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ABSTRACT

The Clean Air Act Amendments of 1990 have led 10 accelerated research into novel SO, and
NO, control technologies for coal-fired industrial boilers. One of these technologies is the
combination of sorbent injection and selective non-catalytic reduction (SNCR) for simultancous
S0O,/NO, removal. The work presented herein concentrated on characterizing several process
operational parameters of this technology: injection temperature, sorbent type, and reductant/pollutant
stoichiometric ratio. A slurry composed of a urea-based solution (NO,OUT A or NO,OUT A+)" and
various Ca-based sorbents was injected at a range of tecmperatures and rcactant/pollutant
stoichiometries in a natural-gas-fired, pilot-scale reactor with doped pollutants. Up to 80 percent
reduction of SO, and NO, at reactant/pollutant stoichiometric ratios of 2 and 1.5, respectively, was
achicved. SO, cmission 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 NH; slip (unreacted nitrogen-based reducing agent) and N,O formation
were reduced in comparison with other published results, while similar NO, reductions were obtained.
Increased CO emissions, caused by the decomposition of urea, were moderate. Emissions of CO,
NH;, and N,O for the enhanced urea solution (NO,OUT A+) were substantially less than the levels
obscrved during urca (NO,OUT A) injection. The injection of the urca-bascd solution enhanced the
SO, removal, probably bccause of the formation of (NH,),Ca(SO,),*H,0. The results of this pilot-
scale study have shown high reduction of both SO, and NO,.

(*) Wherc used throughout this report, NO,OUT A and NO,OUT A+ are registered trademarks of Nalco
Fucl Tech.
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EXECUTIVE SUMMARY

The project work reported herein was initiated through a Cooperative Research and
Development Agrecment (CRADA) between the U.S. Environmental Protection Agency’s (EPA) Air
and Energy Engineering Research Laboratory (AEERL) and Nalco TFuel Tech, a commercial licensor
of a urca-bascd reducing agent injection technology for NO, reduction.

Experimental testing of Nalco Fuel Tech’s urea-based NO,OUT A and NO,OUT A+ reducing
agents for NO, control, in combination with calcium-based sorbent injection for SO, control, was
conducted from June 1991 to November 1991. Testiﬁg was performed at the EPA Environmental
Rescarch Center in Rescarch 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
sorbents to remove SO, from flue gas. The tested sorbents came from a single source of
commercially prepared Ca(OH),, CaCO,, and Ca0. A comparison of SO, removal efficicncy was
made between dry and slurry injection. The cffect of CaCO, sorbent particle sizc was also studied.

Slurry sorbent injection was found to be superior 1o dry injection for SO, removal. Dry
injection of Ca(OH), achieved a maximum of 60 percent SO, removal (at a C&/S ratio = 2), while the
Ca(OH), slurry removed 72 percent. Removal efficiency with Ca(OH), was superior to CaCO, in
both dry (43 percent) and slurry (58 percent) testing. CaO was tested in slurry form by slaking to
form Ca(OH), slurry, and compared to the commercially prepared Ca(OH),. The slaked CaO proved

identical in its SO, removal performance to the commercially prepared Ca(OH),.
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Investgation into the cffect of sorbent particle size on removal efficiency showed that the
increasing reactivity of the sorbent with SO, was inverscly proportional to the sorbent particle size.
After sieving the CaCO, sorbent, a significant increase in performance was observed with the finer
particle size, with SO, capture comparable to Ca(OH), of equivalent size for dry injection. Results
from this work indicatc Ca(OH), to be superior to CaCO5 under all conditions of slurry injection.

NO,OUT A and NO,OUT A+ reducing agents were tested over a.range of injection
temperatures (821-1,170 °C) to investigate the effect on NO, removal efficiency. Additionally, the
effect of varying the molar ratio of reducing agent to baseline NO, concentration from (.8 to 3.5 was
studicd. Finally, the reducing agent injection for NO, removal was coupled with slurried sorbent
injection for SO, removal.

Both reducing agents achieved maximum NO, removal when injected at a temperature of
about 1,100 °C. Almost nu difference in the two reducing agents existed at the optimum temperature;
approximately 80 percent NO, removal was observed for both reducing agents. At temperatures
higher than the optimum, NO, removal efficiency dropped quickly. At about 1,170 °C, the reducing
agents began producing NO,, caused probably by high temperature oxidation of the NH; produced by
urea decomposition. At temperatures lower than the optimum, NO, removal efficiency gradually
decrcased. The NO,OUT A+ yiclded a wider injection temperaturc window; that is, NO, removal
efficiency remained higher than with NO,OUT A as injection temperature decreased.

Varying the molar ratio of reducing agent (urea) to baseline NO,, or N/NO,;, showed that
increasing N/NO,; to a value of near 2 produced significant improvement in NO, removal. Further
N/NQ,; increases had little or no effect on removal efficiency. Comparing the two reducing agents
during N/NO,; variation shows no appreciable differences in behavior.

Coupling reducing agent injection with slurried sorbent injection produced some promising
results. The co-injection of NO,OUT A improved all the sorbents’ performances. The effect was not

as pronounced with CaCOjy as that of Ca(OH), and slaked Ca0O. A maximum SO, rcmoval
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cnhancement of 2-3 percent absolute was observed with CaCO;, while a 10 percent absolute
enhancement was observed for Ca(OH); and slaked CaO. CaCOj; slurry with the NO,OUT A
reducing agent achieved a maximum of about 60 percent SO, removal of approximately 1,000 °C.
SO, removals of more than 80 percent were observed with Ca(OH), at the same tempcrature.  As was
previously stated, the slaked CaO performed identically to the Ca(OH),.

The work mentioned above also entailed characterizing NH;, N,O, and CO emissions
produced by injecting the reducing agent over a range of temperatures and N/NO,;. Each reducing
agent produced maximum NHy slip (unrcacted nitrogen-based reducing agent) at the lower injection
temperatures; around 821 °C, the amount of slip was about 140 ppm for both NO,OUT A and
NO,OUT A+. As injection temperature increased, NHjy slip for the NO,OUT A decreased quickly.
while slip from NO,OUT A+ dropped off almost completely at around 875 °C. At 900-1,000 °C, slip
generated by NO,OUT A gradually decreased to 4 level of about 60 ppm. Throughout this
temperature regime. NO,OUT A+ produced negligib'le NHj; slip (<10 ppm).

CO cmissions produced by NO,OUT A rosc gradually from about 20 ppm at 800 °C to a
maximum of 25 ppm at 1,100 °C. NO,OUT A+ produced low CO at 800-1,000 °C (<10 ppm), with a
maximum of 50 ppm around 1,100 °C.

N,O production by NO,OUT A was ncgligible at lower injection temperatures (approximately
25 ppm), but increased with injection temperature to a maximum of 200 ppm at approximately
1,150 °C, about 42 percent of the NO, reduced. NO,OUT A+ produced only moderate levels of N,0
(typically <40 ppm, less than 20 percent of the NO, reduced) over the entire temperature range. A
maximum of about 30 ppm was observed at around 1,150 °C.

Aqueous amumnonia solution injection was performed to ensure that these resuits would be
reproducible on other facilities. Available data for NO, removal using aqueous ammonia injection
showed comparable results to others’ work. These data validated improvements shown by this work

with both NO,OUT solutions and suggested the applicability of these results to other facilities.



Testing of the solid waste ash/sorbent/urea mixtures indicated that ash resistivities increased to
levels exceeding 10"3 ohm-cm. This resistivity level can adversely affect electrostatic precipitator
performance. However, these laboratory values were obtained at low temperatures.  Resistivity values
decrease at higher precipitator temperatures and typically are lower in the field than in laboratory
measurements. Further work in pilot-scale precipitators would help determine whether particle

collection will be adversely affected by sorbent/reducing agent injection.



SECTION 1

INTRODUCTION

Passage of the 1990 Clean Air Act Amendments (CAAA) has initiated extensive cvaluation
and planning for strategics to meet SO, and NO, emission requirements. Furnace sorbent 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 SO, removal at a Ca/S (molar ratio) = 2 with a calcium
hydroxide [Ca (OH),] sorhent and 72 percent with a surfactant-modified Ca(OH), sorbent on a 105
MW(e) wall-fired unit.! Typically, lower SO, rcmo;/als arc achieved with calcium carbonate (CaCOs)
sorbents.

The anticipated NO, regulations may be met, at least in part, by selective non-catalytic
reduction (SNCR) which has achieved about 60 pereent NO, reduction on a 150 MW(c) coal-fired
boiler at a molar ratio of reducing agent nitrogen to initial NO, concentration (N/NO,;) of 2.2 SNCR
has also been the subject of numerous laboratory and pilot-scale studies.** SNCR involves high-
tempcerature furnace injection (800-1.100 °C) of a nitrogen-basced rcducing agent such as urea
(NH,CONH,) or ammonia (NH,), which converts NO, to N, and H,O0.

Most concerns with using SNCR center around NH, emissions, or slip, which results from
incomplete reaction of the injected reducing agent and the production of nitrous oxide (N,O) caused
by incomplete reduction of NO,. NH, slip can cause ammonium bisulfate (NH,HSO,) formation
around 300 °C and ammonium sulfate [(NH,),S0,} formation around 150 °C. The former can deposit

upon air preheater surfaces reducing heat transfer and increasing pressure drop. It can also cause
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NH,C1 formation around 100 °C which results in a visible white plume in the stack emissions. N,O
has been implicated as a contributor to stratospheric ozone depletion and global warming, the latter
because of its ability to absorb infrared radiation.>®

Research has demonstrated that Ievels of N, O and NHy emissions from various SNCR
compounds arc extremely sensitive (0 injection Letllpcrature.7'8 Efforts to widen the appiicable
temperature injection window and control NH; slip and N,O production through using additives have
brought about somc success, yet concerns remain to be addressed on the SNCR-type process.9 Similar
research on SO,/NO, control processes has shown considerable merit, while significant questions still
remain in the industry concerning NH, emissions and N,O by-product formation. !

To further investigate simultaneous SO,/NO, control by sorbent/reducing agent injection. the
U.S. Environmental Protection Agency (EPA) cntered into a Cooperative Rescarch and Development
Agreement (CRADA) with Nalco Fuel Tech to test NO,OUT A and NO,OUT A+, two commercial
reducing agents produced by Nalco Fuel Tech, in cohjunction with sorbent injection in AEERL's

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

and sorbent type.  Emissions monitoring results for SO,, NO,, N,O, CO, and NH; arc reported.



SECTION 2

OBIECTIVES

The principal objective of this research was to demonstrate the effectiveness of simultancous

SO, and NO, removal by concurrent injection of a calcium-based slurry and NO,OUT A (or NO,OUT

A+). a urea-based reducing agent, while minimizing emissions of N,O and NH,. Other secondary

objectives 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 bencfit of fincly ground limestones/hydrated lime

Optimizing injecting conditions, with targets of 60 percent SO, removal at Ca/S = 2 and
60-70 percent NO, reduction at an N/NO; of 2

Comparing CO, NH3, and N,O emissions produced by the injection of NO,OUT A and
NO,OUT A+ (an enhanced urea-based reducing agent) over a wide range of injection

temperatures and reducing agent/NO, stoichiometries



SECTION 3

EXPERIMENTAL

3.1 FURNACE

The Innovative Furnace Reactor (IFR) system consists of a furnace, coal or natural gas feeders,
a sorbent feeding system, emissions monitoring systems, and a particulatc matter sampling system.

The 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
gascous combustion environment and quench rate conditions anticipated in utility and industrial
boilers. The internal bore (diameter) of the furnace m 15.2 cm while the length is about 4 m. It is
constructed of scveral stacked rolled stecl rings 76.2 cm in diameter and varying between 30-60 cm
high. The rings are insulated by four courscs of refractory, the last of which is a hard-faced, erosion-
resistant type that forms 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 fcd in at the top of the furnace and burned. Coal feed is controlled by a vibrating-
hopper, screw-type fecder, 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 burmer 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 burner are fully adjustable by flow and pressure. The combustion products
travel down and out of the refractory-lined sections into a water-cooled junction where they turn 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 CH,,
37.8 kJ/L) through an axial feeder tube at the burner on the top of the combustor. There were four
input gas flows to the furnace: CH, gas, axial air, tangential air, and sorbenvslurry transport air. All
gas flows were controlled through rotameters. Sorbent delivery air flows were slightly different for
the two types of injection (Sslurry/dry). The injection lances used required different flows 10 establish
optimum sorbent atomization/distribution.

During slurry injection. 6.47 standard L/s of total pre-combustion air was supplied 10 the
furnace through the three previously stated air flows. Natural gas was supplied at a rate of 0.557
standard L/s to yield an air/fuel combustion 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 cnsure good mixing of the doping gases.

Dry injection trials required a total air supply of 6.56 standard L/s. The natural gas flow
remained 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
sorbent probe.

During natural gas burns, simulation of combustion products formed during truc coal burning
was performed by doping the feed natural gas with known concentrations of bottled NH; and SO,.
The NH; was added to the combustion zone by mixing with the natural gas feed stream. The two
gases mixed just before entering the burner. The NH, was quantitatively oxidized to NO, during
combuéuon. SO, was introduced into the furnace by being added 10 the tangential air flow at the
burner. Controlling these dopant gases allowed simulation of a widc range of NO, and SO,

emissions.



3.3 EMISSIONS SAMPLING

The sampling stack connected to the water-cooled junction is an insulated stainless steel pipc
approximately 18 cm in diameter. Ports are installed along the pipe to enable several samples of stack
gas to be extracted. Just past the water-cooled junction is a particulate matter filter through which the
gas sample for SO, analysis is drawn. A schematic of the emissions monitoring/sampling systcm is
shown in Figure 2. Particulate matter filters inside the stack arc capable of blocking particles greater
than 20 um in diameter.

In these tests, the SO, sampie passed out of the stack through a port and into a Mott sintered
metal filter that removed all particles 2 0.5 ym. The resulting "particulate matter-clcan” gas was
passed on o an ultraviolet analyzer through a heated sample line maintained at approximately 350 °C.
The SO, sample enterced the measurement cell of the analyzer, was drawn through by a pump, and
passed through a rotameter at‘me outlet.

A gas sample for analysis of NO,, CO,, CO,'and O, was drawn through a particulate matter
filter at another port in the stack scction. The sample passed through a Hankison drying unit, then
traveled to a junction where it was split into two portions; onc was analyzed for NO by the
chemiluminescent method, the other for CO, CO,, and O,. Only NO concentration was determined
because it was found during initial testing that NO, concentration contributes less than 5 percent to the
NO, 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 second portion of the split sample passed through a canister of anhydrous CalS(')4 then was
split into three streams. Each stream passed through a rotameter and into the respective analyzer
(CO,, CO, 0,). CO and CO, were each detected and measured in separate infrared emissions
analyzers, while the O, level was measured by a paramagnetic oxygen analyzer. These remaining
sample strcams were then exhausted to the atmosphere. Outputs from all the analyzers were recorded

on strip chart recorders. The 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 before and after each daily trial.
The span gases uscd for all analyzers bracket the expected concentrations of effluent components.  All
measured values for NO, CO,, CO. O, were corrected for the removed flue gas water based on
calculation from fuel and injected water.

N,O samples were analyzed by two ditferent 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 backflush method to prevent interference from higher molecular weight
compounds, was used to takc grab samples of stack gas before and during sorbent/reducing agent
injecu‘om.“ A second analyzer, a tunable diode laser (TDL), monitored real-time stack N,O
cmissions. The TDL is an experimental analyzer that uscs laser light tuncd to the same wavelength as
the infrared absorption line of a known N,O span gas. The stack gas N,O infrared ahsorption line is
then compared to the known laser ourput, and through a series of clectronic componcents simulating
second derivative spectroscopy, the stack gas conccnirau'on of N,O is output to a strip 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 between the two
methods (for further comparison of N,O analytical mcthods scc Reference 13).

Ammonia stack gas concentrations were determined by withdrawing a stack gas sample
through high flow, inline 10 um filters and bubbling it through a solution of 0.02 -- N H,SO,. An
equipment layout is shown in Figure 4. The gas was drawn through the impingers 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 passcd through the impingers for any one test at about 2 L/min. After the sample was
drawn, the impingers were washed with deionized water (DI H,0) into a 500 mL volumetric flask.
The total solution volume was then brought to 500 mL with DI H,O. The solution was then analyzed

for NH; with an ion selective electrode (ISE) by the following method. A 100 mL sample of the 500



TO CEM’S

HANKISON
DRYER

TO EXHAUST

FROM
CEM
PORT

FOR
N,O

FROM
N-O
PORT

Figure 3. Schematic of the two methods of N,O sampling.

CROSS-SECTION

100 mL 0.02 N H, S04

X

A £

IMPINGERS

10

FILTER
£l
Z
o
o
= EXHAUST
=
<<
&
:
<
=
TUNABLE
DIODE
LASER
DRY GAS
METER

O

ROTAMETER

EXHAUST

PUMP

Figurc 4. Ammonia sampling apparatus.



ml. NH; solution was transterred to a 125 ml. Erlcnmeyer flask. As a pH adjustor, I mL of 10 M
NaOH solution was added. A stir bar 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 cquilibrate.
A meter monitored NHy concentration as well as how quickly the reading changed. An indicator on
the meter indicated when the concentration rcading stabilized and the reading was recorded.

The ISE meter was calibrated with known standards before any NH, determination. The
resulting calibration curve was checked against the known limits of the meter. In all instances during
the program, calibration of the meter fell well within limits designated by the manufacturer. All NH,
measurements were corrected for flue gas water by accountng for water from combustion and
injection.

3.4 SOLID SAMPLING

Solid samples were cotlected with the apparatus shown in Figure 5. A solid sampling port at
the bottom of the refractory-lined section of the fumécc was uncovered and a water-cooled sampling
probe was inserted into the furnace center. The probe opening (about 2.5 ¢m) faced up toward the
downward flow of reacted solids. The reacted solids were aspirated into the probe isokinetically to not
bias the collected particle 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 mcter that was 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 mcasure 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

Sorbent was injected into the furnace by two methods (sec Figures 6 and 7). Dry sorbent
(either Ca(OH), or CaCO,) 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 was supplied to the feeder where it traveled into a delivery line 10 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 sorbent was metered into
the air stream. The feeder was calibrated gravimetrically before and after each run. Al sorbent feeder
setlings were then determined for trial use.

Slurricd sorbent was prepared by adding a predetermined amount of sorbent to DI H,O in a
mixing tank. A mixing motor provided power to an impeller to keep the sorbent in constant
suspension. DI H,O was metered into a spray nozzle by a peristaltic pump wherc it mixed with air.
The 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 back to water. NO,OUT solution was metered into the slurry stream at the probe inlet: the
flow was produced by a dual syringe pump. A typical slurry injection run involved cstablishing a
baselinc condition (with water injection), injecting slurry without NO,OUT f{low, adding NO,OUT to
the slurry flow, and finally returning to baseline water injection. In instances where NO,OUT was
injected without slurry, it was metered in with the water flow 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 insidc a 1.27-cm tube. This jacket cncloscd the 0.64-cm delivery tube. The

three are welded together and a cooling water inlct/outlet is provided. The thrce tubes are bent
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together in a smooth radius at a 90 angle so that placing them into the injection ports on the side of
the furnace allows the oriﬁcé to point downward.

Slurry was injected into the furnace through an injection probe with a 3-mun orifice. The
probe was commercially manufactured by Turbotak and is constructed of stainless steel in much the
same way as the dry probe and is water-cooled. Three inlets at the supply end of the probe allow
water (or slurry), air, and NO,OUT to mix before being sprayed into the furnace. The probe is about
90 ¢m long and 3 cm in diameter with no bends. The orifice is drilled at 90° to the axis of the
interior supply tube giving a downward spray.

Actual sorbent particle size was determined by using a Micromeritics Sedigraph Model 51(X).
For slurry injections, a Munhall particle size classifier determined spray droplet size produced by the
spray nozzle. Water and air flows through the nozzle were sct 1o actual run conditions. The spray
produced was passed through a low-intensity laser beam produced by the Munhall device. The
diffraction of the laser light by the spray stream was‘analyzed by computer software provided with the
Munhall to determine an average spray particle size. In early classification ot 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 two or
thiree ports below the injection port and allowed to cquilibratc. During these tests. no sorbent was
used, but the applicable injection air and water were fed through the nozzle.  After equilibration, the
reading was recorded and the pyrometry probe moved to the next higher port. Again, after
cquilibration, the reading was taken. The final reading was taken at the port just below the injection

point. These data points allowed a temperature profile 10 be drawn for dry and wet injection during
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coal or nawaradl gas firing at any port. The resulting line allowed extrapolation over the distances
between ports 1o arrive at the correct port 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 sampies 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 impo‘ssihle, therefore,
a modified method was developed. Ca(OH), contained in the sample decomposcs at about 300 °C.
accompanied by large changes in particle surface area. Older methods used for coal ash analysis werc
performed at temperatures in excess of 450 °C. The newer mcthod employs temperatures less than
250 °C so as not to initiate a change in the Ca(OH), present in the sample. In addition. older methods
measurc resistivity as a function of increasing sample temperature.  The newer method begins at the
higher temperature and rccords resistivity as lcmpcrafurc decrcascs.  The resistivity measurements on
solid samples collected during these trials were performed in a S pereent humidity chamber.
3.8 TESTING AND CALCULATIONS

Data produced during trials were recorded on an "Innovative Furnace Data Log” form. All
data collected during the trial program are included in Appendix A. Furnace sct-up conditions and
trial notes were written in the blanks provided at the top of the form. The data logged during the trial,
including O,, CO,, CO, NO,, and SO, concentrations, were written in the tabular matrix in the center
of the page. This section also includes sorbent feed information. The bottom of the sheet also
provides furnace set-up information such as air and gas flows. These data were used for material
balance calculations.

The starting point for many of the calculations involved determining the total flue gas flow

(Q). This value was required to calculatc Ca/S ratios and was found by determining molar flows of

16



2)

INJECTION TEMPERATURE (°C

1,400

1,300 F's

1,200

1,100

1,000

900

DRY INJECTION 9
L o
SLURRY 1.~VIF.CTION -

800

50
INJECTION POSITION DISTANCE BELOW BURNER (cm)

100 150

200 250

DISTANCE BELOW DRY INJECTION SLURRY INJECTION
BURNER (cm) TEMPERATURE (°C) | TEMPERATURE (°C)
PORT 2R 43 1,311 1,170
PORT 3R 74 NM 1,137
PORT 3M 81 1,265 1,087
PORT 4U 104 1,209 997
PORT 4L 145 1,087 887
PORT 5 168 1,020 821
PORT 6 203 950 NM

Figure 8. Temperature profile of furnacc during dry and slurry injection while firing
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input air and natural gas from the known rotameter settings, then calculating the resultant flows of
combustion products.

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

CH, + 20, — 2H,0 + CO,

The 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 10 be 21
percent O, and balance N,.

The molar flows (at STP) of the supplied air and natural gas were calculated from pressurc
and float heights from rotameters:

Let: P, = pressure at rotameter x in bars
H, = observed flow on calibrated rotamcter in standard L/min at 25 °C (1 bar)
F, = flow of supply air/gas in standard L/min at prcssure P,
M, = molar {low of gas/min

Then: F, =1L * (1 + P)"
M, = F, * [1 mol24.1 L]

+ M

Mair total = Maxial air ¥ Mtangential air sorbent air

My, = 079 * My onal

M02 = ()QZI * Maﬂ' total

Because methane is less dense than air, a correction factor must be introduced into the
cquation to convert methane volumetric flow to molar flow. This correction factor is the squarc root

of the ratio of the densities (p) ot CH, and air.

