MANIFOLD AND FIL TEA BAGS 

FIGURE 6 
700 HP BOILER BAGHOUSE 

~~1CTtl!L Compressed 
.....,_.-~.--1JVI A I r Man lfol d 

~ ---~~·........... Assembly 

- : I 

INLET 

·Hopper 
Access Door 

Manufactured by American Air Filter Fabri-Pulse Size: 12-120-1924 



NOMINAL 
PIPE INSIDE 
SIZE DIAMETER 
6 inch · 6 3/32 
8 inch 8 1/8 

10 inch 10 1/8 
12 inch 12 1/8 

• All dimensions in inchas 

MOUNTING DIMENSIONS 

A 

FLOW 
STRAIGHTENING 

+L
~1• l.D. • tWj 

~j ________________ [:J ~ 
' I 
:• B.C.---, 

\_MEASURING 
ELEMENT 

STANDARD FLANGES FOR 10NZP1000 

BOLT NO. OF SIZE OF 
HOLE BOLT BOLT 

H w T CENTERS HOLES HOLES 

1 1 1 OGA 7 5/16 6 9/32 
1 1 1/8 10GA 9 9/16 6 3/8 

1 1/4 1 3/8 10GA 11 13/16 6 7/16 
1 1/4 1 1/2 10GA 14 8 7/16 

FIGURE 7 

BRANDT FLOW 
METER 
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SECTION A· A 

Fuel d dJ d2 

SRC/Water 15/64 • 19 I .120 

16 Oil 5/32 • 149 .059 

SRC Residual~32 .1.52 .093 

r------~~ ...... 
.... ,~LM

1 

M • .....J· ~z;;-~~=~ 

UtTION C·5 ~!!''"~')!II ~II> 
~~ .. ~ 

FIGURE 9 
COEN COMPANY N° 2 mV OIL 

ATOMIZER ASSEMBLY 

dl d4 ds L 9 

.205 .205 7/8 5/32 60° 
• II I .159 1/2 .096 750 

.as4 .20; II/ 16 .099 75u 

3 
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FIGURE 11-D 
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COAL 
STORAGE 
HOPPER 
20TON 

CAPACITY 

CONVEYING GAS 
BLOWER 

PULYERIZER 
(1,500 LSS./HR CAPACITY) 

H2 CONVEYING GAS 

PULVERI2;ED COAL 

r---------~~--~ 

BAG HOUSE 
FILTER (5TH LEVEL) 

Itt TRANSPORT GAS 

$ ~~ I 

PULVERIZED COAL 
STORAGE BIN (4TH LEVEL) 

\-----J (3500 LSS. CAPACITY) 

STORAGE INJECTORS 
(600 LSS. CAPACITY EACH) 

PRIMARY INJECTORS 
(1500 LSS. CAPACITY EACH) 

FIGURE 12 
PETROCARB FLOW DIAGRAM 



' 

@ 
_I 

L/ S T 01=" PARTS 

1.4'oon:3 W8RA' SC~€W UVtF BoTToM" P.:I<:V. BIN 
Z.~e£1:) SCil~W #OP.I"'tFJe 
~.,C€€0 S(;~€W 
4.DC. VA'.f!l.48lc S;P€t:D MOToA! 
5..131/11 'fl"&eRTO€ MOTOR 
(,,LO;t/0 CcUS 
7. 8/IG ..... ~€ ~/~ T5,e 
8..e'OT~Y V,.4~VG" 

q_ ./3;9~F~€. 
10. V/~AT"/NG 8/N liS OTTO"'!, 
!/.AIR 5N'o:ro,::-~ V.4lll6'" 6 
12.. S,li?C S~UT 01=1= VA.! Vt 
1~. P:lc/M~.ey .4/A? B.!OWGJf! 
j4-.?£1N#.ey ,4/,li! CON~ VA~ VG G .. 
15.1!3/N .IS Ol./IT/01\J V...UVG" 

,4.'} s. g. Nz P<.H~G£ .,ot:::)INT5 

E_,. . 

