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DISCLAIMER

"This report was prepared by Combustion Engineering, Inc. as an account of
work sponsored by the Office of Research and Development, U.S. Environmental
Protection Agency (EPA). Combustion Engineering, Inc. nor any person acting

on behalf of Combustion Engineering, Inc.:

“a. Makes any warranty or representation, expressed or implied including
the warranties of fitness for a particular purpose or merchantabili-
ty, with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any infor-
mation, apparatus, method, or process disclosed in this report may
not infringe privately owned rights; or

b. Assumes any 1iabilities with respect to the use of, or for damages
resulting from the use of, any information, apparatus, method or
process disclosed in this report."
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RBSTRACT

This report presents the findings of a program designed to investigate and
evaluate the effectiveness of employing overfire air as a method of reducing
NOx emission levels from tangentially fired boilers burning Western U.S. coal
types. This work was performed under the sponsorship of the Office of Re-
search and Development of the Environmental Protection Agency (Contract 68-
02-1486). The results of this program are compared with the results obtained
under Phase II "Program for Reduction of NOx from Tangentially Coal Fired
Boilers" (Contract 68-02-1367).

These test programs investigated the effect that variations in excess air,
unit slagging, load and overfire air had on unit performance and emission lev-
els. Additionally, the effect of biasing combustion air through various out-
of-service fuel nozzle elevations was also investigated. The effect of over-
fire air operation on waterwall corrosion potential was evaluated during thir-
ty (30) day baseline and overfire air corrosion coupon tests. The results of
the corrosion coupon tests indicate that overfire air operation for Tow NOx
optimization will not result in significant increases in corrosion coupon de-

gradation.

Overfire air operation and reductions in excess air levels were found to be
effective in reducing NOy emission levels. NOx reductions of 20 to 30 percent
were obtained when operating with 15 to 20 percent overfire air. These reduc-
tions occurred with the boilers operating at a total unit excess air of ap-
proximately 15 to 25 percent as measured at the economizer outlet. Unit Toad-
ing exhibited a minimal effect on NOy emission levels. Waterwall slag condi-
tions were found to have wide and inconsistent effects on NOx emission levels.
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SECTION I
INTRODUCTION

The emphasis on improved quality of the environment has led to the design of
coal fired steam generators with the capability of using overfire air to re-
duce and control NOx emission levels. For tangentially fired steam genera-
tors, the overfire air is admitted through registers in an extended windbox.

Previous work with coal fired steam generators has demonstrated that overfire
air simulation with tangential firing is effective in reducing NO, emission
levels by as much as 50 percent of uncontroliled values.

Some of this previous work was performed by Combustion Engineering, Inc. under
an EPA-sponsored two-phase program to identify, develop and recommend the most
promising combustion modification techniques for the reduction of NOx emis-
sions from tangentially coal fired utility boilers with a minimum impact on
unit performance.

This two-phase program is briefly described as follows:

Phase I (performed under EPA Contract 68-02-0264) consisted of selecting
a suitable utility boiler to be modified for experimental studies to
evaluate NOx emission control. Phase I also included the preparation of
preliminary drawings, a detailed preliminary test program, a cost esti-
mate and detailed schedule of the program phases and a preliminary appli-
cation economic study indicating the cost range of a variety of combus-
tion modification techniques applicable to existing and new boilers [1]*.

Phase II (performed under EPA Contract 68-02-1367) consisted of modifying
and testing the utility boiler selected in Phase I to evaluate overfire
air and biased firing as methods for NOy control. This phase also in-
cluded:

1. The completion of detailed fabrication and erection drawings,
Installation of analytical test equipment,
Updaiing of the preliminary test program,

A baseline operation study,

o L) w N
. . L[] .

Analysis and reporting of test results and,

* Numbers in brackets refer to references at end of report.
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6. The development of control technology application guidelines for
existing and new tangentially coal fired utility boilers.

This program was conducted at the Barry Steam Station, Unit #2 of the
Alabama Power Company [2].

The majority of this previous work has been conducted on units firing Eastern
or Midwestern bituminous coals.

In recent years, the utilization of Western U.S. coals as an energy source has
increased significantly. The incentives for their use are the low sulfur con-
tent conducive to Tow SOx emission levels and the large available reserves
that may be used in 1ieu of o1l and natural gas which are in short supply.

Based on Phase Il recommendations to investigate Western coal types which were
becoming a predominate source of fuel for electric generating stations, this
study, EPA Contract 68-02-1486, was contracted by Combustion Engineering,
Inc.'s, Field Testing and Performance Results Department.

The objective of this program was to investigate the effectiveness of employ-
ing overfire air as a method of reducing NOx emission levels from tangentially
fired botlers burning Western U.S. coals. The effect of reducing NOy emission
levels was evaluated with respect to unit performance, unit efficiency, water-
wall corrosion rates and related gaseous emission levels.

Specifically, the factors considered in realizing this objective were as fol-
Tows:

1. The program was conducted on two units designed with overfire air
registers, the first unit firing a Western U.S. subbituminous coal
and the second unit firing a Western U.S. bituminous coal.

2. The test program evaluated baseline, biased firing and overfire air
operation and consisted of approximately 60 steady state tests per
unit and two months of waterwall corrosion rate studies per unit.

3. The effect of NO, control methods on all gaseous constituents was
evaluated during all tests. The following constituents were mea-
sured: NOx, SOy, CO, THC, 0, and particulate samples for unburned
combustible ana?ysis.

4. The effects of NOx control methods on steam generator performance
were evaluated during all tests by obtaining necessary temperatures,
pressures, flows, etc., with calibrated equipment.

5. Based on the results of this program, conclusions and recommendations
were made pertaining to the acceptable application of staged firing
with respect to NO, emission levels, corrosion rates and unit opera-
tion for each type of coal tested.

6. The results of this program were compared with the results obtained
under Contract 68-02-1367 for a unit equipped with an overfire air
system not included in the original design.



CONCLUSIONS

NORMAL OPERATION

1. Under normal unit operation without overfire air, excess air variation was
found to have the greatest single effect on NOy emission levels, increas-
ing NOx with increasing excess air. An average increase of 6.4 ng/J for
each one percent change in excess air (EA) was observed over a normal op-
erating range of 15 to 25 percent EA for the three units.

2. Unit loading was found to have a l1imited effect on Nox'and CO emission
levels and carbon heat Toss.

3. Variations in furnace waterwall deposits had wide and inconsistent effects
on NOx and CO emission levels and carbon heat loss.

4, Under normal unit operation, the percent carbon loss in the fly ash and CO
emission levels increased with decreasing excess air with the increases
becoming greater below a level of approximately 20 to 25 percent excess
air. CO levels in excess of 24 ng/J were considered unacceptable for the
purposes of this program.

BIASED FIRING OPERATION

Biased firing was found to be most effective when the top fuel firing eleva-
tion was removed from service. This mode of operation simulates overfire air
operation. However, while biased firing is a potentially effective method of
NOx control, it may necessitate a reduction in unit loading. Therefore, biased
firing is not considered to be the most desirable method of NOyx control.

OVERFIRE AIR OPERATION

1. NOy reductions of 20 to 30 percent were obtained with 15 to 20 percent
overfire air when operating at a total unit excess air of approximately 15
to 25 percent as measured at the economizer outlet.

This condition would provide an average fuel firing zone stoichiometry of
95 to 105 percent of theoretical air. Stoichiometries below this range did
not result in large enough decreases in NOx levels to justify their use.

2. When using overfire air as a means of decreasing the theoretical air to the
fuel firing zone, the combustible loss and CO emission levels were less af-
fected than when operating with low excess air since during overfire air
operation, acceptable overall excess air levels are maintained. Reduction
in operating excess air levels for NOx control is often precluded because
of the ash properties of the coal being fired. Further, as coal is an ex-
tremely complex fuel characterized by wide variations in properties, even



between different seams in the same mine area, excess air is the only

means available to the operator to compensate for departures from the de-
sign coal. For the above reasons, the application of overfire air rather
than low excess air firing is recommended on coal fired steam generators.

Furnace performance as indicated by waterwall slag accumulations, visual
observations and absorption rates were not affected by overfire air opera-

tion.

At Alabama Power Company's Barry Station Unit #2 where the overfire air
port could not be installed as a windbox extension, test results indicated
that the centerline of the overfire air port should be kept within 3 me-
ters of the centerline of the top fuel elevation. Distances greater than
3 meters did not result in significantly decreased NO, levels. On new de-
signs, and whenever possible on field modified unlts, it is preferable to
introduce the overfire air through a vertical extension of the windbox
rather than through isolated ports displaced above the windbox. The ef-
fectiveness of introducing overfire air through an extended windbox is dem-
onstrated via the tests conducted on Wisconsin Power & Light, Columbia #1
and Utah Power & Light, Huntington Canyon #2. The overfire air compart-
ments on an extended windbox tilt independently of the remainder of the
windbox to permit adjustments in the "point" of overfire air introduction.

Optimum overfire air operation was obtained when the overfire air registers
were tilted away from the fuel nozzles. NOx control was nearly as effec-
tive when the overfire air registers were tilted with the fuel nozzles.

NOx emission levels increased when the overfire air registers and fuel noz-
zles were directed toward each other. At Alabama Power Company's Barry
Station Unit #2, flame stability decreased when the overfire air registers
and fuel nozzles were directed away from each other by more than 20 to 25
degrees. This phenomena was not observed at either Wisconsin Power and
Light Company's Columbia Energy Center Unit #1 or at Utah Power and Light
Company's Huntington Station Unit #2. With the overfire air tilts fixed in
a horizontal position, acceptable unit operation was obtained, however, NO

levels varied with fuel hozzle position.-

The results of the thirty day baseline and overfire air corrosion coupon
runs indicate that the overfire air operation for Tow NOx optimization did
not result in significant increases in corrosion coupon degradation. Addi-
tional long-term operation studies will be required to verify these observa-

tions.

The average NOx levels experienced during the thirty day overfire air stud-
ies were as follows: Barry #2-172 ng/J, Huntington Canyon #2-231 ng/J and
Columbia #1-294 ng/J. The emission levels for Columbia #1 reflect operat-
ing conditions beyond the control of the test program.

Variables normally used to control normal boiler operation should not be con-
sidered as NOx controls with coal firing. These variables include unit load,
nozzle tilt, pulverizer fineness, windbox dampers and total excess air.

Overall unit efficiency was not affected by overfire air operation.



RECOMMENDATIONS

This program was designed to investigate the effects of the following process
variables and combustion modifications on NOx emission levels in existing steam
generating units:

Process Variables

Excess Air Level
Unit Load
Furnace Waterwall Deposits

Combustion Modifications

Biased Firing
Overfire Air Firing

The effects of furnace waterwall deposits could not be adequately documented.

Several investigations have indicated that furnace waterwall deposits can ef-

fect NOx emission levels. Therefore, this process variable should be investi-
gated further.

The effect of fuel nitrogen on NOyx formation was not investigated per se in this
program. However, as the effect of fuel nitrogen is becoming of increasing
concern, its contribution to NO, emission levels in coal fired boilers should

be quantified.

Additionally, the results of the corrosion probe evaluations indicate that the
coupon weight losses encountered during a thirty day evaluation are small and
consideration should be given to studies of up to one year duration to verify
short term test results. These studies should include evaluation of actual
fireside waterwall tube wastage rates as well as corrosion probe wastage rates.



SUMMARY

Percent excess air, bulk flame temperature and residence time of the combustion
gases all directly affect the formation of oxides of nitrogen §N0 ). The two
oxides of nitrogen which are of significance are nitric oxide Nof and nitrogen
dioxide (NO2). NO 1s the more predominant form and accounts for 90 to 95 per-
cent of the total NOx generated in a utility boiler. Once it enters the at-
mosphere NO is converted to N02, which is more hazardous to human health. Most
references 1n this report to NO2 are actually refering to total nitrogen oxides.
This method of expressing NOx as NO2 is in agreement with EPA practice.

While it is not the subject of this report, it should be noted that NOx gener-
ated by the combustion of coal can occur by two mechanisms. One mechanism is
by the oxidation of atmospheric nitrogen (thermal NOx) while the other mecha-
nism involves the conversion of fuel bound nitrogen ?fueI NOx). The formation
of thermal NOx is known to be dependent on flame temperature, oxygen concen-
tration in the combustion zone and residence time at temperature.

Several investigators have observed that the farmation of fuel NOx is responsi-
ble for a significant portion of the total NOx emitted from the combustion pro-
cess [3,4,5,6]. The reaction can take place at a much lower flame temperature
and has also been shown to be dependent on the oxygen concentration in the com-
bustion zone. The coals being fired at Alabama Power Company's Barry #2 and
Utah Power and Light Company's Huntington Canyon #2 had nitrogen analysis rang-
ing from 1.1 to 1.3 percent nitrogen by weight. Wisconsin Power and Light Com-
pany's Columbia #1 had an analysis ranging from 0.6 to 0.8 percent nitrogen by
weight. Preliminary plots of NO2 versus the coal nitrogen content did not show
any correlation between NO2 and coal nitrogen content. Any correlation would
probably have been masked by the 1imited range of the nitrogen content of the
coals being fired and by the variation in excess air levels.

BASELINE OPERATION STUDY

It has been well documented that the formation of NOy is dependent upon excess
air and the oxygen concentration in the combustion zone. The oxygen concentra-
tion in the combustion zone is directly related to excess air and also to the
theoretical air to the fuel firing zone (TA). TA is a computational tool used
by Combustion Engineering, Inc. which accounts for variations in position and
leakage in all windbox compartment dampers.* This method allows for the ac-
counting of leakage in the compartments above the top active fuel compartment
and, therefore, is a better approximation of the actual air (i.e., oxygen)
available for combustion in the fuel firing zone than total excess air (EA).
Therefore, all parameters are plotted versus theoretical air to the fuel firing

* See Appendix D.



zone rather than the total excess air. For the baseline operation study the
TA is essentially the same as the total air since no air was diverted through
the overfire air registers.

Figure 1 {s a plot of NO2* versus TA for the full load baseline tests at Ala-
bama Power Company's Barry Station Unit #2, Utah Power and Light Company's
Huntington Canyon Station Unit #2 and Wisconsin Power and Light Company's Co-
lumbia Energy Center Unit #1. As shown by this figure, NO» is proportional
to TA and, therefore, to oxygen concentration in the fuel $1r1ng zone and ex-
cess air.

Figure 2 is a plot of NQO2 versus TA for the half (1/2) load tests for all

three units. As with the full load tests, the half (1/2) load tests also show
increasing NO2 emission levels with increasing TA. Comparison of the full and
half (1/2? load tests show that at similar theoretical air Tevels, the NO2
emission levels for the half (1/2) load tests are lower than or equal to the
NO2 levels for the full load tests. The effect of load is better shown in
Figure 3, where emission levels are plotted versus theoretical air level for
full, three quarter and one half load baseline tests. This plot shows that in
some, but not all cases, NO2 levels tend to increase with unit Toading. It can
be shown that occasionally the opposite trend was observed.

While NO2 levels correlated well with TA, attempts to find what effect fuel
nozzle tilt and furnace condition had on NO, formation were not as successful.
Changes in fuel nozzle tilt were found to produce wide and inconsistent varia-
tions in NOz emission levels.

Other investigators have found that increased slagging of the furnace walls
tends to increase NOx by increasing the furnace outlet temperature and, there-
fore, the bulk flame temperature [3,5]. Bulk flame temperature increases due
to the reduced heat transfer from the hot combustion gases to the water-cooled
furnace walls. The amount of reduction in heat transfer may depend greatly up-
on the type of slag on the furnace walls. The furnace conditions for the full
and half (1/2) load tests are indicated on Figures 1 and 2. Furnace condition
was found to have wide and inconsistent effects on NO2 emission levels for the
tests run on the subject boilers. The results obtained showed that for some
tests an increase in furnace slag resulted in an increase in NO2 emission lev-
els while no effect was observed for other tests. Furnace condition was mea-
sured by visual observation of the furnace waterwalls. Since waterwall absorp-
tion is closely related to furnace condition, an attempt was made to correlate
NO2 emission levels with furnace waterwall absorption and therefore with furnace
condition. This attempt produced no meaningful results. The lack of correla-
tion between NO2 emission levels and furnace condition might be partially at-
tributed to the fact that the visual observation of furnace waterwall deposits
is very subjective. Also, the contribution of fuel nitrogen may be dominant in
the formation of NO, .

* In this report, oxides of nitrogen (NOx) are expressed as nitrogen dioxide
(NO2) to be consistent with the requirements of the New Source Performance
Standards, Federal Register Vol. 35, No. 247, Part II, Dated December 31, 1971.
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The effect of reducing TA on CQ emission levels and carbon heat loss is shown
on Figures 4 and 5 for the full load tests. Both CO emission levels and car-
bon heat loss increase with decreasing TA. This trend is a result of the re-
duced oxygen available for complete combustion. CO emission levels show no
effect due to furnace condition. However, carbon heat Toss appears to de-
crease with increasing furnace waterwall deposits. This may be related to the
higher bulk flame temperatures encountered in a heavily slagged furnace.

BIASED FIRING OPERATION STUDY

Biased firing involves the removal of a full firing elevation from service with
the dampers being opened so as to admit air through the idle fuel nozzle eleva-
tions. The effect on NO> emission levels when taking various fuel elevations
out of service is shown in Figure 6. The lowest NO, levels for each unit were
obtained when the top fuel firing elevations were removed from service and the
respective compartment air dampers were 100 percent open. Overfire air opera-
tion 1s simulated by this method of unit operation. The trend is for increas-
ing NO2 levels as the elevation being removed is Tower in the windbox. The in-
crease in NO2 levels can be attributed to the increased oxygen available in the
fuel firing zone.

Examination of the units on an individual basis showed a slight reduction in
NO2 Tlevels when the bottom fuel firing elevation was removed from service.
This reduction in NO2 might be caused by a cooling of the hot combustion gases
by the cooler combustion air, which is being admitted through the bottom fuel
firing elevation.

NO2 is plotted versus TA for the full load biased firing tests in Figure 7.
The correlation found for the baseline tests is also evident for the biased
firing tests, NO2 being directly proportional to TA.

CO emission level and carbon heat loss plots for the biased firing tests have
not been included. Preliminary plots of these variables against TA revealed

wide and inconsistent variations. This inconsistency is most probably due to
firing with different fuel elevations out of service.

OVERFIRE AIR OPERATION STUDY

The overfire air operation studies were divided into three separate test series,
each designed to determine an optimum operating condition. The three test se-
ries were:

1. Excess Air and Overfire Air Rate Variation,

2. Overfire Air Register Tilt Variation, and

3. Load and Furnace Waterwall Deposit Variation at Optimum Conditions
The first of these test series involved the variation of the averfire air rate
at various excess air levels. Variation of the overfire air rate is accom-
plished by changing the overfire air register damper opening. The maximum over-

fire air rate corresponds to the overfire air register dampers being 100 percent
open. With the exception of Alabama Power Co., Barry #2, the overfire air

n
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systems were designed to introduce up to 15 percent of the total combustion
air above the top level of fuel nozzles at MCR. Barry #2 was designed to in-
troduce 20 percent of the total air as overfire air. During normal boiler
operation the overfire air dampers are opened just enough to cool the over-
fire air registers.

As the overfire air dampers are opened the NOz emission levels are found to
drop for a constant excess air level. This trend is shown in Figure 8. Six
excess air levels have been shown, with the trend being similar for all excess
air levels.

Theoretical air to the fuel firing zone and overfire air damper opening are
closely related, with TA decreasing as the damper opening increases. Figure
9 is a plot of NO2 versus TA for the damper variation tests for all three
units. For these tests, as in the baseline and biased firing studies, the
NO2 emission levels are found to increase with increasing TA. The evidence
shown in Figures 8 and 9 indicates that NOx is more dependent upon TA rather
than EA.

Once the optimum excess air level and overfire air rate had been determined
for each unit, the second test series were run. This test series involved a
variation in tilt of the overfire air registers and fuel nozzles. The varia-
tion in tilt refers to how many degrees toward or away from each other the
fuel nozzles and overfire air registers are moved. This variation is calcu-
lated by taking the difference in degrees that the overfire air registers are
angled toward or away from the fuel nozzles, i.e., overfire air register tilt
minus fuel nozzle tilt.

Tilt variation of the fuel nozzles and overfire air registers is designed to
move the fuel firing zone both in the furnace and in its position relative to
the overfire air registers. Movement of the fuel nozzles and overfire air
registers away from each other accentuates the effect of staged combustion.
Movement of the fuel nozzles and overfire air registers toward each other min-
imizes the effect of staged combustion because the air is being forced down
into the firing zone.

Figure 10 is a plot of NO2 versus the difference in tilt of the fuel nozzles
and overfire air registers. NO2 emission levels are found to be highest when
the overfire air registers and fuel nozzles are angled toward each other and
lowest when they are angled away from each other. From the standpoint of NOy
reduction, the optimum tilt variation would be with the overfire air registers
and fuel nozzles angled away from each other. However for ease of boiler oper-
ation, parallel operation of the overfire air registers and fuel nozzles would
be best.

Figure 11 shows NOp plotted versus TA for the second series of tests in the
overfire air study. Again, NO, emission levels are found to be directly pro-
portional to TA.

In the final series of tests for each unit, the effects of load and furnace
waterwall deposits on NOy formation are examined. Boiler operation was at the
optimum conditions determined in the previous test series for each unit. Half,
three-quarter and full load tests were conducted on each unit at clean and
dirty furnace conditions. Figure 12 is a plot of the NO> emission Tlevels
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versus TA for each test in this series. This figure attempts to minimize the
effect of TA and show the effect of load and furnace condition on NO> emission
levels. Both Huntington #2 and Columbia #1 show an increase in NO2 levels as
unit load rises from half (1/2) load to full load. The effect of furnace con-
dition on these units shows inconsistent variation in the results. Except for
one half (1/2) load test, Barry #2 results also indicate an increase in NO2
levels with increasing unit load.

For the overfire air studies, plots of CO emission levels and carbon heat loss
versus TA produced the same trend that was established in the baseline opera-
tion studies. The CO levels and carbon heat losses were found to increase with
decreasing theoretical air levels.

BOILER PERFORMANCE

Figure 13 is a plot of unit efficiency versus excess air for the full load
tests performed on the subject units. As can be seen in Figure 13, biased
firing and overfire air boiler operation did not affect unit efficiency. In

a previous section it was shown that NOp emission levels can be reduced through
the use of overfire air. Therefore, these results indicate that it may be pos-
sible to reduce NO2 emission levels without adversely affecting boiler perfor-
mance or operation.

In general, unit efficiency is found to decrease with increasing excess air.
The decrease in unit efficiency with increasing excess air levels can be at-
tributed to the increasing economizer outlet gas flows and temperatures and
therefore to increased dry gas losses.

The 2 to 3 percent difference in unit efficiency between Columbia Energy Cen-
ter, Unit #1 and Barry Station, Unit #2 or Huntington Station, Unit #2 can be
attributed to higher dry gas losses and moisture in the fuel losses for the
Columbia Energy Center's Unit #1. These higher losses are due to the type of
coal being fired at Columbia Energy Center, Unit #1.

WATERWALL CORROSION COUPON EVALUATION

Thirty (30) day waterwall corrosion coupon evaluations were performed at the
baseline and optimum overfire air conditions for each unit. The purpose of
these evaluations was to determine what effect low excess air or staged com-
bustion would have on waterwall tube wastage.

The method used to evaluate corrosive potential, waterwall tube wastage, in a
boiler is by exposing samples of tube material to furnace conditions for fi-
nite periods of time and then measuring the weight losses. This is accom-
plished by inserting test probes consisting of five (5) coupons each into the
furnace fuel firing zone and maintaining them at typical waterwall metal tem-
peratures. Figure 14 depicts the type of probe and coupons used to obtain
such information. This particular probe utilized air to keep the coupon at
the desired temperature.

Typical instrumentation to automatically maintain the desired temperature con-
sists of an electronic controller, and a pneumatic controller. The pneumatic
controller operates as a switching device, using solenoid valves, to regulate
the amount of cooling air going to the probe. The amount of air is based on a
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signal from the electronic controller which is tied into the sensing thermo-
couple at the probe coupon.

At the end of the exposure period the coupons are evaluated for weight loss
and visual evidence of attack. The average weight losses for the baseline and
overfire air modes of boiler operation are shown in the following tables. The
resu1t§ indicate that waterwall tube wastage is unaffected by mode of boiler
operation.

AVERAGE CORROSION COUPON WEIGHT LOSSES

Baseline Overfire Air
Unit Operation Qperation
Alabama Power Company 2 2
Barry Station, Unit #2 2.6381 mg/cm 4.4419 mg/cm
Wisconsin Power & Light Co. 2 2
Columbia Energy Center, Unit #1 8.0770 mg/cm 8.0933 mg/cm
Utah Power & Light Co. 2 2
Huntington Station, Unit #2 3.4266 mg/cm 2.6357 mg/cm

The weight losses for the Barry Station Unit #2 and the Huntington Station
Unit #2 are within the range of losses which would be expected for the oxida-
tion of carbon steel for a thirty (30) day period. This premise was verified
by control studies conducted in C-E's Kreisinger Development Laboratory.

The weight losses measured at the Columbia Energy Center Unit #1 are slightly
higher than expected. One possible reason for the higher losses is that some
of the probes overheated during the thirty (30) day tests. Another possible
reason for the higher weight losses is that the coal being burned at Columbia
Energy Center's Unit #1 is a subbituminous type coal while Barry Station Unit
#2 and Huntington Station Unit #2 both burn bituminous type coals. However,
the results for the Columbia Energy Center tests show the weight losses are
equivalent regardless of the mode of boiler operation.
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SECTION II - EPA CONTRACT 68-02-1486
OBJECTIVES

The objective of this program was to investigate the effectiveness of employ-
ing staged combustion as a method of reducing NO, emission levels from tan-
gentially fired boilers burning Western U.S. coals. Specifically this objec-
tive is broken down by task as follows:

TASK I - UNIT SELECTION

The basis for selection of suitable test units follows:

1.

One unit (Unit "A") firing a Western U.S. subbituminous coal and a
second unit (Unit “"B") firing a Western U.S. bituminous coal.

Both units were representative of current Combustion Engineering,
Inc. design employing overfire air registers in an extended windbox
as a means of NO, emission control. Neither unit required modifica-
tions with regard to those features necessary to permit evaluation of
biased firing and staged combustion.

The size of the boilers allowed a diverse experimental program and
permitted scale-up correlation of performance and emissions data to
that developed under EPA Contract No. 68-02-1367 [2].

Two utilities willing to participate in the program which included
absorbing generating losses incurred during the test program.

A utility which agreed to an outage of approximately one month for
the installation of waterwall thermocouples on the unit that would
be firing the Western U.S. subbituminous coal.

TASK II - TEST PLANNING & FABRICATION OF TEST EQUIPMENT

This task included the preparation of a detailed test program for each unit
designed to investigate the effects of the following process variables and
combustion modifications on NOy, SOy, THC, CO and unburned combustibles.

PROCESS VARIABLES

Excess Air Level
Load
Furnace Wall Deposits
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COMBUSTION MODIFICATIONS

Biased Firing
Overfire Air Firing

The test program provided for documentation of the effects of the test vari-
ables on the thermal and operational performance of the boilers. It also
provided for the evaluation of long term and transient operation, thermal-
efficiency, slagging, fireside corrosion, flame stability and other process
responses considered essential to the commercially acceptable operation of
the boilers.

The following were considered in the test program planning:
1. Analytical measurements and sampling techniques.

2. Emission measurements which included Nox, sox, C0, THC and 02. 062
was determined by calculation.

3. Necessary analysis of fuel properties relevant to furnace operation
and emissions.

4. Measurement of process variables.

The test program utilized statistical test design methods and prior experience
where possible to maximize the information output from each test.

TASK IIT ~ INSTALLATION OF INSTRUMENTATION

Task IIT involved the installation, on each unit, of the analytical instrumen-
tation required for calculation of COp and for measurement of flue gas con-
stituents (NOy, SOy, CO, THC, 02 and unburned carbon). Also installed was the
necessary instrumentation required to characterize the effects that combustion
modifications have on unit performance; i.e., fireside corrosion and heat ab-
sorption. Instrumentation to determine waterwall absorption rates was in-
stalled only on Unit A. Instrumentation to determine unit absorption rates
and thermal performance of the reheater, superheater, economizer and air heat-
er sections were installed on both Units A and B.

TASK IV - BASELINE OPERATION - UNITS A & B

Similar but separate test programs were conducted on Units A & B to determine
the effect of unit load, furnace wall deposits and excess air variation on
baseline gaseous emission levels and unit performance. During this portion of
the test program only a minimum amount of air necessary for cooling was admit-
ted through the overfire air registers.

There were nineteen (19) tests performed for the combination of conditions in-
dicated in Test Matrix 1.
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TEST MATRIX 1 TEST CONDITIONS

Percent Excess Air

ol Bl s Minimum E-1

el N Mo imun e
D12 ’ Furnace Wall Deposits

L-3 5 6 7 Clean D1

e s =
b2 ) L-2 Unit Load

L-3 | N 12 Maximum L1

Sl I Vi 03
D-3 | L-2 16

L-3 | 17 18 19

R baseline operation waterwall corrosion rate test of a four (4) week duration
was conducted after the completion of the baseline emissions test program.
This study was performed at normal operating conditions with maximum load be-
ing carried whenever possible. The baseline operation corrosion rate test was
conducted on both Units A & B.

TASK V - BIASED FIRING OPERATION - UNITS A & B

A program was conducted to establish the effect of operating with various fuel
elevations out of service and of varying the excess air levels on gaseous emis-
sion levels and unit performance. Specifically, this portion of the program
established maximum emissions control at full load and throughout the normal
load range without utilizing the overfire registers; however, air was admitted
through the dampers of the idle fuel nozzle elevations.
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Eighteen (18) tests were conducted on Unit A at the conditions specified in
Test Matrix 2.

TEST MATRIX 2 TEST CONDITIONS
Firing Eley. Out of Serv.
; E-1 E-2 e
Top B-1
L-1 -2 | -3 fL-1 |L-2]L-3 Top Middle B-2
Top Center B-3
IB-11 1 5 11 |14 Bottom Center B-4
Bottom Middle B-5
B-2 2 Bottom B-6
B-1 8 17 Unit Load
B-2 Maximum L-1
3/4 Maximum L-2
B-3 6 12 1/2 Maximum L-3
B-4 1 3 15 Percent Excess Air
B-3 9 Minimum E-1
B-4 Normal E-2
B-5 13
B-6 | 4 7 16
B-5 . 10 18
B-6
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For Unit B, there were sixteen (16) tests conducted at the conditions speci-
fied in Test Matrix 3.

TEST MATRIX 3 + TEST CONDITIONS
Firing Elev. Out of Serv.
- E-2
E-1 Top B-1
- - -3 ] L-11L=2] L-3 Top Center B-2
L-1 L2 L Center g-z
- 9 12 Bottom Center -
B-1 ! 4 Bottom B-5
B-2 > 10 Unit Load
B-1 .
7 Maximum L-1
B-2 3/4 Maximum L-2
1/2 Maximum L-3
B-3 2 13
Percent Excess Air
B-2 15
B-3 Minimum E-1
Normal E-2
B-4 6 11
B-3 8
B-4
B-5 3 14
B-4 16
B-5

TASK VI - OVERFIRE AIR OPERATION - UNITS A & B

The overfire air operation test program was the same for both Units A & B.
The test program, utilizing the overfire air system, investigated the effect
of overfire air admission rates on gaseous emission levels at various unit
loads and operating conditions. Those conditions which were found to be op-
timum from the standpoint of both effectiveness in reducing NOy emission lev-
els and maintaining safe unit operation were evaluated to determine their ac-
ceptability for long term operation.

The first series of tests in this portion of the program were to determine the

effect on the NO, emission levels and unit performance, when varying the over-
fire air rate wi%h respect to excess air.
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There were eleven (11) tests conducted at maximum load under the conditions
jdentified in Test Matrix 4.

TEST MATRIX 4 TEST CONDITIONS
Overfire Air Rate
E-1 | E-2 | E-3
' None A-1
A-1 6 1 1/4 Maximum A-2
1/2 Maximum A-3
A-2 2 9 3/4 Maximum A-4
Max imum A-5
A-3 7 3
Percent Excess Air
A-4 4 10
Minimum E-1
A-5 8 5 1" Normal E-2
Max imum E-3

Having established the optimum overfire air rate and excess air level, this

condition was used in conducting a series of fuel nozzle and overfire air reg-
ister tilt variation tests.

The objective of this evaluation was to determine the effect of overfire air

register tilt on the NOx emission levels, steam temperatures and furnace wall
deposits.

There were seven (7) tests performed at maximum unit load under the conditions
listed in Test Matrix 5.

TEST MATRIX 5 TEST CONDITIONS

Fuel Nozzle Tilt

F-1 | F-2 | F-3

Maximum Minus F-1
R-1 12 13 Horizontal F-2
Maximum Plus F-3

R-2 | 14 15 16
Overfire Air Register Tilt

R- 17 18
3 Maximum Minus R-1
Horizontal R-2
Maximum Plus R-3

The objective of the final series of tests for this test program was to deter-
mine the effect on NO, emission levels and unit performance when operating at

the previously established optimum conditions, while varying unit load and
furnace wall deposits.
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There were six (6) tests conducted at the conditions identified in Test Matrix
6.

TEST MATRIX 6 TEST CONDITIONS
Unit Load
0c-1 Maximum L-1
o1 03| 378 hxim L
L-1 119 20 Furnace Wall Deposits
L-2 | 2] 22 Clean D-1
-3 |23 |2 Heavy D-3

Unit Operating Conditions

Optimum Conditions 0C-1

To determine the effect of long term and transient overfire air operation on
the furnace waterwall wastage rate, a waterwall corrosion study was conducted
for a four (4) week period. This study was conducted at optimum conditions
for NOy reduction, as determined in the previously outlined test program, with
maximum Toad being maintained whenever possible.

TASK VII - PREPARATION OF TEST REPORT AND ANALYSIS OF DATA

The test report includes all data obtained during the test program and the
analysis of that data.

Specific areas of analysis and reporting are:

1. The reporting of emissions data with respect to modes of operation
and coal type.

2. The analysis of emission data with respect to Contract 68-02-1367,
for a unit that is equipped with a modified overfire air system.

3. The reporting of emission data with respect to unit performance.

4. The reporting of the corrosion probe study with respect to overfire
air operation and coal type.

5. The analysis of corrosion probe wastage data with respect to Contract
68-02-1367.

6. The scale-up considerations for design of new overfire air systems
resulting from this study and Contract 68-02-1367.

7. The possible changes to cost estimates for overfire air systems in

new and existing boilers if this study indicates previously developed
cost estimates based on Contract 68-02-1367 should be revised.
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DISCUSSION

TASK I - UNIT SELECTION
The two units selected for participation in this test program were:

UNIT A - Wisconsin Power & Light Co.
Columbia Energy Center, Unit #1

UNIT B - Utah Power & Light Co.
Huntington Canyon, Unit #2

These units are representative of current Combustion Engineering, Inc. boiler
design. Both units incorporate overfire air registers in an extended windbox
as a means of NO, emission control. A typical windbox arrangement for one
corner of a unit is shown in Figure 15. The primary air, which conveys the
coal, is introduced through the center portion of the tilting coal nozzles.
Secondary air is introduced selectively through openings at the periphery of
the coal nozzles and/or through the air nozzles. Windbox air dampers located
in the fuel and air compartments regulate the distribution of the secondary
air. The quantity of air flow is controlled by the induced draft and forced
draft fan system [7].

Unit A, Columbia Energy Center, Unit #1, is a controlled circulation, balanced
draft, radiant, reheat boiler firing pulverized coal through six elevations of"
tilting tangential fuel nozzles. Unit capacity at maximum continuous rating
(MCR) is 479 kg/s (3,800,000 LBS/HR) main steam flow at a superheat outlet
temperature and pressure of 541°C (1005°F) and 18.1 MPa (2620 PSIG), respec-
tively. The Columbia Energy Center, Unit #1 fires a Montana Rosebud seam sub-
bituminous 'C’' coal. A side elevation of Columbia Energy Center, Unit #1 is
shown in Figure 16.

Unit B, Huntington Canyon, Unit #2, is also a controlled circulation, balanced
draft, radiant, reheat boiler firing pulverized coal through five elevations
of tilting tangential fuel nozzles. The unit capacity at the maximum continu-
ous rating (MCR) is 382 kg/s (3,036,000 LBS/HR) main steam flow with a super-
heat outlet temperature and pressure of 541°C (1005°F) and 18.2 MPa (2645
PSIG), respectively. This unit fires a hiqh Volatile 'B' bituminous coal sup-
plied from the nearby Peabody Coal Company's Deer Creek Mine. A side eleva-
tion of Huntington Canyon, Unit #2 {s shown in Figure 17.

In both units, superheat outlet temperatures are controlled by sqray desuper-

heating. Reheat outlet temperatures are controlled by fuel nozzle tilt and
spray desuperheating.

33



TANGENTIAL FIRING
SYSTEM
INCORPORATING
OVERFIRE AIR

i 2
FOR NOx CONTROL é

7

(LA
(117
-mw,

A
y

AAAL/
wwwel’

’0 LA AL TN\

I/

7

77

b

COAL FIRING

ArFaany

£

OVERFIRE AIR

LA L)

SIDE IGNITOR

WINDBOX

o e
-

I

1

vy
LELLY K

RLE B

AAAA A
ARl Al

1NN ::
o

w
m
(a)
(o]
-~ 4
o
>
-]
-
>
b
-
N
A\ AEES

-

\
A\ \\ )
s e

'\

TR\
Wb

-

— SECONDARY
AIR NOZZLES

R

— COAL NOZZLES

b

AV P grn

L~
e

Figure 15: Typical windbox of tangential firing system

34



B SR T |
= T rm— L
it ‘ ||
R - : * JI I Towter L:;l 2
- "&J; ‘ ! J
- 2 i |
° C g m%lllg |
— =
\ ' |
—n | | | ==
Hil
: : - o ol
il
I ‘ = ‘L - o o|o [ 1
i 1 -‘.‘ k {
/_ 1 | 7 -
N\ | i
T ; [ L
)
E | RN
] S | YA | \\
1
LI § b ‘s |
r . ;’ \
» F I
IJ 1“—-{ i ‘;i ~ i o -~
e T + .
— E LG il — 7 ~_ Y :
T\" 5: o 77,[ Y I EER B ] "_—-'T .
\ [ (1] ||
| : LI ]
/ | S
= [
{ {E \ [ 1 I i v
? VV = \:<xr [ ‘ 'l l /
7, ] & f
—3 ‘.___4- q
= o 50 '"\l;\/_ )
® " §
P \ N\
) o /
T .l —

Figure 16.

Unit side elevation, Wisconsin Power and Light Company,
Columbia Energy Center No. 1
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TASK I1 - TEST PLANNING & FABRICATION OF TEST EQUIPMENT

The test program was designed to investigate the effect of excess air level,
unit load, furnace wall deposits, biased firing, and overfire air operation
with respect to NOx and related gaseous emission levels, furnace waterwall
corrosion and unit performance. The instrumentation required to achieve the
above mentioned goals included such items as fabrication of corrosion probes,
probe control systems, gas temperature and sampling probes, calibration of
thermocouples, analyzers and pressure gauges and the packaging of equipment
for shipping to the test sites.

At the test sites, flue gas samples for the determination of NO,, SO,, THC
and CO were obtained from the boiler economizer outlet ducts. ?he percent
oxygen in the flue gas entering and leaving the air preheaters was also ob-
tained for the determination of air preheater leakage and unit efficiency.

The type of instrumentation used in determining the emission concentrations
and the general locations of these instruments are described in the discussion
of Task III - Installation of Instrumentation. Unit steam and gas-side per-
formance was monitored using calibrated thermocouples, pressure gauges and
manometers as required. The general locations of these instruments are also
described in the discussion of Task III - Installation of Instrumentation.
Type E chordal thermocouples were installed in the furnace waterwalls at Wis-
consin Power and Light Co.'s, Columbia Energy Center, Unit #1.

Coal samples were obtained during each test for later analysis. Fuel analysis,
unit emission levels, steam flow rates, absorption rates, gas and air weights
and efficiencies were calculated for each test. The calculating methods and
procedures used are listed in the discussion of Task III - Installation of
Instrumentation.

The test program documented and discussed in detail all tools and techniques

regarding analytical measurements and sampling techniques and calculating pro-
cedures used.

TASK IIT - INSTALLATION OF INSTRUMENTATION

Instrumentation necessary to conduct the baseline, biased firing and overfire
air test programs on the selected units was installed and calibrated. This in-
strumentation consisted of the following:

LOCATION OF MEASUREMENT
MEASUREMENT INSTRUMENT OR METHOD OR CALCULATION PROCEDURE

Flue Gas Constituents

Nitrogen Oxides - NOx Chemiluminescence Economizer Gas OQutlet
Analyzer

Carbon Monoxide - CO Infrared Analyzer Economizer Gas Outlet

Total Hydrocarbons - Flame Ionization

THC Analyzer Economizer Gas Outlet
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MEASUREMENT

Flue Gas Constituents

{Cont.)
Oxygen - 02

Sulfur Dioxide - SO2

Carbon Dioxide - CO2
Unburned Combustibles

Steam and Water Flows

Feedwater

SH Desuperheat Spray
RH Desuperheat Spray
Reheat

Superheat

Air and Gas Flows

Total Flue Gas
Total Air

Overfire Air
Air Heater Leakage
Miscellaneous Flows

Coal

Pressures

Steam and Water

INSTRUMENT OR METHOD

Paramagnetic Analyzer

Wet Chemistry
Calculated
Cyclone Dust Collec-

tor
ASME Dust Collector

Mercury Manometer
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated
Calculated

Calculated

Coal Scales

Calibrated Gauges

38

LOCATION OF MEASUREMENT
OR CALCULATION PROCEDURE

Economizer Gas Outlet
and Air Heater Gas In-
let and Outlet
Economizer Gas Outiet
Combustion Calculations
Economizer Gas Outlet -
Unit A

Air Heater Gas Outlet -
Unit B

Feedwater Orifice

Heat and Mass Balance
Heat and Mass Balance
Heat and Mass Balance

Heat and Mass Balance

Heat and Combustion
Calculations

Heat and Combustion
Calculatians

Mass Balance

Mass Balance

Coal Peeders - Plant
Instrumentation

Economizer Inlet
Drum

Superheat Outlet
Reheat Inlet



MEASUREMENT

pressures (Cont.)

Air and Gas

Temperatures

Steam and Water

Air and Gas

Miscellaneous

Coal Samples
Wall Deposit Patterns

Waterwall Corrosion

INSTRUMENT OR METHOD

Plant Instrumenta-
tion

Calibrated Stainless
Steel Type E Well and
Type E Button Thermo-
couples

Calibrated Stainless
Steel Sheathed Type E
Chordal Thermocouples

Type E Thermocouples

ASTM Procedures
Visual Observation

Corrosion Probes
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LOCATION OF MEASUREMENT

OR CALCULATION PROCEDURE

Reheat Qutlet

Superheat Spray Water

Reheat Spray Water

High Pressure Heater
Shell Side

FD Pan Qutlet

AH Air Inlet

AH Air Outlet
Windbox

Furnace
Economizer Qutlet
AH Gas Inlet

AH Gas OQutlet

ID Pan Inlet

Econamizer Inlet
Economizer Qutlet

SH Desuperheat Inlet
SH Desuperheat Outlet
Superheat Outlet

RH Desuperheat Inlet
RH Desuperheat Outlet
Reheat Outlet

SH DESH Spray Water
RH DESH Spray Water
HP Heater Inlet Steam
HP Heater Drain

HP Heater PW Inlet
HP Heater FW Outlet

Furnace Waterwall Tubes

Air Heater Gas Inlet
Alr Heater Gas Outlet
Alr Heater Air Inlet
Air Heater Air Qutlet

Coal Feeders
Furnace Waterwalls

Front Furnace Waterwall



The same instrumentation and measurements as required in support of the base-
line, biased firing and overfire air test programs on Unit A were utilized on
Unit B, with the exception of the chordal thermocouples installed in the fur-

nace waterwall tubes.

A11 test measurements were supplemented by monitoring and recording the nor-
mally available plant operating instrumentation.
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COLUMBIA ENERGY CENTER, UNIT #1

TASKS 1V, V & VI - TEST DATA ACQUISITION AND ANALYSIS

Wisconsin Power and Light Company's, Columbia Energy Center, Unit No. 1 has two
"hot precipitators", i.e. the electrostatic precipitators are located between
the boiler economizer outlets and the air preheater gas inlets. The use of the
hot precipitators necessitated the sampling of the flue gas at three locations;
economizer outlet, air preheater gas inlet, and air preheater gas outlet.

Flue gas samples for determination of NO5, CO, O, and THC emission levels were
obtained from each of the two economizer outlet ducts. The flue gas samples
were drawn using a twelve (12) point grid in each duct. The SO2 sample was
drawn from a single point in the left economizer outlet duct using a heated
sample 1line. The fly ash sample for carbon loss analysis was also obtained
from a single point in the left economizer outlet duct.

The percent oxygen in the flue gas entering and leaving the two air preheaters
was drawn from an eighteen (18) point grid in each air preheater gas inlet and
outlet duct. The grids were arranged so as to allow sampling on centroids of
equal area. The percent oxygen in the flue gas entering and leaving the air
preheaters is required for the determination of the air preheater leakage. The
percent oxygen at these two points plus the percent oxygen in the flue gas leav-
ing the economizer is used in the calculation of unit efficiency.

Visual observations of the furnace waterwalls were recorded for each test. How-
ever, visual observations of the furnace waterwalls were hampered due to the in-
sufficient number and location of the observation doors. Typical wall deposit
patterns taken during clean, moderate and heavy furnace slagging conditions at
full load operation are shown on Figures 18, 19 and 20. These slag patterns

are typical for all modes of boiler operation.

Chordal thermocouples were installed in the furnace waterwalls of Columbia
Energy Center, Unit No. 1. The chordal thermocouples are utilized to determine
the waterwall absorption rates and are therefore useful in monitoring furnace
performance. The use of the chordal thermocouples is further explained in a
separate subsection, Furnace Performance.

The Coal Feeders at Columbia #1 are pressurized. As a result, coal samples
were initially obtained from the conveyor belts feeding the coal bunkers, with
one sample being obtained for each test for later analysis. The samples could
only be obtained when the bunkers were being filled, which was two to three
times per day. This sampling method was not considered desirable, as it was
impossible to know if the coal being fed to the coal bunkers was representative
of the coal being burned during any one test. Gate valves were installed in
the pipes feeding the coal from the bunkers to the feeders. With the installa-
tion of the gate valves, samples were obtained from each coal feeder during

4



44

FURNACE WATERWALL DEPOSIT PATTERN

12 11 0 0 0 0 0 o0
KEY
1
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3 3 1 FUZZY «<13 MM
LIGHT 13 MM - 25 MM
12 2 2 2|12 3 3 2- 1 1 LIGHT TO MED. 25 MM - 50 MM
MED. TO HEAVY 50 MM - 100 MM
1 3 01 111 3 1 L HEAVY >100 MM
o N Vo1 RUNNING SLAG
1 1  JS R | B O T I | IS NOTE: 25.h MM = 1 INCH
0 0 1 3 3 1 1 1 1 1 1
0 4 1 3 411 1 1 11
0 5 1 5 0 0 1
FRONT RIGHT REAR LEFT
SIDE SIDE

Figure 18: Furnace waterwall deposit pattern, clean furnace
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FURNACE WATERWALL DEPOSIT PATTERN

33 3 3 3
3 3.3 3 3
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3 3 3 3 3
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FRONT RIGHT
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Figure 19:

3 3 3 3
KEY
3 3 NO ASH
3 3 2 ::) FUZZY <13 MM
LIGHT 13 MM - 25 MM
2] 2 2 2 3 3 2 LIGHT TO MED. 25 MM - 50 MM
MED. TO HEAVY 50 MM - 100 MM
2] 3 3 3 3 3 2 HEAVY =100 MM
o3 3 s 33 3 RUNNING SLAG
3 3 2 3 3 3 NOTE: 25.4 MM = 1 INCH
y 4 2 L 3 2
2T 4 .4 2 L, 4 2
3 3 2 3
REAR LEFT
SIDE

Furnace waterwall deposit pattern, moderate slag furnace
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FURNACE WATERWALL DEPOSIT PATTERN

2 2 2 2 22) 0 o o 2 2 2
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[¢]
2 2 2 3 3 2 2 NO ASH
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_ LIGHT 13 MM - 25 MM
LIGHT TO MED. 25 MM - 50 MM
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FRONT RIGHT REAR LEFT
SIDE SIDE

Figure 20: Furnace waterwall deposit pattern, heavy slag furnace
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each test and were blended to form a composite sample for each test.

The test data and results for the tests conducted at Wisconsin Power and Light
Company's, Columbia #1 are tabulated in Appendix A. Summaries of the emissions
test data for the baseline, biased firing and overfire air operation studies
are tabutated on Sheets A-1 through A-6. During some of the testing in March
and May of 1976, CO emission levels were not monitored due to malfunctioning of
the CO analyzer. These tests are reported as not available, (NA), on the emis-
sions test data summary sheets. Unit Performance test data for the three
studies are tabulated on Sheets A-7 through A-13. The calculated unit perfor-
mance test results are tabulated on Sheets A-14 through A-21. Unit efficiency
is determined using the Heat Losses Method (ASME Power Test Code, PTC 4.1-1964,
reaffirmed 1973). Sheets A-22 through A-35 are a tabulation of the average
waterwall absorption rates, as measured at each chordal thermocouple for each
test. A set of unit board and -computer data was obtained for each test and is
tabulated on Sheets A-36 through A-56.

A1l test data and results are reported in SI Metric units, with the exception
of the board and computer data. The board and computer data is reported in the
engineering units provided by plant instrumentation.

The thirty (30) day waterwall corrosion cdhpon evaluations were conducted using
a specially designed probe consisting of four individual coupons. The water-

wall corrosion coupon evaluations are described and discussed under a separate
subsection in this report.

TASK IV - BASELINE OPERATION STUDY

Load and Excess Air Viriation - Clean Furnace

Tests 1 through 7 were performed to determine the effect of varying excess air -
on unit emission levels and performance. These tests were conducted at three
unit Toads with clean furnace conditions. The slag observed on the furnace
waterwalls ranges from O to 25.4 mm (1 in.) in thickness.

Initially, maximum and minimum excess oxygen levels of six (6) percent and
three and one-half (3.5) percent at the economizer outlet were set by Wiscon-
sin Power and Light Co. as acceptable modes of unit operation at full load.
Wisconsin Power and Light later requested that the minimum excess oxygen limit
be raised to four (4) percent. At reduced loads these 1imits were slightly
higher. On a few occasions, excess oxygen values as low as two and one-half
(2.5) percent were experienced, when measured using test instrumentation. The
limits set by Wisconsin Power and Light were exceeded on those occasions due

to a discrepancy between plant and test instrumentation. The Plant oxygen ala-
lyzer was being used to monitor and control unit operations. At times the Plant
analyzer was reading approximately one percent (1%9 higher than test instrumen-
tation.

During initial testing of Columbia, Unit No. 1, mechanical stops on the induced
draft fans prevented the unit from reaching full load during high excess air
operation tests. The mechanical stops were changed during a unit outage in
June, 1976 enabling the unit to achieve full load during subsequent high excess

air operation tests.
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Comparison of NOp emission levels with unit load shows NO2 levels were gener-
ally higher at half load than at full load. This might be attributed to the
fact that the excess air levels are higher at half load than at full load.

CO emission levels are found to be higher at full load unit operation than at
half load operation. This can be attributed to the fact that at lower loads

the unit operates at higher excess air levels.

The effect of excess air level and unit loading on unit efficiency, carbon heat
loss, unburned hydrocarbons and sulfur dioxide emission levels is discussed in
conjunction with the other baseline tests.

Main
Steam Theo. Air Unit
Test Flow NO co X-S Air To Firing Effic. Furnace
No. kg/s nng ng/J’ % Zone - % % Condition
1 44 322.9 4.8 20.7 117.8 86.95 Clean
2 442 260.2 4.8 21.8 118.9 87.49 Clean
3 400 303.7 5.4 34.7 131.4 86.28 Clean
4 334 246.3 NA 35.6 132.5 87.35 Clean
5 267 291.2 1.5 27.7 126.7 87.94 Clean
6 269 335.2 1.7 37.5 136.2 87.05 Clean
7 268 333.8 2.2 43.5 141.4 87.23 Clean

Load and Excess Air Variation - Moderately Dirty Furnace

Tests 8 through 12 were conducted with a moderately dirty furnace. The slag
observed on the furnace waterwalls ranged from 25.4 mm (1 in.) to 76.2 mm (3
in.) in thickness and was in a plastic state in the thicker areas. The excess
air levels and unit loads were allowed to vary per the test program.

The NO2 emission levels for tests 8 through 12 are shown in the following table.
Examination of this table shows only small changes in emission levels for the
full load tests. This could be due to small changes in excess air levels. For
the half load tests there is a distinct change in NO» level with a change in ex-
cess air level. At similar excess air levels, the full load tests have higher
NO, levels than the half load tests.

At similar unit loads, CO emission levels do not show any appreciable change
with changes in excess air levels. Comparison of full and half load tests show
CO emission levels to be higher at full load. As with tests 1 through 7, this
difference can be partially attributed to the fact that the boiler operates at
higher excess air levels at half load.

Main
Steam Theo. Air Unit
Test  Flow NO2 co X-S Air  To Firing  Effic. Furnace
No. ka/s ng/Jd ng/J % Zone - % % Condition
8 427 295.7 5.1 19.4 116.5 87.04 Moderate
9 432 290.2 4.9 23.7 120.7 86.85 Moderate
10 394 310.6 5.1 30.6 127.5 86.93 Moderate
1 263 270.5 1.5 20.4 117.2 87.26 Moderate
12 265 368.3 1.9 52.5 145.0 86.41 Moderate



Load and Excess Air Variation - Dirty Furnace

Tests 13 through 19 were conducted with heavy furnace wall deposits. Furnace
wall deposits ranged from 50.8 mm (2 in.) to 101.6 mm (4 in.) thick. The slag
was usually in a plastic state and at times built up to 305 mm (12 in.) to 610
mm (24 in.) thick on the lower furnace walls. This buildup was caused by the
slag slowly flowing down the furnace walls. The excess air levels and unit
loads were varied per the test program.

As shown in the following table, there is a correlation between NO2 emission
levels and excess air level at half load. At full load this correlation is
not evident, as the NO2 at the low excess air level is higher than expected.

As with the earlier baseline tests, the CO levels for the half load tests are
Tower than for the full load tests.

Main
Steam Theo. Air Unit
Test Flow NO co X-S Air To Firing Effic. Furnace
No. kg/s ngEJ ng/J % Zone -~ % % Condition
13 432 315.7 N 17.1 114.3 86.57 Heavy
14 426 309.5 4.9 22.6 119.7 76.75 Heavy
15 397 334.3 5.6 32.2 129.0 76.20 Heavy
16 329 252.9 NA 35.7 132.5 85.56 Heavy
17 264 294.6 1.2 26.1 122.8 87.65 Heavy
18 267 347.7 1.3 39.5 134.3 87.15 Heavy
19 263 369.2 1.4 54.8 144.6 86.23 Heavy

Analysis of Results

The changes in NO2, CO and carbon heat loss versus theoretical air to the fuel
firing zone are shown on Figures 21, 22 and 23. These parameters are plotted
versus theoretical air to the fuel firing zone rather than the total excess air.
F?r the baseline operation study the TA is essentially the same as the total
afr.