= 172 [
MCI;{4 = FCH4 x [(Pai,/[)cm)] X {l mol/24.1 L]
One mole of CH, consumes 2 moles of O, and forms 3 moles ot products.
Then: Mgy excess = Mo - [2* Mcyal
Moz = Mcps

Mo = [2 * Mcyyl + Mslurry water
Q = Mya + Mo excess + Mo + Mcop (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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The molar ratio of injected calcium to sulfur in SO, is calculated as follows:

Let: D = flow of dry sorbent in grams/imin
[SO,] = SO, concentration in furnace at bascline in ppm. wet basis
Then:

(D M u,sorl'):’m)

CalS =

(_[502] / 1.000000) x 0

For coal burning conditions:

Let: F,,, = coal flow in grams/min

W igur = fraction sulfur in coal (w/w)
MW = molecular weight of sulfur
Then: Ca/S =
(DIMW 0]
Ca/S = oroent

(Fcoal X Wsulfur)/MWs

In any instances where furnacc concentrations of flue gas componcents are reported or used for
calculations. they have been corrected to ) percent excess O, to account for furnace inleakage and
cxcess combustion air.  This calculation is as follows:

Let: [X] = the actual furnace concentration of component X in ppm
[O,] = the concentration of O, in the furnace in percent
Then:  [Xlpgop = X1 * {21/(21 - [O,])}

Removal pereentage of SO, or NO, during injections is calculated:

Let.:  [Clgy = concentration of NO, or SO, at baseline in ppm, wet basis
[Clieq = concentration of NO, or SO, during injection in ppm, wet basis
Then: Removal percent = {1 - ({C]/[Clgp)} * 100
[Clpy. is the average of the component concentration before and after the injection. while
[Clieg, is the concentration during the injection.
N/NO,; was calculated from NO,OUT flow, composition, and baselinc NO, concentration:

Let:  [NO,]gy = bascline NO, concentration in ppm, wet basis
p = the NO,OUT solution density
L = flow of NO,OUT in mL/min
W = fraction urea in solution (w/w)

urea
MW, . = molecular weight of urea

urea
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Then:
[((I X px WWM)/MWWM) X (ZmolsN/nwlu,w)J

NINO,,; = ,
(!NOXJBI/I,OOO,OOO) X 0

3.9 SLURRY INJECTION NOZZI.E 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). Beforc the
nozzles were used in actual testing, a set of tests were devised to investigate the spray characteristics
of cach to determine the conditions that would produce the minimal spray droplcet 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 forward diffraction, Fraunhofer-type. It measures the
diffraction of laser light on a focusing lens which passes the diffracted light to a muiti-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 he about 4.8 bar at a volumetric air flow of about 1.18 standard L/s. Liquid flow rate was
set at about 50 mL/min. The Turbotak, Inc. nozzle resulted in a droplet Ds, of about 13 um (Dgg =
88 um), whilc the Caldyn nozzle achieved a Dsg of 10 pum (Dgy = 60 um). Although the Caldyn

nozzle did provide superior atomization, it was not engineercd 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 10.
3.10 SORBENT TYPE
e sorbents usced in the testing were from a single source; they were commcrcially prepared

Ca(OH),. CaCOj;. and CaO from the Tenn Luttrell Company. The sorbents were provided in 20-L
steel buckets.  All sorbent containers were kept tightly sealed when not in use to prevent any moisturc
or CQ, in the room air from contaminating the supplies. Particle size analyses werc performed on the
received sorbents; diamelers (Dsg) determined by sedimentation were 2.55 um, 5.80 um, and 12.5 pm
for the Ca(OH),, Ca0, and CaCO;, respectively.
3.11 AMMONIA SOLUTION INJECTION

To collect data for comparison with results from other rescarchers. NH; solution was injected
at varying temperature and reductant/pollutant stoichiometry. This solution was prepared by diluting a
given quantity of NH,OH solution with DI H,O. The resultant preparation was then injected into the

furnacc in a manner identical to the NO,OUT injection.
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SECTION 4

QUALITY ASSURANCE

4.1 QUALITY ASSURANCE PROCEDURES

Data collected during all projects conducted on the IFR are subject to scrutiny under guidclines
provided by a predetermined Quality Assurance (QA) Project Plan. The plan rcgulates furnace
operation, data collection devices, and procedures. The major parameters measured in the furnace are
coal fecd rate, natural gas flow rate, combustion air flows. dry sorbent feed rate, slurry sorbent feed
rate, urea feed rate, slurry composition, furnace tcmpératurc profile, and fluc gas vcomposition, namely,
SO,, NO/NO,, CO, CO,, and O,. The data quality objectives for cach of these parameters are shown
in Table 1. If during any time, the data quality objcctives of any measurcd paramcter arc not met, the
Project Engineer and Acurcx Environmental QA Officer confer to decide on a course of remedy.
Combustion conditions are verified by comparing O, and CO, levels against theoretical values
obtained from certified analysis of burned coal. Natural gas combustion conditions are verified by
comparing calculations of theorctical O, and CO, present in the effluent based on the natural gas feed
rate and combustion air flow.

As stated in Section 3.2, continuous emission monitors are zeroed (with zero-grade N,) 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 necessary.
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TABLE 1. DATA QUALITY OBIJECTIVES FOR MEASURED PARAMETERS

MEASUREMENT COMPLETENESS ACCURACY PRECISION

METHOD (%) (%) (%)
GAS FEED RATE ROTAMETER 90 110 +10
COAL FEED RATE GRAVIMETRICALLY 90 +10 +10
COMBUSTION AIR FLOWS ROTAMETERS 90 +10 +10
SORBENT FEED RATE GRAVIMETRICALLY 90 110 +10
UREA FEED RATE SYRINGE PUMP 90 110 110
SLURRY FEED RATE VOLUMETRICALLY 90 110 +10
SLURRY COMPOSITION GRAVIMETRICALLY 90 110 110
TEMPERATURES THERMOCOUPLES 90 +10 110
SO2CONCENTRATION ULTRAVIOLET 90 110 110
NO/NOx CONCENTRATION CHEMILUMINESCENT 90 +10 +10
CO CONCENTRATION INFRARED 90 +10 110
CO: CONCENTRATION INFRARED 90 110 +10
02CONCENTRATION PARAMAGNETIC 96 +10 110
PARTICULATE SAMPLING | PNEUMATIC EXTRACTIVE 90 NONE NONE

(temperature units are °C)
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TABLE 2. CALIBRATION PROCEDURES FOR PROCESS MEASUREMENT/FEED DEVICES

PROCEDURE

MULTI-POINT
CALIBRATION RANGES

SO ,ANALYZER
(5000 ppm RANGE)

. ZERO WITH N,
. MULTI(3) POINT
WITH SO,

[

70-90% URL
40-60% URL.
5-20% URL

REQUIRED EQUIPMENT
AND REAGENTS

CERTIFIED SQ
CYLINDER AND GAS
DILUTION CHAMBER

CALIBRATION
FREQUENCY

SEMIANNUAIL MULTI-
POINT CALIBRATION.

DAILY HIGH SPAN AND

ZERO CHECK.

NO/NO ,ANALYZER
(1000 ppm RANGE)

_—

. ZERO WITH N,
. MULTI(3) POINT
WITH NO

[ 5]

70-90% URL
40-60% URL
5-20% URL

Cl:ﬁR'l‘Il'.’ll;‘D NO
CYLINDER ANID GAS
DILUTION CHAMBER

SEMIANNUAL MULTI-
POINT CALIBRATION.

DAILY HIGH SPAN AND

ZERO CHECK.

CO ANALYZER

. ZERO WITH N,
- MULTI(3) POINT
WITH CO

N

70-90% URL
40-60% URL
5-20% URL

CERTIFIED CO
CYLINDER AND GAS
DILUTION CHAMBER

SEMIANNUAL MULTI-

POINT CALIBRATION.

DAILY HIGH SPAN AND

ZERO CHECK.

CO, ANALYZER

—

. ZERO WITH N,
2. MULTI(3) POINT
WITH CO,

70-90% URL
40-60% URL
5-20% URL

CERTIFIED CQ
CYLINDER AND GAS
DIL.UTION CHAMBER

SEMIANNUAL MULTI-
POINT CALIBRATION.

DAILY HIGH SPAN AND

ZERO CHECK.

CALIBRATION WITH
DRY GAS METER

50-70% FULL SCALE
10-30% FULIL SCALE

WATCH. VACUUM PUMP

O,ANALYZER 1. ZERO WITH N, 70-90% URL CERTIFIED Q SEMIANNUAL MULTI-
2. MULTI(3) POINT 40-60% URL CYLINDER AND GAS POINT CALIBRATION.
WITH Q DILUTION CHAMBER DAILY HIGH SPAN AND
ZERO CHECK.
ROTAMETERS PERFORM MULTIPOINT 80-100% FULL SCALE DRY GAS METER, STOP INITIALLY AND UPON

REPAIR/REPLLACEMENT

STRIP CHART RECORDER

CHECK STRIP CHART
READING AGAINST
INPUT VOL.TAGES

80-100% FULL SCALE
50-70% FULIL. SCALE

CONSTANT VOLTAGE
SOURCE AND DIGITAL
VOLTMETER

ANNUALLY

COAL/SORBENT FEEDER

PERFORM MULTIPOINT
CALIBRATIONS

NORMAL OPERATING
RANGES DURING
TESTING

STOP WATCH, TARED
BEAKER. SCALE

CHECK BEFORE AND
AFTER RUNS

SLURRY/UREA FEEDER

SPECIFIC SETTINGS
ARE CALIBRATED
BEFORE EACH RUN

STOPWATCH., GRADUATED
CYLINDER

DAILY, DURING RUNS

URL-upper range limit




4.2 QUALITY ASSURANCE AUDIT

A QA audit was initiated on December 4. 1991, Two gas cylinders were delivered (o the
testing area for analysis. The component concentration in the cylinders was unknown to operation
personnecl.  Operation personnel were asked to analyze the contents of cach cylinder and report the
results. These results revealed that the analyzers audited fell well within the data quality objcctives
established. A memorandum describing the results of this audit. from the Project QA Officer. is

provided in Appendix B.



SECTION §

RESULTS AND DISCUSSION

5.1 GENERAL

All results from sorbent injection fests were developed into percent SO, removal vs. Ca/S ratio
graphic relationships. Data collected 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, pereent
SO, removal, corresponding Ca/S ratio, percent NO, removal, and N/NO,; 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. Duplicatce dalé at each Ca/S ratio were collected. The resulting
removal and stoichiometry values were then plotted. Percent removal was plotted on the y-axis, while
Ca/S (or N/NQ,;) 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 subscquent expressions of
SO, removals in this report are at a Ca/S value of 2. Data collected throughout the trial work are
presented graphically in Appendix D.
5.2 SULFUR DIOXIDE TESTS

Initial tests compared the SO, removal of slurry against dry injection modes for Ca(OH), and
CaCO,. Figure 11 shows the cffect of varying injection temperature on the SO, removal by CaCO;, at
a C/S ratio of 2. The SO, removal during dry CaCOj; 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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Figure 11. Effect of injection temperaturc on SO, removal in CaCOj tests
(Ca/S = 2, SO,; = 2,500 ppm).
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maxima in SO, removal. about 57 percent around 1.000 “C. Adding NO,OUT A solution to the

slurry water (replacing an equal volume of water) may have caused a slight increase in SO, capture.
but insufficient runs werc completed for statistical certainty. The same tests for dry injection of
Ca(OlII), (Figure 12) indicate that SO, 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 sorbent injection curve except for a significant increase in SO, removal by slurry injection
around 1,000 “C, where SO, capture increases to about 72 percent. Tests with urca (NO,OUT A)
added to the slurry water followed the temperature response of the sorbent-alone slurry, but indicated
significantly higher SO, removal (about 10 percent, absolute), up to a maximum around &2 percent
capture.

Limited tests were also donc with commercially available Tenn Luttrell CaO (lime). In these
tests, Ca(OH), was tested against a CaO slaked with the slurry injection water before injection. The
results (also shown on Figure 11 for a single injection temperaturc) indicate that injecting a CaO
slaked under non-optimized hydration conditions yiclds equal SO, capturc to the Ca(OH),. Similarly,
injecting the slaked CaO slurry with NO,OUT A solution resulted in equivalent capture to the
Ca(OH), with NO,OUT A, about 82 percent at Ca/S = 2.

5.2.1 Comparison

The SO, removals reported in Figure 11 for dry CaCQO; particles are cquivalent to previous
results (about 40 percent) for testing in this furnace and others'>16. The SO, removal resuits for dry
Ca(OH), sorbent injection, about 60 percent, are also similar to earlier testing in this reactor and
numerous tests by others'>! 718 while comparing results between dissimilar furnaces, fuels, initial
SO, concentrations (SO,;), and sorbents is difficult, the results for CaCO, 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 SO, removals with a Ca(OH), slurry

(C&/S = 2) of 78 percent, comparable t our peak value of = 72 percent’?.
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5.2.2 Temperature

The results for both dry and slurry Ca(OH), injection (Figure 12) are similar (o those found
for dry and slurry CaCO, injection in that, with some exceptions, they are relatively insensitive to
temperaturc. While greater sensitivity 1o injection temperature for dry sorbent injection may be
observed in other facilities. this phenomenon is a strong function of reactor quench rate.''® The
temperature response profile ot SO, capture becomes flatter for lower quench rates. The IFR has a
fairly moderate quench rate of about 250 “C/s. Rcsults from a pilot facility operating at a quench rate
of 500 °C/s did show greater tcmperature scnsitivity of SO, capture with slurry injocu'onm‘ As
expected with this higher quench rate. the optimum slurry injection temperature (about 1.200 °C) was
determined to be about 200} °C higher than in our work (about 1.000 °C).

5.2.3 Dry Versus Slurry Injection

The equal or greater capture by CaCO, slurry versus dry injcction has been attributed to
particle fragmentation or delayed sinteringzo.

The levels of SO, removal, approximately 6() percent (excluding the urea addition results), arc
typical for dry Ca(OH), sorbents, while the range of data on our tests is insufficient 10 be conclusive.
Significantly greater SO, 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
sturry (vs. dry) injection remains speculative.

5.24 Effect of NGO, OUT A

Tests with NO,OUT A added to the Ca(OH), slurry showed significant improvement over the
slurry alone or dry tests. Improvements in SO, 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

3

comparing it with the hydrated lime alone”. The researchers speculated that the enhancement was

cither caused by increases in sorbent surface arca and porosity from urea decomposition in the sorbent
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crystal structurc or by reactions between S0, and urea decomposition products in the sampling system.
Work by others has shown that SO, capture is possible with NH, alone”’. 1t is possible that the NH3
slip created by urea decomposition may be directly removing SO, as well.  Our results suggest that the
mechanism for cnhancing the sorbent’s ability to capture SO, is probably the reaction of the sorbent
and urca-based compound with SO,. X-ray diffraction results from IFR solid sampling during
NO,OUT A injection indicate. along with the expected CaSO,. the significant presence of
(NH4),Ca(50,), 'H,0 (koktaite). Clearly, at these high temperatures. CaO, SO,, and the urca
breakdown product (NH3) may react together to increase SO, removals beyond that expected simply

trom the presence of Ca0 [from Ca(OH), or CaCQ;] alone.

5.2.5 Ca(OH), vs. Slaked Ca0

The inability to distinguish between the SO, reactivity of the slurries from commercially
available Ca(OH), vs. laboratory-slaked CaO suggests the simplicity of the hydration process towards
producing reactive sorbents. Purchase costs of hydraﬁon and transportation of the added weight of
H,0 in Ca(OH), 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),.

5.2.6 Particle Size Effects

Tests varying the particle size of CaCO, sorbent were conducted for dry, slurry, and slurry
with NO,OUT A injection conditions. Results at the optimum injection temperature for SO, rcmoval
at a Ca/S ratio of 2/1 are compared against the Ca(OH), results (Figure 13). Smaller particlcs
gencerally remove more SO,, whether they are CaCO4 or Ca(OH),. The enhancement of dry sorbent
SO, capture by either slurry injection or NO,OUT A addition is probably maintained independent of
particle size. Equivalently sized CaCO4 was indistinguishable in removal efficiency to Ca(OH),. For

slurry injection, however, Ca(OH), is clearly superior in removal efficiency.
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5.3 NITROGEN OXIDE TESTS

Tests were conducted over a range of temperatures (o mcasur‘e the temperature sensitivity of
both NO,OUT A and NO,OUT A+ reducing agents. Tests varied from about 821 to 1.170 °C with a
N/NQ,; of about 1.5 (note that urea breaks down into 2 moles of reducing agent nitrogen per mole of
urca). The results of testing with NO,OUT A, encompassing NO,, NH,, N,O, and CO cmissions. are
shown in Figure 14.

For reference. SO, removal results from slurry injection are superimposed on this figure,
although these results were not obtained simultaneously. (Other results showed that the effect of
concurrent sorbent injection upon NO, removal is unnoticeable; tests with and without sorbent in the
slurry did not prove to affect NO, removals.) For NO,OUT A, a peak NO, 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 1o 1.140 °C.

In comparison to these results, Figure 15 shows the results of NO,OUT A+. The maximum
NO, reduction was 80 percent at the optimum injection temperature of around 1,100 °C and an
N/NO,; of about 1.5. NO, removals of greater than 60 percent were achieved at injection
temperatures ranging from 887 to 1,137 °C.

The effect of N/NO,; upon NO, removal for NO,OUT A and NO,OUT A+ is shown in
Figures 16 and 17, respectively. NO, removal increases with N/NQ,; until around an N/NO,; of 2.0,
where thc NO, removal starts to level off. Figures 16 and 17 show inflections in the curves at around
an N/NO,; = 1.5, caused by including data from Figures 14 and 15. The data used to produce Figures
14 and 15 were collected during a different trial run day than those f{or Figures 16 and 17. Furnace
temperatures vary slightly from day to day causing slight differences in the removal results.

5.3.1 N,O
N,O emission levels (Figure 14) for NO,OUT A generally appear to follow NO, removal

levels; peak N,O emission (200 ppm) occurs at a slightly higher temperature (1,137°C) than peak NO,
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removal (1,100 °C). Peak N,O emissions using NO,OUT A+ (Figure 15) appear to occur about 50 °C
higher than the optimum injection temperature for NO, rcmoval. For both urea solutions. N,O
emissions follow a similar temperature response. although levels for the fatter (peak valuc of 36 ppm)
are consistently about one-fourth of the former.

For tests conducted near the optimum injection temperature for NO, removal (1.087 °C),
increasing N/NO,; values results in greater N,O emissions for both urea solutions (Figures 16 and 17,
respectively). N,O concentration ranges from 70-220 ppm for an N/NO,; of 0.8-3.5. respectively, for
NO,OUT A. NO,OUT A+ appears 10 be less sensitive 10 N/NO,; increases. ranging from 25 to 115
ppm for N/NO,; values of 0.8-3.5. For both urea-based chemicals, N,O emissions are only slightly
atfected by changing N/NO,; values between 1.5 and 3.5.

Injection of NO,OUT A at near optimum temperature (1.087 °C) with Ca(OH), slurry at
varying Ca/S ratio resulied in N,O production of 66 ppm, 51 ppm. and 64 ppm at C&/S ahout 3, 2,
and 1. respectively. N/NO,; was held constant at about 1.5 for this testing. Correspondingly, injection
of NO,OUT A+ yielded N,O emissions of 35 ppm, 27 ppm. and 33 ppm at C&/S about 3, 2, and 1.
These results (not shown in a figure), when compared with Figures 16 and 17, suggest that the
presence of sorbent addition may md reduction in N,O levels. This possibility has not been verified.
5.3.2 NH, ‘

NH, concentrations for NO,OUT A injection (Figure {4) reach a maximum of 140 ppm at
821 °C. Increases in injection temperature show declining concentrations of NH, slip. Peak NH-
levels of 135 ppm for NO,OUT A+ (Figure 15) at 821 °C are reduced below 5 ppm at injection
temperatures of 887 °C and higher.

Changes in N/NO,; values affect NH, emissions, as seen in Figures 16 and 7. Increases in
N/NO,; for both urea-based solutivons result in higher levels of NH;. Unlike N,O. NH; levels with

NO,OUT A and A+ are a stronger function of N/NQO,; changes from 1.5 to 3.5.



Coupling the reducing agent injection (at N/NOy; about 1.5) with Ca(OH), slurry near
optimum injcction temperature (1,087 °C) produces NHy slip of less than 35 ppm at Ca/S between 0.8
and 2.0 for NO,OUT A (results not shown). Slip was somewhat less for NO,OUT A+. A maximum
of 12 ppm was observed at Ca/S between 0.8 and 2.0. The reduction in NH; slip during sorbent/urea
co-injection could be attributed to NH; combining with Ca and SO, to form (NH,),Ca(SO,),*H,0 as
previously mentioned.

5.3.3 Comparison

IFR test results (Figure 16) show NO, removals with NO,OUT A at 1,087 °C and varying
N/NOQ,; that are similar to those demonstrated in Reference 10. While less similar results have been
reported by References 8 and 9 with urea injection, direct comparison is made tenuous by
cxperimental differences in reducing agent phase (solid urea) and NO,; value (250 ppm), respectively.

Tests with NH; solution injection were conducted to obtain data to compare others’ resul(s to
assess any reactor-specific trends and validatc the ﬁndings of this work, particularly in reference to
N,O and NH; emissions.

The NO, removal results of NH; solution injection at N/NO,; of 1.3 are shown in Figure 18,
indicating that NO, recmoval exceeds 50 percent over a fairly broad temperature range, 887-1,140 °C.
These findings are fairly consistent with NO, removal results of Reference 8 at an N/NO,; of 2, given
the differcnces in operating conditions. The NO, removal responsc to varying the N/NO,; of the NH;
solution is shown in Figure 19, compared with References 4 and 8.

The NHj, slip and N,O emissions during injection of NH; water at N/NQO,; of 1.3 is shown in
Figure 20. The decline of NHj; slip at 827 °C is uncxpected, yet was confirmed by repeated testing.
Figure 21 shows the effcct of N/NOy; on Nlj slip and N,O cemissions.

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

temperature and N/NO,;. These emission levels, generally 40 ppm or less, are similar to thosc of
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Refercnce 9. A significant incrcase in CO emissions at lower injection temperatures is not observed.
perhaps because our injection range did not extend sufficiently low”.

The wrends seen in the NI, solution injection results indicate that reactor-specific differences
in removing NO, under similar testing conditions hetween these three laboratories are not substantial
and that results obtained in our research may apply equally well to others’ reactors.

Valucs of N,O production as a function of NO, reduction (plotted as AN,O/aNOQ, in Figure
22) for NO,OUT A+ were almost exclusively less than those of References & and 22 with pure urca.
Work reported in Reference 8 was done on a pilot-scale, natural gas-fired combustor {described in
Reference 9), doped with NH; to produce NO,, and Refercnce 22 used a pilot-scale 2 MW (1) coal-
fired circulating fluidized bed. This suggests that technical improvements to the pure urea solution.
represented NO,OUT A+ formulations, can affect N,O emissions in SNCR processes.

Levels of NHy emissions for both urea-based solutions show trends of reduction with increases
in temperature, consistent with results of others”. Fi‘gurc 23 comparcs the NH; slip emissions during
injection of both urea solutions with those from Refcrence 9. NHj 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 NO,OUT A+ vs. NO,OUT A solution in this work improved the NO,
removal values at lower temperatures. This result raises the possibility of staged injection of these
chemicals at low and high temperatures, respectively. This result also has the addidonal benefit of
reducing the local "load” of the nitrogen-reducing agent injected into the flue gases, and thereby
possibly minimizing potential NH; slip problems.

5.4 COAL TESTS

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

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

Ca(OH), slurry, NO,OUT A and NO,OUT A+. Injections were made at 1,151 °C and 1,041 °C.
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Injection of the slurry and NO,OUT A at 1,151 °C gave 69 percent SO, removal, and 36
percent NO, removal at stoichiometrics of 4.5 and 2.6, respectively. At the lower injection
temperature, the NO,OUT A slurry improved to 86 percent SO, capture at C&/S = 3.3, NO, removal
declined, however, to 19 percent at N/NO,, = 2.4.

The NO,OUT A+ slurry achieved 70 percent and 60 percent SO, and NO, removal,
respectively, at Ca/S = 4.5 and N/NO; = 1.6 at 1,151 °C. Injection at 1,041 °C resulted in SO,
removal identical to the NO,OUT A slurry at this temperature. NO, removal was 21 percent at a
lower N/NQ; of 1.5.

NH;, slip was about 19 and 10 ppm for NO,OUT A and NO,OUT A+, respectively, at the
higher injection temperature (1,151 °C). Slip sharply increased to well above 110 ppm for both
reducing agents at 1,041 °C.

N,O production by each reducing agent was greater at 1,151 °C; NO,OUT A generated 65
ppm N,O while NO,OUT A+ yielded 58 ppm. At i,()41 °C, NO,OUT A and NO,OUT A+ generated
43 and 18 ppm N, O, 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 gencrally cxpericnced during coal burns 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

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

injection of Ca(OH),, slurry/NO,OUT A injection, and coal alone werc obtained. Resistivity for the
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coal alone sample could not be measured by the method employcd.14 Facilitics were not available to
determine resistivity of coal-only {ly ash by common methods. The resistivity for the sample collected
during dry sorbent injection was about 7.5 X 10" ohm-cm. During slurry injection the resistivity
increased to about 9.1 X 10" ohm-cm. A further increase to 2.0 X 10'* ohm-cm was realized during
slurry/NO,OUT A injection. The resultant curves generated during resistivity determinations are given
in Appendix C.

Electrostatic precipitator (ESP) performance can be profoundly affected by changes in fly ash
resistivity. Preferential ESP operating conditions rcquirc coal fly ash resistivity to be no more than
about 10' ohm-cm. Adding reacted sorhent material to the fly ash mixture causes changes in the
chemical properties of the ash; the resulting resistivity is usually somewhat greater than 1019 ohm-cm.
The rcsults obtained from this work indicate that adding sorbent and urea to the coal fly ash causes
significant increase in ash resistivity. These incrcases substantially cxceed a level giving acceptable
ESP performance:.23 High values of ash resistivity are known (o cause a decrease in the current
density of the particulate martter charging field which results in the degradation of ESP performance.
This reduction in current density will cause sparking, or the formation 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. Furthermore, the modifications made to the
measurement method, because of the presence of calcium sorbents also probably resulted in higher
values for resistivity. Whether or not sorbent/reducing agent injection will adversely impact particle
collection has not been cffectively cvaluated. Flue gas conditioning methods such as the addition of

humidity or sulfur trioxide may also bc used to lower ash resistivity.
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SECTION 6

CONCLUSIONS AND RECOMMENDATIONS

This work has demonstrated successful pilot-scale coupling of calcium-based sorbent injection
with SNCR technologies in a slurry injection process. SO, and NO, removals of about 60-8(} percent
at Ca/S = 2 and an N/NO,; = 1.5, respectively, have been consistently observed.

SO, cmission control is enhanced by combining the technologies. Identification of
NH,/Ca/SO, compounds suggests that the urea-based solutions react with Ca and SO, to effect
additional SO, removal. Some evidence exists for the enhancement of SO, capture during slurry vs.
dry injcction of sorbents, albeit over a narrow tempcerature range.

NO, removals of 60-80 percent at N/NO,; = 1.5 were typically observed. NO, removals
greater than 6() percent were observed over a broad temperature range: 950-1,150 °C for NO,OUT A,
and 850-1,150 °C for NO,OUT A+.

Comparative levels of NH; and N,O are significantly reduced below levels previously reported
for urea injection by using modified urea-based solutions. Near the peak NO, removal levels (80
percent) for NO,OUT A+ solution (NO, ;;; = 600 ppm, N/NO,; = 1.5), emission levels of NH; and
N,O were below 18 and 30 ppm, respectively.

The synergistic effect urea has shown on sorbent SO, capture ability has not been fully
explaincd. This work identified the presence of (NH,),Ca(§0,), * H,O in reacted solids. However,
the formation mechanism of this compound is unknown, as is its ¢ffect upon propertics of the

ash/sorbent waste.

