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ABSTRACT 

TI1e Clean Air Act Amendmcnu; of 1990 have led to accelerace<l research into novel so2 and 
NOx control technologies for coal-fired industrial boilers. One of these technologies is the 
combination of sorbent injection and selective non-catalytic reduction (SNCR) for simultaneous 
SOifNO" removal. The work presented herein concentrated on characterizing several process 
operational parameters of this technology: injection temperature, sorbent type. and rcductant/pollutant 
stoichiometric ratio. A slurry composed of a urea-based solution (NO.,_OUT A or NOxOUT A+)~ and 
various Ca-based sorbents was injected at a range of temperatures and reactant/pollutant 
stoichiometrics in a natural-gas-fired, pilot-scale reactor with doped pollutants. Up to 80 percent 
reduction of SO2 and NC\~ at reactant/pollutant stoichiometric ratios of 2 and 1.5, respectively. was 
achieved. SO2 emission reductions from slurry injection were enhanced moderately when compared 
with dry sorbent injection methods. possibly caused by sorbent fracturing to smaller, more reactive 
particles. Emissions from NR, slip (unreacted nitrogen-based reducing agent) and N2O formation 
were reduced in comparison with other published re.suite;, while similar NOx reductions were obtained. 
Increased CO emissions, caused hy the decomposition of urea., were moderate. Emissions of CO, 
NH3• and N2O for the enhanced urea solution (NOxOUT A+) were substantially less than the levels 
observed during urea (NOxOUT A) injection. The injection of the urea-based solution enhanced the 
SO2 removal, probably because of rhe formation of (NHJ2Ca(SO4)i•H2O. The results of this pilot
scale study have shown high reduction of both SO2 and NOx. 

(*) Where used throughout th.is report. NOxOUT A and NOxOUT A+ are registered trademarks of Nalco 
Fuel Tech. 
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EXECUTIVE SUMMARY 

The project work reported herein was initiated through a Cooperative Research and 

Development Agreement (CRADA) between the U.S. Environmental Protection Agency's (EPA) Air 

and Energy Engineering Research Laboratory (AEERL) and Nalco Fuel Tech, a commercial licensor 

of a urea-based reducing agent injection technology tor NOx reduction. 

Experimental testing of Nalco Fuel Tech' s urea-based NOxOUT A and NOxOUT A+ reducing 

agents for NOx control, in combination with calcium-based sorbent injection for SO2 control, was 

conducted from June 1991 to November 1991. Testing was pcrfonned at the EPA Environmental 

Research Center in Research Triangle Park, NC in a pollutant-doped, natural gas-fired furnace 

(14,650 W). 

The project scope of work included testing furnace sorbent injection of several calcium-based 

sorbems to remove SO2 from flue gas. The tested sorbents came from a single source of 

commercially prepared Ca(OH)i, CaCO3, and Cao. A comparison of so2 removal efficiency was 

made between dry and slurry injection. TI1e effect of CaCO3 sorbcnl particle size was also studied. 

Slurry sorbent injection was found to be superior to dry injection for SO2 removal. Dry 

injection of Ca(OHh achieved a maximum of 60 percent SO2 removal (at a Ca/S ratio= 2), while the 

Ca(OH)i slurry removed 72 percent. Removal efficiency with Ca(OH)i was superior to CaCOJ in 

hoth dry (43 percent) and slurry (58 percent) testing. Cao was tested in slurry form by slaking to 

form Ca(OH)2 slurry, and compared to the commercially prepared Ca(OH)i. The slaked CaO proved 

identical in its SO2 removal performance to the commercially prepared Ca(OHh. 
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Investigation into the effect of sorhent particle size on removal efficiency showed that the 

increasing reactivity of the sorbcnt with SO2 was inversely proportional to the sorbent panidc size. 

After sieving the CaCO3 sorbent, a significant increase in performance was observed with the finer 

particle size, with so2 capture comparable to Ca(OH)2 of equivalent size for dry injection. Results 

from lb.is work indicate Ca(OH)2 to be superior to CaCO3 under all conditions of slurry injection. 

NOxOUT A and NOxOUT A+ reducing agents were tested over a.range of injection 

temperatures (821-1,170 °C) to investigate the effect on NOx removal efficiency. Additionally, the 

effect of varying the molar ratio of reducing agent to haseline NOx concentration from 0.8 to 3.5 was 

studied. Finally, the reducing agent injection for NOx removal was coupled with slurried sorbent 

injection for S02 removal. 

Both reducing agents achieved maximum NOx removal when injected at a temperature of 

about 1,100 °C. Almost no difference in the two reducing agents existed at the optimum temperature; 

approximately 80 percent NOx removal was observed for both reducing agents. At temperatures 

higher than the optimum, NOx. removal efficiency dropped quickly. At about 1,170 cc_ the reducing 

agents began producing NOx, caused probably by high temperarure oxidation of the NR, produced by 

urea decomposition. At temperatures lower than the optimum, NOx removal efficiency gradually 

decreased. l11e NOxOUT A+ yielded a wider injection temperature window; that is, NOx removal 

efficiency remained higher than with NOxOUT A as injection temperature decreased. 

Varying the molar ratio of reducing agent (urea) to baseline NOx, or N/NOxi• showed that 

increasing N/NOx.i to a value of near 2 produced significant improvement in NOx removal. Further 

N/NOxi increases had little or no effect on removal efficiency. Comparing the two reducing agents 

during N/NOxi variation shows no appreciable differences in behavior. 

Coupling reducing agent injection with slurried sorbent injection produced some promising 

results. Toe co-injection of NOxOUT A improved all the sorbents' performances. The effect was not 

as pronounced with CaCO3 as that of Ca(OH)2 and slaked CaO. A maximum S02 removal 
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enhancement of 2-3 percent absolute was observed with CaCO3, while a IO percent absolute 

enhancement was observed for Ca(Oll)2 and slaked CaO. CaCO3 sluny with the NOxOUT A 

reducing agent achieved a maximum of about 60 percent S0,1 removal of approximately 1,000 °C. 

SO2 removals of more than 80 percent were observed with Ca(OH)2 at the same temperature. As was 

previously slated, the slaked CaO performed identically to the Ca(O11)2. 

The work mentioned above also entailed characterizing .NH3, r-;2O, and CO emissions 

produced by injecting the reducing agent over a range of temperatures and N/NOxi" Each reducing 

agent produced maximum NH3 slip (unreacted nitrogen-based reducing agent) at the lower injection 

temperatures; around 821 cc, the amount of slip was about 140 ppm for both NOxOUT A and 

NOxOUT A+. As injection temperature increased. NH 3 slip for the NO/)UT A decreased quickly. 

while slip from NOxOCT A+ dropped off almost completely at around 875 °C. Al 900-1.000 °C, slip 

generated by NOxOCT A gradually decreased to a level of about 60 ppm. Tiuoughout this 

temperature regime. NOxOUT A+ produced negligible NH3 slip (<10 ppm). 

CO emissions produced by NOxOUT A rose gradually from about 20 ppm at 800 cc to a 

maximum of 25 ppm at LlOO cc. NOxOCT A+ produced low CO al 800-1,000 cc (<10 ppm). with a 

maximum of 50 ppm around l JOO 0 C. 

N2O produc1ion by NOxOUT A was negligible at lower injection temperatures (approximately 

25 ppm), but increased with injection temperature to a maximum of 200 ppm at approximately 

I, 150 "C, about 42 percent of the NOx reduced. NOxOUT A+ produced only moderate levels of N2O 

(typically <40 ppm, less than 20 percent of the NOx reduced) over the entire temperature range. A 

maximum of about 30 ppm was observed at around 1.150 °C. 

Aqueous ammonia solution injection was performed to ensure that these results would be 

reproducible on other facilities. A vailahle data for NOx removal using aqueous ammonia injection 

showed comparable results to others' work. These data validated improvements shown by this work 

with both NOxOUT solutions and suggested the applicability of these results to other fadlities. 
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Testing of the solid ,vaste ash/sorbcnt/urea mixtures indicated that ash resistivities increased to 

levels exceeding 1013 ohm-cm. This resistivity level can adversely affect electrostatic precipitator 

performance. However, these laboratory values were obtained at low temperatures. Resistivity values 

dcnease at higher precipitator temperatures and typically arc lower in U1c field than in laboratory 

measurements. Further work in pilot-scale precipitators would help determine whether particle 

collection will be adversely affected hy sorhent/rcducing agent injection. . 
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SECTIO'.'l 1 

INTRODUCTION 

Passage of the 1990 Clean Air Act Amendments (CAAA) has initiated extensive evaluation 

and planning for strategics to meet S02 and NOx emission requirements. Furnace sorbcnt injection of 

calcium-based material for SO? removal is a technology that has been field tested on a number of 
~ ' 

units, achieving, for example, 63 percent SO2 removal at a Ca/S (molar ratio)= 2 with a calcium 

hydrox_idc [Ca (OH)2] sorhent and 72 percent with a surfactant-modified Ca(OH)2 sorbcnl on a 105 

MW(e) wall-fired unit. 1 Typically, lower SO2 removals arc achieved with calcium carbonate (CaCO3) 

sorbents. 

The anticipated NOx regulations may he met, at least in part, hy selective non-catalytic 

reduction (SNCR) which has achieved about 60 percent NOx reduction on a 150 MW(c) coal-firro 

boiler at a molar ratio of reducing agent nitrogen to initial NOx concentration (N/NOxi) of 2.2 SNCR 

has also been the subject of numerous laboratory and pilot-scale studies. 3.4 SNCR involves high

temperature furnace injection (800-1.100 "C) of a nitrogen-based reducing agent such as urea 

Most concerns with using SNCR center around NH3 emissions, or slip, which results from 

incomplete reaction of the injected reducing agent and the production of nitrous oxide (N2O) caused 

by incomplete reduction of NOx. NH1 slip can cause ammonium bisulfate (NH4HSO4) formation 

around 300 °C and ammonium sulfate ((NH4hSO,i} formation around 150 °C. lbe former can deposit 

upon air prehcatcr surfaces reducing heat tran,;fer anrt increasing pressure drop. It can also cause 



KH4Cl formation around 100 °C wruch results in a visible white plume in the stack emissions. N20 

has been implicated as a contributor to stratospheric ozone depiction and glohal warming, the latter 

6because of its ability to absorb infrared radiation.5· 

Research has demonstrated that levels of N,O and NH, emissions from various SNCR .. -

8compounds arc extremely sensitive to injection temperature. 7· Efforts to widen the applicable 

temperature injection window and control NH3 slip and N20 production through using additives have 

brought about some success, yet concerns remain to be addressed on the SNCR-type process.9 Similar 

research on SOifNOx control processes has shown considerable merit, while significant questions still 

remain in the industry concerning NH3 emissions and N20 by-product formation. 10 

To further investigate simultaneous SO2/NOx control by sorbcnt/reducing agent injection. the 

U.S. Environmental Protection Agency (EPA) entered into a Cooperative Research and Development 

Agreement (CRADA) with Nalco Fuel Tech to test NOxO'GT A and NOxOCT A+, two commercial 

reducing agents produced hy Nalco Fuel Tech, in conjunction with sorbent injection in AEERL's 

14,650 W pilot facility. Variables of operation included injection temperature, stoichiometric ratio, 

and sorbcnt type. Emissions monitoring results for S02, NO,._, N20, CO, and NH3 arc reported. 
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SECTION 2 

OBJECTIVES 

The principal ohjective of this research was to demonstrate the effectiveness of simultaneous 

S02 and N0x removal by concurrent injection of a calcium-based slurry and NO,:OUT A (or N0x0UT 

A+). a urea-based reducing agent, while minimizing emissions of N20 and NR,. Other secondary 

ohjectives defined in the CRADA between EPA and Nalco Fuel Tech included: 

• Characterizing the operating conditions for sorbent slurry injection 

• Comparing the removal efficiency of dry vs. slurry injection 

• Evaluating the benefit of finely ground limestones/hydrated lime 

• Optimizing injecting conditions, with targets of 60 percent S02 removal at Ca/S = 2 and 

60-70 percent NOx reduction at an N/NOxi of 2 

• Comparing CO, NH3, and N20 emissions produced hy the injection of N0x0UT A and 

NOx0UT A+ (an enhanced urea-based reducing agent) over a wide range of injection 

temperatures and reducing agent/NOx stoichiometries 

3 



SECTION 3 

EXPERIMENTAL 

3.1 fURNACE 

111c Innovative Furnace Reactor (JFR) system consists of a furnace, coal or natural gas feeders, 

a sorbent feeding system, emissions monitoring systems, and a particulate matter sampling system. 

TI1c furnace is a refractory-lined, down-fired cylindrical combustor capable of burning a 

variety of fuels including coal, natural gas, and some oils. The furnace is used to simulate the 

gaseous combustion environment and quench rate conditions anticipated in utility and industrial 

boilers. The internal bore (diameter) of the furnace is 15.2 cm while the length is about 4 m. It is 

constructed of several stacked rolled steel rings 76.2 cm in diameter and varying between 30-60 cm 

high. The rings are insulated by four courses of refractory, the last of which is a hard-faced, erosion

resistant type that f onns the internal bore. An illustrated cross-section of the IFR is shown in Figure 

1. Various view and injection/sample ports are along the length of the reactor while fuel and 

combustion air arc fed in at the top of the furnace and burned. Coal feed is controlled by a vibrating

hoppcr, screw-type feeder. The coal is loaded into the feeder hopper where it is metered into a 

downward facing funnel-shaped receiver. At the receiver, the coal flow is aspirated into and through a 

copper line and delivered to the burner. Natural gas is metered into the burner through a rotameter at 

a known flow and pressure. Two types of air flow are provided in the burner region; the axial and 

tangential air flows at the hurner are fully adjustahle by flow and pressure. The combustion products 

travel down and out of the refractory-lined sections into a water-cooled junction where they tum 90° 

into a sampling stack. 
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3.2 FURNACE OPERATION DURING NATURAL GAS FIRING 

Typical set-up procedures for natural gas firing included introducing. the fuel (nominally CH4, 

37.8 kJ/L) through an axial feeder tube at the burner on the top of the combustor. TI1cre were four 

input gas t1ows to the furnace: CH4 gas, axial air, tangential air, and sorbem/slurry transport air. All 

gas tlows were controlled through rotan1eters. Sorhent delivery air flows were slightly different for 

the two types of injection (slurry/dry). The injection lances used required different flows to establish 

optimum sorbent atomization/distribution. 

During slurry injection, 6.47 standard Us of total pre-combustion air was supplie<l to the 

furnace through the three previously stated air flows. Natural gas was supplie<l at a rate of 0.557 

standard Us to yield an air/fuel comtmstion stoichiometry of approximately 1.20. The distribution of 

air flow was 67.4 percent through the tangential air supply, 14.6 percent through the axial air, and 18.0 

percent through the sorbent injection lance. The majority of the air was supplied tangentially at the 

burner to ensure good mixing of the doping ga(;es. 

Dry injection trials required a total air supply of 6.56 standard Us. The namral gas flow 

remaine<l the same, but the combustion stoichiometry was slightly higher. Air flow distribution was 

69.7 percent through the tangential air, 14.6 percent through the axial air, and 15.7 percent through the 

sorbcnt probe. 

During natural gas burns. simulation of combustion products formed during true coal burning 

was performed by doping the feed natural gas with known concentrations of bottled NH3 and SO2. 

The NH3 wa(i added to the combustion zone by mixing with the natural gas fee<l stream. The two 

gases mixed just before entering the burner. The NH3 wa<; quantitatively oxidized to NOx during 

combustion. SO2 was introduced into the furnace by being added to the tangential air flow at the 

burner. Controlling these dopant gases allowed simulation of a wide range of NOx and SO2 

emissions. 
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3.3 EMISSlONS SAMPLING 

1l1e sampling stack connected to the water-cooled junction is an insulated stainless steel pipe 

approximately 18 cm in diameter. Ports are installed along the pipe to enahle several samples of stack 

gas to be extracted. Just past the water-cooled junction is a particulate maucr filter through which the 

gas sample for SO2 analysis is drawn. A schematic of the emissions monitoring/sampling system is 

shown in Figure 2. Particulate maner filters inside the stack arc capable of blocking particles greater 

than 20 µm in diameter. 

In these tests, the SO2 sample passed out of the stack through a port and inro a Mott sintered 

metal filter that removed all particles ~ 0.5 µm. The resulting "particulate maucr-clean" gas was 

passed on lo an uJtraviolet ana]yzer through a heated sample line maintained at approximately 350 °C. 

1l1c SO2 sample entered lhe measurement cell of the analyzer, was drawn through by a pump, and 

passed through a rotameter at the outlet. 

A ga.c; sample tor analysis of NOx, CO2, CO, and 0 2 wa.c; drawn through a particulate matter 

filter at another port in the stack section. The sample passed through a Hankison drying unit. then 

traveled to a junction where it was split into two portions; one was analyzed for NO by the 

chemiluminescent method. the other for CO, CO2, and 0 2. Only NO concentration was determined 

hecause it was found during initial testing that NO2 concentration contributes less than 5 percent to the 

NOx value. The NO sample stream was drawn through a rotameter and directly into a 

chemiluminescent analyzer. The sample was then exhausted to a stack. 

The sec.ond portion of the split sample passed through a canister of anhydrous CaSO4 then was 

split into three streams. Each· stream passed through a rotametcr and into the respective analyzer 

(CO2, CO, 0 2). CO and CO2 were each detected and measured in separate infrared emissions 

analyzers, while the 0 2 level wac; measured hy a paramagnetic oxygen analyzer. These remaining 

sample streams were then exhausted to the atmosphere. Outputs from all the analyzers were recorded 

on strip chart recorders. 1be previously mentioned analyzers remained on-line for the duration of all 
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- -

rrials and were zeroed and spanned with gases of known concentration hcforc and after each daily trial. 

The span gases used for all analyzers bracket the expected concentrations of cft1uent components. All 

measured values for NO, CO2, CO. 0 2 were corrected for the removed flue gas water based on 

calculation from fuel and injected water. 

N-,O samples were analyzed by two different methods. Schematics of the N')O sampling 

systems are shown in Figure 3. A gas chromatograph, equipped with an electron capture detector, two 

columns, and employing a backt1ush method to prevent interference from higher molecular weight 

compounds, was used lO take grab samples of stack gas before and during sorbent/reducing agent 

injections. 11 A second analyzer, a tunable diode laser (TDL), monitored real-time stack N2O 

emissions. TI1c TDL is an experimental analyzer that uses laser light tuned to the same wavelength as 

the infrared absorption line of a known N2O span gas. 'lbe stack gas N2O infrared absorption line is 

then compared to the known laser output, and through a series of electronic components simulating 

se.cond derivative spccuoscopy, the stack gas concentration of N2O is output to a suip chart recorder. 

This method and apparatus. detailed further in Reference 12. were calibrated for this work at 20-80 

ppm, with an accuracy of± 0.75 ppm. The two methods' results were comparable. Tests conducted 

at six varying conditions showed a linear correlation coefficient exceeding 0.99 hetwcen the two 

methods (for further comparison of N2O analytical methods sec Reference 13). 

Ammonia stack gas concentrations were determined by withdrawing a stack gas sample 

through high flow, inline 10 µm filters and bubbling it through a solution of 0.02 -- N H2SO4. An 

equipment layout is shown in Figure 4. The ga~ was drawn through the impingcrs hy a pump and the 

amount of stack gas sampled was monitored by a dry gas meter connected in-line. Approximately 20 

L of stack gas passed through the impingers for any one test at about 2 Umin. After the sample was 

drawn, the impingers were washed with deionized water (DI H2O) into a 500 mL volumetric flask. 

The total solution volume was then brought to 500 mL with DI H2O. 111e solution was then analyzed 

for NH3 with an ion selective electrode (ISE) by the following method. A 100 mL sample of the 500 
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mL NR3 solution was transferred to a 125 mL Erlenmeyer flask. As a pH adjustor, 1 mL of 10 M 

NaOH solution was added. A stir har was placed in the flask, and the solution was alowed to stir for 

about 1 min. The ISE was then immersed into the stirred flask solution where it began to equilibrate. 

A meter monitored NH3 concentration as well as how quickly the reading changed. An indicator on 

the meter indicate<l when the concentration reading stabilized and the reading was recorded. 

'The ISE meter was calibrated with known standards before any NH1 determination. The 

resulting calibration curve was checked against the k.11own limits of the meter. In all instances during 

the program, calibration of the meter fell well within limits designated by the manufacturer. All NH3 

measurements were corrected for flue gas water by accounting for water from combustion and 

injection. 

3.4 SOLID SAMPLING 

Solid samples were collected with the apparatus shown in Figure 5. A solid sampling port at 

the bottom of the refractory-lined section of the furnace was uncovered and a water-cooled sampling 

probe was inserted into the furnace center. The probe opening (about 2.5 cm) faced up toward the 

downward flow of reacted solids. The reacted solids were aspirated into the probe isokinetically to not 

bias the collected panicle size. The solids were drawn out of the probe through a heated sample line 

and captured on filter paper in an enclosed filtering unit. The resulting cleaned gas was then passed 

through ice-chilled impingers that cooled the gas to condense moisture. The dry gas passed through a 

gas meter that wa,; monitored to maintain the correct sampling rate. After sufficient sample had been 

collected, the filter paper was removed from the unit and the sample volume carefully scraped from 

the paper. 

Solid samples collected were tested for resistivity, a measure of the ability of the solid to be 

collected by an electrostatic precipitator. Some of these solid samples were analyzed by X-ray 

diffraction to identify reaction compounds. Diffraction analyses were run on a Siemens diffractometer 

with a copper Ka. target source running at 50 kV and 40 mA. 
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3.5 SORBENT DELIVERY 

Sorbcnt was injected into the furnace by two methods (sec Figures 6 and 7). Dry sorhent 

(either Ca(OH)i or CaCO1) was loaded into a hopper mounted on a K-Tron loss-in-weight, twin-screw, 

dry materials feeder. The dry sorhent feeder is a totally enclosed and pressurized system. During 

runs, sorbent transport air wa.5 supplied to the feeder where it traveled into a delivery line to the water

cooled injection probe. Injection air flowed continuously during trials as part of the furnace air 

supply. When injection took place. the feeder screws were started and the sorbcnt was metered into 

the air stream. TI1c feeder was calibrated gravimetrically before and after each run. 1\ll sorbent feeder 

settings were then determined for trial use. 

Slurried sorbent was prepared by adding a predetermined amount of sorbcnt to DI H2O in a 

mixing tank. A mixing motor provided power to an impeller to keep the sorbent in constant 

suspension. Dl H2O was metered into a spray nozzle by a peristaltic pump where it mixed with air. 

Toe water sprayed into the furnace was used to establish baseline conditions. During sorbent injection, 

a valve switched the pumped liquid from water to the slurry mix. After the injection, flow was 

switched hack to water. NOxOUT solution was metered into the slurry stream at the prohe inlet: the 

flow was produced by a dual syringe pump. A typical slurry injection run involved establishing a 

baseline condition (with water injection), injecting slurry without NOxOUT flow, adding NOxOUT to 

the slurry flow, and finally returning to baseline water injection. In instances where NOxOUT was 

injected without slurry, it was metered in with the water tlow at the nozzle inlet. 

Dry and slurry injection required two different types of injectors. The dry injection probe was 

constructed of three concentric stainless steel tubes. The interior tube forming the injection orifice is 

0.64-cm x 0.089-cm wall thickness tubing and is protected from furnace heat by a water jacket formed 

by a 0.95-cm tube placed inside a 1.27-cm tube. TI1is jacket enclosed U,c 0.64-cm delivery tube. TI1e 

three are welded together and a cooling water inlet/outlet is provided. The three tubes are bent 
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together in a smooth radius ar a 90" angle so that placing them into the injection ports on the side of 

the furnace allows the orifice to point dowmvard. 

Slurry was injected intu the furnace through an injection probe with a 3-mm orifice. TI1e 

probe was commercially manufactured hy Turhotak and is constructed of stainless steel in much the 

same way as the dry probe and is water-cooled. Tirrce inlets at the supply end of the probe allow 

warer (or slurry), air, and NOxOUT to mix before being sprayed into the furnace. The probe is about 

90 cm long and 3 cm in diameter with no bends. 111c orifice is drilled at 90° to the axis of the 

interior supply tube giving a downward spray. 

Actual sorbcnt particle size was determined by using a Micromeritics Sedigraph Model 5100. 

For slurry injections, a Munhall partkle size classifier determined spray droplet size produced by the 

spray nozzle. Water and air flows through the nozzle were set to actual run conditions. The spray 

produced was passed through a low-intensity laser beam produced by the Munhall device. TI1e 

diffraction of the laser light by the spray stream was analyzed by computer software provided with the 

Munhal1 to determine an average spray particle size. In early classification of the nozzles, a wide 

range of air and water flows and pressures were examined. The flows that produced the most uniform 

tiny spray particles were chosen for actual injections. 

3.6 TEMPERATURE PROFILES 

Furnace temperature profiles were determined using a suction pyrometer. All injection 

conditions (coal or natural gas firing) were profiled. The applicable injection conditions were set up in 

the furnace for testing at a particular injection port. The suction pyrometry probe was inserted t\vo or 

three ports below the injection port and allowed to equilibrate. During these tests. no sorhent was 

used. but the applicable injection air and water were fed through the noalc. After equilibration. the 

reading was recorded and the pyrometry probe moved to the next higher port. Again, after 

equilibration, the reading was taken. The final reading wac; taken at the port just below the injection 

p<Jint. These data points allowed a temperature profile to be drawn for dry and wet injection during 
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coal or natural gas firing at any port. l11e resulting line allowed extrapolation over the <iisrances 

between ports to arrive at the correct pon temperature. A typical profile during natural gas burning is 

shown in Figure 8. 

3.7 WASTE SOLID RESISTIVITY 

As described in Section 3.4. collected solid samples were measured for resistivity by a 

procedure detailed in Reference 14. Adding calcium-based sorbent to typical coal fly ash changes the 

overall characteristics of the mixture, making measurement by standard methods impossihle. therefore, 

a modified method was developed. Ca(OH)2 contained in the sample decomposes at about 300 cc. 

accompanied hy large changes in particle surface area. Older methods used for coal ash analysis were 

performed at temperatures in excess of 450 °C. 1l1e newer method employs temperatures less than 

250 °C so as not to initiate a change in the Ca(OH)2 present in the sample. In addition. older methods 

measure resistivity as a function of increasing sample temperature. The newer method begins at the 

higher temperature and records resistivity as temperature decreases. The resistivity measurements on 

solid samples collected during these trials were performed in a 5 percent humidity chamber. 

3.8 TESTING AND CALCULA11ONS 

Data produced during trials were recorded on an "Innovative Furnace Data Log'' form. All 

data collected during the IIial program arc included in Appendix A. Furnace set-up conditions and 

trial notes were wrincn in the blanks provided at the top of the form. The data Jogged during the trial, 

including 0 2, CO2, CO. NO,., and S02 concentrations, were written in the tabular matrix in the center 

of the page. This section also includes sorbenl feed information. The bottom of the sheet also 

provides turnace set-up information such as air and gas flows. 'These data were used for material 

balance calculaHons. 

The staning point for many of the calculations involved determining the total tlue gas flow 

(Q). This value was required to calculate Ca/S ratios and was found by determining molar flows of 
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input air and natural gas from the known rotamerer settings, then calculating the resultant flows of 

combustion products. 

For natural gas burns, the combustion reaction can be considered as follows: 

111c furnace usually runs with roughly 20-25 percent excess air so the above reaction 

consumes 100 percent of the natural gas. Combustion air is dried ambient air assumed to be 21 

percent 0 2 and balance N2. 

The molar flows (at STP) of the supplied air and natural gas were calculated from pressure 

and float heights from rotameters: 

Let Px = pressure at rotameter x in bars 

Hx = observed flow on calibrated rotamctcr in standard L/min at 25 "C ( I bar) 

Fx = flow of supply air/gas in standard L/min al pressure Px 

Mx = molar ilow of gas/min 

Then: F = II " fl P )1/2 
X X \ + X 

Mair= Fair* [1 moJ/24.1 Lj 

Mair tulal = \iallicl air + Mtangential air + M,orbent air 

M~2 = 0.?9 * Mair total 

M02 = 0.21 * Mair total 

Because methane is less dense than air, a correction factor must be introduced into the 

equation to convcn methane volumetric flow to molar flow. This correction factor is the square root 

of the ratio of the densities (p) of CH4 and air. 

McH = FcH x [<Pai/PcH )J1 12 x (1 mol/24.l L]
4 4 4

One mole of CH4 consumes 2 moles of 0 2 and forms 3 moles of products. 

Then: Mm.excess = Mo2 - 12 * McH41 

Mc02 = McH4 

MH20 = [2 * McH4 I + Mslurry water 

Q = MN2 + Mm.excess + MH20 + Mc02 (in moles per min) 

NOTE: molar slurry water flow is determined from flow information on the daily trial data 

log form. 
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1l1e molar ratio of injected calcium to sulfur in S02 is calculated as follows: 

Lei: D = now of dry sorbent in grams/min 
!SO2] = SO2 concentration in furnace at baseline in ppm. wet basis 

Then: 

(D/ MWsorhe111}
Ca!S = ---------

([so2] 1 1.000,000) x Q 

For coal hurning conditions: 

Let: F.:oal = coal flow in grams/min 
Wsulfur = fraction sulfur in coal (w/w) 
!\-1Ws = molecular weight of sulfur 

'lllen: Ca/S = 

(DI MWsorben1)
Ca/S = -,----------

(Fcoal X wsulfar)! MWS 

In any instances where furnace concentrations of fiuc gas components arc reported or used for 

calculations. they have been corrected to 0 percent excess 0 2 to account for furnace inleakage and 

excess combustion air. This calculation is as follows: 

Let: [X] = the actual furnace concentration of component X in ppm 
[02) = the concentration of 0 2 in the furnace in percent 

Thc.n: lXJ0%02 = !Xl * {21/(21 - !021)} 

Removal percentage of SO2 or NOx during injections is calculated: 

Let: [C]BL = concentration of NOx or SO2 at baseline in ppm, wet basis 
[C]tcst = concentration of NOx or SO2 during injection in ppm, wet basis 

Then: Removal percent= { 1 - ([Cltes/[C]BI.)} * 100 
[CJ 81 , is the average of the component concentration before and after the injection. while 
I Cl test is the concentration during the injection. 
N/NO,.i was calculated from l'\0/)UT flow, composition, and baseline !'\Ox concentration: 

Let: fNOx1BL = hasclinc NO,. concentration in ppm, wet basis 
p = the NOxOUT solution density 
L = flow uf NOxOUT in mL/min 
W urea = fraction urea in solution (w/w) 
MWurea = molecular weight of urea 
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Then: 

[((L x p x Wu,ea)!MWu,e) x (2nwlsN/molu,e)]
N/NOxi = 

([NO_t]BL/1,000,000) x Q 

3.9 SLURRY INJECTION NOZZLE CHARACTERIZATION 

Two slurry injection nozzles were acquired for use in the testing. One nozzle was purchased 

from Turbotak, Inc. (of Canada), and the other was acquired from Caldyn (of Germany). Before the 

nozzles were used in actual testing, a set of tests were devised to investigate the spray characteristics 

of each to determine the conditions that would produce the minimal spray droplet size. 

Spray droplet size was determined with a particle size analyzer purchased from the Munhall 

Co. The analyzer (Model No. PSA-32) is of the torward ditfraction, Fraunhofer-type. It measures the 

diffraction of laser light on a focusing lens which passes the diffracted light to a multi-ring photodiode 

detector. The detector then outputs the generated signals to a processor which provides a visual 

display of results. 

Each nozzle was characterized with the air and liquid flows to be used during in-furnace 

operation. The spray droplet size and distribution was then measured in an out-of-furnace test. 

Because each nozzle was similar in design and construction, one nozzle was used to 'zero-in' on the 

specific optimal air and liquid flow settings. Once this step was completed, the other nozzle was set 

up identically and compared. 

Variation of liquid flow rate was only slightly effective in reducing droplet size, while carrier 

air pressure (at constant mass flow) had a significant effect on droplet size. Optimal pressure was 

found to be about 4.8 bar at a volumetric air flow of about 1.18 standard Us. Liquid tlow rate was 

set at about 50 mL/min. The Turbotak, Inc. nozzle resulted in a droplet D50 of about 13 µm (D90 = 

88 µm), while the Caldyn nozzle achieved a D50 of 10 µm (D90 = 60 µm). Although the Caldyn 

nozzle did provide superior atomization, it was not engineered with the correct cooling jacket, 
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therefore. the Turbotak. Inc. nozzle was chosen for the trial work. Data from characterizing the 

Turbotak nozzle are shown in Figures 9 and IO. 

3.10 SORBENT TYPE 

The sorbents used in the testing were from a single source: they were commercially prepared 

Ca(OII)2• CaCO3• and CaO from the Tenn Luttrell Company. The sorbcnts were provided in 20-L 

steel buckets. All sorbent containers were kept tightly scaled when not in use to prevent any moisture 

or CO2 in the room air from contaminating the supplies. Particle size analyses were performed on the 

received sorbents; diameters (D5o) determined by sedimentation were 2.55 µm, 5.80 µm, and 12.5 µm 

for the Ca(OH½, CaO, and CaCO3, respectively. 

3.11 AMMONIA SOLUTION INJECTION 

To collect data for comparison with results from other researchers. NH3 solution was injected 

at varying temperature and reductant/pollutant stuichiumctry. 11lis solution was prepared by diluting a 

given quantity of NH4OH solution with DI H2O. Tlle resultant preparation was !hen injected into the 

furnace in a manner identical to the NOxOUT injection. 
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SECTION 4 

QUALITI' ASSURA~CE 

4.1 QUALITY ASSURANCE PROCEDURES 

Data collected during all projects conducted on the IFR are suhject to scrutiny under guidelines 

provided by a predctL1-mine.<l Quality Assurance (QA) Project Plan. The plan regulates furnace 

operation, data collection devices, and procedures. TI1e major parameters measured in the furnace are 

coal feed rate. natural gas flow rate. combustion air flows. dry sorbent feed rate, slurry sorbcnt feed 

rate. urea fee.<l rate, slurry composition. furnace temperature profile. and flue gas composition, namely, 

S02. NO/NOx.• CO, CO2, and 0 2. The data quality objectives for each of these parameters arc shown 

in Table I. If during any time, the data quality objc,etives of any measured parameter arc not met, the 

Project Engineer and Acurex. Environmental QA Officer confer to decide on a course of remedy. 

Combustion conditions are verified by comparing 0 2 and CO2 levels against U1eoretical values 

obtalned from certified analysis of burned coal. Natural gas combustion conditions are verified by 

comparing calculations of theoretical 0 2 and CO2 present in the effluent based on the natural gas feed 

rate and combustion air flow. 

As stated in Section 3.2, continuous emission monitors arc zeroed (wiili zero-grade N2) and 

spanned before and after each daily trial with gases of known concentration. Table 2 lists the 

calibration information applicable to the gas analyzers. The two analyzer response values are used to 

calculate a percent difference value. If this value exceeds 10 percent (the precision value given in 

Table 1) during any time. the device is checked for proper operation, and repaired if nece.ssary. 
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TABLE 1. DATA QUALITY OBJECTIVES FOR MEASURED PARAMETERS 

GAS FEED RATE 

COAL FEED RATE 

COMBUSTION AIR FLOWS 

SORBENT FEED RATE 

UREA FEED RATE 

SLURRY FEED RATE 

IJ SLURRY COMPOSITION +>-

TEMPERA TURES 

SO 2 CONCENTRATION 

NO/NOx CONCENTRATION 

CO CONCENTRATION 

CO2 CONCENTRATION 

O2CONCENTRATION 

PARTICULATE SAMPLING 

MEASUREMENT 

METHOD 

ROTAMETER 

GRA VIMETRICALL Y 

ROTAMETERS 

GRA VIMETRICALL Y 

SYRINGE PUMP 

VOLUMETRICALLY 

GRA VIMETRICALL Y 

THERMOCOUPLES 

ULTRA VIOLET 

CHEMILUMINESCENT 

INFRARED 

INFRARED 

PARAMAGNETIC 

PNEUMATIC EXTRACTIVE 

COMPLETENESS 

(%) 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

90 

ACCURACY 

(%) 

:i 10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

NONE 

PRECISION 

(%) 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

±10 

NONE 

(temperature units are 0 C) 



TABLE 2. CALIBRATION PROCEDURES FOR PROCESS MEASUREMENT/FEED DEVICES 

PROCEDURE MULTI-POINT REQUIRED EQUIPMENT CALIHRA TION 
CALIBRATION RANGES 

--·-··---
,\ND REAGENTS FREQUENCY

------- ------· 
SO 2ANALYZER I. ZERO WITH N2 70-90% URL CERTIFIED SQ SEMIANNUAL MULTI-
(5000 ppm RANGE) 2. MULT[(3) POINT 40-60% URL CYLINIJER AND GAS POINT CALIBRATION. 

