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ABSTRACT

Thisreport presentsthe performance resultsfor an e ectrogtatic precipitator (ESP) operating on a400,000
Ib/hr steam, cyclone-fired boiler that was modified for micronized cod reburning (MCR) to control NO,
emissons. The ESP wastested under both norma baseline operating conditions with and without MCR.
Under MCR operation, the particulate loadings to the ESP increased 2.8 times the basdline level and
loading to the stack increased 1.8 times the basdline level. However, the average particulate removal
efficiency for the MCR operations was greater than for the basdline operations and the ESP continued to
meet the dust emission performance guarantee.
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KODAK BOILER 15 ESP PERFORMANCE EVALUATION FOR MICRONIZED COAL
REBURNING (MCR) AND BASELINE CONDITIONS

INTRODUCTION

Performance testing was completed on the Kodak Boiler 15 ESP to assesstheimpact of Micronized Coal
Reburning (MCR) on ESP performance. Thistest program involved the s multaneous sampling of both the
ESPinlet and ESP outlet for particulate mass loading. Four sets of paired inlet and outlet samples were
collected for both the basdline and MCR test conditions. All sampling was completed during the week of
June 2, 1998. As-fired cod samplesweretaken by plant operators during each test period to obtain daily
composite samples. ESP eectrica conditionswere read manualy from meters on thetransformer-rectifier
controller cabinets. All of the sampling and data collection was coordinated with the control room
operators to assure that the testing was conducted during full load (nominaly 400,000 Ib/hr steam make)
and normal operating conditions.

SUMMARY

The following main conclusions can be drawn from the MCR and basdine testing of the Kodak Boiler 15
ESP.

1 The ESPremovd efficiency did not declinefor thereburn testsbut actudly increased dightly above
the measured efficiency for the basdline tests. The average efficiency for the MCR tests was
97.1% compared to 95.5% for the basdline tests.

The MCR operations increased particulate loading to the ESP by 2.8 times the basdine and the
loading to the stack increased to 1.8 times the basdline.

Measured ESP particulate removas exceeded the design removal of 94.4 wt % for al the MCR
tests and for three of the four basdine tests. Therefore, the M CR operations do not appear to be
detrimentd to the ESP performance athough mass emissons did increase.

The MCR flue gas particulate was sgnificantly coarser than the basdline particulate. Average
particle diameters were: 23 to 25 Fm for MCR and 5 to 8 Fm for basdine.

MCR operations increased the fly ash carbon content. For the MCR operations, the fly ash
carbon LOI averaged 36.8 wt % versus 11.3 wt % for the basdline operations.

There are sgnificant differences between the ESP energization levels for MCR and basdine
operations. Under MCR conditions, field energizationsweres gnificantly higher than under basdline
conditions. This helps to explan why removad efficiencies remained high for MCR dthough
particulate loadings were severd times the basdine values.



SAMPLING LOCATIONS

ESP Inlet

The ESP inlet sampling location is shown in Fgure 1. Sampling was conducted in the inlet duct located
immediatdly upstream of the ESP. This duct is fitted with Sx, Sx-inch sampling ports. A sampling scheme
usng every sampling port was used for the particulate matter (PM) sampling. Three sample points were
located for each port for atota of 18 sampling points for the duct. PM sampling was conducted for five
minutes a each point which resulted in atotd sampling time of 90 minutes.

ESP Outlet

The ESP outlet sampling location is aso shown in Figure 1.  Sampling was conducted in the location
downstream of the ESP and the gas take-off duct that supplies the micronizing coa pulverizers with
conveying gas. Theduct isfitted with Sx, four-inch sampling ports. A sampling scheme using every sampling
port was used for the PM sampling. Four sample points were located for each port. This plan resulted in
24 sampling points for the duct. PM sampling was conducted for four minutes at each point which resulted
in atota sampling time of 96 minutes.

RESULTS

Particulate L oadings

The particulate loadingsare summarized in Table 1. Theresultsshow that for MCR operaionsthe ESPinlet
loadings are about 2.8 times the basdline |oadings and stack emission levelsare about 1.8 timesthe basdline
loadings. For the MCR operation, the ESP inlet loadings ranged from 1,361 to 1,757 Ib/hr and averaged
1,503 Ib/hr while baseline loadings ranged from 468 to 611 Ib/hr and averaged 531 Ib/hr. Stack loadings
ranged from 23 to 53 Ib/hr and averaged 41 |b/hr for the MCR operation and ranged from 16 to 33 Ib/hr
with an average of 22 Ib/hr for the basdline tests. The average ESP particulate removal efficiencies were
97.1% and 95.5% for the MCR and basdinetests, respectively. Both valuesexceed the 94.4% designvdue
indicating that the ESP is preforming well. However, because MCR sgnificantly increases the inlet dust
loading to the ESP, the average outlet loading isequal to the design guarantee value of 0.088 1/10° Btuinput
and the average stack loadings are only dightly below at 0.081 Ib/10° Btu inpui.