45



Adding lime and urca causes chemical changes to the fly ash/sorbent mixture producing ash
resistivitics in excess 10'? ohm-cm. While resistivity values exceeding 10'° 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 obtained in this effort. The results were not comparable to those obtained
during natural gas firing.

The process may aiso be broadened in its applicability to a wider market by considering
options for decaling with additional pollutants (e.g., HCl and mercury) and improving emission rcmoval
performance. The latter suggestion may be accomplished by process alternatives such as staged
rcducing agent injection, sorbent enhancement, or a combination of technologies (e.g., SCR, sorbent

recycle, multple sorbent injections).
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APPENDIX A

INNOVATIVE FURNACE DATA 1.LOG SHEETS

A-1



Innovative Furnace Data Log

Date: ’2/_73 190
Initials /L & ~CBRC-
Test: H# /1

NH; Rotameter &<

Setting (BB height): 2O

SO2 Rotameter
Setting (BB height):

Fuel: %¥ < H}

Draft (inches of Water):

.3

Slurry: vafle-

Starting Temperature: L 0 2>

°F

% Excess Air (measured):

(thermocouple across from injection point)

A-2

Injection Port: 222 0+ Ending Temperature: /52~
Stage Air [02|CO2 | CO | NO | NOOUT |Starting . Ending
(float height)| (%) 1 (%) | (ppm) | (ppm) | Feed Rate | Feed . Feed
. (ml/min) | Rate ' Rate
15 ot ! (mi/min) = (ml/min)
[y 1Lo3 @7@&%*@2@ 1Y 13770 - -~ =~ |97.2 .
NSRv 103@ 70 26853 (& YoBze | .30 | 97.7 | _
B 1103l [ 79 | 1§ |5399 — 772
NSAL leze 70 ST 74, 8\ FA2 (3 | 42a ! !
Be. je3e70 2671 /S w0 —— 422 | |
NSR ([ 1ot o (TSAY | A | 397 sk~ 7.2 | |
B i@z 2074 | 18 395 — 1422 | {ge .
| r ] |
8L 03€70 T4ptis 2738 Y00 T~ Flrge |
nSRL Hesp 7o 75|75 47 93 A7 4is f
BL _wez@ 7o 27|74 (¢ (o | T s | |
WSR2, (.03 7o :7,)” 25 1% %,7}‘%? YA ; :
B lexe 20 77|74 | 1 qoo  —— iyl 42
‘ | A
DL | tevevo Op23| 1¢ 1399 | — Y57 |
MRS il 2507257 3o 3| 902 1y |
8L \ 736224 251 374 — YT
SR % W A28 e | 7eR | 45T .
E1S ' (79577361 % T age U — T o877 ' ¢e7 |
Tangentlal Air . Axial Alr_| Primary Gas __Coal Transport Air
Stat | Yy @ttt | @Sl s e L N/A
Finlsh | 4 o6 @ 4 [0P75 0853 P 2 /A



Date:/i /& ;170

Innovative Furnace Data Log

Initialg Vv~ CBE_

Test: A
NH;Rotameter SO, Rotameter
Setting (BB heighti: 3 85 Sefting (BB height): O
Fuel: A% tual /ﬁ«/x Draft (inches of water): <. 3
Slurry: (afe,” Injection Port: 3% Kbt
% Excess Air (measured): 52.5 -
| 5 : | |Starting Ending
| Stage Air 1 j ' NOOUT | Feed | Feed
(float height) | O, * CO, CO NO I SO, Feed Rate P Rate Rate
@ PSI (%) | (%) (ppm) | (pPmM) I (ppm) (ml/min) t (mimin) | (m¥mi,
6L Tene7yo nasllzs 1y [3g0 1 O O 4>
NSRt L03@7p 104 7.8 4 s L C (M gese 972
gL 1[.c3@70 701|7.% 1 39019 O 1472
MR L03@70 (247 286 LY 205! © [L3 Y72
B l.03@ 79 7zl 7% | V) | 2 — | 47.2 %79
@ | |
6L ['r3@-5 23t 70 | 10 | 2358 O — %.y |
MRL .93 @ 20|78 2.9 /8 | pof | © 2.65 14y
8L 4;”'03@ 7n;Z] |77 7 537 O - 1744 | -
MSRL 03 @ 74 |7061 01 T I8 O | 2 | w4
BL I @70 7287512 2257 © — %y Y€
e | i |
BL¥ hovero 7Y 77 235 | o | el
VSR .55 @20 |70 737% 5o | s 1%e
sL 1L 73@ 75 234101 7/ 1391 O =N
VoR3i.03@ 70 |70 22 20| 4ol o | ez | 6
L loy@ 10 1381746 7 (3971 O | — | #% ¢ 7
3@ 2o | ’
Famece &
Temperature at @ (°F
Tangential Air | Axial Air . Primary Gas | Coal Transport Air | 2 ‘ 3 |4 uppe
st |Ysg @ 45 |lo@ Yviosr@d — @ — 20%u13713%
Finish |456@ 45 0@ 4 08l@ - | — @ — o7y 27 11792
Flotioa /M) UL Gipm = 3L 0 AD



Innovative Furnace Data Log

Qa}g:@g \e”,
Initials FRE.
Test: &3
NH,Rotameter — SO, Rotameter
Setting (BB heighy): (23,5 Sefiing (BB heighty, /-
Fuet: f gan Draft {inches of water); o2
Slurry:  #y.0 Injection Port:  32%..
% Excess Air (measured):
Starting | Ending
Stage Air ' NOOUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mb/min) (ml/min) | (ml/min}
Bc o3 @70 675179 | 7 383 | o _ 77
VSRI 103 @70 T4\ 796 | 1O |0 | © 1.3 1 97/
gL l1e3@ 70 Uixl79 & |38/ | o — Y7y
pSRI Le3 @ 70 (TuX| 10875 IS5 O | .34 y7./
B/ oz @70 7] S @74% 375 — | ¥7/ 40
@ "*,"‘ |
B l1o3@20 7871 5Ty 1370 o — | %z
SR 103 @ 70| 74x] 7520 20 50 | O | R.ig .3
B liozs @70 2.9 7.9 12~ 375 O — 4.3
NVSRE: |03 @ 70 |56 7521 201 72 | © | 2.6 | .3
GL iz @70 |79 ' 23| X 1379 © —— 4%z 47
et @ | | & ?
gL o3 @ 70 ZpsiB 3l 3 1375 & — 4577
V3 |13 @ 70 114751757 | \S | 38 L & | 42 !y |
b 3@ 2 795|741 4 13737 @ — 457 |
Wse3 |1-03@ 70 |15 176121 121 o Goz- | yg7 |
4 0L |(03@70 |11 74X 5 | Zio! © —  4e7 1459
@ | | | | |
iy
Temperature at+es.(F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air | 2 | 3 ;'4 uppe
start |46 @ 4T |lo @Y 0s2@ = | T @ T |3I8Y 291 11992
Fish |45 @ 15 |lo @45 082@ 2 | —@ — |W0 | W T gy
N0 Level bf"ﬂ"“ poe To WG Drp fr— (0T 5 gp gy j0dTHS

A-4


http:Gl--(.al

Date:/X § i, 70
initials

Innovative Furnace Data Log

€ YFwé—
7Y
Test: "M7Y A€
NH,Rotameter > SO, Rotameter
Set%no (BB height): MM Seémq (BB height): /!//,4—
Fuel: w#hus! GAS Draft (inches of water): 2.3
Slurry:  Ha O Injection Port: _ #/"  wgren
% Excess Air (measured): S?Z i
' i ‘ Starting | Ending
Stage Air | | | NOOUT | Feed Feed
(float height) | Op ! CO, | CO NO SO,  FeedRate | Rate Rate
@ PSI (%) | (%) | (ppm) | (pPM) | (PPm) | (mUmin) (mi/min) | (mbmin)
B N\ @ Y0 |Surilo6 | G |\ Hn 9 L — 1272
MRY 13 @ 70\sad Ty ¢+ 13 |78 O | 12y 12722
BL (3@ 2k 7/ 1 & |2 O — 272 |
el 3@ zolde o |1 (200 o ' )39 | 272
BL w @ 70lg/ 1.0 5 %/ O — 272 | 272
@ | o
AL \o3 @ 70(72F |73 | (p 375 | o — | 44
M2 [\ @ q0i7451 79 531 C | Aes | #.s
A [\ @ 10 !7p 7,,2;,‘ (p 376 O — | #w.<
AR \3 @ 10 |47 7.94 27 | s2 | & | Ao | Y%
Al (w3 e@ Tolzgliay| 7 77| © — lw.e Y.
e I | | | ﬂ
b 3 @ 70 180172 7;3’75" BN Nl K o0
MRS 13 @ 70 1.8%17.4 13us 138 | O | 404 1agn
8L ey @ 70 1.9 1238 (0 137 L © | — [y82 |
vp3 1103 @ op (SR 1Y 35 119 1 p 4o [ 4S2 |
B 13 @70 259725 1o 333 & — |y 1dY
| @ | | | |
Temperature at Port (°F)
Tangential Air[ Axial Air | Primary Gas ] Coal Transport Air |3 4uppe
sat M8 @4y |Weyr|0%e X | e — ig 78 (1930
Finish |{.56@ 15 [0 @ {7052@ 2 —@ — |Lu )
559 2% a5



~Innovative Furnace Data Log
Datem‘/é %

Initials_ 2B E
Test: HFwvs—
NH,Rotameter SO, Rotameter
Setting (BB height): __/4< Sefting (BB height): /Y4
Fuel: wébaotl  GAS Draft (inches of water): O« 3
Slurry: Hao injection Port: 4T upPpes
% Excess Air (measured): — — o
ng&‘ e9 | N ' Starting ~ Ending
Af/"‘ e | Stage Air - NOOUT + Feed : Feed
Pr[ H (float height) | O | COo | CO NO SO, Feed Rate - Rate ' Rate
257, v* @PSI (%) | (%)} | (ppm) | (pPmM) | (pPM) ~ (ml/min) | (m¥min) © (M¥min

B |,23@ lsas|Z8 | 3 |374] O
WSR2 103 @ —o [Fo |76 | 15 | 2¢z| o
B Ho@ 70 [T |y | v 32O
PSRY (102 @ 20 o2/ |10 (292 | © ' 129 1\ 1575
pLl e 7o |8/|z/6l & |35 & RSPy
@ | | |
|
|

!

Sy |

— /

BL llo3@ 2o Wit 71 | 7 137¢ 470

)
~MSES 1103 @ 90 |80 |76 | 20 175 & =5
BL |13@ 20 9517 | ¥ 1395 v | T 4io
C/
O

B3 | 153@ 0 (Jo 7, 20 | JpS 2.0/ £7.0 1
L[ 0d@ 70 |juw| o5 F 375 — 1474 0 H
@ I 1 ! :
B 103 @ 70 |p2s5 170 | & | 375 o ., 40
AR 3@ W | §is| R | 2.5 32571 O [y~ . Y10
BL NS @70 \tus| F/ 1 g 1327l 0 ° T i Y0

o

L

Mo e ol F) |13 | 3o L9 1 47.0
5. e 7 llmr7/ | § 335 — Nl 97
e | | | | 5 |

Temperature at Por: (°f
l

’Tangentlal Air - Axial Air  Primary Gas | Coal Transoo*t Ar b2 3 4 upc

Start f‘(«;{{@ 4T o @ 10,81 @ ) 1 - @ 1}130 S (82

Finish |y s8@ ¢~ lo @15 087 @ 1—~* —® — A2 2o 7S
see //(0%4/ o éﬂ&é

A-6




Datev‘ 7 /90 Innovative Furnace Data Log
Initials €AY
Test: FnG
Seftng (B8 peigny:_©9 Sefing (85 neghy; N/~
Fuel:  fvateidd  G4s Draft (inches of water): < 3
Slurry: tho Injection Port: _ 37% W Mdlx
% Excess Air (measured): —
| | Starting | Ending
Stage Air | NO,OUT | Feed Feed
(float height) | O» | CO, | CO NO SO, | FeedRate | Rate Rate
@ PS! (%) | (%) | (ppm) | (ppm) | (ppm) | (mlimin) | (mimin) | (mbmin)
RL 3@ 76170|% | & B2 2 | — 4970
SR [1Le2@ Jp 75172 L2 33 2 L 3¢ | 1o |
Be |13 @ 70 got i | > 3231 3 — 970
ANORY [ 103 @ 70 16,9179 22 112 ¢ 22— |34 77,0
AL 3@ W g g 28| v 320 3 — 47.9
BC [0.97@ 80 lotas 75¢| « 370 | 3 - 77 0
WER D |097@ %0 Mot a6 (7 120, 3 | 1139 | 470
B [0f7@ %0 o 2g | 12 |55 o — 470
BL oz @ 9o Lo 78y I/ P53 2 — L 470
pnSR21093@ 90 1o 2% 20 1Lzl © | L3947,
BL o3 @90 G&m IS 37 D | — 97
BL |leze w68 768 7 137 O | — 420
M2 | 103@ B s FI 27 120 | O | 13 70
8L | w3@ 70 jets 27 ¢ |275| © — 47 | ,-
B 1[0z @70 lg15] 1.8 Brewl, 375 | O — ¢Z0 | 477
MR (w3 @ 70 (685 186 25 (2] © L. 4.7
0L 3@ P l¢3s!7%t. ¢ | 273! O — 4.7
VSR (103 @ 0 (64151788 [ J6 (238 2 1% 16.7 .
B¢ w3 ®70 Mol79 T\ "3 0 T — 47 T 40
Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 |4 upper
Sat 458 @ 45 lloe@fr|0s2@ 2 | — @  |R083| 28 p)g
Finsh |WS8@ Y5 |lo@ys|osle | —@ |7/ | 232 /703

AT



Innovative Furnace Data Log

At 2R 180
Initials CEE
Test: Fr7 Ny | pe
NH,Rotameter : SO, Rotameter .
Setting (BB heighty: 7 /15 Sefting (BB height): /4//7
Fuel: el Gns Draft {inches of water): & 3
Slurry: fz0 Injection Port: 274 mudodl
% Excess Air (measured). 2 2525/55%
T | | Starting | Ending
Stage Air - NOOUT | Feed Feed
(float height) | O, | CO, | CO NO SO, | FeedRate | Rate Rate
@ PSI %) | (%) (ppm) | (ppm) | (ppm) . (mlmin) (ml/min) | (mi/min})
BL (M@ 424y 2 3w | © s
MR | MR 1y 798 S0 | ps | O LT bi.§
6L Ne®@7C oA 796 |2y |F6E | O | — 7.§
MR \vg®@" 75 6l | 58 | O | 1 4.6
AL NT@70 e 74 30 | 368 o — 4.5
bC  |13@ 70 (7200 295 | @ 1303 O | & — | 4%
rME |63 @ 70 (29 |75 2) | 155 © | Ly 44.§
AL /3@ 70 \7f7c 24| 16 | 302 o — 4.5 |
MR |1e3 @ 70 [MaT 2| &1 | vy O /94 %5
B (103 @7° P00 1744 | & | Zo. O — %8s #%o
@ ‘ ; ! !
@
@ |
@ |
@
@
@ i
@
tase!
Temperature at Bost (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 14 uppe!
Start 4@ %5 | jo@Y  BELE@ = — @ — |23 |83k \g5o
Finish | Ysg@ 4§ |w ey |0le 2 | — @ — |22y 45¢ |78~

A-§


mailto:N~.''J@70

Innovative Furnace Data Lo
Datei4 /\#, 70 9

Initials _ C@7_
- = . N
Test: v 7 comt o M"/L
NH,Rotameter / SO, Rotameter
Setting (BB height): C? i 97 Setting (BB height): /V/’?’
Fuel: At GAS Draft (inches of water): &-%
Slurry:  H»© Injection Port; 374 m i dd /e
% Excess Air (measured):
'l ] ! f ] Starting Ending
Stage Air | ; | | . NOOUT | Feed | Feed
(float height) - Op | COp | CO  NO SO, | Feed Rate | Rate Rate
@ PS! | (%) | (%) | (ppm) | (ppm) | (ppm)  (mi/min) (mi/min) | (mbmin)
gL |lo3@20 (f |72 7 M o | — |47/
wibl [13@ 50 lpgol729 (29 | 5/ > '13g 47./
BL 1103 @ 20 ‘Gzl 74| 2 2%  © | 47./
MR2 103 @ 2 |82 \ AT 1 SA D | 135 |47/
B |3 @20 |8/ |73 &5 18 o | — 77./
BL [Pe3@7% |syoe 239 | 12 1357 O — 2,
ML P @ % 45T 242l 28 23 o 3§ 11/
ge Mm@ 2 Fol 2f 3 (S o | — 171 ofe
SR, Mo @ 70 1957 2451 £A | 13 L O i 3T 4. |4 Zs
B Pwen 447173¢] 19 By O Y0 1415
@ |
e
@
e ?
@ |
@ }
@ |
G |
Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 {4uppe
st |ysg@ S oot hire | — @ — [4120 .27 |7
Finsh  [Y.5T@ 4§ lv@ yspere 2—| —e@ — | 207 (o236 s

A-9



Date:ll/(:l/?O

Initials  €4C

Innovative Furnace Data Log

Lest 2r7 ey 4R
NH,Rotameter SO, Rotameter
Setting (BB height): & 7 }9(7 Sefling (BB height): i
Fuel: N#hoal GrS Draft (inches of water): Oc3
Slurry:  Hao Injection Port:  27% A ddle
% Excess Air (measured): '
| | Starting | Ending
Stage Air . \ . NOOUT | Feed Feed
(float height) | O, CO, |CO 'NO | SO,  FeedRate ; Rate Rate
@ PS! (%) | (%) | (ppm) | (ppm) . (pPm) | (ml/min) (mi/min) | (mi/min)
BL ™ @70 (Yscl7va| 1§ 357! © — 1420 !
R [ @ 7o yool 749143 0 3 © o | 920 |
BL [ @70 4738 ,7 35¢ © — b7.0
MR @ quc | iS5 ¥ O | dee | o
w BL [2\3@70 4.9 73| 353 — 47,6 |
BL |1o3@ w Sozta3e | U | 9% O — 42.0
~MRZ llp3 @70 (%0 | 2] 48 | 27 | O | Qoo 410 |
BL 3 @ 22 g |72 | 2 la9s 1 O | — “7.0 |
VSRS | (o7 @ 2 |93 2.9 5) A5 | © d.06 1.0 l
Bu _|lese@ 7Pl | /2147 © | T | ulo Y4,
@ | |
@ |
@ |
@ | ;
@ 1
, @ ‘
L @
! @
Lcue/
Temperature al Bert (°F)
Tangential Air | Axial Air | Primary Gas . Coal Transport Air BE 14 uope
stat 158 @ STl @i e 2 T @ — |3 | 2030,
Finish |{58@ 45 [le@fs |0le 2— — @ — |9y | 2 |leas

A-10



Innovative Furnace Data Lo
Datedd 4 | /40 J
initials  CBE
Test; ¥NVE
NH.Rotameter — \ SO, Rotameter

Set%nq (BB height): 25 //U“‘) HW) Setztinq (BB height): /U/”L
Fuel: Wtfrid 645 Draft (inches of water): 03
Slurry: Ha Injection Port: 24 o~ idffe_
% Excess Air (measured): ‘

Starting | Ending

Stage Air NO,OUT | Feed Feed
(float height) { O, { CO, | CO I NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (ml/min) (mi/min) | (m{/min

AL 1103@ 201291782 7 33| © 44-7 |
a3 o3 @70 128 | 719 4y | © | Roe [gpe |

BL 1B @ Y0 29 |y | 57 133 | © — | %5
NSRE ,,03 @ 70 ,7,‘,7/7 7.58 Qy 35— o oo o 7.7
AL (.@@7@i7,9(7,7é, v 137¢| © | — %7 | yrs
@ | }
B |toz@ 0 e |76 lo 1277 | © — 721
nsR2 (102 @ 7 W] 770] 2y 1P=e| O Ly |42
AL w3 e whsiliw 7 (37er O — “).)
WSR2 o3 @ o 147 0733 1 42 0 o~ | 1Y Y7
BL_ilo3@ 0 |7317.62 1D 375 O — 1472 |70
@ |
¢ P 0B e 0 725272 23 352 © | — | 4.¢
f NSRRI 1103 @ 0 |73 1 223 40 | 13| © L92 qp 8
B 3@ % 731066 |20 |350 o ~ k& |
VSRl 1103 70 Ve 226 | 4 Lo + o . 142 4y
BL Y3070 235107 |80 376 & | T 4§ d4p?
@ | |
Temperature at Port (°F
Tangential Air | Axial Air | Primary Gas | Coal Transport Air l 2 3 4 upp
Start 4st@ Y5 |0 @45 |O%e A | @ — !9/07 | 2120 | (56¢
Fish |458@ 15| LoedS08le 2 —@ — U 23] (e

A-11
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Date’? /14 /70

Innovative Furnace Data Log

Initials €8¢
Test: # NS _Cor T
gth%?gt(aBnée;zright): Q'S// ggtztisgt(%rgeézriaht): s
Fuel:  Nutrtl G 45 Draft (inches of water); 2.4 ~&. S
Slurry: HaO Iniection Port;  77%tdd/=
% Ex Air r '
! | ?Stamng Ending
Stage Air | | NOOUT | Feed Feed
(float height) | O» | CO,  CO NO | SO, Feed Rate . Rate Rate
@ PSI (%) | (%)  (ppm) | (ppm) | (ppm) (ml/min) ' (ml/min) | (mi/min)
Be 103@ 70 | Zaxt 769 /6 | Soyl/eas] T L9
NP2 |\ N@ e 2B 77 Yo | 27 | KsD| 1 |y
BL (\e3@ 70 T 748 | 23 572 (g | vl !
VSR | 103@ 20 v 5.7 | 4 | g ﬁé .Y Y
BL 3@ 70 2Tt | 27 1373 | s — 470 | Y7 ¢
@
BL | 3@ 70 78| 76| 33 | 3722|650 | — 4,0
GRS |03 @ 70 (754 7% | 55 | 12 |j700 | 2.00 (.0
AL | \Ww3@ 7°0\7Y | 7§ | 32 e 70 | 7.
~R3 w3 @ 72 (7081 729 1 GOy L (225 Blee y7.0
e 3 @ 0176 3213% |17 — v2.0 | Y77
i @ ?
b (8 [\ Be 7207676 7o |375 /%0 — | %.€
o s M3 e@ 7073178 so | \qp /725 42 &
v/ ope WY e 70 | 7ud i 30 | 375725 — %5
sRl Ve3> @ 70 |77 7820 S/ 1148 1 17/01 142 A3
BL Lwhe 7072357 228 32 |37 1761 — 16 qea
@ | | |
Temperature at Port (°F
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 14 upp
st {8 @ Yo |loeqS|0€de A | — @ — | “; 78
Finish [4sf@ 45 |[loets |05le 22| —e — 2130 | Qo387 \WMT

A-12
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Ll

L Innovative Furnace Data Log
Dated ¢ /17 o

Initials €8¢
) ‘

Test: V1 9 /V/.)_ ' /:L‘L
NH,Rotameter i SO, Rotameter

3 2  —
Setting (BB height): /?l / {}\ Sefting (BB height): Vr
Fuel: VA Gag Dratt (inches of water): 3
Slurry:  MsxC’ Iniection Port: 2% miMd jfe

o, Excess Air (measured): —

| Starting | Ending
Stage Air , - NOOUT | Feed Feed
(float height) : O, | CO, | CO NO SO, ' FeedRate | Rate Rate
@ PS! (%) | (%) | (ppm) | (pPm) | (ppm) | (mUmin) | (mbmin) | (mi/min)
0. i@ fme T s | Z2/ | O — 771
MRl @ B A& 7 |72 © | Lz ¢2.)
AL *143@ % |40 7.9l ST |25 1O — |45y
Ml 2 1@ m RBosiZge|l & s O (319l
BL Pime@ » kst 78 & 364 © — 1471
@ - |
AL /3@ =z T2 | & (30| © — | 92/
nsR) (/w3 @20 (7051 77 1L LS8 O 31 4./ |
fL |l ex 2217%| 3 1722 | O — |42/ |
NSRY (/03 @76 7 | 78| 75| [.3] 474
e [103e» 7525 | >~ (38 | o — b7y 1448
@
@ |
@ | |
@
@
@ !
@
Lewe/ o
Temperature atPorr( F)
Tangential Air | Axial Air | Primary Gas ' Coal Transport Air =~ 2 3 4 uppe
Start Gre Y5 |lee i |0ire . —@ PRI 20| Iy
Finish |458@ 45 [lv @ &S [962@ ~ — @ — |A%IF |77 1707

A-13



Innovative Furnace Data Log

0
Initials £AE.
Test: FnG cen7™ P
Ay T
NH.Rotameter i SO, Rotameter V%
Setiing (BB heighty: 22 | %/ Seffing (BB height): a
Fuel:  Adtitd g5 Draft (inches of water): ©. &
Shurry: 70 Injection Port: 3 7™ s il
% Excess Air (measured): -~
| Starting | Ending
Stage Air | NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO ISOZ Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (ml/min) (mlVmin) | (mVmin)
e 1@ pl7eles| = (& o | — (4.7 |
ASES 1103 @ 20 700|770 | /S |39 | O 2,09 nan
G 1103@ 90|74 |76 | &2 |39 |0 | —~ |49
nIRE |13 @ p Mo 17 | 35T @ | doy 467
BL 1.03@ 0 [Zert Zpl A |70 | O | 7. 7
@ =
- 7
| 8¢ "13@ 2 1o | 20% | R || O — 9.9
1 ) nsez Prez@ 20 |42 (7720 U |25 O | 2.09 967
3 2 ,03@ 70 rs i 7ep 2~ |380 | @ — 4.9
F nS5k3 [le3@ @ Wyus In P8 2/ | O | 894 | w7
\ A PlseZo Wo— 7¢ 3 128 |l | g |4 ¢
@ | | i
@ :
@ |
@ |
@ |
@
@
Leve/
Temperature at Port—{-°F;
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppe
tan | 7@ 5| le s 08 e —e 2216 | AsE 186
Finish |fs¥@ 4¢ | w@15 P&l | e — 2167 |c¥ | 1775