WlTH SO 2 5-20% URL Dll.llTION CHAMBER DAILY HIGH SPA:-; AND 

---·--- ZERO CHECK. 
NO/NO ,ANALYZER 1. ZERO WITH N 2 70-90% URL CERTIFIED NO SEMIANNUAL MUI.Tl-
(1000 ppm RANGE) 2. MlJLT1(3) POINT 40-60% URL CYI.INDER AND GAS POINT CA LIB RATION. 

WITH NO 5-20% URL Dll .llTION Cl !AMBER DAILY IIIGH SPAN AND 
ZERO CIIECK. -------

CO ANALYZER I. ZERO WITH N 2 70-90% URL CERTIFIED CO SEMIANNUAL MUI.Tl-
2. MUL Tl(3) POINT 40-60% URL CYLINDER AND GAS POINT CALIBRATION. 

WITH CO 5-20% URL DIUITION CIIAJ\IBER DAILY IIIGII SPAN AND 

-------- ZERO CHECK. ---------
CO2 ANALYZER I. ZERO WITH N2 70-90% URL CERTIFIED CQ SEMIANNUAL MULTI-

2. MULTl(3) POINT 40-60% URL CYLINDER AND GAS POINT CALIBRATION. 

WITH C~ 5-20% URL Dll.lJTION CHAMBER DAILY IIIGH SPAN AND 
N 
VI ZERO CHECK. -

O 2ANALYZER I. ZERO WITH N2 70-90% URL CERTIFIED Q SEMIANNUAL MULTI-

2. MUL Tl(3) POINT 40-60% URL CYLINDER AND GAS POINT CALIBRATION 

WITHQ DILUTION CHAMBER DAILY IIIGH SPAN AND 
ZERO CHECK. 

ROTAMETERS PERFORM MULTIPOINT 80-100% FULL SCALE DRY GAS METER, STOP INITIAi.LY AND UPON 
CALIBRATION WITH 50-70% FULL SCALE WATCII. VACUUJ\I l'llMP REPAIR/REPI.ACEMENT 
DRY GAS METER 10-30% FULL SCALE 

STRIP CHART RECORDER CHECK STRIP CHART 80-100% FULL SCALE CONSTANT VOLTAGE ANNUALLY 
READING AGAINST 50-70% FULL SCALE SOURCE AND DIGITAL 
INPUT VOLTAGES VOI.Tl\.lETER 

COAL/SORBENT FEEDER PERFORM MULTIPOINT NORMAL OPERATING STOP WATCH, TARED CHECK BEFORE AND 
CALIBRATIONS RANGES DURING BEAKER. SCALE AFTER RUNS 

TESTING 
-- --------

SLURRY/UREA FEEDER SPECIFIC SETTINGS STOPWATCH. CiRADUATED DAILY, DllRING RllNS 
ARE CALIBRATED CYLINDER 
BEFORE EACH RUN 

URL-upper range limit 



4.2 QUALITY ASSURAKCE ACDIT 

A QA audit was initiated on December 4, 1991. Two gas cylinders were delivered lo the 

testing area for analysis. The component concentration in the cylinders was unknown lo operation 

personnel. Operation personnel were asked to analyze the contents of each cylinder and report the 

results. These results revealed that the analyzers audited fell well within the data quality objectives 

established. A memorandum describing the results of this audit. from the Project QA Officer. is 

provided in Appendix B. 
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SEC110N 5 

RES ULTS AND DISCUSSION 

5.1 GENERAL 

All results from sorbcnt injection resrs were developed into percent S02 removal vs. Ca/S ratio 

graphic relationships. Data collet:ted during the trials were entered into a spreadsheet. The equations 

previously expressed in Section 3.8 of this report were used. Through a series of calculations. percent 

S02 removal. corresponding Ca/S ratio. percenr N(\ removal. and N/NOx.i were produced. A typical 

trial. encompassing a full work day, entailed injecting a sorbent (either dry or slurried) at constant 

temperature while varying Ca/S ratio. Duplicate data at each Ca/S ratio were collected. TI1e resulting 

removal and stoichiometry values were then plotted. Percent removal was plotted on tl1e y-axis, while 

Ca/S (or NINO,) was plotted along the x-axis. A third-order polynomial expression was curve fit 

through the plotted points. Lotus Freelance (the graphics software package used) yielded the equation 

of the curve which allowed determining removal at Ca/S of exactly 2. All subsequent expressions of 

S02 removals in this report arc at a Ca/S value of 2. Data collected throughout the trial work are 

presented graphically in Appendix D. 

5.2 SCLFUR DIOXIDE TESTS 

Initial tests compared the S02 removal of slurry against dry injection modes for Ca(OH)2 and 

CaC03. Figure 11 shows the effect of varying injection temperature on the S02 removal by CaC03 at 

a Ca/S ratio of 2. The S02 removal during dry CaC03 injection was fairly independent of injection 

temperature, given the relative error in the plotted values (± 5 percent based on previously run 

replicate tests) and showed a maximum of about 42 percent. Slurry injection appeared to have relative 
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maxima in SO2 removal. about 57 percent around 1.000 "C. Adding NOxot;T A solution to the 

slurry water (replacing an equal volume of water) may have caused a slight increase in SO2 capture. 

but insufficient runs were completed for statistical certainty. TI1e same tests for dry injection of 

Ca(OII)2 (Figure 12) inilicate that SO2 removal. with an apparent optimum injection temperature above 

1,000 "'C, was relatively independent of injection temperature. "The slurry injection curve is similar to 

the dry sorbcnt injection curve except for a significant increase in SO2 removal by slurry injection 

around 1,000 ''C, where SO2 capture increases to about 72 percent. Tests with urea (NO,.OUT A) 

added to the slurry water followed the temperature response of the sorbcnt-alonc slurry, but indicated 

significantly higher SO2 removal (about IO percent, absolute), up lo a maximum around 82 percent 

capture. 

Limited tests were also done with commercially available Tenn Luttrell CaO (lime). In these 

tests, Ca(OH)2 was tested against a Cao slaked with the slurry injection water before injection. The 

results (also shown on Figure 11 for a single injection temperature) indicate that injecting a Cao 

slaked under non-optimized hydration conditions yields equal SO2 capture lo the Ca(OH)2. Similarly, 

injecting the slaked CaO slurry with NOxOUT A solution resulted in equivalent capture to the 

Ca(OH)i with NOxOUT A, about 82 percent at Ca/S = 2. 

5.2.1 Comparison 

The SO2 removals reported in Figure 11 for dry CaCO3 particles arc equivalent to previous 

16results (about 40 percent) for testing in this furnace and others 15
· . The SO2 removal results for dry 

Ca(OH)2 sorbent injection, about 60 percent, are also similar to earlier testing in this reactor and 

17 18numerous tests hy others15• • . While comparing results between dissimilar furnaces. fuels. initial 

so2 conccntra0ons (SO2i), and sorbents is difficult, the results for CaCO3 slurry injection (about 42 

percent at Ca/S = 2) are consistent with results from Reference 19 of 40-55 percent at Ca/S = 2 and 

four different coal/sorbent combinations. Later work indicates SO2 removals with a Ca(OH)2 slurry 

(Ca/S = 2) of 78 percent. comparable to our peak value of= 72 percent 1°. 
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5.2.2 Temperature 

TI1e results for both dry and slurry Ca(OH)i injection (Figure 12) arc similar lo those found 

for dry and slurry CaCO3 injection in that, with some exceptions. they arc relatively insensitive to 

temperature. WhHe greater sensi0vi1y to injection temperature for dry sorhcnt injection may be 

8observed in other facilities. this phenomenon is a strong function of reactor quench rate. 16
·1 The 

temperature response profile of SO2 caprure becomes natter for lower quench rates. The IFR has a 

fairly moderate quench rate of about 250 "C/s. Results from a pilot facility operating at a quench rate 

of 500 °C/s did show greater temperature sensitivity of SO2 capture with slurry injcction16
. As 

expected with this higher quench rate. the optimum slurry injection temperarure (about 1.200 "C) wa<; 

determined to he about 200 "C higher than in our work (about 1.000 °C). 

5.2.3 Dry Versus Slurrv Injection 

The equal or greater capture by CaCO3 slurry versus dry injection has been attributed to 

particle fragmentation or delayed sintering20. 

The levels of SO2 removal, approximately 60 percent (excluding the urea addition result<;), arc 

typical for dry Ca(OH~ sorbcnts, while the range of data on our tests is insufficient to be conclusive. 

Significantly greater SO2 removals (about 10 percent. absolute) with slurry versus dry injection result 

at one temperature {1,000 °C). Unfortunately, further definition of this temperature peak was 

impossible because of injection port limitations. The mechanism for this enhanced removal during 

slurry (vs. dry) injection remains speculative. 

5.2.4 Effect of NO:i1OlJT A 

TeslS with NOxOUT A added to the Ca(OH)i slurry showed significant improvement over the 

slurry alone or dry tests. Improvements in SO2 capture of about 10 percent absolute occur at 880-

1,170 °C. This phenomenon was also observed when testing a hydrated lime/urea mixture and 

comparing it with the hydrated lime alone3. The researchers speculated that the enhancement \Vas 

either caused by increases in sorbcnt surface area and porosity from urea decomposition in the sorbcnt 
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crystal structure or by reactions hetween SO2 and urea decomposition products in the sampling system. 

Work by others has shown that SO2 capture is possible with Nlli alonc21 
. It is possible that the NH 3 

slip created by urea decomposition may be directly removing S02 as well. Our results suggest that the 

mechanism for enhancing the sorhent's ability ro capture S02 is probably the reaction of the sorbent 

and urea-based compound with SO2. X-ray diffraction results from IFR solid sampling during 

NOxOUT A injection indicate. along with the expected CaSO4• the signifkant presence of 

C'·-IH4)2Ca(SO4)2 ·H2O (koktaite). Clearly. at these high temperatures. Cao, S02, and the urea 

breakdown product (NH3) may react together to increase SO2 removals beyond that expected simply 

from the presence of CaO [from Ca(OH)2 or CaCO31alone. 

5.2.5 Ca(OHb vs. Slaked Cao 

The inability to distinguish between the SO2 reactivity of the slurries from commercially 

available Ca(Oil)2 vs. laboratory-slaked CaO suggests the simplicity of the hydration process towards 

producing reactive sorbents. Purchase costs of hydration and transportation of the added weight of 

H2O in Ca(OH)2 to the site can be avoided if Cao is mixed at the boiler site. While improved 

methods of CaO slaking are likely to increase the sorbent reactivity, our rudimentary methods of 

sorbent slaking were sufficient to match the results of manufacturer-supplied Ca(OH)2. 

5.2.6 Particle Size Effects 

Tests varying the particle size of CaCO3 sorbent were conducted for dry, slurry, and slurry 

with NOxOUT A injection conditions. Results at the optimum injection temperature for SO2 removal 

at. a Ca/S ratio of 2/1 arc compared against the Ca(OH)i result,;; (Figure 13). Smaller particles 

generally remove more SO2, whether they arc CaCO3 or Ca(OH)i. 111e enhancement of dry sorbent 

SO2 capture by either slurry injection or NOxOUT A addition is probably maintained independent of 

particle size. Equivalently sized CaCO3 was indistinguishable in removal efficiency to Ca(OHh. For 

slurry injection. however, Ca(OH)i is clearly superior in removal efficiency. 
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5.3 NITROGE:---1 OXIDE TESTS 

Tests were conducted over a range of lcmperalures to measure the temperature sensitivity of 

both NOxOUT A and NOxOUr A+ reducing agents. Test<; varied from about 821 to 1.170 °C with a 

N/NO,.i of about 1.5 (note that urea hreaks down into 2 moles of reducing agent nitrogen per mole of 

urea). The results of testing with NO,.OUT A, encompassing NOx. NH3, ~ 20, and CO emissions. are 

shown in Figure 14. 

For reference. SO2 removal results from slurry injection arc superimposed on th.is figure, 

although these results were not obtained simultaneously. (Other results showed that the effect of 

concurrent sorbent injection upon NOx removal is unnoticeable; tests with and without sorbcnt in the 

slurry did not prove to affect NOx removals.) Fur NOxOUT A, a peak NOx reduction of 82 percent 

was achieved at the optimum temperature of about 1,100 °C, while NO,. reductions greater than 60 

percent were obtained at injection temperatures of 950 to 1,140 °c. 

In comparison to these results, Figure 15 shows the results of NOxOUT A+. TI1c maximum 

NOx reduction was 80 percent at the optimum injection temperature of around 1,100 °C and an 

N/NOxi of about 1.5. NOx removals of greater than 60 percent were achieved at injection 

temperatures ranging from 887 to 1,137 °C. 

The effect of N/NOxi upon NOx removal for NOxOUT A and NO:PUT A+ is shown in 

Figures 16 and 17, respectively. NOx removal increases with N/NOxi until around an N/NOxi of 2.0. 

where the NOx removal starts to level off. Figures 16 and 17 show inflections in the curves at around 

an N/NOxi = 1.5, caused by including data from Figures 14 and 15. The data used lo produce Figures 

14 and 15 were collected during a different trial run day than those for Figures 16 and 17. Furnace 

temperatures vary slightly from day to day causing slight differences in the removal results. 

5.3.1 ~ 

N2O emission levels (Figure 14) for NOxOUT A generally appear to follow NOx removal 

levels; peak N2O emission (200 ppm) occurs at a slightly higher temperature (1, 1 :nuc) than peak NOx 
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removal (1.HKI 0 C). Peak N2O emissions using NOxOUT A+ (Figure 15) appear to occur about 50 ~c 

higher than the optimum injection temperature for NO,_ removal. For both urea solutions. ~ 20 

emissions follow a similar temperature response. although levels for the latter (peak value of 36 ppm) 

are consistently about one-fourth of the former. 

For tests conducted near the optimum injection temperature for NOx removal ( 1.087 °C). 

increasing N/NOxi values results in greater N2O emissions for both urea solutions (Figures 16 and 17. 

respectively). N20 concenuation ranges from 70-220 ppm ror an N/NOxi of 0.8-3.5. respectively. for 

NOxOUT A. NOxOUT A+ appears 10 be less sensitive 10 N/NOxi increases. ranging from 25 to 115 

ppm for N/NOxi values of 0.8-3.5. For both urea-based chemicals. Nl) emissions are only slightly 

affected by changing N/NOxi values between 1.5 and 3.5. 

Injection of NOxOUT A at near optimum temperature ( 1.087 °C) with Ca(OH)i slurry at 

varying Ca.IS ratio resuhcd in N2O production of 66 ppm. 51 ppm. and 64 ppm at Ca.IS about 3. 2. 

and I. respectively. N/NO,li was held constant at about l.5 for th.is testing. Correspondingly, inje.ction 

of NOxOUT A+ yielded N2O emissions of 35 ppm, 27 ppm. and 33 ppm at Ca.IS about 3. 2. and I. 

These results (not shown in a figure), when compared with Figures 16 and 17. suggest that the 

presence of sorbent addition may aid reduction in N20 levels. This possibility has not been verified. 

5.3.2 NH3 

NH3 concentrations for NOxOUT A injection (Figure 14) reach a maximum of 140 ppm at 

821 °C. Increases in injection temperature show declining concentrations of NH3 slip. Peak NH, 

levels of 135 ppm for NOxOUT A+ (Figure 15) at 82 I °C are reduced below 5 ppm at injection 

temperatures of 887 °C and higher. 

Changes in N/NOxi values affect NH3 emissions. as seen in Figures 16 and 17. Increases in 

N/NOxi for both urea-based solutions result in higher levels of NH3. Unlike N2O. NH3 levels with 

NOxOUT A and A+ arc a stronger function of N/NOxi changes from l .S to 3.5. 
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Coupling the reducing agent injection (at NIKOxi ahout I .5) with Ca(OH)2 slurry near 

optimum injection temperature (1,087 °C) produces NH3 slip of less than 35 ppm at Ca/S between 0.8 

and 2.0 for NOxOUT A (results not shown). Slip was somewhat less for NOxOUT A+. A maximum 

of 12 ppm was observed at Ca/S between 0.8 and 2.0. 1l1c reduction in NH~ slip during sorhent/urea 

co-injection could he attributed to NH3 combining with Ca and SO2 to form (NH4)zCa(SO4)2•H2O as 

previously mentioned. 

5.3.3 Comparison 

IFR test results (Figure 16) show NOx removals with NOxOlJT A at 1.087 "C and varying 

N/NOxi that are similar to those demonstrated in Reference 10. While less similar resulls have been 

reported by References 8 and 9 with urea injection, direct comparison is made tenuous by 

experimental differences in reducing agent phase (solid urea) and NOxi value (250 ppm), respcctivc1y. 

Tests with NH3 solution injection were conducted to obtain data to compare others' results lo 

assess any rem,1or-specific trends and validate the findings of this work, particularly in reference to 

N2O and NH3 emissions. 

The NOx removal resultc; of NH3 solution injection at N/NOxi of 1.3 are shown in Figure 18, 

indicating that KOx removal exceeds 50 percent over a fairly hroad temperature range, 887-1,140 °C. 

These findings are fairly consistent with NOx removal results of Reference 8 at an N/NOxi of 2, given 

the differences in operating conditions. The NOx removal response to varying the N/NOxi of the NH3 

solution is shown in Figure 19, compared with References 4 and 8. 

The NH3 slip and N2O emissions during injection of NH3 water at N/NOxi of 1.3 is shown in 

Figure 20. The decline of NH3 slip at 827 "C is unexpected, yet was confirmed by repeated testing. 

Figure 21 shows the effect of N/NOxi on NII3 slip and N2O emissions. 

CO emissions reported in Figures 14-17 are included to show the effect of injection 

temperature and N/NOxi· These emission levels, generally 40 ppm or less, are similar to those of 
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Reference 9. A significant increase in CO emissions at lower injection temperatures is not observed. 

perhaps because our injection range did not extend sufficiently low9
. 

TI1e trends seen in the KH, solution injection results indicate that reactor-specific differences 

in removing NOx under similar testing conditions between these three laboratories arc not substantial 

and rhat results ohtaincd in our research may apply equally well to others' reactors. 

Values of N20 production as a function of NOx reduction (plotted as /\N20//\NOx in figure 

22) for NOxOUT A+ were almost exclusively less than those uf References 8 and 22 with pure urea. 

Work reported in Reference 8 was done on a pilot-scale, natural gas-fired combustor (described in 

Reference 9), doped with NH3 to produce NOx, and Reference 22 used a pilot-scale 2 MW (t) coal

fired circulating fiuidi.red bed. This suggests that technical improvements to the pure urea solution. 

represented NOxOUT A+ formulations, can affect N20 emissions in SKCR processes. 

Levels of NH3 emissions for both urea-based solutions show trends of reduction with increases 

in temperature, consistent with results of others9 
. Figure 23 compares the NH3 slip emissions during 

inje.ction of both urea solutions with those from Reference 9. NH3 slip values in our work are 

significantly less throughout the full temperature range. This may be caused by subtle differences in 

the experimental combustors combined with the increased reactivity of the enhanced urea formulation 

at lower temperatures. Use of NOxOUT A+ vs. NOxOUT A solution in this work improved the NOx 

removal values at lower temperatures. 'This result raises the possibility of staged injection of these 

chemicals at low and high temperatures. respe.ctively. This result also has the additional benefit of 

reducing the local "load" of the nitrogen-reducing agent injected into the t1ue gases, and thereby 

possibly minimizing potential NH3 slip prohlcms. 

5.4 COAL TESTS 

Very limited testing was completed under actual coal-burning conditions. Pittsburgh #8 coal 

(2.6 weight percent sulfur) was burned in the IFR, and the resulting combustion product,; treated with 

Ca(OH)2 slurry. NOxOUT A and NOxOUT A+. Injections were made at l,151 °C and 1,041 °C. 
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Injection of the slurry and NOxOUT A at 1,151 °C gave 69 percent S02 removal, and 36 

percent NOx removal at stoichiometries of 4.5 and 2.6, respectively. At the lower injection 

temperature, the NOxOUT A slurry improved lo 86 percent S02 capture at Ca/S = 3.3. NOx removal 

declined, however, to 19 percent at N/NOxi = 2.4. 

The NOxOUT A+ slurry achieved 70 percent and 60 percent S02 and NOx removal, 

respectively, at Ca/S = 4.5 and N/NOxi = 1.6 ar 1,151 °C. Injection at 1,()41 °C resulted in S02 

removal identical to the NOxOUT A slurry at this temperature. NOx removal was 21 percent at a 

lower N/NOxi of 1.5. 

NH3 slip was about 19 and 10 ppm for NOxOUT A and NO,pUT A+, respectively, at the 

higher injection temperature (1, 151 °C). Slip sharply increased to well above 110 ppm for ho1h 

reducing agents at 1,041 °C. 

N20 production by each reducing agent was greater at 1,151 °C; NOxOUT A generated 65 

ppm N20 while NOxOUT A+ yielded 58 ppm. At 1,041 °C, NOxOUT A and NOxOUT A+ generated 

43 and 18 ppm N20, respectively. 

CO emissions during this limited testing were very high (300 ppm). The change in CO 

emissions during urea injection was indistinguishable because of these unusually high baseline levels. 

These high levels of CO are not generally experienced during coal bums on this reactor. It is believed 

that the burn conditions set up produced a nonreprescntative combustion effluent. This effluent could 

have adversely affected the obtained results; the results are certainly not consistent with those obtained 

during natural gas testing. Additional testing with coal could provide more information on this 

anomaly. 

5.5 RESISTIVITY RESULTS 

Four solid samples were collected for resistivity measurement. These samples were collected 

dudng injection when burning Pittsburgh #8 coal. Samples during dry injection of Ca(OH)i, s1urry 

injection of Ca(OH)2, slurry/NOxOUT A injection, and coal alone were obtained. Resistivity for the 
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coal alone sample could not be measured by the method employcd. 14 Facilities were not available to 

determine resistivity of coal-only ily ash hy common methods. The resistivity for the sample cullectcd 

during dry sorbcnt injection was about 7 .5 X 1013 ohm-cm. During slurry injection the rcsisti vity 

increased to about 9. l X 1013 ohm-cm. A further increase to 2.0 X 1014 ohm-cm was realized during 

slurry/NOxOUT A injection. 111e resultant curves generated during resistivity detenninations arc given 

in Appendix C. 

Electro~1atic precipitator (ESP) performance can he profoundly affected· by changes in tly ash 

resistivity. Preferential ESP operating conditions require coal fly ash resistivity to be no more than 

about 1010 ohm-cm. Adding reacted sorhent material to the tly ash mixture causes changes in the 

chemical properties of the ash; the resulting resistivity is usually somewhat greater than 1010 ohm-cm. 

TI1e results obtained from this work indicate that adding sorbent and urea to the coal fly ash causes 

significant increase in ash resistivity. 111csc increases substantially exceed a level giving acceptable 

ESP performance.23 High values of ash resistivity ~e known to cause a decrease in the current 

denc;ity of the particulate matter charging field which results in the degradation of ESP perfonnance. 

This reduction in current denc;ity will cause sparking, or the fonnation of a stable back-corona. 

Laboratory measurements of resistivity typically range as much as 2-3 orders of magnitude 

higher than field values obtained for the same material. Furthennore, the modifications made to the 

measurement met.hod, because of the presence of calcium sorbcnts also probably resulted in higher 

values for resistivity. Whether or not sorbent/reducing agent injection will adversely impact particle 

collection has not been effectively evaluated. Flue gas conditioning methods such as the addition of 

humidity or sulfur trioxide may also be used to lower ash resistivity. 

44 

http:performance.23


SECTION 6 

CONCLUSIONS AND RECOMMENDATIONS 

Tilis work has demonstrated successful pilot-scale coupling of calcium-based sorbent injection 

\Vi.th SNCR technologies in a slurry injection process. S02 and NOx removals of about 60-80 percent 

at Ca/S = 2 and an Nf.\/0xi = 1.5, respectively, have been consistently observed. 

S02 emission control is enhanced by combining the technologies. Identification of 

NHJCa/S04 compounds suggests that the urea-based solutions react with Ca and S02 to effect 

additional S02 removal. Some evidence exist~ for the enhancement of S02 caprure during slurry vs. 

dry injection of sorbents, albeit over a narrow temperarure range. 

NOx removals of 60-80 percent at N/NOxi = 1.5 were typically observed. NOx removals 

greater than 60 percent were observed over a broad temperature range: 950-1,150 °C for N0x0UT A, 

and 850-1,150 °C for NOxOUT A+. 

Comparative levels of NH3 and N20 arc significantly reduced below levels previously reported 

for urea injection by using modified urea-based solutions. Near the peak N0x removal levels (80 

percent) for NOxOUT A+ solution (NO,;,init = 600 ppm, N/NOxi = 1.5), emission levels of NH3 and 

N20 were below 18 and 30 ppm, respectively. 

The synergistic effect urea has shown on sorbent S02 caprure ability has not been fully 

explained. This work identified the presence of (NH,t)2Ca(S04)2 • H20 in reacted solids. However, 

the fonnation mechanism of this compound is unknown, as is its effect upon properties of the 

ash/sorbent waste. 
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Adding lime and urea causes chemical changes to the Hy ash/sorbent mixture producing ash 

rcsistivitics in excess 1013 ohm-cm. While resistivity values exceeding 1010 have been known to 

cause degradation in ESP performance, derivation of accurate values from laboratory-scale equipment 

at ambient temperature (especially in the presence of calcium sorbents) is considerably suspect 

No effort was made to further characterize urea/slurry injection in coal-fired systems; only 

limited information was ohtained in this effort. The results were not comparahle to those obtained 

during natural gas firing. 

The process may also be broadened in its applicability to a wider market by considering 

options for dealing with additional pollutants (e.g., HCl and mercury) and improving emission removal 

performance. The latter suggestion may be accomplished by process alternatives such as staged 

reducing agent injection, sorhent enhancement. or a combination of technologies (e.g., SCR, sorbcnt 

recycle, multiple sorbent injections). 
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APPENDIX A 

INNOVATIVE FURNACE DATA LOG SHEETS 
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I@ I 
iei t.oJ@ ?o Y:11s, 7./ 7 s7b C) -
I 

i 'flD 
I 
' 

I 

' I I

tv513 J, 0 3 @ ?o g,,o ! 7.16 :J.D 11757 0 9-.u f i ¾7, D 
! 

_,,i ' -- ' 

fZo 
I 

,;J,o ( ~7.c 
Lf<- (o/' 7, 0 i •.)( c, 

@ I 
@ 7D 47,D 

I\.o3 @ 1D Cf 7. V 
1.0) @ Ji) 7,D 
l,o)@ -Zo 7 D ,· -, sIii,()) @ ,o 0 1.7. b { /. ; 

@ 

Temoerature at Por: i 
0
f 

' I 

1I Tangential Air · Axial Air Primary Gas I Coal Transport Air 2 ! 3 4 uoc 

3tart I1Sf@ Lt r ; ).o@ ~f; 0/6)@ 2--: I - @ i ;, .30 !de,{ t/ [8.;:L 

Finish li.s-8"'@ lt5 1/,o @4) :o.8'")@ 7--! @ - !~I ::2C, l~u( t 7S-

5ee 11of.,;.,, -~-~ 
A-6 



--

--

Innovative Furnace Data Log 
Date\;- 1 7 19° 
Initials ev3 f' 
Test: 4t",'JG 

NH3 Rotameter ~ SO2 Rotameter ~ 
Setting (BB height): Setting (BB height): )\./, foj--

Fuel: fv~r~ 6"15 Draft {inches of water~ 0 • '"3 
Slurry: %,o lniection Port: . J 1 

--.. ~Jl-c. 
0/o Excess Air (measured): 

Temperature at Port { F) 

Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO2 co NO SO2 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) {ppm) (ppm) {ml/min) (ml/min) (ml/min) 

\,D~@ 70 7,o 7, r~ <:?f'J ::2- 't 7, c) 

1.0 @ )O ~,S7 7.!l ! "X) /5_) ;2_ {I) y t,7,o 
\,o3@70 
1.03 @ 7D 

7,~ 7 
C. 7,,-·1 Q~ 

1-:?U 
(1o 

3 
"2-: \~ 3 

~lo 
't7.o 

\.o~@ 7u 6. t-2s-1 1. s~ I II .J?o 3 't7,iJ 

0. @ 8u I/ : 'J?o 3 7'7. 0 

01f7@ ~c) 3 ,. 5 f'lro 
(J,f7@ <?O - 't 7,o 

BL ID/(]@ 90 r7,o 
SR:2- IO,f @ 90 1.5 it7,o 
Gt- f/7,o ! 

L- 11.o 
tvSP-?- f.o @ 70 0 /.] f-7.o 

6L.. 
BL 

1,03@ 7D 

() @70 - 0 
0 

- I 
! 

i 

l 
r7,o 

?o✓ t17. 

MRl Ill>) @ 70 D I. '16, 7 
~L I ,l> @ 70 D - 'tG. 7 
Nsa 1 1.03@ () I- y l 

I fG.7 
'3t 1.c, ~ 70 \ 1- 0 ~ '{ ~- 1 ) t.t7,o 

Tangential Air Axial Air Primary Gas I Coal Transoort Air I 2 3 ; 4 upper 

Start ~st·@~) /,D@q; Oj;L© J- ! - @- j c',2ogJ . ,.Qo85l Lp) g 

Finish "\ .s<&@ l{ S-- I Lo @ ½, ½-- ID, '6?@ ?-- I
I 

-- @ ----- IJo7( I .201--:2.. i /7o3 
i ! : 

A-7 
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Innovative Furnace Data Log 
Date:!? tP I ftJ 
Initials G.#e 
Test: "::/Ptv 7 

NH3 Rotameter ~ SO2 Rota meter J~ 
in BB hei ht : ?' Setting (BB height): JU/If 

Fuel: ~ O-rf:9 Draft finches of wate9: O, 3 
Slurry: Ho½? .I. Injection Port: -;1 ~ 
% Excess Air {measured): ~ 7.~/415'""s-$ 

:~ I 
; Starting EndingI I ' I 

\ Stage Air i 
i i : NOxOUT Feed Feed 

!I (float height) j 02 CO2 co NO S02 
I 

Feed Rate Rate Rate 
I @PSI I! (OI

/0
) (%) (ppm) (ppm) (ppm) ' I (ml/min) (ml/min) (ml/min) 

I 
I 

~ I.DJ@1o I 0 I"(... ~ Ir.e;r 7,~i ~6 I J?c; I i 'ft. g-

rv5 (2 , 

' 

,V~/•@7o Ir, 7 7,yf .I'~ )CJ 'i 
I 

I C) /, tt 'IC,£-
fJ'J,liD3@ 7o i(!,L ;r, 7lS-- 7,9c, ;;i4 JfR' 0 - 'IC. f1 : 

f\/St< I N~~@7(;, fp I 0 ;. rt lf6, ~r:1r 7,>: ~ 
I8L.. N~.''J@70 r. 1.s-1 7, rR 30 3(pS7. c::9 .--- 't6. y 

6L /,O) @ 76 7,fr ! 7,ft, ? I 3o.s I 0 it 't(,.f I 
I 

/v)~/ /46]@ 70 7, J /2.) 2/ I /.?Si C> I, 'tt 'r6~f I 
I 

~L. /,o}@ ?o 7.!7}1 ~~ IC> 
I 

I 10,2.: c:> - ' 'f,, i;,-
: 
! 

I --
'tv,t<f /.03 @ ?o 1.9:is~ 2.rl 9. 1 ! 

' ly(! c> I• 'ti I ~- g-' 
i(31- /,03 @ 70 ?,o I 7.q/, ~ :~, 0 , I 

' r,.&" ir~a 
I ! ! 

@ I ' ' 
I 

@ I 
I 
I I II 

I ' : 
I@ ! : I 

' ' 
I 

I@ ' 
i 

I I 
I I 

@ ; ' 
' 

@ I 
I I : 

! 

I' 
' @ ! I 

I 
! 

' 
I@ ! 

lev-t-:I 

Temperature at~ (
0 
F) 

' 
Tangential Air Axial Air I Primary Gas : Coal Transport Air I 2 I 3 14 upper 

---..Start t)!@ L{; /.o @ tr) ~cr;L@ 
I 

:::i_ @ I )/ JO I ~1~~-
' 

I i \&W 
' .--- ..2o&oFinish ~,r;~@ ~f \~ @fa.( lo.~1@ 1. ! @ -- i J( 11 11775' 

A-8 
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Innovative Furnace Data Log 
Date~) 11?- I f O 
Initials C{t:___ 
Test: ~N7 C£w1-. 

NH3 Rotameter SO2 Rotameter /:C1 / S:'.ing (BB he,t): / ;;.~ Settino {BB height): /1/;/f-' 
F I: AJf..J G-/4-5 Draft {inches of wa;9r): tJ: 0 
Slurry: ~o lniection Port: J ,.,..._ ~.Id e_ 
% Excess Air {measured): 

Starting . Ending 
Stage Air I NOxOUT Feed I Feed 
(float height} : 02 I CO2 co 

I 

; NO . S0 2 Feed Rate Rate · Rate 

@PSI I (%) (%) (ppm) I (ppm) ! (ppm) (ml/min) (ml/min) i (ml/min) 

g l- l,03@70 ! ?, / .~5-· C) ! y7, I-
1½/11.. i. 0J @ 7b I .0 6 ';:Jg '-f7./I 

0/JL J,o @ 70 :fr/~ lf 7./ 
tv>/21 1,Cl 3 @ 7c) I f. c 0 ·5 '( 7. 
8t.. 1, 0 ] @ 70 i, 0 -- 1/7./ 
Bl /~03 @ 7c, 6 11 7./ 

IMR?- '16")@ 7o 0 /,3 g- 't7./ 
1~3@ ?o 0 ..-- '(7,/ 

"', l.o 3 @ 7o 
I 

0 J, sT Lt 7. I iJf..15 
[) - ~7d : '17, r; 

@J 
@ 

@ 

@ 
@ j. 

@ 

@ 

@ 

Temperature at Port ( 
0 
F) 

Tangential Air Axial Air Primary Gas Coal Transport Air 2 3 
\ 

i 4 uppe 
I 

Start r.r;r@ LfS /D @tfS 0/IJ-@ ?-- - @ - ~ I;.. o : ;Jt?s-7 jt7/&" 
Finish t~@ ¼s--· i\,u@ ~S- D.~)--@ ?-I -@ - 1/ I/ i d£) 7:, (p lt65 

A-9 



Innovative Furnace Data Log 
Date: I J.. / I:1 / ~D 

Initials 63(
Test: ~ IV7 cP r .,.-- N;. ) A,'.it 
NH3Rotameter .- / Cf S02 Rotameter 
Setting (88 height): b 7 f 'J- I Setting (88 height): 
Fuel: AJ14-qj? G-M Draft {inches of wat~r}: 0 ( 3 
Slurry: ~ Injection Port: 3' ~ ;dJle 
% Excess Air (measured): 

i 
I Stage Air 
i (float height) 

@PSI 
I 02 
! (%) 

: 
I 
l 

CO2 
i (%) 

CO 
(ppm) 

I 
I 
I 

'NO 
j (ppm) , 

S02 
(ppm) 

' 

: 

I 

NOxOUT 

Feed Rate 
(ml/min) 

! 