--- .@ 

FIGURE 13 
VIBRASCREW BIN ARRANGEMENT 
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15 FIGURE 
THREE- INCH FEED SCREW 
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Rotatable inlet 
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FIGURE 18 

RESIDUAL OIL FUEL PUMP 
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FIGURE 19 

DIGITAL READOUT 

I TOTAL lb --:.--~ 

I 9 6 2 5. 4 8 

LB/HR-MASS FLOW RATE 

LBS-TOTAL MASS FLOW 

FUEL OUT 

MICRO MOTION, INC. 
2700 29th STREET 
BOULDER, COLO. 60301 

303-499-6400 

MICRO MOTION FLOW METER 
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D. 700 bp BOILER FACILITY EQUIPMDT 

(SbOim 1D Figure .II.A, Appeadix .l) 

D.1. Boiler Feedvater/Steaa 

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

capacity 30,000 lbs/hr 

b. Boiler Feedwater Pump - Ingersoll Rand Type GTB rated for 

80 gpm at 3550 rpm 

c. Feedwater Flow Control Valve - Bailey Meter H-inch Globe 

Valve with Bailey Positioner 

d. Steam Pressure Valve - Masoneilan 4-inch Globe Value 

e. Air Cooled Condenser and Subcooler - Ecodyne Forced Draft 

System Condenser_ and Subcooler; Model 9W-38L-2F8_ with nominal 

capacity of 25,000 lbs/hr steam and 21,180,000 Btu/hr heat 

transfer rate 

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

with a 150 gallon capacity 

g. Steam Calorimeter Croll-Reynolds Throttline Steam 

Calorimeter 
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D. 2. Combustion Air Supply Equipment 

a. Combustion Air Compressor Joy Centrifugal four-stage 

compressor Model No. Turbo Air 30M4 Capacity: 2650 scfm at 

135 psig 

b. Combustion Air Heaters- Ionics, Inc., oil-fired closed cy~le 

heaters (two) 

c. Forced Draft Fan - Buffalo Forge type 45MW industrial fan 

arrangement No. 1, rated fur 7:'~00 ac!m ::it ~u inches statio 

pressure 

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

valve with Moore positioner (from fan) 

D. 3 • General Fuel Handling/Supply Equip111ent 

a. Raw Coal Storage Bin 

construction 

22-ton capacity, carbon steel 

b. Rotary Valves - Rutler Type HDRBF-S-8NH-1-RT-T3 Standard 2 

o. Roller Mill - Williams ~atent Crusher Gnome Roller Mill 

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

d. Cyclone Separator - Williams Patent Crusher Cyclone Collector 
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e. :bust Collector - Buffalo Forge Type P Aeroturn Square Weld 

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

construction 

g. CWM Mix Tank - 1800 gallon carbon steel, steam jacketed -

agitator - 2 sets of turbine blades 

h. Mix Tank·Agitator - Proquip Model 7ZFS15B (10 hp motor) twin 

turbine blade agitator with 2-inch shaft (each turbine blade 

made up of four 112-inoh bladeo) 

i~ Recirc/Transfer Pump - Warren Rupp "Sandpiper" air powered 

diaphragm pump, Model SA2-A Type 3 

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

agitated by mixer with two turbine blades 

k. Hold Tank Agitator - Proquip Model 7ZGS30B <H hp motor); 

twin turbine blade agitator with 2-inch shaft (each turbine 

blade made up of four 142-inc~ blades) 

1. CWM Vari~ble Speed Pump - Moyna 5 hp 4EOES1-COQ pro~ressing 

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

inch chrome plated undersized rotor 

m. Recirculation Pump - Moyna 3 hp fixed speed; .Model OF-COT 
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n. Micro Motion Mass "Flow Meter 

Range: 0-100 lb/min range 

Micro Motion Model C-100; 

. o. Pinch Valve"- RKL- Controls Inc., cast iron· 'diverter valve; 

2-inch series DV-LH ·r, ·,r 

p. Single Air Zone Register - · Coen· packa:ge single ·air zone 

register with Wide-flare ref'ractOi'y throat:. an'cJ non-standard 

9-inch offset extension 

0.4. Flue-Gas Exhaust System Equipment 

a. Stack Damper - .W.K.-M. Indust·ries 24-inch butterfly valve with 

Bailey positioner 

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

with gas · on the tube · side; designArt for a maximum of 

1,143,400 Bl.u/hr heat transfet:';_ With 1151 sq ft heat transfer 

surface 

I ~, ' 

c. Baghouse - American· Air Fllter Size· 12-108'..;.1732 Fabri,-Pulse 

Uust Collector (tor additional information, refer to 

Section IIL2) 

d. Induced Draft Fan - Zurn Clarage Series 1270, size 223 
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. o.s. Ro. 6 .ruel Oi.liStQM~Se .llandliD8 Equipment 
·l . r •. . .,· • • ..z·.\· ., p • •• • ·1 •• 

• • 'I 

'' 

(Sbow 1D Fiaure 4 • .&, AppendiX .. .&> , ,•', . : 

a. 

b. 

c. 

d.' 