A-14
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Date: (217 4 70

Innovative Furnace Data Log

Initials B¢
Test: ¥a9 coni _
NH,Rotameter ry R SO, Rotameter
Setting (BB height): 35 /2] Setting (BB height): ’V/’:’“
Fuel: il o a5 Draft (inches of water): 2. %
Slurry: 20 Injection Port: 32 m Molle
% Excess Air {measured): —
! ]Staning Ending
Stage Air ? NOOUT | Feed Feed
(float height) | Op | CO, {CO [ NO SO» Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mVmin) (ml/min) | (m/min)
B |™e2@ 7o layrs] 4y | R |37 | O — g
MA@ 704y || 7 1s7] O LY %6.]
8L @ 7 |45 76R] 213755 O — . |
NR Mw3@ 7o lapsl el 5 10 o /.? 46.%
b [*1n@ 70 455 7, =z 13741 O ~ .9
@
BL w3 @ » | 7271 25| 4 [3u | O - 4.9
MRl 103 @ 7o | 76T 7591 8 (921 O [y 4.9
Aar [loz @ 70 |15k i Y 307 0 - 6.7
MR ez @ 70 117170 1 20 !‘{{ 2, |y Y6.9
B |z @ 7o NS\ 4 308 | O —~ Y69 40,5
@ 154 )
@ i
@ : !
@ | |
. ?
@ ‘e
@ |
Level
Temperature at<ew (°F
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 |4uppe
st Y@y lo@y psre 2| — @ — | J§3 |97 |77
Finish |4st@ 4y 1o @%5 [082@ &~ | —@ — |13 |l />
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Date: [/ 217/

Innovative Furnace Data Log

Initials £8¢&
Test: /¢
Sefing (BB neigh. Y =% 7 Sehing (88 neigh: /-
Fuel: nafwral (G Draft (inches of water): &£~
Slurry: 40 Injection Port: 279 ~~'dd/e
% Excess Air (measured): ——
Starting | Ending
Stage Air NO,QUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppmM) | (pPmM) | (mi/min) (mlVmin) | (m{/min)
BL 193 @ 70| 7ex17:36 | jo |3257 %5
AR |103@ 29 (27%t2se | s~ 2s |\ 1 1.g s
BL 1wz @ 70 |81 2. 04| I 37z — w.e
NRZ 1,03 @ J0 |47 | 248 | /7 | (AD [ ] 723
Bl |1.03@ /0 | 2010387 10 1575~ | — %.&
@
@
@
@
@
@
@ |
@ |
B
@ E
@
@
@
Temperature at Port (°F)
Tangential Air | Axial Air %Primary Gas | Coal Transport Air 2 3 4 uppe
st 4ot e ¢¢ |loerppe 2| —@ — |JHZ 1267 | 95
Finish  |1,58@ 45 [0 @t pee 2 | —e — AT |47
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Innovative Furnace Data Log

Date: L/ 10/ 7
Initials 0T
der”  Test ™Il lont,
o NH,Rotameter T SO, Rotameter ‘
/ Sefting (BB height): | Sefting (BB height): S¥
Fuel: Méhwal  qas S Draft (inches waa;ég) Q 2—
Slurry: Tenn tulfred  (o(o#h L894)16% |njection Port: 37 ~dd e
» % Excess Air (measured):  —~
A . .
i Start Ending
- Stage Air NOOUT | Feed - | Feed
C a/on)‘,S/—’] (float height) | O, | CO, |CO |NO | SO, | FeedRate | Rate Rate
A @ PS! (%) | ()| (ppm) | (ppm) | (ppm) | (mbmin) | (mymin) | (mmin)
(B e s 1] 6 368 55 #/%
Gls |103@ Pigs|72| £ 372 325 53 ( stury)
8L |1.03@ 525|237 | (0 | 378|192 | H8H.0)
Cofs |1.03@ P |5i/12.27 1 1L | 278| 2257 | S2.56r
BL | [03@ D BIKIZY21 2 (3728 19| | 725 CHg
Al eze wlg/ (2l 8 |3relioo | —— |vasla
w5+ BEMRA| 103 @ 20 (227 LY | 37 | 73 35O (M) 3.4 41,5 (5tn)
»  GlSBe | 1.03@ o G027 | § | 380 |42 — t&( tho
ABpBE G5 | 1.0 0 g 738 O |30 (54 2 (%)
Calsrra  |1:03@ 20 Q7T 7| £ | 75| bye Ww 2.2 8/ 9rs,)
z, Be lo3@70 1821930 O |0 1345~ te(H:)
@ |
m? Ca{ﬂm}, @ I
o | .
@ !
e | IR
@ | |
Temperature at Port (°F)
Tangential Air | Axial Air ! Primary Gas | Goal Transport Air 2 3 4 uppe
Stat 458 @ Y5 | e@4s ilsre - . — @ ~ |19a | WS
Finish |4, s¢@ ¥§" |lg@ts b @ 2 | —e —  |1928 | 1877 |15
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Innovative Furnace Data Log

pate: ! /1l 9
Initials C8€
Test: ¥ N2
NH,Rotameter SO, Rotameter
Setting (BB height): 2+ % Sofing (BB heighty 75
Fuel: VATwi G5 Draft (inches of water):  0- A
Slurry: (a0 g ol 0l Injection Port: 3 middle
. Air (m _
f (pe %l) | starting | Ending
[Y Stage Air NO,OUT | Feed Feed
o*b’ (foat height) | Op | CO, |CO 'NO | SOp | FeedRate | Rate | Rate
J @ PSI (%) | (%) | (pom) | (ppm) | (ppm) | (mUmin) | (mumin) | (mimin)
Yo llge nbaols il o Wic soas] — @
celS 1163@ > lupcl (] 3 |us7 NS — (e O
afsetsr 103 @ P 4l 94| 13 | 45T 6o | 145 ) HE
BL 13 @ 70|ceast ¢dl| 3 P26 oo | — o Yns
cals o3 @ 720 |epc | .40 | 26%% .‘{S‘D’ Loop — () Y37
| calsetsg|lo3@ 0 (45521 | 20 | 75| 800 | |45 ) 49 @
6 3@ 7[5 |9%, 20 |747 |$eeme — (W9
q CGals |03 @ 70 |Sosig St | 22 |47 ‘g™ | — Vi, ) .6 i
) ~ofuhlioz @ 20 (9901871 720 | 48 | Etwlesr 145 Vo) 568 &
gL e [Cod 06| & vig a0 | — [u)ee
Gfs | (3@ 70 | oS98t | 20|52 (300 | T Gui)iw 9
chemse | 193 @ w 149159 69 | 83 | 1241 1.4C Gups
BL |[03@ 70 !;‘.O'%‘?S" 192770l — (w948
. -
@
@
@ i
@ |
Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 % 3 !4 uppe
st Iye ¥ ey isre 2 | —e — P70 g7 i
Finish |458@ ¥ [lo @S |083e _@ — |9080 |19 1539
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Innovative Furnace Data Log

Date; 1 /14,77
Initials &8Z
Test: ¥nv (3
ggt%?c? tfe?anéergqm): ks gce)t%r?c? tfenéert»eeriqht): 52
Fuel:  rhiAl GAs Draft (inches of water); £.-37 O.%
~Stoswe= Sotbtt—" Tenn LuTrell Cal0K)s Injection Port: 30 M dd/e
% Excess Air (measured): ——
Sorba A2, Starting | Ending
SEEER=. : NO,OUT | Feed Feed
(float height) | O» | CO, | CO NO SO, Feed Rate | Rate Rate
@ PS| (%) | (%) | (ppm) | (opm) | (ppm) | (mUmin) | (g/min) | GeUmin)
L oS @30 641836 s |0 (750!
Culg [125°@ 36 3831|500 | 11) | USS| bo3| Dol 2.72
8. 135@ B |pdas|T36] Sa | 1 |74 | —
Cafs  1025@ 36 16361830 s LUl | lleo be3| 3w, 272
B [1.55@ 3 x| %38 2 |/ | [275 ] | |
cufs |1I5@ 30 (215385 0 |~ r¢ 0097 [ (il S 8]
8L JaS@ 3 |6.351€.38| 53 LU | (75D —
Gafs  [1.o5@ 30 Y2184 | SR U5 | BSO 0,097 [{ss 5.5/
B hav@ %0 631 8Y 1 53 | 112 ] 750 f
Cols ho¢@ 2 5216921 O |y | 3a0| | pow ) L &5
By 1M @ 30 L2842 32| 112 7 —
afs 125e 3 |6hd Sl 52 | 11 | 2537 paro | Tl .5,
b @3 gaxtgys ST | o167 —
@
@ |
@ |
@
@
Temperature at Port (°F
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upps
tat |48 @ 15 b @Y 00 2| @ — |}9% |AML| 1)
Finish |4.g @ 4¢ |[o@YU5 0@ 2 ——@ ~— | 8¥ |9 |7
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Innovative Furnace Data Log

Date:] //67%/
[pitials 2BE
Test: F /Y
g?%fﬂ%”éeﬁiim 97 Sefing (88 heignt: 65
Fuel: Draft (inches of water): 2.3 —d.¢
slun;y Qggr}/ 7§w;v 1\777&_/_/_‘ Injection Port: 377
q\® Starting | Ending
A Stage Air NOOUT | Feed Feed
. (float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
/ @ PSI (%) | (%) (ppm) i (ppm) | (ppm) | (MImin) (ml/min) | (ml/min)
- BC T3 @70 (g0l &5 1 4o 1750 — Iy
’( s @ | lpgnlB5 [/ vy 85 | —~  Pws O €7,
/e Clsso @ St fe | (2 1 1p0 | 225 | b~ Mg 0
w1 3L @ 871857 K (Mo |l7eo| —~ &1
”\(@'S @ Swigsa| & |\ g (w75 | — ey 1@ %
2 Ydsonsp | | @ | 571 860] 10 |wo 726 | 735 951 |n
. 8 @ | \Sexrssy | 4 \wp3 |17 | — b1
3 s @ | a8 | 4 (4o ] 250 ) © 19,
\3 Caformsa| | @ Ses 165 | M L6P | e 1z By |y,
P 1 e | \sulssel v %o lyzissl —~  Blyg |
Y Cals @ | |sx¢s 1§ %8 1200 — fmg K
e cmat | | @ | lcofigss | 7 185 dos | T e [
bL @ g 1351 S 412 | — [Py
s _Gls @ | &9 "FY [415 650 | — e B TE.
Calsyvs R @ | fnrty) t i
BL @ | — &g
el s @ | B
s | v @ Y | )
8L @ |\ [ — sy
Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air | 1 3 4 uppe
dat [qsye 45 Hloek [Mre > | — @ — |29 1360 |I700
Finish |4 5¢@ Y$ |lo@Y5|0.60@ 2~ —@ =~ Qe T 2017 | [$F]
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Innovative Furnace Data Log

Date: ! ,“ 9/
Initials floé- & CC/5
Test: A/1$”
NHyRotameter — SO, Rotameter
Setting (BB height): 25 Setting (BB height): 5]
Fuel: Aiters| Csiy Draft (inches of water): ©:2-0. 3
rry: Cafe -- Injection Port: 37 Rz 47—
% Excess Air (measured):
] Starting | Ending
Stage Air } NOQUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | (mUmin) | (mUmin) | (mimin)
BL 183 @70 [§7519.5 | 17 |40 [I§2S ey (1.5
MR [led @70 13|56y | 27 1o | (9o | LY | %€ h
Be 3 @=0 igudgial 1% [ G0 | — | 4F
MR (03 @ 70 155|806 | 33 | s gmee LY 4§
L o3 @ 70 | S 917 | JO 123 | pos ~— hg v
s (63 @ 7¢ 1975 S’?Y’ |8 (Y20 | s — {41y $3~
wWstwse | 103@ V6 |45 | 721838 |1 | 205 | IF biny 55
BL_ |13 @ 70 ¢35 70| A2 (¥ (50| — ) 45
CGlirs o3 @ 20 |42y | 20 1703 | sv0 | — o 57
Cofswse [1,03 @ 20 |40 930 | 25 | 00 | 360 LY 55
B 3@ 70 |y 936 23 | 44 | (7520] — |9y
@ |
@
@
@
@ s
@ | |
@ | |
Temperature at Pont (°F)
Tangential Air | Axial Air iPrimary Gas | Coal Transport Air 2 3 4 uppet
sat Ns1@ Y|\ efspmesiearr| — @ —  |2e0) 2087 | 1T
Fish |57 @ Yo~ | [p@Y¥ |o@ I—| —@ . |Q02yieeRt | 6%
A-21 ;og:



Date: |/ 6,9/

Innovative Furnace Data Log

Initials _CBEC
Test: ¥ VG
NH
Seting (B8 heigh: 1 Sefing (BB neignt; GO
Euel: ( &85 Draft (inches of water): Of
Slurry: GaloM)y  (Tern betfrell ) Injection Port: 47 eppes.
% Excess Air (measured): —= "
Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) (ml/min) (ml/min) | (MmVmin)
BL. [03@ Zo| Sugsvg | TR | 928 7%l — ko Y
P MR 1403 @ 70 |BH]ESY Ay | T2 [ 1§60 | 1Y luods
e [1.03@ 2 [90gbn | 1Y | 3|2 — |5, 48
L M 1130 o 5T 25 27 | 9 10| (4 B 4e
AL |lo3@ 7 |72 |9 14 | 401 1%% | — 4
- als | 103@ w lchqrlesa | WY o prs | —  fw s2p 13
 Cafsse | 103 @ 2 ST | 3/ | 75140 | 1Ly P 52
e o3 @ 70595165 | 1Y 1137 (o | — 1 4g
4 ofs  lleze 7 lgsflgie| (6 | 138 700 — @ e oz B
Facafoense 102 @ 705301076 3% | 98 | S50 | |y I
8L |jo3@ 70 |§5 |%7¢ 15 |40 11950 | — I 4
- s 3@ 20 (84518761 1§ 1738 lecg| — P22 R q.:
satafserst [15) @ 70 | S%8Y] 3| 70 g0 | Ly B 52
bl |ked @ 2o |SyTI8 7G| 1S yze 1990 — BY W
cfs |13 @ 0  — M2
calpsh [1:03 @ 70 ’ | (dury)5 2
B o3 @ 70 — e
@
Temperature at Port (°F)
TarLgentialAir! Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppel
et |fsv@ 4f [le@is |08 | —e — |27 | 239 | /6%
Fiish [1.58@ Y |lv @ p.e@ > | —e— O e =

A-22



Innovative Furnace Data Log

A9
Initials €8¢
Test: ¥ ni7
NH,Rotameter SO, Rotameter
Seting (BB height); 2 > Sefiing (BB height): 6 2
Fuel:  ralvawl o Draft (inches of water): o+ 2
v Colofn Temn Injection Port:_ ¢™ v ppen
% Excess Air (measured):  — ' 77
| Starting | Ending
Stage Air NOOUT | Feed Feed
(float height) | O, | CO, | CO NO - S0, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) : (ppm) | (PPM) | (ml/min) (mimin) | (mi/min
bL [YC@ 20575 |58 | 15~ | 973 250 | T %2
WS (103 @ —oisapedo | 23 | 90 |2ess | B
BL 1103 @ o Syxj&s2ldo |73y Al | — |
o ~sa 1103@ Yo (S3| G0 1y |73 s Ly ]
DL llez @70 |52 57| 23 1925 18/6p — v
o afs 11.3@ 0 s P% 20 %3 (o0 | — P05 P
¢ cofStnsn |03 @ 29 |50 (T08 | 59 (10 | gD P4 R
pe ko3 @ yp Sao| $9%6| A5 | 4gp |56 | — W,
7 Gl |h3@ 20 1513 T0128 (44 00 | +— E9ns @
Tacelormse fo3 @ 20 Y3719, 138 | 1so 1300 | I g |
B |13 @2 |Sorsl G0 @ 30|y 1990 @ —  BIwEL
T Gols les@ 70 |5 |94 3014921280 — &y @ |
Yo Caowspl 103 @ 20 Y| J0y | W6 (o2 130 L¥ [Py
B s e 2[Col 10030 [Uss s3] — 1%y |
T als 3@ s G 33 Gl 45— e [°
T Cofswsn|Vo3 @ 70 4825 109 L 51 o0 | 140 Ly R gy
6L |3e@ 20 1895 3 (Y30 |lsoo] — Mg
@ i |
(,eve/
Temperature at et (°F
Tangential Air | Axial Air | Primary Gas l Coal Transport Air ¢ 2 3 4 upp
dat 4K @ K (0@ i |a@ > — @ T | 2128 |05 |1
Fiish [ @ 157 |le@ys] @ | —@ ~ REENE DA IRRE 1E
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Innovative Furnace Data Log

Date:( /427
Initials CEC
Test: #Fa(E
NH,Rotameter SO, Rotameter
Set?ianBB height): /V/f' Setg(inq (BB height): &0
Fuel:  nafuntl G5 Draft (inches of water): O.2
Slurry: bty SerbaT Ca(o#) Teul-T|njection Port:  #7Rugoe2
% Excess Air (measured): 77
Fedst |
atithg Starting | Ending
Stage Air /5 Feed Feed
(fioat height) | O | CO, | CO  |NO | SO, Ifhe | Rate{94) | Rate(s
@ PS| (%) | (%) | (ppm) | (ppm) | (ppm) | (fobflf) | pm) | (mbsm)
AL | FB@3C \Cpr 992 | (S | 88 | 1§75
cals |[25@ 30535 878 1S &7 | 1325 0039 2 | 2.5%
Bl ||As@ » |G\ & o | 56 1585 | ——
cfs U2S@ 2 |85 | 15 | 87 11330 0.02y = 2.35%
Bl |[-25@ 30 |2 878 |5 | £7] 730
Lafe |175@ 30 |5/ 1709 /S | 87 | 780 0.008 A 595
pl l125@ » |Sne | (S| 88 | 1500 |
Cls |f257@ 36 (9928008 | 1G |87 | 290 | povs | ¢ 5. 95
br |.B@ 2 \sod 2/ 1S | S7| [5as
Gfs 125 @ 30 |4951 7021 14 |70 | 477 (0.0 ? §.7%
BL (L2 @ 30 |Su o8| 19 | 28 | [T20 1
cads |Pe@do |4ef|7./7| /s D130 |00/ | § 5.7
B |lose 3o 490100 | (s w7 | s
@ i
@ |
@
@ |
@ !
¥ sections
Temperature at Bwwt (°F
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppt
tat |[45@ ¢s|loer awe 2 | e — |Hoeg|d2p | 1Y
Fiish |44 @ Y5 | |a@YT 0@ ) —@ ~ |22 18167 |teg?
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Date:!| & 7/

Innovative Furnace Data Log

Initials C6C.
Test: #n 07
NH,Rotameter

3
Setfing (BB height): /‘//‘r
Fuel: A&/ #fars] GAS

SO, Rotameter
Setting (BB height):

91

Draft ({inches of water): O. 2 —- 3

Slurey: By BT 0F Tewr ludreilcadedbiniection Port:
% Excess Air (megsured):

I Lopsen

Fct/eé-
Sotbad™ pin. Selri~§ Starting | Ending
SEREAr NEOTH | Feed Feed
(float height) | O | COp [CO |NO | SO, | Fasteme. Et{e_ Rate
@ PS (%) | (%) ! (ppm) | (ppm) | (ppm) | (msismin) | (Gwmin) | (&¥min)
AL |fK @30 (S | )7 | &) | /255 —
4 @ | x|y |2y o |/ 6023 | 2 3,05
7 @ Sl (6] 110
(s @ | [$458&s5123 £z /25 0,023 3 3.5
BL @ | |so8s |18 2] 185 — -
cafc @ | |s#1852127 62 | B |0.04F, ¢ | £25
8L @ S\ Sl |63 | 1505
el @ | |ser P21 26 |69 | 05| p.of7 2 6. 25"
gL \ @ | Upado | 1] 163 /750 |
oofs @ | lsel8sp |2y |6 | 2 5070 71925
Be @ T8 | 19 (eg |17 .
el @ SK1ESE| 25 | 6f |92 2.070 9 | 725
B Y ey Sex\fsz | (G | %5 |/ e
@ | | )
@ | | | i
@ | |
@ | |
@ ]
Z@Uc/ .
Temperature at B ( F)
Tangential Air | Axial Air | Primary Gas I Coal Transport Air i 3 4 uppe
gt |fFetr |liefp2e 2 | — @ — | /ot o iczy
Finish | {.§ @ s~ ||0o @4¢ |06le >~ —@ (&7 |F020 | 1650
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Innovative Furnace Data Log

Date: | /289
Initials €87
Test; #n20
gs&sgt(%née;zqht): 'V/‘?" ggﬁii{g t(aBrgerthriaht): 5 ) /3 s
Fuel;:  WATwl (45 Draft (inches of water): &2
by TP oF Teuplorel cufen, Injection Port:
% _Excess Air (measured): ——
Sorbat | Feeder S‘ﬂlﬁ' Starting | Ending
Siage- Alr | :f@? Feed Feed
(float height) | O | CO, | CO NO SO, eedRate R/gte Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) ‘P%g) (@Vmin) | (@V/min)
B— los @ Bo |\ cer&p | 2Y | 69 Lisi§ | —
als 1] @ | (spissp 77| 6eTi/R50 | g0p3 ! 8 S0
AL || @ | soles| »3| ¢y /6 -
Gis || @ | xee 1896y (sl oo | 3 3,05
AL @ S G | 23 | £S5 | 1770 — —
cals @ S &s | ¥ (66 | 5T oo | G 6.25
A @ | |lswt &by |6y | /1795
afs @ |\ 548049 G2yt | 0095 | & | 425
A @ S$7\8¢6 | 25 lep (178 —
suls @ Ssa86y | £3 0 T | 2257 0020 7 7 2%
AL @ | |$Semi £z |sv | B8 | Moo -
s @ SL\FPbAl ST | 68 (253 | O.ovo g 725
bL |V @ v [Spasel| 27 | 77 \uts —
@
@
@
@
@ |
Lecel
Temperature at3&rt (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air . 2 3 |4uppe
sat |0y @y (Lot |otre >~ —e (900 | AOSD | [7/¢
Finish |{.6@ 75 |[oets g0 227 @ 192|597 | 177
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Innovative Furnace Data Log

Date: / 13019
Initials_€AC
Test: #rMD 1
gg‘t% sc? t(%rgert\;riqht): N/ﬁ 22%}:;) t(a Bn%ertgiqht}: 35
Fuel: i~ Gas Draft (inches of water): o, |
Slurry: Tear bftell Gfod)s by Z7~  Injection Port: ¢ |
% Excess Air (measured): ——
s fele 5’y Starting | Ending
_Stege Air Feed Feed
(float height) | O, | CO, | CO NO SO, ate | Rate te
@ PS| (%) | (%) | (pem) | (ppm) | (ppm) % (@min) | (Bg/min)
e |15 @ 20 | 1951 932 22| &1 | Peco
cols @ | [ynd 138 1 [ e2|i315 | g2z | 3
AL | @ | lggg 290 1 &2V 1500
cafs @ 9251 G\ Rs | EY 125 0,023 7
Bl @ | |gutlp |20 | £y | 185
s @ | (40|27 30| &7 | ¥ | Stz ¢
AL @ | | Baste tire  wwould N Cune |
c.{; @ ek M—Uc-—o o 0.7 | b
VAL @ 92175 19 | £2 11850
caly @ L9521 35 |82 | 6iv_| 0. afz..""/;
4¢ @ 519521 1§ | &7 11795 —t
24 e | g 123 [ 87 1 cr | oA w76
sL e U4/ 7l 19 | s3] (70 _
R @ G 24| 18 | &Y | 4265 ——t——
als @ 2161 39 | &5 | B | s | 7
o @ | 41| 7w 18 | 3| (70
afs |V @ | [25)05 2 |89 /s0|0.020] 2
bc [ Ve VVv0testow | 18 | 83\ p251 |
Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppe
sat |4 @ 4 ey hbre ) | — @ — |Aloo | 2583|1985
Fiish |15 @75 Joei 0fe 2| —e — |PR|#Y |/
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Date: [ 1 319/

Innovative Furnace Data Log

initials A

Test: Fa -

NH Rotameter

Set_tmg (B h eight): 73

Fuel, ~alwitl ou5
Slurry: (‘xfol-/)—; Tenn Lfrel

o—

o, Excess Air (measured):

802 Rotameter

Setting (BB height):

s/

Draft (inches of water):

0:3

Injection Port: %72 o ep

Starting | Ending
Stage Air ‘ NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (m¥min) (ml/min) | (m¥min)
BL  |1,03@F0 |28\ 73 |1 473 |20 48
roSh [ @ | Bod 23y (3471210 | | 3
ge | @ | (34|59 | =2 5D D | — 5
S || @ | Lel2ve 37 323 lays 1 1y |16
aL || @ IS 7| s | 5B 2720 4§
als || @ RIS\ L 22 | 8 e300 — [ sts
s | | @ 3.31957 3¢ 1370|4900 | | Ve §78
B || e | |zat262! 2 sl — o
| e -
\ @l | |
@) |
el |
l/e| .
V e i | |
@ ‘1/
@V
@ +
| e |
IM/} Siwﬂ? 5“‘{3— 5(09/”1\(”7{” =0 ;S-)/ C@(0”> S/Mry'l”emperature atg
TangentialAirrAxialAir Primary Gas | Coal Transport Air 3 ;4 uppe
stat |G @75~ | /Lo @t |05 e 2 —e ;zo;} 2193 1934
Finish |l s¥@ (S |lo@ YS |0 sle = — @ — |05 AT 1917
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Innovative Furnace Data Log

