EPA-650/2-73-005-a

June 1975 Environmental Protection Technology Series




EPA-650/2-73-005-a

PROGRAM FOR REDUCTION
OF NOy FROM TANGENTIAL

COAL-FIRED BOILERS
PHASE 1l

by
Ambrosc P. Selker

Combusuion Engineering, Inc.
1000 Prospect Hill Road
Windsor, Connecticut 06095

Contract No. 68-02-1367
ROAP No. 21ADG-080
Program Element No. 1AB014

EPA Project Officer: David G. Lachapelle

Control Systems Laboratory
National Environmental Research Center
Research Triangle Park, North Carolina 27711

Prepared for
U. S. ENVIRONMENTAL PROTECTION AGENCY

OFFICE OF RESEARCH AND DEVELOPMENT
WASHINGTON, D. C. 20460

June 1975



EPA REVIEW NOTICE

This report has been reviewed by the National Environmental Research
Center - Research Triangle Park, Office of Rescarch and Development,
EPA, and approved for publication. Approval does not signify that the
contents necessarily reflect the views and policies of the Environmental
Protection Agency, nor does mention of trade names or commercial
products constitute endorsement or recommendation for use.

RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development, U.S. Environ-
mental Protection Agency, have been grouped into series. These broad
categories were established to facilitate further development and applica-
tion of environmental technology. Elimination of traditional grouping was
consciously planned to foster technology transfer and maximum interface
in related fields. These series are:

ENVIRONMENTAL HEALTH EFFECTS RESEARCH
ENVIRONMENTAL PROTECTION TECHNOLOGY
ECOLOGICAL RESEARCH

ENVIRONMENTAL MONITORING

SOCIOECONOMIC ENVIRONMENTAL STUDIES

SCIENTIFIC AND TECHNICAL ASSESSMENT REPORTS

MISCELLANEOUS

OO s W N

This report has been assigned to the ENVIRONMENTAL PROTECTION
TECHNOLOGY series. This series describes research performed to
develop and demonstrate instrumentation, equipment and methodology
to repair or prevent environmental degradation from point and non-
point sources of pollution. This work provides the new or improved
technology required for the control and treatment of pollution sources
to meet environmental quality standards.

This document is available to the public for sale through the National
Technical Information Service, Springfield, Virginia 22161.

Publication No. EPA-650/2-73-005-a

ii



ABSTRACT
This report presents the findings of the Phase II “Program For Reduc-
tion of NOx From Tangentially Coal Fired Boilers" performed under the
sponsorship of the Office of Research and Development of the Environ-
mental Protection Agency (Contract 68-02-1367). Phase I of the program
consisted of selecting the Alabama Power Company, Barry Station #2 steam
generator which was modified for the studies performed under Phase II.
The Phase I results were presented in final report EPA-650/2-73-005,
dated August, 1973.

The work accomplished under Phase II included the design, fabrication,
and delivery of an overfire air system for the test unit, the installa-
tion of test equipment, planning, and the conducting of baseline, biased
firing and overfire air studies for N0x emission control while burning

a2 Kentucky bituminous coal type.

These test programs included an evaluation of the effect of variations
in excess air, unit slagging, load and overfire air on unit performance
and emission levels. Additionally, the effect of biasing combustion air
through various out of service fuel nozzle elevations was also evaluat-
ed, The effect of biased firing and overfire air operation on waterwall
corrosion potential was evaluated during three thirty (30) day base-
line, biased firing and overfire air corrosion coupon tests.

Unit Toading and waterwall slag conditions exhibited minimal effects on
NOx emission levels while reductions in excess air levels and overfire
air operation were found to be effective in reducing N0x emission lev-
els.



DISCLAIMER

“This report was prepared by Combustion Engineering, Inc. as an account
of work sponsored by the Office of Research and Development, U.S. Envi-
ronmental 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 in-
cluding the warranties of fitness for a particular purpose or
merchantability, with respect to the accuracy, completeness,
or usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or process
disclosed in this report may not infringe privately owned
rights; or

b. Assumes any liabilities 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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CONCLUSIONS

Normal Operation

1. Under normal unit operation without overfire air, excess air varia-
tion was found to have the greatest single effect on N0x emission
levels, increasing NOx with increasing excess air. An average in-
crease of 0.014 g N02/106ca1 for each 1% change in excess air was
observed over the normal operating range.

2. Unit loading and variation in furnace slag conditions were found to
have the least effect on N0x and CO emission levels and the percent
carbon in the flyash.

3. 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 0.1 g/106ca1 were con-
sidered unacceptable for the purposes of this program.

Overfire Air Operation

1. NOx reductions of 20 to 30% were obtained with 15 to 20 percent
overfire air when operating at a total unit excess air of approxi-
mately 15 percent as measured at the economizer outlet. This con-
dition would provide an average fuel firing zone stoichiometry of
95 to 100 percent of theoretical air. Stoichiometries below this
level did not result in large enough decreases in NOx levels to jus-
tify their use, Biased firing, while potentially as effective,
necessitates a reduction in unit loading and is therefore less de-
sirable as a method of N0x control.

2. MWhen 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

* See Appendix I.



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 observations and absorption rates were not significantly af-
fected 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 overfire 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 Tevels. Changes in distance
less than 3 meters did affect NOx levels to a limited extent with
the N0x 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 N0x control, emission levels increased when the noz-
zles were directed toward each other, and flame stability decreased
when they were directed away from each other by more than 20-25°.
With the overfire air tilts fixed in a horizontal position, accept-
able unit operation was obtained, however, NOx levels varied with
fuel nozzle position.

The results of the 30 day baseline, biased firing 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. Additional studies will be required
to verify these observations over long-term operation.

Variables normally used to control normal boiler operation should
not be considered as NOx 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 operation.



RECOMMENDAT IONS
This program investigated the effects of employing biased firing and
overfire air, as incorporated on a specially modified unit, as methods
for controlling NOX emission levels in existing-steam generating units.

These control methods were studied using an Eastern United States bi-
tuminous coal type. Due to the location of the test site it was not,
however, within the scope of this program to investigate coal types lo-
cated in the western areas of the United States.

1. As these western coal types are becoming a more predominate source
of fuel for electric generating stations, it was recommended in the
Task V interim report that studies be undertaken to include their
evaluation. EPA Contract 68-02-1486 was subsequently awarded to
Combustion Engineering, Inc. to study western coal fuels. In this
program new units being designed with overfire air systems as an
extension to the windbox will be utilized eliminating the need for
unit modifications while expanding the experimental studies to in-
clude test data for larger current design steam generating units.

2. Additionally, the results of the corrosion probe evaluations indi-
cate that the coupon weight losses encountered during a 30 day eval-
uation 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.



INTRODUCT ION
Purpose and Scope
This program encompassed the work to be performed under the second phase
of a two phase program to identify, develop and recommend the most prom-
jsing combustion modification techniques for the reduction of NOx emis-
sions from tangentially coal-fired utility boilers with a minimum impact
on unit performance.

Phase I (performed under EPA Contract 68-02-0264) consisted of select-
ing a suitable utility field boiler to be modified for experimental
studies to evaluate N0x emission control. Phase I also included the
preparation of preliminary drawings, a detailed preliminary test pro-
gram, a cost estimate and detailed schedule of the program phases and a
preliminary application economic study indicating the cost range of a
variety of combustion modification techniques applicable to existing and
new boilers.

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 fabrica-
tion and erection drawings, installation of analytical test equipment,
updating of the preliminary test program, 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 Alabama Power Company. This unit is a natural circulation, bal-
anced draft design, firing coal through four elevations of tilting tan-
gential fuel nozzles. Unit capacity at maximum continuous rating (MCR)
is 408,000 kg/hr main steam flow with a superheat outlet temperature and
pressure of 538°C and 131.8 kg/cmz. 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 1.

Throughout this report NOx emission levels are expressed as g/106ca1 N02.
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OBJECTIVES

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

Specifically these objectives are defined as follows:

Task I -

Task II -

Task III -

Prepare the design, detailed fabrication and erection draw-

ings necessary for modification of Barry No. 2 to incorpo-

rate 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 compartments (thereby prohibiting the use of one
elevation of fuel nozzles).

c. Introduction of hot overfire air only with consideration
for air preheat control.

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

Complete the purchasing and fabrication of all equipment
necessary for modification of the Barry No. 2 unit.

Install all necessary instrumentation required to measure
flue gas constituents and characterize the effects of com-
bustion modifications on unit performance. Specifically the
following determinations were made:

a. Flue gas constituents: NOX, SOX, €0, HC, 02

b. Unit Performance Effects:



Task IV -

Task V -

Task VI -

Task VII -

Fireside corrosion

Furnace heat absorption

Sensible heat leaving furnace

Superheater, reheater and air heater performance

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

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 degree 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.

Install all equipment required for modification of the test
unit and functionally check equipment to determine that prop-
er operation is obtained. (See Figure 1A)

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 thermo-
couples.

b. Check out all necessary test instrumentation for proper
installation and operation.
c. Review test program with EPA project officer and util-
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ity 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 gen-
erated and compare this data with that obtained during Task
V. The program investigated the effect of overfire air lo-
cation and rate at various unit loadings and evaluated op-
erating conditions considered as optimum from the standpoint
of NOx control and unit operation. The final report was
also generated under this Task.

Task IX - Prepare a program outlining the application of the technology
developed under this study to existing and new design tan-
gentially 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
Task I - Prepare the Design, Detailed Fabrication and Erection Drawings
Engineering Drawings
The drawings necessary for the design and installation of the overfire
air system were completed by the end of the eighth program month and
were submitted to the EPA for review and approval as they were com-
pleted. The design provides for the introduction of 20% of the total
combustion air as overfire air above the existing fuel admission zone.
These compartments are located approximately 2.4 meters above the ex-
isting windbox. In addition overfire air can be introduced through the
top two compartments of the existing windbox. The current design pro-
vides for the introduction of hot overfire air only.

Updated Time Schedule
The Phase II program schedule was reviewed and updated relative to the
coordination of Tasks II, IV and V with the test unit outage.

The scheduling of the unit outage was coordinated with Alabama Power
Company and reviewed periodically to assure that the unit modification
would occur as scheduled. The final program schedule presenting the
actual periods of performance for Phase II is shown on Figure 2,

Task II - Purchase and Fabricate Equipment

The equipment for modification of the Barry No. 2 unit to incorporate
overfire air as an NOX control was assembled and ready to be shipped to
the test site by the end of the eighth program month. Completion of
equipment fabrication by this date permitted necessary time for delivery
of the equipment to the job site and performing any possible pre-outage
erection which would be accomplished prior to the unit outage.

In addition, instrumentation required for the baseline and optimization
test phases of the program was calibrated, fabricated and prepared for
shipment to the job site. This effort included fabrication of corrosion

11
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probes, probe control systems, and gas sampling probes, and calibration
of thermocouples, analyzers and transducers. The emissions monitoring
system is shown in Figure 3.

Task III - Test Instrumentation Installation

The analytical test instrumentation necessary for the measurement of
flue gas constituents and unit performance were installed by the fifth
program month with the exception of the waterwall absorption thermo-
couples which were installed during the unit outage for installation of
the overfire air modification.

The instrumentation and analytical methods used were as follows:

Measurement Instrument/Analytical Procedure

Flue Gas Constituents »

NOx Chemi tuminescence Analyzer

SD2 Wet Chemistry

CO & Hydrocarbons Infrared Analy. and Flame
Ionization Analyzer

Carbon Loss Dust Collector

Oxygen Paramagnetic Analyzer

Fuel Analysis ASTM Procedures

Ash Analysis ASTM Procedures

Flow Rates
Steam & Water

Feedwater Flow Flow Orifice

Reheat and Superheat Heat Balance (°F & PSIG)
Desuperheat Spray Around Desuperheater

Reheat Flow Heat Balance Around Superheat

Extractions and Estimated
Turbine Gland Seal Losses

13



Figure 3. Gaseous Emissions Test System
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Measurement Instrument/Analytical Procedure

Air & Gas

Total Air & Gas Weight Calculated

Overfire Air* Pitot Traverse

Air Heater Leakage Paramagnetic 02 Analyzer

Temperatures
Steam & Water °F

Unit Absorption Rates Calibrated Stainless Steel
Sheathed CR-C Well & Button
TC's

Waterwall Absorption* Calibrated Stainless Steel
Sheathed Cr-C Chordal WW TC's

Air & Gas °F Cr-C TC's

Water Cooled Probes
Pt/Pt-10% Rh TC's

Pressures
Steam and Water PSIG
Unit Absorption Rates Pressure Gauges and/or
Transducers
Unit Draft Loss Water Manometers
Temperature and Pressure C-E Data Logger
Logging, °F & PSI Capacity: 400 temperatures,

50 pressures

Tasks IV & V Baseline & Biased Firing Test Programs

Test Data Acquisition and Analysis

The flue gas samples for determination of Nox. 02, co, SO2 and HC emis-
sion levels were obtained at each of the two economizer outlet ducts.

* Installed during Task VI

15



The flue gas samples were drawn from a twenty-four (24) point grid ar-
ranged on centroids of equal area in each duct with the exception of the
SO2 sample which was drawn from a single average point using a heated
sample line. Fly ash samples 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 con-
centrations:

NOx: Chemiluminescence Analyzer

. 02: Paramagnetic Analyzer

C0: Nondispersive Infrared Analyzer
HC: Flame Ionization Analyzer

S0,: Wet Chemistry

2
Carbon Loss & Dust Loading: ASME Particulate Sampling Train

A O B W NN -
. . . . .

A summary of the N0x emission test data is tabulated on Data Sheets 1,
2, 3 and 4.

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 efficiencies were calculated for each test run. Unit
efficiency was determined using the heat losses method (based on ASME
power test code 4.1-1964). The measured and calculated unit performance
test data is presented on Data Sheets 5, 6, 7 and 8. A complete set of

16



unit board data was obtained for each test run and is presented on Data
Sheets 9, 10, 11 and 12, While Data Sheets 1 through 8 are reported in
metric units, the board data (Sheets 9 through 12) are reported in the
engineering units as taken. The 30 day waterwall corrosion coupon eval-
uation was conducted using a specially designed probe consisting of four
individual coupons shown in Figure 4., Individual probes were exposed at
five locations on the front furnace wall as shown on Figure 5. A typi-
cal trace of the control temperature range for each of the twenty cou-
pons is shown on Figure 6. 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 ex-
cess 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 0.014 g N02/106 cal was noted for
each 1% change in excess air over the normal unit operating range.

Load & Excess Air Variation

Main
Steam NO Theo. Air to Unit

Test  ,Flow 2 0 EA Firing Zone  Eff.  WW
No. 10° kg/hr g/10"cal g/10 cal % % % Slag

1 219 1.337 0.032 35.5 130.6 88.3 Clean
2 224 1.030 0.182 17.5 117.1 88.2 Clean
3 214 1.519 0.010 58.9 151.3 87.6 C(Clean
4 316 0.90 0.050 12.6 109.2 89.3 C(Clean
5 404 1.041 0.040 22.7 117.9 89.0 Clean
6 407 0.761 0.198 1.7 107.2 89.1 C(Clean
7 405 1.403 0.042 30.8 125.3 89.5 C(Clean

17
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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 N02 emission levels us1ng excess air reduction was therefore limited
to approximately 1.04 g/10 cal as obtained during Test 5.

The changes in N02. C0, percent carbon loss in the fly ash and unit
efficiency versus theoretical air to the fuel firing zone are shown on
Figures 7, 8, 9 and 10, respectively. The theoretical air (TA) to the
firing zone is used in this case as it accounts for variations in posi-
tion and leakage in the compartment 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 7 for clean furnace conditions
the NO2 correlates well with TA with little variation due to unit load.
As shown on Figures 8 and 9 carbon loss in the fly ash and CO emission
levels increased with decreased TA levels. Unit load does not appear
to have a discernable effect. Figure 10 is a plot of Unit Efficiency
versus 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 Data Sheets 1 and 2. The SO2 levels measured are also shown on
Data Sheets 1 and 2.

Furnace Wall Deposit Variation

Tests 8 through 14 were conducted to determine the effect on unit per-
formance and emission levels of varying furnace waterwall deposits from
a clean condition to the maximum possible slagging condition obtainable.
The maximum slagging condition was obtained after operation in excess
of twenty-four hours without operating any wall blowers. During this

21



44

1.6

1.5 Oz

1.4 N "

mﬁ__"______WU_VZ;__________"__
/

1.2

N

o
o 1.1 Vi L
o
2 ’é
o
' 1.0
[y V] .
=) Unit Load
0.9 iy MCR
1// 3/4 MCR
0.8 1/2 MCR
)@/o
0.7
0.6
100 110 120 130 140 150 160

THEORETICAL AIR TO FUEL FIRING ZONE, PERCENT
Figure 7: NO2 Vs. Theoretical Air to Fuel Firing Zone, Baseline Study, Tests 1-14

LEGEND

Furnace Slag

Lignht
Moderage
Heavy



€2

c0 - g/105¢a

0.6

0.5

0.4

0.3

0.2

Q
—

\

0.1

0

2

°\fp

100

Figure 8:

10

THEORETICAL AIR TO FUEL FIRING ZONE, PERCENT
CO Vs. Theoretical Air to Fuel Firing Zone, Baseline Study, Tests 1-14

120

130-

140

150

160

LEGEND
Unit Load Furnace Slag
O MCR Light
J 3/4 MCR Moderate
O 1/2 MCR Heavy



ve

PERCENT CARBON LOSS IN FLY ASH

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Figure 9:

o 102
>\

0]

o N\ v
-O \K >
\‘\;
%
100 110 120 130 140 150

THEORETICAL AIR TO FUEL FIRING ZONE, PERCENT

160

LEGEND
Unit Load Furnace S5lag
MCR Light
O 3/4 MCR Moderate
O 1/2 MCR @ Heavy

Percent Carbon Loss Vs. Theoretical Air to Fuel Firing Zone, Baseline Study, Tests 1-14



14
UNIT EFFICIENCY, PERCENT

90

89

88

87

86

85

) I A
—
g e.lx
S \%
d\\L\
) * P T~

P~
0 10 20 30 40 50 60

Figure 10:

UNIT EXCESS AIR - ECONOMIZER OUTLET, PERCENT

Unit Efficiency Vs. Unit Excess Air

LEGEND
BASELINE TESTS

Unit Load Furnace Slag

QOMCR Q Light
d3/4 MCR Moderate
O1/2 MCR Heavy

BIASED FIRING TESTS

Unit Load Fuel Elev. Out
of Service
O Max Poss. A Top
A 3/4 MCR D Top Ctr.
0D 1/2 MCR & Bot. Ctr.
)| Bot.



time period slag deposits of up to 4 inches in thickness could be ob-
tained in and above the fuel firing zone.

Furnace Wall Deposit Variation

Main
Steam NO Theo. Air to Unit
Test  Flow 2 o, EA  Firing Zone Eff.
No. 10%g/hr g/10%ca1l g/10%al % 3 % WW Slag
411 0.894  0.059 21.5  116.9 89.6 1/2 Max Dep
g 403 0.748  0.545 13.0  108.5 89.6 1/2 Max Dep
10 405 1.198  0.007 26.0  120.8 89.6 1/2 Max Dep
n 21 1.118  0.378 32.7  128.0 88.3 Max Dep
12 206 1.370  0.280 51.2  144.1 87.9 Max Dep
13 412 1.037  0.052 20.7  115.7 89.2 Max Dep
14 406 1225  0.083 24.3  119.2 89.3 Max Dep

As can be seen from Figure 7 furnace slagging did not exhibit a dis-
cernable effect on NOx emission levels., As shown in Figures 8 and 9

this condition was also found to be true for carbon loss in the fly ash
and CO emission levels with the exception of the half load Tests 11 and
12 where CO levels higher than those obtained with clean furnace condi-
tions were observed. The high CO levels may have been due to slag build-
up 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 10 indicates that furnace cleanliness
did not exhibit any discernable effect on unit efficiency.

Slag patterns taken during clean, moderate and heavy slagging conditions
at full load operation are shown on Figures 11, 12 and 13.

Task V - Biased Firing Study - Fuel Elevations Out of Service Variation
Tests 15 through 24 were conducted to determine the effect on NOx emis-
sion levels of taking various fuel elevations out of service (biased
firing) at various unit loadings. As shown on the following table the
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maximum N0x emissions control was obtained with the top elevation of
fuel nozzles out of service at maximum and 75 percent maximum loading
(Tests 20 and 21). At 50 percent maximum loading (Test 23) the high
excess air levels required to maintain unit steam temperatures appeared
to negate any NOx reductions obtained by biasing the top fuel nozzle
elevation, however, the emissions level obtained was below the current
EPA limit for coal fired units of 1.26 g/10%al.

Biased Firing - Fuel Elevations Variation

Main Fuel Nozzle
Steam NO2 o Theo. Air to Unit Elevation
Test 3F'Iow 6 6 EA Firing Zone Eff Out Of
No. 107kg/hr g/10"cal g/10 cal % % % Service
15 199 1.206 0.041 50.1 105.8 87.9 Bottom
16 297 1.142 0.037 26.7 121.7 89.3 Bottom
17 315 0.840 0.059 21.1 116.5 89.1 Bottom
18 321 0.792 0.050 22.2 117.5 89.3 Bot. Ctr.
19 321 0.795 0.044 21.8 117.2 88.9 Top Ctr.
20 314 0.599 0.034 24.2 94.7 88.8 Top
21 308 0.696 0.040 29.0 97.3 89.6 Top
22 208 1.124 0.038 48.0 112.5 87.8 Top
23 211 1.043 0.029 47.0 141.4 87.9 Top Ctr.
24 202 1.282 0.035 47.0 141.3 87.7 Bot. Ctr.

As can be seen from Figure 14 biasing the center two and bottom fuel
elevations did not have a discernable effect on NOx emission levels al-
though the emission level tended to be higher at reduced unit loadings
for given TA levels.

Figures 15 and 16 indicate that with biased firing, Tow TA levels to
the fuel firing zone were obtained without increasing either CO emis-
sion levels or the carbon loss in the fly ash. Figure 10 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 operation.
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Task VIII - Unit Optimization Study
Load and Excess Air Variation (After Modification)
Load & Excess Air Variation

Theo.
Main Air
Steam NO2 o Firing Unit
Test 3F'Iow 6 6 Zone Eff. W

No. 10°kg/hr g/10"cal g/10"cal EA % % % Slag
1 219 0.929 0.035 33.5 127.1 88.4 Clean
2 213 0.701 0.479 16.0 113.4 88.8 Clean
3 217 1.339 0.044 64.7 155.4 87.4 Clean
4 315 0.684 0.140 15.5 111.0 89.8 Clean
5 450 0.846 0.037 21.0 115.3 89.4 Clean
6 441 0.692 0.162 12.4 107.1 89.2 Clean
7 423 1.000 0.028 25.4 119.5 89.5 Clean

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

The effect of these operating conditions on emission levels and per-
formance can be seen in the Table above.

As witnessed in the previous baseline tests, NOx emissions levels in-
creased with increased excess air.*

* In general, N02 values were slightly lower after modification for
the same test conditions. This resulted from an updated firing system
installed between the sets of tests along with an average percent ni-
trogen in fuel decrease 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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ID fan capacities limited excess air to a maximum of 64.7 and 33.5 per-
cent at half and full load conditions respectively. Acceptable minimum
excess air limits were established at 20-25 percent to control CO emis-
sion levels. Thus, NO emission levels could only be reduced to approx-
imately 0.90 g/106ca1 through excess air reduction. The effect of
theoretical air to the firing zone on Nox, C0, and percent carbon loss
in the fly ash (¥ CL) can be seen in Figures 17, 18 and 19. In agree-
ment 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 determined by location and means of admission as well as quantity,
and consequently better defines that air actually available for initial
combustion.

Figure 17 indicates a definite increase in NOx emission levels with in-
creasing TA for clean furnace conditions. CO emission levels and per-
cent carbon Toss 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 emission levels. Percent CL can be
seen to be greater at higher unit loads for given TA levels.