Storage Tank - 60:,000. gallon .carbon steel ta~ coqtaining an 
. J. - J: •• ) ., .~:.; • •. •. •' • ' .. 

internal steam coil · 

Suction Heater.-· Brown .Fin Tube Tank Suction Heate~.Model No. : ... ·.. . . . . . . ·; . ~ ~ .'. ' ·, . ;. . . . 

. 2.BEU0805 '•.: .. •,· ... •' 

'.-.: :.:· 

Pump at Suction Heater - Roper Type progressing cavity pump 

with 5 hp motor ( 11nt ~~pw ~~ .fiiUre 5) · , · 

Pump - Moynq 3 hp, ~ode.l. 2L~"-CDQ · pr.ogr.essing cavity with elas.~ 

tomer ·uneP, Buna-N stator and .a ;0 . .-010-;inch undersized chrome 

plated rotor 

. . -~ . 

e. Heat Exct,lan$e:"". - :ar.~wn F.in Tube Double. P.ipe: Hairpin Sectioz:1·, 

.. • ~pe .40 . 

D. 6. SRC Puel lquip~~eut 

(Sbow 1D Figure 4.B, .. AppendiX .&) . . .. '· . . . 

a. Petrocar}) Fuel· Injection System - Petroc.~rb Pulverized Fuel 

Injection System for injecting fuel at a maximum rate of 

. 1QOO, lb's/1:1~ under. a . pre~sure of .103 .psig + 5 psi. Designed 

for coal, particle size of 70 ·percent through 200 mesh and 
. . ' 

total moistur~ content not in excess of 1.0 percent water by 
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.. . . · · . :·weight:. . ·Figu~e 6 depicts:·.this .syst·em~ The· system .consi3ts 

9f, a Feed Bin (3500 lps ~apacity).; .twp Storage Injectors in 

parallel (each 600 lbs capacity) and two Primary Injectors 

( e~ch 1500 · lbs .capacity) :•"· ,.:The sys,tem is de~.~ned tC? operate, 

continuously L }4 hours pe~ .... day. . The. P.rjJDary Injector is 

mounted on strain gauge load cells and the loss in weight 

. · . .r.ecorQed ·on a: strip ch~rt. 0 .The Storage Injecto~s are mounted 

ab.oy~. the·.P.rimary .Ir1jeotor and··pres·surized to-;5 psi above the 

Primary Injector pressure. The system is automatically 

. cor1trol~e~·. bY·· a seri~s of -;QJ.ffer.e{lt,ial; pressure regulators 

and motorized valves. .•'t; 

~. ACM-10 Pulverizer .. - .. Pulver..izing Maohinory. CQ. Model 10 

Mikro-ACM pulverizer :of. cast iron steel ·construction with . . . ~ . ; .... " ' . . . 

10 hp main drive motor 

c. Vibra Screw Feed Bin.- Vibra 3c:r·~w .In.c. Mo<1el WUt-8-ijQQ Live 

Bottom Bin; 400-cu ft capacity 

d. Bin Vent - Pulverizing Machinery Co. Model .. 10B .. Bin Vent; nine 

polyester felt bags, each four-feet long, HCE treated with 

e. 

I ' 

f. 

.9opper. grounding wire .. · .•' 
•• ! 

