APPENDIX NO. 7

Emissions Test Data Summary



The following appendix contains the day to day emissions data summary for
each of the various test series. This data was used to generate all the
emission figures shown in Section 7.0 of this report. In addition, a

summary of all the coal analyses obtained throughout the project are
included. The tabl tod in thi i .

- TABLE 1. Daily Log of B&W Reburn Test Results - "T" Series
- TABLE 2. Daily Log of Reburn Test Results - "A" Series
- TABLE 3. Daily Log of Reburn Test Results - "P"/"E" Series
- TABLE 4. Coal Analyses for WP&L Nelson Dewey #2 |
- TABLE 5. Daily Log of Reburn Test Results - "W" Series
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APPENDIX NO. 8

Air Pollution Control Technology Company (APCO}
Research Reports on Precipitator Performance



The following contains all the Nelson Dewey Precipitator Evaluation Reports
prepared by APCO throughout the Cyclone Coal Reburning Project. Their
review includes determining the precipitators performance during baseline
and coal reburn operation. The reports included in this appendix are:

- Model Projections of Nelson Dewey Unit #2 Precipitator
Performance following the Implementation of Coal Reburn

Technology (includes addendum)

- Initial Projections of Nelson Dewey Unit #2 Precipitator
Performance with the Application of Coal Reburn Technology

- Trip Report: Nelson Dewey Unit #2 Precipitator Inspection
(September 16, 1991)

- Baseline Precipitator Performance Evaluation



MODEL PROJECTIONS OF NELSON DEWEY UNIT #2 PRECIPITATOR
PERFORMANCE FOLLOWING THE IMPLEMENTATION
OF COAL REBURN TECHNOLOGY

INTRODUCTION:
Babcock & Wilcox and Wisconsin Power and Light are taking
part in a NO_ reduction program sponsoved by the U. S. Department

of Energy. This Coal Reburn Project has involved retrofitting

boilers with pulverized coal burners to supplement existing
cyclone burners. The pulverized coal burners are located in such
a way as to alter the combustion and temperature profile of the
boiler and, thereby, reduce Nox emissions. Unit #2 of the Nelson
Dewey Station of Wisconsin Power and Light was chosen as the
demonstration unit for this technology. '

It was anticipated that the modifications to the boiler would
impact the performance of the precipitator used for parﬁiculate
removal from flue gases exiting the boiler. The percentage of ash
appearing as fly ash was expected to increase and the particle
size distribution of the ash was expected to change. Fly ash from
cyclone boilers typically has a small mass median diameter and
contains a large number of fine particles. It was felt that the
use of pulverized coal burners would increase the MMD of the ash
exiting the boiler and reduce the percentage of fine particles.
The effect of the change in the temperature profile on
precipitator inlet particle size distribution was not known .

APCO Services, Inc. was asked to model the performance of the
Nelson Dewey Unit #2 precipitator prior to the boiler
modifications to determine if it was reasonable to expect the unit
to remain in compliance with existing particulate emission limits
after the modifications were made. Initial projections were made
using: reburn data gathered at the SBS Combustor facility at the B
& W Research Center in Alliance, Ohio; baseline performance test
conducted by Acurex Corporation; precipitator electrical readings
taken on May 31, 1990, just after the Acurex tests were completed;



and precipitator design data. The measured baseline collection
efficiency while burning Lamar coal had been 82.6% (17.4%
penetration) for a boiler load of 110 MW. Earlier data obtained
while firing a different coal had indicated a collection
~efficiency of 92.9%. Model projections indicated a collection
efficiency of 83.8% (16.2% penetration) as baseline performance.

This represents a difference of 7% between measured and predicted

performance. It was felt that this was good agreement between
measured and predicted performance. '

The above model projections were based on a particle size
distribution having an MMD of 3.10 Fm and a standard deviation of
2.46 (measured distribution for the SBS combustor). The gas flow
rate of 475,000 acfm which was used was a measured value from an
earlier test. The inlet mass loading of 0.0855 gr/acf (0.35
lb/MBtu) and the electrical conditions used were measured values.
The non-ideal parameters which gave the best agreement between
measuvyed and modeled performance were a standard deviation in gas-
flow distribution of 25% and a sneakage per baffled section of
10%. The values of these last two parameters were adjusted to
obtain the best fit and.are typical for older precipitators.

The model was next used to predict precipitator performance
following the boiler modifications. Three gas flow rates were
considered: the measured one above, 475,000 acfm; a calculated
value of 440,000 acfm based upon an excess air of 30%;: and 416,700
acfm which was calculated assuming 3.0% 02 at the economizer
outlet. Also, the electrical conditions for the precipitator
fields were varied to determine how the precipitator would react
to improvement in electrical conditions and how it would respond
to changes in fly-ash resistivity. Finally, model runs were made
by assuming no change in the inlet particle size distribution, and
by assuming a size distribution having a larger MMD with a smaller
Ppercentage of fine particles.



The model Projections of Precipitator performance with-reburn
indicated the following:

© If no improvement in the electrical operating conditions
was seen, the performance of the unit would be marginal for
the increased inlet mass loading assqciated with reburning,

assuming the size distribution shifted toward a larger MMD

e

with a smaller Percentage of fine particles.

o If no improvement in the electrical operating conditions
was seen, and the particle size distribution did not change
with reburning: the unit would be out of compliance with
‘emission standards.

© Improving electrical operating conditions to those one
would anticipate for the Lamar coal ash would improve
pPrecipitator performance significantly. It was felt that
the unit should be in compliance even if the size
distribution of the particulate at the ESP inlet remained
essentially that of the Wwithout-reburn case.

The boiler modifications have been completed and the
pPerformance of the precipitator has been measured for both the
Lamar coal and for a western coal. The mathematical model has now
been used to see how well its Predictions match actual per formance
for the two coals.tested. |

Predictions of Precipitator performance were made using a
mathematical model developed at Southern Research Institutel’z,
with the sponsorship of EPA. A flow diagram of the model showing

important input parameters and some of the output information is
shown in Figure 1.



The mathematical model is based on the exponential Deutch-
Anderson equation. It is structured so that the precipitator is
divided into small incremental lengths in the direction of gas
flow. In each increment, calculations are made for each particle
size band contained in the inlet particle size distribution. Also
calculated for each incremental length are, the electric field at

“the plate, the particle charge for each particle size band, the

migration velocities of the particles toward the plate, and
collection efficiencies for each particle size band. The
particulate which is not collected in a given increment becomes
the inlet loading for the succeeding increment. The incremental
structure of the model is required to allow for the changing
conditions present along the length of a precipitator and to
insure that the assumptions made in the Deutch-Anderson equation
are met. The model computes length-averaged migration velocity as
a function of particle size, and the overall mass collection
efficiency by summation over the fractional collection

efficiency. 1In addition, the model uses empirical expressions to
adjust the length-averaged migration velocities for non-ideal
effects such as gas bypassing a collector section (sneakage, S)
and variations in the gas velocity distribution (%RMS deviation,
ﬁg). A sneakage of 10% per baffled section and ”g of 25% are
typically required to match measured performance with modeled
results for older precipitators. For newer units, S = 5% and "g =
15% are usually more representative.

The model is very sensitive to change in: the electrical
conditions within each collecting field, the inlet particle size
distribution, the gas volume flow rate, the electrical properties
of the gas, the electrical properties of the particles, rapping re-
entrainment, and non-ideal effects.

If the particle size distribution does not change, variations
in the inlet mass loading cause minor variations in the overall
collection efficiency for inlet ldadings less than 3-4 gr/acf, but
opacity is very sensitive to changes in the mass loading.



INLET PARTICLE SIZE DISTRIBUTION:

The inlet particle size data used for the Lamar coal was froﬁ'
Test 6P. This distribution had an MMD of 4.35 and a standard
deviation of 2.53. This distribution did not give good agreement
between measured and modeled performance when other measured :

parameters were used:

No particle size data were available for the western coal.
The size distribution measured during Test 6P was again used for
these quel YUuns.

T oap :

The inlet mass loadings for the model were those found at the:
precipitator inlet for each of the tests with which model results

were compared. These are listed in Table 1.
S CITY UTION SNEA FF S :

A standard deviation in gas flow distribution of 25% was used
for Runs 1W and 3W (western coal tests). This was the value found
to give the best fit of modeled-to-measured performance testing
for the 1990 baseline test series. Other values were also tested
for Test 6P since agreement between measured and modeled
performance was not as good as expected.

The sneakage per baffled section of 10% used to give the best
agreement for the baseline modeling was also used for these model
runs. Again additional values of sneakage were used for Test 6P
in an attempt to obtain better agreement between measured and
modeled results.



PRECIPITATOR ELFCTRICAL CONDITIONS:

Measured electrical conditions were used for each case
considered. Readings taken during the tests were used for the
western coal model runs. Electrical readings were not provided
for the Lamar coal tést, Test 6P. Therefore readings taken during

Test B8P, Lamar coal with reburning and soot blowing at 110 MW, and

Test 9P, Lamar coal with reburning at 82 MW, were used in the
model for Test é6P. Additional model runs were made using
calculated electrical conditions since using the above readings in
association with other measured parameters did not give good
agreement between model results and measured performance. The
measured electrical readings are listed in Tables 2 - 5.