Date:}/ g 17
Initials _@B&
Test: #1703
NH4Rotameger SO, Rotameter o—
Setting ( eight): 7/ Setting (BB height): 59
Fuel: rwhaA{  §A7 Draft (inches of water): 0.2
Slurry:  GloH) Trne LT Injection Port:  #% loc— e@
% Ex Air (mé&asured): '
| ] | Starting | Ending
Stage Air | ] NOOUT | Feed Feed
(float height) iCOg ' CO NO SO, Feed Rate | Rate Rate
@ PSI % ) 1 (%) | (ppm) | (pPm) | (ppm) (ml/min) (mi/min) | (m{/min)
BL  [1o3 @ /0 a5\ fs | 92 493 |20 | — | 47
~e || @ | spsi%ep| 62 | [F/e0 | LY
Be [l @ | [221p¢ [ 7 |85 Jro| —
VA @ | Zp| %72 65|38 1z | LY
gL @ N7 | 76 | Spo 15T —
Gle @ | [3.11%7¢] vy |wg | LS5O — o 2
Cafseissy. @ | Rex|2s8 | o |30 | 50| LY Py S
gL @ | |20 ]98] %% 1755 w75 | ~— %
Cals @ | — e 52,
ol sas @ T XY
74 @ — | %
@
@
@ |
o | ,
@ 1 |
@ | | |
V e V | |
(e Z)(AISTY = [/, 7/ ~
[Q./&%)(/w"‘*)( ) 617 Cc‘“&jy)? § //7 Temperature at Port (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppe!
st |Ytle 4STwet [0e > | —e T |20 | 3R |
Fiish 156 @ 45 |[Well pfte * | —e = | — | — |-




Innovative Furnace Data Log

Datedts 19/
Test: Froy s
% ,
NH~Rotameter SO, Rotameter
Setfing (B8 height: 3| Sefting (BB height): o 63
Fuel: (sl 6#5 Draft (inches of water): &-2-0.3
Slurry: (ol Tea~ L7 Injection Port: ™% Righr
% Excess Air (measured): ~—
Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) {(ppm) | (ppm) | (ppm) (mUmin) (mUmin) | (mi/min)
b w3 @ 2 |5/ 5% | & s o — |y
SR | @ | isplee | IA |sspl/ds | 1Y |t
B | e | lsnsl o | 10 Bl trwe — I
vsp @ 49870 2/ g [ 5Y5 LwssT |y |y
aL @ | |4/ | Zoa| y>~ | 489 |7 | — 4% J
Cafs @ | |uxldox| 125 [ z0| — Fwaco |
lorvsk || @ | 4851706 1 |22 1605 | 19 fan) 5o |@
BL @ \lsu|8xl jo |40 (075 | — |w
ca /s @ ||1Suiex! 10 | %iieon | — msac]Y
Sty @ SIS G| j0 | $EO| 4251 Ly i) §, 0~ [©
bL @ | En18% y 7y | M| — |%
/s @ |G &7 (SIS | 225 e oty 120 95
C‘/%& @ S{w Ity L(glgf' 0/.\,/;5, -c ‘3--"%/,_‘/~ (ﬂ/-//,) 70~
BL @ | — | #
Cal$ @ (irg) %25
Gfssk @ s
L @ 2
i f I3
s oy sl (DY VTR AR A
#) %{K,yég@Lﬁg;—%J(/,a& 57 ) (0ssy) = 5708 ZE ColthHgmperature at Bew (°F)
Tangential Air | Axial Air | Primary Gas Coal Transport Air 2 | 3 |4upper
at Wsgess ey ope>=  — e — B0 12y |3y
Anish ok @45 weiS|me o —e — 1197 gy ¢!l
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Date:a') / ﬁ/-f/

Innovative Furnace Data Log

Initialg @3
Test: Fas™
g”g”n%§g°§%”éeé;§?m; 2% S2ng op nean 71 25
Fuel: ~eli#H e S Draft (inches of water): 0.3-0.%
Slurry:  Colofly 7TTnp LT iniection Port: 8% Right
% Excess Air (measured):
Starting Ending
Stage Air NOOUT | Feed Feed
(float height) | O» | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mimin) (mV/min) | (ml/min)
DL ez @70 (2150 12 1490 s — 4% g3
nh || @ s/ ¢x1482 4es 170 | 1Y (
oL @ 5] 92 1 20 B ez — | |
rsn |1 @ | Whaat 22 1 2Y 3% lseso | LY ]
B @ | 15/ 5 |72 — |y
Cal$ @ st/ | (7 19577 28] — by 43
CofStnue @ 9e751 7.3 | 21 | Sz | (1S LY flay 13
%L @ | |sx &8 1 17 | % | us — ¢
cofg || @ | |Sat A 47 TGl ol — Vs 43
Calstns @ | lond g0l 17 1495 mog !l MY lad 43
o Vv e YV |58 % (7119 |50 — | 4¢
. =]
@
@
@ ~
@
@
@
Lo/

Shay ety (93 2 Y 1or 32 Jo136) = 436 22 Cafotyy

Temperature at B&g (°F!

Tangential Air | Axial Air | Primary Gas i Coal Transport Air | 2 3 |4 uppe
at |isge S et ltre > [T e | 18€ | 2o5D | 1869
st |450@ Y¢ [We yw|ohe2— — e I 48 (%3] 782
- BT
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Date:# E” il
|nitials

Innovative Furnace Data Log

Test: ¥rX
g:ﬁxsg t(ggiee:chn' o gg&isg L(Eggertw&;oht): éé
Fuel: ATyl GHS Draft (inghes of water): o4
Slurry: Ca/o#’);,\- Termidd: Injection Port: 3™ midd/e
°% Excess Air (measured):
' I Starting | Ending
Stage Air | I NO,OUT | Feed Feed
(float height) | Oz | CO3 iCO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) : (ppm) (ppm)a (ppm) | (mUmin) | (mimin) | (MVmin)
BC 3@ 20 Bx |57 1 uS 1433 [T — |ty
rse. @ 5257 56 1 20 | AT 1970 Ly
BL @ S 886 13 (Y0 | s | —
ve | | @ | gy 8| 2Y |2e5| 1870 | \Y
_BL @ 59| &% 2] 1432|2005 — v
Coks @ | 143888 17 lyog \126p] — dgesio 1Y
(o l52050 @ S8 | 22| 30 | 776 | 1.4 [ 4p — |0
gL @ G 87| 20| 2ol — g
alsresme @ Sas\ G99 12 | 4I5S leod — [ yes|O
) @ | |lcus|?9% |2 |30 |0 | (v e
B @ | |Soar 7| (7 Y057~ 4%
afs @ | 5/ %21 s (w2 g75] — FErwer B 1M
Gils+s e | Ml o2/ (o (25 [P0 | g |y P
BL @ | los 708 15 | yssizeso | — |4 -
o | |l @ | Fosl 1% \§ Tysa[j@0 | — [ey @
st | | @ | |Ysc 911 9 2 (esD PO P
BL 1}/@ 485 el (S | 4so |pre0] —~ 4
@ (| |
- ,g;»! 1.0 7 2407 %0) = 498 ZZ Calot), S/wiy
s e e nars = 58 % adtly oy g
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3|4 uppe
at |\S% e ¢ |[Wel 0fte L | — @ — |208 | 22T | (9oL
Fiish | 45%@ 45 wes e L | —e — | | 85
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Date;2 //7“/?4

Initials

B

Test:

NHSRotameter

Setfting (BB hgight):

F27

Innovative Furnace Data Log

o

Fuel:

A

H w5

Slurry: Ory wa Gzﬁo//b

SO, Rotamete

Setting (BB height):

r

4

Draft (inches of water): 8¢/,

Iniection Port:

—S/dm'

e oile

Air (m
{ | F?# Statting | Ending
MR Air i % Feed Feed
(float height) | O, [ CO, |CO INO | 8O, |F te | Rate Rate
@ PS! (%) | (%) | (ppm) | (ppm) | (ppm) | (eetemin) | (Beumin) | @¥min)
Ai— 1125 30 |Saxt 852 | || 1 78 | (5] —
Cal§ @ | 517/ \=ells2s 023 | 3
bL | @ SIS %061 10 | 771010 | — ——
el @ | |Sus| Togl 1 | 78 S| 0023 |
AL @ | o8| (I | 78| | ——
cads @ | lgolbzl v 1728 1aS | Goy7 | &
gL || @ | 15yl % U [28 390 | — —
af¢ || @ | |sef Y| 10| 77120 [0.017 | &
g 1\ e \ lgq ! fo 77 \oisp | —
Cefs @ |y 92 7 | 77 75 1p.0%0 | 7
AL @ w1 %921 70 | 75 (Ao | —
ofs || @ |19y | 101 77 g0 | g0 | ¢
7 @ | 1 %21 10 27 Qe | —
@ | | |
@ {V / |
1. @
V @ ;
@ |
‘ Sxfpo-*
Temperature at-Rom® ( F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
at | 4g e (2 e¥ p%e > | — e — 183 | 9037 |K6¥
Finish | 49 @ ¥ | lv@ Y5 |082@ 2 | — @ — (896 (&Y 1857
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Date:Z /3.7

Innovative Furnace Data Log

Initials €4C
Test: #rp g
Sefine B beigrty. /8 3ot o boight: S )
Fuel:  ~#luid Gas Draft (inches of water); _0:3—0:§
Slurry: Dy L. aloflla (Temr L) Ww
% Excess Air (megsured): ——— (
rﬁgfazfrﬁy Starting | Ending |
Stage Air T | Feed Feed |
(float height) | O, | CO, | CO  |NO | SO, ate | Rate Rate
@ Psi (%) | (%) | (ppm) | (PPM) | (PPM) %) ({;Jmin) (é/miny
AL |135@ 30 |$30] &fp| 1| g1 | 20—
atp || e [ 1570 2] 8r o | 0033 3 |
4t || @ \lg3(70 | (3| 5 |sosD '
olg @ | |smg Fo2l (2| g2 14| 23 | B
AL @ | |Sour Z08 | 13 &3 la0s0 | _—
ods e | lsuéw |~ A swloor>i & |¢gos
Bt @ | |G/t fegl (3| 8260 | —— ]
aly @ conr 9,02 (3 | 23! 815 | poty | & 6.0]
AL @ S\l 3 L F2 | #/0 ‘
Gl @ 407 9/ 12 183 1375 | 0o | f
AL @ |\ 1§0619.48 | /2 |84 120
a1\ @ | lyewl 922 il | 83 |37 |po70 >
AL || e Y971 921 184 AP —
@
@
@
[ @ / j
V @ '
. Seclo0n—
Temperature at-2ge (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 | 3 |4upper
Stat | 1€ @ 45 |l @¥ lokpe 2 | — @ — 1796 (A0 | 1754~
Finish | 48 @ 45 |l0@ 7¢|082@ 2 —e@~ 1797 (8o2y |175Y

IA- 34



Date:2~ /13 /91

Innovative Furnace Data Log

Initials €<
Test: ¥ra7
NH,Rotameter SO, Rotameter
Setting (BB height): Ca ( Setting (BB height): t/lf
Fuel: 1~ AR Draft (inches of water): 0.3
Slurry:  celo Tt~ LT Injection Port: 3™ m¥ddle
% Excess Air (measured): -~
! | Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO | SO; Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | (mi/min) | (mi/min) | (ml/min)
Oe [lo3@ o [Sosi6.56 4 |465 121 — 48 s
MR (@ | (s s R (¢ |20 %01 Ly
8| [ o \oidmmes| 7 (%0 195 — |
R || @ | (S sg |20 | 35T S | (#
BL @ 25 12 gy | 1100
15 @ | 521868\ [d 463 |52 | —  [Pemyiy
s @ S3i 578 | | Pl P55 | 4 s
RO @ S/ 2ol s L grliesT — |
cals @ | sy | 20| (e | 450 | Coo — |&Dh7y
kg || @ | S0y S (20 760 | v |tMPhy
B @ | lsox|&b | 13> 473 11875 | — |
@ |
@
@ %
@
v, @
V e, |
@\V { i
ity (40825107 (5D = 43 e Calotlly Shs7; Sectio—
4/u/y Temperature at o (°F)
Tangential Air | Axial Air ! Primary Gas 1 Coal Transport Air { 2 | 3 14 ugpe!
tan |(STe@ 4§ (e 0dre 2 | — e — (7 1958 | (73
Finsh |{sf@ Y5 |[lvelf 0kre 2| —e — ;\758' !m7 Hég‘f
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Date: /1179

Innovative Furnace Data Log

Initials €&€
Test: € ¥ 30
s“Z&%"laégeé%?gm; v Sefing @R a6
Fuel: ¢ Draft (inches of water): i3
Slurry: @bl Tern L Injection Port: 2™ Riwhi-
% Excess Air {measured):
; Starting | Ending
Stage Air NOOUT | Feed Feed
(float height) | O5 | CO» iCO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mVmin) (mVmin) | (mimin)
B 3 @0 &, o |0 |87 — |4
Cols | | @ |429 %39] u (40 470 | — |f ,
Glswyp | [ @ | 1435|757 (3 [P0 83 1y ™9 Qv
oL | @] Al ey 195 | T l4f
il @ | lwwslgsa ¢/ lypo |47 | — B
wstm || @ g2\2sg| (2 lcen| /6 NG
L |V e 31 85| 12 4y | 0] — 4
cals @ |\ 417282 10 | %8 | s — (%) 8.0
cdswig | \ @ | lgercl 96| U/ (s 22| 1.7 9
pL | @ VY12l gy lar /28 — e
@ ’ |
@
@
@
@
@
@
@
: SeeKon
Temperature at #%t (°F)
Tangential Air | Axial Air | Primary Gas ] Coai Transport Air 2 | 3 E4upger
t 4e Ir lbeirltre & | — e— | (13 | 827
rnish WS¢ @45~ [0 @45 jpe@ 2~ | — @ | 1591 85V ' 177
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Innovative Furnace Data Log
Date: /1579

Initials €6%X
Test: ¥~ Y
¢
m’ef:eermhﬂ ’; ? 7f ggt%i!:gt(aBrge;zriohn: 65}
Fuel:  n~whud] Gé5 Draft (inches of watené8e Ege=g6s— ©2~8
Slurry: Cafotlls [Temr LuF) Injection Port; ¢h towen
% Excess Air (measured): =
| | Starting | Ending
Stage Air | ] NO,OUT | Feed Feed
(float height) | Oy | COp | CO . NO SO, Feed Rate | Rate Rate
@ PSI 1(%) (%) (ppm) ' (ppm) | (ppm) (mimin) (mVmin) | (ml/min)
B [103@ 70 (40 Poege) (S 473 |Zroo | — | Bt | &>
Ca/s @ 2% e b | w80 | S0 .l 4
Cofsrasg| | @ | Baxleg| 89 O | /20| 1y |~d %
8¢ @ | bpxlfa| 18 (473|908 | — | fas
Cafs @ | lzex| 93 (7 |42 [ 325 | — |[ewso
Gls 1040 @ 3719087 (a5 | /85 | 1y |9 s
BL @ 44 1 20| 171938 (2o |  — | f72¢
SR, @ W31 9021 50 | |20 (Y 428
BL @ gps| %oy | 18 | WS 1 Q10|  — | 42§
MR @ | Wi l| 67 98 220 | 1Y b5
BL @ W st fox |17 19 [ J90] — 1428
@ |1
@
@
@ !
@
@
p | 7o,
P SL
5-/“”?' Se #"7 /Q/'” Y/Mﬂ)(/nv) =k % (Temperan:rz;ga(w
TangentxalAlrs Axial Air | Primary Gas | Coal Transport Air 2 3 4 uppe
. |4 e ¥ [[veds|02e D | — @ — (5% A/ W0
Finisn | 4SF @ 1S |0 et a0 A |~ @ — |5 |20fb | oo
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Innovative Furnace Data Log

Date: 2257/
Initials %;
Test: ¥u 3L
NH.Rotameter SO, Rotameter
3 2
Sefling (BB height): 35 Sefting (BB heighty: 7%
Fuel: rANSY G-45 Draft {(inches of water);: 2. 2

Slurry: Ca0g (A5 Rec.) Teen &= Injection Port:
% Excess Air (megsured):

I | Starting | Ending !
Stage Air 1 NOOUT | Feed Feed |
(float height) | O, | CO, | CO |NO | SO, | Feed Rate | Rate Rate |
@ PS (%) | (%) | (ppm) | (ppm) | (ppm) ! (mVmin) | (mimin) | (mb/min) |
Be  [lo3@70 |har] 2s®|Jc |fg3 (2] — 4 12 4.4
Gls [ @ | 1210068 |20 (%77 l)is0 | — Wy il
Gelswsg | | @ | 4 [p0b 127 300 |gel®] 1§  fun)yr |
BL @ | 4311002 [P\ pm95| — 4 ;
&f cafs @ | |gax] po|2) (4361 (26| — 1S g
Mrafpog [\ © | 1a) | o) |2) 960 |j2e | St |0 17 |80
wt B @ 3.2 X3/ | (470 | — yhl —&&ﬁ
BL lu-@ V|t 66| 17 19 |I%s | — |47 |
@ i
@
@ | !
@
@ el
@ |
@
@
@
@ f |
(45220t 2e)( sy Sethe
3 Temperature at #ert ( F)
Tangential A;; Axial Air | Primary Gas ! Coal Transport Air 2 3 4 upper
tart K@ '7¢ o @uC 08 e 2 I — e — |83 Jo33 | 775
Finish |457@ ¥ |lo @ % of2@ 2 — @ — | B0 [y 173
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Innovative Furnace Data Log

Test: ¥ 273
NH4Rotameter SO, Rotameter
Settmq BB height): 1{3( Seiting (BB height): 57
Euel: NuﬁLwM Draft (inches of water): o.5
Slurry: CalOz (45 W) Jenw L Injection Port: ¢ ugpee.
% Excess Air (measured): —— "
] Starting | Ending
Stage Air i NO,OUT | Feed Feed
(float height) | O, | CO, |CO |NO | SO, | FeedRate | Rate Rate
@ PSi (%) | (%) (ppm) | (ppm) | (ppm) (mVmin) (ml/min) | (mVmin) !
BL_[103@ 70 |Sps1 7.0 | 17 |40 11875 | — fs |
(als @ | |[$u2s I8 430|930 — |Bse ©
clonge] | @ | [suc| 76 35 2p| Foo | Iy @ P
L. @ | sl 1€ |44 || T —
Cafs @ | s 9sal (7 [k2s |joccOo | — @ 50 |0
CAlS S0 @ | |85) 196 13/ (229|750 | 1y (9 v
B @ | [30519.0% 1§ g4 (920 | —  |¢#
el @ AR AN AR, 2N A Ok
Ghewn| | @ | |su| 9% 139 227 o, 7 O 50 %
8L @ AEARRYRE AR — |99 |
Ca/s @ : i - (-S‘_)
Gl @ | AR
B |y eV | —~ |4
@ :
@ !
@ | | |
@ | ,
@ | |

ludty sebbing B (g0 2= (LIBHL)(-IH0e) = 80 L. CallpShmy SedPh
\uf'r Sﬂ%\’? "3 (SD/)U 06 /4“)( 09’3> 4.8) % (alO f/-»/pﬂ'emperature at Rast(°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 4 upper
an |4ste y$ ot ne 2| —e — |17 Tz (705
Finish [45¢ @ 45 |0ty 083@ >~| —@ ~ |[|70 199 | /68|

A-39




Innovative Furnace Data Log

Date:2. L& /G
[nitiais €8 &€
Test: *a/3¢
NH.Rotamet SO, Rotamet ;
Sef?inc? (?Brgehzrmht): 7 Setztin(? (aBn;effegqn'(): S?
Euel; (Cx. Draft (inches of water): . &+ 7
Slurry:  Ca (O3 [(#8Lx ) Ywmwdn Injection Port: é/xy/e»(
% Excess Air (measyred): —— 7
Starting | Ending |
Stage Air NO,OUT | Feed Feed |
(float height) | O, | CO, | CO [ NO SO, | FeedRate | Rate Rate |
@ PSI (%) i (%) | (ppm) ! (ppm) | (ppm) | (mUmin) | (mUmin) | (mlmin) |
bt 103@I70) [$hri 248 | 1S (%7 S| — i
Cafs @\ qZZ 52| L g5/ [[120 ] — @43
Clisg | | @ | |94\749127 (272 1900 | 4 €4
8C @ | 471828 /s |yz5|7/50 — %
G @ 461 %6 S | o | K670 — 4
olimg| | © | |4 97|23 |3 sy g O F
6L @ N/ %45t 73¢| 1S | s 19250 — | #P
als @ | sat %7118 L3525 — (¢ 49
Cofrast @ M| 780 27 |2 o | ¥ BT
L |V @ V |4 | 45 K| s 2220 | — o5
° ‘
@
@ 5 |
@ } ! |
@ | | |
@ | |
@ | ; |
@ i |
t.'—‘—‘-e" a 0 g/w/'/‘ 5"1)0
S(wﬁ"] seftiag (44 B(/ 06 "‘&>(m’0") 7.9¢ / e ’ Temperature at @em-(°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air | 2 3 |4 upper
ant |48Ye ¥ oyl |[dpe . | — e  — | |88 [P | |78
Fiish  |4S6 @ Y5 Lo @ (5o&)1@ 2 | —®@ —— [|787 295 | 730~
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. /
Initials BE
Test: ¥n3¢

NH3 Rotameter

Setting (BB height):

Innovative Furnace Data Log

n

Fuel;

it

G145

802 Rotameter
Setting (BB height): 9‘?/
Draft (inches of water):  &.,3—>¢:%

NYSJW@ C‘:\l(ro 3“('” /Zac/‘wdljm L7 Injection Port; ' cece/
SorbaT” fesdes Sl | Staring | Ending
SEEe Air MBS | Feed Feed
(floatheight) | O, [ CO, | CO  [NO | SO, | Emwwsmate | Rate ate
@ PSI | (%) | (%) | (ppm) | (ppm) | (ppm) | EAwe | (E/min) | (BU/min)
BL |15@ 3¢ |5 | 33 720 | 66 | 170 —
als || @ | 1561756 21 &8 |lsgp | 09 4or | Yo
e | @ | os|938, 20 | 68 | f —
s 1V @ | 1550l %2120 | 67 1535 | et/ | 995 | 4.0
Be. | 1@ | st | )] |68 )5  ——
culs | | @ 426798 |20 |67 | eS| 0ieaz | §.ly | 7.8
A | @ 50! 948l 19 | 67 1%S
Cufs \ @ | 49l 7881 2] | o7 038 | o022 | S/ | 8%
AL L@ | e 9] 20 |69 g0
Cafs @ | 149 [ #o2| 23 | Cp |80 | pozs | 2K | s
BL @ | Wasiosal 30 1 ¢ 116§ | —
Cals e | 48510 22 |67 |72 | 0058 | Ri | ll.s¢
B | Ve | l4g7|06 18 | 68 |is)0 | —
@ , |
@ 1 i
@ L
@ "
@ | |
ST

Temperature at oy (OF)

Tangential Air | Axial Air_{ Primary Gas | Coal Transport Air 2 3 *4 uppel
tant | 435S |loe Y One 2 @ — [ 1319 [#°7 | 1gse
Finish [ ¢ @ Y5 \v@\s ;;O‘%}@ 2 @ T [‘59*‘1 9058 f %ﬂ
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Innovative Furnace Data Log

Date: 3 12/
Initials _ €4¢C
Test: ¥ 306
NH,Rotameter SO, Rotameter
Sefting (BB height): __2C Sefting (BB height): by
Euel; Caacd Dratt (inches of water); Lo
Slurry: CafoHl  Temm bl Injection Port: . 4™ tem=r
% Excess Air (measuyred): ~—
Stanting Ending
Stage Air NOOUT | Feed Feed
(float height) | O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) [ (%) | (ppm) | (ppm) | (ppm) | (mUmin) (mUmin) | (mUmin) |
pe o3 @70 |76 |78 | IS | 902 | 16JS — 9 \s.o7]
Cals @ | 729120 (y2 [70 — @943
Glseisn, @ | |Asi298170 | eg| 25| 137 @43
BL @ ISttt 24| 17 140 o | — | ¥
Oy @ W07 30 |ve0 (2281 — 913
g’swze_kg @ | || 28| 25 w2 | 271 —— 643
R b @ 621720 53 | o7 12¢7(13] = | eS8
L’/ﬁi L@ V71762 2% gl ysas]  — | ¢
' @
ok Lre / @
e @
7 @
@
@
@
@
@
@

Sl sty (435 )(112 BT63) = 297 2L

Temperature at £ (°F)

Tangential Air | Axial Air | Primary Gas | Coal TransponAir 2 3 4 upper
at (Ys€e us |loeUs [ope > | — e | bed 225 | 1997
Fish st e YS|loeYf|08e 2 | —e — |7 a3 | 1€
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Date: 3 2719/

Initials

ese

Test: ¥A3)

NH3Rotameter

Setting (BB height):

Innovative Furnace Data Log

¢0

SO, Rotameter

Euel:

rrte fM S

Setting (BB height):