Changes in unit efficiency versus excess air at the economizer outlet
are presented in Figure 20. Overall, unit efficiency decreases as the
excess air increases.

Hydrocarbon emission levels appeared only in trace quantities for this

portion of the test program. HC and SO2 levels are presented on Data
Sheets 3 and 4.
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Furnace Wall Deposit Variation (After Modification)

Theo.
Main Air
Steam NO2 o Firing Unit
Test 3F'Iow 6 6 Zone Eff. WW
No. 107kg/hr g/107cal g/10"cal EA % % % Slag
8 440 0.985 0.0310 17.8 112.3 89.0 1/2 Max
9 446 0.699 0.1239 12.1 106.9 88.9 1/2 Max
10 428 0.902 0.0300 26.6 120.5 89.5 1/2 Max
1 246 0.782 0.0335 30.9 124.6 89.3 Max
12 218 1.310 0.0304 63.1 154.0 88.0 Max
13 432 0.819 0.0298 22.0 116.2 89.0 Max
14 425 0.902 0.0292 25.9 119.9 89.4 Max

The effect of furnace waterwall deposits on unit performance and emis-
sion levels was studied in Tests 8 through 14 (Clean Condition - Max-
imum Slagging Conditions). Dirty conditions were established after a
minimum of 24 hours of no operation of wall blowers. Deposits of up to
four inches in thickness could subsequently be found in and above the
fuel firing zone.

Figures 17, 18 and 19 reveal no observable effect of furnace cleanli-
ness on N0x or CO emission levels along with percent carbon loss in the
fly ash.*

Slag patterns taken during full load operation for clean, moderate and
heavy slagging furnace conditions can be viewed in Figures 21, 22 and 23.

* Again, N0x values were generally slightly lower after modification.
Nitrogen in fuel decreased an average of 0.19 percent from 1.23 per-
cent. Furnace outlet temperatures were somewhat lower for Tests 8
through 14 after modification although fuel higher heating values
showed no definite change.
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This set of tests also confirms the results found in Tests 1 through 7.
NOx emission levels increase with increased excess air. N0x cannot be

decreased through excess air reductions below 20 percent excess air
while maintaining an acceptable CO emission level without overfire air.

OFA Location, Rate, and Velocity Variation

Theo.
Main Air .
Steam N02 o Firing Unit Mills
Test 3F1ow 6 6 Zone Eff. In Adm. Adm.
No. 10°kg/hr gq/10°cal g/10°cal % % Serv. Pts.* Rate
15 336 0.723 0.0358 114.5 90.0 BCD 0-1 0
16 340 0.533 0.0382 96.7 89.8 BCD 0-1 Max
17 338 0.533 0.0413 95.8 89.7 BCD 0-2 Max
18 344 0.479 0.0613 84.8 8.6 BCD 0-1,0-2 Max
19 338 0.486 0.0500 89.3 89.3 BCD 0-1,0-2 1/2 Max
20 344 0.677 0.0367 100.5 90.2 BCD 0-3 Max
21 342 1.012 0.0321 117.4 9.1 ABC 0-1 0
22 341 0.689 0.0329 90.4 89.0 ABC 0-1,0-2 Max
23 346 0.704 0.0322 96.9 89.1 ABC 0-1,0-2 1/2 Max

Tests 15 through 23 were performed to establish the effect of overfire
air admission on NOx emission levels. The unit load and excess air re-

mained constant for moderately dirty furnace conditions.

air admission to the furnace was varied.

Location of

As shown in Figure 24, this set of tests shows a tendency of NOx emis-
sion levels to decrease with decreased theoretical air to the firing

* QOFA 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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zone, NOx 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 NOx emission levels by re-
ducing the air input to the fuel firing zone and admitting 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 sta-
bility which became very lazy in Test 18. By using the bottom 3 ele-
vations in place of the top 3 elevations, the distance between the over-
fire air and the firing zone was increased. (The mean firing elevation
js also slightly decreased.) Comparison of Tests 18 and 19 with Tests
22 and 23 reveals lower NOx levels obtained with increased distance be-
tween the overfire air and the firing zone. Operation at TA levels be-
low 95% did not result in significant reductions in N0x 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 25.

OFA admission location or rate variation exhibited no significant
change in percent carbon loss in the fly ash as shown on Figure 26.

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

] Theo.
Main Air Fuel
Steam NO2 co Firing Unit Nozz OFA

Test 3F]ow 6

Zone Eff. Tilt Tilts
No. 10%kg/hr q/10 ° °

cal g/10%a1 EAZ % %

24 407 0.710 0.0324 25.9 94.2 89.6 -5 0
25 418 0.609 0.0346 23.7 92.4 89.3 -23 0
26 412 0.770 0.0406 25.1 93.2 88.9 +19 0
27 407 0.721 0.0282 22.3 91.5 89.3 -5 -30
28 414 0.846 0.0360 20.2 89.6 88.6 +22 -30
29 418 0.596 0.0630 23.7 92.6 89.4 -21 +30
30 416 0.710 0.0333 21.6 90.7 89.0 -4 0
33 409 0.697 0.0316 27.4 94.6 89.0 -22 -22

Tests 24 through 30, and 33, were conducted at full unit load with ex-
cess air and theoretical air levels to the firing zone of approximately
24 percent and 92 percent, respectively. With moderate slagging con-
ditions 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 ti1ts‘that
are maximum minus combined with OFA tilts of maximum 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 de-
creased. Figure 27 shows that as the tilts are moved toward one an-
other (fuel nozzle tilts up; OFA tilts down), the OFA - firing zone
separation is decreased and the NOx levels are increased.

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 firing zone. At this point where the combined fuel
nozzle and OFA tilt differential is 52 degrees toward each other, the
NO, emission level reaches a maximm of 0.846 g/10%a1.
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Percent carbon loss in the flyash exhibits a definite increase as the
fuel nozzle tilts and OFA tilts move away from each other. This can be
witnessed in Figure 28.

CO emission levels also show an increase as the tilt differential in-
creases, yet there is enough total excess air to maintain an acceptable
emission level as shown in Figure 29.

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 noz-
zle and OFA tilt differential of 51 degrees away from each other. NOx
emission levels decreased to 0.596 g/106ca1. yet the CO emission levels
began to increase and the fire appeared less stable, Maintaining the
fuel nozzle tilts and OFA tilts at approximately equal tilt angles re-
sulted in acceptable flame stability as well as reduced NOx emission
levels.

For all OFA tilt variation tests the NO emissions level obtained was
below the EPA Timit of 1.26 g/10%cal.

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 were conducted over the unit load range at
varying furnace waterwall slagging conditions. The NOx emission level
results of this series of tests versus unit loading, expressed as main
steam flow, are shown on Figure 30.
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Load Variation at Optimum Conditions

Theo.

Main Air

Steam N02 o Firing Unit
Test 3F'low 6 6 Zone Eff. WW
No. 10%kg/hr g/10"cal g/10cal EA % % % Slag
30 416 0.710 0.033 21.6 90.7 89.0 C(Clean
31 314 0.708 0.033 25.2 89.4 89.1 C(Clean
32 204 0.828 0.031 46.9 88.5 89.2 Clean
33 409 0.697 0.032 27.4 94.6 89.0 Max.
34 310 0.608 0.034 27.4 90.6 88.2 Max.
35 204 0.655 0.032 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 base-
line tests 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 load and fuel nozzle tilts raised or
lowered as required to maintain acceptable reheat and superheat outlet
temperatures. Also minimum excess air levels were established on the
basis of maintaining acceptable CO emission levels and flame stability.

Tests 30, 31 and 32 were conducted as a series and no problems were en-
countered while changing load with optimum operation.

Furnace Performance

During the test program furnace performance was monitored by use of
chordal thermocouples installed in the furnace waterwalls. A schematic
of the thermocouple locations is shown in Figure 31 and a tabulation of

95



9s

L€ a4nbyL4

S| LeMJd3BM 9JBUAN 3Y3 UO SUOLIED0T 3|dNOOOWUIY] | BPAOY)

— 105°-2"
e 98%.9"

— 9'-6"
— 946"

— 746"

—~—— OFA 69°-6"

| 6"_’!!
[— s"_,ll *
[—57".5"

— 487"

— 357"

382" PUIR R Y7 —
— Il l
1B BB HEHHBLB] ’
SRR R R A
ST THIHI ol
AEERR RN RN UR R ER! O | I s e
phirtbr it
RERRREERERERR RN o 2 [+ 3]
RERER AR ERRER R R ]
||l|||||lllllllll__l__l_l_\ w w
s
o 3 05
S n nw
of 07
w
T‘*’%“
08
L 'Ié 314 15 16 0 2
s8585356s8 | -6—0—0—0—
-OII
23 2425 26 2728 29 30 31 32 33 34 3536 37 3839 40 41 [of 42 43 94 45 46
0505050505050 050505050 0O 0 © L) © 0 0 0O
4°-10"
48 49 S50 51 52 53 54 I o
e
O 0 00O OO ?)5583’05839,
Py
o O 60 !
o |
i
10’ |
o 63 o 64 /S
REAR (7) LEFT SIDE {S) FRONT (27) RIGHTY SIDE (25) (6

L n-.s"

25%-7"

'sl.oll
4 TOTAL)




the absorption rates obtained is presented on Sheets 13A, 13B and 13C.
The temperatures and corresponding absorption rates were found to vary
significantly with wall slag conditions making data interpretation
difficult. The method finally arrived at as representing an accurate
indication of furnace performance is as follows:

The front and right side wall centertube profiles were plotted as shown
in Figure 32 and the average of these profiles determined. It should be
noted that the maximum and minimum profiles shown do not represent in-
dividual walls in every case, i.e., at given furnace elevations the max-
imum rate shown may switch from wall to wall.

For comparison of optimum and normal unit operation with respect to fur-
nace 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 Fig-
ures 32, 33 and 34, and then plotted together as shown on Figure 35. 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 situation was most pronounced in the firing zone where slag accu-
mulations would normally shed themselves before appreciable accumula-
tions 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 corro-
sion coupon evaluations were performed. The purpose of these evalua-
tions was to determine whether any measurable changes in coupon weight
losses could be obtained for the various firing modes studied.

The corrosion probes used in the evaluations were previously shown on
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Ficure 4. The individual probes were exposed at five locations on the
furnace front wall as shown on Figure 5. 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 6,

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 14A, 14B, and 14C. The weight losses are
calculated as mg/cm2 of coupon surface area. Of the sixty coupons ex-
posed, three were damaged during disassembly 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 over-
fire air study. In addition, five coupons from probes T and N of the
overfire air study resisted disassembly and were therefore weighed as
single units and average weight losses were determined.

Figures 36, 37 and 38 show the unit load schedules for each of the
30 day test periods.

The biased firing study was conducted with the top fuel firing eleva-
tion out of service as this operating condition was shown during steady
state biased firing tests to produce the lowest N0x 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 204,000 kg/hr steam flow, with two elevations of
mills in service, damper positions were maintained as follows:
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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 0
30 0
50 0
30 0
0

From 204,000 to 272,000 kg/hr 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
10?} Combustion 100
100 5 Air Only 100
50
20 30
50 50
50 50
20 30
50 50
20 0
50 0
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At unit loadings above 272,000 kg/hr 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
19?} Combustion 100
100 Air Only 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 02.

The weight Tosses 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:

* At no time during the biased firing study was the top elevation coal
pulverizer placed in service. Maximum unit loading was therefore
limited to the maximum with the lower three mills in service.
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Baseline Biased Firing Overfire Air

2,6381 mg/cm’ 4.6429 mg/cm 4.4419 mg/cm®

These values are within the range of losses which would be expected for
oxidation of carbon steel for a 30 day period. To verify this premise
control studies were conducted in C-E's Kreisinger Development Labora-
tory using probes exposed during the biased firing study. These probes
were cleaned and prepared in an identical manner to those used for fur-
nace exposure and placed in a muffle furnace for 30 and 60 day exposures
at 750 F with a fresh air exchange. The test results were as follows:

Probe Wt. Loss mg/cm - 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 decreas-
ing in the second thirty days. Based on these results, it appears
that the differences in weight losses observed during the test pro-~
gram are within the ranges to be expected from oxidation alone.

Chemical analysis of deposits taken during the test program does not,

in itself, show that molten phase attack has occurred. The composition
of the deposits does show some differences, primarily in the iron con-
tent as noted on Figure 39. The deposit collected during the biased
firing and overfire air tests show 50 and 35 percent iron, respectively,
versus 30 percent in the baseline test. Higher iron is normally in-
dicative of Tower melting temperatures. However a certain quantity of
Ca0 is necessary to flux the iron if it is to result in a Tow melting
mixture. The Ca0 content is considerably less in the biased firing and
overfire air tests as compared to that of the baseline test. According-
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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
SiO2 46.2 45.8 38.4 38.5
A'|203 18.4 3.7 10.3 18.1
Fe203 29.9 13.9 50.0 35.4
Ca0 3.9 1.8 1.0 1.8
MgO 0.8 1.3 0.3 0.9
Na20 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.
503 0.34 1.2 0.8 0.4
100.4 97.8 101.5 98.4
Figure 39. Ash Analysis



ly the fusibility temperatures are higher for the biased firing test
and slightly higher for the overfire air tests. This agrees with ob-
servations 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 falling 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, 1ike iron, and also shows that
resultant fusibility temperatures of deposits can be significantly diff-
erent than the coal ash as fired.

Overfire Air Evaluation - Alternate Coal Types

The evaluation of alternate coal types with respect to their effect on
unit performance and NOx emissions optimization was originally proposed
as part of this study. However, due to coal supply problems encountered
after the start of work, these evaluations proved to be not feasible and
were therefore not performed. Tests of a similar nature evaluating Ala-
bama and Midwestern coals were performed during 1973 by Esso Research
and Engineering Co. under EPA Contract 68-02-0227 at the Alabama Power
Co., Barry No. 4 unit. A discussion of those test results has therefore
been incTuded in this report.(z)

Unit Description

Barry No. 4 is a controlled circulation, radiant, reheat, single cell
pressurized design firing coal through five elevations of tilting tan-
gential fuel nozzles. Maximum continuous rating is 1,164,969 kg/hr
superheat steam flow at 538°C/176 kg/cm® and 1,024,566 kg/hr reheat
steam flow at 538°C/44 kg/cmz. Control load rating is 582,485 kg/hr
main steam flow.

Alabama and Midwest coals plus petroleum coke were fuels being burned
at the time of the test program. The petroleum coke was fired exclu-
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sively through the center fuel nozzle (Elevation C) and normally repre-
sented one-quarter to one-fifth of the heat input.

Test Objectives
The objectives of the Esso test program were as follows:

1. A series of short (thirty minutes) tests for optimizing NOx reduc-
tion by varying the following:

. Excess Air

. Nozzle Tilt

Overfire Air

Primary/Auxiliary Air Damper Settings

. Unit Load

Pulverizer Coal Fineness

Firing Alabama Coal, Alabama + Coke and Midwest + Coke

O M Mmoo o >
L] - e

2. A two or three day sustained operation at optimum NOx reduction op-
erating conditions for checking possible short term unit operating
problems.

3. A three hundred hour operating period at optimum NOx reduction con-
ditions for determining possible long term operating problems.

Discussion

Test Data Acquisition

Esso Research measured all gas emission levels with instrumentation lo-
cated in a specially designed mobile van. The van was located at ground
level and had the following instrumentation:

NO Thermo Electric Chemiluminescence
No2 Beckman Ultraviolet, Thermo Electric Chemiluminescence
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002
SO2 Beckman Infrared
co

02 Beckman Paramagnetic

Esso also employed a remote recorder readout of CO, NO2 and 02 in the
control room for convenience in observing emission levels during testing.

There were no conveniently located test inserts available for gas sam-
pling at the gas duct entering the air heater. Esso, therefore, had to
set up a twelve point sampling grid after the air heater. The flue gas
sampling rate from each point was proportioned to a gas flow previously
determined by velocity traverse. Al1 gas sample lines were heated until
the particulate filters, then all condensables are removed by a 32°F ice
bath. The gas sample is then blended to one sample per probe location
and pumped under 5 pounds pressure to the sample analytical van.

C-E instrumented Corners #1 and 2 windbox compartments to determine the
amount of overfire air and the air flow to each compartment. A static

pressure tap was installed in each compartment and the pressure differ-
ential to the furnace measured.

Petroleum coke, Alabama coal and Midwest coal are normally available at
this plant. Normally the coals are fired as mixed in the coal pile. For
the test series Alabama and Midwest coals were supplied directly to the
bunker. The petroleum coke is burned in a separate Nozzle "C" with coal
firing in surrounding Coal Nozzle B and D to insure stable ignition,

Normal coal fineness as taken before the tests was 72 percent thru the
200 mesh screen. Coal fineness was changed to approximately 60 percent
thru the 200 mesh screen on several tests to investigate the possible
effect on NOx emission levels,
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Esso Research obtained pulverizer coal and coke samples from the feeder
belts of each mi1l on every test. Typical analysis for the coals and
coke is presented on Sheet 17.

Unit Performance

Boiler operation as reported on Sheet 15 and 15A was based on board in-
strumentation. The NOx. co, CO2 and 502 PPM values represent data as
averaged from Esso data sheets using the appropriate instrument calibra-
tion tables.

Test Emission Data

Overfire Air

The greatest effect on NOx emission levels was obtained by use of over-
fire air which decreases the amount of air to the firing zone. Figure
40 presgnts the NOx emission levels versus percent excess air to the
firing zone for all tests. Emission levels are reduced from 525 PPM to
approximately 327 PPM in reducing theoretical air from 134 to approxi-
mately 95 percent at 0° tilt.

Excess Air

Unit operating excess air as determined at the air heater inlet had no
significant effect on N0x emission levels (corrected to 0 percent excess
air when maintaining a constant theoretical air to the firing zone.
Figure 41 shows that with this type of operation the unit operating ex-
cess air level could be varied from 6 percent to 26 percent with essen-
tially constant NOx emission; unit excess air was important, however, in
keeping CO emissions at low values (Figure 42).

CO Emissions

Figure 42 indicates that CO emissions are a function of percent excess
air at the air heater inlet and also the amount of overfire operation.
The test data indicates that at 15 percent excess air unit operation

and no overfire air the CO emission was 33 PPM which increased to 93 PPM
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Figure 41: N02 Vs. Percent Excess Air at Air Heater Inlet
A1l Tests at Horizontal Tilt, Unit Load 290 to 360 MW
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with overfire air (90 to 100 percent theoretical air to burner zone).
In coal firing 15 percent excess air would seem to be the lowest prac-
ticable 1imit of operation.

Nozzle Tilt

Operating at -30° fuel nozzle tilt increased the NOx emission approxi-
mately 87 PPM over that obtained at 0° tilt. The limited testing with
plus tilts of +15° and +20° produced no effect on the measured NOx emis-
sion levels.

Effects of Other Operating Variables

The variation of primary/secondary air dampers (Figure 43) unit load and
the pulverized coal fineness had minor effects on N0x emission levels.
This substantiates previous test results and indicates that these opera-
ting variables should continue to be used to control normal boiler op-
eration and should not be considered as NOx controls with coal firing.

Type of Coal
During the test series the following combinations of fuel were fired:

Fuel No. of Tests
1. Alabama Coal 4
2 Alabama Coal + Coke 15
3. Midwest Coal + Coke 5

Figure 40 plots all tests and identifies the firing combinations and in-
dicates no change in emission levels with fuel change.

Unit Operation

Superheat-reheat outlet temperature of 538/538°C could be maintained at
90 percent MCR horizontal tilt and 95 percent theoretical air to the
burner zone which was the optimum N0x reduction conditions. The overfire
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operation maintains the gas weight thru the unit which results in un-
changed superheat-reheat performance.

No adverse furnace slagging was noted during the short term tests with
low theoretical air to the firing zone. The three hundred hour, long
term test with approximately 95 percent theoretical air to the firing
zone and 15 percent excess air at air heater inlet was also completed
without excessive furnace slag buildup.

300 Hour Corrosion Probe Test Results

Corrosion probes were installed in the furnace of the test boiler by
inserting them through available viewpoints in the furnace firing zone
as shown on Figure 44, Prior to installing the probes in the test fur-
nace, the probes were prepared by mild acid pickling, preweighing the
coupons, and screwing them onto the probes along with the necessary
thermocouples. Each probe was then exposed to the furnace atmosphere
prevailing for the particular type of operation desired for approxi-
mately 300 hours at coupon temperatures of about 468°C in order to accel-
erate corrosion. After exposure, furnace slag was cleaned off and saved
for future analyses, and the coupons were carefully removed from the
probes. In the laboratory the coupons were cleaned ultrasonically with
fine glass beads to the base metal, and reweighed to determine the
weight loss.

Total weight loss data was converted to corrosion rates on a mils per
year basis, using the combined inner and outer coupon rates, coupon
material density, and exposure time,

Corrosion rates have been determined for 8 coupons installed on 4 probes
(2 coupons/probe), in four different locations on the furnace wall. The
corrosion data obtained is tabulated on Sheet 16.

Although there is some scatter in the data obtained, Esso concluded "that
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no major differences in corrosion rates have been observed for coupons
exposed to 'low NOX' conditions compared to those subjected to normal

operation,"

Esso further concluded that "since corrosion rates were deliberately
accelerated in this study in order to develop 'measurable' corrosion
rates in a short time period, measured rates, as expected, are much
higher than the normal wastage of actual furnace wall tubes."

Task IX - Application Guidelines

The program outlining the application of the technology developed under
this study to existing and new tangentially coal fired utility boilers

will be presented in the Task IX report and is therefore not discussed

as part of this report.
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ALAaBAMA POWER COMPANY
Rarrvy f2

TesT No.

Purpose oF Test

Date

Loap

MaInN STEAM Ftow

Excess AIR Econ. OuTLeT

THEO, AIR TO FUEL FIRING ZONE
FueL ELEv. IN SERvV.

FueL Nozzre TiLT

2
-
c
m
[

FueL
Aux./Aux.
FuEL
Aux.
FUEL
Aux.
SHO TEMPERATURE
RHO TEMPERATURE
UNIT EFFICIENCY
GAS WEIGHT ENT. AL.H,
Nox
2
502
co
co
HC
o
Cgaaou Loss IN FLYASH

Dust LoaDING

NOZZLE COMP.
DAMPER POS
% OPEN

TesT No.

PurPOSE OF TEST

DATE
Loap
MaIN STEAM FLOW
Excess AIrR Econ. QurTLeET
THeo, AIR To FueL FIRING ZONE
Fuer ELeEv. IN SERv.
FueL Nozzie Tret
O Aux.

FueL
Aux.,

'B"| FueL
Aux./Aux.
Fuet

g!g Aux.

D" FueL

WV Aux.

SHO TEMPERATURE

RHO TEMPERATURE

UNIT EFFICIENCY

Gas WEIGHT ENT. A.H.

N

NOZZLE COMP.
DAMPER POS.
$ OPEN

0°
c?naou Loss IN FLyasH

My
10°ke/HR

%

%

DeG.

°C

;c

103KG/HR
PPM -Goﬂ 0,
GR/10 g;L
PPM ..0% O,
GR/]OG&L 2
PPM -.0% O,
6r/10%CaL 2
PFM - 0% 0,
% AH. IN
% A.H. Our
GR/SCM

Miy
10”Ke/HR

%

DeG.