Because thereisarecycle flue gas take off point between the ESP exit and the outlet duct sample ports, the
ESP exit loadings were estimated from the ESP inlet particul ate | oading and the removal efficiency based on
concentration (gr/dscf). Use of the efficiency based on particulate mass flows at the ESP inlet and the stack
dightly overestimates the ESP efficiency. This is because some of the solids a the ESP exit are recycled
back to the boiler with the dipstream flue gas to the micronizer mill. Caculaing the remova efficiency usng
particulate concentrationsavoidsthis problem. However, no correctionswere made to the stack particulate
concentrations for air leak or purgeinto the ESP. Accounting for the nomina 0.5% absolute rise in oxygen
level across the ESP would have decreased the particulate remova efficiency based on concentration by
about 0.1%.
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Table 1

ESP Performance Summary

Test (Micronized Coal Reburn)
Date

ESP Inlet Loading, grains/dscf
Rate, Ib/hr
[b/MM Btu (1)

ESP Exit Loading, grains/dscf
Rate, Ib/hr (2)
Ib/MM Btu (1)

Stack Loading, grains/dscf
Rate, Ib/hr
Ib/MM Btu (1)

Removal Efficiency Across ESP (3)
Removal Efficiency ESP inlet to Stack (4)

Test (Baseline)
Date

ESP Inlet Loading, grains/dscf
Rate, Ib/hr
Ib/MM Btu (1)

ESP Exit Loading, grains/dscf
Rate, Ib/hr (2)
Ib/MM Btu (1)

Stack Loading, grains/dscf
Rate, Ib/hr
Ib/MM Btu (1)

Removal Efficiency Across ESP (3)
Removal Efficiency ESP inlet to Stack (4)

MCR-1 MCR-2 MCR-3 MCR-4
06/02/98 06/02/98 06/03/98 06/03/98

1.602 1.942 1.534 1.582
1,493 1,757 1,361 1,401
2.931 3.527 2.759 2.788

0.056 0.048 0.027 0.064
52.2 43.3 241 56.5
0.102 0.087 0.049 0.112

0.056 0.048 0.027 0.064
46.9 39.1 22.6 53.3
0.092 0.079 0.046 0.106

96.5% 97.5% 98.2% 96.0%
96.9% 97.8% 98.3% 96.2%

BL-1 BL-2 BL-3 BL-4
06/03/98 06/04/98 06/04/98 06/04/98

0.560 0.484 0.544 0.643
526 468 520 611
1.026 0.91 0.988 1.19

0.018 0.024 0.036 0.022
16.6 23.1 34.7 20.7
0.033 0.045 0.066 0.040

0.018 0.024 0.036 0.022
15.7 21.2 32.6 19.5
0.031 0.041 0.062 0.038

96.8% 95.1% 93.3% 96.6%
97.0% 95.5% 93.7% 96.8%

(1) Based on F-Factor calculated coal feed rate for stack flue gas rate.
(2) Calculated from Inlet loading and removal efficiency.

(3) Based on concentration change.
(4) Based on mass flow change.

Average

1.665
1,503
3.001

0.049
44.0
0.088

0.049
40.5
0.081

97.1%
97.3%

Average

0.558
531
1.029

0.025
23.8
0.046

0.025
223
0.043

95.5%
95.8%




Theindividua run dataare presented in appendix TablesA-1 and A-2. Thedataare shown chronologicaly
with the micronized cod reburning tests first in Table A-1 and the basdline test data in Table A-2. The
pertinent data and results shown include: duct operating conditions, gas andysis, flue gas flow rates,
particulateloadings, particulateremova efficiency, cod andysds, fly ash anadyssand estimated cod feed rates
based on the measured stack flue gas rate and EPA F-factor calculations.

Ash Carbon L evels

The fly ash carbon levels are provided in Tables A-1 and A-2. For the MCR tegting, the carbon levels
ranged from 34.1 to 38.9 wt % and averaged 36.8 wt %. Basdline levels were much lower ranging from
7.1t0 14.7 wt % and averaging 11.3 wt %. Based on the coa feed rates and the ESP inlet fly ash loadings,
the average carbon losses represent 0.17% of the fuel heating vauefor the basdine testsand 1.60% for the
MCR Tegts. The higher MCR carbon losses are not surprising given that the fuel isinjected into the boiler
in aless reactive environment than the cyclone fud and the time for burnout is reduced.

Particulate Sizing

Sze digtributions were obtained by Mavern™ andyss for severa samples of the ESP inlet particulate
collected for the particulate loading measurements. The dataare presented in Table 2. Size measurements
were obtained for basdlinetests 1 and 3 and for MCR tests 1 and 3. Thedistributions are plotted using log-
norma probability scaling in Figure 2. The plot showsthat the basdinetest fly ash is very fine with average
particle szesof only 5and 8Fmfor Tests 1 and 3, respectively. Thisisthe sze range expected for cyclone
firing. The basdine particle Sze plots are generaly linear, indicating thet the particle Sizes are indeed log-
normally distributed.

As shown in Figure 2, the MCR dzing data were consstent and nearly identical for the two tests. The
digtributions are bimoda since the curves can be represented by two straight lines which intersect at about
the 23 Fm diameter. The plot clearly shows that cod reburning sgnificantly increases the sze of the
particulate a the ESP inlet. The average particle diameter increases from the 5-8 Fm for basdline tests
without cod reburning to 23-25 Fm when cod is reburned. The bimoda digtribution of the MCR fly ash
indicates that the ash is made up of two distinct components; the very fine materia fromthe cyclone burners
and coarser materid left over from the combustion of the MCR fuel. Since most of the particulate from cod
reburning is greater than 20 Fm in size, its remova would not be expected to pose a problem for the ESP
operation. Hy ash of thisszeisremoved with doseto 100% efficiency in normdly functioning precipitators.
This appearsto betruefor the Kodak ESP since high removal efficiencieswere obtained for the MCR tests
which had much higher particulate loadings than the basdline tests.