Bin Outlet Control Valve - Josam-WAy 6~incb knife valve 

.. ·,,: .. ~: 
Feedscrew - Vibra Screw Feeder; . heavy .duty, 6-inoh with 

10-inch inlet and 27-5/8 inches from inlet to outlet 
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g. Blower - Buffalo Forge Size 5.5 Type E SWS1 fan. arrangement 

rated for 2000 acfm at 3550 rpm and 700F (first in series) 

h. Control Valve Centerline Manufacturing Co., 8-inch 

butterfly valve (Primary Air Shuto.ff) 

i. Blower - Buffalo Forge Size 4 Type RE SWS1 fan arrangement 

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

j. SRC Fuel Flow Control Valve - Centerline· Manufacturing Co., 

6-inoh butte~fly valve 

D. 7. SRC Residual Fuel Oil Syste11 KcjuipJBant 

(Shown in Figure ll.c, Appendi.z A) 

a. SRC Residual Fuel Oil Tank - 2500 gallon storage tank, 

externally heated by steam coils inerted with nitrogen 

b. Recirculation Pump - Crane-Deming Type 20 positive displace­

ment pump 

c. Transfer Pump - DeLaval Imo positive displacement pump (Model 

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

d. Mass Flowmeter - Micro Motion, Inc. mass flow meter, Model 

No. C50AFT1S; Range: 0-40 lbs/min 



e. Steam Heater - Brown Fin Tube Co. Hairpin Section Type 

80-1C000-320 shell and tube with oil on the tube side (two in 

series) 

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

(recirculation o~ boiler feed valves) 

D.O. 3RC/Vater Slurry EqUipment 

(ShOVD iD Figure 4. D, Appendix. A) 

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

fly valve with Moore positioner 

E. S!STBH DISTROMDT.ATIOII 

1. 

a. 

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

noted). 

E. 1 • Boiler Feedva ter 

Temperature: 

Prcaeure: 

Boiler Feedwater 

Condensate at DA Tank 

Feedwater Temperature at drum; (local) 

Feedwat;.e,· Prts:3::sure before Steamdrum; 0-6uu 

psis, (local) 
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3. Flow: 

4. Other:· 

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

Boiler Feedwater Meter; Badger Meter 

(gallons) (~ocal) 

. Water Level Hot Well (gallons) 

Steamdrum Level, Bailey Control System 

(local) 

E. 2. Boiler Steam Recirculation System 

1 • Temper~ture: 

2. Pressure: 

3. Flow: 

E. 3 • Secondary Air 

1. Temperature: 

2. Pressure: 

Steam frow Boiler 

S~bcooler Louvers (local) 

Steam Pressure at Boiler 

Steam Flow from Boiler Flow Orifice 

(0-150" H20) 

Steam Flow Totalizer, Taylor, RD.G x 360 = 

lb/hr, (local) 

Secondary Air at Brandt 

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

Brandt 21DPT2235 transmitter 
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3. Flow: 

E .4. Prilllary Air 

1 • Temperature: 

2. Pressure (differential}: 

3. Flow: 

E .5. Flue Gaa 

1 • Temperature: 

2. Pre~sure: 

Secondary Air Flow, Brandt (0-2" W. c.} 

(Brandt Primary Element 10DSK1012-18; 601.6 

lb/min} 

Center Fire Air Tempe_rature at Brandt 

Brandt PI-10PT2441-91 Transmitter 

j 

Center Fire Air Flow, Brandt (0-4.74" W.C.} 

(Brandt Primary Element B-NZP1131-8; (9165 

lb/hr) 

Staok Blowe1~. Inlet 

Stack Blower Outlet 

Flue-Gas after Cooler 

J.i'lue-Gas at Sample Point (immediately down-

stream of boiler exit) 

Duct Exit of Boiler . 

Flue~Ga3 CoolHr Tube Temp~rature 

Furnace Pressure (-1 - +3 11 H20) 

Flue-Gas, Magnehelic; 0-1" H20 (local) 

Pulse-Jet Baghou.se Pressure Drop (0-20" 
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. ':• 

3. Analysis: Opacity; Lear Siegler Model 611 (0-100%) 
.• .. ~ . ' "t . . •. ' ~ 

(local) 
'"' , .. '. 

02 after furnace, Taylor Model OA.269 

(0-25%) 
• , •• 1 : "'·. 