10

Theoretical values for an ash resistivity of 3.0 x 10 ohm—cm and

3.5 x 1010 ohm~cm are listed in Table 7.

HER MODEL INP R S:

Other model input parameters such as flue-gas flow rate,
average gas velocity, and flue gas temperature which were used
were measured values. These are listed in Table 1. In an attempt
to better understand the Test 6P result, a volume flow rate was
calculated for use in the model. This will be discussed later.
Also the same precipitator geometry as that used in the earlier .
modeling effort was used for this work.

MODEL RESULTS FOR CURRENT OPERATION:

A comparison of measured performance with predicted
performance is given in Table 6. Again, the non—ideal parameters
which gave the best agreement between measured and modeled
performance for the western coal was a sneakage per baffled
section (7g) of 10%, and standard deviation in gas flow
distribution of 25% just as was the case for the 1990 baseline
comparison. These were not the best non-ideal parameters for the
Lamar coal run however. The agreement between model projections

6



of collection efficiency and measured collection efficiency was
extremely good for Test 1W and Test 3W. Measured opacity data
were not made available to APCO Services, so no comparison of the
predicted values with measured values could be made.

'Model Case (3) of the Test 6P comparison gave the closest

agreement between modeled and measured collection efficiencies.

In this case, the electrical conditions for Test 9P were used.

The sneakage per baffled section was 5% and the standard deviation
in velocity distribution was 15%. Using the same electrical
conditions with 10% sneakage and a standard deviation in velocity
of 25%, the model predicted a collection efficiency of 97.81%.

The penetration for this efficiency would have been 2.19%, or
three times the measured penetration of 0.7%. It should be noted
that the collection efficiency for later performance tests (Tests
F2, F3, and F5) ranged from 97.6 to 97.9% with an average
collection efficiency of 97.7%.

additional model runs were made in an effort to understand
the poorer agreement between the above comparison for the Lamar
coal than that found for the western coal. The coal burn rate of
91 .34 klbs/hr and the high heating value of the Lamar coal 11,151
BTU/lb were used to calculate the flow rate with 3.3% 0, at 474°F .
The calculated flow rate was 389,900 acfm, approximately 11% lower
than the measured flow rate. This was used in the model along
with the associated reduced average gas velocity of 3.52 ft/sec.
All other input parameters were held constant with the exception
of the sneakage, set at 10%, and the standard deviation in
velocity distribution, set at 25%. The calculated collection
efficiency for this case was 97.91% with the penetration again
calculated to be approximately three times the measured value.
The predicted opacity was 10.6%. '

Next, the the original input data were used with calculated

10 ohm—cm

electrical readings for a dust resistivity of 3.5 x 10
being substituted for the measured ones. These calculated

7



electrical conditions are listed in Table 7. Also, the non-ideal
parameter, S = 10% and Ty = 25% were used. Using these data, the
model predicted collection efficiency was 98.42% and the predicted
opacity was 8.0%.

The particle size distribution measured during Test 5pP

differed from that measured—for Test—6P—It—had—an—MMD-of 6-40Hm—

and a standard deviation of 2.47. This was used along with—the

10 ohm-cm

electrical conditions for an ash resistivity of 3.5 x 10
and the above non-ideal conditions. The predicted efficiency for
this case was 98.6 % and the predicted opacity was 5.4%. Keeping
other input parameters of the above run fixed with the exception
of'chansing electrical conditions to those calculated fdr a dust
resistivity of 3.0 x 1010 ohm-cm, the calculated efficiency was

99 .05% and the predicted opacity was 3.6%.

Next, the MMD of the inlet particle size distribution was
changed to 8.40 Fm with the other input parameters being the same
as those in the last model run. The calculated efficiency was
99.29%, equal to the measured efficiency, and the predicted
opacity was 2.3%. Thus obtaining agreement between the model and
measured collection efficiency while using the same non—-ideal
parameters used for the other conditions modeled. This required
the use of better electrical conditions and a different particle
size distribution than those measured.

The measured electrical conditions used to model Test 6P were
not obtained during the test. Soot blowing tend to suppress both
currents and voltages especially for inlet fields. The Test 8P
data may have been lower than those for Test 6P because of soot
blowing. Also, the electrical conditions taken during the 82 MW
tests (Test 5P) could have been poorer than those associated with
Test 6P since the gas temperature would have been lower than that
found at 110 MW. This lower temperature would have led to higher
dust resistivity (see Figure 2) and, thus, poorer electrical
conditions. It should be noted, however, that the average

B8



measured resistivity, as seen in Figure 2, was greater than the
3.0 x 101° |

gave the good agreement between measured and modeled results.

ohm-cm used to obtain the electrical conditions which

No argument can be made for choosing the size distribution
with an MMD of 8.4% and a UP of 2.47 over the measured one. The

percentage of inlet particulate with diameters below 2 Fm was

approximately 21% for the measured distributiomn, while it would
have been only 8% for the alternate distribution. The lower
percentage of fine particles in the alternate size distribution
had a greater impact on the increased collection efficiency than
did the improved electrical conditions.

Other attempts to obtain better agreement between measured and
modeled results were made but were not successful. These included
modifying rapping or assuming no rapping losses. Thus, one can
only speculate as to why the agreement was not as good for the
Lamar cal as it was for the other cases modeled.
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Table 1. Input parameters for the precipitator model which
were used in modeling the Unit 2 precipitator at
Nelson Dewey Station of Wisconsin Power and Light.

Inlet mass loading - Without Reburn

1W) 0.215 gr/ACF (0.4238 gr/DSCF)

With Reburn

3W) 0.497 gr/ACF (0.9908 gr/DSCF)
6P) 0.692 gr/ACF (1.34 gr/DSCF)

Flue gas temperature —475

volume flow rates; 1)

- 3W)
6P)
Face velocity - 1W)
— 3W)
- 6P)
# of Electrical fields
Plate height
Plate length
# of gas passages .
Plate-to~-Plate spacing

Wire~-to-Wire spacing
Wire diameter

‘F

427,900 ACFM, SCA
451,300 ACFM, SCA
440,100 ACFM, SCA

3.866 ft/sec
4.077 ft/sec
3.976 ft/sec

30 ft

9, 4.5, 4.5, & 9 feet

82

9 inches

9 inches (average)
0.109 inches

10

310 ft2/kacFM
294 Ft2/KACFM
302 ftszacFM



Table 2.

Measured precipitator electrical operating conditions
for Nelson Dewey Unit #2, 11/716/92, used for Run 1W.

FIELD VOLTAGE CURRENT
(kv) (ma)
1 41 190
2 41 .5 210
3 39.5 250
4 41 .5 1350

Table 3.

Table 4.

Table 5.

FIELD

B W NP

FIELD

& WN P

FIELD

B ON PR

VOLTAGE
(kv)
39.5

44
39.5
39.5

VOL TAGE
(kv)
36.5

35.5
35.5
40.5

VOLTAGE
(kv)
36.5

38
36
41
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Measured precipitator electrical operating conditions
for Nelson Dewey Unit #2, 11/15/92, used for Run 3W.

CURRENT
(mA)
350

250
400
1350

Measured precipitator electrical operating conditions
for Nelson Dewey Unit #2, 5/20/92, used for Run 6P.

CURRENT
(mA)
230

200
250
1470

Measured precipitator electrical operating conditions
for Nelson Dewey Unit #2, 5/19/92, used for Run 6P.

CURRENT
(mA)
235

220
210
1450



Table 6. Comparison of precipitator model predictions with
measured performance for the Unit 2 precipitator at

Nelson Dewey Station of Wisconsin Power and Light.

TEST # MEASURED PREDICTED
EFFICIENCY EFFICIENCY OPACITY

(%) (%) (%)
W 97 .3 97 .34 4.4
3uW 98.2 98.21 6.7
6P (1) 99.3 98 .08 10.7
6P (2) 99.3 97 .02 14.9
6P (3) 99.3 98.67 7.5
6P (4) 99.3 97 .81 11.1

NCTE 6P (1): 5/20/1992 Electrical Conditions, S 5%, g = 15%
(2): 5/20/1992 Electrical Conditions, S 10%, fg = 25%
(3): 5/19/1992 Electrical Conditions, S = 5%, fg = 15%
(4): 5/19/1992 Electrical Conditions, S = 10%, ¢g = 25%

"
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Table 7. Calculated precipitator electrical operating conditions
for Nelson Dewey Unit #2 used for Test 6P assuming an
ash resistivity of 3.0 x 1010 ohm—cm.

FIELD VOLTAGE CURRENT

(kVv) (mA)
1 41 .6 599
2 40.5 445
3 38.8 A87
4 37.0 1270

Calculated precipitator electrical operTBing conditions
assuming an ash resistivity of 3.0 x 10 ohm—cm .