°C

;c

10%e/HR
PPM -60¢ 0,
GR/10 g;u.
PPM - 0% O,
GR/IOSCAL 2
PPM -.O% O,
GR/10°CaL
PPM - OF O,
% AH. IN

% A.H. Out
|

BASELINE STUDY
NOx TEST DATA SUMMARY

1 2 3 4 5
ExCESS AIR VAR, - CLEAN FurN. ConD.
1/2 Loao 3/4 Losao

11-30-73 11-30-73 11-30-73 1-18-74 11-14-73
66 65 67 93 124
219 224 214 318 404
35.5 17.5 58.9 12.6 22.7
130.6 117.1 151.3 109.2 117.9
ABC ABC ABC ABC ALL
+3 +7 +3 +8 +3

20 0 50 30 60

30 30 30 20 20

20 o 50 60 100

30 30 30 20 20
20/20 20/10 50/50 80/80  100/100
30 30 30 20 20

20 10 50 50 100

(o] 0 [} o] 20

(o] 0 [} 0 100
529 498 548 500 539
488 446 517 499 514
88.3 88.2 87.6 89.3 89.0
352 360 412 386 554
631 489 718 429 494
1.337 1.030 1.519 .900 1.041
2298 2318 1644 1635 1641
6.770 6.794 4.841 4.769 4.815
24,51 142.26 8.05 39.09 31.16
.0316 .182 .0104 0499 .0400
. 144 . 160 0.0 0.0 .509
5.59 3.20 7.89 2.40 3.96
7.28 5.61 9.09 5.14 6.24
.29 .97 17 .96 .48
4,19

8 9 1o n 12
E.A. VAR, MoD. DiRTY FuRrN. E.A. Var.
FuLt Loap 1/2 Loao

11-15-73 11-19-73 11-19-73 12-5-73 12-4-73
126 122 124 66 74
411 403 405 21 206
215 13.0 26.0 27 51.2
116.9 108.5 120.8 128.0 144.1
ALL ALL ALL ABC ABC
+8 -22 -22 (o} (¢

60 100 100 20 50

30 30 30 30 30
100 100 100 20 50
30 30 30 30 30
100/100  100/100 100/100 20/20 50/50
30 30 30 30 30
100 100 100 20 50
30 30 30 o] [
100 100 100 o] (o}
548 533 544 518 548
533 510 531 476 508
89.6 89.6 89.6 88.3 87.9
567 509 565 23 369
421 361 581 536 658
.894 .748 1.198 1.118 1.370
IREA] 2052 2179 2348 2164
3.458 5.922 6.251 6.821 6.267
45.75 431.8 5.48 297.59 220.56
0591 .545 .0069 .378 .280
61 .128 1.54 0.0 0.0
3.78 2.47 4 41 5.26 7.20
5.31 4.60 6.64 6.99 8.63
.16 .27 .05 .58 .20

82

C~E POWER SysTems
F1eLp TesTing anp
PCRFORMANCE RESULTS

[ 1
FuLL Loap
11-28-73 11-28-73
123 123
407 405
1.7 30.8
107.2 125.3
ALL ALL
o] 0
100 100
30 30
100 100
kY 30
100/100 100/100
30 30
100 100
30 30
100 100
539 538
524 524
89.1 89.5
578 592
357 664
.761 1.403
1434 1455
4.254 4,278
152.88 32.91
.198 .0423
0.0 0.0
2.26 5.02
4.63 6.87
.57 .20
13 AL
DIRTY FURN.
FuLL Loap
11-16-73 11-16-73
125 125
412 406
20 7 24.3
115.7 119.2
ALL ALL
-22 -22
100 100
30 30
100 100
30 30
100/100  100/100
30 30
100 100
30 30
100 100
539 543
522 529
89.2 89.3
556 567
499 SR6
1.037 1.225
1917 1370
5.538 3.985
40.85 33.61
052 .043
513 ,397
3.66 4.18
6.01 6.42
.17 .10
SHEET 1



ALaBama Power COMPANY C-E Power SysTems

Barry #2 FieLp TESTING AND
PERFORMANCE RESULTS
BIASED FIRING STUDY
NO, TEST DATA SUMMARY
Test No. 15 16 17 18 18

Purpose of Test 1/2 Load 3/4 Load Max Load
Date 1-19-74 1-18-74 12-3-73 12-4-73 12-5-73
Load MN3 66 96 100 103 99
Main Steam Flow 10"Kg/HR 199 297 N5 321 321
Excess Air Econ. Outlet % 50.1 26.7 21.1 22.2 21.8
Theo, Air to Fuel Firing Zone % 105.8 121.7 116.5 117.5 117.2
Fuel Elev. In Serv. ABC ABC ABC ABD ACD
Fuel Nozzle Tilt Deg. -9 0 -15 -15 -10
50 50 50 50 50
20 20 30 30 30
50 50 50 50 100
20 20 30 30 100
50/50 50/50 50/50 50/100 50/50
20 20 30 100 30
50 50 50 50 50
100 100 100 30 30
100 100 100 50 50
°c 546 539 529 543 523
RHO Temperature °C 496 506 501 520 486
Unit Efficiency LI 87.9 89.3 89.1 89.3 88.9
Gas Wefght Ent. A.H. 10”Kg/HR n 430 439 455 428
NOx PPM '6’ 02 594 543 397 373 387
NOZ GR/10"CAL 1.206 1.142 .840 .792 .795
SO2 PPM '6’ 02 1721 1682 2422 2553 2292
SO2 GR/10"CAL 4.861 4.922 7.137 7.536 6.543
co PPM '6’ 02 33.38 29.10 45.63 38.51 35.48
co GR/10"CAL .0412 .0372 .0588 .0497 .0443
HC PPM - % 02 0.0 0.0 0.0 .012 012
02 % A.H. In 7.10 4,55 3.72 3.885 3.825
0! % A.H. Out 8.54 7.19 6.08 5.80 6.30
Cérbon Loss in Flyash % 32 138 46 3 a2
Test No. 20 21 22 23 24
Biased Firing - 1 Fuel Elev. Qut of Service - Ar Dampers Open
Purpose of Test Max Load  3/4 Load f—1/2 Load —|
Date 12-6-73 1-18-74 1-19-74 1-19-74 1-19-74
Load Mw3 102 94 64 64 66
Main Steam Flow 10°Kg/HR 314 308 208 21 202
Excess Air Econ. Qutlet % 24.2 29.0 48.0 47.0 47.0
Theo. Air to Fuel Firing Zone % 94.7 97.3 112.5 141.4 141.3
Fuel Elev. 1n Service, 8CD BCD BCD ACD ABD
Fuel Nozzle Tilt Deg. -5 +10 0 0 -15
100 100 100 50 50
! 100 100 100 20 20
% o 50 50 50 100 50
Se 30 20 20 100 20
Wz 50/50 50/50 50/50 50/50 50/100
=t F 30 20 20 20 100
%S 50 50 50 50 50
Z Sw ["D"] Fuel 30 20 20 20 20
S 50 50 50 50 50
SHO Temperature °C 544 512 501 507 544
RHO Temperature °c 515 469 448 454 513
Unit Efficiency %, 88.8 89.6 87.8 87.9 87.7
Gas Weight Ent. A.H. 10°Kg/HR 451 435 360 361 356
NOX PPM -61 02 285 331 520 485 609
NO2 GR/10™CAL .599 .696 1.124 1.043 1.282
SO2 PPM -61 02 2277 1566 1861 2245 1807
S0, GR/10”CAL 6.661 4.578 5,593 6.710 5.288
co PPM '6‘ 0, 26.61 31.28 29.10 22.41 27.54
co GR/107CAL .0341 .0400 .0382 .0293 .0353
HC PPM - % 02 0.0 0.0 0.0 0.0 0.0
02 % A.H. In 4.165 4.76 6.93 6.85 6.79
0. % A.H. Out 7.31 8.37 8.40 8.58 6.87
c§rbon Loss 1n Flyash ! 25 30 20 m 20
Dust Loading GR/SCM 8.65
83 SHEET 2
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ALaBaMA Power CoMPaANY
BarryY #2

TEST KO

Purpose of Test

Date
Load
Main Steam Flow

Excess Air Econ QOutlet

W
103KG/HR
1

Theo. Air to Fuel Firing Zone %

Fuel Elev. In Serv.

OFA Nozzle M1t

Fuel Nozzle Th1t
[

NOZZLE COMP.

SHO Temperature
RHO Temperature
Umt Efficiency
Gas Weight Ent. A.H

Carbon Loss In Flyash

TEST NO.

Purpose of Test

Date
Load
Main Steam Flow

Excess Awr Econ Outlet

DEG
DEG.

°c

°C

3

103KG/HR
PPM - 0% 02
GR/105CAL
PPM - 0% 02
GR/109CAL
PPM - 0% 02
GR/106CAL
FPM - oz oz
% A H Out
MW
103KG/HR

1

Theo Air to Fuel Firing Zone %

Fuel Elev. In Serv

OFA Nozzle T11t

Fuel Nozzle Th1t
[

NOZZLE COMP

SHO Temperature
RHO Temperature
Umt Efficiency
Gas Weight Ent. A.R

Carbon Loss 1n Flyash

DEG

DEG

°C

°C

3

103k6/HR

PPM - 0% Op

GRIloﬁcAL

GRIIOGCAE
PPM -

GR/105CAE

PPM - 0% 02

% AH. In.

ZAH.M%

NOy TEST DATAR SUMMARY

1 2 3

Excess Air Var.

4

- Clean Furnace Cond.

BASELINE STUDY AFTER MODIFICATION

C-E PowEr SrsTEMS
FieLp TestinG anD
PerRFORMANCE ResuLTs

|~

je———1/2 Load ~——pjg— 3/4 Load ——dije— Maximum Load ——>}

6/25/74 6/25/74 6/25/74
62 62 64

219 213 217
33.5 16 0 647
127 1 113.4 155.4
ABC ABC ABC
0 0 0
3 6 -14
0 0 0
0 0 0
20 0 50
30 30 30
20 0 50
30 30 30
20720 10/ :1;8 50/50
20 10 50
0 0 0
0 0 0
492 468 636
435 402 499
88.4 88.8 87.4
335 270 413
444 335 640
929 701 1339
3678 3621 2611
10.718 10.551 7 606
27.54 375 77 34.66
.0351 4790 .0442
0 0 0
5.36 2.95 8.36
7.35 5.52 9.70
.29 .23 1 06
] 9 Io

E.A. Var. - Mod. Dirty Furnace
&= Maximum Load ————m)
6/20/74 6/20/74 6/28/74

130 129 125

440 446 428
17.8 121 26.6
112.3 106 9 120 5
ALL ALL ALL
0 0 0

-21 -17 -6
0 0 0

0 0 0

80 80 100
30 30 30
100 100 100
30 30 30
100/100 1007100 100/100
30 30 30
100 100 100
30 30 30
100 100 100
526 528 524
486 483 480
89 0 88.9 89 5
565 542 584
470 334 431
.985 .699 902
1941 2482 2500
5 655 7.232 7.283
24 31 97.16 23 55
.0310 .1239 0300
0 0 0
324 2.31 45
6.8 619 748
22 42 61

84

6/27/74 6/19/74
92 131
315 450
155 21.0
m.o 115.3
ABC ALL
0 0
2 -13
0 0
0 0
30 80
20 30
60 100
20 30
80/80 100/100
20 30
50 100
0 30
0 100
504 528
466 488
89.8 88.4
398 593
327 404
.684 .846
2634 2251
7.674 6.559
109.70 26.37
1393 0336
2.87 3. 71
55 7.36
1 75

n 12
EA var.

1/2 Load

6/26/74 6/26/74
65 68
246 218
30.9 63.1
124.6 154 0
ABC ABC
0 0
-16 -16
0 0
0 0
20 50
30 30
20 50
30 30
20/20 50/50
30 30
20 50
0 0
0 0
507 531
457 498
89.3 88 0
363 419
373 626
782 1.310
2558 2461
7 453 77N
26.28 23.85
.0335 0304
0 0
5 04 B 23
755 10.75
17 05

6/27/74 6/27/74
127 125
44] 423
12.4 25.4

107 1 119.5
ALL ALL
0 0
-3 =22
0 0
0 0
100 100
30 35
100 100
30 35
100/100 100/100
30 35
100 100
30 35
100 100
524 518
487 480
89.2 89.5
546 559
330 417
.692 1.000
2677 2707
7.800 7.889
127 2 21.714
.lszg 0277
2 36 4.34
575 7.02
.51 .74
1 u
- Dirty Furnace
Maximm Load

6/28/74 6/28/74
126 125
432 425

22.0 25.9
116 2 119 9
ALL ALL
0 0
-6 -6
0 0
0 0
100 100
30 30
100 100
30

100/100 100/100
30 30
100 100
30 30
100 100
524 529
496 499

89.0 89.4
575 583
39 431
819 .902
2564 2629

7.470 1.661
23 4 22.92
0298 .0292

0 0

3.86 4.4
7.3 7.15
.36 .25
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ALABAMA PoweR ComPANY
Barey #7

NOy TEST DATA SUMMARY
OVERFIRE AIR LOCATION, RATE & VELOCITY VARIATION

TEST MO

Purpose of Test

Date

Load MW
Main Steam Flow 103K6/HR
Excess Air Econ. Outlet %

Theo. Air to Fuel Firing Zone %

Fuel Elev. In Serv.

OFA Nozzle Tilt DEG.

Fuel Nozzle Tilt DEG.
OFA

NOZZLE COMP.

SHO Temperature °C
RHO Temperature °C
Unit Efficiency ]
Gas Weight Ent. A.H. 103K6/HR
NO, PPM - 0% O
NO2 GR/10
S0z PPM - 03 O
S02 GR/10°CAL
[«1] PPM - 0% 02
0 GR/10°CAL
HC PPM - 0X 02.
02 $AH. In

02
Carbon Loss In Flyash

TEST MO

Purpose of Test

Date

Load MW
Main Steam Flow 103KGIHR
Excess Air Econ. Outlet %

Theo. Atr to Fuel Firing Zone X
Fuel Elev. In Serv.

OFA Nozzle Tilt DEG.
Fuel NozzIe Tilt DEG

NOZZLE COMP.

SHO Temperature °c
RHO Temperature °C
Umt Efficiency £
Gas Weight Ent. A.H. 103KG/HR
NOy PPH - 0% 0
NO2 GR/IOGCAL
502 PPM - 0% O

S0z sn/loﬁcnf
co pPPM - 0% O

0 cnnchAL
HC PPM - 0% 02
07 % AH. In

0z
Carbon Loss 1n Flyash

15

h—;— 3/4 Load

AL T2 L]
97

336
28.5
114.5
BCD

0

-5

16

1

C-E Pover Systrus
FirLo T=sTinc ann
PerFoprMANCE RESULTS

188

OFA Damper Position Variation

7110/74
98

340
27.1
96.7

BCD

0
-5
100

2

7/10/74
100

338
25.6
95.8
BCD

0

-5

OFA Damper Position Varfation

19

7M2/74
100

344
26.6
84.8
BCD

0

-4

pe————— 3/4 L0ad ——————ai

N4
100
344

25.4
100 5
8CD

0

-4

0

0

100

7712174
102

342

25 4

117.4
ABC

a5

712/74
102

341
27.9

90 4
ABC
0

-4
100
100

mM2/14
102

346
28.1

96.9
ABC

My
100

338
24.8
89.3
BCD

0

-4
50

SHEFT 4A



ALasama Pawer CompPany

C-E PowEr Svsrtems

Baray §2 FIELD TESTING AND
PerrorManNcE ResuLTs
TEST_NO. 24 25 26 21 28 29
Purpose of Test OFA & Fuel Nozzle Tilt Variation
e Full Load ™
Date 7129/74 7/29/74 1729/74 7/29/74 7/29/74 7/29/74
Load MW 124 124 124 125 125 124
Main Steam Flow 103KG/HR 407 418 a2 407 14 418
Excess Air Econ, Outlet 4 25.9 23.7 25.1 22.3 20.2 23.7
Theo. Afr to Fuel Firing Zone % 94.2 92.4 93.2 91.5 89.6 92.6
Fuel Elev. In Serv. ALL ALL ALL ALL ALL ALL
OFA Nozzle Ti1t DEG. 0 0 0 -30 -30 +30
Fuel Nozzle Tilt DEG. -5 =23 +19 -5 +22 =21
OFA 100 100 100 100 100 100
OFA 100 100 100 100 100 100
. Aux. 100 100 100 100 100 100
g 3 Fuel 100 100 100 100 100 100
o g Aux. 50 50 50 50 50 50
Wz Fuel 30 30 30 3 30 30
] g Aux./Aux. 50/50 50/50 50/50 50/50 50/50 50/50
§ Fuel 30 30 30 30 30
® Aux. 50 50 50 50 50 50
Fuel 30 30 30 30 30 30
Aux. 50 50 S0 50 50 50
SHO Temperature °C 538 521 524 527 624 51
RHO Temperature °C 532 508 527 533 535 505
Unit Efficiency % 89.6 89.3 88.9 89.3 88.6 89.4
Gas Weight Ent. A.H. 103K6/HR 548 566 585 557 586 544
NOx PPM - og 0 339 290 368 344 404 285
NO2 GR/10 CAE 710 609 770 721 846 .596
502 PPM - 0% 02 2450 2920 3310 3160 3370 3240
502 GR/106CAL 7.140 8.511 9.647 9.208 9.820 9.443
c0 PPM - ol 0 25.4 27.1 31.8 22.1 28.2 49.4
co GR/10 CAE .0324 0346 0406 .0282 0360 ,0630
HC PPH - 0% 02 0 0
02 % A.H. In. 4.4 4.1 4.3 3.9 3.6 4.1
02 % A.H. Out. 5.9 6.0 6.2 6.0 5.8 6.4
Carbon Loss In Flyash 1 .37 37 40 .29 29 .49
TEST NO. 3 k18 32 EE) kL) 3
Purpose of Test Load Variation at Qptimum Conditions
Max. Load 3/4 Load 1/2 Load Max. Load 3/4 Load 1/2 Load
Date 7/30/74 7/31/74 1731774 1731774 7731774 8/1/74
Load MW 125 97 65 122 95 64
Main Steam Flow 103K6/HR 416 34 204 409 310 204
Excess Air Econ. Outlet 4 21.6 25.2 46.9 27.4 27.4 45.9
Theo. Awr to Fuel Firing Zone % 90.7 89.4 88.5 94 6 90.6 88.5
Fuel Elev In Serv. ALL ABC AB ALL ABC AB
OFA Nozzle Tilt DEG 0 -12 0 -22 ~22 -10
Fuel Nozzle Tilt DES. -4 -16 -5 -22 -22 =15
OFA 100 100 100 100 100 100
OFA 100 100 100 100 100 100
! Aux. 100 100 100 100 100 100
[ Fuel 100 100 100 100 100 100
88 Aux. 50 50 50 50 50 50
- Fuel 30 30 30 30 30 30
E E W Aux./Aux. 50/50 50/50 50/0 50750 50750 50/0
NZO Fuel 30 30 0 30 30 0
20w Aux. 50 50 0 50 50 0
Fuel 30 0 0 30 0 0
Aux. 50 0 0 50 0 0
SHO Temperature °c 538 525 535 521 506 512
RHO Temperature °C 536 514 514 521 493 493
Umt Efficiency 2 89.0 89.1 89.2 890 88.2 89.0
Gas Wefght Ent. A.H. 103KG/HR 574 456 341 584 472 329
NOy PN -~ og OE 339 338 396 333 29 313
%02 GR/10°CAl no 708 828 .697 608 .655
§02 PPN - oz 0: 1680 1730 1740 2430 2490 2420
$02 GR/10°CAl 4.896 5.043 5.070 7.083 7.256 6.960
[#1] PPM - 0% O 26.1 26.1 24.4 24.8 26.4 25.0
0 GM105CAE 0333 0333 0311 0316 .0337 .0319
HC PPM - 0% 02 0 0 0
02 % A.H. In, 3.8 4.3 6.8 4.6 4.6 6.7
02 % A.H. Out. 5.3 5.7 8.2 6.3 6.8 8.4
Carbon Loss In Flyash ] .61 39 32 .24 .33 15
Dust Loading GR/SCM 8.64
86 SHEET 4B
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ALapaua Powrr Company
Barry f2

Test No.

Date
Tine
UniT Loap - MW

FLows - |03Kc/Hn
EEDWATER

SH Seray (Heav BaLance)
Main STeEam

Ture e LEAkAGE

RH EXTRACTION

RH Spravy (Heav BaLance)

RH Frow {Cavc.)

AIR & Gas FLows - IOEKG/HR
Gas tnT. ALH,
Gas Lve A.H,
Air EnT A.H.
Atr Lvc. A.H.
A.H. Leakace

UNIT ABSORPTION =~ 'IOSKG-CAL/HH

Econ.

Fuan.

Drum - Desur.
Desup. - S.H. Our.
RH

ToTtaL

PRESSURES

STcaM & WATER - K(:/CM2
Econ, In

DruM

SH - Desup. In

SH Out

RH IN

RH Our

AIR & Gas - Cu _Wo

. Fan T

" A.H. AIr Out

" A H. Gas Our

"D" ELev. Ler7 Rear Fuel Air Comp.
"A" ELev. LerT Rear FueL Atr Cowmp.
LerT MiLL Duct AT Winosox

MiLe AR Duct av "B" ELEv. MiLL
UrPer Furmace

TEMPERATURES - °C
TEAM & WATER

SH Qur

SH Desup  In

SH Desue, Out

RH Qur

RH Desur  IN

RH Desup (e
Econ In

Econ Our

]

11-30-73
01 55
66

217
2.7
219
9.98
13.79

195

129.8
15.04
14.27

3.56
1.524
-12.192
-3 81
-2 54
1.016
-.762
-1 524

529
426
418
488
295
294
198
233

2

11-30-73
oc 00
65

222
1.67
224
10.2
14.56
.09
199

300
343

278
42 6

7.03
89.06
185
18.62
18 85
152

134 3
133.0
1311
129.8
15 25
14.41

3.048
1.016
-15.24
-3 175
-3.175
1.016
-.762
-1.778

498
393
389
446
267
267
198
227

3

11-30-73
02-45
67

206
8.3
214
9.52
12 70
18
192

412
451
a27
389
38.74

134

131.1
130.0
15 11
14.34

4.064
2.032
-16.256
-3.175
-3175
.508
-1.016
-1.524

548
470
435
517
an

310
198
242

]

1-18-74
16 00
93

140.5

133.6
130.8
22.43
21.09

5.08
1.016
-15.24
-3.048
-1.524

-1.27
-2 032

409

449
286
286
217
242

BASELINE
TEST

5

11-14.73
15-10
124

400
4.13
404
17.83
31.62
-807
-]

554
631
590
512
77.88

12.20
145
54
24.5
33 67
270

142 2
140.5
134.3
130.7
29.38
27.98

10.67
3.81
-26.416
1.905
635
2.032
-.508
-1.524

539

514

STUDY
DATA

6 7

11-28-73  11-28-73
13-21 10:37

123 123
401 393
5.90 1.8
407 405
17.92 17.6
31.62 31.0
.907 1.32
B8 B7
518 592
587 663
546 623
478 552
67.90 7
10 99 12.8
148 143
52 57.6
27.32 24.1
.56 5.9
274 273
136.7 13%.8
134.9 135
132.2 132.3
130.7 130.7
29.46 29.46
28 05 28
7.112 15.24
1.016 5.588
-28.86 -27.686
-.381 5.08
-.508 g
-3.81 3.81
-1.905 2.032
-1.778 -.635
539 538
452 475
440 447
524 524
343, 342
340 339
230 230
254 259

11-15-73
11-10
126

399
11.5
411
17.83
31.39
1.13
363

12.19
142.5
59.0
29.18
36.29
er9

149.6
147.8
137.4
131.2
30.09
28.68

10.16
3.048
-25 908

.254
1.778
.63
-15.24

9

11-19-73
13.04
122

11.16
143.6
52.7
28 22
33 94
279

139.9
138.1
133.3
130.5
29.24
27.84

7.62

-24.384
65

.508
-1.016
-2.032

10

11-19.73
10:00
124

384
20.14
405
17.24
29.89
.907
358

565
645
6503
523
80.0

12.7
138.9
59.4
28.68
36.16
275.8

141.0
139.3
134.1
131.0
29.53
28.12

13.33%
6.5
-27.94
5.08
3.8
4.445
3.175
-1.016

544
484
440
531
347
344

259

n

12-5-73
01-40
66

210
1.09
211
9.66
13.52
.09
188

323

B1
01
36.51

7 66
83.6
20.2
16.78
18.9
147.1

131.3
1%0.0
129.5
129.1
14.69
13.92

3.048
1.27
-10.668
-3.556
-3 048
.508
-.508
-1.778

518

476
339
283
197
231

12

12-4-73
23-30
74

12.79
.18
184

369

385
346
39.42

8.85
79.53
25.45
14.97
19.05
147.8

131.5
130 2
129.7
129.4
14.76
13.99

C-€ Power SYsTEMS
FieLo TESTING anND
PerrorMance ResuLTs

13

11-16-73
14:20
125

390
21.86
412
17.46
30.84
.73
364

12.87
138
61.4
31.285
35.73
215.7

o

150.6
148.9
137.7
131.1
29.74
28.33

10.668
4.318
-27.432
2.54
2.54
22.86
.508
-1.27

539
481
A%
522
343

230
259

11-16-73
9:50
125

385
20.77

17.24
0.3
.907

»H9

567
646
604
524
79 38

12.7
137.5
60.9
28.53
36.04
1415

146.5
144.8
136.1
131.0
29.81
28.40

12.70
5.08
27.94
a.445
4,845
3.81
2.54
-1.016

543
486
440
529
347
344

259
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ALaBama Power Company
Barry §2

Test No.