Figure 21 shows that NO2 correlates reasonably well with TA. Increasing TA re-
sults in increasing NO2 emission levels. This correlation is in agreement with
other research, which has shown that NO2 emission levels are proportional to the
concentration of oxygen available for combustion. Comparison of full load and
half (1/2) load test at similar TA shows that the half (1/2) load tests have
lower NO2 levels. The two three-quarter (3/4) load tests shown on Figure 21 do
?ot correlate with the full or half (1/2) load tests with respect to TA or unit
oad.

With the exception of one supposedly clean test, furnace waterwall deposits ap-
pear to have some effect on NO2 emission levels. As Figure 21 indicates, those
ﬁgst? performed with heavier furnace waterwall deposits generally have higher

2 levels.

While the data plotted is not sufficient proof to the above statement, it does
support the argument that NO2 emission levels are affected by furnace waterwall
deposit conditions.
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Wisconsin Power & Light Co.
Columbia Energy Center
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Figure 21: NO2 vs. theoretical air to fuel firing zone, baseline study
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CARBON HEAT LOSS IN FLY ASH, PERCENT
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Figure 22 does not show any variation in CO emission levels with changes in
TA. However, it does show that unit loading has a significant effect on CO
emisston levels. The CO levels at full load are approximately five (5) times
the CO levels at half (1/2) load. It should be noted that the half (1/2) load
tests were performed in May, 1976, while the full load tests were performed in
March, 1976. Besides changes in tilt, the only other significant change other
than load was that the fuel and auxiliary nozzle compartment damper settings
were changed. The fuel nozzle compartment dampers were opened from an average
50% open to 100% open, while the auxiliary nozzle compartment dampers were
closed from approximately 100% open to approximately 50% open. Whether this
would have any effect on CO emission levels {is unknown.

The percent carbon heat loss in the fly ash versus theoretical air to the fuel
firing zone is shown in Figure 23. The carbon heat loss values for tests 13
and 15 have not been plotted on Figure 23, as they were too high to be shown
on this figure. With the exception of these two tests and the one high test
shown, carbon heat loss appears to be unaffected by variations in TA, unit
load and furnace waterwall deposits.

Figure 24 is a plot of unit efficiency versus excess air at the economizer out-
let. This figure indicates that unit efficiency is inversely proportional to
excess air at the economizer outlet. By examining the full Toad and half (1/2)
load test separately, the decrease in unit efficiency with increasing excess air
at the economizer outlet is more apparent.

The SO2 emission levels were monitored for each test and are reported on Sheets
Al and A2. No correlation was evident between SO; emission levels and excess
air, unit loading or furnace waterwall deposits. It was not possible to con-
trol the S02 emission levels as they are more a function of the sulfur content
of the fuel rather than the mode of boiler operation.

Unburned hydrocarbon emission levels were monitored and were found to be at
such low levels as to be unmeasurable.

A thirty (30) day baseline waterwall corrosion coupon test was conducted in
April and May of 1975. Boiler operation was normal with full load being main-
tained as much as possible. The waterwall corrosion coupon test is discussed
in the section, Waterwall Corrosion Coupon Evaluation.

TASK V - BIASED FIRING STUDY

Fuel Elevations Qut of Service Variation

Eighteen (18) tests were conducted at Columbia Energy Centers', Unit #1 to de-
termine the effect on NO» emission levels when taking various fuel elevations
out of service (biased firing). These tests were performed at three unit load-
ings and two excess atr levels.

As shown by the data in the following table, the NOz emission levels are lowest
with the top and/or top middle elevation of fuel nozzles out of service (Tests
1, 2, 5, 8, 14 and 17). When comparing tests with similar operating conditions
(Tests 5 vs. 14 or 8 vs. 17), 1t can be seen that increasing excess air level
results in increasing NO, emission levels.
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UNIT EFFICIENCY, PERCENT
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Figure 24: Unit efficiency vs. excess air, baseline study
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€0 emission levels appear to be affected only by untt load with the levels be-
ing higher for full and three-quarter load than for half load. The CO analy-
zer was tnoperative during much of the biased firing testing due to problems
with the analyzer source assembly and excessive electrical noise.

No thirty (30) day waterwall corrosion coupon evaluation was performed follow-
ing the biased firing operation study.

Main Theo. Fuel Nozzle
Steam Air to Unit Elevation
Test Flow NO2 co X-S Air Firing Effic. Out of

No. kg/s ng/d ng/J 4 Zone-% 2 Service

426 203.9 NA 20.4 108.2 86.19 Top
428 209.1 NA 18.4 116.6 86.54 Top Middle
433 249.2 NA 15,2 112.6 85.56 Bottom Center

431 250.3 NA 19.0 116.9 86.52 Bottom

352 215.9 8.0 26.1 110.0 86.76 Top

352 260.2 4.2 21.7 117.5 87.M Top Center

344 227.3 44.8 30.7 125.6 86.30 Bottom

263 162.2 1.4 19,7 94.4 87.17 Top & Top Middle

258 245.1 1.2 34.2 133.5 87.93 Top Cen. & Bottom Cen.
268 266.8 1.6 29,2 128.4 87.37 Bottom & Bottom Mid.
417 231.2 NA 23.1 122.7 85.73 Top Middle

a7 297.2 .4 24.6 123.4 86.49 Top Center

5
438 280.4 NA 18.4 115.8 86.69 Bottom Center
353 222.5 22.6 34.1 117.9 86.92 Top
325 231.7 NA 35.8 132.9 86.37 Bottom Center
350 246.4 NA 41.3 135.8 86.11 Bottom
261 228.7 1.2 35.9 105.8 86.62 Top & Top Middle
264 316.9 2.1 36.6 135.8 86.67 Bottom & Bottom Mid. -
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Analysis of Results

N0, emission levels versus theoretical air to the fuel firing zone are plotted
on Figure 25. This figure indicates a trend similar to the baseline study tests,
with increasing NOy levels for increasing TA. No effect due to a variation in
unit load 1s evident in Figure 25. The furnace waterwalls were moderately dirty
for most of the biased firing tests and therefore no effect on NO2 levels due to
furnace waterwall deposits was observed.

Figure 26 is a plot of fuel firing elevation out of service versus N0 emissions
level. The lowest NO2 emissions levels were obtained with the upper fuel firing
elevations removed from service and with the respective compartment dampers 100%
open. Overfire air operation is simulated with this method of unit operation.
The highest NO; levels were obtained when the center fuel firing elevations were
removed from service. Removal of the bottom fuel firing elevation from service
gives a slight reduction from the higher NO2 levels obtained with the center lev-

els removed from service.

CO emission level or carbon heat loss versus TA are not plotted. Preliminary
plots gave no indication that TA, unit load or furnace wall deposits had any ef-
fect on CO emission levels or carbon heat losses.
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Figure 25: NO, vs. TA, biased firing study
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Figure 27 shows steam generator efficiency versus percent excess air at the
economizer outlet. Although there is more scatter than in the baseline tests,
the trend of decreasing unit efficiency with increasing excess air is still
evident. The variation in the fuel elevations firing may have contributed to
the scatter in the data.

S0> emission levels were monitored for each test and are reported on data
sheets A-3 and A-4.

Unburned hydrocarbon emission levels were monitored and were at such low levels
as to be unmeasurable.

TASK VI - OVERFIRE AIR OPERATION STUDY

Excess Air and Overfire Air Rate Variation

Tests 1 through 11 were conducted to determine the effect on the N0, emission
levels and unit performance when varying the overfire air rate with respect to
excess air level. For tests 1 through 11, the overfire air registers were held
at horizontal tilt while the fuel nozzle tilts were allowed to vary from a -8
degrees to a +8 degrees. The fuel nozzles were allowed to vary to maintain ac-
ceptable superheat and reheat temperatures.

The following table shows that NO2 emission levels increase with increasing
theoretical air to the fuel firing zone. Except for tests 1 and 2, NO2 emis-
sion levels are found to correlate well with excess air level. The NO2 levels
for tests 1 and 2 are much higher than expected. No obvious reason for the
high NO2 levels can be found. However one possible explanation is that the
furnace wall deposits were considerably different for test 1 and 2. Examina-
tion of the waterwall slag patterns for tests 1 and 2 shows that during these
tests the slag was 50.8 mm (2 in.) to 101.6 mm (4 in.) thick, glassy and run-
ning down the furnace walls. For the remaining tests the slag was about 25.4
mm (1 in.) to 101.6 mm (4 in.) thick and mostly plastic; however, it was not
glassy or running down the walls as fast. The problem with the glassy slag is
that it reradiates back to the fire increasing the bulk flame temperatures.

Due to the problems encountered with the CO analyzer the CO levels were only
monitored for tests 1 and 2. Based on the results of test 1 through 11, the
optimum excess air operating level was found to be the minimum, approximately
15 percent at the economizer outlet. The optimum overfire air rate is with the
overfire air dampers 100 percent open. This mode of operation will allow 15 to
20 percent of the total combustion air to be introduced above the top level of
fuel nozzles depending upon unit load.

Main
Steam Theo. Air Unit OFA
Test Flow NO2 co X-S Air To Firing Effic. Dampers
No. kg/s ng/J ng/J 2 Zone - % % % Open
1 425 356.1 4.9 23.9 120.9 86.19 0
2 426 354.9 4.9 23.2 115.7 86.54 25
3 439 222.8 NA 21.8 109.7 85.56 50
4 445 203.4 NA 19.7 105.2 86.52 70
5 444 215.4 NA 20.4 104.6 86.76 95
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Main

Steam Theo. Air Unit OFA
Test Flow NO co X-S Air To Firing Effic. Dampers
No. kg/s ng/Jd ng/J % Zone - % % % Open
6 446 182.7 NA 13.3 110.7 86.71 0
7 441 177.9 NA 13.9 101.8 86.30 50
8 439 171.4 NA 15.1 99.0 87.17 100
9 398 299.2 NA 36.8 128.2 87.97 25
10 390 274.7 NA 35.8 118.8 87.37 80
1 389 246.5 NA 30.0 111.5 85.73 100

Overfire Air Register Tilt Variation

Seven (7) tests were conducted to determine the effect of fuel nozzle and over-
fire air register tilt variation on NO2 emission levels and unit performance.
These tests, 12 through 18, were conducted at the optimum overfire air rate
(dampers 100 percent open) established in tests 1 through 11. Although tests

1 through 11 indicated an excess air level of approximately 15 percent to be
optimum for Tow NOx formation, an average excess air level of 24 percent was
maintained for tests 12 through 18. The higher excess air level was easier to
maintain from the standpoint of boiler operation and did not result in signifi-
cantly higher NO2 levels.

The overfire air registers were varied from a -5 degrees to a +30 degrees,

while the fuel nozzles were varied from a -5 degrees to a +26 degrees. During

a unit outage in early June, 1976 the fuel nozzle tilt mechanism was modified.
The bottom two fuel firing elevations were prevented from going below a hori-
zontal tilt, but could travel upward to a maximum +26 degrees. The upper four
fuel firing elevations were allowed to travel from a -10 degrees to a +26 de-
grees. When the bottom two fuel firing elevations were at horizontal, the upper
four elevations were at a -10 degrees. As the tilts moved upward, the upper four
fuel firing elevations rose farther and faster, so that at the maximum upward
tilt all the fuel firing elevations were at a +26 degrees.

For these tests the furnace waterwall slagging conditions ranged from 1ight to
moderate waterwall deposits. The slag was in a plastic state in those areas of
the waterwalls where the slag was 25.4 mm (1 in.) or thicker and could be seen
slowly flowing down the lower waterwalls.

The following table shows that NO2 emission levels were reduced by movement of
the fuel nozzles and overfire air registers away from each other. While tests
16 through 18 have higher NO2 levels than test 12 through 15 the trends are
similar. The differences in the NO» levels can be attributed to small varia-
tions in boiler operation on a daily basis and to the location of the fuel
firing zone in the furnace. For tests 16, 17 and 18 the fuel firing zone was
higher in the furnace than tests 12 through 15. With the fuel firing zone
higher in the furnace, the waterwall surface area available for cooling of the
flame is greatly reduced. The loss of cooling of the flame can result in an in-
crease in flame temperature, which can result in an increase in thermal N0y for-
mation.

Parallel operation of the fuel nozzles and overfire air registers is as effec-
tive as when they are moved away from each other. Therefore, for ease of testing
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and botler operatton, paraliel tilt conditions were chosen for the mode of
botler operattion in tests 19 through 24.

c0 emission levels are not found to be greatly affected by tilt variation.
The one test with high CO levels could be the result of the maximum upward
fuel nozzle and overfire air register tilts. At these high tilts, the resi-
dence time of the hot combustion gases {n the furnace would be reduced. This
reduction in residence time could affect the oxidation of CO to COa.

Main Fuel OFA
Steam Theo. Air Unit Nozzle Register
Test Flow NO2 co X-S Air To Firing Effic. Tilt Tilt
No. kg/s ng/d ng/dJd % Zone - % % Degrees  Degrees
12 446 195.5 4.9 23.9 102.8 87.20 -5 -5
13 444 205.4 1.5 26.9 105.7 86.90 0 -5
14 443 188.5 3.0 26.9 106.0 87.28 -5 0
15 425 198.9 NA 18.3 101.5 86.43 +] 0
16 438 273.7 2.2 24.6 103.9 87.45 +26 0
17 440 224.6 4.5 26.2 104.7 86.88 +2 +30
18 441 223.4 17.0 23.2 103.1 87.13 +26 +30

Load and Furnace Waterwall Deposit Variation at Optimum Conditions

Tests 19 through 24 were conducted at the optimum excess air level, overfire
air rate and fuel nozzle and overfire air register tilts determined in tests

1 through 18. These tests were performed to determine the effect on NOx emis-
sion levels and unit performance at the optimized conditions, while varying
unit load and furnace wall deposits. The excess air level ranged from a low
of 19 percent at full load to a high of 34 percent at half load. The overfire
air register dampers were 100 percent open. The fuel nozzles and overfire air
registers were essentially garallel for tests 19 through 24. The tilts ranged
from horizontal tilt to a +10 degree tilt for the overfire air registers and a
+1 to +12 degree tilt for the fuel nozzles.

The following table shows that NO, formation is affected by furnace waterwall
condition for the three-quarter (§/€J and full Toad tests. Except for tests

23 and 24, NO; emission levels increase with increasing furnace waterwall de-
posits. NO2 emissfon levels are also affected by unit load, with higher NO2

~ levels at higher loads.

Except for test 19, CO emission levels are unaffected by unit load or furnace
waterwall deposits. The CO levels for test 19 are considerably higher than
tests 20 through 24. The higher CO level may be due to the lower excess air
level.

Main
Steam Theo. Air Unit
Test Flow NO co X-S Air  To Firing Effic. Furnace
No. kg/s ngia ng/J 2 Zone - % % Condition
19 441 182.8 22.1 19.1 99.7 87.66 Moderate
20 438 234.8 1.1 25.4 99.3 86.63 Heavy
21 350 171.8 1.2 30.0 98.6 87.53 Clean



Main

Steam Theo. Air Unit
Test Flow NO2 co X-S Air  To Firing Effic. Furnace
No. kg/s ng/J ng/J 3 Zone - % % Condition
22 342 220.6 14 28.5 103.4 87.39 Moderate
23 263 161.9 1.2 32.5 106.1 88.47 Clean
24 259 161.0 1.6 34.2 107.0 87.78 Moderate

Analysis of Results

NO2, CO and carbon heat loss values versus theoretical air to the fuel firing

zone are shown on Figures 28, 29 and 30, respectively. Although only tests 1

through 11 were conducted to determine the effect of TA variation all 24 tests
are shown on Figures 28, 29 and 30.

Figure 28 shows that NO2 emission levels increase with increasing theoretical
air to the fuel firing zone. Furnace waterwall deposits and unit load are also
indicated on Figure 28. On this boiler, comparison of tests with similar TA's,
but different waterwall deposits give no indication that furnace waterwall
slagging has any effect on NO2 emission levels. Two half (1/2) load and two
three-quarter (3/4) load tests were performed for the overfire air operation
study. The two half (1/2) load tests have the Towest NO2 emission levels,
while the NO2 emission levels for the three-quarter (3/4§ load tests are of
the same magnitude as the full load tests.

CO0 versus theoretical air to the fuel firing zone is plotted in Figure 29.

This figure indicates a possible increase in CO levels at theoretical air lev-
els of approximately 100% to 105%. While this is the expected trend, the data
plotted in Figure 29 is insufficient to support such a trend. However, carbon
heat loss follows a similar trend when plotted versus TA. Figure 30 is a plot
of carbon heat loss for the overfire air study. For theoretical air levels in
the range from 100% to 110% carbon heat losses are found to rise rapidly. This
is also an expected trend and is what previous studies have shown to be true
for both carbon heat loss and CO.

The second task in the overfire air study involved the effect of overfire air
register tilt variation on NO2, CO and carbon heat loss. The NOp emission lev-
els for these tests are plotted versus the tilt differential between the fuel
nozzles and overfire air registers as shown on Figure 31. Preliminary plots of
CO and carbon heat loss versus the difference in tilts yeilded no useful infor-
mation and therefore no plots have been included. The difference in tilts re-
fers to how many degrees toward or away from each other the fuel nozzles and
overfire air registers are moved. This differance is calculated by taking the
difference in degrees that the overfire air registers are angled toward or away
from the fuel nozzles.

Figure 31 indicates that the maximum NO» levels are obtained when the fuel noz-
zles and overfire air registers are ang?ed toward each other. With the excep-
tion of one test (#17), mintmum NO? levels are obtained when the fuel nozzles
and overfire air registers are angled away from each other. Most of these tests
were performed with clean furnace waterwalls, while test 17 had moderately dirty
waterwalls. The NO2 Tevels for test 17 were higher than expected. This might
be attributed to the heavier waterwall deposits observed for this test.
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Figure 32 shaws unit efficiency versus excess air at the economizer outlet.
Examination of only the full load tests shows that a decrease in unit effi-
ciency is evident with increasing excess air at the economizer outlet. Such
a trend is in agreement with the baseline tests and with previous studies at
Alabama Power Company's, Barry Station, Unit #2 [2].

SOE emission levels were monitored for each test and are reported on Sheets
A-5 and A-6. No correlation between SOz emission levels and excess air level,
unit load, or furnace waterwall deposits was apparent.

Unburned hydrocarbons were monitored for all overfire air tests and were at
such low levels as to be unmeasurable.

A thirty (30) day waterwall corrosion coupon evaluation was conducted in Janu-
ary and February of 1977. The. overfire air register dampers were allowed to
modulate between 5% open at half load and 75% to 100% open at full load. Unit
loading was varied per Wisconsin Power and Light Company's System demands with
full load being maintained as much as possible, The waterwall corrosion study
is discussed in the section, "Waterwall Corrosion Coupon Evaluation."

FURNACE PERFORMANCE

Furnace performance at Columbia Energy Center, Unit #1 was monitored by the use
of Type "E", chordal thermocouples installed in the furnace waterwalls. A sche-
matic of the thermocoupie locations {s shown in Figure 33. Furnace performance
is measured by furnace waterwall absorption rates. Tabulations of the average
waterwall absorption rates, as measured at each chordal thermocouple, are pre-
sented in Appendix A on Sheets A22 through A35,

Waterwall temperatures and corresponding absorption rates were found to vary
significantly with furnace waterwall deposit conditions. For comparison of the:
waterwall absorption rates, the full load (MCR) tests for the three different
modes of boiler operation are shown on Figures 34, 35 and 36. The average hor-
izontal strip absorption rate profiles of the front and right side walls for
these tests are plotted versus the distance above or below the firing zone cen-
ter.

The baseline test profiles show very 1ittle heat absorption variation from the
hopper slopes to the furnace outlet. The baseline profiles indicate uniform
heavy slagging in the combustion zone which results in slightly depressed rates
in that area. The biased firing test profiles also show very little variation
over the entire furnace height. The absorption rate profiles for the overfire
air tests show 1ittle variation from the firing zone center down to the hopper
slopes. There is a peaking effect just above the firing zone center and a dis-
tinct split in the absorption rate profiles between the upper fuel nozzles and
the furnace outlet. This split can be traced to a change in the fuel and aux-
iliary air damper openings. Those tests conducted in March, 1976 had fuel air
damper openings of approximately 30 to 50 percent open and auxiliary air damper
openings of approximately 100 percent open. The fuel and auxiliary air damper
openings were changed following the testing in March, 1976. Those tests per-
formed in May and June of 1976 had fuel air damper openings of approximately
100 percent open and auxilfary air damper openings ranging from 30 to 50 per-
cent open.

65



UNIT EFFICIENCY, PERCENT

WISCONSIN POWER & LIGHT CO.
COLUMBIA ENERGY CENTER

UNIT #1

88.47

LEGEND
88.27 Unit Load
88.07 O hax

O 3/4 Max
87 87 < 172 Max

o

87.67 N

C),£ ~
87.47 P - 1

© o
87.27 a8
0 (:F)
87.07
86.87 5 H
O]
86.67
©
G
86.47
©
86.27
86.07 f%r
GA

85.87 D S
85.67

12 15 18 21 24 27 30 33 36 39

EXCESS AIR, PERCENT
Figure 32: Unit efficiency vs. excess air, overfire air study

66



L9

Wiscons:N Powrr & Citeut

CoLumpia 1

C-E PowtR S+~

AR S

Frewn Testing anNe

FERFORMANLE RESULTS

2078 171 >|‘< 15.0 ——al
¢ ¢ ¢ ¢ ‘[ (i
d b
et v
-J 293.2 =
5 o . 3525954 54,5 9°+91+°z+9w< w@%ﬁ@%@_;‘; gy r 17
§ 2085 g qenq | 8505 @ 0n ey oy s, 2
< e ey 3y 0z, | 90,00 sy en o9y vy £ 0.
G ]
E 278.0 29/30, 3433 3334.3%. | TR TR THTR % 5 l
& 2155 22,23 24,25,26, 27,28, | 70, M 72 7y My 9, LR—
cz; 272.2 1516, 17 19,20, 2\, | 65 c4 67 68 e o, y :.,’;“'E:: g ;
'§ R I
Womer | %3982 | sq e eten % "o 3
w 262.7 v VY
e LR SRR AN 5 o2 !
2528 l l \V Jl
2.1[2.0]2.0[2.4]2.]2.) 2.6286]2.62 l
FRONT WALL RIGMT WALL REAR WAL L LEFT WALL

FURNACE WALL THERMOCOUPLE LOCATION

Fieuwme 33: CHorpaL THERMOCOUPLE LOCATIONS

NOTE:ALL ELEWATIONS
AND DIMENSIONS ARE
IN METERS.



FURNACE HEART ABSORPTION RATE PROFILES
HORIZONTAL STRIP RATES
WISCONSIN POWER & LIGHT CO.

COLUMBIA =1

DISTANCE ABOVE OR BELOW FIRING ZONE CENTER - METERS

Baseline Tests - MCR

25
T TEST
I NO. SYMBOL
20 T T . A
T 2 B
—— 3 c
+ 8 o
15 4 o :
1 10 F
4 13 G
T 14 H
10 15 1
5
0 .
T
T
-5
I
-15
=20
-25 H——— ——— +——+— —— 11— ———
o o o o o
o o w0 o 0o o
o [Te) -l -t [N N p=s
(Q/A>CROWN — KW/M2
Figure 34: Elevation vs. furnace heat absorption

68



FURNACE HEAT ABSORPTION RATE PROFILES

HORIZONTAL STRIP RATES

HISCONSIN POWER & LIGHT CO.
COLUMBIA =1

DISTANCE ABOVE OR BELOW FIRING ZONE CENTER - METERS

Bias Firing Tests - MCR

-

25 T
T TEST
20 - NO. SYMBOL
T 1 A
I 2 B
s P
i % E
¥ 15 G
T 3
10 T
5 1
0§
]
-5 1
_10 I x\k\x
-15 +
-20 +
:; 1 1 L I 1 I ] 2 L 1 1 1 1 1 1 1 1 't
-25 % : : Jl : : : T | S ] | SR B N | 11 R |
o o o o
o o 0 o w0
o n — — N N

(Q/A>CROWN - KW/M2

Figure 35; Elevation vs. furnace heat absorption

69

300



FURNACE HEAT ABSORPTION RATE PROFILES
HORIZONTAL STRIP RATES

WISCONSIN POWER & LIGHT CO.
CoLUMBIA =i

DISTANCE ABOVE OR BELOW FIRING ZONE CENTER - METERS

Overfire Air Tests - MCR

25 i
T TEST
T NO. SYMBOL
20 T 1 A
4 2 B
- 3 C
15 5 2
:: 6 F
4 7 G
- 8 H
10 9 I
1 10 J
+ N K
1 12 L
5 13 M
T 14 N
I ?R 15 0
+ 16 P
0 - 17
T N 18 !
T 19 S
1 20 T
_5 T
_‘L N
~10 -
-15 T
-20__
-25 ——— ——— —t ——— —— +———
o o o o o
o o 79} o Te] o
o w — - N [aV] ™
(Q/A>CROWN - KW/M2
Figure 36: Elevation vs. furnace heat absorption

70



As mentioned previously, furnace waterwall deposits had a significant effect

on waterwall temperatures and corresponding absorption rates. Qbtaining the
desired slagging cond{tions proved very difficult and somewhat unpredictable
during the testing at Columbia Energy Center, Unit #1. One of the biggest dif-
ficulties was in observing the furnace waterwalls to obtain an accurate visual
determination of the furnace waterwall deposits.

WATERWALL CORROSION COUPON EVALUATION

Following completion of the steady state phases of the baseline and overfire
air test programs, thirty (30) day waterwall corrosion coupon evaluations were
performed. The purpose of these evaluations was to determine whether any mea-
surable changes in coupon weight losses could be obtained for the two modes of
firing under study.

The individual probes were exposed at five locations on the furnace front wall
as shown on Figure 37. The coupon temperatures were maintained at the same
levels for each 30 day run and a typical tract of the control temperature range
for each of the twenty coupons is shown on Figure 38.

The individual coupon weights were determined before and after each thirty day
test and the individual coupon and average probe weight losses are shown on
Sheets A57 and A58. The weight losses are calculated as mg/cmé of coupon sur-
face area.

Figures 39 and 40 show the unit load schedules for each of the 30 day test pe-
riods.

The overfire air portion of the study was conducted as close as possible to the
"optimum" operating conditions determined during the overfire air steady state
tests.

Throughout the overfire air study the overfire air dampers were maintained at
the full open configuration over the range of unit loading shown on Figure 40
with the following exceptions. From January 22 through January 24, January 27
through January 29 and February 8 through February 17 the OFA dampers were
opened 75%. Also during a unit start-up on February 25 the dampers were opened
from 0 to 20% and then maintained at 40% open during February 26 and February
27.

The percent oxygen was monitored daily during each thirty day study at each
probe location and was found to range between 3 and 19 percent 02 during both
the baseline and overfire air studies.

The weight losses calculated for the baseline and overfire air runs were found
to be the same with the average weight losses for all five probes as follows:

Baseline Overfire Air

8.0770 mg/cm? 8.0933 mg/cm’

These values are greater than the range of losses experienced at Barry #2,
Huntington Canyon #2 and during a control study conducted at C-E's Kreisinger
Laboratory by a factor of approximately 2 to 1.
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The results indicate that while there was no change in weight loss between the
baseline and overfire air runs something resulted in the losses being consis-
tently higher than expected based on previously obtained data.

Review of test logs reveals a possible explanation. During both runs periodic
overheating (up to approximately 5400C) of individual probes occurred due to
partial slagging of the probe coupons. This occasionally created a situation
where the coupon containing the control thermocouple would be covered with slag
while the other coupons of a given probe were still clean. The control thermo-
couple would then reduce air flow to the entire probe causing the clean coupons
to overheat. This situation was corrected when encountered by switching the
temperature control to a hotter coupon. The frequency of occurrance was approx-
imately the same for both runs.

Chemical analysis of the coupon deposits also tends to support this observation
as the fusibility temperatures of the inner deposits on some of the affected
probes were very high. This coupled with the fused state of the initial depos-
its indicates possible overheating. Coal ash and deposit analysis are shown on
Figures 41 and 42.
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C-E Power Systems
Field Testing and
Performance Results

WATERWALL CORROSION COUPON DATA SUMMARY

Wisconsin Power & Light Company
Columbia #1

AS FIRED ASH AND COUPON DEPOSIT ANALYSIS

BASELINE STUDY

Probe A Probe B] Probe C Probe D Probe E

Sample Location Pulverized Coal Quter Initial Quter Quter ° Quter

Ash Fusibility-°F »

LL

Initial Deformation Temp. 2130 2000 I.S. 2010 2010 1960
Softening Temp. 2170 2080 2080 2080 2010
Fluid Temp. 2290 2270 2270 2310 2140
Ash Composition-¥by Weight
$102 38.6 33.9 9.4 37.7 Mn.4 28.8
A1203 17.5 14.4 4.3 14.7 16.4 10.0
Feg03 6.7 34.8 74.8 29.4 21.5 45.3
Ca0 13.5 11.6 3.0 12.4 14.4 9,2
Mg0 3.7 3.1 0.7 3.4 3.4 2.1
NaSO 0.4 0.1 0.1 0.2 0.4 0.3
Kﬁ 0.5 0.3 <0.1 0.3 0.3 0.4
110, 0.9 0.7 0.3 0.8 0.9 0.5
S0 15.2 1.0 4.3 0.9 1.1 1.7
P20s -——- -— 0.4 - - 0.1
Total 97.0 99.9 97.4 99.8 99.8 98.4

1. Outer Sample Not Available
2. 1.S. - Insufficient Sample

Figure 41: As-fired ash and-coupon deposit analysis, baseline study
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Wisconsin Power & Light Company C-E Power Systems
Columbia #1 Field Testing and
Performance Results

WATERWALL CORROSION COUPON DATA SUMMARY

AS FIRED ASH AND COUPON DEPOSIT ANALYSIS
OVERFIRE AIR STUDY

Praobe G.l Probe H Probe I Probe J Probe K

Sample Location Pulverized Coal Initial Quter Quter Outer OQuter
Ash_Fusibility-°F 2 2
Initial Deformation Temp. 2110 I.S. 1920 1930 I1.S5. 1930
Softening Temp. 2170 1940 1940 1950
Fluid Temp. 2260 2060 2060 2060

Ash Composition-%by Weight

510 41.3 6.9 20.7 20,5  12.8 21.5
Al203 17.2 3.6 8.3 8.1 5.3 7.9
Fe,03 7.6 76.4 56.8 55.8  69.9 57.7
Ca 13.4 3.5 6.9 6.8 4.9 6.8
Mg0 4.0 1.0 2.0 1.8 1.3 1.8
Na20 0.6 0.5 0.5 0.5 0.4 0.4
K20 0.5 0.5 0.5 0.5 0.3 0.4
Ti02 0.8 0.3 0.5 0.5 0.3 0.4
S0 14.0 6.5 3.4 3.7 2.5 2.8
PoUs --- --- --- --- --- ---

Total 99.4 99.2 99.6 98.2  97.7 99.7

1. Outer Sample Not Available
2. I1.S. - Insufficient Sample

“Figure 42: As-fired ash and coupon deposit analysis, overfire air study



HUNTINGTON STATION, UNIT #2

TASKS IV, V & VI - TEST DATA ACQUISITION AND ANALYSIS

Flue gas samples for determination of NOp, CO, 02 and THC emission levels were
obtained at each of the two economizer outlet ducts. The flue gas samples were
drawn from twelve (12) point grids arranged on centroids of equal area in each
duct. The SO2 sample was drawn from a single point in the left economizer out-
let duct using a heated sample 1ine. The fly ash sample for carbon loss analy-
jis was obtained from a single point in the left air preheater flue gas outlet
uct.

Coal samples were obtained from each feeder and blended to form a composite sam-
ple. Each sample was analyzed by the fuels lab at Combustion Engineering Inc.'s
Kreisinger Development Laboratory. During some of the testing the Deer Creek
Mine Coal was mixed with coal from Peabody Coal Company's Wilberg Mine and from
Amercian Coal Company's Church Mine. The Wilberg and Deer Creek Mines were min-
ing the same coal seam but from oqposite sides of the mountain. The Church coal
was trucked in from a mine 10 to 15 miles south of the plant. Analysis of the
Church, Wilberg and Deer Creek coals showed that the coals had very similar
characteristics. Although analysis showed the coals to be very similar, visual
observations of the furnace waterwalls showed a definite-increase in furnace
waterwall deposits when firing a blended coal. A blended coal may display prop-
erties more unsatisfactory to unit performance than any of the component coals
fired separately [8]. Typical slag patterns taken during clean, moderate and
heavy slagging conditions at full load operation are shown on Figures 43, 44
and 45. These slag patterns are typical for all modes of boiler operation.

These coals were not blended for those tests conducted in April, May or July of
1975. For those tests conducted in September, October or December of 1975, the
coals were usually blended. However, it was impossible to tell on any one day
what percent of each coal was being used. The Wilberg and Church Mine coals
were always blended with the Deer Creek Mine coal and were never used exclusive-

ly.

Summaries of the emissions test data for the baseline, biased firing and over-
fire air operation studies are tabulated in Appendix B on Sheets B-1 through
B-6. Unit performance test data for the three studies are tabulated on Sheets
B-7 through B-13. The calculated unit performance test results are tabulated
on Sheets B-14 through B-23. Unit efficiency is determined using the Heat
Losses Method (ASME Power Test Code, PTC 4.1-1964, Reaffirmed 1973). A set of
unit board and computer data was obtained for each test and is tabulated on

Sheets B-24 through B-44.

A1l test data and results are reported in SI Metric Units with the exception of
the board and computer data, which are reported in the engineering units pro-
vided by plant instrumentation.
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FURNACE WATERWALL DEPCSIT PATTERN

2 2 0o o o2 2 2 o 0 o0
KEY
2 0 2 4 ) 0 4y NO ASH
FUZZY <13 MM
LIGHT 13 MM - 25 MM
2 0 2 0 0|2 1 1 T2 0 LIGHT TO MED. 25 MM - 50 MM
MED. TO HEAVY 50 MM - 100 MM
» o o o o3 1 C o o RUNNING SLAG
o o |Jo 0o o1 1 1 LI NOTE: 25.4 MM = 1 INCH
2 0 o o offr 2 1 0 2 0
6 o o o o1 1 1 0 3 0
0 O 0 0 0 O 0
FRONT - RIGHT REAR LEFT
SI1DE SIDE

Figure 43: Furnace waterwall deposit pattern, clean furnace
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FURNACE WATERWALL DEPOSIT PATTERN

b 4 L 4 4 2 2 0 0 o0
’ KEY
7
L 2 L 4 5 5§ NO ASH
3 _3 3 FUZZY <13 MM
LIGHT 13 MM - 25 MM
L 2 L 4 2 b 3 3 4 2 2 LIGHT TO MED. 25 MM - 50 MM
MED. TO HEAVY 50 MM - 100 MM
4 1 T 1 3 3 3 b 2 2 HEAVY =100 MM
RUNNING SLAG
11 1T 1 2 2 2 L 1
11 0 0 © 2 1 1 1 1 0 " NOTE: 25.4 MM = 1 INCH
11 0 2 o0 0o 1 1 1 1 0
2 0 2 2 0 2 2 0 2 2 0
0 0 0 0 0 o0 0
FRONT RIGHT REAR LEFT
SIDE SIDE

Figure 44: Furnace waterwall deposit pattern, moderate slag furnace
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FURNACE WATERWALL DEPOSIT PATTERN

4 4 4 4 4 T 1 2 2 2
KEY
1
6 6 6 6 6 6 NO ASH
2 2 2 FUZZY <13 MM
LIGHT 13 MM = 25 MM
LIGHT TO MED. 25 MM - 50 MM
6 6 6 6 1 3 3 3 6 6 1 MED. TO HEAVY 50 MM - 100 MM
HEAVY =100 MM
6 6 6 6 1 2 3 3 6 6 1 RUNNING SLAG
6 6 6 1 1 2 3 3 6 6 1
NOTE: 25.4 MM = 1 INCH
6 6 6 1 2 3 3 6 6 6
6 1 2 1 1 1 1 0 L 4
0 O 0 0 0 o 0
FRONT RIGHT REAR LEFT
SIDE SIDE

Figure 45: Furnace waterwall deposit pattern, heavy slag furnace
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The thirty (30) day waterwall corrosion coupon evaluations were conducted us-
ing a spectally designed probe consisting of four individual coupons. The wa-
terwall corrosion couﬁon evaluations are described and discussed under a sep-
arate subsection in this report.

TASK IV - BASELINE OPERATION STUDY

Load and Excess Air Variation - Clean Furnace

Tests 1 through 7 were conducted to determine the effect of varying excess air
on unit emission levels and performance. These tests were conducted at three
unit Toads with clean furnace conditions.’ Maximum and minimum excess air lev-
els of 40 percent and 15 percent respectively were considered by Utah Power and
Light Co. as acceptable modes of unit operation at full load. These limits were
exceeded on a few occasions.

As shown in the following table, NO2 emission levels increased with increased
excess air. At equivalent levels of theoretical air to the fuel firing zone
(TA), NO2 emission levels were higher at full load than at half load.

CO emission levels did not change appreciably with changes in excess air level
or unit loading. The effect of excess air level and unit loading on unit ef-
ficiency, carbon heat 1oss and unburned hydrocarbon and sulfur dioxide emission
levels is discussed in conjunction with the other baseline tests.

Main
Steam Theo. Air Unit
Test Flow NO2 co X-S Air To Firing Effic. Furnace
No. kg/s ng/J ng/J 2 Zone - % % Condition
1 376 . 248.0 NA* 18.9 116.4 98,92 Clean
2 380 262.8 6.9 27.4 124.8 90.37 Clean
2A 377 332.4 7.7 32.9 130.1 90.16 Clean
3 380 357.0 8.2 40,9 137.8 89,56 Clean
4 298 328.0 NA 28.9 126.9 90.05 Clean
5 204 249.2 4.8 23.7 122.9 91.05 Clean
6 203 284.3 4.8 32.1 131.1 91.05 Clean
7 202 360.3 5.0 50.0 150.0 90.51 Clean

Load and Excess Air Variation - Moderately Dirty Furnace

Tests 8 through 12 were to have been conducted with a moderately slagged fur-
nace. However, when operating with the Deer Creek Mine Coal, it was difficult
to obtain any appreciable amounts of slag on the furnace waterwalls. As a re-
sult of this, tests 8 through 12 were actually conducted with clean furnace wa-
terwalls. Excess air levels and unit load were allowed to vary per the test
program.

The NO» levels for Tests 8 through 12, as shown in the following table, are also
found %o be proportional to the excess air levels. Although tests 8 through 12
were conducted with excess air levels, unit loads and furnace wall deposits sim-
ilar to tests 1 through 7, the NO2 emission levels are generally lower. One

* NA - CO values not available due to operational difficulties with CO analyzer.
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possible explanation for this difference in NO» emission levels for similar
tests is the effect of fuel nozzle tilt. The %ue1 nozzles had a higher upward
tilt for tests 1 through 7. While the higher tilts reduce the residence time
of the hot gases in the furnace, they also decrease the furnace waterwall sur-
face available for cooling. The decrease in surface cooling area results in a
higher flame temperature, which can cause higher NO2 emission levels. The only
exception to this is Test #8 which correlates well with Test #1. As in Tests 1
through 7, at similar theoretical air levels to the fuel firing zone, NO2 emis-
sion levels are again higher for full load tests than half load tests.

CO emission levels again did not show any appreciable change with changes in
excess air level or unit loading. The only exception to this is Test #9 which
when compared to a similar test (#2 or 2A) has an unusually high CO level for
the excess air level at which the unit was operating.

Main
Steam Theo. Air Unit
Test Flow NO2 co X-S Air To Firing Effic. Furnace
No. kg/s ng/J ng/J % Zone - % % Condition
8 378 267.1 6.9 19.5 117.5 89.93 Clean
9 377 258.6 37.5 29.0 126.3 90.10 Clean
10 375 295.3 NA 40.9 137.8 89.64 Clean
11 203 232.6 4.6 27.4 126.4 91.07 Clean
12 208 318.8 5.0 48.8 147.6 90.75 Clean

Load and Excess Air Variation - Dirty Furnace

The test program called for Tests 13 through 19 to be conducted with heavy fur-
nace wall deposits. As in Tests 8 through 12 it was difficult to obtain any ap-
preciable amount of slag on the furnace waterwalls. However, moderately thick
furnace wall deposits of 12.7 mm (1/2") to 50.8 mm (2") were obtained. Excess
air and unit load were again varied per the test program.

As shown in the following table increasing NO, emission levels are again found
with increasing excess air levels. Again, for similar TA's, NO2 emission levels
for full load are higher than NO, levels at half load. There is no other obvi-
ous correlation between NO; emission level and unit loading.

%xce?s air variation and unit load again showed no obvious effect on CO emission
evels.

Main
Steam Theo. Air Unit
Test Flow NO2 Co X-S Air To Firing Effic. Furnace
No. kg/s ng/J ng/J % Zone - % Z Condition
13 377 213.8 10.4 15.0 113.1 90.38 Moderate
14 375 253.7 7.2 20,2 118.1 90.34 Moderate
15 375 319.1 8.3 35.5 132.6 90,30 Moderate
16 298 285.2 4.1 23.0 121.3 90.78 Moderate
17 204 215.7 4.5 25.2 124.3 90.74 Moderate
18 206 233.0 NA 28.9 127.9 90.43 Moderate
19 205 333.1 5.0 47.8 146.6 90.34 Moderate
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Analysis of Results

The changes in NO%, CO and carbon heat loss versus TA are shown on Figures 46,
47 and 48, respectively. For the baseline operation study the TA is essen-
tially the same as the total air.

Figure 46 shows that NO2 emission levels correlate reasonably well with theo-
retical air to the fuel firing zone. Increasing TA results in increased NO2
emission levels. This correlation is in agreement with previous studies which
have shown that NO2 emission levels are proportional to the concentration of
oxygen available for combustion.

Based on the data as plotted in Figure 46, it can be concluded that there is
some variation of NO2 emission Tevels with unit load. As discussed previously
for similar theoretical air levels to the fuel firing zone, NO2 emission lev-
els for full load unit operation are higher than NO» levels at half load unit
operation. NO2 emission levels for three-quarter (%/4) load operation are of
the same order of magnitude as full load NO2 levels.

There is no distinct variation of NO2 emission levels with furnace waterwall
deposits. The results of those tests performed with moderately dirty furnace
wall deposits have too much scatter to show any correlation between NO> levels
and furnace wall deposits. This lack of correlation may be partially attrib-
uted to the fact that visual observations of furnace waterwall deposits is

very subjective. While furnace wall deposits for Tests 13 through 19 were con-
sidered to be moderately dirty, they may have in fact been very similar to fur-
nace waterwall conditions for Tests 1 through 12.

With the exception of Test #9, Figure 47 shows that CO emission levels did not
show any appreciable variation with changes in TA. As mentioned previously
Test #9 had an.unusually high CO level when considering the furnace slag con-
ditions and the excess air level at which the unit was operating. Below 120
percent TA, Figure 47 shows a slight rise in CO emission levels. This rise in
CO levels below 120 percent TA is in agreement with baseline studies at Alabama
Power Company's, Barry Station, Unit #2. However, the data as presented in
Figure 47 is insufficient to be considered a trend for this study.

Unit loading had no significant effect on CO emission levels. CO emission lev-
els for the half load and three-quarter load tests are lower than the CO levels
for full load tests. However, as the CO levels for all the unit loads are of
the same order of magnitude, it is difficult to distinguish what effects changes
in unit loading have on CO levels. Any distinction is further hampered by the
fact that the half load tests are performed at higher excess air levels than
full or three-quarter load tests. The higher excess air level operation at
lower loads would promote more complete combustion resulting in lower CO levels.
Boilers are operated at higher excess air levels at half load for temperature
control purposes, i.e., to maintain superheat and reheat outlet temperatures
and therefore the maximum and minimum excess air limits were shifted upward for
half load operation. Furnace waterwall slag conditions are found to have no ef-

fect on CO emission levels.
Figure 48 shows percent carbon loss in the fly ash versus percent theoretical

air to the fuel firing zone. The carbon heat loss results are very similar to
the CO results. There is a general trend of increasing carbon heat loss with
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decreasing TA. No distinct variation of carbon heat loss with unit loading is
evident with the exception that carbon heat losses for the half load tests are
lower than the carbon heat losses for full load tests. As with the CO results,
this variation may be related to the fact that the half load tests were run
with higher excess air levels than full load tests. The higher excess air lev-
els would promote better carbon burnout. Based on the data as plotted in Fig-
ure 48, carbon heat losses appear to be unaffected by variations in furnace wa-
terwall deposits.

Figure 49 shows unit efficiency versus percent excess air at the economizer
outlet. When viewed without regard to unit load, the scatter in the data as
plotted in Figure 49 overshadows any obvious trend. However, when full load
and half load tests are examined separately a decrease in unit efficiency is
found with increasing excess air at the economizer outlet.

No effect on unit efficiency was obvious for changes in furnace waterwall de-
posits for the baseline operation tests.

SO? emission levels were monitored for each test and are reported on Sheets
B-1 and B-2. No correlation was evident between S02 emission levels and ex-
cess air, unit loading or furnace waterwall deposits. It was not possible to
control the SO2 emission level as it is more a function of the sulfur content
of the fuel rather than the mode of boiler operation.

Unburned hydrocarbon emission levels were monitored and were found to be at
such low levels as to be unmeasurable.

A thirty (30) day waterwall corrosion coupon test was conducted in April and
May of 1975. The boiler was operated normally with full load being maintained

as much as possible. The waterwall corrosion coupon test is discussed in the
section "Waterwall Corrosion Coupon Evaluation."

TASK V - BIASED FIRING OPERATION STUDY

Fuel Elevations Qut of Service Variation

Tests 1 through 16 were conducted to determine the effect on NOz emission lev-
els, when taking various fuel elevations out of service (biased firing) at
three different unit loadings and two excess air levels. The test program
called for half load tests being performed with two adjacent fuel firing ele-
vations out of service. However, Utah Power and Light Co. would not permit
this mode of operation. As a result, the half load tests were performed with
only the top fuel firing elevation of the two adjacent elevations out of ser-

vice.

As can be seen in the following table, maximum NOp emissions control was ob-
tained with the top elevation of fuel nozzles out of service (Tests 1, 4, 7,

9 and 12).

No thirty (30) day waterwall corrosion coupon evaluation was performed follow-
ing the biased firing operation study.
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Main Theo. Fuel Nozzle

Steam Air to Unit Elevation
Test Flow NO co X-S Air Firing Effic. Out of
No. kg/s ngEJ ng/J z Zone-% % Service
1 375 168.4 16.7 19.8 107.1 89.91 Top
2 371 223.7 4.8 21.5 118.9 90.40 Center
3 368 243.1 9.2 20.9 117.8 89.97 Bottom
4 297 191.5 6.3 16.8 98.5 90.14 Top
5 295 203.6 4.4 19.9 119.3 90.23 Top Center
6 299 263.4 4.8 20.8 119.8 90.97 Bottom Center
7 218 178.4 4.8 22.6 106.5 90.99 Top
8 214 263.3 4.1 24.4 122.8 90.84 Center
9 375 208.1 5.0 26.3 107.6 89.80 Top
10 370 227.3 5.0 27.4 125.3 89.97 Top Center
1 369 255.9 5.2 29.3 126.8 90.13 Bottom Center
12 295 214.2 5.2 29.3 109.1 90.21 Top
13 299 283.8 5.7 28.0 127.0 89.97 Center
14 299 248.4 6.4 31.7 131.0 90.04 Bottom
15 203 187.2 4.5 25.1 124.4 90.77 Top Center
16 210 224.3 4.6 24.7 124.0 90.58 Bottom Center

Analysis of Results

Figure 50 is a plot of NO2 emission levels versus theoretical air to the fuel
firing zone. As with the baseline study tests, this figure shows that increas-
ing TA results in increasing NO2 emission levels. As evidenced by the scatter
in the data, unit loading does not appear to have any distinct effect on NO2
emission levels.

Most of the biased firing tests were performed during the time period when the
coal being fired was a blend of two or three coals. Furnace waterwall slagging
conditions for the biased firing tests ranged from light to moderately dirty
furnace waterwalls. As a result of the small variation in furnace waterwall
deposits, no effect on NO2 emission levels was evident. Therefore, furnace
slagging conditions have not been indicated on the biased firing graphs.

Figure 51 is a plot of fuel firing elevation out of service versus N0z emis-
sions level. As this figure shows, the lowest NO» levels were obtained when
the top fuel firing elevation was removed from service. This method of unit
operation most closely simulates overfire air operation. The highest NO; emis-
sion levels were obtained when the center fuel firing elevation was removed
from service. Removal of the bottom fuel firing elevation from service showed
a_reduction in NO, levels from the highest levels obtained when the center fuel
elevation was removed from service. These lower NO, levels may possibly be at-
tributed to the flow of air under the fuel firing zone causing a lowering in
bulk flame temperature.

CO emission levels versus theoretical air to the fuel firing zone are plotted
in Figure 52. No variation in CO emission levels with unit loading or furnace
waterwall deposits 1s evident. The variation in CO emission levels with TA is
not as expected. Test #1 has an unusually high CO emission level. This can be
partially attributed to the fact that the dampers for the top fuel firing ele-
vation were only 10 percent open as opposed to the 100 percent open desired.
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This fact coupled with the low excess air operation may have contributed to the
high CO Ieyel.. While there is a rise in CO level for TA's below 120 percent,
the variation is not pronounced. Also, Tests #13 and #14 have slightly higher
CO emission levels while operating at the highest TA.

Figure 53 shows that some of those tests (Nos. 3, 4 and 14) with high CO emis-
sion levels also have some of the highest carbon heat loss values regardless of
unit Toad or TA. Figure 53 indicates that increasing carbon heat loss is pos-
sible with decreasing TA. This trend is not completely supported by the data
as plotted. Tests 3, 13 and 14 have higher carbon heat loss values than ex-
pected for the excess air levels at which the unit was operating. It should be
noted that these tests were run with the center and bottom fuel elevations out
of service. Plotting of the fuel elevation out of service versus the CO emis-
sion levels did not provide any useful information; therefore, it is not in-
cluded in this report.

Figure 54 shows unit efficiency versus percent excess air at the economizer
outlet. This plot reveals no useful information regarding the effect of excess
air level on unit efficiency.

S0, emission levels were again monitored for each test and are reported on Data
Sheets B-3 and B-4.

Unburned hydrocarbon emission levels monitored were at such low levels as to be
unmeasurable.

TASK VI - OVERFIRE AIR OPERATION STUDY

Excess Air and Overfire Air Rate Variation

Tests 1 through 11 were conducted to determine the effect of varying the over-
fire air rate and excess air level on the NO2 emission levels and Unit Perfor-
mance. For these tests the overfire air registers were held at horizontal
while the fuel nozzle tilts were allowed to vary from a -14 degrees to a +17
degrees. For each group of tests in this series, the variation in tilt was
held to the minimum allowed while maintaining acceptable superheat and reheat
outlet temperatures. Furnace waterwall deposits were not controlled for these
tests and ranged from light to heavy slagging conditions on the waterwalls.
The overfire air tests were performed during that time period when the coal be-
ing fired was a blend of two to three coals. There was also some problems at
this time with soot blowers being out of operation.

As shown by the following table, NO2 emission levels are found fo Incr ase with
increasing theoretical air to the fuel firing zone. This correlation ?s ev?-
dent regardless of the total excess air level the unit is operating at. Al-
though Tests 1 through 5 were conducted at normal excess air levels, averaging
26.5 percent at the economizer outlet, the NO2 emission levels were lower than
for Tests 6 through 8 at minimum excess air levels, averaging 19 percent at the
economizer outlet. This variation was not as expected.

One possible explanation to this unexpected variation is that the tilts for
tests 6 through 8 were at a plus ten (+10) degrees while those tilts for tests
1 through 5 ranged from a plus six (+6) to a minus fourteen (-14) degrees.
While the plus tilts in tests 6 through 8 reduced the residence time of the hot
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gases in the furnace they also exposed the fire to less furnace waterwall sur-
face. The decrease in furnace waterwall surface cooling area seen by the fire
can result in increased flame temperatures with a corresponding increase in
thermal NOy formation. Previous experience has shown minimum tota1.excess air
gives the minimum NO2 emission levels for any given coal. One poss1?1e expla-
nation to this difference in NO2 emission levels is that the coal being burned
at this time was a blend of American-Church Mine, Peabody-Wilberg Mine and Pea-
body-Deer Creek Mine coals. The percentages of each coal burned on a daily
basis was an unknown factor. The Church Mine or Wilberg Mine coals were never
used exclusively. Although these coals are of similar individual analysis, in-
creased slagging conditions were experienced when firing a biend of these coals.
The testing at this time was further aggravated by the necessity from that
which had been required when burning design coal. Wall deposits were greater
at this time, with running slag being experienced where previously only dry
slag had existed.

Although those tests conducted at the normal excess air operating level re-
sulted in the Towest NOy values, normal excess air operation was not considered
optimum for NOy control. Based on the above facts, the optimum excess air op-
erating level was considered to be the minimum, approximately 20 percent at the
economizer outlet. The optimum overfire air rate based on the NO2 emission lev-
el results for Tests 1 through 11 is with the overfire air dampers 100 percent
open. This allows approximately 15 to 20 percent of the total combustion air
to be introduced above the top level of fuel nozzles.

With the exception of Tests 7 and 8, CO emission levels are not found to vary
significantly with changes in TA. Tests 7 and 8 have the lowest TA of Tests 1
through 11. This could contribute to the high CO levels monitored.

Main
Steam Theo. Air Unit OFA
Test Flow NO2 co X-S Air  To Firing Effic. Dampers
No. kg/s ng/J ng/J % Zone - % % % Open
1 369 273.7 4.7 27.0 125.2 89.51 0
2 372 251.1 4.6 28.2 120.2 90.13 25
3 372 229.4 4.6 26.2 111.6 89.92 50
4 370 213.0 4.6 25.5 107.1 89.99 75
5 370 205.3 4.5 25.2 105.4 90.05 100
6 372 300.1 4.7 18.5 116.7 90.09 0
7 372 247.3 36.3 19.2 102.9 89.70 50
8 370 221.6 49.0 19.2 96.6 90.46 100
9 369 353.2 4.8 32.1 123.2 89.44 25
10 368 334.0 4.4 33.8 113.8 89.18 75
1 370 332.3 4.8 33.8 112.5 89.48 100

Overfire Air Tilt Variation

Tests 12 through 18 were conducted to determine the effect of fuel nozzle and
overfire air register tilt on NO2 emission levels and unit performance. These
tests were conducted at the optimum overfire air rate (dampers 100 percent open)
and excess air level (approximately 20 percent excess air at the economizer out-
let) established in Tests 1 through 11. The fuel nozzles were varfed from a -20
degrees to a +25 degrees, while the overfire air registers were varied from a
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-30 to a +30 degrees. This variation of the fuel nozzle and overfire air reg-
ister tilt angles moves the fuel firing zone both in the furnace and in its
effective position relative to the overfire air registers. Movement of the
fuel nozzles and overfire air registers away from each other accentuates the
effect of staged combustion. Movement of the fuel nozzles and overfire air
registers toward each other minimizes the effect of staged combustion because
the air is being forced down into the firing zone. For these tests the fur-
nace slagging conditions were allowed to vary, and ranged from light to moder-
ate waterwall deposits.