FIELD VOLTAGE CURRENT

(kv) (mA)
1 42 .0 656
2 41 .0 489
3 39.0 523
4 37.3 1370
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ADDENDUM TO
MODEL PROJECTIONS OF NELSON DEMWEY UNIf #2 PRECIPITATOR
PERFORMANCE FOLLOWING THE IMPLEMENTATION
OF COAL REBURN TECHNOLOGY

Acurex Environmental Corporation issued a report entitled:

'Hazardoué Air Pollutant Monitoring: Demonstration of Coal

Reburning For Cyclone Boiler Nox Control, Data Summary Report,*
dated april 1993. The precipitator performance test results found
in this report supplement previous data for comparison performance
with and without boiler reburn conditions. An Indiana bituminous
(Lamar ) coal was being burned during this test series. '

The tests were performed during November 2-6, 1992. Two baseline
tests were followed by tuwo reburn tests which were then followed
by a baseline and then a reburn test. The boiler was opérated at
a nominal load of 111 MW; and reburn, when in use, provided 30% of
the heat input to the boiler.

The chemistry of the coal burned during the test was very similar
to previous samples of Lamar coal. The moisture content was
15.68% and the ash content was 6.4%. This ash level represented
an ash content of approximately 5.8 lb/MMBtu. Inlet mass loadings
measured for the baseline cases averaged approximately 1.35
lb/MMBtu. This corresponds to 23% of the ash being converted to
fly ash. With réburn, the average inlet mass loading was
approximately 2.52 lb/MMBtu which would represent 44% of the ash
appearing as fly ash.

The average collection efficiency of the precipitator for the
baseline case was 97.3% while the average collection efficiency
during the reburn case was 99.2%. Using these efficiencies and
the above estimated inlet mass loadings, one would estimate that
the emissions for the baseline case would have been .036 lb/MMBtu
and for the with-reburn case, .020 lb/MMBtu. The outlet emissions
in terms of lb/hr ranged from 25 lbs/hr to 41 lb/hr for the three
14



baseline tests and 7.5 lb/hr to 37 lbs/hr for the reburn tests.
The limited number of tests and the fact that the ranges of
emissions overlap for the two test conditions would lead one to
question the validity of making a statement about the average
reburn emissions being lower than the average baseline emissions.
In order to see if this difference was statistically meaningful,

earlier performance data were reviewed.

Limited data are available for baseline conditions. The 1990
baseline result indicated an average emission rate of 0.061
1b/MMBtu and Tests 4A and F19 had emission rates of approximately
0.14 1lb/MMBtu and 0.15 lb/MMBtu respectively. Another test
indicated an emission rate of 0.041 lb/MMBtu. Averaging these
four tests gives an emission vate for the baseline case of 0.098 +
0.48 lb/MMBtu.

Fourteen reburn tests made for several boiler firing conditions
were used to determine the average reburn emissions. The average
emissions for these tests was 0.024 + 0.015 lb/MMBtu. The average
collection efficiency for these 14 tests was 97.6 + 2.1%.
Collection efficiencies for baseline runs ranged from 82% to
98.6%. Average emissions from these tests would indicate that the
veburn emissions are statistically lower than emissions for
baseline conditions. But again, the limited number of baseline
tests and the large spread in their results should make one

cautious about making such a statement.

If emissions are indeed lower for the reburn technology, one must
ask what changes in precipitator performance lead to this result.
The inlet mass loading is higher with reburn and the collection
efficiency is higher. The mass loadings measured for both boiler
firing conditions are such that they should not significantly
impact performance. One would expect a change in particle size
distribution for the inlet mass in the reburn case. Limited
_particle size data were available for baseline full-load
conditions. This limited data indicates that 43% of the mass has
15



a particle diameter smaller than 2 Pm under baseline conditions.
More data were available for reburn conditions. These data
indicate that an average of 27% of the mass has particle diameters
smaller than 2 Fm. Precipitator collection efficiency is low for
particle diameters in the range of 0.2 to 2 Fm with the minimum
efficiency occuring at approximately 0.6 to 0.7 Fm. The greater

number of fine particles with baseline firing conditions most

likely contributes to the higher emission rates for this firing
condition. '

Another factor which could lead to improved precipitator
performance is lower gas temperature with reburn. Flue gas
temperature at the precipitator inlet for baseline conditions was
in the range of 525‘F to 550‘F while the inlet temperature ranged
from 470°F to S500°‘F during reburn operation. If heat rate and
excess air were the same for both firing conditions, the average
volume flow rate for reburn would be lower than the average flow
rate for baseline due to the lower exit gas temperature. This
lower flow rate would lead to improved precipitator performance if

precipitator electrical conditions did not change.

The emissions with reburn, in any case, was well below the
emission limit of 0.1 lb/MMBtu. While it was possible to obtain
~emissions below this limit for the baseline case, some tests
indicated baseline emissions above this level. Thus, from the
standpoint of precipitator performance, reburn firing is as good
or better than cyclone-only firing.

Finally, all of the data wevre reviewed in terms of the ability to

model the precipitator’s performance. Table 1A, on the follouwing
page, summarizes the results of this review.
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Table 1A. Summary of the comparison of measdred precipitator
‘performance with modeled precipitator performance for -
Nelson Dewey Unit #2. '

Test Measured Modeled
Efficiency Efficiency

(%) (%)
1990 Baseline 26923 oo
Nov. 92 Baseline 97 .3 97 .8
1w 97 .3 97 .3
6P ' 99.3 97 .8
3W 98.2 ' 98 .2
Nov. 92 Reburn 99.2 98.5

During the 1990 baseline tests only 8-10% of the ash appeared as7i;
fly ash. It is felt that this produced a finer inlet particle
size distribution and that this was the primary contributor to the
low collection efficiencies measured during these tests. Later -
baseline tests indicated that approximately 25% of the ash was
converted to fly ash. Thus, one would expect a smaller percentagef
of fine particles. -

Electrical conditions were not available for modeling the Novembér
1992 tests. Flue gas volumes and gas temperatures were also not .
available. The electrical conditions were calculated assuming an:

10 ohm-cm and flue gas volumes were

ash resistivity of 2.0x10 o
calculated from coal chemistry by assuming a boiler input of 1,020
MMBtu/hr. In all cases but Test 6P, the non-ideal parameters used
to obtain the model results were a sneakage per baffle section of"
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10% and a standard deviation in gas flow distribution of 25%. It
is felt that in general the model does an adequate job of
predicting precipitator performance and that the knowledge gained
from this project can be used to estimate performance of

precipitators for future projects.

18



PROJECTIONS OF NELSON DEWEY UNIT #2 PRECIPITATOR PERFORMANCE
WITH THE APPLICATION OF COAL REBURN TECHNOLOGY

JNTRODUCTION:

~ Babcock & Wilcox is involved in an'NOx reduction program for
cyclone fired boilers sponsored by the U.S. Department of Energy.
The Coal Reburn Project involves retrofitting boilers with
pulverized coal burners to supplement existing cyclone burners.

The PC burners will be located in such a way as to alter the

temperature profile of the boiler and thereby reduce the
production of Nox. The technology has been tested ét pilot-scale
in the SBS combustor at the B&W Research and Development Center in
Alliance, Ohio. A full-scale demonstration is planned on Unit #2
of the Nelson Dewey Station of Wisconsin Power and Light.

Particulate emissions from Nelson Dewey Unit #2 are
controlled by an electrostatic precipitator. The application of
reburn technology will impact the performance of the precipitator.
The mass emissions from the boiler will increase with coal reburn
which will increase the mass loading into the precipitator. One
would also anticipate a change in the particle size distribution
of the material entering the precipitator when reburning is
- implemented and there is the possibility that the resistivity of
the ash might change. BAll of these changes will have an effect on
precipitator performance.

APCCO Services, Inc. was contracted by B&W to perform "in-
situ"” resistivity measurements at the cutlet of the SBS combustor
to determine the effect that reburn would have on ash resistivity.
APCO Services was also employed to make projections of the Unit #2
precipitator performance when the reburn technology is
implemented. A mathematical model of the precipitator was used in
making these these projections. First, data taken during baseline
testing for cyclone firing only was used to set up the
precipitator model. Then changes in model input parameters
indicated by data obtained during reburn tests at the SBS
combustor were used to predict performance during reburn.