Y

Draft (inches of water);

o5~ o

S!Jrr)'(v: C&gaff);“ Ten b’ Injection Port: ¥77 fowre,.
% Excess Air (measured):
Starting | Ending
Stage Air NOOUT | Feed Feed
(float height) | O, { CO» | CO NO SO, Feed Rate | Rate Rate
@ PS! (%) | (%) | (ppm) | (ppm) | (ppm) | (mUmin) | (mUmin) | (mUmin) |
BL |13 @70 |€gas 10 125~ | 303115085 — v§ |
{ ast 1{ @ | &% ,0] 75 ;? o LY 1[ |-
& @ 7.5 | 20%| A8 | 152 —
N =se® 10 | (95 2p| 35 380 |40 | =2ar| |
MR bl | @ | Bl | 70| 8 | 2solgw | — 4l v
L _Gfemy | @ 8351 719! 3755011450 — | v
bulsan®®) | @ | (GO0 2001 45 (371825 | — @]
W Bl | @ | 1921 722] 100 Qo lgsp | 1y @45
exfs o BL @ G\ 732| %0 |30 (15720 — l4g
G5 @ 281 25070 | fos | F00 — |y |
ol | @ | B 72| b1 3% (o | 44— |5t |Bgee
IR v @ y Koo | 45 | 582 [0 — |4 | v
o B @ | \Zer\ 20 | S5 (o (s | — [s) 41 | TR
o Gfs @ | |§W\ 28| 571377 lpre | — (17 " |52~
Cls ¥y @ v 271242] $51900 700 | — 1045 [HES
6L |y @ § P66l | 45 WS sk — s
@ |
@
\Q&k\'\/\_\& Temperaturfa{t'»:g’? (°F)
\\.L Tangential Air | Axiai Air | Primary Gas Coal Transport Air 2 3 4 upper
an T 1% e 15 Welr [08e 2 —e — |Buned | 2041 |1k SO
Finish |2.57@ 4§ [Loeicpre 2. | —e — |oT |2177) |0/
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Innovative Furnace Data Log

g9
nitial
Test: ®¥%
NH,Rotamejer SO, Rotameter ;
Sgisxi ng (BE %geiqm: 80 Seiting (BB height): A ge 35
Euel; FAS Draft (inches of water); ¢Fese /-2
Slurry: CaldOtf\q I Injection Port:
% EXx Air (m red):—
; Starting | Ending
Stage Air | NO,OUT | Feed Feed
(float height) ; O, | CO, | CO NO SO, Feed Rate | Rate Rate ;
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mVmin) (mVmin) | (mUmin) ;
b llw @70 1906 le] ¥ [23 2% | — |42 [(17.977
by | L @ | [z b5 4 |ga3l/7e] — @41 |-
a5 | @ 2401632 v | ¥S | 12| | © 49
b @ Iolety| 3 125200 0 — 482
Cal$ @ %425] 6.28 4 210 |75 — K ki
Calsen @ 26l | Y | | 25| LY A 19
BL r @ N \Jpsles| ¥ \Sbs 1390 | — 78
@
@
@
@
@
@ X
@ |
@ |
@
@
@ ,

Slu‘f*—{ Seﬁ'\'“‘f (L{? %)(”0 'Z€> ('/ff&) = el % (Jﬁémy:jéﬁre ats-;?;a("i:)
Tangential Air | Axial Air fPrimary Gas | Coal Transport Air 2 3 4 uppe

a4 Tf@ HY (e Yclipe d | — @ — bured |I23¢ | 1974
Fish 453 @ 4 |0 @ e L | —e — | wmt [2400 | 197
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Date:? 537/ 9
|nitials

Innovative Furnace Data Log

Test; "NS?
NHa;Rotameter SO, Rotameter —
Setting (BB height): 40 Seffing (BB height): 3
Fuel; A G-as Draft (inches of water); o-92—=/ o
Slurry: GloH)a Jemm Lt Injection Port: __§ %
% Excess Air (measured): — —
Starting | Ending |
Stage Air NO,OUT | Feed Feed !
(float height) | O | COp | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mUmin) (mUmin) | (mVmin)
b [10z@ 70 |70 438 12 | 550 1145 48 .
Gls || @ | \msleml 1S 1 Z2 14751 —  18f7 | Gk
Cafs asg @ W35 6.00| 30 | %) | 3eo Ly |® «7
BL @ | Wksp| & |30 300 | — |18
Cqls @ | Sl 9 38 oo  — &7
o (S @ XSt | 1T 1180 s LY 99
AL @ | iXlagp| 17 \ A0 — o€
~SK @ b1 $7g) 3/ |9 V265 L4 | vE
6L @ 025 70| 22 | 710 | 1320 — |45
SR @ 10781 721 37145 13057 1y 75
B @\ sz Srg| Jy | Fz 390 | — |78
@
@
@
@ i |
@ |
@ |
@ I

ity ety (49 2)(107 Z)(-10) = 8703 ZE Cloth St

Température at Port (°F)

Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
tat | YS¥ @ Y5 | e Yjogpe 2| — @ —  |Bwd |77 /563
Finish | Y5€@ 45 [be@is Pire L | —@ = |0 |22 |1¢23
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Innovative Furnace Data Log

A-46

Date:4 s ( /%!
mtpalg Oﬁz
Test; v
NH.Rotameter SO, Rotameter
Set%na(BBheiqht)' }0/ Se{;—{mq(BB height): 72
Fuel: W Draft (inches of water); Lo
Siurm Gafot, sl«-ﬂfr (M‘ib\% Injection Port: . #/» «pee
X Air (m K4
Starting | Ending
Stage Air NOQOUT | Feed Feed
(float height) | O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (Ppm) (mU/min) (mUmin) | (mUmin)
i (1830 90 i A8 | @ |78 o | — | 48 £ A6
GlS e T 1&aa|znl & 175 | 4751 — 1B 50 [
Chawse | | @ | \Eia 2k | 5 78 275 |  Lf (@ 5o
BL. @ SO\ 7.1 ) 2~ 15 | /S 320 — |#f gese
741 @ 51708 | /O 308 |62y | — ) sv
akwsel | @ | 18700120 [y [0 | 1y @ 5@
Be |V @ N logut ! 121305525 — |#
@ )
@
@
@
@
@
@ t
@
@
@
@
Sluty sethes ($0 22 N107 Za)(or78)= €21 2L CelCtll Sbarg gcc)‘/,)b
Temperature at Pewt (
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 4upper
at |W¥ ey |Welf |ohe ¥ |7 @ -  |bed ﬂ% 185
Finsh |YS¥e 45 | el [0e 2 @ @ — |ov [J13] | 712



Innovative Furnace Data Log

#€
Date:l/ L297 ?/

Initials _ ¢&C.
Test: ¥4/
NH~Rotameter SO, Rotameter
Seting (BB height: (/& S (B haighn: 10
Fuel:  M#fwit{ 445 Draft (inches of water);  /:0
Slurry:  Cafeffla Injection Port: . #Muspen
% Excess Air (measured): —— 1/
Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O | CO, | CO NO SO» Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mVUmin) (mVmin) | (mVmin)
BL  [lw3@/0 S 700 17 | ZI2 1435 | —— | 4% N
afs | | @ | Gxléeo] 17 gz | — (69 | W N
Ca [stasR @ | WXl6.00] 32 as7ljoo | 1Y &7
BL @ 535 16.56] 2) | 365 llyco | — 4§
Cals @ | Busledo| 7 |Fool4s0| — [
s | | @ | Besl0,88] y3 1180 (375 | 19 |6 49
b | Ve v lesrte. 78l 20 |29 | 1f50 —
@
@
@ |
@
@
@
@ |
@
@ |
@

y9) = 7 5¢ L Calo)s ‘
,-/7 g(#ﬁ(éfﬁ/[/o?é)(/ ) ¢ Ter:Zature at Port ( °F)

Tangential Air | Axial Air | Primary Gas 1 Coal Transport Air 2 i 3 4 uppe
at |1Sge 45 loehs|itle ¢ | — @ —  |Bud [257 | 1713
Finish |4s¢@ 46 loed p.we 2. | — e— | pu] 12059 |17k
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q 3 %7 Innovative Furnace Data Log

Date: 7 / 2/
|nitials \

Test; F A2

NH,Rotameter SO, Rotameter
3 , Z/O 2, . &
Setfting (BB height): Setting (BB height): ]
O

Fuel: rrtedt  Gas Draft (inch f water):
Slurry:  Celol)g  Towme LT Injection Port: gsz‘gﬁltn_

o, Excess Air (measured): —

5 Starting | Ending
Stage Air ‘ NOOUT | Feed Feed
(float height) | O» lCOg CcoO NO SO, Feed Rate | Rate Rate
@ PSI (%) {(%) (ppm) | (ppm) | (ppm) | (mUmin) (mUmin) | (mVmin)
L (loze 2o (8701 /o 1379 51 — 1 46 e
Gafs @ $257 708 1 30 500 | — |@es |2 VT
BL=bwd| @ (575100 2 (2201590 | tHae BI85
s B @ ol 2301 /S B oo | — e e ¢
Calsyn/sh @ g0l 7100 90 | 30 | s 2% & ¢ |©
8 @ ST gy | 3x— 16p | — | 48
cals @ g1 20| 1o |37 | S50 — o 4 |©
CafstsR. @ S 7000 42 1327 |7e0 | (Y 5) 4¢ |° |
B @ |&»| 20| 7 |30\ 57| “ o)
cals @ %1700 | 7 3720 1250 — (6) ¥5.5° [IERET
Gfsvasp @ SLst 206l Yo | 3o | wzs| LY & 455 |
18 @ 57517081 & | 68| fhoo| — 48
@
@
@
@ |
@
@ . 5
(Shaty S-ﬁ"\"—f wy)=(182)(107 ze)(,0820) =7 a/ 24 Ca oy Shity | S“}"?‘
{5{»4/7 Seffins #2) =(16525\(1.03 eV 028%) = /0 i Calit) rfg'emperature atPort (°F)
Tangentizl Air | Axial Air | Primary Gas | Coal Transport Air T 2 ggd, 4 upper
art st @ l{§ e s Yitre 2 — @ — %@! Jz?jgl (89!
Foish [usde U5 |l0e Sligye | —e ~ | o~ 3153]1l
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Date:¥ 7 ?/ 7/

Innovative Furnace Data Log

i

Initials __Eée
Test; i3
Sefing (OB haichy. Ak Shine (BB oy 53 37
Fuel: N R Draft (inches of water); /1©
Slurry: Dty v Cafefl)2 Injection Port: YN
% Excess Air (measured):. ——
Solbir] Feg% Startin Ending
“Stage Air -m@g‘:L Feed ] Feed
(float height) | O, | CO, | CO NO SO, | FeedHRate- R;te Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | mimip)— | (8/min) | (ml/min)
L a5 @30 |gssi6 8 | /7 19751 o A4—-F
Cals @ srl2o0 | |5 g00 | 0,077 > ?
BL @ 6l .05 |7 930 | ——
Cals @ Teol 200 ¢ 1) 925 | 0023 | 3
e | [ e [ gm0l (71 [ 140
Lals @ serl Vol ol VL7751 00y7 ¢ \STAE
A @ | g 22| 7 | \ 13| — —
Cals @ | 1967704 7 | | 141 | poy7 | €
BL. @ AN |37 :85€
Cals @ 5571 Z06] 7 o | 1310 | 070 g
BL || @ s 700 9 (375 _
Cafs @ 5.5517.08] [& 175 | 0,070 g
BL N @\ [95¢] 708} (© 1390 — —
@
@
@
@ ;
@ ! E
L S
Temperature at-Rest (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 |4 upper
tant 4.8 @ 45 [0 e €20 2 @ — |buned |AISE |75
Finsh |4.§& @ ¥$ |0 @Y5 |00@ 2— — @ — on] |2(9% 1872
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Date: ¥ 1% 1 ¥

Innovative Furnace Data Log

Initials €8¢
Test: Faff
gg{t?ir?gt(aarge?:;riam: il ggtztisc?t(%nécrtw:riqht): w35
Euel: At _Gas Draft (inghes of water): /.0
Ny Loy Storry:  Ca @3 (#sReviovd) Bom (7 Injection Port:  H_upee
% Excess Air (measured); &de?‘ /
pudle | | sopd | Sane | Edre |
(float height) | O, [ CO, {CO |NO | SO, | FeodRate | Rate Rate |
@ PS! (%) | (%) | (pom) | (ppm) | (ppm) | (mtmin). P(samin) | @#min) |
AL llLas@30 [lll|s sl 2) | 75 11795 N
coi [ [ @ | Tmidpoo] 20 | 767 270 | G.016 [ o5 |
s |1 e | uxlsy| /2 | 24 | e ~ |
ols @ O5% gof | 5\ 76790 | pweto | fosT
8L @ o851 5200 | 5 | 25 | 160 —
Gk @ post 420 18 [T T bis | oeo0 | &1 | Vs
3L @ P SH | 3 | 74 | 1roo
Gl @ | g b3ol 2 | 75| w0 | gose [ Sl | 7.75
8¢ @ BW\Loo S | 75| ipoe |  — —
el @ | WListo.40l 3 |75 | Uo | pw3o | 12
B 1\ @ 0.0 6ol 3 1 26| 170 — .
s \ @ 10.75‘_@,% . 79 75~ | 0030 2. |6
- (Vv e V IuSleoy] 7 | 75 25 | ~
@
@
@
@
@
VN
Temperature at B8H (°F)
Tangential Air | Axial Air PrimaryGasfCoalTransportAirf 2 3 4 upper
‘tart Y So4{ |legf/C |0ye > Z —_— @ — bud |27 | (T3
Fiish | 4.¢ @45 |loe lore@2 | — @ —  |oT [Qo5b | 1157
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Date: 11715/

Innovative Furnace Data Log

Initials &b
Test; ¥4 &
gth:tBir?c? t(%rgertziqht): /V/f" gglzf:isc? t(g?sn;iet:eeriqht): 3 S
Fuel: Adhisl 1S Draft (inches of water); _©-£=/.0
Wiy LSy Ca (03 (47 Recvval\Tern LT Injection Port: ST
% Excess Air (measured); ——
Solbast | ngggﬂ Starting | Ending
Stage Air NCO Feed Feed
(float height) | O, | CO, | CO |NO | SO, | ReedFRate | Rate Rate
@ PS| (%) | (%) | (ppm) | (ppm) | (ppm) | (mtmin) évmm) I/min)
BL 11.05@ 20 |Mls1 00| 16 | 70 | A | Bestegtt
Colo | [ @ | wsrleus| 18 |76 |\ R | e 1T 9re Tt
Bl @ | |0l 56| |75 122§ ettemt=
(o | [ @ | |00l 09278 75 395 | ——rem—gur
AL R R e e — —
Gals @ | lsx[G3o| 20 | 757 | 650 | —zage| 6. 17 {75l
fL @ | |0l ¢o0] 19 |75 230 —
Crls @ |\ lWsxib30|23 | 76 | p25| poso | €.y | 795
B 1l @ bt 6.4 21 | 26 | (200 N
als || @ | polLYF 6 |7 Lhgo | oo | 2./
pe 11 @ T 10l poal 9> 176 11230] —
cds |1 @ | 0ol ehol 29 |76 | 430 | o0ze |2/ |
Bt v @ V lnsi|plo] 30 757! (239 N
@ |
@ 3
@ i
@
@
Temperature atRerr(°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 |4 upper
at | 4.8 Voe 1 4Re 2 @ — |funed | 0157|1735~
Fiish [M4 @ Us W0 @ US| 08)e 2 | —@ — | on? | 285|176
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Date: 4/ 14/

Initials €A

Test: ¥y,

NH,Rotameter
3
Setting (BB height): A/#-

Innovative Furnace Data Log

802 Rotameter

Setlting (BB _height):

Fuel: rlitl G5 Draft (inches of water); /&
ﬁrl‘«f;ﬂaﬂ? Ca"( 0% (Asrﬂea?_“_‘ Injection Port: 2 RL il
A+ Fedop e :
s oy | S | Endns
(float height) | O, | CO, | CO NO SO, FeedRate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | tmvmmy |7gUmin) |7(mUmin)
g | 1L26@ 20 | |140] 5 28| Y %&0 300 |~ :
¢l | @ Was .08l 15~ 62 11030 | 001l | .05 | 7/2
e @ 087 S99 | 1S | 63 | 1300 i
Cole @ | Weslonn| (o 6 [wso | poll | 465
BL @ b§X| S 76| 16 | @9 | jize |
cals | @ 20 624 1y | 69 | Foo | 0.022 | 5.4 .6/
B( | @ o551 G.o2| 15 | &Y | (300 | ——
Cfs @ WSG90\ 19 | 49 | 750 | 0022 | §.l) 5.4/
8L @ | lhx1882| 20 | 63 1225 — |
als 1] @ N 699 122 | ¢S5 | cao | 0033 | 1A | 13.co
Bl || @ | 6o | 7 | 65| 200 -
Gils | @ | WsKle | 16| b2 g | 0033 | 1Ade |00
AL e V lpatswl iy Loz 040
@
@ N
o -
@
@
. Safws
Temperature at-&tt ( F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
at ¢ @ ’/é/ [0 @5 |ngle —— e Boind | 1920 |70
Finish 4.8 @ 45 .0 @%S [0S0 2| — @ — ot | NG | Y10

A-52



Date: 7 14 157

|nitials

y/Ad

Test; iy

NH Rotameter

Innovative Furnace Data Log

802 Rotameter

Samnq (BB height): N/’T Setting (BB height): //4
_ Fuel:  a@laid s45 Draft (inches of water): /&
W?’*‘T'm Ca (O3 (95 RECevedd BandTvay Injection Port: 470 fowes
% Excess Air (measured): T _ ot
So dbanr- ? Feedee- "1 Starting | Ending
Smgo Air HREREIS | Feed Feed
(float height) | O» | CO, | CO NO S0, Fesg+Raw | Rate Rate 1
@ PS! (%) | (%) | (ppm) | (ppm) | (ppm) | (mvmsmy |7 (o#/min) Pimumin) |
B |l2s@ 30 (887 708 |9 | &/ | 1998
cals I @ S8\ 7201 17 1 s2 | )00 | 0010 905
L | @ EerZ00| B0 | 89 | 149D I
Co (S l @ e 7,/0 2 FY | 100 | @000 4,08
BL | | @ | (&g 2061 20 | 8 | 1S
al | | @ | lperzel 20| 89 1§76 Goze | £u
b | e | [Bwlpos] 2o | sg | 1520 —
ol @ S 2| & \gs | Jao | veao | & u
8L @ sixaco | 2] |87 | lico —
it @ R 0,030 10157
gL @ | %sol7226 2) | § |livo
e s ) @ 45 70 | 25 | £ | cas | 0030 | 1246 | |[,§5 !
B @ Y 18sw|7e|2Y |37 115t
culs @ | %5028 25 |97 (75| d030 | 1216 | 1158 |
Be Vv e VIgk 220125 |97 2
e
@ t
@ |
B
Temperature at-P‘ﬁ("F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
at | 18 @1 |lweYslnie 2| e T | Faa| 261 1935
Fiish |4.¢ @ Yo |loeysr (0.9 2 | —e@ oo L ANH 1§65
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Date: {716/

Innovative Furnace Data Log

{nitials es’
Test: #n48
NH4Rotameter SO, Rotameter é//c/
Settma (BB height): /’Q' Setting (BB height): .
Euel: psotiamd Gas Draft (inches of water),  /ip
nyysm? Cal0y (8 RecCinyed) Tuun Lof>  Iniection Port: &0
% EXxcess Air (megsuyred); ———
| F;if% Starti Ending |
-&a-geg&?;ir | ‘NGGK{IX Fe%dmg Feed |
(float height) | Op | CO [ CO  |NO | SO, |-GessRate | Rate ate . |
@ PS| (%) | (%) | (ppm) | (ppm) | (ppm) | fmiimin) | (¥min) | ¥gUmin) |
BL [1>5@ 30 lgzs|720 | & |0 |Isw | — 1
s | 1@\ |geol239] 10 152 o5 | G0l | g8 ;
8L @ | |38 g /o sy | 148 —,
¢al @ SEM 730! 0 | ¥ | las | 0,01 b.0S
AL | @ #A85| 7.10 10 18 |\l | — -
cals @ |/ g7 240 1y | RS | Fro| @072 | Gl T2
- @ 5P 20012 1 551 90 —
g“(fh‘[_c', G052 S — |
B @ | B0 12 | 85 | 120 | g
fals @ 221740 | ;7 | T | W | o33 A F 2
bl @ | gl 1< | €51 isw »
awh || @ | lg|2se| 6 | 75 6761 0033 1276
AL // @ v ge7sT704 2 | 8 |50 |
Lals @ | 8751756\ o |gb |¢cso | 0w33 | [ |
A e Vel 24l 20 B s :
@ L
@ !
| e B
St
Temperature atPeg( F)
Tangential Air | Axial Air !Primary Gas | Coal Transport Air 2 3 4 upper
at (Y8 e s [we (lawe 2| —e — |wed |5085 | g€l
Fiish 14.¢ @ uy ||0@ e 2| —e — |p] |3l [18€7

A-54



Date:4 161 U

Innovative Furnace Data Log

Initigls _ €6C
Test: ¢ %7
NH,Rotameter SO, Rotameter
Settna (B8 heignn): , Y/# Sefting (BB height); 74
Euel: I s45 Draft (inches of water); 0 =/ /
MXQALJ. Co 00208 Aovowd)  Injection Port:
% Excess Air (megsured): ——
St j Fjﬁé Starting | Ending I
Stege Air i Feed Feed |
(float height) | O, | CO, | CO ]NO SO, Rate Rate |
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) |G<Eéetin) ¢ @BUmin) |cleabmin) |
Be 1)@ 30 \§W 714 \22 T |Isp0 -
Gids @ | 186x1230| 26 | &7 | 1300 | piot] 405
AL @ §65\ 220 20 | 87 | /535 | —
Culs @ 0| 720 29 | &5 | 2725 OG0t | 4,05 ‘
pL @ | &2 220036 (88| 1580
Cals @ LS| 238 27 | T8 | 1050 0.022 | €/ Q.2
7L @ §¢ 222129 | 87 /o0
als @ 865 232 31 | 88 \fofo | 0,002 | g4l | &2
/214 | @ G0 | FO| 88 \ /ST — ‘.
ol || e | les\ 200 3518 1970 | 0033 | j)2/4
AL @ 8§20 7.2 3Y 157 /570 |
ol || e | S | 58 |70 | 0.033 | R.j¢
B\ @V gzt 720 25 | 5E | isro |
@ i
@ |
@ | | ‘;
@ | |
@ ! | |
. Seelu
Temperature at s (°F)
Tangential Air rAxialAir Primary Gas | Coal Transport Air 2 3 4 upper_
at Y feys |lbersdsre ) | e ~ |pued |l | 1667
Fiish |4.5 @ ¥S |l0@4spsre 2 | —@ — |onb |82/ 1%
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Date: 1 /11,9

itial

Innovative Furnace vata Log

Test: #nso
g:t?t r}?g t(aBrget:eeriqhn: 47 ggtzti?gj%rge:giqhtL 41
Fuel:  V&dM ¢aS | Draft (inches of water); A0
Slurry: _C._cz(;Q% (s Recioved ) Injection Port: yih uopedl
% Excess Air (measured): — !
! Starting | Ending
Stage Air NOOUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | {(ppm) | (ppm) | (ppm) {ml/min) (mVmin) | (mUmin)
QL [1p3@70 |gwl|7/0] 7 |375 |40 — 49
Gls @ | |sxi2@| s~z % | — @4 |°
Ca/SZVLCA @ god 236 20 |1y 18751 1LY o [©
@ G629 212\ 7 | 3171 1995 _ e
Gile @ | (8l 7301 ¥ | 379740 6 A _|©
Glbysg| | @ | |8g 2300 29 | (10| 940 1Y D4 ©
RL. @ ST 700 10135 Is251 — |4s
Calg @ Tols| 42| 1Y 137 (US| — | S |@
Calswnsa, @ 85751 720 3 | 19¥ | \(SO LY © s |@&
L @ o 27.0K | |36 Doo| — | &
eals @] IgeS| el 1 13722100 — W &
Coetel | @ | 1835 2N UT (Mo [jos] Y 1@ s [®
B @ el 94 23 | 3BT — |Btey |
cods @ mléf;,.% A4 1370 325 — Yy 1©
Coswsn]| | @ | 3% 700/ 421 (05 (300 | L4 [©495 ©
Bu @ 35 G.8bl 24 | 3721\478 1 — |48
Cals e | 380 6341 25 (37111275 freee |9 15 B
Cabnill | @ | [BW0L 008 4 | (b | 12785 (14 — |6 455 &
BL TV v Spste sl 26 [ 375|159 — W Sane
Temperature at 28 (°F)
Tangential Air | Axial Air | Primary Gas l Coal Transport Air 2 3 4 uppe
a1 S (el pfpe & | — @ —  [Bind | 2002|1768
Fiish [Us§e@ U5 [loeys 0spe >~ | —e— |l [ga k| (b5

Sluth sebing #1) = (1925) (L1 3R) (13380 = 7.3¢ e (< C% >4y
G lbly Cethins F2)= (S0mE) (L7l ((0907) = 985 S Ca(d Sh
[ttty s eftag TR.2(4552R)(1LOY LY 050 = RCF 2L Caloy T
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Innovative f~urnace Data Log
Date: 1 /18 1%/

Initials €4
Test: ¥l
NH,Rotameter SO, Rotameter

3 2
Setting (BB height): S? Setting (BB height): 37
Euel: i 45 Draft (inches of water);  &-¢-=//
Slurry: Cal03 { 48 Rociewd) lonln? Injoction Porl, 475 Lz eere