As shown in the following table, minimum NO; levels were obtained when the fuel
nozzles and overfire air registers were separated by 20 to 30 degrees (Tests 14
and 17). Parallel operation of the fuel nozzles and overfire air registers was
nearly as effective, when both the fuel nozzle and overfire air registers were
in a horizontal position (Test 15) or when both were tilted downward to their
respective 1imits (Test 12). NO2 emission levels were highest when the nozzles
were moved toward each other. Therefore, the optimum condition was at a tilt
differential of 20 to 30 degrees away from each other (Tests 14 and 17). For
ease of boiler operation the tilt conditions for Test 17 were utilized in Tests
19 through 24.

With the exception of Tests 12 and 18, CO emission levels appear to be relative-
ly unaffected by variations in fuel nozzle and overfire air register tilts. It
should be noted that for Tests 12 and 18 the TA was less than 100 percent and
that the fuel nozzles and overfire air registers were essentially operating in
parallel. Test 12 was conducted with the fuel and overfire air nozzles at maxi-
mum minus tilt, while test 18 was conducted with the fuel and overfire air noz-
zles at maximum plus tilt. Operation of the boiler with the tilts at the maxi-
mum plus will reduce the residence time of the gases in the furnace and may re-
sult in higher CO levels due to insufficient burnout of the CO.

Main
Steam Theo. Air Unit Fuel OFA
Test Flow NO2 CO X-S Air To Firing Effic. Nozzle Register
No. kg/s ng/J ng/Jd % Zone - % % Til1t-° Tilt-°
12 370 223.3 10.4 23.1 99.6 90.11 -20 =30
13 364 263.4 4.5 25.1 101.1 89.83 0 -30
14 370 179.8 4.8 22.0 99.2 90.32 -20 0
15 370 212.1 4.6 25.1 101.1 89.82 0 0
16 372 283.5 4.4 21.3 98.4 89.90 +25 0
17 377 186.1 4.9 23.5 99.8 90.01 0 +30
18 367 252.1 15.8 21.7 98.6 89.51 +25 +30

Load and Furnace Waterwall Deposit Variation at Optimum Conditions

Tests 19 through 24 were conducted at the optimized conditions of excess air
level, overfire air rate and fuel nozzle and overfire air register tilt as de-
termined in Tests 1 through 18. These tests were run to determine the effect

on NOy emission levels and unit performance at optimum conditions, while vary-
ing unit load and furnace wall deposits. These tests were conducted at an aver-
age excess air level of 21 percent, overfire air register dampers 75 to 100 per-
cent open and with the overfire air registers tilted to +30 degrees while the
fuel nozzles were held at horizontal.
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As shown in the following table, NOp emission levels are affected by unit load,
with higher NO, Tevels for higher loads. Furnace waterwall deposits have a
greater effect on N0, levels at lower loads. A distinct effect on NO2 emis-
sion level is evident at half (1/2) load (Test Nos. 23 and 24), while this dis.
tinction is considerably less for three-quarter (3/4) load (Tests 21 and 22)
and is reversed for full load (Tests 19 and 20). This suggests a possibie re-
lationship between furnace waterwall deposits, unit Toad and NO2 levels.

Except for Test 23, CO emission levels are unaffected by unit load or furnace
waterwall deposits. The CO level and the carbon heat loss for Test 23 are
high when considering the conditions at which the boiler was operating.

Main

Steam Theo. Air Unit

Test Flow NO2 co X-S Air  To Firing  Effic. Furnace
No. kg/s ng/J ng/J % Zone - % % Condition
19 374 196.5 5.8 18.5 95.8 89.79 Clean

20 377 190.2 5.8 19.6 97.1 89.85 Moderate
21 299 161.3 5.7 19.3 98.1 90.41 Clean

22 299 167.8 6.3 21.5 95.0 90.65 Moderate
23 218 132.0 19.0 22.8 97.3 90.79 Clean

24 217 155.3 4.5 23.9 99.7 90.76 Moderate

Analysis of Results

The changes in NO2, CO and carbon heat loss versus changes in theoretical air
to the fuel firing zone are shown in Figures 55, 56 and 57, respectively.

Figure 55 shows that there is a definite trend in NO2 emission levels with
changes in TA. Increasing TA results in increasing NOp emission levels. Fur-
nace waterwall deposits and unit load are also indicated on Figure 55. No cor-
relation between furnace waterwall deposit variation and NO; emission level is
evident from the data as plotted. The effect of unit load on NO2 levels shows
lower NO2 Tevels for lower loads. As these low load tests (Tests 21, 22, 23
and 24) also have some of the lowest TA's, these should be compared with full
load tests at similar TA's to find the effect of unit load. A comparison of
Tests 21 and 24 with Tests 14 and 17 or of Tests 22 and 23 with Tests 19 and
20 shows that lower loads resulted in lower NO2 levels. '

CO emission level versus theoretical air to the fuel firing zone is plotted in
Figure 56. Figure 56 indicates rise in CO emission levels below TA levels of
104 percent. Previous studies at Alabama Power Company's, Barry #2 [2] have
shown that CO levels tend to rise rapidly in those TA regions where NO7 levels
are falling rapidly.

As is evident in Figure 57, decreasing theoretical air to the fuel firing zone
results in increasing carbon heat loss levels. This trend, while being similar,
is much more apparent than with the CO emission levels, with carbon heat losses
rising rapidly below 104 percent TA. This trend was also observed at Alabama
Power Company, Barry Station, Unit #2 [2].

Figure 58 shows the effect that varfation of fuel nozzle and overfire air reg-
ister tilts has on NO, emission levels.
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Figure 58 shows that as the fuel nozzles and overfire air registers are angled
toward each other, NO2 emission levels rise. Conversely as the nozzles are
moved away fraom each other, the effect of staged combustion becomes more pro-
nounced, until at 30 degrees away from each other the NO2 emission level is
186 ng/J for full load unit operation.

Prior experience at Alabama Power Company's, Barry Station, Unit #2 has shown
that flame stability can be a 1imiting factor as the fuel nozzles and overfire
air registers move substantially away from each other. Tests, similar to Tests
12 through 18, at the Barry Station, Unit #2 indicated a probable maximum dif-
ferential of 50 degrees between the fuel nozzles and overfire air registers [2].
Flame instability was not apparent during tilt variation tests at Utah Power
and Light Company's Huntington Canyon Station, Unit #2. The maximum differen-
tial of the fuel nozzles and overfire air registers away from each other for
these tests was only 30 degrees compared to 50 degrees for the Barry tests.

Figure 59 shows unit efficiency versus excess air at the economizer outlet. A
decrease in unit efficiency is evident with increasing excess air at the econ-
omizer outlet. This trend is in agreement with the baseline and biased firing
te:ts#gt Huntington Canyon Station, Unit #2 and previous tests at Barry Station,
Unit #2.

S02 emission levels were monitored and are reported on Sheets B-5 and B-6. As
with the other tests there is no apparent correlation between S0 emission lev-
els and excess air, unit 1oad or furnace waterwall deposits.

Unburned hydrocarbons were monitored for all overfire air tests and were at
such low levels as to be unmeasurable.

A thirty (30) day waterwall corrosion coupon test was conducted in November,
1975. The boiler operated with the overfire dampers 100% open and with full
load being maintained as much as possible. The overfire air corrosion coupon
test is discussed in the following section, Waterwall Corrosion Coupon Evalua-
tion.

WATERWALL CORROSION COUPON EVALUATION

Following completion of the steady state phases of the baseline and overfire
air test programs, thirty (30) day waterwall corrosion coupon evaluations were
performed. The purpose of these evaluations was to determine whether any mea-
surable changes in coupon weight losses could be obtained for the modes of
firing under study.

The individual probes were exposed at five locations on the furnace front wall
as shown on Figure 60. The coupon temperatures were maintained at the same
levels for each 30 day run and a typical tract of the control temperature range
for each of the twenty coupons is shown on Figure 61.

The individual coupon weights were determined before and after each thirty day
test and the individual coupon and average probe weight losses are shown on
Sheets B45 and B46. The weight losses are calculated as mg/cm2 of coupon sur-

face area.
Figures 62 and 63 show the unit load schedules for each of the 30 day test
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periods.

The overfire air portion of the study was conducted using the “"optimum" oper-
ating conditions determined during the overfire air steady state tests.

Throughout the overfire air study the overfire air dampers were maintained at
the full open configuration over the range of unit loading shown on Figure 63
with the following exceptions. On November 2, 1975 the overfire air were
closed during unit start-up. Between November 5 and November 7, 1975 one com-
partment was closed when required to maintain proper windbox pressure. Novem-
ber 15 to November 16, 1975 one compartment was closed at reduced unit loading
and on November 22 and November 23, 1975 one or both dampers were closed during
low Toad operation.

The percent oxygen was monitored daily during each thirty day study at each
probe location and was found to range between 7 and 19 percent 0y during both
the baseline and overfire air studies.

The weight losses calculated for the baseline portion of the test program were
found to be greater than those for the overfire air tests. The average weight
losses for all five probes were as follows:

Baseline Overfire Air
3.4266 mg/cm? 2.6357 mg/cm’

These values are within the range of losses which would be expected for oxida-
tion of carbon steel for a 30 day period. This premise is verified by control
studies conducted in C-E's Kreisinger Development Laboratory using probes ex-
posed during the biased firing study conducted at Alabama Power Co., Barry #2.
These probes were cleaned and prepared in an identical manner to those used for
furnace exposure and placed in a muffle furnace for 30 and 60 day exposures at
3990C with a fresh air exchange. The test results were as follows:

Probe Wt. Lossmg/cm2 - 30 Days
M 230 dayg 4.7999
Q (30 day 4.7741
R 560 day 5.1571/2 = 2.5785
B (60 day 8.3493/2 = 4.1746

These results indicate that the test coupons oxidized more rapidly during the
first 30 days exposure with average weight losses decreasing in the second
thirty days. Based on these results, it appears that the differences in weight
losses observed during the test program are within the ranges to be expected

from oxidation alone.

Chemical analysis of coupon deposits taken during the test program indicate an
enrichment in iron as compared with the "as fired" coal ash analysis with the
greater enrichment occurring during the baseline study. Also the degree of
iron enrichment during the overfire air study was not as consistent as was
noted in the baseline study. There is some question as to whether the ash de-
posits accurately represent inner and outer layers of deposit in some probes.
Despite the uncertainty there was nothing about the compositions or fusibility
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temperatures which would indicate a change in slagging condition between the
baseline and overfire air studies. The as-fired ash and coupon deposit analy-
ses are given on Figures 64 and 65.
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Utah Power & Light Company C-E Power Systems

Huntington Canyon, #2 Field Testing and
Performance Results

WATERWALL CORROSION COUPON DATA SUMMARY

AS FIRED ASH AND COUPON DEPOSIT ANALYSIS

BASELINE STUDY

Sample Location Mill Exhauster Probe #1 Probe #2 Probe #3 Probe #4 Probe #5

Ash Fusibility-°F o1

Initial Deformation Temp. 2050 1980 I.S. 1980 I.S. 9

Softening Temp. P 2160 2040 2160 I.S.

Fluid Temp. 2440 2210 2270 2050
Ash Composition-%by Weight

Si02 49.0 21.0 18.4 21.0 18.5 I.S.

A1203 15.5 4.5 6.0 4.8 7.9

Fe203 7.2 54.6 47.9 54.8 45.6

Ca0 9.0 9.0 6.5 8.0 8.3

MgO 2.0 2.1 1.1 1.7 1.3

Na20 4.8 2.0 3.2 1.9 3.3

K20 1.0 0.5 0.9 0.6 0.6

Ti02 1.0 0.3 0.6 0.4 0.3

S03 7.6 6.0 15.4 6.8 14.1
Total 97.1 100.0 100.0 100,0 99,9

1.S. - Insufficient Sample
Figure 64: As-fired ash & coupon deposit analysis, baseline study
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Utah Power & Light Company

C-EP Syst
Huntington Canyon, #2 ower Systems

Field Testing and
Performance Results

WATERWALL CORROSION COUPON DATA SUMMARY

AS FIRED ASH AND COUPON DEPOSIT ANALYSIS

OVERFIRE AIR STUDY

Sample Location Mill Exhauster Probe #1 Probe #2 Probe #3 Probe #4 Probe #5
Ash Fusibility-°F
Initial Deformation Temp. 2130 2200 1890 2120 1940 I.S.
Softening Temp. 2200 2250 1920 2210 1970
Fluid Temp. 2450 2530 2020 2440 2140

Ash Composition-%by Weight

Si0 51.5 56.9 28.7 55.6 29.3 23.9
A1203 17.0 19.2 1.3 18.3 26.8 9.2
Fe03 4.7 4.4 32.8 5.4 25.5 39.9
Ca 8.9 9.6 13.9 9.1 9.3 1.9
MgO 1.1 1.1 2.6 1.0 1.6 2.3
Na20 5.2 4.6 2.5 4.4 2.2 2.0
K20 0.6 0.6 0.4 0.6 0.3 0.3
Ti02 1.0 0.6 0.4 0.6 0.9 0.5
S04 6.6 <0.1 4.7 0.3 3.8 5.5
Total 96.6 97.0 97.1 95.3 99.9 95.5

I.S. - Insufficient Sample
Figure 65: As-fired ash & coupon deposit analysis, overfire air study



SECTION III - EPA CONTRACT 68-02-1367
ALABAMA POWER COMPANY, BARRY STATION, UNIT #2
INTRODUCTION

This program encompassed the work to be performed under the second phase of a
two phase program to identify, develop and recommend the most promising com-
bustion modification techniques for the reduction of NOy emissions from tan-
gentially coal fired utility boilers with a minimum impact on unit performance.

Phase I (performed under EPA Contract 68-02-0264) consisted of selecting a
suitable utility field boiler to be modified for experimental studies to eval-
uate NOy emission control. Phase I also included the preparation of prelimi-
nary drawings, a detailed preliminary test program, a cost estimate and de-
tailed schedule of the program phases and a preliminary application economic
study indicating the cost range of a variety of combustion modification tech-
niques applicable to existing and new boilers [1].

Phase II consisted of modifying and testing the utility boiler selected in
Phase I to evaluate overfire air and biased firing as methods for NOx control.
This phase also included the completion of detailed fabrication and erection
drawings, installation of analytical test equipment, updating of the prelimi-
nary test prdgram, analysis and reporting of test results and the development
of control technology application guidelines for existing and new tangentially
coal fired utility boilers.

This program was conducted at the Barry Steam Station, Unit No. 2 of the Ala-
bama Power Company. This unit is a natural circulation, balanced draft design,
firing coal through four elevations of tilting tangential fuel nozzles. Unit
capacity at maximum continuous rating (MCR) is 113 kg/s main steam flow with a
superheat outlet temperature and pressure of 5380C and 12.9 MPa. Superheat and
reheat temperatures are controlled by fuel nozzle tilt and spray desuperheating
A side elevation of the unit prior to modification is shown on Figure 66.

Throughout this report NOx emission levels are expressed as ng/J NO,.
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CONCLUSIONS

NORMAL OPERATION

1.

Under normal unit operation, without overfire air, excess air variation was
found to have the greatest single effect on NOx emission levels, increasing
NOx with increasing excess air. An average increase of 3.34 ng/J for each
1% change in excess air was observed over the normal operating range.

Unit Toading and variation in furnace slag conditions were found to have
Ene l?ast szect on NOx and CO emission levels and the percent carbon in
e fly ash.

Under normal unit operation, the percent carbon loss in the fly ash and CO

emission levels increased with decreasing excess air with the increases be-
coming greater below a level of approximately 20 to 25 percent excess air.

CO levels in excess of 23.9 ng/J were considered unacceptable for the pur-

poses of this program.

OVERFIRE AIR OPERATION

1.

NO, reductions of 20 to 30% were obtained with 15 to 20 percent overfire

air when operating at a total unit excess air of approximately 15 percent
as measured at the economizer outlet. This condition would provide an
average Ffuel firing zone stoichiometry of 95 to 100 percent of theoretical
air. Stoichiometries below this level did not result in large enough de-
creases in NOy levels to justify their use. Biased firing, while poten-
tially as effective, necessitates a reduction in unit loading and is there-
fore less desirable as a method of NOy control.

When using overfire air as a means of decreasing the theoretical air (TA)*
to the fuel firing zone the percent carbon in the fly ash and CO emission
levels were less affected than when operating with low excess air. This is
due to the ability to maintain acceptable total excess air levels during
overfire air operation.

Furnace performance as indicated by waterwall slag accumulations, visual ob-
servations and absorption rates were not significantly affected by overfire

air operation.

On the test unit, where the overfire air port could not be installed as a
windbox extension, test results indicated that the centerline of the over-
fire air port should be kept within 3 meters of the centerline of the top
fuel elevation. Distances greater than 3 meters did not result in decreased
NOx levels. Changes in distance less than 3 meters did affect NOy levels to

* See Appendix D.
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a Timited extent with the NOyx level increasing with decreasing distance.

Optimum overfire air operation was obtained with the test unit when the
overfire air nozzles were tilted with the fuel nozzles. From a standpoint
of NOx control, emission levels increased when the nozzles were directed
toward each other, and flame stability decreased when they were directed
away from each other by more than 20-250. With the overfire air tilts
fixed in a horizontal position, acceptable unit operation was obtained,
however, NOyx levels varied with fuel nozzle position.

The results of the 30 day baseline, biased firing and overfire air corro-
sion coupon runs indicate that the overfire air operation for low NOx op-
timization did not result in significant increases in corrosion coupon
degradation. Additional studies will be required to verify these observa-
tions over long-term operation.

Variables normally used to control normal boiler operation should not be
considered as NOy controls with coal firing. These variables include unit
Toad, nozzle tilt, pulverizer fineness, windbox dampers and total excess
air,

Overall unit efficiency was not significantly affected by overfire air op-
eration.
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OBJECTIVES

The objective of program Phase Il was to complete the design of the overfire
air system, modify the Barry #2 unit accordingly, perform baseline, biased
firing and optimization tests and based on the results of this program, pre-
pare an application guideline for the NOx control technology generated.

Specifically these objectives are defined as follows:

TASK 1

Prepare the design, detailed fabrication and erection drawings necessary for
modification of Barry No. 2 to incorporate an overfire air system. The system
design provides for:

a. Introducing a maximum of 20% of the total combustion air above the
fuel admission nozzles.

b. Overfire air introduction through the top two existing windbox com-
p?rtTents (thereby prohibiting the use of one elevation of fuel noz-
zles).

¢. Introduction of hot overfire air only with consideration for air pre-
heat control.

An updated schedule for Tasks II and IV were also prepared under Task I.
TASK II

Complete the purchasing and fabrication of all equipment necessary for modifi-
cation of the Barry No. 2 unit.

TASK IIl
Install all necessary instrumentation required to measure flue gas constituents
and characterize the effects of combustion modifications on unit performance.
Specifically the following determinations were made:
a. Flue gas constituents: NOx, SOX, €0, HC, 02
b. Unit Performance Effects:
Fireside Corrosion
Furnace Heat Absorption

Sensible Heat Leaving Furnace
Superheater, Reheater and Air Heater Performance

ng



TASK 1V

Conduct a baseline test program to establish the effect of unit load, wall
slagging and excess air variation on baseline emission levels, thermal perfor-
mance and operating ranges. A baseline corrosion coupon test of 30 day dura-
tion was also conducted.

TASK V

Conduct a biased firing baseline test program to establish the effect on unit
emission levels while operating with various fuel elevations out of service.
These tests were performed specifically to evaluate the maximum emission con-
trol at full load and throughout the normal load range. In addition, the de-
gree of control required to meet and maintain emission standards throughout
the normal control range was also evaluated. A biased firing corrosion coupon
test of 30 days duration was also conducted.

TASK VI

Install all equipment required for modification of the test unit and function-
ally c?eck equipment to determine that proper operation is obtained. (See Fig-
ure 67).

TASK VII

Complete final preparations for conducting the overfire air test program to be
conducted in Task VIII including the following:

a. Finish installation of the furnace waterwall thermocouples.

b. Check out all necessary test instrumentation for proper installation
and operation.

c. Review test program with EPA project officer and utility company.*

d. Perform a final inspection of the test unit to assure proper operation.

TASK VIII

Conduct the overfire air test program, analyze the data generated and compare
this data with that obtained during Task V. The program investigated the ef-
fect of overfire air location and rate at various unit loadings and evaluated
operating conditions considered as optimum from the standpoint of NO, control
and unit operation. The final report was also generated under this ?ask.

TASK IX
Prepare a program outlining the application of the technology developed under

this study to existing and new design tangentially coal fired utility boilers.
These application guidelines will be submitted as a separate final report.

* The test program for this study was originated during the Phase I study,
Contract 68-02-0264 and was included as part of the Phase I report.
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DISCUSSION

Tasks 1, 2 and 3 were completed essentially as stated in the program Phase II
Objectives.

TASK IV & V - BASELINE AND BIASED FIRING TEST PROGRAMS

Test Data Acquisition and Analysis

The flue gas samples for determination of NOyx, 02, CO, SOz and HC emission Tev-
els were obtained at each of the two economizer outlet ducts. The emissions
monitoring system is shown in Figure 68.

The flue gas samples were drawn from a twenty-four (24) point grid arranged on
centroids of equal area in each duct with the exception of the S02 sample which
was drawn from a single average point using a heated sample line. Fly ash sam-

ples for carbon loss analysis and dust loading were obtained at a single point
in each duct.

The percent 02 leaving the air preheaters was also determined using a twenty-
four (24) point grid arranged in centroids of equal area for the determination
of air preheater leakage and unit efficiency.

The following instrumentation was used in determining the emission concentra-
tions:

1. NOX: Chemiluminescence Analyzer
02 : Paramagnetic Analyzer
CO : Nondispersive Infrared Analyzer

HC : Flame Ionization Analyzer

N HhwWwN

$0,: Wet Chemistry
6. Carbon Loss & Dust Loading: ASME Particulate Sampling Train

A summary of the NOy emission test data is tabulated on Data Sheets Cl1, C2, C3,
C4 and C5.

Unit steam and gas side performance was monitored using calibrated thermocouples,
pressure gauges, transducers and manometers as required.

Coal samples were obtained during each test for later analysis. The samples

were obtained from each feeder and blended to form a composite sample. Fuel
analyses, unit steam flow rates, absorption rates, gas and air weights and
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Gaseous emissions test system

Figure 68.
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efficiencies were calculated for each test run. Unit efficiency was deter-
mined using the heat losses method (based on ASME Power Test Code 4,1-1964).
The 30 day waterwall corrosion coupon evaluation was conducted using a spe-
cially designed probe consisting of four individual coupons. Individual
probes were exposed at five locations on the front furnace wall as shown on
Figure 69. A typical trace of the control temperature range for each of the
twenty coupons is shown on Figure 70. The control temperature ranges were the
same for the baseline, biased firing and overfire air studies.

TASK IV - BASELINE TEST STUDY

Load and Excess Air Variation

Tests 1 through 7 were conducted to determine the effect of varying excess air
at three unit loads on unit emission levels and performance. These tests were
conducted with clean furnace conditions.

As shown in the following table, NOx emission levels increased with increased
excess air but did not change significantly with changes in unit loading. An
average increase of 3.34 ng/J was noted for each 1% change in excess air over
the normal unit operating range.

Main
Steam Theo. Air Unit
Test Flow NO2 co X-S Air To Firing Eff. WW
No. ka/s ng/Jd ng/J % Zone - % % Slag
1 61 319.3 7.5 35.5 130.6 88.3 Clean
2 62 246.0 43.5 17.5 117.1 88.2 Clean
3 59 362.8 2.5 58.9 161.3 87.6 Clean
4 88 215.0 11.9 12.6 109.2 89.3 Clean
5 112 248.6 9.5 22.7 117.9 89.0 Clean
6 113 181.8 47.3 1.7 107.2 89.1 Clean
7 112 335.1 10.1 30.8 125.3 89.5 Clean

A maximum excess air limit of 30.8 and 58.9 percent was obtained at full and
half load conditions respectively due to ID fan capacities.

Minimum excess air limits of 20 to 25 percent were determined as those at which
acceptable CO emission levels could be maintained. Reduction of NO2 emission
levels using excess air reduction was therefore limited to approximately 248.6
ng/J as obtained during Test 5.

The changes in NO%, CO, percent carbon loss in the fly ash and unit efficiency
versus theoretical air to the fuel firing zone are shown on Figures 71, 72, 73
and 74, respectively. The theoretical air (TA) to the firing zone is used in
this case as it accounts for variations in position and leakage in the compart-
ment dampers above the top active fuel compartment and thereby presents a more
accurate determination of the actual air available for combustion in the fuel
firing zone than does the total excess air. As seen on Figure 71 for clean
furnace conditions the NO, correlates well with TA with 1ittle variation due
to unit load. As shown on Figures 72 and 73 carbon loss in the fly ash and CO
emission levels increased with decreased TA levels. Unit Toad does not appear
to have a discernable effect. Figure 74 is a plot of unit efficiency versus
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unit excess air measured at the economizer outlet.

During this portion of the test program total hydrocarbon levels (HC) were
monitored and were found to be present in only trace quantities as shown on

g?ta ghggts C1 and C2. The SO2 levels measured are also shown on Data Sheets
an .

Furnace Wall Deposit Variation

Tests 8 through 14 were conducted to determine the effect on unit performance
aqd emission levels of varying furnace waterwall deposits from a clean condi-
tion to the maximum possible slagging condition obtainable. The maximum slag-
ging condition was obtained after operation in excess of twenty-four hours

without operating any wall blowers. During this time period slag deposits of
up to 102 mm in thickness could be obtained in and above the fuel firing zone.

Main
Steam Theo. Air Unit
Test Flow NO2 co X-S Air To Firing Eff.
No. ka/s ng/J ng/J % Zone - % % WW Slag
8 114 213.5 14.1 21.5 116.9 89.6 1/2 Max Dep
9 112 178.7 130.2 13.0 108.5 89.6 1/2 Max Dep
10 112 286.1 1.6 26.0 120.8 89.6 1/2 Max Dep
1 59 267.0 9.3 32.7 128.0 88.3 Max Dep
12 57 327.2 66.9 51.2 1441 87.9 Max Dep
13 114 247.7 12.4 20.7 115.7 89.2 Max Dep
14 113 292.6 10.3 24,3 119.2 89.3 Max Dep

As can be seen from Figure 71, furnace slagging did not exhibit a discernable
effect on NOx emission levels. As shown in Figures 72 and 73, this condition
was also found to be true for carbon loss in the fly ash and CO emission lev-
els with the exception of the half 1oad Tests 11 and 12 where CO levels higher
than those obtained with clean furnace conditions were observed. The high CO
levels may have been due to slag buildup at or near the fuel and air nozzles
which could have contributed to poor combustion. The higher CO levels were
not observed under full load with heavy slag operation. Figure 74 indicates
that furnace cleanliness did not exhibit any discernable effect on unit effi-
ciency.

Slag patterns taken during clean, moderate and heavy slagging conditions at
full Toad operation are shown on Figures 75, 76 and 77.

TASK V - BIASED FIRING STUDY

Fuel Elevations Qut of Service Variation

Tests 15 through 24 were conducted to determine the effect on NOy emission lev-
els of taking various fuel elevations out of service (biased firing) at various
unit loadings. As shown on the following table the maximum NOx emissions con-
trol was obtained with the top elevation of fuel nozzles out of service at max-
imum and 75 percent maximum loading (Tests 20 and 21). At 50 percent maximum
Toading (Test 23) the high excess air levels required to maintain unit steam
temperatures appeared to negate any NOy reductions obtained by biasing the top
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fuel nozzle g1evation, however, the emissions level obtained was below the cur-
rent EPA 1imit for coal fired units of 301 ng/J.

Main Fuel Nozzle
Steam Theo. Air Unit Elevation
Test Flow NO co X-S Air To Firing Eff. Out of
No. kg/s ng?J ng/Jd % Zone - % % Service
15 55 288.0 9.8 50.1 105.8 87.9 Bottom
16 82 272.8 8.9 26.7 121.7 89.3 Bottom
17 87 200.6 14.0 21.1 116.5 89.1 Bottom
18 89 189.2 11.9 22.2 117.5 89.3 Bottom Center
19 89 189.9 10.6 21.8 117.2 88.9 Top Center
20 87 143.1 8.1 24.2 94.7 88.8 Top
21 86 166.2 9.5 29.0 97.3 89.6 Top
22 58 268.5 9.1 48.0 112.5 87.8 Top
23 59 249.1 7.0 47.0 141.4 87.9 Top Center
24 56 306.2 8.4 47.0 141.3 87.7 Bottom Center

As can be seen from Figure 78, biasing the center two and bottom fuel elevations
did not have a discernable effect on NOyx emission levels although the emission
level tended to be higher at reduced unit lToadings for given TA levels,

Figures 79 and 80 indicate that with biased firing, low TA levels to the fuel
firing zone were obtained without increasing either CO emission levels or the
carbon loss in the fly ash. Figure 74 shows that biased firing operation did
not significantly affect unit efficiency. This condition is due to the ability
to maintain acceptable total unit excess air levels during biased firing oper-
ation.

TASK VIII - UNIT OPTIMIZATION STUDY

Load and Excess Air Variation (After Modification)

Tests 1 through 7 were performed with unit conditions closely approximating
those of Baseline Tests 1-7 under Program Task IV. A clean furnace was main-
tained as the excess air was varied at three unit loads.

The effect of these operating conditions emission levels and performance can
be seen in the Table below.

Main
Steam Theo. Air Unit
Test Flow N co X-S Air To Firing Effic.
No. kg/s ng/J ng/Jd % Zone - % 2 WW Slag
1 61 221.9 8.4 33.5 127.1 88.4 Clean
2 59 167.4 114.4 16.0 113.4 88.8 Clean
3 60 319.8 10.6 64.7 155.4 87.4 Clean
4 87 162.4 33.4 15.5 111.0 89.8 Clean
5 125 202.1 8.0 21.0 115.3 89.4 Clean
6 122 165.3 38.8 12.4 107.1 89.2 Clean
7 117 238.8 6.6 25.4 119.5 89.5 Clean
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As witnessed in the previous baseline tests, NOy emission levels increased with
increased excess air.*

ID fan capacities limited excess air to a maximum of 64.7 and 33.5 percent at
half and full load conditions respectively. Acceptable minimum excess air lim-
its were established at 20-25 percent to control CO emission levels. Thus, NOy
emission levels could only be reduced to approximately 215 ng/J through excess
air reduction. The effect of theoretical air to the firing zone on NO,, CO,

and percent carbon loss in the fly ash (% CL) can be seen in Figures 8?, 82 and
83. Consistent with the original baseline tests, theoretical air to the firing
zone (TA) was used for comparison in place of total excess air (EA). TA is de-
termined by location and means of admission as well as quantity, and consequent-
ly better defines that air actually available for initial combustion. :

Figure 81 indicates a definite increase in NOy emission levels with increasing
TA for clean furnace conditions. CO emission levels and percent carbon loss in
the fly ash can be seen to increase with decreased TA without overfire air.
Reasonable control of CO and % CL can only be maintained at TA levels above
120%. No definite relationship can be observed between unit load and CO emis-
sion levels. Percent CL can be seen to be greater at higher unit loads for
given TA levels.

Changes in steam generator efficiency versus excess air at the economizer out-
let are presented in Figure 84. Overall, unit efficiency decreases as the ex-
cess air increases.

Hydrocarbon emission levels appeared only in trace quantities for this portion
of the test program. HC and S02 levels are presented on Data Sheet C3.

Furnace Wall Deposit Variation (After Modification)

The effect of furnace waterwall deposits on unit performance and emission lev-
els was studied in Tests 8 through 14 (Clean Condition - Maximum Slagging Con-
ditions). The results are shown in the table below. Dirty conditions were es-
tablished after a minimum of 24 hours of not operating the wall blowers. De-
posits of up to 102 millimeters in thickness could subsequently be found in
and above the fuel firing zone.

Main
Steam Theo. Air Unit
Test Flow NO2 co X-S Air  To Firing Effic.
No. ka/s ng/J ng/J 2 Zone - % % WW Slag
8 122 235.3 7.4 17.8 112.3 89.0 1/2 Max
9 124 166.9 9.6 12.1 106.9 88.9 1/2 Max
10 119 215.4 9.2 26.6 120.5 89.5 1/2 Max

* In general, NO» values were slightly lower after modification for the same
test conditions. This resulted from an upgraded Tiring system installed be-
tween the sets of tests along with an average percent nitrogen in fuel de-
crease of 0.15 percent (1.21 to 1.06 percent). Also, fuel higher heating
values and furnace outlet temperatures tended to be lower for Tests 1-7 after

modification.
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Main

Steam Theo. Air Unit

Test Flow NO co X-S Air To Firing Effic.

No. kg/s ngiJ ng/J % Zone - % % WW Slag
11 68 186.8 8.0 30.9 124.6 89.3 Max
12 61 312.9 7.3 63.1 154.0 88.0 Max
13 120 195.6 7.1 22.0 116.2 89.0 Max
14 118 215.4 7.0 25.9 119.9 89.4 Max

Figures 81, 82 and 83 reveal no observable effect of furnace cleanliness on NO,
or CO emission levels along with percent carbon loss in the fly ash. Again,
NOx values were generally slightly lower after modification. Nitrogen in fuel
decreased an average of 0.19 percent from 1.23 percent. Furnace outlet temper-
atures were somewhat lower for Tests 8 through 14 after modification although
fuel higher heating values showed no definite change.

Slag patterns taken during full load operation for clean, moderate and heavy
slagging furnace conditions are shown in Figures 85, 86 and 87.

This set of tests also confirms the results found in Tests 1 through 7, i.e.,
NOy emission levels increase with increased excess air. NOy cannot be de-
creased through excess air reductions below 20 percent excess air while main-
taining an acceptable CO emission level without overfire air.

OFA Location, Rate and Velocity Variation

Tests 15 through 23 were performed to establish the effect of overfire air ad-
mission on NOx emission levels. The unit load and excess air remained constant
for moderately dirty furnace conditions. Location of air admission to the fur-
nace was varied.

Main
Steam Theo. Air Unit Mills
Test Flow NO2 co To Firing Eff. In Adm. Adm.
No. kg/s ng/J ng/J Zone - % % Serv. Pts.* Rate
15 93 178.7 8.6 114.5 90.0 BCD 0-1 0
16 94 127.3 9.1 96.7 89.8 BCD 0-1 Max
17 94 127.3 9.9 95.8 89.7 BCD 0-2 Max
18 96 114.4 14.6 84.8 89.6 BCD 0-1,0-2 Max
19 94 116.1  11.9 89.3 89.3 BCD 0-1,0-2 1/2 Max
20 96 161.7 8.8 100.5 90.2 BCD 0-3 Max
21 95 241.7 7.7 117.4 90.1 ABC 0-1 0
22 95 164.6 7.8 90.4 89.0 ABC 0-1,0-2 Max
23 96 168.1 7.7 96.9 89.1 ABC 0-1,0-2 1/2 Max

* OFA Admission Points:

0-1: Top overfire air compartment
0-2: Bottom overfire air compartment.
0-3: Top fuel elevation out of service.
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As shown in Figure 88, this set of tests shows a tendency of NOx emission lev-
els to decrease with decreased theoretical air to the firing zone. NOy levels
are generally higher with ABC mills (top 3 elevations) in service than with
BCD mills (bottom 3 elevations). Both operating conditions support the premise
of reducing NOy emission levels by reducing the air input to the fuel firing
zone and admitting the balance of combustion air downstream of that point. The
fire is thereby spread out over more of the furnace reducing its intensity.
The above factors are limited by flame stability which became very lazy in Test
18. By using the bottom 3 elevations in place of the top 3 elevations, the dis.
tance between the overfire air and the firing zone was increased. (The mean
firing elevation is also slightly decreased.) Comparison of Tests 18 and 19
with Tests 22 and 23 reveals lower NOy levels obtained with increased distance
between the overfire air and the firing zone. Operation at TA levels below
95% did not result in significant reductions in NOx emission levels.

CO emission levels remained acceptable for the entire set of tests where the
total excess air was approximately 27 percent as shown on Figure 89.

OFA admission location or rate variation exhibited no significant change in
percent carbon loss in the fly ash as shown on Figure 90.

Unit efficiencies were not significantly affected by fuel elevations in service,
or by overfire air location and rate variation. This is explained by the fact
that essentially constant total excess air levels were maintained during this
study.

OFA Tilt Variation

Tests 24 through 30, and 33, were conducted at full unit load with excess air
and theoretical air levels to the firing zone of approximately 24 percent and
92 percent, respectively. With moderate slagging conditions on the waterwalls
the fuel nozzle tilts and OFA tilts were varied. This essentially moves the
firing zone both in the furnace and in its relative position to the overfire
air. Fuel nozzle tilts that are maximum minus combined with OFA tilts of maxi-
mum plus increase the distance between the overfire air and the firing zone.
As with previous methods of increasing this distance, the NOx emission levels
are decreased. Figure 91 shows that as the tilts are moved toward one another
(fuel nozzle tilts up; OFA tilts down), the OFA-firing zone separation is de-
creased and the NOy levels are increased.

Main
Steam Theo. Air Unit Fuel
Test Flow NO2 Co X-S Air To Firing Effic. Nozzle OFA
No. kg/s ng/d ng/Jd Zone - % % Tilt-° Tilts-°
24 113 169.6 7.7 25.9 94.2 89.6 -5 0
25 116 145.4 8.3 23.7 92.4 89.3 -23 0
26 114 183.9 9.7 25.1 93.2 88.9 +19 0
27 113 172.2 6.7 22.3 91.5 89.3 -5 -30
28 115 202.1 8.6 20.2 89.6 88.6 +22 -30
29 116 142.3 15.0 23.7 92.6 89.4 =21 +30
30 116 169.6 7.9 21.6 90.7 89.0 -4 0
33 114 166.5 7.5 27.4 94.6 89.0 -22 =22
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When the OFA tilts are maximum minus and the fuel nozzle tilts maximum plus,
the term overfire air becomes ambiguous. The actual overfire air is less than
the reported value, because the air is being forced down into the raised fir-
ing zone. At this point where the combined fuel nozzle and OFA tilt differen-
t;a;025152 3§grees toward each other, the NOy emission level reaches a maximum
0 .l ng/d.

Percent garbon loss in the fly ash exhibits a definite increase as the fuel
nozz;g tilts and OFA tilts move away from each other. This can be seen in Fig-
ure 92.

co emissioq levels also show an increase as the tilt differential increases,
yet there is enough total excess air to maintain an acceptable emission level
as shown in Figure 93.

Flame stability arises as a limiting factor in variation of the tilts. As the
tilts move substantially away from each other, the fire becomes unstable and
pulsing may result. Test 29 was performed with a fuel nozzle and OFA tilt dif-
ferential of 51 degrees away from each other. NOy emission levels decreased

to 142.3 ng/J, yet the CO emission levels began to increase and the fire ap-
peared less stable. Maintaining the fuel nozzle tilts and OFA tilts at approx-
imately equal tilt angles resulted in acceptable flame stability as well as re-
duced NOy emission levels.

For all OFA tilt variation tests the NOx emissions level obtained was below
the EPA 1imit of 301 ng/J.

Load Variation at Optimum Conditions

Tests 30 through 35 were conducted to evaluate unit performance and emission
levels at optimum operating conditions as determined during Tests 15 through
29. Tests weire conducted over the unit load range at varying furnace water-
wall slagging conditions. The NOx emission level results of this series of
;:sts versus unit loading, expressed as main steam flow, are shown on Figure

Main
Steam Theo. Air Unit

Test Flow NO2 co X-S Air To Firing Effic.

No. kg/s ng/J ng/J 3 Zone - % z WW Slag
30 116 169.6 7.9 21.6 90.7 89.0 Clean
31 87 169.1 7.9 25.2 89.4 89.1 Clean
32 57 197.8 7.4 46.9 88.5 89.2 Clean
33 114 166.5 7.5 27.4 94.6 89.0 Max
34 86 145.2 8.0 27.4 90.6 88.2 Max
35 57 156.4 7.6 45.9 88.5 89.0 Max

This figure illustrates the range of NO2 levels obtained both during baseline
(after modification) and optimum unit operations. Not all the baseline tests
are included as in some cases unit operation was felt to depart excessively

from normal operations. Low excess air operation can be cited as an example.

The wide range of NO2 levels obtained, particularly during the baseline tests
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are due to variations in unit operating parameters such as excess air level.
During the optimization tests, total excess air at the unit economizer outlet
was maintained between 20 and 28% at full and 3/4 load and 45 to 47% at 1/2
Toad and fuel nozzle tilts raised or lowered as required to maintain acceptable
reheat and superheat outlet temperatures. Also minimum excess air levels were
estg?}}:hed on the basis of maintaining acceptable CO emission levels and flame
sta Y-

Tests 30, 31 and 32 were conducted as a series and no problems were encountered
while changing 1oad with optimum operation.

FURNACE PERFORMANCE

During the test program, furnace performance was monitored by use of chrodal
thermocouples installed in the furnace waterwalls. A schematic of the thermo-
couple locations is shown in Figure 95 and a tabulation of the absorption rates
obtained is presented on Sheets C6, C7 and C8. The temperatures and correspond-
ing absorption rates were found to vary significantly with wall slag conditions
making data interpretation difficult. The method finally arrived at as repre-
senting an accurate indication of furnace performance is as follows:

The front and right side wall centertube profiles were plotted as shown in Fig-
ure 96 and the average of these profiles determined. It should be noted that
the maximum and minimum profiles shown do not represent individual walls in
every case, i.e., at given furnace elevations the maximum rate shown may switch
from wall to wall.

For comparison of optimum and normal unit operation with respect to furnace
performance, three full load tests with similar furnace slagging conditions,
etc., were selected for comparison. The average centerline profiles for these
tests (14, 24, 33) were determined, as shown on Figures 96, 97 and 98, and then
plotted together as shown on Figure 99. As shown, furnace performance remained
essentially unchanged when furnace slagging effects are taken into account.

It should be noted here that obtaining desired slag conditions proved to be
difficult and somewhat unpredictable during overfire air operation. This sit-
uation was most pronounced in the firing zone where slag accumulations would
normally shed themselves before appreciable accumulations could be built up.

WATERWALL CORROSION COUPON EVALUATION

Following completion of the steady state phases of the baseline, biased firing
and overfire air test programs, thirty (30) day waterwall corrosion coupon
evaluations were performed. The purpose of these evaluations was to determine
whether any measurable changes in coupon weight losses could be obtained for

the various firing modes studied.

The individual probes were exposed at five locations on the furnace front wall
as shown on Figure 69. The coupon temperatures were maintained at the same
levels for each 30 day run and a typical trace of the control temperature range
for each of the twenty coupons is shown on Figure 70.

The individual coupon weights were determined before and after each thirty day
test and the individual coupon and average probe weight losses are shown on
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Sheets C9, C10 and C11. The weight losses are calculated as mg/cm? of coupon
surface area. Of the sixty coupons exposed, three were damaged during disas-
sembly and were therefore not included in the weight loss determinations. The
affected coupons were as follows: Coupon K-1, baseline study, and coupons 2-1
and 2-4, overfire air study. In addition, five coupons from probes T and N of
the overfire air study resisted disassembly and were therefore weighed as sin-
gle units and average weight losses were determined.

Figures 100, 101 and 102 show the unit load schedules for each of the 30 day
test periods.

The biased firing study was conducted with the top fuel firing elevation out
of service as this operating condition was shown during steady state biased
firing tests to produce the lowest NOx emission level of the biasing modes
studied. The overfire air study was conducted using an "optimized" operating
mode as determined during the overfire air steady state tests.

Throughout each study the following damper positions were maintained over the
load ranges indicated.

At unit loadings below 56.7 kg/s steam flow, with two elevations of mills in
service, damper positions were maintained as follows:

Biased Firing Operation Overfire Air Operation
OFA Dampers 100
100
Coal Auxiliary Coal Auxiliary
0 100
0 100
0 50
0 30
100 Combustion 50
100 ~ Air Only Q
30 0
50 0
30 0
0

From 56.7 to 75.5 kg/s steam flow, with three elevations of mills in service,
the damper positions were as follows:

Biased Firing Operation Overfire Air Operation
OFA Dampers 100
100
Coal Auxiliary Coal Auxiliary
100 _ Combustion 100
100 Air Only 100
50 50
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Biased Firing Operation Overfire Air Operation

!Cont.{ !Cont.{
Coal Auxiliary Coal Auxiliary
20 30
50 50
50 50
20 30
50 50
20 0
50 0

At unit loadings above 75.5 kg/s to the maximum steam flow with the maximum
elevations of mills in service, the following damper positions were maintained.*

Biased Firing Operation Overfire Air Operation
OFA Dampers 100
100
Coal Auxiliary Coal Auxiliary
100 _ Combustion 100
Air Only 100
100 50
50 30
30 50
50 50
50 30
30 50
. 50 30
30 50
50

The percent oxygen was monitored daily during each thirty day study at each
probe location and was found to be essentially the same for the various test
conditions ranging between 16 and 19 percent 0.

The weight losses calculated for the biased and overfire air portion of the
test program were found to be greater than those for the baseline tests. The
average weight losses for all five probes were as follows:

Baseline Biased Firing Overfire Air

2.6381 mg/cm? 4.6429 mg/cn®  4.4419 mg/cn®
These values are within the range of losses which would be expgcted for oxida-
tion of carbon steel for a 30 day period. To verify this premise control

* At no time during the biased firing study was the top elevation coal pulveri-
zer placed in service. Maximum unit loading was therefore limited to the max-
imum with the lower three mills in service.
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studies were conducted in C-E's Kreisinger Development Laboratory using probes
exposed during the biased firing study. These probes were cleaned and pre-
pared in an identical manner to those used for furnace exposure and placed in
a muffle furnace for 30 and 60 day exposures at 3990C with a fresh air ex-
change. The test results were as follows:

Probe Wt. Loss mg[tm2 - 30 Days
M (30 day) 4.7999
Q (30 day) 4.7741
R (60 day 5.1571/2 = 2.5785
B (60 day 8.3493/2 = 4.1746

These results indicate that the test coupons oxidized more rapidly during the
first 30 days exposure with average weight losses decreasing in the second
thirty days. Based on these results, it appears that the differences in
weight losses observed during the test program are within the ranges to be ex-
pected from oxidation alone.

Chemical analysis of deposits taken during the test program does not, in it-
self, show that molten phase attack has occurred. The composition of the de-
posits does show some differences, primarily in the iron content as noted on
Figure 103. The deposit collected during the biased firing and overfire air
tests show 50 and 35 percent iron, respectively, versus 30 percent in the base-
line test. Higher iron is normally indicative of lower melting temperatures.
However a certain quantity of Ca0 is necessary to flux the iron if it is to re-
sult in a low melting mixture. The Ca0 content is considerably less in the
biased firing and overfire air tests as compared to that of the baseline test.
Accordingly the fusibility temperatures are higher for the biased firing test
and slightly higher for the overfire air tests. This agrees with observations
made during the tests, i.e., deposits during biased firing were more friable
and easily removed than in the baseline tests with the overfire air tests fall-
ing closer to baseline operation.

For comparison fusibilities and compositions have been given in Figure 39 for
the coal ash as fired. This points out the selective deposition of certain
constituents in the coal ash, like iron, and also shows that resultant fusibil-
ityf@eggeratures of deposits can be significantly different than the coal ash
as fired.
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Waterwall Waterwall
Waterwall Slag Slag
Slag Sample Sample
Sample Biased Overfire
Baseline Coal Ash Firing Air
Test (As-Fired)  Test Test
Ash Fusibility
IT 1930 2150 2060 1930
ST 2090 2410 2170 2090
HT 2200 2500 +2700 2250
FT 2500 2620 +2700 -——
Ash Composition
5102 46.2 45.8 38.4 38.5
A1203 18.4 39.7 10.3 18.1
Fe203 29.9 13.9 50.0 35.4
Ca0 3.9 1.8 1.0 1.8
Mg0 0.8 1.3 0.3 0.9
Nézo 0.32 0.4 0.1 0.4
KZO 0.61 1.4 0.7 1.9
T1'02 N.R. 0.8 N.R. 1.0
P205 N.R. 0.5 N.R. N.R.
SO3 0.34 1.2 0.8 0.4
100.4 97.8 101.5 98.4
Figure 103: Ash Analysis
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SECTION IV - APPLICATION GUIDELINES
INTRODUCTION

This section presents the results of Task IX of the Phase II - "Program for Re..
duction of NO, from Tangential Coal Fired Boilers" performed under the sponsor-..
ship of the 0¥fice of Research and Development of the Environmental Protection
Agency (Contract 68-02-1367). These results were subsequently updated under
Task VII d of Contract 68-02-1486, "Staged Combustion Technology for Tangen-
tially Fired Utility Boilers Burning Western U.S. Coal Types." The results
presented are based on field performance tests performed at Alabama Power Com-
pany, Barry #2; Utah Power & Light Company, Huntington Canyon #2; Wisconsin
Power & Light Company, Columbia #1 and current contractor experience.

The utilization of overfire air as an NOy control technique is discussed rela-
tive to the following areas of interest:

1. Necessary equipment modifications and costs (as of January, 1977) associ-
ated with applying this technology to existing steam generators.

2. Spegific limitations to the general applications of the technology devel-
oped.

3. Emission control and cost effectiveness of applying the developed technol-
ogy to new steam generator designs.
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CONCLUSIONS

Prior to incorporating overfire air as an NOy control system on existing
unit designs, an exploratory test program must be performed to determine
the acceptability of the unit for modification.

The costs of installing an overfire air system on an existing unit could
range between 2 to 4 times the cost d@s included on a new unit design.
Based on January, 1977 estimates, existing unit modification costs could
range from 0.24 to 1.8 $/kw, depending on unit size.

Approximately 40% of the existing coal fired units in the United States are
of tangential design and could conceivably be modified to incorporate over-
fire air systems.

Unit size, heat rate and expected life must be considered in deciding
whether modifications are justified.

Incorporation of an overfire air system will not significantly affect unit
performance.

A large percentage of the existing tangentially coal fired units in the
United States can meet current EPA standards for NOx emission levels. The
necessity of applying the overfire air technique for NOx control should
therefore, be established prior to comitting a unit for modification.
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RECOMMENDATIONS

EXISTING STEAM GENERATING UNITS

The applicability of the technology developed in the course of this project
should be qualified by the following conditions:

1.

Any unit under consideration should be subjected to an exploratory test
program to determine the necessity of modification with respect to appli-
cable NO, compliance limits. The minimum test requirements recommended
for such a study would consist of studying the effect of available process
variables such as excess air level. The minimum test data would consist
of NOx, CO for combustion efficiency and sufficient board or test data to
identify changes in unit operating characteristics.

A review should be made of the unit and turbine useful life expectancy,
unit size versus modification costs, and unit heat rate.

NEW STEAM GENERATING UNITS

A1l tangentially coal fired units since approximately 1970 have included Over-
fire Air (OFA) systems in the original unit design. The OFA system is there-
for? not considered by Combustion Engineering, Inc. as an additional NOx con-
trol device.
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DISCUSSION

The effectiveness of overfire air operation in reducing NOy emissions from ex-
isting utility steam generators was evaluated by selecting, modifying, testing
one unit and selecting and testing two additional units designed with OFA sys-
tems. The effects of OFA system operation on unit performance and emission con-
trol was studied in each of these units. The modified test unit, Alabama Power
Company's Barry #2, is a natural circulation, balanced draft design, firing coal
through four elevations of tilting tangential fuel nozzles. Unit capacity at
maximum continuous rating (MCR) is 113 kg/s main steam flow with a superheat
outlet temperature and pressure of 5380C and 12.9 MPa.

The units designed with overfire air systems and burning Western coal types are
described as follows:

Utah Power & Light Company, Huntington Canyon #2 is a controlled circulation,

balanced draft design firing a Western bituminous coal type through five ele-

vations of tilting tangential fuel nozzles. Unit capacity at maximum continu-
ous rating (MCR) is 382 kg/s main steam flow with a superheat outlet tempera-

ture and pressure of 5410C and 18.2 MPa.

Wisconsin Power & Light Company, Columbia #1 is a controlled circulation, bal-
anced draft design firing a Western subbituminous coal type through six eleva-
tions of tilting tangential fuel nozzles. Unit capacity at maximum continuous
rating (MCR) is 478 kg/s main steam flow with a superheat outlet temperature
and pressure of 5410C and 18.1 MPa.

Superheat and reheat temperatures for the three units are controlled by fuel
nozzle tilt and spray desuperheating.

In order to evaluate unit performance during these studies, necessary steam, wa-
ter, air and gas temperature and pressure measurements were performed as well as
NOy, CO, 02, THC, SO2 and carbon loss determinations to assess emission perfor-
mance. The test program for the modified unit was conducted in three phases
consisting of baseline and biased firing portions conducted prior to modifica-
tion and baseline and overfire air portions conducted after unit modification.
The effect of the modification on unit performance was found to be insignifi-
cant and the test data summaries for each phase are shown in Appendices A, B
and C. Similar three phase programs were conducted on the two test units burn-
ing Western coal types evaluating baseline, biased firing and overfire air op-
eration. Short term comparative corrosion tests were conducted on each unit
over thirty day periods using corrosion coupons, which are made of the same ma-
terial as the waterwalls. During this evaluation, both normal and OFA operation
was evaluated. The unit load schedules for the baseline and biased firing and
overfire air evaluations are shown on Figures 39, 40, 62, 63, 100, 101 and 102.
The respective data summaries are shown on Sheets Al through A6; Bl through B6
and C1 through C5. Corrosion coupon locations are shown on Figures 37, 60 and

69.
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DESIGN AND DESCRIPTION OF OFA SYSTEMS

The overfire air system as incorporated in tangential coal fired furnaces con-
sists of air compartments and registers, ductwork, flow control dampers and
nozzle tilting mechanisms. A typical arrangement of this system is shown on
Figure 15. The overfire air compartments and registers are designed as verti-
cal extensions of the corner windboxes unless, as in the case of some existing
units, modification at that location is not possible due to structural consid-
erations.

In the latter case, as was the situation with the modified test unit, the sep-
arate compartments and registers were installed within three meters of the top
of the existing windbox. As shown on Figure 67, this arrangement requires ad-
ditional ductwork for supplying air to the OFA system.

Control dampers for regulating the OFA flow rate should be coordinated with the
windbox fuel and auxiliary air compartment dampers to correctly proportion air
flow as required for various operating modes.

An independent OFA register tilt mechanism should also be provided on retrofits
of existing units to permit coordinating these registers with the fuel and air
nozzle tilts.

The overfire air registers and ducts should be sized for 15% of the full load
secondary* air flow using the same register and duct velocities as the windbox.
Each overfire air port consists of two registers above each windbox, usually as
an extension of the windbox.