'I 
i 
: 

Starting 
Feed 
Rate 
(ml/min) 

! Ending 
Feea 
Rate 
(ml/min) 

~L- fJ:i. 
' 

@ 70 i V.?s 1 7. Y2 I8' 1 '!fl, 0 i - I if 7,o ! 

'"'-'S~ S 11i @ 70 
I : 

1 Y, 7( 7, ~ F ~3~ i 3 () d,vo 
i 
I 

I ~7,D 
l 

i 

{),L 

fvSe3 
f!,L. 

8L 
t-v5~3 
GL 

f'\JS~~ 
{?> t._ 

~ @ 7D if,f7> 7,J<i 
l"l @70 :Lt, 9)( /4rr,
1"' l,oJ@ 7D ''(, 9.[: 7,.J~ 
1,J3@ 'Xi f.O?si 7, 50 

?,2)1P'"3 @ 7o 7,11 
(,DJ @ 7C/ l?r/J5 7,j.6 
(,03 @ ;<? 7,9:Jf 7, f/((, 
(,o3@ 70 lf,o7s-- ~~ 

j
@ l 

5)( ! 0,7 ~. 

()/)s' :'I 
?-/ lYS-S- 0 

ll I d-o/f: : D 
CJ'18' I :;;7 I 

J ?-- Jrt;- I a 
SI ;J..S-i 0 

J)., !7/7 ! 0 
; 

,..-

:J,vO 

---
?-. 00 -
2.00 -

I 't7,o 
I 
; 1/7, D 

l 47,6 
Lf 7. DI 

I l/7,D 
'-17,o 
11,0 

4 7,i) 
! 

; 

\ 

I 
I 
I 

j 

I 
i 

I 

; lffo1/_ 
i 

@ l 
I 
I i 

; 

I ! 
@ 

' i I 
I I I 

i 

@ I I 

•. 
I 

' 

I 

I 
I I 

@ I 
I 

' I ' I 
! 
! @ I ' ! 
i 
i @ 

I 
! i 

I 
! @ 

: 

Level 

Temperature at ~. (
0 
F) 

Tangential Air Axial Air Primary Gas : Coal Transport Air 2 I 3 14 uope 

Start lf,r&--@ 1/S- /.o @ Lfs- JJ:J.-_@ d-- - @- c9/ /) ;J...<Js..::i i MJ-J 

Finish ~,sf(@ ~) 1 j,r> @~ ~ IU· ~J-@ )- --@ - I~ll I ;lo,-~ iI~J~ 
A-10 



Innovative Furnace Data Log 
Date1d-)Y lqo 
Initials CBC 
Test: 1t--N? 

NH3 Rotameter __(, l;e<,,) p.J~\ SO2 Rotameter /l; ; 
s:_ing (BB t;f.h!;J ss / ) Setting (BB height): /,t--
F __ !: 11.1:,___-1. 6-ri-S Draft (inches of water): 0, 5 
Slurry: Wft:V lniection Port ~,/ y'V'I. ,c///~ 
% Excess Air {measured): 

I 
i : Starting Ending

I ' Stage Air NOxOUT Feed FeedI I I 
(float height) 02 I co,,... I co ! NO S02 Feed Rate Rate Rate 

! @PSI (%) I
I 

(%) · (ppm) : (ppm) (ppm) (ml/min) (ml/min) (ml/min 

0i /.v~@ -,;o I 7. ? i 7. 5'J- 7 Jc., 3 I ! Lftf~-7 I 
I ;;;i,{)0

I113 /.o3 @ 70 i 7. i 
' 7,(p 19 yJ I 0 fG,9 

L IJ)) @ 76 :7/1,- l✓ fCJ ?'G3 
' 

0 - I ft,1 

1v51<.3 /.oJ @ 76 :~.7'3 c) {)~o c I ft. 7 
1.<2.J @ -ro :7,~ D --- I 

I 
I 

'ft. 1 l/7, <i 
@ I - t;), I 

1.y I lt 7. I 
/ifJs @ I 4 7,/ 

' ' /,03@ ~ '17. I 

/, 0 3@ 70 ! tr 7./ 7.0 
@ 

~L [,,O @ 70 3gr.,2; 0 f(;.f-
Ml< I /rO @ 1i> t03 I 0 ! /. 4"), 'f(p. 8' . 

ei-- 1.03@ 7u 3a--o: 0 - ,r~ 
I(VSf( ! /.. 0 3@ 70 I 0 ' /, y?. trc.sI 

,-(3 (_ , o?J@70 :370 l{(p. g-
@ 

Temoerature at Port ( °F 

TanQential Air Axial Air Primary Gas : Coal Transoort Air I 2 3 4 UDO 
,... 

.3tart ~)6@ yr;- /.u @'f) rJ.~J-@ /-- -@ -- IP/ti7 ;}/;2.0 1~-C{ 
! ,-- ' 

Finish ; -!L\/)'6@ iS- 1.0@ Lt S1o.8'J® )- --@ : ~\34 Jo~) ' {<'@ ?7 
A-11 
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Innovative Furnace Data Log 
Date:\~ 1I~ 1Y0 

Initials eB e 
Test: ~ IV~ Co/VT 

NH3 Rotameter ~$ SO2 Rotameter j) 
Setting (BB heig~r Setting (BB height): 
Fuel: tvi+:'t:v G-~ Draft {inches of water): c:>, Y -o,. S-
Slurry: ~o 1njection Port: 7"~.-._>-r)d!-e 
% Excess Air <measured): 

I I s .I I I 1 tarting I Ending 
I ' IStage Air l NOxOUT : Feed Feed 

(float height) 02 
I 
1 CO2 : co NO ; 

I 

S02 Feed Rate , Rate i Rate 
@PSI (%) I (%) ; (ppm) (ppm) ! (ppm) (ml/min) ! (ml/min) I (ml/min) 

gL \_o'5@ 7D ;;~_rl-7, fo~ ! ;t I:??yj /t,~)- - ! ' y7, / ' i 
' 
I

/\1$ f2"J..., 1.c)@ 7o 7,f.r 7. 7J ! 1/0 -;27 ltsv 1,4 '-f 7, / 
Iv'3L U)3@ 70 :7,!1rt 7. 6Y J3 3'72. It 7t7 - 'r7. I 

~~ .,.,rvs t<? 1~0~@ 70 h..4'7st 7, 7 lf~ : :ir- ~_/V/~;l I.if y7, / 
15 [__ /..,c}@ 7 D ; 7i fJf 7.(1,,, d- 7 l373 _..,/(&{) ! - ff 7. I l/ 7. {. 

I@ i 
! ! I 

BL l .o}@ 70 :zsr 7.66 33 373 /t?cJ ! 
I -· ~7,D 

I 

('v~ //._) 1..03@ 7° 7,!75 7,~ s-s- f ?- 1700 tJ. ,00 {(?, c) 

1"3L 1~0J@ 70 7,3/ 7.8' I 3;}. 
~) 17lfD - Lr 7. c/ 

NS/2.3 I 1..v3@ 10 7.)]5 7.1 ! {;;r) ll .,.-i f7) )! J,oo ~?.c 
?o I

f:>L I1.03@ 7/)- 7.g(,. ?7- 3'/t \ 17¥S-! - ~7, D ! <£7, 7 
I 

@ i 
Ii I I 
'( 

-
B1..- 11.03 @ 70 7,; S--17,a, : .70 37s1 I ?oo ! 

I - : 
' 

'i~. ~ ' ' 
l,!t2 :Mil( l•o'3 @ 70 lr3 17.Sf 5V llfD 1 I 7;JY- f/C .f-
r--~L l,o, @ 70 7.~sr7. 76 i 50 ,?7): , 7 7-t;' f{~ ' 

i !(\JS~( \,o3 @ JO 7.))rf' 7, i 2 ! )/ /~? i /7/0. ) . ~ 'J., t(C,. g-· 
'13L. \,o";@ 70 7.Jl".ff 7. ?J,: 32. 17.r t7;t- I - rc;.r i iG..,:J, 

I ! I I ! 
I 

@ I ! '' 

Temperature at Port ( F 

Tan ential Air Axial Air Primary Gas Coal Transport Air i 2 

_;tart 

Finish 

A-12 
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Innovative Furnace Data Log 
oatef} 1 i! 1 Jo 
Initials e6( 
Test:~ r.J f 
NH3 Rotameter J ; SO2 Rotameter /1./ ,t-
Setting (BB h~!J; ). i f}\ Setting (BB height}: 
Fuel: tJ 011 Draft (inches of water): Q, s 
Slurry: Her+? Injection Port: ~icx ,....,~dd le 
% Excess Air {measured): -

I i: Starting Ending
!; Stage Air I I NOxOUT Feed Feed
' ' (float height) : 02 CO2 co NO S02 Feed Rate Rate Rate 

@PSI (%) ' (%) I (ppm) (ppm) (ppm) (ml/min) (ml/min) (ml/min)I 
I 

Gl-- !~ 1.0 ,@ 70 tv.r: 7,g s-- 39/ I C) - 17. I 
~RJ.. !j.l ,, I 03@ 7G J,7,K 1 ?,6t 1 7 7.,2 0 I ( 5 I i 

i 11. I 
,µ;..

GL- I J,c;3@ :::u 'i,ol_rl 7. p I ~ ?fE- i 0 - Y?. I 
'NSP"J, ~ l,03@ m 3. rJr-i 7. ~r i a- Ci ' -o I, 3 / 

! 
' <r1. I I 

{3L r J.v3 @ ;v o/,P).0 7.~ lj) l3t6 I 0 - i ~ 7. I 
I 
! 

@ ~~ I 
; I 

I !81 /,03 @ 2, I 7,;,.r;- 7. 7~ 0 i 3X> 0 I - I 'fl./ I 

tv5Q1 /.03 @ ?O 1tJS- 7, i II I /, 3 I I '-I 7, I I 
t'jL f,03 @ ?c 1/,').. /4¥~ 3 I ?1? E) I 

i 

i Lt 1. I ! 
1'* 0 

--
NS~} /.03@ 10 I 7, / 7.fy l( <i3 {!? I 

' 
(I?/ 47,1-. I 

/7'?)f 7, ?7 t.-·7 IljL /,i>-3@ 7o i r;;.. i 3('3' 0 i - i ( ( I ~ ~- -~ 
I 

@ i 
I 

: 
! 
' 

@ I I ! ! 
' ' !@ ' ' 

! I 
I@ i 

! :
@ I ' 

' @ 
' : 

!@ I ' 

t. c""" I 
0

Temperature ati='urt ( F) 

Tangential Air I Axial Air Primary Gas Coal Transport Air 2 3 14 uppe 
~ :~;;. J5-.3tart tr.ro@ t.r r I1.0@ r.r {),f I-@ )- ~ :or;-i 1f21

' , 

""IFinish I~.~@ ~~ 1\.0 @4~ 0,8')@ - ,- @ -------- I~~tlf 2J.173 : (1c? 

A-13 



Slurry: H'e::;O 
% Excess Air (measured): ./ 

Stage Air 
(float height) 
@PSI 

co 
(ppm) 

!3L 
/,OJ @ 

/. () 3 @ 

1-0) @ 

70 

7 o 

70 

7.fJ.f" 

7,(.? 

7///_r-

7, 7f 
7, b 

I~ 7~ 

3 

Is 

17 
f3L 

SO2 Rotameter ////,.I/-
Setting (BB height): 
Draft (inches of w~r): © • 7' 
Injection Port: 3 ✓• ,-t-1 ,W'df 

NO 
(ppm) 

I 
I 

I S02 
(ppm) 

NOxOUT 
Feed Rate 
(ml/min) 

Starting 
Feed 
Rate 
(ml/min) 

Ending 
Feed 
Rate 
(ml/min} 

·f/0 0 

,_.__ 

-

rt, 9 
ere. 9 
ye,,? 

I 
l 
i 

~ ~l. P /,v3 :70 ~~7~ 7.~ i -3 i38'/ CJ' i - I fin, 7 
@ ! 

I 

@ ! 
@ 

@ 

@ I 
@ 

Lev.:( 

Temperature at 'Porti 0 F; 
Tangential Air Axial Air Primary Gas Coal Transport Air 2 3 J 4 LIPPE 

I 
:tart ff%@ Y> /,o@f') CJ. t;) @ ,;).. ---@ - :JJI o :J-1st tif? 

,,---·@,--Finish l(,(6'@ if<;- !,o@~) ()/{;)@ J__ ?/fi ')/o ~ j 179.f 
A-14 



Innovative Furnace Data Log 
oate: /;2. 11f 19o 
Initials efif 
Test: -tt tJt c(:,t'\,-;-

NH3 Rotameter S02 Rotameter 
1
1, 

Setting {BB height): Setting (BB height): f1.1A-
I Draft (inches of watsr): 0 · ?,, 

Slurry: ti? o lniection Port: . ;~ ,,...,'-t>/e/J~ 
% Excess Air (measured): -

I 
' I 1 Starting EndingI 

Stage Air ! I NOxOUT I Feed Feed 
(float height) 02 CO2 co INO S02 i Feed Rate I Rate Rate 
@PSI (%) (%) (ppm) i (ppm) (ppm) (ml/min) j (ml/min) (ml/min)i 

lBL ~,,o-;;@ 7c l~.~7f 7.(, y ~ i J7G 0 ! - ! l/G. o/ 
tv~Pr '? 1.03 @ ?o '{,~ 7.,~ 7 I .)-71 0 LV i Vb,Ti 

6L ·"':i. r,oJ@ 70 ~~ 7.~?. ?- I ]757 0 - ! 
11~-i 

(\,,)t2 I ('/')_ 1.03@ 70 ~~J( ). ~0 B-' 170: 0 (, y ~,.<r 
bL "'~ /.113@ 70 ¾.))- 7. G ~ !371;' 1 C) - lfG. i 

@ I I 
IBL 1..05 @ 76 7.7 7.r '-I i 3ll i 0 - ~'-1 

fvS/2{ t.o3 @ ?<) 1.~7(1 7.1:;<2 r~ it 'f~ : tY (,l( q,.9 
fl, I,.._ 1.03@ 7o 1,7~ 7r'S"f/ i ~ 3clt t) - ~~-7 

/V~f, 70 7,7 7.(~ ' 
' 
I '){) 1t1 0 I I y ~,.er

'·"~ @ ' 

BL I t.0.3 @ ?o 1.71s ~\.-~ I10&' C) 
I 
I 
I - ' I l(~.9 ~(o, (' 

@ 1S~ : 

I ' i 
I 

i@ 
' @ i I 

I@ I I 
I i 

@ 
I ! I 
i

@ ! I I 
I 

@ ! ! I 
LJµe( 

Temperature at~(°F: 

Tangential Air I Axial Air Primary Gas I Coal Transport Air 2 3 4 LIPPE 

3tart tt,c;t@trr 1/.o @VS- oJ?-@ :J-
I -@ - }!~3 dfJ97 / 7 7t. 

Finish I~,s-g@ 4-r i/,o@ vr 0/6c+@ !}-
I 

--@ - ~173 ';).0?0 !?/) 
A-15 



--

Innovative Furnace Data Log 
Date: /1?-19/ 
Initials cf;c · 
Test: ~ 
NH3Rotameter SO2 Rotameter M ~ 
Serting <BB height): 1/t - f 7 Setting (BB height}: 1/l'l-
Fuel: NA}-•J.« G--rr? Draft (inches of wa?l): CJ S-r 

Injection Port: 7 ---~ c:/Jle
% Excess Air (measured}: 

I 

i Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 
@PSI 

02 
(%) 

co,, 
,._ 

(%) 
co NO' 

: (ppm) I (ppm) 
SO 2 
(ppm} 

i 
I 
I 

Feed Rate 
(ml/min) 

Rate 
(ml/min) 

Rate 
(ml/min) 

/Jl-
1v5f). • 
Rl 

f,03@ 
I .a5@ 

f ..03 @ 

70 I 7.f'?f 7,~6 i 
I 

Z 17;-t-7,yp70 
70 8,os7 7,J6 

/0 i 3 7__s-, 
I ,S-- /J5\ 
If Jl 'J. I 

\ 
\ 
\ 

--

'. r-
I ft"~·~· 

ft.<Y' 
f't".e 

fv</22- 1(.oJ@ 70 
tli l-- J.o"?@ 70 

Z? 7, yg 
7.7{' 7,Jffi 

;7 J/~7 l 
tO l37_rl I 

' 

I · l-- rt.f 
I ft,<f 

@ i 
I 

@ 

@ I 
@ 

@ i 
' ! I 

@ ' 
' ' I 

@ I I I 
@ I i I 
@ : i I I 

I l I 

@ I i I 

@ I ! ' 
i 

@ I I 

@ I 
I 

I 

I 

Temperature at Port ( 
0 
F) 

Tan ential Air ! Axial Air Coal Transoort Air 2 

.Aart 

Finish 
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Innovative Furnace Data Log 
Date: I I 'tr1 
Initials 41 
Test: ~ ,vii Co,-t; 
NH3 Rotameter li SO2 Rotameter . 
Setting (BBhei~pt): Setting (BB height): s--g
Fuel: µ~ gr'f-f (& Draft <inches of w%9r): C). 2:--

1)Slurry: -,~ 1-v-#tel r-.{P/IJz t8PJ.) 1'6°1 Injection Port: "1:.__.Jd I~ ,. % Excess Air (measured): -

Ending 
NOxOUT Feed 

NO SO 2 Feed Rate Rate 
(ppm) (ml/min) (ml/min) 

@ 

@ 

@ 

Temperature at Port ( 
0 
F; 

Tangential Air Axial Air ! Primary Gas ! Coal Transport Air \ 2 3 4 UDPE 
I 

Start ~.51(@ ~)- f,i)@ if> i0,f}--@ )- -@ - I 19('.l Jir-r t7{)f 

! 
IFinish r. ~ irr.. 1,0 @ft r lt>~~J- @ ::2. -@ - 1, ?;;.~ /8'f7 /5-](.. 

A-17 
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Innovative Furnace Data Log
Date:\ t 1( t q; 
Initials c8e 
Test: +rv,y 

NH3Rotameter S02 Rotameter 75Setting (BB height): J. ~ Setting (BB height): 
Fuel· 1v~ G-..t-5 D~=;·'incho;of wateT ~Ii;Slurry; cJoffi~ 5(~1'14 In t10 n P : r) ,.,...,- I 
% Excess Air <measured}: 

I i 

( ~ 'vi) i Starting EndingI I 

,f.Jff Stage Air ' NOXOUT ! Feed Feed 

)6A>t (float height) 02 CO2 co i NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) I (ppm) ; (ppm) (ml/min) (ml/min) (ml/min) 

, ~
ffl BL ).05 @ 70 ),;... <;. i 0 ,trcr~ I9°;2.s - lft,p} 'tf 

.,....__Ca,/5 /,6]@ 70 ~-?< 7, ( J 'iS-7 ; ~ l) i r~11) n~ (0 

Cc-./ff~~ /,03@ 'if) lj,'J.( 1.~~ 13 ¥) • &ra,o \ /.trr- i(x...,.1) 'ff.Er 
BL J.cJ @ 7() r;o,r 9; ~ o ::, ~?ff. 1Jcn I - il'tbo> r~s-1..J O L-' 

~als J,{)3@ ?d s.oc:- I i.%C- 1,.tJ '-l'H_, l(~i) IOC() - <sw1> 117 I 
l Ctt,/J ... /ff~ l,o~@ 10 1/.1r I <?. i ! 7D 75 ~00 ,. <rr ~-.,,.,J Y9 @ 

,.,.-ye --
f)L J,oJ@ ?o q,, ~~i ~ 'ttt? 'rA t'_ - ( H)c) 'if'"!"""'"rW \ 

~{~ l,o3@ 70 r:01r i.~ I ,2tr t/r! -/,)Ct - --- r~)re.g 
1% tv<;R +C~fs l,o3 @ 7o ~.?( ff, 1 ?0 kS ~~ e&r tH( ~;...,.,) Yf.f ~ 

tL ),o3@ ?o f,vl( o,~ ~ 't~i If:f/) - rttio\ It~ 
111 

CA-(t., /,03@ 70 f;uf r,ir J-0 'I>> i 1100 - r/,Jfy\tffl,f' G) 

1.03@ 7o 
r;:-

CA. /2 1- NS~ 't.t x. 9r1 I G,~ g3 11:i<! l,t< lt;)/,.Jly) YY-~ 
--- ~L 1,v1@ 7o co l~-9&' ! l q 1)7 17'10 I - v-

l{v) I{~ 
I 
\ 

-
@ i 

I \ 

I @ i 
I 

i 

I @ I I 
I ' 

I 

I @ i i 
I @ i 

' I 

Temperature at Port ( 
0 
F) 

Tangential Air ! Axial Air Primary Gas ! Coal Transport Air 2 ! 3 I4 uppe 

..,tart Yr~@ lff f.o@ y( d·B-7-@ ) -@ ----- /?70 1q£7 •/ft~ 

Finish '1,S°&'@ Ys l,o@~~ o.~f-® ~ ___@ - ioQc) I 11? I ilS-31 
A-18 
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Innovative Furnace Data Log 
Pate; 1. 111/(/1 
Initials ~L.---
Test: 41 N 13 
NH3 Rotameter ,/;. SO2 Rota meter ) 1 
Setting (BB heigh_$: /v; 'r Setting (BB height): ~ 
Fuel: fv~I 6-11-'? Draft (inches of waterJ-i; C>, '3 - o. r 
~lei:! y. Satb.._'i,---: Tc~ L,.,.,,tr./1 Cc.loll)~ Injection Port: 3 f'n. ':ridfc. 
0/2 Excess Air {measured}: ---

Starting Ending;;;~: I I I I NOpUT FeedFeed 
(float height) 02 · CO 2 \ CO ! NO · SO 2 Feed Rate Rate Rate 
@ PSI (%) (%) i (ppm) (ppm) {ppm) i (ml/min) ~/min) ~min) 

.~,0)3 / 3~! 1,7).. 
I I 
! ! 

BL 
c4.,/s 

II ,..., 

J.Jc;-@ Jo 6,:zn ~,4 M ! II3 6<ia 

@ I 
@ I I 
@ I I ! I 
@ I I I 
@ l i 

Temperature at Port ( F 

Tangential Air I Axial Air Primary Gas I Coal Transport Air 2 3 4 LIPPE 

jtart f,8 @ 'ts- 1/.0 @'t) O.iJ--@ ~! -@ - d\2i J-1\1. 195"/ 
i 

Finish '1.<l@ Lr S-1 (,0 @ L() ol~;@ )-! @ - :;i,~~ ?19/ 1n1r 
A-19 
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---

Innovative Furnace Data Log 
Qate: l 11n ?/ 
Initials ~e 
Test: =t"fv/f 

s~ Rotameter I r 
Setting (BB height): l9) 

I r : h,,...- t.,,..11~// 
% Excess Air (measured): --

1 Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) (ppm) j (mVmin) (mVmin) (ml/min) 

1 ~f3c 1,.03@70 ~.o I g;_r- ! I/ '1),).. ! /7SO ~o) 'ft-
cJs @ I 

I 

J:f7~ ?,)' {I yf'? i ?6{ - /1..'1)57 6) n. 
. I r 

/4., ctJs'tf\J~a.. @ 5.7~-ct£ 12 JoO 7)5 J,s.r- /..Jr~~/ i. 
@ t; --. 041~13L s--. i 7 g,s- I ¼~o 1700 

4h @ 0 7.r-t r.;-1 I ~ r~g fr} 7) - 1.n,)t7 ~ ~ 
@ /,5) (l,.iry} )/ IJ~S +tvS/l. r,-7 Ic?t&r- I iv 1/0 I/)~ 

.6L @ ,5..f7ff9rSJ' I 'f 11t1 I17ft) -
~ 

~e) 'f(
I 

u.ls @ 5-y)f"' is-1 ·r l/t5 ?.So - 1½) f/ ~ l 9.· 
udt.Y'f.lfA.. @ S.6~ f;f& )I 0J ;tr '·"5S- ~...«) ,1 ,, I, 

--,·6L @ ri;r <i,s-f; 7' ' 1/?0 /?IS- ~,~ 1/f 

Cc,., {s @ ~7r1 r,) 1 3 '{'? ! 1;s ! - ~;1) ~/ V 

c.As,-,..,s(l @ s;of!f,% I 'I f?S- I 'Jos 1 /. ?5- ~.If~§"/ \/ 

0,L, @ ~/l 11,sr i S- L(7J- ! lfn1.< - ~:I) 'ft 
cJ5 @ .r. 7si g,S- tlfl-/ Lf7 r-: ~s-o - #r.lt1) s-o,r tw I6, 

\ 

i 
' 

I "'"'J) 1,
c.(~ttJSP- @ I i 

f!)L @ I ; 

! .~") 1/f' 
! F'..,')&.( s @ I i 

' 
i I -

'/G.As~ ,.... @ I I i """'v 
GL . IV @ 11, I I l ~ij,,) ~ - ~ 

Temperature at Port ( °F) 

Tangential Air ! Axial Air Primary Gas i Coal Transport Air 1 2 I 3 4 uooe 
I 
I.Aart ~,)~@ LIS- 11.o@ ~r ~.8)-@ J... I 
I 

-@ -- I, 0 1r !~J-1 1700 
' ! ..__,

Finish ~, S"f'@ Yr J 1.0 @<rs- 0 ,3)-.@ ;:;__ ' --@ I '21[?" : 
' 
~{1' [~f

' 
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Innovative Furnace Data Log 
Pate: I I ll, 191 
Initials fw& &cc_(;; 
Test: !VIS-

S02 Rotameter 
Setting (BB heiaht): D 
Draft {inches of w)!ter}: o. :i -o, '"J 
Injection Port: s B,'141 

! I 
I Starting J Ending 

Stage Air 
(float height) 
@PSI 

02 
(%) 

I 
i CO2 

(%) 
co I NO 
(ppm) I (ppm) 

S02 
{ppm) 

NOxOUT 

Feed Rate 
(ml/min) 

Feed 
Rate 
(ml/min) 

Feed 
Rate 
(ml/min)-

6L.. 
NSil 

!,t>"3 @70 

l,C) @,D 

r:15"". i.s-
.r-,3 ',i.f-', 

17 
2r 

lf /0 
l /OS 

l8J.S-
l?r-o 

-
I. y 

1/f(J!;;r;;\I ( IL. ~ 
'--lr'f 

~L 1.1n@ 70 ! t:;4).( ?c 7 ').. 1i ! lrrs )9'!0 - t,,f- ' 

JVS{2. 1.03 @ 7° I 
IS~ ~. rr- 3J /() - ~ 'lf'il) 

_,. .,I I I. 'f 'tf--

~L \.oJ @ 7o 5,)X '?.?!t )0 '()3 --.a'1II:: 

IJ6() s --- Lff-V 

CqS r,01 @ 7v t~ ~.'fS- / 'b ~)O f;7S- : - (51..11~ ff 

cJs'f-f'w'SIL f,01@ 76 
,-

¼-> f,)__ ! c9g, J?S- ZoS- /. 'r I """\ ~r 
GL 
~ 

C:o.ls%1l. 

l,c>3 @ 

\.o) @ 

\1,03@ 

7o </,!i) </.J(p 
to r,'rlr t;-~ 
I(.) I~,;,( r. 10 

!)'J- 'ffrS-
JO 'lfrJ 

:;2~ 1-06 

17S-O 
~(){> 

3t;() 

-
-
}. y 

I~~J f'v' 
~!..rt; 55 
ft...11y)£""5 

& {,03@ ru q_~7r r.J~ i ;;3 't~~ t7PI - '1;0 1/9 
@ i 

I 

@ 
I 

@ I 
I 

I 

i 

@ 
' 
: 

i 
I 
I 

@ ! I 
: 
' 

@ 'I 
I I 

I 

i I 
@ I I I I I 

Temperature at Port ( 
0 
F) 

Tan ential Air Axial Air · Primary Gas Coal Transport Air 2 3 i4 u er 

.3tart ---@- 1.co> 2... o ~(; I l 7 :o . ' 

Finish 
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Innovative Furnace Data Log 
Date; l t It/ii 
Initials Bts( 
Test: -:#=- rv I& 

SO2 Rotameter . )7 Setting (BB height): &D 
Draft (inches of water): O, 5: 
lniection Port: Lffl,, 11~e. 

Starting I Ending 
Stage Air NOxOUT Feed I Feed 
{float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) {ppm) (ppm} (ppm) (ml/min) (ml/min) (ml/min) 

BL 1.o5@ 76 ?,o/J~ .. t.vi : r:2- q;1~ I 7?.r~ - (H,,c) 'ff' 
~ 

I N~R 1.03 @ 10 r:,ir ~,)~ 8-lf 1';) IgfoO I. 9 ( ~..o) Ir 8 
l jrBL J, 03@ 70 r,q( y,~f_ I'f 1/?3 l~?sT - J-1,.r) 'ff-

~~ /.u3@ 7'0 s~~( ?,sJ. ;2 7 ; il, ,11c;- f I 't t,J 'ft;;-

AL- f.03 @ 7D r.1 <:t,~[,, ! 14 4'J-0 /17D - ~ 3/~ 
~ 4/5 /.03@ l 'i - f;/..J~ s-;:; !) fl70 r7l~ YS.1 4sD fntC: 

~ 5'2_"". uJs'h'IIS~ 1. 0 3@ 7o S.S"l(f ~clo 5/ ?s 4(D l,Y 
l3L /,c> 3 @ 70 ~'6)1~,9, I 'I 'fl7 ;lei> - !!~c} ~(1 