% Excess Air (measured):, ————

5 i Starting | Ending
Stage Air I z NOOUT | Feed Feed
(float height) | O | CO5 | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) ! (ppm) | (ppm) | (mUmin) (mYmin) | (mVmin)
_ B |lezezp [9xiceol 7 (IS Vo | — 14
&l @ oAl (69| \| | HB [leo | — |® sl
Calsmsp @ Ul 67| 52 §9 | mas—| 1 7 SE AR
BL @ ¢MEE| p x| 13 | g |3t — |18
B @ 158658 17 | 3y 2| — 4P
cals @ ool (7 138 sol — I #s |0
colswisg @ Tas1 6601 67 | 68 | kSO 1.4 |® g6 |©
BL. @ Q5148 ! 1T | Fop | 137 — |
Cals @ 5 ese | 27 (o | 0] — o g @
whwst | @ | F0leo| 75| 62 390l 1y | ®fps @
B¢ @ gl ey 25 1 Fep 13570 — 78
@ | | |
@ |
@ | |
@ _
@ |
@ ; | ?
@ I S |
'Slw” Se‘lh‘ ); (14522 )(105 Zo)Lr054i )= 2.7V 2 Calog S/t ok

Slatty Scm‘} #) - (Yff»—-’)(l 07,4()( Iy = 5,59 (e 5/~/Y/ Temperatd.re at g (°F)

Tangential Air | Axial Air | Primary Gas 1 Coal Transpont AiF 2 4 upper
. jysyetS lwekr|isae > | —e — |Bund \‘f?l 1742
Fiish | Ys¥@ Yy o @ 45| 0de 2 | — @ — [wt [Jo77 | [¥1~]
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innovative Furnace Data Log

Date: [/1§/9/
lnitials_ 0¥
Test; Frs2t.
NH,Rotameter SO, Rotameter
Set%na (BB height): S? SetziquBB height): ;@
Fuel: A s Draft {inches of water): &4/
Slurry:  Cal0x (#< Reciiyd) Temm v injection Port:,  #7A bowep
% Excess Air (measured):
| Starting | Ending 1
Stage Air NOOUT | Feed Feed |
(float height) | O, | CO, | CO NO SO, | FeedRate | Rate Rate |
@PSl Tl (%) | (%) | (ppm) ‘(ppm) (ppm) | (mVmin) (mUmin) | (mUmin) |
B [ 1o3® 70 [ 83 bt lwo— 327 | 1460 | — | #5 |
cals @ FuEli sty |77 S| — (%S|
N/ @ 290 G585 |- | SO | 00 L | Bywslo |
8L @ 251660 gy 322 | (375 — | 4¢ |
Cals @ 25| 6.70 e | 227 | F30 | — (2 485 |®
Gulswose @ F1830 6P\ P2 Foo | 1Y e 185 |®
g @ ¢ | cesp|®g | 22 | Moo — by
Cals @ XN 20 (2200725 | — (9 4% |®
Golsns R @ 9.0 2,04 |70 | 73| 250 | 1Y 49 |
8L @ 1ol ¢8| 20 133) |15 | — 14
Calg @ I8 1ot 28 1332 6,4 — @Y% 2
(alcwse @ g5yl 90 145 le20o] L9 © 49 |®
Be @ %00 | (901 19 13 (1325 | — 4g
@
@ | '%
@ | 3
@ |
@ | |

(Glarty selfing FD= (105 b)Y

T3 52X E0 = (N7 %o (O3 Slavry

(Slwrry o) = (18 25103 e X639 = §:52 2 Callq §lwtty Temperatﬁfe atléw.("F) |

Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper |
. [Ish T [weiSiptre 2| — @ ~ |bue/ 227 | 1885~
Fiish  |Ug§ @ 4§ | (0@ Y5 |082@ 2 —@ — | & 2088|1830

A-58



1{ z ?/ Innovative fFfurnace Data Log

Initials__ By
Test; ¥M53
NH,Rotameter SO, Rotameter ~
Set?inq (BB height): 35 Sezgtinq (B8 height): §O
Fuel: nePhodtd  ops Draft (inches of watery: /0
ifg;r% gff ?{%ﬁﬂ fﬁ? Zz—m—twt\ Injection Port: 374 /Z.;g[/“
% Excess Air redg): ——
| Starting | Ending
Stage Air ! NOOUT | Feed Feed
(float height) | Op } CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (ppm) (mVmin) (mUmin) | (mVmin)
B \3@ T (£ //2 | [0 | 350! [yo — vs i
cals e | |\ A Bl 222 — e 1w|P
Colsrse @ £200240| 35 12331 a5 14 5 7¢ |©
6L © | \pa| 0l 30 | B — | e | e
Cals @ | |saxT 29| 2< 1377 (70| ~ @ ys %O I
Glmse| | @ | |g.0750 | 4o [ 170 lgoo | 1y |© 47 |©0
V3 @ Cg5].00 | 25~ 350 | M5 | — viA
B @ &35 200 27 | 3291 13757 — |t&
<o/s @ | \s#lzay| 2f 382 20 — oy 19
G5 @ TeuT 220 1O 200 | feo /-f @y @
B @ | g8 12|29 (®A| 1200 — [1&
CufS @ | |gn239] 30 383|976 — |Bu [
Culswsg | ]/ '@{7/ $50 250 42 | a0l g | 1f |4 [®
3L |V @ ex1 72 25 | 32 [2SD]  — &
@ |
@ | | i
@ L |
@ |
(Slaaly 5683 ™) < <‘if—¢=‘-3(m 2 (0T Y2 756 AL Calds € lors Goction.

Slty sefi 9 ¥2) - (“(p/’\ 010084 (07§ )= 54 a (0y ;/Wemperatﬁfe avBamt (°F)

Tangential Air | Axial Air { Primary Gas ’Coq! Transpert Air / 3 4 upper
Tt |1S8e {9 et |0e 2 | — @ — ﬁwﬂ 1953 | (§02_
Finish [yS¢@ Y¢ [lo@ 45l 08e 21 — @ —  |eal [1882[|675
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Innovative Furnace Data Log

2.5
Initials  GBC
Test: #aCY
NH,Rotameter SO, Rotameter
SGJ%HCUBB height): ?3 Seﬁinq (BB height): [’Z
Fuel: W A Draft {inches of water): [:©
Slurry: _ Cal05 (s dec.) Tern Loinjection Port: 34 RyH1
% Excess Air (measured):
Stating | Ending
Stage Air NOOUT | Feed Feed |
(float height) | O | CO, | CO | NO SO, | FeedRate | Rate Rate |
@ PSI (%) | (%) | (ppm) | (PPM) | (pPmM) | (mUmin) (mUmin) | (mlmin)
Ac (o3@ 7o |fs .70 | 40 | Z65~ 1495 | — vF . 'f
afs || @ | |Tolaal ) 136 1025 — @41 ¥
[owe] | @ | |gox] 220135 1250 lpooe | 1y |90 |
8- @ llol 200122 | 34 | (Y05 | — |4 |
l e | 190 7290 1 | 30 %r — lwyaq P
Gofs e @ g9\ 230125~ 29 ljoas”| 14 |9 yg Y
B || @ 900| 2.010) 1S | 360 748 — /73
s @ fioo [2.301 15 | 363 | 1Mo — @ O |
ol St @ | B [7X | 25 ! 245 |\Aco 1 l® s |9
32 @ 951000 | )6 | 3641 1Y4T — |1 |
cuds @ | Izys 1723 19 13601 130! — B @ |
C«l)m)ﬁ @ ?'?7; 7.1(9 l 75— N 2@0 ‘7-7'5’ \‘f /5) 50 @) :
aC |V @V (G )00l 18 1363 | 19351 — | a
@ % |
@ | |
@ | i
® ] |
@ ! 5 ] |
[Shutty ety #1) < TS 1097)- 5T 2L CalE Say PNy

(Slutr7 sefhng #2) 7( % &50 05'"/—2)( 0“’) 3.97 %y Co (03 S/uﬁyTemperature aream (°F)

Tangem:alA:rl Axial Air | Primary Gas | Ccal TransportA 4upper
w45y @t o o¥s 0APe X — ﬁw/ w&*? 1893
Finish | 45%@ \§ |\ @45 De 2 —e — o7 1887 | 16?5
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innovative Furnace Data Log

Date: ¢ 5%&7 74
Initigls <

Test: #Fwrs3
NH.Rotameter SO, Rotameter
3 2
Setting (BB height): /V//f- Setting (BB heiqght): ‘{(
Fuel! ~Alud¥ GrS Drait (inches of water): __ [©

LT Lessltmn /D (03 injection Port:
% Excess Air (measured):. "e——

s, iy | |2
float heigh @) CO CO NOC SO Rate ate
. (@PSI i R s (o) | (ppm) | (ppm) 4% Jrgumin) %ﬁ/minw
YO 8L 1as@ 3e [Gos 200 | |, | 75 | 43S -
yary @ | |335517.28| /& | 77 | 945 | 003 | Yos
8. @ 8851 23X /814251 - —
e @ 1Be7s124g 1 10 | %° | 920 | po3i | 405 | 270
g @ gi517,36 | 5 |80 1350 | —
afs || @) |sgkI346 | & |60 | 72 [*Biee5 Y ey™] 2.90
bL @\ \gu(nw| 3 |50 1 1p| — —
Cofs @ \ |735]7.58] 5 | €0 | ‘s | 0.3 | £ | 629
AL @ AR AR ZERR VAN —
ads e | 70110 p |5/ | c251"Bosn, et @ %
4 @ q,(0 7,/6 o gl | |Fe — f
cwls @ | 9115yl A 1S 1340 p-00 | (2ds | 944
BL @ | 9057 N0 §FKm 51 |\a501 — —
s @ | 18901250 S @ 82| 390] oot /246" | 4.4y
b Ve 895 1ur] 3 51595
@ ?
@
@ |
(@ SecTor
Temperature ZEBpn (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transpot Air 2 3 |4 upper

48 @ {7 jlo etTipgre 2—1 —@ T buardd | 2000| (B¢

Finish |w$ @ 4§ \a@%{ Ve &~ — B — ot | NG \‘275
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Y g?/ Innovative Furnace Data Log

|nitials  CHC

Test:

Fase

NH Rotameter
&etunq (BB height):

23

Euel:

ottt GAS

SO, Rotameter

Setting (BB height):

s/

Draft (inches of water); (s

2

Slurry: Less Tha (0 gonn CQQJB Iniection Port: yTh WPRR”
% Excess Air (measured): ~——
| Starting | Ending |
Stage Air NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | (mYmin) (mUmin) | (mUmin)
br |lo@ ol | "l | 3% | ye | —— e |
Cals sS40 7. jo | L3 | 330 gfo — () so
o Geesk 5251 2.5 | 221 125 | 400 (.4 (D So
AL vl 2L ‘74@ s, — | y& ':
e 7
<als sl A6 (8 23 Bheg — (v Jo
Gulswse | AEss1 7500 3/ L WS 1 7275 1Y IO
oc (Y@ V zla%jfgo 7zl 13071 — | g

7.5

@@@@@@@@@@@@@@@@@
&~

Gty S8 ()0 3D TN =920 £,

C.(3 Sluﬂ‘«,( Less T [0pr) e )it
Temperature at Saot (°

Tangential Air | Axial Air | Primary Gas } Coal Transpont Air 2 3 Li upper
~nm sfets [0e pwre 2 | @ T |fupd|¥ | 753
Finish | 4S8@ 4§ [\o@ 4S1p0e 2 | T @ — | owT [ 2073 | \90p

A-62



Date: ¥ 176111

Innovative Furnace Data Log

lnitials €A ¢
Test: F#57
NH,Rotameter SO, Rotameter
Seftng (BB height): 32— Sefing (BB heightl, 9 9
Fuel: padbharat  go-S Draft {inches of water): /.o
Slurry: (ess Thi [Opsm (a(0< Iniection Port: 4= u@@tf\-—
o, Excess Air (measufed): —— !
i Starting | Ending
Stage Air NOOUT | Feed Feed
(float height) | Op | COp, | CO ' NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (pom) | (pom) | (ppm) | (mUmin) | (mmin) | (murmin)
pL |le3@ 70 188017021 19 | 3281 1905 | — ¢
/s e 7017/41 1S 1231885 | — (e @
Calswsa| | @ §i)12.200 34 1 25 590 19 |Fyr |©
e @ ixlew| (S (ol lfsol — |7
s @ g7l | 20 | 350 9501 — |® 7 @ |
Colsyasih, @ 2.951 728 3}‘ ¥9 | jooo [y (047 ©
BL. @ G708 | 20 | S | 9| — | %8
cfs @ | |fprizdo| 20 |Z2| 35| — @ @
AYfsnse. @ foo| 208 | 27 | j70 1080 1y P 18 |
AL @ P 6.0 2] | Z2sT] 153D — ve
- als @| \fwucefz (22 \Zy (1355| — @ s @
afswse| |, @ | | Ziclgre 30 [ J20 11325 Ly [P 1
B eV lenlno |22 1300 iy | — |#
@ | |
© |
@ 1 | | |
@ |

'{*’fy Selfing B
5‘«(17 Seffes #3 (% 'E'.%)(I.O‘(

|
= (?7:‘5)(/ o8 2z)(. oF7a) =

972 2 C-(CO3z 547 [»/%M
%2 )(0532)2077 vZ.. G (0 S/J‘;()/;.-> Temiperature at Per-(°F)

Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 |4 upoer !
~nt | fsge ¢ | etsiwe 2 | T @ T | b |68 | 775
Fish |{S§@ (CloekSpeye 2| ™ e — |owl | Q0fT| 707
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pate:1 /4%, 9

Initigls QQK
Test: ¥ aly

NHyRotameter

Innovative t-urnace Data Log

V/f

SO, Rotameter

Setting (BB hei th\ Sefting (BB height): 52
ede Euels  pwaTutdd Draft (inches of water); o
Dy rqRlEns TS > Co.CO; >¢25‘& Injection Port: ¥4
% Excess Air (measured): _
Sofbe™ Fdw Seﬂ" Starting | Ending
| Gosneiohy | 02 |c0s |00 |no | 503 ww. tsege | Fote of
@ PS! (%) | (%) | (ppm) | (pPm) | (ppm) E/mﬁ min) T
B, 1@ [An|’28 & & | -
s @ Fmzp|le |35 |low|0.013 | o5
AL @ g0 7| 7 | &7 |10 —
cals @ §x |73 7 |87 | 1/00 | 0,002 | tos
gL @ e\ 73| & |85 | o -
Cals @ 0\7220| £ (S6 | 565 | 0,624 | Sl | 525
AL @ 2\ 734\ 3 5> | 130
& ly @ 50| 2.2 0 | §% (g2 bo26 | Tl | K.2Y
BL @ S\7.36| = | &7 1165 —
cols @ W2 O \E) ez 0037 | LA
_BL @ &x1 702 O |F8 1326 —
o —eris @ 56012760 @ | Ff gl | 0039 | 124
Wpe | o [R5 il o |ge |22
| @
@
@
@
@
. SecHor
Temperature aig;r(%)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
e 48 @45 [1.0edS |08de 3 | @ — |Buid |40 | 1917 |
Finish [0 @ UG L0 @5 psre - | —e — | ool U3 |1§1f |
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Date: Y /& 4l

Innovative turnace Data Log

|nitials  €BE
Test: TntY
g;%?c? t(%rge:»eeriqht): 23 ggﬁifﬁ t(%n;erthrscm): 6f
Fuel: rottwitl 545 Draft (inches of water); & 2=/4/
SIrry: e > Cally =25 injection Port: #7491 wpex.
o, Excess Air (measured): 7 — r
| Starting | Ending
Stage Air NOQOUT | Feed Feed
(float height) { O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (pPpm) | (ppm) | (mUmin) (mUmin) | (mUmin) !
WL | 3@ Np K72 | JY 1338 | 5 % |
Cals . @ So7c|72y | |y |33 | s | — |[(¥50
Cafsvsg @ (Sxl723123 1184 | a0 1y lrs) ns 0
_BL @ ¥ iZoel 17 |33 \ 75l —~ I
(af$ @ |gx23l| 17 13331 %50 | — & acl
Gafs wsa @ gzl 1% 22 |Is51875 | 14 (5 50
_hL @ 718 2o | 18 | 339 1 13851 — 74
cal$ @ US| G99 | 18 |33 oo | — ) Shs|@
cahwie| @  [Q0706] 31 L 1I511070] 14 |® a5 @
BL @ FLIT 7| 18 1338 (3ol — A1
Cads. @ 40T+ 19 [ZzsI w0l — (9§52
Calstis @ BRIkl 3 oyl 1y 16 a5 |®
bL @ Bs ol [® 13371715 — |4
cals @ 140 T] 1% 1300 [ T | — |5
chwse | @  ReSIIR 33 (W ] g IDas P
Bl @ 111481 9 1=40 |1325 | — |
cols e gt \q1 (3 [\l — @5 B
alowe. | @  |S0[U8] 3% [ 31 \sol 1Y ©ad ¥
oL AXV 106 | 220 1342 \ 1570 | St o
‘ Temperature at Rent (°F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 ., 3 4 upper
“n W e 4l |Welllisre ¢ | —e —~ Burndl | 329 | | 76D
Fish |(M\Se « \Pe Cp¥le ) | —e — oT Qo | 1bSY
S = (DID( L3RR 156%) = & PS5 ZelCa CO5 Shisy 7S >Cal0p >R
S '5‘3?: ((ﬂ.?ga)((.l.%%e)(.oﬂl ) = 443 54 Cacoy o 7 i‘:‘"‘" “: :(,/wg

(557 e ieg) (coyze ) 7 25V Ko los ®
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Qg;g-f 134
|nitials_ €

Innovative l-urnace Data Log

Test: G
gg{t%:{c? t(%rgetzzrinht): 3 )/ ggtzti?c? t(%néergzriqhﬂ: & 7
Euel: P e s Draft (inches of water); /&
Slyrry: (a0 (Towo— Lt) Injection Port: #h wgpen
o, Excess Air (measured); ~—— 7
Starting | Ending
Stage Air ! NOOUT | Feed Feed
(float height) { O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (pom) | (ppm) | (mUmin) (mUmin) | (ml/min)
~b— 1 \0@TUp 2/0\ 702 (8 (380 1400 |  — | 4
Gifs (@ | ez |8 |3% (600 | — |pedsalo
Calsrsg @ & 206127 )0 oo Ly & 5210
AL @ | Bl | Y 13¢0 | oo — |4
cals_ @ G2\ 708 | 25 1330 | o0 — |55 P
cufswin| | @ | Bpat 22| 35 | s lg26| .4 (¢ 89 |0
RL | @ | lgext7oa| 20 33/ (o0 | — |42
cals @ | gsil73H 20 | 330|920 — |5) 5al|@
cliwse | | @ | Ig5610.6137 125|920 14 1 H &
AL @ | |y®] ¥ | 3¢ 3371 \W0 | — |yg
cels @ | gl 230139 335 %% | — |6 2|@
ols w52 @ | gw .32 ¢3 | 190|890 LY (ws2 |&
8L @ | g881.0003% 3H |14 — | 4F
auls @ | sl 7101 28 (2% 1 plo] — [l
calGuse. @ | 181|708 45 (1S Lo | ry (555 |2
AL @ | BI02,8 4 (324 | s —  lyg :
al @ | B1708 4 390 lnsw | — l© 55 &
s o | RSST @ M WS | 1y P g5
oL YV &0 Jy3 [ 3%67] 475 ::,__Lm_f%wﬁ
Temperature abkast{ F)
Tangential Air | Axial Air iPrimary Gas : Coal Transport Air 2 3 4 uppe
“at (Yol [weis e 2 | — o —  |pad | Jog] 193¢
Finish |4% @ UC o @ [0f}@ F | —@ — | oW |22 ])é5)

Shoty sobins ) 5 (5225) (114
Sty Sy 83) < (59 m ) (106 22)
(slwrir Sels g *3)7.( 5 ::,.5
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Innovative {-urnace bata Log

nae:5 16 9/
Initials  eR¥C—
Jest: Fwlp(
NH,Rot t SO, Rotameter
Set%nc?(aergehzaht): 2 } Set?fmc? fgg height): (aé
Euel: witih Gal Draft (inches of water): 0.9~/
Ww L.—Ji‘{ Ay ﬁcc) {2 Injection Port: AL ‘ﬁ’*"
% Excess Air (measured):
Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (pPm) | “(mUmin) (mUmin) | (mVmin)
Bl (1,039 70 &2 Zr0| /S5 | B35 (285 T | ¥
Ca (s @ B2 b 3N | — (¥ | @
Codytn bR @ G0 1230 1A% [ /8> | 225 | .y PRI
L ©@ pBeoll@w\ b 35 | — |
al} @ gr17320 22 70 | 127] — 9GS &
afsse| @  BOSI742 137 1195 | 1240 g @5 |®
4o @ 990 (208 | 25 1335 |25~ | —— &
s @ lggs|220|30 | 7z5l 220 — O s B
@smse @ 980|206l 40 2> 1220 |y |O KT
Be @ 87251744 | 3213 s | — g
als | o eshei® 3] 33EBCEHar| — [s) e ©
Ghwit | @  |8.500 730 $T Tigo E5FTTNy 1) o 1O
aL @ Kb 2| 357 1355 las | g |
e | 3 | | | |
@ | | |
@ | | |
@ ] | |
@ L | i |
Sexdsin

Temperature at Per(°

Tengential Air | Axial Air | Primary Gas | Coal Transport Air | 2 3 laue
cat |{5fe 4 o pe X | —e — e 1997 117
Fiish | Sg@ 46 |WeNS ngr@ 2| —& — ot 1996 [16S
+ (99 WU )( 12-‘4) = 7.0 L C&COJS/“/‘/
?59”;3\ (‘Q}%‘ g(( o’;’z‘x o0¥33) 2 Y, e P C&@]S(-—-vu..r
A A ALk ALY C-.@;s/hm,
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innovative ~urnace Data Log
Date: 5 LM/
itial
Iesi;_#fﬂ:z_
NH Rotameter
Semna (BB height):

802 Rotameter

3 2 Setting {BB height):

pYe

Euel: MAMWA A%

Draft (inches of waten):49-4 ¢

Slurry: 2 timn > ol Dy > IS~ Injection Port:
pum—

o% Excess Air {measured)”

oI z;%&@

Starting | Ending
Stage Air NO,OUT | Feed Feed
(float height) | O, | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | (mUmin) (mUmin) | (mUmin)
M @70 70| 2% 122 (370 | 65D | —— yf
Gl | e |lwsstsnl 132722 525 — l/ogslo
_Glog| | @ 750\ G (81 35 | Zeo\ o Ly /9 ks
e @ | |20 © 13D 52 — |\ #f
culs | @ 254 80 4o | 345 550 | — g &S®
Giwie | | @ | e\ 0\ s 250 S| 1y |(s)4Es 1O
B @ 3y s/ ARSIV AN v A7
/5 @ | |757| 77| o |37 w0 | — |9 S0 &
abwse | | @ | 78y lew lass s | 4y o S0 @
gL e | 17\ 790 | 11 1% | 05| — %
Gis || @] [2p|Z292|50 (35 | 1ues| — |9 o @
Glwsk | | @ | Ppr 7.9 43 20 (/2 1LY B so |&
8L YV eV \7Zp|782i s (71257 — K
@ | | |
@
@
@
@

Temperature atBoﬂ»—( F)

Tangential Air | Axial Air | Primary Gas | Coal Transport Air 3 |4 upper

sat |f3g et helfltpe2 | —e — wa 2052 |1 774
Fesh (1S @ (5 |[oeys |08 | <——e — |l 9037 VY

(59*’)= (522 (112 (/513D = §.87 %o, Ca €Oy Skily
(D= (3o 25 ) (106 L) -0857) = 451 2 oy Shally
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Innovalive lFurnace Data Log
pate: 7715, 9%

Initials___ €A
Test: ¥MG3
NH,Rotameter SO, Rotameter
Set%nq (BB height): .3} Set2tina (B8 height): 52
Fuel: At AR oAt Draft (inches of water): 0.9-/:0
Slurry: 75}.eﬁ d gq,Co;,> gg,,., Iniection Por{: yrh ~pprp
% Excess Alr (measured): 7
| Starting | Ending :
Stage Air NOLOUT | Feed Feed
(float height) | O, | CO, |CO |NO | SO, | FeedRate | Rate Rate
@ PSI (%) | (%) (ppm) | (ppm) | (Ppm) (mUmin) (mVmin) | (MVmin)
L 11.0ve 70 (8| 7.60| Zoi 355 ysoo | — Vi
cals @ 5751 265 | 36\ 72 10| — (&) S0
capmsp|l @ D737 70 S35 &g )f () SO
BA. @ En17521 60 355" g — yioA
Gads @ G\ Z62| 55 | 350lzze | —  \(§) v
cabrsg| @  Bool766 | S0 | 2013601 1LY o %o
BL @ 185|748 |75 2SO oo |  — |4k
@ %
@ |
@ ‘1
®@
@ E
@ | |
. |
@ ' g
@ 1 a
@ i .
@ |
@ i
= 2. 78X Ca (0, SA/,;,._ 2ec) o

Cladty e =(5 ,;’ff)(f.ofz.)(-os‘;e)

Temperature at Bort (°F)

Tarlxgentiai Air | Axial Air Primary Gas | Coal Transpcert Air 2 3 4 upper
“a_ ke 5 loely 0O 3 —@ — | Ruid [AOSL 1776 |
Finish (.56 @ Y |0 @ yslae 2 | —e ond_ 19045 Mo |
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Ei & A’g ééé?/

innovative Furnace bata Log

Test: #Mof
g;%sgt(?anéergahn: TL=53 gce)tztisgt(%n%eferiohﬂ: 4748
Fuel: ARl ens Drzft (inches of water): %Z—/-D
Slurry:  CaQ  (Tewmn 1) injection Port: Y73 wifrre,
% Excess Air (measured):  —— '/
I Starting | Ending
Stage Alr NO,OUT | Feed Feed
(float height) | O | CO, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) | (%) | (ppm) | (ppm) | (ppm) | (mUmin) (mUmin) | (mUmin)
Bl (3@ 70 Box| 78| S | T2l 150 — | #8
cly | | @ 95251 74 | @O | 23| Yo — @ s.q®
Gloaostl | @ | Ptolzzyl o | 35l ps | [ 108 2o
B @ | 87222l 62 | Zo 55 | — |18
Caf$ @ | 18947321 63 ' s\ po | — @30
Clwse| | @ | 802 2020 113 5z~ 1Y |50
B— @ T40 72391 65 | 3 1s6p| — | ¢e
Cals @ | lew) 732 €] | 32172051 — |®s57 |&
Cchrg | | @ \ |G 2TR4Q 90 | FO F00 | 4y |6 5/ @
AL @ Tk 232 65|35 | sesl  —  ly¢¢
Cals @ | 193173 65 125 | 300 | — | S/ P
calswst |\ @ O 1.3 0 | oo | (201 ¢ )5 @
fL @ Gl 2l T 1326\ jp | — 1%
@
@ ; |
e
@ | |
@ | | |
Sl
Temperature at 8ag (°F,
Tangential Air | Axial Air | Primary Gas | Coal Transpen Air | 3 Tuge
sen 45¢e 4 (Wets ke d —e — %M/ 2014 | (75
Frish  |4SF@Ys” |wet pBe > | = @ 2% 1478