FIELD TEST PROGRAM

The field performance tests conducted at Barry No. 2 firing Eastern bituminous
coal and at Huntington Canyon No. 2 and Columbia No. 1 firing Western bitumi-
nous coals respectively showed that an overfire air system on a tangential coal
fired furnace can reduce NOx emissions with no detriment to unit operation or
maintenance. NOy emission reductions of 20 to 30% were obtained with 15 to 20
percent overfire air when operating at a total unit excess air of approximately
15 to 25 percent as measured at the economizer outlet. This condition provided
an average fuel firing zone stoichiometry of 95 to 105 percent of theoretical
air. The firing zone stoichiometries attainable at given overall excess air
levels did vary somewhat from unit to unit. Stoichiometries below the 95 per-
cent level did not result in large enough decreases in NO, levels to justify
their use. Biased firing (removing the top burner elevation from service),
while potentially as effective, necessitated a reduction in unit loading and is
therefore less desirable a method of NOx control. In essence, this method uses
the uppermost fuel and air compartment as a windbox extension.

When using overfire air as a means of decreasing the theoretical air to the fuel
firing zone the percent carbon in the fly ash and CO emission levels were less

* Secondary air does not include coal pulverizer transport air.
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affected than when operating with low excess air.* This is due to the ability
to maintain acceptable total excess air levels, as measured at the economizer

outlet, during overfire air operation while the theoretical air to the fuel fir-
ing zone is reduced.

Furnace performance as indicated by waterwall slag accumulations, visual ob-
servations and absorption rates, was not significantly affected by overfire
air operation.

On existing units where, for structural reasons, an overfire air port might
not be installed as a windbox extension, test results indicate that the center-
line of the overfire air port be kept within three meters of the centerline of
the top fuel elevation. Distances greater than three meters did not result in
decreased NO, levels. Changes within the three meters limit did affect NOyx
levels slightly with the NOy levels increasing as the distance decreased.

The overfire air nozzles should tilt in unison with the fuel nozzles where pos-
sible. Tilting the overfire air and fuel nozzles towards each other directs
the overfire air into the fuel admission zone thereby negating the original in-
tent, while tilting the nozzles away from each other may result in decreased
flame stability. If the overfire air nozzle tilt is fixed in a horizontal po-
sition NOy levels would probably then vary to a limited extent with fuel noz-
zle position. In other words, the NOx levels may increase or decrease as the
total included angle between the fuel and OFA nozzles is decreased or increased
respectively.

The results of the 30 day baseline, biased firing and overfire air corrosion
coupon runs indicate that the overfire air operation for low NOx optimization
did not result in significant increases in corrosion coupon degradation. The
results of this study are shown on Sheets A57 and A58, B45 and B46 and C9
through C11. Potential long term corrosion effects were not evaluated as part
of this program.

EXPLORATORY FIELD TEST PROGRAM - EXISTING UNITS

To determine both the necessity and acceptability of applying the OFA technique
for NOx emissions control on existing tangentially fired units, an evaluation
should be performed prior to committing the unit to modification.

This evaluation should include the study of existing process variables, such
as excess air, as an NOy control method. If these techniques should prove un-
satisfactory, the program should then be expanded to evaluate the effect of
biased firing on NO, emissions. This technique consists of removing the top
fuel elevations from service and using the upper air and fuel compartments for
the introduction of overfire air. This evaluation should be conducted at the
maximum possible unit loading with one pulverizer out of service and otherwise
normal operation.

During biased firing operation, changes in total excess air required to main-
tain acceptable CO levels, the amount of carryover from the furnace outlet, and

* A minimum of 20 to 25 percent excess air was generally established for the
test units.
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furnace slagging tendencies should be observed. Carryover could be visually
observed, while increased slagging might be evaluated both visually and 1in

terms pf bottom ash handling system performance. Outlet steam temperatures
and air heater exit gas temperatures should also be observed for comparison

of normal operation.

The minimum instrumentation necessary for a comprehensive evaluation is as
follows:

Unit Performance

Superheat (S.H.) Outlet Temp. Calibrated Board Data*

Reheat (R.H.) Outlet Temp. Calibrated Board Data*

R.H. & S.H. Spray Flows Calibrated Board Data*

Gas Temp. Lvg. Air Heater (A.H.) Thermocouple Grid in A.H. Outlet Duct
Excess Air Lvg. A.H. Gas Sampling Grid in A.H. OQutlet Duct
Furnace Carryover Visual Observation

Furnace Slagging Visual Observation & Ash System Perfor-

mance, Nozzle Tilt Changes & Desuper-
heating Sprays

Unit Gas Side Pressure Drop Calibrated Board Readings*

Emissions Performance

NOx, Co & 02 Gas Sampling Grid in A.H. Inlet Duct

EFFECT ON UNIT PERFORMANCE

The application of OFA as an NOx control device spreads out the furnace fire,
which reduces flame intensity and temperature and the initial oxygen concentra-
tion. These effects combine to limit the formation of oxides of nitrogen com-
pounds with the reduced oxygen apparently affecting the formation of NO by the
fuel bound nitrogen.

In the case of coal firing, the NOy emissions originate from two sources, fuel
bound and atmospheric nitrogen, and thus (NO) Total = (NO)F int (NO)“
ue 2 in air

Test results from all three units indicated that as long as the total excess
oxygen (fuel compartment 02 + OFA 02), as measured at the economizer, remains
changed from the baseline condition, unit performance would remain unaffected.
In some cases, however, a slightly increased total oxygen may be required to
prevent an increase in CO and unburned carbon emission levels. This situation

* If not available, test instrumentation should be considered.
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could be simulated with a biased firing test (top fuel elevation out of ser-
vice) conducted during the exploratory program to determine the necessity of
unit modification. While_this approach will necessitate a reduction in unit
loading, testing should be conducted at the highest possible loading obtain-
able for comparison to normal unit operation.

Otherwise, overall steam generator performance, including fan power, final
steam temperatures, furnace wall tube temperatures and corrosion, and unit ef-
ficiency remain essentially unchanged.

The effect on furnace slagging has been found to vary somewhat with coal types
and in particular with blends of various coals. Therefore, since coal types
vary widely, the effect of changing firing zone stoichiometries on slagging
tendencies should be evaluated during the exploratory program, again by using
the biased firing technique. Where evaluating units with spare coal pulveri-
zer capacity, this check should, if at all possible, be made at, or close, to
full unit rating, particularly from the standpoint of evaluating unit slagging
tendencies. A minimum evaluation period of one week is recommended for study-
ing slagging tendencies.

On some units, the spreading out of the furnace fire might result in some com-
bustible carryover from the unit furnace to the superheat sections. The ten-
dency toward this condition can also be evaluated during the exploratory pro-
gram by visual observation and watching for changes in unit performance.

ECONOMIC EVALUATION

The cost of incorporating overfire air systems on existing and new unit designs
was evaluated for steam generating units from 125 to 1000 MW capacity. The re-
sults of this study are shown on Figure 104.

The cost estimates for the revision of existing units are based on studies per-
formed on units within this size range including the actual costs for modifica-
tion of the Barry 2 unit. The cost estimates presented for including the over-
fire air system in new unit designs are based on current experience with these
systems.

The accuracy of the January, 1977 cost estimates is plus or minus ten percent.
Because the overfire air system is included as an integral part of new unit de-
sign, it is not therefore, considered as an optional or additional emissions
control device. The costs of existing units could be from 0.24 to 1.8 $/kw,
due to variations in existing unit design and construction which might make
modifications more complicated. These costs may also vary and escalate with
the prevailing economic climate.

The largest four-windbox (single cell) furnaces manufactured to date have been
in the 625 MW size range at which point eight-windbox furnaces (generally di-
vided into two cells) have been selected. Since an eight windbox tangentially
fired furnace has double the firing corners of a four-windbox furnace, the costs
of windboxes and ducts increase significantly.

The resulting increase in the cost of electricity generated is approximately

177



$/kw

COST,

EXISTING UNITS MODIFICATION COSTS

4 WINDBOX FURNACES 8 WINDBOX FURNACES
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COST, $/kw
o

4 WINDBOX FURNACES

200 400 600 800 1000

UNIT SIZE, mw

NEW UNITS INSTALLATION COSTS

8 WINDBOX FURNACES/

0.30 p
’
0.00 1 1 1 1 L
200 400 600 800 1000
UNIT SIZE, mw
Figure 104: Overfire Air System Costs - Tangential coal fired steam

generators - January, 1977 equipment costs
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0.02% for a typical new 500 MW plant* costing 600 $/kw using coal costing 1.00
$/10°BTU, as illustrated in Table 1. The overfire air system increases capi-

tal costs by 0.2 $/kw, and all other costs are unchanged. The mills/kwhr in-
crease is 0.006.

An existing 500 MW plant has overfire air system costs up to 0.8 $/kw. Genera-
tion costs for a 600 $/kw plant increase by up to 0.10% or 0.026 mills/kwhr. An
existing 500 MW plant which was installed for 300 $/kw and receives coal cost-
ing 0.50 $/106BTU has much lower operating costs than the previous example.

The cost increase percentage is 0.14%, but the increase in mills/kwhr remains
unchanged at 0.026, as shown in the last column of Table 1.

. $/KM

Coal Handling, Storage, Pulverizing, Ash Handling 53

S02 Scrubber System 90

Boiler, Air Heaters, Fans, Stack 74
Steam Turbine-Generator, Piping, Heaters, Water Treatment,

Condenser, Cooling Towers 110
Structures, Sitework Foundations, Offices, Land, Workshops,

Controls, Switchgear, Transformers 76

Subtotal 403

Engineering, Construction 53

Contingency 44

Interest During Construction 100

Total 600

The increases in generating costs (mills/kwhr) for typical 100 MW plants are
approximately double the increases for 500 MW plants. The increases for 600
MW plants with divided furnaces are 25% to 35% higher; and the increases for
1000 MW plants are the same as for 500 MW plants.

Transmission and distribution costs are not included in these comparisons.

These examples are only typical; a specific plant has to be evaluated on its
particular economic criteria.

* January, 1977 equipment costs for 500 MW Coal Fired Power Plant with Lime-
stone S0, Scrubbing System.
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08l

Capital Costs, $/kw
Annual Cap. Cost. $
Annual Fuel Cost, $
Labor & Maint. (e), $
Total Annual Cost (f), §

TABLE 1. COST OF ELECTRICITY GENERATED - 500 MW PLANTS

Net Heat Rate 9500 Btu/Kwhr
January, 1977 Equipment Costs

New
Plant
Without
Overfire Air

New
Plant
With

Qverfire Air

Recent
Existing
With Added

Overfire Air

Older

Existing

Without
Overfire Air

Older
Existing
With Added
Overfire Air

600.00
54,000,000 (a)
26,000,000 (c)
10,800,000
90,800,000

Electricity Cost (g),

Mills/kwhr

Increase, %

33.630

Increases Mills/kwhr _—

Based on: 2g;

600.20
54,018,000
26,000,000
10,800,000
90,818,000

33.636
0.018
0.006

600.80
54,072,000
26,000,000
10,800,000
90,872,000

33.656
0.077
0.026

Annual Fixed Charge Rate of 18% X 600 $/kw X 500,000 kw.

18% X 3006$/kw X 500,000 kw.

300.00
27,000,000 (b)
13,000,000 (d)
10,800,000
50,800,000

18.815

1.00 $/'|06 BTU coal cost X 5400 hr/yr X 500,000 kw X 9500 BTU/kwhr.

0.50 $/10

5400 hr/yr at 500 MW = 2700 gwhr/yr.
Cost at plant bus bar; transmission and distribution not included.

BTU coal cost X 5400 hr/yr X 500,000 kw X 9500 BTU/kwhr.
Labor and maintenance cost of 4.0 mills/kwhr.

300.80
27,072,000
13,000,000
10,800,000
50,872,000

18.841
0.140
0.026



APPLICABILITY

EXISTING STEAM GENERATING UNITS

In a specific existing plant, the exploratory field test program will provide
the data to determine whether an overfire air system is needed to meet NO, 1im-
its. If so, the biased firing tests will show operating effects such as com-
bustible loss, corrosion, or furnace slagging. Favorable results from the
field tests should be followed by an evaluation, as shown in Table 1, to deter-
mine whether modification costs are economically justified.

Economic considerations include plant age and efficiency. Will the plant con-
tinue to operate long enough to pay off the investment? The annual capital
cost is inversely proportional to the number of years. Steam generator size
also has an effect on the relative economics of overfire air system modifica-
tions. For example, the minimum modification cost is about $120,000, which is
4.8 $/kw for a 25 MW unit. With complications, 12 $/kw is possible for a 25
MW unit.

Approximately 40% of the existing coal fired units in the United States are of
tangential design and could conceivably be modified to incorporate overfire air
systems, if the field test and economic evaluation results are favorable. Since
1949, approximately 320 tangential units have been put into service without
overfire air systems.

NEW STEAM GENERATING UNITS
At the current levels of NOx 1imits, an overfire air system should be included

as a standard design feature of a new unit. The technology is proven, and the
cost is minimal when included in the original design.
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APPENDIX A

TEST DATA & RESULTS
FOR
WISCONSIN POWER & LIGHT COMPANY
COLUMBIA ENERGY CENTER
UNIT #1
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4 4.5 5.3 6.8 7.6 7.2 7.6
4 15.6 15.6 14,1 14.0 14.9 13.5
L4 15.0 151 13.9 13.9 14.6 13.3
L] 14.8 14,2 12.9 12.2 12.5 11.9
L3 n, N2 [a e i) [a Fha o n,Na MaPiale] a.op

C-E Power SYsTems
Fieeo TESTING aND
PERFORMANCE RESULTS

L 8 2 10
5
el
1/2 Max Max Max Max
CLEAN MODERATELY DIRTY
Max MiN NormM Max
5/23 3/10 3/9 3/10
32 514 515 482
268 427 432 394
548 540 540 540
522 541 541 544
CDEF ABDEF ABDEF ABDEF
0 0 0 0
+9 -4 +3 -4
0 [0} o] [¢]
0 0 0 0
10 55 100 100
BO 40 50 50
15 60 100 100
80 40 50 50
10 55 100 100
85 35 50 50
20 50 _ 100 100
85 0 -~ Q 0
15 50 100 100
0 B 50 50
0 50 100 100
0 35 50 50
(o] 55 100 100
43.5 19.4 23.7 30.6
141.4 116.5 120.7 127.5
662 596 578 626
333.8 295.7 290.2 310.6
1230 1184 1230 1171
864.0 817.9 859.4 809.1
7 17 16 17
2.2 5.1 4.9 5.1
[} 0] o] o]
6.4 3.5 4.1 5.0
6.5 4.0 4.5 5.2
8.1 4.2 5.6 5.6
13.1 15.9 15.2 14.5
13.0 15.4 14.8 14.2
11.6 15.2 13.8 13.9
ANy N, A0 n.o2 o.!t
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TEST NO.

PURPOSE OF TEST

UNIT LoAD ConoiTION
FURNACE CONDITION
Excess AIR CONDITION
Dave

UNniT Loap

Main Steam FLow

SHO TEMPERATURE

RHO TEMPERATURE

Fuet ELEVATIONS IN SERVICE
OFA Nozzie TiLt

FueL Nozzre TiLT

OFA
OFA
AUX
-F | FUEL
| AUX
- FUEL
AUX
h-D | FUEL
AUX
fi-C | FUEL
AUX
i8] FUEL
AUX
T-A] FUEL
AUX

NOZZLE COMPARTMENT
DAMPER POSITION - § OPEN

ExcESs AIR AT Economizer QUTLET
THEO. AIR TO THE FueL FiIriING ZONE

NOx (Aps. To OF O2)
N0x AS N°2

S0 (Aps. To 0F 02)
502
cO (Aps. vo 0% 02)

co

HC (Aod. TO 0% N2)

Op AT Economizer QUTLET
02 AT A.H, InLET

05 AT A.H., OuTLET

(Ko AT EcONOMIZER OUTLET
CO2 AT A.H. INLET

C02 AT A H. OutLET

CARBON LDSS IN FLY ASH

BASELINE OPERATION STUDY

EMISSIONS TEST DATA

- WYY
Ficio Trarina anu
Prrr ORMANCE RESULTS

LA 12 13 14 a5 16 L4 L 19

EXCESS AIR VARIATION
1/2 Max 1/2 Max Max Max MAX 3/4 Max 1/2 Max 1/2 Max 1/2 Max
MODERATE DiIrTY DirRTY DiRTY DirTY DiIRTY DIRTY DIRTY
Min Max MIN NORM Max NORM MIN NORM Max
1976 5/21 5/25 3f12 3/9 3/10 3/13 5/25 5/25 5/25
MY 321 321 524 513 484 401 322 325 322
ke/s 263 265 432 426 397 329 264 267 263
°c 546 546 543 539 540 542 545 545 548
°C 541 536 543 540 544 540 529 534 536
ABCD ABCD ABDEF ABDEF ABDEF ABDEF ABCD ABCD ABCD
Dec 0 0 0 0 0 0 0 0 0
Dea +10 46 -4 +3 -4 +18 +7 +6 +7
¢ Oren 0 0 o 0 0 0 0 0 0
% OpeN 0 0 o] 0 0 0 o] 0 0
€ OpeN ) 0 100 100 100 55 0 0 0
€ OpeN 0 0 15 50 50 40 0 0 0
% OpeN 0 0 100 100 100 50 o} 0 0
% OreN ) 0 50 50 50 45 0 0 0
4 Open o} 30 100 100 100 50 0 10 55
% OpeEN 50 90 50 50 50 40 80 80 70
% Oren 0 35 100 100 100 50 0 15 45
% OpeEN 65 90 o] o 0 0 85 80 90
% Oren 0 30 100 100 100 50 o] 15 50
%4 OpEN 50 80 50 50 50 40 75 80 70
% OpPeN o 35 100 100 100 50 0 15 40
% Open 55 80 50 50 50 40 80 80 85
% Open 109 100 100 100 100 50 100 100 100
] 2n.4 52.5 170 22.6 32.2 35.7 26.1 39.5 54.8
] 117.2 145.0 114.3 119,7 129.0 132.5 122.8 134.3 144.6
PPM 536 733 626 617 674 478 586 690 733
ne/J 270.5 368.3 315.7 309.5 334.3 252.9 294.6 347.7 369.2
PPM 1318 AR K 1197 1070 1293 975 1250 1469 1140
nG/J 926.4 791.8 839.8 747.0 891.1 718.5 875.4 1024.4 800.1
PPM 5 6 NA 16 19 NA 4 4 5
ne/J 1.8 1.9 NA 4.9 5.6 NA 1.2 1.3 1.4
PPM 0 0 0 0 o 0] 0 0 )
% 3.6 7.3 3.1 3.9 5.2 5.6 4.4 6.0 7.5
k4 2.7 7.6 3.5 4.6 5.5 6.0 4.8 6.3 7.7
€ 5.8 9.5 4.9 5.5 6.1 7.4 6.6 7.7 9.6
q 15.6 12.1 16.2 15.5 14,3 14.0 15.1 13.6 1e.2
4 15.5 12,1 15.8 14.9 14,0 13.6 14.7 13.3 12.0
% 11,6 10,3 14,5 14.N0 13.5% 12.3 13.n 12.0 10.3
4 n.M n.ne a.n a,m n.19 n.n4 0.02 a0 0.M2
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TEST NO.

PURPOSE OF TEST

UN1T LOAD CONDITION
Excess AIrR CONDITION
FurNACE ConDITION
Dave

UniT Loap

MAaiN StEAM FLOw
SHO TEMPERATURE
RHO TEMPERATURE

FueL ELEVATIONS 1N SERVICE

OFA Nozzre TiLT
Fuet NozziLe Tiet

QFA

z 1 OFa

& AUX
z“ 1-F FUEL

o AUX
@, [T-E] FUEL
g ] AuxL

~ [T-6] FUE

25 [
=& [1=C] FUEL

Ne AUX
Zg [1-B] FUEL

=] AUX
T-A FUEL

] AUX

Excess Air AT EconoMizer OUTLET
THeEo., AIR 70 THE FueL FIRING ZONE

NO, (Aos. To OF 02\
NOy as NO2
S0, (Aoa.“70 0% Op)

S

Cga(ADJ. 10 0% Op)

co

HC (Aou. To OF 0Op)

02 AT EconoMiZER OUTLET
Oy AT AH, INLET

0, AT A.H. OuTLETY

Ceg AT EcoNoMizer QUTLET
COp AT A H. INLEY

CO2 AT A.H. OuTLET
CARBON LOSS 18 FLy AswH

BIASED FIRING OPERATION STUDY

EMiSSIONS TEST DATA

C-E Power SysTEMs
FieLo TesTitc AND
PERFORMANCE RESULTS

il 2 3 k 5 7 8 9
& VARIATION OF FUEL ELEVATIONS IN SERVICE >
MAX 1 MUM MAX 1 MUM MAX 1MUM Max 1 MuM 3/4 Max 3/4 Max 1/2 Max 1/2 Max
!lNIMUM M1 eMuM MIN IMUM MiNIMUM MIN 1MuM MINIMUM Mlulngy MIN IMUM
< MODERATELY DIRTY > CLeEaN
1976 5/19 5/19 3/14 5/19 5/12 5/16 5/21 6/27
My 505 506 525 506 422 421 320 314
ke/s 426 428 433 471 w2 144 263 258
°C 546 546 543 545 545 546 545 544
°C 550 547 542 548 544 547 545 504
ABCODE ABCDF ABDEF 8CDEF ABCE BCOE A8CD ABEF
DEc 0 0 0 0 0 o] 0 0
Dec +4 -4 -4 -8 -2 +13 +10 0
%€ OrEN n n 0 0 0 n 0 0
% OPeEN n n 0 n 0 0 0 0
£ Oren 0 30 90 35 o] 0 0 0
€ Open 100 100 50 100 100 o 100 %0
% Oren 45 35 90 35 20 25 0 o
€ Oren 100 100 50 100 100 100 100 90
€ Oren 45 30 90 30 20 20 0 0
% Open 100 100 50 100 0 100 85 100
% OrPeN 45 30 90 30 15 15 0 0
OPEN 100 100 95 100 100 100 90 100
% Oren 45 25 90 30 15 15 0 0
¢ Open 100 100 40 100 100 30 90 80
€ Oren 45 35 80 30 10 10 0 0
4 OpeN 100 100 50 100 100 100 90 80
Open 50 45 95 0 100 100 100 80
4 20.4 18.4 15.2 19.0 26.1 n.7 19.7 34.2
g 108.2 116.6 112.6 116.9 1.0 125.6 94.4 133.5
PPM 4n8 413 492 5N4 417 442 326 513
ne/J 2n3.9 209, 1 249.2 250, 3 215.9 £207.3 162.2 245.1
PPM 1152 11M 1170 NA 188 1188 1252 995
NG/J 8n2. 4 776.6 826.1 NA 783.6 778.8 865.9 662.2
PPM NA NA NA NA 25 13 143 5 4
ne/J NA NA NA NA 8.0 4.2 44.8 1.4 1.2
PPM 0 0 0 0 0 0 0 0 0
% 3.6 3.3 2.8 3.4 4.4 2,8 5.0 3.5 5.4
4 4.0 4.0 3.3 4.0 4.7 4.2 5.2 3.7 5.6
% 6.3 6.2 4,7 6.1 6.8 5.9 6.6 6.0 7.6
4 15.8 16.1 16.5 16.0 14.9 15.3 14.3 15.9 14.3
% 15.4 15.4 16.0 15.4 14.6 14.9 14.1 15.7 14.1
% 13.3 13.4 14.7 13.5 12.7 13.4 12.8 13.6 12.2
Pt ﬁtﬁé A7 n.3s n.N2 ~n.03 n.np n.02 0.01 0.02
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TEST NO.

PURPOSE OF TEST

UNIT Loap ConDITION

Excess Air COnNDITION
Furnace CoNDITION
Date

UNiT Loap

Main STEAM FLOw
SHO TEMPERATURE
RHO TEMPERATURE
Fuer ELEVATIONS IN SERVICE
OFA NozzLe TiLt
Fuet NozzLe TiLT

[ | oFA
OFA
AUX
t-F | FUEL
AUX
i-E | FUEL
AUX
1-D | FUEL
AUX
1-C |} FUEL
AUX
1-B | FUEL
AUX
1-A] FUEL
AUX

NOZZLE COMPARTMENT

DAMPER POSITION - % OPEN

Excess AtrR AT EconomizER OQUuTLET
THeo. AIr 10 THE FuteL FIRING ZONE

NOyx (ApJ. To OF Og)

NOx as NOz

S0z (Aos. 10 0F Op)

S0,

€O {Aou. 70 0% 0a)

co

HC (Apy. 10 OF Oa)

Op AT EconoM|ZER OUTLET
O, AT A H. INLET

O5 AT A.H. OuTLET

C AT EcoNoMIZER OUTLET
CO, AT A.H. INLET

€O, AT A H. OuTLET
CAgBON Loss 1N FLy Asu

BIASED FIRING OPERATION STUDY

EMISSIONS TEST DATA

FiLLo YeaT NG ano
PEAFORMANCE REsuLTs

10 u 12 13 14 s 18 L4 18

& VARIATION OF FUEL ELEVATIONS IN SERVICE —

f72 Max MAX (MUM MAX IMUM MAX IMUM 3/4 Max 3/4 Max 3/4 Max 1/2 Max 1/2 Max

MINIMUM NORMAL NORMAL NORMAL NORMAL NORMAL NorRMAL NORMAL NoRMAL

CLEAN <— MODERATELY DIRTY > CLean

1976 5/23 s/19 5/10 3/16 5/12 3/13 5/16 5/21 5/23
My 324 491 497 523 423 400 a22 320 323
xa/s 268 a7 a7 438 3 325 350 261 264
°c 547 546 547 542 545 543 546 545 545
°c 529 550 546 542 544 540 547 543 530
COEF ABCDF ABCEF ABDEF ABCE ABDEF BCDE ABCD CDEF

Des 0 0 o 0 0 o 0 o 0
Dec +5 +5 -2 -4 (o} +10 +12 +9
OrEN 0 0 0 0 o} o) 0 0 0
OrgN n n o} 0 0 0 o] 0 0
Oren 0 0 15 95 0 55 0 0 0
4 oren 55 100 100 50 100 40 0 100 85
g Oren 0 50 35 95 30 50 k<] ° 0
% Oren 65 100 100 50 100 85 100 100 90
OrEN o} 45 30 90 s 50 35 0 0
Open 55 100 100 50 0 k] 100 90 80
Oren 0 40 35 95 0 50 40 o] o
OreN 60 100 100 50 100 100 100 90 90
Oren 0 45 30 95 25 50 35 0 0
Oren 90 100 g5 100 100 40 100 90 100
OreEN 0 50 30 85 20 50 50 0 0
OreN 100 100 100 50 100 40 100 70 100
OreN n 50 100 95 100 50 100 100 o
% 29,2 2.1 24.6 18.4 4.1 35.8 1.3 35.9 3.6

% 128. 4 122.7 123.4 115.8 117.9 132.9 135.8 105.8 135.8
PPM 505 454 59n 556 443 462 494 462 629
ne/J 266.8 231.2 297.2 260.4 222.5 231.7 246.4 228.7 316.9
PPM 1713 1174 87 1029 1139 859 1166 1256 1278
ne/J 929,23 831.0 610.3 721.9 796.9 599.6 B10.7 865.4 897, 1
PPM 5 NA 18 NA 74 NA NA ] 7
ne/J 1.6 NA 5.4 NA 22.6 NA NA 1.2 2.1
PPM 0 0 0 0 0 0 n 0 0
[ 4 4.8 4,0 4.2 3.3 5.4 5.6 6.2 5.6 5.7

b4 5.2 4.1 4.8 4.3 5.7 5.7 6.4 5.8 5.9

4 6.9 6.7 6.2 5.6 7.1 7.4 8.4 7.6 7.8

% 14.5 15.23 15.2 16.1 14,1 13.8 13.4 13.9 13.6

F 14.2 15.2 4.7 15.2 13.8 13.8 13.2 13.7 13.4

g 2.6 12.8 13,4 13.9 12.5 12,1 11.4 12.1 n.7

3 n.n4 n.ng 0,03 0,03 n.n2 n.02 n.02 0.n2 0.04
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OVERFIRE AIR OPERATION STUDY

EMISSIONS TEST DATA

C-E Power SysTems
F1ELo TesTinG AND
PERFORMANCE RESULTS

TEST NO, 1 2 3 4 3 5 7 8 9 10 1" 12 .
- TILT VAR,
PURPOSE OF TEST OVERF IRE AIR DAMPER VARIATION > WITH OFA
UN1T LOAD CONDITION Max | MUM MaX | MUM Max | MUM Max 1MUM Max iMUM MAX 1MUM MAX [MUM MAX IMUM MAX IMUM MaAx 1 MuM Max 1MUM MAX | MUM
Excess Atr CONDITION NoRrMAL NorMAL NORMAL NORMAL NORMAL MINIMUN MINIMUM MiN (MUM MAX IMUM Max tMumM Max 1um Minimym
FurNace CoNDITION €————— MoDERATELY DiRTY > € CLean —3»  MODERATE < CLEAN >
Date 1976 37 /7 3/20 3/20 3/z22 3/=0 3/20 3/20 324 3/24 3/24 6/24
Uni7 Loao MW S17 512 524 525 526 521 522 S22 476 473 472 524
Main STEAM FLow KG/ s 425 426 439 445 444 446 441 439 398 390 389 446
SHO TEMPERATURE °c 542 541 533 534 534 543 532 532 538 539 534 540
RHO TEMPERATURE °c 542 541 534 533 538 547 534 532 540 540 539 547
FueL ELEVATIONS IN SERVICE ACDEF ACDEF ACDEF ACDEF ACDEF ACDEF ACDEF ACDEF ABCEF ABCEF ABCEF ABDEF
OFA Nozzte TiLr Deg 0 0 0 0 (o} 0 0 (o} 0 0 (o} -5
FueL Nozzre TiLT Dec -4 -4 -8 +1 +1 +6 +8 +1 +2 +1 +3 -5
OFA ¢ Oren o] 25 50 70 95 0 50 100 25 80 100 100
F3 OFA ¥ Oren 0 25 50 70 95 0 50 100 a5 80 100 100
- é’ AUX ¢ Open 100 95 85 75 65 65 55 50 100 80 55 25
z FUEL % Open 50 5N 5N 5N 50 59 50 5N 59 59 50 100
™ AUX % Open 100 100 85 75 65 65 50 50 90 75 50 20
% FUEL % Open 50 50 50 50 50 50 50 50 50 50 50 100
%§ AUX ¢ Open 100 95 85 75 70 65 55 50 9 80 50 20
Sr FUEL ¢ Open 50 50 50 50 50 50 50 50 0 [o] [+] 100
w8 AUX & Open 100 100 80 70 60 60 50 50 95 80 50 20
=L FUEL € Oren 50 50 50 50 50 50 50 50 50 50 45 0
y& AUX % Open 100 a5 85 70 70 65 55 50 95 75 50 15
z% FUEL % Oeen 0 0 [o] o] o] o] o] 0 50 50 50 100
AUX € Oren 100 95 80 70 65 60 50 50 90 Bo 50 20
e FUEL € OPEN 50 50 S0 50 50 50 50 50 50 50 50 100
AUX € Open 10 95 85 70 70 75 70 50 100 20 85 100
Excess Air AT Economizer OuTLET 4 23.9 as.2 21.8 19,7 20.4 13.3 13.9 15.1 36.8 35.8 N.0 23.9
Tneo. AR 70 THE FueL Fining Zone [ 4 120.9 115.7 1n9,7 105,2 104.6 10.7 10t.8 99.0 128.2 118.8 1t.5 102.8
NOy (ADJ. T0 OF 02) PPM 718 710 442 409 434 364 356 344 594 551 485 395
NOyx as NO2 we/fJ ¥6.1 354.9 222.8 203.4 215.4 182.7 177.9 171.4 299.2 274.7 245.5 195.5
SO (Avs. T0 OF Op) PPM 1190 1207 1266 1404 1320 1203 1245 1240 1267 1342 1329 1023
S0, NG/J 821.9 839.8 geg.8 971.9 911.8 84n.2 866.5 861.0 888.3 931.8 940.3 704.7
€0 (Ao, To 0% Op) PPM 16 15 NA NA NA NA NA NA NA NA NA 16
co NG/J 4.9 4.9 NA NA NA NA NA NA NA NA NA 4.9
HC (Aoy. To 0% 0,) PPM 0 b} 0 n 0 0 0 o 0 0 0 o
Op AT EcoNoMIzZERTOUTLET g 3.1 4.0 3.8 3.5 3.6 2.5 2.6 2.8 5.7 5.6 4.9 4.1
02 AT A.H. INLET [ 4.3 5.0 4.0 3.9 4.1 3.3 3.4 3.5 ?g gg 2(1) ;;
A.H. OutLer L1 5.3 5.4 5.3 5.1 5.0 4.5 5.0 4.5 . . . .
g%;;r EconoMmiZER QUTLET % 15.3 15.4 15.5 15.8 15.7 16.7 16.6 16.4 13.9 13.8 13.5 13.9
€O, AT A H. InLET % 15.1 14.5 15.3 15.4 15.2 16.0 15.9 15.8 13.8 13.7 14.5 15.0
CO; A1 A.H. OutLeT 7, 14,2 14.2 14.1 14.4 14.4 14,9 14.4 14.9 12.7 12.6 13.5 13.9
CanBon Loss 1N FLy Asn % n.M n,nme n,.n2 0.0% n, " [a W ek} a.04 0.03 a.01 a.a2 a.ot 0.02
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CoLumBia #1

TEST NO.

PURPOSE OF TEST

UniT Laap ConDiITION
Excess Atr ConbtTion
Furnact CONDITION
Date

Unit Loao

MaIN STEAM FLOwW

SHO TEMPERATURE

RHO TEMPERATURE

FueL EvLevaTions In SEmvicE
OFA NozzLe Tiuv

Fuer Nozzie Tiut

NOZZLE COMPARTMENT
DAMPER POSITION - % OPEN

Excess AIR AT ECONOMIZER OUTLET

1976

xG/s
°c

Oea
Oea

£ Oren

% Open
% Oren

% Oren
£ Open
£ Oren
4 Open
% OpeN
% Open
£ Open
% Open

4

THEO. AIR TO THE FUEL FIRING ZONE 14

NO, (Aos. To OF Op)
NOx As NOp

S0p {Aps. To 0% 0,)
S0,

0% (Ans. To OF Op)
co

HC (Aos. To 0% Op)

Op AT EconoMiZER OUTLET
Oy At A.H. INLEY

O, AT A.H. OutLey

CS Av Economizer QUTLET
CO, AT A H. InLET

COs Av A H. OQuTLEeT
CarBoN Loss 1N FLY AsH

PPM
NG/J
PPM
Na/J
PPM
na/J
PPM

R

W R R AR

OVERFIRE AIR OPERATION STUDY

EMISSIONS TEST DATA

C-E Powem Svstems
F1ELD TESTING AND
PERFORMANCE RESULTS

13 14 5 1 Rl AL AL 2 2t 2 23 2
€———————— FUEL NOZZLE - OFA NOZZLE TILT VARIATION > < OPTIMUM OFA OPERATION ————m—x—>
MAXIMUM  MaximuM  Maximom  MaximuM  MAXIMOM  MAXIMUM  MAxIMUM  MAxiMuM  3/4 Max  "3/4 Max 1/2 Max 1/2 Max
MINIMUM MiNIMUM MIN UM MiNiMUM Mini1MUM MiIN1MUM MiIR1MUM MiNIMUM MiINIMUM Min IMuM MINIMUM MiNI1HUM

MODERATE < CLEAN -3  MODERATE CLEAN  MODERATE HEAvY CLEAN  MODERATE CLEAN  MODERATE

6/24 6/24 3/es 6/30 6/25 6/30 6/29 6/25 6/26 6/25 s/a1 5/29

525 523 511 526 524 526 524 521 419 422 316 322
444 443 425 438 440 441 ~ 441 438 350 342 263 259
548 544 533 548 547 548 546 548 546 548 538 545
539 546 536 545 547 542 547 542 542 545 500 543
ABDEF ABDEF ABCEF ABDEF ABDEF ABDEF ABDEF ABDEF ABDE ABOEF ABEF ABEF
-5 [} 0 0 +30 +30 +10 0 [o} o] +10 +10

0 -5 +1 26 42 +26 +1 4] o 0 47 +12
100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100
20 25 50 20 25 20 10 20 [ 0 [} o]
100 95 50 100 100 100 100 90 0 100 80 0
20 30 S0 20 20 20 10 ) 10 o) 0 0
100 100 50 100 100 100 100 90 100 100 85 85
20 20 50 20 20 20 10 5 5 0 o 0
100 100 (o] 100 100 100 100 70 100 100 (o] 80
20 25 50 20 20 20 10 5 10 o] (o] 5

] 0 50 0 0 (o} o] [o] 0 0 0 0

20 20 50 20 15 20 5 5 0 0 85 80
100 100 50 100 100 100 100 100 100 100 0 ]
20 15 50 20 20 20 10 5 o] 0 0 0
100 100 50 100 100 100 100 100 100 100 85 860
100 100 50 100 100 100 100 100 100 100 90 80
26.9 26.9 18.3 24.6 26,2 23.2 19.1 25.4 30.0 28.5 32.5 3.2
105.7 106.0 101.5 1N03.9 104.7 103.1 99.7 99.3 98.6 103.4 106.1 107.0
428 389 392 558 460 473 385 483 340 456 341 334
205.4 188.5 198.9 273.7 224,6 223.4 182.8 234.8 171.8 220.6 161.9 161.0
178 937 1010 a8 964 981 9 958 905 989 959 1069
674.2 631,4 714.2 654.7 654.8 645.0 621.9 648.9 636.3 666, 4 634.0 717.8
5 0 NA 8 15 59 76 4 4 4 4 5

1.5 3.0 NA 2.2 4.5 17.0 Q2.1 1.1 1.2 1.1 1,2 1.6
(o] n 0 o} 0 o] [¢] 0 0 0 [o] [}
4.5 4.5 1.3 4,2 4.4 4.0 3.4 4.3 4.9 4.7 5.3 5.4
4.7 4.6 3.6 4.4 4.7 4,2 3.5 4.6 5.2 4.9 5.5 5.4
6.2 5.9 5.0 5.7 6.1 5.8 5.0 6.0 6.9 6.3 7.2 7.1
19.5 13,8 14.4 13.9 13.6 13.9 14,7 .13.7 14.6 14.9 14.5 14.2
14.9 15.0 15.6 15.0 14.9 15.4 16.1 15.0 4.3 14.7 14.2 14.2
13.5 13.8 14.4 13.9 13.6 13.9 14,7 13.7 t2.7 13.4 12.6 12.6
a,n2 n.n2 o.M 0.086 n.05 n,.ns 0,03 0,03 0.n2 0.02 0.03 0.02



Wisconsin Power & Ligut Co.

CoLumeia £1

TEST NO.

Dave
UNniT Loap

FLOWS
FEEDWATER

PRESSURES {GAUGE)
ECONOMIZER INLET
Drum

SH OuTLETY

TursINE 1ST STAGE

RH InLEY

RH OuTiLeT

SH SPRAY WATER

RH SPRAY WATER

HP HTR's G1&G2 STM IN

TEMPERATURES

WATER AND STEAM
CcoNOMIZER INLET
Economi1zer OUTLET
Econorizer QuriLeT
EconomiZER QuTLET
EconomiZER OUTLET

SH Penp Div INLET Link
SH PeNp Div INLET LINK
SH DesH OuTLET LiINk

SH Desk OUTLET Linx

SH Peno Spcp FRONT IN Linx
SH Penp Spcp FrONT In Link

SH OuTLET Leaps
SH QurLeT Leaos

RH DesH Inver Come, Line

RH RADIANT WaLL FrOnT IN HDR
RH RADIANT WatL FRONT IN HDR
RH Penb Spcp FRONT IN LiNks

RH Peno Spcp FRONT IN Links

RH Penp Spcp FRONT In LiNks

RH Peno Spco FRONT IN LiINKS

RH QuTtLer Leaps
RH OuvLET LEADS
SH Spray WATER
RH Spray WaTer

CoLp RH ExT STM 1O G1&G2 HTR

FW Iin TO HP HTR G?
FW In 7o HP HTR G2
FW Out or HP HTR Gt
FW Out of HP HTR G2

STH Drain rrom HP HTR GI1
STi Drain rrom HP HTR G2

AR & Gas

Pr1 AR AH AIR INLET
PRI AR AH Aim IMLET
Sec AIrR AH Arr INLET
Sec Air AH Aim INLET
Pai Air AH Air OuTLeT
Pri Air AH As1r OuTLET
Sec Air AH Air OUTLEY
Sec Air AH Arr OuTreT
Economi zEr Gas OUTLET
EconomI ZER GAs OuTLET
AH Gas INLET

AH Gas INLET

AH Gas OQutLeT

AH Gas OuTLeT

1976
Ml

kG/s

°c

-

VEICICDCOOOT

rc
b Ml W o X ol -l

VED-VCFIFDETC D

BASELINE OPERATION STUDY

|-

3/10
524

411,

18.664
18.271
16.892
1.2
3.654
3.447
18.457
10,052
3.606

247
343

350
384

414

496
482
539
533
319
275
267

308
32
303
531

552
173
183

207

247
2q7
212
2n8

3/o8
524

430.9

18.781
18.326
16.878
11.321
3.634
3.413
19.808
10.122
3.606

173
182
328
206

247
246
an
208

22
23
s4
361
346
349

3
383
392
m
19

TEST DATA
3 4
3/1s 3/13
485 399
380.51 324.19
18.408  17.878
18.078  17.582
16.872  16.706
10,163  B.246
3.330 2.641
L1151 2.489
19.mM9 18,851
9,908  9.542
3.323  2.627
243 230
344 333
342 328
NA NA
348 332
388 383
3% 383
417 418
415 a7
497 507
450 499
542 543
544 542
316 298
268 298
272 297
306 33
307 329
32 NA
0 318
536 545
547 532
17 159
179 151
3?23 305
203 192
202 191
242 228
242 229
208 195
205 193
4 2
4 s}
20 a9
21 33
364 329
369 328
B4 323
353 120
409 an
agz 379
395 355
401 357
118 110
118 106
190

5

5/23
304

262.45

17.492
17.278
16.699
6.433
2.068
1.896
18,843
9.329
2.068

219
317
312
317
318
381
382
435
431
518
507
547
546
283
283
282
318
317
318
307
523
522
156

288
184
184
219
218
187
187

27
23
7

m
33
303
298
339
N

324
117
101

jo

5/23
323

264.72

17.499
17.251
16.685
6.44a0
2.068
1.896
18.871
8.336
2.068

219
321
n7

326
382
383
434
428
513
501
545
541
280
280
280
N2
312
N3

517
526
154

91
287
184
184
218
219
187
186

27
23
38
a

301
346
349
-7
331
118
101

I~

5/23

262.45

17.492
17.264
16,706
6.44D
2.068
1.889
18.8n9
9,329
2.062

219
323
N7

327
382
383
437
432
521
509
550
547
283
283
285
314
386
316
310
516
529
155

291
184
184
218
218
187
186

26
23
36

M6
309

346

328
333
(Al
101

C-E PowER SYsTens
FreLo TESTING anp
PERFORMANCE ResuLts

8 El 10
3/10 3/09 3/10
514 515 482
397.02 405.84 371,19
18.574 18.630  18.333
18.202  18.230 18,0
16.865 16.885 16.8m
10,901 10,956  10.080
3.571 3.578  3.302
3.372  3.385 3110
18,395 19.684 18,712
9,991 10.7M1 9.851
3.558  3.572  3.303
247 246 243
344 344 147
343 n 343

NA NA NA
352 350 B1
387 384 389
393 391 3%
414 413 413
408 412 413
496 497 4%
482 484 484
543 542 543
538 538 538
321 322 314
261 269 279
263 267 268
304 08 33
303 04 32
308 309 19
300 299 301
531 531 541
552 551 547
173 172 168
193 182 179
329 327 322
206 2n5 203
206 204 2%
247 246 242
246 246 242
212 211 207
208 208 204
10 7 9
7 5 7
16 17 17
14 18 16
an 166 369
378 n 374
353 357 359
386 %9 363
416 41 a13
432 4z7 427
398 396 396
411 403 406
123 17 122
121 118 119

SHEET A7



WisconsIN Power & LignT Co.
CoLumsia §1

TEST NO.

Date
UNIT Loap

FLOWS
FEEDWATER

PRESSURES _(GAUGE)
TCONOMIZER INLET
DrumM

S$H OuTLET

JurBINE 18T STAGE

RH YuLET

RH OuTLET

SH SPRAY WATER

RH SPRAY WATER

HP HTR's G1&G2 StM IN

TEMPERATURES

WATER AND STEAM

ECONOMI12ER INLET
EcoNOMI2ER OUTLET
EconoMizeR OUTLET

EcoNoMi zer OuTLET
EconoMiZzER OUTLET

SH Peno Div INLET LiINK

SH Peno Div INLET LiINK

SH Desn OQuTLET Link

SH Desw QuTLET LNk

SH PEND SPcD FRONT IN LNk
SH PeNp SpcpD FRONT IN LNk
SH OuTLET LeaDs

SH OuTLET LEADS

RH DESH INLET CoMp. LiNE

RH RADIANT WALL FRONT In HOR
RH RAD1ANT WALL FRONT IN HDR

RH PEND Spco FRONT IN LyNKS
RH PEND Spcp FRONT iN Links
RH Penp Spco FRONT In LiNKS
RH Penp Seco FRONT In Links
RH OuTLET LEADS

RH OuTLET LEaDS

SH SPRAY WATER

RH SPRAY WATER

CoLo RH ExT STM TO G1&G2 HTR

FW In 70 HP HTR G1

FW IN TO HP HTR G2

FW OuTt of HP HTR GI1

FW Out of HP HTR G2

STM DRAIN FroM HP HTR G1
STM DraIN FroM HP HTR G2

AR & Gas

Pri AIr AH AIR INLET
Pry Atr AH AIrR INLET
Sec Atk AH AIR INLET
Sec AR AH A1R INLET
PrR1 AR AH AIR QUTLET
PRI AtR AH AIR OQUTLET
Sec AIR AH Atr OUTLET
Sec AIR AH AtR OQUTLET
EconoM| ZER GAS OUTLETY
EcoNOoMIZER GAS OQUTLET
AH Gas INLET

AH Gas IHLET

AH Gas OuTLET

AH Gas OQuTLET

BASELINE OPERATION STUDY

TEST DATA
u l2 13 14 15

1976 s/21 s/25 3/12 3/09 3/10
[ k73] 21 524 513 484

xs/s
236,75 248.84 402.94 408.74 371.19

MPa
17,347  17.423  18.623  18.643 18.312
17.154 17.196 18.2:1 18.244 17.968
16.685 16,678 16.878 16.839 16.B16
6.295  6.336 11.114 10.928 10.087
2,075 2.068  3.661 3.564  3.309
1.9n3 1.889 3.461 3.365 3.137
18.354  18.312 19,595 19,354 19.264
9,198 g9.34) 10,.0M 1n.025 9.846
2.082 2.075  3.654  3.551 3.310

°c

4
220 219 248 246 243
L Kx)| 338 348 344 346
Le 328 331 348 344 342
RC 3z 34 NA NA NA
R 3z 344 349 349 B2
L 391 392 39 386 389
R 392 396 393 393 393
L 413 427 415 419 411
R 410 423 413 417 408
L 509 508 496 494 499
R 494 499 489 482 487
L 551 545 544 539 542
R 541 547 542 539 537
283 282 7 321 35
L 257 274 256 269 273
R 244 266 268 266 261
L 306 309 01 308 an
Lc 01 304 304 04 308
RC 299 01 316 07 04
R 285 293 308 00 296
L 546 527 544 533 541
R 536 545 542 548 547
156 155 176 173 169
162 162 184 182 179
291 289 333 327 322
186 184 207 205 202
185 184 206 204 202
219 218 248 245 242
219 218 248 246 242
188 186 213 209 207
187 186 209 207 204
L 22 28 1 8 6
R 21 24 9 6 4
L 33 s 14 14 17
R 33 34 13 13 17
L ats 323 377 376 366
R 320 330 383 3g2 s
L 313 N7 369 367 357
R 315 321 372 n 361
L 51 363 422 425 412
R 7 370 417 437 427
L 37 347 406 405 393
R 340 55 413 416 405
L 120 19 126 120 120
R 121 14 19 123 19
191

16

3/13
[h]]

322.43

17.9086
17,623
16.741
8.267
2.654
2.5M3
19.03n
9.561
2.641

23
331

19

196
193

29

33
kx]|

323
arz2

s7
B9
109
107

C-€ Power SysTems
FieLp TESTING AND
PERFORMANCE RESULTS

1z

5/25
22

246.45

17.430
17.223
16.727
6.274
2.075
1.993
18.278
9.218
2.075

37

328
330
387
389
427
423
512
496
548
542
283

249

295
283
528
531
156
163
290
185
184
218
219
188
187

29
27
34

313

n
316
B0
»7
336

118
116

18
5/25

246.45

17.423
17.237
16,720
6.343
2.096
1.931
18.085
9,239
2.103

21
337
337

341
392
35
425
421
508
434
548
543
283
266
249
04
298

281
530

156
163
290
186
185
219

188
187

29
27

33
321
327
317
39
361
368
344
352
119
114

19

s/25
»2

243,06

17.4098
17.196
16.692
6.7%57
2.082
1.910
18,182
9.378
2.089

219
343

339

393
398
427
423
507
496
547
546
283
270
256

296
287
528
543

163
289
186
184
218
219
188
187

29
26

35
324
33
318

368
376
349
58
121
m

SHEET A8



Wiscoansin Power & LiGkT Co.

CoLummia #1

TEST NO.

Date
Uni7 Loap

FLOWS
FEEDWATER

PRESSURES (GAUGE )
ECONOMIZER INLET
Drum

SH OutLeT

Ture inr 1sST STage

RH inteT

RH OutiLeT

SH Spray VATER

RH Spray WATCR

HP HTR's G1&G2 STM IN

TEMPERATURES

WATER AND STEAM
FCONOM1ZER INLET
EconomizER OuTLET
Economrzer OuTLET
Economyzer OuTLeT
EcoNoM1ZER OUTLET

SH Peno Div INLET LNk
SH PEND Div INLET LINK
SH Desu OUTLET LINK
SH Desw OUTLET LINK

SH Penp SPco FRONT In
SH Peno Spco Frowy Iwn
SH OuTLET Leaos

SH Outier Leaps

RH Desw INLET Comm. L1
RH RADIANT WALL FRONT
RH RADIANT WaLL FRONT

RH PenD SPco FrouT [N LNKE

RH Penp SPcp FRONT IN

RH PEND SPcD FROMT IN L iNKS
RH Penp SPCD FRONT IN LINKS

RH OuTLeT LEADS
RH OuTLET LEADS
SH SprAY WATER
RH Spray WaTer

1976

xa/s

°c

LN
LNk

NE
Is HOR
I HDR

Links

b 2 g
[BrVOAGTO- zn-xr—aoc-xr-z:g;'—

CoLp RH Ex7T Stm 70 G1&G2 HTR

fW inTo HP HTR G

FW InTo HP HTR G2

W Out of HP HIR G
FW Out oF HP HTR G2
Stu DrRAIN FroM HP HTR

G1

STM Dratn FrOM HP HTR G2

AIR & Gas

Prt AIR AH AIR
Pri AIr AH AR
Scc AR AH AR INLET
Sec Air AH Arr INLET
Pr1 AR AH Atr OQUTLET
PRy Arr AH Arr QuTLEY
Sec Air AH Air OuTLeT
Sec AR AH A1r QuTLET
EconomizER GAs OuTLeT
Econonizer Gas OuTLET
AH GAs INLET

AH Gas INLET

AH Gas QuTLET

AH Gas OuvLeT

INLET
INLET

Rl Bl Rl Rl Rl A A S

BIASED FIRING OPERATION STUDY

Al

5/19
505

405.84

18.636
18.237
16.968
10.942
3.516
3.254
19.891
N, 115
3.482

549

284
327
324

ns
$34
566
178
184

208

247
248
213
210

34

369
383

3n
418
433
396
412
143
147

2

5/19
506

411.51

18.643
18.223
16.913
10,908
3.537
3.268
20.016
10.108
3.509

247
349
339
347
346
386
388
424
422

492
548
543
327
277
en
310
e
318
310
543
552
178
185
N
208
207
247
247
213
210

3
N
33
a3
389
373
363

418
422
397
403
145
142

JEST DATA

3

3/1a
525

404.33

18.636
18.244
16.865
17.101
3.661
3.454
19.650
10.018
3.647

248
348
39

NA
351

397
118
414

489
542
544
326
257
268
298

316
310
542
542
174
183
333
207
206
248
248
213
210

1"
10
15
14
382

3715
379
436
446
a1
421
137
134

192

4

s/19
506

404.33

18.588
18.175
16.920
10.894
3.509
3.261
19.774
10.073
3.482

287
318
318

316
544
553
178
185

208
207
247
247
213
211

27
26

23
368
368

%9
a7
421

398
142
138

5

s/12
422

348.51

18.043
17.713
16.761
8.791
2.806
2,579
19,429
9.722
2.779

2%

328
33%
336
382
386
432
426
507
499
546
545

04
334
33
332

S40
548
17
118

197
197
234
234

199

24
23
33

340
333
336
389
3N
367
72
122
123

8

5/12
42

345.11

18.023
17.713
16.789
8.756
2,792
2.692

19,292

9.715
2.786

234
3

329
333
381
383
427
423
510
501

543

I

5/16
421

341.7

18.037
17.713
16.782
8.818
2.799
2.586
19.251
9.742
2,792

234
331

333
340
382
389
432
427

508
539
553
304
305

333
333
329
528
566
167

99
309
198
197
234
235

199

387

119
121

C-E Power Srstems
Fiero TESTING aND
PERFORMANCE REsuLTs

8 3
s5/21 6/27
320 34
236.75  255.78
17.306 17.47
17.134 17.30%6
16.665  16.720
6.295 6.460
2.068 2.027
1.:93 1.855
18.306  18.974
9.191 9.329
2.075 NA
220 216
330 8
326 308
k]| 312
Kk 312
389 a8
392 380
410 43
408 434
509 519
497 514
548 546
543 542
284 278
266 277
253 278
309 306
304 306
299 209
287 293
547 500
543 508
156 40
163 82
29n 284
184 64
185 179
219 88
219 216
187 a7
187 183
24 36
22 it
31 36
29 34
318 . 293
23 . 00
316 232
N7 292
354 284
354 228
338 314
342 320
123 11
123 12

SHEET A3



Wisconstn Power & LiGhT Co.
Corumsta #1

TEST NO.

DaTe
UN1T Loap

FLOWS
FEEDWATER

PRESSURES (GAUGE)
ECONOMIZER INLET

DRUM

SH OuTLET

TuRBIME IST STAGE

RH iNLET

RH OuTLET

SH SPRAY WATER

RH SPRAY WATER

HP HTR's G1&G2 STH iN

TEMPERATURES

WATER AND STEAM

TCONORIZER TNLET -
EconoMizer OuTLEY

Econoni zEr OUTLET
EconNoMiZER QUTLET
Economizer OUTLET

SH Peno Div INLET Link

SH Penp Div INLET Link

SH Desw OuTLET LNk

SH Dess OuTLET Linx

SH Peno Spco FRONT IN LiINK
SH Peno Spcp FRONT IN LINK
SH OuTLET LEaDs

SH OuTLET LEADS

RH Desw INLET ComB. LINE

RH RADIANT WALL FRORT IN HOR
RH RADIANT WaLt FRONT In HDR
RH Peno Spco FRONT IN LiINKS
RH Peno Spco FRONT IN LiNks
RH Penp Spcp FRONT IN LiNks
RH Penp Spcp FRONT IN Links
RH OuTLET LEADS

RH OuTLET Leaps

SH SPRAY WaTEr

RH Spravy WATER

CoLp RH ExT STH TO G1&4G2 HTR
FW INTO HP HTR G?