#5 HP Heater In

£5 HP Heater Out

#5 HP Heater Exv  in
#5 HP Heatea DRatn
SPRAY WATER

Air & Gas

AH Gas In

A.H. Gas Out

AH AR IN

A.H Air Qur

Furnace OutLeT (Ave.)

AIR HEATER Leakace - %

A.H. Gas Sioc EFFiciency - §

UniT EFFiciency -

ProoucTs oF ComBusTioN - Gr/10°Cat.

A TnLeT
Drvy AR
WeT AR

Dry Proo.
Wer Probn.

AH OutLcT
RY IR
WET AR
DrY Prop.
WeT Proo.

Excess A1r - &

A.H. In
AH Our

FueL AwaLysis - §
ARBON

HYDROGEN

NiITROGEN

Oxvoen

SuLrFur

MoisTure

AsH

HHY - CAL[G

167
199
286

i34

282
145
29.4
263
1096

1 41
493 5
88 3

1852
1877
191
2012

Adonba = a0
ROoD—=0N L~

D =

166
198
260
195
134

273
150
0.6
261
na?7

14.19
44 5
88.2

BNV = U
O~N~NN O &N

o0 -
0

1€8
199

196
134

295
142
24.4
269
1045

9 M4

S30
87.6

2173

on

Boomonba

BW~N=U =l

o -

183
217
282
214
148

208
150
43 3

1202

15.33
52.3
89.3

1343
1512
1532
1575

1667
1766
1787
1827

@
P,

d
L2nOPU = AL
ONOWUN = ©

Oy —
g

BASELINE
TEST

194
231

226
157

325
154
41.0
280
1226

14 O7
551
89.0

1665
1944
1190
1825

1919
1944

Swwo- sl

@ s
§wm;auu—

STUDY

DATA

193
337

156

32
153
33.3

1295

13.08
53.8
89 1

1554
1775
1595
1687

17514
1775
1811
1906

ER~—was
DH2ODONDDN

193
337
157
298
150
43.3
1206
12.03

53.5
89.5

[+

NW~N=—=UN—=0
A ~NOND DLW

8

281
1314

8 87
57.0
89.6

1663
1685
1728
1822

1822
1845

1984

-2

W=WOWwwoo

NOONO= bk

8

193
231
33i

156

320
156
78
283
1274

1n.72
53.6
89.6

doepu-ab
N—=0WdWWH

o —
A .

10

194
231
k.

156

328
153
41.0
276
1278

14.16
57.9
89.6

1878
1699
1741
1838

1933

1998
2097

&3
wo

a—woaw;no

DOWW~N=—=bbh

o =

1

167
199
275
195
134

277
153
33.3

1122

11.29
48.3
88.3

1782
1805
1845
1942

[+23 bﬁ
NODY = bW o K

o =
2

Nonwe—-nu

168
199

195
134
286
152

268
1096

10.69

51.1
87 8

2030

2192

2061

229
2426

194
23

227
157

329
153
¥ 7
282
1323

14,22
55 4
89.2

- o
HBOON~N— B
DO~NNDWWO

L+
O -

C-E Power Sysvems
F1eco TesTING anD
PERFORMANCE RESULTS

194
231

226
157

330
149

14
1302

14 00
56.7
89.3

1678
1699
1739
1836

1931
1957

BN =
NRNWWON &~

I
=~ -



ALaBaMa POwerR ComPANY

Barry #2

TEST NO. 15 16 17 18 19 20 21
Date 1/19/74 1/18/74 12/3/73 12/4/73 12/5/73 12/6/73 1/18/74
Time 09:10 :24 1:07 01:30 :50 2:30 :30
Unit Load My 66 96 100 103 99 102 94
FLOWS - 103KG/HR

Feedwater 199 296 304 310 314 307 307
SH Spray (Heat Balance) 0 1.77  10.85 11.15 5.54 7.08 1.50
Main Steam 199 297 315 321 321 314 308
Turbine Leakage 9.06 13.4 13.7 13.9 14.2 13.7 13.8
RH Extraction 12.1 20.9 22.0 2.2 23.1 22.2 22.2
RH Spray (Heat Balance) .091 272 .408 272 .09t .408 .045
RH Flow (Calc.) 178 264 280 284 282 278 272
AIR & GAS FLOWS - 103KG/HR

Gas Ent. AH 34 430 433 455 428 451 435
Gas Lvg. AH 377 505 502 499 479 5N 507
Ar Ent. AH 356 475 467 465 446 477 476
Mir Lvg. AH 350 398 405 421 396 418 405
AH Leakage 35.5 76.8 62.8 43.1 50.6 59.8 72.8
UNIT ABSORPTION - 106KG-CAL/HR

Economizer 8.88 10.05 10.01 10.045 9.4 9.8 9.55
Furnace 76.4 110 115 116 120.5 116.5 105.8
Drum - DESH 27.2 36.6 39.8 43.1 35.4 39.2 34.8
UESH - SH Qut. 1.5 21.0 22.4 22.9 23.9 24.0 19.4
RH 17.5 26.2 28.1 29.4 26.9 28.1 25.2
Total 141.5 204 216 222 216 218 205
PRESSURES

STEAM & WATER - KG/CM2

Economizer In. 138.5 139.9 132.2 132.9 133.6 133.9 139.5
Drum 137.2  138.4 130.7 131.3 132 132.4 138
SH - DESH In. 132.8  133.1  129.4 130  130.3 130.8 132.8
SH Out. 130.3 130.2 128.6 129.4 129.4 129.7 129.9
RH In. 14.84 22,26 22.89 23.24 21.98 22.75 22.4
RH Out. 14.0 21.0 1.7 22.05 21.49 21.56 21.14
AIR & GAS - CM. WG

FD Fan Out. 2.03 7.87 7.37 7.1 4.06 6.1 7.87
“B" AH Air Qut. -.508 2.03 2.03 2.03 .762 1.27 2.29
"B" AH Gas Out. -14.73 -18.8 -18.8 -19.81 -17.78 -18.8 -18.8
"D" Elev. Left Rear Fuel Air Comp.  -.762 1.27 1.27  -1.52 -1.52 -1.78 -.508
"A" Elev. Left Rear Fuel Air Comp. -1.27  -.762 1.02 -1.02 -1.78 .254 .76
Left M111 Duct at Windbox -.762  1.016 1.27  1.016  -.508 .508 1.27
Mill Air Duct at "B" Elev. Mill -2.29 -.762 -.508 ~-1.016 -1.27 -2.03 -.254
Upper Furnace -2.03 -1.78 -2.03 -2.03 -2.03 -2.03 -1.78
TEMPERATURES - °C

STEAM & WATER

SH Qut. 546 539 529 543 523 544 512
SH DESH In. 459 456 454 466 429 449 427
SH DESH Out. 452 435 425 436 N6 431 423

89

C-E Power SYSTEMS
Fi1eLp TESTING AND
PERFORMANCE RESULTS

22

1/19/74
15:45
64

203
2.18

9.5
13.3

185

360
400
376
337
39.6

8.45
80.0
23.3
12.3
17.6
141.5

501
427
420

px)

1/19/74
13:30
64

209
1.77
21n
9.6
13.6

188

361
403
380

42.5

8.65
80.8
24.2
12.7
17.8

144

138.4
137
132.5
130.1
14.84
14

2.03
-.254
-14.22
-2.03
-2.03
-1.016
-1.82
-2.03

507
43
424

24

1/19/74
11:30
66

194
7.62
202
9.1
11.9

181

356
404
382
334
42.8

9.13
73.9
28.2
14.5
19.4

145

138.4

137
133.1
130.2
14.77
13.93

2.29
-.508
-14.73
-2.03
-2.03
-1 016
-2.29
-1.78

544
472
438

SHEET 6A



ALasama Power CompPany
Barry #2

TEST NO.
TEMPERATURES - °C
STEAM & WATER (Cont.)

RH Qut.

RH DESH In.

RH DESH Out.
Economizer In.
Economizer Qut.

#5 HP Heater In.

#5 HP Heater Qut.

#5 HP Heater Ext. In,
#5 HP Heater Drain
Spray Water

AIR & GAS

AH Gas In.
AH Gas Out.
AH Awr In.
AH Air OQut.
Furnace Outlet (Avg.)

Air Heater Leakage
AH Gas Side Efficiency
Unit Efficiency

3R 20 B2

PRODUCTS OF COMBUSTION - GR[]OSCAL.

AH_INLET

Dry Air
Wet Air
Dry Prod.
Wet Prod.

AH OUTLET

Dry Air
Het Air
Dry Prod.
Wet Prod.

EXCESS AIR - %

AH In,
AH Out.

FUEL ANALYSIS - %

Carbon
Hydrogen
Nitrogen
Oxygen
Sulfur
Hoisture
Ash

HHV - CAL/G

496
307

200
241

200
297
197
135

298
154
28.3
273
1036

10.4
51.1
87.9

1962
2000
2010
2120

2180
2210
2240
2340

[+
NNV —bDbW
OWNWH — =t

oy —
—ta m e .

BIASED FIRING STUDY

506
320

218
450

219
313
214
149

n
147
44.4
271
1197

17.89
55.4
89.3

o
PO NOT— DS

— e e e
OO BTN ~— O

O == =

TEST DATA

307
145
38.4
n
1246

14.32
55.3
89.1

1650
1670
1715
1815

1910
1935
1970
2080

21.1

(<]
WO —MN— b
OO O WOW—MNw

O — -
-3

520
327

219
450

220
321
216
150

n
147
37.8
274
1253

9.46
56.8
89.3

1670
1690
1732
1830

1841
1865
1905
2010

-
WO — N — &b

WO HOW—MN~

o
[+<]

90

301
140
23.3

1mn
11.8

53.4
89.0

Wworn=—=5mN
OLOONOY—MNWM

O =t
O = v o

515
327

217
247
183
218
k73
213
147

305
136
17.2
269
1195

13.24
53.8
88.8

1685
1705
1745
1840

1925
1950
1990
2085

24.2

[
SN O — D
00— 2w — N

Oy =
W -

469
297

217
245
183
217
291
214
148

32
143
44.0
265
1129

16.73
56.3
89.6

SN ONT= DO
TV O—uUTNoONN

O =
o

C-E Power SysTeEMS
Fi1ELpo TESTING aND
PERFORMANCE RESULTS

448

268
199
237

200
261
197
136

293
147
37.2
268
999

11.02
52.7
87.8

2060
2084
2130
2230

2300
2330
2370
2480

O =t =t o
8—'—‘!\70\—‘&“
« ® & = o = &
OOW DDt el

454
274
274
199
237
169
201
266
197
136

293
146
32.2
268
873

1.77
51.8
87.9

2036
2060
2100
2205

2295
2320
2355
2460

(-] [-a]
WO N MNOY— D n [T,
N = N OV P = —n (2]

OV =t —t
W

513
307
307
200
243
169
201
297
196
136

298
150

268
827

13.46
49.9
87.8

1980
2016
2060
2150

2280
2310
2345
2445

o &
o~
—~o

[-1]
= O N S

r . e .
PONNE = —n

o —
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ALaBaMa POWER ComPany
Barry #2

TEST NO.

Date
Time
UniT Loap - MW

FLOWS - 103%G/HR

FEEDWATER

SH Spray (HeaT BaLance)
Main Steam

Turoine Leakaae

RH ExTracy

RH SPRay (HEaT Bavance)
RH Frow (Carc.)

RH Fuow (Test)

AIR & GAS FLOWS - 10%G/HR

Gas EnT. AH
Gas Lvc. AH
AIR EnT. AH
Ar Lvc. AH
AH Leakace

UNIT ABSORPTION - 106KG-CAL/HR

Economi ZER
FURNacE

Drum - DESH
DESH - SH Our.
RH

ToraL

PRESSURES
STEAM & WATER - KG/CM?

EconomizER IN.

AIR & GAS - CM. WG

FD Fan Ourt.

"B" AH AIR OuT.

"g" AH Gas Our.

"D" ELev Lert Rear Fuel AR Cowp
"A" ELEv. LEFT REAR FUEL AIR Comp.
Lerr MiLL Ducy aT Winpaox

MiLL AJR Duct at "8" ELev. MiLL
UPPER FuRNACE

TEMPERATLRES - °C
STEAM & WATER

SH Ouv.
SH DESH In

l=

6/25/14
2

219
1.05
219
101
13.64
818
196
187

33
379
355
31
44.6

7.79
87 8
17.16
15.8
19.20
147.8

130.6
128.9
127 7

127
14.27
13.50

6.10
1.78
-10.67
1.27
1.91

.254
-1.27

482
390

In

6/25/74
425
62

212
.818
213
9.82
13.77

189
198

270
aan
289
248
40.5

6.78
86.18
12.37
16.51
17.26
139.1

129.6
129.5
128.4
127.7
14.76
13.99

2.79
1.52
-11.68
127
.254
.254
-.254
-1.27

461
359

3

6/25/74
6:38
64

216

17
10.0
13.0

(o))

194

189

9.98
84.22
25.86
13.63
19.78
153.5

139.5
132.6
131.4
130.8
14.97
14.20

7.37
2.03
-16.26
1.27
.38
.508

-1.27

530
441

4

e/e7/14
9:30
92

315

315
14 18
23.27

.318

278

279

398
459
427

60.9

8.59
122.19
26.69
23.49
26.13
207.1

4.83
1.02
-15.24
-1.27
1.52

-.762
-1.52

502
397

TEST DATA
BASELINE STUDY AFTER MODIFICATION

]

6/19/74
13:24
131

450

450
20.09
37.55

.182

393

593

691
547
144.0

18.60
160.95
51.66
25.45
36.19
292.9

137
134 9
132.0
130.1
3.1
30.58

13.21
5.08
-28.19
1.27
2.54
2.54
.762
-.508

516
433

6/27/74
11-18
127

441
.546
441
19.82
36.05
.591
386
385

546

61
502
109.3

11.49
162.91
47.43
€0.79
3H.38
288.0

13%5.5
135.5
132.7
131.0
31.42
29.95

5.33
1.52
-24.64
-254
.508

-.762
-1.52

523
423

?

6/27/14
3:05
125

412
10.64
423
19.0
3%.27
.364

an

559
657
616
518
97.6

12.57
150.89
50.85
26.79

276.0

515
444

6/20/74
9-5
130

45

430
19.68
37.09
1.409

385

394

565
694
650

128.5

18.24
155.53
51.84
24.70
36.31
286.6

11.68
4.3
-28.45
1.27
2.03
2.03

-1.27

510
438

2 lo
6/20/74  ©/28/74
12:25 14:45
129 125
446 421
227 6.14
446 428
19.95 19.18
36.91 33.23
591 1.227
390 are
389 77
542 584
670 702
624 661
497 543
127.7 117.8
14.94 13.71
158.18 153.17
51.23 51.21
27.67 25,12
35.00 33.24
287.0 276.4
136.2 134.3
135.5 133.7
132.5 131.1
130.8 129.6
31.78 30.72
30.23 29.24
8.89 12,70
2.54 5.08
-24.13 -26.16
.508 1.27
1.016 2.54
.762 3.05
-.762 2.03
-1.27 -.762
523 516
433 442

n

6/26/74
1:23

244
1.9

12.27
18.55
2.364
218
194

129.6
1%.5
134.2
133.4
15.54
14.55

508
405

12

6/26/74
4:05
68

419
515
49N

96.3

10.16
74.01
29.08
18.27
22.38
153.9

127.7
129.6
128.5
127.9
15.40
14.862

524
479

13

6/28/14
1n:25
126

134.4
135.5
132.8
131.2
.72
29.24

9.40
2.03
-26.16
.762
1.016
1.016

-1.52

518
441

C-E Power SvsTEMS
Fieco TesTinG anD
PERFORMANCE RESULTS

_1_4

6/28/74
9-20
125

421
4.0

19.0
33.55
.818
373
375

583
688

539
105.4

12.63
153.17
51.71
24.97
33.89
276.4

135
135.4
133.1
131.7
30.72
29.24

1.27
2.54
3.05
1.78
-.762

522
444



gL 133HS

ALasava Povgr Covpany
BaRRY #2

TEST NO.
TEMPERATURES - °C
STEAM & WATER

SH DESH Out
RH Qur.

RH DESH I~

RH DESH Our.
EconomiZER IN
Economizer Our

#5 HP HeaTer In

#5 HP Heater Out

#5 HP Heater ExT  In
#5 HP HeaTer Drain
SPRAY WATER

AIR & GAS

AH Gas In
AH Gas Out
AH AR IN
AH Air Out
Furnace OuTLeT (Ave )

AR HeaTer Leaxace - §

AH Gas Sioe EFFiciency - &

UniT EFFiciency - §

PRODUCTS OF COMBUSTION - GR/10BCAL.

AH HrT SIDE

Dry AIr
WET AIR
DRy Prooucts
WeT PrRODUCTS

AH COLD SIDE
DrY AIR

WET AIr

Dry PropucTs
WET ProDucTs
EXCESS AIR - %

AH In.
AH Cut

FUEL ANALYSIS - %

Careon
HYDROGEN
NITROGEN
Oxvaen
SuLFur
Mo 1STURE
AsH

HHV - CAL/G

387
436
255

195
229

164
194
246
193
128

269
136
31.7
248
1010

13.34
507
88 4

1834
1858
1897

2098
2125
2161
2269

368
401
232
232
194
224

163
194
227
193
130

262
142
29 4
248
1010

14.97
45 0
88 8

1563
1583
1625
1725

C-E Powgr SvsteMs
Fieup TesTing ano
PERFORMANCE RESULTS

TEST DATA
BASELINE STUDY AFTER MODIFICATION

2 s 5 5 z 8 2 1 n 12 13 1
437 399 433 422 424 430 432 431 400 404 425 436
ag7 453 496 495 493 493 495 486 456 514 485 494
292 283 3k 330 321 329 333 329 278 299 324 331
2N 282 328 328 321 322 33 325 265 292 322 328
196 214 229 231 230 228 238 232 205 210 235 233
239 240 265 254 257 265 268 261 224 257 261 259
165 180 190 193 193 189 194 196 163 164 195 194
195 214 229 23 229 228 232 232 200 203 232 23
282 2717 331 24 316 323 329 k-l 268 289 318 323
193 211 221 226 225 226 227 228 194 201 229 228
129 143 163 158 157 163 165 159 126 128 157 156
287 290 320 314 20 R 320 320 273 294 320 322
132 144 143 149 145 t44 151 148 138 135 153 147

R.8 42 2 36.1 44.4 533 34 4 42.2 53.3 40.5 41.1 47.2 51 t
252 261 268 268 263 270 273 266 253 258 272 265
988 1149 1238 1232 it82 - 1266 1271 1199 1043 1049 1238 1199

1 07 15 31 24.30 20.01 17.45 22.73 23.55 20.17 17 06 22 97 22 91 18 09

56 9 533 54.0 54 3 60.1 54.0 52 4 57.8 51.7 55.2 53.0 58.7

87 4 89.8 88.4 89 2 895 89.0 88.9 89 5 89.3 88 O 89.0 89 4

21N 1566 1630 1533 1659 1598 1519 1734 1763 2228 1680 1722

2219 1586 1652 1553 1680 1619 1539 1757 1786 2256 1702 1744

2250 1625 169 1593 1716 1659 1580 1794 1822 2288 1741 1783

2354 1724 1789 1691 1814 1755 1679 1890 1923 2395 1835 1885

2448 1826 2059 1867 1979 1992 1909 211 2087 1M 2095 2059

2480 1850 2086 1892 1997 2018 1934 2138 2114 2807 2122 2085

2507 1886 2120 1927 2028 2052 1970 217 2146 2831 2156 2120

2615 1988 2223 2030 2131 2154 2075 2271 2252 2946 2255 2226

64.7 15.5 21.0 12. 25.4 17.8 12.1 26.6 30.9 63 1 2.0 25.9

84.1 34.7 52 8 36.8 49.1 46.8 40 9 54.1 54.9 102.9 52.1 505

61 3 64 2 63.5 64.0 62.9 63.3 63 6 68.4 64.3 64.7 64.9 63.3
44 4.6 4.2 4.6 4.5 4.3 44 4.9 4.6 4.6 4.4 4.5
1.0 1.3 1.1 1.1 1.0 1.1 1.1 1.1 1.0 .9 1.1 1.0
75 7.1 5.7 7.0 6.9 B2 6.8 7.9 7.4 7.4 6.4 7.3
3.2 3.0 2.4 3.1 3.0 1.9 2.8 2.9 3.0 3.0 15 31
17 9.4 10.9 9.1 9.3 9.1 1.0 5.2 9.6 9.2 6.5 9.9

14.9 10.4 12.2 .1 12.4 14.1 10.3 9.6 101 10 2 15.2 10.9

6250 6478 6350 6406 6478 6311 6367 6783 6517 6467 6350 6311



Alabama Power Company
Barry #2

C-E Power Systems
Field Testing and
Performance Results

TEST DATA
OVERFIRE AIR LOCATION, RATE & VELOCITY VARIATION

TEST NO.

Date
Time
Unit Load - MW

FLOWS - 103KG/HR

Feedwater

SH Spray (Heat Balance)
Main Steam

Turbine Leakage

RH Extract

RH Spray (Heat Balance)
RH Flow (Calc.)

RH Flow (Test)

AIR & GAS FLOWS - 107K6/HR

Gas Ent. AH
Gas Lvg. AH
Air Ent AH
Air Lvg. AH
M Leakage

UNIT ABSORPTION - 106KG-§AL/HR

Economizer
Furnace

Drum - DESH
DESH - SH Out.
RH

Total

PRESSURES
STEAM & WATER - KG/CM?

Economizer In.

Drum

SH - DESH In.
SH Qut.

RH In.

RH Qut.

AIR & GAS - CM. WG
FD Fan Qut.

"B" AH Air Qut,
“B" AH Gas Qut

"D" Elev. Left Rear Fuel Air Comp.
“A" Elev. Left Rear Fuel Air Comp.

Left Mill Duct at Windbox
M111 Air Duct at "B" Elev. Mill
Upper Furnace

TEMPERATURES - °C

STEAM & WATER

SH Qut.
SH DESH In.