ESP Electrical Performance and ESP M odeling

The dectrica condition of the ESP was manualy recorded during each test period. The was done as a
higtorica record and to establish if the ESP preformed differently for operations with and without coal
reburning. The data are presented in Appendix Table A-3. The data include the primary AC volts and




amperages, the secondary DC kilovoltsand milliamps, spark rate, and the cal cul ated power determined from
the secondary V-I data.

Table 2
KODAK Unit 15 ESP Inlet Particle Sizes*
Avg. Diameter Fraction Greater Than Size

Fm Test MCR-1 MCR-3 Baseline-1  Baseline-3
175.0 0.0000 0.0040 0.0000 0.0065
151.0 0.0000 0.0075 0.0000 0.0130
130.5 0.0015 0.0125 0.0000 0.0195
112.5 0.0055 0.0180 0.0000 0.0250
96.9 0.0150 0.0250 0.0000 0.0305
83.7 0.0315 0.0370 0.0000 0.0400
72.2 0.0545 0.0590 0.0000 0.0595
62.3 0.0855 0.0895 0.0000 0.0870
53.8 0.1255 0.1260 0.0080 0.1210
46.4 0.1760 0.1715 0.0295 0.1570
40.0 0.2350 0.2325 0.0510 0.1890
34.5 0.2990 0.3075 0.0625 0.2130
29.8 0.3710 0.3895 0.0705 0.2340
25.7 0.4425 0.4610 0.0805 0.2565
22.2 0.5105 0.5270 0.0955 0.2830
19.1 0.5660 0.5835 0.1165 0.3115
16.5 0.6105 0.6300 0.1450 0.3390
14.3 0.6505 0.6715 0.1805 0.3685
12.3 0.6865 0.7080 0.2210 0.4020
10.6 0.7210 0.7410 0.2605 0.4365
9.1 0.7535 0.7715 0.2975 0.4695
7.9 0.7830 0.7990 0.3325 0.4985
6.8 0.8100 0.8250 0.3715 0.5290
5.9 0.8360 0.8500 0.4255 0.5695
51 0.8620 0.8750 0.4930 0.6220
4.4 0.8855 0.8975 0.5635 0.6785
3.8 0.9070 0.9170 0.6205 0.7250
3.3 0.9235 0.9305 0.6585 0.7550
2.8 0.9385 0.9430 0.6930 0.7820
2.4 0.9525 0.9555 0.7420 0.8180
2.1 0.9650 0.9670 0.7975 0.8585

* Malvern Analyses
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To better assess operating differences, averaged datafor each test are plotted in Figure 3. The plotsclearly
show a significant difference in the ESP response to cod reburning. Power levelsto thefirg four fidlds are
sgnificantly higher for MCR operations than for the basdline operations without cod reburning. However,
the power levelsto the 5™ fidld are only dightly higher for the MCR operations. The data can beinterpreted
inthefollowing fashion. In anormaly operating ESP most of the power is consumed in the last fidldswhere
there is the least amount of particulate. This gppears to hold true for the Kodak ESP. As shown in the
previous section, the basdline particulate is much finer than the MCR particulate. In generd, the efficiency
of an ESP to removefly ash particul ate decreases with decreasing Size down to about 0.5 to 1 Fmand then
begins to increase with decreasing Sze. Thelow level of energization indicated for thefirst four fields under
basdline conditions may indicate smdl incremental removals in the front fields which keeps dust loadings
rdatively high. When the flue gas reaches the 3" fidd loadings are low enough that high energization is
achieved. Therdatively high energizationsfor MCR indicates that most of the materid is being collected
inthefirg field. Thecoarse, high-carbon particulate may be helping to “ screen out” the finer materids asthe
dust travels to the collecting plates. Dust loadings would then be relatively low in the downstream fields.
Alternatdly, there may be significant differencesin the resstivities of the fly ashes. A high resdtivity for the
basdline particulate would limit power levels. This can not be confirmed now since resigtivity measurements
were not part of the test program.

As a fina check of the ESP performance, the measured performance was compared to predicted
performance using the CONSOL R&D ESPmodel. Thismode isbased onthe SoRI mathematica model
developed by Southern Research Indtitute for the EPA. The results of the modeling effort are shown in
Figure 4. The Kodak ESP was origindly designed for alow remova efficiency of 94.4%; presumably
because the dust |oadings from cyclone burnersarerelatively low (most of the cod ash reportsto the bottom
dag) and extreme remova efficiency is not required to achieve required emisson limits. As shown in the
figure, the measured MCR and basdine removal efficiencies overlgp and for al but test BL-3, are greater
than the design efficiency. The modd results agree reasonably well the actud remova efficiencies for the
MCR cases. Using a standard 10% sneakage assumption, the model on average over predicts the actual
removal by about 1.2% for MCR. Similarly for the basdine tests, the moddl under predicts the measured
removal by about 2.9%. Thisrdatively large under prediction can not be readily explained at thistime. The
very fine nature of the basdine particulate coupled with the measured low energization levels would be
expected to result in low remova efficiencies. However, the measured efficiency remained high.
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Figure 4
Kodak Unit 15 ESP Performance
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EXPERIMENTAL

The emission sampling was conducted using EPA reference techniques, where applicable. In cases where
no suitable reference method gpplied, sampling was conducted using EPA endorsed methodol ogies or other
published, well-documented procedures. A summary of the sampling procedures used in thistest program
is provided below.