.(és’“(} - (s 20 (LA J)(sd= Wl L () '?/w 7

5542 (52 (152 (g ) = 488 £ a0 "Shaiy
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Date:j_/g/ L ?/

Innovative t-urnace Datla Log

nitials €
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nuovalve trurnace bata Log

({9_ / ;wx
bl SG, Rotameter }, 99

Fuei A i Draft (inches of water):
Slurry: st Co{0H ) Iniection Port: ¢in *\ﬂ/)w m\-ﬂﬁ
% Excess Air (measured):
Starting | Ending
Stage Air | NOLUT | Feed Feed
(float height) { O | CC, | CO NO SO, Feed Rate | Rate Rate
@ PSI (%) { (%) | (ppm) | (pPm) | (pPm) | (mUmin) (mVmin) | (mlUmin)
A oz @Tp (R415| 708 | |3 (329 | 15201 — 9¢ |\ &/-0f-0pP-
dals @ #1510 v 1325 125D —~ (945
Gls vud @O 7,21 20 | 262 2751 (6.5 RUS |9[-0-07-c
@ —
@ +
@ Tl F N9 |
@
B [l.23e 7o (e 700l 1Y | B3t issd  — 475 | V-ceop-
cals @ g0l 12 | 2ol | — oy &
tkvsel @ ?,5017.02 18 130\ w0 | .5 ¥4 | 9acr-
@ | — — '
@ l
@ | |
@ |
@ | | |
@ aa |
@ I g
@ |

ad"\
Temperature at-=er-( °F)

Tangential Air | Axial Air {PrimaryGas Coal Transport Air 2 F 3 |4uooer;
st [(SFeuy f\oets psre 2| @ — lhueed A4 | 164
Fshfsge 4§ \WwedThgre = — e —— (ol 125/ | 4w

Sty salfings 71 #)
Sty Se 'Af”% [ 4]0 ﬁ)(! o Ze ) r9ee) = 5‘2? NG

|
(?/ 5-,/;&)//// /ﬂ)[/yy/) C. 82 ca,fa//.}<

A-758



nnovative ~urnace Dala Log
. (O /?I
;%liigé ,@i

Test; %~ 70
g:x%fc? t(aBnE;e!giaht): 3 g ggtzti?c? t(%rgc;eermhm ({S—/
Fuel:  poibe g | (A5 Draft {inches of water):  ho
Slyrry; Calodn Injection Port: :
% Excess Air (megsured): _
Starting | Ending
Stage Alr NO,OUT | Feed Fead
(float height) | O, | CO, | CO NO SO» Feed Rate | Rate Rate
@ PSI (%) | (%) {(ppm) | (ppm) | (ppm) (mVmin) (mVmin) | (mVmin)
TBC | © a5 Isp| 220 1357 115K | — | s&  q[064ebf
- @
Caf$ @ 951724017 (35513251 — 128
Galigse| @ D0 30l G072 6,6 (S JAS191-06-10 102
o ‘
@
@
@
@
@
@
@ |
@
@
@
@
@ | |
“ St‘ ;\a..\
Temperature at @R ( F)
Tangential Air | Axial Air | Primary Gas | Coal Transport Air 2 3 4 upper
stat [{s§@ HY [\ eMS pkFe > | — @ | Bu~d | 2170|152
sirish  [.5F@ 4S|l0els per, | — @ — |oT [T 1955
G sl = (135 RN )= 675 . ccloi

A-76



Innovative lrurnace Dala Log
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Innovative t-urnace bata Log
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APPENDIX B

LIMB INNOVATIVE FURNACE PERFORMANCE EVALUATION AUDIT
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A ACUREX
7~ Corporation

To:
From:
Date:

Subject:

Environmental Systems Division

Judy Ford
Libby Beach
Daecember 16, 1991

LIMB innovative Fumace PEA

Results were received Friday, Dacember 13, from an imemal perfonmance evaluation audit
(PEA) given on the LIMB Innovative Fumace. The purpose of the audit was to evaiuate the
pertormance of the fumace SO,, O,. and CO, CEM's. Two cylinders of known gas concentrations
were aslivered to the C-Wing facility on December 4, 1991, for analysis. The resufts were reported as

follows:

Anatysis
Required

CYLINDER 1 SO,

CYLINDER2 O,
cO,

Reported Actual

Concentration Concentration %Difterence
3189.8 ppm 3040.0 ppm 49

9.93 % 10.0 % 0.7

11.72 % 120% 23

Reported resuits are all well within the +/- 10% data quality objectives established in the project's
QAP{P. No corrective actions wera taken as a resuft of this audit.

¢¢ K. Bruce
W. Hansen
G. Gllils
8420.266
8420.012

P.O. Box 13108, Research Triangle Park. NC 27708 ¢ 4915 Prospectus Orive. Durham, NC 27713 (919) 644-4535 FAX: (919) 544-6680

Division Headquarters

e e = .. AamAosd CAY (A1K) QRA-G1456
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Listing of Nalco/Fuel Tech Trial Runs(Original CRADA Scope of Work)

DATE TRIAL FIGURE DESCRIPTION

12/03/90 N1 NFT1203A NOXOUT A€2R VARYING NSR

12/04/90 N2 NFT1204A NOXOUT AR3R VARYING NSR

12/05/90 N3 NFT1205A NOXOUT A@3M VARYING NSR

12/05/90 N4 NFT1205B NOXOUT AR4U VARYING NSR

12/06/90 NS5 NFT1206A same as above

12/07/90 N6 NFT1207A NOXOUT A€3M VARYING NSR

12/12/90 N7 NFT12122 NOXOUT A@3M VARYING NSR/XS OXYGEN

12/14/90 N8 NFT1214A NOXOUT A@3M VARYING NSR, W/SO2 ADDED

12/19/90 N9 NFT1219A NOXOUT A@3M VARYING NSR/XS OXYGEN

01/02/91 N10 NFT0102A NOXOUT A€3M VARYING NSR

01/10/91 N1l1 NFTO0110A NOXOUT A€3M 1 NSR, VARY Ca/S(Ca(OH)2)

01/11/91 N12 NFT011llA sanme as above

01/14/91 N13 NFT0114A DRY Ca(OH)283M, VARY Ca/S

01/15/91 N14 NFT0115A NOXOUT A@3R 1 NSR, VARY Ca/S(Ca(OH)2)

01/16/91 N15 NFT0116A same as above

01/18/91 N16 NFT0121A NOXOUT A@4U 1 NSR, VARY Ca/S({Ca(0OH)2)

01/21/91 N17 NFT0121A same as above

01/22/91 N18 NFT01222 DRY Ca(OH)2@4U, VARY Ca/S

01/28/91 N19 NFT0128A DRY Ca(OH)284L, VARY Ca/s

01/28/91 N20 NFT0128B DRY Ca(OH)2@85, VARY Ca/S

01/30/91 N21 NFTO130B DRY Ca(OH)286, VARY Ca/S

01/31/91 N22 *kxkkkex NOXOUT A@4L 1 NSR, VARY Ca/S(Ca(OH)2)

02/05/91 N23 *kkkkkk* sSame as above

02/07/91 N24 NFT0208A NOXOUT A@2R 1 NSR, VARY Ca/S(Ca(OH)2)

02/08/91 N25 NFT0208A same as ahove

02/11/91 N26 NFT0213B NOXOUT A3M 1 NSR, VARY Ca/S(Ca(OH)2)

02/12/91 N27 NFT0212A DRY Ca(OH)283M, VARY Ca/S

02/13/91 N28 NFT0213A DRY Ca(OH)284U, VARY Ca/S

02/13/91 N29 NFT0213B NOXOUT A@3M 1 NSR, VARY Ca/S(Ca(OH)2)

02/14/91 N30 NFT0214A NOXOUT A€2R 1 NSR, VARY Ca/S(Ca(OH)2)

02/15/91 N31 NFT0327B NOXOUT A@4L 1 NSR, VARY Ca/S(Ca(OH)2)
© 02/25/91 N32 NFT0228A NOXOUT A@4U 1 NSR, VARY Ca/S(CaC03)

02/27/91 N33 NFT(02283 same as above

02/28/91 N34 NFT0228A same as above

03/01/91 N35 NFT0301A DRY CaC03@5, VARY Ca/S

03/22/91 N36 NFT0327A NOXOUT A@4L 1 NSR, VARY Ca/S(Ca(OH)2)

03/27/91 N37 NFT0327A same as above

03/28/91 N38 kkkxkkxx NOXOUT AB5 1 NSR, Ca/Sx3(Ca(OH)2)

03/29/91 N39 kkkkkkkx NOXOUT A@5 1 NSR, Ca/S=2(Ca(OH)2)

04/01/91 N4oO NFTO403A NOXOUT A@4U 1 NSR, Ca/S=2(Ca{(OH)2)

04/02/91 N41 NFT0403A NOXOUT A@4U 1 NSR, Ca/S=3(Ca(OH)2)

04/03/91 N42 NFT0403A NOXOUT A@4U 1 NSR, VARY Ca/S(Ca(OH)2)

04/04/91 N43 NFT0404A DRY Ca(OH)2@6, VARY Ca/S

04/09/91 Na4 NFT0409A DRY CaCO3@4U VARY Ca/S

04/09/91 Na&S NFT0409B DRY CaCO3@5, VARY Ca/S

04/12/91 N4e6 NFT041224 DRY CacCO3@3M, VARY Ca/S

04/15/91 N47 NFTO0415A DRY CaCO3@4L, VARY Ca/S

04/16/91 N4S8 NFTO0416 DRY CaCO386, VARY :Ca/S

04/16/91 Na9 NFT0416A DRY CaCO3@7, VARY Ca/S

04/17/91 NS5O *kkxxxxxx NOXOUT AR4U 1 NSR, VARY Ca/S(CacQ3)
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DATE TRIAL FIGURE DESCRIPTION

04/18/91 NS1 NFT0418A NOXOUT A84L 1 NSR, VARY Ca/S({CacC03l)

04/19/91 N52 NFT0419A NOXOUT A@4L 1 NSR, VARY Ca/S(CaC03)

04/22/91 N53 NFT04232A NOXOUT A@3R 1 NSR, VARY Ca/S(Caco03)

04/23/91 Nb54 NFT0423A same as above

04/25/91 N55 *%x**x%xx%** DRY CaC03@5, VARY Ca/S, D50<10uM

04/25/91 N56 NFT0426 NOXOUT A@4U 1 NSR, Ca/S=3(CaC03<10un)

04/26/91 N57 NFT0426  NOXOUT A@4U 1 NSR, Ca/sS=2,1
(Cac03<10un)

04/29/91 NS8 NFT0429 DRY CaC0O385, VARY Ca/S, 75um>D50>25um

05/02/91 N59 NFTO0502 NOXOUT A84U 1 NSR, VARY Ca/S

(75um>CaC03>25um)

05/03/91 N60O NFT0503 NOXOUT A@4U i NSR, VARY Ca/S(SLAKED
Cao)

05/06/91 N61 Fdedkokkkok NOXOUT A4U 1 NSR, VARY Ca/S(CacCo03)

05/14/91 N62 NFT0502 NOXOUT A@4U 1 NSR, VARY Ca/S
(75um>Cac03>25um)

05/15/91 N63 NFTOEQ2 same as above

05/16/91 N64 NFTOS503A NOXOUT A84U 1 NSR, VARY Ca/S({SLAKED
Ca0)

05/21/91 QC1 NFT0531 DRY Ca(OH)285, Ca/S=2, FOR QC CHECK

06/03/91 N65 *kk kK Kk k NOXOUT A+€4L 1 NSR, Ca/S=2(Ca(OH)2)

06/04/91 N66 NFT0604 NOXOUT A€4I. 1 NSR, Ca/S=2(Ca(OH)2)

06/05/91 N67 ke ko ok NOXOUT Ae4U 1 NSR, Ca/S=2(Ca(OH)2)

06/07/91 N&8 Tk k kiR same as above

06/07/91 N69 Rk deddek NOXOUT A@3M 1 NSR, Ca/S=2(Ca(0H)2)

06/10/91 N70 Thkkhhk NOXOUT A@5 1 NSR, Ca/S=<2(Ca(OH)2)

06/11/91 N71 Kokt ek NOXOUT A@5 1 NSR '

06/11/91 N72 dede e de e ek NOXOUT A@4L 1 NSR

06/12/91 N73 ek gt ok NOXOUT A@4U 1 NSR

06/12/91 N74 ke o g ek NOXOUT A@3M 1 NSR

06/14/91 N75 dede ok g de 3k e NOXOUT A&A+84L 1 NSR, Ca/S=2(Ca(OH)2,
PITTS#8 COAL)

06/17/91 N76 Tk Rk KK NOXOUT A&A+84L 1 NSR, Cas/S=1(Ca(0H)2,
PITTS#8 COAL)

06/18/91 N77 *kkkkx*  NOXOUT A@5 NSR~1

06/18/91 N78 Rk xdkkh NOXOUT A@4L NSR=1

06/18/91 N79 *kkxkx*x  NOXOUT AQ4U NSR=x1

06/19/91 N8O *hxkkk*  NOXOUT AE@3M NSR=1

06/19/91 N8B1 *k*xkkk*x  NOXOUT A@3R NSR=x1

06/19/91 NB2 *ded stk NOXOUT A@2R NSR=1



Listing of Nalco/Fuel Tech Trial Runs(Continuation Scope of Work)

09/12/91
09/13/%1
09/13/%1
09/13/%81
09/13/91
09/16/91
09/16/91
09/17/91
09/17/91
09/21/91
11/26/°21
11/27/91
12/02/91

s J¢ 9 Je ¢ de ve &
ThkXhkhxk
% % Je de do % W g
Je % v de g de e %
Je d¢ % e oo e %k Kk
Thkdehikik
% Je e g ve Kk do K
I Jc Jc drd do ke k
deded ek ek
Je % Je oo A de Kk
de I % do de K de K
b &2 2 2 2 & & 4
Jede v ek Rk

DESCRIPTION

NOXOUT a&A+@5 NSR=1

NOXOUT A&A+@4L NSR~1

NOXOUT A&A+84U NSR=1

NOXOUT A&A+83M NSR=1

NOXOUT A&A+@3R NSR~1

NOXOUT A&A+82R NSR=1

NOXOUT A&A+@3M VARY NSR(=1.0)
NOXOUT A&A+@83M VARY NSR(=0.5, 1.5)
NOXOUT A&A+@3M VARY NSR(=2.0)
NOXOUT A@3M,3R NSR~1, W/S02
NOXOUT A@3M NSR=1, Ca/S=3(Ca(OH)2)
NOXOUT A+@3M NSR~1, Ca/S%3(Ca(OH)2)

NOXOUT A&A+ NSR=1, Ca/S=2,1(Ca(CH)2)

D-4
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 3M

100

1087 C Injection Temperature

% Removal

0 & | l ] L

0 0.5 1 1.5 2 2.5 3
Ca/S ratio or NSR
Slurry (Ca) NOxOlg(NOx)
1/10/91
NFT0110A.DRW

Ni1a & N11b
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 3M

100

1087 C Injection Temperature

80 -

% Removal (SO2)

0 1 2
Ca/S ratio

114/91
NFTO114A.DRW
N13
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 3R

100 p——————————————————
g 1137 C Injection Temperature o .}
- 80 - T @
5 =% B
o~ 1214 '
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7 N S R : -
= B
g 40 |- O
o
E
L 20}
B

od .
0 1 2
Ca/S ratio or NSR

1/15/91 and 1/16
NFTO116A.DRW
N14 & N15

/91
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 4U

< 100
O 997 C Injection Temperature
< 80
| -
o
8 60
N
© 40
>
£
o 20
C
X 06 : ' :
0 1 2 3
Ca/S ratio or NSR
Slurry (SO2) slurry with NOxOUT (S02)
......@..,.__ - - . -
NOxOUT (Ngx) baseline NOxOUT (NOHx) with slurry
1/18/91 and 1/21/91
NFTO121A.DRW

N16 & N17
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 4U

100

2o
1259 C Injection Temperature

®
()
|

(o2
o
]

.....................................................................

% Removal (SO2)
|

N
()
I

N

0 0.5 1 15 2
Ca/S ratio

1/22/91
NFT0122A.DRW
N18

2.5
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 4L

100

687
145 C Injection Temperature

% Removal (S02)

0 1 | 2 3
Ca/S ratio

1/28/91
NFT0128A.DRW
N19
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 5

100 §
/020
441 C Injection Temperature
80
N
3
L 60| >
g
o |- B
o 40
o
o
20
0 1 : ‘
0 1 2
Ca/S ratio
1/28/91
NFT01288.DRW

N20
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 6

100

950 C Injection Temperature
80

60 }-s¢

40 |-

% Removal (SO2)

20

0 1 | 2
Ca/S ratio

1/30/91
NFT0130B.DRW
N21
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 2R

100
1170 C Injection Temperature
— 80 _é -
Ql 4
Q e
©wo ¥
~— 60 |- .
S b
> .........................................................
o
& 40 | -
)
o
R 20 F -
OG.'.. ] ] 1 ]
0 0.5 1 1.5 2 2.5 3

Ca/S ratio
Slurry  Slurry with NOxOUT
___e____

2/7/91 and 2/8/91
NFT0208A.DRW
N24 & N25
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Nalco Fueltech Test Results
Dry Injection of Ca(OH)2 at port 3M

100

/25~

1287 C Injection Temperature
80
60 I

% Removal (S0O2)

0‘ | ] |

0 0.5 1 15 p)
Ca/S ratio

2/12/91
NFT0212A.DRW
N27
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 3M (repeats)

100

1087 C Injection Temperature

0 1 2
Ca/S ratio

2/11/91, 2/13/91, 1/10/91, and 1/11/91
NFT0213B.DRW
N11, N12, N26, & N29
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 2R

100

.
1170 C Injection Temperature s

.................................................................

0 1 2 3
Ca/S ratio
Slurry gSOZ) slurry W|thNOxOUT (SO2)
2/7/91, 2/8/91, and 2/14/91
NFT0214A.DRW

N24, N25, & N30
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Nalco Fueltech Test Results
As received CaCO3 slurry injected as 4U

100
997 C Injection Temperature ot
— 80 = ,"
N ’I”
= 60 Ll — =10
m ”l
> 471
' I M [ AP S
g 40 |- 448
o0 8 7
X 20 | f
od l
0 1 2 3
Ca/S ratio

slurry (SO2) slurry with NOxOUT (S02)
_‘é—_— - -- a. -

2/25/91, 2/27/91 and 2/28/91
NFT0228A.DRW
N32, N33, & N34
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Nalco Fueltech Test Results
Dry Injection of as received CaCO3 Port 5

100

1020 C Injection Temperature

(o]
o
]

|

)
o

H
(o)

% Removal (SO2)

20

0 1 2 3 4
Ca/S ratio

3/01/91
NFTO301A.DRW
N35
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Nalco Fueltech Test Resuits
Ca(OH)2 slurry injected at Port 4L (repeats)

100
877 C Injection Temperature
i PP
/1\.
O
2 4
~ 60 5%
©
>
o
£ 40
V)
o
O\O o [
o At . ]
0 0.5 1 1.5 2 25
Ca/S ratio

3/22/91 and 3/27/91
NFT0327A.DRW
N36 & N37
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Nalco Fueltech Test Resulis
Ca(OH)2 slurry injected at Port 4L

100

877 C Injection Temperature

w8

60

0 1 2 3

2/15/91, 3/22/91, and 3/27/91
NFT0327B.DRW
N31, N36 & N37
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 4U

(repeat tests)
100

3'.‘[" 997 C Injection Temperature
8\ 80 |yt A e
n o
— 60 F.......... 579["
S e
3 51.8 .- -
& 40
D
i
X 20 .o

L . . ; .

0 0.5 1 1.5 2 25
Ca/S ratio
Slurry iSO2) slurry wnhN%xOUT (S02)
4/1/91, 4/2/91, and 4/3/91
NFT0403A.DRW

N40, N41 & N42
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Nalco Fueltech Test Results
Ca(OH)2 slurry injected at Port 4U

all tests
wE————_
, 997 C Injection Temperature AR
a\ 80 — ( A ” ‘
Q = A ®
(\,)/ 61.5 4, A @ ..... e
3 O e T e
I 4
o) "
& 40
O]
o
o\o 20 e .’....... .
0 ‘. I 1 | 1
0 0.5 1 1.5 2 25
Ca/S ratio

Slurry (SO2) slurry with NOxOUT (SO2
ry (SO2) ry Q (SO2)

4/1/91, 4/2/91, 4/3/91, 1/18/91, and 1/21/91

NFT0403B.DRW
N40, N41, N42, N16 & N17
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Nalco Fueltech Test Results
Dry Injection of Ca{OH)2 at Port 6

100

950 C Injection Temperature

ool
o

40

% Removal (S0O2)
A

20

0 1 . 2
Ca/S ratio

4/4/91
NFT0404A.DRW
N43
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Nalco Fueltech Test Resuits
Dry Injection of as recelved CaCO3 at Port 4U

100

1209 C Injection Temperature

% Removal (SO2)

0 1 2 3 4
Ca/S ratio

4/09/91
NFT0409A.DRW
N44
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Nalco Fueltech Test Restilts
Dry Injection of as recelved CaCOS3 at 3M

100
1265 C Injection Temperature

80 |-
o
9
— 60 I
©
>
O
=
)
o
BN

0® 1 i |
0 0.5 1 1.5 2

Ca/S ratio

4/12/91
NFT0412A.DRW
N46
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Nalco Fueltech Test Results
Dry Injection of as received CaCO3 at 4L

100

1087 C Injection Temperature

% Removal (SO2)

| l ] | |
0 05 1 15 2 25 3
Ca/S ratio

4/15/91
NFT0415.DRW
N47
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Nalco Fueltech Test Results
Dry Injection of as recelved CaCO3 at Port 6

100

80 |-

% Removal (S0O2)

950 C Injection Temperature

4/16/91
NFT0416.DRW
N48

2.5 3

N -

1.5
Ca/sS ratio
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Nalco Fueltech Test Results
Dry Injection of as recelved CaCO3 at Port 7

100

Temperature not available at Port 7

60 | -

% Removal (SO2)

06 i l | L

0 05 1 15 2 25 3
Ca/S ratio

4/16/91
NFT0416A.DRW
N49
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100

Nalco Fueltech Test Restilts
CaCOa3 slurry Injection at 4L

FE
$87 C Injection Temperature

1 2 | 3 | 4
Ca/S ratio

4/18/91 and 4/19/91
NFTO418A.DRW

N51 & N52
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Nalco Fueltech Test Results
CaCO3 slurry injection at 3R

100

1137 C Injection Temperature

0 0.5 1 15 2 25 3
Ca/S ratio

4/22/31 and 4/23/91
NFT0423A.DRW
N53 & N54
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Nalco Fueltech Test Resiilts

Dry Injection of CaCO3; <10 Micrometers (Port 5)

100

80 I

60 -

% Removal (SO2)

40 38.7

.............................................

1042 C Injection Temperature

2.7 m average diameter

4/25/91

0.5 1

NFT0425A.DRW

N55

1.5 2

Ca/sS ratio




e-a

Nalco Fueltech Test Results

CaCOa3 slurry injection at 4U
2.7 m average diameter CaCO3

100
1048 C Injection Temperature
Pt
o 80 I
(Cj)) oD .
% OFe: 0 g LT
8 A . K1
£ 40 |355 - 2
D b g
o
) > A
o~ 20 |
0 l
0 1 2
Ca/S ratio
slurry ’802) slurry with NOxOUT (SO2)
4/26/9
NFT0426.DRW

N56 & N57
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Nalco Fueltech Test Results

Dry Injection of CaCO3 Port 5
75> CaC03>25 m

100
1042 C Injection Temperature
80 |-

60

0 F 280 .

..............................................

% Removal (S02)

20.68 m average

0 05 1 15 2
Ca/S ratio

4/29/:1
NFT0429.DRW
N58
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Nalco Fueltech Test Results
Slurry Injection of CaCO3 at Port 4U
20.68 m ave diameter

100
840 C Injection Temperature

—~ #T
ANl 80 - _
O —~
D
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>
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=
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o
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Ca/S ratio
CaCOa slurry  slurry with NOxOUT CaCOa3 slurry slurry with NOxOUT
5/2/91 5/2/91 5/15/91 and 5/16/91 5/15/91 and 5/16/91
___._.’.._.._ PR _—— i G ..... - ._._... —_

5/3/91, 5/15/91 and 5/16/91 (re-test)
NFT0502.DRW
N59 & N63
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Nalco Fueltech Test Resuits
Slurry Injection of Hydrated CaO

100

ﬂgm C Injection Temperature

% Removal (SO2)

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
—— B - - —B —

5/3/91 and 5/16/91 (re-test)
NFTO0503A.DRW
N60 & N64
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