15

7/10/74
0:00
97

336
.046
336
15.18
27.18

"295
299

458
509
477
426
51.2

9.88
127.89
34.62
20.92
25.93
219.2

133.5
132.6
130.7
129.6
23.76
22.50

7.11
4.57
-18.80
1.016
-3.05
3.81
2.29
-1.52

509
418

16

7/10/14
2:15
98

340
.682
340
15.31
27.41
2.409
300
300

447
501
470
415
54.7

7.23
131.64
34.37
21.24
27.44
221.9

133.3
133.3
131.3
130.2
23.83
22.57

6.35
2.03
-18.80
0

-3.05
1.52

-1.52

502
416

7

1/10/74
4:00
100

338
.409
338
15.22
27.55
3.273
299
303

442

457
410
46.5

6.15
131.9
34.78
21.39
26.91
221.1

133.1
132.7
130.7
129.6
24.04
22.78

6.86
1.52
-18.29
-.254
-2.54
1.27

-1.52

507
418

23

18

7/12/74
7:25
100

343
.909
344
15.5
28.09

“301
300

466
519

433
52.8

10.3
129.78
36.87
22.81
28.80
228.6

133.3
133.6
131.6
130.4
24.32
23.06

518
424

19

7711774
4:35
100

325

338
15.23
26.14

1.14

298

295

468
519
484
433
52.8

10.16
122.93
38.86
24.97
30.64
227.6

133.1
133.6
131.7
130.7
23.97
22.71

5.33
1.78
-19.81
-.762
-2.29
.762
-1.016
-1.52

514
440

20

111774
23:10
100

337
6.95
344
15.5
25.18
.136
304
298

468
521

436
82.2

10.33
122.99
37.27
24.95
30.79
226.3

133.1
133.4
131.4
130.3
24.25
22.99

518
429

21

1712/74
1:24
102

330
1.5
342
15.4
24. 86

301
297

476
526
493
443
50.1

10.53
124.49
39.56
26.06
32.05
232.7

133.2
133.1
131.3
130.1
24.46
23.20

9.40
3.56
-19.56
-3.56
.254
2.79
1.82
-1.52

523
440

2

112/14
3:30
102

326
15.585
k3|
15.4
24.36

302
299

494
550
515
460
85.7

10.61
122.75
40.24
25.60
31.55
230.7

133.1

133
131.2
130.1
24.46
23.20

6.60
2.03
-19.81
-3.05
1.27
.762
-1.52
-1.52

516
445

23

1/12/74
4:45
102

330
15.45
346
15.59
25.59
0

305
299

492
556
521
457
64.0

10.74
124.41
40.17
25.58
31.75
232.6

133.1
133.2
131.4
130.3
24.32
23.06

6.86
2.03
-19.81
-.762
3.56
2.03
-1.16
-1.582

512
443

SHEET BA



Alabama Power Company
Barry #2

TEST NO.
TEMPERATURES - °C
STEAM & WATER

SH DESH Out.

RH Out.

RH DESH In.

RH DESH Out.
Economizer In.
Economi zer Out.

#5 HP Heater In.

#5 HP Heater Qut.

#5 HP Heater Ext. In.
#5 HP Heater Drain
Spray Water

AIR & GAS

AH Gas In.
AH Gas Out.
AH Rir In.
AH A1r Qut.
Furnace Qutlet (Avg.)

Air Heater Leakage - %
AH Gas Side Efficiency - %
Unit Efficiency - %

PRODUCTS OF COMBUSTION - GR/105CAL.

AH HOT SIDE

Dry Air
Wet Air
Dry Products
Wet Products

AH COLD SIDE

Dry Ar
Wet Air
Dry Products
Wet Products

EXCESS AIR - %

AH In.
M Out.

FUEL ANALYSIS - %

Carbon
Hydrogen
Nitrogen
Oxygen
Sulfur
Moisture
Ash

HHV - CAL/G

5

420
458
298
295
220
247

180
218
293
215
143

300
14]
47.2
260
121

11.19
59.1
90.0

1725
1748
1787
1880

1933
1958
1994
2091

16

44
455
295
287
220
240

181
219
290
213
140

299
140
36.7
262
1099

12.24
56.3
89.8

1657
1679
1717
1806

1876
1900
1936
2028

TEST DATA
OVERFIRE AIR LOCATION, RATE & VELOCITY VARIATION

v

418
457
302
292
220
237

181
220
295
213
140

301
139
35.0
262
1105

10.53
57.2
89.7

1644
1665
1704
1794

1830
1854
1891
1893

18

422
481
305
303
220
244

181
220
298
217
146

301
14
38.4
261
1n32

11.32
57.0
89.6

1675
1697
1733
1828

1879
1904
1938
2034

19

410
492
304
302
219
244

182
220
298
215
145

302
139
31.7
263
1188

10.96
56.5
89.3

1677
1699
1739
1837

1876
1900
1938
2038

20

414
492
304
304
220
249

183
219
298
216
148

301
142
43.9
261
1154

11.15
58.1
90.2

1679
1700
1737
1826

1880
1904
1938
2030

21

414
510
3
31
220
249

184
219
305
217
148

303
143
44.4
263
1221

10.53
58.3
9.1

1694
1716
1752
1843

1885
1910
1943
2037

C-E Power Systems
Field Testing and
Performance Results

409
501
305
306
220
250

185
220
299
216
149

302
142
37.2
259
1216

11.25
56.6
89.0

1751
1774
1810
1908

1963
1989
2022
2123

408
494

301
220
250

184
220
295
217
149

304
143
39.5
263
1199

13.00
56.3
89.1

1729
1751
1787
1884

1971
1996
2029
2129

SHEET 88



8 133HS

ALagama Power Company
Barry P2 C-E Power Sysreus

TEST DATA ERFORMANCE RESULTS
OVERFIRE AIR TILT VARIATION LOAD VARIATION AT OPTIMUM CONDITIONS

JEST nNo. 24 -] 26 27 28 29 X 3 2 33 24 ]
Datc 7/29/74 7/29/74 7/29/74 7/29/74 7/29/74 7/29/74 1 0/14 /3n/18 7/31/14 7/3/14 7/31/74 B/1/14
Tiue 9-40 1105 13:30 15:00 16:30 18-07 21:05 12-22 2:35 21-50 23:35 1:
UNiT Loap - M4 124 124 124 125 125 124 125 97 65 122 95 64
FLows . 10%ke/1m

FEEDWATER 39 415 391 394 384 416 399 301 200 400 05 202
SH Spray (Heat BaLance) 9.05 2 68 21,09 13.5 0.32 1.82 17.717 12.32 4.05 8.59 5.05 127
MAIN STREAM 407 418 212 407 414 418 416 314 204 209 210 204
TureINE LEakacE 18.23 18.73 18.5 18.23 18.55 18.68 18 64 14.18 10 45 18.27 14.0 9.41
RH EXTRacT 31.07 33.14 20.73 -- 31.59 36.04 31.5 20,91 10.45 39.5 23.82 13.23
RH Spray {Meat BaLancg) .909 . 364 727 2.05 3.4 aor 0 2.59 1.64 9.5 3.41 1.86
RH fLow (Carc.) »8 367 364 - 367 366 366 281 185 360 276 183
fH FLow (Test) 355 383 363 359 B7 39 >3 273 185 B5 275 187
AIR & GAS FLOWS - 10KG/HR

Gas EnT. AH 548 566 585 557 586 543 S74 258 3 584 472 329
Gas Lva. AH 597 631 653 628 663 622 624 494 376 645 538 370
AR ENT. AH 559 589 810 586 618 582 582 461 5 602 504 349
Air Lve. AH 509 524 542 515 541 504 532 423 320 541 437 308
AH Leaxace 49.7 65.2 66.4 70.9 77.0 78.2 49.9 3.1 3.6 61.6 66.7 a.1
UNIT ABSORPT ION - 105KG-CAL/HR

Ecenomizer 12.93 12.22 12.98 12.02 9.78 10.33 B.62 9.35 8.27 4.21 3.70 5.44
Furnace 145.13 152.59 142.53 144.47 142.08 154,17 150.04 195.87 78.80 151.80 120.61 81.14
Drum - DESH 55.72 52.09 55.44 55.59 58.14 53 42 57.86 39.46 26.21 55.72 37.72 23.79
DESH - SH Our. 27.64 25.20 29.69 28.20 33.24 24,33 2.10 24,72 14.97 26.51 20.20 13.81
RH 35.51 34.27 37.52 37.62 41.23 36,09 41.83 31.68 21.19 39.99 28.68 9.81
TovaL 276.9 276.4 278.2 2771.9 284.5 278.4 290.4 221.1 149.4 278.2 211,0 144.0
PRESSURES

STEAM & WATER - KG/CMP

Ecomomizer In. 133.6 134.5 133.4 133.4 133.5 135,3 134,2 132.5 131.2 134.7 132.7 131.7
Drun 133.2 133.9 133.7 133.2 133 134.6 134.6 132.4 132.4 134.6 132.7 132.2
SH - DESH [n. 131.3 131.8 131.2 131.0 131.0 132.1 132.7 131.5 131.2 132.2 131.3 131.2
SH Our. 120.2 130.5 129.7 129.7 129.9 130.7 131.7 131.0 130.5 130.8 130.4 130.5
RH In. 29.57 30.23 29,88 29.88 30.02 29,88 29.95 22,92 35.04 29,24 22.64 14.97
RH Our. 28 26 28.82 28.47 28.37 28.61 28,47 28,54 21.65 13.27 27.84 21,37 14.2
AIR & GAS - CM. WG

FD Fan Out. 10.67 10.67 10.92 11.43 10,92 11.68 8.89 4.83 4.3 10.92 .32 3.56
"B" A4 Aim Out a.56 3.05 4,32 3.81 4.32 4.06 2.03 762 1.016 4.32 762 508
"8 AH Gas Our -26.42 -25.91 -26.42 -26.42 -26.67 -26.42 -26.92 -19.05 -14.22 -26.67 -18.54 -13.46
"D" Erev. LEFT Rear Fuel Air Cowp [} [} (] :] [} .254 .508 1.52 1.52 0 3.8 3.81
"A" ELgv. LEFT Rear Fuct AIr Cowp. -2.54 2.29 2,29 2.03 2.03 3.30 .762 -.254 .254 1.78 (] .254
LerT MiLL Duct at Winpeox 2.03 1.78 2.29 2.03 2.03 4.06 1.016 -.254 254 1.7 254 254
MiLL A1R Duct aT "B" ELcv. MiLL 1.27 1.016 1.016 2.03 1.79 3.05 .508 2,03 ,762 1.52 1.27 1.27
UpPER FURNACE -1.52 -1.52 -1.016 ~1.52 -1.52 -1.27 -1.52 -1.52 -1,016 -1.52 -1.27 -1.27
TEMPERATURES - °C

STEAM & WATER

SH Our 547 512 535 545 538 536 554 539 549 548 529 533
SH DESH . 464 448 474 a7 486 451 76 57 456 457 446 438
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ALagama Power Company C-E POVER SYsTEmMs
Barny #2 FileLp TesTiNG aAnD

TEST DATA
OVERFIRE AIR TILT VARIATION LOAD VARIATION AT OPTIMUM CONDITIONS

TEST NO. 2 ) % 2 28 2 . 3 = 33 E1] >
TEMPERATURES - °C

STEAM & WATER

SH DESH Our. 444 442 429 441 a1 448 438 423 438 448 432 432
RH Our. 52 509 529 543 548 516 554 529 528 526 497 498
KkH DESH IN. B0 338 340 356 350 343 361 327 37 345 315 301
RH DESH Ourt. 348 33 338 349 340 334 346 k)i 307 322 N2 2%
EconomiZER In 231 231 231 230 232 232 2% 214 197 237 222 203
Economizer Qut 260 257 261 258 255 254 249 243 235 245 233 228
# HP Heater In 193 193 193 193 193 191 194 182 169 188 180 165
#5 HP Heater Our. 230 230 230 230 232 231 232 216 196 234 217 198
#5 HP Heater Ext N 3a3 fox -] 333 347 k3 333 353 320 305 331 299 290
#5 HP Heater Draim 227 227 228 227 226 227 225 210 192 227 2n 194
SpAAY WATER 155 156 155 151 148 154 144 136 123 147 144 122
AIR & GAS

AH Gas In. k-4 320 23 323 3*6 r1 22 02 287 323 a2 284
AH Gas Our. 149 147 148 150 15% 143 146 140 129 149 144 13
AH AR In. 36.1 37.8 3.8 36.7 30.6 30.0 25.0 22.8 25.0 33.9 33.3 29.4
AH AIr Ourv. 274 272 274 275 276 269 274 265 257 273 267 57
Furnace OutLeT {Ava.) 1238 1221 1293 1232 1310 1188 1288 1238 116 1232 mn 1054
AIR HEATER LEAKAGE - § 9.07 11.54 11.70 1275 13.15 14.37 8.70 8.36 10.14 10.56 14.18 12,49
AH Gas Stoe EfFicicney - 8 57.4 57.4 57.2 55.8 54.6 55.9 56.2 54.9 56.5 S56.4 53.4 54.0
Uit ErFicicncy - § 89.6 89.3 88.9 89 3 88.8 89.4 89.0 B89.1 89.2 89.0 88.2 89.0
PRODUCTS OF COMBUSTION - GR/10°cAL.

A HOT SIDE

Dry AR 1626 1670 1708 1632 1664 1599 1610 1684 1885 1708 1804 1880
Wer Air 1647 1692 1730 1656 1686 1620 1631 1705 1909 1730 1827 1905
Drv PropucTs 1682 1790 1768 1695 1728 1659 1669 1744 1943 1769 1868 1939
Wet PropbucTs 1774 1827 1867 1789 1825 1748 1760 1837 2037 1867 1972 2036
At COLD SIDE

Dry AIR 1785 1878 1924 1860 1901 1847 1761 1835 2089 1903 2079 21N
Wer Air 1808 1902 1949 1884 1926 1871 1784 1859 2116 1927 2106 2159
Ory ProoucTs 1841 1938 1989 1920 1965 1807 1820 1895 2147 1964 2143 21N
WET ProbucTs 1934 2038 2086 2017 2065 1999 1913 1991 2243 2064 2251 2290
EXCESS AIR - &

AH N, 5.9 23.7 5.1 23 20.2 23.7 21 25.2 46.9 27.4 2r.4 45 9
AH OuT. 82 391 40 9 39.1 31.3 42.9 33.0 36.4 62.8 41.9 45.9 65.3
FUEL ANALYSIS - %

Caraon 64 4 635 63.1 63.8 62.9 64.5 65.2 65.8 64 3 64.3 64.0 65 0
HYDROGEN 4.5 44 44 43 4.2 4.2 4.4 4.4 4.4 44 4.4 4.4
N1 TROGEN to 1.2 10 1.1 1.2 10 i.0 11 1.0 9 1.1 1.0
OxYGEN 6.2 6.1 6.1 5.9 5.7 5.8 6.3 6.4 6.9 6.9 5.9 6.9
SutFur 31 3.4 3.2 3.3 3.5 3.3 2.3 1.9 3.0 3.2 2.9 2.9
Mo 15TURE 7.5 8.7 9.0 8.4 8.7 8.1 7.1 7.5 7 9.8 9.7 9.6
AsH 13.3 12 7 13.2 13.2 138 131 13.7 12.9 133 10.7 110 10.2
HHV - CAL/G 6811 6428 6317 6500 6189 6750 6644 6589 6794 6517 6133 6833
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ALasama Power Company

Barry #2
Test No. 1
Dave 11-30-73
Timg 01:55
Loap - M4 66
Frows - 10°LBS/IR

2 0
BFP 28 260
BFP 2C 260
REHEAT STEam 630
CONDENSATE 300
SUPERHEAT SPRAY (]
REHEAT SPRaY 0
FEEDWATER 370
PRiuARY Steamn FLow 450
Air FLow - ReLaTive 470
PRESSURES
STEam & WaTER - PSIG
1sT Svage ExTRACTION 680
8TH 212
127n 78
16TH 23
19t (-1n. He 4+ PSIG) -9
2187 (In. Ho) -20
FEEOWATER REGULATOR INLET 1950
FEEOWATER 1890
Drun 1890
TurBINE THROTTLE 1825
REHEAT INLET 200
ReMeat Bow 194
Exmaust (In. He) -29 0
MaIN STEAM 1850
REHeaT OuTLeT 200
Licut O1L UpPER BurnERs 0
LicgnT O1L LowEr BURNERS [+]
PRESSURES
AR & GAS - IN. Wo
2R TD FaN DISCHARGE 1.8
28 FD Fan DiscHaRGE 1.2
2A PREHEATER OUTLET AIR .7
2B Prevcater OuTLeT AR .8
FurRNace PrEssurt -.5
SUPERHEATER CaviTy 1.0
Econ ImLET -2.7
Economizer OuTLET R.H. =-3.7
Economizer QurLer L.H. -3.5
No. 2A Prexeater DiFr. Gas 1.9
No. 28 Preueater DiFr Gas 1.6
No. 2A | D. Fan Suction -6.4
No. 2B 1.0. Fan Sucrion -6.2
PULVERIZER 2A 1NLET AIR -1.5
ExnausTter 2A Discnarce 13.2
PuLverizer 2B 1nuLET AR -1.6
ExHAusTER 2B DiscHARGE 12.7
PuLverizer 2C InLeT Ain -2.0
ExtausTer 2C Discuarce 12.%
PULVERIZER 2D INLET AIR -1.1
ExnausTer 2D DiscHARGE 4]

2
11-30-73
00-00
65

280
632

400
450
400

3
11-30-73
02 45

67

284
278
640

12.5

_d
ainino

oa

11
W=

2
1-18-74
16-00

93

B0

75
470

660
680
620

SR T PHCY ¥ S
E - LT ELES

BASELINE  STUDY
BOARD DATA

s 3 1

11-14.73  11-28-73  11-28-73
15:10 13:21 10:37

124 123 123
[¢] 0 0
475 475 480
480 485 480
865 865 860
600 600 600
6.0 4.0 21.5
[] [} 0
880 800 70
900 900 800
830 750 950
1320 1310 1310
418 415 415
166 165 165
54 54 54
6.0 6.0 6.0
-13.3 -13.0 -13.0
2020 2010 2005
1950 1950 1950
1940 1920 1940
1825 1820 1820
410 410 408
380 377 375
-28.5 -27.8 -28.0
1850 1850 1840
385 3%0 388
[ o] 0
o [¢] 0
4.5 3.0 6.8
4.0 2.8 6.0
1.5 .5 2.5
1.5 .8 2.5
-0.5 -.48 -0.5
-1.4 -1.5 -1.4
-5.5 -4.8 5.4
-6.75 -6.2 -7.2
-6.80 -6.2 -7.4
4.0 3.5 4.2
3.5 3.1 3.9
-13 8 -12.0 -15.0
-13.8 -12.2 -14.8
-1.3 -1.4 -1.1
14.3 12.8 13.5
-1.4 -1.7 -1.5
13.0 12.2 13.0
-1.8 -1.5 -1.0
12.0 12.0 12.0
-2.4 2.4 -1.8
10.5 12.0 10.2

8
1-15.73

11°10
126

460
480
880
17.8

780

[y
WWW NN st e oy
e e

T
DR ==t oot
W-=oUbaNOOTROLOIAEUBULON

11.8

2

11-19-73
13-04
122

480
470
870
599
17.5
0

780
883
750

1310
410
165

6.0
-13.0

1950
1940
1820

375
-28.0
1850

| I |

U~ )
Slel
aow

"
— — — — — |y
BORLOLO-GBwwhd
OHUDHIAIVLOANO NN

1o

11-19-73
10:00
124

1310
LAk
165

54
6.0
-13.0

1950
1940
1820

376
-28.1
1850

EXLEY-

]

[
U&-lrl?l-- (SR RSN

phroNwobd=d

1t
| =
- &

13.5
-1.4
13.0
-1.5
12.5
-2.0
13.0

12-5-73
01:40
66

665
210
77
21.5
-8.5
-20.0
1930
1890
1900
1825

198
-28.4
1850

12-4-73
23:30
74

75
2n
77

23
-8.5
-20.0
1940
1900
1900
1825
200
190
-28.4
1850

C-E Power SysTems
FreLo TesTing anp
PERFORMANCE RESULTS

13

11-16-73
14:20
125

460
480
880
600

780
€01

1330
420
169

56
6.6
-13.0

1950
1940
1820
415
382
-28.1

- e D
gmumm

Gwbhos~wboN

&

[
- =3
.

12.0

_'li
11-16-73

9:50
125

468
870

-28.1

! oowa
PR ®

]

hi!
b

LR wsuN
phubomoodaboh

._._.
pX LD L
o~

12.2
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8 L3I3HS

ALaBama Power ComPaANY
Baray #2

Test No.

TEMPERATURES

XiR & Gas - °F

BolLER OUTLET Gas L.H.
BoiLer OuTLeT Gas R.H
Economizer Out Cas L H
Fconomizern Out Gas R.H
PREHEATER 24 QuTLeT Gas
PREHEATER 2B QuTLET Gas
PREMEATER 2A INLET AR
PREHEATER 2B INLEY AR
PREHEATER 24 QuTLEeY AR
PREHEATER 2B OuTLEY AIR
PuLvERIZER 2A INLET AR
PULVERIZER 2A INTERNAL
PuLverizer 28 Inter AR
PULVERI1ZER 2B INTERNAL
PuLveR1ZER 2C InNLET AIR
PULVERIZER 2C INTERNAL
PuLverizer 20 InLeT AR
PuLvERIZER 20 INTERNAL

TEMPERATURES
STEAM & WateEr - °F
FEEOwATER

EconouiZER WaTER OUTLET - L H
Economizer Waver OuTLeT - R H
RH Desuen I L H

RH Desurn oOut L H

RH DesupH. In R.H.

M Desupn  out R H,

SuperHEAT OQuy L H

SUPERHEAT QuT.R.H.

TuroTTLE STEam L H.

THroTTLE STeEaM R.H

ReEMEAT OuTLey L.H

ReHEAT OuTLEY R.H.
SUPERHEATER CUTLET

Reneartcr Outier

UPPELR VaLVE CHEST
Lower VaLve CHesT

H P, Exeaust

REnEAT BowL
INTERMEDIATE ExHausT
ConpensaTE Teme,

S.H DesupH. 1N L H
SH Desupk ouT L H
SH Desupn I R.H
S.H. DesupH OuT R.H
Ml
]

SCELLANEOQUS
Fan 2A RPM
| O Fan 2B RPM
F D Fan 2A RPM
F D. Fan 2B RPM
Fan Damper PosiTion - (0-12)
TO Fan oA
1D Fan 2B
FD Fan 2A
FD Fan 28

Drum LEver In. ¥ Komm H20 LeEveL

M2
452
455
565
565
565
565
980
979
975

879
957

2 3
619 641
631 652
532 569
529 570
328 292
292 289

75 71
a0 79
500 511
495 51
460 453
140 143
460 462
159 159
441 458
159 158
70 80
70 80
4912 412
445 470
446 470
502 580
502 SB0
502 580
502 580
917 1020
920 1003
920 1008
920 1007
821 951
809 930
an 999
829 948
900 978
85 0
501 578
8§35 938
376 458
95 B
740 878
7130 811
738 87¢
134 826
400 480
400 480
340 365
340 380
48 8.0
53 g 4
25 3.8
26 38
-10 -10

480
480
440

BASELINE
BOARD DATA

660
671
620
622
312
311
102
108
538

479
150
482
150
470
160
430
159

110

848
838

839

660
660
510
547

12.0
12.0
1.6
11.6

-0.8

949
461
115

849
833

815

STUDY

I~

812

680
680
660
650

11.4
it1.2
10.9
10.9

-1.0

662
672

622
3
311

99
539

472
145
480
160
479
160
485
155

110

870
821
878
839

660
660

540

12.0
12.0
1.6
11.6

656

931
445
12

865

a3
0

620
640
450
460

12.0
120
5.8
60

-0.8

669

663
680

600
12.0
12.0
11.6
11.6

~0.5

621

540
531
a3
29

499
480
158

150

440
160

755

414

578

1013

680
680
540
540

12.0
12.0
11.6
1.6

-0.25

C-E Power SvysTems
Fiteo TesTing ano
PERFOANANCE RESULTS

Hno



26 LI3HS

ALagama Power Company
Barry #2

Test No.

A MiLL AMPS
B MiLL AMPS
C MiLL AMPS
D MiLL AMPS

ExnausTER Damper PosiTion - § Open
Q - 12 ScaLe

MiLL 2A

MiLL 2B

MiuL 2C

MiLL 20

PuLver1zER FEEDER Car - § Open
0 - 12 ScaLe

MiLL 2A

MiLL 28

ML 2€

MiLL 20

SPRAY VaLve PosiTions - § Open
SH SeRaY L
SH Seray R
RH Seray L
RH Spray R

BURNER TILT PoSITION - DEGREES
R
RR
LF
RF

FecowaTer VaLve - % Open {0-12 ScaLe)
AIR HTR. 2A Recirc. Damrer - § Open
A1rR HTR. 2B Recirc. Damrer - § Open

1 4
11.0
1.5

]

wws
COoO®mW

16
16

[ N o)

N

40
39

_,_
==z
ocbon

Usdh

co~b»

0000

+13

51

+2

+6
+6

8.1
39
50

omNl

[+ XeXeNo)

+10
+10

8.0
52

BASELINE

44
44

11.4

43

STUDY
BOARD DATA

1~

-

538> ittt

ocolld

+10

+10
+7

12.0

o

-22
-22

12

-22
-22
-22
-22

12
27

B LLid

C-E Power Systems
FiELD TesTING AND
PERFORMANCE RESULTS

-22
-2
-22
9.8

36

@®OO

[ VR
ooOnNWw

ool



ALaBama Power ComPaNy
Barry #2

Test No.