c.J5 /.oJ@ 7<? {, s-[ <t,ie, /0 1/]8 700 - ~/iJt.,) p g) 

~~~CA-/s+t<?~ {.o~@ 70. ~J( f,7~ i~ qfl ~ro /,y >?- I 
BL /,03@ 70 s.; <c,7~i l'J '-f'fO . 1q,D - {/:I-) ¥! 

/ o,.,{5 f, 03@ 70 ri~r g,7&,I tf Ysi · ;coo - i""'J) s':J. [a) 1, '. 
~) f2A.-u..(s +f./,(l [,O) @ ?o f.3251 <?, ~~ 't3 70 ~~ I l.y 

---, ~J '£~.·t\ L /,03 @ ?o s-.~s-1 ~. 7~ 15 t2ix- 1r?ol ':--. ~ ! 

' ~Ml,}J),~,, 1· 03 @ 7u I \ - I 
C46ws~ (,OJ @ ]0 I (if..111)s-1 

' I IBL- (.o3 @ 7u I I - ftjffI 
I 

@ I 

Temperature at Port ( 
0 
F) 

Tangential Air ! Axial Air Primary Gas Coal Transport Air 2 3 j 4 UDD81 

-.Jtart '/sv'@ trf I t.o@~) pJJ..@ ;)- --@ :}o/7 Jts 1 I /&~8' 
Finish I~~ IT'@ 'f )-1 f.c> @~r- ~. f)-@ ~ ---@·- ? jz I ?I 
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Innovative Furnace Data Log 
Date: I 1)( 1 91 
Initials t':13'(_ 
Test: ti: rvlt 

NH3 Rotameter SO2 Rotameter 
Setting (BB height}: ~ )... Setting (BB height): (; ;J, 

Draft (inches of water): o · :2...~~el· ~~ ~~ur&: ~(()Hk T;; ~r Injection Port: 1/.,......_ ¥fe/l...
% Excess Air (measured): -

i
I i 

Starting Ending 
Stage Air I ' 

I 

I 
I 

NOxOUT Feed Feed 
(float height) 02 I CO2 co NO .so 2 Feed Rate Rate Rate 
@PSI I (%) (%) (ppm) (ppm) (ppm) (ml/min) i (ml/min) (ml/min 

,--8L /,03@ 70 SJr I fr%G 1.5;- ~]] ;2.~S-6 ! W,;i_ 
: 

N5(1 /,03 @ 70 j5,o?.r 1, D \ ..2 3 ro ,Ji325 /. y I 
l3L. 1~0)@ ,o !s,-J1s f. er2 I oto t,j.y : 2/6S- - I 

I 

rv5 (2.. 1.0?>@ )0 S":l Joi:;~ 7> : ~I:i.r1 I, Cf I 
{) l... l,c>-Z,@ 70 {;Jr 8,f) ~3 .'I;i.,r dlto - \v 

eq/; ,.,03@ 70 J,)7> ?,ft }y I f'r J' 7'fo - 1~..~ r?.) ~ 
q(f'ftv>/2, J.o~ @ 70 {".O i,ot :?y i J/b ~ft) ,~"4'~q 1, 5-' . Lt 

8L f,o 3 @ ?t) lS:";2r $),96 .:ir l/'ilJ /G-R5 - Jf;/J) ?8. )._ 
((),/, /.()} @ '}() I[;'' r ~ 0 L~ 4~\ iof) --I• ~t,J/v r1. ~- Q;) 

1

J <-.__'t /4 tJ\ISI<. I. 0 J @ ?o L!,11 '7, 7 V !.r-o I~o o /.~ ~'fit}, s ! 
i 3o I 

~~ 1/8. )_ i~L {.OJ @ 70 S",o?r- 9, D 1st I1~90 i I 

70 ]O ' f;J-..uy) 1./{1 11Yc~~ 1.o'3 @ S",/ fl i 'f lf?- I Jga I - I 
C-.(~p. L/t r,1,.;17) 'I6 

i1.oJ@ 70 llf.rs i,o'( /Oc? 
: 

J30 /,~ 
70 (C7.;i~ 'I~ ' \sL l,D3@ r:n~ 1.0 3) u 3' 1i1J -

~ \.O) @ 70 1?{) I :'tlw1~ f/U;o.Js s-:Of 'Ef: fhi s-1 47S 1 

' - "" 

1C,,,f5#J<iP, j.C,J @ ?D lt;.~u~ r,of 5'/ /bi) tlo () /, 9 ~,..~ f6 

~L {,OJ@ lo ~,{2.S"J i,o/S J J(j ~30 l <?oo - r)O} t;-g 
: I 

@ I I i ' 

~~1 
Temperature at'ill:tt ( 

0 
F 

Tangential Air Axial Air Primary Gas I Coal Transport Air ! 2 I 3 4 UPP 
! 

✓ tart ~-sY@ '<s- (,o@ 'tr- c,,~)-@ ;i-: - @ - I c1- 1i g, i 6'.;>S; 1966 
Finish 'i.L @ io- \.o@ yr . 9'\...@ '1-. I -@ --- 11-1-'L l 11.l ct t0£~ 
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Innovative Furnace Data Log
Date: I t J); r; 
Initials ctJc 
Test: JfNtf:' 

NH3 Rotameter //. SO2 Rotameter / 
Setting (BB height): /lier· Setting (BB height): 00 
~ue~ NM--"'tli tn,,.s' Draft (ini;hi,~ Qf water): o. ;:,c 

Lur : 'J::.tr Sc,d,,.__-r c...(oq~ lt'-,o;L~lnjection Port: r0 ~/.L 

% Excess Air (measured): 

I ~-ett~ Starting Ending 
Stage Air FeedI • I Feed 
(float height) 02 CO 2 co NO SO 2 I e Rate(9,t.:.) Rate/ft 
@PSI (%) (%) (ppm) (ppm) (ppm) ! ( / ~ iI ~~,) (~) 

~L l-?5"@30 lrJ7r ?.fl /) j ~-' /?7) 

uls ~@ ]OlfJ.r <(,7~ /)' SJ I J_p;- 0,0')~ I ?_.??> 
t3L I~s--@ 3:' f37F 8,f{, I /~ g~ J&-fS-

u.,(f f,?-5"'@ ~ _r,;{t?, f6 /') cJ? 13 30 0,o-:;..t, 3 2.'2'? 
/Jl /-,.?-y@ ?O S:J. rr.rr 1.5- .cf-7 J7JcJ I 

I 

Cafe. li.s-@ 10 5;/ ltJy IS- 3'/ 7Flf I a, CJ ff- r; ~.9S'"" 
l>L ,.~(°@ ~ ;;;f 7.~ /) 8? 1?~0 I ! 

~/<; /-~>'@ 36 1.971 lof tG 81 / '/0 I t4~6Yf ~ ~. 9') 

~l (, ;Jf@ J,o S:aJ< c;;; IS <?7 /7)51 : 

'4./~ [,:).)@ ,c> 11.75 r.11 I'! f{) 'I 7; iD,iJJI ' tr S.7? 
'l3l /,J-)@ }0 S:o;;r ;ttif: /y ~~ l /7;;.n 

Caif 1,J..-5@ Jo 't.~f 7,/y is- i i1 1fO oro7/ r ~,7 g 
/3fr /,).)@ 3o ft rr f!f is- l ~1 /11> : 

I 

i@ I ! 
I !I@ ! 
I 

'I ' @ 

@ I I 
I 

I 
I 

! I 
I

@ \ 

-=ff 5-a,'j,'o,.-S 

Temperature at Jlilllt (
0 

F 

Tanqential Air Axial Air Primary Gas Coal Transport Air 2 3 4 UPPE 

..itart f: 8'@ r-5- /,O@Y) 0,2.J-@ :Z -@ -· ;;;;zo9s );}/l_ )r~~ 
-@ .-Finish ivi @ ~ s-- l Lo @ Cf s io~ ~~ ;).- ~rf/t 9li 7 tero 
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Innovative Furnace Data Log 
Date) 4tr1 fl 
Initials ei (._ 
Test: #-IVt r 
NH3Rotameter t SO2 Rotameter 11 / 
Setting (88 height): j\/;tr Setting (88 height): 7 
Fuel: 1Jll!1Ar1r) Gfi.-5 Draft (inches of water): CJ.). -O, s 
Slurry f:,ty ):_I ",... /,e........., Li,,,ifri/co/cllklnjection Port: f,-z.... H)t,..) e,,l. 

% Excess Air (measured): f~de12-
rd,tAvT f,fl_ -se Tt,~ Starting Ending 
Stagf! Air P~exeEH Feed Feed 
(float height) 02 CO2 I CO NO S02 F.aed lilat,a.. Ratete@PSI (%) (%) ! (ppm) (ppm) (ppm) (1!1:1 iliRilil~ ( min) {'1min) 

IJL- /,)r@ 3o r:975 -g;~ i )7 0/ /P;-r--- ~ 

CA/{ @ !Yls- $51 PY Go j)?,r 0,()..). 3 s 3.0) 

6l- @ '~q~ g,qg- I? ~/ 1~ro -
CJ<; @ IS:-fs e:;r- :23 r;., '3 :f)YJ I O,o.23 '? 5,C) 

/jt.- @ t',f?J ~r /t> /o}. i~1r i -I 

CAk @ {:°f5- a,;)_ i ~7 G:3 '})) o.01/7,.J C I ?.;2>" 
@BL s;,r f-'.S-l /~ 63 lf~S-

~) @ S':5'-15'" ?-s~ i .J~ Cf ?or I), (Jy 7 6 0..?> 
fjL @ '5.frJ.~ <f;n_ 17 \ GJ /7f{) 
c,f~ @ s:~ IP.SJ ~7 G0 I ?ft) /j,o?O r C/, ;J s:--

/3~ @ \s.21 ~s lj Gy 1?fsl I 
: 

e..,{~ @ 1,1{" t.r-(, :;;) 0cf d 7S-! O,o7o I 9 I i. ~~ 
131- y @~I/ !{"f).( t:_rz 17 68' !7r_r I iI 

I i . ! @ I 

! !@ I I II 

I i I 

@ I I 
! 

@ i I i 
@ I I I 

' 

I @r1c) 

Temperature at~ (
0 
F) 

Tangential Air Axial Air Primary Gas i Coal Transport Air I 
I 

2 3 4 uope 

..,tart 'l.f@'tr I.J@ rr t),f'.2@) @ -- /7;-r !l:Jr /CJ'JI -
Finish ~,8'@'r) 1.0 @~5 0,8')-@ )-\ --@ - (0&,7 c!)oc:}O I1010 

A-25 



- ---

Innovative Furnace Data Log 
Date: l 1'J RJ 91 
Initials elif' 
Test: 11-;v.lo 

NH3 Rota meter ,;_, SO2 Rota meter 5/ /2g, 
Setting {88 ~igm): Afr~ Setting (88 height): 
Fuel: IVA-· """" G-rt5 Draft {inches of water): o. ;;l.. 
-ilW'1§-; l'>I 'f J: ""J'· of n"",.,/..,'ft"I/C&./cl/J Injection Port: ~ 
% Excess Air (measured): - ~-

- de /4'
5'd'I-A-i Tc- er<• 1Starting Ending 
Sta~e Air Feed Feedz: 
(float height) 02 CO2 co NO S02 ~ate I Rjte Fyite 
@PSI (%) (%) {ppm) (ppm) (ppm) ( ) (e,Vmin) (~/min) 

Ip, L-. /,):f@ ~ S:f:r 9,fi/4? ;;r; ty ! /¥/~ I 
I I I 

Ic~ts ! @ 5,f;_("I 4.f'?: .?3' 0s1 l~S'a a,u;) 3 5 '3,0$' 
@OL 5:~J e:&\PJ (, y ll&°.r -

' 

Gv/5 @ ~l.o ~~ I ·3t; tLJ 1)..rtJ 0,t1? 3 3 i ?.or-
8L @ .>,7?.r, ?ib). ;;3 tr (}Jo 

CA-/s @ {:1;~ f:£,j rv 0f 7cJr CJ, Of 7 G 6.)) 

/Ji(_. @ S:71( -?,~ ;}'-f ror ;7r;-
a,/5 @ g7.5-e:e, 'tr UJ 7 £ft'! C), 01/7 C ;;,,2> 
AL. @ f:7 f,~ ;;~ ~! 1?/0 

?Al~ @ St.f7s f.6'1 fl 
I 
' 11 d-/) O,o 70 i f:;JB-

'3t.., @ 5:6ls- ?.~ 7r 16P ~60 -
U5 @ 'J.t ?.t{)__ s-( 168' !Jf"J tJ.o ?o 7 7-c:28" 

/JL 1v @ ,,, .Ult~·6f 9J 1 7J !6f.r 
@ 

I 

I 
@ I 

' 
@ 

@ I 
i i 

@ ! I 

L~t,.,el 

Temperature atart (°F) 
I 
ITangential Air Axial Air . Primary Gas Coal Transport Air 2 3 14 uooe 

.;tart r.r @ 1rr /,o@lf r- 0, f)-.@) ;;L- -@ - I {~00 Joro I /7/~ 
i 

iFinish y._Y@ rr {,o @kr 0,?.:@ .2_ @ I ns-;2 blo9p I 11t;i 
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--

Innovative Furnace Data Log
Pate: I 13o 1?J 
Initials 61( 
Test: # rJ;; 1 

NH3 Rotameter 11 S~ Rota meter 5 S-
Setting (BB he~ht): N/1}- Setting (88 height): 
Fuel: ~ G-'!5 Draft (inches of wate% o, / 
Slurry: r~ t.:/letl 41eJJ2 tw1~/ _ Injection Port: l'P 
% Excess Air (measured): 

"C'< 
~fi,,:T '7 Starting I Ending 
~Air Feed Feed 
(float height) co NO Rate02 CO2 S0 2 ;te
@PSI (%) (%) (ppm) (ppm) (ppm) ) ~min) ~/min)=e 

tL J,)s-@ Jo r, '{<; 1:31 9 ?--. 8/ ?tx:::o 
,--

[~ I@ Y.3J.r i.JS ):) g ;:i_ Is IS c:;J,v;J3 ] 

tJL @ 1/r_?75f f,t; P-0 . cP....J I IR?a 
@c~r ¼).rt f',~ .2:, 1 &2y /,½Si O,o;) "3 '3 I 

IJL @ Yr)lf -- f,fr I::i.o ?y if.f".> - I 
-

0,0717 
c✓( @ f,J f:~I lJ &>f sttJ < ~, 1~ C 

'~t @ BM ~ ,:,.fl~ ....,_ ..,rJ., ~, ,.._M 
....-.,.,... ' {;c../t, @ .&.e, w'~t/e..., J. ~ t), eh 7 IOI ' 

./Jl 
, 

@ ~.'). r,s- l'l P,.J l~S-0 
cJ5 @ f./ ?,s-1 ,,<.2 ?? ? &7IJ tJ, o9q',-. ~?~ 
JL @ '1,1.is '"'</,S). l~ ?7' t 7rS-

~C. (f @ !f,[J(-<?,5 s3 gf Gtr o,cJU 
'IJt3L @ lV 'I, I rrrr 11 ~:J {7So I ' 

BL @ 'I,{{ irr/J It 'glj 17£( -
</. ,,-C4/S @ ?.?5' ... .\ 3~ J"J,- 19r /J,01C J -

&- @ If, I 7,7? I~ g:3 ff;; 7? 
c~(s @ ?.rr ?,S- ~~ 01/ /51) {)re> ?O I 7 
~L V@ \V f,oJf ,-1.lff L~ 83 i£}'S- I 

Temperature at Port ( 
0 F; 

Tangential Air Axial Air Primary Gas Coal Transport Air 2 3 14 LIPPE 

.:itart ~.t @ trr- /.0@ trr;- OJJ@) - @ - J(oo J ')SJ j l?f?' 

Finish 'r-rr@Yr lro @ trr·'{).f)-@ -;l_ ! --@ - ~tf 22.._ P~;Jf ! 1fc.r 
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Innovative Furnace Data Log 
Qate; I t 31rfl 
Initials eZc: 
Test: "#-;v2: ?--

NH3 Rotameter ~ r SO2 Rotameter 
Setting (!!=Peiaht): t' 5 Setting {88 height): ~7 

Draft (inches of w~er}: CJ,J 
lurry: cd(JH1 :t,,..- 4-ffi:~(f Injection Port: r kc- ep 

% Excess Air (measured): · 

i 1 

I Starting Ending 
IStage Air NOxOUT Feed Feed 

(float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) I(ppm) (ppm) (ml/min) (ml/min) (ml/min) 

!JL I, 03@Yc) ?.f r, 1 I If I l/7] ~/t1{) -- f g, 
@fV>/) I J, 771' tr.rl Jf 31/J. ;}.f /0 J. y I 'ft"° 

SL @ I ?,//) ?,y I :aa 'fro 1.--z1.ft) - Ir~ 
wS(l @ I 1.fs ?,~?; ]) 3J.3 l;11J I, 'f 1r~

I 

AL @ J',S-7,n J, ft I ,,_ 6 ,.-5:3 I :21..10 - i '( r I 
I 

Clff5 @ ?. Y( 9,<fy- i .;>.;l.. r,~ I ~ 30 1 - r~...,.~ sr.r 
ul~+µ;p_ @ j;j 9.fo/ I '3</ 370 j 'ttJO /. (./ jfsµy) 51.( 

f?,L-. @ 3.)7< - 9,t,2 ! 71 YVO I 17S-O -I 

1 rr 
@ I 

I I 

' I I 
@ I I i . 

i II I 

I \ @I ' !i I' 
iI @I ! I I I 

. I I I 

;I @ I i 
I @\ I i 

I 
! 
I 

\ , i 
@ \/ i I 
@V ' 

' I 

@ ! 
I I 

@ I I 

Tangential Air Axial Air Primary Gas Coal Transport Air 2 I 3 i 4 uope-.Start v.rr @rs- l.o @rr O,fJ-@ c}-- -@ ~OJ) I ~,93 : 1c;J9 
,,--- @ -Finish ~\~@ ~) 1.0@ 4C: 0.~)-@ 2.... :}oo>fJl71 i /1 /7 
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Innovative Furnace Data Log 
Date: e4 JI<// 
Initials Q/Je
Test: -=#:tv:;)'"3 

NH 3 Rot=,r S02 Rotameter 
Setting ( eight): r I Setting (BB height): 
F~el: r-;wiw!A--{ fl't-J Draft (inches of water): 6,;i...

siurry: Qom, ItiA-- L-1 Injection Port: y'"tti 1-c,'--"" e,e 
% Excess Air <m€asured): 

I 

Starting EndingI I I 
Stage Air NOxOUT Feed FeedI 
(float height) 02 I CO2 ! co NO S02 Feed Rate Rate Rate 
@PSI (%) 1 (%) I (ppm) (ppm) (ppm) (ml/min) (ml/min) (ml/min) 

BL 1.03 @ 70 1J.1;- t?s- I r;i_ rrJ .J1tb I 7'f" -
t'V)t_ @ ( IJ.c,1s1 igg> 0}.._ 5;.r- j 'J/oo i I. 't 

' 8L- @ IJ.)- l','1 1r 'fr) i ::Joo ,..--.. 

MP.. @ i J.o 'J, f)._ GS- J~t IJ17_r (. y 
{3l- @ I?.Is,,, t.FC 'I? i S-lk) !Jrsr - V 

G;/(, @ 1. I 1. 7&' Yi I yq~ I &w - ~11,t;) S_), I 

4/~1.. @ J.'/z"" 1.tJ' r.;o l3la · 'If() /. 'r Y5tl\liy) Sc),/ 

(?L @ 1. I 'J.,~ 1/ y ·7g~ 167~ ,-- r fl? 

Cal«i @ - ~l..n,) S~. f 

~{°'fl"f/2. @ 
I 

I ·3/ €"-11~) S-;J.' 

{3L @ 

@ I 
' 

I 

! - %' 

!@ 
' I 

i@ iI \ i 
@ I I I 
@ i i I 

I I 
'@ I I I I 

,✓ 
@ \V I 

! 

I I I 

Temperature at Port ( 
0 
F) 

Tangential Air Axial Air Primary Gas i Coal Transport Air 2 3 4 upoe1 
; 

.,tart 4\~i@ lfr- /,0 @lfJ o,r)@ ?- -@ - 9011 J-ICJ$? q»I 
' l ,___-@-Finish ~,S1S @ ~c;-- 1,0 @~r oJt)-@ ?- -1-l 
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q Innovative Furnace Data Log0
Pate;d: 1 71 I 
Initials (Qt'--= 
Test: :ft,v27' et-c. . 
NH3 Rotameter SO2 Rotameter ~ 

Setting (BB height): fu 3E;~heig22, '.>I Draft (inches of water); 0.2:-0,~ 
lniection Port: ;r.. 4 l<•'t'i 

% Excess Air (measured): 

I 
I 

Starting Ending 
Stage Air I NOxOUT Feed FeedI 
(float height) 02 CO 2 CO NO i S02 Feed Rate Rate Rate 
@PSI I {%) {%) (ppm) I (ppm) I (ppm) (mVmin) I (ml/min) (ml/min) 

6'- 11.03 @ ?6 I i:1 i rt, ff :~s- 1roo - Irr 
rvSA @ !s:o r,o I /A Iss-o I 111s- /. y 7t 
6L @ 5,/)~ 9,u I /0 ff3C:',;(I .... 

~ 
""'"1 ~,--

iti -.. - Yf 
f'v5(2. @ 't. ?:r i f,/ : tf : !li ,frr /, y l(B' 

{t>L @ r.1 I r.~:i.. I 1')-. rgi lf7~ - ~f-
I 

C4/5 @ ~.97S- 9,o).. ,a~( Y7> 71/) - tl..tr0 ~~ v I 
,,/~t/1/f~ @ 'f,fS- f,l)(i; If f?J ~;?~ /,9 ~ryj .5J,r- (i) 

BL @ r.vr 8.76 /0 ~?) - 'ff 
j(J)

C.~Is @ 5;y,t' 8'; 'Jf LO "''o 'st-'?) 5~ r-YhO loM -
[£..)

@ : s-f{) ~l,11i) 5o,J-45tff.JS~ f,JS- t« /0 tr~s I, 't 
8L @ ~Rr f,~1 ll ; 'flo I ~e?-) - lfB 

~c;,/5 @ ls.r;s.. 8; 71 1s-1 't7f f75 .aa!!ff11r- ~4;,.,) ftr '7.s 
'·CA/~,._ @ 5'(,1-.1/h ~,11t ,D /.L"e_ ,'-/' - /, t; f"'"1.,\ ftr 

BL @ \ i 
, ,. - IF 

I 

I 

c~~ @ 
I 
I '1{11.,) ~/.J' 

t:JtrJ>t @ I (r/,,./1:;,) ff. S-

6L- I I ff',@ I I 

\v@ v I 

' I 
,J~ ~- ,./ = J-. Ca 

~5/J.vr 7. tt-f/;'.-.., {rf.r ~) {!, ~e .oPS"tJ = ,o perature at~ ( F) 

Tanoential Air Axial Air Primarv Gas ; Coal Transport Air 2 ! 3 4 upper 
' 

.art ~,S-g'@ fr' /,0 @ '/J O.~J-@ )_ I - @ ---- I~ ID : :; M~ 1rsr 
Finish l,~6 @ y<; I/.{)@ ~c;- o,t)-@ )-i 

: 

@ - I [~17 :JO(i) If I I 
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Innovative Furnace Data Log 
Date;) If/; 
Initialtt -e/3-( 
Test: N.J-S-

SO2 Rotameter u / -
Setting (BB height)=77 /.5 
Draft {inches of w~r): O. 'J ~o,,r 
Injection Port: a A~1kt-

% Excess Air {measured): 

Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) (ppm) (ml/min) (ml/min) (ml/min) ,,,_OL l1P3 @ 70 f,o /] fro tf)S- - 'tS" ct.s 

i('\,SR ! @ ~/ l 1- :l ! .J:2 '-lo) , / 'f70 II 'f I 
1-81._ @ !;/7f.' <i l :Jo 'Fif4-wr,\ .,.2:>3~ i - I 

r'S!l- • @ ~//7;.. i,J i .;2.y 378 .2oS-O (. yI 

Y\ \ @ I~/ i,;~ I~ 'In Po?..5 - '>/ 

(A/~ @ 57 / 7-o7s, (7 't~r /J;,_S- - - 6w1) lf '? 

u/s~~ @ o/,§lS-- i,3 ?( S3C (/OS /. 3/ I-,~\ Y.3 
~L @ ~ f:Pt li 'flt{ lr1< - . l('6 

CcL!s @ 5;3;i; e- '6~1~ /1 : l/]f:, 11 ?0 - /st...,1-,) rJ 
. I6JS""'5Q.. @ £/:Jr::, 'r✓ u&-'i I 7 ! ~9r: /(JOO ! I. ll ~1.,,,iiJ f? 

SL l\v @ 'I/ 5,)S-i g:96 ! 17 I Y.?1 I /Sfc} ! - I 1~-
I I I 

@ I 

@ 
i I 

@ I 
I I 

@ i I 
@ I 

i I 
@ I 
@ 

L,:;..,-.,,2..,/ 

Temperature at~ ( °F; 

Tangential Air I Axial Air Primary Gas i Coal Transport Air 2 ! 3 4 uppE 
~ 

~art t~@ l() 
.,,/ 

t.o@ rr D,t)-@ ?- ! 

! 

--- @ /~ff i J~ro . 
I 

\gG1 

Finish ~Sf@ ~r 1.0 @ ~rl o.fJ-@ ~2-- : -- (gr'--
: 
' \? (( ~ (?63 I \7i}I 

A-31 



---

Innovative Furnace Data Log 
pate:) {J!s 19r 
Initials e 
Test: +rvX 
NH3 Rotameter SO2 Rotameter /"/_ 
Setting (BB~!a/;( &:. 0 Setting (BB he!aht): ~ 
Fuel: ~ .._ Crlf-5 Draft {inches of w;::rr): 6,</ 
Slurry: Ca.loU}; Te---J._,f: lniection Port: ,.,..~J..Jlt! 
% Excess Air (measured): 

! Starting Ending 
Stage Air i NOxOUT Feed Feed 
(float height) 02 CO 2 i co NO , S02 Feed Rate Rate Rate 
@PSI {%) (%) i (ppm) {ppm) j (ppm) (ml/min) (ml/min) (ml/min} 

Bl 1.03@ 70 S)r 07 i 
; 

/) 'r1J I /?/;- - rr, 
/'011. @ S,-.2,rj ?,!6 i ').c> ~rs- 1 /!.1o ,.y 

@BL s-:tr 8'°,R~ i /J YJO J'fir -
/\-SP. @ li>'Jr 8'.ff ~3/ :i,oS- If 10 \.y 

@ ......BL I s;"f' g>,7.,_ ;.1 l~J:L .;;iors I/ 

Ws @ 1£sr ?,&8 I'/ v:ig l~bO - st~ rr,~ Q) 'f~ 
c.tf...~ @ ln?r 8;ft; f)7- 3oO 77r- /.'t i"'f' ffr. r ~ 

BL @ r: I;l{' g,;7 PL' 'lb l?7~ - l'f~ 
4/~'tfl.« @ SJr r.rr lt tr)r- 1 11~0 - --,(/~ ~e.) {[} 

a/~,z. @ IC/;r '/. ff :}l; 110 ft'O 1-'i "'··'") 'Ir. r Q) 

BL @ b,O){., '1,06 /7 'i'(O t'f ?r - 17'-r 
6a,,/f @ ·5;/ lt' I lY- 'fW :. ~7S- - s-~Jlf? I I 'l../ 

5-1-MI- @ 'f/1$ 9./ ! /0 3.)s ~ l.'-t (fl-"dl( 7 ~ 

IL @ lf,r~ i r,{£ I l~ Ltrr- ck>SO - 'I( 

u/s @ r.o>f114 \t; </t;l /COO ~'t7 ·~ 
cJsiM~ @ r, 8<i 'T. I . ff .-:J~s ~SO! \.~ '11-r]) t J ~ 

;

JL .@ l q~sf' , i(" /~ I ~5'0 ?-'J..60 ,..- 't( 
' 

I 
I( i @ ( / iI ... " /. o 7 ~ )Co f $-'o) = f. ~ ,l;:J.. Ca.Ccll'J;, S/..,.vr'tt~ t'~ 

Tanoential Air Axial Air I Primary Gas Coal Transport Air 2 I 3 I4 upoe 

.art \'Sb @ ~( \J)@ C!( !O.iJ-@ ~ -- @ - :Pl~ I :Jti~ {906 
I 

Finish ~~~~@ \{~ \Cl @'lb j(),l(J @ l. Ii -@ - \'flf? 
1 

l~iJ-- 17a; 
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Innovative Furnace Data Log 
Date?- 1/J- /1/ 
Initials e,J e 
Test: ¥N;;.7 

NH3 R~ame~r ~1
Setting (BB~ht): N;'ft-
Fuel: M -xCrff5 

~ur~ bt7 ~fu Gt (o1IJ:z
~ E ess Air <rrCCred}: 

i Starting Ending 
~Air Feed Feed 
{float height) 02 CO2 co NO S0 2 : te Rate Rate 

I it 
@PSI (%) (%) (ppm} (ppm) (ppm) ~min} [mVmin}

1 ~ 
t;l- /.)r@ "30 C,V;;- o.!? I II i 79 fits- -
~~ @ II;/ r,; \ \ 

! 
781 IS-?.r 0,0-l 3 3 

GL @ ),[( <!,Ck; JO 77 Jl/0 -
CAI< @ S,!)( T,og. I I 7$ ,, ;;.s t}p;J_) -::3 I

I 
i 

I?,/_ @ f/'JC '1,oi If I?~ a105 - -

cc..,/5 @ §',O o/, I;i... \I 7P l)fS o,~ r7 ~ 
.4L @ f;( r,(~ l( --,g ! ctldD -

o.f( @ s;o;r o/, tr 10 77 l~SO tJ, ()'( 7 &, 
IA2. @ \ 5,"( ?,ty ' /o 77 ~,m -

():./~ @ ~.<tr' 9,))- J 7'1; 77~ {),o ?() r, 
r

/JL @ ~'i,?( 9.J}- /eJ 7g 1~'¥) .,.. 

o../5 @ "'.~ 9:;;t I /0 7'7 fiCr) 0,070 9 
l3L @ '1. ~Js- 9,..,_ ! /t> !_ 77 <J /;1.6 -

I i 
I 

@ I i 

I i@III I I 

,@ 
V I 

I [V @ ' I i ! 
I 
I@ I 

5efp--
Temperatu~e at-Bmt (°F) 

Tan ential Air I Axial Air Primary Gas j Coal Transoort Air 2 3 4 u oer 

art 

Finish 
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Innovative Furnace Data Log
Date:J ;/3 1ft 
Initials f?I/C: 
Test: :ttiV<ts:':: 
NH3 Rotameter (, S02 Rotameter S-/
Setting (BB hei$t}: 11./~ff Setting (BB height): 
Fuel: /\J,if'4,t; Draft (inches ot w)ler): 0.3-0,t 
Slurry: :b-y .J:.:;": Cttollk. (Tr-L-1fj Injection Port: . ~ 
% Excess Air (measured}: -

~ 5~"/Ji'I I 
I 612- ~ I Starting Ending
!Stage Air / 

Feed I=T j Feed I 

(float height) 02 CO2 co NO ! SO 2 ate R te Rate 
@PSI (%) (%) (ppm) (ppm) \ (ppm) ) Z,min} (-_,min)

,.:i,@ 36 1£3[1 'i?;fp l;).. 1 ;0;._("f ,,. ':
IAl- 8"1 

II !CA,{i, @ l.ur- 7,o 1.-2---l ~;_ ; l'f/o \ o, 0d 3 3 I ' - I

Al. @ 5"", J 7,() tJ \ -;; t}C>SD 

't>t,I{ @ ).))f ~~)., /)_ ,?,)-. t'l{J (},~) .'.3 '3 i 

,3t.. @ £;1,r, ?to? /.J 8-_J cJofo I 
c4's @ C/411 P, cZ' J,-._ a-A\~ o.a'f 7 l 

I c; G.01 
LU. @ f":llr ...-z(}~ tJ 1?.l_ i ~o,o 

: -
4/f @ S:o?r ... 9,1). a J:3 ! ?l>i (j,o'f 7 

I 

6 ,.o I I 

-l!iL @ s;r itf).. (} I ff'#- Pt/6' I 
I 

· t 
Gvf5 @ 'l,!l.(~ r,II ,~ 8'3 \ 57~ ~,.o?o ! J 
/Jt- @ ~D ! t/./i /')... I~1 1g100 

aJs @ 
I i'f.i7{ 9,?-'). l/ I fJ 375 J,o?o r,.').. 

I 

l3L. @ I 'f.11r I I ! 15~ ';-\~D . ' ·--l---

@ I I 
' 

' 
@ ; 

@ I I j 
I 

,I/@ 
I'' 

I i 
I I@ I I t 

~,:o-
Temperature at~(

0 
F) 

Tanqential Air Axial Air I Primary Gas ! Coal Transport Air ! 2 i 3 4 uoper 
i 

Start 1-~@ ltS- l.o @'t'r-10,Y).@ ;i... -@ - 17ff' Joo; ,7s-r-I 
I -Finish ~lg@ tf' {.C)@ 7'S-I O,~@ ?- I 

-@ 17~7 ~~~ /7j~ 
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Innovative Furnace Data Log 
Date:cf: 1 l3 /fl 
Initials :l l.)C:: 
Test: it=-Ndf--1 

NH3Rotameter r ( SO2 Rotameter i 
Setting (BB height}: (.p Setting (BB heiaht):r 

Fuel: I'--~~ 
Slurry: ~ e- L--""t- je tion P rt: . '3 M 'tddf~ 
% Excess Air (measured): ,--_ 

1I Starting Ending 
Stage Air ! 

i 
NOxOUT 

I 
i Feed Feed 

(float height) 02 CO 2 ! co NO ! S02 Feed Rate i Rate Rate 
@PSI {%} (%) i (ppm) (ppm) j (ppm) (ml/min) I (ml/min) (ml/min) 

. .,. \-"\'("-., 
_,I ~ j,o3@ ?o s;,r t.~: {f 1is-: 1trs1 --- I r& ,s ,.-.., 

rv5(J., { @ 'b,~ ~-Di {ft ,PI) 19(0 i f.Y 
(3~ @ .or~LI?f .9:8'11"? %G ('1 7~ -
rv;/2, @ Ga f'- 'fl", f I r;;).O (, yJI! 

?J.('-r?C5 
BL @ .£JS, ?;?t /).. w;,1 l1fO - ~I 

o,J) @ 5Jx 8;{8 /J. ~t3 .9.S- - ~,"'fir) rt.~ 
~u/f'fNie @ ·~ 8,"?P /7 -~~g> ,.tr "J../ry)rr.~

-~.:JC 

@ I - r1 
1P, L Si/ f.o 1-; \ r'D , J7o - 'rf' 

0:v/5 @ ' 5"'":! lro\ /0 · trSO 't;oo - ~Jf°b'f!.r 
D&fNA.!i @ {';o ~.JI? I. :Jtc:> ??CJ r-r ~'~11.r 
8l- @ ',,)X° ¥,~ l [) ; tr 7J I 1¥7> - '1t 

i I@ i I ! 
i 

I 

i@ I 
l 
I 

I@ 
! 
I I I 

I 
@ I 1 I 

i 

1 / @ 
I 

@ 
; : I 

I I 
I@'V I i 

I 
I ! ! ! 

i 

Tanqential Air Axial Air I Primary Gas I Coal Transport Air 1 2 i 3 14 uoper 

~tart ~,S"l@ ~r 
I I j l7~ i \qfS' I l13~1.0 @ 'fr !o,i;i..@ ~ I -@ -

Finish ~So@ ~f /.o @YS- jO~)-@ :2- i ---@ - i\r:/t ! lH1 I )68'1I 
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Innovative Furnace Data Log 
Date:1 t lY t ct( 
lnttials tt! 
Test: ~ ~ zo 

SO2 Rotameter 3/G
Setting (88 height): 

I I I 

Ending\ Starting 
Stage Air I I i NOxOUT Feed Feed 
(float height) 02 j CO2: CO NO S02 Feed Rate Rate Rate 
@PSI (%) I (%) ! (ppm) (ppm) (ppm) i (mVmin) {ml/min) (ml/min)

I 

... ~ I 
\ )- l ---... 'ffB"- ),05 ®7() r.,;.r- - ---.:.~ I YG~ /R?s-i 

,.......( o/C, @ 'lt77J ~ 9:J9 I II i rlO 'ffp f~ 
(.11.Jly) I" 

' ,, '"\ ' ~@ 
-

cJ~'t½~ ¾.~5 1r;- 1J \51'0!~~ 0-, /, <r '-'"' . •.: 

I 

C\L @ Ii~n rrr /0 '17D :{7)5 --- ff 
~s @ 'CJ?( 7tS-J.: I/ w7o I '/7) - ~~~J. I 
CJ./st1-/,t @ 1/, ;i. ls& . i;;... U{:) )~ I (.y ~/-"'f) '(~d--

f)L- 1/ @ I r,nf 9,) I;) i lt/J !!lo I - 'ff 
4/5 @ 'l,:;;7f i, S--1 /0 ! 'f(;,f 5JZ') - ,.fl..,11r) 'fl,J-

c:Ai~P. @ y,c7r- r,50 l( :S'C{) ! ;2 ?3,- I· y ~..JJ ~g-,). 

6l- \,v @ 1V ;'tf.1 9,t -:i.. II lf71 I /9;!) - Yfr' I 
' -: I 

i 
' 

I@ I 
I 

i I \ I 
I @ I 

I i I -' I I 
@ I i I 

I 
I 
I 

@ ! 
I I I 

I 

@ ! 
i 

! 
I ! 

I
@ I 

' @ I 
I l 

I 
@ I I! 

) f (, f.,:,,._ 
Temperature at~ (°F) 

Tanqential Air Axial Air Primary Gas I Coal Transport Air 2 I 3 I4 upper 

rt ~~~@ ~s- /.o@ ~r- o~~;}-@ J- ! - @- \{.,, i 
I 

(16 3 ! 
' {&)1 

I 

\ -@rinish fcS"8' @ ~ r- I/, 0 @ ~) IO~;t@ .?-- I 
I 

I s-"7 i ltSO : l1J7 
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Innovative Furnace Data Log 
Qate: 2 t \r-t 'ii 
Initials f.(Y< 
Test: ~N '3! 
NH3 Rotameter .ed(. ~ SO2 Rotameter 1 
Setting (:8'iieight}: -f 7~ Setting (BB height): (Of( 

Draft {inches of water~ fi P =Q;SS;-:-: o,:)-6F~ eI: ~Af G--tt5 surry: c:7F~- Z...,t-) Injection Port: yfh 1.c>..,_, e,e, 
% Excess Air (measured): ---

i Starting EndingI 
Stage Air I NOxOUT Feed Feed 
{float height) 02 CO2 co I 

1 NO S0 2 Feed Rate Rate Rate 
@PSI (%) {%) (ppm) ' (ppm) (ppm) (ml/min} {ml/min) {ml/min) 

BL l,o~@ 7o If,~ ~~ IS- I f73 !~("0 - 1lfra \'\<~ 
{ a/s i @ 1 , 1. rt' z~ . /6 i4'&J ~ (,l~S-(,)-

{S/..,17) 9)@C4/J't"M,t. ls:a f:.?8' :io/ i<3lto 17) (. 't 
8L @ ll.f?c /..?{, 18' I tr 73 ~OYtJ --t 7'?.&-

c~5 @ .?.8',0 9,J 1 /7 1RJ.- ];).) ! - ~...~y._) 

4i}-1µ;11. @ ],? 9, ~-'- ! 8 7 fl/) ;r; I, lf (ff-111) SD 

BL @ Lt. t.r ?tt> I 17 fJC/ ;;;oo I - '17. 8 

NS~ @ iix i,IJ.... i ~D 1cr) pd/o (,1/ f ?,f 

tL @ 'l,f)S- '/.()r : t 8' v~< /)/OS - I r?.y 
fvS~ @ 't.J;rt i,i 67 ; 7</ : ;}(:J() ,, 'I f'7.&-

Oil_ 11/ @ \ I f,4;;{ 7.ot )1 i ~q/ \ d{dD - Cr 7,~ 
@ 

I 

I 

@ ! i 
! ' I I 

@ 
I 

I@ i ! 
I 

@ l I 
i 

I i 
@ I I 
@ ; I 

I 

I 
I 

- ,!Ii, - ~~;/J f/.,Je ~ A~- fc, ~ C.: ;;- ~ ~o-;;-
Temperature at~ ( F 

Tangential Air 
! 

: Axial Air Primary Gas I Coal Transport Air 2 3 4 UDO€ 

~tart 1. r;<{, @ Yr Il.o@ 'f~ 0,[µ§) 0- - @ - l&/?-- '2//2- ,,m 
Finish 1~~rr@ 'fr 11.0 @rs- arr?-@ ~ -@- 1ror ~o</{; 1J~LJ 
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Innovative Furnace Data Log 
Date: :i 1JS7f/ 
Initials e@e.., 
Test: ll=tJ 3d, 

NH3Rotameter SO2 Rotameter 
Setting (8~~ht): 3g- Setting (88 height): ff 
~uel· fv G-f'K Draft {inches ot water): o, ~ 

Injection Port: y~ ~ 

Starting Ending 1 

Stage Air I NOXOUT Feed Feed 
(float height) 0 2 CO 2 CO NO SO 2 j Feed Rate Rate Rate l 
@ PSI (%) (%) (ppm) (ppm} (ppm) I (mVmin) (ml/min) (ml/min) 

-- I ff 

~S~P. @ 't, f Jo.ob . J1 I 300 ~1/$"1) 

BL ® 'f,3 ,o.o 1 ;;;., I rJ~ !'J9s 
- (MJly) ff.~! CAA @ 1;2JS'" 10,oiPJ '1JC- 111r 

I ~. (Wly) hQ 
~·~./; r-fV:A;.. @ r, 1 10. 1 1 , 1 I r~ 1,2.ti -, I -,ga, , 7/ 

'c4,..4.. .:!:~ IV @ 1 / 3,f>J--- ~,)b I "J/ /Jrr- /I ?o 1-f- !J;{ll>lj~ 
eL- l / @ '/ r.;;~s 't.£C- J'l 1;-5- l<isT 

@ ! 
I 

---1-----+-~~-+----+---+---+---~-----l---·' 
@ I 

I ' @ i !I I 
I@ i 

I 

@ l ---·-- . ·---- ··-·-·1 -· 
i@ i l 

i
@ I 

@ 

@ 

?e-er,t_ 
Temperature at~ (

0 
F) 

Tanqential Air,. i Axial Air Primary Gas ! Coal Transport Air 2 3 14 uooer 

1~13 Jo3s I /77J 
Finish I't,S-J'@ rr Ito @ rs- i t},f)__@ :L. I - @ - l~l0 I ~17 I tt3( 
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Innovative Furnace Data Log 
Date:oli~ 
Initials 
Test: :it-,vz3 

so2 flotameter 5"'1 
Setting (BB heiaht}: I 

Dr~~(inch;5 of me~ O,J 
lnJ _J1on P_rt: ___ 

;
Starting Ending 

Stage Air NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) (ppm} (ml/min} (ml/min} (ml/min) ; 

IBl l,0 3@ ?o s.r;.rl t!/tt) 17 o/SD I J€fj - 7G-
@ ,;;ti r,r ;g : f30 130 - JS) 5"'t> (L)~~ 

c,JW",,$'{2. @ s;1.,is- 1,e, i ~ . ~to foo J,lj ~) fl:) w i 
@&L 15:37( 1,bJ ,t 'i~~ ! ''fJ.r-: - 'f&- I 

~ @ f;))S" C/. fi;;. 17 1t;;-r /oo0 ® to V-
~5tf'JS().. @ £:/ ! Cf,(p 3/ J) ~ r~o ,.,y :.v ro lb I 

I 

BL @ r:15" C/.O~ 1c;? l/t/5/ 1'7)0 - 't go 

~) @ (",J, q.~; 11 : f(JC( J~7( - ®w e) I 

6'Utt'6Q, @ s:, 18 19' i~711~ro: /, 'I (5) ~D .V 
6l- @ \r.?- q' I t7 ~¥0 i l~ 7/J - ~i I 

iCP,/S @ I ' I l - lv5'_) 
i i 

I 
I~Wvs(2 @ I ! 

:t.s)'~ 'I 
i I I 

I'3L.... I/ @I V I 
I i ! - ~'? 

! . I @ i I ; l I 

I@ I i I I 
! 

@ I 
I I 

I I 
i@ i . I I II 

@ I 
I 

i I I 
t s~} ~ ~) Ll.1~ 9~ )L .l'f'f') -=- '$,/o 97.- ,lO,;, S / ....«y~ 

,:.;.-:-- .o, ~ .o 3 == • 7,/ µ Ii. J ..":Yfemperature at~( F)rs~ -
Tanqential Air I Axial Air Primary Gas Coal Transoort Air 

I 

2 3 4 upper 

-@ i/.Oo?-,- {705.tart 1/.st@ ~)- l.o @Lff" o.~ :i- -- 1767 
Finish \{.~ @ l/ S""" ,.v @'1 r 10,st-® d-1

I 

-@ --- IJ70) l'f1?- I /'<ii 
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Innovative Furnace Data Log 
Date;.2..- µfs-10 
lnitialse&c' 
Test: -:#'-NJY 

' 
NH3 Rota meter 'i3 SO2 Rota meter ~--g 

11?~~~eig,~~ . Se1ting <BB height): 
_e_1 __ _ Draft Unches of water)½~ c:>, f
~;~r~cy......· ___;:::,._;;;:4.::....::U:::....o__,__....._:',,15~&=-')---1,,C.~=W- Injection Port: '7' V/q,:,
% Excess Air (measured}: "7T" 

' Starting Ending I 

Stage Air NOxOUT Feed Feed ! 
I 

I(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate ! 

@PSI (%) I (%) (ppm) 
1 

(ppm) (ppm) (mVmln) (mVmin) (ml/min) ! 
l?t- JJ) ?@fl() Dis- '/,I! 1.s- I ft7 /~S-i - l f? 

@' I --,'/,2r'"eu;s- 1,J). I~ 11;;.~ I - ~) ~,----,o if£/u.,,,,,~ @ I tt; <t,tf -:27 i J?.s,.,--1 IY~O /, y ~J Y1 
@t3L t/.7 1,J?: is- Y-7.rl '1/.m - rf- I 

a.,.(5 @ 'f, (o I '!,{; : IS- o/'10 ,,ro - /~) Y1 
Air ~a/1~~ @ 't//7S- 1. 7 7-J ,Is I) JU ~_) q<r
~/..C 

fJL ·~; @ ~ ~ 9,/J.r '/. 3~ IS- 't~~ ':U SZ> 
7 - yp 

@ ;cJs 4.57(-9,/ lg ! v~s- I 7;2$1 - c~J Y1 
C./J~ @ ¾f).( <t. ~ ;;..· J7 I J9y /)s-o /,y ~) ~1 

./3L \/ @ \/ ¾h ~S-: /P 1/6£- ;;2.2?J - Yf-
@ 

@ ! i 
! 

@ \ I II 
' 

@ I I i I/ 

@ l I I 
/ 

@ 
1 i I 
! 

@ T ! 
/ I 

' 
/@ I i 

i 

Tanqential Air Axial Air 
1 

Primary Gas ! Coal Transport Air : 2 i 3 4 upper 

,tart rJ1@ rs- {,o @'ts o;i:;.@ J-- ! 7g) - I 17~~ ~lft ]7i/ 
i -- @,,.,--Finish ~\5t@ ~J ~.o @ ¼s- D,'6}-@ ~ I 1178'7 ~s- /73)-
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Innovative Furnace Data Log 
Date: 31I 1Yf 
Initials ~e 
Test: .f.:.,ri...,35 

NH3 Rotameter _/, SO2 Rotameter :)[?-' 
Setting (88 hei~: llJ/lr Setting (BB height):
Fuel: /1/M~ 1',,t-5 Dratt(lnchesotwater): o,:s-:>o,y 

~fy)JJ.M ! rry: ca.. co) c,,, 12e~J....,~) 1---~ lniection Port: ~ e,. e,_;e. I 
°ts, Excess Air (measured}: -

~S:Jri,,f,..T Starting Ending' 
-8&1WeAir ~J@XOt;l= Feed Feed 
(float height) I 02 CO2 co NO S0 2 --• liiiliate f}::te ~ate 
@PSI i (%) (%) (ppm) (ppm) (ppm) (&W,Mft~ (ll/min) Pf[lmin) 

,B<- /,JS-@ 3o s-; I ft) ' ?O ~0 ,roo ! 

o.ls ! @ 5,()[ 7,Sf:' PI &-8 lf"rO 0 · 01/ i 1/,oS- 't,o/ 
13 '-- I 

I @ t,oJS' 7, 3'?; M 08' ;f)o I 
ICA/'; l 

@ I Is-;o I Cfr:i ~o ~ 7 i / s;:;- 0,0t/ I 
I 

1, 0 r 'f.o I 
(3t__ @ I ,;o(l f,ft). Ji 6'9 , J~7r -
a/s @ f.flfl 'f,(j dD {; 7 I //6J 0, ,X,.:2. '?, I/ 7.~~ 

@!31- \ €",u ! 'J,rc l '1 ~ 7 ! /'16(""" 
@ ·, ~,CA/s 'f,r<I i,~ 07\ 1/Jf' o, c);).2-._ ,g: /; ), S1J--

BL I@ c'fS?rl '//()- )..D u,g /f /t}l 

Ic.& @ ¾9 l~.ol Js e,0 g>J(} i o, c) 1,; l-2./£ i 
I 

11.~ 
i 

! IBL @ 't.r17r ?,f)... dD 03 l'?fS l - -

Clv/s @ f.87) 1~,C6 : J- 5 w7 7?r 0,0$ /..?./6 1/.~( 
I 
IBl ti@ Iii '-1,'11 9, 6 : }y;' ! 0g /8)0 

@ ! 
I 

: 

I '@ i 

l I@ 
; 

I ; 

i 

I 

@ I 
: i i 
I@ I il 

~~M._ 

Temperature at~ (°F) 
-

Tangential Air Axial Air i Primary G2s Cord Transport Air 2 3 i4 uppe1 

',tart ~.i@ rs-_ /,D@ 'f.S-10,i').@ ;L -@ -- \~ \~ ;Lo?, I 
I r6S°& 

Finish ' ~. ~ @ ~~ \.o@ \) i0/6J@ ~ -@ - 1ii1 ~088. \~~, 
A-41 
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Innovative Furnace Data Log 
Date: J 1».1 qi 
Initials 'Mf 
Test: ~,v3G 
NH3 Rotameter SO2 Rotameter 
Setting {BB height): JO Setting (BB height}: 

Draft (inches of water}~ l,D 
1njection Port: . 'f /..cr--q!___ 

% Excess Air <measured): ,---
I Starting Ending I 

Stage Air NOXOUT Feed Feed I 
I 

(float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) (ppm) (mVmin) (mVmin) {ml/min),., 

(5L. /,DJ @ 70 7,& 7, J' I> foJ //;l> - yf' \S.!.:'7 
l 

1c4', @ 7.1Jr 7,'1 :2 0 l/t'J.. l?o I (5> t .$ I 
cJstt'Sil @ ~fr- 7,1f 7c)' (i;,g' 7t> l, 37 (SJ 't J i 

! 
,, /--,&L @ 1, 125 rTrToJ~ .. 7,f6 11 y/c) lh/0 - 'fCa./s @ 7Jp 7.f/ 30 y,,}O 1:2~ - (S) r3t~' I•. @ 

' 

)7.075 7,i9 2r- 1/(2 :J7< - (~) <t 3.,....,, .. '1t'-A 

@. ('¥~, '.{fl ttJ, 'Is· 7,/;J ~3 f?i I 1.:i.r l.37~ 'd"e<t/fJ 
(1,L \t,-- @ ',.. ~, 7,f? ~~ f//r ! /5;s '-rfl-

@~ 