Electrical data were obtained from the precipitator TR sets
at the conclusion of the Baseline Tests. These readings were not
consistent ﬁith those one would predict fbr the operating
conditions of the boiler and/or the characteristics of the fly
ash. Thus the model was also used to predict precipitator
performance under ideal conditions. This report gives the results

————————of the precipitator modeling—effortand makes recommendations for

. .
performance—improvement

ESTIMATIONS OF PRECIPITATOR PERFORMANCE:

A model developed by Southern Research Institute2’3 with the
sponsorship of EPA was used to model the precipitator. The
mathematical model is based on the exponential Deutch-Anderson
equation. It is structured such that the precipitator is divided
into small incremental lengths in the direction of gas fldw. 1In
each increment, calculations are made for each particle size
contained in the inlet particle size distribution. Also
calculated for each incremental length are, the electric field at
the plate, the particle charge for each particle size, the
migration velocities of the particles toward the plate, and
collection efficiencies for each particle size. The particulate
which is not collected in a given increment becomes the inlet
loading for the succeeding increment. The incremental structure
of the model is required to allow for the changing conditions
present along the length of a precipitator and to insure that the
assumptions made in the Deutch-Anderson equation are met. The
model computes length-averaged migration velocity as a function of
particle size, and an overall mass collection efficiency by
summation over the fractional collection efficiencies. 1In
addition, the model uses empirical expressions to adjust the
length-averaged migration velocities for non-ideal effects such as
gas bypassing a collector section (sneakage, S) and variations in
the gas velocity distribution (%RMS deviation, Ug). A sneakage of
10% per baffled section and a Ug of 25% are typically required to



match measured performance with modeled results for older

precipitators, For newer units, S = 5% and #g = 15% are usually
more represéntative.,

The quel is very sensitive to change in:.the electrical
conditions within each collecting field, the inlet particle sige
distzihutign+_the_gasmnglnme_tlau_:ahef_the_electnicaL_properties .

£ 1) 1 of t} ticl . —entrai l 3 _

ideal effects. Variations in the inlet mass loading cause minor

variations in the overall collection efficiency, but it can have a
significant impact on stack opacity. '

Nelson Dewey Unit #2 precipitator design data were used for
geometry related input parameters of the model. Coal and ash
chemistries were used to calculate flue gas volume flow rates, ash
resistivity, and inlet mass loadings. Three flow rates were used .
in the modeling effort: 440,000 ACFM based upon 30% excess air
(3.9 % 02 at ESP inlet), 416,700 ACFM based upon 3.0 % 02 as
measured at economizer outlet, and 475,000 ACFM from earlier data

é ;} provided by WPL. Flow rates measured during the baseline tests at
o full load conditions were in the range of 422,000 ACFM to 462,000
ACFM. The modeled flows span this range.

Inlet mass loadings without reburn were calculated for each
flow rate based upon the measured inlet loading of approximately
0.35 1b/MBTU. Nekt, inlet mass loadings were calculated based
upon 10% of the ash appearing as fly ash without reburn and 85% of
the reburn ash appearing as fly ash. In making these
calculations, it was assumed 72% of the cocal would be fired
through the cyclone burners and 28% through the PC burners. These
were the percentages found in pilot-scale tests. Thus, the
percentage of ash entering the precipitator as fly ash with
reburning would be:

72% x .10 + 28% x .85 = 31%



Ash resistivity was calculated to aid in determining the
precipitator electrical conditions one would expect for a unit in
good mechanical condition and to see if one should anticipate a
time dependent degradation in ESP performance. One can see form
the plot that operating at 525°F, the initial resistivity would be
in the mid 1010 ohm-cm range. With time, one would expect the

layer adjacent to the collection plates become depleted in sodium

leading to an increase in the resistivity of this depleted layer

to 2 - 3 x 1011 ohm-cm. Figure 1 is a plot of calculated

resistivity versus temperature for the Lamar coal burned during
the baseline testing at Nelson Dewey Station. Similar
calculations for the ash chemistry of a sample from the pilot-
scale unit are shown in Pigure 2. Resistivity calculation results
are given in an appendix. The results of the calculations

indicate that a time dependent degradation in precipitator

performance should be expected.

Table 1. list the results from "in-situ" resistivity
measurements made at the SBS combustor facility. One can see that
the resistivity predicted above for an undepleted layer is in good
agreement with measured resistivities at the assumed operating
temperature of 525%°F. Also, one can see that little difference
was seen between measured values with reburn and those found
without reburn. Thus one would not expect any changes in
precipitator field electrical conditions due to a change in ash
resistivity when reburning is initiated. -

The particle size distribution measured during the SBS
tests without reburn and with reburn were very similar (see Figure
3). A log-normal distribution which fit a wide range of these
data, MMD = 3.1 um and op = 2.46, was used to model the without
reburn cases, and for some of the with reburn model runs. A second
size distribution was constructed by proportionately adding the
above size distribution to an average distribution for bituminous
coal ashes from PC boilers from an EPRI study (MMD = 16.3, ¢p =
3.4). The constructed distribution had a mass median
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Table 1. In Situ Resistivity measured at the outlet of the
Babcock & Wilcox Research Center pilot combustor.

DATE TIME GAS RESISTIVITY
TEMPERATURE V-1 . SPARK
(°F) (ohm~cm) ~ {ohm-cm)

With Reburn:

4/2/90 1220 . 496 7.5x101°

4/3/90 532 2.1x10%°

4/3/90 1626 514 4.2x1010

4/3/90 1750 536 4.6x101° 4.5x101°

4/3/90 1910 538 6.9x101° 5.8x10%0
Baseline:

4/5/90 0956 534 2.4x1010 4.6x101°

4/5/90 1325 496 5.9x101° 5.9%101°

4/5/90 1631 511 4.3x10%° 3.7x1010

diameter (MMD) of 15.0 um and a standard deviation (¢p) of 4.85.
This distribution is also shown in the plot of cumulative

percent mass versus particle diameter shown in Figure 3.

For each case modeled, a range of non-ideal parameters,
sneakage per baffled section (S) and standard deviation in _
velocity distribution (vg), was used. Again, S = 10% and rg = 25%
give the best agreement between measured and modeled results for ‘
older precipitators while S = 5% and g = 15% are more
representative of newer ESPs. S = 0, ¢g = 0 would represent an

ideal precipitato;.

Model input parameters, with the exception of predicted
improved electrical conditions, are listed in Tables 2 and 3.
Table 4 are electrical conditions predicted from Electric Power
Research Institute correlations between resistivity and electrical
operating conditions. Comparing the operating conditions measuredt
on May 31, 1990 (Table 3) to the computed values shown in Table 4, ;'



the measured inlet field readings would indicate that the ash

12

resistivity was on the order of 1 x 10 ohm-cm. The measured

currents were also indicative of a resistivity in the range of

lolz-ohm-cm, while the measured voltage for the outlet field was

indicative of a resistivity on the order of 5 x 1010 ohm-cm.

Electrical readings were also obtained from the TR sets of

the Unit #] precipitator on May 31, 1990. These readings are

listed in Table 5: they are are more representative of those to be
expected for the Lamar coal ash. One can see good agreement

10 ohm~cm

between these reading and those predicted for a 5 x 10
ash. This then calls intb questions the readings obtained from
Unit #2. Were they due to a depleted ash layer, or to problems
within the precipitator? Plant personnel indicated that Unit 22
had been firing Lamar coal for approximately a week at the time
that the precipitator data were obtained, and that ESP pe;formance
had deteriorated with the switch to Lamar coal. It is felt that a
week is too short a time for the ash layer to have become depleted
in sodium to the extent that the electrical data would indicate.
Thus, the poor electrical conditions must have been due, at least
in part, to problems within the precipitator, or firing conditions
of the boiler.

The mass collection efficiency was calculated to be 82.6%
based upon the inlet and ocutlet loadings measured during baseline
tests at 110 MW. That is:

Inlet mass loading = 0.35 1b/MBTU

Outlet mass loading = 0.061 1b/MBTU

EFFICIENCY = (1 - 0.061/0.35) = .826
Earlier data had indicated an inlet loading of 0.364 1b/MBTU and
an outlet loading of 0.026 1b/MBTU these data would indicate a

collection efficiency of 92.9 %. Thus, one should expect a
6



Table 2. Input parameters for the precipitator model which
were used in modeling the Unit 2 precipitator at
Nelson Dewey Station of Wiscomsin Power and Light.
Without Reburn
1) 0.0855 - 0.107 gr/ACF
2) 0.0923 - 0.115 gr/ACF

1

Inlet mass loading

3) 0.0975 - 0.122 gr/ACF

With Reburn
1) 0.300 gr/ACF
2) 0.322 gr/ACF
3) 0.342 gr/ACF

Flue gas temperature -525 ‘F

it

279 £t2/KACFM
302 £t2/kACFM
318 £t2/kACFM

Volume flow rates; -1) 475,000 ACFM, SCA
-2) 440,000 ACFM, SCA
-3) 416,700 ACFM, SCA

Face velocity -1) 4.29 ft/sec
2) 3.97 ft/sec
3) 3.76 ft/sec

2 of Electrical fields 4

Plate height 30 £t

Plate length 9, 4.5, 4.5, & 9 feet
4 of gas passages 82

Plate-to-Plate spacing 9 inches

Wire~to-Wire spacing 9 inches (average)
Wire diameter 0.109 inches



Table 3. Measured precipitator electrical operating conditions
- for Nelson Dewey Unit #2, 5/31/90, 0957.

AVERAGE
FIELD VOLTAGE CURRENT
: (kv) (ma)
1 34.5 90
2 36 60
3 34.5 60
4 36.5 300

Table 4. Calculated precipitator electrical operating conditions
for Nelson Dewey Unit #2 for indicated ash resistivities.