Date
Time
Load - MW

Flows - 10°LBS/HR
BFP 2R

BFP 2B

BFP 2C

Reheat Steam
Condensate
Superheat Spray
Reheat Spray
Feedwater

Primary Steam Flow
Air Flow - Relative

PRESSURES

Steam & Water - PSIG
TSt Stage Extraction
8th

12th

16th

19th (-In. Hg* + PSIG)
2ist (In. Hg)

Feedwater Regulator Inlet
Feedwater

Drum

Turbine Throttle

Reheat Inlet

Reheat Bowl

Exhaust (In. Hg)

Main Steam

Reheat Outlet

Light 011 Upper Burners
Light 031 Lower Burners

PRESSURES

Mr X Gas - In W

ZE YD Fan Discharge

2B FD Fan Discharge

2A Preheater Qutlet Air
2B Preheater Qutlet Air
Furnace Pressure
Superheater Cavity

Econ. Inlet

Econom zer Qutlet R.H.
Economizer Qutiet L.H.

No. 2A Preheater Diff. Gas
No. 2B Preheater Diff. Gas
No. 2A 1.D. Fan Suction
No. 28 I.D Fan Suction

PO

N NN S P L) e

BIASED FIRING STUDY

v

1-19-74
09:10

66

220
230
635
330
3a

390
450
580

- P
MO NODODOOINLION

—— N W
« Dme o s e
COONVWW—=WNOOWN

LeaNnwaMwDOOOD
commdihs L.

—

BOARD DATA

18
12-4-73
ol:

:30
103

360
385
790
470
17.5

600
700
705

1040
328
128

0.0
-16.0
1980
1920
1920
1825
32
300
-28.2
1850
310

0

[]
CONWNUNHAE— | =W

[}
L
VN NOB MWD NOD D —

e
« . - B . .
N=WwoOOOoWRLBEXO

1
12-5-73 12-6-73
23:50  02:3

99

360
403
770
470
4.9

690
660

1020

320
125

38.5

0.0

-16.0
1975
1910
1910
1825

316
291

-28.4
1850

301
26

- N

OO NN —-

20

:30
102

360
403
770
460
8.3

690
705

1030
320
125

39.5

0.0

-16.2
2000

1925
1925
1830
317
293

-28.4

1850
302

26

N

[ )
QWOWNNUTO & — 1

O L VWWNWWOBISIY LT LY

—_

—_

]
WONWUIONLSE— ] — e W

1-18-74 1-1
20:30 5

94

350
400
760
460
3.0

660
675
750

1000

315
120

37.0

0.0

-15.2
1980
1910
1910
1830

308
286

-28.5
1850

297

DomMNMONSDNO N

‘.l PO —
N—=DWHNOoOOONNUBION

e 210
NN NWHW—.

Voo
NN NW W — 1 O -

23

1-19-74
13

30
64

250
200
640
341
2.5

240
450
500

670
212

20.5
-10.5
-20.2

2035

1895

—mbwwooOoOMMULION

C-E Power SYSTEMS
Fi1eLo TESTING AND
PerFORMANCE RESULTS

1-19-74

11:30
166

240
210
640
325
10.0

400
442
575

670
210

20.5
-11.0
-21.0

2025

1890

1900

1835

199
190
-29.2
1850
200

26

Lw—'l D e
SO WOO— RN N

~NN - NS

SHEET 10A



ALaBaMa Power CoMPANY
Barry #2

Test No.
PRESSURES (Cont'd

ir as - In,
Pulverizer 2A Inlet Air

Exhauster 2A Discharge
Pulverizer 28 Inlet Air
Exhauster 2B Discharge
Pulverizer 2C Inlet Air
Exhauster 2C Discharge
Pulverizer 2D Inlet Air
Exhauster 20 Discharge

TEMPERATURES
ir as - °F

Boiler Qutlet Gas L.H.
Boiler Qutlet Gas R.H.
Economizer Out Gas L.H.
Economizer Qut Gas R.H.
Preheater 2A Qutlet Gas
Preheater 2B Qutlet Gas
Preheater 2A Inlet Air
Preheater 2B Inlet Air
Preheater 2A Outlet Air
Preheater 2B Qutlet Air
Pulverizer 2A Inlet Air
Pulverizer 2A Internal
Pulverizer 2B Inlet Air
Pulverizer 2B Internal
Pulverizer 2C Inlet Air
Pulverizer 2C Internal
Pulverizer 2D Inlet Air
Pulverizer 2D Internal

TEMPERATURES
Steam § Water - °F
teedwater

Economizer Water Qutlet - L.H.
Economizer Water Outlet - R.H.

RH Desuph. In L.H.

RH Desuph. Out L.H.
RH Desuph. In R.H.

RH Desuph. Out R.H.
Superheat Out L.H.

Superheat Qut R.H.

Throttle Steam L.H.
Throttle Steam R.H.
Reheat Qutlet L.H.

Reheat Outlet R.H.

Superheater Outlet
Reheater Qutlet

Upper Valve Chest
Lower Valve Chest
H.P. Exhaust

Reheat Bowl
Intermediate Exhaust
Condensate Temp.

BIASED FIRING STUDY

388
462
466
574
574
574
574
1000
1008
998
998

941
990
913

975
100
568
918
440

95

16

-1.2
12.0
-1.0
13.2
-1.0
12.0
-1.2

0

649
660
598
591
312
285
109
102
520
503
478
160
480
160
462
162

95

445
480
480
596
596
596
596
986
998
985
985
901
961
979
930

965
101
595
937
451
105

17

-1.0

445
478
480
585
585
585
585
978
970
970
970
920
885
955
920

952
100
589
918
435
107

101

DATA

18

-] -

P N=—
.. « = s w e
(=X X-NT-N.-F R N.-]

L
N =

449

481
609
609
609
609
1006
992
995
995
955
909

950

971
101
609
937
455
106

639
650
579
578
290
290

7N

69
512
518
480
137
100
100
475
130
479
125

442

577
967

— s b =}
— et Nt N -t
LVeNvodoN

445
479
479
611
611
611
611
996
1009
1000
1000
955
904
990
950

1019
90
632
975

470
103

N =
ONN = () —
NOWONWON

646
650
590
580
310
278

102
515
495
110
110
478
155
460
160
460
142

425
472
472
551
551
551
551
941
937
938
938

867
981
866

921
101
555
870
401
106

C-E Power SYSTEMS
FieLp TESTING AND
PERFORMANCE RESULTS

—t | b g o}
ONN =N N
COWOoOULMOoOOO~

637
640
561
561
298
302

85
502
510
110
110
460
150
460
160
470
180

412
457
456
505
505
505
505
928
921
927
920
819
828
910
879

900
101
500
830
378

97

-
1O —

—y =y
ON =t

P “ e .
ooUomoOo N

413
458
451
515
515
515
515
939
930
930
930
829

923
840

908
100
509

385
97

—_—) -

(]
ON O —t it s
[ N -X-N. . R T R

413
468
468
575
575
575
575
1000
998
998
998
922
946
987
942

976
100
568
932
458

95

SHEET 108



ALanama Powpr ComPany

Barry §7
Test No
S H Desuph 1n L H.
S Il Desuph Out L.H
S H Desuph 1n R.H
S 1 Desuph (Out RH

IISCCLLANEQUS

17D " Fan ZR RPM

1D fan 28 RPM

F D Fan 2A RPM

f D Fan 2B RPM

Fan Damper Position - {0-12)
[0 Fan 2K

ID fan 28

FD Fan 2A

fD Fan 2B

Orum Level In ¥ Norm. "20 Level

A M1l AMPS
B 11 AMPS
C th11 AMPS
0 M1l AMPS

Exhauster Damper Position - % Qpen
120 FuTT Scale

M1l 2a

M1 28

mill 2c

M1l 20

Pulverizer Feeder Cap - .
120" Full Scale

mi 2a

M1l 28

M1 2c

M1 20

Spray Valve Positions - . Open
SH Spray [
SH Spray R
RH Spray L
RH Spray R

Burner Ty1t Positions - Degrees
LR
RR
LF
RF

Feeduater Valve - % Open (0-12 Scale)

Air Htr 2A Recirc. Damper - ', Open
Ar Htr 2B Recirc. Damper - : Open

BIASED FIRING STUDY

ococoo

BOARD DATA

16

811
800
855
820

540
540
530
535

120
39
41

1

848
797
840
792

o838

57
56

47
4]

-18
-18
-18
-18

120
32
34

1N

870
816
858
809

560
560
430
440

[--N--N.-0-,]

7

7.
6.
6.
-1.0

42
43

82
63

64
58

64

47
41

-9
-10
-10
-10

120
31

19

809
796
799
770

520
520
380
380

78
7.8

4.1
=20
42

42
44

388

54
52
54

37
17

-9
-9
-9
-10

12.0
42

-2
-2
-2
-2

8.4
20

ocoococo

+8
+10
+10

12.0
37
40

C-E Power SyYSTEMS
F1eep TESTING AND
PERFORMANCE RESULTS

805

[~ =N

coooo

~
~ o

32

oooo

v oOoooo

32

-18
-19
=17
-16
3.0

32

SHFET 10C
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Vil L33HS

ALaBama Power Company
Barry #2

TEST NO

Dave
Tixe
Loao - MW

FLOWS - 10°LBS/HR
- L I /R

BFP 28

BFP 2C

REMEAT STEaM
CONDENSATE
SUPERMEAT SPRAY
REHEAT SPRAY
FECOWATER

PRIMARY STEAM FLOW
Air FLow - RetaTive

PRESSURES

Steam & WaTer - PSIG
15T STAGE EXTRACTION
8TH

1271

1671

194 (-IN. Ho + PSI1G)
2187 (IN. He

FEEOWATER REGULATOR INLET
FEEDWATER

DruM

TurRBINE THROTTLE
REHEAT INLET

Reneat Bowt

ExmausT (In. Hg)

Ma1n STEAM

REHEAT OUTLET

Lickt OiL UPPER BURNERS
Liontr OtL Lower BURNERS

PRESSURES
iR E GAs - IN. Wo

AN 1SCHARGE
28 FD Fan DiscHaRGE
2A PREHEATER OUTLET AIr
28 PREHEATER QUTLET AIR
Furnace PRESSURE
SUPERHEATER CAvITY
Econ. InNLET
Economizer OuTLET R.H.
Economizer QutLeT L.H.
No. 2A Prevcater DiIFF. Gas
No. 2B Preueater Dirr  Gas
No 2A 1.D. Fan SucTion
No 28 1.D. Fan Suction
Putveri1zErR 2A INLET AIR
ExHaUSTER 2A DiSCHARGE
PuLverizER 2B InLET AIR
Exnuaster 28 DiscHaroe
PULVERIZER 2C TNLET AIR
ExHausTER 2C DiISCHARGE
PuLver1zer 20 1aLET AIR
ExuausTER 2D DiscHarcE

6/25/74
2-30
62

0

600 vo 520
[}

642

29.0
0.0
440
440
460

650
210
75

-12
-20 0
1950
1870
1870
1825

197
-27.6
1840
195
24.0
25.2

F 3

ohwunPwRPOPMOwRUoTRooud

LoboLB Lo aNbbhI L cmap

600

2

6/25/74
4-25
62

[o]
vo 520
0

650
400
29.0
0.0
440
450
390

660
210
76

-12
-20.0

1850
1860
1850

192
-28.2
1825

240
25.2

onpmatMORNUo®

-] -
S OWD— s AU =

BOARD DATA

BASELINE STUDY AFTER MODIFICATION

3

6/25/14
6-38
64

o

600 to 520
o

650

380

29.0

o0

440

440

622

660
210

-12
-20 0
1950
1900
1890
1835
197
187
-28.2
1850
197
24.0

SOWO O~ BONNAEIWS: ==DN
ONNBENOBNURONNINDORAN -~

4

6/27/74
9:30
92

335
275

610
.0

640
665
600

3

6/19/74
13:24
3

574
524

770
3.0

930
965
a80

Ladwavibi,prouaw
OOV BN—-O0OMO—=NNONON

-

._.
]
Bo

1

Lo
T a
Rin

12.5
-1.75
it.5

6

6/271/14
11 18
127

550
480

740
0.0

910
945
820

-y - [
ShrLRWEWNDO R, s
ONMNOAaON=~NOULUIOOUNWL

1 -
[

12.0

1
-
o

120

1
8/21/74
3:05
125

525
410

700
34.0

910
930

1350
427
17

55
5.0
-12.0

2050
1970
1940
1840
421
388
-27.8
1875
402

NubLipoo
gl\!l\)UIO

N-'#&Ph\lﬂ
~NOO~NW—=DBND~-—

6/20/74
94
10

568

741

870

1.0

10

6/28/74
14:45
125

1370
174

5.0
-12.1

1960
1940
1825
424
3%
-28.0
1850
404

[ N |
[V RS RS )

| o )
O-N=BpWH NN

A UND—=Ob—=b=~NNDOOOWU

n

6/26/74
1:23

C-€ Powir SrsTems
FieLo TeEsTInNG anD
PeRFR MANCE RESULTS

12 13 AL}
6/26/74 6/28/14 6/28/74
4:05 11:25 9:20
68 126 125
1} 0 [}
0 530 530
490 425 425
680 900+ 900+
400 720 720
3.0 33.0 2.0
0 o o
400 880 890
460 925 930
660 820 930
700 1380 1380
220 43% 431
80 175 175
22 56 56
-n 5.2 5.0
-20.0 -12.1 -12.2
1950 2050 2050
1900 1970 1970
1880 1940 1940
1825 1830 1835
215 428 428
198 392 392
-28.1 -28.0 -27.2
1850 1855 1855
210 402 406
23.7 0 0
24.9 0 0
3.1 4.2 5.5
2.7 4.0 5.0
1.2 1.2 2.0
1.2 1.2 2.0
-.475 -.44 -.05
-1.0 -1.5 -1.2
-3.75 -5.7 5.7
-4.8 7.4 .7.3
-4.8 -1.5 7.4
2.7 4.0 4.1
2.0 3.2 3.4
9.1 14.5 14.8
9.0 18.1 14.2
-1.3 -1.5 -1.2
1.2 13.2 13.4
-1.2 -1.4 -1.2
9.9 10.7 11.5
-3.25 -a.2 -2.8
10.4 1.5 12.0
-1.2 -2.0 -1 8
0 120 12.3
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g1l L33HS

ALasama Power Coupany
Barry #2

TEST NO.

TEMPERATLRES

Air & Gas - °F

BoiLER OUTLET GAs L H.
BoiLer OurLeT Gas R.H,
Econont12er Out Gas L.H
Economizer Out Gas R H.
PREMEATER 2A OUTLET Gas
PReneaTER 28 OUTLET Gas
PREHEATER 2A INLET AIR
PREHEATER 2B INLEY AIR
PREMEATER 2A OUTLET AIR
PrexeaTer 28 OutLet AR
PuLVER1ZER 2A INLET AIR
PULVERIZER 2A INTERNAL
PULVERIZER 28 INLET AIR
PuLver1ZER 2B INTERNAL
PuLverizer 2C INLET AIR
PULVERIZER 2C INTERNAL
PuLVERIZER 2D INLET AIR
PuLverizer 2D INTERNAL

TEMPERATURES
STEAM & WATER - °F
i EEDWATER

Economizer WaTer OuTLetr - L H
Economi2ER WaTER OuTLET - R H

RH Desupx. INL H
RH Desupu. Out L H
RH Desupu. INRH
RH DesuPH. Out R.H.
SurerHEAT OuT L H.
SuPERHEAT QuT. R H
THROTTLE STEAM L H
THROTTLE STEaM R H
ReHeaT Outiey L H
REHEAT OuTLETY R.H.
SuPERHEATER OuTLET
REMEATER OuTLET

UrPER VALVE CHEST
Lower VaLve CHeESsT

H P. Exnaust

ReHEAT BowL
INTERMEDI1ATE ExnausT
ConpDeENsSatE TENP.

S H Desupn. INL.H

S H. DesupH. Out L H.
S.H Desupu. IN. R H.
S H. Desupn. Out R H

M1SCELLANEQUS

T D Fan 2A RPM
I D Fan 2B RPM
F D. Fan 2A RPM
F D Fan 2B RPM

Fan Damper PosiTion - (0-12)

1D Fan 2A
1D Fan 2B
FD Fan 2A
fD Fan 28

DRum LEveL In. T Hoam HEO LEveL

[

408
440
439
495
495
495
495

915
916
918
821
811
917
815

860

470
801

110

749
738
749
740

408
430
429
461
461
461
461
872
872
870
862
780
760
875
755

439
750
312
107

701
696
709
701

BOARD DATA

BASELINE STUDY AFTER MODIFICATION

2

631
642
548

408
460
459
562
562
562
562

998
998
994
912

4 5 3
628 660 647
638 669 657
552 612 594
558 615 600
292 290 295
282 290 305

98 100 105

98 101 109
496 509 508
4N 510 512
430 460 430
150 140 140
440 480 450
140 145 140
425 475 442
139 180 135

80 475 455

80 175 155
440 472 470
460 492 486
460 492 485
547 638 629
547 638 629
547 638 629
547 638 629
935 982 979
U 980 978
9 978 977
91 980 975
858 932 926
850 925 907
940 982 976
850 924 N7
870 909 9208

97 105 99
-—— 600 ——
820 890 882
——- 419 -—-
107 127 119
770 835 B18
760 820 804
765 821 B10
757 810 801
500 685 650
500 675 650
430 630 530
430 625 530
72 12 98
71 12 100
43 12 B 4
44 12 86
4.0 -30 -4

470

490
610
610
610
610

961

960
961

964
912

101

470

175

897

127

658
661

610
299
299
101
101
520
520

140
470
140
475
240
475
175

652
662

612

120
122
504

410

440
160

160
455
180

896
10t

875

15

851
an
850
820

690

580
585

12.0
12.0
120
120

-2.2

C-E Power SYSTEmS
Fiero TESTING aND
PerFOoRMANCE RESULTS

640
650

g884

o wwon

'
&

651

489
621
621
621
621
972
968
968
970
938
911
975
924

891
100

875

120
845

845
811

1e

842
B19
847
826
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il L33HS

ALaBAMA Power Company
Barry #2

TEST NO.

2A MiLL AMPS
28 MiLL AMPS
2C MitL AMPS
2D MiLL AMPS

EXHAUSTER DAMPER POSITION - § OPEN
0 -_12 ScalE

MiLL 2A

MiLL 28

MiLL 2C

MiwL 2D

PULVER| ZER FEEDER CAP - % OPEN
Q.12 Scaie
MiLL 2A
MiLL 28
MiL 2C
MiLL 2D

SPRAY VALVE POSITIONS - % OPEN
SH Spray L
SH SpRay R
RH Sprav L
RH Spray R

BLRNER TILT POSITION - DEGREES

LR
RR
LF
RF

FecowaTER VALVE - % Open (0-12 Scare)
AIR HTR. 2A Recinc. Damper - § Open
AIR HTR Recinc. Damper - % OPEN

=

o4

H D
onuN

U.&h
oo0o0o 0000 oonmn

Y

I

oty

sUa
onuUw

W

oONwwW

0000

10

10
8.8

BOARD DATA

BASELINE STUDY AFTER MODIFICATION

HUl N~ w
onwo oYy

vas
CwQO

0000

-13
-10
-12
8.7

39

[F

Y11

auu
oL

auma

O®d

[oJeoRoNe]

+7

1.5
52
32

13}

o000

o

LR R
HbOH

gy
Oma b

[-X-N-Ne)

-2
-2

11.4
48
49

PPSY 3saglq

SDadd

UIGU?I
[ X=X

-22
-26
-22
-24

1.4
48
44

v
[ NS RN

g ouv
DU =

1o

-9
=1t

-10
12+
26

UIUIU'?I
nadd

moun
aoaouv

o089

3a% Lobd

o 2%

N h S ¢
oD

.
O™

o000

-12
-9
-10

12+
41
41

C-£ Power SYsTeEms
FieLo TESTING AND
PERFORMANCE RESULTS

12 13 14
k3 36 3%
33 £ »
30 38 36
[ 36 36
a.4 68 6.8
4.5 5.9 5.8
3.8 5.7 5.6
0o 5.8 5.8
4.4 5.7 5.6
4.4 5.7 5.6
3.7 6.2 6.1
) 5.8 5.8
65 40 30
64 8 »
) o 0
o ° °
-10 -3 -3
-10 -3 -3
-8 0 0
-9 -1 -1
8.5 12+ 124
2 % 4%
4 43 43



ALapama Power ComPany
Barry §2

TEST NO.