Selection of Sampling Paints
The sampling points at both locations were sdlected as described in EPA Method 1. Both the ESPinlet and
outlet locations failed to meet the optimum location criteria but these were the only locations possible.

Volumetric Flow Rate

Individud point velocities and duct volumetric flow rates were determined in conjunction with the PM
sampling using the procedure outlined in EPA Method 2. The particulate sampling probes were equipped
with cdibrated type"S" pitot assemblies complete with thermocouples.

Gas Composition (O,, CO,, and N,)

Flue gas compositions at both locations were determined using a Teledyne Model Max 5 combustion gas
andyzer. This instrument uses an electrochemica sensor to determine oxygen and calculates the CO,
concentration based on fud chemigtry. Nitrogen is determined by difference. The O, and CO,
concentration determined by this instrument were previoudy confirmed by ORSAT anaysis conducted on
gas bag samples. The dry molecular weight of the flue gas samples were ca culated from these data using
the calculations outlined in EPA Method 3.

Flue Gas M oisture Content
Hue gas moisture was determined by measuring the condensate collected intheimpinger assembliesfor each
of the PM samples. This procedureis outlined in both EPA Method 4 and Method 5.

Particulate M atter Concentrations

PM sampling was conducted at both the ESP inlet and outlet as outlined in EPA Method 17. This method
specifies the use of an in-stack filter which is located at the front end of the sampling probe. Particulate
meatter isdefined asany materid that is collected on thefilter at the duct temperature and pressure. Both the
ESPinlet and outlet locations had a nomina average temperature of ~360EF and an absol ute pressure of
~29"Hg.

A dainless sed filter canigter fitted with ahigh efficiency ceramic filter was used for theinlet locations. This
assembly can hold up to 50 grams of particulate and is particularly well suited for high particulate loading
applications.

EPA Method 5 uses an out-of-stack, heated filter and sampling train which are close coupled to the sampling
probe. The equipment setup is best suited for use with horizontaly located sampling ports which dlow the
probe and sampling train to be easily supported and moved. The ESP outlet sampling ports arelocated on
top of the ductwork requiring vertical traversing. This makes it dmost impractica to use the standard
Method 5 equipment setup. Because of this, an in-stack filter system was aso used at the ESP outlet.

-11-



The high particulate removd efficiency of the ESP resultsin very little particulate penetration. To enhance
the accuracy of the weight measurement of the collected sample, an in-stack 2.5 inch stainless sed filter
holder fitted with a 2.5 inch quartz filter was used. These filters have greater weight stability than the
conventiona Method 17 thimblefilter and d so aremore easly recovered from thefilter holder after sampling.
Both of these attributes result in more accurate mass measurements.  As with the inlet sampling, the filter
temperature is maintained a the flue gas temperature.  Particulate matter is defined as any materid that is
collected on the sampling media a duct conditions of ~360EF and an absolute pressure of ~29" Hg. . A
schematic contrasting the two particulate trains is shown in Figure 5.

SO, Emissons

SO, emissions were measured by replacing the water solution in the PM sampling impingers with a 3%
hydrogen peroxide solution. After sampling, the impinger contents were analyzed for SO, as described in
EPA Method 6. ThistechniqueisaBaCl, titration to athorin end point.

QA/QC PROCEDURES

All of the testing and analys's was completed by trained individuas with experience specific to emisson
measurementsand anadysis. Thesampling and associated QA/QC procedureswerefollowed as prescribed
in the sampling methods. All sampling was conducted under norma, base-load conditions.

Pretest cdibrationswere performed on the mgor sampling equi pment, and included the pitot tubes, sampling
nozzles, dry test meters, meter orifices, barometer, and temperature readouts. The andytica balance used
for the gravimetric filter analyses is checked out twice ayear. The accuracy of this balance was checked
dally with dlass"'S' dandard weights. The cdlibration data are on file at CONSOL R&D, Fittsburgh, PA.

All fidld data were recorded on standard forms and are contained in a file binder at the CONSOL R&D
office complex. All of the field data sheets and ca culations were checked by two senior test professionds.

The coal samples were analyzed in duplicate following standard ASTM methodology. All of the cod
andysesfdl wel withinthe ASTM criteriafor dataqudity. Theandyssof sandard reference materia used
as QC checksis available upon request.

The sampling teamwasin daily communication with the unit operators to assure that the unit was operating
at the required test conditions.

-12-



EPA Method 17 Particulate Sampling Trains
(ESP Inlet Sampling with Ceramic Thimble)
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To Pu

[N= N A — T

=

| Pitot ~—
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In-Stack Filter Thimble Assembly

Ceramic Filter Thimble Impinger Assembly
Pitot Tube ' no
Stack Thermocouple i; éBala:kb H.0O,

#4 - Silica Gel

(ESP Outlet Sampling with Quartz-Fiber Filter Disk)
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— | TC Tubing
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M j\\ \ [ ’ & Meterp
=
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Probe Assembly
Stainless Steel Nozzle

In-Stack 63 mm Filter Assembly

63 mm Quartz-Fiber Filter ;
Pitot Tube Impinger Assembly
Stack Thermocouple #1 &2 -3%H,0,

#3 - Blank

#4 - Silica Gel

Figure 5 - Schematics of Particulate Sampling Trains
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KODAK BOILER 15 DATA ESP PERFORMACE TEST DATA