(See Appendix D for additional flue-gas 

analysis equipment.) 
•. ~~. .•.:;. ..., '· 

E.6. Fuel 

1. Temperature: 
, ,,-, 

.: ~ ", 

" .· 
a. No. 6 Fuel Oil: Storage Tank (5 points) 

Test Fuel at Burner 

.;':... ',·. 

b. Coal: Coal Supply Hopper 

Dust Collector 

Proportioning Feed Tank 

c. Coal-Slurry Mixtures: Hold Tank 
••. j' 

2. Pressure: 
·, .. 

Test Fuel at Burner 

D.ischarge .Pressure at pump (0-400 psig) 

(local) 

Fuel Presl!lure before preheater (0-300 psig) 
. . . : . \. . ~ 

Fuel Pressure at burner (0-150 psig) 
.... ' 

(local) 
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3o Flow: 

4o Other: 

r.: 

Eo 7 o AtomiziD& Steam 

1o Temperature: 

2o Pressure: 

3o Flow: 

E o 8 o ltolliziDS lir 

1o Temperature: 

2o Pressure: 

Floco Volumetric fuel flow (gallons) 
: ~ 

(local) 

Micro Motion Mass flowmeter (0-40 lb/min) . :v !. . . . . ) : . . • ~ 

Micro Motion Mass flowmeter (0-100 lb/min) 

. Ho~d Tank i.e.!el,)~~gnehel~~ (0-100" :H20) 

(local) 
";• 

Atomizi~. Ste'm· to Burner,, 

Pressure of Atomizing Steam at burner .. 

(0-150 psig) (locai) 

Atomizing Steam Flow (0-150" H20) 

Atomizing Air ~t orifice 

A~omizing Air Pressure at orifice (0~150 

psig) 
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Atomizing Air Pressure at nozzle (0-150 

... ·· psig) 

3., ·Flow: 
; ..... . 

Note 1: 
' . 

'All temp~ratlires are · ·r.·elayed· to· the Honeywell 48 . point 

indicator and computer except as oth~rwise noted. 

Note 2: 

All pressure transmitters· are of the type mentioned on the "Special 

Notes" at the end of th:Ls · appendiJ'i:. · 

Special 'No'tes 

In addition, special transmitter models and other instrumentation specifi-

cations are as follo~s: '•'' 

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

pressure, atomizing air and a~omizing steam), are Taylor Types 

332TF (adj. 10-100. ps.ig) or· 333TF' (adJ. 50-500 psig). 

'· ~ •· · ' All iow or differential pressure transmitters except for Primary 

and Secondary air are Taylor. Types 303TD (adj. 20-250" H20); 302TD 

(adj. 5-50" H20) and 301TD (adj~ 0-10" H20) •.. 
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.. 
3. Diaphragm seals for pressure tra,nsmitt~r~ on tn~. SRC-I Residual 

Oil and SRC-I/water fuel trains are Ametek Models SN and SM with 

ranges ~o 1500 psig. · Fill fluids were DC-200 silicone for low 

temperature applications ( -600 +3000F) and DC-704 silicone for 

high temperature applications (300-6500F) •. 

4. The SRC 400-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. 

5. The center air diffet•ential · pressure transmitter and primary 

element were Taylor 30 1TP (0-10" H20) and Brandt Primary Element 

No. 10NZP1022-10-3. 

6. The Residual Oil heater temperature transmitter was an AGM 

thermocouple transmitter with range of 0-4oaoF, type 'K'. 

7. The Residual Oil tank temperature . r·egulator was a Jordon Mark 80 

with range of 160-225oF. 

8. Indicating controllers for all processes were Taylor Models 

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

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

boiler •. They ·are: 

1. Oxygen- Beckman Model 755 02 Analyzer; Operation Range: 0-25% 

2. NO/NOx - Beckman Model 951 NO/NOx Analyzer: Operation Range: 

0-1000 ppm 

3. Carbon Dioxide ..;. M.S.A. Lira 303 C02 Analyzer: Operation Range: 

0-25% 

4. Hydrocarbons - Beckman Model 400 Hydrocarbon· Analyzer; Operation 

Rang~:. 0-100 ppm 

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

0-1000 ppm. 