Date
Time
Load - MW

FLOWS - 103LBS/HR

BFP 2A

BFP 2B

BFP 2C

Reheat Steam
Condensate
Superheat Spray
Reheat Spray
Feedwater

Primary Steam Flow
Air Flow - Relative

PRESSURES
STEAM & WATER - PSIG

Ist Stage Extraction
8th

19th (-1In Hg. +PSIG)
21st (In. Hg)

feedwater Regulator Inlet
Feedwater

Drum

Turbine Throttle

Reheat Inlet

Reheat Bowl

Exhaust (In. Hg)

Main Steam

Reheat Qutiet

Light 011 Upper Burners
Light 011 Lower Burners

PRESSURES
AIR & GAS - IN. WG

2A FD Fan Discharge

2B FD Fan Discharge

2A Preheater Qutlet Air
2B Preheater Outlet Air
Furnace Pressure
Superheater Cavity
Economizer Inlet
Economizer Qutlet RH
Economizer Qutlet LH

No 2A Preheater D1ff. Gas
No. 2B Preheater Diff Gas
No 2A ID Fan Suction
No 2B ID Fan Suction
Pulverizer 2A Inlet Ar
Exhaust 2A Discharge
Pulverizer 2B Inlet Air
Exhauster 2B Discharge
Pulverizer 2C Inlet Ar
Exhauster 2C Discharge
Pulverizer 2D Inlet Arr
Exhauster 2D Discharge

TEMPERATURES
AIR & GAS - °F

Boiler Qutlet Gas LH
Boiler Qutlet Gas RH
Economizer Qutlet Gas LM
Economizer Qutlet Gas RH
Preheater 2A Outlet Gas
Preheater 2B Qutlet Gas
Preheater 2A Inlet Air
Preheater 2B Inlet Air
Preheater 2A Qutlet Air
Preheater 2B Qutlet Air
Pulverizer 2A Inlet Air
Pulverizer 2A Internal
Pulverizer 2B Inlet Ar
Pulverizer 28 Internal
Pulverizer 2C Inlet Air
Pulverizer 2C Internal
Pulverizer 2D Inlet Air
Pulverizer 20 Internal

DATA

OVERFIRE AIR LOCATION, RATE & VELOCITY VARIATION

15
710774
0 00

1060
334
131

-15.2

315

NN

| I R A |
. . e Sme
OPAONOWVLONOOAVLWLWONDOOON

——
-ttt D) = OONNILN &=

— o —

16
1710/74
2415

98

415

- )

I L
e e e N T
COOWONONOOWOLNNONRO O~

—
—N= WO —~— 1 QONNNU & =

1
7/10/74
4:00
100

30.0
0

690
720
660

) — (N 2
ey f

w . . .
MNOOWOMNVUNOONLNNONDD—~OWV-—

—-——r 1
Voo NN A,

- ) oy
—_N = —~

18
112/714
7:25
100

425
365
835
535
29.8
0

700
725
675

1080
340
135

41

-15 2
2000
1950
1930
1845
332
309
<27 3
1865
321
23
25

nN W

T
. . - Ve Bme s e
NEAOQUINOONUIUIHOUUINRDOOODWLO

—OONWINU & —-

b

- g oy
e N — —

106

19
/14
435
100

410
355
805
525
36.0

650
715
680

1060
340
132

-15.6
2000
1940
1920
1835

330
305

-27.4

1850
319

25

L LA
—— N W

M . . Bty Y .
COONNELOVOINNNPOONO

-
1 CQONNWUIL B

20
/74
23.10
100

420
360
820
540
31.9
0

685
725
720

1070
340
135

-15 2
2000
1940
1915
1835

330
308

-27.4

1850
320

25

— )

I L]
o~

- —
- OONWINUL &=

- bagd - o 4 s e
NoOWMUIONWWAROoOUIL—NOINWUNWY

]
——
—

« o~
W

640

573
579
289
297
105
110
489
500

100
440

440
160
455
160

2
MN2/74
1-24
102

1080
342
136

42
0
-15.2

2000

1940

1920

1835
335
310

-27 3

1850

322
23
25

-

[
&

. " &
ONUIBNON—NNBONOWNINREORO

— —t— '

[—
-t N -t | et £ O N DNV D

C-E PowerR SYSTEMS
FieLp TesTiNg anD
PERFORMANCE RESULTS

2
N2174
3:30
102

1080
348
136

-15.2
2010
1950
1925
1840

314
-27.3
1855
325
23

25

— 1 W

[
Y

L I T
OB NDOPOON—~DBBENNEONO

-y ot —
—_—E = N — =N WG & —

[ ——

2
1712/74
4:45
102

— 2 )

Lo
"y

[l
— 0N G NN S —

- )
-~ ~N .
ONOPOUVIONOO ~NNAWN=—00 &

-N NN ~N

645
652
579
586
290
298
98
101
495
507
425
140
445
150
455
155
80
80

SHEET 12A



ALaBAMA Power COMPANY
BarrY §2

TEST NO_
TEMPERATURES
STEAM & WATER - °F

Feedwater

Economizer Water Qutlet - LH
Economizer Water Outlet - RH
RH DESH Inlet LH

RH DESH Qutlet LH

RH DESH Inlet RH

RH DESH Outlet RH

Superheat OQutlet LH
Superheat Qutlet RH
Throttle Steam LH

Throttle Steam RH

Reheat Outlet LH

Reheat Qutlet RH

Superheater Qutlet

Reheater Qutlet

Upper Valve Chest
Lower Valve Chest

HP Exhaust

Reheat Bow!
Intermediate Exhaust
Condensate Temperature

SH DESH Inlet LH
SH DESH Qutlet LH
SH DESH Inlet RH
SH DESH Outlet RH

MISCELLANEQUS

ID Fan 2A RPM
ID Fan 2B RPM
FD Fan 2A RPM
FD Fan 28 RPM

FAN DAMPER POSITIONS (0-12)

ID Fan 2A
1D Fan 2B
FD Fan 2A
FD Fan 2B

Drum Level In. + Norm. H30 Level
2A M111 Amps

2B M111 Amps

2C Mill Amps

2D My11 Amps

EXHAUSTER DAMPER POSITION - X OPEN
0-12 SCALE

M1l 2A

M111 28

Mil 2C
M1l 20

PULVERIZER FEEDER CAP. - % OPEN
0-12 SCALE

M1l 2A
M1 28
Mill 2C
Mill 20

SPRAY VALVE POSITION - % OPEN

SH Spray L
SH Spray R
RH Spray L
RH Spray R

BURNER TILT POSITION - DEGREES

Feedwater Valve - X Open (0-12 Scale)
Air Htr. 2A Recirc. Damper - % Open
Awr Htr. 2B Recirc Damper - % Open

15

19

809
795

788

560
560
540
540

Py
anoo

- b
noaso

[-X-X-1-]

550
540
450
460

sHon
apco

X ¥ 3
oL O

ocoooo

BOARD DATA
OVERFIRE AIR LOCATION, RATE & VELOCITY VARIATION

n

540
540
450
460

12+
12+

8.2
45

36
42

Pl
[ Y- X X-3

o
oo

oo

18

560
560
450
460

o
AN O

S o
o000 - Y]

o000

19

560
560
460
470

LY Y.
SsLdO

crann
NN O

52
52

+1
-1
12+

187

570
560
500
500

soo
Y- -r ¥-]

aoe
LOWO

36
36

12+

575
570
520
520

12+

S 00 &
(=2 -F_X--]

(L%
o woo

C-E Power Systems
Fieed TESTING ARD
PERFORMANCE RESULTS

120

843
772
842
778

580
580
450
460

12+
12+

12
-4.5

w100 U
[-X-X_¥ -]

[
oo o

120

775

480
480

w o o
obbWw

wcranon
cwveanr

SHEET 128
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J2l L133HS

ALaBama Powcr Company
Barry §2

TEST NO

Dave
TiMe
Loap - M

FLOWS - 10°LBS/HR
BTP—LaA

BFP 2B

BFP 2C

REHEAT STEAM
CONDENSATE
SUPERHEAT SPRAY
REMEAT SPRAY
FEEDWATER

PriIMARY STEAM FLow
AIR FLOw - RgLATIVE

PRESSURES
TTEAN & WaTER - PSIG
1sT Stace ExTRACTION
BTH

12TH

16TH

1911 (-In He- + PSIG)
21st {In He)
FEEDWATER REGULATOR INLET
FEEDWATER

Drum

TurBINE THROTTLE
REHEAT INLET

REMEAT Bow

Exnaust {(In Heo)

MaIn STEAM

ReHeEAT OuTLET

LiguT OiL UPPER BuRKNERS
LignT O1L Lowtr BumRNERS

PRESSURES

Air £ Gas - In Wo

2A FD Fan DiscHARGE

28 FD Fan DiscHARGE

2A PreugavTer OUTLET AR
28 PreveaTeEr QuTLET AIR
FURNACE PRESSURE
SUPERHEATER CaviTy
Econ. ImLeT

EconomiZER OUTLET R.H
Economizer OuTLeT L.H
No 2A PreneaTErR DiFF. Gas
No 2B PreHeEaTER DiFF. Gas
No. 2A 1.D. Fan Suction
No. 2B | D. Fan SucTion
PuLveri1zer 2A INLET AIR
ExHAUSTER 2A DisScHARGE
PULVERIZER 2B INLET AIR
Exnauster 2B DiscHARGE
PULVERIZER 2C INLET AIR
ExnausTeR 2C DISCHARGE
PuLveriver 2D INLET AIR
ExHAUSTER 2D DiSCHARGE

2
7/29/74
9 40
124

500
410

620
330

820
900
800

1320
420
168

55
59
-125

2030

1950

1930

1825
an
380

-27.2

1850

3%

o
- -
8 (DR R T

ONNNO=N=2dLWN~NU-—
VOO OoOOoOOoOWOoaUIWUD—-TW

g ) ) ) s s

s

7/29/74
11-05
124

510
415

630
31.0

870
915
797

1350
425
170

56
6.0
-12.2

1950
1920
1825
420
386
-27.1
1850
398

! wmaan
N

oU-0aUIOMONSNNmW

'
=) = WA NNU -

) e

BOARD DATA

OVERFIRE AIR

TILT VARIATION

26 a7 28
7/29/14 7/29/74 1/29/74
13 30 15 00 16-30
124 125 125
0 [\} (4}
500 500 500
410 410 a10
900+ 900+ 900+
625 620 625
40.0 35.0 48.5
o 0 0
800 810 800
865 902 900
800 799 785
1300 1320 1319
420 420 a2
170 170 172
55 56 56
6.0 6.0 6.2
-12.5 -12.5 -12.4
2020 2020 2010
1950 1950 1940
1930 1925 1915
1825 1820 1820
am 27 418
380 384 385
-27 1 -27 1 27 0
1850 1850 1850
393 398 398
0 [+] 0
o o 0

-
[
-

~ -
=NV~ ~D2HWHNNUI = DD
COOUICoOONOUUNOA~ NNV OOHY

JOYOWUUQUNOULOANNNDUVLOULWL

O=NNDW=N=BbBWHANNU =y

- | -
-]

-

-y
-y =

29

7/29/74
18:07
124

510
415
900+
60
31.5

860
810

1340
421
mn

S5.5
6.0

-12 2

1950
1940
1825
415
381
-27 0
1850
3%

[ D I I |
= pooa
Sooco=

e —
=S N Y= = SbWwH NN =

UOAUOL2ONOOUMAOA~—-UIN

Y
7/30/74
21 05
125

1335
422
172

56.0
6.0

-12.5

1960
1940
1835

418

-27 0
1860
398

C-E Power SysTems
Fiecp TESTING aND
PerroRMANCE ResuLTs

LOAD VARIATION AT

OPTIMUM CONDITIONS

7/31/74
1222

390
330
810
480
35

620
680
635

10 !
& oo
Bruoi

- | e b
Srwo-B-Sopphae=
ONUUUVQOOL~0OhObLHA®ON

£

7/31/74
235
85

270
665

31.0

455
540

690
219
79

-12
-20.0
1935
1925

1850
204

-27.8
1865
200
24

1} ]
— ok o
-
culhiriio-boduule

omomOoOWn

- Q=N NN =H DN - ;

EX]

7/31/74
21-50
122

S00

625
33.5

840
895
800

- -

[LAT XV Y.

Y}

SHWHNNN -
N~NOOUIN &

&

abaa
SLRbwoap;
omoomown

—_ my

34

7/31/74
23.3%5

3715

798
480
3.2

620
675
620

1 1] -
Grovow

[ )
~O=N=ON=NWWD=

_.‘.
ONOONOLAD=NODWO~ND



@2l L33HS

ALaBaMa Power Company
Barry 2

TEST NO

TEMPERATURES

AIR & Gas - °F

BoILER OUTLET Gas L H.

BoiLer OuTLET Gas R.H.

Economizer QuT Gas L H
Economizer OuT Gas R H.
PREHEATER 2A OuTLET Gas
PREHEATER 28 OuTLET Cas
PREHEATER 2A INLET AIR

PREHEATER 28 INLET AIR

PReHEATER 2A OUTLET AR
PReMEATER 2B OUTLET AIr
PULVERIZER 2A INLET AIR
PULVERIZER 2A INTERNAL

PuLver1ZzEr 2B INLET AIR
PULVERIZER 2B INTERNAL

PuLveR1ZER 2C INLET AIR
PuLveri12ER 2C INTERNAL

PuLvER1ZER 2D INLET AR
PuLVERI1ZER 2D INTERNAL

TEMPERATURES
S5Team & WATER - °F
FEEBVATEH

EconomiZER WATER QUTLET - L H.
Economizer WATER OUTLET - R.H.

RH Desupw. In L.H.
RH DesuPH. Out L.H.
RH Desupn  IN R.H.
RH Desupu. OuT R H.
SuPERHEAT OuT L.H.
SurerneEAT OuT R.H.
THROTTLE STeam L.H.
THROTTLE STEAM R.H,
ReENEAT OuTLET L.H.
ReneaT OUTLET R.H.
SUPERHEATER OUTLET
ReHEATER OUTLET

Upper VaLve CHEST
Lower VaLve Chest
H.P Exnaust

ReHEAT BowL

INTERMED 1ATE ExnausT
CONDENSATE Tewmp.

S H. Desuph. In L.H

S.H. Desuprn Out L.H.
S.H. Desupn. IN R.H.
S.H. Desupu. Out R.H.

MI SCELLANEQUS

T.D. Fan 24 RPM
I} D Fan 2B RPM
F D. Fan 2A RPM
F.D. Fan 2B RPM

Fan Damper Position - (0-12)

1D Fan 2A
ID Fan 28
FD Fan 2A
FD Fan 28

DRum Lever In * Nomw. H20 Lever

170
175

12+

12+

-5.0

467
482
482
649
649
649
649
965

968
9268
91t
910

946

959
110
630

447
125

838
845
834

690
670
570
570

12+
12+
12+
12+

-5.0

TILY

12+

122+
12+

-4.9

AIR

VARIATION

661

175

12+
12+
12+
12+

50

BOARD DATA

OVERFIRE

661

12+

12+

-4.9

680

12+
12+
12+
12+

-5.0

690
679
540
540

12+
12+
12+
12+

C-E Power Sysrems
Frevo TesTinGg anD
PERFORMANCE ResuLTs

VARIATION AT

CONDITIONS

3 24
660 635
670 649
610 569
615 572
302 291
298 288
89 80
89 86
51 499
519 505
465 465
170 155
480 480
150 140
495 480
160 140
380 100
165 100
465 447
489 462
489 462
680 616
680 616
680 619
680 619
975 940
981 950
979 940
972 941
932 876
951 905
970 942
970 920
949 922
m 111
619 550
940 902
455 410
127 125
840 885
885 845
926 881
884 850
690 540
670 540
570 410
570 420
12+ 7.4
12+ 7.3
1.8 6.0
1.8 5.8
-5.0 -5.2

114
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321 133HS

ALaBamna Powez Cowmpany
Sarny §2

TEST NO

2A MiLL AMPS
28 MiLL AMPS
2C MitL AMPS
2D MiLL AMPS

EXHAUSTER DAMPER POS{TION - % OPEN
Q - IE &ALE

MiLL 2A

My 28

ML 2C

ML 20

PULVERIZER FEEDER CAP - % OPEN
0 - 12 Scale

MiLL 2A

Miue 28

Mice 2€

Mir 2D

SPRAY VALVE POSITIONS - & OPEN
SH SpRay L
SH SPRAY R
RH Spray L
RH Seray R

BURNER TILT POSITIONS - DECREES

LR
RR
LF
RF

FEcOWATER VaLve - % Open {0-12 Scare)
AIR HTR 2A Recirc Damper - % Open
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ALaBama Power Co. C-E Power SYSTEMS

Barry #2 FieLo TESTING AND
PeRFORMANCE RESULTS
WATERWALL ABSORPTION RATES, KG-CAL/HR- CM2
RIGHT WALL CENTERLINE TUBE RATES
TC # 1 3 5 7 9 19 22 44 a7 57 60 62 64

ELEVATION 118'-6" 107'-6" 96'-6" 85'-6" 74' -6" 69' -6" 64'.7" 59r.7" 54t .9" 49'.11" 45 7" 35'-7" 251 7"
TEST 1 2.02 3.56 7.49 8.81 10.93 9.07 1.28 -—- -——— 8.54 4,08 3.30 -
2 2.36 3.64 8.63 12.07 13.13 9.95 .86 - - 6.51 5.99 3.12 -
3 1.33 2.85 5.18 7.02 8.08 7.55 .83 -—- —— 9.66 9.93 4.13 -—
4 3.01 5.36 12.23 1.25 2.76 14.88 5.10 ——- -——— 13.29 7.73 4,31 ————
5 3.78 7.19 10.90 10.90 22.55 7.46 6.93 - -—— 18.85 20.96 12.49 -——-
6 4.41 7.30 13.66 1.83 3.37 16.04 7.83 -—- -—— 20.81 14.45 10.21 -——
7 3.73 5.04 10.06 1.19 2.18 7.67 8.73 12.18 -—— 27.78 11.38 14.56 -
8 4.59 8.28 11.45 8.54 21.78 5.11 4.06 - - 10.13 13.04 15.70 -
9 6.26 9.96 14.99 15.52 23.46 15.52 6.26 -——— -——— 8.63 12.34 15.26 -——
10 5.14 5.66 12.27 7.51 6.45 10.15 9.36 —— —— 24.18 6.98 12.80 -———
1 4.16 4,95 6.26 6.79 6.53 4.43 6.00 - - 11.56 6.53 6.53 ———
12 4.15 5.46 6.51 6.51 5.98 5.72 5.72 —— - 11.53 7.56 7.83 -——
13 4.95 6.53 13.14 9.96 13.94 17.38 15.00 - - 25.05 10.76 12.61 -
14 4.44 4,96 11.30 9.97 17.66 14.74 15.01 -—— - 24.00 15.28 12.62 ———
15 4.12 5.17 9.66 .37 3.34 7.80 13.36 —— ——— 3.34 10.71 10.98 -
16 5.25 5.77 8.15 2.38 7.62 10.26 12.38 —~— -—— 3.42 8.68 9.47 -——
17 6.47 7.26 9.90 3.33 6.99 10.96 13.61 - -~ 3.84 10.70 12.55 -—
18 3.61 4.91 9.92 .16 13.37 13.37 10.45 —— - 18.67 17.34 8.07 ——
19 4.39 5.44 10.19 2.32 4.65 9.40 5.17 —— - 14.43 9,92 10.45 ——
20 3.14 5.23 10.24 .64 4.18 2.63 12.1 -——— -——— 20.58 18.20 9.72 -
21 4,00 5.31 12.45 .49 2.7 2.20 12.98 ——- -——- 15.10 10.33 4,53 -——-
22 3.49 5.32 11.40 1.46 2.46 1.96 11.93 ——— - 15.11 9. 81 3.24 -——-
23 2.67 5.00 11.87 N 2.67 1.90 11.87 - -~ 15.32 10.02 3.70 -
24 4,76 5.28 12.68 9.24 7.92 3.98 8.18 —— ——- 23.80 12.68 7.92 -
25 3.00 5.08 10.63 6.66 6.13 2.48 11.95 —— —— 32.55 20.43 13.01 -
26 4.61 6.71 14.66 13.07 19.69 2.80 12.80 -—— -——— 15.45 10.15 4.35 -———
27 4,22 6.32 8.43 10.02 15.85 10.81 11.34 -—— ——— 18.76 15.05 12.40 -———
28 7.16 8.22 11.93 14.04 17.22 11.66 12.72 -—— -—— 13.25 11.93 7.43 -
29 5.42 7.80 8.32 9.91 11.24 9.91 12.03 - ——- 27.63 17.33 17.86 ———
30 7.55 9.14 9.93 8.08 3.87 6.23 9.14 -—— —— 4.65 7.02 8.34 ——
31 7.07 7.60 8.65 6.80 7.07 11.56 7.07 -—- - 18.98 16.07 9.98 ——-
32 5.21 6.00 7.05 6.00 5.47 8.90 4.42 -——— —— 14.73 12.87 7.05 -——-
33 1.27 7.53 7.80 7.80 7.27 11.24 14.15 -—— —-——— 24.47 14,95 16.54 -
34 7.52 7.52 8.84 8.05 8.05 9.37 11.22 - - 15.47 13.35 14.14 -—-
35 6.60 5.81 6.60 6.33 6.33 8.18 7.92 -—— -—- 10.56 17.45 7.92 -——-
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ALasama Power Co.

BarrY #2

TC #
ELevaTion

TEST

C-E PowerR SvsTEMS
F1eLpo TESTING AND
PERFORMANCE RESULTS

WATERWALL ABSORPTION RATES, I(G-(:III./IIR-(:M2
FRONT WALL CENTERLINE TUBE RATES

2
107! -6"

6.44
6.78
5.18
10.11
11.16
12.33
9.26
10.92
13.67
11.48
5.21
5.46
12.88

6.00

8.31
7.12

4

96'-

—

NN DHLONONDW-— oo~

— a2

—
QO~NUooWwWoOW~NOMO~NO—=OhUoWU

6“

.49

6
85'-6"

11.99
14.72

8

74" -

18,
16.

8.
24.
24,
27.
10.
22
25.
14.

6"

08
31
08
67
92
14
85

.31

83
92

<53
.25
.56
.56
77

.83
.41
.25
.22
.69

13
69'-6"

10.93
11.01
8.61
9.84
10.10
12.86

.
Am-hz.ommmg
MO oo o

W OOE~NO N

38
597"

51
43'-11"

10.13
B.89
13.11
14.62
1.1
20.28
23.56
7.22
7.05
5.40
7.85
8.88
7.58
12.36
2.32

2.92
4.63
10.19
9.66
.19
3.23
2.21
2.40
16.40
19.64
12.80
8.69
6.11
18.92
8.61
7.33
5.21
21.57
22.08
7.92

61
357"

3.04
2.88
4.66

12.75
13.39
18.55
15.70
17.38
15.72

6.26

8.09
14.47
14.74
18.13

15.83
16.26
9.92
10.98
16.07
5.58
4.80
5.00
12.95
20.43
5.40
14.26
B.75
20.77
8.87
11.56
7.84
19.98
14.94
8.18

251-7"

2.52
2.36
1.33
3.01
7.48
4.67
9.53
9.60
7.84
5.66
6.26
7.56
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ALaBama Power Co. C-E Power SysTems

Barry #2 FIELD TESTING AND
PERFORMANCE RESULTS
WATERWALL ~ ABSORPTION RATES, KG-CAL/HR-CM2
RIGHT WALL ReArR WaLL LEFT WaLL FRONT WaLL
HOR1ZONTAL AVERAGE HOR1ZONTAL AVERAGE HOR1ZONTAL AVERAGE Hor1zONTAL AVERAGE
Tuse RATES Tuse RATES TuBe RATES TuBe RATES

TC # 17-21 42-46 55-59 23-29 30-34 10-16 35-41 48-54
ELeEvaTION 69'-8" 59'.7" 49 11" 597" 59'.7" 69'-6" 59'.7" 49' 11"
TEST 1 8.65 9.54 8.28 5.78 11.67 11.94 10.31 8.24
2 9.53 9.16 5.82 4.97 12.23 12.34 1.1 6.92
3 7.97 9.27 9.58 4,79 10.72 8.56 8.85 11.87
4 13.51 11.84 7.90 6.01 10.20 13.20 15.68 9.39
5 5.67 9.98 10.64 12.22 17.10 16.33 17.34 18.73
6 14.40 15.11 16.75 8.07 14.53 17.01 17.41 12.26
7 7.84 11.96 18.26 8.21 9.04 10.90 16.12 17.13
8 3.66 7.63 7.10 9.22 14.12 13.80 20.10 20.73
9 7.38 10.05 6.53 14.01 14.83 16.45 18.43 17.94
10 8.20 16.31 15.28 12.13 19.48 14.92 18.98 13.86
11 4.84 5.09 9.18 9.10 4,79 6.35 7.59 7.76
12 5.62 5.46 9.16 8.74 6.19 5.72 6.38 8.75
13 10.18 14.34 15.70 13.94 16.06 12.93 17.64 13.27
14 8.34 15.34 17.92 14.06 16. 81 13.91 18.09 13.66
15 9.70 11.38 9.4 10.62 18.29 10.77 15.70 8.54
16 11.70 10.93 12.13 10.46 18.37 12.74 16.45 9.09
17 13.77 10.44 11.95 10.44 16.47 13.17 16.88 10.35
18 7.31 12.77 16.73 6.07 14.48 10.81 17.16 16.12
19 6.96 4.61 8.72 7.52 7.50 9.70 .14.43 9.54
20 2.89 9.52 13.62 6.42 7.77 10.92 16.25 9.16
21 2.76 10.14 13.51 5.51 13.72 15.85 18.76 8.42
22 2.52 9.36 13.43 6.28 14.85 13.48 17.66 7.74
23 3.19 10.16 13.64 6.04 15.54 19.17 17.12 12.28
24 12.22 12.22 8.55 9.74 15.86 11.89 16.08 9.18
25 9.63 14.00 22.35 9.61 14.18 12.04 16.76 13.81
26 10.54 12.21 10.25 7.53 14.45 14,22 13.95 10.17
27 10.81 12.40 14.70 8.14 13.52 9.88 10.03 8.88
28 12.94 14.44 12.81 9.21 17.60 13.52 14.80 7.26
29 11.34 16.07 20.06 12.18 12.72 12.30 16.76 17.63
30 9.52 10.66 4,48 12.01 11.47 14.00 16.51 10.51
31 7.71 10.38 17.84 10.85 8.85 7.33 16.78 9.14
32 6.32 7.98 14.02 8.53 9.02 5.21 14.51 8.11
33 10.08 17.06 18.21 10.44 10.66 8.33 16.05 16.05
34 8.21 14.67 13.35 9.1 9.27 8.10 13.79 16.57
35 7.65 10.76 10.12 9.05 9.50 7.75 9.20 9.42