FW tnNto HP HTR G2

FW Out oF HP HTR GI

FW Out of HP HTR G2

STM DRAIN FrOM HP HTR Gt
ST Drain From HP HTR G2

Air & Gas

1 AIR AH AR INLET
Prit AtR AH AIR INLET
Sec Atr AH AIR INLET
Sec Air AH Atr INLET
Pr) Air AH AIr QUTLEY
Pr1 AIr AH AR OQuTLET
Sec AIr AH AIR OuTLET
Sec Air AH Air OuTLETY
EconNoMiZER GAS OUTLET
EconoMi2ER GAS OQUTLET
AH Gas INLET
AH Gas INLET
AH Gas Oumeer
AH Gas OutLeT

1976
M
xa/s

MPA

°C

D

WCXIraIrI9rD200r

. Mo
Vrroonroar

Ar-roroararor-oraocr

BIASED FIRING OPERATION STUDY

10

s/23
324

260.31

17.458
17,223
16,678
6.433
2.068
1.896
18.761
9.308
2.068

318
313
316
323
381
385
435

517
507
548
547
283
284
284

318
316
308
521

157
10
290
185
184
219
219
187
186

38
k1)

296
299
342
344
321

116
118

n

5/19
a9

391.10

18,506
18.154
16.947
10. 480
a3
3.165
18.816
10.025
3.385

245
348
342
348
57
387
393
420
416
500
501
538
554

287
278
324

N9
09
533
567
176
182
37
207

245
245
21
208

k)
34

n
381
362
369
19
431

410
144
142

TEST DATA

12

s/10
497

383.66

18.464
18,244
16.872
10.597
3.475
3.199
19,347
9,991
3,440

247

183

247

210

27
28

29
376
389
%7
376
426
437
404
418
137
134

193

13

a/e
523

407.22

18.671
18.257
16.892
1.2
3.661
3.468
19.629
10.039
3.647

248

343

NA
351
386
393
413
a1
494
493
537
548

272

1

s/12
423

348.51

18.078
17.7868
16.858
8.805
2.813
2.606
19,422
9.763
2.798

234
337

338

385
389
432
424
504
497
546
545

303

33
328
328
)
542
547
169
173
309
198
197
23
235

27
26
29

347
B3
339
342
397

376
381
122
123

15

3/13
400

320.54

17.892
17.616
16.741
8.225
2.634
2.489
19.036
9.556
2.627

229
328
324

NA
331
379
384
423
1,19
504
504
540
547
295
298
238
329

324
5B
544
160
119

192
1
229
229
195
193

16

5/16
a2

345.1

18.064
17.733
16.789
8.911
2,806
2.599
19.236
9.756
2.799

235
332

349

433

381
124
123

C-E Power SysTEms
FieLp TesTing ano
PERFORMANCE RESULTS

17

5/21

320

234.23

17.
17.
16.
.316
.061

361
161
692

896
361
218
068

219
334
aAn

341
ikl
395
409
407
508
501
544
546
283
271
262
35
06

289
542
544
155
163
289
185
184
218
218
187
187

24

23
327
334

327
361
362
347
354
126
127

18

5/23
323

253.51

17.478
16.858
16.672
6.419
2.068
1.896
18.657

43
427
510
507
543
548
283
283
283
N8
317
314
397
524
536
155
107
289
184
184
218
219
187
186

19

41

41
295
2%
291
289
348
349
N9

ne
109

SHEET A10



Wisconsin Power & Ligut Co.
Corumaia £

TEST NO.

Date
UntT Loao

FLOWS
FEEDWATER

PRESSURES

ECONOMI2ER INLET
DruM

SH OuTtLeT

TurBINE 1ST STAGE

RH INLET

RH OQuTLET

SH SPRAY WATER

RH SPRAY WATER

HP HTR's G1&G2 ST IN

TEMPERATURES

Water & STEAM

EcONOMIZER INLET

EconoMizer QuUTLET
Economizer OUTLET
Cconomizer QUTLET
Ecoromizer QurLeT

SH Peno Div INLET LiNk

SH PeNp Div INLET LNk

SH Desk OUTLET Link

SH Desw OuTLET Link

SH Penp Spcp FRONT [N Link
SH Peno Seco FRONT In Link
SH OuTLET Leaos

SH OuTLET Leaps

RH Desw InLeT Come. Ling
RH RADIANT WaALL FronT IN HDR
RH RaDIANT Watt FRONT IN HDR
RH Penp Spco FRONT IN Links
RH PeNp Spcp FRONT IN LINKS
RH PenNDp S5pco FRONT InN Links
RH Penp Spcp FRONT In Links
RH OUTLET Leaps

RH OQuTLeT LEaps

SH SPRAY WaTER

RH SPRAY WATER

Coto RH £x1 STe 10 GI&G2 HTR
fW 1n10 HP HTR G1

fW 1nto HP HTR G2

FW Out oF HP HTR G1

FW Qut of HP HTIR G2

St DrRaIn From HP HTR G1
STd DRAIN From HP HTR G2

AIR & Gas

PRT AIR AH AIR INLET

P AR AH Air INLET

Sec AR AH AR INLETY

Sec Atr AH AIR INLEY

Pri AR AH AR OUTLET
Pri A1R AH Atr OUTLET
Sec AR AH AIr OuTLET
Sec A1r AH Arr QurLeT
Economi ZER GAS OUTLET
fEconomtZER Gas OuTLET
AH Gas INLET

AH Gas INLET

AH Gas OuTLET

AH Gas OuTLET

1976
My

kG/s

°c

ar-

VDV DOOr

[
DDA Dr

DM/ V~ D DD

OVERFIRE AIR OPERATION STUDY

3/17
517

398.53

18.581
18.216
16.920
10.908
3.585
3.392
19.588
9.963
3.523

247
349
345
HB1
352
387
392
410
408
494
491
538
546
324
254
264
299
301
310

532
553
173
183
329
207

247
247
21
208

18
17
376
383

n
431
438

415
122
119

TEST DATA

1"

3/17
512

400.04

18.588
18.188
16.892
10.845
3.572
3.378
19.671
9.950
3.509

247
348

351
352
388
393
414
412
494
486
541
542
323
307
261

298
308
299
53t
552
173
182
329
206

246
246
211
208

15

14
381
389
372
377
437
444

421
122
120

3
3/20
504

432.30

18.802
18,354
16.920
11.356
3.640
3.426
20.022
10.163
3.572

24
313

316
312
356
363

397
484
475
532
534
295
258
249
295
294
29
285
524
544
144
174

197
197
239
238

198

17

13

16
368
a7
3598
367
421
433
396
419
118
112

194

(S

3/20
525

432.30

18.788
18.319
16.913
1.0
3.654
3.440
19,760
10.129
3.592

241
316
313
321

358
366

399
485
472
534
534
298
454
248
287
287
287
283
521
545
142
173
327
197
196
238
238

197

16
17
n
16
373
388

377
426
443

419
119
116

I

3f22
526

419.95

18.733
18.299
16.927
11.356
3.675
3.461
18.823
10,136
3.608

242
314
313
315
324
358
366
393

483
477
530
537
294
247
246
288
289
286
278
523
552
142
177

198
197
240
233

196

n

n

15
366
377
357
367
422
433
397

113
13

3/20
521

444,27

18.892
18.409
16,913
11.356

3.627

- 3.7385

20,319
10.239
3.5

248
33
326
332
339
3t
382
433
422
510
497
544
543
323
32

339
337
332
326
53R
562
172
13
37

205
246
246
212
209

123
118

C-E Power SYSTEMS
Fi1eLo TESTING AND
PERFORMANCE RESULTS

7 8

3/20 3/20
502 522
437,72 434.94
18.850 18.830
18.4n9 18.161
16.940 16.920
11.300 9.915
3.634 3.640
3.413 3.420
20,115 20.016
10.177 10,163
3.558 3.572
239 241
306 308
04 06
308 309
314 318
352 353
359 361
404 402
am 397
488 484
481 478
528 528
536 536
294 293
264 259
252 247
299 2%
296 291
291 289
288 281
518 519
550 545
139 14
173 172
327 328
195 195
194 194
277 238
238 237
202 20
197 196

14 16

17 18

5 18

17 21

354 59
363 369
347 »2
353 359
408 412
418 423
ag2 387
394 401
115 118
109 12

SHEET A11



WiscoNsIN Power & LigHT Co.
Corumaia #1

TEST NO.

DaTe
Unit Loso

FLOWS
FEEOWATER

PRESSURES

FCONOHM12ER INLET
DRuUM

SH OuTtLeT

TurBINE 18T STaGE

RH INLET

RH OuTLET

SH SPRAY WATER

RH SPRAY WaATER

HP HTR's G1&G2 STM 1IN

TEMPERATURES

WATER & STEAM

ECONOMIZER INLET

Economizer OuTLETY

Economi zer OuTLET
Economizer OuTLEY
Econom1zER OUTLETY

SH PEND Div INLET LiNK

SH Peno Div INLET LiNk

SH Desu OuTLeT Linx

SH Desu OuTLeT Lank

SH PEND SPco FRONT IN Link
SH Penp Spcp FRONT IN Link
SH QuTLeT Leaos

SH OUTLET LEADS

RH DeEsH InLeT Coms, LINE

RH RAD1ANT Walt FrONT IN HDR
RH Rao1aNT WacL FrowT Iw HOR
RH Peno SPcp FRONT IN LINKS
RH Penp SPco FROMT IN LIiNks
RH Penb Spen FRORT In LiNks
RH Peno SPep FRONT IN LiNKS
RH OutLET LeaDs

RH OuTLET LeaDs

SH SPRAY WATER

RH SPRAY WAYER

Coto RH ExT St 1o G1&G2 HTR
FW 1nT0 HP NTR G1

FW 1nTO HP HTR G2

W OuTt oF HP HTR Gi

fW Out of HP HTR G2

Svu DraIN FraM HP HTR G)
Stm DrAIn FROM HP HTR G2

AR & Gas

PRi AIR AH Air INLET

PR1 AIR AH AIR [NLET

Sec A)r AH AIR INLET

SEc AIR AH AIR INLET

PR1 AR AH AIR OuTLEY
PRI AR AH AR QUTLET
SEc AIR AH AIR OUTLEY
Sec AR AH Ar OuTLET
Economi1ZER Gas QuTLET
Economtzer Gas OuTLET
AH Gas INLET

AH Gas InLET

AH Gas OuTLET

AH Gas OUTLET

1976
M
we/s

MPA

°C

0

DrIICDERCDOOr

0
[ArTOOrrr-

BrOCOr-rDI-PICEFED 0

OVERFIRE AIR OPERATION STUDY

3/es
476

380.51

18.354
18.030
16.864
9.977
3.282
3.103
18.864
9.825
3.220

236
327
324
327
332

376
397
398
489
479
539
537
292
246
242
283
287
282
275
535
544
142
1
e
193
193
233
233
198
194

12
14
16
14
367
375

364
423
43
399
48
120
na2

TEST DATA

10 u
3fe4 3/24
473 472
372.83 366.53
18.264 18.237
17.938 17.892
16.816 16,796
9,777 9.728
3,227 3.234
3.048 3.n48
18.699 18.374
9.832 9.805
3.165 3.172
237 23
326 323
324 319
328 »7
- 33 326
368 369
377 373
399 402
399 392
488 483
478 a7
539 535
533 532
287 285
240 226
237 224
284 272
284 an
281 278
269 262
536 526
544 551
142 139
m 169
n7 16
193 192
193 192
234 233
233 233
197 197
193 192
10 10
14 15
1" 10
14 14
n 3n
378 382
362 364
367 n
827 426
4z 45
403 a2
an 412
121 121
14 15

195

12

6/24
524

426.88

18.788
18,347
16,892
11.383
3.661
3.427
20.133
10.336
3.76

243

342
346
352
385
391
429

507
430
542
539

281

290
AN

319

186

339

398
421
386

133
1N

13

6/24
525

421.34

18.747
18.374
16.947
11.1362
3.681
3.440
19,960
10.329
3.716

244
345
345
349
»4
388
394
a5
427
514
498
548
548
334
287
282

321
P4
16
529
583

69
186

57
204

244
209

3
29

362
376

33
403
428

404
137
137

14

6/24
se3

424. 1

18.712
18.381
16.947
11.369
3.627
3.406
20,091
10.349
3.709

244
33
342
343
k<)l
387
389
429
419
507
499
544
545
329
01
291
3

3a3
538
554

74
185
kk}]

59

243
7
208

27
26
29
28
341
364
346
k23]
402

384
393
13
1x

C-E PowtR SysTeus
FieLDd TESTING anp
PERFORMANCE RESULTS

AE i
3/24 6/30
s11 526
401,43 415.79
18.547 18.726
18.181 18.333
16.877 16.891
10.825 11.411
3.558 3.661
3.372 3. 440
19.616 18.754
10.018 10.315
3.496 NA
239 244
315 342
315 345
319 346
323 345
363 388
368 389
394 422
3N 418
482 510
a7s5 498
531 552
534 545
292 333
229 298
233 237
273 326
277 29
283 331
274 320
520 543
551 547
143 79
172 186
327 B
196 39
195 205
238 85
237 244
201 43
195 210
15 28
14 25
" 29
16 28
357 353
380 352
351 314
368 349
424 397
a5 407
399 87
a1 393
120 128
120 125

SHEET A12



Wisconsin Power & Ligut Co,
CoLumera #1

TEST NO.

Date
UniT Loao

FLOWS
FEEOWATER

PRESSURES

FconOMIZER INLET
Drum

SH QureeT

TurBINE 15T STAGE

RH InLeET

RH OutLct

SH SPRAY WATER

RH SPRAY WATER

HP HTR's G1&G2 STM 1IN

TEMPERATLRES

WATER & STEAM

EcONOMIZER INLET

Economizer QuTLET

EconoMIZER OQUTLET

EcoNOMIZER OUTLET

Economizer OQUTLET

SH Penp Div INLET Link

SH Peno Div INLET LNk

SH Desu OuTLEY LINK

SH Desw OuTLeT Link

SH PEnD Spco FRONT IN Link
SH Peno Spco FROWT IN Link
SH OutLer Lecaps

SH QUTLET Leabs

RH DEsH INLET CoMB. LINE

RH Rap1aNT WaLL FRONT In HDR
RH RADIART WaLL FRONT In HDR
RH Penp Sepcp FRONT IN LiNKS
RH Penp SPcD FRONT N LiNKS
RH Penp Spco FRONT IN Links
RH Penp SPcp FRONT IN Links
RH OuTLET Leaps

RH OuTLET Leaps

SH SPRAY WATER

RH Seray WaTer

CoLo RH ExT ST To G1&G2 HTR
FW inT0 HP HTR G1

FW INTO HP HTR G2

FW Out or WP HTR G1

FW Out or HP HTR G2

Stm DrAIN From HP HTR G
STi DRaIN From HP HTR G2

Air & Gas

Pri Atr AH AIR INLET
PrRi Aig AH AI1R INLET
Sec Air AH A1R INLEY
Sec Arr AH AIR [NLET
Pri A1r AH Atr QuTLET
Pry At AH AIr OuTLET
Sec A1r AH AR OuTLeT
Sec Air AH AR QUTLET
Economizer Gas OQuTLeT
€cONOM | ZER Gas OUTLETY
AH Gas InLeT

AH Gas InLeT

AH Gas OutLeT

AH Gas OuTLeT

1976
M

xe/s

°c

0

2D CFDOOT

o
VBr-BVOAOOCDC

VOO D VDO

OVERFIRE AIR OPERATION STUDY

6/25
524

410,12

18.678
18.333
16.940
11.328
3.627
3.420
19.112
10.315
3.716

243

345
347
354
388
393
422
415
502
503
542
553
30
29N
283

315
531
563

133

TEST DATA

18

6/30
526

418.56

18.740
18.388
16.9%
11.473
3.661
3.399
19.822
10.370
NA

244

376
385
126
124

19

6/29
524

418.56

18,726
18.340
16.96
11.411
3.681
3.427
19.884
10.343
NA

245
343
343
343
348

391
424
421
506
497
548
545
I
294
294
323
324
330
321
538
557

79
186

20

6/25
521

412.90

18.795
18.374
16.954
11.287
3.627
3.413
19.767
10. 308

NA

243
345
344
349
351
39
394

422
504
494
551
546
kX
283
274
314
314
319

532
552
63
184
333
42

94
243

208

34
B8
379
316
361
418
430
35
407
136
142

2t

6/26
419

3.7

18.037
17.809
16.816
8,825
2.7%2
2.614
19.671
9. 887

231
326
37
329

383
386
431
428
508

545
548

304

329
328
332

530
554

55
132

43
192
94
230

197

376
373
51
358
118
123

2

6/25
422

322.43

17.982
17.706
16.802
8.749
3.565

- 2,648

18.864
9.791

232
337
338
342

391
384
426
422
506
436
550
546
308
289
276
329
316
33

538
553

51
174
n2

194
93

197

37

323
B6
281

393
as7
368
379
127
137

C-E PowER SYSTEMS
FieLp TESTING AND
PerFORMANCE RESULTS

2 2
8/27 6/29
316 322
262.45 244.06
17.526 17.437
17.306 17.258
16.685 16.678
6.578 6.502
2.055 2.075
1.917 1.938
19.133 18.581
9,343 9.377
NA NA

216 218
306 323
306 320
303 323
308 328
380 384
379 387
427 423
443 418
509 512
511 508
537 546
538 547
274 284
289 282
272 284
01 312
296 09
29 313
294 04
503 526
496 541

32 43

78 159

278 289

64 48

180 182

88 86

216 217

44 72

183 184

36 3

32 28

36 33

36 32

287 296
292 312
221 247
230 304
337 354
323 341
209 307
313 332
100 103
106 14

SHEET A13
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Wiscons N Power & LiaHT Co.
CoLumeia 1

TEST NO.

Date 1978
UNIT LOAD M
FLOWS xa/s

TeeowaTer (Measurep)

SH Sprav (PLanT FLow Nozzie)
Main Steam (CatcuraTen)
Ture. Leax. (Ture. Hr. Bat.)
HP Hrr. Ext. (Heat Bat.)

RH Seray (PLANT FLow Nozzie)
RH Steam (CavcuLaten)

UNIT ABSORPTION
ECONON I ZER

FURNACE

DRUM - SH DESH

SH DESH - SH OutLeT
REHEATER

ToTaL

M/s

UNIT EFFICIENCY L4
RY Gas Loss

Moi1sTuRE 14 FUEL Loss

MoISTURE 14 AR Loss

Rap1ATION LOSS

Asu PiT Loss

HEAY 18 Fuy Asu Loss
PyriTE REJECTION LOSS
CarBoN Loss

ELecTROSTATIC PRECIP. LOSS
TotaL Losses

EFFICIENCY

HEAT INPUT MJ/s
HEAT THPUT FROM FUEL

EXCESS AIR £

ELECTROSTATIC PRECIP, IHLET
AIR HEATER (NLET

AIR HEATER OUTLET

3/10
524

412
30
441

17
416

224
362
261
184

1304

2

3/08
524

431

QOO0 ~NA
STy

3282234328

® -
N OO

3

3/15
485

381

OWOO0O0e2ONSE
o Li.aw
BNE32343mR 8

D -
—
w
@
Q

£
oL~

"

o
=&

.

3/13
399

a4
338
5

304

170
327
189
122
167
975

4.16
7.03
0.10
0.23
0.37
0.03
n.01
0.04
0.69%
12.65
87.3

1116

PR
m oo

5
5/23
324
262
267

BASELINE OPERATION

TEST RESW.TS

8 1 8 2
s/23  s/e3  3/10  3/09
323 322 514 515

265 262 397 406

4 6 0 26
269 268 427 432
4 4 6 6
18 18 sl 36
[} [o] 19 17

246 246 404 407

135 135 219 221
286 282 349 59
145 147 254 252

97 101 181 181
134 131 277 2n
797 797 1279 1284

3.93 4.10 4.48 4.69
7.57 7.15 7.48 7.4
0.02 . o0.10 o.10 0.1
0.28 0.28 0.18 0.18
0.32 0.31 0.36 Nn.36
0.02 n.02 0.03 0.03
0.01 0.01 0.01 0.0t
0.02 0.02 0.02 0.02
0.69 0.78 n.27 0.3
12.95 12,77 12,96 13.15
87.05 87.23 B7.04 86.85
916 94 1468 1478
37.5 43.2 19.4 23.7
39.3 44,2 23.2 26.9
55.8 61.9 24.9 35.9

STUDY

10

3/10
482

an
23
394
6
31
12
369

215
325
238
154
238
nn

4.75
7.49
o.n
0.19
0.3
0.03
0.01
[APRR}
0.54
13.61
86.93

1347

GR83
~~o

n

5/21
321

237
26
263
4
17
6
248

134
243
162
17
164
820

4.16
7.24
0.10
0.27
0.39
0.02
0.01
0.01
0.54
12.74
87.28

9an

12
5/25
a2

249

153

159
104
147
806

Feoo00000~NY
208828838

o -

933

224
348
260
183

1301

S ONN~OO

Soooo000oNa
OSOD&J-‘-‘U!(D
-3

-
w
n
w

86.57

1502

lﬁ

3/09
513

7.28
0.12
0.18
0.3
0.03
0.01
0.01
0.19
13.15
86.85

ta5g

15

3/10
484

N
26
397
6

3
14
374

213
327
235
164
249
1189

QOW=WNO~ O

bl

FEopoo000 N
8cnm—oou-‘hcn

D -

1379

S88
-Qn

16

3/13
401

322
7
329
5

35.7
39.1
54.0

C~E POWER SYsYiues
FigLo TESTING AND
PERFORMANCE REsuLTs

oo 18

5/25  5/25
322 325 302

246 246 244

17 20 19
264 267 263
4 4 4
17 17 17
5 4 3

247 250 245

133 148 157
259 243 23
158 163 160
106 109 107
153 157 151
809 820 BO7

4.09 4.42 5.00
7.19 7.16 7.23
0.10 0.10 0.12
0.28 0.27 0.28
0.39 0.40 0.39
0.02 0.02 0.02
0.0V 0.0t 0.01
0.02 0.02 0.02
0.26 0.45 0.7
12.35 12,85 13.77
g7.65 87.15 86.23

923 9419 936

26.1 39.5 54.8
29.2 42.3 57.1
45.3 52.7 83.2
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gly L33HS

WisconsiN Power & LionT Co.

Cotumeia #1 C-E Power SrsTems

FI1ELD TESTING AND
PERFORMANCE RESULTS

BASELINE OPERATION STUDY

TEST RESWTS

TEST NO. 1 2 3 a 5 3 7 8 9 10 n 12 13 14 15 16 17 18 19

DaTe 1976  3/10  3/o8  3/15 3/13 s/fe3  s/23  sfes  3/10  3/09  3/10 s5/2:0 s/es  3/12 3fos  3/10  3/13 5/25 5/25 s5/%5
UniT Loab MY 524 524 485 399 324 323 322 514 515 482 21 321 504 513 484 401 322 325 322
PRODUCTS OF COMBUSTION 4k/J

ELECTROSTAT|C PRECIPITATOR INLET

DRy Propucts 403 409 a57 449 421 472 482 398 a7 434 408 510 396 413 439 480 426 469 519
WET PropucTs 436 aa2 491 481 454 507 516 432 450 467 an 545 430 446 472 515 459 503 554
AIR HEATER INLET

Dry At 39 415 473 4% 470 509 522 386 428 425 245 576 413 420 437 511 458 499 586
WET AIR 39 421 479 497 476 516 529 an 434 431 450 584 418 425 443 518 465 506 594
DR Prooucts 417 42 463 452 428 478 485 410 427 440 am 522 404 429 a48 492 436 479 527
WET PrODUCTS 451 455 497 485 451 513 519 444 460 474 444 556 438 461 481 507 469 512 561
AR HEATER OQuTLET

Brvy At 386 39 439 40 402 455 465 380 400 16 39 493 378 394 a2 461 407 451 501
WET AR 391 396 444 43 407 461 an 385 405 421 39 500 383 400 426 467 a2 457 508
Dry Propucts 422 a46 497 513 496 532 543 416 456 450 464 604 439 454 464 542 487 527 611
WeT Prooucts 456 479 531 546 530 568 578 449 490 484 498 640 4713 487 498 578 — 521 561 647
GAS AND AIR FLOWS xe/s

BAS ERTERING PRECIPITATOR 655 649 677 537 409 465 412 634 655 629 415 509 646 650 651 579 424 4713 518
Gas ENTERING AtR HEATER 676 668 685 541 416 470 415 652 681 639 a7 519 658 673 664 592 433 482 526
GAS LEAVING AIR HEATER 684 704 733 610 478 521 528 660 724 652 468 597 711 710 686 650 481 528 606
AR ENTERING AIR HEATER 594 618 661 555 429 472 484 574 642 580 423 544 629 620 611 582 429 476 556
AIR LEAVING AIr HEATER 586 582 613 486 368 agp 430 566 598 568 32 466 576 583 588 525 3 430 475
AIR HEATER LEAKAGE 8 36 48 68 62 51 53 8 43 13 51 78 53 38 23 57 ag 46 80
AIR HEATER PERFORMANCE

AIR HEATER LEAKAGE ¢ 1.1 5.4 7.0 12.6 14.9 10.8 11.2 1.2 6.4 2.0 12.3 15. 8.0 5.6 3.4 8.7 1.2 9.5 15.2
Gas SipE EFFICIENCY 4 721 727 T.9 72,6 0.6 72.4 2.0 72.1 7.8 72.2 67.8 70.1 70.4 7.1 72,0 72.6 69.8 7.1  70.9
Gas Orop c 264 250 256 221 187 195 196 264 258 261 191 205 261 266 258 224 196 206 209
AR Rise c 254 238 244 209 185 184 187 256 250 253 199 201 262 261 251 214 196 200 201
TemPeraTURE HEAD c 373 351 363 N2 272 276 279 373 367 368 29) 301 378 381 %6 316 288 297 02

FUEL ANALYSIS

CarBON < 48.8 50.3 49.8 49.4 48.9 49,7 51.3 49.0 50.0 48.8 51.1 50.6 49.2 50.6 48.8 49.9 50.5 50.6 50.6
HvorOGEN ] 3.4 3.4 3.4 3.3 3.7 3.7 3.6 3.4 3.5 3.4 3.6 3.6 3.4 3.4 3.4 3.4 3.4 3.4 3.5
N1TROGEN 4 .6 .6 7 7 7 7 .8 .8 .4 .7 .8 .9 T .9 7 7 .8 .8 .8
OxvGen 4 11.6 12.3 12.3 12.2 12.6 1.7 1.9 12.7 11.8 12.2 1.8 1.7 12,3 12,7 12,2 12.5 12.3 1.9 12.0
SuLFuR L 1.0 .8 7 .8 .8 -9 .6 .7 1.0 .8 7 7 .8 7 .8 .7 .6 .6 -6
Mo1sTuRE 1 25.1 24.4 24.14 24.4 25.5 25.1 24.7 4.7 24.5 24.9 24.5 25.0 24.6 24.2 24.9 24.2 25,2 5.1 25.1
Ask z 2.7 8.2 8.7 2.2 8.2 a.2 7.1 8.7 8.8 9.2 7.4 7.5 2.0 7.5 8.2 8.6 7.2 7.6 7.4
HHY w3/wa 19724 20108 19648 19934  1984) 19724 20492 19748 20097 19736 20422 20353 19562 20120 19736 18841 20050 20097 20166
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WisconNsIN PowEr & LicHT Co.
CoLumsi1a F1

TEST NO.

Dave 1976
UNiT Loao M
FLOWS xa/s

FeEowaTER (MeEasureo)

SH Spravy (PLant FrLow Nozzie)
Main Stean (CaLcutaTeD)

Tura. Leax. (Ture. Heav Bat.)
HP HrR. ExT. (HeaT Batawce)
RH Spray (PLANT FLow NozzLe)
RH Steam {Catcurateo)

UNIT ABSORPTION
CONOMI 2ER

FURNACE

Drum - SH DESH

SH DESH - SH OuTLeT
REHEATER

Torae

MI/s

UNIT EFFICIENCY 4

Ry Gas Loss

Mo1sTURE 1N FueL Loss
MOISTURE (N AIR Loss
RADIATION LOSS

Ash PiT Loss

HEAT 18 FLy Ase Loss
PyriTe ReJection Loss
CareoN Loss

ELecTrOSTATIC PRECIP, Loss
TovaL Losses

EFFicIEncY

HEAT INPUT M)/
HeaT INPUT FroM FueL

EXCESS AIR %

ELECTROSTATIC PRECIP.
AIR HEATER INLET
AR HEATER OUTLET

INLET

1

5/19
505

406
21
426

13
398

356
244
182
248

oocoo0000NM
)] ~ =W w
&8284=338

13.81
86.13

1453

2

. 5/19
506

412
17
428

16
404

288

180

-
o
- R 0w

copopooNu

-
w
Y
o

- Oy = = N W
78238sR

©
o
n
L)

1470

3

3/14
525

404
29
433

21
412

228
347
264
181
284
1304

ooooNu

JagQgoo
(S - Y] nw
S20HSRBIR AL

@™ —

1524

4

5/19
506

404
28
431
7
34
12
402

222
354
245
192
248
1262

5.20
7.25
0.12
0.18
0.34
0.03
0.01
0,02
0.34
13.48
86.52

1459

BIASED FRING OPERATION STUDY

3
5/12
422
349
352
28

321

178

187
134
176

N - w

moOSum~mm

opooooo~Na
o w —~

5.
5/12
422

345

168
23
193
133

1022

YBE[SRURIBE

Rioooo000Na

@ —-

=
~
=]

TEST RESULTS

I 8 s o n
s/16  s/21  6/27 s5fea s5/19
421 320 314 34 491

342 237 256 260 39

3 27 3 7 26
344 263 258 268 a7
5 4 4 4 6
27 16 18 18 ?
1 4 0 0 13

314 247 236 245 392

174 132 19 127 ea7
340 245 292 287 335
196 160 142 148 242
17 120 o] 102 185
173 160 120 1% 250
1001 817 763 799

4.54 4.38 3.84 14.16 5.45
7.72 7.23 7.1 7.17 7.0
0.1 0.10 0.09 0.10 0.13
0.23 0.27 0.29 0.28 0.17
0.36 0.39 0.3 0.33 0.35
0.02 0.02 0.02 0.03 0.03
0.01 0.01 0.01 0.01 0.01
0.02 0.01 0.02 0.04 0.02
n.70 0.42 0.30 0.52 0.82
13.70  12.83 12.03 12.63 14.27
86.30 87.17 87.97 87.37 65.73
1160 937 867 915 1445
30.7 19 34.2 29.2 23.1
32.3 21.1 5.9 32.4 23.9
45.1 56.1 48.2 46.2

12

5/10
497

384
33
317
6
0
18
399

- P

D

<

cpooooo N
NgcldanEn

1452

24.6
29.2
41.3

13

3/16
523

407
31
438
7
k2]
18
415

223
366
249
9N
279
1308

14

5/12
423

349
5
B3
5
27
2
323

Blioooo000 N
8eUgegenNzey

-
@
(5

38y

a2l

15

3/13
400

161
329
183
na
163
949

C-E Power Systems
F1ELD YESTING AND
PERFORMANCE RESULTS

16

5/16
422

345
5

190
328
201
122

1020

coopoooNy
IP2RBBRCSY

17

5/21
320

234
27
261
4
16
3
244

5.03
7.18
0.12
0.28
0.40
0.03
0.01
0.02
0.32
13.38
86.62

2R
QoW

18

5/23
23

e s

h

nur2oRUERES

.

$o~opppopNw.

g
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Wisconsin Power & Ligut Co.
CoLumpia 1

TEST MO,
Date 1976
UniT LoaD M

PRODUCTS OF COMBUSTION  wo/J

FUEL ANALYSIS

ELECYROSTATIC PRECIPITATOR INLET

Drv PFropuCTS

WeT PropucTs

AIR HEATER INLET
Dry AR

WeT AR

Dry Prooucts
WET PRODUCTS

AR Heater OuTLET
Dry AR

Wer Ar

Dry PropucTs

WeT Propucts

GAS AND AIR FLOWS xe/s
§A5 ENTERING PRECIPITATOR

GAS ENTERING A1R HEATER

GAS Leaving AR HEATER

AR ENTERING AIR HEATER

AR LEAVING AtR HEATER

AIR HEATER LEAKAGE

AJR HEATER PERFORMANCE
AR Hrcater Leakace
Gas Sipe EFFiciENnCY
Gas Dror

Ayr Rise

TEMPERATURE Hean

OonNnoO AN

CARBON
HyoroGEN g
NI TROGEN
OxYGEN
SuLFur
MO 1STURE
Agw

HHY vl

1
5/19
5m8

405
437

448
453
414
446

286
9
475
509

635
648
740
658
568

92

13.9
66.0
e27

i

s/19
56

anA
436

444
450
419
452

385
290
478
512

641
664
753
662
573

89

12.2
66.3
226
N4
39

51.0

1.4
12.2
25.9

llealetd

tw

3/14
525

393
425

407
412
403
436

374
279
436
469

648
664
AL
628
578

51

7.6
67.6
254
347
384

5/19
5M6

398
431

435
440
411
444

380
385
466
500

629
648
730
642
562

82

12.5
66.4
226
315

.|
gD

n
YeNNawan

2

e
243
o
m

BIASED FIRING OPERATION STUDY

TEST RESULTS

(I8

5/12
az2

437
an

482
489
445
478

420
425
508
542

554
563
638
578
500

%

13.2
69.8
219
287
31

[, X2 K- - 3R 199

nnNann

5/12
422

420
455

449
455
429
465

403
409
475
511

1

5/18
421

451
485

475
481
455
49N

43
439
497
533

ie.
w o

by

N
I
I3

-
-~ S WD~ -

8

5/21
320

400
433

a4
246
404
437

3g2
387
463
497

6/27
314

429
462

473
479
435
468

41
416
497
531

401
406
460
415
361

54

13.4
69.4
178
239
265

£
w m

38 o
NSRS | w
WOHODAO W U

Y

i)

10

5/23
324

440
473

474
480
451
484

422
428
502
536

433
443
490
439
392

a7

10.8
68.6
180
247
2m

%1,
w O

N —
DO LY -
“DVO B NW! o

2

n

5/19
491

421
454

476
482
423
456

403
408
496
530

656
659
766
697
590
107

16.2
66.2
2a7
17

s
NhNo N

"
~N b
Bl

[<ladela v}

12

5/10
497

422
455

242
448
436
470

403
408
476
509

661
682
739
650
592

57

8.5
69.4
249
329
367

(4]
w8

n

-
~ nN
RN

NN~ we Wy

0]
3
)

13

3/16
523

a2
435

420
425
424
458

383
388
461
495

656
691
747
641
585

56

8.1
7.0
259
333
372

D
w
wx

-
n

)b
SNo N

3
fed

14

5/12
423

451
484

477
483
480
492

433
439
504
537

572
582
635
571
519

53

9.1
70.9
230
298
33

15

3/13
400

455
489

496
503
458
492

438
443
516
551

C-F. Power SysTems
Frewo TesTiun anp
PERFORMANCE ReSULTS

16

5/16
422

471
504

526
533
477
510

453
459
550
584

597
604
692

v
W -

.o
D=~y O

n
Na
L] ﬂ.

2049

17

5/21
320

450
483

490
497
455
488

432
438
514
548

18

5/23
323

461
496

508
515
467

444
450
534
567

n
Rt
fomomao v

:
N
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Wiscons N Power & LianT Co. C-E POWER SYSTEMS
CoLumeta i1 Frewo TESTING AND
PEar ORMANCE RESULTS

OVERFIRE AIR OPERATION STUBY

TEST RESULTS

TEST NO. 1 2 3 4 5 8 I 8 s 10 n 2
DaTe 1976 3/ 3/17 afe0 3/20 afe2 a/z0 3/20 3/20 /24 3/24 3/24 6/e4
Uit Loap My 517 512 524 525 526 521 522 522 476 473 472 524
FLOWS xa/s

Fecowater (Measuren) 399 400 432 432 420 443 438 435 381 373 367 427
SH Seray (PLANT FLow Nozzie) 26 26 7 12 24 2 3 4 17 17 22 19
Main Stean (CaLcurateo) 425 426 439 445 444 448 441 439 398 390 389 445
Turaine LEAKAGE {TurRBINE HEAT BaLance) 6 6 7 7 7 7 7 7 6 6 6 6
HP H¥r. ExTracTion (HEAT Batance) 34 34 38 37 36 38 39 38 3 3 0 B
RH Sprav (PLanT FLow Nozzue) 20 20 14 15 15 3 12 13 13 14 16 n
RH Steam (CavcuLaven) 404 405 409 416 416 404 407 407 374 3®7 %68 aNs
UNIT ABSORPTION MJ/s

tconom) ZER 227 230 160 167 159 200 151 151 178 174 165 237
Furnace 3N 340 467 459 449 432 485 479 387 380 383 376
Drum - SH DESH 246 247 246 255 257 23 245 2] 225 223 225 258
SH DESH - SH OuTLET 185 183 156 163 180 175 150 153 159 155 154 187
REWEATER 281 285 287 294 298 227 278 284 272 264 264 261
ToraL 1280 1286 1315 1338 1352 1269 1310 1309 1221 1196 19N 1319
UNIT EFFICIENCY %

RY GAS LOSS 4.69 4.86 4.54 4.55 4.36 4.05 4.20 4.08 5,09 5.23 5.02 4.6
Moi1STURE IN Fuer Loss 7.94 7.61 7.46 7.36 7.28 7.39 7.34 7.3 7.37 7.29 7.4 7.07
Mo1sTURE IN Air Loss 0.11 0.11 0.1 0.11 0.10 0.09 0.10 0.10 0.12 0.12 0.12 0.1
RADIATION Loss 0.18 0.18 0.17 0.17 0.17 a.18 0.17 0.17 0.19 0.19 0.18 0.17
AsH PiT Loss 0.36 0.36 0.36 0.36 0.36 0.3%5 0.36 0.36 0.35 0.36 0.33 0.3
HeAT N FLY Asu Loss 0.03 0.03 0.03 0.03 0,03 0.02 0.03 0.03 0.03 0.03 0.02 0.02
PYRITE REJECTION LOSS 0.01 0.0t 0.01 Q.01 0.01 0.01 0.01 0.01 0.01 0.0t 0.01 0.01
CARBON LOSS 0.01 0,02 0.02 0.01 0.02 0.03 0.04 0.03 0.01 0.02 0.01 0.02
ELECTROSTATIC PRECIPITATOR LOSS 0.79 0.07 0.80 0.60 0.51 0.25 0.3 0.33 0.96 0.80 0,90 0.44
TovaL LossEs 14.12 13.25 13.50 13.20 12.84 12.37 12.57 12.43 14,13 14.05 13.94 12,80
EFFICIENCY 85.88 86.75 86.50 86.80 87.16 87.63 87.43 87.57 85.87 85.95 86.06 87.20
HEAT INPYT W/

Heat InPUT FROM FUEL 1490 1482 1520 1541 1540 1448 1498 1495 1422 1392 1384 1513

EXCESS AIR [ 4
FLECTROSTATIC PRECIPITATOR INLET 23.9 23.2 21.8 19.7 20,4 13.3 13.9 15.1 36.8 35.8 30.0 23.9
AR HeaTER INLEY 25.4 30.8 23.2 22.5 23.9 18.4 19.0 19.7 37.7 37.6 30.8 26.1
AIR HEATER OUTLET 33.3 34.2 33.3 31.6 .8 26.9 30.8 26.9 49.4 49.3 40.4 3.8



61V L3I3HS

WiscongIN PowEr & LicHT Co,
CoruMaia #1

TEST NO.,

Dave
Unit Loap

FLOWS

Teeowater (Measureo)

SH Spray {PLANT FLow Nozzre)
Main Steam. (Catcueatep)

1976

LY

xa/s

TuRBINE LEAKAGE (TurBINE HeaT Bauance)

HP HTR. ExTRAcTion (HEAT BaLance
RH SeRay (PLANT FLow NozzLE)
RH STEamM (CaLcuLaTep)

UNIT ABSORPTION
EcoNoM1 ZER

FURNACE

DruM - SH DESH

SH DESH -~ SH QuTLET
REHEATER

ToTaL

UN1T EFFICIENCY

RY GAS Loss
MoisTuRe 1N FueL Loss
MoIsSTURE 1N AIr Loss
Rapi1ATION LOSS
AsH PiT Loss
HeAT 1N FLy Ash Loss
Pyr1Te ReJecTiON LOsSSs
Carson Loss
ELECTROSTATIC PRECIPITATOR LOSS
ToraL Losses
EFFiciency

HEAT INPUT

HEAT INPUT FROM FUEL

EXCESS AIR

TLECTROSTATIC PRECIPITATOR INLET
AR HEATER INLET

AtR HeaTer OutLET

Ml/s

MJ/s

@ —

13
6/24

525

121
22
444
7

16

ol

OwoooO0OpONS
835828483=88

-
wn
n
o

o —

14

8/24
523

424
19
443

35

408

233
375
253
196
243
1300

POOOOOO N
38828832288

Ndooooooo~Ns

—_
P
«©
w0

15

3/25
511

401
23
a5

34
18
402

159
428
245
m
28B4
1286

DO W==wW
- e ) N -

C pOO_OOO\I-h

o
-
-y

13.57
86.43

1488

833
@ bW

@ —

TEST RESULTS

16

6/30
526

416
23
438
7
3
12
409

227
368
253
203
243
1295

S®opoopoors
50B8ARU=3mA

Py
b3
@
s

i
™ - N

7

6/25
524

410
0
440
7

34
14
413

237
353
260
213

1320

26.2
28.5

~NNQOOO0O0 200N

@ =

OVERFIRE AIR OPERATION STUDY

18
6/30

526

419

52 02R %38

-
E-
~
w0

18

6/29
524

419

o
o

20

8/25

521

413

438

17
414

240
354
261

263
1320

.

. .
232_HBI=A

SopoooooNa

-
w
N W
W~

1524

PRI

IBoooooooms
JRUB2A34UNo8N
SPooooopoms
B23R28LR3%8

D -
@ =

C-E Power Svstems
FieLo TESTING AND
PERFORMANCE RESULTS

23
6/27
316
262
263
19

240

115

241
N -

o —

ﬂ
5/29

244
15
259
17

238

SRIR2RBBELRS
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Wiraconsin Power * Liaur Co.
CoLumBia #1

TEST NO.

DaTE 1976
UniT Loap My
PROOUCTS OF COMBUSTION YT IA]

ELECTROSTATIC PRECIPITATOR INLET
Dry PropucTs
Wer PropucTs

AR HeaTErR INLET
Dry AR

WeT AR

Dry ProoucTs
Vet ProDUCTS

Atr HEATER OuTLET
RY AIR

WET AR

Day Prooucrts

Wer Prooucrs

GAS AND AIR FLOWS xa/s
GAS ENTERING PRECIP 1 TATOR

GAS ENTERING AIR HEATER

Gas Leaving Air Heater

Air ENTERING AIR HEATER

At LEAVING AR HEATER

AR HEATER LEAKAGE

AIR HEATER PERFORMANCE
AR HeaTer Leaxage
GAs S10E EFFICIENCY
Gas Dnop

Air RisE

TEMPERATURE HEADR

OO OWMR

FUEL ANALYSIS
ARBOH
HYDROGEN
N1TROGEN
OXYGEN
SULFUR
Mo I sTURE
AsH
HHY xJ/x

O MWW A RN

3f17
517

413
448

420
425
/N7
452

394

443
478

668
673
na
633
596

39

5.6
7.9
267
339
379

47.30
3.20
0.70

11.80
0.70

27.90
8.40

19050

2

3/17
512

414
457

406
an
438
472

395

449
483

662
700
716
609
593

16

OVERFIRE AIR OPERATION STUDY

TEST RESWLTS

3fz0
524

M2
446

427
433
417
450

394
400
450
483

678
684
734
658
808

50

7.4
72.3
264
333
372

3.50
0.80
12.00
0.60
24.80

20050

4

3/20
525

433

412
7
408
442

382
387
438
a7

667
681
726
642
596

45

6.7
72.2
268
3
378

49.80
4.40
0.80

11.80
0.70

24,90
8.60

20097

3

3fe2
526

401
434

406
an
412
445

384
389
434
467

668
685
719
633
599

34

5.0
73
268
333
373

$0.00
3,50
0.80
11,80
0.70
24,10
9.10
20306

5

3f20
521

383
416

393
398
399
432

365
370

460

602
626
666
576
536

40

6.4
n.7
237
N3
337

50,20
3.50
0.80

12.00
9.60

25.20
7.70

20120

I

3/20
522

384
416

403
409

433

370
438
471

623
649
706
613
554

57

8.8
72,1

e
354

49.80
3.40
0.70

12.00
0.80

24,90
8.40

19980

L

3/e0
5e2

387
419

39
397
401
434

%69
374
429
457

626
649
683

&

n

%9?95999
888883

u
&~ 0

3
3/24
476

461
494

480
486

497

448
501
53

702
707
761
691
637

54

7.7
72.0
262
A
371

50, 40
3.50
0.80
13.10
0.70

24,00
7.50

20004

10

3/24
473

453
486

473
479
459
492

436

496
530

676

738
667
614

53

7.7
71.4
264
337
377

50.20
3.50
0.80

11,90
0.9

23.90
8.80

20283

C-£ PoweR SysteEms
Fiewo TeEsTing AND
PERFORMANCE RESULTS

n

3fea
472

443
476

455
461
445
478

424
429
476
610

(3]

QOGOGM
38838388

BoRodo.

12

6/24
524

412

418
451



12y LIHS

Wisconstn Power & LiouT Co.

Corumaia N

TEST NO.

Darve 1976
UniT Loap MW
PRODUCTS OF COMBUSTION nc/d

ELECTROSTATIC PRECIPITATOR |NLET
RY PRODUCTS
WET PrODUCTS

AIR HEATER [NLET
DRy AR

Wet AtR

Dry PRrODUCTS
WeT ProbUCTS

AR HeaTER OQuTLEY
DRy AIR

WeT AR

Dry Propucts

WeT ProDUCTS

GAS AND AIR FLOWS xe/s
GAS ENTERING PREC|PITATOR

Gas ENTERING AR HEATER

Gas Leaving AIr HEATER

AIR ENTERING AIR HEATER

AIR LEAVING AR HEATER

AR HEATER LEAKAGE

AIR HEATER PERFORMANCE
AR HEATER Leaxage

Gas Stoe EFFICIENCY
Gas Drop

AR R1SE

TEMPERATURE HEAD

OO ORANR

FUEL ANALYSIS
CARBON
HYDROGEN
NiTROGEN
OxYGEN

SULFUR

MO I STURE

Asu

HHV wJ/x

TRAR WA R A

o R

6/24
525

409
A1)

431
436
414
448

39
396
454
486

673
680
742
665
604

62

9.0
68.8
234
286
348

49.90
3.40
0.60

13.80
0.4N

24.60

20%62

li

6/24
523

412
494

428
433
M5
436

394
399
448
481

661
664
716
645
594

52

7.7
69.5
233
299
343

50.10
3.40
0.60

13.80
0.50

24.20
7.40

20492

OVERFIRE AIR OPERATION STUDY

15

3/2s
511

404
a37

121
426
an
344

387
392

478

650
661
71
634
583

50

7.8
70.9
260
336
374

TEST RESWLTS

18

6/30
526

m
443

426
43
215
A48

393
398
449
482

656
663
714
640
589

51

Al

6/25
524

413
442

43
437
420
454

394
400
458
492

671
690
747
664
608

57

8.4
70.1
239
272
348

47.80
3.30
0.70

13.70
0.50

25,70
8.60

19399

18

6/30
526

N
423

412
418
395
428

373
378
435
468

626
633
692
618
559

59

9.3
70.0
230
284
336

48.90
3.40
0.80

14.10
0.50

25.60
6.70

20515

19

6/29
524

380
412

396
401
382
414

362
366
416
448

612
615
665
595
544

50

8.3
70.4
240
297
349

49,40
3.40
0.70

14.40
0.40

25.10

6.60
20562

6/25
521

409
a42

428
434
4186
449

391
3%
453
487

674
684
742
661
604

58

8.3
69.4
237
292
349

49.40
3.40
0.60

13.80
0.40

7.10
20120

21

6/26
419

440
472

473
479
448
480

422
427
499
532

554
563
624
562
501

61

10.8
70.9
208
249
301

51.90
3.60
0.60

12.90
0.60

22.90
7.50

20585

22

6/25
422

a7
449

436
442

454

398
403
450
492

536
542
588
528
482

8.5
69.3
216
266
319

50.40
3.50
0.70

14.60
0.70

23.90

6.20
20655

C-E Power Svstems
F1Etp TesTine ano
PERFORMANCE REsuLTs

23

6/27
316

a2t
154

154
459
429
462

403
408
479
513

402

399

28oZowd
8338224

§s

gﬂ
5/29

433
466

465
4n
433
466

415

484
517

a7
417
462
421
375

45

11,0
n.s
195
232
280

49,20
3.40
0.70

13.60
0.70

24.10

20283
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Wisconsin Power & Light Co.
Columbia #1

TFST

T/C &

—
DOE@~NC NS N -

——
N N e

e el
[N

N e
(R X2

21
22
23
24
25

27
23
29
30

31
32
23
3¢
35
36
37
33
9
40

41
42
43
44
45

1

(.0
U.9
0,0

18.75
ZelW
0-(‘

15.17

ly.02

16.24

110,75

Sl.57
22,49
56.00
95.22
15.29

8.28
6l.39
44,10
73.24
50. 46

5«71
131.73
118.9%

T6.03
60.53
53.24
40.53

0.0

97.72
36.69

91.33
65.78
64.87
64437
28.56
44,20
87.09
B9.82
444206
Tlab7

84435
Tl.21
158.0%
6%.23
23.80

2

45,2,
0.0
Wo.llL
191.50
80,60
0.0
110, %2
19.37

279
120.53

45.36
78.1o
5leld
80.42
47+ 8>
824U4
50414
92432
93.74
T4e Do

96620
113.74
121.73

79.40
10B.02

260335

70.J1

0.0
33.3
5l.07

93.93
1264 30
11lé0¢
116eus

86.01

Tos Yo

28e24

L4840+

29 t-¢

9l

L1344/
Lo, 32
| LIRS ¥
135,49
Lo, 43

3

23430
Je0
Je)
del3

25.38
J!d
e 73

2ted?

32.28

12e51

a7.10
v3.45
224206
1o 35
29.482
faslo
2len?
111.77
lWo.38
vd.78

4Te?d
l«3.380
if.11
Li4.84%
d3.03
W1.27
IR PR L]

0«0
Jue?2
47T .40

Luc.20
duedn
Lud e 20
J+.28
Td.706
stedl
3275
Llo.a4d
20 +1)
)0

a2.006
Lli .05
slel?
tl.al
LaselLy

t

203
bV
.0

l2de4al

2270
Jeu

3a02
3.50

2480

1254149

14.84
33.04
260467
23 4/
L15.95
109.57
l6le0l
17.063
20.32
82,19

2%el>
102.36
144,37
62.23
4T.09

0.0
33.21

0.0
Yde 53
l65.19

T0.25
09 ¢ 3
22.90
3l.15
19459
206401
Lal.35
So0.l6
40, v
2Led2

oisll
PYALS ]
lucels
172,33
Liseol

BASELINE OPERATION

5

32.32
0-0
0.0
53.78
29.62
U.0

339
75.31
65.29
75.31

$6+19
50.74
N0
87.20
34.49
157.51
126.406
110.94
109.11

6442
0.0
161.28
257.88
L4l.19
lo4.93
159.45
0.0
122476
150.16

132. L4
150.16
140.11
130.07
101.76
185.24
195d.77
198.00
121.77
L4v.90

l4duloe
1) ¢}
119.25
Li12.02
NN 23

WATERWALL ABSORPTION RATES, kv/m®

[

23,206
0.0
0.0

59.41

31.33
0.0
3.56

85.24

80.68

80.68

76.65
55.19
56 .09

0.0

86.20
33.50
154.47
119.06
101.71
97.15

5614
Q.0
155.71
261.42
135.62
152.97
126.48
o.o
L14e45
147.32

200.¢5
155454
l146.41
127.23

98.01
166.89
145.89
189414
128455
145489

141,23
0.0
15634
L12.77
174425

1

32.03
0.0
0.0

73.78

27.53
0.0
0.0

Y4.16

75.01

82.30

57.71
53.16
45.90
0.0
97.86
27.90
161.77
116.12
103.33
93.29

59.57
0.0
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Performance Rmsults
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WATERWALL ABSORPTION RATES, kH/mz
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C-E Power Systems
Field Testing and
Performance Results

15

0.0
18+ 44
83,31
82.09
T7.54

93.36
103.10
50.83
73.89
97.01
0.0
0.0
179.96
97.17
50.59

59.08
133.32
60.29.
az.18
34.23

" 31.82

54.79
0.0
0.0

161.65

54.56
100,77,
97.12
29.19
0.0
69.85
0.0
156. 28
41.96
T4.75

122.23
112.48
118.57
77.18
96.70
88.17
102.79
85.74

108.87
T79.97



202

pev L3IIHS

Wisconsin Powar & Light Co.
Columbia £

TF ST

T/C &

91
92
93
94
95
96
91
93
99
100

101
in2
103
104
105
106
Lto7
108
109
110

(S8
112
113
114
115
lLle

1

115.39
120.87
148.27
144.62
o.u
202.02
82,24
104433
73,08
8l.01

141,29
135.13
0.0
109.47
157,00
0.0
L70.11
0.0
46.72
0.N

45.01
T1l.47
85.d5
55.17
111.19%
99.80

2

105,30
108. 10
138411
3T.70
0.0
75.24
102.,,
106,43
121e 74
118.3)

108. 38,
91,34
0.4
d0e9>
110452
D.u
130.0,
LPYY)
5574
0.0

oT e
126.10
138.59
121.01
PTYETV
100.42

3

Ty.00
Jle90
122.04
3% .47
0.0
27.08
due33
a0
1lue20
1¥2.33

dlabt
dreul
V.0
29.93
00l
(V2]
Livetd
[V )
w4.10
9.0

29400
144.18
el ?
e 04
oe 29
JJ .08

L1b.47
114.55
120.74
l38.30
V.0
d44.92
lase.28
67.70
TL.17
06 .07

L22.08
2070
9.0
0B.d%
105.13
O.v
i113.33
u.0
31.92
0.0

L16.71
L77.24
d3.93
151.74
122.12
95438

BASELINE OPERATION STUDY
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WATERWALL ABSORPTION RATES, kH/mz
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0.0
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0.0
i03.90
0.0
96417
o.o

101.11
0.0
94.69
70.48
56.34
60.67

12

84.93
53.98
106.83
73.08
0.0
77.9%
9%4.41
0.0
88.89
66,51

110.70
34.81
0.0
2l.77
42,30
0.0
78460
.0
T4.88
0.0

62.50
0.0
101.67
102,99
81.50
8l1.29

Lol vower Lysvams
Fleld Yeatlng and
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84.52

60.87
0.0
0.0

L57.04
126439
92.38
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135.93
124.97
145.98
103,06
o.o
78.74
101.60
0.0
153.60
178465

151.68
36.59
0.0
21.68
35.97
0.0
34.72
0.0
23.14
0.0

104.33
0.0
59.62
179.56
124.28
120.41

11

108.70
84.35
91,65
T4462

0.0

114.67

140.78

118.62

101.04

118.13

121.80
98.21
0.0
82.34
92.36
0.0
82434
0.0
88.29
0.0

115.21
89.39
96.18
64458
56410
63468

12

108.87
87.87
149.06
79.66
o.o
143.50
66472
T6.81
12.04
108,88

133.86
9l.22
0.0
114.40
126.41
0.0
123.16
0.0
84.868
0.0

107.80
106.94
170.65
101.57

56,28
106.13
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82.00
122.18
155.97
101.17

0.0
133.06
103.76
170. 47
75.29

88,39

95.10
126465
0.0
99.72
147.28
0.0
170.38
0.0
6l.67
0.0

36.33
T8.24
38.90
146.84
127.07
107.56

14

146.35
137.22
133.57
124.43
0.0
137.82
124.10
0.0
96.59
107.00

104.62
8l.24
0.0
59.94
86.88
°-°
83.12
0.0
93.73
0.0

116,79
0.0
67.40
128.00
120.14%
104,34

| &

109.71
103.32
124.32
145.32
0.0
169.61
132.17
0.0
67.27
55.80

47.09
10.74
0.0
51.73
T4.28
o.o
71.78
0.0
44,37
0.0

49.17
0.0
66436
106.87
85.33
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11
12
13
14
15
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17
18
19
20

21
22
23
24
r3-]
26
27
28
29
30

31
33
34
35
36
37
38

39 .