Table A-1

MICRONIZED COAL REBURN TESTING
June 2-3, 1998

Location INLET OUTLET INLET QUTLET INLET OUTLET INLET OUTLET INLET OUTLET
Date June 2 June 2 June 2 June 2 June 3 June 3 June 3 June 3 AVG AVG
tart Time 1020 1025 1340 1340 0830 0835 1150 115¢
Stop Time 1215 1230 1530 1535 1012 1035 1330 1335
est Number MCR-1 MCR-1 MCR-2 MCR-2 MCR-3 MCR-3 MCR-4 MCR-4
SAMPLING DATA:
Y factor of dry gas meter - 1015 1.000 1.018 1.000 1.015 1.000 1.015 1.000
Gas Volume - fia 38.79 4551 38.04 4563 36.35 43.55 36.73 44 47
Delta H of dry gas meler - TH20 0.65 075 0.63 075 ¢.57 0.72 0.57 072
Meter Temperature - oF B18 69.7 88.4 783 836 60.8 845 67.8
C Factor of pitot tube - 0.817 0729 0.817 0729 0.817 0728 0.817 0729
Nozzle Diameter - inches 0.336 0.268 0.336 0.268 0.336 0.268 0.338 0.268
\Area of Nozzle - f2 0.00062 0.00038 0.00062 0.00039 0.00062 0.00039 0.00062 0.00039
\Area of Stack - fz 165 85 165 85 165 85 165 a5
H20 Weight - gm 645 83.4 7414 B81.4 65.4 658 654 730
Sample Time - minules 90 96 90 96 90 96 90 96
Barometric Pressure - "Hg 29.04 29.04 28.98 28.98 29.18 2918 29.18 29.18
Stalic Pressure - *H20 1.20 081 1.20 0.54 1.00 -0.84 1.10 -0.69
% Oxygen - 37 34 3.0 34 3.0 36 2B 34 a1 s
% Carbon Dioxide . 163 166 170 16.6 1741 16.4 17.4 16.6 16.9 168
pprv CO - 30 1 42 21 39 15 41 15
% Nz + CO - 80.0 80.0 80.0 80.0 79.9 80.0 80.1 80.0
Stack Temp - oF 351 352 345 348 346 345 340 342 346 347
*S* sample (s vel head) - "H20 0.077 0.299 0.074 0.284 0.070 0.283 0.068 0.289
Dust Weight - gm 3.8695 0.1600 4.5366 0.1346 3.4782 0.0760 3.6177 0.1796
CALCULATED DATA:
Sample Volume - dscf 37.28 44.10 36.05 43.42 34.99 4312 3529 4345 35.90 43.52
Absolute Stack Pressure - *Hg 2913 29.00 29.07 29,02 29.25 29.12 29.26 29.13 29.18 29.07
IAbsolute Stack Temp -oR 811 812 BOS 808 806 805 800 802 606 807
H20 - % by Vol 75 8.2 88 8.1 8.1 6.7 B.0 7.3 8.1 7.6
iWaler Volume - std fta 3.04 393 349 383 3.08 310 3.08 3.44
IDry Molecular Weight - Ibb-mole 30.76 30.79 30.84 30.79 3086 30.77 30.85 30.7¢ 30.83 30.78
IWet Molecular Weight - IbAb-mole 29.79 29.75 28.71 2975 29.82 2091 29.82 29.85 29.78 2982
Excess Air - 21.2 19.2 166 19.2 16.6 205 153 19.2 17.4 195
GAS FLOW DATA:
Gas Velocity, Direct - fps 18.74 33.07 18.34 3213 17.76 3187 17.57 3217 18.10 a2z
cfm - 185.500 168,600 161,600 163,900 175,900 162,600 173,900 164,001 179,200 164,800
J:sdm - 108.700 97,600 105,500 95,500 103,500 96,800 103,200 97.500 105,200 96,900
Excess Air Free dscfm - 89,500 B1.700 9C.400 80,000 88,600 80,100 89,400 81,600 89,500 80,900
PARTICULATE LOADING:
Grains/dscl . 1.602 0.056 1.942 0.048 1.534 0.027 1.582 0.064 1.665 0.049
ib/hr - 1.492.7 469 1.756.5 392 13614 228 14,3996 533 1,502.5 40
Ib/MM Biu - 2.931 0.092 3523 0.079 2.760 0.046 2.785 0.106 3.00 0.08
ESP Collection Efficiency by Concentration 96.5% 97.5% 98.2% 96.0% 97.1%
ESP Cotlection Efficiency by Mass 1.oading 96.9% 97 8% 98.3% 86.2% 97.3%
% ISOKINETIC - 102.2 102.3 1018 102.9 100.7 100.8 101.9 100.8 101.67 101.72
SO 2 CALCULATIONS:
Ibfdsct - 2.33E-04 2.45E-04 2.56E-04 2.34£-04 2.61E-04 2.30E-04 2.64E-04 251E-04 (| 2.54E-04 | 2.40E-04
IbMmr - 1,517 1,437 1,623 1,343 1,622 1,338 1,634 1,466 1,599 1,396
ppmv & DUCT CONDITIONS - 1,491 1.574 1.647 1,504 1,678 1,477 1,696 1,608 1.628 1,641
ippmv @ 0% OXYGEN - 1.811 1,880 1,824 1,796 1,861 1,784 1,858 1.920 1,913 1,845
Ib/MM,Blu (02 Based) - 2.72 282 2.88 2.69 297 2.71 297 2.92 2.89 279
COAL ANALYSIS:
% Carbon (dry} 77.96 77.96 77.96 77.96 78.71 78.71 7871 78.71 78.34 78.34
% Hydrogen (dry} 525 525 5.25 525 525 525 525 525 5.25 525
% Nitrogen (dry) 1.58 1.59 1.59 1.58 1.58 1.58 1.58 158 1.8 1.59
% Sulfur {dry) 219 219 219 2.19 219 219 219 219 2.19 219
% Oxygen (dry} 6.34 6.34 6.34 6.34 561 561 5.61 561 5.98 5.98
% Ash (dry) 6.87 6.67 8.67 6.67 6.66 6.66 6.66 6.66 6.67 6.67
% Volatile Malier (dry) 39.87 39.87 3987 39.87 3965 3965 3965 39.65 39.76 38.76
1BtuAb (dry} 14,227 14,227 14,227 14,227 14,208 14,208 14,206 14,206 14,217 14,217
|F-Factor 9,626 9,626 9,626 9,626 9,744 9,744 9,744 9,744 9,685 9,685
!%To!al Moisture 5.89 588 588 5.89 567 567 567 5.67 578 578
Caiculated F-Factor Firing Rate, Ib/Mhr-gry 35,800 35,050 34,720 35,370 35,240
Calculated F-Facior Firing Rate, Ib/hr-wet 38,040 37.240 36,810 37.500 37,400
FLY ASH ANALYSIS:
% Ash (dry) 59.68 59.58 63.91 62.07 61.31
% Carbon {dry) 38.95 37.49 34.12 36.51 | 36.77
% Sulfur (dry) 091, 117 096 095 i 1.00
I
L
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Table A-2
KODAK BOILER 15 DATA ESP PERFORMACE TEST DATA