RESISTIVITY (ohm-cm)

FIELD 5 x 1019 1 x 10! 1 x1012
VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE CURRENT
(kv) {ma) {kv) (mA) (kv) (ma)
1 40.8 509 39.2 357 34.1 . 113
2 39.7 374 38.1 261 33.2 79
3 38.2 430 37.0 328 33.3 133
4 36.3 1116 35.0 846 31.0 336

Table 5. Measured precipitator electrical operating conditions
for Nelson Dewey Unit #1, 5/31/90, 0954.

AVERAGE
FIELD VOLTAGE  CURRENT
(kv) (mA )
1 39.5 250
2 43.0 400
3 36.5 460
4 36.0 900



collection efficiency in the range of 82.6% to 92.9% with the
82.6%‘being_representative of performance with the Lamar coal ash.
Efficiency was not measured on May 31, 1990 when the above
electrical data were taken, but it was assumed that the
performance would have been similar to that of the baseline

tests. Stack opacity was 10 to 10.5% at the time the electrical

readings were obtained-: ~Phis—could—be-comparedwith opacity

levels during baselinme testingto determineif the abeve ——
assumption is valid.

Table 6 presents the model results without reburn. Run ND-1,
s = 10%, ﬂg = 25%, yields the closest fit to baseline measured
efficiency. This run assumed a volume flow rate of 475,000 ACFM
and an inlet loading of 0.35 1b/MBTU. Measured electrical
conditions were used. Both efficiency and opacity were reasonably
close to measured values. Run ND-3, S = 10%, 7g = 25%, was the
best fit to opacity for any of the without reburn rums. The
predicted efficiency for this rum would have led to an emission
rate of 0.045 1b/MBTU which is 25% below that measured during
baseline testing. The emission rate predicted for Run ND-1 would
have been 0.057 1b/MMBTU as compared to the measured value of
0.061 1b/MMBTU. |

Table 7 presents the results of calculations for the without
reburn case which were made after assuming that 10% of the coal
ash appears as fly ash at the ESP inlet. All other model input
parameters used in these projections were the same as those used
for the runs presented in Table 6. By comparison, one can see
that the major change between the results of Table 6 and those of
Table 7 is an increase in the predicted opacities as the inlet
mass loading is increased. It was felt that the model was giving
reasonably accurate fits to measured results as configured.

Therefore runs were made to predict performance with reburn.



The reburn projections were first made by assuming that the
only input parameters which would change were the inlet size
distribution and the inlet mass loading. The inlet size
distribution used was that constructed from the combining of the
measured SBS distribution and the EPRI distribution. The model
results obtained after these changes were made are given in Table

8. The run corresponding to Run ND-1, Run ND-7 (flow rate

475,000 ACFM, S = 10%, and wg = 25%) predicts an opacity of

approximately 16% for a boiler load of 110 MW. The emission rate
for an efficiency of 93.02% would be on the order of .095
1b/MMBTU. 1If one assumes that the without reburn run most
representative of baseline performance was Run ND-3, the
corresponding run, ND-9, would predict a with reburn opacity of
approximately 14% and the emission rate approximately 0.075
1b/MMBTU. Thus, the predicted emission level is below the
permitted level of 0.14 1b/MMBTU for Nelson Dewey Unit #2. It is
felt that an opacity margin of 4-6% is smaller than one would like
in order to allow for boiler upsets, soot blowing, and

uncertainties in the model projections.

Next, model projections were made assuming no change in inlet
particle size distribution with reburning, and electrical
conditions similar to those obtained on May 31, 1990.

Calculations were made only at the intermediate flow rate, 440,000
ACFM. The results of these calculations are given in Table 9, Run
ND-10. One can see that the unit would be out of compliance if
the size distribution remained unchanged. The predicted opacity
would be 34% and the calculated emission rate 0.19 1b/MMBTU. For
higher flow rates or poorer electrical conditions the
precipitator’'s performance would be worse than this projection.

Also shown in Table 9 are calculation showing the effects of
improved electrical conditions. The input parameters of Run ND-10
were not changed except for the electrical conditions of each
field. Run ANDl, used electrical conditions indicative of an ash
. 10 ohm-cm {see Table 4). For these

10

having a resistivity of 5 x 10



conditions, The model predicted an opacity similar to that
observed when the electrical reading were taken on May 31, 1990.
The predicted emission rate would be 0.051 1b/MMBTU.

Run AND2, used the same input as Run ND-10 except for the

substitution of electrical conditions one would expect for an ash
11

having—a resistivity of-1—x—10--—ohm-cm-—The-predicted—opacity ——

for—this casewould beontheorderof 15%and theemissien rate ——
would be approximately 0.075 1b/MMBTU. These results show the

trend one should expect as the ash layer on the plates becomes

depleted in sodium.

CONC N :

1t is felt that the baseline performance of the Nelson Dewey
Unit #2 precipitator has been adequately modeled assuming the
electrical condition obtained on May 31, 1990 were représentative
of those seen during the baseline tests. Using this model,
projections of precipitator performance with reburn indicate the
following:

o If no improvement in the electrical operating conditions is
seen, the performance of the unit will be marginal for the
increased inlet mass loading associated with reburning,
assuming the size distribution shifts toward a larger MMD
with a smaller percentage of fine particles.

o If no improvement in the electrical operating conditions is
seen, and the particle sigze distribution does not change
with reburning; the unit will be out of compliance with

emission standards.

o Improving electrical operating conditions to those one
would anticipate for the Lamar Coal ash would improve
precipitator performance significantly. The unit should be
in compliance even if the size distribute of the

11



particulate at the ESP inlet remains essentially that of
the without reburn case.

Improvements in the operation of the precipitator should be
possible, With that in mind, one should consider:

o Performing an internal inspection of the Unit 2 ESP to

determine if mechanical and/or alignment problems or
rapping problems are contributing to the poor electrical
conditions. Flow distribution problems and re-entrainment
problems which would reduce performance could also be

looked for during the inspection.

o Installing a means of sodium injection to condition the ash
in order to reduce resistivity and to avoid the apparent
sodium depletion which is experienced when burning the

Lamar coal.

12
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- Figure 1. Calculated resistivity Versus temperature for the Lamar
coal burned at Nelson Dewey Station.
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Figure 2. Calculated resistivity versus temperature for the Lamar
coal burned in the B&W Pilot.
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Figure 3. Plots of the pfecipitator inlet particle size distributions
used to model the performance of the Nelson Dewey Unit #2

precipitator.
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APPENDIX A

Stoichiometric Calculations of Flue Gas Composition and
' Flow Rate
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CALCULATION OF VOLUME FLOW RATE
for N DEWEY, LAMAR

Boiler Heat Input

1050.0 MMBTU/hr

HHV of Coal
02 = 378.2 x 1.60
co2 = 376.1 x 5.29
N2 = 376.4 x 30.18
H20 = 378.3 x 3.91
SO2 = 405.6 x 0.04

- SUM

Coal Burn Rate
Flue Gas Témp
Stack Pressure
Stack 02 Content

Volume Flow Rate

Volume Flow Rate

11326.0 BTU/1b

SCFM
605.1
1989.6
11359.8
1479.2
16.2
15449.8

92707.0
525.0
12.0
3.0

439233.5

416739.8

Ib/hr
Deg F
in H20,
%

ACFM at

with

ACFM at
with

VOL % 64.0 VOL % (dry)
3.9% 4,3%
12.9% 14.2%
73.5% 81.3%
9,.6%

0.1% 0.1%
100.0% 100.0%

or 30.80 in Hg

525 Deg F and 30.80 in Hg
3.9 % 02

525 Deg F and 30.80 in Hg
3.0 % 02 o



CALCULATION OF VOLUME FLOW RATE
for N DEWEY, LAMAR

Boiler Heat Input

1050.0 MMBTU/hr

HHV of Coal
02 = 378.2 x 1.60
co2 = 376.1 x 5.29
N2 = 376.4 x 30.18
H20 = 378.3 x 3.91
S02 = 405.6 x 0.04
SUM

Coal Burn Rafe
Flue Gas Temp
Stack Pressure
Stack 02 Content

Volume Flow Rate

Volume Flow Rate

"

11326.0

SCFM
605.1
1989.6
11359.8
1479.2
16.2
15449.8

92707.0
448.0

12.0

3.0

404897.5

384162.2

BTU/1b

1b/hr
Dgg F
in H20,
¥ 4

ACFM at
with

ACFM at
with

VOL % 64.0 VoL % (dry)
3.9% 4.3%
12.9% 14.2%
73.5% 81.3%
9.6%
0.1% 0.1%
100.0% 100.0%
or 30.80 in Hg
448 Deg F and 30.80 in Hg
3.9 % 02
448 Deg F and 30.80 in Hg
3.0 % 02