6. SulfurJ~Joxide :-.M.S.A. Lira 303 S02 Analyzer; Operation Range: 

0-4000 ppm 
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APPENDIX B 

A. FIELD CLOTH CC»>PARATOR 

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 lines and 

chamber at constant temperature. In the filtration mode gas flows into the 

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

13, th~ condenser, dl"yer; pump, rotameter, and dt•y tt~st meter. During 

reverse air cleaning, the opposite of the above occurs. Flue gas. is 

pre-cleaned by Balaton filter U1 before it enters the clean air side of the 

chamber. Dust,. which is removed by the reverse cleaning, is trapped by 

Balston filter U2 prior to entering the condenser. The condenser is 

operated in an ice bath and serves to remove moisture from the flue gas 

prior to ent~y into the pump and rotameter. The silica gel dryer cartridge, 

plaQed between th~ condenser and pump, .set•ve~ to remove all 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 settling time. The frequency cleaning is dependent 

upon the pressure drop across the filter cloths. The revel"se 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 proceeded as follows: A clean 

sample of cloth was installed in the test chamber. Flue gas was. filtered 

for one hour at a given gas-to-cloth ratio taking data .Points· (5 pressure 

readings and 10 temperature readings) every 10. minutes. Cleaning occurred. 

whenever a 6 P across the filter reached 4 inches H20 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 sample of 

cloth for the duration of each test. Pressure drop data was averaged at 

each data point in order to plot the 6p versus time graphs.· 

B. K>BILE ESP EQUIPMENT DESCR.D»TIOH 

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 5'0" 

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 strips for· a 

length of 6'3". The plate spacing can be varied for gas passages of 10", 
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12" 1 1ll'', 16", 18ii and 2oi•. The SRC program utilized five· 10" gas passages 

which results in a collecting area of 1218.75 square feet. 

The CS plate·. and OS 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 SRC program. 

Each high voltage. support fra,me is ~uspendod from ~he M~in~r with a 

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 r purge air and by compressed air which allows for any deposited 

ash to be blown off. 

Ea~.:h CS plate is individually bottom rapped with a rotating falling 

hammer. ·The hammers are a modified Lurgi DS hammer tlli:it WA1gh 8-io pounds. 

All the DS pip~ frames in each field are cleaned with a side mounted Eriez 

P-150. vibrator. Both CS rappers and DS vibrators are manually controlled 

for eaoh field. 

The a,sh or dust removal. system consists of two trough hoppers per field 

wj,th screw conveyors •. The acraw~ 'ilmpt.y into' two. pyramidal hoppers which are 

emp.tied into 55-gallon drums by a vacuum ~ystem, 

The required gas volume is induced with a Garden City Fan & Blower Co. 

RF19 fan. This fan is capable of pulling 9000 acfm at 7000F. The volume is 
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controlled by an opposed louver· damper. The. specific collecting area, SCA, 

(ft2/1000 acfm) for the MESP at 10 11 spacing is as follows: 

ACFM 

3000 

5000 

7000 

9000 

SCA' 

406 

244 

174' 

135 

The gas face. velocity· ( ft/sec) through· the MESP. is· as follows: 

ACFM 

3000 

5000 

7000 

9000 

Ft/Sec 

1.9 

3.1 

4.3 

5.5 

The automatic voltage 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 variable tap trans­

formers which are rated at 45 KV and 7-5 KV. The T/R' s also have 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 (lla/ft2) for the MESP at 10" spacing 25 lla/ft2 at 10 ma 

and 123 ~a/ft2 at 50 ma. · 

195 



The gas distribution devices consist of an inlet nozzle with two 

perforated plates and an egg crate flow straightener and an outlet nozzle 

with one perforated plate. The gas distribution has been measured with a 

hot wire anemometer and found to be 30 percent RMS at the inlet and 

10 percent RMS at the outlet. 
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APPENDIX C 

A. OPERATIOIW. PRCtiLEMS EIIICOOHTEBED DURDIG 10. 6 FUEL OD. TBSTIBG -

SOLOTIOt,IS, DDIOYATIOIIS 

During the three-week No. 6 fuel oil 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 voltage. Despite 

these computer shutdowns on three of the five days of the first week's 

testing period, shakedown testing proceeded with few interruptions. 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 oil test program. 

Additional problems that occurred during the first week were the 

inability to maintain a 2.0-irich 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-inoh w. G. furnace pressure, the ESP induced draft 

fan was put into operation while adjusting the appropriate valvirig at the 

flue-gas flow splitter and ESP stack outlet. 
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· In order to induce the dt=~lred 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 ~hange to a different 

manufacturer's feedwater chemical treatment for neutralization of acidic 

cond~tions was made. 

manufacturer's chemical 

Due .to the chemical incompatibility of the new 

water treatment with the former manufactu1•er' ~ 

similar product, a problem arose as the following symptoms were noted: 

( 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 level 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 thP. 