~~~~~eJ @

V'~,,,.r1y @ 

@ 

@ 
I 

I 
i I@ 

@ 

@ 

@ I 
@ I 

c4 [t1/();i ~"-17 ~o 

Temperature at~ ( F) 

Tanqential Air Axial Air Primary Gas Coal Transport Air 2 3 4 uoper 

tart · ~St@ LiS 1.0 @¼) o.~)-@ )- -- @ - j)_').c; l'f<t7 
Finish ~1)~@ ~) f,o @4 s D,i)-@ 1 --@ - M"" ~1-, 3 JS4i 
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Innovative Furnace Data Log 
Date: 3~7 19! 
Jnitia!s t::... 
Test: -t-N3] 

NH3 Rotameter SO2 Rotameter 
Setting (BB height): ((6 Setting (BB height): Yo 
Fuel: ,._~it....{M u-,t5 Draft (inches of ~ter): c?, ~ - /, u 
Slurry; Z1oH);;b , ---.. L-1 !niection Port: r /--o.---e..r:;; 
% Excess Air (measured): 

Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO2 j co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) I (ppm) {ppm) (ppm) (mVmin) (ml/min) (mVmin) I 

{)L 1,0] @ 70 flhJ>' 7,6b 11s-- JtJ l[PS- - 1/~ I 
,

1 Iv)~ @ 'i,Sl.f 1. /t' 7S- ;2Y[) ;rot / I y I \ '--~ ! 
8L- @ ~.s- 7,o~ ;)..'o l~ ,s: -I 

... c.,.,~ 1-J.,-,...,~-
✓ I'\ 

fl @ f,f 7, (o j{' 3?0 !£/() - I '-w\... 

-~ I\ -I @ vu - cq"' ~t;f I 7,1" ?'s )'5V ICf'tJ -1.r 
r.. I~ -~L- --._-, l -, @ ~JS" 7./Y "37 Jfc) JtS-0 '/ -l,c~,s~ @ ~()( 7,Jo ~r-- 2r< 8')) - (fJ ~i 

Jef~$~PA:, @ <?.1;r 7,)J.. /00 )YD ?,,0) l·Y © lf? i 

akrrBL @ f;;;s- 7,]). fc) 3ft) /)?) - 'tt I 
I 

/\I I@ 
'Y 
~ cd'J 7,r ?,Sn 76 YtJS- foo - (t;':i 1[7 l 

11d')I \ LA @ &:n-- 7,tJ~ I [s) ff l,.{/11e., tro-.i I 
, 5~ fJ- , J&b i ?s-o I --r• ~ .. lk-K j 

I A.JI, 

~ -_H-- -~ - .. 1 , @ ~, 1£fl.r 7,oo: I/ r .J~-2 ft10 - i•~~f ~( 

~ ,1 ' @ l.f(' l.ro ::i-s- ,. s-J '11 u,1l~- ·)v~ 'loo 7tlS- - IJ (.(,< 

0 c~i~- @ ~a) 7,)9' - r5_) 1i .· ~(1._,rg- srr fD7< 
col~ ~~ ,, @ ,. nr '100 ~· C?J Lt 1 i.t't' Blt:11.v 

klc./4 i7.> 7,fJ 700 
~L , @ rJ.r,)(. 7Jof1 i lf5 '. 3/P) : /)JO - \ lf6• 

i
@ I ! I 
@ I I 

' 5e,c'/ti,,...__ 
Temperature a~ { °F) 

Tanaential Air ! Axiai Air I Primary Gas Coc1l Transport Air 2 3 4 upper 

-..art"'i 2.sf@ vrl 1.0@ vr- 10.t;-@ J @ - Bw/vd ;w'1l t~ fO 

Finish r;. ~@ 4s- 1,. D@4 s-·loJJ-@ -:2.. --@ - o...,T Jl77 (fOI 
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Innovative Furnace Data Log 

: III I 
Starting Ending 

'NOxOUT Feed FeedStage Air i I 
(float height) j 0 2 CO2 j co NO : S0 2 Feed Rate Rate Rate ' 

' 
@PSI (%) (%) i (ppm) (ppm) I {ppm) (mVmin) (mVmin) (mVmin) 

( • ·~6L ,.~ @ 70 11, 7,i5t [,,Jr, 1/ ?tJ !Jfo --- 'Ir.,_ I / . . C{ rn 

' @ 
I "'-eo.,l> Izolr' ~( 57 lf J;iJ 11r - (sJ ~1 

I'fCA Is tfJSP. @ r, 'I~ ~.31 'f{ /JS- /.y (5) ~f 
~-C @ r, 'f) (,ft ----"1 '-IS- I)/{) ! - 'Ii. ;)__ 

@C4IS ,VJ.r ,:i~ 1/ 1 fJ10 ;rS- - rrJ 4f 
CA!~-t-N'N. @ r.1r 6/f 1/ /tt1 7~ I.1/ /5) ,c, 

,, @ \ r IAL 1,url Gt ti 'I /{J.) /jft/ - ff.;; 
@ 

@ 

@ I' 
!@ 

@ I 
@ 

I . 
@ i I 

l@ ! 

' I@ ' 

@ ! 
I 

i
@ I ' 

,J 

Tan ential Air Axial Air I Primary Gas Coal Trans ort Air 2 3 4 UD e 

"'tart ,. b @ L{ 0, @ J- -@ - 8wrrvJ J'JJf I 7 
Finish .0 @ q)10.~}@ :L --@)- Q-At-f ').')OD l 17~ 
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Innovative Furnace Data Log 
Date: 3 g-11 11 
Initials e 
Test; 1+-N 31 

I 

NH3Rotameter SO2 Rotameter 
Setting (BB~): yo Setting (BB height): 
Fuel: ~ 6-,,;-, Draft <inches of water): 
Slurry: Cw(oH;.. le-- '--f- lniection Port~ t 'h 
% Excess Air <measured): ---

IStarting Ending I 

iStage Air NOxOUT Feed Feed 
) 

(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) {ppm) (mVmin) (mVmln) (mVmin)

-
.,..__,~ '- I.OJ@ 7D J:io t..1f tJ- 'if) I 1:i~r '18' , 

I 

p) 77 c, ll 1 

. 

c~,/s @/ la'JS 6,/() I~ Jt.2 1 't7S- - ''t 

Cq/c,-t,vS~ @! /i,'17{ ~,a, Jo !Ye) Joo (' ~ ~) If'/ I 
BL_ @ !J,i;r 5.M G J';lr) !"Joo - yg-

Cc,/5 @ /p,~ 5,6/J q 3/% Co0 - tJ 't7 
ce.lf'tM.. @ l!tJ.05 {'th 1r (?~ Ji() I, 1 (~) '(9 

@AL II.?).( <,l/i /'f ]/~ /;Jr{) ff' 
"1' -NSP @ 16,rJ.{ f".79 5( ,tr( ,2,s I. f 7'f? 

8! @ !/J,7X ~70 ~2. 710 ,1_,,o - qf;' 
NS~ @ /b,7f .<:":7l 1 '37 1-%" l3l) /, 'I tr g 

(2, L- ,~ @ 'V )0.6JJ"1 .5:7; )'! "f/2 l 1Jro - rf 
I 

@ 

I@ I 

' @ 
I i 

@ ; Il 
I 

@ I I 

@ I I 
@ i I 

! 

.off6) = 5.0 1 ,.....Y G._(t>'ll).,;i SI""-'/
,I\.. #. 05/vAty ~-$'. ; (~9 ,_ )(/, 7 ,Ji)( 7· 

Temperature at Port ( F) 

Tangential Air Axial Air ! Primary Gas Coal Transport Air 2 3 4 upper 

tart ~st@ ~s-- (,O@ ~r-lo.~J-@ :-i.. '---·- @ - e...,,,,c,, J/yR /6'? 3 
...__

Finish I ~,)~@ ~) \,D @~) jO,i'J-@ )- .--@ ov-t !21tt~ Ilt)3 
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Innovative Furnace Data Log 
Date; 9 L { L ~ I 
Initials P£ 
Test: wv 
NH3Rotameter /D/ so2 Rotameter 't:2 
~e~ing (BB~~~ Setting (BB height}: 
___!: rv _',t1 ~ Draft (inches of waterk l,D 
~lurryd Oi{otbJ s/,-ff/r (~1-&f) Injection Port; . f: "ffet2 
~~ Ex ess Air (measuredt - 1 

II Starting Ending ' 
Stage Air NOxOUT Feed Feed i 
(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate I 

I@PSI (%) (%) (ppm) (ppm) (ppm) (mVmin) (mVmin} (mVmin) I 

' 
{?;L-- (fJ3@ 70 lt:l?r- ;;:4 R ~o? IJZd 'ft /'I ,.,.,..,( 

I -
( I4tl5 I @ Orf() 7,/2_ ~ JIS- : 'f7J-I .----- (t,J so I 

c4s4/.JSR.. I @ ?:.11.r. 7,/6 1S- 17d 77~ /,f :~ S-0 

BL : 
I @ g{bl 7,~ i,?-, 1:1r I{ ?.cJ - rrf t e,~ 

4/'1 g:sz 1,d8 ID ~08' &Jd-) - ~J ~ 
Cf/ k"ffVfR @ £~ ), JO ,2.0 1711 5()() /, <t '£)f°?:>,~ ' 

@ 

(3 (._ @ ~ IR.t.J.( lrl'J I ;z_ ]cS>- 19~ - ~ 
@ I 

' @ 

@ I I 
@ I 
@ 

!@ ! 

@ I 
\ 

@ I 
@ 

i 
@ I 

I 

@ I I i 
l ~re f/J,7 S'~.. 5~A:>-

o
Temperature at~ ( F) 

Tanaential Air Axial Air Primary Gas I Coal Transoort Air 2 3 4 upper 
I ~,tart ~.~@ 4t; \.0 @4( o.iJ @ 'J-- i-- @ - J17ro l~/

oX. 
Finish ~Sf@ ~r \,0 @~S- o.&J-@ ) 

I 

_@-- d I)) /7f;J.
! 
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Innovative Furnace Data Log 

SO2 Rotameter YO 
Setting (BB height): 
Draft finches of wate9t: 1,0 

Slurry: ca.-/4!f. 2=- Injection Port: . f ~ 
% Excess Air {measured): -

Starting Ending 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) {ppm) (ppm) (ppm) (mVmin) (ml/min} (ml/min) 

BL l,03@ 7o ~}·/4, 7t1 I !'t I ?!;2 J'i7r - 't? \ 

@Ot/5 ?,;> t,r~ I 17 : 3/S- :Jl/0 - (S) lt9 \\_\\\\ 
@L4-(S"tl'ISP-. ¥,b¼ fR ,70 I 32 \ ~57 Joo l · ~ (5) i11 

BL- @ Y,lf C9.1(o /t) ]or; llf~O - '1'6 
@ -Cc..,/5 ~,r &.ro Jl_ 'Joo '(c;O (Sj 41 

{4($;-NSI. @ 711()( ~.8"8' VJ ,so 77) II LI (5J utf 
~~ V@ 'V '?. ~75 (;. 79 30 J)9r- (YSu -- r8-

@ I 

@ 

@ I I 
! 

I I 

@ 
! 
I I 

@ 

@ I 
I 

: 

' ' @ I 
I I 

@ ! 

I 
I 
I 

@ i 
I 

I I 
@ I I 

I

@ I ! ! 
I 

5'/ (~ff,'r-f ( 4fP!--'f;, o7 /:eJ (. I1/?J) = 7. ~ -~ {q,(olll; c:1~ . 
"""r11 ,..,._ Temperature at Port ( F) 

TanQential Air Axial Air I Primary Gas f Coal Transport Air 2 I 3 4 uppe 

tart ~.s-e@ 4s- \,o @¼S- o.~?-@ &- I- @ - ~~ I :){S7 IYo/2 

Finish ~{~@ L(~ l.,0 @lfr o,'i:~@ 2- I -@- Qv-,\ j,;)o~ 171£ 
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Innovative Furnace Data Log
D.ate/1, 3(rl
initials ~;.r
Test: ~;vy;i.. 

NH3Rotameter 1/0 SO2 Rotameter 1f 

Setting (88 height): 7;'Setting {BB h~ht~ 
Fuel: rv ~ ~ Draft (inches of wa1:R,: /.D 
Slurry: CC'(,/otD;, ,~ lvT Injection Port: ,.,rf4 
0/2 Excess Air <measured}: I 

I Starting Ending 
\ 

I 

IStage Air I NOxOUT Feed Feed i
(float height) 02 CO 2 S0 2 Feed Rate Rate Rateco INO 
@PSI (%) (%) {ppm) {ppm) (ppm) I (mL'min) (mL'min) (mL'min) I 

~I~l,- /.03@ ?0 et.t17,;o /0 I .?77' 15'251 - 'ff r' l L 
(µ ~ L.., i 

I4/S @ ~?51 7. dg' I ;J! 's7t1 5"fo ! -- (~) yf I 

.,,../, .<3'il ; 

i" ........ @ 1~7) 7./0 1 [).D ~70 15"'10 T."t~~ ~ff 
CJ)~e'Jt..- @ ! r,.m 7.10 I Is- w~77S- (5-J ff-
IW

C/lRtNJ~ @ &;ff 7,/0 'ltJ Jo s-?o /,'f (s:J f'f 
,..----tJt- @ 8:t;rr 7, If /( "s'?s- l6J5 ff' 

c_p..,/5 @ ~]')J 7.t<> {O 37'1 ¥7/) - (0 fy {J) 

6~fs+NSf<.. @ &l:C 7,/c) rJ. ~7 7t'cJ \.~ ~5) 1/C-

r.3c @ &;;v ?.10 7 370 IS-7) - 'tt? - ~ 
v·-' Q_) I.,

I I 
' 
;ea/> @ g~ ?Jo , r ] 7:2 1 / ;2So - (<;) rf. r- V 

Ct.fs..,1115a @ itJ.s 7,o6 I 'lo ')o 117; I I lj pJ ltf.f"" ® : 

AL @ ~7.S- 7,o<t 8' :?@ 1,ou - tr&> ' 

@ I I 

!
' ; 

@ I i 
i 

@ I 
I 

@ 
I I@ I I 

I I
' 

@ ! ! : 
' 

! I 
n.1)"' {PK";f}(l,o 7 ~)(,~f'eJt;J - f. iii .,~ CA ('a//-!,,._ S/4/~(51....;r y S·#-,'~ 5 ~~ 

emperature a~ ( F)(5/-tl7 Setfi "lf!-J-) ~{ff.J~ f.,o3 ~)(.oi"cN-J = /,7..1 ¾ c4t:11Jr. 
0 

Tan en1ial Air Axial Air ! Primary Gas Coal Trans ort Air · 4 u oer 
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u Innovative Furnace Data Log 
Date; Lr I lL f/ 
Initials t:Bc 
Test: wrvr J 
NH3Rotameter SO2 Rotameter ] .3 - 3f 
~ing (~B heig;:: r:d:r Setting {BB height): 
___I: _ _ ibdtf £11-5 Draft finches of water}: /, o 
Slurry: 't, J'-, CK{oH)2- Injection Port: 6 "fv.... 
0lo Excessir (measured}: -

Soi~/ 
I s-~tt,'r-:1_ Starting Ending 

l 

I 

I "' l ""'=..£Aeg,e Air I A Feed Feed i 

I(float height) 02 CO 2 co NO I SO2 ~ Rjte Rate 
@PSI (%) (%) (ppm} (ppm) 1 {ppm) -imllmiR}- (e)i/min} (mVmin) I _______,,(3J_ ,. ;;.) @ 30 f',fS- '• ?V /1 ! /~7>1 ' 

Ca_/s @ ~Jr" 7,o /~ I 
I C/Oo {),O;J, 3 

Bl @ 8-;GOl 7,o'?:: 17 t<t 30 -
Ca/5 @ \ '8,50 1,1n. I 7 o/JS- O,o;;. 3 3 

' 
~@~L g_51r 7,IU I (7 ,'iro 

@ 
I{A~ S!tf 7.v /U L/7s O,o<t 7 ~-:-?F, 

BL @ I <i,7$ 7,~; t f375 Ii ----l,.J~ @ g,t75 7, 0~ 1 ! tt1r 0, O'f 7 ~ 
g, @ f:t;r 7,()6 lo l+11,"1, ~ -
Cq,I) @ 8'J7.ri 7. {)l, i Cf 1/D O,o70 7 
(3l- @ ?,tJ~ 7.10 't i l37S- -
~h @ r,sr-l 7,08l /6 17~ 0,670 7' 
8L ' ,. @ \V <?.~ 7ct>f I tD [190 ---

@ 

@ 

@ 

@ I 
: 

I 
I i 

' I I 
! I 

I 
!@ I i ! ! I I I

i 

. f'l't"l.k 
Temperature at~ (°F) 

Tanqential Air I Axial Air Primary Gas Coal Transoort Air 2 3 4 upper 
,--.'tart 'f.r@ err /,() @ftJ /,t''J-@ :;J ----@ ~µ/J ti-18&" }87f 

Finish ¼.~- @ YS"" ),0 @Cr5- 0,V-@ 2--· ,,.---- @ - o~t .9tf'r 1i12 
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Innovative Furnace Data Log 
Date: Y I f I T/ 
Initials ~IJc 
Test: #ivf'.f 
NH3 Rotameter /, SO2 Rotameter ~ 3 J 
Setting fBB height}: ,., ,,,. S~tting {BB height}: C& 
Fuel; N,ff.,.,:kt 6-;r- Draft {inches of wate,f): 1.0 

~,7 ¼ Slurry: (A, co 3 { ~l'leci~ 1:;_.._ t-r Injection Port: o/ jiff
% Excess Air (measured): 

I 
lkl~r I ~e Ii Starting Ending 

'Stage Air I -NOXO Feed Feed I
I 

(float height) 02 CO2 co NO j S02 ~ Rate Rate 
@PSI (%) {%) (ppm) (ppm) I (ppm) ?-'(al/min) ~min)~ 

13 L /. )r-@ 30 1/.Cti S-:t). PJ 7.S- I tt7S- I ' 

C"'0 I @ /PtP7~ /p,oo :i.o 7~ 9;?o I 6.o {O 't.os- I 
t'.JL @ /0,o/f" S";ff /-;2 7h I J/60 ----

@0vlj I ,ti.&~ 6,or 5 ?r 910 o,o/0 r.or 
t3L @ I/orS?r ,:10 ;;, 7$" //&O I 

T 

c..~ @ IIJ.5115 6,)Q IY 7r- LIS- 0 •r),;)O f. I I 7.?S-
nl- @ /c?.~fT £":?? _3 7q 1)00 

4/~ @ J0.71-S ,., &,.so 5 11< rx;o ().o.;;..o 8"', I I 7.C/S-
IJL @ ,~,7() !11 /)r) ~ 

' 7~ JJ.06 
4/; @ JO.l,75 fl),rD 3 7'r l lt?D o,oJo I ;).,It 

I 
I/JL @ 10. 7ol u,ot) 3 I 7;- U70 I 

\Ct/5 @ 10.1r CR,v~ : {tJ 7) ~7S- 0,tJ3o t;l. /G 

8t.- 'Y @ I IDi/11 ,,04 1 7ri 11.15 
, 

@ I 
! I@ i 

@ I 
! 

I 

I
@ II 

@ I I I 
5«7,~ 

Temperature at Sim" (°F) 

Tangential Air Axial Air ! Primary Gas i Coal Transport Air I 2 3 4 upper 
! 
I'tart ~,<?@'f5 f,o @'f~ i O,tJ-@ :;i.. I - @- ,~~ :Jo<() llJI 
I 

I 
Finish '(.f @lfS- ], o @ vs-- i 0$)-@ ::2- i 

i 
-@- I 0....-1 ios-b ll~t-
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Innovative Furnace Data Log 
Date: 1t t t f I 
Initials e,~ 1:'.'.'.'. 

Test: ':!f(1' ~ 

NH3 Rotameter SO2 Rotameter J5Setting (BB hei~ht): /v;J)- Settino (BB height): 
Draft (inches of water): cJ.f-/.o 

~l'IL..~ c,.,Co3 {1"1f?~~Te~l-T Injection Port: S-'fh 
1 % Excess Air (measured}: ---

I 
I5v(b...,j I 

$"i-1,f~ Starting Ending I 

-Stage Air I Nop Feed Feed 
(float height) 02 CO2 co NO ! S0 2 Feeaffiite ite 
@PSI (%) (%} (ppm) (ppm} ! (ppm} {mttm¼n) temin} Vmin) 

..1 . //ft, - ... ' 
~ei- ,.;;;-@ '!>0 /~4if ,,{)() I 7? : /)J) -~,;,A-,, 

-.Co./7 I @ 
\ 1as-.r C,,lf ,g 7,l, 7~ ('),o/() ~o) 

. -Rt @ I /0,5{ ~10 fl 175 I;2;t S v '-'1V.,.-~ 

@c((,ls ,o,ro G,JD ~lb- 7~\ 87~ I?, oi15 1,5<, 
_, - '/'6l @ lDtS-75 (;,O) t~ 7r- ,J.;z.~ 

, __ 

L/ 0"""F·,.,&,,. 

cJs @ [b.5~ ~-Jo Jo ' 7!1---- (R~O - O,OdG fr, 11 /,fJ 
&L @ I0, fu() ~.co /1 75 ,JJO 

C4/5 @ lOs1( (,.~O ;13 7 0 ! (,.,;J.-~ 1J,OdO 
I 
! ~- !/ 7,95 ! 

~] @ 16.~0 Co .l7/ I}{ )& I iJJD I 

IU(,/5 I 
I @ IP.'JJ {4,4} ),~ 7(,, 4~o o,o~o /;). /6 

fY- @ I \(),W lo.f;"). J") 7c; tJdi) ' 

cJ5 \ 
; @ \D,<;D G>.4o 7tJ ~]O O,iJ"lo Id. I(, l 

l11 
~ 'J' 

I ' 

IBL ,v @ \OSX ft?,<fo 5c): 7> I:;2))1 
i.• I@ 

! I 

I l ! 

@ I 
I 

i I i 
' 

@ I i i I I 
\ 

\ 
' 

!
@ I 

I I 
/ i ' 

iI I ! 
@ I ! I 

. 5rc'!fo-
o

Temperature at~{- F) 

Tanqential Air Axial Air ! Primary Gas Coal Transport Air 2 3 4 uooer 

~art 'f. 6@3/; /,o @ rJi [),fv@:) - @ -- 1#11-<I ~cJS-f 17:ss-

Finish q\~ @ llS-- \~O @ ~, iO,i)@ ?-- -@- ()/,\,-{ I 
I 'µ~?; \7?G 
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Innovative Furnace Data Log 
Date: ~1 IJ; 0/ 
Initials <PL 
Test; t1- ,v 3/& 

NH3 Rotameter i / so2 Rotameter 
Setting (BB herg~: N,M-- Setting (BB height): 

Draft (inches of water): ,, 0 

~(~f u..{o.,,, (rK Rec..) Injection Port: 3 ll vrdrlJ/y: 
0/2 Excess Air <measured}: -

~~ ~/2. -e ,-7 Starting I Ending 
~Air NOxO0I Feed Feed 
(float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (P.Qm) (ppm) ,m11m1n)' i(-mVmin) ?(®'min) 

~BL l. -;20§} 30 /l,40 5": ft I 'I "J.?~ l,/JI I300 I 

C-,.,/f I @ /0,g?J i.os !.> 02 /050 Q,o rI '(.oS-- f,/2 
'3 ,_ @ I0,17s ~<Jt; ;.<" 6J /]CJ() 

c(k/t; I @ b. ~lf {c,/).. !& (o'f /oSO O, ot ! J/,tJ)-
8L I @ 10,fX s-:1t /6 blt Joatv 

t:.AI~ I @ /O,lo ~.,29 /) 6'1 oOO o, o:i-:Z &', II ·~ti 
tJI I @ /0,0S G,.o :i IS {.pl( /]00 -
CA,/5 @ /P,>1t: &-10 to/ ;; '/ ?Y-o 0,0 J"'2- 8', I J &,/u/ 
i3L @ J/,oX s,g;_ ~ &3 ]}7> I 

I--- --
!c,.,(5 I @ 10.ro [p,lfff ;;rz G> <;;JD 0,().3 3 /;},,J& /3,c;o 

I@(3 I I I l/1,flr r;, 00 17 6'?- /500 
CA{; I @ 

I 

Jl)J;ls 6,~h I{;, b3 /4/0 c>,o JJ f),lb I?,oo 
@I /Bl- .v 
@ 

)'af< 5, ro //4 67 
I 
lJttf 

' ' 

@ I I 
'\ 

I - ·1
@ I 

I I i - I 
l @ I I I 

@ I I I 
.. sc!Ci"'r-

Temperature at~ (°F) 

Tanqential Air Axial Air Primary Gas Coal Transoort Air 2 3 4 uooer 

.-~art 'f.q @ 3/( f.o @ff) '),g)@ : - ~ ~v-i ""'tt (~11 17/0 
(r.,--1,-----@ ..,___ 1110Finish Ir, &1 @ tfs- /,CJ @1/5 o,Y,2@ 2- ~q&lt 
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Innovative Furnace Data Log
I/ ---Date: • t 1J 1f1 

Initials f'/J'f. 
Test: r:J=rv'f1 

NH3 Rotameter SO-. Rotameter // 
Setting (BB heiaht): N/M:: Setting {88 height): t/7 
Fuel: 1v-,#..... r;P £"1-< Draft (inches of water): /, & 

iYr¾·SR,rry; Ce.,C03 {"'J.S A"~,',-~) ~t4~ Injection Port: t;ft.. ~-e{< 
% Excess Air (measured): -

ce 
}CJJ,wf I Starting Ending 
~ Air I -Netfl~L.. Feed FeedI 

; 

(float height) I 02 CO 2 co NO i S02 p:~ Fittt& Rate Rate 
@PSI I {%) {%) I (ppm) (ppm) I (ppm) (hitfflrr,,- .7(gf!/min) v(~min) 

8L /,Jr@ 50 ?.b'1>7 7.oy' 19 SI 1~9S- - I I 

t ic.r.,/5 I 
@ £~) 7/1 /-'0 It : SJ //()0 (),0/0 ?1,05 I 

t~L @ \ P,~Jt ... 7,iXJ 9-o I ~r ;I/ft) I 
Ct-.- IJ @ r,cr-1 7,/0 .Jo ?f I ,100 o,orD o/,05 

/3L. @ l~flS~ 7.IJv I ;i.o t?f uw 
@ '- ' I 0Cr.c,/{ \ 9, ~r1 7..1?. ~ 8-f' rt7r- C), c).:ZO ?_ I/ 

/JL 1 
I @ 8:fo )r06 ~() Ilf IJ?Jo , 

/",. le @ ?~ 7,Jt t?/ o.S- JCJO 0,cYJV ¥, II 

GL @ ~f?J --7,u, d/
-, 

f?t; /fe;-o 
, ,l---1" 'r'I I /J O 'lri '?f~ i;;, 

/ '7 I I -Uu'"> 1@ I ... ' - --
8L @ iso ?Ju :) } Pb I /C~d 

I 

~{5 f 
I 

@ iy(' 7,bh :7~ I?5 6:L~ a,03o tJ.. /6 lLfS--, 
IIV I'31.-- v@ is?i 7-)0 :Jf( 37' i ire:-< 

c4(~ @ iFo I 7,~g ?-f" <?'/ i 57~ 0,0]0 I ;},/t/ lf.~f j 

-!i,,-,(3 [_ @ V l?ih I7,~tJ .?-S- ~-l. . t:?GO ' 

@ I i 
I 

@ I 
I 

I 
: 

@ I I
I I 

.. ~,~ 
0

Temperature at-P.:ml_( F) 

Tanqential Air Axial Air Primary Gas Coal Transport Air 2 I 3 4 upoer 

'art f,g @4 r- /,o @'f> OrS~ ,:;J.-- -@ p.._,IVJ I ;)oGr !\'JS-
--@ ()J· ! ? lo'-/ ,~;-3Finish ll.~ @ 45" t. 0@4S- o.~)@ 'J__ 
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Innovative Furnoce Data Log 
Qate: Y I JG I YI 
Initials e{3-r' 
Test: "14-rv'(b 

NH3 Rotarneter SO2 Rotameter '-/ lf1 
Setting {BB height): /Vi/Cf- Setting (BB heioht): 
Fuel: No.,y.v{lt'\, G-'Y':) Draft {inches of water)i; t,o

~\-1:t..-:f~ C~;J (116 ~<la.;EdJ J't"i,,,,__, }....,f- Injection Port: G 
1 % Excess Air (measured): --

Sei&;...,1- I 
I 

~ "-i Starting Ending I 
.a+a~e Air i 

i 
+JOXQ I Feed Feed I 

(float height) 02 CO2 co J NO S02 .-· 
Rate . i 

I~ad Pete ;te
@PSI (%) (%) (ppm) j (ppm) (ppm) ~ltmla} ('1min) I/min) i 

- - I\4L J,)S-@ 50 fi7) 7.J.D ? I 
i ~o IS-OU ' 

'C'lls I @ \ if,(...C?·o 7.~f/ {O 1~2 /{)~ 0 ,o, f r.or ! 