APPENDIX B

Predicted Resistivities for Lamar Coal Ash



B&W PILOT, LAMAR COAL

REQUIRED FOR COMBUSTION
MOLES/100 LB FUEL

AS RECEIVED MOLES PER AT 100% TOTAL AIR
ULTIMATE COAL 100 LB = —e-eememmemmmmmmen— -
ANALYS1S FUEL . 02 DRY AIR
c 63.64 5.299 5.299 25.223
H2 4.35 2.153 1.0717 5.124
02 7.92 .248 -.248 -1.180
N2 1.24 .044 .000 .000
S 1.15 .036 .036 171
H20 16,74 . 929 000 000
ASH 4.96 000 000 000
SUM 100.00 8.709 . 6.164 29.338
REQ FOR COMBUSTION
MOLES/100 LB FUEL
@30% EXCESS AIR
02 DRY AIR
02 AND AIR ¥ 130/100 TOTAL 8.013 38.139 .
EXCESS AIR 8.801 .
EXCESS 02 1.849
PRODUCTS OF COMBUSTION
TOTAL
MOLES /100 % BY VOL % BY VOL
LB FUEL WET BASIS DRY BASIS
co2 5.299 12.850 14,184
H20 3.881 9.411 .000
so2 .036 .087 .096
N2 30.174 73.169 80.770
02 1.849 4.484 4.949
SUM WET 41.239
SUM DRY 37.358
H20 9.4
SO2 87
so3 .9
E 12



CORRECTED

ASH ASH ATOMIC
ANALYSIS ANALYSIS CONCENTRATION

LI20 .02 .02 .035
NA20 .51 51 431
K20 1.23 1.24 .683
MGO . .88 .89 + 857
CAO 8.34 8.41 5.837
FE203 21.43 21.62 4.213
AL203 19.16 19.33 5.900
S102 40.54 40.90 17.650
T102 92 +93 301
P205 «35 «05 087 -
S03 5.55 5.60 1.360
SUM 99.13 100.00 37.355

SUM OF LITHIUM AND SODIUM ATOMIC CONCENTRATIONS
SUM OF MAGNESIUM AND CALCIUM ATOMIC CONCENTRATIONS
IRON ATOMIC CONCENTRATION

1000/T(K)

2.60
2.80

DEG K DEG C DEG F

455
444
435
426
417
410
408
402
400
392
388
385
370
357

378
359
340
323
3086
290
278
275
263
260
246
238
233
207
183

RHO(VSA)
RHO{(VS) .9 PPM
2.1E+08 2.1E+08
5.7TE+08 5.TE+08
1.5E+09 1.5E+00
4.2E+09 4.2E+09
1.1E+10 1.1E+10
J.0E+10 3.0E+10
T.8E+10 T.7TE+10
1.2E+11 1.1E+11
1.8E+11 1.6E+11
2.6E+11 1.7E+11
3.3E+11 1.4E+11
4,0E+11 8.TE+10
4.2E+11 4,.6E+10
4,.0E+11 2.3E+10
3.6E+11 1.1E+10
3.1E+11
3.0E+11 5.3E+09
2.5E+11
2.4E+11 2.5E+09
1.9E+11 1.2E+09
1.6E+11 T.1E+08%
1.4E+11 :
6.TE+10

2.TE+10

* RESISTIVITY AT ACID DEW POINT.

RHO(VSA)

1.0 PPM,

2.1E+08
5.TE+08
1.5E+09
4.2E+09
1.1E+10
3.C0E+10
T.6E+10
1.1E+11

- 1.5E+11

1.6E+11
1.3E+11
T.6E+10
4.0E+10
2.0E+10
9.4E+09

4.5E+09

2.1E+09
9.9E+08

6.6E+08%

NOTE: BECAUSE THE PREDICTED RESISTIVITY VALUES ARE VERY

SENSITIVE TO SEVERAL FLUE GAS AND ASH COMPOSITIONAL FACTORS,
ONE MUST EXERCISE GREAT CARE IN THE SELECTION AND PREPARATION

OF COAL AND ASH SAMPLES. FURTHERMORE, THE QUALITY OF TIE
QUANTITATIVE CHEMICAL ANALYSIS WORK IS OF GREAT IMPORTANCE.

IN ESTABLISHING THIS PROGRAM, THE AS-RECEIVED, ULTIMATE COAL

ANALYSES WERE OBTAINED USING ASTM D3176 PROCEDURE, AND THE

COAL ASH WAS PRODUCED USING ASTM D271 PROCEDURE FOLLOWED BY
4 TweANT FOANTITIAN AT 1NGN ARARPFS © + OR - 10 DREGRERS C TN

RHO(VSA)
4.0 PPM

2.1E+08
5.TE+08
1.5E+09
4.2E+09
1.1E+10
3.0E+10
T.2E+10
9.4E+10
9,2E+10
6.0E+10
3.0E+10

" 1.4E+10

6.0E+09
2.6E+09
1.1E+09

4.8E+08
2.2E+08%



RESISTIVITY PREDICTION BASED ON WORK DONE BY

DR. ROY BICKELHAUPT OF SOUTHERN RESEARCH INSTITUTE.
THE RESEARCH WAS SPONSORED BY THE PARTICULATE
TECHNOLOGY BRANCH, INDUSTRIAL ENVIRONMENTAL RESEARCH
LABORATORY OF THE ENVIRONMENTAL PROTECTION AGENCY,
DR. L. E. SPARKS, PROJECT OFFICER.

lamar
REQUIRED—FOR—COMBUSTION
MOLES/100 LB FUEL
AS RECEIVED MOLES PER AT 100% TOTAL AIR
ULTIMATE COAL 100 LB - e O e
ANALYSIS FUEL 02 DRY AIR
C 71.38 5.943 5.943 28.289
H2 4.96 2.455 1.228 5.843
02 11.62 .363 -.363 -1.728
N2 1.68 060 .000 .000
s 1.80 . 056 056 .267
H20 3.79 .210 .000 ,000
ASH 4.77 .000 .000 .000
..
SUM 100.00 9.087 6.864 32.671
REQ FOR COMBUSTION
MOLES/100 LB FUEL
@30% EXCESS AIR
02 DRY AIR
02 AND AIR * 130/100 TOTAL 8.923 42.472
EXCESS AIR | 9.801
EXCESS 02 2.059
PRODUCTS OF COMBUSTION
TOTAL
MOLES/100 % BY VOL % BY VOL
LB FUEL WET BASIS DRY BASIS
co2 5.943 13,141 14.262
H20 3.555 7.860 .000
SO2 .056 .124 . 134
N2 33,613 74.323 80.663
02 2.059 4.553 4.941

SUM WET 45.225
SUM DRY 41.671

H20 7.9
s02 1240
S03 1.2

E 12




lamar

CORRECTED

ASH ASH _ ATOMIC
ANALYSI1S ANALYSIS CONCENTRATION

L120 .02 .02 .038
NA20 46 .46 426
K20 1.20 1.21 132
MGO .18 .18 . .834
CAO 10.76 10,82 8.270
FE203 36.00 36.20 T.773
AL203 16.29 16.38 5.509
S102 29.23 29.39 13.97¢6
TIO02 .93 .94 . 334
P205 .43 .43 075
S03 3.34 3.36 .899
SUM 99.44 100.00 38.866

SUM OF LITHIUM AND SODIUM ATOMIC CONCENTRATIONS
SUM OF MAGNESIUM AND CALCIUM ATOMIC CONCENTRATIONS
IRON ATOMIC CONCENTRATION

1000/T(K)

1.60

DEG K DEG C DEG F

488
476
465
455
444
435
426
411
408
400
398
392
38
386
385 .
370
351

97
84

488
440
418
397
378
359
340
323
3os
290
275
260
257
246
238
235
233
207
183

RHO(VS)

1.BE+08
4,.TE+08
1.3E+09
3.5E+09
9.3E+09
2.6E+10
6.6E+10
1.0E+11
1.6E+11
2.4E+11
3.3E+11
4.2E+11
4.8E+11
5.0E+11
4.8E+11
4.2E+11
3.6E+11
3.5E+11

2.9E+11

2.5E+11
2.4E+11
2.3E+11
1.2E+11

5.8E+10

* RESISTIVITY AT ACID DEW POINT.

RHO(VSA)
1.2 PPM
1.8E+08
4.7E+08
1.3E+08
3.5E+09
9.3E+09
2.6E+10
6.5E+10
9.8E+10
1.4E+11
1.5E+11
1.2E+11
T.0E+10
3.6E+10
1.8E+10
8.4E+09
4.0E+09
1.3E+09

8.8E+08
5.TE+08%

l46
8.1
7.8
RHO(VSA) RHO(VSA)
1.0 PPM 4,0 PPM
1.8E+08 1.8E+08
4.7TE+08 4.TE+08
1.3E+09 1.3E+09
3.5E+09 3.5E+09
9.3E+09 9.3E+09
2.6E+10 2.5E+10
6.5E+10 6.3E+10
1.0E+11 8.6E+10
1.4E+11 9,.3E+10
1.6E+11 6.6E+10
1.4E+11 3.5E+10
8.8E+10 1.6E+10
4.TE+10 T.1E+09
2.3E+10 3.0E+09
1.1E+10 1.3E+09
5.3E+09 5.6E+08
2.5E+09 2.4E+08
: 2.2E+08%
1.2E+09
6.4E+08%

NOTE: BECAUSE THE PREDICTED RESISTIVITY VALUES ARE VERY
SENSITIVE TO SEVERAL FLUE GAS AND ASH COMPOSITIONAL FACTORS,
ONE MUST EXERCISE GREAT CARE IN THE SELECTION AND PREPARATION
OF COAL AND ASH SAMPLES. FURTHERMORE, THE QUALITY OF THE
QUANTITATIVE CHEMICAL ANALYSIS WORK 1S OF GREAT IMPORTANCE.