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 hiih solids conoentra.t.ton in tl!tt boiler­

water and, in conjunction with a new manufacturer's water tre;:~t.mP.nt plan, 

prevented 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 duration 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" pattern· as 'eight distinct fingers corresponded to the 

eight holes in . the nozzle cap. As a result heavy impingement wa·s obs'erved 

on the firetubes. . This undesirable condition was caused by a malfunctioning· 

atomizing steam t.p regulator. It ·could be alleviated tiy adjusting the 

boiler load and lowering the secondary air temperature until the ·'name 

returned to 'a· ball shape and then re-establishing former ful~ load 

cmnrli.t:.ion3 slowly, while ur!ticall:y adjusting the atomizing steam and fuel 
. . . 

differential pressure. Additional insurance against this occurring was 

accomplished by maintaining an atomizing air/'fuel ratio of 0.30. This 

higher atomizing air/fuel ratio was not ·attainable until after the at'omizlng 

steam t.p regulator was bypassed. Atomizing air/fuel ratios prior to thiS 

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 covering the 

flue~ga3 duct llne leading to the ESP from the flue-gas splitter.' 

B. OPERATIOIW. PROBLIM:; BHCOOIITERED DUBDIG SBC FUEL T&STIHG - SOLOTIOBS, 

DIIOYATIOHS 
' • .;0, 

Prior to the· inception of the formal SRC Fuel test program~ shake.down · 

of the SRC Fuel delivery system and slow mix burner was performed. Ini'tiai 
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problems that arose were the following: ( 1) uneven flame distribution 

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 the 

boiler, it could be seen igniting only in the upper portion of the burner. 

Consequently, a . scoop-shaped deflector was installed ·within the burner on 

the center 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 

unsuccessful as the flame shape remained unevenly distributed. 

As a result, a "Tangential Inlet Elbow" was installed as shown in 

Figure .11.C which greatly improved the flame distribution characteristics. 

Severe pulsations in the SRC Fuel flow, when utilizing the 3=inoh 

feedscrew, resulted in a wide fluctuation in boiler load. This was 

corrected by eliminating the fluffing/fluidizing gas and operating the Vibra 

Screw and 400-cubic foot bin at a higher. amplitude of vibration. This 

facilitated smooth fuel delivery· by packing the fuel to a more unH'Ol'm 

density without causing bridging or ~tarving or the feed3crcw. 

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 rbta.tional 

speed enabled the successful attainment of full boiler· load~ 
~· •• "< • ' 

Unlike operations with the 3-inch feedscrew, it was~ .nec-essary· ···wh~n 

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 
. \ 

non-fluctuating fuel flow. · 

The subsequent problems which· occurred during the SRC .. Fuel test'.period 

:·dealt primarily with the' fuel· delivery system and SRC ·F~el:.·burn~r. 

:Initially, the "Econo" burner-was tested. This burner ·had a stra'ight'6-inch 

. 'throat and was fabricated as a · back-up t·o the slow mix· burner. · \ · P rob'Iems 

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 im'pl.ngement on the 

boiler watertubes. ',l'he 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 hurner, wao ·alleviated ·somewhat by' adjusting' the· position 

of the 300 co-current diffuser on the primary air/SRC- Fu'el· 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 attribu£-abie 

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 inches W.G. In addition several n1tr~3en purge 

and/or fluidizing taps were installed on the bin bottom and on the £eedscrew 

hopper maintaining a feedscrew hopper pressure of -10-15 inches W.G. 

Additional problems related .to fuel handling were the occasional. 

plugging and malfunctioning of the Petrocarb feed system to the 400-cubi~ · 

foot SRC Fuel bin. This, at times, interrupted boiler operations when· 1,, 

filling the SRC Fuel bin due to the disturbances of the SRC Fuel bin stati~ : 

pressure. To avoid this problem, the Petrocarb feed system was only, 

opera ted when the boiler was not firing SRC Fuel, in the evening hours an~, . 

at any other time during the daily testing hours, when warranted. To avoi~ 

the problem of not being able to fill the SRC Fuel bin due to a . 

malfunctioning Petrocarb feed system, the 18-ton SRC · Fuef storage bin in 

Building 93 was used to store and to transfer SRC Fuel to the Vibra Screw 

feed b:tn using an exhting dense-phase pneumatic transport system. 
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