40
41

42

43
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44.29
0.0
0.0

Bl.d4

4550
0.0

25.03

97.39

91.31

93.74

15.49
T1.84
64455
D.0
79.73
115.03
158.87
127.21
LiT7.47
112.60

67.58
o.o
169.60
208.51
135,52
147.69
136.74
0.0
5T7.16
97.28

145.99
165.46
121.63
132.59

99.71

63.28
124412
152.13
119.25
120.47

136.30
0.0
140.10

157.00
1L33.93

17

Hedd
Nev
0.v
29.39
1ls 04
LY)
Q.
55-00
45.99
>T.13

654917
6543/
38.74
0.0
4501+
Tl.50
110.73
72.40
T4.23
48.70

89.73
0.0
0.0

134,59

T72.53

98.07
0.0
0.0

5Leso

‘T9e00

103.39
90.061
92.43
58.72

124.39
Bheur
T8e20

1ne 71
34.03
60+l

79117
0.V
85.9>

FTle32
Lise 2o

14

23433
U
o.o

43430

21.006
0.0
U.0

2l.%49

22.04

22 W%

40-60
35 .04
34.84
0.0
87,01
29449
12961
17.65
d3.05
40431

4373
553.17
157.16
255 .56
134.29
148 .90
139.77

0.0
126 .82
150. 6

212434
lol.o2
152.39
132.30
124.00
171.06
1aD. 10
2Vlelo
134424
144062

144238
J.0
lu2 .34

14Zexl
LrvalZy
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53
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56
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12
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T4
15
76
117
78
79
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82
83
84
85
8o
87
8y

0

lo

110,79
127.84
129.05
115400
144.00

28464
35.85
27644
119.65
123,20
Q.0
63409
61.26
40,67
90e17

6%.41
1L2.22
93,74
73.06

111.38°

132.08

135.74
0.0
0.0
0.0

148.91
206,08
173.25
122.12
0.0
150.86
155.73
135.03
109.45
142.39

193.50
142.39
l43.01
0.0
120.53
130.27
le3.1%
129.05

120.51
10503
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25,04
15,93
66.d0
47,70
134.13

69435

93.%0
51le17
54.80
40. 50

0.0
128401
125.80
88443
49. 0l

52.33
91. 50
59,60
55497
464 VU4
79.70
6l.4d
0.0
0-0
0.0

T6.14
100.81
89.35
36422
o.u
90.61
T6e 95
16.93
58,72
108.30

108, 3o
80,03
83.72

0.0
82.31
o8.02

02.27

3.1

GLed/l
7. 572

18

.15
13d <00
123,99

5106
lulelo

46,31
120425
ddel7

%3.60

100.03
0.0
39.03
%3.55
32.71
52.95

44,79
15.70
53.86
12.55
66.64
16.67
94 .00
OQO
0.0
0.0

141 .51
lboe25
11J-29
143433

3.0
144.18
152.39
124.09
34 .86
202.07

149415
155.54
IL.62

0.0
153.60
P RYL)
l44e 29
119.42

Ll4e.35
L. a1
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103
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108
109
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118.43
125.74
136.10
146.44
o'o
104.70
171.04
0.0
178,85
109.51

70.63

129.12

0.0
53.95
7567

o.o
49.78

0.0
38.25

0.0

53.01
0.0
131.37
141.17
82.79
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109.4d
116.738
63. "Z
49.35
olo
99.71
87.91
0.0
90.61
95.59

117.91
86400
0.0
6%el15
B6469
0.0
87.31
. 0.0
89.34
0.0

113.46
0.0
87.87
68.23
‘54410
55.71

18

127.42
124,08
141.12
0630
0.0
79.35
101,30
0.0
Lo2+44
132.01

157.77
35.77
0.0
17.78
38.49
0.0
35.15
0.0
22.85
0.0

89.43

0.0
59.33
157 .37
125.81
113.72
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8 94,90 42,94
4 29443 23,37
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11 dle26 33,2+
12 20.46 19.12
12 87.65 91e lu
14 T1.0) 75.¢1
15 120,51 142.24
lo 6633 10.22
L7 29,31 B4&e 32
18 43.U5 52+ 17
19 89.41 93402
20 69433 T4. 05

21 28.47 38. 07
22 14B.83 15640V
23 19.55 26904
24 138.78 146480
25 50«26 36.17)
20 0.0 88.l
21 59,30 52,1>
28 ‘0.0 0.V
29 19.35 23. 079
30 95451 59,493

31 108.43 103.172
32 111.17 115.9)
33 91.08 9T.03
34 142.43 139.0+
5 10l.12 954 29
36 odell wh e 3
37 77.71 30, vl
38 95,05 J6sr+
39 110,58 Ll4.1v0
40 T3.15 12,19

41 9L.40 95,22
42 107,84 L8,

K] 5T.93 30Le33
44  dlebd  3).l>
45 110,29 101335

3

Jei)
(VY]
Jel)
1Vu,. 1o
3405
(e}
Je
[V
Vel
37.33

2483
2732
68226
24429

122.04
3.60
1712
217431
70.91
Td.21

31.173
122 .09
L7190l
137,062

69.%9

U.0

0.0

D0
246.19
102.69

1)7.20
139 .00
lu9.09
Llv.22
T7.1:
vyeid
3290
Lessold
voev?l
127e47

Llusal0
dde 39
L+3.51
Lad.o
J3.23
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Telu
1,0
ll.22
17.2¢
33419
1,0
Lle22
éedd
U,
29 .26

n,o
ol.03
5283
33404

102.01
102.92
0 .97
ad.od
49,23
17.30

41e57
L16.067
Lil.1v
dlelo
53.71
1.0
V.0
Q.0
L9aT0o
L+3 .45

J4e54
129.25
1ld4.29
110.94

Slevd

45403

.17
L4224 39

12.03
L33.21

1506w
Lh)a3s
la)e 34
lodedl
lo2eal

5

Ge 58
0.0
0.9
124443
44415
0.0
Be30
0.0
d4.41
88.07

28.03
47.96
74.28
65. 26
107.17
o'o
26s16
40.62
56.07
108.99

50461
128.22
7.03
76.17
52.48
0.0
0.0
0.0
104426
128.92

82.35
02.28
13.22
11157
62.28
48404
94.18
175.80
000
I4e53

11430
35401
BRI
lode 81l
107494

6

14,77
0.0
41.08
L63.35
T4.77
C.0
140633
53.06
75.85
132.47

93,19
89.54
79.49
78.58
13l.40
132.38
134,20
94.93

82.14"

107.71

72411
150. 68
127.85
211.79
125.11
112.63
128.46

0.0

105.71

115.76

180.58
153,20
117459
117.59
104.80
12155
117.89
189.10
114,24
139.81

154423
116,81
120,94
1d4, 84
191,23

1

28e4l
0.0
0.0
133.22
40.53
0.0
0.0
51.24
43.97
105.07

65.81
56.7T0
53.97
58452
L12.28
95.84
115.02
62,08
75.75
94.01

50.24
122,37
145.20
178.97

97.71

0.0

0.0

0.0
132.20
92,92

160.51
130.57
G57.49
104. 80
9d.40
94.71
112.41
183.62
0.0
134,33

121.85
92.32
63.43

L1455

151.08

8

0.0
olo
0.0
ll4.46
33.34
0.0
0.0
25440
21.81
51.67

1&'23
60.77
55.31
47.12
120.02
63.42
96.27
37.06
67.98
92.62

37.06
114.59
156.60
146 .55

10.76

0.0

58 .00

0.0

8u.06

8241

110,72
138.12
111.63
120.77
105.24
b2.39
49,11
150.30
0.0
91,85

133.09
L131.13
131.74
133.26
146.90

9

8

.
. )
.

[-R-2 - 3-X-
- R-ACR-F-X-}

0.0
34.64
31.92
84.08

T2.82
80.12
T4.64
T2.82
70.95
56.37
71.86
30.08
66.21
83.72

6l.83
128.54
4«58
T4.66
38.28
T3.45
0.0
0.0
22.17
47.45

79.02
$2.60
67417
73.55
34446
4T.49
56.58
13>.06
29.39
100,36

62.95
66.60
81.53
108.00
94430
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0.0
0.0
0.0
6.01
0.0
0.0
0.0
34427
18.48
82.86

67436
91.08
71.92
78.30
63,68
52.75
67.32
36442
62.77
92.87

37.33
138.60

Ta71
19.25
43 .75
70.13
64466

0.0

9.54
56.27

73.58
57.18
68.11
77.23
35.40
46062
58.44
119.57
56602
89 .44

64.81
69.36
88.87
107.13
99.82

1l

olo
0.0
0.0
0.0
0.0
0.0
0.0
28I59
15.48
55.17

60.02
14.60
72.17
58.81
42.42
55.75
56496
29.16
58417
73.96

27.96
134.61
o.o
68.87
37.37
0.0
44.01
0.0
21.28
55463

75.67
Sbe2h
63.52
76.89
32.06
46059
57.49
87.88
62.35
95.18

68.42
6721
74.55
98.28
100.10

12

0.0
0.0
‘129.64
0.0
97.99
o.o
123.80
0.0
6152
155.02

54.96
100.22
86.34
117.02
28.41
0.0
136.30
132.45
9538
101.96

36.36
o.o
197.8%
0.0
o.o
137.99
138.73
0.0
112.39
186015

195.64
56.90
53«26
78.05
62.73

135.53
82.20

205461
83.66
93.15

120.92
11142
189.33
213.39
181.31
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0.0
o.o
127.80
0.0
91.26
°.o
119.57
o.o
58.58
127.96

47.66
99.64
66.78
115.17
24.05
°.o
175.34
105.95
105.03
105.03

31.26
184.20
188.16

0.0

°.o
139.79
137.96

0.0

96.64
114.91

L73.35
60.15
96.64
T6.56
49.22
58.63
$6.81

181.86
83.25
97.86

118.87

97.86
182.18
167.58
161.19

14

0.0
o-o
103.85
o.o
93.80
0.0
120.29
o.o
80.27
123.20

43.83
107.67
110.41
107.67

26.5¢

0.0

50.11
111.23

9l.14

85.66

30' 16
0.0
172.45
o.o
o.o
133,20
134.11
0.0
136.64
227.83

216491
59.95
59.04
94462
T4.54

220.86

122,33

229.96
73.93
89.45

106.80
110446
175.59
233.91
191.10

15

0.0
o.o
84,77
0.0
62.87
0.0
29.29
20.50
6044
34.00

85.87
26.78
10%9.62
40.34
14.22
36465
52.99
44,81
T6.66
91.28l

30.32

93.17

33.09

113.26

17.83
0

350.71
‘0.0
0.0

T8.306

86.57
73.80
44.66
90.22
T4.71
44499
66.83
98.76
48.62
51.65

48.62
93.29
34.45
54.40
T2.62
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57 0.0 0.0 Vet) 0.0 0.0 0.0 1.0 " 0.0 0.0
58 14l1e30b l6less L131ed9 Lloevd 118.95 10L.25 10L.25 108.06 164.83
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o.n 0.0 177 .69 167.24 168.87 0.0
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0.0
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Q.0
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WISCONSIH Power & Liauy Co,

BASELINE OPERATION STUDY

BOARD & COMPUTER DATA

corumsia £1
TEST NO. 1 2
Jeol BT - £
pate 1976 310 3/os
Time 09:45 14:00
ac  Loao Mo 524 524
FLOWS - 10°LB/IR
¢ FEEDWATER 3170 3338
¢ SUPERHEAT SPRay L 107 24
¢ SUPERHEAT SPRAY R 130 64
€ ReHEAT SpRav L 57 39
C REHEAT SPray R 75 60
¢ BFP Ture. ExTrR. STM. FLOow 1-A [s] ]
¢ BFP Ture. ExTr. StM, FLow 1-8 o] o]
¢ BFP Tuma. Mn. STM. FLow CoMBINED 7.4 7.8
¢ Hot AIrR To BurnERS L WinDBOX 1626 1606
¢ Hov Air To BURNERS R WiNDBOX 1585 1560
PRESSURES
Steam & WATER - PSIG
C FEEDWATER TO EcON. 2735 2751
¢ Boiter DRuM 2682 2691
C TursiINe THROTTLE 2399 2400
€ TuRBINE 1ST STAGE 1666 1682
¢ HP HrrR. 1-GT & 1-G2 Steam IN. 539 536
AIR & Gas - IN HOO
C (TE | SCHARGE 5.67 5.63
C FD Fan 1-B DiscHarGE 9.13 8.68
C AIR HTR, 1-A AIr IN. 7.72 7.50
C AR HTR. 1-B Air IN. 7.24 6.86
C AR HTR. 1-A A1r OuT. 3.68 3.51
C  Air HTR. 1-B Ay OuT. 3.50 3.50
C FurN. RIGHT WiNDBOX 2.22 2.12
C Furn. LerT Winpeox 2.25 2.20
C Rr. WDBX 10 FurRN. DiFf. P 3.22 3.18
C LeFT WDBX 7O Furn. DIFF. P 4.03 3.9
C  FURNACE . -.51 -.50
C Pri. SH Gas Our. ~.83 -.73
C  ReweaTer Gas OuT. -.68 -.61
C Ecom. Gas In. -2.58 -2.34
C  Econ. Gas OuT. -6.46 -6.34
C  AIR Hrr. 1-A Gas IN. -8.62 -B.25
C Air Hrr. 1-B Gas IN, -8.56 -8.43
€ Ars Hre. 1-A Gas Our. -15.5 -15.3
C  Ajr Hrr. 1-B Gas Our. -14.2 -14.0
C  IDF 1-A Disch. -.51 -.55
C IDF 1-B Disck. -.46 ~.48
. PAF 1-A DiscH. Hor. 32.92 32.87
C  PAF 1-B DiscH. Hor. 3R2.67 32.77
*B  Pri. HoT AIr DucT 30 0
TEMPERATURES
AIR & Gas - °F
C T1-ATD FaN DiIScH. 51 41
C 1.B FD Fan DiscH. 60 52
C  1-A AH AR [N, 77 83
C 1-B AH Atr [N. 78 88
€ 1-A AH AR OuT. €% 666
€ 1-B AH Ar OuT. T2 686
€ 1-A AH Gas In. 760 70
€ 1-B AH Gas In. 759 73
C  1-A AH Gas QuT. 272 258
C  1-B AH Gas Out. 272 265

* C - Compuver DaTa;

B - Boarp Darta; NA

- Novr AvatLaABLE.

2
3/15

15:35
483

2996

1612
1593

2698
2654

saa®
888

ohrbhBOONO®

-
8(»(A N W -

P bW MNWW~NDOU

13

[N '
o o
mgma

-8.87
-8.65
-15.6
-14.6

-.48

-.47
32.64
32.52

46
57

a7
684
702
750
751
265
267

218

3

3/13
10:00
399

2412
6

68
10

0

o}

0
T.4
1298
1284

2620
2586
2393
1242

39

RERa2IH

lWwwhhnwono s

1
AR

1
-
0

-1.79
-4.49
-6.36
-6.24
-11.2
-10.2
-1.07
-2.15
32.47
32.29

41

50
107
112
627
630
682
676
253
246

5

5/23
12:35

2566
2538
2406
987
310

= O0oMO

v
WNND

m—-wwu:g;umqq
o]

oo BN S S L SR )

[}
. e

~Nun o
[~ ]

-1.20
-2.70
-3.99
-4.13
-6.76
-6.41

=77

-.88
31.56
32.28

77

83
102
105
565
576
612
608
241
242

s

5/23
14:30
23

2568
2541

87
310

Nhhbni o gonsnaNN=e
BRS8BIBLINGRIIZIVY

-4.

77

84
104
107
573
584
622
616
242

240

5/23
16:20
322

14.9
1017
1088

2573
2544
2403
985
3309

[« XU NG RT N RN . T, )
n oo ~ @ wuo -~
oug-m‘@mww

76

85
103
105
576
589
624
620
243
239

C-£ Powtr SysTcMs
Fiero TesTing anp
PERFORMANCE ResulLTs

8 3 10
3/10 3/0e 3/10
14:00  10:00 16:30
=14 15 482
3085 3134 2866
174 94 76
121 110 107
69 60 39
81 77 59 .
0 0 0
o] 0 0
7.5 7.3 6.3
1548 1630 1555
1506 1581 1516
2722 2734 2636
2668 2679 2637
2800 2403 1446
1618 1634 1501
527 529 a88
5.43  5.82 5,47
8.5  9.41 8.66
7.18 8.0 7.30
6.74 7.43  6.80
3.49 3.74  3.54
3.34  3.83  3.38
2.16  2.41 2.22
2,20 2.38 2.28
3.17 3.40 .14
3.93  3.98  3.89
-.47 -.48  _.44
-.67 .72 .79
-.80 -.56  -.62
-2.54 -2.45 -2.54
5.04 -6.33 -6.00
-8.15 -8.89 -8.00
-8.12 -8.37 -8.00
-14.7  -15.4  -14.6
“13.1 -141 133
-.51 -.52  -.54
-.50 -85  -.49
.76 2.74 32.89
32.56 32.64 .55
0 0 )
55 46 52
65 58 81
75 76 77
78 80 80
§98 689 693
718 703 T12
763 753 757
763 753 759
274 265 270
275 274 270
SHEET A35



Wisconsin Power & LigHT Co.
CoLumsia M1

TEST NO.

Date
Time
*C Loap

FLOws - 10%B/iR

FEEDWATER

SUPERHEAT SPRAY L

SUPERHEAT SPRAY R

REHEAT SPRaY L

ReHEAT SPRAY R

BFP Ture. ExTr. STM. Frow 1-A
BFP Ture. ExTr. StM. Frow 1-B
BFP Ture. MN. STM. FLOow COMBINED
HoT A1r To Bummers L Winpsox

Hot Air To Burners R WinoBOX

s e lnlaNaNeNoReNale)

PRESSURES

STEAM & WATER - PSIG
FEEDWATER TO EcCON.

BoiLer DrRuM

TurBINE THROTTLE

Turs INE 18T STAeE

HP HTR, 1-G1 & 1-G2 STEAM IN.

AIR & Gas - IN Eag
FAN 1-A DISCHARGE
FD Fan 1-B DiscHaRGE
AIR HTR. 1-A AIR IN.
AR HTR. 1-B AR IN.
AR HTr. 1-A Aur OuT,
Arr HYR. 1.B Air Our.
FURN. R1GHT WiNDBOX
FurN. LeFT WiNDBOX
RT. WDBX vo Furn. DiFF. P
LerT WDBX 7o Furn. DiFF. P
FurNace
Pri. SH Gas Out.
REMEATER Gas OuT.
Econ. Gas In.
Econ. Gas OuT.
AIR HTR. 1-A Gas [n.
Ate HTrR. 1-B Gas IN.
Ak HTR. 1-A Gas OuT.
Ar Htr. 1-B Gas OuT.
IDF 1-A Disch.
{OF 1-8 Disch.
PAF 1-A Discu. Hor.
PAF 1.8 DiscH. HDR.
Pai. Hot Air Duct

OO0

DA ONOAOOOOOO

[ ]

TEMPERATURES

AR & Gas - °F

- AN DiscH.
1-B FD Fan DiscH.
1<A AH AIR IN,
1-B AH AR IN.
1-A AH AIr Our.
1-B AH Air OuT.
1-A AH Gas In.
1-B AH Gas In.
1-A AH Gas OuT,
1-B AH Gas Our.

OO OON

BASELINE OPERATION STUDY

ALl

1976 5/21
05:00
M 21

1734

117
14

70
7.6
790
810

72

83

96
100
59
608
641
637
247
259

BOARD & COMPUTER DATA

12

s/es
13:00
21

1824

74
0
15

KAl
8.3
1190
1241

2556
2529

an

7

82

99
102
604
627
655
657
244
28

* € - ConpuTer DaTa; B - BoaARD DaTA; NA - Notv AvaiLaBLE.

13

af12
06:00
525

s
13
120

81
83

7.6
1567
1504

2726
2675
2397
1649

) sﬂ!‘)!\)'\)mmm*‘mw
BRBSRER2BEZcH8IREBY

1
®ONy

-15.0

56
68
71
74
710
724
774
776
276
276

1_4‘

3/9
14:00
512

3179

79
58
76

7.6
1622
1575

2683
2676
2402
1623

526

50
58
70
73
705
725
m
775
270
278

15

3/10
18:50
284

2859
102
106

67
6.8

1602
1558

o
o

WNPWWONDW
IRBVHLLA8

49
58
78
a2
688
710
753
757
267
268

16

3/13
13:30

2444

54
10

7.6
1302
1283

2625
23589
2404
1245

393

BRE2FLEIBYRIV

P WWRHODLDUOO O S

46
55

107
631

685
680
253
249

C-E Powtr SYsTEMs
Fi1ELD TESTING AND
PERFORMANCE RESULTS

17

5/25
18:20

1820
56

10
29

14.1
896

.
RAE8IR829R8&H

by

Py

11 OB ATUUIO N~ O®

-.9%

81

92
100
102
591
612
637
640
244
252

18

5/25
16:30
335

1818
65

27
42

11.2
1046
1099

2558
2531
2407

316

-
« s

OIUIUIGD?D#OQO
o P
aEAINLELRS

80
a9
98

603
620
652
653
245
245

|

19

5/25
14:35

1810
66
84

23
39
i)
8.3
1210
1259

2558

2403
968
N3

11.89
10.21

8.41
6.47

Py Nownae
32885498

-1.02
~1.54
-3.83

-5.50
-8.50
-B.72

-.32

-.38
31.76
32.64

79
85
101
105
607
629

661
245
243

SHEET A37



WiscONSIN POWER & LigHT Co.

coruwpia #1
BOARD & COMPUTER DATA
TEST NO. 1 2 3 4 5
0. 1 2 3 4 3

DATE 1976 3/10 3/o8 3/15 3/13 5/23

TIME 09:45 14:00 15:35 10:00 12:5
*C  Load MY 524 524 483 399 324

TEMPERATURES

AIR & GAS - °F
¢ Tcon. N Gas Out. 788 750 780 710 638
¢ Econ. S Gas OQur. 802 758 792 728 548
C 1-A PA Fan DiscH. Hor. 60 52 55 53 86
C 1-B PA Fan DiscH. Hor. 5 B 69 64 *NA
€ 1-A AH Pri. AR OuT. 708 681 697 639 579
C 1-B AH Pri. A1r OuT. 689 669 686 620 574

STeAM & WATER - °F
c ILER ECON. N 480 a 47 448 424
C  DowNcOMER 1 677 675 675 673 666
C DowNcoMER 2 678 676 677 674 668
€ DowNeOMER 3 679 877 677 674 669
€  DowNCOMER 4 682 681 676 678 673
C DOWNGOMER S 680 679 676 676 670
C BLR. SH ATMP 1_A ST. In. 851 830 838 850 844
C BLr. SH ATMP 1.B STu. In. 856 829 846 827 813
C BLe. S SH Hor. Our. 1008 1002 1006 1014 1008
¢ 8Lr. N 8H Hor. Our. 1001 1011 1011% 1012 1001
C  TurBINE THROTTLE 1002 1000 1006 1009 1001
C BLR. 5 RH ATMP STu. Out. A 478 480 471 589 550
C BLr. N RH ATMP Stw. OuT. B 479 480 an 588 550
€ BLr. 5 RH Hor. OuT. A 931 989 1000 1019 966
€ BLr. N RH Hor. Out. B 1015 1015 1012 992 %3
€ HP HYr. 1-G1 & 1-G2 EXTR. 5TM. 618 620 610 581 543
C  HP Hrr. 1-F1 FW OuT. a1 407 404 387 366
C HP Hrr. 1-F2 FW OuT, 410 407 403 386 366
€ HP Hte. 1-G1 FW Ourt. 479 476 470 449 124
C HP Hte. 1-G2 FW OuT, 479 476 469 449 424
C  HP HTR. 1-GI DRAIN 415 412 406 387 366
C  HP HTr. 1-G2 DRAIN 3ge 377 fcrg 357 335

PULVERIZER BATA
C PLV 1-A BowL Lower P IN. H,0 21.38 21.52 20.23 18.51  ..27
€ PLV 1-B Bow. Lower P N, HSO 22.68 22.37 21.29 19.49 -1.18
€ PLV 1-C Bow Lower P IN. H0 .23 3 .21 19 19.31
€ PLV 1-D BowL Lower P IN., H20 22.89 23.09 22.04 19.64 19.36
€ PLV 1-E Bow. LOwer P IN, H20 22.16 22.19 21.44 19.84 19.74
€ PLV 1-F Bow. Lower P IN, PO 22.81 21.51 19.83 17,78 18.15
C PLV 1-A BowL DiFF. P IN. O  7.61 7.67 7.14  6.66 .45
C PLV 1-B Bow. DIFfF. P IN. HSO 7.80 7.74 7.41  6.79 .20
€ PLV 1-C BowL DiFF. P IN. O .06 .00 .03 o2 6.3
C  PLV 1-D BowL DiFf. P IN. 0 7.95 8.00 7.72 6.82 6.4
C PLV 1-E BowL DiFf. P IN. 0 7.12 7.10 6.99 6.46 6.18
€ PLV 1-F Bow DiFr. P IN. W0 7.17 7.2 6.93 6.21 6.05
€  PLV 1-A CoaL AIR OuT. P IN. HS0  9.84 10.17  9.41  8.43 -1.11
€ PLV 1.B CoaL AIR Out. P IN. H2O  11.36  11.15 10.71  9.74 -1.23
€ PLV 1-C CoaL AR OuT, P IN. B0 =13 -.B  -.19 -2 9.3
C PLV 1-D Coat Air Out. P IN. W0 10,80 10.99 10.45 9.3  9.23
C PLV 1-E CoaL Air Ourt, P IN. #20 11,58 11.56 11.17 10.26  9.64
C PLV 1-F CoaL AIr Our. P IN. 30 10.26 10.67 9.55 8.58  8.83
C PLV 1-A PrI. AIR In. Frow 0-125 126.1 125.1 125.8 125.7 0.0
C PLV 1-B Pri. AR IN. Flow 0-125¢ 127.8 128.3 128.6 128.4  30.8
C  PLV 1-C Pri. Atr IN. FLow 0-125¢  37.2 0.0 0.0 0.0 131.2
C PLV 1-D Pri. AIR In. FLOW 0-125¢ 125.2 125.4 126.0 125.6 126.2
€ PLV 1-E Pri. AIr IN. FLOW 0-125¢ 127.8 127.7 127.9 128.5 126.3
C  PLV 1-F Pri. AIr IN, FrLOW 0-125¢ 125.2 125.1 125.0 125.3 126.2
€ PLV 1-A Coar AIr DiscH. TEwP, °F 144 139 142 144 87

* € - CoupuTER DaTa;

B - Boaro DaTa; NA - NOT AvAiLasLE.

5

5/23
14:30
23

651
557
85
NA
586

424
666
668
669
673
670
837
813
1003
996
999
547
546

964
538
366
365
423

366
335

-.28
-1.17
18,16
19.34
19.39
18.06

.
wooo ) aoon
oo
wn

7

s/23
16:20
22

655
556
84
NA
588
579

-.15
~1.10
19.21
19.38

28

.
afNas

OO0y DO
TO N -
Noww u)&

n
Sweo

C-E Powgr SysTems
Freco TesTing anp
PERFORMANCE RESULTS

8

3/10
14:00
514

794
[atal

66
174
712
694

477
676
678
678
682
679
867
855
1009
939
1003
478
479
990
1014
620
410
410
477
477
415
391

20.90
22.38
25
22.54
21.89
20.28
7.53
7.74

7.66
7.02
7.08
9.68
11.24
-.13
10.61
11.29
9.89
125.9
128.4
45.9
124.9
127.9
124.5
142

El 190
309 3/10
10:00  16:30
515 482
775 782
791 796
56 62
176 101+
701 707
686 690
477 468
674 674
676 676
676 676
680 680
678 677
848 865
848 858
1006 1009
1003 1003
1002 1004
476 472
477 a7
989 1008
1020 1006
619 607
308 404
an7 403
475 469
475 469
an 406
376 376
21.39  20.25
22.51  21.69
.23 .25
22.87  21.78
22.25 21.24
21.10  19.39
7.67  7.12
7.77 7.47
.05 .07
7.98  7.58
7.13  6.88
7.21  6.83
12.06 9.32
11.37  10.89
.23 -.14
10.85 10.78
11.66 10.03
10.41 9.44
125.6 125.3
128.6 128.4
46.9  47.3
125.3 124.8
127.9  127.9
124.7 125.4
141 143
SHEET A38



Wisconsin Powecr & Liaur Co,

CoLumsia #1

TEST NO.

Dave
Tiue
*C  Loao

TEMPERATURES
Atr & Gas - °F

Tcon. N GAs Our.
Econ. S Gas Our.

1-A AH Pri. Air Our.
1-B AH Pri. Air OuT.

ANOOON

STEAM & WATER - °F
BorLer Econ. Iwn.
DowncoMer 1
DowNCOMER 2
DowricoMER 3
Downcomer 4
DownCOMER 5

BLr., SH ATMP 1-A S7M.
BLr. SH ATMP 1.8 Stm.
BLr. S SH Hor, Our.
BLr. N SH Hor. Out,
TurBINE THROTTLE
BLr, S RH ATMP Stu.
BLr, N RH ATMP Stum.
BLR., S RH Hor. Our. A
BLr. N RH Hor. Out. B
HP MTR. 1-G1 & 1.G2 E
HP HTR. 1-F1 FW OuT,
HP HTrR. 1-F2 FW OuT.
HP HTtr. 1-G! FW OuT.
HP HTtR. 1-G2 FW OuT.
HP HTR. 1-G1 DraIN

HP HTR. 1-G2 DRaIR

OO0 NONOOD0O0OONO0

PULVER|ZER DATA

PLV 1-A BowL
PLV 1-B TowL
PLV 1-C BowL
PLV 1-D Bowv
PLV 1-E Bow
PLV 1-F Bow.
PLV 1-A Bow.
PLYVY 1-B Bow
PLV 1-C Bowr
PLY 1-D Bow.
PLV 1-E Bowv
PLV 1-f Bow
PLV 1-A CoaL
PLY 1-B CoaL
PLV 1-C CoaL
PLY 1-D CoaL
PLV 1-E Coat
PLV 1-F CoaL
PLV 1-A PRr1.
PLY 1-B Pai.
PLV 1-C Pr:.
PLV 1. PRI,
PLV 1-€ Pa).
PLV 1-F PRrI.
PLV 1-A CoaL

Lower
Lower
Lower
Lower
Lower
Lower
DiFF.
DrrF.
Dirr.
DirF.
DifF.
DirF.
AIr OuT.
AIr OuT,
Ar Our.
Air Ourt.
Ar QuT.
Air Our,
AR IN.

Ar N,

Ar 1IN,

Air IN.

AR iN,

AtR (N,

Air Disc

VOVVVVVTOVUVVUD

e N e N N NN Nu N e NN e N e N o RaN e N N e NN a e RaN e NaN e Na X o]

* C - CoMPUTER DaTa;

1-A PA Fan Discu. Horm,
1-B PA Fan DiscH. Hpr.

In.
iN,

Out. A
Out. B

XTR.

YOOV ODTUO

FLow
FLow
fLow
FLow
FLow
FLow

STM.

H. Tewp,

1976

BASELINE OPERATION STUDY

n

5/21
05:00

MY 321

IN.
IN.
IN,
IN.
IN,
IN.
IN.

=
X R o

IN,

TSNS

)

RRIBIDG

[-¥-X-X-X-¥-}
LLLLLL
qR&

»
-

662
648

*NA

6504

666
667
668
667
667
917
87e
1011
997
1003
427
425

994
548
368
369
424
424
367
338

BOMD & COMPUTER DATA

B - BoarD DATA; NA - NoT AVAILASBLE.

I 1 1
s/es 3f12 3/9
13:00 06:00 14:00
321 525 512
693 817 794
479 817 806
88 66 59
NA 108 106
616 723 718
610 710 706
424 478 478
666 876 674
668 678 676
668 678 679
672 682 680
670 680 678
8e2 860 a1
862 862 842
1005 1013 1007
1005 1010 1005
1003 1007 1004
454 479 476
429 482 877
970 1019 990
986 1012 1015
544 628 619
366 412 409
366 412 408
424 479 476
424 479 a7
366 415 213
337 a79 380
18.42  21.65  20.97
20.41  23.23 22.35
19.60 .24 .24
19.45 23.44 22,50
0.0 21.88 21.89
-1.10  1B.87  20.47
6.35 7.75 7.60
6.57 8.12 7.73
6.46 .06 .07
6.54 8.21 7.77
.01 7.15 7.08
.06 6.65 7.07
8.23 9.80 9,90
10,28 11.56 11,16
9.42 -13 -7
9.18 10.9%  10.64
5 1115 11.24
-1.26 9.04  10.15
126.8 125.6  125.4
129.3  128.5  128.7
131.2 33.1 59.5
125.6 125.2  125.2
0.0 127.5 128.0
0.0 125.6 124.8
143 143 141

222

3/10
18:50
484

780
708
58
93
702
688

459
674
676
676

678
864
853
1011
1002

472
470
1006
1007
608
404
403
469
469
406
373

20.25
21.56
.23
21.84
21.30
19.48
7.25
7.44
W07
7.56
6.91
6.82
9.21
10.73
-.14
10.22
10.94
9.34
126.2
128.4
42.4
125.4
127.8
124.7
143

707
726
58
75

624

448

674
674
679
676
842
847
1010
1012
1008
588
587
1015
994
580
387

249
449

37

18.64
19.17

19.78
19.:¢
17.68
6.65
6.72
.25
6.82
6.42
6.12
B.45
9.56
-.23
9.42
10.28
8.54
125.8
128.5
0.0
125.6
127.8
124.7
144

C-E PowerR SYSTEMs
FieLp TESTING anD
PERFORMANCE ResuLTs

663
416

NA

424
666
668
668
673
670
892
857

1010
998

1003
427
425
974
975
546
367
366
124
424
366
337

1

8/25
16:30
325

667
448

NA
614
610

426
666
668
668
673
669

865
1010
1000
1002

427

426

976

982

546

367
424
425
367
338

5/as
14:35

702
461

NA
619
612

425
664
668
668
673
670
891
871
1006
1003
1003
428
427
972
984
545
367
356
424
424
366
337

18.39
20.78
19.52
19.44
0.0
-1.23
6.39
6.73
6.47
6.55
.03

8.15
10,43
9.41

9.26

-1.19
126.1
129.6
131.0
125.8
0.0
0.0
142

SHEET A39



WisconsIN Power & LigHT Co.

corunsia 1

TEST NO.

Date 1976

TiMeE
#C Loao Md

PULVERIZER DATA
€ PLV 1-B Coat Afr DiscH. Tewmp. °F
€ PLV 1-C CoaL AIR DiscH. Tewp. °F
¢ PLV 1-D Coat AIr Discu. Tewmr. °F
C PLV 1-E CoaL Air Discu. Tewp. °F
C PLV 1-F CoaL AIr Discu. Teme °
C PLV 1-A Feeoer Coat Frow 10.LB/HR
C PLV 1-B Feeper Coat Frow 103LB/HR
C PLV 1-C Feeper Coar Frow  105LB/HR
C PLV 1.D Feeoer Coat FLow  100LB/HR
€ PLV 1-€ Feeper CoaL Flow 10%3/;1}?
€ PLV 1-F Feeoer CoaL FLow  10°LB/MR
C PLV 1-A MiuL AMPS
¢ PLV 1-B MitL AMPS
¢ PLV 1-C MiLL AMPS
¢ PLV 1-D Mret AMPS
¢ PLV 1-E MiLL AMPS
¢ PLV 1-F MiLL AMPS

FAN DAMPER POSITION - $ OPEN
*8  1-A FD FaN INLET Vane
B 1-B FD Fan INLET VaNE
B 1-A PA Fan INLET Vane
B 1-B PA Fan INLET Vane

SPRAY VALVE POSITION - % OPEN
B 1-A SH Sepray VaLve
B  1-B SH SPray VaLve
B 1-A RH SPray VaLve
B 1-B RH Spray VaLve

MI SCELLANEOUS
B Busner TilT + DEGREES
B8  Aux. AIr DAMPERS € OPEN
B 1-A Fuer/A1r DaMPERs & OPEN
B 1-B FueL/A1r DaMPERS £ OPEN
B 1-C FueL/AIr DaupeRs £ OPEN
B 1-D Fuer/AtR DampPers £ OPEN
B 1-E FueL/A1R DaMPers % OPEN
B 1-F FueL/AIR DaMPERS £ OPEN
B 1-A PRy, AR FaN AMPS
B 1-B Pri. AIR FaN AMPS
B 1-A ID FaN AMPS
B 1-B 1D Fan AMPS
B 1-AFDFan AMPS
B  1.B FD FaN AMPS
B8  1-A ID Fan RPM
8 1-8 1D Fan RPM
B 1-A BLR. CiRc. WTR. Pump AMPS
B 1-8 BLR. CIRC. WIR. Pump AMPS
8  1-C BLR. CIRC. WTR. Pump AMPS
8  1-D BLR. Circ. Wrr. Puwp AMPS
C N Drum Levet + Noru. H_O Lever IN.
€ S Drum Lever ¥ Nomw. HZ0 Lever (N,
C  FLue GAs COMBUSTIBLES
C  FLue Gas OxYyGew 4
C  BARONMETRIC PRress. IN. HGA

® C . CoMPUTER DATA; B - Boaro Data; NA - NOT AVAILABLE.

BASELINE OPERATION STUDY

3/10
09:45
524

146

147
14t
145
116
117

114
116
116
73
72

74
75
75

Rg2R

100

47
65

3.8
29,76

BOARD & COMPUTER DATA

2

3/08
14:00
524

142

144
138
141
116
ne

113
ns
1186
74
Il

73
76
74

70
70
29
24

00
98
50
43

2

52
52
52
175
184
500
420
208
193
480
490
73
76
72
73
-.70
-2.87
.064
3.9
30.08

3

3/15
15: 35
483

145

89
146
141
144
105
106

105
106
104
70
70

71
72
n

73
n
28
24

24
41
11

-3°
100
45
45

45
45
171
181

430
210
197
480
480
75

79

73

75
-.57
-2.01
.067
4.8
30.07

223

K

3/13
10:00
399

146
43
146
143
145
a7
-1}

88

64
65

65

63

28
23

23
17

+15°

173
185
380

187

177

430

430

79

81

78

80

-.67

-1.58

.064

5.3
0.0

3

5/23
12:3%
324

121

141
138
4

87
88
8g
86

65
65
67

58
57

26

-

(= N N

165
175
280

167
157

315
83

85

80

85
-.79
-2.02
.063

.05

s

5/23
14:30
323

114
144
144
138

[e N RN )

2

5/23
16:20
322

110
144
142
138
142

0
87
89
88
87

66
65

64
62

26

10
20

168
178
310

179
166
k=T
354
81

84

78

83
-.35
-1.70
.063
6.0
30.02

C-E Power SysTEms
FieLo TESTING aND
PERFORMANCE RESULTS

1o

3/10
14:00
514

145

147
i)}
144
114
115

112
114
113
73
n

73
75
74

70
69

25

100
100
84
61

m
181
480
410
198
188
480
488
74

77

72

74
-.68
-3.28
.068
3.9
29.81

3 ALY

3fos  3f10
10:00 16:30
515 482
143 146
69 55
146 146
139 142
142 144
114 106
m 107
Q [¢]
112 104
14 106
115 105
74 70
70 70
0 [s]
75 70
75 73
75 i
73 70
71 70
30 0
25 25
45 85
» 68
50 kil
70 41
0° -3°
100 84
50 45
49 a5
0 0
50 46
50 26
50 46
173 170
180 180
500 470
430 400
210 200
198 190
480 480
500 480
72 73
75 76
71 71
72 73
-.78 -.64
2.92 -2.95
.060  .068
4.0 5.0
29.66 29.8

SHEET A40



WisconsiN Power & LiguT Co.
CoLumsia #1

TEST NO.
DATE 1976
TiMe
*C Loap M
PULVER] ZER DATA
C PLV 1.B CoaL Air DiscH, Tewp. °F
C PLV 1-C CoaL A(R Discu. Temp. °F
C PLV 1-D CoaL AIr DiscH. Temp. °F
C PLV 1-E CoaL AtRr Discu, TEMP. °F
C PLV 1-F CoAL AIR Discu. Tewne, °F
¢ PLV 1.4 FEEDER CoaL FrLOw 105LB/HR
C PLV 1-B Feeoer CoaL Frow 10L8/HR
C PLV 1-C Feeoer CoaL Frow  105LB/HR
C PLV 1-D Feeoer CoaL Frow IO{B/I'R
C PLV 1-FE Feeoer CoaL Frow 10%8/"?
C PLV 1-F Feeoer CoaL Frow  10°LB/HR
C PLY 1-A MiLL AMPS
C PLV1-B MiLL AMPS
€ PLV 1-C MiLL AMPS
C PLV 1-D MiLL AMPS
C  PLV 1-E ML AMPS
C  PLV 1-F ML AMPS
FAN DAMPER POSITION - % OPEN
*8 1-A FD FAN INLET VaNE
B 1-B FD FAN INLET VaNE
B 1-A PA FaN INLET VaNE
B 1-B PA FaN INLET VaNE
SPRAY VALVE POSITION - £ OPEN
B 1.A SH Spray VaLve
B 1-B SH Spray VaLve
B 1~A RH SPray VarLve
B 1-B RH SPray VaLve

MiSCELLANEQUS

N Drum Level + Nomem, HO Level IN.
S Drum Levet + Norm, H50 LEvEL IN,
FLUE Gas COMBUSTIBLES

FLUE GAS OXVGEN 4
BARONMETRIC PRESS. IN. HGA

B BurneEr TiLT + DEGREES
B Aux. Air Dampers ~ € OPEN
B 1-A FueL/AIr DanPErs £ OPEN
B 1.B FueL/A1r Dampens % OPEN
B 1-C Fuer/Air Dampers € OPEN
B 1-D FueL/AIrR Dampers £ OPEN
B 1-E FUeL/AIr Dampers £ OPEN
8 1-F Fuet/AIr Dampers £ OPEN
B 1-A Pri. AIR Fan AMPS
B 1-B Pri. AIR FaNn AMPS
E 1-A 1D Fan AMPS
8 1-B IDFan AMPS
B 1-A FD Fan AMPS
B 1-BFD Fan AMPS
B 1-A ID Fan RPM
B 1-B ID Fan RPM
B 1-A BLr. Circ., WTR. Pump AMPS
B8 1-B BLr. Circ. Wrr. Pune AMPS
B 1-C BLr. Circ. Wrr., Puwp AMPS
B 1-D BLr. CIRc. WTR. Punre AMPS
[

c

c

C

c

BASELINE OPERATION STUDY

n

5/21
05:00
321

52
51
3
26

41
45
19
15

+6°
0

79
82
87
82

0

0
170
178
270
300
158
149
300
300
80
83
79
83
-.64
-2.56
.063
4.2
30.08

BOARD & COMPUTER DATA

12

5/25
13:00
21

151

69
67
k]l

[+ ]

+3°
29
83
86
R
88

0

0
165
175
340
350
189
175
393
393
79
83
77
79
-.56
2,13
.067
7.0
29.98

% C - CompuTter Data; B - BoarD DATA; NA -~ Nov AvaILABLE.

224

13

3f12
06:00
505

145

147
141

119
120

117
112
112
77
74

76
76
Ik

n
70

25

52

100
100

-3°

54
54

54

170
180
480
410
199
187
480
480
73
76
72
74
-.64
-1,60
.065
3.5
29.0

BCs

3/9
14:00
512

49
68

0°

49
47

50

170
180
500
430

180
480
490
70

75

70

72
-.69
~2.54
.064
4.1
29.56

15
3/10

18:50
484

145

53
147
N
144
107
108

105
107
106
69
70

70
73
n

70
70
29
24

3838

64
63
29
24

+17°
57
3N
33

33

171
185
380
20
187
171
430
4%
79

81

76

80
-.55
-1.15
.065
5.3
30.00

C-E Power Systems
FiELD TESTING AND

PERFORMANCE RESULTS

4 18 18
5/25 5/e5 5/25
18:20  16:30  14:35
32 325 322
151 154 153
143 144 144
142 142 142
82 80 80
110 114 122
86 88 as
88 90 0
88 90 0
89 9 9
0 0 0
0 ) 0
65 65 65
65 65 66
67 67 68
66 66 67
0 ) 0
0 0 0
59 65 69
58 64 68
3 n 3N
26 26 26
26 » 32
28 41 27
17 18 14
12 12 9
+4° +3° +4°
0 18 3
81 85 85
84 87 87
89 83 a3
85 a7 89
0 0 0
0 0 o
165 165 165
175 175 175
290 310 350
310 320 340
165 180 189
155 165 178
316 360 400
326 360 400
g2 80 79
83 83 80
78 78 76
82 80 78
-T7 -.67 -.54
-1.80 -1.79 -2.25
.066 .068 ,066
4.6 .9 7.0
29,91 29,92 29.%
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wWisconstn Power & LIGHT Co.
CorumBia #1

*C

OO0 N

6ﬁﬂﬂﬁﬁﬁﬁﬁhﬂﬂﬂﬂﬁﬁﬁﬂﬁnﬂﬁﬁh 22 XeXaNnl

OO N OO0

BIASED FIRING OPERATION STUDY

TEST NO.

DATE 1976
Timke

Loap M4

FLows__ 10°L8/mR

FEEDWATER

SUPERHEAT SPRAY L

SUPERHEAT SPRAY R

REHEAT SPrav L

REHEAT Searay R

BFP TumB. ExTR. STM. FLow 1-A
BFP Ture. ExTrR. STM, FLow 1.8
BFP Turs. Mn. STM. FLow Come)iNeD
Hot Alr T0 BURNERS L WinDBOX
HoT AIR To Burners R WinopBoXx

PRESSURES

STEAM & WaTeEr - PSIG
FEEDWATER TO ECON.

BoiLErR Drum

TurpINE THROTTLE

Tuse iNEe 18T STaGE

HP HTR. 1-G1 & 1-G2 STeam IN.

AR & GAs - IN Ho0
AN 1~A D1SCHARGE
fD Fan 1-B DiscHARGE
Aig HTr. 1-A AIR IN.
AR HTR. 1-B Air [N,
AIR HTR. 1-A Ajr OuT.
AR Htr. 1-B AR Our.
Furn. R1GHT WinDBOX
FurRN, LeFT WinpBoOX
RT. WDBX to Fumrn., DifrF. P
LerT WDBX 1O FUrRN. DIFF. P
FURNACE-
PR1, SH Gas OQur.
ReHEATER GAS QuT.
Econ. Gas In.
Econ., Gas Qur,
Atr HTR. 1-A GAs IN.
AIR HTR. 1-B Gas In,
AR HTR, 1-A Gas Our.
Air HTR. 1-B Gas Our.
{DF 1-A DiscH.
IDF 1-B DiscH.
PAF T-A Discu, Hom.
PAF 1-B DiscH, HDR.
Pari. Hot Air Ducty

TEMPERATURES

AR & GAs - °F

- AN Disch.
1-B FD Fan Discu.
1-A AH AR 1IN,
1-B AH Air N,
1-A AH Air Out.
1-B AH AR Ovur.
1-A AH Gas in.
1-B AH Gas In.
1-A AH Gas OuT.
1-B AH Gas Our.

5/19
16:15
505

3176
80
83
38
62
43
68

8.47

1481

1555

84

91

98
102
688
722
744
758
29
293

B0ARD & COMPUTER DATA

2

5/19
13:50
506

66
68
54
74
43

8.49
1382
1472

2731
2678
2403
1620

520

13.28
11.98
10.45
3.51
6.65
6.64
5.20
5.3}
§.53
6.94
-0.64
-0.57
-1.13
-2.16
-5,61
-7.74
-7.54
-13.6
-12.4
~-0.16
-0.12
32.44
33.44
30

81

88

97
101
668
702
744
744
292
288

#* C - Computer Data; B - Boarp DaTA; NA - NoT AvAiILABLE.

3

312
07:15
S24

3m

108
a1
83

7.69
1516
1466

L3

58
68
73

720
738
784
7839
280
283

4

5/19
11:00
506

3111
13

59
42
69
8.13
1384
1473

R2.N
33.23
30

5
80
89

681

737
733
282
280

5

s/12
11:00
422

2666

29
10

8.80
1247
1300

pEr—

ol . . .
w P

ITRTLRYREBEZ

70
79
96
67
639
651
£§95
688
249
256

§

s/12
09:20
422

2643
2604
2400
1322

414

10.86
9.49
8.71
7.93
6.02
6.17
5.23
5.29
6.55
7.1

-0.42

-0.53

-0.86

-1.62

-3.84

-5.81

-5.42
-9.7
-9.0

-0.79

-0.74

31.93

32.75

64
76

102
629
641
680
an
246
254

C-E Power SrsveMs
FieLo TesTing ano
PERFORMANCE RESULTS

1

s/18
09:30
42)

2624

10

42
T2

1285
1342

2645
2605
2399
1321

415

11.98
10.04
9.33
8.56
6.35
6.22
5.17
5.21
6.54
6.99
-0.52
-0.56
-0.91
-1.82
-4.31
-5.91
-6.04
-10.5
-9.7
-0.35
-0.34
31.90
».87

73

9N

95
627
648
679
682
250
251

3
5/21

03:10
320

1727
121
24
68
7.12

819
826

-

bup-opPwesw
RURLeRBRBES

75
8?7

95
594
612
642
641

261

2

6/27
08:40

@
Brooloo

@
w

- O
g3

¥
vl
=

[
ZobbppPPLLAnUG

.

]
B

1
ww
DLWDHPOWH®

. 1) @ U= WO > U -~ D
8332 nBERSTBAR

!
[a 1
g
N

—w

-0.40
31.64
3R.79

ko)

87

93

99
101
549
566
59
589
226
238
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WisconsIN Power & LieHT Co.
Corumata #1

*C

[xNalaNeNalaEeNaNeNel

[z XaXaXaNal

*

OO NOONNNDNOOONOOOONM

OO0 ONO

* € -~ CompPuTER

TEST NO.

Dave
Time
Loap

FLOWS - 10%1B/iR

FEEOWATER

SUPERHEAT SPraAY L

SUPERHEAT SPRAY R

REHEAT SPRAY L

REHEAT SPRAY R

BFP Ture. ExTR. StM. FLow 1-A
BFP Ture. ExTR. Stm. FLow 1-B
BFP Turs. M, STM. FLow Compinep
HoT Air To BURNERS L Winpsox

HoT A1r 10 BURNERS R WinoBOX

PRESSLRES

Steam & WATER - PSIG
FEEowATER TO Econ.

BoiLer DRumM

TursINE THROTTLE

TurBINE 15T STAGE

HP HTr. 1-G! & 1-G2 Steam In.

AIR & Gas - IN HyD

FD Fan 1-A DiSCHARGE
FD Fan 1-B DiscHARGE
AR HTR. 1-A AIR IN.
AR HTR. 1-B AIg In.
AIR HTr. 1-A AIr Our,
Air HTR. 1-B Air Our.
Furn. RIGHT WinpBox
Furn. LerT WinbBox
RT. WOBX 10 FurRn. DiFF. P
Lert WDSX to FurRn, DiFF. P
Furnace

Pri. SH Gas Our.
REHEATER GAs Our.
Econ. Gas IN.

Econ, Gas OuT.

Air HTR. 1-A Gas In.
AR HTR. 1-B Gas In.
AIR HTR. 1-A Gas Our.
AIR HTR. 1-B Gas OQur.
iDF 1-A Discu,

IDF 1-B Discu.

PAF 1-A Discu. Hor.
PAF 1.8 Discu. Hoa,
PrR1. Hot AIr Ducty

TEMPCRATURES

AIR & Gas - °F

1-A FD FAN DiscH.

1-B FD Fan DiscH.
1-A AH AR (N,
1-8 AH AR IN.
1-A AH AR Ourt.
1-8 AH Ar Qur.
-A AH Gas In.
-B AH Gas In.
-A AH Gas Owr.
-8

1
1
1
1 AH Gas Ourt,

BIASED FIRING OPERATION STUDY

10

1976 5/23

11:05
M 324

1940
12

44
14.70

913

UI&UW&?U‘UIG’I\I

LHIVRELBEG

-0.63

o
S

-0.74
-1.22
-2.78
-3.97
-4.12

-6.9

-6.4
-0.85
-0.90
31.50
32,33

74

80
104
108
564
580
€11
608
240
242

BOARD & COMPUTER DATA

n J2 J3
s/19 s/10 3/16
18:35  09:50  10:00
a9 497 520
3005 2972 3139
107 125 135
101 140 1m
40 66 70
64 80 75
42 o} 0
67 0 0
8.08 7.65 7.51
1502 1514 1576
1583 1554 1552
271 2701 2734
2660 2652 2687
2400 2400 2395
1559 1574 1672
505 513 537
14.17 13.78 5.47
13.30 12.75 8.78
11.27 1.12 7.58
10.49 10.26 7.04
7.18 7.13 3.52
7.19 7.20 3.38
5.53 5.64 2.35
5.59 5.70 2.14
6.56 6.54 3.08
7.00 6.97 3.73
-0.23 -0.03  -0.44
-0.25 -0.18  -0.62
-0.82  -0.68  -0.48
-2,03 2,10 -2.56
-5.68 -5.78  -6.22
-7.98 -8.36  -B.91
-7.77 -7.99  -8.89
-14.3  -14.5  -15.5
-13,0  -13.1 -14.0
-0,00  .0.13  -0.78
-0.06 -0.03  -0.92
32,32  33.17  32.87
33.37 34,33 32.78
» » 2
84 76 40
91 81 47
98 88 82
102 9 85
690 702 698
718 731 715
748 762 763
753 453 767
292 278 272
291 281 270

Data; B - Boaro DaTa; NA - NOT AvaILABLE.