Sk 0.3 =3 R T bk RS T A P RS P £ ek P e



Calculated values of reslstivity for a sodium depleted layer of

Lamar coal ash

1000/T(K) DEG K DEG C DEG F RHO(VI) RHO(VD)
13 T69 496925 T-8E+0T 4 TE+08
1.4 714 441 826 2.1E+08 1.4E+09
1.5 667 394 740 5.TE+08 4.2E+09
1.6 625 352 ° 665 1.5E+09 1.3E+10
1.7 588 315 599  4.2E+09 3,.8E+10
1.8 556 282 540 1.1E+10 1.1E+11
1.9 526 253 488  3.1E+10 3,5E+11

NOTE: BECAUSE THE PREDICTED RESISTIVITY VALUES ARE VERY
SENSITIVE TO SEVERAL ASH COMPOSITIONAL FACTORS, ONE MUST
EXERCISE GREAT CARE IN THE SELECTION AND PREPARATION OF
COAL AND ASH SAMPLES, FURTHERMORE, THE QUALITY OF THE
QUANTITATIVE CHEMICAL ANALYSIS WORK IS OF GREAT IMPORTANCE.
WHEN USING THIS PROGRAM, THE COAL ASH SHOULD BE PRODUCED
USING ASTM D271 PROCEDURE FOLLOWED BY A SECOND IGNITION AT
1050 DEGREES C + OR - 10 DEGREES C IN STILL AIR FOR AT
LEAST 10 HOURS.

RHO(VI) is the initial resistivity, and RHO(VD) is the deplet
resistivity.

NOTE:



TRIP REPORT
NELSON DEWEY UNIT 2 PRECIPITATOR INSPECTION
September 16, 1991

A visit was made to the Nelson Dewey Station of Wisconsin
Power and Light Company to perform an internal inspection of the
Unit 2?2 electrostatic precipitator. The inspection was begun in
the penthouse area (insulator compartment) and the focus of the
inspection was locating any problems which might limit the

performance of the unit.

The precipitator was supplied by Research Cottrell. It has
two chambers, each having three mechanical fields in the direction
of gas flow. The center mechanical field is split into two
electrical field in the direction of gas flow, thus, there are
four electrical fields. That is, the inlet field is a 9 foot
field, followed by a 4 1/2 foot field, followed by a 4 1/2 foot
field and then the outlet is a 9 foot field. The mechanical
sections are rapped on the leading and the trailing edges of the
plates. :

The Unit 2 precipitator has some features which should be
pointed out. There is no baffles below the plate suspension at
the leading and trailing edges of the fields therefore, there is
the potential for high sneakage over the tops of the plates. This
was evidenced by heavy ash deposits on the wire frames. Also, the
number of vibrators on the wire frames were greater than one would
typically find. PFor the inlet and outlet fields, one vibrator is
attached to the support members of frame, and there are 3
additional vibrators equally spaced between the frame supports.
The center fields have vibrators on their supports and two equally
spaced between the supports. -

For counting purposes, the north chamber of the precipitator
was designated Chamber 1, and lanes were counted from north to
south. The results of the inspection were as follows:

PENTHOUSE:

o Bl11 of the high voltage feed-through bushings had a heavy
coating of dust on them, but did not appear to have any
electrical tracking.

o The wire rapper isolation insulators had a light coating of
dust, but for the most part are fairly clean.

o All but two of the wire rapper shafts were bound in their
upper penetrations of the penthouse. That is, where they
extend through the roof for connection to the vibrators. A
plant electrician indicated that plans were to modify these
feed-throughs by replacing the gland packings with boot
seals. This modification should free these shafts. &
similar modification has been made to the plate rapper
shafts in the past 18 months.
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UPPER WIRE FRAMES:
CHAMBER 1, INLET FIELD: :
: o Ash deposits on the plates were very light, thus, it was
felt that these plates were being sufficiently rapped.

The_dust deposits _were uniformly built-up on individual

o]

wires. The smallest deposits had a diameter of about 3/8

of an inch. The largest deposl
diameter. It was felt that wire cleanliness was a problem
which could have limited electrical conditions.

o The north and south sides of Cell 1 were carbon copies of
each other.

o The wire-to-plate alignment was good at the tops of the
plates.

CHAMBER 1, CENTER FIELD:

o The upper 6 to 8 feet of the plates had 1/4 to 3/8 inch
deposits on all plates.

o Wire build-up was similar to that seen in the inlet field.

o The wire-to-plate alignment was good at the tops of the
plates.

CHAMBER 1, OUTLET FIELD:

o The wire deposits were uniform and not very thick. All of
the wires were about 3/8 of an inch in diameter, the dust
was fairly hard to remove.

o Plate deposits were spotty, but very heavy in some
locations, with deposits up to 1/2 inch thick or thicker.
It appeared that a lot of dust had fallen off after the
unit had come off line which contributed to the spotty
build-ups.

o The wire-to-plate alignment was good at the tops of the
plates.

CHAMBER 1, T/R SET 2B:

o The voltage divider on the north side of this set seemed to
have an encasement which was leaking 0il. This had allowed
the divider to track (electrical current path). This could
be limiting voltage to this set and should be checked.
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CHAMBER 2, INLET FIELD:

o The wire deposits on both the north and south sides of the
field were similar to those seen in Cell 1. 2All wires had
nominally 3/8 inch diameters with a few having diameters up
to an inch. 1t was estimated that approximately 10-15% of
the wires had the larger diameters.

5 The plates—hadminimaldeposits of ash

o The wire-to-plate alignment was good at the tops of the
plates.

CHAMBER 2, CENTER FIELD:

o The upper 6 to 8 feet of the plates had 1/4 to 3/8 inch
deposits on all plates. The outer layer of the deposits

- contained a large amount of carbon. The carbon was most
likely deposited during shut down. The underlying ash was
a gray color, and was very fluffy. Below the gray layer
was a thin orange colored ash, which was almost like
cement. It was crusty and could not be rubbed, but had to
be scraped from the plate.

o Wire build-up was similar to that seen in the inlet field.

o The wire-to-plate alignment was good at the tops of the
plates. : :

CHAMBER 2, OUTLET FIELD:

o Condition of this field very similar to that of the outlet
outlet field of Chamber 1, there was very heavy plate
deposits in some areas. Again, it looked as if dust had
fallen off in some areas. The deposits were heavier on the
back half of the plates. '

o There were one or two areas where wire deposits were heavy,
but in general, they were similar to those seen in the
outlet field of Chamber 1.

o The wire-to-plate alignment was good at the tops of the
plates. '

LOWER ACCESS:

CHAMBER 1, INLET FIELD:

o Looking toward the inlet between fields 1 and 2, the wire
deposits consisted of a fluffy layer for the outer surface,
but the inner layer of ash was very hard and crusty. This
crusty layer would be difficult to remove.

o The plates also had a very crusty layer which was from 1/32
to 1/16 inch thick. It was felt that it would require
either sand blasting or water washing to remove this
layer.
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CHAMBER 1, CENTER FIELD:

o Looking toward the outlet into field 2, the wires were
slightly out of tolerance, that is, the lower wire frame
was slightly out of alignment. In some lanes, the wire-to-
plate spacing was 4 inches, where the minimum should be 4-
1/4 inches. There were a few lanes with a wire-to-plate

spacing atthe bo ttomof-—3-3/4-inches-

o Again, the problem of the crusty under layer of ash on the
plates and wires was seen. :

o Lane 9 of the 3rd field looking toward the inlet from the
outlet side of the field, the wire-to-plate spacing at the
bottom of the plates was approximately 3 1/2 inches towards
the south side of the lane. This problem was caused by the
combination of the plate-to-plate spacing being off and the
lower wire frame being slightly out of adjustment. This
would definitely limit the voltage attainable for this
field. This alignment problem carried over for several
lanes, but was not as severe in other lanes.

CHAMBER 1, OUTLET FIELD:

o Looking toward the outlet, the 1lst two of wires in lanes 11l
and 12 had wire-to-plate spacings of approximately 4 inches
to one side. The problem did not carry throughout the
field, but was seen in only a few lanes. This spacing
problem should be corrected, or the effected wires removed.

CEAMBER 2, INLET FIELD:
o The wire and plate deposits were similar to those seen in
Chamber 1.

CHAMBER 2, CENTER FIELD:
o The 2nd field looking toward the outlet, the wire and plate
build-up similar to that seen in Chamber 1. ' :

o Lower wire fame alignment for the field was pretty good.

o The 3rd field looking toward the inlet, the wire-to-plate
spacing at the bottom in lane 15 was appreximately 4 inches
to one side. There were several lanes in the area which
had this problem.

o In lane 30 and carrying through to 41, There were several
lanes with wire-to-plate spacings below 4 inches. Some as
low as 3 3/4 inches.