@(3L ·5gf" 7.rg i /0 ! 5t1 I ,~5-< 1 

CM.c_ @ ~,fiti 7. 3C:J I 10 '8f IIJ.S- O,0l/ 'ft us-
(lL- l @ J✓ ~,Y)J"" 7,/0 ,o g{J /1/70 
c""ls @ YJ <tJt?( 7,'fO l'I 1r ~.ro 0,6;:JJ- <;---, {I ~-2 
(\L @ 1,~ -~ ~ 7.10 I :l I 8~ J'l!oO 

- I I I~\8-1 =,l-ltl <. c..,-- rVY,37'---' F;-/'fi - I 

(l,l.._ @ fS"Jr 7,fO f;J- 8'~\ /5)-0 IA~ 
v,u......-....-::., ....

@ <[,fl('. 7 .3/O ¼-,
I.,._ ti.._., I rt 'g°.) ; 

{l;L @ '?.90 7, /?- I( 
I 
! ti~ l>IX) 

LJi,ts @ f,?r- 7,S'7 . lh r-r\ Ii?>" 0,0 3.J I7.1 b I 
I 

I 

ffl ls r7 <i?s it)t) I 
~JJ 

'/' s. 
i 

/!JL 1r; @ \V 8':f-7.$-7,19 : ').I) &') !S"tD ! 
.l 

ca.ts @ , '6, 75'- 7•S-6 J.o ff& C,S-0 61u33 11,IU i 
' 

I(l.J- lt@ iv ~.Kf 7. fl. w ;~ IS-JO i 
t i@ I ! 

I i@ i i 
III @ I 

I I I 

~~ 
Temperature at~(

0 
F) 

Tanoential Air Axial Air I Primary Gas Coal Transport Air 2 3 I
I 

4 upper 

'art ~.&' @ 4r- 1.0 @ vrl O, fJ--@ ?-, -@ - ~""(I -- do<?t;' I 1it I 
Finish I~~~ @ l() llO@ ~5 i~.1)-@ ')_ I 

! -@ -~ ovT ld-\l\ I1&f1 
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Innovative Furnace Data Log 
Date:1/ 1/~ 1 7/
Initials e/ft" 
Test: 11-1v 1/ P 
NH3 Rotameter ,/. so2 Rotameter 
Setting (88 heiohtw N/1 Setting (BB heig_ht}: '11/ 
~:!;1,k l,r ~(~ J.,,QJ 
% Excess Air {measured): --

M " :/:ftr.f-,- l 

I 
I 

• Starting Ending jI 

' ~Air Feed Feed I 
I 

{float height} la CO 2 
l co NO IS02 Rate Rate j 

l
I"' I -• - - ) I 

I@PSI I (01:} (%) (ppm} (ppm) (ppm) / !I ·• ~Vmin} _s:(mi'min} I 

~l. {,)r-@ 30 I~fO 7,l'I ;i;, ' 70 /5--uJ 
oJs @ <?,{X" 1,50 X; &=7 1300 (),ot/ 9,os-

@ IIJL ~,s-1 /'..l:> :i.r 'i?/ ;~;-r -- : 

C,,f< @ <(,{() 7,Jo .:2~ ! d'7' ! /;27,r O,o ti ~,6) ! 
I 

I>'-- @ If."Jo 7.~o ;;., i g,g> IS-JI) I 
l

u.-1<:. . 
@ s:,r 7.Jf ;;;. o/ 88 /Oft) 0,tX)-2. <g, JJ '/.:2 \ 

Idi... @ £'«- ?,),1... :i.. <;> B"i /..rlo 
Iak @ gi;,r 7,)? 3/ ~ /070 ' o,DJ2 ~. II ~:l_ 
I 

; 
@ If,01J --}.:.o 76 ;,~ /S7F '"'( 

I 
i 

c+I-, @ eir 7, ftJ ! J;::, I 8g> 1 ffd I 0,033 /2,/{; 

IJL. @ &Joi 7,~c) 1<;187 1570 I 
.. -11.-·-~LJI 

I 

GI~ @ ! 8;,,(', , . .., ft? :JG 8-8' I f'?o 0.033 'J. Ir;, 
/5L \ @ p 1&675" 7,)e, 5> ?3 ! l.>s-D I 

I : 

! : 
@ I i 

I ' I 
. 

@ i 

; 

I ' ' I I ' @ ! j 
I 

@ I I l I 

I ' i I 
i i I

@ I 
I t ! I I 

. 5"eel,~ 
Temperature at-8A (

0 
F) 

Tangential Air Axial Air : Primaiy Gas i Coc1l Transoort Air 2 3 4 upper 
I 

··art ~,t@~S- 1.0 @ltf' ~.£')-@ ) i 

I 

@ --. RvJ~ JIii 1t?7 
I 

Finish q. '6@ lf S- l1D@ 4s- ~. 8"~@ ..1, 
i 
j --@ - i o~t !)1,;i. I -/f"J6"

' 
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Innovative t-urnace Uata Log 
Date: ~ 1 17 1tf1 
Initials eQ( 
Test;+Nso 

SO2 Rotameter 
Setting _(BB height): lf1 
Draft (inches of water);,; /.D 
lniection Port: 11 wff,a

l 

Stage Air I NO OUT 
X 

Starting 
Feed 

Ending 
Feed 

(float heigbt} 02 co Feed Rate Rate Rate 
@PSI (%) (ppm} {mVmin) (ml/min) (rriVmin) 

BL ,.~3@ 70 ~i'O 
@ 

uils~,e. @ 

AL @ 

@ 

@ 

@ 

@ 

@ 

0.L @ 

aJ @ 

@ 

@ 

@ 

@ 

@ 

. ~J/4,.,; 
Temperature at1JIB; (°F) 

Tan ential Air Axial Air Primary Gas Coal Transoort Air . 2 

Finish $'6@ l{f l.D@ ~, 0-i~ ?- - @ - 011.11 
-~lwl', sd.~~1)-:. (,ff ...... )('·''til C•l'J]y == 7.,;i~ .,~ (.._Co., ~ 
'c;l-H"r ~•fr~• q~)= ( Sb-=.) ( J.07..tJ (. o'jo 7) :: ~- f"S- ~ Co.. ( ':; s;.,.117 

l>/wdy s~1~"9 ~.v·.?{,fs~x t.ot~X.oToU>)-=- ~- {pf- ¼ Ctt ("a_, 9-./7 
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Innovative Furnc1ce Data Log 
Date: ~ 1/g 1f/ 
Initials fife 
Test; -#wSI 

NH3 Rotameter SP SO2 Rotameter 
Setting (BB height): °67i~~:~g /B::-,~r~ Draft (inches of water): 0,9-/,/ur;;,: ,... r.o-,,981ec:rvv.J.)r;_,1,,.;r Injection Port: '(f1:.. L.4 -,t:,.Q 

% Excess Air (measured): 

l \ I I Ending
I I I NOxOUT Starting

Stage Air I I Feed FeedI 
1(float height) 0 2 i CO 2 1co 1 NO SO 2 I Feed Rate Rate Rate 

@ PSI (%) i (%) 1 (ppm) 
1 

(ppm) (ppm) I (mVmin} (mVmin) {mVmin) 

Rt @ I t,si ~~ 17 1.11 ! ,w- - ;~ 
o,/'> @ 7,'=IJ ~.foO 17 I ;?If I /om - ~s_) fr. s m 

I 

@ I i I I ______,..__--;-----+-----+---~ 

@ I I ---· 
I i 

I@ i
I i I 

I 
I 

@ I I II i j--•---~-------1------------1
I @ I i I 

I @ I i l l i 
@ i ~ i i I 

,Sl11.,ll7 Set.\.., ~1) :a. ( tf.S- ~)C. ).of" ¾t) l ,OJl,)-=- fl.ft ~ c~c,J SI-"';'" . . S,.,;1/-1,-. e ature at J!mt ( 0 
F)s(....If, )mi., ~) :, (Yf.S- J. )( I.; OYp)(. 1/'ff) -- S-:7 9 ¾ C4 ~.1 >l....n:,,, Temp rt • ~ • ' 

Tangential Air I Axial Air Primary Gas I Coa.l Transport Aif 2 3 4 upper 

r-• 1rt ~,r6@ lit~ I\,~ @ ~s- o~~@ ~ ! -@ - E~r""J WY/ Jf1/1
I 

I I

Finish 4st'@ ~> 11.0 @ 4) O,~A@ J.. - @ o'-'-t ;)o77 I~Ir-\-
A-57 

http:OJl,)-=-fl.ft


--

Innovative Furnace Data Log 
Date; Yi If 19 I 
tnitial34f. v0 f
Test: ,vs:z:.__ 

NH3 Rotameter n, SO2 Rotameter 
~~ing /~~: JI) SeJting (BB heigh!): f6

t: 7"1-S Draft <inches of water): ~ 9-1,1 
Slurry: µ[a 3 {11< ltttt:;.wJJ ,-..__,.1-...,~}lniection Port: f'A ~~I? 
0/o Excess Air (measured}: 

I Starting Ending I 
' 

Stage Air NOxOUT Feed Feed 
{float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI r~ '""(%) (%) (ppm} (ppm) (ppm) (mVmin) (mVmin) (mVmin) 

I\ n. .... IBL }.o?@ 7t) ~ ; t,,1, .~ ; 3;27 11/~0 y§-i;nv. 

I C/.oo -.~~"C , --
@ea,/5 I @ v-;;;, •~I~ "J11 : 'l'lr l~'t&-.s- I 

I 

O+/t;1Mli @ <t.ff ~,f&' tMif So · 901') }. y (SJ~~) (!) 

Bl- @ 'ftl) ,.6', eA.,t!Y i JJJ /?,7S- - If~ I 
i 

@ tJul!> ?.i,r-l &.7~ ~ 1J.7 . f~o - fl>) <, "'.) 
nM" (/)o.4's-.vse. @ f,..lL TTuu ~.J'~ ~cl flJo I.~ ~ ~r-s-~ 

GL- @ ~SD C,~ ~ 3;J/ /foo - 'If 
c-.t, @ tt,;i.r- fo, 1/J ;}..o I -'?"JO 77) (S) lf 1 (2) I 

I -- 0
(.p;{f~/l. @ 'f. (i) 7,6~ ,o 73 7ro l, ~ (!>) lt 'i I 

I 
idL @ 1.o?r ,.~).... 2D '3]/ 13'1) - t,f 

e:->(6/5 @ <?.1r 1,to ).S- 33~ r;,, t; - {?) ~9 : 
~ 

l(q/~w,t. @ i.~7~ l.\~ C/0 't~ {.')D I. C., ~) t1 
(jL @ too (o.~() I l1 3Jo \3;.: I - '1~ . 

@ 

I@ 
i 

-,
I i 

@ I i 

@ I I I I I 
I

I I 

@ I I ! I 
I 

I 
II . I 

CJ,.. CO-s $1-,.l'ty 
I 
~ := ch•,,~,..:,. y:,.,3 ~x .11s-o::. ,.'r 1 ~~' 

:: ;;...x. .l 'J .( :: I ~ c~c~ St~ Temperature at~( F)l Sl~t1 
Tanqential Air Axial Air i Primary Gas I Coc1l Transport Air 2 I 3 14 upper 

,... 1rt ~,s-'b @\~ \.O@ ~S-1D-~ :;l-1-- @ - 1J141,../ IJlo~ 7 I 1ftiJ- 1 

Finish '{,~@ 4c;- ! 1.0 @ ~ s- Io.i J-@ 
,_.-1-- --@ - ~ i ?-u8'g' I \S::Jo 

A-58 

1 



----

lnnovntive r-urnace Data Log 
Date: Y J; /ii
Initials etle 
Test: lf-"tv53 

NH3Rotameter 3_r- S02 Rotameter (t) 
Setting (BB heig~: Setting {BB height}: ~ 

Fuel; N~ gtH Or!; (inch~s of w~~): t,o 
j tion P rt: · B,,~ f-

i Starting Ending' 
IStage Air I NOxOUT Feed Feed 
' 

(float height) 02 CO2 co I NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) I (ppm} (ppm) (mVmin) {ml/min) (ml/min) I ' 

:6l- \.03 @ '7o IY.'m 7, /). I 10 l350 : Ir10 - r&-- I 

c~ls @ ' f:311 ~:-3':;JS-..:P JlJ' :-.7~~ - (i) ~f w : 

@ 1 (5)C•~-tr$'1. P. 1s- 7. r" hC. I:Z 3) . .f,,:2.s-i I. 't f~ 0 
~~QL. @ P. "?!: 7,/0 ~..M~··~1~_...._.. - r~ ,,.,,c,' 

~\Q)t!.4/S @ 8'"2>i 7/tf -~< 37'1 --7S-O - {~,) 't f- ~ 

@ a) ~'a)ea/~1"St. g,rol 7,s-y Ito /7cJ ~ex) /1 't 'I? 
v'.lL @ ~~S' 1,Ch ~S-,3$0 //~S- - {ff 

@IJ (_ _r,9r 7.ct: '7 7 I 3?R /J7S- r~ 
I~ @ 1,iJ[ 7.,iy ! )j i 3f;J.' 90D - r':>) ft. ~ I 

I 

Ca/5~1( @ ?.t;r 7, lO l f0 :)f() '/CO J,f ~ YL.. - (v I 
BL @ lY-.8)17,~ 'J.°! !~). { 1()0\ 

' 

- t? l 
oJs @ £7% 7.so J{) ! 383 I 97S- - rSJ 7,/, ~ 1 

I 

uf~R @ I ~.ro 7,SV 4"J. -2SO I ~SD 1-r (U ',(,, Iv I 
I 

OL-
l 

,I
/ 

@ 'V ~ if'" ?..lo ! :i.s- ! 3 ~' / J.Su - 'ff-
@ I I I 

I 

-' i!@ I i 
i I 

II ' i I@ I I I 
I ' I 

@ I , I I I 

(~\ ""1 ..,.,) :. (,-r~ (.I ...b ./'{Of 9'. - Ca.(0:3 ! /......,."I .. \~l1 ~"it~ ) C ~ ~) C ) :::. , :r~ ~ ~,,.-... 
11 0:st-111 s~t-~~~->-\ ~~ ll.Of~ (.,07a-- J:: s:~1 L 4Co st emperature a~ ( F) 

- 1rt 

Tan ential Air Axial Air Primary Gas Coc1! Transport Air 

- @ -
3 4 u er 

Finish @ 

... 
A-59 



Innovative Furnace Data Log 
Date:1/ /P!f/
Initials ~ 
Test "#-(d:'f 

!~
NH3 Rotameter $:J SO2 Rotameter r.2_ 

!ting (88hf;ig!: Setting (8B height): 
el· ~r ~ Draft (inches of water); /,t>

Cr'.&; Cl:l.(0(,t?JG,) LT:.-.,- W':-!njection Port: J"' ~-xhf-
0/2 Excess Air <measured): -

' Starting Ending 
Stage Air NOxOUT Feed Feed 

! 
I(float height} 02 CO2 co NO S02 Feed Rate Rate Rate 

@PSI (%) (%) (ppm) (ppm) (ppm) (mL'min) (mL'mln) (mVmin) 
I 

' 
IBL (,v3@ 7D r,1;1.r- ,. r{) :;,,_r t 'f)r ,,,--- 'IP"7 ri -

@ - (JI iCtk/j '!,to 7,/J. I 11 3,h 101:r (s> ~~ \ 

@ ,, r pc..b~ It/.. '/JS 7,)D JS- \J.ro /()(Jr) 15) ~j I 
@ IIJL- 9,/0 7A'1 ~').. ?t, f~oS- - 'ff \ 

I Lt>sq,,--_ ;---- w@(Q.(C, 9,()) 7,1:J t1 ?~{) rv- ~ ~ ~7" rJJ «r I 
O.lt~...r~ @ 

\. 

~ ,, ,.. ifflS 7 . .i) :is- ,2~ 10..:iS- /.f (iJ l{ 'f 

At-- @ 9JJo 7,/rJ tr- ]l,O ,~7.r - tJ--
CA,{<, @ 1,co t,"Jo 

l 

,s- 1'13 I \?-~o - (5) s-o 3 I 
c-1~~,l @ ~-10 7.JY :i.r •:;~r- \7CO I, y (s.) S-o ~ 

! 

; 

i 

,31 @ 9.1>) ,.oo 1, 3foJ-- Jfl(J - ~t 
Ic.«J.~ @ 8'.?) 7,-;~ l? 3(o0 l l)SD - VS) ,0 ~ ; 

I 

@ ~,~75 J, ;t.'1 I ')S' : )"10 vs) $"'D ~ Ic"l~tfJ\i ,P-~ \. ~ 

~r 'I/ @' ?. O'JS 1,(X) ,? 3~3 1~7) - vr i 
- I 

@ I i' 
i i

@ i I I 
I 

@ I ! 
I 

I i 
@ I 

I i 
i 

I 
! I 

j 

I 
I i I 

@ l I I I i ! 
(-Q...trys~i½~ '(~t~)(l,01 ~ )(./o.-7):: ·s.·~ ~ C.4LL3 Slvt. ✓I, 

.. ~ 
(slc...try~•dt.-,, #.,) 7 ( Sb ~)(1.e;s--~)(.~"): 3,'t7 ,h;., ~(03 5/. Temperature aM!il!! (0 

F) 

Tan ential Air I Axial Air i Primary Gas i Coal Trans art Air 

- 1rt q,>f @ rr V,o @'fr 
1
o,i/-@) J- - @ 

Finish ~~S-i@ 'lS' \,D @~) D.i;-@ 2. ; -@ -

A-60 

http:JS-\J.ro


--

Innovative furnace Data Log 
Date: f tjjiff
Initials ~ 
Test: 1/=-,v fr 
NH3Rotameter J SO2 Rotameter ~ 

Setting {BB height}: l( 5~e~:~g ::~~°,if: G;;/f- Draft (inches of water): 1,v 
-€it1teY: 1>ry.Tofl.r: tri~'ft,,,.,,,.1",,,,,., c.to3 lniection Port: m 
% Excess Air (measured): ;,c:---

;:,o11.,..r I 

1 
Starting Ending i 

I 

,.t,-4Qe_.,,,..~eAir ~ Feed Feed IX 
(float height) 02 CO2 I co NO S02 ~~ Rate ta I 
@PSI (%) (%) I (ppm) {ppm) (ppm} ~JtWmin) min} ! 

~, ~ -
~/.. /,¼"@ 3e 11,Df' I 7,/o It, ! 7;- IV ,s-1 

I c"fs @ 41. o/7$1 7. ).S It 7'? \ ~'({" (;) ,D:; I r.o:S"""" I~ 
u1 

8L @ 8,35'"1 7, 3;1, \ l I 79 IJ'f ;;,_s-1 -
@ i 9"0 1._, fOCJh <?.'llf 7.~'l lO 'l)O D· o ~ ( t,,,o> 

/Jt.. @ ~.Ylf 7.)o I ~ go 13~0 
e--~ f1 R) ('.>,OJI &~OC ,'(.or;c.ls @ 8'.&~ 7.~(p .S ?)S ,& ~ .,,,,~ ;). .90 

-IJ~ @ !,tl( i/, ,o 9-D 13)l)3 
•

~) @ Y.8f 1, s-g s- ~6 i 'SYD 0, bl,J 8", I/ ,.;;. i I 
/Jf._ @ 9,/(), 7,tlf. 0 , i'D lfJ-), . - I

, 

I 

I ~G,. L ~I/c./5 @ r.oD I 7,~f) · n fn ~(" f),~~ - ,. &,}i li ~/ t..,; ,v, J'":..A,. It?'' flo 

Jt- @ 9,{D. 7,~ 0 I~ i 13/o ' 
I 

uv/j @ '1.'i( 1,S"ff I ~ I <i?/ 
! 

I ~ltD o.c'is t ;i...' Ji, c,.v~ 
. -/JL- @ 19,o<! l,lb ("~~ ~I ,J.s-o I 

o.is @ 'i,9D ! ),SO 3 1 1?2 ! J10 Oc 6 r~-1 /J,lb,. Q.~Y 
I 

I&t.- ,v @1I/ ¥.1~ 11.17-r2__1 'i13 ! ,s-;i, 1 

@ I' I :! I 
I@ I I 

I

@ I i 
I 

' 
: 

;~~ 
Temperature~t (°F) 

TanQential Air i Axial Air l Primary Gas ! Coal Transpo:1 Air . 2 3 4 upper 

~rt q,~ @ ~( 1.0 @ ~s- DJJ-@ ?--I -@- Oc,..1,.JJ io~ Li' Y 
' 

Finish \.\,'6 @ ~~ \.t> @ <-t( O~?@ ~ 
' 
~ -- o.,,.,-r I 0.\o1 \~75 
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lnnovc:itive Furnace Data Log 
Date; Yo{tt;
Initials ~ 
Test; #NS], 

NH3 Rotameter ? SO2 Rotameter r/
Setting (BB height): ;:,3 Setting (BB height): ,:; 
Fue1: kVfff---tM G-vrs Draft (inches of water): ,.o 
Slurry; ~s Th~ ID LvtY) [g.{p· Injection Port: . fflt ,,ff'tiV 
% Excess Air <measufed): ..-- 3 

I ' Starting Ending i 

Stage Air NOxOUT Feed Feed I 

(float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) {ppm} (ppm} (mVmin) (mVmin) (mVmin) 

I T 
Ibl- I,o"!>@ q o It;.fo 1,~~- II I JJo I l'ffo - If(" 

ct:#is @ '?,(,)f 1,,;~i /,3 JJo C,l/'J I (,.) ro l-
CAl'w.r..ctl. @ &:s1s-- 7,~). ,2?. \ /~) ! ~()O I (.q (SJ So l 

r."'1-.... ~ -.-, 17-r., ~ 4-&!,. ' --,;l,"30:::.--,' ....., ;~ 1 ~,'3.L @~.1,~ V/"ViJ I• I I 7 ✓ 1 ,.: ..;. - '!8' I 
,;:~ ~ .. - ~uf~ @ rr:,r- t,f{, (~ ~Jr -TO ~ - - (J) Jo ·~ 

I 

u.l~i \ @ '?tsr 1S-O 3/ I Jf.(' 77r ,. r (s).r-o-
,,..,,,--~•.I~!'..,-} ,,,,"'\.. -0(... 'V @ '~ I_,.... ~- ,20 I 1"?:~ 137< vx-~ 

@ "II 7-~f'.4 ~ I : 
@ 

I 

I I 
@ I I \ 

@ I 
I

I I 
' @ l I I I 

@ ! I I I I I 
I 

i ' @ i i I i I 
@ ! i I 

I 

I- l 

j I
@ I iI 

II i I 
I 

@ I i I 

I I i@ I I I i I 
<;t\Mq St~,.,1 -=-(w~)(\..\\ ~J(,l¥T7) =~.-;.o ~ G,Clj S(....(r,c L~s 11,...-l~) ~~ 

Temperature ati=£1 ( F) 

-
' 

Tan ential Air Axial Air Primary Gas I Coal Transport Air 2 3 4 u er! 

,....,rt -- @ 

Finish 
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Innovative Furnace• Data Log 
Pate: f I Jb I f / 
lnitiats e.J$ -c 
Test: -¥-""s-z 
NH3 Rotameter "I SO2 Rotameter S> 

Settino (BB height): ~~Ing r.:,_s t,ei~p: ':L-·--
D~aft _(inches of wateg: /,, 0 

Slurry: IA~ 'j1,,.A,,v JO~ (a.,(03 ln1ect1on Port: .f '1f2"1/'=
% Excess Air (measufed,: -

I 1! Starting Ending 
Stage Air ' NOXOUT Feed Feed 
(float height) 0 2 CO 2 co !I NO SO 2 Feed Rate Rate Rate 
@ PSI (%) {%) (ppm) j (ppm) (ppm} (mVmin) (mVmin} (mVmin) 

ea:/<; 
1 

@ '!,tD !7,/P l /J J)13 I f~r- I - (sJ f.r9 (]) 

\ 

rJs @ i:f7r7. /1. ! ;lo ?Jo I 9 to I -- ~) yr (l) 

@ I 
@

----+-__,.;;;;_ _,'----1---,-----1---1----+----+----+---1 

@ I I I : i I 
I 

@ ! 

@ I I I I 
l"-"'tr ~t/;'J..f 1t-1 -= cu~){1.0~ ¾t.J{,08"1~J = f. 7-;i ~ u.C.0 3 >'-7 t ;-i~~ 
Sl~rt1 s,d>, 1t-).-:(ro ,z)(t.o~ ~J{.o~J;J,) ::J,77 ~ (o(O✓Sl.,i";,{:,1~) Temperature at Poff-(°F) 

Tanqential Air Axial Air Primary Gas i Coal Transport Air I 2 3 4 uooer : 

fst@ q~ fl> @'<r o.~)-@ ::2 I - @ - 1P~ ~g /7?.r: 
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Innovative t-urnace Data Log 
Date:~ 1i'f I qi 
ln;tials e0t" 
Tes!: -tl=-1vs:¥ 

NH3Rotameter ,IL- SO2 Rotameter 

Setting (BB he1g1:f "1~ Setting (BB height): s-~ 
Draft (inches of water); t.v 
Injection Port: "::! 

Sdwi Starting Ending ~ 
~Air B4~0xOU"f- Feed Feed 

·- - _J ....(float height) 02 CO2 co NO S02 .,...._...,:u •-•..,, Rate e.,f, 

@PSI (%) (%) (ppm) {ppm) (ppm) -tmlfmi11r (i=tmln) 

Q~ 

i:~ 
-BL l·X@'3b ?.lo J,)3 ~ ?t,G I !f'lr 

Cr4> @ 1,i'lJi:7,~· ~ ;j-!J /o?o 0,0[3 ~.tJS-

&- @ £so 7,ft) 7 8-? l't;.o - -

DJ$ @ S:7s- 7, JC>, 7 ~7 Jf(}Q fJ,Dl<.. f,os-
RL. @ ?,{:{) 7. 3¥ 8'S-? 11/to 

C4/s @ ~JO 7,}c) R ~ ~~ o,o~ ?,{/ ?.e?Y 
AL @ r,~ 7,3'1 3 ~) 1-:Jft) 

~IJ· @ '8:Sb 7,?o 0 3S s;::.-,._s- bto::lC. ~ I/ f,;,.y 
BL @ P,6() 7.16 .:J. !?-7 lfl>S- .. . 

o.!5 @ >:l;.r 7,vl, 0 87 ~7..r 0,03? 12/t 
-(Ji @ l?:?r 7.JA 0 f?~ 1A7.5 

-1-. ... / @ r:,o i-7~ C) f?f (, 40 O,o1? /2./J

F~ @ P.f)f 7,IY C> Jr~ 1:i;is 
, 

@ 
I@ I 
I.. 

@ 

@ l 
i 

I 
@ I I 

.. ~~ 
Temperature a't ~ (

0 
F) 

TanQential Air I Axial Air Primary Gas I Coc1I Transport Air 2 3 4 uoper 
i -f' ~rt ~ .~ @ ~s- I1.0@~) (),'{).@ d- i --@ Bv.r~ 1/Jo 1~r, 

-@Finish ~L~ @ 4S- l\,o @~S- 0,8')-@ ?- I 
! 0""' ~l 33 t?lp ! 

: 
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__ 

lnnovc1l1vo f.:-urn.:ice Datc1 Log 
Date: ~;;.. t'tl 
Initials ee~ 
Test: .£/VO 
NH3Rotameter 
Setting <BB h~~ ""3 3 
fuel: ,..,,,, ''I-? 
Slurry: 7.rh-=1 > c.UJ > P.s;~ '" 
% Excess Air {measured): r-

' 
I 

Stage Air 
(float height) 02 CO2 co 
@PSI (%) (%) {ppm) 

f\L-- "'1D~@ f"}n ;:,n 7,t'-< )f 
W7. 

c,/s~1. 
gL. 
u,{5 

lb.lS-tMA. 

6L. 
CA,($ 

u.~'HF,~ 
C,L. 
GJs 

ccJs-,.~e. 
~L 
e«,/s 

rJr,,'tl)st_ 

f,L,-

cJ':, 
CAI~~ 
tl-

@ s.,,rt 7.J't /Y 
@ 8.?s 7,3). ;:i':; 
@ Y,~ 7.~ l7 
@ 8.7~ 7,10 I/ 
@ 9,S?" 7,f/4 l ;J.'/ 
@ 1,77~ 1,/t> l'o 
@ 'f.l;.$'" ~.qfl l t 
@ 9, ri) ,.~ 3'f 
@ i~7r-7.o~ I I 8 
@ i .f51 l, t'J... l 'T 
@ i,,?-rl 7. ~ ·11 
@ g,1/) 7 ,O~ l / S> 
@ <l,~( '/,tf& ! l i 
@ lqklS'° 1,\i '.-13 

S02 Rotameter fJJ t.; 
Settino (BB helght): / 
Draft (inches of wfi,er); O, f-/./ 
Injection Port: ? ~ 

Starting Ending 
NOxOUT Feed Feed 

NO S02 Feed Rate Rate Rate 
(ppm) (ppm) (mVmin) {ml/min) (mVmln) 

3Jf I /Y/.> 
3lf i 910 -

ftf 
(5J ;0.5" c1) 

· 18o/ I rm ,.r 
--

('S) ~S' © 

@ 11.1( 1,c/6 I t1 !~~o I \?,;lf 
@ f.i}> l,o(p i l'i I1 to i \ 'JIID I 
@ 'l.10 1.l~ 3f t 35 I \]30 I 

io, 7)f' ?,Vo it) 11/J {370 

11) 1)?S--

1118 l 9s-o I 
I ,rr- ??S-

3J<; . t31f' 
j 310 1010 I 
I t1s-1 1010 
133'.r- t?,co 
775' \l(pO 

ll~Ol HSD I 
113711?7sl 
i ]9l> o.;~ I1 

! )~~ I 1:l?S 

~ 
- ~ 51>. s- V 

I I q I>) 9).) (D 

'ti"- ~- /5) !>t,>" 
&;:)I.~ (S) r,.s-

- ~\" 
- (S) 5'J. > (; 

}. ~ (s) r,. s- ~ 

- qr 
-
I,q--
-

/5) s-t f" 
~> r,.r-
~i 

(5) Sl.r 

I~ 

Q~ 

I 
~ 

I. 3/ (sJ rt. r (J) 

-
__.,c:"\.- i . ;,,.,e,"J,'t,..-

Temperature at~ ( °F) 

Tan ential Air Axial Air l Primary Gas I Coal Transport Air 3 4 u per 

~•.,rt l\,~ @ 'l~ \D@ q~ l~/6<1'@ ~ i ,--@ - ,_,......,...,., (}¢J'/ 170 
Finish '-\~@ K i\P@\(o1J.@ : ---@- o-::l"'l~o\\ ll 5f 

(5. S•I): CJ7>S!f}( l, llt,e.)(. IG"'-i'} = ~- 'iS- ~c."- co, ~ l-117 7~ > c Jo., >..,j) ?--
' co.ca., 1 

,~- • .,) =(S"I.S"~('·°"b'\ (.Cr"ll ) = 'f.t3 ✓?: , i, • , , 

H(s.s~ ff-3) ::(fJ.r,t.)(J)Y¾t) C_:0~1,_) :; J.n- ~ c._l03 •~ '' ~ 
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,-- lnnovat1vc 1-urnace Dala Log 

::;~ ~~f~, 
Test;~NuQ 

NH3 Rotameter 3)- SO2 Rotameter 1 7 
Setting (BB height): tp 

Draft finches of wat~ 1,D 
I rcii ~ t.-'1) Injection Port: "112~ 

% Excess Air (measured}: ~ 

fEF rB BJVtFf 
Starting Ending 

NOxOUT Feed Feed 
S02 Feed Rate Rate Rate 
(ppm) (mVmin) (mVmin) (mVmin} 

--@ 

@ 
/.r
-

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

~ @ 

8t- @ 

Clcit @ 

, I 

Tanoential Air Axial Air I Primary Gas i Coc31 Transport Air 2 3 4 uooe 

-·"3.rt ~.st@ ~r 1,.~ @~~I o.<tt® ;l- ! - @ -

Finish ~~@ \f) @~ lo~@ ?- : --@ -
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l I inovat1vc !- urr1,1co Data Log 
Date: r 16 1qI 
Initials ,el,~ 
Test: 'lP,vfoc 

NH3 Rotameter ~)- SO2 Rotameter 
Setting (BB height):~~in~ei9W: 
Draft {inches of water): a.p ...1.1sr£~i~,Mc.) c--¼ lniection Port: t:11. ~ 

% Excess Air (measured}: -

Stage Air NOxOUT 
Starting 
Feed 

Ending 
Feed 

(float height) NO S02 Feed Rate Rate Rate 
@PSI (ppm} (ppm) · (mVmin) (ml/min) (ml/min) 

l\l D@ 70 
c· @ CD 

Coll ~ @ (i) 

~.L @ 

0,/ @ @ 

a.ls~~ @ f, ~ 

4t.. @ 

c./s @ 

@ 

@ 

c-.ls @ 

(A~ @ 

L- @ 

@ .· I 
@ 

@ 

@ 

@ 

>~~ 
Temperature at~(

C 

Tanoential Air Axial Air ! Primary Gas l Cocil Transport Air ! 2 l 3 I4 uc 

c+~rt f.ff@~~ ).o@rS-~,~)...@)... i --@-- ~~A ,,~ql l/7 
Finish ~s-g@ ~t;- l llD @'{~ iDJ;'}@ A I - @ - Ia.-i- 1,qq~ n~ 5 

(.s~+I :.(~, t\(1.II~ ,1-;_cd :::: 7.tJ;;-J:...:- C<- 0..3 -r/1 ~7~ ~ (~'t.s-ef)( 1,() 7 ~x .o~;>.1) :e. '1. 'Jc,. 1:.:... u...(.-CJSl--r 

l~S~).: (>v::t)(~--0~4-\(.os-ci).:: ;t,7 L c...ct,,~/~ 
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S02 Rotameter 
Setting {BB height); fo 
Draft finches of water)-Af:4It) 
Injection Port: !/ "F 

; 

Starting Ending 
Stage Air Feed INOxOUT Feed 

i 
I(float height) 02 CO2 Ico NO S02 Feed Rate Rate Rate ! 