Alabama Power Company

C-E Power Systems

Barry #2 Field Testing and
Performance Results
WATERWALL CORROSION COUPON
DATA SUMMARY
WEIGHT LOSS EVALUATION
BASELINE TEST
Wt. Loss/ Avg. Wt. Loss/
Probe Probe Coupon Initial Wt, Final Wt, Wt. Loss Coupog Probs
Loc. No, No. GR, GR. GR. MG/CM MG/CM
1 I 1 199,2937 199.1341 .1596 3.1643
2 201.3871 201.2135 1736 3.4418 2.9392
3 1983883 198.2384 .1499 2.9719 ’
4 195.8045 195.6946 .1099 2.1789
2 J 1 199.1977 199.0534 .1443 2.8609
2 199.6807 199.5009 .1798 3.5647 28088
3 202 .8649 202.7226 .1423 2.8213 ’
4 202.3845 202 .2442 .1003 1.9885
3 E 1 199.0122 198.8632 . 1490 2.9541
2 202 ,2508 202.1171 .1337 2 .6507 2.13475
3 201.9826 201.8976 .0850 1.6852 :
4 199.6584 199,5954 .0630 1.249
4 L 1 202.5778 202 .5080 .0698 1.3838
2 200.8579 200.7484 .1095 2.1769 1.91965
3 202,7075 202 .,5924 .1151 2.282 :
4 197.7676 197.6750 .0926 1.8359
5 K 1 199.5913 - -—- ---
2 197.4684 197.2730 .1954 3.874 3.38826
3 194.9513 194.7783 L1730 3.4299 )
4 202,0694 201.9251 .1443 2.8609
Avg. Wt. Loss/Test 2.6381 MG/CMC
114 SHEET 14A



Alabama Power Company C-E Power Systems
Barry #2 Field Testing and
Performance Results

WATERWALL CORROSION COUPON
DATA SUMMARY

WEIGHT LOSS EVALUATION

BIASED FIRING TEST

Wt. Loss/ Avg. Wt. Loss/

Probe Probe Coupon Initial Wt. Final Wt. Wt. Loss Coupog Probs
Loc. No. No. GR. GR. GR. MG/CM MG/CM
1 B 1 197.9531 197.6484 .3047 6.0411
2 202.1660 201.8659 .3001 5.9499 58795
3 198.3393 198.0383 .3010 5.9678 :
4 200.5603 200.2799 .2804 5.5593
2 Q 1 199,3158 199.1437 1721 .41
2 196.2751 196.0480 2271 4.5026 4.3777
3 202.8709 202.5541 .3168 6.2810 '
4 200.2327 200.0655 .1672 3.3150
3 R 1 198.8940 198.7626 1314 2.6051
2 199.8790 199.6842 .1948 3.8622 3.4081
3 196.0683 195.8721 .1962 3.8899 ’
4 199.3342 199.1690 .1652 3.2753
4q M 1 199.5078 199.3628 .1450 2.8748
2 198.7039 198.4853 .2186 4.3341 3.8201
3 198.3125 198.1121 .2004 3.9732 :
4 200.8838 200.6771 .2067 4.0981
5 D 1 197.9655 197.7001 .2654 5.2619
2 202.9412 202.5809 .3603 7.1435 5.7289
3 199.1306 198.7976 .3330 6.6022 :
4 198.2205 198.0234 1971 3.9078

Avg. Wt. Loss/Test 4.6429 MG/CM

115 SHEET 14B



Alabama Power Company
Barry #2

WATERWALL CORROSION COUPON
DATA SUMMARY

WEIGHT LOSS EVALUATION

OVERFIRE AIR TEST

C-E Power Systems
Field Testing and
Performance Results

Wt. Loss/ Avg. Wt. Loss/
Probe Probe Coupon Initial Wt. Final Wt. Wt. Loss CoupoE Probs
Loc. No. No. GR. GR. GR. MG/CM MG/CM
1 S 1 200.7678 200.5465 .2213 4.3876
2 196.0684 195.8121 .2563 5.0815 4.5244
3 199.6433 199.3849 .2584 5.1235 .
4 197.8187 197.6419 1768 3.5053
2 T 1 200.7026 199.1437 .2802 5.5554
2 - --- --- 3.3540 3.9044
3 593.7075 593.2000 .5075 3.3540 :
4 - --- --- 3.3540
3 F 1 199.1897 198.9156 .2741 5.4344
2 199.4476 199.1351 .3125 6.1958 6.0401
3 199.3119 198.9858 .3261 6.4654 )
4 199.0463 198.7404 .3059 6.0649
4 N 1 202.8354 202.6125 .2234 4.4292
2 201.2249 200.9784 .2465 4.,8872 3.7656
3 -—- --- -—- 2.8729 :
4 397.4898 397.2000 .2898 2.8729
5 2 1 -— -— -——- -—-
2 191.8528 191.6484 .2044 4.0525 3.9752
3 192.7875 192.5909 .1966 3.897% '
4 —- ——- - ——
Avg. Wt. Loss/Test 4.4419 MG/CMZ
116 SHEET 14C



ALabaMma POwer ComPany
Barry #4

TEST NO

Date (1973)
Tine

TEST CONDITIONS

Loao GRQSS MW
MaInN STEam FLow X10 G/I’R
SH DESH Spray X10°KG/HR
Main Stean OuTLeY c
HoT RH Ouvter C
OXYGEN AH INLET %
Excess Air AH INLET %
MiLL CuassiFIER SeETTINGS POS.
Burner TiLT DEG.

MILLS IN SERVICE 4A

* & Tvee of FueL 48

4C

4D

Bovtom 4E

AIR COMPARTMENT DAMPER POSITION - § OPEN

ALL Auxiuiary (ControL Room Ino.)
ALL PriMARY
THEORETICAL AIR TO FIRING ZONE } 1

> Oo>»p2 000

100
50
11.4

EMISSION LEVELS (ADJ. TO 3% 02 IRY BASIS)

NO, PPM
S0; PPM
co? GPPM
No, G!/iOGCAL
s0; ar/10°cAL
MI SCELL ANEOUS

0, (At aHO) | 1
¢, (AT AHO) [

*  Avasama Coat -~ A
PetroLeun Coxe (€ MiLL OnLy) - €
MiowesT CoaL - M
CominaTiON FIRING - A + C, M+ C

485
2625
7
1.04
7.74

TEST DATA SUMMARY

PO PrPO0®

100
50
109.4

465
2973
138
.994
8.82

BARRY NO. 4

3 4 5 ]
1/23  1/23  1/23  1/23
1022 1120 1238 1319

2.1 1.2 3.7 3.2
11.0 6.0 20.5 17.0
3.0 3.0 3.0 3.0
+15 -25 o} 0
A A - -
A A A A
c c [+ [
A A A A
A A A A

100 50 100 100

50 100 50 50
107.6 103.4 100.1 97.4
407 425 366 330
3114 3050 2957 035
95 126 29 76
.869 .909 .781 .716
9.23 9.05 8.77 9.00
3.56 2.52 5.40 4.76
13.84 14.26 11.5 12.19

117

I
1/23
1413

8
1/23
1510

.644
4.4

2.44
15.9

k)
1/24
1245

BPOP>1I OO0

344
3047

.734
9.04

10

1/24
1337

237

-3 178

U?—‘
onG

P)ﬁhls

C-E Power SysTems
F1ELD TESTING AND
PerrorMANCE REsuLTs

n

1/24
1440

349
2044
112
.743
8.44

12

1/24
1524

13

1/19
0930

975

»>»rr2>2000

100

113.0

491
1818

1.06
5.74

4.68
13.48

SHEET 15A



ALasama Power ComPany
Barry §4

TEST NO.

Dave (1973)
TiME

TEST CONDITIONS

Loao

MaIN STEaM FLow

SH DESH SeRay

MaiN STEAM OUTLET
HoT RH OutLET
OxyGEN AH InLET
Excess AIR AH INLET
MiLL CLASSIFIER SETTINGS
Burner Tier

MILLS IN SErvice

* & Tvpe or FueL

BorTom

AIR COMPARTMENT DAMPER POSITION - % OPEN

GROSS MY

X103KG/ IR

X10°KG/HR

c

c

£

4

POS.

DEG.
4A
48
4
4D
o

17

1/22
1340

TTOTIO0OO0O®

ALL AuxiLiary (ConTroL Room InD.)

ALL PRIMARY

THEORETICAL AIR To FIRING ZONE 4

50
115.3

EMISSION LEVELS (ADJ TO 3% o2 DRY BASIS)

NO

MI SCELLANEQUS

0, (At AHO)
8, (ar awo)

*  ArLaBama CoaL - A

PPM
PPM

5PPM

GR/ 10-CAL
GR/107CAL

PeTtroLtuM Coke {(C MiL Oney) - C

MiowesT CoaL - M

ComBINATION FIRING - A + C, M+ C

516
3805
22
116
11.29

5.09
11 46

TEST DATA SUMMARY
BARRY NO. 4

18

1/22
0857

50
104.7

3N
3470

839
9.49

6.30
12 27

1

1/22
0905

100
50
99.0

337
3340

.718
9.90

4.86
12.51

2

i/22
1203

-
[AN- -8 -]

- - qomumg
O~NWRA=~D b=

zzoz: 8

50
100
91.2

319
3531
49
.680
10.48

118

100
50
103.9

393
1929
98
.839
574

=

1/19
1245

100
50
107 8

426
2008
44
909
5.96

3.64
14.52

a

1/19
1400

»))))8

50
100
104 3

466
1715

49
.994
S 08

2.80
15 25

2

1/22
1103

286
862

54
528

4.0
22.4

o

TTOZXTL 00

50
100
103.3

329
3866

704
11.3

5 70
12.0

100
50
111.4

580
2946

1.24
8.73

4.33
14 45

C-E Power Sysrems
FIELD TESTING AND
PeRFORMANCE RESUL TS

100
50
105 5

s21
2994

28
LR N
8.87

3.13
15.3%

>>ﬂ>>°bm

50
100
109 5

4717
2755
21
102
8.17

383
14.04

»>»0O0>>00W0

100
109.1

515
2931

1.10
B 69

388
13.73

SHEET 15B



ACCELERATED CORROSION RATE DATA

ALABAMA POWER, BARRY NO. 4

Corrosion Rate*,

Firing Condition Mils/Yr
Baseline 34
24
Baseline 17
18
Baseline 11
13
Baseline 16
16
Low N0x 32
26
Low NOx 41
52
Low N0x 77
87
Low NOx 13
18

* Paired corrosion rate values obtained on two coupons exposed
on the same probe.

119 SHEET 16



Alabama Power Company C-E Power Systems
Barry #4 Field Testing and
Performance Results

TYPICAL COAL ANALYSIS

ALABAMA COAL
Obtained From
Peabody Coal Company
Analysis by Pittsburg Testing Laboratory

Proximate Analysis As Received

PEABODY
SAMPLE IDENTIFICATION ABC WARRIOR
Date 9/30/72 9/14/72
Moisture - % 8.40 10.1
Ash - % 13.00 11.36
Volatile Matter - % 25.92 19.75
Fixed Carbon - % 52.68 58.79
Sulfur - % 2.02 2.67
HHV - BTU/LB 11,897 12,131

Ultimate As Fired
Date 1/07/72
Moisture - % 9.09
Carbon - % 70.01
Hydrogen - % 3.83
Oxygen - % 3.83
Nitrogen - % 1.28
Sulfur - % 2.21
Ash - % 9.75
HHV - BTU/LB 12,290
MIDWEST BITUMINOUS
Analysis By Alabama Power Co.
Proximate Analysis As Received

SAMPLE IDENTIFICATION EAGLE 1 EAGLE 2
Date 11/72 11/72
Moisture - % 8.63 10.36
Ash - % 9.75 8.86
Volatile Matter - % ———— ————
Fixed Carbon - % -——- -——--
Sulfur - % 2.75 3.15
HHV - BTU/LB 13,072 13,023

120

PEABODY
TIGER
9/30/72

9.2
9.4
28.8
52.6
2.55

12,269

SHEET 17A



Alabama Power Company
Barry #4

C-E Power Systems
Field Testing and
Performance Results

PETROLEUM COKE

Analysis by Gulf 0i1 Company, Port Arthur, Texas

Proximate Analysis As Received

SAMPLE IDENTIFICATION A2602
Date 2/17/170
Moisture - % 7.7
Ash - % .10
Volatile Matter - % 10.80
Fixed Carbon - % 81.40
Sulfur - % 3.53
HHV - BTU/LB 15,700

121

SHEET 178
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APPENDIX I
COMPFLOW - WINDBOX
COMPARTMENT AIR FLOW DISTRIBUTION COMPUTER PROGRAM

INTRODUCTION

A description of COMPAIR, a computer program which calculates the wind-
box assembly air flow distribution, was presented in Reference 1. The
program has been subsequently found to be deficient; the approach taken
in the calculation of the compartment loss coefficient resulted in op-
erational difficulties in certain cases. The program was revised to
eliminate this problem.

The revised program, COMPFLOW, is described herein. The basic assump-
tions and limitations of the calculation method are outlined and dis-
cussed. Program runs for two tests conducted at Barry #2 are included.
ANALYSIS

Consideration will be initially focused on those cases where the air
flow to each compartment is supplied solely by the windbox.

Assumptions:

1. Constant total pressure at compart-
ment inlet plane, i.e., PT = const.
X

2. Constant density, i.e., R(I) =R =
const.

3. Constant static pressure at nozzle

exit plane, i.e., PS = const.
y

4. Fully turbulent féow, i.e., Head
Loss a2 (Velocity)

Utilizing these assumptions, it follows that

Pr. . P "
2% [ Tx 7 Sy]=k(I) * [%H—] % QUKD = == o et (1)
R
Where K(I) = loss coef. for Compartment "I"
Q(I) = volume rate of flow for Compartment "I"
A(I) = nozzle exit area of Compartment "I"
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Equation (1) yields

qQ(I) I)/ K(I)
ZI%I) iA(I)/,/K(I

By definition

= 2
R B o

Using Equations (1) and (3), we have

P. P
2 %[ Tx -

(1) P P 2
T =2 %[ Ty = S,7_ 1) = [K(I) - 11 *
S RS B R (O

2
e ——— (a)

In order to arrive at a relation for K(I), the windbox compartment total
pressure loss will be set equal to the sum of its component losses, i.e.,

P P+ (I) 2
2 LD Ty 3= D0 + K1)+ kgg(1) + k(D] * IR +

2
G TR ' (5)

Where B(I) = inlet flow area of Compartment "I"

Assumption (5): The values listed below, which allow for no interaction,
adequately represent the compartment total pressure loss.

LOSS VALUE COMMENT REFERENCE
Miter bend, ﬁe (I) 0.3 Typical, 4 = 45° 2
90° bend, Kgo(I) 1.2  eeee- 2
Friction, Ke(I) 0.1 f20.02, 5 £5; K, = f§ 2
1 -
Nozzle, KN(I) 0 KN = EV - 13 Assume Cv =] 3
Damper, KD(I) Figure 1 Assumed to include inlet loss 4

Using the above values, Equations (4) and (5) yield

- 2
KI) = 1+ [1.6+ Ky(D] * [ghy ="~
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For coal fired units the mill air must be taken into account. Using
Equation (2) for the secondary air flow, it follows that

A(L) /v K(1)
M * W1+ X(I) * W2

SADA/RT | e (7)

WQI) _LI= 1
WT + W2 ~ "W+ W2
where W(I) = mass rate of flow to Compartment "I"
W1 = total windbox air to corner
W2 = total mill air to corner
X(I) = fraction of mill air to Compartment "I"

Figure 1 and Equations (6) and (7) constitute the basis of COMPFLOW.

Note that if some other source of air were available to the windbox as-
sembly, Equation (7) would yield the flow distribution with adjustments
in the definitions of W2 and X(I).

Note also that if there is no corner to corner biasing of compartment
dampers, Equation (7) may, to a very good approximation, be regarded
on a furnace/elevation basis.

PROGRAM DESCRIPTION

A description of the program input is as follows:

Input
Fuel and Air Compartment Geometry

Number of Compartments

Width of Compartments

Height of Individual Compartments
Number of Dampers per Compartment
Nozzle Exit Area per Compartment

Test Data

Percent Excess Air

Total Air Flow

Compartment Damper Positions

Fuel Elevations in Service

Typical program outputs for Alabama Power Co., Barry #2, tests 5 and 20,
are shown on Figure 2. These runs represent both normal and overfire
air operation. A definition of the output is shown on Figure 3.
DISCUSSION

A. Development of the Method

The method presented herein, of calculating the windbox assembly flow
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distribution, is the result of what is obviously a greatly simplified
treatment; numerous assumptions were made in the development of the
method. The validity of each of these assumptions will now be examined.

Assumption (1):

Assumption

Assumption

Assumption

Assumption

(2):

(3):

(4):

(5):

Constant total pressure at the compartment inlet plane.

Air issuing from a duct branches to each of the wind-
box assemblies; the fluid is moving at a low velocity
relative to that at the nozzle exit. It would be
reasonable to assume that the total pressure loss be-
tween the supply duct exit and the compartment inlet
plane is a negligible fraction of the velocity head

at the nozzle exit. It is all the more realistic to
assume, as is the case herein, that the total pressure
distribution in the supply duct and the consequent
losses along individual streamlines, are such that the
total pressure is uniform at the compartment inlet
plane.

Constant density fluid within the windbox assembly.

The reasoning for this assumption is analagous to that
set forth in (1); note that while isothermal flow is
not implied between the supply duct and the compartment
inlet, it is assumed within the windbox assembly.

Constant static pressure at the nozzle exit plane.

The static pressure of the jets issuing from the wind-
box nozzles is equal to the local furnace pressure.
The variation in furnace pressure throughout this re-
gion should be negligibly small.

Fully turbulent flow.

This is a valid assumption for the vast majority of
cases; unit Reynolds numbgrs(based on nozzle exit
velocity) greater than 10° per foot are typical even
for small opening of compartment dampers.

The compartment loss coefficient for existing confiqura-
tions are adequately represented by the formulations
presented herein (i.e. Figure 1 and Equation (6)).

Curves of K versus damper position, as calculated from
Figure 1 and Equation (6), are shown in Figure 4 for
compartment outlet/inlet area ratios (i.e. A(I)/B(I) of
0.534, 0.322 and 0.136; these values cover the range of
our existing compartments. Results obtained from the
cold-flow model tests of Reference 5, at area ratios

of 0.322 and 0.136, are also shown in this figure; the
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test results are seen to be in excellent agreement

with the predicted values. These test results indicate
that nozzle tilt, flow rate, firing angle, the presence
of turning vanes and probably compartment inlet inter-
action, are secondary influences on compartment pressure
loss and consequently on compartment flow rate. These
results justify the omission of these factors in the
development of the method presented herein.

B. Previous Calculations

In the previous method of calculating the windbox assembly flow distri-

bution (Reference 1), the compartment loss coefficient was determined from

the equation

(1) = K0 + k(1) * (ALY’

D B(T)

where K (I) was specified as herein KO evaluated from test
values Bf the total secondary air flow and windbox/furnace AP.
Highly closed damper positions result in a very large value of
Kn, as is seen in Figure 1, and a small error in this parameter
w?11 result in a large variation in KO. Program runs with all
compartment dampers at or near the full open position yielded
values of KO consistent with the value presented herein, i.e.,

@ 100% open, K. =~0.1, K = K/100%

D
from Equation (6), K/1008= 1 + 1.7 * [g]

2
for existing geometries, 0<:[éJ < 0.29

2

therefore, with KO == K/100%, 1 < KO €1.5
Program runs with one or more compartment dampers highly closed would
sometimes yield values of KO outside this range; in rare cases this
would result in operational difficulties.
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DAMPER LOSS COEFFICIENT

VS.
POSITION
% Open = (§/90) x 100
_ 2(P+ - P )/R
Kp="T T
(q/A)2
PT] = Total Pressure @ "1"
PT2 = Total Pressure @ "2" i Blads
R = Fluid Density 2 Blades
Q = Volume Rate of Flow == = == - == 3 Blades
A = Flow Area
105 ;Jj[—[_l-l | O [ 55 1_41 i-l [FI I;J | { I_I_I l__l T g v-\ ¢ IF rl_] ~'l ) S0 O S ) 1R (2 ) O 5 | ]02
E==S== = C =====
4 ll‘1 - 1
10 === = = 10
;%_g:r: e = = ‘tf "‘:
= = =2 ——7_ = = -EEEEE£$§§55
B //
103 = 100
\
0 20 40 60 80 100

DAMPER POSITION - % OPEN
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AIR FLOW DISTRIBUTION TO WINDBOX COMPARTMENTS
ALABAMA POWER AND LIGHT CO., BARRY #2
EPA '73 - '74 TESTS
FLOW DISTRIBUTION FOR TEST NO. 5

PER CENT EXCESS AIR 22.7

COMPART-

MENT AREA WT. FLOW DAMPERS ACTUAL FLOW
(NO.) FIRING (¢ OF TOTAL) (% OPEN) (% OF TOTAL)
1 9.44 60 7.8
2 Yes 6.55 20 8.39
3 18.03 100 16.37
4 Yes 6.55 20 8.39
5 9.44 100 8.64
6 9.44 100 8.64
7 Yes 6.55 20 8.39
8 18.03 100 16.37
9 Yes 6.55 20 8.39
10 9.44 100 8.64

Firing Fuel Compartment Total Air Flow (%) = 33.55
Air Flow Above Burner Zone (%) = 3.9

Air Flow to Burner Zone (% of Theor. Air) = 117.91
FLOW DISTRIBUTION FOR TEST NO. 20

PERCENT EXCESS AIR 24.2

COMPART -

MENT AREA WT. FLOW DAMPERS ACTUAL FLOW
(NO.) FIRING (% OF TOTAL) (% OPEN) (% OF TOTAL)
1 9.44 100 9.42
2 6.55 100 6.85
3 18.03 50 14.93
4 Yes 6.55 30 10.27
5 9.44 50 7.68
6 9.44 50 7.68
7 Yes 6.55 30 10.27
8 18.03 50 14.93
9 Yes 6.55 30 10.27
10 9.44 50 7.68

Firing Fuel Compartment Total Air Flow (%) = 30.82
Air Flow Above ‘Burner Zone (%) = 23.73
Air Flow to Burner Zone (% of Theor. Air) = 94.72
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COMPFLOW
Definition of Qutput

The "AREA WT. FLOW" is the ratio of the compartment free area to
the total free area of the corner; as such it is a realistic
approximation of the actual compartment (secondary) flow only when
all compartment dampers are full open.

The comparment "ACTUAL FLOW" is the ratio of the compartment mass
flow rate (including mill air if applicable) to the total mass flow
to the corner (see ANALYSIS, equation (7)).

The "FIRING FUEL COMPARTMENT TOTAL AIR FLOW" is the ratio of the
total mass flow rate to firing fuel compartments (including mill air
if applicable) to the total mass flow to the corner.

The "AIR FLOW ABOVE BURNER ZONE" is defined as the percentage of the
total mass flow rate supplied above the uppermost firing fuel com-
partment, less 50% of the flow to the compartment immediately above
it.

% Theoretical Air = (1- % Air Ab?ég Burner Zone)(]00 + % Excess Air)
to Burner Zone.
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COMPARTMENT LOSS COEFFICIENT

VS.
DAMPER POSITION
X
¢ - 2(Pr P )R 6
—Xx ¥y 3
7 |
(Q/A) ‘ %
P I | |
T, = Total Pressure @ "x" | : ! :
Ps.y = Static Pressure @ "y" | ‘=|é
R = Fluid Density
Q = Volume Rate of Flow
A = Nozzle Exit Area
L 534 = Nozzle Exit Area
B : Compart. Inlet Area ‘@
25 | A2
K=1+(1.6+KD)x(§)
h LEGEND
2 ‘\ SYMBOL A/B
\ (o) 0.322
/ O 0.136
\ y
15 -
/
= = \ 7
10 X yi
= \
5 N1 N
N |/ N
- I B -
= | | HERER 1
0
20 40 60 80 100

DAMPER POSITION - % OPEN
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