BASELINE TESTING
June 3-4, 1998

@acim
idscim

Location ESP Inlet |[ESP Outlat | ESP Inlet |[ESP Outlet { ESP Inlet |[ESP OQutlet | ESP Intet ESP Outlet INLEY OUTLET
June 3 June 3 June 4 June 4 June 4 June 4 June4 | Juned AVG AVG
1700 1700 0820 0820 1040 1040 1500 1500
1840 1850 1000 1010 1220 1228 1640 1650
BL-1 BL-1 BL-2 BL-2 BL-3 BL-3 BL4 BL4
SAMPLING DATA:
Y factor of dry gas meter - 1.015 1.000 1.015 1.000 1.015 1.000 1.015 1.000
(Gas Volume - fta 39.02 47.37 38.34 46.59 39.50 47 .55 39.26 46.98
Delta H of dry gas meter - "H20 065 0.86 0.66 0.83 0.66 0.86 0.65 0.82
Meter Temperature - oF 879 658 842 646 885 703 91.0 712
IC Factor of pitot tube - 0.817 0729 0.817 0.72% 0.817 0.729 0817 0.729
Nozzie Diameter - inches 0.336 0.268 0.336 0.268 0.336 0268 0.336 0.268
|Area of Nozzle - ftz 0.00062 0.00038 0.00062 ©.00039 0.00062 0.00039 0.00062 0.00039
larea of Stack - flz 165 85 165 85 165 85 185 85
H20 Weight - gm 693 79.9 60.6 80.3 66.7 76.7 66.3 742
Sampie Time - minutes 80 96 90 96 90 96 80 96
iBarometric Pressure - "Hp 28.18 29.18 2925 29.25 20.24 29.24 2919 29.19
Static Pressure - "H 1.59 -0.73 1.50 0.73 1.34 076 147 .55
% Oxygen - 36 41 36 4.1 34 3.9 37 43 36 41
% Carbon Dioxide - 16.5 18.8 16.4 159 16.6 16.1 16.2 15.8 16.4 15.8
ppmv CO - <2 30 <4 NAS ~5 NA <1 NA
% N2+ CO - 79.9 80.0 80.0 80.0 80.0 80.0 80.1 79.9
Stack Temp - oF 366 363 365 369 378 377 364 361 368 368
"S" sampie {mms vel head} - "H0 0.080 0335 0.083 0336 0.083 0.345 C.081 0.338
Dust Weight - gm 1.3522 0.0533 1.1593 0.0711 1.3304 0.1093 1.5553 Q.0643
CALCULATED DATA:
[Sample Volume - dscf 37.27 46.47 36.96 4592 37.70 46.35 37.30 4563 37.31 46.09
\Absolute Stack Pressure - "Hg 29.30 26.13 29.36 29.20 29.34 29.18 29.30 2915 2932 28.16
|Absolute Stack Temp -e«R 826 823 825 829 B38 837 824 829 828 828
H20 - % by Vol 8.1 75 72 76 7.7 72 77 74 17 74
Water Volume - stdfty 3.26 376 285 378 314 361 3.12 349
Dry Molecutar Weight - lbAb-mole 30.78 30.71 30.77 30.71 3079 30.73 30.74 30.70 3077 30.71
'Wel Molecular Weight - ibAb-mole 29.75 2976 2985 29.74 29.81 2981 29.76 29.80 29.79 29.78
% Excess Air - 206 241 205 241 19.2 226 212 256 204 24
GAS FLOW DATA:
Gas Velocity, Direct -fps 19.23 3515 19.52 35.30 19.67 35.90 19.33 3523 19.44 3540