@PSI {%) (%) I (ppm) (ppm) (ppm) (mVmin) (mVmin) (mVmin) 1 
\RL /.o3 @ 7l 7,JD I 7, fb I,v._ 37~ I /{,SQ - 1/R 

CAIJ @ 7,s?s f:ltJ I ;i; 111) '/J.r - (S'} *·~ © 
@u/s~ 7,so a-, 11 I 3s- :Jco, c??.r /,// /sJ ~r- 10> 

ll t.. @ 7.LJr 7,7~ 'fD 1L!) I t<;7r - 'rtf I 
I 

c.JJ @ 7.r/J ff II) //t; 1rtsl f5v - ~J ~"-~ 
(D I 

cJs~P. @ 7.tlr 'J'Ji) ;-_s- %r\%1~ I. r (5) 'ti.~ c) 

@Bl 7.5".1'" 7.7t, r~ 1,0 ,~1r- ltf 

---ds @ 7.~ 7.Jf' Js1 /,100 -- (~J Sb ~ ~ 
CA/,+v!,A @ 7,~ 1,~~ r-,r :i.s-s- 1175 /. y ~J S"b (;) 

~L @ 7,'tr I 7,f>o '(1 Jis l /.\fJ!;° - 't( 

uls @ 7ct? 1, 1). Sb 
1 

16g> 11es- - fSJ Sb Ci:) 

C4/~I( @, v,JJ{" 7.9J' ~3 ~,~ 11?r I. y S) SD ~ 
,3l ,v @ \ll 17 ~ !7S'?llt?J- - 't~✓ ~ IJ,,?-21 

@ I I I I 
@ I 
@ I 
@ I 
@ I 

, _wl,k 
0

Temperature at ~ F) 

Tan ential Air I Axial Air Primary Gas I Conl Trans art Air 4 uooer 

Start .Sg' @ 'fJ /:D @ tf ().fr} @ 2 - @ -

p-:sh ~'~ @ rs- .D@ 1/S-I OZ")@ ?- ( -@ -

(sS"i() ~ ('fi,f'~)[l.13 WC.tS-/3) ~ f;',J-9 ~ C1., C.03 5l.1r, 

~ .... ;):. (5'>~)(_!.obffi.>(•ois-7)-"' ~.s~ ~ r~co1 51.,..,rr,5 
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lnnovutivc Fur110.ce D.:itn Log 
Date: CJ"; l>t qI 
Initials e~ 
Test -:ffw(p3 

NH3Rotameter -i 1 SO2 Rotameter ")._ 
Settino mg height\: S.~~~:~a (BR c~;:e~ku:); Draft (inches of water): c>.~l."D 

Slurry: ?fr- ? c~CL)l >¼ Iniection Port: · ~h, 1/«1
°6, Excess Ar<measured): 

i 
Starting Ending I 

I 
Stage Air NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) , (ppm) (ppm) (ml/min) (ml/min} (ml/min) 

i!J l-- 1.t>'\@ 7o t;oO 7,GO JO I JS~ Jr?:<: I - 'i~ \ 

@Ca/5 </,olf l,6r l Jfo JS") , IJ,;Jo - (S) 5D I 
MlMP I @ 17,f~ --7. 7o' C-1 Jf3 j~/,hj- J. 7 (_S} S!:> I 

i 
•((db,. @ '?,;3- 7,s:J t;"O : JS) 1_,11,_I.,~ '18'I _,6 ·-~ 

@o./5 £o'k' 1,6.,2 I s-s- 3SD I1J7f" -- fSJ W 
'-

D&6y-~~ @ =?,C,O 7.66 &v ~ti) ,1/oD /.y (SJ )D 
(3L @ r,1<; 7.~C( 1>" 2S"D ltCO - 4~ i 

I@ I i 

@ i 

I I 
I 

I 

I 
I 
I 

@ I I 

I 

@ I l ! ' 
I 

@ I ' 

I@ I ' 
I ! . 

@ I I 
I 

' 
@ I i II ' 

I
@ i I ; l 

I I 

@ I ! i 
@ I

i I 
I i I I 

7 10~I...A I sJ;>-9 ,,.( 5'o ±)( 1.o'>~)f.oo.'I) 

! 

"' 7 · ;-~ c.._ ~~~::2,e at~{~ 

Tan ential Air I Axial Air Prirr.ary Gas I Co21 Trans ort Air 2 I 3 4 u oer I 
r'•'¾rt \lo@ ~r D,0-@ <J.-- -@ v.r,.,,» 051v ,I77b I 
Finish y,ft@ VS- /.0 @lf).cl~)-@ ;J. -@ ~ ~JI 0~ I O ! 
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l1111ov<1t1ve f-urnacc lJ<1tc:i Log

~~;f-!Jil 
Test; :Jt-lJ(p r 
NH3 Rota meter _ SO2 Rotameter 
Setting (88 heia.£:t :?,) 3 :J Setting (88 height}: 
~uel· 1vM-1 G-A3 Draft (inches ot water): ~?- /40 

lur&: Ca..O (Tt:e,._ L-,) Injection Port: 
% Excess Air <measured': -

I I Starting Ending 
Stage Air NOXOUT Feed Feed 
(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate 
@PSI (%) {%) (ppm) (ppm) (ppm) I (n,Vmln) (mVmln) (mVmln) 

Bl- (,OJ@ 70 8:6)(17.:F .% · JJo I 1.s-101 -- 'Ii' 
CJ'J @ VS2>' 7,)9 (d) :>Jo! YCXJ - ~J ;o.s CD 

@r .--IL •...,s,et. 1:ft' 7,3~\ 90 IJS- J).S- ,.," fj) .}().~ a) 

\,\L,.. @ 81 Y}f .. 7.J.2.\ ~A 'JJo ,,;.r VP 
C'll. ) @ 1~¥1!•7,3.2 \ bJ . 31.S- 4-'l?(_J - (sJ Sb,,.; (D 

U.,(~ @ f.)?J 7,/L 9C IC> -:37]- ,.~ (sJ .ro,s- ([) 
St- @ r.~c 7.s<t {,[" '31~ l~ln - 1-f' 
Co/5 @ i37s-- 7. ~;2.1 ea; I 3'1!2 71c; - CSJ n ~ 

cr../4~ @ i.1(7. 4;.. 9r-:> .?O i l;'"CO !,'I (SJ .r-1 ~ 
-AL @ Y.tJ( 7, 3;2. {;) 3pl> ,~~< ltt I 

V 

CA,,/5 @ 9.3( 1,3ri r;r;- J,;.S- i?OC> 
-- (5) s--; =1-

~CAIWPit \i @ \/ x>. l( (, "1a I 8'0 loO : (_J(I /,It (S) S-/ 
' Al @ Q 1rl 7.14 (p1 3:i(:, }In//) - 'ff 

-
' @ I 

@ 
I 

! iI I 
@ I i I 
@ ! I I 
@ I 

I I I I I 
. frd"/b--

Temperatura at~ (°F; 

Axial Air I Primary Gas I Cozil Trans art Air 3 4 UO E 

;2ot~ I r7)., 
FiM:<;h ~,S""r@YS- 1~0 @~r o!O-@ )- : - @ - ~t 
(S5 ~ lJ = (,~s ~ ( \. ti'1 ½e C, lm)~ -,.c,( t. CclJ ''<;t..J11 •: 

1 

(~S~) ={&"i··.;±-J[1/~·s-~) (.o1tf ) = ~/l~ ! (c,.0 ''s(~17 
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l1111ovc::it:ve !-urnace Dato Log 

Draft (inches of water}: ,~D 
lniec;ion Port: £11; 

t: \ 
S,,,{i~ Starting Endingl 

I s ff 'rtfr 
~aga.Air MOxo- Feed Feed 
(float height) CO 2 co NO S0 2 Feed Rate- R~e ~taI 02 .,
@PSI (%) (%) (ppm) (ppm) (ppm) '"(r nttmll 1) f,lit/mln) {iWmin} 

~L. /.)r-@ 3o 77ol 7, ?o 1r 1f:3 lffrr ~ 

r,., @IC4IS iq.ft 7, / 2. 19 I?? ~(t') (),or'? ~ -5'- r 
- @ I I I 

If!>l 
' 

7,t/J7/;-~ 1.121 l '/ 99 I l>.>O 
~7-r~ls @, 1,5":iS 7, l'J I ; f 91' ~~t) t>-o'ff f;: 7' 

I

/:,L \ @'l/ 7,'1) 7 ll I .:io /CJO /do ,.. 

@ \ 1 
@ 

@ I i 
@ I I 
@ I I ! 

@ I I l l I 
@ I I ! 

i I i 

·@ i 
I 

I 

'I . 
@ I i I' 

@ I I 
I J 1I 

I@ I ' I I 
I l@ I I I 

I 
i 
I 

@ I : 

I 
i 

I I! 
I 

" S:.~ci
Temperature at-emf (°F) 

TanQential Air l Axial Air Prim2ry Gas I Coai Transoort Air l 2 3 4uoper
--

Start f.15 @ Yt l/.o @Ys D-~)-@ J.. @- ltt~ J11r 1¥/f 
=iric:,h 4.~ @4 (' I /.o@l(r 10JJ@;L --@ -- I ~~T )(JJ l~~y 
-

'•, 
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SO2 Rotameter I.J 
Settino (BB height): iJ 
Draft (inches of water}; /, t) 

lniection Port: $:'~ I.e.-¾ 

Ending'1 StanlngStage Air NOXOUT Feed Feed 
{float hejght) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) (ppm) (mVmin} (mVmin) (mVmln) 

BL f.o~@ 70 7,70 7. 'S~ ?- :;2.. 113/ !~KS- 'tR- _,,..
-/i. f.~~ @ ~Dq,. - -~ C 
C.,Vl :J 3/. )-

C4"t,,,S,t 1/-Dl,-<i>;-l>I 7,rA 1.m °I) ~ 5'"So 7, 0 3't-~ 
G, (} I - @ /.;-, ~ 

7,..., -I - ~ 
IfJ,/S~ll 91-Db-@J..o;;.. 7,ff> 7,~D 7J J.JS- ~,z,.rl 7.. o 11.r 

RL 9/-o(p -@oJ-01 7.,7( 7,f;O 18' 3'lt:. {~S-D .--- ~~ IMe 
@ vJlfS Ale/c ~ ~-r.J'-
@ I I ~I I ~ 'Ir: 
@ . 
@ 

j

@ I II i 
@ I I I I 
@ I I I I 
@ -I 
@ I I I I I I 

I i 
@ I I I 

! I I I I 
@ I I I I 

' 
@ I i i 'I 

Tan~ential Air I Axial Air Primary Gas i Coc1i Transport Air 2 3 4 uooer I 
; 

Start ~~i@ \«( \\o @11.S- 0!{)..@ ;... ----@ \{~~ I-
;z_r"1Sh ~'5-g'@ L(S- l,o @~) ~. fl.@ - _@ --- 0vv+ I 

... 
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lr)11ovc1l1vc !-urnacc DJlcl Log

~nt;; {p ~ 'f I f / 
_!_i_ls _l-e 
Test;-;J;.,vG.~ 

NH3Rotameter e{fC S02 Rotameter u 
Setting (BB hest}: f 3 Y 32. Setting ms heiaht): T)-Yy 
~ue!· k ..... .1A1 ~ Draft (inches of water~ /. o

lurry: ec.,(oJ/'h, Injection Port: f1 t...o~ ~ 
% Excess Air {measured): -

I 
I 
I 

Starting Ending 
Stage Air I NOXOUT Feed Feed 
(float height) 02 CO 2 co NO S0 2 Feed Rate Rate Rate 
@PSI (%) (%) . (ppm) (ppm) (ppm) (mt/min) (mVmin) (mVmln) 

,BL- /,DJ@ 70 1.31s ?,FP /) 3ff) 1S-7c) I - f'[i-

Ca,/t; @1 7, 77sf 7. Sn ,?c) JJ'?\3.,,,1.S- /5) ~, -
@ar/s+""'s;z. 17.~7<i1 s((Ji '?D 'IC- J~D \ -~ :$) 4.l 
@BL. il.7C: 1. to6 rs- 1~0 1Yoo -- ~f 

CA{<; @ 11./'lc; 7,60 I iA 1'io c:1( \ - ✓S) C-1.1 
ra{c,~i. . I@ I I l;,.L1~ 7,961 CP( \ &O \ SS'D \.~ '5) ,,(\ 

o,, I @ ~I 1.11{1' 7 ,nl Ito ,sr l'f30 - ~i 
@ I 

I ' I@ I 

@ l I 
@ I I l I 

' I 
I@ I l 
\ 

' l I 
@ I 

I I I I I I I 
I 
I 

I I I . 
@ I I I I I I I 

! ; ! 
; 

I@ I I I' 
:@ I I I I 

I @ i I I I I 
I 

@ 

.. ~,cl,~ 
Temperature aisfleflt { °F) 

Tanqential Air 1Axial Air I Primary Gas : Cezil Transport Air I 2 3 14 uooe 
' -@Start 'f.rf@lfr v.b @lf~ o.'(-J.@ 1- -- I Pt..1~ ~113 I n1t> 

F:-;sh \{ :%@ ~ c; I \ .o @'-\ r ~-~)@ ;-- I --@ Io.-, ~~\,q; 

A-73 

mailto:f.rf@lfr


I, 111ovc1tivc I- urnoce u.Jla Log 

so2 Rotameter u _u;,, 
$Qtti'l<J (88 heiqht): 7 41 .E. 
Draft (inches of water); I· o 
l'liection Port: '< 11i ¥fY= 

I Starting EndingI 
Stage Air I NOxOUT Feed Feed 
{float height) 02 CO 2 CO 1 NO S02 Feed Rate Rate Rate 
@PSI {%) (¾) (ppm) I (ppm) (ppm) (ml/min) {ml/min} (mVmln) 

\\L \.o?@ lo 17,7s 7.~ ~o : J'ro /~)57 - 't~ f1-rlo..tc- I I 
c4/s @ 7,foO 7.hV l'r 3S,-i S-e>C> - (5) 47.f 

r~t..JJS rt @ t781<; 7.70 11 ~ l \)~ \ 1-t( I.~ S) ~7, 5 '1/-06-~!= o) 
I I.LY"':n/r' \ r-l.1 - " -,7- (, ~jt.. @ -·~~, ,. - _,

I ,, "J 
~ ·--•-,•v ~ ~¥ 11 ...-J~\ --- -... 

@ I 
IBL-

' - Yi 
I ' @ I 

@ 

I@ 

@ . 
;

@ I I 

@ 
I I 

I 

I I 

@ I : 

I !@ ' 

@ I 
. 

I
@ i I-
@ 

II @ I 
I i I: 

I@ I 
I 

" 5tJ'~•-
Temperatura at~ (°F) 

Tan ential Air Axial Air I Primary Gas Coat Trans art Air 2 3 4 u oer 

~i-:qh l(.~@ <ts- ,\,t>@ ~).. o.i).@ J- - @ oi.:! ffcS'7 

lc;J...✓ r 7 ,;etf-,',,.,,):: {'tt.r':!:f: )(1.10 /::::c.)( m-:i) = 7. ;,y z::_ G...{o«l <;1,...1/1 
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SO2 Rotameter 
Settino (BB heioht): 

% Excess Air fmeasured): -

Starting Endir.g 
I 

Stage Air . NOxOUT Feed Feed 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) (ppm) {ppm) {mVmin) (mVmin) (mVmin} 

Rt.- l~o3@ 7 o i.<.1r lrfi 13 ·3;2r /'))01 - Lf9 ~-011-aP~D,~ r.,s- (,,~ I ~ L '])-~ 3.fD@ "S)~J. S-- 'J) -°' (r, '"~4~ @<?. S",15 .~v-

.'-7, ,;i.. J-o ;i. (,,J_ 'J-7~ &>,S- 'sJ ~I. r- 9/-Ck-ll? r-C 

@ - I I 
@ 

II I 
' @ IT-o,1! :;t: A>{p 1 I I 

@ I 
~L (, D3@ 7D 1~,;(I 7, JD t 't ! '$~~- /5)C - r?.r "1/-o, ""(J p 

Cai< @ i,1, 7, ti> J) 17¢ f/1;- - 'S) If! (2)

"'~~a. @ S';rv 7.oy 1l 3fD trtJ() fr,. s ~SJ r/ 9/-01.-c.i i -. 
@ , l - II I I 1-

@ l I I 
!@ i \ ! 

@ I .• I iI l I l i 

! 
\ 

I jI @ I l I I 
I 

I I I ! 
i 

@ l I ; 
I 
I I II 

\ 

@ I ; I I I I 
II 

@ I I I I I I 
' 

;. ~er--
Temperature a~{°F) 

Axial Air ! Primary Gas I Coc1l Transport Air 3 14 uooer i 
Start 
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r c;/ 11111ov2tive 1-umacc D.:itc::i L.og

f;;~/;; lQ ~ I I
_j_l_ls _-( 

Iest; •rV2a 
NH3 Rotameter -:, g, SO2 Rotamoter 

S~ttinn <BB height);gG~i~g (Bj;!Eht~ ~ 
Slurry; (4,(oH>:l--
% Excess Air (measured): 

I I Starting Ending 

()c.-

Stage Air 
(float height) 
@PSI 

@ 

I 
02 CO 2 I co 
(%) (%) I (ppm) 

')C?llJ,r 7.ro 

NO 
(ppm) 

'->5'7 

S02 
(ppm) 

l5~1 

NOxOUT 

Feed Rate 
(mVrnin)-

Feed 
Rate 
(mVrnln) 

yg-

Feed 
Rate 
(mVmln) 

ICfl--06-JP- br 
.. @ I 

! 

C4{', @ .VS 7.~D\ 17 I ~c;-_s-, sJ~ - SJ lf),) I 
@ I I 

! 

c"fs'HVlt @ 

@ 

~D.~1; 7,c,,VI 1 o 
I 
I 

I 

<;-0 7J.S,., /o,f" (~) fJ.5 'J/-Ob-10 -

@ 

@ 

@ I . 
@ 

@ I I 
@ 

@ 
I 
I I 

, 
@ 

@ I 
@ I 
@ 

I 
i 

I 

I 

@ 
I 
I 

i 
I I 

" 5("21,'; ~ 
Temperature at~ (°F} 

Tanqential Air Axial Air Primary Gas Coal Transoort Air 2 3 4 uooer 

Start ~~'5~@ Lt s-- \.u @~5 b.t'J-@ J- ---@ - e""'~J ?170 t~). 

Fi"•i;h ff,5¥@ ttr- ,, 0 @45"'" ~J().@ ~ I ---@ - c,v--T JJ7t ,~,1 
-
1"'1t'f Xff11-f " (l(J.,) e )Ct, IO!:£'>(. /Ifl?J= (,' 7.?, ts, c,jO //J:z 

.. ' 
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r-., 11111ovallve 1-urn;::ice D.:ila Log
Date(p I {( I i( 
loltfnts aJ~ 
Te~t: :#v---7 { /~N7) ~fl ~L 

37 
D~:; _(inch;s of \1fW); 
Int tron 

I Starting EndingI NO)lpUT Feed FeedStage Air i(float heigh!) 02 I CO2 : co NO S02 Feed Rate Rate Rate 
@PSI (%) ! (¾) II (ppm) (ppm) (ppm} (mVmin) (mVmln) (mt/min} 

t1JL 1\,0', @ 70 7.rl75t1,Y'- l~ ! 15? 1r-ts-1 'tw' 'f/-{X,-((- DI 
.. @ l r --t. D 

AJ'1A. \ ..()1 @?o 7. 72<:r 7. .r-D' 1/D ~1'- /"7r- s--.s 'rf fl-rlo-c1 - ol. ..... .._, 
@ I \ 
@ 

/" 

/;,L (,0>@ 70 7.90 7//{) I~ '?'t~ llPIS- - 'f 7.? 1(--bb-l/ · 
@ I 

vs (2. (.o"\ @ 7o l1~iS 1.4.~ io iqo ltn:LS 
~ 

~,) 44 qf-.c/4-<1-
@ 

i ' @ I 

@ I I 
@ l I 

' @ ! I . 
@ 

I 
I 

i I 
I 

@ !! 

@ I 
I !@ I ! 

@ ! ! I l 
;; 5'eh~~ 

Temperature arfloft-( 
0 
F} 

I Primary Gas · Coc1I Trans ort Air 

3tart i0f67--@ ).. I - @ 

l0:-61-@ J- ! - @ --
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l1111ovative J-urn;::ic8 l)3tc3 Log 
Date0? !)l.{J/
Jnitlals 

:-t 
Starting Ending 

NOxOUTtStage Air I Feed Feed 
(float heigb!) 02 CO 2 CO !No S02 Feed Rate Rate Rate 
@PSI (%) (%) (ppm) i (ppm) (ppm} (ml/min} (mVmln) (mVmln) 

,/1,L \,0)@70 l~ 37'3 l~S-o I y~ 1/-0{i-~D
r 

. 7.'-r 7J.2 
.. @ I 

tv<,ll- \,o:,@ 70 17lso 7.~1 3} J.93 \ 17;20 5.S- 19/-o,-/l- p"~ 
@ 

@ 

@ 

/' ~L.-- \,o 1,@ 7l? 7.{g;S" 7.S?-, ?-I 13! 
t 

. (9~ - yf 9i ...C& --l'J. ~ 
@ 

,_,//) \cD-Z@ 70 7,¥{ 1,,0 ~y 38'3' 15?0 ~,__ 1/o/' f//-067/v. ~c 
' - J~- /@ I 

I 
@ l 
@ ! I 
@ I 

,I
@ I II 

@ I I 
@ I I I 
@ I l 
@ I I 

I I 
;; c;~½~ 

Temperature at 9ml (
0 
F) 

Tangential Air i Axial Air Primary Gas I Coal Transoort Air 2 3 14 uoper 

-Start ~.s5 @ YS- lt.o @VS-- ()..<l). @ J., I - @ ~ )t><-<o 11~~ 
=;-: ..h ~~r~@ t,~ itvu @trt o;~ ~ I - @ - o--4 116s- I ,s-7; 
-
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so? Rotarr.eter I ,I 
Se;ting (BB height): /1.JM 

% Excess Air <measured):+--
I 

' Starting Ending 
Stage Air I NOXOUT} Feed Feed 
(float heigh!) 02 CO i

I 

NO i SO2 Feed Rate Rate Rate 
@PSI (ppm) ; (ppm) I (p~m) (mVmln) (ml/min) (mL'mln) ,: 

\,o.3@ 
@ -
@ 

@ 

@ 

Si ..o~@ /,~ 
@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ i I l I 

Tan ential Air Axial Air Primary Gas i Coc1l Transport Air 4 uooer 

Start 
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I, 111ov<1tive I- urn;:ice D~tc1 Log 

Date:¼' f)jJlf
tnitlnls 
Test -tr-N?(; 

S02 Rotameter /a
Settrnq (BB height): /V/17 
Draft (inches of wate# }, o 
lnject:on Port Y J.o._e.g 

% Excess Air (measured): -
! 
i i Starting Ending 

Stage Air NoxouTH Feed Feed 
(float height) 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%} (%) (ppm) (ppm) (ppm) (mVmin} (mVmin) (mVmln) 

Al- l,o)@ ?D ro.J?f Cf.Jo fuO 1,r 7S7) - f/8' e,/-IJ,-(1+01 
.. @ 

~IS \, o3@ 7 6 1/D,~,1-<{,7/, '(OP ?f?O. 7< - i{s-) 'ff 
@ 9/-o{,-/ 7-, 

- ·- .... ,..
"lc4Yt-M/l. ,. 0 3,@70 •o,,rl~. 7o ?J~O J.¥5! 100 I.4 (S) LI( 

( -
@ ~~ 
@ ./ .,., NotM"A-' ~ 

--C ~ 

--
@ 

likb~ ..-o.rJ; ..rt,'e r.>~w~SR.. l,~I@ 
,.. 

100 l/c J ?J <t~ -'/l-a6-I'? -o.:.-
@ 

@ \ \ 

@ 

@ 
I 
' I 

I II ., 
@ 

@ 

@ 

@ I 
I I 
i 

@ I I 
")tXft\,-

Temperatura at...aa;l (°F) 

Tan ential Air Axial Air I Primary Gas I CocJI Transoort Air 2 3 4 u er 

3tart 

=inish 



7 

l1111ov.:1tive I- u rnoce IJwlc:i Leg 

I 
0 
~ ExQe~~ Air (measmedl: -

Stage Air 
(float height) 02 CO2 co 
@PSI (%) (%) (ppm) 

tL- \.01@ 7° 9-.7'5 ~.qo 1) 
.. @ 

(V'}t., \,o?>@ 70 i~)SI eti~O \ -; o 
@ \ I 
@ I I 
@ 

BL l,t>:3,@ ?o '?.7~ {'j~-~ 
@ 

ML \,o)@ 7o t.75 <o .cro rt; 
@ 
@J 

'n1 \.0) @ 7h ~?Jr ~c1).. ,~ 
@.. I 

·-- N~P-. \,o3@""?0 19,11-<.. ~\10 4( 
@ 

@ 

@ ! I 
I 

I 
@ I i 

SO2 Rotameter 
Setting {BB height); 
Draft (inches of water): I, V 

"' 
( 71, .;.L ~- 3 "-) . 

~.,_..e ~'?flt~I 

EndingStarting 
NOxOUT Feed Feed 

NO S0 2 Feed Rate Rate Rate 
(ppm) (ppm) (mVmin) (mVmln} (mVmin) 

JiO I 1f7f" ,s '?I-Ob-/~ --
1-,;Q, 1S°3', {o 3~.5 qJ-o,-fi-, 

I 
;13 ,~o - 'lr.r 1/-/)f, ../j' (J) 

lge ,~;.s- /0 I '19.) .f/..06-18 

l 
---,!"3~¥ 

-

/:::,-VO I (ff qf-c¼,-(~ -c.: 

l 
I 

t~O I {s-oO iD :? '7 .· <;{-Ck-tY .. 
: . 
I 

I I 
I I I ' 

.. t;ei/lo': 
Temperature at.Jilef't (°F) 

Tanaential Air Axial Air Coal Transport Air 3 4 uo er -Start 

?-c€"6 17(0 ; 
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l1111ov8live l-urnacc l),Jt;J Log 
Date:«? t !'11 9! 
Jnitfwls t;df 
rest *N50. ~/\Nlftt.8>-

1 I 

Draft {irches of water}: cJ,f-1~ 0 -1,,; 
lniection Port: fM.

fl
Jll.. ~{< 

d)~<2 x~ess ir measur~ - 1?6,.,.-e ~,t- )
1f,~J A,,1.. ilM7

I .._ Ji Starting Ending 
Stage Air NOXOUT Fee~ Feed 
(float height} 02 CO2 co NO S02 Feed Rate Rate Rate 
@PSI (%} (¾) (ppm) (ppm) (ppm} (mVmln) {mVmln) (mVmln}~<;-, ~, ,~,

t\n ,g '-- (,oJ@ 70 ~~(~~,to ,< {5'.2) - 'tr I{ If ..., 

I' .. @ ! 11-0,-19· o; 
rvSI\ h<>3@ 70 1,oo ,, 7&' lf'f 1<2 15"751 /0 JG' 

@ I 
' 

@ 

., \ GL I,<> J @ ?Ci) 8'J)S""'"7/)0 :;i.o 3YS- l5So - 'tt' q/-0(:, - ~,--- 0 

,f @ ·--
tvSf \,03@ 70 'l'if" ~.r~ 'f~ foD IS)~ 1V ~.;;; Cf / ..06--' 

If 
@ 

~ @ 

f. {),(._ (1)3@ 7V r;,.rr ~.gol It -s?tJI l~'t(" f'?,) 9/-eb-/9 I < - " 
@ I 

fv~fl I1,03 ·@ 70 ~f~ t;.r, ~g )W )~S- Jo 3'/ ft...~-11 rt? . 
@ 

@ I 
I@ i 

@ I 
I '\ 

@ I i '•," 

;; ~~ 
Temperature at~ (°F) 

Tan ential Air I Axial Air Primary Gas Cocll Transoort Air 2 3 4 u er 
--@---3tart 

~-, 1791 14 3c:J i 
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0 /:2 0 l1111ovc1live 1-urn;:-icc L)Jto Loo 
Date:/_ L , 11/
Jnilinls t(l(..,. wt! 
rest: cJJ 1 

NH3 RotametGr SO, Rotc:imoter 
Sc~ino rBB reinht}: / ;;7Setting (BB hee;;r / !5.__r' 

Fuel; N,v 6ttS Draft (inch PS of WgtP.,.); /. 0 

Slurry; I/; o Injection Pnrt: 5~ 

1-1,; 0 
Startlr,g Ending 

' I NOxOUT Feed Feed )1Jf,
0 2 CO2 CO NO \ SO 2 Feed Rate Rate Rate 

t,{¾) . (%) (ppm) , (ppm) i (ppm) (ml/min) (ml/min) (mVrnln} 

L 4f I f/1-

N5r1-. 0 'to I l 
/?,L @ yg, I 

tv~i @ 'tO '11-
(JL @ Cf~ i 

tV;A. @ I 'to I I 
\.. @ 1./t" I I 

tJ,R @ D I W, 

~L- @ - y8' I. 
@ I 
@ \9, 

I @ 

I @ 

I @ 

I @ 

I
-~-----------·--·~--------_;,___

I@ I 

I @ 

I @ 

.. 

Tem;:;e:-atura at Pert (
0 
F) 

Tanaen!ial Air i Axial Ai~ '. Prim.Jr\' G.::s i Cor:i1 Trar.s:;ort Air I 2 I 3 4 u::mer 1 

Start r.s-8'@ 'tr 1/,() G y~{),f?@: ;;L. : --@ - l!tvJ !c2u7o 1/lfy 
Finish l1/"J ~@ Y5 11,D @ frltJl~@?--- ; -@ - ICA,.,J- i";J.;I_] I / 6~ 
'f'. a~~fIt ""7 Cf?/, 3 ~ ]).J: ~O _;' 7'6: 7 :.:I Na,yo--1 /7 

f l'-/~'('0-'r/ '·. -')· ? 'fC, f,,_I b, r tf;,_t,_;' Is-J, (, ,,_/ /VcJr-'d .,_/IT 
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? 'i !1111ovzilivo 1- u rn.oce lJ;:.itc1 Loo 
Dato: 1-0 tf2 11!- -p~ the llrz,..,
tnitints 'frle+vvif · ·- - I 
Test; - CAJZ--
NH3 Rotameter S02 Rot2moter ;}£r 
Setting f8B p&ihtL /Y Setting (8:3 heiaht}: • 

fuel· rv~ 0t5 Draft (inches of water); /, D 
Slur&: lik fh.o Iniection Port: t{/4 /...cc--ea.. 
0/o Excess Air (measured): --

I ' I Star.Ing Ending 

Stage Air NO~PUT Feed FeedI 

tt: 
(float height) 02 CO 2 co NO S02 Feed Rate Rate Rate -:;;: 
@PSI {%) (%) (ppm} (ppm) (ppm) (m!/min) (mVmin) (mVmln) 

RL f,v '7, @7o IU.t,s 5.)~ I}. 78 :J73.Sr //Fl;.D - - y& 
,..;:c,R @ /!JJJ s-.Jl!i ;r,6 r lf/t.9i ·lll't.9 (iv ~ 'fp 

(3L @ j,1£>1 J,)oh I0,?3 Jh7,f[) //8S-,D 'I& 
l\.,Syt_ @ /f.w, ;:) )f' 31, GK /7).0(, ;;;.od,t, (/;)~ 'lo 11-0; 

@f)L_ ! ,o.&4- 6.&:.c,.J u.J 1 'U/.2/f Jt&o.o ~ l/6' 
/\.-){'-- @ l!o,m s:rtrl t~.r~ loo./7 1711.o( tt·~:) g- l[o 

/;L @ l!o.7n S:Jlf'r //,,7 11,p,13 1)67. 0 - - 1/f'- -;:;--w..();rv5R I @ '021?1 ,-y~ I'i.o f /of.,( (717,& 'tl) '6""" 'fo I 
11.L ITl @ :I 

/ 

to.,"~ 5:-s-a.\ l?-,;o btSt,77 /;797. 7 trr 
@ l 
@ 

@ l 
@ l 

, 
@ l 

I I I 
@ t 

@ 

@ I l I 
I 
I 

@ I I 
I i I 

.. 
0

Temperature at Port ( F) 

Tan ential Air I Axial Air Primary Gas I Coc1! Transoort Air 2 3 4 uooer 

Start ,n @ ~~ I f,O@ 1/( 1 (;L@ ) i - @ IPw~ d()» l6S-O 
Finish t5t' @lt.r lo @'rs!O,~'-@ 2-__ ~ Ov-1 ?r£" 
i -VO.!(ov- t_ fr 5()/.,.f,'cv-- 7Z-,'" S'#'v--- t' ~ #5 fl(.7/'ij 

s~ 1h ?;{~/fl 
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lrn 1ov8tive !-urnzicc D.Jl8 Lon 
~tP.: 9~(Z/ y'j ~ 

(;;,s 5Je t.,.._,,H CN3 
Test; ~ ~A- ~ NJ O 5;;~.--TJ/,'r.?~r' 

1NH3i~ota~e~~~nht1: r S ~~t1i~~1 
tRr;e~~~oh!); 'J 1/ 

l· A., .., 1 frf Draft (inches nt water¼, I~ o 
I rrv· _ lniection Port: ? IJ;ret< 

f-1:i L-> 
Stai'tlr.g Ending 

Stage Air r-.:o,puT Feed Feed 
(float heigbt) CO t NO . S0 2 Feed Rate Rate Rate 
@PSI {pprr.) (ppm) (ppm) (ml/min) (mVmin) (mVmin) 

@76 t 
@ ro 
@ I C/~ 
@ {)I 
@ r.re;i 
@ t;o 

g 
g/v>R 1/0 

L L;g 
@ 

@ 

@ 

I @ 

I @ 

I @ 

I @ 

@I 
@ 

.; >z1'~J/C>"-
Tempc ra:ure at~ (°F) 

Tanaential Air I Axial Air Primary G2s I Co2! Transoort Air 2 3 4 uooer 

Start @ l/~ l},o@'t' IOi.J..@ ;i__ 1 --- @--- l/3C-vr.,J I )_()ff -~ 7 
Finish ,%@Y'S" j cO @YS-io. 8,1@ 2- !---l@ ~ Io-vvT IQJ, ?O I [,:) 3 I 

1 Nc,tOiA-r tr )5'~ 1t-s 7~5,-ct&~, '5 <;l"i'._._ 
f •, • 

,V + ~ C .4--,:. y.oc-t-;_ ,..,.,_'t,f,4-1 's >o f,_1-, '~ 
~- /V~c;v) r4 =:/_ ::;/:f.v--, C I, / ~ / f U"" / 
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l 11: 1ovc1t1vc i- u;-n:.-icc L);Jt8 Leg 
Qate;4 1r5 1 -'1( 
!nitinlsASCtNE~ 
Test CAJ4f 
NH3 Rotameter ~ SO,, Rotame:er 
Setting (88 heio1t): \ 0

1 

SetJin(l <RB heiqht\: 
Or;:i,ft finches of water); (,0 

Slurrv; 
06, Excess Air I measured): -

I Starting Ending 
Stage Arr NO:.PUT Feed Feed 
(float height) 02 CO2 co NO S02 Feed Rate Rate Rats 
@PSI (%) {%) (ppm) I (ppm) (ppm) (mVmin} (mVmin) (mVmln) 

.=Rt l,03@ 1-0 1n~ s~ I15.fl ~2z 12.tt. Z A-5. 
@~~ Vb. Col S:S'/D &r;,S/ s-1.01 f).}7. S ~..b 40 A 
@BL ,a.eai5-~ /4-.~1 \~.&I' 122-Z.S I AB 

~ @ ,t,;-o<;' .!;s-99 ~'J..ol t-t. g.2. /)'{?, 7 <&.O 40 A '1 
@~(._ In. ?/2 !J.7trtr { f:y 3 W109. M' I'J7f. 5' 4S 

Nse.. @ \10,9-,-:2' ,-)1) ]f.Js\ 52.s7,1)10.r:- t;;,.o IA-D A-r 
Bt- @ .,vti .ssr s;33(., /l/ .tl:J___ )3~,oy r:z~t..J 49J. 
~~ @ I 9>.0 .AO A-r 1,JnAd ~~~r1~,s t72.S, l 
&.- 'V @ .~ ..., -- -: •2.Y,.. ;z. Zffif) i..127-.I. ~ A-~ 

@ lv, 
. 