CHAMBER 2, OUTLET FIELD:
o The the lower wire frame was slightly out of alignment (off
approximately 1/4 inch).
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GENERAL:

o

s}

At the inlet of Chamber 2, there was 3 to 4 feet of ash
between the lst and 2nd perforated plates.

All of the door gaskets were hardened and should be
replaced.

Several of the sovess door covers—had no—-insulation-—The

lack of insulation was permitting severe corrosion to take

place in these areas.

RECOMMENDATIONS:

(o]

The surfaces of the plates and wires should be cleaned down
to the metal to insure that a resistive coating is not
limiting power input.

All wire-to-plate spacings should be checked for _
alignment. Those wires or wire frames which are not within
tolerance should be brought back into alignment.

The voltage divider for T/R set 2B should be checked and

replaced if found to be bad.

The roof penetrations for the vibrator rapper shafts should
be freed. g

Areas having inadequate insulation should be properly
insulated.

The £ly ash which has collected between the inlet
perforated plates should be removed, and the perforated
plates modified to avoid future deposits or a “"puffer™
system installed to keep this area clear of ash deposit.



4.6 BASELINE PRECIPITATOR PERFORMANCE EVALUATION

Nelson Dewey #2's precipitator was supplied by Research Cottrell, Inc.

and operates under positive pressure at a temperature of approximately

500°F at full load. The Air Pollution Control Technology Company (APGO)

was contracted during the baseline tests to aid in evaluating
pre-retrofit precipitator performance. In addition, a subsequent report
by APCO will address precipitator performance predictions during cyclone

reburn operation.

APCO Services obtained current voltage data from each of the
precipitators T/R sets in conjunction with the baseline tests. These
data are tabulated in the following Tables 4.6-1 to &,6-4,

Table 4.6-1. Current versus Voltage data for T/R set 2A of Nelson Dewey
Station Unit 2 taken May 31, 1990,

PRIMARY ' SECONDARY
VOLTAGE  CURRENT VOLTACE CURRENT
(volts) (amps) (kV) (mA)

40 0 20 0
55 0 22 10
65 0 24.5 15
85 0 26 25
100 0 28 40
120 5 30.3 50
150 15 34.5 100

165 40 35 150 spark



Table 4.6-2. Current versus Voltage data for T/R set 2B of Nelson Dewey
Station Unit 2 taken May 31, 1990.

~ PRIMARY L SECONDARY
VOLTAGE  CURRENT VOLTAGE CURRENT
(volts) {amps) (kV) (mA)
45 0 20 0
50 0 22 0
60 0 24.5 0
70 0 27 0
85 0 30 0
95 0 32.5 10
34 20
140 20 35.5 50
145 25 36 75
150 30 34.8 110 spark

Completed 0924

Table 4.6-3. Current versus Voltage data for T/R set 2C of Nelson Dewey
Station Unit 2 taken May 31, 1990.

PRIMARY SECONDARY
VOLTAGE CURRENT VOLTAGE CURRENT
(volts) (amps) (kV) {mA)
40 0 20.3 0
45 0 22,3 5
55 0 24,8 5
75 0 26.8 5
95 0 29.8 10
) - 110 0 31.8 20
125 0 33.8 40
140 5

34.8 50 spark

Completed 0932



Table 4.6-4, Current versus Voltage data for T/R set 2D of Nelson Dewey
Station Unit 2 taken May 31, 19%0.

PRIMARY SECONDARY
VOLTAGE - CURRENT VOLTAGE CURRENT
(volts) (amps) (kV) (mA)

45 0 20.5 0
50 0 22.3 5
65 5 24.5 10 -
85 10 : 27 15
105 10 29 40
130 15 1.5 75
140 20 32.5 100
160 35 34.3 155
175 50 35 210
183 60 35.8 275
190 68 36.8 310
195 75 36.5 350 spark

Completed 0942

Plots of the individual V-I curves are given in Figures 4.6-1 - 4.6-4.
Also, plotted in these figures are typical V-~I curves for a. precipitator
of this design operating at design conditions. The measured V-I curves
are represented by solid lines and the theoretical curves by dashed
lines. One can see that reasonably good agreement was obtained for the
inlet field of the precipitator even though the current density was low,
- but poor agreement was obtained for the remaining three fields. The
shapes of the measured curves indicate that the ash resistivity was high
(5 x 1011 ohm-cm to 1 x 1012 ohm-cm). Resistivity predicted from coal

9 ohm-cm for the

and ash chemistry was on the order of 4 x 10
precipitators operating temperature. Also, the curves indicate that the
discharge electrodes or collecting plates associated with T/R sets 2B and

2C may have had excessively thick dust deposits.
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The boiler was operating at a load of 110 MW with a steam flow of 784
klb/hr at the time the precipitator V-I curves were takem. The
economizZer 02 concentration was 2.6Z and the stack opacity was

approximately 10.3%. The operating points for the individual I/R sets

following the taking of the current-voltage data are given in Table

4.6-5. Also given In Table 4.6-5 are T/R set readings for Unit 1.
Although the theoretical curves plotted in Figure 4.6~1 thru 4.6-4 do not
extend into the range of the operating points for Unit 1, one can see
that much better agreement between measured and theoretical values would

be obtained for the Unit 1 data.

Table 4.6-5, Electrical conditions obtained for Unit 1 and Unit 2
precipitators at Nelson Dewey Station of Wisconsin Power
and Light, May 31, 1990.

T/R SET PRIMARY SECONDARY AVERAGE
VOLTAGE CURRENT VOLTAGE CURRENT - CUR DEN
) (4) (kv) (ma) (nA/cn®)
Unit 2:
2A 145 10 34,5 90 2.1
2B 135 : 20 36 60 2.8
2C 145 15 34.5 60 2.8
2D 190 62 36.5 300 6.9
Unit 1:
1A 210 70 36.5 250 5.8
1B 230 95 43 400 18.4
1C 238 105 36.5 460 21,2
1D 240 170 26 800 20.7

A mathematical model developed by Southern Research Institute for the
U.S. EPA yas used to predict precipitator performance based on the
electrical data obtained for Unit 2. The flue gas flow rate and inlet
mags loading were estimated from coal chemistry data for the Indiana

Lamar Coal which was being burned., The parameters used in this model are



listed in Table 4.6-6. Several model runs were made, with the inlet
particle size distribution being adjusted between runs, until a predicted
.opacity value was obtained which was in close agreement with the measured

opacity. The best results were obtained for a particle size distribution

boiler, but the MMD would be approximately 45Z larger than that normally
found for a cyclone boller. A smaller size distribution would have led

to a lower predicted collection efficiency and a higher opacity.

Table 4.6-6. Input parameters for the precipitator model which were
' used in modeling the Unit 2 precipitator at Nelson Dewey
Station of Wisconsin Power and Light.

Inlet mass loading 0.492 gr/ACF w/o reburn
Flue gas temperature - 525 °F
475,000 ACFM, SCA = 272 ft’/KACFM

4.29 ft/sec

Volume flow rate

Face velocity

#f of Electrical fields - 4

Plate height - 30 £t

Plate length -9 ft, flds 1 & 4; 4.5 ft, flds 2 & 3
# of gas passages - B2

Plate~to-Plate spacing - 9 inches
Wire-to-Wire spacing ~ 9 inches

Wire diameter 0.109 inches

The results of the model calculation are listed in Table 4.6-7. A value
of 57 sneakage per baffled section (S) with a 157 RMS deviation in gas
velocity (og) gave a predicted opacity closest to that measured. These

values of § and og are typical.

Plant personnel indicated that a degradation in precipitator performance
with time was noticed when a switch to the Indiana Lamar coal was made.
Many "hot-side" precipitators experience a similar degradation when '

burning coals having ashes with low sodium and/or high calcium content.



These ashes usually have a moderate inherent resistivity (5 x 109 tol x
1010 ohm-cm). With time, the ash layer adjacent to the collecting plates
becomes depleted in sodium ions (the primary current carrier) and the

resistivity of the adjacent layer rises, This layer is not removed with

rapping and the net resistivity of the layer (old plus new deposits)

increases, thus leading to the degradation in performance. Sodium
depletion could be a problem with the Lamar coal which has an ash
containing approximately 0.5Z7 sodium and approximately 8.5% calcium.

Table 4,6-7. Results from model calculations for the Unit 2.

precipitator at Nelson Dewey Station of Wisconsin Power

and Light.
RUN # SCA AVE. AVE. INLET
(fr / CUR. DEN. VOLT. MMD g SNEAK o EFF. OPACITY
9 par gas
KACFM)  (nA/cem”) kv) (& (m) (%) (%) (%) (%)
280 4.37 34,9 13.0 2.9 0.0. 0.0 97,20 8.7

0.05 0.15 96.32 10.4
0.05 0.20 96.12 10.8
0.05 0.30 95.64 11,6



APPENDIX NO. 9

Summary of T and A Series Tuning
and Optimization Test Data
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