190,380 179,300 183,300 180,000 194,800 183,100 191.300 179,700 192,400 180,500
109,600 103,600 112,700 103.400 111,400 104,500 110,800 104,600 111,100 104,000

[Excess Air Free dscim - 90,700 83,300 93,300 83,100 93,300 85,000 91,200 83,100 982,100 83,600
PARTICULATE LOADING:

Grains/dscl . 0.560 0.018 0.484 0.024 0.544 0.036 0.643 0.022 0.558 0,025
lo/me . 526.1 157 4677 212 520.1 326 611.3 195 531 22
Ib/MM Btu - 1.026 0.031 0.910 0.041 0.989 0.062 1.18% 0.038 1.03 0.04
ESP Collection Efficiency by Concentration 96.8% 95.1% 93.3% 96.6% 85 5%
ESP Collection Efficiency by Mass Loading §7.0% 95.5% 93.7% 86.8% 95.8%
% ISOKINETIC - 101.4 101.5 97.8 100.5 10098 100.3 100.4 98.8 100.11 100.28
SO 2 CALCULATIONS:

Ib/dsct - 251E-04| 238E-04| 248E-04| 239E-04| 252E-04| 241E-04| 248E-D4| 237E-04) 250E-04| 2.39E-04
Ibmr - 1,649 1,482 1678 1,485 1,682 1,508 1.647 1,488 1.664 1,491
ppmv @ DUCT CONDITIONS - 1,608 1,525 1,591 1,531 1614 1,540 1,587 1,518 1,600 1,528
ppmv @ 0% OXYGEN - 1,943 1.897 1,922 1,905 1,928 1,893 1.928 1.908 1,930 1,801
Ib/MM,Blu (O2 Based) - 2.95 2.89 2.9 _..288 2.92 287 282 2.90 2.92 289
COAL ANALYSIS:

% Carbon (dry) 78.71 78.74 78.63 78.63 78.63 7863 78.63 78,63 78.65 78.65
% Hydrogen (dry) 525 525 5.12 5.12 5.12 5.12 512 512 5.i5 5.15
% Nitrogen {dry) 158 158 1.58 1.58 1.58 1.58 1.58 1.58 1.58 1.58
% Sulfur (dry) 219 219 222 222 272 222 2.22 222 2.21 221
% Oxygen (dry} 5861 561 577 577 517 577 5.77 577 573 573
% Ash (dry} 6.66 6.66 6.68 668 668 6.68 6.68 6.68 6.68 6.68
% Volatile Matler (dry) 39.65 3965 39.96 39.96 39.96 39.96 38.96 39.96 39.88 39.88
Btullb (dry} 14,206 14,208 14,202 14,202 14,202 14,202 14,202 14,202 14,203 14,203
F-Faclor 9.744 9.744 9.701 9,701 9,701 9,701 9,701 9,701 9712 8,712
% Total Mosilure 5867 567 762 7.62 7.62 7.62 7862 762 7.13 743
ICalculated F-Factor Firing Rate, ibMr-dry 386,110 36,190 37.020 36,180 36,380
Calculated F-Factor Firing Rate, Ib/hr-wet 38,280 38,180 40,070 39,180 38,180
FLY ASH ANALYSIS:

% Ash {dry) B2.65 87.54 86.13 82985 ! B4 81

% Carbon (dry} 14 68 7.08 g1 14.36 11.31

% Sulfur {dry) 118 1.25 1.31 1.23 1.24




Table A-3
Unit 15 ESP Test Electrical Data
Kodak Unit 15 Boiler

Primary Secondary Sec. Power Spark Rate

Date Time Test Field § \4 Amps KV ma KW Wisq ft Sparks/min
06/02/98 11:55AM  MCR-1 1 200.0 9.8 35.5 35.0 1.24 0.203 36
2 260.0 18.5 38.5 100.0 3.95 0.645 28
3East 277.5 29.5 375 150.0 5.63 1.379 40
3West 2400 200 34.0 83.0 2.82 0.692 28
4 210.0 21.0 34.0 90.0 3.06 0.500 30
5 235.0 325 40.5 215.0 8.71 1.423 30
06/02/98 12:20PM  MCR-1 1 175.0 8.7 33.0 45.0 1.49 0.243 38
2 280.0 19.0 39.5 110.0 4.35 0.710 30
3East 283.0 250 38.5 149.5 576 1.411 24
3West 242.5 22.0 34.0 81.0 2.75 0.675 28
4 205.0 22.0 345 100.0 3.45 0.564 34
5 2450 345 415 250.0 10.38 1.685 26
06/02/98 02:20PM  MCR-2 1 200.0 12.0 36.0 45.0 1.62 0.265 36
2 260.0 245 40.0 130.0 5.20 0.850 30
3East 271.0 25.0 38.0 146.0 5.55 1.360 32
3West 242.0 19.0 345 840 3.24 0.795 28
4 210.0 27.0 345 125.0 4.31 0.705 32
5 245.0 37.0 41.5 220.0 9.13 1.492 26
06/02/98 03:25PM  MCR-2 1 200.0 104 34.0 45.0 1.53 0.250 32
2 240.0 25.0 39.0 140.0 5.46 0.892 30
3East 264.5 24.0 37.0 120.0 4.44 1.088 26
3West 2445 19.5 34.0 87.0 2.96 0.725 28
4 220.0 29.0 36.5 150.0 5.48 0.895 29
5 250.0 39.0 42.5 255.0 10.84 1.771 28
06/03/98 08:45 AM  MCR-3 1 180.0 8.9 35.0 35.0 1.23 0.200 29
2 265.0 21.5 42.0 110.0 4.62 0.755 30
3East 285.0 27.5 34.0 70.0 2.38 0.583 24
3West 223.0 16.5 33.0 68.0 2.24 0.550 36
4 185.0 220 345 100.0 3.45 0.564 30
5 2450 35.0 41.5 235.0 9.75 1.594 30
06/03/98 09:55AM MCR-3 1 190.0 8.1 36.0 25.0 0.90 0.147 22
2 245.0 17.5 40.5 115.0 4.66 0.761 24
3East 235.0 215 36.5 91.5 3.34 0.819 32
3West 2240 16.0 34.0 66.5 2.26 0.554 28
4 190.0 18.5 34.0 95.0 3.23 0.528 32
5 2450 37.5 415 230.0 9.55 1.560 26
06/03/98 12:20 PM  MCR-4 1 190.0 8.2 345 35.0 1.21 0.197 32
2 235.0 18.0 40.0 125.0 5.00 0.817 26
3East 235.0 18.5 35.0 108.0 3.82 0.935 28
3West 2215 16.0 33.0 745 246 0.603 28
4 195.0 21.0 34.0 85.0 3.23 0.528 34
5 235.0 30.5 41.5 210.0 8.72 1.424 28
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Table A-3 (Continued)
Unit 15 ESP Test Electrical Data
Kodak Unit 15 Boiler