IC I@ Ml'"'°"..,. ~'rt: ~L, DlJ i:1' T"l") - -- - r&, N'OVI~ I 
T 

@ I - I__, ! 
i·@ ! 

' 

I I\ .i@ I' 
@ ! 
@ I I I 
@ I 

I I I Ii 

@ I I I I 
:: ,<e0t,.--.,,,_ 

Temperature a~°F} 

Tanaential Air 
f 

l Axial Air i Primar1 Gas Coal Transport Air 2 3 4 uooer 
,,.-...Start ~w @rf I/,o@ y__ri o.SJ@ 2 

i ~ gl,._f'" e» !2o3 I l,0>,,9 

I~inish ~.s-g@ 4( l\..o@ 4<; lot~?-@ :2-
! 

.-- @ - {}--T l?co} (S)G 
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% Excess Air (measurec1: 

Stage Air 
(float heigh:) 
@PSI 

L ,() 

@fv5r2 
@l-

~<;./2 @ 

@~L--
J1--7t2 @ 

~L @ 

/l,, ~,R. 

@ 

@ 

@ 

I @ i 

@ I 
@ I I 
@ 

I 
I I 

@ 
I 
; 

@ i 
' 

Tan ential Air I Axial Air 

3tart tr @ 1/~ I/d> @ft 
=inlsh 

SO-:i RotJmetGr :;) _r---
SciiinCJ IRS ~eight'; 
Dr'3ft !i'7Cr-'RS of w;:,ter): /, 0 

Starting Ending 
NO OUT Feed FeedX 

CO NO SO 2 Feed Rate Rate Rate 
! (ppm) (ppm) (;:ipm) (m:Jm:n) (ml/min) (mVml:i) 

~ 
yo I 
i~ I 
ro \ 

Lr(' I r 
t;D I 
qf 
fO 1/--t 
7' 

1 

I 
. 

i 
I 
' I \ ! I I 

I I I I 
. I 

l 
i 
I 
\ 

i 

I 
I 
I 

I 
: 

I 
I 

I 
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i I l 1 ! 
I 
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! 

, 
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I 
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I I 

.. 
0

Temperature at Port ( F) 

: Prima:y Gas : Coal Trans::,ort Air 2 3 

la.&)-@ :2 i -@ ---
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--

NH3Rotameter 
Setting (08 he;f t}:
Evei: t1,;£(::-. ✓i G-,+-5 
Slurrv; &,J. f'? o 
% Excess Air {measured): 

Stage Air 
(float height) 02 
@PSI (%) 

NOxOUT 

CO 2 I CO NO S02 Feed Rate 
(%) i (ppm) (ppm) (ppm) (mVmin) 

,J l- (Lo~@ 7CI u)1ft1 l r:r1r1 l~,t[p :JC>:tr JI 71, I I 
@IV t; fJ. 
@~L 

1v<;f_ @ 

!jL @ 

@NSk 
Y1& @ 

f1v5/2- @ 

Jt- I/@ 
~/ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

Tangential Air 

S02 Rota.meter :) 1 S,-. 
1Setting ms height): 

Draft finch:es of water): 4 a 
lniection Port: ~I< 

11.foo J.O~o )1. 11- l?t/lr J)oS-:f rfr) ~ 

'/.99 9.759 /iJJ I~?,~ t3fs-:€' I 

/1.[7.q lt,tr1 J.7.?o ff(),ltt, 11/fl,?, i) £' 
l:21t~1 ft,9f't) /7,05 277,67 lttf,3/ 
It7rti 't-8'1/ :21. "!( ].ff;).1 }7/t, 7 ~) ~ -l/.~C', o/· 723 I7. '?7 I:J;-f:.7~ /7.~, I 
11,s-;r f.f~r 19.~ .?37,;o r?f(;,C,( ,i)-">f'-
f/.i11 -7'!! 1¥,Jr o<ft,()7 /'!JO~-

I 

Starting Ending 
Feed Feed 5-,t. 
Rate Rate ;
(mVmin) (mVmln) 

11-o,I/~ 
l-r/J 

'lo 
trJ i9/-t 

1/R 
1./0 
1/<f 
t,'O fl-t 

'to 

I 
' 

i i .I 
I 

I l 
I 

i 
I 
I 

I 
" ~c?f;,,..__ 

Temperature at-e.:Rt'( 
0 
F) 

Axial Air I Prim2ry Gas Co2I Transnort Air 2 3 4 upper 

- ,....----.Start rsr@rr 1,0@lfS-~",f)@ ~ @ &~1~eP t</6/ lltf' 
=inish YSf@lr r-- l!1rJ@vr- o,&J-@ ;i____ -@ -- (l.v-'- /ffr /~7f 

... . 
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)o✓ f-_ -f? v ~)> /ft -('.'.'._ 
b"'-e ju /Jtfd +n-~~ 
IA-11;-r~z_ 

Draft (inches of water1: ,% a 
I,.,'ectiQn Port: 3 V'"1:::::> 

0/o Excess Air (measured): 
I 

Starting Ending' 
Stage Air NOxOUT Feed Feed 
{float height) 02 CO 2 co NO S02 Feed Rate Rate Rate 
@PSI (%) (%} (pp:n) (ppm) (ppm) (mVmin) (ml/min) (mL'mln) -

/j (__ 1.03® 7u ,,. (,~6 Yr ff? /f~n .JS-f.6)._,,11,6 ,.,--- ,9/-o. 
@ I(vJ/2.. l \!!.&,Ip- .7/0 St!r7 ,7,r: IK7'-i q aJ ~ fCJ 

/ 

13L-- @ lf.!9r7 '1vf7) I(. 71 ..JSf. 9o J.f'fJ, fo - f'~ 
IV>if @ If, 700 &'11 1 b(, .S1 't;f.]'f Ill~ .Y lfj,J lF- 7tJ 9/--("JJ

J 

,,/.)l @ 1/.54'; 4.'l?J3 t't.<o'l- 2"5.44 !Gt~." ~-, fcP 
/1/~,f @ }) Ct, "-2? B&:11~ 81 .'5 lCftz.~, ~t./ tf- ro_,,J- ,~

@rs(_ 11.,2e 4.ew, fl ."4- 'Z43.m ?Li1-z.~ ;.,-,.,-'I 1/R' 

-
@Nfl< I ". •Sri 6.e61 4-Z.s::> 81..tD Zo44-. 'LI lfi)~ fv f/-o; 

ro.~ 5.503 f.0,1,0Jl @1 I 2'5.&l 1,z.c .(. --- fa 
@ 

@ I 

@ l 
@ 1 

, 
@ l 
@ I 
@ 

I 
@ I 

i 

I 
@ I ! 

.. 
0

Temperature at Port ( F) 

Axial Air Primary Gas Coal Trans art Air 

3tart lO@ ~,,,,. RJ-@ ?- - @ 

.._-·-@ --=inish @ @ @ 

... . ... 
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SO2 Rotameter , / 
Setting (RB height): ,Vl'!: 
Draft (inches of water): / • 0 

Slurrv; b.J: ,:;o lniection Port: ]p"1-\ 
0/2 Excess Air rmeasured): 

Starting Ending 
Stage Air NOXOUT Feed Feed 
(float height) 02 CO2 lco NO S02 Feed Rate Rate Rate ~ 
@PSI (%) (%) (ppm) (p_pm) (ppm) (mVmln) (mVmin) (mVmln) #-

M~~ ... /

i3t- /tJJl@ 7o //,ftJ'? .f:o8rl /7,c;s ~~;1.~ /V/,9 - y.? 
I''>

~J,:x.O,S' \ @i lf,YJS J:o?9 )J.f'J. l5')..17 A,) ~ 1/l> 
/{L. @! El. 13· Lt t'I v1.ott1 ~.t'l5"° lr:fJ 

i
NS~()S ! @j /')..o?i i.l. 7tk . ;q.; 7 /~(/.';/:, i;) ? 'to 91-t>'l 

St- \ @/ )JJ/8 '-r, 7Gf I7."J<t ;2.JJ.S-) ,---__ tre 
l{.?{3V,;;-:dJ( i 7;Jf'!'v5.P,~O.f ' \ ~ 17,of" ILt,Q '() g 1/0 

Bl- @\ ft. 'ts; 't. 773 /(~/,; liJt.11 -- 'ft 
rv,P,~c>,5 @\ ~+) ~ y'c) '11-~ilt.,St t.7f'l /1.93 /Ci2-lt3

i3 l- @\ 1/. l/oy 'l731 /7,9 7 ;lJt.,{£, - 'f8 . 

.IVS/< ';.. /. 5 @1 
I 

"/. Kr:. o/-76{ SZ/t,, ;r,e,9 ~ (? ro 
I 

I
BL- I @ I 1/.813 1,gD). /~f.3 235':ti, -C 

yg 
r-v,R.-:::.t..s I @ \ 1/,371 o/. 'g(4 S'/,ft; JJ,J-'I (1)~ I 'lo I 'fl--o'l 

~ l-- I @ l l!,1tJ/ r, 777 /t.,f:: \~32S8' yg-
.

tvSt~/,S l @ ! 
I' ii/, 9]?.. 'f.1s1 JJ. rt! .8.1. (, <t 'fr*) ? Ito · I 

-ts<- ! @ I i/1, 1.JJ. r, 713 Irz os- l21?.~ - rs 
rvs~~t.f \\1 @,I/ 1//, flt 1'7!.3 t?t:t? 3/-':iD [(tr, s-- I /fo 'ff'/-1), 

\/3 L @ \J I/. 9'i 7 '1,(£2 1tJl'l 1.JJ?.<fj / I - L/ f; 
I 

@ I I 
fl 

I I 
:c 5t"Cr,~;-,_

0 
Temperature a~( F) 

Tan ential Air Axial Air Primary Gas I Coal Transport Air I 2 3 

;tart 

"inish 

.·- .. 
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Draft (irr,hes of water): /. o 
! rrv· lniection Port: '.>"'0 

0/0 Excess Air tmeasun~d,: 
I 
II Starting Ending 5'.-,....

I I 
I 

NOxOUTStage Air ! Feed Feed 1, 
(f!oat heigh!) 02 I CO2 co NO S0 2 Feed Rate Rate Rate 
@PSI (¾) ! (%) (ppr:i) (p;;m) (ppm) (mVmin) (mVmin) {mVmln) 

BL (,o3@7u l1,qc;7 I 'f.&J /'7.S o/ »zrr 1v/4 - % I 
I V . 

@1v5g~). 0 If, 97&> 7, 7)/ 157., 'r ~•.>I- ( ;._) C 1/0 
@f1L 112,011 ,,~.r I/7, 77 ,,2;]7.)? ---- ff 

1\5 i!. -;.:.J.,o @ J. 1'/a t, 'fl Ii),~ ~(£, I 
' 

·~ g- 4-'o 1/-o~ 

8L @ ff,,tf r.10~ /7,JJ ~r,,71 I f-8. 
"-'5~-;-..;), v @ r.~16 r, 7lj I 'ti 'f7 2'1.7} ( i/) &: fo 

\. ../[:J( @ 'f. 'IJ3 1., 'It 17.'17 ~l,.y/ lt5'' 
r,.,S1< 'ZJ.,o @ ~ f, 7J.J 't?,/7 3/,oo 1'!t) 1? Ito '!/-0,''-~ (~/..... 1/ @,v IJ.ftla '1. (,.'l°a /7,97 1;;_g, ,i/

V - lfr: 
@ 

@ \I 
@ 1 I • 

·@ \I I . 
@ I I 
@ l -
@ I 
@ I I I 

I I 
I@ ! I I l I 

"' ')eel,~ 
Temperaturo at~ (°F) 

Tan ential Air I Axial Air Primary Gas I Co I Trans~ort Air I 2 3 4 uo er 

3tart /,o @rr- 0£:J.@ ~ --- @ -

=inish 

.. . . 
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Stage Air 
{float height) 
@PSI 

/!; L , 0 ?@ lo 
@MP.. 
@f?Jl 

tv$/2.. @ 

13i \l/ @"V 
@ 

@ 

@ 

!;L [,ol; @70 

1\.5/2. @ 

Ii, L @ 

10/< I @ 

. 8L \!/ ·@, V 

@ 

@ 

@ 

I @ 

@ 

II Starting Ending f+ 
I XOUT Feed Feed 
' :::f;.

02 CO 2 co I NO S0 2 Feed Rate Rate Rate 
(%) (%) (ppm) 1 (ppm) (ppm) (m!/min) (mVrnin) (mVmln) 

11:,s, t.'l~'r 1i.;,.3 
! 

~,l,J /IJ 7.8' - r~ 
-

{[, 9'1) 1.1,1 • 21'~ fg,73 lt1J.3 f<' t,,o 
1/2.0,8 4, f).f tJ.,73 2,2.fg 1111.3 - ti~ 
'2.ofT 1. 'i'/'f \ !!1,27 ! ti.,, 1/ST,S- 8- f'O '!/-()j 
lit 't'/J s:,,-;.. /3 I 7/ ';J6f I 1;- ,, 77. J - ltt' 

l 
I 

/2.,'Jl 1tfs17 ' 
l3.lb "'9,.38 1001.~ - 1/j . 

1~.,71 ~-91t7 )i." SD.27 /6)~.i, ~ fl) 

12.7:r/ 4,~,1 Il'l,oy Jtr.11 h)'I./ ft> 

12,701 't, '<76 J.t.; 7 IS"/s/ /O]f.3 ---~ f'iP f/--P; 

/f;,10. 5:°'6i\12.,o .2~r.H lo'fi.J ---- 'IF . 

I 
' 

I I II 

I 
' 

I 
l 

i 
'~~ 

Temperature at~(°F) 

Tan ential Air I Axial Air Primary Gas CocJ: Transoort Air I 3 4 u er I 
----@ -

@-=inish 

... . 
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11111ovc.1livc l-t.:rn;:1ce Ddla Loo 

Iest; CJ:. 111 
NH3 Rotameter ).O SO-:, RotJmctor v 
Setting (8B h8ighl}: Set\in(J <88 h0iQht): I] 

Draft (inches of water~: I, D 
lni8ction Port: 3M 

Stage Air 
{float heigt.t) 
@PSI 

02 
(%) 

CO 2 
(%) 

I 
co INo 
(ppm) I (ppm) 

S02 
(ppm) 

NOXOUT 

Feed Rate 
(mVmin) 

Starting 
Feed 
Rate 
(ml/min) 

Ending 
Feed 
Rate 
(mVmln} 

.5+ 
/cl 
.:.t 

~L \.03@ 7o /~,l•'t S.f13 I //,/;2 JJt,J111~r 1 ~ s- r't ~I-Q~ 
Q,(5 @ t11r lt.os-1 113,90 rn.37 111. ~o :H1111) s- tt (SJ s.~,.:v,...,,. -
C4/J+l.f,(J.. @ \9,£11 'l(p ,//1 \ if?. oo Io?.s1\ l'i,3cJ sIf+) ~f (SJ rt/-11 
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APPENDIX B 

LIMB INNOVATIVE FURNACE PERFORMANCE EVALUATION AUDIT 
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-•, ACUREX 
-,,- • Corporation 

Environmental Systems Division 

To: Judy Ford 

From: Libby Beach 

Date: December , 6, 1991 

Subject: LIMB Innovative Fumace PEA 

Results were received Friday, December , 3, from an intemm pertormance evaluation audit 
(PEA) given on the LIMB Innovative Furnace. Toe purpose of the audit was to evalUate the 
pertonnance of the fumace SO2, 02- and CO2 CEM's. Two cylinders of known gas concemrations 
were oelivered to the C-Wlng facility on December 4, 1991, for analysis. The resutts were rei:,oned as 
follows: 

Anatysis 
Required 

Reponed 
concentration 

Actual 
Concemratton o/oOlfference 

CYLINDER 1 SOi 3189.8 ppm 3040.0 ppm 4.9 

CYLINDER 2 02 9.93% 10.0 % 0.7 
CO2 11.72% 12.0 % 2.3 

Reported resultS are all well within the +I· 1Oo/o data quality obJectives established in the projecfs 
OAPjP. No corrective acoons were taken as a result of this audit. 

cc K. Bruce 
W. Hansen 
G.Gmts 
8420.266 
8420.012 
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RESISTIVITY TEST RESULTS 
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APPENDIX D 

GRAPHICAL INTERPOLATION OF TEST RESL"L TS 
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-----------------------------------------------------------------

Listing of Nalco/Fuel Tech Trial Runs ( Original CRADA Scope of Work) 

DATE TRIAL FIGURE DESCRIPTION 

12/03/90 Nl NFT1203A 
12/04/90 N2 NFT1204A 
12/05/90 N3 NFT1205A 
12/05/90 N4 NFT1205B 
12/06/90 N5 NFT1206A 
12/07/90 N6 NFT1207A 
12/12/90 N7 NFT1212A 
12/14/90 NB NFT1214A 
12/19/90 N9 NFT1219A 
01/02/91 Nl0 NFT0102A 
01/10/91 Nll NFTOllOA 
01/11/91 Nl2 NFTOlllA 
01/14/91 Nl3 NFT0114A 
01/15/91 Nl4 NFT0115A 
01/16/91 Nl5 NFT0116A 
01/18/91 Nl6 NFT0121A 
01/21/91 Nl7 NFT0121A 
01/22/91 Nl8 NFT0122A 
01/28/91 Nl9 NFT0128A 
01/28/91 N20 NFT0128B 
01/30/91 N2l NFT0130B 
01/31/91 N22 ******** 
02/05/91 N23 ******** 
02/07/91 N24 NFT0208A 
02/08/91 N25 NFT0208A 
02/11/91 N26 NFT0213B 
02/12/91 N27 NFT0212A 
02/13/91 N28 NFT0213A 
02/13/91 N29 NFT0213B 
02/14/91 NJO NFT0214A 
02/15/91 N3l NFT0327B 
02/25/91 N32 NFT0228A 
02/27/91 N33 NFT0228A 
02/28/91 N34 NFT0228A 
03/01/91 N35 NFT0301A 
03/22/91 N36 NFT0327A 
03/27/91 N37 NFT0327A 
03/28/91 N38 ******** 
03/29/91 N39 ******** 
04/01/91 N40 NFT0403A 
04/02/91 N41 NFT0403A 
04/03/91 N42 NFT0403A 
04/04/91 N43 NFT0404A 
04/09/91 N44 NFT0409A 
04/09/91 N45 NFT0409B 
04/12/91 N46 NFT0412A 
04/15/91 N47 NFT0415A 
04/16/91 N48 NFT0416 
04/16/91 N49 NFT0416A 
04/17/91 NSO ******** 

NOXOUT A@2R VARYING NSR 
NOXOUT A@3R VARYING NSR 
NOXOUT A@3M VARYING NSR 
NOXOUT A@4U VARYING NSR 
same as above 
NOXOUT A@3M VARYING NSR 
NOXOUT A@3M VARYING NSR/XS OXYGEN 
NOXOUT A@3M VARYING NSR, W/S02 ADDED 
NOXOUT A@3M VARYING NSR/XS OXYGEN 
NOXOUT A@3M VARYING NSR 
NOXOUT A@JM 1 NSR, V'ARY Ca/S(Ca(OH} 2) 
same as above 
DRY Ca(OH)2@JM, VARY Ca/S 
NOXOUT A@3R 1 NSR, VARY Ca/S ( Ca (OH} 2) 
same as above 
NOXOUT A@4U 1 NSR, VARY Ca/S(Ca(OH) 2) 
same as above 
DRY Ca(OH)2@4U, VARY Ca/S 
DRY Ca(OH)2@4L, V'ARY Ca/S 
DRY Ca(OH)2@5, VARY Ca/S 
DRY Ca(OH)2@6, VARY Ca/S 
NOXOUT A@4L 1 NSR, VARY Ca/S ( ca( OH) 2) 
same as above 
NOXOUT A@2R 1 NSR, VARY Ca/S(Ca(OH)2) 
same as above 
NOXOUT A@3M 1 NSR, V'ARY Ca/S(Ca{OH) 2) 
DRY Ca(OH)2@3M, VARY Ca/S 
DRY Ca(OH)2@4U, VARY Ca/S 
NOXOUT A@3M 1 NSR, V'ARY Ca/S(Ca(OH)2) 
NOXOUT A@2R 1 NSR, VARY Ca/S (ca (OH) 2) 
NOXOUT A@4L l NSR, V'ARY Ca/S ( Ca (OH) 2 ) 
NOXOUT A@4U 1 NSR, VARY Ca/S(CaC03 )· 
same as above 
same as above 
DRY CaCOJ@5, VARY Ca/S 
NOXOUTA@4L 1 NSR, VARY Ca/S(Ca(OH)2) 
same as above 
NOXOUT A@S 1 NSR, Ca/S~3(Ca(OHl2) 
NOXOUT A@5 1 NSR, Ca/S~2(Ca(OH)2) 
NOXOUT A@4U l NSR, Ca/S=2(Ca(OH)2) 
NOXOUT A@4U 1 NSR, Ca/S~3(Ca(OH)2) 
NOXOUT A@4U 1 NSR, VARY Ca/S(Ca(OH)2) 
DRY Ca(OH)2@6, VARY Ca/S 
DRY CaC03@4U VARY Ca/S 
DRY CaC03@5, V'ARY Ca/S 
DRY CaC03@3M, VARY Ca/S 
DRY CaC03@4L, VA.RY Ca/S 
DRY CaC03@6, VARY,Ca/S 
DRY CaC03@7, VARY Ca/S 
NOXOUT A@4U 1 NSR, VARY Ca/S(CaC03) 
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-----------------------------------------------------------------
DATE TRIAL FIGURE DESCRIPTION 

04/18/91 N51 NFT0418A NOXOUT A@4L 1 NSR, VARY Ca/S(CaC03) 
04/19/91 N52 NFT0419A NOXOUT A@4L 1 NSR, VARY Ca/S(CaC03) 
04/22/91 N53 NFT0423A NOXOUT A@JR 1 NSR, VARY Ca/S(CaCOJ) 
04/23/91 N54 NFT0423A same as above 
04/25/91 N55 ******** DRY CaC03@5, V'ARY Ca/S, D50<10µM 
04/25/91 N56 NFT0426 NOXOUT A@4U 1 NSR ,- Ca/S~J ( CaCOJ<lOµ;ra) 
04/26/91 N57 NFT0426 NOXOUT A@4U 1 NSR, Ca/S::::2,1 

(CaC03<10µm) 
04/29/91 N58 NFT0429 DRY CaC03@5, VARY Ca/S, 75µm>D50>25µrn 

~05/02/91 N59 NFT0502 NOXOUT A@4U .I. NSR, VARY Ca/S 
(75µm>CaC03>25µm) 

~05/03/91 N60 NFT0503 NOXOUT A@4U NSR, VARY Ca/S(SLAKED.I. 

CaO) 
05/06/91 N61 ******* NOXOUT A@4U 1 NSR, VARY Ca/S(CaC03) 
05/14/91 N62 NFT0502 NOXOUT A@4U 1 NSR, VARY Ca/S 

(75µm>CaC03>25µm) 
05/15/91 N63 NFT0502 same as above 
05/16/91 N64 NFT0503A NOXOUT A@4U l NSR, VARY Ca/S(SLA.KED 

CaO) 
05/31/91 QCl NFT0531 DRY Ca(OH)2@5, Ca/S~2, FOR QC CHECK 
06/03/91 N65 ******* NOXOUT A+@4L 1 NSR, Ca/S~2(Ca(OH)2) 
06/04/91 N66 NFT0604 NOXOUT A@4L 1 NSR, Ca/S==2(Ca(OH)2) 
06/05/91 N67 ******* NOXOUT A@4U 1 NSR, Ca/S~2(Ca(OH)2) 
06/07/91 N68 ******* same as above 
06/07/91 N69 ******* NOXOUT A@JM 1 NSR, Ca/S==2(Ca(OH)2) 
06/10/91 N70 ******* NOXOUT A@5 1 NSR, Ca/S==2(Ca(OH)2) 
06/11/91 N71 ******* NOXOUT A@5 1 NSR 
06/11/91 N72 ******* NOXOUT A@4L 1 NSR 
06/12/91 N73 ******* NOXOUT A@4U 1 NSR 
06/12/91 N74 ******* NOXOUT A@JM 1 NSR 
06/14/91 N75 ******* NOXOUT A&A+@4L 1 NSR, Ca/s~2 ( ca (OH) 2 , 

PITTS#8 COAL) 
06/17/91 N76 ******* NOXOUT A&A+@4L 1 NSR, Ca /S==l ( Ca (OH) 2, 

PITTS#8 COAL) 
06/18/91 N77 ******* NOXOUT A@S NSR==l 
06/18/91 N78 ******* NOXOUT A@4L NSR==l 
06/18/91 N79 ******* NOXOUT A@4U NSR~l 
06/19/91 N80 ******* NOXOUT A@JM NSR~l 
06/19/91 N81 ******* NOXOUT A@3R NSR==l 
06/19/91 NB2 ******* NOXOUT A@2R NSR~l 
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Listing of Nalco/Fuel Tech Trial Runs(Continuation Scope of Work) 

DATE 

09/12/91 
09/13/91 
09/13/91 
09/13/91 
09/13/91 
09/16/91 
09/16/91 
09/17/91 
09/17/91 
09/21/91 
11/26/91 
11/27/91 
12/02/91 

TRIAL 

CNl 
CN2 
CN3 
CN4 
CN5 
CN6 
CN7 
CN8 
CN9 
CNl0 
CNll 
CN12 
CN13 

FIGURE 

******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 
******** 

DESCRIPTION 

NOXOUT A&A+@S NSR::::1 
NOXOUT A&A+@4L NSR::::l 
NOXOUT A&A+@4U NSR::::1 
NOXOUT A&A+@3M NSR::::l 
NOXOUT A&A+@3R NSR::::l 
NOXOUT A&A+@2R NSR::::l 
NOXOUT A&A+@3M VARY NSR(::::1.0) 
NOXOUT A&A+@3M VARY NSR(::::0.5, 1.5) 
NOXOUT A&A+@3M VARY NSR(=2.0) 
NOXOUT A@3M,JR NSR::::1, W/SO2 
NOXOUT A@3M NSR::::t, Ca/S::::3(Ca(OH)2) 
NOXOUT A+@3M NSR::::1, Ca/S::::3(Ca(OH)2) 
NOXOUT A&A+ NSR::::l, Ca/s::::2,l(Ca(OH)2) 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 3M 
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Nalco Fueltech Test Results 
Dry Injection of Ca(OH)2 at port 3M 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry Injected at Port 3R 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry Injected at Port 4U 
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Nalco Fueltech Test Results 
Dry Injection of Ca(OH)2 at port 4U 
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Nalco Fueltech Test Results 
Dry Injection of Ca(OH)2 at port 4L 
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Nalco Fueltech Test Results 
Dry Injection of Ca{OH)2 at port 5 

100 ---------------+-------------,~ 
/02/) 

4+4-1 C Injection Temperature 

80-C\J 
0 
~ 60 S-:f-m 
> 44.10 ........ -......... -........... -........... -.. -. . . . . ..0 

I_. _. E 4() :
Q)

a: 
~ 0 

2() : 

0 . 
0 1 2 3 4 

Ca/S ratio 
1/28/91 
NFT0128B.ORW 
N20 



Nalco Fueltech Test Results 
Dry Injection of Ca(OH)2 at port 6100 ____________...,_____________,,_... 

950 C Injection Temperature 

80 
....--.. 
C\I 
0 
~ 60 't 

49.8cu 
>
0 

0 
...... EI 

40N Q)

a: 
~ 0 

20 

o________.________,,______..._______ 

0 1 2 3 4 

Ca/S ratio 
1/30/91 
NFT0130B.DRW 
N21 



....-.. 
C\J 
0 
en.....__, 
-m 
>
0 
E 

0 
I Q).... 

w a: 
~ 0 

Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 2R 

100 --------------------------.-----:t 
1170 C Injection Temperature 

80 

~ 

60 55.7 
················-·-··-···············-·-··············· ·· ······· ···so:s·····················--------- -----,_..-···--·· 

40 - _......... 
.. .... 

-· .. 
20 I- ___ ...-··· ...-·· 

... 
.....•···· 

..... .. .. ... 

o.----......----'--~-...1..____.____--1____.. 

0 0.5 1 1.5 2 2.5 

Ca/S ratio 

Slurry Slurry with NOxOUT 
A .......... .. 

2/7/91 and 2/8/91 
NFT0208A.DRW 
N24& N25 

3 



Nalco Fueltech Test Results 
Dry Injection of Ca(OH)2 at port 3M 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 3M (repeats) 
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Ca(OH)2 slurry injected at Port 2R 
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As received CaC03 slurry injected as 4U 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 4L (repeats) 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 4L 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 4U 
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Nalco Fueltech Test Results 
Ca(OH)2 slurry injected at Port 4U 
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Nalco Fueltech Test Results 
Dry Injection of as received CaC03 at Port 4U 

100 --------------------------,. 

1209 C Injection Temperature 

80-(\J 

0 
en 
- 60 
ctS 
>
0 
E 40 l!t2.D 

I 
0 Q) 
~ 
N a: 

?fl 
20 

o_______...,_______....______..._______ 

0 1 2 3 4 

Ca/S ratio 
4/09/91 
NFT0409A.DRW 
N44 



Naico Fueitecli Test Results 
Dry Injection of as received CaC03 at 3M 
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Nalco Fueltech Test Results 
Dry Injection of as received CaC03 at 4L 
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Nalco Fueltech Test Results 
Dry Injection of as received CaC03 at Port 6 
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Nalco Fueltech Test Results 
Dry Injection of as received CaC03 at Port 7 
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Nalco Fueltech Test Results 
CaC03 slurry Injection at 3R 
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Nalco Fueltech Test Results 
CaC03 slurry Injection at 4U 
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Slurry Injection of CaC03 at Port 4U 
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Slurry Injection of Hydrated Cao 

100 ,,,.,. ✓ /· 
/ .•>.~40 C Injection Temperature ,,,.,.✓ .. •·,/ .·· ,'a:~• ~--------------------:,,,.,.;;-r .. •· , 

/ .. · , -C\J 80 ,,,.,. . 1..·· ,~ ~ ,
0 
en 62.6 1J ,,,,- ,,,,, 

, , 
I 

60 •.::···· ..................... ·······::.;·YJII····· ··:.:: .. ,, --ro 
> 

51.0 // g···· , , 

I 

. ························;,r··········::• .......... . 
/ ..··0 / . L':l.

E 40 .//Q) 
/a: / .· ·:,~' 

0 .20.5 
I ••••••>_.~ '.;
w -;ft. 20 ··f ····.-.··························· 
Ul .. --~.,,.,........:.. .,.... ,~·. ············ ........... .._.: , , 

.· 15.8 

.«s::::: .... -
O0 ·------ • < > • • I 

1 2 3 4 

Ca/S ratio 

Cao hydrate slurry slurry with NOxOUT Cao hydrate slurry slurry with NOxOUT 
5/3/91 5/3/91 5/16/91 5/16/91

• -- -8.- - . ······0····· - -• -
5/3/91 and 5/16/91 (re-test} 
NFT0503A.DRW 
N60& N64 



--
TECHNICAL REPORT DATA 

(Please read Jns.Jmctions on the revq~e before,complet 
1. REPORT NO. 3. 

EP.A-600 /R-93-188 12· 
----------- -·-- ··- ·---- -

4. TITLE AND SUBTITLE 5. REPORT DATE 

Evaluation of Simultaneous SC2 /NOx Control September 1993 
6. PERFORMING ORGANIZATION CODETechnology 

7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NC 

I<:evin R. Bruce and Walter F. Hansen 

-· 
9. PERFORMING OROANIZATION NAME AND ADDRESS 10. PRC>GRAM ELEMENT NO• 

.Acurex Environmental Corporation 
P.O. Box 13109 11. CONTRACT/GRANT NO. 

Research Triangle Park, North Carolina 27709 68-DO-0141 

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT AND PERIOD COVEREC 

Task Final; 10/90 - 5/93EPA, Office of Research and Development 
14. SPONSORING AGENCY CODE 

Air and Ener~y Engineering Research Labo:i;atory 
Research Triangle Park, NC 27711 EPA/600/13 

15. suPPLEMENTARY Nons AEERL project officer is Brian :K. Gullett. Mail Drop 4, 919/541-
1534. 

16. ABSTRACT The report gives results of work concentrating on characterizing three pro 
cess operational parameters of a technology that combines sorbent injection and sel-
ective non-catalytic reduction for simultaneous sulfur dioxide/nitrogen oxide (SO2 / 
NCx) removal from coal-fired industrial boilers: injection temperature, sorbent type 
and reductant/pollutant stoichiometric ratio. A slurry composed of a urea- based 
(NOxOUT A or NOxOUT A+) and various calcium-based sorbents was injected at a 
range of temperatures and reactant/ pollutant stoichiometries into a natural-gas-fire< 
pilot-scale reactor with doped pollutants. Up to 80% reduction of SO2 and NOx at 
reactant/ pollutant r:;toichiometric ratios of 2 and 1. 5, respectively, was achieved. 
SO2 emission reductions from slurry injection were enhanced moderately when com-
pared with dry sorbcnt injection methods, possibly caused hy sorbent fracturing to 
smaller, more reactive particles. Emissioni:; from ammonia (NH3) slip (unreacted 
nitrogen-based reducing agent) and nitrous oxide (N2O) formation were reduced in 
comparison with other published results, while similar NOx reductions were obtainec 
Increased carbon monoxide (CO) emissions, caused by the decomposition of urea, 
were moderate. The results of this pilot-scale study have shown high reduction of 
both SO2 and NCx. 

17. KEY WORDS /\NL) l)QCUMENT ANALYSIS 
·-

a. UESCnl PTO RS b. lDENTIF!ERS/OPEN C:NDED TERMS C. COSATl held/Group 
. . - - ---- -------·- ··- ·-- -- -- - ----

Pollution Sorbents Pollution Control 13B UG 
Nitrogen Oxides Catalysis Stationary Sources 07D 07D 
Sulfur Dioxide Uren Sorbent Injection 07C 
Hailers Slurries Selective l\on- catalytic 13A 
Coal Calcium Reduction (SNCR) 21D 
Combustion Ammonia 21B 

1'3. GISTRl3lJTION STATEMENT 19. s~CURITY Cl.ASS {This Reporr) 21. NO. OF PAGES 
196Unclassified 

:.w. sccu-Ri·r-YcLASS (Tlris page) 22. Pil!C[Release to Public 
Unclassified 

EPA Form 2220-1 (9•73) D-36 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200