226

14

5/12
13:45
422

2660

8.93
141
1869

2648
2608
2408
1323

261

12.75
11.24
10.11
2.1
6.47
6.50
5.22
5.27
6.54
7.01
-0.60
-0.56
-1.03
-1.88
-4.82
-6.89
-6.50
-11.6
-10.6
-0.26
-0.22
31.94
32.84

76

91

94
651
665
710
703
253
257

15
3/13

15:30
2458
0

10
7.61

1290
1287

mmm~m~688<mm
2ERaBIS @50

[
CQOowwhPHLLUOULO A

-0.36
-1.81
-4,47
-6.49
-6.24
-11.3
-10.1
-1.01
-0.97
32.47
32.29
0

47

56

99
105
631
639
684
684
251
252

;  C-E Power Systeus
FIELD TESTING AND
PERFORMANCE RESULTS

16

s/16
11:45
422

2634

10

42
73
8.95
1472
1533

2647
2608
2406
1326

416

13.09
11.96
10.29
9.60
6.63
6.49
4.98
5.12
6.54
7.0t
-0.57
-0.54
-0.96
-2.05
-5.13
-7.12
-7.20
-12,6
-11.6
-0.12
-0.09
31.89
32.86

73

93
637
663
694
702
254
254

17

s/21
01:15

1720

122

39
70
7.53
967
979

..
- 1N = U
I3YaR38RGR

NdLWWHENDDODN

-0.52
-0.59
-0.84
-1.49
-3.00
-4.13
-4,37

-7.5

-6.9
-0.73
-0.69
31.76
32.73

77
87
91
94
606
630
656
658
253
261

18
5/23

09:10
323

1909

48

14,99
993
1027

2563

o2
8283

DY

Y 8 = WOUTNONDWUN
PRy RANT I X R I L ]

b'ommaauunq«unm

-0.74
-1.29
-2.90
-4.,22
-4,37

-7.6

-7.1
-0.78
-0.85
31.37
32.26

78
12
16
552
561

596
236
233

SHEET 443
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WisconsIN Power & LiguT Co.
coruneia 1

*

Iz XeNaNaNal

OO OO0 NONO

OO0 OO0NO0

* C - CompuTER DATA;

TEST _NO.

Date
Tine
Loap

TEMPERATURES

AR & Gas - °F

Econ. N Gas OuT.

€con. S Gas OuT,

1-A PA Fan Discr. Hor.
1-B PA Fan Discu. Hor.
1-A AH Pri. AR Our.
1-B AH Pri. AR Our.

STEAM & WATER - °F
ILER EcON. IN.
DowncoMER 1
DowNCOMER
DowncOMER
DowncoMER
DowncoMER

Mawn

BLr. SH ATMP 1-A Stm. IN.
BLr., SH ATMP 1-B StM. IN.

BLr, S SH Hor. OuT.
BLr., N SH Hor. OuT.
TurRsINE THROTTLE

BLr. S RH ATMP Stu, Out. A
BLR. N RH ATMP ST, Our. B

BLrR. S RH Hor. Out. A
BLr. N RH Hor. Out. 8B
HP HTR.
HP Hre.
HP Hrie.
HP HTr.
HP Hrtr.
HP Hrr.
HP Htr.

1-F1 fW Out.
1-F2 FW Our.
1.6t FW Our.
1-G2 FW Our.
1-G1 DratN
l-'G2 DRAIN

PULVER I ZFR_DATA

PLV 1-A Bow. Lower
PLY 1-B BowL Lower
PLVY 1-C Bowr. Lower
PLV 1.D Bowr Lower
PLV 1-€ Bow. Lower
PLV 1-F Bow. Lower
PLV 1-A Bow. DirF.
PLV 1-B Bow. Difr.
PLV 1-C Bow Dirfr.
PLV 1.D Bowt Dirr.
PLV 1-E Bow. Dirr.
PLY 1-F Bow. Dirr.
PLV 1-A CoaL A1r OuT.
PLV 1-B CoaL Air QuT.
PLY 1-C Coat Air Our.
PLV 1-D CoaL AR OuT.
PLVY 1-E CoaL AIR OQuT.
PLY 1-F CoaL Air Ourt.

COVDVTVTOVTVTVTVVVUDDO

VTV ODVTOVODO

PLY 1-A Pri. Atr IN. FLOW
PLVY 1-B Pri. AIrR IN. FLOW
PLV 1-C Pri. AIR IN. FLOW
PLV 1-D Pri. AIr IN. FLOW
PLV 1-E PR1I. AIR IN. FLOW
PLV 1-F PRi, Ai1r IN. FLOW
Tewp. °F

PLV 1-A Coac Ar Discu.

1-G1 & 1-G2 Exvr.

BIASED FIRING OPERATION STUDY

1976

My

STm.

N, Hy0

N, 120

IN. H,0
IN. HZ0
N, 12
IN, HpO
n-125¢%
0-125%
0-125%
0.125¢
n-125%
0-125%

B - Boarp DATA; NA

BOARD & COMPUTER DATA

1 2
5/19 3/19
16:15  13:50
505 506
797 777
770 768
a5 33
NA NA
598 700
702 694
474 474
674 674
676 676
'676 677
680 680
678 678
836 832
840 832
998 1012
1012 997
1002 1000
476 475
473 474
982 1002
1026 101
616 618
408 408
405 406
472 472
473 473
4an M2
378 379
20.6 20.7
24.0 23.8
21.6 21.9
23.0 23.0
22.2 -1.1
-1.5 19.5
6.90 6.94
7.88 7.79
7.15 7.29
7.66 7.80
6.92 0.12
0.06 6.73
9.30 9.45
11.97 11.86
10.51 10.66
10.98  11.02
10.83 .1.25
<1.64 9.31
127 127
129 128
129 130
126 125
129 0
0 124
143 143

NoT AvaiLasLe.

227

3

3f12
07:15
524

836
823

68
104
732
724

478
676
678
678
682
680
856
873
1008
1014
1008
479
482
1014
1015
628
412
412
479
479
415
378

[N M)

m - Wwow-—
¢

-y e .
- SOOI A

ONDODO~N=—=NN

4

5/19
11:00
506

770
758
85
NA
693
683

474
674
676
676
660
678
85
849
996
1016
1001
476
473

1000

1017
617
408
406
472
473
412
376

o

nN N
So5o88883s
WODOALE-=SNOWNML

PNNND
k4

[

5/12
11:00
422

716
685
80
NA
650
643

451
671
672
673
677
674
821
808
1005
1003
1003
574
527
997
1002
580
389
368
451
451
3N
B8

-0.1

REE

TP NONDN
-
-~

RI&R !

5/12
09:20
422

706
674
74
NA
639
634

452
670
672
672
677
674
834
813

1001
1001
586
585
1003
1004
579
339
388
450
431
)]
356

- [ )
So=iabybuaoNyRy
88Linm

Z2kY88388

N

C-E PoweR SysTems
Fieco TesTiNg AND
PERFORMANCE RESULTS

I 8 3

5/16 5/21 6/27
09: 30 03:10 09: 40
421 320 314
722 661 610
596 655 *NA
82 80 101

NA NA NA
637 608 561
636 608 563
451 425 417
670 666 666
672 667 667
673 667 668
677 672 418
674 669 668
829 917 833
836 873 823
995 1006 999
1017 999 999
1002 1002 NA
sag 427 540
587 426 539
974 998 924
1023 992 932
580 547 533
389 368 NA
388 367 356
450 424 NA
45] 424 416
390 367 NA
8 338 332
0.4 18.5 17.0
23.8 20.0 20.7
23.0 19.7 C.1
23.4 19.6 2.3
21.8 -1.0 18.1
0.1 -1.4 16.8
0.44 6.34 5.89
7.88 6.46 6.64
7.65 6.52 0.02
7.72 6.68 0.05
6.93 0.19 5.97
0.00 0.06 5.78
21,37 8.20 7.4
11.89 10.04 10.38
11.19 9.58 0.17
11.28 9.15  30.20
10,711 1.7 8.72
0.03  -1.38 8.38
0 127 123

129 128 127
129 13N 51
126 126 3
126 0 126

0 0 130

87 143 148
SHEET A44



Wisconsin Power & Ligut Co.
CoLume 1A

*C

OO0

e NN oo NaN e o RN ol o N e R Ne N e N e e s Xa ko Ro Nn]

OO0 ON

TEST NO.

Date
Time
Loao

TEMPERATURES

AR & GAs - °F

Econ. N Gas OuT.

Econ. § Gas Qur.

1-A PA Fan DiscH. Hor.
1.8 PA Fan Discu. Hpm.
1-A AH Pri. Awr Our.
1-B AH Pri. A1r OuT.

STeamM & WATER - °F
BoiLer Econ. In.
DowncoMER 1
DowmcoMeEr 2
Downcomer' 3
DowncOMER 4
DowncoMER S5

BLr. SH ATMP 1-A StM. IN.
BLr. SH ATMP 1-B STM. IN.

BLr. S SH Hor. OuT.
BLr. N SH Hor. Our.
TurBINE THROTYLE

BIASED FIRING OPERATION STUDY

1976

Mw

BLr. S RH ATMP Ste. Qut. A
BLr., N RH ATMP Stu., Out. B

BLr. S RH Hor, Out. A
BLr., N RH Hpr. Ouv, B

HP HTR. 1-G! & 1-G2 EXTR.

HP HTR. 1-F1 FW Our,
HP HTR. 1-F2 FW OuT.
HP HTR. 1-G1 FW Our.
HP Htr., 1-G2 FW Our.
HP HTtr. 1-G) DRratN
HP HTr. 1-G2 Dratn

PULVERIZER DATA

PLV 1.A Bow Lower
PLV 1-B Bowt Lower
PLV 1.C Bow Lower
PLV 1.D Bowr Lower
PLV 1-E BowL Lower
PLV 1-F Bowr LowEer
PLVY 1-A Bow. Dirr.
PLY 1-B Bowr Difr.
PLV 1-C BowL Difr.
PLY 1.D Bowt Dirr.
PLY 1-E Bowr Dirr.
PLV 1-F Bow Dirr.
PLV 1-A CoaL Air Our. P
PLV 1-8 CoaL Aim Out. P
PLY 1-C CoaL Atr Out. P
PLV 1-D CoaL Air Our. P
PLV 1-L CoaL A Our, P
PLV 1-F CoaL Air Out. P

DV TVVVVVDOOVOO

PLV 1-A PrRi1. Air IN. FLOwW
PLV 1-B Pri. AIr IN. FrLOw
PLV 1-C Pri. Air IN, FLOW
PLV 1-D Pri. Air IN. FLOW
PLV 1-E Prt. Atr IN, FLOW
PLV 1-F Pri. AI1r In. FLOw
Tewr, °F

PLV 1-A CoaL Air DiscH.

STm.

IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
IN.
N,

9

0-125%

0-125¢%,

0-125%

0-125¢%

n-125¢

I:ﬁﬁ:
OOO%OOMOOO’\E

I

SN,

l\)I

&

o

EoE

10

5/23
11:05
324

642
557

83
*NA
578
574

424
665
668
669
673
670
850

1006
1005
1005
552
551
963
978
546
366
3656
424
424

335

-0.3
-1.3
19.4
19.3
19.7
18.1
0.44
0.20
6.34
6.47
6.16
6.14
-1.15
-1.28
9.46
9.34
9.75
9.07
o
3
131
126
129
124
84

BOARD & COMPUTER DATA

n

5/19
18:35
491

791
701
94
NA
702
697

47
673
675
676
679
677
B44
851

1018
1001
472
470
983
1027
612
405
404
469
470
408
376

BR2YS

-

h
-y

WDOM~ud~u~IO
)
o .
ngmawaoumom

Y]

* € - CompuTer DATA; B - BoarD DATA; NA . NoT AvaiLasLr.

228

12

5/10
09:50
497

803
788

NA
s
N3

473
673
674
675
679
676

863
1011
1005
1005

472

47

982
1021

618

407

472
472
410
376

NeNRBRLERR
rbhwowd

B8R

~N~NO N~

w N o
[

8.99

13

3/16
10:00
522

803
810
53

710
699

480
678
680
680
684
681
846
868
999
1019
1004
481
482
989
1030
624
413
412
480
480
416
384

14

s/12
13:45

737
631
86

661
653

452
671
672
673
877
675
B28
819
1004
1005
1000
578

999
1004
580
389
388
451
451
39
380

LN

oo bmowas
N e P
NO= =0 ON

]

h
ml’\)gm

_._
22O N0 NN
;

o=

15

3/13
15:30
400

715
722
58
80
641
627

447
672
674
674
678
676
827
837
1003
1021
1009
588
587
998
1012
580
386
386
448
448
387

-t s e s

~NOoWVwOOm
DI s s 8 e e .
~NoOoMOOON YW

bwmmmmomm
RN .
NN~ b o
wmqm&a%

w
Y
19

10.29

NN
O~WWwHO
o

PNN~ND
mmsuag-
B W~ &=

.
C-E Power SvsTews
Fieup TESTING AND
PERFORMANCE RESULTS

18

s/18
11:45
422

748
612
82
NA
649
648

451
670
672
673
677
674
828
845

0.00
-1.41
11.85
11.14
11.34
10.66

0.09

129
1A
125
126

:1:]

a7

5/21
01:15

676
673
82
NA
619
620

424
665
667
668
672
669
915
870
1004
1006
1003
427
427
995
995
545

366
424
423

337

PLLEEBS

YT Y LYW
o “Nhows
aa83

Ny
l\)m-a-w-'\:mmu

-
oW~

[le]
.

n
w

18

5/23
09:10
323

424
665
667
668
673
670
855
827
1003
1008
1003
552
551
973
980
545
367
365
423
424
366
334

-0.3
-1.5
19.8
19.3
19.9
18.2
0.44
0.21
6.47
6.48
6.21
6.12
-1.16
-1.35
9.78
9.36
9.85
8.98

131
126
130
124

79

SHEET §45



wisconsin Power & Ligut Co.

BIASED FIRING OPERATION STUDY

corunia #1

TEST NO.

DaTe 1976

TiME
sC  Loap Mo

PULVER!ZER DATA
¢ PLV 1.8 CoaL AIr Discu. Tewe, °F
€ PLV 1.C CoaL AIrR Discu. Tewe. °F
¢ PLV 1.D Coa. A1r Discu. Teme. °F
€ PLV 1.E CoaL Air Discu. Teme. °F
€ PLV 1.F CoaL AIr Disch. Tewp. °F
€ PLV 1A Feeoer Coar FLow 103LB/I-R
C PLV 1.8 Feeoen Coa FLow  103(B/KR
€ PLV 1-C Feeoer CoaL FLow  10LLB/HR
€ PLV 1-D Feeoer CoaL Frow  1OSLB/HR
€ PLV 1-E Feeoer CoaL FLow 1ogtB/HR
€ PLV 1-F Feeoer CoaL FLow  10°LB/HR
C PLV 1-A MiLL AMPS
€ PLV 1.B ML AMPS
¢ PLV 1.C MiLe AMPS
C PLV 1D MiLL AMPS
C PLV 1-E MiLtL AMPS
C PLV 1-F MitL AMPS

FAN DAMPER POSITION - $ OPEN
B 1-A FD FAN INLET VaNE
B 1.B FD Fan INLET Vane
B 1-A PA Fan INLET Vane
B 1-B PA FAN INLET VanE

SPRAY VALVE POSITION - 4 OPEN
B 1-A SH Spray Vatve
B 1-B SH SPray VaLve
B8 1-A RH Spray VaLve
B 1-B RH Shrary VaLve

MISCELL ANEOUS
B Buaner TILT + DEGREES
B Aux. Air DAMPERS ~ & OPEN
B 1-A FueL/Air DampErSs £ OPEN
B 1-B Fuer/Atr Dampers € OPEN
B 1-C FueL/Atr DAMPERS £ OPEN
B 1-D Fuet/A(r Danpers € OPEN
B 1-E Fuet/AI1R Dampers £ OPEN
B 1-F FueL/Atr DAMPERS € OPEN
B 1-A Pri. AIrR FaN AMPS
B 1-B Pri. AiR FaN AMPS
B 1-A ID Fan AMPS
B 1-8 1D FaN AMPS
B 1-AFD Fan AMPS
B 1-BFD Fan AMPS
B 1-A ID FaN RPM
B 1B ID Fan RPM
B 1-A Bur. CiRC. WTR. Pump AMPS
B 1-B BLr. Circ. WTR. Pume AMPS
B  1-C BLr. CIRC. WrR. Pump AMPS
B 1.D BLr. Circ. WrR. Punp AMPS
C N Drum Lever + Noaw, H,0 Lever IN.
C S Drum Level + Norw. HZ0 Lever N,
€ FLUE GaS COMBUSTIBLES %
€  FLUE GAs OxvaEw ]
C  BaronMeTRIC PRESS. IN. HGA

1

s/19
16:15
505

144
145
142
138
159
115
116
116
116
116

70
74
73
5
75

78
77

N

29
21
46

00

39
100
100
100
100
100
100
173
183
460
410
218
198
485
495
74

78

73

74
-0.73
-3.26
0.063
3.3
29.76

BOARD & COMPUTER DATA

2

5/19
13:50
506

144
145
143
128
142
15
116
166
116

e
kAl
74
73
75

7

75
74

k|

24
13
55
50

-4°
29
100
100
100
100
100
100
173
184
460
330
205
180
480
488
75

79

73

76
-0.42
-0.27
0.067
2.6
29.83

* C - COMPUTER DATA; B - Board DATA; NA - NOT AVAILABLE.

229

3

3/12
07:15
524

145

146
142
145
120
120

118
ez
13
5
78

76
73

n

R8s

55
27
100
100

-3’
66

54

55
100
55
50

44
170
180
480
400
197
183
480
480
73

76

7

74
-0.64
-2.38
0.062
3.5
28.95

4

s/19
11:00
506

143
144
142
138
142

1186
116
116
116
116

72
72
75
75
75

=R I

-9°

3
100
100
100
100
100
100
175
185
460
3%

183
477
488

79

75

78

-0.80

~1.40

0.066

3.4
29.9

5

5/12
11:00
422

144

107
135
118
1186
M9
n7

17
72
75
n

78

70
68

24

- ) O —

-4°

21
100
100
100

100
100
166
173
370
330
193
180
418
423

81
76
80
-0.48
-1.45
0.062

.04

8

5/12
09:20
422

143
146
106
149
17
13
115
15

114

70
74
72

76

67
65
29
23

17
12

+1°
17
100
100
37

100

165
173
350

180
161
3%

78
81
-0.82
-2.23

3.6
30.09

.
C-E Powgr SysTems
Fileep TESTING aND
PERFORMANCE RESULTS

7

5/16
09:30
421

144
146
142
139

78

17
1n7
17
nz

74
73
75
78

0008

+11°

100
100
100
100
100

165
175
3%0

195
181
435
438

83

78

80
-0.76
-2.43
0.062
4.1
29.54

g

5/21
03:10
320

141
145
143
100
110
85
a7
87
88

63
65
€6
65

53
51

26

46
13
10

+6°

78
81
86
81
100
100
168
175
260

158
145
298
305

83

78

a1
-0.79
-2.56
0.080
4.0
0.01

3

6/27
09:40
314

153
*NA
7
142
145
83
BS
NA
NA
B4
g2
64
66
NA
NA
66
66

59
62
28
28

[= NN N )

+6°

77
77
100
100
75
75
160
195

280
169
150
330
NA

a3

87

NA

B4
-0.69
-2.57
0.055
5.1
30.10

SHEET A48



Wisconsin Power & LiGnt Co.

CoLumpia #1

BIASED FIRING OPERATION STUDY
il

TEST NO.
Date 1976
Time
*C Loap M
PULVER| ZER DATA
C PLV 1-B Coat Air Disch. TEMP, °F
C PLV 1-C CoaL Air Discu. Temp, °F
C PLV 1.D CoaL Atr Discu. Tewr, °F
€ PLV 1-£ Coat Air Discu. Teur, °F
C PLV 1-F CoaL AIr DiscH. Tewp. °F
C PLV 1-A Feeoer CoaL FLow IogLB/HR
¢ PLV 1-B Feeper CoaL Frow 10,LB/HR
€ PLV 1-C Feeoer Coal Frow  TOSLB/HR
€ PLV 1.D Feeper CoaL Frow 103LB/HR
C  PLV 1-E Feeoen CoaL Frow  TODLB/HR
€ PLV 1-F Feeoer CoaL FLow  10°LB/HR
C PLV 1-A MiLc AMPS
c PLY 1.8 MicL AMPS
€ PLVI1-C MiLL AMPS
C PLV 1-D MitL AMPS
C PLV 1-E MiLe AMPS
C PLV1.F ML AMPS
FAN DAMPER POSITION - % OPEN
B 1-A FD Fan INLET VaNe
B 1-B FD FaN INLET VANE
B 1-A PA Fan INLET VaANE
B 1-B PA FAN INLET Vane
SPRAY VALVE POSITION - § OPEN
B 1-A SH SPRAY VALVE
B 1-B SH SPRAY VaLvE
8 1-A RH SPRAY VALVE
8 1-B RH SpraY VALvVE

MISCELL ANEOUS

Burwner TILT

Aux. Air Dampers

1-A Fuer/AiR Daupers
1-B Fuer/A1r Dampers
1.C Fuer/AtrR DampERS
1-D FueL/AIR Dampers
1-E FueL/AiR Dawpers
1-F Fuer/AIr DampPERS
1-A Pri. AIR FaN

1-B Pri. AR Fan

1-A ID Fawn

1-B 1D Fan

1-A FD Fan

1-B FD Fax

1-A ID Fan

1-B ID Fan

1-A BLr. Circ. WrR,
1-B BLr. CiRc. WrR.
1-C BLr. CiIRrC. WrR.
1-D BLr. CiRc. Wrr.

FLUE Gas CoMBUSTIBLE
FLue Gas Oxvgen
BaronmeTRIC PRESS.

OO0 TTITTDIODDODODDDDDDD

+

Pump
Pume
Pump
Puup

s 2

DEGREES
% OPEN
£ OPEN
% OPEN
% OPEN
£ OPEN
£ OPEN
% OPEN

AMPS
AMPS
AMPS
AMPS
AMPS
AMPS

RPM

RPM
AMPS
AMPS
AMPS
AMPS

N Drum Lever + Norm. HoO Lever N,
S Drux Lever + Norw. H,O Lever IN,

£
IN. HGA

10

5/23
11:05
324

130
134
i)
138
142
*NA
NA
87
a8
a8
86

67
65
66

57
56
31

-

OO0 @A

+5°
o]

[o]

[o}

87
83

81
78
169
179
280
310
166
155
320
323
83
84
79
84
-0.51
-2.36
0.064
4.4
30.10

BOARD & COMPUTER DATA

n

5/19
18:35
491

143
145
143
138
141
106
108
107
108
107

68
72
72
74
75

79
77

kil

50
33
18
34

+2°
40
100
100
100
100
100
100
173
183
500
420
225
198
488
496
73
77
73
74
-0.76
-3.22
0,064
3.5
29.73

* C - Computer Data; B - Boarb DATA; NA - Nov AvaiLaBLE.

12

5/10
09:50
497

152
150

91
152
162
114
116
114

114
112
73
73
73

:
70

7
76
37

68
57
81
58

-4°

100
100
100
100
100
100
175
185
490
420
213
196
482
500
73
77
72
73
-0.75
-3.12
0.061

29.66

230

13

3/16
10:00
522

83
149
147
143

116

114
116
116
115

72

74
75
75
75

70
70
28
24

65
28

62

-3°
3]
51

100
51
54
52
51

m

185

430

197
480
490
75
76

Il
75
-0.68
-2.88
0.062
4.3
29.82

u

s/12
13:45
422

144
147
110
139
121

17
118
18

17
n
75
73

78

B8z

-

Wwhwn

165
170
410
340
203
187
445
a57

79

80

79
-0.54
-1.33
0.062

4.9
29,91

15

3/13
15:30

146

147
142
145

a7

86
87
85

65

67
67
67

33
101

33

175
182
390

187
175
430
430
80

82
78
79
-0.61
-1.48
0.065
5.5
29,99

C-E POWER SYsTeEMS
FIELD TESTING AND
PERFORMANCE RESULTS

18

5/16
11:45
422

144
146
143
139

78

117
117
118
118

75
74
75
7

75
74
31

QOoOPrW

+G°

39
100
100
100
100
100

166
175
443
367
210
195
463
478
79

81

75
77
-0.47
-3.26
0.0862
5.1
29,55

17

5/21
01:15

144
145
143
m
118

a7
a6
av

63

66
66

39
47
15
10

+9°

76
81
84
80

165
175

310
171
158
345

79
82

77
80
-0.53
-2.5]
0.059
5.8
29.92

18

5/23
09:10
323

152
143
138
138
141

88

89
70

66
66

65

61
60
3

15
12

168
178

310
175
165
338
345
81
84
78
83
-0.62
-2.22
0.065
6.0
30.14

SHEET A??
1



WiscONStH POWER & LiGHT Co.
coLumsia 1

*C

[sEesNaNaResNaNaeRasNeNel

[s s ReNeNel

- .
OO0 0N000

OO0 O0O0

* € - CompuTER

TEST NO.

DaTE
TiMe
Loao

FLOWS - 10°LB/HR

FEEDWATER

SUPERHEAT SPRAY L

SUPERHEAT SPRAY R

REHEAT SPRAY L

REHEAT SPRAY R

BFP Ture. ExTR. StM. Frow 1-A
8FP Turs. ExTrR, StM. FrLow 1-B
BFP Ture. MN. STM. FLow CoMBINED
HoT AIr 7o Burnemrs L WinpBox

Hot A1r 1o BURNERS R WiNDBOX

PRESSURES

Steam & Water - PSIG
FEEDWATER TO L coN.

BoiLer DRum

TurB INE THROTTLE

TursINE 1sT STAGE

HP HTR, 1-G1 & 1-G2 SteaMs In.

AIR & Gas - IN H20
AN T-A DISCHARGE

FD Fan 1-B Discharae
AIr HTR. 1-A AIR IN.
AIR HTR. 1-B AIR IN.
AIR HTR. 1-A Air Qur.
AR HTR. 1-B AR QuT.
FuRN. RIGHT WiNDBOX
FURN. LEFT WINDBOX

RT. WDBX 70 FURN. DiFF. P
LEFT.WDBX To FurN. DIFF. P
Furnace

Pr1. SH Gas Our.
REHEATER GAs OuT.
Econ. Gas IN.

Econ, Gas Our.

AIR HTR. 1-A GAs In.
AIR HTR. 1-B Gas In.
AIR HTR. 1-A Gas QuTt.
AtR HTR. 1-B Gas OvuT.
IDF 1-A D1SCHARGE

IDF 1-B D1SCHARGE

PAF 1-A DiScHARGE HDR.
PAF 1-B DiscHarceE HDR.
Prt. HoT AIR Duct

TEMPERATURES

AR & Gas - °F

T<A FD FAN DISCHARGE
1-8B FD Fan DISCHARGE
1-A AH AR IN.

1-B AH AIR 1IN,

1-A AH Ar OuT.

1-B AH Ai1r Our.

1-A AH Gas In.

1-B AH Gas In.

1-A AH Gas OuT.

1-B AH Gas Our.

OVERFIRE AIR OPERATION STUDY

1976

M

BOARD & COMPUTER DATA

! 2 3
3/17 3/17 3f20
09:30 10:45 16:50
517 512 524
3083 3084 3367
101 102 14
109 105 43
78 78 42
82 B2 66
o] o] 4]
0 (o] 0
7.6 7.5 8.2
1608 1604 1608
1557 1556 1576
2723 2722 2750
2673 2672 2689
2400 2402 2397
1624 1616 1677
529 527 537
5.56 5.54 6.04
9.16 8.13 10.20
7.75 7.77 8.41
7.18 7.18 7.82
3.60 3.64 4.00
3.38 3.46 3.92
2.22 2.25 2.42
2.20 2.25 2.52
3.39 3.43 3.16
3.96 4,02 3.92
-0.53 -0.49 -0.18
-0.63 -0.70 -0.50
-0.56 -0.63 -0.31
-2.48 -2.49 -2.04
-6.45 -6.46 -5.84
-8.93 -8.92 -7.96
-8.60 -8.60 -7.74
-15.5 -15.6 -14.6
-14.1 -14.0 =-13.1
-0.58 -0.58 -0.04
-0.62 -0.63 -0.04
32.95 3R.93 33.42
32.74 32,80 33.40
0 0 30
44 45 72
52 53 81
75 75 86
78 78 88
72 T4 696
734 736 KAl
778 780 758
783 785 768
274 274 a81
275 275 280

DaTa; B - BoarD DaTa; NA - NoT AVAILABLE.

23

4

3/20
19:45
525

3N
56
42
48
70

8.2
1564
1535

2750
2689
2399
1682

540

-~
~

.63
.10

.80
.73
47

3

18
99

Y

.47

.13

[ | b
NOUOMNBOOOWWMNWWN®WDU

-14.6
-13.3
-0.23
-0.20
33.24
33.18

67
76

84
707
738
769
785
282
286

5

afee
17:00
526

3233
94

72

8.0
1582
1539

2741
2687
2398
1680

bRy
OWOo—=m

WD LWWw NV
~ w

3/20
10:05
521

3480

12
10
15

8.5
1488
1474

.

. .

LRAALY

WOPWLWNNo!
DLLLuy
@®»O

o
o
=

|
55
~
38

-0.42
-2.02
-5.38
-7.67
-7.08
-13.0
-11.9
-0.08

0.11
33.48
33.32

77
83
93

653
673
709
714
266
269

C-E POWER SYSTEMS
Frevo TesTing AnD
PERFORMANCE RESULTS

7 8
3/20 3/20
12:00 14:30
522 522
3372 3388
o] o]
25 ‘31
B 39
59 63
o 0
[¢] (o]
8.4 8.2
1480 1486
1472 1470
2754 2756
2692 2692
2403 2398
1680 1682
536 536
5.42 5.3
8.84 B8.69
7.23 7.21
6.63 6.57
3.43 3.38
3.3 3.36
2.12 2.16
2.12 2.21
3.13 3.18
3.90 3.96
-0.56 -0.60
-0.65 -0.81
-0.58 -0.61
-2.20 -2.24
-5.64 -5.58
-7.68 -7.64
-7.38 -7.42
-13.6 -13.6
-12.2 -12.4
-0.10 -0.11
-0.08 -0.07
33.53 33.44
33.42 33.44
0 30
75 77
82 85
20 93
93 94
673 681
696 705
730 738
738 746
274 279
272 278

SHEET A48



WiscONSIN POoweR & LicHT Co.
CoLumeia #1

*C

OO0 OOON

[aNeNaNaNel

- .
BOAOOANONONOOOOONOOO NN ADANOO

OO NNON

* C - ConpuTer

OVERFIRE AIR OPERATION STUDY

TEST NO.

Date 1976
Time
Loao MY

FLOWS - 10°LB/1R

FECDWATER

SUPERHEAT- SPRAY L

SUPERHEAT SPRAY R

REHEAT SPRaAY L

REHEAT SPRAY R

BFP Ture, ExTr. STM, FLow T1-A
BFP Ture. ExTr. Std. FLow 1-B
BFP Ture., MN. STH, FrLow ComBINED
HoT Air 7O Bumrwners L WinDBOX
Hot Ai1r To BurNeErRs R WinDeox

PRESSURES

STEaM & WATER -~ PSIG
TEEDWATER TO EcoN.

BoiLer Drum

TurBINE THROTTLE

TuRBINE 1ST STAGE

HP Htr. 1.G1 & 1-G2 Steam IN.

AIR & Gas - IN H0
AN T-A DiscHaRGE

FD Fan 1-B Di1SCHARGE
AIR HTR. 1-A AR IN.
AIR HTR. 1-B AR IN.
AR HTR. 1-A AR OuT.
AiR HTR. 1-B AIr OuT.
FuRN. R1GHT WINDBOX
Furn. LEFT WiNDBOX
RT. WDBX 70 Furn. DiFF, P
LerT WDBX To Furn. DiFr. P
FURNACE

Pri. SH Gas OuT.
REHEATER GAs OQut.
Econ. Gas (N,

Econ. Gas OuT,

AR HTR. 1-A Gas IN.
AR HTR., 1-B Gas In,
AIr HTr, 1-A Gas OQur.
AR HTR. 1-B Gas QuT.
IDF 1-A DiscHARGE

IDF 1-B D)sScHARGE
PAF 1-A Discu. HpR.
PAF 1-B DiscH. Hor.
Pr1. Hot Air Duct

TEMPERATURES

Air & Gas - °F
T-A FD Fan Discu.
1-B FD Fan Disch.
1-A AH AIr IN.
1-B AH Atr IN.
1-A AH Aur OuT.
1-B AH Air OuT.
1-A AH Gas IN.
1-B AH Gas IN.
1-A AH Gas Our.
1-B AH Gas Our.

BOARD & COMPUTER DATA

3

3/24
00:45
473

2912
56
79
45
61

6.8
1668
1614

-

CRrUWWALDD=O

| R B I |
2hu0bb
338%&=

e s oa e

280 R28IN

1
-~

[
-
LWPy

Moo

ob
Ba

By
888

10

3/24
0:20
473

2834
59
78

62

6.4
1658
1613

2637
2401
1465

478

mw-'masg

e e

o ~Nw

62
7
7
BO
698
720
764
767
273
270

DaTA; B - Boaro Data; MA - Nor AvaiLasig.

23

n

3/24
04:00
472

2800
84
91

70
6.1

1543
1510

EREEIE IR

COHLWRNMNDWW~N~NOWn

2388388292388

1
o

1
o
~
o

N
NN
b ®
O'tgm

-12.6
-0.36
-0.21
32.86
3»2.77

60
70
76
79
701
725
764
768
273
274

12

6/24
12:00
524

3297
70
79
28
63
43

8.1
1767
1663

2746
2691
2401
1680

538

13

6/24
13:20
525

3289
82
94

43
76

8.0 -

1774
1668

2745
2691
2402
1679

538

15.15
13.55
11.59
10.54
7.01
7.00
5.33
5.29
5.43
6.13
~0.61
-0.71
-1.25
-2.36
-6.64
-8.82
-8.68
~-15.5
-14.7
0.21
0.28
32.60
33.88

80

94
670
702
725
744
270
a715

14

6/24
09:45
523

3327
70
78
10
50
43
76

8.1

1785

1683

L]

afes
10:15
510

3079
97
98
67
76

7.6
1477
1454

2720
2670
2394
1614

PUPRWWO D
0*&80’!01\1("010)
Y

WO WO N

o w

59
70
78
82
695
22
758
764
272
283

C-E PoweR SYsTems
FieLp TesTing anp
PERFORMANCE RESULTS

16
6/3%
526

3255
85

33
60
43
89
8.0
1739
1637

2751
2698

1687
535

14.75
13.35
11.45
10.34
7,13
7.01
5.38
5.38
5.46
6.13
-0.43
-0.64
-1,08
-2.23
-6.21
-8.48
-8.47
-14.6
-13.9
0.07
0.04
32.82
33.49



wWisconsiN Power & Liant Co.
Coruneia M1

*C

[aNsNeNaeEaNalaeNeNaNal

OO0

DOAOTOOOONOOOOO0O00OOAOO0ON0

OO0 0O0O0N

* C - CompuTER

OVERFIRE AIR OPERATION STUDY

TEST NO.

DaTE
TiME
Loan

FLOWS - 10°LB/HR

FEEDWATER

SUPERHEAT. SPRAY L

SUPERHEAT SPRAY R

REHEAT SPRAY L

REHEAT SPRAY R

BFP Tura. ExTR. STM, FLow 1-A
BFP Ture. ExTrR. STd, FLow 1-8
BFP Ture. MN. StM. FLow CoMBINED
Hot AIr 70 BurRNeErs L Winpeox
HoT AIr 70 BuRnERS R WinpBoOx

PRESSURES

Steam & Water - PSIG
FEEDWATER TO ECON.

BosLer DRumM

Tura INE THROTTLE

TuraINE 18T STAGE

HP HTr. 1-G1 & 1-G2 STEAM IN.

AtR & GAs - IN Ho0
AN 1-A DIscHARGE
FD FAN 1-B DiscHArGe
AR HTR. 1-A AR IN.
AR Hvr, 1-B AR IN,
Air Htr. 1-A Atr Our,
AR H¥r. 1-B Atr Our,
FuaN. RIGHT WInDBOX
FurN. LEFT WiNDBOX
RT. WDBX To Furn. DiFF. P
LeFT WDBX To Furn. DIFF. P
FURNACE
Pri. SH Gas Out.
REHEATER Gas OQuT.
Econ. Gas in.
Econ. Gas Out.
Atr HTR. 1-A Gas N,
Alr HTR. 1-B GAs In.
AIR HTR. 1-A Gas Qur.
AIR HTR. 1-B Gas Our.
IDF 1-A DiSCHARGE
IOF 1-B DiscHARGE
PAF 1-A DiscH. Hor.
PAF 1-B Discu. Hor.
Pri. Hot AIr DucTt

TEMPERATURES

AIR & Gas - °F
T-A FD Fan DiscH.
1-B FD Fan Discu.
1-A AH AR In.
1-B AH AR IN.
1-A AH A|r Our.

B AH Air Our.

A AH Gas Iwn.

B AH Gas In.

A AH Gas Ouv.
B AH Gas Our.

1976

MA

BOARD & COMPUTER DATA

17

6/25
11:15
524

33262
103

68
43
6
8.3
1793
1674

2739
2688
241
1671

534

81
86
93
a3
667
695
724
7371
270
273

18

&/
08:35
526

3284

100
23
53

89
8.1
1777
1649

74
78
84
85
651
657
m
712
255
255

Data; B -~ BoarD DATA; NA - NOT AVAILABLE.

233

19

6/29
08:50
523

3262
88
as

58
43
89
8.3
1611
1529

2751
2696
2403
1685

535

73
81

a7
665

725
72
259
270

2

6/25
14:45
517

3203
101
100
53
78
42
74
7.8
1704
1607

2745
2694
2416
1644

499

87

N

99
101
680
708
734
750
277
282

a2

6/26
10:30
419

1453
1365

2652
2607
2405
1305

411

12.78
11.02
9.78
8.7

6.42
5.41

6.15
-0.52
-0.70
-1.03
-1.70
-4.43
-6.28
-6.14
-10.6

-9.9
-0.26

n.04
31.73
32.61

88
93
100
103

827
654
663
244
262

2

6/25
16:25
422

2517
77
80

37
39
72
6.3
1346
1241

2638
2598
2404
1291

416

-

NabbUll o OO

[-E]

%5
102
104
634
661
687

259
275

23

6/27
11:35
e

§§ggguomo§

PRy

SOoWENOINNWE LD
SIZBRBRARKSEY

-0.90

89

94
102
104
535
555
580
584

233

C-E Power SYsTeMs
FigeLo TesTing anp
PERFORMANCE RESULTS

2

6/29
01:30

1891

61"

3%
8%
7.1
1022
952

2559
2527
2405

309

1
bow=ppPPasu
@
~

[ [ ] [
Lobhbohss
PQ@NWE®

.50
.49
.84
.98

Bges

83

g7
568
5%
614
629
226
241

SHEET ASO



Wisconsin Power & LiGHT Co.

CoLunara §1

TEST NO.

DaTe
Time
*C Loao

TEMPERATURES
AR & GAS - °F

EcoN. N Gas OuT.
Econ. S Gas Our.

1-A AH Pri. Air Our,
1-B AH Pri. Air Our.

[z Na X NaNaYy!

STEAM & WATER - °F
BoiLER EcON. IN.
DowncOMER 1
Downcomer 2
DowncoMer 3
DowNcOMER 4
DowncoMer 5

Btr. S SH Hor. Our.
BLrR. N SH Hor. Our.
TurBINE THROTYLE

HP HTR. 1-F1 FW Our,
HP HTR. 1-F2 FW Our.
HP HTR. 1-G1 FW OuT.
HP Hvr., 1-G2 FW Our.
HP HTR. 1-G1 DRAIN
HP HTr. 1-G2 DraIN

QOO0 0O0ON

PULVER| ZER_DATA

PLV 1.A Bow. Lower
PLY 1-B BowL Lower
PLV 1-C BowL Lower
PLV 1-D BowL Lower
PLV 1.£ Bowl. Lower
PLV 1-F Bow. Lower
PLV 1-A BowL DiFF.
PLY 1-B Bow. Dirr.
PLV 1-C BowL DifFr.
PLY 1-D BowL DifF.
PLY 1-E BowL DifF.
PLV 1-F Bow. DiFF.
PLV 1-A CoaL AIr OuT.
PLV 1-B CoaL AR Ourt.
PLV 1-C CoaL AIr OuT.
PLV 1-D CoaL AIR OuT,
PLY 1-E CoaL AIR OuT.
PLV 1-F CoaL Air OuT.
PLY 1-A Pri. AIR IN.
PLV 1-8 Pri. AIR IN.
PLV 1-C Pr1. AIR IN,
PLY 1-D PR1. AIR [N,
PLV 1-E Pri. AtR IN.
PLV 1-F PRi. AIR IN.

YVDVUDOVOUVOUVODD

A0 0N0NON

1-A PA Fan DiscH. Hor.
1-B PA Fan DiscH. HoRr.

BLr. SH ATMP 1-A STH. IN.
BLr. S5H ATMP 1-B STM. IN.

BLrR. S RH ATMP ST, OuTt, A
BLR. N RH ATMP StM. Out. B
BLr. S RH Hor. Our. A
BLrR. N RH Hpr. Out., B
HP HTta, 1-G1 & 1-G2 ExTR. STM.

T OOV UUTUT

FLow
Frow
FLow
FrLow
Frow
Frow

PLY 1-A Coat AIrR Discu. Tewp,

OVERFIRE AIR OPERATION STUDY

1976
Mo

BOARD & COMPUTER DATA

1

3/17
09:30
517

810
813
56
72
725
nr

477
676
679
679
682
680
845
847
*NA
NA
1003
478
480
991
1019
623
411
417
478
478
414
382

.

R82zR 8828 b:

vy
- OV~~~ ~40°s> ~N N

144

2

3/17
10:45
512

812
815
57
72
727
718

477
676
678
679
682

845

P

“BooNNemoNgRRROY
RA3ZZRBB Yt h

_._.
o=
o 0
® o

126

-
88

125
127
124
144

* C - CouPuTER DATA; B - BOARD DATA; NA - NoT AvAjLABLE.

234

3

3/20
16:50
524

790
84

707
702

478
678
680
680
684
681
an

NA
NA
1005
482
482
991
1017
624
412
412
480
479
4186
384

Rg ONON
W=
rbodo®

commmNONN
58898838 8BM;

—

4
ajzo
19:45
525

817
79

77
720

480
678
€80
680
684
681
819
843
NA
NA
1006
482
481
991
1020
625
412
412
480
480
416
382

5u8a

A DWW -
.
-~

S9z2388%2%

ONNO®O®ON DD DON

—-

3/22
17:00
526

796

70
85
704
696

480
678
679
680
684
681
63s
846

NA
1005
482
482
897
1025
626
413
413
481
481
417

W -

: RRIBRON
REBLABBRBBvorv>8o

o
oBoNmwoN

— s
je—

11.45
2.86
126
43
131
125
128
125
145

5

3/20
10:05
521

748
749

88
108
661
656

476
679
681
681
685
683
796
808
NA
NA
996
602
521
989
1026
613
410
410

a77
414
380

on
-
o«

323N

.
Ny
DD -

CONN~NO N
W~
Eg - O~ ﬁ;

C-E Power SYsTEMs

Fi1eLD TesT

i{NG AND

PERFORMANCE RESULTS

z

3/20
12:00
522

774
766

98
682
677

478
679
680
€81
684
682
B10
g23

NA

NA

483
482
988
1022
623
412
411
479
479

384

BRBROR
BREBERRIO LN

—
QOO NNON

yN
w

10.37

8

3/z0
14:30

170

102
690
686

478
679
680
680
683
682
808
820
1008
1018
1008
482
482
993
1023
626
411
411
479
479
416
384

o
o -

8mBR

. .
2PRELIL8ABULL LN

- OO0 E; ao~ ~ O ~N

-

p—

.

SHEET A?'I
!

i



WisconsiN Power & LicHT Co.

Corumaia #1

TEST NO.

Dave
TiHe
#C  Loao

TEMPERATURES

Atr & Gas -

coN. N

[z XNz N Ra¥sl

°F

UT.

Econ. 5 Gas Our.

1-A PA Fan DiscH. Hor.
1-B PA Fan DiscH. Hos.
1-A AH PRi. AIR Our.
1-B AH Pri. AIr Our.

STEAM & WATER - °F

OILER

OO0 OOOOCOANOO0

CON.

Downcomer 1
DowncoMER 2
Downcomer 3
DowncoMer 4
Downcomen 5
BLr. SH ATMP 1-A StM. IN.
BLR. SH ATMP 1-B Stm. IN.
BLr, S SH Hor. OuT.

BLR. N SH Hor. OuT.

TurB INE THROTTLE

BLr. S RH ATMP SvM. Out. A
BLR. N RH ATMP StM. Our. B
BLR. S RH Hor. OuT. A

BLr. N RH Hor. OvuT. B

HP Hvr. 1-G1 & 1-G2
HP HYrR. 1-F1 FW Our.
HP Htr. 1-F2 FW Our.
HP Htr. 1-G1 FW Oyr.
HP Hir. 1-G2 FW OuT.
HP HTrR. 1-G1 DRAIN
HP HTR. *1-G2 DRAIN

PULVERIZER DATA

PLY 1-A
PLV 1-B
PLV 1-C
PLV 1-D
PLV 1-E
PLY 1.F
PLY 1-A
PLV 1-B
PLV 1-C
PLV 1.D
PLV 1-E
PLY 1-F
PLV 1-A
PLV 1-B
PLV 1-C
PLV 1-D
PLY 1-E
PLY 1-F
PLV 1-A
PLY 1.8
PLV 1-C
PLV 1-D
PLV 1-E
PLV 1.F
PLV 1.4

2NN e NN e e e RNl Na NN e RaNsNa s aRaNa a2 Ne Na Nal

* € ~ CoMpuTER DaTA;

BowL
Bowr
BowL
Bowt
BowL
Bowr
Boww
Bawt
BowL
BowL
BowL
Bowt
CoaL
CoaL
CoaL
Coat
CoaL
Coat
PR1.
Pr1.
PRI,
Pr1.
Pr1.
Pri.
CoaL

Lower
Lower
Lawer
Lower
Lower
Lower
DiFF.
DirF.
DifFF.
DirF.
DiFF.
Dtrr, P
Atr Our.
Air Our.
Atr OuT.
Atr QuT.
Air Our.
AR Our.
AIR IN. FLow

AIR IN. FLOW

AIr IN. Frow

AIrR [N, FLOW

AR iN. FLOW

AR IN. FLOW

Air Disch. Tewp.

VDOVUDVDOVUVVVLOVO

OOV TODT

OVERFIRE AIR OPERATION STUDY

1976

M

ExTR. STM,

BOARD & COMPUTER DATA

2

3/24
00345
473

788

7
102
705
693

B23
[« o

¢ Qd
ZRBRBBI B L8

- -
oo .

Y

-]

Py

-

B3l

-
n
-2

130

10

3/24
02:20
473

787
72

712
698

467
673
675
676
680
678
841
839
1004
1007
1004
467
466
1004
1010
605

401
467
467

are

oN88
sBuwwo

@ =

RRRBSIRIRRRE!

e
Nwoho O

w

-
)

W:OO(\)&DPQO\I\IO—'I\)

wso
EBBo28R

B - BoARD DaTA; NA - NOT AVAILABLE.

23

n

3/e4
04:00
472

785
800
72

n3
705

ORR3
: 23 r3
S88aR3EI 8L

—_—
OOV ON~ND =N

- -
(4]

-
[e]
h

-~
n

-
88

13

128
125
143

12

6/24
12:00
524

750
744

*NA
678
680

467
675

€77
682
679
830

996
993
991
481
478
973

615
129
400
208
466
120
374

Ban=RoDY

.
88808l abwdioy

[~

13

8/24
13:20
525

756
748
91
NA
684
688

467
675
677
677
681
678
849
850
1013
1010
1006
479
478
969
1021
629
132

208
4657

376

yoRERess
mmScn\t

-

ER&EceRI2

E

8/24
09:45
523

740
744
85
NA
671
668

ROS3
oL mO~N®me Ve
MOOVOW=nN g W - 8 Ao

P
‘@ W

- -
OO=W~N~NINO~NONN
N

8

5.
[9,]
[

10.41
124
124

123
127
127
147

C-E Power

.
SYsTEMS

Freeo TesTing anp
PERFORMANCE RESULTS

15

3fes
10:15
510

795
743
70

707
705

478
674
676
678
681
683
840
846
1002
1013
1004
476
477
9289
1032
621
409
408
476
476
412
378

82oRE3

“« e
-

ZBRNRRI=L]98

TR e
N—-UOow~m

- —
R

-
O~ O 20N O N~

16

6/30
09:50
526

191

407

SHEET AS2



WisconsIN Power & LiGHT CO.
Corumaia #1

TEST NO.

Date
TiMe
*C Loap

TEMPERATURES

AR & Gas - °F

EcoN. N Gas Our.

Econ. S Gas Ouv.

1-A PA Fan DiscH. Hor.
1-B PA Fan Discu. Hor.
1-A AH Pri. AIr Our.
1<B AH Pri. AIR OvurT.

Ao N

STEAM & WATER - °F

BoiLer Econ. IN,
DowncoMer 1

DowmCOMER 2

DowncoMer 3

DOWNCOMER 4

DowncoMer 5

BLR. SH ATMP 1-A STu. IN.
BLR. SH ATMP 1-B Stm. IN.
BLR. S SH Hpr. Our.

BLR. N SH Homr. Ouv.
TurBiNE THROTTLE

BLtr. S RH ATMP Stm. OuT. A
BLr. N RH ATMP Stn. Ouv. B
BLr. S RH Hor. Out. A

BLr. N RH Hor. Our. B

HP Hrr., 1-G1 & 1-.G2 ExTrR. STM.
HP HTR. 1-F1 FW OuT.

HP Hrr. 1-F2 FW OuT.

HP HTR. 1-G1 FW Ouv.

HP Htr. 1-G2 FW QuT.

HP HTR. 1-G1 DrAtN

HP HTr. 1.G2 DraIN

[sXeNolule oo Yol N N NN e N e R e N o ¥ aNaRa R a)

PULVER|ZER DATA

C PLV 1-A Bowt Lower P I
C PLV 1-B Bow. Lower P 1
C PLV 1-C Bow. Lower P I
C PLV 1-D Bow. Lower P |
C PLV 1-t Bow. Lower P |
C PLV 1-F BowL Lower P |
C PLV 1-A Bow. DiFF, P 1
C PLV 1-B Bow. Dirr. P |
C PLV 1-C Bow. DifF, P I
C PLV1-D Bow. DiFF. P 1
C PLV 1-E Bow. Dirr. P |
€ PLV 1-F Bow. DifF. P i
C PLV 1-A CoaL AIR Ouy, P 1
C PLV 1-B Coat Atr Qur, P |
C PLV 1-C CoaL AIR Out. P |
C PLV 1-D CoaL AirR Qut, P |
C PLV 1-E Coar Air Qur, P i
C PLV 1.F CoaL Air Qur. P |
C PLV 1-A Prt. AIR IN. FLOW

C PLV1-B Pri. A1r IN. FLOw

C PLV 1-C Pri. AR IN. FLow

C PLV 1-D Pri. Atn In. FLOW

C PLV 1-E Pri. AR IN. FLOw

C PLV 1-F Pr1. AIR IN. FLOW

C PLV 1-A CoaL At DiscH. Temp,

OVERFIRE AIR OPERATION STUDY

1976

Mo

N. H,0
N. H0
N. ﬁo
N. H0

N. H30
N. H.0
N. HB0
N. HZ0
N. Ho0
N. H20
N, 1o

N. HO
N. H30
N, Ho0
N. Hx0
N, HO
N. H0
N. H30
0-125¢
0-125%
0-125%
0-125¢
0-125%
o-1zsg

(]

BOARD & COMPUTER DATA

" le 19
6/25 6/30 6/29
11:15 08:35 08:50
524 526 523
750 733 747
*NA 743 748
96 84 83
NA NA NA
682 664 678
678 651 672
467 467 468
675 675 676
676 677 678
676 677 678
680 681 683
678 678 680
840 842 840
866 833 842
992 1011 1007
1012 1001 1006
1000 NA NA
479 482 481
478 481 480
976 1004 993
1021 9% 1013
620 621 623
177 138 NA
400 400 400
208 191 191
466 467 467
122 102 198
374 433 347
20.3 20, 20,2
24.1 24.4 24.9
0.09 0.09 0.09
22.0 21.7 21.6
21.4 22.8 22.5
20.7 21.1 20.5
6.83 6.76 6.80
7.84 7.84 8.05
0.02 0.01 0.03
7. 7.09 7.12
7.04 7.40 7.41
7.03 6.91 6.87
9,23 9,37 9,12
12.06 12.28 12.51
0,03 0.05 0.09
10.72 10.53 10.54
10.34 10.98 10.93
9.89 10.38 9.99
124 124 124
126 128 128
45 0 0
123 123 124
126 126 126
127 128 128
146 146 152

#* C - CowpuTER DATA; B - BoarD DATA; NA - NOT AVAILABLE.
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6/25
14:45
517

756
NA
101

694
€94

466
675
677
676
680
678
849
854

1007
%9
477
477
977

1008

199
395
208

142
370

2

8/26
10:30
419

684
NA
102
NA
617
620

444
670
672
672
678
674
825
831
999
1010
681
585
585
974
on
579
an
379
207
443
104
355

2

8/25
16:25
422

704
NA
102
NA
651
660

-
@

]

o Mo o o —as o

o
LOONNROOND

C-t Power Svsﬂ:.us
Fiewo TESTING AND
PERFORMANCE RESUL TS

23
8/27
316

601
NA
102
NA
549
548

117
665
666
667
667
675
667
824

982

NA
484
527
924
894
527
189
356

a7
113

558283

.
WO W — mw

\lU‘G\.OOmm—'
wa~

wambaomm
(3]

_
~oB800
Ne O
R
%8“‘0’

123
127
64
31
}26
27
143

24

6/29
01:30

625
631
293

581
582

421
668
669
669
673
670
855
855

1009
NA
549
548
969
988
543
a3
359
192
420
189
299

17.5
21.6

o

,_...
SN
w

T a0
@ 0w

2288 8VIRIR

oSNooooooe

by

- 0 ®
bty

o oy
oRBRBIRN
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WiScONSIN Power & LiGuT Co.
CoLumpia #1

OVERFIRE AIR OPERATION STUDY

TEST NO.