Primary Secondary Sec. Power Spark Rate

Date Time Test Field 5 ) Amps KV ma Kw Wisq ft Sparks/min
06/03/98 05:20 PM Baseline-1 1 175.0 6.1 35.5 25.0 0.89 0.145 24
2 185.0 7.2 39.0 40.0 1.56 0.255 26
3East 2445 12.0 39.5 67.5 2.67 0.653 24
3West 2225 11.0 36.5 46.5 1.70 0.416 30
4 220.0 18.0 39.0 70.0 2.73 0.446 32
5 260.0 38.5 425 260.0 11.05 1.806 24
06/03/98 06:20 PM Baseline-1 1 175.0 59 36.5 25.0 0.91 0.1489 24
2 175.0 6.4 37.5 30.0 1.13 0.184 24
3East 207.0 8.5 375 38.5 1.44 0.354 24
3West 202.5 8.0 35.5 325 1.15 0.283 24
4 210.0 18.5 39.0 90.0 3.51 0.574 32
5 255.0 6.5 42.5 240.0 10.20 1.667 30
06/04/98 08:20 AM Baseline-2 1 180.0 6.1 375 25.0 0.94 0.153 22
2 170.0 55 395 25.0 0.99 0.161 24
3East 216.5 8.0 39.0 34.0 1.33 0.325 28
3West 204.5 8.0 35.5 315 1.12 0.274 28
4 205.0 16.0 39.0 70.0 2.73 0.448 32
5 250.0 32.0 43.5 215.0 9.35 1.528 26
06/04/98 10:00 AM Baseline-2 1 175.0 5.5 38.0 25.0 0.95 0.155 24
2 160.0 4.4 38.5 20.0 0.77 0.126 26
3East 177.5 4.5 36.0 19.5 0.70 0.172 32
3West 186.0 50 34.5 23.0 0.79 0.194 32
4 185.0 13.0 39.0 55.0 215 0.350 32
5 2250 235 42.0 165.0 6.93 1132 28
06/04/98 11:30 AM Baseline-3 1 170.0 5.4 37.0 20.0 0.74 0.121 22
2 155.0 4.2 38.0 15.0 0.57 0.093 26
3East 175.0 45 35.0 20.5 0.72 0.176 28
3West 172.5 5.0 34.0 18.5 0.63 0.154 32
4 170.0 10.7 36.5 45.0 1.64 0.268 28
5 215.0 215 415 165.0 6.85 1.119 24
06/04/98 12:45 PM Baseline-3 1 175.0 5.5 36.5 25.0 0.91 0.149 24
2 160.0 47 38.0 20.0 0.76 0.124 26
3East 181.0 5.0 35.0 205 0.72 0.176 28
3West 183.0 5.5 335 22.0 0.74 0.181 24
4 170.0 11.5 36.5 45.0 1.64 0.268 28
5 225.0 23.0 41.5 175.0 7.26 1.187 30
06/04/98 02:35 PM Baseline-4 1 175.0 6.1 345 25.0 0.86 0.141 24
2 185.0 7.2 38.0 30.0 1.14 0.186 20
3East 177.5 6.0 3356 26.0 0.87 0.213 32
3West 186.5 7.0 33.0 30.5 1.01 0.247 28
4 180.0 11.0 36.5 55.0 2.01 0.328 24
5 215.0 230 415 170.0 7.06 1.153 26
06/04/98 04:20 PM Baseline-4 1 175.0 6.0 355 25.0 0.89 0.145 22
2 225.0 10.4 40.5 65.0 2.63 0.430 34
3East 207.5 8.5 35.5 36.0 1.28 0.313 24
3West 213.5 10.5 34.5 37.0 1.28 0.313 28
4 195.0 15.0 37.0 65.0 2.41 0.393 30
5 250.0 34.0 42.5 205.0 8.71 1.424 30
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