DaTe 1976

TiMe
3C  Loao M

PULVER|IZER DATA
C PLV 1-B CoaL AR DiscH. Tewp. °F
C PLV 1-C CoatL AIR DiscH. TEMP. °F
C PLV 1-D Coat AIR Disch. Tewp. °F
C PLV 1-E CoarL Air DiscH. Tewr. °F
C PLV 1-F Coar AIrR DiscH. Tewp. °F
€ PLV 1-A Feeoer Coar FLow  109LB/HR
C PLV 1-B Feeoer CoaL FLow  103LB/HR
C PLV 1-C Feeper CoaL Frow  103LB/HR
C PLV 1.D feeoer CoaL FLow  109LB/HR
€ PLV 1-E Fecoer CoaL FLow 10%[8/!!!
C PLV 1-F Fecoer CoaL FLow  10°LB/HR
C PLV 1-A MiLL AMPS
C PLV 1-B MiLL AMPS
C PLV 1-C MiLe AMPS
¢ PLV 1-D Miti . AMPS
C PLV 1-E MiLL AMPS
C PLV 1-F MitL AMPS

FAN DAMPER POSITION - § OPEN
"8 1-A FD FaAN INLET Vane
B 1-B FD Fan INLET VaNE
B 1-A PA FaAN INLET VaNe
B 1-B PA FAN INLET VANE

SPRAY VALVE POSITION - £ OPEN
B 1-A SH SPRaY VaALVE
B 1-B SH SPRAY VaLvE
B 1-A RH SPRAY VALVE
B 1-B RH SBRAY VALVE

M| SCELLANEOUS
B  Burmner TiLvY + DEGREES
B Aux. AIr DawreRrs % OPEN
B 1-A Fuer/AIr DamPers € OPEN
B 1B Fuet/Air DampeRs % OPEN
B 1-C FueL/AIr Daupers € OPEN
B 1-D Fuer/Air Dampers % OPEN
B 1-E Fuer/Ar Dampers 4 OPEN
B 1-F Fuee/Ajn Dawpers % OPEN
B 1-A Pri. Air Fan AMPS
B 1.B Pri. A1r FaN AMPS
B 1-A [D Fan AMPS
B 1B ID fan AMPS
B 1-A FD Fan AMPS
B 1-B FD Fan AMPS
B 1-A ID Fan RPM
B 1.B ID Fan RPM
B 1-A BLr, Circ. WTR. Pume AMPS
B 1.B BLr. Circ. WTR. Punp AMPS
B 1-C BLr. Circ. WrrR. Pump AMPS
B 1.0 BLrR. Cinc. Wir. Punp AMPS
C N Drum Levee + NorM, HoO Lever N,
C S Drum LEveL + NomrM, H,0 LEVEL iN.
C  FLue Gas CoMBUaTIBLES £
C Frue Gas Oxvaen g
C BARONMETRIC PRESS. IN, HGA

BOARD & COMPUTER DATA

1

3/17
09:30
517

150
148

146
114

107
1S5
116
116

7

74
73
s
74

71
70
28
24

45
27
80

-3°
100
50

[

47
53

51

51
172
183
500
430
208
185
485
495
74
77
72
74
-0.69
«2.25
0.065
4.0
30.04

2

3/17
10:45
512

87
148
148
142
146
114

106
116
116
116

Il

74
73

75

il
70
28
24

37

84
%

-3°
100
50

0

46
53

51

51
172
183
500
430
207
195
485
495
74
”
72
74
-0.62
«2.27
0,066
3.8
29,99

®* C.= CoMPUTER DATA; B ~ BOARD DATA; NA - NOT AvAiLABLE.
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3

3/20
16:50
524

75
74
33
29

BEoR

+1°

51

47
54
52

51
170
182
500
430
203
193
490
500
76
78
74
74
-0.69
-2.22
0.061

28.80

s

3/20
19:45
525

93
149
148

74
73
3
28

21

56
40

+3°
69
53

43

53
52
170
181
500
420

190

500
7%
78
T2
74

-0.53
-2.75
0.061

28.89

i

3f22
17:00
526

88
142
147
142
146
114

13
15
114
115

72

78
75
75
76

72
Il

26

o°
68

51
53
51
51
m
182
490

190
480
495
75

78

73

74
-0.68
-2.97
0.063

20.29

3/20
10:05
521

91
150
145
142
146
115

107
116
116
115

72

74
76
77

BeRa

WwNnoo

+5°

C-E Powenr

SysTEMs

F1rewo TESTING anD
PerForMance ResuLTs

z

3/20
12:00
522

149
145
142
146
115

107
1S5
116
115

72

75
76
76
7

BERR

17

28
CA)

+5°
50

46
53
51
50
170
1682
460

194

184

483

430

144

79

75

76

-0.58

-2.61

0.064

3.4
28.7:

3/20
14:30
522

93
149
145
142
147
14

107
118
116
15

72

74
75
75
75

e

12

33

-1°
58
50

53
51
50
169
181
470

192

480
430
77
79
74

76
-0.44
-2.64
0.064
3.6
28.72
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OVERFIRE AIR OPERATION STUDY

BOARD & COMPUTER DATA

TEST_NO. 9 10 n 12
Date 1976 3f24 3/24 3/24 6/24
Tiue 00: 45 02:20 04:00 12:00
*C  Loap My 473 473 472 524
PULVER1ZER DATA
C PLV 1-B Coat AiR DIscH. TEMP. °F 146 144 143 154
C PLV 1-C CoaL AIR DiscH. TEMP. °F 149 148 148 0
C PLV 1-D CoaL Air Disck. Tewp. °F 155 152 149 147
C PLV 1-E CoaL Air Disch. Tewp. °F 142 141 140 142
C PLV 1-F Coat Air Disch. Tewep. °F 146 146 144 149
€ PLV 1-A Feeper Coal FLow  1OGLB/WR 100 101 102 118
C PLV 1-B Feeper Coat FLow  1051LB/HR 105 105 105 119
€ PLV 1.C Feeper CoaL FrLow 10 B/FR 102 102 103 ¢]
C PLV 1D Feeoer Coar Fow  105LB/HR 0 o 0 118
C PLV 1-E Feeoer Coar Frow  10LLB/HR 104 104 104 118
C PLV 1-F Feeper Coar Frow 10°LB/IR 103 102 102 117
C PLV 1-A MiLL AMPS €66 87 66 72
C PLV 1B ML AMPS 72 72 T2 74
C PLV 1-C MLt AMPS 72 ka2 7 o]
€ PLV 1D Mite AMPS (4] (o] o] 72
C PLV 1-E MiLL AMPS 7 70 69 75
c PLV 1-F MiLL AMPS 73 kgl Il 73
FAN DAMPER POSITION - % OPEN
*B  1-A FD FaN INLET VANE 76 75 73 80
B 1B FD FaAN INLET VANE 76 75 73 83
B  1-A PA FAN INLET VANE 0 30 30 31
B 1-B PA Fan INLET VANE 26 25 25 30
SPRAY VALVE POSITION - £ OPEN
B 1-A SH Sprar VaLve 44 45 70 25
B 1-B SH Seray VaLve x 31 39 61
B 1-A RH Spray VaLVE 39 37 45 a7
B 1-B RH Sprar VaLve 41 44 54 34
M| SCELLANEQUS
B BurNer TILT + DEGREES o* 0° 0° +1°
B Aux. AIR DAMPERS T £ OPEN 41 20 66 100
B8  1-A Fuer/AIR Dampers % OPEN 42 42 42 100
8 1-B FuEL/AIR DampERs £ OPEN 4 43 44 0
B 1-C FueL/AIR Dampers % OPEN 43 42 43 100
B 1-D Fuer/Air Dampers % OPEN 0 0 o] 100
8  1-E fuer/A1n Dampers % OPEN 44 43 5 100
B 1-F FueL/Air Dampers £ OPEN 43 43 44 100
B 1-A Pri. AIr FaN AMPS 167 170 170 165
B 1-B Pri, Arr Fan AMPS 180 180 180 200
B 1-AID Fan AMPS 500 500 480 510
8 1-B ID Fan AMPS 430 430 410 470
B 1-AFD Fan AMPS 1 210 203 226
8 1-BFD Fan AMPS 198 195 188 202
B 1-A 1D Fan RPM 433 494 490 *NA
8 1-B ID Fan RPM 499 498 495 NA
B 1-A BLr. Circ. Wrr. Pump AMPS 76 76 75 74
8 1-B Bur. Circ. WTrR. Pume AMPS 78 78 78 80
B 1-C BLR. CirC. Wrr. Pume AMPS 73 72 73 73
B  1-D Bur. Circ. Wrr. Puwmp AMPS 5 74 74 75
C N Drum Lever + Nomw. H 0 Lever IN. -0.72 -0.49 -0.68 =-0.35
C S DRum Lever ¥ Nomw. H30 Lever IN,  -2.24  -1.95  .2,50  -2.60
C FLue Gas CoMBUSTIBLES [ 4 0.060 0.060 0.057 0.056
C  FLUE Gas OxyGen % 4.7 5.1 4.6 3.2
C  BARONMETRIC PRESS. IN. HGA 29.53 29,49 29.43 29.52

* C - CoMpuTER DATA; B ~ Boarp DaTa; NA - NOT AvalLabLe.
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13

6/24
13:20
525

155

148
143
149
118

120

118
118
118
73
74

72
75
75

81
83
31

29
62
65
47

+7°

100
100

100
100
100
165

520
480
228

NA
NA

80

73

74
-0.54
«2.45
0.055
3.9
29.45

u

6/24
09:45
523

153

146
143
148
118
118

118
117
116
I
74

72

74
74

80

883

R8I

+3°

25
100
100

100
100
100
165

520
480
229

NA

75

81

75

76

-0.74

-1.83

0.054

3.7
29.5

15

3/25
10:15
510

142
148

140
144
110
114
111

112
112

73
73

75
76

72
70
29

26
63
74

0°

47
48
49

49
49
162
182

185
487
492
76

78

72

74
-0.48
«-2.64
0.063

29.81

1

6/30
09:50
526

156

145
156
148
17
18

n7
115
17
n
73

72
73
74

8933

28

"
39

+3°

100
100

100
100
100
165

450

SHEET A55



wisconsiN Power & LigrT Co.

OVERFIRE AIR OPERATION STUDY

Cotunsta #1
TEST NO.
Date 1976
TiME
*C  Loap MW

OO0 NON

-
®>@O OO

oo mo

OO PIPDDITNIRT@@TO

PULVERIZER DATA

PLV 1-B CoaL 41R DiscH. Tewmp. °F
PLY 1-C CoaL AIR Discu. Tewp. °F
PLV 1-D Coat Atr Discu. Tewe. °F
PLV 1-E Coar Air Discn. Teme. °F
PLV 1-F CoaL AIr DiscH. Temp. °F

PLY 1-A Feeoer Coat FLow  100LB/HR
PLV 1-B Feeber CoaL Frow  10°L8/HR
PLY 1-C Feeoer CoaL Frow 1038/!&

PLV 1-0 fceoer Coat FLow  10J1B/HR
* PLV 1. Feeoer CoaL FLow  100LB/HR
PLV 1-F Feeper CoaL Frow ‘IOSLB/PR
PLV 1-A MiLL AMPS
PLV 1-B MiLL AMPS
PLV 1-C MitL AMPS
PLV 1-D MiLL- AMPS
PLV 1-E MitL AMPS
PLV 1-F MLy AMPS

FAN DAMPER POSITION - £ OPEN

1-A FD Fan INLET Vane
1-B FD Far INLET Vane
1-A PA Fan INLET VaNE
1-8 PA Fan INLET Vang

SPRAY VALVE POSITION - % OPEN

1-A SH Sprav VarLve
1.8 SH Seray VaLveg
1-A RH SPray VaLve
1-8 RH SPRAY VALVE

M1 SCELLANEOUS

Burner TiLT + DEGREES
Aux. AIr Dampers % OPEN
1-A Fuer/AIR DampPers £ OPEN
1-B FueL/Atr DampERs % OPEN
1-C FueL/A1R DamPERS % OPEN
1-D FueL/AIR DampeRs % OPEN
1-E FueL/AIR DaMPERS 4 OPEN
1-F FueL/AiR DaMPERS % OPEN
1-A PrRi1. AtR FaN AMPS
1-B Pri. AIR FaN AMPS
1-A 1D FaN AMPS
1-8 1D Fan AMPS
1-A FO Fan AMPS
1-B FD Fan AMPS
1-A (D Fan RPM
1-B ID Fan RPM
1-A BLr. Circ, WTR. Pump AMPS
1-B BLr. CIRc. WTR. Pump AMPS
1-C BLr. Circ. WTR. Pump AMPS
1-0 BLr. Circ. WTR. Pump AMPS

N Drum Lever + Noru. H,O LEVEL IN.
S DruM Lever F Nomw. H30 Levee  IN.
FLuc Gas COMBUSTIBLES £
FLue Gas Oxrgen £
BARONMETRIC PRESS. tN. HGA

BOARD & COMPUTER DATA

1

6/25
11:15
524

153
o]
148
142
147
17
118
Q
17
17
116
73
5
0
73
75
76

80
83
3

89
59
53
41

+8°
26
100
100

0

100
100
10N
165
200
520
470
165
200
*NA
NA

74

79

73

74
-0.77
-2.99
0.056
3.4
29,65

18

6/30
08:35
526

154

144
154
143
118
119

118

115

17
n
73

74
Al
75

450

490
NA

77

g2

74

80
-0.87
-0.89
0.056
4.4
29.86

* C - CoMPUTER DaTa; B - BoaArD DATA; NA - NOT AVAILABLE.
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19

6/29
08:50
523

158

150
159
150
ns3
116

114
114
113
70
74

73
70
73

76
79

29

28
33
48

19
100
100

100
100
100
165

470

214
193
480
NA

5

80

73

75
-0.44
-2.19
0.055

29.75

6/25
14:45
517

156

150
142
150
115
1é

15
14
14

76

72
76
75

81
a3
31
3N

49

69
50

+6°

23
100
100

100
100
100
165

510
470

200
500
NA

75

80

73

76
072
-1.40
0.056

29.65

21

5/26
10: 3
419

147

14
143
114
116
17

115
115

74
5

74
75

73
76
28
28

19
15

+6°

14
100
100

100
100

155
190
390
340

180
450
NA

78

84

78

81
-0.52
-1.39
n.055

29.89

I8

8/25
16:25
422

161

13

70
72
33
33

29
a3

25
17

+3°

94

89
89
s
165

380

185
170
450
NA

75

82

75

78
-0.53
-1.30
0.055
4.3
29.63

C-£ Powen SysTems
F1eLo TESTING aND
PERFORMANCE ResuLTs

23 2
6/27 6/29
11:35 01:30
316 k2]
159 156
0 -0
m 14
147 158
142 m
84 83
86 86
o] o
o] 84
86 84
84 )
64 63
a7 67
o] o]
0 64
56 65
67 0
59 58
62 81
28 28
28 27
n 26
0 26
n [¢]
o} 0
+1° +8°
n [s}
80 77
80 77
0 o}
0 74
77 75
77 0
160 155
195 195
a0 290
280 260
165 165
150 147
330 35
NA NA
83 80
87 85
n 7
B5 B84
-0.59 -0.56
-2.03 -1.42
0.933 0.048
5.8 4.7
30.12 29.76
SHEET AS6



Wisconsin Power & Light Company C-E Power Systems
Columbia #1 Field Testing and
Performance Resylts

WATERWALL CORROSION COUPON
DATA SUMMARY

WEIGHT LOSS EVALUATION
BASELINE TEST

Wt. Loss/ Avg. Wt. Loss/

Probe Probe  Coupon Initial Wt. Final Wt. Wt. Loss Coupon Probe
Loc. No. No. g g q mg/cmé mg/cm@
1 A n 192.4714 191.6956 .7758 15.3814
12 189.2624 188.5251 .7373 14.6180
11.247
13 187.7834 187.3753 .4081 8.0912
14 183.5986 189.1607 .3479 6.8976
2 B n 191.8667 191.3217 .5450 10.8054
12 193.0534 192.5138 .5396 10.6983
7.9955
13 192.4719 192.1794 .2925 5.7992
14 187.2771 187.0411 .2360 4.,6790
3 c 1 189.6148 189.1926 4222 8.3707
12 192.3205 191.8693 4512 8.9457
7.7150
13 194.2087 193.8685 .3402 6.7450
14 195.2487 194.9058 3429 6.7985
4 D 1 181.0037 180.7035 .3002 5.9519
12 196.4728 196.1221 .3407 6.7549
5.5544
13 192.6319 192.3687 .2632 5.2183
14 189.7795 189.5630 .2165 4,2924
5 E n 191.8554 191.4543 .4011 7.9524
12 194.4597 193.9813 4784 9.4850
7.8731
13 191.4211 191.0273 .3938 7.8077
14 196.5282 196.2131 315 6.2473

Avg. Wt. Loss/Test 8.0770 mg/cm2
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Wisconsin Power & Light Company

columbia #1 C-E Power Systems

Field Testing and
Performance Results

WATERWALL CORROSION COUPON
DATA SUMMARY

WEIGHT LOSS EVALUATION

OVERFIRE AIR TEST

Wt. Loss/ Avg. Wt. Loss/

Probe Probe Coupon Initial Wt. Final Wt. Wt. Loss Coupon Probe
1 G n 1949117 194 5574 .3543 7.0245
12 190.1947 189,8822 .3125 6.1957
8.4445
13 196.6078 196.2830 .3248 6.4396
14 196.0734 195.3612 121 14,1182
2 H 1 186.5016 186.0373 .4643 9.2053
12 190.5570 190.0113 .5457 10.8191
9.9423
13 195.0431 194.5049 .5382 10.6704
14 191.5820 191.1243 4577 9.0744
3 I 11 192.8761 192,2601 .6160 12.2129
12 197 .6064 197.1149 4915 9.7445
9.2479
13 194.6839 194.3220 .3619 7.1751
14 194.3763 193.9799 .3964 7.8591
4 J 11 189.5101 189.1223 .3878 7.6886
12 191.3316 190.9150 4166 8.2596
7.2544
13 189.2178 188.8155 4023 7.9760
14 188.7732 188.5163 .2569 5.0933
5 K 11 193.0880 192.7809 .3071 6.0886
. 187.5455 3426 6.7924
12 187.8881 7 5.5776
13 186.7728 186.5222 .2506 4.9684
14 189.5299 189.3049 .2250 4.,4609

Avg. Wt. Loss/Test 8.0933 mg/cm2
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APPENDIX B

TEST DATA & RESULTS
FOR
UTAH POWER & LIGHT COMPANY
HUNTINGTON CANYON STATION
UNIT #2



£ye

18 L33HS

TEST NO.

PURPOSE OF TEST
UNiT Loap ConDITION
FurNace CONDITON

DaTe
UnIT Loap

Main Steam FrLow

SHO TEMPERATURE

RHO TEMPERATURE

Fuet ELEVATIONS IN SERvVICE
OFA ‘NozzLe TiLT

Fuet Nozzvre TiLT

OFA
OFA
AUX
FUEL
AU
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX

NOZZLE COMPARTMENT
DAMPER POSITION - % OPEN
IERCECREREREN

Excess AIR AT EconoMizeER OUTLET
Tueo. AR 10 THE Fuer FIRING ZONE

NO  (Apu. To OF O,)
NOX as NO 2
S0} (Aou.%vo 0% 0,)
S0 2
COQ(ADJ. o 0% 0,)

o 2

HC {Ao4. 10 OF O )

02 AT EcoNOoMIZERTOUTLET
0. AT A.H, OurLeTr

Cee AT EconoMtzER OuTLET
CO- AT A,H, OuvLeT
CAgaoN Loss IN FLyasH

BASELINE OPERATION STUDY

EMISSIONS TEST DATA

1 2 24 3

Max Max Max Max

CLEAN CLean CLeaN CLEAN

1975 5/7 5/5 s/7 s/7
M 429 427 428 428
xe/s 376 38N ar7 380
C 521 541 534 536

C 578 547 537 537
AL 5 AL 5 ALt 5 AL S

Dee 0 (o] ¢] [0}
Dea +14 +11 +13 +15
0 o] 0 o]

o] 0 0 0

45 45 45 45

100 100 100 100

50 50 45 a5

100 100 100 100

45 45 45 45

100 100 100 100

50 50 50 45

100 100 100 100

50 50 50 50

100 100 100 100

100 100 100 100

4 18.9 27.4 32.9 40.9

% 116. 1 124.8 130.1 137.8
PPM 476 5737 67N 718
na/J P48.N 767,8 0,4 %7.0
PPM NA 288 396 374
NG/J n 266.3 27,2 259,1
PPM NA 23 25 27
ne/J 0 6.9 7.7 8.2
PPM 0 0 0 0
£ 4 2.4 1.6 5.3 6,2

% a.% 5.8 6.4 7.3

% 15,4 14.1 13.5 12.8

S 14.4 1.1 12.6 11.9

4 n.52 n. 37 n.22 n. 3t

4 5
EXCESS AIR VARIATION
3/4 Max  1/2 Max
CLeaN CLean
10/10 7/16
360 259
298 274
547 546
548 529
AL 5 ABCD
o] o]
0 +18
o] 0
o] 0
15 0
100 100
10 o
100 100
5 0
100 100
o] 0
100 100
o] o}
100 o]
100 35
28.9 23.7
126.9 122.9
662 509
328,Nn 219.2
436 376
M. 256.2
NA 16
0 4.8
0 o)
4.8 4.1
7,1 . 6.1
14,0 14,7
11.8 13.0
n 12 n.23

LT e e T T
Puss oumancy REnuuete,

z 8 k]

1/2 Max Max Max

CLEAN CLEAN CLEAN

7/16 5/5 4/30

258 430 428

a2 378 377

544 541 534

537 543 537

ABCD ALL 5 ALL 5

o] o] [0}

+6 +8 -3

0 0 0

o] o] 0

[} 30 40

100 100 100

o} 40 45

100 100 100

o) 20 35

100 100 100

[o] k= 35

100 100 100

0 40 40

.0 100 100

0 100 100

50,0 19.5 29,0

150.0 117.5 126.3

734 535 522

367.3 267.1 256.6

326 164 237

222.8 £52.5 163.4

6 17 23 124
4.8 5.0 6.9 37.5
[o) 0 (o] o]
5.2 7.1 1.5 4.8
6.2 8.8 5.4 6.1
13.6 12.1 15.1 14.2
12,8 11,8 13.4 13,0
N30 0,12 0.68 0,29
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UTaun Power anNo L1GHT COMPANY
HUNTINGTON Canyon #2

TEST NO.

PURPOSE OF TEST

UNIT Loap CoNDiITION

FurRnaCE ConDITION

DaTE
Untt Loao

MAIN STEAM FLOW
SHO TEMPERATURE
RHO TEMPERATURE
FUeL ELEVATIONS IN SERvicE
OFA NozzLe TILT
FueL Nozzie TiLT

1 oFa
&[] ora
; S | | AU
gm | A| FUEL
o AUX
gz [E] reL
- [ X
we ] A
& D| FUEL
Ny —
guw | | AUX
= [E] FUEL
o | ] AKX

Excess AIR AT EconNoMIZER OUuTLET
THeo. AIR TO THE FUeL FIRING ZONE

NO_ (Apg. TO OF 02)
NO* as NO2
SO;.IADJ. o 0F 02)

snr

0% (AbJ. To 0%.0,)

co

HC (Aps. To 0f O,)

O2 AT EconoMi1ZERTOUTLET
0% AT A.H. OuTLET

CB ay EconoMt1zER OQuTLET
co?

a7 A.H. OuTLET
Cafioon Loas 1n Frvaswu

1975

xe/s

Dec
Dea

BASELINE OPERATION STUDY

EMISSIONS TEST DATA

C-E Power SysTEMS
FicLo TESTING ANOD
PERFORMANCE RESULTS

Jo un l2 13 14 is 16 7 18 19

€ EXCESS AIR VARIATION >
Max  1/2 Max  1/2 Max Max Max Max  3/4 Max  1/2 Max  1/2 Max  1/2 Max

——— CLEAN —rsedtimery «— MODERATELY DIRTY —3
s/1 7/17 7/18 5/9 5/9 5/9 10/9 7/22 7/21 7/21
428 256 259 433 433 433 361 258 260 258
375 2n3 2n8 377 3715 375 298 204 206 205
545 543 543 532 536 539 548 541 541 542
546 536 534 538 538 540 545 528 536 536
AL 5 ABCD ABCD AL S ALL 5 AL 5 AL 5 ACDE ACDE ACDE
) 0 o 0 0 0 o 0 ) 0
+7 +6 +3 +3 +8 +1 0 +12 +13 +13
0 o 0 o 0 0 0 0 0 0
0 0 0 0 o} 0 e} 0 0 0
45 o 0 30 B 45 15 0 0 0
100 100 100 100 100 100 100 100 100 100
45 0 0 a5 45 50 15 0 0 )
100 100 100 100 100 100 100 0 0 0
40 0 0 25 30 35 5 0 0 0
100 100 100 100 100 100 100 100 100 100
a0 0 0 s 45 50 10 o 0 0
100 100 100 100 100 100 20 100 100 100
50 o) 0 40 45 50 20 0 ) 0
100 0 0 100 100 100 100 100 100 100
100 0 0 100 100 100 100 0 0 0
40.9 27.4 48.8 15.0 20.2 5.5 23.0 25.2 28.9 47.8
137.8 126.4 147.6 113.1 8.1 132.6 121.3 124.3 127.9 146.5
594 474 645 433 514 644 592 438 470 669
295,17 272.6 218.8 211.8 25,7 3191 285.2 215.7 233.0 333.1
271 236 a2 258 372 55 405 446 448 474
187.7 161.9 208.0 177.7 255.2 245.2 281.1 406. 1 9.0 328.2
NA 15 16 a5 24 27 14 15 NA 16
" 4.6 5.0 1.4 7.2 8.3 4.1 4.5 n 5.0
n n n 0 n n n 0 0 0
6.2 4.5 7.0 2.8 1,6 5.6 4.0 4.3 4,8 6.9
7.6 5.7 8.1 4.4 5.0 6.6 5.9 6.0 6.9 a.1
12.8 14.3 12,1 15.8 15,1 13.4 14.7 14.5 14.0 12.2
A2 Ao Ala A4S AR 2R Alae At ase alis



sve

€8 133HS

TEST NO.

PURPOSE OF TEST
UNIT LOAD CONDITION
Excess AR CONDITION
Furnace CONDITION
DATE

UNIT LoaD

MAIN STEAM FLOW

SHO TEMPERATURE

RHO TEMPERATURE

FueL ELEVATIONS IN SERVICE
OFA Nozzre TiLT

FueL NozzLe TiLT

= [ ] oFa
Y] ora
£° [ aw
¥ [A] rue
g é (6] :SEL
o
EE [] aw
© 3% [€] FueL
“we AUX
Nao [D] FUEL
ek M1 aw
Z [E] rFueL
2 ] aux

Excess Air aT €conomizer OuTLET
THeo, AR 10 THE FucL FirRING ZONE

NO_ {Apy. To OF 021
NO: as NO,

gge (Apy.T0 % 02)
COQ(ADJ. T0 0% 02)
co

HC (Apy. 10 OF 02)
02 AT EconoMi1ZERTOQUTLET
O, AT A.H, QUTLET

Cl o AT EconoMiZER OuTLET
CO_ AT A,H. OuTLET

CAgBON Loss IN FLYASH

1975

ke/s

Dec
Dea

EMISSIONS TEST DATA

BIASED FIRING OPERATION STUDY

Tircw Travina AMO
bk oAMaAncE RESULTS

1 2 3 4 3 L] I 8
€ VARIATION OF FUEL ELEVATIONS IN SERVICE
———— MAX [ MM ————> € 3/4 MAXIMMM ——> 1/2 MAXIMUM
MINIMUM >
CLean MODERATE CLEaN CLEAN MODERATE CLEAN CLEAN MODERATE
9/17 9/18 9/20 12/13 10/11 10/12 10/12 10/5
430 426 434 356 351 360 257 270
375 3N 68 297 295 299 218 214
518 525 534 544 536 543 542 543
576 541 541 539 537 546 534 544
BCOE ABDE ABCD BCDE ACDE ABCE BCDE ABDE
0 0 0 0 0 0 0 0
+6 -6 -13 +18 -10 -9 +6 -9
0 o) o} 0 0 0 0 0
0 0 0 0 0 0 0 0
20 30 50 10 0 5 5 10
10 100 100 100 100 100 100 100
30 40 50 (] 25 [¢] 0 5
100 100 100 100 100 100 100 100
10 10 45 0 5 0 5 5
1N0 0 100 100 100 100 100 100
25 25 50 0 ¢ 0 0 0
100 100 100 100 100 100 100 100
20 25 50 0 o] o] 0 0
100 100 20 100 100 100 100 100
100 100 20 100 100 100 100 100
19,8 1.5 20.9 16.8 19.9 20.8 22.6 24.4
1N7 118.9 1178 98.5 119,13 119.8 106.5 122.8
N 419 491 367 4n4 530 %63 534
168, 4 ppnL? 2471 191.5 2n3,6 263.4 178.4 263.2
AR Riat:) 187 257 75 1R9Q W[y 36N
P87.5 a7 R 267.1 186. 4 262.9 248.2 245,7 247.1
56 16 n 20 14 16 16 14
16.7 4.8 9,2 6.3 4.4 1.8 4.8 a0
n n fa} 0 ] o la) 0
3.6 2.8 2,7 2,1 3.6 R.7 a.n 4.2
5.7 4.4 5.7 5.6 5.8 5.5 5.8 5.9
15.1 14.9 15.0 15,3 15.2 14.9 14.8 14.5
13.2 14,7 1.2 17,1 13.2 17.4 1.2 13.1
n.26 N8 n,55 0.61 n.20 n.22 n. 46 0.22
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UTAn Power AND L1GHY CoMPANY
HuNTINGTON CANYON #2

TEST NO.

PURPOSE OF TEST
UNiT LOAD CONDITION
Excess Atr CONDITION
Furnace ConpiTION
Date

UniT Loap

MaiN Steam FrLow
SHO TEMPERATURE
RHO TEMPERATURE
FuerL ELEVATIONS IN SERVICE
OFA Nozzre TiLT
fFuegL NozzLe TiLT

OFA
OFA
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX

NOZZLE COMPARTMENT

DAMPER POSITION - € OPEN
REEERCRERERER

Excess Air AT EcoNomizer QUTLET
THEO. AIR TO THE FueL FiriNG ZONE

NO_ (AoJy. TO OF 02)
N0: AS N02
S0, (Apy.“10 OF 02)

s03

€0%{Apd. 70 0% 0,)

co 2

HC (AoJs. To 0% 0,)

O2 AT EconomiZER“OUTLET
0° aT A.H. OuTLeT

CcO_ a7 EconoMizer OUTLETY
CO? AT A.H. OuTLeT
Cuasou Loss 1n FLYASH

BIASED FIRING OPERATION STUDY

EMISSIONS TEST DATA

C-E Power SYsTems
Fiero TeESTING aND
PerFoRMANCE ReEsULTS

3 10 n 12 13 14 15 1s
< VARIATION OF FUEL ELEVATIONS IN SERVICE >
——— MAX IMUM —m—>> ——— 3[4 MAXIMM —— 1/2 MAXIMM

€« NORMAL >
CLEAN CLEAN MODERATE MODERATE CLEAN CLEAN CLeAN CLEAN
1975 9/17 9/18 9/18 10/11 12/13 12/13 7/23 7/24
W 429 428 429 351 356 14 256 259
ke/s 375 370 369 205 2399 299 203 210
o 5186 536 533 537 543 544 543 542
¢ 525 537 541 538 541 541 533 535
BCDE ACDE ABCE BCDE ABDE ABCD ACDE ABCE
Dee (o} 0 0 0 o 0 o 0
Dec +20 +8 +2 +7 +9 -8 +12 +11
o 0 0 0 o 0 o 0
° 0 0 0 0 0 0 0
35 25 30 10 5 0 o )
20 100 100 100 100 100 100 100
50 35 40 5 10 5 ~ 0 )
100 25 100 100 100 100 ~100 100
15 15 20 5 o} 0 0 0
100 100 100 100 100 100 100 100
20 40 40 5 o 5 0 0
100 100 5 100 100 100 100 100
35 40 40 5 10 10 0 o
100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
4 £6.17 27.4 29.3 29,3 28.0 .7 25.1 24.7
% 107.6 125.3 126.8 1n9,1 127.0 131.0 124.4 124.0
PPM 421 462 513 421 549 5M 382 453
Na/J 2n8.1 227.17 255.9 214.2 283.8 248.4 187.2 224.3
PPM 408 382 289 4ang 291 252 429 443
ns/J 28N.8 261.1 269.9 286.9 2n9.5 173.7 292.2 205.1
PPM 17 17 17 17 18 21 15 15
we/J 5.0 5.0 5.2 5.2 5.7 6.4 4.5 4.6
PPM n n ) 0 n 0 0 0
% 4.5 4.6 4.9 4.9 4.7 5.2 4.3 4.3
% 6.1 6.9 5.2 6.3 7.0 7.1 6.1 5.9
4 14.4 14.4 14.0 14.0 13.9 13.7 14.4 14.4
% 13.n 12.4 13.7 12.7 11.9 12.0 12.9 13.0
% n.28 n.24 n.18 n.22 N, 38 n. a1 n.12 n.20
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HunTincTOn Canvon #2

TEST NO.

PURPOSE OF TEST

UNIT Loap CoNDITION
Excess AIr ConDITION
FURNATE CONDITION
Davte

UnsT Loap

Main STEAM FLOW
SHO TEMPERATURE
RHO TEMPERATURE

FueL ELEVATIONS IN SERVICE

OFA Nozzie Tiut
Fuet NozzLe TiLv

OF A
OFA
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX

NOZZLE COMPARTMENT
DAMPER POSITION - § OPEN

HERCACECEERRN

Excess AirR AT EconoM|ZER OUTLET
Tueo, Air 710 THE FueL FIRING ZONE

NOx (Apy. vo 0OF 02)
Nox AS NO2
502 (Apy.“v0 0% 02)

50!
c0%(Ans. To OF 0,)
co

HC (Apg. To 04 0,)

02 AT EconoMiZER™QUTLET
O_ AT A.H. OuTLeT

€O, AT EconoMmizer OUTLET

COS AT A.H. OuTLETY
Caﬁaon Loss IN FLYASH

1975

ka/s

Dec
Dee

PPM
ne/J
ne/J

PPM
ne/J

g
ylilhlv\ﬂl;

OVERFIRE AIR OPERATION STUDY

EMISSIONS TEST DATA

O TOWEN TTYNYRHEE
Fieio TELTinG AND
PerFormance ResulTs

1 2 3 4 5 (3 7 8 3 10 n 12
TILT VAR
€ OVERFIRE AIR VARIATION > WITH OFA
< MAX ITMUM >
€ NORMAL > €—— MINIMM > € MAXIMIM —> MIN
Heavy HeAvy Heavy MODERATf ——m—————3) CLEAN CLeAn MODERATE MODERATE
9/17 9/26 9/26 9/26 9/26 10/1 10/1 10/1 afer 10/1 10/1 10/5
428 430 430 430 431 430 429 428 428 429 430 427
369 372 372 370 370 372 372 370 369 368 370 370
532 529 530 533 532 534 528 531 528 535 535 526
539 539 538 537 536 547 541 543 540 540 540 540
ALL 5 AL 5 AL 5 ALL 5 AL 5 AL 5 ALL 5 AL 5 ALL S ALL 5 ALL S AL 5
(o] 0 o] 0 o] 0 0 0 0 0 0 -30
+6 -10 -10 -14 -12 +10 +10 +10 +8 +17 +13 -20
o] 25 50 75 100 0 50 100 25 75 100 100
o 25 50 75 100 0 50 100 25 75 100 100
20 25 20 15 15 20 15 15 45 15 15 15
100 100 100 100 100 100 100 100 100 100 100 100
35 40 30 20 20 20 10 o] 45 25 20 (o]
100 100 100 100 100 100 100 100 100 100 100 100
15 20 10 15 5 10 5 5 35 10 5 5
100 100 100 100 100 100 100 100 100 100 100 100
35 0 20 20 20 20 10 (o] 35 15 20 (o]
100 100 100 100 100 100 100 100 100 100 100 100
20 40 0 20 20 20 o] 0 30 25 25 0
100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100
27.0 28.2 26.2 25.5 25,2 18.5 19.2 19.2 i | 33.8 33.8 23.1
125,2 120,2 1M1.6 107.1 105.4 116,7 102.9 6.6 123.2 113.8 112.5 99.6
543 513 462 430 417 604 492 446 TN 677 873 452
273.7 251.1 229,4 213.0 205.3 300.1 247.3 21,6 3.2 334.0 332.3 223.3
37N 452 370 402 416 373 3 sag 476 361 421 42
259.6 308.2 255.8 277.2 284,8 - 258.2 269.4 71,4 %28.9 247.6 289, 4 293,7
15 15 15 15 15 16 119 162 16 15 16
4.7 4.6 4.6 1.6 4,5 4.7 36.3 49,0 4.8 4.4 4.8 10.4
0 o] 0 0 0 0 0 0 o) 0 0 0
4.6 4.7 4.5 4.4 4.3 3.4 3.5 3.5 5.2 5.4 5.4 4.0
6.8 5.1 5.3 5.6 5.3 4.8 4.9 4.7 7.0 7.8 7. 4.8
14.2 14,2 14.3 14.5 14.5 15.2 15,1 15.2 13.7 13.5 13.5 14.8
12.3 13.8 13.5 13.4 13.7 13.9 13.8 141 12,1 1.4 12.0 1401
n.20 n.14 N, 24 0.3 n.28 0.24 0.59 n.24 0.22 0.27 0.16 0.25
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Utan POWER AND LIGHT COMPANY
HUNTINGTON CANYON #2

TEST NO.

PURPOSE OF TEST
UNTT LOAD CONDITION
ExcEss AR CoNDITION
FURNACE CONDITION
DaTE

Unit Loan

MAIN STEaM FrLow

SHO TEMPERATURE

RHO TEMPERATURE

FUEL ELEVATIONS IN SERVICE
OFA NoTTLE TILT

FueL Nozzte Ty

OFA
OFA
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX
FUEL
AUX

NOZZLE COMPARTMENT

DAMPER FOSITION - € OPEN

HCECEZNCHERNE

Excess AIR AT EconoMiZER OUTLET
THEO. AIR TO THE FUEL FIRING ZONE

NO_ {Aov. To OF 0, )
NO AS NO
SO (Abd.2T0 OF 0,)

502

€0=(Apy. T0 0% O,_)

co 2

HC (Aog. o Of~0;)

02 AT ECONOM{ZER OUTLET

0S a7 A.H, OuTtLeT

C AT Economizer OuTLET
AT A.H. OUTLET

CAason Loss 1N FLYASH

OVERFIRE AIR OPERATION STUDY

EMISSIONS TEST DATA

C-E POWER SYSTEMS
F1eLp TESTING AND
PerFORMANCE RESULTS

13 14 15 15 a7 18 19 21 22 23 24
> TILT VARIATION WITH OFA > € OPTIMUM OFA OPERAT |ON

< MAX 1MUM e 3fa MAX  3/4 MAX 1/2 MAX 1/2 MAX
Monézk;z MODERATE Heavy MODERATE MODERATE Monanr: NI CLEAN CLEAN MODERATE CLEAN MODERATE

1975 10/4 10/5 10/4 10/3 10/3 10/3 10/6 10/9 10/9 10/12 10
MY 434 422 429 427 424 429 417 346 3éa 453 aég
xa/s 364 3mM 370 32 377 367 374 299 299 218 217
¢ 543 s2n 531 529 519 535 522 531 538 525 542
c 547 525 543 533 515 539 538 527 537 510 526
ALL S AL B AL 5 ALL 5 ALL S5 At 5 ALL S AL S ABCE BCDE ACDE
Dea -30 o} 0 0 +30 +30 +30 +30 +30 +30 +30
Des 0 -20 0 +25 0 +25 [ o 0 0 0
100 100 100 100 100 100 100 100 100 80 75
100 100 100 100 100 100 100 100 100 80 75
15 o} 20 15 15 15 15 15 15 10 10
100 100 100 100 100 100 100 100 100 0 100
0 0 0 5 0 5 "] 0 0 0 °
100 100 100 100 100 100 100 100 100 100 0
0 o 5 5 5 5 o 5 5 5 [V}
100 100 100 100 100 100 100 100 100 100 100
5 0 5 0 o) 0 0 0 0 | (]
100 100 100 100 100 100 100 100 0 100 100
0 o 0 0 0 0 0 0 0 0 0
100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100
% 25.1 22.0 25.9 21,3 23.5 21,7 18.5 19.3 21.5 22.8 23.9
1 101.1 99.2 101.1 98.4 99.8 98.6 95.8 98.1 95.0 97.3 99.7
PPM 533 366 422 569 375 498 392 329 337 266 310
ne/J 263.4 179.8 21241 283.5 186.1 252.1 196,5 161,3 167.8 132.0 155.3
PPM 450 397 404 386 432 349 347 403 358 403 447
ne/J 309.4 271.1 281.9 267.5 298.3 245.9 241.8 275.2 247.8 278.4 311.1
PPM 15 16 15 15 16 51 19 19 21 63 15
Ne/J 4.5 4.8 4.6 4.4 4.9 15.8 5.8 5.7 6.3 19.0 4.5
PPM 0 0 0 0 o 0 0 0 0 0
] 4.3 3.9 4.3 3.8 4.1 3.8 3.4 3.5 3.8 4.0 4.1
4 5.7 4.9 5.2 5.1 5.4 5.1 5.3 6.1 5.8 5.5 5.7
% 14.4 14.9 14.5 14.9 14.6 14.9 15.2 15.3 14.8 14.7 14.6
% 13.1 14,0 13.8 13.7 13.5 13.8 13.5 13.0 13.1 13.3 13.2
% 0.21 0,30 n.28 a.26 n.g2 n.63 n_an 0.20 0.22 n.47 0.22



Utan Power & L1GHT Company
HUNTINGTON CANYON #2

TEST NO.

Date
UNIT Loap

FLOWS
TECDWATER

157 STAGE STEAM

PRESSURES
TCoNOM I ZER INLET
DrRuN

SH OuTLET

TURBINE 18T StaAGE
RH INLET

RH OuTLET

SH SPRAY WATER

HP HTYR FW INLET
HP HTR STM INLET

TEMPERATURES

WATER AND STEAM
EcoNOMIZER INLET
ECONOM1ZER OUTLET
ECONOMIZER OQUTLET *
EcoNoM1zER QUTLET
EcONOMIZER OUTLET
SH DESH INLET Link
SH DESH INLET LiNK
SH DESH OQutLeT Link
SH DESH OutLeT Linx

SH Div Panet OuTLeT Link
SH Div PaneL OuTLET LINK
SH Peno Spco FRONT INLET LNk
SH PeEND SPco FRONT INLET Link
SH PeND SPco FRONT INLET LNk

SH OuTLET

SH OuTLET

RH DESH INLET
RH DESH INLET .

RH RADIANT WALL INLET
RH RADIANT WALL INLET
RH RADIANT WALL OUTLET LiINK
RH RADIANT WALL OUuTLET Link
RH RADI1ANT WALL OUTLET LINK
RH RADIANT WALL OuTLET Link

RH QuTLET

RH OuTLeT

RH OuTLET

HP HEATER STM INLET
HP HEATER DRAIN

HP HeaTer FW IN

HP Heater FW Our

SH DESH Spray WATER
SH DESH SPray WATER
RH DESH Sprav WATER

AIR AND Gas
1R INLET
AH AR INLET
AH Air QurTLEY
AH Arr QuTLET
AH GAS INLET
AH Gas tNLET
AH GAs OuTLeT
AH GAs OUTLET

1975
MW

xa/sec

°c

[

V=V DEOCDIrIr=I0000

nr
VCIOOT

Coms.

o

DTV OC D

BASELINE OPERATION STUDY

s/7
429

375
372

19.305
18.857
17.168
12.838
3.820
3.585
18.657
19.519
3.792

247
325
328
325
326
396
396
395
394
.426
435
482
489
494
526
536
322
323
3=
322
360
368
353
355
542
NA
539
21
216
209
248
125
127
127

37

42
273
268
328
332
1e2
18

2

5/5
427

375
72

19.160
18. 802
17.058
12.810
3.799
3.564
18.512
19.471
3.788

248
333
336
3%
334
402
397
390
3%
439
438
493
493
486
540
541
324
324
321
21
365
374
B5
%3
550

NA
548
24
216
209
248
126
125
121

39

274
268
336
337
126
119

TEST DATA
24 3
5/7 s/7
428 428
377 377
374 373

19.319  19.305

18.871 18.857

17.154 17.175

12,866  12.845

3.806  3.799
3.564  3.564
18.692  18.506
19.588  19.546
3.785  3.758
246 246
333 339
a37 342
333 337
335 339
400 403
402 408
401 403
398 400
436 437
a8 40
493 493
494 493
490 491
533 536
535 535
324 326
325 326
324 324
324 326
359 359
366 366
349 151
7 357
547 546
NA NA
538 538
324 326
216 216
209 209
247 248
127 128
128 131
113 112
36 36

39 39
273 275
265 268
341 347
i 347
122 122
122 123

249

4

10/10
380

295
282

18.285
18.037
16.961
9.735
3.034
2.889
17.940
18.623
3.061

238
329
33
328
N

407
403

440
435
502
501
499
547
546
ny
318
309
N2
347

349
345
547
550
550
N7

238
144
145
147

42
L)
267
2N
326
332

125

3

7/16

17

259

201
186

.216
.023
16,
.426
041
.972
17.
17.
041

458

547
478

218
301
303
m
299
394
397
391
388
438
434
514
518
502
549
547
288
293
287
293
340
350
336
339
534
525
533
291
188
186
218
144
144
103

42

41
243
245
282
289
109
107

E

715

17.
16.
16.
419
.048
.972
17.
17.
.048

260

198
186

093
913
361

444
395

218
308
309
305
307
399
404
39
388
436
433
509
508
498
548
537
287
292
286
292
239
347
337
345
544
532
538
290
189
186
219
146
146
104

39

248
248
291
294
mn

104

17
17
16

6

1

17.
17,

2

C-E Power SrsTEms
FreLo TESTING AND
PERFORMANCE RESULTS

?

7/18
258

195
185

.161
.016
.465
. 384
.034
.972
540
430
.034

27
=1
322
319
318
408
413
393
391
443
434
513
508
493
552
537
288
292
287
292
341

336
339
546
528
539
291
188
186
218
145
145
101

32
41
248
246
298

109
106

19,
18.
17.
1e.
.820
.599
512
19,
.799

18

8

5/5
470

375
373

222
809
106
831

478

248
129
332
331
331
401
399
193
399
438
434
492
492
488
541
540
»7
27
N7
313
58
366
349
B3
545

NA
545
326
216
209
251
128
130
162

38

275
271
334
337
127
120

9

4/0
428

37
369

19.167
18.788
17,078
12.742
3.785
1.571
18.499
19.505
3,771

330
332
327
334

399
399
398
436
435
490
489
431
532
536
323
324
323

357
367
357
364
536

NA
538
324
216

25
136
135
- 12

2n
266
336
340
123
19

SHEET B7



Uran Power & L1GHT COMPANY

HUNTINGTON CANYON #2

TEST NO,

DavE
UNIT Loap

FLOWS
FEEDWATER
1sT STAGE STEAM

PRESSURES
ECONOMIZER INLET
DRuUK

SH OuTLETY

TurBINE 18T STAGE
RH INLET

RH OuvLET

SH SPrRAY WATER

HP H7r FW INLET
HP HTr STta INLET

TEMPERATURES

WATER AND STEAM
ECONOMIZER INLET
Economizer OQuTLeY
EconomizeEr OUTLET®
EconomIZER OUTLEY
EconomizER OUTLET
SH DESH INLET Link
SH DESH INLET LINK

SH DESH OQuTLeT Link

SH DESH OuTLET LiInk

SH Dtv PaneL QUTLET Linx
SH Div PANEL OUTLETY LiINK
SH Penp SPcD FRONT INLET
SH PeEND SPcp FRONT INLET
SH PEND Spcp FRONT INLET

SH OuTLET
SH QuTLeT
RH DESH INLET
RH DESH IwLeT

RH RADIANT WALL INLET
RH RADIANT WALL INLET
RH RaD1ANT WaLL OutLeT Link
RH RaD1ANT WaLt OuTeeT Link
RH RaD1ANT WaLL OurLer Linx
RH RADIANT WaLL OutLeT Linx

RH OuTLET
RH OuvLET
RH OuTLeT

HP HEaTER STM INLET

HP HeaTer Drain
HP HeaTErR FW IN
HP HeaTeErR FW OQuT

SH DESH SPRAY WATER
SH DESH SPRAY WATER
RH DESH SPRAY WATER

AR AHO GAS
AH AIR INLET
AH AR INLET
AH A1R OuTLET
AH Ajr OQuTLET
AH Gas INLET
AH Gas INLET
AH Gas OuTLeT
AH Gas OuTLET

1975

xc/sec

MPa

°c

o

Ao rIrIrar3aorFr3cCrorcEIIoner

Link
Link
Linx

e X g

ComB.

QT

Ararar-ror

BASELINE OPERATION STUDY

10

s/1
428

344
370

19.181
18.768
17.044
12,776
3.778
3.551
18.478
19.498
3.7

252

343
342

403

399
401
449
441
501
498
490
546
544
326
327

326
363
376
362
370
542

NA
548

216
209
253
138
138
118

a3
277
273
349
B1
127
126

u

7/17
256

198
186

17.106
16.940
16.382
6.371
2.034
1.965
17.437
17.382
2.034

217

304
03

398
401
39
388
438
436
508
509
503
545
541
287
292
286
292

B2
s

537
535
538
291
188
186
218
145
145
108

41
246
248
288
292
m
108

JEST DATA

i 13
7/18 5/9
259 433
198 T
190 373
14.582 19,271
14.417 18,850
13.720 17,175
6.550 12.852
2,041  3.840
1.979  3.627
14.934 18.6%2
14.844 19.560
2.055  3.847
218 248
N7 331
319 339
317 339
316 329
409 398
412 399
386 3%
382 400
435 433
433 433
504 488
505 488
498 486
544 53
541 532
303 326
N2 326
02 3n
312 313
346 344
361 351
»3 342
53 50
534 544
534 NA
536 539
308 325
188 217
186 210
219 249
144 128
144 125
108 165
46 a7

44 43
248 263
246 258
298 33
02 337
17 128
106 122

250

AL}

5/9
433

375
374

19.285
18.871
17.237
12.866
3.847
3.627
18.657
19.588
3.820

247

342

399
401
399
401
434
436
493
494
487
537
536
327
328
m
N3

349
N
347
542

NA
539
27
217
210
248
125
123
163

274
2n
339

129
122

15

5/9
433

373
374

19.298
18.878
17.175
12.866
3.826
3.6086
18.712
19.816
3.854

247
348
356
351
357
408
409
408
403
439
44
494
493
491
541
538
330
331
09
314
351
354
343
348
545
NA
542
329
217
210
248
129
127
170

38

41
27
263
346
351
129
125

16

10/9
361

297
280

18.368
18.078
16,961
9,694
3.047
2.923
17.830
18,692
3.075

238
327
329

328
408
407
407
404
446
440
508
501
496
551
544
N7

299
304

347

339
546
543
546
318

238
144
139
187

7

42
263
270
327
33
122
k=)

C-E POWER SYSTEMS
FieLo TeESTING AND
PeRFORMANCE RESULTS

17

7/22
258

204
189

17.299
17.078
16.527
6.488
2.027
1.965
17.526
17.575
2.034

217
302
N4
303
299
39
3939
397
398
440
438
506
508

NA
545
537
284
289
283
289
337
344
332
333
542
525
538
288
188
185
218
141
137
107

39

40
247
247
288
292
117
110

18

7/21
260

204
180

17.050
16.844
16.265
6.536
2.027
1.965
17.375
17.313
2.034

217
304
306
304
304
399
399
3%
393
440
435
509
507

545

536

286

297

284
291

336
343
333
339
542
528
538
289
188
185
218
143
143
102

39

38
247
249
290
296
115
11

19

7/21
258

198
188

17.030
16.844
16.272
6.467
2.027
1.958
17.375
17.285
2.034

217
N7
319
N7
316
409
412
396
393
439
434
505
503
NA
547
537
286
292
285
292
336
343
333
338
540
531
537
290
188
186
218
184
144
104

39
42
250
248
298

116
109

SHEET Qa



Utan Power & LIGHT CoMmPany
HUNTINGTON CaNYON #2

TEST NO.

DaTte
UniT Loap

FLOWS
FEEDWATER

1s7 STaGE STEAM

PRESSIRES
ECONOMIZER INLET
DruM

SH OuTLET
TURBINE 15T STAGE
RH InLET

RH OuTLeT

SH SPRAY WaTER
HP Hre FW InNLET
HP HTR S5TM INLET

TEMPERATURES

WATER AND STEAM
ECONOMIZER INLET
EconoMizER OUTLET
EconomtzeErR OUfLET
EconoMtZER OUTLET
EconomtzeEr QUTLET
SH DESH INLET Link
SH DESH INLET Link
SH DESH OuTLeT Link
SH DESH OuTLet Linx

BIASED

1975

xG/sec

MPa

°c

b g

SH Div PaneL OuTteT Link
SH Div PaneL OuTLET Link
SH Peno SPcp FRONT INLET LINK
SH Penp SPcp FRONY INLET LiNK
SH PEND SPcD FRONT INLET LNk

SH OuTtLer

SH OuTLET

RH DESH INLET
RH DESH “INRET
RH RAD1ANT WaLL
RH RADIANT WaLL
RH RADIANT WaLL
RH RADI1ANT WALL
RH RADIANT WALL
RH RADIANT WALL
RH OuTLET

RH OQuTLET

RH QurLeT

INLET
INLET
OUTLET LINK
QuTLET LNk
OUTLET LINK
OUTLET Link

o
WrrVOOFDIrD DO rcra0000

Come.

HP HeaTER STM INLET

HP HeaTer DrRAIN
HP HEATER FW IN

HP Heater FW Out

SH DESH SPRAY WATER
SH DESH SPRAY WATER
RH DESH SPRAY WATER

AIR AND GAS
H AR INLET
AH AR INLEY
AH Ai1r OuTLET
AH AI1r OuTLET
AH Gas INLET
AH Gas INLET
AH Gas OUTLET
AH Gas OuTLET

DD DC D

FIRING OPERATION STUDY

a/17
40

375
359

19.154
18.712
17.044
12.438
3.1
3.613
18,512
19.554
3.806

243
39
333
N
333
402
398

397
432
422
479
476
468
521
517
315
N4
313
314
351
363
348
348
530
542
538
4
217
211
250
133
134
134

37

37
279
278
348
351
13
124

TEST DATA

2 3
9/18 9/20
426 434
370 %9
259 359
19.133 19.098
18.636 18.616
16.940 16,913
12.397 12,417
3.764 3.778
3.592 3.613
18.450 NA
19,512 19,305
3.792 3.820
248 249
330 3
333 336
ki 333
333 333
401 402
399 403
400 40
399 403
532 442
423 427
488 502
484 493
473 477
529 543
521 525
319 327
318 326
317 314
38 216
356 359
366 374
348 344
344 341
543 551
538 531
542 543
e 327
217 217
212 21
249 251
139 131
140 132
M 166
37 37
39 a
277 280
275 277
347 349
349 349
132 133
122 116

A
12/13
356

297
288

18.381
18.071
16.961
9.935
3.047
2.882
17.975
18.630
3.040

238
314
aNs
313
318
393
397
393
397
438
444
508
515
507
546
543
35
317
34
n7
353
368
356
"4
552
527
541

316

238
126
126
142

43
43
261
268
314

120
120

19/11
351

295
280

18.331
18.085
16.940
9.611
2.985
2.903
17.975
18.643
3.034

237
319
32
319
323
403
399
403
399
438
433
495
496
489
536
536
306
309
301
306
337

342
3%
531
543
539
08

201
237
123
124
157

42

37
265
27
mn
326
125
127

K2

1n/12
261

299
288

18.278
17.975
16,9861
9.956
3.068
2.937
17.893
18.636
3.1186

238
319
321
318
321
398

398
396
438
433